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GRUNDIG
THE HIGH TECHNOLOGY TEST
INSTRUMENTS OF THE FUTURE

» 2 mVicm with full bandwidth

P Automatic peak-value trigger

> TVline and field triggering

> Add and invert (Both channels invertable)

» Internal graticule and X-Y operation

This 20MHz dual-channel oscilloscope has
advanced facilities, making it easy-to-use, with
all the ruggedness and reliability to meet your
go-anywhere testing needs. Included is a
peak-value trigger to ensure stationary displays.
Triggering facilities albow clear display of even

complex signal shapes. £325

VIDEO GENERATOR V3 1000
> Professional video generator
» Comprehensive ranga of test patterns
» Includes VTR head adjustment signal
> Excellent signal quality
> External sync. facility
» RGB output
A professional broadcast-quality pattern
generator to meet the highest professional
standards. lts special test card allows full visual
assessment of the video system, including a

special output for £1995

precision testing of VTRs.

MO020: 20MHz DUAL-CHANNEL MO022: 20MHz DUAL-CHANNEL
OSCILLOSCOPE OSCILLOSCOPE WITH AUTOMATIC TIME
» 20MHz Dual channel cscilloscope RANGE

GRUNDIG OSCILLOSCOPES

» 20MHz Dual channel oscilloscope

» Automatic time base selection

P> Soft tuning for fast manual adjustment

> Triggerable 2nd time-base, guarantees error
free ‘zooming-in'

P Hold-off control and Z modulation

P Plus all the advanced engineering of the
M020

Now, the world’s first low cost 'scope with
automatic time-base selection. Dual-range

20MHz capabilities also include‘soft tuning’ in
manual mode, so the 'scope leaves you free to

carry out the measurement £475

COLOUR GENERATOR FG 7

> PAL pattern generator

» 15 test patterns

P Multiburst facility to measure frequency
response

P> 8 memories for rapid station store/recall

» Suitable for TV sets, monitors or VTIRs

» Compact and versatile for field or laboratory

12

SBunoes FARBGENERATOR FG 7

Versatile enough to check-out TV receivers,
monitors and VTRs, this compact generator is at
home in the field as it is in the lab or workshop.
In addition to 15 monochrome and colour image
signals, further picture patterns can be achieved
by superimposition. Eight station frequenciescan
be recalled from memory for rapid test capability

— even for special bands
£625

and the IF output.

For further information and a colour brochure contact our Sales Office.
All prices exclusive of carriage arid VAT, Prices correct at time of going to press. A copy of our trading conditions is available on request

GRUNDIG TV/VIDEO TEST EQUIPMENT

MO053: 50MHz DUAL-CHANNEL
0SCILLOSCOPE

» 50MHz Dual channel oscilloscope

P Automatic time-base selection

P Alternating 2nd time -base for expanded
traces

Digital display of time-bases, for
unambiguous measurements

Suits advanced applications in pulse, data
and video technology

A 50MHz dual-channel oscilloscope. Time-base
range is automatically selected and shown on a
digital display. Like the MO22, it has a
triggerable 2nd time-base, guaranteeing error-
free ‘zoom-in’ on a selected area of the trace.
Performance with TV signals is particularly

impressive. £1_1_75

e W

| FIELD STRENGTH METER ME90

» Fully automated field strength measurement

» LFradio to UHF TV in a single unit

> Versatile test result selection

P> Storage of received signal frequencies, for
rapid testing

» Alpha numeric display for station checks

» Unattended monitoring with built-in resuits
printer

P Stereo decoding

P Fully portable: integral battery and charger

Microprocessor controlled for push-button

operation in all transmitter checks. The MEQO

allows fast and accurate measurements in radio

and TV bands, long wave to UHF. Versatile print

capabilities provide hard-copy confidence,

whether routine or £2950

'continuous monitoring.

| —
 m—

| —
 m—

lH =2 1H = 1 =H

ElectronicBrokers | - — | = — | = Telex298694 Fax 01-267 7363

| =] = | =] Electronic Brokers Ltd, 140-146 Cainden Street,
= 01=1= 1= = | =~ = [ London NW1 9PB Telephone: 01-267 7070

ENTER 1 ON
REPLY CARD



JANUARY

COVER STORY

Part of a picture received from NOAA-9,
displayed on Don Clarke’s video digitizer

CONNECTOR REVOLUTION

9

Hierarchial interconnection technology
could be the basis of future techniques
by John Curry

DESIGNING A SURFACE-
MOUNT CONNECTOR

14

Design of a low-profile but stable connector
by Adrian Hyner

MODELLING THE COCHLEA

VOLUME92 NUMBER 1611

PIONEERS - 1.
STEPHEN GRAY

100

The man discovered electrical conduction
by W. A. Atherton

WITHIN THE 68020
103

The architecture of this 32-bit processor
with dynamic bus sizing

for p.c.b. connection from Winslow
Component Systems illustrates this
month’s feature on connectors, starting

page 9. by D. Burns and D. Jones
VERSATILE OPERATIONAL DIGITAL COMPUTER
AMPLIFIERS MODELLING OF LINEAR
58 SYSTEMS
Discrete-component designs provide up to 107

S00Vpk, fast slewing and wide-band Using analogue techniques to solve second-

19

Electrical analogue of the ear’s
hearing organ

by R.W. Guelke, J.P. Ramackers
and A.E. Bunn

VIDEO FRAME STORE -3
23

Design of the control and memory circuits
by D.E.A. Clarke

THE MAXIMUM POWER
THEOREM

41

JW advises against too literal an
interpretation
by Joules Watt

DOUBLE-NOTCH FILTERING
SIMPLIFIES DISTORTION
ANALYSIS

47

Canyon-shaped notch eases filter tuning
by B.J. Sokol

RANDOM-ACCESS PHRASE
RECORDING

54

High-quality compressed speech data is
easily recorded and quickly replayed
by A.L. Evans and J. Fenner

ELECTRONICS & WIRELESS WORLD

b(;/%e;;;ri(r)gn order differential equations with a
) microcomputer
ELECTROMETER CRIgare0ey
AMPLIFIERS FOR SUB-
PICOAMP CURRENTS [ 1
65
Stitched-range and logarithmic amplifiers
lcforecur:lrr;net dr(;wnoto 30 f;nrrlﬂoz:'r]r?plsler COMMENT 3
by D.F.Caud
(0) y OaSuCreyLATORS BOg 1 90
TWO NOVEL IL
0 67 SATELLITE SYSTEMS 31

~ TELECOMMS TOPICS 33
CIRCUIT IDEAS 35

Minimum-component op-amp designs
by M.T. Abuelma‘atti and W.A. Almansoury

AUTOMATIC TESTING

RESEARCHNOTES 37
~ APPLICATION NOTES 43
NEWS 52

69

An overview of techniques used in the
automatic test of printed-board assemblies

by Graham Elliott -
TELEVISION STANDARDS FEEDBACK 62
CONVERSION NEW PRODUCTS 82-87
75 RADIO BROADCAST 89

Thirty years of development, from image
transfer to digital methods and onwards
by S.M.Edwardson and C.K.P. Clarke

TELEVISION BROADCAST 91
RADIO

MOBILE RADIO IN THE COMMUNICATIONS 93
LANCASHIRE POLICE WORKFILE 115
46 , ADVERTISEMENT
Development of a v.h.f: mobile system INDEX 120
by J. Davies




USED TEST & COMPUTER EQUIPMENT

PHONE 01-943 4477 FOR OUR LATEST STOCKLISTS

GRAPHMICS PLOTTERS

SCIENTIFIC COMPUTERS
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COMPUTERS/ A FEW EXAMPLES OF OUR MISCELLANEOUS
ColTRCLLERS CURRENT STOCK DRANETZ
HEWLETT PACKARD 606-3
85A £815 TEKTRONIX TF2337A Mains Analyser £2250
98365 £4950 2215 £600  Distortion Meter £425 RHODE & SCHWARZ
98165 £3250 2335 £1500 HEWLETT PACKARD Polyskop 4 £1950
APPLE 2445 £2250 o 21?@ LABS
Ile System 464 £2750 Distortion Met £925
(Twin Discs) £595 466 £3150 ST ST UV Recorder £925
FLUKE
ToshE RO I¥s SIGNAL SOURCES 5200A/5215A
Network Resource (Battery Option) £650 TEKTRONIX AC Calibrator £7950
HEWLETT PACKARD BNALYSERS Function Generator £1050 AMS03/TMS501/P6202
79255 Pack Type Current Measuring
Disc Drive £1500 HEWLETT PACKARD Bﬂg}“&’;ﬁ" PACKARD System £995
3580A 1502
EXTENSIVE INTEL RANGE — Opt, 001 002
PHONE FOR DETAILS Spectrum Analyser £2850 Generator £4250 Cable Fault Locater £4500
gsazA Aoal cr0s0  8620C gg&nzn PACKARD
pectrum Analyser .
OSCILLOSCOPES MARCONI Sweeper Mainframe £1950 Telephone Line
HEWLETT PACKARD TF2370 86290B Analyser £2950
1740A £1150  Spectrum Analyser £7500  Sweeper Plug-In £6950 T475A
GOULD TF2371 204C Opt. 001 002 Plotter £975
OS300 £225 Spectrum Analyser £9500 Audio Generator £2715 8405A
Vector Voltmeter £1500

All prices exclude delivery and VAT

FULL SPECIFICATIONS OF THE ABOVE EQUIPMENT AVAILABLE ON REQUEST.

Carston Electronics Ltd

01-943 4477

3 Park Road, Teddington, Middlesex TW11 OAF Telex: 938120

We specialise in the purchase and sale of top quality under utilised equipment.
Every item sold by us has been thoroughly tested and calibrated to
manufacturer’s original specification — and carries a full guarantee.

If your requirement is not listed above, please phorie. We have considerably
more items in stock, plus a facility for locating rare equipment at short notice.
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ELECTRONICS & WIRELESS WORLD




EDITOR
Philip Darrington
DEPUTY EDITOR
Geoffrey Shorter, B.Sc.
01-661 8639

TECHNICAL EDITOR
Martin Eccles
01-661 8638

PROJECTS EDITOR
Richard Lambley
01-661 3039 or 8637 (lab.)

NEWS EDITOR
David Scobie
01.661 8632

ART EDITOR
Alan Kerr

DRAWING OFFICE
Roger Goodman
01-661 8690

ADVERTISEMENT MANAGER
Ashley Wallis
- 01-661 3130

Michael Downing
01-661 8640

CLASSIFIED EXECUTIVE
Susan Platts
01-661 3033

ADVERTISING PRODUCTION
Brian Bannister
(Make-up and copy)
01-661 8648

PUBLISHING DIRECTOR
Clive Foskett
01-661 3151

SPECTRAL LINES

Frequency planning, which is now the responsibility of the Radio Regulatory
Division of the DTI, is on the point of being privatized. A report commissioned
by the government from CSP International Ltd recommends that the RRD
should relinquish its activities in this field in favour of a number of Frequency
Planning Organizations who would, in return for a fee, license areas of the
spectrum to individual facilities.

Since the FPOs will be profit-making bodies, it seems likely that their
decisions on the merits of license applications will not be totally unconnected
with the size of the fees they can extract from the licensees, so that social
considerations may possibly receive less than due weight.

In the years since it first became necessary to control the use of the radio
spectrum, the Home Office and RRD have been targets for complaints of
despotism, fascism, inefficiency, pig-headedness and probably illegitimacy
from applicants for licences to operate services; nevertheless, the control of
spectrum use has been in the hands of one body with overall responsibility
which was not, at least, in it for the money. On the face of it, therefore, the new
proposals do seem to be in line with the modern right-wing approach to
government, which means that, to some eyes, they are automatically suspect.

And so they may be, but there could be a saving grace, in that if someone is
trying to make a profit from allocating the spectrum the chances are that
efficiency in its use will increase markedly. An under-used allocation, if
someone has to pay a high price for it, will not be supportable and will surely be
relinquished to some other user who needs it badly enough to pay for it.
Technically speaking, it is probable that pricing the spectrum will be a
powerful incentive to the development of equipment which will be a little less
profligate in its bandwidth requirements. Whether this is the best way to share
out the spectrum is a matter for debate, but it should at least avoid large,
sparsely populated bands of frequencies being denied to other users.

The report claims that the predicted “explosion” in radio communications in
the UK — from 400,000 to 1,000,000 mobile radios by 1995 is one of its
forecasts — can be accommodated in less than 40% more of the spectrum,
which can be obtained from reallocating existing frequency blocks to
“commercially most productive forms of usage”.

It is to be hoped that the RRD will not abandon its role completely, since the
thought of a bunch of commercially motivated FPOs fighting each other for the
use of the radio spectrum, perhaps without sufficient experience or expertise to
handle the allocations responsibly, is not an attractive one.
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BBC Computer & Econet Referral Centre

AMB15 BBC MASTER Foundation computer 128K £395 (a)
AMB12 BBC MASTER Econet computer 128K {only ANFS) £334 (a)
AMCO6 Turbo (65C — 02) Expansion Module £105 (b)
ADCO8 512 Processor JE199( ) ADJ24 Advanced Ref Manual £19.50 (c)
ADF13 Rom Cartridge. £13(b) ADF10 Econet Module £41 (¢)
ADJ22 Ref Manual Part 1 14 (c) ADJ23 Ref Manual Part lIi .E14(c)

BBC Master Dust Cover £4.75 (d)

BBC MASTER COMPACT
A free packet of ten 3.5" DS discs with each Compact

SYSTEM 1 128K Single 640K Drive and bundied software £385 (a)
SYSTEM 2 System 1 with a 12" Hi Res RGB Monitor £469 (a)
SYSTEM 3 System 1 with a 14" Med Res RGB Monitor £599 (a)
Second Drive Kit £99 {¢) Extension Cable for ext 5.25" drive £12.50 (d)

View 3.0 User Guide £10 (d)

BBC Dust Cover £4.50 (d)

ADFS ROM (for B with 1770 DFS & B Plus) £26 (d)
ACORN ZB0 2nd Processors £329 (a) .
MULTIFORM 280 2nd Processor £299 (b)

Viewsheet User Guide £10 (d)

1770 DFS Upgrade for Mode! B £43.50 (d)
1.20S ROM £15 (d)

ACORN 6502 2nd Processor £179 (b)
ACORN IEEE Interface £269 (a)

TORCH 280 2nd Processor ZEP 100 .£229 (a)
TZDP 240: ZEP 100 with Technomatic PD80OP dual drive with built-in monitor stand. £439 (a)
META Version Il - The only package available in the micro market that will assemble 27

different processors at the price offered. Supplied on two 16K

roms and two discs and

fully compatible with all BBC models, Please phone for comprehensive leaflet £145 (b).

We stock the full range of ACORN hardware and firmware and a very wide
range of ather peripherals for the BBC. For detailed specifications and

pricing please send for our leaflet.

DISC DRIVES
5.25" Single Drives 40/50 switchable:
TS400 400K/640K ... -.£114(b)
PS400 400K/640K with integral mains power supply £129 (b)
5.25"'Duat Drives 40/80 switchable:
TD800 800K/1280K ....... .£226 (a)
PD800 800K/1280K with integral mains power supply £229 (a)
PDB00P 800K/1280K with integral mains power supply £249 (a)
3.5" 807 DS Drives:
TS351 Single 400K/B40K ... .....£99 (b)
PS351 Single 400K/640K with mtegral mains power supply .£119(b)
TD352 Dual BOOK/1280K ... .£170(b)
PD352 Dual 800K/1280K with integral mains power supply ... ..£187 (b)
3M FLOPPY DISCS
Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10
5Y4" Discs 312" Discs
TSSDD £10.00(d) 40TDSDD £12.00(d) 80TSSDD £20.00 (d)
TSSDD £14.50(d) 80TDSDD £16.00(d) 80TDSDD £25.00 (d)

FLOPPICLENE DRIVEHEAD CLEANING KIT

FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
ensures continued optimum performance of the drives. 5v4" £12.50 (d)
312" £14.00 (d)

DRIVE ACCESSORIES

Single Disc Cable £6 (d) Dual Disc Cable £8.50 (d)

PRINTERS & PLOTTERS 10 Disc Library Case £1.80 (d) 30 x 5V2" Disc Storage Box £6 (c)
50 x 52" Disc Lockable Box £9.00 (c) 100 x 5'2" Disc Lockable Box £13 (¢)
EPSON £209(a) g}'AR muogaral:ell Intﬁdac)e)
EPSONLX-86.................. ... X209 (a AR NL10(Serial Interface). ..
Optional Tractor Feed LX80/86 . .......£20(c) MONITORS
Sheet Feeder LX80/86........... .£49(c) BROTHERHR20.................. . ...£329 (a) RGB 14" MONOCHROME
FX800 ......... -£319(a) 1431 StdRes ... £179(a) TAXAN 12" HI-RES
ggg }g; g&gﬂlj%ﬂ'"ﬁ“s £420 (a) 1451 Med Res. ... £225(3)  KX1201G green screen ... .. £90 (a)
£439(a)  Integrex Jet Printer. ... ...£525 (a) 1441 HiRes £365(a)  KX1203A amber screen. £95(a)
e 19 Dotprint Plus NLQ Rom f MICROVITEC 14" RGB/PAL/Audio B I e RES
G AL ol udi BM7502 greenscreen.................. 75 (a
TAXAN Epson versions for FX, RX, MX 1431AP Std Res ... . £199 (a) BM7522 gmber screen. . 579 ga;
R uiaielE) 0GP Sesmm— £28(d) | 1451AP Std Res -£259(a)  g501RGBStdRes ... . .. “£139 (a)
(180/CRS) gpewe et ey g PLOTTERS All above monitors available in plastic
JUKI Epson HI-80 £319 (a) or metal case.
6100 (Daisy Wheel} ................ — £279 (a) (H;nacrr‘u 67\%/ n - ...£459 (a) ACCESSORIES
raphics Workstation TAXAN SUPERVISIONII Microvitec Swivel Base ............... £20 (c)
NATIONAL PANASONIC (A3 Plotter) --£599 (a) 12" - Hi Res with amber/green options. Taxan Mono Swivel Base with
KX P1080 (80 COl)....coevveeiciciicins £149 (a) Plotmate AAM _.................. .£299 (a») IBM compatible .... £279 (a) clock........ . £22(c)
PRINTER ACCESSORIES Taxan Supervision il ... .£319 (a) Eglgpgggléglb?:se £’1:g ((g))
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) MITSUBISHI Microvitec _£3.50 (d)
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons XC1404 14” Med Res RGB. iBM & BBC Taxan£5(d)........ Monochrome £3.50 (d)
available for all above plotters. Pens with a variety of tips and colours also compatible ... £219(a) Touchtec—501 ... ... £219 (b)
ilable. P! h for detail d prices. 7
availabie ease phone tor detalls ang prices UVERASERS PRINTER BUFFER

Plain Fanfold Paper with extra fine perforation (Clean Edge):

2000 sheets 9.5" X 11" £13(b) 2000 sheets 14.5" X 11" £18.50(b)
Labels per 1000s: Single Row 3;” X 1 7/16" £5.25(d) Triple Row 2-7/16" X 1 7/16” £5.00(d)

10 the harmiui UV rays

MIRACLE WS 2000

MODEMS

— The world standard BT approved modem covering all standard
CCITT and BELL (outside UK only) standards up to 1200 baud. Allows communication
with virtually any computer system in the world. Expandability to Auto Dial and Auto
Answer with full software control enhance the considerable features already provided on
the modem. Mains powered. WS 2000 £102 (c), Data Cable £7 (d), Auto Dial Card £27
(d). Auto Answer Card £27 (d).
WS 3000 RANGE — the new professional series. All are intelligent and ‘Hayes’
compatible, allowing simply 'English’ commandsto control its many features. Alt models
feature Auto-Dial with 10 number memory, Auto-Answer, Speed buffering, printer port,
data security option etc. Ali models are factory upgradeable.

UV140 £69, UV141 £85, p&p £2.50.

UV1TEvase( with built-in timer and mains indicator.
Built-in safety interlock to avoid accidental exposure

Itcanhandle up to Seproms at atime withan average
erasing time of about 20 mins. €59 + £2 p&p.

UV1 as above but without the timer. €47 + £2 p&p.
For industrial Users, we offer UV140 & UV141 era-
sers with handling capacity of 14 eproms. UV141 has
abuilt in timer. Both offer fuil built in safety features

will automaticall

LED bar-graph

The buffer offers a storage of 64K. Data from three
computers can be loaded into the buffer which wilt
continue accepting data until it is full. The buffer

y swiich from one' computer to

next as soon as that computer has dumped all its
data The computer then is available for othet uses.

indicates memory usage. Simple

push button control provides REPEAT, PAUSE and
RESET functions. integral power supply. £199 (b).
With 256K £275 (b).
BBC Cable Set £30.

Serial Test Cable
Serial Cabie switchable at both ends
allowing pin options to be re-routed or
linked at either end — making it possible
1o produce almost any cable

Serial Mini Patch Box
Allows an easy method to
reconfigure pin functions
without rewiring the cable
assay. Jumpers can be used

Serial Mini Test
Monitors RS$232C and CCITT
V24 Transmissions,
indicating status with dual
colour LEDs on 7 most

configuration on site and reused. £22(d) | significant lines. Connects in
WS3000 V21/23 (V21 & V23 + Bell £295 (a). WS3000 Available as M/M or M/F £24.75 (d) Line. £22.50 (d)
V22 (as above ptus 1200 baud full duplex £495 (a).
gless(igo V22bis (as above plus 2400 baud full duplex) CONNECTOR SYSTEMS
50 (b).
\2,359;;0(3 provides 1200/1200 haud fullduplex operation. I D CONNECTORS EDGE Cémz:(%#g;s RIBBON CABLE
L e N (grey/metre}
WS3024 provides 2400/2400 baud fd only. £570 (b). {Speedblock Type) CONNECTORS 36 way plug Centronics 10-way  40p  34way  160p
No of H;ader R'ecep- gdge 01 0156 {solder 500p (IDC) 475p 16-way 60p 40-way 180p
GEC Data Cable for WS3000 £7 (d). Data Cables for ORI R G 2x6-way (commodore) —  300p | 36 way skt Centronics way 85  S0-way  200p
other micros available. The WS3000 range alt have BT 20 |45p 1250 195p 2x 10-way 150p — (solder) 550p (DC) 500p 26-way  120p  64-way  280p
approval. 26 175p  150p  240p g: :g::; {vic 20} e 3285 24 way plug IEEE (solder)
_ 34 200p  160p  320p - b 475p (IDC) 475p
GEC DATACHAT 1223 - An economically 40 220p 190p  340p g: gg:g; Zx81 ;;gg gggg 24 way ski IEEE (solder) DIL HEADERS
priced BABT approved modem complying with 50 23sp  200p  390p 2% 28 way [Spectrum)  200p  — 500p (IDC) 500p
T200/751506 and 751150005 and 1200/13005 iy o L T wpn e 100
ps an ps an ps x 43 way p - 24 way 700p 36 way 750 i p
pseudo full duplex. It is line powered, does not D CONNECTORS | zxz2wa ol E e il 16 pin 50p 110p
require external power source. It is supplied No of Ways . : 77'::; 0: 500p GENDER CHANGERS 18 pin 60p -
with software suitable for connecting to 9 15 25 37 2 x 50-way(§100conn, 600p >~ 25 way D-lype 20 pin 750 —
PRESTEL, Micronet 800, Telecom Gold and a MALE: 24 pin 100p 150p
host of bulleting boards. Special Offer £49 (b). éng Pins 1gO 180 230 350 EURO CONNECTORS Male to Male £10 422 pin ;ggp ;gOp
older 0 85 125 170 in 5|
SOFTY i IDC 175 275 325 — | DIN41612 Plug Skt Maicl ofiemale 09 ° i’ a
= : Femaie to Fematle £10
This low cost intelligent eprom programmer can program 2716, 25186, FEMALE: 2 X 32 way St Pin 230p 275p
2532, 2732, and w\i}h an adaptor, 2564 and 2764. Displays 512 byte StPin 100 140 210 380 § ; gg a:y g?%ipm ggp gggp RS 232 JUMPERS ATTENTION
age  on T - has a serial  and ar- Ang Pins 16 1 75 440 y n P P
gllgl 1/0 routines. Can be used as an emulator, cassette |n|er!§ce s?,%e,'" 98 ?38 ?95 290 30)((3 32 w:y ABng Pin 375p 400p (25 way O) All prices in this double page
Softyll £195.00(b) IDC 195 325 375 IDC Skt A + 400p 24" Single end Male £5.00 | advertisment are subject to
25 . 2500 Sthood 90 95 100 120 | IRCSKA+C 200 i EngeendFemale 825 | change without notice.
i r emale Fem .
Eg::iw 130 150 175 For 2 X 32 way please specify 54" MaleMare ¢ e9.50 | ALL PRICES EXCLUDE VAT
SPECIAL OFFER spacing (4 +8, A +C). 24" Male Female £950 |  Please add carriage 50
ge SUp
2764-25 £2:00(d); unless indicated as follows:
. 2 TEXTOOLZIF . MISC CONNS DIL SWITCHES £8 (b) £2.50 (c) £1.50 (d
27128-25 £2:50(d); ' (a) £8 (b) £2.50 (c) £1.50(d)
SOCKETS 24-pin £7.50 21 pin Scart Connector 200p 4-way 90p 6-way 105p £1.00
6264 LP-15 £3:40(d); 28.pin£9.10 40.pin £12:10 8 pin Video Connector  200p 8-way 120p 10-way 150p .

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764

Using ‘Prestel’ type protocois. For jnformation

and orders — 24 hour service, 7 days a week

ELECTRONICS & WIRELESS WORLD



74276 1.40
7400 030 | 74278 170
7401 030 | 74279 0.90
7402 030 | 74283 1.05
7403 030 | 74742 3.20
7404  0.36 | 74290 0.90
7405  0.30 | 74293 0.90
7406  0.40 | 74298  1.80
7407 0.40 | 74351 2.00
7408 030 | 74365A 0.80
7409  0.30 | 74366A 0.80
7410 0.30 | 74367A 0.80
7411 0.30 | 74376 1.60
7412 030 | 74390 110
7413 0.50 | 74393 1.20
7414 070 | 74490 1.40
7416 0.36
7417 0.40
7420 0.30
7421 0.60
7422 0.3 '
7423 0.36 | 74LS00 0.24
7425 040 | 74LS01 0.24
7426 0.40 | 74LS02 0.24
7427  0.32 | 74LS03 0.24
7428 043 | 74LS04 0.24
7430 0.30 | 74LS05 0.24
7432 0.36 | 74LS08 0.24
7433 030 | 74LS09 0.24
7437 030 | 74LS10 0.24
7438 040 | 74LS11 024
7433 040 | 74113 0.34
7440 040 | 74LS14 050
7441 090 | 74LS15 0.24
74424 0.70 | 74LS20 0.24
7443A  1.00 | 74LS21 0.24
7444 110 | 74LS22 0.24
7445 070 | 74524 0.50
7446A  1.00 | 74LS26 0.26
74474  1.00 | 74LS27 0.24
7448 100 | 74LS28 o0.24
7450  0.36 | 74LS30 0.24
7451 0.35 | 741832 0.24
7453 0.38 | 74LS32 0.24
7454  0.38 | 74LS33 0.24
7460 055 | 74LS37 0.24
7470 0.50 | 74LS38 0.24
7472 0.45 | 74LS40 0.24
7473 045 | 74LS42 0.50
7474 0.50 | 74US43 1.50
7475  0.60 | 74LS48 0.90
7476 0.45 | 74LS49 1.00
7480  0.65 | 74LS51 0.24
7481 1.80 | 74LS54 0.24
7483A  1.05 74LS55 0.24
7484A 1.25 | 74LS73A 0.30
7485 110 | 74LS74A 0.35
7486  0.42 ) 74LS75 0.45
7489 210 | 74LS76A0.36
7490A 055 | 74LS78 0.42
7491 070 | 74LSB3A0.70
7492A 0.70 | 74LS85 0.75
7493A 0.55 { 74LS86 0.35
7494 110 | 74890 o0.48
7495A 060 | 74.S91 0.90
7496  0.80 | 74L.S92 0.35
7497 290 | 74L593 0.54
74100 1.90 | 74LS95B0.75
74107 0.50 741596 0.90
74109 075 | 74LS107 0.40
74110 0.75 | 74LS109 0.40
74111 055 | 74LS112 0.45
74116 1.70 | 74LS113 0.45
74118 110 | 74LS114 045
74119 170 | 74LS122 0.70
74120 1.00 { 74LS123 0.80
74121 0.5 | 7405125 0.50
74122 070 | 74LS126 0.50
74123 0.80 | 74LS132 0.65
74125 0.65 | 74LS133 055
74126 0.55 | 74LS136 045
74128 0.55 | 74LS138 0.55
74132 0.75 | 74LS139 0.55
74136 0.70 | 74LS145 0.95
74141 0.90 | 74LS147 1.75
74142 250 [ 74LS148 1.40
74143 1.30 | 74LS151 0.65
74144 270 | 74LS152 2.00
74145 110 | 74LS153 0.65
74147 170 | 74LS154 1.60
74148 1.40 | 74LS155 0.65
74150 175 | 74LS156 0.65
74151A  0.70 74L5157 0.50
74153 0.80 | 74LS158 0.65
74154 1.40 | 74LS160A 065
74155  0.80 | 74LS161A 0.75
74156 0.90 | 74LS162a 0.75
74157  0.80 | 74LS163A 0.75
74159 225 | 74LS184 0.75
74160 110 | 74LS165A 110
74161 0.80 | 74LS166A 1.50
74162 110 | 74LS168 1.30
74163 110 | 74LS169 1.00
74164  1.20 | 74LS170 1.40
74165 110 | 74LS173A 1.00
74166 140 | 74LS174 0.75
74167  4.00 | 74L8175 0.75
74170 2.00 7405181 2.00
74172 4.20 | 74LS183 1.90
74173 1.40 | 74LS190 0.75
74174 110 | 74LS191 0.75
74175 105 | 74LS192 0.
74176 100 74L8194A 0.75
74178 1.50 | 74LS195A 0.75
74179 150 | 74LS196 0.80
74180 1.00 | 74LS197 0.80
74181 3.40 | 74LS22% 0.90
74182 1.40 | 74LS240 0.80
74184 180 | 74LS241 0.80
741854 1.80 | 74LS242 0.90
74190 1.30 | 74LS243 0.90
74191 130 | 74LS244 0.70
74192 110° | 74LS245 0.90
74193 115 | 74LS247 110
74194 110 | 74LS248 110
74195  0.80 | 74LS249 110
74196 130 | 7415251 0.75
74197 110 | 74LS253 0.75
74198 220 | 74LS256 0.90
74199 220 | 74L52457A0.70
74221 110 | 74LS258A 0.70

. 7418259 1.20
74LS260 0.75
7415266 0.60

7415273 1.25
7418279 0.70
7415280 1.90
7405283 0.80
7415290 0.80
741.829214.00
7415293 0.80
74LS295 1.40
74L529714.00
7415298 1.00
7405299 2.20
7415321 3.70
74LS322A 3.90
7415323 3.00
74LS324 3.20
7415348 2.00
7415352 1.20
7415353 1.20
7405356 2.10
7405363 1.80
7415364 1.80
74LS365 0.50
7415366 0.50
7415367 0.52
7405368 0.50
7415373 0.70
7415374 0.70
7418375 0.75
7415377 1.30
7415378 0.95
74LS379 1.30
74LS381 4.50
7405385 3.25
7415390 0.60
74LS393 1.00
74LS395A 1.00
7415399 1.40
7415445 1.80
74LS465 1.20
7415467 1.20
7405490 1.50
7415540 1.00
74LS541 1.00
74LS608 7.00
7418610 25.00

74086421 3.00
7415643 2.50
74L5643-1 3.00
7415644 3.50
74L5645 2.00
74056451 4.00
7415668 0.90

74LS687 3.50
745688 3.50
7415783 16.00

74508

74510 0.50
7481t 0.75
74520 0.50
74822 0.50
74530 0.50
74832 0.60
74537  0.60
74538 0.60
74840 0.50
74851 0.60
74564 0.45
74574 Q.70
74S85 550
74586 1.00
745112 1.50
745113 1.20
745114 1.20
745124 3.00
745132 1.00
745133 0.60
745138 1.80
745139 1.80
745140 1.00
748151 1.50
748153 1.50
745157 2.00
745158 2.00
748163 3.00
745169 5.50
745174 3.00
745175 3.20
745188 1.80
745189 1.80
745194 3.00
745195 3.00
745196 3.50
745200 4.50
745201 3.20
745225 5.20
745240 4.00
745241 4.00
745244 4.00
748251 250
745257 2.50
748258 2.50
748260 1.00
745261 3.00
748283 2.70
745287 2.25
745288 2.00
745289 2.25
745299 4.50
745373 4.00
745374

748387

74C SERIES 4076 0.65
LINEAR ICs
4078 0.25 ["AD7581 12.00 LM710  0.48 | T8a231 120
74C00 070 | 4081 0.24 | ADCOSOS 11.90 | Lm711  1.00 | TBABO  0.80
74C04 0.50 | 4082  0.25 | aM79100C 25.00 LM723 0.60 | TBABID 0.0
74C08 070 | 4685 060 | AN103 . 200 | (M725CN 3.00 | TBA20  0.80
74G10 070 |MO0B6 075 { AN-15050 1.00 | [m733 o065 | TBAB20M 075
74C14 0.50 | 4089 1.20 | AY-3-1350 350 | |m741 022 | TBA920 2.00
74C20 079 4093 0.35 AY-3-8910 4.90 LM7747 0. TBASS0 2.25
74C32  1.00 4094 0.90 | AY-3-8912 5.00 LM748  0.30 TC9109 5.00
74C42 150 | 4095 0.95 | CA3019A1.00 | [y1g11 4380 | TCA210 3.50
74C48 150 | 4096  0.90 | CA3020 350 | |M1014 150 | TCA220 3.50
74C73  1.00 | 4097 270 | CA3028A 110 | |mig01 3.00 | TCA270 3.50
74C74 1.20 | 4098 0.75 | CA3046 0.70 | | 1830 2.50 | TCA940 1.75
74C76  1.00 { 4099  0.99 | CA3059 3.25 | [nmig71 3.00 | TDA1004A 5.00
74C83 2.00 | 4501 0.36 | CA3060 350 [ mi872 3.00
74C85 2.25 | 4502 055 | CA3080E0.70 | (jmygse
74C86 050 | 4503 0.36 | CA3085 1.50 | migso
74090 1.90 | 4504 095 | CA3086 0.60 | |moo17
74093 150 | 4505  3.60 | CA30BIE2.50 | |m3302 .
74095 1.60 4506 0.90 | CA3090A0 375 LM3900 TDA2003 1.90
74C107 100 | 4507 0.35 | CA3130E0.90 1 | 3909 TDA2004 2.40
746150 500 | 4508 120 | CA3130T 130 | magr TDA2006 3.20
74C151 200 | 4510 0.55 | CA3140E 0.45 TDA2020 3.20
74C157 2.50 | 4511 0.55 | CA3140T 1.00 TDA2030 2.50
74C160 1.80 | 4512 0.55 | CA3146 2.25 TDA25935.00
74C161  1.80 4513 1.50 CA3160€ 1.50 TDA2653 7.00
74C162 180 | 4514 110 | CA3161E 2.00 TDA3560 7.50
74C163 180 | 4515 110 | CA3162E 6.00 TDA3810 7.50
74C173 1.00 | 4516 = 0.55 | CA3189E 2.70 TDA7000 3.50
74C174 1.50 4517 2.20 CA3240E 1.50 TEA1002 7.00
74C175 150 | 4518 048 | CA3280G 3.00 TLO61CP 0.40
740193 1.50 | 4519 032 | D7002 6.0 TLOB2
74C194 1.50 | 4520 0.60 | DAC1408-8 3.00 TLOB4
74C195 1.50 | 4521 115 | DAC0800 3.00 TLo71
740221 250 | 4522  0.80 | DAC08083.00 TL072
740244 200 | 4526 070 | DG308 3.00 TLO74
740245 2.25 4527 0.80 HA1366 1.90 TLOB1
74C373 2.25 4528 0.65 ICL7106 6.75 TLO82
74C374 2.25 4529 1.00 ICL7611 0.95 TLOB3
740902 1.20 | 4531 075 | ICL7650 4.00 | migo> 500 | TLOB4
74C911 900 | 4532 065 | ICL7660 250 | migop 200 | TLO94
74C912 4.50 | 4534 3.80 | ICLBO38 4.00 | yygp21a 3.00 [ TL430C
740922 600 | 4536 250 | ICM75550.90 | NEesog 220 | UATS9
74C923 6.50 4538 075 ICM7556 1.40 NES31  1.20 UA2240 1.20
74C925 6.50 | 4539  0.75 | LC7120 3. NE544 1.90 | UCN5801A 6.00
74C926 7.50 | 4541 0.90 | LC7130 3. NESS5 0.22 | ULN20GIA 0.75
© | 4543 070 | (C7131 3 NE556 0,60 | ULN2002A 075
4551 1.00 LC7137 3! NES64 4.00 ULN2003A 0.75
4553 240 | LF347 1. NES65 120 | ULN2004A 0.75
4555  0.36 | LF351 0. NES66 150 | ULN20682.90
427 240 | irses os0 | NESST 12e | LLNzete 1o
8 L . NES70 4.00 ULN2803 1.80
TS0 04> | 4se0 140 | LF35GN 110 | nes7) 300 | ULN2804 1.90
74ALS04 0-50 4566 1.40 LF357 1.00 NE592  0.90 UPC575 2.75
74ALSOBO-50 4568 2.40 LF398 4.00 NESS32P 150 UPC592H 2.00
74ALS10 0.45 4569 170 | LMIOCLH 450 | NEss3sp 160 | UPC1156H 3.00
TanLSa0 04s | 4572 045 | LM301A 030 | nessup 120 | UPCIBSH 5.00
74ALS32 0.45 4583 0.90 | LM307 0.45 NE5534AP 1.50 | XA210  4.00
TASra 070 | 4584 0.8 | L3N 075 | oplo7EP 30 | XA2206 4550
T 40 [ ases o060 | M3 225 | prioga XR2207 3.75
JaAiSr rey | a72a 150 060 | RC4136 XR2211 5.75
ey s | aan 750 150 | Aca15! XR2216 6.75
74ALS245 ‘~75 14412 7.50 1.80 RC4195 XA2240 1.20
74ALS573 2'60 14416 3.00 0.45 RC4558 ZN404  1.00
74ALS574 4.50 14419 2.60 115 550240 ZN414  0.80
74ALS580 2.60 14490 4.20 1.30 SAA1900 16. ZN419P 1,75
: 14495  4.50 160 | Srrogisa s.o0 | ZN423E 1.30
6.50 040 | gia90 300 | ZN424E 1.30
2.00 0.60 SN76013N 3.00 | ZN425E83.50
3.50 0.50 [ SN76023N 3.00 | ZN42BE83.00
7.00 3.00 | SN76033N 3.00 | ZN427E86.00
700, - SNTETSN 215 | ZN428EB4.50
0.48 SN764894.00 | ZN429ES 2.25
1.20 SN764954.00 | ZN447E 9.00
0.36 SN76660 1,20 | ZN448 | 7.50
2-gg SPO256AL2 700 | ZN449E 3.00
: : SPB515 7. ZN4S0E 7.50
i 1.25 | LM3BEN 100 | Tazi20 120 | ZNessce 300
4011 024 | 40102 130 | LM387 270 | pu3i530 {49 | ZN1034E 2.00
4012 @25 | 40103 200 | LM391 180 | ya7554 (59 | ZNA1040 6.60
4013 036 | 40104 120 | LMIN 130 | Ta7305 090 | ZNAI3AH: 23001
4014 060 | 40105 150 | LM393 085 | 1,700, 155 | ZNA234E9.50
4015 070 | 40106 048 | LMI%CH 4.00 | 1,057, 459
4016 0436 | 40107 Q. LM709  0.35
4017 055 | 40108 3.
4018 0.0 | 40109 0.
4019 0.60 | 40110 g VOLTAGE REGULATORS
4020 o0gp | 40114 2.
4021 060 [ 40147 2. 1A FIXED VOLTAGE PLASTIC T0220
022 o070 | 40163 1.0
4023 030 [ 40173 1.20 i i
4024  g.4s | 40174 1.00 5V 7805 0.45 7905 0.50
4025 024 | 40175 1.00 6V 7806 0.50 7906 0.50
4026 090 | 40192 1.00 6V 7808  0.50 7908 0.50
4027 040 | 40193 1.00 12V 7812 0.45 7912 0.50
4028 .60 | 40194  1.00 15V 7815 0.50 7915 0.15
4029 Q.75 | 40244 150 18V 7818 0.50 7918 0.50
4030  0.35 | 40245 150 24V 7824 0.50 7924 0.50
4031 1,25 | 40257  1.80 1A FIXED VOLTAGE PLASTIC TO92
4032 100 | 49373 180 5V 78L05 0.30 5V 79L05 0.45
4033 125 80095  0.75 6V 78L06 0.30 12V 79L12 0.50
4034 250 ¢ 8V 78L08 0.30 15V 79L15 0.50
4035  0.70 egcgg 0;2 12V 78L12 0.30
4036 2,50 | 80C98 0. 15V 78L15 0,30
4037 110
4038 1.00 OTHER REGULATORS
4040  0.60
4041 0.55
4042 0.50
4043 0.60
4044 0.60 78HOSKC 5A 5V
4045 1.00 78H12 5A 12V
4046 0.60 78P05 10A 5V
4047 0.60 VARIABLE REGULATORS
4048 0.55 LM3O05AH 250
4049 0.36 LM317T T0-220 1.20
4050 0.35 LM317K TO3 2.40
4051 0.65 LM337T 2.25
4052 0.60 LM350T 10A+VAR 4.00
:ggi g-gg LM396K {0A+VAR 15.00
- LM723N d
4085 0.80 78HHOSKC SAI5V I o e 5.75
0.85 78HGKC SA+VAR . 6.50
0.70 78GUIC 1A+VAR 2.25
0.85 79HGKC 5A—VAR 675
g-gg 79GUIC TA—VAR ........... 2.50
0.25 SWITCHING REGULATIONS
0.24 ICL7660 2.50
0.24 $G3524 ... 3.00
0.24 TL494 3.00
0.24 TL497 225
0.24 78840 ... 250
0.24 RCA195 i 1.50

TecuNnomaric Lo

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 tED

SHOPS AT: 17 BURNLEY ROAD. LONDON NW10
Tel: 01-723 0233 4 lines. Telex: 922800

305 EDGWARE ROAD. LONDO
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COMPUTER COMPONENTS

TMS4500 14.00 EPROMs 75154  1.20 KEVB%A::?
TMSga0 500 [ 350 | 75150 220 MEAMLD
. 1802CE 6.50 { TMS9%02 5.00 2516-35 5.50 75160  5.00 | 'AY52376 1150
26504 10.50 | TMS9911 18.00 2532 350 75161 6.50 y
6502 4.50 | TMS99i4 1400 | 2235 0 030 | 75162 7.50 | 740922 5.00
65C02-2MHz : 5172 4.00 | 74C9
= Yoo | 78172 4 C923 6.00
- - 75188  0.60 |
65028 800 | z80CTC 250 | 2708 . 230 | 72,85 ggp ENBIRTS
6800 250 | Z80ACTC 275 | S78%BV 30 | 75365 150
5802 300 | zBoDART 650 | 270835 230 | 75350 glgo Mg&m 7.50
5809 6.50 | z80ADART7.00 | 2792 2530 | 7545 g.50 | I COMEIls 650
6B809E  10.00 - 75452 o050 | 27078 750
68809 10.00 | Z80DMA 7.00 75453 0.70 i
6BBOJE 12.00 | ZBOADMA 750 | ,r000 20 go0 | 75454 070
68000-LB 36.00 2732A-35 550 | 75480 150 5
. ! 28 6100 | 75492 065 !
ggggss g.gg z0Bpi0 500 | 7O 6 COMB017  3.00
80C39  7.00 Z80BCTC 5.00 27126-25/2.50 8726 120 | IM6402 4.50
8080A 740 | Z80BOART .00 | oo, " 0 | 8728 120
8085A  3.00 gTes 12 MODULATORS
80CB5A 7.50 879 X
8086  22.00 5 8T97 1.20 { 6MHz 375
27512 POA | 3157 21 emrz
8087 120 275é2-2514.oo 8‘1?895 :-40
75 1. MS2716 5. -
Pt L R gt sou,
8088  17.50 81LS97 1.40
21078 5.00 81L598 1.40 [: 12.00
8741 1500 | 2111A-354.00 8615120 450
8748 1200 | 5414 150 | cATs027 18.00
TMS1601 1200 | 21143 250+ | CRT5037 12.00 9602 3.00 CRYSTALS
TMS9980 14.50 CRT6545 9.00 | 9636A 160
TMS9995 18.00 | 2147  4.00 EEgggg 2!5:.33 9637AP 160 | 37 76akHz 1.00
280 250 | 416 2.00 | £F9366 25.00 | ge3p  1.90 | 16432MHz 2.25
ZB0A 290 | 4116-20 1.50 | EF9367 36.00 2.00MHz 2.25
2808  5.50 9.50 [-2.45760MHz{L)
7800 7550 | 4125615 300 | WCaads 590 290
: 15 3, 45 6. ;
MCB8455P 6 50 psc 24STEMHZ(S)
MCB847 6.50 CONTROLLER 2.
SFF96364 600 ICs 2.5MHz 2.50
4164-15TI 3.00 | TMS9928 10.00 3.276MHz 150
765A  10.00 1. 3.5795MHz 1.00
6843 8.00 | 4.00MHz 1.50
4416-15 3.50 4194MHz  2.00
4532:20 2.50 o171 2000 | 443MHz 1.00
. : 4.9152MHz 2.50
| AD7581 15.00 | FD1791 20.00 | 5.00MHz 1.50
5101/5501 4,00 | ADC0808 11.90 | FD1793 20.00 | sosMHz 175
s614/511a 4.00 || ADS61420.00 § FD1797 22.00 | 6 00MHz 1.40
5516 400 || AM25S10 350§ WDI7I0 24.00 | 6144mMHZ1.40
5517AP 400 |i AM25LS2521350 | wD169115.00 | 7.00MHz 1.50
68B21  2.50 AM25.525383.50 | WD214312.00 | 7v6Mbrz 1.75
6829  12.50 116P- 5 AM26LS31 1.20 WD02793 27.00 00MHZ 1.50
6116P-3_3.50 8
6840 375 | gyyLp.a AM26LS32 1.20 | WD2797 27.00 § 8867MHz 175
68840  6.00 AM79100C 25.00 175
6850  1.80 DACBOCB!-V i 250
68850  2.50 64LP-15 3.40 1.50
eesa 250 | PEMPTS DM8131 CHARACTER 500
! . 1
6854  6.50 | g514.45 4.00 | DP8304 GENERATORS i 50
68854  8.00 | ggio 200 | DS369 14.00MHz 175
6875  5.00 | DSB830 R032513UC 7.50
745189 1.80 RO 14.31MHz 1560
8154  B.50 | 745289 225 | DS8831 00} 14.756MHz 2.50
8155  3.80 DS8832 15.00MHz  2.00
8156 3.80 | 93415 6.00 | DS8833 16.00MHz 2.00
DS8836 17.734MHz 1.50
8205 2,25 | 93425  6.00 g?gggﬁ TELETEXT 18.00MHz 150
A 8
ool 160 MC 148 o Jpivingys
8224 POA | Me1489 SAA50206.00 | 20.000MHz 1.50
8226 425 | 2gL22 400 | MC3446 2. SAA50307.00 | 24'000MHz 175
8228 550 | 24510 250 | MC3459 4.50 | SAAS04t 16.00 | 48.000MHz 1.75
8243 2.60 185030 2.00 rﬂ((::ssaf;g SAAS50509.00 | 116MHz 28
8250 12.00 | 185A030 2.00 | w3486 PX01000 12.60
745188 1.80 | mG3487
8251A 3.25 | 745287 2.25 | mciona
8283C2 350 | 745288 180 | Capas s, Please note:
8225:& 100y | 235387 225 |, \Cess 16.00; All prices are subject to
. 82523 150 | \ETaat 7550 2 :
8257C-5 54.00 | 825123 1.50 | Mmc 14412750 change without notice.
828129 175 | 75107 0. Only current prime grade
;g:gg components stocked.
75110 We aiso stock a wide
4 75112 range of: Transistors,
75113 Diodes, Triacs Plastic,
281630 15,00 ;g} = Bridge Rectifiers,
9306 256bits 75121 Thyristors and Zenorg.
(16x16) 450 | 75122 Please phone for details.
p
75150P
OPTO-ELECTRONICS
Blow oo = :
BPW21 2,80 | REDTL2090.12 | m220 015 8PW21 H
OCP71  1.80 | GRNTIL2110.16 TIL222 018 cayzt .
ORP12 1.20 | YEL .T:_Lé‘D”'m TiL226 FND357 1.00
ORP60  1.20 | Rect LEDs MAN74/DL704 1.00
ORPB1  1.20 | (R/G/Y) 0.30 COUNTERS MAN71/DL707 1.00
SFH205 1.00 | CXO (8 colour - MAN4640 2.00
TIL32 055 100 | 740925 6.50 MANGB10 200
TIL78 0.55 10 LED 74C926 6.50 MANB9100.8" 1.20
TIL318  1.20 | Bar Graph 74928 6.50 5.70
TIL81  1.20 | Red 2.25 1.20
TiLto0 075 | Green 2.25 ZN1040 6.70 1.00
1.20
PRI MANG6102.00 | LM3914 350 Rl
NSB58815.70 LM3815 3.50 N
TIL3TY  6.50 | | M3916 3.50 .
TIL729  1.00 | UDN6118 3.20
FND357 1.00 | TIL7300 1.00 | UDN61843.20
FNDS00/TIL730 | MANS910 150 | ULN20030.90
FNDSO/TILo gl TR a0 2350}, ULN20040.90 7L 0.70
ULN2068 2.90 .
d DISPLAY ULN2802 1.90 | LQ74 130 § 112 070
MAN71/DL707 DRIVERS ULnN2083 1.80 | MCT26 100 ¥ 1113 070
1.00 RSN ULN2804 1.0 | MCS2400 1.90 { 1i(116  0.70
MAN3G20 175 | ZH0% 75491 070 | MOGC3020 1.50 | eN137  3.60
MAN4640  2.00 75492 o070 | LQ74 220 | eN13g 175

| 9374

8pin 9p 18pin  16p 24pin  24p
14pin  10p  20pin 18p  28pin 26p
1Bpin Np 22pin 20p 40pin  30p

LOW PROFILE SOCKETS BY'Ti

i} 16pin

WIRE WRAP SOCKETS BY TI

8pin
14pin

25p 18pin  S0p 24pin 70p
35p  20pin 60p  28pin BOp
40p 22pin  65p 40pin 100p 4

TURNED PIN
LOW PROFILE SKTS.

‘8pin
14pin

25p
30p

16psn
18pin

35p
40p

20pin  45p
24pin  55p

PLEASE ADD 50p p&p & 15% VAT
(Export: no VAT, p&p st Cost)

O:ders from Government Depts. & Colleges etc. welcome.
Detailed Price List on request

Stock items are normally by return of post
Minimum ‘tclephone Order £5

28pin  85p
40pin  90p
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INSTRUMENTS
COMPONENTS
EQUIPMENT
ACCESSORIES

0SCILLOSCOPES

Official orders
welcomed.
Export supplieq,

Please add 159 yat

Korders only)

Hameg. Crolech. Hitachi Stockists (UK TNT delivery
HAMEG Dual trace with £7.00 plus VAT
component testers 8x 10cm green screen

203/6 Dual 20 MH2 [ with probes) £298.00

204 With sweep delay £402.00

205 Olgital storage dual 20MHZ £498.00

605 Dual 60 MHZ plus sweep delay £567.00
CROTEGH with component tester

3031 Single 20 MHZ. 9.5¢cm CRT £195.00
HITAGHI v212 0ual trace 20 MHZ

8 x 10cm P.0.A.
GENERAL 0ST5m single trace 5 MHZ -
3 CRT £139.09 GENERATORS 220/240V AC operalion
THANDAR sSC110A Portable 10 MHZ

32 x 26mm display £175.00

FUNCTION - sine, sq. Iriangle. TTL 0/P

JS00 0.1HZ to SO0KHZ £110.00
TG101 0.02HZ to 200KHZ £110.00
TG102 0.2HZto 2MHZ *  £160.00
220/240V AC mains. 8 digll LED PULSE Square. Complement. TTL 0/P
5 s 0.1HZ¢ Smv ity TG105 542 1o SMHZ £105.00
100MN2 2 ranges £99.00 | TV-VIDED PAL VHF/UHF.5.5/6/6.5MHZ
60OMNZ 3 ranges £126.00 | sound carriers RG8 and SYNC 0/P's. AM/FM sound mad.
1000MHZ 3 ranges £175.00 | colour.etc £199.00
1500MHZ 3ranges £199.00
Timers 0.001HZ Resolution. 100MHZ 5my sensitivity | GENERAL EQUIPMENT
OP10 Standard madel £219.00 | x1/x10 Prove kits [250MH2) £10.00
OP100 Incl. display hold. etc. stopwatch/ APM. etc 20D 100KHZ - 110MHZ R 0SC £65.17
£285.00 | 220 2042 - 200kHZ BL 0SC £78.22
CM200 Bench Digital Cap. Meter ggggg
TH301 LCO Digital Temperature ..
DC POWER | 2018 augio Power Meter £220.00

SUPPLIES YF501 Electronic insulation Tester £69.00
240V AG Inpu. Stabilised| PFM200A 200MHZ Packet LEQ Counter  £75.50
variable output voltages. | OM 358 8 CH. Scope Multiplexer £179.00

Direct meter reading KOME 200MHZ TR. OIP Mater £43.04
valts and amps.
243 0/24 volts 0/3 amps 0C £43.26 ﬂ:ﬂ%’?ﬁlg&ﬂs
245 0/24 volts 0/5 amps 0C £56.26 £7.50
154 5/15 volts 0/4 amps OC £33.26 1015 15 range pocket 10K/V 5 | 2
Also13.8V 0C. 3 amps max. 103S 19 range 20K/ 104 0¢£10.39 F
Fixed [no meter) £13.00 |10282 19range 10A.0C - He 20€VET2.61 §i |
0/30 0/2 amps 0C LCO display £150.00 |HC201 19 Aange 20K/ 124 AC/0CE15.61
2020 20 rangs 10A OC * Hie 20K/V £19.09
301082 24rangs 10A OC - buzzer 30k/v £20.83
DIGITAL MULTIMETERS 155m 21 range 10A AC/0C 20K/ £22.57
3% digit LCO displays . BANAMA 15 range * buzz shockproot 20KV £23.60
508 15 range. 200mA OC. 2 MEG g !I!gg “ * S0SOE 41 Range FET £28.65
105 14 Range 2A.0C d
5287 13range. plus Hietest  £26.04 ‘ ALL WITH FREE CASEI
55C 28range 10AAC/0C  £35.65 £33.50 {* no case]
6010 28 range. 10A AC/0C. 20 MEG o
57820 range auto- memary ~hott 104 ac/06 £34.50 | EHT METER ‘“
615 19range. pius Hie test. 20MEG 10A 0C gggg 0/40KV Direct Reading  £45.00 l
5010 31 range 104 AC/0C - buzz 20uA AC/0C
TM357 30 range 104 AC/0G  buzz gg(ll:l, PROBE/PULSER -@ [
DB DENNPE P ’ 610B 20MHZ Logic probe & bleeper £16.95
[ALL WITH FREE CASE| 625 SOMHZ Prove & puiser 0SHZ 5002 £22.95

07 20MHZ Logic probe

£9.52 |
AC CLAMPMETERS with cases and teads

300 300amps [5 ranges)

600V (4 ranges} 1k OHM £30.87
4300 Autorange Oigital 300A.
500V: + cont. tes £75.00

SWITCH MODE PSU's
Open frame models. 1/P 100/240V AC
240watt -5v 25A: +12v TA:
~12v154 -12v154£34.74
SX510 2 to 5v jadjustable)
10amp £7.7

BENCH DMM'’S

CASPER UPGRADES
BBC TO 68000

FOR£299 250 PP VAT
wm\u i

plus choice of ‘The Small C Handbook' or
‘68000 Assembly Language Programming' *FREE

* On all orders for Casper/Compiler received before 31st Jan 1987

B 68000 2nd processor card with 128K RAM.

B 68000 two pass assembler with system monitor
and BBC link software in EPROM.

B Two system diskettes (40 or 80 track).

B Cable and fixings.

B Comprehensive Users Manual covering installation,
assembler instructions and teaching guide.

CA Special Products Ltd.
FREEPOST Moss Way Donibristle Industrial Park Dunfermline FIFE

Remittances by post or Tel: 0383 823928 (“ver | oS
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Toroidal & E.I.

Transformers

As manufacturers we are able to offer a
range of quality toroidal and laminated
transformers at highly competitive prices

Toroidal Mail Order Price List
prices inclusive of VAT & Postage

15va 7.95, 30va 9.18, 50va 10.16, 80va 11.36, 120va 12.07, 160va 14.20, 225va
15.21,300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va-44.82.

Also available 1k2, 1k5, 2k, 2k5, 3k. Prices on request.

Available from stock in the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 18-0-
18, 22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40. 45-0-45, 50-0-50, 110, 220, 240.
Primary 240 volt.

Quantity prices and delivery on request

AR Air Link Transformers
%‘( Unit 6, The Maltings, Station Road,

Sawbridgeworth. Herts. Tel: 0279 724425

ENTER 32 ON REPLY CARD

Aacy;l;]litu;:]Lr:auqlg‘zmll N ﬂg}{al CRRACITANEE
. 8u c. Ot

gfnuli.m anls E : ?ggg Push-bution selercli:nellégll];]mm mi:msosord&%
STOCKISTS FOR:

Logic Analysers e Insulation Testers ® Temperature meters e Security Systems
e Public Address ® Communicationse Toolse Computer Equipmente TV/Video
Accessories e (See Catalogue)

ORDER BY POST OR PHONE. OPEN 6 DAYS A WEEK FOR CALLERS.

HENRY'S &e0ronics

ll 301 Edgware Road, London W2 1BN. 01-724 3564
404 Edgware Road, London W2 1£0. 01-724 0323
TELEX 298102 TRANS G

EDUCATION AND ACCOUNT ENQUIRIES 01-258 1831

QUALITY QUARTZ
CRYSTALS QUICKLY

Our frequency ranges are:

M.P.U. Crystals 3 « |
;M.P.U. Oscillators 1
I i 1 i i . . e
¥ i | L] | |

L ¥ T
10kHz 50kHz 100kHz 500kHz 1MHz 100MHz 250MHz 360MHz
1t Professional Crystals T

We aiso supply quartz crystal filters,
oscillators of all types and
communication antennae.

Webster Electronics
ILMINSTER, SOMERSET TA199QA, ENGLAND

TEL: {046 05)5166 TELEX: 46571 FRONCY G
FAX (046 05) 5865

ENTER 24 ON REPLY CARD
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LOOKAHEAD!

WITH MONOLITH MAGNETIC TAPE HEADS

DOES YOUR VCR GIVE WASHED OUT NOISY

PICTURES - ITS PROBABLY IN NEED OF.A NEW
HEAD-FAST FROM OUR EX-STOCK DELIVERIES.
SAVE ££€'s ON REPAIR CHARGES.

Our replacement video heads
fit most models of VHS or
Betamax VCR's. Following our
replacement guide and with a
practical ability, you can do the
whole job in your own home
with our head replacement kit.

VMC-02 KIT ONLY £19.35 inc. VAT. d+ £2.50 p&p

(Kit does not include video head)

TELEPHONE US NOW FCR INFORMATION OF THE
REPLACEMENT HEAD FOR YOUR VIDEO RECORDER.
CATALOGUE: For our full Catalogue of Replacement
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p p&p.

THE MONOLITH ELECTRONICS CO.LTD.
5-7 Church Street, Crewkerne, Somerset TA18 7HR, England.
Telephone: Crewkerne {0460) 74321 Telex: 46306 MONLTHG

ENTER 45 ON REPLY CARD

Fibre-Optics

EDUCATOR

For teaching fibre-oplics and telecom-
munications in schools, colleges, universities
and technology training centres.

Transmits analogue and digital data over
free-space and optical fibres using red light.

Plus many other applications, including
numerous measuremeni experiments.

Designed and Manufactured in the U.K.

For further details contact:

ELLMAX ELECTRONICS LTD.,
Unit 29, Leyton Business Centre,
Etloe Road, Leyton,

London E10 7BT. E LLMAX |

Telephone: 01-539 0136 ELECTRONICS

ENTER 64 ON REPLY CARD

"..Statgraphics is a must. A model package which

sets the standard for PC statistical software”.
DR GEOFF EINON, PC USER, Nove mber 1985,

Statgraphics offers unbeatable integrated statistics

and graphics to PC users.
TO FIND OUT MORE, CONTACT:

COCKING & DRURY (Software) LTD.

16 BERKELEY STREET - LONDON - WI1X 5AE

TELEPHONE: 01-493 6172

"|||:.".::;mm...

M"'lnu....
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TAYLOR

C.C.1.R/3 SPECIFICATION

Power Requirement

Video Input

Audio Input

F.M. Sound Sub-Carrier
Madulation

I.F. Vision

I.F. Sound

Sound Pre-Emphasis

Ripple on I.F. Saw Fiiter
Output {any channei 47-860MHz}
Vision to Sound Power Ratio
Intermodutation

Spurious Harmonic Output

VESTIGIAL SIDEBAND
TELEVISION MODULATOR C.C.I.R/3

CRYSTAL CONTROLLED OSCILLATOR
18” RACK MOUNTING, 1u HIGH, 205mm DEEP

240V 8 Watt (available in other vol )

N 1S gy CHANNEL COMBINER/FILTER/LEVELLER

6MHz (available 5.5MHz2) 10 combine outputs of modulators

Negative

38.9MHz TCFL2 2 Channel Filter/Combiner/Leveller. Insertion Loss 3.5dB
32.9MHz {available 33.4MHz) TCFL4 4 Channel Filter/Combiner/Leveller. Insertion Loss 3.5dB
50us TSKO Enables up to 4 x TCFL2 or TCFL4 to be combined.

.6dB

+6d8mV (2mV) 76 Ohm
6to1

Equal or less than 60dB

40d8 {80d8B if fitted with TCFLY Fiiter or com-

bined via TCFL4 Combiner/Leveller

C.C.LR./3.1

Specification as above but output level 60dBmY
1000uv

TAYLOR BROS (OLDHAM) LTD

BISLEY STREET WORKS, LEE STREET,
OLDHAM, ENGLAND.
TELEPHONE: 061 652 3221 TELEX: 669911

ENTER 10 ON REPLY CARD

improvement.

hy-t-

Write for your\
copy of Clark
Masts™ “Fast \
Guide to Mast \
Selection” and

see what we mean.

reliobility and ceaseless engineering

CIARK MASTS

Not only in height is the range of Clark Masts wide but also in the
field of application. Every model, mechanical or air-operated,
has been created in response to customer requirement

and proved in service; for over 25 years. gl
Major users in the Communications Industry,

Broadcasting, Civil Authorities and Military N
Commands worldwide, have-all contributed
and benefited from Clark Masts’ el

CLARK MASTS TEKSAM LTD.(WW), Binstead, Isle of Wight
England. Tel: (0983) 63691. Telex: B6686

g » 2 ~
Q y . B A8 ‘. " -
CLARK MASTS TEKSAM NV.(WW), Woudstraat 21,
3600 Genk. Belgium. Tel: 011/38.08.31. Telex: 39354

ENTER 65 ON REPLY CARD
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Connector revolution

This round-up of connection techniques concludes that
British-designed Hierarchical Interconnection
Technology could be the basis of the next generation of

he semiconductor revolution which
I has transformed equipment design
and construction methods over the
past 25 years has in turn has brought about a
revolution in connection techniques.
Methods of connecting components to
p.c.bs, daughter boards to mother boards,
mother boards to backplane boards, have all
been streamlined to minimize costs and
maximize equipment production, perform-
ance and reliability. Similar changes have
taken place in cabling and interconnecting
equipment.

Another factor that has helped transform
connectors and connection techniques is the
massive rise in price of traditional connector
materials such as tin, brass, copper and gold.
Most connector pins and sockets have there-
fore been redesigned to reduce the amount
of material needed to produce them and cut

ELECTRONICS & WIRELESS WORLD

p.c.b. interconnect

by JOHN CURRY

production time and costs wherever
possible.

For example, most commercial connector
pins are now pressed from metal sheet and
folded, instead of being machined from solid
metal, the pressing technique providing
savings in material and allowing mass pro-
duction at lower cost.

Costs have been further reduced by tech-
niques such as selective plating of pins and
sockets, and reducing gold and other plating
thicknesses to a minimum.

The connector revolution has also been
helped by the various industry recessions.
These have made all sectors of the industry
very cost conscious, and resulted in ever
increasing demands for cost-effectiveness in
equipment design, production testing and
installation.

The need for greater cost-effectiveness has

been complemented by what has become an
obligatory requirement for shorter product
development and manufacturing times
brought about by increased use of computer
aids. Manufacturers have to get their new
products to the market as soon as possible to
secure sufficient market share to cover high
development costs. Thus productivity is a
key requirement in all modern connection
systems.

SOLDERLESS TECHNIQUES

All these factors have resulted in faster,
cheaper and easier to use methods of con-
nection and a massive swing to solderless
techniques. In telecommunications, for ex-
ample, the need to minimize operating costs
has obliged organizations like British Tele-
com to adopt quicker and cheaper ways of




RS T Ty

making connections in telephone system
installations.

As a result, time-consuming terminations
such as solder- and screw-terminal connec-
tions have largely been superseded by sim-
pler and much faster solderless techniques
such as insulation-displacement connec-
tion, which require the minimum of tools,
little or no preparation of the wires to be
connected, and therefore little skill.

An everyday example is the now familiar
white telephone plugs and sockets used in
home and offices. These use a non-solder
technique called cable-piercing which en-
ables them to be wired with a single squeeze
of a special crimping tool. The squeezing
action causes the connecting contacts of the
plug or socket to pierce the cable’s outer
insulation and make contact with the copper
wireinside.

INSULATION DISPLACEMENT

Another widely-used solderless wiring tech-
nique is insulation displacement connec-
tion, a good example of which is the Rapid
Wiring System that inserts and connects a
wire ina single push action without the need
for wirestripping.

Designed for wiring prototype or small
production run p.c.bs by hand, or high
density wiring of boards by machine, it

utilises a one-piece beryllium copper contact
which pushfits into a p.c.b. and hasani.d.c.
terminal at one end, and an i.c.-pin at socket
the other.

10

2 to 24-pole p.c.b. connectors

A range of p.c.b. connectors comes from Hellermann Electronic Components. These are
available in 2 to 24-pole and with a pitch of 5mm and 5.08mm. The female connector with
cage-clamp connection is for solid, stranded and flexible conductors from 0.14mm? up to 2.5
mm?, (AWG 26 to 14). Male connectors are available with straight or angled solder pins 1 by Imm
or 1.2 by 1.2mm. There is a test socket for test plugs 2mm and 2.3mm dia. Pole marking can
either be with adhesive marker strips or direct printing. The female connectors can be operated
from above as well as parallel to the conductors. The front entry system allows the connection or
disconnection of conductors when the connector is mated. The male connectors are suitable for
p.c.bs up to a thickness of 3.5mm. They can be screwed to the board with the aid of fixing
elements to ensure that optimum guidance of the female connector is obtained. Depending on
the mounting conditions, there are several possibilities for having the connectors mated in a
non-reversible way.

255 on reply card.

Screened D-connector

A modified version of the Ceep subminiature D-connector hood has been designed to minimize
r.f.i. anf e.m.i. and to offer continuous screening in conjunction with the cable braid. Metallized
plastic construction reduces the cost and weight while remaining effective.

254 on reply card.

D.i.1. p.c.b. connector withi.d.c.

Du Pont Connector Systems has introduced an entirely new dual-in-line solder-to-board, and
male pluggable, connector system. This is based on new i.d.c. technology and is suitable for high
performance, high reliability applications in harsh environments, such as those encountered in
the telecommunications industry.

Du Pont’s “Quickie” d.i.1. p.c.b. connector has a patented i.d.c. contact with an integral
anchor, which provides base-to-cover locking and ensures correct positioning of the conductor
in the i.d.c. area. It also features a pre-loaded, bridge-type cover, with dual-sided cable entry,
which makes it ideal for automated assembly operations and for daisy chain applications. Low
profile strain-relief is available as an optional extra.

The new connector is supplied in grid sizes of 2.54 by 2.54mm, 2.54 by 7.62mm and 2.54 by
15.24mm, and with 4 to 64 contact positions. The male pluggable version has selective
gold-plated contacts: the solder-to-board version has tin/lead-plate contacts.

259 on reply card
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The wire is simply pushed into the siot
created by the contact’s two tines. The width
of the slot is slightly narrower than the
wire’s conductor. Thus as the wire is pushed
down, the two tines cut its insulation and
firmly grip its conductor, making a secure
gas-tight connection.

The single-push wiring action is three
times faster than wirewrap and enables
terminals to be daisy-chained with a com-
mon link, further reducing the number of
wires that need to be cut. in addition, the
i.d.c. tines are one third the height of
comparable wirewrap posts, vet can
accommodate three 30s.w.g. wires, and can
be re-used up to 50 times without impairing
the integrity of the gas-tight connections
they provide.

The savings in time and space which i.d.c.
connections provide, coupled with their
reliability and re-usability, has prompted
BT, and telecommunications utilities world-
wide, to adopt these connectors as the
standard method of connection for tele-
phone wires and cables. BT is currently in
the process of a massive conversion project
which will result in their use in all UK
telephone exchange and installation wiring.
The telecommunications industry’s re-
cognition of its integrity as a dependable
means of connection has helped spread the
use of the technigue to cables, including flat
cable and coaxial cable. As a result, there are
now i.d.c. versions of most cable connectors.

PRESS-FIT CONNECTORS

Solderless connectors are also superseding
traditional soldered’ edge-connectors on
printed-circuit hoards in low- and medium-
volume applications. Called press-fit con-
nectors, they have tapered pins which are
simply pressed into an appropriate pattern of
plated-through holes on the p.c.b. This
compresses and forces their outer surfaces
against the plating so that they coniorm to
the shape of the holes, rather than vice-
versa, resulting in connections that are
gastight, resilient and both electrically and
mechanically sound.

The board requires no heat treatment.
Thus the technique limits internal stresses
and p.c.b. warpage. In addition, the pins can
be readily replaced. It also enables a variety
of terminations to be fitted, including plugs,
sockets, and wiring posts such the RWS
i.d.c. terminal.

For example, the widely used DIN41612
Eurocard connector is available with press-
fit pins. Called “compliant” pins, they have a
tapered c-shape cross section. Press fit con-
nectors with a variety of other tapered-pin
cross section shapesare also produced.

GTH CONNECTORS

Another popular solderless connector tech-
nology is the gas-tight high-pressure con-
tact (g.t.h.) developed by Burndy which, as
its name suggests, uses a contact-
pressurising arrangement to make a positive
gas-tight connection.

Connection is made by simply lifting the
connector’s outer body, inserting a pre-
stripped wire into low insertion force g.t.h.
socket, and then pushing the body down to

ELECTRONICS & WIRELESS WORLD

New latch fori.d.c.

What are claimed to be the only i.d.c. connectors in the world to offer both vertical latch and eject
facilities are now available from Nortronic Associates. The top latching offers the option of
considerable savings in p.c.b. area compared with equivalent side latch connectors. Both straight
and right-angled versions are available and both of these styles are now stocked in 10 to 50-way
DIN configurations. Each i.d.c. component has its pins fully protected and is centrally polarized
as a guarantee against incorrect insertion. Insulation material comprises glass-reinforced
thermo-plastic carrving a 94V0 rating, while each of the phosphor-bronze contacts has a gold
plating over nickel. Currentrating is 1A. A full range of mating female sockets is also available.
257 onreply card

Pin grid array sockets

A family of Textool zero insertion pressure (zip) test and burn-in sockets from BFI Electronics
will pack tightly onto any p.c.b. surface and will handle a variety of P.G.A. (Pin Grid Array)
devices. They will therefore be useful to quality assurance, test and programming depart ments.
The zero insertion pressure feature of these sockets protects expensive P.G.A. devices from
damage during insertion and withdrawal. The package is securely locked into place by lowering a
level-operated cam. The sockets are designed to provide maximum use of board space. The cam
level is positioned on the side of the socket, making the sockets end-to-end stackable. Optical
locating holes on the sockets permit robotic loading and unloading, and because the lever
remains ahove the edge of the socket when locked. manual unloading is easier. Seven matrix
sizes. ranging from 10 by 10to 21 by 21, are available. The pin pattern can be customized for any
specific device on an average 7-day turn-around.

250 on reply card.

Handtool fori.d.cs

An i.d.c. connector hand termination gun designed to provide the speed of assemblv associated
with i.d.c. but at price level normally realised hy crimping tools is now available from Dage
Eurosem.

The gun, manufactured by Robinson Nugent, has been designed so that certain elements of the
connector assembly task, such as wire stripping and crimping, are no longer necessary. As a
result the gun can complete twice as many terminations campared with traditional crimping
tools during the same period. The hand gun, suited for the assembly of connectors used in
computer, instrumentation and test and measurement applications, is capable of making
tvpically 800 terminations an hour. The hand tool’s ratcheting mechanism allows handle release
only after the wire is seated correctly in the contact and also means that, if required, the
connector can be reversed. A self-indexing system automatically positions the connector for wire
insertion which speeds the assembly process. However, the tool can be manually indexed if
required. The stutfer biade is adjustable to allow termination of 20 to 30a.w.g. wire with different

insulation thicknesses. A range of metallized plastic or plastic hoods are available asrequired.

258 onreply card
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BEST PRICE COMPONENTS — SAME DAY DESPATCH

All the latest fastest devices as used by industry. Do not confuse with slower old stock offered elsewhere. We only stock components
produced by established manufacturers whose products have been subjected to long-term UK. testing, datasheets available on all
items at £1 each.
MEMORIES Our extremely Goldstar top quality 74HC High Speed For Standard CMOS and
popular ex-equipment 74LS TTL Logic ICMOS Logic Linear Pricing Phone Us
DRAM 5v NMOS ISOHS memories
(Not Texas) 74LS00 20p  T4LSIS8 40p | T4HC00 25p  74HC125 55p  74HC243 79p
4164 64kx | £0.99 | Guaranteed UV erased, cleaned | 74L:S02 20p  74LS161 55p | T4HC02 25p  74HC132 49 T4HC244 89p
41256 256k x 1 £220 |~ U ced 741504 20p 7418163 55p | T4HC04 25p T4HC138 49p T4HCT244  95p
4416 16k x4 £2.80 , : ) 74105 20p  T4LS164 55p | T4HCUO4  25p T4HCI39 49p  T4HC245 9p
41464 64k x4 £5.90 | 1000s sold to delighted cus- | 741,508 20p . 74LS165 60p | 74HCO8 25p 74HCIS!  59p T4HC257  55p
tomers 741509 200 7415166 60p | 74HC10 25p 74HCI53 59p  74HC259 0p
SRAM 5v NMOS 150nS 4116 16kx1 DRAM  60p | 74LS10 200 T74LS174 40p | 74HCI1 25p  T4HCI57 55p T4HC213 8%
2114LP lkx4 £150|2716 2kx8 EPROM £150| 74LS11 200 7418175 55p | T4HC14 40p T74HCIS8 56p T4HC354  85p
2128LP 2kx8 £2.50 | 2732  4kx8 EPROM £150 | 74LS14 R 7415193 60p | 74HC20 29p 74HCI6] 56p  74HC365 59p
2764 8kx8 EPROM £1.50 | 741520 200 7418194 50p | 74HC21 29p 74HC163 56p 7T4HC367 55p
SRAM 5v CMOS 150nS 741,521 2P 741,9040 650 | 74HC2T 27p  T4HC164 56p T74HC373 9%p
6116LP axg  £130] 10% DISCOUNT | 741530 20 415041 ng 74HC32 35p T4HCI65  75p T4HC3T4  9p
6264LP 8kx8 £2.90 741,532 200 arsoas 6o, | 74HCA2 49p T4HC166 60p T74HC393  69p
62256LP 32kx8 g25|on all orders over £25 741851 200 ueone 80" T4HC5] 25p T4HCI73  55p T4HC4040  69p
regardless of mix add |74LS74 Wp oy sog 74HCT4 39p T4HCIT74 55p T4HC4060  69p
EPROM 5v NMOS 250nS % VA t 741586 20p 74HC85 59p 74HCIT5 56p T74HCS73  £1.20
2716 2kx8 g270 | 15% Tsent post FREE. | ;o 45p  T4LS2T3 65p | 7411C86 490 T4HCI93  T5p TAHCST4 £1.20
2732 4kx8 65| Orders under £25 add | 7415123 60p  14LS280 0p| 74HC107  49p T4HC240  89p T4HCE40 £1.25
2164 8kx8 £190 | 18% VAT plus £1.00 p&p. | 74LS125 qop ~ T4LS365 40p | 74HCI13  49p T74HC24l  T9p T4HCB43 £1.25
27128 16kx8 £2.10 o : 7415138 40p  T4LS367 40p | 74HC123 55p  74HC242 Op 74HC688 85p
27256 32k x8 £3.40 Eversea£s.2— . 7415139 40p  T4LS373 65p TELEPHONE ORDERS
Urope a4 p&p 7413153 45p  74LS374 65p t&
EPROM 5v CMOS 250nS Elsewhere £5 p&p 74LS154 85p  74LS393 60p
21064 8kx8  £350 | (ng VAT) 7418157 40p 7418395 60p | Phone between 8.00am & 12.00 noon banker's
21C256  32kx8  £10.00 cheque card holders only who are telephone
} ) , i
EEPROM 250nS Educational establishments, Gov't depts. subscribers. Components sent same day by
2816A 2kx8 £13.50 L~ i i first calss recorded post with 7 day invoice.
2864A 8kx8 £45.00 Send OfflClal Order fOI anOlced deSpatCh £1 surcharge to cover validation & recorded post
MICROKIT LIMITED HLSIO
Blakesley, Towcester, Northants NN12 8RB. 032 7 860 1 30

ENTER 35 ON REPLY CARD

MSF CLOCK IS EXACT

8 DIGIT display of Date, Hours, Minutes and Seconds.
SELF SETTING at switch-on, never gains or loses, automatic
GMT/BST and leap year, and leap seconds.

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

T
. ey . .
e o o COMPUTER or ALARM output also, parallel BCD (including
", “a:"‘g.‘ fl'e ”/ﬂmgfe c,'o,ce Weekday) and audio to record and show time on playback.
‘i\ i ‘c‘ﬁ& o DECODES Rugby 60KHz atomic time signals, superhet receiver
"_‘ A “k‘ke (available separately), built-in antenna, 1000Km range.
X b‘m{', LOW COST, fun-to-build kit (ready-made to order) with receiver

HPD TR
A two row \r‘.l. m

ONLY £89.80 includes ALL parts, pcb, 5x8x15¢cm case, by-return
connector, qualified '
to BS 9525-N-0001

postage etc and list of other kits. Get the TIME RIGHT.

S ;
available in 17 to 120 ways with A shrouded version CA M B R I DG E K I Ts
twelve termination variations plus of the two row connector 45(WN) Old School Lane, Milton, Cambridge, Tel 860150
insulation displacement and which mates with the
surface mounting. HPD style.
HPM HPF , 3 e e
A shrouded version of the A three row connector, qualified ’\ﬁ e E
three row connector which to BS 9525-F-0016, designed ==
mates with the . to the same technical TACKLING POWER SUPPLY 7 |
HPF style. | ¥ specification as the PROBLEMS SINCE 1937 = <
— e’/ HPD style and ! .
l///l available in 48 ] DC-AC Inverters (Transvertors)
5 7/
8Ly /0 160 ways. SINE/SQUARE WAVE INVERTERS 3010 1000 Valradio Inverters areusedto |
a7, , watts, 50 (or 60) Hz, 115/230V, single phase provide an allerative AC Mains |
o TEA AC. From 12, 24, 50, 110 or 220 Volts DC. porsropzRSotce) |
HYPERTAC LIMITED [1DC-DC Converters _ [[] Battery Chargers
> [JAC-DC Power Supplies [] Standby/UPS Systems
Waterloo Road, Cricklewood, London NW2 7UH ~ . .
Telephone: 01-450 8033 Ext. 250 Telex: 928071 D AC A_C Frequency Changers D Line Conditioners
A subsidiary of Smiths Industries Pubhc Limited Company C/o\igitgilg:POWER LTD
ENTER 50 ON REPLY CARD LAWRENCE ESTATE, GREEN LANE, HOUNSLOW TW4 6DN, UK.
Tel: 01-570 5622 re3
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its normal position. This forces the contact
against the wire, and penetrates any oxidized
deposits on the mating surfaces.

A key feature of the system is that it uses
relatively inexpensive contact materials
such as tin-plated phosphor bronze.

Burndy has applied the g.t.h. techniyue to
a variety of different connection require-
ments including i.c. sockels, connectors for
flat cables, connectors tor terminating wires
on p.c.bs, and connectors for closely stack-
ingp.c.hs.

ZERO INSERTION FORCE SOCKETS

Another increasingly popular method of
providing plug-in mountings for dip compo-
nents on p.c.b’s is the zero insertion force
socket.

As its name implies, the zif socket enables
dip devices to be fitted or removed without
the need for any insertion or withdrawal
force. Nor are any tools required. The sock-
et’s contacts are normally open, and are
closed by a cam-action lever arm.

On being closed, the contacts grip the
smooth flat sides of the dip device’s legs, the
last 15° of cam movement providing asliding
action that wipes the legs clean to ensure a
positive contact.

Most zif sockets are press-fit devices with
wire-wrap or similar pins, and therefore
eliminate the need for board preparation.

 HEIRARCHICAL INTER-
CONNECTION TECHNOLOGY

Custom chips, v.l.s.i., hybrid circuits and
surface-mount techniques collectively en-
able equipment designers to pack so much
functionality and therefore complexity onto
a p.c.b., that the value of printed circuit
boardswill rise significantly.

Double Eurocards for example can cur-
rently cost up to about £1500, but the
increased complexity possible is likely to
result in boards of this size containing
functionality worth £50,000, i.e., over 30
times more valuable. Moreover their com-
plexity would be so great that they will take
several hours to test.

Thus there is a strong case for partitioning
such designs into a number of small ‘daugh-
ter’ modules which plug onto a Eurocard, to
simplify production and maintenance. A
possible answer to this problem is a British-
developed technigue called Heirarchical In-
terconnection Technologv (hit).

Hit is based on the use of ‘daughter’
modules whose profile is less than that of a
DIN41612 connector, i.e. under 12mm. Up
to eight can be mounted on one side of a
double Eurocard. Single and double-sided
designs in various sizes and substrates are
being evaluated. They will fit into zif-tvpe
rectangular sockets having 130-140 con-
tacts.

An [EE working group has been set up to
prepare a proposal for a new equipment
practice on Hit. Thus Hierarchical Intercon-
nection Technology could be the basis of
next generation of p.c.h. interconnect.

John Curry is managing director of Astra-
lux Dvnamics Ltd.

ELECTRONICS & WIRELESS WORLD

160 Way High-density DIN connector

A new design of DIN connector which meets the increasing demand for higher densities in
interconnections is manufactured by Erni and distributed by Radiatron Components. The
connector is fitted with five rows of 32 contacts, making 160 ways in total. Contacts are rated at
4A at 20°C ambient and are spaced on a 0.1 by 0.1in. matrix. Male connectors have right angle
p.c.b. solder terminals: female connectors are offered with a choice of solder spitls, wire wrap tails
or compliant press fit terminations. Erni has also designed a special moulding which fits between
two E160's on a double eurocard. This accepts up to nine of the special high current, co-axial or
fibre-optic inserts already offered for the DIN 41612 M connections. This is part of a whole range
of DIN 41612 connectors which include connectors for surface mounting and versions fitted with
pressfit right angled spills.

261 onreply card

IBM PC-AT dual card slot connector

Viking Connectors (UK) Ltd has introduced a dual card siot, 18 + 31 position connector as part of
their new low cost card-edge connector series. This new connector has been specifically designed
for the motherboard i/o slots in the IBM IC AT computer or compatible products. The one-piece
design replaces the need for two separate connectors. thus saving connector and production
costs. Others of the Viking range of card-edge connectors include those suitable for all IBM PCs
262 on reply card

Backplane for industrial control

A pressfit backplane system for use in industrial control applications is announced by EMB Ltd.
The board is flexible enough to form the heart of a wide range of complex multi-processor
systems. Being DEC-compatible. it will be of interest in many industrial automation
applications. The backplanes are typically multi-layer hoards using universal bus configurations
and termination networks suitable for address and data lines.

The design is based on DEC interface standards, with vertical headers for I/0). It is implemented
using Presstit solderless connectors.
263 on reply card.

Microwave connectors

Norbain Technology 1.td has launched a range of high-reliability semi-rigid and flexible
microwave cable assemblies designed for use in commercial communications and avionics
applications. Designated the Seaflex 2 and manutfactured by Sealectro, the cahle assemblies are
available in a variety of connector types including SMA, TNC and N types in either plug, right
angle plug. bulkhead jack D hole and bulihead jack 4 hoie tlange --ersions.

All microwave cable assemblies provide consistent microwave performance to 18GHz enabling
low v.s.w.r. to be specified wilhout spikes present in the upper frequency spectrum. In addition,
they can be used up to 26GHz with minimal degradation using SMA connectors. All assemblies
are 100Y% tested with each individual assembly supplied with v.s.w.r. test plots. The microwave
cable assemblies are available ex-stock in half metre and one metve lengths in 0.125in, 0.18in and
0.250in standard cable sizes. Non-standard assemblies will be made to order.

264 on reply card

Surface-mount interconnection

Snap {sustained necessarv applied pressure) is the name given by Dowty to their inter-board
connection system. This uses an extruded flat conductor cable with a polyester coating which has
gaps to expose the pre-tinned copper conductors at intervals. A simple tool is used to cut the cable
and from the contact points in one easy operation. The Snap connector clamp provides uniform
pressure across the connector strip. The tinned conductor tracks on the p.c.b. match the spacing
of the connector cable and no soldering is required. The svstem requires two holes to be drilled in
the p.c.b. {of different sizes for polarity). The connector requires little space on the board and is
less than 13mm high, is gas-tight and vibration resistant.

252 onreply card.

PLCC sockets

A new range of competitively-priced, rugged Textool plastic-leaded-chip carrier sockets offering
ease of alignment and extraction of Jedec C packages is now available from Microbusiness,
Newbury. The design of these production sockets allows visual and mechanical polarization of
hoth the device into the socket and the socket to the circuit hoard to ensure positive alignment
and electrical integrity. Slotted corners provided greater ease of device extraction with a simple
handtool. In addition, the socket offer 0.025in test access probe holes for each contact; 0.020in
stand-offs for cleaning and ventilation holes for solvent removal; and sturdy solder tails with
radiused ends for easy installation.

253 on reply card

Headers and links for p.c.bs

The Winslow range of unshrouded headers are available in single and dual rows with straight
contacts or at 90°. They can have any number of contacts up to 72. Two thousand standard
products cater for different pin lengths: but anything not in the catalogue can be made to order.
Shorting links have open or closed tops and six colours. They offer a low-cost alternative to d.i.1.
switches. Terminals can be tin or gold-plated.

256 onreply card.
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esigning a surface-
mount connector

New 34-way s.m.c. incorporates key market features.

new surface-mount connector idea is
Aaimed at meeting the need for an

s.m.c. that can interface with existing
component and substrate technologies but
will offer the most critical benefit s.m.t can
bring, namely savings in board and system
space.

The majority of s.m.c. designs have been
modifications of standard connector systems
and as such suffer from severe disadvan-
tages. These include too high a profile and
they can suffer from structural failures
resulting from a lack of sufficient mounting
stability to cope with high insertion and
removal forces.

Among the major features to bear in mind
when developing a new purpose-designed
low-profile s.m.c. is that, for the moment,
the receptacle tails must terminate on one
side of the p.c.b. Because surface-mounted
components are not yet available in suffi-
cient variety and at the right price to make
wholly-s.m.t. designs a viable solution for
many applications, most s.m.t.-based p.c.b.s
currently feature a mixed-technology
approach, in which both s.m.t. and p.t.h.
components appear on the same board and
are all soldered on one side of the board. A
further limitation is presented by the fact
that cable pitchof0.005in is the current
industry standard, vestricting the p.c.b.
header interface to that pitch.

Admittedly these are temporary restric-
tions. There is no doubt the next step will be
to have the surface-mount connector on
both sides of the p.c.b. because of the density
advantages that can be accrued by terminat-
ing on two sides. Amphenol is already
producing 0.0025in i.d.c. cable and the first
products in a connector range to terminate
it, with a view to producing an s.m.c. on
0.0025in pitch in due course. Nevertheless,
for the interim period when these restric-
tions do apply, a connector solution must be
considered.

A further requirement from a low-profile
s.m.c. is that the receptacle should exhibit
various mounting capabilities so that the
connector can be either glued, solder tab-
bed, rivetted or even latched in place on the
p.c.b. For military/aerospace applications,
the often severe vibration problems dictate a
different approach, requiring a variety of
fixing operations to ensure that the connec-
tor stays in place in harsh environmental
conditions.

The connector must be capable of assem-
bly using a fully automatic machine, but

14

ADRIANHYNER

Machine speedsi.d.c. connectors

Latest in a line of semi-automatic connector assembly machines from Amphenol is the
microprocessor-based Electro-Pierce Mark V. Its production rate is 30 to 40 connectors per hour.
The machine is programmable for the entire range of connector sizes, from 14 to 64 way, the
different connector sizes being accommodated by simple adjustment of a nest fixture. It can be
programmed to skip selected positions. This skip function program is learned by the machine
from a known-good connector and is retained until the machine is switched oft.

Wires are selected by the operator, one pair at a time, and are positioned to activate the drive
motor. The machine automatically cuts the wire to length and inserts it into the contacts, and
then positions for the next pair. Optional accessories include an adaptor kit for top entry and rack
and panel connectors, and a cable clamp closer for 157 Series connectors with cable clamp and
plastic hood.

251 on reply card.
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must also be of a design which is simple to
use if manual assembly needs to be em-
ployed.

MARKET REQUIREMENTS

An in-depth study of these market require-
ments has highlighted eight key features
that are critical to the success of a new
concept in s.m.c. technology.
@ Low insertion force contacts. A pull force
" retention system in the form of a connector
latch or dimple to retain the connector in
position is also a necessary feature.
@ Low profile — the receptacle needs to have
a profile of less than 5Smm above the p.c.b.
surface for most applications. A high profile
can lead to the imposition of stress on the
solder joint, leading to the possibility of
tearing the connector completely off the
board. A lower profile connector imparts less
stress on the solder joint. Amphenol has
designed a connector which, even if
mounted on the surface of the p.c.b., has a
profile less than 5mm. In fact, they recom-
mend mounting onto the p.c.b. from the
side to further reduce the profile (to 3.5mm})
and improve rigidity. A rigid tongue in-
corporated in the connector design locates
with the edge of the p.c.b, improving the
rigidity of the board around the solder joint
so that when the assembly passes through
the soldering stage, which may be a vapour
phase process running at a temperature of
about 215°C, there are no inherent problems
related to board flexing due to thermal
mismatching of board/connector materials.
@ Receptacle bodies must be made from a
high temperature plastic capable of with-
standing 230°C for 90 seconds.
@ A ‘snap-off’ carrier strip is necessary to
hold the contacts on 0.005in pitch and
maintain vertical complanarity of contacts
during assembly.
@ Pitch 0.005in or less — already discussed.

@ Small footprint.

@ Reliability — it is considered that a two-
piece connector along the lines of DIN 41612
is a better solution than edgecard connec-
tors.

@ Although the connector can be shrouded,
this defeats the object of pursuing a low-
profile design. Male half-plug contacts nead
to be recessed into the tongue to prevent
shorting if the connector is to be unpro-
tected.

@ Built-in strain relief for the contacts, by
incorporating a slot cut into the i.d.c. clip
and folding the ribbon cable through it, is an
added refinement.

The first low-profile s.m.c. incorporating
all of these features is a 34-way product.
Intended as a sampling product for examina-
tion, test and evaluation, it will be followed
by a complete family based on the new
concept. Versions already in the pipeline
include double-sided connectors and
mother-daughterboard types. The design
results in a 60% space saving compared
with, for example a 96-way DIN equivalent
cable interconnection or mother-
daughterboard connector.

Amphenol recognises that within the
p.c.b. industry the need will remain for
existing interfaces and, with this in mind,
has developed s.m.t. versions of standard
connectors such as headers, sockets, 57
series, D-type and DIN41612. However the
company also believes that a new approach is
essential to meet specific s.m.t. needs and
that by working closely with p.c.b. equip-
ment manufacturers, by using new mate-
rials and new contact technology, it has got
the basic concept right. There is no doubt it
can be developed to meet the spectrum of
s.m.t. interconnection requirements, and
Amphenol is hoping that it will lead to the
generation of new standards idealised 1o
s.m.t.

ELECTRONICS & WIRELESS WORLD
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NEXT
MONTH

Displays for instruments. Liquid-
crystal, led, plasma, c.r.t...? Our Febru-
ary feature reviews the applications and
preferences for the various types of alpha-
numeric display used in instrumenta-
tion.

Desing of video output stages. L. Sage
contributes a piece on the design and
development of a high-performance
video amplifier for medium and high
resolution colour tubes in monitors fit-
ted with RGB inputs. Bandwidth extends
to 100MHz and slew rate is 9000V/ s at
25V swing.

What is a seg?. If the single-ended
conductance can be thought of as a new
circuit element, it should be possible to
create novel circuit functions. Part 1 of
the article sets the scene to demonstrate
some interesting consequences.

VME developments. Multiple-bus
architectures are by no means new, but
recent specifications provide the means
to quickly integrate multiple systems
with off-the-shelf board products — in
particular STE and VME bus systems.
This second VME feature also discusses
the impact of VME in the UK and intro-
duces the latest subsystem standard.

Microprocessors — design for test. The
time a manufacturer needs for volume
testing v.1.s.i. devices is constantly in-
creasing with the greater complexity of
modern designs. Mike Catherwood de-
scribes the techniques of on-chip test
facilities and structured testing.

SEE OUR SUBSCRIPTION OFFER ON
PAGE 56
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Hadamard versus Fourier
transformation

The greater operational speed and simplicity of the
Hadamard method is more suitable for use with
microprocessors and ideally suited for real-time signal

ourier analysis fits a series of sinusoid-
Fal waveforms to original data. Its

transform algorithm requires a sine
and cosine look-up table and special multi-
plication routines, adding greatly to the time
taken to complete the transformation cal-
culation. Sinewaves are used because they
produce the same form on integration or
differentiation, and linear systems give sinu-
soidal outputs for sinusoidal inputs.

It is equally possible to use any other
waveform, so long as it can be described
mathematically. All transforms are based on
the fact that two linear combinations of two
numbers contain the same information as
the original numbers. Hadamard trans-
formation (HT), for instance, involves the
use of rectangular waves (otherwise known
as Walsh functions) of differing periods and
phases. The special advantage of the Hada-
mard method is that the wave has values of
either +1 or —1 and so only additions or

processing of speech

MARK S. VARNEY

subtractions are necessary — making it an
ideal algorithm for writing on a computer,
particularly eight-bit microprocessors such
as the Z80 and 6502 which do not have
hardware multiply features and would re-
quire additional code just for multiplying
two eight-bit numbers.

MATRIXALGEBRA

The Hadamard matrix H,, of order n is an
nXxn matrix of plus and minus ones, whose
rows and columns are orthogonal to one
another. The smallest order Hadamard mat-

rix is two,
11
Hz‘[l—l]

and by limiting the order to an integral
power of two, symmetrical matrices will be
obtained, for example

11111111
1-1 1-1 1-1 1-1
I 1-1-1 1 1-1-1
I-1-1 1 1-1-1 1
e ! 1 1 1-1-1-1=1
I-1 1-1-1 1-1 1
I 1-1-1-1-1 11
1-1-1 1-1 1 1-1l

Because these forms of the Hadamard matrix
are orthogonally symmetric, the procedure
to compute the forward and reverse trans-
form are basically the same, as with the
Fourier transform. The one-dimensional
Hadamard transform of a real signal may be
defined as
N-1

x<i)=§2 x(j),Had(i,j)
i=0

where X(i) is ith {(normalized) Hadamard
coefficient, x(j) is jth signal point, and

Fig.1. Steps involved in an eight-point Hadamard transform include binary bit-reversal, butterfly calculations of the transform itself, and
Gray code reordering. Circles represent intermediate products, solid lines represent additions, dashed lines represent subtractions,

and arrows represent reordering.
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Fig.2. Walsh, or switching, functions used in
the eight-point Hadamard transform are
denoted by their frequency and phase
angles (i=in-phase, q=quadrature). The
function that crosses the time axis i times
is called the ith Walsh function and de-
noted by Wal(i,t). Those denoted by * are
not regular square waves and have no
exactphysical representation.

Had(i,j) the ith Hadamard function.

Like the fast Fourier transform (FFT), the
Hadamard can be computed ‘in-place” in
order to save precious memory space. Simi-
larly, the structure of the FFT can be
exploited to give an algorithm for the fast
Hadamard transform (FHT) without using
complex numbers. Moreover, by integrating
the normalization factor. 1/N, into the alo-
gorithm, the size of the data block will be
limited only by the available ram. The
in-place method stores intermediate pro-
ducts from the butterfly products in the
locations of the input samples, without the
need for auxiliary storage. However, the
transformed coefficients are then in their
natural form (not in order of increasing
sequency). To obtain the ordered sequence,
the coefficients are firstly bit-reversed as in
the FFT either before (time), or after (fre-
quency) the transformation, and finally re-
arranged with respect to a Gray code permu-
tation (Fig.1). In effect, the original signal
waveform is multiplied by each of eight
waves as in Fig.2, which correspond to each
row of the eighth-order Hadamard matrix.
The analogy with phase-sensitive detection
is clear enough. For instance, the d.c.
component is just the summed average of

each of the original points multiplied by 1,
the first waveform, labelled d.c. The in-phase
and quadrature components merely use a
single frequency wave shifted in phase by
90°. The first harmonic uses the fifth labelled
w,, the 90° out-of-phase component the
seventh waveform, or w, and so on for the
second, fourth, etc harmonics.

SYNCHRONOUS SIGNAL DETECTION

In an analogue lock-in amplifier, a sinusoid-
al input signal Asin (w,+d) of amplitude A,
angular frequency w, and phase angle 6 is
actually multiplied by a square wave of unit
amplitude and angular frequency w. The

be in two's-complement

PROGRAM 1. 8086 assembly language version of the fast Hadamard transform uses the FIG-Forth
assembler and Forth variables to hold current values of the loop counters, etc. Binary bit-reversal is the
same as for the FFT, and the Gray code reordering is notincluded for brevity. The 16-bit data is assumed to

Due to circumstances beyond our control we are unable
to include the programs in this issue. They will appear in
next month's issue, but readers in a hurry may obtain a
copy from the editorial office.

technique is however limited to the
measurement of only one frequency at one
phase angle. The principle of operation is of a
binary nature — it involves multiplying suc-
cessive points in the waveform by +1 and
—1, i.e. alternately adding and subtracting
each point, The digital version of this allows
the simultaneous acquisition of the fun-
damental and subsequent harmonics, and
the in-phase and quadrature components.

To extract information from a specific
frequency and at a specific phase angle from
2N input data points, a total of 2x2N addi-
tions and subtractions are needed, i.e. 2 at
two orthogonal phase angles. For N different
frequencies the number is 2Nx2N. As a
consequence of the Nyquist limitation, in-
formation on only N—1 frequencies can be
extracted from 2" points, that is at
n=0,1,2,...,N—2. Digital synchronous de-
tection of both the in-phase and quadrature
components at N—1 frequencies would re-
quire 2(N—1)x2" operations, whereas the
Hadamard transform only requires Nx2V.
Thus, another advantage of the Hadamard
transform over straightforward digital de-
tection is a factor of 2(N—1)/N, which
approaches 2 as the size of the data array
increases.

There is no dispute that the FHT is a much
faster method that the FFT by up to two
orders of magnitude in my experience.
However, although the fast algorithm has
been used in this article, the slow version is
just as simple to write and implement. It

would even be possible by simple extension
of the above ideas to write an algorithm to
determine only those frequencies of interest,
and increase the speed of calculation still
further.

MULTIPLEX FREQUENCY ANALYSIS

A disadvantage of this technique is, however,
that it can be more restrictive in the choice
of measurement frequencies that can be
multiplexed. In fact, all the integral frequen-
cies are an exact power of two i.e.
0,1,2,4,8,16,etc. The other coefficients in
between these frequencies are not true regu-
lar squarewaves, and cannot represent
actual frequencies but they are necessary in
the calculation of both the forward and
reverse transforms.

Afrequency interpretation can be given to
the whole of the Hadamard matrix. Along
each row in Fig.2 the “frequency” is repre-
sented by the number of changes in sign. the
term “sequency” has been used instead to
describe frequency domains. It is possible to
construct a Hadamard matrix of order N=2"
that has (sequency) components at every
integer from 0 to N—1. This may be of
consequence to those who wish to avoid (or
promote!) the effects of intermodulation
between frequencies. However this is not
such a disadvantage in areas such as speech
recognition since only the major coefficients

continued on Page 42
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CARSTON
ELECTRONICS

We sell all types of test equipment from
the simplest to the most sophisticated and
specialised. —

All of the high quality second user "\afs—ﬁ"
equipment we supply is fully calibrated
and meets the manufacturers original G,
specification. All equipment is fully

ADVANCE
BRYANS

INSTRUMENTS Advance Bryans brings you the best of all

worlds in oscilloscope operation! The
DS-1520 series has a 20MHz bandwidth
for normal dual-channel real time appli-
cations, as well as an advanced 2MHz
digital storage specification. The many
sophisticated technical features — some
unique — result in outstanding perfor-
mance and versatility for an instrument

guafanteed. A N T in its price range.

\\_’e also buy good quality under utilised Autumn 1986 Four versions are available giving hard
equipment. Digital Storage Osclloscopes copy output to Advance Bryans XY re-

D corders or digital plotters as appropriate.

01-943 4477 . ff’:;';‘fw‘;ge p
ENTER 60 ON REPLY CARD ENTER 61 ON REPLY CARD
LLOYDS FLIGHT
RESEACH ELECTRONICS
LTD Flight Electronics are a leading supplier LTD

This catalogue describes a range of three
cost effective eprom programmers suit-
able for R&D and production.

The L8600 is an 8 socket gang and set
programmer with 2M bit ram. Virtually
all eproms up to 27513 can be pro-
grammed and some microcontrollers.
The programmer can automatically start
after downloading data.

There is also a low cost 2 copy socket
model and a production copier.

Prices start at £895.
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of specialist equipment to teach the prin-
ciples of Microprocessors and Micro-
electronics at all levels.

We now offer a full range of laboratory
test equipment including oscilloscopes,
bench power supplies, function gen-
erators . . . all exceptionally good value!

New products include the FLIGHT —
68K, a complete training system for the
Motorla 68000 Microprocessor.

We have also extended our popular
range of digital and analogue trainers and
included a comprehensive Digital Elec-
tronics ‘Self-teach’ package.
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CARSTON
ELECTRONICS

We sell a wide range of ‘second user
computer equipment, microcomputers,
computer terminals, peripherals and de-
velopment systems.

We also sell test equipment - all fully
guaranteed.

We buy good quality under utilised
equipment.
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DEAN
MICROSYSTEMS

The third edition of the STEbus Product
Guide, containing details of over 600
STE-compatible products from 30+
manufacturers. Nearly all of these pro-
ducts can be obtained from a single
source - DEAN MICROSYSTEMS! We are
TR DIy in the unique position of being the ‘One
TERE P100O Number Source’ for STE and as such are
able to advise on the most appropriate
board solution for your application.
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let your brochure do the selling

Databank is the small space with the big selling opportunity.

It gets your sales brochure seen in precisely the right place — inside the
covers of Electronics & Wireless World.

And for only £250, you can take an eighth page advertisement in fu/l
colour, showing your latest brochure together with up to 60 words of
description and its own individual reader enguiry number, and reach
over 120,000 potential purchasers.

At less than ¥ of a penny per reader, it's guaranteed to be the most
cost effective way of reaching your potential customers.

QOr, as a special offer, book 3 or more insertions and the cost will be just
£200 each. Whichever you choose, it's an incredible offer.

If you want to get your product information into the right hands fast,
call Ashley Wallis on 01-661 3130,




Modelling the cochlea

The ear’s hearing organ is too small to model
mechanically. But an electrical equivalent mimics its
behaviour well enough to provide a useful study tool.

R.W. GUELKE, J.P. RAMACKERS AND A.E. BUNN

ur sense of hearing can distiguish
Obetween sounds of different frequen-

cies with a high degree of accuracy.
The mechanism responsible for this fre-
quency discrimination is understood to be
the shell like structure known as the
cochlea.

It consists of two galleries or tubes — the
scala vestibuli and the scala tympani -
separated by an elastic membrane known as
the basilar membrane. Incoming sounds
vibrate the tympanic membrane (eardrum)
and the ossicles (malleus, incus and stapes)
and these in turn excite vibrations at the oval
window of the cochlea. These sound waves
then proceed towards the helicotrema, the
opening between the two galleries at the end
of the cochlea (Fig.1). It has been established
that high audio frequencies excite the basilar
membrane close to the stapes end of the
cochlea whereas low audio frequencies ex-
cite the membrane near the helicotrema.

Recently the pattern of vibrations along
the cochlea has been determined and de-
monstrated on a mechanical model*®. The
mathematical treatment involves the use of
electrical-acoustical analogies, transmission
line theory and the idea of transverse reso-
nance.

This mechanical model was larger than
the cochlea and so its frequency range was
correspondingly lower. A mechanical model
to cover the same range as the cochleawould
have to be approximately the same size as the
cochlea itself. This would present problems
that would be difficult if not impossible
to solve.

However, the action of the cochlea
can also be demonstrated by a model
in which the mechanical and
hydraulic quantities are replaced by
their electrical equivalents. Such a
'model can be designed to cover the

range of frequencies perceived by the ear yet
does not need to be the size of the cochlea.

To cover the audible range it is necessary
to replace the continuous line by a number
of lumped impedances. This can be done by
dividing the cochlea into a number of sec-
tions and replacing each section by an
electrical circuit which corresponds to the
mechanical or hydraulic system of that
particular section.

ELECTRICAL-ACOUSTICAL
EQUIVALENTS

Before developing an electrical model it is
necessary to choose the equivalents that are
to be used and to establish a numerical
relationship between them.

Equivalents for an element Ax (Fig.2) are
given on the initial assumption that we are
dealing with a continuous system. The ele-
ment can then approach the infinitesimally
small element dx and the usual methods of
the calculus apply. Figure 2 also shows
differential equations applicable to both sys-
tems, from which the correspondence be-
tween the quantities chosen is obvious.

If lumped impedances are to be used the
element Ax will be finite and each section
will be represented by a number of individual
capacitors, inductors and resistors, forming
a circuit which can be dealt with using
normal circuit theory. Each section will
consist of:

1. An inductor L, to represent the series
inertance of the galleries. Using the
definition of inertance as

mass
area

thlsw1llbeAl + ™
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Using the model: leds reveal the excitation at each stage.
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where p is the density of the liquid in the
galleries (endolymph and perilymph); A,
and A, are the cross section of the scala
vestibuli and the scala tympani at the
point in question.

2. A capacitor C to represent the com-
pliance of the basilar membrane equal to
CAx. C is'the volume compliance per unit
length and according to Bekesy” can be
represented approximately by the ex-
pression

C=5.1x10"" exp 0.01355x

where x is the distance from the stapes
end of the cochlea (metres).

3. An inductor L, to represent the trans-
verse inertance proportional to 1/Ax and
given by the following expression®:

(1 o l2 3 4, 2.2 1 4
2w(r22—r21)2{r2 lnrl A2 +1,°1; 4N }

The same expression calculated using ro
corresponding to As:

rF% = \/n—ﬁ_-;n=2§

0 is the angle subtended by equivalent
sector (radians) W the width of basilar
membrane, and A}, A, the cross section of
each gallery.

4. Resistance associated with each inert-
ance (neglected).

5. A conductance to represent losses in the
compliant element (hysteresis losses).

DESIGN OF THE ELECTRICAL MODEL

The larger the number of sections in the
design, the closer it will be to conditions in
the cochlea itself. The structure of the
cochlea involves over 4000 sections if the
arches of Corti represent discrete elements.
A compromise has to be reached so that the
essential behaviour of the model is compara-
ble to the cochlea.

Previous models have used 40 to 65
sections'”® and have recorded the distribu-
tion of voltages in accordance with the place
theory, i.e. high frequencies exciting the
sections at the stapes end and low frequen-
cies towards the helicotrema end. If, how-
ever, this circuit is examined more closely it
will be seen that the individual sections act
as low pass filters, producing an analysis of
the incoming signal which is not related to
the way in which the cochlea works.

It can be estimated that to avoid any effect

19



due to low pass filter action for frequencies
up to 5000Hz, at least 100 sections should be
used. A model similar to the one described
here used 175 sections’. Details of the
magnitude of the individual components
were not given, however, and so no compari-
sons can be made.

For the model described in this article 190
sections were used; this number also pro-
vides for adequate resolving power. If the
range chosen is from 200 to 5000Hz, or 4.6
octaves, we have about 3.4 stages for every
semitone.

CHOOSING THE ELECTRICAL
COMPONENTS

Deciding the number of stages establishes
the equivalent electrical components for
each stage. It has been shown® that all the
elements in the cochlea vary from the stapes
end to the helicotrema end. However, the
main variation is provided by the variation in
volume compliance due to the varying width
of the basilar membrane.

For simplicity we ignored the variations in
series inertance and transverse inertance
and chose a mean value of these two para-
meters. Only the equivalent of the volume
compliance was varied. Bekesy? measured a
ratio of about 100:1 for the volume com-
pliance from the stapes to the helicotrema.
In the model a larger ratio of 575:1 was used
for the corresponding capacitors, to extend
the response down to about 200Hz.

Having chosen the number of stages to be
used and the ratio of capacitors over the
range there is one more arbitrary choice to
be made concerning the electrical equiva-
lents. If the chosen range of frequencies is to
be covered, the ratio of the capacitors to the
inductors is determined. An arbitrary choice
has still to be made of either a capacitor
chosen to be the equivalent of a particular
compliance or an inductor to be the equiva-

TABLE 1: hydraulic quantities and their electrical equivalents.

Hydraulic (acoustic) quantity

Corresponding electrical quantity

pressure (pascals)

flow (cubic metres per second)

inertance (pascals per cubic metre per second squared)
compliance (cubic metres per pascal

resistance (cubic metres per second per pascal)

e.m.f. potential (volts)

current amperes)
inductance henrys}
capacitance (farads,
resistance ohms)

lent of a particular inertance. Table 2 indi-
cates the actual values selected. Parameters
for the cochlea are taken from measure-
ments on the geometry of the cochlea and
from Bekesy’s measurements of the volume
elastically of the basilar membrane®. No
measurements of the losses in the cochlea
are available. It was assumed that the reso-
nances were associated with a Q factor of
about 20. This factor was easily achieved for
the inductances representing the transverse
inertance. Figure 3 gives the basic circuit
used in the model and Fig.4 shows the
detailed circuit.

The choice of a particular equivalent
inductance for the transverse inertance and
the consequent choice of capacitors to pro-
vide resonance corresponding to the audio
range then determines the characteristic
resistance of the line. To avoid reflections
the line was terminated by a resistor equal to
the characteristic resistance of the last sec-
tion, given by

L
(o}

If resonance occurs before the end of the

line, the attenuation after the point of

Scala

vestibuli Helicotrema

Stapes  Oval window

ey
1

Scala tympani

Basilar
membrane

Fig.1. Diagrammatic representation of the
unwound cochlea.

Round window

Fig.2. Elements of a section of the cochlea and their electrical equivalent.

Lochlea element

Viscous
: losses RAX . .
Basilar Cori Differential
membrane [ S, - S— ﬂ Seffes equations
\ ' inertance
T i .
Scala R L L PAX i o __ %
!Eiﬁ.b.l.]li ______ [3....1‘Li by g Et/--‘.\"- _\___ IR*L‘l?— ax
Scala Area Ay 11O j v BAX O] e o 23
1 a4
tympani f it g ' Ay ®0 BG ot ax
77 —7
Transverse Series
inertance inertance
Volume compliance of basilar membrane C
Hysteresis losses in basilar membrane G
Electrical equivatent
iR+l Qv 0V
at  ax
dv__9i

G +C

v Vol
€q eqot Ax

e Lo
p-pressure v-voltage |- flow orcurrent L-line inertance or conductance

R~ viscous or ohmic loss elements
G- hysteresis loss elements
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C- compliance or capacitance

resonance is so great that reflections are of
no consequence and the termination of the
line is unimportant.

TRANSVERSE RESONANCE

In previous models the transmission line
representing the cochlea consisted of series
inductances and shunt capacitances only. An
inductance in the shunt arm was omitted
altogether.

Calculation of shunt inductors to simu-
late the shunt inertance at any particular
point has shown that these shunt inertances
are due mainly to liquid loading: combined
with the volume compliance at the point of
question, this produces a resonance which
explains the function of the cochlea as a
frequency analyser.

In addition to this liquid loading the mass
of the basilar membrane will also contribute
to the transverse inertance. This mass,
however, contributes much less than the
liquid loading and for this model it is
neglected.

Note that this inertance is inversely pro-
portional to Ax whereas the volume com-
pliance is proportional to Ax. The frequency
of resonance is therefore independent of the
element of length that is being considered
but will vary along the cochlea depending on
the variation of the volume compliance from
one end to the other. Bekesy?, as mentioned
previously, found a variation of 100 to 1 in
the volume compliance when processing
from the stapes to the helicotrema. It is quite
possible that even larger variations exist
because Bekesy carried out his measure-
ments on cadaver specimens and during life
there may be differences.

Other investigators have suggested,

- =190 - - =
circuits

560p| 560p

36n [ 316n < Terminating
impedance

all 2H

e

Fig.3. Basic circuit of the model.

TSOGp [

to
316n

9V

10k 820k 560

()] o

bk

330 I
ov

Fig.4. Detailed circuit of each stage.
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TABLE 2: parameters of the cochlea and (right) electrical equivalents used in 190-section model. Note that the values of inertances per section are double the values for each
gallery. Capacitance at the low frequency end was increased above the value corresponding to Bekesy's measurement to extend the range to 200Hz.

Compliance Series inertance Transverse inertance Capacitance Series Transverse
(each gallery) (Each gallery) inductance inductance
per metre per section per metre per section per metre per section farads henrys L henrys -
from5.1x10 1 91x10 1° 6.67x10°8 210x10? 803 9.0x10° 0.5x10 ° 0.025 18
to 51x10 13 9.1x10° YV 3.33x108 120x10° 962 10.8x10° 56x10 2 (average) 23
316x10°°
howe\’eré7gl;at this ratio should be ) kK FioX K K F X
increased™>”. There is therefore some jus- Xicoeroa sc o £r G A _BC D sF G A BC D £F 0 A 8C D
tification for the increase which has been l:; = +—F—FFF I I T ——F F 1 ? ? a as In cglm
chosen for the model. G TS
ﬂCDlIOAlCD!’I G A B8C D &EF G A B C D £7F G A 2 C D . N
PRACTICAL DESIGN —FF T —F I as In see
In this electrical model a light-emitting KFAX K F2 X K F3 o X
diode display indicates the response at each Rt e o L N e ol el | U as in soon
section to the incoming excitation. It was iy =t 1 .L, i L—L il ==
found necessary to incorporate an amplifier TR KR X KFs X
so that the inductors did not have to carry Ticotroasc o er o a sc o ero A Sc D if oA sc O .
currents which would run into the non- + :lj i ' { e e i sy g (L ) J as in b%ght
linear region of their magnetic cores. Fitered white sound
The 190 sections (Fig.4) were accommo- XBcOIFO A BC DGF O A BC D §5F 0 A BC D EF O A e o
. . . . i T, | =
dated on 12 printed circuit boards. The leds ; : [' S as In some
e ] e 3 A 15 N0 mme e o wwo o w0
were placed in line so that a frequency Voicing frequency
analysns of any complex sound could be Ascolirc a sc 0 €F o A 8C D EFrG A 8BC D EF G 4 BC O .
observed. T F [ TITH i |1m as in make

RESULTS

The model demonstrates effectively the va-
rious patterns of excitation which are to be
expected from different sounds. Figure 5
illustrates these patterns: the formant pat-
terns of the various vowels are clearly indi-
cated and the filtered white noise from the
sibilants is also clear. It is interesting to
follow the pattern produced by a soprano
voice from a recording. The vibrato which is
normally used plainly visible.

An instrument of this type could probably

be used effectively in voice training, particu-
larly for the hard-of-hearing.
Professor Guelke and colleagues are in the
ear, nose and throat department, Faculty of
Medicine, at the University of Stellenbosch,
Tyvgerberg, South Africa.

Fig.5. Speech sounds recorded on the model. Formant regions Fi, F, and F; indicated for
the vowels concerned. Although these regions are not precisely coincident with the

observed patterns, the general agreement
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Behind the panel: 190 sections over a range of 4% octaves, 260-5,006Hz.
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Crotech nstruments Limited

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

GROTEGH 3132...

THEWISE DEGISION
Gan You Afford Less?

The 3132 solves three requirements at
one go. 1) 20MHz; 2 mV/div Dual Trace
Scope. 2) Triple DC, P.S.U. + 5V; + 12V
(Floating common). 3) Component
Comparator, for comparing active and
passive components.

All for the price of a Scope.

£285 Exc. VAT & Delivery
Why pay a little less, for a lot less?

GAN YOU REALLY GOPE WITHOUT OUR SCOPE ?

Just phone or write for your free copy of our
catalogue.

ENTER 40 ON REPLY CARD

Happy Memories

1 off

Part type 25-99 100 up
4164 150ns NotTexas.................... 1.05 .95 .88
41256 150ns............... LT h— 2.25 215 2.05
41464 150NS ....eeiiieiieiiie 3:35 2.99 2.79
2114 200ns Low Power .............. 1.75 1.60 1.55
6116 150ns Low Power ..... .1.40 1.25 1.20
6264 150ns Low Power ..... .2.40 2.15 2.05
2716 450ns 5volt........... ..2.75 2.60 2.45
2532445 OIS Sh i wraabinSia B Biisse S 5.40 4.85 4.50
2732450NS.........cooiiiiiiiiiei, 2.60 2.40 2.25
2732A250NS ........ccien .. 2.85 2.75
2764 250ns Suit BBC..... 2.20 2.05
27128 250ns Suit BBC... 2. 2.60 2.40
225625 DINS b bea el 14 8Bl b T2 o 3.70 3.45 3.30

Low profile IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 5 910 11 12 15 17 24

Please ask for quote on higher quantities or items not shown.
Data free on memories purchased, enquire cost for other.

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

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

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

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

{No stamp required)

TWIN PPM BOX

PPM2, PPM3 and 20 pin DIL
hybrid PPMS5 drivers and
Ernest Turner movements.

10 Outlet Distribution Ampli-
fier 3

Stabilizer and Frequency
Shifter circuit boards

Broad and Ci
tions Receiver 150kHz-30MHz

Stereoc Microphone Amplifier

§
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{
&
Stereo Disc Amplifier 3 and 5 :
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4
¢
4
!
4
L

Moving Coil Preamplifier

Peak Deviation Meter ana §
Chart Recorders [

Advanced Active Aerial

SURREY ELECTRONICS LTD
The Ferge, Lucks Green, Cramieigh
Surrsy GUS 7BG. Tel: BASS 273687
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SMALL SELECTION ONLY LISTED — RING US FOR YOUR
REQUIREMENTS WHICH MAY BE IN STOCK

Racal Solid State Communication Recei-

Telephone sets type F L and J ~ large quantity

vers — RA1217 — Mechanical digit readout 1 in stock - £6 to £15 depending on e and
30MC/S — £300. Racal RA17L Communi- quantity. P.O.A. Don 10 Telephone Cable

cation Receivers 500KC/S to 30MC/S in 30 half mile canvas containers £20. Night
bands 1MC/S Wide — £175 — All receivers are air Viewing twin

infra-red gerlscopes

tested and calibrated in our workshop eyepiece — 24 voit DC supply — £100. EA.
supplied  with  dust cover operation Original cost to Government over £11,000. EA.
instructions - circuit — in fair used condition Static Invertors -~ 12 or 24 volit input — 240 volt
Racal Synthesisers (Decade frequenc AC sinewave output — various wattages. P.O.R.

enerators) MA250 — 1.6MC/S to 31.6 MC/S —

XY Plotters and pen recorders — varous
100. MA1350 for use with RA17 recever —

P.OR. Signal Generators - vanous — P.O.R.
£100. MA259G — precision frequency standard TF 893A Power meter £50. Racal
5MC/S — 1MC/S — 100KHz - £100 to £150, RA137 frequency counter type 836 — £50. Tektronic
and RA37 — LF convertors 10 to 980KC/S — £40 plug-ins — 1A1 £50. 1A2 £40. 1A4 £100. M £50
to £75. RA98 SSE-ISB convertor — £50. RA121 Al items are bought direct from HM.
SSB-ISB convertor - £75. Plessey PR155G Government belng surplus equipment. Price is
Solid State receivers — 60KC/S — 30MC/S — £300. ex works. S.AE. for enquiries. Phone for
Transtel Matrix Printers AF11R — 5 level appointment for demonstration of any items;
baudot code — up to 300 bauds - for print out on also avallability or price change. V.AT. and
plain teleprinter paper - £50. Army Field carriage extra,

EXPORT TRADE AND QUANTITY DISCOUNTS
JOHNS RADIO, WHITEHALL WORKS,
84 WHITEHALL ROAD EAST, BIRKENSHAW,
BRADFORD BD11 2ER. TEL NO: (0274) 684007

WANTED: REDUNDANT TEST EQUIPMENT - VALVES - PLUGS - SOCKETS,
SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT
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Video frame store

Further details of the control board which, with the
memory board described next, is all that is needed to set up

abasic system.

D.E.A. CLARKE

igure 15 shows the re-
Flationship between line

sync and the clock. The
trailing edge of the sync-derived
waveform from Link 2 is different-
iated by cyg3/Ry06 and the result-
ing narrow negative-going pulse
squared by Schmitt trigger icy1s.
The resulting pulse, of about
500ns duration, is applied to a p-
input of flip-flop icig3. On the
next positive clock transition the
output changes state and gates
the oscillator, terminating oscil-
lation in the high state. Since
there is now no clock to reverse
the state of the flip-flop, the trail-
ing edge of the gating pulse is dif-
ferentiated by 04/ R1gg and used
to reset icjg3 (pin 6) thereby re-
enabling the oscillator. After the
delay determined by the Lc time
constant the clock restarts.

The resulting clock waveform
is phase-locked to line with an integral
number of clock cycles and a short gap when
the clock is always high.

DIGITAL SYNC SEPARATOR

In the previous article 1 described the field
sync separator on the analogue board. This
waveform, designated rs1 in Fig.9, is useful
when non-standard video sources are used:
but there is an unavoidable tendency to
vertical (plus or minus one line) jitter under
some circumstances. An alternative sync
separator on the control board derives a field
sync waveform (rs2) digitally from the com-
posite (line) sync waveform, and is com-
pletely stable. However, this sync separator
can normally be used only with standard
(CCIR) sync sources. Therefore either field
sync waveform can be selected as required by
Link 1.

Monostable ic1g; produces a pulse which
follows the trailing edge of line sync
(Fig.16). For correct operation this pulse
must be in the range 4.32 us: it is also used
to provide a horizontal delay for positioning
the display window. The pulse is fed to the
p-input of flip-flop 1¢192(2) which is clocked
on the negative edge of line sync. In this way
the wide pulses during the field sync interval
are detected.

ODD/EVEN FIELD DETECTOR

When 512x512 (interlaced) mode is
selected it is necessary to identify the order
of fields, since the stored frame consists of
two. Figure 16 shows that the line sync
waveform toggles flip-flop 1c,g3 which is

ELECTRONICS & WIRELESS WORLD

reset during the field sync interval. The
output at pin 9 is applied to the p-input of
flip-flop 1c),4(2). The trailing edge of rs2 then
clocks ic;14(3). The duration of rs2 is critical:
it must be 148 +16ps in order to detect the
odd number of lines between successive
fields. These lines are identified by the
output ic;y»(9). Duration of rs2 is set by
potentiometer pyp and the field identity
waveform is available at 1¢c;4(pin5).

DUAL IMAGE MODE

It is possible to update and display odd and
even fields individually in 512512 (inter-
laced) mode. This is useful for dual-image
capture or for 3D display techniques and is
achieved most economically by modifying

TABLE 1 Link options: ail are two way shorting links.

2 4 5 6 7 8 9 Notes
256x256
Central screen 1111 (1]
repeat field

512x313
Fulil screen
repeat field

2222111 [

512x512
Central screen 1 211
interlaced

2 2 2 3

[1]64K ram. Clock frequency =
C106=220pF

[2) 256K ram. Clock frequency = 9MHz approx.
106=0. Connect IC,;,(10) to ic;,5(3,4,5,6), not V..
[3]256K ram. Clock frequency = 11.6MHz approx.
C106=0

Link 1=2 for non-CCIR interlaced-sync video sources
Link 3=1 for increased address hold-time after write
(choose to suit ram-chip specification)

5.8MHz approx.

the length of the rs2 monostable
pulse by +32ps (tolerance re-
mains *+16us). The odd/even
waveform then remains in a de-
fined logic state to select per-
manently one or other of the
images. The resulting three
modes (odd field select, even
field select and interlace select)
are determined by switchs,.

Odd/even field identification
is available only in 512x512
interlaced mode. For non-inter-
laced 512x512 mode, 1c)14(5) is
configured as the high order bit
of a modulo-512 address counter
by links 7,8 and 9 in position 1.

In 256%256 mode, field-
detect circuitry is redundant
unless required by the host com-
puter for synchronization. Field-
sync or field-ident is then avail-
able to the host via Link 10.

ADDRESS COUNTERS

The major job of the control board is to
supply addresses and control signals to the
memory. Two counters are emploved for this
purpose, one to count clock pulses along the
line (the horizontal counter), the other to
count lines down the screen (the line
counter).

Line sync is always the initiator of a
horizontal counting cycle (Fig.17), but it is
desirable to be able to position the display
window horizontally according to the dis-
play format and aspect ratio required. To
achieve this, monostable ic,,(13) delays the
start of the counting cycle by an amount
determined by potentiometer p),.

This start pulse triggers the toggle ic;4(3)
via the nor gate icy )y, the toggle having been
reset previously by the last line sync pulse at
1c194(1). Clock counters 1€yy4.105.106 are held
in the clear position by ic;¢4 until this point
and are now enabled. For minimum prop-
agation delay 1c,q4 is a 74F74 and it divides
the clock by two prior to the address counter
IC195/1c196. This is because the memory is
configured as 16 bits and two samples are
stored per location; more detail will be given
later.

Link 3 and ic g9 provide a selectable delay
element concerned with memory write tim-
ing. For 1c1¢5.106. 74F series devices are used:
these are superior to the LS series in that
each output is individually buffered and can
drive the capacitive load presented by the
memory without malfunction. Propagation
delay is also considerably reduced, allowing
higher sampling rates with slower
memories.
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Fig.15 (right): waveforms in the phase-
locked clock generator on the control
board.

Fig.16 (middle right): digital field sync
timing and odd/even field detection.

Fig.17 (bottom): timing for the horizontal
counter.

Once a count of 128 or 256 {depending on
Link 4) is reached, ic ¢4(3) is triggered again
and the horizontal display cycle terminated
until re-started by the next line-sync pulse.
The counters are inhibited during the field.

The line counter works in an almost
identical fashion to the horizontal counter
except that the mechanism for positioning
the display window vertically is necessarily
different (Fig.18).

Line syncs are applied via i1cyj9 to the
binary counter ic;;5 which is held in the
cleared state by field sync. When field sync
ends, the counter increments until the
inputs of the gate 1c;;;(9,10) are both high
(after three lines or 35 lines depending on
Link 5), at which time the counter input is
inhibited by ic;;¢ pin 6. The inhibit output
ic111(8) then starts the line counter ic; g via
1C114(8) in a similar manner to the horizontal
counter. The terminal count is either 256 or
512 depending on Link 6 and the configura-
tionoficyy.

BLANKING GENERATOR

Blanking is derived from the address counter
clear waveforms (Fig.19). The start of hori-
zontal blanking is initiated by the first
positive address transition at i1c;g5(12) clock-
ing a logic 1 through flip-flop 1¢,,5(3). This
delay is necessary because the first few
memory locations contain invalid data.
Horizontal blanking generator icy;5(1) is
reset at the end of the horizontal counting
cycle. The horizontal blanking output
icy13(5) is then retimed by 1c;;4(12) and held
in the cleared state by the vertical display
window waveform at 1cyy3(13). Composite
blanking appears at ic;;3(9) and is combined
with the c.p.u. blanking signal in ic;;2(3)
before being sent to the analogue board.

MEMORY CONTROL

The frame store has two operational modes:
memory write (continuous display update)
and memory read (display freeze).

Switching from one to the other must
occur on a field sync transition (Fig.20). This
is ensured by p-type flip-flop ic,3(8,9) which
retimes the freeze command from the c.p.u.
(if connected) or the freeze swich. When this
signal is low the memory is continually
updafed and live video is seen on the screen:
when high, memory is read continually and
stored video is seen on the screen.

Memory control waveforms are derived
from the clock divider ic;4(8.,9) in conjunc-
tion with gates ic;;,(3,6,11), and will be
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Fig.18 (left): timing for the line counter on
the control board.

Fig.19 (middle left): generation of blanking
waveforms.

Fig.20 (below, left): memory read-write
mode timing.

discussed in detail in the next article. Wave-
form LE at 1c;2(6) is used to tri-state the
a.d.c. latch on the analogue board whenever
datais read from the memoryorc.p.u.

COMPUTER INTERFACE

The computer interface is the simplest possi-
ble, consisting of six control inputs applied
via the buffer ic,g7. Pull-up resistors ensure
the correct operating state when the c.p.u. is
disconnected, while limiting resistors pre-
vent latch up. The use of a 74HCT series
device results in simpler driving require-
ments because of-its low input current,

The c.p.u. control input ic 7 pin 13 blanks
the screen and selects c.p.u. access via the
data selector 1c 9. Complete control of the
store is then gained by emulating the clock,
line-sync, field-sync and mode inputs to
increment and reset the address counters
and select update or freeze mode.

Computer interfacing techniques will be
discussed in a later article.

MEMORY BOARD

Next we turn our attention to the memory
board and power supply. These two items are
all that are now required to get the basic
frame store up and running.
Display resolution of the basic unit is
256x256 with 256 grey levels. This trans-
lates to a memory requirement of 64K bytes.
Until recently, dynamic ram chips would
have been the only option for this amount of
storage because the cost of static ram would
have been prohibitive: but 64K static rams
are now relatively cheap, and although more
expensive, bit-for-bit, than dynamic, their
advantages outweigh their extra cost.
The advantages of static ram in this
application are:
® lower total power consumption because
refresh is not required.
® reduced cycle time (equal to access time)
compared with dynamic equivalents.

® minimal control circuitry and greatly sim-
plified computer interfacing through the
elimination of refresh.

Their increased board area occupancy is
more than offset by reduced circuit complex-
ity and chip count.

MEMORY ORGANIZATION

The 256x256 display format results in a
pixel rate of 5.8MHz, assuming 44pus active
horizontal display period and 11.6MHz for
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Fig.21. Outline of the memory board. A choice of ram chips may be used, for single-field or full-frame storage.

the 512x 512 option. The latter is equivalent
to an 86ns memory cycle. Using sub-86ns
rams would be very expensive and wasteful,
since by storing two samples/pixels per
memory location (by organizing the mem-
ory as 16 bits per address location), the
memory cycle-time can be doubled to 172ns
and cheap 150ns rams used. A minor penalty
is the requirement for latches to hold data
temporarily as it is written to and read from
the memory. The overall arrangement is
shown in the block diagram. Fig.21.

The ram is split into two blocks, A and B,
but only the data i/o pins are separate: all
other inputs, address, roavk and chip enable
are commoned, so that data is read anc

written simultaneously as a 16-bit quantity
latches are shown for holding input data
during write-mode and a latch-buffer for
holding-steering output data in read-mode.

There are four 16-bit memory banks
{eight ram chips in total). The two high-
order address bits from the line counter are
decoded toselect the appropriate bank.

To enable an external computer to access
the memory, a bi-directional buffer is also on
this board.

MEMORY CIRCUITRY

The memory circuit is shown in Fig.22.
Links are provided to configure the board for
eight 64K or two 256K devices (256x256
display) or eight 256K devices (512x512
display).

Address decoding (ic,y5) takes place on
line boundaries, when access time is least
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critical. Access to the c.p.u. is via icyg7 which
is a 74HCT245 with pull-up resistors. The
series resistors are to prevent latch-up and
should be shorted when driving non-mos
ports etc. on the host computer. Output data
from block A does not require latching and
an 8-bit buffer icyg,; suffices.

MEMORY OPERATION

The memory operates in two distinct modes
(controlled by the freeze signal), read-mode

TABLE 2: memory board link options

Resolution Ramdevices Linkl Link2 Link3
256x256  8x6264 1 1 1
256x256  2x62256 3 2 2
512x512 8x62256 2 1 1

and write-mode, roAvr determines which
mode is active. During memory write, live
digitized video is displayed on the screen.

To be continued
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Three steps ahead.

Whether your application demands a 1.8° Hybrid

Stepper Motor or one of our 7.5° or 15° Permanent Magnet
Stepper Motors, we'll demonstrate how responsive a
European manufacturer can be; providing standard
variations if necessary and arranging delivery times which
compare well.

We offer a choice of phase resistances and electronic
controllers, and guarantee long life expectancy and high
reliability.

Fora complete literature pack, telephone Carol Pearce
on Farnborough (0252) 513211, or complete the coupon
below. Your first step in the right direction.

Name =K I

l _Po_s_iti_oL— N T eeEEER. I

| Company |

| Address A /

| il I

P : N /|
Telephone a ‘i > ' 7/ |
EWW/1/87 _— Mj e _]
______________ S -

Crouzet Limited
108 Hawley Lane, Farnborough, Hampshire, GU14 8HY.
Telephone (0252)513211. Telex 858612

SWITCHES MOTORS - TIMERS - PNEUMATICS

@ Crouzet}

ENTER 11 ON REPLY CARD
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NEW
MODULAR FORTH

* FORTH 83 in Modules

* MULTI-TASKING, Floating
Point and many more
features

* ANINNOVATIVE FORTH

£475 + VAT
EW

FORTH 83 FOR ATARI ST

* WITH COMPLETE
GRAPHICS £65 + VAT

AND
Our dependable Work-Forth

* Takes the hard work out
of Forth £55 + VAT
EXTRAS: Floating Point
Source — Level De-bugger
each £35 + VAT

We are the Forth specialists, we
also stock a large range of books,
listings, and

implementations for machines
ranging from Amstrad to Atari ST,

, Forth plus
Cross Compilation

Forth allows

* rapid and interactive software
development

* {ull control of hardware

* high speed and compactness

Cross Compilation atlows
debugged Forth application on
development OS to be ported and
ROMmed into target systern

Host systems

CPM80, CPM68K, MSDOS, PCDOS,
FLEX, OS8. MDEX, NOS, VMS, ASX11M.
£250 per core (buy only once}.
Targets i

280, 8080/5, 8086/8, 8070, Z8, 6502,
6511Q), 1802, 6800, 6801-6303, 6809,
68000, 99xxx, PDP11. £175 per target

For turther information, contact

MicroProcessor
Engineering Ltd 2

21 Hanley Road, Shirley
Southampton SO1 5AP

IBM, PC to PDP11.

'y N

Tel: 0703 780084

ENTER 36 ON REPLY CARD

RF U.S. supplier of RF POWER DEVICES.
Prices LOWER than current domestic prices.

POWER Query us for immediate needs.

A quality source for a complete range of RF POWER devices — From 2-
30MHz, SSB 12.5V 7 28V transistors — 14-30 MHz CB/AMATEUR 27-50
MIHz, low band FM — 66 — 88MHz, mid band FM.— 66 — 88MHz, mid band
FM — 156 —162MHz VHF MARINE RADIO FM — 130 — 175MHz HI-BAND
VHF FM — 108-152MHz VHF AIRCRAFT AM — 225 40MHZ UHF 28V —
407 — 512 UHF CATV/MATV CLASS A linear transistors — A SMALL
indication of types are listed below. SEND FOR OUR FREE BROCHURE
AND/OR CONTACT FOR IMMEDIATE QUOTES.

MRF450 MRF453 MRF646 BLY88BA BLY9C BLY93A
.2N3553 .2N4933 .2N5109 .2N3375 .2N5016 289
.2N4128 .2N5070 .2N5591 .2N6080 .2N4427 .2N5090
.2N5634 .2N6083 .2N4431 2N5102 .2N5918 .2N6084

TIC Semiconductor Inc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
ENTER 15 ON REPLY CARD

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 Lid.

21 Lodge Lane, N. Finchley, London, N12 8JG.
5 mins. from Tally Ho Corner

Telephone: 01-445 2713/0749

ENTER 19 ON REPLY CARD
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OSCILLOSCOPES

CROTECH SINGLE TRACE 20MHz 3031/36 £195/216
2mV-10V/div. 40ns-0.2s/div. Cal 0.2V. Component test
3031: CRT 1.5kV 5x7cm. 3036: CRT 1.8kV 8x10cm.

CROTECH DUAL TRACE 20MHz (@2mV) 3132 £285
2mVv-10V/ecm. Ch1+Ch2. X-Y mode. Cal 0.2V
1kHz sg. 40ns0.2s/cm. Auto, nomal or TV trig.
Component comparator. DC outputs. Z input. CRT 2kV
8x10cm.

HAMEG DUAL TRACE 20MHz (@2mV) HM203-6 £298
2mV-20V/icm, Ch2+Ch1. X-Y. Cal 0.2V/2V 1kHz sq.
20ns-0.2s/cm. Auto, normal or TV trig. Component test.
CRT 2kV 8x10cm.

HAMEG DUAL TRACE 20MHz (@5mV) HM204-2 £402
1mV-50V/cm. Ch2+Ch1. Sig deiay. X-Y mode.
Y out. 10ns-1.25s/cm. Sweep delay 100ns-1s.
Cal 0.2v/2V 1kHz/1MHz. Z input. Comp. test. CRT 2kV
8x10cm.

.
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HAMEG DUAL TRACE 60MHz (@5mV) HM605 £567
1mV-50V/ecm. Ch2+Ch1. Sig delay. X-Y mode. Y out.
Bns-2.5s/cm. Sweep delay 100ns-1s. Cal 0.2v/2Vv
1kHz/1MHz. Z input, Comp. test. CRT 14kV 8x10cm.

LEVELL

HAMEG DIGITAL STORAGE 20MHz HM205 £498
2mV-20V cm. Ch1+Ch2. Single shot and X-Y modes.
20ns-0.2s/cm. Auto, normai or TV trig Component test
Cal 0.2V2V 1kHz/TMHz. Z input. Two 1K memories.
100kHz sampling. Y out. CRT 2kV 8x10cm

HAMEG DIGITAL STORAGE 20MHz HM208 £1430
TmV-50V/cm. Ch2+Ch1. Single shot and X-Y modes.
20ns-0.25s/cm. 20MHz sampling. Two 2K memories
Plotter output 0.1V/cm, 10s/cm. CRT 14kV 8x10cm

HITACHI DUAL 20MHz V212/222/223 £299/395/450
TmV-12Vicm. 20MHz at 5mV. Ch1+Ch2. X-Y. Ch1
output. 100ns-0.5s/cm. Auto, normal or TV trigger
Cat 0.5V 1kHz square. Z input. CRT 2kV 8x10cm.
V222: Plus DC offset and aftemate magnity function.
V223: As V222 plus sweep delay 1us-100ms.

HITACHI DUAL 40MHz (@5mV) V422/23 £580/650
As V222223 but 40MHz, 20ns/cm and 12kV on CRT.

HITACHI QUAD 100MHz (@5mV) V1050F £1095
Ch1/Ch2: 0.5mV-12V/cm. Trigger Ch3/Ch4: 0.2V/cm.
Dual time bases 2ns-0.5s/cm and 2ns-50ms/cm. Signal
and sweep delay. CRT 20kV 8x10cm.

THURLBY 8 CHANNEL MULTIPLEXER OM358 £179
Increases any oscilloscope to 8 channels. Choice of trigger
from any channel. Response DC-35MHz.

LOGIC ANALYSERS

THURLBY LOGIC ANALYSERS LA160A/B £395/495
16 data channels. Clock DC-10MHz {20MHz for B). Binary,
octal, decimal, or hex. formats.

COUNTERS & OSCILLATORS

COUNTERS MET 100/600/1000/1500 £39/126/175/199
8 digit 0.5" LED. 5Hz up to 100/600/1000/1500MHz.
Resolves 0. 1Hz. Sensitivity 5mV up to 10MHz. Low pass
filter. Mains/rechargeable battery powered

LEVELL RC OSCILLATORS TG152D/DM £99/125
3Hz-300kHz. 5 ranges, acc 2% +0.1Hz up to 100kHz,
3% at 300kHz. Sine or square <200V to 2.5Vms. Distn.
<0.2% 50Hz-50kHz. TG152DM has an output meter.

LEVELL RC OSCILLATORS TG200D/DMP £139/175
1Hz-1MHz. 12 ranges, acc 1.5% +0.01Hz to 100kHz, 2%
at 1MHz. Sine or square outputs <200uV-7Vrms.
Distortion <0.05% 50Hz-15kHz. Sync output >1V
TG200D0MP has output meter and fine trequency control

LEVELL DECADE OSCILLATOR TG66A £330
0.2Hz-1.22MHz. 5 ranges. 4 digits, acc 0.3%
6Hz-100kHz. Sine output <30uV-5Vrms. — 2dB/ + 4dB and

V scales. Distn.<0.15% 15Hz-150kHz. Mains/battery

LEVELL FUNCTION GENERATORS TG302/3 £136/236
0.02Hz-2MHz in 7 ranges. Sine. square, tnangle, pulse and
ramp 20mV to 20Vpp from 508. DC ofset 0/+10V. TTL
output. TG303 also has a CMOS output and 6 digit 10MHz
counter with INT/EXT switch.

OTHER INSTRUMENTS AVAILABLE - FREE DELIVERY MAINLAND UK - QUANTITY DISCOUNTS - VAT EXTRA

LEVELL ELECTRONICS LTD. ™

oxon Street, Barnet, Herts,, EN5 55D, England

Telephone: 01-440 8686 & 01-449 5028
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AVAILABLE,

B 3 WORKING DAYS
EXPRESS SERVICE.

B 10/14 WORKING DAYS
STANDARD SERVICE.

W LONGER TERM SCHEDULES

IFAST

AEL Crystals carry full specifications
for most Communications Equipment
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Receive live images in your home (not simulated graphics) from A.P.T.
Polar Orbiting Satellites. The WSR524 receives and stores automatically
visible and infrared pictures which can be superimposed for accurate identification of

¥ used today.
For further details contact the Sales Office.

CRYSTALS LIMITED
GATWICK HOUSE - HORLEY - SURREY - ENGLAND RH6 95U - TEL: HORLEY (0293) 785353
TELEX: 87116 & 87180 AERO G - CABLES: AEROCON TELEX HORLEY - FAX: 0293 774658
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atmosphenc features. Latitude and Longitude grid plus user location indicator 1s automatically
displayed and can be used with any TV set or monitor {A Feedback approved monitor can be
supplied} and comes equipped with an easy to install antenna.

[N ;N N N B B N N N B __"§ _N-——-§_

E FEEDBACK

&) Park Road, Crowborough, E.Sussex TN6 2QR

Please send me further details.| would/would not require a dedicated monitor.

Namess o o aloe #s Jnul atidssl. s Address

ENTER 8 ON REPLY CARD
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A practical introduction to the
new logic symbols, second edi-
tion, by lan Kampel. Butter-
worths, hard covers, £11.50.
User-friendly guide to the inter-
national symbols now appearing
in manufacturers’ literature and
other documentation. There is
no way of avoiding the new sym-
bols, warns the author — and
there is no wholly painless way of
picking them up, since there is
no one-to-one correspondence
between the old symbols and the
new. The new system, he says, is
more a language than a mere set
of shapes. But he softens the
blow by observing that the sym-
bols offer superb facilities for
specifying designs at high level
without the need to consider the
exact form of implementation.
The book is based on the formal
and somewhat inaccessible IEC
specification, with the IEC’s col-
laboration. For a sample of lan
Kampel’s approach, see his arti-
cles in E&WW in April and May
1985.

Computer organization:
hardware/software, second edi-
tion, by George W. Gosline (pro-
fessor of computer science at
Virginia Polytechnic and State
University). Prentice/Hall Inter-
national, 623 pages, soft covers,
£14.95. Textbook for computer
science courses, extensively re-
cast (according to the author’s
preface) to take account of de-
velopments in computer
architecture, language and oper-
ating systems since the first edi-
tion six years ago. Some familiar-
ity with assembly language, and
a knowledge of a procedure-level
language such as Fortran, Cobol
or PL/1 is assumed. Section
headings include the control
unit; memories; input/output,
data paths and interrupts; the
Von Neumann computer; mul-
tiprocessors and multicompu-
ters; special purpose systems
(pipeline machines, parallel pro-
cessors etc.); and computer net-
works. There is a 10-page bib-
liography.

Radio Database International,
1987 edition, edited by Lawrence
Magne. International Broadcast-
ing Services Ltd (P.O. Box 300,
Penn’s Park, PA 18943 USA), 351
pages, soft covers; available in
Europe from Interbooks, Stan-
ley, Perth, Scotland PH1 4QQ at
£12.50 plus £1 inland postage
(£6 airmail worldwide). Second

Chris Branki

o

edition of this comprehensive
and well-produced guide to the
h.f. broadcasting bands. Cover-
age extends from 2.26 to
21.81MHz in the form of
frequency-by-frequency
computer-generated charts
which show each stations occu-
pancy of its channel for every
hour of the day. Graphic codes
identify nine major languages at
a glance. Information is derived
partly from published schedules
and official lists, though much
comes from monitoring observa-
tions: further codes mark trans-
missions which are being jam-
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Commstar II: rom-based intelli-
gent communications facility for
BBC Model B, B+ and Master
series computers. Pace Micro
Technology, Allerton Road,
Bradford BD15 7AG, tel. 0274-
488211; price £29.57 excluding
v.a.t. New version in a 16K rom
provides several new features
and a fresh look to old ones. In
the scrolling terminal mode (for
electric mail and subscription
databases), features are selected
from drop-down menus and sub-
menus; data parameters and

n and John Dunkerton

med and times of fade-in and
fade-out. Also included is a re-
ceiver buyer’s guide and a num-
ber of feature articles.

Science on-line: eye-catching
science experiments for the BBC
micros, by Chris Brankin and
John Dunkerton. Hodder and
Stoughton, 72 pages, soft covers,
£4.95. Attractive and encourag-
ing guide for beginners to com-
puter interfacing. Its aim is to
enliven school science lessons by
demonstrating real results on
the screen: among the experi-
ments it describes are a method
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other settings are displayed on a
status panel at the foot of the
screen and may be saved to file
and re-loaded. Data can be buf-
fered in memory or on disc and
there is an Xmodem file transfer
capability. Viewdata mode has
extensive facilities for tagging
and recalling pages and for sav-
ing them in memory or on file. A
useful editor for preparing mail-
box frames off-line is included
and an on-screen timer keeps
track of telephone line-time in
both viewdata and terminal mod-

of recording signals froma toad’s
heartbeat and a discharging
capacitor; oscillations from a
vibrating metre rule; pH and
conductivity meters and a colori-
meter; an ingenious blood-flow
monitor based on a slotted opto-
coupler fastened to the ear-lobe;
and investigations of magnetic
fields using a Hall-effect probe.
There are many suggestions for
further work. To encourage the
faint-hearted, an early chapter
introduces the black art of
soldering. Authors are respec-
tively head of Physics at Barth-
olomew School, Eynsham, Ox-
ford and head of VIth Form biolo-
gy at Trinity School, Leamington
Spa.

X.25 Explained: protocols for
packet switching networks,
second edition, by R.J. Deasing-
ton (IBM UK Laboratories). Ellis
Horwood (Halsted Press, John
Wiley & Sons), 131 pages, hard
covers, £16.50. Introduction of
the bottom four layers of the
seven-layer Open Systems Inter-
connection model, the system
standardized by the I1SO for
enabling computers from diffe-
rent manufacturers to be inter-
connected.

Chapters deal with physical
connections (X-21 and X.21 bis,
alias RS232C); the link level;
network level; transport level;
and ‘triple X’, the three protocols
defined by the CCITT to connect
character mode terminals to
packet-switched networks using

X.25.
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es. Facilities are easy to use and
are fairlv comprehensive. A
modem-driver routine for Pace’s
ownmodems is to be added.

Spaceheights Linear Circuit
Analysis Program: Spaceheights
Ltd (6 Prospect Place,
Chapelhey, Weymouth, Dorset,
DT4 8JY), £129. Versatile
MSDOS program for Apricot Xi,
PC, F, intended for use in educa-
tion or the laboratory. Handbook
includes many case studies with
much practical information.
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Observing the
Earth

Scientific bodies around the
world are now beginning to
make use of the geographical,
geophysical and agricultural
data being transmitted by an
earth-observation satellite called
Spot-1. Launched in February
1986 on the last of the Ariane-1
rockets, this small scientific
spacecraft is orbiting the earth
with 101-minute period at an
altitude of about 830km. It takes
optical images, both visible and
infra-red, of the earth's surface
in 60-km wide swath as it travels
round.

Spot is similar in broad princi-
ple to the Landsat series of earth
observation satellites (Nos 1 to 5)
which have been in operation
over many years, but it has sever-
al performance advantages. It
offers a higher spatial resolution,
with picture-element sizes of
20mx 20m for colour 10m < 10m
for black-and-white. This com-

TOMIVALL

pares with a 30m x30m pixel size
from Landsat. In other words,
Spot can detect objects or fea-
tures as small as 10m across.

Secondly it will provide
stereoscopic images where Land-
sat does not. Thirdly it will give
fast-response repeat images of
pre-determined areas. But each
Spot scene is smaller, with an
area of 60kmx60km as against
the 185kmx 185km scene area
from Landsat. Compared with
aerial photography, which offers
scales in the range of about
1:2000 to 1:80,000, Spot has a
scale range of 1:25,000 to
1:100,000.

This new observation satellite
was developed as a commercial
venture by the French Centre
National d'Etudes Spatiales in
collaboration with Belgium and
Sweden. Matra of France built
the spacecraft and provided the
imaging instruments. There are
two identical but independent
optical systems, together with
their electronic units. These use
green, red and near infra-red

sections of the optical spectrum,
plus a wavelength range of 0.51
to 0.73m for panchromatic im-
ages. Radiometric resolution is
256 levels. The optical informa-
tion is electronically digitized
and formatted and transmitted
to the ground by an X-band radio
telemetry system, using quater-
nary phase-shift keying and a
data rate of 50 Mbit/s.

On the ground the data signals
are received by various stations,
where they are decoded, analysed
and processed to give
photographic-type pictures. The
Spot system’s main receiving
station is at Toulouse, France,
while others are in Sweden, Bel-
gium, Canada, Australia and New
Zealand. The survey information
obtained by the system is sold
through a company, Spot Image,
which was set up specifically for
the purpose and already has cus-
tomers inmore than thirty coun-
tries.

Recently the Spot organiza-
tion has awarded six contracts to
the American firm International

Imaging Systems to supply hard-
ware, software and complete im-
age processing installations to
users of Spot data around the
world. The equipment and soft-
ware is based on the US firm’s
existing S600 image processing
system. Customers for these pro-
ducts include China, Iraq and
Italy. At the same time this firm
is developing new software to
enhance the observational data.

The satellite, which weighs
1800 kg on the ground, is ex-
pected to have a lifetime of three
years. So a second one, Spot-2, is
planned for launch by Ariane 2 or
3 in October 1988 and a third and
fourth in the 1990s.

RIS, S— =T =
Mobile radio

tests
Mark Nelson mentioned in the
November 1986 issue (p.12) that
u.h.f. bands below 1000 MHz
were unlikely to be assigned for
land mobile uses of satellite com-
munications in North America.

This portable Ku-band uplink terminal has been used successfully by Independent Television News to send tv news reports from
distance places back to the UK via Intelsat communications satellites. Made by Marconi Communication Systems, it consists of three
units, each of which can be carried by two men from an aircraft or road vehicle. The 2mx1m elliptical antenna reflector swings down
flat onto the carrier for transportation. Its offset-fed Gregorian arrangement complies with the 29—25 log 6 sidelobe law for the current
2° spacing of comsats (where 6 is the angle from the centre-line of the radiation pattern). Typical e.i.r.p. is 68 dBW. ITN has used this
satellite news gathering (s.n.g.) terminal in Bali, Indonesia, to cover President Reagan’s tour in the Far East, and in Burkino Faso, Central

Africa, to reporton the Sport Aid marathon, as well as for various news events in and around the British Isles.
1 —<
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This has, in fact, now been de-
creed in the USA. The Federal
Communications Commission
has rejected requests from
twelve applicants, including the
Canadian government, for 8
MHz of spectrum space for this
type of service in the 806-902
MHz land mobile allocation of
ITU Region 2.

As Mr Nelson pointed out,
satellites would increase the
coverage for land mobile radio
and allow more users to be
accommodated — a great advan-
tage in the large-area countries
such as USA or Canada. In addi-
tion, if the u.h.f. land mobile
frequencies could be used with
satellites it would be possible to
have just a single set in the car or
other vehicle to cover both the
terrestrial (p.m.r. and cellular)
and satellite services.

However, the FCC has autho-
rized a spectrum of 27 MHz in
the L-band 1.5-GHz downlink
and 1.6-GHz uplink allocations
for mobile radio systems based
on satcoms. Unfortunately, these
higher frequencies will require
more expensive equipment to
achieve r.f. power levels equiva-
lent to those obtainable at u.h.f.

Meanwhile, as mentioned
elsewhere in these pages, the
possibility of land-mobile satel-
lite systems is being explored
through INMARSAT. Although
the main function of this inter-
national organization is to offer
maritime mobile communica-
tions by satellite it is now begin-
ning to move into other areas. In
1985, for example, all the mem-
ber countries agreed that the
organization should also offer
aeronautical satcom services.

On land INMARSAT has
already been providing emergen-
cy and relief communications
using land-based terminals for
natural disasters like earth-
quakes and volcano eruptions.
Now the organization will be
participating in a pan-European
test and demonstration of
satellite-based land mobile com-
munications planned to take
place in late 1987. They say a
low-density service should
occupy only a small part of the
communications capacity of
their existing satellites and
would have the advantage of an
already developed transmission
system. Use of existing coast
earth stations would help to
make such a scheme economical

to operate. A mobile terminal |

32

similar to the shoe-box size
one also described in these
pages should cost about the same
as a 900-MHz cellular
radiotelephone.

INMARSAT’s decision to pro-
vide aeronautical services has
also resulted in some L-band
trials in aircraft being held in
1987. In the UK British Telecom
International, British Airways
and Racal-Decca Advanced De-
velopment will be collaborating
on these. Tobegin with the trials
will be done from Racal’s Jet-
stream aircraft. Later on they
will be extended to scheduled BA
flights.

Air passengers will make
radiotelephone calls by inserting
a credit card into a specially
adapted payphone. This will un-
lock the handset and connect the
caller with a ground-based oper-
ator in the UK who will connect
the call. To provide an earth
terminal, BTI will be using one of
the antennas at the Goonhilly,
Cornwall, satellite station exclu-
sively for the trial services. In-
tially the air passengers will be
able to make calls but not receive
them, though BTI think it will be
able to offer all normal telecom-
munications services if there are
enough customers wanting
them.

Racal-Decca Advanced De-
velopment, in consultation with
BA, are producing the airborne
1.6/1.5-GHz transceivers and de-
veloping specialized aircraft
antennas for the scheme. This
firm has already demonstrated
an air-to-ground data com-
munications link.

Multi-beam
comsats

The Advanced Communications
Technology Satellite (ACTS)
mentioned briefly in the October
issue (p.7) will be a precursor to
the next generation of commer-
cial communications satellites
when it is launched in 1989.
Operating with uplinks in the
29.5-31 GHz band and downlinks
in the 19.7-21.2 GHz band, this
NASA spacecraft is intended as a
test-bed for future comsat sys-
tems using multiple spot beams.

The project grew out of a|

realization that satellite com-
munications have become so
popular that slots in the geosta-
tionary orbit and frequencies in
the fixed satellite service alloca-
tions are rapidly being used up.

Conservation is obviously
needed, in the three dimensions
of space, time and frequency
spectrum. The method to be
tested in ACTS is a combination
of time sharing by time division
multiple access (t.d.m.a.), trans-
ponder sharing by frequency di-
vision multiple access (f.d.m.a.),
space sharing by multiple spot
beams directed at selected areas,
and frequency re-use in the spot
beams.

Two kinds of spot beam are to
be used in ACTS. Fixed beams are
directed at three large conurba-
tions for high-volume com-
munications traffic. Scanning
beams are used to move across a
large area such as a whole coun-
try and link with earth terminals
using a low rate of digit bursts in
the t.d.m.a. system. The scan-
ning pattern is controlled by
information held in a memory.
Each spot beam covers an area of
only about 240 km in diameter.

[ e S
UK space plan

1987 should be a significant year
for Britain's activities in space
science and technology. The gov-
ernment is expected to announce
how much money they will allo-
cate to a co-ordinated program-
me for the whole country, cover-
ing all aspects. Since the autumn
of 1986 they have been studying
a National Space Plan put before
them by the recently formed
British National Space Centre
(BNSC), which has headquarters
in the Millbank Tower, London.

At the time of writing details of
the plan are not yet available, but
at a recent IEE meeting the
director general of the BNSC,
Roy Gibson, gave some idea of
what is afoot. He said the BNSC
had been set up in November
1985 as as focus for British space
policy. Its purpose was to co-
ordinate the various activities
that had previously gone on
separately in national scientific
and other organizations and so
make the total UK space effort
more effective and economically
efficient.

In the past individual orga-
nizations had looked at particu-
lar international space projects
and decided on their own
whether or not to take part. But
now circumstances had
changed. Space projects for diffe-
rent purposes were becoming
much more interrelated. It was

no longer appropriate to make
decisions in separate compart-
ments. A national body with an
overall view was needed to pro-
duce a long-term space strategy
and to co-ordinate all future acti-
vities.

At present the BNSC has no
independent funding. It is run by
a staff mainly from four existing
government bodies: DTI, the
SERC, the NERE (National En-
vironmental Research Council)
and the MoD. There are about 40
people in the London headquar-
ters. A technology arm is based
on the Royal Aircraft Establish-
ment, Farnborough, and the
Rutherford Appleton Laboratory,
Chilbolton, and this provides the
equivalent of about 240 full-time
staff. Other government orga-
nizations involved are RSRE and
the Met Office.

British industry is taking part
as well. In addition to the few big
firms like British Aerospace and
Marconi who are well known for
their space products, there are
about a hundred UK manufac-
turers with interests in this field.
Mr Gibson said it would be a good
idea if they could form a trade
association, outside the existing
UK Industrial Space Committee,
that could speak with a single
voice and help them overcome
difficulties in selling their pro-
ducts to international bodies like
the European Space Agency.

One UK company has already
supplied equipment to the BNSC
itself. Ferranti Microwave has
custom-designed and manufac-
tured a satellite communications
earth terminal, which has been
set up at RSRE’s Defford estab-
lishment in Worcestershire. To
begin with it will be used in an
experimental programme with
Ku-band satellites and ESA's
Olympus-1 multi-purpose satel-
lite due to be launched in 1988.

The terminal is based on a
5.6m dish aerial. Initial opera-
tion will be in the 12/14-GHz
band and the system is adaptable
to allow substitution of an 11/13-
GHz and ortho-mode transducer
(for orthogonally polarized sig-
nals). The antenna pointing sys-
tem is compatible with the track-
ing requirements of the Intelsat
standard E earth station and the
Eutelsat ESC multi-service sys-
tem specifications. The up/down
converters use low-noise phase-
locked oscillators and the receiv-
ing chain has a low-noise fet
amplifier.
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Cable and
Wireless in
KDD?2
consortium

Cable and Wireless and Japanese
trading company C, Itoh are the
leading participants in a consor-
tium to provide an alternative
international telecommunica-
tions system for Japan. Formed
initially to carry out a feasibility
study, it is the precursor to an
operational company. The new
company, with two-thirds
Japanese and one-third western
shareholding, will be known as
Kokusai Digital Tsushin Kikaku
(KDTK) - or more simply as
KDD2 (because KDD is the ex-
isting international carrier).

The two major partners each |

hold 20%. Then, Toyota and
Pacific Telesis, one of the Re-
gional Bell Operating Companies
i.e. telephone companies, (sub-
ject to US Court and Gov-
ernmental approval) have 10%
each and the remaining share-
holders individually holding far
smaller stakes.

The outline business plan,
worked out in a previous C. [toh
and C & W study, will commence
in 1987 with leased circuit ser-
vices via Intelsat and the existing
cables. Switched services will
then start in 1989 to be followed
by, beginning in 1990, a full
range of digital leased and
switched services via PPAC
trans-Pacific submarine optical
fibre cable jointly owned by
KDTK (Japan) and Pacific Tele-
com Cable of the USA. Subse-
quently, connection of Japan
with Hong Kong and Korea,
Taiwan, the Philippines, Austra-
lia, China and other Pacific Basin
countries by a further network of
submarine cables or satellites.

This consortium provides
reinforcement for C & W’s plans
for a Global Digital Highway “to
provide the world with a choice
of international communication
facilities for the first time in
history.” It will concentrate on
new services with the aim being
to provide digital transparency
50 as to meet user needs and be
able to support A and mu laws
with 64 and 56kbit/s information
channels that are in accordance
with CCITT and Bell standards
respectively.

[tis expected that the Japanese
government authorities will
award the relevant licence next
year. Even though there are at
present two contenders for the
license, KDD2 is confident of
being the winner in view of its
great technical strength as com-
pared with that of its competi-
tion.

The investment by the consor-
tium is expected to be hundreds
of millions of dollars and “could
well reach $1bn eventually”
KDD’s international market is
currently worth $1bn and grow-
ing at 10% p.a. overall, but fasci-
mile has a growth rate of around
35% p.a. according to Jonathon
Solomon, C & W's director of
corporate strategy. Sir Eric
Sharp, C & W’'s chairman, said
that Japan is under-developed in
international communications
and the business could be worth
at least $3bn in 5 to 10 years.

50,000
Vodafone
subscribers

The Racal-Vodafone service, one
of the two nationwide cellular
radio services has just
announced that it has connected
its 50,000th subscriber.

According to Gerry Whent,
chairman of Racal Telecom-
munications Group,: “The
achievement of connecting
50,000 subscribers to the Voda-
fone network in less than two
years strengthens greatly the
profit forecasts for cellular radio
made in January 1986. Our pre-
vious estimate of 60,000 subscri-
bers by March 31, 1987 will now
be well exceeded.” The network,
with 200 base stations servicing
400 cells, now covers some 82%
of the UK population and is being
expanded continually.

BT contract for
Hewlett-
Packard

Hewlett-Packard has won a
multi-million pound contract for
the supply of specialized remote
access and test (Rates) equip-
ment to British Telecom. This
represents the third part of a four
year programme worth move
than £15 million in total.
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The Rates equipment, de-
signed and developed at H-P’s
Queensferry Telecommunica-
tions Division in Scotland, im-
proves the maintenance of pri-
vate circuit services by greatly
reducing time spent in fault di-
agnosis. The system is, there-
fore, particularly suited to BT’s
private lines in Britain, which is
expected to cover more than
2000 small and large exchanges
nationwide by 1987.

BT dealer
system for
Japan

Teletrade, the export unit of Brit-
ish Telecom’s International Pro-
ducts Division, and the Japanese
trading company Mitsui & Co
Ltd have signed an agreement to
distribute the Cily Business Sys-
tem in Japan. Mitsui's specialist
telecommunications subsidiary,
Adamnet, will handle sales, in-
stallation and support.

CBS. a touch-screen dealing
board for the financial commun-
ity, has been specially developed
for the Japanese market, includ-
ing the use of Kanji characters
for the v.d.us. The introduction

of Kanji was seen as a necessary |

development to enable CBS to be
sold successfully to Japanese
financial institutions. Its stan-
dard version is already being
used by the Japanese offices of
international companies.

France/UK

videoconferenc-
ing link

The first commercial videocon-
terencing link between the UK
and France has been inaugurated
between British Telecom Inter-
national and Direction General
de Telecommunications, the
French PTT. The connection to
France consists of a 2Mbit/s link
via the French satellite, Telecom
1. The BTI service is due to be
expanded this autumn, when a
link to the Netherlands will be
opened.

The service is available to us-
ers in the UK who have their own
videoconferencing facilities or
through BT's public conferenc-
ing rooms.

' Plessey markets
System X via
Intelsat

Plessey Major Systems staged a
live System X demonstration at
the Plovdiv Trade Fair, Bulgaria
as part of its drive to be selected
as that countrv's public switch
supplier. ARemote Concentrator
Unit (RCU) at the show was oper-
ated, via Intelsat, under the con-
trol of a host exchange located at
Plessey’s Edge Lane, Liverpool
factory.

The initial order for the Bulga-
rian network could be worth
some £50million. Currently
consisting of about a million
lines, it is expected that the
network will be expanded to
some three million by the early
1990s. In view of the size of its
network, it is expected that Bul-
garia is looking for a single sys-
temn rather than the two or more
competing ‘systems adopted by
larger administrations. 1f System
X is selected, the fact that it is
offered by both Plessey and GEC
would provide the customer with
the advantage of competitive
purchasing. However, because it
would be subject to an export
license, this is a long term pros-
pect.

The ISDN capability was de-
monstrated to the State Trading
Companies, PTTs, as well as
Telecommunications Institutes
using fast digital facsimile and
slow scan tv equipment. User
facilities also shown to visitors
included call diversion, automa-
tic reminders auto advice of call
duration and other automatic or
subscriber programmed ser-
vices.

In addition to providing Ples-
sey with a powerful international
marketing tool, which will be
used at exhibitions in Beijing,
Indonesia and Geneva etc.. these
demonstrations also indicate the
sophistication now practical in
international telecommunica-
tins.

The link with Plovdiv was the
first public demonstration of the
use of CCITT No. 7 common
channel signalling system via a
communications satellite. The
RCU in Plovidv was connected,
via a portable satellite terminal
(provided by British Telecom In-
ternational) and an Intelsat
satellite, to a similar ground
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station at the Plessey factory
where it linked into the System X
host exchange. From Liverpool,
the link proceeded over BT’s
digital trunk network to public
System X exchanges in Manches-
ter and London.

Plessey System X internation-
al Sales Director, Sidney Reeves,
said “When a telecommunica- |
tions administration is consider-
ing the substantial investment |
required to upgrade its telecom-
munications network it wants to
make absolutely certain that it is
choosing the right switch. A
practical demonstration is a very
powerful sales aid but to achieve
ademonstration of a full working
public telephone switching sys-
tem at a trade fair has always
presented a problem.

CGS videotex
update

Cap Gemini Sogeti, the largest
software company in Europe
which was lead contractor for the
French electronic telephone
directory project, aims to expand
into the UK videotex market.

CGS has introduced its Mul-
titel product for IBM computers
and already has a pilot project
under wav with General Motors
and its dealer network. Multitel
allows organizations in coun-
tries operating under different
standards and in different en-
vironments to take advantage of |
the business potential of
videotex. This applies whether
the standard adopted is Prestel,
or Teletel operating under the
overall umbrella of CEPT pro-
tocols.

According to Jeff England,
CGS UK General Manager, the
company anticipates 5% of its
revenues will derive from
videotex installations by 1990.
This, in conjunction with soft-
ware conversion products, which
eliminate the costs of re-writing
software for videotex access, will
become a market leader. He
claims that the contribution
made by CGS to cost-effective
videotex applications lies in
more than the software. Advice is
given on aspects such as how to
extend the number of terminals
inexpensively, with easy connec-
tions, and how to reduce the
operating cost of managing the
network.

At the same time as this
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announcement was made
Meinhard Donker de Marillac,
director of communications for
CGS Group Europe. reported
that by the end of 1986 it is
expected that there will be
2.5million Minitel terminals in-
stalled in France and that, in last
May/June there were already
over 20 million calls made with
over 2.3 million connect hours
per month.

ISDN chips and
kits introduced

Both Intel and Siemens have
introduced chips and kits for
ISDN subscriber functions. Intel
announced its 29C53 digital-
loop controller together with
support tools including terminal
and line card evaluation kits. As
well as this, the company has
arranged availability of third par-
ty software based on the 80188
microprocessor. This software
handles CCITT Layers 2 and 3
and will support multiple con-
nections over a single com-
munications controller. 1t orga-
nizes, under microprocessor
control, the 144kbit/s aggregate
of the 2B plus D channels.

Sample 29C53 chips are now
available and “the unit price, in
quantities of 10,000, is below $15
in 1987”. The 29C53 transfers
data at the ISDN basic access rate
of 192kbit/s using three channels
— two 64kbit/s “B” voice/data
channels plus the 16kbit/s sig-
nalling “D” channel — together
with 48kbit/s (invisible to the
user) for framing and synchro-
nisation.

Intel’s Subscriber-Line Data-
link (SLD) architecture is the
foundation of the company’s
family of Advanced Telecom-
munications Components
(1ATC). It provides a common
standard for Intel's telecom-
munications system, such as In-
tel's Multibus, is a standard for
microcomputer-based systems
and is endorsed by a number of
semiconductor manufacturers.
According to Intel, SLD offers
compatibility with current as
well as future iATC products and
is claimed to be flexible enough
to be used in both centralized
and distributed PBXs and central
offices.

The Intel philosophy is to pro-
vide complete solutions that en-
compass the accepted standards

thereby freeing the o.e.m. to
focus his resources on dif-
ferentiating the end-product.

Siemens is also offering its
STU 2000 kit made up of three
boards; two of these are dedi-
cated to subscriber functions and
the third represents the switch-
ing system. It can be used to test
all the ISDN-related functions in
an environment approaching
that of a “real” system. Siemens
claims that, by using the kit,
programming can be brought
forward by six months.

Telephone
socket
liberalization

Following wide consultation be-
tween the Office of Telecom-
munications (Oftel), relevant
trade associations, user bodies,
and public telecommunications
operators (PTOs), Oftel has
announced that from last De-
cember 1st (986) telephone users
and independent contractors will
be permitted to install extension
telephone sockets and their cabl-
ing, and plug them into the
public tetephone networks.

Users with the new-style mas-
ter sockets, installed by a PTO,
will be able to take advantage of
the new arrangements. The com-
petitive supply and installation of
the master socket itself, through
which telephones are linked to
the exchange line, is still under
consideration.

Consequently, users who do
not yet have the new-style sock-
ets installed in their home or
office must ask the PTO to con-
vert their installations by fitting
a master socket before they can
go on to install and connect
further sockets of their own.
(The British Telecom charge for

converting an existing installa-
tion is currently £25 plus VAT.)

In due course, it is expected
that the PTOs will start to offer a
new pattern of master socket
that incorporates provision for
direct, rather than plug-in con-
nection wiring. At the moment,
however, the only method avail-
able is via a plug-in connection.
This uses a length of approved
cable which can be cut to length
as required. One end of the cable
will probably be ready attached
either to a simple plug that will
fit a new-style telephone socket
or to a plug-in adapter to enable a
telephone to continue to be plug-
ged into the existing socket.

Mr Peter McCarthy-Ward,
marketing manager in British
Telecom’s Customer Premises
EqL\ipment division has stated
that: “We welcome this change
which will stimulate demand for
internal extension points and ex-
tension telephones.” This is
understandable as, after taking
paperwork into account, it must
be difficult to break even, let
alone make a profit on this
wiring.

Access to
Horizon

Birmingham-based Horizon
Holidays has signed a contract
worth £1 million for the use of
Istel’s Infotrac network. This
value added network (VAN) is
already used by eight of ten of the
top tour operators. It will give
travel agents around the country
local call access to its viewdata
reservations computer. It will
augment Horizons existing dedi-
cated network and, because In-
fotrac has 65 nodes strategically
sited throughout the UK, it
almost doubles the number of
travel agents who can access
Horizon’s viewdata booking sys-
tem. Horizon has also doubled
the speed of its processors which
trebles the number of calls that
can be handled simultaneously.

These factors, combined with
the speed and efficiency of the
Infotrac network, are claimed to
cut down the average time taken
to make an on-line booking from
six to four minutes. In addition
to reducing the cost of the
agents' phone calls, it should
reduce the difficulties in getting
through to the reservation sys-
tem, even at park periods.
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Increased range for the
8910 sound chip

Although the AY-3-8910 is specified to run at
up to 2MHz, it seems to work well at 4MHz.
The disadvantage is that in most cases,
output frequency is clock frequency divided
by 16 to 65536 so a 4MHz clock produces a
range of approximately 61Hz to 250kHz.
Most of this range is inaudible.

As shown here, a dual 4-stage binary
counter gives a range of clock frequencies
down to 15.625kHz; 1MHz now provides a
range of 15Hz to 62.5kHz and at the lower
frequencies, sound envelope attack/decay
times are extened to minutes.

Two 8-bit i/o ports are built into the sound
generator chip. Take Dy, from one of the
ports and use them to drive the three address
inputs of a 74LS151 eight-channel multi-
plexer. Outputs of the counter feed the
multiplexer data inputs.

Now, sending a value between zero and
seven to the generator i/o port selects one of
eight different clock frequencies.

Mel Saunders
Leicester

D.s.b.-s.c. detector
with p.L.1.

By adding a ‘duty shaper’ to the p.L1. circuit
shown on page 70 of the April 1986 issue, a
signal synchronized with the suppressed
carrier of a d.s.b.-s.c. signal could be gener-
ated. A duty shaper is a circuit which
changes the 50% duty cycle of a sinusodial
signal to a new value (close to 25% in our
case). Practically, its design depends on the
carrier frequency.

I chose a circuit suitable for the 38kHz
suppressed carrier found in stereo f.m. Its
main purpose is to demonstrate that a
simple RC active circuit could detect
suppressed-carrier d.s.b. without the need
for areference such as a 19kHz pilot tone.

The LM324 op-amp acts as a class-C
amplifier giving a train of pulses (but ampli-
tude modulated). An LM311 comparator acts
as a high-gain amplifier giving squared
pulses with a duty cycle of around 25%,
which is the optimum value to get the widest
lock range as described in the April issue.
Voltage-controlled-oscillator output, de-
layed if necessary by an RC network, could
then be divided by two using a 4027 JK
bistable device.

The analogue gate (4066) is used for
synchronous detection. Finally, to recover
the audio signal, gate output must be low-
pass filtered.

Kerim Fahme
Autolight
Aleppo

Syria
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CIRCUIT IDEAS

Transformer design —a simple method

Following the excellent article by Baert* examining trans-
former design in detail, I felt that a simple evaluation
method would be useful for the experimenters working
with unknown laminations.

Wind 100 turns, or any convenient number, of insulated
wire onto the former to be used. Insert the laminations and
plot the magnetizing curve using the circuit shown. If a
Variac is not available, then a tapped transformer or various
power resistors may be used.

Draw a graph. As shown, the transformer should be
operated just below the knee. From the graph, voltage at
this point is read off. The number of turns. used is divided by
this figure to give the transformer’s turnsivolt rating,
which will usually lie between five and ten turns/volt.

The winding wire gauge is found from wire tables using a
figure of between 3 and 3.5A/mm? (1500 to 2000A/in?).

P.J. Dinning
Newcastle-upon-Tyne

Northumbria
* D.Baert, Designing small transformers, Electronics & Wireless World,
Aug. 1985 pp17-19.
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One-td-four-way telephone exchange

By eliminating the possibility that more
than one set can operate at once, this
exchange produces four lines from one
without overloading. Once one of the four
telephone handsets has been lifted, the line
will not be released until the handset is
replaced in its cradle. It also ensures privacy.

Monitor leds in each holster indicate
whether the line is available. The single-
pole, switches on each set can be either

miniature microswitches or reed switches
and magnets with the switch in the holster
and the magnet on the handset.

Should a malfunction occur the system
can be overriden so the line is always
available.

Raymond Farrugia
Zabbar
Malta
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' Don’t waste good ideas

We prefer circuit idea contributions with neat
drawings and widely-spaced typescripts, but
we would rather have scribbles on “the back of
an evelope” than let good ideas be wasted.

Submissions are judged on originality and/
or usefulness so these points should be
brought to the fore, preferably in the first
sentence.

Minimum payment of £35 is made for
published circuits, normally early in the
month following publication.
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In conjunction with the Univer-
sity of Illinois, the American
General Electric Company has
developed what it claims is the
fastest ever microwave transis-
tor. It's a modfet (modulation
doped f.e.t.) with a maximum
cut-off frequency of 230GHz — a
shade faster than a similar device
produced recently by MIT Lin-
coln Labortory, the details of
which were released earlier this
year*.

The increased speed is a func-
tion both of the semiconductor
material itself and also of the
fabrication technology. Elec-
trons travel faster in indium gal-
lium arsenide than in both gal-
lium arsenide and silicon, but
unfortunately the former mate-
rial is not readily available. Re-
searchers at Illinois therefore
used molecular beam epitaxy to
create 40 atomic layers of indium
gallium arsenide on a gallium
arsenide substrate. As for device
geometry, GE managed to fabri-
cate with a gate width of one
quarter of a micron (2.5 X
107m), significantly reducing
electron transit time.

A noise figure of around 2.5dB
at 60GHz and an efficiency of 25
to 30% has been achieved with
the new transistor, but GE say
they have no plans to market the
device, and expect to refine it for
incorporation into their own
products.

* Communications Commentary, October
1986, page 9.
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Recent tests at ERA Technology
have shown that thin metal coat-
ings on glass can provide an
effective electrornagnetic screen
to radio-frequency interference.
Glass panels coated with a thin
layer of conducting material
have potential application in the
reduction of emissions from
computing devices and in pro-
viding protection from incoming
high-intensity radiation from
radar transmitters.

The results of ERA’s tests,
carried out as part of a sponsored
research programme on electro-

magnetic compatibility, agree
reasonably well with calculated
values based on accepted screen-
ing theory, and some simple
expressions have been derived to
allow designers to obtain a rapid
assessment of screening per-
formance from the sheet resist-
ance value.

Two types of coated glass were
tested, one having a layer of
indium tin oxide deposited by a
d.c. reactive sputtering process
and the other having a tin oxide/
copper/tin oxide sandwich layer
deposited by magnetron sputter-
ing. Tests were made on 1m?
panels forming the front of a
copper box which covered the
range 1 to 30MHz (magnetic
mode) and 30 to 1000MHz (elec-
tric mode).

Comparisons between the re-
sults with the coated glass panels
in place and with the glass re-
moved i.e. from the open box
(the box is a typical computer
terminal enclosure) showed that
the 1m? enclosure on its own
made {ittle difference to the free-
space attenuation in the electric
mode except at 50-60MHz, due
to multipath interference within
the cabinet. However, because of
such existing multipath loss, the
additional benefits of adding the
coated glass panel were negligi-
ble at these frequencies.

Elsewhere in the spectrum the
glass samples gave attenuation
values of 20-30dB. (Separate
tests using ridged-guide horn
aerials showed that these results
held good up to 10 GHz at least.)
These values agree reasonably
well with theory and may be
calculated according to

S(dB) = 2010gy (5+-1R—°°

S

)
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where S is screening effective-

'RESEARCH NOTES

ness and R, the sheet resistance |

in ohms per square. Results of
tests in the magnetic mode
showed that the attenuation of
coated glass is minimal. ERA
Technology say therefore that
the application of such glass to
v.d.u. enclosures is only of value
at higher frequencies. It would
not, they add, be much use in
protecting line-scan radiation,
when a mesh would be more
appropriate.

First error-free
microprocessor

Ferranti Electronics has pro-
duced samples of what it claims
to be the world’s first microp-
rocessor with guaranteed error-
free design. Known as Viper
(verifiable integrated processor

for enhanced reliability) the new |

device is a 32bit microprocessor
designed by the Royal Signals
and Radar Establishment for ap-
plications requiring high oper-
ational integrity such as aircraft
autopilot systems, missile sys-
tems and nuclear power plants.
Viper’s operation can be for-
mally specified and verified using
mathematical techniques to en-
sure that a completely predict-
able system can be implemented
for such safety-critical applica-
tions. This ‘provably’ correct op-
eration has not been possible
with previous microprocessor
systems. The 5000-gate logic de-

tronics was one of two com-
panies selected to manufacture
the first Viper chips, now deli-
vered to RSRE for evaluation.
Although the device is designed
to operate in a military environ-
ment and is resistant to high
radiation levels, it is expected to
have many civil applications, and
Ferranti will be marketing the
microprocessor commercially as
the VIP1.

The device is fabricated using
Ferranti’s latest 1.5 micron
double-layer metal advanced
bipolar process and will be sup-
plied in a Jedec standard 84-pad
chip carrier.

Large-screen
l.c.d. gets closer

A race is on between British and
Japanese groups to produce the
world’s first commercially viable
fast-switching liquid-crystal dis-
play. Here in Britain a collabora-
tive programme under Professor
George Gray FRS of Hull Uni-
versity’s Department of Chemis-
try is expected to have a demon-
stration display running in two
year’s time. Flat-screen televi-
sion is however just one applica-
tion of the University’s new work
on liguid-crystal technology.
Since liquid-crystal screens do
not flicker, their use for visual
displays in word processors
would considerably reduce the
2ye-strain often associated with
those machines. They could also
be used to make a very fast
camera shutter.

Professor Gray’s team, which
includes Ken Toyne, David Lacey
and Mike Scrowston, is con-
tinuing research into the tilted
smectic liquid crystals required.
These respond many times faster

| than ordinary smectic liquid

sign was simulated and im- |
plemented in silicon by Ferranti |

using the u.l.a. ‘silicon compiler’
software system.
Last November, Ferranti Elec-

crystals used for large panel dis-
plays or the nematic liquid crys-
tals used for calculators, which
are simply not fast enough for
television applications.

Already the Hull team have
come up with compounds that
respond in less than 100us -
about a hundred times faster
than the response time of nema-
tic displays. Part of the secret lies
in the viscosity of the material,
but the real advantage comes
from the tilted arrangement of
the molecules. Unlike those of a
nematic system which have to
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rotate and point in the opposite
direction, the molecules of a
tiled smectic system have only to
sweep out halfa cone.

First all-optical
regeneration

The first all-optical light re-

generator for use in optical com- |
munications has been demons- |

trated by British Telecom Re-
search Laboratories at Mart-
lesham Heath. The regenerator —
still in the experimental stage —
both amplifies and retimes light
pulses directly without convert-
ing them from light to electric-
ity, as occurs in conventional
repeaters.

All-optical regenerators, when
developed commercially, prom-
ise considerable savings in the
cost of optical communications
links which presently need re-
generators every 30km or more,
especially for undersea systems.
Regenerators will be significant-
ly cheaper and simpler to make,
and their power requirements
will be reduced.

The all-optical regenerator
was developed by two British
Telecom research engineers,
Rod Webb and John Devlin. Its
key component is a microlaser
which under certain conditions
can behave like an optical logic
switch. An optical clock signal is
fed to the laser to hold the switch
state just in the “off” condition.
When a pulse of light from the
incoming fibre arrives at the
laser it has sufficient energy to
switch on the laser but only
when the optical clock signal is
present. This triggers the laser to
generate a more powerful burst
of light in synchronism with the
clock which is then injected into
the outgoing fibre.

The BT all-optical regenerator
differs from previously demons-
trated optical amplifiers in two
important respects. Bistable op-
eration leads to a signal output
level that is relatively constant
over a range of input levels; and
secondly the signal is retimed by
anoptical clock.

It is based on the principle that
a Fabry-Perot semiconductor
laser has nonlinear transfer
characteristics because its effec-
tive refractive index varies with
optical power level. At some
wavelengths this nonlinearity
leads to bistability.
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| To form a regenerator, an
optical clock waveform consist-
ing of a train of pulses with peak
power just below the bistable
threshold is combined with the
data stream and coupled into the
amplifier. When a pulse is ‘low’, a
slightly amplified clock pulse
appears at the output, and when
‘high’ the additional power is
sufficient to exceed the threshold
and the output jumps to a higher
level, which is insensitive to the

46 units and previous advances
have been in steps of only a few
units; in addition, 60 units is

. very close to maximum possible

data power, and reverts to low |

The output is the regenerated
data in return-to-zero form, re-
timed by the clock.

Superdeformed
nuclei

Results obtained recently from
the Nuclear Structure Facility
| (NSF) at the Science and En-
gineering Research Council’s
Daresbury Laboratory represent
the final step in a long search for
atomic nuclei with a superde-
formed shape. Theory predicts
that under conditions of extreme
stress caused by rapid rotation
some nuclei will suddenly adopt
a fixed, superdeformed shape.
This shape, which is similar to a
rugby ball, has a 2:1 major-to-
minor axis ratio and is stable
under these extreme stress con-
ditions.

Over the past 15 years, con-
firmation has been sought by
many groups worldwide and pre-
vious reports by scientists from
' Daresbury and Liverpool Uni-

versity have already hinted at a
breakthrough. In a recent series
of experiments at the NSF using
high-resolution spectroscopy,
scientists have now, for the first
| time, produced a spectrum
showing the sequence of discrete
| gamma rays emitted as a rapidly
rotating superdeformed nucleus

‘ (dysprosium 152) slows down.
Almost 2% of the dysprosium
| 152 auclei, produced by bom-
barding a palladium 108 target
with beams of calcium 48, were
formed in the superdeformed

shape. The spectrum shows a
| series of 19 gamma rays, each

separated by an energy of 47keV,
| which slow down the nucleus
I from an angular momentum of

60 units to 22 units. This

observation of nuclear states up
I to 60 units is itself a great leap

forward: the previous record was

only at the end of the clock pulse. |

angular momentum for any nuc-
leus before it breaks up under
rotational stress.

In superdeformed nuclei the
emitted gamma rays, which arise
from transitions between a sequ-
ence of states, are predicted to
have very short lifetimes caused
by the large quadrupole mo-
ments of the highly deformed
shape. The lifetimes of these
gamma rays have now been mea-
sured by scientists from Dares-
bury and Liverpool University.
These measurements established
that the quadrupole moments
are indeed extremely large, con-
firming that this nucleus is the
most deformed nuclear shape
found so far.

These observations open up
new possibilities for studying the
nucleus — nature’s only strongly
interacting, many-body quan-
tum system — under novel condi-
tions. Such studies are already
being started at several Euro-
pean and American Laboratories
aswell as at Daresbury.

Thunder clash
in the new
Mexico

A bizarre experiment to try and
create lightning involved
stretching an electrified wire
2km long between two peaks in
the Magdalena Mountains. A re-
port by researchers at the New
Mexico Institute of Mining and
Technology claims not only to
have caused clouds to form but
to have started local thunder-
storms. But spectacular though
this may have been, it's nowhere
near as significant as the re-
newed storm it has sparked off
over the origin of cloud electri-
fication.

|

The group believe their work |

supports a convection theory in
which charges are carried into
the atmosphere on rising plumes
of hot air. This theory is, howev-
er, discounted by a rival group of
scientists working at the same
institute. Their theory, known as
the particle-charge theory, sug-
gests that charges are built up
within clouds as frozen moisture
particles collide with each other.
On this hypothesis, the more

heavily negatively charged light-
er particles rise. Charge separa-
tion is thus accomplished.

Which of ‘the theories more
nearly represents the true state
of affairs remains to be seen;
perhaps, as some workers have
suggested, it could be a combina-
tion of both. Whatever else, these
New Mexico experiments repre-
sent a spectacular and successful
attempt to control the develop-
ment of thunderstorms.

Radio telescope
bigger than the
earth

Aperture synthesis, common
enough on a small scale as a

| means of reducing the beam-

width ofa transmitting or receiv-
ing antenna, has recently been
applied on the grand scale by
radio astronomers in Butan and
the USA. Not content with using
radio telescopes in different
countries linked by radio, they've
taken advantage of a temporarily
redundant tracking and data re-
lay satellite (TDRS) put into orbit
to keep shuttle vehicles in con-
tact with Houston. This TDRS,
with its 5m dish, has been
hooked up by radio link to the
Tidbinbilla tracking station in
Australia and a similar receiver
at Ousuda in Japan. Together
they form an antenna with an
equivalent revolving power of a
dish 178,000km in diameter. In
practice this means that it
should be capable of resolving

| radio objects no more than 2 arc

sec. in diameter.

The experiment, coordinated
from the Jet Propulsion Labora-
tory in California, is extraordin-
ary because of the extremely fine
degree of control needed on the
satellite. For the array to work it
was necessary to measure the
distance between the earth-
bound tracking stations and the
satellite to better than 13cm -
the wavelength being used for
the astronomical observations.
In practice, the satellite also had
to be controlied so that the 5m
dish did not move by more than
lcm during the observations.

Remarkable though this is as a
technical feat, it’s by no means
the biggest array envisaged. A
project code-named Quasat is
designed to make use of a 50m
dish in space.
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sury TV R,
% 2

iy

o | e

HE| TR

IBM PC (and compatibles), BBC MODEL B, B+ and
MASTER, AMSTRAD CPC and SPECTRUM 48K

“ANALYSER" | and Il compute the A.C. FREQUENCY RESPONSE of
linear (analogue) circuits. GAIN and PHASE INPUT IMPEDANCE,
OUTPUT IMPEDANCE and GROUP RELAY (except Spectrum version) are
calculated over any frequency range required. The programs are in use
regutarly for frequencies between 0.1Hz to 1.2GHz. The effects on
performance of MODIFICATIONS to both circuit and component values
can be speedily evaluated.

Circuits containing any combination of RESISTORS, CAPACITORS,
INDUCTORS, TRANSFORMERS, BIPOLAR and FIELD EFFECT
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated — up
to 60 nodes and 180 components (IBM version).
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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

Tabular output on Analyser |. Full graphical output, increased circuit size and
active component library facilities on Analyser Il.

Check out your new designs in minutes rather than days.
ANALYSER can greatly reduce or even eliminate the need to breadboard new

Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R & D DEPARTMENTS
worldwide. IDEAL FOR TRAINING COURSES, VERY EASY TO USE. Prices from

Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update service.
For illustrated leaflets and ordering information please contact Dept. WW

Number One Systems [Ltd]

Crown Street, St lves, Huntingdon, Cambs. PE17 4EB.

Telephone: St lves (0480) 61778
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ENTER 41 ON REPLY CARD

423 X 8 = £165*

am——
90000000

An electronic solution to your
cabling and interfacing problems.

The 8-way RS423 “Comptons SOFT SWITCH",
developed at the National Physical Laboratory,
is now available from:-

The Soft Option Ltd.
Osbourne House
Lower Teddington Road
Hampton Wick KT1 4ER
Tel: 01-977 7670

Trade enquiries welcome. * Price excluding VAT and delivery.
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Used equipment — with 30 days guarantee. Manuals supplied if possible. This is a very
small sample of stock. SAE or telephone for LISTS. Please check availability before
ordering. Carriage alf units £16. VAT to be added to totai on Goods and Carriage.

Tektronix 2215 Oscilloscope

60MHz DualTrace Delay &weep With Manual
NLY £475 each

OSCILLOSCOPES

SPECIAL OFFERS
B+K Precision CRT Restorer/Analyser Model 467 Supp Ied with 2
bases and manual, p&p £7. £125 each

Labgeav Colour Bar Generator KG1 8 Test Panems
pap E4. ONLY £40 each

MARCONI Q Meter TF 1245 with TF1246 or TF1247.
H.P, POWER
12.4-18GHz
MARCONI RF MILLIVOLTMETER TF2603 50KHz-1.500MHz

MARCONI INSITU UNIVERSAL BRIDGE TF2701

MARCONI UNIVERSAL BRIDGE TF2700 Battery Cperated
MARCONI TF1313 Universal Bndge

MARCON) AF SIGNAL SOURCE TFZO{)O 20H2-20KHz.
H.P_RF MILLIVOLTMETER 411 A 500KHz-500MHz
KEITHLEY ELECTROMETER Type 6108 with Adaptor 6108
SOLARTRON TRUE RMS VOLTMETER VM1484.

H.PTRUE RMS VOLTMETER 3400A 10Hz-10MHz
H.P.X-Y RECORDER Type 70158

MSARCONI VALVE VOLTMETER TF2600 10Hz-10MHz TmV-: 300V

500
METER 431C with Thermistor Mount lOMHz—lOGHz er

ilSO

.£500

THANDAR LOGIC ANALYSER TA2160 16 Channel

TEXCAN AL60B SPECTRUM ANALYSER 0-3GHz £3.000

20MHz . £1,750
THANDAR LOGIC ANAL YSER TA2080 {Unused) 8 Channel
20MHz £850

TEKTRONIX 577 Curve Tracer £2500 COMMUNICATION RECEIVERS
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep £1500 RACAL RA 17{ 500KHz-30MHz with mznual ONLY £140 each
TEKTRONIX 4568 Duai Trace 100MHz Delay Sweep. £1200 EDDYSTONE 730/4 480KHz-30MHz with manual ONLY £110 each
;I;qlgé SAXDusaI Trace 200MHz Celay Sweep. £1200
NIX 465 Dual Trace 100MHz Delay Sweep £900 MULTIMETERS
TEKTRONIX 454 Dual Trace 150MHz Delay Sweep £550
TELEQUIPMENT D75 Dual Trace 50MHz Delay Sweep eri| e IR L I s S L T
?{sg&éﬂﬁﬂ%’éf SOW 1 Delggra:;eebp lay S ;‘3§3 AVO 8 Mk2 Complete with batteries & leads 145
ual frace 1z Delay Sweep
COSSER COUI150 Dual Toace SEMH? Deiay Sucep 200 Ahbeove ftems In GOOD WORKING ORDER - appearance not Al hence
SaLESSEILIC T Bigi wEErallC 10 AVO TEST SET No. 1 (it verson of AVO ) Complete wit
= batteries, leads & carryin £65
T eI D3 Do iy 18 Detay Sweep - 130§ AVO Model 73, Pociet Wetimeter (Anclogue) 30 rarges Complte
1th batteries & leads £18
TELEQUIPVENT S53A Singl Trace 10WHz SoidStte ... £110 =
HILIPS PM3234 STORAGE Dusal Beam 10MHz o
TELEQUIPMENT DM64 STORAGE Dual Trace 10MH2 £225 BRUEL & KJOER EQUIPMENT
Reat Time Third Octave Analyser Type 3347. £3,000
GENERATORS et Retaer Froe 2355 210 00
MARCONI TF2950 Mobile Radio Test Set £1,400 z
MA:CSNI ;;2882 FM 10-1000MHz £1400 Beat Freguency Oscillator Type 1022 £400
MARCONI TF2006 FM 4-500MHz . £950
N M TR T eront AT wgg {ORIVE PSU 24071 5V 164 & 12V 1 5A Out Sze T
MARCONI 720028 with Synchroniser Y218 10Hz-88Hz | WERTY KEVBOARD (s LYAK MICRO) Push o male
y s >
MARCORI TE 0665 /P 1OMHz-470M s £350 | Coed ONLY/55.ea
MARCONTEo A SN ool 20M HzlNariow Deviation £250 1 avO TRANSISTOR TESTER TT169 Handheld GO/NOGO tor
ADVANCE Type SG63E AM/FM 4-230MHz £100 n sttu testing. Complete with batteries, leads and
ADVANCE Type SG628 AM 150KHz-220MHz £45

Instructions NOW ONLY £12 {p&p £3)

PHILIPS COLOURBAR GENERATOR Typ2 5501 (p&p £5) 4100
PHILIPS COLOURBAR GENERATOR Type 5508 Video oul. Many
£]25

GRUNDIG COLQUR GENERATQR FG5E. Many lunctions... £125

NEW EQUIPMENT
HAMEG OSC‘LLOSCOPE 605. Dual Trace 60MHz Oelay Sweep
Compone £567
HAMEG OSCILLOSCOPE 203 8 Dual Trace 20MHz Component
Tester with two probes £298
Al other models available.

BLACK STAR COUNTER TIMERS (p&p £5)

APOLLQO 10-100MHz Ratio/Period/Time interval ete 219
APQLLO 100-100MHz (As above with more tunctions) £285
BLACK STAR FREQUENCY COUNTERS {p&p £4) Meteor

100-100MHz .£99
Meteor SOO—GOOMHZ £126
Meteor 1000-1Gl

£175
BLACK STAR JUPWOR 500 FUNCTION GENERATOR Sine/Sauare/
Triangle 0.1Hz-500KHz (p&p £4) £110

HUNG CHANG OMM 7030 32 digit. Hand held 28 ranges including

—— 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)

ISOLATING TRANSFORMERS 10 Amp AC/DC 0 1%
240V input - 240V output Complete with battery and leads (p&p £3). £3950
500VA......... £15 each p&p £5 100VA £6eachpsp£2 | OSCILLOSCOPES PROBES Switched X1 X10 (p&p £2) L£11
STEWART OF READING Telephone: 0734 68041
L]

S
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The maximum power

theorem

JW warns that some theorems can endanger your health

he transfer of power from a generator
Tto a load is one of the most fun-

damental operations in electronics
and electrical engineering. 1 have worked
with students who, once introduced to the
Power Transfer theorem, tend to offer it up
with reverence as a kind of panacea.

But as usual the picture is not quite so
straightforward. A blind belief that the con-
ditions for maximum power transfer always
apply could get you into trouble. [ mention a
car battery later as an example. If you tried to
match the battery, you might well end up
with molten copper, boiling electrolyte and
buckled plates! So, automotive engineers do
not attempt to match the battery.

In case your memory isa little rusty on the
theorem, I will briefly review it. In the “d.c.”
form, the theroem states: ‘The maximum
power is transferred from a source to a load
when the load resistance is equal to the
internal resistance of the generator.” This is

VV
#

O

O

Fig.1. Power in load is a maximum when
r=R.

easily seen from Fig.1 where, on finding the
current and then the power in the load
resistor, we have:

o
“r+R
. powerinR1s
. E‘R
_I’R— =
Pr=I“R (r+R)’

If there is a maximum when R varies, this
occurs when dP/dR=0.

dPy_E’[(r+R)*~2R(r+R)] _E*r—R)
dRr (r+R)! "~ (r+R)’

and for thistoequal 0, R=r.

Now

You can see intuitively that, if a short
circuit is applied, the power available exter-
nally is zero. For an open circuit, no current
flows, so the power dissipated is again zero.
The simple analysis shows that in between
these extremes the power available is a
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Fig.2. Although power is a maximum when r =R, efficiency is 50%.

maximum when R=r. A plot of power in the
load as R varies, r remaining fixed, shows
this. See Fig.2.

Communications and radio engineers
often call this equality of source and load
resistances the matched condition. From
the equation for Pg, with R=r inserted, the
maximum available power from a source
e.m.f. E with internal resistance r is,

2
Pmax:%?

Some authors confusingly state that P,.,, is
“independent of the load”. It is, if the
equation is written as I have shown without
R in it, but you have to remember that the
maximum power is only obtained in practice
if R is adjusted for the matched condition.

The theorem also applies to a.c. circuits
containing reactances as well as resistance.
All active circuits that end up with a final
pair of terminals supplying a load can be
reduced to a voltage generator, plus an
internal resistance in series with a react-
ance, as shown in Fig.3. This is an applica-
tion of Thévenin's theorem. (Norton’s
theorem is equivalent, but reduces the cir-
cuits to a current generator with an internal
conductance shunted by a susceptance. Nor-
ton is said to be the dual of Thévenin.)

If the source impedance of a single-
frequency a.c. generator is z=r+jx and a
load impedance connected to it is Z=R+jX,
then the magnitude of the current is

e
" Vr+ R+ (x+ X)2

Fig.3. Any active circuit of the type sup-
plying a load comprises a generator, an
internal resistance and a reactance.

We are interested in the power dissipated in
the resistive part of the load only, because
the reactive part never dissipates any power.
This is given by

5 e’R ]
R (r+R)* +(x+X)*

Without any differentiating, you can see that
Pr is greatest for given resistances when
X=-—x. This means whatever the source
reactance value, vou can maximize the
power in the load by ‘tuning it out’ using an
external reactor, equal to the internal one
but opposite in sign, as part of the load. In
fact, you have simply set up a series-tuned
circuit in the system.

But matters are not as simple as they
seemn. Not many people are interested in a
continuous single frequency. In com-
munications, a whole band of frequencies
occurs. In digital systems, it is even worse.
The band of harmonics is very wide for fast
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switching edges. Many digital engineers
have come to grief by not realising the
‘analogue’ nature of the networks, transmis-
sion lines and so on, in their systems.

The source e.m.f. and the real and imagi-
ary components of its impedance in a
Thévenin equivalent circuit vary with fre-
quency. Even for fixed values of reactive
components, L. and C, the shifts of reactance
with frequency are in opposite directions,
relative to each other. For simple circuits
this means that, at best, matching can only
be obtained at one or two points in the band.

Usually, engineers cope with this by show-
ing that a good compromise can be arrived at
by equalizing the magnitudes of the source
and load impedances. If Z is the magnitude
of the load impedance and 9 its phase angle,
then the real and imaginary parts are Zcos
and Zsin@ respectively. The power in the real
part is then

A
(r+2cos0)%+ (x+Zsind)?

PR=

and if you differentiate this with respect to Z
vou can show that the maximum power is
transferred when Z =z. The amount of power
obtained now becomes,

e’cosh

P’"a":4zcos: La(6+6;)

where z is the magnitude of the source
impedance and 6, is its angle.

To return to my opening remarks, one
decidedly does not try to match car batteries,
whose r may be a few milliohms. The obvious
reason is that, if the maximum power
theorem is attempted, many kilowatts be-
come involved, half of which are dissipated
inside the battery, which would soon boil,
and explode, or something. The other half
would melt the wiring harness.

Consider matching a power station to a
city — an even more disastrous proceeding.
The efficiency can never be more than 50%
for the maximum power condition, which
would mean that half the megawatts pro-
duced would have to be dissipated at the
power station.

What this means is that power engineers
do not show much interest in the maximum
power theorem. Their aim is to increase
power transfer efficiency. As you can see
from curve B in Fig.2, high efficiencies
require R>>r and this is certainly true in
the application of car batteries and power
stations.

So the discussion comes back to com-
munications engineers, who do often re-
quire maximum signal power in a load. For
example, the rather naive case of constant
noise power in a system would require the

signal power to be maximized for best
signal-to-noise ratio to be obtained. But
even in our field, this maximum condition is
not always sought. In power amplifiers —
class B operation, for example — efficiencies
of 70% or so might be obtained. In r.f. work
with class C stages, even higher efficiencies
are expected. 50% is not looked upon as very
good, but that is the best you can do with
maximum power matching as we have seen.

For good voltage regulation from a power
supply, the source impedance must be very
low compared to the load and any variations
in it. Such supplies do not attempt the
matching condition on this argument alone.
The regulation from no load to full (match-
ed) load would be,

Voltage at maximum load
Voltage at no load

= 50%

which isvery poor.

In conclusion, it seems that in small-
signal, high-source-impedance, systems, we
often consider the maximum power condi-
tion. In these, the money is in the hardware
and not the energy consumed. In power
systems, where costs of the energy domin-
ate, it is efficiency that counts and that
requires R>>r.

Hadamard versus Fourier

would be used to store the original voice
data, and be used in later speech reproduc-
tion. The ‘frequency’ data would not be used
as such; that information is held in a number
of these coefficients and these can be used to
mathematically reconstruct the original
waveform.

SPEECH RECOGNITION

As part of an experiment to test the applica-
bility of the Hadamard transform, a small
routine was written around the basic FHT
algorithm (program 1) to input 10000 sam-
ples of speech in one second. The FHT was
then used to transform 10 consecutive
blocks of 1000 points into the frequency
domain. A proportion of the major coeffi-
cients from each block were then stored in
memory and used to reconstruct the original
speech waveform and played through the
internal speaker of an Apricot Xen. The
program was run interactively through the
keyboard within a Forth kernel.

First results found that the reconstruc-
tion of certain words containing the
phonemes /l/, /w/ or /r/ were difficult to
distinguish. Subsequent attempts increas-
ing the number of coefficients from 16 to 32
or 64, enabled better audio resolution of he
phonemes. There are still difficulties at the
time of writing — for instance, the phonemes
/th/, /g/ and /p/ are difficult to distinguish,
and appear to depend on the exact instant
when sampling is started. However, as a first
approach the FHT technique gives excellent
results and is capable of analysing speech or
voice data in real time. An interesting little
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continued from page 17

diversion was to shift the transformed data
up in frequency, and then playback the
‘Mickey Mouse’ version of the original
speech!

The FHT technique has also been used in
an Apricot Xen to control an electrochemis-
try module that transmits a multi-harmonic
signal to an electrode immersed in a solution
containing species that will react at particu-
lar potentials. The return of the signal
through special potentiostat circuitry con-
tains the (stimulated) response of the species
and can be defined by frequency response
analysis. Different species and electrode
materials change and impedance of the
systemn in predefined ways and can be used as
such to identify the processes and mechan-
isms at the electrodes. FFT software was
used in the past, but by changing to the FHT
there has been a substantial decrease in the
time taken to perform all the necessary
calculations without loss in information
content.

The same should be true of many other
areas that use transforms, such as image
coding, video techniques, speech and object
recognition, radar and radio and data trans-
mission and compression. Because of the
general complexity of the FFT alogrithm a
suitable alternative has been found that is
simpler to code, occupies less memory, does
not resort to complex number notation, and
is considerably faster in operation. There are
other transforms, and some of these will
undoubtably be better than the FHT for
certain cases, but this article demonstrates
that the FFT is not the only transformation
routine available, and that it is possible to

Gray codes are not natural codes for computers. They
were first developed for use on shaft encoders, or for
work with rotating parts where the angle of rotation had
to be controlied accurately. It has the property that only
one bit in the binary code changes from one transition
to another. The rule is:

—begin with all zeros,

— always change the single l.s.b. that gets to the next

state.

Gray codes can be generated with any number of bits.
The machine-code routine to do'this is rather compli-
cated, buta Fortran subroutine looks like.

SUBROUTINE GRAY(M, N, X)
DIMENSION X(N)

C N = 2x*xM = number of samples
N2=N/2
N4=N/4
DO 1 I=1,M-1
INT=2*%(I-1)
DO 2 L=1, INT
DO 2 J=1,N4
IY=N2+J+(L-1)*N/INT
IX=IY+N4
Z=X(IX)
X(IX)=X(IY)

2 X(I1Y)=2Z
N2=N2/2

1 N4=N4/2
RETURN

tune a microcomputer to work in, or
approach, real-time analysis.

Mark Varney obtained his doctoral degree at
Liverpool University in chemical oceanogra-
phy. He has spent three years in postdoctoral
research and two years as director of his own
research consultancy, designing and de-
veloping analvtical instrumentation. In
1986 he joined the Oceanography Depart-
ment at Southampton University where he
carries on this work and also lectures in
marine organic chemistry.
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32-BIT COMPUTER

Computer boards accessing memory across
a non-standard bus designed to suit the
microprocessor have advantages over sys-
tems using industry-standard buses, accor-
ding to a note on National Semiconductor
ICM332-1 integrated computer modules.
These advantages are that price decreases
because there is no need for backplanes and
card cages, and performance increases be-
cause all memory is accessed through a local
bus tailored to suit the processor.

Boards described in the note are based on
32-bit Series 32000 processors and periphe-
rals which include the NS32332 c.p.u,,
32201 timing controller, 32082 memory
manager, 32081 floating-point unit and
32202 interrupt-control unit. These mo-
dules are intended for designing into office
automation, workstation, graphics and
process-control equipment.

The c.p.u. board has 2M-byte of ram with
parity checking but can access a further

IMAGE SENSING D-RAM

When light falls on a dynamic memory cell
its storage capacitor discharges at a rate
proportional to both the light intensity and
exposure duration. It has been known for
some time that with certain types of d-ram, if
you can successfully expose the top part of
the chip, you can use it as a crude image
Sensor.

Now an American company is manufactu-
ring specially fabricated dynamic rams with
a glass window on top for image sensing.
Unlike ordinary d-rams, these devices can be
adjusted for sensitivity by varying voltage on
an analogue input pin (pin 1 for the d-ram
pinout experts).

As with ordinary dynamic rams though,
these i.cs have two or more separate memory
matrices on the chip depending on the
version. With the 64K-bit device there are
two 128-by-256 element matrices for exam-
ple so a picture sensed using the whole chip
has a dead zone either along or down the
middle. But the sensors are intended for
computerized image sensing, in say robotics

APPLICATIONS SUMMARY

cpu
NS32332

Addressiata

CLOCKS

—r

12M-byte through its 32-bit Maxibus. Fur-
ther boards provide i/o processing, with
s.c.s.i., and memory expansion. National’s

applications and process control, so the dead
zone becomes less of a problem. Of course
just one matrix can produce a lower resolu-
tion picture without a dead zone.

In order to achieve high chip density, cells
within the chip are staggered so the address
matrix does not correspond exactly with the
physical matrix. Unless the image represen-
tation is rearranged, either in hardware or
software, it will lack definition because of the
staggering.

There are two possible ways of achieving a
grey scale, one by varying the threshold
voltage and the second by altering the scan
rate. Although varying the threshold voltage
seems most obvious, the manufacturer sug-
gests that altering the scan rate is the best
method.

ST.=SI.

Maxibus

Unix operating-system port Genix V3 is
available for use with the boards.
301 on reply card

device data sheets. These graphs come from
the 1S32 OpticRam Spectral data applica-
tions note. This note discusses sensitivity,
effects of threshold voltage (pin 1), dark
current and pixel-to-pixel and chip-to-chip
sensitivity. Reciprocal fluence versus wave-
length illustrated in the first graph shows
that peak sensitivity is about 3x10°cm?%)J
between 700 and 800nm. The second graph
is of more general interest, showing the
maximum hold time for the unilluminated
d-ram against temperature.

Three OpticRams are produced by Micron
Technology Inc., one with two 128-by-256
image sensing elements, one with four 128-
by-512 elements and one with twenty 128-
by-256 elements. They are distributed in the
UK by Joseph Electronics.
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'APPLICATIONS SUMMARY

CRT CONTROLLER

Comprehensive design details starting with
a comparison between raster and vector
graphics are included in Hitachi's 118-page
application note for the HD63484 advanced
c.r.t. controller. Details of this frame-buffer
interface include ram timings and full dot-
clocking information. The device's many
registers are also explained.

303 onreply card.

PCM/ADPCM
TRANSCODER

Adaptive differential pulse-code modulation,
or a.d.p.c.m., increases efficiency in p.c.m.
telephone links. The device shown below is a
p.c.m./a.d.p.c.m. encoder/decoder called the
TEL72.

It has three-state outputs and runs from a
single 5V supply.

In conformance with international stan-
dards, the c-mos 721 transcodes 64k-bit/s
p.c.m. to 32k-bit/s a.d.p.c.m., or vice versa,
on a single speech channel. Switching for
either the CCITT G721 or draft UST1Y1
algorithm operation is included and both
A-law and p-law p.c.m. i/o can be handled.
For digital-speech interpolation, the 721 can
be operated at lower a.d.p.c.m. rates of 24 or
16k-bit/s.

Several transcoders are shown connected
to common input and output buses in the
application example. Input in the form of
p.cm. or a.d.p.c.m. is fed to all devices and
each device is enabled by a different input
strobe so that it responds to only one speech
channel. Likewise, each device is enabled by
a different output strobe so that it inserts
data for one speech channel into the p.c.m.
or a.d.p.c.m. output data stream. A nibble

( = ™
g
MA16-
16-17 Latch
[ enable 16-to-8
MAD 0~5 ~ Address # i line
——— A latch 4 multiplaxer
64 x16
ACRTC ROW/ COL
63484 — =
- CAS
WE
MRD ? .
! DIN DOUT
ORAW Drivers »
Timing [ ! U "D‘ X 2
DRAW
MRD {— E}N [ | Other
LATCH EN ‘ B i -
RAS .L L line ]
s multiptexer
DATAEN T 7 1]
LOAD PS
Attribute
latch -
B 0;
m{ I l Load  shift register
Pixel clock
M ciltator FEUnGY

sample to the first or second half of the 8-bit
multiplexed time slot.
Currently the 721 complies with G721

changes to the G721 and T1Y1 algorithms
have been ratified, STC plans to introduce a
revised version of the chip.

selection input assigns the 4-bit a.d.p.c.m. 1985 recommendations. When pending 304 onreply card.
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This issue carries an article describing an OK1 chip with a similar function — Ed.
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I The low cost solution to PCB design
contact us now for full information

Conguin Software Limited
Freepost, Morden, Surrey SM4 1BR Telephone: 01-640 9130

ENTER 37 ON REPLY CARD

Versatower:

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

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

Designed in accordance with CP3 Chapter V; part 2;
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile
environments demand the ultimate in design, quality
and reliability.

Suitable for mounting equipment in the fields of:
Communications

Security surveillance — CCTV

Meteorology

Environmental monitoring

Geographical survey

Jefence range-finding

Marine and aerg navigation

rioodlighting

Airport approach lighting

Further details availaple on request

2

STRUMECH ENGINEERING LIMITED
Portland House, Coppice Side, Brownhills
Walsall, West Midlands WS8 7EX, England
Telephone: Brownhills (0543) 374321

Telex: 335243 SEL.G.

ENTER 34 ON REPLY CARD
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137 Standard Ranges in a variety of sizes and stylings available

METER PROBLEMS?

for 10-14 days delivery. Other Ranges and special scales can be
made to order.

Full Information from:

HARRIS ELECTRONICS (London)
138 GRAY'S INN ROAD, W.C.1 Phone: 01-837 7937
Telex: 892301 HARTRO G

ENTER 22 ON REPLY CARD

SATELLITE TELEVISION

Buy direct from the manufacturers, low cost full
band satellite TV systems.

Complete satellite receiving system from
£495.00 + VAT.

Write or telephone for details, or call in at our
factory showroom.

NETWORK SATELLITE

SYSTEMS LTD

Units 7-8
Newburn Bridge Industrial Estate
Hartlepool, Cleveland TS25 1UB

Tel: (0429) 274239 or 869366

ENTER 6 ON REPLY CARD
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Double-notch filtering
simplifies distortion analysis

Using a notch filter with a canyon-shaped characteristic
makes t.h.d. analysers easier to tune and produces more

quipment for measuring total harmo-
Enic distortion is invaluable for

checking amplifiers, tape-recorders
and record stylii and should be used regu-
larly to check high-quality reproduction
systems for degradation (see ref.). It is also
useful for designers and builders of audio
equipment.

An adjustable notch filter and simple
circuit, Fig.1., will measure t.h.d. but ma-
nual adjustment of a deep-notch filter with
reasonable Q can be difficult*. My aim was to
design a band-stop filter with at least 60dB
rejection to allow fundamental suppression
to 0.1%, and yet avoid using the usual two
interacting controls for frequency tuning
and depth trimming.

My first prototype —a notch filter which is
automatically tuned to the fundamental
frequency — consisted of a 4046 phase-locked
loop i.c. driving an MF10 switched-capacitor
filter. This approach failed to meet my
design requirements for the reasons shown
in the panel but the design was capable of
servo control of fundamentals down to 1% so
it would be suitable for low-fidelity measure-
ments.

Next 1 thought more carefully about the
usually employed notch filter iteself. This is
a second-order filter with a pair of zeros on
an imaginary axis. These zeros lie where the
axis is cut by a circle around the origin
passing through the poles. Thus both zeros
and poles have the same resonant frequency
and the filter transfer function is

S —w

M) = o/ Qs=S 2

At the pole frequency, this filter has a hole in
its amplitude characteristic of a theoretically
infinite depth for when s is —jw, the numera-
tor of H(s) becomes zero. Narrowness of the
notch surrounding this hole is what makes
t.h.d. measuring instruments difficult to
tune manually.

But infinite suppression of the fundamen-
tal is not essential for practical t.h.d. measu-
rement so I thought about what could be
done to achieve a broader notch by sacrifi-
cing depth. I needed in effect not a notch but
a ‘canyon’ in the amplitude transfer charac-

* The need for tuning is especially acute if transducing
equipment such as a record turntable or tape deck is
being checked. Width of a ‘canyon’ filter floor allows a
consistent and accurate measurement to he made despite
moderate variations in the speed of the transducer motor.
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consistent results.

B.J. SOKOL

SERVO NOTCHFILTER

This servo notch filter tunes the notch to input frequency by forcing bandpass output to be in phase with
the input. When bandpass-output is in phase the notch is in quadrature and thus nulls the input. Null is
set at s=— jw=—jwhere

s
Hgp=——
BP 2 ras+1

and
e
s 4as+].

The effect of a phase error d¢ is equivalent to the bandpass output BP locking the locp at phase
dé at frequency 1+dw;

. l-—w=1-w"
bgp=tan ronall T

giving
d
G=-3
This frequency error moves the notich amplitude function up from null according to the
derivative
din, |
—ﬂ—(dm 0)

which works out to —2/a.. So the overall proportional effect of the phase error is

dlu) dlH,| dﬁ‘

dé  do dbio=0

—d -2
ol T

Thus to get —60dB (amplitude 0.001) requires 0.001 radian phase accuracy.
This translates to a minimum voltage accuracy in the zero crossing comparators of 1mV per
peak volt input because V=A sin § has phase slope

2—3(0)=}\ radV

$ I Y, MF10 Notch out po—t
in n
Bandpacs
Clock il I ¥
N zero -
—— crossing
—
Second
phase -
comp ]
bD_ loe 2 L
4046 ilter
Zero
€rossing
veo = J
vco.i/p
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Fig.1. An adjustable notch filter and simple
circuit measure th.d. but manual adjus-
tment of a deep notch filter can be difficult.
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Fig.2. Using two notches placed close
together results in a canyon-shaped trans-
fer function. Using such a characteristic
instead of a narrow notch filter makes th.d.
measuring instruments easier to tune.

teristic; a gorge not necessarily infinitely
deep but with steep walls and with a certain
width at the bottom.

Experiments with a computer program of
mine called Bode (a listing is available),
which tabulates phase and amplitude cha-
racteristics of any filter or transfer function,
soon showed that two notches placed close
together will produce just this overall trans-
fer function.

Figure 2 shows such a transfer function
using a graphical version of Bode. Of course
the canyon bottom is not perfectly flat but
maximum height between the walls can be
limited to comply with the required figure of

60dB. Several applications of Bode showed
that there is a trade-off between maximum
floor height, filter Q (or steepness), and the
distance (in frequency) between the canyon
walls.

Investigating how wide one can make the
floor of this canyon filter without unduly
sacrificing its depth requires a little calcula-
tion. (Normalized frequency ratio rather
than absolute frequency determines the
slope of all filter curves, hence for example
6dB/octave.)

Without losing generality, frequenncy
(radian) of the lower of the two notches can
be made 1 and of the upper notch, r. If

(a)

Do you want normalized frequencies? Type y/n <cr>.

starting freq (relative to 1), number of steps/octave,
of octaves.
Do you want a dB

Type:

number

Number of simple poles 0
Number of simple zeroces 0
Number of double poles 2
Number of double zeroces 2
Type coefs B,C of (next) poles
Type coefs B,C of (next) poles
Type coefs B,C of (next) zeroes
Type coefs B,C of (next) zeroes
(the programme BODE replies)
POLES
-.5 + .8660254 3
S5, + -.8660254 jJ
-.515 + .8920062 3
-.515 + ~-.8920062 j
ZEROES
o + 13
0 + -13
0 + 1.03 3
0 + -1.03 j
Frequency Phase (rad)
0.25 0.5130143
0.3535534 0.7550781
0.4999999 1.153829
0.7071065 -1.27174
0.9999995 -5.905931E~-02
1.414213 1.188121
1.999999 -1.19933
2.828425 -0.7814911
3.999997 -0.5297
(b)

Do you want normalized frequencies? Type y/n <cr>.

Type min W, max W, W step:

Do yo

Nunbe
Numbe
Numbe
Numbe

Type
Type
TYpe
Type

(the

Frequ

.99
.995

.005
.01
.015
.02
.025
.03
.035
.04

B4 b4 it pd b ot b ot o O O

Fig3. These two dialogues with Bode give the effect of a double notch, with both Q values at
1 and with spacing of 3%. Dialogue (a} reports at /2 octave intervals to give an overall idea
of the notch. in dialogue (b), a fine analysis of the double notch around the centre is
produced by using closer frequency intervals of 0.5%.

Note: the ‘canyon floor' is really at \/'r but this is close to (1+r)/2 when r is
approximately 1. f r is 1+d, (1+1)/2 is 1+(d/2) and (1+(d/2))? is 1+d+(d%/ 4) which is

u want a dB amplitude scale? Type dB/lin <cr>.

r of simple poles
r of simple zeroes
r of double poles
r of double zeroes

coefs B,C
coefs B,C
coefs B,C
coefs B,C

programme

POLES
=S
T8
~.515
~.515

ency

+
+
+
+

(SRR

H(s)=

of (next) poles
of (next) poles
zeroes
of (next) zeroes

of (next)
BODE replies)

.8660254 3
-.8660254 j
.8920062 j
~.8920062 j

J

L
.03 j
.03 j

Phase (rad)

-9.917195E~02
~7.907128E-02
undetermined
=3.3913313E-02
~1.930095E-02
4.364872E~-04
2.007696E-02
3.961799E-02
undetermined
7.839303E-02
9.762275E~-02

s +s+12

approximately equal to 1+d=r.

amplitude scale? Type dB/lin <cr>.

s”A2+Bs+C
s”A2+Bs+C
s"2+Bs+C
s~2+Bs+C

_$°4103%
52+1.03s+1.032

Amplitude

.9356178
.8640671
.7023717
.3522751
.628971E-08
.3128393
.6813552
.8548866
.9314614

OCOO0OO0OUMOOOO

5~ 2+Bs+C
s5A2+Bs+C
s”22+Bs+C ‘
s~ 2+Bs+C

Amplitude

1.587483E-03
6.916142E-04
nil
4.896358E~-04
7.797505E~04
8.729742E-04
7.721004E-04
4.800777E~-04
nil
6.649018E-04
1.51127E~03

= o
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distance between the notches is, say, 3%
then r is simply 1.03. Assuming that each
notch is symmetrical and with the same Q of
1/a (you will see why later) the transfer
functions of the two second-order notch
filters are,

s“+1
=2
s“+as+1
and
- sz+r3-_
s’ +ars+r2.

H,

Amplitude of these transfer functions is
determined by substituting —jw for s and
then calculating the square root of the sum
of the squares of the real and imaginary
coefficients. Here, w représents relative fre-
guency in the ratio L:r so the rad/s versus Hz
distinction need not be made.

Manipulation becomes rather complex
but the points of interest — depth and width
of the canyon floor — have a relatively simple
expression. When the two transfer functions
are multiplied and the combined transfer
function ts assessed for amplitude it turns
out that the maximum value of the ampli-
tude between the two notches, the highest
point of the canyon floor, is exactly.

B, [} e
(r—1)%+ar

For small values of r—1, for example when
the notches are fairly close together, and Q is
1/a, thisis nearly equal to Q(r—1)".

This is a pleasing result for if r is 1.03 and
Q s 1 the height of the canyon floor is close
to 0.03% which is less than 0.1%. A canyon
filter consisting of two notch filters spaced
apart by 3% will therefore suppress all
frequencies by at least 60dB across a band at
least 3% wide (a musical quarter tone); it will
also be easy to tune.

Using the program reveals an exact result
showing that a 3% gap between notches
actually produces a canyon floor with a
maximum height of 0.000873 (relative to an
amplitude of 1) and that around this canyon
there is a 4% wide frequency band
throughout which amplitude suppression is
better than 60dB, Fig. 3. This result exceeds
the approximation so there is room in the
design for a slightly wider notch, which is
useful as can be seen from Fig.4.

The next issue to consider is steepness of
the canyon walls. One must examine beha-
viour of the double notch at frequency f=2
and above, which is where the harmonic
distortion products are found. A neat ap-
proximation is possible when the notches
are close together, for then they can be
considered to be coincident at f=1 looked at
from f=2 or above. Hence the transfer
function is approximately the square of the
transfer function of the single notch H,
above. If —jw replaces s in the formula and
the result is squared, the expression for the
amplitude at =2 simplifies to 9/(9+4a”).

This approximate result indicates that for
a canyon with Q values of 1, amplitude gain
at the octave above the fundamental will be
9/13 or 69.2%. Using the program to find the
exact values gives 68.1% for a notch spacing
of 3% (Fig.3), confirming the approxima-

ELECTRONICS & WIRELESS WORLD

Type min W, max W, W step:

(the programme BODE replies)

POLES

-.5 + .8660254 J
~-.5 + -.8660254 )
~.5175 + .8963224 j
~.5175 + -.8963224 J
ZEROES

o + 13

0o + -1

0 + 1.,034988 j

0 + -1.034988 3

Do you want normalized frequencies? Type y/n <cr>. n
0.98,1.05,0,005

Do you want a dB amplitude scale? Type dB/1lin <cr>. lin
Number of simple poles 0

Number of simple zeroes 0

Number of double poles 2

Number of doukle zeroces 2

Type coefs B,C of (next) poles sA2+Bs+C 1,1

Type coefs B,C of (next) poles s72+Bs+C 1.035,1.0712
Type coefs B,C of (next) zeroes sA2+Bs+C 0,1

Type coefs B,C of (next) zeroes sA24Bs+C 0,1,0712

Frequency Phase (rad) Amplitude Fig4. Fine:scale tabula-
0.98 -0.1491927 4.384417E-03 tion from the Bode prog:
0.985 -0.1289434 2.978065E-03 ram of a double notch
0.99 -0.1087736 1.779765E-03 ; o

0.995 -8.868631E-02  7.877373E-04 allowing a 3.5% gap be-
1 undetermined nil tween notches. Qis 1.
1.005 -4.876988E~02 5,856179E-04

1.01 ~2.894603E-02 9.7147E-04 s?+1
1.015 -9,215174E-03 1.160086E-03 His)=
1.02 1.042028E-02 1.154161E-03 s°+s+1
1.025 2.995801E-02 9.565485E-04

1.03 4.939569E-02 5.702484E-04 2 2
1.035 6.873123E-02 1.597292E-06 __s°+1035°
1.04 8.796241E-02 7.557175E-04 s2+1.035s+1.0352
1.045 0.1070873 1.68872E-03

1.05 0.1261039 2.797099E-03

tion. By the time that f=4, where f is 4, the
program shows that the amplitude value is
93.1% so there is little loss.

If Q were increased to two the above
equations show that gain at the first harmo-
nic (f=2) would be 90% while amplitude
response at the highest point of the canyon
floor would be less than 0.002 or 0.2% of the
fundamental level. That might seem a better
compromise but it was rejected because
sensitive t.h.d. measurements are for most
purposes more important than absolutely
accurate ones. That is to say, 60dB funda-
mental suppression seemed more important
than the partial loss of harmonic products
due toalower Q.

Returning to the former design with a Q of
1 and the notches 3% apart, you will recall
that amplitude response is 0.681 at f=2. This
represents a loss of first-harmonic content of
about 3dB. Loss of higher harmonics is
negligible. For reasons discussed in my next
article, Q of the canyon filter may vary over a
range of about 1.5:1 when it is tuned. This
will result in a slight degradation of funda-
mental suppression, offset by an improve-
ment in canyon steepness.

On paper, or using Bode, better results
seem (o be possible if asymmetrical notch
filters with wp not equal to wz or two
notches with unequal Q values are em-
ployed. Such filters can pass frequencies
higher than the fundamental (the harmonic)
to a greater extent at the expense of suppres-
sion of frequencies below the fundamental'.

However, such methods are undesirable.
False readings of t.h.d. are likely to result
from a seemingly useful steep rise of the

amplitude function up to f=2 and a very
small amplitude response at and below f=1.
For example if there were quite a lot of
second-harmonic distortion the minimizing
procedure outlined in Fig. 1 could well
result in a frequency above the fundamental
being chosen as f=1 so that a little less
fundamental than 0.1% but quite a lot less
second-harmonic than 68% reaches the sup-
posedly nulled r.m.s. distortion measure-
ment. In other words one could null out
some of the harmonics which would of
course give afalsely low t.h.d. reading.

Thus it seems that a symmetrical double-
notch filter with notches approximately 3%
apart and with both Q values at around 1 will
serve the purposes of my design veryy well. It
should also he easy to tune.

Putting the double-notch filter to use will be
discussed in a further article. A copy of the
Bode listing can be obtained by sending a
large s.a.e. to E&WW’s editorial offices at
Quadrant House, The Quadrant, Sutton,
Surrey SM2 5AS. Please write Bode clearly
on your envelope.

Reference

Distortion on and off record by John Linsley Hood
in Hi-Fi News and Record Review Oct. 1982
discusses how useful t.h.d. measurement can be
in obtaining and monitoring high-fidelity equip-
ment.

+ The ultimate extension to this concept would be touse a
high-order elliptic or Cauer high-pass filter to pass only
harmonics and suppress the fundamental — but then the
problem of false nulling by placing the high-pass ‘brick
wall’where it cuts out harmonics clearly arises.
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«The ORIGINAL FREE OF CHARGE dial up data? [
*base. Buy, browse or place YOUR OWN AD fors
+goods or services to sell. 1000's of stock items,
* spares and one off bargains. Updated daily.
+ ONLINE NOW. CCITT, 8 bit word, no parity.
M For 300 baud modems cail 01-679 1888

For 1200-75 baud modems call 01-679 6183
G0 0000000000 000000000000000000a0000
FREE only £24.95 it becomes a SUPERB

HIGH QUALITY * COLOUR* TV SET
The tabulous TELEBOX an INVALUABLE MUST for the owner of
ANY video monitor with a composite input, colour or monochrome.
Made by a major UK Ca as a TOP QUALITY. stand alone UHF
tuner and costing OVER £75 to manufacture, this opponunlt¥ to
%IVG your monitor a DUAL FUNCTION must not be missed" The
ELEBOX consists of a compact, stylish two tone charcoal,
moulded case, contatning ALL electronics tuner, power supply etc
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALI‘FY COLOUR" TV SET, giving a real
benefit to ALL the family! Don’t worry if your monitor doesn't have
sound-THE TELEBQX even has an integral4 watt audio amplifier
tor driving an external speaker, PLUS an auxiliary output for superb
quality televislon sound via your headphones or HI F| system etc
Other features include: Compact dimensions of onl?' 1575 wx
75" d x 35" h latest technology, BRITISH manufacture, fully
tuneable 7 channelpush buttontuner, Auto AGC circuit, SAW filter,
LED status indicator, fully isolated 240v AC power supply for total
safety. Mains ON-OFF switch etc. Many other uses
LIMITED QUANTITY - DON'T MISS THiS OFFER!!!

ONLY £24.95 OR £19.95 if purchased with ANY of our
video monitors. Supplted BRAND NEW with full instructions and 2 YEAR
warranty. Post and packing £3.50 *When used with colour ert.

COLOUR & MONOCHROME
MONITOR SPECIALS

'SYSTEM ALPHA' 14" COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own protessional computer
system this monitor has all the features to suit your immediate and future
requirements Two video inputs RGB and PAL Composite Videa, allow direct
connection to BBC/IBM and most other makes of micro computers or VCR's,
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tube, Matching BBC case colour, Major controls on front panel Separate
Contrast and Brightness - even in RGB mode Separate Colour and audio
controls for Composite Video input, BNC plug for composite input 15 way ‘D'
plug for RGB input, modular construction etcetc
This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER

Supplied BRAND NEW and BOXED, complete with DATA and 90 day
?uaramee ONLY £149.00 as above OR IBM PC Version £165.00

5 Day'D skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA 80 16" COLOUR monitor. RGB Input.
Little or hardly used manufacturers surplus enables us to offer this s ecial
converted DECCA RGB Colour Video TV Monitor at a super low price ot only
£99.00, a price for a colour monitor as yet unheard of! Qur own interface,
safety modification_and special 16" high definition PIL tube, coupled with the
DECEA 80 series TV chassls give 80 column definition and quality found only
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be
seen to be believed! Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output Other features
are: internal speaker, modular construction, auto degaussing circuil, attractive
TEAK CASE, compact dimensions only 52¢cm W x 34 H x 24 D, 90 day

uarantee. Although used, units are supplied in EXCELLENT condition.
8NLY £99.00 + Carriage.
DECCA 80, 16” COLOUR monitor. Composite video input. Same as above
model but fitted with Composite Video ingut and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr.

REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm
composite video input and sound amp. This large screen colour dis, lay is ideal
for SCHOOLS, SHOPDS, DISCOS CLUBS and other AUDIO VISUAL applk
cations Supplied in AS NEW or little used condition ONLY £145.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video monltors.

Ail units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and set up for up to 80 column use. Even when
MINOR screen burns exist - normal data displays are unaffected 30 day

uarantee.

2" KGM 320-1 B/W bandwidth input, will display up to 132 x 25 lines £32.95
12" GREEN SCREEN version of KGM 320-1. Only €39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit. Oniy £48.00

Carriage and insurance on all monitors €10.00
T, 17 v} M
) DWeER SU '

GOULD OF443 enciosed, compact switch mode supply with DC regulated
outputs of +5v @ 5.5a, +12v @ 0.5a, ~12v @ 0.1aand —23v @ 0.02a. Dim 18 x

Your monitor from its computer! For

11 x 6 cm 110 or 240v input. BRAND NEW only £16.95

GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00

AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v
@ 3 amps. —5v @ 0.6 amps
protected. 100 or 240v A

and +24v @ 5 amps. Shon circuil and overvoltage
1nput. DIm 28 x 125 x 7 cm NEW £49.94
Carriage on alt PSU's £3.00

)

A / akla Manutfacturers BRAND NEW surpius.
DEC LA34 Uncoded keyboard with 67 quality goid plated switches on X-Y
matrix - ideal micro conversions etc £24.95

AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB

»
»

with 116 keys Many features such as On board Micra, Single 5v rail full ASCII
coded character set with 31 function keys, numeric keypad, cursor pad

3! and 9600 baud SERIAL TTL ASCII OUTPUTY Less than half price

“Only £69.00 with data Carriage on Keyboards £3.50

Double sided 40/80 track disk drives
CENTRONICS and system expansion ports. and if that's not eng
8" disk dnives. either in double density or IBM format The ultra
numeric keypad and text editing keys, even its own integral mi
USER programs eliminating "lost character” problems tound
agreen, antrglare etched screen. with full swivel and tilt mov
2.2, user manuals and full 90 day guarantee. Full data shee

PC2000 System

OMPUTER WAREHOUS

RN THE “"ALLADINS CAVE OF C

BE BEATEN"

DON’T MISS THE CPM Deal
OF the CENTURY
BULOUS CPM TATU

1000’s OF
BARGAINS -
FOR CALLER

A cancelled export order and months of negotiation enables us to offer this professiona
PC.CPM system.recently onsale at OVER £1400. at a SCOOQP price just over the cost of
the two internal disk drives! Or less than the price of a dumb terminai?

Not a toy. the BIG BROTHER of the EINSTIEN computer. the DUAL PROCESSOR
PC2000 comprises a madern stylish three prece system with ALL the necessities tor the
SMALL BUSINESS, INDUSTRIAL. EDUCATIQONAL or HOBBYIST USER Used with
the THOUSANDS of proven, tested and avalable CPM software packages such as
WORDSTAR, FAST, DBASE2 etc. the PC2000

specification, at our prices, CANNOT

The central processor plinth contains the 64 K, Z8OA processor, DUAL TEAC 55F 5V

(1Mb per drive). PSU,

with CPM Etc

Carriage

| SURPLUS SPECIALS O
PRESTEL - VIEWDATA - TELEX

PLESSEY VUTEL. ultra compact unit. sli htly Iar%er
F

than a telephone features A STANDARD DT
TELEPHONE (tone dial) with 5 CRT monitor and
integral modem etc for direct connection to PRESTEL
VIEWDATA etc. Designed to seli to the EXECUTIVE at
over £600" Our price BRAND NEW AND BOXED at
only £99.00
DECCAFAX VP1 complete Protessional PRESTEL
system n simline desk top umit containing Modem,
Numeric keypad. CPU, PSU etc. Connects direct 10
standard F\‘&B colour momitor. Many other features
include Printer output. Full keyboard input, Cassette
port etc BRAND NEW with DATA A FRACTION OF
COST.only £55.00
ALPHATANTEL. Very compact unit with integral FULL
| ALPHA NUMERIC keyboard. Just add a domestic TV
receiver and you have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be
tound" Many features: CENTRONICS Prinler output,
Memory dialling etc. Supplied complete with data and
DIY mod for RGB or Composite video outputs. AS
NEW only £125.00

Post and packing on all PRESTEL units £8 50

EX-STOCK INTEGRATED CIRCUITS

1 4164 200 ns D RAMS 9 for £11 4116 ns
£1.50 2112 £10.00 2114 €250 2102 £2.00
6116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2764 £4.95 27128 £5.50 6800 £2.50 6821 £1
68A09 £8 6BB09 £10 8085A £5.50 8086 £15
8088 £8 NEC765 £8 WD2793 £28 B202A
£22 8251 £7 8748 £15 Z80A DART £6.50
Z80A CPU £2.00. Thousands of IC's EX STOCK
send SAE for list

|
Japarese 5% half height, 80 track double sided disk
drives by TEAC. CANON. TOSHIBA etc
Sold as NEW with 90 day guarantee ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK £55.00
| SIEMENS FDD100 SS FH 40 TRK £65.00
carriage on 5% drives £5.50
Brand NEW metal 5%" DISK CASES with internal PSU.
DSKC1 for2 HH or 1 FH drive £29.95 +pp £4.00
DSKC 2 for 1 HH drive £22.95 +pp £3.50
DKSC 3 As DSK1 LESS PSU £12.95 +pp £2.50
DSKC 4 As DSK2 LESS PSU £10.95 +pp £2.00
8" IBM format TESTED EX EQUIPMENT,

SS £175.00 +pp £8.50
£250.00 +pp £8.50
TWIN SHUGART851°s2 Mb total capacity insmart case,
complete with PSU etc £595.00
MITgUBISHI M2894-63 8" DS 1 Mb equiv. to SHUGART
SAB50R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8" Alignment disk £29.00 + pp£1.00
Various disk drive PSU's Ex Stock SEE PSU section.
HARD DISK DRIVES
DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £295.00. ME3029 PSU £95.00
DIABLO 44/DRE40O0A, B 5+5 Mb from £750.00
CDC HAWKS5+5 Mb£795.00. CDC 9762 80 Mb RMO3
etc £2500.00.
PERTEC D3422 545 Mb £495.00
RODIME 5" Winchesters ex-stock from £150 CALL
Clearance items - Sold as seen - No guarantee.

ICL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF 8172 8" 23Mb Winchesters £199.00
Unless. stated all drives are refurbished with 90 da
guarantee. Many other drives and spares in stock - call
sales office for details. .

4K of memory mapped screen RAM disk controller. RS232,
ugh areadytopiugintoSTANDARDS8 DRIVE portfor uptoFOUR
shm9?2 key. detachable keyboard features 32 user detinable keys
Croprocessor which allows the main ZBOA to devote ALL its time to
on other machines The attractive, detachable 12 monitor combines
ement for maximum user comfort. Supplied BRAND NEW with CPM
t and info on request
PC2000 Bustiness System with CPM
and ‘Ready to Run’ FAST Sales and
Purchase ledger, supports up to
9000 Accounts, VAT etc.
COST OVER £1700

wsﬁgr!:!c%%m‘

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel

printer 799

_N_’O__w_____-o'“y,__.——————;
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Join the communications revolution with our super

| range of DATA MODEMS, prices and specifications

to suit all applications and budgets.

| BRAND NEW State of the art products.

DACOM DSL2123 Multi standard 300-300. 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dial, smart modem with

| multi standard AUTO SPEED detect, and data bufter

| with flow control etc. £365.00
DACOM DSL2123GT The CREAM of the intelligent

modems, auto dial auto call index buffer
etc etc £498.0

Steebeck SB1212 V22 1200 baud FULL DUPLEX,
Sync or asyng, optional auto dial £465.00

RANSDATA 307A Acoustic coupler 300 baud full
duplex, originate only, RS232 interface £49.00

Ex BRITISH TELECOM full spec, CCITT, ruggedised,
bargain offers Sold TESTED with data Will work on
an& MICRO or system with RS232 interface.
MODEM 13A 300 baud unit, only 2 high fits under
phone CALL mode only £45.00_
MODEM 20-1. 75-1200 baud. Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET etc £39.95 +pp £6.50
MODEM 20-2 1200-75 baud Same as 20-1 but for
computer end £65,00 +pp £6.50
DATEL 2412. Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc Many features
include 2 or 4 wire working, self test, auto answer etc
COST OVER £800. Our price ONLY £199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
BT good working order, QNLY €295.00 +pp £8.00
SPECIAL OFFER

MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10.00

For more information contact our Sales Oftice.

1 SPECIAL BULK PURCHASE of these compact. high
speed matnx printers Built in Japan tor the Hazeltine
Corporalion this unit features quality construction
gving 100cps bidirectional, full pin addressable
graphics. 6 type fonts. up to 95 single sheet or
tractor paper handhng, RS232 and CENTRONICS
parallel intertace Many other features. BRAND NEW

| and BOXED. COST £420 Our price Only £199.00

RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschein
& Yuasa.
A300 07191315 t2v 3Ah NEW €13.95
A300 07191312 6v 3Ah NEW €9.95
A300 07191202 6-0-6v 1.8Ah TESTED Ex
Equip £5.99
T, ) 5

Standard VDU data entry terminals
at Sive away prices!!
|QUME avT108. Current product. state of the art
{terminal with detachable keyboard, 12" Green screen,
2 page RAM, TVI 925, Hazeltine, ADMSA emulations,
software setup, 25 x 80. Clock Swivel and tilt base,
Printer_port. Function keys etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, Z80 controlled, 15 green
screen 24 x 80 display. graphics, cursor addressing,
printer port etc. Very good condition TESTED complete
with manual only £225.00
ADDS 520 - Sumb terminal, used, 12" b/w_screen
RS232 interface and printer port. TESTED.
ONLY £125.00. Carriage on terminals £10.00 .
100's of other terminals in stock, CALL for more details

Telephone 01-679 4414 Telex 894502 Data 01-679 1888

All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum CreditCard order£10.00. Minimum BONA FIDE account orders from Government Depts. Schools. Universities and
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specitications without notice. Trade, Bulk and Export’

32 Biggin Way, Upper Norwood, London SE19 3XF

=
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ERS — PRINTERS — PRINTERS — PRINTERS

SUPER DEAL? NO - SUPER STEAL
THE FABULOUS 25 CPS “TEC STARWRITER”
/e

Made to the very
highest spec the TEC
STARWRITER
FP1500-25 features a
very heavy duty die cast
chassis and DIABLO
type print mechanism
giving superb X
registration and print A . R

quality. Micro-processor \q\fractmn of its original cost /

electronics offer full ‘\\l’
DIABLO/QUME command compatability ana tull control via CPM WORDSTAR

ETC. Many other features include bi-directional printing, switchable 10 or 12 pitch,
full width 381mm paper handling with up to 163 characters per line, friction feed
rollers for single sheet or continuous paper. internal buffer, standard RS232 serial
interface with handshake. Supplied absolutely BRAND NEW with 90 day guarantee
and FREE daisy wheel and dust cover. Order NOW or contact sales office for more
information. Optional extras RS232 data cable £10.00. Tech manual £7.50. Tractor
Feed £140.00. Spare daisy wheel £3.50. Carriage & ins. (UK Mainland} £10.00.

NOW ONLY £499 + VAT

DIY PRINTER MECH

Brand New surplus of this professional printer chassis gives an
outstanding opportunity for the Student, Hobbyist or Robotics
constructor to build a printer — plotter - digitiser etc, entirely to their
own specification. The printer mechanism is supplied ready built,
aligned and pre tested but WITHOUT ejectronics. Many features
include all metal chassis, phosphor bronze bearings, 132 character
optical shaft position encoder, NINE needle head, 2 x two phase 12V
stepper motors for carriage and paper control, 9.5" Paper platten etc.
etc. Even a manufacturer's print sample to show the unit's capabilities!!
Overall dimensions 40 cm x 12 cm x 21 cm. o

Sold BRAND NEW at a FRACTION of cost ONLY £49.50 + pp £4.50

TELETYPE ASR33

DATA 1/0 TERMINALS

Industry standard, combined ASCI|
110 baud printer, keyboard and 8
hole paper tape punch and reader.
Standard RS232 serial interface.
Ideal as cheap hard copy unit
or tape prep. for CNC and NC
machines. TESTED and in good
condition. Only £250.00 floor
stand £10.00. Carr & ins. £15.00.

EX NEWS
SERVICE PRINTERS

Compact ultra reliable quality built unit
made by the USA EXTEL Corporation.
Often seenin major Hotels printingup to
the minute News and Financial inform-
ation, the unit operates on 5 UNIT
BAUDOT CODE from a Current loop.
RS232 or TTL serial interface. May be
connected to your micro as a low cost
printer or via a simple intertace and filter
to any communications receiver to
enable printing of worldwide NEWS,
TELEX and RTTY services.

Supplied TESTED in second hand
condition complete with DATA, 50 and
75 baud xtals and large paper roll.

TYPE AE11

50 Column ONLY £49.95
Spare paper roll for AE11 £4.50
TYPE AF11R 72 Col

+ Ribbon £65.00
TYPE AH11R 80 Col.

ASCH/BAUDOT £185.00

Carriage and Insurance £7.50

20,000 FEET OF ELECTRONIC
AND COMPUTER GOODIES

ENGLAND'S LARGEST SURPLUS STORE -~ SEEING IS BELIEVING!!

DEC CORNER

MAG TAPE DRIVES

PDP 1140 System comprising of CPU, 124k
memory & MMU 15 line R§232 interface.
RPO2 40 MB hard disk drive.

Tu10 9 track 800 BPl Mag tape drive, dual
track system. VI52 VDU, etc. etc. Eested and

Many EX STOCK computer tape drives and spares by
PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY
etc. Special offer this month on DEI Cartridge tape
drives ONLY £450.00 each.

running. 3,750.00
ga}}l\:g 3.65‘ B'gx,ZPSU‘j LTC £395.00 CALL FOR DETA|LS
o 16" x RS232 DMA
ierace c100000| COMPUTER/SYSTEM CABINET & PSU
DLV11-J4 x EIA interface £350.00 1 Ali in one li ; : :
V11-E al : . quality computer pab!net with m}tegral
s sysni','f”sg%‘f%?é“i}?"" £a20:99 | switched mode PSU, mains filtering, and_twin fan

DQ200 Dilog - multi RK controlier £495.00
DZ11-B 8 line RS232 mux board £€650.00
!’;DFH-B M8189 PDP 1123

£1,100.00
LA30 Printer and Keyboard £80.00
LA36 Decwriter EIA or
20 mA loop £270.00
MS11-JP Unibus 32kb Ram £80.00
MS11-LB Unibus 128kb Ram £450,00
MS11-LD Unibus 256kb Ram £850.00
l;gg: :;28 gpu R:;r:. ifo etc sago.oo
pu, 124k MMU £1,850.00 " )
RT11 ver 3B documentation kit '£70.00 | 187w 10.5"h 11.57a.
stgg-i gbspngb disk d/rives Essg.oo
async i/o £175.00 | £19.95_ Carri 7
M18E PDP 8 Bootstrap option £75.00 CakitanS e
VT50 VDU and Keyboard i . Ty G 8
-20 mA €175.00

VT52 vDU and RS232 intertace

&
*
*
«
«
*
«
*

£250.00 Y. § c

Give your VT100 a Birthday'!

Brand New VT100 Keyboards
only £85.00

AR AR N NN N S P IR E AR R AR NRA RN AN
1000’s OF EX STOCK spares for
PDP11, PD P1134 etc. SAE. for list.
sales office for details.

ALL TYPES OF COMPUTER EQUIPMENT AND
SPARES WANTED FOR PROMPT CASH
PAYMENT.

. PDPBA
or CALL

weight.

2.5kls £5.25 + pp £1.25
10kis £11.25 + pp £2.25

cooling. Originally made for the famous DEC PDP8

computer system costing thousands of pounds.

Made to run 24 hours per day the psu is fully

screened and will deliver a massive +5v DC at 17 amps, +15v DC at

1 amp and -15v DC at 5 amps. The complete unit is fully enclcsed

with removable top lid, filtering, trip switch, power and run leds
mounted on ali front panel, rear cable entries, etc. etc. Units are in
ood but used condition - supplied for 240v operation complete with
ull circuit and tech. man. Give your system that professional finish

for only £49.95 + carr. 19” wide 16" deep 10.5" high. Useable area

Also available less psu, with fans etc. Internal dim. 19"w, 16"d, 10.5"h.

GE TERMIPRINTER

A massive purchase of these desk top
printer terminals enables us to offer you
these quality 30 or 120 cps printers
at a SUPER LOW PRICE against their
original cost of over £1000. Unit
comprises of full QWERTY, electronic
keyboard and printer mech with print
face simiiar to correspondence quality

typewriter. Variable forms tractor unit
enables full width — up to 135 120
column paper. upper - lower case.

standard RS232 serial interface. internal
vertical and horizontal tab settings.
standard  ribbon, adjustanle  baud
rates, quiet operation plus many other
features. Supplied complete with manual
Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

Untested GE30 £65.00 Optional floor
stand £12.50. Carr & Ins. £10.00.

SEMICONDUCTOR
‘GRAB BAGS'

ELECTRONIC
ON COMPONENTS
EQUIPMENT

Due to our massive bulk purchasing programme, which enables us to bring you the
best possible bargains, we have thousands of ICs, Transistors, Relays, Caps.
Sub-assemblies, Switches etc. etc. surplus to QUR requirements. Because we don't
have sufticient stocks of any one item to include in our ads we are packing aH these
items into the BARGAIN OF A LIFETIME. Thousands of components at giveaway
prices. Guaranteed to be worth at least 3 times what you pay. Unbeatable value and
perhaps one of the most consistently useful items you will every buy!! Sold by

5 kls £6.90 + £1.80
20kls £19.50 + pp £4.75

PCB8s,

Mixed Semis amazing value contents
include transistors digital, linear. IC's
triacs, diodes. bndge recs. etc. etc
All devices guaranteed brand new full
spec with manufacturer's markings, fully
guaranteed.

50+ £2.95 100+ €5.15

TTL 74 Series. A gigantic purchase of an
“across the board™ range of 74 TTL series
IC's enables us to offer 100+ mixed
“mostly TTL” grab bags at a price which
two or three chips in the bag would
normally cost to buy. Fully guaranteed all
IC’s full spec. 100+ £6.90,

200+ £12.30, 300+ £19.50

MAINS FILTERS

CURE those unnerving hang ups and data
glitches caused by mains interference with
professional quality filters SDSA match-
box size up to 1000 watt 240 V
Load ONLY £5.95. L12127 compact
completely cased unit with 3 pin fitted
socket up to 750 watts ONLY £9.99.

EPROM COPIERS

The amazing SOFTY 2 The "Complete
Toolkit" for copying. writing. modifying and
listing EPROMS of the 2516, 2716.
2532, 2732 range. Many other functions
inciude integral keyboard. cassette inter-
face. serial and parallei /0 UHF modulator
ZIF socket etc.

ONLY £195.00 + pp £2.50

“GANG OF EIGHT" intelligent Z80
controlled 8 gang programmer for ALL
single 5v rail EPROMS up to 27128, will
copy 8 27128 in ONLY 3 MINUTES. Internal
LCD display and checking routines for
IDIOT PROOF operation. Only £395.00 +
pp £3.00.

‘GANG OF EIGHT PLUS" Same spec. as
above but with additional RS232 serial
interface for down line loading data from
computer etc. ONLY £445.00 + pp £3.00

Data sheets on request

COOLING FANS

Keep your hot parts COOL_and AELIABLE with our range of
COLING FANS ETRI 126LF21 240v 5 blade equipment fan
Lim. BO x 80 x 38mm £9.95. ETRI 99XUOI 240v Slimline
Dim. 92 x 92 x 25mm. squipment gfan, NEW €9.95
GOULD JB-3AR Dim. 3’ 3" x 2.5' compact very quiet
-unning 240v operation. NEW £6.95 MUFFIN-CENTAUR
BOXER standard 120 x 120 x 38mm fans Order 110v OR
240v. 3 or 5 blade, NEW a1 £10.50 or tested EX EQUIPMENT
£5.50. Low Voltage OC Fans. BUHLER 69.11.22. B-16v DC
micro ible. servo motor,
almost silent running, guaranteed 10,000 hr life. Measures
only 62 x 62 x 22mm. Current cost £35.00 OUR PRICE
ONLY £13.95 complete with data, 120 x 120 x 3Bmm (4’
DC fans). PANSONIC FB-12C12H 12v DC 5 biade £18.00
PAPST 4124X 24 28v DC 5 blade £18.00.
100's of other fans Ex Stock.
Call for Details. Post & Packing on all fans £2 00

1000’s of other EX STOCK items including POWER SUPPLIES, RACKS, RELAYS, TRANSFORMERS, TEST
EQUIPMENT, CABLE, CONNECTORS, HARDWARE, MODEMS, TELEPHONES, VARIACS, VDU’S, =
PRINTERS. POWER SUPPLIES, OPTICS, KEYBOARDS etc. etc. Give us a call for your spare part >

requirements. Stock changes almost daily.
Don’t forget, ALL TYPES and QUANT,IT!ES of electronic surplus purchased for CASH

ENTER 54 ON REPLY CARD
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0S-9 for new |
euro-schools |
computer |

A new ‘European Education
Standard Microcomputer’ being |
developed by Thomson, Olivetti
and Acorn, and expected next |
year, will use the 0S-9/68000
operating system. According to
Paul Dayan, technical director of
The Soft Centre, UK distributors
of Microware 0S-9: “UK experi- |
ence of school micros indicates
that total European sales of the
new machine, which will also |
double as a personal computer, [
could well be in the millions. 1
Thus, we expect that a whole
generation of European school-
children will become familiar
with the features and applica-
tions of 0S-9, strongly infuenc-
ing the adoption of this ‘univer-
sal’ operating system.”

0S-9 is also implemented on
the Atari 520ST and 1040ST
computers and is to be adopted
by Philips and Sony as the basis
for the compact-disc interactive
standard (CD-1). Says Paul Day-
an: “These new licences are con-
solidating 0S-9 in its position as
the natural choice for 68000-
based machines, from industrial |
VME board-systems to personal |
computers and beyond. 0S-9 has |
the advantages of being modular,
generally requiring less memory
than alternatives and it is rom-
able in many applications. In
addition, it is a real-time system
with multi-user facilities, which
provide a Unix-style environ-
ment at a fraction of the cost. We
claim that 0S-9 is the operating
system with the widest range of
possible applications.” The oper-
ating system is available with
powerful languages and tools,
including Microware Basic, Pas-

52

cal, C and Fortran, plus a grow-
ing selection of third-party ap-
plications programs. Since its
introduction by Microware in
1983, 0S-9 has been licensed by
almost 300 manufacturers for
use in a variety of industrial,
scientific and consumer pro-
ducts, personal computers, in-
dustrial control systems, data
processing equipment and tele-
comms.

Machine vision
at BAe

Built as a research project at the
British Aerospace Sowerby Re-
search Centre, Visive is a demon-
strator that simulates aspects of
biological vision. It is a hard-
wired computing device for con-
verting images from a sensor
observing a natural scene into a
digital data format suitable for
processing by computer. The ob-
ject of this research is to develop
machine vision systems of gener-
al utility, capable of working in
real-time, which are not subject
to the restrictive operational
conditions, and therefore limited
applications, of current ‘pattern
recognition’ systems. Biological
vision is the model on which the
design of Visive is based. Many of
the principles involved in human
vision can be applied in machine
vision. The eye is not a particu-
larly effective sensor, but human
visual perception is good because
the brain can interpret the image
presented to it.

Analysis of the image can be
divided, broadly, into three
areas: imaging and formatting of
raw data; manipulation of the
data to provide a basis for inter-
pretation; and interpretation of
the information to initiate some
useful action, for example, track-

Pocket Speech Aid is a small battery-powered immediate-access
device with a natural sounding speech output. Developed to assist
the communications requirements of the non-vocal, eight or
sixteen phrases are available for selection, and male or female
voices can be recorded with preservation of dialect and accent.
Successful use of such a device requires a clear identification of f
situations where immediate speech production is essential, for
example answering the telephone and attempting to initiate or
control conversations. Pocket Speech Aid was developed by the
West of Scotland Health Boards’ Department of Clinical Physics
and BioEngineering and is available from Nuclear Medical Electro-
nics Ltd, 2 Hutton Square, Brucefield Industrial Park, Livingstone,
West Lothiand EH54 9BX, Tel: 0506 411974. Phrases are recorded
using the adaptive differential p.c.am. compression technique

described on pages 54-58.

|

|

|

ing a target, navigating a vehicle, |
inspecting a component, orient-
ing a robot and the like.

Visive is designed to extract
and format the image data and
produce information at a resolu-
tion in the order of 10 times the
sampling resolution. Video input |
is used in experiments with Vi-
sive. The input is from a c.c.d.
(charged coupled device) camera
that provides a digitized video
output at the rate of 30 frames/s
of an actual scene. Each frame
comprises a 256 by 256 pixel
matrix.

The selected image supplied to
Visive enters its image input buf-
fer store after first being con-
verted into an 8-bit, 128 by 128
hexagonal pixel matrix. This is
the spatial resolution Visive is
designed to handle. Image data is |
stored in a fast ram array. From
here the image data is relayed to |
a group of microprocessor com- |
puting units at a rate of 10 |
frames/s. |

Algorithms used in these units |
have been developed from the
principles underlying biological
vision to assess the tonal varia-
tions between pixels to identify
edge points, to determine the
relative strengths and orienta-
tions of these edge points, and
then to associate contiguous
edge points with one another to |
establish the boundaries of ob-
jects. Boundary data is then sent
to Visive’s image output buffer
where it is available for display
on a video monitor, or on to
further computing units for
additional analysis and classifica-
tion. Considerable computation-
al power is required for scene
analysis. A general-purpose com-
puter could be programmed to
perform the necessary computa-
tional tasks but the resulting
system would be slow. Visive
operates in real time, is hard-

wired and performs many of the
data processing operations in
parallel to ensure an adequate
speed of response.

e s P O

2nd generation
(digital) cellular
radio

Research into mobile telephone
networks using digital techno-
logy promises improvements in
systemn capacity and offers hope
for a major manufacturing
opportunity for -UK industry.
Early results from two ex-
perimental systems have been
presented to the Nordic Mobile
Radio Conference in Sweden.

The UK research is into a
Europe-wide second generation
cellular radio network destined
to be introduced in the early
1990s. The creation of a Euro-
pean market is expected to furth-
er reduce the cost of cellular
equipment. The research is
being co-ordinated by the Cellu-
lar Radio Advisory group
(CRAG), which is chaired by the
DTI and includes representatives
from British Telecom, GEC/
Marconi, Philips, Plessey, Racal
and STC. A spokesman for CRAG
said: “In a very short space of
time the UK has come a long way
in cellular technology. We are
now in a position to capitalize on
our research expertise and se-
cure a major role for the UK as a
manufacturing base for digital
cellular radio equipment.”
CRAG’s work forms part of the
UK contribution to the Confer-
ence of European Posts and Tele-
communications’ (CEPT) work
on the development of a new
standard for a European-wide
cellular radio network. The
CEPT has established a working
group — the Group Spécial
Mobile (GSM) — to co-ordinate
the standards development
work. The UK is represented on
the GSM by the DTI, British
Telecom, and Racal, who jointly
sponsor Bernard Mallinder, re-
cently appointed to lead the
GSM’s permanent team in Paris.

Research into second genera-
tion cellular equipment includes
the following:

1. A joint digital cellular radio
“Test Bed” experiment being de-
veloped by BT at Martlesham,
GEC/Marconi at Baddow, and

| Racal at Reading. Jointly funded
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by the DTI and the research

partners, the experiment uses |

125 and 312 kbit/s digital radio
links with 16 kbit/s speech cod-
ing, and is specifically aimed at
investigating the performance of
such a narrow-band digital sys-
tem. This experiment is now
yielding results in representative
urban and rural locations.

2. An experiment, now oper-
ational, being undertaken by
Plessey Electronic System Re-
search at Romsey on behalf of the
DTI and BT. Supported in their
work by the University of South-
ampton, this digital radio link
experiment is aimed at quantify-
ing the problems related to
transmitting at different bit rates
— from 100 kbit/s up to 4Mbit/s,
and in particular seeks to identify
the optimum degree of channel
multiplexing.

3. Plessey were also commis-
sioned by the DTI and BT to
produce a top-down study ana-
lysing the alternative digital sys-
temn proposals presented to GSM.
The work examined the perform-
ance of these systems against the
criteria established by GSM for
second Generation system speci-
fication, to include: system
capacity; base station cost;
mobile cost, speech quality, abil-
ity to support hand portables,
ability to support new (e.g. data)
services. This report, represent-
ing the first comprehensive
analysis of the various
approaches presented to GSM,

{

showed that while none of the |

systems held significant advan-
tages in capacity, notable differ-
ences were revealed in the com-
plexity and development risk fac-
tors between narrow band (low
risk) and broad band (high risk)
digital system.

4. GEC Research at Wembley
have been co-ordinating a team
of v.I.s.i. and system engineers
from UK industry to examine the
technological aspects of system
production. Examination has
focussed particularly upon the
impact of cost and power con-
sumption on a hand-portable
product. The report shows that
the complex v.l.s.i. necessary to
meet the specifications can be
available by the early 1990s.

I

5. STC has produced a report |
on the system requirements ‘
stemming from competitive op-
eration of cellular networks |
within one country. At present |
the UK is unique in Europe (with
a minor exception in Scandina-
via) in operating its cellular net-
work with two competitive oper-
ators. STC were also responsible
for co-ordinating the selection of
a 16-bit/s speech coder as the UK
candidate to a GSM selectioh
process taking place this au-
tumn. As a result, a codec de-
veloped at BT Research Labor-
atories, Martlesham, has been
offered to GSM for the European
evaluations to be carried out in
Turin later this year.

Landingona
microwave

A P-SCAN (Phase-Scanned Com- |
mutated Array Network) micro-‘
wave landing system (m.s.l.) has |
been installed at London Heath-
row Airport by the United King-
dom Civil Aviation Authority.
The system will be used for trials
in support of the work program-
me being undertaken for the
International Civil Aviation
Organisation (ICAO) to gain ex-
perience of m.l.s. in a busy air-
port environment. This forms
part of an extensive UK technical
and operational evaluation of
m.l.s. Two Plessey P-SCAN sys-
tems have been delivered to the
UK CAA and technical trials have
already commenced at the Royal
Aircraft Establishment, Bedford.
m.l.s. is scheduled to become the
preferred ICAO “standard
approach aid” in 1998 but a
considerable amount of work re-
mains to be undertaken by ICAO
and its working panels; particu-
larly the All Weather Operations
Panel, into technical and oper-
ational aspects of both the
ground and airborne equipment.
Significant emphasis is being
placed on developing the design
and test criteria for the high
integrity Category Il and III sys-
tems that provide the vital gui-
dance to aircraft landing in con-
ditions of poor visibility. This

|

Meeting the prime criteria of | work will require a major
portable units costing no more | appraisal of the integrity of

than first generation cellular
equipment will be possible if

computer-based software sys-
tems. The UK CAA is an acknow-

production volumes consistent | ledged world leader in high in-
with a European wide market | tegrity landing system develop-

can be achieved.

ment and pioneered the first use
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This French medal commemorates the first regular broadcast
service. It shows General Perrie, who was in charge of transmis-
sions in 1921 and on the reverse, Sacha Guitry and Yvonne
Printempts, who sang at the official inauguration of the system
at the Eiffel Tower, February 6th, 1922. Copies are available in
bronze (about £13) or silver (£178). Details from M. Jaques
Campet, Le directeur, Monnaies et Medailles, 11 Quai de Conti,

75270 Paris 6me, France.

of fully-coupled automatic blind
landing, using the STAN 37/38
i.L.s. which was also supplied by
Plessey. This extensive experi-
ence had led to much emphasis
being placed on the need for high
systemn integrity.

The m.l.s. to be installed at
Heathrow Airport comprises
separate azimuth and elevation
transmitter systems. The azi- |
muth transmitter scans a two
degree beam across a sector 40
degrees either side of the runway
centreline. The elevation trans-
mitter scans a one degree beam
from 0 to +15 degrees. A British
Airways Boeing 757 shuttle air-
craft will be fitted with m.Ls.
receivers and data recorders. The
shuttle aircraft was chosen be-
cause of its frequent service to
Heathrow which will maximize
the amount of data collected.
Secondary surveillance radar |
transponders and photographic
techniques have also been de- |
veloped by the CAA to establish
the exact position of the aircraft
on final approach. m.lLs. gui-
dance signals will be displayed to
the pilot and, in a later phase,
coupled into the aircraft’s flight
control system for use only dur-
ing clear weather conditions. At |
all times the existing instrument |
landing system (i.1.s.) facility will |
be displayed to the pilot and used
as the primary landing aid.

It is planned 'to retain the |
m.l.s. at Heathrow Airport for at |
least twelve months before
undertaking further operational
trials at other international air- |
ports such as Manchester. i

Plessey has worked closely
with the UK government over
the last two decades in evolving
the new microwave landing sys-
tem. Since 1978, when ICAO
chose the Time Reference Scan-
ning Beam as the m.Ls. stan-
dard, Plessey has been incorpor-
ating many new techniques into
the P-SCAN m.ls.. The techni-
ques involved enable the genera-
tion of very precise scanning
beams and also allow high in-
tegrity monitoring.

Qualitya.m.

radio

Readers of J.L.Linsley Hood’s
article in October’s issue may be
interested to know that specially
selected i.f. coils are available
from Hart Electronics. A set of
six cost £2.80, whilst a set of
oscillator coils for three bands
costs £1.74. Semiconductor de-
vices for the tuner section total
£6.14. All these prices include
vat and postage.

Hart say they will have a com-
plete kit ready by January, in-
cluding p.c. board. See advertise-
ment on page 113 for address.
2D Fourier transforms. We
omitted to point out that soft-
ware to accopmany the article is
available on disc, together with
programs that accompany pre-
vious articles on Fast Fourier
transforms. Please send format-
ted disc indicating whether 40 or
80 track, together with return
postage, marking your envelope
‘FTT/Omer’.
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Random-access phrase

recorder

High quality compressed speech data is easily recorded and
replayed on a BBC microcomputer using this speech

limits the therapeutic and educational

techniques that can be utilized. A
random-access tape recorder would allow a
variety of approaches to be tried, though
rapid access of sequential tape/cassette re-
cordings is expensive.’

A useful system can be implemented by
using a BBC B microcomputer and storing
the speech data on floppy discs, though the
impracticality of storing huge files on disc
makes some form of data compression desir-
able. It can also be used to record a.d.p.c.m.
data for prom-based synthesizers.

The sequential nature of tape recorders

digitization unit.

A.L.EVANS AND J. FENNER

SYSTEM DESCRIPTION

The system components are shown in Fig.1,
in which adaptive differential pulse code
modulation, a waveform coding technique,
compresses the data by factors of two to four.
All units are standard, readily available items
apart from the speech digitization unit, the
design of which is described in this article.
Data is exchanged between the digitization
unit and computer memory via the 1MHz
bus. Power is supplied via the 5V line in the
analogue port, leaving the auxiliary power
socket free for the disc drive. The system is

controlled by means of a touch pad (concept
keyboard) which allows the recording or
playback of a large number of files of data,
limited only by the disc filing system (31 for
the Acorn DFS). Each file can hold as much
data as is allowed by the computer memory,
the data capacity of the disc is soon
approached unless an 80-track drive is used.
In practice, a useful system has been im-
plemented with the concept keyboard allow-
ing a choice of nine files, each containing the
speech data corresponding to a word or a
short phrase. A small area of the touch pad is
reserved for controlling the record or play-
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Fig.3. Speech digitization unit includes
eight-bit analogue-to-digital converter,
parallel-to-serial converter, analysis/
synthesis chip and interface to the 1MHz
bus.

OKISEMICONDUCTOR DEVICES

ADPCM speech chips are avaitable from stock
at Manhattan Skyline of Maidenhead, who are
sole UK distributors for OKI semiconductor
parts. A chip set comprising MSM5218RS,
MSM5204RS, ALP4B (two } and 384kHz cera-
mic resonator are available to readers the
special price of £16.70 - half the normal
one-off price. Manhattan Skyline Ltd are at
Manhattan House, Bridge Road, Maidenhead,
Berks SL16 8D8.

54

12LM358

4069

4013

4069

40N

Hi
500kHz

40N

ELECTRONICS & WIRELESS WORLD



back mode ~ a prompt appears on the screen
so that the user is aware of the currently
selected mode. Writing the data file to disc
takes one to two seconds and if the selected
work or phrase is not currently in memory,
there is a similar delay while data is read
from the disc before speech starts.

SPEECH DIGITIZATION UNIT

Direct digitization of speech waveforms at
8kHz only allows some three seconds’ worth
of data to be acquired in the 32K memory of
the standard BBC B microcomputer (allow-
ing a modest 8K for program storage). To
gain more recording time, the adaptive
differential p.c.m. technique implemented
by the OKI company in their MSM5218 chip
is used to give a data compression factor of
two. In addition, the system allows software
selection of sampling frequency, imple-
mentation of analysis and synthesis on the
same chip, easy interfacing to an input/
output port, and low-power c-mos circuitry.

In the digitization unit, Fig.2, the audio
input from the microphone is buffered,
filtered and amplified before entering the
eight-bit analogue-to-digital converter
(MSM5204). The data converter has a built-
in sample and hold function, and is control-
led by the start-conversion signal of the
analysis/synthesis chip. Data is transferred
to a parallel-to-serial converter (4014) be-
fore being presented to the 5218 as eight-bit
serial data. Since the 5218 expects a 12-bit
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Fig.1. In the random access phrase recorder, all units are standard except the speech
digitization unitwhich uses a.d.p.c.m. to compress the speech data.

data input, the least significant four bits are
padded out as additional zeros using hard-
wired circuitry (4024 and 4011 on the full
circuit diagram in Fig.3). The analysed data
is transferred to memory from the data pins
Dy-Dj of the 5218. Figure 4 shows the timing
diagrams for the data transfer to and from
the microcomputer via the 6821 peripheral
interface adapter. Port A of the 6821 p.i.a. is
reserved for bidirectional data transfer while
port B dedicated to control the 5218 chip
functions. The master timing signal Vck
from the 5218 is detected via CB; pin of the
p.i.a. The p.i.a. was addressed by the compu-
ter at &FCEX using minimal decoding logic
(Fig.3).

Data returns from the computer again via
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Fig.2. Speech digitization unit is based on
the OKI MSM5218 a.d.p.c.m. analysis/
synthesis chip which compresses the digi-
tised speech waveform before sendingitto
the computer. The same chip also decodes
the data and gives a synthesized waveform
as an analogue output.

a-tord Parul[_el
Gy to serial
EONVEnte converter
\
6821 MSMG218
1MHz bus i/0 { analysis/
port synthesis
To speaker

the 6821 p.i.a. The 5218 is placed into
synthesis mode by taking pin 6 low (port B
bit 3). The Vck signal from the 5218 still
controls the data transfer (Fig.4). An ana-
logue output is produced at pin 18 and after
low-pass filtering the signal enters an audio
amplifier before the speech is generated by
an external speaker.

The components used in the speech digi-
tization unit are readily available (OKI chips,
active filters and resonator from Manhattan
Skyline, Bridge Road, Maidenhead, Berks
SL6 8DP). Component costs, including in-
terconnecting plugs, cable and the enclo-
sure, are below £55.

The quality of the speech produced is
good, its intelligibility being close to high
quality recorded speech and significantly
better than l.p.c. speech in a similar
environment?.

SOFTWARE

The programs are written in Basic with
machine code routines controlling the ac-
quisition and playback of data. The main
program is described by the flow diagram of
Fig.5. The system waits for a touch-pad key
to be selected and then branches to the
routines controlling the data transfer.

If recording of speech data is selected the
acquired routine is entered. All interrupts
are disabled so that data acquisition occurs
at apredictable rate. After the p.i.a. has been
initialized, the system is synchronized with
the V¢ signal from the digitization unit and
data acquired until the recording is termin-
ated by the touch pad. When the allocated
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Fig.5. Flow diagram of Basic program con-
trols the recording and playback of speech
data.

section of memory is full, the data starts
overwriting the same section so that using a
pointer allows the most recent six seconds of
speech to be retained. When acquisition is
terminated, the program adds a stop code,
re-enables interrupts and returns to Basic so
that the data may be transferred to disc.

In a similar way, when playback is
selected, the program initially decides
whether the desired speech is already in
memory and if necessary reads the data in
from a disc file. Again, all interrupts are
disabled before the system initializes the
p.i.a. for transfer of data to the digitization
unit. The system detects the V¢ signal from
the 5218 and transfers the data according to
the timing diagram of Fig.4. When the stop
code is detected, interrupts are re-enabled
and the system returns to the main program.

The system’s versatility has been extended
by providing an overlay editor which allows
for example, therapist to design an overlay
on the touch pad (see below). Thus the user
has control of the number and size of
sensitive elements on the touch pad. The
overlay editor can be entered at the begin-
ning of the main program but the program
defaults to using the current overlay after a
suitable time delay.

Software. Listings of the program controll-
ing the acquisition and replay of the speech
date, and for the overlay editor, together
with the p.c. prototype layout are available
from the editorial office in return for a
self-addressed A4 envelope, marked ‘phrase
recorder’.

Aled Evans and John Fenner are medical
physicists in the West of Scotland Health
Board’s’ Department of Clinical Physics and
Bioengineering in Glasgow.
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Fig.4. Timing diagrams for the data transfer between the MSM5218 and microcomputer,
(a) synthesis (b) analysis. The MSM5218 provides an 8kHz clock to control the data
transfer.
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Fig.6. System has been made ‘user-friendly’ by using a touch pad to control the recording
and playback. A program is provided to edit layout of the paper overlay.
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GASFET RF PREAMPLIFIERS

These amplifiers provide the best performance available. Suitable for laboratory work or masthead use.
Aligned to your specified frequency in the range of 30—1000 MHz.

TYPE 9006 N.F. 0.6 dB. Gain 10-40 dB variable. In the range 30-250 MHz ... £65 + £3 p&p. TYPE 9006FM
As 9006. Band || 88-108 MHz . .. £65 + £3 p&p. TYPE 9002 Two stage Gasfet preamplifier N.F. 0.7 dB. Gain
25 dB adjustable. High Q filter. Tuned to your specified channels in bands IV qr V ... £85 + £3 p&p. TYPE
9004 UHF Two stage Gasfet preamplifier N.F. 0.7 dB. Gain 25 dB adjustable. High Q filter. Aligned to your
specified frequency in the range 250-950 MHz ... £85 + £3 p&p. TYPE 9035 Mains power supply unit for
above preamplifiers ... £24.50 + £4 p&p. Type 9010 Masthead weatherproof unit for above preamplifiers

.. .£9.50 + £3 p&p.
RF SIGNALS SOURCES 10 MHz - 1 GHz

High stability phase locked oscillators operating directly on the signal frequency using a low frequency
reference crystal. Miniature modules capable of accepting NBFM or FSK up to 3 KHz deviation which will
effectively replace expensive signal generators in the lab to provide single specified frequencies. Linear
amplifiers are available to increase output power. TYPE 8034 Specify output in the range 10-600 MHz.
Output 10 mW (+10 dBm) ... £99.50 + £3 p&p. TYPE 8036 Specify output in the range 600—1000 MHz.
Output ImW . .. £149 + £4 p&p.

FREQUENCY CONVERTERS
Transmitting frequency converter provides the performance required for television retransmission systems.
TYPE 9113 ... £295 + £6 p&p. Receiving frequency converter for weak signal reception ... TYPE 9114 . ..
£295 + £6 p&p.

FM TRANSMITTERS 88-108 MHz
Mono or stereo. High stability phase locked loop FM exciter. RF outputs from 100 mW to 160 watts available.
Mains or 24V + operated.

Complete amplifier and retransmission systems supplied with connectors. Comprehensive range of RF
linear power amplifiers also available. Write or phone for full technical information.

Please add 15% V.A.T. on total for UK sales. Please contact sales office for overseas post and packing rates.

RESEARCH COMMUNICATIONS LTD
UNIT 3, DANE JOHN WORKS, GORDON ROAD,
CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 456489

DESIGN, DEVELOPMENT AND
MANUFACTURE OFRF
COMMUNICATIONS EQUIPMENT

ENTER 17 ON REPLY CARD

FIELD ELECTRIC LTD.

3 Shenley Road, Borehamwood, Herts WD6 1AA.01-953 6009
Official Orders/Overseas Enquiries Welcome/Order by phone or post. Open
6 days, half day Thursday. Please ring for C/P details not shown. All test

equipment carries warranty. All prices incl. 15% VAT & c/p unless stated
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DEVELOPMENT SYSTEMS

Versatile, low cost, development systems
offering a choice of powerful multi-tasking
disc operating systems. Available as board
level, dual floppy or Winchester plus floppy
configurations.

® 68000 microprocessor, 8 Mhz operation
® 512K dram, 128K eprom, 64K static ram
® 640500 full colour graphics

® 80X 24 character full colour text

® Dual 80 track dsdd floppy disc drives

® 20 Mbyte Winchester disc drive

Sonnenscein A200 dw\
batts: new & boxed 12VDC
§.7AH charging voits 13.8V
Max: ABS case. £16.95

inc

Videlec 6 digit LCD display
new with fixing facia
mounted on PC o/w 12
keyboard rocker switches
1 AS\KI-én[i)né_roclksr Axr:
stacl isplay mui
colour + 25 aedybiock 40
way Jumper lead. Data etc
£6.95nc c/p. Oriver board
for Videlec 6 digit LCD
disptay circuit dia: £6.95
inc d& Disptay & board
£11.

[Winchester) 8~
fixed hard disk drive.
Random access storage
davice using one non-
removable 8" ngid disk.
Storage capacity 10

e 4 34 m bits/

megal
transfer rate,

secon
Complete with data (OEM}
manual & control
electronics. £75.00 inc c/p
TChive Sidewinder 2
meg V4" streaming
carlridge tape drive new ex
mgg ‘All electronics data
£1006.00 inc c/p

POWER SUPPLIES
ALL 240VAC INPUT

Coutant linear PSU new

Type 547 O'scope c/w 1A1

Unigor 3P Muihtester
£70.00

| 15 750MA £20.25 inc ¢/p

PCB 10x%2716 Eproms new
£12.95 inc c/p

Cherry ASCH code qwerty
keyboard £12.50

New inc c/p 22,000ut 25V
computer grade caps new
£1.60nc c/p

1A1 P/N £155.00
c/p please ring

Type 545B O'scope
£130.00
oip please ring

12VDC Audible warning
device s/tone s/state £1.95
Ince/p

Plastic boxes 76x 100x40
6 tor £5.00 inc ¢/p

Stepper motors 4.5V 2
deg: steps. Sanyo step syn
£8.50 inc c/p

boxed 8V 7A P/IN £155.00 c/p please
£22.95 inccip fing Unigor 6E
Coutant N/boxed 5V 2.7A+ Type 5458 O'scope c/w £60.00

Singer Gersch phase angle
volimeter c/w 400H2z P/IN

| Batlantine 323-01 true RMS

voltmeter £95.00

ould pen recorder
moder! 220 chart speed up
to 125mnvmin £63.00

IEEE 4 meter intertace
buss cable dual connec on
each end similar to dec
BNO1A £15.00 inc ¢/p

12VDC 23rpm 1.2Watt
magnet

Printer MEC c/with audible
warming device 2 stepper
motors 1X10V 1x17VDC
c/w control electronics dot
matrix head c/w 12VDC
geared motor crain drives
etc.dia 11x1212x7'2
£15.95 inc c/p

(o DC
motor with integral
gearpox £6.00 Inc ¢/p

Solartron A100 O'scope
30MHz d/beam £115.00
¢/p please ring

Voltex inear PSU +12V
1.5A+5V30A—12V10A
£30.00 inc c/p

Solartron CD1400 d/beam
O'scope 10MHz £50.00
c/pplease nng.

Wier 403 530V 0-3A
Metered PSU £69.00
cfp please nng

Marconi TF1331A O'scope
£50.00

Philips 3212 O’scope
d/beam 25MHz £350.00

e Two fully programmable serial ports

@ Up to 48 parallel input/output lines

® Real time clock calendar — battery backed

® 0S-9/68000, TRIPOS 3, CP/M-68K, STARDOS operating
systems

Famnell S/mode +5 10A
+24V4A+12V500MA

Data AVA: £27.75 inc c/p

Farnell S/mode G6 5M 6V

5A 145x88x33

£22.00 incc/p

Farnell fan cooled S/M

+5VI0A—-SVIA+12V1A
12V1A £31.00 inc c/p

Kingshill metered PSU 0—
40V 0-2A £80.00
c/p please ning

Phitips PM 3200 10MHz &/
beam £120.00

Kingshill metered PSU 0-
40V 0-2A x2 £125.00
c/pplease ring

5.2A £27.00 inc c/p

Tektronix 568 O'scope c/w
53 s/head £195.00

— ]
Lambda linear PSU 20V

Bell & Howell charge
amplitier type 8-120
£50.00 nC c/p

Board only — double eurocard £650
Dual floppy built system £1195
Winchester + floppy built system £1895

2 St Stephens Road - Cheltenham - Glos GL51 5AA
Telephone: 0242 510525
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Gould S/mode 5V20A
603x87% 105
£17.75inc c/p
Gould Type 370 5V 40A
-12V4A-15V11A §/mode
£60.00 inc ¢/p
Gould 24V15A S/mode new
boxed data 215%
72x89 £60.50 Inc ¢/p
ould 5V60A S/mode
320%125% 142
£16.25 inc ¢/)
Gould PMA 47 12V 3A
Linear £18.00 inc ¢/p

Lambda metered PSU 0—
40V 0-1AX2 £125.00
c/p please ring

TEKTRONIX EQUIPMENT

Weston Standards cell
D-402-A by Murrthead
'8.00 inc ¢c/p

Type 1A5 diff; Amp
£53.00 inc c/p

Type 7BS50 Thase £

Type 7892 DAime base

g 1
bulk eraser model 8
accepts tape size V4", 12°
16mm, 17, 35mm, 2"
£375.00

Type 7A12 Ditrace amp
£200.00 inc ¢/p,

12 height disk drives. 40
track s/side n/ex: aquip,
£36.50

Paratronics 532 Logic
State Analyzer c/w probes
{OEM) manuals etc
£350.00 inc ¢/p

Dawe inst variable fiiter
type 1471 £60.00

SE Labs SM25 Mk 11
transfer standards/volt

Type 1A1 Ditrace £60.00 meter £575.00
Type S-30 Delta standard Marconi VSWR amplitier
£40.00inc c/p Mk 111 £375.00

ENTER 13 ON REPLY CARD

lewlett Packard 331A
dhstortion analyser
£375.00

anden keyboards new
low protile high quaity 106
keys qwerty beige case 14
key number pad 16 key
special function array
£17.95 inc ¢ip

Buigin Rendar 250VAC 6A
IEC filter plug units
chassis mount with
integrai mains filter £3.50
inc c/p

Hewlett Packard 675A
sweeping signal generator
0-31MHz £350.00 ¢/p
please ring

General Radio Co. Slofted
llne recorder type 1521-
SLO1£450.00 ¢/p ring

COPPER CLAD BOARD
SINGLE SIDE NEW Inc ¢/p

503%380%3no 1 £7.00
457x305%3 no 2 £7.00
380x254x3 no 3 £6.00
254%177x1.5n0 4 £2.50
178x126%1.5n0 5£1.50
Quantity Discount

inc ¢/p

508x380%3 no 6 £7.50
457x305%3no 7 £7.50
380%254%3no 8 £5.75
Quantity Discount

All boards are epoxy glass

TRANSFORMERS
ALL 240V PRIMARIES

6-0-6 20 amp £23.00
11V 80 amp £35.00
27V 30 amp £25.00
115V 50A iso £115.00
9-0-9 60 amp £25.00

[Postal Rates Apply UK

Mainland Only
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Versatile operational

amplifier

Discrete-component designs offering up to 500Vpk output
swing, fast slewing and large bandwidth. ‘Modular’
approach affords simplicity of design.

ommercially available integrated
Coperational amplifiers are limited to a

maximum output of about 80 volts
peak to peak, a peak output current of about
25 milliamperes of either polarity, a gain-
bandwidth product of about 5MHz and a slew
rate of perhaps 50 volts per microsecond.
The output current may usually be increased
to the order of 1 ampere by the use of a
booster stage, without deterioration of the
remaining parameters.

There exist many applications in which
outputs exceeding 100 volts and not infre-
quently output current considerably in ex-
cess of 25 milliamperes are required, with a
slew rate of several hundred volts per micro-
second and a large-signal gain-bandwidth
product of several megahertz. It is often
possible to obtain commercial amplifiers
employing thermionic valves to satisfy such
requirements, but these are usually expen-
sive.

To design a single amplifier capable of
meeting such a wide range of requirements
would be a formidable task and, instead of
this, a design is suggested in which each
stage is unilateral and essentially indepen-
dent of the following one. This method
renders the design of an amplifier to meet a
specific requirement systematic and re-
latively simple. The suggested designs are
entirely solid-state though discrete, and
offer as economical a solution as is possible
within the current state of semiconductor
device development.

DESIGN PRINCIPLES

The block diagram of the amplifier is shown
in Fig.1. Each stage is designed to be
unilateral for all practical purposes, and the
output of each of the first two is a high
impedance current source, so that each of
these stages is characterized by a transcon-
ductance and an input admittance. The
circuit branch consisting of capacitance C
and resistance R in series shown shunting
the input of the intermediate stage is a
compensating network which will be discus-
sed later. The input and intermediate stages
normally require only the 15 volt power
supplies which operational amplifiers com-
monly need.

The output stage is designed to drive the
load and may take several forms, dependent
upon the performance requirements. It is
only this stage which requires high-voltage
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Fig.1. Block diagram of the amplfier. Each
stage being varied to suitthe application.

stage is considered separately, the output

supplies which are chosen to suit the ap-
plication, but at the time of writing must
satisfy the condition V; +Vy<1kV.

Input and intermediate stages. The circuit
employed for the input and intermediate
stages is shown in essence is Fig.2. In a
balanced quiescent state, the achievement of
which is assisted by resistors r, each of the
six transistors will have an intrinsic trans-
conductance g,,=20I. The effective trans-
conductance of Tr; and Tr, will be modified
by the presence of resistance r to g, =g/
(14+g.r), so that the greatest voltage gain
from an input base to the corresponding
collector is —1/(1+g,r), whose magnitude
is less than unity, Thus the Miller effect at
the bases of Tr, and Tr, is reduced.

The admittance seen at the bases of Tr,
and Tr, is also decreased by the presence of r.
Since y,.'=y./(1+g.,r) the effect is to in-
crease r,. and to decrease C. in the same
ratio, so that the input resistance is in-
creased. The intermediate stage is current
driven and its bandwidth will be determined
by the time constant (C,’+C.)/(G+g,),
which has been decreased by the presence of
r. Thus another effect of r is to increase the
bandwidth of the intermediate stage. In
designing the overall amplifier circuit, the
values of r in the input and intermediate
stages are chosen to give the required value
of open-loop, low-frequency gain.

A further advantage of the use of current
mirrors in the input stage is that it enables a
large common mode signal to be accommo-
dated. If the current mirrors employ discrete
single, rather than dual transistors, their
current ratio may be improved by adding

+15v

Trg, Tr3 Trg  Trg

Trq

Tro

—15v

Fig.2. Circuit of input and intermediate
stages. Current mirrors allow large
common-mode signals.

Fig.3. One version of inputto final stage.
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identical resistors in series with each emit-
ter. These resistors should not be of too large
a value since they will increase the Miller
effect in the emitter coupled pair.

Output stage. One of a variety of circuits
may be used for the output stage, depending
upon the particular application of the ampli-
fier. The type of device used in this stage is
determined by the output voltage and cur-
rent required by the load. For voltages up to
350 and currents up to several tens of
milliamperes, high-voltage video-amplifier
bipolar transistors may be employed in the
common-base mode, simply to withstand
the required voltage, whilst passing current
from the intermediate stage to the load.

Where the required voltage exceeds 350 or
the current is greater than several tens of
milliamperes, power fets are more suitable
because of low current gain in bipolar power
transistors, or the lack of p-n-p devices, or
both. These may be used either in the same
way as the video transistors, or as source
followers in order to reduce the standing
power dissipation in the amplifier. The out-
put stage may be either single-ended or
push-pull, again depending upon the per-
formance required. At the highest voltage
rating currently of 1kV, only n-channel fets
are available and, if a push-pull system is
needed, a type of totem-pole amplifier be-
comes necessary.

Whatever arrangement of devices is used
in directly driving the load, the complete
output stage is designed to be current driven
by the intermediate stage. The input section
of the output stage will usually contain
transistors in the common base configura-
tion, at least one of which will serve to
translate the d.c. level of an input current to
that of one of the high-voltage power-supply
lines.

Figure 3 shows a typical version of the

ELECTRONICS & WIRELESS WORLD

input section of the output stage. In this
example it is assumed that the intermediate
stage uses p-n-p transistors so that its output
current may be at the —15V level. One of the
intermediate stage collectors connects
directly to Trs, a high-voltage transistor
whose function is simply to transmit the
current from one output of the intermediate
stage of the current mirror formed by Trg
and Tr; and thence to Trg, which is again a
high-voltage transistor passing the current
to the final driver stage, or in some cases
directly to the load. Transistors Tr; to Try
perform a similar function for the other
output from the intermediate stage. The bias
voltage of 1.2V which occurs in three places
inFig.3 is provided to ensure that the output
transistor of a current mirror is not satu-
rated.

The simplest form of output stage has the
collectors of Try and Trg connected together
to form the output terminal, the load being
connected from this point to ground. This
form is suitable for applications in which the
current from the intermediate stage is suffi-
cient to drive the load.

A complementary source-follower circuit
is shown in Fig.4. In this case the current
from the intermediate stage drives the resis-
tor chain, and the source followers provide
large currents on demand, enabling heavy
loads to be driven.

Currently the highest rated p-channel
power fet which is available will withstand
500V, so that for outputs of more than 500V
the complementary source follower cannot
be used. A circuit having similar properties
but using only n-channel devices is shown in
Fig.5.

Stability and transient response. The design
of a feedback amplifier normally commences
from a knowledge of the required gain and of
the stability of this gain against circuit

+Vy
R %
(33
o__._;x
S 2 ~—
<
O
L i
b
R -
. =

Fig.4. Complementary source follower
driven by intermediate stage.
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Fig.5. Circuit has similar characteristics to
that of Fig.4, but at higher voltages.

parameter changes. These two data im-
mediately determine the feedback fraction g
and the low frequency loop gain A,B, so that
the required open loop gain A, is known. A
major advantage of the present method of
design is that A, can be adjusted to the
required value, and this has a significant
effect upon the problem of achieving a.c.
stability and the desired transient response.
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Fig.6. Complete circuit diagram of one version of amplifier.

To reduce phase shift in this circuit at
high frequencies, transistors should be
selected whose fr is at least one and prefer-
ably more orders of magnitude higher than
the desired 3 dB frequency of the amplifier.
Transistors in the common-base configura-
tion have a current gain which falls by 3 dB
at approximately fr and current mirrors
behave in the same way as common-base
transistors having transition frequencies of
f/2.

The input stage will have a small input
capacitance at each base reduced by the
emitter resistors, and one of these capaci-
tances will form a time constant with the
feedback potentiometer. This time constant
may be compensated in the usual manner in,
order to make § independent of frequency.
Often in order to bring the compensating
capacitor to a practical value it wi]l be
necessary to add capacitance at the base of
the input stage.

Two situations now arise. If the load is
current driven, effectively by the output of
the intermediate stage, the feedback circuit
will form part of the load and the overall time
constant will be large compared to 1/wy. If
on the other hand the load is driven by a
source follower or a totem pole stage, the
load time constant will become insignificant
compared to that at the input of that stage.
In either case one significant time constant
will exist in the output stage. For example in
the circuits of Fig.4 and Fig.5, the dominant
time constant is (C—Crs)R. A second
significant time constant will usually arise at
the input of the intermediate stage.

If the significant time constants are one or
two orders of magnitude greater than the
remainder, as is often the case, then these
latter may be ignored at least to a first
approximation, and the amplifier is essen-
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tially one with two lagging time constants. If
A,B>>1, then for a non-oscillatory step
response it is necessary that the ratio of
these time constants be at least 4A,B. The
compensation circuit consisting of C and R
at the input to the intermediate stage en-
ables this ratio to be adjusted as shown in the
appendix, so that an acceptable transient
response may be achieved.

EXAMPLE OF METHOD

As an example of the design method sug-
gested above, an amplifier to meet the
following requirements is considered here.
The load is a capacitance of 200 pF in which a
non-oscillatory response of 250V is required
to an input step of 10V. The output is to
reach 99.9% of the final value within 2pus,
and the gain stability required is 0.1%.

The suggested circuit is shown in Fig.6
and is of the type in which the load is driven
by the current from the intermediate stage.
Evidently we need B=1/25 and A,8=1000,
so that A,=25000. The total current in the
intermediate stage must yield a slew rate of
at least 125V/us and thus must be at least
2x107'9%250% 1000/2x 10~ °=25 mA. The
total current as designed is 28.5 mA.

The transistors BF758 and BF761 are
video devices chosen towithstand 300V, and,
with suitable heat sinking, the greatest
mean dissipation of 4 W: their f; is 45MHz
and minimum hgg is 40. The current mir-
rors have minimum values of hpg=100 and
fr=200MHz. The BCY71 devices chosen for
the intermediate stage have values hgg typic-
al 200 and fr minimum 200MHz, C.=5 pF.

Hence for the intermediate stage g,=1/
240, S=4.17 ms, gn=g,/hpg=20.8ps, C,=
gn/2wfr=3.32pF, and thence C+g,=
104 ps. The first significant time constant is
hence T;=(5+3.32)x107'2/104x
10°6=8x10""%.

For the .LM394C used for accurate ba-
lance, low drift and low noise in the input
stage, hpgg=500, C=15 pF and f;=60 MHz.
Hence g,,=1/390, $=2.56 ms, gw=5.13 ps
and Cw=6.8 pF.

The input stage will have a differential
mode signal only 1/25 of the common mode
signal, so that the contributions of g, and C,,
to the input admittance may be ignored in
comparison with that of C,,. Thus the capaci-
tance loading the feedback potentiometer is
15 pF, requiring about 0.6 pF compensating
capacitance. This value is impracticably
small, and to make it more reasonable 100pF
is added at the feedback base of the input
stage, bringing the compensating capaci-
tance to about 4.6 pF.

In this circuit the time constant T, is that
of the load and feedback network: Ty =(200+
115/25)x 10 '2/(10~*/25)=51.15x 10" 5s.
Also A,=4.17x1073%x2.56x1073/(107*x
1.04x107%=25035, A,8=1001, T./T,=
639.4. The ratio of the time constants is thus
too small and correction is needed.

We require CR=51.15%1075, TsT,=T,T,
=4.092x10712 with T;=4004T,, whence
C=3.99 nF for which we use the larger pre-
ferred value 4.3 nF, leading to R=12 k. The
equal time constants in the closed loop are
then each 2T,=6.4x10"%.

With this choice of values the rise time to
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99.9% of final value is 9.23T=591 ns for
small signals. For signals greater than about
10% of maximum the output rise time is
determined by the slew rate of 135V/us,
giving 1.85us for 250V output, which is
within the specification.

In this example some typical and some
minimum parameter values have been used.
Using minimum values of gain parameters
will give assurance of adequate open-loop
gain and hence of closed-loop gain stability.
In practice, to deal with the question of
transient response either a worst case cal-
culation must be performed, or the values of
compensation components may be found by
trial in a give case, using the mean values as
a starting point.

As a further example, Fig.7 shows some
characteristics of an amplifier designed to
drive a capacitance load of several hundred
pF at frequencies up to 20kHz. A gain of 50
was required stable to 0.1% and an output
swing of 500V peak was desired. It can be
seen that a swing of 450V peak was achieved
at 20kHz. The total noise output was 700 pV
r.m.s., which could be improved if necessary
by attention to the input stage. This ampli-
fier uses an output stage like that shown in
Fig.5. Figure 8 is a photograph of this
amplifier.

APPENDIX-STEP-RESPONSE
CORRECTION

Suppose the amplifier has d.c. gain A, and
two lagging time constants T, and Ty. The
differential equation relating output V, and
input V; when the loop is closed with a
feedback fraction B is then [A,8+(1+T,D)
(1+T,D)}V,=A,V;. The transient response is
determined by the complementary function
of the equation, whose nature is in turn
determined by that of the roots of the
auxiliary equation AB+(1+T;x}1+TyX)=

0. For a non-oscillatory solution it is nec-
essary that the roots shall be real and this
requires that (T,+T,)*>4(1+AB)T,T, or
(T, —Ts)>>4A, BT, T,. Since in practice A,8
>>1, it follows that one time constant, say
T,, must be much greater than the other,
whence T;>4 A BT, T,.

Now suppose that the time constant T, is
at the input of the intermediate stage, and is
formed by capacitance C, and resistance R,
in parallel. With the compensating series CR
branch connected, the impedance at this
point is R, (1+jwCR)/[(1+jwT)(1+
joCR)+jwCR,] which takes the place in the
gain expression of the impedance Ry/(1+jw
T,) which obtains in the absence of the CR
branch. The additional branch will thus lead
to the gain expression A,(1+jwCR)/[(1+]jw
T,)(1+joCR)+jwCR; (1 +jwT,).

If we now choose CR=Tj,, this becomes
AJ[(1+jwT)(1+jwTs)+jwCR;| which may
be written A/[(1+jwTs)(1+jwTs)] where
T3T4=T]T2 and T3T4=T1T2+CR1- Thus the
two time constants T, and T, have been
replaced by T; and T4 whose ratio may be
adjusted by choice of C whilst keeping
CR=T2.
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Or not, as the
case may be

[ recently bought a hairdryer. As
an integral part of the hairdryer a
cable was supplied which is to be
connected to amains plug by the
user. The instructions read as
follows:—
IMPORTANT
The wires in this mains lead
are coloured in accordance
with the following code:
BLUE:NEUTRAL BROWN:
LIVE.
The wire which is coloured
blue must be connected to the
terminal marked with the let-
ter N or coloured black. The
wire which is coloured brown
must be connected to the ter-
minal marked with the letter L
or coloured red.
Can any of your readers help me
convince a member of the oppo-
site sex that engineers really do
think logically or are we all quite
mad?
W. Scott,
Highgate,
London N6.

i ——r—y
Heat transfer

[ refer to a letter by Mr G. Nalty in
the October issue in the Feed-
back column. I am afraid that Mr
Nalty, like so many others, has
been confused by Specmanship
in his interpretation of the ther-
mal performance of semiconduc-
tors and especially transistors.
Mr Nalty claims to have heard
the difference in distortion in an
amplifier when changing from a
power transistor rated at 12.5
watts to one rated at 50 watts due
to lower junction temperature.
would suggest that the truth of
the matter is that the difference
was due to the actual transistor
characteristics rather than junc-
tion temperature. Let us ex-
amine the facts.

Mr Nalty’s circuit conditions
are such that the device is dis-
sipating 60 milliwatts. Presum-
ably the transistor is mounted in
free air for such a small dissipa-
tion. What is important in this
condition is not the Ry, junction
to case (Ryy—c) but the Ryy_,
(junction to ambient) which is
considerably different and very
much larger. Furthermore, this
figure is in the main independent
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of package for a given die size,
although not necessarily true for
all die sizes. It is easy to find
devices in T0220, SOT82 and
SOT32 (T0126) in the SGS Pow-
er Transistor Databook which
use the same die and exhibit very
different Ry, but the same
Rinj—a- But let us be generous
and use some figures which do
vary, for example an Ry,;_, of
62.5 degC/W and 83.4 degC/W
which can be found for certain
devices in T0220/SOT82 and
TO126 respectively. We have
here a difference of about 20
degC/W which for the quoted
dissipation of 60 milliwatts will
yield a junction temperature dif-
ference of a mere 1.2 degrees
centigrade between the two de-
vices. Taking this to its logical
conclusion and using figures for
more representative types we
would have negligible tempera-
ture difference, certainly much
less than the normal measure-
ment tolerance capability, tend-
ing to prove my previous state-
ment that the distortion differ-
ence is due to transistor (die)
typealone.

Mr Nalty might like to note
that it is not thermal resistance
which decreases with increase in
power dissipation, but rather the
other way round. The Ry, defines
the maximum allowable dissipa-
tion with reference to the max-
imum allowable junction
temperature. It is the first link in
the chain from the die to the
outside world, so to speak.

Let us look at this pheno-
menon a little further and take as
an example the devices TIP110,
TIP120, TIP130, SGS110,
SGS120 and SGS130. The three
TIP--- types use increasingly lar-
ger die assembled in T0220
while the SGS--- types are the
equivalent die in SOT32 package,
which is physically the same size
as TO126 (or SOT32) but without
the fixing hole, which thus en-
ables a larger die to be accommo-
dated. The Ry,;_, is identical for
all six types (regardless of die size
or package type), but the Ry, is
another matter. Die for die (e.g.
TIP110 to SGS110) the Ry is
the same but it decreases from
2.5 through to 1.78 degC/W as
the die size increases from 110 to
130. As a parallel to this the
figure for 7800 regulators in
T0220, which use very much
smaller die, shows a Ry;_. of 4
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degC/W.

I hope this sheds some light on
arather ill-understood topic.
Nigel Pritchard,

Field Applications Engineer,
SGS Semiconductor Ltd,
Aylesbury.

P o
Filters and

pulses

[was interested to read at the end
of Mr C.F. Coleman’s letter (July
issue), the question “Why, if the
Fourier transform of a single
square pulse can represent the
zero level before the pulse ar-
rives, should the calculated out-
put which it generates when ap-
plied to a low pass filter begin
before the leading edge of the
pulse arrives?”

[ remember as a student
(many years ago) being puzzled
by precisely this anomaly. The
answer which emerged after a
great deal of effort, mathematics
not being my strong suit, was
that the ideal pulse and network
postulated were not physically
realisable. If one utilised in the
calculation the characteristics of
a pulse and a network which
were physically realisable, then
no output occurred before the
input pulse was applied, and the
effect was delay the rising edge of
the output pulse with respect to
the input pulse.

No doubt your more mathe-
matically inclined readers could
furnish a convincing proof.

J. Hollingworth,
Grand Caymen,
B.W. Indies.

C——————IVT,
S5/8

[ regret that I am still uncon-
vinced about the proposed S5/8
system, despite the enthusiastic
flag waving by its proponents.
The worst point about this
system is that it is not a properly
designed transmission system; it
takes no account of the prop-
erties of the transmission line,
and it is not terminated. It is thus
very prone to interference pick-
up and ringing; a problem that
must increase as line length is
increased. It is obvious that
lengths in excess of 1 metre will
be required. Mr Tomlinson’s

point regarding the t.t.1. parallel
interface to disc drives is very
valid. These are used only on
short runs, but the cable is at
least terminated!

[ am not impressed with argu-
ments about an extra pound or
two for components, nor even an
extra 100 mA or so. [ am sure
that anyone who has lost valu-
able programmes or text from a
computer system would gladly
pay the price for a reliable sys-
tem. Such a properly designed
interface need not tie up software
time with CRC checks etc. These
need only be used when unstable
media such as radio link or
magnetic recording is involved.
A wired system should be as
reliable as possible.

[ would be very interested to
learn what system is employed
for consultation between BSI
and the engineering community
before standards are proposed.
Clearly this proposal would have
benefited by input from en-
gineers in the television, radar or
audio field where the points |
have listed have been well known
and understood for many years.
Perhaps wider publication of
such proposals in Wireless World
might be advantageous.

Les Hayward,
Eastpoint Ltd,
Corfe Castle,
Dorset.

RS TR AT
German v.l.f.

[ am engaged on a programme of
research into a very low frequen-
cy transmitting radio station
established in Germany, late
autumn 1941,

The station called “Goliath”,
was near the village of Kalbe
(Saxony, Prussia) and partially
straddled the River Milde.

I seek any information, no
matter how small or seemingly
trivial. Any drawings, photo-
graphs, technical details or per-
sonal memories by German or
Allied personnel would be espe-
cially welcome. Any documents
loaned to me would be treated
withcare and postage refunded.
T.F. Bernascone,

Goliath Research Project,
Teeside Polytechnic,
Borough Road,
Middlesbrough,
Cleveland TS1 3BA.

ELECTRONICS & WIRELESS WORLD



Relativity

In the October issue of E€WW,
Alan Watson of Mallorca chal-
lenges sceptics to provide physic-
al evidence against the second
postulate on which Albert Ein-
stein based his relativity doc-
trine. Perhaps I can help.

The postulate was presented in

the second paragraph of Ein-
stein’s famous 1905 paper in
which he introduced his Special
Relativity. He wrote in German.
Translated into English, the
postulate reads':
“...light is always propagated in
empty space with a definite
velocity ¢ which is independent
of the state of motion of the
emitting body.”

Statements about motion and
velocity are meaningless unless
they specify (or unambiguously
imply) a frame of reference. In
later years, Einstein and his fol-
lowers interpreted the postulate
to mean: The velocity of light
measures as ¢ under all condi-
tions.

Consider the radar equipment
used by traffic police to catch
people driving their automobiles
too fast. Typical is the case in
which a police vehicle sits at the
side of a highway, aiming a radar
beam at approaching traffic.

One person is driving toward
the police vechicle at a speed (a
velocity) of 100 km/h (relative to
the road surface) in violation of
the law. The radar beam bounces
off the offending vechicle,
bounces back to the police vehi-
cle, and records the illegal land
speed in the police radar equip-
ment. The police officer signs a
citation, and the offender pays a
fine.

How does the radar work? The
radar beam emitted by the police
vehicle travels at ¢ (nearly
300,000 km/s) relative to its
source. It is reflected back to the
waiting police vehicle. How fast
does the reflected beam travel?
At c, relative to the vehicle from
whichiit is reflected.

So far, Einsteinians and anti-
Einsteinians agree. But then we
ask the critical question: What is
the velocity of the incoming re-
flected beam relative to the
police vehicle? 1t is only c, the
Einsteinians reply. But the anti-
Einsteinians say no, insisting
that the returning beam comes
in at a velocity of c+100km/

h=c+0.02777. km/s.

The radar equipment in the
police vehicle shows the Doppler
effect, a slight shift in the fre-
quency of the incoming beam,
and calculates the oncoming
vehicle’s illegal land speed of 100
km/h, which is equal to
0.02777.. km/s. If the incoming
beam’s velocity were only ¢ (as

Einsteinians contend), there |

would be no shift in frequency.
But there is a shift, and Einstein
was mistaken.

Now a bit of direct evidence.

Scientific American, in its
issue of November 1961, pub-
lished an article describing the
two-mile linear accelerator to be
built at Stanford University in
California (it was built a few
years later, and has been in op-
eration for many years). On page
50, the article said the velocity of
particles would be
0.9999999997¢ relative to the
accelerator. Then, a few words
later, on the same page, came
this:

“....the accelerating (electro-
magnetic) field must travel at a
velocity close to that of the parti-
cles. Some slippage between the
two is allowable, so long as the
particles stay near the wave
crests (the points of maximum
accelerating force). To bring the
wave velocity close enough to
that of the particles, the inside of
the pipe is designed with a series
of ridges. These have the effect of
slowing the electromagnetic
waves travelling through the
pipe. If the pipe were perfectly
smooth, the waves would trave!
faster than c and would be unable
to transfer energy to the parti-
cles... A proper choice of the
dimensions of the ridged struc-
ture slows the wave to the de-
sired velocity.”

Reference

1. A Einstein, “On the Electrody-
namics of Moving Bodies,” in
The Principle of Relativity, trans-
lators (1923) W. Perrett, G.B.
Jeffery (Dover, New York, 1952),
p.38. (Also, General Publishing,
Toronto, and Constable & Co.,
London.)

Lee Coe,

Berkeley,

California.

I was very interested in H.
Aspden’s letter concerning re-
latively and the Sagnac effect.
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STC in London are developing a
optical-fibre gyroscope which
depends upon this effect for its
operation. However, what is de-
tected is a rotation of an optical-
fibre coil, not linear motion,
thus the general theory and not
the special theory is involved. In
E.W. Silvertooth’s experiment as
described, surely what is being
detected is a rotational effect as
the earth rotates around the sun.
D. Marquis,

Westerham Hill,

Kent.

As every schoolboy surely has
been taught, it is perfectly possi-
ble to “prove” (mathematically,
of course) that 2=1. Permit a
reminder:

Let a=b and multiply both sides
by a, so a®=ab.
Subtract b’ from both sides
a’—b?=ab—b’
Factorize
(a+b)(a—b)=b(a—Db)
Cancel

o

+

=5
I

But
Therefore

It is quite like removing every
vestige of energy from a system
so that a transform may work in
the static state of mathematics,
simultaneity having broken
down, so that the assumption
may be made that the speed of
light is infinite to correct the
situation, so that the interval in
space-time between two events
on the world line of a photon may
be made zero, in order that the
said transform may work as in-
tended! Of course, it is just
another Ezekiel’s wheel revolv-
ing round an axle of presump-
tion.

One is then left with the infi-
nite speed of light when the
system is devoid of energy: very
neat! This is further explained by
the strange statement that mass
and energy are the same thing,
whence energy must have iner-
tial mass because it is non-
existent.

Unfortunately for the mathe-
maticians, both these are inter-
rupted by catastrophe which
makes both the numbers and
their symbols totally valueless.

What this demonstrates is the
lack of value of mathematics
unless they are fully backed by an
active dynamic logic which may

be expressed in words: that is to
say, the mathematics must be
done without first freezing the
-system solid by removing every
vestige of energy, and existing
thought is sheer poppycock. Sor-
ry Mr Coleman, but at least Mr
Snoswell should be pleased,
along with Mr Aspden and Mr
Abdullahi when they get down to
it, all in November Feedback.
Incidentally, Mr Editor, and
presumably for the benefit of
your (what used to be called)
‘comps”, the word is “couch” as
recorded in the Book of Job: to
“couch” implies servility but
“couch” implies a sleepy state of
static boredom!
James A. MacHarg,
Wooler,
Northumberland.

I was interested in the comment
in the letter from M.D. Abdullahi

{ of Zaria, Nigeria in your issue of

November, where he obtained
the energy of a charge as (mc?/2,
rather then mc?.

mc?/2 is the finite limiting
value of the translational kinetic
energy of the electron, and we
can obtain this as equal in mag-
nitude to the finite limiting value
of the spin angular kinetic ener-
gy of the electron as the trans-
lational velocity approaches
zero, which is the rest energy.

As the translational velocity of
the electron approaches its finite
limiting value, the fluctuations
in the magnitude of the spin
angular velocity increase inde-
finitely, and the electron liber-
ates an infinite sequence of
photons of indefinitely increas-
ing energy. Thus the electron
can take as much energy from
the accelerating field as the field
can give it, and most of this
energy is radiated as an infinite
sequence of photons of inde-
finitely increasing energy.

During the fluctuations in the
spin angular velocity of the elec-
tron, the resultant angular
momentum is conserved by fluc-
tuations in the lateral compo-
nent of the translational velocity
of the centre of mass, this repre-
senting the commutation rela-
tions of translational and angu-
lar velocity of quantum mecha-
nics. At the minima of the total
kinetic energy as the translation-
al velocity approaches its finite
limiting value, the magnitude of
the spin angluar velocity
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approaches zero, and the trans-
lational kinetic energy, which is
approaching its finite limiting
value, has almost entirely re-
placed the finite limiting value of
the spin angular kinetic energy
when the translational velocity
approached zero, which is the
rest energy, and the magnitudes
of the two finite limiting ener-
gies are equal.

R. Fricker

Surbiton,

Surrey.

In the November issue, M.J.
Snoswell asks “what happens to a
top”? The answer to that must
surely depend upon how one
treats the top. One result is
shown in the picture. The 24
pound top is spinning at 2000
r.p.m. and is rising quite rapidly
up a helical path.

The downward pressure on the
finger is no more than two
pounds and so its seems that
some 22 pounds of gravitational
mass has mysteriously vanished.

A further aspect of the affair is
that the calculated centrifugal
force in the horizontal plane
from the centre of the helix was
to have been 17 pounds but in
the event there was no c.f. at all.
Again it seems that all of the
inertial mass vanished.

Perhaps some dedicated re-
lativist who fervently believes
that to increase the energy of a
body is to increase its mass will
tell us where the mass got hid.

It may be that if such an
explanation is forthcoming we
shall know how the Cheshire
cat’s grin got out of the bag in
order to join MacHarg’s menag-

ery or, is it perhaps that we have
a new science and Albert was
wrong?

Alex Jones,

Alderney.

Alan Watson (April Letters)
rightly emphasizes that the cur-
rent experimental evidence for
the time dilation predicted by
Special Relativity establishes the
effect beyond question. However
the work which he actually cites
was presumably based on the use
of atomic clocks in fast flying
aircraft or in satellites. Even for
the latter the predicted effect is
only one part in 10'°, so that the
experiments are open to the cri-
ticism that some small systema-
tic effect may have been neg-
lected, and the gravitational
effects on clock rates are of com-
parable magnitude.

Much more dramatic are the
measurements on fast-moving
unstable subatomic particles
such as the muon and pion. The
measured lifetimes of these two
particles at rest are 2.20 ps and
26.0 ns respectively, and when
they are in motion the values
should, according to Special Re-
lativity, be increased by the time
dilation factor. The earliest
measurements of this kind in-
volved comparing the muon
component of the cosmic rays at
the top of the atmosphere and at
ground level, and were made in
the late thirties. The muons
travel downwards at almost the
speed of light, and to account for
the large fraction that survive
the journey it was necessary to
assume a lifetime several times
larger than the estimated value
for muons at rest.

FEEDBACK

Precise quantitative measure-
ments became possible with the
advent of high-energy particle
accelerators fifteen to twenty
years ago. Measurements on the
fraction of positive pions which
survived transit along a twelve
metre flight path gave a time
dilation of 2.40, within 2% of
the Special Relativity prediction
for pions of the selected energy’.
In principle, this measurement
corresponds closely to the earlier
cosmic ray measurements. Re-
lativistic muons, however, travel
about 700 metres in 2.2 ps, so
that to observe time dilation in
the lab. it was necessary to force
them to travel repeatedly round a
circular path, and to measure the
survival fraction by sending off
bunches of muons at suitable
intervals, and observing the
number that decayed near a fixed
position on the path as a function
of time after starting. Such
measurements have been made
for muons of two different ener-
gies. The more recent set gave an
increase in lifetime by a factor of
29.3, within 0.1% of the Special
Relativity prediction %>. Because
the muons are forced to return
time after time to the same posi-
tion in the lab., these last experi-
ments actually measure differen-
tial ageing, i.e. the phenomenon
involved in the so-called ‘twin
paradox’.

The meson experiments test
aspects of Special Relativity
which are completely inaccessi-
ble to measurements made with
atomic clocks, and confirm its
predictions with unparalleled
precision. Moreover they are vir-
tually immune to the effect of the
earth’s rotation, of the earth’s
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orbital motion round the sun,
and of its gravitational field. May
we now forget the Haefele-
Keating experiment?
C.F.Coleman,

Grove,

Oxfordshire
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Apart from the problem he poses
(Feedback, November, 1986) Mr
Abdullahi should expect to en-
counter discrepancies involving
factors of 12 from general consid-
erations. The reason is that our
perception of the physical world
is based on sampling of our
external environment by our
sensory apparatus. Even with the
very large number (10 to 15
thousand million) nerve cells in
the brain, we cannot sample at
twice the rate at which some
external events occur in order to
comply with the requirements of
Nyquist sampling frequency and
thus avoid ‘aliasing’ as a neces-
sary componenet of some aspects
of mental activity. In addition
the electrical and chemical activ-
ity of the central nervous system
is quantized as trains of voltage
spikes (called ‘action potentials’
by neurophysiologists). From
this, it would be expected that, at
some (very low) threshold of
perception and cognition (called
‘limen’ by psychologists), events
of the physical universe would
only detected with probability
0.5, constituting a possible ex-
planation of, for example, Bell’s
inequality.

B.E.P. Clement,

Crickhowell,

Powys,

Wales.
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Electrometer ampliflers for
sub-picoamp currents

Switched-range and logarithmic amplifiers for currents

lectrometer amplifiers are widely
Eused in the nuclear industry for am-

plification and measurement of direct
currents from ionization chambers used, for
example, in reactor control and safety in-
strumentation. In these applications they
process currents ranging from femtoamps to
nanoamps (107°Ato 107°A).

This article presents the basic design
principles for a switched-range linear ampli-
fier and an examination of those concerned
with its single-range logarithmic counter-
part. To quantify the design parameters, it is
assumed that either type is to measure
currents over the four and a half decades
from 20 femtoamps to 0.6 nanoamps; in the
linear case, by ten switched ranges — 20fA
f.s.d. multiplied by 1,3,10,30 and so on to
0.6nAf.s.d.

DESIGN PRINCIPLES

Figure 1 shows a block diagram of a direct-
coupled measuring amplifier. The current
flowing through the milliameter, L, is
essentially equal to

_LinRy
R

provided that no current is diverted to or fed
from the amplifier input terminal and the
loop gain AR.//(Rn+R;) is much greater
than unity.

The amplifier must, therefore, have very
high input resistance, its gain must be large
and R, must not be much less than R;. From
expression (1) it can be seen that I, is
directly proportional to [, and is equal to [;,
multiplied by the factor —R¢/R,,, the current
gain of the amplifier. It can also be seen from
(1) that 1, is independent of the resistance
of the milliamneter and within reason any
milliameter may be used to indicate the
magnitude of the input current.

The range voltage V,, is given by I, R
and inserting this into (1) gives V,,=—I,,R;.
Therefore V., is equal to, but opposite in
polarity to Vi, the voltage drop across Ry due
to [ih. Of course, Vi and V,, differ by the
voltage needed to drive the amplifier, which
is V¢/loop gain, but if loop gain is very high
the drive voltage will be virtually zero. As
will emerge later, this virtual-earth input is
an essential requirement for current-
measuring electrometers.

Choice of range voltage. Consider the most
sensitive range of 20fA f.s.d. and assume that
this is to be displayed ona ImA f.s.d. meter.
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down to 20 femtoamps
D.F. CAUDREY
From (1) the Lo R¢ @)
magnitude in Rm
R__107° 10
Therefore Rm_2><10'“_5><10
or R=5x10"R, (3)

Thus it would appear that any combination
of resistors having this relationship could be
used to achieve the desired result. However,
the amplifier shortcomings must be taken
into account. All directly-coupled amplifiers
are subject to drift, both as a random
function of time or as a result of temperature
change. Fortunately, time-dependent drift is
small in solid-state amplifiers, but the effects
of temperature have considerable bearing on
the choice of V.. In common with most
solid-state, directly-coupled amplifiers, the
electrometer amplifier is a balanced, dif-
ferential type having one input terminal
driven by the input signal and the other held
at a reference potential. This, of course,
minimizes the direct effects of temperature
and supply voltage changes by rendering
them common-mode, and the degree of
temperature independence achieved de-
pends on the matching of temperature
coefficients in the balanced input stage. In
all practical electrometer circuits, there wil
be appreciable temperature dependence.

The temperature dependence of oper-
ational amplifiers is usually expressed in
terms of the equivalent difference voltage
between the input terminals and, for mod-
ern monolithic integrated circuits, figures of
1 to 5uV/°C are commonly specified. Unfor-
tunately, due to the need for very high input
resistance, it is essential to employ mosfet
transistors in the input stage of electrometer
amplifiers; devices which can normally be
matched to better than 100wV/°C in mono-
lithic pairs. Consequently, the virtual-earth
driving point can drift by up to 2mV for 20°C
temperature excursions. This effect,
together with other sources of drift, can be
represented by an additional voltage gener-
ator Vi, as shown in Fig.2.

As V, is within the feedback loop, it must
be small in comparison with V,,, (=V) if the
dominant temperature-dependent drift is
not to be a nuisance. However, the choice of
Vi is constrained by the maximum permissi-
ble value for the feedback resistor Ry and its
relationship to R, defined in expression (3).

High-value resistors are available in
values up to 100TQ(10"*€)) but about 3TQ is
the maximum value which gives accept-

Common Om——.
ov

Figl. D.c. amplifier block diagram, in
which |, is the input current; Rg the input
resistor; R, a range-multiplier resistor; R;
the internal resistance of the meter; and
V., the range voltage. The meter can be
replaced by a resistor terminating the
input to a d.p.m. simpligyinh range
switching.

]

e | SESREEr

Fig.2. Voltage generator V, represents
temperature and other sources of drive.

able selection tolerance (1%) and stability in
respect of temperature and voltage coeffi-
cients and ageing. This constraint defines V,
as 60mV for the 20fA f.s.d. range. For the
higher ranges of input current, it is possible
to reduce R; or to increase R, and concom-
itantly V. Of these options, the former gives
the benefit of reduced response time, as is
discussed later, and the latter is less costly,
because fewer expensive, high-value resis-
tors are required to accommodate the pro-
jected ten ranges of current measurement.
The latter option also simplifies the range
switch at the input to the amplifier, with a
consequent reduction in static-charge over-
loads during range selection. In fact, it is
possible to employ only two values for R¢
(3T and 10G(Y) in conjunction with seven
values of Ry, to cover the assumed range of
current measurement 20fA to 0.6nA.

Response time. Also shown in Fig.2 are two
stray capacitances C;1 and C,2, which can
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influence the response time of the electro-
meter amplifier. C,; represents the input
capacitance made up mainly by the capaci-
tance of the signal source — ionisation
chamber etc. — and the gate capacitance of
the input mosfet. The magnitude of C,l
might be as much as 100pF and, by virtue of
its position, it must be charged by the input
current before the electrometer can achieve
a correct indication. Remembering that V,
for the 20fA range is 60mV, it is worthwhile
to examine the time required for the input
current to charge 100pF to 60mV

_CV_100x10"'2x60x10"*
= 2x10° "

t seconds.

Therefore, without virtual-earth operation,
f.s.d. would be reached after five minutes.
However, for the most critical 20fA range,
the loop gain AR/(R,+R;) for the projected
design is likely to exceed 40,000 if a typical
operational amplifier is included in the loop,
and thus C,1 will be charged to less than
60/40,000 mV, i.e. 1.5uV. This requires
approximately 0.008 seconds and C,1 can be
rendered insignificant with respect to its
effect on response time.

C,2 represents the stray capacitance
across the high-value resistor and, until it is
charged by the input current, the full range
voltage cannot be developed across R;. For
increasing input current, C;2 and R, form an
integrating pole with a settling time con-
stant T=C.2 R; seconds and the indication
may be considered to have settled after 3T.
C.2 is typically 2.5pF and therefore T is
approximately 7.5 seconds for ranges em-
ploying the 3TQ resistor. For these current
ranges, the output of the amplifier will reach
95% of its final value in approximately 22
seconds from a step increase of input cur-
rent. For ranges employing the 10G{} resis-
tor, the response is much more rapid and it
is sometimes desirable to create a similar
pole by shunting the resistor with a polys-
tyrene capacitor.

Input circuit. As mentioned previously, a
mosfet input stage is essential to prevent the
signal current from being diverted into the
input terminal of the amplifier and to pre-
vent it from being augmented by current
from within the amplifier.

Mosfets are highly susceptible to break-
down of their gate insulation, due either to
voltage transients or to static charges re-
ceived through handling. Breakdown due to
voltage transients is a major problem in
instruments employing ionization cham-
bers, since these often require polarizing
potentials of several hundred volts. It is
therefore essential to protect the input gate
with devices which break down or avalanche
non-destructively at a voltage lower than
that which causes destructive breakdown of
the gate insulation, and for less stringent
applications zener or avalanche diodes are
used for this purpose. However, for electro-
meters, the conductance of normal zener
diodes would be unacceptable and special
low leakage “picoamp” diodes are used. The
simplified input stage of a typical electro-
meter amplifier is shown in Fig.3.

The gate-protection diodes are connected
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Iin 2 Y mosfet pair
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Fig.3. Typical input stage using mosfets
and protection diodes.
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Fig.4. Internal leakage paths in a mosfet,
whichtend to cancel when balanced.
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Fig.5. Diode characteristic.

between the vulnerable input gate and the
common 0V line. In view of the requirement
for negligible leakage, it might seem surpris-
ing that the diodes are connected in parallel
and apparently short circuit the input ter-
minal to zero. However, the piocamp diodes
are of very small area and are characterized
by very low reverse leakage in comparison
with ordinary signal diodes. This property,
in conjunction with virtual earth operation,
ensures that leakage current to common 0V
is very small in comparison to the input
current for the most sensitive range,
irrespective of whether the diodes are for-
ward or reversed biased; provided, of course,
that there is negligible voltage offset at the
input terminal. However, the diode leakage
approximately doubles for every 7°C temper-
ature rise and consequently a 20°C rise
might result in an eight-fold increase. With

the input terminal at zero the magnitude of
this increased conductance is not excessive
at the elevated temperatures but, as discus-
sed in connection with the choice of range
voltage V,, for the most sensitive range, it
can be accompanied by a voltage offset of
2mV.

Taken together, these effects of increased
temperature can result in unacceptable
offset current and it is therefore necessary to
make provision for precise adjustment of the
‘Set Zero’ control to minimize voltage offset,
particularly at high ambient temperature.
The Set Zero control, shown in Fig.3, com-
pensates for differences between the gate-
source voltages for the mosfet pair when
Iou=0: it is adjusted in a Set Zero position of
the range-selection switch, which short-
circuits the high-value resistor Ryand selects
a lower value V. The control is normally a
ten-turn potentiometer which, in conjunc-
tion with a V,, of the order of 10mV, permits
the voltage offset to be easily maintained
within = 100V of OV.

In view of the fact that leakage through
the protection diodes is rendered insign-
ficant by virtual earth operation, why is it
not practical to use bipolar transistors or
junction-gate field-effect transistors (jug-
fets) in the input stage? The answer to this
question is that the internal leakage current,
that is current to and from the input
terminal from the other electrodes, is too
great in these devices. In mosfets, internal
leakage is minimized by the gate insulation
toalevel many orders below the base current
for a bipolar transistor and several orders
below the leakage across the reversed biased
gate junction of a typical jugfet. Even when
mosfets are used, it is advantageous to
minimize offset current with equal gate-to-
source and gate-to-drain voltage, under
which condition the internal leakage cur-
rents depicted in Fig.4 tend to cancel. This
balanced operation also cancels external
inter-electrode currents due to leakage
across the header, which can be minimized
by installing the electrometer amplifier
within a desiccated, sealed compartment
and using devices having headers of low-
leakage glass.

Some years ago GEC-Marconi marketed
an electrometer dual mosfet (MBH1) with a
header assembly having inter-electrode
guarding by means of an earth-plane. Unfor-
tunately this device is no longer available
and matched dual mosfets are now difficult
to obtain, semiconductor manufacturers
finding the market too small.

However, Intersil market a complete elec-
trometer operational amplifier (ICH8500A)
which is suitable for all but the lowest-
current applications without selection and
which embodies the essential features dis-
cussed in the foregoing text.

LOGARITHMIC ELECTROMETERS

For some applications of electrometer
amplifiers, a single-range logarithmic dis-
play is an ideal way of presenting measured
data, particularly for process-monitoring
applications, where a wide dynamic range

continued on page 112
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Two novel oscillators

Avoltage-controlled active-R oscillator and a minimum-
component design using a single-op-amp, resistor and

capacitor.

M.T.ABUELMA’ATTIAND W.A.ALMANSOURY

oltage-controlled oscillators find
‘; numerous applications in instru-

mentation, measurement and com-
munication systems. The literature contains
a large number of oscillator designs and
analyses based on active-RC and active-R
principles. The active-R design technique is,
however, more attractive for monolithic i.c.
fabrication. Our first circuit is a new voltage-
controlled active-R oscillator using only two
general purpose operational amplifiers and
two resistors.

ACTIVE-R OSCILLATOR

The circuit is shown in Fig.l. Let the
open-loop gain of the operational amplifiers
be represented by the two-pole model given
by

A{)wawh (1)
(s+w,)(s+wy)

where A, is the d.c. gain, w, is the first
corner frequency, wy, is the second corner
frequency and B=A,w, is the gain-
bandwidth product of the operational ampli-
fier. The transfer function of the circuit can
be expressed as

.)5 (1+n)A1A2

v (Ay—n—1)(1+Ay) @

Als)=

where n=R./R,.

For the circuit of Fig.1. to produce and
sustain oscillations, the transfer function of
(2) must be equal to unity, giving

[(w,+5)(wp+5)+Bwpl(w,+5)(w,+s)(n+1)=
[{w,+s)wp+5)—nBoy|bwy, 4)

By rearranging (4) and equating the im-
aginary part to zero, the frequency of oscilla-
tion can be shown to be

nj, 1%
2(n+1)) )

wo=|w,w,(1+

Further simplification of (5) can be obtained
ifnA)=2(n+1), giving

wy=nBwy/2(n+1) (6)

By equating the real part of (4) to zero and
using (5) and noting that for most practical
cases wp>w, the condition of oscillation can
be shown to be approximately

2(n+1) wy
3n+4 w,
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Fig.1. Active-R oscillator circuit. Frequency can be adjusted conveniently by replacing R;
with a j-fetand varying its gate-to-source voltage.

This condition is easily satisfied in practical
operational amplifiers.

Equation 5 shows that the frequency of
oscillation is a simple function of the resist-
ance ratio n. This feature of the proposed
circuit is of practical significance because
the resistance ratio is effectively insensitive
to temperature changes over a considerable
range. Moreover, by keeping ry constant, it is
possible to adjust the frequency of oscilla-
tion simply by changing r;. By replacing &,
with a j-fet it is, therefore, possible to adjust
the frequency of oscillation by adjusting the
gate-to-source voltage of the j-fet.

The circuit was built and tested using the
operational amplifier TLO64CN and the j-fet
3N187 and fairly good sinusoidal oscillations
were obtained: Fig.2 shows a typical output
waveform at 250kHz.

Figure 3 shows how the frequency of
oscillation altered with the gate-to-source
voltage of the j-fe t. When the gate-to-source
voltage was varied from 0 to —2.5V, the
corresponding change in the frequency of
oscillation was from 500kHz to 128kHz.

Changing the d.c. supply voltage of the
operational amplifiers from x9V to =15V
raised the frequency of oscillation from
100kHz to 133kHz (Fig.4).

MINIMUM-COMPONENT
OSCILLATOR

Because of their numerous advantages,
there has been considerable interest in the
design of active-RC oscillator circuits with
grounded capacitors. Besides a single
grounded capacitor, our second circuit uses
only a single resistor and a single operational
amplifier. The circuit, therefore, uses the
minimum number of passive and active
elements (Fig.5).

Fig.2. Output waveform at 250kHz of the
circuitin Fig.1 with a j-fet replacing Ry; Vi,
of the jfet is —1.5V, R, is 3.3k} and the
op-amp's supply is =10V.

500

FREQUENCY
{kHz)
w
<o
®

100

—
Vs (V)

Fig.3. Frequency of oscillation varies with

the gate-to-source voltage of the j-fet.

Op-amp supplyis 212V, R, is 3.3k().

407
Tz | Ry =15k

= Ry =33
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=J -
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10 12 %
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Fig. 4. Frequency can also be varied by
altering the supply voltage of the op-amps.
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Let the open-loop gain of the operational
amplifier be represented by the two-pole
model given by equation 1. The transfer
function of the circuit can expressed as

—Al(s)

{1+sCR) @)

y
X

Fig.5. Op-amp oscillator for the minimalist:
for practical reasons the grounded capaci-
tor arrangementis very desirable.

For the circuit of Fig.5 to generate and
sustain oscillations, equation 8 must equal
unity. Substituting (1) into (8) and rearrang-
ing, then

(145CR)(w,wp +5°+5(0,+wp)) = — Ao, (9)

The frequency of oscillation can be obtained
from (9) by equating the imaginary part to
zero, giving

w,+wy

RC

By equating the real part of (9) to zero and
using (10) and noting that for most practical
cases w,> w,, we can show that the condi-
tion of oscillation will be given, approx-
imately, by

(10}

0)02 = (.l)awb+

Wp 1
> —
A G

+w,CR (11)
This condition can easily be satisfied in
practical operational amplifiers.

From equation (4) it follows that the
frequency of oscillation is a simple function
of the product RC. Therefore, by changing R
or C, or both, it is possible to adjust the
frequency of oscillation.

The circuit of Fig.5 was built and tested
with a 741 op-amp, polystyrene capacitors
and metal film resistors. A typical waveform
is shown in Fig.6.

Fig.6. Output waveform at 3kHz of the
circuit in Fig.5 built with a 741 op-amp. The
resistor is 19k(}, the capacitor 1p.F and the
supply voltage +15V.

When the RC product was adjusted from
57ms to 1 s, the frequency of oscillation was
found to vary over more than two decades,
from 1.4kHz to 200kHz (Fig.7).
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Fig.7. Altering the RC product of the circuit
in Fig.5 shifts the output frequency over
more than two decades.
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Bed-of-nails automatic test fixture.

utomatic testing

An overview of techniques used in the automatic testing of

utomatic test equipment, a.t.e., is
A widely used to test electronic compo-

nents and printed-circuit board
assemblies. It comprises a set of test instru-
ments whose functions are controlled by a
computer via a test program. A test fixture
provides a hardware interface through
which access to the unit under test is
achieved. The a.t.e. market breaks down into
three major groups; p.c.b. testers, compo-
nent testers and bare board testers, All a.t.e.
systems can have a great effect on the
commercial viability and attainment of qual-
ity and specification for a variety of electro-
nics products.

The accelerating growth of technology
means that improved and more complex
devices are coming to market faster. Product
lifetimes are reduced and the problems of
developing and introducing new lines ampli-
fied. Customers now familiar with high-
technology products demand a very high
level of reliability. The general shortage of
skilled electronics engineers makes the ap-
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printed-circuit board assemblies
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plication of manual test stages impractical
and existing stages of automation have
grown to provide the solution. Efficiency,
productivity and quality are all improved.
while costs are reduced. The use of auto-
mated systems in design, manufacture and
test has increased dramatically over the last
few years, and a.t.e., in particular, provides
important information relative to schedul-
ing, costs and product quality.

WHY TESTATALL?

Testing electronic devices and assemblies is
an expensive process and one might well ask
why test at all? If designs were error-free, all
components purchased functioned to speci-
fication, all sub-assemblies were correctly
connected and no calibration or adjustments
were needed, the product could go directly
to the customer. Unfortunately it is not a
perfect world and should a manufacturer
choose to omit the test stage it would soon
go out of business; field service costs would
be astronomical and a reputation for poor

quality and reliability would quickly put off
prospective customers. Testing is an essen-
tial part of the manufacuring process, pro-
viding a high degree of confidence but,
because of the costs involved, must be
performed only at key points in the process
tobe economical.

It is possible for testing to take place at
every stage in the production line shown in
Fig.1. But to do so would waste resources
and result in less than optimum perform-
ance. Usually a fault coverage of around 95%
can be achieved at a reasonable cost, the
remaining 5% being uneconomical for most
companies to achieve and requiring a dis-
proportionate investment in additional
equipment, The a.t.e. systems described
below may be implemented at zny stage,
each having been designed to match the
requirements of a particular point in the
production process.

Component teslers. These range from small
bench-top bridges to large parametric test-
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ers. The latter perform full parametric tests
on integrated circuits prior to their insertion
into printed circuit boards. Costs range from
a few thousand pounds for the smaller
systems to several hundred thousand
pounds for the parametric testers. The in-
stallation of parametric testers is not usual
for most applications.

Bare-board testers. Blank p.c.bs may be
tested on bare-board testers prior to their
population with components, each track
checked for breaks and spurious short cir-
cuits. Test speeds and board throughputs are
high, making their application popular
where expensive or very high volumes of
printed-circuit boards are used. Prices begin
at approximately twenty-five thousand
pounds and fixturing costs (fixtures provid-
ing a hardware interface between tester and
a p.c.b. under test) are minimal. Bare-board
testers are usually used prior to later testing
on in-circuit or functional a.t.e..

Manufacturing-defect analysers. M.d.as de-

tect manufacturing process faults by testing -

for track continuity, spurious short circuits,
component presence, correct value and
orientation, without applying power to the
printed circuit board or assembly. They are
often used with other testers, pre-screening
p.c.bs prior to in-circuit or functional test-
ing. Costs for m.d.as commence at approx-
imately thirty-five thousand pounds.

In-circuit testers. If a printed-circuit board
is correctly manufactured and each compo-
nent correctly fitted and operational, then

Bench-top automatic test euipment

the p.c.b. will function correctly. That is the
principle on which in-circuit testers are
based. Track continuity tests and checks for
spurious short circuits are performed,
although not as quickly as on the bare board
tester. Passive component measurements
establish presence, value and orientation of
discrete components. Controlled powering
up of the board prevents component failures
occurring at this stage, which is followed by
active analogue and digital tests. In-circuit
testers are available in the range £25,000 to
£200,000.

Functional testers. A different test strategy

is used by functional testers, that of testing
the p.c.b. as a single functioning unit. This is
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Fig.1. Manually testing at each production stage is wasteful of resources, while still only
providing a 95% fault detection at reasonable cost.
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Fig.2. Replacing one manual inspection by in-circuit testing reduces cost, increases

production and improves records.

done by injecting a series of test patterns
into the p.c.b’s inputs and monitoring for
expected patterns at the outputs. When
errors occur, diagnostic algorithms, gener-
ated by simulator software, identify the
failing component. This method is particu-
larly effective for locating digital device
errors occurring at high speed, functional
testers operating at speeds of up to 30MHz,
as opposed to the 1MHz digital test rate
generally available from in-circuit testers.
Prices for functional test systems range
between £150,000 and £250,000 (bench-top
testers start at around £50,000).

Traditional a.t.e. tends to be rather large
and expensive, but smaller and cheaper
bench-top systems are also available, as
indicated above. The performance of these
systems, in terms of test speed, p.c.b.
throughput and test-point capacity (the
maximum number of circuit nodes with
which the system can make contact) is
generally lower than the larger systems. But
bench-top systems are attractive, since they
provide an entry path into automatic testing
for small organizations unable to afford the
traditional types. Larger companies may
choose to purchase several system, provid-
ing virtual immunity to failure and allowing
amore flexible test strategy.

The option therefore exists to test at every
stage, and the best place or places to test will
depend upon the requirements of the par-
ticular installation. Identifying the optimum
point at which to site test equipment is
achieved by analysing the types and propor-
tions of faults occurring. A typical produc-
tion line may suffer the following failures:

30% short circuit tracks

25% faulty components

12% unsoldered or dry joints
9%  wrongly fitted components
8%  wrong components

2%  broken components

2%  opencircuit tracks

To determine the optimum position in the
production line to place test equipment, one

must first consider how and where the faults
occur. Short circuits and soldering prob-
lems are likely to occur at the soldering
stage, while most wrongly inserted, wrong
and broken components are introduced at
the component insertion stage prior to
soldering. Broken components and open
circuit tracks can be introduced at any point,
but are more likely at the earlier stages, or
during rework. Any areas of manual assem-
bly are often a weak link in the chain and are
susceptible to any of these types of error.
One must now assess the most suitable
tester test opfion.

Continuity testing will only find the track-
related faults introduced prior to board
assembly, a small proportion of those identi-
fied. Component testers find a similarly
small proportion of p.c.b. faults. A
manufacturing-defect analyser will find
most of the faults in the list, but not those
requiring active tests (a possible 25%). The
functional tester positioned at the end of the
assembly line is better placed, but is not best
used to detect track and analogue failures,
being very effective at locating digital faults.
This is also the most expensive system to buy
and operate.

In-circuit testing provides the best solu-
tion in this case, being capable of detecting
all of the fault types in the analysis. All p.c.b.
failures are detected during a single test of
the board, enabling a high throughput to be
maintained, and fault reporting to compo-
nent level simplifies rework.

The in-circuit tester. The production pro-
cess diagram of Fig.l now becomes that
shown in Fig.2. If the in-circuit tester
replaces a manual test stage, several advan-
tages immediately become apparent; skill
level at the test stage and cost per p.c.b. are
reduced, documentation is improved and
production capacity is increased.

Producing the test program and fixture. A

block diagram of system architecture is
shown in Fig.3. The central computer con-
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Fig.3. System architecture of an in-circuit tester.

Unit
Lnder test

trols the operation of the analogue and
digital test electronics. In some applications
one may wish to connect external GPIB-
controlled measuring instruments to the
p.c.b. under test, and this may be done
through the in-circuit testers’ own hardware
interface. System software will control the
operation of these instruments via a GPIB
port.

The operation of the hardware is invisible
to the programme, the high-level program-
ming language automatically configuring
the a.t.e.’s measuring instruments to per-
form the necessarv measurements. There
are three basic steps in the generation of a
working test program and fixture.

The first step is to allocate test points
(which connect the a.t.e. hardware to the
p.c.b.) to a circuit diagram of the board to be
tested. This allocation will use the analogue
and digital test points available on the test
system, and is very straightforward. Once
complete, it is transferred toa 1:1 artwork of
the p.c.b. The artwork is used by the fixture
manufacturer to ensure accuracy: in-circuit
testers use a hardware interface known as
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the ‘bed of nails’ fixture to provide easy an
accurate connection to the board under test.
Figure 4 and the accompanying photograph
show a section through a bed of nails fixture
and a picture of it in use. The fixture relies on
accurately positioned spring probes (or test
points) and the marked up artwork gives
these positions. Wired back to an interface
block which connects to the tester, they
make contact with every electrical node (i.e.
component interconnection) on the board.
This requires very accurate positioning and
registration, target areas for the probes
typically being component leadouts or spe-
cial dedicated pads. Location pins on the
fixture are made and positioned to match
artwork-referenced fixing holes in the p.c.b,
the holes being chosen to ensure that the
board is correctly oriented. Operation of the
fixture is quite simple: the p.c.b. is posi-
tioned on the fixture’s carriage plate and the
‘operate’ button pressed. A vacuum source,
external to the test system but piped through
it, evacuates the air between the carriage and
bed plates, sucking the board onto the
probes.

The second activity, occurring in parallel
with the manufacture of the fixture, is the
generation of the test program. Software
provided on the a.t.e. prompts for parts-list
information, such as component identifier,
nominal value, tolerance or device type and
the assigned test point numbers for each
component. Active tests for digital devices
are stored in a disc-resident ‘library’. Special
software locates the active test for the
specified device and converts it to the high-
level program language, appending the re-
levant test point information as part of this
process. When all parts list information and
the library-based tests have heen added to
the program, a second programming stage
takes place. The program is analysed and
partially debugged by a special software
package which searches for device con-
figurations which affect the accuracy of
measurements performed by the a.t.e.
‘Guard’ points and other special test
routines, for example bus tristate and open-

collector test, are automatically added and

the circuit checked for potentially danger-
oustesting and circuit configurations.
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The final activity is to prove the test
fixture and program together on the a.t.e..
This final program debugging resolves all
remaining test problems and the p.c.b. can
now be production tested onthe a.t.e..

Order of test execution. In-circuit test ex-
ecution is carried out in the following order:
track tests for continuity and spurious short
circuits, tests for the presence of wire links,
measurements of discrete components, a
controlled powering up of the p.c.b. and
active analogue and digital tests. All faults
are usually located on a single run of the test
program, although the program run will be
aborted if the track tests fail. This avoids the
possibility of damaging the p.c.b. by ap-
plying power to it while there are track
shorts on it. The test program is also aborted
if an error occurs while performing the
initial p.c.b. power up prior to the active
analogue and digital tests.

Analogue test pin electronics. The analogue
test-point switching system connects speci-
fied test points to the measurement hard-
ware and is fundamental to accurate and
flexible analogue measurement. It must be
capable of performing an efficient scan for
random short circuits between two or more
points, provide high insulation between test
points and system ground, enabling resist-
ances of at least 10 milliohms to be mea-
sured without significant error and allowing
leakage measurements to be performed. For
capacitors in the order of 10 picofarads to be
measured, inter-test point capacitance must
be limited.

A number of design features allow these
requirements to be met. Mechanical switch-
ing elements meet the isolation and series
impedance requirements. A three-tier
switching ‘tree’ reduces the selection time
for specified test points and reduces stray
capacitance in the switching system. A tech-
nique to solve the problem of single-pole
switch losses is to employ p-n-p transistor
switch-control stages. This avoids driving
the coils direct from high-power, open-
collector integrated circuits and all switches
have their coils at zero voltage, minimizing
coil-to-switch leakage. ‘Break-before-make’
operations protect the system from possible
damage from stored charge in the board
under test. The reed relays used are especial-
ly designed to minimize the effect of thermal
e.m.f..

Analogue measurement techniques. The

Marconi

Marconi MIDATA 540 in-circuit tester.

analogue measurement system is shown
diagrammatically in Fig.5. It features two
reference power supplies, a programmable
resistor, a 12 bit analogue-to-digital conver-
ter and a measurement zero-volt line. These
may be connected to any analogue test point
via the four-pole switching matrix. The poles
(or wires) of the matrix are designated A, B,
C0,and C1.

An a-to-d converter is used in place of a
digital voltmeter for greater speed. The
system also features additional fast, floating
reference power supplies to provide power to

Fig.4. Section through a bed-of-nails test fixture.
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the p.c.b. under test and stimulus for digital
device drivers.

Under normal operating conditions, the
system configuration for all standard
measurements is arranged automatically by
the high-level test language. However, ex-
perienced programmers have the option of
full control of all parameters through the
test program, enabling special non-standard
tests to be performed if required.

Resistance measurement. A simple example
of how tests are modified to cope with
certain measurement conditions is the re-
sistance test. The theoretical measurement
circuit is shown in Fig.6. R, is a resistor in
the range 400¢) to 20M{}. The high gain and
high input impedance of the operational
amplifier results in points X and Y being
equipotential. Provided that system switch,
lead and contact resistance are negligible
compared with Ry, the gain equation of the
operational amplifier is

M= _Vrel'
Rref Rx
1
or Ryx —
) \’Ou!
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This configuration is often sufficient to
provide a reliable test for a resistor, but the
component configuration shown in Fig.7 is
more_ often encountered. When testing Rs
there is a low-impedance path through
resistors R4, Ry and R,,. Referring to Fig.8,
the combined shunt resistance of these
components will significantly effect the me-
asured value of Rs.

Test point 5 is selected as a ‘guard’ point
and connected to pole C. R4 shunts the
voltage source, so provided it does not pass
too much current it will not effect the
voltage at Z. Since X and Y are equipotential,
the series combination of Ry and Ry, does
not pass any current and the original gain
equation remains true.

The system will also perform a special
low-value resistance test {using Kelvin tech-
niques) and an a.c. resistance measurement
where a resistor is shunted by an inductor.
Other measurements include those on capa-
citors, inductors, leakage, diodes and tran-
sistors. Space does not permit the discussion
of examples of these types of measurement.

Digital test execution. A prime requirement
of all automatic test equipment is the loca-
tion of faults to component level. Most
in-circuit test systems meet this require-
ment when testing digital devices by using a
test method known as node forcing. Digital
pin drivers force logic levels at the device’s
inputs or control pins and override the
normal quiescent state of the node due to
preceding stages. The resulting logic states
at the device outputs are monitored to
establish the correct functioning of the
device without needing to propagate logic
states through complex digital circuitry.
Much discussion has taken place as to the
long-term effect of this method on other
components on the p.c.b. Research has
shown that it is the output stages connected
to a force node which are stressed by the
currents used in node forcing and that
junction temperature rise within the device
is the main hazard. Tests have shown that for
node forcing to cause a t.t.l. device to reach a
junction temperature of 70°C under normal
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Fig.6. Resistance (R,) measurement in
basic form.

Fig.5. Analogue measurement system, which is normally configured automati-
cally by means of high-level test language.
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ambient conditions of 25°C, a forcing period
of at least 30ms is required. The tester
therefore applies a hardware timeout of
400us on all node forcing stimuli, ensuring
total device safety. The biggest advantage of
node forcing is that it is easy and quick to
program and provides a high test speed.
When the test program is run, each test
routine is loaded from computer memory
into a local high-speed ram under system
software control. Up to 2048 test instruc-
tions may be stored in this ram at any time
and a high test speed is achieved by making
the speed of test execution independent of
the LSI11 computer. The ram outputs at
1MHz with the test instructions being ex-
ecuted one per microsecond: tests for s.s.i.
and m.s.i. devices typically require only a few
test steps, so the hardware timeout is not
exceeded. A truth-table system drives input
and control pins and monitors for outputs as
expected from the devices' truth table.
Failure of any part of the test results in
device and p.c.b. failure. More complex
digital devices are tested using the same
basic method, although the tests do not
follow the same truth-table approach. This
serial test method may be supplemented

Fig.7. More usual resistance-measurement
circuit, in which shunt resistance affects
measurement

Fig.8. Circuit arrangement in which shunt
resistors of Fig.7. are either shunting the
source or across the equipotential points
and do not affect reading.
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with a parallel test method, setting up a
series of pin states simultaneously and
achieving a much faster test rate.

FUNCTIONAL TESTING

The main advantages of in-circuit testing
are; inherent fault diagnosis to component
level, low programming cost and skill re-
quirements and short programming times.
The disadvantages of this method are re-
latively high recurring fixture costs and the
inability to detect faults which only become
apparent at or around the p.c.b’s normal
operating speed, for example timing prob-
lems. These are especially important in some
applications, for example military products,
where these faults must be found at the
board test stage, rather than final test. For
example, the electronic systems in a rocket
only have one chance.

This latter type of fault is located by
another a.t.e., the functional tester. The
function test program injects a pattern of
stimuli into the inputs of the p.c.b. and
monitors for expected results on the out-
puts. If the p.c.b. fails, diagnostic software,
using a technique known as reverse trace,
guides the operator back through the p.c.b.
network from the output, prompting the
operator to probe specific nodes with hand-
held probe, wired back to the a.t.e., until the
failing component is located.

Generating the test program and software
is quite a complex task and is usually carried
out by a software package known as a
simulator. One widely used simulator will
run on a variety of functional a.t.e. systems
or on a mainframe computer. To generate
the necessary software for functional test-
ing, the programmer must take the follow-
ing steps.

A database or image file, containing de-
tails of all devices on the p.c.b. and their
interconnections, must be written. To do
this, the programmer simply specifies each
component connection (e.g. IC; pin 1} and
the track or signal name to which it is
connected. When processed by the simulator
the signal names reference particular com-
ponent pins on the same node to one
another, producing a network description of
thep.c.b.

The database is now run through the first
part of the simulator where mathematical
models of each device fitted are located and
combined, using the network description of
the p.c.b, to produce a mathematical model
of the whole board. This is in Boolean
algebraic form and it is using this model that
the sequence of input stimuli and expected
output results are determined.

The simulator now produces series of
input stimuli and applies them to the mathe-
matical model of the p.c.b. When this pro-
cess is complete the following files are
produced:

the test program;

a file indicating the percentage of possible

faults that will be detected by the test

program;

alist of untested nodes;

wiring lists for fixture manufacture;

the diagnostic files to be invoked should a

p.c.b test fail.

An important requirement of functional
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testing is good node visibility: i.e. should any
single node fail that failure must be flushed
through to and be visible at the p.c.b.
output. If good node visibility is not achiev-
able a partial bed of nails fixture may be
required to supplement the standard edge
connector ‘fixturing’ and provide the neces-
sary node visibility.

When creating and debugging files the
programmer has some additional software
tools available: a database creator aids the
programmer at the p.c.b. description-
generation stage: an emulator, part of the
simulator, creates mathematical models for
complex digital devices; and a logic analyser
shows the logic state of any node at any stage
during the test and is particularly useful
when creating and debugging new math-
matical device models.

Functional testing has several advantages
over in-circuit testing. Fixturing costs are
low, and the p.c.b. is tested at or near its
actual operating speed (up to 30MHz on
some functional testers). Further, timing
problems in digital circuits can be detected
and their source identified. P.c.bs which
have been conformally coated can be tested,
since the edge connectors are clear and the
diagnostic probe is able to pierce the coat-
ing. In-circuit testers must test p.c.bs prior
to the application of the coating. Additional-
ly, surface mounted devices do not pose any
special problems, whereas true in-circuit
testing sometimes requires the use of special
(and expensive) fixturing.

However. in-circuit testers have advan-
tages over functional testers, in that func-
tional hardware is much more expensive
than in-circuit testers, and in-circuit testing
requires a much lower skill level than func-
tional testing, typically taking one fifth of
the time to write, for the same p.c.b. A
fuctional tester can only find one fault on
each test run and these often take some time
to locate using the reverse trace method.
In-circuit testers find all faults on a single
pass inamuch shorter time.

PRODUCTION LINE USING ATE

Once installed in the production line, a.t.e.
provides a number of benefits. Throughput
is increased: for example an in-circuit test
time around 10 seconds would not be un-
usual for a p.c.b. comprising 60 discrete and
60 digital components (including track test-
ing). Quality is improved as the level of
inspection or test does not vary. For exam-
ple, manual visual inspection of a p.c.b, in
addition to being slower, is dependent on the
degree of concentration of the inspector,
which varies during the day, and also
throughout the week.

When the a.t.e. is fully utilized in testing
p.c.bs, it may become difficult to find suffi-
cient free time to write new test programs.
Off-line programming on a multi-user work-
station reduces the time required on the
a.t.e. to that needed for fixture and program
debug.

Efficiency may also be improved in the
rework area. When faults are found by an
in-circuit a.t.e. they are printed out on a
paper ticket. This contains details of the
component identity and its failing value if
analogue, or device type if digital. But as

component packing densities increase, the
p.c.b. legend is usually omitted, making
component location difficult. If a track short
is found, the a.t.e. can only report the test
point numbers between which the short
circuit occurred. On a large double-sided or
multi-layer board it can take the repair
technician many minutes to simple locate
the fault. Computer aided repair (car) pro-
vides a solution: the paper ticket is replaced
by a software fault file, sent to a multi-user
workstation by a a.t.e. via a wire link. When
the board goes to the rework area for repair,
the technician enters its serial number
possibly using a bar-code reader, and the
fault file helonging to that p.c.b. is read.
Faults located on the test run are displaved
on a full colour graphics display which
shows the location of all components or
tracks on that hoard type. [Fault loctaion
time is greatly reduced and productivity in
the repair area increased.

Information about the types and numbers
of faults from both the a.t.e. and car can be
put together by process-management soft-
ware to give a ‘real-time’, up-to-the-minute
picture of production. The most frequently
occurring failures, identified either by com-
ponent identity, or failure type, for a particu-
lar p.c.b. production run is displayed. Ana-
logue failures may also be checked for the
spread of failures around the nominal value.
Using this software, earlier process errors,
e.g. a wrongly set flow solder bath, may be
identified and the line stopped until they
have been corrected.

THE FUTURE

A.t.e. capabilities have improved, some of
today’s low-cost bench-top a.t.es having a
superior performance and specification to
the larger testers available a decade ago.
Many manufacturers are attempting to com-
bine the capabilities of in-circuit and func-
tional testers into a single test system. These
combinational testers will overcome the
limitations of the two system types,
although no company has yet succeeded in
bringing a true combination tester to mar-
ket at arealistic price.

But perhaps the most important develop-
ment in the industry is that of data sharing.
Real-time fault analysis is one example of
how data gathered at the a.t.e. stage can be
put to good use elsewhere. Another example
is taking the p.c.b. design information avail-
able in a computer-aided design system files
and automatically producing an a.l.e. test
program. Such a system is already available
and also generates car and fixture design
files, greatly reducing development costs
and times.

The future of the industry lies in integra-
tion. Automation reduces manufacturing
costs, but it is integration which reduces the
applications costs associated with the intro-
duction of new products (e.g. test programs,
manufacturing information). When these
are overcome the ‘factory of the future’,
much heralded within the industry, will be
much nearer. A.t.e. is playing a key role.

Graham Elliott is with Marconi Instru-
ments, St. Albans.
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Television standards
conversion

Thirty years development — from image transfer to digital

conversion and onwards

S.M. EDWARDSON and C.K.P. CLARKE

’I‘ he conversion of television signals
that have originated on one scanning
standard to provide signals on a

different scanning standard presents prob-
lems that have taxed the ingenuity of televi-
sion engineers for well over thirty years. In
that time, the methods used for conversion
have undergone several major changes: first
from optical methods to analogue signal
processing and then to digital signal proces-
sing. These changes have come about partly
as the result of changes in technology and
partly through a progressively improving
understanding of the underlying theory.

The conversion methods have developed
from the relatively simple techniques used
to alter just the number of lines per picture,
while keeping the same field rate, to those in
which the field rate is altered as well. As the
conversion methods have developed, there
have been corresponding changes in the
ways of visualizing the action of the conver-
sion process. Some have been based in the
time domain, synthesizing intermediate
lines or fields and correcting their timings,
while others have used a frequency-domain
representation to view the process in terms
of low-pass filtering and resampling.

Transatlantic conversions, changing be-
tween the 625/50 (625 lines, 50 fields per
second) and 525/60 standards, (which grew
out of the different mains electricity fre-
quencies used in Europe and North America)
have become particularly important to allow
the exchange of programmes between these
two major programme producing areas. A
further complication that has arisen over the
same period is the inclusion of colour. This
has prompted the development of special
techniques for handling colour at each stage
in the evolution of converter technology.

IMAGE-TRANSFER CONVERTERS

The image-transfer or optical method of
standards conversion' consisted of pointing
a television camera, working on the output
standard, at a television picture on a
cathode-ray tube display {c.r.t.) working on
the input standard. In principle, therefore,
the intention was to reproduce an image of
the original scene in front of the camera so
that it could be rescanned on the new
standard. Clearly, in such a circumstance,
the geometrical matching and the stability
of the two scans were very important to the
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effectiveness of the technique. The need for
synchronizing the two signals, so that the
camera scan followed appropriately after the
c.r.t. scan, was also important,

Flicker and movement portrayal. The com-
bination of the c.r.t. and the camera differs
somewhat from the case in which a televi-
sion camera views a normal scene. The light
from a normal scene falls continuously on to
the camera tube, to be integrated as an
accumulating charge, whereas the light
from the converter c.r.t. is not continuously
present. Instead, a bright ‘writing’ spot
traces the raster on the c.r.t. screen where it
remains only during the afterglow period of
the phosphor, which has an approximately
exponential decay. With normal phosphors
the persistence is very short, being only a few
line periods, so that the image dies away
rapidly. The ‘reading’ beam of the camera
then discharges the integrated signal from
the previous field period, but the signal level
varies with the relative field phasing of the
c.r.t. ‘writing’ beam and the ‘reading’ beam
in the camera tube.

This problem is particularly noticeable
when converting between standards with
different field rates 3). Then there is either a
surplus or deficit of fields or parts of a field
within the scanning period of the converter
camera tube. The display brightness at any
point in the field is renewed as the scanning
spot passes and then rapidly dies away. If the
field period of the output standard is of
shorter duration than that of the incoming
signal, then, at one particular phase rela-
tionship, the camera receives no exposures
at all. Similarly, an output field longer than
that of the incoming signal can embrace two
full exposures from the short-persistence
display tube. Either of these conditions
creates a brightness variation in the con-
verted signal at the difference frequency
between the field repetition rates and results
in a bright or dark bar travelling vertically
through the picture. However, it was found
that this problem, and the related one of field
phasing, could be reduced substantially by
the use of a c.r.t. display phosphor with
much longer persistence than normal.

The advantage of using longer persistence
c.r.t. phosphor was lessened somewhat by
the fact that it exacerbated the problems of
movement portrayal. Moreover, the three

camera tubes in general use at that time
(image-orthicons, cathode potential stabil-
ized Emitrons and vidicons) all tended to
leave residual images. These resulted pri-
marily from the incomplete erasure of the
stored charge by a single scan of the camera
tube target and an image could still be
discernible as many as ten fields after it was
originally scanned. This effect, in combina-
tion with the use of long-persistence phos-
phors in the c.r.t. produced rather poor
portrayal of movement, the main impair-
ment being due to multiple imaging.

Line structure and vertical resolution, ‘Line
beating’ was a problem that arose when the
number of lines per picture was changed.
This was again a form of brightness modula-
tion of the output picture, at the difference
between the two spatial line-frequencies. It
resulted from the discrete nature of lines on
the c.r.t. display which thus did not form a
continuous image. The scanning lines of the
camera tube could then fall between or on
top of the lines of the original scan as the
phasing of the two line structures varied
down the picture. This effect, coupled with
slight geometrical differences between the
rasters in the c.r.t. and the camera, gave rise
to moiré patterns on the converted picture.
These patterns could be quite severe and had
to be reduced by broadening the display spot,
for example by introducing sinusoidal ver-
tical ‘spot-wobble’, although this unavoid-
ably had an adverse effect on vertical resolu-
tion. Because of these effects, all image-
transfer converters were operated on a field-
by-field basis, thereby losing any extra ver-
tical information carried in the interlaced
fields. An additional benefit of this field-by-
field approach was that it tended to improve
the portrayal of movement, by preventing
double imaging (resulting from displaying
two fields at once) from adding to the
multiple imaging effects caused by the dyna-
mic characteristics of cameras, as described
above.

In the circumstance where the input and
output field frequencies could be made
exactly synchronous, it was possible to select
a particular phase of the input and output
signals in which the vertical resolution was
significantly improved. This was achieved by
phasing the output scan to take equal con-
tributions from two interlaced input fields.
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Unfortunately, this phase was
found to be the most disadvan-
tageous for movement because
the use of two fields gave a
double edge to any moving
object, in addition to the normal
multiple-imaging effects of the
display tube and the camera.

Standards conversion of
colour pictures. An extra prob-
lem that was addressed in later
field-rate image-transfer con-
verters was that of converting
colour signals®. This was ap-
proached by adding asecond c.r.t
and camera, amounting to an
additional standards converter.
The first then carried the lumi-
nance component of the picture
signal whilst the second carried
the colour difference signals in
the form of a phase modulated
carrier. This added a new dimen-

Fig.1. BBC analogue converter at Television Centre.

Changing the active-line
duration. An electronic store
for stretching or compressing
input lines to match the active-
line period of the output stan-
dard was formed by a series of
capacitors®. Each capacitor was
used to hold a charge propor-
tional to the picture brightness
at one point in the line, so as
many capacitors were needed as
there were discrete picture ele-
ments in the active-line period.
The charge was stored by using
electronic switches to connect
the input signal voltage to each
capacitor in turn as the line scan
progressed. Then the change of
line duration could be achieved
by ‘reading out’ the stored values
“ 4 in the same order, but at a dif-
ferent rate.

The use of discrete storage
elements in this way caused the

sion to the problems of matching, requiring
accurate correspondence between both the
c.r.t. and camera scans in both the lumi-
nance and colour channels. Colour trans-
coding was achieved by, first, transcoding
from the original colour system, either PAL,
NTSC or SECAM, into the special form of
coding used only during conversion and
then transcoding again to provide the re-
quired output colour signal.

Limitations of image-transfer methods.
Throughout their development, only limited
facilities were available for controlling the
performances of image-transfer converters,
such as choosing a display phosphor time-
constant or adjusting optical or beam focus.
In essence these techniques were used to
filter out the unwanted products of the
original scanning standard, but did not give
much freedom of control of the low-pass
filter characteristic. In practice, the c.r.t.
could not give out ‘negative’ light, so limit-
ing the effective scanning aperture to
positive-only values. Because of this, only a
relatively slow roll-off frequency character-
istic could be achieved, which resulted in a
noticeable loss of picture detail. Similarly,
flare in the various optical components,
especially the glass face-plate of the c.r.t.,
also caused a loss of detail, particularly in
bright areas of picture.

For moving pictures, the temporal filter-
ing effect was determined by the exponential
decay properties of the c.r.t. display and the
camera target discharge process. This re-
sulted in an asymmetrical impulse response,
akin to that of a recursive filter, and was less
suitable than a symmetrical response such
as might be produced by a transversal filter.

In converters used to change both the
number of lines in the picture and the
number of fields per second, the problems of
maintaining accurate matching between the
scan geometries of the c.r.t. and the camera
were increased. In addition, because the
timing of the scans relative to one another
was changing systematically, flicker, parti-
cularly that associated with line beating,
became more noticeable, The use of long-
persistence phosphors in the display did not
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provide a complete answer to this problem.
[t ensured that the amount of light inte-
grated by the camera tube did not vary
appreciably as the phasing of the two scans
altered, but had the disadvantage of making
movement very blurred, as stated earlier.
Over and above these problems and short-
comings, there existed the need for careful
maintenance and skilled operation. The
cleanliness of the optical system and the
adjustments of focus and raster sizes are just
a few examples of the requirements to
produce consistent and acceptable results.

ELECTRONICANALOGUE
CONVERTERS

The fundamental nature of the problems
with image-transfer converters made it very
desirable to seek a wholly electronic solution
in which the signals did not have to go
through an intermediate optical form. Elec-
tronic conversion had the potential to eli-
minate many of the problems already out-
lined and to give much greater freedom to
control the filtering effect of the transfer.
However, whereas the processes involved in
an image-transfer conversion are reasonably
easy to visualize, those in the non-optical,
electronic case are more dificult.

In electronic standards conversion, the
picture signal occupying each active-line
period of the input television signal was seen
as a discrete element to be reformatted to
match the synchronizing pulses of the out-
put standard. A means of changing the
number of lines in the picture was needed so
that some lines could be discarded or new
lines produced, and processes such as time
stretching or compression were used to
make the new lines fit the active period of the
output standard. The filtering action impli-
cit in this transfer of signal information was
determined by controlling which input lines
were used in the formation of each output
line. These processes required the develop-
ment of methods of storing portions of the
input signal until required for the output, of
altering the line duration and of combining
lines together.

input signal to be sampled and may well have
constituted the first application of ‘horizon-
tal' sampling in a television context. Because
of this, some pioneering work into the
filtering requirements and the impairments
resulting from video sampling was carried
out at this stage. This showed that, for the
video signal bandwidths then in use, about
550 elements (capacitors) were needed for a
time-redistributing line store®.

With the analogue devices then available,
there was a certain amount of variability in
the efficiency of the switching and storage
circuits. As the same switching and storage
unit was used for corresponding picture
elements on consecutive lines, this variation
caused a modulation of the output signal
which could appear on the converted picture
as a fixed pattern of vertical striations. Very
careful matching was required to reduce this
pattern to a sufficiently low level to avoid a
visible pattern’.

Line-store conversion. With standards con-
verters operating between asynchronous in-
put and output field periods, any interval up
to a complete picture period may elapse
between the moments at which a given
picture element is ‘written’ at one standard
and ‘read’ at the other. In such converters,
therefore, provision must be made to store
an entire picture period of video information
in the converter. In terms of the capacitive
storage cells described in the previous sec-
tion, this would have required about 200,000
separate capacitors. In an image-transfer
converter, this storage capacity was provided
by the persistence and the camera charge
integration process. If, however, two stan-
dards having the same nominal field period
are rigidly synchronized, so that their field
periods are coincident, it can be arranged
that each picture element is read out of the
converter within one output line period of
being written in. In that case, therefore, it is
necessary to provide storage for only one line
of video information. Such a device, known
as a line-store converter, was then able to
replace the image-transfer method in ap-
plication such as 625/50 to 405/50 conver-
sion #. This avoided the careful adjustment
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and constant attention from a skilled oper-
ator required with the image-transfer equip-
ment. Because of this, it was possible to
install a line-store converter at each 405-line
transmitter, thus avoiding the need to pro-
vide duplicate distribution for the 405 and
625-line broadcasts.

Nevertheless, the construction of suitably
matched storage and switching devices oper-
ating at, for the mid-1960s, very high
switching speeds represented a considerable
problem. The main difficulties were those of
distributing the video and switching control
pulses to the successive stages of the store
without allowing crosstalk from the input to
the output. This was accomplished with
manageable complexity by using diode-
bridge switches and low-loss transmission
lines for the video and pulse signal
distribution'®.

Ultrasonic delay lines. In circumstances in

which the input and output field rates are

different, or where the input and output
fields cannot be rigidly synchronized, much
larger amounts of storage are required. This
can be provided by storing the signal in
quartz ultrasonic delay lines 1 In analogue
field store standards converters the basic
conversion operation was achieved by a
neywork of switched delay units and by-pass
routes that determined the delay to which
each television line was subjected. In this
‘main store’ process, lines could be repeated
or omitted so that the average line frequency
of the output signal from the main store was
that of the final output standard 2.

Ultrasonic propagation through a solid
medium can be up to 100,000 times slower
than that of electromagnetic waves in free
space. In addition, certain substances ex-
hibit fairly low absorption of acoustic or
ultrasonic energy and therefore make suit-
able transmission media for delay devices.
Glass can be used for fairly short delays,
although natural or synthetic fused quartz is
preferred for longer delays in which lower
absorption is needed. A long transmission
path is obtained in a small volume by
adopting a form of construction in which the
acoustic wave is internally reflected between
the facets of a polygon.The acoustic wave is
launched into the quartz and collected from
it by means of piezoelectric transducers,
such as quartz crystals.

In the development field store standards
converters, the main factors found to limit
the performance of such delays were their
insertion loss, their group-delay and
amplitude-frequency characteristics, and
their susceptibility to producing spurious
signals. Many of these factors were improved
by amplitude and group-delay equalization'?
and by operating the longer delays at a high
temperature (75°C) and at a common centre
frequency of about 30MHz. Because the
value of delay was temperature dependent,
the quartz delay lines were housed in accur-
ately controlled ovens to maintain stable
temperature during operation.

Several factors contribute to the insertion
loss of a delay line. The transducers, which
use lead backing to damp their frequency
and group-delay characteristics and to re-
duce reflections from the transducers, pro-
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Fig.2. Line-store conversion: zero-order interpolation(a); 2-ordinate linear interpolation
(b); and 4-ordinate optimized.

Fig.3.Quartz delay line.

duce about 36dB loss. Beam spreading and
energy absorption losses in the quartz de-
pend on the length of the delay, but can each
contribute another 10dB, making a substan-
tial loss overall.

Spurious signals could reach the output
transducer either before or after the main
signal. These could-arise partly through the
presence of faster modes of propagation
along the main path and through the exist-
ence of alternative paths in the quartz block.
Although very numerous, most, but not all,

were of very low level. In the case of longer
delays, the most serious spurious signal was
the so-called ‘third-time round’ component.
This resulted from successive reflections at
the output and input transducers, the un-
wanted signal finally emerging after having
traversed ihe prescribed path exactly three
times. In addition, direct electrical coupling
between input and output circuits was found
to cause an unwanted signal with zero delay.
These effects were covered by careful
specification'* and minimized by using spe-
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cial design and manufacturing techniques.

Frequency modulation. In a field-store stan-
dards converter, the relative phasing of the
input and output fields can very rapidly from
zero to the maximum value. Delay changes
were effected by the systematic switching of
delay units in and out of circuit. Even a small
change of delay could involve the switching
in or out of several delay lines at once and
any consequent variation in gain could
appear on the output picture as flicker or
moving horizontal banding, or both. Be-
cause of the large number and the wide
range of switched delays used in field-store
standards converters, care was necessary in
equalizing the gains and responses of the
many signal paths.

This problem was greatly reduced by
using frequency modulation of the ultra-
sonic carrier used in the dealy lines, instead
of amplitude modulation. This not only
suppressed the effects of gain inequalities,
but it also substantially reduced the picture
impairment resulting from the spurious
signals produced in the delay lines.

Interpolation. The earliest experimental
standards converters simply omitted or re-
peated the lines and fields of the input
standard as necessary to produce the output
standard signal. This use of the nearest line
from the nearest field amounted to a zero-
order interpolation process and led to two
important forms of picture distortion:
geometric distortion and impairments to
movement protrayal.

Geometric distortion is caused by the
disturbance of the relationship between pic-
ture information and the line structure. This
appears as serrations on moving edges and,
due to the effects of interlace, spurious
movement within the picture. For moving
objects, the omission or repetition of fields
results in smooth movement being repro-
duced as a series of jumps, known as judder.
Higher-order interpolation processes were,
therefore, investigated as a means of produc-
ing improved performance.

Higher-order interpolation requires the
weighted addition of delayed and undelayed
versions of the signal. Having chosen the use
of frequency modulation, it was then desir-
able to use frequency modulated signals in
the interpolation process; this calls for a
frequency mixing process, such that the
input frequencies (and hence their modula-
tions) are added. Otherwise, each weighted
addition would require the demodulation of
each of the contributions followed by subse-
quent remodulation. Conventional methods
of mixing use, for example, a bridge-ring
modulator to multiply the two carriers
together to generate a carrier with a fre-
quency equal to the sum of the two input
frequencies. This is unsuitable here because
the input frequencies are close to one
another, so that second-harmonic compo-
nents produced by the modulator would
interfere with the wanted sum frequency.
Instead, a novel method of frequency averag-
ing was developed from the principle that
addition or subtraction of equal-amplitude
carriers produces half-sum and half-
difference frequencies'®.

78

The frequency averaging process limited
the complexity of the interpolation methods
so that only relatively simple binary ratios
could be used. Nevertheless, this produced
useful improvements in picture quality. One
of the early analogue field-store colour
standards converters'®!? had three inter-
polation methods, known as ‘field’, ‘line’ and
‘mixed’ interpolation. The converter was
normally operated in the mixed mode.

With field interpolation, the two lines
from adjacent fields nearest to the required
output line position were averaged. This
avoided flickering impairments on vertical
detail, but produced a double-image effect
on moving vertical edges. Line interpola-
tion, on the other hand, combined weighted
proportions of the two adjacent lines from
the input field nearest to the required output
line position. Using proportions of three-
quarters of the nearer line of the two and
one-quarter of the other line gave a good
compromise between complexity and the
suppression of serrations, but introduced
flicker on vertical detail and did nothing to
reduce judder. The mixed interpolation
method consisted of a combination of line
and field interpolation in which one or other
method was used depending on the relative
field phasing of the input and output signals.
When the input and output field timing was
nearly coincident, the line mode was used,
while when the output field position fell
roughly mid-way between two input fields,
the field mode was therefore to reduce
judder on moving objects by producing a
representation of the image closer to its
actual position. The performance on vertical
detail was somewhat poorer than that of the
field mode alone, due to the introduction of
flicker, but this was not as serious as that in
the line mode and was offset by the consider-
ably improved movement performance.

For analogue implementation, the mixed
interpolation method, with its relatively
large number of possible contributions and
the switching required to change between
the different modes, must have been close to
the limit of practicable complexity. Also, the
interpolation methods were generally
thought of as time-domain processes, pro-
ducing lines appropriately positioned in
time and space. With this approach, there-
fore, it becomes increasingly dificult to
visualize how the interpolation methods
should be developed to improve their per-
formance.

Electronic standards conversion of colour
signals. With normal PAL and NTSC colour
signals the instantaneous phase of the col-
our subcarrier changes from line to line. If
these signals were used for transmission
through the interpolation processes of a
standards converter, it would not be possible
to average successive lines for interpolation.
To avoid this difficulty, the input signal was
transcoded to an alternative ‘intermediate’
form.

The intermediate signal used a colour
subcarrier frequency which was an integral
multiple of the input line frequency. In
addition, the signal was similar to that of
NTSC and did not include the alternate-line
phase switching of PAL. Moreover, since it
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Fig.4. A 1978 digital televisicn field store on
one board. The rack is a 1973 field store.
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was necessary to separate the luminance and
chrominance components of the intermedi-
ate signal after standards conversion, the
chosen frequency of 4.5MHz placed the
chrominance signal outside the rather li-
mited luminance range. This particular fre-
quency had the advantage of being an inte-
ger multiple of the output line frequency as
well. This minimized the possible effect of
beats, because it ensured a half- or quarter-
line offset with the NTSC and PAL subcar-
riers, respectively.

DIGITAL STANDARDS CONVERTERS

Replacement line-store converters. The de-
velopment of new digital integrated circuits
with sufficient speed for video signal proces-
sing opened the door to the development of
digital line-store converters'®. At this stage
it was clear that the UK 405-line service was
going to be maintained for a considerable
further period. In view of this, the replace-
ment of the analogue line-store converters
by more stable and reliable digital equiva-
lents was easy to justify. Moreover, the very
high signal quality and immunity to distor-
tion of digital implementation brought with
it the possibility of using more contributions
and a wider range of coefficients in the
interpolation process. This held out the
possibility of significantly improved inter-
polation.

The two fundamental numerical pro-
perties of a binary pulse code modulation
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system are the sampling or clock frequency
and the number of binary digits (bits) used to
describe the value of each sample. For
625/50 PAL colour signals, a sampling fre-
quency of about three-times the subcarrier
frequency was conventionally used (about
13.3MHz). However, for 625-to-405-line
conversion it was possible to reduce the
sampling frequency because of the relatively
restricted upper frequency limit of the 405-
line system. This, coupled with the necessity
of removing the colour subcarrier and most
of its significant sidebands, allowed the use
of 729-times line frequency sampling
(approximately 11.4MHz).

The number of bits used in a digital
system must be sufficiently large to ensure
that no visible ‘contours” occur when an area
of almost uniform brightness is being scan-
ned. In common with other broadcast quali-
ty television signals, 8-bit digital signals
were used for the conversions between ana-
logue and digital signals at the input and
output. Also, somewhat greater precision
was used internally at critical stages to avoid
abuild-up of quantizing distortion.

Apart from the input and output conver-
sions, the main processes in a digital stan-
dards converter are digital signal storage and
digital arithmetic to allow the summation of
weighted contributions from different lines.
The store units of the digital converters were
based on digital shift registers. Reasonably
low power consumption was achieved by
using mos technology, in which the indi-
vidual transistors only draw appreciable cur-
rent when changing state. Even so, the
maximum operating frequency of these de-
vices (2MHz at that time) was insufficient to
carry the input samples directly and it was
necessary to demultiplex the signals into six
parallel paths to achieve the necessary oper-
ating rate. Thus six 100-element registers
were a convenient means of providing the
storage necessary for one television active-
line period.

New lines are formed by combining
weighted proportions of lines from adjacent
positions in the field. In digital arithmetic,
the multiplication process consists of repe-
atedly shifting the significance of the input
sample value and adding the result to a total
under the control of the individual bits of the
multiplier coefficient. In early line-store
converters, each multiplier was assembled
as an array of binary adders and gates. The
complexity of this array grew in proportion
to both the number of bits per sample and
the number of bits per coefficient. Thus, at
first, the precision of the coefficient was
limited to three bits, allowing coefficient
values of one-eighth, two-eighths, etc. to be
used. Another means of limiting the com-
plexity of the arithmetic in the early experi-
ments was to use linear interpolation. Be-
cause the coefficient values were alwavs C
and (1-C), a single multiplier could be used
operating on the difference between two
sample values. In later versions, as the level
of integration in the digital circuits was
increased, the limitations on both the num-
ber of coefficients and their precision were
progressively removed.

Interpolation in the frequency domain. Un-
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til this point, the design of interpolation
methods had been restricted by the small
number of coefficient values available. The
particular set of coefficients to be used was in
general determined by approximating the
geometrical position of the required line
relative toits neighbours. A more theoretical
approach was therefore required in order to
make full use of the much larger numbers of
coefficients available in a digital interpola-
tor. This was provided by using a frequency-
domain interpretation of interpolation’®2’.

The interpolation process can be consi-
dered as equivalent to the processes of
low-pass filtering, to return the signal to the
form of a continuous image, followed by
rescanning on the new standard. This con-
cept is very similar to the mode of operation
of the optical, image-transfer converters. In
the frequency domain, the scanned signal
consists of a series of spectral components,
which repeat the baseband spectrum of the
image at harmonics of the sampling fre-
quency (the line and field frequencies). The
interpolator, in its low-pass filtering role,
then suppresses the spectral harmonics to
leave the baseband spectrum. Resampling at
the scanning rates of the output standard
then introduces new harmonic spectra in
different positions from those of the original
standard.

With this spectrum-based interpretation
of the standards conversion process, the
signal impairments can be explained in
terms of imperfect operation of the low-pass
filter. If the filter fails to suppress the
harmonics adequately, then the resampling
process will repeat the spectra with some
components falling into the low-frequency
region. As these residual components will be
incorrectly related to the original baseband
spectrum of the output scanning standard,
they will appear in the picture as patterns of
the wrong frequency, an effect usually
known as ‘aliasing’. Alternatively, if the filter
has adequate passband response, then some
of the wanted baseband components will be
lost, and the picture will have a soft or
blurred appearance.

Field-rate conversions. Whereas digital im-
plementation and the freedom to use more
coefficients improved both the basic signal
quality and the interpolation performance of
the line-rate converters, the quality of the
conversion was always limited by the lack of
access to the lines of the adjacent fields. In
an interlaced scan, the high-trequency ver-
tical information is shared between adjacent
fields. So. by restricting access to only one
field, some wanted component frequencies
were replaced by unwanted alias patterns.
Although, in principle, field storage could
have been used, it was always judged that the
benefit in performance was unlikely to jus-
tify the high cost involved. However, in
field-store conversion, digital storage was
used almost as soon as it became practicable,
despite its high cost.

Cost was still a considerable constraint in
the design of early digital field-store stan-
dards converters®'**. As in the line-storage
converters, mos shift registers were used as
the storage elements, but in this case the
larger 1024-clement devices were suitable.

Even so, the enormous number of devices
involved resulted in power dissipation dif-
ficulties. Since, in these devices, most of the
power dissipation occurs as the charge is
transferred from one stage to the next, it was
advantageous to clock the registers more
slowly when access to the stored lines was
not required. Unfortunately, the registers
could not he stopped altogether, because the
charge would leak away over a prolonged
period and this led to the added complication
of correct phasing of the data in the registers
when the time came for them to be read-out.
This involved marking the start of the stored
datawith a code.

As well as complicating the store opera-
tion of early digital field-store converters,
the high storage cost resulted in completely
different modes of operation in the two
directions of conversion. This also resulted,
in part, from the converter initially being
designed only for one direction of conver:
sion, from 525/60 to 625/50. In this direc-
tion, two fields of the incoming signal were
stored directly, still in composite NTSC
form. This approach reduces the storage
requirement in two ways: first, the 525-line
standard has fewer lines and, secondly,
storing the NTSC colour signal avoids the
extra capacity necessary for separate Y,U and
V signals. However, separate decoders were
needed at the outputs of the two field stores
to convert the stored NTSC signals to multi-
plexed YIQ form for interpolation. This was
followed first by movement interpolation. to
produce a 525/50 signal. and then line
interpolation, to produce a 626/50 signal,
with a conventional analogue PAL coder at
the output.

Conversion from 625/50 to 525/60, which
was added later, was constrained to use the
same two field-stores, again in 525-line
NTSC form. The PAL or SECAM 625-line
input signal was first decoded and digitized
to form a multiplexed YIQ signal. Line
interpolation was then used to produce
525/50 signals which were digitally coded in
NTSC form for storage. After leaving the
field stores, the signals were decoded again
to multiplexed YIQ form for conversion to
525/60 by the movement interpolator, be-
fore finally being encoded once again as
NTSC.

In addition to the improved signal quality
through using digital storage, the interpola-
tion performance was significantly better
than for either the optical or electronic
analogue converters. Line interpolation was
very similar to the methods used in the
earlier line-rate converters although, be-
cause the movement and line interpolation
were carried out as separate processes, it was
only possible to use vertical detail from one
field, thus limiting the resolution. The field-
rate conversion process was visualized in
terms of the displacement of the input fields
from their correct positions in time. To
counteract this displacement, the move-
ment interpolator used an approximation to
linear interpolation, so that proportions of
the adjacent fields were used, weighted
according to their proximity to the required
position. The complication of the multi-
pliers was still limited by cost considera-
tions.
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Subsequently, the costs of
digital storage and arithmetic
fell dramatically and a number of
relatively low-cost digital field-
store synchronizers were de-
veloped. As storage was still the
main cost, however, it was pos-
sible to add extra circuitry for
features such as noise reduction,
based on recursive temporal fil-
tering, and special effects. The
combination of these extra cir-
cuits provided the basic require-
ments for field-rate standards
conversion, although the recur-
sive temporal filtering tended to
limit the performance of the
movement interpolation. This
was primarily the result of the
asymmetrical impulse response
of the recursive filter which
tended to leave a trail of multiple
images following moving ob-
jects, reminiscent of optical con-
version methods. In some cases,
movement detectors were added
to change the filtering between
‘stil’ and ‘movement’ modes.
However, such converters were
always prone to choosing the
wrong mode because of the dif-
ficulty of detecting movement
reliably over a wide range of
signal conditions.

Eventually, the constraints on
interpolation were removed by
the falling cost of random-access
memories (rams) and the re-
duced complexity of making

Fig.5. Rack of instrumentation for studying interpolation apertures.

ment judder effects remained,
which became particularly
noticeable on moderately fast
camera panning.

In practical terms, this later
generation of digital field-store
converters benefitted from a
rationalization of the organiz-
ation of earlier converters. Thus,
the converters were truly rever-
sible, having the same organiz-
ation in both directions of con-
version. Cheaper storage allowed
the signals to remain as multi-
plexed digital YUV components
throughout, so that the storage
and interpolation processes were
common to luminance and colour
interpolation. Because of the
relative bandwidth requirements
of the luminance and colour
components, the input standard
video was stored as an inter-
leaved sequence of five words
YUYVY. At the multiplexed data
rate of 16MHz, this provided suf-
ficient samples for bandwidths of
4.2MHz for luminance and
1.3MHz for each colour differ-
ence signal. However, a further
feature of this converter was the
use of different interpolation
apertures for the luminance and
colour difference signals. This
required the multiplier co-
efficients to change at sample
rate rather than line rate, but
allowed the interpolator to re-
duce the vertical and temporal
bandwidths” of the converted

multipliers of full accuracy. In
particular, the use of rams greatly simplified
the provision of multiple outputs from the
field stores. thereby removing the need for
separate line stores for line
interpolation®*?4. Simultaneous access to
four lines from each field was provided by
arranging the field stores as four quarter-
field blocks, each with its own output. The
writing of successive items into diferent
quarters then ensured that four consecutive
lines were always available at the outputs. A
consequence of this store organization was
that it placed a limitation on the maximum
size of ram device that could be used. Thus,
4096-by-1 rams could be used, whereas the
later 16384-by-1 devices could not, because
the minimum store block became too large
and could not provide sufficient access
points.

It also became possible to combine move-
ment interpolation and line interpolation
into a single process, so that lines of the
output standard were synthesized directly
from an array of stored input lines. This had
the advantage that more use could be made
of vertical detail carried in the two fields of
an interlaced picture, without degrading
movement performance.

Experiments showed that simultaneous
access to four lines from each of four input
fields gave useful improvements in inter-
polation performance over the use of fewer
contributions. However, with such a large
number of contributions, it was no longer
feasible to visualize the movement inter-
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polation process in terms of positional dis-
placement. Because of this, the frequency-
domain understanding of interpolation, ap-
plied successfully to the line interpolation
process in the line-rate converters, was
broadened to cover the movement interpola-
tion process as well%%,

In this case, because of the two-
dimensional (vertical-temporal) nature of
television scanning, it was necessary to
define a two-dimensional interpolation aper-
ture function to control the choice of the
coefficient values used to weight the input
lines. This function then defined the
vertical-temporal low-pass filtering action of
the interpolator, used to suppress the un-
wanted scanning products of the original
scanning process. The size of the aperture
determined the spacing at which the fre-
quency characteristic could be defined. By
setting the required frequency response
values at this predetermined spacing,. the
associated aperture function could be calcu-
lated by two-dimensional Fourier trans-
formation. Initially, the relative importance
of retaining or suppressing parts of the
spectrum was not known, but the apertures
were optimized by comparing the perform-
ances of different apertures using a versatile
experimental standards converter. With
these techniques, further improvements in
the conversion quality were made, virtually
eliminating impairments to still pictures
and substantially reducing those on move-
ment. Nevertheless, some residual move-

chrominance signals, thus suppressing un-
wanted noise and cross-colour components
left by the input standard colour decoder?®.

FUTURE DEVELOPMENTS

The full potential of the frequency-domain
approach has been exploited by the present
generation of converters, but their perform-
ance is limited by aliasing built into the
input signal. This is present because the
camera integration process fails to filter
temporal frequencies in the signal to within
the Nyquist bandwidth. Because of the re-
sulting overlap of true and aliased frequen-
cies, it is impossible to separate the two.
Experimental work on high-definition
television (h.d.tv) has produced a promising
new approach to the standards conversion
problem?. This uses a technique known as
movement compensation to overcome most
of the residual judder effects of standards
conversion. When the motion of an object
from field to field is reasonably predictable,
such as during camera panning, the prob-
able position of the object during an
arbitrarily-timed output field can be calcu-
lated. Whereas a conventional interpolator
would just combine the input fields in
weighted proportions, the movement com-
pensator would alter the positions of the
moving object to match the required output
position and then interpolate. Thus, pro-
vided that the boundary of the moving object
could be identified accurately, judder would
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Fig.6. Split-screen picture with two apertures. Apertures 10 (left half) gives vertical aliasing visible in the diagonals, while aperture 27
virtually eliminates the aliasing.

could be identified accurately, judder would
be eliminated. Less predictable movements,
however, such as the leg movements of a
galloping horse, could not be accommo-
dated.

The development of standards converters
over a considerable period of time has been
the result of successive improvements, both
in the technologies used and in the support-
ing theories. Each change of technology,
first fram optical to electronic analogue and
then from analogue to digital, has been
accompanied by the need for new ways of
visualizing the conversion methods to
obtain a better understanding of the proces-
ses involved. In particular, the alternative
approaches of viewing conversion either in
the time domain or the frequency domain
have now almost come full-circle, with the
time-domain method of movement com-
pensation perhaps about to take over from
frequency-domain methods.
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Pressure
transducers

Two new pressure transducers are
available from HBM; the P12 gauge-
pressure device for level
measurements and P9V absolute-
pressure transducer with integral
amplifier. HBM’s P12 is designed
specially for hydrostatic pressure
measurements with long-term
stability such as reservoir water
levels. Models are available with
ranges from 0 to 0.1bar and O to
20bars. The inductive measuring
system can be connected to any HBM
5kHz carrier frequency amplifier.

HBM's new P9V gauge-pressure
transducer is ideal for control and
regulating applications in hydraulic
or pneumatic process engineering
systems. Physical size has been
reduced greatly by adopting the
latest surface mounting device
(SMD) technology for amplifier
design. The output signal range of
+5V permits direct indication of the
measured value of further
processing.

As the P9V has a zero-point
potentiometer, accessible from
outside, a basic-model indicator can
be connected, Furthermore, it
requires only an unstabilised d¢
supply voltage of 11 to 30V for
operation. P9V transducers are
available with measuring range of 0
to 100bar and 0 to 1000bar with an
accuracy class of 0.5
217 onreply card.
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Easyp.c.b. design

Protel-PCB is a software package
which enablesp.c.bs up to 32in by
19in and with up to six track layers to
be designed on an IBM personal
computer {PC, XT or AT and
compatibles with colour graphics
board). The program is claimed to be
the first of its kind at under £1000.

Users can select from nine grid
sizes, with grid lines 1, 5, 10, 25, 50,
100, 125, 156 or 200 mils apart.
Resolution is just 1 mil, which allows
precise placing of components such
as edge connectors with odd
spacings. Five zoom levels are
available, from 1.6 x0.95in. up to the
full workspace capacity.

Aspecial feature of Protel-PCB is
its track-stacking capability, by
which it can memorize and repeat a
structure —a useful time-saver in
laying out memory i.cs. Auto-

"NEW PRODUCTS

COMPONENTS

routing is not provided, but rubber-
banding makes it possible to drag any
component to a new position
complete with all its connections —
though any tracks which tangle as a
result must be edited afterwards.

Finished artwork can be produced
onaplotter as a multi-colour check-
plot or as separate track layers, with
component overlays, solder resist
overlays and drilling plots. The
system also compiles a list of all
component used.

Protel-PCB, which comes from
Australia, is available in the UK at
£799 complete from Engineering
Solutions Ltd (telephone 0628-
36052). Anevaluation disc, which
lacks only the ability to save designs,
costs £25 (refundable against
purchase).
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Rom, i.c. tester and
programmey

Available from Petratec is the Triple
Crown 700, ani.c. tester, eprom
programmer and memory tester. The
instrument can be run on the IBM PC
and Apple Il series and can be used to
transfer private or commercial
programs onto eproms, test digital
i.cs for both d.i.y. and commercial
circuitry or be turned into a memory
tester for customized devices.
Manufactured by Computer
Service Technology, the device can
test some 700 pre-programmed t.t.1.
and c-mosi.cs. It also allows the user
to devise a logic table for testing
non-standard or custom digital i.cs.
As an eprom programmer the 700
will read, programme and edit the
eproms, load and save the program
onto disk. In the memory tester
mode it will excercise ram and read
and verify the roms and proms to
permit the mass testing of the
memory devices.
214 onreply card.

Schottky logic
devices have high
speed

The Signetics N74F00 series of ‘Fast’
advanced Schottkyt.t.l. s.s.i. and
m.s.i. devices is available through BA
Electronics. Features of the series
include ans.s.i. gate propagation of
3ns at 4mW, a flip-flop toggle rate of
100MHz, and and m.s.i. a.].u. 4-bit
add time of 10ns. The N74F00 series
also has a supply voltage of 7Vand a
continuous input voltage of —30mA
to +5mA.

The N74F00 series now comprises
119 parts and 57 types. Devices new
to the range include octal buffers
with parity generator/checker; an
octal bus transceiver and register;
and an octal latched transceiver.

221 onreply card.
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VLSI test system

The GR125 VLSI Test System from
GenRad tests very-large scale
integration (v.l.s.i.) devices. It is a
general-purpose system for
incoming test of digital i.cs as well as
production tests of v.l.s.i. devices.

Notable features of the GR125
include menu-driven software for
test operations and test program
development, availability of clocks
up to 35MHz, a 25MHz multiplexed
data rate and total overall system
accuracy of +2.5ns. Versions are
available which can test 40 and 64-
pindevices but clever ‘split’
architecture enables the pin capacity
tobe doubled to 80 and 128 pins.
Future expansion will cope with 96
or 128-pin devices; again doubled by
the split system.
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In addition to its menu-driven
programming environment, the
GR125 offers vector pattern
translation for all the Gen-Rad’s
testers. The 64K pattern memory
available on the 64-pin GR125
eliminates the time-consuming
reloading of test vectors.

The GR125 runs under a Unix
operating system and is based on two
Motorola 68000 microprocessors.
One processor functions as the
system c¢.p.u. and the second
MC68000 runs as the dedicated test
c¢.p.u.Additional local
microprocessors are imbedded
throughout the system, which
control local functions, increasing
throughput.

209 on reply card.
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DM7( 2.00 ECH233 .00 EY83 2.50 TY6-5000M 6BAG 1.50 65N7G1 150C4 6.00 6.25
DMI16¢ 4.78 ECH$2 350 EY84 9.24 523.00 6BA7 5.00 SQ7 1 35.00 15.00
DY87 1.50 ECHS8] 3.0 EY86 1.75 TY7-6000A 6BABA 400 6SR7 4 23.00
DY802 1.50 ECH83 2.50 EY88 1.75 632 00 6BC4 4.00 6587 00 56.00
ESSL 50.00 ECHB8Y 2.50 EY500A  3.00 TYT-6000W 6BR6 1.50 6USG 6.00
E80CC 15.00 ECLR0 1.50 EY802 1.75 579, 6BH6 2.50 6UKA 12.00
E8OCF 11.27 ECL8I ras EZ35 1.75 TZW 6BJ6 225 6V6G I 16.50
E8OF 14.19 ECL82 1.50 EZ40 2.50 Ul18.20 6BK4 4.50 6X4 2.50
E80L 13.73 ECLB3 .00 Ez41 2.50 U9 6BL6 125.00 6X5GT 6.00
ERICC 8.00 ECL&4 150 EZ80 1.50 uxs 6BL7GT  4.50 7B7 18042 11.53
81L 13.22 ECL8S 1.30 EZ81 1.50 U 6BM6 115.00 C3 18045 10.49
ER2CC 8.10 ECL86 1.75 EzZ90 2.00 U7 6BN6 2.00 1Cé 18046 11.53
EB3CC 8.40 EFYA 5.00 FW4.500  3.50 X182 30 H b UABC30 6BQ7A 3.50 M7
E86C 825 EF3 275 FW4-800 .50 MXi6l  175.00 QQV03-10 26.25 UAF42 BR7 600 TR7
E88C 825 EF40 5.00 G1.371IK  35.00 MXi63 19.50 QOQVUI-20A UB4| 6BT8A 3.50 787 Tested
8C 10.33 EF41 .50 GSSIK 12.00 MX164 2640 48.38 UBCH1 BS7 600 Y4 Ex-Equipment
EvCC 9.47 EF42 4.50 Gl80.2M 1750 MXl166 147.00 QOV06-A UBF&9 6BW6 6.00 774 4CX230B 8.50
E9OF 9.90 EFs50 250 G240.2D  12.00 MX 68 57.00 46.00 UCes4 Bw7 .50 12AHB CV Devices
E9IH 6.25 EFS4 5.00 G0 1K  17.50 N78 15.00 QONVO7-50 UCCBS 6BX7GT  5.00 12AT6 Large stocks
E92CC 8.75 EFS5 350 GN4 9.00 OA2 S5 76.65 UFC30 6BZ6 .70 12AT7 Prices on
9F .10 EF80 1.78 GN4A 9.00 0Al 2.50 QQZV6-40A UCH42 4 1.25 12AU6 application
El30L 18.50 EFg3 4.00 GN4A 9.00 OAd 6.00 62 20 UCHBI 6CB6A 2.50 1207
7484 0.72 74120 41589 1.75 TAAS70 1.78
S, Lt e o nno | e L
] 1ap . P 39( i 1) b d AA g
SRt (o o [ mpejlemsenen (s g g S RS
i 2 I SPIS § p 3 s
3 . > sU 235 q At 3 3 7492 0.54 74125 74174 0.60 TBAS20Q 1.50
B7G Skirted 3BPI 20.00 SUPT 2500 application 74()L 0.36 7420 7193 0% 74126 EHEN 1.00 TBAsI0 . 130
w501 LRDR] D N | T oA V3 | na 7451 078 | 71138 H% 10 | IBASSNQ 17
B9A Unskirted 3EGI 100 | DGT31 sk07 | 1Csockers 7403 036 | 143 Tl N [ e TR i
IFPT 600 | DG732 s807 | Tex 7404 042 | 12 Lok oreod | e, S 135 1 AT 135
BYA Shirted IGPI 600 | DG736 6500 | 0w 7405 042 | 1427 i i 1 ) 2190 130 | B350 1@
050 | uPl s | D391 sed | o p | 7906 048 | 74% 7100 oxs 1 70115 74192 tio | 1Ba7o 138
BYD 0ss | up2 goo | DlT N | wop | 7407 055 | 7430 73107 o3 | i 73193 o6t | 1BaT:00 150
Int Qetal 030 | uP7 wew | veriaw 200 | e wp | 7408 036 | 7432 74109 051 | 738 73104 10 | 1Basw” 100
Loctal 055 | 3KP) 1500 | VCRIaA 1250 7409 036 | 7433 24110 08 | 750 71198 o712 | TBa90 175
Nuvistor base 3RP1 3500 VCRIMA K0 40 0.36 7437 74011 .51 74151 74196 1.00 TBAYQ 150
2.00 WPl AL00 VCRSIIB L) T4 040 7438 74116 150 74154 197 1.00 TCA2700 1.00
Valve screening SADPI S50 VCRSI7C 10.00 7312 0.42 7439 032 74118 1.20 74155 74198 ) TCATO0A 1.25
can all sizes 0.30 6CPI 10,40 7413 036 7440 0.36 7483 0.48 119 150 74156 741499 .20
'l)'crms of business: CWO. Postage und packing valves and semiconductors 50p perorder. CRT £1.81, Prices exctuding VAT, add 15% Telephone: 01-677 2424/7
Price ruling at time of despatch. Telex: 946708
In some cases prices of Mullard and USA valves will be higher than those udverosed. Prices correet when going 10 press. elex:
Account facilitics availuble (o approved companies with minimum order charge £10. Carriage and packing £1.30 0n credit orders, E. & O.E.
Over 10,000 1ypes of valves. tubes and semiconductors in stock. Quotations for any types not listed. S.AE. Open to calters Monday—Friday 9a.m. -5 p.m. WW
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High-performance STEbus disc controller

An intelligent floppy disc controller
is able to control up to four drives
over an STEbus.

Based on Western Digital's control
i/c, the FDC-1110 incorporates an
8085A-2 c.p.u. and an 8237A-5
memory access controller for local
processing and high-speed data
transfer. The hoard communicates
with bus masters over the STEbus
through a simple two-byte slave
interface.

Inaddition to the 2797 controller,

there are software-controllable {

input/outputs to the disc interface.
These make it asimple matter, the
makers say, to control the 5.25in
drives directly without having to
modify the interface cable.

Data rates supported are 125, 250
and 500Kbits/s.

The FCD-1110 has provision for an
eprom up to 32Kbyte and static ram
upto 32Kbyte forming a 64Kbyte
local memory. The STE interface,
FDC interface and thed.m.a.

controller all lie withiin the i/o space
of the processor, whilst the memory
controller configured for memory-
to-memory. STE-to-memory and
FDC-to-memory transfers.

Provision of these features allows
management algorithms to be
executed locally, while the STE
master processor boards can be
executing other code. This reduces
bus overhead since only simple
command sequences are required
between the FDC-1110and the STE
bus masters.

The STE interface consists of a
data byte and a status byte within the
STE /o address space. Data transfers
over STEbus may be software-polled
by monitoring the status register.
With the local d.m.a controller
running from a4MHz clock it can
transfer data between local memory
and the STE interface at 1.3Mbytes/s.
Datapulse Ltd, Tel: 0491 571955.

228 on reply card

Stepper motor
controller for
STEbus

Stepper motor control facilities, the
first for the STEbus, are provided by
Arcom Control Systems’ new STMC
module. This single-axis controller
imposes no processor overhead onan
STEbus system c.p.u. all thatis
required is initialization with a
command string to set-up the type of
motor and its start and finish speeds.
STMC accepts avariety of simple
software commands or string for
actions including single step, a
number of steps control
acceleration, move to areference
point and emergency stop.

The module includes an on-board
four-phase bipolar driver chip which
can output up to 2A per phase. Also
on-boardare 16 i/o lines, providing
general-purpose facilities.

Arcom Control System Ltd, Tel:

(0223)242224. 231 onreplycard
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Stepped packaging
for STE

Latest item in Dean Microsystems
STEP system is the STEP-1-SUB, a
3Uby 84E self-contained 10-slot
subrack in which the backplane
containing mains input and i/o
connectors is an intrinsic part of the
assembly. This means that the rack
can be removed from the front of an
enclosure without the need to
disconnect the wiring.

The STEP (STE Packaging) system
has been developed to make life easy
for STE users. It is a standard
packaging system, that calls up all
the options essential to the STE user,
from power supply to disc drives.

It's unique feature is the stepped
front in which the extrusions have
been stepped by 60mm to allow board
to be set back with room for front
access i/0 cabling to be routed to the
rear, whilst disc drives can be located
forward of the boards.

230 onreply card
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Kemitron adopt
STEbus

Kemitron have chosen STE for their
data acquisition and control systems
because it is the only international
standard bus that specifies a double
eurocard option. The format has two
advantages: the second connector
may be used for i/o connections, and
the larger area allows more facilities
per board.

With single eurocards, the front of
the board is generally used for signal
termination and the front panel
holds the connectors. If i/o is routed
to the rear of the system, ribbon
cables are laid across the front of
other boards in the rack making
them difficult towithdraw.

In the Kemitron design, input or
output signals are taken via the
second connector. From here ribbon
cable runs directly to panels on the
rear of the system. This allows the
front panel to be used for led
indicators and the whole board can
be unplugged without affecting any
connections.

A secondary advantage of double
eurocard is its size. This is greater
than that available on two single
eurocards since one STE interface is
saved and thereis afree area in the
middle of the board. Kemitron say
thatone double eurocard can replace
at least three, usually more, single
eurocards.

One of Kemitron's first boards
which takes advantage of the double
eurocard design is a processor card
with Hitachi's 6MHz 64180, 768ram,
dma, four serial channels, floppy and
hard-disc interface, maths processor,
counter/timer and r.t.c. with battery.
Two interface cards are also available
which are a 64/32 channel analogue
inputwith eight analogue outputs
and a 32-channel opto-isolated
input/output board with 10-channel
ctc

Two CP/M 3.0 systems are also
available. Dubbed STE/RIO, the
name reflects the STE bus, Rear I/0
and the double eurocard format.

226 on reply card

STE-based computer uses 64180

Unlike most STE computers, the
STE/RIO system accommodates five
horizontally-mounted double
eurocards, which approach
facilitates the routing of i/o signals to
the rear of the case. Board front
panels are then free for led indicators
and each board may be unplugged
from the front of the rack without
disturbing plant connections.

The front of the integral 19in by 3U
rack holds the five slot backplane and
adisc-drive module. Several disc
options are available including 3.5,
5.25in floppy and hard discs, all
supported by the CP/M 3.0 operating
system.

The 64180 processor is used on the
processor card. Its double eurocard

design allows the card to contain all
the essential system-level features
such as 768Kb memory withd.m.a.
four serial channels, maths
processor, counter timer, watchdog,
real-time clock, floppy-disc
controller hard-disc interface and
the STE bus.

Aselection of i/o boards is also
available which includes a 32
channel digital input/output/
counter/timer card with feedback
sensing and opto-isolation, as well as
a64/32 channel single-ended or
differential analogue input/output
card with sample and hold amplifier.
Kemitron Limited, Tel: 0244 536123

227 onreply card
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The Archer 780 &SBC

The SDS ARCHER — The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports,
counter-timers, power-fail interrupt, watchdog timer,
EPROM & battery backed RAM.

* OPTIONS: on board power supply, smart case,
ROMable BASIC, Debug Monitor, wide range of I/O &
memory extension cards.

from £185 + VAT.

ENTER 38 ON REPLY CARD

The Bowman 68000 &SBC

The SDS BOWMAN - The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

* Extended width versions with on board power supply

and case.
from £295 + VAT.
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Sherwood Datadystems [id

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

E M s Power Systems

ICOM introduces the IC-R7000, advanced technology. confinucus coverage
EMS manufactures DC Power SUpp”eS and mmunicati . I xv.ErMVh\)/uhd% ?rg\graplmablg m:er]nones IhedIC'RzQOO
. : vers aircraft man roadcast Amateur radio, television and weather
Battery Chargers both linear and switch mode alellite bands For simplified operation and quick tuning the 1C-RE7000 features
In arange from 5 VA to 3.2 KVA. gire ;Lkeyb‘. ard entry Pfre 1se frequencies can be selected by pushing the
gt key. quence of the frequency or by turning the mair tuning knob
Also a complete range of Standby, UPS and M wide’FM narrow. AM upper and ‘ower SSB modes with 6 tuning speeds
in tabilizer Systems 35 VA to 1 KVA. EMS and 25kHz A sophisiicated scanning system provides instant
Ma S |S ab. teh y fact f t ised ss 1o the most used frequencies By depressing the Auto-M switch the
specialises In tne manutac _ure ot customise IC-R7 wlomatically memorises frecquencies that are in use whilst it 1s in the
products and has a full design and an mode. this allows you 10 recall frequencies that were m use Readout 15
ili learly shown on a dual-colour fluorescent display. Options include the RC-12
deveIOpmem facnllty. infra-red remole controller, voice synthesizer and HP- | headphones
Ews (ll)\flanufaﬁglrmdg) Limited, (Please rush me detalls of the IC-R7000 and my nearest ICOM dealer. —';
airporoug oaq, | Name
Buioks MP12 3HH | |
) | } . o — Tel:
Tel: (0494) 448484 | Post to: ICOM, Thanet Electronics Ltd., Dept W W, FREEPOST, |
| Heme Bay, Kent CTS 6BR. (no stamp needed). _ Tel 0221363859 _ |
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High-speed eprom
programmey

Newly launched is the G-Stack an
addition to the Elan Universe 1000
Universal Programmer range. It
incorporates 32-pin zif sockets,
enables up to eight devices to be
programmed conicurrently either.in
sets or in gang (all identical)
arrangements. The set mode for a
single G-Stack allows expandable
data set sizes of two to eight
concurrent devices from 8 bit
through 16, 24, 32, 48 to 64 bits
wide. For higher production |
requirements, two G-Stacks may be |
linked together in a Universe 1000 to
program up to 16 devices at atime in
either sets or gangs. Thiswould allow
one set of say eight eproms to be
programmed whilst another set is
being loaded/unloaded and labelled.
Label printing output to a printer is
included. The control of the Universe
1000 operation is carried out by its
Master Control Unit (m.u.c.) which
may be connected by the system'’s
parallel bus to any selection of
“stacks” including those needed to
program pals. IFLs, bipolar proms
etc. Only the top stack is fixed; the
lower stacks are all motorized with a
simple reliable mechanism to move
forward or retract under m.c.u.
control so that the operator is clearly
directed to use the correct stack and
socket for the device selection.
G-Stack can handle 28-pin devices up
to the latest IMB Intel 27011
EPROMS as well as the 32 pin IMB
versions from Intel, Fujitsu and
Hitachi. New algorithms may be
easily added by cartridge
replacements.

206 on reply card.

68020 emulator

An in-circuit emulator tor Motorola's
32-bit processor has been produced |
by Applied Microsystems. the first to
do so apart from Motorola
themselves. The EP68020 module
allows full emulation at up to

12.5Ml 1z, and is used in conjunction
with an ES 1800 stand-alone
emulatory. Together they provide
real-time analysis of all bus and
control signals, with full-width
address and data buses, by using
trace modes. The trace memory
allows the capture of 2046 words of
72-bit processor cycles toreveal what
is actually happening. The patented
events monitoring svstems enables
the user to control the emulation by
setting the break vector on any
combination of address, data, status,
pass counter and logic state. An event
or combination of events can be
defined by logic statements and then
used to break emulation, trace
software sequences, count events or
trigger outputs.

232 onreply card.
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Bubble memory for VME bus

An intelligent bubble memory has
been developed by Plessey for the
VMEbus. The memory is totally non-
volatile, without the need for battery
back-up. It has no moving parts, is
insensitive to adverse environments,
and provides a high level of
reliability. This results in a longer
operating lite and completely
maintenance-free operation. The
system comprises a master card
(PME BB-IM) containing 1 Mbyte of
memory plus control logic, which
may be configured with up to 8 Slave
cards (PME BB-1S), each providing
an additional 2Mbytes. In total, the

sub-system offers up to 17Mbyte of
storage. BB-1 implements standard
SCSi-type commands and supports
VME transfers at up to 2.6Mbytes/s
on read cycle and 3.6Mbyte/s on write
operations. Bubble access lakes, on
average, 1 1ms; 8 and 16-bit transfers
are supported and the memory base
address is user-selectable withina
4Gbyte address space. Applications
include process control and
automation, offshore equipment,
mobile systems and embedded
applications.

211 on reply card.

Disc drive for IBM compatibility

Aninlelligent disc drive has been
developed which will allow data
loggers, instruments and any other
device with RS232c¢ interface,
including other computers, to
generate discs compatible with the
IBM-PC. The T14, as it is called,
receives data on one of its RS232
ports and stores it on a PC-DOS disc.
The disck may then be used to
transfer the datatoan IBM-PC. Disks
written by the PC can be read by the
device connected. The internal
sottware enables the T14 to operate
in ‘remote’ mode; commands can be
sent from the host device to give a

directory, writefiles, erase files, read
files, rename files as well as
controlling the unit. In addition to
converting data into IBM format, the
unit can be used as a complete disc
operating system for devices without
one and can be used, for exampleas a
printer replacement for data loggers
and remote test and instrumentation
sites.

Other models in the range include
a PC-AT compatible version, twin
discs and an intelligent tape drive
with 3.8 or 15Mbytes of storage.
Industrial Peripherals Ltd
2150nreply card.

8-bit one-chip
Microcomputer

Expanding its range of 8048 and 8049
single chip microprocessors, Toshiba
introduces a 4Kbyte rom c-mos
80C50A deviceina 40 pindil or 44
pin flat package.

The 8 bit TMP 80C50A is made in
Silicon gate c-mos which enables low
power consumption during normal
operations of 10mA at its fixed supply
of +5Vand frequency of 6MHz. A
stand-by mode reduces current
consumption 10pA maximum. On
the chip is an 8bit ¢.p.u, 256byte ram
data memory, 4Kbvte rom program
memory, 27 /0 lines and an 8 bit
timer/event counter. Another
version, the TMP 90C40A may be
supplied without the rom program
on chip. By using this chip with an
external eprom or ram software
debugging is made easy. Instruction
cycle time for both devices is 1.36ps
for temperatures between 0 and 70°C
Software is upwardly compatible
with Toshiba’s TMP80C49AP/
TMP80OC49AP-6 or Intel’s 804Y.

213 on reply card.

Hard drive with
s.c.s.i. interface

Including an s.c.s.i. controller in the
circuit of a hard disc drive simplifies
interfacing and reduces space
requirements. The Mini Scribe
84255 3.5in drive includes a standard
s.c.s.i. controller but drives with a
custom interface are also available.
When formatted, data capacity of
the half-height 8425 is 21.3M-byte. A
single p.c.b. with surface-mounted
components is used so the drive
consumes only 12.5W. Average
access time is 68ms and data is
transferred to the host at up to
1M-byte/s.
223 onreply card.
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68000 emulators

Plug-in pods for the emulation of
68000/68010 and 68008 processors
are available for the Position SDT
(symbolic debugging tool). The pods
offer full emulation at the maximum
rated clock speed (16MHz). The STD
consists of a 8/16-bit universal
control unit built around a Z80B
processor with its associated
memory. Additional ram boards fit
inside the controller for real-time
trace overlay operations. The
emulation is performed by a second
dedicated processor, housed at the
target-hboard end of the pod cable.
The system can be used with most
development systems, many
computersand terminals and
Position's own Technical
Development Compuler.

208 on reply card.
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Stereo music
nnput/outputv

Communication with
the IBM PC and
specialized modules
v

A
Software cartridges
(upto 256 cartridges

Video workstation

This compact all-in-one video
workstation brings to small studios a
package of image creation and
manipulation tools which until now
have been restricted to much more
lavishly-equipped production
centres.

Once digitized by the system, an
image can be retouched using
textures and colours selected from
within itself; it can be mirrored,

Real time
videographic
processor »

Real time video
digitizing
processor »

usable simultaneously)

EW PRODUCTS

COMPUTING

High speed
video memory
(65,000 colours)

v

A
Input/output
controller

deformed, dissolved, multiplied, or
turned into a mosaic. Moving
pictures can be captioned, colourized
artificially, inlaid and manipulated
with a wipe effects generator, all in
real time. Up to four video sources
can be handled; Pal, Secam or NTSC,
with automatic genlock on each. The
makers plan to offer still more effects
later by means of plug-in cartridges.
Besides video effects, the unit also

Sync generator
<4 and genlock

Memory
< processor

has a facility for page layout and for
creating and editing business
graphics: with the addition of an
extra module, results can be turned
into a photographic slide with a
resolution of 4,000 by 4,000 pixels.
The system is based on seven
dedicated processors, with an open
architecture which allows the user to
add further applications modules or
to control it from existing equipment

Real time page layout
and moving control
< processor

Menu and videotex
« processor

Colour and
video-mixing
< processor

Real time animation
< processor

—for example, an IBMPC.

The De Grafe Silver Workstation is
made in France and distributed in
the UK by Bell & Howell (telephone
01-902 8812). Prices for acomplete
system are in the range of £10,000-
£15,000, which includes all updates
or new versions of the integrated
software for five years.

225 onreply card,
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Pcb design ona PC
(including Amstrad)

The major new features of the
Quickpad 1.1 p.c.b. design package
from Conguin Software, which runs
onan IBM PC, include Block Move,
Block Copyand Block Save
commands. [thas 126 pad and track
sizes, ranging from 0.002 to 0.254in,
a maximum board size of 32in.
square and mass change commands
for track and pad sizes. Other
improvements over its predecessor
are faster screen refresh timesand
the ability to generate silk screen
images directly. Camera-ready
artwork can be produced at up to
eight times full size on a dot-matrix
printer and a wide range of pen
plotters. The system can be used on
an IBM XT or AT computer and a
version is being developed to run on
the GEM-based Amstrad 1512 PC.
The company are offering complete

low-cost workstations centred
around the Amstrad PC, An IBM
evaluation disc offers the full
facilities but will not plot the result
(Conguin will produce one free
double-sided plot as a gesture of good
will). This comes with the full user
manual and costs £36.50 while the
complete package, including a
mouse, comes to £995,

207 onreply card.
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Graphics controllers

A family of high performance graphic
display controllers is manufactured
by Control Systems Inc. and
distributed by KGB of Windsor.
Designed to work with IBM AT and
high resolution monitors the ‘Artist’
board is expected tobecome a
standard graphic enhancement for
the operation of computer design
software, such as AutoCAD, on the
IBM micro.

ELECTRONICS & WIRELESS WORLD

The Artist series comes ina range
of six models depending on the
application and supports 42 software
products, including all the major
graphicand c.a.d. vendors using
personal computers, including
Autodesk with AutoCAD, Calcomp
with Cadvance, and Computervision
with Personal Designer.

The Artist range starts with the
Monochrome 1024 by 768
Resolution Board at £695, through
to the Artist 10 1024 by 1024
Resolution in 256 colours at £2095.
218 onreply card,
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8-bit video-speed
a-to-d

A bipolar monolithic, video-speed
8-bit flash a-to-d coverter comes
from Datel, the ADX-300 Itis
capable of digitizing an analogue
signal at conversion rates up to

20MHz, yet the device'’s maximum
power dissipation is 700mW., A serial/
parallel technique is employed to
obtain high conversion speeds using
asingle —5V power supply. The
analogue input range is 0 to —2V,
with —2V ref, and digital inputs and
outputsaree.c.l. compatible, The
outputs are buffered and provide an
open emitter. The ADC-300 is
designed for use with an external
sample-and-hold amplifier together
with external clock and reference
source. The device features
maximum non-linearity of +%l.s.b.
and maximum differential non- °
linearity of +V4l.s.b. The ADC-300 is
ideally suited to applications
requiring a combination of high-
speed digitization and low power
including high-speed data
acquisition, radar pulse analysis and
optical character recognition.

Datel UK, Tel: 0256 573675.
216 onreply card.
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@ Hitachi Oscilloscopes leading the way  from £299

in performance and pricing!  +VAT

The highest quality
The Hitachi name is synonymous with quality and reliability and
is backed by a 2 year or 3 year warranty on every oscilloscope.

The keenest pricing

With prices starting at only £299 for a 20MHz dual-trace model
Hitachi’s price-performance ratio can not be bettered.

The largest range

Now totalling 18 models the Hitachi range covers bandwidths
from 20MHz to 1S0OMHz and digital storage models to 60MHz.
The fastest service

We can supply any Hitachi *scope immediately from stock and we
back it with full calibration and after-sales service.

o e e ewn

For colour brochure giving specifications and prices ring (0480) 63570
Thurlby Electronics Ltd., New Road, St. Ives, Cambs. PE17 4BG
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— 0 ? DQIC and

' - | Today’s digital circuitry can’t be debugged with just a logic probe and |
oscilloscope. A logic analyser has become an essential tool.

The Thurlby LA 160 system puts logic analysis within the reach of every
engineer with a wide range of options to suit many different applications.

i ® Prices from £395 plus vat @ Data pods for random logic
2 o O ® 16 or 32 data channels e Personality modules for uPs
—— . LIT @ IBM-PC interface options @ Microprocessor disassemblers

—-— No other logic analyser system approaches the value for money of the
= Thurlby LA160. Contact us now for full technical data.

o= Yy N'% Thurlby Electronics Ltd
.‘a‘ - .'l . /I Thurlby 2ZalIhN New Road, St.lves, Huntingdon, Cambs.
designed and built in Britain  PE17'4BG, England. Tel: {0480) 63570
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The world’s most advanced low-cost bench multimeter!
Thurlby 1905a £349. var!

A complete high performance bench DMM

= . ® 5 digits; 0.0156% acc; 1uV, TmQ , 1nA.
- D 9 9 9 9 h anoo ! & ® Full ac and current functions as standard
' ~1-1-L 0 : A sophisticated computing and logging DMM

® Linear scaling with offset; null/relative

® Percentage deviation; running average

® dBV, dBm general logarithmic calcuiations
® Limits comparison; min and max storage

® 100 reading timed data logging

® RS232 and IEEE-488 interface options

Thurlby Electronics Ltd - N Za
New Road, St.lves, Cambs. PE17 4BG /I Thurlby a’&

Tel: (0480) 63570 designed and built in Britain
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the new Thurlby PL-GP series

30V/2A ard 15V/4A single and twin units
Constant voltage or constant current operation
Programmable to 10mV and 10mA resolution
Readback of current demand via the bus

Twin units have fully independent outputs
Remote sensing terminals provided

Bench mounting or 19” rack mounting

@ Singles £395 + vat, Twin units £598 + vat
Thurlby Electronics Ltd AN Za
New Road, St. lves, Cambs. PE17 4BG /I Thurlby §’§
Tel: (0480) 63570 designed and built in Britain
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Spotty outlook

There seems little doubt that we
are now in the early months of
Sunspot Cycle 22, the transition
from Cycle 21 having occurred in
the summer of 1986. There are
already signs of a significant rise
in the maximum usable frequen-
cies on h.f. with a tearing up of
the ionospheric predictions that
forecast the continuation of Cy-
cle 21 into 1987 or even 1988.

This promise of higher fre- |

quencies being usable over lon-
ger daily periods will come as a
major relief to all users of the
extremely crowded h.f. spectrum
for communications or broad-
casting.

For those concerned with h.f.
broadcasting, the arrival of Cycle
22 has come at a particularly
opportune time, just ahead of the
important second session of the
World Administrative Radio
Conference for the planning of
the h.f. bands allocated to the
broadcasting service and due to
be held in Geneva from January
27toMarch 13, 1987.

The very low evening and
night-time usable broadcast
bands, including the 3.9 and 6
MHz bands, have exacerbated the
problems brought about by the
ever increasing powers and sche-
dules of external broadcasting,
not only those attempting to
provide virtually 24-hour world
coverage by using ever more
relay bases capable of providing
strong “one-hop” signals to audi-
ences that tend to be loosely
defined (the BBC has recently
upped its claimed “regular” audi-
ence from 100 to 120 million,
but the basis for these figures
remains rather obscure and
must include a substantial con-
tribution from its domestic and
overseas m.f. outlets).

The WARC may or may not
come to grips with the pressing
problem of jamming, much of it
stemming from the network of
Soviet jammers intended to blot
out foreign Russian-language
broadcasts but inevitably affect-
ing h.f. broadcasting in all parts
of the globe. If this jamming
could be dramatically reduced,
the use of multiple frequencies
serving the same target area
could be minimized, and some
sort of order restored to the
broadcasting bands.

The difficulty of achieving
order out of chaos is underlined
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by the current BBC use of 87
high-power h.f. transmitters at
10 sites throughout the world,
with a further three sites under
construction.

The equipment industry is
clearly hoping for a phased intro-
duction of compatible single-
sideband transmissions with par-
tially reduced carrier. Engineers
from Marconi and Brown, Boveri
presented papers on this subject
at IBC86, based on the use of
transmitters rated up to about
100kW peak envelope power. The
Marconi work is based on the
technique of ‘envelope elimina-
tion and restoration’ (e.e.r.)
proposed by Leonard Kahn in the
1950s for m.f. and |.f. broadcast-
ing, with possible enhancement
by the polar-loop feedback tech-
nique developed at Bath Uni-
versity by Gosling and Petrovic.

Rejected in the 1960s, it would |

seem that compatible single-
sideband is a technique whose
time is coming ~ both for broad-
casting and for mobile radio
communications.

Noise-induced
hearing
problems

To what extent does listening on
the once-again-popular headsets
pose a hazard to the user? This

question has come up recently in j
connection with amateur radio,

where morse enthusiasts have
always largely remained faithful
to listening on ‘cans’. But nowa-
days the pavements, trains and
buses are witness to the enor-
mous number of people with
walk-about audio who listen at a
level of volume that produces
audible chatter at distances of
many feet. Then, again, many
people with hearing problems
use headphones to follow televi-
sion sound.

Nigel Neame, formerly
G2AUB, is one of several corres-
pondents, who have warned of
the need for those with normal
and partial hearing to take care
not to listen on headphones at
excessive volume, stressing that
some degree of automatic peak
limiting is highly advisable to
prevent the impairment or even
destruction of the remaining
hearing ability. Reg Taylor,
G3AVQ, has similarly drawn
attention to the insidious prob-
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lem of tinnitus (ringing in the
ears) that can result from exces-
sive noise yet may not manifest
itself until years after exposure.
As a headphone addict, I have
always used a pair of back-to-
back diodes across my ancient,
high-impedance headphones to
eliminate loud switching and
similar clicks, when operating
morse.

In 1984, the BBC Designs De-
partment introduced headphone
protectors (type EP5/25A stereo
and EP5/25B) that similarly pro-
tect the wearer against potential-
ly harmful sound levels when
using high-quality, low-
impedance headphones (8 to
600-ohms) such as Pioneer
SE550, Beyer DT 220 etc. These
were, apparently, rather more
sophisticated passive limiters in-
cluding averaging and weighting
networks to prevent limiting-
type distortion on short-term
peaks and low-frequency signals,
but including fast-acting voltage
clippers to limit all signals well
below a level at which instan-
taneous hearing loss could occur
(although possibly, one must
assume, not entirely ruling out
later development of tinnitus).
Sound limiting level can be set
within the range 95 to 110 dBA
and the protectors were intended
for use in broadcast production.
One gathers, however they are
not widely used, either in the
corporation or elsewhere.

Brian Davies, G30YU, was
born profoundly deaf but by
means of a series of operations
recovered a good deal of hearing-
and has had a lifelong interest,
including at times a professional
interest, in high-fidelity sound
reproduction. He is convinced
that there is a good deal of
emotional feeling against high-
powered music environments,
such as discos, that cannot be
substantiated. He believes that,
for the most people with good

| hearing, tinnitus is usually a

temporary effect which may dis-
appear overnight. The loud
noises that, he agrees, do induce
tinnitus or hearing impairment
are impulsive sounds with steep
wavefronts. These can be in-
duced in the music output from
audio amplifiers by using passive
back-to-back diode limiters; he
advocates instead the use of
attenuator-type i.c. devices
which can reduce volume rapidly
but without distorting the wave-

fronts. Even better, he believes,
is to use a low-distortion am-
plifier with plenty of headroom.

He notes that a paper by J.J.
Knight, a senior ear, nose and
throat consultant, reported an
investigation of the hearing of a
number of recording studio en-
gineers who had worked for long
periods in control rooms with
very high sound-pressure levels.
Out of 20 such engineers, only
one showed signs of clinical deaf-
ness, and this seemed likely to
have been age-induced deafness.
This again suggests that while
distorted or impulsive loud
sounds can and do cause deaf-
ness, or tinnitus, undistorted
sound is unlikely to do.

Varying the
dynamic range

It is well recognized that achiev-

| ing a universally acceptable ba-

lance between music and speech,
programmes and adverts is vir-
tually impossible, due to the
large age and environmental dif-
ferences of the listeners. Various
systems have been proposed dur-
ing the past decade or two for
providing control signals that
automatically adjust the dyna-
mic range of the receiver output
to suit the environment.

The latest process, this time
demonstrated and tested, comes
from the German Institut fuer
Rundfunktechnik (IRT) and is
described in EBU Review — Tech-
nical (August 1986, pp. 230-
240).

This allows the dynamic range
of a programme signal, whether
speech or music, to be varied to
match it to various radio, tele-
vision or satellite circuits and,
more especially, to match it to
quiet or noisy surroundings,
high or low listening levels, use
of headphones or loudspeakers,
etc.

An inaudible control signal is
inserted in the stereo audio sig-
nal. This, according to the listen-
er’s choice, either matches the
output of the receiver to the
dynamic range of the transmis-
sion (30dB), or allows the listen-
er to set the range to his choice,
over the range 20 to 55dB, or
after home taping.

In practice the system serves
to enhance the signal-to-noise
ratio of the channel by a max-
imlJm of 25dB.
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Anodyne
history

The many events — and prog-
rammes — that almost swamped
the 50th anniversary of the start
of television broadcasting from
Alexandra Palace tended at
times to reduce the develop-
ment of television to a personal
struggle between Baird and
Shoenberg and between ‘mecha-
nical’ and ‘electronic’ systems.
There was little recognition of
the many contributions, some
of fundamental importance, that

stemmed from Germany and the-

USA, including the vital require-
_ment-to move away from m.f. to
“v.h.f., or that much of the Baird

240-line system (for which the
technical director was not J.L.B.
but Captain West) was derived
from German work on 180 lines.
At least the IEE’s three-day con-
ference (which will be over be-
fore these comments appear)
promises us a number of inter-
national papers that will help to
put the record straight, at least
for the delegates, though the
public will inevitably, retain the
simplistic and rather chauvinis-
tic myths that were sedulously
propagated by many commenta-
tors.

Of lasting interest and value,
however, are the two new tele-
vision galleries at the National
Museum of Photography, Film
and Television at Bradford
which had their gala opening
and preview on 31 October. The
upper gallery, The Story of Brit-
ish Television, has been spon-
sored mainly by the BBC and
Thorn-EMI; a lower gallery,
Television Behind the Screen, is
sponsored by Yorkshire Televi-
sion, Philips, Lee Cortran, Cen-
tral ITV, LWT and Microvitec
including an initial donation of
£100,000 by Yorkshire Televi-
sion. This gallery departs from
normal museum display by
combining broadcast technolo-
gy with audio-visual exhibits. It
shows how programmes are
made, taking the risk of rapid
dating. All programme material
is stored on Philips Laservision
discs, considered the only re-
cording system rugged enough
to withstand constant playing!

Very well worth a visit —
though it was unkind to show at
the gala opening a stereoscopic
film on the enormous (52ft 4in
high by 64ft 8in wide) Imax

screen. Someone was obviously
keen to make the point that
even with modern, high-
definition tv, there is still a long,
long way to go to catch up with
this sort of film display!

Somehow, the three-day “In-
ternational Conference on the
History of Television — from
Early Days to the Present” failed
to spark the nostalgic vein to the
same degree as the 1985 radar
conference. But perhaps this is a
jaundiced view of a reporter who
had hoped for surprising new
revelations, but found most pre-
senters sticking -firmly to the

--world of engineering which,
though important, is only part
of television, often largely
ignored by those who have al-
ways shaped broadcasting poli-
cy. While Alan Blumlein was
amply confirmed as the en-
gineering star, little was said of
the political background not
only to the launch of Alexandra
Palace tv in 1936 but also to the
German services on 180 lines
and then 441 lines under press-
ure from the Nazi party as a
propaganda coup, though with
no receivers available to the
public.

But then, few of those who
spoke were in the original Baird
or Marconi-EMI camps, with the
notable exception of Tony
Bridgewater, Joshua Sieger
(Scophony) and H.G. Lubszyns-
ki. If all the speakers had been
as lively and as forthright as the
Berlin-born, one-time employee
of Siemens and Telefunken, be-
fore joining (Sir) Isaac Shoen-
berg’s remarkable team, then
indeed it would have been a
conference to remember!

Lubszynski was one of the few
speakers who attempted to cor-
rect some of the myths that
surround early developments.
He firmly ascribes the invention
of the vitally important storage
principle in camera tubes not to
Campbell Swinton (as often sug-
gested) but to Zworykin. He also
confirmed that the 240-line
“Baird” system was cobbled
together by Captain West, in-
cluding the purchase of the
high-speed scanning disc and
intermediate-film system from
Germany.

Dr Maurice was brave enough
to maintain that the UK should
have stuck to 405-lines rather
than change to 625. Pat Leggatt
told Peter Mothersole that it was
“nonsense” to suggest the pub-
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lic were not interested in the
better black-and-white pictures
that would have been obtained
with d.c. restoration rather than
a.c. coupling. Otherwise few
contentious issues were raised —
few myths overturned in an
all-too-genial atmosphere of
mutual backslapping.

Only H.G. Lubzynski ended
on a sad note: “We never
thought in 1933 that our efforts
woula be abused to pump out
crime, violence and murder ev-
ery night to an audience of
millions. Instead of increasing
the broadcast hours, 1 believe
they should be reduced and the
quality of the contents be im-
proved,” Whether you agree or
not, it was a change from the
frequent harping on British
television being “the best in the
world”.

As Professor R.W. Burns
pointed out in his closing re-
marks, few of the firms that
pioneered television have re-
mained fully committed to this
field. He regretted that nobody
spoke on the French work or
represented the original Pye
company. With 128 registra-
tions, Savoy Place was far from
full, with few younger engineers
seemingly interested in what
Henry Ford is supposed to have
regarded as “bunk”, but is in fact
all our vyesterdays, and from
which lessons can still be
learned.

“Live-Net”
grows

It is about 20 years since large
educational closed-circuit tele-
vision cable networks were set
up in in Glasgow and London,
only to disappear later when
they became enmeshed in local
politics. However a significant
revival of interest seems to have
arisen within the widely-spread
colleges of London University. A
specialized modern cable net-
work is now emerging in col-
laboration with British
Telecom.

The original requirement was
based on the desire to relay
medical lectures and seminars
from the new Charing Cross
teaching hospital to its seven
satellite hospitals south of the
Thames, to reduce travel costs
and the time wasted in students
travelling across London.

The resulting two-way in-

teractive system has encouraged
the university to plan optical-
fibre links between the Senate
House complex and Kings Col-
lege, Queen Mary College, Impe-
rial College, Bedford College
and the university's audio-visual
and computer centres. Each link
provides four video circuits and
data transmission facilities.

Installation of all these links
should be completed next sum-
mer before the start of the new
academic year.

Tv at 2Mbit/s

For several years, British Tele-
com has been offering video-
conferencing facilities, with a
data rate of 2Mbit/s, based on a
GEC-McMichael codec. This bit-
reduction system was also
offered for satellite links but was
more suited to talking-heads
than for pictures with fast-
moving content.

It has recently been
announced that Siemens AG in
Munich have developed a rather
2Mbit/s similar system, based on
the mathematical technique of
discrete cosine transformation
(d.c.t.) and is studying further
bit reduction to 384 Kbit/s and
eventually 64 Kbit/s.

For d.c.t., the tv picture is
first divided into blocks of, for
example, 16 by 16 pixels to
which are assigned coefficients
that describe the picture con-
tent of that block in terms of a
real number identifying a signal
frequency. Bit reduction of the
coefficients is held to be more
effective than working on the
individual pixel intensities. The
signal is processed to eliminate
the need to retransmit informa-
tion on stationary images.
Where there are abrupt move-
ments only the most significant
variations are transmitted im-
mediately, with minor varia-
tions and details sent in subse-
quent frames. Viewers see a
slight, temporary loss of resolu-
tion during abrupt movement.

It is claimed that Siemens has
gone beyond existing d.c.t. and
differential-p.c.m. systems in
the detection of groups of coef-
ficients in the transform do-
main, adaptive Huffman coding
and postbuffer control. A 2Mbit/
s, the Siemens techniques are
claimed to provide excellent tv
images, even when picture de-
tails are changing rapidly.
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SIMPLEX u r I el HALF DUPLEX ‘Exclusive of V.A.T. and Post and Package’

1+ 50+ 1+ 50+ 1+ 50+

74LS00 13 .10 6821 140 1.00 2732 260 240

741504 13 10 6502 330 280 27C64 350 3.00

UHF RAD|O TELEMETRY 741508 13 .10 6522 3.30 2.80 2764-25 230 220
74LS37 13 .10 6551 400 350 27128-25 240 230

74LS74 1310 74500 0.25 0.30 27256-25 3400 3.20

741986 1310 74504 035 0.30 6116LP-3 130 115

7415122 20 18 745138 0.35 0.30 6264LP-15 230 215

74LS244 40 35 745240 090 065 43256LP-15  16.00 12.00

! 74L$245 48 35 8225-5 150 1.30 4164-15 090 0.78

i - 7418367 48 40 4 me%CryslaIs 050 0.35 41256-15 220 210

r 7418373 40 35 011 0.11 009 ZB0ACPU 140 120

1 7405374 40 35 40208 0.35 0.30 ZB0ACTC 1.50 1.20

- - 7405393 40 .35 40408 036 030 Z80AP10 .50 1.20
! 7408399 35 30 LM311 022 0.18 7611BCPA 120 1.00

HOME OFFICE APPROVAL TO MPT 1309
SurTel is a cost effective UHF radio system operating in the
458 MHz band. Digital communication in either one or two-way
mode, is possible at 1200 Baud over line of sight conditions.
All units operate from 12 volts D.C. and feature RS 423

input/output. Serial or parallel input options, -plus micro-
processor based systems providing intelligent control etc.
Uses include: survey instrumentation; plant
automatic guided vehicles; environmental & met.
data buoys; offshore computer links; hand held key pads.

CONTACT US TODAY FOR MORE INFORMATION
REGARDING DIGITAL DATA TRANSMISSION BY RADIO.

control;
stations;

Ail memory prices are fluctuating daily, ptease phone to confirm prices.
178 Brighton Road,

Purley, Surrey CR2 4HA
Tel: 01-668 7522

ENTER 56 ON REPLY CARD

— LINK COMPUTER / COMPUTER / PERIPHERAL / INSTRUMENTATION -
— COST EFFECTIVE UHF RADIO MODEM —

MICROMAKE ELECTRONICS

1 THE HOLT, HARE HATCH, UPPER WARGRAVE, BERKS RG109TG
TEL: 073522 3255 TLX:946240 CW EASY G REF: 19023890

ENTER 66 ON REPLY CARD
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DATA GENERAL MINICOMPUTER
PARTS AND SYSTEMS

Does your application need those multi-user megabytes but your
budget stretch only to a PC? Or is your old DG mini flat on its
back? Need an upgrade? Second printer? Hardware support? As
traders: in .commercial systems, we always have stock of older
(and newer) equipment. We also deal in second-hand and surplus
micro systems. Large SAE for current catalogue.

Sample stock: Nova 4X 16-slot chassis (valid for MV7800 upgrade) with
CPU & memory board - £2000, 2MB fixed head disk subsystem for
Nova/Eclipse ~ £2500; Mono NEC APC Modt with 2 x 1MB diskettes — £650;
Eclipse S130 with 256KB — £1000; Eclipse CS/100 with 128KB - £900;
10/12.5/20/25MB drive subsystems £800 each; 6125 tape streamer — £3500.

SILICON GLEN LTD

Moray Street, Blackford, Perthshire, Scotland
Callers & Overseas Enquirers welcome
or Telephone: 076482 315 or 464
Telex: 295141 TXLINK G quoting MBX 076482315 on first line
Bulletin Board Sales Catalogue (Prestel Standard) on 076482465

ENTER 51 ON REPLY CARD
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Mobiles in 5kHz

During the past decade there
have been a series of research
projects — including the Wolfson
project — aimed at achieving
practical mobile-radio systems
that would permit 5kHz chan-
nelling without significant de-
gradation of the performance
achieved by current f.m. or a.m.
systems using 12.5, 15, 25 or 30
kHz channelling. It has long
been recognized that, if analogue
transmission is retained, this re-
quires some form of single-
sideband transmission, either
with pilot or full carrier, to over-
come Doppler frequency shifts,
and with an effective a.g.c. sys-
tem in receivers capable of mini-
mizing the deep fading caused by
the severe multipath conditions
experienced on moving vehicles.
In the UK, Professor J.P.
McGeehan at Bristol University
continues to advocate feed-
forward with pilot-tone s.s.b. for
mobile operation. In the USA
amplitude companded single
sideband (a.c.s.s.b.), in which
the signal is heavily compressed
during transmission, has been
FCC approved for mobile com-
munications, but the systems so
far marketed are significantly
more costly thann.b.f.m.
Japanese engineers of NTT
have proposed the use of real-
zero single sideband (r.z.s.s.b.)
with full carrier. This system
(IEEE Trans. on Vehicular Tech-
nology vol VT-35, No 1, Febru-
ary, 1986) can provide compati-
bility with f.m. receivers and can
use 5kHz channelling, yet in-
corporates an f.m.-type ampli-
tude limiter in the receiver. This,
it is claimed, can largely over-
come the amplitude degradation
caused by fading. This system,
like compatible h.f. s.s.b. broad-
casting, can draw on the techni-
ques proposed in 1952 by
Leonard Kahn, enhanced by the
use of the high-eficiency polar-
loop transmitter configuration

developed by Petrovic and Gosl-
ing at Bath University.

The r.z.s.s.b. system offers the
attraction that there is no re-
quirement to regenerate in the
receiver the clean and stable
carrier necessary for product de-
tection. In an experimental sys-
tem the Japanese engineers used
phasing-type s.s.b. generation,
with full-carrier lower sideband
signals developed at 455 kHz and
up-converted to 70 MHz.

Reverse
Danegeld

Amid all the fervid commeme- a-
tion of 50 vears of television,
members of the Special Forces
Club in Knightsbridge met to
receive from the Danish firm of
Bang & Olufsen a modern tv set
with v.c.r. in connection with
events now more than 40 years
ago.

For from 1941-1945, B & O
and, in particular, their chief
engineer, the late L.A. Duus
Hansen (OZ7DU), his surviving
widow, and his former secretary
Edith Bonnesen, were at the very
centre of possibly the most suc-
cessful of all the wartime clan-
destine radio networks set up in
enemy-occupied countries.

Duus Hansen, born in 1901
while still nominally working for
B & O pursued single-mindedly
his efforts to provide manual and
high-speed machine telegraphy
and v.h.f. telephony links with
the UK and/or Allied representa-
tives in Sweden, working first
through British and Danish
(“The Princes”) Intelligence but
later through SOE which, un-
usually, became responsible for
obtaining intelligence from that
country, as well as organizing
sabotage. The German security
police reacted by destroying not
only his home but also the B & O
factory where, with the help of
Svend Bagge and Steen Hassel-
bach, some 60 of his ingenious
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“telephone-directory” (Telefon-
bogen) lightweight h.f.
transmitter-receivers had been
secretly built, using standard
domestic-receiver components
that came largely from Germany.
Much of Denmark was then us-
ing d.c. mains unsuitable for the
British-built SIS/SOE “suitcase”
sets which also had to be relative-
lv heavily built to withstand
being dropped in parachute con-
tainers. Duus Hanson rejected
such equipments and the hastily-
trained operators sent from the
UK. He recruited or trained his
own ‘amateur’ operators. His
seven-valve Telefonbogen unit,
the size of the Copenhagen
telephone-directory, had an out-
put of 10 watts from parallel
UBL21 valves and a three-valve
superhet receiver using three
triode-heptode UCH21 valves.
The “transformerless” a.c./d.c.
series-heater techniques kept
the weight to under 1.5kg. He
persuaded SOE to send out crys-
tals and signal plans. His enthu-
siastic and dedicated group was
one of the very few to use a
high-speed auto-sender (GNT)
on the short-range links with
Sweden.

The enormous professional-
ism shown in Duus Hansen'’s
approach to covert radio had one
important outcome not men-
tioned at the recent presenta-
tion: unlike the tragic experience
in many other occupied coun-
tries where the vulnerable radio-
operators had an average oper-
ational life of only about six
weeks before being overtaken by
capture or death or being
“plaved-back” by the enemy, the
Danish radio group had an out-
standing record of survival.

Ole Lippmann, one of the lead-
ing members of the Danish SOE
group, and (Colonel) J.D. Parker
recalled the events in which
Duus Hansen and B & O were
involved. (Major) John Brown
and (FIt Lt) Charles Bovill of SOE
Signals were there, as was the
remarkable Mrs Yvonne Cor-
meau, MBE, who, as a young
WAAF radio operator, was para-
chuted into France in August
1943. As “Annette”, working for
the Section F organizer, George
Starr, in the following twelve
months she transmitted and re-
ceived'more than 4000 messages
before the village where she had
set up her station was overrun by
Allied forces, so becoming one of

the most successful radio-agents
to survive in France. And this
was despite breaking the
convert-radio rule book in oper-
ating from the same house for
about six months. Usually, in
practice, the greatest danger was
enemy penetration of the Resist-
ance movements or “amateur”
informers rather than the Ger-
man d/f teams.

Among SOE and SIS veterans
one finds a growing irritation
with the books being produced
by young military historians and
journalists whose research may
be diligent but often fails to
recapture the wartime almos-
phere in which Resistance de-
veloped and blossomed despite
its many tragic shortcomings.
A O R RS R AAT

Space logic

Dr Karl Meinzer, DJ4ZC, one of
the leading members of AMSAT-
DL, interviewed for the New Zea-
land amateur radio Society,
NZART, has expressed some
forthright views on future satel

lites for the amateur service.

He shows little support for the
use of packet radio transmis-
sions, which he feels may be a
craze that will pass like other
crazes, becoming just one activ-
ity inamateur radio, at a relative:
lv low level. He notes that the
general trend in computing, at
least in Europe, is starting to
wane. This, he feels, is because
people have found that doing
really useful, complex things
with computers is still hard
work. He advocates linear trans-
ponders on the satellites, since
they place few constraints on
what you may wish to do.

AMSAT-DL is also not in
favour of attempting to have a
geostationary satellite, because
the project cost would be an
order of magnitude greater than
present amateur satellites and
require much more mechanical-
ly complex satellites with de-
spun antennas and attitude-
control jets.

Dr Meinzer also believes that
geo-orbital satellites would
diminish the educational value
of amateur satellites since they
would remove the need for track-
ing and knowledge of the space
environment. A geostationary
satellite would be, he suggests,
no different in essence from an
f.m. repeater or telephone.
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! ; - BFa57 0.32 0670 045 25C1969  1.95 VTC9300/9500 4150 143-0-545T-01701 VARIOUS  Pinch Roller Assy. 8.95
BC147A 0.2 BD166 0.55 : . 2502028 115 - b aae al 2 A
BC147B 0.12 BD179 0.72 BF458 0.36 ocn 0.55 25C2029 1.95 Sanyo Head lor VIC 01700 VARIOUS wnch Roller Assy. 1.95
BC148A  0.09 BD181 0.45 BF459 0.36 0oc72 0.85 2302078 1.45 5300/5000 41.50 143-0-5517-VTC9300 laler Assy, 0.95
BC1488 0,09 BD182 070 BFa67 0.68 0oC75 0.95 g 143-0-6617-03800 VARIOUS  Loading Rolles 0.95
8C149 0.09 BD183 0.70 BF494 0.45 oC81 0.50 25C209t  0.85 143.0-662T-01201 VTC5150  Reel Drive Puliey 8.50
8C157 0.12 80201 0.83 BF495 0.45 oc171 3.50 25C2008  2.95 143-0-9974-00100 FVHP615  Mod Knt IC BA6304A 1.95
BC158 0.09 80202 0.65 BF595 0.23 R20088 145 2§<C3§; f‘ig ‘1) -gg
(oD 0 e, Om oo i, et Ioiae Video Head Cleaning Tape (VHS Automatic wet/dry) 6.50 | VIDEO ALIGNMENT TAPES
ec:x: 0.09 BD222 0.46 BFR81 025 R2323 0.66 25D234 050 Video Head Aerosol Cleaner " ) 0.85 | sopcouBarssomn 4950
BC177 0.15 BD223 0.59 B;:aa 0.30 n%rromu (2].43 ggi ;; é g.gg Video Copying Lead and Connector Kit ‘Z/V 7.95 S-3P Stairsleps 30 min 49.50
BC178 0.15 BD225 0.48 BFR90 1.50 HCA1 .90 -
BY208.800 0.33 IN4001 0.04 EHTMULTIPLIERS VARICAP TUNERS PUSH BUTTON UNITS
DIODES | ovoioeo o33 | meoos ocs | LINEOUTPUT TRANSFORMERS
| BY223 0.90 IN40O4 0.05 ITT CVC20 635 | ELC1033/05 MULLARD 8.65 DECCA, ITT, CVC20 6WAY 7.95
BY298-400 0.22 IN400S 0.05 ITTCVC30 6.35 | ELC1043/06 MULLARD 865 ITT VCV5-7-WAY 10.19
AA119 0.80 8Y299-800 0.22 IN40O7 0.06 DECCA 100 7.95 PHILIPS GB8.550 696 | U3 8.25 PHILIPS GB (550) 6-WAY 14.49
BA115 013 BYX10 0.20 IN4148 0.02 DECCA 1700 MONO 9.95 RANK T20A 6.91 u3z2 8.25
BA145 0.16 BYX36-150R IN4448 0.10 DECCA 1730 8.95 THORN 3000/3500 757 | U324 11.00
BA148 017 0.20 IN5401 0.12 DECCA 2230 8.25 THORN 8500 8.00 200MA QUICK BLOW FUSES
BA154 0.06 BYX38-600R IN5402 0.14 GEC 2040 8.95 THORN 9000 8.00
BA1S6  0.15 0.60 IN5403  0.12 GRUNDIG 1500 15.45 UNIVERSAL TRIPLER 5.45 THERMISTORS 0T e 8p each
BA157 0.30 BYX55-600 0.30 IN5406 0.13 GRINDIG 510-6010, 2222, 5011-6011 5 AMI 5p each
BAX13 0.04 BYX71-600 1.10 IN5407 0.16 13.45 VA1040 0.23
BAXIE 006 Bzvesca0 0.3 Nodop 016 mcvez 8.20 REPLACEMENT vatoses 0z 20MM ANTI SURGE FUSES
1 . . ! iTT CVC30 825 L :
B8T151 0.79 Cs108 845 1923 0.15 PHILIPS GB sso | ELECTROLYTIC CAPACITORS | vaseso 045 | 100MA-80OMA i5p each
B8Y126 0.10 OA47 0.09 72002 0.20 PHILIPS G9 8.99 VA1097 0.25 1A-5AMP 12p each
BY127 (R3] 0OA90 0.05 PHILIPS G1t 13.99 DECCA 30(400-400/350V) 2.85
BY133 015 OAg1 0.06 PYE 725 10.95 DECCA 80/ 100 [400/305V) 299
8Y164 0.45 OA9S 0.06 ZENER REM T20A 12,40 DECCA 1700 SPARE & AIDS
BY176 1.20 0A202 0.10 DIODES TANDBERGE 90° 11.15 (200-200-400-350V) 355
BY179 063 IN2IDR 5.0 TELEFUNKEN 711A 1115 GEC 2110 (600/300V) 225 HEAT SINK COMPOUND  1.00 PUSH PULL MAINS SWITCH
BTt82 0.55 IN23B 5.00 BZX61 Series THORN 1530 9.50 ITT CVC20 (200/400V) 1.80 FREEZE IT 0.95 (DECCA. GFC, RANK, THORN
BY184 0.35 IN23C 5.00 0.15 THORN 8000 23.50 PHILIPS G (600/300V) 2.25 SOLDA MOP 0.64 ETC) 1.02
BT199 0.40 IN23ER  5.00 BZY88 Seves THORN 9000 9.95 PHILIPS G (2200x63V) 119 | SWITCHCLEANER 0.85 PYE IF GAIN MODULE 6.99
Y206 0.14 IN23WE 5.0 0.10 THORN 9800 22,40 PHILIPS G11 (470/250V) 235 | WDdo 1.75 | ANODE CAP {27kV) 0.69
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PHONE P. M. COMPONENTS LTD TELEX

0474 60521  gp) ECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
4 LINES SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD TOS—PM

MB1g5 650 | Qs1208 415 | vuse 150 | 4832 35.00 6CDEGA  4.50 | 6SS7 195 SIOLRE S e 320
6CF6 150 | 6U4GT 175 | 2001 095 | 2051 5.50
A SELECTION FROM OUR M8).98 5150, (]| 1Qs12058 Y08 Rp Ao SO0 | [ COT N7 6CG7 225 | suswa 350 | 20p1 055 | 3534 4.00
M8204 550 | QS1206  1.05 | w77 500 | 4BZ6 1.95 o Saonliteua sl | S el Ty Toide
STOCK OF BRANDED VALVES M8223 450 | QS1207 00 | wr2e 100 | acz7 25.00 sere 895 1 Siea e 1 Borg =0 pore]
M8224 200 | Qs1208 090 | wras 150 | 4c28 25.00 e ot 1 Yeven e e 2 =00
M8225 395 | Qs1209 3.5 | Xes 450 | 4C3s  145.00 elon ?-50 Voot sisel | Vo1556 bl Sis
A1714 24.50 EBCot 0.90 EL153 12.15 ME1401  29.50 Qs1210 1.50 X66/X65 495 4CX100CA 2GR a0 VGG 1.00 2108 a8 4212E 25000
A1834 7.50 EBF8O0 0.95 EL1B3E 3.50 ME1402  29.50 Qs1211 1.50 X76M 1.95 425.00 scmf; ors 6Y6G 395 2481 ey 43130 r
A1998  11.50 | EBF83 0.95 EL18P 350 | ME150t 1400 | QS121z 320 | xC24 1.50 | 4CX4000A 2 2% | exen oot | eoaes mizest M50 ool
A2087 1150 | EBF8S 0.95 EL360 675 | MH4 350 | Qst213 500 | XC25 0.50 1100.00 gcs? ol | fexa ol Gl a1 M Esas e
A2134 1495 | EBF89 070 | EL500 t40 | MHLE 400 | Qs1215 210 | XFwa7 150 | 4CX250B  49.00 ny os | exsor ool 5808 e N oo
A22903 650 | EBF93 0.95 ELS04 140 | M4 450 | QS1218 500 | XFwso 150 | 4CX2508 EIMAC a2 5e0 | exserv 100 | Zect Sl Es o
A2426 3500 | EBL1 250 | €ELS09 525 | MP25 19500 | QU37 950 | XG1-2500 75.00 59.50 Dos = 555 ses ||l Eaes aeoll ThES ias
A2s09  arso | EBL2 200 EL519 695 MS48 550 | QVoa-12 575 | XG26400 13500 | 4D32  125.00 o o5t | 7he A | M Fr ([l io
ao792 2750 | ECs2 075 | ELse2 365 MU14 350 | Qvos-2s 175 | XG5-500 2250 | 4CX250BN 75.00 ) SO A 300 L 30cis T HEeezo o5
a2o00  1so | ecro 175 | EL821 850 | M2z1-100 12500 | Qvos-20 2950 | XL628FT  7.50 | 4CX250K EIMAC = P 2o 7ol are s [lllseve pricd
; EL822 1295 | Na7 1250 | Qv08-100 145,00 | XNP12 250 95.00 : : - -
a3042 2400 | EC81 7.95 6DQ6B 250 | 7AU7 1.50 | 30FL1 100 | s675 28.00
EM1 900 | N78 985 | QV2-2500 4500 | XR1-1600A 49.50 | 4CX125C EIMAC
A3283  24.00 EC86 .00 6DT6A .50 786 3.50 30FL2 135 5678 7.50
EM4 900 | oA2 085 | QY3125 6500 | XRA1-3200A79.50 125.00 =
ACHDD 400 | EC88 1.00 g : 6DW4 215 | 787 250 | 30FL12 095 .| 568 4.50
EM80 070 | OA2wA 250 | QY4250 7000 | XR1-6400A 4CX350A  95.00
AC/THI 4.00 EC90 1.10 5 6E5 3.95 7Cs 3.50 30FL13 1.0 5692 3.50
EM81 070 | OA3 250 | QY4-400 76.00 115.00 | 4CX350F 79.50 b3 A s | s 5o
ACT22 59.75 €Co1 5.50 R Y502 XC 15008 6EA4 4.95 7C6 2.50 4 d .
EMB84 165 | oe2 0.85 10 4.00 50: 25.00 | 4XC1500! £ e M [ AT
AH221  39.00 EC92 1.95 9 95, 6EA7 250 | 7E7 2.50 o . .
EM85 395 | OB2wA 250 R16 12.00 | vé5 6.95 398.50 A 2o | & a0y || e g | B s
AH238 3900 | EC93 150 | Emgy 250 | oc2 250 | R17 150 | vDiioo 7500 | aE27  195.00 e 220 75 || i Il 2 o0
ALEO 6.00 EC95 700 | EN32 1500 | oOC3 1.50 R18 250 | YJ1060 265.00 | 4GS7 2.25 ER Sl R o || et ool B S0
AN1 14.00 ECe7 1.10 ENO1 195 0oD3 1.70 R19 2.50 YL1020  42.50 4J52 75.00 e il | &% oo Sih Vo0 e St
ARP12 070 | EC8s0t0  12.00 ENg2 450 | OM4 100 | R20 120 | YL1060 19500 | 4JC6A 295 el el el 060, 1b =140 oo
ARP34 1.26 ECCa2 3.50 EX35 235.00 OMsB 3.00 A1169 55.00 YL1070  195.00 4KT6 1.50 GESB s 8805 g 20P19 150 e i3S
ARP35 200 { ECC33 350 | Evst 080 | OMe 175 | AG1-125 495 | YL107T1 195.00 | 4X150A  35.00 eV yoe 1 eror hes || eie | B 5
Azt 450 | ECC35 350 | Evsi 235 | ORP43 250 | RG1-240A 1450 | YL1290 6500 | 5A/1020 950 v o G5 e || B ™ 65 || 63 Soe
AZ31 2.50 ECC81 115 | Eves 150 | ORPSO 395 | RG3250A 350 | Z77 120 | sA152M  9.00 e 25 R ODET se | hss m ot || S g
BL63 2.00 | ECCB1 Special EV84 595 | P61 250 | RG3-1250A35.00 | 2302C 1200 | 5A163K  10.00 = ol e 56 | P B EO eSS Sico
8S814  55.00 | Quality 225 | Eves:s7 050 | Pat 250 | RK2K2s 6250 | 2359 9.00 | 5A170k  6.25 e s ToE 28 ||} B ois il B e
SIK 19.00 | ECC82 Philips EY88 055 | PABCB0O 075 | RK-208 1200 | 25055 1500 | 5A-180M  9.00 e Sl | Gocks T | e e oo
Z3E 22.00 195 | Evel 550 | PC86 075 | RL16 150 | Z520M 400 | 5A-206K  10.00 2 ool soris ot Ml tsartl Mootk saiz o
SA 20,00 | ECCs3 065 | EY802 070 | PC88 075 | RPLI6 1200 | 2521M 800 | 5AMS 215 e o5 R oras o | % rs || B8 g
Z6A 20.00 ECC83 Brimar E240 2.75 PCO2 3.50 RPY13 2.50 Z700U 3.00 SANS 1.20 aF12 S5 10LD12 s 38HET - 5879 500
S0 "GRG vas | €z 275 | PC97 110 | RPY43 250 | z749 060 | SAR4 2.00 e 200 | 11e2n psoo | sokoe ) BT s
2 iibs. EZ80 075 | PCBOO 1.10 RPY82 250 | 2759 1985 | 5AU4 1.50 -
c113¢ 3200 | ECC83Philps 6F14 100 | 11E3 55.00 | 42 6.95 | 5894 39.50
% EZ81 075 | PC900 1.25 RR3-250 15.00 | 2803u 1895 | sB.tOM  10.00
S1148A 11500 1.95 4 i 6F17 275 | 11R3 550 | 47 6.00 | 5899 4.50
. EZ90 150 | PCC84 0.40 RAR3-1250 35.00 | ZA1000 1250 | 5B-254M 14.50
Z11491 19500 | ECC83 Siemans 3 6F21 250 | 1248 3.95 | .50A5 150 | 5963 1.75
F606 295 | PCC85 0.55 RS613  45.00 [ ZA1001 150 | 5B255M 19.50
2115011 135.00 2.50 ( 6F23 060 | 12AD6 150 | s0Cs 095 | 5065 2.25
FWAB00 295 | PCC8B 0.70 RS685 5495 | ZM1005  8.00 | 5B-256M 15.00
Z1534 32.00 ECCB83 Tungsram g 6F24 1.25 12AH7GT  4.95 50CDBG 1.15 6005 1.85
GS51K 9.0 | PCCBY 070 | RSSE88 5245 | ZM1020  6.00 | 5B-257M  15.00 s b AT Yo E e 2| B a0
S3E 29.50 1.50 G1802M  6.95 PCC189  0.70 SEF17 5.95 ZM1021 8.0 58-258M  14.50 o i 12aTe o5 oG e A Tes
CaL 090 | ECCB4 050 | Goao2D 900 | PCCBOS o070 | SeFas  28.95 | 2m1023 795 | 5C22  125.00 e 1 ey sl | ek S| et e
K100 3.50 ECC85 075 | GC10B  17.50 PCCB06  0.80 St1E12  38.00 | ZM104t 1400 | SCLeA 2.50 S Ly Ty 143 236 15100 I soss es
CV Nos prices ECC86 2.75 GC10D  17.50 PCEB2 0.80 A302K  12.00 ZM108B2  9.00 5J180E  2950.00 o g e o e18PT Ts0 09 5
on request EccCas 0.95 GC10/48  17.50 PCF80 0.65 S1041K  10.00 | zM1084  10.00 5R4GB 5.50 ero? e AU res s oo 550 ot
23A 2750 | ECCot 200 | GCIOME 1750 | PCF82 060 | s1091K 1500 | 2m1t77 9.00 | SR4GY 4.95 Ei 5 | 12ave Fel B Lo s 1| e R
263 120 | ECC180 072 | GC1214B 1750 | PCFsa 065 | S130 559 | zmM1202 5500 | 5T4 5.95 oces sl | Rizavy] e M | B 250
JA41 2250 | ECCi89 195 | GDssw 600 | PCFss 120 | S130P 595 | 2zM1263 400 | 5U4G 2.95 e ey sy e ol iR 525
JA42 1750 | ECCe01S 3.50 | GDT120M 500 | PCFe7 040 | SC1/800  5.00 504GB 4.50 e ey oo Ves G G 1] &= g
JA90 450 | ECC8035 4.95 | GN4 600 | PCF00 180 | SCwitoo 6.00 | 1822 10.00 | 5V4G 1.50 e 1o e s | S0 | 20
Ja100  125.00 | ECC804 060 | GN1O 1500 | PCF201 180 | sSCi1200 5.00 1827 55.00 | S5Y3GT 1.95 ey Rt RioAY AL A 251 = 50
JAF91 0.70 | ECC2000 1200 | GR10G 400 | pPCFBoo 040 | SCi13o0 6.00 | 1B3sA 4500 | 5Z4GT 1.50 asT Sen | iRty SRl (REAT ot || Gy 6o
JAF96 065 | ECFs0 115 | Gstoc 1650 | eCFsor 135 | sCuzo0 900 | 1Be3a 7500 | e3oL2 0.70 e e 1 een a5 b Em o | & o5
370 175 | ECFs2 115 | Gstow 1200 | PCFeoz 060 | SPa1 5.00 1C1 250 | 6A/203K  9.00 o/ 2o 1 1oosc ol 2oeG T | S oTed
? GS12D 1200 | PCFBos  1.25 | Suaz 4.95 1C5GT 250 | 6A7 4.95 8 : - ;
280 1.20 ECF86 1.70 6GWB 2.50 12BE6 1.95 90CV 12.50 61468 9.50
GTIC 1400 | PCFBO6  1.00 | TB25/300 85.00 1FD1 250 | 6A8G 1..50
ICX-4-5000 ECF200  1.85 6GY5 3.95 12BH7A  2.50 91AG 9.00 6155 65.00
GTICS/S 13.00 | PCFos 125 | TB2300 4500 | 1G3GT 250 | 6AC7 2.00
2500 | ECF02  1.85 6H1 9.50 12BL6 175 | 924G 19.50 | 6156 65.00
GTN175M  8.00 PCH200 150 | TB3-2000 395.00 | 1J3GT 250 | 6AGS 150
JETI6 2850 | ECF801  0.85 6HaN 250 | 128Y7A 275 | 92AV 15.00 | 6157 250
GTR150W 1.00 | PCLe2 0.85 | TD1-100A 25.00 | 1K3 250 | 6AGY 1.95
JETI8  28.50 | ECFBO5 250 ' 6H6 1.95 128 250 | 95A1 6.50 | 6158 2.20
§ GU20 35.00 PCL83 250 | TDO3-10F 35.00 N2 450 | 6AHE 2.50 X 5
JET22  35.00 | ECFB06  10.25 6HBGT 195 | t2cAs 1.95 100E1 1000 | 6201 6.45
GUS0 17.50 | PCLas 075 | TD312 400 INSGT 250 | 6AJ4 2.00 s N %% ToeG sl Wezos oo
JET23 3500 | ECH3 250 I Gxut 13.50 | PCL8S 080 | TODa 550 | 1P28 2500 | 6AJ7 2.00 o S| RS ool et b
JET24  39.00 | ECH4 3.00 | Gxua 24.00 PCLB6 085 | TP25 1.50 1P39 1950 | 6AKS 1.95 e ol | sowarn ot icoes o b
JET25  22.00 | ECH3s 350 | GxuUs0SS t4.50 | PCLeoo  0.80 | TSP4 7.00 1RS 090 | 6AKE 250 i 2 || v 1ol50 e oe a1 I Seo B0
JET29 32,00 ECHa2 1.50 GY501 1.50 PCLBO5  0.90 TTH 1.50 1T4 1.00 6AL5 0.60 S0 CaE ] K0 12506 25.00 6360 950
JF9t 1.00 ECHg1 1.00 GY802 1.50 PE1-100  69.00 1121 45.00 1U4 175 6AM4 3.25 o o 12GNT 555 1828 355 otE %0
JF92 0.60 ECHaa 1.00 GZ30 1.50 PEN25 2.00 1722 45.00 1U5 1.00 6AMS5 6.00 b 700 12HGT P 1 211 35%0 8463 S
JF%6 065 | ECH84 roo | Gza1 .50 PEN4ODD 250 | TT100  57.00 | 1X2B 140 | 6AMB 1.95 o s ot Iieoaltioran S | | s e
JFg7 100 | ECHzo00 150 | Gzaz 1.50 PEN45 3.00 | TTR-31MR 65.00 122 895 | BANS 4.50 UeA 50 Aoisti st N 55 g 1| e icos
SHB3 120 | Ectso 060 | G233 450 | PEN4SDD 3.00 | Ty2-125A 8500 | 2ASISA 1150 | GANBA 250 e P e ] B 12000 W caas e
IH77 090 | ECL82 079 | Gza4 215 | PNE4s 200 | TY4400 8500 § 287 - 150 | 6AQS 1.75 eT06 eoRIRisizs 205 [l 3 B (| e
JH79 056 | ECL83 250 | Gz37 450 | PEOG4oN 4200 | Tys-600wW 2822 69.50 | eaQs 085 TSee el e Sl o R ) e 2o
SH149 200 | ECL84 074 | HAASt 1.00 | PFL200 095 36500 | 2C39A 3250 | 6ARS 5.95 s w35 M izkraTisolll 4e10 isol| Messss 05
Kot 090 | €CLes 069 | HABCEO 90 | pL2y 250 | Tvs2s0 37500 | 2C398A  39.50 | 6ARS 3.95 e oot I 2ke sl s oen 2 || G o
JKe2 120 | ECLse 095 | HBCs0 ers | PL36 175 U18-20 275 | 2C40 37.00 | 6ASS 1.50 i o Nesarart i 1l Ba 00l Il 7025 e
a5 250 | ECLeos  ose | HBCO! 080 | pL3s 150 | U19 11.95 | 2Ca2 2950 | 6AS6 2550 kDS Seolilizocy Ml [ =3 || 48 s
63 o EF37A 250 | HF92 0.75 PLB1 072 | U2 200 | 2c43 60.00 | 6AS7G 4.50 : g k
00 ! 6KM8 250 | 12SH7 195 | 715C 45.00 | 7032 2.00
HF94 150 | pLeia 072 | Uz 090 | 2051 075 | 6ATE 0.75
oL7o 250 EF39 1.50 6KTH 2.95 128K7 1.95 724A 275.00 7059 2.50
HK90 1.05 | PLe2 060 | U26 090 | 2Cs3 4500 | 6AT8 1.75
173 150 | EF40 450 L1 250 1287 150 | 726A 75.00 | 7167 395
EF41 aso | HL2K S| | LCEE Q520137 9,00 Sy gecys 130y eAvd 290§ 615 315 | 1280767 195 | 803 1895 | 7189 350
4 g HL23DD 4.0 PLBA 078 | Uat 695 | 2021 195 | 6AUSGT  4.50 g - - ;
EF42 3.50 619 2.95 | 12SN7GT 1.85 | 805 59.00 7193 7.50
HL41 3.50 PLB8 100 | Uso 200 | 2021w 250 | 6AUS 0.95 &
EF50 2.50 6L6GC 295 | 12xa 195 | 807 1.95 7199 7.50
HL42DD  3.50 PL95 75 | Us2 300 | 2€22 4900 | 6AVE 0.75 b
EFS5 4.95 P E . Wil 6L6GC(GE) 4.95 | 125Y7 450 | 810 85.00 | 7247 495
HL90 0.70 1302 1.00 | U191 070 | 2E2 795 | eAWe 2.50 o Mo o g I 25n gy || & s
EF70 120 HLg92 150 PL345 12.50 U192 1.00 2442 93.00 6AX4GT  1.95 D2 T o 50 HEA 35760 7282 15100
EF71 1.50 HL13DD  3.50 PL500 110 U193 0.65 2J55 245.00 6AY3B 1.95 oLFs e D 50 M Teh 7475 500
EF72 120 { W12 400 | PL504 115 | U251 100 | 2K25 35.00 | 6AZ8 4.50 s oo 13DE7 250 | 8208 1as0 | 7486 125.00
EF73 1.00 HY90 1.00 PL508 175 uBo1 0.75 2K25 Raytheon 6B7 2.80 6L06 e 130R7 295 833A 9500 7527 85.00
EF80 055 | HVR2 300 | PLSOS 4.85 UABCBO 065 75.00 | 688G 1.50 o 0 36 5ol 1 san oo | 7551 5.95
EF83 395 [ K3t 8500 PL519 495 § UAF42 100 | 2K26 9500 | 6810 1.95 SNoeT o e ol | A 2000 | 7558 0.5
EF85 050 | KRea 4500 | PLBO2T 350 | UBF80 060 | 2K29 25000 | 6BA6 095 s | | o || s oo | 7588 15.00
EF86 225 | KI8C 7.00 | PL820 295 | uscst 225 | 2Kke8 14000 | 6BAY 4.50 et Vo Tecs Sl B ooo | 787 2950
EF86 Mullard KT33C 350 | PLS5S57  29.50 | UBCB1 150 | 2¢ks6 25000 | 6BASA 2.50 e ticol Pi75es G 11 &5 ses | T791A 4.95
450 | K¥36 200 | Py32 060 | UBF8Y 100 | 2x2a 5.00 | 6BE6 0.95 e 300 | t7bwsa 205 A 'saia 130 | 7608 47.00
EF89 150 | KT44 400 | PY33 0.50 | uBL21 175 | 341078 1200 | 6BGEG 3,00 ] ool I teve oo il o o0 | 73 5.50
EF91 195 | KT45 4.00 | PYB! 070 | uce2 120 | 3A108A 9.0 | 6BHs 1.95 o by (ReL e (N e 7788 29.50
EF92 215 | KI61 500 | Pvs2 070 | uccsa 070 | 3a1098 11.00 | eBH8 1.50 s sl Risos P [N fToo 7815 7295
EF93 0.95 KT63 2.00 PY83 0.70 ucess 0.60 3A/1108 12.00 68U 1.50 6S4A P 18GBS 350 1299 0 7868 3.95
EF94 0.95 KT66 USA 9.95 PY88 0.65 UCF80 1.00 AN181IK 11,50 6BK4 4.00 6SA7GT 135 19ACH s s /%0 8012 15.00
EF95 1.95 KT66 GEC 17.50 PYSO0A  1.95 UCH21 1.20 31470 7.50 6BK7A 1,95 e izh e G s o0 3980 7.50
EF97 0.90 KT66 Sp. Yellow PY800 0.79 UCH41 2.50 3A167M  10.00 6BL6 85.00 S ey e o0 e 100 "g 03?. :gf;g
595 | Eros 090 | Spot 1950 | Pvsor ore | UCHaz 250 | a2 395 | eBLs 115 goar 250 F]fsee B Ol L=
795 1 gFiga 065 | K67 900 | QB3-300 5495 | UCH81 100 | 3A3A 395 | eBM6  115.00 gal e || L R Raaail :
795 | EFia 065 | KT77GoidLion QB3-1750 13950 | UCL82  1.75 | 3A4 110 | eBMe oss | ool ias) || Riorar i 2to0 Bne Dirottarsand Stafior
450 | Ef7a 1.80 10.95 | QBS-3500 495.00 ucLsa 250 | 3A5 450 | 6BN4 1.65 sekrcrais ot 5% | 8 PmComponents wishatt
3.95 EF731 3,50 K181 7.00 QEQ3-10  4.95 UF41 1.15 31L5 095 | 6BN6 1.65 oSL7GT 085 1906 9.00 4 their customers a
6.99 | Er732 3.50 | KT88 USA 10.95 | QE08-200 145.00 | UF42 115 | 3aT2 335 | 6BN7 4.50 canrar vasll| 2one 1050 Wi Happy Christmas and a
18.50 EF800 11.00 K788 G Lion QF40 65.00 UF80 175 3B2 3.00 8BNS 395 6507 138 2001 s | prosperous New Year
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Mobile radio for
Lancashire’s police

Lancashire Constabulary’s radio engineers pioneered
many techniques now used in v.h.f./u.h.f. networks
everywhere. This article traces their system’s

valve broadcast receivers for the recep-

tion of news and weather forecasts. But
in 1925, a 200-watt transmitter was installed
at the Constabulary headquarters at Preston
and six divisional headquarters were equip-
ped with four-valve receivers. A mobile set
— which may have consisted of a receiver
only — was fitted in a van for use in
connection with a royal visit.

The year after, a Dennis 30cwt van was
equipped with a transmitter capable of 200W
output and which could transmit telephony.
It was later discovered that a lower power
would suffice and a 15W transmitter using
Marconi type LS5 valves was installed.

Also in 1926, all police divisions in the
country were equipped with three-valve re-
ceivers and seven divisional headquarters
with 10 transmitters. During the general
strike, temporary base stations were instal-
led in the vicinity of collieries to assist in
maintaining police strengths to protect safe-
ty workers against hostile crowds.

The original equipment was replaced in
1930 with, according to the records, a
Hartley-type transmitter fitted with an
Osram transmitting valve and a modulator.
Crystal control of transmitter frequency was
also introduced about this time.

Daily contact was made with Scotland
Yard for important traffic but the system was
abandoned in 1931 as a result of economy
measures.

THE MOVE INTO VHF

In 1930, the Radio Branch, or Wireless
Workshops as it was known until recently,
was formed by the appointment, as a const-
able, of the late Frank Gee (G60G). Frank
retired with the rank of superintendent. His
responsibility was to investigate and, if
feasible, establish a radio system to com-
municate with cars.

I believe that the enthusiasm of Frank Gee
and his staff of the early years, particularly
Keith Eve, who succeeded as chief engineer,
should be given credit for a large amount of
the pioneering work which laid the founda-
tion of v.h.f. mobile radio communications
on this side of the Atlantic.

After the fixed station network became
inoperative in 1931, some experimental

In 1924, police in Lancashire used four-
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development.
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1963: Lancashire’s home-grown personal
v.h.f. radio. Production models were made
by GEC; some were sold even to the USSR.

work was done on medium frequencies with
two-way communication with cars; but it
was soon discontinued, the conclusion being
that the frequencies were unsuitable for
short-distance mobile work.

Later experiments were made on 60MHz
over a small area of the county, under an
experimental licence. They used a base sta-
tion installed at force headquarters at Pres-
ton and a car worked within an eight mile
radius. It was possible to use telephony with
a loudspeaker in the car and the results were
so promising that the work continued.

No records are available of the type of
equipment used. Certainly it was home-
made, none being available commercially,
and staff of that time tell of de-capping valves
to improve their performance. At the time,
the view was generally held that very high
frequencies were not suitable for this type of
communication because of their limited
range — which then was believed to be about
1% miles, but the preliminary work dis-
proved this.

With hindsight, it was probably the lack of
suitable components which restricted the
performance of the early equipment, giving
rise to the belief that v.h.f. was unsuitable. It
worries me today that technicians are so
used to dealing with much higher frequen-
cies that v.h.f. tends to be treated almost like
audio Consequently, sufficient attention is
not always paid to such items as lengths of
leads and the materials used.

The first v.h.f. scheme expanded until
twelve cars were operating in the Fylde area

Fig.1. 1950: Lancon high-power antenna relay. The unit was actuated by an aircraft cowl
motor, with contacts to prevent operation of the transmitter during switching.
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Fig.2.1953: quasi-synchronous non-demodulating transmitter, for extending system coverage.

from a 100W transmitter at Preston. Addi-
tional fixed stations at Garstang and Swinton
were introduced in 1936 and 1937. More cars
were equipped to work in these areas and the
earlier successes were repeated.

What seems to have been the first use of
radio for aerial traffic control came in 1937,
for the Grand National race meeting at
Aintree.

By 1939, four new fixed stations were
providing radio coverage over a large part of
the county. Each transmitted on a different
frequency but received on a common one,
both frequencies being in the 70-80MHz
band. The mobiles used National type 1-10
tunable receivers with home-built transmit-
ters. The receivers were super-regenerative
and used types 954 and 955 acorn valves.

As war became imminent, the divisional
headquarters were equipped with
transmitter-receivers operating in the 128-
131MHz band as a back-up to the telephone
system.

The wisdom of this was demonstrated
when numerous telephone exchanges in the
Manchester area were put out of action.
During the prolonged bombing of Liverpool
in 1941, Lancashire Constabulary’s radio
system, through the fixed station at Billinge
near Wigan, was the sole means of com-
munication between the city and the region-
al headquarters and all civil defence services
relied upon it for a time.

In 1941, a committee was appointed by
the Secretary of State to advise upon the
future developments of radio for the police
and fire services. To enable this committee
to reach its conclusions, v.h.f. trials were
carried out by Home Office engineers
assisted by technical officers from Lan-
cashire, in Buckinghamshire, Oxfordshire
and Berkshire. The results were favourable
and as a result the services were supplied
with v.h.f. equipment on hire from the
Home Office.

Approval was given for three forces, Lan-
cashire, Liverpool City and Birmingham
City, which had developed their own sys-
tems, to remain independent from the Home
Office for a time but Liverpool and Birming-
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ham ultimately joined the Home Office
scheme.

The v.h.f. schemes used amplitude mod-
ulation and the equipment used was largely
the type P40 receiver and S4350 transmitter
produced by Eddystone Radio, now part of
Marconi Communications Systems Ltd.
Eddystone Radio also produced a separate
a.m. transmitter from a Lancashire pro-
totype.

FREQUENCY MODULATION

At the time of the Home Office trials,
Lancashire technicians were considering the
possible superiority of frequency modula-
tion and began their own trials with it. As
experience was gained, some base transmit-
ters and P40 mobile receivers were con-
verted tof.m.

At this stage, f.m. was used only in the
base-to-mobile direction. The receivers were
single superheterodynes which were con-
verted to double superhets suitable for f.m.
reception by the addition of a progressively
limiting second i.f. of 1.2MHz, a Foster-
Seeley discriminator and a squelch circuit.
The original detector was made into a mixer
circuit and the additional circuits were
housed ina Mu-metal case mounted atop the
receiver with the discriminator audio output
and the squelch voltage fed back into the
original audio stages.

The radio scheme at this time used four
manned, hill-top base stations. But at first,
only the one serving the north-west of the
county was converted to f.m. in the outgoing
direction. During the change-over period,
both a.m. and f.m. were successfully applied
to the one transmitter.

Commercially-produced f.m. mobile
equipments were first delivered in 1948 and
were supplied by a company called Electro-
nic Transmission Equipment (E.T.E.) Ltd.,
which was a subsidiary of Mullard. By 1950,
all main radio schemes in the country had
been converted to f.m. and the only remain-
ing a.m. equipment was that used for local
portable networks.

With the success of f.m. a radio system
controlled over point-to-point radio links

from a central location was envisaged. It was
desirable to achieve coverage of a wide area
by simultaneous transmission from a num-
ber of base stations on a single frequency. An
initial step towards this was taken with the
engagement of Mullard Ltd, who supplied
three radio-link controlled, non-
demodulating, synchronous f.m. base sta-
tion transmitters.

Two of these were installed at the Billinge
and Barnacre base stations and controlled
from Billinge. They operated by dividing the
146MHz radio link frequency down to
100kHz and then multiplying the result to a
final frequency of 98MHz.

Local oscillator injection in the receiver
was obtained from an oscillator locked to the
100kHz oscillator which was itself locked to
the receiver i.f. Another oscillator, also
locked to 100kHz, generated the transmitted
frequency. All locks were achieved by phase-
locked loops.

No attempt was made to equalize the
audio phasing in the transmitter, although
the audio to the directly-controlled Billinge
transmitter may have been delayed so that
audio from both transmitters would be
transmitted in phase.

REMOTE CONTROL OF BASE
STATIONS

Work was also progressing on the develop-
ment of the county-wide remotely-
controlled system and by 1950 a base station
at Winter Hill was nearing completion.
Today this is a well-used site shared by many
services; but then, even the road had to be
made and this was done by policemen.

1950 was an eventful year. No only was the
work of installing the remotely-controlled
system under way, but the design and
construction of several 600W base transmit-
ters for the scheme was undertaken.

The remotely-controlled system at first
used four base stations which were equipped
with pairs of the 600W transmitters for main
and standby purposes. In the transmitters
were Mullard QY4/250 valves with blown-air
cooling. The antenna switching relay —
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again home made — was novel in that two
concentric quarter-wavelength lines were
used (Fig.1). Connection to the transmitter
at each end of the line was made through a
mercury tube. The tubes were coupled
mechanically and the one connected to the
unselected transmitter provided a short cir-
cuit across its section of the line and thus an
element of filtering in addition to the switch-
ing function.

High power components were not avail-
able and such items as power amplifier
tuning capacitors were made in the wireless
workshops. Two of the base stations were
equipped with the Mullard synchronous
transmitters which drove the 600W ampli-
fiers through in-house-built 45W stages. By
1952, the new radio system was operational
from police headquarters at Hutton using
high-band v.h.f. radio links.

Once the system was proved, a set of
control and base station equipment to re-
place everything except the synchronous
transmitters and the high power amplifiers
was purchased from GEC. This equipment
controlled three radio channels at four base
station sites.

The Mullard transmitters were pro-
totypes; no production models were made.
They worked well, but servicing was some-
thing of a nightmare and in 1953 they were
replaced and the area coverage scheme
extended by quasi-synchronous, non-
demodulating transmitters. These were de-
signed and built by ourselves, largely from
GEC components (Fig.2).

To the link receiver i.f. was added the
output from a high stability oscillator, the
frequency being the difference between the
radio link frequency and 3/2 times the
transmitting frequency. The resulting
second i.f. was again mixed with the receiver
local oscillator output to produce a frequen-
¢y exactly 3/2 times the transmitting fre-
quency. A voltage controlled oscillator, lock-
ed to this frequency by means of a phase-
locked loop, produced a sub-harmonic of the
transmitting frequency and carried the mod-
ulation.

The high stability oscillator could be
adjusted over a small range to set the
transmitters to a desired frequency offset.
Experiments showed that an offset of
approximately 10Hz between adjacent fre-
quency transmitters was optimum on this
system. In practice, the high stability oscilla-
tors drifted about +3Hz over the period
between re-adjustments. This gave offsets of
up to about 70Hz between transmitters at
the extremes of the frequency range which
was acceptable. Offsets of less than 2Hz
produced very undesirable effects in trans-
mitter overlap areas because of the slowly
moving interference patterns.

These transmitters were used until 1968
when the GEC system was replaced by a
six-channel scheme supplied by Pye Tele-
communications, which used quasi-
synchronous, demodulating transmitters.
Audio phase equalization was incorporated
into these by the constabulary radio branch.
At the same time, a fifth station in what is
now Cumbria was commissioned to serve
the Furness area and to provide a better
signal in the Lune valley.
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Fig.3. Magnetic connector for connecting body-worn microphone and earpiece to the
motorcycle radio. Vibration will not dislodge it, but it will safely disconnect with a slight

pull. The design is still in use.

Whilst all the base station work had been
going on, there had been three generations
of mobiles: Mullard type GME 501, Hudson
types FM 105 and 106 and GEC RC660.
However, apart from an experimental Ples-
sey unit, no motorcycle equipment had been
used.

MOTORCYCLE
TRANSMITTER-RECEIVER

Development of a purpose-built motorcycle
radio was begun in 1957. The requirements
were that it should use, as far as possible,
solid-state components and be safely usable
whilst moving.

The main problems were the type of
microphone and earphone to be used and the
safe connection between man and machine;
the control of transistor temperature; the
design of transistorized circuitry for the
crystal oscillator and the limiting i.f. ampli-
fier; vibration from the motorcycle; and the
effect of the radio equipment on the stability
of the motorcycle at speed.

After trials with throat and cheek micro-
phones, a small diaphragm-type micro-
phone on a boom in front of the rider’s
mouth and a rubber-mounted earpiece were
adopted on the early models. Later, a change
was made to the modern practice of using
acoustic coupling between the operator and
the transducers.

The problem of connecting these body-
worn components to the radio was overcome
by the use of a magnetic connector (Fig.3).
This design is still used today and commer-
cially produced radio sets have been mod-
ified to accept it. It has an insertion loss of
1.5dB over the audio frequency range and
will safely disconnect with a slight pull from
any direction, yet is not dislodged by vibra-
tion. It is completely weatherproof and has
no contacts to give trouble; but it is expen-
sive to produce.

The only solid-state components available
to us were germanium transistors with an

upper frequency limit of about 20MHz.
Valves therefore had to be used for the r.f.
circuits.

The transistors also had a temperature
restriction of 55°C; and the presence of
valves worsened the temperature problem,
but this was overcome in the design of the
case. The temperature inside an empty black
box standing in the open air in sunlight, was
found to rise to 48°C, leaving a safety margin
of only 7°C for operation of the transistors.
The heat from the valves could well raise the
ambient temperature to above the limit.

A white glass fibre shield fitted over the
box but spaced from it and with a slot in the
upper surface to permit an air flow reduced
the internal temperature under the same
conditions to 36°C. The final design of the
case and chassis segregated the valves and
transistors with some heat insulation be-
tween them and a matt black box dissipated
the internally generated heat into the space
beneath the shield. No defects due to exces-
sive temperature are known to have occur-
red during the life of the equipment.

Circuits for the series-resonant crystal
oscillator and the progressively-limiting i.f.
amplifier were straightforward. Neverthe-
less, provisional patents were issued for
these, the housing and the magnetic con-
nector.

An interesting point arose with regard to
vibration. After the sets — about 100 were
made to our prototype by GEC — had been in
use for some time, the lead-out wires of a
transformer in the power supply unit re-
peatedly fractured. The power supply was
mounted in a recess in the petrol tank and it
looked as if the trouble emanated from
engine vibrations. This was confirmed when
a stroboscope showed that with the engine
running and the vehicle on its stand, the
transformer windings were rotating back
and forth around the core to the extent of the
lead out-wires although the windings were
absolutely immovable by hand. Potting the
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transmitter in silicone rubber eliminated
the problem.

PERSONAL RADIO

After a successful demonstration at Stretford
in 1959, ten high-band v.h.f. personal radio
sets were imported from Motorola in Amer-
ica. The receivers were all solid state and
beautiful pieces of equipment; but the sepa-
rate transmitter used miniature valves and
was very expensive on batteries. A personal
radio scheme for foot patrolmen using these
sets was installed at Chorley in 1961; they
worked well and undoubtedly proved the
value of radio to a policeman.

Consequently, British manufacturers
were approached for a similar type of equip-
ment but the response was poor. Only
existing hand-portables, too large for the
purpose, were offered. The general opinion
seemed to be that the potential market was
too small to justify development. There was
no alternative but for the Constabulary again
togoit alone. .

By 1963 it had produced prototypes of the
Lancon v.h.f. personal transmitter-receiver.
The set was intended to be worn on a belt
with leads to a microphone, transmit switch
and antenna and, separately, to an audio
transducer. The circuitry was built on small
printed boards which were accommodated
in a plastic honeycomb, the complete assem-
bly being housed in a plastic case.

Radio manufacturers were invited to ten-
der for the production of the equipment and
GEC were successful. They produced 800
sets for Lancashire plus a quantity for the
Home Office and others were sold to Russia.
It was a matter for pride that the sets entered
production without a major modification.

The main problem in service was the
failure of the leads where they entered the

1948: Lancashire police's first commercially-produced mobile f.m. set, shown here in an
MG car. Equipment was made by E.T.E. Ltd, a subsidiary of Mullard.

case. This was overcome in Lancashire by
redesigning the grommeting; but I shudder
to think how the Russian sets fared at their
temperatures. The Lancon was used for
several years with an average fault rate of
4.5% per week until replaced by commercial
u.h.f. equipment.

UHF AREA COVERAGE

Personal radio was first introduced into
urban areas only but it was not long before
coverage of wider areas was required. More
than one base station was then needed to
cover the service area. Intitially, the base
transmitters were selected manually
although receiver voting had been intro-
duced.

Now, the base station operator’s dream is
a free-running talk-through system without
any manual switching; and the nearest prac-

1949: One of the three remote-controlled synchronous f.m. base-station transmitters
supplied py Mullard. Finer details of its operation seem to have been forgotten.
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tical approach is a quasi-synchronous trans-
mission system with receiver voting. The
manually-selected transmitter schemes had
already been provided with interconnect
facilities to the county-wide, headquarters-
based v.h.f. system and worked started on
the development of a u.h.f. guasi-
synchronous system controlled over land-
lines. A successful system was produced and
is officially known as Laneaccs — Lancon
personal radio area coverage and control
system — but is often mis-pronounced or
given other names by the technicians.

The system almost achieves synchroniza-
tion. Where transmitters are geographically
closely spaced with overlap areas, the output
from a high stability oscillator at a central
base station is divided down to approximate-
ly 3kHz and transmitted over a land line to
all other base stations to provide a reference
for their carriers. Modulation is transmitted
to the base stations over a separate land line.
Because two lines are needed for the quasi-
synchronous stations, the more remote sta-
tions with little overlap are not synchro-
nized, but use high-stability oscillators
directly for their carrier frequencies.

At the quasi-synchronous sites, the 3kHz
pilot frequency is multiplied to approximate-
lv 42MHz and compared with the third
harmonic of the transmitter oscillator. The
oscillator is phase-locked to the multiplied
3kHz pilot frequency and itself multiplied to
the final transmitter frequency of approx-
imately 450MHz.

Because of the high multiplication factor,
the biggest problem was that of noise and
jitter on the 3kHz pilot tone transmitted
over the line. This was overcome by the use
of alow frequency crystal bar as afilter.

In use, the system is more synchronous
than quasi, the frequencies of the transmit-
ters remaining locked absolutely for several
seconds before slipping out of synchroniza-
tion and quickly re-synchronizing. This
avoids the annoving repetitive beats appa-
rent on some quasi-synchronous systems.

John Davies was with the radio branch of the
Lancashire Constabulary for 36 years, latter-
ly as chief engineer, and was personally
involved with many of the developments
described in his article.
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In this new series, Tony Atherton recounts some turning points in
the development of electrical communications and sketches the
personalities who brought them about.

Pioneers

1. Stephen Gray (¢.1666-1736): discoverer of electrical

he discovery of electrical conduction

I and insulation must rank as one of the

most important technical discoveries

in history. The names of later pioneers such

as Morse, Bell and Marconi are well known to

the public, yet the name of the man who took

the very first step is unknown even to most
electrical engineers.

Scientific breakthroughs are
not usually made by gentlemen
enjoying a quiet retirement, but
the conduction of electricity was
indeed discovered by a pension-
er: Stephen Gray, by then ten
years into his retirement.

Knowledge of electricity was
primitive in the early 18th cen-
tury. From ancient times it had
been known that if amber was
rubbed with fur, for example, it
would attract small, light objects
(such as a feather) to itself. This
discovery of electrostatic attrac-
tion, the first discovery in elec-
trical science, is still remade
daily, usually by young children
wielding plastic combs. William
Gilbert (the founder of magnet-
ism as a science) in 1600
announced other materials pos-
sessing the same property and
gave them all the collectivename
of electrics, from the Greek
name for amber. We now call
them insulators. Anything else
was a “non-electric”.

By 1700 progress had occur-
red. Otto von Guericke in Ger-
many had made a spinning ball of
sulphur, which if allowed to rub
against the hand would build up
a sizeable static electric charge.
It is now acknowledged as the
first electrical machine. Mag-

conduction

W.A.ATHERTON

Plumian professor of astronomy and ex-
perimental philosophy and he had given a
few electrical demonstrations. He had also
learned of what for 40 years or so was to
become the standard method of producing
static electricity — vigorously rubbing a
long glass tube.

e

netic and electrical phenomena
were known to work in vacuum
as well as in air, and electrical
glow discharges in vacuum —
the first electric light — were
being studied.

Such was the state of what would even-
tually be called electrostatics with which
Stephen Gray became familiar as he took to
the fascinating pastime of electricity. Whilst
living in Cambridge he had assisted the first
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Gray also found that the human body is a conductor. In this
demonstration, a boy suspended from the ceiling has been
electrified by the glass tube and is showing his powers of
attraction.

In 1719 Gray became a pensioner at the
Charterhouse, a London institute for retired
gentlemen, and soon after he started the
work for which he is remembered more than
250 years later. In one writer’s words, he

began “that justly celebrated series of experi-
ments which...only ended with his last
breath in 1736.” He even dictated an account
of his final experiments to the secretary of
the Royal Society of London the day before
his death.

The principle of electrical conduction was
discovered in February 1729, a
discovery which would lead in
the following century to world-
wide electric telegraphy.

Gray knew that amber, glass,
resin and so on {all insulators)
could be electrically excited
(charged) by the standard tech-
nigues of rubbing, hammering
and heating; and he had tried,
but failed, to do the same thing
to metals. It occurred to him that
if a glass tube was charged it
might be able to pass on the
charge (electric virtue, in Gray’s
words) to the metal. So he tried
it.

His glass tube was 3ft 5in long,
had a bore of one inch, but was
larger at the ends than in the
middle. (I often wonder if it was a
yard of ale!) He capped the ends
with corks to keep out the dust,
but the corks as it turned out did
more than that.

The first experiment was to
check whether the corks affected
the power of attraction of the
tube. They did not, but. ..

“I then held the feather over-
against the flat end of the cork,
which attracted and repelled
many times together: at which |
was much surprised.”

The corks were electrified. The
glass tube had passed on the
“electric virtue” to the corks!

~ GRAYPURSUES HIS
DISCOVERY

A four-inch fong fir stick was

next stuck into a hole in an ivory
bail and the other end Gray fixed into the
cork. Both the cork and the stick conducted
the electricity and the ivory became charged.
The same thing happened with an eight-inch
stick and with a 24-inch one, and with brass
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wire and iron wire. Finally he tied the ball to
a length of packthread (strong string) and
hung it directly from the glass rod. It
worked!

As the string got longer Gray ran out of
height in which to experiment and so was
forced to lay the string horizontally. To
" prevent it from touching the floor he sup-
ported it with another piece of packthread
tied to a nail driven into a beam. Alas when
the glass tube was charged nothing hap-
pened to the ivory ball. The experiment had
failed and he correctly deduced that the
charge had escaped up the vertical string,
through the nail and into the wooden beam.

Further experiments were then post-
poned. Working horizontally had failed and
he determined to pursue the matter with
even greater lengths of string held vertically,
which he felt sure would work. He even
dreamed of trying the experiment

“_.from the top of the cupola of St Paul’s,
not doubting but the electric attraction
would be carried perpendicularly down from
thence to the ground.”

By late June, Gray was demonstrating his
experiments to Granville Wheler (1701-
1770) at Wheler’s country house; and Whel-
er, an accomplished “electrician”, was soon
accompanying Gray in extending the work.
The greatest height they could achieve was a
34 feet drop from the clock turret of the
house, a distance through which the elec-
tricity was conducted with ease.

Gray then tried again to lay the string
horizontally, this time using silk supports at
Wheler's suggestion. Gray thought it a good
suggestion since the silk was so much
thinner than the packthread

“..there would be less virtue carried from
the line of communication.”

The concept of two classes of materials,
conductors and insulators, was then un-
known (though not for much longer) and
there was therefore no idea that silk is an
insulator.

The experiment was tried at 10a.m. on
July 2, 1729 and was a great success. The line
was 80 feet long and was soon extended to
147 feet by doubling it back on itself. The
charge was transmitted from a glass rod
through the packthread to the ivory ball
which promptly displayed the property of
attraction, the then one sure test for the
presence of electricity.

Next morning the line was extended as far
as 293 feet before the extra weight broke the
silk supports. Stronger supports were
needed. Fine brass wire was substituted tor
the silk. It was stronger but very thin and, to
their thinking, this thinness meant it would
be as good as the silk at stopping the
electricity from escaping.

The experiment of course failed. No elec-
tricity was conducted to the ivory ball, which
gained not the slightest power of attraction.
All the charge escaped via the brass wire
supports, despite their fineness.

The friends now realised that the critical
consideration was not the thickness of the
supports but the materials from which they
were made. Silk prevented the electricity
from escaping, packthread and brass wire
did not. The phenomena of conduction and
insulation were now apparent.
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A - Packthread
B -Ivory ball
C,D -Supports for silk thread

Atten o’clock in the morning of July 2,1729
two men in England began an experiment
which was to change the course of history.

Using string and silk thread they
discovered that electricity can be
transmitted over great distances.

Gray’s crucial experiment: electricity was conducted from the charged glass rod (right)
to the ivory ball. Though neglected in our own time, Gray and his achievement were
recognized by some, at least of his contemporaries: in 1732 he was elected a fellow of the

Royal Society.

42 E S S A Y S

Onv Thie DEATH or

STEPHEN GREY, FRS

The AvTHnoRr of

The Prefent Doctring of ELECTRICITYS .

ON G haft thou born the burthen of the day,
Thy tafk is ended, venerable Grev |
No more thall Art thy dext’rous hand require
To break the fleep of clemental fire ;
To roufe the pow'rs that aGtuate Nature's frame,
The momentaneous thock, th’ ele@rick flame,
The flame which firft, weak pupil of thy lore,

1 faw, condemn'd, alas! ®o fee no more.

Now, hoary Sage, purfue thy happy flight,
With fwifter motion hafte to purer Light,

ele@rical fpark from a human body.

® The Publither of this Mifeellany, as [he was afliting Mr. Grey in his
experiments, was the firft that obferved and nodified the emiffion of the

E 8§ 8§ A Y & 43

Where Bacon waits with Newron and with Borie
To hail thy genius, and applaud thy toil ;

Where intuition breaks through time and fpace,
And mocks experiment’s fucceflive race 3

Sees tardy Science toil at Nature’s laws,

And wonders how th’ effe& obfcures the caufe.

Yer not to deep refearch or happy guefs
Is ow'd the life of hope, the death of peace.
Unbleft the man whom philofophick rage
Shall. tempt to lofe the Chriftian in the Sage;
Not Art but Goodnefs pour'd the facred ray
That cheer’'d the parting hour of humble Gany.

This eulogy, published in 1766 in Miscellanies in Prose and Verse, is by Anna
Williams, who knew Gray during his time at the Charterhouse and whose father was
also a pensioner there. The copy is now in the British Library.

A 54-page iliustrated article, The Enigma of Stephen Gray by David H. Clark and
Lesley Murdin of the Royal Greenwich Observatory, appeared in Vistas in
Astronomy, 1979, vol.23 (Pergamon Press).
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It was soon clear that all materials (or so it
seemed) could be classified as behaving
either like silk (insulators) or brass (conduc-
tors).

Gray prophetically termed his conducting
thread a “line of communication”. A little
later J.T. Desaguliers, with whom Gray had
once lived, suggested the terms insulator
(from the Latin for island) and conductor.
Previously the only words had been Gilbert’s
“electric” and “non-electric”.

Gray and Wheler used their new-found
knowledge to extend their maximum dis-
tance to 765 feet in July and to 886 feet in
August. The basis for electrical communica-
tion had been laid — but not yet recognised.

In France, Charles du Fay (1698-1739)
confirmed and extended Gray's discoveries
and found that metal wire and moist string
worked even better than packthread. He
went on to realise that there are two fun-
damental types of electricity which he called
vitreous and resinous (amber is a resin).
Benjamin Franklin eventually gave them the
easier but less imaginative names of positive
and negative,

Gray meanwhile had found that the hu-
man body makes a nice conductor, as anyone
who has touched the live mains will confirm.
In doing this he suspended from the ceiling a
young (and probably rather frightened) boy.
He was strung up by insulating cords and
laid horizontally, face down. Gray electrified
him by holding a charged glass tube near his
feet and noted that metal leaf was then
attracted to the boy’s face. Du Fay repeated
the experiment and even suspended and
charged himself.

The experiment was repeated in Gerniany
in about 1743, the same year in which
Georg Boze in Leipzig amused himself and
others by charging pretty girls and daring
young men to kiss them. The shock, it was
said, broke their teeth.

Gray had also found in 1732 that the effect
could be passed from one boy to another if
they held hands or were linked by a conduc-
tor. After the invention of the Leyden jar in
1745 (the first storage capacitor) the Abbé
Nollet in France persuaded 180 Royal
Guards to link up and act as a conducting
path through which he discharged a fully-
charged Leyden jar. Not surprisingly all 180

guards leapt into the air simultaneously. He
next formed a circle of 5800 feet consisting
of Carthusian monks linked together with
iron wire. Again their vigorous reactions
were simultaneous.

The object of these strange experiments
was to determine the speed of transmission
of the electricity. It was apparently instan-
taneous.

Two years previously J.H. Winkler, a
German physicist. concluded that the speed
was comparable with that of lightning and it
could be transmitted to the ends of the
Earth.

In the following century it was.

Tony Atherton works at the Independent
Broadcasting Authority’s Engineering
Training College in Devon. His book. “From
Compass to Computer, A Historv of Electric-
al and Electronics Engineering” was pub-
lished by Macmillan Press in 1984.

Hans Christian QOersted, discoverer of elec-
tromagnetism, will be the subject of the next
article.

I'D RATHER SHE'D
SOCKEP ME WITH HER_' ) -
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IEE CONFERENCE ON
TELEVISION HISTORY

On 13-15 November the Institution of Electrical En-
gineers paid its own tribute to the pioneers who gave us
television by staging a comprehensive conference on its
history, its present state, and - to a limited extent — its
future. Around 100 distinguished members of the profes-
sion, mostly from the UK but with an American and
European presence also. took part in the three-day
meeting (which was organised jointly by the IEE, the RTS
and other professional bodies). Over 40 papers were
presented and discussed, and this brief report cannot
cover them all but highlights a few that readers may find
of particular interest .

The first two sessions looked in some detail at the early
pre-war history, and presented an intriguing picture of
the closely parallel course of development in the three
main centres — Germany, Britain and the United States,
with papers on each national history. As might be
expected, there was some gentle jockeying for position
and rival claims on who was first with what, where. The
picture remained far from clear (out of sync?) even when
the session chairman was led to suggest that the
arguments be continued elsewhere over a glass of wine
but the conclusion reached by this observer at least, is
that here was a genuine case of the almost simultaneous
development of a technology — electronic television —
whose time had arrived.

In the early stages at least, the exchange of information
on a commercially sensitive subject — which television
undoubtedly was — very limited, and confined to the
broadcast principles. Zworykin himself published the
basic patent on the iconoscope on 31st March 1932 and
described it in the IEE’s own proceedings in 1933 (JIEE
73, 437): but the essential development of a working.
reliable camera tube from those basic principles seems to
have been accomplished largely independently in the
three countries.

As to the argument “who first transmitted a public
service of high-definition pictures?”, well, it all depends
on what you mean by high-definition. From Dr J.Knies-
tedt’s paper, it was clear that the German postal author-
ities, with their trial transmissions in 1932-1934, and
their opening of regular public transmissions in March
1935, antedated the BBC's service from the Alexandra
Palace by over a year. But the Berlin transmissions used
electromechanical scanning on a 180-line standard
arguably medium rather than high definition — and in
addition, receivers were not available for purchase: the
programmes were watched in public viewing rooms. By
August 1936 however, for the Berlin Olympic Games, a
German-built iconoscope camera was in use. And it was,
of course, on August 26th, 1935 that the BBC’s electronic
services really started, with the special transmissions of
the show “Here’s Looking At You" to the Radiolympia
exhibition.

The story of British television development was suc-
cinctly put by Pat Leggatt of the BBC, and readers can
follow this in more detail from his excellent article on
p.17 of last month’s issue. There was also a very revealing
paper on the early days at HMV and EMI, presented by J.A.
Lodge.

While in Europe the race was neck-and-neck, in the
United States development proceeded at a rather slower
pace as far as public broadcast services were concerned.
The paper by M.J. Sherlock on the NBC’s role in the
development of television, and that by Leslie and Robert
Flory on the early work at RCA, left no doubt that the
efforts put in, and the achievements, were considerable.
Low-definition experiments started around 1930, not
long after the NBC was created as a subsidiary of RCA. and
test transmissions on a 343-line standard were taking
place by 1936; but a full public service did not commence
until the opening of the New York World's Fair in 1939.

The final two sessions ranged over the present state of
the art. with digital technigues coming to the fore, and
prospects for the future — satellite technology. digital
standards conversion and the progress towards fully
compatible higher-definition systems. To illustrate this
theme. a demonstration of h.d.tv was mounted during
the conference by the IBA research department. Dele-
gates were also able to see a small but fascinating
exhibition of historical documents and equipment. Over-
all, the conference was a stimulating event, and its record
will be of undoubted value in the history of this
twentieth-century technology.

P.B.

* A 200-page volume of papers. Conference Publication
271, isavailable at £30 from IEE Publications, PO Box 26,
Hitchin, Herts.
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Within the 68020

Besides new instructions, the 68020 has additional
hardware features — cache memory, dynamic bus sizing
and pipeling.

DAVID BURNS AND DAVID JONES

dding a coprocessor enhances the ERtion PERE R S
main general purpose processor by code 3 19 15 12 4 0
incorporating new instructions, reg- [ 7] fooooooo000000foor ofco-10Jo 00000 0ofcRrregsterf
isters and data types into the system without ==t S
X . Indicates Indicates
overloading the main processor. C.p, space coprocessor

Interfacing between the main processor communication

and coprocessor is not noticed by the user
i.e. the programmer need not be aware that a
separate piece of hardware is executing some
of the program-code sequence. In the 68020

microcode within the device takes care of FCo-2 LOpEa S

i i A619 Coprocessor  ["eapRy Coprocessor g
coprocessor interfacing so that any co- = decoding N
processors appear as a natural extension to 1315 logic COPR7

the main processor architecture.

Using devices without a coprocessor inter-
face such as the 68008, 68000, 68010 and
68012, communication between the main

S
FCp-g=M=cpu. space cycle L) T ]

c.p.u. and coprocessor is possible by observ- A19~16=0010 = coprocessor access in e YT ¥

ing the correct sequence of coprocessor A15-13 = XXX = coprocessor identification i ; ; ! i i

primitives necessary for the interface. These Ag—1 =rrr =CIR select M T

primitives are a method of passing com- oy

mands and data between the main processor s

and coprocessor. Coprocessor 7
Accessing coprocessors over the co- IS J

processor interface is straightforward since 5e 4J

the interface is implemented using standard ]

M68000 asynchronous bus structure with- TSACK x

out the need for any special signals. This not Ay Ay

only makes the interface simple; because of D31.0g

the asychronous nature, the main processor
and coprocessor can be operating at different
clock frequencies. Designers can therefore
optimize a system to make best use of the
speed options available.

The coprocessor need not be architectur-
ally similar to the main processor but can be
designed so that it best suits its required
application. The only requirement is that it
adheres to the coprocessor interface pro-

Fig.1. Address bus coding during coprocessor communication (a) and an illustration of
how up to eight coprocessors can be connected (b) using the Cp ID field.

Coprocessor Interface Register set (CIR) c.p.u. space address

tocol. A coprocessor can indeed be im- ) 15 0 20000

plemented as a v.1.s.i. device, as a separate o0 Respanse Controt i

board or even as a separate computer. ol sove NsTore ks space
When communicating with a coprocessor 08 [ abatibnorct JeE AR e o

the MC68020 executes bus cycles in c.p.u. — bCoprocessor

space to access a set of interface registers o Resanad) S tion with (p-1D=0

(cr). The 68020 indicates that it is accessing " Pogcard

c.p.u. space by encoding the function-code 14 | Register select | (Reserved)

lines as all high (rcg.o = 1115). Chip selection 8 Instruction cddress

of the coprocessor and the relevant register 1 Operand oddress ; Add'izsrs"”“’

is then performed by the address bus. L, coprocessor
Encoding of the address bus during cop- with Cp-10=1

rocessor communication is shown in Fig. 1a.

This illustration shows that by using the

‘Cp-ID’ field on the address bus up to eight

separate coprocessors can be interfaced con-

currently to the MC68020. Figure 1b shows

how simply this can be done. Address space
You can see that, if required, there could for

be several 68881 floating point coprocessors  Fig.2. Register sets related to coprocessor m‘;i"éf%’;

operating concurrently in your system to
facilitate very fast and complex number
crunching. Interfacing to these separate
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interfacing. Within each register set are
specific registers for passing commands,
operand data and effective addresses.

J
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A2-A3
Aq-Ap
S1Z5S1Z
R/W

AS

BSACKp

DSACK

D24-53

R/W
&S
DSACK
DSATKY

Dy~ 031

Fig.3. Timing of the four cycles required to write a long word into an elght bit memory. In
all four diagrams, psacko is zero and psack; is one, indicating that the memory is eight bits
wide. At (a), signals sizo; are both low to indicate that the processor has four bytes to
transfer and the states of these two signals change from 1,1 to 0,1 to 1,0 in (b), (c) and (d)
to indicate three, two and one bytes to transfer respectively.

coprocessors is simply a matter of encoding
the relevent Cp-ID in the coprocessor in-
struction, and hence on the c.p.u. space
address-bus encoding, so that the MC68020
will communicate with the relevant register
setin c.p.u. space.

Figure 2 shows how the separate interface
register sets are located in c.p.u. space.
Within this interface register set the various
registers are allocated to specific functions
required for operating the coprocessor inter-
face. There are registers specifically for
passing information such as commands,
operand data and calculated effective addres-
ses (effective address calculations, and
associated operand fetches, are performed by
the main processor). Other registers are
allocated for use during a context switch
when the internal state of the coprocessor
needs to be saved and then restored.

DYNAMIC BUS SIZING

The 68020 can dynamically change the size
of the data bus on each bus cycle. This
feature has been included so that the proces-
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sor can communicate with peripheral de-
vices intended for 32, 16 or 8-bit buses.
Dynamic sizing can also be used to retrofit a
68020 in a 16-bit system and although the
full performance increase of a 32-bit proces-
sor is not gained, performance improvement
can be considerable.

Four signals have been added to support
dynamic bus sizing, namely psicky; and
sizg ;. Data transfer and device-size acknow-
ledge signals DsACKg ; replace the prack (data
transfer and acknowledge) asynchronous-
bus handshaking on the 68000. As with the
68000, these signals are used to terminate
the bus cycle but they also indicate the
external size of the data bus. Signals sizg , are
outputs indicating how many bytes are still
to be transferred during a given bus cycle.

To illustrate this principle, consider the
68020 writing a long data word (32 bits) to
an eight-bit memory device. (This would
have a serious effect on system performance
as four write cycles would be needed). Bus
timing diagram Fig.3 shows the four cycles
required to write the information into
memory.

Using dynamic bus sizing, during a write
cycle the 68020 always drives the entire
32-bit data bus even though all 32 bits may
not be used. If data is transferred as a byte, it
is placed on nyya, if it is transferred as a
word it is placed on pig3, and if it is
transferred as a long word by 3, are used.

A multiplexer within the 68020 routes
data to various sections of the data bus
depending on bus size. Address lines ag  are
linked to this multiplexer. Their encoding
indicates a one, two or three-byte offset for a
long word to be read from or written to
memory.

Unlike other 68000-family processors, the
68020 allows you to place data misaligned in
memory, including the user and supervisor
stacks. As far as the programmer is con-
cerned this misalignment goes unnoticed in
the hardware but it affects performance by
increasing the number of data transfers. In
fact the only limitation on data storage in the
68020 is that the instruction word, or op-
code, must lie on a word or long-word
boundary. This is to retain upward software
compatibility with 68000-family software.

Consider this example illustrating the
principle of misaligned data transfers. Data
is transferred to memory by the 68020 over a
32-bit data bus, however the memory
address has been offset by one byte from a
long-wordlocation.

Figure 4, in which the timing diagrams
are simplified to show just the signals used
to control data flow, clarifies the situation.
Tables summarize decoding of the siz and
DSACK signals. Also shown is a representation
of how the data is organized within the
processor.

Since the data is misaligned by one byte
the processor needs to make two memory
accesses to transfer the long word. During
the first cycle, three bytes of data are
transferred and the second cycle transfers
the last byte.

During the first transfer the processor sets
the siz pins low to tell the memory that the
processor has four data bytes to transfer (a
long word). The memory address is odd and
offset by one byte from a long-word address
so address lines A ) are at logic one and zero
respectively.

Using Dsacko;, the memory controller
indicates that it is 32 bits wide. Information
placed on the data bus, in long-word form
displaced by eight bits, is carried on ng3.4.
The lower eight bits are not transferred
during this cycle. Information placed on
D31.24 is just a mirror image of data on pq3.,6
and should be ignored by the controller
during awrite cycle.

During the second transfer, the long-word
transfer is completed. Again, DsACKg, indi-
cate a 32-bit port but the siz pins indicate to
the memory controller that only one byte
remains to be transferred. Data is transfer-
red as one byte on address/data lines g4 3;.
Inside the processor, data is transferred
within the registers on the opposite end of
the data bus. The remainder of the data bus
carries a mirror image of this data and
should be ignored during write cycles to
memory.

Figure 5 shows data transfers over a 16-bit
port misaligned by one byte. In this example,
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it takes three data transfers to transfer a long
word. These examples illustrate that the
68020 can be designed into systems with 32,
16 or indeed 8-bit data buses and with a large
possibility of data being placed in aligned
and misaligned memory.

CACHE MEMORY

’ Increasing the speed of the 68020 from
16.7MHz to 20 and 25MHz has been accom-
panied by increases in the cost and difficulty
of interfacing the device to external memory
without using wait states. The device’s inter-
nal 256-byte instruction cache relieves this
problem.

A minimum of three clock cyles is re-
quired when the processor accesses external
memory. However if the information is held
in the cache, which can be thought of as very
fast on-chip local memory, then only two
clock cycles are required.

Computer simulation tests were carried
out for the 68020 based on the 68000
architecture to find out what type and size of
cache would be most beneficial; 256 bytes
was found to be the best compromise be-
tween efficiency and cost. The cache theory
rightly assumes that modern computer
programming involves the program re-
peatedly executing small sections of code as
opposed to randomly jumping over large
linear address spaces.

When the processor fetches an instruction
from memory, the processor is redundant
since no processing can be performed until
the instruction has been decoded (this is not
strictly true for the 68020). If this instruc-
tion fetch can be performed from the cache
then the processor spends less time waiting
for information from external memory. This
has an even greater effect if there is a
memory-management unit (m.m.u.), exter-
nal bus or magnetic backup storage in the
system. In such cases it may not always be
possible to access external memory with no
wait states.

The cache, Fig.6, is ‘hit’ when address
field ag3; and function-code rc, (indicating
instruction accesses) match the internation-
al cache tag field. Cache hit is a term used to
describe the condition where the address
and any other control information presented
on the bus matches information previously
placed in the cache tag field.

Some 64 long words are available for
storage of cache information. Since the
cache is always updated on a long word,
maximum throughput is achieved when two
instructions in memory are held in the
cache. Address lines a7 select one of 64
entries. U'pon reset, the cache is disabled and
all entr:c5 are made invalid; the v bit in the
tag field is also cleared.

Two registers are used with the cache —
the cache-control register, cack, and the
cache address register, car. Enabling, dis-
abling and clearing of the cache is carried
out by the control register. This register can
also be used to freeze individual entries in
the cache so critical code sequences can be
run within the cache.

It is not possible for the programmer to
access cache entries directly. Programming
the cache registers is performed using the
movic instruction and so can only be done in
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Fig. 4. To send data to memory over a 32-bit

address bus when the memory address is

offset by one byte from a long-word location requires two transfers. The operand is 32

bits and the boundary is one byte.

1st transfer

2nd transfer
0

3rd transfer
0

o o
1 i 1 1
0 1 0
0 1 n 1 1
X X . X
1 0 g 0
Ignored (OPg} 0Pq 0P3
0Py 0P Ignored (0P3)
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ignored
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ignored

Fig.5. To transfer a long word over a 16-bit port misaligned by one byte takes three
transactions. The operand is 32 bits and the boundary odd. Data lines pg 5 are either
unconnected or ignored by both the processor and memory on 16-bit port-sized

transfers.

supervisor mode. This ensures that the user
cannot accidentally effect the cache opera-
tion. Using cache clearing, the operating
system can perform a fast context switch in
just one instruction.

In addition to the software cache-enable
facility, an external hardware cache disable
pin, cois, can be used to dynamically disable
the cache on the next internal cache-access
boundary.

THE PIPELINE

Within the 68020 is a three-stage pipeline
used for instruction execution, Fig.7. In-
structions enter the pipe either from the
external bus or from the instruction cache,
also within the processor. These instruc-
tions are not the ones currently being
executed but are ‘prefetched’ instructions
obtained by the bus-interface unit.
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Fig.6. Accessing external memory slows down processing so the 68020 processor has a
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256-byte internal cache memory to reduce this problem.

Fig.7. Within the 68020 is a three-stage pipeline which reduces execution time since
external bus cycles are not needed to fetch instruction extension words, etc. Instructions
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er the pipe either from the external bus or from the instruction cache.

MASTER/INTERRUPT STACKS

Most high-performance microprocessors have two stack pointers. One is usually to the system stack,
reserved for interrupts, etc., and the other is the user stack for temporary data storage and parameter
passing. Inthe 68020, these stacks are Ay and 4;".

During normat operation most code will be executed in user space and programs will use the 4,
stack for temporary data storage and parameter passing between software routines. Interrupt stack
A;" will only come into use when an exception occurs, such as an external interrupt when control is
passed to supervisor mode and the relevant exception processing performed.

In many microprocessors this supervisor stack pointer is the only one accessible during exception
processing and all data storage and context switching has to be performed on only one stack. With
complex multi-tasking maintaining the main system stack costs processing time; interrupt information
for the program counter and status register is interleaved with process-control blocks for various
software tasks.

This problem is alleviated in the 68020 by a third stack - the master stack - specifically for holding
process-related information for the various tasks. When the master stack is enabled, through bit m in
the status register, all non-interrupting exceptions like divide-by-zero, software traps and privilege
violation are placed in the user's process-control biock on the master stack.

When the first interruption occurs, typically a timer interrupt from a preemptive scheduler, the
processor places the program counter, pc, the status register, sr, and the vector offset on the master
stack A,”. it then duplicates this information on the interrupt stack A,’. The processor is now free to
manipulate the processor control block without any further interrupt information being placed on the
master stack.

All subseguent interrupts received while performing exception processing are placed only on the
interrupt stack A,'. An effective context switch can now be performing by simply reloading the master
stack pointer and mapping in another task’s process-control block. This allows context switching to be
performed without any master-stack modification by higher-priority interrupts which may occur during
the exception processing for the preemptive scheduler’s timer interrupt.
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With prefetching, long words are always
fetched and the cache is arranged as long
words. After a prefetch has been requested,
the long-word obtained is placed in a 32-bit
holding register (stage A) called the cache
holding register. This register is used to hold
the prefetched long word in the case of a
cache miss or to hold the prefetched long
word from the cache if a hit occurs.

When a cache hit occurs, the external bus
performs an aborted cycle with the &cs pin
asserted followed by a second assertion of
Ecs. Address-strobe pin as is not asserted
during a cache hit. If data is prefetched from
the external data bus, it is routed directly to
the 32-bit arithmetic logic unit, or a.l.u.
This a.1.u., with which is associated a 32-bit
barrel shift register, performs arithmetic
and logical operations on data registers.

From the cache holding register, instruc-
tions pass to stages B, ¢, and b, where the
instruction is executed. Movement through
the pipe is governed by the execution time of
the instruction at stage o. On reaching stage
p of the pipe, the executing instruction
corresponds to the program counter.
However the processor needs to know where
the extension words, etc, for the instruction
are so temporary pointers are set up for each
stage of the pipe and holding register. These
pointers are used to obtain data from each
stage of the pipe to allow completion of the
instruction.

Using pipeline architecture, the processor
operates much faster since no external bus
cycles are needed to fetch extension words,
etc. Flow of the temporary pointers is track-
ed by a 32-bit arithmetic unit. There is a
third arithmetic unit in the 68020 for arith-
metic operations between address registers
such as calculating effective addresses. To
produce effective addresses needed by the
instruction when it is in stage b of the pipe,
stage ¢ can be used for effective address
calculation. Stages ¢ and p have inputs for
allowing them to control the 32-bit a.1.us
anda.us.

David Burns graduated with an Honours
degree in Electronic and Microprocessor
Engineering from Strathcylde University in
1983. Since then he has worked for Motorola
Semiconductors in East Kilbride. Presently
David is working as a 16/32 bit Applications
Engineer and has just completed work on a
25MHz high performance MC68020 compu-
ter board.

David’s hobbies include orienteering, ten-
nis and badminton.

David Jones graduated with an honours
degree in Electronic Engineering at Heriot-
Watt university in 1982. Since then he has
worked for Motorola Semiconductors in
East Kilbride. After working as an equip-
ment engineer David transferred to the
microprocessor applications group, progres-
sing from eight to 16 to 32 bit processor
design. He is currently working on a 25MHz
high performance MC68020 computer
board.

David’s hobbies include white-water
canoeing (both recreational and competi-
tive), swimming and car maintenance. He
enjoys outdoor life.
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Digital computer modelling
of linear systems

y one of those odd coincidences,
Bwhilst preparing this article, I came
across a war-time bombsight compu-
ter in a junk sale. It was, in essence, a
mechanical analogue computer and must
have been extremely difficult to design,
manufacture and adjust, particularly as it
was mass produced. It served a timely
reminder oi the traditional difficulty in
providing rapid solutions to complex physi-
cally related mathematical problems. Con-
sider a mechanical system we all take for
granted ~ the suspension system on cars,
consisting of a spring and damper. To
describe in detail how this system works
under all circumstances is not easy since it
requires the solution of a second-order
linear differential equation. In terms of
automotive engineering, getting the solu-
tion wrong can be disastrous because ex-
amination of the equation and its solutions
reveals that certain combinations of spring
and damper characteristics can render the
whole system unstable, with potentially
lethal results. This is, of course, one of the
classic systems studied by generations of
engineering students who are taught how to
solve the system equation longhand (see
example over) but are not expected to do so
as a matter of routine, since they are also
taught how to simulate the system by means
of an analogue computer, and thus provide
much more useful continuous solutions.
This article describes how small personal
computers can be used to solve these ordin-
ary engineering problems. With the correct
approach digital simulations of linear sys-
tems are relatively easy, with results that can
be shown to be mathematically valid on even
the humblest of micros.

ANALOGUE SIMULATION

Most linear differential equations can be
simulated by an arrangement of integrators,
scalers and summers, and various methods
produce the final circuit and correct scaling
factors. It must be said however that some of
the complexity of the final circuit derived
will be due to the sign change introduced by
each op-amp and also of course due to the
practical limitations of the devices them-
selves. For instance, the output voltage of an
integrator cannot exceed the power supply
voltage.

First, let us conveniently assume that the
system components are perfect devices. To
illustrate this take the equation used in the
example on page 108, transpose and divide
by M:

fit) Dx_Kx
MMM
Ignoring scaling factors and sign changes,
this results in the analogue circuit shown to
the right.
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How to use analogue techniques
and a digital computer to solve
second-order differential
equations with a few simple
algorithms.

RICHARD OXLEY

The analogue simulation of a differential
equation leads directly to a very useful and
simple method of digital system modelling,
since it is possible to write down simple
algorithms which model all the components
of an analogue computer, that is, scaler,
summer, integrator, multiplier and even
differentiator, although this component
rarely needs to be used. Further, just as in
the analogue computer where components
are connected together, algorithms can be
connected together to model systems of any
complexity.

Before proceeding, it is as well to review
how continuous signals as are used In
analogue systems are represented in digital
modelling.

DIGITAL MODELLING OF SIGNALS

Unit steps. In an analogue computer, the
unit step is simulated by the instantaneous
application of a scaled voltage by a switch.
The digital modelling equivalent of this is
merely the statement currently being ex-
ecuted in the program:

LETA=Xwhere X is the scaled value.

ft)

Continuous signals. The normal interface
approach is to use sampling. A sinusoidal
signal can be sampled by an a-to-d converter
to give a series of numbers in real time for
input to a computer at a rate determined by a
clock. However, for modelling and simula-
tion purposes, the converter can be replaced
by a simple software routine which will
produce exactly the same set of numbers,
but at a rate determined by the execution
speed of the computer. This has no signifi-
cance, just as the absolute scale of the axes of
a graph drawn on paper in no way alters the
meaning of the results depicted.

For instance, try the routine:

10 Input “AMPLITUDE”: A

20 Input“FREQUENCY™: F

30 Input“SAMPLING FREQUENCY”: S
40 Q=0

50 X =AxSIN(Q*360*F*S)

60 Q=Q+1

70 PRINTX

80 GOTO50

This will model a sinewave of frequency F,
amplitude A at a regular sampling interval of
S by producing an endless stream of num-
bers to either printer or screen.

DIGITAL MODELLING OF LINEAR
COMPONENTS

Scaler. A potentiometer divides a signal by a
constant which is determined by the posi-
tion of its wiper on a track, viz:

TEi Ry
Eo
R2 —T

Provided the wiper does nct change its
position this is the equivalent of division by a
constant. Obviously, simple multiplication
by the constant shown will produce the
desired result:

Y:X|(R2/[R1 + Rzl)

Y is the instantaneous value of the output
signal after being processed by a potential
divider with an instantaneous input signal X.
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Integrator. The integrating element of an
analogue computer normally comprises an
op-amp with capacitive feedback as shown.

c
——
Ei R Eg
AN 0
-1
o= W]E;dt

In practical terms, if a voltage is suddenly
applied to the input, the output will change
at a linear rate according to the time con-
stant RC and the magnitude of the input
voltage.

The digital form of this mechanism is a
series of numbers of ascending value sepa-
rated by a time relationship. The difference
in voltage between one sample and the other
is

X = E,%S/R*C

where § is the sampling interval. To produce
aramp the simple expedient of continuously
adding the increment to the previously
derived value can be adopted:

X=X +Ei*S/[R*C].

This is known as a recursive function and is
the digital equivalent of a linear integrator.

Summer. The other important component
used is the op-amp summer. From what has
already been given it is pretty obvious that
the digital equivalent of that is merely
adding twovariables, viz:

A=B+C.

Multiplier. Similarly, multiplications of two
variables — horrendously difficult in its ana-
logue form ~ is likewise easy:

A=Bx*C.

Multipliers, incidently, are used in the solu-
tion of non-linear differential equations.
often met in systems designed to solve
navigation and guidance problems.

DIGITAL MODEL

Armed with all the algorithms needed to
implement a full linear system and return-
ing to the original example, the schematic of
an analogue computer connected to solve
the linear second-order differential equation
this time uses the symbols to represent
algorithms —see top of page 109.

Using the derived algorithms and working
from left to right, now write down the
program steps required to simulate/model
the circuit:

10X = (F/M) — (D/M*Y) — (K/IM*Z) summer
20Y = (X*S/[R*C]) + Y integrator

30Z = (Y*xS/[R*C]) + Z integrator

40 Print Z

108

CLASSICAL ANALYSIS OF SECOND-ORDER SYSTEM

If a spring is either compressed or extended a
distance x by a force:

xocF.. F=Kx

where K s the spring constant (K = Mg/x).

A damper only has an effect when the system
moves, in particular the resistive force to move-
ment:

dx .
dtocF..F-Dx

where D is the damping factor.

t{t)

J
-——wl'

If a mass is at rest it can only move by an
application of a force. That is, the application of a
force imparts an acceleration

d’x
“SxF L F=Mx.
it Mx
In the case of the spring-mass system, the force
producing the acceleration is equal to the sum of
the forces acting on the mass. In equilibrium

Mx = —Kx — Dx
MX+ Dx + Kx = 0.

When the system is subjected to an applied
force, which may be a function of time,

MX + Dx + Kx = f(t).

The classical method for solving practical exam-
ples of this-mechanical system involves the use
of the Laplace operator. Unlike the analogue or
digital simulator, when differing values for f(t), M,
D and K can be used directly, the two examples
given next illustrate how in the classical method
different values lead to the use of different
mathematical tricks to implement a solution.

EXAMPLE 1

M = 5kg, D = 40N/m/s, K = 80N/m, f(t) = F =
stepforce of 60N.
Mx + Dx + Kx = f(t)
5% + 40% + 80x = 60
X+ 8%+ 16x =12

Applying Laplace:
Xs* + 8xs + 16x = %
X(s” + 85 + 16) ;15—2
12
T s(s+4)2

To proceed further, the equation should be split
into partial fractions such that:

12, H_ B g8 T
S(s+47 s (s+4) (s+4)2

12=Als+4)2+BS(s +4)+Cs

Puts=0,50A=0.75. Put s= —4, 50 C= —3.

To find the value of B requires the application of
another devious mathematical trick. Equating
highestpowers:0 =075+ B, ..B= —0.75

12075 ~075 -3
s+ s T std (s+4)?

()=

Applying inverse Laplace transfotms gives the
final general solution:

x(t}=0.75—-0.75¢ “—3te *

EXAMPLE 2

If the value of D is reduced to five the general
solution is radically different. Even the method to
find it although basically the same is tediously
different. For the intrepid:

5%+ 5% + 80x = 60
X+x+ lox=12

By Laplace, xs°+ xs + 16x = 15—2
12

ang X_S(S' +5+16)

Proceeding by partial fractions:
12 _A _Bs+C
$(s?+s+16) S s?+s+16
~12=075(s’+s+16)+5(Bs+6). Dating s=0

given A=075, while equating coefficients of
powers gives B=—0.75,C=—0.75.

.-.x(t)_0'575-o.75( Sl )

s“+s+16

The quadratic in the denominator of the second
term is factorized by completion of squares:

0.75 s+1
=" =0k ‘(s+0.5)2+15.75
_075 s+1
Ty (s+0.5)2+3.972)

The s-term in the numerator of the second term
requires some trickery to enable the ‘first shift’
theory to apply

t)=222. -0.75(
s

(s+0.5) 05
s+0.52+3.972 (s+0.5)2+3.97"‘)

Applying the inverse transform x(t)-
0.75-075(1 — ®%tcos 3.97t+:%e 0515in3 97t)

=0.75[1—e"**(c0s3.97t+0.126sin 3.97)].

This result is a damped oscillation with a final
settling value of 0.75, shown diagrammatically on
page 110. The oscillation has a frequency 3.97/
27w=0.632Hz, a period of 1.58s.

For more about the solution of differential
equations using Laplace transforms consult:
Laplace Transforms by KA. Stroud, Stanley
Thornes (Publishers) Ltd.
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F (FORCE)
F

where S is sample time, RC is nominal
integrator time constant.

It must be remembered that these three
equations form a set since they are recursive
functions. That is, one equation without the
others is meaningless. This is highlighted by
the way in which the equations must be
incorporated in a program loop. The prog-
ram incorporating these equations is given
in the listing. On a microcomputer it will
run until escape is keyed and will output to
screen a stream of numbers that represent
the action of the real system.

PARALLEL PROGRAMMING

It must be said that the spring/damper used
for our example is a very simple second-
order system allowing a divect approach to
analogues simulation and thence to a digital
model. The example solutions show that
even with such a simple system obtaining a
solution relies on the use of such operator
methods as Laplace.

Turning again to the example, it was
shown that the displacement of the mass, x,
when a step force was applied had the form.

1 1
_Rs'(s"+Bs+K)'

The denominator has two parts: 1/s as the
Laplace transform of the step funiction, and

1
s“+Bs+K

the Laplace system transfer function or
impulse function. Therefore the algorithm
previously derived through the direct
method forms a digital model of the system
transfer function.

When attempting to model complicated
systems, the direct approach can become
involved. If the system transfer function (or
indeed the compound transfer function
comprising the system transfer function
operated on by the transform of the forcing
function) is expanded by partial fractions
only three kinds of terms arise, viz: distinct
factors, repeated factors and complex conju-
gate factors, as shown in the panel.

1
Distinctfactor ——

(s+a)

1
Repeated factor (s+a)"

]
Complex conjugate factor ———
E ) "s?+Bs+K

Distinct factor. Remembering that the
linear integrator is the equivalent of 1/s, the
factor 1/(s+a) results in an exponential
rather than a linear output. In fact, it is the
equivalent of a simple RC circuit.

Producing such an exponential by algor-
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ithms is quite simple since it is a modifica-
tion of that derived for the /inear integrator,
viz:
X=X+ E*S/(R*C)
X=X*{1—(S/(R*C)|) + E,;xS/(R*C)
exponential

linear

remembering R#C = 1/a.

Repeated factors. The algorithm for the
repeated factor is the algorithm for the
distinct factor repeated n times, viz

10X = X*(1 — Swa) + ExSwa
20Y =Y (]l — Swa) + X*Ska
30etc.

where E; is input stimulus.

Complex conjugate factor. An algorithm
that models complex conjugate factors has
already been described in the spring/mass
example.

Having expanded a complex system equa-
tion by means of partial fractions into dis-
tinct, repeated and/or complex conjugate
factors, a software model would run the
algorithms for these in parallel; the full
solution would be the simple sum of the
algorithms. An example which illustrates
this method and models a complex second-
order system is given as programming exam-
ple2.

DIGITAL FILTERING

[ have stuck with the example of the damped
spring mass because it leads to a further
application of the algorithms that were
derived earlier. This system can be consi-
dered as a filter. (The suspension system of a
car filters out a high proportion of the
undulations presented to the wheels by the
road surface.) It comes as no surprise then
that the analogue computer circuit can be
used as a general purpose filter which,
depending on the particular output connec-
tion, acts as a high-pass, low-pass or even
bandpass filter.

By outputting either X, Y or Z, a high-
pass. band-pass or low-pass filter can be
modelled whose a,c. characteristics can be

predicted. To illustrate this consider the
equation for the centre frequency of the
circuit.

f __1_\/@ \ /.._1__
27 VRs VRCRCy

If the gain of the two integrators is chosen to
be unity: 1/R,C; = 1/R,C, = 1 {;becomes

14 /R
2w VRS

Now this is equivalent to the well-known
formula relating to the resonant frequency
of the original mechanical system:

P LY
R™27x VM

where K is the spring constant, and M is
mass. Comparing diagrams it can be seen
that K/M is equivalent to R¢/Rs, which sets
the gain about that particular loop.

This shows incidentally that to speed up or
slow down the response of an analogue
simulation the integrator gain (1/RC) can be
changed from unity. For digital modelling
the gain of the integrator has less signifi-
cance and can normally be kept at unity,
thus simplifyirig the algorithms. Conversely,
to model such an analogue filter to examine
its characteristics, then the appropriate time
constants for the integrators can be entered
into the algorithms directly.

All this provides a useful way of checking
the validity of the algorithms. In the original
example F=€0,M=5D = 40,K = 8§0.

: R eaic -
'-1o=§1;r’\/l\:4=0.63()sz T=15T7s.

The first programming example (page 110)
shows that these values result in no oscilla-
tion because the system is so damped.
However, reducing D to 5 is a different story,
and the secund trace exhibits damped
oscillations with a period of between 1.5 and
1.6s. In fact, the trace exactly models a step
function beirng nrocessed by a low-pass filter
with a centre frequency of 0.6366Hz.

This form of recursive digital filter is
widely used in the digital implementation of
linear control sysems. Other forms of digital
filter designed to extract continuous signals
from random broadband noise can be very
complex, relying on statistical techniques.
But for most purposes the recursive digital
filter works very well provided that due
attention is paid to sampling theory to avoid

Re

C4 C2

R3 0
O—AAA Low pass
High pass 8 Band pass
4
= 'vl\/ ‘—J
Ri
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problems such a aliasing, that is at least two
samples per period.

The filtering algorithms can be very useful
in some practical applications of micro-
computers, for instance, control of heating
systems by remote sensors. The obvious
system to use is shown in the diagram to the
right.

OId hands will know that such a systenis
liable to all kinds of interference pickup
problems from the electricity mains. The
sensors will be measuring temperatures that
will be varying at a very slow rate but picking
up interference at 50Hz and above. Instead
of adopting the usual method of hanging big
capacitors on everything the problem is
avoided by incorporating the above. algor-
ithms in the control program to realise a
low-pass digital filter.

SOFTWARE OSCILLATION

From the examples given, it will be apparent
that under certain circumstances the
second-order system as shown will oscillate.
In general, if the damping factor (for the
mechanical example) or circuit resistance
(for the electrical equivalent) is reduced to
zero then the general solution will be a
simple sinewave.

Now an algorithm for generating the sine
function for input purposes to digital models
and filters was given earlier, but of course, it
was written in Basic and relies on the host
computer containing an algorithm for deter-
mining the sine of an angle. In some
circumstances this facility may not be avail-
able and so the algorithms derived for the
spring-mass (L,C,R) system may be used
instead. By choosing appropriate values any
frequency may be generated and may, in-
deed, be faster than the internal routine. The
oscillator algorithm then can be used to
generate forcing functions for other algor-

e
Sensors “Multiplexer cgr;::r;:r pC Boiler
G 4
r L o
ithms which model systems (see second USING THE ALGORITHMS

programming example, page 111).

This method is very convenient because it
is obviously possible by simple software to
switch the algorithm on and off at any point
in the cycle by loop counting.

Engineers who have struggled with the
Heaviside unit step function and the Dirac
delta impulse function to show how a com-
plex control system behaves when the input
forcing function is an arbitrarily starting
sinewave or a pulse will know what an
emancipation this is!

It is possible also, by resort perhaps to
simple arithmetic, to derive algorithms for
forcing functions which model other wave-
forms too — like square waves or sawtooth
waves. The output of a bridge rectifier, for
example can be modelled by merely ignoring
the sign of the sinewave generator algor-
ithm.

In the spring-mass system, if the damping
factor B is reduced to zero, the equation
becomes

1
S;_J+K

This is the Laplace transform of
1 .
Wsm VK t.

where of course, f= VK2

EXAMPLE 1: DAMPED SPRUNG MASS

Program shown prints output as a number.
Output value Z in line 90 can be linked to a
graphics routine to produce traces shown.

10:REM SECOND ORDER SYSTEM
20:X=0:Y=0:2=0

30:INPUT “MASS = "M:PRINT*M= "M
40:INPUT'DAMPING= ";D:PRINT'D= "D

50:*SPRING= "K:PRINT*K ="K
60:INPUT “SAMPLE TIME= ":S:
PRINT*S=":S

70:INPUT *R"C= "T:REM NORMALLY 1
80:INPUT “FORCE= "F:PRINT*F = "F
90:PRINT USING™ # # # # # # # # # 4" 7
100:X=(F/M)—(D/M"Y)—{(K/M2):

REM SUMMER

110:Y=(X"S/T)+Y: REM INTEGRATOR
120:Z=(Y"S/T)+Z: REM INTEGRATOR
130: GOTO 90

140:END

VS

e, 0

i \7[\/ i

0.5_
- ¥ m=5 M=5
- D=5 D=40
K=80 K=80
. $=01 S=0.1
1 F=60 F=60
- 4 2 3 4 5

Care is required when modelling systems to
choose a suitable sampling interval. Often
surprisingly fast transients are generated by
systems, particularly when second or higher
order. However, a two low a sampling rate
can usually be recognised in the nature of
the output from the algorithm since it will
sh ow variations in magnitude at the sam-
pling rate. In extreme cases, the output will
merely oscillate between rapidly increasing
positive and negative values. Trial and error
usually determines a suitable value.

However, when the algorithm has been
derived from a partial fraction expansion of
the system transfer function it may be useful
to continue and solve the resultant equation
into its cyclic and exponential parts. Since
the Laplace transform of the delta Dirac
impulse function is 1, the solution gives the
impulse response of the system and reveals
its frequency components.

It must also be remembered that complex
forcing functions will contain frequency
components higher than its fundamental.
No matter how slow the system is the output
will contain harmonics, admittedly attentu-
ated, of that fundamental. The sampling rate
then becomes a function of the forcing
function.

Dick Oxley is a senior systems engineer with
British Aerospace Air Weapons Division at
Lostock, near Bolton, currently working on
infra-red reconnaissance equipment.
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GPIB INTERFACE

T. Segaran’s December article on low-cost auto-
mated response measurement showed two de-
vices marked 74160 and 74161; these two
should be types 75160 and 75161.

-
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EXAMPLE 2: PARALLEL PROGRAMMING A

Consider a system with the following transfer func-

tion:
1+T,5+T,,5°
T= 11 12
4 G{(1+T215)(1+T225)}

When b is an arbitrary gain constant in its present
form this cannot be expanded by partial fractions as
the numerator and denominator are of the same
order; some manipulation is therefore necessary.
Multiplying out the denominator:

14T,,5+ T8
T=G
14T,y +To0)5+T21.T505°

=G{l—[l— 14T1,5+T,8° )]}
1+ (T2, +To0)5+ T 51 T208"
=G{ 1- 1+ (T 4+ Toals+To1Too8”
14(Toy +Tools+T21T208"

147547555 ]
1+(To1 4+ To2ls 4 T2 12257 ]

=G{l_[L+Um+Tnn+TmTﬂs?41+T“s+Tmsﬂ
1+ (T +T2)s4 T2 To08

—¢li- [(TZI + T = T11)5+ (21 Too = Ty2ls”
1+ Ty +T 2205+ T2 Toos

Assume that we can choose the following conditions
— the reason will soon be apparent: T,; = Ty, and
T,y. Top = Ty, Substituting:

=G { 1- [ ozt
ST+ To)s 4 T T2
Factorizing the denominator gives

I T
L G{l (1+T215)(1+T225)}

which can now be expanded by partial fractions to
the form:

A B
T'_G{l"[1+TZIs+1+Tzzs]}'

The general response of this form of transfer function
when excited by a step functionis

which is recognised as that of a notch filter. Assume
that this needs to be tuned to 50Hz, which gives Ty,
= 0.00072, and T,, = 0.0138. Substituting these
values in the above equation and expanding by
partial fractions, the expansion is

12:"A": GRAPH

TEXT

20:LPRINT "NOTCH
FILTER"

3P:CLEAR

4p.0DIN Cov»

5@: INPUT "S="35

60 LPRINT "S=":5;
“secs”

79 INPUT "INPUT F
REQUENCY"iF:
LPRINT " f=";F;
tHZz YL QA=2X T K

88: INPUT BT21=":4

99: LPRINT USING "

Hi, HEHEEEY; T2
1=";9Q; "secs"
189 INPUT "122="3R
110:LPRINT USING "
} HE, HHHEEHE, T2
2=";B; 'secs"
s INPUT "G=";0G:
LPRINT USING
BHH, HHEEE" 3 "0A]

N="30G
138:Q0=1.05
140:LPRINT "0OsFP foO

r 1mS interval
158:PAUSE "CALCULA

TING"

160: "CALCY : XX=1-(A

AXARXZZ) : REM

v 105 105
fraila [ I
N G{l [ 1+Tns+1+TmJ}
B 1.05 1.05
‘G{1+1+o.01385 1+0.000725}'

The listing gives a complete program that models the
analogue simulation. Included is the algorithm to
generate siriusoidal forcing functions. Numerical
printouts and their graphic equivalent demonstrate
the action of the digital filter.

In this way it is possible to model practically any
analogue filter. Although some mathematical dex-
terity is required to expand the transfer function by
partial fractions the resultant algorithms will be very
simple and will consist of only the three factors
described, viz: distinct, repeated and complex con-
jugate.

Forcing
tunction I
1 1
1%0-0138s 4 as > Vo
1-0!
il
1+0-00072s

[LO0P ENTRY POINT
YY=(SXXX)+YY:
REM 1066 SINA
aT

22=CSXYY)+2Z:
REM [END OF Sl
NE ALGORITHM
X=CAAXYYXS5/7A3+
((]1-CS/Z7AXIXRD
REM 1/s+A

Y= (AAXYYXS/BO+
(C1-¢CS/BYYXY).
REM 1-s+B
SW=CYYXAADY - (A%X
Y+(AXYY:REM A
oD TERMS '
U= (EXWY s T=T+1 .
REM U=0/P

S iF T=18THEN
LET Z=2+1: |
LPRINT USING
B, HHHHHEE U,
W' T=RCC2)=U%

170:

188:

198:

N
N
=

N
(€3]
\S]

390
249:REM  PRINT AFT

FR 18 ITERATIO

NS & STORE IN

aRRAY FOR GRAP |

HICS
250: IF 2=50THN

LPRINT "END:

GOTO "GRAPH"
268.GOTO "CA_C" \
? 30Hz
-t / \
’|>\ S0Hz
>t
If 100Hz
N VAVAWAWAY

By entering appropriate constants and setting
appropriate input frequencies the behaviour of
the filter can be readily observed (dip at 50Hz for
instance). Note response to sudden application
of forcing function.

ELECTRONICS & WIRELESS WORLD

111



Electrometer amplifier

may be displayed on a strip-chart for ‘at :
glance’ interpretation. Freedom from the
disturbances attendant upon range switch-
ing operations are added advantage of this
mode of operation.

It is well known that, if the feedback
resistor of the conventional operationa
amplifier circuit is replaced by a junctior

" diode, the amplifier output approximates tc
the logarithm of the input signal and it may
be of interest to see how this principle is
applied to our projected electrometer ampli-
fier.

Figure 5 depicts the typical semiconduc-
tor diode characteristic; a simplified express-
ion for this relationship between applied
voltage and the resulting current is

v
I =l (ekT-1)
I,s=reverse saturation current
where V =applied voltage
q =electron charge
k =Boltzmann’s constant

From this expression it can be seen that
when V = 0, [ = 0 and when V = 60mV, it
may conveniently be further simplified to

qVv
I=I, ekt

at normal ambient temperatures.
Taking logs of the revised expression,

\A
log.I= logel,s+qﬁ
kT kT
—logl—=logl,
3 log q [0l

As the last term is constant at constant
temperature,

and hence V=

dV/dlogl=kT/q

At 300°K this gives a figure of approximately
60mV per decade: a relationship which holds
for perhaps ten decades determined by the
physical dimensions of the diode.

Normal signal diodes are unsuitable at the
minute currents measured by electrometer
amplifiers and it is common practice to use a
high Hgg small-signal transistor as the feed-
back element as shown in Fig.6. In this
arrangement I;,=I., which closely approxi-
mates to I, if Hpg is high and constant. As
with the linear amplifier, external leakage is

continued from page 65

minimized by the use of a transistor of small
area and, for this reason, the transistor is
often reversed to make its emitter the input
terminal, it being the smaller electrode in
epitaxial devices.

The lower level of input current to which
the logarithmic relationship extends is de-
termined by the external leakage and by
recombination current within the transis-
tor, and few discrete devices are suitable at
femtoamp levels. However, some of the very
small geometries used for 1.s.i. microcir-
cuits, for example the Ferranti CDI process,
are well suited to the application.

The upper limit of the input current range
is determined by ohmic resistance, which
only becomes significant at current levels
well above our projected maximum, even for
devices of such small size.

One interesting outcome of the use of a
three-terminal logarithmic feedback ele-
ment is that the output voltage is essentially
unaffected by input offset-voltage variations
of the operational amplifier: that is, there is
no voltage drift due to this cause. However,
the logarithmic response can be distorted at
low current resulting from the voltage
offset, which must therefore be as small as
possible.

Referring to the preceding paragraphs in
which the parameters of the logarithmic
response were discussed, it will be seen that
the output voltage (V) will range between
approximately — 60mV and — 400mV over the
five-and-a-half decades of input current.
This is insufficient to drive a strip-chart

fin Ec -

Common

Vbe
out

Fig.6. Replacing the feedback resistor by a
junction diode provides a log response.

Fig.7. Circuit diagram of complete log
amplifier with linear stage to drive a recor-
der. Second transistor compensates for
temperature characteristic of feedback
transistor.

+VE supply

Amnplifier with
dual mosfet onsfa?t
input stage ugren

.£/A>?’

Iin(‘F

Slope temperature
compensation
/ teedback

~-200mV/decade
/ T~ Matched—"
- 4 - . v g Common
Scale “zero” temperature
Transistor log compensation transistor
feedback element -VE supply
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recorder efficiently and further amplifica-
tion is necessary. The following linear scal-
ing amplifier also facilitates back-biasing to
‘zero’ the recorder for the lowest current to
be measured and the means for compensat-
ing the temperature dependence of the
feedback element.

Temperature effects. If V., is plotted
against logy Ii,,, the curve produced will of
course be a straight line over the range of
input current for which the logarithmic
relationship holds; the slope of the line being
2.3026 kT/q volts per decade, as previously
derived. Thus, the slope varies directly in
accordance with absolute temperature. To
compensate for this temperature depend-
ence, the gain of the scaling amplifier is
made to vary inversely with temperature.

L ]
EXHIBITIONS AND
CONFERENCES

3-4 February 1987

Cellular Radio and mobile communications
Conference at the London Press Centre,
Shoe Lane, London EC1. Organized by IBC
Technical Services Ltd. Tel: 01-236 4080.
12-13 February 1987

Convergence of computing. and telecom-
munications. Conference at Royal Lancaster
Hotel, London. Organized by IBC Technical
Services Ltd. Tel: 01-236 4080.

17-20- February 1987

Which Computer? Show. National Exhibi-
tion Centre, Birmingham. Cahners Exhibi-
tions. Tel: 01-891 5051.

23-27 February 1987

Fiarex 87 international electronics trade
fair. Rai Exhibition Centre, Amsterdam, Rai
Gebouw, Europaplein, Amsterdam.

3-6 March 1987

International Open Systems Conference
(and a MAP seminar, 4 March). Barbican
Centre, London Onlire Exhibitions. Tel:
n01-868 4466. Semicon Europa 87 exhibi-
tion of semiconductor production equip-
ment and materials. Zuspa Convention Cen-
tre, Zurich, Enquiries to Cochrane Com-
munications, Tel: 01-353 8807.

24-26 March 1987

Cadcam 87 exhibition and conference. NEC
Birmingham. EMAP Int. Exhibitions, Tel:
01-608 1161. Internepcon Production Show
and conference — “from CAD to testing” NEC
Birmingha. Cahners Exhibitions. Tel: 01-
891 5051.

25-26 March 1987

Instrumentation Bristol 87 Exhibition. Bris-
tol Crest Hotel. Trident Int. Exhibitions. Tel:
0822 4671.

31 March-2 April

Scottish Computer Show and conference
Scottish Exhibition Centre, Glasgow.
Cahners Exhibitions. Tel: 01-891 5051.
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RADIOCODE CLOCKSLTD

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

" NEW PRODUCTS )

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

® RUBIDIUM FREQUENCY
STANDARD
High performance, compact and
rugged instrument. 2U rack or ', ATR
case options.

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

¢ LOW COST MSF
FREQUENCY STANDARD
Instant operation, directly traceable
to N.P.L., self-contained portable unit,
no scheduled frequency changes,

24 hr transmission, real time J

\ synchronisation

@ Off-air frequency
standards

@ Intelligent time systems

@ Caesium/Rubidium based
clocks & oscillators

® Master/slave systems systems

® Time code generators/readers
® Record/replay systems

@ Intelligent display systems

® Precision ovened oscillators

@ Time/frequency distribution

Radiocode
Clocks Ltd*

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

{*A Circuit Services Associate Co.)

\.
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HART — The Firm for

LINSLEY-HOOD 300 SERIES AMPLIFIER KITS
Superb integrated MosFet amplifier kits with an unbeatable pedigree,
circuit design by John Linsley-Hood and engineering by HART.
Ultra easy assembly and set-up with sound quality to please the most
discerning listener. ideal basis for any domestic sound systems if
quality matters to you. Buy the complete kit and save pounds off the
indlvidual component price.
K300-35, 35 Watt, Discount price for Complete Kit
K300-45, 45 Watt, Discount pnice for Complete Kit
RLH4&5. Reprints of Original Articles from 'HiFi News'

LINSLEY-HOOD SYNCHRODYNE AM RECEIVER
Very high quality kit for this recent design featured in 'Wireless World. Advanced construction
system, approved by the Author, uses 3 double sided PCBs in a stacked layout for total stability, ease
of construction and minimal wiring. This module will form the AM section of an uitra high quality
AM/FM switched bandwidth tuner to match our 300 series amplifiers. Power supply and tuning gang
will be includec with the FM section.
K450 JLH Synchrodyne Kit..

. £1.05 no VAT

. Special Price £59.95

STUART TAPE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reel-to-reel recorders. These circuits will give
studio quality with a good tape deck. Separate sections for record and replay give optimum
performance and allow a third head monitoring system to be used where the deck has this fitted
Standard 250mV input and output levels
K900W Stereo Kit with Wound Coils and Twin Meter Drive
RJS1 Reprints of Original Articles.........

.£65.67
£1.30 no VAT

HIGH QUALITY REPLACEMENT CASSETTE HEADS
Do your tapes lack treblel A worn head could be the problem. Tape
heads are constantly improving and fiting one of our latest
replacement heads could restore performance to better than new!
Standard mountings fit most decks and our TC1 Test Cassette will
make it easy to set the azimuth spot on. As we are the actual = L
importers you get prime parts at lowest prices. All our heads are Iq =
suitable for Dolby machines.
HC20 Permalloy Stereo Head. Good quality standard head fitted as original equipment on many
decks .. £7.66
HS16 Sendust Alloy Super Head. Quite simply the best Longer life than permailoy. higher output than
fernte, fantastic frequency response £14.86
HQ551 4-Track head for auto-reverse or quadrophonic use. Full specmcanon record and play head .
Special Offer Stereo R/P Heads .
4-Track Auto-Reverse Play Head .
HS9510 2/4 Stereo DC Erase Head

HQ751E 4/4 Erase compatible with HA551 .
Full data on these and other heads in our range are contained in ourfree list.

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you to set up VU {(Dolby) level, head azimuth and
tape speed without test equipment. Vital when fitting new heads. Complete with instructions ... . £4.66

JLH QUALITY AM RADIO
Sets of Parts available now, including Short Wave coils. Full kits ready later. Send for list.

Send for your FREE copy of our lists with full details of our complete range of Kits, Components,
PCBs, Cassette Heads and Decks: — Overseas please send 5 IRCs for Airmaif Post.

Please add VAT to all prices. Postage on orders up to £10— 50p. £101t0 £49~£1. Over £50 - £1.50.
ELECTRONICKITSLTD
m 1. Penylan Mill, Oswestry, Shropshire SY10 9AF
24 bhr SALES LINE (0691) 652894 Please add VAT

ELECTRONICS & WIRELESS WORLD

DM 105 - Pocket DVM from

A meter to literally suit all | d ]
pockets - including the one ,r ,’
that holds the wallet!
Its small size offers easy one hand operation, with large, clear,
wide-angle display.
But small does not mean delicate; the DM105 can withstand a 12
inch drop without damage, due to its glass epoxy PC boards,
shock mounted display and through thermoplastic case.
Overloads are handled with similar certainty; the resistance
range is protected up to 500 dc, AC voltage range to 800V rms
and DC voltage ranges up to 1000V.
Battery life is typically 2000 hours and a LO BATT indicator
signals 20% battery life remaining.
Ranges
DC Volts: 2V, 20V, 200V, 1kV
AC Volts: 200V, 750V
Freq Range: 45Hz - 450Hz
DC Current: 2 mA, 20 mA,
200 mA, 2A
Resistance: 2K, 20K, 200K, 2M
DC Accuracy:
+ (0.5% reading + 2 digits)

Size: 130 x 75 x 28mm
Weight: 195g
Accessories: Battery, test leads

and manual.

Price £24.75 inc VAT

Please add 70p for post and packing.

This is just one of our range of quality Analogue and Digital
multimeters.

Full details and specifications from:

Cirkit Distribution Ltd

| | Park Lane, Broxbourne, Herts EN10 7NQ (N

Telephone (0992) 444111 Telex: 22478 _ VISA

| J TRADE ENQUIRIES WELCOME l———}
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PINEAPPLE SOFTWARE

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

DIAGRAM

Still the only drawing program available for the BBC micro which gives you the ability to draw really large
diagrams and scroll them smoothly around the screen stopping to edit them at any time if required.

Pineapple’s unigue method of storing the diagram information on disc means thal the size of diagrams is
limited only by the free space on disc, and not the amount of computer memory you have available. (A blank
80 track disc will allow up to 39 mode 0 screens of diagram).

The superb print routines supplied with the program enable farge areas of the diagram to be printed ina
single print run in a number of different sizes and rotated through 90 deg. if required. Full use can also be
made of printers which have a wider than normal carriage available.

The program is fully compatible with the Marconi Tracker ball described below.

PLEASE STATE 40 0r 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED
PRICE £25.00 + VAT

PCB

This new release from Pineapple is a printed circuit board draughting aid which is aimed at producing
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatible dot-matrix
printer.

The program is supplied on EPROM and will run with any 32k BBC micro (including Master series: Also
supplied is a disc containing a sample PCB layout to demonstrate the programs features.

By using an EPROM for the program code the maximum amount of RAM is available for storing component
location and ASCII identification files etc. (Up to 500 components and 500 ASCII component descriptions
may be stored for a given layout). These is no limit to the number of tracks for a given PCB, aithough the
maximum size of board is restricted to 8" * 5.6".

Using amode 1 screen, tracks on the top side of the board are shown in red, while those on the underside
are blue. Each side of the board may be shown individually or superimposed. A component placement screen

DIAGRAM UTILITIES

A suite of six utility programs which add additional features to the ‘Diagram’ drawing program. The utilities
include the saving and loading of areas of diagram to and from disc. The ability to display the whole of your
large diagram on the screen at one time (in either 4%4 or 8%8 screen format). The addition of borders and
screen indents to diagrams, and the ability to shift a whoie diagram in any direction.

PRICE £10.00 + VAT

allows component outlines to be drawn for silk screen purposes and component numbers entered on this
screen may be displayed during track routing to aid identification of roundels.

The print routines aflow separate printouts of each side of the PCB in a very accurate expanded definition
1:1 or 2:1 scale, enabling direct contact printing to be used on resist covered copper clad board.

This program has too many superb features to describe adequately here, so please write or ‘phone for more
information and sample prinouts.

PRICE £85.00 + VAT

MARCONI TRACKER BALL
This high quality device comes with it's own Icon Artmaster drawing program and utilities to enable it to be
used in place of keyboard keys, joysticks, or with your own programs.
PRICE £60.00 + VAT p&p £1.75
PRICE INCLUDING ‘DIAGRAM’ SOFTWARE £79.00 + VAT p&p £1.75

CONVERTER LEADS

Converter leads to enable the Trackerball to run mouse software and the mouse 1o run trackerball software
{inc. DIAGRAM). Please state which way round when ordering.

PRICE £8.00 + VAT

TRACKER BALL for MASTER series

The Pointer ROM is supplied instead of the Icon Artmaster disc and enables the Tracker ball to work
directly with the MASTER series computers. (e.g. to use with TIMPAINT etc.). Prices are the same as for the
standard tracker ball.

MICROSPICE

A new addition to our range of engineering software. Microspice is a very powerful DC and AC analogue circuit
simulator package for any model BBC computer.

As well as alf the ysual facilities available with this type of program, non-linear effects. small signai, noise
measurements and sweeps may be performed. Component values may be swept, aliowing component tolerances tobe

POINTER

The Pointer Rom is available separately for people already owning tracker balls, and comes with
instructions for use with the MASTER computer.

PRICE £12.50 + VAT

investigated as well as thermal performance etc. Comprehensive transistor modelling is incorporated using a 20
parameter Ebers Moll description.  The program is suppiied on disc with a very comprehensive 49 page manual,
Please write or ‘phone for more information

PRICE £99.00 + VAT P&P FREE

ALL ORDERS SENT BY RETURN OF POST

[} &) (o) N . ele /)
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FOR THE BEST CIRCUIT
SIMULATION C.A.D.

Designers are turning to ‘THOSE ENGINEERS' software. They keep ahead
by knowing what is going on while free to experiment without the costs,
delays and uncertainties of physical testing. Those Engineers software
which creates a net list removes the chores and errors in documenting.
Ask us too for schematic layout software.

ECA-2is an example of one of our circuit simulators

Features:
[ — ~ Transient analysis — timing diagrams plotted,
DC analysis - DC transfer curves plotted,
AC analysis — Bode curves (gain and phase) plotted,
also phase and group delay output,
Fourier analysis — transients output in frequency domain

1 .
-j:
Tunnel Diode Oscillator

Monte Carlo and Worst Case, Components

temperature eftects supported

Breakpoints and polynominals supported
lo” fexp(v'a)/(n'k't)—1),

Resistors may have inductance etc, etc,

Component characteristics can be made

to vary with both time and frequency

according to any function. Offset currents

may be iImposed

Up to 64 connections per model to main

circuit, no timit on number or size

Signals may be sampled or injected

|
I w |
Tolerancing —

| Temperature -
Non-linear simulation -
Full diode model —
Complex components —
Variants —

DCTransfer Curve

Macro models —

Probe - anywhere
Interactive mode has powerful editing and
Dual mode — interrupting facilities: Batch mode for
heavy work allows you to come back,
Sparse matrix technique allows typically
High capacity - over 500 nodes in 512K memory, 8087 (or
- I 80287) coprocessors supported,
High Speed A ring-bound reference manual of over

200 pages is an integral part of ECA-2,
Reference Manual - If you need more convincing, ring us for
Vout details of money-back trial,

No risk trial — ECA-2 costs just £465+ VAT, ECA-2
- - compares favourably with well-known
] A Low price mainframe simulators and is more

powerful than any other we know avatlable
on PC's.

l Vins = 242v

THdSE ENGINEERS software which is available from £99 supports IBM PC's and
compatibles and the range of BBC microcomputers. As engineers in electronic and
mechanical product and process design, we welcome enquiries for other requirements.

THOSE ENGINEERS LTD, (formerly Seasim Engineering Software),
Unit D1, Fairoaks Airport, Chobham, Surrey GU24 8HX.
Tel Chobham (09905) 6565, Tix 8950511 mark for mailbox 23332001.

FORTH
EMBEDDED
COMPUTERS

Triangle Digital Services Ttd

100a Wodd Street, london E17 3HX

Tel 01-520--0442 Telex 262284 (Ref M0O775)
ENTER 14 ON REPLY CARD
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ELECTRONICS
& WIRELESS WORILD
Editorial Feature List

JANUARY 1987
Printed-Circuit Board Connectors

We look at the morass of types that are used to connected printed
circuits to back planes, to each other, to flat cables and to the
outside worid.

For further advertising details please ring
Ashley Wallis on: 661 8641
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\WORKFILE

This month’s piece comes from Brendan Rooney,
technical director of Exchange Resources.

the electronics and computing fields to

find that less than 25% of the industrial
jobs market is in the defence sector. The
reality of the market is heavily distorted by
the recruitment strategies of the large mul-
tinationals involved in defence work. For
example, most undergraduates are only
aware of the larger companies who appear at
the ‘milk rounds’: in reality, there is a vast
number of small to medium sized firms
working in non-defence electronics and
computing who are never seen at recruit-
ment fairs. They can generally offer secure
work in non-military employment.

Large numbers of advertisements appear-
ing in technical publications are also for
military jobs: again, this distorts the image
of the job markets. Job turnover in the
defence industry is high and there are
certain vacancies that can never be filled,
hence the need for intense marketing cam-
paigns. As a result of this state of affairs the
defence industry has to employ contractors
to fill some of the vacancies, which tend to be
very highly paid positions compared with
those of the staff working alongside who, in
turn, can be underpaid compared with their
commercial equivalents. To attract new
graduates, reasonable rates of pay are
offered, but this can lead to a small pay
differential between the new people and long
standing employees. Long-standing em-
ployees feel that their skills are not portable
across to the commercial sector, a belief
which is not necessarily true.

Exchange Resources is a new venture in
the electronics and computing recruitment
field. It aims primarily to encourage employ-
ment outside the defence sector. In the belief
that this country has far too much of its
resources invested in an unnecessarily large
and provocative system that has little to do
with actual defence. However the ethos of
the agency is not simply anti-defence. The
agency has been set up to encourage those
companies that provide a good working
environment for their employees and that
take into account each employee’s personal
views. Hence, Exchange Resources deal with
some of the large electronics corporations
who are obviously involved in defence work
but who have other, non-defence depart-
ments. These companies are willing to take
on people from Exchange Resources, with
the explicit understanding that the em-
ployee has specific moral objections to work-
ing on certain applications of technology.
Exchange Resources therefore wishes to
encourage the use of our resources —
human and material — in ways which
actually strengthen industry and liberalize
the working environment. We are not affili-
ated to any political party or any other
organization or their ideologies.

The ideas behind our company originated in

It comes as a surprise to many people in

ELECTRONICS & WIRELESS WORLD
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1984. While Tony Wilson was co-ordinator of
Electronics for Peace (EfP) in 1984/5, several
people had asked him to find them non-
military work. At this stage he was in no
position to do so, but as a result of this and
discussions within the EfP steering group,
there was a vague idea of providing a jobs
agency and skills register (since at least one
such agency already exists in the USA).
Then, in the summer of 1984, James Plum-
mer of Prospect International — a success-
ful London-based recruitment agency in the
computer field— contacted Tony and asked,
“Why don’t you set up an agency for people
who don’t want to work in defence?”. A
couple of meetings with James gave EfP the
impetus to act and the Barrow Cadbury
Trust provided an initial grant.

As a result of this backing Tony Wilson
began work at the start of 1986 as m.d. of
Exchange Resources, initially working three
days a week on the project. There are now
three directors and we are presently looking
for a fourth person with drive and commit-
ment to fill the vacant fourth place. All the
directors’ shares are held in trust.

MILSOM STREET

Exchange Resources have been based at 28,
Milsom Street, Bath since the beginning of
July 1986. At present there are three full
time workers Tony Wilson — managing
director, Jackie Greenwood and Sally Aust —
who both work in the Milsom Street offices
and three part time workers Hugh Deynem,
Brendan Rooney and Steve Bryant. Although
the organisation is a limited company it is
intended to keep a simple two-tier hierarchy,
so that we remain fairly close to the idea of a
co-operative. It was decided fairly early on in
the process of formation to set up as a
limited company since there was no experi-
ence of co-operatives within those of us
interested in Exchange Resources.

The aims of Exchange Resources are to
provide staff training and development for
our own staff and pay the market rate for our
skills.

OPERATION

We offer a recruitment-agency service at
very competitive rates.

Since the formation of the agency we have
received over 140 c.vs from very high calibre
people in the electronics and computing
fields. Presently, we are dealing with around
100 companies and have placed three candi-
dates in the first few months.

The agency receives c¢.vs from candidates
attracted by our service, which are summa-
rized and held on our Amstrad PCW8256.
The summarised c.vs are then passed to
companies having specific vacancies for
which the candidate is suited. The summar-
ies are deliberately short so that employers

won’t have to trudge through mountains of
text to find what they are looking for. When
they show interest in a candidate, we can
then provide more detailed information.
Since these c.vs are on a database, they can
be searched at will, to identify specific skills
for example. As part of our business strategy
we believe in communicating with all the
candidates and identifying the type of work
they are looking for; this is not always
obviousfromac.v.

Since we are in the electronics and com-
puting fields we feel that we should make full
use of electronic mail. Hence the Amstrad is
now linked into GEONET mailbox EFP and
One-to-One mailbox 25020001. We are cur-
rently taking up Telecom Gold and Prestel.
These networks will provide candidates and
companies with an immediate link to us as
well as another media for advertising.

PROJECTS

As well as the recruitment agency business
Exchange Resources aims to support com-
panies working on socially useful products
and projects. This work includes supporting
anumber of projects which in the fullness of
time can be taken to market. At present we
have the following projects on our books.

Eritrean radio. At the present time, we are
talking with Warwick University about this
project. It is currently seen as a combination
of an a.m.(s.w. and m.w.) radio for receiving
infrequent national broadcasts and an f.m.
radio for receiving low-cost local transmis-
sions. There will be two versions, one for
small travelling family groups, using a small
loudspeaker and rechargeable batteries, and
the other for village centres with a larger
loudspeaker. This radio will be assembled
and maintained in Eritrea in existing work-
shops which employ people with disabilities.

Radiation hazard monitoring. This project is
aimed at monitoring the effects of non-
ionizing radiation specifically the physiolo-
gical hazards.

Waveform synthesizer. We are presently
looking at the feasibility of bringing to
market a low-frequency transient-waveform
synthesizer. This will be based around a
standard PC with corresponding hardware.
The system will allow a waveform to be
designed on the computer screen.

To conclude then, Exchange Resources
are showing industry that there is a market
for the novel type of service we provide. We
are gradually building up contacts in indus-
try and have met with some very positive
responses. Perhaps the least expected came
when we were approached by a large
electronics company, whose non-military
division had been told to deal with us.
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APPOINTMENTS *

Advertisements
accepted up to

N

12 noon December 22
for February issue J

r
DISPLAYED APPOINTMENTS VACANT: £23 per single col. centimetre (min. 3cm). j
LINE advertisements (run on): £5 per line, minimum £40 (prepayable).

BOX NUMBERS: £11 extra. (Replies should be addressed to the Box Number in the
advertisement, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).

PHONE: SUSAN PLATTS, 01-661 3033 (DIRECT LINE)
LCheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossead

WA e

ech |

e

- With the most successful companies and consultancies - both large and s

N R e 5

JOBSEARCH

£10,000 - £30,000

(several include co. car) with excellent career advancement opportunities.
Experience in any of these fields would be a particular plus:

HIGH SPEED SIGNAL PROCESSING: REAL-TIME 16/32BIT, ARRAY,
ASM-VMS/UNIX etc: A | & EXPERT SYSTEMS: IMAGE & GRAPHICS

CUSTOM VLSI DESIGN: ANALOG/RF CIRCUIT DESIGN.

ECM offers confidential and professional guidance: we will listen to
FREE CASSETTE “Jobsearch Technology” and hear how ECM cal

Call ECM on 0638 742244 - until 8.00 p.m. most evenings - or send your cv (no stamp needed) to-
ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED

CLIVEDEN

RADIOCOMM SYSTEMS Y
Repair and service RF & VHF
communications equipment.
£10,000 + Car
MEDICAL EQUIPMENT
Maintain and fault-find x-ray and scanning
equipment.
£9,000 + Car Middlesex
DATA-PROCESSING SUPPORT
Provide technical support on Winchester
and floppy disc drives throughout Europe
£15,000 Berks
MICROPROCESSOR SYSTEMS
Complex fault-finding of digital and micro
systems. Extensive travel in UK and
overseas.
£12,000 + Essex
PAGING SYSTEMS
Service and repair of pocket pagers. Travet
within London and the Home counties.
£8,000 + car N.London
DATACOMMS/LOCAL NETWORKS
Systems test of digital and microprocessor
systems.
£10,000 Bucks
Hundreds of other Electronic
and Computer vacancies to
£15,000

Phone or write:
Roger Howard C.Eng. M.L.E.E. M.L.LE.R.E.
CLIVEDEN RECRUITMENT

92 Broadway, Bracknell,
Berkshire RG12 1AR

Tel: 0344 489489

Surrey

FREEPOST, BURWELL, CAMBRIDGE, CB5 8BR

TECHNOLOGY

HARDWARE, SOFTWARE & SYSTEMS APPOINTMENTS )

R,
A3

R 2

mall - throughout the UK & Europe: Offering first class salary/benefit packages

PIPELINE OR BIT SLICE ARCHITECTURES; SOFTWARE - C, PASCAL; ADA:
PROCESSING: LASER/FIBRE-OPTICS: SONAR: RADAR: COMMUNICATIONS:

your requirements and identify opportunities to suit your plans. Phone now for your
n help you to develop your career.

BROADCAST

\

ENGINEERING TRAINEES

The Independent Broadcasting Authority is responsible for
the transmission of Independent Television, Fourth
Channel and Independent Local Radio services. We now
have a number of vacancies for Broadcast Engineering
Trainees. On successful completion of their training they
willenjoy technically challenging and secure employment in
the operation and maintenance of our national network of
television and radio transmitters.

‘The next Broadcast Engineering Trainee Course will begin
in September 1987 at our Training College at Seaton in
Devon. Two terms will be spent at Newcastle-upon-Tyne
Polytechnic, and there will be periods of on-station training
atour Regional Operations Centres. The 18-month Course
demands high standards of commitment and attainment,
and leads 1o a nationally recognised Diploma in Broadcast
Engineering.

Applications are invited from men and women who hold (or
who expect to gain in 1987) degrees in Electrical/Electronic
Engineering or similar disciplines. We also invite
applications from candidates holding (or about to gain)
HND/HNC qualifications in Electrical or- Electronic
Engineering, or the City and Guilds Telecommunications
Technicians Full Technological Certificate.

‘The salary whilst under training will be in the range £7,123
- £7,982 per annum depending upon qualifications and
experience.

‘The IBA arranges and pays for hotel accommodation at the
Course centres, and meets all tuition fees.

Following successful completion of the Course, the annual
salary on appointment as a Broadcast Engineer 1 will be
£9,857, rising by annual increments to £12,297. Further
progression to £15,241 per annum is possible.

Employment benefits on permanent appointment to the
Broadcast Engineer grades include free life assurance and
personal accident scheme, contributory pension scheme
and (under certain conditions) relocation expenses.

For an explanatory booklet and application form, please
write, quoting reference ENWW/ER, o Alan Deboo,

Personnel Officer - Engineering Regions, Independent
Broadcasting Authority, Crawley Court, Winchester,
Hampshire SO21 2QA, or telephone the Personnel Office
between 9.00am and 4.00pm, Monday to Friday on
Winchester (0962) 822574 or 822273,

Completed application forms must be returned by
Wednesday 21st Janvary, 1987,

* AN EQUAL OPPORTUNITIES EMPLOYER *

INDEPENDENT \—

[BA | moseciime e

ANGEL RECORDING STUDIOS are
expanding.” We now require an
adgitional Maintenance Engineer
with Pro-Audio experience. Please
send C.V. to:= Karen Ludgate, Angel

Recording Studios, 311 Upper Street,

London N1 2TU (356) ol
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ELECTRONICS & COMPUTING

T You don't have to continue working
on things you don't believe in, with people who'd want
you locked up if they knlew what yqu really thought . ..

Promoting Equality of Opportunity. For businesses and
people who want a say in how their technology is used.
EfP Ltd, 28 Milsom St, BATH BA1 1DP (0225) 69671

| EXCHANGE RESOURCES

RECRUITMENT AGENCY
& BUSINESS CONSULTANCY

nm How would you like to try an agency
hat rewards you for ethical decisions? And deal with
businesses which respect vour views?

BATH 0225 69671

r-------- (N X N N N N N N |
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r
;
[
i
I

CAPITAL APPOINTMENTS LTD
THE UK's No. T ELECTRONICS AGENCY

If you have HNC/TEC or higher qualifications and are
looking for a job in design, test, customer service, technicat
sales or similar fields:

Telephone now for our free jobs list
We have vacancles In all areas of the UK
Salaries to £15,000 pa

018083050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF

i O R R A G SO I TR IR

R A G IS IS B S IR S aE e

(291)

QMC INSTRUMENTS LTD

QMC Instruments Ltd is a University-owned company which specialises
in research development and manufacture of scientific instruments for a
world-wide market.

We have a vacancy for an

Electronics Engineer

to assist with the development and production of electronic equipment for
applications in far-infrared to millimetre-wave instrumentation and
ultrasonics.

The successful candidate will have H.N.C., B.Sc. or equivalent
qualifications, a good working knowledge of electronics. The post
requires the ability to work unsupervised, to liaise with suppliers and
subcontractors, and to take initiatives in product development. Proven
achievement within a small company environment will be an
advantage.

Salary is negotiable around £9,500, depending on experience and
qualifications. Applicants should write, enclosing a C.V., to K. Maries,
QMC Instruments Ltd, 229 Mile End Road, London E1 4AA.

E C COMPONENTS

We buy large and small parcels
of surplus /C, transistors, capa-
citors and related electronic
stock. Immediate settlement.
Tel: 01-208 0766
Telex: 8814998
(2491)

Radiotelephones,
Terminal Units, Test
Equipment, Ex-RAF
Radar and Instruments.
Forward £1.00 P.O. (Refundable on first
purchase for list).

Address to:

Brent Electronics & Comms,

49 Seaview Street, Cleethorpes,
South Humberside DN35 8EU.
Tel: 0472 6690383

ELECTRONICS DESIGN
ENGINEER

Expanding geophysics company seeks
experienced graduate for development
of borehole logging equipment. A
strong background in microprocessor
systems and broad analogue/digital
experience is essential. The successful
candidate will contribute rapidiy as
a key member of a small motivated
design team.

Box No. 364

Hardware, Software, Electronics,

ATE and RF.
Engineering vacancies

PERMANENT AND FREELANCE

Please reply to:

Mrs. Jean Coulter,

HS Consultants,

2 Place Farm, Wheathampstead,
Herts. AL4 8SB. Tel: (058283) 2002.

Professmnal Career Opportunities

g Lo The Easy Way to look for your new job from the

* comfort of your own armchair. Our well qualified
consultants will carefully match your
requirements against
appropriate vacancies.

We have many clients seeking Engineers and Technicians at all levels and we are
particularly interested in hearing from you if you have experience in the following:

*ATE Programming
eTechnical Authorship

*Real Time Software eTechnical Sales
eRadar Systems *RF Development

Your next step is to complete and return the attached coupon or

telephone John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends.

Executive Recruitment Services

ELECTRONICS & WIRELESS WORLD

POST CODE

QUALIFICATIONS

NONE

SALARY

JOB

|
|
|
|
| TENO
|
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|
|

R .

CG/HNC

(Mr/Miss/Mrs)

AGE ..

DEGREE OTHER
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VIDEO ENGINEER

The Services Sound and Vision Corporation is a large, well
established international organisation, with a heavy involvement
in the Electronic Engineering Industry.

We are looking for a Video Engineer to carry out mobile duties in the
Camberley/Sandhurst/Aldershot area. Candidates will be expected
to be able to work on single and three tube colour cameras, VHS
and U-Matic VCRs, RGB Monitors and CCTV systems.

The salary package includes the provision of a company estate car,
and an excellent pension and life assurance scheme.

For further information and an application form please contact:
Mrs. A.R. Sive, Personnel Officer. Tel: Chalfont St. Giles 4461
Extension 347. Please quote Ref: 11/92.

The Services Sound and
Vision Corporation

Chalfont Grove, Gerrards Cross,
Bucks SL9 8TN.

overseas.

VIDEO ENGINEERS &
VIDEO TECHNICIANS

The Services Sound and Vision Corporation is a well established
organisation providing a complete whole-life support system for
users of video and audio visual aid facilities both in the UK and

We are looking for bench Video Engineers and Video Technicians
who have had detailed practical experience to service and repair
single and three tube colour cameras, U-Matic and VHS VCRs,
studio ancillary equipment, monitors and CCTV systems.

Salary will be dependent upon qualifications and previous
experience. We have an excellent pension and life assurance
scheme, free staff restaurant and assisted travel scheme.

For further information and an application form please contact:
Mrs. A.R. Sive, Personnel Officer. Tel: Chalfont St. Giles 4461
Extension 347. Please quote Ref: 9/87

i Bucks SL9 8TN.

The Services Sound and
Vision Corporation

Chalfont Grove, Gerrards Cross,

ARTICLES FOR SALE

Telequipment $/B oscilloscope £69. Tektronix S0z
mainframe. 1wo timebases. time delay, calibrator
cic.. £128. 1A2 plug-in (S0MHz) £49. L plug-in £25
Avo EHT meter, linear scale (-15. 0-30 KV, HV probe
(lock-on) reverse polarity & range switches, £39. Twin
head Xenon, white-light. power stroboscope. switch.
pulse and transducer inpuls, specds to 60N pm.
oulpul sockel, meter readout. detachable ltong-lead
head, free-run. sync, calibrator £135.  Marconi
TF 10668, FM'AM signal generator . [(-470 MHz £175
Universal Densitometer £35. Vacuum pump £98.
Monocular  microscope £79. Binocular siercoscopic
microscope £195. TF 1441 signal generators £59-£95.
EHT meter electrostatic, 15KV £20. Ignition Analyscr
£39. Wayne-Kerr SR 268 L Source & Detector £79
Marconi sig-gen 10-30 MHz £49. Wayne-Kerr B 6011
RF Bridge £65. S 161 Source £69. R161 Detector £69
Boxes of 25 Silicon slices £25. Photomultiplier Variable
EHT supply £39. IKV 2}¥115 fsolation Transformer
£35. Wayne-Kerr Autobalance Capacitance Bridge
£49. Wayne-Kerr 0.1% Universal Bridge. batieryi
mains, semiconductor £125. Dawe Phasemeter £69
Low-R Ohmmcter £45. Muirhcad Standard variable
capacitor £49. Sullivan £29. e1c. etc. 140-376236.

ELECTRONIC COMPOQ

SEMICONDUCTORS, all types, INT
DIODES, RECTIFIERS, THYRISTORS

ALL AT KNOCKOUT PRICES — Com

TO MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND

NENTS FOR DISPOSAL

EGRATED CIRCUITS, TRANSISTORS,
, etc. RESISTORS, C/F, M/F, W/W, etc.

CAPACITORS, SILVER MICA, POLYSTYRENE, €280, C296, DISC
CERAMICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc.

e-and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713
R. HENSON LTD.
21 Lodge Lane, North Finchley, London, N.12
: (5 minutes from Tally Ho Corner)

(1613)

NORTH SURREY
WATER COMPANY
FOR SALE
Low hard AM VHF Mobile
Radio Units
Maker Model Quantity
Pye Westminster 20
STC/ITT  Starphone(AM7} 18

To be purchased without guarantee.

Please contact:
R. MASON,
NORTH SURREY WATER CO.
on 0784 (Staines) 55464

NOW AVAILABLE - Bumper
Catalogue — 170 pages — for collectors of
vintage radio, audio & TV equipment.
Price: £2.00 post paid UK, £3.00 post
paid overseas. Vintage Wireless Co.
Ltd., Cossham Street, Mangotsfield,
Bristol BS17 3EN. Phone: 0272 565472.

(208)

68000 KIT SYSTEMS RACK, or
single board. S.a.e. to Dept. WW, Ralph
Allen Eng., Forncett-End, Norwich.
Tel: (Bunwell) 895389 420. 342

CASSETTE MECHANISMS.
Quality. Auto reverse, front loading,
slot in. ldeal for background music
players. Japanese manufacturer. Trade
enquiries welcome £30 each + VAT.
Club Electronics, 43 Ormesby Bank,
Middlesbrough TS7 9H.J. 0642

323885. (365
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G.W.M. RADIO LTD.

40/42 PORTLAND ROAD, WORTHING, SUSSEX
Tel: 0903 34897
Eddystone EC1838/1 (Marconi Marine Allantic) digitai
readout 1.5 to 3MHz in 5 ranges USB/AM solid state
115/230AV AC supply, 19 inch rack mount. unused
condition quanlilz available £380 inc. p&p. Also Nebula
EC958, Pacific EC1837 and Apollo recevers in stock
Many interesting items  for caliers. V.G. electronics
teletext — calibrated distortion unit 1033. Teletext
decoding margin meter type VGE 1035. Teletext
generator. “Trend” Telegraph pius data generator
message generator No 1A “Trend" Data Transmission

test set No 1-8. Open to inspection and reasonabie offer.

BRIDGES waveformn/transistor
analysers. Calibrators, Standards.
Millivoltmeters. Dynamometers. KW
meters, Oscilloscopes. Recorders.
Signal generators — sweep, low
distortion, true RMS, audio, RM,
deviation. Tel: 040 376236. (2616)

GRUNDIG infra-red remote control
VIF-K1 consist transmitter TPV355
and receiver VIF-E! brand new £5,
P&P £2. Video Tapes (V2000) brand
new VCC360 £6.99p. Post 45p. Stan
Willetts, 37 High St, West Bromwich,
West Midlands. 021 553 0186. 347

RADIO telephone system complete low
band AM system including TAIT
mobiles for sale. Offers. Enquiries 0354
55822. (360)

GOULD 054020 10MHz dual trace
digital storage scope with manual and
two probes £900+ VAT. Meteor 600MHz
frequency meter £80+VAT. Manor
Supplies. TV colour pattern generator
£60+VAT. Also other equipment and
TV and video spares. Tel: 01-841 1769
(6-7pm week days). (355)

GOLLEDGE T
[ELECTRONICS] -

QUARTZ CRYSTALS
OSCILLATORS AND FILTERS of
all types. Large stocks of standard
items. Specials supplied to order.
Personal and export orders welcomed
SAE for lists please. OEM support thru:
design advice, prototype quantities.
production scﬁedules. olledge
Electronics, Merriott, Somerset YA16
5NS. Tel: 0460 73718. (2472)

When replying to

classified advertisements,

to take steps to protect

their interest before

|
I
readers are recommended }
sending money {

ARTICLES WANTED

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and
electronic scrap and quan-
tity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO
86 Bishopsgate Street
Leeds LS14BB
0532 435649

ELECTBO__LO(LII_J {BEDS)

Competitive rates for a
reliable service including

PCB & CABLE ASSEMBLIES
FULL CHASSIS WIRING
SUB & FINAL ASSY. WELCOMED
PLEASE CONTACT:
0525-378590

for immediate attention

TURN YOUR SURPLUS i.cs
transistors etc. into cash, immediate
settlement. We also welcome the
opportunity to quote for complete
factory clearance. Contact COLES-
HARDING & CO, 103 South Brink,
Wisbech, Cambs. 0945584 188. (92)

FOR CLASSIFIED
ADVERTISEMENTS
RING
SUSAN PLATTS

6613033
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SERVICES

L WANTED J

cable loom and test facilities
available.

R.C.C. ELECTRONICS,
Woodman Works, 204
Durnsford Road, London
SW19 8DR. Tel: (01) 879 1242

Electronic flash, also
measurement and industrial
control

PULSE PHOTONICS
Box No: 336

ELECTRONIC
SERVICES
CIRCUIT DESIGN,
ARTWORK,
PCB ASSEMBLY,
PROTOTYPES
For quality
workmanship at
economic prices
please telephone:
LOGICOMP
at 01-281 0633

328

used in advertisement.

to be added.

PCB’S MANUFACTURED.
Prototype, small/large production runs,
single, double-sided, P.T.H. screen
printing, panels, labels, solder masking
& photography. Orbitechnic Circuits,
The Rear of 127 Woodlands Road, Ilford,
Essex. Tel: 01-5535211. (154)

IMPORTS/EXPORTS of all kinds of
Electronics and Computers. Please send
your enquiry or product details to
DEDICATED MICROPROCESSORS
LTD, 299A Edgware Road, London W2
1BB, England, or Telex 945922
GLADEX-G for the attention of Mr.
C.Paps. (300)

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

To “Electronics & Wireless World” Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

@ Rate £5 PER LINE. Average six words per line.
Minimum £40 (prepayable).
@ Name and address to be included in charge if

@ Box No. Allow two words plus £11.

@ Cheques, etc., payable to “Business Press
International Ltd.” and cross “& Co.” 15% VAT

Unit 4, Fordingbridge Site
Main Road, Barnham,
Bognor Regis,
West Sussex PO22 0EB

Tel: 0243 68 5111/2 179

WANTED GOLD PLATED SCRAP.
Best prices edge connectors boards etc.
Send smaple with no obligationto P & F
Turner & Sons, 9 Farndon Road, Oxford
OX26RS. Tel: Oxford (0865) 510293.
(329)

WANTED. Televerters (VHF to UHF).
Portable VHF or VHF/UHF signal level
meters and spectrum analyser. TV
relay system repeaters, EMI, Jerold etc.
Sadelco or other spectrum calibrator.
Selling valves:— 90cv. T41. E180F.
EL81.CV4004. PC:— 86, 88,900, 97, etc.
PCC:- 89, 189, 86. PCF:— 86, 800, 801.
Others all new and cheap. 05055-2118
8am--10pm. 344

CIRCOLEC WANTED . STEWART OF READING
THE COMPLETE ELECTRONIC SERVICE e o 110 WYKEHAM ROAD
Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A. P Any ("uamﬁy ’ READING RG6 1PL
(slgrr:,sizgancy, Prototypes, Final Assembly. Full PCB Flow Soldering Gooc_i prices pa'id. TEL NO: 0734 68041
g’uality workmanship by profefssionals at economic pricles. lmmecg‘ate:::t:;ement. TOP PRICES PAID FOR
ease telephone 01-646 5686 for advice or further details. yelsialfng:
302310 COMMONSIDE EAST, MITCHAM Hedge Enc Southampion. S NPhaERIT
COMPUTER
P.C.B. ASSEMBLY WORK ELECTRONIC DESIGN EQUIPMENT,
CARRIED OUT BY Specialising in: 5 COMPONENTS etc.
EXPERIENCED COMPANY Lasers for industrial & TEST EQUIPMENT ANY QUANTITY
Fast, efficient and reasonable. commercial applications FOR SALE & WANTED
Prototypes, sub-assemblies, Power supplies including Buyers and Disposal Officers contact:
linearH.V. COOKE INTERNATIONAL WWII RADIO/RADAR

EQUIPMENT WANTED including
receivers APR4, R1355, R3515
transmitters TR3191, T1154, T3065,
indicator units 182A, modulators 64,
158 magnetrons CV38, CV64, scanners,
any Al, ASV, M2S units, and any other
equipment/manuals. Also set of WW
1940-1950 Bristow, 6 Finmere, North
Lake, Bracknell, Berks. 345

WANTED. Low cost image intensifier
tubes. Such as: Stock remainders or
second hand or no longer in production
etc. WALLFASS, P.O. Box 1244, D-405
Moenchengladbach, W-Germany. Tlx:
852582, Tel: 2161-88555. (362)

O.E.M. OVERSTOCK!

We buy your overstock; and slow
moving components.

1.C’s:  TRANS: CAPS: OPTO:
POWER SUPPLY: SCREWS: ETC.
Tel: 01-904 1979
Fax: 01-904 9508
INTEGRATED TRADING

...........................................
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PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION
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BEST EVER VALUE END-OF-LINE BARGAINS!
@ COMPUTER SYSTEMS ISHKB uformartd accessis wihout g diseoven Notsotabie tr

SAMURAI S-16 MSDOS COMPUTER SYSTEM. 8086 based true 16 bitmachine AN PAE e

with high-res green screen; 128K memory {do-it-yourself expandable to HITACH! COLOUR MONITOR Mode! 1480P. High resolution 14" monitor with
512K); twin DSDD 8" floppy disc drives (total 2.3 MB); CENTRONICS parallel RGB, intensity & sync inputs at positive TTL tevels. Horizontal frequency is
interface; 2 x RS232 interfaces; MSOOS with full manuals. INCLUDED in the 16.75kHz & resolution is 640 x 200. IBM compatible. BRAND NEW. £149.00
price are PEACHTEXT word processing software, PEACHCALC spreadsheet, HITACHI COLOUR MONITOR Model CD2053 high resclution (720 x 416) 20"
and PEACHTREE TELECOMMUNICATIONS. All BRAND NEW with original colour monitor with RGB & sync input at positive TTL levels. Horizontal
manuals. £299.00 frequency is 24.2kHz. Suitable for Olivetii M24. BRAND NEW UNCASEQ. (We
TRIUMPH-ADLER P40 COMPUTER. 128K dual processor machine (8085 & have various other new uncased colour monitors still available at £35.00)
8088) with high res. monitor, single 0SOD 80 track floppy, 12.5 MR half height £195.00

WINCHESTER drive. CP/M & MSDOS are included in the price. BRAND NEW. HITACHI MONO MONITOR. All BRAND NEW but uncased and for 12V0C.
£295.00 15.625kHz-15.75kHz horizontal frequency; 50-60Hz vertical. Positive TTLvideo
TRIUMPH-ADLER P30 COMPUTER. As above, but with twin floppy disc drives & sync. 9", 12" & 14" available. £18.50

BRAND NEW. £195.00

PYRAMID Model 501 CP/M MICROCOMPUTER SYSTEM (Manufactured by

HTE Ltd). With 4mHz Z80A processor, 64K memory & twin TEAC Model FD-55F . WORD PROCESSOR

0S0D 80 track half height 54" floppy disc drives (total 1.5 MB). With serial ITT SCRIBE |1l WORD PROCESSING SYSTEM. Dual processor {Z80H & TI
RS232 & CENTRONICS paralle! interfaces & provision for a second serial 9395) machine with 128K memory, QUME printer interface & RS232 comms.
interface. These very compact (2%" high) machines are $-100 based (with interface. With dual 54" floppy disc drives (double density, double sided);
one spare slot), and are software compatible with NORTH STAR HORIZON. high resolution green-screen monitor & low profile keyboard. Excellent
CP/M Ver. 2.2 & some TELEX software is included n the price. BRAND NEW professional word processing software with many advanced features

or EX DEMO condition. {requires terminal). £195.00 including extensive help files, slow scrolling, mail-merge, information
MATMOS PC. Available without disc drives only. 64KB Z80A based machine retrieval, integrated data base, etc. is included in the price together with
with RGB, composite video outputs & UHF modulator. Serial, parallel, BASIC. Driginally selling at over £5000.00. BRAND NEW. £295.00

cassetie & peripheral bus interfaces are provided. MICROSOFT BASIC is in ITT SCRIBE i1 as above with 10MB Winchester & single floppy, 256K & NEC
ROM. A terminal emulation ROM is available at £20.00. £49.00 Mode! 7700 SPINWRITER 55cps daisy wheel printer. All BRAND NEW. £995.00

Please note: *VAT & CARRIAGE must be added to all items. Carriage is £2.00

+ VAT for 3" disc drives, and £10.00 + VAT for all other items.
. PERI PH E RALS A complete stock list (which includes test equipment & other items) is

HITACHI Mode! 3058 3" disc drives. With SHUGART compatible interface (34 available on request Visa & Access
way edge connector} & suitable for BBC with DFS, AMSTRAD 664/6128, AVAILABLE ONLY FROM accepted
TATUNG EINSTEIN & many others. 250K {double.density unformatted) per . C ]
side reversible; 40 track; standard power connector for 12V & 5V: overall MATMOS Ltd., 1 Church Street, Cuckfield, W. Sussex RH175J2.
power consumption typically 3.7W. Supplied BRAND NEW with connector Tel: (0444) 414484/454377

pin-out details etc. butuncased. Data cables only are available for AMSTRAD COMPUTER APPRECIATION, 111 Northgate, Canterbury, B

& BBC {£7.50) and TATUNG {£10.00} £29.95 Kent CT1 1BH. Tel: (0227) 470512 Telex: 966134 COMPAP

[atmos and Computer Appreciation

ENTER 20 ON REPLY CARD
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\Why use dedicated cards for data

acquisition which are noisy and use valuable ~

card space? For unbeatable quality and value, buy

any ClL interface and you can get our I[EEE control card

for only £150 extra! It enables you to use any other CIL data acquisition
IEEE instrument, with the extra advantages of on-board firmware to link
with the computer’s language, and a watchdog for industrial applications.
32K RAM is available as an optional extra for [EEE data control.
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Joday's headliners from
Electronic Brokers

MARCONI

2955 Radio Communications

INSTRUMENTS
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CAN

2440 Microwave Counter
® Wide frequency coverage: 10 Hz to 20 GHz
® Fast acquisition time: only 200 ms typical

® High-stability oven-
controlled crystal oscillator £3650
2305 Modulation Meter
® 50 kHz to 2.3 GHz frequency range
® Exceptionally fast auto-tuning, with low

£5392

® Modulation analysis, inclu-
ding frequency and power

GRUNDIG

Test Set

¢ 11 test functions, including full
duplex radio test

e 38 instrument settings in non-
volatile memory

® Revolutionary design:

fast and easy to use £5750

2022 AM/FM Signal Generator

® Wide frequency coverage: 10 KHz to
1000 MHz

® Simple push button operation, large LCD

display. .
e Comprehensive £2950
£18950

modulation: AM/FM/PhM
2382/80 Spectrum Analyser

£1200
£4530

and Display, 100Hz -400MHz

2610

True RMS Voltmeter to 25 MHz

2019A AM/FM Signal

Generator to 1040 MHz

2018A AM/FM Signal

Generator to 520 MHz £4300

TV TEST EQUIPMENT

MO22 20MHz Dual-channel Oscilloscope

® Automatic or manual time-base selection

® Triggerable second time-base guarantees
error-free ‘zooming-in’

e Hold-off control and
Z-modulation

® TV triggering on line or frame

MO20 20MHz Dual-channel
Oscilloscope

MOS53 50 MHz Dual-
channel Oscilloscope

£475
£325
£1175

VG 1000 Video Generator

® Comprehensive range of test
patterns

® Includes VTR head adjustment
signal

® External Sync and RGB output
fitted as standard

® Digital circle reproduction with

permanent memory, £1995

zero drift.

FG7 PAL colour pattern

Generator £625
ME90 Field strength meter,
LF radio to UHF Tg £2950

MT700 Monitor Tester for
mono and colour £1 225

VP1030 Video Level Meter £1 895

THE U.K.'s,gﬂ
NO.

TEST EQUIPMENT
DISTRIBUTION COMPANY

PHILIPS TEST
AND MEASUREMENT

(R

PM 5193 Programmable

Synthesized Generator

@ Frequency range 0.1mHz-50MHz

® 8 standard programmable waveform
outputs

© FM/AM Modulation facilities

® Full 8 digit resolution with LED display

e |EEE interface fitted £3440

as standard

PM 3055 50MHz Dual Time

Base Oscilloscope

e Auto-set for amplitude,
timebase and triggering

® Multi-function menu driven

soft keys

® LCD panel displays settings
and status

® CRT 16kV acceleration
voltage £895

PM 2534 Complete System
True RMS Multimeter

® |IEEE interface fitted as standard
* 3> digit to 64 digit modes

e Up to 100 measurements/second

e Accuracy t0 0.005%,
resolution to 100nV £843
£1310

PM 8154 intelligent A4
£1643

X-Y Graphics Plotter
PM 3256 75MHz Dual
Trace Oscilloscope,
fully ruggedised

FLUKE DIGITAL
MULTIMETERS

JF 27 Ruggedized Hand-Held DMM

® 3" digit LCD with Bar graph

® Min/Max and relative mode operation
® Touch-hold facility and auto

e DC accuracy 0.1% £216
JF 25 Sealed and

ranging
ruggedized hand-held DMM £1 93

JF 37 Bench Portable DMM

® 32 digit LCD with analogue
bar graph

® Auto/manual ranging

® 0.1% basic DC accuracy,

® Touch-hold facility £187

JF 52 Dual Point Digital
Thermometer

® 0.1°C resolution

® Scanning and recording capability

e Min/max storage

® Touch-hold facility £1 33
JF 51 Single Point Digital

Thermometer £95
JF 77 Muttifunction Hand-Held

DMM £1 1 0
JF 75 Full-feature analogue/

digital meter £88
JF 73 Hand-Held DMM with

simplicity and value £72

For the full stories, also latest news on
Hameg, Thandar and Thurlby, contact:
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Electronic Brokers

140/146 Camden Street, London NW1 9PB
Fax: 01-267 7363. Telex: 298694. Tel: 01-267 7070.
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