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THE HIGH TECHNOLOGY TEST
INSTRUMENTS OF THE FUTURE

GRUNDIG OSCILLOSCOPES

M020: 20MHz DUAL-CHANNEL M022: 20MHz DUAL- CHANNEL

0SCILLOSCOPE OSCILLOSCOPE WITH AUTOMATIC TIME
» 20MHz Dual channel oscilloscope RANGE

> 2 mVicm with full bandwidth » 20MHz Dual channel oscilloscope

> Automatic peak-value trigger » Automatic time base selection

P> TVline and field triggering P Soft tuning for fast manual adjustment

P> Add and invert (Both channels invertable) P Triggerable 2nd time-base, guarantees error
P Internal graticule and X-Y operation free ‘zooming-in’

This 20MHz dual-channel oscilloscope has » Hold-off control and Z modulation

advanced facilities, making it easy-to-use, with | p. pjys aji the agvanced engineering of the
all the ruggedness and reliability to meet your MO20

go-anywhere testing needs. Included is a
peak-value trigger to ensure stationary displays.
Triggering facilities al'ow ¢'2ar display of even

‘'complex signel shapes. £325

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

> Multiburst facility to measure frequency
response

> 8 memories for rapid station store/recall

P> Suitable for TV sets, monitors or VIRs

> Compact and versatile for field or laboratory

use

VIDEO GENERATOR VG 10@0

> Professional video generator

» Comprehensive range of test patterns

P Includes VIR head adjustment signal

- Excellent signal quality

» External sync. facility

» RGB output

A professional broadcast-quality pattern
generator to meet the highest professional
standards. Its special test card allows full visual
assessment of the video system, including a

special output for £1995

precision testing of VIRs.

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 stationfrequenciescan
be recalled from memory for rapid test capability

— even for special bands
and the IF output.

For further information and a colour brochure contact our Sales Office.

All prices excluslve of carriage and VAT. Prices comect at time of going to press. A copy of our trading conditions is available on request.

GRUNDIG TV/VIDEO TEST EQUIPMENT

053: 50MHz DUAL-CHANNEL

0SCILLOSCOPE

» 50MHz Dual channel oscilloscope

P Automatic time-base selection

> 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. £1175

s

FIELD STRENGTH METER ME90

P Fully automated field strength measurement

P LF radio to UHF TV in a single unit

» Versatile test result selection

» Storage of received signal frequencies, for
rapid testing

> Alpha numeric display for station checks

> Unattended monitoring with built-In resuits
printer

» 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.
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704 page catalogue. o : Integrated circuits
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OMMENT

White-collar
engineers

nthis issue appears an article in which the author puts forward the view that there is
apressing need for a return to basic thinking in electronic engineering training, the
requirement being to produce all-rounders, in the engineering sense.

There appears to be a feeling that a fledgling graduate in electronics or some
related discipline needs only to cultivate a relationship with his design-assisting
computer, whereupon he can dismiss from his mind almost everything from Ohm’'s Law
to the upper reaches of semiconductor physics and devote himself to broad concepts. The
feeling is reinforced in conversations with university lecturers, some of whom express
unease at the lack of interest shown by students in the bricks and mortar of electronic
engineering. Computing is the spur, it seems, and engineering is beginning toassume
once again its traditional greasy image — even the electronic variety.

It can hardly be denied that the computer, in all its forms, is here to stay. But, if
education is to consist of almost unalloyed computer programming and application,
classical engineering being regarded as superfluous to an engineer’s needs, we are surely
heading for a disastrous shortage of people who possess an understanding of what is

happening behind the technology.

There exists a point of view that engineers do not need the kind of training formerly
thought to be essential — the bare bones of circuit design or the physics that lie behind
them. Computers are available, they say, which are able to provide fully calculated designs
ready to be built: why is the basic theory needed? Faced with a need for, say, an amplifier
with a given specification, one can choose from a range of integrated circuits or hybrids.
consult the relevant application note and consider the requirement met. And so it is, but

who designed the amplifier in the first place?

This is not unsubstantiated fancy. A lecturer of our acquaintance, who asks that his
anonymity be protected because his views are unpopular with the university authorities,
is outraged at the way inwhich he is told to teach electronic engineering. Circuit design is
for technicians, he is told. All an engineer needs is a standard circuit configuration, a
computer to calculate the component values and plot the circuit characteristics and
someone else to construct and install it. Even testing is regarded as unnecessary, since
the computer indicated that the design was valid.

Taker toalogical conclusion, this view of the needs of a graduate engineer is bound to
concentrate the understanding of what is happening in reality, as opposed to whata
machine says is happening, in the hands of a very few integrated-circuit designers, so that
these few and a host of technicians will know the subject and the ‘white-collar’ graduates
will be interchangeable with any other computer operator.

There is currently a shortage of engineers in some areas of electronics —r.f. design, for
example. If the above approach to engineering training is ultimately adopted universally,
it is difficult to see how the shortage can be reduced.
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BBC Computer & Econet Referral Centre

AMB15 BBC MASTER Foundation computer 128K £434 (a)
AMB12 BBC MASTER Econet computer 128K (only ANFS) £334 (a)
AMCO06 Turbo (85C — 02) Expansion Module £105 (b)
ADF13 Rom Cartridge £13(b) ADF10 Econet Module £41{c)
ADJ22 Ref Manual Part 1 £14(c) ADJ23  Ref Manual Part Il £14{c)
ADJ24 Advanced Ref Manua! £19.50(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 bundled software £385 (a)
SYSTEM 2 System 1 with a 12" Hi Res Mono Monitor £469 (a)
SYSTEM 3 System 1 with a 14 Med Res RGB Monitor £599 (a)
Second Drive Kit £99 {c) Extension Cable for ext 5.25" drive £10 (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 Z80 2nd Processors £329 (a)
MULTIFORM ZBO 2nd Processor £299 (b)
TORCH Z80 2na Processor ZEP 100 £229(a)
TZDP 240: ZEP 100 with Technomatic PD800P dual drive with buiit-in monitor stand £439 (a)

META Version Ill - 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 ail 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 other peripherals for the BBC. For detailed specifications and pricing
please send for our leafiet.

Viewsheet User Guide £10 (d)

1770 DFS Upgrade for Model B £43.50 (d)
1.2 0S ROM £15 (d)

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

-208 1177 Tecunomanc Lin 01-208 1177

DISC DRIVES

5.25" Single Drives 40/50 switchable:
TS400 400K/640K

PS400 400K/640K wrtH‘rhtegral mains power supply )

5.25"Dual Drives 40/80 switchabie:
TD800 800K/1280K .

PD800 BOOK/1280K wr('r\"r'r'\'tegral mains. power supply
PDB8OOP 800K/ 1280K with integral mains power supply and monitor stand.

3.5” 80T DS Drives:
TS$351 Single 400K/640K

PS351 Single 400K/640K with |rr(egral mains power suppry

TD352 Dual 800K/1280K

PD352 Dual 800K/1280K with |ntegral mains power supply

£114(b)
_£129 (b)

... £226 (a)
...£229(a)
£249 (a)

_£187 (b)

3M FLOPPY DISCS

industry Standard floppy discs with a lifetime guarantee Discs in packs of 10

5Y4" Discs
40T SS DD £10.00(d)
80TSSDD £14.50(d)

40TDSDD
80 TDSDD

3V2 Discs
80T SS DD £20.00 (d)
80TDSDD £25.00 (d)

£12.00 (d)
£16.00 (d)

PRINTERS & PLOTTERS

FLOPPICLENE DRIVEHEAD CLEANING KIT
FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cieaning discs

ensures continued optimum performance of the drives.

514" £12.50 (d)
31" £14.00 (d)

DRIVE ACCESSORIES

Single Disc Cable £6 (d)
10 Disc Library Case £1.80 (d)
50 x 51%" Disc Lockable Box £9.00 (¢)

Dual Disc Cable £8.50 (d)
30 x 5'%" Disc Storage Box £6 {c)
100 x 52" Disc Lockable Box £13 (c)

EPSON STAR NL10 (Paralle! Interface) .£239(a)
EPSON LX-86. £209(a) STARNL10 (SenalInterface) £279 (a)
Optional Tractor Feed LXB0/86. . £20(c)
Sheet Feeder X80/86... . ..£49 (c; BROTHERHR20 ... - £329(a)
FX85 (80 col) .. £315(a COLOUR PRINTERS
FX105 (136 col) .£435 (a) Epson JX80. ) . £420 (a)
Légoo e 03 g; Integrex Jet Printer ... £525 (a)

: PJ10BOA . . ..o £409 (a
L1000 £619 {a) 22”0” T @

tprint Plus om for
TAXAN: Epsom versions for FX, RX, MX
KP810 (80 col) £215 (a) and GLP ... _.£28(d)
KP910 (156 cof) £349 (a)
JUKI PLOTTERS =
Epson HIB0 ... . £319(a
6100 (daisy wheel). £279(@)  fhacniers L case 533
NATIONAL PANASONIC Graphics Workstatron
KX P1080 (80 co) _£149(a) (A3 Plotter) : £599 (a)
PRINTER ACCESSORIES

We hold a wide range of printer attachments (sheet feeders, tractor feeds etc)
in stock. Senal, parallel, IEEE and other interfaces also available. Ribbons
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices.

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

2000 sheets 9.5° X 11" £13(b) 2000 sheets 14.5" X 11”7 £18.50(b)

Labels per 1000s: Single Row 3,” X 1 7/16” £5.25(d) Tripie Row 2-7/16" X 1 7/16" £5.00(d)

MONITORS
RGB 14" MONOCHROME
1431 Std Res .. £179(a) TAXAN 12"HI-RES
1451 Med Res. £225(a) KX1201Ggreenscreen ... £90 (a)
1441 HiRes ... £365(a) KX1203A amber screen............... £95 (a)
. PHILIPS 12" HI-RES
MICROVITEC 14" RGB/PAL/Audio BM7502 green screen................. £75 (a)
1431AP Std Res .. £199(a)  BM7522 amber screen.................£79 (a)
)\ﬁ‘bf*f’ Std m:s s |§§5’9 (@) 8501 RGB StdRes ... £139 (a)
ove monitors avai in

e A (Loded plastic HANTAREXHX12. . . £69 (a)

ACCESSORIES
TAXAN SUPERVISION Il Microvitec Swivel Base .. .. £20(c)
12" — Hi Res with amber/green options. Taxan Mono Swivel Base wi
IBM compatible .................... . £279(a) clock ... £22 (c)
Taxan Supervision 1l ... £319(a)  Philips Swivel Base .

MITSUBISHI
XC1404 14" Med Res RGB. IBM & BBC
compatible . £219(a)

BBC RGB Cable...
Microvitec...... K
Taxan £5(d)........ Monochrome £3.50 (d)
Touchtec — 501 £219(b)

MODEMS

MIRACLE WS 2000 - 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 (¢), Data Cable £7 {d), Auto Diai Card £27
(d). Auto Answer Card £27 (d).

WS 3000 RANGE - the new professional series. All are intelligent and ‘Hayes’
compatible, allowing simply 'English’ commands to control its many features. All models
feature Auto-Dial with 10 number memory, Auto-Answer. Speed buffering. printer port.
data security option etc. All models are factory upgradeable.

UVERASERS

UV1T Eraser with built-in timer and mains indicator
Built-in safety interlock to avoid accidental exposure
1o the harmful UV rays

Itcan handle up to 5 eproms 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-
serswith handling capacity of 14 eproms. UV141 has
a built in timer. Both offer full built in safety features
UV140 £69, UV141 £85, p&p £2.50.

PRINTER BUFFER

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
will automatically switch from one computer to
next as soon as that computer has dumped all its
data. The computer then is available for other uses
LED bar-graph 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 Cable switchabie at both ends
allowing pin options 1o be re-routed or
linked a1 either end — making it possibie
1o produce almost any cable

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

Serial Mini Test
Monitors RS232C and CCITT
V24 Transmissions,
indicating status with dual
colour LEDs on 7 most

configuration on site and reused £22(d) | significant iines. 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 pius 1200 baud fuil duplex £495 (a).
\Ehilissg(:g()’ V22bis (as above plus 2400 baud fuil duplex) CON N ECTO R SYST EM S
\é\g;o(zbz, provides 1200/1200 haud tull duplex operation. - |D CONNECTORS EDGE cé?ﬁﬁ:%?f;;s R|BBON CABLE
3 {grey/metre}
WS3024 provides 2400/2400 baud fd only. £570 (b). No of (S._f:ao:;!o;i;ggge) = CONNECTORS (36 Ilélay é)(l;:)g ((?I%r\((:r)og'és 10-way 40p  34-way 160p
ag)E 01 0156 soider P P 16-way 60p  40-way 1804
GEC Data Cable for WS3000 £7 (d). Data Cables for AR Thd Chee oo 2x6-way (commodore) ~  a00p | 36 way ski Centronics ey M
other micros available. The WS3000 range all have BT 20 145p  125p  195p g" LOavark,, 3 150p = (solder} 550p (IDC) 500p 26-way 120p  64-way 280p
approval. 26 175p  150p  240p X 12-way (vic 20} —  350p 24 way plug IEEE (solder)
34 200; 160 21 2x 18-way — 140p .
GEC DATACHAT 1223 - An economically B P i R | 2rzwevaxen s oz | 3IRIOCIATER
priced BABT approved modem complying with 50  235p  200p  390p g gg::; SoEenT 20{;5 220 500p ()r’Dc, 500p DIiL HEADERS
50017505 a0 T8, 15000p anG 120011 200 iiiey 2§ PR 14 pi o 0o
ps a 200bps al / ps 1x 43-way 260p — 24 7 pin p p
pseudo full duplex. It is jine powered, does not D CONNECTO RS g" 42§ way ;ggp - way 700p 36 way 7500 16 pin 50p 110p
require external power source. It is supplied No of Ways P ey 4 =~ 18 pin 60p -
with software suitable for connecting to 9 15 25 37 ; x gé_::ws,w,m ;38: ey GE%%T;B’}N;ERS 20 pin 75p —
PRESTEL, Micronet 800, Telecom Gold and a MALE: yBly 24 pin 100p 150p
host of bulleting boards. Special Offer £49 (b). Ang Pins 120 180 230 350 EURO CONNECTORS Male to Male €10 28 pin 160p 200p
SOFTY 1 BCT 133 278 b 0| Dnaer Pg Sia | MaleloFemae g0 | dpm W P
5 325 2% 32 StP 2 7 Female to Female £10
This low cost intelligent eprom programmer can program 2716, 2516, FEMALE: way St Pin 30p  275p
2532, 2732. and with an acaptor. 2564 and 2764, Displays 512 byle StPin 100 140 210 380 2Xx 32way Ang Pin  275p 320p ATTENTION
page on TV has a senal and  par- Ang Pins 160 210 275 440 3 x 32 way St Pin 260p 300p RS 232 JUMPERS AR =
aflel /O routines. Can be used as an emutator, cassette interface Soider 90 130 195 290 3Xx 32way AngPin  375p 400p o Altprices in this double page
As:;t;g‘.i” for trss.g%:) [ 195 325 375 [EOERAE 400p 24" Single end Malo £5.00 | advertisment are subject to
e o StHood 90 95 100 120 IDC Skt A+ C 400p 26" Single end Female £5.25 change without notice.
Screw . 130 150 175~ For 2 x 32 way please specify A R 9% | ALL PRICES EXCLUDE VAT
SPECIAL OFFER spacing (A + B, A +C). 24" Male Female £9.50 Please add carriage 50p
2764-25 £2:00(d); unless indicated as follows:
27128-25 £2:501(d); TEXTOOL ZIF MISC CONNS DIL SWITCHES (a) £8 (b) £2.50 (c) £1.50 (d)
6264 LP-15 £3:40(d): SOCKETS 24-pin £7.50 21 pin Scart Connector 200p 4-way 90p 6-way 105p £1.00
-1 3:40(d); 28-pin£9.10 40.pin£12:10 8 pin Video Conneclor  200p 8-way 120p 10-way 150p )

TECHNOLINE VIEWDATA SYSTEM. TEL: 01450 9764

Using ‘Prestel’ type protocols. For information

and orders — 24 hour service, 7 days a week
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7405  0.30 74293  0.90 | 7405295 140 |} 74Ci4 0.50 | 4088 1.20 LM741 TBA920 2.00 | 65C02-2MHz 2532 - 75172 4.00 | 74C923 6.00
7406  0.40 | 74298 1.80 | 74.S29714.00 | 74C20 070 | 4093 035 LM7747 TBASS0 2.25 12.00 | 280PI0 250 | 2564 | 1100 | 5085 g9
7407 040 | 74351 2,00 | 74LS298 1.00 | 74C32 1.00 | 4094 090 LM748 7C9109 5.00 | 6502A 6.50 | ZBOAPIO 2.75 08 aso | 75188 060 BA%DR&ES
7408 030 | 74365A 0.80 | 74LS299 220 | 74C42 150 | 4095  0.95 LM1011 TCA210 350 | 65028 8.00 ¢ 280CTC 250 | 2708 . 430 1 TSigg  gleo ML !
7409 030 | 74366A 0.80 | 74LS321 3.70 [ 74C48 1.50 | 4096 0.90 | CA020 3.50 | [my0i4 TCA220 3.50 | 6800 250 | z80ACTC 275 | 27ISHSVAS0 | soa65 5o |
7410 030 | 74367A 0.80 | 741S322A 380 | 74C73 1.0 | 4097 270 } CA3028A 110} | 801 TCA270 350 | 6802  3.00 | ZB0ART 650 | 2736-35 838 | ;5i50  ggg
7411 030 | 74376 160 | 74LS323 3.00 | 74C74 1.20 | 4098  0.75 | CA3046 070 | |\igag 1CA940 1.75 | 6809 650 | z80ADART 7.00 | 2732 -50 75451 0.50
7112 030 | 74390 110 | 74LS324 320 | 74C76 100 | 4099  0.99 | CA3059 3.25 | |migyi 3. TDA1004A 500 | 6809E 10.00 2732A-2 9.5 75452 050
7413 050 | 74393 120 | 74.S348 2.00 | 74C83 2.00 | 450! 0.36 | CA3060 3.50 | |mig72 2. TDA1010 2.25 § 68809 10.00 | ZBODMA 7.00 75453 0.70
7414 0.70 | 74490 140 | 7405352 1.20 § 74C85 2.25 | 4502  0.55 | CA3080E0.70 | [pigg6 6. TOA10224.50 | 6BBO9E 12.00 | Z80ADMA 750 | 0 30 600 | 75454  0.70
7416 0.36 7418353 1.20 | 74C86 050 | 4503  0.36 | CA3085 1.50 | |pipgg 4. TDA1024 110 | 68000-LB 36.00 5739A.35 550 | 75480 150
7417 0.40 74L8356 210 | 74C90 1.90 | 4504  0.95 ] CA3086 0.60 1 |pogi7 3, IDAII0S 3.00 | go35 350 | Z80ASION28 | Soetiae g | 75491 065 | AY3I018P 300
7420 0.30 7408363 1.80 | 74C93 1.50 | 4505  3.60 | CAJ0BI9E250 | |m3302 0. TDA20023.25 § gocac 500 700 | 5206428 600 | 75492 0.65 | AYSI013P 3.0
7421 0.60 74L8364 1.80 | 74C95 160 | 4506  0.90 | CA0S0AQ 375 | | 3900 O. - 8039 420 | Z80BPIO 500 : COMB01? 3.00
7422 0.36 74L5365 0.50 | 74C107 1.00 | 4507 035 | CA3130E0.80 | |'m3009 1. b 80C39 7.00 | Z80BCTC 800 [ o7 oo 9o | BT26 120 | IM6402 4.50
7423 0.36 | 74LS00 0.24 | 74LS366 0.50 | 74CiS0 5.00 { 4508  1.20 | CA3130T 1.30 } /m3gq 1, I 8080A 740 | ZBOBDART 9.00 J o | 8128 120
7425 040 | 74LS0t 0.24 | 7415367 0.52 | 74Ci51 200 | 4510 055 | CA3140E0.45 | |\3gis 3. ] soesi o0 2725625 4.0 JSTTINEYSE  MODULATORS
7426 040 | 74LS02 0.24 | 74LS368 0.50 | 74C157 250 | 451} 0.55 | CA3140T 100 { | M3g15 3. TDA20302.50 | gocpsa 750 8196 120 P
7427 032 | 741803 0.24 | 741S373 0.70 | 74C160 1.80 | 4512 085 | CA3146 225 | |M3gip 3. TDA25935.00 | aoge - 2200 8T97  1.20 | 6MHz 375
7428 043 | 74LS04 024 | 74LS374 070 | 74Ci61 180 | 4513 1.50 | CA3160E 150 | |pmige0p 1. TDA26537.00 : 27512 POA | 98 120 | BMHz 450
4514 110 | CARG1E 2.00 TDA35607.60 | 8087  1.20 27512-2514.00 -
7430 030 | 74US05 0.24 | 74LS3750.75 | 74C162 1.80 M51513L 2. D so | 808 810595 140 (8
7432 035 | 740808 024 | 7415377 130 | 74Ci63 180 | 4315 VIO | CASIBZE 6.00 | msisieL aso | TOASBI07.50 | JOBTS 120 | 5101 400 [IMS27165.00 1 ooy %y SOUND &
7433 0.30 | 74LS09 024 | 7415378 0.95 | 74C173 100 | 4516 0.55 | CA3189E270 | mgaziz 200 | TDA70003s50 | S0878 160 | RY 810597 140 VISION
7437 0.30 | 74LS10 0.24 | 745379 1.30 | 74C174 150 [ 4517 220 | CA3240E1.50 | yci3gp 150 | TEA0027.00 : 21078 5.00 con?nousn 81LS98 1. -
7438 040 | 74LS11 0.24 | 74LS381 4.50 | 74C175 150 | 4518 0.48 | CA3280G 300 | 143 g75 | TLO6ICP0.40 | 8741 1500 | 2111A-354.00 88LS120 450
7439 0.40 | 74LS13 0.34 | 7405385 325 | 74C193 1.50 | 4519 032 | D7002  6.00 | wmcigsg 045 | TL062 0.60 | 8748 1200 | 54 150 | CRT5027 18.00 ¢ ‘
7440 040 | 74LS14 050 | 74LS390 0.60 | 74C194 150 | 4520  0.60 | DAC1408-83.00 | yC1495 3.00 | TLOB4 0. TMSI601 1200 | 21143 250 | CRT5037 1200 | 9602  3.00 CRYSTALS
7441 090 | 74L815 0.24 | 7405393 1.00 | 74C195 150 | 4521 115 | DACOB003.00 | pmc14g6 0.70 | TLO7! 0. TMS9980 14.50 CRT6545 9.00 | 9636A 1.60
74424 070 | 74.520 024 | 7418395A 100 | 74C221 250 | 4522 080 | DACOBOB3.00 | wmc3zaop 200 | TLO72 o TMS9995 18.00 | 2147  4.00 | EF9364 B.00 | 9537AP 1.60
7443A 100 | 74LS21 0.24 | 7408399 1.40 | 74C244 200 ; 4526 070 | DG308 300 | wmcasor 0.70 | TLO74 3. EF9365 26.00 32 768KHz 1.00
7444 110 | 740522 0.24 | 74L5445 1.80 | 74C245 225 | 4527  0.80 | HA1366 1.90 MC3403 0.65 | TLO81 . Z80 A 4116 2.00 | EF9366 25.00 | gg3p 190 | ]6432MHz 2.25
7445 070 | 74LS24 0.50 { 74LS465 1.20 | 74C373 2.25 | 4528 0.65 | ICL7106 6.75 | \MFI0CN 4.0 | JLOB2 O. Z80A 2. 4116-20 1.50 | EF9367 36.00 2.00MHz 2.25
7446A 1.00 | 74LS26 0.26 | 74LS467 1.20 | 74C374 2.25 [ 4529  1.00 [ ICL7611 0.95 | MK502409.00 | TLOB3 0. 2808 s EF9369 12.00 JE9.50 (- 245760MHz(L)
7447A  1.00 | 741527 0.24 | 74LS490 1.50 | 74C902 1.20 | 4531 0.75 | ICL7650 4.00 | w502 5.00 d Z80H d 41256-15 3.00 | MC6845 6.50 o
7448 1.00 | 74LS28 0.24 | 7415540 1.00 | 74C917 9.00 | 4532 065 | ICL7660 250 | wigzp 4.00 2, MCE845SP 6.50 2.45760MH2(S)
7450 0.36 | 74LS30 0.24 | 74LS541 1.00 | 74C912 450 | 4534 3.80 | ICLBO3B 4.00 | umgoaia 3.00 . MC6847 6.50 250
7451 035 | 74US32 0.24 | 74LS608 7.00 | 74C922 6.00 | 4536 250 | ICM75550.90 | NEszg 220 . SFF96364 8.00 [0 25MHz 2.50
7453 0.38 | 74LS32 0.24 | 74LS61025.00 | 73C923 6.50 | 4538 075 | ICM7556 1.40 | NEsay 120 IA2240 1. 00 || 4164-15Ti 300 | TMS9928 10.00 3.276MHz 1.50
7254 038 | 740533 0.24 | 741S612 25.00 | 74C925 650 | 4539 075 | LC7120 3.00 | NES44  1.90 | UCNSBOIA 6. 765A 1000 | 35735MHz 1.00
7480 055 | 74LS37 0.24 | 7415624 3.50 | 74C926 7.50 | 454! 090 | 1C7130 3.00 | NEsss 0,22 | ULN2001A 0.75 ! 6843 8.00 | 400MHz 1.50
7470 050 | 74LS38 0.24 | 74LS626 2.25 4543 070 | LC7181 350 | NEsse 0.60 | ULN2002A 0.75 i 441615 3.50 4194MHz  2.00
7472 0.45 | 74LS40 0.24 | 7405628 2.25 4551 1.00 | LC7137 350 | nNEses4  4.00 | ULN2003A 075 X 4532-20 2.50 4.43MHz 1.00
7473 045 | 74LS42 0.50 | 74LS629 1.25 4553 240 | LF347 120 | NEses 120 | ULN2004A 075 : | FD1771 20.00 | 4 9152mHz 2.50
7474 050 | 74LS43 150 | 74S640 2.00 4555 036 | LF351 080 | nEses  1.50 | ULN20682.90 i [ AD7581 15.00 | FD1791 20.00 | 500MHz 1.50
7475 0.60 | 74LS48 0.90 | 741S640-1 3.00 4556 0.50 | LF353 0.90 | Nesg7 125 | ULN2802 1.90 d 5i01/560) 4.00 | ADCOBOB 11.90 | FD1793 20.00 | 5068MHz 175
7476 045 | 74LS49 1.00 | 74LS641 150 [ 745 500 0.45 | 4957 4240 | LF355 090 [ NEs70 400 | ULN2803 1.80 . s514/5114 400 || AD561J20.00 | FD1797 22.00 | 6.00MHz 1.40
7480 0.65 | 74LS51 0.24 | 74LS642 2.50 | 74aS0504s | 9360 140 [ LF3SEN 110 | nNes7 300 | ULN2804 1.90 5516 400 || AM25S10 3.50 | WCI7I0 2400 | g14aMHz1.40
7481 1.80 | 74LS54 0.24 | 74186421300 | 75a 804050 | 2266 140 | LF357 100 [ nNEsgp p.go | UPC575 2.75 S517AP 400 | AM25LS2521350 | wWD169115.00 | 7.00MHz 1.50
7483A  1.05 | 74LS55 0.24 | 74US643 250 | 7:alsogosg | S068 240 | LF398 4.00 | Npssaop 150 | UPCS924 2.00 - AM25L525363.80 | WD214312.00 | 7116MHz 175
7484A 125 | 74S73A0.30 | 74156631 300 | 74a 10 gas | 9589 170 | LMIOCLH 450 | NEss3ap 160 | UPCTISGH 3.00 . 6116P-3 3.50 | AM26LS31 120 | WD2793 27.00 | 8 0OMHz 1.50
7485 110 | 74LS74A0.35 | 745644 3.50 | 74a 900 045 | 9272 045 | LM30IA 0.30 | neosaap 120 | UPC1IBSH 5.00 3. 6116LP-3 AM26LS32 120 | WD2797 27.00 § g867MHz 1.75
7486 042 | 74LS75 045 | 7405645 200 | 74a1832 045 | 4583 0.90 § LM307 045 | nessaap 150 | XR210 . AM79100C 25.00 10.00MHz 175
7489 210 | 74LS76A0.36 | 74156451 400 | 74a 74070 | 4584 048 | LM30BCN 075 | Opo7EPS5.50 | XR2206 4. d DaCsoce!-v 10 50MHz 2.5
7490A 0.55 | 74LS78 042 | 7415668 0.90 | .aci30 1o | 4585  0-60 | LM30 225 | piopa 500 | XA2207 3. : 6264LP-15 3.40 : 1070MHz 1,50
7491 070 | 74LS83A0.70 | 74LS669 0.90 | 74psi30 159 | 4724 150 | LM311 060 | pAcgias o XR2211 6. H DM8131 6. 11.00MHz  3.00
7492A 070 | 74LS85 075 | 74LS670 1.70 | 7in'spas 4go | 14411 750 | LM31B 150 [ geais 2 XR2216 6. €854 650 | g514.45 400 | OPB304 3. 12.00MHz 1.50
7493A 055 | 741886 035 | 74LS682 250 | 74pga5 475 | 14412 7S50 | LM319  1.80 | Rpegie5 1. XR2240 1. 68854 800 | ggig 200 | DS369 3. 14.00MHz 1.75
7494 110 | 74LS90 048 | 745683 3.00 | 74a5573 260 | 14476 300 | LM324 045 | gcassg 05 | ZN4O4 1. 6875  5.00 | 745189 1.0 | DS8830 1. ROS2B1UC TS0 | 14 31MHz 160
7495A 060 | 74LS91 0.90 | 745684 3.50 | 74aSare sog | 14419 260 | LM33aZ 115 § S50540 o ZN414 0. 8154  B.50 | 745289 2.2 | DS883I 1. RO3251AC 700 | 14 756mi1z 2,50
7496 080 | 741592 035 | 74LS687 350 | s4uiceso g0 | 14490 420 | LM3IEZ 1.30 | saarg00 1600 | ZN4IOP 1. 8155  3.80 DS8832 1. 15.00MHz 2,00
7457 2090 | 74LS93 0.54 | 7418688 3.50 . 14495 450 | LM336 160 | Srros3es 8.00 . 8156 380 | 93415 6.00 | DS8833 2 16.00MHz 2.00
74100 1.90 | 74LS95B 0.75 | 74LS783 16.00 145000 6.50 | LM339 040 | S 490 3.00 . DS8836 1.50 17 734MHz 1.50
74107 0.50 | 74596 0.90 14599 2.00 | LM348 060 | sn7601aN 3.00 H 8205 225 | 93425 6.00 | DS8838 2.25 18 00MHz 150
74109 075 { 74LS107 0.40 22100 3.50 | LM358P 0.50 | sN76023N 3.00 g 8212 2.00 07002 ~ 8.00 18.432MHz 1.50
74110 075 | 7408109 0.40 § 22101 7.00 § LM377 3.00 | SN76033N 3.00 ! 8216 160 MC1488 0.60 19 969MHz 1.50
74111 055 | 74LS112 0.45 ; 22102 7.00 | LM3BON-8 150 | SN76115N 215 5ol IRoVats MC1489 060 | SAA50206.00 | 20.000MHz 150
74116 170 | 74LS113 0.45 § . 40014 0.48 | LM3BON 150 | gn764894.00 | ZN429EB2.25 | go5c 408 28122 4.00 | MG3446 250 | SAA50307.00 || 24 000MH2 1.75 ¢
7418 110 | 74114 045 B : 40085 120 | LM3BIANT7O | Sn764954.00 | ZNA47E 9.00 | goop 550 | sa5op sy | MC3459 450 | Saason 16.00 | ag000MHz 175
74119 170 | 74LS122 070 | 74500 050 025 | 40097 0.36 | LM3BIN 300 | SN76660120 [ ZN48 1 750 1 goi3 o8 | Tasoso 2g0 | MCSHTC 475 | SAA50509.00 | emHz 25
74120 1.00 | 74LS123 0.80 | 74502 0.50 060 | 40098 040 | LMIB3 325 | opoacenp700 | ZN449E 3.00 | gaso  12.00 182A0%0 200 | MC3480 850 PXO1000 12.60 '
74121 0,55 | 74LS125 0.50 | 74504 0.50 0,45 | 40100 150 | LM384 2.20 | opasic™y o | ZN4SOE 7.50 Fihog 200 | mcaass 2.25
74122 070 | 7405126 0.50 | 74505 0.50 060 | 40101 125 | LM3BEN-1 100 | Fi %0 (00 1 ZnassCP 300 82514  3.25 ) MC3487 2.25
74123 0.80 | 74LS132 0.65 | 74508 0.50 024 | 40102 130 | LM38T 270 | a7i30 130 | ZN1034E2.00 | g333c.5 350 MC4024 5.50
74125 065 { 74LS133 0.55 | 74510  0.50 025 | 40103 200 1 LM3SI TBD | 1a7204 1150 | ZNA10406.60 [ giccacs 320 MC4044 5.50 Please note:
74126 055 | 74LS136 0.4s | 74511 075 036 | 40104 120 | LM3ZIN 110 | 1a7505 090 | ZNAI3MH: 23.00( lo0 | MCe883 1800, | All prices are subject to
74128 055 | 74LS138 085 | 74520 050 060 | 40105 150 | LM393 0.85 | 14350, 155 | ZNA234E9.50 MG14411 750 change without notice.
74132 075 | 7405139 0.55 | 74522 050 070 | 401068 048 | LM334CH 400 | L0050, 56 ! Basies o MC144127.50 ‘
74136 0.70 | 74LS145 0.95 | 74S30 0.50 036 | 40107 055 | LM709 035 g 75107 0.90 Only current prime grade
74141 090 | 74L5147 1.75 74232 0.60 0.55 :g}gg g-gg ;;’gg ?-23 components stocked
74142 250 | 74LS148 1.40 | 74537 060 0.60 . . .
74123 130 | 74LS151 065 | 74538  0.60 060 | 4010 2.25 ‘ REGULATORS ’ 75110 0.90 We also stock a wide
;4144 2.70 7:Lg|§§ 2.00 ;:ggo o.gg 0.80 :gu‘; g-gg = . 8282 4. j;gng :.gg [r)angeofT:TransFl’lsto;s,
4145 110 7415153 0.65 1T 0. 0.60 8 1A FIXED VOLTAGE PLASTIC T0220 o i0des, [nacs Flastic,
74147 170 | 74LS154 1.60 | 74564 045 070 | 40163 1.00 +VE i LASNCE . 8284 2816-30 15.00 | 75114 1.40 Bridge Rectifiers.
74148 1.40 | 741S155 0.65 | 74574 070 030 | #0173 1.20 8287 2K+8 3000 | 75115 140 Thyristors and Zenors
74150 175 | 74LS156 0.65 | 74585 5:50. 048 | 40174 100 5V 7805 0.45 7905 0.50 8288D 9306 256bits 7521 140 Y
74151A 070 | 74LS157 0.50 | 74586 1.00 0.24 | 40175 1.00 6V 7806  0.50 7906 0.50 8755A (16X16) 4.50 | 75122 140 Please phone for details
74153 0.80 | 74LS158 0.65 | 745112 1.50 090 | 40192 1.00 6V 7808  0.50 7908 0.50 75150P _1.20
74154  1.40 TALS160A 065 | 745113 1.20 0.40 40193 1.00 12V 7812 0.45 7912 0.50
74155  0.80 | 74LS161A 075 | 745114 1.20 060 | 40194 1.00 15V 7815 0.50 7915 0.15
74156 0.90 | 74LS162A 075 | 748124 3.00 075 | 40244 150 18V 7818 0.50 7918 0.50 2N5777 050 | o ac.
74157  0.80 | 74LS163A 0.75 | 745132 1.00 035 ; 40245 150 24V 7824 0.50 7924 0.50 BPX25 1.80 g 02
74159 225 | 74LS164 0.75 | 748133 0.60 125 | 40257 180 1A FIXED VOLTAGE PLASTIC TO92 8Pw21 280 | REDTIL2090.12 | Titooo 015
74160 110 | 74LS165A 110 | 745138 1580 100 | 40373 1.80 5V 78L05 0.30 5V 79L05 0.45 OCP71  1.80 | GRNTIL211016 | Tu2o2 018
74161 080 | 74LS166A 150 | 745139 180 1.26 | 40374 1.80 6V 78L06 0.30 12V 79112 0.50 ORP12 120 | YELTIL212020 | Ti226  0.22
74162 110 | 74LS168 1.30 | 745140 1.00 250 | 80C95 0.75 8V 76L08 0.30 15V 79115 0.50 ORPEO 1.20 | Rect LEDs MAN74/DL704
74163  1.10 | 74LS169 1.00 | 74S151 1.50 070 | 80C97 0.75 12V 78112 0.30 ORP61  1.20 | (R/G/Y) 0.30 MAN71/DL707
74164 120 | 74LS170 1.40 | 745153 150 250 | 80C98 075 15V 78L15 0.30 SFH205 100 | CXQ (B colour MANSE40
100 | 74181732 100 | 74S157 2.00 110 T3z 0.55 100 | 740925 650 MANG610
140 | 74LS174 075 | 745158 2.00 1.00 OTHER REGULATORS TIL78 055 | 10LED 74C926 6.50 MANBS100 8
4.00 | 74LS175 0.75 | 745163 3.00 0.60 “ 5 v . TIL31B  1.20 [ Bar Graph. 74928 6.50 NSB5881
2.00 | 74LS181 2.00 | 745169 5.50 0.55 FIXED REGULATORS TIL81 120 | Red 225 ORP12
4.20 7405183 1.90 745174 3.00 0.50 LM309K TASV oo ... 140 TILIO0 075 | Green 2.25 ZN1040 6.70 SFH305
1.40 | 74LS190 0.75 | 745175 3.20 0.60 ;gﬁgg:c g: g\’ R R g-gg TIL31A
110 | 7418191 075 | 74S188 1.80 0.60 v = .. TIL32
105 | 7aLs192 080 | 745189 180 1,00 78H12 SAIV L. 16.40 TR | B TR
100 | 7451944 075 | 745194 300 0.60 78P05 0ASY . Y 9.00 T3t 650 | Cnaore 329
1.50 74LS195A 0.75 | 745195 3.00 0.60 VARIABLE REGULATORS TIL729  1.00 UDNG6118 3.20
Roof| ZAUSISoROBO0g]| 785196 (3750 0.55 LM305AH 2.50 FND357 1.00 00 | UDN6184320
1.00 | 74LS197 0.80 | 745200 4.50 0.36 ¥ o R "T20 ’ : Y
LM317T 70-220 2 FND500/TIL730 UCN2003 0,90
340 | 7405221 0.90 | 74S201 320 0.35 LM317K 03 240 1.00 ULN2004 0.90
yaop] 74L524010/60° || 745225 |5:20% 0.65 LM337T . 228 FND507/TIL729 ULN2068 2.90 TILTI
180 | 745241 0.80 | 745240 4.00 0.60 M350T 10A4VAR . Ll %00 : ULN2802 1.90 130} 1002
1.80 | 74L5242 0.90 | 745241 4.00 - LM396K 10A+VAR v O e K 15.00 MAN71/0L707 DRIVERS ULN20831.80 | MCT26 1.0 § 1113
1.30 | 74L5243 0.90 | 745244 4.00 LM723N L oso 1.00 ULN2804 1.90 | MCS2400 1.90 1 1116
I T e N e 78HHOSKC SASV L. 575 MAN3GE0 175 75491 070 | MOC3020 150 | eniay
. . - 4| | &
135 | 745247 110 | 745258 250 LoHeRe HANAA 2e MANGO 200 | o314 3 75492, 2070 EN139
110 | 74LS248 110 | 74S260 1.00 : : ;i < E
080 | 7408249 110 742261 200 ;ggSI%C ?2_ VA: - et EEE g;g LOW PROFILE SOCKETS BY TI WIRE WRAP SOCKETS BY Tt
1.30 | 74LS251 0.75 | 745283 270 i s TS B ’ 5
110 74L5253 0.75 745287 2.25 SWITCHING REGULATIONS 8pin 9 18pin 16p  24pin 24p 8pin  25p 18pin 5pp 24pin 70p
2.20 7415256 0 90 745288 2.00 ICL7660 o . P 2.50 4pin  10p 20pin  18p 28pin  26p 14pin  35p 20pin  60p Zapgn 80p
2:20 74LS2457A 0.70 743289 2.25 SG3524 . . .. 3.00 6pin 1ip 22pin 20p 40pin  30p 16pin  40p 22pin  65p 40pin 100p
18 | s o | i 40 e R s
1 45259 1.2 745373 4.0 i - - - e o M TURNED PIN ‘8pin  25p  16pin  35p  20pin 45p  28pin  65p
150 | 74LS260 0.75 | 745374 4.00 78540 250 14pin 30| 18pin 40| 24pin 5 40pin 90|
080 | 7415266 0.60 | 7as387 2.25 ACAI95 150 LOW PROFILE SKTS. P P p P p 5p pi P 3

Tecunomatic Lo PLEASEADD SChasp & 18% VAT

MAIL ORDERS TO: 17BURNLEY ROAD, LONDON NW10 1ED O:ders from Government Depts. & Colleges etc. welcom

SHOPS AT: 17 BULRNLEY ROAD.: LONDON NW 10 ! Detailed Price List on request
Tel: 0117;3 0233 4 lines. Tele)g 922'800 Stock items are normally by return of post.
305 EDGW ARE ROAD. LOND W2 Miugimuni-'l ¢lephone Qrder L3

ENTER 58 ON REPLY CARD
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[ RADIOCODE CLOCKSLTD

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT
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 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

o Instant operation, directly traceable

! to N.P.L., self-contained portable unit,
L no scheduled frequency changes,
24 hr transmission, real time

» k synchronisation J

@ Off-air frequency
standards

@ Intelligent time systems

@® Caesium/Rubidium based
clocks & oscillators

& Master/slave systems

@ Time code generators/readers
@ Record/replay systems

@ Intelligent display systems

@ Precision ovened oscillators

® Time/frequency distribution

systems

Radiocode
Clocks Ltd*

Unit 19, Parkengue,
Kernick Road Industrial Estate, Penryn,
Falmouth, Cornwall. Tel: Falmouth (0326) 76007

(*A Circuit Services Associate Co.) J

ENTER 9 ON REPLY CARD

== FIELD ELECTRICLTD. ry

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 Thurs. Please ring for C/P details not shown. All test
equipment carries warranty. All prices inc. 15% VAT unless stated.

SPECIAL OFFERS PCB 9 x2532,L 45 Eproms

4K %8 bits New £12.95 inc C/P.

Stepper Motors 4 5V 1 4A 2

hein A200 Dryfit
T deg steps Sanyo step syn £8.50

Batts New & boxed 12V DC

Tandem Keyboards New Low profile. high
quality. 106 keys, qwerty in beige case. 14
key number paid. 16 key special function
array. £14.95C/P 3 00

5 7Ah charging volts 13 8 inc C/P.
max ABS case £16.95 inc Cherry Ascii Code Qwert
ce Keyboard £12.50 inc C P new

Printer Mec  c/iwith audible warfing device 2 stepper motors 1 x 10V
DC 1% 17V DC.C/W cortrol electronics Dot matric h?ad wn‘h 12vDC
Eea:ed motot Chain drives elc Approxdia 11X 1232%712

15.95 inc C/P

Videlec 6 Digit LCD Display New with fixing
facia. mounted on PC Crwith 12 keyboard
rocker switches 1240V min-rocker 4 ~ 4 stack
LED display multi-colour - 2 speedblock 40
way jumper leads Data etc £6.95 inc C/P

Quantum (Winchester 8’ fixed hard disk drive. 10 meg 240V New
ex-equip boxed with data Q2000 £75.00 inc C/P complete with
control unis

Driver Board for Videlec 6 Digit Lu.D ") splay
Circurt diagram £6.95 1tic C P Displ.y &
driverboard £11.00 nc C.P

Archwe Sidewinder 20Meg 14" streaming carndge tape drive
model 920 20meg new ex-equip  with data £100.00 inc C/P
complete with control urits

12V DC 23rpm | 2W Permanent Mc: et DC
Motor with integral gearbox £6.00 inc C/P

IEEE 4 Meter Interface Euss Cable Dual Connector on each end
Simiar to DEC BNO1A £15.00 inc C/P

Bulgin Rendar 250V 6A IEC fitter plug units
chasgsis mount with inteqral mains tilter £3.50
inc C/P

22,000 ! 25V Computer Grade
Caps New £1.60nc C/>

Ali-Die Cast Boxes 114 x64 > 30
m/m £2.50 inc C/P

12V DC Audible Watning Device Single
tone. solid state £1,.95 nc C.P

Plastic Boxes 76 - 100x40 6 for
£5.00incC/P

COPPER CLAD BOXES POPWER SUPPLIES ALL 240V AC
INPUT

Single Sided New in¢ C/

508x380x3 No 1£7.00 Farnell Switch Mode + 5V
457%305x3 No2£7.00 10A + 24V 3A - 12V 500M/A
380x254x3 No3£6.00 5V 1A New Ex squip

254 -177x1 5No 4 £2.50 Data£27.75 ncC P

Voltex Co Linear PSU_ + 12V 1 5A +5Y 30A
12V 10A 17x 14x434" New £30.00 inc
cP

178 - 1261 5No 5£1.50
Gould Switch Mode 5V 20A

Double Sided New inc C.P .
5063803 No 6 £7.50 2071 87%105mm £14.95 C/P

457-305x3 No7£7.50

Coutant Linear PSU N/Boxed 6V 7A£19.95
C/P 300

Coutant N/boxed 5V 2-7A + 15V 750M/A
£17.25C/P 300

380x254%3 NoBLS6.75

Farnell S Mode 1ab-5M 6V 5A
Quaniity discount All

14586 - 33£20.00 CP 200

AC DC Linear N/boxed Data 24V 4 8A
227-123-70£23.45 inc C/P

boards are Epoxy glass

Gould Type 379 5V 40A 12V
TEKTRONIX EQUIP C'P 34 15V T1A Simode £60.00
PLEASE RING eGP

Kingshill Metered PSU 36V5 0-40V. 0-2A
£80.00 C P Please ring

Type 1A Ot Amp £69.00 Famell Fan Cooled S/mode

Type 7B50 Time Base +5V10A SV 1A +12V3A

Type 7592 D/Time Base 12V1A£31.00imc C P

Klvlé; hill Metered PSU 0-40V 0-2A
£125.00 C/P Please 1ing

Gould 24V 15A S/mode

Tgpe 7A12 D/Trace Amrp
£200.00 N'Boxed data 215x 72 x89

Troe S1EA G sore £57.50 C/P3 00

NCR Murcro Fiche 390 <279 x 189 New
Portable 240V AC 24/12V DC Input £69.00
C/PE00

12V OC Retay 10A 2P/COn Plastic Box
100%75x40 £3.50 inc C P

£110.00

Gould 5V 60A S/mods

e
Type 568 O'scope C/W 83 320125+ 142 £16.25 inc C/P

Wier 403 0-30V 0-3A PSU £69.00 C/P
Please nng

Samé)ilng Head Plug Ins
£185.0 Gould PMA47 12V 3A Linear

£18.00 nc C/P

Advance Timer Counter TC9A 32MH2
£50.00 C P 500

Type 178 IC Test Fixture
£460.00
Lambda Metered PSU 0-40V 0

Type 434 O'scope. Storzge 1A +2£125.00 C P Please nng
£425.00

P6042 Current Probe £115,00 |  Lambda Linear PSU 20V 5 24

225x120x65mm £25.00 C/P
300

Type 1A1 Ditrace £60.00

Hewlett Packard 675A Sweeping Signal
Generator 0-32MHz £350.00 C/P Please
ng

Generai Radio Co Slotted line recorder type
1621-5LQ1 £450.00 C/P Please ring
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For

REAL

REAL-TIME 68020 SUPPORT
and

ONE OF THE WIDEST RANGES
OF VME BOARDS

contact:

MIZAR-INC.

The VMEDbus authority.”

100 WHITEHILLRD., GLENROTHES, FIFE KY6 2RP, SCOTLAND
TELEPHONE: (0592) 775330 TELEX: 946240 REF: 19020675
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Professional Precision for the Amateur Enthusiast.

ANTEX has a worldwide reputation for quality & service & for many years

has been one of the best known & most popular names in soldering. Always
SOLDERING KIT at the forefront of technology, ANTEX is continually researching new and
better ways of achieving more accurate, reliable, and cost effective
soldering. On ANTEX Soldering Irons, the advanced design of the interface
between the element & the bit allows more efficient heat transfer to the
bit and improved stability of the temperature at the point of contact with
the work. Irdeed, experiments have shown that an X525 watt iron can be
used for tas<s where a 40 watt iron would normally have been required.

ANTEX Soldering Irons exhibit exceptionally low leakage currents & hence
are suitable for use on Static Sensitive Devices. Sophisticated temperature
controlled soldering units have recently been
" o) 4 .'JI-' i ek o )
k3 1 , '

Free ‘How To Solder’ booklet
and pack of solder

TCSU1 Soldering Unit

|
L\

——

SK5
Soldering Kit

———

- Model XS

=

=

Model CS

/

Model C

TCSU-D
Temperature-Controlled
Soldering Unit

Model C SKS Soldering Kit. Contains

15 Watts. Available for model CS 240v Iron, an ST4 ~ il TCSU-D
250, 220,115,100, 50 or Stand and solder. Model CS-BP Elegant Temperature
24 volts. 5K Soldering Kit. Contains 17 Watts. 240 volts, fitted  controlled Soldering Unit
Model XS model XS240v lron, an T4~ with British Plug. with 50 W Iron (XSD) and
- 25 Watts. Available for Stand and solder. TCSU1 built around FERRANTI
240,220, 115,100,50, 24 sK5-BP and SK6-BP Very robust temperature custom-made ULA. Range 4
or 12 volts, Soldering Kits as above with  controlled Soidering Unit, Ambientto450°C. Acc-
Model XS-BP . British Plug. with a choice of 3C Watt uracy + 5°C. Zero / %%“’
- 25 Watts. 240 volts, fitted  paodel €S (CSTC) or 40 Watt :XSTC) crossing switching. /&
with British Plug. — 17 Watts. Available for miniature irons. Detachable e
ST4 Stand 240, 220,115,100, 50,24  Range 65°C to 420°C. sponge 4
—To suit all irons. or 12 volts. Accuracy 2%. tray.
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VMEDbus primey

Though current market activity is in 24bit address, 16bit
data applications, many bus users are investing in VMEbus
systems with a view to future upgrading.

he last decade has seen significant
I growth in the application of micro-
processor-based  systems. during
which the variety of functions which need lo
he performed has grown. But because the
combination of functions required depends
on the application. the trend has been to
incorporate functions into blocks. The mod-
ular approach has advantages. It
- allows the system builder to incorporate
only the combination of functions re-
quired for the application
— enables standard modules to be used for a
variety of applications

makes modification of the system for

increased function or performance much

easier

enables custom systems to be assembled

more quickly and efficiently.

[t is now verv likely that an engineer will
wish to use off-the-shelf modules from a
variety of sources. Clearly the integration of
hoards from several manufacturers will be
made easier if they have a standard interface.

An interface standard for microprocessor-
based svstems must define six main signal
groups. At the simplest level. micro-
processors operate by passing data from one
location to another. Data is moved on a
group of signals called the data bus to or
from locations specified by addresses placed
on the address bus. The movement of data is
controlled by a collection of signals which
may be loosely called control signals.

Since microprocessors have a facility for
being interrupted. there must also be a
collection of signals used to indicate when a
device is reguesting an interrupt and
another group to acknowledge that inter-
rupt request. A further group of signals will

Fig.1. The VMEbus enviranment is a collection of functional modules which interact over

a common backplane. VMEbus boards frequently contain several modules, but for
simplicity each module can be thought of as a separate entity. Typically data will be
transferred between a master and a slave or an interrupter and an interrupt handler via
the backplane. The system controller module provides supervisor functions. Signals on
the backplane can be gathered into four groups;

@ data transfer bus to transfer data between VMEbus boards includes the data bus,

address bus and control signals

@ signals to transfer control of the data transfer bus from one master to another
@ request and acknowledge interrupts make up the priority interruptbus
@ system power and error signals on the utility bus.

be required in multi-master systems where
the address and data buses may be controlled
by anv one of several devices. This group will
be used to control the arbitration. Finally,
there are the basic utilities which the hard-
ware requires to operate, such as power and
clock signals.

In addition to the electrical interface. a
standard must specify mechanical require-
ments. hoth for the electrical connections
and the packaging of the components.

HISTORY OF THE VMEBUS

In tae late seventies, Motorola designed the EXORmacs 68000 development system. To ease the
design process a paper was written to describe the bus used within this system. The bus was Versabus
and the paper describing it was published in 1979. Motorola then designed a range of modules using
this bus and in doing so revised the Versabus specification, publishing the revised document in 1980.
Meanwhile, the European division of Motorola adopted this specification, for a range of modules based
on the Eurocard packaging format. The new bus was called Versabus-E.

When Motorola, Mostek and Signetics entered an agreement for second sourcing of the 68000 and
the development of support chips in the early eighties, they also agreed to support a standardized bus.
They adopted Versabus-E, revised the specification and changed the name to VMEbus . In 1982 this
group which by then had been joined by Thomson CSF, published an ammeaded specification,
Revision B. Subsequently, both the IEC and the IEEE formed technical committees to formalise the
VMEbus specification under IEC821BUS and IEEE P1014. The results of their involvement were
combined, resulting in Revision C of the VMEbus specification, published in February of 1985. Further
minar ammendments raised the revisionto C.1, which is the release approved by the IEEE.

VMEbus is an excellent example of a
well-delined microprocessor interface stan-
dard. It details all of the above signal groups
in an unambiguous manner, but still pro-
vides scope for a wide variety of user con-
figurations, with mechanical arrangements
hased on the popular Eurocard format.

CURRENT SUPPORT

The VMEbus has achieved such popularity
that, internationally, there are now over 200
vendors offering VMEbus support. Many of
these vendors have associations with VITA,
the VMEbus International Trade Associa-
tion. This is a non-profit making body which
helps to promote the VMEbus to the benefit
of vendors and users. VITA also produce the
VMEbus Compatible Products Directory. a
helpful document for users and potential
users of VMEbus products. The VMEbus
specification revision C.1 is endorsed hy
VITA and is an essential document for
anvone designing on VME. Copies of this
specification are obtainable in the UK from
High Technology Electronics Ltd in South-
ampton.




The range of products currently available
covers processors, memory, mass storage
devices, i/o specialist controllers and a varie-
ty of hardware and software support. The
majority of the processor boards in the
market place are based on Motorola devices,
but there are many boards available which
use processors from other manufacturers,
including Intel, Zilog and National Semi-
conductor. One of the latest VMEbus boards
designed by High Technology Electronics,
HVME-SB286, is a single-board computer
featuring the Intel 80286 processor.* It is a
reflection of the versatility of the VMEbus
that the current offerings include 8, 16 and
32-bit processors.

The selection of i/o boards on offer in-
cludes a number of analogue-to-digital and
digital-to-analogue converters and a range
of serial and parallel digital i/o boards.

For users wishing to configure VMSbus
systems that include network interface,
there are a number of Ethernet and MAP
interface boards. However, the widest selec-
tion of special controller boards is in the
graphics field, several using the popular and
versatile NEC7220 graphics processor.

FUTURE POTENTIAL

VMEbus has firmly established itself in the
market place, but the majority of the current
market activity is in the 24-bit address and
16-bit data field. This implies that many
bus users are investing in VMEbus systems
with a view to future uprgrading. Although
there is already a choice of 32-bit processors,
the selection is bound to increase as later
devices such as the Intel 80386 are inter-
faced to the bus. Many of the slave boards
currently available already have 32-bit capa-
bility. In these days of short product life
cycle it makes a welcome change to have a
product which is here today and will still be
here tomorrow.

BUS OVERVIEW

In a VMEbus system. data is transferred
between system modules via a backplane.
The module which controls the data transfer
is called a master, the module which partici-
pates in the data transfer is called a slave.
The time taken to transfer data between a
master and a slave is not fixed by the master,
but depends on the slave indicating that its
part in the transfer has been completed.
With this asynchronous arrangement there
is the risk that if a master attempted to
communicate with a non-existent or a defec-
tive slave, then the master could wait for a
response from the slave indefinitely. To
avoid this, each VMEbus system must con-
tain a ‘bus time out’ module. This module
activates an error signal if a master waits too
long for a response from a slave. Masters
must obviously be capable of recognising
and responding to this error signal to recov-
er from the error condition.

There are several functional modules
which are used to explain the operation of
the VMEbus, representing circuits or parts
of circuits necessary for particular types of
VMEbus boards to operate. Some functional

| Slave

Address bus

Address modifiers,

AS

LWORD [ACK WRITE

DATA BUS
DSy

DTACK

P P DR RUPS PR I SN NS

BERR

Fig.2. Data transfer in the VMEbus environment is initiated by a master. The master
provides the address of the slave device to be accessed together with qualifying signals,
address modifier, iack etc. If the data transfer is a write cycle, the master must also
provide the data. Slave receives data in a write cycle, or outputs data in a read cycle, in
response to the master driving the data strobe low (bsy, bs;). Slave acknowledges that data
has been completed by driving otack low, or if the slave detected an error in the transfer
by driving serr low. If the slave fails to respond within a time-out period, bus time-out
drives the bus error signal low. Master terminates the cycle in response to either o7ack or
BERR being driven low.
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Driven by Data bus Hiuh-zll \\ OW-, Valid datal High-7
o] A o« [ v—
Driven by WRITE T \\ — /
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Fig.3. Read and write cycles are both initiated by the master, which indicates whether the
cycle is a read or a write by driving the wriTE line to the appropriate state. During a read
cycle, the slave places valid data onto the data bus in response to the data strobe being
driven low. The slave indicates the availability of valid data on the bus by driving bTack low.
When the master has received the data, it drives the data strobe high which causes the
slave to release the data bus then release orack. During a write cycle, the master must
place valid data on the data bus before driving either of the data strobes low. It must
maintain this data in a valid condition until the slave has acknowledged receipt by driving
ptack low. The master may then release the data strobe causing the slave to release
DTACK.

modules, such as the ‘bus time out” module, rate signal lines for the address and data

*Tobe featured ina later article.

only occur once in a VMEbus system, whilst
otherssuchas interrupters, may occur many
times. Many of the functional modules oper-
ate in a choice of modes. VMEbus hoard
manufacturers often design their products
to reflect this, enabling a single hoard to
perform in a number of modes so that the
most suitable configuration may be selected
for the target system.

VMEbus is non-multiplexed so has sepa-

buses. Address of the next location to be
accessed is transmitted on the address bus
whilst data from the previous access is still
being transferred on the data bus. This
enables data transfers to take place at higher
speeds than would be possible with a multi-
plexed architecture, where the same signal
lines are used for the transmission of address
and data.

Data may be transferred on the VMEbus as
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Fig.4,5. Read-modify-write cycles enable VMEbus master to perform test and set
sequences on located in VMEbus memory without the risk of another master changing
the condition of the flag during the test. The cycle starts as a memory read cycle, but
when the master drives the data strobe high at the end of the read operation it main-
tains the same address on the bus, the same qualifying signals, and holds the
address strobe (as) active. The wrie signal is driven low and modified data placed on the
bus. The data strobe are driven low to perform write. The cycle continues as a normal
write cycle. The master sets up address and qualifying signals once for the start of block
transfer, providing an efficient method of transferring large quantities of data. Block
transfer cycles start in the same way as signal transfers except for a special address
modifier code. Atthe end of the first and subsequent transfers the address and qualifying
signals are held active. The data strobes are driven high then low again to start the next
transfer. The slave uses the toggling of the data strobes to increment the address of the
location being accessed. At the end of the block transfer, the address and qualifying

signals are released.
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bytes. words (16 bits), or longwords (32
hits). There is also a choice of address bus
widths at 16, 24 or 32 bits giving a physical
address range of 65K, 16M or 4Gbyte respec-
tively. The ability of the VMEbus to
support such a variely of address and data
bus widths not only makes it a versatile bus
but also enables a variety of devices to bhe
intertaced to it. The mnemonics ayg. Az and
vy denote the address bus widths supported
hy VMLbus boards: similarly, ngg. 1 and v;2
denote the data buswidths supported.

This coembination of non-mutiplexed
buses and bus widths enables data to be
transferred on the bus at up to 50Mbyte per
second.

VMEbus is a multi-master bus, so a
VMEbus svstem may contain more than one
master. However, onlv one master may take
control of the bus at a time, so each VMEbus

system must include a module capable of

determining which of the masters. if any.

will take control ot the bus. This module,
called the arbiter, must be provided by the
system controller board positioned in slot 1
of the VMEbus svstem. Each master in a
VMEbus system must contain a module
called a requester which delermines when
the master requires contral of the bus and
Llakes care of the necessary handshaking.
There are seven prioritized interrupt re-
guest signals on the VMEbus backplane. Any
hoard capable of generating an interrupt
request must contain an interrupter mod-
ule. This module will not only generate the
interrupt request, but will also determine
when that interrupt request is being ack-
nowledged and provide the necessary status
information during the interrupt acknow-
ledge sequence. IFor each interrupt request
thal may be generated, there must be a
corresponding interrupt handler module.
The handler must acknowledged the inter-
rupt request, perform an interrupt acknow-

ledge sequence and take some action as a
result of the interrupt request having
occurred.

A VMEbus system must contain an arbi-
ter, an ek daisy-chain driver module, a bus
time out module and a system clock driver
module. These functional modules must all
be provided by the system controller board
which must be installed in slot 1 (the
left-most position when viewing the card
frame from the direction inwhich hoards are
installed). Many VMEbus processor boards
contain the functions performed by a system
controller board. so it is not always neces-
sary to have a separate system controller
board.

The most commonly used format for
VMEbus boards is the double Eurocard, but
single Eurocards may be used. For boards
using up to 24-bit addressing and the 16-bit
data bus. there is no electrical requirement
to use the double Eurocard. since all of the
connections required are available on the
upper backplane connector. The centre row
of the lower connector is used for address
bits Ass-Ay; and data bits Dyg-Da;. The
VMEbus backplane is terminated. This has
three advantages:

When control of a signal line is passed

from one device to another it will not be

driven by either device. The termination
network ensures that the signal will be in
aknown (inactive) state.

) When designing the VMEbus boards, sav-
ings can be made by not providing drivers
for those signals which the board would
only everdrive to an inactive state.

O The termination nelwork helps to control
the transmission line effects of the back:
plane.

Detailed operation of the VMEbus is de-
scribed in the sections in smaller type: there
are four parts.

Data transfer bus: Data is transferred be-

tween masters and slaves over the data bus.

Masters select the slave which data will be

transierred to or from using the address bus.

There are several control signals used to

supervise the data transfer. The address and

data buses, together with the relevant con-
trol signals are referred to as the data
transfer bus.

DTB arbitration: The VMEbus is a multi-

master enviroment, which means that a

system mav conlain several modules which



may control data transter on the data trans-
fer bus. Clearly the d.t.b. may only be
controlled by one master at a time. A system
of arbitration has been included which de-
termines whether:
— thed.t.h.isin use.
— one of more masters are requesting con-
trol ofthed.t.h.
which one of several master may take
control of thed.t.h.
Interrupt handling: There are seven levels os
prioritized interrupt request in the VMEbus
standard, all acknowledged in the similar
mannner. A VMEbus system may contain
several interrupt handlers.
VMEbus utilities: In addition to the power
supply, the VMEbus backplane carries sever-
al utilities such as error indicator signals and
the svstem clock.

DATA TRANSFER BUS

The data transfer bus consists of address bus,
data bus and those signal necessary to
control the movement of data on the VME-
bus. The d.t.b. signals are summarized in the
panel.

Width of data transfer. Data is transferred

on the VMEbus as eight bits (single byte), 16

bits (word or double hyte), or 32 bis (long-

word or quad byte). The data strobes, ns, and

DSy, together with address line a4, and Tworn

are issued by the master to indicate the

width of the data transfer and which parts of
the data bus carry the data (see table). Single
and double hyte transfers are performed on
data hits (} to 15; quad byte transfers require
the full 32-bit width. Mnemonics byg. ) and
3y denote the data bus width supported by

\'MEbus boards.

All data transfers on the VMEbus are
performed in a similar manner. The only
distinction between data fetch and opcode
fetch cylces is the in the address modifier
codes transmitted by the master.

Basic transfer. There are seven major stages

controlling data transfer, assuming that the

bus master controlling the transfer already
has control of the VMEbus.

— Master places the address of the location
to be accessed onto the address bus and
places a valid address modifier code onto
theaddress modifier lines.

SIGNALS CONTROLLING DATA TRANSFER

AO1-A31: address bus. The master selects the slave by placing its address on the address bus. The
address width used by the master may be 16 bits (short addressing), 24 bits (standard addressing), or
32 bits (extended addressing); bits 24 to 31 are transmitted via the P2 connector. The width of the valid
address bus is indicated by the address modifier code which the master transmits at the same time as
the address. Mnemonics A, , Az4 and A3, denote the address bus width supported by VMEbus boards.
The address used are all memory addresses. There is no port map into which peripheral devices
may be mapped, however, it is generally accpeted (although not enforced by the specification) that i/o
devices may be addressed using short addresses (16 bit). This 64 Kbyte block is mapped into the top
64 Kbytes to the 16 Mbyte memory space.
AM, - AMg: address modifier code. The master also places an address modifier code onto the modifier
lines. This 6-bit code qualifies the type of address being transmitted and the type of transfer about to
take place. Address modifier codes in the range 10 to 1F are for user-defineable accesses. Those
codes allocated for specific functions are summarised in the table; all other address modifier codes
are reserved.

Address Width Block Program Data Any
Transfer Access Access Access

Supervisor Access

Short {16 bit) 2D

Standard (24 bit) 3F 3E 3D -

Extended (32 bit) OF OE oD

User Access

Short (16 bit) - 29

Standard (24 bit) 3B 3A 39

Extended (32 bit) 0B 0A 09 -

The address modifier codes provide a convenient method of partitioning the memory to provide
memory protection for supervisor functions as illustrated in the code allocations. Similarly, the user-
defineable modifier codes could be used to separate users or tasks. The modifier codes effectively
increase the memory space available on the VMEbus since they provide a form of bank switch.

AS: address strobe. Used by the master to qualify the condition of the address, address maodifiers,
LWORD and IACK transmitted by the master during a data transfer cycle.

D00-D31: data bus. Four bytes wide, but data will only be transferred on those bytes indicated
the data strobes, address line A, and tworD. Data bits Di¢-D3; are transferred via the P2
connector.

DS0/DS1: data strobe 0/1. Primarily they are used to indicate when data is being transferred via the
the VMEbus. However, as DS, and DS, each related to specific bytes within the data bus, they also
specify the width of the data field being tranferred (byte, word, or longword).

LWORD: Longword. Whenever three or more bytes of data are transferred in a single cycle,
data bits D, g-D3, must be used. Lworp indicates that the upper half of the 32-bitdata bus will be used

WRITE is a control signal driven by the Master to indicate whether the data transfer is a read (WRITE
high) or a write (wRITE low) cycle. The state of the wriTe signat is qualified by the data strobe.

IACK: interrupt acknowledge. When an interrupt handler module acknowledges an interrupt request, it
performs an interrupt acknowledge sequence on the VMEbus. As part of this sequence, a status
indicator will be read from the device which generated the interrupt. The 1ack signal will be driven low to
distinguish it from a normal read.

DTRACK: data transfer acknowledge is used by slave devices participating in a data transfer
to indicate to the master that the transfer has occurred.

BERR: bus error. If an error condition is detected during a data transfer, then the 8e€R signal will be
activated by the device which detects the error. This may either be the participating slave or the bus
time out module. Masters must be capable of responding to an active BEER signal.

Data transters are of five types: read, write,
read-modity-write, block transter, and un-
aligned transfer. Read and write cycles both
closely follow the basic data transfer sequ-
ence illustrated, but there are differences in
the timing relationships between the data
strobes, drack and the availability of data.

Slave responds that data transfer has
occurred by driving biack fow.

— Master terminates the cvcle by driving
the data strobes and the address strobes
high.

— Slave drives rack high.

— Master drives inck. LworD and wiriTE valid.
— Master qualifies the address and address
modifier codes by driving the address
strobe, as. low,
Master initiates the data transfer by driv-
ing one or both of the data strobes. s, or

sy low: i
Read. The master indicates a read cycle hy
Data Data Linos Used OQualifyingSignals dy'lVlng Fhe W R'ITE :s‘lgnal hlgl'] ’h‘etore' driving
Transfer 00 08 16 24 either of the data strobes low. The slave then
Type 07 15 23 31 v D A LWD places valid data onto the data bus and drives
Single Byte _ - DTACK low ”to indicate that valid data is
Byte 0 HI LOW LOW HI available. The master reads the data and
Byte 1 1 LowW HI Low HI drives the data strobes high. When the slave
gﬁzg i LS:N LSW n: H: sees the data strobes go high it releases the
Double Byte data bus and then indicates that it is no
Byte O-1 1 0 LOW LOW LOW HI longer driving the data bhus by releasing

Byte 2-3 3 2 LOW LOW HI Hl DTACK.

Quad Byte : o s Wt L ;
Byte 03 . LOW LOW o . Write. The master drives the wiire line low
Unaligned to indicate that it is a write cycle and places
Byte 1-2 2 1 LOW LOW Hi LOW the data onto the bus. Then the data strobe is
Byte 0-2 2 1 HI LOW LOW LOW driven low to indicate the presence of valid
S ) 2 ! L ] o]  _Low data and which bytes of the bus are being

11



Stet 1 Slot 2 Slot 3
Arbiter Master A Master B
: gEY W By ER ]
BRx = BRSY BCLR BGxOUT ___BRx CBERIN  BRx .
1]
l . | I
' i !
) ] ——
BGxIN | BGxOUT ;
Y | i A
] I 1
' ' '
) BRx. A l
‘ BBSY i / !
T 1 ]
! BUIR i / i

For this example it is assumed that
the board installed in slot 1 is not
a master

L4
Jumper installed on backplane in slot 3
to pass daisy-chain onto master{s)
further down the bus

Fig.6,7. VMEbus masters bus control by activating one of four prioritized bus request
lines. An arbiter (located in slot 1, the left-most board position) determines when control
of the bus may be transferred and the level of bus request to which control will be
granted. The arbiter indicates the level of bus request which may take control of the bus
by activating a corresponding bus-grant daisy chain. The bus-grant signal then
propagates down the daisy chain until it reaches the master that activated the request
signal. This master will not propagate the grant signal further down the daisy chain, but
takes control of the bus, indicating this by activating the bus-busy signal (gsy). As the
master releases control of the bus, it releases bus-busy. The arbiter is then free to grant

control of the bus to another master.

BBSY
BRx \
)
BGxOUT at siot 1 b
Brackets | GGcIN of siot2 - ! E
used to ! "
indicate  ["BGXOUT ot slot 2 ' s
ol BGxIN ot stot 3 ; Lo |
paired \ iy ;
signal BGxQUT at slot 3 : bt ,
names BGxIN atslot & ! T \
refer to ¢ . | 1 | high
one signal [ BGXOUT at slot 4 : ——— o
i
BGxIN at siot 5 1 : 2. : ol 1S a : 5
Master Ahaos' Master B 1*See box | Master 8 has ; OTBnot
control of ' requests I 1 3 1 controtof DTB ; in use
3. Arbitration In progress oT8 b DTB butmust | 1 |
4. Bus grant signal propa- i wait until .y B ;
gates down daisy-chain ; p?sll;erA DTEs MR i
S. Master B detects that it e e fa th Ry .
may take control of the OTB

used. When the slave has received the data, it
drives DTack low: the master may then re-
move the data from the bus and return the
strobe high. Finally, the slave releases DTACK.
Read-modify-write. One of the problems
encountered in multi-master systems is the
use of test-and-set sequences to examine and
modify semaphores held in the global
address space. As an example, consider a
semaphore used to indicate if a printer is
being used. One master could read the
semaphore to see whether the printer was
available and whilst it was deciding that the
printer was free, another master could
change the state of the semaphore and start
to use the printer. To avoid this, VMEbus
supports read-modify-write cycles. The kyw
cycle starts like a normal read cycle, but the
sequence changes when the slave reponds
with prack. When the master sees DTACK
driven low by the slave, it drives the data

12

strobe high and drives write low. The slave
sees the data strobe go high and releases first
the data bus and then BTACK. As soon as this
goes high, the master can place the modified
data onto the data bus and drive the data
strobe low. The cycle then continues as a
normal write cycle. The address placed on
the address bus unchanged between the read
write part of the cycle. The master must
maintain s low throughout the cycle. By
keeping s low, the master prevents another
from taking control of the d.t.b. part way
through the cycle, since control may only be
transferred if 35 is high.

Block transfer. It is often desirable to
transfer large quantities of data from one
board to another, as would be the case when
loading a file from a mass storage device.
VMEbus achieves this using the block trans-
fer fealure, which starts like any other cycle,
but at the end of the first data transfer s is

held low and the main address remains
stable. The data strobe are then driven high
and low again to start another cycle. Transi-
lions of the data strobe must still be inter-
locked with transitions in 0Tack, but the
master does not issue a new address for each
data transfer. The slave increments the
address automatically each time the data
strobe are driven high then low again.
Because special interface hardware is re-
quired to perform block transfers, not all
slave boards support this feature. To simplify
board design, the VMEbus specitication does
not permit block transfers to cross 256 byte
address boundaries.

Unaligned transfers. A master that performs
32-bit data transfers may need to fetch three
bytes of data. There are three ways: three
single-byte data transfers, one single-byte
data transfer and one double-byte data trans-
fer, or one three-byte, unaligned data trans-
fer. Unaligned data transfers can improve
system performance by reducing the num-
ber of accesses, though only boards with a
32-bit data bus can have the unaligned
ability. Signals for unaligned data transfers
follow the sequence for basic data transfer.
Pipelined addressing. The speed with which
slaves respond to an access can sometimes
be improved by providing the slave with the
address of the location to be accessed earlier
in the cycle. VMEbus provides for this by
enabling the address to be pipelined, where
the address of the next location to be
accessed is transmitted on the address but
whilst data from the previous access is still
available on the bus.

" DTB ARBITRATION

VMEbus is a multi-master bus in that data
transfer can be controlled by any one of
several devices. Clearly, only one such device
can control the bus at a time. A scheme is
therefore required to determine which de-
vice should take control and to supervise the
transfer of control from one device to
another.

In the VME environment, masters use one
of four priortitized bus-request signals to
indicate when they require the bus. An
arbiter module located in slot 1* determines
which of the active bus-request signals has
the highest priority and grants control of the
bus to that level. Bus-grant signals are
daisy-chained through all of the slot posi-
tions, so for any one bus-grant level, masters
nearest the slot 1 position have a higher
priority than other masters using the same
bus-grant level, but which are further away.

Masters indicate when they have control
of the d.t.b. by driving the bus-busy line low:
control cannot be transferred if the bus-busy
signal is low. A master that has control may
be informed that a higher priority master
wishes to use the bus by the bus-clear signal.
Basic transfer of d.t.b. control. Each VME-
bus master must contain a requester module
which determines when the master requires
control of the bus and handles the inter-
change required with the arbiter to obtain
control of the bus. The requester module
also determines the circumstances under

* The feft-most slot position when viewing the card frame
from direction inwhich hoards are installed.
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at slot 1- Data bus
DTACK

which control of the bus will be relin-

quished. Here is the sequence of events

surrounding aquisition of d.t.b. control.

— Requester determines that the master
requires control, and causes master to
temporarily suspend activity, driving one
of the bus request lines low.

— Arbiter receives bus request signal and, if
this is the highest priority bus request
pending and if the d.t.b. is not being used
by another master, drives the bus grant
daisy-chain corresponding to the bus
request signal.

— Requester module receives the bus grant
signal on the BcxiN input, and signals that
it has control of the bus by driving the
bus busy signal (sssv) low. Releases bus
request signal permiting master to con-
tinue its activity. Requester does not pass
the bus grant signal further down the
daisy-chain.

— Arbiter sees the sBsy signal go low and
drives the bus grant signal daisy-chain
high.

The requester module drives Bssy low for as

long as the master retains control of the bus.

When this control is surrendered the reques-

DATATRANSFER CONTROL SIGNALS
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~ BRabus request. Before amaster can transfer data on the d.t.b., it must first request and gain control
of the bus. Amaster indicates that it requires controf by activating a bus request signal, BRy to BR. The
1as§ Rs,frgqugentlx the hrghest priority bus reguest, but the priorities of the bus-request signals are
* determined by@the atbiter, For each signal there is a corresponding bus-grant daisy chain; a requester
must on!y use the bus-grant ( daisy-chairi corresponding to the bus-request fine which it is using. Al
 other bgg_grant daisy chains must be passed on by the requester.
BGM/OUT bus grant 0-3 infout. The arbiter determines which of the active bus- request signals has
the hrghest priority aﬁd grants conxrol accordmgiy It indicates the leve! to which control is being given
by driving the co;respondmg bus- grant daisy chain, of which there are four, one for each of the bus
request fines. Each can be thought of as a single line running the length of the backplane, but which is
broken at each slot position, the two ends of which are called bus-grant in and bus-grant out. {The end
_ nearest the slot 1 position is the in- -connection, and the bus- -grant-out signal at any slot will become the
bus-grant-in signal at the next slot posrtron to the right. } Arrequester must only use the bus-grant daisy
chain corresponﬁm’g to the bus request line it is usrng all the others must be passed on by the
requesteﬁ

* As the bus- grant lrnes are broken at each slot posrtron VMEbus boards that are not capable of
operatmg as bus masters, and therefore do not use the bus- grant daisy chains, must provide some
method of | passmg on the bus-grant signals. Similarly, if aslot position is left vacant, then the bus-grant
daisy chains must still be passed to other boards further along the backplane, usuaily using jumpers on
the backplane.
BBSY bus busy When a master is granted control of the d.tb. it signais that it has taken controi by
driving the BBSY signal low. The master will contmue driving this sngna! fow untit it releases
controf of the bus. The arbiter can only grant control if BUSY is high.
BCLR: bus ciear. Informs a master currently in controf of the d.t.b. that another master {possibly
of a higher priority) wishes to take controt of the bus. .

N

3 g 5

et -4 - -

Fig.8,9. A VMEbus interrupter generates
request by activating one of the seven
prioritized interrupt request lines, rQ; to
IRg7. For each level of interrupt request
there must be a corresponding interrupt
handler. When a handler receives an inter-
rupt request, it arbitrates for control of the
bus, then performs an acknowledge cycle.
During the interrupt acknowledge cycle
the handler places a code on address lines
1 to 3 corresponding to the level of inter-
rupt request being acknowledged, and
drives the ack line low. At the slot 1 position
the iack lines is routed to the interrupt-
ackowledged daisy chain, until it reaches
the interrupt that generated the request.
This interrupted then compares the code
on address lines 1 to 3 to see whether it
matches the level at which the request was
generated. If it does, the interrupter does
not pass the acknowledged signal down
the daisy chain, but places a code (status
identifier or vector) onto the data bus and
drives otack low. The interrupt handler
responds by reading the code and termi-
natingthe interruptacknowledge cycle.
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ter module releases the Bisy line; The
backplane termination network pulls BBsY
high and the arbiter module will be able to
grant control to another master.

Arbitration algorithms. The arbiter may use
one of several algorithms to determine
which of the bus request signals has the
highest priority. The simplest is the signal
level arbiter (scL), which only accepts bus
request signals on Br; and consequently only
drives the bus grant-3 daisy-chain. A more
popular arbiter is the PRI arbiter, which
accepts all four bus requests on a fixed
priority, with iiry the highest priority and sry
the lowest. The third type detailed in the
VMEbus specification is the round robin
select (irs) arbiter which assigns priorities
to the bus requests on a rotating basis, with
the level at which the bus was last used
having the lowest priority. Although the
specification only details three types of arbi-
ter, it is permissible to have an arbiter which
uses either a combination of the above
algorithms, or a completely different algor-
ithm.

Release of the d.t.b. The requester module
determines when control of the d.t.b. will be
relinquished. There are two main types of
requester module, the difference being the
circumstances under which they release
control. The first type surrenders control
when the master no longer requires the bus
(called ‘release when done’). The second type
maintains control until it sees a bus-request
signal become active. RWD requesters are
suited to masters that require the bus infre-
quently, but masters that make frequent use
of the d.t.b. will operate more efficiently if
they do not have to keep requesting control.

This type of master is well suited to the ROR .

requester, since the ROR requester only
releases the bus if another master wishes to
take control.

All requester modules, or their masters,
may monitor the scik and/or ACFAIL signals
and release the bus when they see either of
these signals become active.

INTERRUPT HANDLING

The VMEbus specification provides for seven
prioritized interrupt request signals. The
module that generates an interrupt request
is called an interrupter, while the module
which receives an request is called an inter-
rupt handler.

A VMEDbus system need not use any or all
of the interrupt requests. However, for each
interrupt request signal used there must be a
handler. An interrupt handler may receive
interrupt requests on any number and in any
combination of the request lines. A VMEbus
system may contain several handlers, but
there should only be one handler for each
request line. The mnemonic m{x) denotes
the request levels to which an interrupt
handler can respond, where x is in the range
0-7.

Request and acknowledge. The interrupt
request and acknowledge sequence is the
same for all of the interrupt requests, but
during the interrupt acknowledge cycle the
interrupt handler transmits a code corres-
ponding to the level of interrupt request
being acknowledged. The basic sequence is:

— Interrupt generates an interrupt request.
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INTERRUPT REQUEST SIGNALS

and bus request priorities.

priority.

plane usually by using jumpers.

IRQL-7: interrupt request 1-7. The seven interrupt request lines are prioritized with 1RQ; having the
highest priority and iRg; the lowest. There is no relationship between interrupt request priorities

JACK: interrupt acknowledge. When an interrupt handler receives a request it must obtain cdntrol of
the d.tb. then perform an interrupt acknowledge cycle. This cycle bears similarities to a.read
cycle, but the handler drives the iacK signal low to distinguish the acknowledge for a read cycle:,
The TAck signal is also used to drive the iack daisy chain, used by interrupter module to deter-
mine whether the acknowledge sequence in progress is in response to their interrupt request.
The TACK daisy chain is driven from the slot 1 position, but as a interrupt handler may be positioned
anywhere in the VMEbus backplane, handlers only drive the iACK line. At the slot 1 position, the
iACK line is connected to the {ACKIN terminal of the P1 connector. The 1ACKk daisy-chain is then
driven by the system controller board. Thus the iACK signat is used to drive the iACK daisy-chain.

IACKIN/OUT: interrupt acknowledge i/o. Two or more interrupters in a VMEbus system can share the
same interrupt request line. The 1ACK daisy-chain avoids having more than one interrupter respond
to the same acknowledge cycie. As IACK propagates down the chain, each interrupter has the
opportunity to respond; if it does, it does not pass iACK on down the chain. Thus where interrupters
share and interrupt request line, the interrupter nearest the slot 1 position wilt have the highest

The 1ACK daisy chain can be thought of as a single fine running the length of the backplane, but
which is broken at each slot position, called 1ACKiN and 1ACKOUT, {the end nearest slot 1 is the ACKIN
connection). Thus IACKOUT at any slot becomes IACKIN at the next slot position.

Since the Tack daisy-chain is broken at each slot position, VYMEbus boards not capable of operating
as interrupters must provide some method of passing on the iAck daisy chain. if a slot position is
feft vacant, the 1acK daisy chain must still be passed on to other boards further along the back-

— Interrupt handler receives request and
requests control of the d.t.b.

— When the handler gains contol it places a
three bit code corresponding to the level
of the interrupt request onto address
lines Ay)-Ayz. drives ixck low and then
drives as low.

— Interrupt handler drives data strobe low
to indicate the width of the status data to
be read. Handlers read status dataas an 8,
16 or 32 bit field.

— The iack daisy chain driver of the slot 1
board detects nckin low and the data
strobe low, then drives its 1ackout signal
low {assumming this board is not an
interrupter).

— The iack signal propagates down the daisy
chain until it reaches the interrupter that
caused the interrupt request.

— Interrupter detects a falling edge on its
iackiN input and the data strobe low.

— The interrupter checks the three bit code
on address lines Agy-Ags to see if it
corresponds to the level at which the
interrupter generated the request. If not,
the interrupter passes the ick on down
the chain by driving its iackort output
low. If the code corresponds, the inter-
rupter places its status data onto the data
bus (assuming the width corresponds to
the data width requested) and drives
DTACK low.

— The handler sees nrack go low and reads
the status from the bus, terminates the
acknowledge cycle and releases control of
thed.t.b.

— The interrupter then releases DTACK.

Release of request. VMEbus interrupter
modules may be designed to release their
interrupt request in two ways. Firstly, when
the status data is read from the interrupter
during the interrupt acknowledge cycle.
This type is called a release-on-acknowledge
interrupter (roak). And secondly, when a
register on-board the interrupter is accessed
by a VMEbus master. This type of interrupter
is called a release-on-register-access inter-

rupter (rora). Both types must provide status
data during an interrupt acknowledge cycle.

VMEBUS OVERVIEW

To ensure that a VMEbus system is properly
initialised the specification provides for a
system reset signal, SvSREsET, activated for a
minimum period after power is applied.
SyskEsFT may be activated by any VMEbus
board; this enables manual reset facilities to
be included in VMEbus systems. There are
connections for two fault indicator signals
available on backplanes, acraiL and SvSraiiL,
though VMEbus systems need not drive
either. acraiL indicates an imminent power
failure, svsrair. indicates when a board with-
ina VMEbus system is not able to perform its
normal function, either because it has de-
veloped a fault or because it it performing an
internal operation such as a self-test.

Power supplies detailed in the VMEbus
specification allow for +5V, +12V, —12V
and a +5V stand-by supply.

Dave Jones has been involved in the design of
a variety of commercial and defence-related
projects employving analogue digital and
microprocessor techniques. He went to
High Technology Electronics from IBM in
1985, having graduated from Portsmouth
Polvtechnic with an honours BSc in electric-
al and electronic engineering. Most recently
he has worked as part of the team behind the
first 80286 based VME bus single-board
computer.



@ NEUTRIK Audio
Measuring Systems

The TP401 is a high performance general purpose
test instrument comprising generator (10HZ to
300KHz) and analyser (10HZ to 100 KHz), for
measuring noise level, THD, IMD/TIM, W&F, cross
talk and frequency.

THD, IMD and W&F are totally automatic, generated
by an internal CPU and controllable via

an |[EEE 488 BUS.

Dimensions:- 47cm (18.5") wide, 14cm (5.5") high
and 39cm (12.5") deep including handle.

The Audiograph 3300 is a modular extremely
compact measuring system for acoustic and audio
applications, which is expandable from a chart
recorder to a complete audio test set.

Applications include measurement of all hi-fi and
professional audio equipment, level, cross-talk,
impedance, frequency response, tape recorders,
pick-up cartridge, loudspeakers and room acoustics.
Automatic synchronized multiple plots. Wide variety
of Modules available.

Frequency range:- 20HZ to 40KHZ + 0.5dB.
Dimensions:- Main Frame 3302, Input Module 3312
and Output Module 3322:- 30cm (11.75") wide,
8.5cm (3.33") high and 21.0cm (8.25") deep.

For further
information or our
Exclusive Components

catalogue contact:

Sole Agent U.K.

Eardley Electronics Ltd

Eardley House, 182-184 Campden Hill Road, Kensington, London W8 7AS
Telephone: 01-221 0606/01-727 0711 Telex: 23894 Telefax: 01-727 9556

ENTER 70 ON REPLY CARD

HIGH PERFORMANCE
LOGIC ANALYSER

The TA3000 is a high performance modular logic
analyser which interactively combines up to 16
channels of 100MHz Timing analysis with up to 96
channels of 20MHz State analysis controlled by a
powerful muiti-level conditional trigger-trace
sequencer.

[ Flexible, expandable, modular design

[1 Up to 112 channels

J 100MHz Timing, 20MHz State

[ Multi-level conditional triggering

0 State/Timing cross-triggering and correlation

1 Easy to use softkey control

0 CP/M PLUS' operating system

O IEEE-488, RS-232 and parallel printer interfaces

For further information contact:
Thandar Electronics Ltd., London Road, St Ives,

== thandar

ELECTRONICS LIMITED

Huntingdon, Cambridgeshire PE17 4HJ.
Telephone: 0480-64646. Telex: 32250.

1CP/M PLUS is a trademark ot Digital Research Inc

ENTER 19ON REPLY CARD



Cases and enclosures

Above: the Boss range of
enclosures

16

Alusett

Multi-rack range of computer cabinets based on a
skeleton of aluminium extrusions and with panels
made of a p.v.c.-covered aluminium-polyethylene
sandwich. Custom-designed enclosures can be
assembled on request.

Beechcraft

Company specializes in custom-designed
polyurethane mouldings for the electronics indus-
try. The Exten range of standard enclosures comes
in four basic sizes with two bezel options (upright
panel or canted); vent slots are incorporated in the
base. Prop-up handles, extra vents, special colours
and r.f.i.-shielding paint are among the optional
extras.

Boss Industrial Mouldings

Range extends from small die-cast boxes to large
Eurocard consoles for computers, keyboards and
display panels. with over 250 permutations of size,

wwWw americanradiohistorv com

Choosing an enclosure may not be the most glamorous job
in an engineer’s life. But the outer clothing makes an
important contribution to a product’s appeal and may
account for a significant portion of its manufacturing cost.
This survey summarizes the product ranges of principal
manufacturers and highlights some recent product
launches.

material and colour. Instrument cases in a.b.s. or
a.b.s./metal can be supplied with solid walnut
side-panels. Die-cast and a.b.s. boxes incarporate
p.c.b. guides and stand-off bosses. One recently-
launched range is a series of potting boxes in black
a.b.s.. in 11 sizes. Standard housings can be
prepared to customers’ requirements (for example,
by pre-punching or modifying existing panels) and
special units can be produced to individual speci-
fication.

Briticent-Fiskars

Several ranges of sealed enclosures: among them, a
polycarbonate type with anti-static and fire-
retardant properties approved for use in coal
mines. A sealing gasket assures e.m.i. prctection.
Briticent also offer e.m.i. protection in a separate
low-cost range of polycarbonate boxes ready
sprayed with a copper-acrylic coating. The EFI
range, made of impact-resistant a.b.s., is claimed
almost completely resistant to aqueous acids,
alkalis and salts.



CCS

Agents for equipment cases, racking systems and
card-frames manuifactured by Merath-Peltzer in
West Germany. Custom design and manufacturing
service for all types and sizes of aluminium enclo-
sure in one-off quantities or large volumes; usual
turn-round time is six weeks. The company also
offers a backplane production and cable harness
assemblv service.

Daturr

Parent company. Knurr AG of Munich, claims to be
one of Europe’s largest manufacturers of 19in.
equipment enclosures. Two ranges of extruded
aluminium racks, Dacobas and Unirack, give many
choices of height and depth, with steel or glazed
doors and with various accessories and finish
options. At lower cost. there is a further series of
steel enclosures. A special shielded 19in. enclosure
is available in fixed or mobile versions, with various
accessories. For mounting electronic instruments
ar card-frame systems. Mocain cases are available
in 2U, 3U. 4U and 6U heights with several widths
and depths, in two powder-coated finishes. The
company can modify standard products to custom-
ers specifications, with special trimand colour.

Deltron

Enclosure range includes standard aluminium
diecast boxes with screw-on lids; two-part heavy-
gauge mild steel housings with ventilation slots: a
case incorporating two black anodized extrusions
for heat-sinking: sloping-front cases; a keyboard
case; a robust transformer case with sub-chassis for
heavy assemblies; and two two-part steel cases with
carrving handles for portable or bench units.

Eldlon Electric

Several ranges of floor-standing and wall-
mounting steel enclosures; 19in. swinging frames;
control desk. Special enclosures produced to cus-
tomers’ drawings.

Enclosure Technology

New products include Eurostyle aluminium instru-
ment cases, available from stock in many versions
including one for 19in. card-frames and chassis and
another for panel-mounted instruments. The
Agora cabinet range meets full IEC and DIN
specifications; among its features are variable
positioning of vertical rack mountings, lockable
side-panels. baying options and a wide choice of
fittings. Also supplied are the Euronorm sub-rack
for anti-vibration applications, the Challenger all-
plastic frame; Entel’s 1U rack-mounting chassis
and 3U 19in. socket chassis; the Synthese range of
desks, tables, computer-tyvpe cabinets and cases;
Ambiance and Technik cabinets: card-frames and
guides. Full design consultation and prototype
services are oftered.

Fischer-Metroplast

Large range of hardware items includes many
instrument cases and small boxes with various
accessories. Among them are aluminium extruded
cases, potting boxes, a two-part plastics hand-held
case. ventilated cases, and a variety of 19in. types:
frames, cases plates, modules, bus hackplanes,
aluminium profiles and more. Special sheet metal
items can be produced to customer specification.

Daturr’s versatile Mocain range, aimed at the OEM sector.

West Hyde can supply 1100 different cases in over 750 sizes.

wwWw americanradiohictorvy com



Developments in packaging

The business of electronic package — housing electronic systems in
cases or enclosures —is becoming increasingly sophisticated.

The Image case range from Imhof: functional yet attractive.

lthough the basic product of the enclo-
Aiure manufacturer remains — at first

slance — a straightfonvard box, the
rapid growth of electronics has radically
altered the role of the enclosure. What used
to be a passive box can now he a major
contributor to system performance on a
variety of levels. And in addition to the
requirements of performance, the market

has demanded that the new generation of

enclosures should largely he available as
standard items.

To meet this need, the portfolios of today’s
principal enclosure manufacturers cover a
wide range of products, including 19-inch
racks. sub-rack systems, many styvles of cases
inavariety of materials, and a huge selection
of accessories vital to application suitability.

Just five vears or so ago, case products
generally fell into two categories: the
utilitarian/functional, easy to take apart and
use, but unattractive to look at; and the
aesthetically pleasing, which had concealed
fixings to give cleaner lines, but which
incurred a penalty by being harder to use,
and more difficult to assemble and take
apart.

Today's standard cases strike a balance
between the two. The combination of good
looks with functionality has largely been
achieved through the use of new materials
and by finding ways to conceal fixings while
still leaving the electronics easily accessible.

As with enclosures generally, much

STEVE HARPER (IMHOF)

emphasis has been placed on development
standard case products to fulfil particular
purposes, and the need for electronics to be
wall mounted in a variety of hostile environ-
ments has led to the introduction of steel,
wallmounted cases sealed to P54 and P55
(in accordance with the procedures of Brit-
ish Standard 5490).

To meet the need for larger enclosures in
similar environments, sealed versions of
free-standing racks sealed to IP66 are also
available as standard.

The move of electronic systems into the
front office is also reflected in the cases
market, with desk top consoles, v.d.u. hous-
ings and instrument cases all a standard part
of today's enclosure inventory.

Developments on the 19in. enclosure
scene have been driven by two basic forces:
the adoption of international standard speci-
fications on dimensions, and customer re-
quirement for key performance changes.

Animportant milestone in achieving stan-
dardization came with the adoption of speci-
fications generated by the International
Electro-Technical Commission, the British
Standards Institution, and the Deutsche
Industrie Normen bodies.

These specifications called for the adop-
tion of a 600mm external width for instru-
ment racks, and overall heights from
800mm up to a total of 2200mm in 200mm
increments, and depths of 400, 600, 800 and
900mm. Despite metrication, two things
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remain unchanged: the 19in. panel width,
and the height increment of 1%in. (U).
These were so firmly established that they
were retained within IEC 297, BS5954, and
DIN41494.

European enclosure manufacturers had
been working with these dimensions since
the late 1960s, but by and large British
manufacturers had been slow to conform.
The introduction by Imhof in 1979 of its
S80-600 range — which conforms fully to
these specifications — marked the real begin-
ning of an emphasis on standard product
performance.

These developments have brought direct
benefits to racking systems users: the extra
space provided by the 600mm rack width
provides improved facilities for cable runs:
power distribution is incorporated into the
rear vertical members: and the design allows
for infinite adjustment of the panel mount-
ing members within the depth of the rack,
even allowing them to be flush with the front
face it required.

With the gradual introduction of more
IEC based racking systems, a change of
emphasis has occurred: many features
which had always been available as extras,
such as fan trays and integral power distribu-
tion facilities, have become standard.

Many recent developments in enclosure
technologv are attributable to the parallel
surge forward taking place in the perform-
ance of electronics systems. As developing
electronics enable designers to make more
powerful and sophisticated systems, they
want to concentrate on the capabilities of the
svstem rather than having to spend time
considering the packaging implications.

This, in turn, means that the enclosure
manufacturer has to take steps to stay ahead
of new developments, assess their impact on
rack requirements, and refine specifications
to take them into account.

Nowhere has this discipline been more
clearly demonstrated than in the area of
radio frequency interference (r.f.i.) screen-
ing. It became obvious that in environments
where increasing amounts of complex cir-
cuitry were present, problems caused by
uncontrolled electro-magnetic radiation in
the frequency range up to 10GHz could be
severe.

Technical and regulatory pressures,
covering all aspects of r.[.i. from car ignition
system suppression to telecom equipment, —
have given rise to the availability of low cost
standard r.f.i. screened enclosures. The
techniques used in manufacturing non-
standard screen products have heen im-
proved to make higher volume production
possible at a realistic price.



Global Specialities

Motek range of modular racking systems, includ-
ing 19in. types, chassis and instrument cases;
many to DIN standard. Eurocard rack range,
designed to accommodate single and double p.c.bs
(mixed, in some versions), is available in a choice of
colours and with a wide variety of accessories.
Transistek range of extruded aluminium instru-
ment enclosures includes three models in several
standard sizes; optional vented top cover.

Hectaphone

Instrument cases in various styles, with a particu-
lar emphasis on kevboard-type enclosures for desk
terminal units; Eurocard heatsink cases.

Imhof

Large range ol electronic enclosures, with particu-
lar emphasis in screened types for security in
telecommunications and data handling. Prices for
the new Imshield 60 r.f.i.-screened modular rack
series begin at just £350. Another recently-
introduced product is a ruggedized card-frame,
available in 19in. widths and capable of accepting
all modules and accessories designed for Imhof’s
Inta-Euro 327 Eurocard sub-rack system. Imhof
also market a range of static-protective carrying
cases from Hotbauer of West Germany.

IPK (Ian P. Kinloch)

Lightweight aluminium rack-mounting cases with
various depths, 1U to 3U high: no constructional
fixings are visible on the front panel. Other sizes are
available to special order. Prototvpe service.

J.D.R. Sheetmetal

Steel 19in. rack-mounted cases in 1U, 2U and 3U
sizes; removable rear and side panels.

Klippon

A variety of metal and plastics enclosures: K range
of screwed die-cast aluminium boxes for indoor and
outdoor use; two ranges of glass-fibre reinforced
two-part boxes in polyester or polycarbonate, with
clear or transparent lids; M range of glass-filled
polycarbonate boxes designed for total insulation,
self-extinguishing and capable of withstanding
prolonged exposures to temperatures between
—40°C and +80°C; hinged boxes in mild or
stainless steel; Fibox series of control boxes in
impact-resistant polycarbonate, dust and water
protected, with p.c.b. slots and with a separate
termination compartment; and the Piccolo series
of small polycarbonate or a.b.s. enclosures.

Lincoln Binns

Linc-Ace range of aluminium enclosures based on
three standard extrusions with matching ¢nd-
plates; suitable for p.c.bs from 40x55mm up to
100x220. Sizes interlock with one another, enabl-
ing enclosures to be racked together. Accessories
include a brackel for power semiconductors which
slots into the extrusion for heat-sinking. Prices are
comparable to those of die-cast aluminium boxes.

Olson

Numerous types of steel enclosure, including low-
cost two-part cases, wall-mounted boxes, small
19in. rack units. drawer case units, consoles and
keyboard cases. Finishes are textured acrvlic or
electrostatic powder epoxy. Non-standard types
available by special order.

Above: some 19-inch units manufzctured by Imhof.

——
—————

Schroff's Comptec case is availabie with this transparent cover.

Rainford Racks

Several ranges of instrument cabinets, racks, cases,
desk systems and accessories. including some
special types. C65r.f.i./e.m.i. shielding cabinetsare
quoted as giving up to 100dB of shielding over the
range 10MHz to [GHz. A range of e.m.p.-protected
cabinets gives better than 8CGdB of protection at
1GHz. The company offers in-house design and
testing facilities.

Rider Fenn & Ridgway

Variety of 19in. racks and housings and frames,
intended especially for telecommunications
applications. Prototype and experimental work
undertaken, including precision sheet metal work,
production presswork and assembly, paint-
spraying and certificated welding.
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Having trouble containing yourself?
Then why not

BOX CLEVER
with one of our
STANDARD or CUSTOMISED

BIMENCLOSURES

o

Potting Boxes
Instrument Cases
Small ABS Desk Consoles
Low Profile Keyboard Consoles
Easy Access Hinged Lid Consoles
Diecast and ABS Multi-Purpose Boxes
Metal or Genuine Wood Panelled Consoles

BIMCASES
BIMBOXES
BIMCONSOLES

FOR PROFESSIONAL QUALITY
AT REALISTIC PRICES

BOSS

INDUSTRIAL  MOULDINGS LTD

James Carter Road, Mildenhall, Sutfolk, 1P28 7DE.
Tel: Mildenhall (0638) 716101, Telex: 818758

1

RACKMOUNT CASES

19"Self Assembly Rack Mounting Case with lift off Covers Front Panel 10 gauge,
Brushea Anodised Aluminium, Case 18 gauge, Plated Steel with Removeable Rear
& Side Panels In 1U & 2U Types, a Subplate Chassis is Mounted to Bottom Cover
In3U Type the Subplate is located on two Rails Mounted Between The Side Plates.

1U (1%,) height, 230m depth.............. £27.00
2U (3Y,) height, 308mdepth............. £32.00
3U(5',) height, 230m depth............. £39.00

Width Behind Front Panel 437m (All Types).
All Prices include Postage & V.A 7. Cheques, Postal Orders Payable to -

J.D.R. Sheetmetal, 131 Grenfell Road, Maidenhead,
Berks. SL6 1EX. Maidenhead 29450.

ENTER 51 ON REPLY CARD

S.M.C. 16

A series of Eurocards which together form a very powerful microcomputer.
SMC 16 uses a 16-bit databus memory expandable to 16 megabytes.
SMC 32 uses a 32-bit databus memory expandable to 4,096 megabytes.

Board
Description Kit Built onty
CPU 16 (12-5mHz 68000 & optional numerical processor ~ 83.95 99.95 1895
68881 co-processor for above board) 295.00 N/A N/A
RAM 16 (1 megabyte dynamic RAM} 175.00 199.95 1895
ROM 16 {1 megabyte eprom} no emproms supplied 4595 55.95 1895
1/016 (2 serial ports, 4 paraflel ports) 69.95 85.95 1895
SBpP {backplane 21 slot upgradeable to SMC 32 later} N/A 390.00 N/A
PRO 16 (prototyping board for your own circuits) N/A N/A 1895
VMP 32 (68020, 68881, 68851 virtual memory processor) 995.00 28.95
VMP 32 (available to order only, uses 16 or 32 bit databus)
DSK 16 (floppy & hard disk interface board) 85.95 99.95 1895

Other boards planned include colour graphics, RTC, A/D, D/A, Speech in/out and video interfaces.
Multi-tasking operating system avatlable soon.
Minimum system CPU 16, ROM 16 (can use static RAMs), [/0 16, SBP 16 complete systems
supplied to order.
S.M.C. Electronics,
Unit 29, Portsmouth Enterprise Centre,
Quartermaine Road, Portsmouth PO3 5QT.
Tel No: 0705478881 Telex No: 869455 Fax No: 673647
Please add 70p P&P and 15% VAT.

ENTER 73 ON REPLY CARD

ENTER 49 ON REPLY CARD
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P SAMPLE SELECTION TO
IT S AI_I_ I N SHOW EV QUALITY & PRICE
Lorlin CK 1P/12W; 2P/6W; 3P/4W;
4P/3W 62p
TH E LATEST MINIATURE TOGGLES
CK: SPDT 68p; DPDT 1.05; 3PDT 2.30; Low

WAVECHANGE SWITCHES
Cost SPDT 50p; DPDT 68p; 3PDT 1.25.

ri STANDARD TOGGLES

Low Cost: SPST 39p; DPDT cin, 48P
STANDARD SCREW TERMINALS

X 15 amp, 8 differentcotours TP1 ...............35p
DIL SWITCHES
Low cost4 pole......... 52p;8pole ... .78p
ERG4 pole.... 1.35; 8 pole. 2,08
ERGC/O4pole.......2.70; 8 pole.. o416
SENSORS

SBV566 Hall effect........... ..
KPY 10 Absolute pressure ..
KPY 12 Relative pressure...
K8Y10 Position hall effect.

56 PAGE KTY10 Temperature sensor ... ... .
SFHI00 2 Position opto...... [ T—— T ]
K164 NTC Thermistor 6.8 ohms — 470K
17 values. - . 23p
P2390 PTC thermistor for over-current

protection for discs 4mm to

26mmdia. ... ot . P.OA.
i FERRITES
erte’ phone or Ca” for . galore! See catalogue, send your enquiries!
yours CRYSTALS
1MHz, 3.6MHz, 4MHz 88p; 8MHZz 1.00
. WIDE RANGE OF DIN 41612 CONNECTORS
S'EMENS PRODUCTS 96 way plug 1.93; 96 way socket 2.73
CAPACITORS
. Icsv SEM'CONDU CTO RS' Electrolytic in a huge range from smali to farge
OPTOS CHOKES
0.1uH to 33pH 33p; 47-680H 36
@ FREE POSTAGE & Y10 8.7 H oo 39p
PANEL METERS (51x45
DISCOUNTS' CWo 50uA. 100uA, 1mA‘(5ml>\(‘ 10TnflT\].)50mA,
. COMPONENTS GALOREI 100mA. 500mA, 1amp. ............each4.25
Hi Offi d Mail Order:
® TWO SHOPS FOR A e
Egham, W20 OHB.
PERSONAL CALLERS Pgoi:' 07%2;?3603. Telex: 264475
@ PROMPT DESPATCH NORTH
Bi Lane,
@ ACCESS OR Nanchesie 10 ha
;061 -
BARCLAYCARD SH%HF‘? HOURS 9 -5.30; Sat 1.30

ENTER 45 ON REPLY CARD




Cases and enclosures

Reply Alumin. Plastics Instr. Euro- Desk- Keyb'd Sealed/ Card 19" Control  Special

card boxes boxes cases card top enclo. shielded frame rack panels  types

EWW400 Alusett u ]

EWW401 Beechcraft ] .

EWWA402 Boss Ind. Mouldings = . . . . .

EWW403 Briticent Fiskars . .

EWW404 CCS . . . .

EWW405 Daturr L L] s n . n

EWW406 Deltron " . " .

EWW407 Eldon u n ]

EWW408 Enclosure Technology . . . . . - .

EWW409 Fischer-Metroplast ] . . . » . .
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EWW411  Hectaphone . . . '

EWW412 Imhof L] [ n '] ] u n ] n [ []
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EWW418 Rainford Racks . - .

EWW419 RFR . -

EWW420 Rittal . . . . .
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EWW423  Sarel L] L] - ] ]

EWW424 Vero u L] [} n ] L] - n L] n

EWWA425 West Hyde L L] u L ] . . » L] - [

EWW426  XIXIN . . a . .
Rittal Vero

XIXIN’s castor-mounted
Labracks are built of alu-
minium extrusions on a
steel base.

Extensive ranges of racks and consoles: Riltal
claims to be the world’s largest manufacturer of
standard enclosure systems. The new VR series of
IEC 297/2 racks, made in the company’s Plymouth
factory, is assembled and sprayed to order from
standard components, giving short lead-times for
what is almost a custom-built product. To satisfy
demand from government users and high-
technology concerns, Rittal have low-cost e.m.i.
r.f.i. shielded rack which in tests achieved attenua-
tion greater than 100dB. Other products include
open-frame laboratory racks, the Uniset series of
card-frames and avariety of instrument cases.

Rose-Radiatron

Wide range of standard equipment housings in cast
aluminium, polyester and polycarbonate. An arc-
spraved zinc coating process now available gives
r.f.i. shielding for plastics housings; and for metal
hoxes, a new polyurethane sealing gasket is said to
maintain protection even after repeated resealing.
Among other services offered are drilling, tapping,
milling, coating and enamelling.

Sarel

Extensive range of steel industrial enclosures in
various sizes and styles, many designed for resist-
ance to unfavourable environments. Other series of
enclosures include control desks, aluminium encl-
osures, 19in. racks and sub-racks. Plastics boxes
are available in several styles and materials. These
can also be supplied in r.fi.-shielded versions
through an aluminium sputtering process.

Schroff

Comprehensive ranges of modular housings for all
types of electronics equipment: racks, sub-racks,
industrial cabinets, r.f.i.-shielded enclosures, case
systems, housings for v.d.u.s and microcomputer
systems, desks and accessories.

Latest 103-page catalogue embraces a very large
range of enclosures of all sorts: 19in. cases and rack
systems; wall-mounted cases designed to resist
adverse conditions; three types of v.d.u. housing;
potting boxes; flip-top plastics cases for portable
instruments; battery boxes; instrument cases with
and without handles and other fittings; cases with
an optional security fixing kit; moulded keyboard
enclosures; modem cases; drawer cases; Eurocard
systems; and much more.

West Hyde

Company's selection of enclosures is one of the
widest in the UK: the 1986-87 catalogue details a
range extending from miniature nylon or metal
boxes to desk and computer cases, 19in. racks and
associated hardware. Materials include aluminium,
steel and glass-filled plastics. Among many recent
introductions are the Europack VME card-frame;
the Internorm range of 19in. rack cases, which won
a design award at the Hanover fair; the Combicard
system for Eurocard boards in a.b.s.; Palamos
moulded enclosures for portable or bench-top
instruments; and various panel accessories and
fittings. The company claims to have particular
expertise in the design and manufacture of card-
frames, with a system which has MOD approval for
use in environments subject to shock and vibra-
tion.

XIXIN

Low-cost cardframe for 160mm and 200mm Euro-
cards, supplied in kit form in standard 3U and 6U
sizes. Labracks range of floor-standing racking
designed for all-round access to the installed
equipment. Base units are made from 2mm steel
pre-punched to allow many different configura-
tions of racking to be added. Recent products
include a range of stainless steel enclosures with
seam-welded joints and electro-polished finish.
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Practical Electronics Micro-
processor Handbook, by Ray
Coles. Newnes Technical Books,
152 pages 188x245mm, soft
covers, £13.50. Software and
hardware details of 17 assorted
devices from all the major fami-
lies: four are single-chip proces-
sors, six are 16-bit and the rest
eight-bit. Useful source of quick-
reference data for the technician.

Current Research in Britain:
Physical Sciences. British Lib-
rary, 1196 Ad-size pages, soft
covers, £50 (by post from the
British Library, Boston Spa,
Wetherby, West Yorkshire LS23
7BQ; a handling charge of £2.50
is levied on overseas orders).
This work is part of a four-
volume set which replaces Re-
search in British Universities,
Polytechnics and Colleges
(RBUPC). It lists some 60 000
research projects now being car-
ried out in over 300 centres.
Indexing is by institution, de-
partment, researcher, study area
and keywords. Other volumes
cover Biological Sciences (£50),
Social Sciences (£38) and
Humanities (£30); the complete
set of four costs £150.

Space Tech 86: proceedings of a
conference held in Geneva in
May 1986. Online International
Ltd (Pinner Green House, Ash
Hill Drive, Pinner, Middlesex
HA5 2AE), 249 A-4 pages, soft
covers, £65 including postage.
Prospects for space stations and
other developments in space
technology assessed in some 20
contributions by experts from
around the world. The com-
munications section includes
John Everett of RSRE on paging
by satellite; Karen Burt of British
Aerospace on communications
satellites of the future; NASA on
lasers and electronically-hopped
beam antennas for its Advanced
Communications Technology
Satellite; and contributors from
the Hughes Corporation on
satellite mobile communica-
tions. A section on new opportu-
nities in space technology ex-

amines robotics and the use of

expert systems.

CAD International Directory
1986, compiled by staff of the
journal Computer Aided Design.
Butterworth, 303 pages. hard
covers, £30. Survey of products
and services available in the fast-
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developing field of c.a.d. Exten-
sive directory sections give de-
tails of c.a.d. software and hard-
ware, consultancies, bureau ser-
vices, organizations and training
centres. Information contri-
buted by the companies them-
selves through guestionnaires is |
set out in a standard format to
allow easy comparison. Intro-
ductory articles include a glos-
sary of c.a.d. terms, a review of
developments in computer-aided
engineering and a look at trends
inworkstations.

Integrated Circuits and Microp-
rocessors by R.C. Holland (West
Glamorgan Institute of Higher
Education). Pergamon Press,
200 pages. Soft covers, £9.50;
hard covers, £19.50. Text for
students, designed to support
the electronic and microcompu-
ter sections of courses in electro-
nic engineering. Examines the
i.c. buildings blocks of modern
circuits, digital and analogue,
with exercises and case studies

Digital Electronics: a computer-
aided course (for secondary
schools, ITECs etc.). Unit 1: Cod-
ing Information, by R.A. Sparkes
(University of Stirling). Booklet
(23 pages) and disc for BBC
Microcomputer, Addison Wesley
Publishers, £14.95 + v.a.t. Ana-
logue quantities, digital data and
the principles of combining the
two are introduced by the book-
let with the help of many dia-
grams and self-assessment ques-
tions. But the software fails to
reach the same standard of pre-
sentation and interest value. In-
stead of expanding and develop-
ing the themes in the printed
text, the four programs on the
disc (in all, a bare 12K of Basic)
are no more than brief illustra-
tions of a few of the teaching
points.

Secondary Science Micro-
technology: BBC Soft, produced
in association with the Mic-
roelectronics Education Prog-
ramme. Cassette for the BBC
Microcomputer, transferrable to

BOOKS

and a glossary. An appendix re-
produces data on the t.t.l. range
of i.cs (with the same misprint
repeated 21 times on its pagde
headings: an apt warning of the
hazards of leaving things to
machines).

Old Telephones by Andrew
Emmerson. Shire Publications
L.td (Shire Album 161), 32 pages,
soft cover, £1.25. Enjoyable
glance back at nearly a century of
wired communications in Bri-
tain. In his text and through the
many illustrations, the author
describes not only the instru-
ments but the whole tefephone
system and the way it worked.
Tip for nostalgia buffs: ancient
telephones can still be found
decomposing peacefully at the
end of private wires in places
such as electricity sub-stations
and other public utilities.

Signal Processor Based Modems
Interface Guide. Rockwell Inter-
national Corporation Semicon-
ductor Products Division, De-

=
% S

disc, £8.25. An Ohm’s Law tutor,
logic tutors (very taxing), flip-
flop tutor, servo simulationanda
simple circuit-diagram drawing
utility, intended for A-level and
CSE students. Well-designed
software, interesting to use and a
bargain at the price. Unfortu-
nately, the software protection
(unusual in a BBC title) prevents
it from running on the Master
computer or even on the Model B
when fitted with a non-standard
DFS.
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PenFriend: word-processor uti-

lities in rom for the BBC Micro.
Word Processing (0902-788207),
P.O. Box 67, Wolverhampton,
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cember 1985, order number 685.
Thick A4-size loose-leaf volume
containing data and extensive
application notes on the com-
pany’s modem devices, cards and
other products.

Microwave Field-Effect Transis-
tors: Theory, Design and Ap-
plications, by Raymond S.
Pengelly, second edition. Re-
search Studies Press, John Wiley
and Sons, 636 pages. hard covers
£62.80. Comprehensive intro-
duction to the theory and prac-
tice of microwave fets, gallium
arsenide devices especially. Sec-
tions deal with device theory for
small-signal and power devices,
fabrication techniques, amplifier
design, mixers, oscillators and
integrated circuits. An especially
interesting chapter examines a
variety of novel fet circuits,
among which are r.f. switches,
phase-shifters, frequency discri-
minators. an osciplier, pulse
multipliers and integrated
optoelectronic circuits.

West Midlands; £14.95 inclusive.
For users of the popular Word-
wise Plus word-processor, this
rom provides page-formatting,
filing and other features through
convenient drop-down menus.
Suitable for both Model B and
Master 128 computers, though it
will not work across the Tube. A
customization service is avail-
able.

Text-to-speech rom for BBC
Microcomputer: Computer Con-
cepts (0442-63933), £39.90
together with the comple-
mentary Speech Rom, or £11.50
as an upgrade to it. Enables the
computer to speak almost any
information vou can get into or
out of it: keyboard or RS423
input, printer output, disc files,
text on the screen or blocks of
hex data in memory. The arti-
culation lacks legato and words
can be hard to grasp at first
hearing; but, among other ap-
plications, the package could be
awonderful help for the visually-
handicapped computer user.
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wo-dimensional Fourier
transforms

As far as we know this is the only implementation of
multidimensional signal processing concepts on a

microcomputer of BBC proportions.

WEYSEL OMER

ppending the discussion on computing
A Fourier transforms, this article de-
scribes a means for the transforma-
tion of two-dimensional data for the BBC
microcomputer, based on the FFT imple-
mentation detailed in the June and July
issues of this journal. Applications relate
extensively to image processing and to 2D
systems frequency domain analysis.

To process multidimensional signals us-
ing the Fourier transform, the general inter-
pretation of the classical equations express-
ing it has to be modified somewhat. Consider
the substitution of a spatial variable, x in
place of t, and the substitution of a spatial
frequency variable, u in place of f. In the
expression for the continuous complete fre-
quency spectrum (equations 1&2). The pers-
pective of the analysis is altered from a signal
varying in time to a signal varying in space.
An image is an example of a two-dimensional
function which varies in the planes of two
spatial variables: its continuous Fourier
transform is obtained by evaluating equation
3.

DISCRETE TRANSFORMS

The image g(x,y) is a function whose instan-
taneous amplitude is related to the bright-
ness at the point x,y as on a monochrome

Fig.1. Representation of a digital image in
matrix form with each picture element
defined as a coordinate in the matrix.

WWW americanradiohistorv.com

display. For all but the very simplest of
images (e.g. a white square on black back-
ground), the solution of equation 3 is im-
possible. As in the case with the one-
dimensional Fourier transform, the func-
tion can be sampled and quantized at dis-
crete values of x and y (as shown in Fig.1 for
N=8), and a general discrete form equation
3 applied — the two-dimensional discrete
Fourier transform (2DFT), equation 4. It can
easily be shown that it decomposes into two
successive applications of 1DFTs as equa-
tions 5 & 6. Hence, the solution of the
discrete form (4) first requires the computa-
tion of G(u,y) corresponding to the 1DFTs of
N rows in the image, g(x,y). The overall
results are obtained from the solution of
equation 5 i.e. the DFTs of the columns of
Glu,y).

IMPLEMENTATION

The FFT alogrithm was incorporated to
compute equations 5 & 6 for N=128 i.e. an
image of 128 by 128 picture elements. The
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Two-dimensional Fourier transformations obtain the spectral content of image scenes. Transformations of simple shapes shown in
psuedo-colour form give the grey-scale effect shown when viewed on a black and white monitor.

form of g(x,y) was that of a binary image
(black and white only), placed in a defined
window in the BBC mode 4 screen. Row
transforms are computed and the resuits
stored in a file on disc. Due to inherent data
transfer problems in obtaining column ele-
ments on disc-based systems, it is necessary

5800

5808
5801 ;

Input image
window

Fig.2. Boundaries of the window within
which an input image must be positioned
in the BBC mode 4 screen memory.

to transpose the matrix corresponding to
G{u,v) so that the file is stored columnwise.
Results of the DFTs of the columns (using
the FFT) are then stored back in the original
filesas G(u,v).

The form of the 2D results are complex
and therefore a choice of representations is

Viw,)

v B W

High pass Low poss  Band pass

Fig.3. Low-pass, high-pass and bandpass
regions in a frequency domain transforma-
tion, with the mean brightness level of the
original image given by the amplitude for
the central (d.c.) component.

wwWwW.americanradiohistorv com

available. This implementation uses the
energy function. defined as

E(u.v)=Re*(u,v)+Im>(u.v).

This is computed for each row of G(u,v} and
stored in the same disc file as E(u,v). To
analyse visually the 2D Fourier transform
results which appear themselves as 3D, the
mode 2 colour screen of the BBC was
utilised. A window of 128 by 128 colour
elements allows the representation of E(u,v)
as a 'plan view', where each element corres-
ponds to a frequency harmonic whose ampli-
tude is colour coded. The code is chosen so
that the relative amplitudes appear on a grev
scale when viewed on a monochrome dis-
play: highest amplitudes appear white,
lowest black, and mid values, a relative grey.
Examples of transformed images are shown.

USING THE ROUTINE

Firstly. the input routine to the program
presented was arranged to process binary
{mode 4) images; significant alterations
would be necessaryv to transform grey-scaled
images. The routine, although written en-
tirely in machine language, executes in
around 45 minutes and necessitates a disc




10 MODE 4
11 (I+4)=&80808080:NEXT

! (I+4)=5&01010101:NEXT

20 FOR I=&62E0 TO &76D7 STEP &140:!I=&80808080
30 FOR I=&6258 TO &7657 STEP&140:!I=&01010101:

40 FOR I=&7660 TO &76DF STEP8:?I=255:NEXT
50 FOR I=&6127 TO &61A6 STEP8:?I=255:NEXT

arrangement able to accommodate a 128K
datafile.

The 2DFT is loaded with *Loip -+ which is
an assembled 4K object file which must be
loaded prior to each image transformation.
The foliowing should then he carried out to
perform a transform.

@ Initialize the mode 4 screen and establish
a binary image (by a high-level language
program or via a vision system) within the
hounds of the spatial domain window de-
fined in Fig.2. The listing above generates a
frame defining the window and if the image
is software generaled, the relevant program
steps could be included in the same
program.

@ Load (formatted) disc capable of holding a
file of 128K. "rrrpat’ as this is the generated
transform filename and would thus over-
write previously stored data. It follows that
the results of only one transform can be
stored on one disc.

@ Begin transformation by typing catL«icse
After approximately 45 minutes. a file con-
taining the 2D Fourier coefficients has been
created. The colour encoding display routine
executes automatically, plotting a white
screen since threshold registers are initally
cleared. These may be set using a program as
follows:

10 1&2200= 150000000

20 1&2204 = 10000000

30 1&2208= 1000000

40 1&220C = 100000

50 1&2210=55000

60 1&2214=5000

70 1&2218=300
This may be saved on the same disc as the
image transform file. The levels., which
initiate amplitudes of the grey-level scaling,
may be varied appropriately to obtain the
required colour definition in the frequency
domain image. After execution of the ahove
threshold initialisation, the display routine
may he called with caLL&1cca.

The register contents mav he altered and
the display routine executed until a satisfac-
tory result is obtained whereupon the fre-
guency domain image mayv be screen-
dumped or saved on disc.

APPLICATION

The interpretation of transforms in terms of
the 2D frequency spectrum is given in Fig.3.
The presence of sharp points or corners in
the input image manifests itself as signifi-
cant high frequency components in the
Fourier domain. Any periodicity which may
not be discernible in the original image, is
easilv detected once transformed. Statistics
relating to an image may also be readily
obtained, i.e. average intensity. Removal of

blurring in an image of enhancement of
certain features may be achieved via filtering
and reconstruction using the inverse trans-
form. Current uses of 2DFTs are in such
areas as Landsat image analysis, magnetic
resonance imaging, Fourier optics and filter
design. However, real-time image analysis
(pattern recognition) for use in such applica-
tions as robotic vision systems is served by
1D transforms on edge-detected boundaries
of objects in view. Such classification is
obtained by the use of Fourier descriptors
and Hough transforms (see Pratt) hesides
others.

Equations
The equation

Gif)- fg(t).exp(f}?ﬁtt)dt (1)

obtains the continuous complex t'}requenc_v spec-
trum Gi(f) from the time function g(t). Substitute
spatial variable x in place of t and u in place of 1

Glu)= Ig(x).exp(' j2mix)dx (2)

For a two-dimensional function the continuous
Fourier transtorm is obtained by evaluating

Gluvi= ffg(\.y).expI(-—j2-rr(ux Fyvildxdy (3)

The general discrete form of (3} is

N-1 N-I
C(u,v):z z g{x.v).expl—j2nm{ux+vv)/N| (4)
x=0y -0
where uv=0,1.2 ... N-1, which decomposes

into
lN 1
G(u,v)WEa.(u.y).exp(ﬂ'zm-y/m (5)

and

NI
G(u.)');N[%z/g(x,y).exp(-_i21Tux/I\')] (6)

Further reading

Digital Image Processing. by R.C. Gonzalez and P.
Wintz, Addison-Wesley.

Digital Image Processing. by W.K. Pratt, Wiley.
Multidimensional Digital Signal Processing. by
D.E2. Dudgeonand R.M. Mersereau, Prentice Hall.
Digital Signal Processing. edited by N.B.
Jones.Peter Peregrinus.

Weysel Omer graduated from Brighton
Polvtechnic earlier this year and is engaged
on a PhD programme in the ‘engineering
applied to medicine’ group at Imperial Col-
lege, London University. This article, along
with his previous ones in the June. July 1986
i1ssues, constitutes part of his final year
undergraduate project supervised by
Graeme Awcock.
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NEXT
MONTH

Connectors

We look at the sea of connectors that are
used to connect printed circuit boards to
each other, to backplanes, to tlat cables
and to the outside world.

Television standards
conversion

Areview of the evolution of standards
conversion over several decades, from
optical methods, through analogue
signal processing, to the techniques
using digital signal processing.

Hadamard versus
Fourier

The fast Hadamard transform offers a
considerable increase in speed over the
fast Fourier transform, is simpler and is
claimed to be more suitable for use with
MiCroprocessors.

Pioneers of electrical
communication

The first series of articles

on great figures in the history of
communications, starting with Stephen
Cray, who discovered electrical
conduction in the 18th century.

A.f. distortion analyser

A novel type of filter affords suppression
of fundamental to 0.1% but, being
without interdependent tuning controls,
is much simpler to use.

Mobile police radio

The chief engineer of the Lancaster
Constabulary radio branch looks at the
use of mobile radio in the Force.
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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.

ENTER 29 ON REPLY CARD

DARTINGTON
FREQUENCY
STANDARDS Dartington  Frequency Standards  sell
their low-cost precision Quartziock 2A
3 T off-air frequency standard to improve
measurement certainty and enable in-
house calibrating of frequency meters.
timers. counters, signal generatcrs and
synthesisers. Model 2A features 1 and
10MHz outputs for checking accuracy to
1 part in 10'Y (10” short term). present
and future Droitwich standard signals are
used. Negligable phase change and jitter,
with no ageing, no drift and no tempco.,
ensure confidence. 2\ is self-contained
with ferrite aerial. Price is held until the
end of 1986.

ENTER 32 ON REPLY CARD

FLIGHT

ELECTRONICS

LTD Flight Electronics are a leading supplier
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,
hench power supplies. function gen-
evators . . . 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.

ENTER 34 ON REPLY CARD

WEST HYDE

The largest West tlyde catalogue is now
available with details of the largest and
most comprehensive range of enclosures
and accessories in Europe. It contains
over 100 pages describing evervthing
from 19” equipment to small. general
purpose cases as well as handles knobs,
opto-electronic components and panel-
ware.

This editionlincludes many new items
and important additions to existing pop-
ular product ranges.

ENTER 36 ON REPLY CARD

OLSON
ELECTRONICS
LTD

Olson Llectronics Ltd, a leading manu-
facturer in the field of mains distribution
panels of every shape and size to suit a
variety of needs. In the workshop, lab-
oratorv. oftice or at home. All panels
manufactured to the highest standards of
safety and quality. BRITISH sockets,
AMERICAN sockets, FRENCH sockets.
GERMAN sockets, IEC/CEE 22.6amp
sockets. FL.CB units, FILTERED units.

ENTER 35 ON REPLY CARD

ADVANCE
BRYANS
INSTRUMENTS

Advance Bryvans brings vou the best of all
worlds in oscilloscope operation! The
DS-1520 series has a 20M!iz bandwidth
for normal dual-channel real time appli-
cat:ons, as well as an advanced 2MHz
digital storage specification. The many
sophisticated technical features — some
unigue — result in outstanding perfor-
mance and versatility for an instrament
in its price range.

Four versions are available giving hard
copy output to Advance Bryans XY re-

Bigtal Sioroge O loscape
520 se1es

o s corders or digital plotters as appropriate.
2 MH1 Diwta! Storag

ENTER 38 ON REPLY CARD

CARSTON
ELECTRONICS
We sell all tvpes of test equipment from
the simplest to the most sophisticated and
e e (LY specialised.

é

All of the high quality second user

Used Test Equipmer equipment we supply is fully calibrated
and meets the manufacturers original
specification. All equipment is fully

Stock List guaranteed.

Aptumaizes We also buy good quality under utilised
equipment.

01-943 4477

ENTER 28 ON REPLY CARD

DEAN
MICROSYSTEMS

The third edition of the STI.bus Product
Cuide. containing details of ower 600
STE-compatible products from 30+
manufacturers. Nearly all of these pro-
ducts can be obtained from a single
source — DEAN MICROSYSTEMS! We are
in the unique position of being the "One IEEE P1000
Number Source’ for STE and as such are ‘ -

able to advise on the most appropriate
hoard solution for vour application.

ENTER 37 ON REPLY CARD
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Hands-on engineers

Aplea for a return to basic thinking and to career

nyone following the depressing re-

ports and comments on the British

economy, specifically as seen in

ritish engineering as a whole,

might well be forgiven for thinking that the

country had moved out of modern technolo-
gy altogether.

Thus in an article with a strong software
bias it is suggested that British industry is so
far behind its competitors in the application
of robotics and computer-based techniques
generally that it has very little real future
left.

Even R&D is not immune. The United
Kingdom is quoted as having “...just about
the worst performance (record) in research
and development compared with out com-
petitors in the Westernworld.”*

Clearly, these are extreme views and do
not represent the full picture but, equally
clearly, there is some foundation for them
(one has only to look at the trade figures to
see something of this). Also, it has to be
admitted that it is only recently that counter
arguments have started to appear in print,
while a further admission is that much of the
information has to be inferred (is indirect).

Nevertheless, it is in these recent utter-

ances that a major element in the rebuttal
lies, viz. education, where ‘education’ is used
in its widest sense, extending from primary
schooling to high-level apprenticeship and
beyond. It is in this connection that the term
‘hands-on experience’ takes on a special
significance in being used, in effect, as the
subject heading for examination of the ways
in which suitable candidates could be
attracted into engineering as a profession.
_ The consequent implication is that there
i a requirement for more engineers to be
brought into the profession which, in turn,
means that there are organizations in the UK
who continue to see a future for engineering
in this country, and furthermore would
appear to be carrying out future planning on
this basis. Much the same conclusions are
reached in an article ‘A scarcity of young
talent stunts hi-tech expansion’ (Edward
Fennell, Daily Telegraph, June 17, 1986).

Taken in the light of the opening exam-
ples, the climate has indeed changed; and
the stage has been reached where ‘next steps’
should be considered.

Briefly, the introduction of the term

* Lord Gregson, president of the Parliamentary
and Scientific Committee. Daily Telegraph, July 5,
1986.

engineering in the UK.

R.E.YOUNG

‘hand-on’ means that, contrary to the con-
ventional management approach, the think-
ing now is that engineers should have had
lengthy shop-floor experience with working
plant and equipment. To gauge the extent of
this requirement for experience, it is notout
of place to consider the procedure adopted
by the medical profession, where an initial
‘bedside’ period of seven years is undertaken
by everybody. including those intending to
become specialists, and for the latter is
followed by a further seven year’s training.
There is a parallel here and the salient point
emerges that the building-up of a managing
engineer’s career demands that at least the
classical seven years should be spent under
apprenticeship conditions; and that this
should be made completely clear in the
process of attracting engineers into the
profession.

This leads to the question of the image of
engineering presented to the outside world.
It has become apparent that there is a need
for the presentation of the case for British
Zngineering, with its image having virtually
disappeared as the result largely of the
emergence of the generic term high techno-
logy. This disappearance can be seen to have
been inevitable, and coincided with the
spread of the computer. It all forms part of a
general picture where it is accepted by many
(quite understandably) that technical life
has become so complicated that no single
individual, or even group, can possibly com-
prehend or manage a modern large-scale
technological project. This is, in effect, the
acceptance of the principle of subordination
to the specialist; and, in practical terms, to
the establishment of watertight-
compartment-type organizations with all
their attendant disadvantages.

ot everybody will agree with this

reading of the position, but with all
deference, it is suggested that much of the
air can be cleared by defining ‘high-
technology’ as ‘advanced engineering
permeated by electronics’ which in relation
to the British case means that the UK has
been ‘in’ high technology from the begin-
ning and does not have to catch up from an
impossible starting point. Extending the
definition to ‘advanced system engineering
permeated by electronics’ shows that Britain
has not only had a high-technology presence
for so long but has been in the lead in many

of the major system advances such as in
computer-based process, power generation
and control.

Thus, even from this brief outline, it
becomes apparent that the experience and
technical ability available in the United
Kingdom are still more than sufficient for an
international-scale contribution to be made.
This view can be reinforced by pointing out
that the British power to invent is still
regarded as unequalled. The importance of
this power of invention lies in two main
areas in the present context: the strength
offered to project work by the adaptability
and flexibility of thinking that comes with
invention, and the ability to produce sub-
and minor inventions which are so vital to
development in an R&D programme. That
this represents only one element in such a
programme highlights the need for under-
standing (in the full sense of the word)
coordination and direction of the whole
project, that is, it brings out the magnitude
of the task awaiting the managing engineer
concerned.

his can be given form by using

illustrations expressed in working
language of some of the key principles
involved. One outstanding issue arises with
the need to make the maximum use of past
experience in a new project and its conflict
with the unknowns of the new. With a
sufficient spread of experience and know-
ledge it is possible to decide when to analo-
gize and when to start up new research; but
this does demand informed technical judge-
ment of a high order. In much the same vein,
but at a somewhat different level, comes the
need to determine when to go to the compu-
ter and when to use a pencil and the back of
an envelope. (This is not original; although
stemming from experience, it has appeared
in print in serious discussion.)

Another aspect which should be brought
in here is that references are beginning to
return to “The computer being only as good
as the information fed into it” — computer
cognoscenti have a less elegant way of
putting it.

The magnitude of the task awaiting the
managing engineer at the head of a project
has already been stressed. This can be taken
further in stating that one of his main
concerns is to ensure that the masses of data

continued on page 50
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Development of the caesium clock as a practical instrument ledin 1971 to an
experiment to verify Einstein’s prediction of the “dilation of time”, and its
successful outcome helped to clarify certain aspects of interpretation in
relativity theory. But a question remains: one prediction by Einstein
concerning the relative rates of polar and equatorial clocks —has not been
borne out in practice. It seems that the explanation which was originally put
forward to account for this failure itself contains a flaw, so that the topic now
requires a further round of attention from physicists and philosophers.

(14

9

time...

f you want to know the

The clocks-around-the-world experiment of 1971 finally
confirmed the “dilation of time” of relativity theory — or did it?

ver since that statement was first
Epublished, in the famous paper which
launched Einstein’s special theory of
relativity, scientific opinion has remained
divided as to whether its burden was either
meaningful or true. Among those who have
questioned it may be cited Lord Rutherford
(who said in jest that Anglo-Saxons had too
much sense to understand it), Herbert
Dingle? (himself a well-known supporter of
the theory, turned renegade), and Louis
Essen® (a world-renowned authority on the
practical definition and measurement of
time). Among those who have accepted it
without question must be listed every con-
vinced Relativist. past and present, bar none.
Such overwhelming preponderance of
talented opinion in its favour could not be
gainsaid, were it not that the
statement seems to contradict a
premise of Einstein’s own theory
— the Principle of Relativity.
Theory suggests that the clock
on the equator may equally well
be taken to be the clock “at rest”,
so that the polar clock must run
slower than the equatorial clock
by exactly the same amount.
This is one of several critic-
isms of relativity theory about
which argument has persisted
for some eighty vears, and with
good reason. Defence of thé
statement has taken on many
forms: that Einstein was speak-
ing figuratively and did not in-
tend what he had written down
so clearly in that paper to be interpreted ina
literal sense; or that Einstein’s result was
correct but for the wrong reason, in that the
example he gave referred to a rotating earth
and hence required the general theory of
relativity for its proper explanation; or,
circularly, that since every physical test
performed Lo date has confirmed the truth of
the Special Relativity theory this example
must also be true, and if we find it illogical —
a “paradox” — it must be because we have
failed to understand the theory properly:
“Only paranoics question Relativity”!
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It will also be claimed by cognoscenti that
Einstein’s statement has been proved by
direct experimental measurement. Let us
therefore examine the basis of that claim in
detail.

HAFELE AND KEATINGS
EXPERIMENT

By the year 1971 the new caesium-beam
‘atomic’ clock (our modern international
standard of time) had been sufficiently de-
veloped to be called ‘portable’, to the extent
that it could maintain an intrinsic accuracy
of a few nanoseconds per day in the environ-
ment of a jet airliner. Accordingly, J.C.
Hafele of the Washington University at St
Louis, Missouri and Richard E. Keating of

“... If one of two synchronous clocks at
A is moved in a closed curve with
constant velocity v until it returns to A,
the journey lasting t seconds, then by
the clock which has remained at rest the
travelled clock on its arrival at A will be
Votv?/c? seconds slow. Thence we con-
clude that a balance-clock at the equator
must go more slowly by a very small
amount than a precisely similar clock
situated at one of the poles under
otherwise identical conditions.”
Albert Einstein, 19051

the US Naval Observatory in Washington,
DC co-operated in an experiment” designed
to measure the timekeeping performance of
travelling clocks, in a direct observation of
Einstein’s “dilation of time”.

A standard mean time was maintained on
the ground at the observatory; four caesium
clocks circumnavigated the world, first to
the eastward and then to the westward.
Having allowed for times spent on the
ground, for courses and speeds actually
flown, and for the effects of the change of the
gravitational potential with altitude (in

accord with the general relativity theory),
the experimenters calculated that the west-
bound clocks should show a net gain of time,
relative to the “fixed” time standard in
Washington, of about 250 to 300 ns over the
whole trip. By contrast, due to the approxi-
mate balancing of the two effects (motion
and gravitation), the eastbound clocks
should just about break even on completion.
That was their theoretical prediction and,
within the accuracy of their estimations of
flight path, it was what they actually
observed.

In the face of what scemed to them a
magnificently clear-cut demonstration of
the correctness of both of the relativity
theories, it was dilficult for the relativists to
understand why the Hafele-Keating result
did not immediately convince all
scientists once-and-for-all of the
truth of the relatively concept.
But between the scepticism of
the physicists on the one hand
and the condescension of the
mathematicians on the other,
conditions for even discussing
such difficult ideas have always
been far from ideal.

The dissent of the non-
relativists in this case might
perhaps be put into words as
follows:

According to Einstein’s special
theory the Principle of Relativity
is paramount: that is, every
observer in unitorm motion is
equally entitled to declare that
his own local environmental system s at
rest. In what way, then, do the clocks at the
US Naval Observatory differ from those in
the aircratt? If the westbound aircraft is
moving westward at velocity v relative to the
observatory. then so also is the observatory
moving eastward at velocity v relative to that
aircrait. Surely this must mean that each
clock must run more slowly than the other
the well-known paradox?

What vou have declared in your calcula-
tions is that because of the rotation of the
earth your eastbound clock is travelling



fastest, at velocity () + u, the Naval
Observatory is slower, at velocity v = (Ir,
and the westbound clock is slower still, at
velocity (r — u.* From this you claim to
deduce, by Einstein's theories, that the
eastbound clock will run slower than the
ohservatory clock, while the westbond clock
will run faster. But measured relative to the
observatorv the aircraft’s speeds are the
same, so that the proportional slowing of
their clocks should also be the same, namely
Stt = —Leu¥c? differential time loss is
zero.

Bv assigning different absolute speeds to
the two aircratt, as you have done, you have
allowed one particular reference frame (that
is. the frame which is at rest relative to the
geocenlre) (o be preferred for this purpose
over, for example, that of the Naval Observa-
tory. If your experimental result agrees with
your assumption of the existence of this
preferred standard of rest — and il seems that
it has done so - then it must deny Einstein’s
first postulate, the Principle of Relativity.

Far from demonstrating support for Ein-
stein’s theory therefore, as you intended it
should, your experiment has in fact served to
disprove its premise and hence the theory
itself.

The experimenters had foreseen that par-
ticular criticism, and had taken care to
forestall it by inserting the fotlowing sent-
ences into their experimental report *:

“Because the earth rotates. standard clocks
distributed at rest on the surface are not
suitable in this case as candidates for coor-
diante clocks of an inertial space. Neverthe-
less. the relative timekeeping behaviour of
terrestrial clocks can be evaluated by reference
to hypothetical coordinate clocks of an under-
lying nonrotating (inertial) space.”

and again. as a footnote®

“It is important to emphasise that special
relativity purports to describe certain physical
phenomena only relative to (or from the point
of view of) inertial reference systems, and the
speed of a clock relative to one of these systems
determines its timekeeping behaviour (G.
Builder, 1958).

Although couched in esoteric, ‘relativis-
tic’ jargon, what is being said here is ex-
tremelv important because it proposes a
re-interpretation of one aspect of special
relativity which it suggests has been univer-
sally misunderstood. Paraphrased, it savs
that an observer must be “at rest relative to
an inertial frame of reference” (i.e. un-
accelerated himself) if the explanations of
the physical observations are to be meaning-
ful; but not such restriction applies to the
phenomenon being observed — which might
legitimately be an electron orbiting inside a
hydrogen atom at about 10'° revolutions per
second, or a muon travelling at over 99% of
the speed of light and under enormous
centripetal acceleration in a storage ring at
CERN,” or a clock airborne in a Boeing 707.
And there is no need for anv second “obser-
ver” to be involved: this Relativity is not
reciprocal.

By these criteria the relativistic equations

Qs earlh’s angular velocity, r is earth’s radius. and u is
speed of the aireraft over the earth's surface, assumed lo
be along the equator in this example: O = 465.1 n/s u-
220m/s.

(the Lorentz transformations) do not re-
quire that there should be any symmetry
between an observer’s laboratory clock and
the clocks of the muons that he may be
examining. Reciprocity of time-keeping is to
apply only between observers both of whom
are moving inertially, and one of the three
observers in Hafele and Keating’s experi-
ment was truly inertial. It seems to be
inertial motion, not refative motion, that is
now important. It is easily shown by this
argument that any other ‘inertial observer’
one situated above the north pole, say
moving axially away from the earth at a
constant, inertial velocity - will observe
exactly the same time differences between
the experimental clocks as would an obser-
ver who was “stationary” at the pole itself or,
hypothetically. at the geocentre. But an
earthhound observer, it seems, will see
something different.

In summary, any technician who tries to

HAFEIE-KEATING-BUILDER RULES OF RELATIVITY

compare the rates of clocks at the US Naval
Observatory, Washington, DC with others at
the Royal Greewich Observatory, Herst-
monceux, or for that matter at the Nationat
Physical Laboratory in Teddington, is going
to get awrong answer.

FURTHER DISCUSSION:
SOME CONSEQUENCES

The Hafele-Keating-Builder argument pro-
vides an answer to Dingle’s 1967 question®,
which until now has gone unanswered.
Dingle had quoted Einstein's statement (at
the head of this article) and asked: “What
entitled Einstein to conclude from his [spe-
cial relativity] theory that the equatorial,
and not the polar. clock worked the more
slowly?” The answer, it now seems, is that it
1s only the ‘fixed’ (inertial) observer - at the
pole —who is entitled to hold a valid opinion

clock.

O Estimates and observations of the behaviour of time as measured by clocks are valid only
when referred to some real or hypothetical inertial {unaccelerated) frame of reference.

O Clock readings estimated or observed from different inertial reference frames will differ
as between each other, but all will be equally valid (‘relativity of simultaniety’).

O [tvis the velocity of any clock relative to any inertial reference frame K, then the rate of that
clock as observed from K will be St/t= — Vav?/c?,

O The rate of any clock depends directly upon the gravitational potential at the location of the

OMNVis the difference between the gravitational potentials at the locations of any clock and
any reference point Q, then the rate of that clock as observed from Q will be dt/t= +V/c?.

O No restriction of any kind is placed on the motion of the clock whose behaviour is being
observed; and in particular the acceleration of an ideal clock, whether caused by graviational
or local mechanical forces, has no effect on its timekeeping behaviour.

O The effects of relative velocity (v} and relative gravitational potential (V) on timekeeping
are:simply additive. If either or both of V and v should vary during the observing period their
overall effects on timekeeping are to be obtained by integration.
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about the physical fact of the relative rates of
the clocks. Any observer whose state is not
‘inertial’ within a necessary degree of preci-
sion must automatically come to some
erroneous conclusion. It would seem that
the earlier argument, that the rotating earth
is not an “inertial reference system” within
the restrictions of the special relativity
theory, was correct.

At the same time it is worth noting that
the clock-slowing effect due to motion
which was observed in this experiment,
assumed genuine (and most certainly it
needs to be confirmed by repetition), is
according to this explanation entirely due to
the special or restricted relativity theory;
Einstein’s general relativity theory is in-
volved here only as a necessary correction to
allow for the variation of the earth’s gravita-
tional potential with altitude. This is a static
effect —a point which will become important
later on. And, remarkably, nowhwere has
there been an mention of acceleration.

This new interpretation of relativity is
completely at variance with previous
attempts to resolve the twins paradox (the
asymmetrical-ageing variant of the clock
paradox, during a space journey). The stan-
dard explanation, for example by Sir Her-
mann Bondi®, supposes that some unspeci-
fied effect of acceleration modifies the be-
haviour of one of the clocks; it fails through
its vague inability to handle more than one
case without changing the assumption.
Even the explanation due to Einstein
himself'¥, which is specific enough but
which relies on a abstruse and unconvincing
ad hoc argument (devised for a different
purpose anyway), permits an accelerated
observer to draw correct deductions about a
distant clock. Nor is this the only difficulty
that arises if one fotlows this route: for the
paper by Builder, on which Hafele and
Keating chose torely, was in fact arguing the
case for a Very Special theory of relativity of
Builder’s own, in which he claimed,

“Thus we conclude that the relative retarda-
tion of clocks predicted by the restricted
theory does indeed compel us to recognise the
causal significance of absolute velocities.” (My
italics).

So clearly we are no longer dealing with
Einstein’s theory of relativity; there seems to
be little left of that but the name! Neverthe-
less, the new interpretation (or theory) is
self-consistent, has provided an answer to
Dingle’s Question, seems to have resolved
the twins paradox, and incidentally seems to
agree with experience — that is, the Hafele-
Keating experimental results are consistent
with the Builder interpretation - so that one
has no choice but to take it seriously. Not
least of its virtues is that, despite Dingle’s
protest, it supports Einstein’s polar-vs-
equatorial clock contention word for word.

EXPERIMENTAL TEST OF
EINSTEIN’S STATEMENT

But we have not reached the end of the
matter. Is it really true that a clock on the
equator will run more slowly than a clock at
one of the earth's poles, as Einstein original-
ly suggested?* This is an issue that could be
put to practical test. Hafele and Keating by
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their experiment have alerted us to the
accuracy to be expected of modern atomic
clocks. The amount of the differential
timekeeping discrepancy between polar and
equatorial clocks, according to all inter-
pretations of special relativitiy, is not in
doubt: given the earth’s equatorial velocity v
= () =465.08 m/s, it is

St/t=—Vev?/c?=—1.2033x 10712
or At=—104.0ns per day.

A discrepancy of this magnitude is well
within the measurement capability of instal-
led (non-portable) caesium clocks, and to
make matters easier still, the rate is constant
and cumulative over an observing period of
unlimited duration. Thus neither the in-
strinsic accuracy of the clocks nor their
readability is a determining factor in the
feasibility of this experiment.

Various difficulties present in the Hafele-
Keating experiment are not relevant here.
For example, two sources of error were the
integrated geographic locations of the
clocks, then carried in aircraft but now fixed,
and their velocities over the surface, now
zero. There, gravitational effects of altitude
varied from zeroat sea level to At = +113ns
per day at the 12km operating altitude of the
707. Here, the south pole is the obvious
choice, since it lies on a land mass and it is
the site of a permanent international scien-
tific base. Its height is some 3.000 metres
above sea level; if the modern city of Quito
(altitude 2,850m) were selected as the cor-
responding equatorial site, the timing dis-
crepancy due to altitude (gravitational
potential, from the general relativity theory)
would also be reduced to insignificance. We
would then be testing the time dilation of
special relativity alone, directly, and without
confusing side-issues.

The only technical problem remaining in
this experiment is the obvious one — how
does one compare the readings of the polar
and equatorial clocks in situ? The well-tried
method is to rely on radio signals for the
transmission of timing information between
them. Provided the comparison is mutual
(that is, by simultaneous two-way links),
such communications links are self-
compensating: slow phase drifts in both
directions over the same transmission path
will cancel each other out to second order.
Synchronous or geostationary communica-
tion satellites, whose residual station-
keeping errors are limited to just a few
kilometres and whose relative motions are
smooth and very accurately repetitive over
the sidereal day, are entirely suitable for this
task. (It will be remembered that we are
interested in the differential rates of these
clocks, not their synchronization, so the
mean length of the link is immaterial).

However. for our purpose the Satcom link
suffers from the prohibitive snag that geo-
stationary satellites are necessarily posi-
tioned some 8Y2 degrees below the local
horizon as seen from the pole itself (Fig. 2),
so that the timing waveforms would have to

* Einstein's text (at the head of this arlicle) is the
statement that clock B runs slower than clock A while
clock A runs faster than clock B. and as such it involves no
“paradox”

be relayed over about 1,000 km by tropos-
pheric scatter or short-wave ionospheric
link before being transmitted out to the
satellite. Such links are notoriously prone to

e &

Distant
42,300 km

Comsat

multipath interference effects: the result
would be to destroy the vital self-
compensatory properties of the two-way
links. So for the time being we cannot work
to and from the poles themselves.

But all is not quite lost. Probably the
highest latitude for a terminal with en clair
access to a synchronous satellite - while also
incidentally looking under the auroral mul-
tipath zone — is about 70°. Iceland is an
obvious candidate. A clock in the observa-
tory at Reykjavik, at 64° north and at sea
level, could with great convenience be com-
pared by direct satellite link with a similar
clock at Recife, Brazil, at 7° south and also at
sea level. As promising sites to complete an
experimental network one might suggest
Brighton (51°N) on the UK coast near
Herstmonceux, and Funchal (32°N) in
Madeira. The predicted relative time dila-
tions at these stations are readily calculable:
between Reykjavik and Recife the sliprate
should be —82.5 ns per day, and even over
the short Sussex-Madeira link it should still
he —33.6 ns/day — that is, a discrepancy of
one complete cycle per day at 30MHz.

We do not need to perform this experi-
ment today because its result is known
already. International time centres have
been comparing the rates of each others’
standard clocks for many years as a matter of
routine. The finding is that relativistic dif-
ferential time dilation as predicted by Ein-
stein and implied by Hafele and Keating does
not in fact take place. No mention of it
appears in the CCIR Report which deals with
the presumed effects of relativity on interna-
tional timekeeping.'? If this result puzzles
you, you have my sympathy; please read on.

AWHIFF OF PARADOX...

Let me amplify that a little, and try to make it
clearer. Hafele and Keating’s formula for the
proportional timekeeping behaviour of their
airborne clocks, or time dilation, was

St/t = ghlc® — av?ic?. (1)

The term — Vav?/c? is Einstein’s 1905 predic-
tion due to motion at velocity v (by special
relativity theory), where

v={Qrcosd + u, (2)

¢ being the latitude and u being, effectively,
the eastward component of the aircraft’s
speed over the earth’s surface. The term
+gh/c? is an extra, static contribution from
general relativity theory, due to the earth’s
gravitational field; if g is the acceleration,
then gh represents the gravitational poten-
tial, relative to the earth’s surface, of an
airborne clock at altitude h. It is held by the
Relativists that the Hafele-Keating results,




which are said to be entirely consistent with
equation 1, provide via its term gh/c® and
ov/c? a complete and satisfactory con-
firmation of both the general and the special
relativity theories.

That would be a magnificent outcome if it
were true, but unfortunately it suffers from
the following small difficulty. Rather than
flying these aircraft, keep them on the
ground for a dav or so. Then their altitude
above sea level becomes permanently h = 0
and their ground-speed remains permanent-
ly u = 0. Making those simplifying substitu-
tions in (1) —which must of course apply just
as well to clocks in grounded aircraft — the
time-dilation prediction becomes

dt/t=—Vavi/c?=14(Qr cos h)%/c?,  (3)

where v = € cos ¢ is simply the eastward
motion due to earth rotation (only) of the
grounded aircraft at latitude ¢. And it must
describe equally well the eastward velocity of
the US Naval Observatory at its latitude, or
the Reykjavik and Recife Observatories at
their respective latitudes.

Clearly, by this relativistic formula the
local dilation of time, 8t/t, should be pro-
portional to the simple function (cos’¢) of
an observatory’s latitude, as predicted by
Einstein and in agreement with the Hafele-
Keating experimental result. But the truth is
that the timekeeping of fixed (earthbound)
observatories at sea level does not demons-
trate a systematic dependence on latitude.
Surely somebody should have asked, Why
not?

..ANDA RELATIVISTIC WRIGGLE

This failure of fundamental theory, which
from the point of view of the philosophy of
science might be considered quite an impor-
tant failure, was relegated by Hafele and
Keating to a mere footnote in their report, in
which they cited a dicussion'®by W.J. Cocke:

“Clocks al rest on the earth’s surface (at
average sea level) keep the same relativistic
time independently of latitude differences.
The effect of the difference in surface speed at
different latitudes is cancelled to lowest order
by a corresponding effect from the difference
in surface potential owing to the oblate figure
oftheearth.”'*

Although just what the ‘relativistic time’
means in this context is not clear, we can
still analyse this argument. As defined above,
(gh) was the gravitational potential, relative
to sea level, due to flight at altitude h. Here it
would seem that another kind of ‘h’ — H, say
— actually the height difference between the
earth’s local radius r at latitude & and its
polar radius b, due to oblateness — is to be
made responsible for cancelling out the two
relativistic effects of velocity (Special theory)
and gravitational potential (General theory)
exactly, in accord with the very convenient
equation

gH/c®—1av?/c? = 0! (4)

The elegant simplicity of this proposal
may well serve, for believers, to conceal the
fact that it is intenable. The reason why the
earth’s surface follows its flattened, oblate
(eliptically curved) shape is simply that
everywhere on its surface, neglecting effects

at sez level and geocentric latitude ¢ are two:

Then onintegrating, V, = — ¥20%x? + C.

V= :

combined is

timekeeping at sea level is nil.

Fig.3. The vector accelerations acting on any particle or body

A, = GM/r, purely gravitational toward the geocentre, and
A. = +Q2r cos &, centrifugal away from the axis of rotation.

PutA, = +{)rcosd = Qdx = —dV./dx(i.e. — grad V).

Atthe pole, where x = 0,setV, = 0;thus C = 0, so that V, = — 120°%% = — 2.
Also, onintegrating A, = —GM/r = —grad V,,, one obtains

[ov]" g
. br

having set H = {r—b) = O at the pole. Hence the total gravitational potential due to both force fields

V=V, + V.= (gH-%) (€
—which by definition is zero over the entire geoid surface. Thus the contribution of general relativity to
Note particularly that the term —Y%v? in (C) is derived from the gravitational potential (general

relativity), and is not to be identified with the term —
derived from the Lorentz transformations (of the special relativity theory).

B E

(A

{r—b)=+gH, (B)

Yov?/c? of equation 1 in the main text, which was

gravity (plumb-line) is at right angles to the
local horizontal (spirit-level); if it were not,
the oceans would flow north or south to
make it so. The fallacy in the argument lies
in assuming that the gravitational term
V,=(GM/r*)H=gH represents the whole of
the matter; but the centrifugal term V_ (the
cause of the earth’s oblateness) must also be
included. When it is. (see panel), the total
gravitational potential at each observatory
clock isnot just V,=gH as in equalion 4, but
exactly Vy+V.=0."> Pace W.J. Cocke, the
surface of the geoid — mean sea level, where
h=0 — is now (and always has been) a
unipotential surface world-wide.

In other words, the gravitational potential
at sea level is the same everywhere in the
world. Hafele and Keating’s “difference in
surface potential owing to the oblate figure
of the earth” does not exist. It follows that
general relativity is irrelevant to this argu-
ment, since its contribution is zero; it does
not influence the timekeeping of clocks at
sea level at different latitudes, however
desirable such an influence might have been
for the defence of relativity theory.

INTERIM CONCLUSION

“To sum up: In 1905 Albert Einstein pre-
dicted, as a consequence of relativity theory,
free of paradox, that an ideal clock [at sea
level[ on the equator would run more slowly
than an identical clock [also at sea level| at
the earth’s pole. An experiment performed in
1971 purported to confirm the influence of
both special and general relativistic effects
on the timekeeping of quasi-ideal clocks.
The theorv which was said to underlie that
experiment was also seen to support Ein-
stein’s original prediction.

“However, it is observed that the differen-
tial slowing of clocks due to latitude alone
(independent of geographic motion and alti-
tude), which was predicted bv Einstein, does
not in fact take place. It seems that the
explanation put forward — and apparently
generally accepted — to account for this
theoretrical failure was physicallv unsound.”
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FUNCTION GENERATOR

Analogue shaping techniques are used in the
AD639 to provide all normal trigonometric
functions and their inverses. Selection re-
quires only an input voltage representing an
angle.

In this function-generator circuit, part of

PPLICATIONS SUMMARY

the 639’s 12-page data sheet, frequency from
20Hz to 20kHz is voltage controlled and
amplitude is within 0.1dB of 2V r.m.s.
Amplitude modulation is possible using the
U, input.

Other applications in the Analog Devices

data sheet are a four-quadrant sine/cosine
multiplier and a sine/cosine oscillator. Con-
nections for basic cosine, tangent and
arctangent output are also given.
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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 scrall them smoothly around the screen stopping to edit them at any time if required
Pineapple's unique method of storing the diagram information on disc means that the size of diagrams is
limited only by the free space on disc, and not the amount of computer memary you have available. (A blank
80 track disc wil allow up to 39 made 0 screens of diagram).

The superb print routines supplied with the program enable large areas of the diagram to be printed in a
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 or 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED
PRICE £25.00 + VAT

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 whole diagram in any direction

PRICE £10.00 + 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 program's features.
By using an EPROM for the program cade the maximum amount of RAM is available for storing component
location and ASCII identification files etc. (Up to 500 companents and 500 ASCI! component descriptions
may be stored for a given layout). There is no limit to the number of tracks for a given PCB, although the
maximum size of a board is restricted to 8”+5.6"
Using a mode 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 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 allow 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 printouts.

PRICE £85.00 + VAT

MARCONI TRACKER BALL
This high quality device comes with its 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 to run trackerball software
(incl. 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 bail

BASIC COMPILER

Use our Basic Compiler to produce direct 6502 machine code programs and ROMs for your own Basic
programs. Speed increases of up to 25 times are achieved.

PRICE £25.00 + VAT

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

ALL ORDERS SENT BY
RETURN OF POST

39 Brownlea Gardens, Seven Kings, liford, Essex 1G3 9NL. & Tel: 01-599 1476

ENTER 30 ON REPLY CARD

E "SPECIAL Prices are as at going to press but may fiuctuate.

QUALITY Please phone for firm quotation. V.A.T. included.
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EBFB9  0.80 | EMB0 0.85 | TT21 43.70 | 6AGS 0.60 | 6JE6C  6.40 | 55 6GT 160
EC52 0.65 | EM87 250 | TT22 48.30 | 6AKS5 0.95 | 6JS6C  6.90 | 237246 0.75
EC91 4.40 | EY51 0.90 | UABCBO  0.75 | 6AK6 6.50 | 6JU6 6.35 | 334 280
EC92 1.85 81 0.75 | UBF80 0.70 | BALS 0.60 | 6K7 145 | g5A2 1.40
ECC81  0.95 | EVB6/87 0.60 | UBF89 0.70 | 6ALSW  0.85 | 6KD6 7.00 | 8542 2.55
ECC82  0.95 | EY88 0.65 | UCC84 0.85 | 6AMS 6.50 | 6L6 4.60 | 807 220
ECC83  0.75 | E280 0.70 | UCC85 0.70 | 6AM6 1.60 | 6L6GC  4.20 | 807" 3.40
ECC84  0.60 | EZ81 0.70 | UCH42 250 | 6ANBA 250 | 6L6GT  1.95 | 812A  44.80
ECC85 0.75 | GM4 8.90 | UCH81 0.75 | 6AQ5 1.75 | 6L18 0.70 | 813 28.50
ECC88  0.80 | GY501  1.30 | UCL82 0.95 | 6AQ5W 230 | 6LD20  0.70 | 813" 68.50
ECC189 0.95 | GZ32 1.05 | UF41 1.35 | 6ASE 1.15 | 6LQ6 6.40 (8298  16.00
ECC804 0.90 | GZ33 4.20 | UF80 0.95 | 6AS7G 495 | 6Q7G 1.30 | 8298 24.00
ECF80  0.95 | GZ34 1.05 | UF85 0.95 | 6AU6 0.90 | 68A7 1.80 | 866A 5.05
ECF82  0.95 | GZ34®  3.20 | UL84 095 | 6AX4GT  1.30 63?7 1.80 8955 9.80
ECF801 0.95 | GZ37 3.95 | UMBSO 090 | 6AXSGT 1.30 | 527 e (B S
ECH42  1.20 | KT66°  15.50 | UM84 0.70 | 6B4G 7.40 | 8317 0 o'ag o 1 Y20
ECH81  0.70 " 1610 | UYB2 0.70 | 6BA6 085 | B307AT 160 | ome i%0
ECH84  0.80 | KT88 17.00 | UY8S 0.85 | 6BA6" 1.50 | g207 095 | 9% 120
ECL80  0.70 | KT8g' 2500 | VR105/30 1.45 | 6BE6 0.65 | g3R7 460 | 5763 575
ECL82  0.75 | ML4 320 | VR150/30 1.80 | 6BES" 185 | 6VeG 150 | 8060 195
ECL85 075 | ML6 3.20 | X61M 170 | 6BG6G 160 | gv6GT  1.30 | 6080 730
ECLB6  0.90 | MX120/01 29.50 | X66 1.80 | 6BJE 1.30 | x4 150 | 6136 1380
EF22 3.90 | N78 9.90 | Z749 0.75 | 6BQ7A  0.85 | 6X5GT  0.65 | 51468  10.35
EF37A 215 | 0A2 0.70 | Z759 19.00 | 6BR7 4.80 | 6Y6G 0.90 | 8068 12,50
EF39 1.10 | 0B2 0.80 | Z800U 3.45 | 6BWE 6.20 | 624 1.30 | 9001 0.95
EF80 065 | PCL82  0.95 | Z801U 3.75 | 6BW7 1.80 | 724 1.90 | 9002 0.95
EF83 3.90 | PCL84  0.85 | Z8o3U 16.00 | 6C4 1.10 | 906 2.15 | 9093 0.95
VALVES AND TRANSISTORS NEW PYE EQUIPMENT
Telephone enquines for valves, transistors, etc: & SPAR ES

Retail 749 3934. Trade and Export 743 0899

FIELD TELEPHONE, CABLE TYPE D10

FIELD TELEPHONES TYPE ‘J'. Tropical, in metal cases. N o
10-line MAGNETO SWITCH-BOARD. Can work with Microphones No 5, 6, 7 connectors, frames,
every type of magneto telephones. carrier sets, etc.

POSTAGE AND PACKING CHARGES: £1-£3 50p, £3-£5 60p. £5-£10 80p, £10-£15 £1.00, £15-€20£1.50,
Over £20 £2.00 but below 2kg. Parcels over 2kg at Cost

HARNESS “A" & “B" CONTROL UNITS
CATHRTUE N2,

COLOMOR (ELECTRONICS LTD.) 170 Goldhawk Rd, London W12
Tel: 01-743 0899 or 01-749 3934, Open Monday to Friday 9 a.m. ~5.30 p.m.

SOWTER AUDIO FREQUENCY
TRANSFORMERS

You name it! We make it!

For the past 45 years we have concentrated on the design and manufacture of high
grade audio transformers during which period our total sold exceeds half a mijlion. We
continually take full advantage of all the improvements in magnetic and insulating
materials and in measuring techniques utitising the most up to date instrumentation.

We have a very large number of original designs made for clients all over the world
but naturally there are certain types of Sowter Transformers which are in constant
demand. These have taken into account the tendency towards small size without
sacrifice of performance, particularly for PCB mounting, and a few of these are listed
below. They can be supplied with or without mumetal shielding cans. Performance
requirements can be modified on request (utilising our readily available questionnaire)
and generally without alteration in price.

We specialise in LOW COST AND QUICK DELIVERY which means a few days only or
ex-stock.

TYPICAL PERFORMANCES
oo |3575  [4652  |3678 (6499 4079 (6471  |6469

Midget mic. | Very high

Description  |Minialure  [Line output | Multi primary |Line output | Sphitter

bridging microphone  |high levet low [combiner transformer |quality
transformer transformer | distortion transformer  |for 8T private |microphone
toroidal core systems transformer
10kQ/10k(}  [600 or 15002 {Pys 60.200 [6000/6000 [200()Bal. Py |Py 6000 2004 Py for
canbe fed mputs or or 60002 Two 2000} Sy 60k} 1k(2 loading
from outputs Sy 5K0) down Sys. (Bifilar) 8/1
50-60002 to 1k802 step up
Frequency 20H3-20kHz  |20-20kHz 30H3.20kHz }20-20kHz 20-20kHz 300-3k4Hz 20-20kHz

range

Performance | +0.1dB over |+025dB over [+ 05dBover |=0.3dB
above range |above range |aboverange |40-15kHz

+05dBover | ‘0.5dBover |+0.2dBover
above range |above range |above range

+05d8
20-20kHz
IMaximum 775V rms. 7.75V r.m,s. on 5k} 26dBm at 23Vrms. 0 Gvap on 20Vr.ms. on
Leve! on secondary |on 6000 34Vrms. 30Hz at 30Hz Primary Py at 30Hz
at 30Hz
Maximurm With 10V 0On 60002 Less than < 0.1%at negligible negligible 0.1% at 20Hz
Distortion rm.s. at lowsource Z |0 1% at 1kHz [30Hz at <0.1% at
40Hz only 0.1% 26dBm 1kHz

0.12%

|Shielding Electrostatic |Mumetal can |Mumetai éan |Toroidal can |Mumetal can |PCB Mumetal can
screens and [ desired at rigid fixing mounting
mumetal can |extra cost bolts

Dimensions  |33mm diam  [36mmhigh - (33mm diam  [50mm diam  [33mmdiam  |11.1mm high |33mm diam

~ 2mm high |43mm x x 22mm high | » 36mm tugh | < 37mm high [19mm x x 22mm high
3Bmm 17mm
Prices each |1-5-£1083 |1.5-£967 1.5 £967 1.5-£1712 |1.5-£1459 |1-5-£3.89 1.5-£11.38
at works 50 - £9.77 50 £8389 50 - £8.67 50 -£1569 |50-£1337 |50-£355 50-£10.12

100-£9.27 |100- £869 |i00-£841 |100- £1535 |100- £13.08 |100- £3.29 |100 - £9.92

E. A. SOWTERLTD. (Established 1941) Reg. No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk. PO Box 36, Ipswich IP1 2EL,
England. Phone: 0473 52794 & 0473 219390 - Telex: 987703G SOWTER

ENTER 60 ON REPLY CARD

ENTER 5 ON REPLY CARD
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Settling time
measurements

Automatically measuring the settling time of an
operational amplifier using a programmable digitizing

ettling time is the time required,
S following the initiation of a specified

stimulus to a linear system, for the
output to enter and remain within the limits
of a specified error band centered on the
ideal steady-state output value. For example,
when testing the settling time of an op-amp,
the system stimulus is a step change of the
applied input voltage usually scaled so that
the output swings between its upper and
lower design limits.

When testing a digital-to-analogue con-
verter, the stimulus is the application of a
digital word or clocking signal that causes
the output to swing between zero and full
scale. Figure one shows how settling time is
specified for these two applications.

TEST SETUP

Whether settling time is measured manually
or automatically, the success of the
measurement depends on the ability to
resolve small variations of the base or top of a
relatively large signal accurately. Typical
error-band specifications, usually expressed
as a percentage of final value, range between
0.1% and 0.001%.

One of the best ways to make this
measurement is to use the virtual ground
method. This is a differential probing techni-
que which allows signal error, i.e. settling
information, to be analysed directly. The
general set up for this test is illustrated in
Fig.2.

At the virtual ground point, the signal
under test is summed with a reference signal
equal in magnitude to the final value of the
test waveform but of opposite polarity. Vol-
tage at the summing node, E.g, is zero
when the signal under test E, has the same
magnitude as reference voltage E ..

While the test waveform is settling error
waveform E, can be measured to deter-
mine the degree to which E, has settled.
Since E e =(Equ+E /2, amplitude of the
error waveform is reduced by a factor of two
and the error band should be adjusted
accordingly. Figure three illustrates the
relationship between Eq, E,ef, and E .

The signals could be summed in an
oscilloscope using an A+B mode, but this
would require a wider dynamic range than is
usual for instrument inputs.

Summing with R, 5 allows clamp diodes
D, to be included to limit the maximum
voltage excursion of Eg,. This minimizes

oscilloscope.

Input

-

Allowable

Qutput errorbundL
Op-cmﬁ- _‘_
settling time

Digital 7
input
Final value
*%sti
+fs. B 50 g
Converter ’
output

~f 5. eomred

Converter
settling time

Fig.1. Specification of settling time measurements for an op-amp, left, and a d-to-a

converter, right.

Stimulus source

—

Sync

Estim

Estim Device

under test

prmm——————

Reference
source

______

R %
: D1 TF 023

Eout

<

R1 é

L

Eref

Fig.2. Typical test set up for settling-time measurement. This method allows signal error

to be analysed directly.

input overdrive and effectively controls test-
system recovery time.

For this example, the device under test isa
7418 high speed op-amp. This amplifier is to
be used as an output buffer for an eight-bit
d-to-a converter and is configured as a unity
gain, inverting, current-to-voltage conver-
ter. Its full-scale output is —10 to +10V and
the specified settling-time error band is
0.1%f.s.

The test system, Fig. 4, consists of a
function generator as the stimulus, a test
fixture for the op-amp, an automatic digital
oscilloscope for measuring the response and
ap.c.as the system controller.

The function generator must be able to
produce a low distortion squarewave that
has a specified settling time. When operated
into high impedance, it should supply the
required voltage swing into the test fixture.
Since the amplifier is used in inverting
mode, the squarewave stimulus can also be

used as the reference voltage applied to the
summing network.

The test fixture is a carefully laid-out
p.c.b. containing the components shown in
Fig. 4 and a socket for the op-amp. A BNC
cable couples the stimulus signal and two
test points allow direct connection of the
oscilloscope probes to the test circuit.

A pair of 10:1 probes couple the test
fixtures signals to the oscilloscope. The
stimulus signal is input to channel one and
error signal E,. is input to channel two. A
BNC cables connects the function generator
sync. output to the main trigger external
input of the automatic oscilloscope; the
sync. ouput triggers the oscilloscope.

Analysing the E. measurement path
shows that its effective bandwidth is approx-
imately 1MHz, due primiarily to the high
source impedance of the R, summing
network taken with the clamp diode and
probe.capacitance. This bandwidth should



Controtier
Personal
) computer Response
Stimultus measure—rzerl
gFelr‘\zcr:?:r GP1B ) Rling
50kHz 20vpp oscitloscope
Estim | Sync. ]
Eref
/.\
é R1 %ow é
% Etest Z
2
%: 10k %
% ©ny 0%
// '
Z; 10k % %
7 *Matched to 001%
0 ) )

Fig.4. Set up for automatic settling-time measurement of a high-speed op-amp.

Eref
Eout

EYES" T/\—\’-—

Fig.3. Test waveforms for settling-time
measurement. Waveform E,; represents
the degree to which the E,; has settled.

be adequate for the measurement of the
7418 op-amp, but may need to be reconsi-
dered for other measurements.

MEASUREMENT ALGORITHM

When making an automatic measurement,

the computer needs to perform the same
sequence of operations as an operator per-
forms when making manual measurements.
Measuring settling time is basically measur-
ing the time between two signal sources; the
necessary steps are shown in Fig. 5.

There are several important considera-
tions to be made when designing a test
system to measure settling time. System
noise, stray capacitance, signal reflections,
and ground path impedance can all cause
significant measurement errors. Here are
some suggestions that can improve
measurement accuracy.

While the reference source selected de-
pends on the specific measurement applica-
tion, it is important that the source output
has a low noise content. If a pulse generator
or function generator is used, both ampli-
tude accuracy and settling time must be
well-defined and within the test require-
ments. This is particularly true if the stimu-
lus signal is not accessible or is difficult to
trigger on.

Resistors used to sum E,,  and E, . should
be good quality metal-film types and should
be tightly matched to minimize the gain
error at Eg.g. Select the resistors to a
tolerance at least one order of magnitude
better than the error band being tested. For
example, if the error band is 0.1%, match R,
t00.01%.

Alternatively, a potentiometer can be used
to trim the summing network. Also, since R,
and R, in parallel determine the source
impedance of E. their value should be
made as smali as possible without excessive-
ly loading the device under test.

Diodes should be Schottky barrier types.
Of primary importance are the diode’s
capacitance, reverse recovery time and
current/voltage characteristics. Also, the
diodes must be connected to a good, low-
impedance ground.

Because the source impedance of the R, »
summing network is high and capacitance at
the test fixture is unavoidable, the wrong
probe can drastically affect wide bandwidth
measurements. In many cases, the lower

Start

[

Assign ifo paths and
atlocate variables

Initiate function generator
and oscilloscope

for test procedure

[
|

Measure time at which
stimulus crossed 50% level

Measure final {settled)
value of Etestand calculate
error band inscreenunits

Measure the time when Etest
last entered the error
band and display results

l

End

Fig.5. In the test set up of Fig. 4, a computer
controls the measurement. This flow chart
outlines the program requirements.

capacitance of a resistive divider probe or an
active probe makes them an important
addition to a test system.

Most oscilloscopes have a dynamic range
of approximately five divisions beyond top
and bottom of screen. To reduce effects of
system noise and to improve resolution, the
display signal should be scaled as large as
possible. However, beyond 20 divisions of
vertical deflection the recovery time of the
oscilloscope will affect the measurement.
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ECTRONIC-é Editorial
& WIRELESS WORLD Feature List

Printed-Circuit board connectors. We look at
the morass of types that are used to connect
printed circuits to backplanes, to each other, to
flat cables and to the outside world.

Instrument read-outs. Numerical displays are
now used on the humblest of equipments. This
feature examines the characteristics of liquid-
crystals, fluorescent, plasma and other types and
lists those available.

Production soldering and re-working

APRIL 1987

equipment, with reference to the techniques used
in the surface mounting of components. We
include all types from the ordinary soldering iron
to flow-soldering machines.

Spectrum analysers. Advances in the
application of microprocessors to these
instruments have opened up a wider area of use.
Those on the UK market are listed and new
techniques examined.

For further advertising details please ring
Ashley Wallis on: 661 8641




Low-cost automated
response using GPIB

Measurements for personal computers using IEEE488 bus.

his software approach enables simple
automated measurements, without
needing the full g.p.i.b. capability to
do parallel poll and ske handling, on any
personal computer with two eight-bit user
ports. The hardware costs just a few pounds.
Using a general-purpose interface adaptor
so that software overhead can be kept to a
minimum allows for full implementation of
the g.p.i.b. interface. But other approaches
are more cost-effective where only a particular
aspect of the interface function needs to be
used. For example, if a low-cost controller is
required to automate a measurement, and
either store or display the results on a screen,
an ideal solution will be to use any common
microcomputer with two eight-bit i/o ports
and a minimum of additional hardware.

T.SEGARAN

A computer with two eight-bit i/o ports is
required to act as a controller talker and
listener. As a controller the interface indicates
which instrument is addressed at any particu-
lar moment and initializes the bus when
necessary. As a talker, it sets up specific
measurement parameters and ranges for the
instrument currently being addressed. Final-
ly, asa listener, it receives measured data from
an instrument and performs some functions
on it like storage and display.

To implement g.p.i.b. on a computer you
need two eight-bit i/o ports. One i/o port forms
the data highway and the other consists of two
control lines and three handshake lines. The
two control lines are ircand atv. Signal ken will
be hard-wired low so that whenever a particu-
lar instrument is addressed its front panel

controls will also be disabled.

Necessary hardware connections are shown
below. The bus tranceivers enable one to meet
the correct drive conditions and also to switch
from sending to receiving data. An exfra i/o
bit is necessary to decide data direction
through the transceiver.

Port A is connected to the data lines and is
fairly easy to handle using roke and prEx
commands. However, some bits in port B are
used as inputs while some are outputs, there-
fore a hit-handling facility is necessary. For
this reason and for faster data transfer, these
lines are controlled with a machine-code
routine.

Software to implement the interface con-
sists of the following subroutines. Before this
first routine to set an instrument to ‘talk’ or

Fig.1. GPIB interface hardware. In many applications, a very simple hardware interface suffices — most of the work is done in software.

IEEE 488 socket
2% 12 SHIELD
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‘listen’ is entered, variable A must be set to the
required address, which could be the talk or
listen address of that particular instrument.

PROG. A PSEUDOCODE
CALL SUBDTO LOGICALLY INVERT ADDRESS
SET PORT AAS OUTPUT

PLACE CONTENTS OF VARIABLE A IN PORT A
SET NDAC, NRFD OF PORT B AS INPUTS

SET DAV, ATN AND IFC AS OUTPUTS

STROBE [FC LOWTO CLEAR AND INITIALIZE BUS
SETATN LOW

SET DAV HIGH

WAIT FOR NRFDTO GO HIGH

SET DAV LOW

WAIT FORNDACTO GO HIGH

SET DAV HIGH

RETURN

This next subroutine takes the contents of
string A$ and sends it to the instrument that
has been addressed to listen. The Ascii codes
are inverted to satisfy the requirement that
the logic is active low.

PROG. B PSEUDOCODE
SET PORT AAS QUTPIT
SET NDAC, NRFD, OF PORT BAS INPUTS
SET DAV, ATN AND IFC AS OUTPUTS
SETATNHIGH
SET DAVHIGH
FORTHE STRING A$ PROCESS ALL THE “LETTERS”
OBTAIN ASCII OF LETTER
INVERT [T LOGICALLY
PLACE IN PORT A
OBSERVE THREE WIRE HANDSHAKE PROCESS
NEXT LETTER

RETURN

The following subroutine accepts data from
the designated talker, and makes the compu-
ter a listener. Received data is inverted logical-
ly and string A$ is created, which holds the
data. This is in exponential form and is
converted to a real number R by the last
section of the routine.

PROG.C PSEUDOCODE
SETPORT AAS INPUT

SET NDAC, NRFD, ATN, IFC AS OUTPUTS
SET DAVAS INPUTS

CLEARSTRINGA$

SETATNHIGH

Source

Set DAV high .

Place data on
DIO tines

—

—

Set DAV high

Fig. 2. Three-wire handshaking flow.

\RFD signol goes MO ___ —

od
when att acceptors ofe ready

Datq ; .
— i valig

Acceptor

1

“Set NRFD
NDAC low

Set NRFD high

——

Set NDAC low

SET NDAC, NRFD LOW

DO FOLLOWING UNTIL RECEIVED BYTE B REPRE-
SENTS LINE FEED:

OBSERVE THREE-WIRE HANDSHAKE PROCESS
PLACE RECEIVED BYTEIN VARIABLE B
LOGICALLY INVERT CONTENTS OF B

ADD STRING REPRESENTATION OF B A$ UNLESS
IT REPRESENTS CARRIAGE RETURN

CONTINUE

CALCULATE REAL NUMBER MANTISSA/EXPONENT
FORMAT

PLACETHIS INVARIABLER
RETURN

The fourth subroutine controls the line of port
B using the usk command which enables one
to mix Basic and assembly-language routines.
It operates on a single bit, either setting,
resetting or returning its state in X, depend-
ing on the usk call. For example,

X = Usk(Q) setsbit zerohigh
X = Usk () sets bit zero low and
X = USk(Q2) returns the state of bit zeroin x

It also is entered when the logical significance
of abyte is to be changed.

PROG.D. PSEUDOCODE

DETERMINE WHETHER 1/0 BIT OPERATION OR BYTE
INVERSION REQUIRED

FOR BIT OPERATION

DETERMINE WHICH /0 BIT OF PORT B
IS REFERRED

SET, RESET OR READ BIT AS REQUIRED
PLACE READ VALUE IN RELEVANT LOCATION

RETURN
FOR BYTE INVERSION

FETCH BYTE FROM RELEVANT MEMORY
ADDRESS

PLACETHE INVERTED-BYTE BACK IN STORE
RETURN

The frequency response measurement pro-
gram calls up the relevant subroutines A,B or
C after setting the required values in A and A$.

FREQUENCY-RESPONSE
PSEUDOCODE

SET ATO ADDRESS OF AUDIO ANALYER (8903A)
CALLSUBA

SET A$ TO SELECT LEVEL AND MEASUREMENT
PARAMETERS ON 8905A
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With a personal computer, some software and a few ttl. i.cs, the 8903A audio analyser

becomes an audio test station.

CALLSUBB

FORFREQ = START FREQ TO STOP FREQ, STEP

SETASTO FREQ
CALLSUBB
CALLSUBC
STORE RINARRAY

NEXT FREQUENCY

COMPUTE GAIN IN DB FROM STORED ARRAY

DISPLAY GRAPH OF FREQ VS GAIN ON SCREEN

The external transceivers are needed to meet
the drive conditions on the g.p.i.b. interface.
The 74160 has open-collector outputs and can
be set for send or receive by placing & (pin 1)
high or low respectively. (vt to low sets output
toopen-collector).

The 74161 is specially designed for control-
lers. By keeping pc low {pin 11} ar~.rexand irc
are always designated as outputs, since a
controller always has this configuration. Note
that nnac and ~rep can only be open-collector

outputs since operation of the handshake
allows the slowest instrument, being the last
to release these then, to control the speed of
information flow.

GPIB/IEEE488 INTERFACE
PROTOCOLS

Addressing and data transter take place over
an eight-bit bus. Five control lines indicate
and set the status of the bus. Interface clear
(irc) is used by a controller to initialize the bus
to a known state. In this state, none of the
instruments is addressed and the controller is
in charge. Attention (arN) is used by the
controller to indicate the significance of the
informationon the bus.

When the ar~ line is low, all the instruments
interpret the information on the bus as being
an address. If an instrument recognizes the
address as being its own, then it interprets
further data bytes as being set-up information.
When the set-up information is being put on
the bus the atv line is put high by controller.

Remote-enable line rex is set low by the
controller when addressing an instrument to
disable front panel controls. The other two
lines carry service request skq and end or
identify (ro1) signals. The o signals, optional-
ly indicating the end of a multi-byte transfer.
are not necessary for the simple application
and are beyond the scope of this article.

Three remaining lines are used for hand-
shaking during byte transfers on the bus, data
valid (bw) not ready for data (xren} and no data
accepted (Nvac).

APPLICATIONS SUMMARY

DOUBLE- BALANCED MIXER

Commutation gives a wide dyna-
mic range without increasing
local oscillator drive in a double-
balanced mixer circuit from Sili-
conix. Input third-order inter-
cept points higher than 39dBm
with 17dBm of local-oscillator
drive have been achieved.

Unlike conventional diode-
ring or active-fet mixers, the
commutation mixer relies on
the switching actions of quad
fets. This mixer is in effect a pair
of switches reversing the signal-
carrier phase at a rate deter-
mined by local-oscillator fre-
quency.

The note, called Designing a
super-high dynamic range
double-balanced mixer, also in-
cludes data on the Si8901 ring
demodulator/balanced mixer
used in the prototype design.
EWW303 on reply card
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Performance comparison of double-
balanced mixers. Compared with conven-
tional diode-ring double-balanced mixers,
the 8901 mixer gives an order of magni-
tude performance improvement at local-
oscillator power levels.
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DTI to study
customi.cs

The current and potential use of
custom-made integrated circuits
is to be the subject of a study by
the Department of Trade and
Industry. Despite the reliability,
cost-saving and enhanced per-
formance offered by these de-
vices, many companies, espec-
ially small concerns seem reluc-
tant to use them. The consultan-
¢y team will study the circuits,
their use and the factors that
may be inhibiting potential us-
ers. The Association of Instru-
mentation, Control and Automa-
tion (Gambica). The National
Economic Development Office
and the Electronic Components
Industry Federation have all ex-
pressed a strong interest and will
be participating in the study
which is being carried out by
Michael Shortland Associates in
collaboration with Butler Cox
and Partners. Anyone wishing to
contribute information or com-
ments should contact them at
100 High Path Road, Guildford,
Surrey. Telephone: 0438
859535.

As if to reinforce the need for
such a study, a newsletter has
come from a market research
organisation, Nu-Markets
Associates. In it Prof.Stan Hurst
of the Open University details the
types of application-specific i.cs
(asics); gate arrays are uncom-
mitted chips that need an inter-
connection overlay, while cell-
library i.cs are designed from a
range of predesigned cells which
are then ordered to provide the
required function and manufac-
tured using all the stages of chip
fabrication. He points out that
there are now a number of design
suites available for low-cost com-
puters and he envisages the day
when “every equipment designer
in both large and small com-
panies will have a c.a.d. system
on the desk.” Software and
equipment is becoming more
complex and yet easier to use so
that electronic beam lithography
will permit a very rapid turn-
round service for gate array de-
sign which, can then be commit-
ted to a corresponding cell lib-
rary or other design if required
for production.

The newsletter gives many ex-

amples of the new approach to .
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i.c. production. Many of the ma-
jor 1.C. manufacturers are now
forming alliances between them-
selves or with third-party c.a.d.
system designers, to enter the
asic field which they may see as a
threat to their standard pro-
ducts. Independently, Intel have
told us that they are to offer a
¢-mos gate array service origi-
nally developed by IBM for their
internal use. In return IBM will
have access to the Intel cell
library.

Automatic
volume
measurement

A new system has been installed
at British Airways Cargo centre.

It can measure the volume of
cargo automatically. The prob-
Jem is that freight charges do not
only depend on weight. Light-
weight, bulky cargoes are
charged by volume and also pre-
sent problems for packing the
cargo holds of the aircraft. This
needed a tape measure and a lot
of time. Now the packages are
passed at a uniform speed
through an opto-electrinic scan-
ning gate which acquires a com-
plete profile of the side and top of
each package. The packages are
also automatically weighed. The
information is stored and proces-
sed in a system computer which
can then give the required
volume measurement. The line-
scan cameras and computer in-
terfaces are produced by Inte-
grated Photomatrix Ltd, who
specialize in opto-electronics.

RTX is claimed to be the world’s first ‘personal working robot’.
Controlled by an IBM PC and using totally accessible software, the
six-axis arm can pick up a 2kg load and place it anywhere within a
30 cubic feet space. “A robot with a 0.1mm accuracy moving at
9m/s is overkill if all you want to do is place p.c.bs onto a piece of
test equipment” comments Tim Jones, technical director and
co-founder of UMI. RTX is designed for mass production and

currently costs £5000. UMl can be reached on 01-871 1339.

Eiffel tower in
space

One can imagine the rocket-like
shape of the Eiffel tower rising
majestically skyward, but this is
not to happen: Candidates at a
recent competition have been
asked to propose a durable struc-
ture in space, visible to the naked
eye from earth, and symbolising
universal communication. The
structure should have neither
commercial nor military applica-
tions though the delegates to the
Congress of the Committee on
Space Research (Copsar) have
been invited to submit ideas for
scientific and peaceful use. The
project (with technical assist-
ance from the French National
Space Studies Centre and help
from ESA) is part of the Centen-
ary celebrations for the tower
which was the subject of a simi-
lar competition, won by Gustav
Eiffel in 1886 and erected for the
Paris Exposition, 1889.

Phone sockets
liberalized

As from the first of December it is
legal to add your own sockets and
extensions to the public tele-
phone networks. There are one
or two conditions: All equipment
and wiring must be of approved
types. There must be a new-type
master socket provided by the
public network. All add-ons can
be taken from wire plugged into
the front of the master socket,
not connected directly. It is plan-
ned to produce a new pattern of
master socket which will enable
direct rather than plug-in con-
nection of extension wiring.
Sockets offered by retail outlets
should have clear instructions
related to their installation.

Windows
screened from
r. f.i.

Very thin, transparent coatings
on glass can provide an effective
electromagnetic screen to radio
frequency interference; accord-
ing to research carried out by
ERA technology. Such glass

39



panels can reduce the emmis-
sions from computer devices
(thus preventing electronic
eavesdropping) and protect
against high-intensity radiation
from radar transmitters. The
high-frequency tests carried out
by ERA agree with accepted
screening theory and have per-
mitted the derivation of simple
expressions to obtain a rapid
assessment of screening per-
formance on the sheet resistance
value, a report covering the
work, ERA report 86-0056R, can
be obtained from ERA Technolo-
gy Ltd, Cleeve Road, Leather-
head, Surrey KT22 7SA.

Transducer film

A plastic film has both piezo and
pyro-electric properties. lts
piezo effects allow it to be used
for touch-sensitive keyboards, in
loudspeakers and microphones.
It can also be used as a heat
detector and in strain gauges. In
analarm system, it has been used
to detect an intruder at more
than 6m. Its other advantages
are that it can be shaped or
moulded for specific application,
can be cut or punctured without
loss of function and is imper-
vious to most chemicals. The
poled Kynar polyvinylidene
fluoride (PVDF) film has been
developed in the US by Pennwalt
Corp.

Honour for Ray
Dolby

Dr. Ray Dolby, of the noise re-
duction system for tape record-
ings, has been awarded the OBE
by the Queen. As he is an Amer-
ican citizen, the award is honor-
ary and carries no title. Dr. Dolby
studied in Cambridge and gained
his PhD while researching at the
Cavendish Laboratory. He has
been consultant to the UKAEA
and a UNESCO technical adviser
in India. The A-type noise reduc-
tion system is twenty years old.
B-type has been accepted as a
standard for cassette recorders
and players and a new system,
spectral recording, has been
announced for use in profession-
al music recording, broadcasting
and many other applications.
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Compatible
semiconductor
technology is
“first whole
Alvey project to
mature”

A compatible set of semiconduc-
tor process steps can produce
devices that extend from low-
power high-performance c-mos
to very fast bipolar devices as well
as devices that merge the two
processes. Under installation at
STC Components semiconduc-
tor division at Foots Cray and set
for production of 1.25um derives
next year, the process is a joint
Alvey project (with Racal and
British Aerospace). A spin-off
from this project has led to a
2pum installation at Foots Cray
which has been making static
rams since early 1985, alongside
existing lines of 5 and 2.5um
n-mos production.

The first product of the “inte-
grated technology concept” is a
merged technology device which
expoits the self-alignment of c-
mos with the high performance
of polysilicon emmitters and
allows cmos devices to have
totally unaffected by bipolar cur-
rent gain is an application-
specific digital signal processor
that offers a lower cost route to
transcoding of 64kbit/s.p.c.m. to
adaptive differential p.c.m. and

vice versa.

STC aim for only “moderate
capacity” of 2000 wafers per
week. “We aim to manufacture
the more challenging products
to enable us to improve our sales
revenue per wafer” said market-
ing manager Richard Phipps.
STC Semiconductors are on 01-
3003333.

In Brief

Canadian Home Shopping Net-
work (CHSN), which operates
through the cable networks, now
has a satellite link so that Cana-
dian shoppers in even the re-
motest areas can buy the goods
displayed on their tv sets. The
link is only one-way; shoppers
need to use the telephone to
order the goods.

CONFERENCE
& EXHIBITIONS

3-4 December 1986

Satellite Broadcasting. Confer-
ence. Tara Hotel, London
Online, as above.

9-11 December 1986

Videotex International Confer-
ence and exhibition. Wembley
Conference Centre, London.
Online, as above.

23-27 February 1987

Fiarex 87 international electro-
nics trade fair. Rai Exhibition
Centre, Amsterdam. Rai
Gebouw, Europaplein, Am-
sterdam.

3-6 March 1987

International Open Systems
Conference (and a MAP seminar,
4 March). Barbican Centre, Lon-
don. Online, as above Semicon
Europa 87 exhibition of semi-
conductor equipment and mate-
rials. Zuspa Convention Centre,
Zurich. Enquiries to Cochrane
Communications, Tel: 0@ 353
8807.

24-26 March 1987

Cadcam 87 exhibition. NEC
Birmingham.

EMAP int. Exhibitions, Tel: 01
608 1161.

25-26 March 1987
Instrumentation Bristol 87 Ex-
hibition. Bristol Crest Hotel. Tri-
dent Int. Exhibitions, Tel: 0822
4671.

6-8 April 1987

Offshore computers conference
and exhibition. Heathrow Penta
Hotel, London. Offshore Confer-
ences, Tel: 01 549 5831.

28-29 April 1987

Cellular and mobile communica-
tions Conference. Barbican Cen-
tre, London. Online, as above.
Value-added network services
(VANS) Conference. Barbican
Centre, London. Online as
above.

28-30 April 1987
City communications exhibi-
tion. Barbican Centre, London.
Online, As above.

18-20June 1987
Television measurements, Third
international 1IERE conference.
Montreux, Switzerland. IERE
Tel: 01 3883071.



Inmarsat and
satellite

navigation

Olof Lundberg, Director-general
of the International Marine
Satellite Organization, Inmar-
sat, has made a plea for the
rationalization of satellite
navigation and communication
systems. In an address to the
1986 conference of the Royal
Institute of Navigation, he
pointed out that Inmarsat was
founded for that very purpose
but many nations are forging
ahead with their own, usually
military, systems.

The United States, for exam-
ple, has five different systems
which are to be phased out and
replaced by the Global Position-
ing System (GPS) also called
Navstar. This will consist of 18
satellites in a network of orbits so
arranged that three are ‘visible’
at any specific time at any point
on the globe. Any two satellites
used together can enable users to
determine their precise location,
speed and time and use passive
(i.e. receive only) instruments
which can perform the timing
and triangulation operations. A
third satellite is used to provide
altitude information. The USSR
is developing a similar system
with 12 satellites, known as Glo-
nass. It uses spread-spectrum
techniques in frequency bands
near those of GPS and both sys-
tems are broadcast and could
accommodate an infinite num-
ber of users. They are both being
developed primarily for military
use but would be of great benefit
for civil aviation and maritime
use.

Objections to such systems
related to cost, accuracy, inter-
national acceptance, coverage
and other problems. Taking GPS
as an example, receivers are ex-
pensive (though becoming
cheaper). US Congress has de-
creed that civil use will be free of
any fees, but it could change its
mind. Military users will be able
to use the Precise Positioning
Service which is highly accurate,
but national security demands
that civil users will be restricted
to the standard positioning ser-
vice (SPS) which is accurate to
about 100m. [Readers might re-
member that Magnavox found a
way round this with their

MX4400 receiver — News Aug.
1986]. The fourth source of con-
tention is the international
acceptability of such systems
which are under the control of a
signal country — and its armed
forces.

Matters are further compli-
cated by the proposal of a sepa-
rate commercial system provid-
ing radiodetermination satellite
services (RDSS) Proposed by the
US Federal Communications
Commission (FCC), the two-way
Geostar satellite system has been
recommended. Objections to
this system centre around the
wide bandwidth required and the
limited number of users at one
time. Users will have to pay a
registration fee and usage fees.
Yet another commercial system,
the Mobile Satellite Service, has
been proposed, by the Omninet
Corp, and accepted by the FCC.
This is based chiefly on speech
communication for mobile voice
and rural radio and telephone
services. Further proliferation is
likely as the FCC believes that
competition provides choice and
encourages excellence. Interna-
tional competition comes from
the European Space Agency Nav-
sat system and the Granas sys-
tem proposed by SEL in West
Germany.

Olof Lundberg has reached a

number of conclusions: that
there is a demand for an interna-

tional satellite mobile com-
munications and radio-
determination service; that the
USA will rationalize its federal
system but will also encourage
commercial services; that there
will be a number of different
services; that there will be stron-
ger links between communica-
tions and navigation systems and
between maritime and aero-
nautical users.

He reiterated that Inmarsat
was set up to coordinate exactly
such services. Many of them are
already available through their
channels. The Inmarsat Stan-
dard C ship station is about the
size of a shoebox and will be as
low-cost as any proposed. It pro-
vides message communications
through the international telex
and data networks. Automatic
position-reporting and polling
could find more applications if
the national systems collabo-
rated to produce a universal for-
mat and access arrangements to
enable the data to be automati-
cally transmitted and processed.
Ranging systems for position de-
termination could and should be
provided by Inmarsat, who are
planning to demonstrate the
accuracy obtainable from geo-
stationary satellites during the

approaching year.

Another service required in-
ternationally is an “integrity”
channel; a system that could
monitor and validate satellite
navigation systems so that users
of, say Glonass or GPS, can be
assured (within 10s) of the cor-
rect working of the system. The
channel could be used to provide
differential corrections to enable
precise navigation or position
determination. Inmarsat is
studying the feasibility of provid-
ing such a channel.

Aircraft can be provided with
surveillance systems that auto-
matically provide position and
ranging reports to traffic con-
trollers. These can even be inde-
pendent of the aircraft’s own
navigation system as the traffic
control computer could interro-
gate the satellites directly as to
the aircraft’s position.

Dr Lundberg suggested that
the framework already existed
within Inmarsat for an interna-
tional body that could accommo-
date under its umbrella the mul-
tiplicity of systems that would
and could provide international
and neutral management of
national systems which may not,
by themselves be wholly accept-
able, but which could become
acceptable if an international
buffer were adopted.
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Subcode converter for c.d.

CIRCUIT IDEAS

Serial subcode data from a Pioneer PD6010
disc player is converted by this interface into
twelve bytes for feeding into a micro-
processor.

Data from the player is shifted into an
LS164 register using the player’s clock
signal which also increments input-bit
counter IC,,. When eight bits have been
shifted the bit-counter’s D output goes high.
This triggers the LS123 monostable mulit-

that the 12 bytes can be read. Data must be
read within 1.3ms of the falling edge of DATA
READY since the interface generates a write
pulse for the next subcode block after this
time. Reading can still take place after the
DATA READY signal returns high.

In a 6502-based computer with a 6422
v.l.a., the CB; input can be used to sense the
DATA READY interrupt. Data format is de-
scribed in Watkinson’s article ‘Subcodes

vibrator, causing parellel data from the shift  explained’ in E€WW, September 1986. 6-DATA  7- SYNC
register to be written into ram. At the same  P. Griffiths
time, the write pulse clears the bit counter Uppingham
and increments ram-address counter ICyy,. Leicestershire.
When a sync pulse is sent by the player,
both counters are cleared and a DATA READY CK 7-35kHz I | | I | I | | I I I I I I
signal is produced., The falling edge of this
signal interrupts the microprocessor con-
nected to the interface. Signals ENABLE and
SYNC from the player are gated together to SYNC | I
inhibit DATA READY when incoming subcode
datais invalid.
Inresponse to the interrupt, the processor DATA
gains access to the ram address lines by X )‘ I ‘( _x E
taking the multiplexer select input high so b Sg—t=54—
Data out
‘DATA
READ
+5V , 4 121 enmsLe
& ¥ ¥y ¥ A
{‘IZK 1Cg 7415157 STRB.SEL 15
AR, 5 Za% % 3 by b
“‘C E/:f n EEREEDLE _.1.
LIEW! 193_ 3“¥Lu Yoo Tafr Far M,
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7415393 7415123
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Onei.c. p.w.m. power amplifier

CIRCUIT IDEAS

In this pulse-width-modulated amplifier in-
tended for voice-grade communications re-
ceivers, a UC3637 switched-mode control
i.c. functions as a class AD audio power
amplifier.

Bandwidth is 300Hz to 2kHz, voltage gain
is around 10 and maximum input voltage is
about 1V pk-pk. These quantities are im-
possible to measure directly because audio
output is available only as sound from the
loudspeaker. Electrical output from the
amplifier is a pulse waveform which the
loudspeaker filters to form the audio signal.

The amplifier operates in an open loop
configuration with output switching fre-
quency set to 30kHz. Closed-loop operation
is possible but the switching frequency must
be increased to the point where switching
losses become excessive. Without feedback,
the 3637’s pulse-width modulator is very
linear.

A small 8() loudspeaker can be driven at
adequate volume levels but for safe con-
tinuous operation, the amplifier should
drive a load resistance of at least 30().
Addition of a four-transistor H-bridge driver
would increase output capability.

Supply current is 145mA during normal
operation with a 30€) load. Taking the
shutdown input high, to about 7V or higher,
or letting if float reduces supply current to
29mA.

A low-pass filter at the amplifier input is

designed for 600€). If this value is different, '

adjust the value of the 1k(} resistor con-
nected to pin 15 so that the sum of this
resistor and the output resistance is about
1.6k

The entire amplifier, including the loud-
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If you have meter pulses on your telephone
line, a cheap pocket calculator and simple
circuit can be used to monitor call costs
without making physical contact with the
telephone line.

To put the meter pulses on your line, BT
will charge about £17 and a £2.50 a quarter
rental charge* thereafter. The pulses are
easily distinguished from other line currents
since they are high-amplitude signals fed
down both wires of the line in parallel and
earthreferenced.

All that's needed to detect the pulses is a
capacitive pick-up device consisting of a
dozen turns of wire wrapped around the
telephone line (or a medium-sized Bulldog
clip). Earth connection can be made to a
nearby radiator or pipe of any sort.

The circuit is based on a quad analogue-
gate and can be made small enough to fit
inside a pocket calculator. It is powered from
the calculator batteries and draws very little
current in standby mode.

_Functionally the circuit consists of a
high-impedance buffer followed by a recti-

*Pre-November rates.

fier and smoothing network to reject short-
duration interference. The final stage cleans
up the pulse and provides a switch output.

Output connections are wired in parallel
with the calculator keypad “=" key. The
:alculator should have an auto-constant
facility, as most do. Try to obtain a calculator
without automatic shut-off, otherwise the
setting-up procedure will have to be carried
out each time a call is made.

Before making a call, press the clear key,
enter the unit cost (currently 5.75p), press
the plus key twice, then press the equal key.
Check counting by pressing the equal key,
then press zero. Each time a pulse is re-
ceived, the calculator adds the unit cost to
the displayed total. The total can be left to
accumulate or be zeroed before each call is
made.

Making connections on some types of
calculator keyboards may prove difficult,
though a combination of screws, conductive
paint and solder will cope with most types.
John Hartley
Amersham
Buckinghamshire

Capacitative coupling
to telephone wire
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Autobiasing preamplifier

CIRCUIT IDEAS

Half-wave rectifier

Resistor-based autobiasing circuits do not
work well with low supply voltages. This
general-purpose preamplifier uses active
autobiasing and runs with supplies from 1.2
to at least 12V, taking about 0.5mA from a
2.4V supply.

Active autobiasing uses a transistor to
compare mean output level with a reference
voltage and feed back corrections even at low
supply voltages. In most low-noise preampli-
fiers, Ve is kept small to minimize shot
noise. Here, the first transistor is kept
almost saturated and the collector of the
second is at mid-rail for maximum output-
voltage swing.

Low-frequency roll-off is determined by
the low-pass filter used to average output
level and high-frequency performance de-
pends on transistor characteristics. With the
input open-circuit, the filter must give
sufficient attenuation near d.c. to make the
autobiasing stable.

Input-signal impedance should be less
than about 1k}, and amplitude a few milli-
volts, so the amplifier is suitable for coil
microphones and tape heads. In the pro-
totype, Tr; 5 had gains of about 500 and Tr,
about 190.

P.J. Ratcliffe
Stevenage
Hertfordshire
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Compact digital echo unit »

A basic LM324 non-inverting amplifier
working from a single-rail supply can be
considered as a precision half-wave rectifier.
Note that the peak negative value of V;,, must
not exceed 300mV. For higher voltage, add a
series resistor at the input to form a poten-
tial divider. A coupling capacitor may be
used if necessary.

Kerim Fahme
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Autobias
comparator

Despite its simplicity, this compact sound-
delay unit gives a repeating echo with a
half-second period and good fidelity. Input
and output are at line level and current
consumption is about 65mA.

Two controls are provided; the delay-time
control gives the period between echos and
the recirculate control sets the fraction of
the delayed signal fed back to give multiple
echos. The unit’s single 64K-bit ram i.c.
gives a comparable memory to echo units
with eight-bit converters and 8K-byte of
storage.

Simplicity is achieved through use of a
type of digital/analogue conversion known as
delta-sigma modulation. As well as requiring
few components, this type of converter
produces only one output bit and so does not
suffer from the same kind of clipping distor-
tion that occurs when conventional conver-
ters are overdriven. Instead, over-large sig-
nals cause slew-rate distortion which is far
less noticeable to the ear. This means that far
less headroom needs to be allowed for sound
peaks when setting up and the overall signal-
to-noise ratio is correspondingly increased.

Each memory location is selected in turn;
on each selection, old contents are read and
new data is written. Time taken to cycle
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round all 65536 locations is the echo or delay
time.

Counter ICy is constantly clocked at
around 500kHz by the oscillator formed by
1Cy1, 6. This counter is used as a sequencer to
control the rest of the digital electronics. It
counts through four phases 00, 10, 01 and
11, performing the following actions.

In phase 00, IC;,. goes low, incrementing
the main address counter IC; 3. During the
rest of this state, the address counter ripples
through and settles down.

During phase 10, IC,, pulls the memory
ras line low. This causes the memory to latch
the low eight bits of the address counter and
takes care of memory refresh. At about 30ns
after ras, the signal propagates through the
delay section around IC,,. This causes data
selectors IC5¢ to switch and present the
high-order eight bits of data to the memory.
At the same time, casis pulled low.

Phase 01 causes the memory device to
recall its stored information for the current
address and put it on pin 14. This data is
latched into ICs, on the transition to the
next state.

The memory’s we line is held low during
phase 11, causing data from ICs, to over-
write the data that has just been read out. At

the end of the state, cas, ras and we all go high
and IC3, is clocked to fetch a new bit from
the input.

I have built the unit into an existing
commercial mixing desk between the echo-
send and echo-return connections. It is
wired so that it switches out when an
external effects unit is plugged in. However
the circuit can be used as a stand-alone unit
without modification.

Using battery power only a single-pole
on/off switch is needed. When the circuit is
switched off, the diode prevents power drain
from the —3V battery.

D.J. Greaves
St John'’s College
Cambrige

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
envelope”than let good ideas be wasted.
Submissions are judged on originality and/or
usefulness so these points should be brought to
the fore, preferably inthe first sentence.
Minimum payment of £35 is made for
published circuits, normally early in the-month
following publication.




4.

1

38140903 Oliy;

AES+

ALYy

ALE- L
h i i o il i 2 = ¥ = v__‘
S o £ ML ] C EsEMw 0 [T
A€ (=42 73 eesmt  E6ESTU z auy
e ) i i -
T 0o ¢ 831 i e sl Aojag
14 %l - i 6 ; . B0
|«|FD1._- NIBRDEREEEE o ofof uf of s € ql
oL == u- dee ==
A9 § dosi =9 dost EE L
i T ™5 A
up
tool.. o g} of el ol 2 ol el wloy ¢ ¢ -
COASIHW s CASLHeL 0
LSISTIL Cslsme 8
= i
. : iz oH N ) mﬁ o -
ol %_ﬂ < %$ - = Qw@ sm -
Lsuidoj 91 BEAEN K 491 9L
Uy 0ty 38110902
71 sud ol o0ly .
B
J7
%001 |
YoIN3Y
%004 o |4 o el a
AAA s 4 - - T ”
mrm 6 " ; - -
b ki 9 WP LXNYY
CE KL R
9 4 o
N L "

45



Wide-area binary paging

To conclude this two-part article, an examination of the
signalling formats used in radio-paging.

number of different signalling formats

Af)xist. Among them coway and rocsac

een adopted by pager manufacturers.

Pocsac is the Post Office Code Standardisation

Advisory Group format; the coray code comes
from Motorola.

A pocsac transmission always begins with a
preamble followed by a batch of codewords
(Fig.4). The preamble consists of alternating
ones and noughts repeated for at least 576
bits, enough for the paging units to acquire bit
synchronization. The bit rate is 512 bits per
second and so the preamble lasts for just over
one second.

Every batch must contain 17 codewords,
each 32 bits long. The first is a synchroniza-
tion codeword, to give the pager word syn-
chronization (Fig.5). Eight frames each of two
codewords must follow. These may be address
codewords, message codewords or idle code-
words,

ADDRESS CODEWORDS

The structure of an address codeword is
illustrated in Fig.6. Bit 1 is always zero. The
next 18 bits distinguish the address of the
pager. Pocsac pagers have seven-digit decimal
address codes which translate into 21 binary
bits. Only the most significant 18 bits are
transmitted, however, the remaining three
address bits serving to define which of the
eight frames in the address codeword will be
used for transmission of the address code. Bits
20 and 21 offer four different function codes
indicating to the pager which sequence of
bleeps to use during alert.

Ten parity check bits follow. These corres-
pond to the co-efficients of the terms from x°
and x° in the remainder polynomial when a
polynomial having terms x°! down to x'° (the
first 21 information bits) is divided, modulo 2,
by the generating polynomial
X040+ x84 x4+ 1

Using check bits means that one or two bit
errors in 32 bits of address codeword can be
corrected by the pager. The final bit of the
codeword (bit 32) is an even parity check bit
for the whole codeword.

MESSAGE CODEWORDS

Structure of a message codeword is illustrated
in Fig.7. Bit 1 is always set to binary 1. The
next 20 bits in the message codeword identify
characters to be displayed, but this depends
upon the type of pager. The character set of a
numeric-only display pager consists of figures
0 to 9, a star symbol, the letter U, a space,
hyphen and comma. These 15 characters
require 4 bits (0000-1111), so five numeric
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Preamble

Batch 2

|
i
{ 576 bit reversals ]
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Fig.4. Data structure of pocsac code. There are two codewords in every frame, eight frames

plus one extra codeword in every batch.
1
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Fig.5. Synchronization codeword for Pocsac. The word takes 62.5ms to send: its bit pattern

never changes.
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L I l I I ] 1 7-digit pager address
Fig.6. Address codewords. Bits 2-19 uniquely identify a single paging receiver.
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Fig7. pocsac message codewords. Twenty message bits are available: when seven-bit
alpha-numeric textis being sent, some characters become split between one codeword and

the next.
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Fig.8.dle codeword. This bit pattern may not occur in any other codeword.

characters are sent per message codeword.

In the case of the alpha-numeric display
pager, 128 characters are defined (although
not all are printable), and seven bits are
required per character. Three seven-bit char-
acters cannot fit into 20 bits and so remaining
bits of a character are sent in the next message
codeword.

The 10 check bits are again calculated from
the first 21 bits of the codeword. Bit 32 is
always an even parity bit. Once message
codewords have begun, they continue until
the end of the message is reached, except that
a synchronization code word must be inserted
after each 18 frames to maintain the batch
structure.

One bit error in 32 bits can be corrected
from a message codeword.

IDLE CODEWORD

The idle codeword, a pattern of bits which can
never occur randomly, is transmitted in the
absence of any address or message codewords.
It may fill a part-used frame, or can pad out
the batch to its correct length (Fig.8).

GOLAY

The coLav sequential code (GSC) is truly
asynchronous. It has functional addressing,
which means that the actual address code
determines how the pager will bleep. (In




pocsac the function code is separate.)

A design objective was to produce a code
suitable for use on a channel carrying both
voice and data paging. No system operator in
the UK, to the writer’s knowledge, ever mixes
binary data (f.s.k.) and voice (f.m.) on the
same wide-area paging channel.

Transmissions are usually batched for max-
imum throughput, although cotay allows
transmission of individual calls. For example
an urgent call to a hospital team can be
transmitted immediately upon receipt, where
even a 30 second maximum batch wait may be
too long.

Goravspreamble is complicated (Fig.9). The
word repeated in the preamble is selected
from a choice of ten. Ten preambles divide the
population of pagers into ten groups except
where pagers without any battery-saving fea-
ture are used. In this case the same preamble
is common to all pagers and the addressing
capacity of the system is reduced by a factor of
ten.

In addition, the polarity of the preamble
words signifies whether an individual or a
batch call is due.

The preamble is sent at 300 bit/s except
during the comma, and it lasts 1.4s. The
comma is simply a sequence of 14 bit reversals
transmitted at 600 bit/s.

CODEWORDS

A start codeword, an activation codeword and
an address codeword all have the same format
(Fig.10) and take 0.202s seconds to transmit.

Each codeword has a comma and two words
and a ‘gap’. The two words are separated by a
gap of half a bit (at 300 bit/s). The gap bit is
opposite in polarity to the first bit of the word
which follows. The words within the codeword
have 12 information bits and 11 parity bits.

Within the address codeword, word 1 has
only 50 possible values and word 2 has about
2000 possible values; so the number of possi-
ble combinations is 100 000. Since there are
ten possible preambles and pagers distinguish
between them, a maximum code capacity of
one million is realized.

Complements of each address codeword are
also recognized by pagers providing four more
addresses for each code.

DATA BLOCKS

Data blocks, transmitted at 600 bit/s, also last
for 0.202 seconds. The gap is at the beginning.
Following on are eight words of 15 bits each.
Data is encoded using the 15,7 cyclic scH code.
Eight alpha characters or twelve numeric data
characters are encoded into one data block
(Fig.11).

TABLE 2: features of the two signalling formats

>

This tone-only pager can produce four different bleep patterns.

Message length is limited to 80 alpha
characters, because there is a maximum limit
of ten consecutive data blocks.

Error correction is good: three errors can
be corrected in 23 bits of address information,
and 16 errors in 120 bits of message.

GOLAY OR POCSAG THEN?

Consider the features of each format (Table 2).
The fade-length comparisons suggest that if a
cotay subscriber has received an alert, then he
is more likely to receive an uncorrupted
message. Pocsac, on the other hand, offers
more correction to its address information
than for its data information.

Bit svnchronization is essential to rocsac,
and pagers acquire bit synchronization during
the preamble. Since groups of rocsac pagers
are assigned specific time slots, they can
switch into low current mode for periods
whilst calls are transmitted to other rocsac
pagers. This achieves a reasonable battery life,
but may sacrifice, according to Motorola,
flexibility to permit other code formats and
voice on the same channel. Another preamble
must be sent before the next batch of rocsac
data, since pagers will have lost synchroniza-
tion during the transmission of speech and
other formats. The argument is that extra
transmission of preamble results in wasted air
time.

Since coray is an asynchronous code, its
pages can be interspersed randomly among
the transmission of voice etc. This gives, it is
suggested, greater flexibility of system imple-
mentation.

Digital Mobile Communications have en-

GOLAY

POCSAG

Code capacity
Tone-only call rate
Data call rate (80 characters)

Battery saving option Yes

Error correction Yes

Correction of biterrors:

Address bits 3outof23 bits
Data bits 16 out of 120 bits
Max. tolerable signal drop out

Address word 10ms

Data word 27ms

1 million of 4 addresses
5 calls per second
0.45 calls per second

2 million of 4 functions
15 calls per second
0.52 calls per seconds
Yes

Yes

2 outof 32 bits
1 out of 32 bits

4ms
2ms

1723 4 5 67 8 9 10N 12 131 15 1617 18

[TITTTTITITITITIIITITIT

Qne 23-bit word repeated 18 fimes

&
S

Fig.9. Preamble structure of GoLay sequen-
tial code (Motorola).

Emmal Word 1 IGapI WOPUZJ

202ms |

Fig.10. coLay codeword format, each word
contains 23 bits and is transmitted at 300
bit/s. The gap is equal to half a bit at 300
bit/s.

[Gap{word 1 [ Word 2] word 3{Word s [word 5 [Word 6 [word 7 word 8
i 1

l 202ms S

Fig.11. coLav data block format Each word
contains 15 bits and is transmitted at 600
bit/s.

countered no problems in operation of either
format, but have no plans to create a voice and
data channel. Data is transmitted on a v.h.f.
frequency, whereas the company’s high-
quality voice paging service uses a frequency
inthe u.h.f. band.

All rocsac mentioned previously refers to
the 512 bit/s code, but it should be mentioned
that a faster code is being introduced with a
signalling rate of 1200 bit/s. All addressing and
data coding is identical, but in comparing this
with 512 bit/s data, timings etc. should be
reduced accordingly. BT Radiopaging hope to
implement this before the end of the year.
Other operators also have networks capable of
1200 bit/s transmission and are awaiting the
supply of pagers.
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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 /O &
memory extension cards.

from £185 + VAT.

ENTER 24 ON REPLY CARD

The Bowman 68000 &HBC

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.

* Ex;[jended width versions with on board power supply
and case.

from £295 + VAT.

ENTER 25 ON REPLY CARD

Sherwood DataSystems Lid

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067

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.

AFFORDABLE ACCURACY

Quality Multimeters from

Cirkit
A comprehensive range
of Analogue and

(Pushbutton or Rotary NETWORK SATELLITE
Switched) Digital Models SYSTEMS LTD
Units 7-8

Newburn Bridge Industrial Estate
Hartlepool, Cleveland TS25 1UB

Tel: (0429) 274239 or 869366

ENTER 10 ON REPLY CARD

ANALOGUE
HM-102BZ - | 0ADC Range, 20k{1VDC

Buzzer, Battery Test Scale ....... .£12.50
19 measuring ranges

HM-102R - Low end voitage & current
ranges. Jack for Audio o/p voltages £11.00
20 measuring ranges

HM-1015 — Rugged. Pocket sized meter, for
general purpose use ... E £7.50
16 measuring ranges

Battery, Test Leads and Manual included
with each model.

Please add 15% for VAT
and 70p for pGp

DIGITAL

HC-7030
0.1% Accuracy. Standard Model ......£39.50
HC-6010

0.25% Accuracy. Standard Model ... £33.50
HC-5010T

0.25% Accuracy. TR Test Facility ... £39.50
DM-105

05% Accuracy. Pocketable ..........£21.50

All models have fuil functions and ranges
and feature 312 digit 0.5 LCD display — low
battery indication — auto zero& auto polarity

ABS plastic casing — DC AC |0amp range
{not DM-105) — Overload protection on all
ranges — battery. spare fuse. test leads and
manual.

Full details and specification from:

EN

Cirkit Distribution Ltd s

Park Lane, Broxbourne, Herts EN10 7NQ SIS

Telephone (0992) 444111 Telex 22478
TRADE ENQUIRIES WELCOME

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 surpius
micro systems. Large SAE for current catalogue.

Sample stock: Nova 4X 16-slot chassis (valid for MV7800 upgrade) with
CPU and memory board — £2,000; 50MB 6067 Zebra drive subsystem
£2,500;, 73MB Kismet subsystem — £5,500; Eclipse S130 with 256KB —
£1,000;, Eclipse CS/100 with 128KB — £900; 10/12.5/20/25MB drive
subsystems £800 each; 6125 tape streamer - £3,500.

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 59 ON REPLY CARD

ENTER 31 ON REPLY CARD
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Getting to the root of
root-mean-square

R.m.s. is another expression often used without much
thought. JW roots out the true meaning.

hat is your r.m.s. music power?
During very quiet passages,
perhaps in the silence just before a

dramatic chord — nothing at all!
So do such ideas have any meaning, or are
they figments of advertisers’ imaginations?

ROOT MEAN SQUARE -OR
AVERAGES?

The woolly thinking does not end with
amplifiers. I came across a student a short
time ago, who was quite convinced that the
r.m.s. voltage reading produced by his train
of square waves on the AVOmeter a.c. range
bore some resemblance to the truth. A quick
look at an oscilloscope showing the same
square waves indicated how very far out he
was. It took quite a while for him to find why
he hadan 11% error!

Therefore, are the meter manufacturers
conning us for some reason, regarding their
r.m.s. a.c. ranges? The answer is no — not if
you keep strictly to sine waves, because by a
bit of juggling of the meter calibration, an
average has been used to denote an r.m.s.
value. You can see at once that in no way
could you estimate a music r.m.s. value on
such a meter.

The simple sine wave estimation of r.m.s.
is achieved by rectifying the wave, then
averaging the result and displaying the
average — but with r.m.s. values marked on
the scale. This process is called finding the
m.a.d. (mean average deviation) and in this
case use is made of the known relationship
between the m.a.d. and the r.m.s. values for
a sine wave. All waveforms have r.m.s. values
and m.a.d. values as well. But here’s the rub;
the relation between m.a.d. and r.m.s. varies
greatly according to the shape of the waves
you are looking at. So, average-reading
rectifier meters are strictly for sine waves.
Figure 1illustrates the point.

M.a.d. is not the simple average — because
for many waveforms and signals such an
average is zero: there is no d.c. component.
Some people have termed the m.a.d. the
“one-sided” average, but this is not very
accurate. It is the absolute value that is
relevant and its derivation can be written:

1 ([t
Emas=1_ | eltidt

where t, is the averaging time over which
the operation is required. As the time passes,
the average is up-dated every t,. This
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Fig.l. If an average-reading meter is used to
waveform, the errors likely might reach 30%.

e(t)

Fig.2. Direct analogue squaring, filtering and

read the r.m.s. value of an s.c.r.-controlled

square rooting appears easy, but the output

dynamic range of the squarer might have to reach thousands to one.

amounts to what statisticians call the run-
ning average. Summing the squares of the
instantaneous values, averaging, then tak-
ing the square root yields the r.m.s. value:

t
Erme= |/ %J et
°lo

Finally, there is a maximum value reached
by a waveform as it varies about the zero
mean. This is the peak value, E.

Historically, the ratio of the r.m.s. value
to the m.a.d. was called the form factor by
the power engineers. It was briefly, discus-
sed by Ken Smith in his “Power supplies...”
articles.

A ratio of equal significance is that be-
tween the peak and the r.m.s. This is called
the crest factor, and is a measure of the
peakiness relative to the energy content of a
given wave shape.

Summarizing these ratios:

Crest factor = K¢ = ;‘Pk
ms
Erms
Form factor = K =
Ermd
POWER

An even worse misuse, is the meaningless
statement “r.m.s. power” seen on some
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TABLE 1. A number of waveforms are here shown with their r.m.s.. m.a.d., and K¢ values. A true-r.m.s. converter will

give the correctvalue, buterrors increase as the crest factor increases.
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Multiptier/
divider

Fig.3. The circuit block at the front end of an implicit r.m.s. converter is a multiplier/
divider whichyields a much lower output dynamic range requirement.

specifications. There is an r.m.s. voltage or
anr.m.s. current, but what can r.m.s. power
mean? Power is rate of using energy. This
can vary with time and therefore an instan-
taneous peak power can be talked about and
the average is the appropriate quality for a
mean over a given time —not r.m.s.

R.M.STOD.C. CONVERSION

The measure of true r.m.s. values must be a
little more detailed than the simple methods
common in a.c. meters. A direct application
of the expression for r.m.s. can be realised by
analogue methods.

Figure 2 illustrates the use of a squaring
circuit followed by an averager (i.e. a low
pass filter with a characteristic time t,
together with a square-rooter. The main
problem with this approach is the dynamic
range. If you suppose that an input signal
has a dynamic range of 100:1, (100mV to
10V, say), then the output of the squarer
must have a dynamic range of 10 000:1.

By using a three-input multiplier/divider
device, this problem can be overcome. Fi-
gure 3 shows the diagram of what is known
as an implicit r.m.s. computing circuit.
Because E,,, is a very slowly changing
voltage over the averaging time, it passes the
averager very nearly unchanged. In other
words, it can be used to carry out the division
before the averaging. The output of the first
stage now has a dynamic range of the same
order as the input.

What now limits the signal handling
capacity of these r.m.s. circuits is the crest
factor. Large crest factors means high peaks
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with rather small r.m.s. values. The dynamic
range has to be wide enough to cope without
limiting —which would introduce errors.
Table 1 lists a few of the more common
waveshapes with the appropriate factors and
quantities. Noise and music waveforms are
not deterministic in this way, and their
statistical properties are all we have.

SPECIALIZED CHIPS

The Linear Device people have come up with
chips that will do the whole job. All the
designer has to do is watch the levels for the
dynamic range and set the time constant
component values for the desired averagin
time. Analog Devices market the 536
which is a dedicated r.m.s.-to-d.c. converter.
Raytheon produce a logarithmic multiplier
chip (the type 4200) which implements
r.m.s. measurements with a minimum of
external components.

Finally, digital realisation of the r.m.s.
conversion function has been implemented
— as one might expect. One way used an
eprom look-up table for the squaring opera-
tion, summed and stored a whole series of
the squared data words (over a one second
period, say) then passed the accumulated
data, after division by the number of sam-
ples, to a digital square rooter. The final
eight-bit word represented the r.m.s. value.

References
1. Smith, K.L. ‘D.c. supplies from a.c. sources’
Wireless World 1985
2.R.M.S.-to-D.C. Conversion Application Guide.
Analog Devices

Hands-on
engineers

continued from page 27

which come in are split into orderly streams
which can be analysed and interpreted and
put into practical engineering form (data
marshalling). This process is far from being
as simple as it looks, and whether it is, for
example, for a far-reaching R&D project or
for the complete design of a large scale
control system, the need for the widest
possible hands-on experience cannot be
over-emphasised.

The final conclusion is that the need for
staff of the highest calibre to be used applies
even for minor fault investigation. This
principle is so often obscured by the fact that
the solution to a difficult fault turns out to be
simple in the extreme — as with a good
invention — and in retrospect it is not easy to
see how the expenditure of so much effort
was required. In response it may be added
that one of the indirect objectives of working
in this way is to ensure as far as possible that
vital information is not missed, something
which has to be borne in mind throughout
the whole duration of a project.

This, then, is the final picture seen from
the point of view of someone wishing to
establish that there has been a return to a
management attitude (virtually a change in
way of thinking) which recognizes the im-
portance of putting ‘staff engineers’ on work
containing any form of unknown, even if it
does seem beneath them. In parenthesis, it
should be added that the world has been
made fully aware that a single, isolated,
elementary fault can cause the complete
breakdown of the biggest installation both
onEarth and in space.

The term ‘staff engineer’ has been chosen
for what has become a somewhat indeter-
minate classification which, as already im-
plied, is needed to cover those who provide
the modern equivalent of “...designing
works of public utility (given in the context
of bridges, canals, gas works etc.)” as well as
continuing to meet these original require-
ments of providing ultimate service to
humanity. This is not the purely academic
issue which it may seem — as many will
know, this question of name, and all that
goes with it, have exercised the minds of
representative bodies over the years; and it is
becoming increasingly clear that, on the
grounds of defining responsibility alohe, a
satisfactory title has to be found for this vital
section of the community.

This whole matter has been ventilated,
perhaps slightly indirectly, by the writer in a
Wireless World article (March 1985). The
problem to be met here is that of relating
educational qualifications to the name Char-
tered Engineer — an obvious choice. In the
discussion given in the Wireless World arti-
cle, apart from commending the HNC route,
(particularly suited to ‘generally’ hands-on
engineers) it is suggested that a return to
giving recognition to the three R’s would be
more than desirable; and it is of interest that
such a return in now being put forward as
near-mandatory, literally at government
level.



Trunked mobile radio in

Band 111

GEC’s national voice-and-data network uses the shared-
system concept to offer a wide range of communications

services to businesses small and large.

creasingly attracted by shared systems,

such as common base stations and mess-
age handling. Growth rates in this market
area are several times greater than for p.m.r.
as a whole, reflecting the user benefits; such
shared systems can offer considerable spec-
trum efficiency improvements, particularly
if trunking technigues are employed.

GEC will use its allocation of spectrum to
construct an integrated network which will
provide a full range of communications
facilities for the business users. This net-
work will overcome the shortcomings of
existing shared systems, particularly cover-
age limitations, and will offer services not
currently available.

The network concept is illustrated in
Fig.1. This diagram assumes a selective
mobile-to-mobile call, but other classes of
call are treated similarly. Mobiles communi-
cate through their respective trunked com-
mon base stations, which are interconnected
by a voice and data switching network. This
allows authorised mobiles to communicate
as they roam throughout the combined
coverage area of the networked base sta-
tions.

Mobiles and network communicate by
digital signalling, either on nominated con-
trol channels when a call is not in progress,
or by blank-and-burst signalling during a
call. Each base station has available a pool of
frequency pairs which are assigned to calls
on demand. Accordingly, mobiles must be
frequency-agile (synthesized) over the band
used by the network.

The voice and data switching network
includes digital voice switches, packet data
switches and digital transmission links.
Setting-up and clearing down of calls within
this network is vested in a network control
sub-system. This is shown conceptually in
Fig.1. as a single element, but in the real
network a number of processors will be
distributed throughout its extent. This con-
trol sub-system is assisted by a network
data-base which holds up-to-date informa-
tion on users, including tracking data to
enable the network to locate them easily.
The network data-base is also a distributed
sub-system.

Performance of the network is monitored
and optimized by a network management
sub-system. This is also responsible for
maintaining a central register of users and
providing billing information.

In recent years users have been in-

P.J. DELOW
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Fig.1. How the system handles a mobile-to-mobile call. Users are free to communicate

throughout the area covered by the network of base stations.

NETWORK REALIZATION N FACILITIES OFFERED

The network is arranged in a four-level
hierarchy. At the lowest level are the mobile
unit and customer’s fixed terminal equip-
ment.

Base stations, grouped into traffic areas,
occupy the second level of the hierarchy. All
base stations within the same traffic area are
connected, in a star configuration, to a
traffic area switching centre (rasc). This
forms the third level in the hierarchy, the
highest at which call set-up operations are
carried out.

A network management centre (xmc)
occupies the topmost level. It serves as
overseer of the general system operation,
maintains customer records and collates
billing and traffic data.

USER INTERFACE

The British government licence terms for
Band III network operators will prohibit
them from dealing directly with end users,
except in special circumstances. According-
ly, service providers will have to be
appointed to act as a link between the
network operators and the users. Service
providers will be reponsible for the terminal
equipment, mobile and fixed, which custom-
ersoperate.

To ensure satisfactory peformance, this
equipment must be totally compatible with
the network. However, it is highly desirable

GEC's national network will provide a flexible
carrier for basic voice and data communica-
tions. The limits to these facilities will probably
be set by commercial and regulatory consider-
ations, rather than technical constraints. Cur-
rent plans embody the following services:

VOICE SERVICES

@ selective, two-party calls

@ fleet calis {broadcast and group)

@ dispatcher facilities (including queueing and
multi-desk working)

@ priority and emergency

@ unattended mode (storage of call data at the
mobile for call-back)

@ p.a.b.x. incoming and outgoing calls

@ p.s.t.n. outgoing calls — mabile to telephone
unit

@ advice of call transfer

@ value-added voice services

DATA SERVICES

@ status reporting

@ circuit-switched data (audio band)

@ store-and-forward short data messages
@ shared data channel

@ bureau data services

@ access to public data services

@ vehicle tracking and security
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Fig.2. Structure of the GEC network. A common pool of communications channels is shared out dynamically.

that users should have a choice of equipment
and scope for customization to suit their
own requirements. These requirements can
be met by specifying two standard interfaces
between the network and users’ equipment:
the air interface and the line interface.
Providing these specifications are satisfied,
service providers and customers will be free
to configure the terminal equipment as they
desire.

The air interface will provide a standard
for units which use Band 1II radio as their
means of interconnection with the network.
This will encompass all mobile units and
some ‘fixed mobile’ control units. The air
interface specification is being produced by a
collaboration between the Department of
Trade and Industry, the network operators
and the service providers. It is based on the
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work carried out to produce the digital
signalling standard for trunked systems,
MPT1327.

When work is complete the air interface
specification will be published and all radio
equipment offered for Band I1I networks will
be required to comply with it. This will allow
users to benefit from freedom of choice and
price competition and should enable manu-
facturers to enjoy economies of scale.

LINE INTERFACE

Many users will find that their communica-
tions requirements will be best satisfied by a
direct line connection from their office,
control centre or p.a.b.x. into the network.
GEC will publish a line interface specifica-
tion to enable service providers to obtain
suitable equipments.

In view of the relatively small volume of
the fixed equipment market compared to the
mobile market and the greater variability to
be expected between networks in the tech-
nical realization of a line interconnection,
the DTI are not sponsoring a common line
interface between all networks.

The line interface will be provided by a line
terminating unit, which can be a fairly
standard piece of equipment regardless of
the customization required to meet special
user requirements. These may be met by
additional equipment designed individually.

Peter Delow is technical manager of GEC
Communication Networks Ltd.



A new approach
to short term
weather
forecasting

The UK will soon benefit from a
new approach to precision
weather forecasting. FRONT-
[ERS, an advanced image man-
ipulation system originally de-
veloped by Logica for the
Meteorological Office, is to enter
service at the Met. Office Head-
quarters, Bracknell.
FRONTIERS is the result of
some five years research at the
Met. Office laboratories at Mal-
vern. Logica supported the
evolution of the system through-
out the research programme and
has recently been contracted to
build the operational version.
The FRONTIERS concept
allows meteorologists to study
and correct data from a network
of weather radars covering Eng-
land, Wales and Ireland. The
detailed rainfall maps provided
by the radars are further en-
hanced by merging in satellite-
derived imagery, giving rainfall
fields accurate in both intensity
and location. The latter are used
to predict the movement of the
rain areas for the next six hours.
The system has a high (5km})
resolution and uses measure-

ments made in real time, up-
dated every 15 minutes. This |
permits more accurate and de-
tailed short-term rainfall fore-
casts than was previously
possible. |
The DEC VAX-based system
uses high-resolution graphics
and a variety of input devices,
including touch-sensitive
screens, to provide meteorolo-
gists with easy access to the
image manipulation facilities.

Metal oxide
Varistors and
transients

Varistors, as their name implies,
are non-linear resistors used to
suppress transients and over-
loads in power switching cir-
cuits. They are constructed by
sintering together zinc oxide
{ZnO) with various other oxide
dopants in powder form. The

! resistance.

non-linear properties derive
from the semiconducting nature
of the grain structure in the bulk
material.

D. de Cogan and M. Leeson at
the University of Nottingham
have been investigating a cu-
rious feature of Varistors, name-
ly their tendency to pass dispro-
portionately high currents when
subject to a voltage pulse. This
current overshoot, which has
been observed many times in the
past, has been assumed to be due
to the capacitance of the crystal-
line microstructure.

Using commercial Varistors,
the Nottingham researchers
compared the effects of different
voltage rise times on the V/I

curves of the Varistors. These
showed quite clearly that the |
current through a Varistor at a ,
fixed applied voltage is larger for

larger values of dv/dt.
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What these curves also show is
that the effect is not simply due
to the capacitance of the device.
It can however be explained by a
modification of the popular
equivalent circuit, viz:

8
< g
cp'[ Rp < (o)

||1

Since a fast pulse contains a
greater proportion of high fre-
quencies, a higher current will
flow through Rp. For a pulse of
infinite dv/dt, the current is
limited only by rg the grain

This response to fast tran-
sients probably explains why
Varistors are so effective in pro-
tecting power semiconductors.
But, say the Nottingham resear-
chers, it may also explain why
Varistors themselves fail pre-
maturely, unless dvw/dt is control-
led by a snubber network.

New m.f.
broadcasting
antenna designs

The US National Association of |
Broadcasters {(NAB) is planning
practical tests on two new types
of m.f. broadcasting antenna, de-
signed to minimize unwanted
skywave. Current antennas,
mostly vertical towers or wires,
radiate less than 15% of their
energy into usable groundwave —-
the signal that provides the
primary service for the listener.
Not only is this inefficient, it can

also lead to problems after dark
when the spurious skywave is I
reflected back to earth by the D
layer of the ionosphere. This can
result in co-channel interference
hundreds or thousands of
kilometres from the primary ser-
vice area of the transmitter. One
of the new antenna designs, by
Richard Biby of Communica-
tions Engineering Services,
Arlington, Va., is based on a
conventional vertical monopole,
surrounded by a number of short
vertical auxiliary radiators.
These are placed to increase the
groundwave and to cancel out
unwanted skywave.

The other novel design to be
tried by the NAB is by Ogden
Prestholdt of A.D. Ring & Associ-
ates, Washington. It employs a
combination of vertical, hori-
zontal and diagonal elements to ”
give, it's hoped, separate control |
over groundwave and skywave |
components of the signal. u

\

Construction of both ex-
perimental antennas is expected
to take a year, after which there
will be another year of compara-
tive field tests.

67 GHz

bandwidth
photo-diode

Wideband photodiodes are
assuming increasing importance
with the growth of infra-red
optical communications systems
operating in the gigabit/sec re-
gion. Primary design considera-
tions are the need to keep the
active area small to reduce device
capacitance and the need to keep |
the layers thin to minimize elec-
tron transit time. Another limit-

ing factor is the need to keep
electrical parasitics as low as
possible by mounting the device
in a wavelength microstrip or
coaxial fitting.

Using a coaxial mount, scien-
tists at AT & T Bell Laboratories,
Holmdell, New Jersey, have con-
structed an indium gallium arse-
nide (InGaAs) infra-red photo-
diode with a modulation re-
sponse from d.c. to 67 GHz. This
is the fastest response so far
reported for this type of device, a
PIN diode with an active area of
150pum? and an intrinsic layer
thickness of 0.5m.

The actual frequency response
was determined by a Fourier
analysis of the impulse response
to a 1.3um laser operating at a
repetition rate of 3.7GHz. The AT
& T Bell researchers say the
67GHz (3dB) response indicates
that parasitics are the limiting
factor with the present design.
Higher bandwidths may be possi-
ble if care is taken to reduce
parasitics, though they admit
that transit time will prevent a
very significant increase.

New insight
into dielectric
breakdown

Steven R. Kurtz and Robert A.
Anderson of the US Sandia
National Laboratories have made
what they claim to be the first
ever direct measurements of
charge distribution in the dielec-
tric of a capacitor stressed to
near breakdown. This is now
providing new insight into why
electrical insulation fails and
also why it sometimes becomes
conductive when subject to in-
tense radiation.

The material Sandia are using
for their experiments is Mylar
(polyethylene terephthalate), a
material commonly used in
capacitor construction. Space
charge is injected from a high
voltage placed across metal films
deposited on either side of a
Mpylar film. The resulting capaci-
tor is then subject to brief pulses
of radiation from an infra-red
laser, which generate an acoustic
wave that propagates through
the Mylar film, causing a brief
deformation. The resulting
localized changes in capacitance,
in conjunction with the space
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charge, generate a current
across the metal films which
provides a direct measure of the
space charge. Knowing the rate
at which the acoustic wave pro-
pagates through the Mylar then
enables the Sandia researchers
to create a detailed map of what
goes on in every part of the
stressed dielectric.

One interesting finding is that
the charge distribution near the
electrodes does not increase in
direct proportion to the applied
field. In fact there’s a reduction
as the field approaches 4MV
cm™ . Kurtz and Anderson attri-
bute this to the onset of tunnell-
ing. This, they say, may produce
high current densities which
ultimately lead to dielectric
breakdown.

Space charge mapping is now
being used to investigate other
properties of Mylar capacitors,
including radiation-induced
breakdown. Active components,
its seems, are not the only ones
that are subject to the damaging
effects of e.m.p. or cosmic rays
from space.

50 farads in
a cotton
reel

The Insulating Systems Depart-
ment of ERA Technology has
developed and tested a method of
making capacitors with an un-
precedently high capacitance per
unit volume. A 50F 1V unit
would be about the size and
shape of a cotton reel — 16cm®.
The energy storage density,
about 6 joule/cm®, has been
achieved by exploiting the prin-
ciple of an electric double layer,
already a feature of some com-
mercially available memory
back-up capacitors. Up till now,
however, these double layer
capacitors have not been avail-

able in values of more than a few

farads.

Although the ERA design has
so far only been fabricated ex-
perimentally in values of 4-5F,
Mike Weller of the Insulating
Systems Department believes it
is inherently extendable to any
required size.

Tests on the prototype indi-
cate discharge characteristics
and an ability to retain an almost
full charge for many months.
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Atomic
particles break
energy record

Researchers at CERN, the Euro-
pean Laboratory for Particle Phy-
sics, have accelerated atomic
nuclei to the highest energy ever
achieved in the laboratory.
CERN'’s machines, which extend
for many kilometres under-
ground, normally work with pro-
tons, but to extend their studies
of matter, the physicists chose to
work with oxygen ions which are
16 times heavier and which carry
a double charge. To provide
these ions, one of CERN’s injec-
tor accelerators was adapted in
collaboration with the West Ger-
man Gesellschaft fur Schwer-
ionenforschung and the Law-
rence Berkeley Laboratory in
California. Both these research
teams have a strong tradition of
research with ion beams, but
only CERN’s system of interlink-
ed accelerators could provide the
energy levels needed.

After leaving the injector, the
ions passed through several
accelerators, ending up in the
Super Proton-Synchrotron
(SPS) with an energy level of 3.2
TeV.In absolute terms thisisn't a
huge amount of energy, but car-
ried on oxygen nuclei, it repre-
sents a huge concentration of
energy.

Using the ion beams, CERN
physicists will search for signs of
the so-called ‘quark-gluon’ plas-
ma, a state of matter thought to
exist under extreme conditions
where protons and neutrons fuse
into a ‘soup’ of the constituent
quarks and gluons. This state of
matter is thought to have existed
in the first second after the Big
Bang that created the Universe
and before matter condensed to
form atoms and molecules. Pre-
liminary experiments with the
oxygen ion beam have already
demonstrated that useful results
will be achieved when the ex-
perimental programme gets fully
under way.

CERN'’s track record with high
energy research is already im-
pressive. It was in the SPS
accelerator in 1983 that proton/
anti-proton collisions revealed
evidence of the W and Z particles.
These are the particles that
mediate the so-called ‘weak
force’, the agent of radioactive

decay. The same experiment
later provided evidence for yet
another building brick of matter,
one of the predicted family of 5
quarks, the component parts of
neutrons and protons.

Perception of
voltage dips

Voltage dips occur on any supply
network when load is suddenly
applied or disconnected. Most of
the time such dips go unnoticed,
especially if loads are well-
regulated or of a sort that don’t
rely on continuity, e.g. heating
or refrigeration plant. Lighting
is entirely different, however.
Electricity authorities are fre-
quently faced with complaints
about flickering lights, especially
in rural areas at the ends of long
supply lines.

One solution, though an ex-
pensive one, would be to rein-
force the supply network to
minimize such dips. A more
practical approach, and one
that’s recently been the subject
of study at the Electricity Coun-
cil Research Centre at
Capenhurst, is to try and identify
the characteristics of supply dips
that are most annoying and then
take steps to mitigate them.

An experiment was carried out
in which people reading were
exposed to voltage fluctuations
of different waveforms at differ-
ent time intervals. In each case
the source of illumination was a
standard tungsten lamp. The

percentage modulation of the |

waveform was adjusted in each
case until the subject noticed the
fluctuation and until they said
that such a fluctuation would be
annoying if it occurred regularly.

These tests showed that differ-
ent waveforms need different
percentage modulations for
perception and annoyance to
occur. In general, the faster the
voltage change, the greater the
degree of annoyance. This sug-
gests that once a troublesome
load has been identified, the
effects of switching it on and off
could be minimized by the use of
a‘soft start’ system.

In order to identify the source
of voltage dips, it is necessary tc
have some means of measuring
their subjective effect and for
this purpose the ECRC has de-
veloped a digital ‘flicker meter’.

This will predict whether a volt-
age fluctuation applied to it will
cause annoyance to anyone us-
ing a tungsten lamp connected
to the same supply. Tests have
shown that the meter’s readings
compare very closely with the
subjective effects of a large num-
ber of different waveforms. It is
now available commercially
from the licensee Dicoll Electro-
nics Ltd. of Basingstoke.

Polarisation
diversity in
radar

It has long been acknowledged
that polarization is a dimension
of radar backscatter that can
provide additional target in-
formation. However, several fac-
tors such as cost, technical com-
plexity and incomplete know-
ledge have placed severe limits
on progress in this field. Up till
now, therefore, much of the de-
scription of a radar target has
been derived from the ampli-
tude, the frequency, the phase
and the bearing of the returned
signal.

In a paper published by the
L.LE.E.E., Dino Guili reviews
some of the latest developments
in radar polarization studies.
These include the polarization
behaviour of different target ob-
jects and ways in which this can
change under differing condi-
tions of motion and according to
the resolution of the radar.

Dual-polarization radar can
now effectively distinguish be-
tween light rain, heavy rain, hail
and snow on account of the
differing shape, and hence reflec-
tive properties, of the different
hydrometeors.

Guili’s paper goes on to look at
other valuable features of
polarization-diversity radar, in-
cluding its military potential for
obviating or at least minimizing
the effects of ‘chaff and jam-
ming. Several technical options
are offered for implementing
these theoretical possibilities,
few of which have yet been stu-
died extensively. Guili concludes

{ that only when experience has

been gained with such oper-
ational radars will it be possible
to assess the techniques defini-
tively. (Proc. IEEE, Vol. 74, No.
2)



Cost-effective baseband
signal generator

A novel and simple method of generating periodic

a research project involved in the

investigation of multiplexing
strategies suitable for the simultaneous
transmission of speech and data over land-
mobile radio links!, the principle used in
this design can be extended to cater for many
different types of application. An attractive
feature of the method used to reproduce
various baseband test signals is the fact that,
as well as generating sinusoidal test tones at
standard audio frequencies, many other
user-defined complex signals which extend
over a defined bandwidth can be produced
and switch-selected when required. In con-
trast, using standard pieces of test equip-
ment would demand a far greater level of
complexity to achieve the same result.

In general, assessment of the dynamic
performance of electronic systems, such as
amplifiers and filters, usually demands that a
suitable test signal be injected at the input
and the resulting output waveform ex-
amined. In this way, frequency response and
distortion can be quantified. Consequently,
many pieces of test equipment are available
to enable a wide range of performance
measurements to be carried out. Although
the system to be described does not offer a
new performance-assessment strategy, it
does provide the engineer with the possibil-
ity of developing and using unique wave-
forms for specific measurement tasks. These
customized waveforms can be produced
without the need to modify the electronic
system used in their generation.

Figure 1 is the block diagram of the
configuration which has successfully been
used to generate and store a library of
periodic baseband signals. Each waveform is
stored as a pulse-code-modulated data
frame, which consists of 64, 8-bit quantized
samples extending over a 5ms sequence.
Consequently, each waveform can contain,
in theory at least, frequency components
extending up to 6.4kHz, as defined by the
Nyquist sampling theorem. Increasing the
number of samples and/or modifying the
data frame length can, of course, enable

qlthough designed specifically to support

waveforms
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Fig.l. Schematic block diagram of the' baseband waveform generator.

periodic signals covering a much wider
bandwidth to be obtained. However, as
previously indicated, the system was de-
signed to provide test signals for a radio
telephony speech band up to 3kHz. The
stored waveform data samples are output in
a cyclic manner, repeating every 5ms as
determined by the 12.8kHz clock frequency,
as 8-bit codewordsto ad-to-a converter.

In response to the frame sequence of 8-bit
data codewords, the converter reproduces a
quantized approximation to the stored base-
band waveform which has been selected. As
Fig.2 shows, the low-order addresses needed
to access the 64 data samples per frame are
produced by a six-stage binary counter,
which in turn is driven by the clock gener-
ator. In contrast, the high-order address,
which defines the baseband waveform to be
generated, is determined by a hex. code
thumbwheel switch arrangement. The low
cost and availablity of the 2716 eprom makes
it an obvious choice for this application: a
64-byte data frame for each individual wave-
form means that a total of 32 distinct test

signals can be catered for, if required, by the
standard configuration.

The remaining circuitry following the
d-to-a converter consists of a low-pass filter
to smooth out the quantized signal from the
converter and reproduce the desired band-
limited periodic test signal. A means of
adjusting the output level has also been

-included.

ASELECTION OF BASEBAND
SIGNALS

As previously indicated, as well as generating
standard audio test signals such as 400Hz
and 1kHz tones, the stored-waveform tech-
nique encourages the design of other differ-
ent complex test signals. Before reviewing
certain signals which have been adopted for
investigating the effect of baseband signal
processing, it is useful to indicate the quality
of sinusoidal test signals that can be
obtained using this method. Practical
measurements have confirmed that the
second-harmonic distortion using this con-
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Fig.2. Circuit diagram of the baseband test signal generator.

figuration is better than 0.5% and the third
harmonic generated is less than 0.3%. These
values compared very favourably with
laboratory signal generators which employ
oscillators. Also, high frequency stability is
assured, provided that a crystal oscillator is
used as the clock generator.

Figure 3 shows a small selection of test
signals that have been successfully gener-
ated using this technique, indicating both
their time-domain and frequency-domain
representations. The waveform of Fig.3(b)
consists of the sum of two audio tones,
800Hz and 1200Hz, and is used as a test
signal for assessing the non-linearity of
baseband speech-signal processing systems.
Any non-linearity in such systems leads to
the generation of spurious frequency com-
ponents in the output signal which take the
form of harmonics and intermodulation
products related to the input signal tones.
This technique of assessing non-linearity is
known as ‘two-tone’ testing and is well
established in the testing of r.t. circuits.

The next waveform in the sequence,
Fig.3(c), is a more complex audio test signal
consisting of four distinct frequency compo-
nents which are odd and prime number
multiples of a 200Hz fundamental which is
itself excluded.

3

f(t)zz sin{wit+ i)
i£1
i#even
i=prime

where i can take the values 3,5,7and 11.
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The amplitudes of the sinusoidal compo-
nents are all equal; however, their phase
values ($1) are chosen to ensure a composite
waveform with a controlled peak-to-r.m.s.
value. The ratio of peak to r.m.s., defined
here as the dynamic range of the test signal,
should be as small as possible, since a
smaller dynamic range will minimize the
effect of quantization noise introduced by
the d-to-a process. The problem of how to
adjust the phase angles of a periodic signal
with a given power spectrum to minimize
the ‘peak-to-trough’ ratio of the resultant
signal envelope is dealt with in detail in
Ref.2.

This particular test signal, covering a
range of frequencies from 600Hz to 2200Hz,
has proved very useful in assessing the
performance of a quadrature-based, narrow-
band, angle-modulated system! which is
under investigation as a possible multiplexer
for speech and f.f.s.k.-modulated data in
mobile radio.

A test signal composed of prime sinusoids
is well suited to the rapid measurement of
frequency response when used in conjunc-
tion with a microcomputer-based measur-
ing system using a discrete Fourier trans-
form to derive a spectral information from
the output of a test system®. Any non-
linearities in a system being tested in this
way will not corrupt the frequency response
estimates at the specific test frequencies.
This is because the input signal consists of a
sum of sinusoidal components which, as
already described, are odd and prime num-
ber multiples of ‘a reference fundamental
frequency. Consequently, any spurious dis-

tortion products generated will fall at fre-
quencies other than those contained in the
test signal.

The final test signal shown in Fig.3(d) has
been designed to have a specific amplitude
spectrum; a sinc(x) distribution from zero to
1.6kHz, with a peak value occurring at
800Hz. As indicated by the spectrum analys-
er display of Fig.3(d), the signal consists of a
fundamental at 200Hz and harmonics up to
and including the seventh. Spectral zeros of
the distribution are chosen to occur at d.c.
and the eighth harmonic.

The amplitudes of each harmonic compo-
nent are weighted according to the ex-
pression

sin(x)
X

a,=K
where  K=Anamplitude scaling
compenent
x=n(7/T-1)forn=r1:2;3;4;5;6;7
T=waveform period (in this case
5ms)
+=T/4

Phases of the individual components have
been selected to yield a dynamic range of less
than 10dB. This waveform was designed to
investigate the likely levels of distortion and
crosstalk that would be produced by syn-
chronous detection of an orthogonal multi-
plexing strategy based on narrow-band angle
modulation after successive stages of fre-
quency multiplication*. The amplitude spec-
trum of the baseband signal, recovered after
multiplication by a coherent local carrier, is
compared to the original amplitude spec-



trum to assess the amount of spectral distor-
tion introduced.

OBTAINING THE TEST-SIGNAL DATA

The success of the stored-waveform concept
for generating complex test signals depends
to large extent on the p.c.m. data frame that
is stored in the eprom as the waveform
signature to be reproduced by the d-to-a
converter. Clearly, this depends on the
ability to obtain accurate sample values at
equally spaced intervals over the desired
time period for each waveform. Once these
instantaneous values have been obtained, it
is a relatively simple matter to optimize the
steps in sample values over the amplitude
range of the frame period and convert them
to 8-bit codewords. Since the waveforms are
periodic, they will all contain discrete fre-
quency components and can therefore be
accurately defined by a Fourier series.

Such a representation can easily be evalu-
ated to express the instantaneous amplitude
of the composite signal at all sampling
instants over the period using a micro-
computer running a high-level language
such as Basic.

Even if a micro is not available, the
instantaneous values can be calculated to
significant degree of accuracy, on a point-to-
point basis, with a calculator possessing the
basic sin/cos trig. functions. Inevitably, this
second option will demand a great deal of
time to complete if the calculator is not the
programmable type. The method used by the
author to derive the p.c.m. data-frame wave-
form signatures is based on a c.a.e. package
known as Astec 3%® — a general-purpose
analogue circuit and system package capable
of performing d.c.,a.c., and transient
analysis.

The reference to Astec 3 is included here
for the sake of completeness. There is abso-
lutely no need to resort to such levels of
sophistication as c.a.e. software packages to
obtain the data-frame signatures.

When one considers the very small hard-
ware costs involved, and the inherent pro-
grammability, this unit is worthy of serious
considerations for any lab. or test environ-
ment.
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Fig.4. A10ms transient simulation of the sinc(x) distribution, using Astec 3.
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EXPANDABLE
i CONVEYOR SYSTEM
NEPTUNE |, li
2.5Kg at

Hydraulic
e 1120mm

using
water

stepper drive belt
length 0.5-5.0m

WALLI IS FREE!

WALLI is a powerful high level language (Work-cell
Amalgamated Logical Linguistic Instructions) for
controlling up to 4 robots and their peripheral
equipment simultaneously from single computer
(BBC, Apple lle or IBM PC). WALLI is supplied FREE
with any robot.

“

SERPENT I, il
2Kg at 400 or 650mm

DC servo/pneumatic
SCARA stepper/ball screw

drive

WIDE
RANGE GAUGES,
SENSORS ETC FOR

ROBOTIC WORK-CELLS MENTOR

IN OUR 1Kg at
FREE BROCHURE.

420mm

DC servos
ROBOTS

From only
£475!
INDEXING

TABLE Water hydraulic/

DC servo/
pneumatic

500gm
at 500mm
with see
through
perspex
cylinders.
stepper drive
4 steps/degree

UKs WIDEST RANGE of low
cost robotic & FMS equipment.

Telex

(t_ 477019

Gybernetic Ao
@ A pplications

\West Portway Ind. Est., Andover, Hants. SP10 3W\W/,
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Matmos Ltd, 1 Church Street, Cuckfield, West Sussex RH17 5JZ.

Tel: (0444) 414484/454377

Computer Appreciation, 111 northgate, Canterbury, Kent CT1 1BH

Tel: (0227) 470512. Telex: 966134 COMPAPG

ITT Model 3500/3510 FACSIMILE Machines. Very compact Group 2 machine suppited in good ex-demo condition.

Compatible with most Group 3 equipment. British Telecom will fit a suitable socket for around £20 00...........£295.00
FAIRCHILD Model 1310 CCD line scan camera and control. CCD camera with 1.024 x 1 sensor. Controller
provides digital outputs at TTL. levels.. £550.00
HEWLETT PACKARD Model 59307 A dual VHF switch. DC to 500MHz 50 Ohm switch for HP-1B .£485.00
COHERENT Model 804mW Helium-Neon LASER head. in good order and can be demonstrated working, but
without pawer supply . £125.00
HATFIELD INSTRUMENTS Type 2105 50 Ohm £50.00
CALCOMP Model 563 A0 drum plotter. With drive electronics. but without intelligence or interface £425.00

TEKTRONIX Model 4051 DESKTOP GRAPHICS COMPUTER. With integral tape drive, 4000 series high resolution
display and BASIC in ROM. With IEEE and RS232 interiaces £425.00
PERTEC Series 3000 disc drive. 14" hard disc drive with PERTEC mteriace 5SMbyte removable + 5 Mbyte fixed.

.£350.00
PERTEC disc exerciser for Series 3000 drives £350.00
CDC MINI DOUBLE DISC DRIVE (MMD). 160MB fixed disc drive with SMD interface. This unit was used for
avaluation only and has had very little use £350.00

RICOH Mode! GP11 graph plotter. intefligent dvum -type incremental graph plotter with R8232 interface. Features
include: 4 size character plotting; continuous or broken line vector plot; arc or circle plot; triangle and rectangle piot:
plotting in any one of four directions. Plotting speed is 667 increment/s; incremental distance (X & Y} is 0. 09525mm
Takes 9 inch wide sprocketed roll fed paper and pressurised ball point pen. BRAND NEW 5.00

RICOH Model GP15 graph plotter. As above. but with 15" paper width. self test, three pens and other extra
features. BRAND NEW .£195.00
TEKTRONIX Model 851 digital tester. “One knob lets you dial 22 functions eleven functions measure timing,
two
register plus and minus peak voltages, three carry out DMM measurements and one reads line voitage at the
outlet . the 851 measures its 4 input thresholds to adjust to the logic levels of the equipment being serviced™. 5
digit readout, 35MH frequency/timing, autoranging etc. £350.00
BRYANS Model 45000 UV recorder with 6 x 45001 amplifiers 1mV/cm — 50V/cm and chart speeds from 1mm/min
500mm/s, Timing line Interval is adjustable from 0.002s — 10s and Record Duration 0.5s-20s. With remote control
tacility £350.00

HEWLETT PACKARD 20MHz pulse generator Model 8011A with Opt 001 burst mode (preselected no of pulses
dehvered on trigger). Pulse width; 25ns-100ms in four ranges .£400.00
HEWLETT PACKARD Model 5045A digital IC tester. With |[EEE interface and print out of test results. Complete
with substantia! library of mag card test programs for 74 series TTL. .£750.00
TIME ELECTRONICS Model 9810 programmable power supply £250.00
TIME ELECTRONICS Model 505 DC current source. 0.05% £150.00
DEC Model BA11MF 8-slot box, backplane and p.s.u, tor Q-bus devices. NEW .£295.00
ADAC Model 1822 128KB CMOS memory for DEC Q-bus with battery back-up £350.00
GTSC quad serieal interface for DEC Q-bus with battery back up £125.00
DEC LS1-11 CPU CARD with 4k memory .£75.00

Please note: * VAT & carriage extra on all items. * More details information is available on many items - please enquire.
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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
MHz, 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/MATY 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 BLY88A BLYS0O BLYS3A
.2N3553 .2N4933 .2N5109 .2N3375 .2N5016 .89
.2N4128 .2N5070 .2N5591 .2N6080 .2N4427 .2N5090
2N5634 .2N6083 .2N4431 .2N5102 .2N5918 .2N6084

TIC Semiconductor nc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
ENTER 11 ON REPLY CARD
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KESTREL ELECTRONIC s
COMPONENTS LTD. (4

~ All items guaranteed to manufacturers spec.

* Many other items available. e

‘Exclusive of V.A.T. and Post and Package’

1+ 504 1+ 50 14 50
74LS00 1310 6821 1.40 1.00 27C64 3.50 3.00
74L504 13 .10 6502 330 280 2764-25 2.30 2.20
741508 13 .10 6522 330 280 27128-25 230 2.20
741837 13 .10 6551 4.00 3.50 27256-25 3.60 3.30
741574 13 .10 74500 025 020 6116LP-3 1.30 1.15
741586 1310 74504 035 0.30 6264LP-15 230 215
7415122 20 .18 745138 035 030 4164-15 090 0.78
7415244 40 35 745240 090 065 41256-15 220 2.10
7415245 48 .35 8255-5 1.50 1.30 Z80ACPU 1.40 1.20
74LS367 48 .40 4megCrystaIs 0.50 0.35 Z80ACTC 150 1.20
74LS373 40 35 wo11B 0.11 0.09 Z80AP10 1.50 1.20
74LS374 40 35 w0208 0.35 0.30 556 030 0.25
7415393 40 35 WO040B 0.36 0.30 7611BCPA 120 1.00
7415399 35 30 LM311 0.22 0.18 7407 0.25 0.20

All memory prices are fluctuating daily. please phone to contirm prices.

178 Brighton Road,
Purley, Surrey CR2 4HA
Tel: 01-668 7522
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ANALOGUE METERS

LEVELL AC MICROVOLTMETERS TM3A/B  £159/179
16 ranges 15.Vfs/500Vfs, accuracy 1% + 1%fs+ 1uV.

20dB/ + 6dB scale. +3dB 1Hz-3MHz. 150mVfs output.
TM3A: 83mm scale. TM3B: 123mm scale and LF filter.

EvELD

LD AC wemovon rae v ymg guirg

o R

LEVELL BROADBAND VOLTMETERS TM6A/B£249/279
16 LF ranges as TM3A/B + 8 HF ranges 1mVf{s/3Vfs,
accuracy 4% + 1%fs at 30MHz. +3dB 300kHz-400MHz.

LEVELL DC MICROVOLTMETER TM8 £135
28 linear ranges +3uV/+300V and +3pA/+300nA pius 2
log ranges for nulling. Output +300mV at fs.

LEVELL MULTITESTER TM11 £179
50uV/500Vfs ac, 50pA/500mAfs ac, 150uV/500Vis dc,

LEVELL

LEVELL TRANSISTOR TESTER TM12 £199
Transistor, diode and zener leakage to 0.5nA at 2V-150V.
Breakdown to 100V at 10uA, 100uA, 1TmA. Gain at
1uA-100mA. Vsat and Vbe at TmA-100mA.

LEVELL INSULATION TESTER TM14 £210
Log scale covers 6 decades 10MQ-10TS at 250V, 500V
750V, 1kV; 1M-1TQ at 25V-100V; 100k-100GQ at
2.5V-10V; 10k-10GQ at 1V. Current 100pA- 100uA

BENCH POWER SUPPLIES

THURLBY SINGLES PL154/310/320 £159/125/155
0.5" LED digit meters, acc 0.1%, resoin. 10mV, TmA,
<0.01% change for 50% load change. Remote sense.
154: 0-15V 0-4A. 310: 0-30V 0-1A. 320: 0-30V 0-2A.

THURLBY DUALS PL310QMD/320QMD £269/339
Two 0-30V 0-1A (2A on 320) with isoiated, series
tracking, senies or parallel modes of operation.

THURLBY TRIPLES PL310K/320K £275/345
310K: 0-30V at 0-1A, 0-30V at %2 A & 4V-6V at 3%:A.
320K: 0-30V at 0-2A, 0-30V at 1A & 4V-6V at 7A.

LEVELL DECADE BOXES

C410 :10pF to 111, 110pF, acc 1%=+2pF. £49
R401/410 : 4 decs. 12 or 1082 steps, acc 1%, 2.5W £49
R601/610 : 6 decs. 1 or 108 steps, acc 1%, 2.5W £63
R601S

'DIGITAL METERS

LEVELL DIGITAL THERMOMETER DT1K f£44

120°C/+820°C, acc 0.2%=1°C. 3 digit 8.5mm LCD.
A standard Type K thermocouple socket is fitted. Bead
couple i1s supplied. Battery life >3000 hrs.

LEVELL DIGITAL CAPACITANCE METER 7705 f£438

0. 1pF-2000uF, acc 0.5%. 3% digit 12.7mm LCD.
¢.t%ee

HC DIGITAL MULTIMETER HC4510 f69

4, digit 11mm LCD. Up to 1kVdc, 750Vac, 10A, 20MQ.
Resoin. 10uV, 100nA, 10mQ. Buzzer. dcV 0.05%

HC DIGITAL MULTIMETERS HC5040/5040T
3% digit 12.7mm LCD. Up to 1kVde, 750Vac.
10A, 20MQ. Resclution 1004V, 100nA, 10m§Q
(5040T: 100mQ). Buzzer. dcV 0.25%. Battery lfe
2000hrs. 5040T: has a TR test

£37/39

THURLBY DMMs 1503/1503HA/1504 £169/185/199
4% digit 9mm LCO. Up to 1.2kVdc, 750Vac, 10A, 32MQ,
4MHz. Resoln. 10uV, 10nA, 10m{. Mains / battery.
1503: dcV 0.05%. 1503HA: 0.03%. 1504: True rms ac.

THURLBY INTELLIGENT MULTIMETER 1905a £349
5% digit 13mm LED. Up to 1.1kVdc, 750Vac, 5A, 21MQ.

: 6 decades. 12 steps, acc 0.3%, 2.5W {75
- 7 decades. 142 steps, acc 1%, 2.5W f72

Resoin. 14V, 1nA, 1mQ. dcV 0.015%. Computing and
storage functions. RS232/IEEE interface options.

150pA/500mAfs dc, 0.2 to 100GR, tinflog null,
Diode/LED test. Opticnal RF, HV and Temperature

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

; Moxon Street, Barnet, Herts., EN5 55D, England
LEVELL ELE Telephone: 01-440 8686 & 01-449 5028
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280
Communications

R701

Z80 B CONTROL

CARDMASTER CPU

® 4/6 MHz 280 CPU

® CP/M compatible

® User transparent MULTI-TASKING
® Upto 32K EPROM & 16K RAM

® Watchdog crash protection

® RS232 & RS422 Comms

o 2 Z80a P!O (one uncommitted)

® Onboard bus buffering

® Power-on jump hardware

P

® Euro-card construction -

NOW FROM £99 + VAT .-."

=

CUB MICROCONTROLLER g

* 260 CPU e

® 4 x Z80a PI0's (64 /0 lines} -
® Z80aCTC

® 4K Battery backed RAM (2K sup.)
® 4K EPROM (2K MCV2.0 sup.)

® Powerful monitor (MCV2.0)

® Eurocard construction

ICOM introduces the IC-R7000, advanced technology, continuous coverage
communications receiver. With 99 programmable memories the IC-R7000
covers aircraft, marine, FM broadcast, Amateur radio, television and weather
satellite bands. For simplified operation and quick tuning the [C-R7000 features
direct keyboard entry. Precise frequencies can be selected by pushing the

NOW FROM £86 + VAT

digit keys in sequence of the frequency or by turning the main tuning knob
FM wide/FM narrow/AM upper and lower SSB modes with 6 tuning speeds
0.1, 1.0, 5, 10, 12.5 and 25kHz. A sophisticated scanning system provides instant
access to the most used frequencies. By depressing the Auto-M switch the
IC-R7000 automatically memorises frequencies that are in use whlst it is in the

STARBURST V1.31 | CMR16 NOW FROM
£165.00

A CROSS ASSEMBLER FOR
CP/M80 covers four major

Bare PCB'’s Available

faniliesiof SInugCIQschlp LS Ui C/MCPU 223‘;0 2150g5 scan mode! this allows you to recall frequencies that were in use. Readout 1s
* 8048 inc. 8741/2 8748/9/50 | ' ' clearly shown on a dual-colour fluorescent display. Options include the RC-12
ey CM /O 28.50 25.65 infra-red remote controller, voice synthesizer and HP-1 headphones
* 8051inc. 8031/2 8751 8744 CUB 23.50 2115
7 8801 nc. 6800112388701 | CMR16 4000 36.00 | | [Picase rush me details of the IC-R7000 and my nearest ICOM deaier, !
Supplied with a complete set of Manuals on request Name _ I =
demonstration files. GNC ELECTRONICS | Radress
STARBURST V1.31 £95.00 Little Lodge, Hopton Road, | Tel. l
+ VAT Thelnetham, DISS IP22 1JN. — - W WA I
R na Post to: ICOM, Thanet Electronics Ltd., Dept W W, FREEPOST,
Requires 280 CPU Tel: 0379 898313 . II_Herne Bay, Kent CT6 8BR. (no stamp needed). Tel: 0227 363859. J
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Telephone
anniversary

Next year is the 75th anniversary
of the first public and private
automatic (dial telephone) ex-
changed in this country and I am
engaged in research for an article

to make sure the events do not go’

unrecorded. There are a number
of uncertainties about the really
early exchanges, not least, for
instance, the tones provided. It
was some years before ringing
tone was standardized and dial
tone provided. In consequence |
would be most pleased to hear
from anybody who has know-
ledge or reminiscences of the
early exchanges.

Although there are a number
of museums with telephone
equipment, there is a limited
scope for preservation under offi-
cial auspices, and private switch-
boards have not figured in these
collections. It would be interest-
ing, therefore, if anyone would
care to nominate the oldest pri-
vate exchanges still in service,
and it may be possible to prevent
some unigue museum pieces
from going to scrap.

Please write to me at the
address shown or leave a mes-
sage on 0604-844130; every re-
sponse will be followed up.
Andrew Emmerson,

71 Falcutt Way,
Northampton NN2 8PH.

Surplus
equipment,
please

Readers might remember the
article (EGWW July 1985) de-
scribing electronics club work
within the Youth Service. |
would like to thank generally all
the readers who contacted me
regarding this kind of work and
wish them well with any projects
that have started. By the way,
Professor James of the National
Youth Council, and the people at
the National Youth Bureau,
Leicester, are very interested in
the implications of this kind of
work. So if any readers have
suggestions or comments, let me
encourage them to communi-
cate with these bodies.

With respect to my work in

60

Thanet, it is still progressing well
and a member has just been
admitted to university on an
electronics degree course. He
has become an avid reader of
E&WW.

Here is a point well worth
mentioning to readers who are
responsible for the disposal of
surplus material. As an example,
an acquaintance of mine men-
tioned that a Kent electronics
firm was disposing of a quantity
of obsolete test equipment and
components. 1 drove off to see
the stores manager, but when |
got there he said, “We have just
got shot of that lot a week ago —
on a skip. Nobody wanted it.
There was a couple of signal
gens., a ’scope or two, an early
sweeper — and quite a few boxes
of bits... We offered the lot to a
broker, but as it was mainly valve
equipment, he didn’t want to
know. The local college and
school were not interested
either. There was also a small
lathe — with the tail stock mis-
sing. | wish we had known you
were keen.”

Needless to say, I was dis-
appointed, as this kind of support
is life blood to unfunded volun-
tary youth work. Therefore if
there are any other small firms —
or anyone for that matter, with
older apparatus such as radio
equipment, ’scopes, sweepers,
meters, small machine or hand
tools for disposal, then my work
could make direct and valuable
use of it.

K.L. Smith,
Staple,
Canterbury.

If readers wish to write to Dr
Smith, I will be happy to forward
their letters from this office— Ed.

Frequency
allocations

Mr Price, in his letter on long-
wave frequency allocations
(E€WW, October, 1986), seems
to imply that only if the channels
are centred on multiples of 9kHz
will the intermodulation
products formed in a receiver fall
on a carrier frequency. This
criterion is met for any equi-
spaced group of channels.

So a group of channels could
have been chosen to include

EDBACK

200kHz and thus preserve a
unique and widely available
frequency or time standard. As it
was, the UK delegation to WARC
1979 was obliged to subscribe to
the purely bureaucratic nicety of
having all the frequencies
divisible by 9.

With the advanced state of
present date technology, 1 do not
believe the argument that
receiver design is simplified can
be given much weight.
J.L.Eaton,

Great Bookham, Surrey.

Radio-
frequency
ignition hazards

In his report on my presentation
at the Birmingham URSI Collo-
quium {‘Communications Com-
mentary’, EWW September, page
9), I am afraid that Pat Hawker
has allowed his journalistic nose
for a whiff of scandal to get the
better of his engineering judge-
ment.

I made it very clear that Brit-
ish Standards 6656 and 6657 are
the very best that can be achieved
by the traditional process where-
by a committee identifies all of
the physical effects invoived and
then decides what level of multi-
plying factor, associated with
each of these effects, can be
considered to constitute a
‘reasonable worst case’, more
extreme sets of circumstances
factors, a great deal of time is
spent deciding which set of cir-
cumstances constitutes a
‘reasonable worst cause’, more
extreme sets of circumstances
being then deemed to be so
bizarre as to have a negligible
probability of occurrence. The
same decision process must
occur in the drafting of all safety
standards, be they for aircraft
guidance systems, electric mow-
ers or toilet seats.

The problem in the drafting of
a safety standard for r.f. ignition
hazards is that excessive caution
can exacerbate other types of
hazard. For instance, on an
offshore oil production platform,
the number of portable trans-
ceivers may have to be restricted:
as a result, an urgent message
(such as ‘man overboard’ or ‘gas
leak spotted’) may be delayed,

with hazardous consequences. It
is therefore essential that the set
of circumstances deemed to be
‘reasonable worst case’ should be
no more extreme than is abso-
lutely necessary, and the gui-
dance of the Health & Safety
Executive on this point was re-
spected by all concerned, since
the HSE has to carry the ulti-
mate responsibility on such mat-
ters.

In advocating adherence to
extreme worst cases, justified by
an unscientific appeal to ‘Mur-
phy’s Law’, Pat Hawker effective-
ly shoots himself in the foot. For
one thing there would be no
question of allowing mere
amateurs to use such dangerous
devices as radio transmitters!
There would also be men with
red flags walking ahead of all
horseless carriages.

As in most areas of human
activity, absolute safety is simply
not achievable, except by ban-
ning the activity (in the present
case this would mean a ban on all
radio transmitters). The aim of
any safety standard is therefore
to reduce the probability of
occurrence of an accident to a
level that is neglible compared
with everyday risks that are
generally accepted by the public
(mainly determined by the risks
of disease, and of road traffic
accidents).

The decision on what consti-
tutes a reasonable worst case is
implicitly a decision on probabi-
lities. At present this is under-
taken intuitively, on the basis of
the collective experience of the
committee members. The
ongoing research that I de-
scribed at the colloquium
(funded by the Science and En-
gineering Research Council) will
attempt to quantify the probabi-
listic factors involved, so that a
more informed decision may be
taken when the time to revise the
standard comes again. As we had
expected, our preliminary re-
sults are showing that, although
the factors and configurations
for each step in the British Stan-
dards appeared to represent
‘reasonable worst cases’, the
probability of each is very low.
When all the steps necessary for
an accident are concatenated,
the product of the probabilities is
so low as to be negligible.

Our work will have to be vali-
dated carefully by a future com-



mittee but our results suggest
that a substantial reduction in
the stringency of the Standards
will be possible without com-
promising safety (i.e. without
bringing the probability of an
accident up to a non-neglible
level). No-one, least of all a radio
amateur, should lose any sleep
over this process. In fact, they
should rest more easily, knowing
that the probabilistic factors are
well-quantified, rather than
being based on intuition.

Peter S.Excell,

Senior Lecturer,

University of Bradford.

Novel Q-meter

Mr Egerton’s article in the
October E&WW is both timely
and useful, as there seems to be a
revival of interest in simple test
equipment. No doubt this is
partly due to the huge prices
commanded by proprietary
equipment, symptomatic of
which is the recent claim of
‘low-cost’ coupled with a
£7000+ price-tag!.

Unfortunately, there are some
problems with the circuit
diagrams which may cause much
confusion, and lead prospective
users of the new technique to
believe that it doesn’t work.

The first diagram is meant to
illustrate the principle of the
two-terminal oscillator, and as
such could be permitted to take
liberties with such incidentals as
d.c. levels. However, there are
more fundamental problems.
There are two n-p-n. transistors
shown, with their corresponding
electrodes connected to opposite
supply rails. This cannot be, and
simply reversing the emitter
arrow on the left-hand device to
make it p-n-p still results in a
single polarity-inversion around
the loop, and not an oscillator.
What appears necessary is to
invert the right-hand device, and
take the upper supply-rail as
negative. This gives a long-tailed
pair oscillator, described many
years ago in WW by ‘Thomas
Roddam’, with variable emitter
feedback. However, the practical
circuit is not the same at all. It is
a loop containing two common-
base stages, and is perhaps new.
Fig.l shows the basic circuit,
with the two followers omitted.

Because the oscillator

+Vee

£

transistors are in common base,
oscillation is possible up to a
frequency near f,, but the
frequency will be seriously
affected by the transistor
characteristics. A limit of f/10
would be prudent.

In the practical circuit, there
are more problems. The 4k7
resistor should go to the +15V
rail, not otherwise used, while
the 2N3906 base, etc. goes to
+5V. The unmarked decoupling
capacitor could be 100nF
ceramic. The ‘Q or R, range’
potential divider values should
be as shown in Fig.2: the
preferred values are more
convenient and make only a
slight difference to the R, range.
The circuit is capable of
producing quite low-distortion
sine waves, and could be the

560 n
p range
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basis for a low-cost signal
generator. These days a 1V
output is often useful.

1 hope that these comments
will be helpful. Mr Egerton’s
technique has sufficient merit to
justify the clearing up of these
potential difficulties.

J.M. Woodgate,
Rayleigh,
Essex.

Well into retirement, [ have been
experimenting with various
circuits which have appeared in
the popular press featuring
transistorized Q meters — my
modest requirement being
accuracy around 5% and
covering frequencies from
200kHz to 1 megaherz. Results
have been inconsistent with Q

'FEEDBACK

values indicated by old Marconi
and Boonton instruments, valve-
operated.

Clearly the requirement is to
inject a small known value of
e.m.f.,, occasioning minimum
resistive loss, and then to
measure resulting voltage
appearing across coil or
capacitor at resonance at the
required frequency - the
voltmeter load to be small
compared to the dynamic
resistance at resonance. I have
never come across the
“conventional Q meters” circuit
referred to by your contributor.
My ancient Marconi Q meter
keeps the injection resistance
down to 0.04 ohms. I believe
Boonton uses 0.02 ohms. The
introduction of an “ammeter” in
series as shown would add some
further indeterminate resistance
of the order of 10 to 20 ohms
perhaps (the actual value
depending on the temperature
reached by the filament of the
thermocouple). Thiswould more
or less completely mask the
effective series resistance of the
circuit under test.

The basic “alternative Q
meter” illustrates n-p-n (and p-
n-p?) transistors in harness, and
has the appeal of simplicity, but
how does it work and where does
one introduce the supply volts?
When the writer constructed the
final version, how did he verify
the results and against what
instrument? Surely all the
hardware engulfing the coil
under test would impair its
potential Q and the figure arrived
at from the “calibrated resistor”
would show effective circuit Q.

Nevertheless, I'm delighted
someone has shown an interest
in what appears to be an obsolete
instrument reserved for
Analoguists Anonymous.

Frank Henry,
Chatham,
Kent.

Regarding “Novel Q Meters” on
p.38 of the October issue of the
Wireless World, 1 totally disagree
with Mr McKenny-Egerton
Junior’s proposition that the
“inelegant beast requiring much
calculation and considerable
thought on the part of the
operator to avoid erroneous
measurements is no longer in
vogue”. Additionally, the

illustration of the “inelegant

(o1l under test

E=IR
)

Q=E-T

beast” described under
“Conventional Q meters” on p.39
bears no resemblance to Q
meters as used in industry and
research over the last 50 years.
The attached schematic shows
the standard layout of a practical
Q meter, and it will be seen that
the ammeter actually measures
the current through the feed
resistors and thus establishes the
input voltage. The valve
voltmeter measures the e.m.f,
across the capacitor and Q is the
ratio of the two voltages — a very
complicated, nerve-shattering
experience to measure and

“calculate! The resistance was

originally 0.04 ohm, and the
input current 0.25 amp; the
valve voltmeter had a full scale
reading of 5 volts (Q = 500). On
the Q = 250 range, the current
was increased to 0.5 amp.

The instrument was designed
by Les Woods of the Philco
Corporation (USA) in the early
1930s, manufactured by the
Boonton Company (USA) and
produced in the UK by Ekco
Instruments (who became
Marconi-Ekco, and much later,
Marconi Instruments — their TF
1245 Q-meter is a direct
descendant in basic concept
from Les Woods' original
design.)

I would be very interested to
know the date and name of the
manufacturer of the Q Meter
which Mr McKenny-Egerton
Junior illustrated under the title
“Conventional Q meters”.
Stanley Kelly,

Broadstairs,
Kent.

A simpler circuit which covers a
wider range of dynamic
resistance is shown here. Like Mr
Egerton’s, this is essentially a
calibrated negative resistance in
the form of a complementary
emitter-coupled oscillator.
Emitter-follower Tr; drives
common-base amplifier Tr,,
whose load contains the LC
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circuit under test. When Ry is set
at the critical point its scale is
read off in the dynamic¢
resistance (ry) of the LC circuit.

If Tr, has a voltage gain of 1,
and Tr, a current gain of 1, the
circuit oscillates when R, is
equal to or less than the collector
load of Tr,. In practice, the gains
are less than 1, and the collector
load is not simply the LC circuit,
but this in parallel with R}, R3, Rs
and a couple of transistor
impedances. The presence of the
output buffer Try also has some
effect.

Fortunately, all these
uncertainties can be calibrated
out. Calibration consists of
substituting a physical resistor
for the L.C. The circuit can then
be made to produce relaxation
oscillations. So long as the
amplification is the same at the
(low) relaxation-oscillation
frequency as at the LC frequency
the value of the physical
resistance is the same as the
corresponding ry and the scale of
R, can be marked accordingly.
Thus R, can be calibrated from a
resistance box or a selection of
known resistances. Strictly
speaking, Ve should be
increased to compensate for the
d.c. drop in the physical resistor
but in practice it is not worth the
trouble.

For R,, use a carbon-track
potentiometer with an earthed
metal case. It is important to
avoid stray capacitance from X to
Y and from X to earth: both make
the circuit read high. (R, buffers
the effect of the input
capacitance of Tr.)

Audio transistors can be used,
since modern planar types have
high cutoff frequencies. It is
useful to choose types with low
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collector-base capacitances
(Cop) since these fall across the
input terminals.

For many years | have kept one
of these ‘negative-resistance
generators’, made up in a two-
ounce tobacco tin, handy on the
work-bench. It is invaluable for
quick checks on coils,
capacitors, i.f. transformers, etc.
Sometimes it is possible to make
tests on components in-situ in
other circuits, but care should
then be used to avoid damagingly
high amplitudes of oscillation.
This entails starting with R, at
maximum and reducing it slowly
to find the critical setting. Two
silicon diodes back-to-back
parallel across the input will
limit amplitude to about 1V
peak. An inverse log. pot. is the
best for R,, since regeneration
then increases with clockwise
rotation and the tapering enables
low values of ry to be read off
easily. The minimum achievable
negative resistance depends on
the maximum current through
Tr, and Tr,, hence on hg and
Vee. Values down to about 100€2
are readily obtainable.

G.W. Short,
Westminster,
London.

Relativity

Alan Watson (Feedback,
October, 1986) asks for
experimental evidence to
contradict Einstein’s second
postulate. There isn't a lot, but
what there is conclusively rules
out the special theory of
relativity (STR) as a conceivable
explanation of physical
phenomena.

' FEEDBACK

In his original paper‘!
Einstein developed the Lorentz
transformations — on which STR
is entirely dependent - from two
equations which Einstein
claimed expressed the form of
the wavefront radiating from a
flash of light, as seen by two
observers in uniform mutual
relative motion. In fact, at least
one of the equations must be
false, for the only way the
equations could both be true
would be that flashes of light
could arise without any physical
cause and that the flash should
have zero duration in time. This
is contrarv to all experience —
real flashes of light are of finite
duration, however small, and
require lamps of some kind. For
a detailed discussion, see
reference 2.

Another piece of observational
evidence which contradicts
Einstein, though perhaps not
quite so conclusively, comes
from spectroscopic binary stars.
De Sitter’® argued that
measurements of the radial
component of motion of a
spectroscopic binary fit in with
Kepler's laws if no allowance is
made for different travelling
times for light emitted at
different points in the orbit of the
star (and so for different
velocities of the source relative
to Earth). On the other hand, he
claims, Kepler’'s laws would
appear to be broken if the
travelling times were actually
different. De Sitter also points
out that if the velocity of the light
depends on the time of emission,
some overlapping of the light
emitted at different times is to be
expected, causing an apparent
splitting of spectrum lines into
two or more components. This
splitting, he says, is not
observed.

De Sitter’s points are hailed by
supporters of STR as the best
direct observational evidence for
the theory. It is unfortunate,
therefore, that neither of de
Sitter’'s contentions is true".
Kepler's laws are not seen to be
violated because the distances,
separation of stars, and orbital
velocities are such as to make it
impossible to see a violation, and
splitting of spectrum lines is
observed. While the splitting
does not prove that Einstein’s
second postulate is false, it
cannot be held to be true until
the splitting is explained in some

other way. This point seems to
escape the notice of the
supporters of STR.

A further consideration is that
by virtue of its paradoxical
features, STR can be used to
predict more than one outcome
for moyxe or less any experiment.
At most, only one can be right.
The actual outcome will
contradict all the other
predictions.

Prof. R.A. Waldron,
Universityof Ulster.
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In his article of June, 1986, p.41,
M.H. Butterfield states that the
theory of relativity has changed
very little since Einstein
described it, and 1 therefore
suggest, with respect, that he
refers to my paper in the Wireless
World of October 1978, p.44, and
to my earlier papers mentioned
there. In these 1 argue that the
theory is demolished by its own
internal errors and
contradictions. Butterfield
admits that Einstein’s
assumption of the constancy of
the velocity of light might be
difficult to swallow since it goes
against common sense but what
scientists seem to be unable to
accept is that it also contravenes
the foundations of science.
Science is based on experimental
results which are expressed in
terms of the units of
measurement, which must not
be duplicated if contradictions
are to be avoided. By making the
velocity of light constant
Einstein duplicated the units
because the units of time and
length were already defined.
Einstein committed another
grave error by using thought
experiments which are a travesty
of science. They cannot give new
results and when they appear to
do so it is because errors or
additional assumptions have
been made. They are used by
many writers, including
Butterfield in their attempts to
explain or support the theory of
relativity.
L. Essen,
Great Bookham, Surrey.



8085 development on the
BBC Micro

Software for the simple 8085 controller board

listed in the earlier article. The origin of

the code is at 02004, but on reset, a
JUMP instruction to 02F2 is executed. This is
identified by the label START in the assembly
listing.

The first task performed by the firmware on
reset is to set the stack pointer to 80FF,¢. This
location is within the ram of the p.i.a. In the
present version of the code, the stack is
situated in the p.i.a. ram and is therefore be
restricted to 128 bytes. If the stack should
attempt to grow beyond this limit, the
microprocessor controller will crash. But the
advantage of placing the stack here is that the
full 1K of main memory is available to the
user.

Next the firmware sets up the data direction
register of port B for communication on the
lower four bits. Bit 0 represents data in, bit 1
data out, bit 2 input handshake and bit 3
output handshake. In addition, the output
handshake line is forced high. This prevents
the sending machine from allowing a data
transfer before the controller is ready.

Finally the main loop of the program is
entered. This consists of two simple calls:

Firmware for the prototype board was

@ receive four bytes from sender
e interpret command and do job.

This loop is executed continuously provided
that command is returned to the control
firmware. The four byte block of data used in
the firmware is made up as follows: byte 1 is
the control byte specifying the command;
bytes 2 and 3 are low and high address bytes;
and byte 4 is the data byte.

In the control byte, value 1 means ‘accept
data to address’, value 2 means ‘send data from
address’ and value 5 ‘execute program at
address’. Routines exist within the firmware
to perform these three functions. To allow
asynchronous operation, handshaking on the
data transfer is done bit by bit. From the
controller’s point of view, sending a bit
involves the following steps:

@ look at input handshake line

@ wait for it to become high

@ put bit to send on data out line
@ clear handshake out line

e wait for handshake in to go low
@ set handshake out line.

Receiving a bit is accomplished as follows:

@ wait a set time for handshake input to go low
@ if low then continue, else fail

@ read data bit on data in line

@ make handshake out line low

e wait for handshake in line to go high

@ set handshake out line high.

described in September

J.L.GORDON

When the controller is connected to another
machine (for example, a BBC microcomputer
running the communication software), the
cables must be crossed as follows: data in to

_data out, data out to data in, handshake in to

handshake out, handshake out to handshake
in. This arrangement has worked successfully
in several different machines with different
microprocessors running at various clock
speeds.

With this simple communication
technique, data transfer is allowed only in one
direction at a time. A drawback is that if both
devices decide to send at the same time, both
machines will lock up. The programmer
should therefore try to stop this condition
occurring, More complex communication
routines may be developed when the board is
functional and, when they have been proved
error-free, installed in eprom.

SOFTWARE

In the communication program is machine-
code which includes the primitive routines
also provided in the 8085 controller firmware.
These routines differ in the assembly
languages that they are written in. The BBC
version works with port B of a 6522 v.i.a. The
program offers options to send, receive and
run.

Data sent to the controller is verified and
any difference between the byte sent and the
byte received is reported as a failure. Since
four bytes must be sent for each one put into
the controller’s memory, communication is
fairly slow, although quite reliable. But this is
not really a problem because the controller
has only 1K of user ram. With the 8085
controller, 1K-byte may be sent in 70 seconds
and received in 36 seconds.

Sending involves the transfer of nine bytes:
four send, four request-verify and one for the
verified byte. Receiving involves five bytes,
four send and one receive. With a Basic
program, the transfer rate is about 140 bytes
per second. With asynchronous operation, the
speed of transfer depends on the slowest
machine.

An 80-track disc containing
software for this project can be
supplied by the author at a cost

of £5. Requests should be sent
to him at 19 Windlebrook
Crescent, Windle, St Helens,
Merseyside WA106DY.

The BBC microcomputer may interrupt the
communication task at any time to attend to
normal housekeeping. The bit-transfer
routines of the communication program
therefore disable interrupts whilst data is
transmitted or received.

The communication routine is directly
compatible with the firmware in the
controller and the two should not get out-of-
step. If, however, the user selects the option to
run the program installed in the controller,
then the controller must either be reset or its
program should cause a jump to 0000 on
completion in order to continue with the
communication process.

The function of the loader is to take a
named target file from disc, from the T (for
Target) directory, and send it to the controller
with the correct address for each data byte.
Address and data are part of the target file.

The user will be asked to supply a run
address for the file. If no address is entered,
the first address in the file will be taken as the
run address.

USING THE ASSEMBLER

The 8085 assembler is the final program in the
software package. It loads a file called
ASMCODE, a data file containing op-codes. The
file consists of three columns: op-code, octal
value and number of bytes per op-code. Data
for the file may be entered as records
consisting of three entries (or fields) per
record, two string and one numeric field.

Note that the last four entries in the file are
not real op-codes but pseudo op-codes. These
are found in most assemblers in one form or
another. In building a file, it is important to
ensure that these records appear right at the
end, immediately before the final, dummy
record END.

The letter X in the octal value field indicates
that the assembler must add to the op-code
value according to the operand used.

MAX, a constant in the assembler, set the
maximum number of lines which may be
entered. Lines are stored as single string
entries in the array text$(). This string array
is treated as a link list and so never has to be
sorted or shuffled if lines are added or
deleted. Line numbers are generated when
thefile is listed but are not relevant to the file
unless the commands Kill or Merge are used.

Assembly is a two-pass operation. On the
first pass the assembler attempts to assign
values to all labels. No errors are reported
unless a value cannot be assigned because of
an operand field error. The second pass
produces target code and reports any errors.
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Full-wave rectifier uses

one diode

It should be possible to produce full-wave rectification
using only a single diode —if only by accident.

he student of Fourier series is often
Tsurprised to find that a full-rectified

sine wave differs from a half-rectified
wave of twice the amplitude only in the
presence of absence or a fundamental-
frequency sine wave. The panel shows the
half-wave-rectifier has the form of e, and
the full-wave rectified wave has the form of
e, from which it is clear that e; can be
formed from e, by the addition of the sine
wave e;= —Eg sin wt. These waves are shown
in Fig.1, and it can be seen either from the
Fourier series or from direct inspection of
the waveforms that e;=e, +e,. This relation
suggests that it should be possible to build a
full-wave rectifier utilizing this principle of
voltage addition and having only one diode.

A naive application of this idea results in
the circuit of Fig.2. This circuit will clearly
not operate as intended because the two
transformer voltages are simply added and
their sum rectified, resulting in the voltage
e; of Fig.3. Since es=e, and e; must be as
shown in Fig.l, e; must have the form
shown in Fig.3.

The difficulty with the circuit of Fig.2 is
that the voltage e,, which was intended to
have the form e, is allowed to go negative.
The obvious cure is a clamping diode,
resulting in the circuit Fig.4. This circuit
does indeed produce the desired output e;
but does not of course qualify as a full-wave
rectifier with only one diode.

Fig.4 can be simplified and put in more
familiar form if it is recognized that the
potential at the bottom of the lower winding
is the same as that at the centre of the upper
winding. The lower winding can accordingly
be replaced by a centre tap on the upper
winding. The result is the circuit of Fig.5,
which is of course simply a conventional
full-wave rectifier.

Although we have not yet succeeded in
forming a one-diode full-wave rectifier based
on the addition of voltages e, and e, it
doesn’t follow that it can’t be done. If the
half-wave rectifier part of Fig.2 is given a
resistive load and no current is drawn from
the combined circuit, the voltage e, will not
go negative, and the output will have the
desired form es.

More generally, either circuit of Fig.6 will
produce the output voltage eg shown in
Fig.7, and this approaches the desired form
e3if R is much greater than R;.

The circuit of Fig.6(b) is occasionally
produced by accident when one diode in a
conventional full-wave rectifier fails.
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Fig.1. Full-wave rectified wave e3 is formed
by the addition of half-wave rectified wave
e; and sine wave e;.
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Fig.2. Unsuccessful attempt at a full-wave
rectifier with one diode. E, and 2E, are the
peak voltages of the two windings.
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Fig.3. Voltages e and es occuring in the
circuitof Fig.2; e, is shown in Fig.1.
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Fig.4. The circuit of Fig.2 modified by the

addition of a clamping diode produce the
desired full-wave rectified output es.

Fig.5. Conventional full-wave rectifier,
equivalent to and desired from the circuit

of Fig.4.
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Fig.6. Equivalent one-diode rectifier cir-
cuits using two (a) and one (b) transformer
secondary windings and producing the
outputvoltage waveform eg shown in Fig.7.
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Fig.7. The output voltage eg produced by
the circuit of Fig.6 approaches the desired
form ez if R is much greater than R;.
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Satellites in
Australian
broadcasting

Australia has just the right kind a
geography and demography to
benefit from satellite transmis-
sions. It has a small population of
about 15 million (less than a
third of that of the UK) spread
over a huge land mass of nearly
three million square miles (more
than thirty times the area of the
UK). Obtaining electromagnetic
coverage, for whatever purpose,
is therefore difficult and expen-
sive by terrestrial methods. The
Australian government knew
from the start that they could
achieve complete coverage of the
entire continent with a single
transmitter on a geostationary
satellite, and in 1979 they went
ahead to establish a national,
domestic satellite system.

Called AUSSAT, this compre-
hensive Ku-band system is own-
ed and operated by Aussat Pty
Ltd. The government holds 75%
of the company’s shares and
Telecom Australia the remain-
der. Its purpose is to provide
services for telecommunica-
tions, broadcasting, air traffic
control, banking, mining, the
press, private network custom-
ers, education, the police and
other public organizations.

The first phase is now almost
complete, with two Hughes
HS376 satellites in operation and
a third due to be launched soon.
The first satellite was put up in
August 1985 by NASA's ‘Discov-
ery’ space shuttle and is in geos-
tationary orbit at 160°E. The
second was [aunched in Novem-
ber 1985 by space shuttle ‘Atlan-
tis’ and has an orbital slot at
156°E. Satellite No 3, complet-
ing the first phase. will be posi-
tioned at 164°E after launching
by the European Space Agency’s
Ariane rocket in early 1987.

Each spacecraft, with a cylin-
drical structure 2.2m in dia-
meter and 6.6m high, carries 15
transponders. Four of these have
anr.f. output power of 30W while
the remaining eleven give 12W.
The high-power ones are used for
broadcasting applications. Spare
transponders are carried. Up-
links to the transponders operate
in the 14-14.5 GHz band, while
downlink transmissions are in
the 12.25-12.75 GHz band.

l
|
|

| areas by the appropriate spot

Coverage from each satellite is |
provided by two national beams,
encompassing the entire conti-
nent, and four spot beams for
particular areas.

Quick off the mark to utilize
the AUSSAT system was the Au-
stralian Broadcasting Corpora-
tion. They have had transpon-
ders on lease for over a year now,
for two purposes in their Nation- |
al Broadcasting Services. One
function is to distribute sound,
vision and data signals to broad-
casting stations in’ the seven
states. The second has been to
provide direct broadcasting from
the satellites to individual homes I
in remote areas bevond the reach
of terrestrial radio and televi-
sion.

This second system is called
the Homestead and Community
Broadcasting Satellite Service
(HACBSS). It provides each
home with the ABC radio and
PAL television services that are
appropriate to that part of the
country. So far about 2,500
homes have installed receiving
equipment, made by Plessey Au- |
stralia.

At the recent International

| Broadcasting Convention at

Brighton. E.G. Warren of ABC
was at pains to point out that
HACBSS is not a universal d.b.s. |
system as specified in the WARC |
1977 plan. Although it operates
in the 12.5-12.75 GHz sub-band |
allocated to Region 3 d.b.s. it
does not use the orbital slots
reserved for Australian d.b.s.
satellites.

The HACBSS direct broad- |
casts are beamed to particular |

beams, fed from four 30W trans-
ponders and one 12W transpon-
der. Homes in New South Wales,
Queensland, Victoria and Tasma- |
nia receive HACBSS signals from

the south-east beam of the 160°E |
satellite. Homes in Western Au- |
stralia, the Northern Territory |
and South Australia get theirs |
from a spot beam of the 156°E

satellite, vertically polarized for

W. Australia and horizontally |
polarized for the rest.

Mr Warren said that this
scheme gives the majority of the
populated areas an e.i.r.p. of al
least 47 dBW, with only small
areas receiving less than 44 dBW. |
For these radiated powers, re- |
ceiving dish antennas with dia-
meters of 1.2m to 1.8m are
adequate.

The HACBSS direct broad-
casts are also used to distribute
signals from Sydney to the va-
rious ABC radio and television
transmitters throughout the
country. A national beam is em-
ployed for this as well.

For the whole continent the
distribution arrangements are
quite complicated but can be
studied in the IBC 86 published
papers. As a worst-case example,
a PAL signal from a Sydney tv
studio is decoded to RGB and
encoded to B-MAC (see later),
uplinked from Sydney to the
satellite, received in, say, Ade-
laide, decoded to PAL, recorded
onto and replayed from video
tape to give the necessary time
delay for that geographical zone,
decoded to RGB, encoded to B-
MAC, uplinked from Adelaide to
satellite, received at a transmit-
ting station in South Australia,
decoded to PAL and finally
broadcast to the local audience.

B-MAC was chosen as the
satellite transmission format — as
distinct from, say, C-MAC/
packets — simply because B-MAC
encoding and decoding equip-
ment was already available from
a manufacturer when the AU-
SSAT satellites were launched in
late 1985. B-MAC uses the same
principle of multiplexed ana-
logue components for the vision
signal as in the original MAC
system proposed by the IBA and
later adopted by the EBU in the
European C-MAC/packets stan-
dard. But the rest of the signal is
different because B-MAC was ori-
ginally designed for a satellite
scrambled pay-tv system. View-
ers’ decoders can be individually
addressed, though ABC is only
utilizing this facility for its own
signal distribution system.

Six digital audio channels us-
ing Dolby adaptive delta modula-
tion are provided by four-level
data added to the signal during
the vision horizontal blanking
interval. Two of these are used as
stereo sound channels for televi-
sion, the others for two mono
and one stereo radio program-
mes. During the vertical blank-
ing interval a data packet is
transmitted. ABC use this for a
form of teletext that they call
Mactext.

The B-MAC sysem and equip-
ment was developed about five
years ago by the Canadian com-
pany Digital Video Systems Cor-
poration, now a subsidiary of

Scientific Atlanta. Keith Lucas,
an engineer associated with the
conception and development of
MAC at the IBA, now works for
them.

UK d.b.

satellite
design

Also presented at IBC 86 at
Brighton was a small-scale mod-
el of a satellite that could be used
for d.b.s. in the UK. It was shown
by British Aerospace, who have
offered the design to competing
applicants now being considered
by the IBA for the d.b.s. contracts
currently available. Three new tv
services and some teletext ser-
vices are to be taken up.

BAe’s proposed design is a
version of their existing Eurostar
86 satellite already sold to IN-
MARSAT (see diagram). The
spacecraft main body, con-
structed in aluminium hon-
eycomb and carbon-fibre-
reinforced plastic, is about 1.6m
square. When the two folded
solar arrays are fully extended
the total span is 15m. These two
arrays turn slowly to track the
sun and generate a total power of
at least 1kW at the solstices. The
whole craft is position-stabilized
in three axes, using small
momentum wheels to give
gyroscopic ‘stiffness’.

The repeater electronics,
shown by BAe in breadboard
form, is designed around six
100W travelling-wave tube r.f.
wideband power amplifiers. As
the Japanese experiences showed
in 1984, the reliability of high-
power t.w.ts in space is a critical
matter. Apparently the tube
cathodes are the most vulnerable
items. BAe have chosen AEG
tubes, in transmitters supplied
by the German company ANT. In
the operational satellite only
three of the six t.w.t. amplifiers
are in use at a time. Possible
damage due to switching the
tubes on and off is avoided by
keeping them on 24 hours a day.

Received uplink signals go to a
wideband single-conversion
front end. After frequency con-
version, filters establish the 27-
MHz channel. Then individual
channel amplifiers, with gain
control, drive the t.w.t. ampli-
fiers.

The r.f. output passes through
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a multiplexer to the single feed-
point of the antenna system. This
uses two reflectors with surfaces
shaped to give the required heam
coverage. The main reflector is
elliptical and measures 2.8m by
1.1m. BAe claim that this design
is lighter and has lower losses

than an antenna using several
feed horns, a passive splitting
and phasing network and a single
reilector.

In the transmission beam the
e.i.r.p. is expected to be 59 dBW
al the outer edge of the coverage.

BAe reckon thal with this power |

the domestic receiving dish need
not have a diameter greater than
45¢m. In Lhe satellite the G/T
figure of merit of its receiving
systemis —5 dB/K.

Seven commercial groups
have applied for the d.b.s. con-
tracts. The wide range of com-

panies within these includes,
electronics manufacturers. re-
tailers and rental firms, telecom
and broadcast network oper-
ators, publishers, film com-
panies, shipping, travel and hotel
firms, banks, and existing televi-
sion programme contractors.

Repeater electronics
including six 100W
travelling-wave tube
amplifiers

Folded solaor-cell
array
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HART — TheFirm f

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb, HART designed, integrated amplifter kits derived from
Linsley-Hood's articles in "HiFi News'
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 individual component price.

K300-35, 35 Watt, Discount price for Complete Kit - ... £98.79
K300-45, 45 Watt, Discount price for Complete Kit . . .£102.36
RLH485. Reprints of Original Articles from 'HiFi News' £1.05n0 VAT

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 ultra high quality
AM/FM switched bandwidth tuner 1o match our 300 series ampiifiers. Power supply and tuning gang
will be included with the FM section.

K450 JLH Synchrodyne Kit. Special Price £59.95

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS
Complete very high quality low noise signal handling stages for any stereo cassette recorder
Separate record and replay sections for optimum performance. Switched bias and equalisation to
cater for chrome and ferric tapes Very easy to assembie on plug-in PCBs. Complete with fuil
instructions.

K800 Complete Stereo Record/Play Kit ... .. . . 5 e B . £33.70
860X Stereo Mic Amp Kit to suit.... onm 3y — . 3 ..£8.70
RLH 1 & 2 Reprints of Original Articles............... 75p no VAT

HIGH QUALITY REPLACEMENT CASSETTE HEAD
Do your tapes lack treble! 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 wil [ e
make it easy to set the azimuth spot on. As we are the actual ,g -

importers you get prime parts at lowest prices. Al our heads are

suitable for Dolby machines.

HC20 Permalloy Stereo Head. Good quality standard head fitted as original equipment on many
decks ... T e e s TR T Sl . £7.66
HS16 Sendust Alloy Super Head. Quite simply the best. Longer #ife than permalloy, higher output than

ferrite, fantastic frequency response. . . .£14.86
HQ551 4-Track head for auto-reverse or quadrophonic use. Full specification record and play head

£14.60
Special Offer Stereo R/P Heads . ; . .. £2.49
4-Track Auto-Reverse Play Head ... . o ..£3.50
HS9510 2/4 Stereo DC Erase Head ... .£6.70
HQ751E 4/4 Erase compatible with HQ551 . £39.70

Full data on these and other heads in our range are contained in our free list

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you to set up VU (Doby) level, head azimuth and
tape speed without test equipment. Vital when fitting new heads. Complete with instructions £4.66

Send for your FREE copy of our lists with full details of our complete range of Kits, Components, PCBs,
Cassette Heads and Decks: — Overseas please send 5 IRCs for Airmail Post.

Please add VAT to all prices. Postage on orders up to £10 - 50p. £1010 £49—£1. Over £50 - £1.50.

ELECTRONIC KITS LTD
1. Penylan Mill, Oswestry, Shropshire SY 10 9AF
24 hr SALES LINE (0691) 652894 Please add VAT

—aVieL S T] Mo WRREEA

; = @ 0oL
== X oo
| ® o 1Y
| o o § vy
AT e ()50
Receive live images in your home {not simulated graphics) from A.P.T.
Polar Orbiting Sateliites. The WSR524 receives and stores automatically
visible and infrared pictures which can be superimposed for accurate identification of
atmospheric features. Latitude and Longitude gnd plus user location indicator is 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.

O FEEDBACK

Park Road, Crowborough, E.Sussex TN6 2QR

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

MODEL WSR524
[ e e e Wt ]

=

Namen o« 4 5= Vuiva bimd wahdie s oo Address i . oo g8 WY B Lws .

ENTER 26 ON REPLY CARD

Fluke 8840
Series
Digital
Multimeters _
These 52 digit multimeters combine

high performance with low cost, and are
ideal for bench or system applications.

FEATURES @ 100nV resolution (8842A)
® 0.05% basic DC accuracy @ High intensity
display # |[EEE-488 Option @ Prices from

£630.00.

{ Low cost Hand Held

»

Multimeters

The Fluke 70 Series are
reliable easy to use
instruments with an analogue
and digital display.
FEATURES
@ Fully auto NEW

: CATALOGUE

ranging
® 10A AC/DC | ourlatest catalogue

details products from
current many of the leading

CGpCIb“iT manufacturers of fest
y and measurement

@ Comprehensive instrumentation, . .

measurement facilities from transducers to
data loggers...signal

& Prices from sources to
multimeters. If you
57200 haven't received
your copy call us
now.

electroplan

Test & Measurement

PO Box 19, Orchard Road, Royston, Herts, SG8 5HH.
FOR FAST DELIVERY RING 0763 45145

Q an electrocomponents company

ENTER 33 ON REPLY CARD
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OFF-THE-SHELF ANSWERS TO
PROCESS CONTROL QUESTIONS

You don't have to re-invent the wheel when you want answers
to process control questions. That's because the solutions are
now available off-the-shelf — thanks to the Essex System.

The remarkable flexibility of this system enables you to tailor
modules exactly to your requirements. It's fast. It's versatile — the
powerful Chameleon controller can be programmed in a choice of
languages. It's also comprehensive since you can add opto-
isolator, analogue and video interfaces as well as a high-speed
EPROM programmer. In short, it's a complete system.

What's more, it's much less expensive than PLC solutions. All
the more reason then to put your process control questions to us
oy nexttime.

Esren Electronics Centre

_ ' ?
g Customised modules Wivenhoe Park, Colchester, Essex CO43SQ. Tel: (0206) 865089

distributed by:

RCS. MICROSYSTEMS LINITED
141 Uxbridge Road, Hampton Hill, Middlesex TW121BL.
Tel: 01-979 2204

Optoisolated /0O module

Colour graphics module

EPROM programmer

ENTER 8 ON REPLY CARD

TURN YOUR COMPUTER INTO
A REAL TIME IMAGE PROCESSOR

MSF CLOCK IS EXACT

8 DIGIT display of Date, Hours, Minutes and Seconds. WITH THE IMAGE I“ FRAME STORE

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.

COMPUTER or ALARM output also, parallel BCD (including " . i
Weekday) and audio to record and show time on playback. = L o PRICE

DECODES Rugby 60KHz atomic time signals, superhet receiver | ' i . Ve .
(available separately), built-in antenna, 1000Km range. 21 ’990'00

LOW COST, fun-to-build kit (ready-made to order) with receiver

ONLY £89.80 includes ALL parts, 5x8x15 cm case, pcb by-return 1 BANCE HE
postage etc and list of other kits. Get the TIME RIGHT. s

CAMBRIDGE KITS

45(WM) OId"School Lane, Milton, Cambridge, Tel 860150

IMAGE |1l is a high resolution Frame Store which can capture and display pictures in real time from
any 625/525 line video source. Once capturedin 512 x 512 frame memory, the computer can access
the stored image for processing or manipulation. The store utilizes 6 bit A/D and D/A converters to
give up to 64 grey levels per pixel. Amajor feature of this store is thatif a lower resotution picture is
selected then the store can be partitioned to store multiple pictures, e.g. for 256 x 256 resolution,
four pictures can be stored. This allows the computer to compare two or more pictures captured
from the same or different video sources.

The IMAGE 11l Frame Store turns your computer into a low cost image processing'system and opens
IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING up arange of possibilities such as Robotic Vision, Medical imaging. Factory Inspection etc. Alternat-
ively the store can be used in applications where picture data is arriving slowly, e.q. weathersatellite

PLACE IN THE ELECTRONICS INDUSTRY LARGE transmissions, ultrasonic imaging, enabling the user to have a steady display without the need for

long persistence display devic'&s':.’C e - T - T

QUANTITIES OF COMPONENTS BECOME REDUNDANT. l§‘$§il';?n§¥3'n'z%‘s?&‘&%‘é*mpu-tef’é’n%i%nwa,::’s";ﬁ:;i{:awn%é"nSe:]%"niﬁiat%‘m:?eimzzJ
t tore.

WE ARE CASH PURCHASERS OF SUCH MATERIALS AND oo

Price: £1,990.00
WOULD APPRECIATE A TELEPHONE CALL OR A LIST IF | | NEW: — IMAGE PROCESSING SOFTWARE FOR THE IBM AND BBC

AVAILABLE. WE PAY TOP PRICES AND COLLECT. These user friendly software packages offer powerful image processing routines like noise reduc-

tion, measurement analysis, edge enhancement, contrast stretching, histogram of grey scale.

ice: £590.
R - H e n so n Ltd = zgﬁpL:ng I?AOAGE PROCESSING PACKAGE

Containing IMAGE 111, Camera, Video Monitor and Image Analysis software for BBC or IBM PC.

21 Lodge Lane, N. Finchley, London, N12 8JG. Price: £2990.00

5 5 f T ” H C All prices exclude V.A.T. and delivery.
mins. rrom laily Ro Lorner FOR FULL SPECIFICATION CONSULT THE IMAGE PROCESSING SPECIALISTS

Telephone: 01-445 2713/0749 ELT'ME I-Tn Unit D29, Maldon Industrial Estate, Fullbridge Maldon, Essex CM 7LP

s Tel 062159500
ENTER 12 ON REPLY CARD ENTER 52 ON REPLY CARD
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Video frame store

This high-performance system offers many features
atareasonable cost. Circuit description begins with

he analogue board per-
I forms all analogue signal
processing and digital-
analogue-digital conversion and
would be useful as the front-end
of any digital video application. It
requires only clock and blanking
signals to operate.

Anti-aliasing filters are not
incorporated in the basic unit
because user requirements will varv depend-
ing on the application. It is fairly straightfor-
ward, and standard practice. to connect
filters between the video source and frame
storeas required.

SYNC SEPARATORS

The composite video input signal (1V p-p) is
terminated by r; and a.c. coupled by ¢, (or
separate sync can be used.) The signal is then
clamped to about 2.5V by the potential
divider k34 and diode vy, Fig. 9. Resistor r,
provides a time constant when switching
between video sources.

Colour burst, if present, is filtered out hy
ks/cy and the resultant signal applied to the
comparator icy,. Sync slicing level is set by
potentiometer p; with rs;. Positive going
composite syncs appear at icy, pin 1 and are
inverted at ic; pin 10.

Composite svncs are integrated by ry/cy
and field syncs extracted by icyp,; the clipping
level is set hy the divider ry; 1o.-Hysteresis is
provided by r;» which prevents double trig-
gering on residual line-sync edges. Field
syncs appear at icub pin 7.

This field sync waveform has an uncertain
relationship with respect to line sync and
can cause vertical jitter on the display.
However, this is the simplest method for
handling non-standard video sources and is
therefore provided as a link-selectable op-
tion (ksy).

A Jjitter-free, digitally-derived field svnc
waveform is generated on the control board
for use with the on-board test video gener-
ator and standard video sources.

VIDEOAMPLIFIERANDA.D.C.

The 1V p-p input signal from k, (Fig. 10)
must be amplified and clamped at a precise

the analogue section.

D.E.A. CLARKE

FEATURES

@ sirgle frame acquisition from tv camera, v.cr.
etc.
@ resolution (64K ram):
256 %256 128-bits
(8 Jits displayed)
@ resolution (256K ram):
a)512x512 interlaced
b)512x313 non-interlaced
@ variable sampling frequency (to over 11MHz),
with variable sampling window.
® computer interface for read/write access to
frame memory ]
@ colour palette option:
— 16 colours from palette of 4096
—tt.l rgb. outputs
~1Vp-prgb. outputs
— external r.g.b. inputs for programmable
colour-keying on main picture
® duaimage storagein512x512 mode. ;
® modular construction allowing retrospective
enhancement.
Link ortions enable straightforward upgrading to
256K rzms when their cost becomes reasonable.

d.c. level for feeding to the a.d.c. The signal
is a.c.-coupled by ¢; and applied to the
non-inverting input of the fast op-amp ic,.
The trailing edge of the line sync is diffe-
rentiated hy s, the resulting negative spike
is inverted at ic; pin 8. This positive pulse
switches m; which clamps the video wave-
form black-level to approximately 0.8V set by
the poteniometer po/i 7 4.

Voltage gain of icy is set to about 3.6 by
Py/R1g and the compensation network ryy/cy
selected for optimum pulse response; the
3dB bandwidth is about 8MHz. The ampli-
fied video signal now has an amplitude of
2.5V and sits 2.5V above ground, meeting
the input voltage specification of

thea.d.c.ic5 (+2.5Vto +5V).

Converter ics is a relatively
inexpensive type (around £16,
l-off) from Mullard. Previously,
such devices were available only
in hybrid form and cost well over
£100. The i.c. has a maximum
conversion rate of 22 mega-
samples/s and a resolution of
Al seven bits. It acquires the
samp]e virtually instantaneously and there-
fore does not require a sample-and-hold

Link 1 selects whether two's complement
(link open) or binary codes are available at
the data outputs.

The incoming clock (cx,) is delayed and
inverted by ics. Data from the a.d.c. is
available on the positive edge and latched by
icy, which is a 74F364 (input hold time
<4ns). The a.d.c. data is guaranteed to be
held for 6ns, thus ensuring correct latching
on the same clock edge. Notice that the
a.d.c. data is justified towards m.s.b. and bit
0 tied to OV in order to extract the maximum
dynamic range from the video ouput d.a.c.

The latch outputs are tri-stated (signal &)
when memory or host data is applied to the
bus.

D.A.C.ANDVIDEO OUTPUT

The d.a.c. ic; (Mullard PNA 7518) is a
companion device to the a.d.c. It is relatively
inexpensive (around £9), works at clock
rates to 30MHz, and has a resolution of eight
bits (256 levels). Data from the bus is
internally latched on the positive edge of the
clock input.

The d.a.c. negative reference input v, is
clamped to about 0.7V to ensure that the
video ouput black-level sits above the
ground, thereby simplifving the insertion of
syncs. The positive reference voltage v,y is
derived from rys in conjuction with the d.a.c.
ladder resistance. The ladder resistance is
relatively stable with temperature but varies
from device to device (150-3008)).

A convenient point at which to insert
blanking pulses is v,.,. which is clamped to
Vret (0.7V) by 1ry driven by blanking pulses
derived on the control board. The maximum

69



Fig.7. Prototype analogue board.
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gate threshold of 1ry is 2.4V with respect to
the source (which is at 0.7V); minimum
blanking pulse amplitude therefore needs to
be 3.1V, and this is ensured by the pull-up
Rog.

Positive going video from the d.a.c. is
boosted to about 1.4V p-p (and 1.2V d.c.
offset) by icg which is a fast op-amp; the video
amplitude is set by ry/ryg. Compensation
network ¢ 4/39 has been selected for opti-
mum pulse response; overall (3dB) band-
width is about 8MHz.

Negative-going syncs are inserted by 1.
Sync amplitude is set to about 0.6V by r3s 33.
Emitter follower 1r4 buffers the output for
driving a 7582 load.

Link 3 determines whether two’s comple-
ment (link open) or binary codes are
selected.

TEST GENERATOR

The analogue board incorporates an optional
video test generator which has been found
very useful for stand-alone use of the frame
grabber. The unit will not function without a
video source and its internal generator can
be switched-inwhen necessary. It produces a
white rectangle on a black ground.

One method of generating CCIR standard
syncs is to use a teletext display i.c. The
chosen for this unit is a Mullard device, tvpe
SAA5020 (teletext timing generator). An
internal clock buffer (pins 2,3) turns into an
oscillator with a 6MHz crystal and rge/cig
connected.

With the control inputs connected as
shown, composite syncs appear at pin 5and a
gating signal which can be used as a video
signal at pin 13. Pull-ups ry:/ity5 ensure full
5V swing on thse outputs. The two signals
are added by kg9, k4 and buffered by an
emitter follower 1r5. Resistor rgy limits the
output to 1Vp-pintoa 75¢) load.

CONTROL BOARD

The purpose of the control board is to supply
a clock and blanking signal to the analogue

The frame store is an excellent tool for
image manipulation. Later articles will
introduce some of its possibilities.

Fig.8. Analogue board. Fast digital conver-
sion is made possible at reasonable cost
by two new Mullard devices.

Fig.12. This video test source produces a
white rectangle on a black ground. The
teletext timing generator i.c., SAA5020,
offers a method of producing CCIR stan-
dard syncs at little cost.
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Fig.13 (above). The control board. A set of
p.c.bs is in preparation (pictures, right and
on page 70); details later.

board, and address and control signals to the
memory board. Interface circuitry for an
external computer is also provided.

The prototype control board (right) con-
sists of a single-height Euro-p.c.b. Compo-
nent numbers have been prefixed by 1 to
distinguish them from components on other
boards.

It is necessary to phase-lock the master
clock oscillator to the incoming video signal
to prevent random horizontal displacement
of the picture.

Several approaches are possible for the
design of this oscillator. These range from
phase locked loops to simple gated oscilla-
tors. 1 approached the problem from the
angle of minimum complexity and max-
imum reliability; and after designing and
evaluating different types with varying com-
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TS Analogue
o—a— field )
I sync plexity, ended up with a simple gated oscilla-
pu o Delay tor with very good performance and sta-
] bility. _
The basic oscillator comprises a Schmitt-
trigger nand gate icyp, inductor 1; and
Line-locked | o Horizontal Line Digital variable capacitor ¢;ys. These form a feed-
doc'; \""E"" counter 1 counter ?ee[(?rqsfg}c back oscillator with Q controlled by the
generator I ] E series resistor ryq.
i To phase-lock the oscillator to the incom-
] Odfdiéf;e” ing video signal, it is gated off at ic; ;2 (pin 10)
J \ tpu. by a narrow pulse derived from line sync.
Memory address The oscillator could simply be gated directly
P | memor Blanki Blank by the line sync waveform, but the point at
—— ontrol geg:r;?ogr —— which oscillation is terminated would be
undefined and so the mark-space ratio of the
J Hu final clock cycle in the line would be ran-
v SEL - dom. To avoid this, the gating is synchro-
WR SEL/LATCH ¢pu nized to the clock itself.

to be continued
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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
groducteglby eitabhshed manufacturers whose products have been subjected to long-term U.K. testing, datasheets available on all
items at £] 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 150nS memories
(Not Texas) 74LS00 20p  T74LS1S8 40p | 74HC00 25p 74HCI25  55p 74HC243 9p
4164 64kx 1 £0.99 | Guaranteed UV erased. cleaned | 74LS02 20p  74LS161 55p | 74HC02 25p 74HCI32 49p T4HC244  89p
41256 256k x 1 £2.20 | 1 Ciosed 74LS04 20p  74LS163 88p | 7T4HC04 25p T4HCI38  49p T4HCT244  95p
4416 16k x4 £2.80 , _ 741505 20p  74LS164 88p | 74HCUO4  25p T4HCI39  49p T4HC245  98p
41464 64k x4 £6.90 | 1000's sold to delighted cus- | 741,508 200 74LS165 60p | T4HC08 28p  T4HCI8! 59p T74HC257  55p
SRAM 5v NMOS 150nS flolr?;rslﬁk 1 DRAM 6 giig?g gop Er o 1 e o e Bl B
v n X Op Op  74LS174 40p | T4HC11 25p T4HCI157 55p T4HC213 89p
2114LP lkx4 £150 [ 2716 2kx8 EPROM £1.50 | 74LSl11 20p 7418178 55p | T4HC14 40p T4HCIS8  55p T4HC354  85p
P BE G Thom fw|mise  wp sis o THE) b MOl S mamowr 5o
: P 7415194 50p P P 67 P
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Hard disc interfacing

Falling prices and easy-to-use controllers bring hard-disc
drives into the realms of add-on periperals.

ard or fixed disc drives, usually Win-
Hchester types, are appearing in more

and more high-performance micro-
computers. As aresult, the cost of drive units
has fallen until now, byte for byte, they are at
least ten times cheaper than floppy-disc
drives.

Despite this cost fall, hard disc drives are
not significantly affecting the general add-
on peripheral field as they are perceived as
being difficult and expensive to interface to
general-purpose microcomputers in hard-
ware and software terms.

Certainly the i.cs involved are almost as
expensive as the drive unit and the drive
sends out data so fast that it would over-
whelm most microcomputers. But the same
factor that has brought down the cost of
drives — the enormous IBM PC and clone
market — has led the manufacturer of the
highly priced i.cs to supply ready-built drive
controllers capable of working with high or
low-performance systems at a reasonable
price.

With the aid of a working example in the
form of a hard-disc interface to the SC84
microcomputer, this article describes how
such aready built controller is applied.

When fitting a hard-disc drive to a compu-
ter, there are two distinct interfaces. The
interface between the controller and drive
unit is usually well defined. In the design
example it is an ST506 type, which is similar
to a floppy-disc drive interface. Open-
collector active-low drive control signals are
used and each alternate line on the cable is
grounded. The difference is a separate 20-
way signal cable carrying data to and from
the drive using RS422 balanced lines. Lines
conforming to RS422 can carry data at up to
10 Mbaud over 1200m and so are well suited
to the 5Mbaud requirement of standard
hard-disc drives.

The second interface, between the con-
troller and host computer, should be made
to suit the host’s internal bus. In the design
example, the controller used is intended for
the IBM bus but the structure of this
interface and options on the controller inter-
face make connection to a different bus quite
easy.

For the design example, the controller
chosen is a Western Digital WD1002S-WX1.
Through extensive use of surface-mounting
technology, this half IBM-size board mea-
sures only 4.9 by 3.8in and is small enough
to sit on a Eurocard. A slightly cheaper
alternative using conventional mounting
technology, the WD1002S-WX2, measures 8
by 3.8in.

The controller board is a complete micro-
computer with its own instruction set. These

J.H. ADAMS

Using a proprietary controller card like the WX1 shown here greatly simplifies hard-disc
interfacing and reduces costs. Note that the interface boards are not wired together.

instructions cover drive-parameter in-
itialization, resetting, seeking specific cylin-
der positions, reading/writing single or mul-
tiple sectors, formatting single or multiple
sectors and self-testing.

Besides features such as programmable
write precompensation and reduced write
current to improve reliability, the controller
includes an error-correction code (e.c.c.)
function and options for d.m.a. and
interrupt-on-completion functions.

There is a fully-decoded 8K-byte eprom on
the board and an eight-bit input port. These
features can form part of the hard-disc
system, as they do in the IBM PC, or
alternatively become general system facili-
ties.

The host interface is designed for a non-
multiplexed 8-bit data and 20-bit address bus
with 8088 control signals. How such signals
are derived from HD64180 Z80-like signals
using simple gates and inverters is shown in
the circuit diagram. Most of the circuit is
devoted to matching two different types of
d.m.a. system,

In direct memory access, d.m.a., data is
transferred from one part of a system to
another zs a background task to the main
processing. This task is performed by a

dedicated i.c. or, as with the HD64180, by a
controller integrated into the processor.
Transfers to be discussed here are between
memory and an i/o device.

The d.m.a. controller is initialized with
data including source memory address or i/o
port number, destination memory address
or i/o port number, transfer count and a flag
for increment or decrement memory
address. Once initialized, on receipt of a
hardware request signal from a device, the
d.m.a. controller gains control of the system
bus, makes the transfer and then hands
control back to the main processor. This
process may repeat until access is complete
or may be controlled by the d.m.a. rate
requested by the device. In practice there are
two distinct methods used for the transfer.

The 8237 d.m.a. controller, as fitted to the
IBM-PC, has a series of request (prq) inputs
and matching acknowledge (pack) outputs.
On receipt of a pra signal the controller sets
the corresponding pack line active. This line
goes directly to the requesting device and is
used as a cue in conjuction with 10r or 10w to.
gate data from or to the device, independent
of chip select or addressing logic. This
means that the d.m.a. controlier can be
sending the memory address for the other
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Suggested execution flow for a driver of
the WD 1002-WX hard - drive controller.
A commented HD64180 source listing for

this driver is available from the author
for S4p in stamps (UK) or & i-r.cs.

Yes

A+

[ ]
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end of the transfer and by activating the
MEMWR Or MEMRD signal data is transferred
directly between the two.

During this transfer another signal, AeN, is
produced which disables all devices it drives
so that they (i/o devices) don't interpret the
memory address and i/o control strobe as an
invitation to perform a conventional i/o
operation during the d.m.a. transfer. In-
creased speed is the advantage of this type of
d.m.a. Disadvantages are the extra bus lines
required and the dedication of pack lines to
individual devices, making expansion diffi-
cult.

The HD64180 d.m.a. controller responds
to a d.m.a. request by performing two
processor-like cycles to transfer the data.
There is no intrinsic pack signal; ‘servicing’
of the requesting device acts as an acknow-
ledge. This interrupt-like service allows the
system to be expanded almost indefinitely
but also means that the d.m.a. process is
slower. Having two — and more — d.m.a.
systems complicates using peripheral de-
vices ind.m.a. applications.

Probably the most dissimilar examples of
d.m.a. processing are the 8237 and the
HD64180 so the approach taken in the
circuitry should cover other processors’
requirements. By gating HD64180 ioE. Wi
and gD signals together, an active-high signal
is produced during any i/o operation. This
combined signal is inverted using part of a
transparent latch wired to be permanently
transparent and then gated with the srsignal
to produce an active-low signal signifying a
d.m.a. i/o operation. When active, this signal
freezes the states of the prq lines coming
from the hard-disc controller.

After further gating with the “pma 10"
signal, this latched signal forms an active-
low signal signifying “d.m.a. i/o taking place
in response to my d.m.a. request” which
conforms to the 8237 bick signal. Signal bra
has to be latched because one of the re-
sponses of the peripheral board to a DACK
signal is to turn off the pra. If bra is not
latched, the pack signal is removed im-
mediately.

One awkward feature of the controller
board is that its pra output floats when the
controller d.m.a. is disabled. An open-
collector gate drives the bus Dreq line and
polarity of the praq signal combines with the
naturally high input of t.t.[. gates to produce
a permanently active preq signal under these
conditions.

To counter this effect a pull-down resistor
is used. The resistor’s value must be low
enough to puil the low-power Schottky t.t.1.
input to a logical zero when prq is disabled
yet high enough to allow the controller to
pull the pra line high enough to produce a
logical one without overloading its output.
For this reason, only low-power Schottky
t.t.1. must be used for this device.

The circuit is a general purpose IBM
interface with extra prq and vt lines which
are not used with the SC84 implementation
of the hard disc interface but which may be
of use in other applications. Signal aen is
provided but should not be used in SC84, the
AEN input to the controller being wired low.
No buffering of the address or data lines is
provided as it is expected that the peripheral



board will provide standard buffering.

When using the unit in the SC84 the
controller board should be mounted on an
IBM inter-face card using nylon p.c.b. spac-
ers and hard wired to it using short sections
of ribbonand single cable.

To the host computer, the hard disc
controller appears as an 8-Kbyte eprom at
address C8000-CIFFF (48000-49FFF for
SC84) in the memory map and as four
consecutive i/o points at addresses 0320-3
or, by alink option, 0324-7. The first portisa
bi-directional data port. Status of the con-
troller is provided by the second port, which
is read only. While read-only, this port may
be written to in order to reset the micro-
processor on the controller board. The third
port is read-only and reads the external
eight-bit port described earlier. This port
can also be written to in order to prime the
controller board for a command sequence.
Interrupt and d.m.a. hardware functions are
enabled or disabled through the fourth port,
which is write only. When using a Z80 or
HD64180-based host, load the sc register
with the i/o port address and then use
instructions IN g,(C) and OUT (C),g to effect
the transfer between the port and general-
purpose register g.

There are four phases in the controller
execution sequence — selection, command,
data (some commands only) and comple-
tion. The nsusy flag is set by the selection
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phase and remains active through to the
completion phase. During the command
phase six bytes of data are passed to the
controller. Most commands have no data
phase but if they do, data is transferred by
either d.m.a. or programmed means.

If the rq function is selected during the
command phase, the irq bit in the status
register or the external irq signal can be used
to indicate that the controller is ready to pass
to the completion phase. When the host
reads the completion byte from the control-
ler data port the command is completed. Any
error in the command execution is signalled
in this byte.

In the event of an error, the host may
execute another command for reading the
status of the last operation to obtain in-
formation about the error. Note that this
command is completely separate from the
one it is reporting on and is subject to its
own errors. Software for the controller must
allow for this.

All non-d.m.a. data transfers between the
host and port 0320 of the controller must be
qualified by the bits susy, cp, 1o and req in the
status register. Driving software must con-
tain a routine to check the status of the
controller (req and susy set) before contem-
plating a transfer and then must further
check op and 1o to make sure that the
direction and type of transfer expected by the
host is that expected by the controller.

Error data available when the command
completion byte indicates an error has the
same structure as the first four bytes of the




command block except that the first byte is
the error code with bit seven set to indicate
validity of the current and subsequent three
bytes. By reading this code back into the
buffer used for the command block, the
block is automatically set to retry or con-
tinue since the details returned are those of
the failed sector and/or track when an error
occurs or in the event of no error those of the
next track.

Sector count is the number of sectors to
be processed during read, write and verify
operations. Sector interleave is the skew
allowed in between sequentially numbered
sectors and applies during formatting opera-
tions.

Interleaving (or skewing) is necessary as
the hard-disc controller reads data from a
sector into an internal buffer memory and
then offers the data to the host computer (or
vice versa for writes). Hence if truly sequen-
tial sectors were used, unless the host was
extremely fast, the start of the next sector to
be processed would already have passed
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under the drive heads before the system was
ready to process it. A delay of one disc
revolution would be needed before that
sector could actually be accessed. The opti-
mum interleave is a function of the host
processor’s ability to service the internal
buffer.

Unfortunately, Western Digital (and other
controller manufacturers) do not provide
direct d.m.a. bypassing the buffer, for sys-
tems such as the SC84 which are easily fast
enough to process the disc data directly.
More annoyingly the controller card cannot
handle the interleave of two (i.e. read/write
every other sector) even when the external
d.m.a. process only takes half a sector
period, and so the minimum practical inter-
leave appears to three.

Thus it takes three disc revolutions rather
than one to read a complete track. This is the
price to be paid for using an off-the-shelf
product. In practice this may not greatly
affect overall system performance. While it
adds 100ms to the time taken to read a
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Hard drive controller-board connections and options

A Edge connector B

n.c 1 ov

D, 2 RESET
D¢ 2 +5

Ds 4 NC (IRQ,)
D, 5 NC

Dy 6 NC

D, 7 NC

D, 8 NC

D¢ 9 +12
NC 10 ov

OV (AEN) 11 NC
Ag 12 MEMWR
Ag 13 10W
Ay 14 IOR
A 15 DACK
A 16 DRQ
A, 17 NC
Az 18 NC

A 19 NC

A 20 NC

Ao 21 NC

Ay 22 NC

Ag 23 NC (IRQs)
A; 24 NC

Ag 25 NC

As 26 NC

A, 27 NC

A; 28 NC

A, 29 +5

A, 30 NC

Ao 31 ov

Hard-drive option switches; SW, (D3126), TERMRES SW
(D5126) — all switches on, SW, (D3126), DS (D5126) —
switch 2 on. all others off, SW; (D3126) — all switches
off.

Jy is 34 way ribbon cable to drive J, is unused and J; is
20 way ribbon cable to drive.

Option links in place are W3 link 1-2, W, link 2-3 nd W,
link 2-3.

complete cylinder (34-Kbytes), the average
seek time of 85ms and the fact that files are
rarely written as one contiguous block
means that operations to access different
parts of the file may become dominant.

All errors other than e.c.c. ones are
affected by the general-retry bit. When the
bit is set any error is immediately reported.
When the bit is clear ten attempts are made
to recover the error. If the requested sector
is not found, recalibration to cylinder zero, a
re-seek and then ten more attempts to
execute the command are carried out.

When the e.c.c. retry bit is set the e.c.c.
code is used to attempt to correct an error as
soon as one is detected. When the bit is clear
no attempt is made to correct the error until
two consecutive error patterns are the same,
providing extra protection against error.

Stepping rates vary between 3ms (bit
pattern 000) and 10.5us (bit pattern 111).
Given a drive capable of “buffered seeks” as
high a rate as the drive can accept should be
used. Buffered seeks are ones where the
number of stepping pulses are logged rather
than executed by the drive, which then
produces the optimum sequence of pulses to
move and settle the head as quickly as
possible. Increased speed produced by this
“intelligent” stepping is quite impressive
and so drives with buffered seek capability
should be chosen.

A feature of this controller is that it
doesn’t check the seek-complete signal at
the end of the seex command’s execution but
at the latest point possible in the following
command. Thus the host computer can
issue a seek, do something else such as set



Controller board data structures

Port 320 bit significance (returned by routine com-
PLETE)

Bit Label Function

1 E Setif an error occured

5 D Drive number

Port 321

Bit Label Function

0 REQ Controlleris ready for a data transfer when
set

1 1/0 Controller is to be read when bit set,
written to when bit clear.

2 CD Datais expected when bit set, a command
or status byte when bit clear.

3 BUSY Controlleris executing acommand if bit
set

4 DRQ D.ma.requestbit

5 IRQ Interruptrequest bit

Port 323 bit significance

Et Label Function

0 DRQEN Enables DRQ external signal and status bit
1 IRQEN EnablesIRQ external signal and status bit

Command block

Byte Function
Op-code for command to be executed

1 Bits O to 4, head number. Bit5, drive number

2 Bits O to 4, sector number. Bits 5 to 7; m.s.b. of
cylinder number

3 L.s.r.of cylinder number

4 Sector count or interleave

5 Bits O to 2, step rate. Bit 6, e.c.c. retry bit Bit 7,

general-retry bit

Initialisation data

Length Function

Word  Number of cylinders (615)

Byte Number of heads (4)

Word  Reduced write-current start cylinder (doesn't
matter)

Word  Write precompensation start cylinder (128)

Byte Maximum e.c.c. BurstLength (11)

1
2] B 2 OREQ,
DRQ, Y 119¢)
Ry S % o
— —/ \.n
) 1] B
DRQ
1 1
R3S i 3
2 16
+5V ov. h Ic,
_ I‘ ¢ (.
R - - s _2I>3—-AEN
(16¢) I, 1c,
8
. _J._RESET "
_.l L 12 N 13
n 13 A q 9
B 16, 0| A Yp&— DACK
S
(3c) R
Ic,
. S5V
T0E 470 4
(1Ge) =9 . “ 6 e
- (o] 5|A) DACK,
RD "
(1¢)
oW
WR o]
(12¢) MEMWR ICy
4
IR _
e
- MEMRD R, S
(9¢)
A —h75HCTI2 —L ov
B -k 74LS38
C - Y7L HCTTS

Interfacing Z80-like signals to a low-cost controller board is easy — most of the
circuit is devoted to matching two different d.m.a. systems. The connector
numbers are for SC84 using the 64180 processor.

These commands ignore command block parameters.

Op-code Operation

V_a|ues in parenthesis are for the NEC D5126 drive

Error codes in hexadecimal

Code  Error

00 No error

02 SEEK COMPLETE has not become active
(occurs 3.5s after executing SEEK)

03 WRITE FAULT active

04 DRDY not active when drive selected

06 TRACK ZERO has not become active during a
RECALIBRATE instruction

08 Drive still seeking. This is no so much an error
as arequest to wait

11 Uncorrectable read error

12 Data address mark not found in sector

15 Sector identification requested not found

18 Corrected read error. This warns that the read
was marginal. The e.c.c. burst length may be
read to assess how bade the potential failure
was, and on the strength of that. the sector
re-written or the complete track reformatted.

19 An attempt to access a track marked as being
bad

20 Invalid op-code

21 Invalid sector number

30 Error during sector-buffer test

31 Internal rom sum-check error diagnostic test
of controller c.p.u.

32 Error during test of e.c.c. generator.

OE Read sector buffer

OF Write sector buffer

EO Execute sector buffer diagnostic test
E4 Execute controller diagnostic test

Only a drive needs to be specified in these commands.

Op-code Operation

00 Testdrive ready

01 Recalibrate to track zero (also needs general-
retry bit)

03 Read status or last operation

oC Initialise drive parameters

oD Read e.c.c. burst length (only valid after error
type 18)

E3 Execute drive diagnostic test (also needs

general-retry bit and step rate)

These commands need all parameters. Byte four is the
sector count

Op-code Operation

05 Verify sectors

08 Read sectors

0A Write sectors,.e.c.c. bitnotused
ES Read long

E6 Write long

Following commands need all parameters to be valid,
although the sector and e.c.c. parameters are not used.
Byte four is the interleaved factor.

Op-code Operation

04 Format complete drive

06 Formattrack

07 Formatbad track

0B Seek specified track (byte 4 notused)

Format commands generate 17 sectors of 512 bytes
each numbered O to 16 and interleaved as specified.

All diagnostic commands start with E;s. No error
codes are generated by the executive controller-
diagnostics test The series of tests are repeatedly
executed until an error occurs or until the controller is
primed by writing to port 0322. When an error occurs
and error code is put on the ST506 head-select lines.
Under these conditions, the head number implies 1,
error in WD1010A. 2, error in WD11COO0-17 e.c.c.
mechanism, 3, error in sector buffer, 4, error in
WD1015ram and 5, errorin WD1015 rom.

Read and write-long operations allow the e.c.c.
system to be tested. If an e.c.c. erroris occurring it may
be due to a disc fault, an e.c.c. checker fauit orane.c.c.
generator fault Read-long reads both the 512 data
bytes and the four appended e.c.c. bytes. Used after a
conventional write, this command can be used to see it
is the e.c.c. pattern on the disc or the e.c.c. checker that
itatfault

Having performed the read-long test, the write-long
operation writes both the 512 data bytes and four e.c.c.
bytes back onto the disc, bypassing the e.c.c. gener-
ator. Now, reading the sector normally it can be estab-
lishes whether the disc or e.c.c. generatoris at fault
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DRIVE AND CONTROLLER PRICES

overseas).

Radlett, Hertfordshire WD7 8HA.

ifferences being in size and power consumption. The D5126 has the outline of a half-height
5.25in floppy-dis¢ drive and requires 5V at 1A and 12V at 1.8A (2.5A peak start up current).

A smalter unit with the outline of a 3.5in floppy-disc drive is the D3126 requires about half the power
of the larger drive. As the drives are almost the same price, the smaller one is the best choice,
especially where power consumption and cooling need to be considered.

Pronto are offering these NEC drives and WD interface cards to E&WW readers at special prices. The
D3126 20-Mbyte 3.5in drive is £341.73, and the DS5126 20-Mbyte drive is £333.26. Cables are
included with the controllers, which are the WD1002S-WX2 at £89.63 and the WD1002-WX1 at £99.76.

All prices include v.a.t.,, UK postage and packing. Please send cheque with order to Barry Rennick at
Pronto Electronic Systems, City Gate House, 399 Eastern Avenue, Gants Hill, lIiford, Essex iG2 6LR.

Boards for the SC84 to WX1 interface circuit shown in this article are available from Combe Martin
Electronics at King Street, Combe Martin, North Devon EX34 OAD for £8 each inclusive (UK or

T~o drives suitable for this development are similar in performance and storage capacity, the only
d

Components are available from John Adams. The complete SC84-t0-WX1 interface set is £7.25
excluding v.a.t. to UK readers, £7.75 to readers within Europe and £8.25 to readers outside Europe.
Smail modifications are needed to the board and kit if the WC2 board is used. John is at 5 The Close,

another drive seeking and then return and
perform a read or write command. All of this
serves to speed up the system.

OPERATING SYSTEM
REQUIREMENTS

Application of a hard disc drive requires the
hardware to implement it, the driver to
operate it and a system which can use it. To
an operating system there are only two
differences between hard and floppy discs.
The most obvious is storage capacity, the
other is the cost of the disc.

To expand on the latter point, if a floppy
disc is not perfect you can replace it for one
or two pounds. Perfection in a hard disc may
literally cost hundreds of pounds as it is not
just the disc but the whole drive that has to
be replaced. For this reason manufacturers
of hard drives supply units which are not
100% defect-free. In fact hard drives are
graded by the manufacturer. A commercial
compromise is struck and so the drive you
obtain may have defects which the operating
sysem must be able to tolerate. There is no
hard and fast rule as to number of defects but
a common practice is that cylinder zero of
the drive must be perfect.

Imperiections can be handled in three
ways. In some systems the controller re-
serves tracks which it substitutes for faulty
ones much in the same way that in the new,
larger, dynamic memories, rows of extra
storage cells are available to connected in
place of faulty ones. This technique reduces
disc capacity by the number of reserved
tracks and also slows disc access since the
reserved tracks may be on a completely
different part of the disc.

A technique which maximises good disc
space is for the controller to split the disc
into logical and physical storage units and
then form a translation table between the
two, the mapping of which skips over defec-
tive physical units. This allows the host
computer to talk to the hard drive controller
in terms of logical units wihout it needing to
know of tracks, heads or sectors, but is
makes the controller quite complex.

The third technique is similar to the
second except that the mapping-out of defec-
tive areas on the disc is handled by the
operating system. Being part of the operat-
ing system rather than a hardware sub-
system enhances overall system flexibility.
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Most disc-operating systems maintain
files and a directory of those files. The
directory contains an entry for each file
detailing at the least the name of the file and
the point on the disc at which the file begins.
Thus the directory links something a human
recognizes with something the computer
can use to provide access to the named file. It
is over this aspect that operating systems
falter when presented with a hard disc as,
simply due to the disc’s enormous capacity
the directory may contain hundreds — even
thousands of files names.

Operating systems pre-dating large stor-
age media, such as CP/M, were essentially
single-directory systems. Later versions of
CP/M and CP/M-compatible systems such as
ZCPR have allowed extra directories to be
placed on discs but the changes have subdi-
vided the hard disc into many smaller units
rather than expanding the attributes of the
operating system.

Directories created under such systems
are almost completely isolated from each
other. Post-hard-disc systems, such as MS-
DOS also support multiple directories but
each directory is part of a hierarchical
system. Thus at the highest level is a single
directory often called the root, below which
may be sub-directories called accounts. cak.
ARTICLES, BILLS, etc. Within the ks environ-
ment for example there may be further
directories called cas. water, rLEcTRIC and
cLeaning and in each of those, directory files
such as 1984, 1985 etc., or even other direc-
tories.

Structured directories of MS-DOS are
more in line with the human approach to
filing. You have an office within which are
filing cabinets, within which are drawers,
within which are files, within which are
papers, on which are paragraphs etc., etc.,
but MS-DOS is not an eight bit system and so
users of eight bit systems such as SC84 have
not had access to such facilities.

To complete the application of a hard disc
to the SC84, a new version of the operating
system SCIDOS, version 3.0A, has been
developed which offers the same concepts
and native commands as MS-DOS but in a
CP/M compatible system and in a package
one tenth the size of MS-DOS! The difference
in size illustrates the benefits of risc (re-
duced instruction-set computing) as a
means of minimizing code and of im-

plementing software at assembly-language
level. The resident portion of the DOS
occupies less than 3-Kbytes of logical mem-
ory leaving the user with more than 59-
Kbytes of working space.

New features introduced in this version of
Scidos are a fully-structured, hierarchical
directory system with user-defined search
paths and file sizes only limited by disc
capacity. File (and directory) allocation is on
the daisy-chain system, resulting in typically
15% extra storage capability on a floppy disc.
CP/M application software is incapable of
handling any of the new features so to
control them are in the enhanced ccr. This
now processes BaT files and commands cnoik.
MKDIR, RMDIR, PaTH and copy in an MS-DOS-like
way as well as recognizing command file-
specifications including pathways.

SUBSCRIPTION
OFFER

The offer of a year’s
subscription to the new
Electronics and Wireless
World remains in force until
the end of November. You can
subscribe for one year at a cost
of £11.70, which is half the
cost of buying 12 issues at a
bookshop, and represents a
saving of £6.30 on the normal
yearly subscription of £18.

From December, there will
be a slightly less advantageous
offer which will continue until
early 1987, after which the
£18 per year subscription will
be in force. All subscriptions
include the annual index.

A gratifying number of
readers have already taken
advantage of the offer — don’t
leave it too late.




Signal processing on
aPC

Waveform processing, display and
manipulation is possible with a
software package from Tektronix for
use onan IBM PC-AT or XT. Signal
processing algorithms, enhanced
graphics and flexible data structures
are included in the package. Time-
domain displays can be converted
into frequency-domain using an FFT
program. More than 190 processing
functions are provided through a
menu-driven interface. The
programs are written in C and may be
accessed directly through C, by
menu selection or through a Basic
interface included in the program.
The signal processing and display
(SPD) package includes colour and
graphics with multiple displays and
grids. An anti-aliasing wave display
removes the staircase effect of digital
sampling.
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HPIB extender

A major enhancement to the GPIB
(HPIB, IEEE 488) interface is
Hewlett-Packard’s HP37204A
extender which allows the bus
(restricted in its definition to two
metres) to be used up to 1250m. This
means that the bus can now be used
for distributed equipment all over a
factory or office environment for
testing, measurement and control.
For example, a number of printers
and plotters can be controlled froma
single port ona computer. A system
can be expanded by adding single
extenders and the multi-point
capability allows daisy chaining of
remote sites. Up to 30 sites canbe
linked in this way.

217 onreply card.
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Signal source with
pulses

Sine, triangle, squarewaves and
pulse trains can be generated by the
Global 8241 multipurpose
programmable pulse/function
generator. The frequency range is
2MHz to 20MHz. It provides
complete control over amplitude,
symmetry, offset, pulse width and
pulse delay. It is claimed to be the
only instrument which allows
independent adjustment of the rise
and fall times of leading/trailing
edges. Output can be continuous,
gated or triggered internally and
externally. An internal timer is
provided for repeated trigger
generation and a burst counter can
provide a specific number of bursts
up to 500 000. The instrument can be
programmed though a GPIB
interface and battery-backed ram can
store and recall up to 10 front panel
settings.

212 onreply card.

EW PRODU

TEST & MEASUREMENTS

Low-cost function generator

All British in design and
manufacture is the Jupiter 500
function generator from Black Star
Ltd, which offers sine, triangle and
squarewaves from 0. 1Hz to 500KHz.
Aspecial feature is the instrument’s
high output amplitude which can be
varied up to 30V peak-to-peak witha

d.c. offset from —15to + 15V. There
isalsoalowlevel outputand a t.t.1.
square wave that can drive up to 30
loads. Output amplitude and
frequency sweep are voltage-
controlled through external
connectors.
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Precision watts

Six different version of the Yew 2533
precision power meter cater for
different applications including
those where distorted waveforms can-
cause measurement problems. Three
6-digit displays are incorporated and
the instrument can measure volts,
amps and watts in single or three-
phase circuits and will produce
parallel analogue outputs for each
measured parameter. The computer
can calculate and display real,
reactive or apparent power and
power factor. Accuracy is 0.01%,
voltage and current imputs of 30 to
600V and 0.5 to 20A are autoranging
and will cover frequencies up to
20kHz. Internal processing enables
the programming of transformer
ratios for direct reading from
external transformers. IEE 488 and
RS232¢ interfaces are available.
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New generation of oscilloscopes

The most noticeable difference
between the new 11000 series
oscilloscopes from Tektronix and
more conventional ones is the
absence of the majority of front
controls and buttons. This is because
they have been replaced by a touch-
screen controller. Interrally,
powerful computing processors have
been added to offer such {acilities as
automatic display of waveform,
trigger control, cursor control,
windows, pull-down menus and
many other facilities, all eperated
just by touching the appropriate part
of the screen. In multi-trace displays,
for example, waveforms of interest
are highlighted by operator touch.
Displayed measurement data then
refers to the waveform which is
highlighted. Mathematical
manipulation of the waveform to
calculate and display, for example,
power factors.

Four models have been produced
in the new series; two analogue and
two digital; more are promised.
Depending on the section of plug-in
input modules up to eight waveforms
can be displayed at one time. The two
analogue oscilloscopes are 400 and
500MHz models, both with built in
500MHz counter/timers anda
counter-view trace enables the user
to see exactly which part of the

waveform is being measured. Traces
can be superimposed, added to or
subtracted from each other, with the
Y-T and X-Y signals being displayed
simultaneously. Despite being
analogue instruments, they can store
digitally reference waveforms for
comparison. Highly accurate
timebases are included.

The two digitizing oscillocopes are
500MHz and 1Ghz and display 10240
points across the screen. Each has a
9in screen and is claimed to have the
largest waveform display area of any
oscilloscope. They have triggering

levels that are accurate to within 1%
of full-scale and adjustable in 0.1%
increments. 10-bit vertical
resolution is offered and it is possible
to have 14-bit resolution with signal
averaging.

All the models incorporated a self-
calibrating system and have both
RS232C and GPIB interfaces for
communication and control. They
can be operated remotely through
these interfaces in automatic test
rigs. The digital instruments have a
Centronics printer port.

205 on reply card.
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Electronics

TELESCOPIC G MASTS HI-FIDELITY WITH
HHHHH SOUND PRINCIPLES

Complete kit for less than £140

* 40 watts RMS per channel into 8,
80 watts into 4
* High current output, stabilised PSU
2 for power amps
® Pneumatic 2 * Minimum capacitor passive
. equalisation design
@® Hydraulic Ram * MM/MC with infra cut, CD, Rad,
Operated Tape 1 & 2inputs
P * Rugged TO3 complementary
. output & PUS transistors
@® Winch Operated * Comprehensive instructions,
quality components

Much is said about amplifier design. Specification and technical performance
alone no longer rules supreme. Concepts such as musicality are regarded as
sacred by the Hi-Fi fraternity. The state of the art is for amplifiers to have high
output current capability, high overload margins, be “neutral sounding yet
articulate and dynamic”. High feedback designs are definitely out and cables
affect the sound.

Where does the engineer stand in all this? We think you would like an amplifier
with real state of the art features, but not over the top in insignificant design
detail. You are unhappy at paying for a mass produced product. You
appreciate a top class system but cannot justify the price of more exotic
products. Building your own to an exlusive and well engineered design has a
definite attraction.

GATE ONE utilises the latest audiophile techniques in its design. Great
attention is given to the layout with separate signal and component earths.
RIAA equalisation and tone controls (with in/out switch) are of a passive
design. A low lift switch lets you tailor response to compensate for loudspeaker
deficiency. A unique volume control circuit increases overload margin and
optimises S/N ratio.

L You can buy a GATE ONE in kit form for £139.61 inc. with a professionally
finished case and all components. There is also a GATE MONITOR ONE
™ power amp kit. Both are available fully assembled and tested. Order now or
send for further details.
Go on, when did you last buy yourself a Christmas present?

THE STREET — HEYBRIDGE — MALDON
ESSEX — CM3 7NB — ENGLAND GATEHOUSE AUDIO  oneyback

PO Box 6, E h g'uararcvjtee ifkié
Tel: (0621) 56480 Telex: 995855 ox 6, Evesham, returned unused.
i ) ] Worcs WR11 4NP

ENTER 15 ON REPLY CARD ENTER 44 ON REPLY CARD




Power switching
hexfets

Hexpak is a high-power device
containing four power transistors in
either parallel or half-bridge
configuration. Handling currents up
to 145A and a very low residual
drain/source resistance, with fast
switching, the device is suitable for
switching high energy pulses. Their
compactness eases assembly and
saves space. These IR devices are
available through Hi-Tek
Electronics.
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Isolated power
Darlingtons

Two 1000V versions of the Semikron
range of power Darlington modules
feature a built-in isolated baseplate
which makes it easier to mount one
or several onto a common heatsink
while all electrical connections are
on the top of the package. The
devices incorporate parallel
connected, fast recovery, inverse
diodes and so reduce the count of
external components.
SK30DB100D has a maximum
continuous collector current rating
of 30A while the SK30DB100D can
handle 50A. Each has a total power
disipation of 300 and 400W
respectively.
210 onreply card.

"NEW PRODUCTS

COMPONENTS

Low cost switchers to order

Arange of six 30W switching power
supplies can be arranged to meet
customers’ specific requirements for
voltage and cabling. The ACP-188
series of flyback supplies from Akhter
offers single, dual or triple outputs
and can be supplied with or without
ventilated case. Output voltages
range from — 12 to +24V with
currents from 0.2 to 6A. All models
operate at an efficiency of about 70%.

Thick-film resistors

Thick-film shunts are used for
current sensing applications on
densely populated p.c.bs. The four-
terminal TFS2 series from CGS.
allows detection of very small
changes involtage or current levels
due to environmental changes.

TFS

The supplies can providea 40W
output for a burst of up to 20s which
makes the 12V version suitable for
disc drives, stepper motors and
solenoids. Unlike many power
supplies they do not need a
minimum load and are capable of
driving high-energy circuits. The
caged versions are sized to fita5.25in
half-height hard disc drive.
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Stability is <2%/1000h at the rated
dissipation of 2W at a maximum
current of 10A. Temperature
coefficient is +0.05%/°C. Values
available are 10 and 20m¢} with 10%
tolerance and 50, 100, 250 and
500m(} and 1€}. with 5% tolerance.
243 onreply card.
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Desolderer

Simple ideas are often the best and
this desoldering tool from Antex is a
good illustration. It combines a
sprung desoldering pump with one of
their soldering iron elements. Push
the nozzle onto the point to be
desoldered, hold for a couple of
seconds and release; the solder is
drawn up and, because the pump s
heated, it remains fluid and can be
ejected using the same action. As the
pump is fixed permanently to the
heating element, this is a separate
tool, not an add-on for the soldering
iron.

220 on reply card.

Flat relays

Provided with a dil package and a
height of only 6.5mm, the SA series
of relays from SDS-Relais are
available with one or two open or
closed contact. Low wattage on the
coils makes tham suitable for use in
telecommunications, measurement
or alarm systems on p.c.b. with high
density of components. [solation
between coil and contacts is 1500V.
The relays can be combined with the
C series of switching circuits which
provide latching of the relay with no

| further power comsumption.

213 onreply card.
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Stable p.c.b. film

Anew film for the photographic
images of p.c.b. racks has been
produced by Dupont. As component
pinouts become closer and more
complex further precision is needed
in the production of the boards.
Currently used films can change
dimensions rapidly with changes in
temperature and humidity.
Dimension Master, the film with a
new polyester base and hard
emulsion, expands three to five times
more slowly in response to humidity
changes and under a normal
humidity cycle of +8% relative
humidity over 24h, the film will
remain within a tolerance of 1 in
24000. It is also thicker and tougher
than conventional films so will last
longer. The principle advantage is
that it may be used in existing
production phototooling equipment,
without needing to upgrade to
accommodate p.c.bs requiring
greater precision.

219 onreply card.
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IT'S YOUR CHOICE ...

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 42 ON REPLY CARD
r ™
1 1 SCOPE: 2 Active Component Comparator
SN ‘ DC — 20MHz Bandwidth (for checking Transistors, diodes and
] 2mV/div Sensitvity I.C's etc)
. : 40ns — 0.2s/div Sweep Test Voltage: 8.6Vrms (28mA)

14 Trigger Functions

Including active TV trigger on line All for the price of a scope at

& frame. ‘
3 Triple Output DC Source £285*
+5V (1A); —ve grounded *(Excluding Delivery and VAT)}
2 1 2\5 (QE)OmA) gCommon Floating Correct at time of going to press @

v e o ]
> Lrotech Instruments Limiled s
3 2 Stephenson Road, St. lves, Huntingdon, Cambs. PE17 4WJ ﬂ
¢ Telephone: {0480) 301818
\ Also available from Audio Electronics & Henr\/sJ
ENTER 20 ON REPLY CARD
T ' & QUALITY QUARTZ
SIOI e £ CRYSTALS QUICKLY
As manufacturers we are able to offera Our frequency ranges are:
range of quality toroidal and laminated ‘ eI <t quency rang '
transformers at highly competitive prices ZEE, | aal=ly +
= . . N ot M.P.U. Oscillators
Toroidal Mail Order Price List Miaalle : S i ;
prices inclusive of VAT & Postage T T L T T T T T
15va 7.95, 30va 9.18, 50va 10.16, 80va 11.36, 120va 12.07, 160va 14.20, 225va 10kHz 50kHz 100kHz 500kHz 1MHz 100MHz 250MHz 360MHz
15.21, 300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va 44,82, 1 Professional Crystals
Also available 1k2, 1k5, 2k, 2k5, 3k. Prices on request. We also supply quartz crystal fiters
Available from stock in the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 18-0- P e e
types and
;’?ln?a2r322420 5;—1025, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220, 240. e, e
Quantity prices and delivery on request Webster Electronics %
AIR % — Air Link Transformers ILMINSTER, SOMERSET TA13 908, ENGLAND -
Unit 6, The Maltings, Station Road, TEL: (046 05) 5166 TELEX: 46571 FRONCY G
2 LINK Sawbridgeworth, Herts, Tel: 0279 724425 B
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STE processor card

Adouble Eurocard is used to
implementa c.p.u. card built around
the STE bus. The SPC-180 from
Kemitron uses the Hitachi HD64180
processor which runs Z80 code, has
two serial channels, an on-chip
timer, runs at 6MHz and can address
up to 2Mbit ram. The board is
provided with 512Kb of eprom or
96K of static ram. A further two serial
channels are provided which canbe
configured to RS232, 20mA, or
RS422. Disc control facilities include
a SASI interface for hard disc.
Further facilities include a maths
co-processor, real-time clock,
watchdog timer and status indicator.
The second DIN connector allows the
board to be completely plug-inand
all connectors can be routed through
the backplane. The board may be
incorporated into an STE-based
system and, as it contains all the
necessary functions, can also be used
as a stand-alone computer.

221 on reply card.

Fastest p.c.b. design

The Vutrax p.c.b. design system from
GM Design has not been changed
but, used with the Compaq 386
computer, its speed has been
increased by twoto three times, This
is the fastest design system available
in the market today, claims GM. An
example is the ability to autoroute
the tracks on a circuit board with
more than 100 components to 98%
completion in three minutes. The
computer is built around the Intel
32-bit 80386 processor and features
up to 14Mbytes of ram, 130Mbyte of
hard disc storage with a25ms
average access time and 40Mbytes of
tape streamer backup. Alan Mallvon
(the marketing manager of GM)
claims that the 386 offers the power
of amuch larger “number cruncher”
in a desk-top. A series of one-day
seminars has been arranged to
demonstrate the capabilities of the
system.

233 onreply card.
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COMPUTIN

RS232 made easy

An RS232 rescue kit comes from
Componedex. It contains a selection
of useful and educational items for
interfacing computers with printers,
Terminals and modems. Included is

=

the Cablefaker breakout box and
monitor, a gender change ribbon
cable, patch box and tools and a
200-page manual RS232 made easy
along with quick reference card.
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Low cost quick chip design

Anadvanced, fully integrated,
heirarchical design system,
providing automatic layout,
simulation, routing and rule
checking of gate arrays is provided by
the Quickchip c.a.d. package for
v.ls.i. from Qudos. Based around the
32-bit Acorn Cambridge
Workstation, the entire system
including the c.a.d. software, 4MByte
of ram, 20MByte hard disc, colour
monitor, floating point maths, and a

software bundle of five standard
languages, all costs £7500 which is
less than the cost of software alone
on many systems. Quickchip is also
available for computers running
Unix. Designs produced on the

system are submitted to Qudos on

floppy disc or magnetic tape and can
be manufactured, using their
electron-beam lithography facility in
avery short time.

235 on reply card.

STE-bus SCSI
interface board

Mass storage peripherals with
standard SCSl interfaces can be
easily connected to the STE-bus
using a board from Arcom Control
Systems. The single Eurocard use
the NCR5380 i.c. to control up to
eight storage devices and can be used
with an external d.m.a. controller for
high-speed applications. Arcom has
drives for the Rodime 20MByte hard
discs and the routines work with any
of their STE-bus ¢.p.u. cards running
under Concurrent DOS, CP/M-80, or
08S-9. Data transfer rates under OS
control are typically three times
faster than floppy discs; outside the
constraints of the operating system
the rate can be ten times faster.

242 on reply card.

68000 cross
assembler

The latest addition to the XA8 series
of cross assemblers from Real Time
Systems is the X68000 which is
suitable for the 68008 and 68010 as
well as the 68000. It will run on Unix
and VMS computers and on PC/MS-
DOS computers (IBM-PC and
clones). The XA8 series is available
for more than 60 target processors,
running under a wide variety of
operating systems. It provides full
listings, macros and repeats,
conditional assembly, importing of
files, division of a program into
sections, temporary labels and
absolute addressing or relocatable
code. The manufacturers’
instructions mnemonics are used.
236 onreply card.

pr S

Transputer
development
systems

The 16-bit version of the Inmos
transputer is now available from
Hawke Components. Claimed to be
faster than the 32-bit device (T414),
the T212 has all the same features:
2Kbytes of on-chip sram and four
communications links. Using Occam
concurrency it is possible to achieve
very high speed procedure calls,
process switching, and interrupt
latency. Also from Hawke is a series
of transputer evaluation hoards. The
IMS B003 has three 32-bit
transputers, BO06 has nine 16-bit
devices and the B007 has one 32-bit
transputer along with avideo ram
and a colour look-up table to provide
avideo graphic driver board. Ten
B003 boards (i.e. 40 32-bit
transputers) are combined in the
ITEM400 which offers up to
400mips.
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‘ VESTIGIAL SIDEBAND
’ TELEVISION MODULATOR C.C.1.R/3

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

C.C.1.R/3 SPECIFICATION

Power Requirement 240V 8 Watt { lable in other g

P - 7 LS 1O G CHANNEL COMBINER/FILTER/LEVELLER
F M. Sound Sub-Carrier ~ 6MHz (available 5.5MHz) (o cambine autputstoljmodilators
Moduiation Negative
1.F. Vision — 38.9MHz TCFL2 2 Channel Filter/Combiner/Leveller. tnsertion Loss 3.5dB
I.F. Sound — 32.9MHz (available 33.4MHz} TCFL4 4 Channet Filter/Combiner/Leveller. Insertion Loss 3.5dB
Spund Pre-Emphasls_ 50us TSKO Enables up to 4x TCFL2 or TCFL4 to be combined.
Ripple on |.F. Saw filter .6dB
Qutput {any channel 47-860MHz) — 4+ 6dBmV (2mV) 75 Ohm
Vision xg Sloll_md Power Ratio E lo|1 : -,
[} ion 3
oo armaric Ouput Y st e rcris e o | TAYLOR BROS (OLDHAM) LTD

bined via TCFL4 Combiner/Leveller

— BISLEY STREET WORKS, LEE STREET,

C.C1iR./3N Specification as above but output level 60dBmV OLDHAM, ENGLAND.

TELEPHONE: 061 652 3221 TELEX: 669911
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Part type 1off 25-99 100 up = 0

4164 150nsNot Texas.........ccocoevennns 1.05 .95 .88 5

41256 150NS.....c........ ..2.25 2.15 2.05

41464 150Ns.......cccooiiiiiinins ..3.35 2.99 2.79 gy

2114 200ns Low Power ........ 175 1.60 1.55 w EdicoMm

6116 150NS......ccooriirnn ...1.40 1.25 1.20 v

6264 150ns Low Power ...2.40 215 2.05 RWC are main agents/distributors for Yaesu, Icom, Kenwood, M.

2716 450ns5volt.............. 275 2.60 2.45 Modules, Jaybeam, Tonna, Revco Antennas, Cleartone, Mutek,

2532 450NS .. .ot 5.40 4.85 4.50 AKD, Drae, FDK, Welz, Tait and Neve Radiotelephones to name

2732 450ns 2.60 2.40 205 but a few! We are able to supply: Receivers (inc. scanning),

2732A 250n's'"" 3'30 2.85 2'75 Transmitters, and complete communication systems including
e ’ ’ 2' antennas for all types of location and applications. We specialise

2764 250ns SUltBBC ....2.45 2.20 .05 in custom systems HF-UHF.

27128 250ns SuitBBC..............co..... 2.75 2.60 2.40

27256 250NS ... ... o 3.70 3.45 3.30 'I'“NE lN'I'[l n“H SPE[“A”S'I' SEHVH:El

Low profile IC sockets: Pins 8 14 16 18 20 24 28 40 '

Pence 5 910 11 12 1517 24 * We manufacture our own range of VHF/UHF beam and Raycom
Please ask for quote on higher guantities or items not shown. mobile antennas and 13.8V DC PSU's 3-12A.

* We're the only company in the UK that produces modular VHF/UHF

Data f m ies purchased. Enquire cost for other. El
Blalee SliEolesR e Raycon power arnplifiers (15-50 watts output).

Write or "phone for list of other items including our 74LS series * We supply a large range of specialist RF power transistors/modules
with DIY discounts starting at a mix of just 25 pieces. imported directly from Japan. - .
* We supply/repair amateur/business radio systems.
Please add 50p post & packing to orders under £15 and * We check transceivers on our spectrum analyser — £12.50 for a
VAT to total. Access orders by ‘phone or mail welcome. comprehensive report while you wait!

* Only supplier of modified Yaesu FRG 9600 Ml (60-950MHz) and
Revco RS 2000E (60-179 and 380-520MHz) scanning receivers.

* Probably the UK'’s largest seller of used radio equipment.

* We offer the largest selection of radio allied services under one

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

HAPPY MEMORIES (WW), roof. CALL NOW FOR FULL DETAILS.
FREEPOST, Kington, EXPORT AND TRADE ENQUIRIES INVITED
Herefordshire HR5 3BR. 584 Hagley Road West, Quinton, Birmingham B68 OBS.
Tel: (054 422) 618 Tel: 021-421 8201 (24hrs) Telex: 334303-TXAGWM-G
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Video controller
improved

Anew c-mosversion (HD6345) of
their c.r.t. controller has been
produced by Hitachi. Compatible
with the HD6845 n-mos version, the
new chip offers a higher clock
frequency —4.5MHz which allows an
improved screen update. Its flexible
screen format offers enhanced
facilities including four split screens
and smoother scrolling. The 6345 is
compatible with the 68 family of
processors while a similar device the
HD6443 is for use with the 80 family
including the Z80. The device offers a
variety of functions under m.p.u.
control including programmable
timing signal output for c.r.t.
monitor and display screen control
operation. It can be applied to all
typesof c.r.t. displays. A standard
40-pin package is used for the device ‘

which operates overarangeof 1 to
2MHz bus speeds.
241 onreply card.

Fastd.s.p.

A new digital signal processor has
been announced by Motorola even ‘
before its predecessor has been
released. The DSP56001 offers a

speed of 10.25mips, and 56bits. It is
functionally identical to the

DSP56000 but instead of 2Kwords of
program rom it has 512words of
program ram and a hardware \
bootstrap that enables this ram to be
loaded with the user’s program ‘
easily. The advantage is that it does
not need to be mask programmed
and becomes an off-the-shelf
product. There are also two other
roms. The X-rom is preprogrammed
with Mu-law and A-law to linear
conversion tables for the interfacing
of codec/filter chips and time division
multiplexed networks. the Y-rom has
asine table for waveform generation
and F.F.T. analysis. Also on the chip
are serial communications interface,
asynchronous serial interface, and a
host interface.

The processor has seven buses so
that the three arithmetical logic
units and the program controller are
not waiting for each other.
Applications include
communications and speech
processing as well as high-speed
control, image processing for
instrumentation and navigation and
audio. Both d.s.ps are to be available
in sample quantities early in 1987
and for those who can’t wait or want
to get cracking in advance, Motorola
have made available a simulation
package and macro-assembler in
versions to run on many micro and
minicomputers.
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PRODUCTS

COMPUTING

Matchbox Beeb

Amultitasking version of the BBC
micro has been mounted on a multi-
layer board. by Cambridge
Microprocessor Systems. It
combines surface mounted
components with canventional ones
tofit onaboard just 3.5by 2.5in. The
6502-compatible system can support
awhole host of functions including
three independent programmable
serial channels, RS422/423
interfaces, high speed synchronous
serial interface, quad duart, two
stepper motor outputs, four
analogue input channels, 35
independent user definable i/o ports,
liguid crystal display interface driver,
six programmable counter/timers,
real time clock, p.w.m. facility. up
to 64K battery-backed ram 2K to

3Mbytes of eprom, 8MHz clock and a
watch-dog facility. In addition it is
possible to have a full-colour video
output which includes teletext, user
definable characters and 32K of
paged ram. The board can be
programmed in BBC Basic, Pascal.
IForth or any other high-level
language and can be networked to up
to 126 remote stations.

The computer is designed as a
control component for use by 0.e.ms
and can be used for almost any
control/monitoring task from simple
switching to complex applications
requiring the full video display. The
simplest configuration costs as little
as £50, for the full bells and whistles
variety it goes up to £300.
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Improved eprom programmer

The hardware of the Lloyd Research
1000 series of eprom programmers is
as good as it was but there has beena
great improvement in the software to
enable very rapid programming. It is
now possible to download and
program in one command, without
manual intervention. The
instrument can store such
parameters as device type and set
details and can store the files for
eight different programs which can

be all be programmed individually.
Many more device types have been
added to theinternal list. The
programmer can cope with eight
272565 at the same time or two sets
of four 27512/3s. Another addition is
the ability to program the Hitachi
range of ZTAT processors which
incorporate eproms. To
accommodate these a low-cost
adapteris added.
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' Industrial computer

| Asingle-board computer system
from Analog Devices is particularly
suited to analogue input and output.
It communicates through single-
channel signal conditioning modules
which may be configured to input
and output, channel by channel. The
computer combines direct sensor
input, analogue signal conditioning
and processing circuitry on asingle
board. Additional processing boards
may be added which communicate
through the GPIB intertace sothe
computing power remains sufficient
to cope, however, complex the
system.

Applications for the pMAC-6000
include process control and
monitoring and machinery control.
Examples are test automation, boiler
and furnace control energy
management. It can be used as a
remote slave processor in distributed
control applications. The basic
version consists of the computer
board. which includes analogue and
digital ifo circuitry. Thisfits intoa
backplane which accommodates 24
signal conditioning modules. The

svstem uses the 16-bit 8MHz 80188
processor and has space for the 8087
co-processor, if required. It features
14-bit d-to-a and a-to-d conversion.
16 low-speed counters, two high-
speed counters, six frequency inputs,
areal-time clock, 64K of user prom
and 256K of batterv ram. there is also
1Kbyte of e-eprom which can be
reprogrammed without removing
from the board. and can be used to
store conversion factors, calibration
constants, correction coefficients
and the like. There is an RS422 port
for communication with a host
computer, two RS232 interfaces as
well as the GPIB. The basic svstem
can accept 72 i/o signals. The system
can be expanded in many ways. The
RS422bus can be used inamulti-
drop mode to allow a host computer
to communicate with up to 15 ,MAC-
6000s. The system may be
programmed in C (libraries of
additional routines for the control of
applications are provided) orina
special version of Basic, although C
provides much faster processing.
206 on reply 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 mode!
Hitachi’s price-performance ratio can not be bettered.

The largest range

Now totalling 18 models the Hitachi range covers bandwidths
from 20MHz to 150MHz 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.

For colour brochure giving specifications and prices ring (0480) 63570
Thurlby Electronics Ltd., New Road, St. Ives, Cambs. PE17 4BG

ENTER 62 ON REPLY CARD

low-cost logic analysis

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.

Haneaannasiaed|

® Prices from £395 plus vat @ Data pods for random logic
® 16 or 32 data channels @ Personality modules for uPs
o IBM-PC interface options @ Microprocessor disassemblers

1

No other logic analyser system approaches the value for money of the
Thurlby LA160. Contact us now for full technical data.

Thurlb AVJZ& Thurlby Electronics Ltd

Y 2Z I New Road, St.lves, Huntingdon, Cambs.
designed and built in Britain PE17 4BG, England. Tel: (0480) 63570
ENTER 63 ON REPLY CARD

The world’s most advanced low-cost bench multimeter!
Thurlby 1905a £349.var

A complete high performance bench DMM

9 9 h ® 5% digits; 0.016% acc; 1uV, ImQ , 1nA.
= E' D 9 9 ﬂﬂn ® Full ac and current functions as standard

= = ﬂ ﬂ o Il oo A sophisticated computing and logging DMM
I M B @ Linear scaling with offset; null/relative
@ Percentage deviation; running average
@ dBV, dBm general logarithmic calculations
@ Limits comparison; min and max storage
@ 100 reading timed data logging
® RS232 and IEEE-488 interface options
Thuriby Electronics Ltd AN Za
New Royad, St.lves, Cambs. PE1748G // Thurlby %#
Tel: (0480) 63570 designed and built in Britain
ENTER 64 ON REPLY CARD

the new Thurlby PL-GP series

30V/2A and 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 £5698 + vat

Thurlby Electronics Ltd N Za
New Road, St. lves, Cambs. PE17 4BG // Turlby %‘§

Tel: (0480) 63570 designed and buit in Britain
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Clean-up for video

Areal-time video noise processor can
be used to improve the quality of a tv
picture containing random noise. It
1s possible to process at 3000
pictures/min very poor signals where
the noise exceeds the available
signal. Improvements to the signal/
noise ratio can be selected between
2:1 and 45:1 with corresponding
processing times of 80ms to 82s. The
Eltime video noise reduction system
contains two frame store boards to
hold the pre and post-processing
images. The process can be viewed
and controlled manually or an
‘improvement factor’ can be selected,
allowing the processing to be
continuous. Applications include
enhancing low-power X-ray, electron
microscope, night-vision infra-red,
ultrasonic, and may other research
and surveillance images.
225onreply card.

Towards HDTV

Although standards for high
definition tv have not be finalized,
BAL components realize that any
system will require high-precision
delay lines and have produced
20MHz lines in both fixed and
programmable formats. They have
an amplitude ripple of <0.2dB at
lower delay times and <0.3dB at the
higher rates. Group delay ripple is
<20ns peak-to-peak. Total delays are
from 100 to 500ns in fixed modules
and 5to 155ns for the programmable
ones. Impedance in all cases is 75().
BAL anticipate that this will meet
most requirements for the initial
stages but are contiuing work on
widening the bandwidth and
reducing physical size. A 30MHz
delay line is likely to be announced
soon. 240 onreply card.

R.f. distribution
amplifiers

A range of low-noise receiver
multicouplers for the 70 to 250MHz
range is claimed to be highly reliable.
This is due, says Beronheath, to the
use of generously rated power
devices in a negative feedback circuit
combined in an hierarchical
structure, exclusive to this design.
Input bandpass filters, including
Buiterworth and Tchebyshev
designs, may be specified to meet
individual requirements. 4,8, or 16
outputs can be provided (larger or
intermediate numbers to special
order). [Input/output gain can vary
between 0 and 3dB (more if needed)
ahove the splitting level with low
v.s.w.r. on input and output.
Broadband circuits are used in the
splitters and offer good interport
isolation. Despite the high reliability,
the units are easy to service.
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' PRODUCTS

COMMUNICATIONS

DBS decoder chip

Asingle-chip decoder for use in
direct broadcasting by satellite using
the D2-MAC/packet system has been
produced by ITT. Called the DMA
2270, the devices meets all the
requirement of the D2-MAC
standard, itselfa subset of the C-MAC
standard. Due to the baseband
configuration, the chip is also
suitable for decoding cable tvsignals.
The decoder is able to treat different

sound services automatically by
decoding the packet header. Eight
sound channels are available for each
tv service. All sound packets are
converted into sequences of 14-bit
samples. Medium-quality channels
are up-sampled to the 32kHz
sampling frequency so that all
subsequent processing uses only one
data format.
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Radio data transmission

A single-channel version of
Measurement Devices’ Microtel
transmits and receives data by digital
telemetry. The system combines the
functions of antenna, radio and
modem in one unit. A simplex system
consists of two portable units: each
has a serial data port and up to five
channels inthe u.h.f. 400 to 500MHz

band. Data rate is 1200Baud and it is
possible to transmit over 50km as
long as ‘line of radio sight’ is
maintained. Two sets of units can be
used to establish a duplex link.
Applications include remote
monitoring and control and
guidance of unmanned vehicles.
228 onreply card.

Compact s.s.b.
transceiver

Claimed to be the most compact
full-feature s.s.b. transceiver in the
world, the Link/4000 comes from
Danish Communication Systems. It
incorporates two microprocessors
and 192K of ram. This allows the
display to offer ‘help’ messages at the
appropriate moment and monitors
all the function of the set. There is a
complete self-test on startup and the
internal programs can control up to
80 preprogrammed frequency pairs
and store up to 400 frequencies in
memory.

Dual parallel amplifier stages
ensure continuation of transmission
in the event of a failure in one of the
stages. An automatic antenna tuner,
located on the set or remotely. can
compensate for a broken antenna
automatically. The tranceiver is
designed for use in fixed/mobile
operation on land or sea and has been
particularly designed to be easy to
use. A.c. ord.c. power can be used
and the set can operate in simplex,
semi or full duplex depending on the
antenna installation; full duplex
requires two antennas. Type
approved under CEPT specifications
the set can be installed, operated and
serviced worldwide.

216 onreply card.

Digital video effects

This twin-channel system from CEL
combines image control facilities
from their Maurice controller with
twin frame stores and an integral
vision mixer/combiner. Called the
P148-3, the system allows
manipulated images and their
relative keys to be combined to form
composite pictures with internally
generated background colour matt
or external background or
foreground sources and keys. The
flexible system offers a touch-screen
interface with access to the many
functions though they can also be
controlled by a computer through an
RS422/432 interface. it combines
wipes and mixes with the ability to
build composite pictures from up to
five layers. Three internal video
sources are provided; a background
matt, a caption generator which can
also be used as another background
and a picture black.

Clever software allows the system
to provide complex functions despite
the fact that has only two effects
buses. The controller itself can be
reconfigured by software to match
different equipment combinations
and it can be controlled through
screen menus. All software;
programs or control configurations
can be downloaded from disc.
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RAEDEK ELECTRONICS ooy
Telex No: 312242

SERVING THE COMMUNICATIONS AND ELECTRONICS INDUSTRIES MIDTLX G.

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 OTB. ENGLAND.
TRANSISTORS: - VALVES:

TYPE: : TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LIST:
£ £ £ £ £ £ £
2N3375 11.25 25C1978 6.40 AH211A 137.50 EF94 2.00 OA3 250 6AUSGT 370 813 30.00
2N3553 1.90 25C2053 0.80 AH2511 90.00 EF95 160 082 250 6AZ8 380 934 18.00
2N3632 12.95 25C2237 11.50 AH2532 31.50 EF183 1.90 083 2.50 6BA6 1.70 935 41.20
2N3733 12.95 25C2287 9.60 875 52.50 EF184 1.80 0Cc3 2.50 6BE6 195 2050 4.80
SN3866 150 28C2290 20,00 BTSB 5250 EK90 1.40 2C39A 39.90 6BH6 215 2050A 4.80
oN4416 075 MRF237 350 BT17 142.00 EL34 390 2C39WA 42.00 6BJ6 2.00 5544 81.00
SN s MRF538 2¥50 BT17A 130.00 EL36 230 2021 290 6BK4C 450 5545 95.00
: a BT95 125.00 EL84 3.00 2E26 7.50 6BN8 350 5557 24.50
2N5090 10.90 MRF240 20.70 caJ 30.00 EL86 210 2K25 114:00 6826 250 5559 5250
2N5109 1.95 MRF245 33.00 C3JA 30.00 EL519 7.70 3-4002EIM 7800 6C4 1.95 5727 2.95
2N5160 3.00 MRF247 33.30 ES5L 56.00 EL803S 9.95 3-5002EIM 89.00 6CB6A 1.80 5867A 140.00
2N5589 8.00 MRF433 9.00 E80CC 14.00 EL821 1375 3828 15.00 6CJ3 230 5879 6.15
2N5590 8.25 MRF449A 10.15 E8OL 21.00 EN32 16.25 3C45 2450 6CW4 800 5965 220
2N5591 10.00 MRF450 14.50 E88CC 3.90 ENO1 2.00 3CX100AS 70.00 6DC6 245 5991 3200
2N5641 7.50 MRF450A 14.50 E90CC 7.50 £280 1.90 4-65A 52.50 6E5 4.20 6130 24.50
SN5642 1020 MRF454 17,25 E130L 21.25 E281 1.50 4-125A 60.00 6EA8 225 6146A 9.00
5N5643 1185 MRF454A 1795 EBY1 1.35 EZ90 1.50 4-250A 76.00 6GK6 2,50 61468 9.00
5N5913 2’50 MRF455 16.50 EBCY1 1.10 FG17 2450 4-400A 110.00 6HF5 425 6360A-GE 4.95
SN0 e REa2s 1720 EBF89 1.35 FG105 160 00 4-4008 110.00 6HS6 3.95 6550A 7.90
: i EC90 1.25 GXU1 15.00 4-400C 110.00 6JB6A 4.70 68838 8.70
2N5945 10.60 MRF475 2.30 ECC32 325 GXU4 4500 4B32 3050 6JE6C 6.25 6973 395
2N5946 11.50 MRF476 215 ECC81 1.90 GZ34 3.90 4C35A 135.00 6JS6C 4.70 7027A 6.50
2N6080 7.00 MRBF644 22.50 ECC82 190 KT66 9.00 4CX2508 EK7 250 7199 4.20
2N6081 8.75 MRF646 27.00 ECC83 190 KT77 8.75 EIM AMP 55.00 6K11 225 7247 3.20
2N6082 10.90 MRF648 32.70 ECC85 3.80 K188 24.95 4CX2508 6KD6 5.90 72624 26.00
2N6083 11.95 MRF901 2.75 ECC88 2.00 ML8536 275.00 NAT 48.00 6KD8 2.00 7360 1220
SNG084 1250 SD1013 9.75 ECCO1 2.00 ML8741 265.00 4CX350A 87.00 6L6GC 390 7586 11.50
25C1729 14.50 SD1019-STUD  23.10 ECC189 2.00 NL SERIES 4X150A 33.70 6LQ6 6.25 7587 35.00
53G1945 345 3010195 5580 ECF80 1.50 QQVo2-6 22.00 5AR4 3.90 6Q11 225 7591A 4.65
53C1946A 16.00 SD1127 310 ECF86 1.65 QQv03-10 5.30 5AS4A 210 6SL7GT 225 7815AL-GE  48.00
53C1947 850 3011341 505 ECF801 180 QV0o3-12 7.00 5R4GYA-B 350 6SN7GTB 3.05 7815R 53.00
S . 3 ECH81 230 QY3-65 57.50 5U4GB 2.10 6U8A 200 8122RCA 101.00
25C1969 1.80 SD1136 11.90 ECL82 190 QY3-125 63.00 5V4GA 250 12AT6 1.90 8906AL 55.00
25C1970 1.40 SD1143 9.40 ECL86 1.60 QY4-250 69.80 6AH6 230 12AU6 1.90 15082 6.50
25C1971 3.50 sD1219 14.70 EF80 1.70 RG1-240A 10.00 G6AKEW 250 12AV6 2.00 5728 CETRON 55.00
25C1972 6.00 SD1272 10.95 EF85 3.00 RG4-3000 90.00 6AK6 1.95 12BA6 1.95 807 2.90
SD1278 13.75 EF86 2.30 XG1-2500 5250 6ALEW 1.80 12BA7 235 810 82.00
EF89 2.30 XG5-500 24.50 eAgsz 1.75 12BE6 2.00 812A 36.85
EF91 2.95 XR1-3200 72.50 6AQ5 1.80 12BY7A 2.70
INDUCTION AND DIELECTRIC HEATING SPARES EF92 220 XR1-6400 120.00 6AS6 240 12826 3.70 WE ALSO SUPPLY
EF93 1,50 0A2 2,00 6AS7G 4.30 120W7 3.75 EIMAC TUBES AND
INCL ACCESSORIES
CERAMIC CAPACITORS SOLID STATE RECTIFIERS 1000°s of VALVES TRANSISTORS/IC's IN STOCK. PLEASE ENQUIRE ON TYPES NOT LISTED. PRICES - CORREGT AT TIME
VACUUM CAPACITORS RECTIFIER VALVES €
- ol iy W SERVICE AIDS I aniTRONS SOLID STATE REPLACEMENTS OF GOING TOPRESS
g OSCILLATOR VALY KLYSTRONS TERMS — PLEASE ADD £1.00
CARBON FREE HOSE COOLING FANS/FILTERS BACKWARD WAVE OSCILL MAGNETRONS THYRATRONS g
WATER FLOW SWITCHES etc. etc. CRT's RECEIVINGTUBES  TRANSMITTING TUBES P&P AND VAT & 15% to orders
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LOW COST C.A.D. | [ __HGHQUALITY-LOW PRICES
ATTENTION ALL ELECTRONICS & A : #3 7
CIRCUIT DESIGNERS!!

I.B.M. 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 DELAY (except Spectrum version} are calculated
over any freguency range required. The programs are in use regularly for
frequencies between 0.1Hz to 1.2GHz. The effects on performance of
MODIFICATIONS to_both circuit and component values can be speedily
evaluated.

s

. ki N\
4+11GHz SATELLITE TV RECEIVING EQUIPMENT
RECEIVERS, LNB'’s, LNC’s, FEED HORNS,

Circuits containing any combination of RESISTORS, CAPACITORS,

INDUCTORS. TRANSFORMERS, BIPOLAR and FIELD EFFECT ANTENNAS, ANTENNA POSITIONERS,
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated — up to POLOROTORS, LINE AMPLIFIERS, ETC.
60 nodes and 180 components (IBM version). For further detaiis contact

ldeal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO HARRISON ELECTRONICS
AMPLIFIERS, LOUDSPEAKER CROSS-OVER NETWORKS, WIDE-BAND Century Way, March, Cambs. PE158QW  Tel: (035451289

AMPLIFIERS, TUNED R.F AMPLIFIERS, AERIAL MATCHING NETWORKS,
TV LF. and CHROMA FILTER CIiRCUITS, LINEAR INTEGRATED CIRCUITS

etc.
STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by SMALL SELECTION ONLY LISTED — RING US FOR YOUR
‘breaking the loop REQUIREMENTS WHICH MAY BE IN STOCK
Tabular output on Analyserf 1 Full griphilcal output. increased circuit size Racal Solid State Communication Recei- | Telephone szests lypze FLand J - large quantity
i m iliti n An . vers — RA1217 — Mechanical digit readout 1 — in stock — to £15 depending on type and
el eononeu DR iaciiics’e ayser” 30MC/S - £300. Racal RA17L Communi- quantity. P.O.R. Don 10 Telephone Cable -
Check out your new designs In minutes rather than days. cation Receivers 500KC/S to 30MC/S in 30 halt mile canvas containers — £20. Night
P bands 1MC/S Wide — £175 — All receivers are air Viewing infra-red eriscopes - twin
ANALYSER can greatly reduce or even eliminate the need to breadboard tested and calibrated in our workshop — eyepiece - 24 (\goll DC supply — £100. EA.
3 supplied  with  dust  cover operation Original cost to Government over £11,000 EA.
o8 deS|gnS . instructions — circuit — In fair used condition. Static Invertors — 12 or 24 voit input — 240 volt
Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and Racal Synthesisers M(([;)escacieal GlreNc‘jéency Q(VS qu‘Tewave ou&pu( - varlousdwanages. P.O.R.
i enerators) MA250 - 1.6MC/S to 31. /S — ofters and pen recorders varipus —
FREE update serwcSe S ngO. MA)IJSO tor use with RAY7 recever P O.R. SAignaI %enerators = vanou.‘l:s - P.O.FiI
Used by INDUSTRIAL. GOVERNMENT and UNIVERSITY R&D £100 MA259G - precision frequency standard TF 893A - Power meter 50. Racal
SMC/S — 1MC/S — 100KHz — £100 to £150. RA137 frequency counter type 836 - £50. Tektronic
DEPARTMENTS worldwide. IDEAL FOR TRANING COURSES. VERY EASY and RA37 - LF convertors 10 to 980KC/S - £40 | plug-ins — 1A1 £50. 1A2 £40, 1A4 £100. M £50
TO USE. Prices from £20 - £195. to £75. RA98 SSE-ISB convertor — £50. RA121 | Al items are bought direct from HM.
SSB-iSB convertor - £75. Plessey PR155G Government being surplus equipment. Price is
. . 9 Solid State receivers — 60KC/S — 30MC/S - £300 ex works. S.AE. for enquries. Phone for
For further details and example computation or for details on our New Transtel Matrix Printers AF11R - 5 level appointment for demonstration of any items;
DRAUGHTING program, p/ease write OfphOﬂe.' baudot code — up to 300 baudgs — for pnint out og also| availability or price change. VAT and
! plain teleprinter paper — £50 Army Fiel carriage extra
f = - Vo (et
Lie l EXPORT TRADE AND QUANTITY DISCOUNTS

JOHNS RADIO, WHITEHALL WORKS,
St the\;vvlyihﬁ;?nvéggg%;hbs PE17 4EB 84 WHITEHALL ROAD EAST, BIRKENSHAW,
’ ’ ' ' BRADFORD BD11 2ER. TEL NO: (0274) 684007

Tel: (0480) 61778 WANTED: REDUNDANT TEST EQUIPMENT - VALVES - PLUGS - SOCKETS,
SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT
ENTER 39 ON REPLY CARD
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Encrypting tv

CSP International have been
awarded a Home Office contract
to study how “subscription tele-
vision”, as envisaged by the
Peacock Committee, could be
implemented in the UK, not only
for d.b.s. services but also for the
BBC and possibly for ITV ser-
vices. This has come at a time
when techniques for encrypting
television signals have become
technically possible but when
the practicalities of this method
of financing broadcasting, parti-
cularly when introduced on to
existing services not requiring
any special decoder, remain un-
certain. In the United States the
introduction of scrambling by
Home Box Office early this year
decimated the sale of C-band
TVROs, although recently there
has been some revival of sales.
The special decoders add signifi-
cantly to receiver costs, apart
from the imposition of the sub-
scription charges.

European broadcasters have
developed sophisticated forms of
“conditional access” encryption
that automatically “disconnects”
viewers whose subscriptions
have not been paid. Both the
BBC and IBA have implemented
systems in respect of “Datacast”
and “Subscriber User Group Ser-
vices” on teletext. The Belgian
French-language service RTBF
have developed a patented
addressable “DAVE” (digital au-
dio visual encrypting) system
based on very large-scale in-
tegration claimed to provide
“absolute security” against pira-
cv, capable of providing a credit
limit for pay-tv and with an
electronic lock against unautho-
rized use.

In a paper at the recent inter-
national IEE conference on “Se-
cure Communication Systems”,
D.T. Wright and S.M. Edwardson
of BBC Research described some
of the problems of key manage-
ment in broadcast conditional
access systems. They pointed out
that unlike encryption for com-
munications, any broadcast sys-
tem has to be designed to last for
many years, possibly for many
millions of users. The broadcas-
ter needs to be reasonably confi-
dent that his conditional access
systern, specified now, will re-
main secure against sophisti-
cated technological piracy
throughout its many years of
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service. Being a one-way system
there is no permanent return
path to provide the administra-
tive convenience of efficient in-
teractive dialogue with the user
as available for most encryption
applications. Electronic encryp-
tion based on secure “keys” nor-
mally involved frequent change
of keys. Over-air addressing in-
volved the problem of how fre-
quently can each viewer be indi-
vidually addressed without im-
posing an excessive data trans-
mission requirement.

There is also the problem,
already to be seen in the USA, of
different broadcasters and cable
operators developing or select-
ing entirely different systems,
increasing still further the cost
to the viewer wishing to watch a
numberof channels.

Even where all technological
problems can be solved, there
remains the question of mixed
“advertising — supported” and “all-
subscription” channels. Would
viewers, for example, pay to
watch BBC News if they could
watch ITN free?

No more UK
cameras?

The closing of the Andover facil-
ity of Link Electronics and the
concentration of its OB vehicles
and systems activities in New-
bury where it will share facilities
with Quantel, another UEI com-
pany, must put in guestion the
future of broadcast camera pro-
duction in the UK. There seems
little or no likelihood of produc-
tion of the Link 130 camera
being transferred to Newbury,

even if the firm remains a camera
supplier.

The Link 130 has recently
been the only camera designed
and manufactured in the UK,
with both EMI and more recently
Marconi withdrawing from this
market. Similarly, in the United
States, RCA have moved out of
the broadcast camera market.

In Europe, Philips and Bosch
have joined forces as BTS
(Broadcast Television Services)
and Thomson-CSF with the sup-
port of the French Government
remain active in this fietd. But
Japanese electronics and lenses
are now dominant in most parts
of the world.

Closing of Link's Andover
plant has led to a number of
redundancies among highly spe-
cialized engineers.

IBC 86 showed that similar
pressures are mounting in the
field of video tape recorders.
With Marconi no longer manu-
facturing, there is no UK produc-
tion. RCA are similarly out.
Pioneering Ampex are still a
major force but the new M.II
machines using '2in metal-
particle tape demonstrated by
Panasonic and JVC threaten to
open a new format battle. Unlike
other Y2in tape formats, the M.11
prototypes appear to provide a
performance that makes them
serious contenders not just for
electronic news gathering but
for all applications including
studio and post-production use.
NBC have opted for M.II
machines for their new New York
City production centre. But with
relatively new lin format C
machines in most studios an
immediate swing to M.Il is un-
likely, though Sony must be wor-

ried at the threat to their very
successful Y2in Betacam and
their new Betacam-SP.

No u.h.f. tvin
USA?

Whereas the UK has, as a result
of the interim (1982) Merriman
Report, closed down all v.h.f.
television broadcasting and con-
centratedonu.h.f. (Bands 4 & 5),
possibly extending later to 12
GHz d.b.s., the North Americans
are seriously thinking of closing
all u.h.f. broadcast services. In-
creasingly, u.h.f. channels have
been utilized mainly by the pub-
lic service and ethnic channels
(e.g. Spanish language) and it is
claimed these could be
accommodated on cable.

For more than 25 years u.h.f.
broadcasting has been regarded
as very much a second best. The
FCC forced setmakers to provide
u.h.f. tuners, but many of these
had no r.f. amplifier and tend to
be noisy by European standards.
More recently the FCC are open-
ing u.h.f. to land-mobile services
on a shared basis and the possi-
bility of mutual interference
appears to be one reason for the
possible closing of u.h.f.

It is perhaps ironical that
another drawback, the power
costs of running high-power
u.h.f. transmitters (often 110kW
output, compared to the highest
power UK Crystal Palace station
with two 40kW units per chan-
nel) could be much reduced by
use of higher efficiency klystrons
or the new “klystrode” (half klys-
tron, half tetrode) device which
canoperate in Class B, and which
is now being offered is vision
transmitters of up to 60kW out-
put with a figure of merit better
than 123% (figure of merit
equals peak sync. power output
divided by average picture power
input, including sync. pulses).
Gain at 23dB is less than achiev-
able with a four-cavity klystron
but it is claimed that lifetime,
despite the incorporation of a
grid wire, should approach that
of a klystron. Four-cavity klys-
trons now have greatly improved
conversion efficiency by switch-
ing the beam power and by the
use of annular beam control.
Efficiencies of 60 to 65% can be
achieved operationally and with
careful control of pre-correction
this could be raised to over 80%.
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-OF-LINE BARGAINS!

@ COMPUTER SYSTEMS

SAMURAIS-16 MSDOS COMPUTER SYSTEM. 8086 based true 16 bit machine
with high-res green screen; 128K memary {do-i1-yourself expandable to
512K), twin DSDD 8" floppy disc drives (total 2.3 MB); CENTRONICS parallel
interface; 2 x RS232 interfaces; MSDOS with full manuals. INCLUDED in the
price are PEACHTEXT word processing software, PEACHCALC spreadsheet,
and PEACHTREE TELECOMMUNICATIONS. All BRAND NEW with original
manuals. £299.00

TRIUMPH-ADLER P40 COMPUTER. 128K dual processor machine {8085 &
8088) with high res. monitor, single DSDD 80 track floppy, 12.5 MB half height
WINCHESTER drive. CP/M & MSDOS are included in the price. BRAND NEW
£295.00

TRIUMPH-ADLER P30 COMPUTER. As above, but with twin floppy disc drives.
BRAND NEW £195.00

PYRAMID Model 501 CP/M MICROCOMPUTER SYSTEM (Manufactured by
HTE Ltd). With 4mHz Z80A pracessar, 64K memory & twin TEAC Model FD-55F
DSDD 80 track half height 5%" floppy disc drives (total 1.5 MB}. With seral
RS232 & CENTRONICS parallel interfaces & provision for a second serial
interface. These very compact {2%" high) machines are $-100 based {with
one spare slot), and are software compatible with NORTH STAR HORIZON.
CP/M Ver. 2.2 & some TELEX software is included in the price. BRAND NEW
or EX BEMO condition. {requires terminal}. £135.00

MATMOS PC. Available without disc drives only 64KB Z80A based machine
with RGB, composite video outputs & UHF modulator. Senal, parallel,
cassette & peripheral bus interfaces are provided. MICROSOFT BASIC s in
ROM. A terminal emulation ROM is available at £20.00 £49.00

PERIPH

HITACH! Model 3058 3" disc drives. With SHUGART compatible interface {34
way edge connector) & suntable for BBC with OFS, AMSTRAD 664/6128,
TATUNG EINSTEIN & many others. 250K (double density unformatted) per
side reversible; 40 track; standard power connector for 12V & 5V, overall
power consumption typically 37W Supplied BRAND NEW with cannectar
pin-outdetails etc. butuncased. Data cables only are avaifable for AMSTRAD
& BBC {£7.50) and TATUNG (£10.00) £29.95

HITACH! Model 305D double sided 3" disc drives. As above, but double sided
(500KB unformatted accessible without turning disc aver). Not suitable for
AMSTRAD 664/6128. £39.95

HITACHI COLOUR MONITOR Model 1480P. High resolutian 14" monitar with
RGB, intensity & sync inputs at positive TTL (evels. Horizantal frequency is
15 75kHz & resolution 1s 640 % 200. IBM compatible BRAND NEW. £149.00

HITACH) COLOUR MONITOR Mode! CD2053 high resalution (720 x 416) 20"
colour monitor with RGB & sync input at positive TTL leveils. Horizontal
frequency is 24 2kHz. Suitable for Ofivetts M24. BRAND NEW UNCASED  {We
have various other new uncased colour monitors still available at £95.00)
£195.00

HITACHI MONO MONITOR. All BRAND NEW but uncased and for 12VDC
15.625kHz-15.75kHz horizontal frequency; 50-60Hz vertical. Positive TTLvideo
& sync. 9", 12" & 14" available. £18.50

@ WORD PROCESSOR

{TT SCRIBE 11 WORD PROCESSING SYSTEM. Dual processar {Z80H & Tl
9995) machine with 128K memory, QUME printer interface & RS232 comms.
interface With dual 5% floppy disc drives {double density, double sided);
high resolution green-screen manitor & low profile keyboard. Excelient
professional word processing software with many advanced features
including extensive help files, slow scrolling, mail-merge, information
retrieval, integrated data base, etc. is included in the price together with
BASIC. Oniginally selling at over £5000.00. BRAND NEW. £295.00

ITT SCRIBE {1l as above with 10MB Winchester & single floppy, 256K & NEC
Model 7700 SPINWRITER 55cps daisy wheel printer. Al 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.

“A complete stock list (which includes test equipment & other items) is

avatlable on request. Visa & Access

AVAILABLE ONLY FROM accepted

g [— 1)

MATMOS Ltd., 1 Church Street, Cuckfield, W. Sussex RH175JZ.

Tel: (0444) 414484/454377 —

COMPUTER APPRECIATION, 111 Northgate, Canterbury, B
Kent CT1 1BH. Tel: (0227) 470512 Telex: 966134 COMPAP

patmos and Computer Appreciation

ENTER 67 ON REPLY CARD

[ 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

allunits £16. VAT to be added to total on Goods and Carriage.

Tektronix 2215 Oscilloscope SPECIAL OFFERS
80MHz Dual Trace. Defay Sweep. With manual E\;:u:::f“z%gcm RestorerAnatyser Model 467 SUW”NH"']Lsm?e:c":
ONLY £475 each Labgear Colour Bar Generator KG1 8 Tes! Patters psp £ ONLY £40 each
OSCILLOSCOPES COMMUNICATION RECEIVERS
TEKTRONIX 576 CURVE TRACER 4500 | Racal RA 170 500KHz-30MHz with manual only £140 each
TEKTRONIX 485 Dual Trace 350MHz Delay Sweep £3,500 EDOYSTONE 730/4 480KHz-30MHz with manual . ONLY £110 each
TEKTRONIX 465? Duat Trace 100MHz Delay Sweep. £1,200 M ULTl ME ERS
HP_ 715A Dual Trace 200MHz Delay Sweep £1,500 T
TEK?RONIX 465 Dual Trace 100MHz Delay Sweep £900
TR RONIX 464 Dol Trace SOV Do) Swep 250 av‘? 9 M;AL La;nucax 10 AVO 8 Mkd but scaled diterenty) Compiete s
TELE )UéPMENAT &75 ?ual Trace S0MHz Delay Sweep £350 AYO M2 gmle(e T B
| IMH:
R Dser;y L o Ao fems B0 WORKING GROER - appearance no A1 e e
ER CDU50 Dual Trace 35MHz Delay £21
g(é | %SCS#‘" Dsiace: smm;:c ;TE:::,?‘a, DX Gperation n% f;‘;gs ;ECSaVTW?n? c::’ 1 (Miltary version ol AVO 8) Compiete with oanevgzs5
TEK, JONIX 547 Dual Trace SOMHz Delay T8 Delay S 140
TELE WIPMEN D3 Do raca 4 ot Swesp Siae | AVO Mocel 73, Pocket Mutmeter (Anlogue) 30 ranges. Conplete witn
TEKT 30NIX 434 STORAGE Dual Trace © WHz £500 bateries & leads £18
| 1GOL- PO 4000 wih Ourpul Ui 307l ace) e 490 I PROFESSIONAL 5 GREEN SCAEEN MONITORS mace by KGM for Feuters
Gives Qualkty B0 column x 24 hine Display Compasite Video m Cased Good
GENERATORS Condion NOW ONLY 32 eacn
MARY ONI TF2950/8 Mobie RADIO Tes! Set £1400
MAR ONI TF2006 FM 10-1000MHz £1750 | DISKDRIVE PSU 240V 1n 5V 1 648 12V 154 Out SzeW125mm  £10ea
MARL DmrFéooe FM - osgom £1,000 (ap£2)
HP.¢ NEEPOSCILLATORE$1D 1 2GH: £400
Other requencies availabie QWERTY KEYBOARD {as nL YNXMICAO). Pushto make. Cased . . ONLY £Sea
HEWL ZTT PACKARD 6168, 1 8-4 2GHz. £350 (p8p£2)
MARC NI TF2008 AIFM 10KHz -5 10MHz £1,200
MABL NI TF1066 B11 AM/FM 10MHz-470MHz £350 | AV TRANSISTOR TESTER TT169. Handheld GOMNOGO for m stu jsing
MA!, NI TF99SA'S 1,5-220MHz Narrow Deviation £250 | Complete with batieries. leads and nstructions NOWONLY
ADVA ICE type SG63E AMFM 4 230Mriz £100 (pap€3)
ADYA tgs scSGS$% AM150KFz 2200z £45
HP T :STOSCILLATOR 65(A 10Hz-10MHz £100
e B | o O B e,y
HP 4 42 Q Meter £1.250 f12
MARC N1 Q Meter TF 1245 wih TF1246 or TF 1247 500 GAUNDIG COLOUR GENERATOR FGSE Many funclions ms
H P.F IWER METER 431C with thermustor Mount 10MH2- 10GHz or
:azA‘m ,)GNIRFMILL\VOLTMETERTFZSOSSOKH 1.500MHz czg HENEOU I EN ]
2-
MAR. NI VALVE VOLTMETER TF2600 (0Wz-10MHz 1V 300V SO £40 | Taenco OSCILLOSCOPE 605, DualTrace 6OMHz Doty Sweep, Comporer)
MARC DI INSITY UNIVERSAL BRIDGE TF2701 £75
MARC N1 UNIVEHSAL BRIBGE TEa700 Besery Operated oo HAMEG oscm.oscops 2036 Dual Trace 20MHz Component Tesler c;ngg
MARC DN UNIVERSAL BRIDGE TF8668 75 | e m, =
H P, b30ADBAND SAMPLING VOLTMETER 34064 10KHz-1.26GHz  £500
e Rl I
APQLLO 10-100MH2 Rato/Period/Time Inferval etc tm
LEVELL TRANS) {ZISL%:‘A Ag EMR\CROVOLBYMETER mag h B85 | 0810 100 100N (ke s it s o]
KEITHLE Y ELEC TROME TER fype 6108 wih Adaplor 610 £500
SOLARTRON TRUE AMS VOLT NETER VM1 a6 %0 SLACK STAR FREQUENCY COUNTERS (p&p £4) Meteor 100-100MHz m
HP TAUE RMS VOLTMETER 34004 10Hz 10MHz oo | Mereor 600 S0k L
RACAL 32MHz UNIVERSAL COUNTER TIMER type 836 50each |  BLACK STAR JUPITOR 500 FUNCTION GENERATOR Sm”&quareﬁr\angle
with manual 0.1Hz-500KHz p&p £4
ISOLATING TRANSFORMERS :&%%CH:‘NG DMM 7030 3% digit Hand held 28 ranges including 10 Amp
240V input-240V output Complete wiih battery and leads p&p 04 £39.50
S500VA f15eachpBp L5
100VA €6eacnphpf2 |  OSCILLOSCOPES PROBES Switched X1, X10 phpt2 £11
STEWART OF READING Telephone: 0734 68041
———
— 110 WYKEHAM ROAD, READING, BERKS RG6 1PL EN

Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)
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Protecting
masts

The triangular steel masts widely
used for broadcasting and com-
munications are vulnerable to
corrosion and to lightning
strikes, with the major potential
hazard from indirect lightning
strikes being the possibility of
damage to any solid-state equip-
ment connected to the antenna
system. Despite the claims of
solid-state transmitter manufac-
turers that their equipment is
fully protected this in practice
depends, particularly in the case
of medium-wave equipment, on
the installation being adequately
earthed, both in respect of the
antenna system and the power-
supply system. An indication of
the extent to which this may
need to be taken is underlined in
a recent 127-page publication of
the European Broadcasting Un-
ion: “The protection of broad-
casting installations against
damage by lightning” compiled
by specialist engineers of RAI
(Italy), IBA (UK), Deutsche Bun-
depost (FRG) and Osterreichis-
cher Rundfunk (Austria).

One problem is that v.h.f. and
u.h.f. transmitting stations are
often built on hills or mountains
where the earth conductivity is
very poor and various systems of
“earthing improvement” are
necessary. This may include in-
creasing soil conductivity by in-
jecting highly-conducting solu-
tions in order to reduce the
contact and bedding resistance
of the earth electrodes. The au-
thors point out that, formerly,
use was made of saline solutions,
but these contributed to corro-
sion. More recently hygroscopic
emulsions have been developed;
in order to permit the emulsion
to penetrate the rock, blasting
may be necessary. Emulsion in-
jection can result in lower ear-
thing resistance, independent of
fluctuations in air temperature
and humidity and provides a
useful degree of corrosion pre-
vention.

The ABU Technical " Review
(September, 1986) includes a re-
port from China on metallic
corrosion in medium-wave
antenna masts. There are over
550 m.f. and h.f. transmitting
stations in mainland China. Se-
rious corrosion has been found a
problem at a site close to an

industrial city in south-eastern
China, where there are relatively
lightweight steel triangular
masts 106.5m and 147m high.
The segments most affected were
at altitudes of about 65 to 108m.
Microanalysis of the corroded
sections showed an abundance of
sulphur which was deemed to
come from sulphur dioxide
pollution from local power sta-
tions and factories. Harmful
smog from many chimney stacks
does not diffuse quickly under
low wind speeds and high
humidity.

The Chinese broadcast en-
gineers have concluded that
careful attention needs to be paid
to question of air pollution when
choosing sites and that metal-
protection needs to be consi-
dered in relation to environmen-
tal conditions. Techniques such
as surfact blasting, hot spraying
immediately with an Al-Mg alloy
coating with a sealed layer
painted over the coating are re-
commended in polluted areas. In
less polluted environments
masts can be sprayed with a
non-metallic paint on the steel
base after blasting. The Chinese
plan in future to use aluminized
coating and steel base combined
metallurgically, with resulting
stronger bond strength. The
aluminized coating with an in-
side layer of ferroluminium and
an outer layer of high concentra-
tion aluminium will, it is
claimed, be more resistant to

atmospheric corrosion.

Lithium 1.3Ah
batteries

Duracell alkaline battery adver-
tising claims, not met by many of
the large number of ‘export’ bat-
teries (grey imports?) being sold
in UK shops, have again been
under attack, despite the insist-
ence that the advertisements
now make it clear that alkaline
batteries compare best with the
cheaper carbon zinc units only
when delivering substantial cur-
rents over long periods.
Meanwhile, in the USA, H.
Taylor of the Duracell Research
Centre has been describing new
“high-power consumer-
replaceable lithium manganese
dioxide batteries” (IEEE Trans,
C-E, No 3, August, 1986, pages
694 t0699). This notes that while
the first Li-MnO, cells were
small, coin shaped units for
watches and calculators, high-
power 6V batteries of up to 1.3Ah
capacity were introduced on the
American market last year.
Lithium batteries present a
potential explosion hazard and in
these cells three safety mechan-
isms have been incorporated: a
positive temperature-coefficient
(p.t.c.) device which would limit
output current in the event of a
short-circuit (without such pro-
tection short-circuit current
could be about 10A); avent; anda
separator which is heat sensitive
and would close to prevent inter-
nal flow of ions between anode
and cathode. The batteries are
claimed to have a shelf life of five
years, to deliver energy at
temperatures down to —20°C
and to outperform commercial
aqueous and lithium systems.
SAFT America Inc have opted
for lithium copper oxide (Li
Cu0) and lithium copper oxy-
phosphate batteries as consumer
products. Both, like Li-MnO, are
solid cathode systems regarded
as essential to meet safety re-
quirements. Lithium copper
cells offer the same 1.5V nominal
voltage as alkaline and carbon
zinc cells but with greatly ex-
tended shelf life. In the small AA
size they offer about three times
more energy capacity than car-
bon zinc cells, though they are
suitable only for current drains
of less than about 50 mA and
about 1A or less for the larger D
cells. Some Li-CuO cells have
been on discharge for more than

wwwW americanradiohistorv com

13 years and are typically used
for such long-term applications
as memory back-up.

Spectrum
shake-up?

As forecast in E€WW, Decem-
ber, 1985 (“Selling the spec-
trum?” page 9) the DTI are likely
to recommend to Government
that radical changes should be
made in the way that the radio
frequency spectrum used for
broadcasting and land mobile
communications should be man-
aged in future. The proposals will
reflect the keynote speech made
by A.J. Nieduszynski of DTI RRD
at last year’s IERE Land Mobile
Radio Conference in which he
stated that “a piece of spectrum
carries a potential price tag.” In
effect, the proposals, some of
which would require legislation,
could be seen as a form of priva-
tization of the spectrum with two
new private companies formedto
administer on a day-to-day basis
the assignment of radio frequen-
cies to users. One company or
organization would look after
broadcast frequencies; the
second would be concerned with
communications.

It is possible that initial
assignments would be auctioned
or awarded to those who could
best use frequencies for the rapid
commercial development of
commercially-profitable ser-
vices. They would then be free to
lease frequencies, possibly on an
established fixed tariff, to indi-
vidual companies. In effect it
seems possible that broadcasting
authorities, such as the BBC and
IBA and possibly the mooted
Radio Authority, would largely
be responsible for administering
their own frequencies.

For services such as amateur
radio or c¢.b. radio, where blocks
of frequencies rather than speci-
fic channels are made available
to individuals, it seems unlikely
that these services would come
under the spectrum manage-
ment companies, and no propos-
als have apparently been formu-
lated. Defence services would
largely administer their own fre-
quencies, though this raises
questions as to how much of the
radio spectrum would be
assigned for defence and how
this could be varied.
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RALFE - ELECTRONICS | DS

Invitation to tender for your surplus to requirement
electronic test equipment, computer gear etc. Please
send list or phone our buyer.

5V/12V MULTI-RAIL POWER UNITS

A Bulk Purchase of these Gresham-Lyon switch-
mode power supplies enable us to offer them at a
fraction of their ‘cost to make’ price.

Spec: +5V @ BA. +12V @ 4 75A. —12V @ 500MA.
Units are brand-new, enclosed. 240V input, guaran-
teed perfect condition.

Price JUST £25 each inc VAT, carriage and data
sheet (to callers — £20 + VAT).

BRUEL & KJOER 2409 voltmeters ... £60
PHILIPS PM6307 wow & fiutter meter ... . £325
STC attenuators DC-1MHz 0-100db ... .. £25
ROHDE & SCHWARZ SWOB polyscop 400MHz
£150
ROHDE & SCHWARZ USVH selective uV-meter
£100
HUGHES spot welding supplies 100W/sec ... £125
STODDART  NM52A  interference  receiver
1GHz. T ..£350
EDDYSTONE EC958 communications receiver

0SCILLOSCOP

TEKTRONIX 7A18 Y-Amp. £400
TEKTRONIX 4658 100MHz .£850 -

£650 ’ .ee
TEKTRONIX 2235 100MHz . £750 :’ © QQ ‘e \

SYSTRON-DONNER frequency counter 6050
TELEQUIPMENT D63 3-trace 15MHz .....£225 .
TELEQUIPMENT D85 50MHz £400
TELEQUIPMENT D66A 15MHz. £200
TELEQUIPMENT DM64 10MHz =
Storage. . £275 1

TELEQUIPMENT D75 50MHz ... £350 MARCONITEST EQUIPMENT
TEKTRONIX 7613 100MHz storage
frame. .. e £1K5
TEKTRONIX 5103 main frames ... £350
Also scopes by Trio, Hameg, Hitachi
etc. Stock continually changing, please
phone.

T-PACKARD
PMENT

3490A digital multi-meter £350
8733A pin modulators £650
4204 audio oscillator £250
8552A 1.F unit. £1K5
8553L R.F unit 110MHz... £1K5
202H AM/FM sig. gen. ... £150
8701A/2A/3A link analyser ... .£350
431C/478A. ” £250
8640B Sig. gen £400
8555 spectrum analyser unit ... £2,750
8556 spectrum analyser unit ... £1,750

CONSTANT VOLTAGE
TRANSFORMERS

ZENITH 240V Output 240W . .£35
ZENITH 240V Output 500W .. .£65
CLAUDE-LYONS 220V 550W sine-
wave, new .£125

6051
- £195
£250
. £85
£150
£125
.. £125
£345
£175

454 £650

200MHz....
e

RADIOMETER FRA3 Audio wave analyser
AIRMEC 10KV ionisation tester................
BOONTON 77B capacitance bridge ...
SIERRA power meter 1-50W 144-470MHz
KORTING 82512 colour patterngen ... ...
CITRONIC 900W audio power amp V2-price
BRYANS X-Y-T Plotter type 22020 ... ...
FARNELL puise generator system. ..£75
BPL Component comparator .......................£150
VALVE TESTER made for US Navy type TV10DU
£125
TEKTRONIX 7L5 spectrum analyser P.|. SMHz
£2K5

* * STEPPER MOTORS * *

Brand new stock of ‘ASTROSYN' Type
20PM-A055 stepper motors, 28V DC, 24
steps per rev. 15 oz-in torque = 100PPS
Body length 212", diameter 2", shalt 14" diam
x 44" spirally threaded. Weight 160z. Price
each £11.50 (p&p 50p). Connections
supplied. INC VAT

PHILIPS CONTROLS CORP 14V 48 Step per
Rev 4-phase 2.75" diameter. £5 each + VAT
p&p 50p

RUM ANALYSER
10MHz

Hewlett-Packard  spectrum  analyser
system comprising 8553L 0-110MHz RF
unit, 8552A |.F. unit installed in a type
140B main frame. Excellent condition,
£2,950
VA

with manuals. One off only

WE HAVE IN STOCK A WIDE RANGE OF POWER SUPPLY
UNITS, AVO MULTI-METERS, INSULATION TESTERS.
COMPUTER PERIPHERAL EQUIPMENT ETC. ETC. WE
WOULD BE PLEASED TO RECEIVE YOUR ENQUIRY
REGARDING ANYTHING ELECTRICAL OR ELECTRONIC

DRE 4000A DRIVES

Data Recording Equipment Model 4000A5 + 5MB
Top-loadin? disc drives in stock. Brand new
including full technical manual. Few remaining
£250 each + VAT.

SPECTRUM ANA

HEWLETT-PACKARD
spectrum analyser
0.01-350MHz  plug-in
unit type 8557A fitted in
type 182T main-frame.
Immaculate condition,
very little used. With
manuals ..........£4,000

+ VAT

TF2300 modulation meter £400
TF144H 72MHz signal generator.... .£75
TF868 univeral bridge £65
TF2301 moduiation meter £150
TF1066B sig. gen AM/FM to 470MHz

£35
TF995B/5 sig. gen. AM/FM to 220MHz
0
TF995A/5 sig. gen. AM/FM 1.5-220MHz
£200

TF2604 electronic multi-meter £145
TFB93A audio power meter £75
TF2330 audo wave analyser £250
TF2002 signal gen. to 72MHz ... .£400
TF791D deviation meter £100
TF2606 differential DC voltmeter _£125
TF1152A RF power meter 50 ohm 25W
£65

TF2612 attenuator £100
TF2430 80MHz frequency counter £125
TF2700 universat bridge £250
2540 Communications receiver .. £2,500

ER
oy -

ESCAP DC MOTORS

Swiss-made precision 6V DC motors with 70m reduc-
tion gearboxes. giving final drive speed of 16RPM @
gV )ameter 212¢cms x 4cms long PRICE INC VAT

CARRIAGE . £5.25
(E-equip tested & guaranteed)

PLEASE NOTE. All our equipment is sold in

= ¢ excellent condition. fully functional and
SERVOMEX servo-controllod 3KWs... £125 guaranteed for 90-days. Mail orders wel-

SERVOMEX servo-controlled SKW . £175  Z000q blease telephone for carriage quote on
CLAUDE-LYONS 220V 6KW servo  any e%mpmem ALL PRICES ARE PLUS VAT
type, new. £250 PLEASE.

CIRCLE 80 FOR FURTHER DETAILS

173MHz FM TELEMETRY RADIO LINK

B Line of Sight Range typically over
300 metres with 1mW ERP +
over 900 metres with 10mW ERP.

B Modular, Wall Mounting

. Transmitter + Receiver

B Direct Baseband Inputs +
Outputs

8 Approved to MPT1309

I EachModule 86 x 104 x 45mm
+ requires only 30mA dc at 7.2V

B ‘Add on' Modules for Remote
Switching, Voitage Monitoring +
Serial Data Transmission.

==
ADENMORE LTD

27 Longshot Estate, Bracknell, Berks. RG12 1RL Tel: 0344 52023

ENTER 70N REPLY CARD
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SurTel

SIMPLEX HALF DUPLEX
UHF RADIO TELEMETRY

- L] r
[ |

R
O

LOW COST UNIVERSAL PROGRAMMER
EPROMS EEPROMS MICROS

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. ® Completely self contained unit ® Eproms
All units operate from 12 volts D.C. and feature RS 423 ® No personality modules required 2508/16/32/64
input/output. Serial or parallel input options, plus micro- Y g°””°“‘e"| ] HMSZ‘GZ Te”a'd"xe"ace s;‘:’g CEN

idi i i ® Supports Intel otorola and Ascu / / /
processor based systems prow'dmg |ntelllggnt control etc. nef%ala b 128A/256/512/513
Uses 'mC'qu: survey instrumentation;, plant control; ® Easily controlled by most computers 27C16/32/64/128/256/512
automatic guided vehicles; environmental & met. stations; ® Fast and standard programming modes 68732/64/66
data buoys; offshore computer links; hand held key pads. ® Low and high byte programming for 16 bit data

® Byte block and chip erase for Eeproms ® Eeproms

CONTACT US TODAY FOR MORE INFORMATION
REGARDING DIGITAL DATA TRANSMISSION BY RADIO.

B 2816A/64A 52B13/23/33 48202

Price uncased £295 plus VAT

® Micros
8748/48H/49/49H

— LINK COMPUTER / COMPUTER / PERIPHERAL / INSTRUMENTATION —
— COST EFFECTIVE UHF RADIO MODEM —

MICROMAKE ELECTRONICS

1 THE HOLT, HARE HATCH. UPPER WARGRAVE, BERKS RG10 9TG
TEL: 0735223255 TLX:946240 CW EASY G REF: 19023890

Micro Concepts

2 St. Stephens Road - Cheltenham -

Tel: 0242 510525

Glos - GL51 5AA

ENTER 6 ON REPLY CARD
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10 COMMUNICATIONS

Working both
ways

For many vears, h.f. transmitters
and receivers were built as sepa-
rate units. The wartime develop-
ment of hand-transportable suit-
case stations, initially for covert
radio links, retained this separa-
tion although usually sharing
the same power supply unit. An
exception was the Russian Belka
M-2 equipment in which the
audio-output valve of the receiv-
er was switched to become a
crystal-controlled power oscil-
lator.

The era of the true h.f. trans-
ceiver really dawned with the
development of mobile s.s.b.
radiotelephones, pioneered
largely by Collins Radio in the
late 1950s, when it was found
that costs and size could be
usefully reduced by employing
the same s.s.b. mechanical or
crystal filter for both s.s.b. gen-
eration and receiver selectivity.

More recently further econo-

Controt
+

Reverse

1 Output

i—

b— AN —4 or input

Input Forward

or output

Bi-directional  Uni-directional

% Crystal filter

mies and size reduction have
resulted from the use of bilateral
(i.e. reversible) mixers and am-
plying stages.

In 1974, Redifon (now Rediffu-
sion Radio Systems Ltd), in asso-
ciation with Dr R.C.V. Macario of
the University of Swansea, used a
reversible circuit board based on
two Siemens TCA440 and a Ples-
sey SL621. This was used as the
basis of the Safari 100-watt s.s.b.
radio telephone, believed to have
been the world’s first dashboard-
mounted h.f. radiophone.

More recently, D. Holman of
Plessey Electronics Systems Re-
search has shown how the
battery-operated Plessey Model
PTR5300 10W/1W manpack set
has been considerably simplified,
to the extent of eliminating eight
relay and four amplifying opera-
tions by the substitution of re-
versible amplifiers in place of
unidirectional stages. Figure
1(a) shows the unit before mod-
ification: Fig. 1(b) with reversi-
ble amplifiers. Figure 2 shows
how the direction of the ampli-
fiers is reversed by means of a
switching control line.

Self-tuning
antenna system

forh.f.

The use of frequency-hopping
techniques on h.f. has led to
renewed interest in broad-band
and self-tuning antenna systems.
Rohde & Schwarz GmbH, for

example, have introduced a self-
tuning dipole with an overall
element length of about 10m,
using the established technique
of two vee-shaped elements
forming each half of the doublet
and with an adaptive tuning/
matching network immediately
beneath the feedpoint, for which
there is no requirement to pro-
vide control signals.

Automatic, adaptive tuning is
independent of variable condi-
tions in the near-field, including
changes of soil conductivity. The
non-volatile tuning memory up-
dates with each correction, re-
ducing the setting time for a
subsequent change of frequency
to about 60 milli-seconds, per-
mitting rapid change of frequen-
cy though presumably not fast
enough for military frequency-
hopping. It is rated for transmit-
tersupto 1kW.

Mould nears
completion

Due for completion in 1987, the
Home Defence “Mould” v.h.f/
u.h.f. area-coverage radio system
has been designed to provide
command communications be-
tween mobile and static units
within ten regional systems.
Based on the Pye Pegasus v.h.f.
equipment with Selcall selective
calling and, for Phase 2, the Pye
synthesized FM914, it provides
f.m. voice communication be-
tween district headquarters,

G.0.C. Rovers, subordinate
headquarters and Regular and
Territorial Army battalions.

Conceived in the early 1970s,
it involved £7-million phase 1
and £3-million phase 2 enhance-
ments — Mould uses single-
channel hill-top-site (h.t.s.) re-
peaters linked by v.h.f. or u.h.f.
point-to-point links with a max-
imum of seven hops between
users. Future possibilities in-
clude the use of the h.t.s. sta-
tions to provide also ground-to-
air communications. Inter-
regional working, not currently
possible, is leading to the de-
velopment of an interface with
the British Telecom network.

The phase 1 Pegasus units are
18-channel (12.5kHz) radios
operating between 68 and 88
MHz. The link equipments use
140 to 150 MHz (25kHz) and 420
to 450 MHz (25kHz). When com-
plete ther. will be 90 discrete
nets using 150 h.t.s. repeaters
and 200 links using 227 different
v.h.f/uh.f. channels. A few iso-
lated complaints of interference
to radio amateurs using 430 to
440 MHz as secondary users have
been received. Maintenance and
repair of the h.t.s. sites has been
in the hands of the four T.A.
Home Defence Signal Regiments
of 2 Signal Brigade (though
these may be replaced by con-
tract maintenance). User radios
are maintained by REM.E. A
detailed description of “Mould”
appears in the Summer 1986
issue of The Journal of the Royal
Signals Institution.

(a)
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
RST Tel: 01-677 2424 Telex: 946708 RST

Account e

lities available to approved compames with minimum order charge £10. Carrage and [xuklnu £1.50 on credit orders
Over 10,000 types of vadves. tubes and senmiconductors in stock. Quotations tos any types not listed S

SEM'CONDUCTORS BCIS? 011 BDN3 075 BFSYR 1.3 MIE30 11C226D 14 INIAY3 030 IN3R23
BOIN3 0. 8237 1133 BEWID 1.04 MIL3T0 111209 INZIAT B IN3866
AALIY [ ASZ106 2.th BCIN 011 B23x 1135 BEWII 1l MIEIT! TIP2YA IN2I4R 275 2N3u
017 ASZ17 1.60 BC212 14 BDXI0 091 BEX$S 0.28 MIES20 TIPIUA INIIR 032 IN39OS
03 ASZ20 450 BC213 01 B1X32 20 BEXSS .28 M52 IIP3IA 0.32 IN3AI6
0.3 ASZ21 4.75 it BDYI 240 BFXK7 0.2% M2 1P32A 0.22 IN0SX
030 AUYID 350 109 BDY20 1.50 BEXHER 028 MJ LS IIP33A 0.22 INSIEY
ACI7 0.55 BALIS 013 (XY BDY60 1.50 BEY S 0.8 MPE Y ITP3A 0.20 INJ060
ACIZ 0138 BALIR UIs 0.36 BETIS 030 BEYS) 2% MPITHd VIP41A 7.50 INdua]
ACI20 038 BAIS4 (106 0,36 B152 016 BFYS2 .28 MPIHOS II042A 0.23 INA0G2
ACI2T 0.0 BBA1SS 011 » BI'I53 0.1y BEY6I 026 MP FIP1I0 INJO0S 044 IN236Y 023 IN4I24
ACIR 135 BAISH 0,06 (iK1} BITS4 017 BEYOn th63 MPpS b ey N6 (04 IN2384 024 INAI26
ACHI 038 BAWSY 005 049 BE159 220 BSX1Y 0.7 MPSUNL 1] (P25 INJ07 03 IN26d6 LTS INJ2IK
ACIHIK 045 BAXIZ 008 0oy BE160 020 BSX20 27 MPSUDA 133 LIP130 INJR 0 IN2UE LA INA2RS
ACH2 B BAXI 006 (K1) BE (66 .38 35X21 427 MP! LIP3 INJ 1R 3 IN2UM 030 IN428Y
ACI42R 045 BC 7 012 .09 BF 167 0.30 131106 1.63 N (NIREY NS4t 0.10 IN2WS 030 2N4400
ACITH 1133 BC 108 i3 378 [IR BTY79 400K 3.00 NK'i1 401 LIP(235 INS401 11 INZ9R 022 2N4401
ACIRT 0 3s BC 109 014 375 0.30 BU2wS 1.20 NK1403 TIPIAT 1544 (.04 INT .22 INJH2
ACINE 0.3 BCII3 02 378 030 BU206 1.20 NK [404 IKEL 18290 NIt IN2924 012 INSYST
ACY17 233 BCIH Q.13 250 0.3 BLU20K 2.0 OAS P11 15921 0.12 IN2Y2S 022 7N\45h
ACYIR 1.5% BCIIS 012 250 0.30 BY 10K 42 0A7 P42 G301 1.00 IN2926 012
ACY1Y 180 BCII 019 360 12§ BY126 015 OAIO T1P29S5S 2Gn2 1.20 2N30S3 0.3
ACY20 1.5t BCII17 0.24 340 130 BY127 0,15 (AL7 T1P29351 G306 1.50 ON30S4 058
ACY2! [ BCIIS .30 1132 0.30 BZ.X6! .17 OAT) AN 1.50 IN3NSS ]
ACY3Y 140 BC123 0.25 443 030 Series OATY | IN6BYIO 0.30 IN3M0 .60
ADIHY 1.00) BCi26 0.5 025 0.3 BZYSK 110 OAR] INOYT .36 IN3H] .75
ADI6] 0.50 BC135 iLI8 02| 013 Sericy OAXS INGUN 0,38 IN2442 1.00
ADIG2 00.60 BC136 Ay 21 013 B/YY K00 OA9N INT0S 2.50 IN364) S0
ADZIl  12.50 BC137 +.22 021 0.15 Series QAYI INTO6 020 IN3T2 )11
ADZI2 1250 BC1IT .12 350 0.S BZ7YY3 12 0AYS INTON 0.22 IN3T03 )11
AL .60 BCHIR .12 .35 033 Serics OAN 2NY30 .25 IN37IM )11
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ANY2T 1.00 BCI78 02 20 b GMO3TSA 175 0 RIOWB 200 INI6I3 030 ‘N’cxw .50
ASZIS 220 BC179 013 07 IsF\M 034 KSIA .45 079 TICH (DRt INI6TI 5
VALVES EISOCC 1050 Elxs 173 Gslo6 10.00 QU7 12.50 x| eCG? 2.50 155.38
E 180 1205 L.rs6 150 .00 ()vm 12 60K K7.00 6CHo 1300 9.00
AIN3 9.00 EI82CC 1325 EIR0 250 300000 VIM-T 350 ) Cl 0375 S634 10,30
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17 50 sS4l 1w 6.37 IS38 197.40 5 6D 1.50 5670
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E 15.00 kK [HE 2.0 Gat :u 20.00 35 6 B 250 5718
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7% Erisd o [TA 4.00 16000 6F6 3.00 5720
PSS 12000 G/ 173 2500.00 6r23 160
EIR0SS 15,00 G2 400 Q72 460 Lo
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[ 13 N S0 CsY R17 340 1400
I 2.5 K166 15.000 PCCINY RIS 3 75
t 4 K177 Gold PCCROS R1Y 9.24 30
F 4 Lion 1200 PCCNOB R20 250 185 550
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Price ruling ot time of despateh ! _ ) ) ) ) Telex 946708
In some s prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. E.&OE
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How linear is linear?

An algebraic method of determining non-linearity in a
long-tailed pair, with an application in the evaluation of

eaders may be interested in an exten-
Rsion of part of the theory presented by

F.J.Lidgey in part 2 of his article “The
tale of the long-tail pair”’, (E€WW October
1985), concerning the linear differential
transconductance amplifer. The problem
arises that equation (5a).

V|NNT=IOge((II/I())/(1—(ll/lo))“’((ll/lo)—
172)IRV

expresses the input voltage Vy as a function
of the output current I,, where what we
would prefer is an expression for I, as a
function of Viy, in order to be able to
quantify the non-linearity in the amplifier.
Equation (5a) cannot be solved algebraically
to give an expression in closed form for I, as
a function of Viy. However, apart from
resorting to graphical or numerical
methods, there remains one other option,
which is to find a power series solution for
the output current as a function of the input
voltage.

By substituting i=1;,—1y/2=1y/2~1, and
I.=1,/2,wherel, is the current in each of the
“legs” of the linearized tail (see Fig.1), then
equation (5a) simplifies to:

1+(i/IL)}

1-(i/1) ()

V]N=<1LR).(ﬁ)+leogL {

Using the expansion

e e x
log,(1+x)=x— R

then V|y can be written as a power series in
(i/1,)

v.N=<ILR>(i)+2VT{ (i) 3(x)

LAy (g

+3fi) <} @
It is interesting to note that no even
powers of (i/I;) appear in this series. Stated

generally, the problem is this: given the
power series

e s)
y=2 bx’ 3)
r=1

how do we find the inverse series

+... x|

oc

x=2 dy’ (4)
s=1

mixer performance in receivers

R.J.IRVINE

IL(=IO/2)

-V

Fig.1

If the latter series exists and is convergent,
then substituting (4) in (3) gives

r

y=2 br(z asys) (5)

r=1 \s=1

The right hand side of equation (5) may be
expanded and, by equating powers of y on
both sides of the equation, the coefficients a,
may be found in terms of the coefficients b,.
Expanding as far as the third power of y gives
the following results:

1
- 6.
aj by (6a)
—b,
= 6b
az b, (6b)
2b,° b
= 5 (6c)
oK
Cu(rfi)er‘.\L
Input ~ 7
?E)u e Tr5
Sig(Tt)][ o 4 k
Inp;ﬂ(-F]
[+
’l'r7
Bias
Tr9
Ry Zs00®2 S s00 R3 2 500
vl 1 1 )
Fig.2. MC1496

Returning to the application in hand we
have, by inspection of equation (2),

b =1 R+2V; (7a)

b,=0 (7b)

by=2V,/3 (7¢)
Using equations (6) gives

a,=1/(I.R+2Vy) (8a)

a,=0 (8b)

ay=—(2V4/3)/(I R+2Vy)* (8c)

so that the power series as far as the third
order for (i/1}) as a function of V| is given by

(L)_ ! B T
LT (LR+2Ve) N (IR+ 2V N

It can be shown that since equation (2) has
no even powers of (i/I.) then there are no
even powers of Vyy in equation (9).

Neglecting the non-linear terms for a
moment, then if [, R>2Vy, equation (9)
reduces to

=3 (10)

If Viy<1 . R+2V; then the fifth order term
in V|y can be neglected in comparison with
the third order term, so that it is the third
order term which represents the most signi-
ficant deviation from linearity.

Analysis of this kind is important in a
number of applications: as well as forming
the basis of the four-quadrant multiplier in
Fig.9 of F. J. Lidgey’s article, the linearized
long-tail pair is also used in doubly balanced
mixer integrated circuits, e.g. the Motorola
and Signetics MC 1496. Such a mixer might
be used in a radio receiver to multiply an
incoming signal with the output from a local
oscillator in order to generate a signal at the
intermediate frequency. If the mixer has
non-linear characteristics, then it may also
combine two or more signals at its input to
give a spurious output signal at or near the
intermediate frequency!. This process is

continuedon p.107
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PABXs from
the exchange

Both Mercury and British Tele-
com have announced plans to
offer Centrex services based on
10,000 line telephone ex-
changes, the former having
stated that it expects to be able to
offer the service in the City of
London before the end of the
year while the latter is planning
to launch a trial, also in the City,
early next year. Centrex, a con-
traction of ‘central exchange’,
will allow the features normally
associated with a p.a.b.x. to be
provided directly from the public
telephone exchange.

Currently, no switching sys-
tem developed in Europe can
offer proven Centrex facilities, so
Mercury has placed an order,
believed to be worth £2m, with
Northern Telecom while BT has
signed with AT&T and Philips
Telecommunications UK Ltd for
an ESS-PRX switch. However,
BT has now specified the provi-
sion of these services on System
X and Ericsson’s AXE10 (System
Y) exchanges to be used on the
network.

While this service has been
offered in a basic form in the USA
for a number of years it is the H
technology of today’s advanced
digital exchanges which,
together with optical fibres,
make it feasible to obtain the |
sophisticated performance that
is now becoming available.

Centrex provides an alterna-
tive to on-site p.a.b.xs. It allows |
users to adopt the advanced fea- l
tures of modern p.a.b.xs without
having to plan, purchase,
accommodate and install their
own equipment and also allows
them the flexibility to accommo- |
date the changing needs of grow-
ing organisations. !

It can be considered as having
the p.a.b.x. sited at the local
public telephone exchange with ‘
wires associated with each exten-
sion running all the way back to
that exchange. It is expected,
however, that it will be im-
plemented via a single optical-
fibre cable to a building. Thiswill
be the eguivalent to possibly
hundreds of ordinary copper
wires and be economically vi-
able.

One essential factor being that
whereas p.a.b.xs can be supplied
by independent vendors as well

| currently allocated to the Minis-
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as the network supplier, e.g. BT,
Centrex will be the province of
the carrier. In fact, the Office of
Telecommunicaticns (Oftel) is
looking at the implications on
these developments on the
Branch Systems General Licence
(BSGL) which covers the sys-
tems run by most users of tele-
communication services.

Greater cellular
capacityin
London

The Department of Trade and
Industry (DTI) has made avail-
able additional channels in the

London area for cellular radio.
This should enable the max-
imum traffic capacity of both the
Vodafone and Cellnet systems to
be doubled in the central London
area where congestion has been
experienced. It will take, how-
ever, an appreciable time for the
effects to filter through to the
user, since none of the existing E
sets are able to make use of these
extra channels and neither net- |
work is yet suitably equipped.
[nitially 1,000 channels were |
designated for cellular services.
600 of them were allocated
equally between the two net-
works, with the remaining 400
reserved for the projected pan-
European digital cellular service.
Of the additional ¢hannels that
are becoming available, because
of re-allocation of frequencies

try of Defence, 200 will become
available to each operator. Indue
course, if demand justifies it, a
further 120 channels could be
made available to each operator.
This, would make 620 instead of
the 300 that each operator has at |
present and so increase the num-
ber of subscribers that the net-
works can supporl without the
quality of service becoming no-
ticeably degraded.

Growing
networks

The number of private wide area
networks {(wans) in Western
Europe will almost double in the
next six years to 1992. By then,
according to a study carried out
by Logica as part of its Telemati-
ca multi-client market service,
the number will have grown to

18,640 from today’s 9,430. Simi- I
larly, the market for all packet- I
switching products will have
grown from $84 million in 1986 |
to $163min 1991.

Other findings of the report
indicate that the market for mul-
tiplexers and network multiplex-
ers will also grow over the same
period. While it will be larger,
from $200m to $330, it will be
growing at a lower rate, with the
result that the packet-switching
share of the total wan market will
have risen from 29 to 33%.

P.b.x. suppliers such as Ples-

sey in the UK and Germany’s
Siemens have been busy develop-
ing interworking between their
p.b.x.s and packet switches. This
approach will assure them of a
long-term advantage among
small and medium sized custom-
ers once the p.b.x. gains accept-
ance as a reliable data carrier.

At the same time, [BM’s move
into the data networking market
will be watched with consider-
able interest in the near future. It |
is currently developing a new
networking strategy and is in-
tending to increase its share of
the data networking market. Its
moves into local area network- |
ing, protocol conversion and
p.b.xs are evidence of this. It is H
likely that IBM will develop or
badge other networking pro- |
ducts in the near future.|
Although it will take time to gain
large shares of the established |
markets for the more specialized
and already proven products
(such as large packet switches),
and although many users will
react unfavourably towards [BM
in order to maintain a measure of
supplier independence, IBM’s
long term effect on the market
will be considerable.

BT digital
progress

London’s first major System X
exchange has opened and already
it is handling over 3,500 subscri-
ber lines. In Wood Street, in the
City of London, it is a key ex-
change for City Institutions such
as the Bank of England. By next
March BT will have provided over
one million digital subscriber
connections and is aiming for 12
million such connections by the
end of the decade.

Already 45 of BT’s 55 main

digital switching centres are
already in service and it is intro-
ducing the CCITT Common
Channel Signalling System No 7.
It claims that it has the largest
interconnected digital network
in the world — a total of 70
System X exchanges with
165,000 lines in operation. Now,
with its programme well under
way, one new digital exchange is
entering service every working
day.

The first of the Ericsson AXE
exchanges is also being brought
into service at Sevenoaks, Kent.
AXE was selected by BT as the
alternative to System X and thus
often referred to as System Y.

As part of its digitalization
programme BT has its 80kbit/s
IDA (integrated digital access)
pilot scheme serving 60 tele-
phone areas. In total, there are
roughly 1000 single line accesses
available plus a few 2Mbit/s
multiline ones for p.b.xs. From
next year BT will be making the
144kbit/s CCITT standard single
line accesses available.

Optical-fibre
links in Hong
Kong

As part of the increasing digita-
lization of the Hong Kong net-
work, a 140Mbit/s single-mode
optical system operating at
1300nm will connect the Cable
and Wireless (HK) satellite earth
station, the submarine cable sta-
tion and Hong Kong’s interna-
tional telecommunications faci-
lities at the C&W headquarters in
new Mercury House, Wanchai.
Provided by GEC Telecom-
munications, the new optical-
fibre link will complement the
existing analogue microwave
system and analogue cables link-
ing these systems.

In addition, the existing cross-
harbour optical fibre cable sys-
tem, connecting New Mercury
House to the second internation-
al switching centre in Tsim Sha
Tsui, Kowloon, will be upgraded
from 34Mbit/s to 140Mbit/s. For
this system, the optical trans-
mission equipment has been de-
signed with leds (rather than the
lasers in the system above) to
optimize the use of the existing
multimode fibre cable over the
relatively short2.5km path.
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Irish National
videotex

The Irish National Telecom-
munications Authority, Telecom
Eireann, has awarded Micro
Scope plc the contract to provide
its national videotex network.
Telecom Eireann anticipates
that the pilot service of the net-
work, based on MicroScope’s
videotex access points (v.a.ps),
will go live in the autumn.

The 96 port network hasv.a.ps
situated in Dublin, Limerick,
Galway and Cork, providing local
call access to the users. The
network will provide support for
single and multi-standard
videotex terminals including all
of the European videotex stan-
dards. These are the CEPT ter-
minal standards known as Profile
1, 2 and 3 on which the German
Bildschirmtext, Teletel (France)
and Prestel services respectively
arebased.,

Support will also be provided
for ASCII terminals. Gateway
protocols (for host computer
connection) supported will in-
clude Prestel Gateway and X.29.
The network will include a trans-
coding facility between terminal
standards and international
Gateway access to videotex ser-
vices in the UK, France, Ger-
many and other European coun-
tries. The national videotex net-
work of Eire has also been de-
signed to provide access to a
comprehensive electronic mail-
box system, Eirmail.

Tokyo running
out of numbers

The three-digit station-code
numbering system in metropoli-
tan Tokyo is expected to reach its
limit of usable telephone num-
bers by next March. Consequent-
ly, Nippon Telegraph and Tele-
phone Corporation (NTT) has
announced that an extra digit
will be added to certain 3-digit
codes in the 23 wards of Tokyo
from January 1987.

As the first measure to expand
the system, pocket bell pages will
be given four-digit station codes
from January 1987 and first-time
general telephone subscribers
will be assigned four-digit sta-
tion codes in January 1988.

According to an NTT spokes-
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man: “The new measure initially
will apply only to first-time sub-
scribers. The approximately five
million telephones which are
now installed in metropolitan
Tokyo will continue to have
three-digit station codes until
the beginning of 1993.”

German packet
network
upgrade

The German PTT, the Deutsche
Bundespost, has placed a $10
million contract with Northern
Telecom for equipment to ex-
pand its Datex-P packet switch-
ing network to meet the rapid
growth of demand.

[t is based on NT’s SL-10 data
packet switching systems which
were initially installed and oper-
ational in spring 1980. The prim-
ary network services offered are
the CCITT standards X.3, X.25,
X.28 and X.29 with international
connections to over 50 data net-
works in 32 countries being pro-
vided by the X.75 gateway ser-
vice. At the end of last year the
network consisted of 45 switch-
ing nodes distributed in 17 cities
throughout Germany, support-
ing over 15,000 user-data con-
nections. The network is grow-
ing at a rate of 5 per cent month-
ly at present.

CERN Geneva
to become

integrated

CERN, the European Laboratory
for particle physics, is to estab-
lish a distributed communica-
tions network to serve its opera-
tions spread over a number of
different locations. It has placed
an order with ITT’s Norwegian
company Standard Telefon og
Kabelfabrik (STK) for an ITT
5500 BCS system which will in-
itially serve 11 sites at CERN
locations in the Geneva area.
Under the contract STK will
supply an integrated services
digital network (ISDN) to pro-
vide voice and data communica-
tions. It will allow interconnec-
tion with a variety of computers

and terminals, connectivity with
the existing CERN data network
I and the present crossbar p.a.b.x.

as well as direct in-dialling to all
CERN telephones. The ultimate
capacity of the network is in-
tended to be more than 12,000
ports, of which more than half
would be data ports.

Airlines data
update

The largest private data network
in the world has just been re-
equipped with low-speed (2,400
to 9,600 bit/s) modems. The
international airline com-
munications network run by
SITA, which is owned by nearly
300 major international airlines,
has installed these modems in 36
countries around the world ex-
tending from Algeria to Uruguay
and including the UK, USA and
Russia.

BT expands
packet
switching

In order to meet demand for
international information tech-
nology services, doubling
annually throughout this de-
cade, British Telecom Interna-
tional (BTI) has opened a £3.7
million exchange computer data.
The second to be brought into
service by BTI for its internation-
al packet switched service (IPSS)
it provides greatly increased call
handling capacity and additional
customer and network facilities
to provide industry and com-
merce with fast, reliable and
economical data communica-
tions with 50 countries offering
access to and from 73 different
packet switched data networks.

The new gateway uses the DPS
1500 packet switch developed
and manufactured by Bell Tele-
phone Manufacturing Company,
Antwerp, and supplied and in-
stalled by STC Telecommunica-
tions.

Link to London
embassy

The satellite communications
link between the American
Embassy in London and the US
State Department in Washington
has been officially opened. The

new 1.6Mbit/s British Telecom
Satstream link via Intelsat is
dedicated to the exclusive use of
the State Department and pro-
vides a flexible means of carrying
voice and data traffic.

Since this London link was
installed, the State Department
has placed an order with BT to
extend the service to US Embassy
in Bonn, West Germany.

BellSouth
International
plans expansion

BellSouth, one of the Regional
Bell Operating Companies of the
USA is establishing a company in
London as part of its planned
expansion, with particular refer-
ence to Europe and Latin Amer-
ica. When speaking in London
recently Ms Mylle H. Bell, Bell-
South International president,
said that international opera-
tions would constitute an in-
creasing amount of BellSouth’s
business and that the parent
company would provide what-
ever resources were necessary.

The BSI approach is “to work
with and through the local com-
munications community”. This
is underlined by the agreement
with London-based Air Call to
form a joint venture called Air
Call Communications, which
will offer cellular, mobile paging
media response and telephone
answering services in Grat Bri-
tain and other European coun-
tries. In addition to an agree-
ment with the city of Metz,
France, regarding a Teleport
which will offer advanced com-
munications services to high
volume users, BSI has held dis-
cussions with both the French
and German PTTs.

In addition, Brian Hailes who,
prior to joing BSI spent nine
years with ITT in London, Brus-
sels and the USA, has been
appointed v.p. marketing. He is
responsible for world-wide mar-
kets with the exception of the
Hong Kong basin. He sees
Europe, especially UK and
France, as being the areas of
major importance. However,
Hailes, who works out of Atlanta,
Georgia, is also looking to Ara-
bian Gulf and Northern Middle
East area for business “on an
opportunistic basis”.



Using the Data
Encryption Standard

Hardware and software for interfacing a WD2002 data

ncryption or encipherment! is the
Eprocess that changes data into secret
form. The original data is known as
plaintext or cleartext and the encrypted data

as ciphertext. The encryption operation is
described by the equation

Ex(P)=C (1)

where P,C and K are the plaintext, ciphertext
and key respectively. In electronic encryp-
tion P and C are the electronic representa-
tion of characters. The purpose of the key is
tovary the operation. A change of key results
in a different C from the same P. The inverse
or decryption operation is described by the
equation

Ex (C)=Dk(C)=P. (2)

Normally the only part of Ex or Dy that is
varied is K. A user chooses a key from a set of
possible keys, {K}. This particular key must
be kept secret since it must be assumed that
an unauthorized listener (cryptanalyst) to an
encrypted message would know the fixed
operations. He may also know some plain-
text such the plaintext-ciphertext pairs can
be formed: Therefore in a satisfactory cryp-
tosystem.

1. The number of possible keys must be very
large to prevent a cryptanalyst from trying
each key in turn in equation 2 until
meaningful decrypted data is obtained.

2. The fixed operations must be very compli-
cated such that a key cannot be deduced
from a plaintext-ciphertext pair(s).

DATAENCRYPTION STANDARD

The Data Encryption Standard (DES)
(Fig.2.) was selected by the U.S. National
Bureau of Standards in 1977 to protect
computer data by encrypting the binary
coded information. Plaintext, key and
ciphertext blocks consists of 64, 56 and 64
bits respectively.

The algorithm has 16 stages and a key
block of 48 bits is generated from the
original 56 bits at each stage. The plaintext
block is divided into two sub-blocks, Lq and
Ry, of bits each by the initial permutation.
The right block, Ry, and first key block, K,
are used to generate a new block which
undergoes an exclusive-or operation with L
to produceR;.

The f function is very complicated and is
not considered in this article. The reader is
referred to FIPS PUB 46, National Bureau of
Standards® for a more detailed description.

encryption device to a Z80 processor

BRIAN P. McARDLE

Input P (64 bits)

L{0)(32 bits) R{0)(32 bits}

Output C(64 bits)

Fig.1. Data encryption aigorithm.

This procedure is repeated for the stages j=1
to 16 and the encryption operation is de-
scribed by the equations

Lj:Rj-l
Ri=f(R,.1, KDL,

Input blocks to the inverse initial permuta-
tion are L,y and R, and the output is the
ciphertext block. Decryption involves the
same process but applies thre keys in reverse
order.

Keys, K; to K,z are generated by the

method shown in Fig.2. An input block of 64

bits is reduced to 56 bits and formed into two
sub-blocks, Cy and Dy, by permuted choice
12. The eight redundant bits are generally
used as parity bits.

The first key, K, is generated from the
two blocks by permuted choice 22. Then the
bits of Cy and Dy are shifted once and Ky is
generated. This procedure is repeated for the
16 stages with the following shift arrange-
ment,

1,1222222,122222.2,1.

Operations within the algorithm are very
complicated. Each bit of the ciphertext block
depends on the full plaintext and key blocks.
Hence it is impossible to establish a rela-
tionship between individual bits of the three
blocks. The main criticism centres on the
size of the key block of 56 bits. A user
chooses a key block from a set of 2% possible
blocks. All other operations are fixed and
cannot be varied.

The designer® of the standard estimated
that a computer which could make a search
of the set of possible blocks in approximately
one day would not be available before the
year 2000. This now seems unlikely. Howev-
er, double or triple encryption® should pro-
long the life-span. For the present the
standard is cryptographically secure.

IMPLEMENTATION

To avoid modifications by users the standard
must be implemented in hardware. It is
available on a number of integrated circuits,
such as the Western Digital 2002 and Intel
8294, which can be interfaced to eight-bit
microprocessors.

Figure 3 shows the interfacing arrange-
ment for a WD2002 device in a design
prototyping board of a Multitech Micro-
Professor kit, which is based upon a Z80
microprocessor. The ¢s input is put low to
enter or read data. The icT input is put
high to initiate execution of the algor-
ithm. The o input is put low to encrypt or
high to decrypt. These three inputs are
obtained from a parallel input/output device
(Z80-p.i.0) designed to interface the Z8&0
microprocessor to peripheral devices. Data
lines (B, to B7) are connected to the system’s
data bus. Input we is put low to
enter data into the device from the data bus;
RE is put low to read data from the device on
to the data bus. These inputs are obtained
from two unused chip-select outputs on the
address decoder. The wE or RE input is put low
by placing $E800 or $E000 as appropriate on
the address bus. Otherwise both inputs are
high. Inputs ¢k and mr are connected
to the system’s clock and reset lines respec-
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19 DATH 181,176,193,

21 DATA 224,241,161,

s FoOr I=1 TO &

43 RERD K

53 FOKE &1583+1,k

&8 HWESRT 1

v INFUT ““E OFR D77 ,R#
=35 IF E¥=""E"" THEH 114
=15 IF RE=""0"" THEH ZZa
188 COTo 78

1189 POKE &1445,82

128 FOR I=1 TO =

138 IWFUT " "FPLAINTERT " ,F#%$
148 P=HSCIICFE:

138 FOKE S1517+I,F

168 HEXT I

178 CHLL &1444a

128 FOR I=1 ToO =

138 C=FEEK(&1517+I2

288 FPRINT“"CIFHERTEST ;L
218 HEXT I

228 GOTO 124

238 FOKE &£1445,06

240 FOR I=1 T &

298 INPUT " “CIFHERTERT 7,0
zed POKE &1S17+1,0

278 HEXT 1

228 CALL &1448

238 FOR I=1 TO &

290 P=FEEE(&1S17+12

318 & W S

328 PRINT“FLALIWHTEST "3 F%
238 HEXT 1

348 G0TO 240

tively. For this particular mode of operation
the brs and crrs inputs are tied
high and low respectively. The reader is
referred to WD2001/2 data sheet (Western
Digital Corporation) for a more detailed
description of the device.

Encryption/decryption operation is initi-
ated by putting cs low, acr high and &o
low or high as appropriate. Then the key
block is loaded by pulsing the we input low
eight times with appropriate bytes on the
data bus. The key block uses 56 bits and the
eight redundant bits are used as parity bits;
parity of every key byte must be odd. Once
the key block has been entered it cannot be
read. Data is loaded after the key block using
the same method. After approximately 50
clock periods the encrypted/decrypted data
block becomes available and its is read out by
pulsing the ke input low eight times. The Z80
microprocessor controls the operation of the
WD2002 but does not take part in the
encryption/decryption operation: this hap-
pens entirely within the WD2002.

PROGRAM

The program iswritten in Basic and stored in
location $F100 upwards. Encryption and
decryption are handled by a machine code
sub-routine stored at $F000: the key bytes
are entered into memory at locations $F046
to $FOAD by the Poke statement. The user is
requested to input E to encrypt or D to
decrypt.

For encryption, the number $02 is stored
in location $F005. The plaintext block is
entered as eight Ascii characters, which are

K(64 bits)

- Permuted

" choice?
R i Rl ik

Fig.2. Key blocks for the Data Encryption Standard.

e '—-.@ Address bus s
v i ¥ T
Clock - | Data bus ' Memory
RESET " ~{rom&ram)
Data lines {Bg—B7)
Clock 15§
B ‘@%’ &‘%
MR 32 it
Wzé% 98‘&34
i Q@:@i‘; S 16
.0 w2002
,zagofﬁ%m‘ ACT_341 Data
| 2
Ao D3 »:Q‘%gf:’?;
3 B G
i g [
Q@S
7 o s j 2 . i
changed to eight data bytes and entered into A £000 WE § e
memory at locations $F04E to $F055 using _ ;?;':”- :
Poke. After execution of the encryption ts13g |EBORE 10
sub-routine these locations contain the en- i X 5% 25 i n
crypted data bytes which are read using Peek ] {5 .
and output to the display. Then the user is B 3] b
requested to input the next plaintext block. ——
~ For d_ecryption th'e number $06 is stored  Fig3. Interfacing the WD2002 to the Micro-
in location $F005. Ciphertext is entered into  Profegsor 280 system.

memory at locations $FO4E to $F055. After
execution of the decryption sub-routine,
decrypted data bytes are read from memory,
changed back to characters of the Ascii
alphabet and displayed. Then the user is
requested to input the next ciphertext block.

If K={161,176,193,208,224,241,161,

For details of the Micro-Professor single-board
microcomputer, contact Flight Electronics at
Southampton on 0703-227721. The unit is also
available from Verospeed on 0703-644555.




This encryption-decryption rountine is
called by the Basic program

{facing page).

$Fgoe MVIA #30F JE WF
$FEOZ  OUT $cR Iz £H
FFeod MWIRp #302 ZE B2
F§Faes  OUT $ed Iz &2
$Faoag LAl sFade 21 EE ]
$FAQE MVYIE #3508 (S5

$FaeD MOV A, M
$FOGE  STH $EGOQ
FFB11 THX H
¥FB1Z IHR B
$FE13 MOV A,E
$FE1d CFI #3ad
FFR1e JHZ $FBAD
FFatx MVIE #8008
$FILE MOY A,HM
FFOLC STH $EBOQ
IN“ H

IME E 5
MOY H,.E T
R #E03
JHZ $¥F@lE
MY TH #3048
HOP

IHFE H

CF1 #3FF FF

JHZ $F@z? Lz 2% Fa
L#1 $FE4E 21 4E Fi
MWIE #3048 HE B

LIA FE&OD A aa . Ea
Mas M, H T

IM: H 23

INR B v

MY H, E =

CRI #$0n
FrOZE JNZ $FBZD
Frad MY IR #F61
FFOH4T OUT Fal
¥FO45  RET

Fi

[aksl

5 Fu
il

=

176] and P=I[A,B,C,D,E,F,G,H] then
C=(192,87,116,149,195,29,56,121].

The main disadvantage is that the cipher-
text block consists of eight numbers ranging
from 0 to 255. The Ascii alphabet has 128
characters and consequently half of the 256
combinations of a byte are not required.
Hence the ciphertext block must be express-
ed in numeric form. Any one of the 2°¢ key
blocks can be used but each key byte must
have odd parity. Nevertheless. the standard
offers an inexpensive and secure cryptosys-
tem.
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Bel-ringing

It is futile for Joules Watt (‘Ring-
ing the changes on Bels” Octo-
ber, 1986) to claim that decibels
are ‘meaningless’ when applied
to voltage ratios.

True, the original definition of
a Bel was log;o of a power ratio,
so that dB = 10 logyy (power
ratio). The circuit resistance
being unchanged. since P=E*R,
then P,/P, = E%/E%; so now if
dB = log;, (power ratio), then
also dB = 20 log,, (voltage ratio)
for constant resistance.

The fact is that throughout the
telecommunications industry,
dB is used to represent 20 log),
(voltage ratio) irrespective of re-
sistance and is understood by
telecommunications engineers,
authors, technicians and practi-
tioners in general to mean just
that. Telecommunicators do use
dB to represent power ratios as
well, but in any case it is either
obvious from the context which
ratio is intended, or, indeed as
JW hints, has to be made explicit-
ly clear.

The IEEE’s reported head-in-
the-sand comment about dB
with letters appended, again does
not alter the fact that dBV, dBu.V,
dBm, dBW and other such con-
venient short-hand terminolo-
gies are widely used and recog-
nised as absolute measurements
in telecommunications. The jok-
er in this pack is dBm (dB rela-
tive to 1mW) which is usually
understood to represent a vol-
tage across a defined resistance,
and so dBm should always be
accompanied by a defined resist-
ance (e.g. ‘0dBm across
100ohms’ represents
(10°*W x 1000hms)"* = 316mV).

This muddle, I'm afraid, W, is
the real world of engineering.
However, there is no real prob-
lem as long as evervone does
understand the accepted prac-
tice, and as long as the issue is
not clouded with transcendental
functions, and theoretical para-
doxes...

JW’s 1 megohm input/50 ohm
output/unity-voltage-gain

EDBACK

e ————

amplifier can quite meaningfully
and unambiguously be said to
have a voltage gain of 0dB (=20
log,y unity) and a power gain of
43dB (= 10 log; 20,000).
BrianJ Pollard,

Watford,

Herts.

Fuse condition
indicator

The published design (July 1986)
will undergo the condition illus-
trated in Fig.1 should a short

Open circuit
fuse

+V
¢ so= O
¥ Green
[-OH{—/ 1 .
Red [ Reverse bias
From =4V-2V /
psu. R Short circuit
| in equipment

circuit occur in the monitored
equipment. If the supply voltage
exceeds a few volts the green led
will suffer excessive reverse bias
and will ultimately be damaged.

+V{dc orac)
(I D>
ém Equipment
/
~ [ K‘
QOiode only
needed for R2
ac.supplies

R1=R2,chosen for suitable led current

There are two possible im-
proved approaches to monitor-
ing fuse behaviour. The circuitin
Fig2 is exclusively for low to
medium voltage supplies (a.c. or
d.c.).

V supply

§R1 Equipment

—

R2
1

Ry=Ry,chosen for suitable neon current

The second version, shown in
Fig.3 is intended for higher vol-
tage rails (typically over 100V),
againa.c.ord.c.

S. Whitt,
Ipswich.
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PHONE P. M. COMPONENTSLTD TELEX

0474 60521 SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
4 LINES SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD TOS—PM

STKO15  7.95 TBA540  1.25 TDA2523 2. -as -
INTEGRATED CIRCUITS STK025 i TBAS40Q  1.35 TDA2524 1. CATHODE RAY TUBES Please add £3 additional carriage per tube.
STK043 H TBAS50Q  1.95 TDA2530
STKo78 - TBASG0C TDA2532 1. CMEB22W 19.00 DH3-91 55.00 M38-142LA 65.00
AN124 250 MC1307P  1.00 STK433 . TBA460CQ 1. d CME8226H 25.00 DHT.91 45.00 M38.341P31 65.00
AN214Q 2,50 MC1310P 150 STK435 ) TBAS70 k 3 "
CME1428GH 45.00 DP75 35.00 M3g-344P39 65.00
AN240P  2.80 MC1327  1.70 STK437 ! TBA651R 2. ! 5
CME 1428w 39.00 DP76 35.00 M40-120W 59.00
ANB12 2.5 MC1349P 120 STK439 . TBA720A 2. )
CME1523wW 39.00 DN13 78 35.00 M&3-12LG/01 65.00
ANT116  1.50 MC1351P 150 STK461 d TBA750Q 2. Y
CME1431GH 39.00 F16-101GM 75.00 M44-120LC 65.00
AN7140  3.50 MC1357 235 TA7061AP 3. TBA80D . !
CME1431W 39.00 £16-101LD 75.00 M44-120GR 65.00
AN7145 350 MC1358  1.58 TA7108P 1. TBAB10AS 1. X PRy e o001 “
AN7150  2.95 MC1495  3.00 TA7120P 1. TBABIOP 1. ! CME202GH 45.00 21513 5,0 50 65.00
BAS21 335 MC1496  1.25 TAT130P 1. TBASZOM 0. TDA2610 3. CME2024W 45.00 F21-130LC 75.00 Ms0-120GR 65.00
CAI352E  1.75 MC145106P7 TAT176AP 2. TBAB20Q 1. TDA2611A 1. CME2325W 45.00 F31.10GM 75.00 MS0-120GV 65.00
CA3086  0.46 7.95 TA7203 I TBABSO y TDA2640 3. gmggZ ; BgH :g-% ii} : g‘LSCR ;gg ::2?‘ : ggw? gg-g
CA3123E  1.50 MC1723  0.50 TA7204P 2. TBAS20 k TDA2680A 2. 132 - d - o .
HA1366W  3.50 MC3357 275 TA7205AP 1. TBA9S0/2X 2. TDA2690  2.45 CME3155W 45.00 F31-10LD 75.00 SE3AP31 40.00
HA1377 3550 ML231B 1.7 TA7222AP 1. ! TDA3310  2.95 CRE1400 25.00 F31-12LD 75.00 SE4/DIP7 45.00
HAT156W  1.50 MSM5807  6.75 TA7227P 4. d TDA3560  5.50 CV1450 35.00 F31-13GR 75.00 SE42BP31AL 55.00
HA1339A 295 PLLO2A 575 TA7310P 1. d UPC566H  2.95 Cv1526 19.00 £31-13L0D 75.00 SE42BP31 55.00
HA1398 275 SAASCOA 350 TA7313AP 2 I UPC575C2 2.75 cv218s 15.00 F31-13LG 75.00 SE5FP31 55.00
HAIS51  2.95 3AA1025 725 TA7321P . UPC1025H 1.95 cv2191 19.00 F41-123LC 185.00 To48H 65.00
LA1230 1.95 YAS560S 175 TA7146P 2. d UPC1028H 1.95 Cv2193 15.00 F41-141LG 185.00 V5004LD 59.00
LA4031P 1.9 WAS570S 175 TA7609P 3. . UPC1032H 1.50 CV5119 85.00 F41-142LC 185.00 VE04BCAL 59.00
LA4id2 295 6AS580  2.85 TA7611AP 2. . UPC1156H 275 Svsazo 85.00 M7-120W 19.00 V60480 49.00
LA4140  2.95 L9178 7.50 TAAJI0A 2. TDA1002A 2. UPC1158H 0.75 Cvxaga 55.00 M7-120GH 19.00 V60B4BP3! 55.00
LA440 415 L1310 1.80 TAA320A TDA1006A 2. UPC1157C2 1.95 : : 5
o D9-110GH 39,50 M14-100GM 45.00 V6069GH 55.00
LAddm) 1.95 L1327 1.10 TAA350A TDA1035 2. UPC1181H 1.25
D10-210GH 45.00 M14-100LC 45.00 V6070P31 65.00
LAd4= 250 L1327Q  1.10 TAAS70 d TDA1037 1. UPC1182H 2.95
UPC1185H 3.95 010-210GH68B 65.00 M17-151GVR 175.00 v7030 59.00
LAd4le 250 N76003N  3.95 TAA61B 1. TDA1078A 1. 85H 3.
UPC1191V 1,50 D10-230GH 35.00 M17.151GR 175.00 V7031GH 59.00
LAddet 3.95 SN76023N  3.95 TBA700 .70 TDAT170 1.
[C7g0 328 SN7B03IN  3.95 TBA120AS/B/C TDA1190 2. UPC1350C 2.95 D10-230GM 35.00 M19-100W 45.00 V7031/67A 59.00
167130 150 BN76110N  0.89 SASBTL 100 TOA12700 5. UPC1353C 245 D10293-GY/90 55.00 M19-103W 55.00 V70354 49.00
LC7131 550 SN76115N 125 TBA395  1.50 TDA1327 1. UPC1365C  3.95 013-30GH 49.50 M23-110GH 55.00 V7037GH 45.00
(M32aN 0.45 SN76131N  1.30 TBA3%  0.75 TDA2002 1. UPC2002H  1.95 D13-51GL/26 85.00 M23-111LD 55.00 VBOO4GR 65.00
LM38ON8  1.50 SN762260N 2.95 TBA44ON 255 TDA2003 1. o e D13-51GM/26 85.00 M23-112GM 55.00 VB0O6GH 65.00
LM38ON14  1.75 SN76226N  1.05 TBA480Q  1.25 TDA2004 2. 23 ore0) D13-45GH/01 55.00 M23-112GV 55.00 VB010A 65.00
LM383T  2.95 SN76533N  1.65 TBAS10  2.50 TDA2005 2. 74 035 D13-610GH 59.00 M23-112GW 55.00 3BPI 11.50
LM3200N  3.50 SN76544  2.65 TBA510Q  2.50 TDA2006 1. 747 050 D13-511GH 59.00 M23-112KA 55.00 3DPI 11.50
M51513L 230 SN76570N  1.00 TBAS20  1.10 TDA2020 2. 748 035 D13-611GM 59.00 M24-120GM 59.00 3H/OBM 55.00
M51515L 295 SN76650N  1.15 TBAS200  1.10 TDA2030 2. 7805 0,65 D13-630GH 59.00 M24-120LC 59.00 3wpl 18.50
M51521L  1.50 SN76660N  0.80 TBAS30 1.0 TDA2190 3. 7808 0.60 D14-150GH 75.00 M24-120WAR 59.00 4EPI 30.00
MB3712 2.00 STKo14 7.95 TBAS30Q TDA2522 d 7815 0.65 D14-150GM 75.00 M24-121GH 55.00 5BHP1 30.00
014-162GH/84 59.00 M28-12GH 55.00 SBHP1FF 30.00
NDU T RS 80232 0.35 BFRa1 .75 RCA16335 0.80 D14-172GR 55.00 M28-13tC 49.00 5BHP31 30.00
SEMICO c o 33233 0.35 ggg’é 3.35 '?I';’EZSQF (‘].:g D14-172GV 55.00 M28-13LG 49.00 5CPI 10.00
234 0.35 3 -35 - D14-173GH 55.00 M28-13GR 49.00 5T01A 15,00
AAYT2 0.25 BC182 0.10 8D236 0.49 BFWg2 085 TiP29C 042 D14-173GM 53.00 M28-131GR 55.00 6EP7/S: 39.00
AC125 0.20 BC182LB 010 80237 0.40 BFx29 0.30 TiP30C 043 D14-173GR 55.00 M28-133GH 55.00 138P! 13.50
AC126 0.45 BC183 0.10 80238 0.40 BFX84 e TP31Ic 055 D14-181GH98 65.00 M31-101GH 55.00 138PA4 17.50
AC127 020 BCreaL - 0.09 ED232 1085 AN liRsse, 942 D14-181GJ 55.00 M31-182GR 55.00 17DWPs 25.00
AC128 023 BC184LB  0.09 gp2ds oI5 ixes) oW MESsE 09 D14-181GM 53.00 M31-182GV 53.00 3241085 68,00
AC128K 032 BC204 0.10 8Da76 0.32 BFX88 0.25 TIP34B 0.95 - g -
12 . D14-181GM50 59.00 M31-184W 65.00 1273 39.00
AC141 0.28 BC2078 0.13 BD410 0.65 BFY50 0.21 TiP41A 045 b
- 14-182GH 59.00 M31-184GH 85.00 1564 45.00
AC142K  0.45 BC2088 013 BD434 0.65 BFY51 0.21 TIP41C 045
X D14-200BE 89.00 M31-184P31 65.00 1844 80.00
AC176 022 acz12 0.09 BD437 0.75 BFY52 0.25 TIPA2C 047
k BC212L 009 BD438 0.75 BFYS0 077 TIP47 066 D14-200GA/50 85.00 M31-185W 69.00 9442E1 75.00
Aouzex o3 ol o BDS20  0.65 BLY48 175 TIPI20 060 D14-200GM 75.00 M31-190GH 55.00 95447GM 75.00
AC187K 0.28 BC213 ~  0.09 BD538 0.65 BRY39 0.45- TiP125 0.65 014-210GH 75.00 M31-130GR 55.00 95449GM 75.00
AC188 0.25 BC2131 0.0 B8D597 0.95 BR100 0.26 TIP142 1.75 D14-270GH50 75.00 M31-190LA 55.00 7709631 78.50
ACIBBK 037 BC214 0.00 BD589 0.45 BR110 0.49 TIP161 295 D14-310W 110.00 M31-191GV 55.00
AGY17 i BC214C 009 80701 1.25 BR103 0.55 TIP2955 085 D14-320GH/82 85.00 M31-220W 59.00 WIREWOUND
AD142 079 BC214L 0,08 80702 125 BRC4443  1.15 TIP3055  0.55 D14-340GHKM 45.00 M31-270GY 65.00
AD143 0.82 BC2378  0.09 BD707 0.90 BT100A/0 20.85 TIS91 0.20 D14-340KA 45.00 M31-271P31 65.00 RESISTORS
AD149 0.70 8c238 0.09 BDX32 1.50 BT106 1.49 TVIOEZ  1.50 D16-100GH 65.00 M31-271GW 65.00
AD161 0.39 BC239 0.12 BFUIS 0.35 BT116 1.20 2N1308 1.35 D16-100GH-65 69.00 M31-271W 65.00 4 watt 2R4-10K 020
AD162 0.39 BC251A 012 BF119 035 BT119 315 2N2219 - 0.28 D16-(00GH/67 65.00 M36-141W 75.00 7 watt Ra7-22K 020
ADI61/2  0.90 BC2524  0.15 BF119 0.65 BT 120 1.65 2N2222 029 D16-100GH79 69.00 M36-170LG 75.00 S TR-15K 028
AF106 0.50 BC258 0.25 BF127 0.39 8U105 1.95 2N2905  0.d0 D16-100GH/97 65.00 M38-101GH 65.00 17 watt 1R15K 030
Mns ber | om0k [ e oz | Buse  ih | e os | oieecck ss00 || Ivosioacw g0 '
AF115 295 . i 2 3 021-10GH 65.00 M38-120W 65.00
AF116 2.95 BC300 030 DR180 021 Bi12s 28 2Naos5,  HO's2 DG7-5 55.00 M38-120WA 65.00 SPECIAL OFFER
F117 8C301 030 BF167 0.27 BU126 1.60 2N3702 0.2
A o BF173 022 BU204 155 2N3703 042 DE7E 35,00 MIGg21GHR S500
AF121 0.60 8C303 026 : i - DB7 36 55.00 M38-121LA 65.00 High Resolution Philips 127
AF124 065 BC3078  0.09 BF177 0.38 BU205 1.30 2N3704 042 2
s o i ol BF178 026 BU208 139 oN3705 020 DG7.32 45.00 M38-122GW 65.00 M31-325GH £35.00 each coils +
AF126 032 BC3z28 010 BF179 0.34 BU208A  1.52 2N3706  0.12 0G132 45.00 M38-140LA §5.00 trans available
AF127 065 BC337 0.10 8F180 0.29 BU208D  1.85 2N3708 0.2
AF138 0.40 BC338 0.09 BF 181 0.29 BU3276  1.20 2N3733  9.50 a
AE150 olso BC3474 013 BF182 0.29 BU407 1.24 2N37I 275 VIDEO SPARES & HEADS
AF178 1.95 BC461 0.35 BF 83 0.29 BU500 2.25 2N3792 1.35
AF239 0.42 BC478 0.20 EB!E: gg g gg gggggl\ :-gg 2N44a27 1.95
A BC527 0.20 . 2N4444 1.15
o B BCs47 010 BF19¢ 0.1 BUBOY  2.25 ol G VIDEO BELTKITS
:3:8? ; 55,8 32?3& 3’: 8 g:}gg g 1 : %}ggg ::;g gmsz% 048 Akai V§9300/9500/ Sanyo VTC 5500 3.75
AU110 350 86550 014 BF197 o1 MJE340  0.40 He o0 VIDEO HEADS 9800, 375 Sanyo VTC 9300 . 3.75
i NS5485  0.45 3HSS Suitable for Most JVC and Ferguson 3V16 4.50 Sanyo VTC 9300P .. 3.90
AUT13 250 BC557 0.08 BF198 0.16 MJES20  0.48
AOE W A e I BF199 o Meares Lok gNS;QE o.sg Ferguson models 20,50 JVCH HR 33303600 4.50 Sharp VC 6300 375
BC1078 0.1 BCS58  0.10 BF200 0.40 MPSAZ2  0.30 SA715 0.6 3HSS(H) Suitable for Hitachi JVC HR 3360/3660. 4,50 Sharp VC 7300 375
BC 106 010 BCY33A  1.60 BF241 015 MRF237  4.95 ggg:gg £ VT5000, VT8000, VT6000. VT8500, Banssonic NVI00N 00 gharp xg 8300 375
A 1 BD115 0.30 BF245 0.30 MRF450A 13.95 - VT7000 33.95 anasonic 0B 3. harp VC 9300 375
281 328 8_ 12 BD124P 059 BF257 0.28 MRF453  17.50 25C1096  0.80 4HSS Suitable for most National Panasonic 30008 .3.75 Sony 1. 30008 375
BC109 0.10 BD131 0.42 BF258 0.28 MRF454  26.50 25C1106 250 Panasonic Models 32.95 Panasonic NV7000 . 3.50 Sony SL 8000:8080 .. 4.50
BC109B 0.12 BD132 0.42 BF259 0.28 MRF455  17.50 28C1172Y 2,20 4HSS(UIN) Suitable for Panasonic Panasonic NV85008/ Sony SLC7/J7. 4.00
8CI109C  0.12 BD133 0.40 g;g;é gfg mg:;i ] ggg ggg ::‘“7)2 :;g Models 370 and 380 33.95 8610B/VOHl 3.75 Toshiba V5470 . 4.50
BC114 0.11 BD135 0.30 . . .
1164 1 BD136 0.30 BF336 0.34 MRF838  13.95 25C1307  2.95 BETAMIX VIDEO HEADS
seir  ow | 8oy 83 | Brass oz | OCiew  3ee | seciae 2% PS36 (1 Pin) Suitabie for Sory and SANYO ORIGINAL VIDEO PARTS
BC119 0.24 B8D138 0.30 BF338 0.32 0c23 1.50 28C1449  0.80 Toshiba 5000 Senies and NEC SANYO ORIGINAL
BC125 0.25 BD139 0.32 BF355 0.37 0c28 1.50 25C1678  1.25 PV2400 39.50 PART NUMBER MODEL  DESCRIPTION
B8C139 0.20 BD140 0.30 52322 g-gg 8(53 ;gg 25C1909  1.25 RSV-3-B Suntable for Sony SL8000, 4-529-108008 VTCS150  Ree! Motor 3.6W 9.95
BC140 0.3t 80144 1.10 BE363 e o e 25C1945 2,65 SL8080, SLDTME 3050 | 4-5277-23501 VARIOUS  Motor Assy. 9.75
BC141 0.25 BDIS0C  0.29 - - 25C1954  0.95 DSR-10-R Suttable for Sony SLC5, 4-527V-51000 5150  Capston Motor 29.95
8C142 0.21 8D 159 0.65 Siigg 85 gg:‘; g-;g 2SC1957  0.80 SLC6. SLCT 39.50 143-0-4904-00900 FVHPB15  Gear Idler Assy 5.95
gg::;A g,f; gg: gg :)gg e oo o0 e ggg;ggg :.95 Sanyo Head for 143-2-457T-05900 VTC9455  Stopper Reel Base 0.55
. . X ! RE) VTC9300/9500 4150 143-0-545T-01701 VARIOUS  Pinch Roller Assy 8.95
.. 1 .
BC1478  0.12 BD179 0.72 Br4ss ) oer. om 25C2029  1.95 Sanyo Head for VTG 143-0-5457-01700 VARIOUS  Pinch Roller Assy. 195
BC1agA 009 8D181 0.45 BE459 0'26 8272 o.ag 25C2078  1.45 5302,’,5000 41.50 143.0-551T-VTC9300 Idler Assy 0.95
gg::gs g'gg gg:gg g';g SE:SZ 3;.,2 oc;? 3;";0 25C2091  0.85 ) 143-0-661T-03800 VARIOUS  Loading Roller 0.95
BCTes o2 00 o3 BF495 045 OG171 250 25C2098  2.95 143-0-662T-01201 VTC5150  Reel Drive Pulley 8.50
2 oTos 80202 k- BF595 023 R2008B  1.45 ggg?ﬁ ‘1) .gg 143-0-9974-00100 FVHPE1S  ModKit IC BAG304A 1.95
BC159 0.09 BD203 0.78 BF597 0.25 R2010B 1.45 d
BFR39 0.23 R2322 0.58 25C2371  0.36 i i :
Bia 0% | Eome ok | mrhs 8% | RS Gas | sooss am | videoHead Cleaning Tape (VHS Automatio wetdry) 520 | VIDEO ALIGNMENT TAPES
BC177 015 BO223 059 BFRBS  0.30 R2540 248 anz11 295 ! g caney . - $-2P Colour Bars 30min. 4950
BC178 0.15 BD225 0.38 BFR90 1.50 HCA16334 0.90 3SKas 0.95 Video Copying Lead and Connector Kit ‘Z/V' 7.95 S-3P Starrsteps 30 min 49.50
BY208-800 0.33 iNao01  0.04 EHTMULTIPLIERS VARICAP TUNERS PUSHBUTTON UNIT
DIODES | G5V0050 053 [ Wi  aes | LINEOUTPUT TRANSFORMERS UAITS
By223 0.90 IN4004 0.05 ITTCVC20 $.35 ELC1043/05 MULLARD 8.65 DECCA, ITT, CVC20 6WAY 7.95
8Y298-400 0.22 iIN4005 0.05 ITT CVC30 6.35 ELC1043/06 MULLARD 8.65 ITT VCV5-7-WAY 10.19
g:‘ : g g-!'!g g:iﬁ%—wo g-% :m?% g-gg DECCA 100 7.95 PHILIPS G8.550 6.96 uaz1 8.25 PHILIPS G8 (550) 6-WAY 14.49
i g b . DECCA 1700 MONO 9.95 RANK T20A 6.91 uaz2 8.25
BA145 0.16 BYX36-150R IN4448 0.10 DECCA 1730 8.95 THORN 3000/3500 7.57 U324 11,00
BA148 017 020 IN5401 012 DECCA 2230 325 THORN 8500 800 200MA QUICK BLOW FUSES
BA154 0.06 BYX38-600R IN5402 0.14 GEC 2040 895 THORN 9000 8.00
BAISE  0.15 0.60 INS403  0.12 GRUNDIG 1500 15.45 UNIVERSAL TRIPLER 5.45 THERMISTORS o Bp each
g:)‘(ﬁz 0--33 g:;;ﬁ'ggg 0»?3 :xf’:gg g-‘g GRINDIG 510-6010. 2222, 5011-6011 5p eacl
U 0. Jh 1. 5 -1 13.45 VA1040 0.23
BAXi6 006 | BZY95C30 035 | INsd08  0.16 ITT Cvez0 8.20 REPLACEMENT VA10565 0.23 20MM ANTI SURGE FUSES
BB10SB 030 Cs48 4.50 ITT44 0.04 ITT V30 825 VA1104 070
BTI51 079 CSioB 8as ITT923  0.15 PHILIPS GB sso | ELECTROLYTIC CAPACITORS | vaseso 045 [ 100MA-800MA 15p each
BY126 0.10 0A47 0.09 ITT2002 0.20 PHILIPS G9 8.99 VA1097 0.25 1A-5AMP 12p each
gvm 0.11 8A90 0.05 PHILIPS G11 13.99 DECCA 30(400-400/350V) 2.85
Y133 0.15 A1 0.06 PYE 725 10.95 DECCA 80/100 (400/305V) 2.99
BY164 045 0Ag5 0.06 ZENER RBM T20A 12.40 DECCA 1700 SPARE & AIDS
BY176 1.20 0A202 0.10 DIODES TANDBERGE 90° 1115 (200-200-400-350V) 3.56
BY179 0.63 IN21DR 5.00 TELEFUNKEN 711A 11.15 GEC 2110 (600/300V) 225 HEAT SINK COMPOUND  1.00 PUSH PULL MAINS SWITCH
BT182 0.55 IN23B 5.00 BZX61 Senes THORN 1590 9.50 ITT CVC20 (200/400V) 1.80 FREEZE IT 0.95 (DECCA. GFC. RANK, THORN
B8Y184 0.35 IN23C 5.00 0.15 THORN 8000 2350 PHILIPS G (600/300V) 225 SOLDA MOP 064 | ETC) 1.02
BT19¢ 0.40 IN23ER 500 BZY88 Series THORN 9000 9.95 PHILIPS G (2200x 63V) 149 | SWITCH CLEANER 0.85 PYE IF GAIN MODULE 6.99
8Y206 0.14 IN23WE  5.00 0.10 THORN 9800 PHILIPS G11 (470/250V) 2.35 40 1.75 | ANODE CAP (27kv) 0.69




PHONE

0474 60521
4 LINES

A SELECTION FROM OUR
STOCK OF BRANDED VALVES
714 2450 EBCO1 0.90 EL153 12.15
834 7.50 EBF80 0.95 EL183E 3.50
998 11.50 EBF83 0.95 EL18P 2.50
087 11.50 EBF85 0.85 £1360 6.75
134 14.95 EBF89 0.70 EL500 1.40
2293 6.50 EBF93 0.95 EL504 1.40
2426 35.00 EBL? 2.50 EL509 5.25
2599 37.50 EBL21 2.00 EL519 6.95
792 27.50 EC52 0.75 EL802 3.65
2900 11.50 EC70 175 EL82t 8.50
1042 24.00 ECB1 7.95 ELg22 12.95
1283 2400 | EC86 1.00 Em g-gg
SHDD 400 EC8B 1.00 i S0
SITHI 4.00 €C90 1.10 vl oi70,
ST22 5975 EC91 5.50 Efies TS
{221 39.00 EC92 1.95 EMas ios
{238 39.00 EC93 1.50 EMar 2.50
60 600 | ECo5 7.00 | Enzz 1500
a1 14.00 €C97 1.10 ENO1 Tos
P12 0.70 EC8010  12.00 ENg2 450
P34 1.25 ECC32 3.50 EYS51 0.80
P35 2.00 ECC33 3.50 EV81 2.35
711 4.50 £CC35 3.50 EY83 1.50
231 2.50 ECCB1 1.15 EYB4 5.95
63 2.00 ECCB1 Special EV86/87  0.50
3814 $5.00 | Quality 2.25 Eves 055
ix 19.00 ECCB2 Philips EY91 5.50
3E 22.00 1.95 EY802 0.70
3JA 20.00 ECC83 0.65 EX35 0.75
BA 20.00 ECC83 Bnma: EZ40 275
1108 65.00 1.35 | EZ4 275
1134 32.00 ECCB3 thps EZ80 0.75
EZ81 0.75
1148A  115.00 195 250 iy
11491 195.00 ECCB3 Siemans F606 295
15011 135.00 25 Sl an
1534 32.00 ECCB3 Tungsram G55/1K 9.00
3E 23.50 150 | Gigoom  6.95
caL 0.90 £CCB4 0.50 G24020 900
K1006  3.50 ECCB5 0.75 GC108 1750
CV Mos pnces ECC86 275 GC10D 17.50
on request ECC88 0.95 GC10/48 17.50
3A 27.50 ECCO1 2,00 GC10/4E  17.50
63 1.20 ECC180 0.72 GC124B  17.50
A4t 2250 ECC189 195 GD8SW  6.00
Ad2 17.50 ECC801S 3.50 | .GDT120M 5.00
A90 4.50 ECCB03S  4.95 GN4 6.00
A100 12500 ECC804  0.80 GN10 15.00
AF93 0.70 ECC2000 12.00 GR10G 4.00
AF96 0.85 ECF80 1.15 GSt10C  16.50
c70 1.75 ECF82 115 GS1oH  12.00
C90 1.20 ECF86 1.70 GS120 12,00
CX-4-5000 EcF200 185 | GT1€ 14.00
2500 | ECF202 185 | GIICSS 1300
GTNI75M  8.00
ETi6  28.50 ECF801  0.85 o] oo
ETI8  28.50 ECF805  2.50 0 o0
ET22  35.00 ECF806  10.25 QUso 2750
ET23  35.00 ECH3 2.50 XU 1358
ET24  39.00 ECH4 3.00 GXU3 24,00
ET25  22.00 ECH35 3.50 GXU50SS  14.50
ET29  32.00 ECH42 1.50 GY501 150
Fot 1.00 ECHB1 1.00 GY802 1,50
F92 0.60 ECH83 1.00 G230 1.50
F96 0.65 ECHs4 1.00 GZ31 1.50
F97 1.00 ECH2000  1.50 G232 1.50
1HE3 1.20 ECL80 0.60 Gz33 4.50
H77 0.90 ECL82 079 | Gz34 215
H79 0.56 ECLB3 250 | G237 4.50
H149 2.00 ECL84 074 HAAST 1.00
KT 0.90 ECL85 0.69 HABC80  0.90
K92 1.20 ECL86 0.95 HBCS0 0.75
135 2.50 ECL80S 069 HBCO1 0.80
L6d 100 | EF37A 2550 :ﬁgg “)-;g
L70 2.50 EF39 1.50 ot o5
173 1.50 EF40 4.50 Pk firoz
Le2 0.95 EF41 3.50 ¥s08]  Rdo
Le3 110 EF42 3.50 HL41 3.50
194 2.50 EFS50 2.50 HL4200 3.0
L6 2.50 EFS5 4.95 HL90 070
S0 1350 EF70 1.20 HL92 1.50
JLS16 10.00 EF71 1.50 HL133x 0D 3.50
IM70 1.95 EF72 1.20 HT2 2.00
IM160 3.50 EF73 1.00 HYS0 1.00
Y51 1.50 EF80 0.55 HVR2 3.00
Y867 0.65 EF83 395 | JPO.7A  60.00
Y802 072 EF85 0.50 K3118 85.00
EF86 2.25 KR6/3 45.00
EF86 Muliard KTBCC 7.00
4.50 KT33 3.50
€F89 1.50 KT36 2,00
EF91 1.95 KT44 4.00
EF92 215 KT45 4.00
EF93 0.95 KT61 5.00
EF94 0.95 KT63 2.00
EF95 1.95 KT66 USA 9.95
EF97 0.90 KT66 GEC 17.50
EF98 0.90 KT66 Sp. Yellow
EF183 0.65 Spot 19.50
EF184 0.65 KT67 9.00
EF730 1.80 KT77 Gold Lion
EF731 3.50 10.95
EF732 3.50 KT81 7.00
EF80C  11.00 K788 USA 10.95
EF804S  19.50 KT88 G Lion
EFB0SS  13.50 18.95
EFB06S  14.50 KTW6 1 250
EFB12 0.65 xmg g,gg
EFL200 1.50 K !
EH90 0.72 KTZ63 250
EK90 0.95 L102/2K  6.95
EL32 0.95 L1022K  12.00
EL33 5.00 LB7-20  95.00
EL34 2.25 LS9B 6.95
EL34 Muliard/ M502A  60.00
Philips 450 M537A 6000
EL36 1.95 M5143 1556,,83
EL37 9.00 MB079 !
EL38 6.50 MB082 7.50
EL4t 350 MB083 3.2g
EL42 2.00 M8091 7.5
EL81 6.95 M8096 3.00
EL83 5.95 M8098 5.50
£184 Bmar 0.95 MB8099 5.00
EL84 Muliard 2.95 M8100 5.50
€185 4.50 M8136 7.00
ELB6 1.25 M8137 7.95
EBC41 1.95 ELS0 1.75 M8161 6.50
EBC81 1.50 EL91 6.00 M8162 5.50
EBCS0 0.90 EL95 1.75 MB163 5.50

P. M. COMPONENTS LTD

SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK
SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD

M8195 6.50
M8196 5.50
M8204 5.50
Mg223 4.50
M8224 2.00
MB225 3.95

MH4 3.50
MHLE 4.00
ML4 4.50
MS4B 5.50
Mu14 3.50
MZ1-100 125.00
N37 12.50
N78 9.85
OA2 0.85
QA2WA 2.50
QA3 250
082 0.85
OB2WA 2.50
oc2 2,50
0oC3 1.50
oD3 1.70
OM4 1.00
OM5B 3.00
OMé 1.75

P61 2 50
P41 2.50
PABCBO 0.75
PCB6 075
PCas 0.75
PC92 3.50
PC97 1.10
PC800 1.10
PC900 1.25

PCC806 0.80
PCEB2 0.80
PCF80 0.65
PCF82 0.60
PCF84 0.65
PCF86 1.20
PCF87 0.40

PCL82 0.85
PCL83 2.50
PCL84 0.75
PCL85 0.80
PCLB6 0.85

PEO6-40N 42.00
PFL200 0.95

PL21 2.50
PL36 0.95
PL38 1.50
PL81 0.72
PLB1A 0.72
PL82 0.60
PL83 0.52
PL84 0.78
pPL88 1.00
PL9S 1.75
PL302 1.00
PL345 12,50
PL500 1.10
PL504 1.15
PL508 1.75
PL50S 4.85
PL519 4.95
PL8O2T 3.50
PL820 2.95
PL5557 29.50
Y32
PY33 0.50
PY83 0.70
PY82 0.70
PY83 0.70
PYss 0.65
PY500A 1.95
PY800 0.79
PY801 0.79

QB3-300 54.95
QB3-1750 139.50
QB5-3500 495.00
QE03-10 4.95
QE08-200 145.00
QF40 65.00
P25 1.00
QQE02-5 19.50
QQE03-12  7.85
QQE03-20 35.00
QQE06-40 45.00
QQvoz2-6 19.50
QQV03-10  5.50
QQV03-10
Muilard 15.00
QQV03-20 25.00
QQV06-40A

QOV06-20A

Mujlard  45.00
QQV07-50 63.50
QQZ03-20 42.50
Qs75/20 1.50
0875/40 3.00
0892/10  5.00
Q89510 4.85
QS108/45  4.00
0S150/15  6.95
Q815030 1.15
Q8150145 7.00
QS1200  3.95
081202 395

QS1203
Q81205 3.95
Q81206 1.05
Qs1207 0.90
Q81208 0.90
Q81209 3.15
Q81210 1.50
Qas1211 1.50
Q81212 3.20
Qs1213 5.00
Qs1215 210
Qs1218 5.00
Quaz 9.50
Qvos-12 5.75
QV05-25 175
QV06-20  29.50
QV08-100 145.00
Qv2-2500 45.00
QY3-125 65.00
Qva-250 70.00
Qv4-400  76.00

R10 4.00
R16 12.00
R17 1.50
R18 2.50
R19 250
R20 1.20

R1169 55.00
RG1-125 4.95
RG1-240A 1450
RG3-250A 3.50
RG3-1250A 35.00
RK2K25  62.50
RK-208 12.00
RL16 1.50
RPL16 12.00
RPY13 2.50
RPY43 2.50
RPY82 250
RR3-250  15.00
RR3-1250 35.00
RS613 45.00
RS685 54.95
RS5688 52.15
S6F17 5.95
S6F33 28.95
S1E12 38.00
A30/2K 12.00
S104/1K 10.00
S109/1K  15.00
8130 5.59
5130P 5.95
SC1/800 5.00
SC1/1100  6.00
S8C1/1200 5.00
8C1/1300  6.00
sC1/200 9.00

SP41 5.00
SP42 3.00
5P4B 4.85
S§8501 35.00
ST11 1.50

8TV280/40 11.95
STv280/80 19.95
Su42 4.95
TB2.5/300 85.00
TB2-300 45.00
TB3-2000 395.00
TD1-100A 25.00
TDO3-10F  35.00
TD3-12 4.00

TOD4 5.50
TP25 1.50
TSP4 7.00
TT11 1.50
TT21 45.00
TT22 45.00

TT100 57.00
TTR-31MR 65.00
TY2-125A 85.00
TY4 400 85.00

ule 11.95
uz24 2.00
u2s 0.90
u26 0.90
us7 9.00
U4 6.95
us0 2.00
us2 3.00
u191 0.70
u19z2 1.00
U193 0.65
uz2s1 1.00
8ot 75
UABC80 0.65
UAF42 1.00
UBF80 0.60
UBC41 2.25
UBC81 1.50
UBF89 1.00
UBL21 1.75
uce2 1.20

UCF80 1.00
UCH21 1.20
UCH41 2.50
UCH42 2.50
ucH81 1.00
ucL82 175
ucLss3 2.50
UF41 1.15
UF42 1.15
UF80 1.75
UF8s 1.20
UF8g 2.00
uL4aa 3.50
uLg4 1.50
uLes 0.85
uus 3.50
uu7 8.00
uus 9.00
uvy41 3.50
uyss 0.70

V235A/1K 250.00
V238A/1K 295.00
V246A/2K 315.00
V2406/1K 225.00
V241C/1K 195.00

339 3.50
V453 12.00
VLS631 10.95
VP4B 4.50
VP133 2.00

VR75-30
VR101

V105/30
VR150/3

XC25
XFwa47
XFWS50

0 1.15

1.50

XG1-2500 75.00
XG2-6400 135.00
XG5-500  22.50
XL628FT 7.50

XNP12

250

XA1-1600A 49.50
XA1-3200A 79.50

XR1-6400A

115.00
Y502 25.00
Y65 6.95
YD1100  75.00
YJ1060  265.00
YL1020  29.00
YL1060  195.00
YL1070  195.00
YL1071  195.00
YL1290  65.00
z77 1.20
Z302C  12.00
2359 9.00
75055 15.00
Z520M 4.00
Z521M 8.00
Z700U 3.00
7749 0.60
2759 19.85
28030 18.95
ZA1000 1250
2A1001 1.50
ZM1005  8.00
ZM1020  6.00
ZM102Y  8.00
ZM1023  7.95
ZM1041  14.00
ZM1082  9.00
ZM1084  10.00
ZMI1177  9.00
ZM1202  55.00
ZM1263 4.0
ZM1612  3.00
1A3 4.50
1ACE 1.20
1AE4 3.50
1B3GT 1.95
1822 10.00
1827 55.00
1B35A  45.00
18634  75.00
1C1 250
1C5GT 2.50
1FD1 250
1GAGT 2.50
143GT 2.50
K3 250
N2 450
1NSGT 250
1P28 25.00
1P39 19.50
RS 0.90
T4 1.00
1U4 1.75
1Us 1.00
1X28 1.40
22 8.95
2AS15A  11.50
287 1.50
2822 69.50
2C39A 3250
2C39BA  39.50
2C40 37.00
2C42 29.50
2C43 60.00
2C51 0.75
2C53 45.00
2CY5 1.50
2021 1.95
2021W 2550
2622 49.00
2E26 7.95
2042 93.00
2455 350.00
2K25 35.00

2K25 Raytheon
75.00
2K26 95.00
2K29  250.00
2K48  140.00
2K56  250.00
2X2A 5.00
3A/107B 12.00
3A/108A  9.00
3A/109B  11.00
INTI0B 12,00
3A/141K 11.50
3AM37) 7.50
3AME67TM 10,00
3A2 3.95
3A3A 3.95
3A4 1.10
3A5 4.50
315 0.95
3AT2 3.35
3@2 3.00
384 4.95
3B7 4.50
3824 10.00
3826 24.00
3828 15.00
3826 1.50
3C4 1.00
3C23 19.00
3C45 24.00
3CB6 1.50
3CN3BA 250
3CS6 0.95
3CX3 2.50
3CYs5 1.50
306 4.50

4B32 35.00
4BQ7A 1.75
4826 1.95
4ac27 25.00
4C28 25.00
4C35 145.00
4CX1000A
425.00
4CX4000A
1100.00
4CX2508  49.00
4CX250B EIMAC
59.50
4032 125.00

4CX250BN 75.00
4CX250K EIMAC

95.00
4CX125C EIMAC
125.00
4CX350A  95.00
4CX350F  79.50
4XC15008B
398.50
4E27 195.00
4GS7 225
4J52 75.00
4JCBA 2.95
4KT6 1.50
4X150A 35.00
5A/1020 9.50
5A152M 9.00
5A163K 10.00
5A170K 6.25
5A-180M 9.00
5A-206K  10.00
5AMB 215
5ANB 1.20
5AR4 2.00
5AU4 1.50
58.110M  10.00
5B-254M  14.50
5B-255M  19.50
5B-256M  15.00
5B-257TM  15.00
5B-258M  14.50
5C22 125.00
S5CLBA 2.50
S5J180E  2950.00
5R4GB .50
5R4GY 3.50
574 5.85
5U4G 295
5U4GB 4.50
5V4G 1.50
5Y3GT 1.95
5Z4GT 1.50
/3012 0.70
6A/203K 9.00
B6A7 4.95
6ABG 1..50
B6AC7 2.00
B6AGS 1.50
BAG7 1.95
6AHE 2,50
6AJ4 2.00
B6AJ7 2.00
6AKS5 1.95
BAKE 250
B6AL5 0.60
BAMY 3.25
BAMS 6.00
BAME 1.95
BANS 450
BANBA 3.50
6AQ5 1.75
6AQ8 0.85
6ARS 5.95
6AR8 3.95
BAS5 1.50
6ASE 250
6AS7G 4.50
BATE 0.75
BATS 1.75
BAU4 2.00
BAUSGT 4.50
B6AUE 0.95
BAVE 0.75
BAWBA 2.50
BAXAGT 1.95
BAY3B 1.95
BAZ8 4.50
687 2.80
688G 1.50
6B10 1.95
6BA6 0.95
6BA7 4.50
6BABA 3.50
6BE6 095
6BG6G 3.00
6BHE 1.95
6BH8 1.50
68J6 1.50
BBK4 4.00
BBK7A 1.95
6BL6 85.00
6BL8 1.15
6BME 115.00
68M8 0.58
6BN4 1.65
6BN6 1.65
6BN7 4.50
6BNB 3.95
68Q5 0.75
6BQ7A 0.72
6BL7GTA  3.95
6BR5 0.70
6BR7 4.95
6BR8 215
6BRBA 2.15
6BS7 5.50
6BW4 150
6BwW6 5.35
BBW7 1.50
6BWS 4.00
68X6 0.48
6BX7GT 3.50

ENTER 53 ON REPLY CARD

6Q7
6Q7GT 1.20

6C5 1.95 65C7
6C6 2.50 6SG7
6CB8G 1.50 6SH7
6C11 2.50 6SJ7GT
6C18 2.50 6SK7
6CAd 495 6SK7GT
6CA7 3.50 6SL7GT
6CB5 3.95 6SN7GT
6CB6 1.95 6507
6CD6GA  4.50 6557
6CF6 1.50 6U4GT
6CG7 2.25 6UBWA
6CHB 6.95 6U8
6CL3 3.95 6UBA
6CL6 3.25 6V6G
6CLBA 1.50 6V6GT
6CN5 1.60 6VGG
6CM7 2.95 6Y6G
6CS6 0.75 6X2N
6CS7 0.95 6x4
6CWa 6.50 6x5GT
606 2.50 6x5GTY
60C6 235 6xBB
60J8 0.95 7A6
60K6 6.50 7A7
6005 5.95 7AD7
60068 2.50 7AU7
60T6A 1.50 786
60W4 2.15 787
6E5 3.95 7C5
6EA4 4.95 7C6
6EA7 2.50 77
6EAB 2.50 7H?
6EB8 1.75 7
6EM5 2.50 7v4
6EM7 2.50 888
6EU7 1.95 8B10
6EUB 1.75 8805
6EV7 2.95 8FQ7
6EWE 2.95 1002
6EWT 4.50 10DE7
6F1 2.00 10EW?
6F5 4.95 10F 1
6F6 2.50 10GK6
6F6G 2.00 10P14
6F7 5.50 10P18
6F12 1.50 10LD12
6F13 3.00 11E2R
6F14 1.00 11E3
6F17 275 11R3
6F21 2.50 1246
6F23 0.60 12AD6
6F24 1.25 12AH7GT
6F25 125 12AL5
6F28 1.25 12476
6F32 125 12AT7
6F33 17.00 12AT7WA
BFGS 1.95 12AU6
6FO7 2.95 12A17
6G6G 5.50 12AV6
6GES 3.95 12AV7
6GHBA 0.80 12AX7GT
6GK5 1.50 12AX7
6GK6 1.95 12AX7TWA
6GM6 265 12AY7
6GS7 2.15 12AZ7A
6GV7 2.50 1284A
6GWE 2.50 12BA6
6GW8 2,50 12BE6
6GY5 3.95 12BH7A
6H1 9.50 12BL6
6H3N 2.50 12BY7A
6HB 1.95 12C8
6HEGT 1.95 12CAS
6HF5 5.50 12CX6
6HF8 2.50 120Q68
6HS6 4.95 12DW4A
4 2.15 12E1
BJ4WA 3.15 12E14
6J5 2.50 12GN7
66 2.00 12HG7
a7 4.15 12HG7A
6JB6A 4.50 12J5GT
BJEBC 5.50 1247GT
[NV 2.50 12028
6JS6C 4.95 12K5
&J7G 4.15 12K7GT
6K7G 2.00 12K8
6K8G 3.00 125A7GT
6KDB 6.50 125G7
6KMB 2.50 125H7
BKTB 2.95 125K7
6L1 2.50 12547
8L15 3.15 125Q7GT
6L19 3.95 128N7GT
6L6GC 2.95 12SR7
BLEGC(GE) 4.50 12X4
6L6GT 1.95 1303
6LD20 1.15 1307
6LF6 7.50 1309
6LJ8 2.50 13DE7
6LQ6 5.50 13DR7
EN7 2.50 13E1
6N7GT 2.50 13EM7
6P15 1.50 1457
6P25 4.00 16GY5
6P26 4.00 17BE3
6P28 2.00 17DW4A

AUDIQ TAPE HEADS

MONO HEA 1.50
AUTO REVERSE 3.50
STEREQ HEAD 2.95

ELECTRO-OPTICAL

§ 9524H 25.00
9677M 22.00
P4231BAM 19.00

VALVE AND CRT BASES

BSD

B7G SKTD O 25
B8G .50

5.50 | 813B

025 | 81aA 3.00
12PIN CRT 0.95

TELEX
966371

TOS—PM

19AU4GT  2.50

9.00
17.00
35.00
25.00
33.50

9.00
10.50

0.70

7.95

0.95

0.55

258Q6

29C1 19.50
29KQ6 6.50
30C17 0.40
30C18 1.48
IFS 0.95
30FL1 1.00
30FL2 1.35
30FL12 0.95
30FL13 1.10
30FL14 1.25
30LI 0.45
30L15 0.60
30L17 060
30P4MR 1.00
30P12 1.00
30P18 0.60
30P19 1.00
30PL1 2.50
30PL13 0.60
30PL14 1.75

35A5

35L6GT 2.00
3573 1.85
38BHE7 4.50
40KDE 5.50
42 6.95
47 6.00
50A5 1.50
50C5 0.95
50CD6G 1.15
S0EHS 1.50
50JY6 2.95
52KU 2,00
53CG 15.00
61SPT 4.50
75B1 3.50
75C1 2.50
80 4.50
83 8.50
84 3.00
85A1 6.50
85A2 1.95
S0AV 15.00
90C1 3.50
90CG 13.50
90CV 12.50
9AG 9.00
9R2AG 19.50
92AV 15.00
95A1 6.50
100E1 10.00
108C1 1.50
15082 6.50
150C2 2.50
150C4 215
155UG 25.00
18587 1.50
211 33.50
274A 15.00
307 5.00
328A 15.00
388A 17.50
425A5 8.00
431U 4.50
5728 55.00
705A 8.00
708A 8.00
715C 45.00
724A 275.00
726A 75.00
803 14.85
805 59.00
807 1.95
810 85.00
B811A 15.00
812A 35.00
813 23.50
8298 14.50
833A 95.00
866A 6.50
872A 20.00
873 60.00
884 5.50
930 9.95
931A 13.95

61468
6155
6156
6157
6158
6201
6205
6211
6267
6350
6360
8386
6463
6545
6550

68838

CALLERS WELCOME

OPEN MON-THUR 9AM-5.30PM

FR19AM-5.00PM
*24-HOUR ANSWERPHONE
SERVICE®
ACCESS & BARCLAYCARD
PHONE ORDERS WELCOME

UK ORDERS P&P £1

PLEASE ADD 15% VAT
EXPORT ORDERS WELCOME
CARRIAGE AT COST
PLEASE SEND YOUR
ENQUIRIES FOR SPECIAL
QUOTATIONS FOR LARGE

REQUIREMENTS.
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Trends in the 68000 fami

Consistent structure makes the 68000 family architecture easy to

t its introduction in 1979 the 16/32-
A bit MC68000 represented a break

away from traditional accumulator-
based microprocessors, its general-purpose
architecture being more akin to that of a
modern minicomputer. Now the family in-
cludes upwardly-compatible devices with
such features as virtual memory, 32-bit data
buses and instruction caches.

The MC68000 was Motorola’s first 16 bit
microprocessor. Internally its architecture
is 32 bits with an external data bus of 16 bits
and external address bus of 24 bits. Program-
ming model Fig. 1 shows the MC68000
architecture, which is of a general purpose
nature with eight data registers p,.- and
seven address registers a,.¢. When combined
with the 56 basic instructions and 14
addressing modes, these registers provide
many thousands of possible instruction op-
erations.

Fundamental to the design of the M68000
family is the definition of user and super-
visor modes. This is supported internally by
the provision of separate stack pointers for
both the user mode (A7) and the supervisor
mode (7). The concept of the user/
supervisor split results in the situation
wherein user code can only access a certain
range of “non-privileged” instructions,

Additional instructions, which can be
used to alter system states such as interrupt
masking and tracing, can only be executed in
supervisor mode. In an operating-system
environment this means that only the most
reliable code — the kernel for example —
executes in the supervisor state and all other
code executes in user mode.

Instruction sequencing on the M68000 is
performed by a collection of microcoded
operations stored in internal rom areas
called microroms and nanoroms. Unlike
random-logic decoding, this instruction
microcoding allows the processor to have a
predictable outcome for all possible instruc-
tions and operations. This provides a secure
system with the ability to detect errors such
as illegal instructions or divide by zero and
handle these using exception handling with-
in supervisor mode. Security provided by
these features is especially important in
modern operating systems such as Unix.

Externally the user/supervisor split is also
supported in hardware via three function
pins. Encodings on these pins indicate user
data or program, supervisor data or program
and c.p.u. space, Fig.2. Control functions
such as interrupt acknowledge use c.p.u.
space. Again a level of security can be
implemented via the function codes by using
them in the memory decoding. This can
allow an area of supervisor data space to be
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protected against accesses from an execut-
ing user program which could possibly run
out of control and corrupt the supervisor
data. A situation like this could well cause a
catastrophic system failure if a level of
protectionwas not provided.

68010 ADDS VIRTUAL-MEMORY
PROCESSING

Production of the MC68010 meant the addi-
tion of a virtual-memory (v.m.) 16/32-bit
microprocessor to the 68000 family. Virtual
memory has existed for a number of years in
main-frame and indeed mini computers.
The MC68010 is an enhanced version of the
MC68000 with additional on-chip hardware
and microcode for the v.m. facility.
Avirtual-memory computer system is one
in which the user appears to have access to a
very large processor addressing range while
in fact only a small proportion of this range
may be physically present. Implementing a
virtual-memory (v.m.) system allows a
microprocessor-based computer to be de-
signed with a small amount of high-speed,

www americanradiohictory com

Fig.1. Programming model for the 68000.
There are sixteen 32-bit general-purpose
registers, a 32-bit program counter and an
eight-bit condition-code register. The
seven address registers and the stack
pointer may be used for long-word opera-
tions and all 16 registers may be used as
index registers.

Function codes Memory/peripherat
FC2 FC1  FCo access
Reserved for future
b 0 ¢ enhancements
0 0 1 User data space
0 1 0 Yser program space
0 ] 1 Reserved for user
definition
1 0 0 Reserved for future
enhancements
1 0 1 Supervisor data space
1 1 0 Supervisor program space
1 1 1 C.p.u. space

Fig.2. Function code outputs. These signals
indicate the mode, user or supervisor, and
the cycle type currently being executed.



expensive silicon memory and large
amounts of v.m. on cheaper magnetic-
storage devices. When a location in virtual
memory is accessed which is not present in
the physical memory, the access must be
suspended until the information is pre-
sented to physical memory from backup
memory.

When the 68010 accesses a memory loca-
tion outside physical memory a bus-error
signal should be generated and passed to the
processor. This causes the program register
contents and all processor internal-state
information to be placed on the supervisor
stack. This fault address, caused by the
memory-management unit selecting a new
area of virtual memory, makes the processor
enter a bus-error software handling routine.
The user can then find the fault address on
the stack and initiate a replacement algor-
ithm using i/o hardware such as a direct-
memory access controller to fetch data from
backup memory into physical memory. On
leaving the bus-ervor handler, the faulted
instruction is continued from where the
fault occured as the information can now be
found in the physical memory.

Three new registers have been added to
the 68010 supervisor programming model
as shown in Fig.1. The vector-base register.
vr, is used to offset the posiltion of the
interrupt and exception-vector table to any
memory space in the processor address
range. The alternate funclion-code registers
for source (src) and destination (vrc) data
transfers allow the supervisor program to
pass privileged data to the user programs.

Supervisor mode has also been enhanced
to allow full implementation of virtual-
machine operation. Virtual machine opera-
tion is a mechanism by which a number of
operating systems can be run on the same
processor, all controlled by the governing
operating system which is the only one
running in supervisor mode. Each general
operating system appears to the user as if it
were executing in supervisor mode but in
actual fact it is running in user mode, being
controlled by the governing operating
system.

PIPELINING INCREASES
PROCESSING EFFICIENCY

The MC68020 contains a 256-byte direct-
mapped instruction cache to improve per-
formance. Instruction accesses to the cache
are performed in two cycles as opposed to a
minimum of three cycles when an external
memory operation is performed. Op-codes
fetched from the cache are therefore loaded
into the pipeline one cycle earlier than from
external memory and so instruction decod-
ing takes place that much sooner.

Control of the cache is provided by the
functions of the cache enable/disable, cache-
freeze and clear-entry facilities. Cache freeze
is of particular interest in applications where
there is a time-critical section of code. The
refevant section of code can be frozen into
the cache, i.e. there will be noneed to fetch
instructions from external memory, and this
will provide a very fast processor-bound
software function. By making full use of the
general-purpose address and data registers
within the processor a considerable increase

Instruction
tow from

cache .and
memory

Fig.3. Pipelining greatly increases the device’s instruction processing ability by allowing
varicus functions to be executed concurrently.

in performance can be achieved by removing
any need to access external memory.

Internal operations of the processor are
not stopped if the device is halted or arbi-
trated from the bus. Applications can be
configured to allow other system activity,
such as disk i/o via d.m.a. when the proces-
sor is performing a long computational
sequence where the instructions will be
fetched from the cache and the arithmetic
operations will be performed on the internal
registers.

Paramount to the performance of the
MC68020 is the pipeline structure, Fig.3,
which greatly increases the processor’s in-
struction processing efficiency. The basic
pipeline consists of three stages (1.c and )
each of which has its own particular function
and associated a.l.u. Stage s of the pipeline is
associated with effective-address calcula-
tions and extraction of embedded operands.
Stage ¢ performs the initial instruction de-
coding for the nano and micro roms, and
stage pcompletes instruction execution.

Processing in separate areas of the pipe-
line is done concurrently. For example an
instruction may be performing its final write
to memory concurrently with another in-
struction’s pretetch from the cache. This
concurrency not only increases the data

throughput but also decreases overall in-
struction execution time.

Having a three-stage pipeline means that
several different instructions can he ex-
ecuted in parallel. Because of the nature of
the sequencer and bus controller, execution
of adjacent inslructions can overlap, i.e. the
data bus activity of one instruction can
overlap the internal execution of the next
instruction. This situation can easily arise
where the total execution time of the second
instruction is completely absorbed hy the
first instruction. resulting in a zero clock-
cycle execution time for the second.

The overlap situation most often occurs
when processor-bound instructions follow
memory write instructions. as for example
in
MOVE.L D4 (Ah); move data register to address
pointed by a;.

Apb.Lb3.0s; add data registers s and ps, result
inps

where the abbwill be completely absorbed by
the data write associated with the move
instruction. While the bus controller is
performing the write to (4} the sequencer
will complete the internal execution of the
Abb instruction.

|ON-CHIP CACHE MEMORY |

the need to go to external memory.

increase the overall system performance.

Thz cache on the MC68020 is an area of very fast, on-chip memory which allows the processor<o
access instructions faster than it could by going to external memory. The MC68020 has a 256 byte on
chip cache, which is organized as 64 long-word entries.

This cache is developed as a direct-mapped architecture which means that the lower portion of the
address bus (A,; in the case of the MC68020) is used to “directly” index into one of these 64 entries
{Ag, are not needed to address long words). The fact that the cache index is so small (only up to
address line A7) means that the cache will be muitiply mapped throughout the whole memory map of
the processor which is 4 gibabytes in the case of the 68020.

When an instruction is fetched from external memory an entry is also made in the on-chip cache. On
making this entry, the processor also stores a copy of the upper section of the address bus which is
referenced as the TAG field to the actual stored data item.

When this address is next accessed the processor is able to compare the stored TAG with the
present address — bus state to determine whether the required instruction is in the cache. If this
comparison is valid then the processor reads the instruction directly out of the on-chip cache without

To fully utilise the on-chip cache, areas of code which need to be executed quickly can be written as
loops. The first time through the loop the instructions will have to be fetched from external memory but
they will be copied into the on-chip cache. On subsequent loops of the code these instructions will be
found in the cache; the processor will not need to go to external memory and execution time for the
loop will be reduced considerably {a fetch from the cache takes two cycles whereas a fetch from
external memory takes a minimum of three cycles). Use of an on-chip cache can therefore greatly

107



THE COPROCESSOR INTERFACE

A 32-bit computer design may incorporate
not only a 68020 processor but also proces-
sing elements of equal complexity. These
additional complex processors, or co-
processors, provide a logical extension to the
microprocessor features. To simplify the
interface of coprocessors to the 68020, in
addition to other benefits, the 68000 co-
processor interface was integrated into the
chip. Coprocessors with the 68000 interface

pratocol create a very efficient system. The
m.p.u. and coprocessor are so tightly cou-
pled that the user is never aware that the
functions are on separate chips.

The method of communication with a
coprocessor over the coprocessor interface is
defined by the coprocessor protocol. The
protocol uses standard 68000 bus cycles and
therefore no additional external hardware
need be used. In addition the 68020 can be
designed for asynchronous bus operation,
allowing different clock speeds, and so the

MEM
B
MEM+1| ©
MEMe2] €
s MEM | Long |
MEM+3 MEM«2 wrd MEM | Long word I
8 bit memory 16 bit memory 32 bit memory
or peripheral or peripheral or peripheral
MC 68020 J [{f = " ] L.H
i el Address bus >

—Ji

T 3

Fig.4. Dynamic bus sizing allows peripherals with different sized buses to be used on the

32-bit bus.

In the 68020, on-chip memory is used so that instructions can be executed without using

HERNEEE

[ 3

)10 U0

external memory. This speeds up execution time.
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m.p.u. or coprocessor can be optimized for
maximum system performance.

Communication with a coprocessor is
similar to communication with a peripheral
except that instead of communicating over
normal address space, c¢.p.u. address space is
accessed (all functions codes equal to one).
Within this ¢.p.u. address space an area of
memory is reserved for up to eight cop-
rocessor sets of memory-mapped registers
called coprocessor-interface registers (Cr).
All communication between the m.p.u. and
a coprocessor is done through the cir set for
each coprocessor.

The m.p.u. and coprocessor operate
together as follows: the m.p.u. fetches and
stores operands, calculates effective addres-
ses and handles any traps for the operating
system when errors or exceptions occur. The
coprocessor on the other hand understands
its own instructions, knows what and how
much data it needs, determines concurrency
and synchronization and initiates operating
system traps.

Benefits of such a system are many.
Integration of the processor and coprocessor
is simplified. Secondly, the coprocessor can
act as a peripheral for other M68000 family
members or other processors, and system
designers can design their own coprocessor
to perform a dedicated function, for example
a graphics controller. Finally coprocessors
can be used to extend the instruction set of
the MC68020 in specific applications. Con-
current operation between m.p.u. and co-
processor is possible.

At present Motorola has two 32-bit co-
processors for the 68020, namely the
MC68881 floating-point coprocessor and the
MC68851 demand-page memory-manage-
ment unit (m.m.u.). The 68881 implements
the full IEEE standard for binary floating-
point arithmetic (P754) and a full set of
trigonometric and transcendental functions
is included. The 68851 can form part of a
paged virtual-memory system with the
MC68020 m.p.u.

DYNAMIC BUS SIZING

Dynamic bus sizing is used in the 68020 to
alleviate the hardware/software problem
associated with device size and its relevant
bus size. The 68020 automatically performs
byte, word or long-word operations lo any
size device or bus whether 8, 16 or 32 bits. As
a simple example, consider a long-word
write (32-bit) to a byte-sized device (8-bit)
using for example move.L b4, (an. With the aid
of bus signals, the 68020 is able to detect the
8-bit device and automatically perform four
consecutive byte writes to the device while
sequencing through the relevant address to
give the correct byte offset within the long
word. The processor performs this automati-
cally without affecting user software.

In addition to dealing with different sized
devices, dynamic bus sizing also takes care of
data misalignment within memory. Again,
considering an example the method will
become clearer, Fig.4. If the processor is
performing a long-word read from 32-bit
memory but the address is not on a long
word boundary, e.g. 20034, then the proces-
sor will automatically perform two consecu-
tive reads to get information. The most
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8030 DOUBLES ITS PREDECESSOR’S PERFORMANCE

Window

PMMU I -l

ATC

Instruction pipe

Control

control

I External bus
The most recent introduction to the 68000 family is a second-generation 32-bit processor,
the MC68030, with a higher level of integration. This device has all the features of, and is
upwardly compatible with, the 68020 but it includes enhancements that more than double
its performance. These features are enhanced parallel operation, dual burst-fillable caches,
dual internal data and address buses, improved bus interfacing and paged memory
management.

The 68030 is the first 32-bit processor to include both on-chip instruction and data
caches. These independent caches incorporate a burst-fill mode for taking advantage of
the shorter access times that are possible with paged-mode, nibble-mode and static-
column d-ramtechnology.

Internally the processor has a Harvard-style architecture with two independent 32-bit
address and data buses so the ¢.p.u., caches, memory management unit and bus controller
can operate in parallel. As a result, the 68030 can simultaneously access instructions from
the instruction cache, data from the data cache and an instruction or data from external
memory.

Compatibility with the 68020 is maintained by incorporation of an asynchronous bus
interface (minimum three clock cycles) with support for dynamic bus sizing. In addition, the
device operates a new synchronous bus interface (minimum two clock cycles) for faster
access to any external cache subsystems. This synchronous bus interface can also be
linked to the burst-fill mechanism for very rapid filling of the internal caches (minimum one
clock cycle). Dynamic configuration of these buses is possible on a cycle-to-cycle basis
which increases flexibility.

The result of integrating memory-management unit in a device with Harvard-style
architecture is that logical-to-physical address translations are hidden by concurrent cache
accesses. System degradation due to memory-management-unit translations is therefore
eliminated. The memory-management unit in the 68030 is a version of the 68851 paged

m.m.u,

Harvard architecture involves the use of separate data and address buses for data and
instructions within the processor. This increases bus bandwidth.

significant byte will be fetched by a long-
word read from a base address of 2000,¢ and
the least-significant three bytes will be fetch-
ed by a long-word read at a base address of
2004,¢. Internally the processor has demul-
tiplexing circuitry to route the relevant
section of the data bus to the relevant section
of aregister.

IMPROVED INSTRUCTION SET

New software instructions have been added
to the 68020 and all source-code is upwardly
compatible with other 68000 family mem-
bers. For the compiler writer, and ultimately
the user of high-level languages, powerful
instructions have been added. These instruc-
tions make the manipulation of strings,
arrays and other data types much more
efficient. This manipulation can also be
made more precise by using the new
addressing modes to extract a single data
element of a data type (arrays records,
strings etc.)

With these additions to a high-level lan-
guage compiler, optimized assembly-
language code can be produced, hence im-

proving speed and performance. As the
trend today is toward high-level language
software development for microprocessors,
this is an important feature.

Expanding from 16 to 32-bits was not seen
as simply expanding the width of the data
bus. Most of the instructions have been
enhanced to operate on 32 bits of data or use
32-hit offsets. Arithmetical instructions in-
clude a 64-by-32-bit divide and a 32-by-32-
bit multiply to give a 64-bit result. A 32-bit
‘barrel shifter’ allows between 1 and 32-bits
of data to be shifted in a data register in a
single clock cycle.

Muitiprocessor applications are simplified
by inclusion of two additional read-modify-
write instructions for enhanced semaphore
addressing. A range of bit-field instructions
has been added to permit complex bit-
mapped graphics applications. With the new
addressing modes and instructions, the
68020 can be made into a dedicated graphics
processorwith little difficulty.

David Jones and David Burns are with the
Microprocessor applications engineering
group at Motorola’s East Kilbride plant.

How linear
is linear

continued from page 97

called intermodulation and one measure of
the intermodulation performance of a mixer
is to find the ratio of the unwanted third
order intermodulation product to the linear
output, when two signals of amplitude S are
applied at the input. If an amplifier has a
transfer function of the form.

Vour=a;VintazVin

then it can be shown that this ratio is given
by

r=

(%a3.83)/(a18)‘

Ppag
431

The third-order two-tone input intercept
(closely related to the dynamic range of the
mixer) is defined as the value of S for which
the third-order intermodulation product is
equal in amplitude to the wanted linear
output, ie.

S (11)

r=1
4a]
Sintercept = 3_21)

(12)

Thus, for a mixer circuit using the linea-
rized long-tail pair at the signal input,

Sintev‘cept:(ILR+2V1‘) I12/(\/']‘/2)1 ’ (13)

At first sight it appears from equation (13)
that by increasing I; R we should be able to
make the intercept level as high as we please,
but there is a price to be paid for improved
intermodulation performance. I, can only be
increased within the limits of transistor
maximum collector current and power dis-
sipation. IR canonly be increased further by
increasing R. However, as R is increased, the
Johnson noise generated in the resistor itself
may become the most significant contribu-
tion to the effective noise level seen at the
input to the linearized long-tail pair. Thus
the intermodulation performance may only
be improved within the limit imposed by the
noise level which is acceptable in a particular
application. In a mixer in the front-end of a
communications receiver the acceptable
noise level may be relatively low.

Reference

1. W. Hayward and D. DeMaw, “Solid State Design
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1983. specializing in electronics. He now
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device patents at the European Patent Office
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t’s easy to see why so many
people specify

Telefusion

FELECTROHOME

Just open our product manual at any page... switches, video
distribution amplifiers, matrices, Starkel—video line transmission and
you'll find products that can be used in demanding environments.
Whatever location you're designing for: we'll supply the
necessary elements. To exactly the right specification. In exactly the right
housing for its environment.
But don't believe a mere advertisement. Geta 7\ e
copy of our manual by contacting us now. The facts / T~
will speak for themseives. Eloquently. /
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ENTER 66 ON REPLY CARD

LOOKAHEAD!

WITH MONOLITHMAGNETIC 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.

LTTTrrnnannn

VMC-02 KIT ONLY £19.95 inc. VAT. + £2.50 p&p

(Kit does not include video head)

TELEPHONE US NOW FOR 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 MONOLITHELECTRONICSCO.LTO.
5-7 Church Street, Crewkerne, Somerset TA18 7HR. England
‘ Telephone: Crewkerne (0460) 74321 Telex: 46306 MONLTHG -
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ENTER 16 ON REPLY CARD

HIGH LEVEL INSTRUCTIONS/SEC

Use the amazing NOVIX NC4000 FORTH Engine
o 0" the low cost
= Delta Board.

® Parallel erchitecture gives 5 MIPs with
4 MHz clock

e 21 inder=ndent bits of on-chip I/0
capable >f 8 Mbytes/sec bandwidth

® Board Expansion on backplane system
e Serial pat at up to 30K baud

e Programimable directly with cmFORTH
compiler supplied in EPROM

o Executes the Sieve of Eratosthenes in
68 ms (y=s, milliseconds)

Complete with software to link to PC, cmFORTH source, Editor and
full documentation - £595 + VAT,

For details of this board, free seminars, other NOVIX development
boards, chips and polyFORTH for conventional microprocessors,
call the FORTH experts.

COMPUTER SOLUTIONS LIMITED

Canada Road, Byfleet, Surrey KT14 7HQ. Tel (09323) 52744

ENTER 57 ON REPLY CARD
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< The ORIGINAL FREE OF CHARGE dial up data$ l
*base. Buy, browse or place YOUR OWN AD for.
. 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 call 01-679 1888

For 1200-75 baud modems call 01-679 6183
S 0 600606060600 0600006000008 0P20000600800000
FREE only £24.95 it becomes a SUPERB
HIGH QUALITY * COLOUR* TV SET
The fabulous TELEBOX an INVALUABLE MUST for the owner of
ANY video monitorwith 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 opportunity to
%IVE your monitor a DUAL FUNCTION must not be missed' The
ELEBOX consists of a compact, stylish two tone charcoal
moulded case. containing ALL electronics tuner, power supply etc
to simply plug 1n and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR® TV SET. giving a real
benefit to ALL the family'! Don't worry if your monitor doesn't have
sound- THE TELEBOX even has an integral4 watt audio amplifier
for driving an external speaker, PLUS an auxiliary output for superb
uality television sound via your headphones or HI Fi system etc.
ther features include: Compact dmensions of oniy 15.75" w x
75 d x 35" h latest technology, BRITISH manufacture, fully
tuneable 7 channel push button tuner, 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. Supplied BRAND NEW with tull instructions and 2 YEAR
warranty, Post and packing £3.50 *When used with colour crt.

Your monitor from its computer'! For

'SYSTEM ALPHA' 14" COLOUR MULTI INPUT MONITOR

Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features 10 suit your immediate and future
requirements. Two video inputs: RGB and PAL Composite Video, aliow 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 tront panel Separate
Contrast and Brightness - even in RGB mocde Separate Colour and audio
controls for Composite Video input. BNC plug for composite input 15 way ‘D'
plug for RGB input, modular construction etc.etc.

This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER
Supplied BRAND NEW and BOXED, complete with DATA and 90 day
?uarantee 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 special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
€99.00, a price for a colour monitor as yet unheard of' Qur own interface.
safety modification and special 16" high c}’ehnition PIL tube, coupled with the
DECCA 80 series TV chassis 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 circuit, attractive
TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day
8uarantee Although used, units are supplied in EXCELLENT condition.

NLY £99.00 + Carriage.

DECCA 80, 16" COLOUR monitor. Composite video input. Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use ONLY £98.00 + Carr.
REDIFFUSION MARK 3, 20° COLOUR monitor. Fitted with standard 75 ohm
composite video input and sound amp. This large screen colour display is ideal
tor SCHOOLS, SHOPDS, DISCO'S, CLUBS and other AUDIO VISUAL appli
cations. Supplied in AS NEW or little used condition ONLY £145.00 + Carr.
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.

All units are fully cased and set for 240v standard working with compaosite 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
?uaramee

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 Only £48.00

Carriage and insurance on all monitors £10.00
f 4 f i
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GOULD OF443 enclosed, compact switch mode supply with DC regulated
outputs of +5v @ 55a +12v @ 0.5a, —12v @ 0 taand —23v @ 0.02a Dim 18 x
11 x6cm 110 or 240v input. BRAND NEW only £16.95
GOULD G86-40A 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 @ 06 amps and +24v @ 5 amps. Short circuit and overvoitage
protected 100 or 240v AC input. Dim28 x 125 x7 cm NEW £49.94

Carriage on all PSU's £3.00

PC2000 System
with CPM Etc
COST OVER £1400

»
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A v ala Manufacturers BRAND NEW surplus
DEC LA34 Uncoded keyboard with 67 quality gold plated switches on XY
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 Micro, Single 5v rail, fult ASCII

coded character set with 31 tunction keys, numeric keypad, cursor pad

[y

BE BEATEN!

The central processor plinth contains the 64K. Z80A processor, DUAL TEAC 55F 5Va
Double sided 40/80 track disk drives (1Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232,
CENTRONICS and system expansion ports, and if that's not enoughareadytopluginto STANDARDS8" DRIVE portforupto FOUR
8" disk drives, either in double density or IBM format The ultra siim 92 key, detachable keyboard features 32 user definable keys,
numeric keypad and text editing keys, even its own integral microprocessor which aliows the main Z80A to devote ALL its time to
USER programs, eliminating "lost character’ problems found on olher machines The attractive. detachable 12' monitor combines
agreen, antrglare etched screen with full swivel and tilt movement tor maxtmum user comfort Supplied BRAND NEW with CPM
2.2, user manuals and full 90 day guarantee. Full data sheet and info on request
PC2000 Business System with CPM
and '‘Ready to Run' FAST Sales and
Purchase ledger, supports up to
9000 Accounts, VAT etc
COSTOVER £1700

only £499
ge & Insurance L1200

ow

Carri

I SURPLUS SPECIALS ON
[ PRESTEL - VIEWDATA - TELEX

PLESSEY VUTEL. ultra compact unit. slightly \ar&er
than a telephone features A STANDARD DTMF
| TELEPHONE (ione dia) with 5 CRT monitor and
integral modem etc tor direct connection to PRESTEL
VIEWDATA etc Designed 1o sell to the EXECUTIVE at
over £600" Our price BRAND NEW AND BOXED at
only £99.00

DECCAFAX VP1 complete Professional PRESTEL
system in slimiine_desk top unit contaiming Modem
Numeric keypad, CPU. PSU etc Connects direct to
standard RGB colour monitor 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
found" Many features: CENTRONICS Printer output
Memory diaiing etc. Supplied complete with data and
DIY mod tor RGB or Composite video outputs AS
NEW only £125.00

Post and packing on all PRESTEL units £8.50

y EX-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for £11 4116 ns

£1.50 2112 £10.00 2114 £250 2102 £200

6116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2764 £4.95 27128 £550 6800 £2 50 6821 €1
68A09 £8 6BB09 £10 8085A £5.50 B0OB6 £15
8088 £8 NEC765 £8 WD2793 €28 8202A
£22 8251 £7 8748 £15 ZBOA DART £650
Z80A CPU £2 00. Thousands of IC's EX STOCK
send SAE for list.

| DISK DRIVES

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 SAA00 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 for1 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.
SHUGART 800/801 SS £175.00 +pp £8.50
SHUGART 851 DS £250.00 +pp £8.50
TWIN SHUGARTS851's2 Mbtotal capacity in smart case,
complete with PSU etc. £595.00
MITSUBISHI M2894-63 8" DS 1 Mb equiv. to SHUGART
SAB50R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8" Aiignment disk £29.00 + pp£100
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
DIABLQO 44/DRE4OOOA, B 5+5 Mb from £750.00
CDC HAWK 5+5 Mb£795.00. CDC 9762 80 MbRMO3
etc £2500.00.
PERTEC D3422 5+5 Mb £495.00
RODIME 5Y4" 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 6172 8" 23Mb Winchesters £199.00
Unless stated all drives are refurbished with 80 day
guarantee Many other drives and spares in stock - call
| sales office for details. I

DON'T MISS THE CPM Deal
OF the CENTURY

Prfession'al Business System

.4 A cancelled export order and months of negotiation enabies us to ofter this professional
PC.CPM system. recently onsale at OVER £1400, at a SCOOP price just over the cost of
the two ternal disk dnves! Or less than the price of a dumb terminal!

Not a toy. the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER Used with
the THOUSANDS of proven. tested and availlable CPM software packages such as
WORDSTAR, FAST, DBASE?2 etc. the PC2000 specitication, at our prices. CANNOT

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel
printer

y £799

Joir 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 butfer
with flow control etc. £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems, auto dial. auto call index buffer
etc etc £498.00
Steebeck $B1212 v22 1200 baud FULL DUPLEX
sync or async, optional auto dial £465.00
TRANSDATA 307A Acoustic coupler 300 baud full
duplex, orlgmate.only, RS232 interface £49.00

Ex BRITISH TELECOM fuil spec, CCITT, ruggedised,
bargain offers. Sold TESTED with data Will work on
any MICRO or system with RS232 interface
M&DEM 13A 300 baud unit only 2" high fits under
B‘hone CALL mode only £45.00
ODEM 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 tor
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 MPSA4800 baud modem, EX
BT good working order, ONLY £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 Office.
>

SPECIAL BULK PURCHASE of these compact, high
speed matnx printers Built in Japan tor the Hazelline
Corporation this umit features quality construction
giving 100cps bidirectional. full pin addressable
graphics, 6 type fonts. up to 95 single sheet or
fractor paper handling, RS232 and CENTRONICS
parallel intertace. Many other teatures BRAND NEW
and BOXED. COST £420. Qur price Only £189.00

RECHARGEABLE BATTERIE.

Dry Fit MAINTENANCE FREE by Sonnenschein
& Yuasa
A300 07191315 12v 3Ah NEW
A300 07191312 6v 3Ah NEW
A300 07191202 6-0-6v 1.8Ah TESTED £x

Equip £5.99

»

Standard VDU data entry terminats
at give away prices!!

QUME QVT108. Current product, state of the ar
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 kez_s 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 - Dumb 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.

¥

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. Universitiesand

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 specifications without notice. Trade, Bulk and Export

32 Biggin Way, Upper Norwood, London SE19 3XF

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

~aa
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ERS — PRINTERS — PRINTERS — PRINTERS

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

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
registration and print

\

\ ; ;
quality. Micro-processor a\fractmn of jts o
electronics oftfer full

riginal cost. /
DIABLO/QUME command Comwa CPM WORDSTAR

ETC. Many other features include br-directional printing, switchable 1G or 12 pitch,
full width 381 mm paper handling with up to 163 characters per line, friction feed
roflers for single sheet or continuous paper, internal bufter, standard R5232 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 Mainlanc) £10.00

NOW ONLY £499 + VAT

DIY PRINTER MECH

Brand New surptus 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 electronics. Mary 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 12cm x 21 cm.

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 printingupto
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 interface 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

ASCII/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 RS232 interface.
RPO2 40 MB hard disk drive

TU10 9 track 800 BPI Mag tape drive, dual
track system. VT52 VDU, etc. etc. Tested 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“-nﬁg 365‘ ngéggu, LTC £395.00 _ CALL FOR DETAILS —
-AD 16" x DMA
intertace e1,00000 | COMPUTER/SYSTEM CABINET & PSU
DLV11-J4 x ElA interface £350.00 | 217 one I : Tho
DLV11. Tal : . quality computer cabinet with integral
DUPY 1 SyrenlModem support  £190.90 | switched_mode PSU, mains filtering, and twin fan

DQ200 Dilog - multi RK controlier £495.00
DZ11-B 8 line RS232 mux board £650.00
KDF;1-B M8189 PDP 1123
PLU

£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
I;gz: ”35 gpu Razm, i/o etc £450.00
0O Cpu, 124k MMU £1,850.00 ’ "
RT11 ver 3B documentation kit £70.00 | |0 W 10.5"h 11.5"d
2533: gbspngb disk drives £650.00
async i/o £175.00 | £19.95. i .
M18E PDP 8 Bootstrap option £75.00 A ST Tis8.US
VT50 VDU and Keyboard - - -
- 20 mA £175.00 ey ] 3
VT52 VDU and RS232 interface £250.00 | | I &

L O
Give your VT100 a Birthday!!
Brand New VT100 Keyboards

cooling. Originally made tor the tamous 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 encicsed
with removable tor lid, filtering, trip switch, power and run leds
mounted on ali front panel, rear cable entries, etc. etc. Units are in
good but used condition - supplied for 240v operation complete with
full circuit and tech. man. Give your system that professional finish
for only £49.95 + carr. 19" wide 16" deep 105 high. Useable area

Also available less psu, with fans etc. Internal dim. 19”w, 16"d, 10.5"h.

ELECTRONIC
COMPONENTS
EQUIPMENT

ON

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. PCBs.
Sub-assembiies, Switches etc. etc. surplus to OUR requirements. Because we don't

AxrwraRRn
wamarnan

only £85.00

L R R T LT T e e Oy PSP
1000’s OF EX STOCK spares for PDP8, PDP8A
PDP11, PD P1134 etc. SAE. for list. or CALL
sales office for details.

ALL TYPES OF COMPUTER EQUIPMENT AND
SPARES WANTED FOR PROMPT CASH
PAYMENT.
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have sufficient stocks of any one item to include in our ads we are packing aii these
items into the BARGAIN OF A LIFETIME Thousands of components at giveaway
prices. Guaranteed to ba worth at teast 3 times what you pay Unbeatable value and
perhaps one of the most consistently usetul items you will every buy!' Sold by
weight.

5 kis £6.90 + £1.80

2.5kls £5.25 + pp £1.25
20kis £19.50 + pp £4.75

10kls £11.25 + pp £2.25

B Q q PO = PH RA 2 &
DRSS ARD AN QDD PHO
DF BOARD g g : aca
ol cl J aa
g U O Of ele » D » ased o
ENTER 68 ON REPLY CARD

GE TERMIPRINTER

g
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A massive purchase of these desk top
printer terminals enables us to offer you
these qualty 30 or 120 cps printers
at a SUPER LOW PRICE against ther
original cost of over £1000 Unit
comprises ot full QWERTY electronic
keyboard and printer mech w:ith print
face similar to correspondence quality
typewriter. Vanable forms tractor unit
enables full width - up to 135 120
column paper, upper - lower case
standard RS232 sernal interface. internal
vertical and horizontal tab settings.
standard  rnibbon, adjustable baud
rates. quiet operation plus many other
features Supplied complete with manual
Guaranteed working GE30 £130.00.
GE1200120 ¢cps £175.00

Untested GE30 £65.00 Optional floor
stand £12.50 Carré Ins. £10.00

SEMICONDUCTOR
'‘GRAB BAGS'

Mixed Semis amazing value contents
include transistors digital. linear. IC's
tnacs. diodes. bridge 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 tull spec 100+ £6.90,

200+ £12.30, 300+ £19.50

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” tor copying. writing. mod:fying and
listing EPROMS of the 2516. 2716.
2532. 2732 range. Many other functions
include integral keyboard. cassette inter-
face. serial and parallel i/o UHF modulator
ZIF socket etc.

ONLY £195.00 + pp £2.50

“GANG OF EIGHT" intelligent Z80
controlied 8 gang programmer for ALL
single 5v rail EPROMS up to 27128. Will
copy 827128 inONLY 3MINUTES. 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 RS§232 serial
interface tor down line loading data from
computer etc. ONLY £445.00 + pp £3.00

Data sheets on request

COOLING FANS

Keep your not parts COOL and RELIABLE with our range of
COLING FANS ETRI 126LF21 240v 5 blade equipment fan
Lim 80 x BO ~ 38mm £9.95 ETRI 99XU0I 240v Siimiine

m. 92 x 92 x 25mm equpment gfan, NEW £9 95
GOULD JB-3AR Dim. 3 "% 2 & compact very guiet
running 240v operation NEW £6.95. MUFFIN-CENTAUR-
BOXER standard 120 120 » 38mm fans Order 110v OR
230v. 3 or 6 blade, NEW at £10.50 of tested EX EQUIPMENT
£5.60. Low Voltage DC Fans BUHLER 69.11.22. 8 16v DC
micro minaiature ceversible. Uses brushless servo motor
almost silent running, guaranteed 10,600 hr Iife. Measures
only 62 x 62 = 22mm. Current cost £35.00 OUR PRICE
ONLY £13.95 complete with data 120 = 120 ~ 38mm (4'
DC tans) PANSONIC FB-12C12H 12v OC 5 blade £18.00Q
PAPST 4124X 24 28v DC 5 blade £18.00.

100’s of other fans Ex Stock

Call for Details. Post & Packing on ali tans £2 00

A OR -
ARIA »
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Our contribution this month comes from Barry Seward-Thompson,
who is Principal of DECollege, Digital Equipment Company

Attitudes in the IT industry - the key to the future

Information technology, in both its
broadest meaning and as applied
specifically to business computer systems,
is adopting a different role in our
business lives and as a consequence will
have a different influence on the way we
work in the future. In the past, users of
computers and related systems such as word
processors have had to have a specific
knowledge of either the system itself or
the software running on it to make it
operate. Even relatively recently, a
computer system would be ordered on the
basis that it was the closest fit to a
company's requirements and that working
practices and individuals' skills would
need to change to accommodate the system.
This position is now changing. In the
future, workers will expect computers to
be a benefit to them and will not expect -
nor should they need - to know in detail
how the system works. More importantly,
the user will be very much more aware that
the benefits of IT exist and are there to
be tapped - the best recent example of
this of course being the automation of the
Stock Exchange in London and the use of IT
products to effect the changes in the
transactions that are performed.
Additionally, the user will expect that
the system to meet his or her needs exists
and will be unconcerned with the actual
manufacturer other than that they provide
the benefits he demands as part of his
working life (who knows or cares how a
telephone exchange works?).

ATTITUDES, NOT SKILLS

As a manufacturer and supplier of computer
systems, DEC has realized that to remain
competitive and to ensure that people buy
our computers and not our competitors’, a
crucial change in our own requirements for
personnel and their skills is needed for

the future. With specific exceptions (such
as engineering), we will not need people
with specific IT skills - i.e.

programming, detailed knowledge of
computer architectures and so on. What we
will need are people who can communicate
with our customers, interpreting their
needs for the system specifiers, who can
educate our customers in the benefits of
IT, can appreciate the role of IT

generally in the business world and can
complement this with a willingness and
ability to face change with flexibility.

In short, we will be looking for the

correct attitude, not the correct formal
skill-based qualification.

It is to meet this need that | was asked
to create DECollege within DEC with a
brief to ensure that the future growth of
DEC in this country is not constricted by
any lack or shortage in the type of people
we will need. In other words, people with
what we perceive to be the correct skills
and attitudes must be available internally
or externally whenever we require them,
DECollege is not a building but a
"virtual" college acting as a consuitancy
to DEC's line managers - who have
responsibility for their future staffing
requirements - and which acts to promote
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both external and internal training, and
awareness programmes.

HIGH GROWTH, GREATER DEMANDS

DECollege is particularly needed because
DEC is in a very high-growth industry.

Needs are therefore changing more rapidly

than in other industries and this has
brought about a long term focus on the

future.

As | have already mentioned, the
computer industry originally started with
the provision of computer systems which
users then applied to the best of their
ability. The systems were not specific to
particular needs nor did the software
available cope with the demands of the
user. Now, the working and business

population has absorbed IT and demands the

benefits it can give. In the future,
therefore, we will need a flexible,
application-oriented approach to the

customer and not a technical one. We will

need people with an ability to appreciate
a user's business needs and have these

converted into a computer-based solution.

The user himself will not care how it
works, as long as it does work. And few
people in DEC will need a detailed
technical knowledge. The principal focus

will be on understanding customer problems

and the application of IT at a
non-technical level.

So what sort of person will DEC be
looking for in the future? We will not be
looking for specific skills, except, of
course in that we will be seeking people
with a specific attitude to work, with
maturity based on experience in the real
world and with a flexible approach to
working. The academic training of an
individual at school and beyond will be
important as an index to the intelligence
of that individual, but the specific skill
associated with the training will be
unimportant. On a broad scale, the
individual will need an understanding of
IT and how IT relates to business and
commerce, not detailed knowledge. An

analogy is driving a car - we do not need
to know how a combustion engine works to

drive it - all we are concerned about is
that the ignition key will start it and it
will go. The growth of the car industry is
not dependent on technical expertise.
Specific skills will be taught as
necessary. This training has to be

continuous because of the rapid changes in
the industry. Initial training becomes a
very minor extra investment which is well
worth while if the right individual is

hired.
Personal qualities of the individual are

also important. DEC will be looking for a
flexible and positive attitude to work -
for instance, that a change of job

specification is regarded as an
opportunity and a challenge rather than a

retrograde step. Indeed, DEC believes that
a number of career changes only adds to

the qualities of the employee and promotes
a career path through the company; and a
part of this philosophy emphasizes that
sideways movement can be just as positive

a step for individual growth as
straightforward promotion.

One of the biggest problems facing DEC
today is identifying the right people in

the crowd. The skill shortage today for
companies like ours is not in IT skills

but the overall skills and attitudes

outlined above - application, maturity and
positive attitudes, ideally backed with an
outline appreciation of the capabilities

of IT. To combat this, we must address the
future labour pool: we must start to talk
to school children, teachers and parents,
explaining the role IT has to play in
industry. University students and

lecturers must similarly be addressed,
although whereas the school level is a
broad imparting of information and
knowledge, the latter must begin to build
relationships through specifics such as
courses, student sponsorships and so on.
Finally, potential employees in the ranks
of the unemployed and redundant need to be
identified, assessed, te-educated and
re-trained to adopt new responsibilities

A specific example of the last, which
supports some of thepoints | have raised
on attitudes, personal qualities and
flexibility, is the InterManagement
Associates' "Workshop* Project, based in
Corby. This project will comprise three
computer databases, one on the skills and
attributes of unemployed people, the
second on the details of jobs available in
the so-called sunset industries and
finally - and most importantly - the
training programmes available and
necessary to bridge the gaps between
personal attributes and particular jobs.

DEC believes that an overall change is
needed in the way companies identify and
train their personnel. In DEC, this is the
role of DECollege. But on a broader level,
the way in which children and students are
taught may need revising. In the past,
curricula have been criticized for not
being biased towards the engineering and
science subjects to equip students for the
industrial business environment. For the
future, with IT becoming all-pervasive,
these criticisms need re-assessing. | have
already stated that it is not a specific
qualification that DEC needs; more
important is a level of intelligence, well
developed personal attitudes and, most
importantly, awareness of business needs.
And all courses will need elements of IT
introducing as appropriate and on a
general level.

To summarize, then, companies such as
ours need to think to the future, to
ensure our survival in a competitive and
continually burgeoning industry. We need
to invest in the right sort of staff for
our needs and to ensure that moves are
made now to build the skills and attitudes
we will need then. The skill requirement
will change drastically, shifting in the
main from academic qualifications to a
more rounded experience and outlook. Most
importantly, for the average IT user the
benefits of IT and a general appreciation
of what IT 1s and what IT can do will be
needed rather than a detailed knowledge of
programming or systems.
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Advertisements
accepted up to
12 noon December 1
for January issue

J

DISPLAYED APPOINTMENTS VACANT: £23 per single col. centimetre (min. 3cm).
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)
Cheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed.

gL‘ﬁl JOBSEARCH TECHNOLOGY <«

HARDWARE, SOFTWARE & SYSTEMS APPOINTMENTS
£10,000 - £30,000

S%Gl

- With the most successful companies and consuitancie s - both large and small - throughout the UK & Europe: Offering first class salary/benefit packages

(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, PIPELINE OR BIT SLICE ARCHITECTURES; SOFTWARE - C, PASCAL; ADA;
ASM-VMS/UNIX etc: A | & EXPERT SYSTEMS: IMAGE & GRAPHICS PROCESSING: LASER/FIBRE-OPTICS: SONAR: RADAR: COMMUNICATIONS:

CUSTOM VLS! DESIGN: ANALOG/RF CIRCUIT DESIGM.

ECM offers confidential and professional guldance we will listen to your requirements and identify opportunities to suit your plans. Phone now for your
FREE CASSETTE “Jobsearch Technology” and hear how ECM can help you to develop your career.

Call ECM on'0638 742244 - until 8.00 p.m. most eveniags - or send your cv (no stamp needed) to:

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
FREZPOST, BURWELL, CAMBRIDGE, CB5 8BR.

e ——

OPPORTUNITIES

NATIONWIDE

Edinburgh {031) 226 5381

Leeds (0532) 580510 Beomsuncr
Manchester (061) 832 5856 | b

Birmingham (021) 643 1994 .

Leicester (0533) 544193 ®.cx0s8
Milton Keynes (0908) 666872 3 s -l
Bishop's Stortford {0279) 506464 SIAMINGHAN®,

London (01) 637 0781 T O
Bristol (0272) 211035 l | MSHORESORTEORCS
Bracknell {0344) 481808 meToL® ""i‘,,lf.‘:;. ,,,,Ds,m‘q
Maidstone (0622) 687171 | .

Crawley (0293) 514071 '

Salaries £8,000 to £30 000 p.a.

As the UK's leading specialist sales and technical recruitment consultancy,
we provide a FREE service to engineers seeking a career move.

It you have experience in digital, analogue, microprocessor or
communications technologies (either hardware or software), ideally with a
recogmsed qualification, we have hundreds of vacancies throughout the
UK in R & D, Design, Manufacturing, Test, Service and Sales.

Call your nearest branch for more information or send
acomprehensive C.V. (no stamp required) to:-

A Division of ATA jon anT'jnae:;rent Services Ltd
FREEPQOST, Bishop's Stortford, Herts. CM23 2BR.

ENGINEERING |

WHO LOOKS AFTER YOUR
FOREIGN CUSTOMERS?

Electronics Engineer with several years’ experience from
the Tropics to the Arctic on installation, maintenance and
on-site training of local maintenance staff on
communication systems, aviation systems and radar
systems.
Available from February 1st, 1987.
If interested, please contact Ib Bang, Sea Arms
Headquarters, PO Box 2237, Doha, Qatar, Arabian Gulf or
on telephone no: +974 807 845 after 2 pm (11 am GMT)
before December 15th, 1986, or Ib Bang Grevevaenget 3,
Sandby, DK-4912 Harpelunde, Denmark or telephone no:
+453 931 542 after January 1st, 1987.

F-------- ---------

THE UK’s No. 1 ELECTRONICS AGENCY

If youhave HNC/TEC or higher gualifications and are
looking for a job in design, test, customer service, technical
sales or similar fields:

Telephone now for our free jobs list
We have vacancies in ali areas of the UK
Salaries to £15,000 pa
018083050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF
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/~ TRANSMITTER PROJECT ENGINEER

The IBA provides programme transmission facilities
for Independent Television, Channel Four and
Independent Local Radio throughout the UK.

We have a vacancy for an Engineer in the Transmitter
Project Section. This section forms part of our Station
Design and Construction Department, based at our
modern office complex at Crawley Court, standing in
woodland setting near Winchester.

Your duties will include the evaluation of new designs
of Television and Radio transmitter equipment, to test,
install and commission new equipment on site, and, in
consultation with manufacturers and IBA staff
provide advice and assistance where necessary. Ideally
you will be educated to degree level or possess an
equivalent qualification leading to Corporate
Membership of a recognised Engineering Institution,
and have received formal training in broadcasting
technology or related fields. You should have had
several years post training experience in industry

working with transmitters, or in a broadcast
engineering environment dealing with the
procurement or operation of transmitters and
associated equipment.

Travel throughout the UK is involved and subsistence
allowances will be paid; a current driving licence is
therefore essential.

Together with a salary of up to £13,861 (currently
under review) and a comprehensive package of
benefits, we can offer you extensive scope for gaining
invaluable experience.

Ifvou are mnterested, please send your CV or telephone
for an application Ibml to Mike Wright, FPersonne!
Officer; Independent Broadcasting Authority,
Crawley Court, Winchester, Hampshire S021 2QA.
Telephone. Winchester 822270,

Closing date for receipt of applications:
Ist December 1986.

" CLIVEDEN _

DATA PROCESSING

EQUIPMENT

Maintain and service multi-user micro
systems.

£10,000 + Ca. Berks
BROADCAST SYSTEMS

Analogue, Digital and micro experience.
Repair of studio equipment.

£9,000 + Herts
RADIO COMMS

Repair of mobile telecomm systems.
¢.£8,000 - Car Hants

ATE DEVELOPMENT

Repair and service PCB's in complex

anaiogue and digital systems.

to£11,000

MICROWAVE EQUIPMENT

Component tevel repair of military

systems.

£10,000

MICROPROCESSOR TEST

SYSTEMS

Help set up a repair and maintenance

division for an expanding rental

company.

£10,000 + Car Berks
Hundreds of other Electronic
and Computer vacancies to

£15.000

Bucks

Surrey

Phone or write:
Roger Howard C.Eng. M.LE.E.M.LERR.E.

CLIVEDEN RECRUITMENT
92 Broadway, Bracknell,
Berkshire RG12 1AR

Tel: 0344 489489

* AN EQUAL OPPORTUNITIES EMPLOYER * /
I BA INDEPENDENT \

—
=\

BROADCASTING
AUTHORITY

Professmnal Career Opportunities

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 PP Y.
appropriate vacancies.l

NAME .. (Mr/Miss/Mrs)
We have many chents seeking Engineers and Technicians at all levels and we are l
particularly interested in hearing from you if you have experience in the following:- I AR DR ES Sl vt oo s sensnssios o Eeiisss sesmpi s sty
eReal Time Software eTechnical Sales  *ATE Programming =
eRadar Systems *RF Development eTechnical Authorship |
Your next step is to complete and return the attached coupon or I POST CODE ..ot st
telephone John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends. I TEL N@ e it T wimii ARE T Ervsdiat (s G0
Executive Recruitment Servu‘P‘s | QUALIFICATIONS AGE
O ‘ O
I NONE CG/MHNC DEGREE OTHER
| SALARY .
I OB i . o b1 8 b D i eIz § o e e wWw
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HUNTINGDON HEALTH AUTHORITY
Papworth Hospital

MEDICAL ELECTRONICS TECHNICIAN
Grade M.P.T. lli - £7,105-£9,184

The successful applicant will be based at Papworth, the leading cardio-thoracic
hospital and will be part of a small team which provides comprehensive technical
service support throughout the Huntingdon Health District.

The technician will undertake the repair, maintenance and calibration of a wide
range of electronic equipment.

Applicants should hold ONC/HNC in electronics, or equivalent and have several
years relevant electronics servicing experience, not necessarily in the medical
field.

Application forms and job descriptions from:

Mrs Z. Heffer, Deputy Unit Administrator, Papworth Hospital,
PAPWORTH EVERARD, Cambridge CB8 8RE.

Tel: Huntingdon (0480) 830541 ext. 273

Closing date for applications: January 7, 1987

Inner London Education Authority

London College of Furniture, 47/71 Commercial Road,
London E1 1LA. Tel: 01-247 1953

LECTURER Il —
ELECTRONICS OR ELECTROACOUSTICS
(Two Vacancies)

The College's DEPARTMENT OF MUSICAL INSTRUMENT TECHNOLOGY has
become a unique establishment in the craft, engineering and scientific aspects of
musi¢ technology. offering advanced and non advanced courses of study validated
by BTEC and City and Guilds.

The Electronics for the Music Industry option of the BTEC NDip ana SND Courses
covers a wide range of fields where electronics and music relate. The other Course
options are concerned with the technology of string and wind musical instruments.
The present vacancies are for an acoustician and an electronics engineer to teach
electroacoustics or electronics and related subjects.

The Depariment has a well equipped acoustics laboratory, electronics |laboratories
and an electro music studio.

Candidates should have a suitable degree or equivalent, probably in engineering or
sicence, preferably with some experience in the audio engineering field gained in
industry, research or education.

Salary: On an incremental scale within the range of £8,595-£13.656. Plus £1,110
Inner London Allowance.

Applicants available for part-time or fractionat appointments will also be considered.
Further details and application forms are avaiable from: The Clerk to the
Governors at the College. Closing date November 28, 1986.

THE START
OF
SOMETHING
NEW

If you are leaving College and planning a career in modern
communications or if your present job lacks interest and
challenge . . . why notjoin us in GCHQ?

We are recruiting

RADIO OFFICERS

who after initial training will become members of an
organisation that is in the forefront of communications
technology. Government Communications Headquarters can
offer you a satisfying and rewarding career in the wide field of
communications. Training involves a 32 week course (38
weeks if you come straight from Nautical College) which will
fit you for appointment to RADIO OFFICER.

Not only will you find the work as an RO extremely interesting
but there are also good prospects for promotion oppor-
tunities for overseas travel and a good salary. Add to this the
security of working for an important Government Department
and you could really have the start of something new.

The basic requirement for the job is 2 years radio operating
experience or hold a PMG, MPT or MRGC or be about to
obtain a MRGC. Registered disabled people are welcome to
apply.

Salaries start at £5,817 at age 19 to £6,920 at age 25 and
over during the training and then £7,954 at 19 to £10,162 at
25 and over as a Radio Officer. Increments then follow
annually to £13,777 inclusive of shift and week-end working
allowances.

application form phone 0242 32912/3

The Recruitment Office

Priors Road A/1108
CHELTENHAM

Glos GL52 5AJ

or write to:

allied disciplines
levels from around £6,000 — £20,000.

of your application.

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,

12 Mount Ephraim, Name . . ... .
Tunbndge Wells,
Kent. TN4 8AS.

Tel: 0892 39388

24 Hour Answering Service

Electronic Engineers -

What you want, where you want!

TJB Electrotechnical Personnel Services is a speclalised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
right through from design to marketing - at salary

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help ycu.

All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware

G000 00000000000000 003039000000 090000000009

Please send me a TJB Appointments Registration form

ELECTRONICS
DESIGN
ENGINEER

An electronics design
engineer is required to join a
small company specialising in
instrumentation and control
systems.

You will be responsible for
co-ordination of a special one
year programme of work
which involves further
development and
commercialisation of a new
biomass measurement device.
Experience of analogue and
RF circuitry desirable.

Dulas Engineering is based at
the Centre for Alternative
Technology and the
enthusiasm to work in a
co-operative environment is
essential. Modest negotiable
salary.

Please send c.v. to:

Dulas Engineering Ltd,
Machynlleth, Powys SY20
9AZ. Tel: (0654) 2782
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receiving details of jobs for February v
1987 departure. Reguests include: b ‘

Radio and TV Instructor, Bangiadesh O d
Electronics Lecturer, Indonesia O
Electrical Engineer, Sri Lanka
Radio Engineer, Belize
Hospital Engineer, Bangladesh

You will need a professional
qualification and relevant work
experience.

VSO volunteers should be without
dependants and willing to work for
payment based on the local rates.
Postings are for two years and most
employers should be prepared to grant
leave of absence.

For more information, please
complete and return.

Radio Engineers,
Electronics Lecturer, TV and
Electrical Engineers

Cutout forthe
Third World?

Voluntary Service Overseas is now

F () i

I'm interested in volunteering. My qualifications / experience are

Name

Address

working

is
overseas
Charity no 313757

VSO also needs: builders, engineers,
teachers. horticuiturists, community

& healith workers, fishermen and

many more.

(22p S.A.E appreciated)

Post to Enquiries Unit, Voluntary Service Overseas, 9 Belgrave Square,
London SW1X 8PW. EWWI12/86

r
L

NORTH LINCOLNSHIRE HEALTH AUTHORITY
St George’s Hospital

Department of Medical Physics and
Computing Medical Equipment Unit

Medical Physics Technician
Grade II/I11

Required to join a team providing a comprehensive service
to users of medical equipment throughout the District. The
range of services provided include evaluation and
acceptancetesting of commercialequipment, development
of new equipment and the maintenance of equipment.

Experience in the field of diagnostic imaging or a general
medical, electronics background would be preferred.

Applicants should hold an HNC or equivalent and five
years’ of relevant experience for Grade Il. Applicants with
less experience may be considered for a post at Grade HI
level.

A current driving licence is essential.

Salary: Grade Il £8,557-£10,674

Grade Il £7,105- £9,184
For further information please telephone Dr N. Gravill or Mr
D. Watson, on (0522) 29921 ext 7246.

Application forms and job descriptions are available
from and should be returned to: Mrs-L. J. Stuart,
Personnel Department, St George’'s Hospital, Long
Leys Road, LINCOLN LN1 1EF. Telephone: Lincoln
29921 ext 7219.

TECHNICIAN GRADE 6
{ELECTRONICS ENGINEER)

required to support staff. postgraduate research
students and undergraduates working the field of
speech processing The post is in the Department of
Phonetics and Linguistics, and the successful

When replying to
classified advertisements,

readers are recommended

applicant will be amemberofan established technical I
qroup, with good existing facilities. Work invoives l

microprocessor  system  development.  digital
interfacing, video techniques and the construction,
develepment and maintenance of electromic
equipment using & wide range of digital. analogue and
acoustic facilities

to take steps to protect

their interest before

Salary in range £8,343-£10,059 + £1.365 LW.
Application forms and background information
from Personnel Officer (Technical Staff BB9),
University College London, Gower Street,
London WC1E 6BT

sending money

UNIVERSITY COLLEGE OF SWANSEA

Biomedical Sensors Unit
Applications are invited for the vacancy of:

Senior Research Assistant
in the Biomedical Sensors Unit in the Department of Physics.

Applicants should be electronics engineers with experience in

microprocessor controlied medical instrumentation. Z80 and 6502

assembly language programming, digital and analogue hardware
design will be required.

The appointment, which willbe foruptothree years'inthefirstinstance,
will be on a scale up to £11,790 per annum, together with USS/USDPS
benefits.

Further particulars and application forms (2 copies) may be obtained
from the Personnel Office, University College of Swansea, Singleton
Park, Swansea SA2 8PP, to which office they should be returned by
Friday, 5 December, 1986.

ARTICLES FOR SALE

G.W.M. RADIO LTD. NORTH SURREY
40/42 PORTLAND ROAD, WORTHING, SUSSEX
T el 0303 3487 WATER COMPANY
Ed%yst?r;esElcgsﬁg (‘Masrcom Msarlljnéem;mn;xcl)_dmglnfl FOR SALE
readout 1.5 to z in 5 range olid state i
115/230V AC supply, 19 inch rack mount, unused condition Low haF{d (';\.M lYHF Mobile
quantty available £380 inc p&p. Also Nebula EC958. adio Units .
Pacific EC1837 and Apolio receivers in stock. GE.C. Maker Model Quantity
multimeters £30 inc p&p. Signal generator advance type Pye Westminster 20
B4B directly calibrated from 30KHz to 30MHz £35 inc. Pye STC/ATT  Starphone (AM7) 18
460/46 1 UHF base £40inc. Fantavoxpublic address Amps. To be purchased without guarantee.
20 watts, 4-8 or 16 ohm OT 70 Volt line output 230V, AC. or .
12V DC £29 inc p&p. ‘Trend” Telegraph plus dala P/;asrﬁ:sagﬁct
generator message generator No 1A “Trend” Data i !
Transmission test set No 1-8. Open to inspecton and NORTH SURRE.Y WATER CO.
reasonable offer on 0784 (Staines) 55464

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

E C COMPONENTS

We buy large and small parcels
of surplus I/C, transistors, capa-
citors and related electronic
stock. Immediate settlement.
Tel: 01-208 0766
Telex: 8814998
(2491)
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ARTICLES FOR SALE

TO MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC
CERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc.
ALL AT KNOCKOUT PRICES — Come-and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713
R. HENSON LTD.

21 Lodge Lane, North Finchley, London, N.12
) {5 minutes from Tally Ho Corner)

TEST EQUIPMENT
FOR SALE & WANTED

Buyers and Disposal Officers contact:
COOKE INTERNATIONAL
Unit 4, Fordingbridge Site
Main Road, Barnham,
Bognor Regis,
West Sussex PO22 0EB
Tel: 024368 5111/2 179

(1613)

GOLLEDGE

ELECTRONICS]—

QUARTZ CRYSTALS
OSCILLATORS AND FILTERS of
all types. lLarge 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 schedules. Golledge
Electronics, Merriott, Somerset YA16
5NS. Tel: 0460 73718. (2472)

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. Plhone: 0272 565472.

(208)

GRUNDIG infra-red remote control
VIF-K1 consist transmitter TPV355
and receiver VIF-E1 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

BCOR Electroguage {Kelvin Equ.) £35.
Ridsdale Sand Compression Testing
Machine £65. Ridsdale-Dietert Permeability
Meter £45. Ridsdale impact Compression
Tester  £45.  Photomultiplier  Micro-
photometer £49. Servomex Fieid Plotter
£25. Marconi TF 195 M Beat Frequency
Oscillator £44. Electrostatic EHT Meter
15KV £20. EMI Non-magnetic tape jointing
block & cutter £3.50. Kelvin KB 620/01
servos £10. Muirhead Multi-Ratio R.F.
Bridge £65. Evans Electroselenium
Densitometer £35. Vacuum pump £98.
Binocular Stereoscopic Microscope £195.
Stablished Power Supplies. Centrifuge £49.
Photain Controls transistor alarm control unit
£12.50. Resistance and capacitance boxes.
Chart recorder. One inch recording tape, on
NAB spools £5. Low resistance brdige
Ohmmeter  £39.  Audio  genergtor.
Mehommeter. Vacuum oil-diffusion pump
£35. Low frequency sweep generator £35.
High voltage capacitors. Scientific books.
Commodore VC computer unused £30.
Laser Colour Computer £35. WANTED 6 x
45,6 x 6,0r6 x 7cm SLR camera and MIG
welder or TIG welder. 040 376236.

* MICROCOMPUTERS
*» PERIPHERALS
* INSTRUMENTATION
For fastest, best CASH offer, phone,
COMPUTER APPRECIATION
Oxford (0865) 55163

Telex 838750
(2492),

WANTED
Test equipment,
computers, components.
Any quantity.
Good prices paid.
Immediate settiement.

Give us aring.
Q-Teq Electronics
Unit 6, 28 Botley Road,
Hedge End, Southampton.
Tel: Botley 81487 186

68000 KIT SYSTEMS RACK, or
single board. S.a.e. to Dept. WW, Ralph
Allen Eng., Forncett-End, Norwich.
Tel: (Bunwell) 895389 420. 342

BRIDGES waveformn/transistor
analysers. Calibrators, Standards.
Millivolimeters. Dynamometers. KW
meters, Oscilloscopes. Recorders.
Signal generators — sweep. low
distortion, true RMS, audio, RM,
deviation. Tel: 040 376236. (2616)

ELECTROLOOM (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. 0945 584 188. (92)

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)

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and
electronic scrap and guan-
tity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO
86 Bishopsgate Street
Leeds LS1 4BB
0532 435649

ELECTRONIC
SERVICES
CIRCUIT DESIGN,
ARTWORK,
PCB ASSEMBLY,
PROTOTYPES
For quality
workmanship at
economic prices
please telephone:

LOGICOMP
at 01-281 0633

Service.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering

Quality workmanship by professionals at economic prices.
Please telephone 01-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

{1391)

STEWART OF READING
110 WYKEHAM ROAD
READING RG6 1PL
TEL NO: 0734 68041

TOP PRICES PAID FOR

ALL TYPES OF

SURPLUS TEST
EQUIPMENT,
COMPUTER
EQUIPMENT,

COMPONENTS etc.
ANY QUANTITY

ELECTRONIC DESIGN
Specialising in:
Lasers for industrial &
commercial applications
Power supplies including
linear H.V.
Electronic flash, also
measurement and industrial
control

PULSE PHOTONICS
Box No: 336

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.

WANTED GOLD PLATED SCRAP.
Best prices edge connectors boards ete.
Send smaple with noobligationto P& F
Turner & Sens, 9 Farndon Road, Oxford
OX26RS. Tel: Oxford (0865)510293.
(329)

345

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, 11ford,
Essex. Tel: 01-5535211. (154)

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

FRUSTRATED
ELECTRCNICS
INVENTORS

Individuals or companies
Contact:
Mr G. R. Nicholson on
0242 578030

OPPORTUNITIES
UNIQUE OPPORTUNITY

retail/wholesale/surplus
business established 30 years.
Valuable freehold site centre,
busy year round, south coast
town, stock, goodwill, site,
£425,000. Directors retiring,
realistic valuation.

Box No 311

NORTHERN
BASED RADIO
COMMUNICATION
COMPANY
FOR SALE

Well established profitable
business with further potential
for growth. Proprietor retiring.

Offers invited

Box No 318

FOR CLASSIFIED
ADVERTISEMENTS
RING
SUSAN PLATTS

6613033

119



DIGITAL MULTIMETERS T
3% digil LCO displays
+508 15 range, 200mA 0. 2MEGE19.96
*S3010 10mm thick pocket autorange
and buzzer £24.00

INSTRUMENTS « COMPONENTS
EQUIPMENT o ACCESSORIES

OSCILLOSGOPES
Hameg. Crotech, Hitachi
Stockists. (UK TNT

delivery £7 00 ptus VAT)
HAMEG Dual trace with

+103S 19 Range 20K/v 104 0C £10.39
+102BZ 19 range 104 OC - He 20K/V£12.61
+ 2020 20 range 104 0C+ Hie 20k/v £19.09
+30108Z 24range 10 OC - buzzer 0k/v £20.83
201 19 range 20K/V 124 AC/0C
*BANANA 5 range - buzz shockproal 20K /v £23.60
£39.00

(+with case) [+case £3.91)

9pm £0.52

£1561 | opr £0.57

*528T 13 range, plus Hie test £26.04 component testers B_x 10cm green screen
+909 19 range. plus Hie test, 20MEG 104 0C £31.26 g:’;m’lﬂmi;;‘"h‘“"’m' ggg%
+ 6010 28 range. 10A AC/0C. 20 MEG £33.50 205 Digital slorage dusl 20MHZ £498.00
+ 57820 range.auto~ memary - hold 104 AC/0¢ £34.50 505 Dual 60 MHZ plus sweep delzy £567.00
:55(: 2B range 104 AC/0C 5.65 | CROTEGH with component tester
3100 PEN type. Auto - buzz + hold £39.00 | 3031 Single 20 MHZ 95cm CRT £195.00
+5010 31 range 104 AC/0C - tuzz A AC/0C £36.50 | HITAGHI v212 0ual trace 20 MHZ
+TM357 30range 10A AC/0C ~ buzz 9.00 | 8x10cm P.0.A
+5010EC AS5010 - cap- Mie-cond.  £52.13 | BENERAL 0ST5m single trace 5 MHZ
{ =with case] |+ case £3.91] 3 CRT £139.09
~—— THANDAR SC1104 Portable 10 MHZ
ANALOGUE '] 32 x 26mm display £175.00
MULTIMETERS OPTIONAL PROBES X1/X10 £10.00
1015 15range pocket 10k/v  £7.50 CONNECTORS AND LEADS

Prices each - large discounis. For quantilies - see below.
‘D" PLUGS AND SOCKETS

Goldplated contacts (P=pins M-=male F=lemale)
15pm £0.85 25pPm £0.77
15PF £0.70 25pF £0.87
covers 9p £0.39 15p £0.43 25p £0.52

*M20K 45 range AC/OC amps. etc . 25P with screws £0.74
*CHALL 48 range AC/0C amps. etc £49.00 | 25p with jack screws and cable-clip £0.67
505E 41 range 20 Meg Fet 12A AC/0C £28.65

D ADAPTURS 25 pin available male-male.

lemale-female, male-female (state which)

£4.78 each

SWITCH MODE PSU's
Open frame models |/P 100/240V AC
240watt +5v 254 +12v TA:
J2v154-12v154£34.74
SX510 2 fo Sv jadjustable)
10amp £7.78

DIGITAL GAPACITANGE

METER & range LC0200p! to 2000MF0 3
Push-button setection [6013) £59.00

PROBE/PULSER

6108 20MHZ Logic probe & bleeper
625 50MHZ Prabe & pulser 0.5H2-500HZ

£16.95
£22.95

IDGC PLUGS AND SOCKETS

Female cable } 20p £0.78 26p £0.96
connectors 34P %{I]:;g 40P g:g}
Male PCB 20P b 26P D
m(:uenling header}:id? £1.35 a40p £1.43

PRINTER LEADS RIBBON CABLE

| metre lengths.

26 Pin 10C to 36 pin Centronics (8BC) £7.95
36 Way Centronics both ends £9.95
34 Way card edge to 36 way Centronics (Amstrad) £7.95
25 Way ‘D’ plug to 36 way Centronics IBM]  £12.95
25 Way 0" plug to 631 W/B4A (Q.L] £6.95
14 Way Centranics to 36 way Centronics (MSX) £11.95

PLEASE ADD 15% V.A.T. (UK ORDERS)

CATALOGUE

training establishments. Price £1 to callers.

COUNTERS
AND
TIMERS

220/240V AC mains,
B dlgu LED
s 0.1HZr

Smv

Send SA.E. (Min 12°x9"with 98p stamp UK) Export send £1 |
with address Free on writien request to all education and

DISGOUNTS
AVAILABLE
FORALL
EDUCATION/
TRAINING
TRADE, OEM AND
EXPORT SUPPLIED

y
100MMZ 2 ranges £99.
B600MHZ 3 ranges 1

1000MHZ 3 ranges
1500MHZ 3 ranges
Timers 0.001HZ Resolution. 100MHZ SmV sensilivity
£219.00

OP10 Standard model
OP100 Incl. msulay hotd. etc. slopwatch/
PM.etc £285.00

DC POWER
SUPPLIES

240V AC input. Stabilised
variable output voltages.
Direct meter reading volts and amps.
243 0/24 volts 0/3 amps 0C 3.26

245 0/24 volls 0/5 amps 0C £56.26
GE/!‘ EVRAATole 154 5/15 volts 0/4 amps 0C £33.26
220/240V AC upera e Aisp13.8V OC. 3 amps max.
FUNCTION - sine. sq. triangle. TTL 0/P Fixed (no meter] £13.00
#3‘,’2‘”'5’&;"1?2";03@1 £1 13% 0/30V 0/2 amps OC LCO display £150.00
TG102 0.2HZ 10 2MHZ £160.00
PULSE Square. Complement, TTLO/P ELECTRON": lNSULATION
TG105 SHZ to SMHZ £105.00

TV-VIOED PAL VHF/UHF.5.5/6/6.5MHZ
sound carriers RGB and SYNC 0/P's. AM/FM sound mod.

TESTERS Battery operated with case
501 500 volt £
830 500/1000 voit

69.00
£89.00

Colour.etc £199.00

THURLBY | B o= )

AC CLAMPMETERS with cases and leads
300 300amps (5 ranges)
60OV (4 ranges) 1K OhM £30.87 O\

CM200 Digital capacitance meter £89.00 | 4300 Autorange Digital 3004:

LAT60A 10MHZ logic analyser agg % 500V: - cont. lest £75.00

LA160B 20MHZ version

[Accessories in stock for LA160 series) COMPUTER DISKS -
0M358 ConvertscopestoBChannels  £179.00 | 5" 40 track 0S.00.48TPt

DIGITAL PSU's

0/30v0/1A£125.00 0/30v 0/24£155.00
Dual and triple versions in stock
1503/1503HA/1504/1905 OMM's in stock

3M  Per 10 £12.75 |
Storage Master {COC) per 10 £11,15 |
(UK C/P £1 per order] !

HENRY'S Aunio eLecTRONICS

301 Edgware Road, London W2 1BN.
404 Edgware Road, London W2 1ED.

Sales and Account enquiries:

ENTER 4 ON REPLY CARD

01-724 3564
01-723 1008
01-258 1831

VY S RO IO N

ELECTRONICS
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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 IEEE 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 IEEE data control.
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Microsystems Ltd
Decoy Road,
Worthing, W. Sussex, BN 14 8ND

Tel: Worthing (0903) 210626
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Today’s headliners from

Electronic Brokers

MARCONI

INSTRUM

2440 Microwave Counter
e 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

ENTS

2955 Radio Communications

Test Set

® 11 test functions, including full
duplex radio test

¢ 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. )
¢ 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 £4300

Generator to 520 MHz

TV TEST EQUIPMENT

STy
e

%
|

MO22 20MHz Dual-channel Oscilloscope

® Automatic or manual time-base selection

® Triggerable second time-base guarantees
error-free ‘zooming-in'

® Hold-off control and
Z-modulation

® TV triggering on line or frame

MO20 20MHz Dual-channel
Oscilloscope

MO53 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,
zero drift. £1 995

FG7 PAL colour pattern

Generator £625
MESO Field strength meter,
LF radio to UHF TV £2950

MT700 Monitor Tester for
£1225

mono and colour

VP1030 Video Level Meter £1 895

THE U.Ks

No.|

TEST EQUIPMENT
DISTRIBUTION COMPANY

PHILIPS TEST
AND MEASUREMENT

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

® |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

¢ |\EEE interface fitted as standard
e 3% digit to 6'% digit modes

* Up to 100 measurements/second

® Accuracy to 0.005%,
resolution to 100nV £843
£1310

PM 8154 Intelligent A4
£1643

X-Y Graphics Plotter
PM 3256 75MHz Dual
Trace Oscilloscope,
fully ruggedised

LUKE DIGITAL
MULTIMETERS

JF 27 Ruggedized Hand-Held DMM
® 3 digit LCD with Bar graph

® Min/Max and relative mode operation
e DC accuracy 0.1%

® Touch-hold facility and auto
JF 25 Sealed and

ranging
ruggedized hand-heid oMM £193

JF 37 Bench Portable DMM

® 32 digit LCD with analogue
bar graph

¢ Auto/manual ranging

® 0.1% basic DC accuracy

® Touch-hold facility £1 87

JF 52 Dual Point Digital
Thermometer

® 0.1°C resolution

® Scanning and recording capability

e Min/max storage £1 33

® Touch-hold facility
JF 51 Single Point Digital £95
£110

Thermometer
£88

JF 77 Multifunction Hand-Held
DMM

JF 75 Fuli-feature analogue/
digital meter

JF 73 Hand-Held DMM with
simplicity and value

For the full stories, also latest news on
Hameg, Thandar and Thurlby, contact:

Electronic Brokers
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Prices exclude carriage and VAT, and are correct at time of going to press (UK only)

140/146 Camden Street, London NW1 9PB
Fax: 01-267 7363. Telex: 298694. Tel: 01-267 7070.
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