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audio amplifier

Receivers for
optical fibre
commuhnication

Australia A$ 2.40
Belgium BFR. 74,00
Canada C$ 3.25
Denmar k DKR. 28.25
Germany DM. 6.80
Greece DRA. 160.00
Holland DFL. 8.00

Singapore M$ 5.50

Spain PTS 240.00
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THROUGH-LINE POWER METER
leads by a head

For colour brochure contact:
FARNELL INSTRUMENTS LIMITED P @ Single detector head covers wide
frequency and power band

WETHERBY LS22 4DH
TELEPHONE (0937) 61961 ® 25MHz to 1GHz ® 20mW to 100W and
. VSWR from 1to 3

TELEX 557294 FARIST G
@ Head can be used 1.5m from meter
(e.g.inside closed car boot)

® .
.. .. @ Fully portable —works from internal

battery or vehicle battery
<°> @ Mains adaptor/charger and rechargeable
battery available

@ Manufactured, tested and inspected to
Min. Def. Std. 0524.

WW-—901 FOR FURTHERV DETAILS



Front cover picture illustrates the
article on microprocessor stage
lighting systems, starting this
month.

NEXT MONTH

Digital filters — a new
series giving theory, design
techniques and
microprocessor
‘implementation.

Program exchange by
telephone — design of
software systems for
loading source-code
programs into memory.

Orchestral sqund, halls and
timbre — or ‘Why does it
sound so beautiful?’ Denis
Vaughan examines the
Kingsway Hall and puts
forward a theory to account
for its excellence.

wireless
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MICROPROCESSOR — CONTROLLED LIGHTING SYSTEM
by J. D. H. White and N. M. Allinson

Current issue price 70p, back issues (if
available) £1, at Retail and Trade Coun-
ter, Units 1 & 2, Bankside Industrial
Centre, Hopton Street, London SE1.
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Subscriptions: Oakfield House, Perry-
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RH16 3DH. Telephone 0444 59188.
Please notify a change of address.

USA: $39 surface mail, $98.30 airmail.
US subscriptions from IPC B.P. Sub-
scriptions Office, 205 E.42nd Street, NY
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USA malling agents: Expediters of the
Printed Word Ltd, 527 Madison Avenue,
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555-TYPE INTEGRATED CIRCUITS
hy J. L. Linsley Hood

DIGITAI. MULTI-TRACK TAPE RECORDER
by A, J. Ewms

WORLD OF AMATEUR RADIO

EPROM PROGRAMMER
by H. S. Lynes

NEWS OF THE MONTH

SIMPLE POWER AMPLIFIER
by P. Wilsen

LETTERS TO THE EDITOR

RECEIVERS FOR OPTICAL-FIBRE COMMUNICATION
by I. Garrett

HEATING-FUEL SAVER
by 0. Ryder

CIRCUIT IDEAS

DESIGNING WITH MICROPROCESSORS
by 0. Zisses and G, Stone

ELECTRONIC ORGAN WITH PIPE-ORGAN SOUND

by J. H. Asbery

DISC DRIVES
by J. R, Watkinson

16-CHANNEL DATA ACQUISITION
by P. Hickey

SYMMETRICAL-OUTPUT DIVIDERS
by G. Girclami and P. Bamberger

ASC11 KEYBOARD TESTER
by Waleed Hahib Abdulla

NEW PRODUCTS
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EPROM EMUILATOR
EP4‘00 PROGRAMMER _

Y Programs 2704/2708/2716(3)/2508/2758
2516/2716/2532/2732

% Emulates same devices with a single keypress
v 300ns access time in emulation mode

Y Editing facilities — data entry, match, display,
shift, move, clear, define, block program, etc.

% Input/output as standard — RS232 (ASC11-hex),
20mA, printer, cassette & DMA

% Video output for memory map display

% Expandable with 2764 adaptor & Bipolar Prom
modules

v Fully buffered cold ZIF socket
% Price £545 + VAT + £12 delivery

PRODUCTION
P4‘000 PROGRAMMER

% Program 1-8 devices simultaneously
% Programs same devices as EP4000
Y No personality cards needed

% Simple operation

Y Blank check & verify functions

% Powered down master & copy sockets
Y Individual socket LED indicators

% Mode indicators for blank check, program
verify, and socket power down

¥ Price £545 + VAT + £12 delivery

MODEL 14 Q%

¥ 14 EPROM capacity
Y Safety interlocked
Y Convenient tray loading of devices
Y UV141 {with timer) £78 + VAT

Y UV140£61.50 + VAT

R &P Industrial Electronics Ltd.
W E H AV E Unit E, Huxley Close

Newnham Industrial Estate

M OV E D Plymouth PL7 4JN

Tel: Plymouth (0752) 332961

— 010 FOR FURTHER DETAILS
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€IS
acond User Test Equipment.
Makes engineers smile without

g accountants cry.

manufacturer’s sales specifications. When
you buy used equipment from Electronic
Brokers, it can be yours in just days. No
waiting for manufacturers lengthy production
schedules. All equipment is fully guaranteed.

Electronic Brokers are Europe’s leading
Second User Equipment Company. We carry
large stocks of the very latest test equipment
which is refurbished in our own service
laboratories and calibrated to meet the

ANALOGUE VOLTMETERS

AVO

EA113 Electronic Muluimeter £115.00

Bruel and Kjaer

2409 TRUE RMS. Average and Peak 2H2-

200KHz £250.00

Hewlett Packard

3400A True RMS I my-300V | OHz-10MH2
£

600.00
Marconl.
TF2603 RF Milhivoltmeter 300uV Sensmvur;.
SOKHZ-1.5GHZ .. vvvviiaenaiiaaans £525.00

TF2604 Electronic Voltmeter AC
20Hz-1 5GHz. 300mV-1KV DC 10mV-IKV.

0.292-500MQ . £350.00

ANALYSERS

] yES AM/FM Modulation meter 30- 480MHz
95.00

Hewiett Packard
331A Distortion analysers. SHz-600KHz to

0.1% voltmeter 300uV/-300 volts at 2%
....... . £350.00
332A Distortion Meter SHz-600KHz. . £495.00
333A Distortion Meter with Auto nuli £675.00
8407A/8412A Network Analyser .. £1950.00
8555A Plugin. 10MHz-18GHz £5000.00

Racal

9009 Automatic AM/FM modulation meter

30-150MHz manual tuning 8- 1 500MHz
£395.00

Sound Technology

1700A measures distortion down to 0.002%.

AC voitage 30uV-300V. S/N Ratio 100aB

Dynamic range. power into 852. 0.001 %

distortion Osciliator £950.00
Marconl

TF2303 AM/FM Modulation meter AM to
225MHz. FMto 520MHz. .£475.00
TF2370 Spectrum Anatyser. 30Hz-1 1OMHz.
0.1d8 and 5Hz resolution . £6500.00

TK2374 Zero loss probe for TF2370. £375.00

Tektronix

R491 Spectrum Analyser |0MHz-40GHz
£3500.00

7603 Main Frame with 7L13 plug n

1KHz- 1 BGHz. 30Hz-3MHz resolution.

-128aBm sensitvity . . £9850.00
BRIDGES
Boonton.
63H inductance Bridge. O-1 10mH. Bndge
frequency 5-500kHz . 0.00
Marconl
TF1245A + TF1246 "Q" meter. £1100.00
TA4520 Set of inductors £350.00

Rohde & Schwarz.
LRT [BNélOOy Inductance Meter. lpH—IOOuH
2.2-2B5KH. 95.00
Wayne Kerr

SR268 Source and Detector .

. £875.00

B692 LCRO.1% . .....£750.00
FREOUENCY COUNTERS

Fiul
I9IZA 7 digit 520MHz . . £425.00

1920A with Option 13 9 Digit IGHz . £750.00
l925A Mulufuncuon EMI Proof 9 Dlgut

125M £625.00
l‘)SSA Coun[e! Timer Opt 04. 07. 14,15,
0-1.25GHz with prescdiers. 1.E E E. interface

£975.00
Hewlett Packard
5340A 8 Digit 10Hz-18GHz . £3750.00
Marconl.
TF2430 unused condition. 7 digit 10Hz2-80MH2z
25MV Sensitivity . £175.00
TF2432 10H2-560MHz 10mV sensmv?/

325.00

DVM’s AND DMM’s
Fluke
8022A 32 digit hand held £65.00
Solartron.

7055 Microprocessor DMM. Scale Length
20.000. AC/DC volts, resistance. 1uV
resolution £600.00
7065 Microprocessor DMM. Scale length
1.400.000. AC/DC volts. resistance . . £695.00

OSCILLOSCOPES
TMFaZrZIS';l +TK2214 X-Y Display anu
memory. . .. £550.00

Phtii
PM3 12 25MHz Dual Trace Portabie. £475.00
SE Labs
SM121 6 Channel Monitor. 12 cet. internal
sweep . .£395.00
Tektronix.
465 Dual Trace Portable Oscilloscope. DC -
100MHz. SmV-5V/div. Full delayed sweep
£1395.00
465 with DM40 . . . ... .£1450.00
475 Dual Trace 200MHz Portable . . £2000.00
7603 100MHz Mainframe with 7A18N and
7B53N.. ... ....£3000.00
7704A 250MHz Mamnframe c/w 7A22 Diff.
Amplifier. 7A26 Dual Channel. 7880 Timebase

and 7885 Delaying Timebase . £4610.00

S| Samphing Head. AsNew. ... .. .. £450.00

7014 Digital Counter plug-in 525MHz
.£850.00

Telequlgment

D66A 25MHz Dual Trace . . £350.00

RECORDERS

Watenabe.

MC641 6 Channel 250mm Chart Recorder
. £1495,

oka?a
3047 2 Channel 2 cm/HR — 60cm/MIN
.£435.00

SIGNAL SOURCES

Hewiett Packard.
4204A Decade LF Osciliator 10Hz- 1 MHz.

ImV-10V into 60092 £695.00
6068 AM S:gnal Generator SOKHz-65MH2
AM 0-95 . £850.00

608F |0-455MH1 AM/IPCM Moaulanon 0. luV
1V output £600.

6168 1.8-4.2GHz it or ext PCMFM
0.1uv-0.224v . £1000.00
6168 UHF Signal Generator 1. 810 4.2GHz. Int
pulse Mod. £1000.00

65 1B Test Oscillator, 10Hz-10MHz.

0 1mV-3.16V £415.00

32008 10-500MH2 Signal Source £475.00

3320A Frequency Synthesizer 0.01Hz- lSMHz
£99

8690A/86998 RF Sweeper System. 0.1 4GH2
in 2 ranges Max O/P 10mW to 2GHz and

6mW to 4 GHz £2300.00

Marconl,

TF144H/4 AM Signal Generator |0KHz-
72MHz 2uV-2V . £750.00

TF20028 AM/FM 10KHz-B8MHz .~ £1200.00
TF21708 Synchronizer for TF20028 . . £450.00
TF995B/2 AMIFM 200KHz-200MHz  £695.00
TF2005R 2 Tone Signat Source. 20H2-20KHz.

0-111dBin 0 1d8 steps . £295.00
TF2008 AMIFM 10KH2-510MHz built in
sweeper. Output 0.2uV-200mV £3500.00
6070 Signal Source 400-1200MHz . . . £695.00

Philips.

PM5715 Pulse Generator 1 Hz-50MH2 £675.00
PM6456 Stereo Generator £250.00
Radiometer

SMG1 Stereo Generator £375.00
TRANSMISSION
MEASURING EQUIPMENT
Siemens,

D2040 Selective Lével Analyser and Voltmeter.
10Hz-60KHz. . £1200.00
D2072 + W2072 Level Meter and Oscillator.
S50KHz-100MHz . £2200.00

W 2006 + D2006 Carrier Level Test Set. 10KHz-
17MH2. —100t0 + 10dB . . £1650.00
W 2007 + D2007 Carrier Level Test Set.

6KHz- 18.6MHz. —120to + 2008 . £1800.00
Wandel and Goliterman.

PF-1 Dugrtal Error Rate Measuring Set.
Consisting of PFM-1 Digitat Error Rate Meter
and PFG-1 Pettern Generator . . £2490.00
SPM-6 and PS-6 Level Measurn: Set.
6KHz-18.6MHz. —110dB to + 20dB. Mans /
battery operation £2150.00

PCM-1 PCM Test Set. PDA-64 PCM Signaliing
Analyser, PSM-4 Level Measunng Set Scanner.
PDG- | Digital Signai Generator. PDA-| PCM

Digrtal Sigral Analyser P.O.A.
MISCELLANEOUS

Dymar

2085 AF Power meter 30Hz- 30KHz IOuW
SOW input imp 1.2-10002 .£250.00
Fiuke

3010A Logictester. Seif Contained. Portable.
Full Spec. on Request . £8500.00

Hewlett Packard.
355E 12dB Programmable Attenuator unused
90.00

4329A High Resistance meter S00K(- 2 x 10°Q
test voltages 10-1000V 00.00
B405A Vector Voitmeter |- lOOOMHz

000.00
8403A Modulator Fitted With 87328 PIN
MODULATOR . . £1500.00
8412A Phase Magnitude CRT dlsplay for
network analyser . £1500.00
B4B2H Power Sensor 100KHz-4.2GHz. AS
NEW £250.00
B745A S Parameter Test Set. Fitted with
11604A Universal Arms 0.1-2GHz. . £2750.00
59308A HP-IB Timing Generator £300.00
Marconl.
TF2162 M F. Attenuator. O-1110B. . . £135.00
TF2163S UHF Attenuator O-142dB 509

impedance DC-1GHz. £250.00
TF2331 AF Distortion Meter
20H2-20KHz. £395.00

TF2500 AF Power Meter. 7 ranges 100u walts
O25Watts . ................ . £275.
TF2807A PCM Multipiex tester. . . . . £1500.00
TF2950/5 mobile Radio Test Set AM/FM

. £1550.00
TM8339 AC/DC mixer for use with TFZ7OZ

£250.00

Phillps
PMS5519 Colour TV Pattern Generator AS
NEW . £650.00
PM9380 Camera and Accessories (as new)
£200.

Rohde and Schwarz.

MSC Stereo Coder. 30Hz-15KHz2. £500.00
Tektronix

141A PAL Test Signal Generator . .. £1750.00
14B1C PAL TV Waveform Monttor. £2375.00
191 Constant Amplitude Sig. Gen. 350KHz-

100MHz 5mV-5.5V . £350.00
TM504 mainframe with SG503 + PGSOb +
DMS01 + TGS501 3500.00

Please note: Prices shown do not include VAT or carriage.

= = | = | 2
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Electronic Brokers | == == | =
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Electronic Brokers Limited
61/65 Kings Cross Road
London WC1X9LN
Telephone: 01-278 3461 _ww-mrox

Telex: 298694 Elebro G

FURTHER DETAILS



% POWER RESPONSE DC — 45KHz + 1dB.
% OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD
{CONTINUDUS R.M.S.)

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.

% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
OHMS. .

% PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS. '

% UINIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
GENERATORS, AND MANY OTHERS. ; o

% OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
VIRTUALLY ANY LOAD.

% FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD.

% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.

% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

% 3-YEAR PARTS AND LABOUR WARRANTY.

% UNITS AVAILABLE FROM 100VA-12KVA.

For full details on all Amcron Products write or phone Chris Flack

Model — M600
asree,. Analogue Associates

Tel: 0953-452477
PROFESSIONAL INDUSTRIAL ELECTRONICS

WW — 020 FOR FURTHER DETAILS

Happy Memories Sowt
Part Type 1 off 25-99 100up"
4116 200ns .95 .85 .65 )
4116 250ns .90 .80 .60 r
2114 200ns Low power 1.20 1.10 .95
4 . .00 . . .
21 1‘81 2282: Low power %ég %25 2%2 With 40 years’ expe;i:::zair:\dt‘r::ng;zosrlrgnnerz;nveelzl:::Lapc;rvrf of several hundred
6116 150ns CMOS . .45 3.65
e Sl e [ rmeauERCy
ns 5 vo 7 . .
2716 450ns three rail 640 600 495 TRANSFORMERS OF EVERY TYPE
2732 450ns Intel type 4.25 3.95 3.35 YOU NAME IT! WE MAKE IT!
2532 450ns Texas type 4.25 3.95 3.35 OUR RANGE lNCLU-D'Es
& K & i ! , M hi Splitter/Combi t for-
Z80A-CPU £4.75 Z80A-P10 £4.25 ZB0A-CTC £4.25 mLcrrsor;:gzsgt;gncs)f&rpr?:v'sra(nas'lmtr\/rg:fs) gzgg?r?n%&g ,’f‘:’,‘;’ Z‘E‘;"Eﬁg'}fﬁ’:;,gﬁié
(3 n: rs, 1 T . g
Low profile IC sockets: Pins 8 14 16 18 20 22 24 28 40 Uine warstormare. 1o G.b.0: leoiating. Tast Specification, Tapped. Impadance-
P 1 114 15 18 19 25 matching transformers, Gramophone Pickup transformers, Audio Mixing
ence o s © o transformers {all types) Aﬁiniatur:transi;;nrl:ner; Mlgromlnlanﬁ-e tranhsAfererzef:t
ing, in | f, rs, UI't | fi cy transformers,
Soft-sectored floppy discs per 10 in plastic library case: Ditea Tnaar ond %51%?"!;2:::':":;251(2:?;:rs‘!sto:ca ﬁn‘év(/agai?;:pgﬁé‘rs p 10500
i i i i , Smoothing Chokes, Filter, Inductors, Ampil-
g ::g: gggg E:I';gg g ::g: gggg g;ggg g :222 gggg Eg;gg \{;/;tté, ;%glc:;::ﬁn::’rgn;&rﬁnz'r?ﬁ:f)m a few wa%ts up to 1,000 watts), 100 volt I?na
i i : transformers to speakers, Speaker matching transformers (all powers), Column
. ) Loudspeaker transformers up to 300 watts or more.
Stating at 3 mix of ot 35 pisces. WAt or elopnons o1 hot e TG ST TR A A L S 08
starting at a mix of just pieces. Write or telephone for list.  A. QUALITY.
IES AND EVEN SINGLE TRANSFORMERS. M tandard
Please add 30p post & packing to orders ggess.’\::aLilr.\ ggtﬁ('\grr\lc‘lrr?cimaldlspatch times are short and sensible. L
OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
under £15 and VAT to total MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
Access & Barclaycard welcome BAND GROUPS{l AN(} PL#B::IS Jﬁgﬁéﬂfﬁ”%%"%’é - ngﬁgg sgrnt:'cwe
- i h ntsint ,EE.C., ] | etc.
Government &Zéd:rc:t‘im:f;r;g:g?”ﬁg,g:ea £15 minimum sz‘r'\?:3;?'2375.1%;5“3“%@ which, when completed, enables us to post quota-
A ’ tions by return.
Trade accounts operated : Telephone or write for detalls
Prices are still tending to drop
Telephone for a quote before you buy Owter
. ) o ®
Ha ppy Memor!es (WW) : Manufacturers and Designers
G ladeStry.’ K'ngton E. A. SOWTER LTD. {(Established 19:1I) g Rﬁlag'.lr:‘. gg%lngdf:'mﬁ(QSO
Heref(_)rrdlshl r|l'e HR5 3NY g ‘;,;:Eg'g;;gggj;%%‘;; ":,‘:%L:Eq gians il
elepnone: one: 047352794 an
Telex 987703G Sowter
(054 422) 61 8 Ol’ 628 WW — 015 FOR FURTHER DETAILS
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We supply
FLUKE

for Industry

* NOW WITH A 2 YEAR WARRANTY

* Fluke 8022B

3%z Digit hand held LCD. DMM. AC/DC volts,
DC/AC current, resistance, diode test. 0.25% basic
DC accuracy. Overioad protection. Vinyl carrying
case C90£8.00 . £85.00

* Fluke 8021B.

Same spec as 8022B with additional audio tone for
continuity. Viny! case C90 £8.00 . . £95.00

*Fluke 8020B

32 digit 0.1 % basic DC accuracy. DC/AC valts,
DC/AC current, resistance, diode test and
conductance. Continuity beeper. Vinyl case C90
£8.00 .. . . . £125.00

*Fluke 8024B

32 digit. 0.1 % basic DC accuracy. DC/AC voits,
DC/AC current, resistance. Diode test,
conductance, logic + continuity detect +
temperature. Peak hold on voltage and current
functions, continuity beeper. Vinyl case C90
£8.00 .. !

....£155.00
FLUKE 8050A ;
4Y%2 Digit LCD DMM with true RMS on AC volts
and current DC volts 200mV- 1KV, 10uV
resolution AC voits. 200mV-750V, 10uV
resolution. DC/AC current 200uA-2A, 0.01pA
resolution resistance 2002-20M2. 0.019
resolution. Also reads dB direct referenced to 16
stored )impedances. Conductance ranges 2mS and
200nS. £255 mains mode! £285 mains battery.

FLUKE 8012A

3Y2 Digit LCD DMM with true RMS on AC voits
and current. DC volts 200mv-1KV, 100uV
resolution. AC volts 200mv-750V. 100uV
resolution. DC/AC current 200uA-2A, 0. 1uA
resolution. Resistance 2002-20MQ. 0.19
resolution Low resistance 2§ and 208, 1mQ
resolution Conductance ranges 2mS-20uS-200nS
£229.00 mains model £259.00 mains battery.

FLUKE 8010A

3% Digit LCD DMM Same spec as 801 2A plus a
10Amp AC/DC current range, but not low
resistance range. £175.00 mains mode! £203.00
mains battery.

HILOMAST
SYSTEMS

PNEUMATIC
TELESCOPIC
MASTS

ACCESSORIES
AB1-230 Battery eliminator . . ........KE14,00
C90 Carry case for hand held . £10.00
801-600 Amp clamp . .. £68.00
80J-10 Current shunt 10A £22.00
80K-40 H.V. probe 40kV . £56.00
80K-6 H.V. probe 6kV . . . | £40.00
80T-150 Temperature probe £72.00
80T-H Touch hold probe . . .£36.00
83RF R.F. probe 100MHz. . £40.00
8SRF R.F. probe S00MHz.. £69.00
Y8102 Thermoucoupleprobe . ... ......... 5 £41.00
Y8103 Bead thermocoupie.. . ...... . .. £18.00
Y8104 K type thermocouple termination. . .. . . £8.00
Y8133 Deluxe test leads. . ..£13.00

The above prices do not inciude carriage
or VAT (15%).
Simply Phone or
Telex your order for
Immedlate dispatch.

Electronic Brokers Lid
61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

WW - 201 FOR FURTHER DETAILS

HILOMAST LIMITED

THE STREET HEYBRIDGE — MALDON
ESSEX CM9 7NB ENGLAND
Tel. MALDON (0621) 56480
TELEX NO. 995855

WW — 058 FOR FURTHER DETAILS
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High Technology
Communications
Equipment

Seewsat,,
Communications

8 gau-mxﬁm g’non Centre
INGHED England
20-23 Aped 19852

For all your Land Mobile and
VHF Marine Communications
Equipment contact us,

we specialize in:

* Mobiles

* Hand Helds

* Base Stations

* Repeater Stations
Tone encoders/Decoders
Telephone Connect Systems
Computer Interface Equipment
R.F.Power Amplifiers
Dupiexers and Multi-couplers
System Engineering

OmmunIQUE

Communications House

Purley Avenue, London NW2
Telephone: 01-452 8949/450 3452
Telex: 298765 Unigue.

CAMBS., PE 13 2PS

TEL: 0945 63281
WJELEX 32630

ROM i
Stock [
gcH. [ o
uow Wi
‘ 1 PE|3 2"

WW — 007 FOR FURTHER DETAILS
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EPROM PROGRAMMER
o TV (MONITORI DISPL AY
2532 ¢ FOMULATOR
DATAMAN DESIGNS, LOMBARD HOUSE,

® HEX KEY PAD
2716 ¢ PGWERFUL EDITOR
2732 o SERIAL/PARALLEL 10
® CASSETTE BACK-UP
SOFTY STANDS ALONE
£169+ VAT EX-STOCK, BY RETURN
DORCHESTER, DORSET, DTI IRX. (0305) 68066
WW.— 032 FOR FURTHER DETAILS
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XLR CONNECTORS

Chassls Female D3F.

Line Femalg AJF....................... .£1.59 Choseis Wl Dars

Line Male A3M _.............. .£1.36
4, 5,6 and 7-pin versions and large selection audio adaptors avalla

NEUTRIK XLR CONNEGTORS

Latchless Chassis NC3-FZ................... ... £0.67 Latchless Chass:s Male NC3-MZ... ... £0.59"

Line Female NC3-FCC.. SRR 3 - ] Line Male NC3-

Female Chassis NC3-FP .. .. £1.65 Chassis Male NC3 MP ... voceenns £0.87
4,5-pin, PCB and black versions and large selection of audio adaptors avallable

XLR LNE MAIN SERIES

4444444444444444444 E3 87 XLRLNE12C......... - -
XLR LNE 31.. .- £4.14

BELCI.ERE AUDIO TRANSFORMERS

ENG422 Batio + 1.2 + 2. Freq. 40Hz-35KHz. PRI 150/60011. sec. 600/2.4K{)..e..
ENG4: Ratlol + 1 :6.45 + 6.45. Frea. 4OHZ 25KHz. PRI 150/6000Q1. sec. 6. 25K/25
SKT-723 M g can, 39dB tion 50Hz ext. field.............
Trade enqumes welcome; quamity discounts availabie. All prices subjecl
phone. Min. order £10. Please add £1 postage. Access. Amex, Barclaycard.

KELSEY ACOUSTICS LTD.
28 POWIS TERR/.CE, LONDON W11 1JH

XLR LNE 11C...
XLRLNE32..

01-727 1046/0780

WW - 036 FOR FURTHER DETAILS
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METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

Telex: 892301 HARTRO G

OSCILLOSCOPE

Single trace. DC to 10MHz. Risetime
35nS. SmV/cm to 20Vicm. Timebase
0.545-0.25. Buiit in component tester
LPS techrique provides stable and
reliable triggering up to 30MHz £138.00

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD. W.C.1 Phone: 01/837/7937

WW — 013 FOR FURTHER DETAILS

a professional, portable
low cost unit

Tolemet ABIG4 Counter Trmer
JeREES Ty x

TELEMET AB164
COUNTERTIMER

Dual Trace. DC to 20MHz 8 x 10cm
display with internal graticule. Rise time
17.5nS. Variable input 2mv-20vicm.
Add and invert modes. Timebase
0.5uS-0.2S with sweep delay 100nS-1S
x § expansion. X-Y operation Z
modulation. Trigger CH1. CH2. CH1/2.

3 frequency ranges DC to 180MHz with
1 Sec gate including phase locked loop
1Hz-1KHz providing 0.01Hz resolution within
10 seconds.

Period/Time ranges to 1uSec, ImSec and 1 Sec
resolution.

Manual and logic gating on the time and event
ranges.

13mm 8 digit display with leading zero
suppression.

Internal charger and NiCad batteries.

Price £195.00 plus VAT (carriage incl.) from

Unit $17, Europa House,

Fraser Road, Erith,
e eme Kent DA8 1QL.

Tel. (03224) 39677.

WW - 046 FOR FURTHER DETAILS

WIRELESS WORLD APRIL 1982

HM 203 PORTABLE
OSCILLOSCOPE

Dual Trace. DC to 20MHz 8 x 10cm
display. Risetime 17.5nS. Sensitivity
Smvicm-20Vvicm. Timebase 0.5u8-0.25.
x 5 magnifier. X-Y operation’ Auto or
variable tngger. Channet 1. Channel 2,
fine and external. Coupling AC, or TV
low pass filter. Weighs only 6Kg., Size
{m.m.)H. 145, W. 285. D. 380 £220.00

Dual Trace DC-70MHz 8 x 10cm display
with internal graticule. Risetime 5nS.
Variable input 2mV-20V. Add and invert
modes. 95nS Signal Delay Line.
Timebase 50nS-1S/cm with Sweep delay
100nS-1S x 10 expansion. XY*
operation. Z modulation. Trigger CH1.
CH2, CH1/2 line or EXT £580.00

The above prices do not include carriage
or VAT (15%).

Simple Phone or
Telex your order for
immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road
London WC1X9LN

Telephone: 01-278 3461
Telex: 298694 Elebro G

WW - 202 FOR FURTHER DETAILS



AP'82 is a specialist exhibition of one of the fastest growing

4 areas of communications today. Organised by The Radio

b, Society of Great Britain, the UK's national amateur radio
soclety, this exhibition brings together every aspect of
amateur radio in what has been called "Europe's largest
tent,’ Alexandra Pavilion. Exhibitors include leading UK
manufacturers and importers, affiliated societies for the
“specialist operator, displays of the latest microwave
techniques and a comprehensive selection of publications.
\ If you too are interested in the future of amateur radio, a visit
1 to the RSGB stand is a must, where staff and volunteers will be
¢ available to give information on the wide range of services offered by
_the society.

If you're a newcomer or an ardent radio amateur AP'82 is an exhibition not

to miss.
For RSGB membership details, send a post-card to address shown below.

Discover the world oj

Radio Society of Great Britain, 35 Doughty Street, London WC1N 2AE.

The exhibition for every

with 725t ¢B

™ April 15th & 16th

9am to 6pm
April 17th

9am to 5pm

radio amateur

~How to get there;
| a1003 Y
ho)

Public Transport. Alexandra Palace is easily reached by
road and has free car and coach parking. Bus services 29,
41, 102, 123, 134, 212, 221, and 244 are within easy walking
distance, and service W3 connects with the Underground
at Wood Green (Piccadilly Line) and Finsbury Park
(Piccadilly and Victoria Lines).

By.Car. AP.is near Muswell Hill or Wood Green, off the
North Circular Road.

Talk-in: GB2AP. FM S22 or SUS8 (initial calls).

SSB 144-28MHz (listening watch).

An entire
range of
low-cost
high-
performance
instruments

sabtronics 7,
‘Making Performance Affordable’

5020A
*8110A
*8610A
*86108B

1Hz-200KHz Function Generator
100MHz 8-Digit Frequency Meter
600MHz 8-Digit Frequency Meter
600MHz 9-Digit Frequency Meter
1GHz 9-Digit Frequency Meter
10MHz Universal Frequency
Counter/Timer

800MHz Prescaler

5MHz Single Trace Oscilloscope

* Also available in kit form.
Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices — no-one can beat our
price/performance ratio.
Full colour iliustrated

*2010A
*2015A
2020

3%-Digit LLE.D. Bench DMM
3%-Digil L.C.D. Bench DMM
3%-Digit L.E.D. Bench DMM
with Microcomputer Interface
3%-Digit L.C.D. Hand DMM
3%-Digit L.C.D. Hand DMM
3%-Digit L.C.D. Hand DMM
with Temp.

10MHZz Logic Probe

2033
*2035A
*2037A

LP-10

RADIOCODE

CLOCKS

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems.

Applications

Automatic master clock and slave controller.
Synchronisation of separate equipment and events.
Programmable energy management system.
Computer clock/calendar with battery backup.

Data logging and time recording.

Process and equipment control.

Broadcasting, Astronomy, Navigation.

Satellite tracking.

If you have a time or synchronisation problem,
write or phone for further details of our portable
and new microcomputer-controlled Radiocode
Clocks.

brochure and price list from:
BLACK STARLTD.,
9a Crown Street,St. lves,
Cambs. PE17 4EB
Tel: (0480) 62440. Telex 32339

IR)Ifal

Circuit Service s, 6 EImbridge Drive

WW — 047 FOR FURTHER DETAILS Ruislip, Middlesex. Ruislip 76962

WW - 008 FOR FURTHER DETAILS
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AliGio]

L The firm for Speakers

Just @ will bring you the latest Wilmslow Audio
80 page catalogue packed with pictures and specifications
of HiFi and PA Speaker Drive Units, Speaker Kits,
Cabinet Kits . . . .

1000 items for the constructor.

CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS — MIXERS — COMBOS — EFFECTS —
SPEAKER STANDS AND BRACKETS - IN-CAR
SPEAKERS AND BOOSTERS ETC. ETC.

* Lowest prices — Largest stocks »

* Expert staff — Sound advice »

* Choose 'your DIY HiFi Speakers in the comfort *
4 of our listening lounge.
{Customer operated demonstration facilities)

* Ample parking *

* Access - Visa - American Express accepted *
2

sy
A 0625 529599

35/39 Church Street, Wilmlsow, Cheshire SK9 1AS

B Lightning service on telephoned credit card orders! @—@

WW — 050 FOR FURTHER DETAILS _

_f ONLY 548.50 R — @.@

COST
EPROWNR
ERESURE

Send cheque or official order for prompt
delivery. Telephone orders will be

2

HOLDS UPTO SIX EPROMS despatched C.0OLD. at nv extra charge.,
SAFETY INTERLOCKED TRAY Also available in London from:
FAST ERASE TIME Technomatic Ltd.
QUALITY S TELIEL ;rdm':?\nl;crdeen from:
MONEY-BACK GUARANTEE Granite Chip. :
NORTHERN ELECTRONICS

51 Arundel Street, Mossley, Lancashire  Tel: Mossiey (04575)4119
WW - 034 FOR FURI]'_!E_R DETAILS

:ORDER YOUR FAVOURITE
\3‘ AUDIO ACCESSORIES BY MAIL

SEND FOR YOUR FREE COP
OF QUR 1982 CATALOG

[, OVER 250 ITEMS
INCLUOING DIRECT BOXES, MIC-SPLITTERS,

% SIGNAL PROCESSING, AUDIO MODULES.

TRANSFORMERS & MANY OTHER ACCESSORIES
- WITH TECHNICAL DATA
8l x11 & USE DIAGRAMS

We Ship the fastest & most convenient way for youl Most Shipments From Stock

SESCOM, INC.

RETAIL SALES DIVISION (702)384-0093
1111 Las Vegas Bivd. North (800)834-3487
Las Vegas, NV 89101-1197 U.S.A,  1wx (010)397-80986

WW — 006 FOR FURTHER DETAILS
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Electronic Brokers

DEC SALE

a selection fromour
huge stocks

MASSBUS

11/70 512KB MOS, RWMOS Disk, LA120

CONSOI8 ......coieieiie i £57,000.00

TWU77 Master Tape deck c/w formatter and

CONEPOl. ..eveieeieiniiiiie i £15,500.00
UNIBUS

11/04 10%'32KBMOS...............oo.... £3,625.00

11/34A 256K8B, KY11,DL11 .. ...£6,500.00

11/40 64KW, KT11D.......... .£4,250.00

11/45 SBKW CPU................. .27 450.00

LP11 M7258 Printer Interface b . b

PC11A Reader Punch and Ct1 ..

RKO6 Disk DriveéNEVV] ........

RKB611 RKOB6 an

RBLO1 Disk Drive.........

RL11 RLO1 and Ct1

RL211 RLO2andCt1............c......
RX11 Dual Aoppy and Ct14
RX211 Dual Floppy and Ct1 (N

TUTO Tape DECK..........oooov.n. . £e,2%0.00
TM11 TUA0 and CEd . £3,750.00
TS11ABTape Deck........cooievvniiennnnnns £5,850.00

Q-BUS
11/03-LJ 5 %'32KB CPU [NEW)
BA11-MF 3% Expander Box
DZV11A 4-Line MUX .. .£350.00
LPV11 MBO27 Printer Interfac .£325.00
RKV11 Contraller for RKO5 Disk (NEW]....£385. 00
RAXV11 Dual Floppy and Ct1 [NEW]........... £995.0

OMNIBUS

PDPBA-205 CPU, 32KW MOS (N ..£1,750.00
RXBE Dusl RXQ1 Floppy and Ct1 [N .£9985.00
RX28 Dusl RX02 Roppy and Ct1 [N £1 450.00
BEBA Omnibus expander........................ £395.0

DKCB-AA Option module (NEW]. ...
DPBEB Communications Adaptar ...
KEBE Extended Arithmetic............
KLBE Asynchronous Interface..................
LPB MB342 Printer Interface..................

VDU & PRINTER

£1,500.00
£625.00

OFFERS

HAZELTINE H2000 VDU ~ DECLA35/LA38and
- LA180 MATRIX
27 x 74 Display, 64 ASCIl, RS232,
full haif duplex and full editing XY BEINTEREST.
cursor addressing and batch mode, LA36 30cps ke{vboard LN IS
reen phosphor CHT, detachable integral stand, 132 column tractor-
eyboard Saasuppgrélgwi casgf ASCII
b wit mA interface .. £450.00
g',:,fg,';“' HLTRTTAT sl Oh LLﬁ%g wncg RS232 interface . £495.00
12 £289.00 58 £255.00 TRy ViR OF
LA36 — AMAZING VALUE:
34 £275.00 10+ £250.00 LA3S5 with 20mA interface
Asoafew .. .. ...£250.00
remainin LA3S with RS232 interface . £275.00
H1000 ?2 x 80 LA180 high-speed output printer
NG ~, displa RS232, with 180 cps printing, 132 column
3 4 110/300 or tractor-feed, upper lower case
[ 300/1200 ASCII. Incegral stand (N
baud £199.00 LA180 printer standard parallel
AJS32 DAISY WHEEL [Centronics type) interface. . .£495.00
PRINTER / BFLOTTER LA1B0-ED with optional RS232 or
Scoop purchase of Andersun 20mAinterface ....... .. .. £670.00
Jacobson AJB32 Daisy Wheel AJ212 ACOUSTIC COUPLERS

Printers complete with full keyboard

integral stand and RS232 interface Special Purchase of Andersorn-Jacobson

Acoustic Couplers suitable for use with

Utilising the RS232 or 20mA devices, full or half
famous QUME rhs g’ duplex, at speeds up to 300 baud.
Printer Mechanism Attractive woodencase. . ... ... £125.00
;g gggg-gg / VTS50 AND VT52 DECSCOPE VDUS
=l e ~m 50 DECscape, 12 x 80 upper case
- S50, el cicbie e i
... au mA or
LINE PRINTERS iNterface. ... ......ccoocveeeennn. £250.00
DEC LP11-VD 300 1pm Drum Printer VT52 DECscope, 24 x 80 upper/iower
upper/lower case, including contral case ASCIl, 9 switch-selectable baud
module, ... £2,750.00  rates 75-9600 baud, 20mA or RS232
DEC LPO4 300 1R‘ er/lower case Interface..............c....c...... .£525.00
drum printer BRA| SURPLUS, AII |tems reconditioned unless otharwise

including control module ..... 55,750.00
DATA PRODUCTS BB00 band printer ADD 15% VAT TD ALL PRICES
including control module...... ,750.00 Carriage and Packing extra

Electronic Brokgars Ltd., 61/65 Kings Cross Road,
}oglll')n WC]X 9LN. Tell :01-278 3‘:61 Telex. 298694

:-1 : | : [
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CMOS 4077 0.18 4705  4.24 744N 0.62 74153N 0
4000 0N 4078 0.18 4706 4.50 7448N .56 74154N g
4001 0.1 4081 0.2 4720 4.00 7450  0.14 74156N @
4002 042 4082 0.8 4723 0.9 745N .14 741%6N 0
4007 013 4093 0.30 4724 0.95 7453N 014 741574 0
4008 050 4099 (.80 4725  2.24 7454N 014 74159N 1
4008AE 080 4175  0.80 40014 0.54 7460N .14 74160N 0
4009 025 4502 0.80 40085 0.99 7470N  0.28 7416IN 0
4010 030 4503 0.50 40098 054 7472N  0.27 74162N 0.
4011AE 0.24 4506 0.70 40106 069 7473N  0.28 74163N 0.
4011 0.1 4507 037 40160 1.05 744N 0.28 74164N Q.
4013 025 4508 150 40161  1.05 7475N  0.35 74165N 0,
4015 050 4510 0.55 40162  1.05 7476N  0.30 74166N 0.
4016 022 4511 (.45 40163  1.05 7480N  0.26 J4167N 1.
4017 0.40 4512 .55 40174 105 748N 020 770N 1.
a3 0.38 4510 125 40175 105 742N 0.75 FNTIN
4020 055 4515 125 40192 108 7485N  0.75 74174N Q.
4021 0.55 4516  0.60 40193 108 7486N (.24 74175N 0O
402 055 4518 (.35 40194 104 748N 1.05 74176N 0,
40%2 0.15 42;0 0.60 40195 108 740N 0.30 0
40; 0.33 4821 13 749IN 066
4025 0.15 4522 0.809 TTL N 742N 0.35 ?
4026 1.05 4527 0.80 7400N  0.10 TABN 035 0
4027  0.26 4528 0.85 740IN  0.10 7434N  0.70 1
4028 050 4529 070 742N 020 7495N .60 0
4029 055 4531 0.85 7403N O 1 749N 0,45 i
4030 035 4532 0.80 7404N  0.12 7497N 1,40 1
4035 067 4534 4.00 7405N  0.12 74100 110 3
3040 050 4536  2.50 7406N  0.22 74104 0.62 0
4042 050 4538 0.85 740N 0.22 74105  0.62 0.
4043 050 4539 0.80 7408N  0.15 74107 026 0
4043AE 0.93 4543 0.80 7409N 0.15 74109N  0.35 0
4044 060 4549 350 7410N  0.12 74110N 0.54 0
0.60 4563 270 7411N  0.18 741N 0.68 0
0.68 4554 1.0 7412N 013 74112N 1.70 0
0.24 4555 (.35 7413N 027 74116N 198 0
0.24 4556 0.40 741N 0.51 74118N 085 0
0.55 4557 230 7416N 027 74119N 1.20 1
0.55 4558  0.80 417N 027 74120N 0.95 1
0.55 4559 3,50 7420N 0.13 74121N .34 1
1.30 . 028 J4I122N 034 1
1.30 0.22 74123N 0.40 1
1.30 0.22 74125N  0.40 0
5.75 0.2 74126N 0 40 iH
0.75 0.2 74128N  0.65 0.
115 0.12 74132N  0.50 2.
0.30 0.23 74136N  0.65 2.
4.30 0.22 74141N 0.45 0.
0.16 0.22 74142N 1.
0.14 0.14 74143N 2,50 8!
0.16 0.54 74144N 250 3.
0.16 0.42 74145N 0.75 1.
0.16 0.62 74147N 1,50 1.
0.16 0.62 74148N 1.09 2.
0.16 0.62 74150N 0.79 1
0.55 0.62 74151N_0 85 g

74366N
74367N
74368N
74390N
74393N
74430N

74LSN
74LS0ON
74LSOIN
74LS02N
74LSO3N
74LSO4N
74LS05N
74LS08N
74LSO0SN
74LS10N
74LS 1IN
74LS12N
74LS 13N
74LS 14N
74LS 15N
74LS20N
74LS21N
TJALS22N
74LS26N
74LS27N
74LS28N
74LS30N
74LS32N
74LS33N
74LS37N
74LS38N
74LS40N
74LS42N
74LS47N
74LS48N
74LS49N
74LS5IN
74LS54N
74LS55N
74LS73N
74LS74N
74LS75N
74LS76N
74LS78N
74LSB3IN
74LS85N
74LS86N
74LS9ON
74LS9IN
741 S92N
74LS93N
74LS95N
74LS96N

0.85 | 74LS109N 020 | 74.5248N  1.35 F4CXX Processors
0.85 ¥ 74LS12N  0.20 | 7aLS249N  1.35 8080 series
0.85 | 74SL113N 020 | 74LS251N 0.5 | 74C00  0.20 AFCI2 ]
185 | 7aLS11aN 019 | 7a0s253N 0.5 | 74Coz  0.20 | 80B0AFC/2 1730
185 | 74051228 035 | 7ars25'N 040 | 7aCos 020 | 3212 21
185 | 7aLS123n  0.35 [ 7aUs25eN 037 | 7aco8 020 | 21 350
74LS124N 140 | 7aUs25N 060 | 74C10 020 | B2%8 il
74S125N 026 | 74LS260N 050 | 7414 055 [ G223 20 |
010 | 7aLS126N 026 [ 7auS266N 022 | 74C20  0.20 | 22} oAl
0.10 | 74LS132N 042 | 74LS273N 070 | 74C30  0.20 5.40
011 | 74LS133N 024 | 7aLS275N 3.0 | 74C32 020 | 6800/6809
011 | 74LS136N  0.20 | 74LS279N  0.35 | 74C42  0.80 | esoop £2.80
0.14 | 74LS138N  03p | 7aLS280N 250 f 74C48  1.03 | ggag0 4.25
013 | 74LS139N 030 | 7aL5283N 042 | 74C73  0.50 | eBBOO 485
0.12 | 74LS145N  1.20 | 74LS290N  0.50 74C74 0.50 | 6902 .50
012 | 74LS15IN 030 | 74LS283N 040 | 74C76  0.48 | R0 1.5
012 | 74LS153N 027 | 74LS295N 1.0 | 74C83 098 | gg10 1.25
012 | 74LS154N 088 | 7aLS298N 076 | 74C85  0.98 | 68A10 186
012 | 74LS155N 035 | 74LS365N 032 | 74C86  0.26 { 68810 204
020 | 74LS156N 037 | 74LS366N 034 | 74C83  2.68 | 6820 1.96
030 | 74LS167N 030 | 7aLS367N 032 | 74C9  0.80 | ea21 125
0.12 | 74LS158N 030 | 74LS368N  0.35 74C93  0.80 | ssA2? 2.10
012 | 74LS160N  g37 | 74LS373N 070 } 74C95 094 | ggp21 226
012 | 74LS16IN 037 | 74LS37aN  0.70 | 74C107 0.48 | eBag 4.25
012 | 7aLs162N 037 | 7aLS375N 040 | 74C151 152 | ggado 455
014 | 74LSI63N 037 | 74LS37IN  08S | 74C154 226 | 68B40 4.86
012 | 74LS164N 040 | 74LS378N  0.65 152 | 6850 1.50
0.15 | 74LS165N 74LS37IN  0.60 0.80 | 68850 213
0.12 | 74LS166N 74LS38AN 250 0.80 | 6852 295
0.12 | 74LS16BN 74LS385N  2.05 0.80 | e8As2 275
0.5 | 74LS169N 74LS386N  0.29 0.80 | 68852 2.95
015 | 74LS170N 74LS390N  0.68 080 | 68488 525
0.4 | 74LS173N 74LS393N  0.61 084 | 500 A
013 | 74LS174N 74LS3%N 2 10 0.72 sernes
030 | 74LS175N 74LS3%6N 198 072 | Z80A 3.76
0.35 | 74LS181IN 74LS3%8N 275 0.72 | ZBOADRT  7.50
0.45 | 74LS183N 74LS3%9N  2.30 0.80 | ZBOAPIO 350
055 | 74LS18IN 74LS445N  1.40 0.80 | 280AS10/1 11.00
013 | 74LS190N 74LS44TN  1.95 0.80 | ZBOASIO/2 11.00
0.14 | 74LS19IN 74L5490N  1.10 452 | 280ASI0/3 9.85
014 | 7aLS192N 74LS668N  1.05 1.06 | z80CTC ~ 4.00
021 | 70LS193N 74LS669N  1.05 038 | ZBOACTC  4.50
0.16 ;4L§194N 74LS670N 170 g.g 78001 65 00
0.22 4L S 195N .
020 | 74LS196N 0 | PROM
0.19 | 74LS19IN 564 | 2708 200
0.40 | 74LS200N 038 | 2716 £3.00
080 | 74LS202N 74C907 038 | 2532 0A
014 | 7aLS22IN 74C208 0.84 | 2732 £4.00
%_% 74L§zao~ 74C908 ;g
r 74LS241N 74C910 o A
031 | 74US242N" 7aC91a 0,86 | Prices shown
031 | 74L5243N 74C918  0.98 | exclude VAT.
040 | 74LS244N 74C925 432 | Postage 50p
1.20 | 74L5245N 746326 4.32 | ner order (UK).
IN .

HOW WOULD YOU LIKE YOUR
TO LOOK LIKE THIS ? '

ZX81

IT COULD WITH
THE CROFTON ZX81 ADAPTAKIT.

ONLY £35.00 plus VAT - total £40.25 plus £2.45
P&P. AND IT ALSO HAS A VIDEO OUTPUT
TO DRIVE A STANDARD MONITOR.

SEND FOR DETAILS.
CROFTON ELECTRONICS LIMITED

35 Giosvenor Road, Twickenham, Middlesex TW1 4AD. Tel: 01.891 1923/1513

*

B TO 20KHZ

*x ®x

*

*

*

*

*

*

x x

500 WATTS SINE WAVE PER CHANNEL INTO 2 ohms
0.005% DISTORTION AT ANY FREQUENCY FROM 20HZ

SIGNAL TO NOISE RATIO 120DB

POWER BANDWIDTH 10HZ-100KHZ + 1db

DUAL POWER SUPPLIES USING TOROIDAL
TRANSFORMERS

HIGH TECHNOLOGY MOS-FET OUTPUT STAGE

FAN COOLED

WE HAVE JUST DESCRIBED OUR STANDARD NO-FRILLS
POWER SLAVE AMPLIFIER

ANY INPUT SENSITIVITY CAN BE CATERED FOR AS
STANDARD .

STUDIO VERSION AVAILABLE WITH METERS BALANCED
LINE,ETC . ..

STANDARD PRICE £385.00

STUDIO VERSION £455.00

ALSO AVAILABLE AS SINGLE 500 WATT £195.00

S & R AMPLIFICATICN
21 Deptford Broadway, London, S.E.8
Telephone: 01-692 2009

ol

WW — 051 FOR FURTHER DETAILS
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hitreliabilityhi!service hi!performance hilcompetitive hi?

Low cost excellence

with a 2 YEAR guarantee

G 2024
DM 801 - SINE-SQUARE
DIP METER SCILLATOR

£55 £68

DM 801 DIP Meter — 700 KHz to 250 MHz in 7 bands — Inductive
and Capacitive coupling with an ‘RF Searcher’ — high sensitivity -
absomticn Frequency Meter — Xtal tester — Marker generator —
CW and AM monitor.
FC 754A Digital Frequency Counter — 6 digit — 10 Hz to 250 MHz
FC 756 — 10 Hz t0 500 MHz.
DF 760 — Combined 7 digit Frequency Counter and 3% digit DMM.

AG202A 200KHz R.C. Oscillator — 20Hz to 200KHz in 4 ranges —
Sine and Squarewave — Flat O/P to 10V r.m.s. from 600 chms —
< 0.5% distortion — > 60dB of variable O/P atten — Ext. Sync, —

Large easy to read single dial with smooth precise tuning control —

AG203 Low Distortion Oscillator — < 0.1% distortion— 10Hz to

1MHz in 5 ranges.

SG 402 CO 1303D
30 MHzAM. | 5MHz

SIG. GEN. OSCILLOSCOPE

£59 £108

SG402 A M. Signal Generator — 100KHz to 30MHz in 6 bands —
100mV of O/P with variable attenuator — Int. and Ex. A.M. — Solid
State — Lightweight and portable — Large clear easy to read
frequency dial.

C01303D, DC to 5MHz Oscilloscope — 10mVidiv sensitivity with
variable atten. — Int. variable sweep frequency in 4 ranges from 10Hz
to 100KHz — Int. and Ext. sync. — Direct deflection terminals can
monitor R.F. up to 4560MHz. CO1303G as above, plus 1:8 to 54MHz
monitor freq. range from 1to 500W direct coupling— Two Tone gen.

1KHz and 1.575KHz — ideal for SSB, A.M. CW. etc.

FG 3%, DIGIT
270
FUNCTION GEN. DMM

»

FG270, Function Generator — 0.1Hz t0 1MHz in 6 ranges — DL 705 3V Digit LED DMM — 2V FS 1000V FS {DC and AC) — 20A
sine, square and triangle — 20V p-p open circuit output — < 1% FS to 200 mA FS {DC} — 2 ohms FS to 20 M ohms FS — Accuracy
distortion — D.C. offset — TTL O/P — Ext. VCO for sweep tests. 0.5% of reading — Compact, reliable and easy to use.

FG271 as above plus 0.02Hz to 2MHz in 7 ranges — Int. sweep — DL706 3Y Digit Auto Ranging and Zero— 0.1% of reading — 100uV
Pulse, Tone Burst and A.M. resolution — AC Amps.

DL 720 4% Digit— 0.03% of reading.

Plus many.other Trio Products such as high sensitivity electronic voltmeters, Wow and Flutter meters, DIP
meters and of.course the main range of Trio scopes up to 100MHz —JUST ASK FOR THE CATALOGUE

BARCLAYCARD
cEm—— = House of Instruments Ltd.,
Clifton Chambers,

62, High Street,
Saffron Walden,

: Essex CB10 1EE.
4 I R I O Telephone: (0799) 24922
- ® Telex: 81653.

performancehilcompetitive hilreliabilityhi?

1Y do1aa9s J1Y figpiquyad j1y sannodwod iy souswsojsad j1y a91a43s 1Y fiyfiqeres jiy
aopasasiyfypiqupeagyaanpoduosyasuswaoyiadiiyosjasasiyliyiquyot

House of Instruments Ltd.
DAL 9622A

WW — 028 FOR FURTHER DETAILS
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-M/AM 1000s with Spectrum
Analyser—we call it the SUPER—S

A portable communications service monitor from IFR,
light enough to carry anywhere and good enough for
most two-way radio system tests.

The FM/AM 1000s can do the work of a spectrum
analyser, oscilloscope, tone generator, deviation meter,
modulation meter, signal generator, wattmeter, voltmeter,
frequency error meter—and up to five service engineers
who could be doing something else!

A PRACTICAL TOP UP!
MM-100 MULTI-METER

Simply replaces the protective lid of the FM/AM 1000s. It
includes a modified probe. PB-114, and a built in speaker
unit with independent volume control for audible response
to signal measurement. This practical ‘top up’ will perform
the following functions.

Sinad: Measurements for 1 kHz
tone (+ 20 Hz)
Distortion: To 30%
DC Volts: Up to 300 volts and up to
800 volts when the X10 probe is used .
AC Volts: 600 VRMS maximum for freguencies between
25 Hz and 25 kHz
Ohms: Using the modified probe, part number PB-114,
Ohms can be measured on scales X1 to X10 K
% AM Measured on the RF signal applied to the
FM/AM-1000 unit

OPTIONAL ACCESSORIES
A choice of R.F. power attenuators and protective
carrying cases.

For further information contact Mike Taylor

Q| Fieldtech
Hunting Hegthrow

Fieldtech
Heathrow Ltd
Huntavia House
420 Bath Road
West Drayton
Middlesex UB7 OLL
Tel: 01-897 6446
Telex: 23734
FLDTEC G

IFR precision simulators

WW — 021 FOR FURTHER DETAILS
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50+ CASES FOR

SPECIALISTS
referred by JENSEN

JTK 17

Available in 12 different case
modifications.

Specially suited for maintenance of
electronic equipment,
communications, radar, computers
and office machines

57 top quality tools. VOM Test Meter
optional.

Deluxe attache case of hardwood
construction, fama grain covering
and solid brgss fittings.

Metric conversion kit available.

Designed for the professional electronic
technician requiring a complete set of
tools in a compact package

50 protessional tools. VOM Test meter
optional.

Also available with metric tools
(JTK16mm)

See these cases together with more than
20 other complete specialist tool kits and
a complete range of over 30 empty cases
in the Jensen catalogue available on
request from:
Special Products Distributors Limited

81 Piccadilly, London W1V OHL

Tel. 01-629 9556 Cables: Speciprod, London, W.1

WW — 059 FOR FURTHER DETAILS

The microphone for mobile
radio, with DTA{Fsignalling
and optional AN, brings
greater system flexibility to

your telecom network. Interface
Quartz
Devices

For further information contact the sole agents  Limited

29 Market Street
Crewkerne
Sornerset TA18 7ju

1D
e e
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Crewkerne (0460) 74433
Telex 46283 inface g
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The WERSI Concept

Build your own electronic organ with the WERSI system

WERSI presents their new generation of electronic organs and
accessories to you, the do-it-yourselfer. All the tools you need are
illustrated left. The electronics involved is very revolutionary,
making it very easy to understand. Every non-specialist who can
read is able to do it. Building a WERSI organ from a kit can save
you more than half the cost of a similarly equipped ready-
made instrument and that means with WERSI and your own
initiative and involvement you can afford a sophisticated
electonic organ.

Do you have to be a virtuoso or a
music lover to benefit from building a
WERSI organ? No . . . this would mean
failure to recognize the sense of the
hobby. Even after your project is
completed you will be able to discover
new excitement from the world of
music.

Whether you play haunting blues,
stomping disco, liturgical hymns or
classic renditions the new generation

I of WERSI organs will make your

life more enjoyable.

Want to know more? Just
fill in the coupon below,
enclosing £1.00, and we’ll
send you the big, full
colour catalogue. It will
answer all your questions.

AURA SOUNDS LTD
are the first company to
successfully market WERSI
organs and kits in the U.K.
We have three modern show-
rooms where we pride ourselves
you will receive a friendly welcome
Why not pop in and see the WERSI
range for yourself — we can always
arrange a free demonstration. We

also offer a free technical telephone
support service which is second to none.

Alternatively, fill in the coupon below
for the full colour catalogue. For
immediate action telephone 01-668 9733
24 hour answering service quoting Access/
Barclaycard Number.

Fror LT e

l Please send me the full colour WERSI Catalogue. I
AURA SOUNDS LTD. I I enclose cheque/P.O. for £1. I
14-15 Royal Oak Centre, Brighton Road, Purley, NAME
Surrey. | |
Tel: 01-668 9733 | ADDRESS |
17 Upper Charter Arcade, Barnsley, Yorkshire. I
Tel: (0226) 5248 I Send to Aura Sounds Ltd., 14/15 Royal Oak I
1729 Coventry Road, Sheldon, Birmingham. Tel: Centre, Brighton Road, Purley, Surrey.
021-707 8244 WW — 060 FOR FURTHER DETAILS
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The Ar¢ single-board computer with

This microcomputer represents a breakthrough In single-board
computer performance. Its BASIC interpreter, real-time clock and
calendar, large memory capacity, semal and paraliel 1/0, timers,
interrupt and expansion capabilities make it the most cost-effective
solution for control problems.

Using Zilog's Z8 BASIC/DEBUG interactive BASIC, programs can be
entered into RAM and tested with a vdu or other RS232 terminal,
then transferred to EPROM. The computer includes 4K bytes of
RAM, with provision for another 4K bytes on board., Some or all of
this RAM may be replaced with EPROM for stand-alone applications,
iandl :;ample EPROM with demonstration and utility programs is
ncluded.

An exciting feature of the ARC is its real-time clock and calendar.
This greatly extends its usefulness in the fields of real-time control,
monitoring, timing and security systems.

BASIC

o 28671 MICRO PROCESSOR WITH ON-CHIP BASIC INTERPRETER
o REAL TIME CLOCK/CALENDAR WITH ON-BOARD BATTERY BACKUP
o RS232 INTERFACE WITH 8 BAUD RATES 110-19200

o 4K BYTES OF RAM-PLUS DEMONSTRATION PROGRAMS IN 2K EPROM
-CAN BE EXPANDED ON BOARD TO 20K BYTES OF RAM/EPROM

o CHOICE OF TWO BUS SYSTEMS -64WAY EURO CARD -50 WAY RIBBON CABLE
o 19 UNCOMMITTED I/O LINES

ALSO AVAILABLE PRICES
POWER SUPPLY MODULE ARC1 computer £135.00
Outputs 5v 30v {nom)
12v -12v
EPROM programmer £58.00
EPROM PROGRAMMER
WITH 1200 BAUD
CASSETTE INTERFACE. Power supply £32.00

Programs may be stored on

cassette and transferred to

2K or 4K EPROMS for Please specify bus connection (euro

stand-alone controller appli- card or ribbon cable).

cations. Prices include carriage in U.K., but
exclude VAT,

FUTURE PRODUCTS

Opto isolated relay board

a/d and d/a converters

speech synthesiser.

CONTROL SYSTEMS LTD.

Head Office: 37 Grahame Close, Blewbury, Oxon. 0X11 9QE Tel Blewbury (0235) 850544

WW — 074 FOR FURTHER DETAILS
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You tell us
well deliver!

We have the UK manufacturing facilities, experience and skills
to give you the panel meter you want. With all aspects of panel
meter construction under our control it means you can specify
and get the sensitivity, movement ballistics and scale you want.
It all adds up to greater flexibility and a wider choice.

You want them quickly? — of course! Low quantities or large
quantities present no problems. Next time why not give us a
call - ask for Colin Williams, tell him what you want — you could
be surprised at what he may have to tell you!

14

[ ]
Bach-Simpson
Bach-Simpson (UK. Limited, .

Trenant Estate, Wadebridge, Cornwall, PL27 6HD.
Telephone: (020881) 2031 Telex: 45451

WW — 025 FOR FURTHER DETAILS

=3 =
QUALITY REEL TO REEL & CASSETTE TAPE HEADS
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER.
OUR FULL CATALOGUE (PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE-AMPLIFIERS AND ACCESSORIES

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS

Hole Centres 17mm Apart, 12mm From Head Face

B24-02 STEREO ............ £7.66 C42RPH20 STEREQ R/P SENDUST FOR
B24-07 STEREO RIP FOR OOLBY CHROME/METAL TAPES.. £10.67
............... 9.05 C42RPH04 STEREO R/P GLASS FERRITE
C21ES18 MONO/STEREO ERASE THE ULTIMATE LONG LIFE,
444444444444444444 £2.13 HIGH PERFORMANCE HEAD £13.34

POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.A.T.

MONOLITH

electronic products

WW — 039 FOR FURTHER DETAILS

TV TUBE REBUILDING

Faircrest Engineering Ltd. manufacture a comprehensive
range of equipment for processing all types of picture tubes,
colour and mono. Standard or custom built units for estab-
lished or new businesses. We export world-wide and have an
excellent spares service backed by a strong technical team.

The Manolith Electronics Ca. Ltd.,
§/7 Church Street, Crewkerne.
Somerset TA18 THR

Tel: 0460 74321,

Telex: 46306 MONLTH 6.

Full training courses are individually tailored to customers’
requirements.

For full details of our service contact Neil Jupp

FAIRCREST ENGINEERING LTD.

4 Union Road, Croydon, CRO 2XX
01-684 1422/01-684 0246

WW - 033 FOR FURTHER DETAILS
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HANDSOME!

Firstthere was the 130. Ahandheld D.M.M. which still sets the standards our competitors strive to'match.

Next came the 131. The introduction of the 135 saw 42 digits on a handheld D.M.M. for the very
first time.

And that same commitment to innovation has resulted in the latest additions to the range. The Keithley
128 D.M.M. with audio-tone and 870 Digital Thermometer with centigrade and fahrenheit readout.

The result is an unrivalled selection of handheld measuring devices. Each specification carefully
matched to a given need. With performance thatlooks pretty good on paper. And even better in the field!

Model 135

Modet 130

Model 870 ® 0.025% accuracy ® Centigrade and fahrenheit readout ® Measures up to1370°C
@ 0.1° resolution up to 200°C

Model 128 @ Audio-tone with adjustable threshold @ 25 ranges: 5 functions ® 10 amp span
Model 135 @ 0.05% accuracy ® Full overload protection ® ACU bandwidth to 20 KHz

Model 131 @ 0.25% accuracy ® 25 ranges: 5 functions ® 10 amp span

Model 130 @ 25 ranges: 5 functions ® 10 amp span ® 0.5% accuracy

All models are guaranteed accurate for one year. And built to the
high standards of quality expected of the Keithley name.

For more information simply fill in the coupon.

And learn about a range which will serve you . . . handsomely!

KEITHLEY

Keithley Instruments Ltd

1 Boulton Road Reading Berkshire RG2 ONL
Telephone (0734) 861287

Telex 847047

Also available from

I.T.T. Instrument Services, Tel. Harlow 29522

WW ~ 031 FOR FURTHER DETAILS



TEST INSTRUMENTS

SABTRONICS

NEW 2033 HANDHELD DMM
Housed in a tough ABS case with bench stand. Mains or Battery operated.
Large 32 digit LCD display.

Similar Basic spec. as 2033 except able to measure
down to 0.1uA AC/DC and 0.192 and with greater accur-

2015A Bench DMM .. £83 | £73
Similar Basic spec. as above except able to measure up to 10A AC/DC,
with more facilities.

P&P £1

" BASIC SPECIFICATION

DC Volts 100uV-1000V

AC Volts 100uV-1000V

DC Amps 10uA-2A

AC Amps 10uA-2A

Ohms 10-20MQ

Only £36.75
P&P £1

m. Kit

2035A Handheld DMM.............ccoovmvminrenmnnineenimeseesisnsennnnns £62 £49

FREQUENCY METERS: 8 digit LED
8110A 20Hz-100MHz

AM_IA
.. £67 £56

8610A 20Hz-600MHz £82 | f£68
8610A

FREQUENCY METERS: 9 digit LED

8610B T0HZ-600MHZ .......cc.ovvemimmiiiiircreemaar e ieesiineneens £99 £84

8000B 10HZ-1000MHZ ........ccocommririrarrencenieceeeneseerererensinenes £155 =
P&P £1

TOUCH AND HOLD PROBE: )

for use with SABTRONICS Muitimeters. Enabies you to hold a signal on

display.

U224 0 - SRR SS———_ £13

I.C.E. Multitester

Specification

Volts DC 100mV-2000V
Voits AC 2V-2500V
Amps DC 50uA-10A
Amps AC 250uA-5A
Ohms .1Q2-100MQ
Frequency 0-5000Hz
Capacity 0-20,000uF
Size with case
13.7cm x 10.4cm x 5.4cm

ST

Only £32
PE&PE£1

'SAFGAN British-made Scopes

% DUAL TRACE

Y 5mV/Div sensitivity
+* XY facility

¥ Z modulation

% Calibration output
% Portable/lightweight

DT410 10MHz
DT415 15MHz ...
DT420 20MHz ...
X1-REF-X10 probe

£179.00
. £185.00
. £198.00
...£11.50

DAROM SUPPLIES |

4 Sandy Lane
Stockton Heath
WARRINGTON

Cheshire WA4 2AY
Tel. 0925 64764

Add 15% VAT on ALL prices
All prices correct at 2-2-82 E&OE
ACCESS or BARCLAYCARD Welcome
Callers welcome Mon.-Fri., 9a.m.-5.30 p.m.

Catalogue FREE

- WW 044 - FOR FURTHER DETAILS
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{0.02ppm

accuracy),

PMR HIGHBAND

“COMPACT SMC1015L1"

JOIN THE MICRO REVOLUTION WITH
THE YC1000L DATA LOGGER
This new laboratory grade instrument features

microprocessor control for increased versatility. Its
many functions include — a frequency counter

a precision

meter, a thermal sensor and a programmable
timer. The test results may be read direct from the
digital display or recorded on the integral logger.

Price £725+VAT

The SMC1015L1 ““‘compact’’ VHF highband
transceiver is currently available ex-stock at realis-
tic prices. Why pay more? We are satisfied that our
standard of construction matches that of the
leading names. Write for details:

YC1000L

AC/DC volt-

South Midlands Communications Ltd.
Osborne Road, Totton

Southampton SO4 4DN, England.

Tel: Totton {0703) 867333

Telex 477351 SMCOMM G

WW — 052 FOR FURTHER DETAILS

[MICRO TIMES

ORDERING INFORMATION
Please add 50p P&P plus 15% |

[{BARCLAYCARD |

VAT to all DR’SE'I:S ‘ m |
E I
19 Mill St., Bideford, North Devon 2,‘:?5,22&, ACCESS/BARCLAYCARD
EX39 2]JR, England (WW ) VAT not applicable ;ﬁ'&% of Snw_ o=
Telephoue Bldeford (023 72) 79798 Orders welcome.
Allitems brand new,
o NEW ELscmomlc DM KT L full spec.
6 mmable ms, instru- =
2708450ns  £2.30 R e bty \';m.mm cymbal, [ CMOS AND 74LS SERIES
2716 5 450ns £2.45 bass drum. Optional stereo output AVAILABLE AT COMPETITIVE
2732 Intel type £6.00 €23.95 || PRICES ON REQUEST
KITS FOR BEGINNERS '\;\tffsc" lCL7gGO £2.00
MEMORIES Wheel of FOrtune...............ccevrvrsercsses e £5.00 olt. Converter
2114450ns  £1.20 J UltronicFly Repoller .. 852 Favsen
21143000 €120 | -9 7 | 5. 50uND compuTER cHIP
TC5514P 450ns ANTEX SOLDERING IRONS Special Price
£3.50 Model CX 17W.. £4.80 m
4K Cmos RAM Kit SK1 15W.. £8.50 TROWA E
{1K x 4} Incl. Base, stand ;ORI N
4116200ns  £1.20 Kit SK3 17W... £8.50 | Tools, kits, boards, etc.
4116150ns  £1.35 Kit SKd 25W. £8.50 available.
5101 £3.00 MLX Repair Ki £5.30 Please send 30p P&P
HMB116-3  £8.00 Spare Bits, each - m
{16K. 150ns) RKIT
COMBO CMIP (Z80) TiLs IEEE $-100 STANDARD
MK3886 212 meg TIL32 45p Cumolete Kit £175
UNEARICs £19. TIL209 red 10p [ plus 15% VAT £1 P&P
NES55 18, Data £1 (26p S.A.E. TIL232 green 18p re Board £48
NES5 agp | ploesed TiL212yellow  16p § Uses 6809, 6850, 6821, '
RCA4136 65p TIL216 red. 18p | ADSMON (2716) £24
'(M301AN 26p | CPUs TiL218 red 20p | DATA AVAILABLE ON 6809
M311P © 6502 £4.95 || TIL220 red 12p | SAE. please .
LM318 £1.45 6504 £6.20 TIL224 yellow 18p
6802 £5.70 L311 £5.25 ¥ 5100 KLUGE CARD
LM324N 42p
LM339N «0p 6809 £15.00 TiL312.3 £1.00 § SIMPLIFY YOUR
LM348N 64y 8080A £350 | TIL321-A £1.15 | PROJECTS WITH A
LM358P 38y | sossA £5.00 f TIL330A €1.15 | PROTOTYPE BREADBOARD
P 4.00 WITH EXTRASI
LM380 esp | 280 £4.
LM3900N a4p Z80A £4.80 Bare Board & Manual £33
livery: 2 weaks
LM3314 £2.00 - Delivery:
LM3915 £2.00 SUPPORT DEVICES LOW PROFILE
LM13600 £1.20 €5, €1 DIL SOCKETS ?‘n‘(g& BLASTER EYY
LM187 €190 | 6522 £5.00 | 8pin 8p | PROGRAMS MOST
S Cleg | 70 | uein 1 | EAMILIES OF EPROMS!
B sN7647IN €175 [ 6810 £1.35 | 16 pin ST | )
sy 0| | 1E20 £1.70 § 18pin 15p | PROMWRITER £40
LM741 14p | 6845 £€10.00 § 22 pin 2p {7 i s
Sﬁ;f; ggﬁ ggg SZ? gg g:: g:g Incl. all parts, sockets and
UA748 26y 8212 £1.30 ¥ 40 pin 29p Promwriter Del. 2 weeks.
TLO74CN £1.00 | 8216 £1.70 VERO PROD!
TLOBICP 3sp | 8228 €3.80 VEROBLOC £3.85
TLO82CP 55p 8255 £3.95 $100 Prototyping Boards:
MU EL] %p } Z80CTC £4.00 FLOPPY DISC Microboard pattern 06-2175L
LM3302 85p § ZsoPIO £4.00'8  CONTROLLERS £17.96.
TLa%0 £1.10 | 780ACTC  £4.00 § 5377 £1550 | 5q.0d. UniversalPatt. £17.95
148 o, ZB0APIO £4.50 § FD1791-2 £32.00 { Prototyping Board for A&pI&
1289 5p | Z80DMA  £1150 | wn16910  £14.50 | ITT 2020
lizo 130 ZB0ADMA  £14.00 § \yD2143-01  £5.00 [§ Other Vero Products available
s £1.35 § 280510/0 « £13.50 § »SPECIAL® Com- [ on request.
8795 £1.35 § 780AS10/0 £14.50 § [jo16 package in-
28051011 £1450 | B2 Peni7grs + JVOLTAGE 100mA
280AS10/1 €1450 | wp1691 D + JREGULATORS 78LO55v 299
SNT6477IN  £1.75 AR U
Sound Eff 28091072 £13.95 WD2143-01 £50
Sound Blects 280A510/2 £1450 | ser data avalisble 78055y 45p  500mA
D:ger;-;:r Lo | 7812%2v ggp 79M12 12v ggp
- L9 5P K THYRISTORS 79055v (S5p 79MO55v  60p
SAE. LN (26p S.AE.please) B759732v's5p 723 p
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Data recording and analysis:

-

meet the time shrinker!

o

NINY

If you need to record and analyse data
from multiple inputs, consider the
advantages of using the Microdata
M1600L data logger.

Magnetic tape cartridge Because it
records on a standard ¥ inch magnetic
tape cartridge in ECMA/ANSI format, the
output can be replayed at high speed into a
computer, calculator or other data
processing equipment. Alternatively, the
internal replay facility of the data logger
can be used. No other data logger has this
capability.

Individual conditioning cards
Individual, plug-in signal conditioning
cards are used-one for each of the 20 input
channels (expandable up to 100). Asa
result, each customer receives a bespoke
instrument ready to handle mixed

analogue and digital inputs from most
transducers. Cards are available at low
cost to condition virtually every type of

write, telephone, or return this
advertisement clipped to your
letterheading.

electrical signal, to reconfigure the
instrument for different projects. No other
datalogger offers these facilities.
Exceptional versatility The M1600L
isavailable either as a mains powered,
free-standing, laboratory instrument orin
the portable weatherproof form operating
from itsinternal batteries. For more
permanent installation in existing
systems, it can be supplied in chassis form

for mounting in a 19 inch rack. No other /\. '

data logger displays this versatility.
- T

The M1600L is now widely adopted
for projects in energy, transportation,

agricultural and environmental research.
If you would like further details, please

MICRODATA LIMITED, MONITOR HOUSE,
STATION ROAD, RADLETT, HERTS. WD7 8JX.
ENGLAND. Telephone: RADLETT (09276) 3333.
Telex: 924937.

M U@@@@ATIA— leaders in the field
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SPECIFICATIONS

o/pP o/P
Type gohms* qohms PSU
CE 608 38 CP5 80
CE1004 a4 70 CPS150
CE1008 65 — CP5150
CE1704 85 121 CP5250
CE1708 125 — CP5250
CE3004 170 250 CP5250
CPR1X output 775mv REG1
MC1X output 2myv REG1
X02/3 output  775-2500mV REG1

crimson modular audio amplifiers feature

« low values of transient and steadystate
distortions « envelope distortion (below 500
H2) less than 0.05% « on board electronic
protection « PCB pin and edge connector
termination « full range of complimentary
components available le. PSUs, heatsinks, etc,

PRICES stunning level of crisp and detailed reproduction.
Power amp moduies Power supply modules Heatsinks All prices include VAT, Please add £1.10for ordersup
CE 608 £21,00 . GPS80 £26.28 HS 50 £ 1.84 to £20.00, £2.50 up to £50 and £2.65 £50 and over.
CE1004 £24.50 CPS80D £3177 HS100 £'2.99 To allow for post and packing (UK only).
CE1008 £27.50 CPS150 £€29.74 HS 50 £ 4.20 &
CE1704 £3500 CPS150D £36.40 FM1 £36.95 Export—No problem. Please write for N .
CE1708 £€3500 CPS250 £36.83 FM2 £41.52 quotation Or qQuote your Visa/Mmaster- & <
CE3004 £49.00 CPS250D £45.34 Charge card number. & Low"
Pre amp modules o
CPRIX £36.00 Active crossovers COMPLETE KITS RARGLAYC:A RS g
MC1X £32.00 X02 PRE-AMP CK1010 ............... e ] .
REG1 £ 930 XO03 POWER AMP CK1040 A ol
TR6 £330 MU1 POWER AMP CK1100.... g Wik Lo o
: {MOVING COIL ADD-ON ... £25.00) PR |
L crimseon bekirik o
. Tel0533 761920 - Telex 34964 Chamco G Crimlek © :

9 Claymill Road, Leicester LEA 7JJ

WIRELESS WORLD APRIL 1982

If you are looking for amplification, take advantage of the same superb quality Crimson modules that the BBC, IBA, KEF and numerous recording
studios have been using for years! Qur expertise in this field of electronic design is internationally renowned, our reputatlon is based on quality,
reliability and value for money and when it comes to technology, oury®
yetdevised. The Crimson range of audio amplifier moduies is availableto industry and public alike and is backed by full technical data, free technical
advisory service, fast delivery and a fuil range of complimentary components available such as toroidal power supplies and heatsinks, etc.

Slew
H/5inks limit S/N Sensitivity THD(typ) FR( ~ 3dB) Size

HS50 30vVus 11008 775mv 0.0035% 1.5H2—50KHz 80—120—25
HS50/100 30VusS 110dB 775mv 0.0035% 1.5H2—50KH2 80—120—25
HS50/100 30vVus 110a8 775mv 0.0035% 1.5H2—50KH2 80—120--25
HS100/150/ Fm1 30VusS 110a8 775mv 0.0035% 1.5H2—50KH2 80—120—25
HS5100/150/FM1 30vVus 110d8 775mv 0.0035% 1.5Hz—-50KHz 80—120—25
HS150/Fm2 30vus 110d8 775mv 0.008 % 1.5Hz—50KHz 161—102—35
= 3vus 70d8 2.8mV 0.008 % 10Hz —50KH2 138— 80—35
3vus 6508 70/150uVv 0.00B % 10H2 —50KHz 80—120—35
9vus 90dB 775mv 0.01 % Preset 150— 50—20

* Power output is quoted in WRMS and is given for two modules off the same power supply. Higher powers can be obtained if using our dual power suppliegor
one module per PSU or if using a stabillsed power supply.

dules feature possiblysome of the world s most advanced audio circuitry

NEW: We now have a completely new Hi-Fi Kit package to offer:

CK 1010 contains pre-amp circuitry, all metalwork connectors, wire, etc., to make a
complete pre-amplifier.

CK 1040 contains power amp modules, all metalwork, dual power supply, connec-
tors, heatsmks wire, etc., to make a complete 40 w/channel power amplifier.

CS 1100 as CK 1040 but at 100 w/channel

Unlike other module manufacturers CRIMSON have a major share of the esoteric,

specialist Hi-Fi market. Unlike many manufacturers we acknowledge the massive

audible differences that small component/circuit changes can produce. However

our ampllf:ers are technically outstanding and have been subjectively ‘tuned’ to a

17
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Sinclair ZX81 Personal Comy

the heart of a system
that grows with you.

1980 saw a genuine breakthrough -
the Sinclair ZX80, world'’s first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

In March 198t, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX8t offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000in the first 3 months!

Today, the Sinclair ZX8t1 is the
heart of a computer system. You can
add 16-times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Software library is growing every day.

Lower price: higher capability

With the ZX81, it's still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
but incorporates a new, more power-
ful 8K BASIC ROM - the ‘trained
intelligence’ of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,
and builds up animated displays.

And the ZX8t incorporates other
operation refinements - the facility
to load and save named programs
on cassette, for example, and to
drive the new ZX Printer.

étﬁ‘w“‘“" £ S
SIC manual

Every ZX81 comes with a comprehensive, specially- written
manual - a complete course in BASIC programming, from
first principles to complex programs.

Kit:
£49.%

Higher specification, lower price —
how’s it done?

Quite simply, by design. The ZX80
reduced the chipsin a working
computer from 40 or so, to 21. The
ZX81reduces the 21 to 4!

The secret lies in a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the ZX80!

New, improved specification

@® Z80A micro-processor — new
faster version of the famous Z80
chip, widely recognised as the best
ever made.

@ Unique ‘one-touch’ key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single-key entry.

@ Unique syntax-check and report
codes identify programming errors
immediately.

@ Full range of mathematical and
scientific functions accurate to eight
decimal places.

@ Graph-drawing and animated-
display facilities.

@® Multi-dimensional string and
numerical arrays.

@ Up to 26 FOR/NEXT loops.

@® Randomise function — useful for
games as well as serious applications.
@ Cassette LOAD and SAVE with
named programs.

® 1K-byte RAM expandabie to 16K
bytes with Sinclair RAM pack.

@ Able to drive the new Sinclair
printer.

@ Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip - unique, custom-built chip
replacing 18 ZX80 chips.

Kit or built —it’s up to you!

You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of course the other
discrete components) — a few hours’
work with a fine-tipped soldering iron.
And you may already have a suitable
mains adaptor - 600 mA at 9V DC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.

WIRELESS WORLD APRIL 1982



16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!

Use it for long and complex
programs or as a personal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Software - the Business &
Household management systems
for example.

Sirnci=ir-
6 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 66104 & 21282,

WIRELESS WORLD APRIL 1982

Available now-

<

the ZX Printer E
for only £49.”

Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full alpha-
numerics and highly sophisticated
graphics.

A special feature is COPY, which
prints out exactly whatis on the
whole TV screen without the need
for further intructions. pack as well. A roll of paper (65 ft

At last you can have a hard copy long x 4 in wide) is supplied, along
of your program listings —particularly with full instructions.

useful when writing or editing
programs.

And of course you can print out
your results for permanent records
or sending to a friend.

Printing speed is 50 characters
per second, with 32 characters per
line and 9 lines per vertical inch.

The ZXPrinter connectsto therear
of your computer — using a stackable
connector so you can plug in a RAM

How to order your ZX81 by cheque, postal order, Access,

BY PHONE - Access, Barclaycard or Barclaycard or Trustcard.

Trustcard holders can call EITHER WAY - please allow up to
01-200 0200 for personal attention 28 days for delivery. And there's a
24 hours a day, every day. 14-day money-back option. We want
BY FREEPOST - use the no-stamp-  you to be satisfied beyond doubt -
needed coupon below. You can pay

I_To: Sinclair Research Ltd, FREEPOST , Camberley, Surrey, GU15 3BR. Order
Qty Item Code | Item grlce Toéal I
Sinclair ZX81 Personal Computer kit(s). Price includes -
ZX81 BASIC manual, excludes mains adaptor. 12 49.95
Ready-assembiled Sinclair ZX81 Personal Computer(s).
_{» Price includes ZX81 BASIC manuai and mains adaptor. 1 69.95 .
Mains Adaptor(s) (600 mA at9 V DC nominal unregulated). 10 8.95
| 16K-BYTE RAM pack. 18 49.95
| sinclairzx Printer. 27 4005 |
| 8kBASICROMtofitzx80. 17 | 1995
Postand Packing. 295

[J Please tick if you require a VAT receipt TOTAL £

*| enclose a cheque/postal order payable to Sinclair Research Ltd,for £ .
*Please charge to my Access/Barclaycard/Trustcard account no.

*Please delete/complete as applicable. | O o {1 [ R et |
Please print.

Name:MriMrsMiss Lt [ [ 4 | { | [ [ | | 1 [ { | { |
Address: | [ | | | [t | { | 1 [ [ 1 0 F 1 | || p
6 P (SR 1 5 () e (S - e
LFREEPOST —no stamp needed. Offer applies to UK only. WRW 04

WW — 012 FOR FURTHER DETAILS

and we have no doubt that you will be.
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Here is the expertise you can depend on

When you choose a mast from the comprehensive Clark range you
are assured of a high standard of engineering and operational
reliability.
Why compromise?

63/70 Trailer-mounted Mast — The igea 21 EXtended heights 4 metres-30 metres, capable of lifting headload

nD T e ofe Al . : e : 3
e of peommanioeter S, 1 kg-200 kg. Sectional or telescopic air operated for field or vehicle

at its maximum height of 70 . mounting. Write or phone us for details today.

WW — 017 FOR FURTHER DETAILS

SAFGAN DT-400 Series N HEED
BRITISH MAKE
DUAL TRACE 'SCOPES LOW PROFILE

o — KEYBOARD SWITCHES

e/

GOLD PLATED, FIVE MILLION OPERATIONS
| CMOS

DT-410,10MHz | DT-41515MHz | DT-420 20MHz |
% CH1, CH2:5mv/div—20v/div. * External Trigger 1 RESISTORS m SWITCHES
T Faciin: Matched XY aputs. o BAL ot ki
XY : | ou .
':Triga;;'r“{ e cantrol, =5 o *Graticulg”b,u‘é e 810 div. (4in. CRT) POTENTIOMETERS CONNECTORS MULTIMETERS
selection, * Size: H215mm, W165mm, D280mm.
+ Auto, Normal, TV Triggering. * Weight: 4kg.

Full details on all these items and more in our

PROBE (XI-REF-X10) £11.50

SAFGAN ELECTRONICS LTD. NEW TRADE CATALOGUE, OUT NOW!!
OMEGA ROAD, WOKING, SURREY  TEL. WOKING (04862) 69560
Carriage: England & Wales £7.50 + V.AT.; Scotland £1650 + VAT. = Harrlson Bros.
S I e LRk R - ‘e Distributors |
51 o I Al n, I N
Bl with Acreen 1 ) ?vnn Sl:l::isl: Epgl:as;\nev,’gn%hiTsl:eéam;mlmmg = T Electronic Distributors
Cardiff Stockist: Steve’s Electronics Supply Co., Cardiff - Tel: {0222) 41305 — X A
cyg;;r:;;g g;g;:;;;:E;;g;g;;’;ngcgafge_u&gg,g1};‘,@ [olsTis 22 Milton Road, Westcliff-on-Sea, Essex. SS0 7JX
e Stocks, TS, boroy - To G2 Arzie Tel: Southend (0702) 32338
“WW — 040 FOR FURTHER DETAILS "~ WW — 053 FOR FURTHER DETAILS
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The Thinking C

Now you can measure, sort and check
capacitance in less time, with more accuracy.

The new 3001 Digital Capacitance Meter is yet another Our back panel has more facilities too. An easy interface for
superb instrument from G.S.C. Designed specifically for remote display, sorting and control accessories, and, to
professional laboratories, test and production benches, it offers  eliminate batiery problems an AC mains input.
outstanding accuracy with features and accessories to match A great deal of thought has been put into the accessories
All in a well designed, rugged unit for only £165*, which include a production test fixture, a Limits Unit. a variety of

As usual, we continued where everyone else left off. Behind test cables, and an extremely comprehensive manual covering
the 3'2-digit LED display is a unigue Dual Threshold circuit that not only measurement on capacitors but also applicationsto

gives an accuracy of 0.1 % of the reading (0.5 % in the two testing other types of components and even cables.
highest ranges). Other features include nine overlappingranges, o .
up to 0.1999 F, with down to 1pF resolution, automatic over and The 3001 Digital Capacitance Meter. The only one

under-range indications, and the 3001 isn't fooled by dielectric worth thinking about.

absorption. Once the range is $elected, measurement is speedy
— less than half a second! * price excluding P&P and 15% VAT.

Tomorrow's tools for today’s problems

GLOBAL SPECIALTIES CORPORATION r G:-::_;:,Lmedzpt?ﬁm,,a,em,n:wial-&w:wm B o Boefich T -|

Name Address I
! !

. . l | enclose chequelP.O. for € _ or debit my Barclaycard/Access/
GS_C (U K) lelted, Ametican Express card no. exp. date 4 l
l FOR IMMEDIATE ACTION — The G.S.C. 24 hour, 5 day a week service. for FREE '_Z ' l

Telephone (0799) 21682 and give us your Barclaycard, Access. American catalogue
LExpress number and your order will bé in the post immediately. tick box

Dept. 7FF, Unit 1, Shire Hill Industrial Estate
Saffron Walden, Essex CB11 3AQ
Tel: Saftron Walden (0799) 21682 Telex: 817477

WW — 061 FOR FURTHER DETAILS



When your
Two Wavy Radio
supplier is
acting like

a monkey,

the complete
Zycomm range
will put him in
the background

ZYCOMM ELECTRONICS LIMITED
47/51 Pentrich Road, Ripley, Derby DE5 3DS
Tel: Ripley (0773) 44281 Telex: 377477

Seeuson
STAND 5D66

Communications

Bg Nauanal Exhibition Centre,

Birmingham, Englend
20 April —23 April 1982

Agencies available throughout the UK and the World

WW — 078 FOR FURTHER DETAILS

IRVINE BUSINESS
SYSTEMS LTD

|
»-I

i
NEW PRODUCTS |

1.B.S. now manufacture Industrial quality $100 products in Scotiand.

1.8.S. 1903 and 1906. $100 19’* Sub Rack System.

These racks were designed originafly to the exacting specification of the Electricity

Generating Board for use on nuclear power stations.

1903 is a 3U high card cage and 8-amp power supply and will take 6 S100 cards.

1906 is a 6U high card cage and 16-amp power supply and will take 12 S100 cards.

 IEC mains connector, filter, fuse ard tap change switch on rear panel.

“ Key operated ON/GFF/RESET for maximum security.

Y Heavy duty painted front panel.

W Earrving handles.

plete with Power supply, IEEE {636) motherboard, card

guidesﬁmd cooling fans.

1.B.S. 1903 -
1.B.S. 1906 .
6-slot Card cage, card guides, mother board and fan........
12-slot Card cage, card guides, mother board and fans

1.8.S. 64K CMOS Static RAM/PROM Board for $100.

This is a superior quality Ram/Prom board for the industrial user, the board will accept
either H6116-3 (2K x 8) Ram chips or 2716 EPromls in any combination.

W 5100 IEEE {696) Compatible. % Will run at 6Mhz with standard Rams. =%
W 24 Bit Addressing. W Wait state genaration for Proms. |
W Can be used with any CPU. W Phantomable.

% Prom/Ram selectable on 2K boundary. |
% Prom/Ram can be disabled to suit popular memory mapped devices.

% Low power.

PRICES:
BARE BOARD Assembled/ 16K 32K 48K 56K 64K
tested £65.00 £179.00 £239.00 £299.00 £329.00 £359.00 J'
i

Educational and industrial discounts available. &
SOFTWARE SALE {whilst stocks last). |

Microsott Basic 80 WAS £175 v
Microsoft Basic Compiler WAS £180

Introductory offer |
MicroPro CALC STAR WAS £175 NOW.......onrn.. £149.00

W Visit our stand at the Thames Valley Business Show, on 23/24/25th March '82 11

Y Stand H50/51
* The Fulcrum Centre % Slough

The above prices exclude VAT at 15%

IRVINE BUSINESS SYSTEMS LTD.

P BARCLAYCARD

.0. BOX 5 TEL. 0294 218888 |

Gl i 10 NORTH VENNEL Telex 777582 T
g](\),lIJSgREEHILL Mark: attn. IBS

AYRSHIRE KA11 INE

Switched metering for
voltage and current

ity—
| Specitication

Build yourself this professional
specification bench power unit.
You will have a development tool
as good as units sold to research
laboratories and industry at more
than twice the price.

The Kit comes complete with
pre-punched, painted and
silk-screened steel case, full
assembly and setting-up
instructions and every item
necessary to complete the unit
as shown.

+£3.35 post and packing

+£5.75 VA T Also available
fully built up and tested at £59
+£3.35 post and packing
+£9.35VAT

Allow 14 days delivery
Send cheque or Postal Order to:

GRENSON ELECTRONICS LIMITED
High March Rd, Daventry, Northants,
NN11 4HQ. Telephone: 03272 5521

WW - 071 FOR FURTHER DETAILS
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CENTRE§

CROTECH 3035 | PROFESSIONAL 100K OHM/VOI.
10 MHZ Scope MULTIMETER
% Plscomone ST
e - Tester Festures mirror scale,

Tube OC - 10 MHZ
Smv/DIV 220/240V AC Trig.to 20 MHZ

As advertised by us at £189.75 inc. VAT

‘\ £168 50 Inc.VAT

IUK ¢/p £350) Exclusive t0 Audio Electronics

5" - 130mm Flat Face

polarity reverse, electronic
overload protection, taut band

As advertised by us at £67.50
+case l.e. £84.00

‘\“*\ £49 Inc. VAT

(UK c/p £1.50) with leather case == —— -
Exclusive to Audio Electronics

boards in stock. also special offers tor certain
equipment which will vary from time to time
Price correct at time of preparation E&OE

All prices include VAT

CHOOSE FROM UK's LARGEST RANGE

STOP PRESS fow snly 8110 237ange 10A AC/0C, range
hoid. continuity buzzer plus much more Rotary Switch

S &
CALLIN AND SEE FOR YOURSE
OPEN SIX DAYS A WEEK

LCD LOW GOST MULTIMETERS

DD601 3% diqit LCD 26 range push button 2A
AC/DC 20 meg ohm Basic 0.5% 7.
HC703 0.1% version of above
DMB011A/188m 314 digit LCD 15 range push

button plus Hfe Tester 10A DC (No AC A}£43.50
189m 3% digit LCD 30 range Rotary switch plus
Hte Tester 10A AC/DC .95
Callers will always find a range of low cost test

ALL MOD
ON DISP

£54.00

.accessories. tools. irons and

£69.95

New reliable range of DMM's and
frequency computers with those
extra facilities and competitive
prices. Al battery operated
{supplied). Except 5020A mains.
Optional mains etiminators available.
8 0IGIT COUNTERS 0.1HZ 10 10 HZ Res.
10mV sensitivity to 100 MHZ

(UKc/p £1.00)
81104 20 HZ-100 MHZ in 2 ran%e_,s_,

with mains adaptor

distortlon

00 20Meg ohmETC
B610A 20 HZ-600 MHZ in 3 ranges .

9 DIGIT COUNTERS 30mV sensitivity
to 1GHZ. Resofution 0.1 HZ-10 HZ
86108 10 HZ-600 MHZ in 3 raﬁe‘sa

80008 10 HZ-1GHZ in 3 ranges
£178.00 probe for DMM's

2015A LCD version of above £88.00

(c.p 2035/37A 65p: All others £1.00)

resolution

SABTRONICS EQUIPMENT NEWw LOW PRICES!

FUNCTION GENERATOR (UK c/p £1.00)

5020A 1 HZ-200 KHZ Sine /Square/
Triangle/TTC Freq. sweep. Lofso

DIGITAL MULTIMETERS Two LCD
hand held - one with temperature
range. Also LCD and LED Bench
models. 0.1% basic accuracy.
2035A 3% digit LCD hand 2A AC/DC

2037A As 2035A with -50°C to
0 +150°C Temp. range 0.1°C

20104 3% Digit LED. Auto decimal &
minus. 10A AC/DC. 20Meg ohm etc.
£81.50

THP 20 Touch and Hold optional

£71.00

£71.00

£14.95

Range of top quality scopes for Amateur and
Professional (UK c/p ‘307" £3.00. other £4.00)

component tester 6 x 7cm display

(Optional carry case £18.40)

203 Dual 20 MHZ: Trig to 30 MHZ 5mV: 0.5 micro
8 x 10cm display (replace model 312)

0.1 micro sec 8 x 10cm display.

Options 203/412/705 Viewing hood

Component tester 203, 412, 705

Carry case (state model)

Optional Frobes (Ati models) X1 £7.95: X10£8.45
x1-x10£10.50: X100 £18.

HZ85 Add on component tester - Any Scope

HAMEG OSCILLOSCOPES

307 Single trace 10 MHZ. SmV: 0.5 micro sec. Plusiliusllﬂt in

4125 Dual 20 MHZ delayed sweep: trig 10 40 MHZESmV

705 Dual 70 MHZ. Delayed sweep: Single sweep: Delay
ling: Trig to 70 MHZ: 2mV: 0.1 micro sec. 8 x 10cm display

secs.
£2
402.50
£667.00
£6.90

£29.95
£21.85

£2985

RF AND ,
(UK c/p£1.00) Audio 20 HZ-200 KHZ 4 band. Sine/Square o/p
TE220 Distortion max 1%

LAG28 Distortion 0.5-1% leader

LAGI20A § range 10 HZ-1 MHZ. Size/sq. 0.05-0.8% DIS

LAGIZ5 Low distortion version of LAG120A 0.02%

AG202A Distortion 0.5-1% Trio

AG203 10H7-1 MHZ 5 band max distortion 0.1% Trio

RF All feature Int/Ext. MOD. Variable output

TE200 100 KHZ-100 MHZ 6 band (300 MHZ harmonics)

L8616 100 KHZ-100 MHZ 6 band (300 MHZ haimonics) Leader
86402 100 KHZ-30 MHZ 6 band professional trio

UDIO SIGNAL GENERATORS Mains operated
£69.95

VARIABLE AND FIXED
POWER SUPPLIES
(UK c/p £1.00 any model).

SPECIAL PURCHASE
1205 13.8v5 to 7 amp

£12.95

*PP241 0/12-12-24V 0/1amp £35 .00
*PP243 0/12-12/24V 0/3 amp £50.85

*RP154 5-15V 0/3 amp £4985
*meter display

TESTING-rui ists sew0 5a¢
KOMB 1510 250 MHZ 6 range
DIP meter £478
HM20 20K/VOLT multirange
multimeter. Plus SWR/Power
meter 150 MHZ
RC1000 0/10/100/1000 watts.
SWRetc. 150 MHZ max. £52.50
MJ6BBA 10 ch. Pocket 2 metre
scanner £69
. MJGBBM Marine band version

£68.

. AMATEUR/CB
=

UH74 SWR 0/ 10w Power.
0/507/144/430 MHZ tester.

FCI00M 12V 100 MAZ Fre:
Counter

SPECIAL CB ACCESSORY

PURCHASES (Post 55p)

5 CB20 SWR/Power twin meter

to 30 MHZ. 1Kw £11.95
175 SWR/Field strength/aerial

85 matcher single meter

171 Twin meter SWR/Field

strength 0/10/100w

Power 144 MHz

00 15055 13.8v 5t0 7amp

regulated power supply

{post £1.00)

£11.95

£11.95

£12.95

Just a selection of a huge range
in stock - send for latest fists
%& g5 including professional ranges.

MUlTIMETERS m

(UK c/p £1.50)
Al featuring AC/DC
Volts/Current & Ohms ranges.

M1500 43 range 20K/Volt: AC/DC 10A

A £67.50
M1200 30 range 100K /Volt: AC/DC 15A 200 Meg ohm.
£49.00

THURLBY DIGITAL
MULTIMETER MODEL 1503

4%, Digit. 0.05% 7 Function LCD

30 ranges: 1200V DC, 750V AC, 10A AC/OC, § 32 Meg
ohm. Also includes frequency measurema nf 1o 4
MHZ and 4 KHZ output.

Made to exacting standards in the UK.

Price Is with batteries, test ieads and mai ns

adaptor.
£17 100

tional .
(optional carry case £20.45) UK/ p£1.00

K1400 26 range lame scale 20K/Volt: 10A AC/DC;
20 Mag ohm: 5kV AC/DC £95.00

K200 39 range 10 Meg ohm input. 25 HZ-1 MHZ  £105.00
OPTIONS Cases: M 1500 & 1200 £16.50: K 1400 £19.00
Temperature Probe for K1400 £16.00

DIRECT HEAD
HY PROBE(UKc/p 65p)
"0/40KV: 20K Volt  £18.40

DT410  Dual 10MHZ  £205.85
DT415  Dual 15MHZ  £217.35
DT420 Dual20MHZ  £228.85

OPTIONAL 'SCOPE PROBES —SEE HAMEG ABOVE

SAFGAN PORTABLE OSCILLOSCOPES

Range of low cost Dual Trace Scopes mains operated. Made in UK to
exacting standards. Available as 10 MHZ, 15 MHZ or 20 MHZ. All feature
5mV sensitivity, 0.5 micro sec. 6.4 x 8cm display (UK c/p £2.50)

(e MU

AD.LONDON,W2 1BN,ENGLAND. TELOI-724 3564
DI0. 404/406 EDGWARE ROAD. LONDON W2

LPY DTL/TTL/CMOS.
LPZ DTL/TTL/CMOS.
LP3 DTL/TTL/CMOS.

s CUBEGATE
LIMITED

LOGIC PROBES/MONITORS /PULSERS circuit
powered (ux c/p 50g)

LM Logic monitor for 810 16 pin IC's
0P Digital puiser. Single or 100pps.
LDPO78 50 MHZ: 10Meg ohm: Logic Probe, with cas¢s £56,80

Order by Post
with CHEQUES/

10 MHZ: Pulse: Memory £35
1.5 MHZ: Pulse: £,
50 MHZ: Pulse: Memory

£33,
£58.

ACCESS/VISA

fordelivery

WIRELESS WORLD APRIL 1982
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your order
i Aliow upto0 days| schoots , Companies,

! or Telephone

Send lar ge SAE
{ 20p L)K)

etc. fre @ on request.
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* AB Electronic Products Group 769 ®* AEG-Teletunken (UK) 416 # AMI Microsystems 376 « AMP of Great Britain 753/754 # AVO Ltd 495/496 * AVX Ltd 423 # Adcola Products 226
Devicess 778 * Anglia Components 530 * Aries Electronics 312 # Armon Products 211 * Arrow-Hart (Europe) 831 % Ashcroft Electronics 720 ® Astralux Dynamics 752 * BFI Elect
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You

alke the trouble out of
travelling to ‘The Show’
The All-Electronics/ECIF Show has
-moved to the City of London’s new
exhibition halls at The Barbican-and
doubled in size!

That means 460 stands in all
(Grrosvenor House had 220 —to give you
a comparison of scale.)

And because it's now almost as big as
its continental equivalents, it is the one

For the organisers are providing
you with first-class coaches to take you
to ‘The Show’ at less cost than the
equuvalent public transport.

(. As long as you live within a one-and-
a-ha If hour's journey by road radius from
the Clity of London.)

Jus t complete our coupon and indicate
the to wn nearest you from which you'd
be hap'py to depart at 9.00 a.m.-ish.

Encliose a. cheque or postal order for
the indicated sum — and you'll get a
remarkeble package in return!

A) Yourtickettotake youtotheBarbican
and back (in comfort —and with full
docum.entation, by the way).

B) Afree season pass to the exhibition.

* Honeywell C ‘ontrol Systems — (Components 518) (Instruments 51 5/516) * Houseofinstruments 224 # Howells Radio 556 # Hunting Hivoit114 « Hybrid
810-813/829 41 ITT Switches (UK) 490 * imhof-Bedco Standard Products 149/150 * Intel Group of Companies 132 # Intemational Rectifier 111 * Intersil-Datel
244 * Kemo 836 * Keyswitch Varley 388 » Kingslo Power Supplies 119 ® Klippon Electricals 465/466 * Lambda Electronics 133 * FC Lane Electronics 109/110

C) A free copy .
of the 120-page ‘Show’
catalogue and yearbook.

D) Full details of all the events, seminars
and receptions taking place during
The All-Electronics/ECIF Show.

Need we mention that, with this kit, you

can prepare for your visit by contacting

Britain’s No. 1 electronics event:
created to take on the best in Europe
The All-Electronics/ECIF Show is your
big, big one!

Four hundred and sixty stands for you
to visit, no less.

And we couldn't make it easier for you
to see them,

Just use the top coupon if you'd like to
travel via our coach parties.

Or, if you'd prefer to make your own
way there, use the bottom coupon.

All we need is a 20p stamp —and we’ll

send yofi ticﬁets, catalogue, details—oh,
everything! (But we must get your form
by April 10th.)

Your next employer, to be oppor-
tunistic.

And the manufacturer of components
that will significantly alter your circuitry
design.

Or the purveyor of products at sig-
nificantly cheaper prices than you've
been accepting.

Plus your colleagues from way back
when...

Plus the chance recognition of an
opportunity which, were it not for the
product parade, the conflux of com-
petitors, the state of the mart... well,
you'd not pass Go, not collect £200!

So take two minutes now to prepare
for very special opportunities.

& event of the year that will give you a  hoce exhibitors youmustseeinadvance ~ Remember this: you can't afford to

3 comprehensive analysis of the electronics 54 arrange a meeting ‘on stand’ You miss The All-Electronics/ECIF Show

z [ndustryasawhole. _ can also prepare spec/cost/availability ~It's true.

g Asbefitsitsnew authority, the eventis  yeries to put to their competitors ... So big is ‘The Show’s' scale that
% s implicity itself to get to. virtually everyone will be there.

3

Manutacturing Co718 * Littelfuse (GB) 145 * Londex 750 # Longs 522 « Lorlin Electronics 247  Lucas Electrical 513/514 * 3M United Kingdom 407/408

Instruments 227 * Metway Electrical Industries 583 ® Micro Circuit Engineering 524 = Microdata 601 * Micro Marketing 213 + Micro Movement 819 * John Minister Aut
* National Pana 'sonic (UK) 817 # Neohm (UK) 444 * OK Machine & Tool Co 551/552 * Oxley Developments Co 320 * PSP Electronics 162/163 » Panduit 171 * Parmeko
Products 693/73 4-741 * Portescap (UK) 301 « Powerline Electronics 215 # Powertron 208 * Precious Metal Depositors 543 # Pretormations (Magnets) 372 % Pressac 797
* Quiller Compo: nents 823 #+ RF Components 578 * RS Components 181/182 * Racal DanaInstruments 751 # Radiatron Components 176 * Radio Resistor Co 241 * Radi
605 * Roadrunne:r Electronics 384 * Rockwell International 706 * Saab Scania 732/733 x Saitord Electrical Instruments 560/561 * Schroff UX 147/148 « Scopex Instrur
D o ciemens 715/71 6 * Sifam 318/319 * Siliconix 340 * Soltronic Components 139 # Souriau (UK) 179/180 * Southemn Transformers 144 % Spear Engineering 225 * Spect

49 & pOZ UOI Weysasn) ¥ €8l $10193uL0D Jedudaln » 099 SAUOAIT dydesH » HZ91 I SPINCD » 929/5T9/

9NMEH ¥ g}z VS S43auibug uIMIBH &
LV ® 26/96 SIIU0IID3IT YIS ». 809/L09 [EUOIIRLIBIUL YIJUBD ¥ 369/569 S

) SOOI AYIOMS|OH »

.

i
>
=



adley Electronics 762/763 « Alusett UK 827/828 « Amphenol 322/323 » Amplicon Electronics 498 » Analog
1 » BICC General Cables 772 » BICC-Vero Electronics 460-464/467/468 » B & R Relays 351 w Bahco Tools 228
Circuits 764/765  Britimpex 705 # British Central Electrical 575 * British Sonceboz Co 719 w British Standards
dge Electronic Industries 650-655/662—664 # Capital Electronic Developments 742 » Capital (U—E) 500 » Ceidis 470
Conductive Products 590 # Contraves Industrial Products 443 # CorinTech 774 » Coming 531 # Coutant Electronics
Datacapture 834/835 » DataInternational 218 « Daturr 201/202 * S Davail & Sons 657 » Dean Electronics 665/666
id Electronic Components 824/825 « Eaton 481 « « Electrautom 136 * Electromatic 138 » Eiectrothermal
Exacta Circuits 344/345 » FR Electronics 745 » Farmnell Electronic Components 210 * Fameil Instruments 521

g !
i 1 Use this form if you’re going to use our coaches...

8| They depart from the towns listed at  PRICES QUOTED ARE
I 9 am.-ish. And they leave the Barbican =~ RETURN FARES

(] Tues 20/4
[ wed21/4
O Thur 22/4

Piher Internationat 246 « Precision Circuits 819 * Pye Borders &

1cal

3 ! between 5and 6 pm.
B ! Please tick the appropriate boxes, & LESPURT a4
. | ; BASILDON &4 aoao
S8 | return the form enclosing your cheque/ BASINGSTOKE £850 00
p : Show, and we'll send youfullinformation  proyrveray €10 SIals SN
; . p 5 . By ; '
{ (including the departure points, their BRENTWOOD 24 o0 22 E 8
Bl | nearby car parking facilities, luncheon BRIGHTON 2450 OO0 $450 OO0 128
&% | alternatives, and so on). BURY STED. £  DOC MLIONKEYNES £  OOO 15§
B ; [ byanychance,fewerthan30people CAMBRIDGE 26 OO0  NORTHAMPTON &7 oogo g g &
P& | wish to journey from the town of your CHELMSFORD 2450 OO NORWICH £10 oog : v 38
[ ! choice on the day of your choice, youll 4o cpporRR 25 OO0 NOTTINGHAM — &12 OO0 15328
% | 2et your money back a.sap. COVENTRY 29 000 OXFORD £450 OO0 158%g
8 The cost includes the postage for a PETERBR'GH £8 oo 155823
. m CRAWLEY &4 onog 1252
W | catalogue,a free seasonticket. And we'll b4 prpopn 24 OO0 READING £550 OO0 228 hS_‘
| enclose a receipt. DOVER 25 OO0  RUGBY £8 oOoo 1§34 s
(! FARNBORGH  £650 OO0 ggOUGH a0 f;?o g S g 1 2833
B} “Irequire (insert quantity) [_] GUILDFORD 350 OO0 STUALBIm ANU'H : 25,50 15§28
1 HARLOW £50 0OOO St S 80 000 1235
| packages and enclose cheque/P.0. HASTINGS 2450 OO0 STEVENAGE a7 aoo 1 33 $
R for: & HEMEL HEMP ~ £550 OO0  SWINDON &6 000 13525
HIGHWYCOMBE & OO0  THETFORD £ 000 jgsks
i i Name (please use clear capital letters) [PSWICH £550. OO TUN' WELLS & aad I g g % 'g
i gme 0 000 mMee & 998
Address KING'S LYNN £10 ooad e 4 TS
I LEICESTER £10 o000y Exm 8
J LINCOLN £9 oaoi = ----------""gg%%
LOUGHBOR'GH sl ogagd : | (lease use ciear capital letters) E é ; ;
4776F LUTON £6.50 OO0 | AFFIX STAMP LR
i MAIDDENHEAD £5 0 | i BYITSCORNER | 1 © .2 Q =
: Post to “The Show.' 34'36 High Street. Saffron Walden. Essex D D : i § é 3 f
NOW POST YOUR FORM T0 “THE SHOW, 34 36 HIGH STREET, SAFFRON WALDEN, ESSEX. CBI0 LEP. ENQUIRIES: 0799 27157 . . 5838
= - aln 2 & S
Eor tlllsgthad{dlcan . Making your own ! address g2
Verpoo et —and a seven-minute walk. O i £$52§
Or take the Metropolitan or Circle Line tube way 7 Use this I IR §
from any of the rail termini to ‘The Barbican’  Please attacha 20p stampby itscornerto 1 X 8%
and it’s a 1-minute walk! Your free ticket. cover postage and packing costs for your : EEE §
@.Ves you all the details. Buses: 4, 277, 279 free season ticket to ‘The Show' Plus a iy * g M i
to Barbican underground station. 21, 43,76 130.pp catalogue with full details of the _— . & . g8z
el e event. And comprehensive details of the PP LU S 2 Scvomessaos o1+ bt miermstonst 3 252
activities (seminars, receptions, etc.) ississzli'é'z"fe&’ l: g‘:&i"é};:l’c"ogéz;r 2;2"{3{&'%23 sil—,f': £ - ; 2
- . P T G 1 50 T oy 83 3 8
if you're just going omsimstenoe e S 6l
. totumup... e Sicd
either our Well, admission is &1 without a ticket, —SSmark Eectronic systems 221 EC' £§cz2
top or our We're open between10a.m. and 6 p.n. on  Vareico 850-655, 662-664. €S g z
bottom Tuesday and Wednesday. But between Organised from: AES £Es
4 coupon. 10 am. and 5 pm. on Thursday. (This— 34/36 High Street, 383
1 oWo o
4 Now. and other—information goes with the Saffron Walden, Essex CBIO 1EP. 5°8E
Please. ticket, 50 do ask for one now?) Telephone: (0799) 22612. Telex: 81653. € 558

3]

Component Systems 441/442 » Hypertac Connectors 474/475 » | C Master 424 » | & J Products 221 » ITT Components Group 800803/
(UK) 306/308  Intime Electronics 203 # Ivo Counters 206 # Jackson Brothers 775 % Joseph Electronics 795 * KCP 798 # Kelvin impex
+ Lawtronics 113 « Lee Green Precision Industries 703/704 « Lemo (UK) 131/132  Light Soldering Developments 822  Linstead
* MTL Microtesting 609/611 « McMurdo Instrument Co 721/723 « Mann Components 205 # Marconi Electronic Devices 571-573 # Marcon|
+ & John Minister Instruments 579/580 « Molex Electronics 410/411 « Mostek UK 768 » Mullard 613/620-623 « NSF 164 # National Microprocessor & Electronics Centre 315
ico Electronics 491 « Pickering Electronics 659 * Plessey Circuits 701/702 # Plessey Connectors, PlesseyHybrid, Plessey Semi-conductors, Plessey Wound
¢ International 798 # Print Services Bv 307/309 * Protech-BPL 499 # Protronic 24’ 380 # Puisetek 586 » Pye Electro-Devices 667/668 * Pye Unicam 457/458 » Quadrant Meter Co 116
JK 310 # Rainford Metals 529 # Rank Electronic Tubes 726 # Rectifier Modules International 348 * Redpoint 304 » Rendar 612 » E G & G Reticon 730  Rifa AB 374/375 # Rittal 603
77/178 % Sealectro 341/342 # Selectronix 743 # Seltek Instruments 554/555 ~ Semelab 746/761 * Semicomps 744 # Semiconductor Specialists 223 « Semtech 821 « Ste/ 25 550
nce 523 «» Spectronics Microsystems 576 # Sprague Electric 373 « Steatite Group 804/805 # Stocko (Metal Works)818 # Stotron 98/99 # Sufiex 776/777 « Superfiexit-lo~. . 165
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Diodes-High Speed Dlodes Zener Diodes
Rectifer Bridges-UHF-VHF Tuners

.- rees
ez O
et

The Stabilizer is a high quality frequency shifter for howl reduction on spesch and music. it offers
variable shifts either up or down between 1 and 10 Hertz so allowing choice of the optimum shift
for the particular acoustics and sound sources involved in each installation. Rack and box ver-
sions.

+5 Hz RAXED SHIFT CIRCUIT BOARDS as WW July 1973 article but improved noise ievel, lower
distortion, adjustment-free oscillator and IC sockets: Mark 4. Small enough to be built inside the
cabme(s of many amplifiers. Complete kit and board £40. Board built and aligned £58.Including

su and mains transformer.

DESIGNER APPROVEO. C. W 0. less 5% + VAT 15%.

Stereo Disc Amplifier 2 & 3 * 10 Outlet Distribution Am| Pllﬁev * PPM2 & PPM3 Drive Circuits and
Ernest Turner Movements * llluminated PPM Boxes * Peak Deviation Meter * Programma &
abgaﬁnon Chart Recorders * Moving Coil Preamplifier ® Broadcast Monitor Receiver 150kHz-

2.
SURREY ELECTRONICS, The Forga, Lucks Green. Cranieigh, Surrey GUS 78G
Telephone 04866 5997

UNIVERSAL BENCH POWER SUPPLY

2 ranges:
0-125v @ 4amps

Rectifer Diodes Rectifor Bridges 0-250v @ 2amps

1A Series 1N 4000 08A Series CBIO, CBOA
3A Senes IN 5400 and BY 251 1A Senss CI000, CIOOA  [isiCiechMesthrow Limites, = ACorDC
High Speed Diodes 15A Senes CIS00R Longlord, Middiesss, UBT OLL. England.

1A Senes BA 150 and 1P 640 LSA Series C1500/1000 Telaphone: 01-697 8446 4 |
2A Sories BY 290 2A Serins C2000/1500 Telox. 23734 FLDTEC G - Conti nuously

3A Series BY 390 37A Series C300/2200 ngs .
Swi!:;:ing Diodes 5A Senes CS000/3900 . variable.
ok mini-tan  BEmmmmen | Fiajdtech

Zeosybisdes s UHF/VHF Tusiecs Heathrow o

S00mW Senes ZPD (2V7 - 51V) - 5

SO0mW Series BZXSSC (5V1 - 62y -CCIR Stamdard £ 1 98 ,00

L3W Senes BZXGSC (sV1 - 62v) ,French Syatemm i ins i "
15W Senes BZYS7C (7V5 - 2001) e . Exc. carriage

*Other Standards on Request
and VAT.

ton (0582) 54309

WW — 045 FOR FURTHER DETAILS
WIRELESS WORLD APRIL 1982

WW — 048 FOR FURTHER DETAILS




MICROCOMPUTER COMPONENTS AND SYSTEMS

LOWEST PRICES FASTEST DELIVERY

Device Price | ‘Device “Price | ‘Device ‘Price | Device ‘Prica | ‘Devics Price
99
NE MEMORIES LMSSSCN  0.18 | [CMOS 4000 ‘B | 4543 099 | 745190 0@
gl oo Wi 1oam |UBBGL o ™ (B ER e g
25+0.89 . 11 | 4555 039
% GREEN DISPLAY = ; . 2114L-300nsGTE j 1,55 | LM741CN  0.14 | 4001 0.11 | 4556 044 | 7415193 046
\%e N,\EAC thB1 2011 % o 12° 1 (OR ACORN ATOM) | M747CN 070 | \4002 013 | as85 082 | 745194 030
% BUILT IN AMPLIFIER AND | €0 MONHor Optimised TorUse & 5708 450ns  1+225 | LM748CN | 0.34 | 14006 0.60 748195 039
SPEAKER i as a computer video display © 254199 14007 0.15 | 74LS SERIES 741519 058
*£140.95 coc ocom | el rike o CCV | gy 2 | mawarns | 68 5 s e S b8
.95 each excludi i i stngle 780 039 741501 1
carriage (£10.00) and \;.‘%T. ' "r?nn?sr%v&'rlagle)'l;h ; %“’{i” 27ibasons 685 | 7013 039 | 4010 035 | 741502 0a2 | 745240 0889
(15%) \ phosp: lispidy greatly  § 5537 450ns  1+4.50 | 7815 03¢ | 4011 0.12 | 741503 812 | 7415241 0.88
0 reduces eyestrain The / 25+4.25 | 78105 029 | 4012 0.15 | 741504 012 | 7415242 0.;9_
* EX-STOCK* built in audio amplifier and 2732 450ns zéi%gg 78112 gzzg 33}3 325: mggg g: g ;jtg;ﬁ 3’.?..
speaker make it specially 2732 350ns 750 | Tobe 055'| 4015 058 | 741509 0.12 | 7415245 089
suitable for personal computers. } 4116 200ns  1+0.74 | 7912 055 | 4016 025 | 74810 012 | 7415247 083
25+0.70 | 7515 055 | 4017 0.45 | 741811 012 | 7415248 083
woue AN me gl M mAES 0
ns . - .
' 25+0.88 | 79L12 059 | 4020 058 | 74814 039 | 7415253  0.39
EPROM PROGRAMMERS AND ERASER aezoos 3 | A 3| 08 Do | HINS 83|y b
+3.45 . 082 | 741520 012
EP4000 EMULATING PROGRAMMER 4118 150ns e.gg tmg;gﬁ g-gg 4023 017 | 741521 0.12 ;ﬂggg? 4‘1.;2
5516 2000  12. 95 | 4024 0.35 | 74152 12 | 74L 1
¢ COPYPROGRAMNEIENULATE 270412708 §116200n 795 | LM3BK 475 | a0z 016 |74LSse  ods | 74LSs66 023
16/250 ROM 6116LP 200ns  10.00 4026 0.99 | 741527 012 | 7415273 075
# 4K Xlg STEX%FC‘ 2/5332/2732 SRS 6116LP 150ns 10,85 | ZBO FAMILY 4027 0.30 | 741528 0.15 | 7415279 039
280 CPY 349 | 4028 0.55 | 74LS30 0.12 | 7415283 0.44
:ﬂg@%%ﬁf?&%%ﬁgx (%IE?TI%ISS‘PLAY CRY CONTROULERS BOACRU 390 | 4031 185 | 740532 012 | 74LS290 054
EFB845 950 .99 | 4033 80 16 | 7415293 045
* COMPREHENSIVE /0 AS STD(RS232, TTL, EFoeP 504 | ZB0ACIC 209 | 403 155 | 7S 018 | 7aisas 034
20mA PARALLEL, DMA) ' Enotan o2y R || e 072 | 4l 045 ;:tgggg o
9 9 .00 | 4040 54 | 741540 0.12 34
# £545.00 excluding carmiage (£10.00) and EF9365/6 DATA ANO. | 280 DMA 985 | 4041 069 | 741542 0.34 | 7415368 049
VAT, (15%) APPLICATIONS ~ 2.00 | ZB0ADMA 11.95 | 4042 0.54 | 741547 039 | 7418373 0.74
ol 280 PIO 3.49 | 4043 059 | 74548 060 | 7415374 074
# EX-STOCK* BUFFERS ZB0API0 375 | 4044 084 | 740549 0.59 | 7418375 047
Moot o g \nig o) wsn o
-0 11.99 | 404 068 | 74 v 8
P4000 PRODUCTION PROGRAMMER 208101 10.99 | doay Ofg et (02| LARiT  lobs
Z80A SI0-1 1199 | 4048 054 | 741573 019 | 7415386 028
# PROGRAMME UP TO 8 EPROMS 2808102 10,99
199 | 404 026 74 4
SIMULTANEQUSLY 9 741574 016 | 7415390 05

7418393 058

# COVERS SAME EPROMS AS EP4000
* INDEPENDANT BLANK CHECK/VERIFY NEW CATALOGUE || psweas
PROGRAM MODES 0
8 pin 0.07
% SIMPLE TO USE NOW AVAI LABLE 14 pin 009
; : . 16 0.09
# £545.00 excluding carriage (£10.00) and Gives detalls of our tull product range 18 22 0.13
VAT. (15%) including price breaks and a voucher || 206n g
* EX-STOCK* value £1. Please send SAE. 24 pin 0.19
28 pin 025
SPECIAL OFFERS ||#= &
UVi41 EPROM ERASER U Ehe 00 mmw e
’ 2114 Low Power 200 ns 084 079 074 GOLD
% 14 EPROM CAPACITY 6116 Low Power 200 ns 760 7.20 675 13 pin g-gg
K pin K
% SAFETY INTERLOCKED CTF Fuopey mise 6116 Standard 200 ns 570 535 505 16 b HE
 ELECTRONIC TIMER ;| e CONTRDLLERS o ;a pin 0.33
" ‘ £01771 17.12 102 1199 | 4050 026 | 741575 024 | 20 pin 0.35
* £78.00 e;(cludlng Carriage (£5.00) and FD1791 3261 | MK 3886 11.00 | 4051 059 | 74576 020 | 22 pn 040
VAT (15%) FD1793 3261 | MK 38864 14.47 | 4052 0568 | 740578 019 | 24 pin 042
% EX-STOCK" s £01795 3533 4053 059 [ 741583 0.44 | 28 pin 054
W01391 45.50 | 5800 FAMILY 4054 1.20 | 74585 0.65 | 40 pin 081
WD1393 45.50 | 6800 290 | 4055 120 | 74586 015
W01395 4550 | 6802 399 | 4060 079 | 741590 0.30
wm;m*)1 423g 6803C 11.80 3823 g.ss 741891 075 ;5:?:{ IIJ':LSE"““
WD2143 45 | 6809 0.99 34 | 741892 034
KEYBI]ARD AND ENGLDSURE WD1691 10.87 | 6810 125 | 4068 0.17 | 741893 0.34 | 24 pin 6.30 1
6821 125 | 4069 0.17 | 74L595 043 | 28 pin 7.40
CASE Attractively styled personal computer enclosure constructed of structured foam topand steel | MISCELLARENS po W1 L s R (2 FDLT oo
base (similar\tq the top selling Apple). Finished in charcoal and black. :;g}g; g ;zg 8.91 gg;g 017 ;4 tgm 023 ::mms nen
i ! b -3 .95 | 6871AIT  18.70 D19 | 74LS114 019 2 !
£49.95 excluding carriage (£10.00) and VAT. (15%) AY-3-8910 6.95 | conp 107 | 2075 017 | 7415122 030 | 1008 MHz 2.9
AY-5-1013 3.45 | 6887 0.80 | 4076 082 | 7415123 030 | 18432 MHz 220
. NIER R |me  enmlgn o medonw g oan
Xg!)?lml‘iscwégh Egatl;(t)); f:jlec“tlrr?igechanlcbal 0P8304 450 | 6843 1399 | 4081 0.14 | 74LS126 025 | 6 MHz 1.90
: yboar €an be MC1488 0.59 | 68800 470 | 4082 0.19 | 7415132 045 | 8 MHz 1.95
fitted in above case or used separately. Full mgmg g.gg 68802 191 “1833 ggg ;ALLAS 1 gg gza 14 MHz 345
[ i 95 | 68B21 229 4151 34
I ] 50T (5 [Tl MC3448A 425 | 68810 200 | 4093 039 | 7405139 035 | CIDuke
£49.95 excluding carriage (£200) and MC3480 795 | 68B4G 470 | 4502 0689 | 7415145 0.75 | MODULATORS
VAT (15%). MC3487 295 | 68B50 215 | 4507 639 | 7415148 090 | 6 MHz 275
MC14411 8.94 | 68000C4 110.00 | 4508 180 | 7415151  0.39 | 8 MHz 440
MC14412 7.90 4510 060 | 74L5153 029
= RO-3-2513L 6390 6500 FAMILY 4511 040 | 74L5155 039 ?:mﬂs%mms
TRANSFORMER Mains transformer suitable for +5V at2.5Aand 3:12V at 1A Mounts on special 5?&32.58:1;%}]&03) 3:34 22‘2’5 ;fgg gglg (‘l:?g ;:t' }29 gg‘li 6800 Data Book
lugs inside enclosure. - — o G 6522 4.75 | 4515 1.49 ;AL.S158 o.g; {inc p&p) 585
! i i ! AT. (1 v 6532 6.95 | 4516 069 | 74LS160  O.
£10.95 excluding carriage (£1.00) & VAT. (15%) s oG 2 ok e i e 3::;&%Tmer
HEATSINK Heatsirk for T03 Regulators which mounts inside rear of enclose ZHSIEOVMNIT 2900 | Dty peill 100 028 | TaLSice D30 |dmcpsl 158
£2.50 excluding V.AT. (15%) NEW UNEARS 8212 1.70 | 4521 14 | 74LS164 047 | DATASHEETS
G g tEiam o s idie ) o
. 8224 d 4526 .7 ! heets availabie for
SPECIAL PRICE FOR CASE, KEYBOARD, TRANSFORMER & HEATSINK IF PURCHASED | {14371\ 068 | o008 b | 089 | 74IS173 070 | moct pdoct a1 6p
TOGETHER: d LM319N 2.20 | 8251 380 | 4528 070 | 7415174 047 | per page ex pap
£89.95 excluding carriage {£15.00) & V.AT. (15%) LM324N 0.30 | 8253 795 | 4532 0.85 | 7415175 048 | and VAT.iPease
LM348N D.59 | 8255 380 | 4541 099 | 7415181 128 | telephone for cetails
e —— < —
OFFICIAL . AN
e, WSS, |1 OUR TELEPHONE SERVICE FOR Suas T
g e CREDIT CARD USERS O A
WELCOME G AVAILABLE

PLEASE SEND S.AE. (20P) FOR OUR NEW 1982 CATALOGUE. FREE REPLIED PAID ENVELOPEWITH EVERY ORDER.ALL PRICES
EXCLUDE P & P ON ORDERS UNDER £10 (50p) AND V.AT. (15%). ALL ORDERS DESPATCHED ON DAY OF RECEIPT WITH FULL
REFUND FOR OUT OF STOCK ITEMS IF REQUESTED.

MIDWICH COMPUTER COMPANY LIMITED

DEPT WW, HEWITT HOUSE, NORTHGATE STREET, BURY ST. EDMUNDS, SUFFOLK IP33 1HQ
TELEPHONE: (0284) 701321 TELEX: 817670

WW — 019 FOR FURTHER DETAILS
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Used test equipment, calibrated to Manufacturer’s original spe

NN
NN

QA

Prices
from £
ACOUSTIC & VIBRATION
BRUEL & KJAER
1621 Tunable Band Pass Filter 550
2113 Audio Frequency Spectrometer 1400
2203 Sound Level Meter 450
2215 Sound Level Meter inc. Oct. Filter 1050
2218 Sound Level Meter inc. Leg. 1475
2305B Level Recorder inc. 50 dB pot. 1350
2625 Vibration pick-up amplifier 350
2808 Power Supply/Mains Adapter 90
2972 Tape Signal Gate 200
4230 Sound Level Calibrator 95
4423 Noise Dosemeter 350
4424 Noise Dosemeter 375
CASTLE ACOUSTICS
AN CS18) Sound Level Meter & Calibrator 295
AN CIE!L
\\‘\ 112 Environmental Noise Analyser 300
144 Environmental Noise Analyser 500
DAWE
419C Audio White Noise Generator 130
1461CV Vibration Analyser 350
1463B % Octave Filter 200
1465 Octave Band Fiiter 150
KISTLER
504A Charge Ampilifier 200
WAYNE KERR
B731B Vibration Meter inc. probe 270

BRIDGES & V and | STANDARDS

ADVANCE
T1Q Meter 100 KHz2-100 MH2 16?
CINTEL f
2773 Inductance Bridge 160
HEWLETT PACKARD 4
4261A Digital Automatic LCR Bridge 9
\t\\\Q: 4342 QLC Meter 22 KHz-70 MHz 1
3 MARCONI
TF868A Universal LCR Bridge 250
MUIRHEAD
D30A'DC Bridge 0.15% 180
PHILIPS
PM6302 RCL Bridge — direct reading 39
WAYNE KERR T
B224 RCL Bridge 0.1% 500

B521 LCR Bridge
B801/CU681/Q8B01/ SR268 VHF
Admittance Bridge with source and
detector transistor adapter & D.C. Control

Unit for transistor measurements 750
COMMS & CABLE TEST
EQUIPMENT

DYMAR

BC282 Battery charger for 883 Radio

Telephone 80

883 Radio Telephone — VHF band — hand

held 245

HEWLETT PACKARD

3556A Psophometer 20 Hz-20 KHz 250

MARCONI

TF2809 Data Line Analyser 600

NORTHEAST ELECTRONICS

TY537B Psophometer/ VU Meter 200

SEIMENS

12033 Psophmeter 475

[ _ = _————=— ===

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.

2.8

Sl (C.

741848 Selective Level Measuring Set
74216A Noise Generator

74261A Psophometer

742628 White Noise Generator & Receiver
74307C Level Measuring Set

74834C Distortion Measuring Set

96016 Selective Nul! Detector

GTA-2 Quantization Distortion Tester
GTA4B Pattern Generator

TEKTRONIX
1502 TDR Cable Tester CRT + Recorder

COMPUTER EQUIPMENT
CENTRONICS
702 matrix printer
TEKTRONIX
4610-1 Hard copy printer for 4010 series
computer display terminals

Prices
from £

600
300
300

2000

175
500
200
800
900

2950

1800

4 5

ification.

Prices
from€

DIGITAL TESTING EQUIPMENT

HEWLETT PACKARD

1600A Logic Analyser 16 ch 20 MHz
1600S Logic Analyser 32 ch 20 MHz
1602A Logic Analyser 16 ch 10 MHz
1607 Logic Analyser 16 ch 20 MHz
TEKTRONIX

832 Datacom Tester R5232/ V24

833 As 832 plus BERT/BLERT feature
7DOIF/DFI Logic Analyser/Formatter
16 ch 50 MHz P/in

7603/7DOIF/ DFI As above with display
mainframe

MAINS TEST EQUIPMENT
COLE
T1007 Volt/Freq/ Spike Monitor Rec O/P

DATALAB
DL019 Mains interface for DL905

1400
2250
900
950

1150
1300

2650

3600

110

300

SPECIAL OFFER

PHILIPS PM2454B
£180

A.C. Analogue millivoltmeter.
Frequency range 10 Hz — 12 MHz.
12 ranges 1 mV-300V F.S.D.
Voltage and dB scale provided.
D.C. output proportional to
meter reading.

COUNTERS & TIMERS
FLUKE
1910A-1 125 MHz 7 digit Cntr. AC/Batt
1912 520 MHz 7 digit Counter
1912A01 As 1912A butinc. re-charging
batteries
1920A 520 MHz 9 digit Counter inc. Brst.
mode
1920A 14 1250 MHz otherwise as 1920A

HEWLETT PACKARD

5243L 20 MHz 8 Digit Counter

52451 50 MHz 8 Digit Counter
5300A/5304A 10 MHz 6 Digit Counter
Timer

5300A /53058 1300 MHz 6 Digit Counter
5345 500 MHz 11 Digit Counter Timer
MARCONI

TF 2432 560 MHz 8 digit Counter
RACAL-DANA

371 18 GHz 11 digit Counter with Source
Locking facility

8110 50 MHz 8 Digit Counter Timer
9024 600 MHz 7% digit Counter

9025 1 GHz 8 digit Counter

9520 10 MHz 4 Digit

9905 200 MHz 8 digit Counter Timer
SYSTRON DONNER

6053 3 GHz 9 digit Counter BCD O/P
51038 Strip Printer for 6053/6054
TEKTRONIX

DCS501 7 Digit 100 MHz Counter —
Plug-in

TMS00

375

575

150
200

250
425
2000

350

4950
320
220
450

95
360

790
375

180

DRANETZ

606 3ch Voits Av/Spike/ Time/ Printer
616 2ch AC 1ch DC Voits/Av/Spike/
Time/Printer

GAY

LDM AC/DC/ Spike/ Time inc. Printer

MISCELLANEOUS
A.l. INDUSTRIES
TCS General Purpose Gas Leak Detector
intrinsically safe
BRADLEY
192 Oscilloscope Calibrator
COMARK
1601BLS Thermom 10ch 87 + 1000°C type K
N.8. Thermocouples not included
CROWCON
71P Inflammable Gas Detector/Alarm
DATALAB
DL905 Digital Transient Recorder/Display
Storage
FLANN
16/11 Rotary Vane Attenuator WG16
HEWLETT PACKARD
342A Nolse Figure Meter
X382A Rotary Vane Attenuator WG16
MULTIMETRICS
AF120 Dual H/Pass L7 Pass active
filter 20 Hz - 2 MHz
PHILIPS
PM 5501 Colour TV Pattern Generator

2350

3300

290

825

50

125

1050

175

600

199

All items have a 12 month guarantee unless otherwise stated.

2 s %

PM 6455 Stereo FM Generator

PM 6456 Stereo FM Generator
RESEARCH INSTRUMENTS
Micro manipuiator — 4 Probes moveable in
all planes. Adjustabie test table — Watson
Barnet optics. Complete system mounted
in perspex enclosure 4
ROHDE & SCHWARZ

BN252 Transistor Y Parameter Test Set 1
S.T.C.

746004 Attenuator 0-9 dB 5012 in 1 dB

steps §
74616A Attenuator 0-100 dB 60022 in 0.1 dB
steps q
TEKTRONIX

521PAL Vectorscope 2
528 TV Waveform Monitor r
575 Semiconductor Curve Tracer [
1485C TV Waveform Monitor PAL/NTSC 3
YELLOW SPRINGS

YS 157 Water Pollution Measurement

System

'NETWORK ANALYSERS/
PHASEMETERS

GENERAL RADIO
1710/11/12/140.4-500 MHz 115 dB range 2

JR—

HEWLETT PACKARD
B405A Vector Voitmeter 1-1000 MHz 2
8414A Polar Display for 8410 N.W.A. ‘

8745A S Parameter Test Set0.1-2 GHz 3
11570A Accessory Kit for 8405A ‘
11600A Transistor Test Fixtures

TO18/T0-72

11602A Translstor Test Fixtures

TO5/T0-12 ;
11604A Universal extension arm for 8745A ¢
11605A Flexible arm for 8743A ;

OSCILLOSCOPES &
ACCESSORIES
CROTECH
{New CROTECH Oscilloscopes)
3030 15 MHz 1 Trace SmV built-in
component tester
3033 16 MHz 1 Trace 5SmV battery operation
3034 15 MHz 2 Trace 5mV battery operation
3035 10 MHz 1 Trace 5mV built-in
component tester
3131 15 MHz 2 Trace 5mV built-in
component tester
3337 30 MH2 2 Trace S5mV with signal delay

GOULD ADVANCE
0S10008B 20 MHz 5mV 2 Trace [
0S3000A 40 MHz 5mV 2 Trace 2T base \

HEWLETT PACKARD

182C 100 MHz Mainframe 1
182T 100 MHz Mainframe with digital
normaliser interface 1
1804A 50 MHz 20mV 4 Trace Plug-in \
1825A Dual Timebase Plug-in ‘
1805A 100 MHz 5mV 2 Trace Plug-in w

PHILIPS

PM3207 15 MHz 5mV 2 Trace TV trig

PM3211 15 MHz 2mV 2 Trace TV trig

PM3212 25 MHz 2mV 2 Trace TV trig

PM3233 10 MHz 2mV 2Ch fixed delay Dual
Beam

PM3244 50 MHz 5mV 4 Trace 2T base 1
PM3260 120 MHz 5mV 2 Trace 2T base 1
PM3262 100 MHz 5mV 2 Trace 2T base

Tr View

TEKTRONIX

465 100 MHz SmV 2 Trace 2T base

465B 100 MHz 5mV 2 Trace 2T B, inc Probes
475 200 MHz 2mV 2 Trace 2T base

475A 250 MHz 2mV 2 Trace 2T base

485 350 MH2 5mV 2 Trace 2T base

65842 2 T/base plug-in 50 MHz Trig for 5000
series Mainframe

DDS501 Digital Events Delay — P/in for
TMS00 series

661/4S3/56T1A 1 GHz Sampling scope
7A12 105 MHz 6mV 2 Trace Plug-in

7A18 75 MHz 5mV 2 Trace Plug-in

7A19 500 MHz 10mV 1 Trace Plug-in

7A22 1 MHz 10uV Ditferential Plug-in

7A24 350 MHz 5mV 2 Trace Plug-in

7A26 200 MHz 5mV 2 Trace Plug-in

7B53A 2 Timebase Plug-in 100 MHz Trig
7880 Single Timebase 400 MHz Trig

7885 Timebase with delay 400 MHz Trig
7403N 75 MHz 3 slot M/Frame

7603 100 MHz CRT r/out 3 slot M/ Frame 1
7704A 200 MHz CRT r/out 4 slot M/Frame 1
PBO13A X1000 12KV Probe

TELEQUIPMENT
D63/V1/V1 16 MHz 2 Trace 1mV

-
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Prices Prices Prices Prices
from £ from€ from€ from£
63/V5/V5 15 MHz 5mV 2 Trace & fixed 8016A Digital word generator to 50 MHz 8601A Gen/Sweeper0.1-110 MHz Atmn. 7603/7L18 System with display 1.5-18 GHz
slay 440 9 x 2 bit 3400 AM/FM 1950 {60 GHz with extemal mixers) 11100
75/V4/S2A 50 MHz 1mV 2 Trace 2 LYONS 8614A Generator 800-2400 MHz
fxEs 650 PG73N 20 MHz 10V 502 R.T. Sns 380~ pplSRlRUEE 700 VOLT/MULTI-METER
83/VA4/S2A 50 MHz ImV 2 Trace 2T 8660C/86632A/86603A Synthesised Signal (ANALOGUE)
ig CRT 750 RECORDERS & ACCESSORIES Generator 1-2600 MHz AM/FM digital S00ONTON
1015 15 MHz 5mV 2 Trace TV trig 235  BRYANS SOUTHERN readout, push button controls, BCD 92C AC/RF 10 KHz-1.2 GHZ % mV-3V 250
615MHz 5mV 1 Trace 135 BS314 Chart 10° 4 Pen 16 speed 1900 programmable 15000 LEWILETT PACKARD
EXSCAN BS316 Chart 10 6 Pen 16 speed 2500 86408 Generator 500 KHz-512 MHz 400E 10 Hz-10 MHz 1mV-300V DC O/P 285
U120 Large CRT XY Display with DCM :M’FM Phase Lock 4500 400H 10 Hz-4 MHz TmV-300V 75
modulation 280 §100W Wow B Flutter Analyser 800 6:‘2’366""9’3”;:68;;; Glig T75 411A0.5:500 MHz 10mV-10v DC 0/P 175
ote: we hold a range of cameras P.O.A. EM IR 3 427 AC/DC/V/Q 195
: . 614 Generator 0.8-2.1 GHz 825 3400 TRMS 10 Hz-10 MHz 1mV-300V
OSCILLOSCOPES (STORAGE) LVDT Linear Disptacement & Transducer 50 IEC DC-O/P 190
EWLETT PACKARD FYLDE o FS1A Function 1 mHz-10 MHz LEVELL
}1A 100 MHz Mainframe 5cm/us 2500 154 Bridge supply and Amplifier 10 sin/Sq/Tri/ Pulse/Ramp 375 A v/

115
103A 35 MHz 10mV 2 Tr2TB 1000 Div/ms 1400  HEWLETT PACKARD LEVELL am: Agijoegmgg;m‘g "
EKTRONIX AU (P size 709 TG150DM Generator 1.5 Hz-150 KHz NA:M\'/ — DC sensitive u Volt/ nAmp meter
36 100 MHz 5mV 2 Tr 2TB 1350cm/us 2950  7046A XY 2pen A3 size 99 battery operated 80 entrezero g 45
312 10 MHz 2mV 2 Tr 1TB 250cm/ms 895 HONEYWELL MARCONI ;

}13 25 MHz 3 slot M/frame split screen 56008 Instrumentation tape recorder 14 ch TF144H/4S Generator 10 KHz-72 MHz AM 550 'l’\'/FIZAG(?O?OOm!‘IO Y Rink TG
ET;:;OMH T ;;x EM/BR 9000 TFBO1D Generator 10 MHz-470 MHz AM 180 o0 230
; 23 slotM/frame 4.5¢m /s MICRO-MOVEMENTS TF955/2 Generator 0.2-220 MHz AM/FM 670
134 400 MHz 4 slot M/frame 2500 cm/us 5300 p30.120/ A Compact UV 10 ch 7 speed TF1066B/1 Generator 10-470 MHz AM/FM 690 I'F:Zzswoe gg :?ﬁ;%ﬁ?g&ﬂ?“;}’ %v 23‘_,:
inc. TF2000 G 20 Hz- Hz- :
POWER MEASUREMENT e T P OHsO e A PHILIPS
LUKE b PMB041 XY 1 pen A4 size 750  TF2002/3Mi Generator 10 KHz-72 MHz PM2404 Analogue Multimeter
121A 10 Hz-20MHz 4 % digit & Analogue PMB251 Chart 10 1 pen 12 speed 375 AM only s50 AC/DC/V/I/ 100
ms & dBm 825 SE LABS TF2011/S Generator 96-140MHzFMonly 550 RACAL-DANA
EWLETT PACKARD . TF2012 Generator 400-520 MHz FM 550 8301 RMS 10 KHz-1.5 GHz 100.V-300V 550
. 994 6 ch galvo preamp + DC bridge supply 450
12A RF-Microwave Powermeter for use 3006 UV chart 6 6 ch e TF2015 Generator 10-520 MHz AM/FM 1150 VIBRON/E.L.L.
ith 470 series sensors 430 6008 UV chart 8" 25 ch 16 s 350 TF2015{‘I .Generator as 2015 with narrow 33B-2 ImV-1V Electrometer 200
'BA Co-ax sensor for 432 meter 6150/51 UV recorder 12 chinc 6 ch amos 1000 FM deviation 1350
| MHz-10 GHz 160 P TF2015/2171 Generator system with phase VOLT/MULTI-METER (DIGITAL)
186A Power sensor for 432 meter W.G. 16 160 SMITHS . lock synchroniser 1900 BOONTON
[2A/478A combined price czD @ AE I Ehem G o & e 250 TF2015-1/2171 Generator system with 92AD 1999FSD 10KHz-1.2 GHz 104V res 525
12A/X486A combined price s50 RES501/4701Cht4” + XY 1ch 10 spd phase lock synchroniser 1950 i
B81A Type N Coax sensor for 435A 250 ACBatt 200 TF2171 Synchroniser for 2015 1050 FARNELL
82H Co-ax sensor for 435/436 SOLARTRON PHILIPS DM131D 1999 F.S.D. AC/DC/V/I/2 &
10 KHz-4.2 GHz 220 3240 Modular Data Logger system P.O.A.  PMB108L Function 0.1 Hz-1 MHz Tf:;‘;ei;a;l:’;éra'“/b‘mew = Temp 138
JARCONI RANK Sin/Sq/ Tri /P meter — 50 and 60092 azs P
“893A 10 Hz-20 KHz Powermeter 136 1740 Wow & Flutter meter 85  PM5127 Function 0.1 Hz-1MHz Sin/Sq/ FLUKE
Q2R.F. Powermeter DC-1GHz 10W max 475 Note: UV recorders are priced less galvos Tri/Rmp 450 8010A 2000 FSD TAMS AC/DC/ ViR 140
03 R.F. Powermeter DC-1 GHz PMS5129 Functlon 1 mHz-1MHz Sin/Sa/ 8010A01 As 8010A + re-charging batteries 159
0W max 800 SIGNAL ANALYSIS Tri/Ramp/Pulse + Sweep + Burst 645 8020A 2000 FSD Handheld
6076421 Microwave Powermeter & EQUIPMENT TEKTRONIX AC/DC/VIR + cond.
nsor0.01-12.4 GHz 500 AIRMEC FG503 Function 1 Hz-3 MHz Sin/Sa/Tri R L e
210 AM/FM Mod Meter 2.25 MHz- P/in for TM500 series 250 . b gus
POWER SUPPLIES otc 300 MHz 2% TELONIC B050A 20000 FSD AC/DC/VIS dB TRMS 215
DVANCE 248A Wave Anal BOS0A-01 As BOSDA + re-chg batteries 245
1 lyser 5-300 MHz 200 b "
G5-20 Switching PSU module 5V-20A 853 Wave Analyser 30 KHz-30 MRz P eepeE e m LISt M A with 8200A 16000 F.S.D. DC only fast reading
bed % MARCONI Attn. 750  gystem Voltmeter 850
RANDENBURG TR it - TEXSCAN - _ 8300A 120000 F.S.D. DC only fast reading
0 EHT Power supply 3-30 KV-1mA TR e 9900 Sweeper 10-300 MHz 6/in CRT disp 525 system Voltmeter 1100
oeimetary il 475 y560 Sweeper5-1000 MHz 890 BB800A 200000 FSD AC/DC/VQ 560
ARNELL TF2330 Wave Analyser 20 Hz-50 KHz 475 WAVETEK GOULD
30/5 0-30V-5A varlable 110 TF2330A Wave Analyser 20 Hz-76KHz 900 | A i
30/20 0-30V-20A variable 226 TF2331A Distortion meter 770 143 Function 0.0001 Hz-20 MHz I TS A0 ACRTE R
=51 5V - 20A PSU module 80 RADFORD SL/SOUTEEES 895 HEWLETT PACKARD
80/25 0-60V-25A variable metered 420 DM52 Distortion meter 20 Hz-20 KHz 200 3490A 100000FSD AC/DC/V/Q 550
SPECTRUM ANALYSERS
30B 0- 30V variable 1A Metered 80 SOUND TECHNOLOGY HEWLETT PACKARD SOLARTRON
830710 0-30V-10A variable 190 1700A Distortion Meter 10 Hz-100 KHz inc. 1417/8552B/8553B 1 KHz-110 MH, A200 19999FSD DC only 1uV-1 KV 65
OPS/2 Twin 5V @ 5A + 15-0-15V @ 1A 8  ocilator "800 systom 2y £ 7100 A203 19999FSD AC/DC/V/Q 160
V70 0-35V-10A -70V- iabl
z‘emd or0 5A variable e WAYNE KERR 141T/85528 /85548 100 KHz-1250 MHz A205 13999FSD TRMS AC/DC/V/Q 175
A321 Wave Analyser 20 Hz-20 KHz T80y Fstem 0 Ee—eES—————————
EWLETT PACKARD Note: see aiso “Spectrum Analysers” 1417/85528/8555A 10 MHz-18 GHz
688 0-40 V varlable 30 A Metered V + | 675 system 10700 LOW COST CORNER
684 0-36 V variable 10 A Metered 40  SIGNALFUNCTION/ + SWEEP 3580A § Hz-50 KHz with digi store disp 2950 Items in this box have 30 day
1ARCON| GENERATORS 8445A Pre-selector 0.01-18 GHz 2400 guarantee only. \§
54 0-30V variable 2A metered 75 GENERAL RADIO 8558B 0.1- 1500 MHz Plug-in for 180 serles 4450 E N
NN
ﬁ&t‘!ﬁ?sv iable 6A M dV + | 495 b > Mz%?ug(?rw 10M 1 I M.L. ENGINEERING NAMV PN
3 -75V variable etered V + GOULD built-i z-1 i Hz Blg -store display D.C. Sensltive nAmp/uVolt meter —
PULSE GENERATORS J3B Generator 10 Hz-10 MHz O/P level Wi Ga i G 21 U T 7500 centre zero 30
DVANCE meter & Attn. 350 TEKTRONIX TEKTRONIX
L. J4 Generator as J3 but no output level 7L13 1 KHz- 1800 MKz Plug-in for 7000 A4 T .
3 52A Modular pulse generator system - el 20 series M/ Frame 7700 347"“ |50 M’I" Dual Trace Duat Timebase
Ide range of configurations — cost SG21 Generator — Square Wave only 7L18 1.5-18 GHz Plug-in for 7000 series. s (SSg/ o oRe 159
spendent on modules — typical 850 5 3.100 MHz g0  High resolution. Digital storage display. TEKTRONIX
35002D 0.1 Hz-1 MKz 50V 10052 Double HEWLETT PACKA Built-in pre-selector 10100 675 Transistor Curve Tracer 200 &
JseR.T. 15ns 2% L LAk 7603/7L13 S ith di TAYLOR N
204C Oscillator 5 Hz-1.2 MHz 150 PRtERitid 5RlaviO L 1508 N
H RESEARCH 204D Oscillator § Hz.1 2 MHz inc. 8048 MHz 8900 62A AM/FM Signal Generator 4-120 MHz 85 RN
32 10 Hz-3.56 MHz 50V 502 RT 10ns 2pulse 190 - 2 - s 7613/7L13 System with storage/var. \\\\\\‘
EWLETT PACKARD SOBE Genorator 10-480 MHz AM /Puise g0 PeTSt. display w00
}11A 0.1 Hz-20 MMz 16V 500 RT 10ns in¢
urst mode 475
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ull details and specification of equipment listed, available. Because of long copy dotes this list is not comprehensive — ring for inventory

pdate or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.30 am -56.00 pm (lunch, 1-2 pm). Prices exclude delivery and VAT.

Ve take Access or Visa.

Carston Electronics Ltd
01-267 5311

hirley House, 27 Camden Rd, London NW1 9NR. Telex: 23920

%
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7
Contact us for a cash quote on your under utilised test equipment

Carston’~.;; Carston:// Carstory.»y Carston:~// Carston.y Carston~/
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Check

before
you test

Before you decide on a test instrument,
check the Avo range. Chances are you'll find
precisely what you want. And because it carries
our name, you can be sure it will perform
with consistent accuracy and reliability.
Even if a problem does occur, our new
streamlined service department will ensure
that it won't be a problem for long.
So before you test, check with your usual Avo
Appointed Distributor, or contact us for a copy of our
Shortform Catalogue.

THORN EMI instruments Limited,
Archcliffe Road, Dover, Kent CT17 9EN
Telephone: 0304 202620. Telex: 96283

A THORN EMI company

The test of ability

WW — 076 FOR FURTHER DETAILS

PlAN os SPECIALISTS SINCE 1972 - C Xit BAND-BOX
‘ DOMESTIC OR STAGE il £289  An Electronic Backin
‘ SIX OR 7V4 OCTAVES s Wi RO Drums, Bass ©
KITS OR MANUFACTURED VCAL = l_NSngzg User Pro. Bamrnablt;
- - for 50-1 scores,
'The m:)s( a(ivar\ce.d MENTAL SOLOISTSI using Microprocessor.:
orm of
tive action simulat- | MASTER RHYTHM
ing piano key inertia § {jsor programmable
by patented tech- § PRUM MACHINE.
G, Twenty-four patterns.
5 Eight parallel tracks.
Four mixable voices | Twelve instruments
tor serious tone i
variation plus sequence operation. £7.9 Kn;ng BUILT
electronic chorus ll Write or Phone for full details of our range ot
and flanger effects high quatity Kit and manufactured Electronic
Musical (nstruments. Prices include V.A.T,, Carr.,
Componant Kits in- I & Ins. and we operate Telsphone BARCLAY-
clude Keyboard. CARD/ACCESS.

DOMESTIC PRICES

Competitive EXPORT Quotations given.
e S S A “CLEF PRODUCTS [ELECTRONTCST |
copy now — 64 Fuk Kisitimereos; CLEF DUCTS (ELE
pages (Ad). Compl2nl | M, | B Coomer Ao LIMITED
Full -{363.984909.98 | ond Speaker. Dept. W, 44a BramhallLane South ,
oreutian eano stock \ [ wm | s | 675 Bramhall, Stockport, Cheshire SK7 1AH
bolts 1o complete v - 061‘43—9_@_7

computer systems.

WW — 005 FOR FURTHER DETAILS

P.&R. COMPUTER SHOP

IBM GOLFBALL PRINTER 3982, £70

% EPSON MX-80 80.GPs 3982 IBM I/0 PRINTERS DOT
' MATRIX PRINTER WITH SPECIAL INTERFACES.

With it we include a
Reclaim Voucher
value 70p for spend-
ing towards orders
value £10 or more.

FROM - CATALOGUE

82, PAGE 22

ORDERING.

DISCOUNTS
5% on C.W.0. orders

LL.P. TOROIDAL TRANSFORMERS
With secondary O/P voltage of 9 + 9,12 +
12,15 + 15, 18 + 18, 25 + 25, 30 + 30, 110,
220, 240, STATE REQUIRED VALUE WHEN
50VA - £7.36; B0VA — £7.82; 120VA

£8.92

{Prices include rigi& mounting kit and
VAT)

UK CWO orders over £5.75 sent POST FREE

Phone Egham 33603 (STD 0784, London 87). Yelex 264475,

ELECTROVALUE LTD. Dopt WWA, 28 St Judes Road, Englofield Green, Egham, Surrey TW20 0B

Northern Branch: 680 Burnage Lane, Burnage, Manchester M13 1NA. Phone {061) 432 4945.

VDUs, ASCIl KEYBOARDS, ASR, KSR, TELETYPES,
PAPERTAPE READERS, PAPERTAPE PUNCHES,
SCOPES, TYPEWRITERS, FANS 4" 5"’ 6''. POWER
SUPPLIES, STORE CORES, TEST EQUIPMENT AND
MISCELLANEOUS COMPUTER EQUIPMENT.
OPEN: MONDAY TO FRIDAY 9 am.-5 p.m,
SATURDAY TILL 1 p.m.

. aEd“l’j%wargs WE CARRY FULL I.L.P. 240V TOROIDAL COME AND LOO!( AROUND _
e 500rmore . SALCOTT MILL, GOLDHANGER ROAD
HEYBRIDGE, ESSEX.

PHONE MALDON (0621) 67440

30
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_The :
Profesrional Choice

AMCron

Since the introduction of the DC300 in 1967, AMCRON amplifiers have
been used worldwide — wherever there has been a need for a rugged and
reliable amplifier. Their reputation amongst professional users, throughout
industry, has made the name of AMCRON synonymous with power
amplification. For power you can depend on - choose AMCRON, the
professional choice.

For further details contact the UK Industrial distributor:

G.A.S. ELECTRONICS

16, ST. ALFEGE PASSAGE, LONDON SE10
TELEPHONE: 01-853 5295
TELEX: 923393 LASER G

WW — 024 FOR FURTHER DETAILS
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14D-10
2mV/cm at 10MHz

PR

OUY aszingy

14D-

~ 15MHz
Active TV sync.

oilt for

14D-10V
Line selector
Active TV sync.
2mV/cmat10MHz

15

&

o<
Waskaiey

{

-’

Scopex Instruments now offer you an unrivalled choice of oscilloscopes at under £300.

The straightforward and successful 14D10 with a
sensitivity of 2mV/cm at 10MHz on both
channels at £240 + VAI. The new 14D15 15MHz
dual trace 5mV/cm with active TV sync

separator at £250 + VAT and the sophisticated
14D10V 10MHz dual trace 2mV/cm active TV sync.
separator and line selector at £290 + VA

All these above prices include two probes,
mains plug and carriage U.K. mainiand.

10cm X 8cm display, add and invert facility,
probe compensation, pushbutton x-y and trace
rotate are all standard features of this 14D range.

32
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You the customer decide the exiras you
need to fulfil your specific requirement.

An Independent British Company \/(;QPEX

Credit Cards and Orders Pixmore House

Pixmaore Avenue, Letchworth,
contact our Sales depatment At:  Herts SG6 1HZ Tet: (04626) 72771.

Please send me full details of the 14D range.

Name

Company.

Address

Tel

WIRELESS WORLD APRIL 1982



LOW COST
VOLTMETERS

LEVELL

PORTABLE INSTRUMENTS

LEVELL A.C. MICROVOLTMETERS AND BROADBAND VOLTMETERS are part of
our comprehensive range of test and measuring instruments.

These voltmeters give accurate readings over a wide range of frequencies.
They are housed in robust steel cases and are powered by long life batteries.
Mains power units and leather carrying cases are available as optional extras.

A.C. MICROVOLTMETERS

type

VOLTAGE & 15uV, 504V, 150pV . . . 500V fsd TM3A
dB RANGES Acc. £1% *+1% fsd £1uV at 1kHz,

2960, -390 ... +50dB. £1 30

Scale —20dB/+6dB ref. 1mW/60012.
RESPONSE +3dB from 1Hz to 3MHz,

+0.3dB from 4Hz to 1MHz above type

500uVv. TM3B

TM3B filter switch; LF cut 10Hz.
HF cut 100KHz, 10KHz or 350Hz. £1 45
INPUT IMPEDANCE  Above 50mV: 10M() <20pF.

On 50V to 50mV: >5MQ <50pF.

BROADBAND VOLTMETERS

H.F. VOLTAGE & 1mV,3mV, 10mV ... 3V fsd.

dB RANGES Acc. +4% +1% fsd at 30MHz,
—50, —40... +20dB.
Scale —10dB/+3dB ref. 1ImW/50Q

type
TM6A

£199

H.F. RESPONSE +3dB from 300kHz to 400MHz. "T\{ags
+0.7dB from 1 MHz to 50MHz.
L.F. RANGES As TM3 £2 1 5

+P&P and VAT

LEVELL ELECTRONICS LTD.

Moxon Street, Barnet, Herts. Tel. 01-449 5028/440 8686

WW — 023 FOR FURTHER DETAILS

ongboxes

High voltage, heavy current,
delicate instruments or sensitive
switching systems. Whatever you
need to protect, there’s a Sarel
enclosure to make sure it stays put,
stays protected.

Fumes, fire, water, solvents, dust,
impact or unauthorised hands.
Whatever you want to keep out,
there’s aSarel enclosure to make sure
it stays out.

When you want to keep valuable
components and vital connections
working-come what may-you need
more than just a pretty box. You need
the total protection and security of a
Sarel enclosure.

Steel, plastic,
GRP; small 1

enclosures, giant monobJoc enclosures,
control desks, fittings and accessories.
You'll find exactly what you’re looking
for in the new Sarel catalogue. You'll
find the price, and the address of
anearby stockist. Getting

Think big - think Sarel

Sarel Electric Limited

Cosgrove Way. Luton, Beds. Tel: Luton 20122

I-Send me my free copy of the new Sarel-I

Shraker Slosurec gl Electric Catalogue, soon! I
peace of mind—is easy,
when you know Name__ S I
how. Getting your Position
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Engineering — or dominoes?

During the 1940s, at a grammar school in
the north of England, the most wonderful
things on display in the glass case outside
the science laboratories were a cloud of
glass-fibre wool and some coal with a fossil
leaf in it. The glass was impossible because
everyone knew that glass was hard and
brittle and yethere was this soft (though
scratchy) stuff made from it, and the coal
was just so unimaginably old — older,
even, than the physics master who had,
some said, discovered fire. Simple things,
goodness knows, but worth a couple of
lessons in the physics class.

In those days, there was little talk of
wireless in the classroom, let alone
‘electronics’; classes were taken up with
interminable experiments on the latent
heat of vaporization and the laborious
plotting of magnetic fields. Then, one day,
a visiting teacher told the class of his
wartime work on radar, speaking of
microwaves, ‘metallic insulators’ and times
measured in microseconds. This was a
great deal more wonderful than the glass
wool and bits of coal and led to rather a lot
of daydreaming for some of the class.

Science teaching has advanced greatly in
the ensuing 35 years. Microcomputers are
becoming commonplace and labs are
stocked with oscilloscopes, signal
generators and all the other impedimenta
of the electronic *80s. Pupils handle
circuitry switching at 3ns or oscillators
working at several gigahertz or truly
compendious i.cs with remarkable
nonchalance, if the youngsters seen on
television programmes or in the news as
competition winners are anything to go by.

It is, it goes almost without saying,
necessary for the modern pupil to have the
use of advanced, modern equipment. It is
right that programming microprocessors
should have taken the place of connecting
components, in school, as in the world of

work. A micro, given the correct data and
program, will do exactly what is expected
of it very efficiently, as can be verified by a
glance at the storage oscilloscope or logic
display, but where is the striving? And,
without the striving, where is the learning?
Is there a danger of producing a great
number of people who call themselves
electronic engineers but whose knowledge
of electronics stops short at an ability to
program and an awareness of the cheapest
supplier of interfaces?

The only answer to all these weedy, half-
baked questions is that undoubtedly that is
exactly what engineers will be like, and
quite soon, too: there is no reason why
they should be any different. It has been
said for years that the microprocessor is a
component, to be used as any other
component. There can be little advantage
to a user in knowing the precise details of
the internal working of a micro — it can be
regarded as a machine which will do its job
when asked. It is not necessary to know
the finer points of oscilloscope design to
use one to its fullest extent: neither is it
absolutely necessary to know more than
the capabilities and characteristics of a
micro, or any other i.c., to obtain the
maximum performance from it. And when
the remaining parts of circuits are also
integrated, there will be no pressing need
to understand the use of power transistors,
or passive components, either, unless one
has to design the i.cs. ‘Systems
engineering’ will be supreme.

This is not, of course, to say that all
engineers will be satisfied without a
detailed knowledge of exactly what
happens inside the i.cs. Perhaps these
people will be the originators — the ones
who, because they know more of the
internal operation, will be able to apply
i.cs with a greater imagination. But do not
decry the simple user of modules: he will
know all he needs to know.
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MICROPROCESSOR-
CONTROLLED LIGHTING
SYSTEM

Stage and theatre lighting control is a complex task — yet a task easily handled by a
microprocessor. As even the simplest of microprocessors can be programmed to provide
and accept data for controlling a lighting system, these articles concentrate on using an
existing microprocessor board to process and store complex lighting patterns set by
conventional faders, and cover interfacing from digital data, to human input, to light
dimmers. Software for the 8085A processor used in the prototype will be discussed in the

third and final article.
by John D. H. White and Nigel M. Allinson
This system is designed to simplify the Outputs ?
control of complex lighting patterns as
used in theatres and studios or at pop " f \ 10-6V
concerts. The prototype described in these ’ — (-

articles made use of a commercially avail-
able 8085A processor board to control up
to 256 lighting channels with 8-bit accur-.
acy phase control. Here, we discuss the
system’s hardware and its ability to linear-
ize the relationship between lamp bright-
ness and fader position.
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Background

Before the introduction of high-power
semiconductors the brightness of lamps in
lighting systems was controlled by variable
resistors or inductors. The cost and size of

RIAETHRY
L[

such inefficient power-control methods { i
meant that systems were kept small and I —
were usually difficult to operate. With

{ f
high-power thyristors, it was possible to Channels - e 7 e
construct very compact dimmers which
could be controlled remotely. Initially, this
improved power control was used to copy
the previous systems; however, the com-
pact nature of the dimmers meant that
much larger lighting systems ¢ould now be
built and controlled. At present, ‘“port-
able” lighting systems with 80 separate out-
put channels are in common use for pop-
group concerts and even larger systems are
employed in tv studios and theatres.

All lighting-control systems may be split
into two separate sections — the power-
control section (the dimmers) and the
control desk, which is used to control the
dimmers. These are usually remote from
each other, being connected by multi-core

'
\
cable. Although the size of lighting /}-

.Fig. 1. This type of matrix is often used in analogue lighting-control desks. In this way,
lighting patterns stored at preset fader positions can be recalled using the master faders.

AN 10V

systems has increased over the years, the . n

control facilities available have remained \

rudimentary. A small number of digitally

controlled desks are commercially avail-

able, though these are expensive and tend - o

to be used in large, fixed installations. S\
The most common type of circuit used

/
N
in an analogue control desk is outlined in /
R

Fig. 1. Each row of channel faders
(presets) is voltage driven by a master

fader (master preset). Qutputs from each Matrix board L ;‘h:lsfer

N . agers
preset for a given channel are then gated Fig. 2. Using this type of matrix, with plug-in diodes, a great number of lighting patterns can
together through diodes; thus the final be stored cheaply but the ability to vary lamp brightness continuously is lost.
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output from the control desk is the largest
preset voltage for each channel. In this
way, each master preset can be used to
recall a stored lighting pattern (i.e. stored
in a row of presets). Because of the cost of
faders, the number of master presets is
usually fairly small. For pop-group
concerts and certain stage applications, the
ability to control continuously the bright-
ness of each light is forfeited to allow the
storage of a greater number of lighting
patterns. The patterns are created and
stored by positioning pins, containing
diodes, in interchangeable matrix boards,
as indicated in Fig. 2.

As the dimmers will use different mains
phases (total power requirements may ex-
ceed S00kW for a large system), a standard
interface format between the control desk
and dimmers is necessary. A direct voltage
of 0-10V has become the convention in
most lighting systems, OV corresponding
to the lamps being off, and 10V to full
brightness. Figure 3 shows the schematic
lay-out of a typical dimmer module. The
d.c. control voltage is compared with a
ramp synchronized with the line fre-
quency, hence phase-control of the load is
possible.

Before considering the output hardware,
one other question that needs answering;
how many control bits are required to give
apparently stepless light output variations?
For a very wide range of lighting condi-
tions, it was found that seven bits were
sufficient for “stepless’ light control.
Since the microprocessor is an 8-bit device
and most of the integrated circuits used to
construct the system are 4-bit devices, it
was decided to use 8-bit codes throughout.
This also provides some immunity to the
effects of truncation errors in the output
code from software calculations.
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Circuit description

Because of the large number of output
channels each dimmer unit must be kept
simple and economical. Also, since one
may wish to increase the number of output
channels in the future, a modular design is
advantageous. The overall output-control
layout is shown in Fig. 5. Each dimmer
module is enabled so as to accept data from
the microprocessor data bus by a 2-bit
code derived from the 8 low-order bits of
the address bus. Hence up to 256 dimmer
modules can be given a unique address.
Conventional output ports could have been
used to enable data transfer to each dim-
mer module. However, the 8085A proces-
sor instruction set contains only one out-
put-port instruction (OUT port) and this
can_only be used in a direct-addressing
mode, i.e., the second byte of the instruc-
tion must contain the port address. The
restriction of direct addressing makes this
method unsuitable for use in a lighting-
control desk because of the large number
of outputs required. The solution is to
employ mapped-memory output, which
uses a section of “memory locations™ for

Fig. 3. Outline of a typical circuit. Ad.c.
control voltage is compared with a ramp
synchronized with the line frequency,
making phase control at the load possible.
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output. This arrangement allows any in-
structions which write to memory to be
used as output instructions, giving consid-
erable advantages in the software as indi-
rect addressing is permitted. A small
amount of extra hardware is, however,
required to decode the address lines to
enable the outputs.

The digital equivalent to the linear-
voltage ramp in an analogue dimmer is an
8-bit binary code counting from 0 to 255 in
each line half-cycle. The 8-bit synchronous
counter is clocked by 51.2 kHz signal de-
5 : rived by multiplying the line frequency.
3 The counter is reset every line half-cycle
by a zero-crossing detector.

Each dimmer module compares the
latched 8-bit code from the control desk to
the 8-bit code from the counter. When the
counter output is greater than the control-
desk code, a 51.2 kHz signal is applied to
gate the thyristors, hence accurate phase
‘control of the lamps is possible.

The complete lighting system will con-
tain one address-decoding and dimmer-
enable module, one frequency-multiplier
meodule, three counter and reset modules
(one for each phase used), and one dimmer
module per output channel.
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Address bus

Address decoding and dimmer
enable module

> Dimmer enable The eight high-order bits of the address
bus are compared with a bit pattern set by
8 wire-links to determine the location of
the 256 output addresses in the memory
map. Two cascaded 7485 4-bit magnitude
2 ° comparators, see Fig. 6, generate a high-
level signal when both inputs are equal.
This signal, the M/IO and W/R
control signals and the system enable sig-

" . nal, E, enter a NAND gate to give a.
Fig. 6. Address decoding and dimmer enable module. signal which is high when valid output
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data is present on the data bus. The 8085A
processor system employed in the proto-
type design was a Quarndon Electronics
Ltd. QMS 85 8085 development system,
which produces an overall system-enable
strobe. E will be low whenever the
WR, RD or INTA of the 8085A is low.
For “write” cycles, the data bus is stable
while E is active.

The valid-data signal is used to strobe
the G1 and G2 inputs of two 74154 4-to-16-
line demultiplexers connected to the eight
low-order bits of the address bus. Two
dimmer enable signals, E1 and E2, from
the 32 outputs of the demultiplexers, give
256 unique addresses for the dimmer
modules.

Frequency multiplier module

A 51.2kHz clock signal for the 8-bit coun-
ters, shown in Fig. 7, is obtained by
multiplying the line frequency by 1024.
The phase-locked loop (NES65) has a feed-
back divider chain consisting of five 7474
dual D-type flip-flops. The capture range
is set at £2Hz. The t.t.l. input signal to

the phase comparator is at half-wave recti-

fied mains frequency. Although t.t.1. com-
patible, the square-wave output of the
v.c.0. will only provide a current of about
1mA, so the output is buffered to drive the
counter and divider chain.

Synchronous counter and reset
module

This circuit, shown in Fig. 8, generates a
8-bit binary code which counts from 0 to
255 in half a line period. The 51.2 kHz
signal from the frequency multiplier is
used to clock two cascaded 74161A 4-bit
counters. The CLEAR inputs of these
counters are used to reset them at the zero-
crossing points of the mains. The full-wave
rectified a.c. is applied to the voltage com-
parator (741). The output of the op-amp is
inverted and converted to t.t.l. levels by
the following common-emitter stage.

Dimmer module

The 8-bit code from the control desk,
through the data bus, is stored in two
7475, 4-bit bistable latches, Fig. 9. These
latches are enabled, i.e., data on the data
bus is transferred to their Q outputs, when
the dimmer module is addressed by its
own 2-bit dimmer enable signal, E1 and
E2. Data stored in the latches is compared
to the output of the counter by two cas-
caded 7485s. When the count from the
counter is greater than the latch data, the
51.2 kHz signal is gated to the thyristors
through some buffer stage and pulse trans-
former. Some interference and transient
protection is provided by the inductor and
capacitor.

System performance

Some advantages of feeding data to a large
number of channels have aiready been
mentioned. Also, since the access time for
each dimmer is less than the 410ns (the
maximum data-bus access. time permitted
by the processor), no processor WAIT
states are involved in trarfismitting data.
This, of course, maximizes'the data trans-
ference for updating the dimmers and
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bistable latches, and passes to the outputs
when the enable signal, derived from E1
and E2, is given. When the counter input to
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output data, the 51.2kHz signal is passed to
the thyristors through a buffer stage and
transformer. W
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helps to produce a highly interactive
lighting system.

The effect of linearizing the luminous
output of the lamps with the position of
the faders is indicated in Fig. 10. The
output code FF corresponds to the lamp
being off, and the code 00 corresponds to
full brightness. The slight delay at the start
is due both to truncation errors in forming
the inverse function mentioned earlier and
to slight measurement difficulties. It could
be removed by incorporating a suitable
offset in the output coding, but from an
operating point of view there are quite
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distinct advantages in having a definite
“lamps off” position on the faders. In the
system, the 256 values of this inverse func-
tion are held in a “look-up table” in the
operating software. For a non-micropro-
cessor system, there is no reason why these
values could not be contained ina p.r.o.m.

The complete operating system not only
provides routines for inputting and out-
putting data, but also various methods for
processing the stored lighting patterns. In
the next article, the control desk will be
discussed. O

To be continued

Fig. 8. Synchronous counter and reset
module. An 8-bit binary code counting
from 0 to 255 in a half-line period is
generated.
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o
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WORKING CODE {in Hex)

Fig. 10. The effect of linearizing the
luminous outputs of the lamps in relation
to the fader position.

Fibre optics at ITT

Joining optical fibres, especially in the field,
is very difficult. ITT have developed a fibre
optic splicing kit, the OFSK-10. Primarily in-
tended for the jointing of 50/125um telecommu-
nications grade fibres and other fibres of an all-
silica construction, the kit uses an electric arc to
fuse together the two ends. A V-groove jig has
been developed to locate the ends accu_rategf S0
that very high quality splices can be achieved.

Testing fibres in the field can also be a prob-
lem; it is very unlikely that the engineer has
access to both ends of a cable but needs some
method of locating a fault in a cable which can
be up to 15km long, between repeaters. An’
answer has been provided by ITT in the
OFR-3, an optical fibre reflectometer. If a short
pulse of high intensity light is launched into an
.optical fibre, a small proportion of the light is
reflected back towards the source from every
point in the fibre. The reflections are ‘backscat-
ter’ caused by imperfections in the molecular
structure of the silica. The power of the re-
flected light, measured at the source end, decays
exponentially with time, and by inference, with
distance of the pulse into the fibre. The OFR-3
uses a laser to launch a pulse into the fibre and
can measure and record the response from the
reflections. Joins along the cable can cause extra
reflections causing a peak in the response.
Faults in the cable will cause drops in the res-
ponse. The OFR-3 can display that response on
an oscilloscope which includes an alpha-nu-
meric display of all the relevant parameters.
With the use of a cursor any part of the response
can be looked at in more detail and the oscillo-
gram with all the data display can be printed out
for permanent record. The ’scope and printer
are incorporated into the equipment which all
fits into a portable case. All the controls and the
Igser are incorporated in the lid The laser fits
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The OFR-3 can trace faults in an optical fibre to
within six metres over a length of 15000m.

behind a locked hatch and cannot be switched
on unless connected to a cable. Any fault can be
traced to within six metres resolution over a
distance of 15km. ITT are already working on
the OFR-4 which will be able to inspect a cable
of even greater length — up to 100km.

ITT are particularly proud of two new ap-
plications for fibre optics. There is a plan to link
the British and French electricity grids. One
‘hour’s difference between the clocks in the two
countries means that peaks occur at different
times and an extra boost can be provided across
the channel. To avoid the need for frequency
matching, the link will be d.c. G.E.C. are build-
ing the U.K. end of the link. Rectification will
be by stacked thyristors each of which will work

at a different potential and will therefore have to
be isolated from the other in the stack. To avoid
using a number of isolating transformers, the
sswitching pulses will be carried to the thyristor
gates by fibre optics cables. A special cable has
been developed to withstand voltage potentials
of up to 5kV/cm. In parallel with the de-
velopment of the cable has been the design of an
l.e.d. edge connector array for providing the
individual pulse firing signals for each thyristor.
The link is to be commissioned in 1985/86.

Another new application is a cable television
link which is to be given a trial by British
Telecom to 18 houses in Milton Keynes. The
trial will use optical transmission based on
p.f.m. (pulsed frequency modulation) in which
the tv signal frequency modulates a square wave
carrier which then drives an l.e.d. source. All
the transmitter and receiver modules including
the modulators and demodulators have been
supplied by ITT Leeds.

BT are already running a cable tv service in
Milton Keynes. For the trial, the programmes
are down-converted into baseband and
separated into individual channels (0 to 6 MHz
PAL, video with sound). In addition a channel
is formed consisting of the f.m. radio pro-
grammes on carriers in the range 0 to 7MHz.
Each channel is fed to its own transmitter and a
ten-fibre cable carries the channels to a distribu-
tion point. The cable used for the 3.5km prim-
ary link contains fibre of better than 4dB/km
loss and 400MHz-km bandwidth-distance pro-
duct. From the distribution point the secondary
link of between 50 and 200m goes to each cus-
tomer. Signal information and channel selection
are transmitted back from the customer’s end to
a microprocessor control which provides the
channel switching and can monitor information
about transmission on both primary and
secondary links. In the home the signal is re-
ceived optically, demodulated to baseband and
then up-converted to u.h.f. so that it can be fed
into the aerial socket of an ordinary tv.
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555-TYPE INTEGRATED CIRCUITS

The 555 group of i.cs is one of the most popular ever made, with an enormous
variety of applications in.oscillators and timers. John Linsley Hood explains its
internal design and method of operation

If the 1950s were the decade in which
linear electronic circuits, previously
implemented using thermionic valves as
their active components, were
progressively taken over by transistors,
then the ’60s were the decade in which
such circuits, built up frem an assembly of
discrete components and transistors, were
increasingly constructed using one or two
simple packages of purpose-built circuitry,
containing all the necessary active and
passive components in a single lump. The
term ‘integrated circuit’ was coined at this
time to describe this packaged assembly of
components.

While it was the enormous progress in
the field of digital computers; which
convinced the i.c. manufacturers of the
enormous benefits of scale, it was the
consumer market which provided the
chance of profitable manufacture away
from the computer field.

The realization that there was a large
potential market set the design
departments of many of the larger
semiconductor manufacturers exploring
the possibilities for useful functional
packages. Clearly, an i.c. functional block
which could- be used with a relay and a
timing capacitor to provide time delays or
timing cycles, as, for example, in a
washing machine or a darkroom enlarger
timer, would have a lot of uses, and several
such i.cs were evolved at the end of the
1960s. Of these, by far the most successful
was the Signetics 555. A number of
manufacturers have copied it in identical
form — in the process of what is known as
‘second sourcing’ — and produced in dual
(556), quadruple (558) and c¢.m.o.s.
(ICM7555) versions, along with sundry
improved devices having the same pin
configurations, such as the LM555C.

With the possible exception of the
ubiquitous i.c. operational amplifier, few
integrated circuits have had such an appeal

8
Ve @
[ e
b
Threshotd g
60— i
Controt
vottage P
50— R
Trigger S R
20~ =
+ l
4

WIRELESS WORLD APRIL 1982

by J. L. Linsley Hood

to the hobby electronics constructor, with
several complete books of circuits having
been published showing possible
applications for this device. Yet, in spite of
this, to most of its users, its method of
operation remains needlessly obscure, and
many attempted applications founder on
inadvertent incompatibilities between the
internal and external circuitry.

Circuit description

The 555 is fundamentally intended to give
an output voltage waveform, as a ‘one-
shot’ or in a repetitive manner, at a low
enough output impedance to operate a
reasonably sensitive relay. To simplify
calculations for the timing RC chain — in
which the time constant RC, in seconds, is
the time taken for a capacitor C to charge
through resistor R to 63.2% of the applied
voltage — the internal voltage switching
levels are chosen so that the external
timing capacitor charges through about
this voltage differential. A simplified block
diagram showing the internal arrangement

In this, the heart of the circuit is a
bistable ‘flip-flop’ with an external over-
riding reset input R. The two normal
inputs are the threshold and the trigger
connexions, both of which are fed in
through relatively high-impedance buffer
amplifiers, connected, respectively, to
reference voltages of 23V and 1AV,
derived from the 15k resistor chain. Two
buffered outputs from the flip-flop are
provided through amplifiers A; and A,
the first of which is a normal ‘totem pole’
output arrangement, as typically used in
t.t.l. logic, to give a fairly low output.
impedance, and good current-sourcing
characteristics. The second output, from
A;, is derived simply from a.single
transistor ‘open collector’ stage.

The way in which the 555 would
normally be connected to operate as a ‘one-
shot’ timer driving a relay, is shown in Fig.
2(a). In this the threshold input and the
discharge (open-collector amplifier) output
are joined together, and taken to the
junction of timing resistor R and timing
capacitor C; the timing cycle is initiated by

Fig. 2. 555 as a one-shot relay timer, with

is given in Fig. 1. manual start and reset.
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Fig. 1. Operations inside the 555.
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a momentary operation of a push-switch
connected to the trigger input. This sets
the Q output from the bistable, and both
of the non-inverted outputs from A, and
A;, to a high state. In the case of A, this
will energize the relay RL,, and in the case
of A, the result will be that its output
becomes an open circuit, so that the timing
capacitor C is free to charge up towards the
+V line.

Once the Threshold input level his
reached 25V, the ‘reset’ input to the
bistable, R in Fig. 1, is taken high, when it
reverts to its initial state, with A, output.
‘low’ — so that the relay is de-energized —
and A; at a low impedance. This holds the’

a1
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timing capacitor discharged and at a
potential close to the 0 volt line level, ready
for a further timing cycle to be initiated,
by an input at a level less than 13V being
applied to the Trigger. The output
waveforms are shown in Fig. 2(b).

Since the Trigger input is also taken to
the bistable through a impedance buffer
amplifier, it is practicable to connect this
to the timing circuit as well, without
imposing too much of a static load. This
will convert the circuit into a ‘free-
running’ sawtooth generator, with an
output of 13V, as shown in Figs 3(a) and
3(b). Moreover, if the timing resistor R is
replaced by an appropriate constant-
current source, the output at point A will
be a highly linear waveform, suitable for
use in a time-base generator, and with a
sync. input available at the override reset
R of the bistable.

The bistable flip-flop is itself a very
simple arrangement, shown schematically.
.in Fig. 4(a) and in its practical form in Fig.
4(b). In this circuit, if the input (1) is taken
high, even momentarily, the output will
also go high and remain at that state.
Similarly, if the input is taken low, the
output will also follow, and remain. The
fact that the transistor circuit of Tr; and
Tr; can be made to behave like this
depends on the characteristic that a
transistor turned hard on will have a
collector-emitter voltage drop of only some
0.1 t0 0.4 volts, depending on construction
and I, and I, whereas the minimum
voltage mnecessary at the base, for
conduction, will be at least 0.5 volts in a
silicon device.

The way in which this circuit is
organized, with respect to its output
circuitry, and its threshold, trigger, and
reset inputs, is shown in Fig. S. Because
the transistor Trg, in the reset circuit, acts
as a switch directly connected between the
positive end of Dj and the discharge circuit
open-collector amplifier, this will cause
Tr3 to be turned off, with Try and Trg
turned on. This will reset both A and A,
outputs to the low level.

While this input, being connected later
in the circuit than the trigger input, will
over-ride the trigger signal, if the trigger
input is held low, the circuit will revert to
the operating condition, with A, high and
A; open circuit, as soon as the reset signal
is removed.

The two input amplifiers used in the
threshold and trigger circuits, are of
similar form, as shown in Figs 6 and 7,
using Darlington connected, four-
transistor, long-tailed pairs. However, it
should be borne in mind, as explained in
the first article of this series on the 741,
that the integrated circuit manufacturing
process does not normally allow the
construction of p-n-p transistors, within
the i.c., which have a very high current
gain, except in the circamstance that their
collectors are directly connected to the
substrate, (which is normally the 0V line).
Since the input p-n-p transistors of the
trigger circuit do not meet this condition,
they must be of the ‘lateral’ type, which
gives un inferior input impedance to this
amplifier to that of the n-p-n input devices
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used on the threshold circuit input. To
compensate somewhat for this deficiency,
the trigger amplifier input circuit is
operated at a very low collector current.
Nevertheless, the input impedance for this
circuit is still some five times lower than
for the threshold input. In the National
Semiconductor LMS555, this circuit is
modified, and improved, -as shown in Fig.
8, to use a better type of input p-n-p
transistor, together with a current mirror
collector load (Try and Try).

The complete circuit of the 555 is given

®

in Fig. 9, to show how the separate
elements are connected together. Although
the circuit is referred to in the data books
as linear, because its operation 1is
essentially digital in form, switching
rapidly from one stable state to another,
there is no need for any of the h.f.
compensation of the amplifier elements
customary in normal linear devices. This
allows very fast rise and fall times at the
output, of the order of 100ms, and

Fig. 9. Complete circuit of Signetics NE555.
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DIGITAL, MULTI-TRACK
TAPE RECORDER

The final article in this series describes the motor speed control circuitry and the
power supplies. The few modifications to the original tape recorder, used as the
basis for this design, are also presented, with advice on adjustment of bias,

The VLF910 cassette tape-deck used in
the Hart version of the Linsley Hood cas-
sette recorder uses only one motor for the
capstan drive, take-up spool and rewind
spool. In spite of this, and though rela-
tively cheap, its specifications are excellent
and the success of the digital recorder de-
sign is due in no small part to this excellent
deck. The motor used is called a fre-
quency-servo type and consists of a motor
unit and tachogenerator. Earlier versions
of the VLF910 deck used a motor, type
R14-7430, 03Y8D, with a built-in tacho
generator which produced an a.c. output
with amplitude and frequency proportion
al to its speed. When running at the nor-
mal tape speed of 1 7/8 in/s, the frequency
output was approximately 456Hz. Later
versions of the VLF910 deck use a dif-
ferent motor, type MMX-6H2LSB,
which, instead of a tachogenerator, has a
rotating magnetic disc attached to the
motor shaft and an associated Hall-effect
i.c. When running at a tape speed of 1 7/8
in/s, the output on one of the pins of the
Hall-effect i.c. is a pulse train of frequency
about 912Hz. (Although the figure of
912Hz is claimed as approximate with res-

‘Research Department, London Transport.

equalization and signal level.

by A. J. Ewins, B.Tech.

pect to a tape-speed of 17/8 in/s, it is
exactly double that produced by the tacho-
generator of the earlier motor).

Both motor types have additional built-
in electronics to produce a closed-loop
servo system. Although the motors are said
to be frequency-servo types, the speed of
the motor is not locked to a reference fre-
quency: the frequency so produced by the
‘tachogenerators’ is converted to a voltage,
using a pulse-width discriminator circuit,
and then compared to a reference voltage.
The stability of the speed of the motor thus
depends upon the stability of the reference
voltage.

For accurate speed control of the tape-
recorder, the motor speed must be locked
to a reference frequency. The importance
of this speed control is not so great during
the recording process, but absolutely vital
during playback to ensure that the tempo-
rary storage buffers are filled with data at
precisely the same rate as they are
emptied. Short-term wow and flutter
content of the data is not important be-
cause the number and length of the tempo-

rary storage buffers are designed to cope
with this short-term variation.

The block circuit diagram of the tape-
recorder speed control circuit was shown
in Fig. 11 in part 2 of the series: Fig. 47
shows ‘the circuit of the reference fre-
quency selector, v.c.o. and phase sensitive
detector. The v.c.o. and p.s.d. are con-
tained within the c.m.o.s. phase-locked-
loop i.c., type 4046. So that the tape-re-
corder speed control can be self-contained,
the v.c.o. is used as the frequency refer-
ence source in the absence of any external
reference. Using the values for the timing
capacitor and resistor as shown, the 5k()
variable resistor is adjusted to give an out-
put frequency of 455Hz. (This is the same
as the tape-clock frequency of 22,755Hz
divided by 50.) In the absence of an exter-
nal frequency input, the reset input to the
4017 counter will be at the logic 0 level.
The output from the v.c.o. clocks the
counter so that evntually the ‘5’ output
becomes logic 1, disabling the counter. In
this condition, the carry-out, CO, is at
logic 0. The output from Nand 2 is thus at
logic 1 and the output from Nand 3 is the
inverted v.c.o. signal. Nand 4 inverts this
signal yet again, presenting a non-inverted
v.c.0. signal to the input of the Ex-Or

+V

2 2%

Ext. frequency
input

V

Audible
device

From tacho

:T:'

generator

P
4046

To motor drive
circuit

\__FR
——4 K

5 6
EO ; # 390n
4017 a O,
5
& 9 12
\
' > 8k2
: - D
- Sk

\

Fig. 47. Motor speed control circuit and ‘in-lock’ indicator.
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p.s.d., whose other input is that from the
tachogenerator pulse shaper. When the
phase-locked loop of the speed-control
system is in lock, the frequency from the
tachogenerator pulse shaper is exactly that
of the v.c.o., but it leads it in phase by
about 90°, Consequently, the D input to
the D-type flip-flop is at the logic 1 level
“when the Ck input goes positive, putting a
logic 1 on the Q output of the flip-flop,
lighting the l.e.d. and giving a visual ‘in-
lock’ indication. With logic 0 on the Q
output, the audible indicator is silent. In
the event of a loss of lock the l.e.d. will
flash and the audible indicator will warble
at a frequency dependent upon the rate of
slippage between the two frequencies.

The output from the p.s.d. is passed to
the motor drive circuit of Fig. 48(a) or (b).
It is filtered by a lead-lag low-pass filter,

consisting of the 100k input resistor to-

the 351 op-amp and the 39 k plus SpF
capacitor (11uF in Fig. 48(b)) feedback
loop. The low-frequency gain of the
inverting op-amp is limited to unity by the
100k feedback resistor. The resulting out-

put from the op-amp drives the motor via,
the emitter-follower circuit using a Dar-
lington power transistor, TIP121. The 10k
resistor and base-collector feedback capa-
citor of 1nF provide some necessary high-
frequency cut-off to the emitter-follower
stage. The values of the filter components
were found by trial and error to produce a
stable and trouble-free p.l.1. servo system
under all conditions of Play, Rewind and
Fast Forward operation of the deck.

The direct offset voltage produced at the
output of the op-amp by the potential di-
vider circuit on the non-inverting input is
essential to the self-starting action of the
servo system. The 20k resistor should be
adjusted such that the p.l.l. finds lock in
one or two seconds after pressing the Play,
Rewind or Fast Forward keys. If the
voltage on the non-inverting input is too
low, the p.l.l. will not find a ‘lock’, the

Fig. 48. Motor drive circuit and tacho pulse
shaper. Version for motor Type R14-7430,
03Y8D is at (a), while that used for motor
Type MMX-6H2LSB is shown at (b).

motor speed remaining too low; if it is too
high, the loop will find and lose its ‘lock’,
the motor speed ending up too high. When
a satisfactory setting for the 20k resistor
has been found it will be observed that the
tachogenerator waveform leads the v.c.o.
output by a little more than the ideal 90°.
This phase difference will change a little
under varying load conditions but should
not vary so much as to lose lock.

The tachogenerator pulse shaper circuit
shown in Fig. 48(a) is that for the motor
with the built-in tachogenerator, while
that in Fig. 48(b) is for the motor with the
mechanically coupled magnetic disc and
Hall-effect sensor. Because the output
from the speed sensing circuit of Fig. 48(b)
is exactly double that of Fig. 48(a), the
output from the pulse shaper is divided by
7

C.m.o.s. circuits of Fig. 47 and the
pulse shapers of Figs. 48(a) and (b) are
powered from a 15V supply, which is pro-
vided by a 15V, 100mA regulator powered
by the cassette recorder’s 20V stabilized
supply line. The 20V supply powering the
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motor drive circuit is that normally
supplied to the positive lead of the motor,
switched by the various keys of the cassette
deck.

Motor modifications

Both types of motor may be removed from
their outer casings by careful removal of
the back-plate. For motor type R14-7430,
03Y8D, the built-in electronics should be
completely removed. The tachogenerator
output is identified by two yellow leads,
whilst the motor contacts are two terminal
posts to which the internal p.c.b. is sol-
dered. The two yellow leads should be
extended, and two wires, red and black,
should be soldered to the two terminal
posts of the motor, making certain which
is the positive and negative terminal. Re-
versal of these two motor connections will
result in the motor running backwards,
but no damage will be done.

With the back off the motor type MMX-
6H2LSB, the frequency output of the
Hall-effect sensor should be identified be-
fore any modifications are carried out.
This is done by running the motor from a
nominal 12V source and using an oscillo-
scope to identify the frequency output pin
of the i.c. Having done this, remove the
power transistor of the built-electronics:
this automatically breaks the internal servo
loop. A low-value resistor from the posi-
tive supply line to the positive pin of the
motor drive should then be removed, and a
link made from the negative pin of the
motor drive to the negative supply line.
Connections then need to be made to the
positive supply line of the built-in
electronics, the positive pin of the motor
drive, the negative supply line of the built-
in electronics and the frequency output pin
of the Hall-effecti.c.

Use of the reference frequency
circuitry

When operated with the rest of the digital
electronics of the recorder, the reference
frequency for the speed control circuit is
supplied by the ‘reference frequency cir-
cuitry’, shown in block form in Fig. 11 of
part 2. During the recording process, the

reference frequency is the TC frequency of
22,755.5Hz divided by 50, i.e. 455.1Hz.
When this source is connected to the exter-
nal frequency input of the motor speed
control circuit, the internal v.c.0. source is
automatically ‘knocked-out’. The 4017
counter of Fig. 47 is continually reset by
the presence of the external frequency
source with the result that CO remains at
the logic 1 level and the S output at logic 0.
The external frequency source thus passes
through Nands 2 and 4 to the input of the
p.s.d., the output of Nand 3 being perma-
nently maintained at logic 1.

On playback, the reference frequency
presented to the speed control circuit is
that from a v.c.o. whose output frequency

is dependent upon the average voltage at

its input, which is the filtered output of a
p.s.d. comparing the crystal-controlled TC
with the recovered TC from the recorded
data of one track of the tape-recorder.
Thus, on playback, the speed control of
the tape is maintained by a p.l.l. servo
system within another p.l.1. Some readers
may think this a very curious system and
wonder why the output from the p.s.d.

.comparing the crystal and recovered tape-

clocks is not simply connected to the
motor driver circuit. The answer to this is
that the dynamics of the record and
playback servo loops are totally different.
On record, the tachogenerator is directly
coupled to the motor, but on playback the
recovered tape clock is mechanically
coupled to the motor through the capstan
and belt drive. It is not impossible to

achieve a p.l.l. by the more obvious

method, but it is very unstable and easily
disturbed, losing lock, by any vibration of
the deck. The solution used here is very
much more satisfactory, offering as it does
a very convenient method of switching
from one reference frequency (on record)
to another (on playback). by having a very
much lower natural frequency for the p.1.1.
of the reference frequency generator than
for that of the motor speed control circuit,
the instability produced by the belt drive
mechanism is removed and there is no
instability produced by one p.l.1. upon the
other.

Power supplies

The Hart version of the Linsley-Hood cas-
sette recorder is mains-powered but can
very conveniently be made to operate from
a 24 volt d.c. source. Because there was a
requirements for the recorder to be oper-
able independently of a mains supply it was
decided that it, too, should be capable of
operating from 24 volts d.c. As a result,
the power supply of Fig. 49 was designed
and constructed. Since a very large
number of c.m.o.s. i.cs are used in the
digital circuitry it was decided that they
were worth protecting from any over-
voltage spikes. Consequently the ‘crowbar’
circuit was added: in the event of an over-
voltage spike, the thyristor is triggered,
causing the fuse in the positive supply rail
to the 7815 regulator to blow. An over-
voltage of approximately 16 volts is needed
to trigger the ‘crowbar’ circuit.

A switching inverter circuit, shown in
Fig. 50, is used to generate the negative
rail voltage. The heart of the circuit is the
78540 switching inverter. Using the values
indicated, the output voltage from the
switching inverter circuit across the 47uF

capacitor should be approximately —18

volts, at a load current of about 120 mA.

This type of switching inverter does not
operate very well under varying load con-
ditions, so a shunt regulator is used to,drop
the —18 volts to —15 volts. Approximately
100mA is drawn from the —15 volt rail by
the various analogue and digital i.cs in the
circuitry: there is thus no need for the
2N3053 transistor to be fitted with a
heatsink. The 2N290S transistor of the
switching regulator also dissipates little
power and needs no heatsink.

Modifications to tape-recorder

The Miller-coded data recorded onto tape
is effectively a series of square-shaped
pulses, ranging in frequency from about
5.5kHz to 11kHz, which should be mod-
ified, or distorted by the recorder as little
as possible. The transient response of the

Fig. 49. Power supplies.
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tape-recorder is more important, in its pre-
sent use, than a flat frequency response.

To obtain the desired record/replay
characteristics, the signal level, bias level
and equalization must be adjusted. Firstly,
the frequency response of any tape-re-
corder is the wider, the lower the signal
level recorded. In normal use, the level of
the signal to be recorded is a compromise
between frequency response, distortion
and signal-to-noise ratio: too high a level
results in distortion and too low a level
results in a poor signal-to-noise ratio. Sig-
nal-to-noise ratio is not a problem in the
present use of the tape-recorder since the
Miller-coded data is recorded at a constant
signal level with no amplitude variation.
The recording level can thus be reduced,
improving the quality of the signal in
terms of frequency response and distor-
tion, provided, of course, it is not reduced
to a level where noise imposes itself on the
signal.

The level of the high-frequency bias can
have a considerable effect upon the re-
corder’s frequency response; high levels of
bias producing an attenuation to the high
frequency signals but some reduction in
distortion.

Finally, adjustment of the equalization
characteristic has a great effect upon the
amount of high-frequency pre-emphasis
and modifies considerably the transient
response of the recorder.

In addition to all the possible adjust-
ments mentioned, it must not be forgotten
that the quality of the tape used is of prime
importance. The author formed a consid-
erable liking for Maxell UDXL II cassette
tapes, both C60s and C90s. It is a CrO-
type tape, requiring a high bias level and a
70us equalization characteristic and has all
the usual advantages of good frequency
response, etc. The cassettes are also very
sound mechanically. This is not the only
suitable tape available — other tapes may
perform just as well — but the tape re-
corder should be set-up using this tape.
Having satisfactorily adjusted the tape-re-
corder to operate with the digital electron-
ics, other brands of tape may be tried to
determine their suitability.

When I began recording the Miller-en-
coded data on to tape to discover how well
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Fig. 50. Circuit diagram of switching
inverter and regulator block seen in Fig. 49.

the recorder performed, a problem oc-
curred with the transport mechanism that
was not immediately appreciated. The re-
played signal, having passed through the
peak detector and Miller decoder, was
found to contain errors in the data stream
which were initially thought to be due to
the recorder’s limited frequency response.
Consequently, I experimented at length
with the various adjustments mentioned
earlier. Subsequently, the main reason for
the errors in the replayed and decoded data
was found to be due to jerkiness in the
take-up spool of the tape-recorder, which
was caused by incorrect operation of the
slipping-clutch mechanism driving the
take-up spool. The slipping-clutch was
not, in fact, slipping, but the brass bush on
the end of the slipping-clutch spindle, in
contact with the rubber-tyred pulley of the
take-up spool mechanism, was slipping
jerkily. The problem was effectively cured
by taking the slipping-clutch mechanism
apart and ‘weakening’ its compression
spring. The author is pleased to be able to
say that a second tape-recorder, bought
from Hart electronics at a later date, has a
cassette deck with a modified slipping-
clutch mechanism that gave no such prob-
lems. However, as a result of this fault, the
author discovered a number of adjust-
ments that should be made to the recorder
to improve its record/replay characteristic
of the Miller waveform.

@® The 0dB recording level of 2.25
volts r.m.s. at the output of the
recording amplifier should be reduced
by about 4dB to 1.42 volts r.m.s.,
which corresponds, on playback, to
an output from the replay amplifier of
about 250 mV r.m.s., i.e. 4dB down
on the original 400mV level. The
‘VU’ meter circuit sensitivity should
be adjusted accordingly for a 0dB
reading when the output from the
recording amplifier is 1.42 volts
r.m.s.

@ The amount of high-frequency pre-

emphasis should be reduced to a
minimum by adjustment of Vr; to
maximum resistance on the recording
amplifier board.

@® The bias oscillator frequency
should be raised from about 5SkHz to
nearer 80kHz by replacing the capaci-
tor, Cz; (10nF), of the bias oscillator
circuit with one of 6.8nF and by
changing Rso from 150 ohms to about
200 ohms.

@ The 70us record/playback equaliza-
tion characteristic should be used and
a slight improvement may be obtained
by changing the valve of Cq, on the
replay board, from 27nF to 18nF.

@ The bias level should be high with
the 47k variable resistor adjusted for
the highest level possible. This should
result in a bias voltage, as measured at
the junction of the 47k variable resis-
tor, and the 220pF capacitor Cy4 (L or
R), of about 10V r.m.s.

The actual bias level does not appear to
be very critical, but a high level produces a
steadier signal, on replay, with less ampli-
tude flutter. As the recorded signal has no
low-frequency content below 5.5kHz the
erasing effect of a high bias is of little
consequence and the reduced distortion
probably beneficial.

With all the above adjustments carried
out, and the cassette deck operating in a
mechanically satisfactory manner, little or
no errors should be observed in the result-
ing replayed decoded data. Those errors
that do occur should be due only to imper-
fections in the tape.

This concludes the series of articles. Strip-
board layouts prepared by Mr Ewins are
available in photocopy form: please write,
including a large, stamped and addressed
envelope, if you would like copies. ]
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AMATEUR

50MHz stays good

In the February WoAR I suggested rather
prematurely that “fewer transatlantic sig-
nals have been heard on 50MHz this win-
ter although some 28/30MHz cross-band
working has proved possible”. J. R. R,
Baker, GW3MHW, near Aberystwyth,
Dyfed, a devoted SOMHz enthusiast, feels
my comment does less than justice to
what, in his view, has proved to be an even
more fascinating period than two years ago
at the peak of Sunspot Cycle 21. Then, he
admits, there were outstandingly strong
SOMHz signals that enabled a number of
British amateurs to work all ten American
“call areas”. Altogether some 150 British
amateurs and more than 20 other Western
European stations participated in the
transatlantic cross-band working. A few
European stations, including about a
dozen in Holland, were permitted to
transmit on SOMHz.

Good results were also achieved during
the 1980-1 season, with rather more Cen-
tral American and Caribbean signals. No
high hopes were held for the 1981-2
season, yet GM3MHW considers it has
proved as good, in its way, as the two
previous years: a few openings in late Oc-
tober, daily openings throughout No-
vember (except November 7), almost daily
in December, and occasional openings in
January 1982. On January 27, GW3MHW
made his 449th cross-band contact for the
season, compared with about 400 in each
of the two preceding years, including
many Caribbean and South American sta-
tions. Ken Ellis, GSKW contacted 48 of
the American States. Several British ama-
teurs made 70/S50MHz contacts with
Canadian VEIAS].

These results, two years after the peak
of Cycle 21, are being regarded as so en-
couraging that it is proposed to publish a
regular newsletter for SOMHz enthusiasts
(from G4JCC or G4JLH for modest
payment to cover postages and stationery).

The GaAs mosfet

The current availability of lower cost gal-
lium arsenide f.e.t. devices, including
dual-gate mosfets at around £5 or less,
means that receivers with noise figures of
under 1dB and with good dynamic range
can now be achieved by amateurs on 144
and 432MHz. Devices include the 3SK97
and 3SK98 developed in Japan for use in
television receiver tuners but it is believed
that comparable devices will soon become'
available from European firms. For
example, D. J. Robinson, G4FRE, has
measured 0.9dB noise figure with 18dB
gain (circuit, not total system figures) at
430MHz. On 144MHz the French ama-
teur F6CER has described a receiver front-
end comprising a 3SK97 r.f. ampilifier,

“

MD151 doubly-balanced diode mixer and
P8000 impedance-converting grounded-
gate amplifier, followed immediately by a
9MHz crystal filter. These GaAs mosfets
are roughly one-quarter or less of the cost
of most high-performance s.h.f. gasfets.
Further advances in the field of super
low-noise GaAs mosfets have been re-
ported recently by Hughes Aircraft who,
with laboratory devices, have achieved a
noise figure of 1.3dB with 10.3dB gain at
12GHz. The GaAs mosfet seem destined to
play an increasingly important role at fre-
quencies from about 100MHz upwards.

From all quarters

Following the example of the British
teletext services, the Dutch Teletekst
service by NOS now includes a page of
information for the transmitting amateur.

When last November an incendiary set
fire to a key telephone exchange in the
Lyons area of France, some 50,000 tele-
phone and telex lines, including trunk
lines, were put out of action, local radio
amateurs provided a special emergency
communications service, handling urgent
calls filtered through the police to ensure
that all calls were of a non-commercial
nature. They used h.f. bands and the
FZ8VHF repeater.

Kathy Marsh, VKS5NKM, the only
amateur in Coober Pedy, an opal-mining
town in central South Australia, operates
from an unusual “dug-out”” home some 20-
feet underground. Such buried homes
fashioned from former mines are popular
in the township since they avoid the high
summer surface temperatures - (almost
50°C) yet remain comfortably warm in
winter. Australia has some 15,000 licensed
amateurs in a population of about 15 mil-
lion people.

Shortly after Australian amateur Ray
Naughton, VK3ATN, had climbed to the
45ft level of his 110-foot mast to make
everything secure during a gale, a 100mph
gust collapsed the tower. He escaped with
some broken bones and a stay in hospital.

The Reseau des Emetteurs Francais has
warned its members that some French c.b.
associations are making demands on ama-
teur frequencies in the 28, 144 and
432MHz bands. The society recommends
that amateurs should show that they are
making full use of these bands.

TIARU Region 1 reports that the Irish
Radio Transmitters Society will be 50
years old in June but can trace its begin-
nings to the Dublin Wireless Club founded
in June 1913. First president of IRTS was
Colonel J. M. C. Dennis, E12B (formerly
DNX) who is widely believed to have been
the owner of the world’s first non-profes-
sional experimental wireless station, estab-
lished in 1898. During World War II,

those Irish amateurs who were not enlisted
in the Forces, offered their services as lis-
tening stations.

Awards knocked
Bill Verrall, VK5WYV, writing in Amateur

"Radio, has strongly attacked many aspects

of the emphasis on DXCC and other
“award collecting” by amateur radio
operators. He feels that country-chasing
has led to such abuses as: “dx nets” claim-
ing exclusive occupancy of spot frequen-
cies; an increasing amount of deliberate
jamming and interference; use of illegally
high power; split-frequency operation by
“rare” stations that spreads interference
over many channels; blatant soliciting for
“dx-pedition” funds and extraction of
payment for QSL cards; and the use of
QSL cards bearing political or “religious”
messages. He also condemns the
recognition of uninhabitable rocks and
reefs as “countries” and the risks that this
involves for those who set up stations at
locations which may at times be entirely
covered by the sea; ‘“bootleg” QSL cards
that may be entirely fake, or sent or sold
to stations with which no contact has been
made; and the widespread use of a stan-
dard RS(T) report of 59(9).

P. A. Wolfenden, VK3KAU, Federal
president of the Wireless Institute of Aus-
tralia, has pointed out that despite the
growth in the number of training courses
by clubs and educational bodies, new-
comers still need more practical assistance
from active and competent amateurs of
experience: “the newcomer has to learn
the ways of amateur radio, the procedures
and the standards, and the various gentle-
man’s agreements about such matters as
band plans, correct repeater operating, etc

. only a few clubs provide practical
‘hands-on’ experience”.

In brief
Gerald Stancey, G3MCK identifies the
“Early French Resistance suitcase set” in
Toulon museum (“Clandestine Radio —
the early years” February issue) as an early
SOE equipment Type A, Mk II and raws
attention to a book published in France
“Armement Clandestin” by Pierre Lorain,
F2WL which includes details and circuit
diagrams of a number of British and Ger-
man suijtcase sets. The photograph by the
way was taken by Dick Rollema, PAoSE
... The 1982 RSGB VHF Convention is at
Sandown Park, Esher, on March 20 . . .
The Northern Amateur Radio Societies
Exhibition is at Belle Vue Leisure Park,
Manchester, on April 4 . . . Plymouth
Radio Club has its third annual rally at
Tamar Secondary School, Paradise Road,
Millbridge, on May 30, . .

PAT HAWKER, G3VA
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E.P.R.O.M. PROGRAMMER

Most commercially available e.p.r.o.m. programmers are expensive as they
include software and other facilities to enable them to be used on their own. The
cost of a programmer can be significantly reduced if it is designed for use with an
existing microprocessor system, as will be shown in these articles. The design
presented is for 2708, 2716 and 2532 e.p.r.0.ms, but with small modifications
other devices may be programmed.

Sooner or later, probably all serious
microcomputer system users in the hobby-
ist field will consider incorporating a
program in e.p.r.o.m. (erasable program-
mable read-only memory). Unfortunately,
commercial e.p.r.o.m. programmers: are
expensive and include facilities not essen-
tial for the enthusiast, who usually only
wants to program the occasional device.

Commercial programmers fall into two
main categories: those in the first category
are expensive, have built-in data/address
display and use ‘personality’ cards for pro-
gramming different e.p.r.o.m. types.
Units in the second category are very ex-
pensive. They have all the facilities of pro-
grammers in the first category but also
include built-in v.d.u., tape interface,
printer port, etc. All these programmers
use comprehensive software and have large
random-access memories to enable
e.p.r.o.ms to be copied or modified at will.
But if an existing microprocessor system is
used to control an e.p.r.o.m. programmer,
these facilities are unnecessary.

I' therefore explored the possibility of
adding e.p.r.o.m. programming hardware
to-an existing system. The first problem

1 LK ™24
AT Ve +5V
Ag ] u
A A
s ] [4Ag
A, O] Vo SV
A3 ] [ 165 wE
A0 @ [ Vyg +12V
a0 [T PRGM
Ag E] [1Diloy
D i/Oo :Di/06
Difo, [} []Dilog
Diloy ] [T]0ilo,,
ov v [ []Dilog
12 13

Fairchitd F2708DC

Pin numbers
Mode 18 19 20 21
READ OV +12v OV -5V

WRITE 26V 412V #12V -5V

by H. S. Lynes
Port C connections PC7
2708
Function logic
l.c pin numbers
Read 0
Write
pulse off 0
pulse on 0
2716
Function logic
l.c. pin numbers
Read 0
Write
pulse off 0
pulse on 0
2532
Function logic
l.c. pin numbers
Read 0
Write
pulse off 0
pulse on 0

PC6

-

PC5 PC4 PC3 PC2 PC1 PCO Hex

26V 12v n.c n.c. address
20 22 23
0 — - X X 00
1 - - X X 10
1 - - b X 30
25V n.c. - address———
18 19 22 23
- 0 X X X 00
- X X X 60
1 X x X 68
25V n.c. address -
18 19 22 23
0 — X X X X 00-
- b X X X 60
X X X X 20

Notes: The hex. value is the code, or ‘pln-profile’, used for port C, ignoring the address. When program-
ming 2716 and 2532 e.p.r.o.s, pin 21 is held high during the read cycle. Functions marked with an
asterisk indicate that the port is used as a logic, i.e., the port is tied directly to the e.p.r.o.m. pin.
Where X is given, both logic levels are used for addressing. PC7 is used to detect the high-

impedance state after reset.

1 2
Aq IV, +5V
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Al ] Vop
AL 16
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A O ‘[ ]PD/PGM
AO [: :ID“O"
Di/oo : :IU“%
L'Jill)1 O :lDi/OS
Dilo, [:‘ | J0/o,
ov q A J0ifog
12 413

Hitachi HN462716

Pin numbers
18 19 20 Al

ov X ov 45V
=
+5V x +5V 425V

Pin19 is used for the uddress

" pulsed

1 - 24
A ] [V, +5V
&l ] Ag
As O] [ T4
A, O] [ 1 Vop
A3 [JCE
A% ] @ [ A
Al [ An
Ay [ JDifo,
Difoy [ [0 i,°6
Difoq [} | ]Diloc
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ov [ [ ]Dilo,
1L 3

Hitachi HN462532

Pin numbers
18 19 20 2
X X oV +5V

X x 45vIoVezsv

Pins 18,19 are used for the address
Pin 20 is LOW during during WRITE,
with 25 volts applied to pin 21.

Fig. 1. The three e.p.r.o.ms for which the programmer was designed with tables showing control and programming logic requirements.
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Table 1: Wiring from the 8255 p.p.i. and
supplies to the e.p.r.o.m. programming
board. Lines with prefix PA are for
addressing and lines with prefix PB are for
data. Prefix PC denotes lines used for both
address and data.

encountered was that programming
requirements for different types of
e.p.r.o.m. can be vary considerably. Also,
there is no standardization in pin configu-
rations. So, taking into  account the
popularity, price and availability of various
e.p.r.o.ms, it was decided that the pro-
grammer should be designed for 2708 and
2716 (5V supply) e.p.r.o.m. types. As the
2532 looked promising at that time it was
also included. The latter device is similar
to the 2716 both in pin assignments and
programming requirements, although its
inclusion meant that an additional address
line would be needed. Design objectives
were thus as follows:

E.p.r.o.m. Organization Requirements

type

2708 (3-rail) 1024 x8 500us programming
pulse, sequential pro-
gramming

2716 (5V) 2048 x8 50ms t.t.i. program-
ming pulse, bit-
selectable program-
ming

2532 4096 x 8 50ms t.tl. program-

ming pulse, bit-
selectable program-

ming
For the 2708, I used data published by
Intel, which covers the subject of
e.p.r.o.ms at length. This data was used to
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E.p.r.o.m. socket Sup_ply and
pin numbers p.p.i.flines
1 PA7
2 PA6
3 PAS
4 PA4
5 PA3
6 PA2
7 PA1
8 PAO
9 PBO
10 P81
11 PB2
12 ov
ov
13 PB3
14 PB4
15 P85
16 PB6
17 P87
18 PC5
19 +12V
20 for 2708s PC4
21 —5V
22 PC1
23 PCO
24 +5V
(18) PC3
(19) for 2716/2532s PC2
+30V
The a#tho(; mounted the address d.i.l. _— gg;
switch and zero-insertion-force e.p.r.o.m. }
socket on a separate board which can be {21) lorSTB/2NE hes
plugged into an edge connector on the 4
programmable peripheral interface unit. Reset
The 30V-supply jack socket can also be A
seen here. +5V
02
spare
Address £
\/ " Lafched data R (Deoong, L oSV
8255
P,
o Address r—LZV
Supply
buffers
Control EEE
L v TT
Fig. 2. Simplified block diagram of the programmer.
define the programming pulse rise-and-fall stages sequentially — a process often

time limits of 0.5us-2us. For the 2716,
Mostek data was used (which agrees with
Fairchild and Hitachi data), and for the
2532, Hitachi data. The latter manufactur-
er’s data was easiest to understand*. Pin
configurations and level requirements are
given in Fig. 1.

Although these three devices are at pre-
sent the most popular, readers designing
new systems using e.p.r.o.ms might want
to omit the 2708 programming facility,
since one 2716 can be obtained for less
than the price of two 2708’s. Furthermore,
the 2708 must be programmed in small

* This could be a useful tip for aspiring tech-
nical writers — Ed.

called ‘spray-coat’ programming. This is
inconvenient when developing using 1K X
8 devices but if 2 or 4K devices are used,
the method is intolerable. Fortunately,
later devices may be programmed bit-by-
bit as required. Inclusion of the 2532 pro-
gramming facility is now justified, since it
can be obtained for less than the price of
two 2716’s. The reasons for not including
the 1702 among the chosen e.p.r.o.ms are
that in my view, programming of it re-
quires twisted logic, it is relatively expen-
sive and it cannot be used with the soft-
ware for the chosen devices in read mode.
The programmer was designed for use
with a 6800 microprocessor system but is
based on an 8255 programmable peri-
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pheral interface (Intel or National
Semiconductor). Some extra logic is re-
quired to drive the 8255 control pins but
this p.p.i. provides three 8-bit ports and
programming is relatively simple. If the
6821 had been chosen, two i.cs would have
been required and programming would, in
my view, have been more difficult: there is
no reason why support devices should not
be chosen for their ability to fulfil objec-
tives.

The 8255 is used in mode 0 (see manu-
facturer’s data for. further information)
with the 8-bit ports A and C as outputs and
port B as either input or output depending
on the control word stored in one of the
device’s four memory locations. By chang-
ing port B from output to input it is pos-
sible to check that data entered into the
e.p.r.o.m. has been correctly received.
This function corresponds to the verify
function of expensive programmers.

Since e.p.r.o.m. bits are all at logic 1
when the memory is empty, it would be
possible to check the amount of memory
available in partly full 2716/2532 devices.
Unfortunately, the 6800 uses instruction
FF to store the index register so confusion
could result if the end of the existing
program used FF as an instruction or
address.

It is advisable to finish programs with
three 00’s to avoid the risk of placing a new
program over the top of an existing one.

Fig. 4. Address decoding for the 8255 and
one other device (see text).

= | 04
Reset {/ > Reset p.p.i. pin 35
RIW . 04
% > ; R/W 76LS245 pin1
l 00
} WR p.p.i. pin 36
00 .
02 F D p.p.i. pin5S
Not needed by p.pi.
04
04 N D‘\ﬁ 08
VMA I
81LS97 bus buffer (octal)

Fig. 3. Logic for converting outputs from a 6800 processor for use with an 8255 p.p.i. Ifan
8080 processor is used to control the programmer, this conversion is not required.

lo'd i.l. switches
set address "X~
o JJ
A12 1
Address bus " — ‘)
A
13 1
" o~ ‘)
A 1
|)-—-</t> )
A‘IS !
= ()\/

to 8-in

—— NAND gleE

T6LS136 o/c

Fig. 5. Circuit for selecting the most significant digit of the p.p.i. address (see Fig. 4).
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.Ao } n s To 8255
1 i +5V 0
% 3x2k7
A2 4 eiser *3
] 6L S05
A7 [
1 19
X500
" VO 30 04 10 to 6255
19 |1 ¢ X503 -
Ag : } - :D: oS
- |
l ﬁ |
: i c : X700
J aisy7 1]>° oL - ] | - i
1 1 5 - — - XT0F
4 L 4 Addre.ss 1 'L ¢ —|---0CS
4 el e———— ( sele;flor;) —_ e - :
see Fig.
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State EPROM

2708

type

A

2716 Sv N

2332

Read-? N
Urite? Y

Y

RAN start 0400
RAM finish 1400

EPROM start 0000
1000.

" finish

2532
Press G .

This photo is an example of the author’s display and illustrates the type of prompting that
may be used. Because of the differences between microprocessor systems, a full software
listing is not given, but a ‘scratch-pad’ and software outline will be included in the next

article.

Also, a careful note of the current program
state of each e.p.r.o.m. should be made.
Colour coding the i.cs makes it easy to log
their history.

Figure 2 is a block diagram of the pro-
grammer, and logic conversion for driving
the 8255s RD and WR lines from the 6800
is shown in Fig. 3. If an 8080 processor is
used to control the programmer, this
conversion is not required.

The 8255 address, see Fig. 4, requires
‘four consecutive locations. In my system
the address is fully decoded, but the four
most significant address lines can be al-
tered using a d.i.l. switch as shown in Fig.
5. The four locations are from X500 to
X503, where X may be from 0 to F de-

pending on the d.i.l. switch setting. Being -

able to change the address is useful if the
8255 is to be used as a general purpose
port, as opposed to being dedicated to
€.p.r.0.m. programming.

Table 1 shows lines from the p.p.i. to
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the board on which the programming
socket, switching between 2708 and
2716/2532 functions, and a voltage regula-
tor were mounted. In the table, pins 18 to
21 of the programming socket are shown
connected for programming the 2708. In
practice, pins 18 to 21 are connected to a 4-
pole, 2-way d.i.l. switch so that they may
be taken to PC3, PC2, PC6 and PCS5 res-
pectively when 2716/2532 e.p.r.o.ms are to
be programmed. PCS is a 25V signal and
PC4 a 12V signal, the conditioning circuits
of which will be shown later. PC7 is used
to check logic but it could be used to detect
changes on pins 18 to 21, or even omitted
to reduce the number of lines from the
p.p.i. circuit to the programming board.
37 lines were used, as shown in the table
but by omitting unwanted lines, combin-
ing the OV rail and bringing in the 30V
supply separately, the total may be re-
duced to 30. i
To be continued
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rapidly declining cost will
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Polytechnical computer

The opening 6t the new computer centre at
Coventry Lancester Polytechnic was accompa-
nied by a civic reception and a protest demon-
stration by some of the students. The centre has
been constructed to house two Harris compu-
ters which provide impressive processing power
with storage capabilities for a high volume of
batchwork and can service some 100 terminals
distributed over the Polytechnic campus.

The centre incorporates a Harris 800 compu-
ter system which has 2 megabytes of memory,
with four 300-megabyte disc drives and one 80-
megabyte disc drive, a line printer, card reader,
a 9-track magnetic tape unit and a CIL plotter.

Also housed in the same building is a Harris
H500 computer, a separate system with one
megabyte of memory and one 300-megabyte
disc drive with a line printer, a card reader, a
magnetic tape unit and a paper-tape reader/-
punch.

Elsewhere on the campus is a Harris H100 for
the polytechnic’s Electrical and Electronic Engi-
neering department. Eventually it is planned to
connect all three computers together by syn-
chronous links into one processor network.

The system is the biggest Harris system
outside the United States and is claimed to be

The Computd} Centre at Lanchester
Polytechnic, Coventry, specially built to
house the computer facilities, including the
two Harris Computers and some special
terminals.

the largest available to any further educational
establishment in the UK.

The student protest was very civil and was
not about student grants, despite the presence

of the Parliamentary Under-secretary of State,
Department of Education and Science, Mr Wil-
liam Waldegrave; it was about the delay in get-
ting the computer actually working, their work
was being delayed by the lack of terminal time
as only a few were actually running. Harris
assured us that these were teething problems
and that they were flying a team of specialists
from their factory in Florida to assist in the
initialisation of the system.

TimeXx to sell Sinclair in th-e U.S.A.

You may know that the Sinclair ZX81
Microcomputer is manufactured under a sub-
contracting agreement by the Timex Cor-
poration in their Dundee factory. The current
production rate is about 30,000 units each
month, which some clever mathematician has

worked out to be one unit every ten seconds.
Timex seem to be impressed by the sales and
have come to an agreement with Sinclair Re-
search, whereby they can sell a Sinclair/Timex
computer in North America. Sinclair are at pre-
sent selling in the U.S. by mail order at a rate of
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15 thousand a month; Timex have about
170,000 retail outlets in North America, and
could sell at a phenominal rate.

The agreement is for Sinclair to provide the
technical expertise and for Timex to manufac-
ture a computer which will include their own
brand name. The name is not to be more promi-
nent than the Sinclair marque which will remain
on the equipment.

Timex will pay Sinclair a 5% royalty on all
hardware that is related to the Sinclair
microcomputer, even if it is not originated by
Sinclair. They will also pay a 5% royalty on any
Sinclair originated software. And they will even
pay 2%2% on software from any other source as
long as it is intended for use on the Sinclair
equipment. There will be a cross-licensing
agreement for any hardware that Timex may
develop themselves.

Clive Sinclair says that he has been looking
for a large marketing outlet for his products for
some time. He intends to keep Sinclair Research
as a compact research and development team,
concentrating on improvements to existing pro-
ducts and development of new ones. The date
for the probable launch of the Microvision flat
tv is given as the last quarter of 1982. It has
already been announced that the tv is being
incorporated into a desk-top terminal for ICL,
and there may be some clue as to the likely
format of the next-generation ZX computer in
that. Sinclair’s research into electric vehicles is
continuing.

The Sinclair ZX81 which is to be
manufactured, and marketed in North
America, by Timex. The ZX81 is shown
together with the add-on 16K RAM pack
andthe ZX Printer,
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Having produced new versions of their pre- and power-amplifiers and their electrostatic loudspeakers,
Quad have come up with an f.m. tuner, the Quad FM4. It has been styled to match the Quad 44 pre-
amplifier with which it is shown. It incorporates a microprocessor which can recall the preset stations
from memory and also controls inter-station muting and a.f.c. Manual tuning is used to program the
seven preset stations and occasionally to tune in to a station not already programmed. A bar graph
displays signal strength and centre tuning. The preset buttons andthe tuning knob are the only
controls: the microprocessor takes care of everything else.

Teletext, a new'campaign

One way to mass market viewdata is believed
to be the growth of private viewdata systems
which are compatible with Prestel; used by
companies for in-house systems. Another way is
the development of a more attractive Prestel
package for the consumer.

It was decided at the conference that Prestel
could be made more attractive to the consumer
by:

— working towards a consumer package,
providing an overall viewdata service which
would include transactional applications, i.c.
the ability to order goods by pressing the appro-
priate buttons;

— including entertainment and communica-
tions as well as “straight’ information;

— examining the tariff structure;

— working towards a reduction in the cost of
viewdata receivers;

— improving the quality and attractiveness of
the information provided;

— promoting new applications of business
viewdata;

— working towards the acceptance of viewdata
as the principle means of communication be-
tween business and industry.

Further analysis of the view expressed at the
conference will lead to the publication of
another ‘action document’. October has been
selected as National Teletext Month as was Oc-
tober last year, this will be used for an intensive
campaign to promote teletext,

1982 is Information Technology Year, and as
part of the Government’s commitment to IT,
the Department of Industry is promoting
further awareness of Teletext and Viewdata.

According to a survey published in Prestel
(page 19191), 65% of the population now know
what Ceefax is; for Oracle it’s 55%, teletext,
50% Prestel 30% and viewdata 15%. There are
still 20% who have no knowledge of any of
these. Television viewers with facilities to re-
ceive teletext numbered over 300,000 at the end
of 1981.

This is a result, claims the Dol, of the promo-
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tion campaign launched at a ‘Commitment Con-
ference’ in January 1981, which brought to-
gether the manufacturers of the equipment with
the infornmation providers, with television rental
and retail traders, software suppliers, trade as-
sociations and with representatives from British
Telecom, the Dol and the NEDO. One of the

chief aims of the campaign was to familiarize |

consumers with the process of obtaining in-
formation from the tv screen. It is believed that
such familiarization could lead to more
recognition for Prestel, BT’s telephone
viewdata system.

In February of this year, another Commit-
ment Conference was held in London to plan a
further campaign for 1982. Once again the
accent would be on promoting teletext to
the general public and Prestel to the business
community.

Free specifications
and standards

London Information have started a free consul-
tancy service to help engineers identify and ac-
quire the specs and standards or other docu-
mentation they may need for their projects.
Enquiries are already running at hundreds of
’phone calls a week. The documents are mnot
confined to the electronics industry and London
Information have told us that they have recently
supplied copies of quarantine regulations for.
Australian wallabies and building regulations
for a middle east sports complex. They provided
an electronics firm with the relevant US Mil
specs and this resulted in a big export order to
the US.

London Information claim to be able to get
any available document from anywhere in the
world. If they cannot supply the information
then they will put companies in contact with a
source that can. Further details can be obtained
from: London Information (Rowse Muir) Lid,
Index House, Ascot, Berks SL5 7EU. Tele-
phone: 0990 23377.

Arthur C. Clarke
honoured

The science writer, Arthur C. Clarke has been
chosen to receive the eighth Marconi Fellowship
Award by the Marconi Fellowship council.

The $35,000 award is given annually in
recognition of scientific achievement for the
benefit of humanity in the field of communica-
tions science and technology.

Clarke predicted the geosynchronous com-
munications satellite as early as 1945 in the
Wireless World article “Extra-terrestial relays:
can rocket stations give world-wide radio cove-
rage?”’. We jssued a reprint of the article with
our October 1981 issue. In it, he addressed very
specifically the technical issues involved in such
satellites, which have since become such a signi-
ficant part of the earth’s communications.

Clarke’s other innovations include the use of
satellite platforms for observing the earth in a
quantitative manner, the concept of the ma-
noeuverable solar sail for low-acceleration in-
terplanetary flight, and the concept of the ‘space
elevator’ for reaching orbital altitudes using
materials of very high strength/weight ratio
which are likely to be developed soon.

Recently, Arthur C. Clarke has been strongly
supporting proposals for the use of satellites for
communicating with remote communities.
Many such systems have been installed in vil-
lages in Alaska and Canada.

As far as the general public is concerned,
Clarke is best known for his science fiction
writings, especially for his collaboration with
Stanley Kubrick on 2001: A Space Odyssey.
Rumour has it that they are to work together
again on another s.f. film.

Mr Clarke is now the Chancellor of the Uni-

versity of Moratuwa in Sri Lanka.
@ The Marconi International Fellowship was
founded in 1974 by Gioia Marconi Braga,
daughter of the Italian inventor, Guglielomo
Marconi. It is sponsored by companies and
instititutions from ten different countries.

Licence sensation
There is a belief that the Home Office has made
another “snafu” and will be forced to rescind
part of a new schedule which appears to contain
a host of technical errors and misreading of the
International Radio Regulations. A four-page
Home Office announcement appeared in the
London Gazette on February 12 addressed to
“all holders of Amateur (Sound) Licence A and
Amateur (Sound) Licence B” setting out a new
schedule of frequencies, classes of emission and
power limitations “as from January 1, 1982.”
These are regarded as “unacceptable” by the
R.S.G.B. which immediately called for urgent
discussions with the Home Office. The new
schedule, as printed, not only introduces the
new international symbols and defines power in
terms of output to the aerjal in dBW, But also
removes 10kHz from the British 1.8MHz band,
restricts 3.5MHz transmission to the very low
power of 9dBW (carrier power), compared with
20dBW for other h.f. bands, and also introduces
an entirely new form of power restriction
(30dBW maximum equivalent isotropically
radiated power) for all bands above 1.2GHz.
There are also many other apparent technical
anomalies that are inexplicable in any rational
technical terms.

A Home Office spokesman has told us that it
was all a terrible mistake based upon a series of
mis-prints. It must be pointed out however that
publication in the London Gazette makes it a
legal announcement.
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The Husky 144 by DVW Microelectronics is a
sturdy, waterproof microcomputer for data entry
in the field

Xenix and the
supermicro

Xenix is the name of a computer operating
system for use on 16-bit microcomputers. It has
been developed by Microsoft and is an imple-
mentation of Unix, a software system originally
developed by Bell Laboratories for use on DEC
minicomputers, first on the PDP-7 and later on
the PDP-11. Xenix is the 16-bit operating
system which seems likely to become a stan-
dard, much as CP/M has become for the 8-bit
processor. One advantage it has is that there are
comparatively few codes which are specific to a
particular processor; so it can be fairly easily
implemented on many 16-bit processors.

All this is by way of introduction to the Bleas-
dale 600 Xenix computer which uses the Zilog
Z8001 16-bit microprocessor. The Z8001 runs
at 4Mhz and can address up to 8 megabytes of
memory through a 23-bit address bus. The
Bleasdale computer is a general-purpose appli-
cations for professional system designers and
engineers and may be used in simulation,
process control, image processing, instrumenta-
tion, scientific workstations. It may also be used
for office automation equipment, communica-
tions networks, banking/financial systems etc.
The first customers are the Monotype Cor-
poration, who will use the computer for typeset-
ting, and Precision Software, a financial in-
formation services company.

The 600 computer is of modular design, con-
structed from a range of plug-in p.c.bs which
offer a wide range of different configurations.
The boards are interconnected using the
Multibus system with 24 address lines for up to
16 megabytes of memory.

The computer is manufactured at Bleasdale’s
factory in Lutterworth, Leicester, and is to be
marketed through 'a network of distributors
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Computers in the field

The computer industry at the moment seems
obsessed with ‘the man in the field’, the roving
executive, salesman, engineer or even the jour-
nalist. The theory is that these peripatetic repre-
sentatives can feed in the latest information,
deal, sales figures or storiés down the line to
their parent companies.

One approach to this is illustrated by the new
protable terminal by Digital Equipment Corp.
The Correspondant is a hard copy printer termi-
nal about the shape and size of an electric type-
writer. It can handle plain paper and can have
tractor feed as an additional option. It offers
132-column printing with a range of typefaces
and because it is bit-map addressable it offers
high resolution graphics (132 x 72 dots per
inch) and can be used in conjunction with Digi-
tal’s visual display terminals. What makes it
portable is the ‘universal’ power input which
will accept any a.c. mains supply of any voltage
or frequency. It may be fitted with an acoustic’
coupler to communicate with the base compu-.
ter. Digital are eager to point out however that it’
is also highly suitable as a fixed printer terminal;
with an RS232 interface.

The Digital Correspondant is a terminal and
must be connected, by whatever means, to a’
computer to be of any use. An alternative ap-
proach is the portable computer. This has the
advantage of being able to collect data ‘in the

field’ and one example, the Husky 144, made by
DVW Electronics, has been designed with a
tough case and a flat, touch-sensitive keyboard.
It can be used literally in the field, out of doors.
It has a liquid crystal display of up to 128 char-
acters in four lines. It is battery powered and
thus can include an internal memory which does
not lose its data and real-time calendar and clock

'so that entries can be ‘tagged’ with collection

time automatically. The Husky 144 is provided
with 144K-bytes of memory and has ‘user-
friendly’ software. A key marked ‘Help’ may be
pressed at any time during operation and a part
of the internal ‘manual’ is displayed on the
screen giving information on what to do next.

To communicate with the outside world the
Husky 144 can use an RS232 interface for direct
communication with a host computer or a prin-
ter. It can use an acoustic coupler for telephone
contact. It can also be used as its own base
station and may be plugged into an optional disk
drive for storage and retrieval of files. With a
disk drive it can also be operated under CP/M
which gives it access to a large library of com-
mercial programs.

‘Correspondant — Digital’s plain paper portable
terminal designed ‘for executives on the move’

throughout Europe. The majority of the compu-
ters are likely to be sold to O.E.Ms. A version of
the computer based on the Motorola M68000
processor is being produced and this will also
operate on Xenix.

Eddie Bleasdale the managing director of
Bleasdale Computer Systems believes that Xe-
nix will be very popular in scientific and educa-
tional applications because of the widespread
use of Unix in DEC computers. As Bleasdale are
in the forefront of users of Xenix, he intends
that his company will maintain that position and
become a leading centre of expertise in Xenix/
Unix.

@ Zilog have given their official blessing to
CP/M and Unix have warned that manufactur-
.ers should be wary of ‘lookalike’ systems. Tradi-
tionally a new computer system engendered a

new operating system which became ‘machine-
dependent’. So if a computer system was selec-
ted the operation system went with it and the
user became stuck with it. If, however, the
operating system were selected first then a
number of manufacturers could offer computers
which operated the system. CP/M and Unix are
suitable candidates but some systems are being
marketed as ‘Unix-like’, for example, but do not
have the universal application or constant de-
velopment of the original. One has a feeling that
the warning may not be entirely altruistic;
CP/M and Unix both operate on Zilog equip-
ment.
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SIVIPLE POWER AMPLIFIER

_Complementary Hexfet devices offer improved performance over the equivalent
bipolar output stage and allow simplified drive circuitry. This design delivers 60 watts
into a four-ohm load, 32 watts into an eight-ohm load, from a simple +30V supply.

The split power supply rails of this de-
sign give good rejection of supply voltage
ripple allowing both a simple supply cir-
cuit to be used and the load to be directly
coupled. The output devices operate in the
source follower mode, which offers a two-
fold advantage: the possibility of oscilla-
tion in the output stage is reduced as
voltage gain is less than unity, and signal
feedback through the heatsink is elimi-
nated as the drain terminal, which is
electrically connected to the tab on the
TO-220 package, is at a direct voltage.

Symmetrical output is achieved by
providing a “boot-strapped’ drive to the
gate of the n-channel device from the out-
put. The use of the bootstrap circuit, Cs,
Rg;Rg, also allows the driver transistor to
operate at near constant current, which
improves the linearity of the driver stage.
The diode clamps the bootstrap circuit,
restricting the positive voltage at the gate
of Trs to + Vpp to maintain symmetry
under overload conditions.

Transistor Tr3 and resistors 11, 12 & 13
provide gate-source offset voltage for the
output device with R), variable to adjust
quiescent current for variation in threshold
voltage. A degree of temperature compen-
sation is built into the circuit as both the
emitter-base voltage of Tr3 and the com-
bined threshold voltages of the f.e.ts have
a temperature coefficient of —0.3%/deg C.

The class A driver transistor operating
at a nominal bias current of SmA set by Rg,
Ro is driven by the p-n-p differential input
pair biased at 2mA by R3. Components Ry,
C; set the closed-loop gain of the amplifier
R¢R; and provide low-frequency gain
boosting. Additional components Rs, C;
connected between the output and ground
suppress the high-frequency response of
the output stage, allowing the h.f. per-
formance of the amplifier to be determined
by the input circuit. Component R;, Ry,
C, at the input of the amplifier define the
input impedance and suppress noise.

To achieve 60 watts into a four-ohm
load, the current in the load is 3.9A r.m.s.
or 5.5A peak. To sustain this source cur-
rent, the n-channel Hexfet, IRF533, re-
quires a gate-source voltage of 5V.

As peak load voltage is 22V, gate bias
voltage to achieve peak power in the posi-
tive sense is Vpyx + Vg = 27V. A similar
calculation for the negative peak, using the
p-channel device IRF9533, shows that a
negative gate bias supply of — 28V is re-
quired. Consequently, a = 30V supply is
adequate for a 60 watt output, provided
that the supply voltage does not fall below
+ 28V when loaded: a source impedance
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of one ohm or better. When the supply
voltage impedance is high, use a higher
voltage supply together with complemen-
tary Hexfets of a higher voltage rating —
IRF532/IRF9532.

When an eight-ohm load is used, 32
watts output power can be achieved from a
+ 30V supply with source impedance bet-
ter than two ohms.

The curves drawn in Fig 1 show the
power consumption of the amplifier, out-
put power and power dissipated in the
f.e.ts as a function of r.m.s. output current
with + 30V supplies and four and eight-
ohm loads. It can be deduced that the
maximum power dissipated in the devices
is 56 watts and 28 watts with four and eight
ohm loads respectively. Limiting the case
temperature to 90°C and making an allow-
ance for the thermal impedance of insulat-
ing washers, heatsink requirements are
0.5°C/watt with a four ohm load and
1.67°C/W with eight ohm load. Smaller
heatsinks may be tolerated if the amplifier
is not operated ¢ontinuously at rated out-
put power.

Open-loop gain measured with gate and
source connections to the f.e.ts broken is
30 dB, — 3dB points occuring at 15SHz and
60kHz, Fig. 2. Closed-loop curves are
shown for amplifier gains of 100 (Ry 4700)
and 20 (R;7 2.2k). In'both cases the curves
remain flat to within = 1dB between 15Hz

and 100 kHz with an eight ohm load. The
slew rate of the amplifier, measured with a
2V pk-pk square wave input is 13V/us
positive-going and 16V/us negative-going.
The discrepancy could be balanced out by
addition of a series gate resistor for Trg.

Reduction of the closed-loop gain from
100 to 20 produces a significant improve-
ment in distortion figure, Fig 3. Consid-
ering the simplicity, performance is quite
acceptable. The output stage quiescent
current was adjusted to 100mA and can
influence the distortion measurement sig-
nificantly if allowed to fall below 50mA.

The dependence of the quiescent cur-
rent in the output stage and of the output
offset voltage on power supply voltage are
illustrated in the Table. Current is set by
first adjusting the potentiometer Riz for
minimum offset voltage — turned fully
anticlockwise if the p.c.b. layout shown is
used — and apply the power supply
voltage, the positive supply passing
through an ammeter with 1A f.s.d. It is
then adjusted until the meter reading is
100mA with a + 30V supply. Remove the
meter from the circuit before applying an
input signal to the amplifier.

When assembling the printed circuit
board, mount the passive components
first, ensuring the correct polarity of
electrolytic capacitors. Then solder in bi-
polar transistors, checking for correct pin -
identification. Finally mount the f.e.ts,
avoiding static discharge by shorting the
pins together to ground and using a
grounded soldering iron. Check the assem-
bled board for correct component place-r
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Fig. 2. Frequency/amplitude curves for
open-loop, 20 and 100x gain connections.

ment. Check the copper side of the board
for solder bridges between tracks, and re-
move them. Check for dry solder joints
visually and electrically using a resistance
meter and rework if necessary.

Now apply power to the amplifier with
heat dissipators fitted. - Adjust potentio-
meter Rz for minimum offset (fully
anticlockwise on the p.c.b. layout) connect
an ammeter in series with the positive
supply and adjust R, for a reading be-
tween 50 and 100mA.

If a loudspeaker load is connected in
circuit, protect it from d.c. overload with a
fuse.) With the quiescent current set, con-
firm the output offset voltage is zero = 100
mV. Excessive and erratic variation in qui-
escent current as R, is adjusted indicates
circuit oscillation or faulty wiring. Oscilla-
tion can only be satisfactorily identified
and suppressed using an oscilloscope.
Also, supply decoupling capacitors should
be mounted close to the amplifier output
stage and load ground point.

Additional circuit components have
been added to ensure high-frequency
stability of the complete amplifier. Place-
ment and values depend to some extent on
the printed-circuit board layout. Observe
the following points when designing the
printed circuit board.

@ Adopt a common ground principle, i.e.
take power supply decoupling capacitors,,
load and input stage bias components to
ground in close proximity, eliminating the
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Fig. 3. Diistortion curves for gains of 100

and 20 with loads of four and eight ohms.

1kHz

Variation in output offset voltage
and quiescent current with supply
voltage.

Supply Output Quiescent
voltage offset current
(V) (mV) (mA)
35 —-40 135
30 —~20 100
25 + 4 75
20 +30 54

effects of common-mode ground current.
Similarly use a common output node, the
load, feedback resistor and h.f. suppres-
sion components being taken from a com-
mon point on the board.

@ Keep the length of connecting lead to
the gate terminals of Hexfets to an absolute
minimum to avoid oscillation of the power
output stage. Series gate resistor Ryg
suppresses oscillation, but too high a value
limits slew rate. Series resistor Ry,
suppresses amplifier oscillation caused by
capacitive coupling to the base of Tr,.

® Phase shift in the amplifier when driv-
ing a reactive load can lead to high-fre-
quency instability. With a capacitive load,
the addition of a small air-cored choke —
3uH with an 8(), 2uF load — restores
stability. The final value of the choke is
defined by experiment.

With the current set, remove the amme-
ter from the positive supply and apply a
signal to the amplifier input. Signal level
required for full rated output is 150-
160mV for a gain of 100, and 770 to
800mV for a gain of 20. Clipping of the
output.waveform when operating at rated
power indicates poor supply regulation
and is remedied by reducing the input
signal amplitude and derating the ampli-
fier. Alternatively use a lower-impedance
i_upply. Amplitude response of the ampli-
ler can be checked over the frequency

Sine -wave frequency response

100kHz

1kHz

Square ~wave response

25kHz
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Decoup/lng capacitors reduce the supply
frequency ripple to 5.5V pk-pk at full load.
Off load, the supply voltage should not rise
significantly above + 35V.

range 15Hz - 100 kHz with the aid of an
audio test set- or signal. genmerator and
pscilloscope. Distortion of the output
waveform- at high frequency indicates a
reactive load: adjust the output choke to
restore the waveform. Tailor h.f. fre-
quency response with a compensation ca-
pdcitor in parallel with Reé. The Lf. res-
ponse is controlled by Rz, C;.
Supply-frequency breakthrough is- most
discernible in a high-gain circuit.
Minimize pick-up at the high-impedance
input by a screeéned cable, grounded at the
signal source. Supply-frequency ripple in-
jected through the supply to the input
stage of the amplifier can be detected
across capacitor Cs. This is normally atte-

A glass-fibre printed cii “cuit board for the
heating-fuel saver will ke available for
£4.50 inclusive of VAT airvd UK postage
from M. R. Sagin, Nancai "ras Mill, The
-Level, Constantine, Falmcouth, Cornwall.

nuated by the common-niode rejection of
Tr; and Tr; before being amplified but if
this is the source of breakithrough, adjust

the values of C3, Rs to suppress the signal
amplitude.

If the outpurt stage is destroyed either
through short-circuit load or h.f. escilla-
tion, replace both Hexfet devices; it is un-
likely other circuit components will have

‘been affected. Repeat set-up procedure

with the new devices in circuit. _ O

R.f. radiation
hazards

Last year we published a news item! briefly
pointing out the controversy surrounding the
r.f. radiation-exposure safety limits accepted by
most western countries. In America, the ANSI
and ACGIH (American Conference of Govern-
mental Industrial Hygenists) have both sug-
gested new frequency-dependent standards
baséd on the same work and both assuming
0.4W/kg as a safe maximum absorbed energy
rate, and it is expected that the Americans will
revise their existing 10mW/cm? maximum safe
level in the near future.

Although we in the UK originally based ous
maximum safe level (10mW/cm?) on that de-
cided in the US some 20 years ago, whether or
not we will again follow suit is not clear.
According to Mr S. Allen of the NRPB, one
possible point of-contention is that the two pro-
posed standards mientioned above are based on
results from far-field radiation tests. It is
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accepted that measurements i\ the near field,
and hence assessment of potential health
hazards, are more complex than .in the far field.
Taking into account near-field ef.fects when de-
termining maximum safe-level sta ndards would
nevertheless be sensible.

An article recently published in Radio Com-
munication’ gives a good account of r.f. radia-
tion hazard, as far as the radio amateur is con-
cerned. The authors state that reports of “non-
thermal” effects of r.f. radiation, mostly ema-
ndting from Eastern Europe, shoulcl be ‘‘re-
garded with suspicion”, and go on to sa'y, “there
is no evidence that r.f. radiation produces long-

The first of these graphs provided by Mr
Harlen ofthe NRPB shows r.f. radiaticon
penetration and absorption versus
frequency for a plane slab. Combined
effects of penetration and ‘focussing’ (.or
geometry and high refractive index/ in a
potato are illustrated in the two other
graphs taken from the Journal of
Microwave Power.

term damage of the kind associated with joniz-

ing radiation, i.e., cancer or genetic damage.”

Not a hint is given that the authors feel the
accepted maximum level might be too high.

But not everyone is happy with the situation.
Mr Herbert Goldwag, for one, summarizes the
opposing point of view in an article called
‘Microwave hazards’ published in the IEEE
Spectrun’. O
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SITUATION NORMAL...
In your February issue, Pat Hawker mentions
“SNAFU” as a coinage of War II. I think he
and your readers may be interested to know its
pre-war origin.

During the said war it was my pleasure to
work for a time with two clever and humorous
American Western Electric telephone engi-
neers, and they told me that their pre-war jobs
had been to go to telephone exchanges where
there was trouble and rectify it. Upon arrival at
the site an engineer would make a brief estimate
of how serious was the trouble, establish a tele-
phone link to his headquarters and send back a
code word. His home base would therefore
know he had arrived where the problems were,
have a rough idea of how long it would take to
clear them and have a telephone number where
he could be contacted if need be. There were
three code words: SNAFU — Situation normal,
all fouled up” (or words to that effect); TARFU
— “Things are really fouled up”; and FUBAR
— “Fouled up beyond any repair”. The latter
would be sent if, for instance, a telephone ex-
change had been seriously damaged by fire or
flood, while SNAFU would be used for a situa-
tion where cables or machinery had been
damaged but where repairs or replacement
would be relatively straightforward.

SNAFU became widely used in many situa-
tions during the war, but strangely the other
‘code words were rarely used or were unknown.
It would be a pity if this bit of folk lore was lost.

C. H. Banthorpe
Northwood
Middlesex

WOODPECKER

As a radio amateur, I have often been annoyed
by the Russian “‘woodpecker” pulse transmis-
sions which have plagued the h.f. bands for
many yearsl. There has been no official explana-
tion of the purpose of these transmissions, and
various theories have been expounded in the
media, ranging from spy communications to
death rays. However, as a result of accidentally
coming across. some of these signals on a
laboratory spectrum analyser, and storing the
waveforms on a transient recorder, I think I can
shed a bit more light on their structure and
purpose.

Figure 1 is based on a printout of a typical
pulse, plotted as logarithmic amplitude versus
time. The overall duration of the pulse is 3.1ms.
The interesting feature is the presence of
“glitches” in the top of the pulse, the pattern of
which remains the same from pulse to pulse,
and they occur at intervals which are multiples
of 100 ps. This led me to suppose that the
‘glitches formed a binary sequence of length 31
bits.

I also guessed that the glitches arose from
phase reversals in the transmitted signal, the
finite width of the glitches resulting from the
effect of the finite bandwidth of the transmitter
.and/or spectrum analyser. Thus, arbitrarily as-
signing a zero to the first data bit, the original
modulation pattern could be reconstructed,
with 0 representing 0 degrees and 1 representing
180 degrees. This gave the pattern
0000011100100010101111011010011.

This sequence turns out to be a maximum-
length, pseudo-random binary sequence”,
which can be generated by a 5-bit shift register
with feedback formed from the parity function
of the contents of stages 3 and 5. I subsequently
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observed other pulse transmissions with dif-
ferent sequences of the same length, and was
able to match these to p.r.b. codes from shift
registers with feedback from stages 2,5 2,3,4,5
and 1,2,3,5. Four different codes, implying four
different transmitters, aglreeing with obser-
vations previously reported”.

The interesting point about this use of p.r.b.
codes arises from the shape of their autocorrela-
tion function. If such a sequence is compared
bit-for-bit, with a shifted version of itself, at all
possible shifts, then, apart from the position
where all 31 bits match, at all other shifts no
more than 1 bit matches between the two sequ-
ences. Thus, if a woodpecker pulse is fed
through a 3.1 ms delay line with 31 equally
spaced taps, and the outputs of the taps are
vectorially combined with appropriate inver-
sions, so that the inversion pattern itself is the
same sequence as the transmitted phase-inver-
sion sequence, then the combined output will be
a single puise of 100ps duration, 31 times the
amplitude of the input signal, with virtually no
sidelobes.

The conclusion from all this, it seems to me,
is that the woodpecker must be simply a pulse
compression radar system, with a resolution of
100us (10 miles), but the sensitivity 31 times
that of a 100ps radar of the same power. Not
only does the p.r.b. sequence cancel out shifted
versions of itself in order to achieve its perform-
ance, but it has a high immunity to other codes
in the same family, thus reducing cross-interfer-
ence between separately sited radars on the
same frequency. The use of four different sites
presumably enables the target to be pinpointed
in three dimensions in spite of the poor directiv-
ity of h.f. antennas and the variabilities of the
ionosphere which is used to extend the range
beyond the horizon. .

Although this information leads to the pos-
sibility of jamming these signals, or at least
puzzling the distant radar operator, whether we

Ee

shall ever be rid of these wretched signals :is
another matter altogether.

_ J. P. Martinez G3PLX
Gosport
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POOR DEAL FOR
AMATEUR RADIO

I wish to congratulate you for publishing a letter
(February 1980) criticising the RSGB: at last
someone has dared to make public the feelings
of many RSGB members. I myself have written
to the RSGB on several occasions but [ have
never been privileged with an acknowledge-
ment, not to mention an explanation of their
actions.

Whilst the RSGB has been trying desperately
to prevent the introduction of c.b. (I, like many,
see through their claims of neutrality), radio
amateurs have ended up with a very raw deal.
Firstly, we have lost 200 kHz of 70 MHz;
secondly, only one of the h.f. bands has been
introduced; thirdly, despite the introduction of
c.b. on 27 MHz (with no Morse), B licencees
still need Morse for 70 MHz to 28 MHz. Whilst
pip/kay tones are not to everyone’s taste, they
are used freely on c.b. but are severely restricted
on the amateur bands. Selcal type signals are not
permitted on the amateur bands whilst they are
on c.b. I must add at this point that I am totally
pro-c.b. and I am not some jealous, sour-grapes
radio amateur.

Furthermore, whilst expending its energy on
anti-c.b. propaganda, the RSGB have totally
ignored the decline of amateur radio. Little
-mention is even made in Rad-Com of the illegal
operation on London repeaters. Why does the
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RSGB not close them down or, better still,
persuade the Home Office to catch the offend-
ers. The RAE is now a joke. Amateur radio is.
meant as a technical hobby; the new RAE has
virtually eliminated any serious techmical re-
quirements. How many radio amateurs repair,
let alone build, their own equipment?

As radio amateurs, we have virtually sold our
birth right and the RSGB has stood by and let it
happen.

B. Reay
Woolwich
London SE18

WALK-ABOUT
TELEPHONES

The Post Office and its successor British
Telecom have in the past been accused of being
slow to meet the demand for telephone instru-
ments other than those of the standard type, but
this has now been to a large extent corrected by
the availability of types ranging from the elegant
baroque to the frivolous Mickey Mouse.

One facility which does not appear in the lists
is.the hand-held device which allows the user to
make and receive calls while at the same to be
free to roam about his house and garden. Radio
linkage is one way of making this possible and is
the means employed in certain instruments
which are obtainable by the general public from
suppliers other than Telecom.

This may be because of the possibility of the
radio signals involved being received by some-
one who is not a member of the subscriber’s
household.

It is unlikely that the prospective user of one
of these devices will have been warned that his
future conversations may be overheard and even
if the point is made he may shrug off the matter
and say that he does not mind. A more impor-
tant factor is that even if the user is indifferent
to being overheard this may not apply to those
with whom he is in communication and who
may have objections to what they are saying
being broadcast.

It may be argued that the threat to one’s
privacy is pretty small since suitably equipped
listeners may be thin on the ground in the im-
mediate neighbourhood. However, a single
eavesdropper of less than good intent could be
at least an embarrassing nuisance or there could
be legal implications in a situation where a
stranger might seek to profit as a result of in-
formation received.

Finally, there may very well be a real need for
this type of telephone facility but there are pit-
falls in the use of unauthorized equipment. One
assumes that a Telecom-approved system awaits
the provision of suitable safeguards and de-
fences against illicit tapping of the telephone
network.

G. Dann
Chipstead
Surrey

NANOCOMP E.P.R.0.M.
PROGRAMMER

I have been experimenting recently with a
photographic flash tube and am concerned
about inductive flashes and their erosion of the
button in Fig. 1. on page 30 of the January 1982
Wireless World.

I think that problem could be reduced by
having a low-voltage, high-current winding on
the choke core in addition to the 4H. This
would make the choke a transformer as well. A

suggested outline for a circuit accompanies this.
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letter and a description follows.

On the left the main voltage is rectified by D
and charges C through R to mains peak voltage.
Mains is also applied permanently to the tube
and 4H winding in series but, since the tube has
not. stuck, no current flows: the tube is open-
circuit.

| I
4LH Mains
Choke/Trans former | N
s =0
When the On button is pressed, C discharges
via the low-voltage winding, inducing an induc-
tive voltage of, say, 2kV in series with the mains
across the open-circuit tube. But as soon as the
2kV causes the tube to strike, it is anticipated
that mains current will flow through the tube,
using the 4H winding now as the choke. When
the Off button is pressed, the tube should go
off. In the event of a thyristor short-circuit or
capacitor short-circuit the 10k(} resistor would
get warm and only consume a few watts. Nor-
mally, when off, only capacitor leakage current
should be taken. The operation would depend
on a real difference between striking voltage and
maintaining voltage in the tube.
J. R. D. Powell
Harlow
Essex

DATA STORAGE

I would like to comment on two articles in the
February 1982 issue: “Data recording on audio
cassette” and ‘“Economical Z80 development
system”, To start with, I would like to intro-
duce myself as the designer of SOFTY, which
appears in the latter article, and the inventor of
TRANSWIFT, a software modem used in
SOFTY to store data on cassette tape. The point
that I will try to illustrate is that there are more
ways of Killing a cat than choking it with cream.

Data storage using audio tape is like a serial
transmission in a medium of limited bandwidth
(forget that the data stays in the medium for an
indefinite time). The low-frequency limitations
are the bigger nupisance ~ so why not use a
system which has no low-frequency compo-
nents? If the data recording is for a microsystem
why not do it with software? If you are willing to
ignore convention you can use a simplified
recording and playback circuit.

Most microsystems have a bit of Vo going
spare, either on the microprocessor itself or via
an 8255 or similar. You could use a separate
port for input and for output. You could add
some sort of signal conditioning — but it isn’t
necessary. This circuit will store data using the
cheapest cassette recorder at well over 3000
baud-equivalent.

Transmit a zero by putting the port high for a
jiffy, then low for the same jiffy. A 1 is
transmitted by using bigger jiffies. All binary
transmissions are Os and 1s strung together and
the low-frequency components have vanished.
You can put this transmission through a capaci-
‘tor, for instance, without degrading it. You can
also store it on tape and get it back unchanged.
Recovering the succession of Os and 1s is a
matter of measuring the intervals between zero

N
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crossings. The resistors suspend the port at the
transition point. You might recover the data in
one of two ways: either you take a positive
transition as a starting point, delay for a step
interval and then input the bit, or you measure
the time between similar transitions and decide
whether it represents 1 or 0.

Examination of this transmission shows two
important properties: turning it upside down
makes no difference to reception, and clock-
speed errors don’t accumulate — each bit con-
tains a clock. 10% or more difference in speed
won’t baffle it. '

A TRANSWIFT transmission doesn’t use
start, stop or parity bits. The speed of the trans-
‘mission is more likely to be restricted by the.
processor’s agility in handling the data than by.
the bandwidth of the recording system. It is up.
to the processor to make an intelligent decision
.about whether it has a valid transmission or not,
:and where that transmission starts. If the input
is to an interrupt this process can be automatic.

SOFTY2 uses 500us and 1000ps as the trans-
mission times for a 0 and a 1. To show that a
transmission is coming, and to get over the
bounce period of the recorder’s automatic gain
control, a leader of 20 bytes of ‘AA’ bytes are
sent. (AA in hex. is 10101010). Then a hex ‘69
(which is 01101001), and the data, with no extra
bits of any kind.

Recovery uses a routine which samples for-
ward from each positive transition by 750us and
shifts the sample bit into a register. The word in
the register is then compared with ‘55’ and ‘AA’
and either are accepted as valid leaders. A leader
counter with a starting value of perhaps 40 is
decremented for each valid leader byte, but
restored to starting value if an invalid leader is
received. When the counter reaches zero the
program starts looking for the ‘69°. The ‘69’ is
there for alignment — so that you can chop the
succession of bits into bytes in the right places.

To establish the best form of error checking it
is necessary to anticipate how the recorder will
mess up the data. The usual system of adding a
parity bit to each word fails because lateral
displacement is common. All error checking
systems use redundancy — they transmit extra
information to catch errors. SOFTY uses a
single byte appended to the transmission which
is formed by exclusive-ORing all the data bytes
with AA. (I used AA because it happens to be
the leader and in the right register at the right
time). The reception routine exORs the trans-
mission and shows you the result — if it isn’t
AA then you have errors. I call this parallel
parity.

In case you’re wondering how much pro-
gramming space this takes: A Z80 device
(MENTA), designed later, uses 147 bytes for
the cassette interface. SOFTY uses about 300.

The article “Economical Z80 development
system’ supports my claim that the combina-
tion of any assembler and a SOFTY makes a
powerful design tool. However the process of
linking a Nascom to SOFTY described is.un-
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necessary. Leaving aside the fact that SOFTY2
already has a parallel interface with normal
handshake, plus serial routines for 110, 300,
600, 1200 and 2400 bauds, all of which ignore
all ASCII characters except 0 to9and Ato F —
by far the simplest solution is to write a
TRANSWIFT routine for the assembler’s
processor to dump the code into SOFTY using
the cassette jack-socket. This reduces the
hardware to a piece of wire and a jack-plug. In
fact, I use a similar system from my Sharp
MZ80K. The port used is the Sharp’s keyboard
l.e.d. — mainly because the connector is pro-
vided on the p.c.b. :

TRANSWIFT is the simplest and most eco-
nomical method of implementing a serial data
transmission system, and is especially useful if
the bandwidth of the medium is limited.

B. Savage
Dataman Designs
Dorchester

THE DEATH OF
ELECTRIC CURRENT

Ivor Catt’s latest letter suggests that somé
progress has been achieved in an uphill struggle,
for he seems to acknowledge that we are discus-
sing models of reality and not reality itself.
However, there is some way still to go, for he
seems to regard models s “true” or otherwise.
Models can be bad or good or better in relation
to their accord with observation, hut never true
or false. So it is fatuous to assert that a model
shows that electric current does not exist.

Certainly, there is much to be said for keep-
ing models simple, but I think that other corre-
spondents have shown that the “insurmounta-
ble difficulties” introduced by p and ¥ exist only
in Mr Catt’s mind. Further, simple models are
not always best: albedo measurements had
shown the shortcomings of the green-cheese
model of the moon, long before Armstrong ar-
rived to test the flavour!

I was interested by Mr Davidson’s achieve-
ments with discharging capacitors, but I suspect
that those of us not fortunate enough to have a
capability for time-domain reflectometry will
continue to use the exponential model. This
model does have a shortcoming in that it sug-
gests that the discharge current continues for an
infinite time, whereas observation shows that it
does not. Of course, if we use an electric current
model we can account for this by supposing that
the discharge current becomes submerged in the
noise, currents generated by random motion of
the electrons within the conductors. Pre-
sumably there is a means of describing the effect
using an e.m. wave model?

R.T. Lamb
College of Engineering Studies
British Telecom

DANGERS OF LOW-
FREQUENCY SOUND

I have just read the letter of S. Frost of Edin-
burgh, who replies to my earlier letter concern-
ing my invention and operation of a hi-fi
speaker system whose response is flat down to
four Hz, suggesting that I should be careful. He
quotes from the paperback ‘‘Supernature” by
Dr Lyall Watson and suggests that my speaker
could be harmful to certain people, due to its
- infrasound output.

I know that infrasound of very high intensity
can give temporary effects which might be
termed uncomfortable or disquieting by some
people. However, the subject of infrasound in
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general is now much better understood that it
was in 1974 (the date quoted by Mr Frost which
applies to the above publication) and it is now
known that even prolonged exposures to infra-
sound of even very high intensities up to that
experienced, say, in a rapidly moving railway
carriage with the window open (which I believe
in the order of 135-138dB?) do not cause lasting

- deleterious effects. My speakers at present have

a maximum output on transients of around 15-
20dB less than this, or around the level of

‘v.L.f. caused in a house by a very strong wind

blowing outside. There is no risk of permanent
harm arising from their use as hi-fi speakers.
Infrasound produced by helicopter blades,
pneumatic drills, heavy trucks, etc. (from the
driver’s seat) can be louder that this and are still
not harmful. It takes sound loud enough to
physically shake one out of one’s seat before
even temporary damage is caused (note sound
pressures, not structure-borne vibrations).
Levels such as those of a full sized fog horn
(marine, shore-based) at 3ft are at the danger
area.

G. Holliman

Watford

Herts

MICROCHIPS AND
MEGADEATHS

Further to Mr P. C. Smethurst’s letter in the
December issue, may I suggest that the only
way in which the technical society will become a
reality is by a major evolutionary development
of the human species.

The nearest approach the average homo-erec-
tus makes to the technical society is to buy a
digital wrist watch with alarm and graphic
display, kidding himself that he will be able to
tel! the time with it. Such mistakes are inevita-
ble with.our present learning process.

Until our DNA reorganizes itself a little so
that accumulated knowledge (only the facts, of
course) can be passed directly to offspring, our
ability will depend on Mr Smethurst’s learning
period of 15-20 years. Few people will reach his
‘unusual’ standard and buy watches with hands.
R. G. Brown ;

Watnall
Notts

Tim Bierman (October Letters) and Roy C.
Whitehead (January Letters) are wrong to
imagine that refusal to fighting wars will avert
their occurrence. Modern technological war-
fare, involving nuclear and space-based
weapons, does not depend upon the recruitment
of willing and gullible warriors. A small,
minority elite now possesses the power to des-
troy the earth and, if competition over markets,
trade routes and natural resources necessitates
it, will sacrifice millions of human lives to the
god of profit. If the threat of war is to be re-
moved, political action must be taken to transfer
power away from the possessing minority into
the hands of the democratically organized world
community. If the weapons are used, there will
be no hiding places for conscientious objectors;
the time for objecting is now.

Instead of listing names of Wireless World
readers who would refuse to fight in the event of
a future war, may I suggest that a better course
would be to list the names of readers who have
taken the step of extending their scientific in-
terest in technology into a scientific analysis of
society?

Steve Coleman
Clapham
London SW4

THE NEW
ELECTRONICS

The article by Hugh Jaques in your January
edition prompts me to add my own comments
on the subject of “The new electronics”.

It is all very well to decry falling standards,
but I find the tone of that article rather counter-
productive. The standard in Germany, if we
wish to draw comparisons, is far lower — yet
the number of “Diplomingenieure” (dipl —
Ing) and Doctors of Science is far greater.
Previous Wireless World editorials have covered
the question of status — and one gets the clear
impression that British engineers are developing
an inferiority complex with regard to the Ger-
mans.

Yet, years ago, I attended a conference in
Frankfurt when Cosmos and I.c.ds were intro-
duced. The meeting began with German engi-
neers pounding the table Kruschev-style;
everyone was quite unruly. When I pointed out
that l.c.ds, with a quoted life-expectancy of fifty
thousand hours, could not complete for. longev-
ity with le.ds (up to one million hours),
everyone was on his feet screaming “l.c.ds no
good.” The meeting broke. up in chaos and I
never did find out if one could prolong the life

-of 1.c.ds by interposing ceramic capacitors in the

leads to block the d.c. components of the signal,
which causes electrolysis of the liquid crystals.

Dipl-Ing colleagues were forever asking me
such questions as “What is the difference be-
tween a p-n-p and an n-p-n transistor’”’, and a
doctor of physics never answered any question
without his “schlaue Buch” (clever book) which
was his real brains. :

No — the Germans are dishing out high-level
qualifications in every branch of science almost
like the free-gifts with chewing-gum. Yet the
television programme “Bilder aus der Wissens-
chaft” (pictures from science) complained that
Germany was not winning any Nobel Prizes.

To improve standards ome must set an
example through excellent work — rather than
trying to catch people out. Indeed, there is
nothing very wrong in a newly-qualified engi-
neer being a little “green”. The real education is
the work itself, and if the British withhold their
qualifications whilst the Germans mass-produce
them, Britain will not be well represented at
future international congresses, will lose pres-
ence in the world and cease to sell goods.

It would appear that Mr Jaques was not so
“word-perfect” as he claims. In his Fig. 2, the
gain is only — R/R if the source — impedance
at point X is zero, which is what one would infer
from the “gain between X and Z”, because any
generator impedance would be added to R;.
Secondly, the input-impedance at Y s
R,/(1+A) only if the source — impedance at X
is infinite. Otherwise R; and the source im-
pedance form a series-string in parallel with
Ry/(1+ A). What source impedance does Mr
Jaques have in mind?

Perhaps you can see how destructive such a
style of cross-examination can be. We all make
mistakes which are not mistakes at all unless we
want them to be. “What is the input impedance
at Y with X open-circuit” would have been a
better question, which would have saved Mr
Jaques face. But I am just picking him up on
words — as he was doing.

In the final analysis, engineers are paid for
engineering — not for passing tests. Given the
chance, many will succeed and many will fail.
Be over selective and all will fail.

C. Wehner
London, W2
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RECEIVERS FOR OPTICAL
FIBRE COMMUNICATION

During the next few years optical fibre systems will be used increasingly for long-distance
telecommunications with emphasis on achieving greater bandwidth and greater spans
between repeaters. In this rapidly developing subject it is essential to be aware not only of
the latest published results but also of the underlying principles to fully appreciate the
potential of optical communication. With this in mind, Dr Garrett reviews both the best -

reported performance in detectors and receivers and the areas where there is still room

Optical fibre communication systems are -

beginning to be used extensively for data
links and for long-haul systems. The first
“generation” of systems operates in the
near infrared — a wavelength of about
0.85um — where light sources may be
made from gallium arsenide and detectors
from silicon. At slightly longer
wavelengths, 1.3 to 1.6um, glass fibre is a
better transmission medium, having
enormous bandwidth and extremely low
attenuation — 0.5dB/km or even lz')wer.
Fibre systems are being used to carry
telephone traffic at 140 Mbit/s over
unrepeatered spans of 10 to 12 km in the
UK. Within the next few years it will be
possible to operate at ten times that rate
over at least five times that distance. As the
market for fibre grows and the cost comes
down, it will become economic to use fibre
systems at lower data-rates as well, and
also to transmit video either for
entertainment or for teleconferencing.

The three basic functions of an optical
receiver are to convert the signal from an
optical to an electrical form, to amplify the
signal, and to regenerate the transmitted
message. The first of these is performed by
an optical detector. Amplification is not
specific to optical systems except for the
special design of the front-end of the
receiver, which is inseparable from the
detector in determining the sensitivity.
Estimation and regeneration of the
message involves dealing with the noise
and various system impairments; only the
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Fig. 1. Silicon p-i-n photodiode is suitable
for wavelengths from 0.8 to 1um (top),
while InGaAs/InP p-i-n diode covers
wavelengths from 1 to 1.6um (bottom).
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by l. Garrett

more basic ideas are covered; for more
depth refer to the bibliography. In these
functions, an optical receiver seems similar
to a radio receiver. However, current
optical receivers are quite different in the
way in which they perform. Heterodyne
detection, universal in radio practice
because of its excellent sensitivity and
rejection of adjacent channels, is at present
impractical in optical receivers. It requires
a local oscillator which matches the
arriving signal in frequency, phase, and
polarization. Today’s semiconductor
lasers have spectral line-widths of 25SMHz
to 1000GHz, and current fibres do not
preserve a predictable polarization at the
output end. Although the possible
advantages of increased sensitivity and use
of frequency and phase-shift keying have
stimulated research into overcoming these
and other problems, today’s systems use
incoherent (direct) detection, in which
only the variations in optical power are
sensed.

Unity-gain detectors

The device which converts the optical
signal to an electrical form must be
efficient at the operating wavelength and
must respond at a speed appropriate to the
message data rate or frequency band. One
may also require a linear response,
operation at ambient temperature from a
convenient voltage supply, and a
preference for a small, light, cheap and
reliable device. Semiconductor
photodiodes fit all these requirements
remarkably well, and there is little interest
in other types of detector for optical
telecommunication, at least in normal
terrestial environments. Photoconductive
detectors have inferior noise performance
except when the incident optical power
level is high; pyro-electric detectors can
only be made fast at the expense of
sensitivity, and photomultipliers offer no
advantage in sensitivity when, as is
normally the case in fibre optic systems,
the optical power level on zero bits is not
zero. Phototransistors are convenient
devices for low-speed data links, but are

Ian Garrett, MA, Ph.D, MIEE, is with British
Telecommunications Research Laboratories,
Martlesham Heath, Ipswich.

generally not sufficiently fast and sensitive
for telecommunication.

A photodiode is a reverse-biased p-n
junction formed in a semiconductor
material. Photons are absorbed in the
semiconductor and create electron-hole
pairs. These carriers can be separated by
an electric field, such as exists in the
depletion region of a p-n junction, and
then give rise to a current in the external
circuit. To convert light efficiently, the
semiconductor material must have a high
absorption coefficient at the wavelength of
the light so that different materials are
appropriate for different wavelength
ranges.

The speed of response is governed by
the time taken for the photogenerated
electrons and holes to reach the terminals
of the device, and by the RC time constant
of the measuring circuit, which may be
affected or even dominated by the junction
capacitance. Photo-generated carriers
travel across the device to the terminals
from the points at which they are
generated by diffusion and by drift in any
internal field. The rate of diffusion is
generally so slow that except in very thin
layers most carriers are lost by
recombination and do not contribute to the
photocurrent. The device is made fast and
efficient by ensuring that the incident
photons are absorbed in the high-field
depletion region of the junction.

Figure 1 illustrates a photodiode
structure used in practice. It is a silicon
device designed for the wavelength range
0.8 to 0.9um, and has a thick depletion
region 30 to 100um thick formed in low-
doped material. The absorption coefficient
of silicon in this wavelength range is 950 to
350cm’, so that several tens of microns of
material are needed for almost complete
absorption. Very little of the incident
radiation is absorbed in the undepleted
n*layer at the surface, which is only about
1um thick. The device is designed so that
the field required to deplete it fully is well
below the breakdown field strength, but
sufficiently high to accelerate the carriers
to their scattering-limited velocity (around
10’cm s! in many semi-conductors at
room temperature) resulting in a response
time of about 10 ps per micron of depletion
region. Depletion region doping is very
low so that fast response is obtained with a
moderate applied voltage. Such a device is
known as a p-i-n photodiode, the i-region
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Fig. 2. Silicon p-i-n diode chip, top, is Tmm
square with circle 100um diameter and
bonding pad beside it. Chip capacitance is
below 0.1 pF, and reverse bias leakage
current is around 50 pA at -10 V bias.
Quantum efficiency at 0.85um wavelength,
corresponding to gallium arsenide
injection lasers, is 0.95. Active area of
InGaAs/InP photodiode isolated by mesa
etching is 100um in diameter in scanned
electron micrograph (bottom). A small
bonding pad is formed on the top surface
as the device was intended for front
illumination. Capacitance is 0.3 pF and
reverse bias leakage current below 10 nA at
-10V bias. Quantum efficiency is only about
0.4 because many carriers recombine in

the undepleted surface layer but this can

be overcome by illuminating through the
substrate; anti-reflective coatings also
increase efficiency.

being nearly intrinsic. The wide depletion
‘layer reduces the junction capacitance too.
The device illustrated is 100pum in
diameter and has a capacitance of less than
0.1 pF.

At wavelengths beyond 1 um, silicon
becomes increasingly transparent and a
different material is required for
photodiodes intended for communication
systems. An obvious choice is germanium
which has a bandgap of 0.66 eV and so

“should be sensitive ‘out to 1.8 um or so,
well beyond the optimum transmission
wavelengths of 1.3 and 1.55 um. The small
bandgap of germanium is something of a
disadvantage: coupled with the high
density of states in the conduction band it
means that the reverse bias dark current is
large, which degrades the performance of
an optical receiver. The other possible
materials are the so-called group III-V
compounds, binary compounds of
elements from groups IIIb and Vb such as
gallium arsenide and indium phosphide.
To detect light at 1.55 um, a material with
a bandgap near 0.8 eV is needed. None of

- the binary III-V compounds has such a
bandgap, but many of the III-V
compounds form extensive solid solutions
with each other, and the mixed

WIRELESS WORLD APRIL 1982

compounds have properties intermediate
between those of the binaries. So it looks
as if there ought to be a wide choice of
materials. In practice the choice is limited
by the techniques available for preparing
these materials in sufficiently pure and
perfect form. The most usual materials for
detectors in this range are the ternmary
compound (Ga,In)As and the quaternary
(Ga,In)(As,P). In either material, the
bandgap can be adjusted over a wide range
by selecting a suitable composition.
Reverse-bias dark current is smaller than

-in germanium by one or two orders of

magnitude typically because of the much
smaller density of states in the conduction
band. Recently, the II-VI compounds such
as (Cd,Hg)Te have also been studied for
use as fast photodiodes in communication
systems.

The second device illustrated has an
absorbing layer of InGaAs deposited on an
InP substrate, with the p-n junction
formed by diffusing a dopant such as zinc
into the absorbing layer. This device is
designed for the wavelength range 1 to 1.6,
um, in which the InGaAs layer has a high
absorption coefficient, around 10* cm™, so
only a thin absorbing layer is needed,
about 3 to 10 um. This makes the response
fast, but an important fraction of the
incident radiation ‘is absorbed in the
undepleted p* region at the surface even if
it is only 1 um thick. Many of the carrier
pairs formed in this region are lost by
surface recombination or by
recombination within this layer, so that the
efficiency is reduced considerably. It is not
easy to control the thickness of this layer
much below 1 um, but the problem can be
surmounted by arranging for the light to
be incident through the back of the device,
i.e. through the InP substrate, which is
transparent at wavelengths beyond 0.95

The quantum efficiency of a photodiode
is the number of carrier pairs formed on
average for each incident photon. It is less
than unity in practical devices for three
main reasons: some of the incident light is
reflected; some carrier pairs are formed in
undepleted material and so do not
contribute to the photocurrent at high
frequencies; and some carrier pairs
recombine before reaching the terminals of
the device. To improve the quantum
efficiency, the surface of the device is often

Depletion layer
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Fig. 3. Depletion volitage and junction
capacitance as functions of the depletion
layer thickness for a 100um diameter
diode, taking the relative dielectric
constant to be 10, typical of many
semiconductors.
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Fig. 4. Avalanche gain as a function of field
strength — the breakdown characteristic.

Parameter k is the ratio of ionization rates
for electrons and holes.

given an anti-reflecting dielectric coating
like the blooming of a camera lens; the
surface reflection coefficient may be
reduced from around 30% to almost zero.
If the light has to pass through undepleted
material, as in the lower diagram, this is
kept as thin as possible or made of a
semiconductor which is transparent at the
wavelength of interest. Recombination of
carriers within the depletion region is
generally minimized by reducing deep-
level impurities and crystal defects as far as
possible.

The depletion layer thickness d is
determined by the applied voltage V and
the doping level Ny:

V+ V= qNbdz/ZGGO

where ¢ is the electron charge and € is the
relative dieclectric constant, typically 10 to
15. Junction capacitance is

Cq = A€ey/d

where A is the area of the junction. These
relationships are plotted in Fig. 3,
assuming a device diameter of 100 pum.
Doping levels of 10 to 10" cm? are
available in silicon, so that a few tens of
microns can be depleted at 5 to 10 volts. In
the mixed III-V compounds levels of 10!
cm? are the best normally available, so
that 15 to 20 volts are required to deplete a
few microns. Junction capitance is
typically 0.1 to 0.5pF for a high-speed
device so that the capacitance of a
packaged device is usually dominated by
the package.

The reverse-bias leakage current (dark
current) of a photodiode is important
because the shot noise on this current can
be the dominant receiver noise in some
situations. The dark current is caused by
current leakage over the surface of the
device as well as through the depletion
region (bulk leakage). Surface leakage is
minimised by careful processing and by
coating the device with a passivating layer:
methods vary from one material to
another. Bulk leakage is due to diffusion of
minority carriers from the undepleted
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Fig. 5. Signal-to-noise ratio is improved as
a result of avalanche gain. Parameter x is
the exponent in the empirical expression
for the excess noise factor F = M. Value of
0.3 to 0.5 relates to silicon reach-through
diodes while germanium and lll-V a.p.ds
have a value close to 1.

regions and by generation and
recombination of carrier pairs in the
depletion region. The diffusion term
usually dominates in materials with a large
intrinsic carrier concentration, such as
germanium. The generation-
recombination term is the most important
in silicon and in most III-V compounds of
interest.

Detection in the presence of noise
The most important parameter of any
receiver is its sensitivity, and there are
several factors which prevent arbitrarily
weak signals from being handled. The
signal will have suffered various
impairments during transmission, because
of the dispersion and attenuation of the
fibre. In addition to being distorted, the
signal leaving the optical receiver has
wideband random fluctuations produced
by the components of the amplifier.
Lastly, even with an infinite fibre
bandwidth and a noiseless amplifier, the
optical signal itself is statistical because of
the quantum nature of light. Radio waves
are also quantized, of course, but the
quantum energy hv is much less than the
thermal energy kT of electrons in the
amplifier components so that quantum
effects do not show up at radio
frequencies. At room temperature kT7/h is
about 6000 GHz, well above the highest
frequencies used in radio transmission,
and well below the frequency
corresponding to a wavelength of 1 um,
which is 300 THz. Photons arrive at the
detector at random instants with a Poisson
probability distribution so that the
variance in arrival rate is equal to the
mean. If the expected number of photons
in some time interval in m, then the
probability that the number detected will
be n is

p(n) = Pos[n,m) = m"e™/n!

Consider a binary digital system in which
one needs to decide whether or not a pulse
was received during each bit period. The
number of detected photens n is counted
for each bit period, and if that number
exceeds some threshold number d a one-
pulse is recorded, otherwise a zero is
recorded. Errors occur if n is less than d
when a one-pulse was transmitted. It is
easy to see that fewest errors are made
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when the threshold d is set between 0 and 1
photons. The error probability is then P.=
e™, and one cannot have zero error
probability with finite m. For P, = 107, m
= 11.5 and for P, = 10", m = 20.7.

In an analogue system, we are interested
in the signal-to-noise ratio (snr) at the
receiver output with a post-detection
bandwidth B which smooths fluctuations
over an integration time ¢ = 1/2B. If the
mean photon arrival rate is r, then the
number m which arrives, on average,
during the time ¢ is m = r/2B. At the
output of the receiver, the signal power is
proportional to m?, while the noise power
is proportional to the variance of m, which
1s just m. Thus_signal-to-noise ratio is

m¥m = r/2B

For example, a 50dB signal-to-noise ratio
and a 1MHz bandwidth requires, average,
2 x 10" photon/s or 40 nW at a wave-
length of 1 um.

That is the best performance one could
expect, even with a perfect detector and a
noiseless amplifier, limited only by the
quantum fluctuations in the incoming
optical signal. In real life, amplifiers are
not noiseless because electrons in the
conductors move with randomized
velocities with energy ~kT, and the
amplifier has to have non-zero input
conductance. Using conventional
components, an amplifier with input

hy
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Guard ring

Fig. 6. Silicon reach-through avalanche
photodiode is made by diffusion and
implantation of dopants into a low-doped
silicon substrate. Guard ring lowers electric
field at the perimeter of the junction,
preventing premature breakdown.
Commercial silicon reach-through
avalanche photodiode in a T0-18 can is the
RCA 3090ZE.

‘lattice atom is

capacitance of 10pF and a bandwidth of
10MHz would. need to have an input
resistance of about 10kohm or less loading
the photodiode. The mean square thermal
noise voltage in a bandwidth B due to a
resistance R is<V2p>=4kTRB=8.3x10'1
V2 at room temperature for an R of 5
kohm and B 10 MHz. The signal voltage
generated across R due to m photons at a
wavelength of 1 um detected in time ¢ is V
=mgR/t = 1.6 x 10 m volts. The signal-to’
noise ratio is

(1.6 X108m)2/8.3 x 10710 = 310~ "m?

so that in a digital system of 22 dB ratio, m
is about 20,000 photons in a bit period ¢
(taken as 1/2B here). This is 1000 times or
30dB greater than the quantum noise
limit, which justifies ignoring quantum
noise in this calculation. As 30dB can be
translated into perhaps 100 km of extra
fibre at 1.55 pm — by no means a small
benefit — one would like to improve this
situation. There are four ways of
increasing the receiver sensitivity to
consider. Reducing amplifier noise is one
way, obviously — discussed see later —
another way is discussed in the next
section, and in the last section of this
article two other ways are considered:
optical amplifiers and coherent detection.

Avalanche photodiodes

An electron or hole accelerated by an
electric field may gain sufficient energy so
that when it is scattered by the lattice a
ionized, creating an
electron-hole pair. The newly created
carriers can then cause impact ionization
and so lead to an avalanche process with
current gain.

If only one type of carrier were capable
of causing impact ionization the avalanche
process would advance across the high
field region, the number of carriers
increasing exponentially with distance but
remaining finite: avalanche breakdown
would be impossible. In real materials,
however, both carrier types can cause
impact ionization, usually with different
efficiencies, providing a regenerative or
positive feedback mechanism which can
lead to a (theoretically) unbounded
number of carriers in the breakdown. The
avalanche current gain M is plotted as a
function of electric field in Fig. 4; k is the
ratio of ionization rates for electron and
holes. The gradient of all the curves in Fig.
4 becomes infinite for some finite field,
except for & = 0. The implication is as
follows: to get useful current gain from the
diode it must be biased close to breakdown
— very close if k is near to unity. But any
variation in field due to the diode not being
perfectly uniform or the supply voltage
being imperfectly regulated causes a

.change in the current gain, and this change

can be large if k is near unity. The current
gain becomes variable and also noisy. In
silicon k can be as low as 0.01, and silicon
diodes can be operated at gains of a few
hundred or even thousands in some cases.
In germanium and many III-V
compounds, k is 0.3 — 1 and it is hard to
fabricate and control a device for a gain
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Fig. 7. Some published results on receiver
sensitivity in experimental optical fibre
transmission systems. Circles represent
germanium diodes, and the slope of
approximately 1.25 is expected for an
excess noise factor exponent x close to
unity. Filled squares are for p-i-n-f-e-t
receivers discussed in part 2.

above 10 to 15. There are also noise
problems associated with a value of % close
to unity.

How is this current gain used to improve
the sensitivity of an optical receiver?
Current gain arising from avalanche gain
increases the signal voltage across the
amplifier input and so improves the signal-
to-noise ratio as the amplifier noise is
unaffected. However, the current gain also
increases the quantum noise by the same
amount as the signal, so that one cannot
get beyond the quantum noise limit. In
practice one cannot even get near to it
because of extra noise introduced by the
random impact ionization process.
Consider a steady optical power P incident
on the detector. The resulting multiplied
photocurrent is <ip> = ZPnqM/hv. The
mean square shot noise current on the
photocurrent in a bandwidth B is 2¢ <i,>
BM?*, where M* is the excess noise factor
from the avalanche gain process (0 < x <
1). The mean square thermal noise current
is 4kTB/R. So the-output power signal-to-
noise ratio is

2PngM/hv ¥
2png*RM?***hv + 4kTBIR

With M = 1 the thermal noise term
dominates. As M is increased from unity
the signal power increases as M2, but so
long as the thermal noise term dominates
the total noise power is little affected and
the signal-to-noise ratio increases. When
M is large, thermal noise is insignificant
and the signal-to-noise ratio decreases with
increasing M as M*. There is an optimum
avalanche gain:

M2+ = (4kTIR)Y(hv/xPng®)

so that
‘Shot noise 2
oy s FonpE— - =
Thermal noise power x
WIRELESS WORLD APRIL 1982

The empirical parameter x is related to &,
the ratio of ionization rates for holes and
electrons. Both depend on the material,
and also on the electric field strength and
direction. In silicon, & is about 0.02 and x
is 0.3 typically. In germanium, & is
between 0.7 and 1 and x is close to 1. In
III-V alloys, k ranges from 0.2 to 1 and x is
0.7 to 1. The equation is plotted in Fig. 5
with different values of x . If x is small, as
with a silicon diode, the optimum gain is
large and the maximum in signal-to-noise
ratio is broad. The diode can, in fact, be
used to vary the gain of the receiver and so
provide a.g.c. When x is near unity, less
improvement is possible, ihe optimum
gain is lower and the maximum much
sharper. Such diodes may be difficult to
control for optimum performance.

The theory of the avalanche process and
the statistics of excess avalanche noise are
important in the study of optical receivers,
but they are beyond the scope of this
article — consult the papers by Mclntyre
and co-workers in the bibliography for
further details (part 2).

To make an avalanche photodiode in
silicon with a fast response a simple p-n
junction will not do because most photons
will be absorbed in undepleted material
where the field is negligible. It is necessary
to use the “reach-through” structure
shown in Fig. 6 in which the depletion
region consists of a high-doped, high field-
gain region followed by a lower field, low-
doped absorbing region. The problem is to
ensure that the absorbing region is fully
depleted well before the gain region breaks
down, and this demands great control over
the fabrication of the device. Nevertheless,
good commercial silicon reach-through
diodes have been on the market for several
years.

Most system work at longer wavelengths
has been carried out using germanium
avalanche photodiodes. Germanium seems
an obvious material, as the photodiodes
can be made sensitive out to 1.6pm and
beyond by reducing the thickness of
undepleted material near the surface.
Germanium is not ideal because the ratio
of ionization coefficients k is close to unity
(i.e. x = 1) so that the excess noise factor is
high. More importantly, the reverse bias
leakage current density is high because the
high intrinsic carrier concentration results
in a large diffusion contribution to the
leakage current. The unmultiplied leakage
current density is typically 3 x 10#A cm™
at room temperature, sufficient to cause a

InP
N |—==InGaAsP

—InP

substrate

o
\Au Ge

Fig. 8. Group IlI-V heterostructure a.p.d.
has the high-field (gain) region within the
large band-gap InP layer.

system penalty of afew decibels at a data-
rate of a few hundred Mbit/s. The leakage
current depends on temperature and at
50°C is about an order of magnitude
greater than at 20°C, resulting in a large
system penalty and reducing the optimum
gain to about 3 to 5 as the dominant noise
source may be multiplied bulk leakage. At
room temperature, receiver sensitivities of
-34 dBm at 400Mbaud and -30 dBm at 800
Mbaud have been reported using
germanium photodiodes. These figures
would be several dB worse at 50°C.
Published receiver sensitivities at 1.3 and
1.55 pm are shown in Fig. 7 for the
:available range of bitrates, and it can be
seen that the bit-rate dependence is
approximately the 5/4 power, as one would
expect from an a.p.d. with an x-factor near
unity. Also shown are the results for p-i-n
receivers with a 3/2 power dependence, as
discussed in part 2 of this article.

In pursuit of the excellent performance
achieved with silicon a.p.ds considerable
effort has been expended in research on
diodes made in III-V compounds. To date
no system results have been reported
although there is much published material
on the devices themselves. As with
semiconductor lasers for wavelengths
beyond 1 um. The main work has been
carried out on the GalnAsP/InP system,
and until recently avalanche gains in the
region 10 to 20 were typical, limited
probably by non-uniformity of the
material of the high-field region leading
too micro-plasma breakdown. More
recently, a structure with the high-field
region in InP has been described as shown
in Fig. 8, and gains of up to several
thousand reported. A different reverse-
bias leakage current mechanism becomes
important in the high-field region of III-V
diodes: tunnelling of electrons from the
valence band to the conduction band. This
leakage is very sensitive to field and to
band-gap. The implication is that the dark
current can be reduced to an acceptable
level only by keeping the high field region
to low-doped, large band-gap material
such as InP. The excess avalanche noise
properties of the device then depend on
this material. ]

Correction

Phase-shifting oscillator, By Roger Roosens.
A number of misprints crept into this article
published in the February issue, for which we
must apologise. Many of the mathematical for-’

.mulae were affected and we would be happy to

provide interested readers with a corrected copy
if they send us a stamped-addressed envelope.

The author has asked us to point out that
distortion was measured using fixed 1% resis-
tors for the tuning elements. Such figures could
not be achieved with a two-gang potentiometer.

A numerical analysis of the thermistor distor-
tion was made with a computer and the results
were compatible with calculated ones. The only
significant distortion generated in the n.t.c. is
third harmonic.

The measured distortion figures show that
the second-harmonic distortion of the circuit
increases at low frequencies. This is due to
second-order effects in the i.cs due to tempera-
ture variation with the oscillator signal. This
distortion sets the performancé limit of the cir-
cuit at low frequencies.
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HEATING-FUEL SAVER

Over the season some saving can be made in heating fuel bills by switching on later when
the weather is less cold. This feature is usually incorporated in large systems but the unit
described, which may be built at low cost, is intended for domestic use. There is an
outdoor temperature sensor which is not essential but may be used to monitor the

The outdoor sensor is a thermistor, of
which the resistance (R,) must be known,
or measured, at three relevant tempera-
tures, for example 0°, 10°, and 20°C, which
is connected in series with a fixed resis-
tance R, across a stabilised voltage. By
appropriate choice of R, (see appendix),
the relationship of the mid-point voltage
(Vi to temperature can be quite well linear-
ised, as shown in the table. The timing
circuit uses a slowly-rising voltage V;,, and
a comparator to close the switching relay
when V,, reaches V. The ramp voltage V
is generated digitally using a data-a
converter in the prototype the popular
Ferranti ZN425E, clocked at v.Lf. to give
for example a delay of one hour per 10°C.

The power supply section shown in Fig
2 is suitable for a standard 24V d.¢. octal-
based relay, of which the coil resistance is
typically 470 ohms. If a different voltage is
used, R4 should be adjusted to give 8-12V
input to the regulator.

Counting-up

In Fig. 3, the 425 internal counter is
brought into use by tying pin 2 high. The
internal resistance ladder is connected to
the internal reference source (V) by join-
ing pins 15 and 16, and the analogue out-
put V; at pin 14 is then given by:

Vp=V.sx N/256

where N is the count reached. The counter
has eight stages, and the maximum count
is(Q+2+4+8+ 16+ 32+ 64 + 128)
or 255. The nominal reference is 2.56V,
giving 10mV per count, but its exact value
is unimportant, since the thermistor R, is
also supplied from V., and:

Vi=VietXR/(R+Ry)

Thus the count required to make V; ex-
ceed V,, and so turn on the relay via com-
parator IC,, is given by:

N =nearest whole number above

Vi ... R
2567 PR AR,

The table shows N values for various
temperatures, relating to RS code 151-237
thermistor, which is a close-tolerance de-
vice (£0.2°C). Resistance R, should be
made up to within 1% from metal-film

“heating system.

by David Ryder, Ph.D.

resistors. Other thermistors can be used by
measuring them and calculating the appro-
priate Rs (see appendix). Setting-up is
easier if test-resistances are made up to
substitute for the thermistor at say 0°, 10°,
and 20°C, and in the prototype these were
built in using a four-way switch.

Circuit operation

The 425 is clocked, pin 4, from a con-
ventional 555 oscillator divided by a
¢.m.o.s. 4040B, The division ratio to 4040
pin 1 is 4096, and to pin 3, 64, the latter
output being used via Trj to flash an lL.e.d,
and via S, to give fast clocking of the 425
for test purposes. From the table the
number of counts between 0°C and 20°C is
59, and if this is to occupy 59 minutes, one
count per min, the 555 period must be
60/4096 = 0.0146 sec, or 14.6 ms. Vr)
gives a range of about 1 to 3 hours per
20°C.

The comparator IC2, has an open-col-
lector output, which is pulled up by the 1k
resistor, and the relay is switched via Tr;.
The positive feedback from the output C
to the non-inverting input is needed to
latch the comparator, since V; may subse-
quently rise above V, but diode Dy avoids
loading on the input, and so on the 425

Time clock Relay

LHP—
To boiter
or pump
NO
Fig. 1. In-line connection of delay unit
between time-clock and load.
e . o ZOV
Ll §
é Ry < 220
S5V

frye g ————

hah ]

g SVreg
i 220p
al 'I' |

Ty
1‘ tant. -

%
Fig. 2. Power-supply section. The regulator
may be 100 mA or 1 A type.

Linearisation of RS code 151-237
thermistor, using calibration points 0°, 10°,
and 20°C, resistor R, 15,485 ohms.

Diodes
IN4001

.Thermistor tolerance is ignored.

° s | o 5 10 15 20 25 |
RyQ | 42295 | 32650, | 25377 | 19900 | 15,701 12490 | 10000 |
Y/ Veef | 0-2680 | 03217 | 03790 | 04376 | 04965 | 0-553% | 0607
Error °C | +04 il -0-1 nil +01 it -03
N(counts)| 69 83 98 113 128 142 156
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output, during the count-up, when C is
low. The “Set’ button allows the relay to be
closed without waiting for the time delay.

The ‘Reset’ button resets the 425 coun-
ter, pin 3, resets the comparator via Ds,
and resets the 4040 via the p-n-p inverter
Tr;. At switch-on, the same function is
performed by the 10uF capacitor, which
delays the rise of point B. The 4040 (alone)
is also reset via Dg when C eventually goes
high, stopping the count at this point, and
causing the l.e.d. to glow continuously.

The op.amp section of IC; is used to
drive a milliameter from V, to indicate
outdoor temperature, and almost any
f.s.d. can be used up to say SmA. In the
prototype an existing 0-100 scale was used
for degrees Fahrenheit, and the biasing
shown, Ry, and Ry, gives a reading of ap-
prox 32 at 0°C, which can be trimmed by
the mechanical zero adjustment. The resis-
tance of R,, was made up to give a swing of
36 divisions between 0°C and 20°C (32°F
and 68°F). The meter may of course be
remotely mounted, perhaps alongside your
barometer.

Checks

The eight counter outputs of the 425 are.
available at pins 5-7 and 9-13, and in that
order have weights 1, 2,4 . . .. 128. A
count of 83 for example, or 64 + 16 + 2 +
1, corresponds to pins 12, 10, 6, 5 high
(and the rest low), and this allows the
counting to be checked using the test resis-
tances, and the ‘fast’ setting of S,. An error
of one count is not important. The 555
timing can be checked by a frequency
meter, or from the l.e.d, which flashes 64
times per ‘normal’ 425 count.

Variations

The basic circuit still has a long delay in
cold weather, for example 69 counts at -
5°C, and though this can be compensated
by advancing the time-clock, it is more
elegant to suppress it by jumping, clocking
the 425 directly from the oscillator, point
F, until an appropriate count is reached.
Figure 4 shows two possible circuits, 4(b)
being that used in the prototype. The logic
shown may be realised in various ways, but
diodes and transistors are cheap, and easy
to lay out on Veroboard.

If it is required to use the thermometer
when the time-clock is off, the delay unit
must be continuously-powered, and reset
may then be modified to Fig. 5, in which
the time-clock signal is detected by a tran-
sistor-type optoisolator. Reverse voltage is
limited by D7. Resistor Rr should pass 5-
10mA rms, and may be replaced by a capa-
citor, say 0.1uF, provided it is a type suit-
able for continuous mains working. The

-intermittent output allows the 1uF capaci-
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tor to provide initial reset even if the delay
unit is powered up with the time-clock on.

Since the 425 count stops at switch-on,
it stores the switch-on temperature, which
may be read out later in the day by
switching IC2, input to V, (425 pin 14)
rather than V. However it is necessary at
the same time to break the normal pin 14
connection, because the feedback with C
high raises V, above its actual switch-on
value.

Thermistor mounting

The RS device is a small bead, about
1.5mm dia. For the prototype, a 1.6mm
hole was drilled nearly through a 12mm
cube of aluminium, then enlarged part-
way to a push-fit for a 4mm tube about
10cm long, which in turn fits through a
4mm hole drilled in the frame of a north-'
facing window. The thermistor leads were
extended by 7/02 wires, and the assembly
pushed down the tube, so that the thermis-
tor bead entered fully into the 1.6mm hole.
A blob of heat-conductive grease was used
to improve thermal contact, and the block
and tube were painted dull black. Thin
twisted wire was used for connection. If a:
long run is needed, it would be advisable
to decouple V, to ground via 10uF to
suppress any hum pick-up.

Appendix
The usual thermistor formula is R, = A
exp(B/T), where T is absolute temperature
in degrees. Kelvin (C +273), and A (ohms)
and B (K) are nominally constant. B is
often around 3,000, and A is a small frac-
tion of an ochm. Values can be deduced
from measurement at any two tempera-
tures, but since they are only approxi-
‘mately constant, calculations are best res-
tricted to interpolation only.

The method of calculating Ry does not
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(a)

however depend on A and B, but merely
makes three calibration points lie on a
straight line. The arithmetic is simplest if
the calibration temperatures are equally
spaced, T3 — T; = T — T). Suppose the
value of R, at T; is R;, at T; a.R), and at
T3b.R;. Then R, is given by:

a—2b+a.b

e 1-2a+b

As the table shows, the linearity be-
tween calibration points is good, and it is
acceptable over a larger range. It may be
noted that, from Thévenin’s theorem, the
same value of R applies in a circuit using a
constant current through R and R, in
parallel. Maximum thermistor power
occurs when R, = R,, and for Fig. 3 is
1.282/15,485, about 0.1 mW, which for the
device used, in free air, would produce
about 0.1°C self-heating. When using
lower-resistance thermistors, the possibil-
ity of self-heating error should be borne in
mind. O

b=SpF 10124 1192+13
(b)

Fig. 4. Count-jumping; 4(a), jump to 64;
4(b), jump to 80. Numbers in circles are 425
pins, and the circuits replace the direct
connection of S, to pin 4.

Time clock Relay
Lo No—eg— 0 NOm——
Rr

pS r_I;.sv
D, Ly

N -

Tor
load

Fig. 5. Opto-isolator reset, for use when
delay unit is independently powered. With
this circuit omit components 100R, 10uF
from Fig. 3.

67



CUIT I

Low-power grid

blanking
Electron-beam blanking at the first grid
can involve much higher voltages than ca-
thode blanking but is sometimes desirable.
This circuit was designed for digitally-
- controlled .grid blanking of a camera tube
used for quantitive light measurements.
The grid voltage (equal to V_) can be
accurately controlled during the active pic-
ture line and transitions to and from the
blanking potential are short, at 40ns and
300ns respectively, with no ringing when a
Schottky t.t.1. input is used.

Because grid-leakage current is ex-
tremely low, the high voltages required
can be achieved by switching the connec-
tions of a charged capacitor. When the
input-logic signal goes low, Tr; is turned
off and Tr; and Trs turned on so that the
voltage over capacitor C, V¢, is the dif-
ference between the rail voltages, V, —
V_. The output to gl is held at the nega-
tive rail, which controls the beam current.

When the input goes high, Tr; and Tr;3

Active pull up tti
or cmas. input

blanking potential, V_ — V¢ which is also
2V_ — V.. The droop in blanking poten-
tial caused by leakage through Trj is neg-

oV

Beam control potential

uotentiul ..l

40ns 300ns

I 4
—Iv_=-35v input
3V or greater

tive line. The gl lead must be kept well
away from the target connection to avoid
interference.

are turned off and Tr, turned on, so that ligible in normal use. There is no droop in D. J. Thomas

the more positive side of C is taken to V_ the beam-control voltage as Tr; remains MRC

and the negative side consequently to the sufficiently conductive throughout the ac- Cambridge
Telephone-line interface B

Conventional telephone-interface circuits 780 address lines A=A

use relays and/or transformers for loop .

detection and speech coupling. In this cir- b

cuit, a 5V positive-voltage regulator is used -

to feed a constant current to the telephone Vg T LS04

line. The line current is set by R; and the Yfrﬁ Ic,

regulator output provides a logic signal |

that will ‘follow” dialling pulses from the ! Ag la-8 By = Ag ia-8 Bolﬂs—
telephone. T T v v A% v )

As this circuit provides unbalanced L Ic2 A13 1C3 A13
transmission to the telephone, it is only TLLS166 T4FS521 A28 nFsy AL
suitable for internal (intercom type) ex- a3 1Cy 4 Al AN
changes. A ring circuit could be provided : RD
by a third wire to the telephone. Acknow-
ledgement to the Director of Research* for ] ’A
permission to publish this information. A7 0p.p B7 7 0p.p B7
F.T. Lyne
*British Telecom Research Labs oV
Ipswich

To CS and OE ot To CS of 2k

2716 2k byte eprom byte r.a.m.
Telephone 280 memory mapping and the circuit will automatically switch
R.a.m. area for interrupt restart vectors r.a.m. and e.p.r.o.m. locations' after the
ol 0 and e.p.r.o.m. write protection are pro-  third memory access. The next op-code
: 1' vided by this automatic memory map and  fetch will occur at location F803, causing
+30V execution to continue from the next con-

It Speech path to
switch matrix

1] —
Lp7 Tantalum

Line-status
output logic

I 'Tuntulum oV

68

switch for a Z80 microprocessor system.
On power-up, or after a reset, a 2K-byte
e.p.r.o.m. (2716) occupies addresses 0000
to O7FF and a 2K-byte r.a.m. is address
mapped to F800-FFFF. After a reset, the
Z80 will perform an op-code fetch from
location 0000. The e.p.r.0.m. will be selec-
ted after MREQ is activated. The instruc-
tion at locations 0000 to 0002 is JP F803

tiguous location in e.p.r.o.m. Locations
0000 to 07FF are now occupied by the 2K
r.a.m. so it is possible to inmitialize and
modify the interrupt restart vectors, hence
providing a greater degree of flexibility.

C. Jay

Fairchild Camera and Instrument Ltd
Bristol
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Testing p.r.b.s.
generators

Readers experimenting with p.r.b.s gener-
ators may find this circuit useful for
evaluating possible feedback configura-
tions. Driven by an external clock at any
speed up to a few hundred kHz, it gates
clock-pulses to an external counter for
exactly the duration of one complete sequ-
ence, maximal or otherwise, so that the
final counts shows the number of steps in
the sequence. The generator is preset so
that the count begins almost immediately.
The shift-register shown has n effective
stages and is negative-edge triggered (e.g.
4006’s); for a positive-edge triggered shift-
register the inverted clock-signal is used.
When the system is at rest, both flip--
flops are in the reset state and no clock-
pulses appear at the output. Point A is low,

Input trom clock

so the auxiliary counter is held at zero and
the input to the shift-register is held high.
After a maximum of n clock-cycles all the
stages of the shift-register will be in the
high state, and the system ready to start.

The start button sets the start flip-flop
on the next negative-going transition of the
incoming clock-signal; contact-bounce has
no effect. Point A goes high. This allows
the generator to run normally, with its
output (from stage n of the shift-register)
controlling the auxiliary counter. When
the generator output is high, the counter
advances one count on each positive-going
transition of the incoming clock-signal;
when the generator output is low the coun-
ter is held at zero.

Once per complete sequence the genera-
tor output remains high for » consecutive
clock-cycles; the counter then reaches the
count of n causing point B to go high until

the counter is reset (nominally a half clock-
cycle later).

Because all stages of the shift-register
were initially preset to the high state, the
first signal at B occurs during the n’th
clock-cycle from the start. This signal sets
the gate flip-flop. This in turn allows
clock-pulses to appear at the output, and
also resets the start flip-flop while main-
taining point A high so that the system
continues to run. These conditions con-
tinue until the next signal appears at B
exactly one sequence later, and resets the
gate flip-flop; then the clock-pulses cease
to appear at the output, point A goes low,
the generator ceases to run, and, after a
maximum of n clock-cycles, the system is
back in the ready state.

Pressing the reset button will return the
system to the ready state at any time.

E. L. Jones
Bucknell
Shropshire

N . S
] = ]
n-stage shitt-register
{negative - edge triggered)
401174 1% 2 3 4. n
| I l I ] _____________ ’ 4011/6 Auxiliary counter
| Linked as required I r |
1L d .k I - § ¢
| 407014 407014 i Lom T Lo
0123456789 0123456789
| l | HEEBERRE| |I]]I l |
77 TTETTETTY
I From count ot n
L070/L Prb.s. generator '
; under test 4
l_ PR _] 401174
011/L
L011/4
A
_J 401174
B
? s 401144 \ "
Start I-I 1
S I I S
8 " Start Gat trol : M
ar ate contro
AR Hlip flop flipf lop 401312 _
C 0 C 0
R R

-®

Reset

i

4

401114 2

Output to counter
{negative-going pulses)
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DESIGNING WITH
MICROPROCESSORS 13

_Clear-cut step-by-step procedures for the design and implementation of d.m.a.
interfaces are described. Specifically, it is proved that in the case of action/status
peripherals the interface reduces to two wires.

The block diagram of a d.m.a. system is
shown in Fig. 1. The function and opera-
tion of the address decoder, the d.m.a.
controller and the cycle-steal logic has
been explained in the previous article
(February, 1982). Briefly what happens is
this. The programmer sends to the d.m.a.
controller (by means of i/o instructions)
three items of information specifying (i)
the starting memory address, (ii) the size
of the block, and (iii) the direction of
transfer, followed by the ‘go’ command.
On receipt of the ‘g0’ command, the d.m.a.
controller activates the peripheral interface
by pulling enable signal E in Fig. 1 high (E
:= 1). When activated, the interface moni-
tors the status signals of the peripheral,
and requests a cycle steal when the peri-
pheral is ready. When the microprocessor
responds, the interface and the d.m.a.
controller generate the appropriate com-
mand signals needed by the peripheral and
the memory chip for the transfer of one
item of information (usually a byte) be-
tween them. At the end of each cycle steal,
the memory address is incremented/decre-
mented, and the word count is decre-
mented (n := n—1). This process contin-
ues until the word count reduces to zero (n
= 0), at which time the interface is
disabled and the end-of-transfer signal, € ,
is generated.

D.m.a. interfaces

The function of d.m.a. interfaces is to
request the microprocessor to go on hold
when the main memory is to be accessed,
and to generate the appropriate signals
needed by the peripheral when the
memory becomes accessible. In the case of
cycle-steal systems, as we have already
seen, the hold request is generated each
time the memory is to be accessed, and
removed after a memory cycle is granted.

The block diagram of a suitable d.m.a.
interface, assuming logic signals
throughout, is shown in the shaded section
of Fig. 2. It operates in the following
manner.

When logic block 1 recognizes that the
peripheral is ready to be accessed, it sets
flip-flop 3 by pulsing its clock terminal. Its
output is Anded with the enable signal E to
produce the cycle request signal c. (As-
sume e=1). When the requested memory
cycle is granted, line h is pulled high and a
pulse is generated on line k. Signal h being

* Department of Computer Science, University
of Calgary, Canada
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by D. Zissos* assisted
by Glen Stone*

high, and E = 1, activates logic block 2,
which responds by generating the appro-
priate command signals needed by the
peripheral for accepting or receiving an
item of information. Similarly, pulse k
activates the d.m.a. controller, which ini-

tiates either a memory read or a memory
write cycle. At the end of the memory
cycle the microprocessor resumes normal
activity, until the peripheral becomes
ready, which causes logic block 1 to pulse
the clock terminal of FF3. This pulls the
cycle-steal line c high and sometime later a
link between memory and logic block 1 is
established for a memory cycle. The
process repeats itself until the last item has

h
3% - a
¥ - d
) )
\
d
= Address \
decoder
5 ;5_ Memory Peripheral
o= =]
& g ce R W
3 = 2 1 2
3 SHl RS é N é v \g¥
4 rE O 2
&l ' ‘ - v v v
<5 out
a —~ E
3 € d.m.a. controtier |  Interface
E s - ,I
< — —
.
o [y H IR
7 > oo +
Cycle - ES 8=
steal e So
HL,DA logic h
7 Tl .
T o 3
Clock
Fig. 1. Block diagram of a d.m.a. system using cycle stealing.
Memory Peripheral
s 3
R & ce R W
> g
g < Status signals
v
=}
o 1
a m.p.u. 4 Logic +
5 : e sl Dlock 1
2 signals 5] rﬂ i
a d.m.a. controller & % E
5 % E ferfnul
=% o ¥k X el
= 3 | ‘é signals g
E €, B £ § FF3
L K s fhi 0""" K €R
HOILD I
Cycle- .} block 2
steal — i C
HLDA logic I s

Fig. 2. Block diagram of peripheral interfaces in d.m.a. systems (shaded section).
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A microprocessor -based system

a
- d
Jodsd Memory Peripheral
4
I e R w
©
2
¥
m.pu.
ignals B8
— d.m.a. controller
E/ LE
K{ _ {
4 ——B ]
HOLD
ya
£ Cycle -
steal 4
HLDA logic L L b

Fig. 3. D.m.a. interface for action/status
peripherals.

Fig. 5. Circuit implementation of d.m.a.

systems.

A microprocessor ~based system

been transferred between the peripheral
and memory. At this time the d.m.a.
controller generates end-of-transfer signal,
€, to inform the system that the requested
block transfer has been completed. The
system responds by turning signal E off;

To prevent the word count from wrap-
ping round, that is changing from all Os to
all 1s, after the last piece of information in
our block has been transferred in or out of
the main memory, it is necessary to disable
the interface before the peripheral be-
comes ready. Because software responses
invariably involve a time lag, depending on
system activity at the time and on the level
of priority assigned to the € flag, it cannot
be used for this purpose. The most
straightforward method in such a case is to
use signal e in Fig. 3 of the previous article
to disable the interface. Signal e, the
reader will recall, changes to 1 at the end of
the block transfer, that is when the word
count becomes zero. Otherwise, the design
and implementation of peripheral in-
terfaces in d.m.a. systems, as indeed in all
digital systems, is uncomplicated and is
carried out using well-defined step-by-step
procedures.

The two-wire interface

In the case of action/status devices and no
external signals, signal r, is generated
directly by the peripheral, thus eliminating
the need for logic block 1 and FF3 in Fig.
2. This reduces the peripheral interface to

this disables the interface. logic block 2, as shown in Fig. 3.
£ a
i
& d
h F
ALDA I ’T_l> I :
Ap ‘\f‘ 1 v
Word Memory 1'{’_, it ;
count _\ address £ Hemary Peripheral
o = ce. R W
Counter - Counter 2
Address
decoder
A Y R ]
9 1) - R. £ | ama READ pulse E
FF1 2z :
o AT -~ .
h
b —h
A, '\ﬁ.w/r _| & | dm.a WRITE pulse
0—-‘_/ kY
&
[
B 3
Ay U o =
FF2 b 2 o |a
z - = E
_ [l (=] —
" ar F i - 2 |z ® I
o a [ 3
g " s |5 8 =D
E 2 I I o -
= — g |e = A
A o § @ =}
€ t h 2 = k7 g
s |e @ -
- l £ |£ S 8
HLDA %
Q&
! &
5 out
% . MRA READ
= MRA WRITE
HOLD
HOLDA Gygle- i
CLOCK, 0 b h
: logic o
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Fig. 4. The two-wire interface.

Now, to avoid possible problems result-
ing from peripherals being activated while
data transfers take place, a peripheral will
be activated when a cycle steal is termi-
nated; that is, when the value of h changes
from 1 to 0. Since action/status peripherals
are activated by pulling their action termi-
nal high, it follows that

a=h

That is, logic block 2 reduces to a single
inverter, as shown in Fig. 4.

The detailed circuit implementation of a
d.m.a. system is shown in Fig. 5.

D.m.a. software

Because in d.m.a. systems transfers of data
between a peripheral and the main
memory take place autonomously, soft-
ware is needed only to send initializing
information to the d.m.a. controller in
Fig. 1, and to clear the end-of-transfer
signal,e , if it is implemented as an in-

-—-d
\
£ \
8 Address
= decoder
E ;g Memory Peripheral
= & ce R W 1
2 £ )
8 gl t----1
7 y r al
5 1a, Aag
2 1P &
s i A
=] OUTI = e
a rd il i
S €, d.ma. controller g [:
E g 24 7 ]
i 3
Cycle- |
steal fee— E
HLDA logic h
7

terrupt flag. The initializing information,
as we have already explained, consists of
the following items

—the starting address,

—the block length,

—the direction of transfer, and

—the ‘go’ command.
It is transferred into the d.m.a. controller
in the following manner. The programmer
loads the accumulator with the inital
memory address and executes an Out in-
struction with address Ap. This pulses the
load terminal of the two counters, which
transfers the accumulator contents (the ini-
tial memory address) into counter 1. At the
same time, because the two counters are
connected in cascade, the contents of
counter 1 are pushed into counter 2. The
programmer then transfers into the accu-
mulator the block length and executes the
same Out instruction. This causes the
memory address in counter 1 to be pushed
into counter 2, and the value of the block
length (held in the accumulator) to be
loaded into counter 1.

‘ Start ’

Load accumulator with starting address

|

Execute OUT instruction with address Ap.
See Figure 6

Load accumulator with black length

Execute OUT instruction with address Ap.
See Figure 6

Execute OUT instruction with Aq for read
and A, for write

Execute OUT instruction with Ag fa set FF2.
See Figure 6

‘ Stop ’

Fig. 6. D.m.a. software.

Next the programmer executes another
Out instruction with A, if the block of data
is to be read from memory, and with
address A, if the data is to be written into
the memory. In the first instance FF1 is
set, and in the second is reset. The ‘go’
command consists also of executing an Qut
instruction with address A,. Execution of
this instruction sets FF2, turning signal E
on which initiates the block transfer. For
ease of reference the d.m.a. software is
flowcharted in Fig. 6.

In our case acknowledging the end-of-
transfer flag (€) consists of resetting FF2,
that is of executing an out instruction with
address A,. 0

RATURE
RECEN/ED

SE labs have issued a new shortform catalogue
.on the company’s range of instrumentation
tape recorders. There are a large number of
recorders for laboratory or field use with a
variety of numbers of track and recording
speeds up to the SE9000, a 42 track digital
recorder. Data Recording Division, SE Labs
(EMI) Lid, Spur Road, Feltham, Middlesex
TW14 0TD.

’ WW401

The Micro Focus Newsletter has been pro-
duced to keep readers up to date with the latest
COBOL computer language products and de-
velopments. COBOL is in increasing use in
microcomputers and Micro Focus have an-
nounced a COBOL II which may be used on
both mainframes and micros. The Newsletter is
available free from Micro Focus, 58 Acacia
Road, London NW8.

WW402

72

The 1981/82 Colorado Video short form catalog
describes a series of specialised video instru-
ments designed for slow scan tv telecommuni-
cations, computer/video input and output, niea-
surement and analysis. The UK agents are
Anaspec Ltd, Pearl House, Bartholomew
Street, Newbury, Berks RG14 SLL. i

WW403

RS Catalogue. The latest edition of the cata-
logue from RS Components Ltd has 344 pages
and includes a newsheet called Rapid Scan,
which is running a competition to find out who
is RS’s longest standing customer. Anyone who
can find an old catalogue, delivery note or
invoice from RS (or Radiospares as they were
then) could win a magnum of champagne. The
catalogue lists as additions to its contents over
75 items including data transmission cables,
splashproof connectors, a bubble etch tank for
p.c.b.s, a front panel with keyboard and the
p.c.bs for a programmable timer, many new
displays, a wide selection of tools and accesso-
ries and additions to the engineers bookshelf.
Details from RS Components Ltd, PO Box 427,
13-17 Epworth Street, London EC2P 2HA.
WW404

Racks. The full range of Series 80 instrument
racks from Imhof-Bedco Standard Products
Ltd, Ashley Works, Ashley Road, Uxbridge,
Middlesex, is detailed in a catalogue available
from the company. The range includes the new
$80/600 racks which meet the latest IEC297
specification. Detailed with the racks is a range
of standard accéssories such as tops, doors, mo-
bile bases, etc.

WW405

A wide range of TMK testmeters including
digital multimeters, clamp ammeters and in-
dustrial themometers, is detailed in literature
from Hartis Electronics (London), 138 Gray’s
Inn Road, London WC1X 8AX.

W 406

The French company Radiall offer a short cata-
logue of microwave components, including
transitions, couplers, attenuators, relays and
isolators. Write to Microwave Components,
Lts, Invincible Road, Farnborough, Hants.
WW407

A forty-page catalogue of panel meters, multim-
eters and test equipment is available from Bach-
Simpson, who are at Trenant Estate, Wade-
bridge, Cornwall PL27 6HD.

WW408
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AtoDin9pu seconds. And that's only the start.

The fact that the new Ferranti ZN447,
ZN448 and ZN449 A to D converters are
probably the fastest microprocessor compatible
converters on the market is only one reason for
choosing them.

They offer a better cost/performance ratio
than others.

They have bus compatible, three-state
outputs and control inputs for easy
microprocessor interfacing.

They come complete with on-chip clock
and precision bandgap reference, needing only
passive external components to operate with
unipolar or bipolar input voltages.

You get a wide choice of error specification
and operating temperature ranges.

And simple operation.

Send for data or contact,

Ferranti Electronics Limited,

Fields New Road, Chadderton, Oldham OL9 8NP
Tel: 061-624 0515 Telex: 668038

4 FERRANTI

@ Semiconductors

WW — 037 FOR FURTHER DETAILS 7}

Distributors: Celdis, Reading, Tel: 0734 585171 ® Comway Electronics, Bracknell, Tel: 0344 24765 @ Intel Electronics, Henlow, Tel: 0462 812505
ITT Electronic Services, Harlow, Tel: 0279 26777 ® Semicomps, Keighley, Tel; 0535 65191 ® Semicomps, Kelso, Tel: 0573 24366

Swift-Sasco, Crawley, Tel: 0293 28700 ® Swift-Sasco, Rochdale, Tel: 0706 47411
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The full range of Leader Test Equipment,
the first choice of engineers around the
world, is now available in the U.K.

Leader products, with a long history of
high reliability, back by a
1-year warranty, are engineered and built
to the most rigid standards, and
incorporate the latest technology. A
complete technical and service facility is
Ergvided in the U.K. by Thandar Electronic
t

OSCILLOSCOPES

4.-50MHz Oscilloscopes with more performance and reliability for less
cost. The Leader range of oscilloscopes includes 14 models, single
and duat trace, for bench or field use. All models offer comprehensive
triggering controls, TTL compatible Z-AXIS modulation and
convenient colour-keyed front panel layout. Probes are included with
each model.

LBO508A ‘
OSCILLOSCOPE

*5" Dual trace

*DC-20 MHz bandwidth {vert amp)
*10mV Sensitivity

*Sweep mode: chop - ALT, CH1, CH2, X-Y
*Synchronisation: Auto, Norm, TV,

With 20MHz
bandwidth and 10mV
input sensitivity on a 5
screen this universal
oscilloscope is suitable

for a wide range of Int, Ext, +, -
applications *Timebase Sweep Speeds: 0.5us/cm ~
200 ms/cm
*X5 Magnification {max speed 100ns/cm)
LBO 310A 4 MHz 20 mV Single Trace 3"
LBO 301 8 MHz 10 mV Single Trace
LBO 30BA 20 MHz 2mV Dual Trace s} Mains/Battery
LBO 510A 4 MHz 20 mV Single Trace
LBO612A 10 MHz 10 mV Single Trace
LBO 513 10 MHz 5 mV/1 mV Single Trace
LBO 514 10 MHz

20 mV Dual Trace
10 mV Dual Trace
10 mV Single Trace

LBO 552A 10 MHz
LBO 608A 15 MHz
LBO 507A 20 MHz

3
.5
5
5
g
5 mV/1 mV Dual Trace 5§
5 Stereo Scope
5
5
5
5]
6"

LBO 5158 30 MHz 5 mV Dual.Trace 4 Sweep Delay
LBO 520A 35 MHz 5 mV Dual Trace 5

NEW

LBO 617 50 MHz 5 mV/1 mV Quad Trace Sweep Delay

From £102 + VAT

Thandar Electronics Ltd. reserve the right to alter prices and
specifications on Leader equipment without prior notice.

WW - 068 FOR FURTHER DETAILS

RADIO/CB/TV TEST

CRT Testers - Pattern Generators - Signal Generators
Antenna Impedance Meters - RF Power Meters -
C.B. Signal Generators - Stereo Signal Generators -
Dip Meters - SWR/Wattmeters

LSG16 SIGNAL GENERATORS

A compact R.F. generator ideally suited to checking
alignment of AM/FM and T.V. receivers.
*Frequency Range 100 KHz - 100 MHZ
*Frequency accuracy £ 1.5%

*Crystal Oscillator 1-15 MHz

*Modulation Internal 1kHz for A.M.

*Output Voltage 0.1Vrms or higher to 100 MHz €55+ VAT

GENERAL TEST

Function Generators - Transistor Checkers - LCR Bridges
- Power supplies - Millivoitmeters - Curve Tracers - Home
Appliance Testers

LHM 80A H.V. METERED PROBE

*Input Impedance 20K 2 per volt
*Range 40K Volts
*Accuracy * 3% Full Scate £16 + VAT

LDP 076 LOGIC PROBE

Fast servicing and analésis of digital circuits
*Imput Impedance > 10M 0

*Frequency Range DC to 50 MHz
*Minimum Pulse Width 10nsec

AUDIO TEST

Audio Generators - Frequency Response Recorders
Audio Systems Analyzers - Wow & Flutter Meters
Speaker Analyzers - Audio Testers - Distortion
Meters - Attenuators

LFR5600A FREQUENCY
RESPONSE RECORDER

Designed to graphically record wow and flutter, drift,
voltage, temperature and frequency response of
Audio equipment.

*Frequency Range 20 Hz - 3Q KHz

*Variable chart speed

*Voltage range 0.1V, 10V

*Sweep Oscillator *Pilot Signal *Cartridge pen
*Metered, swept frequency input/output voltage £1450 + VAT

LEADER

For full technical details together with
price list please contact.

thandar

ELECTRONICS LTD
ELECTRONIC TEST & MEASUREMENT

London Road, St. Ives,
Huntingdon, Cambs PE17 4HJ.
Tel: St. lves (0480) 64646 Telex 32250

£49-50 + VAT
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ELECTRONIC ORGAN
WITH PIPE ORGAN SOUND

Observation of the waveforms emitted from a pipe organ show that many of
them are triangular or closely related in shape. This design uses triangle-wave
generators in a simplified organ.system to reproduce them, and offers more
accurate sound than those organs using sine, pulse, saw-tooth

The signals from the waveform generators
can be fed by way of an appropriate stop,
directly to the output amplifier without
any filter. This simplifies the design and
the use of high-level signals reduces noise
problems.

If a triangle wave is rectified, an open
diapason sound is produced. Full-wave
rectification produces a triangle wave of
twice the frequency which can be used as a
‘four-foot flute’ stop.

To reduce the cost and complexity of the
organ, a multiphonic system ! has been
used which required only six generators,
however many alternatives are possible.

An on/off detector to drive the attack/
delay modulators has been developed
which provides an improved performance.

or square wave generators.

by J. H. Asbery,
Ph.D., M.LLE.R.E.

The detector can also be used with other
synthesizer circuits to eliminate one pole of
the switching system. An ultrasonic signal
is superimposed on the d.c. voltage of the
resistor chain of the keyboard. When a key
is pressed, this signal appears at the input
of IC, which switches on the modulators at
a steady rate and switches them off at a
steady rate when the key is released. Col-
lector resistors Rs4 and Rsg of Tr3 and Try
can be common to all generators and

Complete circuit showing one generator.

should be positioned close to the amplifier
to avoid pick-up from the common earth
wiring.

To'produce an ‘eight-foot diapason’ sig-
nal it is not necessary to rectify the original
triangle wave. By resistively mixing the
original wave with one at half the ampli-
tude of the full-wave rectified signal, the
required tone is formed (at Rsg, Rs7).

Switching transistor Tr; is used in the
reverse mode to reduce the voltage drop
and improve the v.c.o. linearity.

The capacitor across the volume control
(Re3) compensates for a loss of sensitivity
at low frequencies.

The complete organ is powered by a
single +15V supply. The choice of a power
amplifier has been left to the constructor.
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Components

Resistors

1 to 23 a set of music scale resistors
from 1002 upwards

24 165 1%

25 162 1%

26, 27,28 33k

29, 30, 31 10k

32,33 33k

34 68

35, 36 100k

37 220k

38 20k 5%

39, 40 20k 5%

41 10k

42 1k

43 1.2k 5%

44 470

45 11.5k

46 23k 1%

47 20k 5%

48 20k 5%
49 47k

50 15k

51 15k

52 15k
153 15k

54 10k

55,56 100k

57 220k

58 10k

59 100k

60 33k

61 165 1%

62 162 1%

63 10k

64 3k preset (tuning)

65 10k

Capacitors

1 2.2n

2,3,4,5 0.1p

6 220p

7 0.18u

8 15n

9 0.47u

10R 0.025u (right-hand

generators)
10L 0.1y (left-hand generators)
(Both 2Y2% polystyrene)
11 0.1p

ICy, IC;, IC; 709
IC4, ICs, IC, 741

Tr, BC149 or similar
Try, Tr3, Try  BC307 or similar
Dy, D, 1N4148

S (8ft flute)

S: (8ft open diapason)
Ss (4ft flute)

Component kits are available from the
author at 87 Oakington Manor Drive,
Wembley, Middlesex.

Reference
1. Asbery, J. H. Multiphonic Organ,
Wireless World, June 1973, p.303.

Left hand half

of keyboard

L__| Right hand haif

Ultrasonic - Amplifier
ops and
generator i

of keyboard

Ty

Generators

Fig. 1. Multiphonic organ system based on six triangle-wave generators.
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COMPUTING

Practical Trouble-shooting Techniques for
Microprocessor Systems, by J. W. Coffron.
246 pages, hardback. Prentice-Hall, £13.95.
Fault-finding techniques for the hardware of 8-
bit systems using 8080, 8085, Z80 and 6800
microprocessors. Final chapter devoted to TRS-
80 microcomputer.

The S-100 and other Micro Buses, by E. C.
Poe and J. C. Goodwin, 206 pages, paperback.
Prentice-Hall, £6.95.

The S-100 and 20 other buses, as applied to
most of the popular microcomputers. Includes a
description of methods of converting signals on
other buses to S-100 signals. Provides pin
designations of various bus systems.

Microprocessor and Microcomputer
Technology, by Noel M. Morris. 255 pages,
hardback/paperbakck. Macmillan £15.00/£5.95.
An introduction to the use of logic devices and
microcomputers, starting from very simple
description and progressing to programming
and application.

Learn Computer Programming with the
Commodore VIC, by L. R. Carter and E.
Huzan. 100 pages, paperback. Hodder and
Stoughton, £1.95. ?

A short course in the use of Basic on the VIC
microcomputer. A number of applications and
programs are given, and there are problems
(with answers).

Microelectronics and Microcomputers, by L.
R. Carter and E. Huzan. 232 pages, paperback.
Hodder and Stoughton, £1.95.

Rather more general than the previous book,
this is intended as an introduction to computing
for the business or scientific user, and for those
working on industrial control and
measurement.

The 68000: Principles and Programming, by
L. J. Scanlon. 238 pages, paperback. Prentice
Hall; £10.45.

A full description of the 68000 16-bit
microprocessor, its capabilities and operation.
Many programs are used as illustration in the
text.

Microprocessors and Microcomputers,
Hardware and Software, by R. J. Tocciand L.
P. Laskowski, 404 pages, hardback. Prentice-
Hall, £15.70.

Micros introduced in a practical manner. First
section is on basics of logic and number

‘'systems; second section deals with computer
architecture; last part is on programming in
machine code and assembly language.

PROPAGATION

Adaptive Array Principles, by J. E. Hudson.
253 pages, hardback. Peter Peregrinus, £13.00.
The design of adaptive aerial arrays, which
automatically present nulls in their polar
diagrams to sources of noise. Such aerials are
used in radar, sonar, communications and radio
monitoring. | -

Wave Propagation Theory, by J. R. Wait. 348
pages, paperback. Pergamon Press, £22.50.
Primarily on electromagnetic wave propagation
in, on or about the earth, but methods described
can also be applied to acoustic waveguides.

Aperture Antennas and Diffraction Theory,
by E. V. Jull. 173 pages, hardback. Peter

‘Peregrinus, £27.00.

The analysis of radiating apertures, using two
complementary techniques. One is the Fourier
relation between aperture field and far-field
pattern, giving results for the forward radiation.

"Second method is based on diffraction at the

aperture edge, and can be used for rear and side
radiation.

Microstrip Antenna Theory and Design, by J.
R. James, P. S. Hall and C. Wood. 290 pages,
hardback. Peter Peregrinus, £31.00.

Design and fabrication of flat plate, ‘printed’
microwave aerials, with a resumé of recent
advances and a chapter on trends and possible
-developments in the future. An appendix
compares microstrip materials.

VIDEO

Video Handbook, by R. V. Van Wezel, edited
by G. J. King. 403 pages, hardtack. Newnes
Technical Books, £19.90.

Television, video recording on tape and disc,
audio and tv production, measurements and
descriptions of some typical commercial
equipment. Written for the video amateur and
technician, using a practical approach. Includes
information on building a monochrome tv
camera.

Home Video Yearbook 1982. 323 pages,
paperback. Link House, £7.50.

In three parts. Firstly, hardware concerned with
television reception and video recording, prices
and suppliers; secondly short descriptions of
commercially available video tapes; thirdly, lists
of addresses of manufacturers and tape
suppliers.
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DISC DRIVES

Read/write head assemblies involve aerodynamic, mechanical and electro-mechanical
techniques and are the most critical aspect of disc-drive design. But an equally important
aspect of the system is how serial data is stored and recalled on a magnetic medium
moving at high speed using a single low-mass head. These subjects form this chapter.

As previously stated, hard discs have a
thin coating of magnetizable material and
rotate at high speeds. Readers familiar
with other magnetic recording systems will
realize that ideally, the read/write head will
be forced against, or at least touch, the
recording medium. But because of the
speed at which the disc rotates and the
fragility of the medium, a gap is essential.
Therefore, the head is designed to float, or
‘fly’, on the layer of air rotating with the
disc. Consequently, the head is of low
mass, so the gap between head and disc
can be kept constant over the whole sur-
face of the disc and a small degree of
warping can be compensated for. Figure 1
‘outlines the read/write head’s structure.
The magnetic head is carried by the
slipper and consists of a permeable core
with a coil wound round it. A paramag-
“netic barrier on the head core forces the
flux out of the head onto the medium.
Reluctance of the magnetic circuit depends
mainly on the air gap between the head
and the disc so the write flux is a function
of the flying height. The air gap limits the
recording wavelength to about ten times
that of the flying height.
Slippers. Current ‘state-of-the-art’ slip-
pers fly at less than 20 micro-inches (0.5
micron) above the disc. It is obvious that
the lower the flying height, the more effi-
cient reading and writing becomes, but
what isn’t perhaps so obvious is that the.
major design problem is making the slip--
per fly low enough. Lift rises rapidly as the’
separation reduces so to get the head closer
to the disc, some of the lift has to be
dumped. Early slippers had two small
bleed holes, as shown in Fig. 2(a) to dump’
lift. These slippers had a flying height of
around 100 micro-inches. Figure 2(b)
shows a second generation slipper, with a
large longitudinal bleed groove, designed
for ‘flying heights of about 50 micro-
inches. The third example, Fig. 2(c), is
designed for use below 20 micro-inches
and has substantial bleed grooves and ves-
tigial working surfaces, Although the sur-
face -of this slipper appears flat to the
naked eye, it is actually formed to a high
degree of accuracy in a compound curve,

Suspension. The slipper is mounted at the
end of a rigid cantilever sprung toward the
medium. The force with which the head is
pushed toward the disc by the spring is
equal to the lift at the flying height for
which the head is designed. Because of the
spring, the head may rise and fall over
small warps in the disc; it would be vir-
tually impossible to manufacture discs flat
enough to allow this feature to be
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dispensed with. As the slipper negotiates a
warp it will pitch and roll, in addition to
rising and falling, but it must be prevented
from yawing. Downthrust is applied to the
slipper at its aerodynamic centre by a
spherical thrust button and the required
degrees of freedom are provided by a flex~
ural gimbal.

The mass of the head/cantilever and the
spring compliance have a natural reso-

Coil

_@«é7%mgnetic circuit

N Flying

]} ‘[height
‘ g

Paramagnetic

gap N :
Stipper = s

" Substrate Magnetic oxide
Fig. 1. An outline of the read/write head in
relation to the disc. The slipper carries the
head and is aerodynamically designed so

that it flies on the air rotating with the disc.

|

B == KR

Fig. 2. Three generations of slipper design.
The first generation, shown at (a), had two
bleed holes to reduce lift and flew at
around 100 micro-inches above the disc. A
subsequent design, (b}, had a longitudinal
bleed groove and flew at around 50 micro-
inches. This was superseded by the current
head, (c), with substantial bleed grooves
for flying heights of less than 20 micro-
inches. The head shown in (c) has a
compound curve on its working surface
which aids aerodynamics but is invisible to
the naked eye.

Wwrite current

Disc track
NIN SiS NN SIS

a a a a

/\ Read waveform /7™\

Fig. 3. In digital recording the polarity of
the medium, either N-S or S-N, is
controlled by the direction of the write
current. Flux reversal, at points marked a,
are referred to as transitions and determine
the read waveform,

nance which must be set away from ex-
pected warp frequencies. Some cantilevers
are fitted with synthetic-rubber dampers
to control unwanted resonances.

Other essentials of the cantilever are the
head separating ramp, which lifts the head
clear of the disc as the positioner retracts,
and some receptacle for an adjusting tool
to align all of the heads to the same
distance from the spindle at a given cylin-
der.

Handling and setting head assemblies
requires care and skill; in some cases skin
acid from a fingerprint is sufficient to etch
the slipper surface and destroy its aerody-
namic contour.

Encoding techniques

With the exception of some non-inter-
changeable disc drives, only one head is
active at any one time. A production
tolerance exists between the actual lateral
position of the head gap and the ideal, and
this dimension may be several wavelengths
at the densities used. As a result it is not
generally possible to use parallel encoding
in disc drives. This constraint largely de-
fines the encoding techniques used.

As in all modern digital recording, the
medium has only two states of magnetiza-
tion, N-S and S-N. Devices have been
made using the unmagnetized state, but
these must be considered obsolete. The
write process consists of supplying suffi-
cient current to almost saturate the
medium first in one direction, then the
other. No erase process is necessary, as
writing to saturation will erase a previous.
recording. Some heads do, however, have
erase poles, the use of which will be de-
tailed.

The output voltage from a read head is
proportional to the rate of change of flux,
hence an output pulse will only be ob-
tained at the point where the write current
changes direction, i.e. at a transition.
Figure 3 shows that the pulses alternate in
polarity. The pulse amplitude is a function
of the cylinder address, as the relative
speed of the outer cylinders is higher.

Data to be written enters the write cir-
cuitry as serial binary with a separate
clock. Encoding consists of merging these
two signals into one channel in such a way
that they can be subsequently separated.
Perhaps the simplest form of encoding is to
reverse the write current every time the
data is a binary one. It can be seen from
Fig. 4(a) that this approach is of no use in a
single channel, as when successive zeros
occur, it is not possible to reconstitute the
clock.

%7



An earlier head assembly. Two
bleed holes in the slipper

reduce lift caused by air rotating
with the disc.

Figure 4 also introduces the concept of
the ‘bit cell’, i.e. the time taken to record
one bit. In a simple encoding system, there
must be at least one transition per bit cell
to carry the clock. Figure 4(b) shows a
popular encoding technique, where each
bit cell begins with a clock transition, and
may or may not contain a further transi-
tion, depending on whether the data bit is
a one or a zero. As the presence of the
second transition doubles the recording
frequency, the technique is 'known
variously as f.m. or double-frequency
recording. Data separation can be very
simple, provided the signal-to-noise ratio
is adequately high. The signal-to-noise
ratio is determined not only by intrinsic
medium noise and the electromagnetic en-
vironment, but also by the accuracy of the
positioner. Consider the example in Fig.
5(a). Originally, data is written along path
A, but positioner inaccuracy means that
new data is being written along path B.
Subsequently a read may take place along
path C, where it will be seen that the read
signal is degraded by the previous
recording. The solution to this problem is
to incorporate two erase gaps in the head,
which erase a small area either side of the
new data after writing. In Fig. 5(b) it can
be seen that this process protects the data
with a margin of undirectionally magnet-
ized oxide. The process is called ‘tunnel
erase’ or ‘side trim’, and is generally em-
ployed on drives with relatively simple
positioners. Such devices usually have low
recording densities and accordingly a gen-
erous flying height, giving them the advan-
tage that they can be used reliably in envi-
ronments that would normally be
considered unsuitable.

F.m. is easy to decode, but it is also
fairly extravagant with transitions. Any
encoding method in which the number of
transitions per data bit can be reduced has
to be an improvement, because for a given
flying height, and hence a given minimum
wavelength, a greater data density is pos-
sible.

In the next generation of read electron-
iCs, it is possible to relax constraints on the
clock information through phase-locked-
loop techniques. With this approach, it is
acceptable for a bit cell to contain either
clock information or data but both are not
necessary. The read clock comes from a
p.l.o. which continues in the absence of a
transition at clock time, and which cor-
rects its own frequency by continuously
comparing its own phase with that of data

78

or clock transitions. In Fig. 4(c) it can be

seen that the write current is reversed at
the bit-cell centre for a one, and that the
problem of successive zeros is handled by
reversing the write current at the bit-cell
boundary. It is interesting to compare the
number of transitions required with the
example of Fig. 4(b). On reading the data,

M= g

Serial data 1 o . 0 1
it (elll J

nrz.?

|
'
1
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f.m. ~ -
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. 1 Ll 1l
At T
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D ] D 1 D
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_.1. .r[_)afuwindow

Fig. 4. Three data-recording methods
compared. At (a), n.r.z.1 (modified non-
return-to-zero) information is of little use
on single-track recording apparatus as
clock information cannot be carried. In
‘f.m.’ recording, (b), a clock transition is
always present at the bit-cell boundary.
The presence of a data ‘1’ causes an extra
transition at the bit-cell centre. In m.f.m.
recording, shown at (c), a data ‘1’ causes a
transition at the bit-cell centre but the only
other transitions are at the bit-cell
boundaries between successive zeros.
Both types of transition are used to
synchronize a p.I.l. which opens a ‘data
window’ at the bit-cell centre through
which only data ‘1’ pulses are read.

Fig. 5. In (a), track B has been written over
track A, but through wide tolerances on the
positioner repeatability, some of the
original data remains at the edge of path B.
Ifthe new data is read while the head
travels the same path it did when the
original data was written, remaining
original data will be read together with the
new data, hence the signal-to-noise ratio
will be degraded. At (b), the problem is
solved by including two erase heads, one
at either side of the write head, so that
wherever data is written, any original data
at either side of the track will be erased.

>

the p.l.o. can be used to open a ‘time
window’ at the centre of the bit cell, so that
only transitions corresponding to a binary
one can pass through. Obviously, the
system only works if the p.l.l. is synchro-
nized, so a series of zeros, or preamble, is
used before each block to allow the loop to
lock. A unique synchronizing pattern de-
lineates where actual data begins. This
phase-locked data-recovery technique is
used with modified-frequency modulation
encoding (or Miller encoding) and allows
the arrival time of read pulses to be
predicted, and therefore noise pulses to be
rejected. This means that a smaller s-to-n
ratio can be tolerated than with f.m. en-
coding, allowing tunnel erase to be
dispensed with. In any case, drives em-
ploying the m.f.m. technique are likely to
have more accurate positioners.

Where f.m. requires signal-to-noise
ratio, m.f.m. requires minimum phase er-
rors, if the phase-locked data recovery is
not to be upset. In Fig. 6, a head is de-
picted reading closely packed transitions.
Owing to the airgap between the head and
the medium, pulses generated tend to run
into one another such that the waveform
peak positions do not correspond to the
actual position of the transitions. The phe-
nomenon is referred to as peak-shift distor-
tion, and is overcome by introducing op-
posing timing changes during the write
process. This technique, precompensa-

Original data New data New data
written written being read
1
Positioner \’
inaccuracy. 4 =

T i
A ﬂ £ C
FTR {1 on |

C's output

Erase heads

/ ]
f ‘
i B

\ i i [m}\

C's output
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tion, artificially advances transitions
subject to delay on reading, and delays
advanced transitions by taking a running
sample of (usually) four data bits, and de-
coding the patterns to generate different
clock times in a tapped delay line. M.f.m.
requires a running sample, so the two
processes are -sometimes combined in one
circuit.

Recently, a different approach to high
density recording has been developed.
Central to this approach is that transitions
are not permitted at successive active edges
of the write clock. Figure 7(a) shows that
the four combinations of any two data bits
may be expressed as three-bit codes which
do not contain successive ‘ones’. There
are, however, four combinations of adja-
cent pairs of bits to violate the rule, Fig.
7(b)..In these cases, the six bits are substi-
tuted by alternative bit patterns which
must follow certain conditions; firstly, that
the substitution contains no adjacent ones,
secondly that the substitution ends in a
zero so that no subsequent data can violate
the rule, and thirdly the position of the
ones is chosen to generate transitions at
sequential integer multiples of the write-
clock period. Fig. 7(c) shows that the high-
est recorded density results from a data
stream of 0011’s, and that this requires
only six transitions for eight data bits. At
maximum density, m.f.m. requires one
transition per bit, so the relative efficiency
is 8/6 or 33% greater. Fig. 7(c) also shows
that much of the time the recorded density:
is below the maximum, and that seven
even steps exist in the periods between any
two transitions. This evenness allows
effective phase-locked noise rejection to be
employed, as the arrival time of readback
pulses can be accurately predicted. In
addition, precompensation is only re-
quired when changing to and from the
highest density, as at all lower densities the
transitions are far-enough apart to make
peak-shift distortion insignificant. This
recording technique is known as 2/3
(pronounced “two three’’) for obvious
reasons. It is difficult to imagine a method

which would achieve a significant im-
provement in efficiency over it. Encoding
is performed by a p.r.o.m. which takes in a
running sample of data in the same way as
m.f.m. Similarly, reading requires phase-
locked circuitry, with a further p.r.o.m.
containing the reverse truth table to the
encoding p.r.o.m.

Circuits

The same head is used for both reading
and writing, and as stated, usually only
one head is active at one time. The circuits
involved in reading, writing and head
selection come together at the read/write
matrix where the flexible head cables plug
in. It can be seen from Fig. 8 that the
centre-tapped heads are isolated by
connecting the centre tap to a negative
voltage, which reverse-biases the matrix

‘diodes. The centre tap of the selected head

is made positive. When reading, a small
current flows through both halves of the
head coil, as the diodes are forward biased.
Opposing currents in the head cancel, but
read signals resulting from flux transitions
on the disc can pass through the forward-
biased diodes to become differential wave-
forms on the matrix bus. During a write;
the current from the write generator passes
alternately through the two halves of the
head coil. Further isolation is necessary to
prevent write-current voltages destroying
the read amplifier inputs.

Write-current programming. The flying
height changes as a function of relative
velocity which is governed by the track
radius. It is possible to program the write
current from the current cylinder-address
register such that the write flux remains
essentially constant, despite changes in
flying height. The number of write-cur-
rent steps is usually between two and eight
across the working surface of the disc,
although some drives dispense with write
current programming altogether. In Fig.
9, the write current is generated by
holding the base of a transistor at a tem-
perature-compensated reference voltage,

and by selecting different emitter resistors

A modern head assembly. This type of
head is designed to fly at around 50 micro-
inches above the disc.

Head-lifting Ramp

Slipper

Cantilever

Flexible Pigtail

Mounting Screw

with transistor switches. As the curfent
source is usually at about —40V, the
switches are fed from the drive logic
through level shifters. The write current is
directed through the head by a pair of
transistors-n series with the current gener-
ator, which are driven in a complementary
fashion by a bistable. The purpose of write
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l
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Peak shift

|
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-, b4,

| Precompensation 1
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Fig. 6. Timing diagram showing peak
distortion and precompensation. (a) shows
the flux pattern of an ideal m.f.m. data
track, and (b)shows individual read pulses
from each transition, which are spread out
because the head is not in contact with the
medium. Peaks of the closely packed
transitions are moved apart as shown in
the summation of the waveforms of (b) at
(c). Phase errors in the binary signal from
the peak detector are shown at (d). To
compensate for these errors, the write
waveform is as shown in (e) and the

adjusted peak detector output is shown
in (f). '
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Fig. 7 (a). Two bits can be expressed as
three code bits without successive
transitions. In (b), adjacent pairs can break
the encoding rule and in these cases,

- substitutions are made. Write current
waveforms for seven different data
streams using 2/3 encoding are shown at
(c). The time steps between transitions are
uniform, allowing phase-locked data
recovery in the presence of noise. A
maximum of six transitions are required
for eight data bits; when compared with
m.f.m. encoding, this gives a saving of
33%.

(c)
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00011000 8T

(b)

Data
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Data  [Hlegal code
0000 101101
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1000 001101
1001 001100
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Fig. 9. A progrqmmable write-current generator. Write current is generated by holding the
base of a transistor at a temperature-compensated reference voltage, and by selecting
different emitter resistors using transistor switches.
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Fig. 10 (a). A simplified delay-line peak
detector, and associated waveforms (b). A
differential phase-lead peak detector is
shown at (c).

encoding is to decide at what time to clock
the bistable so that a.transition is written
by the current reversal.

Reading. When not actually writing, the
write-current generator is turned off and
the write-isolation diodes are reverse
biased. The read isolation gate is enabled,
allowing the differential read signal into
the read linear amplifier. This amplifier
raises the amplitude of the read signal to a
constant level suitable for data recovery,
and filters out unwanted signals. To this
end the linear amplifier often contains
both bandpass filters and an a.g.c. loop. In
some cases, the linear amplifier’s input and
the a.g.c. capacitor are shorted during
the address mark to stabilize the gain in
the shortest possible time after entering a
block. The address mark is a short section
of the track preceding a data block and
contains no transitions. A.g.c. squelch is
released as the block is entered, and the
linear-amplifier gain reduces from maxi-
mum using the fast attack slope of the
forward-biased signal rectifier.

The constant-amplitude read signal now
passes to the p=ak detector, as the position
of the signal peaks corresponds to the posi-
tion of the transitions on the disc. In Fig.
10(a) an analogue waveform is compared
with a delayed version of itself. The com-
parator changes state at the signal peak. A
differential version of this type of peak
detector is shown in Fig. 10(c). The prin-
ciple holds equally well if one signal is
phase advanced, and thus the delay is
sometimes substituted by the RC network
shown.

The detected signal is fed to an appro-
priate data separator, which splits the sig-
nal into data and clock information to pass
to the deserializer, which recreates data
words.

To be continued O

WIRELESS WORLD APRIL 1982



16-CHANNEL DATA
ACQUISITION SYSTEM

A 4'5-digit, 16-channel data acquisition system (d.a.s.) is described which
functions as a talker-listener on the IEEE-488 bus (GPIB). It uses a 4'2/52-digit a-
to-d subsystem, AD7555, with + 1.9999V full scale, as an easy interface with the

Figure 1 shows a block diagram of the
GPIB 16-channel data acquisition system.
The 96LS488 connects directly to the
IEEE bus and controls all the other sec-
tions. (For clarity, a number of the control
signals have been omitted.) A set of eight
transceivers determines the flow of in-
formation (talking or listening) and the
‘listen decode’ circuitry sends the appro-
priate address to the 16-channel
multiplexer. On selection of a channel, a
start conversion signal is sent to the
AD?75SS a-to-d converter.

When conversion is complete, a service
request is transmitted to the 96LS488,
which in turn interrupts the IEEE bus: the
bus can then interrogate the device for
status or data information. Status informa-
tion includes the last channel selected and
the conversion status, while data informa-
tion consists of a 4Y2-digit b.c.d.-encoded
representation of the analogue voltage.

The IEEE bus in brief _

A full description and specification of the
GPIB system is published in the IEEE
document “IEEE Standard Interface for
Programmable Instrumentation”, IEE Std
488(1978), which should be referred to for
a fuller explanation.

GPIB communication lines consist of

eight data lines, three hand-shake lines,
five control lines and eight ground lines, as
shown in Fig. 2 (the IEEE connector).
Data lines (D1-D8) contain the bidirectio-
nal data or information and are true low
signals.
Handshakes. NRFD, DAV and NDAC
are the three bidirectional handshake sig-
nals. DAV (Data Valid) is pulled low by a
talker when the data has been placed on
the bus, which tells the listener that the
data is valid. NRFD (Not ready for data) is
brought high (or released) by each instru-
ment on the bus: when all the instruments
have released it, it acts as an indication to
the talker that a data transfer can begin.
NDAC (Not Data accepted) is controlled
by the device: receiving the data, a low
indicating that the data has not been cap-
tured and a high that this has been done. A
simplified data transfer sequence is shown
in Fig. 3.

A timing sequence starts when the lis-
tener brings NRFD high (1), saying it is
ready to receive the data. The talker places
the data on the bus (2), allows it to settle
and brings DAV low (3), telling the lis-
tener that the data is valid. The listener
brings NRFD low (4), indicating that it is
not ready for another data transfer until
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Fairchild 96L.S488 GPIB circuit.

by Pat Hickey

this transfer is completed. When the data
has been processed, the listener brings
NDAC high (5), saying that it has received
the data. The listener responds by taking
DAV high (6) (data is no longer valid) and
removing the data from the bus (7). The
listener brings NDAC low (8), acknow-
ledging this, and NRFD high (9), indicat-
ing that it is ready for the next data byte.
The timing of this sequence is not
discussed here, since the 961.S488 IEEE-
interface circuit takes complete control of
the procedure.

Control. The five control lines are ATN,
IFC, REN, SRQ, and EOI. The ATN
(Autention) is asserted only by the control-
ler and, when low, indicates that informa-
tion on the line is address or control in-
formation: it is high when data is being
transferred. The TFC (Interface Clear) line
is asserted low by the controller to reset all
GPIB devices.

REN (Remote Enable) allows local (i.e.
front panel) control of devices -if it is
allowed to become high. When low it en-
sures that the controller is in command.
SRQ (Service Request) is forced Jow by a
talker/listener when it wishes to indicate to

Analog Devices, Limerick, Ireland

the controller that it needs service. EOI
(End or Identify) can be pulled low by a
talker to signify the last byte in a multi-
byte transfer.

All the aforementioned signals are taken
care of by the 961.S488.

96L.5488 GPIB circuit

Figure 4 shows a block diagram for the
961.5488, and the following description
should be referred both to that and Fig. 7
(full circuit diagram). CP is a 10MHz clock
which controls all internal timing, and can
be generated using a 150() resistor and
1SOpF capacitor connected to an internal
Schmitt trigger.

TXST (Transmit Status) and TXRDY
(Transmit Ready) signals are used in trans-
ferring data from the AD7555 a-to-d
converter to the 961.S488, as shown in Fig.
S. When the d.a.s. is requested to transfer
information to the IEEE bus controller,
the 961.S488 checks that TXRDY is high
(meaning a byte is waiting). If it is high,
the 961.S488 will read the data and bring
TXST high (1), indicating that it has the
information. TXRDY is then brought low
(2), acknowledging this fact and TXST is
brought low (3) again. When the next byte
is ready (4), the AD7555 brings TXRDY
high (5) and the sequence is repeated.

RXST (Receive Status) and RXRDY

W i mstaungnt contaowsen
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Listen
decode

¥ Transceivers

Data/
status
select

9615488
IEEE interface

IEEE bus

Start conversion
I3
Status
8 intormation
6
A
AD7555 16 chgnnel

and intertace multiplexer

Fig. 1. Block diagram of complete system.
9615488 interfaces and controls rest of
unit.

(Receive Ready) are used as seen in Fig. 6
for transferring data from the 961.5488 to
the 16-channel d.a.s. When valid data has
been placed on the bus (1), RXST is taken
high (2), indicating that the data is valid.
When the data has been accepted,
RXRDY is taken low (3), indicating that
the data has been accepted, RXST is taken
low (4), acknowledging this fact, and the
data becomes non-valid (5). RXRDY is
brought high (5), signalling that it is ready
for the next byte of information. In Fig. 7,
RXST is inverted and connected to
RXRDY, in which case data is transferred
at a data rate determined by the bus
handshake.

The Drive Bus Output (DRB) signal is
low when data is being transferred from
the AD7555 a-to-d converter to the IEEE
bus, and high when information is being

Fig. 4. Functional block diagram of

Shield NDAC D104

1 '
SRQ DAV D102
| NR D4D
ATN[IFC ] FD [EQH| 03] 11
bl ]

S
E,
=

1

GndIGnd|GndIREN| O { D
1§97 1074105
Gnd Gnd D

§y 10 6 § 106

Logic Gnd8 D108
Gnd

Fig. 2. GPIB communication lines shown in
relevant positions on IEEE connector.

sent to the data acquisition system. In Fig.
6, the signal is used to enable (or disable) a
set of transceivers.

TAD (Talk-Addressed) and TAD (Lis-
ten-Addressed) are active low when the
device is addressed to talk or listen.

RSV (Request Service) is brought low

DAV (Tatker)
rT‘FTJ(ustene
RDAC (Listener)
%ﬂlid dat Q

Data (Talker)

Fig. 3. Simplified data transfer sequence.

interrupt. This occurs when a conversion,
is completed.

D/S (Data/Status) is held low when data
is being transferred to the IEEE bus, or
high if status information is being trans-
ferred during a serial poll. In this applica-
tion, it is used to select either data or status
information via a data selector (2x74C157)

The STST (Status Status) and STRDY
(Status Ready) signals operate similar to
the TXST and TXRDY signals when
sending status information during a serial
poll. STRDY can be formed from.an
inversion of STST:

RTL (Return to Local Input) is tied
high in this application, since the device is
operating only in remote control.

CLR issues a negative pulse when the
device teceives a Device Clear command.
This will reset all functions within the
device.

TRIG (Trigger output) issues a negative
pulse when the device receives a DT (De-
vice Trigger) command. It is not used in
this application. The IST (Instrument Sta-
tus Input) is used in parallel poll enable.

For more information on the above sig-
nals see the Fairchild 961.5488 data sheet.

Data acquisition system

Figure 7 shows the complete circuit dia-
gram of the data acquisition system. A
brief review of each i.c. should help to
understand its operation before the more
complex timing of the system is discussed.

961.5488. by the AD7555 to initiate a service request Circuits IC;; are quad interface
(P TXST TXRDY RXfT RXRDY ORB TAD LAD RSV Drs STST STROY  RIL RTL R TRIG IST
i i i , l
elay T : 1
timer | gy AH TorTE LorLE l SR RL o]a DT PP
r ﬁ i
ASEL ~— Message coding
MO~—M3 [:—> and decoding
Hs“i'g‘gg'l"s“ke Receivers Drivers
]’ RS

16 wire intertace bus
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Table 1. Contents of ICs r.o.m. for decoding ASCIl information to binary.

R.o.m. inputs
(addresses)
4 A3 A2 Al A

»—-o—-»—-»—-—-—-»—-—-—-—-»—-»—»—»—»——-oooooooooooéoooo>
—_ O OO EOEOMO SO~ O=NO~MO~RO—=O~O~O~O=OO

—t et et ot et et Pl = O O O O O OC O Ot bt bt ok bt it et = O O OO OO
et et et et O O OO bt et et e OO O Ot et et I OO OO I et et = OO OO

“A” (0100 0001)
“B” (0100 0010)
“C” (0100 0011)
“D” (0100 0100)
“E” (0100 0101)
“F” (0100 0110)

“* (0010 1010)

CR (0000 1101)

“0* (0011 0000)
“1°* (0011 0001)
“2 (0011 0010)
“3 (0011 0011)
“4* (0011 0100)
“5% (0011 0101)
“6” (0011 0110)
“7 (0011 0111)
“8» (0011 1000)
“9* (0011 1001)

R.o.m. outputs
(data)
6 05 04 03 020

0
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

P et et et et et et et et et et et ot et Pt ot et ek (O Pt bt ot Pt ot ot Pt Pt ot Db pd ot et
bt ot et et et et (D D et et et et (OO O O P et et e Pt et b pd b ek ek it et (D (D
Pt et Pt et et pt (D D bt et DO e et (O O et bt et et P Pt et et ot pt b (D D et et

transceivers (MC3441) and are designed to
meet the IEEE standard 488- 1975. The
data direction is controlled by the DRB
output of the 96L.5488 (IC3): When it is
low, data is transferred to the bus, and
transferred from the bus when DRB is
high. Switches S;-Ss are used to select the
address of the device. As an example:- For
ani address of 16, Ss is open, while Sy, S3,
S; and §; are closed. (Address is
10000 = 16). Switches Sg-So are used to
select the operating mode of the 96L.5488
(the Fairchild data sheet gives more in-
formation on this). For a talker/listener on
low speed, MO and M1 are high, and M2
and M3 are low (ie, S¢ and S; are open,
while Sg and Sy are closed).

Since all information is transmitted in
parallel ASCII code, it is necessary to de-
‘code this to binary. The 6331 (IC) is a
32x8 bit r.o.m. which is used for this
purpose, whose contents are outlined in
Table 1. The address latch, IC; (74C175),
holds the address of the selected channel,
its output being connected to the input of
IC14 (AD7506), a 16 channel multiplexer,

(8) Next data
TXROY{AD7555) 22 S:S
TXST (96L5488) S :S 2:2

Fig. 5. Simplified talking sequence.

Data {AD755S) Data

84

Data (9615488}

E{ Valid data @
RXST(96L5488) 55 E:z
RXRDY (DAS) ‘ ‘

Fig. 6. Simplified listening sequence.

which in turn selects the appropriate anal-
ogue signal to the a-to-d converter
subsystem (AD7555) ICs. On completion
of a conversion, the b.c.d. data is held in
internal latches, and can be accessed by
control of the DMC pin. The IEEE
transmit handshake signals are used to
access this information during a readhack
cycle. A data selector ICy; (756157) send
4V, digits and a_carriage return to the
961.5488: When D5 is high, b.c.d. data
from the a-to-d converter is selected, and
when D5 is low a CR code is selected.

The hex. c.m.o.s.-t.t.l. inverter (IC;s)
generates the 4.096 MHZ clock with the
crystal, whilst IC;¢ (7493), a 4-bit binary
counter, divides this by four, producing a
1.024 MHZz clock for the AD7555.

The two multiplexer/selectors (IC;314)
are used to transfer either data or status
information to the 961.5488. When D/S is
low, data information is selected (TO-TS),
and when high the status byte is sent.

The concluding article will continue this
circuit description and include a program
for scanning 16 channels. O

23/24/25th March

Electro-optics/Laser International ’82 UK, at
Metropole Convention Centre, Brighton.
Details from: Cahners Exposition Group,
Cavridy House, Ladymead, Guildford, Surrey
GU1 1BZ.

25th March

Computational Techniques in Image
Processing, at Queen Elizabeth College,
London. Details from: The Meetings Officer,
The Institute of Physics, 47 Belgrave Square,
London, SW1X 8QX.

30th March/1st April

ETM ’82 and Sensors & Systems *82 (Electronic
testing and measurement) at Wythenshawe

" Forum, Manchester. Details from: Trident

International Exhibitions Ltd, 21 Plymouth
Road, Tavistock, Devon PL9 8AU.

30th March/lst April

CAD ’82, (Computer-aided design conference

"and Exhibition) at Brighton Metropole, Sussex.

Details from: IPC Exhibitions Ltd, Surrey
House, 1 Throwley Way, Sutton, Surrey SM1
4QQ.

4th-7th April

National Association of Broadcasters,
Exhibition, at Las Vegas, Nevada USA.

6th April

Current Research in Magnetism, at the
Insitutue of Physics, London. Details from:
The Meetings Officer, The Institute of Physics,
47 Belgrave Square, London SW1X 8QX.
12th-15th April

Electrostatics Conference, at St Catherine’s
College, Oxford. Details from: The Meetings
Organiser, Insitute of Physics.

13th-16th April

Basic Electronics for Teachers, at University of
Salford. Details from: The Administrative
Assistance (Short Courses) Room 110,
Registrar’s Department, University of Salford,
Salford M5 4WT.

20th April

Satellite Development in Broadcasting: M. W.
Harman, at Room $SG27, University of Aston,
Gosta Green, Birmingham at 6.30pm. Details

- from: The IETTE, 2 Savoy Hill, London

WC2R OBS.

20th-22nd April

International Conference on Video and Data
Recording (I.E.R.E.) University of
Southampton, Southampton. Details from:
Conference Registrar, IERE, 99 Gower Street,
London WCIE 6AZ.

20th-22nd April

All Electronics Show, at the Barbican
Exhibition Centre, London.

20th-23rd April

Communications '82, I[EE Conference and
Exhibition at the National Exhibition Centre,
Birmingham. Details from: IEE Conference
Department, Savoy Hill, London WC2R OBL.
22nd April

Microprocessor in Building Services: M. W.
Harman, at University of Strathclyde, Glasgow
at 6.30pm. Details from: IEETE, 2 Savoy Hill,
London WC2R OBS.

23rd-25th April

The Computer Fair, at Earls Court. (Sponsored
by Practical Computing and Your Computer)
Details from: Exhibition Manager,,

IPC Exhibitions Ltd, Surrey House,

1 Throwley Way, Sutton, Surrey.

28th April

Propulsion Research — Impact on Fuel/Emergy
Conservation, at Hawthorns Hotel, Woodland
Road, Pristol at 7.30pm. Details from: IEETE,
2 Savoy Hill, London WC2R OBS.
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SYMMETRICAL-OUTPUT

DIVIDERS

\Expanding on February’s article, the author first shows how further hexadecades
may be added to the previously described binary-programmable counter. A basic
b.c.d.-programmable counter follows and to conclude, details of how to add further
decades. These circuits are designed to accept and provide equal mark-to-space ratio
digital signals, and are programmable in integer steps. As frequency-dependent
components are not used, the speed of each circuit is only limited by the speeds of the

For dividing in the range 16<N=256,
whether or not N is a prime number is
important. If N is not prime then N = N

N and the divider cant be made using two'

programmable divide-by-1-to-16 circuits
described in the previous article. These
may be connected either asynchronously
or synchronously, the latter method being
‘the fastest. To divide synchronously it is
necessary to enable the 74C163 inputs as
shown in Fig. 9. To divide asynchro-
nously, the output of the divide-by-N cir-
cuit has to be connected to the input of the

logic devices used.

by Gerard Girolami
and Philippe Bamberger

divide-by-N; circuit. The latter solution is
not much simpler than connecting the di-
viders synchronously so the sacrifice in
speed is usually unwarranted.

On the other hand, if N is prime, this
solution no longer applies and it is neces-
sary to design a programmable divide-by-
1-10-256 counter using a slightly different
approach. The procedure is identical to

163 CLK

H|O
FoEE - E S I'}
| I
] I
I I
I I
| Ep |
" : I ) TC163  CLKf=— :
I T toed I
I I
I |
I [
| +
[ L I
] 1
| Comparator |
I I
I f
| |
| |

{.ood Og R

Fig. 9.Synchronous cascading of programmable divide-by-1-to-16 circuits. Hg is the input
and N4N, is the dlwsor N. This method only applies where N is not prime.

Iy kg Ig 1,

|

I3 1 1y Iy=Ish

77

10. Connecting binary adders for a programmable 1-to-256 divider, applying equations
(5 gand (6). 33 of the most significant decade is not used.
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that used for the 1-to-16 programmable
counter except that the relationships in-
equations (1), (2) and (3) given in the
previous article must be changed to force
the counter to ‘oscillate’ around the transi-
tion between counts 127 and 128. The new
equatons are:

L+D=255=2-1 (4
D —1I/2 = 127 if I is even (S
and

— I+ 1)Y2 =127 if I is odd. (6)

These relationships can again be imple-
mented using two binary adders as shown
if Fig. 10. .
As shown previously, it is possible to
find the logic relationships between input
and load data-as follows,
Lo=I® I,
L=+ L)el
and so forth up to
L6=(10+11+12+13+
Li+Is+ Ig)& I;
L;=
D=

o

B.c.d. programmable counters

If division ratios from one to nine only are
required, the previously described binary-
programmable circuit may be used. If,
however, a similar circuit is designed using
a decade counter, and the maximum divi-
sor range of one to ten is required, the
counter will have to ‘oscillate’ at the 4-5
transition, rather than at the 7-8 transition
as was the case with the binary-program-
mable circuit. This means that as Qp is
used as the output, the signal obtained will
not be square. In fact, if the dividing ratio
is from 1 to 6, there will be no output at
all. Tt is easy to get round this problem by
producing a logic 0 for states zero to four
and logic 1 for the remainder, but this
creates new problems;

— more circuits are required

— even with a synchronous counter, it is
difficult to avoid spikes on the output, so
the clock will have to latch the output
signal

— the maximum operating frequency is
lowered.

So, for division ratios from one to nine,
it is more practical to use a binary-counter
circuit. But the decade counter can be used
to advantage if division ratios up to 100, or
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1)

9’s complementer

e

Fig. 12. Two b.c.d adders connected to give p

an output of /2 when the divisor (1) is even,
or(l + 2)/2 when the divisor is odd. The
b.c.d. input value is shifted one position
toward the least significant bit and a
correction made through the adders when
the l.s.b. of each decade is logic 1. In the
original circuit, MC 14560 natural b.c.d.
adders were used.

ms.b.

biid

If D =18, itcan be written as
D = 1011 1000 thus,

L = 0100 0001 = &1

If D = 80,
D= 1000 0000 thus,
L=0111001=79

 Fig. 11. Inverters and 9’s complementers are used to
apply equation (7) when cascading b.c.d.-input
programmable dividers. Each additional decade will
require the use of another 9’s complementer.

Decade 3 {etc) Decade 2 Decade 1, Lsd (?fgﬁ,
| L
]
]
y v ' ; / } Y VY VY
By 0 A3 49 By o A3 Ay
-] Cauf cin» - [ouf cm
7/2 br.d odder b.c.d. adder z
Ls.d.
/__._J\_..\

AR 1 lr

)

i

i

By Ay

Cn ™ (ouf

By A By

binary adder

B &

b.c.d.odder

Ag
Cin

g

Fig. 14. Sections shown in Figs 11and 13 p
combined with comparator and division
circuits to form the b.c.d. input
programmable divider for ratios 1<|<100.
Divisors up to 160 may be used with this
circuit and further decades may be added.

even greater, are required. The follow-
ing describes such dividers for ratios
1<I<100, and further expansion.

For ratios 1</=<100, two dividers are
connected synchronously and are made to
‘oscillate’ around a given transition (at p to
p+1). It should be obvious from the
previous paragraph that a binary counter
will still have to be used for the most-signi-
ficant decade (m.s.d.).

If the output obtained is to be square,
and one is to be free to choose a division
ratio from 1 to 100, it is necessary to use
the transition between counts 79 and 80 (or
799 and 800 if three decades are used) as
the starting point.

Table 4 gives values for the following
relationships;

L+D=159 (N
D-1/2=79 ifliseven (8
D—( +1)2=79 ifIisodd 9

To apply the value 159, a 9’s comple-
menter must be used in the least-signifi-
cant decade, and four inverters for the next
decade, Fig. 11. In the original circuit an
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e

7

d Fig. 13. The two adders, as shown, perform a similar

function to those shown in Fig. 12, but by replacing the
most significant decade i.c. by a binary type, the
maximum possible division ratio is raised to 160 and
the m.s.b. may be used to change the input function.

i {Cloci

;Clock e

76163

output

Load

@
ot 70162

Ho

{input)

L

“A=B"
output
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&
M
o]
wun
P ™

Cascade

inputs

at 1"

Inverters

9's complementer

Bingry adder

-bit
msb

T

Cinpe

Cout b.c.d. adder

b.ed. or binary
data {see text)

j W Lsh of tsd.

b.c.c. data
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MC14561 9’s complementer was used. To
implement relationships (8) and (9), I/2 or
(I + 1)/2 must be in b.c.d., see Fig. 12.
The b.c.d. value is shifted one position to
the least significant bit, and a correction is
made through the b.c.d. adders when the
l.s.b. of each decade is 1.

This method works well, but it is pos-
sible to make more use of the MC14560
adders because their design is such that
arithmetical operations like 14 + P
(0=P<5), which are not supposed to be
valid in b.c.d., are possible and provide
the correct result. Consequently, rela-
tionships (8) and (9) can be applied
using a binary adder (for the m.s.d.), and a
b.c.d. adder, as shown in Fig. 13. This
circuit may be expanded to suit the desired
number of decades. Figure 14 shows the
complete circuit, which consists of the
previously mentioned sections with two
comparators and the dividers added. As
can be seen in Fig. 14, the b.c.d.-input
divider differs from the binary-input di-
vider mainly through the inclusion of a
b.c.d. adder for processing program-input
data and the 9’s complementer for the
counter-load data.

Two other interesting features-are in-
herent in the circuit;

— if the data m.s.b. is held high, the
maximum programmable ratio is 199,
whereas the maximum-possible division

Table 4; Divisor, load and detect (/, L and
D) values for the b.c.d. programmable
counter. This table is not given in full as it
is obvious how omitted values are derived
from the values given.

Divisor Load Detect

1 79 80

2 79 80

3 78 81

4 78 81
1 74 85
12 74 85
19 70 89
20 70 89
39 60 99
40 60 99
79 40 119
80 40 119
99 30 129
100 30 129

ratio is 160. Consequently, if a number
higher than 160 is programmed, the actual
ratio will be N — 160. For example if N =
173, the division ratio will be 13.
— if the data m.s.b. is held low, it is
possible to use the full potential of the
most significant digit, i.e., the input may
be programmed to give ratios from 1 to 15.
This means that the total division range
will be from 1 to 160, the ratio 160 oc-
curring when the value of the two input
decades is zero.

If three decades are required, the fol-

lowing additional components are needed;
— a decade counter between the binary
and b.c.d. counter (take care with the
carry and enable-output connections)

— a comparator

— a9’s complementer

~ a b.c.d. adder for input data (B inputs
of this adder are connected as those of the
l.s.d. adder).

C.m.o.s. i.cs were originally used for the
design and worked well up to 1MHz, de-
pending on the division ratio. Changing
the counters, comparators and gates to
74LS series i.cs will bring the maximum
usable frequency up to around 10MHz.
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ASCII KEYBOARD TESTER

A time-saving method for detecting faulty keys or data lines. Traditionally keyboards

have been tested by using a voltmeter or an oscilloscope in conjunction with a table

of ASCIl codes. This takes a long time and can be prone to error. The tester described
here can detect faults quickly and easily.

Fig. 1.The keyboard tester in outline.

by Waleed Habib Abdulla
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Fig. 2. The full circuit of the keyboard tester.
Figure 1 shows a block diagram of the 2805 +5v
tester. The ASCII code of each key is

stored in an e.p.r.o.m. which holds an
‘image’ of the keyboard. When a key is
pressed, the coded output may be com-
pared with the stored code from the
memory. Any mismatch will cause l.e.d.
indicators to light. A counter is used to
address the memory and is incremented by
the keystroke strobe from the keyboard.
Each time a key is pressed, the counter
increments to the next address. Thus the
keys must be tested in a set sequence gov-
erned by the order that they are pro-
grammed into the e.p.r.o.m. The full cir-
cuit is-shown in Fig. 2. There is an
up/down switch to reverse the counter,
switches to set a specific address in the
memory, a counter disable switch, ‘reset’
and ‘key test’ pushbuttons.

With the counter enabled and reset and
switched to the ‘up’ mode, it is possible to
press all the keys in sequence to check for
errors. If no l.e.d. is lit, then the keyboard
has no fault. If a l.e.d. should light then
the corresponding bit can be tested inside
the keyboard. It is possible to back-track
and retest a key by reversing the sequence
with the up/down switch. A fault may
come from an individual key or from a data
line. In the latter case, the same l.e.d. will
remain lit when a number of keys are
tested. To test a specific key the counter is
disabled and the address of the key is en-
tered on the switches. Pushing the key-test
button will effect the comparison. Alterna-
tively, one location in the memory (for
example address 00) could be left vacant.
Then with the counter set to that address,
and disabled, the pressing of any key will
cause the code coming from that key to be
displayed on the l.e.ds.

240Vac

l 220n 47n

o 2000p 500p

l 2000p

1- l l ~O0V
]_1000;; % 6v2

-0 -6-2V

Fig. 3. A suitable power supply. The voltage needed is + 5V at 220mA. The e.p.r.o.m.
requires a negative voltage between —5.5 and —9V at 20mA. Resistor value selected to suit

‘current rating of the zener diode.

Writing for Wireless World

"Notes for authors

Potential authors often ask us for advice on how
to present their material; fearing perhaps, that
anything of less than a certain grammatical stan-
dard may be rejected.

There is no basis for this belief: any article
which we think contains information of interest
to our readers, or which will add to their store of
knowledge, or which presents the design of in-
teresting equipment, is acceptable. We are
happy to correct any awkwardnesses of gram-
mar or spelling. All we ask is that articles con-
tain all the relevant information and include any
relevant diagrams or illustrations. Articles
should be original contributions and not just re-
hashed chapters from text books or application
notes. There is no need to use a formal tone — a
simple direct style makes for pleasant reading.

Diagrams need only be clear sketches, as
we re-draw them all to our own style, but they
must be clear so that the people in our drawing
office can follow and reproduce them. Photo-
graphs can be sent as slides, negatives or glossy
prints and will be returned, if this is requested.

We like to include brief biographical pieces
on our authors, preferably with a photograph. If
you have no objection to this, please let us have
the information with the article, as well as any
qualifications or honorifics that you may pos-
sess.

We pay for the articles that have been
accepted immediately after their publication.

If you would like to talk about a proposed
article, you may like to ring us on 01-661 3500,
extension 3590 or 3128.
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WAVEFORM
RECORDER

Digital waveform recorders are a
new venture for Hewlett Packard
but with their past experience in
test and measuring instruments
they have been able to jump in at’
the deep end. The HPS180 is a so
called ‘universal’ waveform re-
corder, that is, it can be used on its
own or under the control of a com-
puter. A 10-bit a.-to-d. converter
providing sampling rates up to
20MHz, and a 16K-by-10-bit
memory that can be divided into a
maximum of 32 segments form part
of the system. Digital triggering is
used so trigger times before or after
the event, and trigger voltages, may
be set and read accurately. One of
the functions of two adjustable cur-
sors is to pin-point a section of a
waveform for vertical and/or hori-
zontal zoom; these cursors may also
be used to set trigger points. The
front panel is, of course, designed
ergonomically but nevertheless
holds some 50 push buttons and
one multi-purpose knob. With this
in mind, up to four front-panel ser-
tings may be stored and recalled at
will. All the front panel controls,
and data i/o, are accessible through
the HP-interface bus and 16-bit
parallel d.m.a. (direct memory
access) at transfer rates of up to
IM-word/s is possible. Hewlett-
Packard Ltd, 308-314 Kings Road,
Reading, Berks RG1 4ES.

WWwW3iol

ELECTROMETER

Voltage, current, resistance and
charge functions are included on
Keithley’s model 614 electrometer.
On the three measuring ranges for
up to 20V direct, the 4 Y5-digit
meter’s input impedance is
5%10'3Q and 20pF; resolution on
the lowest range is 10uV. The most
sensitive of nine direct-current

=1

ranges has a resolution of 10fA and
the maximum possible current
reading is 2mA. Less than 200uV is
present over the terminals on all
current ranges. Resistances up to
200GQ) may be measured, also in
nine ranges and resolution on the
lowest range is 1{). Three other
ranges are used for charge mea-
surements down to around 10fC on
the lowest range and up to 20nC on
the highest. Outputs are provided
for a chart recorder and for guard-
ing when making voltage and cur-
rent measurements. A rechargeable
lead-acid battery is included.
Keithley Instruments Ltd, 1 Boul-
ton Road, Reading, Berks RG2
ONL.

WW302

TOOLS

This company has a wide range of
tools and has recently introduced
two kits, in wallets with zips, for
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routine servicing. The more elabo-
rate of these contains 25 tools, in-
cluding a miniature soldering iron,

de-solder braid, solder, pliers,
cutters, tweezers, a knife, an i.c.
extraction tool, scissors, a wire
stripper and a range of screwdrivers
and adjusting tools. Seven tools are
contained in the smaller kit, pliers,
side-cutters, tweezers and four
screwdrivers. The former, the
‘computer-service wallet, sells at
£39.50 including v.a.t. and
postage, and the latter, the ‘micro
wallet’; at £13.50, also inclusive.
Toolmail Ltd, Parkwood Industrial
Estate, Sutton Road, Maidstone,
Kent ME159LZ.

WW303

BEAD
THERMISTORS

Often, thermal and voltage/current
overloads in transformers, chokes,
motors, generators, etc., are sensed
by means of a p.t.c. thermistor. For
this application, the response speed
of a protection circuit is mainly de-

termined by the size of the thermis-
tor and the thickness of its protec-
tive coating. Compstock have a
range of general-purpose bead ther-
mistors which all have a nominal
resistance of 1k() at one of 13 tem-
peratures from 80°C to 180°C, and
each can be obtained as a bare pel-
let, resin dipped, sleeved or both
resin dipped and sleeved. For all 13
reference temperatures, -5°C re-
duces the resistance to 5502 and
+5°C increases the resistance to
1.3kQ. Compstock Electronics
Lid, Compstock House, London
Road, Stanford-le-Hope, Essex
SS17 0JU.

WWw304

VOICE FILTERS

Active voice-frequency filters for
use in telecommunications are
available from Barr and Stroud as
small p.c.b.-mounting modules.
There are currently four modules,
the EF117, 118, 118A and 119, all
with elliptic-type transfer functions
providing a minimum attenuation
rate of 40dB. The 117 is a band-
pass filter for the range 300Hz to
3.4kHz; attenuation variation be-
tween 350Hz and 3.0kHz is less
than +0.5dB. Both versions of the




118 are low-pass filters, the first
with a cut-off frequency of 3.4kHz
and the second (suffix A) with a
cut-off frequency of 1.8kHz. Using
the latter version, the upper part of
the voice-frequency channel is left
free to carry data. Lastly is the 119
high-pass filter with a cut-off fre-
quency of 300Hz and an upper
limit of 50kHz. Supply rails be-
tween +5V and 18V are required
for these modules. Barr and
Stroud, Melrose House, 4-6 Savile
Row, London W1X 1AF.

WW305

ANTENNAE FOR
MOBILE RADIO

A Swedish company, Allgon An-
tenn AB, has produced two anten-
nae, one for thé aeronautical and
land-mobile distress frequencies of
121.5 and 243MHz, and the other
an omnidirectional broadband type
for transmit and receive in the
range 225 to 400MHz. The first,
called simply type 4104 (shown in

d

photo) operates on both distress
frequencies simultaneously and can
be used in base stations, on mobile-
radio units and ships, or on heli-
copters and aircraft travelling at
less than 200mile/h. The second,
type 477, is a base-station antenna
covering the 225 to 400MHz fre-
quency range without tuning. In
the middle of this range, the anten-
na’s gain is 6dB. The maximum
average transmitting power is
1.5kW. Allgon Antenn AB, Box
500, S-184 00 Rkersberga, Sweden.
WW306

MODULAR
ORGAN KIT

A “budget-priced” electronic organ
with features only previously avail-
able on more expensive instruments
is claimed for the Wersi Comet.
Imported non-exclusively to the
UK from Germany by Aura Sounds
in kit form as well as in transport-

POWERIRAN _syaerelics 5
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able and spinet versions, it can be
bought in stages, the basic organ
comprising four packs totalling
£1293. Further packs include
auto-accompaniment, registration
memory/piano, and string/guitar
facilities, bringing price to about
£1900 against a factory built price
of £3,600. Satellite keyboards — up
to four can be connected with sec-
tions of the organ assigned to them
— cost £138 in kit form. The
makers claim numerous “‘realistic”
and interesting tonal colours
including synthesizer effects and
guitar voices as well as the more
traditional drawbar and orchestral
sounds. How far the claim to rea-
lism is justified is obviously open to
question, especially with auto ac-
companiment, but it seems much
the best at simulating pipe organs.
In addition to features now com-
mon to electronic organs and
synthesizers that rely on voltage-
controlled filters and amplifiers,
this microprocessor design also has
a program memory for 20 registra-
tions; and a key memory can play
background chords after notes are
released. A digital transposer can
pitch the organ in any key so that
tuning is not required. Aura
Sounds Ltd, 17 Upper Charter
Avenue, Barnsley, Yorks.
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GENERAL
PURPOSE
ROBOTS

Hydraulically driven robot arms
that can be controlled either
manually or by computer are manu-
factured by Powertran Cybernetics
for industrial, educational or home
use. Complete systems range in
price from around £600 to £800.
Each unit has its own 6802-
microprocessor control and hy-
draulic system, and is capable of
handling several pounds. One of
these units, the M101, has either
four or five axes of arm movement
and can be fitted with wheels cap-
able of carrying over 50kg. Com-
munication with a computer is
through an optional RS232 in-
terface. Powertran Cybernetics,
Portway Industrial Estate, An-
dover, Hants SP10 3NN.

WW308

CABLE
SIMULATOR

Cable transmission characteristics
are important in digital commun-
ciation systems, especially where
p-c.m. regenerators are concerned.
To reduce the amount of floor
space often required for testing
such designs, Wandel and«Golter-
mann have introduced the PKN-1
for simulating cables with conduc-
tors between 0.6 and 1.4mm diame-
ter. Cable attenuation is displayed
on a digital readout and adjusted by
means of two push buttons in steps
of 1dB at a frequency of 1MHz.
Both balanced and co-axial inputs
and outputs are provided and a ver-
sion of the PKN-1 with a 772kHz
reference frequency can be
supplied. A portable 200Hz to
620kHz level meter for mea-
surements on voice channels in

local and remote networks has also
been recently introduced by the
same company. This meter has an
analogue dB readout, a digital fre-
quency display and a built-in gener-
ator. Wandel & Goltermann GmbH
& Co., Postbox 45, Miihleweg 5,
D-7412 Eningen, F. R. Germany.
WW309

| the mauve reply-paid card. _
A communication terminal for en-
coding/decoding Morse or Baudot
is manufactured by Polemark Ltd
with inbuilt display, keyboard and
real-time clock. The Microdot is a
portable unit, microprocessor
controlled, and has a 2Kbyte r.a.m.
and 4K r.o.m., part of which con-
tains some frequently used abbre-
viations and test-text which may be
called using single key commands.
Both modulator and demodulator
are incorporated for c.w., f.s.k. and
a.f.s.k. (audio-frequency shift key-
ing). On receive, speed tracking is
automatic; three fixed speeds may
be set when transmitting and both
transmit and receive speeds are
displayed on the screen. Receive
and transmit may be carried out
simultaneously. The terminal’s in-
put may be connected directly to
the output of a receiver or tape re-
corder, and the output directly to a
transmitter. Self test is carried out
by connecting the output to the
input and supply requirements are
13.8V, direct at 2.4A. A price of
£395 including v.a.t. and carriage is
quoted. Polemark Ltd, 148-150
High Street, Barkway, Royston,
Herts SG8 8EG.

WW310
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First time on Earth.

Sharp bring you the MZ80B.
A machine that offers you functions
previously only associated with more
powerful,more expensive computers; that
gives you versatility to handle a huge range
of software and hardware applications in
scientific, business and personal use.

The MZ80B opens up a new world of
graphic display potential, more flexible data
storage and retrieval, and ease of operation.

Here is the computer from the future.
Available today.

Stunning Graphic Disploy.

Seeing is believing. The large-screen,
high-focus, green-face display
incorporated in the MZ80B gives you high-
resolution graphics of 320 x 200 dots.

An asditional graphic RAM can be
added which allows another 320 x 200 dot
resolution pattern to be displayed.

This dual high-resolution graphic
ability is especially useful for simulating and
displaying a dynamic picture. It can display
40charactersx 25 linesor80 charactersx 25
lines via software switching.

In addition there are facilities for full,
on-screen editing, reverse video, partial
scrollinganda fu% range of graphic symbols.

Character and Graphic Printer.

This fast, quiet printer will reproduce
your graphic displays and, of course, print-
out upper and lower case letters and
symbols. A tractor/friction feed version is
also available.

Doto Storage/retrieval.

The MZ80B has a remarkable
memory. 64K of RAM. And that constitutes
all the memory area, giving flexible storage
of any computer language and its software.
The cassette deck is electromagnetically-
controlled, with a data transfer speed of
1800 bits/sec combined with a unique

WIRELESS WORLD APRIL 1982

programme search
facility to make data storage
and retrieval super-fast.

Atypewriter-style keyboard
incorporates characters and symbols plus a
numeric key-pad and ten user-definable
keys for fast and simple operation.

BASIC s, of course, provided with
Z-80 Assembler Packages, PASCAL anda
BASIC compiler.

Floppy Disk Drive.

A twin Floppy Disk Drive unit can be
added which will give you 560 bytes of
storage on double-sided, double-density
disks.

Comprehensive nncuﬁientntinn.

Each MZ80B comes complete with a
full set of documentation including an
owners' manual giving full circuitdiagrams,
amonitor reference manual and
programming manuals.

WW — 011 FOR FURTHER DETAILS

intertoces

RS-232C and IEEE Interfaces are
available from January 1982 allowing the
MZ80B to communicate with scientific
instruments and other peripherafs.

(P/m22

CP/M* is also available making a
wide range of packages immediately avail-
able including wordprocessing, financial
modelling, data base management to
mention but a few. CP/M* also increases
the disk capacity to 680K.

(CP/M*Is a Trade Mark of Digital Research Ltd).

SHAIRP
“Fost, and ¢

SHARP ELECTRONICS (UK) LTD., COMPUTER DIVISION,
SHARP HOUSE, THORP RD., NEWTON HEATH,
MANCHESTER M1098E. TELEPHONE: 061-205 2333.

Iﬂhv on Eorth don’t you find

— —— —— — — am— —

l Pleas;E\/

me fullinformation on

the Sharp MZ80B computen\

I Name

I Address

l Tel

I To: Sharp Electronics (UK) Ltd., Computer Division,
Sharp House, Thorp Road, Newton Heath,

m‘anchester M109BE. Telephone 061-205 2333.
(wwa/82)
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tem No. ™ No. 2
238 TEKTRONIX PORTABLE OSCILLOSCOPE type 422. Dusl Trace 89 BELL & HOWELL TV CAMERA with SHIBAN FUINON TV Z0DM LENS FIZ$§ 1:1.1-20- TELETYPE PRINTE

239 TEKTRONIX STORAGE MONITOR type 613 f12s | ASR 33 — ASC11 Keyboard with 8 bit paper
tape punch & reader
£75

240 TEXAS SILENT 700 PRINTER Model KSRTX5-300 bawd.~~ """ I8 s AACAL 600MHZ DECADE DIVIDER type 9010
241 MARCONI UN{VERSAL BRIDGEwpu TF2700..... 91 RACAL UHF FREQUENCY METER typa 9835, (0-560MHZ
242 CALCOMP DRUM PLOTTER Model 564 QS 71 WAYNEKERR CDMPONENT BRIDGE typa 8521,
243 MARCONI AM/FM SIGNAL GENERATOR TRSSATLS. mwz) 1.5-220MHZ. . 72 B & K LEVEL RECORDER
244 MARCONI AC MILLIVDLTMETER TE2600 10RZ- 5MHZ .95 73 RHOOE & SCHWARZ UHF Fssr RECEIVER BN 1523 280-M4OMHZ
74 R& S FREQUENCY METER VHF-UHF. 30-300MHZ type W1D BN442
SR 10574 510 ToROMIE £35 75 A& S ATTENUATOR type DPR BN13042/50
i 76 HEWLETY PACKARD WIDE RANGE oscumon R type 20CD.
219 S.E.LABS oscm.oscors «ype smn Dusi Trace Soid Sate OC2MKZ. . HEWLETT PACKARD AUDID OSCILLATOR
= RADAR DISH AERIAL size 0511 with cou FERROGRAPH RECOROER TEST SET type B
1 EX-MINISTRY ASTS ?E ox. 271t Heavy duty with guys etc 51 BEMEX CROSSHATCH/DOT GENERATOR UHFNHF - -
o PHILIPS VIDED COLOUR TEST GENERATOR typo PMSZ2. 25 52 MARCONI AF Output Metar rtype TF6S3
223 As above but NO CAS 53 RHOOE & SCHWARZ NOISE ENERATDR SKI BN4TS1/2/80 3 T000MHZ
192 BELIX POWER UNIT ty, e GV . +/0-1000Vohs in 3 ranges £80 54 TAYLORRF SIGNAL GENERATOR
153 PHILIPS AUTUMATIC LECTRONIC VOLT OHM MErEn type PM2A0S 55 ADVANCE Q METER 1y
KAY ELECTRIC VARI-SWEEP odel 400 15-470! 55 ADVANGE PULSE GENERATOR typs PGSO0ZD
19 TAYLOR vALVE v LTMETER type 172A 57 AIRMEC MILLIVOLTMETER type 301
196 ROGERS DISTORTION FACTO R ohisiaA iz Tokiz i ..£15 58 TAYLOR VALVE TESTER type 450 ..
186 STP MULTITEMP !ype 10CA 59 B &K LEVEL RECOROER typs 2.'!)5 SﬂdB Potentiometer. Brand new with acces...
187 PYE PH METER M £% 60 B &K LEVEL RECORD! ERtype 2205
168 FENLOW LF. SPECTRUM ANALVSER 5 30a-TRels Cow CRART RECORDER._.... £5 61 MARCONI AM SIGNAL GENERATGR fype THA0IDAS 10-48SMHZ . —.
197 PLESSEY TELEGRAPH SIGNAL GENERATOR TSG10 weh TOMS type 70. Spoed S0-15- 62 MARCON] UHF SIGNAL GENERATORtyp
100 {2 units| 63 AVO TRANSISTOR ANALYSER type
198 As above but SPEED 46.5-50-75... 64 ADVANCE STABILISED POWER unmy e PP1 0-600V; 300M
199 HEWLETT PACKARD OIGITAL VOLTMETER typo 34304 ......... £75 G5 PYE SCALAMP 0KV AMS Mox ELECTROSTATIC VOLTMETER.
200 HEWI KARD WAVE ANALYSER Model 3024 (Ng case). 86 PYE SCALAMP 20KV RMS Max ELECTROSTATIC VOLTMETER
167 KNIGHTS SWEEP/MARKER GENERATOR LY, AF GENERATOR (2 onits) . £75 4 TEKTRONIX 561A with 3A1 & 383 Plug-ins. Dual Trace Oscilloscope
168 PRESTON DIGITAL MULTIMETER X-M: § TELEQUIPMENT OSCILLOSCOPE type DG1A. Oual Trace 10MHZ . £12.50 each. P&P £2.50
M e B e s sl s o b
170 /ARIABLE ATTENUA! & K ACCE MERPM!wpeEZ_
m SOLARTRON/SCHLUMBERGEH JM1861 Programmable Psaudo Random Signal K OEVIATION BRIOGE type 1503 %5 GENERAL l;tégm%g?gziLLOSCOPE
K MICROPHONE AMFLIFIER type 2602 £15
K MICROPHONE Ampunemyrg . Single beam. Size approx. 6x7x8%in. Weight
: ga‘{ ::Eghls:g ggg:ung: type :g}g 85 | 7Ibs. Ideal for the begtnner or school user.
pe NLY £35 each. P&P £4
et ;B e e oy Sl
2 1 4 Dpe il —— TEKTRONIX PLUG-INS
177 BRITISH PHYSICAL LABORATORIES MEGOHMMETER AM 16073 ... £35 15 HEWLETT PACKARD LCR BRIDGE type 4261A. ) : 4 | )
163 R&S RESONANCE FREQUENCY METER 30-500MHZ WAM BN431272. 16 HEWLETT PACKARD QLC METER type 434 o - TYPE D Single Trace High Gain DC Differential
164 AOVANCE SIGNAL GENERATOR ATOR typs E2 100KHZ-100M. - 17 AUTO TRANSFORMER 1.4KVA Pri Volts 90,240 Sac, 115 f £2
165 VIDEG CIRCUITS TUBE TESTE! £45 18 POLARAD FIELD STRENGTH METER typa FIM-B2 with RF Tuning Unit FiM-X2 760- | TYPE E Single Trace Low Level AC Differential
158 HEWLETT PACKARD oscm.oscors 1824 with 16064 and 18254, TSMHZ Dusl Trace POLARADIMICRO SRR R 0
Delayed Sweep. 20 WAVE SIGNA ndel M: 950-24001
159 MARCON! UNIVERSAL BRIDGE TF1313 4% 21 POLARAD MICOWAVE SIGNAL GENERATOR Modol MSG-2 7150-4600MIHL. TYPE G Single Trace Wide Band DC D'""“’"gg
160 AOVANCE DIGITAL MULTIMETER DMM2. : 23 TEKTRONIX CURVE TRACER type 575 .
161 TAYLOR AM-FM SIGNAL GENERATOR M, . KROHN-HIT'E BANO PASS FILTER Modai 530 TYPE L Single Trace 30MHZ High Gain
151 WAYNE KERR BRIDGE E typo B221 i 25 KROHN-HITE REJECTION FILTER Model 350A TYPE M 4 Trace DC-20MHZ
152 BELL 110A GAUSSM robe e = 26 MARCONI In S1TU UNIVERSAL BRIDGE type TF2701. Bamw Operated. TYPE O Operational Amlee
123 MARCONI SIGNAL GENERATOR TRAG1DITS 10.485 MRZ " 27 BRANDENBURGH HIGH VOLTAGE GENERATOR typs MASO . TYPE Q Transducer & Strain Gauge
154 AVO VALVE TESTER CT160. 28 PHII.I S FM ST'ERE) ERATOR type PM6456. Separate L&RS S;qnuls Carrier Fi TYPERT A Rise Ti ge.
155 ADVANCE AUDIO SIGNAL GENERATOR type J1A COMLD £/ 1% RE O/P St pk-pk E R Transistor Rise Time
kL3 MAncom WIOE RANGE OSCILLA‘ron mam 1ouz-1umnz TYPE TU-2 Testing
B R RO CCIEOWEHSUERN i gg ﬁﬁﬁi’é ENSAELEﬂlvE ?Fé"gsm" TYPE W Differential Comparator
86 GRUNOIG UNIVERSAL UHF CONVERTER type VS2 ... — ifferential Comparator..
§7 OECADE CAPACITOR 1413 with ANALOG LIMIT COM 37 MARCONI {SANGERS) MICROWAVE POWER METER tvoe 6598 with probe . ... R;E f fg'g’éf’sg N:Hf AT
COMPARATOR 1654 by GENERAL RADIO._... 175 PLEASE CHECK AVAILABILITY BEFORE ORDERING TYPE 151 Samplin ]
B8 ORSCCPE tvpe 526 COMPONENT LIST AVAILABLE § A € O PHONE AMPING.c.oscemorsnias

D (VISA) and ACCESS taken. 5ﬂ|clal orders welcome 3 s
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pni Monday to Saturday inc. Al units £6 carriage. Plus V.A.T. on tota

LTM

NORWOOD ROAD READING ' " TELEPHONE NO, READING 669656

{2nd turning left past Readm Technical College in King’s Road then first right — look on right for door with ““Spoked Wheel'’)

GREAT
n\CS “SERING

KSR33 {No punch or reader) £50
POP8 in 6ft RACK CABINET £100

AVO SIGNAL GENERATOR
No. 2 AM/FM
AM 0.45-225MHZ
FM 20-100MHZ
£75 each

IKEGA| 3
20" Black& White
Solid state. Video in. int. ext. Sync.
£75 each

SINE & SQUARE WAVE AUDIO GENERATOR
TYPE TE-22, 20HZ-200KHZ. Portable, as new
ONLY £35 each, P&P £4

Russian Type 4324
AC/DC volts; AC/DC current; ohms, etc. Brand
new, boxed.
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1mn WAYNE KERR VHF ADMITTANCE BRIOGE B80! &
1713 WAYNE KERR BRIOGE CETECTOR R161 .. — &
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THE W.W. DISK OFFER

We have obtained a limited stock of European
single sided mini floppy drives so please get orders

ing covered by our
TvaS At GUARANTEE

in soon
Circle the enquiry number for data
Total U.K. price including VAT at 15% and DIMPONE & Ready-E
carriage, CWO i A AR E DR

22''%xB Ya**x3 Va'’ and uses thumbwheel switches to select the pages. It includes
‘conceal/reveal and colour background facilitias.

ON I.Y £1 55 EACH IN CLUSIVE CTT1715 — Sale Prict: only £95 + VAT = £109.25
(Drive £132, P and P £2.78, VAT £20.22) WIBELESS WORI.D TELETEXT IIEGODEB K"

SALE OFFER SAVES 30% _romeiprics

Please make cheques and P.O.s payable to s o P e A
B i d ci it b d nd

W.W. Disk Offer and send to: GeRgaents neccassry o BTS the .

complete decocer. 'ﬁe o e g ® 'f

W.W. DISK OFFER A reprint of the s«geges ofiart-cltazs1ls .—} 'O vvC QQU > @ { ‘_1 (o4

5 . ilable at £1 + farge (] RS
49 M"ford Hl" ;fs' (aincalu:ed free in complete kit). = PSS ___1 L

Pri for the Version with Sat of PCB £16.30 + 50p P&P

Batford TEXAS X887 INCLUDING VAT, Co:r?ponensts Kitincl. PCBs........ £87.70 + £1.50 P&P

Herts Cabinet £12.90 + £1.00 P&P

Also PLATED THROUGH hole PCB at additional cost of £17.00

L i ili New Facilities “Board 3" Kit............ ...£23.10 + 50p P&P
Pleass call 0962429122 to c-heCk efiftEglability Ultrasonic Remote Control.............. ...£54.65 + 50p P&P

before orde”ng FULL FAULT-FINDING AND REPAIR SERVICE AVAILABLE
Allow 21 days for delivery. This offer applies to it v
UK Only and is SUbjeCt tO aVa||ab|||tY. For non Pey by Barclaycard, Trustcard, \Qsa:ard AclcesaeE;;o:;:dePé:’s‘;er Charge, etc. Cash, Cheque,

U.K. orders send SAE for quotation H.P.,or Catronics Creditcharg
H R o r fCB & ies.
Also a few double sided 8'’ drives of the same CB ocmateiangs ot GBrigs & accossarios. e
manufacture. Check for availability, c.w.o. price: g OMMUNICATIO 0
£395 + £5 carriage + VAT giving a total of c.w.o. 8 Dept. 224) 20 W ON SQ
price of £460 each CL N T N Y
WW — 088 FOR FURTHER DETAILS WW - 027 FOR FURTHER DETAILS
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LANGREX SUPPLIES LTD

Climax House, Fallsbrqol Rd., Streatham, London SVW16 6ED
Tel: 01-677 2424 Telex: 94670

051 | B 0.31 G 5.75 1.7 & 0.24
0.55+ 0.31 173 2.88 0.28 -
.12 1.38 | BCI72 0.13 0.46 0.32 2.02 2.88 0.29
0. 1.27 | BCI73 0.13 0.46 0.39 0.52 2.88 ; 0.06
. 1.1s | BC177 0.32 0.46 0.38 0.69 4.60 . 0.10
. 264 | BCI78 0.6 0.55 0.41 0.84 3.45 2.30 0.07
. 2.88 | BCI79  0.32 0.55 4.60 0.82 L1 2.59 0.07
. 2.88 | BCI82 0.13 0.58 2.58 0.54 173 2.30 0.07
. 3.45 | BCI83 0.13 2.30 0.23 0.84 2.30 0.31 0.08
; .. 288 | BCI84 013 1.38 0.23 1.50 2.30 1.38 0.10
4 b 015 | BCa2 0.13 1.36 L12 1.27 1.73 0.18 0.13 2N2368  0.29
AC127 029 | BAl48  0.17 | BC213 0.13 0.62 110 0.40 1.73 0.49+ 0.14 | 2N2369A 0.29
AC128 035 | BAlS4 0.12 | BC2l4 0.13 0.62 0.35 0.40 104 0.52 0.08 | 2N2484  0.29
AC141 0.32 BA1SS 0.13 | BC2 0.13 1.05 0.35 0.40 1.04 0.38 0.05 IN2646
ACI4IK 040 | BAIS6 0.2 | BC238 0.13 2.30 0.35 0.40 173 0.41 0.15 | N2%04
C142 0.32 | BAW62  0.06 | BC30l 0.38 1.73 0.35 0.30 0.98 0.62 0.15 2N2905
ACI2K  0.40 BAX13 0.07 | BC303 0.39 3.16 0.29 0.32 0.78 0.77 0.05 2N2906
ACI76 035 | BAXI16  0.07 | BC307 0.13 0.40 0.29 0.61 0.63 0.51 0w | 2N29%07 .
ACI87 032 | BCIo7 0.8 | BC308 0.13 0.18 0.29 0.75 LIS 0.48 0.10 | 2N2924 030 | 2NS4ss
ACI88 032 | BCl08 0.8 | BC2?  0.14 0.18 0.35 0.79 LIS 0.81 115 | IN2925 025 | 2NS4s9 L
ACY17 150 | BClo9 0.8 | BCR8 0.4 0.20 1.09 0.52 0.81 0.64 115 | 2N2926 017 | 28017 1150
ACYIS 132 | BCl13 017 | BC3¥7 0.14 0.20 0.31 4.03 0.75 0.49 115 | 2N30S3 030 | 25019  13.80
ACYIS 127 | Bcll4 017 | BC338 014 0.20 031 2.8 115 0.29 150 | 2N3054  0.63 | 28026  28.75
ACY20 127 | BC1IS 021 | BCY0 L4 0.28 0.33 2.3 115 0.4 037 | 2N3055 075 | 25103
ACY2i 132 | BC1l6 022 | BCY3l 173 0.5 1.38 1.38 0.75 0.62 037 | 2N3440  0.81 25302 2
ACY39 2.88 BC117 0.26 | BCY32 1.73 0.40 BTY79/400R QA7 0.69 1.38 0.26 2N698 0.37 2N3441 0.98 25303
ADI49 086 | BC118 021 { BCY33 127 0.40 230 | Oal0 0.63 0C82 1.04 | 28278 0.65 [ 2N708 144 | 2N3442 144 | 2832
ADl61 0.40 | BCI12S 021 { BCY34 1.15 0.40 BU205 150 1 OA47 0.14 0OC83 0.92 ZTX107 0.14 2N706 0.29 2N3%14 253 25324 4.03
ADI&2 040 | BCi26 021 | BCY® 391 032 | BU2s 1.7 | oAz 0.29 0C84 0.92 | ZTX108 0.4 | 2N708 029 | 2N3702 0.3 [ 28701
AF106  0.40 | BCI3S 0.17 | BCY40 322 032 | BU208 230 | QA9 0.14 OCI122 316 | ZTXI09 0.14 | 2N930 029 | 2N3703 0.13 | 25745A
AFI1l4 086 | BC136 022 | BCY42 035 | BFI& 035 | BY100 046 | QAs] 0.20 ocn3 230 | ZTX 0.15 | 2N1131 035 | 2N3704 013 | 257467
AF11S 086 | BCI37 022 | BCY43 035 | BF183 032 | BYI26 015 | QAsS 0.20 OCI139 345 | ZTX301 0.6 | 2N1132 035 | 2N3705 0.13
AFl16 086 { BCl147 0.4 | BCYS8 022 | BF184 032 | BY127 016 | 0a% 0.09 OCl40  4.60 | ZTX302 021 | 2NI1302 138 | 2N3706 0.13
AF117 086 | BCl48 014 | BCY?0 020 | BFI8S 035 | BZX6l 020 | OA9I 0.09 OCl41 493 | ZTX303 0.21 | 2NI303 092 | 2N3707 0.1
CAF139 038 | BCI49 0.5 | BCY7l 021 | BFI1% 0.16 | Series 0A9S 0.69 OCI70 144 | ZTX304 023 | 2NI304 138 | 2N3708 0.12
AFI86 LIS | Bcls7 015 | BCY72 020 | BFI9S 0.14 | BZY88 012 | QA200 0.7 0OCi71 L44 | ZTX311 015 | 2N1305 115 | 2N3709 013
AF239 045 | BC1S8 0.5 | BCZ1l 201 { BF1% 0.15 ies 0A22 017 OC200 173 | ZTX314 029 | 2NI306 173 | 2N3710. 0.12
AFZ1l 460 | BCIS9 015 | BDIS 048 | BFI97 0.6 | CRSI40 069 [ Qaz11 173 | OC201  2.88 | ZTXS00 0.6 | 2N1307 127 | 2N3711  O.12
AFZ12 460 | BCl67 0.13 | BD121 196 | BF200 046 | CRS340 0.86 | QAZ200 1.73 0C202 3.06 | ZTXS0l 0.6 | 2N1308 201 | 2N3771 L6l
ASY26 1.61 | BC170 0.13' | BDI123 3.2 | BF224 0.29 CRS¥60 104 | OAZ201 173 0C203 3.45 ZTXS02 0.21 2N1309 138 | 2NI7TI2 1.4
ASY27 104 BC171 0.12 | BDI24  2.30 BF244 032 GEX66 3.45 | OAZ206 1.73 0C204 3.45 ZTX503 022 INI613 037 2N3773 207
VALVES EI30L  19.39°| EFS6 1.74 | GXUI 16.10 PC97 138 | QYS5-3000A UL84 138 | 4B32 29.16 6CW4 8.83 12BE6 2.79 5670 518
EIS0CC 1139 | EFg9 184 | GXU2 28.43 PC900 1.38 356.66 | UMB0 115 74.75 | 6D2 1.01 12BH7  1.29 5675 2047
Al834 1035 | EISOF  7.83 | EF91 207 | GXU3  30.49 PCC84 115 | QZ06-20 34.16 | yya 144 | 4CX250B 5L75 | 6DKé 3.00 | 12BY7 311 5687 6.31
A2087 1358 | EI82CC 13.80 | EF92 6.68 | GXU4 3277 PCC85 138 | RI0 575 | Uyss 1.20 | 4CX350A 20.50 | 6DQéB  4.69 | 12El 19.67 5696 435
A2134 2013 | El186F  12.58 | EF93 115 | GXUso 17.25 PCC88 1.38 189 | VLS631 1524 | 4XIS0A 2441 | 6EAS 338 | L2ZENITT 19.26 5718 7.87
A2293 8.62 | EIS8CC 9.40 | EF%4 124 | GYsol 316 | PCC89 1.5 | RI8 489 | XG1-2500 58.02 | 4X150D 28.75 | 6EB8 2.4 12E14 3450 | 5725 562
A2426  17.63 | E280 25.88 | EF95 627 | Gz32 1.44 PCC189 161 | RI9 138 | XG2.6400 SB2s4M 2312 | 6EW6 L7 | 1361 123305 5726 362
*A2521 2438 | E283CC  9.02 | EF%8 1.4 GZ33 4.60 PCC805  1.51 R20 1.66 113.50 SB2SSM  23.12 6F6 2.02 19H4 28175 $727 6.47
A2900 1443 | E288CC 18.54 | EFI83 092 | GZ3M 288 | PCC806  2.07 | RG3-250 35.77 | XGS-500 28.23 | SC22 74.75 | 6F23 184 19H5 4025 5749 §14
A3343 51.75 EAS2 28.18 EF184 0.96 GZ37 4.60 PCES82 2.07 RG3-250A 37.49 XG2-6400 .| SJ180E 1380.00 6F28 133 24B9 55'20 5751 4'30
AZ3] 126 | EA76 2.30 | EF804S 1265 | KTél 4.02 PCF80 115 | RG3-1250 63.94 155.42 | SR4GY 4.3 | 6F33 3450 | 30C15 i 5763 466
G, o8 Do | EES w8 | K6 W3 |GE ) BHRSR e | M D5 8 R xor G | e o2
110. . 90 d KTS8  13.80 84 0. s3.88 | SU4GB 2.0 . i g
BK484  149.09 42 144 | EK% 124 | KTWel 202 | PCF87 184 | RR3-250 53.54 | XR1-3200 87.18 | SVAG L75 | 6H3N L2 ;glcr;s :g; gg:g I;'%
Spx EAF801  2.02 | EL® 1.73 KTWe62  2.02 PCF200 3.74 RR3-1250 94.83 XR1-3200A SY3GT  0.98 6H6 1.3 30FLI2  1.28 5876A  19.55
BS810 gc.is 84{ Ho ELSJTH 4g§ KTW63 z.gz l;ggg: fg g:;glz S;ig 9315 | 323 1.73 g}‘ 6-“‘1 FLI2 207 5879 538
8.13 9 01 253+ | M80T9 2.9 . . XR1-6400 524G 175 6 6.2 i
B nes | Ehows b0 | ‘EDaMUr 31 | Macss 540 | PCRem 219 | Sine 4o LoH0 e | szaGT 175 | €1 e | BT A R
BT19 317 | EBCAl 144 | EL36 184 | msosl 1130 | PCF805 184 | STV280-40 XRI-6400A 6-30L2 179 | 6K4N L4 | 1) 2.07 5965 4.00
BT29 32769 | EBC8I 126 | -EL4l 144 | Msos2 987 | PCF806 1.4 b 164.23 | 6AB4 144 | 6K6GT 150 | 3117 2007 6005 5.62
BT69 333.50 | EBCO0 097 | EL42 202 | Msoss 854 | PCF80S 134 | STV280-80 YDI1120 26450 | 6AB7 1.73 | 6K7 1.73 | 30p4 1.06 6021 513
BT7S  102.46 " | EBF80 0.58 | ELSI 4.0 MB091  11.99 PCLS82 1.15 24.15 YDI240 366.62 6ACT 1.61 6K8 .02 30P19 138 6057 4.02
BT9S  127.02- | EBF83 144 | ELS$3 4.03 M8096 431 PCL83 230 | Su4l 2.88 Z759 1932 | 6AF4A  1.84 | 6KD6 731 30PL1 288 | 6058 12.47
CBL31 230 | EBF89  0.97 | ELs4 115 | M8097 409 | PCL84 115 | SU4 1035 | ZM1000 603 | 6AGY 230 | 6l 288 | opLl4 193 6059 460
CL33 2.30 | EBL3 288 | EL86 2.88 MB098 5.50 PCL8S 1.24 TD03-10 32.78 ZM1001  6.19 6AH6 5.52 6L6GA L.73 0OPLIS  2.07 6061 4.89
Ccy31 115 | EC% 1.28 | EL9 1.10 M8099 598 | PCL86 124 | TDO3-10E32.78 | ZM1020 10.83 | 6AKS 415 | 6L6GT 2.4 | 35wy 0.69 6062 43"
R oup W i HE MM oan | il | Reston | gum sy |are g @ R e i | g g
1. 44 151 M8136  9.98 . . ¥ 6ALS 101 | 6 .30 .
SN BB B awgs | ELiss  2med | M1 97 | PEOc4N 3140 | TI2 1698 | Zaioss wey | eaMa 265 | ene 12 | 18 33 6067 o
DA41 28.75 3 4.02 | EL360 9.77 M8140 5.17 PFL200 207 | TTZ 16.98 ZM1040 22.26 | 6AMS 8.21 6N3P 1.21 8SA1 8.63 6072 5.80
DA42 21.51 | ECC3S 4.02 | ELS00/504 2.16 Ms141 5.52 PL36 138 | TT100  59.51 ZM104] 1916 | 6AMS6 207 6N7 173 85A2 2.75 6080 7.88
DAloC 9793 | ECC40 230 | ELS09  3.63- | MsiM2 1.77 | PL81 138 | TY2.125 69.01 | Zmiloaz 2044 | SANS 445 | 6P25 414 | 90AG 149 6097AxBXC
DAF91  0.46, 101 | EL&2l 119 Msl44 431 | PLEIA 138 400 74.07 | ZM10S1 100,05 | 6ANSA 397 [ 6Q7 253 | 90AV 1490 166.75
DAF% 115 | ECC82  0.82 | E[822 1255 M8149  S5.8¢ | PL82 138 | TY4500 10597 | jpacr 258 | 6AQS 110 | 6R7 2.07 | g0C) 3.35 6146A 1224
DET22 3278 | ECC83 101 M34 5.75 Mglél 9.1 | PL83 2.55 | TY5-500 187.45 | g4 1150 | 6AS6 5.73 | 65A7 167 | 90CG 1672 6146B 934
DET24  52.90 CC84 136 M80 126 | Msie2 1036 | PL34 124 | TY6-800 19320 | p3sa 2875 | 6AS7G  9.49 | 65C7 L73 | 90cV  17.50 61598 1991
DF91 0.46 | ECC8S 138 | EM8I 115 M8l63  5.17 | PLSOMS 1.61 | TY6-5000A 1B&3 5750 | 6ATI 0.98 | 6SF7 183 | 92AG 1490 6139 10.03
DF9% 1.15 | ECC86  2.30 [ EMm84 115 -{ M81%0 529 | PLSO8 2,07 356. IRS 121 | 6AUSGT 497 [ 6SH7 L7 | 92AV 1490 6201 10.92
DK91 121 2.07 | EMSS 1.44 M8195s  4.25 | PL509 373 | TY6-5000B 18§ 046 | SAU6 1.24 | 68)7 184 | g5p) 7.48 6442 17.25
DK$92 1.4 | ECCE9 1.88 | EMS?7 1.73 M8196 7.47 | PL519 3.73 264.50 1T4 0.46 6AVSGA 4.52 | 6SK7 1.50 150B2 347 68838 14.64
DK% 1.26 CC91 1027 | EN32  13.66 M8204  6.57 | PL801 127 | TY6-5000% 24815 1150 | 6AV6 0.98. | 6SK7GT 3.8 [ ;503 6.39 6973 438
pL92 126 | ECC189 1.90 | EN9I 2.94 | M8212 1247 | PL8D2 3.40 3M6.25 | 3C39A 2185 | GAXSGT 3.57 | 6SNIGT 184 | j50¢3 221 7028 273
DL 138 | ECC807 2.02° | EN92 5.23 M8223 3.80 PY33 1.27 | TY7 A 2Cay 2070 6B 173 65Q7 1.50 150C4 295 7551 6.45
DR, LB Gu | En pm | Mmoe M R e 3B I L@, B0 4R G0 s | B
. . d M 2 X 6BA6 1.15 ! i
DISIS 1237 | ECF& 138 | EYss 202 | Msi8 1332 | PYs3 0.81 322 STk sigsl | (BLSG o 280 | R s e
DLSI6  12.37 F86 1.73 EY84 10.57 MU4 1.713 PY88 1.01 TZ40 28.75 258 239.97 6BASA 431 6U8 0.92 805 23.00 7868 5.04
DLS19 12.37 | ECH3S 230 | EYS86 0.96 MX119  58.65 PYS00A  2.07 Ul18-20 2.88 J0a 4275 6 4.7 6USA 3.38 807 431 7895 13.25
DM70 14 | ECH2 132 | EYss 2.02 MX123 67.85 | PY800 097 { U9 15.81 | 3J70B 41834 | 6BE6 1.24 | 6V6GT 184 | g)|p 2108 8005 86.40
DM71 144 | ECH8I 138 | EYS00A 2.23 MX145 6200 | PY30) 0.97 1. 2K2s $035 | 6BH6 1.75 | 6X4 138 -'| gaa 2108 - | 8068 6.33
DMI60 396 | ECHS3 144 | EY802 94 MX151 17.25 | 'QQV026 1617 | U6 166 | 3400z s7.50 | 6BJ6 1.24 | 6X5GT 097 813 s -ls 8122 6011
DY$? 074 | ECHS4 147 | Ez38 97 | MXi52 14375 | QQV03-20A U7 1035 | 3500Z 3.25 | 6BK4 4.84 | 7B7 196 | gi3a 1034 | 813 2.48
DY802 0.96 | ECL80 115 | EZ4o 14 MX161 166.75 UABC80 1.44 IAS 2.70 6B 97.75 7C5 340 866, 1;'51 8417 6.76
ESSL 25.17 | ECLSI 1.73 | EZ41 1.44 MX163 2311 QQV06-40A UAF42 1.4 IB24 9.20 6BLIGT 4.4 7C6 2.60 872A 24.69 18042 8.63
E80C 11.27. | ECL82 115 | EZ#0 0.96 MX164 2795 47.15 1 144 3p58 1650 | BM6  97.75 | TH7 2.30 922 5.0 18045 . 12.06
.E80CF  12.96 | ECLS3 173 1 EzZ81 0.9 MX166 161.00 | QQV07-5060.66 | UBCAl 173 3B29 11.50 6BN6 1.89 R7 1.73 9314 18 g - =
1E80F 14.19 | ECL34 L6l | EZ%0 1.38 MX168 " 48.30 | QQZ03-20A UBF89 138 | 3pyom 17.25 | 6BQIA  -4.28 - 787 2.59 1624 z'§9 Tested
EOS S e | g NS 20.13 G yaey gggg; 126 |382am 1725 | SBR7 aen || 18] e 1% Ex Equipment
¥ . - i 2.30 06-40. . L 6BRS 2.02 4 .13 i
ESIL  14.06 | EF37A 402 | GL37IK 4140 | OA3 59, 6337 | UCFs0 132 N R |t B Bt it o [ 77
ES2CC  7.03 | EF39 316 | GSSIK 12.65 | OA4 402 | QUI7 1438 | UCH® 138 | 3 %|00as 6BW6 460 | 12AT6 138 | 100 30475
E83CC  7.16 | EF 3.45 | GIS0.2M 18.92 OB2 1.44 V03-12  5.62 | UCHS1  2.67 00 | 6BW7 175 | AT 101 | ssg4 62.10
13.23° | EF4l 230 | G2402D 12.85 | OB3 2.20 Vo4-7 2.8 | UCLS2 120 | 3pp 2967 | 6BX7GT 570 | 12AU6  2.97 | 5s4¢ 6788
ES8C 7.12 | EFQ2 2.30 1K 1928 [ o2 3.4 | Q03100 UCL83 1.6 | 353 126 | 6BZ6 273 | RAU7 083 | sSsia 10306)
ES8CC  3.86¢ | EF50 173 | GN4 8.6 oc3 2.20 137.08 | UF4l LIS | 3va 138 | 6C4 Lol | I2AV6 255 | S50 165098
C  9.94 | EF54 5.75 | GN4A 8.62 oD3 220 | QY3465 57.06 | UF42 144 | eca 2915 | CBsA 286 | 12AV7 400 | SS53A 259710
EQF 1139 | EFSS 2.88 | GS16 10.35 | Oz4 1.84° | QY3125 6240 | UF80 166 | g125A 4199 | 6CD6GA 583 | 12AX7  1.01 | 55 .45
E9IH s.34 | EF80 092 | GTIC 1438 PC86 161 | QY4250 77.05 | UFs5 166 | 42608 4199 . 262 | 12AY7 469 | sgs4 3";3
ESICC 940 | EF3 403 [ GUSO 1431 | PCss 161 | QY4-400 80.44 | UF89 166 | 44004 5205 | 6CH6 1196 | IZBIA  3.62 | g5y 466
E®F 1016 { EF85 09 | GUSI 13 PC95 1.49 | QYS-500 168.83 | .A7L41 2.8 e 6CL6 412 | 12BA6 252 § :
=5 74136 0.59 .| 74178 17 TBA4 1
INTEGRATED CIRCUITS |2 & T 13 | TBAsng 265
7400 0.18 7423 0.38 7460 0.21 7497 3.62 41 2.64 74178 1.56 TBAS30 8
b . ; 74143 2.9 74179 1.56 TBASHQ 2.65
S 7401 0.20 | 7425 0.35 | 7470 0.44 | 74100 L.77
BASES 7402 020 | 7427 035 | 74m2 038 | 74107 052 | 74144 299 | 74180 138 | TBASS0Q 3.70
BGumkined 0.25 | JARL 078 | SADPL 4025 | VCREIA 14 | 7m 020 | 7428 050 | 7473 04t | 74100 oms | 74145 125 | 74190 219 5
B7G skirted 0.35 | 3pp) 150 | scpt 5o | 'VCRsi7A 1150 | 7404 021 | 7430 0.20 | 7474 0.44 | 74110 0.59 74147 2.30 74191 219 3.70
B9A unskirted  0.25 | 3np) 575 | SCPIA 46.00 | VCRSIZB 11550 | 7405 0.21 | 7432 0.35 | 7475 0.62 | 74111 0.82 74148 2.02 74192 2.19 TBA673  2.52
"B9A skirted 0.35 b F . 7406 049 | 7433 0.46 | 7476 048 | 74116 2.13 74150 2.07 74193 219 TBA700  1.75
o oo | 2EGY 8.05 | SFPISA 17.25 | VCRSI7C 11.50 | ;400 049 | 7437 037 | 7480 osd | 74118 115 74151 1.08 | 74194 1.4 TBATQ 2.65
"Locul 0.63 | 3EF7 ool 7408 023 | 7438 037 | 7482 08s | 74119 177 | 7414 207 | 74195 138 | TBA750Q 2.38
Nuvistor base  0.86 [ 3yp; 5 o DG;'5 : 7409 0.23° | 7440 0.37 | 7483 LIS | 74120 0.95 74155 104 | 741% 155 TBA800 1,38
8pin DIL 017 3Jn ;§ DG7-§; boiii| PSR o 7410 0.20 | 7441 104 | 7484 121 | 74121 049 | 74156 Lo4 | 74197 155 TBA920  3.34
14 pin DIL 0.17 3JP7 150 | DH3S1 6765 | Priceson 7412 033 | 7442 0.83 | 7486 045 | 74122 0.71 74157 0.86 74198 3.11 TBA20Q 3.34
16 pin DIL 0.20 31”1 1738 DH;- i aareat |l Eeericanian 7413 0.37. 7447AN 135 | 7490 0.69 | 74123 136 | 74159 253 | 7419 2.64 TBAY0Q .34
Valve screening IRP w03 | Vo ;‘7 %) PP 7416 037 | 745 0.21 {7491 0.94 | 74125 0.67 74170 276 | T6013N  2.02 TCA270Q 3.34
ansalisizes ~ 0.35 | RN $25 | VORI %o u 037 | 7481 o | 7452 0 | Ml 0 i 06 | TAASIO  26s TCA760A 1.59
: g 7420 b 0.21 .69 4128 0.72 . S 4.02
; 7422 023 | 7454 0.21 | 7494 0.94 | 74132 0.83 74174 1.84 TAA700  4.50
Terms of business: CWO. Postage and packing valves and iconductors 58p per order. CRTs £1.73. All prices include VAT, Telephone 01-677 2424/7
Price ruling at time of despatch. Telex 946708
In some cases prices of Mullard and USA valves will higher than those advertised. Prices correct when going to press. E. & O.E.
Account facilities available to approved panies with mini order charge £10. Carriage and packing £1 on credit orders.
PP v v q
_Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S AE. Open to callers Monday-Friday 9 a.m.-5 p.m.

WW — 042 FOR FURTHER DETAILS
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CUnSorn's

{ELECTRONICS) LTD. |
9 & 10 CHAPEL STREET, LONDON, NW1
"01-723 7851 01-262 5125

ADJACENT TO EDGWARE ROAD MET. LINE STATION

PLEASE ADD 15% TO ALL ORDERS INC. CARR.
CURRENT RANGE OF NEW L.T. TRANSFORMERS

OPEN TYPE TAG CONNECTIONS
ALL PRIMARIES 220-240V
Type Sec. Taps Amps Price Carr.
1 24-30-40-48-60v 12 £36.50 £2.00
2 24-30-40-48-60v 10 £31.50 £2.00
&3 24-30-40-48-60v 8 £27.50 £1.75
4 24-30-40-48-60v 5 £16.75 £1.75
£ 24-30-40-48-60v 3 £11.50 £1.25
6 24-30-40-48-60v 2 . £7.50 £1.25
6-8-10-12-16-18-20-24-36-40-48-60V
CAN BE OBTAINED FROM THE ABOVE RANGE
7 19-25-33-40-50V 10 £27.50 £2.00
8 19-25-33-40-50V - 6 £19.50 £1.75
9 19-25-33-40-50V 3] £9.25 £1.25
10 19-25-33-40-50V 2 £1.75 £1.25.
5-7-8-10-13-15-17-20-25-30-40-50V
OR 25-0-25V OR 20-0-20V CAN BE
OBTAINED FROM THE ABOVE RANGE
n 12-15-20-25-30V 10 £18.50 £1.75
12 12-15-20-25-30V 5 £10.50 £1.50
13 12-15-20-25-30V 2 £6.25 £1.25
3-4-5-6-8-9-10-12:15-18-20-24-30V
OR 12-0-12V OR 15-0-15V CAN BE
OBTAINED FROM THE ABOVE RANGE
14 12-24w 12v 60A, 24v 30A  £39.50 £3.50
15 12-24v 12v 30A, 2av 15A  £19.50 £2.00
16 12-24v 12v 20A, 24v 10A  £15.25 £2.00
17 12-24v 12v 10A, 24v5A £8.75 £1.50
18 12-24v 12v 4A,24v 2A £4.25 £1.25

HEAVY DUTY ISOLATION
TRANSFORMERS
240-240V ex-computer equipment.
Large selection available 10-15 amps.
Fraction of maker price. Telephone for

~ further details.

SPECIAL OFFER HEAVY DUTY
TRANSFORMERS
Pri 240V sec 50V 15 Amps. Twice
will give 100V CT or 50V 30A. Open
frame type. Terminal block primary.
Sec heavy wire leads. Frame size

INDUSTRIAL AUTOMATIC 24 VOLT
20 AMP BATTERY CHARGERS
AC input 240V 50Hz. DC output 24V
ZqA: Built in steel case size 15x 12 x
812 ins. Complets with battery leads
£85 + V.A.T. Callers only.

HIGH-GRADE TRICKLE CHARGERS
Input 240v AC. Output 12v DC 2 Amps.
With mains lead. red and black battery
leads with attached clips. Completely
fused. Housed in wall mounting, steel

case size 6 x 434 x 4in. £4.50. P&
plus VAT. Total £6.90.

£1.50

. ISOLATION TRANSFORMERS
Pri tapped 220-240V sec 240V 500 watts.
Open frame type, top panel connections.
Ex-equipment, but in perfect condition,
£15, carr £3, V.A.T. £2.70.

BERCO VARIABLE TRANSFORMERS
Type 42A panel mounting, input 240V,
output 0-270V 2A with control knob. Ex-
equipment, but in parfect condition, £10,
P&P£250, V.A.T. £1.88.

8%2 x 7 x 5 inches. Screen winding
between pri and sec. Brand new,
fraction of list price, £32, carr £5,
V.AT. £5.85.

—
HEAVY DUTY LT C CORE
TRANSFORMERS
Pri 110-220-240V Secs 14V, 3V,
112V, 1V. Separatg windings. All at
40 Amps. 14-15-1512.17-18-1812-19-
192V can be obtalned. £25, carr £4,

VAT.£4.35.

HEAVY DUTY LT TRANSFORMERS BY
FAMOUS MAKERS

Pri 220-240V sec 70-0-70V 10A C core
type top panel connections £20, carr £4,
V.A.T. £3.60. Pri 115-220-240V sec 22.8V
10.5A and 10V 14A open frame tag panel
connactions £10, P&P £2, VAT, £1.80.
Pri 220-240V secs 40V BA. 38V 4A. 20V
4A 30V 2.6A. 26V 2.6A 28V 2.5A. 51V 200
M/A £15, carr £3. Pri 110-220-240V secs
14V 5A. 14V 212A. 12V 10A. 8V 10A. 24V
1A. Separate windings £10, carr £3,
V.A.T. £1.95. b

IMPORTAN

[T NEWSI)

We would like to announce the opening of our new branch at 21-23 BELL ST., NW1. It
will, of course, stock our fantastic range of products that have made us famous over the
past 25 years, PLUSI| many new ranges, i.e. computer and electronic components, test
equipment, panel meters, multimeters, semiconductors, ICs and a large selection of

plugs and sockets.

WHY NOT PAY US A VISIT —~ IT COULD SAVE YOU POUNDSII

SPECIAL OFFER. HIGH POWER AMPLIFIER
TRANSFORMERS

Pri tapped 120-240V sec tapped 34-29-0-29-
34V 6 amps and 46V 1A. Open frame type. Tag
connection. Size 5 x 4%2- x 4 ins. £9 inc.

postage and V.A.T.

) MONITORS
12 inch monochrome chassis, suit-
able for use with home computers.
Video input. Overall size of chassi
16 x 14 x 14 ins, €45, V.AT. £6.75.
Callers only.

HEAVY DUTY OP TRANSFORMERS
Ty}:)e OT28EL 100 watts, 3.76Q, 7.5Q, 150, 1.75K CT, 4 EL34 2x25
mia dc max, £15.50, P&P £1.25. Type OT29EL 50 watts, 3.750, 15§,
3.5K CT, rated 2x125 m/a dc max £8.95, P&P £1.

AUTO STEPDOWN TRANSFORMERS

FOR AMERICAN EQU