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You simply can't make it
any clearer.

For the address of your nearest dealer together with full details of the Shure Microphone range, write to:
HW international Dept WW. 3-5 Eden Grove, London N7 8EQ or telephone: 01-607 2717.
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Front cover is John Linsley Hood'’s
strain-gauge weighing scale,
photographed by Alan McFaden.
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THE PERSUADERS

COMMUNICATIONS COMMENTARY

STRAIN-GAUGE WEIGHING SCALE
by Jd. L. Linsiey Hood

PRECISION PREAMPLIFIER
by b, Seil

NEXT MONTH

Battery charger. A Wireless
World design for recharging up
to 15 NiCd cells in series. It

has automatic shutdown and
uses a switch mode source.

Careers. Where you should
train, where you should go for
a job and how much you can
expect to be paid — all
investigated by an experienced
job-finder.

Tone-burst gate. Provides
burst or square-wave output
with variable duty cycle of 1-
9999 to 9999-1.

Video disc information
retrieval. Using a computer
and disc player in an
interactive information
storage system.

Current issue price 80p, back issues (if
available) £1, at Retail and Trade Coun-
ter, Units 1 & 2, Bankside Industrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor.

By post, current issue £1.23, back issues
(if available) £1.80, order and payments
to EEP General Sales Dept., Quadrant
House, The Quadrant, Sutton, Surrey
SM25AS Tel: 01-661 8668.

Editorial & Advertising offices: Quad-
rant House, The Quadrant, Sutton,
Surrey SM2 5AS.

Telephones: Editorial 01-661 3614. Ad-
vertising 01-661 3130, See leader page.
Telex: 892084 BISPRS G.

Subscription rates: 1 year £15 UK and
£17 outside UK.
Student rates: 1 year £9.35 UK and
£11.70 outside UK.
Distribution: Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.
Telephone 01-661 3248.
Subscriptions: Oakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 3DH. Telephone: 0444 459188.
Please notify a change ot address.
USA: $44 surface mail, $93.80 airmail.
Business Press International (USA).
Subscriptions Office, 205 E.42nd Street,
NY 10017.
USA mailing agents: Expediters of the
Printed Word Ltd, 527 Madison Avenue,
Suite 1217, New York, NY 10022. 2nd
class postage paid at New York.
Business Press International Ltd 1983
ISSN 0043 6062.

CURRENT DUMPING REVIEW
by M. Mcloughiin

RAPID-UPDATE DIGITAL RATEMETER
by PO, Coleridge-Smith

MICROCOMPUTER ANALYSIS OF LADDER NETWORKS
by L E Weaver

NEWS OF THE MONTH
Occam programming  Sateilite news  Light-tibre multiplexer

WORLD TIMING ASSESSMENT USING H.F. BROADCASTS
iy B. C. Macario and G. B. Munrg

CIRCUIT IDEAS
Dol malrix display  G-digit counier  Current sensor

IMPROVING STEREO AT L.F.
hy ¥, Hirala

PROBLEMS IN SPECIAL RELATIVITY
hy | MoCausland

USING A MICRO TO PROCESS 30-LINE BAIRD TV RECORDINGS
by D. F. Melean

ASSEMBLY-LANGUAGE PROGRAMMING
by B. F. Coates

FORTH COMPUTER
hy B. Woadrotie

NANOCOMP TO TTY INTERFACE
hy P. C. Barton

LETTERS TO THE EDITOR

NEW PRODUCTS
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WHEN
IT COMES
HORIZONTAL OR L |  TOPOWER
VERTICAL RANGE FROM 3-10 SOCKETS FOR RACKS
SPECIALS TO ORDER « ITMUST BE OLSON

-
OLSON ELECTRONICS LIMITED  “vec0:i7s0 2003 evex zso7ar

Not our exira-terrestrial
friend, but a versatile

bench power supply -

g It will provide you with:

0 to 30 volts d.c. at 1 amp or
010 15 volts d.c. at 2 amps or
¢. at 2 amps or 0 to 60 voits |

”S’N_ffrom: FARNELL INSTRUMENTS LIMITED - WETHERBY - WEST YORKSHIRE LS22 4DH
{ 61961 - TELEX 557294 FARIST G | REGIONAL OFFICE TELEPHONE (05827) 66123/4 - TELEX 826307

WW 030 FOR FURTHER DETAILS
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'ELECTROVALU

ot THE WW
- ENTHUSIAST'S

A-Z
BUYING GUIDE

It's amazing what you'll
find in the pages of our
current price list, be you
beginner, expert or
professional. The list belew
gives some indication of

T the enormous stocks we
\ ”M&&@* = carry and our service is just
e T S . about as good as
g meticulous care can make

it. WRITE, PHONE OR CALL
FOR OUR LATEST PRICE

LIST NOW!
Irs

FREE!

"Good Bargains

Please :

maention this )

journal Good Choice

when a

replying Good Service
Access facllities Connectors Lamps Semi-conductors
Aerosols Discounts Meters Solder tools
Batteries Electrolytics Opto-electronics Switches
Boxes Ferrites Pot cores Tools
Breadboards Grommets Potentiometers Transformers
Capacitors Hardware Quantity prices Vero products
Computers and 1.Cs. Relays Visa facilities

Equipment Knobs Resistors Zener diodes

ELECTROVALUE LTD. 28 St. Jude’s Road, Englefield Green, Egham, Surrey,
TW20 0HB. Egham 33603 (London 87: STD 0784). Telex 264475. Northern Shop
{callers only), 680 Burnage Lane, Manchester (061-432 4945). EV Computing
Shop, 700 Burnage Lane, Manchester (061-431 4866).

THE POWERFET

pa ntechnic SPECIALISTS
OEM USERS

Pantechnic present the most adaptable high-powered amplifier ever

— Fer SYSTEM amp

@® HIGH POWER. 1.2kW (single ended)

@ LOW VOLUME. V45 Cubic foot inc. Heatsink

@ VERSATILE. Delivers more than 1kW into "2 to 8 ohms
OR 2 x 600W into 2 to 8Q)

OR 4 x 300W into 2 to 441 {200W into 8(1)

P { 1 x 600W into 2 to 8(2

1 x 300W into 2 to 4()
1 % 150W into 4 to 8Q
Etc., etc.

Having been closely involved in a wide variety of OEM applications of their amp
boards. Pantechnic became aware of numerous implementation problems often
left untackled by other amp board manufacturers. These problems specifically of
size and thermal efficiency became particularly aggravated at high powers and
considerably lengthened DEM product development time.

By including thermal design in the totality of board design it has been possible to
reduce the size of the electronics, and increase the efficiency of the transistor to
heatsink thermal circuit. The combined effect of this has been to dramatically
increase the volumetric efficiency of the amplifier/heatsink assembly. The SYSTEM
Amp offers 1.2kW of power in a space of 180mm x 102mm x 77mm, excluding PSU
and Fan.

The basis of this considerable advance is the PANTECH 74 Heat Exchanger, newly
designed and manufactured by us. By eliminating the laminar air flow found in
conventional, extruded heatsinks, heat transfer to the environment is greatly
enhanced.

The flexibility of the 1.2kW amp stems from its division into 4 potentially separate
amplifiers of 300W each {downrateable with cost savings to 150W). These can be
paralleled, increasing current capability or seriesed {bridge in pairs) doubling
voltage capability. In consequence a large variety of amplifier/load strategies can be
implemented

As ever Pantechnic offer a full range of customising options including DC coupling,
ultra-high slew, etc. Contact Phil Rimmer on 01-800 6667 with your particular
application problem.

P.S. Specs, as ever, are exemplary.

A wide range of other amplifiers and other modules available.

H De
WOOLTON STH
RPOC :
| B 848

WW —036 FOR FURTHER DETAILS
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OF ALL GOOD USE
TEST EQUIEPIVIENT

ANALYSERS

Hewlett Packard
1615A/001 Logic Analyser...... £4750.00
5004A Signature Analyser ... ... .£550.00
B8407A/8412A Network Anslyser

. P oaoma ~.....£1800.00

Marconi
TF2303 Mod Meter ..
Tektronix
AAS501 opt 01, Distortion 10Hz — 100KHz
toLess than 0.0025% ........ ..£1450.00
DAS 9103 opt 01 02. Logic Analyser
iviiii.....£11,000.00
DF1 Display Formatter For 7001 .£850.00
308 Portable B Channel 20MHz Data
Analyser. ... . ...£2100.00
4391 Spectrum Anslyser 10MHz-40GHz
.......... e ... £7500.00
492 (opt 01, 0B] Spectrum Analyser
50KHz-21GHz ... ... ...£13000.00
492P [opt 01, 2, 3] Programmable Version
of 92 ... £20000.00
7L5 Spectrum Analyser with opt 25
Tracking Gen) and L3 (5092 nput] 20Hz -
MHz R ... .£7300.00
7L12 Spectrum Analyser 100KHz-1.8GHz
£8000.00

7500.00
z
..... . 0.00
7118 Spectrum Analyser 1.5GHz-60GHz
= . " .£7500.00
TRS0E Tracking Generator [for 7L12, 13 &
14). ........£3200.00
TR503 Tracking Generator {for 492/496
series) ... ..E3250.00
SL4N Spectrum Analyser 20Hz-100KHz
. L .£2350.00
7001 16 Chanrel 100MHz Sample Rate
,,,,, £2450.00

.£480.00

7002/01 .Lc.)Qlc A.r.\alyéer

DMM’s

Fluke

B020A 3% digit 0.1%
Basic DC Accuracy

7 functions ....£75.00
THESE OMM'S ARE
UNUSED

90 DAY WARRANTY

OSCILLOSCOPES

Hewlett Packard

1332A High Quality CRT Display

9.6x11 gcm. . .£1250.00

1809A 100MHz 4 Channel Plug In
.~ .£2000.00

...£1000.00

1821A Timebase Plug In
Philips
PM3232 Dual Beam 10MHz . ...£495.00
Tektronix.
305 Portable battery scope/ODMM. D T
SMHz D £875.00
335 Dual Trace 35MHz Smal portabie with
delay T'Base £1300.00
200C Trotley for 400 Series £120.00
7313 100MHz Storage Mainfrarge

. E2

7603 100MHz Mainframe .

5440 50MHz Manframe

5441 50MHz Variable Persistance Storage

Mainframe .51800.80

7704A Scope DC-200MHz Mainframe
£25

2500.00

DC-100MH £3250.00
7834 Storage Scope Mainframe
DC-400MHz .£7200.00
7844 Dusl Beam 400MHz Mainframe

£7750.00
7854 Wavetorm Processing Scope
DC-400MHz . ... ..£9000.00
7904 opt 02, 03 500MHz ... .£5350.00

7613 Storage Scope Mainframe
z

Qg R |

...£3950.00-

TEKTRONIX PLUG INS

We stock a compiete range of Plug Ins
for use with 7000 and 5000 series
Mainframes.

TEKTRONIX TMS00
SERIES

We stock & very wide range of these
versatile modular equipments

TEKTRONIX TV TEST
EQUIPMEN

148SigGen. ... ...
141ASgGen.... ... ...
1485R Waveform Monitor .
651HR PAL Monitor ...
B55HR-1 Monitor .. ...
B656HR PAL/SECAM Monitor . ...

671 PAL Monitor.... .. ....£1800.00

MISCELLANEOU

Avo
VCM 163 Value Characteristic Meter
.................... . £495.00
7 Electricians Muitimeter ......£85.00
Bruel & Kjaer
2209 Sound Levei Meter............£850.00
Datalabs
DLI01 Transient Recorder ... ... £750.00
DLSO0S5 Transient Recorder .£995.00
Fluke
515A Portable Caliarator .£1750.00
845 AB Null Detector ... ...£810.00
9318 Diff V'Meter ... ........£1,000.00
1300A Counter/Timer 80MHz . £225.00
2020A-3-6 Printe~... ........ .. .£500.00
3010A Logictester . Self Contained.
Portable. Full Spec. on Request ..£8500.00
8921A DMM . ... £895.00
Hewlett Packard
32008 Oscillator . .. .£950.00
467 A Ampiifier . .£725.00
415E VSWRMeter ... ... .£950.00
214APulseGen......... ... ... .£950.00
3556A Psophometer. ... ....£850.00
435A Power Meter . .. .....£850.00
3552A Trans Test Set .. ...£1,500.00
53008/5306A DMM/Counter .£1,200.00
80138 Puise Generator .. .£750.00
B8350A/83525A Sweeper System
e oo0 ooooopo ooaPecor I oo .£9,500.00
481 5A Vector Impedance Meter
.£3850.00
£1950.00

...£4000.00

11720A Pulse Modulator
Marconi
TF1313A LCR Bridge. £775.00
TF2120 Waveform Gen £850.00
TF2603 RF Milivolt neter £750.00
TF2000 Oscillator . £575.00
TF2015/2 + TF2171 AM/FM Sig Gen

N . . 21950.00

Racal

9514 Counter/Timer IEEE .£850.00
9917A/04A Count2r S60MHz... £450.00
Tektronix

1086 Square Wave Generator 1nS risetime
10Hz-1MHz withou: accessories .£175.00
191 Constant Ampltude Generator

. ) . £250.00
832 Data Comms. “ester . £925.00
833 Data Comms. ~ester .£1350.00
2701 Step Attenuazor 500 0.79dB in 1d8
steps. OC to 2GHz ... £295.00
2901 Time-Mark Generator £1985.00

P , NSTOP PRESS

= ew CataIQQUe

"y JustOut

el

ﬁ:f’.‘:m Send for yoyr l
Please note: Prices shown do not include VAT or carriage.

Electronic Brokers Ltd.,61/65 Kings Cross Road,

London WC1X 9LN. Tel:01-278 3461.Telex 298694
IS I e e eSO

Electronic Brokers | 5-1 |
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REGD. TRADE MARK

TEONEX ELECTRONIC VALVES
AND SEMICONDUCTORS

SERVING THE WORLD FOR 30 YEARS

We specialise in the supply of
Industrial Valves of British, European and USA manufacture,
and semiconductors from the Philips Group.
Many types, including obsolete and obsolescent types,
always available from stock.

For further details, contact Mrs. Janet Lowy.

T.O. SUPPLIES (EXPORT) LTD., 2A Westbourne Grove Mews, London W11 2RY.
Telephone: (01) 727 3421 Telex: 262256 Answerback TOSPLY G

WW - 008 FOR FURTHER DETAILS

Get startedin
”"Fibre Optics
—0]] e
optic

e).(perimental

(I |RADFORD]

Audio Measuring Instruments,

Audio Amplifiers, Loudspeakers and

Loudspeaker Components for the
professional and enthusiast

RADFORD AUDIO LTD.

10 BEACH ROAD
WESTON-S-MARE, AVON BS23 2AU

TEL. 0934 416033

WW — 005 FOR FURTHER DETAILS

Features include:

W O0-10Mbit/s (NRZ) guaranteed to
15m with Polymer Cabile. (Can be
extended by using a glass fibre).

B TTL Compatible.

B No tools required to terminate cable.

W Fully tested modules.

B Complete with transmitter, receiver
connectors and 5m of Polymer
Cable.

M Also a full range of components for
glass systems available.

Electroustic Ltd.

Hayward House, Northchapel, West Sussex, GU28 SHL
Tel: (042 878) 611/2. Telex: 858966

| . _é =
oS P.&R. COMPUTER SHOP %
IBM GOLFBALL PRINTERS from £70 EACH + V.A.T.

INTERFACE FOR IBM GOLFBALL £40 + V.A.T.

*BRAND-NEW LA36 DEC WRITERS—SALE £200 EACH + V.A.T.
CENTRONIC 779 PRINTERS —£325 + V.A.T.

CENTRONIC 781 PRINTER—£350 + V.A.T.

POWER UNITS, 5-VOLT 6-AMP—£20 EACH

FANS, PCBs, KEYBOARDS AND LOTS MORE

8-INCH IBM FLOPPY DISC DRIVES.
COME AND LOOK AROUND
SALCOTT MILL. GOLDHANGER ROAD

HEYBRIDGE, MALDON, ESSEX
PHONE MALDON (0621) 57440

- e
WW — 057 FOR FURTHER DETAILS

WW - 021 FOR FURTHER DETAILS
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TEST EQUIPMENT

10cm Variable Airlines
20cm Variable Airlines ;
Electrohome 19’ B&W X-Y Monitors — NEW (details available) ...

Philips PM3244 4-Channel 50MHz Sweep Delay Scope =
Tek. 4658 100MHz Scope with DM44 Option ~ complete with all probes, temp. probe,
manuals and pouch — as new .. 1800

Tek. Type 113 Delay Cable ..o oo 50
Tek.7L18 Spectrum Analyser Plu =
Tek. 2213 60MHz Scope — as new....
Philips 2522A 42 digit DMM ...
Fluke 8000A 3% digit DMM ...
Fluke 8030A Battery/Mains 32
Fluke 8600A 42 digit DMM ...
Systron Donner 6250A 8-digit Timer Counter BCD output....
Tek. 7B70 Plug-in ........c.......
APLAB 25v Metered PSU ...
Racal 9076 42 digit DVM ... .
H.P. 71008 2-pen chart recorder with 17500A an 395
Tek. 1A6 Plug-in ...
Tek. 3A6 Plug-in ...
Tek. 2A63 Plug-in.
Avometer Model 7 Mk. 2
Leader LB0510 4MHz Single Channel Scop
Marconi TF144H Signai Generator 20KHz to 72MH
Marconi TF2410 8-digit 120MHz Counter with 100MHz Video Amp, 600MHz Converter
and 3.4GHz Converter P.1. uni E
Tek. Type M4 Channel Plug-in
Tek. Type CA, Z, P Plug-ins ...
Tek. 564 10MHz Storage Scope with 3A3 & 2B67 Plug-ins ...
Tek. 5648 10MHz Storage Scope with 3A3 & 2B67 Plug-ins
Systron Donner 7344A DMM 4% digit JEEE ...
Telequipment D43 Oscilloscope ... ..
Dynamco D7100 OSCillOSCOPE......ooonvivi s
Telequipment D83 large screen 50MHz Delayed Sweep
Rohde £Schwarz Inductance Meter Type LRT 0.1uH-1H
Tek. Type 184 Time Mark Generators............ 125
Tek. Type 191 Constant Amplitude Gener &
Tek. Type 106 Fast Rise Pulse Generators

Tek. Standard Amplitude Calibrators Typ ..95
Sindger Synchro Resolver TestSet ........... 695
Hedin Furnace —20°to 150° ............. 295
H.P. 184C 50MHz Storage Scope + 795
Datapulse 114A Pulse Generator ... .. 95
Fluke 8050A Battery/Mains 42 digit DVM 205

Flann 0-90dbs X Band Variable Attenuato

Selectest Super 50 Multimeter............... .45
Houston DP10 Incremental Plotters.................... 175
Tek. 661 Sampling Scope with 5T3 & 4S1 Plug-ins 185
Bendix Digitiser Complete with 3’ x 4' Table 250
DRI Series 30 2.5 MegaByte Disk Drives........ . 100

Full size Draughtsman Table — Neolt...........
Carriage additional. All prices exc. V.A.T.

EBAS

- 94 ALFRISTON GARDENS, SHOLING, SOUTHAMPTON 502 8FU

TELEPHONE: 431323 {0703) i
== aliers weicome |_vrsa |
! Access/Barclaycard: Telephone your order —_—

WW — 060 FOR FURTHER DETAILS

gLl EED ~
G6FT. PARABOLIC
DISHES

FROM ONLY £85 rLusv.a.r.

6ft. dia. dishes, feed horns and electronics for
use in 4GHz satellite reception. GaAs Fet tran-
sistors, SMA connectors, P.T.F.E., etc. available.

Please send s.a.e. for full details and data sheets.

Harrison Bros.

Electronic Distributors

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX
Tel. Southend (0702) 332338

WW — 007 FOR FURTHER DETAILS

WIRELESS WORLD OCTOBER 1983

www americanradiohistorv com

5

SPECIAL PURCHASE

OF PDP11/34A
PROCESSORS

11/34A CPU

MS11JP 64KB MOS Memory
DL11W Console Interface
KY11LB Programmers Panel,
M8312 Bootstrap

BA11L 5 %" Chassis

ONLY £2,500

DEC LS| PROCESSORS
11/03LX KD11HA CPU,
KEV11 EIS/FIS, BDV11AA
Terminator/Bootstrap.
BA11N 5% Chassis with
Backplane and Power Supply
No memory included.

NEW £1200

11/03NKD11Q CPU,

KEV11 EIS/FIS, BDV11AA
Terminator/Bootstrap. BA11R
5%" Chassis with Backplane
and Power Supply, MSV110D
32KW M0OS

NEW £1495

or as full PDT
£995 including cmprehensive manual
e —————

DEC MAG TAPE
TE16 Slave £4,500
TE1 6 Master with TMO2

750

£
TE16 Master with TMO3
£6,250
TS11 Inc. Unibus Ctl
NEW £6,250
TU77 Master with TMO3
NEW

: £14,500
All above include DEC Cabinet

A

NEw

CATALQ
now out GUE

Send for your
ree Copy

U s
: AND N .".l': U
DEC POT11/130 PROGRAMMABLE
DATA TERMINAL COMPRISING:

* VT100 wth -
Advanced
Video
Option

* Integrat LS
Processor
with 32K
RAM

* Integral dual
TUSB min

cartmdge
Fantastic value
whether for use

as VT100 only -

DEC DISK DRIVES

RKO7ED 28MB £2,500
RKO7PD 28MB £2,500
RLO1A 5MB £995

RMO2AD 67MMB NEW
£6,250
RMO3AD 67MB NEW

£6,250
RMO5AD 256MB NEW

£14,750

RMB0 124MB £9,500

RX118D Dual Floppy  £995
RX2118D Dual Floppy
£1,725
DECSCOPE TERMINALS
VT50AB20mr A £199
VT50-AFEIA £225
VT52-AB 20mA £350
VT52-AFEIA £395
VT55-EB20mA £450
VT55-EFEIA £495
VT55-FB + Copier, 20mA
£710

VT55-FF + Copier, EIA £750

HIGH RESOLUTION BIG SCREEN

GRAPHICS DISPLAY TERMINALS
4014-1,4015-1 and 4016-1

18in. Screen providing 4096X by

3120Y displayable points or 8512
alghanumerics (models 4014 and

4015}. 25in. Screen providing 4086X

by 3120Y displayable points or

15,000 alphanumerics (model 4016).
APL Character Set (model 4015).
Plot-10 compatible. Prices include
Enhanced Graphics Option. Extra
Memory Option and Programmable

Keyboard Option.

4014-1 £6,950. 4015-1 £7,250.

4016-1 £8,850.

Other Tektronix graphics equipment.
currently available includes 4006-1,

4010-1, 4027, 4051, 4852,
606/606A/606B and 611.

ADD 15% VAT TO ALL PRICES

Carriage and Packing extra

Electronic Brokers Ltd., 61/65 Kings Cross Road,
London WC1X 9LN. Tel:01-278 3461. Telex 298:6__%

s el (e Rl [ Rl |
Flectronic Brokers | == = | == = |

WW — 203 FOR FURTHER DETAILS




LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streathani, London SW16 6ED .
RST Tel: 01-677 2424 Telex: 946708 RST

SEM'CONDUCTORS 0.27 GEX541 g 1.30 2.75 0.21 2N1671 5.00 IN3819  0.30
BDI132 0.48 0.27 GJ3M . 2.50 2.75 ZTX531  0.24 2N1893 0.32 2IN3820 0.39
AAII9 010 | ASZIS 1.20- | BCI73 0.11 BDI135  0.40 0.28 GM0378A 1. 2.50 250 | ZTXS50 0.25 2N2147 400 INIS23 0.60
AAY30 . 110 | BC177 028 | BpIl 040 034 | KSI00A 0. 2.50 200 [ IN9I4  0.05 IN2148 375 IN386s  1.00
AAY30 1.00 028 | gp137 0.40 0.33 MJE340  0.60 4.00 1.00 | INSI6 0.09 2N2218  0.32 N394 017
AAZ13 2.3 0.28 BDI13§ 0.48 0.36 MJE370  0.73 3.00 2.00 IN4001  0.06 2N2219 0.32 NS 0.17
AAZIS 2.50 0.1 BDI3 048 4.00 0.71 1.00 225 | IN4002  0.06 IN2220  0.20 2NI906  0.17
AAZ1T 2.50 0.11 BD140 0.50 2.25 0.47 1.50 2.00 1IN4003 0.06 2N2221 0.20 2IN4058 0.20
AC107 3.00 0.11 BDI144 2.00 0.20 0.73 2.00 0.27 | IN4004  0.07 2N2222  0.20 IN4059  0.20
ACI125 0.13 0.11 BDI8] 1.20 0.20 1.30 2.00 1.20 IN400S  0.09 2N2223 425 N4060  0.16
ACI126 0.45 0.1 BDI§3 0.80 0.97 110 1.50 0.16 | IN4006  0.11 IN2368 025 IN4061  0.16
ACI127 0.10 0.11 BD2137 054 0.96 0.35 1.50 0.43 | IN4007 0.12 2N2369A  0.25 IN462 016
ACI128 0.11 0.11 BD238 0.54 0.30 0.35 0.90 0.45 IN4009  0.07 2N2484  0.25 2N4124 016
AC14) 0.10 0.11 BDX10 091 0.30 0.35 0.90 0.33 IN4148  0.04 2N2646  0.50 IN4126  0.16
ACI41K 0.05 0.33 BDX32  2.00 0.30 0.35 1.50 0.36 INS400  0.13 IN2904  0.32 2N4286  0.15
AC142 0.06 034 | BDY20 150 0.30 0.26 0.85 0.54 | INS401 013 | 2N29%05  0.32 IN4288  0.18
ACI42K 0.06 0.11 BDY&0  2.75 0.25 0.28 0.65 0.67 | 1S44 0.04 2N2906  0.21 2N4289 018
AC176 0.16 0.11 | BFpS 035 0.25 0.53 0.55 0.44 | 15920 0.08 | 2N2907  0.21 N4400 0.11
ACI87 0.16 0.12 | BFI52 0.16 0.25 065 | OC 1.00 0.42 | 15921 0.09 | 2N2924  0.26 IN#01 011
ACI188 0.16 0.12 BF153 0.16 0.30 0.69 0C73 1.00 TIP2955  0.70 | 2G301 1.00 2N2925 0.2 N#402  0.11
ACY17  1.30 BCH13 0.15 0.12 | BF154 0.17 0.95 045 | OC74 0.70 [ TIP305S 0.5 | 2G302 1.00 2N2926  0.15 IN54S7T  0.32
ACY18 115 | BCll4 0.15 0.12 | gFI59 0.17 0.27 3.50 | OC75 0.65 | TIS®3 043 | 2G306 1.00 2N3053  0.26 INS458  0.32
ACYI9 1.10 BCI15 0.18 1.25 BF160 0.17 0.27 2.50 oC76 1.00 Z5140 025 | 2N404 1.30 2N3054  0.55 IN5459  0.32
ACY20 110 BC116 0.19 150 | BFl67 0.24 BSX21 0.29 220 | oc77 1.00 78170 021 | 2N6% 0.32 IN3055  0.65 28017 10.00
ACY21 LIS BC1I7 0.23 150 | gF173 0.30 BT106 1.20 : 120 | OC81 0.65 | 25178 0.54 | 2N&97 0.32 IN3440  0.70 28019 12.00
ACY3S  2.50 BCl18 0.18 L10 | Bgj77 0.35 BTY79/400R 0A7 060 | OC81Z  1.20 | ZS271 0.23 | 2N698 0.32 IN3441  0.85 25026 25.00
ADI49  0.7% BC125 0.18 1.00 | BFy7g 0.35 200 | OAl0 0.55 | OC82 090 | 75278 0.57 | 2N708 1.25 2N3442 125 25103 1.50
ADl6l 0.3 BC126 0.18 340 | BFi79 035 | BU205 130 | QA47 012 | OCs3 1.00 ZTX107  0.12 | 2N706 0.25 N34 2.20 25302 2.00
ADI62 035 BCI3S 0.15 2.80 | BFig0 0.28 BU206 1.50 0A70 0.25 | OC84 0.80 | ZTX108 0.12 | 2N708 0.25 2N3702 011 25303 150
AF106 0.35 BC136 0.19 0.30 | gryg) 0.28 BU208  2.00 0A79 012 | OCl22 2.75 ZTX109  0.12 | 2N930 0.25 2N3703 011 28322 3.50
AFIl4 0.75 BC137 0.19 0.30 | pFjg) 0.30 BY100 0.40 | OAS8I 017 | OCl23  2.00 ZTX300 013 [ 3N1131  0.30 2N3704 011 25324 350
AFH1S 0.75 BC147 0.12 0.19 | Brigy 0.28 BY126 0.13 0A85 017 | OCI39  3.00 | ZTX301 014 | 2N1132 030 2N3705 0.1 25701 2.00
AFl16 0.75 BC148 0.12 0.17 BIF184 0.28 BY127 0.14 QA% 0.08 OC140 4.00 ZTX302 018 2N1302 1.20 2N3706 0.1 2587454 0.95
AF117 0.75 BC149 0.13 0.18 | Bp)gs 0.30 BZX61  0.17 0A91 0.08 | OCl4t 4.25 ZTX303 018 | 2N1303  0.80 2N3707 0.1 28746A  0.95
AF139 0.33 BC157 0.13 017 | BFI94 0.14 Series 0A95 0.08 | OCI70 125 | ZTX304 020 | NI304 120 | 2N3708  0.10
AF186 1.00 BCI58 0.13 175 | BF195 0.12 BZY88  0.10 0A200 015 | OCI7I 1.25 ZTX311 013 | 2N1305  1.00 2N3709 0.1
AF239 0.39 BC159 0.13 042 | BF196 0.13 Series 0A202 015 | OC200 1.50 ZTX314 025 | 2N1306  1.50 2NI7I0 010
AFZ11 4.00 BCl67 0.11 1.70 BF197 0.14 CRS1/40  0.60 0A211 1.50 | OC201 2.50 ZTX500 0.1 | 2N1307  1.10 2N3711 0.10
AFZ12  4.00 BC170 0.11 2.80 | BFa00 040 | CRS340 075 0AZ200 150 | OC202  2.75 ZTXS01  0.14 | NI308  1.75 N3771 140
ASY26 1.40 BCI71 0.11 2.00 | BE324 0.25 | CRS3/60 0.9 OAZ201 150 | OC203  3.00 ZTXS02 0.8 | 2N1309  1.20 | 2N3772  1.60
ASY27  0.90 BC172 0.11 0.44 | BF244 0.28 | GEX66  3.00 OAZ206 150 | OC204  3.00 | ZTX503 0.19 | IN1gl3 032 2N3773 180
EI30L  18.50 EF8S 175 | GUSI 20.00 | PC86 25 [ QY4250 7315 | UF8S 175 | 4C35 78.00 | 6Cwa 8.00 12BA6 2.50 | 5670 4.50
VALVES | Eisocc 1050 EF86 L75 | GXUl 1535 | pCsg 2.50 Y4-400 76 UF8% 2.00 | 4CX250B 40.00 | D2 1.50 12BE6 250 | 5675 28.00
A1834 9.00 | EI80F 9.90 EF89 250 | GXU2  30.00 | PpCos 175 | QY5-500 175.00 | UL41 3.50 | 4CX350A 73.00 | gDKé 3.00 12BH7 150 | 5687 6.00
A2087 13.50 E182CC 13.2% EF91 2.95 GXU3 25.00 PC97 1.75 QY5-3000A UL84 1.75 | 4XIS0A  60.00 6DQ6B 4.75 12BY? 3.00 5696 4.50
A2134 17.50 E186F 11.50 EF92 6.37 GXU4 44.50 1.75 335, UMS0 2.00 4X150D  56.00 6EAS 3.00 12E1 20.00 5718 7.50
A2293 16.00 EI88CC  8.25 EF93 1.50 GXUSO  20.00 PCC84 1.50 QZ06-20 32.70 UY4l 2.25 5B254M  35.00 6EBS 2.50 12E11TT 170.00 5725 5.50
A2426 18.75 E280F 22.51 EF94 2.50 GY501 3.00 PCC85 1.50 RI10 6 Uyss 2.25 5B255M  35.00 6EW6 2.25 12E14 35.00 5726 11.37
A2521 2250 | E283CC 12.00 EF95 599 | GZ32 250 | pCCss 2.00 | Ry7 3.00 | VLSe3l 15.00 22 160.00 | ¢Fe 3.00 13E1 2000 | 5727 7.05
2900 2250 | E288CC  17.50 EF98 200 | GZ33 475 | PCC89 175 | Ri8 300 | XG1-2500 45.80 | SJISOE 1650.00 | &F23 1.60 19H4 2750 | 5749 2.50
A3343 45.00 EAS2 32.25 EF183 2.00 GZ34 3.00 PCC189% 2.50 RI19 9.24 XG2-6400 SR4GY 3.50 6F28 1.60 19H5 47.50 5751 4.00
AZ31 2.75 | EA76 2.50 EF184 2.00 | Gz37 4.75 PCC805  1.60 | R2p 2.50 141.90 SU4G 3.00 | gF33 33.50 24B9 67.25 | 5763 4.50
AZ4] 2.60 EABC80 1.25 EF8045  12.00 KTé! 5.00 PCC806 1.60 RG3-250 32.68 XGS5-500 26.60 5U4GB 2.50 6H1 14.00 30C15 2.00 5814A 4.00
BK448 114.90 | EAC91  3.50 EF8055  9.80 | KTé6 8.00 | PCES2 2.00 | RG3-250A 32.68 | XG2-6400 5V4G 250 | sH2N 2.75 30017 2,00 840 4.00
BK484 155.35 | EAFs2 250 EH% 175 | KT88  15.00 | PCF80 2.00 | RG3-1250 59.50 162.00 | SYIGT 2.5 | GH3N 2.75 30C18 200 | 5842 12.00
BS90 58.00 EAF801  2.00 EKS0 1.50 KTwel 250 PCF82 1.50 RG4-1250 61.60 XR1-1600A 573 4.00 | 6He 3.00 30F$ 1.60 | S876A  31.50
BS452 60.00 EB4] 4.00 EL32 2.50 KTW62  2.50 PCF86 2.50 RG4-3000 99.45 53,75 SZ4G 2.50 6]4 5.50 0FL172  1.38 5879 5.00
BS810  60.00 | EB9} 1.50 EL33 4001 KIW63 250 | PCF87  2.00 | RR3.250 40.00 | XR1-3200 81.97 | SZ4GT 250 | gJe 8.93 30FL12  1.80 | 5886 15.00
BTS 58.95 | EBC33 250 EL3MUL 3.00 | M8079 1234 | 'PCF200 3.5 | RR3.1250 45.75 | XR1-32004 630L2 175 | ¢]7 4.75 WFL14  2.00 | 5%3 2.50
BT17  151.00 | EBC4l 250 EL36 250 | M8080 825 | PCF201 325 | SIIE12 6500 | XR1-6400 6AB4 175 | 6K4N 2.50 30L1 1.50 | 595 3.50
BTI19 44.05 | EBCS8I 1.50 EL4I 280 | M8o8l 9.82 | PCF801 250 | s130 6.00 102.00 | 6AB7 3.00 | gK6GT 275 30L15 200 | 6005 225
BT29  349.15 | EBC%  1.25 EL42 2.50 | MB8082 9.69 | PCF802 250 | §)3op 6.00 | YDII20 39500 | 6AC7 3.00 | K7 3.00 30L17 2.00 | 6021 4.50
BT69  354.80 EBF80 1.50 EL81 5.25 M8083 8.58 PCFg80S  1.70 STV280-40 YDI1240 351.00 6AF4A 4.2 6K8 3.00 30P4 2.50 6057 10.23
BT9S  129.00 | EBF83  L.7S EL83 6.00 | MB091 1043 | PCF806 1.70 14.00 | 2759 25.00 | 6AG7 3.00 | eKDé 7.00 0P19 2.50 | 6058 12.34
CBL31 4.00 EBF89 1.50 EL84 2.25 MB8U9%6 6.80 PCF808 1.70 STV280-80 ZM1000  8.00 6AH6 5.00 6L6G 3.00 30PL1 3.00 6059 6.00
CL33 400 | EBL31  4.00 EL86 275 | M8097 810 | PCL82  2.00 21.00 | ZMIool 8.00 | 6AKS 710 | 6l6Ga  2.25 3PL14 180 | 6061 6.00
CY3| 3.00 EC90 1.25 EL90 2.25 M8098 6.15 PCL.83 3.00 SU41 5.00 ZM1020  9.00 6AK6 2.50 6L6GC 3.00 3PLIS  1.80 6063 375
CIK 20.00 EC91 8.00 EL91 9.69 M8099 8.00 PCL84 2.00 SU42 10.00 ZM1021  9.00 6ALS 1.50 6L6GT 3.00 W4 1.00 6064 8.58
C3A 22.00 EC92 1.75 EL95 2.00 MB100 9.52 PCL8S 2.50 TD03-10 35.00 ZM1022  9.00 “6AMY 4.00 6L.7 2.50 SOCS 1.50 6067 10.23
C3JA 22.00 ECI57  325.40 ELIS6 25.00 MB8136 10.23 PCL86 2.50 TD03-10F 35.00 ZM1023  9.00 6AMS 9.69 6N2P 2.50 75Bi 6.05 6072 6.00
DA41 25.00 ECC33 4.50 EL360 8.50 M8137 1023 | PCL805/85 2.50 TTIS 35.00 ZMIC40  19.36 6AM6 6.00 6N3P 2.50 75C1 4.50 6080 14.00
DA42 18.70 | ECCI5  4.50 EL500/504 3.00 | M8140  6.00 | PDSO0  6.00 | TT21 23.00 | ZM1041 16.66 | 6ANS 475 | 6N7 3.00 8541 7.50 | 6097A  235.00
DAF91 1.75 ECC40 4.50 EL509 7.00 M8141 6.50 PE06-40N 30.00 TT22 23.00 ZM1042 1777 6ANSA 3.50 6P25 4.00 85A2 4.45 6097B  200.00
DAF%  1.75 | ECC8I 1.75 EL821  13.00 | M8l42 875 | PFL200 250 | TTI00 60.00 | IB3GT  3.00' | 6AQS 225 | ¢q7 175 | 90AG 1296 | 6146A 8.25
DET22 35.00 | ECC82 1.75 EL822  13.97 | Msl144 7.50 | PL36 2.50 | TY2-125 60.00 | 1B24 25.00 | 6AS6 8.66 | gR7 3.25 90AV 1296 | 6146B 8.25
DEf24 49.00 | ECCS3 1.75 EM34 5.00 | MS8I49 650 | PL3I L75 | TW4400 71.40 | |B3SA  48.00 | 6AS7TG  8.75 | A7 300 90C1 600 | 6159B  19.00
DF91 L7 ECC84 1.75 EM80 2.50 M8161 9.35 PL81A 2.00 TY4-500 98.35 1B63 64.00 6AT6 1.25 6SC7 2.75 90CG 14.54 6189 9.55
DF9% 1.75 | ECC85 1.75 EMB8I 250 | M8l62 1040 | PL§2 1.50 | Tys.500 175.00 | IRS 1.75 | 6AUSGT 5.00 | gsE7 2.50 0CY 15.45 | 6201 11.40
DK91 1.75 ECC86 2.50 EM84 2.00 MB8163 8.25 PL83 2.50 TY6-800 188.00 1S5 1.75 6AU6 2.50 6SH7? 3.00 92AG 12.9¢ 6442 20.00
DK92 2.00 | ECC88  2.10 EM8S 275 | M819%  5.00 | PL34 2.00 | TY6.5000A 1T4 1.75 | 6AVSGA 450 | 457 325 | 92AV 1296 | 6883B  17.54
DK% 1.75 ECC89 2.00 EMB7 2.50 M3195 10.85 PL504/S  2.50 375 2A815 11.50 AVE 1.50 6SK7 3.50 9SAl 8.45 6973 4.00 |
DL92 2.00 | ECC9! 8.93 EN32 17.46 | M819 7.50 | PL508 250 | TY6-5000B 2394  60.00 | 6AXSGT 3.0 | ¢SKIGT 3.00 150B2 6.50 | 7025 3.00
DL% 175 ECCI189  2.10 EN91 £7.05 MB204 7.05 PL509 6.00 395 2C43 70.00 6B7 3.25 6SN7GT  3.00 15083 8.35 7551 625 |
DL9% 1.75 ECC807 175 ENS2 6.96 | M812 1137 | PLSI9 600 | Ty6.5000W | 2 325 | 6B8 3.25 Q7 340 150C2 335 | 7586 12.00 |
DLSI10  14.00 ECC808 3.50 EY51 2.75 M8223 6.00 PL301 1.50 32 2E26 8.25 6BAG 1.50 6SR7 4.00 150C4 6.00 7587 18.50
DLSIS  12.50 EC1-80 1.55 EY81 2.50 M8224 6.30 PL802 6.00 TY' A 2]42 98.00 6BA7 5.00 6587 2.75 a1 35.00 7609 56.00
DLSI16 12.50 ECF82 1.50 EY83 2.50 M8225 4.50 PY33 2.50 374.00 2]55 175.00 6BASA 4.00 6USG 3.50 723AB  125.00 7868 6.00
DLS19  12.50 ECF86 2.50 EY84 9.24 M3s248 14.03 PYS81 1.75 TY7-6000% 2]70A  383.00 6BC4 4.00 6USA 2.2 803 25.00 7895 12.00
DM70 2.00 H35 3.00 EY86 L5 MD2901 60.00 PY82 1.50 303.60 2J70B  336. 6BE6 1.50 6V6GT 2.28 805 45.00 8005 110.49
DM7]) 2.00 ECH42 3.50 EY88 175 MU 14 2.50 PYS3 2.50 TZ40 25.00 5| 2K25 125.00 6BH6 2.50 6X4 2.00 807 3.75 | 8068 14.00
DMI160 4.75 ECHS8!1 3.00 EYS00A 3.00 MX119  55.00 PY88 2.00 U18-20 3.50 4007 85.00 6BJ6 225 6X5GT 1.75 811A 18.33 8122 90.00
DYs$7 150 | ECH83  2.50 EY802 L75 | MXI123  72.00 | pyspon  4.00 | U9 1375 | 3500Z 8500 | 6BKA 4.50 | g7 2.50 812A 18.33 | 8136 2.50
DY802 1.50 ECH84 2.50 EZ33 1.75 MX145  56.70 ¥ 1.50 u2s 2.50 3AS 3.00 6BL6 85.00 7Cs 4.00 813 125.86 8417 6.00
ESSL 22.00 ECL80 1.50 EZ40 2.50 MXI151 17.25 PYS01 1.50 U26 250 | 3B24 11.00 6BL7GT 4.50 7C6 2.50 833A 193.16 18042 11.53
ESOCC  8.81 ECL8I 1.75 EZ41 250 | MXIS2 13125 | QQV02-6 1650 | U37 1200 | 3B28 1535 | 6BM6 11500 | 757 400 8664 2003 | 18045 10.49
E80CF 11.27 ECLS82 1.50 £Z280 1.50 MX161 152.25 QQV03-10 14.00 UABC80 1.2 3B29 20.00 6BN6 2.00 7R7 4.25 872A 20.00
ESOF 13.58 ECL83 3.00 EZ81 1.50 | MXl63 202 QQV03-20A UAF42 250 3B240M  17.50 6BQ7A 3.0 787 3.50 922 6.00 Tested
E80L 13.37 ECL.84 1.50 EZ90 2.00 MX164  25.52 48.38 UB4I 3.00 3B241M  17.50 6BR7 6.00 TY4 2.25 9314 18.50 Ex-Equipment
]-;SICC 8.00 ECLS85 1.50 FW4-500  3.50 MXI166 147.00 QQVO06-40A UBC41 2.2¢ 3C23 25.00 6BR8A 3.50 724 2.00 1624 4.00 4CX250B  6.50
ESIL 12,57 ECL86 1.78 FW4.800 3.50 MX168 48.00 48.38 UBF89 1.5¢ | 3C45 24.50 6BS7 6.00 11E3 55.00 1625 3.50
E82CC 8.10 EF37A 5.00 GL.371K  35.00 N78 1500 | (Qv07-50 66.90 UCCs4 175 3CX100AS 6BW6 6.00 12AH8 5.00 2050 7w
ES3ICC 8.4 EF39 2.75 G5S1IK  12.00 | OA2 325 | QQzZos-40A UCC8s  1.85 47.00 | 6BW7 150 | 1)ATe 1.50 | 4212E  300.00
E86C 8.25 EF40 5.00 GI80.2M 17.50 | OA3 2.50 62.20 | UCFR0 200 | 3E29 45.00 | 6BX7GT 5.00 | |3aT7 175 | 42120 300.00
ES8C 8.25 EF4] 3.50 G240.2D 12.00 | OA4 6.00 | qu3z7 1250 | UCH42  2.50 354 2.00 6BZ6 2.75 12406 2.50 5544 81.97
ES8CC 8.00 EF42 4.50 G400.1K  17.50 OB2 435 | QVo3.12  6.80 UCHSI  2.50 3v4 1.75 6C4 1.25 12AU7 1.75 5545 102.00
EQCC  8.61 EF50 2.50 GN4 9.00 | OB3 230 | QVo47 350 | yCrsy 175 | 465A 60.00 | 6CB6A 250 | [2AV6  2.50 SSSIA - 114.90
ESOF 990 | EFS4 500 | GN4a 900 | OC2 435 1 Qvos- 10 UCL83 275 | #1254 6000 | 6CD6GA 500 | 12av7 350 | 33524 15535
E9IH 6.25 EFS5 350 | Gsle 1600 | OC3 2.50 136.85 | yF4) 2.00 | 4250 80.00 | 6CG7 250 | 128X7 175 5642 9.00
ECC 875 E'80 175 GTIC 15.00 | OD3 2.50 | QY365 5426 | F42 210 | 4-400A 87.00 | 6CH6 13.00 12AY7A  4.00 5654 3.00
ES9K 910 | EF83 400 | Guss 2000 | 0OZ 3.50 | Q3125 60.40 | {Fso 175 | 4B32 2000 | 6CLé 375 | 13BA 350 | ses) 445
I = I -
7495 0.73 74136 051 | 74175 1.02 | TBAS20Q 2.30
| INTEGRATED CIRCUITS Tie 0B | Hlo oae | JarE L0z TBasag 230
g 7 0.16 423 0.33 018 | 7497 315 74142 2.30 74178 1.36 TBAS40Q 2.30
BASES CRTs SADPL 3500 t,ggg:;g {g-gg L 017 ;425 030 ;3‘7’3 038 | 74100 154 | 74143 260 | 70179 136 | TBASSOQ 3.22
| v SBP] lo.op | WCRIIZB 1000 | 740 01 | 7437 030 | 7472 033 | 74107 0.45 | 74144 260 | 74180 1.20 | TBAS60CQ
B7G unskirted  0.22 | 2API 850 | 5Cpi 10.00 CRSI7C 10. 7403 017 | 7428 043 | 7473 038 | 74109 0.73 | 74145 100 | 7419 1.90 3.22
B7G skirted 0.30 | 2BPI 9.00 | sCPIA 40.00 7404 018 7430 017 2473 0.38 74110 0.51 74147 2.00 74191 1.90 TBA673  2.20
B9A unskirted  0.22 | 3BI'I 12.00 | SEp15SA  15.00 7405 0.18 7432 0.30 7475 0.54 74111 671 74148 1.76 74192 1.90 TBA700  1.52
B9A skined 0.30 | 3DPI 5.00 | syp7 25.00 7406 0.43 7833 040 | 7476 0.42 | 74116 1.85 74150 1.80 74193 1.90 | TBA720Q 2.30
Int Octal 035 | JEGI 1080 | DG7-5 6332 | Tube Bases 7407 043 7437 0.32 7480 0.56 | 74118 1.00 74151 0.94 74194 1.25 TBA750Q 2.07
Loctal 0.55 | 3FP7 6.00 | G731 58.07 | Priceson 7108 0.20 7438 0.32 7482 075 | 74119 1.54 74154 1.80 74195 1.20 TBASOO  1.20
Nuvistor base ~ 0.75 | 3GP1 6.00 | 1)G7-32  58.07 | application 7409 0.20 7440 0.32 7483 1.00 | 74120 083 74155 0.9¢ 74196 1.35 IBAS20  2.90
8 pin DIL 015 | 3Pl 8.00 | Di3.01  56.83 7410 017 7441 0.90 7484 105 | 74121 043 | 74156 0.90 74197 1.35 | TBA920Q 2.90
M4 pin DIL 0.15 | 3]P2 800 | D71 11312 7412 0.29 744 0.72 7486 039 | 74122 0.62 74157 0.75 74198 270 | TBA9Q 2.90
16 pin DIL 017 | 3]P7 1000 | vcRr97 12, 7413 0.32 7447AN 117 7490 060 | 74123 L18 | 74159 2.20 74199 230 | TCA270Q 2.90
Valve screemng 3KP1 15.00 | vCRizs 1200 7416 032 7450 018 7491 082 | 74125 0.58 | 74170 240 | TAAS70 230 | TCA760A 138
cans ali sizes 030 | 3RPI 35.00 | VCRI3ZA 12.50 7417 032 7451 018 | 7492 060 | 74126 0.58 | 74172 4.40 TAA630S  3.50
3WPL 2000 | \CRI39A 8.00 | 7420 0.18 | 7453 0.18 | 7493 0.60 | 74128 0.63 | 74173 142 | TAA700  3.90
l | | 7422 0.20 | 7454 0.18 7494 0.82 74132 0.72 | 74174 1.60 | TBA480Q 1.84
Terms of business: CWO. Postage and packing valves and semiconductors 50p per order. CRTs £1.50. Prices excluding VAT, add 15%, Telephone 01-677 2424/7
Price ruling at time of despatch. X i i R Telex 946708
In some cases prices of Mullard and USA valves will be hlgher_than those advertised. Prices correct when going to press. . E.&O.E.
Account facilities available to approved companies vu{lth minimum order charge £10. Cam‘age and packing £1.50 on credit orders. Open to callers Monday-Friday 9 a.m.-5 p.m.
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A E. G
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Test Equipment
i s DISTRIBUTORS

i @
-4 Philips PM 2517X Handheld DMM £172
AR AN/ A AR Multi-function, 4 digit autorangng with manual
O O - override. True RMS to 10Amp. Battery operation
OR R RO O 0 REA Optional accessories extend measurement capabilities
PR R O O RADIO u . sPM 3207 15MH;
AR REQO RED A . Oscilloscope £385 »
Tough hght-weight portable for freld service
O ARRA work with big screen. Dual trace, TV
triggering, X-Y operation, add and invert
A R D POR AR RADIO <« Philips PM
. 5107 Function Generat:or £295
D A A () DR s by 5 Designed for audio and educational
& g applications. Low distortion LF generator
ABO A 10Hz to 100kHz sine and square
- waveforms
b( DO R A H @ D 1O 2 TTL output
4 S . RO RATOR Philips PM 5501 Pattern Generator £296 »
Compact unit for TV servicing and installation Five
dfferent test patterns for colour and monachrome
Tone for audio checking. RF switchable
Apply Tor aeta O . < Philips PM 6667/01 Frequency
Counter £290 High resolution
] 0L AN I PATIE | - : 7 digit computing counter from 10Hz to
= w - e 120MHz. Auto ranging on all waveforms
M HOUSE, 05BORNE RUAD, 10110 # PMBBB8/01 [£425) performs to 1GHz
DUTHAMPTON S04 40 AND "
703 86734 Fluke 80228 Handheld DMM £99 » Q
| Rugged 31 digit, general purpose meter Six functions include
diode test. Extensive overtoad protection and two year
warranty pericd
WW — 053 FOR FURTHER DETAILS < BO10A Bench/ '@ /
f portahle DMM £210 . r.w:., ¢
Exceptional pe-formance S
v _ 24 MARCONI SIGWNAL GENERATOR TFI060.2 450- 31 dgt, true RMS meter
O B s QARANIE, | 7 MANCONL VA SIGNAL GENERATOR Thssas 1% Seven functions with 10Amp
e py el 2 soonlkeys 27 MARCONI UNIVERSAL BRIDGE TF 6538 £120 current capabiity. Comprehensive
\zin. MONITOR cased — nonstandard nput — and 5 MARCONI SIGNAL GENERATOR 003 "2%‘3 1 accessories and Ni/Cd battery
ingRASCHcoded]OWERTYRKENBOARDRwitD 10KHZ-72MHZ. AM/FM Mod. 475 option avalable
;‘;Q;gfﬂ'ggv:;‘;gg,g’m'y"ggw" keysaWithlinfo 30 MARCONI SIGNAL GENERATOR TFZ002 As above AM D - o .
S e v e < e |y oo e, 8 || B Torioilo 5 ot wi true IS capabity B functons ncce + wt
FLOPPY DISK DRIVE 8in. by MEMDREX with control 1028MHZ N

electronies. £75 each P&P £5 MARCON! SENSITIVE VALVE VOLTMETER TF2800 conductance and high speed audible continuity. Two year warranty applies
HARD DISK DRIVES by DATA nscnnmnc Series 30 10HZ-10MHZ. 1mV-300 Voits
Front load with info. £125 ea -
TEKTRONIX STORAGE msvw UNIT type 611 Q”oﬁg,lem' PIRUIDL (ZSEAT R (IATR 7°°
Screen size 81/2in. x §'/2in. £495. MARCONI VHF SIGNAL GENERATOR TF1064B/5M 68-
AZTEC 20in. btack and white monitor. Video in £50 108:118-185/450-470MHZ £95
TV-style 20in, MONITOR Video in £30. MARCDNI AUTOMATIC DISTORTION METER TF2337

W w
8 ¥

<4 Hameg HM 103 10MHz Oscilloscope
£158 Single traca, sutable for field service
or home constructor Two year warranty

W w
8 9

CREED 75 TELEPRINTER. Very good condition. £25 £225 »
each. Carriage £7 44 H P VHF SIGNAL GENERATOR type 608C 080Kz apphes to this and &l Hameg instruments
46 HP 431B POWER METER with head type BA7BB
ftem No. 10MHZ-18GHZ
288 1&%"}3’3’3 U§C|LLUSCUPE Type B47A. Dual Tvca‘;e, 51 WAYNE KERR SOURCE & DETECTOR SR268 u Hameg HM »
elay Swe 52 WAYNE KERR VHF AOMITTANCE BRIOGE type B3018 — _

287 TEKTRONIX STORAGE OSCILLDSCOPE Type 549 Oual Pl M ) 203-4 20MHz

Trace 30MHZ Dual Time Base £400 53 HP. UHF SIGNAL GENERATOR type 6124 450 i Oscilloscope £264
288 TEKTRONIX OSCILLOSCOPE Type 547 Dual Trace 1230MHZ £175 Dual trace for gen Ic

£250 61 AIRMEC MODULATION METER type 210 3-300MHZ - general purpose applications

S0MHZ. Dual Time Base .
289 TELEQUIPMENT OSCiLLOSCOPE Type S43 OC-15MHZ

L inindustry and education X-Y operation, TV
%0 TELEQUIPMENT OSCILLOSCOPE Type 554 DC-10MHZ

£12
68 ADVANCE FM/AM SIGNAL GENERATOR SG&3A 75

230MHZ triggering, add/invert and component tester
Solid Sta 72 ADVANCE SIGNAL GENERATOR type J1A 15HZ- SDKHZ
2 TEKTRONIX STORAGE DSCILLDSCOPE type 5648 vmh 5
i %@E?ﬂgﬁﬂznsmunscnvs P 395 37 JERROLD SWEEP GENERATOR SYSTEM Model S5-300- — - -4 HamegHM 204 . -~
type wit ua 5B 0-300MH £350 a5 i
Trace 33MHZ Dual T8 £160 1)) BRADLEY nscumscnps CALIBRATOR type 156 _£175 20MHz Oscilloscope £365 High
4 %Mh/}eg I%SSCILLDSCDPE e SMiTl Dual Trace 113 RADIDMETER ype AFMI MODULATION METER 2 performance instrument with sweep delay
olid State 320MHZ
5 COSSOR DSCILLOSCOPE tyse COUTIO Ousl Trace 52 AIRMEC WAVE ANALYSER type 248 5-300MHZ i Versatile triggering to 5OMg|Z. var‘la]ble hold
olid State 65 AIRMEC SIGNAL GENERATOR type 365 AMFM 8 i
& SOLARTAON DSCILLDSCDPE type CO1400 Dual Beam W2MNZ g ' r off contral. Z modulation and interna
15MHZ. Delay Swi £90 84 R&S SWEEP SIGNAL GENERATOR SWH BN4242/4 ] fluminated graticule
7 MINISTRV DSCILLOSCDPE type C7436 Oual Beam DC 80KHZ-12MHZ
85 R&S NOISE GENERATOR SKTU BN4151Z/75. 1-
9 B&K ELECTRDMC VOLTMETER type 2409 2HZ-200KHZ 1000MHZ £50
£50 88 FLUKE DIFFERENTIAL VOLTMETER Model 8214 £50
12 B&K AUDID FREQUENCY SPECTROMETER type mms 110 KAY SWEEP AND MARKER GENERATOR Type 1500C
20HZ-200KHZ ) £125 . .
18 MARCDNI SIGNAL GENERATOR type TF144H4 IDDEHZ» 3% FLANN SIGNAL GENERATOR Type 501 PS. 0575.3GHZ I.C.E. Microtest 80 Multimeter £19
£175 :
20 MARCON| FANAM SIGNAL GENERATOR TF10658/1- 10, 105 TELONIC SWEEP GENERATOR Type SDIM, 440- ngpdf bEEEENG robust case
21 MARCONT Fabron SIERAL GENERATOR TFO%5A I8, SHMHZ with fxed markers ... - £ e Mg e
15-220MHZ AM/FM Mod £150 y E'XECUTIVE TELEPHONES  PUSH BUTTON | sensitivity and accuracy Large range of
3 MARCONI RF POWER M TER TF1020A/1 50 oh DC Aany functions including 10 number memory, repeat E ‘
d 250MHZ OWE EIE 2 - dialing, etc Will connect to GPD System Brand New INEXPENSIVE GCCessores
£25 each. P&P £4
Stockists of NEW SAFGAN DSCILLOSCOPES Al . - .
Ve EQUIPMENT [N WORKING OROER ADD 15% VAT TO ALL PRICES Carriage and Packing extra

many other ITEMS OF TEST EQUIPMENT A M
PDNYENTS nsioed [For rEunler detai}sNDchn?ac( Please check availability before ordering. Carnage all units,

L Electronic Brokers Ltd.,61/65 Kings Cross Road,

110 wy?(gHEA\"ﬁVal:J g:DTNEGABI%stGB“ e london_WC]X 9'."18'0]'831"66T8|81298694
Telephone: 0734 68041 R e e, e e R
L Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive 3 — I a - I 3 —

<5 ERDET S 9 Ld
WW 052 FOR FURTHER DETAIL Electronic Brokers | == = |
WW — 601 FOR FURTHER DETAILS
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CX80 covour
MATRIXPRINTER &80

At last a low-cost Colour Matrix Printer for /‘ 4
Text, Graphics, Histograms, Colour VDU
Dumps, etc.

Colour printout is quickly assimilated,
makes graphics more understandable
and is an ideal medium for the presen-
tation of complex data or concepts.

Compatible with most microprocessors, prints in 7 colours — sophisticated internal
programme makes the CX80 easy to use.

Dot Addressable + 15 user programmable characters, 96 ASCIl and 64 graphics
characters in rom. Centronics interface with RS232 and IEEE488 options. Apple ||
interface gives dot for dot colour dump. New viewdata interface prints out two pages
side by side in full colour. See Prestel 200650.

The CX80 is a product of our own design and development laboratories. It represents
a British breakthrough in colour printer technology. Colour brochure on request. OEM
pricing available.

Portwood Industrial Estate, Church Gresley
I I E Burton-on-Trent, Staffs DE119PT
Burton-on-Trent (0283) 215432. Telex: 377106

@ 60 MHz Bandwidth

4 5mV-20V Sensitivity at 60MHz
@ 1mV Sensitivity at 30MHz

[ Timebase Range 5ns-2,5s/cm
i7" Reliable Triggering to 80MHz

¥ Normal and Peak Value Triggering
v Alternate Triggering

¥ Variable Sweep Delay

¥ 14kV Rectangular CRT

(« Y-Output

¥ 1kHz/1MHz Calibrator

' HM8000-Compatibility

(¥ 2 Years Warranty

ARl

EXCLUDING VAT

Hameg Modular Test
write or calk: System HM 8000

HIRANMNMEL=.mo

74-78 Collingdon St. - LUTON, Beds. LU1 1RX . @ (0582) 41.31.74 - Telex 825 484

WW — 066 FOR FURTHER DETAILS
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PRECISION DUAL AXIS

CONTROL STICK

Suitable for use with Computers, Robotics, Machine Tools
Widely used by Government departments and industry

SUPER SMOOTH PRECISE ACTION - SEPARATE FINE TRIM
ADJUSTMENT ACCURATE CENTRING LONG-LIFE
MOULDED NYLON PARTS

Available in kit form — easily assembled. Standard version
— Carbon track pots. 1 off £8.50, P&P 75p. De luxe version —
Conductive plastic film pots. 1 off £12.80, P&P 75p. Send SAE
for full details of sticks and servos suitable for Robotics. OEM
and trade enquiries invited, Barclaycard and Access
accepted,

EAST ANGLIA'S LEADING SUPPLIER OF MICROCOMPUTERS
AND COMPONENTS TO EDUCATIONAL ESTABLISHMENTS.

SKYLEADER, DEPT 10, AIRPORT HOUSE, PURLEY WAY
CROYDON, SURREY CRO 0XZ. 01-686 6688

WW — 049 FOR FURTHER DETAILS

ELECTRON GUNS
TV TUBE COMPONENTS

If you are Rebuilding or Manufacturing TV Tubes — We are the
Ieadin% suppliers of Electron Guns and TV Tube Components to the
TV Tube Industry. We specialise in all aspects of Electron Mount
Technology.

Our product range includes more than ZSOh%un types for Colour, In
Line, Mono and Display Tubes along with Mount Parts, Bases, Get-
ters. Sealoffs, and all other associated items for TV Tube Production.
A Full Technical Back-up and Advisory Service is available to all
customers Worldwide,

Please request our current catalogues and Data Information

2 SWAN STREET

GRIFTRONIC sk

WARWICKSHIRE

ms EMISSION LTD 230

Telephone: (0789) 764852/764100. Telex: 312354 Grifem G

WW — 006 FOR FURTHER DETAILS

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:
HARRIS ELECTRONICS (London)

. Phone: 01-837 7937
138 GRAY’S INN ROAD, W.C.1 Telex: 892301

WW - 015 FOR FURTHER DETAILS
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BBC Microcomputers Interface Devices | Regulators
Model B 34695 | 6402 380 | 78LOS
Model B +Disc Int 43185 | 75107 047 | 78L12 030
NB Credit cards ate not accepted i payment for 75110 05 | 78L1S 030
BBC Mictocomputers 72{2 g g g/gflxg 8 :g
7 7
. 75160 256 | 7815 040
BBC Micro Econet 75161 280 | 7905 045
Full range of products avaiable Installation 75162 395 7912 045
service available 75172 1 92 79\53,091( [l) 423
75173 144 | LM
BBC Compatible Disc Drives 75174 195 | LM3L7K 240
75175 144 | LM323K 450
Cased dnves, finished to match the BBC Micro are 6
75182 050 | LM338K 25
supplied complete with connecting cables, manual | 75183 050
and uhhities disc
All single cased dnves may be expanded to dual ;g}gg g g; Data Convertors
conhguration by the addition of the appropnate 75451 032 UPD7002 Dl 426
uncased mecharusm 75452 022 %S:g D: g 403
Disc capacity Single Dual  Uncased 75453 022 7N427 8) S99
100K 19500 33500 14200 75454 022 | Zn428 DI 475
molxg 235% gisg 216% 75468 088 | fNids i
s oD e 75491 031 ) 7N432 DI 1300
e ° 1\5\?3%015 o7 g["g IN449 DI 255
BBC Micro Upgrade Kits AY31270 647
BBCAZ2B Complete ATO B 4475 | AY3810 D6 440 | Crystals
AYS53600 D2 670 | IMHz 75
BBC3 Disc Interface, 8485 DP8304 Dl 250 1 8432 MHz 192
Fitting service available MC1488 Dl 037 gMgl ggqs
MC1489 Dl 037 | 8MHz
i NC3242A 630
EB%%%;? C?b?:m ectors 750 MCi6 Dl 2% | DILSockets
. MC3448A DI 375 | Pums Tin Gold W/W
BBC22 User Port Connector 8 S
& Cable 245 | MC3480 DS 730 % 13 Izs 25
BBCZ3 Cassette Lead 350 | MC3e7 - DI 20 e
i MCl14411 DI 7865 16 10 29 40
BBC247 Pin Din Plug 060 s 1 3
i MC14412 945 1 3 S0
BBC25 6 Pin Din Plug 060 20 15 37 60
BBC265 Pin Din Pl oso | RO DI 630
R RO32513U DI 650 22 17 38 8
BE a 24 2 46 70
BBC Micro Accessories 28 24 55 80
BBCAS Joysticks 1130 H}}['lllfl' lModuldors o 2 76 99
X 6MH. Dl 230
BBC Micro Software UMlES:} ZIF Sockets
g By |k e BT
in
Linears 4C P 875
BBC Micro Software L203 085
LF388N 475
Full range available Please telephone for stock i300AN 073 | Datasheetsare
position LM308N 048 avdilable on items
LM311P 050 | matkedD. o ows
Memories 8080 Family LM3I9N 199 'y ee ety .00
LM324N g0 | DI 075 D5 2.0
2114L-200NS D1 080 8085A D4 350 D2 1.00 D6 3.00
7708450NS D2 285] 8212 110 | LM348N 060 { p3 125 D7 400
2716450NS D! 245 8216 100 | NESSSP 016 | 53 2000 D8 500
2716350NS D1 495 | 8224 210 | NESS6CP 045
27163Rail DI 725 8228 377 TLOLO 039
2532450NS D2 345 | 8251A Ds 250 | TLOG! 029 | Ajtullrange of the
2732450NS DI 345 8253 400 | TLOBZ 049 | following products s
%;32 ggzg D : §, 492 8255A DS 225 ;lOM ggg lcamded in stc;%([u[nd s
D LO66 t
41?2 150NS D1 085 . TLO71 029 c,:falo‘;u:m
411620085 D2 080 6500 Feomily TLO72 047
4118150NS DI 325 | 6502 D3 325 | TLO74 100
SEEE Baglme  Riminm GR| 1SEnIG
6116 15ONS DI 330 enes
6116 Low Power 6520A Dl 316 | TLOB4 158 | # TIBipolar Memones
FooRlE N L R Yl
4164 200NS rystals
: T?o D3 395 | 6532 Dz 550 | TLO%4 134 | %IDC.CardEdge &
4164 200NS TL487 062 D-Type Connectors
NEC D3 395 . TLA8S 062 | # DipJumpers
4516/4816 Floppy Disc TL4%4 163 | # Monochrome &
o sl Contolen | HE 08 GRS
8 NS DZ 2 %’1‘771 DS ‘:g[[g 725 160 # Eprom Programmers
6800 Feomily FDI1791 De2z00 | 741 014 & Erasers
6800 D7 225] FD1783 pezaoo | 747 048 | # Custom Cable
6802 DS 2501 FD1795 De2800 | 748 027 Assemblies
6809 D6 630 FD1797 D6 28 90
%ﬂ’ 85 {(1)3 WD1691 D2 1200
WD2143-01 D2 699
6840 D4 3 ;(s) &l 2
6845 DS 6
6850 D2 110} Bulfers Carriage Orders up to£1399 are sent by Istclass
68488 D2 730 | 8ILSSS 080 | postand £200+ by Secuncor
68B00 D7 525 | 81596 080 | 0-£100050£100-€199 1 25£200+ 5 00 by Secuncor
68B09 D6 1200 | 8BIASS7 080 | Pricesquoted (+ camage charges) are exclusive
68BI10 D1 226 8IL598 080 | of VAT and are subject to change without notice
68B21 D3 220 8T26A 090 | Quantity Discounts are avalable on many
68B40 D4 600| 8T28A 090 | products, please nng for details
68B50 D2 220 8795 090 EOﬁiiial Orders are welcome from Education
. 8T97A 090 stablishments, Government Bodies and Public
Z80 Family 8798 090 { Compamies
Z80ACPU D2 299 Credit Accounts are available to others subject
Z80 BCPU DZ 900 :f. status Payment 1s due smcily nett by the 15th of
Z80ACTC DI 260 e month
Z80BCTC DI 900 Credit Cards are accepted (Access and Visa) for
% : DARAT D 12 g g telephone and postal srders and NO SURCHARGE
DMA D \s made
Z80API0 Dl 275 Out of stock items will follow automancally, at our
Z80BP10 DI 900 discretion, or a refund will be given if requested
Z80 ASID D4 900

FORFAST.

For more information about the hardware and software

IMMEDIATE avadable send for owr FREE CATALOGUE

SERVICE YOU Post to Midwich Computer Company Limited, Rickinghall
CAN TEL. YOUR ORDER TO I House, Hinderclay Read Rickinghall, Suffolk IP22 IHH I
DISS (0379) 898751
Midwich Computer fome
Company Limited, Address I
Rickinghall House, o )
Hinderclay Rd, F!I -
lg"lifkillfhau, e Uil Code

o) —
VISA Tel

P22 1HH | o W]

WW — 034 FOR FURTHER DETAILS
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% DG POWER SUPPLIES w

APT. Ex-computer supplies. Program variability 6-

P. F. RALFE ELECTRONICS
. EL: 03-723 875? 30V DC (secondary taps & resistor). Connections

10 CHAPEL STREET, ) i ;
i T - - supplied. Three sizes available, 5A, 712A & 10A.
. - s U Prices £20, £25, and £30 respectively (p&p £3.50).
= [ e FARNELL. Current limited. 13-17VDC @ 2A £15. 27-

= B“ 32V @ 1A£10. 12V @ 1A £10 (+ £1.50 p&p).
S.;" e A
i

MARCONI SIGNAL
* "GENERATORS *

TF2002A/S  (illustrated) 10kHz-
248 72MHz. AM/FM.
8 TF2002. As above but AM only.

£450
MARCONI TF10688. AM/FM Generator. 10-
470MHz. 0.2uV-200mV output. FM Deviation up to
*+100kHz.
MARCONI TF995A/5. AM/FM Generator. Narrow
deviation model 995 covering 1.5-220MHz. £450.
TF2015. 10-520MHz. AM/FM. TF144H. AM 10kHz-
72MHz £295.
MARCONI TF10648/5. AM/FM Signa! generator
covering in three ranges 68-108, 118-185 and 450
470MHz. FM fixed deviations of 3.5 & 10kHz. AM
fixed 30%. £225

+ ‘DOLBY’ NOISE WEIGHTING FILTERS w TEKTRONIX 453. Dual-trace 50MHz.
Cat. No. 98A. Noise weighting filters for CCIR/ARM IEIKJEO'::: 585. Dual time-base. Differen-
B0k (b pny Measurements. As new units. | oo Py RTRON CD1740. S0MHz sweep-delay

£350.
BECKMAN TURNS COUNTER DIALS MARCONI TF2210. Dual-trace, 100MHz,
Miniature type {22mm diam.). Counting up to 15

sweep-delay £350. -
St i rtable.
turn “Helipots”. Brand new with mounting instruc- DYNAMCO D7200 Mains/Battery po C
tions. Only £2.50 each.

Dual-trace 15MHz £225. o
N.B. We have a frequent stock turnover of - —
good, used 'scopes. Should you have a X EASUREMEN
Stoddart Model Nﬁrs'zﬂ.igfﬁgge & Field intensity | specific requirement for any item of test mncovz‘lu%!glé'o.“Tvae ra!ﬁé!glgsnuf/-ao&
measuring receiver. 375MHz-1GHz c/w power ;gﬁlr‘:;:gzir;ve would be please ce FSD. Wids-band to 10MHz.

COUTANT 5V @ 5A (7 x5 x 3"). £20 (+ £1 p&p).
VARIABLE 0-30V @ 1A. Volt-metered. £25 (+ £1).
FARNELL 5v switching @ 60 Amps. (Measures 13 x
5 x 6"). Recent special purchase £50 only (+ £3

p&p).
MULLARD Dual =12V @ 1A @ 0.4A, £10 (+£1).

%% STEPPER MOTORS +

Brand new stock of ‘ASTROSYN' Type 20PM-
A0S5 stepper motors. 28V DC. 24 steps per rev.
15 oz-in torque @ 100PPS. Body Iength 24",
diameter 2", shaft Ya'* diam x 4V’ spirally
threaded. Weight 160z. Price each £15 (p&p
50p). Connactions supplied.

18 8 88 8448283233
L2222 T 22 2 2R NS

supply unit. MARCONI TF2603. Frequency range 50kHz-
MARCONI TF2502 RF Power meters. DC-1GHz. 10w fsd £350. 1.5GHz. High Sensitivity from 300uV.
KAY SOUND SPECTROGRAPH MARCONI TF2701 In-Situ Universal component Bridge £250. MARCONI TF2604. Electronic Multi-meter.

MEGGER-5KV Insulation tester. Hand-crank.

PHILIPS Model PM8041. X-Y Recordsr.

MARCONI TF2343A Quantization Distortion Meter £150. 15600MHz.
HEWLETT-PACKARD 3450A Multi-Function Digital Mult‘i_;Meter. -
ROHDE & SCHWARZ ‘SDR’' AM signal generator 0.3-1GHz.

HEWLETT-PACKARD 608C. AM signal generator 10-480MHz. % BRUEL & KJAER «

TGL Spectrum Analysers model SA102. 0-500MHz. Brand new factory | Model 2006 Heterodyne Voitmeter. AM/FM/
units. 0-500MHz. Send for specifications. Voltage measurements to 240MHz.

Model 6061B with Amplitude Display, scale magni-
fier. 85Hz-16kHz. Complete sound spectrograph in
excellent condition.

Y AUDIO WATTMETERS #
Switchable 1W & 10W FSD. Internal 3.5 & 8 Ohm
load impedances. Housed in grey snamelied case
6x6x3". Large easy to read g" sq. meter. Scope

AC/DC 300mV Full scale to 300V (1kV DC). Re-
sistance ranged. AC Frequency range 20Hz-

output provision. £10 (+£1). + INSULATION TESTERS & v DISC CARTRIDGES #« LA

HEATHKIT Model AW-IU. Internal load switchable | Transistorised ‘Metrohm’ 250V &  BASF 12-Segment Single Hard CLAUDE LYONS 240V AC

3,8 15 & 600 Ohm. Meter scaled 0-50W (+dB BOOV ..o £40 Disc Canrigges. Brand new sur- ? HEGULATORS

scale). 5 Ranges from 5mW-50W FSD. Mains Transistorised ‘Megger' 500V £60  plus stock. £20 ea. mall quantity availabie of constant voltage mains

Rnowered. £25 (+£1). | Hand-Crank ‘Megger’ 500V ..... £60
ARCONI TF893A. 1mW-10W Full scale in 5 Supplied in fully tested excelient

ranges. Impedances 2.5-20K Ohm in 48 steps. condition
Direct calibration in Watts and dBm. £85 (+£2). =

regulators. Continuous current rating 5A. Model
no. CVR-1200. Input 204-252V. Output adjustable
200-264V AC+ 0.3%. 45-65Hz. Condition as new.

% SWEEPERS * % MUIRHEAD P gm:go‘f‘;q x6'". Weight 20Kgs). Price £95 ea. +
GP'O)Jé\zCKOSOCKTET Sgnzlgs(ézo }NAY.J]YPB %Zg,(} TELONIC  Sweep  generator FACSIMILE UNITS | - . o
pole .50 ea. Type {3-poie with switching system type 2003. Fitted with " ’ imi -
contacts) £4 ea. Please include 35p each for Marker, attenuator, Detector plug- xﬂiﬁépgg%‘%‘“ ;ra‘gs":gggn:ﬁ_ x ROTRON INSTRUMENT «
postage on these. GPO type 316 jack q_lugs for | in units and Generator covering ters K400 AMCH in stock in excel- | ¥ COOLING FANS x
above 20p ea. (104 post free). Plus VAT please. | g00-1500MHz. £326 lent condition £250 per pair. % Supplied in fully tested excellent condition
Also recent stock of new, mint condition 720 Type, & as follows: x
£6 sach. - PLEAdSE NOTE. A.I(I thhe preaowned equipmen't., shown has bee'n care]fg”y & 115V, 4lexdlex1%’ £5. 230V same size x
tested in our workshop and reconditioned where necessary. It is sold in Y a0 ) " size,
k¥ CONSTANT VOLTAGE TRANSFORMERS & first-class operational condition and most items carry a three months’ | & g?a?\% r:;svvegxa;;;: snfz?ll ‘213(;\',\“3\/ 151”5\/ x
ADVANCE VOLSTAT; Type. Model MT140A. uarantee. For our mail order customers we have a money-back scheme. | 4 414" size, brand new £6 Postage each + ¥
Mains input 190-260V AC. Output 230V AC @ gepairs and servicing to all equipment at very reasonable rates. PLEASE | g go% w20 ) &
150W. Price sach £20 + VAT + £2 carriage. ADD 15% VAT TO ALL PRICES. PP ] WW-10

ICOMICR70

EBUOM wwmnmcaroun aicxiens

o o e

- T

The professional communications receiver for point to
point, ship to shore, and general coverage radio work.
RANGE 100KHz-30MHz % MODES AM, SSB, CW, RTTY
and optional FM J CPU based 10Hz step digital PLL
synthesizer with DUAL VFO’s ¥ Frequency display 6 digit
to 100Hz ¥ STABILITY less than 50Hz after one hour %
POWER SUPPLY 117 or 235V AC and optional 12V DC %
IF — 1st 70.4515MHz, 2nd 9.0115MHz, 3rd 455KHz, 4th
9.0115MHz ¥ Optional transceive units and filters avail-
able.

THIS SUPERB RECEIVER IS PRICED AT
£433.91 + vat

Contact us for more details on this and other ICOM
professional communications equipment.

PMR — MARINE — AMATEUR

Dealer enquiries weicome

Thanet Electronics [@3[ICOM

143 Reculver Road, Herne Bay, Kent
Tel: 02273 63859. Telex 965179

e
WW — 039 FOR FURTHER DETAILS
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Koo Feose
lontacke CLEAW

BY USING A

DIACROM
SPATULA

Manutactured in France
British Patents applied for

No other cleaner has all these advantages: —

-

- Only 100% pure. natural diamond grains are utilised

N

- Btades are treated with hard chrome to reinforce the setting of the diamond grains to
obviate loosening or breakaway during use This process also prevents clogging of the
diamonded surface by residues resutting from use

w

All diamonded blades are recufied to ensure an absolutely smooth surface by ehminating
diamond grains which may, rise above the surface This eliminates alt excessive
scratching during use

4. All yiamond grains are rigidly calibrated to ensure a perfectly uniform grain size of either
200 300 or 400

5. The chrome gives a very weak co efficient of friction and the ngidhty of the nylon handle .
calculated to pernut proper utilisation and yet pliant enough to avoid undue pressures on
highly delicate retays

Grain size 200. thickness 55/100 mm  both faces diamonded For quick cleaning of industrial
relays and switching equipment. etc

Grain size 300 thickness 55/100mm  both faces diamonded. For smaller equipments. like
telephone relays. computer relays, etc

Grain size 400 thickness 25/100 mm  one face diamonded For sensitive relays and tiny
contacts Two close contacts facing each other can be indwvidually cieaned. because only one
face of the spatula is abrasive

Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD
81 Piccadilly, London W1V OHL. Phone: 01-629 9556

As supplied to the M.O.D, U.K.A.EA.. C.E.G.B. British Rail and other Pubiic Authorities ;
also major industrial and electronic users throughout the United Kingdom.

WW - 035 FOR FURTHER DETAILS
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THE COMPLETE PACKAGE!

MICROPROFESSOR PLUSTHE

 STUDENI WORK BOOK!

"3!
£

Q‘ y
S
Y

M

)

7
ry

A low cost
tool for learning,
teaching and prototypmg

Micro-professor is a low-cost
Z80 based micro computer
which provides you with an
interesting and inexpensive way
to understand the world of
microprocessors.

Micro-Professoris a complete
hardware and software system
and is a superb learning tool for
students, hobbyists and
microprocessor enthusiasts, as
well as an excellentteaching aid
for instructors of electrical
engineering and computer
science courses.

Micro-Professor £99.5 O

(+£4.00 pé&p)

Now with the Student Work
Book available Flight offer you
the complete package. An easy
to follow manual that will help
further your understanding of
microprocessors.

s £16:00
FLIGHT

Electronics Ltd.

Micro-Protessor is a trade mark of Multitech Industrial
Corporation. Z80 is a trade mark of Zilog Inc.

|

SGB-MPF
Sound
Generation
Board

N Manual play,
L # Autoreplay .
oS Auto rhythm —
" 6 different rhythms,
Sound Synthesizer
and Hi-fi speaker.

EPB-MPF EPROM
Programming Board

For all+5V 1KB/2KB/4KB EPROMS
Read/Copy/List/Verify Capability.

SSB-MPFSpeech %4
Synthesizer Board

A vocabulary of up to 400 words
based on the TMS 520C chip.

PRT-MPF
Printer Board

Memory dump utility. BAS/C
program listing. Z80 disassembler.

l Quayside Rd.Southampton,
' Hants SOQ4AD Telex.477793.

! Tel (0703)34003/27721.

_________________ 4
1 P/ease send me Qty,
I Micro-Professor £99.50 |
! (+£4.00 pé&p) \
! Student Work Book £16.00 |
! SGB-MPF board £79.50 |
| EPB-MPF board £99.50
| SSB-MPF board £99.50 1
PRT MPF board £86.25 1
: l enclose cheque/P.O. for£.............. :
FNGME oo :
1
1 AQAreSS .o 1
1 1
P S T ]
1 )
: Mal/ Orde ronl y ..................................... |
Prices include VAT.Please B
) allow 28 days for delivery. By phone or post
' FLIGHT ELECTRONICS LTD.

WIRELESS WORLD OCTOBER 1983
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TELESCOPIC MASTS

Pneum at cally operatec tekescopic masts.
25 Standard models, ranging from 5 metres
%o 30 me:res.

N
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Hilomast Lid

THE STREET HEYBRIDGE — MALDOM
ESSEX CM9 7N3 ENGLANC
Tel. MALDON (0621) 56480
Telex No. 995855
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Essex Backplone

A four slot backplane with printer and terminai
connectors to accept these cards. eas

Alex’

A powerful software utilities package that pro-
vides the user with an enhanced editor and al
the tools needed to program efficiently ir
£ assembly language.
quantity discounts .
available * Text Editor % Assembler
* % Disassembler % Debug Monitor  E85
jcarage Supplied as a 4K EPROM
GRS with comprehensive manual.

all prices
exclude V.A.T.
*

substantial

Essex Electronics Centre

Wivenhoe Park. Colchester, Essex CO4 3SQ
Telephone: Colchester (0206) 865089

e

WW — 026 FOR FURTHER DETAILS

WIRELESS WORLD OCTOBER 1983




RECORDER. THERE
ARE TWO VERSIONS
OF THE VHE HEAD
AND YOUR ORDER
CAN BE PROCESSED
FASTER IF YOU
CHECK THE SIZE OF
THE CENTRE HOLE OF
THE HEAD WHICH
WILL BE EITHER 5mm
OR 15mm DIAMETER.

SAVE £££’s ON REPAIR CHARGES.

OUR UNIVERSAL REPLACEMENT
VIDEO HEADS FIT ALL MODELS OF
VHS OR BETAMAX VCR’s.
FOLLOWING OUR REPLACEMENT
GUIDE AND WITH A PRACTICAL
ABILITY, YOU CAN DO THE WHOLE
JOB IN YOUR OWN HOME WITH
OUR HEAD REPLACEMENT KIT.

LOOK AHEAD! Yohoml: =
electronic products

- W

WITH MONOLITH MAGNETIC TAPE HEADS - ‘M“: =

i

VIDEO HEAD REPLACEMENT KIT || =

DOES YOUR VCR GIVE WASHED = =
OROBABLY IN NEED OF A NEW HOWTOOROER, =

) PLEASE STATE
B VaRED | QUREESTOON AN MODEL OF YOUR  —

CATALOGUE KIT CONTAINS - NEW VIDEO HEAD, 5 CLEANING TOOLS,  yHs KITS £53.25

HEAD CLEANING FLUID, CAN OF AIR BLAST, INSPECTION :
For our full Catalogue of Replacement  \yprOR ANTISTATIC CLOTH, VHS/BETAMAX MAINTENANCE EEI;‘:‘!;‘Q:;}: ,‘i?i'i?

Video and Audio Cassette/Reel to Reel  yaNLAL, CROSS HEAD SCREWDRIVER, HANDLING and VAT
Heads, Motors, Mechanisms etc. Please GLOVES, MOTOR SPEED DISC, SERVICE LABEL. HEAD R
forward 50p P. & P REPLACEMENT GUIDE.

Bl ™ monouTH ELECTRONICS co. LTD [l MONOLITH THE SPECIALISTS

57 Church Street, Crewkerne, Somerset TA18 7HR, Engand IR SUPPLIER TO MOST OF THE U.K.’s LEADING
e e SRty [l N DISTRIBUTORS AND SERVICE ORGANISATIONS

Telex 46306 MONLTH G

WW — 012 FOR FURTHER DETAILS

[=5=3= announce two NEW handheld instruments

COMBINES THE PERFORMANCE OF BENCHTOP MODELS WITH THE CONVENIENCE OF PORTABLE UNITS

3002 AUTO-RANGING ;
CABAUINMER METER | 3000 COUNIE R

1y

/ 5000

! In the palm of your hand - a capacitance COUNTEES SEeR GSC's new Model 5000 counter-timer
meter that behaves like a benchtop i sets new standsrds in  hand-held

model. Just look at the features that GSC 5 - % electronic instrumentation.
have built into the Model 3002: Why? - because :he 5000 not only
; N 4 incorporates the latast developments in
3ve-digit liquid-crystal display i high-speed low-power C-MOS circuitry to
Eight ranges from 1pf to 19 990 uF S W pack benchtop fealures into a pocket-
Dual-threshold technique for high sized instrument - it also adds extra
accuracy ., features like pulse-width measurements.
Accuracy down to 0.2% | L signal conqnioning, and automatic master
Measures only 193 x 95 x 44mm resetl logic ‘to eliminate erroneous

TRGAERLEVEL readings.

Battery or mains operation ' . The cost? Only £239 - and this buys you
And that's not all - because the 3002's oae e a ful 01Hz-50MFz instrument in a
d.c. charging characteristics allow it to package measuring only 193 x 95 x
determine the true capacitance of cables, : 44mm. The 5000 also offers the option of
switches and other componerts as well as T E mains or rechargeable battery operation.
capacitors. All this — plus the option of own Do pon oo aren @] @nd it's so easy to operate. :
rechargeable battery or-mains operation - O e Has there ever been a better bargain?
for only £144.

GLOBAL SPECIALTIES CORPORATION

GSC (UK) Limited
Freepost-Saffron Walden, Essex CB11 3AQ Tel: Saffron Walden (0799) 21682 Telex: 817477
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EPROM EMUILATOR -
EP 8000 PROGRAMMER

3
pRODUC!

The new microprocessor controlled
EP8000 Emulator Programmer will
program and emulate all EPROMs up to 8k
x 8 sizes, and can be extended to program
other devices such as 16k x 8 EPROMs,
Bipolar PROMs, single chip microproces-
sors with external modules.

Personality cards and hardware changes
are not required as the machine configures
itself for the different devices.

The EP4000 with 4k x 8 static RAM is still
available with EPROM programming and
emulation capacity up to 4k x 8 sizes.

@® EP8000 8k x 8 Emulator Programmer —
£695 + £12 delivery @ BSC8 Buffered emu-
lation cable — £49 @ SA27128 Program-
ming adaptor — £69 @ SA25128 Program-
ming adaptor — £69 @ EP4000 4k x 8
Emulator Programmer — £545 + £12 de-

11ty
Illlllléllll illllllillfl/ Hiltfyggey

/

bl e

FEATURES

& Software personality programming/emulation of all
EPROMs up to 8k x 8 bytes including 2704, 2708,
2716(3), 2508, 2758A, 2758B, 2516, 2716, 2532, 2732,
2732A, 68732-0, 68732-1, 68766, 68764, 2564, 2764.
Programs 25128, 27128 with adaptors.

No personality cards/characterisers required.

Use as stand alone programmer, slave programmer,
or EPROM development system.

Checks for misplaced and reversed insertion, and
shorts on data lines.

Memory mapped video output allows full use of
powerful editing facilities.

Built-in LED display for field use.

Powerful editing facilities include: Block/Byte move,
insert, delete, match, highlight, etc.

Comprehensive input/output — RS232C serial port,
parallel port, cassette, printer O/P, DMA.

Extra 1k x 8 scratchpad RAM for block moving.

livery @ BSC4 Buffered emulation cable —
£39 @ BP4 (TEXAS) Bipolar PROM Module
— £190 @ Prinz video monitor — £99 @
UV141 EPROM Eraser with timer — £78 @
GP100A 80 column printer — £225 @ GR1
Centronics interface — £65

VAT should be added to all prices

 DISTRIBUTORS REQURED @
GP Industrial Electronics Ltd.

EXPORT ENQUIRIES WELCOME

Tel: Plymouth (0752) 332961
Telex: 42513

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN
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P8000 — THE PRODUCTION PROGRAMMER

THAT HANDLES ALL NMOS EPROMS

206000 900 & 00

Checks, Programs, Compares up to 8 devices simultaneously
Handles all NMOS EPROMS up to projected 128K designs
with no personality modules or characterisers — See list
Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test

Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status
Comprehensive EPROM integrity checks — lllegal bit check,
data and address shorts, constant power line monitoring

Full safeguard protection on all sockets

Automatic machine self-test routine

RS232C interface supplied as standard

Powered down sockets

Cost effective price — £695 + VAT

Available from stock

Write or phone for more details

GP Industrial Electronics Ltd.

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

DISTRIBUTORS mst)ulmznww ‘@  EXPORT ENQUIRIES WELC
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2704
2708
2716(3)
2508
2758A
2758B
2516
2116
48016
2532
2132
2732A
68732-0
68732-1
68766
68764
2764
2564
MK2764
25128
21128

SR

— 4 0

-

Tel: Plymouth (0752) 332961
Telex: 42513
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The lightweight
mast with
101 applications

The smoothly operated QTM Mast comes fitted with
handpump or can be vehicle mounted with ‘Power Pack’ for
extension and retraction. Available in a range of heights up
to 15 metres, the QTM mast can provide the ideal answer
for:

® Mobile Radio Telephone
@ Police Mobile HQ (UHF)
@ Field Telecommunications @ High level photography
@ Floodlighting @ Meteorology

® Anemometer and Wind # And a host of other uses
Measurement

CIARK MASTS

Find out more about the QTM series by writing or phoning:-

U.K. EUROPE
CLARK MASTS LTD (W W) GENK TECHNICAL PRODUCTS N.V.(W.W.)
Evergreen House, Ringwood Road. Woudstraat 21, 3600 Genk.
Binstead, Isle of Wight, Belgium

England PO33 3PA Telefoon 011-380831

Tel Isle of Wight (0983) 63691 Telex 39354 Genant B
Telex 86686

® Environmental - gas
sampling collector

WW — 011 FOR FURTHER DETAILS
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“Instruments for Industry”

ELRE)

Multimeters

EX-STOCK from

This superb range of hand-
held and bench multimeters
offers a unique choice of 32
or 4% digit specifications and
features. Engineering excel-
lence at competitive prices
with numerous supporting ac-
~ cessories to suit design, pro-
duction and service needs.
~ Now available ex-stock from
one of the U.K."s most exper-
ienced electrical mea-
surement specialists. The
complete range of Anders in-
- struments and panel meters
is described in the “Instruments for Industry” catalogue.

ALY
e - ol
A4
AR s 1ot Aws BULTEYED

For your personal copy contact:

ANDERS ELECTRONICS LIMITED
48-56 Bayham Place
London NW1 OEU

IR\ Tel:01-387 9092. Telex: 27364

WW — 024 FOR FURTHER DETAILS

Audio Jackfields?

_Over100 listed
in our Catalogue.

114 Wardour Street, LondonWIV 3LP. Telephone: 01-434 3344.
Telex: 21624 ALOFFD G.Cables: Allotrope-London W1

WW — 065 FOR FURTHER DETAILS
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IRVINE BUSINESS SYSTEMS LTD.

A SINGLE CARD COMPUTER FOR ONLY
THE IBS 750 sB.C.
- j ¢ e l

KEYBOARDS FROM £95.00
12" P31 MONITORS
FROM £95.00

CP/M 2-2 FOR
IBS 750 £95.00
DOCS £15.00

5%’ TEAC DISK DRIVES
250K FD55A = £159.00
500K FD55E = £189.00
IMB FD55F = £249.00
Subject to Yen fluctuation

SWITCH MODE POWER SUPPLY
+ S5V@7amps
+1v@3amps 80w
+i12V@ 1 amp
—5V@1iamp £7995

NEW BUDGET ACCOUNT

£423.35
Dep°:i'v":’gr Month
£48

48 f£19

% 4 MEG 280 CPU
% 64K RAM
* 16K PROM

* 5" &8’ DISK
CONTROLLER

% 80x24 VIDEO GEN
* 2xSERIALI/O

% 4xPARALLEL /0

% |EEE 488 INTERFACE
% KEYBOARD PORT
% HARDWARE RTC

% MONITOR IN PROM

% BARE BOARD
AVAILABLE
@ £99.95

£1,000 INSTANT CREDIT

1 Montgomery Place
ON ANY PRODUCTS

Irvine, Ayreshire KA12 8NP

10% Deposit + 24 x Monthly Payment Credit Limit.

A.P.R.30.6%

Five projects
for the radio
enthusiast

@ Sensitive
Capacitance Meter

o QRP RF Wattmeter

@ Digital Calibrator

o Simple wavemeter
for 144MH2

e QRP SWR Bridge

Separate designs to test sm\;a\lll(ler
capacitors, measure low po

' nd antenna

g%amgﬁégkuxajﬁHz transmitters
and hroduce frequency markers
to VHF and beyond.

AND RIG REVIEWS

\COM IC-505 50MHz e
PLUS the STANDARD ma

VHF & UHF mobile ngs

OCTOBER ISSUE 90p

ON SALE NOW

18
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" VISIT OR e All Prices_ |"
s| _ 'PHONE include VAT fa
a| OPEN 6 DAYS m—— Exportor g
al AWEEK VAT exclusive |s
o ALL STOCK U '0 GLEC I prices =
s| ON DISPLAY available. |g

15010 180 LPM

50 Graphic Symboise
4.4" Wide Paper» Bidirectional » 220/ 240V AC = Size Approx 98x28x72.
SUITABLE FOR: TANDY « BBC » ORIC « NASCOM  GEMINI* ACORN

NEW BRAIN = DRAGON» etc. etc. (Your enquiries invited)

[Interface unit with leads £15
List price approx. £187 with paper. (UK C/P £1.05]

Back Space e Self Tesi« VUU/HOR TABS o7 x 10 Matrixe

i s paper
state model]. Complete with 3 rofls pape!

SANYO DM2112 HIGH RESOLUTION MONITOR

12" green display: Composile video: 1280 characters Over 15 MHZB/W-
240V AC34w 16" x 117, x 12/, Alphanumeric and Graphic display:

£99.95 r:5.69.99

D
£30

incl VAT
[UK C/P & ins £2.05)

£129.95.:

l
|

PROFESSIONAL
SERIES
COMPUTERS
IN STOCK

GEMIN| = GALAXY » NASCOM e 80-8us multiboards

Complete and part Syslems 10 suil your needs Frames
boards. power supplies keyboards. disc syslems. etc
DETAILS

DELUXE 69
KEYBOARD

General purpose. steel plate. outpul. redefinable, +5and 12

volt. neg_ strobe pulse. 4 user definable £42 95
.

keys. Shitt and control keys. et
. lac VAT (UK €/P 85pl
ALSO Type 7564 £51 Type 711 £66. Inc. VAT

COMPUTERS e COMMUNICATIONS © TEST EQUIPMENT  COMPONENTS :
THERMAL+ MATRiX < LINE PRINTER

«Full 86 CH ASCI( =40 £PL =280 Dots P/L = Auto-underiing

f—

= ee)
{ L28Y iinin'e 5 D7 UNLERS
1 STATED
B!EE‘;%& M U LTI M ETERS Beckman T110 As T1D0 plus Cont. testetc. £67.85
All mddels 315 digit unless stated. %lam erﬂgggé:;r\[gagéikn()/ﬂc £29.95
HAND HELD meg o -

KD25CH i3 range 0.2A 0C 2 meg ohm £23.50
KD3058 16 range 10A OC 2 meg ohm £26.95
KD30CH 26 range | A AC/0C 20 meg ohm ~ £29.50
KDS5CE 28 range 10A AC/0C 20 meg ohm  £33.50
6010+ 28 range 10A AC/0€ 20 meg ohm £34.40
7030 As 6010 but 0.1% basic £41.30
KD615® 16 range 10A 0€.2 meg plus

Hfe tester £39.95
189M 30 range 10A AC/0C. 20 meg plus

Hle tester £69.95

DM23508 21 range 10A AC/0C 20 meg ohm
£

minialure hand held auto range 49.95

A AUMIEIS B

Metrix (ITT) professianal 37 + 4" digit
hand held OMM's standa-d and true RMS.
4 models stocked £77.00 - £201.25

BENCH MODELS

TM356e 27 range LCO 2A AC/0C 20 meg £97.75
TM355¢ 29 range LED 10A AC/0€ 20 meg  £86.25
TM351e 29 range LCO [0A AC/0C 20 meq £120.75
 Optional carry case £6 84

2001 28 range LCO 104 AC/0C plus Srange
cap. Meter with case £108.00
TMa451 4 digit LCU eeery facility (0.02%) £171.00
1503a 4°, digit LCOevry facility (0.05%] £171.00

W Free carry case [rotary conlrols} 1503Ha 0.03% basic varsion of above £189.00

» Carry case £2 95 [side buttons| 1504 True RMS version £201.25

Beckman T100 34 range 10A AC/0C Sitam 2500 24 range €0 2A AC/0C

20 meg ohm £56.35 20 meq SPECIAL DFFER £79.95
PRrS———

e

FOR THE PROFESSIONAL 1ISER - SEND FOR

3NEW
SOFTWARE
PRODUCTS

|| MD(S (C) INTELLIGENT 0IS
i| ASSEMBLER. For all EP/M
——4 hased machines. £57.50
Inc. VAT

IVC HY-RES [C| For Gemini and others [please enquire}
provides pseudo high resolution graphics. £17.25

inc. VAT
DISKPEN () Version 3 Lost cost word processor. For
Gemini and others please enquire] £51.75 inc. VAT
PLUS range of gverlays availabte
Send for detarls of all above
( {C) Copyright Cubegale Ltd. 1983 All rights reserved)

I.T.T. 2020
CABINET

Complete PROFES:
y SIONAL Case
beautifully consirucied
with cul out for one
CHERRY keyboard. plus
ample room to house a COMPLETE SYSTEM and power
supply Complete with fittings Case lop detachable] Unitis
sitver-grey 1n colour Robust construction. Sloping Iront
with side ventilation Ideal for NASCOM. ACORN. TANGERINE
or your own system. Size |8 x 15 x4 f{tront slopes)

£27-50 inc VAT |UK C/P£2.50]

‘CHERRY ADD-ON KEYPAD

A compac! 16 button keypad suitable

COMPUTER POWER SUPPLY

Switched mode. stabilised self protecting. 8/C
protected. etc 220/240 V AC. -5V 334 +12V 2 4A 4D
cycle -5V 05A 12V 0.5A Suitable Apple replacement

£857.50 ;v £1.50]

VAT :
SELECTION OF SPECIAL OII‘HE

TOROIDAL
TRANSFORMER

100 watts isofalion
230/240V AC pius 8-0-8V
44 15.0-15V 0.645A 30V
0.164

Size approx 4’ dia. x i

£7.95 wkcrp s

for use with Cherry keyboard to

extend its functions. Supplied brand
new with data A4 x 4 non-encoded A
single mode keyboard

£5 95 inc VAT (UK C/P Freel

RADIO
INTERFERENCE FREE

24 hr 230/240V AC digital
£4-50 (UK C/P 50p|

ELECTRONIC INSULATION

FREQUENCY COUNTERS ’=‘J

PFM200A 200 MHZ hand held pocket

8 digit LED £77:50
MET100 8digit LEO bench 2 ranges

100 MHZ £102.35
MET600 8 digit LED bench 3 ranges

600 MHZ £132.25
MET1000 8 digit LED 3 ranges 1 GHZ £182.85
TFO408® 8 digit LCO 40 MHZ £126.50
TF2008 8 digit LCO 200 MHZ £166.75

® Optional carry case £6.84
Probe kits x1 £7.95. x10 £9.45. x1-x10£10.50
Prescalers - Extended range of most counters
TP600 600 MHZ

SIGNAL GENERATORS
1220/240V AC)

FUNC TIDN: All sine/s juare/triangle/TTL elc
T6100 1HZ-100 KHZ £90.00

TG101 1HZ-200 KHZ £113.85
161020 2H2-2 MHZ £166.75
PULSE

TG 105 Various lacilities 5 HZ-5 MHZ £97.75
AUDID: Multiband Sint /Sguare

LAG27 10HZ 101 MHZ £90.85
AG202A 20 HZ to 200 CHZ |hist £94.50) £83.50
LAG 120A 10 HZ-1MHZ _ow Distortion £159.85
SGA02 100 KHZ lo 30 MHZ {tis1 £79.50] £69.50
LSG17 100 KHZ to 150 MHZ £79.35

3.00
TP1000 1 GHZ £74.00

TESTE

YFSO01 500V/0-100m with carry case £63.00

clock mevements with
atarm by Braun
7 GENTAUR FANS
CU7983 115V 50/60K7
12/13W Impedanse protected Juse 2
inseries for 2308)4 x4 x 1.
S - Twolor £10.00 (UK C/P 70p!

POCKEY RADIATION DETECTORS

Dosimeter for Gamma and X-Rays. 0-5r

£695 = 10D

ASTEC UHF MODULATORS

UM1233 cased for computers. etc £3.50 UK C/P 40p]
ALSO STOCKED - LARGE RANGES All semicorductors
valves. relays and olher components Plus millions ol

Res Caps. presels. pots. etc etc for bulk and export users

| C©S1566A Oual 20 MHZ All facilities [List

CASSETTE S,
MECHANISMS £33
@r’:,j/ A;

Fitied counter. motor. record f
£5.95.

and erase heads, solenoid
etc Brand new available BV

0C or 12V OC |state which] K C/P B5p]

ULTRASONIC TRANSDUCERS

with cabies, 40 KHZ £2.95 per pair (UK C/P 40p|

MULLARD MODULES ukc/p65pper 1:3)
LP1171 IFand LP1173 AM/FM Tuner pr £5.75
LP1186 Varicap Tuner £5.00
LP1157 AM Tuner £2.50

OSCILLOSCOPES
Full specification any model

on request. SAE by post

‘HM’ Series HAMEG: "SC’
THANDAR: 'CS’ TRIO:

'3 GROTECH 'V’ HITACHI
SINGLE TRACE UK C/P£3.00
3030 15 MHZ 5mV. 95mm tube plus component

tester C/P £3.00 £177.10
SC110A Miniature 10 MHZ batiery perlable
Pest free £171.00
Optional carry case £6.84 AC adaptor £6 69
Nicads £12.50 DUAL TRACE |UK €/P£400)
HM103 ISMHZ 2mV_6 x 7 display plus

r:;d.a- y

MULTIMETERS ukc/psspl
HM102BZ 20K/V 104 0C 22 ‘
range & cont.buzzer  £13.50

£7081 50 K/ V Range Doubler

10A 0C Tota) 36 Ranges

SPECIAL DFFER £12.50
TMKS00 23 ranges 30K/ V 124 0C plus
cont. buzzer £23.95
NH56R 20K/ V. 22 range pocket

830A 26 range 30K/ V. 10A AC/OC overfoad

protection. elc £23.95
360TR 23 range 100K/V Large.scale 10A

AC/0C plus Hie £39.95
AT2100 104 AC/0C3 range 100 K/V

defuxe £33.50
AT1020 18 range 20K /V. Oeluxe plus

Hie tester £18.95
YN36DTR 19 range 20K/V plus Hie tester  £15.95

Melrix Professional mutimeters in stock
3 models from £74.75

component tester C/P £3.00 £181.70
HM203/4 Oual 20 MHZ plus component

tester £303.50
CS1562A Oual 10 MHz (List £321.00) £269.50
3131 Oual 15MHZ + component tester £276.00

£401 35
£349.50
HM204 Oual 20 MHZ plus component tester

sweep deiay £419.75
HM70S Oual 70 MHZ sweep delay £676.00

V212 Oual 20 MHZ £399.25¢
V222 Qual 20 MHZ plus extra facilities £391.00
V422 Oual 40 MHZ portable £586.50

V203F Dual Trace 20 MHZ sweep delay £408.25¢
V134 Dual Trace 10 MHZ storage 1092.50°
AILHITACHI. CROTECH & TRIO MODELS AVAILABLE

VARIABLE POWER
SUPPLIESux c/p£100)

PP2410/12/24V 0/1A£35.00
PP243 3 amp version £59.95
230N 0/30V 1A Twin meter £99.50

LOGIC PROBES .
LP10 10 MHZ £28.50 Z\\\\
DLPS0 50 MHZ with carry S

case and accessories £49.95 -

y
Y

~/

HIGH VOLTAGE METERS
Direct reading 0/40 KV
20K/Volt £23.00 (UK C/P B5p)

TOROIDAL POWER SUPPLY

12V and 5% 1 amp max stabilised

ALL ABOVE AVAILABLE BY POST OR FOR CALLERS TO HENRY'S | 6, x2 x1' £5.95 [UKC/PB5pl

OPTIONAL PROBE KITS o With probes
X1£7.95 X10£9.45 X1 - X10£10.50
AC CLAMPMETER <

$T300 0/300A: 0/600 V. AC
0/1 Kohm 9 ranges

Alsp 0/30. 0/45KV version £39.95

DIGITAL CAPACITANCE
METER 01 pf to 20)0 mid LCO 8 ranges

With carry case (UK C/P 65p) £28.50

DMGO13 £52.75

Cubegate Lid

HenRV'S 404406 Edgware Road, London, W2 1ED

Computers 01-402 6822 - Equipment 01-724

ﬂUDlO €L€CTROn|CS 301 Edgware Road, London, W2 1BN

01-724 3564 (Al post to 301 Edgware Road; London, W2 1BN)

WIRELESS WORLD OCTOBER 1983

RETAIL  MAIL ORDER « EXPORT+ INDUSTRIAL - EDUCATIONAL

0323 - Components 01-723 1008

Company. College Dept. etc Official Orders |
Welcome - [Subject to approval)

ORDER BY PHONE
OR BY POST OR
CALL IN AND
SEE FOR YOUR
[ — |

VISA

FREE
[CATALOGUES
Please statetype ¢ -

required. Send large § W %
SAE (20pUK| “ R
Tes! Equipment \ )
Computers A )
hudio Communications | 7 el
Components

schools. Colieges. Companies

Export Free on Written Request

SELF

|

WW - 047 FOR FURTHER DETAILS
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AMPLIFIERS =g

> Over the last few years we have received feedback via
the general public and industry that our products are
from Taiwan, Singapore, Japan, etc... ILP are one of
the few “All British’ electronics Companies manufacturing
their own products in the United Kingdom. We have proved
that we can compete in the world market during the past
12 years and currently export in excess of 60% of our
production to over twenty different countries — including
USA, Australia and Hong Kong. At the same time we are
able to invest in research and development for the future
assuring security for the personnel, directly and

indirectly, employed within the UK. We feel very proud

of all this and hope you can reap some of our success.

I.L.Potts — Chairman

WE'RE INSTRUMENTAL
# IN MAKING A LOT
OF POWER

In keeping with ILP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 6
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders.

BIPOLAR MODULES MOSFET MODULES

Module | Output | Load DISTORTION Supply Size WT | Price Module |Output Load DISTORTION Supply Size WT | Price

Number Power |Ilmpedance | T.H.D. 1.M.D. Voltage mm gms ine. Number | Power | impedance| T.H.D. 1.M.D. Voltage mm I gms inc
Watts ) Typ at 60H2/ Typ VAT Watts 0 Typat 60Hz2/ Typ VAT

rms 1KHz  7KHz 4:1 rms 1KHz  7KHz 4:1

) a8 0.015% <0.006% | * 18 | 76 x 68 x 40 240 | €8.40 mos 128 60 48 [<0.005% <0.006% | +45 [120x 78x40 | 120

HY 6 30 4.8 0.015% <0.006% | %25 |76x68x 40 240 | £9.55 MOS 248[ 120 48 |<0.005% <0.006% | 55 20 x 78 x 8O i

HYB060 | 30 + 30 a8 0015% <0.006% | £25 |120x78x40 | 420 |£18.69 MOS 364 180 a | <0.005% <0.006% | + 55 20 x 78 w0 |10

HY 124 60 4 001% <0006% | +26 |120x78x40 | 410 |£20.75 — —

HY 128 60 8 0.01% <0.006% +35 120 x 78 x 40 410 | €20.75 Protection:  Able to cope with complex Ioads without the need for very special

HY 244 120 4 0.01% <0.006% | +35 |120x 78 x50 | 520 [£25.47 protection circuitry (fuses witl suffce).

Hv248 | 120 8 0.01% <0006% | +50 [120x 78x50 | 520 |£25.47 Slew rate:  20v/ps. Rise time: 3us. S/N ratio: 100db

HY 364 180 4 0.01% <0.006% 45 120 x 78 x 100 | 1030 | £38 41 Frequency response {—3dB): 15Hz — 100K Hz. Input sensitivity . 50QmV rms

HY 368 180 8 0.01% <0.006% | +60 |120x 78 x 100 {1030 | £38.41 Input rmpedance: 100K 2. Damping factor' 100Hz >400.

Protection: Full load line. Slew Rate: 15v/ps. Risetime: Sus. S/N ratio: 100db. ‘NEW to ILP' In Car E ntertainments
Freguency response {—3dB) 15Hz — 50KHz. Input sensitvity: 500mV rms.
input impedance: T00K ) . Damping factor: 100Hz >400. ci1s

Mono Power Booster Amplifier 10 increase the output of your existing car radio
or cassetie player to a nominal 15 watts rms.

PRE-AMP SYSTEMS

M " Very easy to use.

Module Module Functions Current | Price inc. .
| Number Required | VAT Robust construction, £9.14 {inc. VAT)

1Y6 Mono pre amp | Mic/Mag. Cariridge/Tuner/Tape, 10mA £7.60 Mounts any where in car.
[ ALl 4 oiBass Tieble Automatc switch on.
l HYB6 | Stereo pre amp | Mic/Mag. Cartr dge/ Tuner/Tape/ 20mA £14.32 N il 5 5, T
Aux + Vol/Bass/Treble/Balance | R (%) a% ! .
HY73 | Guitar pre amp | Two Guitar {Bass Lead) and Mic + 20mA £15.36 I ;f;q:‘a‘it';y([;TLD‘;"G;("O'?"B%)G’BE"L‘;;; I:!rr?:e.;;n;ré%-foll 0.1% at 10w 1KHz
! separate Volume Bass Treble + Mix | u \ b
HY78 |Sterew pre amp | As HY66 less tone controls J 20mA £14.20 , lsnDu;:en:u;wu;Oand wrcvpeg:n;;éselecxable) 700mV rms into 15K 11 3V rms into 841
= 1ze x x mm. Weight gms.

Most pre-amp modules can be driven by the PSU driving the main power amp
A separate PSU 30 is available purely for pre amp modules if required tor c1515

£5.47 (inc. VAT), Pre-amp and mixing modules in 18 different variations. Stereo version of C15. £17.19 {inc. VAT)
Please send for detals.

Size 85 x 40 x B0. Weight 410 gms,

Mounting Boards
For ease of construction we recommend the B6 for modules HY6—-HY 13 £1 05
finc. VAT) and the B66 for modules HY66—HY 78 £1.29 (inc. VAT)

POWER SUPPLY UNITS {Incorporating our own toroidal transtormers)

Mode! For Use With ancc inc. Model ] For Use With Price inc. Mode! For Use With T #rice inc.
Number | VAT Number VAT Number _vir
PSU 21X |1 or 2HY30 £11.93 PSUGZX | 2x HY 124 T17.07 PSU 79X |2 x 1Y 248 I 1
PSU 41X |1 0r 2HY60, 1 x HYBOBO, 1 x HY 124 | £13.83 PSU 53X | 2 x MOS128 €17.86 PSLi 73X | 1 x HY364
PSU 42X |1 x HY128 £15.90 PSU 54X | 1 x HY248 £17.86 PSU 74X | 1 x HY368 |
PSU 43X | 1 x MOS128 £16.70 PSU 55X | 1 x MOS248 £19.62 , PSU 75X | 2 x MNSZA8, 1 » MOSS 1

|Psus1x lszwza‘quzaa £17.07 PSU 71X | 2 x HY244 €21.75 | 1

Please note: X in part no. indicates primary vottage. Please insert "0 in place of
X for 110V, "1" in piace of X for 220V, and "'2" in place of X for 240V.

WIRELESS WORLD OCTOBER 1983

www americanradiohistorv com



TOROIDALS

The toroidal transformer is now accepted as the standard in
industry, overtaking the obsolete laminated type. Industry has

#Gold service available.

21 days manufacture for urgent

deliveries.

% Orders despatched
within 7 days of
receipt for single or

been quick to recognise the advantages toroidals affer in size,
weight, lower radiated field and, thanks to |.L.P., PRICE.

Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within 7 DAYS
together with a short lead time on quantity orders which can be
programmed to your requirements with no price penalty.

guarantee.

%5 year no quibble

small quantity orders.

—
-

PRICE TYPE

SERIES SECONDARY RMS
i N Current No

o Volts

SERIES SECONDARY RMS
Volts

Current TEE

SERIES SECONDARY RMS
Current

No Volts

120 va
90 x 40mm
1.2Kg
Regutation
11%

4x010
4x011
4x012
4x013
4x034
4x015
4x016
4x017
4x018
4x028
4x029
4x030

15 va
62 x 34mm
0.35Kg
Regulation
19%

646
9+9
12412
15415
18+18
22422
25425 0.30
30+30 025

in ABS plastic)

1.25
083
0.63
0.50
0.42
0.34

0x010
ox0t1
0x012
0x013
0x014
0x015
0x016
ox017

(encased

£5.12

+p&pLO.78
+ VATEQ 89
TOTALE£6.79

30 va
70 x 30mm
0.45Kg
Regulation
18%

1x010
1x011
1x012
1x013
1x014
1x015
1x016
tx017

6+6

9+9
12412
15+15
18+18
22422
25425
30+30

160 va

110 x 40mm

5x011
5x012
5x013
5x014
5x015
5x016
5x017
5x018
5x026
5x028
5x029
5x030

£5.49

+p&pgL1.10 1.8Kg
+ VAT €099 Regulation
TOTALE7 58 8%

50 va
80 x 35mm
0.9Kg 2x012
Regulation 2x013
13% 2x014
2x015
2x016
2x017
2x028
2x029
2x030

6+6
9+9
12412
15415
18+18
22422
25425
30+30
110
220
240

2x010
2x011

£6.13

+p&pL1.35
+ VATE1 12
TOTAL £8.60 225 va

110 x 45mm

22Kg 6x014

Regulation 6x015

7% 6x016

6x017

6x018

6x026

6x025

6x033

6x028

6x029

6x030

6x012
6x013

80 va

90 x 30mm
1Kg 3x012
Regulation 3x013
12% 3x014
3x015

3x016

3x017

3x028

3x029

3x030

3x010
3x011

6+6
9+9
12+12
15+15
18+18
22422
25+25
30+30
110
220
240

4.44
333
2.66
222
1.81
1.60
1.33
072
0.36
0.33

£6.66

+p&pE1.72
+ VATE£1.26
TOTAL £9 64

300 va
110 x 50mm
2 8Kg

£7.42 | i

+p8pgL172
+ VATEL 37
TOTALE10 51

500 va
140 x 60mm
4Kg

£8.43 | "W

+p&pE1 T2
+ VATE1 52
TOTALE11 .67

625 va
140 x 75mm
5Kg
Regulation
4%

£9.81

+p&pL2.05
+VATE1 78
TOTALE£13 64

7x013
7x014
7x015
71016
7x017
7x018
7x026
7x025
7x033
7x028
7x029
7x030

8x016
8x017
8x018
82026
8x025
8x033
8x042
8x028
8x029
8x030

9x017
9x018
9x026
9x025
9x033
9x042
9x028
9x029
9x030

ALSO AVAILABLE
Sizes up to and including 5KVA are
manufactured to order.

£10.88

+p&pk205
+ VATE1 94
TOTALEY4 B7

£14.38

+p&pE2 40
+ VAT £2 52
TOTALE19 30

£17.12

+ p&pE255
+ VATE£2 95
TOTAL£22 62

The benefits of ILP toroidal transformers

ILP toroidal transformers are only hait the weight and height of their laminated
equivalents. and are available with 110V, 220V or 240V primaries coded as fo lows

IMPORTANT  Regulation — All voltages quoted are FULL LOAD. Please add regulation figure to secondary
voltage to oblain off load voltage

NEW PRODUCTS

HYBRID REGULATOR MODULES

The HR314 and HR614 regulated power supplies provide
a constant 13.8 volt d.c. output at up to 3 Amp or 6 Amp
respectively. The modules are encapsulated to an integral
heatsink and are fully short circuit protected making them
suitable for home or bench running of CB, car stereos or
any 12 volt d.c. equipment required for many hobby or
professional applications.

HR314 £10.23 inc. VAT
HR614 £18.51 inc. VAT

For mail order please make your crossed cheques or postal
orders payable to ILP Electronics Ltd. Barclaycard/Access
welcome. Trade orders standard terms.

For 110V primary insert O inplace of X 10 type number

For 220V primary {Europe) insert 1

in place of X

For 240V primary (UK)insert 2 inplaceol X in type number
Also available at Electrovalue,Mapiin,

TECHNICAL SPECIFICATIONS

MODULE

in type nuimber

HRE 14 _]

Qutput Voltage
Qutput Current
Current limit {nominal}
Maximum Input Voltage
Minimum Input Voltage

Maximum Input Voltage for nomina
output current

Maximum output current at 30v input
Qutput ripple {100Hz)  See Note 1

Size In mm

+13.8v - &'
Up to 3A
3.5A approx
+30v
+16v
+20v

1.8A approx
10V rms

POWER SUPPLY UNITS: comprising toroidal transformer
plus 90 x 50 x 55 mm high printed circuit board containing

smoothing and rectification

PSU31X Suitable for running one HR314 at full rated current.
PSU56X Suitable for running one HRB14 at full rated current.

LIG x 68 x 40 high |

13.8v'5

Up 10 BA

TA approx
+30v
16y
120v

3.5A approx

10mV rms
120 x 78 x 40 hxth

£13.17 mc. VAT
£19.13 inc. VAT

For 110v operation insert 0 in place of X — brown primary leads.
220v (Europe) operation irsert 1.in place of X — pink primary leads.

240v {UK) operation insert 2 in place of X

orange primary leads.

Post to ILP Electronics Ltd, Graham Bell House, Roper Close
Canterbury CT2 7EP Kent England
Telephone {0227) 54778. Telex 365780

N o

ELECTRONICS LTD.

WW — 019 FOR FURTHER DETAILS
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prices never seen before in the U.K.
Suitable for use with BBC Micro.

Input Video - RGB Analogue with TTL input.

with pilot light. Brightness control.
Power 220/240V 50/60HZ.

Resolution, 580x 235. Pixels.

Input, Video - RGB Analogue with TTL input.
SYNC - Separate SYNC on RGB.

Features, On/Off switch with pilot light.
Brightness control. Power, 220/240V 50/60HZ.

* Fast ex-stock delivery.

* 1 year warranty.

* Quantity and Educational discounts available.

DISC DRIVE DISCOUNTS

* Japanese manufacture.
* Slimline * Low Power Consumption.
* ldeal for use with BBC, Dragon, etc.

Canon MDD 6106 S/S 40 Track
100K S.D. 200K D.D. £129.95
National Panasonic D/S 40 Track

200K S.D. 400L D.D. £159.95

Cases and Leads as for TEAC.

TEAC DISC DRIVES

* Latest technology

* Y2height * Fast access time.
* Direct drive mechanism.

* Hardware 40/80 switchable.

TEAC 55A - S/S 40 Track

OFPUS autumn oFrers

COLOUR MONITOR OFFER

This month’s offer is another winner - a consignment of
14" R.G.B. colour monitors manufactured by J.V.C. - at

RGB MEDIUM RES £199
Resolution, 370x 235. Pixels. ‘

Display, 80 characters x 25 lines. Slot Pitch 63mm.
STNC - Separate SYNC on RGB. Features, On/Off switch

RGB HIGH RES £299

Display, 80 characters x 25 lines. Sloth Pitch 41mm.

Lynx, Oric, Apple il, Apple Ill and IBM etc.
it's safe to put a cheque in the post today. Because if you
find someone who's cheaper, we'll refund the difference.

3" MICRODRIVE

The first nationally available dual sided 3"
Drive offering 500K. Capacity.

* 200K. Formatted S.D.

* 400K. Formatted D.D.

* Japanese Manufacture

* Fully compatible with 5%’ Drives

* One touch cartridge loading

* 3ms. Access time TN\
* Direct Drive \

—

Case has PSU.
* Dual 200K. Drive

* Dual 400K. Drive
* Dual 800K. Drive
as illustrated.
40/80 Switchable.

800K

£499.95

Dual Ribbon Lead £1 5

CASED DRIVES

100K S.D. 200K D.D. £139.95
TEAC 55F - D/S 80 Track

400K'S.D. 800K D.D. £229
Case to hold 1 drive £995
Dual case with PSU £39.95
Plead £B  RibbonLead E£12

Complete with all Leads and ready to run -

£319.95
£349.95

FR{;on first 100 orders received

We will supply case and leads free of
charge.

Disc Cartridges 1 off £4.95
Pack of 5 £2250

SEE US AT THE PCW SHOW —
BARBICAN/STAND

and
BBC MICRO USER SHOW
NOTTINGHAM
* STAND

QPY

158 Camberwell Road, London SE5 OEE
Tel: 01-701 8668 (3 lines)
01-703 6155/6/7

Government and Educational
orders welcome

Single Drive * 200K/400K. Only
£199

Dual Drive * 400K/800K. Only ONLY £199
£399 LIMITED QUANTITY

Green characters/black background 24 lines

X 40 characters

12’ GREEN
SCREEN MONITOR

One year warranty 22 MHZ
Ex-stock delivery. Limited quantity

Phono Connector. Only £6995

Lead to connect to BBC £395

NASHUA FLOPPY DISCS

Minis
S/SS/D £16.95 for 10
$/SD/D  £19.95 for 10
D/SD/D £22.95for 10

8'' Discs
S/SS/D  £17.95for 10
S$/SD/D £2395for 10
D/SD/D £24.95for 10

aUPPLIES

$/S 80 Track
£24.95 for 10
D/S 80 Track
£26.95 for 10
With full 6 year warranty. Ali mini discs have hub
rings and a FREE plastic library case.

To Order: Add carriage at the following rates:
Discs 85p. Others goods £7. Add V.A.T at 15% to
total and send your order to:
Opening Hours Mon.-Fri. 9-6
Sat. 9.30-1.30

22

WW — 038 FOR FURTHER DETAILS

www americanradiohistorv com

WIRELESS WORLD OCTOBER 1983



Editor:
PHILIP DARRINGTON
01-661 3128

Deputy Editor:
GEOFFREY SHORTER, B.Sc.
01-661 8639

Technical Editor:
MARTIN ECCLES
01-661 8638

Projects Editor:
RICHARD LAMBLEY
01-661 3039

News Editor:
DAVID SCOBIE
01-661 8632

Drawing Office Manager:
ROGER GOODMAN
01-661 8690

Technical lllustrator:
BETTY PALMER

Advertisement Manager:
BOB NIBBS, A.C.1.1.
01-661 3130

BARBARA MILLER
01-661 8640

Northern Sales:
HARRY AIKEN
061-872 8861

Midland Sales:
BASIL McGOWAN
021-356 4838

Classified Manager:
BRIAN DURRANT
01-661 3106

IAN FAUX
01-661 3033

Production:
BRIAN BANNISTER
(Make-up and copy)
01-661 8648

Publishing Director
DAVID MONTGOMERY
01-661 3241

- WhreléSSworld

The persuaders

In the long term, it will probably be of
benefit to the population as a whole to be
aware of and familiar with ‘new
technology’. In a matter of a few years,
people will, perhaps, come to accept the
use of computers, interactive services,
automatic manufacture and all the other
aspects of life in the ’eighties. Maybe it will
make for a happier life, given that jobs can
be found or that the use of enforced leisure
can be made productive. But whether a
post-Orwell society is to be acceptable or
not, it is disturbing to hear that the
Government is to spend many thousands
of pounds on persuading us that
technology is good for us. And it is even
more worrying that the money is to go
towards the support of university research
into the best ways of convincing the
population that next year is only
coincidentally 1984 —” . . . to secure
greater acceptance of new technologies by
developing their positive aspects and
minimizing their negative aspects . .
the words of a DTI report.

Their new role of advisors on the
techniques of public relations may possibly
cause some of the researchers furiously to
think. While it is generally conceded that
the practical application of research is
nowadays a praiseworthy object — in
additon, of course, to pure research in the
accumulation of knowledge with no
immediate application — it is a legitimate
view that scientists ought to be concerned
rather more with defining the truth than
with assisting the Government to
manipulate it.

»

mn

The acceptance or otherwise of
technology by the public is a matter for the
public itself to decide. Teach them the
benefits, by all means, but do not try to
conceal — “minimize” — the drawbacks.
A home computer may well fill the leisure
time of a lathe operator with transports of
delight, gaining a whole-hearted convert to
the concept of information technology.
But when he discovers that just such a
computer is going to operate his lathe and
make him an ex lathe operator, he will not
find it easy to listen to anyone wanting to
minimize the negative aspect of his
experience. He might even express the
opinon that someone could, perhaps, have
mentioned the possibility of redundancy to
him before the event, instead of
accentuating the positive and eliminating
the negative.

What these social science researchers are
being asked to do is suspect and should be
examined very carefully before research
contracts for the Government are taken on.
The very most a scientist should do in
these circumstances is tc investigate the
possible consequences of a comprehensive
embrace of technology in all human
activities and to lay the options before the
public. Once the facts and all the
prognoses are present, we need no
accentuation or minimization of the truth
to help us decide what kind of society we
wish to live in. To suggest otherwise is to
credit politicians with the possession of
greater wisdom than 60 million of the rest
of us — a proposition which some may be
disposed to question.
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Pure and applied

Recently the Royal Society organized a
valuable one-day colloquium on research
that brought together some 70 engineers,
scientists and academics whose work con-
tributes to either the commissions of the
International Union of Radio Science
(URSI) or the more down-to-earth study
groups of the International Radio Consul-
tative Committee (CCIR). This could be
the forerunner of annual meetings to bring
these pure and applied groups into closer
touch with each other’s work and objec-
tives.

Whether such laudable aims will ever be
met fully remains to be seen. The meeting
made evident how wide a gap currently
exists between research scientists and
those concerned with the practical opera-
tion of systems for telecommunications,
maritime and aeronautical radio, military
systems and broadcasting. Neither side
seems happy with the way the spectrum is
parcelled out and the pecking order of
research projects.

It is also clear that the impact of digital
techniques is tending to distort the pattern
of university and industrial training. Sev-
eral speakers spoke of a growing shortage
of radio-frequency and radio-propagation
specialists, resulting from students and
teachers preferring the mathematical cer-
tainties of digital electronics to the more
vague, but often more challenging, anal-
ogue systems. Then again, r.f. propagation
studies and research projects tend to
involve time-scales appreciably more than
three years and cannot be easily fitted into
university courses.

The academics are also frustrated be-
cause the decisions of CCIR, spectrum
regulation, etc. are seldom determined by
the solutions of pure science, even when
available, but more often by political and
commercial considerations on the principle
of ‘the least objectionable to the greatest
number’. Several speakers referred to the
great gulf that exists between radio physics
and practical applications. The academics
stressed the difficulty of providing input to
CCIR and other international groups.
Those who cannot afford to attend the long
CCIR meetings find their thoughts are
overshadowed by “‘strong characters with
their own pet ideas.” Input from non-
attenders is often wasted.

Using millimetres

Seve;al of the speakers at the Royal Society
mmeeting concentrated on the renewed in-
terest in utilizing frequencies between 30
and 300 GHz, though paying tribute to the
early pioneers such as Bose in India who
carried out some surprisingly sophisticated
work in the era of spark transmission.
There was also renewed interest during the
period 1947 to 1978 for the proposed tele-
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communications trunk waveguide system,
involving frequencies between 30 and 110
GHz, finally abandoned in 1978 in favour
of optical fibres.

Free propagation is much affected by
the absorption bands though, perhaps sur-
prisingly, communications interest is often
concentrated on the frequencies with espe-
cially high absorption. Such frequencies
are ideal for short-range covert commu-
nications links that effectively are immune
to detection, interception or jamming. :

In a review of British and European
firms working on millimetric components
and systems, Patrick Sargeaunt (Marconi
Research Centre) mentioned EMI at
Wells, GEC Hurst Laboratories at Wem-
bley, Philips at Redhill, Plessey at Caswell,
EEV (magnetrons), etc. Systems work in-
cludes 25 GHz satellite systems (GEC-
Stanmore), 35 and 95 GHz radar (EMI,
Decca, Marconi, British Aerospace), 30
GHz British Telecom links, 40 GHz AEG-
Telefunken railway communications, 30-
900 GHz modelling techniques (EMI-
Wells), 300-500 GHz receivers (ESA) and
measurement techniques up to 1THz at
NPL.

Aerial puzzles

Almost every m.f. broadcasting station
uses some variation of the vertical mono-
pole aerial, with either a single omnidirec-
tional element or a directional phased-
array, based on the classic work of Dr
George Brown and his RCA colleagues in
the 1930s. For h.f./v.h.f. communications,
the quarter-wave element is often raised
and the ground system of up to about 120
buried earth radials replaced by a few ele-
vated and insulated radials.

One would have imagined that by now
both theory and practice of such aerial
systems would have been fully and unam-
biguously developed. Yet recently a sur-
prising number of controversies have
arisen.

For example, Archibald Doty, together
with two other retired engineers in the
USA, has shown the advantages of the
once-popular “counterpoise” or elevated
ground-screen, noting that the currents
flowing in buried radials are not, as con-
ventionally postulated, uniform but de-
pend upon ground conductivity in the im-
mediate vicinity of the individual wires.
Les Moxon has similarly shown the value
of counterpoise systems and has also
drawn attention to the common miscon-
ception that the input impedance of a
groundplane antenna with horizontal
radials is 36 ohms, the same as for
grounded monopoles with an extensive
earth system; he notes that Brown’s
original papers showed clearly that the cor-
rect figure was nearer 18 ohms, though
this was subsequently overlooked in many
later standard text books.
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In IEEE Trans. on Broadcasting (Vol.
BC-29, No 1, March, 1983) Wright, Klock
and Jubera show that the feed impedances
of practical m.f. broadcast monopoles of-
ten vary greatly from the theoretical value.
They have been able to prove that much of
this variation is due to the effect of guy
wires, previously not taken into consider-
ation in calculating the impedance.

Helically-wound loops

For many years there have been deter-
mined efforts to improve the radiation effi-
ciency of miniature h.f. transmitting aerial
elements. Loading coils, top-hat capaci-
tances, folded elements, ferrite-loaded ele-
ments, single-turn and multi-turn small
loops, the normal-mode helix: all these and
other techniques have been used with
some degree of success, but all imposing
compromises.

In theory any element, no matter how
small in terms of wavelength, can radiate
all the power fed to it; in practice severe
difficulties are experienced in feeding
energy into a short element without losing
most of the energy in the coupling net-
works, incurring significant power losses
due to the very low radiation resistance
relative to ohmic losses, and the narrow
bandwidth of high-Q elements.

Alec Clelland, DJOFL/G3UUQ, has
drawn my attention to a recently published
European Patent Application (EP 0 043
591 Al) by James F. Corum of West Virgi-
nia. This covers a large family of aerials
based on the reduction in size of a full-
wave loop element by winding it helically
in the form of a torus. The conductor is
configured to establish a closed standing
wave path to inhibit the velocity of propa-
gation and support a standing electromag-
netic wave. The inventor claims that al-
though such elements can have a much
smaller physical size than existing aerials
they possess greater radiation resistance
and hence greater efficiency than conven-
tional loop aerials of similar size, and can
radiate controllable mixtures of vertically,
horizontally and elliptically polarized
waves. He describes practical examples of
such aerials for use from Lf. to v.h.f.,
using circular and square loops for broad-
cast, communications, amateur radio and
c.b. frequencies. Bandwidth, however,
would appear to remain restricted.

Hazards

The American Center for Disease Control,
Atlanta, has recently warned that many
r.f. dummy loads manufactured as re-
cently as the late 1970s used cooling oil
containing polychlorinated biphenyls
(PCBs), a man-made chemical that has
been linked with liver cancer. Even fumes
from a hot-running load are stated to be
dangerous in poorly ventilated situations.
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PCBs were used in the UK for about 40
years until 1977 in oil-cooled transformers,
high-voltage and fluorescent-lamp capaci-
tors, dummy loads, etc.

A legal battle in New Jersey is centred
on the question of possible health hazards
from hand-held transceivers. General
Electric (US) is being sued by the father of
a l4-year-old boy, who alleges negligence
in not providing the warning recom-
mended by the US federal government in
1973. If the claim succeeds, American
amateurs fear the case could be used as a
basis for local authority legislation that
might severely restrict the use of hand-
held amateur radio. It is generally believed
that hand-portables with an output of less
than about 5 watts can be used without
risk, even with short normal-mode helix
aerials not far from the eyes.

Aerial tower restrictions in Burbank,
Illinois are being legally contested by radio
amateurs on the grounds that they repre-
sent a violation of constitutional rights of
free speech and civil rights.

Here and there

An American study by International Re-
search Development foresees the de-
velopment of combined power and fibre
optics cables which would carry into
homes not only tv programmes and all
interactive telecommunications but also
electric power. The power cable would
provide the necessary supportive package
for the fragile glass fibres.

An investigation by NHK of Japan into
the feasibility of introducing s.s.b. into
h.f. broadcasting suggests that in a transi-
tional period the carrier could be reduced
by 6dB to permit continued use of enve-
lope detection. Later 12dB suppression
would be used with synchronous detec-
tion. Tests over various paths have un-
derlined the advantages of s.s.b. including
lower susceptibility to selective fading
distortion. Carrier suppression of more
than 12dB, however, would lead to degra-
dation of quality due to the difficulty of
achieving proper carrier extraction for syn-
chronous demodulation.

Recently I reported the use by 50
American stations of the Harris linear
a.m.-stereo system: by early summer the
number had risen to 67, but the more
interesting development is that this in-
cludes 10 m.f. stations in Australia and
New Zealand, and also Radio Mundo
Brazil.

RCA chairman, Thornton F. Bradshaw,
has established a $100,000 grant for the
electrical engineering department of Pur-
due University in memory of television
pioneer Dr Vladimir Zworykin who died
last year at the age of 92. Zworykin re-
ceived more than 120 U.S. patents ranging
from television to medical electronics.
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Return to Post Office

On the day following the publication of the
Merriman Report, the Department of
Trade and Industry announced the trans-
fer, from September 19, of amateur radio
licensing to the Post Office from the Radio
Regulatory Division, now part of DoTI.
This is expected to lead quickly to compu-
terization of the records and to reduce the
time in dealing with applications to a maxi-
mum of ten days at peak times and five
days normally. Applications will be
processed by post when sent to: Radio
Amateur Licensing Unit, Chetwynd
House, Chesterfield, Derbyshire S49 1PF
(telephone Chesterfield (0246) 207555)
who will also issue the application forms.
Amateur radio was administered by the
Post Office for many years until the setting
up of the short-lived Ministry of Posts and
Telecommunications.

While most amateurs, particularly those
who have recently passed their RAE,
will welcome the promised speed up in
licensing process, there is some fear that
this change is a further step towards mak-
ing amateur radio ‘up-market c.b.” as a
form of revenue-collecting, leisure-time
hobby rather than at least to some degree a
self-training and experimental service of
technical investigations in support of radio
science and technology. The vast increase
in licences over the past decade to 48,000
reflects the introduction of the Class B
v.h.f.-only licence and the multi-choice
form of RAE, combined with the complete
absence in the UK of any form of incentive
licensing.

With the majority of its licensed mem-
bers now holding the Class B licence,
RSGB policy appears to be changing. The
1983 president Don Baptiste, CBE, is on
record as stating “‘the Class B permit is in
no way to be regarded as inferior to the
Class A version but simply reflects an in-
terest in v.h.f./u.h.f. technique rather than
in h.f.-bands communications’’. The
Society claims there is “little or no de-
mand” for a novice licence intended to
encourage training in Morse. A number of
Class B members are lobbying for the
society to support code-free licences for
h.f. operation.

85% of “optimum”

In the August “Letters to the Editor”,
Paul Thompson suggested that I was mis-
taken in believing that the Woodpecker
roughly follows the m.u.f., and thought it
more likely that the troublesome over-the-
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horizon radar follows the “optimum traffic
frequency” (f.o.t.). While I am not privy
to the Russian procedures, I believe this
suggestion arises from a common miscon-
ception of the definition of f.0.t. Far from
being a true “‘optimum frequency” it is a
purely notional frequency, usually taken as
85 per cent of the m.u.f., in order that h.f.
communications links are not disrupted by
the considerable daily and hourly varia-
tions and errors in the predicted values of
the m.u.f. A frequency-agile system such
as the Woodpecker, that disregards IFRB
frequency assignments and Radio Regula-
tions, would clearly be made more
effective by keeping as near to the m.u.f.
as possible. It is indeed a typical piece of
misplaced engineering jargon that defines
f.o.t. as the optimum frequency!

There is, however, an important excep-
tion to the idea that one should always use
the highest possible frequency for a
specified path. This is for around-the-
world “long-path” transmissions where
using the daylight m.u.f. may result in
much less favourable propagation than
using a ‘“‘darkness’ or grey-line chordal-
hop path at much lower frequencies. A
good example is to be found in using 10 or
14MHz bands to contact Australia in the
European mornings even when the day-
light m.u.f. may well be above 21MHz.

In brief

Headquarters station of the RSGB at Pot-
ters Bar, normally GB3RS, is additionally
using the call GB3WCY (World Commu-

‘nication Year) on Friday afternoons until

the end of 1983, mostly on the 7MHz band
. American amateurs are no longer
legally required to keep a detailed station
log, one result of F.C.C. “deregulations”
... Ray Cracknell, Z22]JV, beacon
operator and transequatorial propagation
pioneer, whose efforts to renew his British
amateur licence were noted in the July
issue is, after all, being granted his old
GZAHU licence without having to take the
RAE and Morse test . . . The next Radio
Amateurs Examinations will be on De-
cember 5, 1983; March 19 and May 14,
1984 RAE courses and/or Morse
classes are starting this September in a
number of further education centres, etc.
RAE classes at Basildon, Birmingham,
Colwyn Bay, Crawley, Derby, Dudley,
Durham, Heckmondwyke, London (Ac-
ton and Brixton), Manchester, Melton
Mowbray, Newcastle-upon-Tyne,
Newquay, Nottingham, Orpington, Mor-
ley, Portsmouth, St Austell, Stamford,
Turnford, Walsall, Wakefield and Witney;
Morse classes at Bromsgrove, Cheshunt,
Grantham, Heckmondwyke, London (Ac-
ton, Beckenham) and Manchester . . . The
Midlands VHF Convention will be held at
the British Telecom Training School,

Stone, Staffs on Saturday, October 15.. . .
PAT HAWKER, G3VA
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Strain-gauge
weighing scale

A range of 0.1g to kg, with a high degree of linearity and low drift, is obtained from a
novel, simply made load cell and an improved d.c. amplifier. The instrument will also
measure temperature, using a thermocouple.

The old familiar swinging arm balance
has now almost entirely disappeared from
our shops and laboratories, to be replaced
by electronic weigh scales with fixed-
position pans‘and digital displays, a change
which will be regretted by very few of
those who have to use them in the course
of their work. Such a scale is a very
convenient thing to have around the house
— though at the moment, rather
expensive.

Since one of my hobby interests is
photographic chemistry, in which the
weighing out of chemicals for various
processing solutions is a frequent activity,
my thoughts have turned from time to
time towards the construction of such an
instrument. In the consideration of this,
my view has been coloured by the
relatively limited facilities and skills which
are at my disposal in the mechanical field,
and the solution which I have adopted has
therefore tended to favour electronic
rather than mechanical complexity.
Manufacturers would choose a different
compromise — but then they are not
contemplating a one-off exercise.

The basic elements of an electronic
balance, to give it its more usual name, are
a load cell, some form of electronic
amplifier having zero and gain adjustment
facilities, and a digital display system.
Since digital display elements are now
readily available commercially, at a
sensible price, this part of the task presents
no problem. The load cell is a different
matter, alas, and my own searches through
manufacturers lists did not disclose any
suitable cell at less than several hundred
pounds in cost, which would defeat the
purpose in mind.

The methods available for determining
the weight of a body placed on a weighing
pan fall into three broad categories; a
simple strain gauge load cell; a pan
suspended on a spring mount with a linear
displacement transducer attached to the
suspension so that the displacement under
load produces a suitable signal output; and
a force balance of some kind, such as an
electrically energised solenoid in which a
magnetic plunger is held against the
applied load by electromagnetic force, its
position being held substantially constant
by some closed-loop servo-system based
on a position sensing element, which
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increases the current through the solenoid,
as the load increases, to maintain the status
quo.

Other systems have been employed for
this purpose, such as those based on a
resonant element whose period of
artificially sustained low-level oscillation
changes as the mass on the weighing pan is
altered, but the three listed above
represent the main stream of electrical
weighing systems.

Of the methods listed, undoubtedly the
spring system with a displacement
transducer would have the greatest ability
to withstand overloads and misuse, but of
the non-contacting displacement
transducers, the linear differential
transformer is the most suitable, and this is
an element which would be difficult to
construct for oneself while preserving
adequate linearity. The idea of using a
differential grating, with a photocell, and
simply counting the alternating cycles of
light and dark was a beguiling one, but the
finest grating easily available (old
Dufaycolor reseau) offered only 40 Vmm,
and if a range of 10,000:1 or even 1000:1

Fig. 1. Wire load-celi principle. Anchor ring
As fixed, B and C move and vary tension
on wires.

+ VS

MM SS

+out
-out

Fig. 2. Connexion of wire elements to form
Wheatstone bridge.

was sought, the displacement would need
to be substantial, with consequent
problems of linearity.

Similarity, with a desired maximum
load of 1kg, a suitable solenoid for a force
balance would need to be a massive one. I
therefore returned to the consideration of
possible strain-gauge systems which might
possibly meet the basic specification of a
measuring system which would operate
over the range 0-lkg, with a possible
resolution of 0.1g. To avoid the need for
any sophisticated engineering in the
suspension system, it was desired that
there should be no moving or pivoted
elements, and that the total suspension
should be of the taut wire form.

These considerations led to the
evolution of the structure shown in Fig. 1.
In this a pair of fixed members A-A served
as anchor points for resistance wire
elements MM, NN, SS, TT, connected to
the central movable bushes B and C urged
outwards to tauten the wire elements by
the tensioning screw Z. Under a

Mounting
holes

Anchorage
pins

J ,_‘./' 4

hin polyth \\‘5”//
Thin polythene

under&between\

~-N

wires

;i

Fig. 3. One side of load cell. Where wires
MM and NN cross, plastic film used for
insulation.

Gne of four mounting pillars

Fig. 4. Completed cell.

WIRELESS WORLD OCTOBER 1983

_WWwW americanradiohistorv comMeme o % . »




downward load W, the elements MM and
NN become less taut, and the elements SS
and TT become tighter. If then, the four
elements are connected in the Wheatstone
bridge form shown in Fig. 2, there is a
resultant electrical unbalance, and a
measurable output voltage if a load is
applied to B-C.

In a practical form, the member A-A is
an annular ring and B and C are smaller
discs mounted in the centre of this, as
shown in the plan view of Fig. 3. In the
prototype, the strain gauge element was
made from a 4x4in square of 3gin
‘Perspex’ sheet, from which the outer ring,
4in o.d., and 3in i.d., and the two inner
bushes each ¥4in o.d. were cut. A series of
14 1.3mm holes was then drilled,
uniformly around the periphery of the
inner bushes, and a corresponding series of
12 similar holes, plus two pairs of tapped
holes to hold solder tags, was then made in
the outer ring, so that the whole could be
strung with resistance wire, as also shown
in Fig. 3. The wire starts and finishes at the
solder tags and is looped around standard
Vero type solder pins inserted into the
holes, and anchored there by applying a
hot soldering iron to the head of the pins so
that they move inwards under the
influence of the applied heat and pressure,
and cause the softened Perspex to grip
them firmly, when it cools.

The mechanical structure of this load
cell is shown in Fig. 4, and the central
bushes, in ‘exploded view’, in Fig. 5. The
tensioning screw ‘Z’ was made from an 0BA
cheese-head screw, on to the head of which
a piece of Yin brass spindle was soldered,
with a screw slot on the lower end to allow
it to be rotated to tension the wire
elements.

After some inward debate, supported by
experiments, it was decided to make the
wire elements from 44s.w.g. Nichrome,
obtainable (if one is patient) from the
Scientific Wire Co, of London E4. Strain
gauges are usually made from one of the
zero temperature-coefficient Cu-Ni alloys,
such as ‘Eureka’ or ‘Constantan.’
However, Nichrome has a higher specific
resistance, which is helpful, and is very
much stronger, which avoids the
aggravation of the wire breaking during
the threading up.

A relatively crude test suggested that the
breaking strain of the 44s.w.g. Nichrome
is in excess of 1kg, so that if the angle of
the wire elements to the horizontal is 20°,
and there are 28 of these bearing the
downward load, the cell should carry
28.sin 20° kg (less the pretensioning force,
say 1.2kg) before rupture. Since this is
some 8.3kg, it would appear that the
structure would be adequately strong for
its purpose. As even finer wire, such as
46s.w.g., would undoubtedly be usable,
with a higher gauge output, if the
awkwardness of handling such a fine wire
could be tolerated. Some form of jig such
as shown in Fig. 7, to hold the central
bushes in position is essential during
threading up, and some care must be
exercised both to ensure that the loops of
wire sit against the Perspex at the base of
the pins, and that the threading tension is
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Fig. 5. Load-cell
tensioning screw.
C centre bushes and

h[nnmm
L

é’

Cork

Balance pan support
= /

Plashclfilm
diaphragm

Fig. 6. Pan mounting. Coupling pin is
pointed to ensure load is applied vertically
when object in pan off-centre.

Fig. 7. Wiring jig for load cell.

the same on both sides of the annulus.
Otherwise, when the tensioning screw is
tightened up, the screw will tilt over at an
angle to the vertical, which will impair the
performance of the bridge. It is well to be
reconciled to the probability that one will
have to go through this exercise several
times before achieving a reasonably
satisfactory result, and it is prudent to
refrain from cutting off the stray ends of
the wire until the result has been passed as
satisfactory.

As constructed, the bridge elements
each have a resistance of about 100 ohms,
and with a bridge supply of approx. +3.4
volts d.c., the d.c. output is of the order of
2mV/100g. With a display having a
sensitivity of 199mV, so that 100mV
would be equivalent to 100g on the 0-199g
range, an amplifier gain of about 50X is
required. Although something a bit better
than the standard ‘741’ is needed as the
amplifier element, there are some very
good i.c. op-amps available which have
negligible noise or drift under these
conditions. The extra complexity of an a.c.
energized bridge and synchronous
demodulator was not therefore thought to
be worthwhile. In fact, the major source of
long- and short-term drift is in the thermal
sensitivity of the strain-gauge element due
to the physical separation of the four
component arms of the bridge. To combat
the adverse effects of random movements
of air within the strain gauge, two thin
polythene diaphragms are placed under
the position of the wires before the strain
guage is threaded up, and in the final
model, the whole gauge was enveloped in a
single layer of cling film on top of the wire
elements. This was helpful.

The choice of 46s.w.g. for the elements
would increase the bridge sensitivity by
some 1.76 X, and would give an element
resistance of about 175 ohms, which would
reudce the gauge dissipation from 460mW
to 240mW and help lessen thermal effects.

To lessen the extent of the sensitivity of
the strain gauge to lateral components of
the downward force, due to unsymmetrical
loading of the pan, the top of the gauge is
coupled to the pan support by a steel pin,
sharpened to a point at both ends, held
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Fig. 8. Layout of instrument.

between a conical hole in the centre of the
top plate and the bottom of the hole drilled
in the tensioning screw, as shown in Fig.
6. The top plate itself is then held against
lateral movement by a ‘spider’ made from
three webs cut from 0.002in brass shim,
anchored at the edge of the plate in which a
suitable aperture has been cut to allow the
upper scale plate to be accessible.

In my own instrument, the circular
strain gauge, the electronics, power supply
and display unit were mounted in a
8.5x5.5%2in diecast box, with the top
balance plate and coupling linkage housed
on top of it, as shown in Fig. 8. Although I
feel that the choice of the positions within
the box in which the separate components
are to be mounted can well be left to the
judgment of the constructor, the layout
which I adopted was to have the display
element mounted at the front of the upper
face, with the main zero-adjust knob below
this. The other controls were grouped on
the right-hand side of the box, for the
convenience of a right-handed user, and
some space was left at the rear for a small,
internally screened, compartment to house
the power supply transformer, rectifiers
and reservoir capacitors. This then left an
unoccupied lefi-hand wall on which the
small electronic amplifier panel,
assembled, on a piece of 0.lin perforated
‘Vero’ strip. board, could be mounted on
short, threaded stand-off pillars.

The unit was then finished,
mechanically, by four stick-on rubber feet
on the detachable lid which forms the base
of the lower box, and a disc of cork was
then stuck on to the upper pan plate to
provide a small degree of mechanical shock
isolation to the strain gauge element from
items dropped upon the pan.

Electronics

As mentioned above, my deliberate choice
in this design was to use the simplest
practicable mechanical load measuring
element and to accept the extra complexity
which this would impose upon the
electronic circuitry used with this.
Inevitably, the problems in d.c.
amplification, from such low-output signal
levels as those from a strain gauge bridge,
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27k
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= Tr.
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-3V . -5V
BD135

or equivalent

Fig. 9. Negative supply mirrors fluctuations
in positive line.

centre around the presence of zero drift.
With modern i.c.s, this need not be due to
inadequacies in the d.c. amplifier itself,
but will arise in respect of the input signal.

The inevitable difficulty due to
differential thermal effects upon the
resistance wires of the load cell has already
been mentioned. This can only be
minimized by restricting air movement
within the weigh scale housing, by using a
well-sealed container box, and within the
strain-gauge element by the use of thin
polythene diaphragms interleaving the
windings to diminish internal air cooling
effects. Fortunately, in my experience
using the prototype, this only affects the
long-term zero setting, which is adequately
stable during any one weighing for the

Inverting amplifier

Differential
inputs

Summing amplifier

—Tf"—j

1,—/\?«’(—4-
100k 100k
Gain

b—e— Output
R0 <
S0k

l

Fig. 10. Improved d.c. differential amplifier.

beginning and end zero readings to be the
same within the +0.1g basic uncertainty of
the reading.

However, there is a more insidious
difficulty, due to random excursions of the
voltage of the + and —5V supply lines.
With a 2mV/100g bridge sensitivity, the
required 0.1g zero stability represents
2uV. Using the standard 15V i.c.
regulators as the basic bridge supply
brought home to me that random
fluctuations of a few mV in their output
potential, could represent common-mode
voltage swings of a few mV at the output
terminals of the bridge. To achieve the

Fig. 11. Complete circuit diagram.

Ryz +5V—er

required input voltage stability of better
than 2uV demanded a common-mode
rejection capability from the d.c. ampiifier
of some 70-80dB. This was much greater
than attainable from a low-drift op-amp
used in the conventional differential
amplifier mode. The first improvement in
the performance of the system was
therefore made by the use of a separate
d.c. supply system for the negative line,
shown in Fig. 9, in which the operation of
the circuit is such that a negative supply is
generated which closely matches, in
opposite polarity, any random excursions
of the positive supply line, as seen at the
strain gauge bridge pick-off point at the
junction of Ry; and Cyq.

The second circuit improvement relates
to the design of the d.c. differential
amplifier itself, shown in Fig. 10. The
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normal ‘instrumentation amplifier’ layout
employs two i.cs (as IC) and IC;) arranged
to have a high gain to signals applied
differentially to their inputs, but only
unity gain in respect of signals applied
equally to both. A third i.c. op-amp is then
used as a differential amplifier to reject the
residual common mode output.

Unfortunately, it is impracticable to
employ negative feed-back around such an
op-amp differential amplifier without
making the two inputs unsymmetrical, so
that there is a higher gain from the non-
inverting input than from the inverting
one. Conventionally, this shortcoming is
remedied by inserting an attenuator
network in the non-inverting input limb,
but this would only work for a fixed-gain
stage as the differential amplifier, and
would preclude the use of this stage as an
active integrator to slug the response of the
circuit to unwanted 1.f. noise.

In the improved arrangement shown, an
additional  inverting  stage  ICjq),
(Y2LF353) is inserted in one of the output
limbs from the input differential amplifier
pair, so that IC3y) can be used as a
summing amplifier, in which common-
mode signals, now presented in
opposition, will cancel at the ‘virtual earth’
input point, while differentual signals will
be added at this point. There is then no
difficulty in making the gain of ICyy,
adjustable to provide for a full scale
calibration adjustment on the 0-100g scale,
and in putting a suitable value integration
capacitor (C7) across this i.c. to give a
suitably ‘dead-beat’ response to the weigh
scale reading. (This is advantageous when
weighing up chemicals by pouring them
into the pan, since they are likely to be
lumpy, which would give an apparently
jerky character to the meter reading.)

The 0-100g and 0-lkg scales are
switched by an output attenuator on the
output of ICyy,, rather than by switching
VR4, to avoid shifts in the d.c. zero from
one range to the other. If suitable facilities
are available for determining resistor
values, Ryp and VR; could be replaced by a
fixed 1/10 resistive attenuator. With the 0-
0.1999V digital panel meter unit
employed, it was possible to switch the
decimal point so that the 100g range read
100.0g and the lkg range read 1000g, as
the scale was switched.

A small 6VA 6-0-6V mains transformer
powers the unit, feeding a pair of 5V i.c.
voltage regulators to provide a stable
voltage line for the i.cs and the bridge,
unaffected by mains voltage fluctuations,
and a l.e.d. is fed from the positive 5V line
to warn that the unit is on.

Any convenient and suitable transistors
can be used for Tr; and Tr;, IC; and IC,
should be a low-drift, low-noise i.c. type.
In the prototype I have used the excellent
OP-27 types, available from Precision
Monolithics Inc., (Bourns in UK) because
I had a pair of these to hand, though there
is little doubt that other, less expensive,
instrumentation type low-drift operational
amplifiers, such as the LM725, would
serve equally well. With these i.cs, the
zero stability, with both inputs taken to
0V, is well within the 0.1mV output
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requirement over a period of 24hr, which
vindicates the original decision to use a
d.c. energized bridge, in that the residual
problems due to differential thermal
effects in the strain gauge would be present
equally in an a.c. energized system. The
d.c. systems avoids difficulties due to
inadvertent signal coupling through wiring
stray capacitances. The circuit of the
complete weigh-scale amplifier is shown in
Fig. 11.

Temperature compensation

Although the bridge system is very nearly
fully symmetrical, inadvertent
asymmetries in the mechanical
construction, coupled with the physical
changes, due to thermal effects, of the
structure of the load cell, lead to a negative
temperature coefficient in the prototype of
some 5g/°C. A first-order compensation for
these is provided by the thermistor/resistor
network across the limb of the bridge
feeding the non-inverting input.

Use and setting up

As indicated earlier, it is probable that
one’s first attempt(s) at wiring up the
strain gauge element will be less good than
those made when one has gained a little
more familiarity with the problems
involved in getting the wires to sit in the
required positions, and with uniform
tension when the tensioning screw is
tightened. Fortunately, with a suitable jig
to hold the separate parts of the strain
gauge while the wire is applied, it doesn’t
take too long to pull it apart and try again.
So, it is sensible to build the electronic
amplifier and power supply unit before
one makes the load cell so that this can be
tested after it has been assembled.

A slightly disconcerting effect, initially,
is the way in which the output signal will
vary up and down, in a random manner,
after the tensioning screw is adjusted, or
readjusted, as the tensions in the
individual wires in the strain gauge rosette

+'5V_‘r_

Set
zero 10k
<
—

Thermocouple

{12mV)

800

ov

{Weigh scale
amplifier)

accommodate to one another by slipping
round the anchoring pins. The process can
be speeded up a bit by gently tapping the
tensioning screw, but ultimately one must
just be patient and wait a few hours for the
load cell to settle down again. This
accommodation of the individual wires to a
state of uniform tension is also responsible
for the hysteresis (failure of the gauge to
return to zero after a load has been applied
and removed) which is an annoying feature
commonly found in freshly constructed
load cells. Normally this effect will
progressively lessen as weights are applied
and removed during the calibration
process of setting VR; and VRs, for
appropriate f.s.d. readings.

If hysteresis persists, one must
conclude, with regret, that the strain gauge
cell has not been built adequately well, and
have another go. In the prototype, the
hysteresis is now, after some time in use,
of the order of 0.2g following an applied
load of 200g. I have, I think, in the course
of developing the prototype, rebuilt the
load cell five times, though some of these
were in the pursuit of hoped-for design
improvements. I still have the feeling that
I could make it a bit better, to equal the
performance given by one of the earlier
versions, where I had got the wire tension
particularly uniform.

The static tension applied to the wires
by the tensioning screw should be
adequate to make the gauge linear over the
range of loads which it is desired to apply:
further tightening is of no benefit.

In use, the zero adjust pot. VR, and the
fine zero adjust pot. VR;, both of which
are 10-turn types, should be set to a
position near to their mid point. The 10R
coarse zero-adjust pot. (VR;) should be
adjusted, slowly, until the reading is
somewhere within +100gms on the lkgm
scale range. The zero set pot. VR;, in
parallel with VR; can then be adjusted to
set the meter reading within the *2gms
range covered by the fine zero control,

Set thermometer span

SN——0qq»> dpm |

t.c.adjust

Fig. 12. Stability is such that temperature measurement can be carried out. Circuit shows

offset voitage source and input switching.
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which is the normal operating zero control
of the instrument.

The linearity of the prototype, when
checked against a set of good-quality
chemical balance weights, was within
0.2% over the range 0-250gms, with the
major contribution to this being the small
remaining hysteresis. It is probable,
therefore, that the scales could be set up
adequately by pouring a measured
quantity of water into a suitable vessel
mounted on the weighing pan, in the
absence of appropriate calibrated weights,
without incurring unacceptable errors in
intermediate readings.

Adjusting temperature
compensation

As mentioned above, because the final
strain-gauge load cell, in the prototype,
was not completely symmetrical, there is a

residual long-term sensitivity to changes in
ambient temperature, which require the
zero to be reset more often, in day to day
use, than is desirable. A simple thermistor
compensation circuit is therefore

‘connected across the +3.4V supply and an

input to the amplifier. (Which input is
required will depend on the final strain-
gauge temperature characteristics, which
will depend on its construction.) The
easiest way to adjust the trimmer resistor
VR is to put the whole instrument in a
refrigerator, and then, after removal, as it
warms up to room temperature, adjust
VR so that the scale reading drifts neither
up nor down.

The total power consumption of the
instrument is less than 2 watts, and there is
no detectable change in the temperature of
the housing, compared with the ambient,
over a 12 hour period. To prevent errors
due to air currents entering the instrument

through the exit hole surrounding the load
cell shaft, a thin polythene diaphragm is
fixed under the top load plate to seal the
unit, If it is desired to turn the instrument
over, for access to the electronics, the lid of
the upper box, carrying the load plate and
its coupling pin should be removed to
obviate possibly heavy loads being applied
to the load cell, which might affect its
calibration.

The gain and stability of the amplifier
unit is sufficiently good for the instrument
also to be usable, with a copper/constantan
or chromel/alumel thermocouple input,
(40uV/°C) as an accurate digital
thermometer, provided that a suitable
switching input socket is employed, and an
appropriate temperature-dependent offset
voltage source to act as a ‘cold junction’
reference is provided. A suitable circuit is
shown in Fig. 12.

R
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Wheelchair word-processor

This communication aid for the disabled is
not an entry for our competition, but it
does show the sort of results that can be
achieved by volunteers working to a res-
tricted budget. Designed for those whose
faculty of speech is impaired or perhaps
lacking altogether, the Writing Box can be
produced in a variety of configurations to
match the needs of the individual user.
The device is the work of a non-profit-
making group in Belgium and cost around
£300.

The liquid-crystal display shows four
lines of 40 characters, while for longer
texts there is memory capacity for up to

6500 characters. Writing and editing is
possible using a keyboard, although users
with a lesser degree of dexterity can choose
from a range of unusual input devices in-
cluding foot switches, eye-movement de-
tectors, blow pipes and sound-operated
switches.

The fourth line of the display can act as
a menu to help in obtaining the right char-
acters; and a subtle feature of the unit is
the capability for storing and displaying
messages defined by the user. For
example, three switch-pushes might
produce “lift me up a bit, please”’. In addi-
tion to this, there is a word memory

holding up to 500 longer words which can
be adapted to the requirements of the indi-
vidual: words which would normally call
for 14 or more pushes can thus be pro-
duced with four or five.

For more elderly patients there is
another mode of operation, simpler to use
but slower; and for children who have not
yet learned to read there is even a sort of
video game designed to familiarise them
with the box and its method of operation.

The output of the box is available in
RS232 serial code for connection to a prin-
ter. Power comes from a built-in re-
chargeable battery giving 11 hours of con-
tinuous operation and the unit has an
energy-conserving standby mode to which
it reverts when not in use.
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Precision preamplifier

Many designers have not, until recently, considered op-amps a suitable choice for
preamplifier designs of the very highest quality. Newer types now obtainable have
changed this and Doug Self’s new design exploits the 5534 op-amp

Until relatively recently, any audio pre-
amplifier with pretensions to above-aver-
age quality had to be built from discrete
transistors rather than integrated circuits.
The 741 series of op-amps was out of the
question for serious audio design, due to
slew-rate and other problems, and the
TLO71/72 types, though in many ways
excellent, were still significantly noisier
than discrete circuitry. In an article some
years ago! I attempted to show that it was
still feasible to better the performance of
such devices by using simple two or three-
transistor configurations.

The appearance of the 5534 low-noise
op-amp at a reasonable price, has changed
this. It is now difficult or impossible to
design a discrete stage that has the per-
formance of the 5534 without quite unac-
ceptable complexity. The major exception
to this statement is the design of low-im-
pedance low-noise stages such as electroni-
cally-balanced microphone inputs or
moving-coil head amplifiers, where special
devices are used at the input end.

5534 op-amps are now available from
several sources, in a conventional 8-pin
d.i.l. format. This version is internally
compensated for gains of three or more,
but requires a small external capacitor (5-
15pF) for unity-gain stability. The 5532 is
a very convenient package of two 5534s in
one 8-pin device with internal unity-gain
compensation, as there are no spare pins.

The 5534/2 is a low-distortion, low-noise
device, and a typical audio stage could be
expected to generate less than 0.005%
t.h.d. over the range 1kHz-20kHz, leaving
the residual distortion lost in the noise of
all but the most expensive analysers. Noise
performance obviously depends partly on
external factors, such as source resistance
and measurement bandwidth, but as an
example consider the moving-magnet disc
input stage shown in Fig. 3. When proto-
typed with a TL071, the noise (with a 1k
resistor input load) was -69dB with refer-
ence to a SmV r.m.s. 1kHz input. Substi-
tuting a 5534 improved this to -84dB, a
clear superiority of 15dB.

Another advantage of this device to the
audio designer is its ability to drive low-
impedance loads (down to 500 ohms in
practice) to a full voltage swing, while
maintaining low distortion. This property
is much appreciated by studio mixer de-
signers, whose output amplifiers are still
expected to drive largely fictitious 600 ohm
loads. As a comparison, the TLO071 is only
good for loads down to about 2kQ).
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Architecture

As explained in a previous article!, the
most difficult compromise in preamp. de-
sign is the distribution of the required gain
(usually at least 40dB) before and after the
volume control. The more gain before the
volume control, the lower the headroom
available to handle unexpectedly large sig-
nals. The more gain after, the more the

by D. Self

noise performance deteriorates at low
volume settings. Another constraint is that
it is desirable to get the signal level up to
about 100mV r.m.s. before reaching the
volume control, as tape inputs and outputs
must be placed before this. The only really
practical way to get the best of both worlds
is to use an active gain-control stage — an
amplifier that can be smoothly varied in
gain from effectively zero up to the re-
quired maximum.

If the input to the disc stage is a nominal
SmV r.m.s. (assumed to be at 1kHz
throughout the avoid confusion due to
RIAA equalization) from either moving-
magnet cartridge or moving-coil head
amp, then 26dB of gain will be needed to
give the 100mV which is the minimum it is
desirable to offer as a tape output. This can
easily be got from a single 5534 stage, and
taken together with the supply rails
(£ 15V) this immediately fixes the disc in-
put overload at about 320mV r.m.s. A
figure such as this is quite adequate, and
surpasses most commercial equipment.

One must next decide how large an out-
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put is needed at maximum volume for the
5mV nominal input. 1V r.m.s. is usually
ample, but to be certain of being able to
drive exotic units to their limits, 2V r.m.s.
is safer. This decision is made easier be-
cause using an active gain-control frees us
from the fear of having excessive gain
permanently amplifying its own noise after
the volume control. Raising the 100mV to
this level requires the active gain stage to
have another 26dB of gain available; see
the block diagram in Fig. 1.

The final step in fixing the preamp.
architecture is to place the tone-control in
the optimum position in the chain. Like
most Baxandall stages, this requires a low-
impedance drive if the response curves are
to be predictable, and so placing it after
the active gain-control block (which has
the usual very low output impedance)
looks superficially attractive. However,
further examination shows that (a) the ac-
tive-gain stage also requires a low-im-
pedance drive, so we are not saving a buf-
fer stage after all, and (b) since it uses
shunt feedback the tone-control stage is
rather noisier than the others?, and should
therefore be placed before the gain control
so that its noise can be attenuated along
with the signal at normal volume settings.
The tone-control is preceded by a unity-
gain buffer stage with low output im-
pedance and a very high input impedance,
so that the load placed on line input de-
vices does not vary significantly when the
tape-monitor switch is operated. This
brings us to the block diagram in Fig. 1.
Figure 3 shows the circuit diagram of the
complete preamplifier. The components
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Fig. 1. Block diagram. Tone-control placed before gain-control block to reduce noise from

tone-control.
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stage. That due to Baxandall, chosen for this design,

around A, and A, make up the moving-
magnet disc stage and its associated
subsonic filter. Disc preamp. stage A uses
a quite conventional series feedback ar-
rangement to define the gain and provide
RIAA equalisation. This provides a clear
noise-performance advantage of 13dB over
the shunt feedback equivalent?, which is
sometimes advocated on the rather du-
bious grounds of “improved transient res-
ponse”. The reality behind this rather
vyoolly phrase is that the series configura-
tion cannot give the continuously descend-
ing frequency response in the ultrasonic
region that the RIAA specification seems
to imply, because its minimum gain is
unity. Hence sooner or later, as the fre-
quency increases, the gain levels out at
unity instead of dropping down towards
zero at 6dB per octave. As described in
refs. 1 and 2, when a low-gain input stage
is used to obtain a high overload margin,
“sooner”” means within the audio band,

Fig. 3. Complete circuit diagram.
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and so an additional low-pass time-con-
stant is required to cancel out the un-
wanted h.f. breakpoint; once more it is
necessary to point out that if the low-pass
time-constant is correctly chosen, no extra
phase or amplitude errors are introduced.
This function is performed in Fig. 3 by Rg
and Cij;, which also filter out unwanted
ultrasonic rubbish from the cartridge.

It was intended from the outset to make
the RIAA network as accurate as possible,
but since the measuring system used
(Sound Technology 170 A) has a nominal
accuracy of 0.1dB, 0.2dB is probably the
best that could be hoped for. Designing
RIAA networks to this order of accuracy is
not a trivial task with this configuration,
due to interaction between the time-con-
stants, and attempting it empirically
proved most unrewarding. However, Lip-
shitz, in an exhaustive analysis of the prob-
lem, using heroic algebra in quantities not
often seen, gives exact but complicated
design equations*. These should not be
confused with the rule-of-thumb time-con-
stants often quoted. The Lipshitz equa-
tions were manipulated on an Acorn Atom
microcomputer until the desired values
emerged. These proved on measurement
to be within the 0.2dB criterion, with such
errors as existed being ascribable to com-
ponent tolerances.

Design aims were that the gain at 1kHz
should be 26dB, and that the value of R3
should be as small as feasible to minimize
its noise contribution. These two factors
mean that the RIAA network has a lower
impedance than usual, and here the load-
driving ability of the 5534 is helpful in
allowing a full output voltage swing, and
hence a good overload margin.

There is a good reason why the RIAA
capacitors are made up of several in
parallel, when it appears that two larger
ones would allow a close approach to the
correct value. It is pointless to design an
accurate RIAA network if the close-
tolerance capacitors cannot be easily ob-
tained, and in general they cannot. The
exception to this is the well-known Suflex
range, usually sold at 2.5% tolerance.
These are cheap and easy to get, the only
snag being that 10nF seems to be the
largest value widely available, and so some
paralleling is required. This is however a
good deal cheaper and easier than any
other way of obtaining the desired close-
tolerance capacitance.

Metal-oxide resistors are used in the
RIAA network and in some other critical
places. This is purely to make use of their
tight tolerance (1% or 2%), as tests
proved, rather unexpectedly, that there
was no detectable noise advantage in using
them.

The recently updated RIAA specifica-
tion includes what is known as the “IEC
amendment”. This adds a further 6dB/oc-
tave low-cut time-constant that is -3dB at
20.02Hz. It is intended to provide some
discrimination against subsonic rumbles
originating from record warps, etc, and in
a design such as this, with a proper
subsonic filter, it is rather redundant.
Nonetheless the time-constant has been
included, in order to keep the bottom oc-
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Fig. 4. Law of gain-control pot., approximately linear over main part of range.

tave of the RIAA accurate. The time-con-
stant is not provided by R, C; which is no
doubt what the IEC intended) but by the
subson.c filter itself, a rather over-damped
third-order Butterworth type designed so
that its slow initial roll-off simulates the
20.02Hz time-constant, while below 16Hz
the reponse drops very rapidly. Imple-
menting the IEC roll-off by reducing Cj is
not good enough for an accurate design
due to the large tolerances of electrolytic
capacitors. However, the R3, C; combina-
tion is arranged to roll-off lower down (-
3dB ar about 5Hz) to give additional
subsonic attenuation.

Capacitor C; defines the input capaci-
tance and provides some r.f. rejection. A
compramise value was chosen, and this
may be freely modified to suit particular
cartridges.

The noise produced by the disc input
stage alone, with its input terminated with
a 1k resistor to simulate roughly a moving-
magnet cartridge, is -84.5dB with refer-
ence to a SmV r.m.s. 1kHz input (i.e.
100mV r.m.s. out) for a typical 5534A
sample. The suffix A denotes selection for
low noise by the manufacturer. When the
1k termination is replaced by a short cir-
cuit, the level drops to -86dB, indicating
that in real life the Johnson noise gener-
ated by the cartridge resistance is signifi-
cant, and so the stage is really as quiet as it
is sensible to make it.

Subsonic filter
As described above, this stage not only
rejects the subsonic garbage that is pro-
duced in copious amounts by even the
flattest disc, but also implements the IEC
roll-off. Below 16Hz the slope increases
rapidly, the attenuation typically in-
creasing by 10dB before 10Hz is reached.
The filter therefore gives good protection
against subsonic rumbles, that tend to
peak in the 4-5Hz region.

This filter obviously affects the RIAA
accuracy of the lowest octave, and so Ci3,
Ci3, Ci4 should be good-quality compo-

www americanradiohistorv com

nents. A 10% tolerance should in practice
give a deviation at 20Hz that does not
exceed 0.7dB, rapidly reducing to an insig-
nificant level at higher frequencies. The
tape output is taken from the subsonic
filter, with R, ensuring that long capacita-
tive cables do not cause h.f. instability. If
it really is desirable to drive a 600 ohm
load, then C;s must be increased to 220 uF
to maintain the base response.

High-impedance buffer

This buffer stage is required because the
following tone-control stage demands a
low-impedance drive, to ensure that
operating the tape monitor switch S, does
not affect the tape-output level. If the in-
put selector switch S; was set to accept an
input from a medium impedance source
(say 5k), and the buffer had a relatively
low input impedance (say 15k), then every
time the tape-monitor switch was operated
there would be a step change in level due
to the change of loading on the source.
This is avoided in this design by making
the buffer input impedance very high by
conventional bootstrapping of R;s, R4 via
Ci7. This is so effective that the input
impedance is defined only by R,4. Unlike
discrete-transistor equivalents, this stage
retains its good distortion performance
even when fed from a high source resis-
tance, e.g. 100k.

Tone-control stage

Purists may throw up their hands in horror
at the inclusion of this, but it remains a
very useful facility to have. The range of
action is restricted to +8dB at 10kHz and
19dB at S0Hz, anything greater being out
of the realm of hi-fi. The stage is based on
the conventional Baxandall network with
two slight differences. Firstly the network
operates at a lower impedance level than is
usual, to keep the noise as low as possible.
The common values of 100k for the bass
control and 22k for the treble control give
a noise figure about 2.5dB worse. Even
with the values shown, the tone stage is
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about 6dB noisier than the buffer that pre-
cedes it. Both potentiometers are 10k
linear, which allows all the preamp. con-
trols to be the same value, making getting
them a little easier. The low network im-
pedance also reduces the likelihood of ca-
pacitative interchannel crosstalk. Once
again, implementing it is only possible be-
cause of the 5534’s ability to drive low-
value loads.

Secondly, the tone-control stage incor-
porates a vernier balance facility. This is
also designed as an active gain-control,
with the same benefit of avoiding even
small compromises on noise and
headroom. The balance control works by
varying the amount of negative feedback to
the Baxandall network, and therefore some
careful design is needed to ensure that the
source resistance of the balance section
remains substantially constant as the
control is altered, or the frequency res-
ponse may become uneven. Resistors Rz,
Ry3, Ry4 define this source resistance as 1k,
which is cancelled out by Ry7 on the input
side. The balance control has a range of
+4.5 to -1.0dB on each channel, which is
more than enough to swing the stereo
image completely from side to side. If you
need a greater range than this, perhaps you
should consider siting your speakers
properly.

Active gain-control stage

An active gain-control stage must fulfil
several requirements. Firstly, the gain
must be smoothly variable from maximum
down to effectively zero. Secondly, the law
relating control rotation and gain should
be a reasonable approximation to logarith-
mic, for ease of use. Finally, the use of an
active stage allows various methods to be
used to obtain a better stereo channel bal-
ance than the usual log. pot. offers.

All the configurations shown in Fig. 2
meet the first condition, and to a large
extent, the second. Figures 2(a) and 2(b)
use linear controls and generate a quasi-
logarithmic law by varying both the input
and feedback arms of a shunt-feedback
stage. The arrangement of Fig. 2(c), as
used in the previous article, offers simplic-
ity but relies entirely on the accuracy ofa
log. pot. While 2(a) and 2(b) avoid the
tolerances inherent in the fabrication of a
log. track, they also have imperfect track-
ing of gain, as the maximum gain in each
case is fixed by the ratio of a fixed resistor
Ry, to the control track resistance, which is
not usually tightly controlled. This leads to
imbalance at high gain settings.

Peter Baxandall solved the problem very
elegantly!, by the configuration in 2(d).
Here the maximum gain of the stage is set
not by a fixed-resistor/track-resistance
ratio, but by the ratio of the two fixed
resistors Ry, Rp. A buffer is required to
drive R, from the pot. wiper, because in a
practical circuit this tends to have a low
value. It can be readily shown by simple
algebra that the control track resistance
now has no effect on the gain law, and
hence the channel balance of such a system
depends only on the mechanical alignment
of the two halves of a dual linear pot. The
resulting gain law is shown in Fig. 4,
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where it can be seen that a good approxi-
mation to the ideal log (i.e. linear in dB)
law exists over the central and most used
part of the control range.

A practical version of this is shown in
Fig. 3. As is a unity-gain buffer biased via
R;s, and Ry, Ry7 set the maximum gain to
the desired +26dB. Capacitor C;s ensures
h.f. stability, and the output capacitor Cz
is chosen to allow 600 ohm loads to be
driven. A number of outwardly identical
Radiohm 20mm dual-gang linear pots were
tested in the volume control position, and
it was found that channel balance was al-
most always within +0.3dB over the gain
range -20 to +26dB, with occasional ex-
cursions to 0.6dB. In short, this is a good
way of wringing the maximum perform-
ance from inexpensive controls, and all
credit must go to Mr Baxandall for the
concept.

At the time of writing there is no
consensus as to whether the absolute
polarity of the audio signal is subjectively
important. In case it is, all the preamp.
inputs and outputs are in phase, as the
inversion in the tone stage is reversed again
by the active-gain stage.

Power supply

The power supply is completely conven-
tional, using complementary i.c. regula-
tors to provide +15V. Since the total cur-
rent drain (both channels) is less than
50mA, they only require small heatsinks.
A toriodal mains transformer is recom-
mended for its low external field, but it
should still be placed as far as possible
from the disc input end of the preampli-
fier. Distance is cheaper (and usually more
effective) than Mu-Metal. Since the 5534 is
rated up to +20V supplies, it would be
feasible to use +18V to get the last drop of
extra headroom. In my view, however, the
headroom already available is ample.

Construction

The preamplifier may be built using either
5534 op-amps or the 5532 dual type. The
latter are more convenient (requiring no
external compensation) and usually
cheaper per op-amp, but can be difficult to
obtain. To compensate each 5534 for unit
gain, necessary for each one, connect 15pF
between pins 5 and 8. Note that the rail
decoupling capacitors should be placed as
close as possible to the op-amp packages —
this is one case in which it really does
matter, as otherwise this i.c. type is prone
to h.f. oscillation that is not visible on a
scope, but which results in a very poor
distortion performance. It must also be
borne in mind that both the 5534 and 5532
have their inputs tied together with back-
to-back parallel diodes, presumably for
voltage protection, and this can make
fault-finding with a voltmeter very confus-
ing.

Only 2.5% capacitors should be used in
the RIAA networks if the specified accur-
acy is to be obtained. Resistors in Fig. 3
marked * should be metal oxide 1% or 2%,
for reasons of tolerance only. Each of these
resistors sets a critical parameter, such as
RIAA equalization or channel balance, and
no improvement, audible or otherwise,

’
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will result from using metal oxide in other
positions.

Several preamp. prototypes were built
on Veroboard, the two channels in
separate but parallel sections. The ground
was run through in a straight line from
input to output. Initially the controls were
connected with unscreened wire, and even
this gave acceptable crosstalk figures of
about -80dB at 10kHz, due to the low
circuit impedances. Screening the balance
and volume connections improved this to -
90dB at 10kHz, which was considered ade-
quate. It must be appreciated that the
crosstalk performance depends almost en-
tirely on keeping the two channels physi-
cally separated.

Some enthusiasts will be anxious to (a)
use gold-plated connectors; (b) by-pass all
electrolytics with non-polarized types; or
(c) remove all coupling capacitors alto-
gether, in the pursuit of an undefinable
musicality. Options (a) and (b) are
pointless and expensive, and (c) while
cheap, may be dangerous to the health of
your loudspeakers. Anyone wishing to
dispute these points should arm them-
selves with objective evidence and a
stamped, addressed envelope.

Specification

(Based on measurements made on three
prototypes, with Sound Technology
1710A).

Moving-magnet
noise ref. Sm¥ r.m.s., 1kHz input

-81dB
RIAA accuracy +0.2dB

input overload point (1kHz)
300 mV r.m.s.

Line inputs

noise ref. 100mV r.m.s. i/p -85dB
maximum input 9V r.m.s.
maximum gain +26dB
treble control range +8dB
bass control range +9dB

vernier balance control -1dB to +4.5dB
volume control channel balance +0.3dB
distortion (1kHz-20kHz) 0.005%
maximum output 9.5Vr.m.s.
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Current dumping
review—2

Current dumping is a circuit technique which claims to abolish all crossover and other
distortion caused by a class B output stage. This analysis shows that in precisely this
respect the performance of current dumping is notably inferior to that of a traditional

Discussion so far can be summarized by
reference to Fig. 8, where V represents the
distorting dumper Vy. and its quasi-
rectangular behaviour. Signal input has
been ignored as it is the influence of V on
E which is to be studied.

The aim is to ensure that variation of V
does not affect E. If A is taken as finite this
cannot be done by balancing the bridge in
the usual fashion. For no change at E then
implies no change at C or at B, implying
change at E contrary to hypothesis. What
is required is for the bridge to be a little off
balance, so that when E remains constant a
small amount of V is fed back to the
amplifier: enough to shift B appropriately.
Clearly then the small bridge unbalance
required is inversely proportional to the
gain A. Algebra will handle the details,
and dumper distortion will totally cancel,
however V behaves.

As mentioned, taking A as infinite leads
to destruction of the system. The bridge
would require to be balanced as normal,
because A now requires no input voltage.
Whence if E is not varying with V the
negative input of A might as well be
connected to E instead of to C. Then Z;
and Z; can be removed, and Z, replaced by
a wire.

Previous discussion was based on a
floating signal source, which is not
attractive. Further, the floating “zero
volts” rail required frequent corrections to
the algebra. Divan and Ghate (WW April
1977) remove these irritations, and bring
the theory to a new level with the circuit of
Fig. 9. They include Z;, together with the
gain-setting element Z; hinted at by
Walker, and take A as finite. Their balance
condition (6) is derived in two lines in Fig.
9, and contains all earlier results.

Invalidity
Murmurs have been heard that much of
this debate is invalid. Suppose that the
output current through Z; in Fig. 9 is
sinusoidal. Then the current marked i
through Z, supplies most of it, but it is
switched off during crossover. Meanwhile
I—i flowing through Z; supplies what is
wanting. Then both of these currents
depart dramatically from the sinusoidal
form.

Now the interest of this analysis lies
largely in the study of the very successful
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amplifier of similar design.

Quad 405 amplifier design that uses the
technique. But in that amplifier Z; is a
capacitor and Z, an inductor. When
currents and voltages depart from the
sinusoidal it is impossible to attach
impedance values to these components,
and the symbols used above for such
quantities have no meaning. Take the case
of Fig. 10, where a ‘square’ voltage wave is

by Michael McLoughlin

applied to a capacitor and series resistor.
The ratio V/I wanders through most values
from zero to infinity throughout the cycle,
and there is no constancy about it at all. In
these circumstances one may certainly not
note the current through C, and divide by
joC to obtain the voltage across this
component. Fig. 10 certainly presents an
extreme case, but if Z; is a capacitor it is

s

just the case of Fig. 9. A quasi-rectangular
voltage is applied to this component, and
the current is to be derived by multiplying
by jwC!

If V in Fig. 10 is a sinusoid then the
current I has that form also. If we agree to
make comparisons with a certain time
delay between these two variables, then a
constant of proportionality which does not
vary with time will again emerge. And the
complex number analysis has been
developed to mechanize the accounting.
And it would be valid in this circuit to
resolve V into sinusoids, use complex
numbers on each separately to deduce the
consequent I, and add the results. Of
course the results would be at different
frequencies. But this does depend on the
circuit being composed of only linear
components, where the output due to a
sum of inputs is sure to be the sum of what
each would produce separately.

This might be tried in Fig. 9, by
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resolving the currents i and I-i into
sinuoids, and discussing each component
separately. But Fig. 9 does not show a
network composed of linear elements:
base-emitter junctions are non-linear in the
extreme. This route is barred.

One example of the many possible
consequences of reckless resolution into
sinusoids is provided by the ordinary a.m.
detector. Suppose that such a circuit is
supplied with a carrier modulated by a
tone. The output is of course the tone, plus
a d.c. level. But now resolve the input into
sinusoids: the carrier plus two sidebands.
Taken separately each of these would
produce only a d.c. levels and when added
they yield only a d.c. level: the tone has
vanished. Conclusion: no detector detects!

Validity

Such criticisms do appear to apply to most
of the previous discussion, including of
course our own treatment in Fig. 9.
However the bridge model of Fig. 8
escapes untouched. Here the troublesome
non-linear dumpers have been replaced by
a voltage generator, and in determining’
whether a circuit is composed of linear
elements the generators do not have to pass
any tests. (Detailed information about the
behaviour with time of this generator will
be required later.)

Could this trick for turning a non-linear
into a linear circuit be applied elsewhere,
perhaps in the a.m. detector mentioned
above? It can, provided that sufficient
information is available about the non-
linear voltage V. In the case of the detector
the diode must be replaced by V, and
when V has to be specified it will be given
audio elements suitable for producing the
correct output, now that the r.f. cannot
yield it. The procedure is valid enough,
but in this case scarcely attractive.

Advance to Fig. 9 again. Replace the
dumpers by transistors of constant current
gain but zero V., in series with a voltage
generator to be inserted at G. These odd
transistors are linear elements: their
emitter current in response to a sum of
base currents is just the addition of what
each would produce separately. And the
Ve generator may produce such voltage as
it sees fit, while the signal at A varies,
without violating the linear character now

Table 1. Discontinuity in sinusoidal output
E at crossover. Theory provides these
figures when tolerances are taken into ac-
count. Case 1 offers two transitions per
crossover, and the figure in the text has
been doubled, as e=0.2 now. Using closer
tolerance components would benefit the
first two cases equally. Adding bias com-
ponents would benefit all three cases
equally.

Organisation V pk-pk Notes
1. As supplied 7.0mV  xEand «f
2. Resistive
bridge 0.6mV atallEandf
3. Traditional
amplifier 0.15mV atallEandf

Transitions at crossover: Quad 405
e=0.2 f=13.2kHz E=1Vr.m.s.
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Fig. 9. In Divan
and Ghate
model for
current
dumping Vg/A
must exist
between the
input terminals
of A. SoVn may
be derived from
Vs. The resultis
equated below
toVy, as
derived by
Millman'’s Z¢
theorem

Zp =242, 02¢11Zin

Vg =12 +{1-1)Z3

(proved in
Fig. 6):

1Z +(1-1)2 1Z 4+ {1-i)23 12 +i
1z 3-Zp[ LHI=i) 3+'7;L+I24+\2/75]
in

s A Z, Z

This is a linear bond between V; and | if the terms in i balance out:

24 23 73 (6)

+
Z, z, AZ,

possessed by the network. Naturally we
shall oblige G to follow the real Vy. The
network is now linear, but has two input
signals.

When deprived of their Vp the two
dumpers together make a single linear
element. Admittedly a slight violation of
linearity will occur on passage from one
dumper to the other, because their current
gains will not be equal. Apart from this
detail, the model now offers a rigorous
treatment of the bulky non-sinusoidal
currents and voltages in the reactive bridge
components. And on a second reading it
will be possible to see that this assymetry
must degrade a little further the result in
the first line of Table 1, thus strengthening
our conclusion there.

The two inputs at Vs and G in Fig. 9
may now be considered as sums of
sinusoids, and the influence of these on
output may be anlysed one frequency at a
time. Or V; and G could be considered
separately. And handling one frequency at
a time the usual complex number analysis
may be employed, with the final output
counted as the sum of the separate outputs
produced by all these components. Using
these tricks a valid proof of (6) can now be
given, after the style of what follows.

Quad 405 circuit

The full circuit may be inspected in the
operating manual, or in Walker’s article
Fig. 11 offers his simplified version, with
Z, to Z4 clearly marked, and values are
attached.

Recall that the generator V in Fig. 8(a)
really represents the two complementary
dumpers. Their emitters are connected to
D and bases to B. So Walker identifies the
circuit of Fig. 11 with that of Fig. 8(a). But
there is a difficulty. Not only has an extra
transistor Tr; appeared, but Z, and Z; are
connected to opposite ends of it. Now
dumper Vp variation will inject current

www americanradiohistorv com

i

1

I

i

.

I
I|,

II

1

|V

f

Fig. 10. Current when a rectangular wave
voltage is applied to a capacitor and series
resistor.

via Z; into Tr; emitter, and if the driver
gain is large this current might just as well
be considered as injected into the collector
circuit directly. To effect this transfer is
just the role of a transistor. Thus if the
input signal in Fig. 11 is set at zero, then
from an a.c. viewpoint Z; can be
considered as connected directly to the
collector, to identify with the layout of
Fig. 8.

But if minimum figures are taken for the
gains of the transistors in the driver, its
input impedance is about 50k{, and
during crossover its voltage gain is only
about 77. Thus at 1kHz the capacitor C
presents an impedance to Tr; collector of
Zc/77 or 17k(. The collector will feed
such a load without difficulty. The current
is provided by Z; = 50052, and is injected
into the emitter with little difficulty. But
that resistor could not be expected to feed
17k} without change: Z; may not really
be considered to be connected to the
collector, and Fig. 8 is not an accurate
model for the real circuit of Fig. 11.

Vanderkooy and Lipshitz handle the
difficulty in just the opposite way, by
considering Z, to be disconnected from the
collector and joined instead to the emitter.
Transistor Tr; becomes part of the driver
amplifier, and the circuit again identifies
with that of Fig. 8(a). From the figures
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Class A driver

—O +50V
Driver
output rail  Z4
s AAA——
; L
:
Vin Ry ; l
O=AAN— ZTX 304 . : I
3k3 | :
o o ! L
500 [ 140872 S Y
I
4 |
-l i |
i
560 : |
BDY 77 !
(s ==1n 180 Lo . . Z, o8
560
-O-50V

>

Fig. 11. Walker's simplified circuit of the Quad 405 amplifier, omitting
current limiting and h.f. trim components. | have further omitted the
LM301A op-amp that provides Vi, (It operates in class A, is not part of
the current dumping circuitry, and receives only a d.c. feedback — not
shown — from 2, to centre the working point of the dumpers)
Minimum heg for a BDY77 is 40; for the other transistors shown it is 50.

Fig. 12. In this current

dumping model A, B, C,
D, V denote voltages,
small letters admittances.
DEFINITIONS

k: dumper ip=ki,
b=q+r+s

m=[/+s+t

u
n=f+p+u:—=A=1
ptu n

g'=g-q
1 1
Zp=—; 2=

CONSTRAINTS
s(v+D—E)+q(V+D—C)+r(V+D)+k[t(D—E)+p(D—B)]=—gC

(1) —(s+kr)E=—bV—[b+k(t+p)]D+kpB—g’C : nis+t)th+q)

(2) (s+t)D=mE—sV; nB=uA+pD : (s+1)

(3) n(s+t)B=u(s+t)A+pmE—psV; (h+q)C=uB—uA+qV+qD : n(s+t)
(4) n(h+q)(s+t)C=—u(s+t)(f+p)A+(nqt—psu)V+m(pu+qn)E

ARGUMENT

Write wE=xA +yV where (7)

w=(h+q)[mn (—s—kt+b+k(t+p))—kppm+nl(s+kt)]+g’m(pu+qn)
=(h+q)[mn(q+r)+kpm(f+u)+nl(s+kt)]+g’m(pu+qn)

x=u(s+t)[kp(h+q)+g’(f+p)]

y=—bn(s+t)(h+q)+[b+k(t+p)ln(h+q)s—kp(h +qlps+g’(psu—nqt)

RESULT
y=0>g’(psu—nqt)=(h+q)[bnt—kns(t+p)+kpps] : ~g’stn

AN I
M=t 1425 4+ )k 1+ 1=

2 22 g'Z, Nz, 7z, Z, Z;
Approximate admittances at 1kHz jmoduli in mhos)

p=107% q=10"%, r=1073, s=107%, t=50, I=0.1, f=10"2u=3x10"2,
h=2x10"%, g=2. o<k<1/40.
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just given for the driver of Fig. 11 it is
clear that above 1kHz it works as an
operational amplifier, ensuring that most
of the current supplied by Tr; is drawn
away through C, while leaving only a small
amount to work the driver itself. Now as
the current gain of Tr; from emitter to
collector is unity, C could indeed syphon
off this current with similar effect at the
emitter instead.

But this alteration does obscure an
important factor. In Fig. 11 the element Z,;
is marked as 500(2, but in fact any current
due to dumper V variation flowing into
Tr; emitter is also affected by the emitter
input impedance found there. Owing to
the presence of R;; this may be as high as
3.3k/50 + 25/6 = 70, causing a 14%
increase in the effective value of Z;. If now
Z, is connected instead to the emitter and
there syphons off its current from that
flowing into the driver, then scarcely any
of the current supplied through Z, remains
to flow into the emitter. Not much
impeding voltage arises, and the 14%
adjustment required in the value of Z;
disappears. If a bridge is to be balanced
then a 14% adjustment in the value of one
arm is serious, and Z, may not be
reconnected as proposed in any accurate
model of Fig. 11.

It seems possible that Z; and Z, were
initially connected to the same point of
Tr;, but were later separated as part of the
h.f. trimming programme evident in the
full circuit.

Quad 405 model

Fig. 12 offers a model for Fig. 11. The
driver has been reduced to linearity by its
specification in terms of mutual
conductance. The dumpers are so reduced
by thinking of them as transistors of equal
current gain but zero Vy., in series with a
generator to simulate the latter. The driver
is equipped with input impedance Z;, and
output impedance Z,. Gain-setting
element Z; appears. Delivery of feedback
to both ends of Tr, is properly
represented. Finally Zt is in series with
Tr; emitter to stand for the input
impedance found there.

The circuit may now be analysed in
terms of the two input voltages A and V.
Because the components are all linear these
may be treated separately, and as sums of
sines. Thus complex number analysis is
valid. But the twin menaces of this sort of
analysis are suffices and denominators. It
has been possible to avcid both by giving
each impedance a second unbracketed
symbol to represent its admittance.

The definitions section of Fig. 12 starts
by defining k to account for dumper
current gain, and there follow names for
concatenations of symbcls that will arise.
About half the remainder may be omitted
at first reading, and the new balance
condition (8) can be attained quite quickly.

Constraints
Solving the circuit of Fig. 12 consists in
obtaining the relationship between the
three voltages A, V and E. To build
relationships it has been necessary to
introduce voltages B, C and D, so these are
to be eliminated.

Observing that the current flowing away

37



from the driver is equal to what it
provides, then line 1 collects the variables
(capitals) in this constraint, using the
shorthand defined. Line 2 starts by
defining E, using Millman’s theorem if sV
is added to both sides.

From an a.c. viewpoint the upper end of
u is at potential A, and so later in line 2
Millman’s theorem is used to define B. If
this equation is multiplied by the factor on
its right it may be rewritten as (3) by using
.

This captures D and B in terms of
desired variables. It is just a little harder to
do this for C. A constraint is given for it
later in line 3. If the two terms in q on the
right are transferred to the left hand side,
the equation is justified as a statement that
the current flowing away from C is just
what is delivered there by Tr;. Multiply
the equation in its present form by n(s + t)
as suggested on its right. It should be
possible to arrive at line 4 without a pencil,
using (2) and (3) to remove D and B.
Collecting first the terms in A yields a
coefficient uu(s + t) — un(s + t), equal to
what is written. Collecting the terms in E
out of B and D is easier. And the
coefficient for V is simpler than expected
because two terms nqs have cancelled.

Argument

The peak of difficulty is already passed,
and (8) is within reach. Focus on line 1 of
constraints. If the equations at the start of
the next three lines were used to remove
D, B and C from line 1, a gigantic equation
would result. But it would only contain the
desired variables E, A and V. So it would
have the form of (7). If y = 0 then certainly
E and A are bound into proportionality,
and the sinusoid V has no effect on E,
leaving it free from distortion.

You are therefore dispensed from
pursuing w and x in (7): it suffices to study
y alone. Now (7) is to be considered as
derived from line 1 after first multiplying
that line by the factor noted on its right.
This suffices to prevent the generation of
any fractions. So multiply line 1 as stated,
and collect on its right hand side the terms
in V only, including those V found when
D, B and C are substituted. Hopefully this
will give y as stated.

Balance equation

First note that two terms bns (h + q)
cancel out in y. Now write the result line.
Then divide as stated, remembering u/n =
A. But write the result in terms of
impedances rather than admittances, and
(8) will appear. If this holds theny = 0 in
(7), and the distorting V does not influence
the output.

Relation to other balances

Equation 8 now provides the balance
condition for the Quad 405. It includes the
driver output impedance Z,, and the
double delivery of feedback is studied.
The emitter input impedance of Trz is
included, and the balance is altered by the
new factor A on that account.

Suppose first that this emitter input
impedance is zero (A = 1 and Zg = 0).
Then if Z, is also excluded by setting it
infinite, (8) reduces to the balance
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condition of Vanderkooy and Lipshitz.
But if Z, tends to zero while g becomes
large, so that gZ, = A, the driver has
become a voltage amplifier. And then (8)
takes the form of (6), though Zp is not the
same because of the isolating effects of
Tr,. Of course, setting g infinite reduces
(8) to the basic Z4/Z, = Z3/Z;.

But none of these things are true when A
is taken into account. If the input
transistor has its minimum gain of 50, then
as suggested earlier Zt = 70, and so A =
0.65. Inserting this new factor disturbs all
previous balance conditions. The gain of
Tr, may rise to 300, yielding Zt = 15.2Q
and A = 0.90, which is still serious. It
appears that the balance of the bridge is
critically dependent on the gain of the
particular transistor inserted at Tr;.

Listed below (8) are approximate values,
and it is clear that Z3/Z; can be dismissed
from the square bracket of (8). And the
fractions that remain fall by about an order
of magnitude a time: 1, Z3/Z,, k, Z4/Z). It
follows that for all attainable purposes the
balance condition simplifies to

.Q_ZS 1 _ Zg]
N7 gzil k2] )

Bridge balance

Many balance conditions have been
published, but no-one has yet inserted the
four Z values of Fig. 11 into their result.
This may be because the simple condition
Z4Z, = Z3/Z; reduces to L = RjR3C, and
it shows a 6% unbalance.

To find figures for g and Zp in (9),
consider the two 560() resistors in Fig. 11.
These provide a nominal S50mA current
sink for the dumper bases, and around
crossover this current is provided by the
driver. Now 1mV applied to the driver
input mostly reaches the 40872 base,
causing the usual 4% alteration in its
collector current. This change is 2mA,
which shows that the driver mutual
conductance g is around 2 amps/volt.
Assume minimum transistor gains, and
follow the electrode impedances associated
with S0mA current output back to the
input terminal: the impedance there is just
over SOkQ. This is a fair figure for Zp also,
because even at 10kHz the reactance of Z;
is still 133kQ. So gZp in (9) is 10°, or more
if the transistor gains exceed minimum.

Take » = 1 for the moment, and
suppose f is the standard frequency of
13.2kHz at which Vanderkooy and
Lipshitz run their tests: then the three
terms of (9) work out in millionths as 498j,
468j, and 10 or less. The first two terms
are imaginary and the third is real. Then
the best that can be done is to balance off
the first two terms by Z4/Z, = Zy/Z;, and
ensure that the third term is small. The
designers appear to have done this. But
there is still that unexplained 6% un-
balance between the large terms.

But the two imaginary terms of (9)
should really be balanced off by

Z, Z4
Ash=28
Z.°7 (10)

Now the median gain of Tr; is 175, so its
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emitter input resistance may be 3300/17>
+ 25/6 = 23Q), yielding A = 0.852. The
three terms in (9) now work out in
millionths as 424j, 468j, and 10 or less.
The first term is now some 10% down on
the second, and the Quad 405 bridge
appears 10 be out of balance by this
amount in the opposite direction.

An easy way to correct this would be to
reduce Z; by the same factor 424/468,
which could be done by connecting in
parallel a 4.8kQ) resistor. Now
Vanderkooy and Lipshitz did vary the
resistance of Z; to achieve minimum
crossover distortion, and they demonstrate
their results with oscillograms. Their
finding: for best balance Z; requires a
resistor in parallel of “about 5k. This
confirms that there is a systematic
unbalance of some 10% in the Quad 405
bridge, though the precise figure varies
sharply with the gain of Tr,.

Conclusion on circuit design

Clearly the dv/dt limiter Rj; with Cg that
is causing unpredictable A must be placed
earlier in the circuit and not here. The low
impedance source driving Tr; must be
allowed direct access to this transistor, and
resistors must be kept out of this area.
Another way of making the same point is
to observe that extra input currents flow
during crossover, and the input impedance
of a current dumping circuit varies wildly
as a result.

There are only three terms in (9), and
the third is by far the smallest at typical
frequencies. If 5% components are used,
as in the 405, then each of the first two
terms can vary 10% by tolerance errors.
Then one side of (9) may exceed the other
by 20% on that account. Then it is useless
to seek circuit sophistication to eliminate
the unbalancing effects of k (dumper base
current) in (9): any such effects are orders
of magnitude less than tolerance errors.
Although T. Hevreng has solved this
problem in a way that must command
admiration (May 1979), such a solution is
not of practical utility. The correct
conclusion is the inverse: k affects the
balance of (9) so little that it is not worth
using Darlington type dumpers to reduce
it. And the Quad 405 designers were right
not to bother. Equally, H. S. Malvar is not
really practical in enquring after say 10%
variations in g during the signal cycle.

Minor effects
Vanderkooy and Lipshitz point to the
upper 560€) resistor in Fig. 11 as an
unbalancing element. It can be modelled
as connected from V+D to D in Fig. 12.
And a mesh-star tranformation with Z3
and Z4 shows that the effect is to reduce
both these values by 8%, leaving unaltered
the balance of the first two terms in (9).
The lower 560() is effectively connected
from D to ground, and a similar
transformation with the new value of Z,
and the load shows that this time Z4 is
effectively reduced about 1%%, but
without other compensations in (9). Thus
these resistors do not affect the possibility
of bridge balance.

These two authors also point to the
unbalancing effect of the compensation
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components R;3 and C,; in Fig. 11. These
load the driver output a little, but they can
be included in the symbol Z, of Fig. 12, so
that the hridge can still be balanced. Their
effect on the driver input can be seen as
follows. Suppose the driver output rail in
Fig. 11 is falling at 10V/s: then 0.33mA
flows out from C;, causing the top of Ry;
to fall 0.4V. If the first transistor in the
driver has a collector impedance of 100k}
when its base current is held constant,
then 4puA will be drawn through it. An
identical disturbance to its current would
be produced by increasing its base current
by 0.1uA or less. Meanwhile, in response
to the driver output ramp, Z; is delivering
0.12mA, which is being fed to it from Tr;.
Then 0.1% increase in the value of Z,
would increase the current in it by 0.1pA,
which would come from the driver input
terminal. Conclusion: the disturbance to
the input can be well modelled by
imagining Z, is increased by up to 0.1%.
Compared with the tolerance error of that
component this is a trivial correction.

An equivalent amplifier

Because reactive components have been
used the first two terms of (9) are
imaginary, and so the best that can be done
to balance it is to insist on (10). But this
means psu = gnt. So no V appears in the
equation for C in line 4 of Fig. 12. Voltage
C represents the mix of both signal and
feedback, and it controls the output
completely. And the equation for it is now

(h+q)C=—l(f+p)A+s£_H(lp+q)E.

Provided that C is bound to A and E in this
way any method of deriving it may be
used, and will produce the same output
voltage as before. For example, disconnect
q in Fig. 12 and connect it in parallel with
h. Then C will arise as just specified if a
current equal to the expression on the right
of this equation is injected into Tr;
emitter. So replace f and p in Fig. 12 by {’
and p’, but connect the right hand side of
the latter directly to E. The upper end of u
may be considered to have potential. A.
Then by studying only the components
now connected to B it is easy to verify that
the current entering Tr; emitter is correct
if

p' +f'=p+f
p'=(p+qa/Am/(s+t).

If these values are fitted the amplifier
will have the same performance as the cur-
rent dumping circuit. Further, Z4 can now
be shorted and its influence absorbed into
V, about which we have never had to be
specific. The amplifier is now shorn of its
current dumping components Z; and Z,4,
but with three others adjusted it will have
identical performance.

These modifications alter the output
load slightly, but that has never been a
factor. Also a 5200 load was removed
from D in Fig. 12. A mesh-star transfor-
mation between this, Z4 and Z; shows that
this removal is equivalent to increasing Z,
by 1¥2%. Reduce it again and operation is
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as before. And the new Z4 can be absorbed
into V as previously.

Infertility?

Current dumping then is doing nothing
useful, because of the particular bridge
balance chosen. Observations of this tenor
by Halliday, Olsson and Bennett were re-
ported toward the end of Part 1, and this
view is now supported by the model of
Fig. 12.

Such algebra invites an explanation. The
trouble seems to start with (9). Faced with
that requirement a designer unsure of his g
may make it large and forget it, relying on
(10). And with the Quad 405 the imaginary
character of the first two terms in (9) com-
pels the designer to resort to (10).

Now redefine Z; in (9) as Z} = Z,/A.
This means that we propose to account for
the 23Q or so impedance found at the
emitter of Tr; by thinking of Z, as altered
slightly to include its resisting effects. The
circuit now identifies well with that of Fig.
8 with Z,’ fitted there. Now multiply (9)
by Z,'/Z3 to yield the alternative form.

Z _Zi .Z:L[ - 5]
PRSPy v Raa o RO
Earlier we expected the bridge ratios in
Fig. 8 to be slightly out of balance if the
effect of V on E was to cancel, and (11)
establishes the required difference. And
this difference was expected to be inversely
proportional to driver gain, as it is here.
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But the designers have decided to neglect
the gain term, found on the right of (11),
and instead have set these bridge ratios
equal by (10). But the entire purpose of
current dumping is to define correctly the
small amount by which the two bridge
ratios need to be out of balance if the
effects of V are to cancel. The idea is des-
troyed by any implementation that pro-
poses to ignore the gain term in (11) and
set these fractions equal. Such a move
discards the essence of the dumping tech-
nique. And as shown above it is then pos-
sible to alter the amplifier into a conven-
tional structure of identical performance.

Tolerances

The above criticism was based on the de-
signer’s decision to rely on (10). But
further difficulties now arise, because the
components he specifies to do this will not
have their nominal values, but (in the
Quad 405) may each be 5% out. This issue
has been treated by T. C. Stancliffe (No-
vember 1976.)

The analysis in Fig. 12 will yield an
accurate assessment of the effect of
tolerances. Equation 8 there will not now
balance exactly, but it may be made to do
so with the actual components used if the
left hand side is multiplied by (1 — e). We
shall made no capital out of A as a simple
design improvement can remove this fac-
tor. Then e can reach 0.2 in magnitude.
Prefacing the equatior with (1 — e) is
equivalent to asserting it with an extra
leading term —eAZyZ) = —elp/t instead.
Then the previous equation can be as-
serted, with an extra leading term
—ehpg’'sn = —epg'su. The previous line
for y remains valid, but y is clearly now
epg’su. Now multiply constraint line 1 by
the factor on its right, do the elimination-
and verify that x in (7) is correctly stated.
To verify the expression given for w, note
that the last term in its first square bracket
will be needed to reconcile the first term
there. Examine w and x in the light of the
approximate admittances listed. Dismiss
the entire square bracket in w by writing
out just its largest products

h[tu(r + kp + k).

The last of these is the largest, but it is
many thousand times smaller than the last
term of w, approximated by

w=gmpu x=gu(s+t)f+p) y=epgsu.

Actually if all its products are multiplied
out (7) contians initially 284 terms. But
cancel gu in the expressions just given, and
that equation reduces with great accuracy
to

mpE=(s+t)(f+pJA+epsV.

The contribution to E from A may now be
studied. As may be readily explained from
Fig. 12 if V is held constant, there is a gain
of } + Zy/Z;, followed by an output im-

pedance Z3//Z,.

Tolerance unbalance

Of greater interest here is the contribution
to E from V:



2_4
Z3

This strikingly simple expression can be
explained from the elementary model of
Fig. 8. Consider the error in equation 8 as
concentrated in Z4: the value fitted is too
large by a fraction e, because balance is
achieved when (8) is multiplied by (1-e).
Thus in Fig. 8 instead of the correct Z4 the
value is a fraction e larger. Once V is fixed,
potentials B and D are in the merciless grip
of the amplifier there. And as Z4 is small,
moving the tap at E off the balance point
by eZ, yeilds (12).

Consider first the easy case where all
components are resistive. Now V passes in
almost rectangular fashion between —0.7
and 0.7V, the transition occuring during
the length of each crossover. As the factors
in (12) are real the distortion E given there
will have the same waveform. Take e at its
maximum value of 0.2 or so. Take Z3 =
47 and Z4 = 0.1Q: the amplitude of the
rectangular distortion contributed to E is
given by (12) as 0.6 mV pk-pk.

Now suppose that Z, is inductive. As
the square bracket term in (8) is small,
errors in the others will dominate and e
will still be real. Then it is legitimate to
regard E in (12) as derived by forcing a
current eV/Z3 through this inductor,
where V is a sinusoidal component of the
distortion voltage. But the inductor is a
linear compoent, so the various sinusoidal
currents can be recomposed into a current
eV/Z3;, where V now represents the full
quasi-rectangular distortion voltage wave-
form. If L is an inductor and v is the rate
of change of V this produces E = Lev/Zs.

To obtain a figure for v suppose that at
E the signal output is Asinwt: then near
upward crossover its slew rate is Aw. To
maintain this during crossover V + D has
to slew an extra Z3/Z; times as fast (where
Z.. is the load and does not refer to the
inductor.) So V itself has to slew at
AwZ3/Z; . This provides the figure for v
above, yielding distortion

E = eAwL/Z; (13)

constant during crossover but zero else-
where.

€s es

Optional calculus

Calculus supports these manoevres. The
argument is sketched in Fig. 13, and as
investigation is concentrated on bridge un-
balance the gain A has been taken as infi-
nite. Signal has been set at zero and only
the effect of V is studied. If the volts at the
upper bridge vertex are x then the current
through C is as stated, whence the volts at
the lower vertex may be written. The two
voltages must differ by V, yielding the
constraint given. With the forcing function
shown for V this is an easy specimen of its
kind, and the full solution is sketched. As
V passes the point A then x follows the
broken curve shown. This may be accu-
rately specified by saying that at A the
voltage x falls by m/n, but the exponential
columns shown at the origin are added
back to x. At D the voltage may be said to
make the same jump upward, and then to
suffer the subtraction of the same columns
to yield a curved transition. And y is as
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Constraint:

dx 1
R+nx=nv, where n=——=

RIC T
w
—
p—]
o
>
m
[l
-
n
v
X
x=V. -d X7
V1 x-y=V always
: d=07
_nl 3
n

Fig. 13. With the forcing function V of slope
m as drawn, x and y develop as shown. The
volts y are in effect a pulse of amplitude
—m/n constant during crossover but zero
otherwise, as the time constant T=R,
C=0.06us only.

shown: a rectangular pulse lasting for the
crossover but modified briefly at each end
by the same set of exponential columns.

Rewrite (8) with Z;=Zy/A in place, to
the exclusion of Z; and A (the final terms in
the square bracket are frivolous and may
be ignored.) Now suppose the error is con-
centrated in Z;'.Because for balance this
equation had to be multiplied by 1 —e it
follows that Z,’ is just a fraction e too
small. In terms of Fig. 13 the resistor R
after being set at Zj/A turns out to have a
tolerance error making it a fraction e too
small.

Now suppose the change in output volts
E in Fig. 12 which results from a change in
V is zero. Then

d . ._dx[ 1 _R,c]
alt= gl )R L)

If R; = L/R3C as before then i + j is
constant, consistent with zero change in E,
and the problem is solved. But now change
R; to 1 — e times this expression. Examine
the way in which the volts y were originally
established: an additional —ey volts now
appears at the lower vertex of the bridge,
transmitted to Zy //R3 with short time con-
stant L/R = 0.4us. Appeal to the sketch of
y: the resultant output E is a rectangular
pulse of amplitude em/n for the duration of
crossover. Insert for m the slew rate v
derived earlier, and (13) follows. It is true
thar the new volts y do alter slightly the
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constraint given, but this is a second order
effect.

Programmed model

If Z, in Fig. 11 is to be recognised from the
start as an inductor L, then a fourth model
of current dumping naturally arises.
Suppose the output volts at the load are
coasting steadily upward to zero from be-
low. Then a steady voltage exists across L,
with the left hand side positive. When the
lower dumper goes off, the current in L
has reached zero and it stays zero. There is
no final spectacular rate of change to gen-
erate a transient, and all that happens is
that the steady voltage just mentioned sud-
denly collapses. This provides the nega-
tive-going steady voltage pulse just disco-
vered, which is applied to Z; and the
resultant steady current integrated into a
rising voltage ramp on the right of Z,. The
simplest algebra shows that if L = R;R;C
the resultant current ramp through Z3 =
R; maintains the rate of ramp of amplifier
output voltage identical with its value be-
fore the lower dumper turned off.

We are left with a picture of current
dumping where as crossover approaches L
is programmed with a steady voltage mea-
suring the output ramp rate. When the
dumper stops conducting this program-
med voltage collapses, duly executing the
measures required to hold output ramp
rate unaltered.

In more abstract terms L differentiates
the dumper current and C recovers it by
integration, together with a negative sign.
As a result Z3 passes a current equal and
opposite to any sudden change in dumper
current. Vanderkooy and Lipshitz make
some observations on L in their article on
feedforward error correction* in which
they produce oscillograms to show that
while a good inductor causes no trouble,
an inductor wound with thick wire on a
narrow former causes sharp distortion
spikes during crossover, Fig. 10. The pro-
posed explanation is that eddy currents are
at work in the inductor. You might doubt
whether the gentle usage just explained is
apprpriate to produce such transients, and
the oscillogram does resemble their Fig.
9(b), showing what happens when the
bridge is unbalanced. But if this assertion
is confirmed it would be a reason to expect
still worse results in the first line of Table
1, reinforcing the conclusions below.

Test case

In their WW article Vanderkooy and Lip-
shitz provide oscillograms of crossover
distortion for A = 1.4V at f = 13.2kHz
with Z;, = 10Q. When the bridge was
unbalanced by reducing Z; by an unspeci-
fied amount, rectangular distortion pulses
did indeed appear for the duration of
crossover. They observed best balance
when Z; was reduced 10%, implying an e
= —0.1 for their amplifier when Z; is
restored to its original value. Then accord-
ing to (13) there shoild be a rectangular
pulse of just 3%2mV height lasting for the
duration of crossover. The oscillograms

Feedforward error correction in power ampli-
fiers, by Vanderkooy and Lipshitz. Foural of
the Audio Engineering Society, January/February
1980.
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(their 4c = 5a = 6a) are not easy to read,
but offer 4mV pk-pk amplitude. The pulse
appears to be rectangular, but to include as
well perhaps a 60% overshoot on return.
The overshoot then decays with time con-
stant about Sus. All this is encouraging,
and can be made more so.

Taking median gain figures for the tran-
sistors in the driver, its input impedance
would be 460k(}, combining with C =
120pF to yield 55us time constant. This is
not likely to be the decay involved. But Cg
with Ry; yields 3.3ps, or slightly more if
the source driving Vi, offers some im-
pedance at r.f.

With the output described, crossover
lasts 2.2us, as seen in Fig. 11 from the
effect on output of 1.4V transition at the
driver output. Then initially Cg offers a
short circuit to ground for the rectangular
pulse offered to it via Z; and Tr,. But as
the pulse developes it begins to compare
with 3.3us. Then Cg has largely charged,
and the pulse faces almost R;; instead of a
short to ground. And when the pulse has
finished Cg has to discharge. It forces re-
verse current into Tr, and causes the
overshoot noticed, which then decays as it
should with time constant 4 to Sus. The
oscillogram provided is now well ex-
plained.

If the experiment were repeated with
larger A, then crossover time would fall in
proportion, and Cq would not have time to
develop significant charge. The circuit
would tend to behave more as if R;; were
shorted. Thus as A rises in this way the
circuit moves from something like 10%
unbalance in one direction, passing zero to
arrive at 6% unbalance in the other.

These figures were justified earlier.
Then as A rises in (13) the quantity e first
falls towards zero and then rises on the
other side. So initially not much increase
in output distortion is expected, as these
factors are behaving in opposition. But
after a while distortion should rise rapidly,
perhaps after the style of a square law,
when both factors are pulling in the same
direction. This is just what is reported: as
A was increased up to 14V there was little
increase in distortion, but as A climbed by
a further factor of 2.5 distortion rose by a
factor of five (observe approximate square
law behaviour!)

Further progress would require more
and clearer oscillograms.

Traditional amplifier

How does crossover distortion in the cir-
cuit of Fig. 11 compare with that present
in an equivalent traditional amplifier?
Some comparisons have been based on
shorting Z4 while leaving Z; in place but
these need not detain us. It is clear that the
capacitor Z; will then seriously inhibit the
driver in its attempts to produce rapid
transition of its output voltage during
crossover. Hence no traditional amplifier
would contain such a component.

A comparison was made above with a
traditional amplifier, and it was found that
there was no difference. But this supposed
a dumping amplifier that had been
perfectly balanced by (10). Now compare a
dumping amplifier with unbalance leading
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to (13) with a traditional amplifier, and
figures become essential.

The circuit of Fig. 11 may be converted
into the equivalent traditional amplifier by
shorting Z,, and also removing Z,.
further, R); should be shorted and Ce re-
moved: impedance cannot be tolerated in
this area, and dv/dt limiting must be done
earlier instead. Copy the circuit of Fig. 12
with these simplications.

Then D becomes equal to E, and if
study is confined to the effects of V on E
then C becomes just a multiple of E. As
Tr; emitter input impedance is now low B
can be taken as zero and all three unknown
voltages that previously had to be elimi-
nated have now vanished. The problem
can be solved in two lines by applying the
same current constraint as previously, and
the contribution to E due to V becomes

1z,

E~—— —Zly,
gZin ZZ

As all components are resistive, E will just
follow the waveform of V in this fashion.
The worst figure of S0k for Z;, produces
0.15mV pk-pk to complete Table 1.

Results

Current dumping has aroused much in-
terest, and there have now been some 20
contributions to the discussion in this
periodical alone. It has been suggested
here that when the analysis takes account
of the delivery of feedback to both ends of
Tr; a new factor A appears in the bridge
balance (9). The new factor is due to the
presence of R;; and may vary between 0.65
and 0.90 depending on the gain of Tr,.
Supposing that this gain has its median
value it would appear that a 10% bridge
unbalance is built into the design of the
Quad 405. This result has been accurately
verified by Vanderkooy and Lipshitz.
Conclusion: Rj; is causing unpredictable
consequences and it must go. The bridge
must be balanced.

But suppose this is accepted (or indeed
rejected). Then the best attempt at bridge
balance is to ensure that (10) holds. But
this destroys the whole system, and an
amplifier of traditional type and identical
performance results if the dumping com-
ponents Z; and Z, are removed, provided
three other elements are adjusted.

Finally, tolerance errors prevent perfect
balance of (10), and further distortion re-
sults, degrading the current dumping am-
plifier below its traditional equivalent.
Final figures are in Table 1. It seems to be
an improvement to use resistive rather
than reactive dumping elements, and a
further improvement to abandon them al-
together.

The gain term in (9) is about 105 in the
Quad 403, and it will almost certainly be
small in any implementation of current
dumping. Given the tolerances of the other
terms it will scarcely be possible to take it
into account. Then objections would apply
unaltered to any alternative dumping cir-
cuit.

Part 1. On page 43 of the September arti-
cle, the lower Z, in equation 5 should read

Z,. \WWY,
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The new Z80

Coinciding with the introduction of the 32-
bit Z80000 mid next year Zilog plan to
introduce the Z800 8/16-bit family of
processors with Z80 software compatibil-
ity. With clock rates of up to 2SMHz (pre-
liminary information) and memory mani-
pulation features, these devices will also
make full use of current high-speed rams
and, besides providing a stop-gap for the
eight-to-sixteen bit transition, the family
will act as input/output processors for the
16-bit Z8000. There are four devices: two
with a 16-bit data bus, the Z8116 and
8216; and two with eight bits, the Z8108
and 8208. The 82 versions are physically
larger than the other two i.cs and have four
direct-memory access channels and built-
in uart: all of the i.cs have four 16-bit
counter timers.

The new processors have an integral
memory-management unit that allows
them to access either 512K-bytes or 16M-
bytes, depending on the type, and they
have 256 bytes of memory which, when
configured as a ‘cache’, may be pro-
grammed to contain either instructions or
data, or both. This speeds up program
execution by reducing the number of
external bus accesses. Operation and up-
dating of the cache is auromatic.

Although the instruction set will be ex-
panded and augmented, all Z80 instruc-
tions are compatible with binary. Basic
addressing modes of the Z80 will be aug-
mented with the addition of a base-index
mode and 16-bit displacements for in-
dexed, program-counter-relative and
stack-pointer-relative modes. These new
addressing modes are incorporated into
many of the old Z80 instructions. Addi-
tions to the instruction set include 8/16-bit
signed and unsigned multiply and divide,
8/16-bit sign extension, and a test-and-set
instruction for use in multi-processor ap-
plications. Sixteen-bit instructions include
compare, memory increment/decrement,
negate, add, and subtract.
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Largest of the Z800 family, the 16-bit 8216,
with Z80 instruction compatibility. Of the
four devices, the two eigth-bit versions are
compatible with the Z80 bus and the two
16-bit versions are designed for use with
the 16-bit Z-Bus.

WW314 for further information
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Rapid-update digital
‘ratemeter

The normal method of digital frequency measurement is slow and inaccurate at very low
frequencies, such as those encountered in medical research. This design enables pulse
rate to be determined after only two heart beats.

It is often necessary to measure the heart
rate of subjects undergoing intermittent
exercise. When equipment for such appli-
cation is to be used outdoors, it is essential
that it should be robust, consume little
power, be accurate to within 1% and indi-
cate heart-beat between 40-240 beats per
minute.

The need for robustness ruled out the
use of a moving-coil meter: low power
requirements and the need for legibility in
daylight dictated the choice of a liquid-
crystal display.

Rate conversion itself necessitated
careful consideration. Rapid settling fol-

*Academic Department of Surgery, Royal Free
Hospital, London NW3,

by P. D. Coleridge Smith*
MA FRCS

lowing switch-on and frequency change
was required, since the subjects of the
study were connected to the equipment
immediately following exercise. An ‘in-
stant’ indication of heart rate was essential
and the meter had to be capable of closely
following the change in rate.

A variety of analogue solutions were

Fig. 1. Circuit diagram of complete
ratemeter. Layout on stripboard is not
critical.

considered, from diode-pump ratemeters
to analogue inverse-function generators.
The simpler solutions would have taken
too long to respond, the more complex
suffered drift and difficult setting-up
procedures. All, of course, would have
required digital conversion before display.

These problems led to the final, all-digi-
tal design, in which a 10 bit binary counter
measures the period between input pulses.
An eprom uses the count as its address
input, and contains a look-up table of rates
at each of the 1024 points of the 10 bit
counter, the data derived from the eprom
being latched into display decoder/drivers:
the circuit includes under- and overflow
indication as well as leading-zero suppres-
sion. The instrument gives an accurate
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Hexadecimal dump of eprom contents. This table also includes val
altered as suggested in the text to indicate m

purposes. These may be
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indication of rate after the arrival of only
two input pulses and correctly updates it
after each subsequent pulse. It can be used
in any application where the frequency of
the input signal is S00Hz or less, and is
well suited to use below SHz where other
techniques involve excessive integration
periods.

The low-level signal amplification and
pulse extraction are achieved conven-
tionally, using a high input-impedance dif-
ferential amplifier to extract the subject’s
electrocardiogram voltages — of the order
of 1-2mV peak — peak, which is subse-
quently converted to c.m.o.s. levels for
connection to the ratemeter.

Circuit description

ICy forms a IMHz crystal oscillator,
which is divided by 2048 in IC;, resulting
in an output of 488.28Hz to ICs. These
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counters are controlled by IC; and ICy, a
decoded decade counter.

When the ratemeter input (pins 8, 9 and
12 of ICy) is low, IC4 counts up until the
decoded ‘I’ output goes high. IC;y, then
applies a high level to the clock-enable
input of IC, and further counting ceases,
whereupon a high level at the input again
enables counting, with outputs 2 to 9 being
taken high in sequence. The low level at
IC4 clock-enable also enables the 2716
eprom.

Output ‘2’ from IC, resets IC;, prevent-
ing any change in the count of ICs during
the look-up procedure. This ripple coun-
ter, ICs, provides the address for IC,
which holds the rate data in a look-up
table.

Output ‘3’ latches the high-order data
from IC, into display driver/latches ICs 6.
The carry output of IC, then goes low,
selecting the lower half of the look-up table
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ues for addresses where n<100, for development
eter “overflow” if required.
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in ICq, the data from which is latched by
the ‘S’ output into IC),.

Output ‘7’ then resets ICs ready for the
next measurement cycle, the count output
of IC4 remaining at ‘0’ until the input goes
low again.

ICja,1b and half of IC- provide a precise
1:1 duty cycle square-wave drive for the
l.c.d. driver i.cs and display. A 3V digit
device has been used for convenience, with
unused segments tied to the back-plane.

The entire look-up cycle takes place at a
IMHz clock rate, and is therefore com-
plete in less than us.

Should the interval between successive
positive input transitions exceed that taken
to count through the firs: ten stages of ICs,
output Q;; of ICs will go high. This in-
hibits further clock pulses to the counter
chain via IC;q4, and stops the eprom
address from ICs at zero. This location (0)
in eprom contains a range underflow indi-



Decmal Hexadecimal
. 2047 1FF
Look-up data
for
high order digits
123 463
99 Overflow data
1024 400
00 Underflow
1023 3FF
Look-up data
for )
low order digit
99 63
9F Overflow data
1 1
OF Underflow
0 0

eqg. 183 entered as 18" at n +1024,
and "3F"at location n.

Fig. 2. Memory map of 27 16 eprom.

cator — ““000” in my original design.
The data in the eprom is derived from
the simple formula:

rate=60f;/n (pulses per minute)

where f, is the input frequency to ICs,
488.28 Hz in the diagram shown, and n is
the eprom address in the range 0-1023.
The rate for each of the memory locations
was calculated and rounded to an integral
number before being programmed using a

microprocessor-based system. For loca-
tions with n<100, the entry was replaced
with ‘999’ to indicate meter overflow, since
the accuracy in this address range does not
fulfil design criteria.

The high-order digits are stored in the
upper half of the eprom memory range in
b.c.d. form, that is from 1024-2047 (deci-
mal), while low-order digit data is located
in the upper half of each byte from address
0-1023. The remaining half byte in each of
these locations is not used in this applica-
tion. Leading-zero blanking is accom-

plished by substituting a non-b.c.d. value

(0-F hexadecimal) in place of the relevant
zero. The CD 4543 responds to this code
by blanking the digit concerned. Figure 2
is the complete memory map for the
eprom.

Power is derived from a 9 volt battery
via a 781,05 supply regulator to ensure that
the rail requirements of the 2716 are not
exceeded. The entire circuit consumes
about 30mA, of which the eprom accounts
for the greatest part.

Construction

The layout is non-critical and the proto-
type was constructed on Veroboard.

Setting-up is not required, since the
clock runs within 0.1% of 1MHz without
adjustment. The display oscillator should
provide a final-drive frequency within the
range 30-100Hz on pin 15 of IC; for opti-
mum performance, and this again usually
requires no adjustment.

Additional ranges

For an indication in Hertz, merely repro-
gram the eprom. Alternative frequency
ranges can be accommodated by selecting
the appropriate output from IC; to give a
minimum of 100 counts in ICs at the high
end of the frequency range (for 1% accur-
acy), bearing in mind that the meter will
“underflow” after 1023 counts at ICs. The
required data for the eprom is easily calcu-
lated from the formula given above.

The remaining half of IC; can be used to
divide the input signal by two, thus updat-
ing the display on alternate positive input
transitions. The output from IC; must
then be taken from Q;3, not Qy, to ensure
that the correct frequency is displayed.
This is useful if the input frequency is
slightly irregular and averaging over two
consecutive periods is required.
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Electronic Prototype Construction by Stephen
D. Kasten, 398 pages. Prentice/Hall
International, £15.25, soft covers. How to lay
out and manufacture your own p.c.bs.

Mastering Electronics by John Watson, 382
pages. Macmillan, £10.00 hard cover.
Electronics for the beginner — from basic
physics to radio, tv and computing.

Learning Timex Sinclair Basic by David A.
Lien, 331 pages. Compusoft Publishing, 535
Broadway, El Cajon, California 92021, USA,
$14.95, soft cover. For ZX81 owners.

Learning IBM Basic by David A. Lien, 421
pages. Compusoft Publishing, $19.95, soft
cover. For the IBM personal computer.

Science and Engineering Sourcebook by Cass
Lewart, 96 pages. Prentice/Hall International,
£8.45, paper cover. Scientific and engineering
programs for the Sharp PC1211 and TRS-80
pocket computers.

Beginner’s Guide to Computers by T. F. Fry,
second edition. Newnes, 186 pages, £4.35, soft
cover. Introduction to computers, both great
and small, and their uses.

What do you do after you plug it in? by
William Barden jr, 198 pages. Prentice/Hall
International, £9.30, paperback. Chatty guide
for newcomers to the microcomputer.

The World Connection by Timothy Orr
Knight, 142 pages. Prentice/Hall International,
£8.45, soft covers. The romance of the micro,
by a 16-year-old enthusiast.

Using 6502 Assembly Language by Randy

Hyde. Prentice/Hall International, £16.95,
paper cover. Aimed mairily at Apple II users.
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iAPX 88 Book by staff of the Intel Corporation,
80 pages. Prentice/Hall International, £11.00,
paper cover. All about the Intel 8088 8-bit
microprocessor.

Microprocessors and Digital Systems by
Douglas V. Hall, second edition, 464 pages.
McGraw-Hill, £19.00, hard cover.
Comprehensive guide for the technician.

Security Electroncis by John E. Cunningham,
third edition, 255 pages. Prentice/Hall
International, £11.85, paper cover. Techniques
for keeping intruders out of cars, property and
computers.

Basic Electrical Installations by Michael

‘Neidle, third edition, 79 pages. Macmillan,

£3.95, soft cover.

Electrical Installations and Regulations by
Michael Neidle, third edition, 99 pages,
Macmillan, £4.95, soft cover.

Electrical Installation by A. O. Akintante and
J. M. Hyde, 146 pages. Macmillan Introduction
to Technology Series, Macmillan, £3.25, soft
cover.

IC Timer Cookbook by Walter G. Jung, second
edition, 384 pages. Prentice/Hall International,
£15.25, soft cover. Everything there is to know
about the 555 and its cousins.

A Z80 Workshop Manual by E. A. Parr, 184
pages. Bernard Babani, £2.75, soft cover.
Assembly language and machine code for the
ZX81, Spectrum, Nascom, TRS80 etc.

Easy Add-on Projects for Spectrum, ZX81 &
Ace by Owen Bishop, 182 pages. Babani, £2.75,
soft cover. 17 projects including a light-pen, a
model railway controller and an anemometer,
with software suggestions in Basic and Forth.

Video User’s Handbook by Peter U1z, second
edition, 500 pages. Prentice/Hall International,
£11.95, soft cover. Production methods and tv

techricalities for community tv people.
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Computer Communication Techniques by E.
G. Brooner and Phil Wells, 142 pages.
Prentice/Hall International, £13.55, soft cover.
Details of the various interface standards and
protocols, plus an outline of public data
systems, computer networks and packet radio.

Radio and Television Servicing, 1982-83
models edited by R. N. Wainwright, 767 pages.
Macdonald, £22.50, hard cover. Circuit
diagrams and servicing hints for a wide range of
British and foreign sets.

SPSSX User.s Guide (SPSS inc.), 806 pages.
McGraw-Hill, £24.25, soft covers. Mammoth

guide to the SPSSX computer language and its
uses.

Microelectronics: practical approaches for
schools & colleges edited by Graham Bevis and
Mike Trotter, 94 A4-size pages plus two small
wall-charts doubling as overhead projection
transparencies. BP Educational Service, with
the Microelectronics Education Programme and
BBC Schools Radio, £2.75, soft cover. Lots of
things to do, andhow to do them; great fun for
beginners young or old.

Microcomputer companiesin the UK (eurolec
58) edited by John Beaven, 370 pages, soft
cover. £32 plus £2 post and ,acking from
Eurolec, 6 Woodbury Lane, Clifton, Bristol
BS8 2SD. Guide to more than 1700 micro
hardware and software suppliers.

A user guide to the UNIX system by Rebecca
Thomas and Jean Yates, 510 pages. McGraw-
Hill, £12.95, soft cover. At-the-keyboard
tutorial course for users of this computer
operating system, widely used on machines
from mainframes to micros.

IBM Personal Computer Technical Reference
Manual. International Business Machines, £31,
loose-leaf with ring-binder. How the hardware
works, for engineers and programmers.
Includes circuit diagrams and operating system
rom losting.

WIRELESS WORLD OCTOBER 1983



Microcomputer analysis
of a ladder network

Flow diagrams enable a program for ladder network insertion loss and its delay
equalization written for a ZX81 to be modified for other computers

Since the publication of my article “Net-
work analysis with a ZX81” in Wireless
World (August and September 1982 is-
sues) I have received appeals for help in
adapting the program for micros other
than the ZX81. Such a procedure is always
full of well-concealed traps even when the
dialect of Basic is nominally the same, and
after many tedious hours at the v.d.u. [ am
convinced that in nearly every instance it
pays handsomely to start by understanding
how the program work, and then to rew-
rite it for one’s own machine and in one’s
own way. This is all the more valid when
the program was originally written for the
ZX81, which has certain idiosyncracies.
What I have done, therefore, is to rew-
rite the program slightly in a form which is
likely to be more generally acceptable to
other micro-computers, while keeping the
overall format the same to facilitate cross-
referencing. The result is given in the form
of a series of flow diagrams which point to
the relevant lines in the original. As a
further aid, these lines or sequences of
lines are reproduced in an appendix.
First, a brief review of the method of
analysis of the network and the de-
velopment of the fundamental algorithm.
Figs 1(a) and 1(b) show the two possible
configurations, the first with shunt input
and the last with series. We need to deter-
mine the ratio of the voltage across the
output termination RI to that of the gener-
ator feeding the output termination RO,
that is eg/ej, complex quantity, say a+jb.
Then the insertion loss is 10logg
(a’+b%)/4, and the insertion phase shift

(a)

(b
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B=arctan(b/a).

The starting point is the A-matrix for
the input termination which, as it must
always be considered to be in series, is

1 RI
01

The A-matrix of the first reactance arm is
then added by matrix multiplication, fol-
lowed by all of the other arms in sequence.
Finally, the output termination is added in
shunt. The process can be generalized as
follows.

Stage 1: data input

The program can be conveniently divided
into distinct stages, each with its own flow
diagram. The first step is the input of the
basic data, i.e.

— FO is starting frequency for the
computation (MHz)

Flow diagram for data input

— FM is finishing frequency (MHz)

— DF is frequency step (MHz)

— D is dissipation constant

— FD is the frequency associated with
D. Remember that D is a function
both of the resistive component of a
reactor and its reactance. Usually,
FD is made the frequency of maxi-
mum D over the range of interest,
also in MHz.

— Rl is the value of the input termina-
tion (ohms)

— RO is the value of the output termi-
nation (ohms)

— the number of branches NM. These
must be alternately series and shunt,
or vice versa.

The next step is to input the reactance
values into the arrays L(N) and C(N),
where N is the number of the branch
starting from the input. Each reactance
arm is allowed one inductor and one capa-
citor, where either may be allocated the
value zero. This is not a restriction on the
applicability of the program. It was
demonstrated back ir. the original article

Is arm

Series or
parallel ?

G (N)=1 GIN)= -1

CIN)

resonant ?

L(N} CIN)
CN) =0 LIN) =0
T(N)==1 T(N) =1
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(August 1982) that arms with three or
more components can be dealt with by
means of a simple device.

The method used should be clear from
the flow diagram of Fig. 2. Each arm in
succession is flagged by means of the ar-
rays T(N) and G(N) to indicate unambigu-
ously whether it contains a series resonant
circuit, a parallel resonant circuit, an in-
ductor only, or a capacitor only. Although
it is not shown in Fig. 2, it is very disirable
to STOP the program when all entries
have been made, and GOTO a subroutine
listing all inputs with the corresponding
branch numbers. Without a check of this
kind, errors are all too likely. If at some
point in this process the matrix has become

Zy Zy
Zy Zn,

then after the addition of a series arm Zj,
this becomes

Zn Zyptisiy
Ly Ip+ZsZsy,

and after the addition of a shunt arm Z,

Z11+Z12/Zp Z\;
221+Z22/Zp Zy .

At the end, after the addition of the output
termination, the matrix element Z;;=eg/e;
gives the insertion loss and phase. The
element Z;; is not unimportant as it is the
input impedance of the network as
seen through the input termination RI.
However, in the original program this was
not required, so that the second row of the
matrix does not enter into the computation
and may therefore be ignored.

The final result is a pair of what must
more correctly be called algorithms, al-
though for the sake of convenience they
will still be referred to as matrices:

Inlir—Z+ZsZy
addition of series arm Zg
YAV AV AR AV YAV
addition of shunt arm Z;
Each .term can be a complex number so

that an array of the form A(1,4) is required
for the representation of the working mat-
rix, where A(1,1)+jA(1,2) is used for Zyy,
and A(1,3)+jA(1,4) for Z,;.

Stage 2: computation of loss and
delay
This part of the program has been mod-
ified slightly from the original to make it
more transportable, although the general
format and the line numbering have been
left unchanged to facilitate cross-referenc-
ing. The flow diagram is given in Fig. 3;
bracketed numbers against the boxes are
the relevant line numbers. For the sake of
those without access to the September
1982 issue these program segments are
provided in the Appendix, again with
minimum changes. Any c