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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS 19 INCH STEREQ RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES I
OMP POWER AMPLIFIER MODULES Now eroy a world-wide reputation for gualty refabiltty arg
performarcs a1 a reahsthe prce. Four modeds availabie 1o sutt the needs of the prolessicnal anc hobby market 19 Industry.
Lesure Instrumenta: ana H-Fi et When companng pnces. NOTE all modeis nclude Toroudal power Supply, Integral beat sirk,
Glass Sore P C 8. and Drive circuits to power comoatdie Vu meter Opern and short exreud progt.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Qutput power 110 watts
R.M.S. into 4 ohms, Frequency Response 15Hz -
30KHz —3d8, T.H.D.0.01%. S.N.R. —118d8, Sens. for
Max. output 500mV at 10K, Size 355 x 115xE5mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES 1l MOS-FET MODULES

into 4 ohms, Frequency Response 1Hz -~ 100KHz
-3dB, Dampmg Factor, >300, Slew Rate 45V/uS,
T.H.D. Typicat 0.002%, Input Sensitivity S00mV. S.N.R.
~12508. Size 300 X 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Quiput power 200 watts R M.S.
into 4 ohms, Frequency Response 1Hz — 100KHz
—-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. Typical 0.001%, Input Sensitivity 500mV, SNR.
-130dB. Size 300 x 155 X 100mm.

PRICE £62.99 + £3.50 P&P,

OMP/MF300 Mos-Fet Output power 300 watts R.M.S.
into 4 ohms, Freguency Response 1Hz — 100KHz
-3dB, Damping Factor >>300, Slew Rate 60ViuS,
T.H.D. Typical 0.0008%, Input Sensitivity 500mV,
S.N.R. —130dB. Size 330 x 175 x 100mm.

PRICE £73.9% + £4.50 P&P.

NOTE:—
PEC (PROFESSIONAL EQUIPMENT COMPATASLE) —

MOSFET MODULES ARE AVALABLE IN TWO VERSIONS, STANDARD — INPYT SENS, S00mY BAND WiDTH 100KHz.
INPUT SENS, 775mV. BAND WIDTH S0KHz. ORDER STANDARD OR PEC

; Vu METER Compatible with aur four amphﬁers detaled above. A very accurale visual
employing 11 LE D diodes (7 green, 4 red) plus an addiional on/off indicaior.
Sophnsbcated L?c Control Circuits forvery fast rise and decay times. Tough moulded plastic
- case, with tinted acrylic front. Size 84 x 27 X 45mm.
: PRICE £8.50 + 50p PAP.

“PRICES INCLUDE V.A.T.” PROMPT DELIVERIES * FRIENDLY SERVICE
ARGE S.A.E., 30p STAMPED_FOR CUBRENT LIST

OMP VARISPEED TURNTABLE GHASSIS.

W MANUAL ARM # STEEL CHASSIS % ELECTRONC SPEED CON-
TROL 33 3 43 & \ARI PITCH CONTROL W HiGH TORQUE SERVO
DRIVEN DCMOTOR e TRANSIT SCREWS # 12 DiE CASTPLATTER ¢
NEQN STROBE # CALIBRATED BAL WEIGHT s REMOVABLE HEAD
SHELL Y 5 CARTRIDGE FIXINGS ¢ CLE LEVER + POWER 220 40V
5060Hz ¥ 309x305mm A SUPPLIED WITH MOUNTING QUT-OUT

PRICE £59.99 + £3.50 P&P.

STANTON AL500
PRICE £16.99 + 50p P&P

GOLDRING GBS0
PRICE £6.99 + 500 P&P

NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 {100w + 100w)
MXF400 (200w + 200w) MXF800 (300w + 300w)
All power ratings A.M.S. into 4 ohms.
FEATURES: # Ingependent power supplies with two Torodal Transformers + Twin LE D. Vumeters ¢ Rotary -
indended leve! controis + lliuminaied on off switch # XLR connecters + Standard 775mV inputs * Open and short
circuit proof * Latest Mos-Fels for stress free power delivery info virually any load + High stew rate # Very iow
distortion % Alumsnwm cases v MXF600 Fan Cooted with D.C. Loudspeaker and Thermal Protection
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. T3
SIZES:— MXF 200 W19~ xH3%" (2g§x011'

MXF 400 W18 xH5%" (3U)x D12
MXF 600 W19"xHS%" {3U}x D13
MXF200 £171.35
PRICES: MXF400 £228.85
MXF600 £322,00

LOUDSPEAKERS
— LARGE SELECTION OF SPECIALIST LOUDSPEAKERS

AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.AE. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC.

AEL McKENZIE UNITS 8 OHM PEDEN!

8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT M|D DISCC.

RES, FREQ,B0Hz FREQ, RESP, TO 14KHz_ SENS. 9948, R PRICE £28.59 + £2.00 P&P.
10- 100 WATT C10100GP GUITAR, VOICE, ORGAN KEYBOAR DISCO EXCELLENT MID.
RES,FREQ, 70Hz FREQ, REEP, TO6KHz SENS, 100! RICE £34.70 + £2.50 P&P.
107 200 WATT C10200GP GUITAR, KEYBOARD, DISCO EXCELLENT HIGH POWER 10,
RES,FREQ. 45Hz. FREQ, RESP. TO 7KHz SENS, 103d8. E£47.48 + £2.50 P&P,
12 100 WATT C12100GP HIGH POWER GEN, PURF'OSE LEAD GUITAFI DlSCO

RES,FREQ, 45Hz. FREQ, RESP, TO7KHz. SENS, 98d RICE £36.56 + £3.50 P& P.
12 100 WATT C12100TC TWIN CONE) HIGH POWEFI WIDE RESPONSE PI.A. VOICE. DISCO.

RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz SENS. 100dB. ... RICE £37 63 + £3.50 P&P.
12 200 WATT C122008 HIGH POWER BASS, KEYBOARDS DISCO, PA.

RES, FREQ, 40Hz. FREQ, RESP. TO 7KHz aENS 10008 PRICE £'64. 17+ [3 SOP&P.
12" 300 WATT C12300GP HIGH POWER BASS LEAD GU RDS. DISCO, ET:

RES. FREQ. 45Hz FREQ, RESP, TO 5KH2 SENS 1 -PRICE£85.79 4 53 50 P&P
15" 100 WATT C15100BS BASS GUITAR. LOW FREQUENCY P. A DISCO
RES, FREQ, 40Hz. FREQ. RESP, TO 8KHz. SENS, 984 - .PRICE£53.70 + £4.00 P&P.
15" 200 WATT C15200BS VERY HIGH POWER BASS
RES,FREQ. 4042, FREQ, RESP, TO 4KHz SENS, 99dB.
15" 250 WATT C1525055 VERY HIGH POWER BASS.
RES. FREQ, 40H2 FREQ. RESP, TO 4KHz. SENS, 9908 .. .PRICE£80.53 + £4.50 P&P.
15" 400 WATT C154008S vE ERY HIGH POWER, I.OW FHEOUENCY BASS

RES, FREQ, 40Hz. FREQ, RESP TO 4KHz SENS. 1 CE£94.12 4+ £4.50 P&P.
18" 400 WATT €184048S EXTREMELY HIGH POWER LOW FHEOUENCV BAS

RES,FREQ, 27Hz FREQ, RESP. TO3KHz SENS.98dB. ... : PRICEE‘IET 85+ £5.00 P&P.
EARBENDERS:— HI-FI, STUDIO, IN-CA ET -
ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM,
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EB3-50 DUAL IMPEDENCE, TAPPED 48 OHM BASS, Hi-Fl, IN-CAR
RES, FREQ. 40Hz. FREQ. RESP, TO 7KHZ. SENS.97d| .......PRICE £8.90 + £2.00 P&P.
107 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4!3 GHM BASS Hl FF IN-CAR.
RES, FRCQ. $0HZ FRCQ, RESP, TO 5KHz. SENS, $9¢B. ...PRICEE12.00 + £2.50 P&F.
107 100 WATT EB10-100 BASS HI-FI, STUDIO.
RES.FREQ, 35Hz. FREQ, RESP, TO3KHz. SENS, 9608, ... .
12" 60 WATT EB12-60 BASS Hi- Fi, STUDIO.
RES.FREQ. 28Hz. FREQ. RESP, TO3KHz SENS,92d8_ PRICE £21.00 + £3.00 P&P.
1 100 WATT E812:100 BASS, STUDIO. HEFI, EXCELLE!
RES. FREQ, 26Hz. FREQ, RESP, TO 3KH2. SENS, 93dB. . . PRICE £32.00 4+ £3.50 P&P.
FUuLL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5v" 60 WATT EBS-B0TC (TWIN CONE) HI-F1, MULTI-ARRAY DISCO ETC.
RES. FREQ. 83Hz FREQ, RESP, TO20KHzZ. SENS 9248.
6% B0 WATT EB6-60TC (TWIN CONE) HI-FI, MUIII-ARRAY DISCO E'TC
RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS, 34dB. .PRICE£10.95 + E1.50 P&P.
8" 60 WATT EBB-50TC {TWIN CONE) HI-F1, MULTI.. ARRAY DISCO’ ET‘C
HES, FREQ. 40Hz FREQ. RESP, TO 18KHz SENS, 8908, ... ... .. -PRICE£12.99 + £1.50 P&P.
107 60 WATT EB10-50TC (TWIN CONE) HI-F), MULTI-ARRAY DISCO ETC.
RES,FREQ, 35Hz. FREQ, BESP, TO 12KHz. SENS, B6dB. .PRICE £16.49 + £2.00 P&P.

.PRICE£73.26 + £4.00 P&P.

...PRICE £27.50 + £3.50 P&P.

.PRICE £9.99 + £1.50 P&AP.

SECURICOR DELIVERY £12.00 EACH
OMP LINNET L OUDSPEAKERS

THE VERYBEST IN QUALITY AND VALUE

OMP SLIDE DIMMER
1K WATT & 2.5K WATT
CONTHOLS LOADS UP TO 1KW 4 2 5KW,
MADE ESPECIALLY TO SUiT T

TODAY'S NEED FOR COM-
PACTNESS WITH HIGH DUTPUT ANELCABINET ANCED
SOUND LEVELS. FINISHED IN FEATURES INCLUOE.—

HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS.
GRILLE AND CARRYING HANDLE.
INCORPORATES 12° DRIVER PLUS
HIGH FREQ. HORN FOR FULL
FREQ. RANGE: 45H2-20KMHz BOTH

B OHM. SIZE H18" x W15°

= FULL 65mm SLIDE
TRAVEL

» NEON
MONITORINDICATOR
* FLASH OVERRIDE
BUTTON

* HIGH 3 LOW LEVEL
PRESETS

- = FUuLiY SUPPRESSED
% TOBS 800

x D12

—amunany
—memnw

i |

CHOICE OF TWO MOOELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

SIZES—
TKWY H128x WEGx D55mm
2 SO HI28 x W76 xDTomr

PRICES:— 1K WaATT £15.99

OMP 12-100 (100W 100d8) PRICE £159.99 PER PAIR "
OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR

SECURICOR DEL:— (12.00 PER PaIR

PIEZ0 ELECTRIC TWEETERS-MOTOROLA

PIEZ0 ELECTRIC TWEETERS — MOTOROLA

Join the Piezo ravoluton. The low dynamic mass {no voice cotl) of a Piezo tweeter produces an improved transient
response with a lower distorion level than ordinary dynamic tweeters. As a crossover is not required these units can
be added to exssting speaxer systems of up to 100 watts {more if 2 put in series). FREE EXPLANATOR Y LEAFLETS

SUPPLIED WITH EACH TWEETER. TYPE ‘A" {KSN2036A) 3" round with prolective wirg
mesh, ideal for bookshelf and medium sized Hi-fi
speakers. Price £4.90 each + 50p P&P.

TYPE ‘B’ (KSN10053) 3% super horn. For general
purpose speakers, disco and P_A. systems etc. Price
£5.00 each + 50p P&P.

TYPE'C' (KSN601GA)2‘x5'w de dispersion horn. For
guality Hi-fi syslems and quality discos etc Price £6.99
each + 50p P&P.

TYPE ‘D' (KSN1025A) 2°xX 5" wide dispersion horn.
Upper frequency response retaned gxtending down to
mid range (2KHz). Suitable for high quality Hi-fi sl;tems
and quality discos. Price £9.99 each + 50p P

TYPE 'E' {KSN1038A) 324" horn tweeter with attractive
silver finish tnm. Suitable tor Hi-fi monitor systems etc.
Price £5.99 each + 50p P&P

LEVEL CONTROL Combines on a recessed mounting
plate, level control and cabinet input jack socket.
83xX85mm. Price £3.98 + 50p P&P.

TYPF 5

2.5K WATT £24 89 + 60p P&P

O DISCQ MIXER
STEREQ DISCO MIXER with 2 x SbandL & R

TRANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUAUTY COMPONENTS
COMPLETZ WITH CIRCUIT AND INSTRUCTIONS

Lo

FM TRANSWITTER 80-108MHz. VARSCAP CONTROLLED FRCFESSIONAL PER-
FURMAM)E RANGE LP TO 3 MILES, SIZE 33 x 123mm, SUPPLY 12V & 0 3AWP,
PRICE £12.49 + £1.00 P4P
FM MICRO TRANSMITTER (BUG) 100-128MH2 YARICAP TUNED COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm. SUPPLY 9V BATT, PRICE

3 watt FM
Transmitter

graphic equalrsers and twin 10 segment L.E.D.
Vu Meters. Many oulstanding features 5 Inputs
with individual faders providing a useful com-
bination of the following:—

3 Tumtables {(Mag). 3 Mics. 4 Line including CD
plus Mic with talk over switch Headphone Moni-
for. Pan Pot L. & A. Master Output controls.
Qutput 77SmV. Size 360x280x30mm. Supply
220-240v

Pl’ice !-:134 99 — £4.00 P&P

= TS

POSTAL CHARGES PER OROER £100 MINIMUM. OFFICIAL ORDERS WELCOME FROM T

SCHOOLS. E0LLEGES. GOVT BOOKES ETC. PAICES INCLUSIVE OF VAT, SALES COUNTER
ViS5k ACCESS ACCEFTED BY POST, PHONE OR FaX

£8.62 + £1.00 P2P

B. K. ELECTRONICS o

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR

TEL: 0702-527572 FAX; 0702-420243

M el UL G o s o e R



'SPECIAL PURCHASE
V22 1200 baud modems

We got a tremendous buy on further stocks of this popular
Masater Systems 2/12 microprocessor controlied V22 full
duplex 1200 baud modem - we can now bring them to you
al half last advertised pricel Fully BT approved unlt,
provides standard V22 high speed datacomm, which at 120
£ps, can save your phone bill and connect time by a stag-
gering 75%! Ultra slim 45 mm high. Full featured with LED
status indicators and remote eror diagnostics. Sync or
Async use; spaech or data switching; built In 240v mains
supply and 2 wire connection to BT. Units are in used but
good condition. Fully tested prior despatch, with data and a
fuli 8 day guarantee. What more can you ask for - and at

this pricell ONLY £79 (D)

MONITORS

COLCUR MONITORS
Decca16" B0 seriesbudgetrange colour monitors. Features
include PIL tubse, an attractive teak style case and guaran-
teed 80 column resolution, features which are only normally
seen on colour moenitors costing 3 times our price! ft is

| absolutely ready to connact to a host of computer or video

outputs. Manufacturers fully tested sumius, sold in lithe or
hardly used condition with 90 day full RTB guarantee.
Decca 80 RGB TTL and sync input for BBC and similar type
interface etc.

Decca 80 COMPO 75 ohms composite video input with
integral audio amp & speaker. Ideal for use with video
recorder or our Telebox ST, or any other audio visual use.

Any type only £99 00 ®

HI DEFINITION COLCUR MONITORS

Brand new Centronic 14" monitor for IBM PC and com-
patibles at a lower than ever pricel Completely CGA
equivalent. Hi-res Mitsubushi 0.42dotpitch glving 669 x 507
pixels. Big 28 Mhz bandwidth. A super moniter In att

style moulded case.Full 90 day guarantee.Only £149

20",22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour
monitors,complete with composite video & sound inputs.
Attractive teak style case. Perfect for Schools,Shops, Disco,
Clubs ete. In EXCELLENT litle used condition with full 90

day guarantee.
20"...£155 22"...£170 26"...£185 @)

MONOCHROME MONITORS

Motorola M1006-100 5” black & white compacl chassis
measuring only 11.6H x 12W x 22D. Idsal fer CCTV or
computer applications. Accepts standand composite or in-
dividual H& V syncs. Needs 12vdc at only 0.8a. Some units
may have minor screen blemishes, Fully tested with 30 day
guarantes & full data. £29.00(C)
Fully cased as above in atiractive moulded desk standing
swivel. Dim 12 x 14.5 x 26cm. £39.00(C)
JYC 751 ultra compact chassis manitor for 12vdc 0.7a. Dim
11 x 14 x 18cm. Simple DIY data included to convert to
composite video input. Full data. £65.00(B)
20" Black & white monitors by Aztek. Cotron & National. All
solid siate, fully cased monitors ideal for all types of AV or
CCTV applications. Standard composite video inputs with
integral audio amp and speaker_Sold in good used condition
- fully tested with 90 day guarantee. £85.00(F)

Come to our Shop snd see before you buyl
Technical help always on hand plus many un-
advertised speclals. You can buy a colour
television for as little ag £29! Come and joln
the gang at 215 Whitehorse Lanel

o A replacement or backup keyboard for iBM PC, PC-XT or

"FLOPPY DISK DRIVES
BARGAINS GALORE !!
NEW 514 inch from £29.95!

Massive purchases of standarg 5V~ drives enables us to
present prime product atindustry beating low prices! Alfunits
{uniess stated) are remaved from often brand new equip-
ment and are fully tested,aligned and shipped to you with a
90 day guarantee and operate from +5 & +12vdc, are of
standand size and accept the standard 34 way connector.

SHUGART SA405 £29 95(B)
TANDON TM100-24 IBM compatible DS £39.95(B)
TANDON TMi01-4 80 Track DS £490 95(B)
CANCN,TEC etc.half height.State 400r 80T  £75.00(B)
TEAC FD-35-F.40-80 DS half height.Brand new £99.00(B)

314 INCH BRAND NEW AT £19.95!!
Never before seen price for a 3'%" drive. Standard size
believed to be by Canon. Brand new and packaged - mint
condition! 40 track SS, run from +5 & +12vdc with standard
power connector. Only..... £19.95(B)

CHOOSE YOUR 8 INCH!
Shugart 800/801 SS refurbished & tested £125.00{E
Shugart 851 double sided refurbished & tested £105 00(E)
Mitsublshl M2894-63 double sided switchable
hard or soft sectors- BRAND NEW £250.00{E)

SPECIAL OFFER! -

Dual 8" drives with 2 megabyte capacity housed in asmart

case with built in power supplyl
deal as exterior drives! onty £499.00 ®

IBM KEYBOARD DEAL

PC-AT, all in onel It has a switch on the rear to convert
betwen modelsi LED indicators for Caps.Scroll & Num
Locks. Standard 10 function kays plus 56 on the main bank
and 19 on the keypad, 85in all. Made by NCR for the English
& US markets. Absolutely standard. Brand new & boxed with
manual and key tempiate for user slogans on the function
keys. Attractive beige,grey and cream finish, with the usual
retractable legs underneath. A generous length of curly cord,
terminating in the standard § pin DIN plug. A beautiful clean
piece of manufacturers surplus. What adeall §£59 (B)

COMPUTER SYSTEMS

TATUNG PC2000. Big brother of the famous Einstein. The
TPC2000 Professional 3 piece systemn comprises: Quality
high resolution Green 12° monitor. Sculpiured 92 key key-
board and plinth unit containing Z30A CPU and all control
circuits. PLUS 2 Integral TEAC 5.25 80 track double sided
disk drives. Generous other features include dual 8 IBM
format disk drive support. Serial and parallel outputs, full
expansion port, 64K ram and readyto run software. Supplied
complete with CP/M, Wordstar and Basic. Brand new and
covered by cur famous 90 day guarantee and backup. The
original price of this unitis over £14001
Our Price ...only........ £299 (E)

EQUINOX (IMS) S100 system capable of running either
Turbo or Standard CP/M. Unit features heavy duty box
containing a powerful PSU. 12 slot backplane & dual double
sided 8" disk drives. Two individual Z80 cpu boards with
192K of RAM, allows the use of mult-user software with up
to 4 RS232 serial interfaces. Welf loaded features include
battery backed real time clock and socketed IC's. Units in
good condition and fully tested prior to despatch. Regret no
manual at present so ourprice only......................E199 (F)

1a,-12v 0.5a & 5 others.30-70vdc input.Parts alone value!

POWER SUPPLIES

All power supplles operate from 220-240vac. All power
suppllies are BRAND NEW unless stated. We have many
other types ranging from 3v to 10kv always In stock.

Byte Drive BD301Dual cutput Svdc @ 1.6 amp & 12wic @
1.5 amp. Perfect for disk drives. Has standard Molex sock-
ets. Attractively encased. Dim 15 x12x 7 cm. £19.50(B)
Plessey PL122 fully enclosed 12vdc 2 amp. Regulated and
short proof. Dim 135 x 11 x 11cm. £16.95(B)
AC-DC Linear PSU with outputs of -5v @ 5.5a.-5v @ 0.6a,
-24v @ 5a. Fully regutated and short circuit proof. Dim 28 x
12.5x7 cm £49 50(C}
Power One PHC 24vdc 2 a. Linear & requlated  £19.85(B}
Boshert 13090 switch mode ideal for drives or complete
system. +5v @ 6a, +12v @ 2.58, -12v @ 0.5a and -5v @
0.5a. Dim5.6x 21 x 10.8 cm. £29.95(B)
Boshert 13085. Same as above but ocutputs of +5v @
69,+424v @ 1.5a,+12v @ 0.5a.-12v @ 0.5a. £39.95(B)
Greendale 19ABOE 60 watlt switch mode outputs -5v
@6a,+12v @ 1a,-12v @ 1a,+15v @ 1a. Dim11x 20x 5.5
cm. Removed from equipment and tested. £24.95(8)
Conver AG130-3001.High grade VDE spec. Compact 130
watt switch mode. Quiputs -5v @ 15a,-5v @ 1a,-12v @ Ba.
Dim 6.5 x 27 x 12.5cm.Reg price £190/0urs new £59.95(C)
Famell G6/40A Compact 5v 40a switch mode and fully
enclosed. £140.00(C)
Famell 24 5S As above but 24v @ 5a. £95.00(C)

SPECIAL EXPERIMENTERS PSU’s

Built to BT's rigorous standards.We have no data so unfts
are suppiied for experimentation. EPSU1:+5v 2a,-{2v
12.+24v 1a,+5v fully floating 50ma. EPSU2:45v 6a,+12v

..£1 6. 95{(:) EPSU2... 129 95(0)

: :I
@;AND WAREHOUSE ARE

_ FULL TO BURSTING! |

Converts your colour monitor into a
QUALITY COLOUR TVH

TV SOUND
& VIDEO
TUNER!

Brand new high quality, fully cased, 7 channel UHF PAL TV
tuner system. Unit simply connects to your TV aerial socket
and colourvideo monitor tuming same intoa fabulous colour
TV. Dont worry if your monitor does'nt have sound, the
TELEBOX aven has an integral audio amp for drving &
speaker plus an auxillary output for Headphones or Hi Fi
system etc. Many other features: LED Status indicator,
Smart moulded case, Mains powered, Built to BS safety
specs. Many other uses for TV sound or video gic. Supplied
BRAND NEW with full 1 year guarantee.

Telebox ST for composite video input monitors. .£28.95(B)
Telebox STL as ST but with integral speaker.....£34.95(B)

Telebox RGB for analogue RGB monitars.......... £5¢.95(8)

BRAND NEW PRINTE

Epson MX-80 F/T One of the most popular printers aroundl
Bi-directional printing with full logic seeking. 9 x 9 dot matrix
for enlarged.boid,condensed etc. Standard parallel inter-
face. Brand label removed from front. Handles tractor.fan-
fold and individual paper. OK with 1IBM PC and most others.
A tremendous buy! £129.00(E}
Hazeitine Esprint small desktop.100 cps with RS232 and
standard parallel. Full pin addressable and 6 user selectable
fonts. Up to 9.5 paper. Sheet & tractor feed.  £149.00(E)
Centronice 150 series. Always known for their reliabilty in
continuous use - real warkharses in any environment. Fast
150 cps with 4 fonts and choice of interfaces.

150-SNupo9.5%paper............................... E155.00(E)
150-SWupto 14.5" paper. £169.00(E)
CALL FOR THE MANY OTHERS IN STOCK INC D/WHL | -

MAIL ORDER/OFFICES
Open Mon-Frl 9.30-5.30
32 Biggin Way,
Upper Norwood,
London SE19 3XF.

LONDON SHOP
100's of bargalins for
callars!

Opan Mon-Sat §-5.33
215 Whitehorsa Lano,
Sauth Norwood,

DISTEL @ The Otlginal
Free dial-up dalabasse|
1000's of ltams+info On Line
200bd 01-676-1888,1200/75
01-678-6183,1200/1 200
01-579-8760

ALL ENQUIRIES e

01-679-4414
Fax- 01-679-1927
Telox 894502

welcome-minirLen acoount order £25. Camiage charges (A)=£1.50. (B)=£3 50. {C)=£6.50. (D}=£8.50. (E}e12.50 (F)=L15. (G)=Call . Al goods suppled subject to our
standard Conditions of Sale mnd urless otherw se stated guaranieed for 90 deys. All guaranfess given on a retum io base hasis.We resacve the ngit to change prices &

Al pricse for UK Mainkand. UK customers ADD 15% VAT to total order amount. Minimum Srder €10 PO orders rom Govermmert Uriversibec, Schoots &t ocal Authoribes ||
m-mmm COrders accepind subject i stock Quotations wilingly given for higher quarntities than those gtated.
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In The Beginning

Was The Valve

John Linsley Hood takes the
thermionic valve out of the
museumn and into perspective,
looking at its history and usein
audioc design past and present
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Noise Annoys

Paul Chappell opens up the
ETI data book collection and
asks why so many
manufacturers keep quiet

about noise figures

CIRCUITS

DC Motor
Circuits

Ray Marston opens his circuit
notebook to ETI readers and
offers a step-by-step guide to
DC motor control
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Neon Circuits

A selection of neon ideas to
bring bright lights to the bigcity
or the humble workshop. Paul
Chappell makes the circuits
glow
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Security Tech
Tips

Robert Penfold presents a
burnper bundle of circuit ideas
to keep the burglars at bay

when youre basking on the
beach
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Digital
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Conversion

Richard Grodzik can use his
joystick to wander through a
WIMP environment without
waving a mouse around his
desk
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A bhands-free design for
constant communication
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CD-l

Sony, Matsushita and Philips have
announced that they will be
joining forces for the promotion and
marketing of the latest CD technology,
Compact Disc Interactive (CD-1).
Compact Disc Interactive com-
bines high quality sound. text. still
image and full motion picture.

computer graphics and data all on a -

5-inch disc. All these forms of
information can be used interactively
via a keyboard or motuse control.
The three companies will be
working together on improving the
technical capabilities of the CD-!
systemn, particularlyv in the field of high

quality video. Highdefinition TV isnot .

far away!

This powerful machine could well
find its way into many homes for use
as an entertaining medium, but
perhaps more importantly in supply-
ing a wide variety of localand national
information.

Another area of use will be in
education. where discs on various

individual topics could be used at,

schools and colleges or indeed for
home tutorials. Several companies
are in the process of preparing CD-1
titles.
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QUANTUM

LEAP
FORBELL

T&T Bell Laboratories. the

people that brought you the first
transistor, have demonstrated a new
guantum device that functions as a
tiny parallel processor to reduce circuit
complexity dramatically.

The device is called a multi-state
resonant tunnelling bipolartransistor
no less!

Until now. normal transisters have
been limited to two states: 'on’ and off.
This new transistor is the firsi with
multiple states: three or more.

When the input cunrent increases
in the device, the output current
peaks. falls off. then peaks again. This
unique. multi peak characteristic
produces the multiple states and
allows a single device to do the work

So]ex International has a range of
pocket sized digital muitimeters.
The 3060 modelis a 3z digit display
and measures in at 51 x 106 x 10mm.
It offers high speed auto or manual
randing, measuring AC or DC
voltages up to 450V and resistances
from 300R to 30M.

The pocket sized DMM also tests
diodes and has a useful continuity
bleeper function. It delivers high
speed sampling on a 32-segment bar
graph display.

Solex claims it is electrically
protected on all ranges and is virtuaily
‘drop proof.

A good feature about this meter is

the atomatic power off. How many
times have you left portable equip-
ment on, only to find exhausted
batteries on return!

The DMM comes with instruction
manual. test leads, protective case
and two batteries.

The 3020 model has similar
features except for a maximum
resistance range of 2MO and a
32-segment bar graph display.

The 3060 retails at £29 plus VAT.

Further details from Solex
International, 95 Main Street,
Broughton Astley, I cicestershire LE9
6RE.

of many conventional fransistors.

An exampile is in parity bit
checking in digital systems. They
normally use 24 conventional trans-
istors to check four bit words. The
scientists a1 Bell have achieved this
task using just one of the new devices.

The demonsiration suggests that
in future a much higher density of
operations could be packed in the
same area as todays integrated
circuits.

Although this is a great advance,
resonant tunnelling transistors are stift
a research technology and many
development hurdies remain.

From Northem Design comes a
selection of novel cumrent trans-
ducers that are designed for both
instrument and data logging applica-
tions.

These new units can detect from
5 to 300A through the wire they
surround. They can have a DC output
of 1V and be self powered or a
4 to 20mA cumrent output which

requires an external 24V DC supply.
Operating frequency is between
40Hz-5kHz and source impedance
lower than 500R. Prices are from £33
plus VAT.

Contact Northern Design (Elec-
tronics) Ltd. 228 Bolton Road,
Bradford, West Yorkshire BD3 0QW.
Tel: (0274) 729533.

LAG TAG

ON TRIAL

An experimental system of
electronic tagging for convicted
criminais wili soon commence using
‘selected persons.

The Government intends to re-
duce the bulging prison population by
this new electronic tracking method.
The offender would have 10 wear a
small waterproof, calculator-sized
monitor around the neck or under
their clothes. The device would emit
coded signals three times an hour to
the nearest specialised cellular radio
station. which then passes the signal
on to a central computer. The ‘cells’
would cover areas ranging up to two
miles square.

The tag wearer would be restricted
to a certain number of cells for normal
movements incliding access to work.
Shouid the wearer move out of the
permitted cells, the monitor wouid
emit audible signals and also inform
the central computer to alert the
authorities.

A trial has recently been

| completed at the University of Kent

using student volunteers.

CHEAPER
APRICOTS

FOR SALE

pricot Computers of Birming-

ham, who specialise in desktop
computers. are producing their first
generation of powerful machines for
large businesses.

Processing power is available for
up o 128 workstations and is likely to
make use of the latest 80,/486 micro-
processor from Inie! {see Insight}.

This 32-bit processing machine
should provide stiff competition
against other computing systems
\costing between four and twenty; five
times the price.

FREE CAT

Falcon Electronics has its latest
catalogue (PL18) available. It
contains a large range of speaker kits
for the audiophile plus capacitors,
connectors and audio publications.

Send SAE with a 26p stamp
for their latest list to: Falcon
Electronics, Tabor House, Norwich
Road, Mulbarton, Nr Norwich,
Norfolk NR14 8JT. Tel: (0508}
78272,

ETI AUGUST 1989




mongst the many pairs of head-

phones Sony sells there are two
rather interesting pairs on offer. The
first. the MDR-RI0. boasts of
producing concert hall quality
acoustics and ergonomic comfort as
never before. Have we not heard this
before? Yes. well read on.

“The MDR-R10 employs a newly
developed bio-cellulose diaphragm.
which has over ten times the rigidity
of a conventional paper cone, yet
achieves naturalness and remarkable
presence.”

OK. a very thin tough diaphragm,
thats an improvement. The earphone
housing is made of 200 year old
zelkova wood. This is used for its
‘lightweight and solid character
providing unequalled acoustic quality’
We must be approaching the law of
diminishing returns here. That goes
for the wood as well. But wait. there
is more. To ensure Juxurious comfort.
the earpads are made of Greek sheep-
skin and the cord is wrapped in pure
silk! This couid get very sensuous.
They are also kind enough to throw
in a rhodium-base pure gold plated
plug and a hard case with lock. It
could really do with an anti-theft
device because here is the crowning
glory — the price. A mere snip at
£2.499.95.

Sony does have a pair of head-
phones. mode! number MDR-1F5K,
which says goodbye to the cord that
invariably strangles vou, called a
wireless headphone. Now you can
have the freedom to wander around
the living room listening in digital
audio quality. The system adopts an
infra-red transmitter to sit on your hi-
fi giving a wide dynamic transmission
range of 90dB. This ensures excellent
sound reproduction from compact
disc. The unit’s automatic ievelconirol
circuit also allows for optimum FM
modulation without any adjustment
to provide the best listening at ail
times. The headphones have built-in
rechargeable batteries that can be
revived by placing the headphonesin
a stand attached o the transmitter.
The frequency response of the whole
systemis 18Hz to 22kHz. The cost of
the complete system is £99.95.

mid the chacs of melting Astra

dishes and failing squarials. an
entirely new range of receivers has
been produced by Mawzones of
Baldock in Herts.

For some time Mawzones has

1 been producing window-mounting

sheets that focus received satellite
signals to a feeder behind the window

fsee News ET! Dec 1988). The

focussing is performed by a set of
concentric circles that are opaque to
electro-magnetic radiation. The
alternating transmitting and opague
areas act as resnel zones and focus
the signals. Since the window surface
is vertical and the satellite source is
elevated. the circular zones are
stretched to ellipses.

However the window-mounting
Mawzone sheets lost half ihe signal
strength in the opaque area and were
limited in size by available window
space. As aresult they were best used
only for iow and medium rate data
reception.

The new range of antennae has
the transparent sheet combined with
a reflective surface. the two plates
being separated by a gap of a few
millimetres. This effectively creates
two separate antennae with a
common focus in front of the sheets.
The plates are mounted flush against
a wall facing roughly south, with a
standard low noise blockdown-
converter {LINB} feeding a receiver
inside.

The miror sheet designed to
receive Astra is just slightly larger than
its dish equivalent and will be circular.
its flush fitting makes it less vulnerable
to weather damage or vandalism.
Mawzones claims it can be painted
without affecting the output. thus
making it less of an eyesore {the left
of the larger piates in the photo is a
Eutelsat receiver disguised as roof
slates).

The fact that the plates are flush

From Axiom Electronics comes a
cordless soldering iron. made by
Weller.

The soldering iron is ideal for use
in field service applications. Pyropen
is an LP gas-operated iron which is
independent of mains or batteries and
weighs only 90g. The gasin a single
charge is capable of giving four hours

FLAT AERIAL MIAT FOR SAT | SIGNAL GETS

fitting means that even the larger
dishes are exernpt from planning
permission.

A target price has noi yet been set
for the Astra antennae but it will be
aimed around the same level as
conventional dishes. Mawzones sees
“no reason to Undercut conventional
dishes since most people. given the
choice of two similarly priced
antennae. would opt for obvious
advantages of the Mawzones design”.

A design for receiving BSB is
already well under way. Whe.s BSB's
problems with the squariai became
apparent. Mawzones suggested to
BSB that the sheet antennae could
solve its problems. Reorientating the
sgquare sheet antennae as a diamond
could even save face for BSB if it had
to dump the squarial. A dummy BSB
design was prepared by Mawzones
but BSB seems intent to continue with
its delayed squarial plans.

Mawzones has alzo developed an
enormous sheet antenna {(4m X 4m)
capable of use with C band
transmissions. The sheet is modular.
consisting of many tiles each with part
of the concentric circles pattemn so that
the antenna can be easily transported
and erected in remote areas.

Contact Mawrzones Ltd. 6
Hodwell. Ashwell. Baldock, Herts
SG7 5QG. Tei: (0462) 742854,

continuous operation.

The kit also includes a 3.3mm tip,
a 5.7mm hot blow tip. torch ejector.
spanner. cleaning sponge and carry-
ing case.

The price is £54.08 plus VAT

Contact Axiom Electronics on
(0494) 461616.

ALL CLEAR

Ateam at the British Tefecom Re-
search Laboratories has develo-
ped an optical amplifier to boost weak
oplical signals along their newer
communication routes.

This is another major step forward
because at present all optical signals
are converted to electronic ones which
are then amplified in the normal
manner. only to be reconverted 1o
optical once again to coniinue on their
route.

Apart from overcoming this dis-
advantage. this latest ampiifier will
work ar many different wavelengths
and bit rates. It is not affected by the
polarisation of the input signal.
something that earlier amplifiers
suffered from.

Fault location in lines will now be
made much easier with this new
device because with the existing
system any optical signal designed 10
find a fault is interrupled by the
electronic repeater.

DIAL A DRILL

ow available from Freetrade
(TEP} Lid.. is the new Dial A
Drill conversion unit,

This unit will convert any power
drill into_a six-piece self-contained
screwdriver set. The unit contains four
drill bits. &in, Yin, ;4 in. Yain and
two screw drivers. No. 2 Phillips and
Vain slotted. Allare of high quality and
heat treated for strength, including
HSS treatment.

For ease of operation the desired
bit can be selected quickly and simply.

Contact Freetrade (TEP) Lid.
Unit 15C. Aviary Industrial Park.
Garrison Lane, Bordersley Green.
Birmingham B9 4QE. Tek: (021) 766
6142
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his manth the question is from

Peter Morgan in the county of
Powys. He would like a design for a
bargraph display of audio spectral
content. He requests displays of the
level at 100Hz, 200Hz, 400Hz,
600Hz, 800Hz, 1kHz, 4kHz, 6kHz,
8kHz and 10kHz, and says that it is
intended to be plugged into a head-
phone socket.

Foranindicator of thistypetobe
meaningful, it must have equal pro-
portional intervals between fre-
quencies in order to correspond
approximately with the way in which
sound is perceived. 2:1 frequency
steps would be reasonable, sotofitten
frequencies into the audio range we
would aim for frequencies of: 32z,
64Hz, 128Hz, 256Hz, 512Hz,
1024Hz, 2048Hz. 4096Hz, 8192Hz
and 16384Hz. In practice, variations of
up to 20% either side of these
frequencies are unlikely to affect the
usefulness of the display.

Building Blocks

The sound must be fiitered into fre-
quency bands. the sound level atthese
bands mustbedetected and the result
must be displayed on LED bargraphs.
A logarithmic display is necessary to
cope with the logarithmic perception
of sound intensity, so a logarithmic
bargrapi IC such asthe LM3915is the
obviousanswer. The needto connect

the circuitto aheadphone socket, with
the inevitable variation of signal level as
a volume control is set to different
levels, necessitates again cdntrolatthe
input of the circuit. Putting ali this
together givesrise to the block diagram
shown in Fig. 1.

The whole system, with two 10-
channelindicators {one for each stereo
side) encompasses a lot of circuitry but
consists of a few simple building blocks
repeated with minor variations. The
firstblock, showninFig. 2, isthe input
buffer, one for each channel. This is
there to provide alowimpedance drive
to the filter stages. It is preceded by a
gain control to setthe average level of
the display to a reasonable level at
whatever volume setting is in use on
the amplifier.

Following the DC blocking
capacity is a protection circuit to
prevent damage to the op-amp input
if the volume is turned up too high.
After the unity gain buffer are ten
bandpassfilters, givinga totalloading
on the buffer of 330R.

The filters are of the multiple
feedback configuration shown in Fig.
3. The configuration remains the same
at-all frequencies but the capacitor
values change to set the centre
frequency. The Q of the fiiter, the
centre frequency divided bythe band-
width, is set by the resistor ratio and is
thus constant for all frequencies. This

i
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This column is a service to readers to provide
electronic designs. Send your requirements, with as
much detall as possible, to ETI Blueprint, Argus

House, Boundary Way, Hemel Hempstead HP2 7ST.
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is exactly whatisrequired — the same
proportional bandwidth because the
proportionalfrequency spacing cfthe
filtersis the same.

AQuvaluebetween one andtwo
is reasonable for the application, so a
convenient set of resistor values is
chosentogivinga Q value of 1.6. The
circuit also has a voltage gain depend-
antonthe Q value chosen. Inthiscase
the circuit gain is five, which is not too
high tobe practical. It does meanthat
the gain-bandwidth product of the op-
amp used becomes significant at the
higher frequencies. The LM324 wouid
be suitable for the lower frequenciesbut
for the top two bands a higher band-
width type such as a TL084 would be
better. Onthe other hand, theeffecton
the indication level will be minor.

The table of component values
and frequencies in Fig. 3 shows the
preferred value components which
should be used and the actual centre
frequencies which these give. If more
accuracy isneeded, parailel capacitor
combinations could be used togive the
actual walues calculated from the
formula. This is only worthwhile, of
course, ifthetolerance of the capacitors
is commensurate with the accuracy
required.

Level Display

To provide a useful display of the signai
level within a frequency range, it is
necessary to rectify it and detect the

resulting DC level with suitable charge
and discharge time constants. The
modified precision rectifier shown in
Fig. 4 represents one approach to the
problem. The charge time constantis
R1xC1 and the discharge time con-
stant is R2x C1. This iatter must be
much longer than the charge time
constantbecause the value of R2 must
be greater thanthat of Rl to permitthe
capacitor toreachitsrequired voltage.

This detector willtherefore detect
peak signal levels of negative polarity.
Suitable choice of R1 and R2 could .
produce an approximation to 2 peak
programme meter characteristic.
Equally, choice of component values
can produce a peak reading display
which will fall only slowly when the
signallevel drops, orsomethinglike a2
VU meter which responds rapidly to
falling signal level. The iimit on the
speed of response isthatthe discharge
time constant must not allow signifi-
cant ripple on the capacitor at the
centre frequency of the filter or else the
display will flicker. For the 32Hz
channel, a time constant of about
300ms is required. Example com-
ponent values for this would be:
Rl=1k, Cl1=47uy, R2=56k. For
higher frequenciesifafastresponseis
required, the value of Cl can be
reduced to 10p and the resistor values
chosen accordingly.

Ifboth halves of the cycle mustbe
measured, the circuit of Fig. Swould be

LED SUPPLY
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suitable. This circuit can be configured
to produce similar attack and decay
times if R2 is significantly lower than
R1. Theindication will then be based
on an average reading of signal level
rather than on peak.

Figure 6 shows the suggested
circuit to use the LM3915 bargraph
display IC. As detailed iater. the LED
power supply is separate from the main
power supply.

To provide reasonabie bright-
ness, a LED currentof S(mA ischosen.
The 1.M3915 regulates this current
itself, as approximately ten times the
total current drawn fromthe reference
output {pin 7). The basis reference
voltageis 1.25V (between Ref outand
Ref adj} and the resistance of the
resistive divider chain in the LM3915
is 22k. and the Ref adjust ground
current is 80uA, so the formulae for
reference voltage and LED current are

Vref=1.2Vx(1+2—f)+R2xsouA

12.5V = Vref
Rl ~ 2k2
The decoupling capacitor must
beclosetothe LM3915and eachIC or
pair of ICs should have one. depend-
ing on layout, otherwise the circuit is
likelyto oscillate. Adequate decoupling
should also be provided on the 12V
power supplies to avoid interaction
between stages. Finally the OV tracks
from the LM3915s should be starred
with fairly thick wire back to the power
supply, to prevent the heavy LED
currents from imposing significant
earth voltages relative to the signals.

ILED =

Power Supplies

The circuit should be powered from
+12V to 15V. In order to prevent the
1.M39615 ICs from over-dissipating, a
lower voltage supply is needed for
these chips. To drive a tofal of 20
bargraph displays each with ten LEDs
and to produce a reasonable bright-
ness requires 1A. The best way to
providethisisto use a metalcan (TO3}
LM317 requlator on a big heatsink to
supplythe LEDs and to set its output
voltage between 3.5-4V. This will
minimise dissipation in the LM3915s,
at the expense of dissipating a lot of
power in the regulator.

Because of the three power
supply rails required, it is probably
worthwhileto use two separate mains
transformers, one rated at 15-0-15V
for the +12V supplies and another
rated at 9V to supply the LEDs. The
15V transformer need only be a 6VA
type butthe transformer poweringthe
LEDs needsto be rated at 12VA.

With all this LED power avail-
able, thisunitwhencompleted should
light up the room nicely.

Andrew Armstrong
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INSIGHT

ver since Intel launched the

33MHz 80386 processor,
power users have been looking to
the next generation of chips —
the 486 family ~ for their
processing panacea. But will the
486 live up to expectations?

The microprocessor world
seems to be divided into two schools
of thought. One side has opted for the
fast but relatively untried “new”
technology of the RISC {Reduced
Instruction Set Computer) chip sets
such as iIBMs RT series and DEC5s
MIPS co-processors — the key to their
open systems architecture and Ultrix
developments in the future.

The other side has opted for the
faster and more tried-and-tested
grounds of the CISC processor
{Complex Instruction Set Computer),
whereby more instructions are packed
into ever decreasing areas of silicon.

(O the most popular processors,
the most likely to take on the sub-
RISC achitecture {such as ARM from
Acorn) is the Intel 80386 but, even
though new machines from com-
panies such as Tandon. Acer and
AMP have proven to be fast and
efficient in thefr own respective ways,
the Intel 486 series seems to offer so
much more.

The original prototypes of the
80386 were clocked at 12ZMHz —
rather a conservative speed and one
that was matched easily (and sur-
passed by unconventional wiring) by
the older and more established 80286
series of processors. Intel like to take
their processors up in speeds of 25%
at a time, so that a floor speed of
12MHz was untenable for the short
period of its life. This led to Intel
boosting the power of the basic
processor to 16MHz and dropping the
12MHz mode! completely.

Not that it mattered much any-
way, since shortly after that Intel
upped the specs again and released
the 20MHz 386. Quite recently the
25MHz chip sets have appeared and
are now cheap enough to be con-
sidered worthy of the Taiwanese
clones from the Middle and Far East.

However, the big break came
when the 33MHz machines were an-
nounced. The design specs (but not
the processor chip sets) were distribut-
ed to a few major companies and an
embargo was set to last until 10th April
1989 so that the processor could be
launched with a fleet of high-powered
compatible machinesto follow literally
minutes after the official launch.

This was, as they say, not strictly
adhered to, although the generalim-
pression is that Intel got their new
33MHz chips out — and the dealers
got their machines out — all claiming
to be the fastest PCs in the world.-

Life isn't as easy as sticking in a
new chip set. Intel is well aware that
their new chip needed support to
properly harness the sixty per cent
speed increase over a popular chip set
such as the 20MHz 386. Intel has to
make sure that the chip had no added
features.

Bugs in short

Why all the fuss about getting the
chips rightin the first place? Why not
wind it up and let it go — after ali.
there were no new fabrication pro-
cesses involved. The technology —
whilst operating at a slightly higher
density — was welt within the limits of
fabrication standards. Instead Intel has
refined its screening process and
selected only the chips that can run at
a floor level of 20MHz.

Temperature is a deciding factor
— as the clock speed goes up so the
number of operations goes up.
requiring a larger power drain etc ete.
Beyond a certain level, the chip can
literally fryitself outso that gates start
to short out {and not close). Errors
start to occur — and as we are well
aware, processor emors are always
fatal ones.

So we have ascertained that
speed is important and that all Intel
really has done is raise its selection
bandwidth — fine but what about the
projected 486 chip sets — what are
they and what wilf they run?

The 486 will be a new beginning
{many people have been led to
believe) offering distributed processing
facilities that will be transputer-like in
their ability to be linked from one
machine to another. It seems likely
that an entirely new tack is needed,
instead of just raising the selection
platform even higher {so that pro-
cessors are being driven even harder).
These days, the cooling systems in-
stalled inside the Jatest state-of-the-art
microprocessor base subsystems
vibrate at a level somewhat akin to a
747 taking off in your own room. I
recently saw my first water-cooled PC
subsystem!

These are alt based on top-end
386 systems requiring no less than
16-32Mb and offering disc storage of
no less than 150Mb, normally speci-
fied for power-users and emulaiors
{running CICS IMS, Unix and other
open systems ranging from IBMs
SNA and SAA to the old 3083 and
370 system software -- going back to
CICS again!). It seems that the new
family of bona-fide 32-bit bus pro-
cessors are happily running more of
the same software — but faster,

Putting it bluntly, the 486 will
have a hard time breaking out of the
mould set up by its siblings the 286
and the 386. The industry pundits
and gurus have been commenting on
an early 1990 production date for 486
processors. The 486 is expected tobe”
launched with the final incarnation of
the 386 chip — although itis unclear
as to whether the chip will simply be
a souped up mega cache version of
the 33MHz 386 with built-in co-
processors, or whether it will be a
simple enhancement.

Where does that leave the PCs
of the world?

Well, MCA is fast becaming the
de-facto standard although the
alternative EISA seems to be putting
up a good fight. Indeed, many com-
panies are placing their products
directly across the two platforms (with
the notable exception of Compaq).
Mission’s MCA portable clearly needs
{or at leastis happy with} as much pro-
cessing power as it can get. and of
course the faster processors get, the
faster RAM has 1o get or we have to
start introducing wait states — an
undesirable situation.

For the time being, power users
have the 33MHz chip — if they want
faster theyll have to go to Digitals
MIPS systems {and their nod in the
direction of the Open Systems Archi-
tecture). That involves leaving the
sanctity of DOS and expanded
memory and that involves breaking
into new ground. But then that’s just
what jntel may be doing in the near
future anyway.

Clive Grace
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(OPEN CHANNEL

As business relies more and more
on computers to exchange infor-
mation as a faster method than old-
fashioned letters-and-stamps mail.
users are beginning to become
seriously concerned about security.
When Royal Mail takes charge of a
letter, users have a high degree of
security — itis. after all, illegal to open
anyone e¢lse’s mail. There are
increased levels of mail securty,
registered mail or Datapost. which
guarantee secure delivery — as long
as the envelope is intact. the content
has not been seen by anyone between
sender and recipient. Further, indust-
rial espionage agents find it extremely
difficult, nay — impossible. to locate
any given item of mail among the
many millions posted each day. And
all for 19p!

But on a computer information
network it only takes a competent
hacker to find required information.
True. there can be codes, authorisa-
tion numbers and so on built into the
system, but the more complicated the
network, the cleverer and more well
equippedisthe hacker. It seems to be
that if data is on a computer network,
little or nothing will stop it being
illegaily removed if someone wants it
bad enough. Industrial espionage is
not the world of James Bond, more
the concern of the computer-buff.

Hacking isn't the only concern
either. Recent viruses have literally
swept through some computer net-
works. virtually closing down net-
works and losing priceless amounts of
files.

In the light of this. it's not really
surprising that a growing number of

large multinational organizations {28
at the time of writing) have joined
forces in the European Security
Forum. The forum is being organised
by the European wing of the world-
wide accounting and financial services
company Coopers and Lybrand,
which last year produced a repont
funded by the European Commission
on network security.

Membership so far includes such
big guns as British Airways. British
Telecom, Volvo, Olivetti. Digital
Equipment Corporation and the
Society for Worldwide Interbank
Financial Telecommunications
{SWIFT) — to name but a few. A
similar group called 1-4 was set up in
the United States three years ago.

United We Stand

Meanwhile. the European Commis-
sion is trying to get a pan-European
electronic data interchange {EDI)
standard up and running as part of the
committment to harmonisation by
1992. The aim is to allow networks to
communicate such that electronic
trading can take place between
countries. To do this the Commission
is funding and organising a project
called EDI/Unite. Looks like the
European Security Forum has been
set up at just the right time. Could
someone introduce the two groups?

EFTPOS

Electronic Funds Transter at Point Of
Sale. the dream of large shopping
concerns, is to get a big boost this
summer when shops in three selected
cities (Edinburgh, Leeds. and South-
ampton) are fully kitted out with point
of sale terminals capable of doing the

biz. At its fullest. shoppers will simply
have to pass a card through a card
reader at a terminal. key in a personal
identification number {PIN} and the
goods have been paid for. All this is
possible because the terminal links up
to bank networks to locate the shop-
pers’ bank accounts, automatically
debiting them and simultaneously
crediting the shop's bank account.

The three-city trial is being setup
by EFTPOS UK, an organisation
created by the banks' joimt clearing
house system and, despite disagree-
ment and similar proposals by
individual banks, looks set toc become
the first stage in a countrywide
coordinated network.

Of course with such a system not
only the large network users need to
be concemed about network security.
The possibility of illegal funds transfer
exists if the network is not secure. And
the only way youll ever know it has
occurred is when your bank statement
drops on your doormat.

BT Moves to TV
British Telecom has always stated it
could not justify the use of optical fibre
in the local loops between local
exchanges and subsecribers homes
merely for telephone purposes. The
reason is financial — the cost of
installation can never be covered by
line charges when the line is used just
for telephone calls. (Interestingly,
other companies argue that optical
fibre is justifiable, but that’s another
matter!)

In retrospect. BY's argument has
been a good manoeuvre. Current
regulations prevent BT from distribu-

ting television transmissions over the
telephone network. On the other
hand. cable television distribution
companies can carry telephone calls.
BT has always thought this slightly
unfair. By forcing the Department of
Trade and Industry’s hand with its no-
TV no-optical-fibre stance. BT looks
as though itis going to gets its way in
a change of regulations to allow
television distribution over the
telephone network.

If this happens. you'li be surprised
how quickly your local line wili change
to optical fibre!

Recently BT has moved to bypass
the noTV regulation in two ways.
First, a special trial (granted by the
DTI) is about to start in Bishops
Stortford {scheduled for March of next
year. to be precise). The trial will
involve some 500 users. both business
and residential. providing stereo
television and radio. data
communications and, of course.
telephone. if's to be a two-vear trial
costing around £5 million. Two
different systems witl be tested during
the trial period.

Second. in a crafty move, BTs
own cable television franchise
subsidiary (yes. a loop-hole in the
regulations) Cable Thames Valley, will
soon carry telephone traffic over its
optieal fibre network as a so-called
trial. Telecoms watchdog. Oftel,
knows about the ‘trial’ and will be
looking at it carefully. Around
206,000 homes in the High
Wycombe. Newbury and Reading
area will be networked and cabling
should be starting any time now.

Keith Brindley

Holographic Systems, Components And Applications — September

11-13th

University of Bath. Second international conference. Contact [EE on 01-240

1871
POS 89 — September 12-14th

Business Design Centre, Islington, London. Point Of Sale technology exhibition.
Contact Batiste Exhibitions on (0532) 580033
Data Communications and Networks — 17-22nd September

EWEC 89 — July 10-13th

Wind energy conference and exhibition. Scottish Conference and Exhibition
Centre, Glasgow.

Holographic Systems, Components And Applications — July 11-13th
September

University of Bath. Second intemational Conference. Contact IEE on 01-240
1871

Image Processing And Its Applications — July 18-20th

University of Wanwick. Third Intemational Conference. Contact [EE on 01-220
1871

Vacuum Microelectronics — July 24-26th

University of Bath. Conference sponsored by The Institute of Physics, IEE and
IEEE. Contact The Institute of Physics on 01-235 6111

Eurobus 89 — September 4-6th

Novotel Hotel, London. Organised by Microdynamics Inc. UK organisers Pattern
Lid on 01-940 4625.

Circuit Theory And Design — September 5-8th

University of Sussex. Ninth International conference. Contact IEE on 01-240
1871
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Aston University. Vacation school, sixth year. Contact [EE on 01-240 1871 ex
308.

Optical Systems — September 12-14th

Ramada Inn, London.

Sensors And Their Applications — September 25-27th

University of Kent, Canterbury. Conference sponsored by The Institute of
Physics. Institute of Measurement and Control, Institution of Mechanical
Engineers and IEE. Contact The Institute of Physics on 01-235 6111
Lightning And Static Electicity Conference — September (date to
be finalised)

University of Bath. Sponsored by Ministry of Defence Procurement Executive.
Contact ERA Technology on (0372) 374496

Artificial Neural Networks — October 17-18th

|IEE. London. Intemational conference. Contact IEE on 01-240 1871
Open Systems 89 — November 1-3rd

Olympia, London. Computer communications standards. Contact Cahners
Exhibtions on 1-948 9800

Automated Test And Diagnosis — April 9-12th

International Centre. Bournemouth. Conference. Contact IEE on 01-240 1871.
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1989 1C Master, Vols 1, 2 and 3.
Editor: David Howell.
Published by Hearst Business
Communications.

Three volume set £98.00 from
J.B. Tratsart Ltd., 154a Greenford
Road, Harrow, Middlesex, HAl
3QT.

Weighing in at 4%%kg. the mas-
sive three-volume IC Master
is a brave attempt to catalogue every
IC known to man. Well. 80000 of
them anyway. If the directory works,
it should be possible to find out what
almost any IC does. where you can
get one, what substitutes or
equivalents there are, whether there
are any application notes about i {and
where to get them from). and a lot
more besides.

The amount of data varies
widely from IC to IC. What you are
guaranteed is a listing according to
function in one of the many tables. For
the MB3501, for instance. you dis-
cover that it's a wideband amplifier
made by Fujitsu, butthat’s your lot. For
more information you turn to the
distributors directory. find there’s no
listed UK sales office. and wonder why
you didnt spend the £98 on ice
cream.

But this is not fair. Most of the
time there’s enough data available to
at least allow a comparison between
various similar ICs and make a list of
devices that will be suitable for your
purposes. The regulators section. for
instance. is divided into listings of fixed
positive, fixed negative, dual, adjust-
able positive, and so on. Each listing
is further divided according to output
voltage and yet again for ouiput
current. So if you need an 8.5V regu-
lator good for 1A, you can track it
down in no time — there are three to
choose {rom.

Logo Guru
In addition to the main IC listings,
there are so many other areas of
additional information that it would
take a review as long as the IC Master
itself to do fulf justice to them. You'll
find a part number guide which not
only explains the letters that manu-
facturers append to the device codes.
but also gives the logo or symbol that
you might find printed on the IC — a
useful first step in identifying an
unfamiliar one. Here are afew of the
others that caught my attention.
The application notes directory
makes fascinating reading. The listed
data ranges from the ordinary and
predictable (there’s scads of stuff on
op-amps} to the most arcane. esoteric
and outlandish. How about a
Thermometer for Albacore Fishing?
or a Hands Free Featurephone? —
whatever that may be!
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Much less interesting to browse
through. butevery bit as useful, isthe
alternate source directory. It's a bit of
a letdown to discover that the
glamorpus sounding XR3503 is noth-
ing more than a workaday L M324 but
that's just the thing you'd like to know
if you came across it in a piece of
equipmen! you were repairing.

Data

The manufacturers' data section has
been greatly extended in this years
edition — most of the second volume
is given over to it. It's useful where it
appears but since the choice of what
data to provide, or indeed whether to
supply any at all, appears to be at the
discretion of the individual manu-
facturer. the coverage is very patchy.
Some of the smaller concerns list all
they've got: other firms (National for
instance) give It a miss altogether. If
you're lucky you'l find what you're
looking for but it's no substitute for a
shelf full of data books.

To an individual the £98 price
tag will give pause for thought but to
anybody who designs circuits, repairs
equipment. or is involved in the
surpius components trade. | say: go
for it! There’s an awful lot of infor-
tnation for your money. Large com-
panies. of course, fill their shelves with
directories as a matter of course and
may even overlook this one because
it doesn't absorb enough of the
budget. (How can you ask for abigger
budget next year if you havent

overspent a little on this years?) To-

you | say: give it a try anyway. You'll
find ifsthe one that actually gets used!

My only real grouse about the
latest edition is that the hard cover has
been abandoned in favour of a floppy
paper one. Making it behave on the
bookshelf is about 2s easy asfrying to
prop a drunken sailor against a lamp
post. But | guess you cant have
evervthing.

Paul Chappell
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M & B RADIO (LEEDS)

DEALERS IN SURPLUS ELECTRONIC EQUIPMENT,
TEST EQUIPMENT AMATEUR RADIO

OSCILLOSCOPE'S

PHILIP'S PM 3232. WOMHZ TRUE DUAL BEAM .

COSSOR CDU 150. COMPACT 35MHZ DUAL BEAM SCOPE' S
DELAYED SWEER. LARGE BCM X 10CM DISPLAY + X1 AND X10
PROBE KIT IN FRONT COVER. SPECIAL PRICE ...
FULL SERVICE MANUAL £10 EXTRA

TELEQUIPMENT D755. 50MHZ DUAL BEAM SCOPE'S. SOLID
STATE DELAYED SWEEP (EX MOD VERSION OF D75) .. =
TELEQUIPMENT D83. 50MHZ AS ABOVE BUT HAS LARG 8CM
X 11CMm DISPLAY
TEKTRONIX 466 100MHZ STORAGE SCOPE . S
TEKTRONIX 475 200MHZ DUAL BEAM SCOPE’ S "DELAYED |
SWEEP. HIGH SPEC. SPECIAL PRICE .

S$1GNAL GENERATOR'S

MARCONI TF995 “EX MOD” VERSION 1.5MHZ to 220MHZ AM

FM CW WITH {LEAD'S 502 + 759 PAD'S} SPECIAL PRICE £65
MARCON! TF 2002 10KHZ TO 72MHZ GENERATOR'S ................. %93
MARCONI TF 2012 UHF GENERATOR 400MHZ TO 520MHZ £100
MARCONI TF 2008 AMFM 10KHZ TO 510MMZ WITH BUILT IN
SWEEPER KIGH SPEC. WITH RF TEST LEAD KIT .. ...
MARCONI TF2015/TF2171 AMFM 10MHZ TO 520MHZ WITH
SYNCHRONISER .
RACAL RAY/ RECEIVER'S SOOKCS TO 30MHZ .
DATONG FL1 AUDIO FILTER'S ..
RF DUMMY LOAD'S EX MOD. 500 'NTYPE CONNECTOR 300
WATT'S CONT’ 0 - 250 MHZ _ .. ONLY £ 20
BRADLEY ELECTRONIC TESTMETER'S RF TO T200MHZ - . £ 25

ALL PRICES PLUS VAT + CARRIAGE

.. £375

£500
. £150
£ 30

Tel: (0532) 435649
Fax: (0532) 426881
Mabile: (0836) 288580

86 Bishopgate Street
Leeds
LS1 4BB

TOP QUALITY
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AUDIOPHILE NEW FROM SAGE AUDIO TECHNICAL

COMPONENTS
( 100 10 500W PERFORMANCE
=50V 1w 275¢

THE MOST ADVANCED HI-FI AMP IN THE WORLD

Following the success of the original SUPERMOS we now launch a higher powered
version with many new exclusive sound improvements not avaitabie on any other
ampiifier, kit, board, module, or ready made.

FEATURES:-
s Highly efficient distortionless PURE CLASS A
throughout {low heat generation)

"® Top audiophile campenents ing. best SMD's.
& Exclusively made matched custom semiconductors.
* Minimal capacitor design fwithout DC servos).
» PSU sound colpuration eliminated.
¢ Advanced PSU feedforward ripple elimination including

internalty separaiely regulated voltage AND current to
ALL stages using SAGE Super-Supply circuitey.
¢ Total reactance (difficult speaker) drive capable.

SIZE 240% 100 = 100mm

THD 0.0001%, Slewrate 685v/us, f-3dB 0.5Hz-350kHz, O/P Current 80amps,
Damping factor 940, transient power (2chms) up to 1800W max.

PLUS By innovative technical design we have eliminated 5 individual sound colouration components
found in all other conventional amplifiers.

E LIMIN A TE LD - 1)Emiter resistors 2) Zobel netwiorks 3}HF pole compensation &) Fixed bias
Vbe muitiplier and temp gen distortions 5) Capacitor sound.

AND THERES MORE ... Sage exciusive CLEAR CLIPPING [riot 10 be confused with soft
clipping} eliminates PSS ripple from reaching the output even when seversly clipped. this together with
individual regulated supplies to all stages (Super-supplies] TOTALLY efiminates PSU component sound
colourations, (A World firstl)

\ i s aasaadaanaddsdddd

Supermos £70, Supermos1 £85, Supermos2 £140 each
AND THERE'S MORE. . . Wecan't possibly describe this amp fully in this ad. To receive
an 8 page glossy brothure descnbing these modules inC descripion of our class A.operalion and all our products
send £1.50 chegue, PO, coins plus & 9" x12" 28p SAE (note we no longer send information withowt tha above
mongy and SAE ot HRCS ovarseas) to:

Sue Wilson, Sales Dept., SAGE AUDIQ, Construction House,
Whitley Street, Bingley, Yorks BD16 43H, England.

HIGHEST POSSIBLE §
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SURVEILLANCE

PROFESSIONAL QUALITY KITS

Arange 0t high quality kits a5 suppied to leading UK security companies, allin-house designed
and preduced, not to be confused with cheap imports. All kits come tully documented with
concise assembly and setung-up details, fibreglass PCB and all compenents. Al transmitters
ara fully tuneable and can be monitored on a normal VHF radio or tuned higher for greater
security. All units availabte ready built if required

MTX Micro-miniature audio fransmitter, 17mm X 17mm. §V operation. 1000m range £10.95
VT500 Hi-power audio transmitter. 250mW output. 20mm X 40mm. 912V operation. 2-3000m

[0 g oo e =S A B L R LR ho ke s 0 S g ok T e o e e o . £1295
VOX73 Voice activated 17 itter. Vanab y- 30mm X 49mm. 9V operation. 1000m
AN e L e X e ey = el FEWP £15.95
CTX900 Sub-carier scrambied audio ransmitler Cannoi be monitored withou! cecoder fitted
1o radio. 30mm X 40mm. 9V operation, 1000M range .. ...................... £18.95
DSX$00 Sub-carrier decoder umtfor momiloring CTX900. Connects 1o radio earphone sockel.
Provides output for headphones. 35Smm X 50mm. 9-12V operation ............ £17.95
HVX400 Mains powerad audio ransmitter. Connects directly to 240v AC supply. 30mm X 35
MERS00mTrangoi st S LN N TR S TS S SN Al =i W £1595

XT8% Crysial controlied audio ransmitier. High performance. 100mW output. Supplied with
xial for 108MHz. Others available to 116MHz. 85mm X 28mm. 9V operaton. 2-3000m
(o g e L e S ey S ey SR S S e gy B2 9,95
TK X900 Tracker/Bleeper Iransmitter. Transmits conlmuous stream of audio pulses. Vanable
fone andrate. Powerful 200mW output, 83mm X 25mm. 8V operation. 2- -3000mrange £18.95
ATR2 Micro size telaphone recording inlerface. Conngctsb telephone li ywhere)
and cassette recorder. Tape switches aulomatically with use of phone. All conversax:ons
recorded. Powered from line. 10mm X 35mm ... s e . £10.45
TLX700 Micro minjature telephona mansmitter. Connects to line (anywhete) smtcnes on and
off with phone use. All conversations transmittad, 20mm X 20mm_ Powered from ling. 1000m

range £10.95
XML800 AF bug detector. Variable sensitivity. Triggers LED and bleeper when in presence of
RF field. Detects MTX 15-20 feet. 55mm X 55mm. 9V operation . ... £21.95

XL7000 Professional bug detector/focaior. Variable sensitivity. Twin mode ten segment LED
readout of signal sirengih with variable rate bleeper. Second mode AUDID CONFIRM
distinguishes between localised bug transmission and normal legitimate signal suchas pagers.
cellular gte. 70mm X 100mm. 9V operation

UK customers please send cheques. PO’ of registered cash. Flease add £1.50 per order for
P&P. Goods despalched ASAP allowing for cheque clearance. Overseas customers send
sterling bank draft 9 Eurocheque and add £5.00 per oroer for shipment. Credit card orders
accepted on 0827 714476. Full calalogue available on receipt of 28p stamp. Trade enguiries
welcome,

; THE WORKSHOPS =
AR 95 MAIN RD, BAXTERLEY - {
DESIGNS | LGRS GIH 1T < ]
_WARKS CV92LE = 0827 714476

AURICKITS Precision @@_mﬁa{t@

THE VIRTUOSO POWER AMPLIFIER

AUDIOKITS top of the range power amplifier kit and stifl the rumber one power ampiifierin terms
of sound quality and ease of construction and testing. At £325 compiete, the standard 100W/
Channel version s excellent value for money whilst the 3U upgraded version at £840 offers the
kind of sonic performance expected of the world's best power ampiifiers.

THE VIRTUOSO POWER AMPLIFIER

The ideal constructors preamp. Excellent sonic performance and simple but effective circuitry
make it one of the most popular preamp designs published. And its modular construction,
including separate power supply regulator board makes it idea! for anyone requiring an MC
Stage, Disc Amplifier, Tone Controt or Basic Low Level Ampiifier on its own. Now even further
sonic improverment are possible through better components. For details send now for:
ACN19 VIRTUCSO PREAMP — THE SECOND UPGRADE ©5.00

ACN20 REMOTE PREAMP PCWER SUPPLY £1.50

AUDIO DESIGN POWER AMPLIFIER

Many ET} readers have substantially improved the sound quality of the original audic design
power amplifier by fitting higher grade recommended and supplied by AUDIOKITS. Whether
you are building the latest version as published or making your Qwn version th your own case,
AUDIOKITS component note and prcs list otfers many useful ideas on improving sound quality
at [ow cost. Send now for: .

ACN 22 AUDIO DESIGN POWER AMPLIFIER £2.00

For further details of Audiokits, Audio Ampiifier Kits, Electronic Components and Cables,
send 0°x4” SAE {overseas 3 IRCs) to Audiokits Precision Components. 6 Mill Close,
Borrowash, Derby, DE7 3GU, England. Tel: 0332 674929.
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AMPLIFIERS FROM
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The UK Distributor for the
complete ILP Audio Range

BIPOLAR AND MOSFET MODULES
The unique range of encapsulated amplifier modules

with integral heatsink.

HY30 15W Bipaiar amp. £11.30 HY248 120W Bipolar amp {Bohm} £24.15
HYS80 30W Bipolar amp £11.30 HY364 180W Bipoiar amp (dohm) £37 55
HYB060 30W Stereo Bipalar amp £23.66 HY368 180W Bipolar amp [8chm} £37.55
HY124 60W Bipolar amp (dohm) £18.50 MOSI28 60W Mosfet amo £34.95
HY128 G0W Bipolar amp {8chm) £18.50 MOS24B 120\ Mosfet amp £42.40
HY244 120W Bipolar amp {dohm} £24.15 MOS364 180w Motfer amp £66.25

PLATE AMPLIFIERS

Bipolar and MOSFET modules with the same elec-
tronics as above ampiifiers but housed in a different

extrusion without heatsink.

HYBO6P 30 W bipolar amp £19.15
HY124P 60 W bipotar amp {4 obm} £14.20
HY128P 60 W bipolar amp (8 ohmj} £14.20
HYZ244P 120 W bipolar amp (4 ohm) £19.25
Hy248P 120 W bipolar amp {8 ohm} £19.26
HY364¢ 180 W bipoiar amp {4 ohm) £24.85
HY368P 180 W bipalar amp {8 ohm) £24.85
MOS126P ‘60 W MOSFET amp £25.96
MOS248pP 120 W MOSFET amp £33.05
MOS364P 180 W MOSFET amp £66.20

NOTE: These modules require additional heatsinks.

POWER SUPPLIES
Comprising toroidal transformer and DC boatd to
power the ILP amplmer modules,

Application PSUS32 MOS128 (2) £26.16
PSU3C Preamplifier £10.36  PSU542 HY248 £26.75
PSU212 1 or 2HY30 £18.30 PpsSuss52? MOS248 £28.20
PSU412 HYBOBO.HY124, for2 HYGDE£20.46  PSU712 HY244 (2} £30.25
PSU422 HY128 £22.60 PSU722 HY248 (2} £31.28
PSU432 MOS128 £23.55 PSU732 HY 364 £31.25
PSUS12 HY244, HY 128 (2) :25 15 PSU742 HY368 £33.30
P5U522 HY124 (2) £26.18 PSU752 MOS364 MOS248 (2) £33.30

PRE-AMP and MIXER MODULES
These encapsulated modules are supplied with
in-line connectors but require potentiomaters,

switches etc. Individual data sheets on request,

HY8  Mong pre-amp with bass &treble £ 526
HY66  Stareo pre-amp with bass & reble £15.00
HYB3  Guitar pre-amp with special effects £18.95
BG Mounting board £ 115
BES Mounting board £ 1.75

POWER SLAVES

These cased amplifiers are supplied assembled and
tested in 60 and 120 watt Bipolar or Masfet versions,

US¥2 60 wart Ripolar (4obm)  £75.00 US32 60 watt Mosfet £99.95
US22 120 watt Bipolar {4chm) £83.75 US42 120 wart Mosfet £108.35

Prices include VAT and carriage B

Quantity prices available on request
Write or phone for free Data Pack

Jaytee Electronic Services
143 Reculver Road, Beltinge. Herne Bay. Kent CT6 6PL
Telephone: (0227) 375254 Fax: 0227 365104
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THE RTC MONITORII

100 WATT SPEAKER KIT £60.00 + £3.50 P&P {pair)

RESPONSE: 55Hz - 20kiHz
BASS POLYMER CONE D: 22cm
DOME TWEETER: 14mm

OVERALL S1ZE
(HWD): 382,252,204mm

RECOMMENDED AMP POWER:
10-100 watts per channel

The performance stan-
dard achieved in this
compactdesign is distinc-
tively superior to any-
thing else available atthe
price. The drive units
used are of sophisticated
design and have been
carefully integrated with a
Complex Crossover.
Stereo performance is exceptionally good with a
wall focussed sound stage and sharp resolution
of detail. Distortion throughout the frequency
range is low even at quite high powerinput and
this gives a great sense of dynamic range and
openness especially when used in bi-wired
made.

Supplied with:— 2 READY CUT BAFFLES, ALL
CROSSOVER COMPONENTS, 2 BASS MID-
RANGE, 2 DOME TWEETERS, HOOK UP WIRE,
GRILLE CLOTH, SCREW TERMINALS AND
SCREWS.

CROSSOVER KIT. To build 2 sets of crossovers
£11+£1.75 post. {Featured in Everyday Elec-
tronics—May 1989 issue). Reprint Free with Kits

AMPHONIC 1254125 POWER AMPLIFIER

125 watt per channel stereo power amplifier
with independent volume controls, professional
19” rack mount and silent running cooling fan for
extra reliability.
Output power

Output impedance ..

.... 125W RMS max. per channel
4to 16 ohms

. power into 4 ohms}
............................ 450V at 22K ohms

Sensitivity

Protection .... Electronic short-circuit and fuses

Power . 220-240V a.c. 50Hz

Chassis dim . 435%126x280mm

W i e e o e i Fertirrre 10kg approx
£124.99+ £7.00 pap

125W POWER AMP MODULE
£15+£1.15 p&p

SPECIFICATIONS: F
Max. output power (RMS): 125/,

Operating voltage (DC/): 50-80 max.

Loads: 4-16 ohms.

Frequency response measured at 100 watts:
25Hz-20KHz.

Sensitivity for 100 watts: 400V at 47K.

Typical T.H.D. at 50 watts, 4 ohms: 0.1%.

Dimensions: 205x90 and 130x36mm.

52W 2-WAY COMPONENT
SPEAKER SYSTEM £3.95

Comprises 8in rolled surround bass unit ang
2Vin tweeter for In-Car or Hi-Fi use. 4 ohm.
Made by Sanyo.

_ 8 OHM HI-Fl COMPONENT SPEAKER £4.95
6%in Audax 60w. Res freq. 45Hz bass-mid.
8in SOUND LAB 60W £12.95
Res. freq. 38Hz fuli range
12in DANTEX 100W £21.75
Res. freq. 23Hz bass unit
Postage £3.20 each order
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£1 BARGAIN PACKS
BUY 10 GET 1 FREE

Please state packls) required

Siereo rotary potentiometers
100k wire wound double precision
potentiometers UK made

No=0Order No.  Qty =Quantity per pack
o Oty
BPO10 2 64" Speaker 8() 10 watt
BPO12 2 614" Speaker 4{) 10 watt
BPDI3 3 87 x5” Speaker 41} 6 watt made by EM.I.
BPOT4B 2 &'x4” Fullrange 8 watt 41} speakers
BPO1SA 1 S'%" fullrange 12 watl 4f) speakes with matching
grill. For small p.a. or in ¢ar use. i
B8P015B 1 30 warr, dome tweeter. Size S0X65mi!
JAPAN made
BPO16E & 2200u!can type Electrolytic 25V d.c computer
grade made i UX by PHILIPS
BPO17 3 33000uL 16V d.c. electrolytic high quality
computer grade UK made
BPO1E 3 2000ut50V d.c electrolytic high quality
cormputer grade made in USA
BPO19 20 20 ceramic trimmers
BP020 4 Tuning capacitars, 2 gang dielectric a.m. type
EPO21 10 3 position, Btag slide switch 3 amp rated
125V a.c. made in USA
BP0Z2 5 Push-button switches, push on push off, 2 pole
change over. PC mount JAPAN made
BP023 6 2 pole 2 way rotary switch
BP024 2 Right angle, PCB mounting rotary switch,
4 pole, 3 way rotary switeh UK made by LORLIN
BPO25 4 3pole, 3 way miniawre rotary swilch with one
extra posilion off {open frame YAXLEY type}
BP026 4 4 pole, 2 way rolary switch UK made by LORLIN
BP027 30 Mixed contfol knobs
BP028 10 Slide potentiometers {popular values)
8
2

BPO31 & Single 100k multitune pots. idea! for varicap
tuners UK made by PHILIPS

BP032 4 UHF varicaptuner heads, unboxed and
untested UK made by PHILIPS

BP033 2 FMstereo decoder modules with diagram
UK made by PHILIPS

BPC34 3 AMIF modules with diagram
UK made by PHIUPS

BPO34A 2 AM-FM 1uner head modules.
UK made by MULLARD

BPO34B 1 Hi-Fistereo pre-ampmoduleinputsfor CD, tuner
1ape, magnetic cartridge with diagram.
UK made by MULLARD

BPO3S & Al metal co-axial aenal plugs

BP036 & Fuse holders, pane!l mounting 20mm type
JAPAN made

8P037 € Inlinefuse holders 26mm type
UK made by BULGIN

BPO38 20 5 pin din, 180" chassis socket

8P039 & Double phono sockets, Paxolin mounted

BP0O40 Single phano to phono screen leads 1.2m long
JAPAN made

BPO41 2.8m lengths of 3 core 5§ amp mains flex

BPo42 Large VU meters JAPAN made

4V miniature bulbs, wire enced, new untested
Sonotone stereo crystal cariridge with 78 and
LP styli JAPAN made

BP045 Stereo cassetie record and play heads

w
g
(73
& N O RON®W O

JAPAN made

BP046 6-0-6 4VA mains transformers, P.C. mount
UK made

BPO47 1 24V 750mA mains power supply. Brand new
boxed UK made by MULLARD

BP048 1 Car rear window heater.demister. Self aghesive
panel, size 24" x9”, complete with switch and
cable UK made
{fdeal for your old “Moggy 1000” etc)

BPD4S 10 0OC44 transistors. Remove paint from top and it
becomes a photo-electric cell [or P12}
UK made by MULLARD

BPO50 30 Lowsignaltransistors a.p.n. p.n.p. types

BPOS1 6 14 watt output transistors. 3
complimentary pairs in T066 case
{ideal replacement for AD161 and 762s)

BPO52A 1 Tape deck pre-arnp IC with record replay
switching No LM 1818 with diagram

BPOS3 5 SwattaudiolCs. No TBABGO (ATEZ)

BPOS4 10 Motor speed contral ICs, as used with most
cassette and record player motors

BP0SS 1 Digital DVM meter L.C. made by PLESSEY
as used by THANDAR with diagram

BP0OS6 4 7segment 0.3 LED display (R.E.D.}

BPOS7 8 Bridge rectifiers, 1 amp, 24V

BP058 200 Assorted carbon resistors

BP058 1 Powersupply PCBwith 30V 4V Atransformer.
MC7818CT IC & bridge rectifier: Size 4" x 23"

BPO60 1 Transcription record player motor 1500rpm
240V a.c.

BPD61 5 6.35mm Mono jack plugs

BP062 8 5pin DIN 180° plugs

BP063 § 6.35mm stereo switched jack sockets

BP064 12 Coax chassis mount sockels

BPOS5 1 3mir Euro-mains fead with a matching
chassis socket

BP0O66 1 FM wireless intercom. These are not second

hand ou1 butare slight rejects and may
nead repairing

RADIO and TV COMPONENTS ACTON LTD

21HIGH STREET, ACTONLONDON W36NG
MAIL ORDER TFRMS POSTAL ORDERS and or CHEQUES
withiorders. Orders under £20 add £3 00 service charge Neit
menthly Jrcounts to Schoels. Colleges and BLE only.
ACCESS : VISA Phohe.arders between 9.30 & 12pm please
Phone 01.7238437 or 01 992 8430
Callers 373 Edqware Road, London W2

30+30 WATT AMPLIFIER KIT

An easy to build amplitier with a good specifica-

tion. All the components are mounted on the

single P.C.8. which is already punched and

backprinted.

® 30Wx2 {DIN 4 ohm}

& CD/Aux, tape |, tape I, tuner and phone
inputs.

B Separate treble and bass

B Headphone jack

Size (H.W.D.) 75%x400x 195mm

Kit enclosed: case, P.C.B., all components, scale

and knobs £36.80. post £3.50

{Featured project in Everyday Efectronics April

1989 issue). Reprint Free with kit.

TV SOUND TUNER

In the cut-throat world of consumer electronics,
one of the questions designers apparentty pon-
der overis “Will anyone notice if we save money
by chopping this out?” In the domestic TV sef,
one of the first casualties seems to be the sound
quality. Small speakers and no tone controls are
quite common and that really is quite sad, as the
TV companies do their best to transmit the high-
est quality sound. Given this background a com-
pact independent TV tuner that connegts direct
to your Hi-Fl is a must for quality reproduction.
The unit is mains operated. This TV SOUND
TUNER offers full UHF coveragé with & pre-
selected tuning controls. It can also be used in
conjunction with your video recorder.

| £29 50 +£2,50 p&p

As above but with built-in sterec head-
phone amplifier for the hard of hearing
You cantune intothe TV channel you want while
still receiving the picture on your TV set. In factit §
is rather like a second television, but without the
screen. So that the ordinary TV can be placedfor §
everyone to see, and the volume on it can be
comfortable for others, while the sound tuner
can be placed where you ¢an control it. You will
need to plug in one of your own listening aids
such as headphones or an inductien loop to hear
the sound. The tuner is mains operated, has 5
pre-selectad tuning cantrols and can be used in
conjunction with a video recorder.

Size: 270x192%x65mm. £35.90 +£2.50 p&p

A.M. FM. STEREO TUNER
KIT

*SPECIAL OFFER,. ‘
£8.95 pius £2.50 p&p
This easy to build 3 band stereo AM/FM tuner kit
is designed in conjunction with Practical Elec-
tronics -

For ease of construction and alignment it incor-
porates three Muliard modules and an L.C. LF.
System.

FEATURES: VHF, MW, LW Bands, interstation
muting and AFC on VHF. Tuning meter. Two
back printed PCB's. Ready made chassis and
scale. Aerial: AM-Ferrite rod, FM-75 or 300
ohms. Stabilised power supply with ‘'C° core
mains transformer. All components supplied
are to strict P.E. specification. Front scale size:
104" x 214" approx. Complate with diagram and
nstructions.

Hi-Fi sterec cassette deck transport
mechanism, complete with 3 digit rev counter
and tape heads, 12V d.c. operation, Unused
manufactuters surplus JAPAN made

£6.20 +£1.50 P&P 2 for £10 +£2.50 P&P
Garrard stereo record playar deck, manual‘auto
operation, 3speed {78, 45, 3314). 240V operation.

Unused but store soiled
£6.50+11.50 P&P 2 for £10+£3.75 P&P




John Linsley Hood
looks at the history
and audio applications
of the forsaken but not

forgotten thermionic
valve
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or the first half century of its existence, the
art we call ‘electronics’ was all about the
construction and use of electrical circuitry
based on ‘thermionic valves’ — and there
are still some remaining enthusiasts, espe-
cially in the field of audio, who think that ‘valves’ are
the only proper way of doing things.

‘There is, quite clearly, an aesthetic appeal in the
sight of a row of gleaming bottles with complicated
arrangements of wire and metal glowing inside. It is
an appeal quite lacking in the dull black plastic blobs
and caterpillars of today and one which would
encourage a kind of electronic equivalent to the steam
railway preservation enthusiasts. But how and why
did vaives come fo be made and used in the first place?

Well, | suppose it all began with James Clerk
Maxwell, an Edinburgh mathematician with an
interest in physics who had turned his attention to the
basic principles of electricity and magnetism. In 1864
he proposed an ‘Electromagnetic Theory of Light, the
basis of which was that light was just another form of
electromagnetic radiation and offered a series of
equations which accurately defined the characteristics
of all glectromagnetic phenomena of this type.

This theory was received with enthusiasm by the
scientific community of the day because it tidied up
a lot of loose ends which had lain around since the
time of Newton. However, like most useful theories
it raised as many questions as it answered, one of
which was whether all gscillatory electromagnetic
fields would indeed cause energy to be radiated
through free space, as Maxwell’s equations implied.

The Discovery Of Radio Waves

Consideration of this possibility provoked a German
professor of physics at Karlsruhe, Heinrich Hertz, to
carry out a series of experiments to see whether this
effect — the propagation of an electromagnetic wave

from some discrete energy source to a remotely

positioned receiver — could be demonstrated in the
laboratory. In 1889, after some four years of experi-
mentation, he announced that he had conclusively
proved that this did happen just as Maxwell had
predicted.

The latter years of the nineteenth century
became atime of great activity in the field of electrical

telegraphy, first by the ‘Morse' code and later by
speech, and the prospect of being able to send tele-
graphic messages without the need to install connect-
ing wires — a true ‘Wireless Telegraphy’ — offered
great commercial prospects.

The possibilities were not lost on Marconiand he
began his own experiments with ‘Hertzian waves’
using much improved apparatus. A series of trials
commenced, demonstrating the use of such trans-
missions in places where cables could never be used,
such as from ship to shore and from ship to ship. and
across the Bristol channel. He mounted his historic
‘coup de theatre’ by a transmission across the whole
of the North Atlantic ocean from Poldhu on the Lizard
peninsula in Cornwall to St John's in Newfoundland,
which showed beyond doubt the potential for this new
discovery.

Understandably, the radio signals received across

. such distances were very weak and the apparatus

used for receiving them was primitive and inefficient.
No way was then known of amplifying the signals. So
from a strictly commercial point of view, the uncer-
tainties of reception made it a rather dubious com-
petitor to the well-established techniques of telegraphy
over wire or undersea cables. For 'wireless’ to succeed,
it needed improved hardware and this proved a
powerful stimulus to invention.

The Thermionic Valve

The thermionic valve really has its origins in the 1880s,
when Thomas Edison, the inventor of the filament
lamp bulb, had noticed that the glass wall of the bulb
would become darkened after prolonged use in
regions close to the filament, even though the bulb
had been evacuated of all gases.

‘He also found, as a matter of academic curiosity,
that if a metal plate was inserted into the lamp bulb,
the glass would stay clear in the area of its shadow.
Moreover. if he made this plate positive in respect to
the filament then a small current would flow.

This phenomenon was correctly interpreted by
Sir Ambrose Fleming as being due to the emission of
electrons from the filament and their subsequent
capture by the positively charged plate. The significant
feature of this effect was that current could only flow
in one direction (from the filament to the plate) since
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no electrons would be emitted by the cold metal'of
the plate itself.

This was just what was required to allow the
inaudible pulses of high frequency AC received by a
Marconi-style ‘wireless telegraphy’ apparatus to be
converted into unidirectional pulses of current which
could be heard by headphones or displayed on a
sensitive milliammeter. So in 1905 Fleming took out
a patent for alamp bulb with an internal plate, which
he called a ‘thermionic valve

He used this name because ‘thermions’ was the
technical term for thermaHy emitted electrons and he
described it as a ‘valve’ because of its capacity to allow
the current to flow in only one direction.

The next step was taken by an inveterate
American experimenter, Lee de Forest. He grasped
the fact that since electrons are negatively charged,
their flow from the filament to the plate could be
controlled if a wire mesh ‘grid’ was inserted into the
space between them. If this was at OV then the current
would flow as before, but if this grid was made suf-
ficiently negative the current flow would be cut off.

Thiskind of device would for the first time allow
small high frequency signals to be amplified and make
radioreception a much more reliable business. Soin
1907, de Forest took cut a patent for this device, which
he called the Audion’ tube, and by so doing launched
the whole business of electronics.

The Modern Electronic Valve

Clearly, the thin carbon and tungsten filaments of the
early lamp bulbs weren't a good recipe for a copious
source of electrons. Tungsten isn't bad but it needs to
be very hot (around 2250-2350°C) to be of much use
— that consumes a lot of power and doesn't make for
along life. In any case, what was required for valves
was that they be heated by a low voltage AC source,
derived from the mains by a transformer.

So in contemporary designs, valves have a
‘cathode’ {the name which is given to the electron
emitting electrode) in the form of a metal tube usually
made of nickel which is heated by an internal insulated
bundle of tungsten wire and is coated with a mixture
of barium and strontium oxides.

When this is heated to a dull red heat (about
850°C), a small part of the barium oxide in contact
with the nickel is reduced to metallic barium and this
diffuses outwards to the cathode surface. However,
a very hard vacuum is needed with ‘oxide coated’
valves to prevent the hot metallic barium from
promptly oxidising again!

Metallic barium has a much lower ‘work function’
{the temperature-related energy which. thgrmally
excited electrons have to reach to escape into the
vacuum surrounding the cathode) than tungsten and
these oxide coated cathodes are now the standard
form in valves or ‘electron tubes. [ have shown a typical
arrangement for an ‘indirectly heated’ cathode in
Fig. 1.

A ‘diode’ (a two-electrode valve) for use as a
detector for AC signals or power rectifier to convert
the incoming AC power supply from a transformer
into a suitable DC voltage (usually between 100-
450V) to operate equipment. is constructed by
mounting an electron receiving plate (called the
anode) in reasonably close proximity to the cathode.

Usually the anode is in the form of a small
diameter tubular sleeve mounted around a cylindrical
cathode. It is usually alse made of nickel and may be
blackened to assist it to radiate heat. To keep the
structure rigid, the electrodes will be spot welded on
to stiff metal rods, held between the glass ‘pinch’ at
the base and a mica washer which is itself a tight it
in the envelope. With modern tubular-envelope
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Fig. 1-€athode structure of an indirectly
heated valve
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valves, two such washers are used for even greater
electrode rigidity. { have shown this in Fig. 2.
Usually in this type of application, the closer the
spacing between the anode and the cathode the better
since it will lower the impedance and the consequent
voltage drop of the rectifier. Of course the electrodes
must not ever touch, even under shock or vibration.
Enough of a gap must be left between them in power
rectifiers to make sure that they don't spark overinside.

Amplifying Valves
These are all multiple eléctrode valves with one or
more ‘grids’ or other electrodes between the cathode
and the anode. They are called ‘triodes), ‘tetrodes’ or
‘pentodes’ and so on, according to the number of
electrodes (ignoring the heater} which they contain.

Taking the case of the triode, the simplest
amplifying valve, the effectiveness of the ‘grid’ in
controlling the current flow through the valve {for a
given grid voltage) depends on the fineness of the
mesh construction and the relative spacings of the grid
and anode with respect to the cathode.

If the grid is relatively close to the cathode and
the anode relatively distant, the amplification factor

of the valve will be large. Its impedance will however

be high and its maximum anode current flow will be
small. Obviously the characteristics are reversed for
a grid closer to the anode. A comparison of these
types is shown in Figs. 3a and 3b.

A couple of illustrative examples of the effect of
grid mesh and anode-cathode spacings are given by
a pair of double triode designs from the classic 'octal
based series. The 6SL7 has an anode current imped-
ance (Ra) of 44k, an amplification factor {u) of 70, and
a normal anode current ([a} of 2.3mA. Its lower
impedance brother, the 6SN7, has an ‘Ra’ of 7k, a
‘o’ of 20, and an 'la’ of 10.6mA

For power output stages, where the total output
power depends on the anode current, the maximum
practicable amplification factor of an ‘output triode’
might only be five or six, so this style of output
configuration was seldom used even in ‘hi-fi’ gear,
where the particular warmth of ‘triode sound’ might
have been an incentive.

Screened Grid, Beam Tetrode
And Pentode Valves

The main snag with the triode, though, was the
capacitance between its anode and its grid, which
would be several pF even in a small signal high gain
valve. This meant that it was very difficult to arrange
HF amplifying stages using triodes, since the kind of
circuit] have shown in Fig. 4 would certainly oscillate
atthe drop of a hat. (It was possible to ‘neutralise’ this
feedback capacitance but that made the circuitry a lot
more complicated.)

The answer was to insert another grid, only this
time with a suitable positive voltage, between the
control grid and the anode to act as an electrostatic
screen. This is shown schematically in Fig. 5. This
could reduce the anode to control grid capacitance
to about 0.005pF and make high orders of RF ampli-
fication possible without instability. 1

This layout also had another advantage in that
it allowed a very much higher amplification factor than
possible with a triode — figures of the order'of several
thousands being feasible. However, the snag was that
electrons accelerated towards the anode could cause
the emission of secondary’ electrons from the anode.
which would be picked up by the positively charged
screen grid and cause a 'kink’ in the anode current vs
anode voltage graph, as [ have shown in Fig. 6.

Fig. § Structure and circuit symbol for the
screened grid valve

TETRODE

PENTODE

sz = +100V

Fig. 6 The characteristic anode current kink
of a tetrode valve

Fig. 7 Beam tetrode structure

& @ B

[a) (b te)

(d}
Fig. 8 Circuit symbols for more complex
valve structures

This didnt present any great problem for RF
amplification where the likely size of the voltage swing
present at the anode was unlikely to take the anode
voltage into the problem region, but where such valves
were to be used for audio {especially in output stages)
the presence of the tetrode kink’ could sericusly limit
the possible output voltage swing.

Two ways were found of overcoming this dif-
ficulty. The first was to interpose a fairly open mesh
arid between the screen grid and the anode, con-
nected internally to a low potential {such as the
cathode or externally to the zero volt rail) . This would
produce a reverse voltage gradient close to the anode
which would discourage the emission of secondary
electrons, while having very little effect on the higher
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Fig. 9 Input characteristics of (a) vaive and (b} transistor

The last important variation of this device was the
‘vari-mu’ pentode, sometimes depicted in circuitry by
the use of the pentode symbol with z2n arrow drawn
through it. This device allowed the gain of an RF
amplifying stage to be controlled by means of a
varying negative DC voltage applied to its control grid.
This was achieved by winding the controf grid with a
spiral mesh of wire which became more widely spaced
towards one end. Then as the negative bias’ on the
grid was increased, the electron flow through the finely
spaced regions of the grid mesh would be cut off and
the only remaining electron flow would be through
the more open spaced region, which would have a
much lower amplification factor.
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easily obtained, plus they have a relatively graceful
overload characteristic.

In terms of the distortion of the output signal, they
are a lot better than any normal semiconductor with
the exception.of high voltage MOSFETs, and they are
alot better than these in respect of noise level and can't
be damaged by ‘static’

On the debit side, there are a lot of problems. To
start with, they are physically bulky and soak up a lot
of power. Anyone contemplating a twenty valve unit
would be envisaging a large hot lump of kit.

Again, the heater wiring has to be taken to each
valve holder and carries an AC current at mains
frequency and typicaliy at 6.3V. The hum induced by

velocity cathode-anode electron flow. This kind of 1
iayout was called a ‘pentode. |
The second and more elegant answer was to 2
construct a pair of ‘beam confining plates” on either
side of the cathode-anode electron path as [ have
% shown in Fig. 7. Such valves — called ‘beam’ or B N iC [
““kinkless’ tetrodes — became the mainstay of the Ein-—] | Ein—r]
output circuitry of the traditional valve operated audio
power amplifiers, since theyhad high efficiencies and | n —
a rather lower 3rd harmonic distortion content than o3k
their output pentode predecessors. %M Hic2 ez
2k2 T~ 25 T~ 100n
ov o ov ov
Other Multiple Electrode Valves (a1 (o1
For many years, manufacturers of radio sets had to SO e
pay a rovalty based on the number of valvesthat they :W‘_:z: gt ;ou:::: i
used in their designs. However even when this royalty % Y
payment lapsed, the economics of manutacture Fig. 10 Comparable valve and transistor gain stages
favoured multiple electrode valves since fewer valves | K
meant fewer holes in the chassis, fewer valve holders : RN
and fewer interconnecting wires. In those days, all There were also many specialised combination
interconnections between components had to be  valves, such asthe double anode valves used in high
made by hand with individual workers sitting, solder-  performance mixers and modulators, and the ‘magic
ing irons in hand, at an assembly bench so that the  eye' tubes used as tuning indicators. The main limit
fewer bits one had to join up the less the job would  on the inventiveness of the valve manufacturers was
cost. the eight or nine pins available for such electrode
The most common multipie valve types werethe  connections on the base of the valve.
triode-hexode {shown in Fig. 8a} used for the input
‘frequency changer’ in a superhet radio, and the ]
double-diode triode and d?)uble—diode pentode Advantages And Snags
{shown in Figs. 8 and 8c¢) used as combined IF  The big advantage of the valve is its robustness. [t
demodulator and AF amplifier/output stages forsuch  really does take quite a lot of carelessness to damage
radios. one physically — except perhaps the sort of user -
In television sets there would also be the triode-  capable of pushing a second compact cassette into the
pentodes of Fig. 8d for use in time-base circuits, along  hole of a car cassette player already occupied by the
with the ubiquitous double triodes of Fig. 8¢ — used  first one (I saw this achieved recently).
very widely in industry, as well as in ‘hi-ff amplifiers. Valves are also quite robust in use. They have
The small signal RF pentode such as the EF80 {shown  enough thermal inertia to be able te absorb, for a short
symbolically in Fig. 8f) was also found to be a very  time. a current or voltage overload many times their
useful device for AF amplification, and a special low-  normal rating, and a 1}/2-2x overload for several
noise low microphony version of this calledthe EF86  hours. They also operate at a high enough anode
was produced for use in audio equipment. voltage for quite high output voltage swings to be I
+5)V ———

Fig. 11 'Triode connection’
of output beam-tetrode
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this wiring, especially in small signal circuitry at the
input to an amplifier, is a nuisance which must be
minimised by care in the layout of these wires, installed
as a twisted pair or screened cable (and if the latter,
heavy enough to carry 1-2A).

For anyone used to transistor circuitry, the
absence of complementary’ symmetry in the valves
is a great pity, since ‘upside-down devices can be a
great help in neat circuit design.

One also misses the freedom to operate devices
at any sort of static voltage level one wishes since, with
valves, one must always keep an eye on the limits
on cathode-heater insufation and the possibility of
electron emission from the heater itself if the cathode
is a long way positive of the heater.

The order of voltages which one may encounter
in valve operated hardware is also such that one can
get a nasty shock if one plays with the innards while
the power is switched on, while with semiconductor
equipment the damage is more likely to be to the
semiconductors.

This leads to the other disadvantage with valves
— that their output impedance is so high. This means
that it is impracticable to connect a standard 4R or 8R
loudspeaker, even a 15R one. directly to an audio
amplifier circuit. The necessary output matching
transformer, even when carefully and expensively
made. is likely to introduce much more degradation
of the signal — especially on transients — than the
whole of the rest of the circuitry.

The bulk and weight of decently made output
transformers, to say nothing of the mains transformer,
will mean that a stereo power amplifier is going to be
quite a massive bit of gear. Still, people do build them
and people do use them. So for the interest of the
curious, [ propose to continue with alook at the design
technology of valve operated audic amplifiers.

Valves In Audio

Nearly thirty years ago, Fairchild Instrument
Corporation’s invention of the ‘silicon planar transistor
process proclaimed to the world that the transistor had
come of age and signalled the beginning of the end
for the dominance of the thermionic valve in the world
of electronics.

Well, as I said, that was nearly thirty years ago.
And yet valve operated audio amplifiers are still
around and, what is more, they are still being made
and sold to audiophiles — so why is this?

As with all things technical, there is good news
and bad news. Let us take the good news first.

The Advantages Of Valves

If one is considering the design of low distortion audio
amplifiers, the valve has a lot to commend it. To start
with, it has a very linear input voltage vs output current
transfer characteristic as compared with the silicon
transistor. as is shown in Figs. 9a and 9b.

Putting some figures to these graphs, the har-
monic distortion at the largest sensible output signal
level for a small signal AF valve stage could be of the
order of 1-2%. For a transistor gain stage using simple
circuitry, this figure would be nearer 10%.

Secondly, the valve amplifier stage will have a
very much larger possible output voltage swing, so
that for a given AF output the distortion would be
proportionately lower anyway.

Thirdly, the problems of ‘clipping’ in small signal
stages are of minor importance. Consider, for
example, a normal small-signal AF amplifier pentode,
such as the EF86, shown in a working circuit in Fig.
10a. This will operate quite happily at anode voltages
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Fig. 12 Typical layout of a high guality
push-pull output stage J

up to 400V, which would allow a peak-to-peak output
voltage swing of some 250V before clipping.

By comparison. a low-noise small-signal trans-
istor, shown in a comparable operating circuit in Fig.
10b, probably has a peak coliector voltage rating of'
some 30-40V and can only deliver an output signal
swing one tenth as large before the stage overloads.

‘Headroom'’ is a faitly vital consideration in the
preamp stages of solid-state audio gear. One hardly
needs to give it a thought with valves.

There is also the question of the stability of
performance characteristics. Valves do wear out with
time but this is a slow and gradual process and, as a
friend of mine once observed, “if you have a valve
amplifier and you measure its HT current from time
to time, provided that this is of the right sort of order,
you know your gear is all right. You can never be so
sure with these new-fangled transistor systems”

Finally, provided that one doesn't hit them with
something heavy and hard, or take an excessive
anode current for too long at any one time. the valve
is almost indestructible.

These valve properties were a very great advan-
tage for audio equipment, since the peak to mean
signal (and power) ratios of typical music signals are
very high and use at a quite modest average ouiput
may lead to occasional quite brief peaks in signal level
which could cause a transistor amplifier some trouble
— especially if the load impedance is a bit on the low
side — but which valve gear will shrug off.

This aspect is part of what one might describe as
the valve’s more graceful overload characteristics,
which endears this technology to its afficionados.

The Snags

1 have been around long enough in the field of
electronic circuit design to be able to remember quite
clearly the advent of the transistor, and the impact of
its intrusion into my orderly hot-cathode scene.
Obviously there were problems in the use of these little
gadgets — normal valve type circuitry didn’t work
terribly well with them.

Indeed. most of my own early trials with trans-
istors. seemed to end up with a very sick semi-
conductor, from which a small ascending spiral of
smoke signalled the end of the experiment. However,
once one did get the hang of their needs and prohibi-
tions, these little gadgets did make clear some of the
inconveniences in the use of the valves with which we
had lived so long.

To begin with, valves were BIG. Making small
sized bits of gadgetry with them was difficult. They also
didn't like knocks or vibration. This wasn't much of a
problem for domestic audio, with onés hi-fi amp sitting
quietly on the book case, but at the time | was an
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Fig. 13 Simple cascade phase inverter

+Voo

OV

Fig. 14 ‘Floating paraphase’ inverter stage
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industrial electronics engineer and the need to make
things which would work in hostile environments was
all part of the scene.

Thirdly, valves were a bit awkward in use. To
make any bit of kit using valves. one first had to start
by putting valve holders in a metal chassis. for which
one had to begin by cutting the holes. Then one had
to wire up the heater circuits using twisted pair wires
to minimise the extent of the radiated 50Hz AC field,
and then connect them to the mains transformer —
for which one had to cut a rectangular hole in the
chassis.

With the orders of voltage one needed to use
with valves, it was not considered good practice to
have the transformer mounted on top of the chassis
with its high voltage connections exposed, ready to
bite the unwary hand.

Finally, however careful one was with heater
circuit wiring or HT smoothing, one always seemed
to get a bit of residual mains ‘hum’ in the output. The
ideal result — so easy to achieve with transistors —
of an audio amplifier where one needed to lock at the
pilot light to see if it was ‘on), was a difficult thing to
achieve.

Nevertheless, a good valve operated audio
amplifier was a nice thing to listen to, especially in the
fond remembrance of nostalgia, a few decades in the
past. I said a ‘good’ one, since there were some pretty
grotty designs, even among those sold with a hi-filabel
and now considered to be collectors pieces.

Valve Audio Circuit Design

In any audio power amplifier, the task is to get as much
output as ene can for a given rating and cost of power
supply or output valves, with as low a distortion figure
as is practicable.

For small signal amplification, triodes are better
than pentodes in that their distortion content is lower
and consists mostly of second harmonic, which the
ear does not object to (indeed there is some evidence
that half a percent or so of second harmonic distortion
may actually appeal to the listener. Third harmonic
distortion is a2 major component of the pentode output
distortion figure and is definitely not liked by the ear).

Unfortunately, while triodes make quite good
{though lowish gain} small power amplifiers, they
make very inefficient {though nice sounding} output
stages.

The ‘beam tetrode’ is a style of valve in which the
unwanted secondary emission of electrons from the
anode {which can cause a big ‘kink’ in the anode
voltage/anode current graph when the ancde voltage
swings below that on the screen grid) is prevented by
a pair of internal ‘beam’ plates. Itis atleast as efficient
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as the pentode and is somewhere between the
pentode and the triode in its distortion characteristics.

Power output wriodes. in addition to being
inefficient, were always awkward to use and are now
no longer made, since one can get substantially the
same result by connecting the anode to the screen grid
(G2) in a pentode or beam tetrode, which avoids the
need for the manufacture of a separate valve tupe.

Using a single ‘triode-connected’ output beam
tetrode as | have shown in Fig. 11 will only give an
output power of 4-5W, even with an HT supply of
450V. This isn't adequate for ‘hi-fi’ use.

The ‘push-pull’ connection of a pair of triode-
connected beam tetrodes such as the celebrated
KT66s, as | have shown in Fig. 12, will allow an output
power of about 15W RMS, provided that the output
stage is matched to the load.

This brings me to the final snag for the audio
designer, which is that because valves have a high
output impedance (typically of the order of k-ohms).
an output coupling transformer T1is needed to match
such an amplifier design to a loudspeaker load. On
the quality of this component hangs the whole per-
formance of the design.

Push-pull Output Stages

Using the output valves in ‘push-pull’ gives a useful
increase in output power from this stage and will
cancel out most of the even harmonic distortion
residues. To do this it is necessary to provide an
antiphase pair of input drive signals to the two control
grids, so that as one goes positive the other willswing
negative.

The simplest way of doing this is by means of an
input ‘driver transformer butthe use of two coupling
transformersin cascade is not a very ‘hi-fi approach.
Respectable designs must therefore contrive some
kind of ‘phase-splitter' circuit, to convert the single
ended’ input signal into a pair of balanced low-
distortion push-pull signals, to drive the output valve
pair.

It is in the design of the phase-splitter stage and
the succeeding amplifier stages which will drive the
output valves that the ingenuity of the designer is most
needed, since it is a difficult part of the circuit to do
well.

I have shown some of the circuit options in Figs.
13-16. Of these the first and crudest, shown in Fig.
13, is just an additional {phase-inverting} amplifier
stage V2, with a trimmer pot on its input so that its
output can be adjusted to be the same as that from
V1. This works but offers few concessions to hi-fi.

An improved version of this circuit, shown in
Fig. 14, is called the floating paraphase’ and uses a
pair of resistors (RA/R5) connected between the
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VALVES

anodes of V1 and V2 to generate an input signal to
V2. Because of the negative feedback through R5,
the V2 output will be close to that from V1. Also.
because of the nearly 100% negative feedback
applied across V2 through R5, the output from V2
will not be much degraded by comparison with that
from V1

The third option in Fig. 15 is our old friend the
long-tailed pair’, very commonly used in transistor and
1C circuit layouts. This works best if there is a suitable
low-current negative supply to feed the cathode
circuit, so that both of the input grids can operate at
OV line potential.

This type of phase-splitter has low distortion but
may not, for a single long-tailed pair stage, give
identical but antiphase outputs from both V1 and V2.
Running two successive long-tailed pair stages in
cascade will ensure that the two push-pull outputs are
closely identical.

The final option of Fig. 16 is the split-load phase-
splitter. In this the second valve V2 is operated as a
cathode follower, but with an equal value of load
resistor in both its cathode and anode circuits. Since
the same current flows through both, the outputs must
be identical — apart from the minor effects of the
different load capacitances on the anode and cathode
circuits.

In practical audio power amplifier designs,
combinations of these circuits will be used but of
the choices the last option is very much the pur-
ists approach. This was the phase-splitter layout
employed by D T N Wiliamson of the Marconi-Osram
Valve Coin 1947, in his justly celebrated ‘Williamson®
15W amplifier, whose performance has hardly been
bettered in valve operated amplifiers to this day.

Practical Problems

The influence of the heater circuit on the operation
of a valve cannot be entirely ignored, since there will
inevitably be some currentleakage between the heater
winding and the cathode tube which surrounds it.
Also, since there will be some capacitance between
heater and cathode, some mains ‘hum’ voitage will be
coupled into the cathode circuit from the heater
winding.

Finally, if the cathode is significantly positive with
respect to the heater, there may be some thermionic
emission from the heater to the cathode and this will
inject an unwanted modulated DC into this circuit.
This problem could be even worse if the heater was
significantly positive in respect to the cathode, when
it would operate as another ‘anodée’

This difficulty was avoided in traditional designs
by the use of a separate heater supply winding on the

mains transformer. which could be connected to a
suitable posifive voltage supply so that the heater
element was that the same potential as the cathode.

Output Stage Efficiency

The output efficiency of push-pul triode-connected
beam tetrodes is nowhere near as goodas that of the
same valves when tetrode connected, and this had
stimulated some research during the early 1950s into
ways by which the output stage efficiency could be
improved (without too great a worsening of the THD
figure) by coupling the cathode or screen grid circuit
into the output transformer.

Various ways of doing this were tried — using
additional windings or taps on the windings for this
transformer — but the simplest and generally most
effective technique was found to be to connect the
screen grids (G2) to a tap on the primary wind-
ing, somewhere between 20% and 40% of the total
{Fig. 17). This gave an output stage distortion which
was nearly as good as that of the same valve when
triode connected but without causing too big a loss
in efficiency.

This technique was described as the ‘ultra-linear’
connection. | remember an indignant purist of the day
feeling that nothing could be more linear than ‘inear’
observing of this description that “it was like the
thirteenth stroke of a crazy clock . . . which cast doubt
on allthat which had gone before”. Nevertheless, this
was a useful improvement in output stage circuifry
and allowed existing valves to be used in 25-30W
ampilifiers.

Negative Feedback

Most of the exponents of valve operated audio
amplifier technology are also committed to the view
that negative feedback is a ‘bad thing' and must be
avoided. However, as a concession to the main stream
of circuit design thought, they may allow some 6dBs
worth in their designs. By doing this they fall between
two stools.

The purpose of negative feedback is threefold.
Firstly, it improves the accuracy of waveform preserva-
tion and this will apply, within certain bandwidth
constraints, to transient signals as well as steady state
‘sine wave’ ones.

Secondly, negative feedback will help stabilise
the gain. from unit to production unit and from LF to
HF. Thirdly, it will reduce the amount of unwanted
‘hum’ and noise introduced by that part of the circuit
within the feedback loop. However, to do any of these
things properly it must be adequate in extent. This
is particularly true for the reduction in waveform
distortion, for the following reason.

Assume that the amplifier introduces a certain
amount of second and third harmonic distortion.
Together with the original signal, this will be fed back
and added to the inputbut in antiphase. Because the
distortion components are not present in the input
signal, they will be amplified again to cancel the
original errors.

However, and this is the important bit, the
distortion components fed into the circuit by the
feedback loop will also be distorted, so the original
second and third harmonics will now generate fourth,
sixth and ninth harmonics. These last two are aurally
objectionable.

If enough feedback is used, the residual magni-
tude of the internally generated high order harmonic
distortion will be vanishingly small and wor't go round
the locp for a third and fourth time creating yet more
spurious overtones. However, to be on the safe side
at least 20dB. preferably 26dB, of NFB must be used
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Fig. 16 Split-load phase splitter circuit
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Fig. 17 The ‘ultra-linear’ output stage
configuration

and this demands a very good 'output transformer —
since this is the component which introduces the bulk
of the end of passband phase shifts.

Power Supplies

A high power audio amplifier will normally be
operated from a single +450V HT supply, and this

must be adequaiely smoothed to keep the hum level
down. Fortunately for those who make modern day
valve operated audio amps, reasonably sized electro-
lytics are now much more easily obtained than in the
1950s and this helps a lot.

The smoothing effect of a capacitor depends on
the energy which is stored in it. given by CV2/2. This
means an 8uF capacitor at 450V holds about as much
energy as a 1500uF at 35V. if one were to *push the
boat out’ and use a 100uF/450V smoothing capacitor,
this would be equivalent to a 16,500uF at 35V. Even
the advocates of filing cabinet sized reservoir
capaeitors would probably think that this was big
enough.

However, a 450V/ 100uF capacitor would pack
a lethal punch, and the HT+ supplv line would need
to be treated with great respect. In addition. an
inadvertent short-circuit across the HT+ line would
be noisy and highly destructive.

A Present Day 30W Valve Audio
Amplifier Design

| have sketched out in Fig. 18 the type of circuit which
might have been used when valve amplifiers were in
their heyday if some of the components we now take
for granted had been available to their designers.

This is largely based on the Williamson design
but with an ‘ultra-linear connected output transformer
and fixed bias for the output valves, derived from a
three-terminal voltage regulator in the interests of
output stage efficiency.

The performance of the design will depend,
crucially, upon the characteristics of the output
transformer. Assuming that this has a specification
which is as good as that of the original Williamson one,
the indicated amount of negative feedback will be
usable to give a bandwidth of 3Hz-100kHz, with a full
output THD of 0.1% at 100Hz-20kHz. decreasing at
lower cutput powers to below the noise threshold at
1IW or so.

I have only considered power amp designs
because, while it is possible to make valve operated
pre-amplifiers as well, | really cannot see any good
reason for such a masochistic exercise — except
possibly for ‘headroom’, and this could be achieved
more easily in other ways.
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Paul Chappell mounts
a special investigation
into the misleading
noise characteristics
quoted to
unsuspecting punters
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f you choose your op amps from caralogue

information, or even from some manufac-

turers’ data books, about the only indication

you'll get of the noise performance is a figure

of so many nV per VHz. Thumbing through the
Electromail catalogue. I see that the NES534 turnsin
a figure of 3.5nV per vHz, the TLO71 gives
18nV per YHz and the QP27G has a figure of
3.2nV per VHz. So for a low noise amplifier the
NE5334 is much better than the TLO71. but just a
touch inferior 1o the OP27G. right? Or is there more
to it than thar?

In the very same catalogue ! find that the
ZN549CP comes up with a white noise voltage figure
of a tiny 800pV per VHz. but that its LF spot noise is
3nV per vHz. Both figures subject to a zero source
resistance. What's going on here?

if thev had just put down the 800pV figure, my
choice would have been clear: 800pV is less than
3.2nV. So 1 choose the IC with the nicest number for
noise and go for the ZN549. But they confuse the
issue by putting in another noise number and then say
that the whole lot might not be true anyway: it only
works for a zero source resistance! Knowing that IC
manufacturers are just as keen as anyone else to say
their product washes whiter than white, you can bet
that the zero source resistance turns in the best
achievable figure. But what if the source resistance isn't
zero? Willit make a lot of difference? And how about
the other ICs — could it be that their figures depend
on having zero source resistance and the
manufacturers just forgot to mention it? It's enough
to make you read the rest of the article!

Voltage Noise Density

Lets go back to resistors for a moment. Take a 100k
resistor ar room temperature. By the formula for the
noise voitage vn(RMS) = v4KTRB. it’s easy enough

to calculate that the voltage noise in a given bandwidth
willbe 40nV x vB: that is 40nV times the square root
of the number of Hz in the bandwidth, or even more
simply: 40nV per ¥Hz.

This means that for a 1Hz bandwidth at any
centre frequency whatsoever. the RMS noise voltage
from a 100k resistor will be 40nV. The 40nV per vHz
is the noise density figure for the resistor: it tells you
how much noise in a unit bandwidth. Since it is
independent of frequency. the one figure tells you ali
you need to know. It can be summed up in the graph
of voltage noise density against frequency shown in
Fig. 1.

As a slight digression, the 40nV figure for a 100k
resistor {(or 4nV for a 1k resistor) is a good one to
commit to memory. As long as you remember that
the voltage noise is proportional to the square root of
the resistance (so four times the resistance will produce
twice the noise voltage, one hundred times the
resistance will give ten times the noise voltage and so
on) it fairly easy to do a quick calculation of the noise
density figure for any resistor in your head.

Now, what are we to make of similar locking
figures quoted for op-amps? The first thing to realise
is that the quoted figures are referred to the input of
the op-amp. If you make up an amplifier with a gain
of say twenty, and make sure that the input sees
exactly the same conditions it did when the tests which
produced the figures were made, and if you're lucky
enough to buy a device which lives up to the typical
figures. the best you can hope for is a voltage noise
density of twenty times the published figure at the
output.

The second assumption you have to make. if you
want to rely on the published figures. is that the op-
amp has the same noise spectrum as a resistor: equal
power per unit bandwidth or ‘white noise. If not. the
graph of noise density against frequency will not be
a horizontal line, the noise density figure will vary with
frequency and the published number won' be telling
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the whole story! T've already given enough hintsin past
articles for you to guess that the noise spectrum is not
flat for op-amps. The true picture for a low noise audio
amp (NE5534s and the like) is also shown in Fig. 1.
For 1kHz and above. the 3.5nV per YHz is a reason-
able approximation to the truth. Butit’s not the whole
truth.

The rise at the lower end of the spectrum is
caused by 1/f noise, so called because its density is
inversely proportional to frequency. At the upper end,
white noise predominates. The changeover point
{(where the two asymptotes join, as shown by the
dotted line in Fig. 1) is called the noise corner or 1/f
corner of the op-amp. Above this frequency you can
believe the published noise voltage figure. Below it,
don't trust it an inch!

If you can get hold of the figure for the 1/f corner
of the op-amp you're considering, you can rough out
a diagram like Fig. 1 for yourself. First, draw a
horizontal line at the published noise voltage figure.
Lel's say is 5nV per VHz: you draw a horizontal line
at 5nV. Now mark the line at the corner frequency.
Let's say i's 100Hz. Figure 2a shows these steps.

At a frequency of one hundredth of the corner
frequency (1Hz in thiscase), make a mark at ten times
the published noise voltage figure (50nV) and make
astraight line between this and the comer frequency
mark on the herizontal line (Fig. 2b}. Now make a
mark vertically above the place where the two lines
join, at about 1Y% times the published noise voltage
figure {7nV will be fine).

Now you draw in the curve freehand! Start along
the downward sloping line until you reach a tenth of
the corner frequency (10Hz in this case). Then move
away from the line so that your graph willgo through
the *1Y2-times’ point {or 1.4 times, to be a little more
accurate). Then head back towards the Lorizontal kne
and join in at about ten times the corner frequency
{1kHz). Follow along the horizontal line to the end of
the graph and you're done. Given the uncertainty
about ‘typical figures and variations in corner
frequency between one IC and another, your home-
made performance graph will give results every bit as
good as one youll findin a data book! Figure 2¢ shows
the result. Remember that you have to do this on log-
log graph paper or it won't give the proper answers.

Current Noise

Even when you've taken account of the 1/f noise, this
isby no means the whole story. Superimposed on the
op-amps bias currents is current noise: random
fluctuations of the current at the input terminals. You'll
usually find a figure for this in data books but not
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always in catalogues. It will be given as so many pA
per VHz. For the OP37 for instance, it is 0.4pA per
VHz — quite a respectable figure for a reasonably

priced op-amp. i

The same waming about low Rsy
frequencies applies here too: there Vint-)
will be a 1/f corner above which e
white noise will predominate and e Rgz

the noise density figure will be fairly
reliable, but below which it will rise.
The situation is worse than for
voltage noise because the corner
frequency is usually very much

SourCe resistance RS=R51 ’HSZ

Fig. 3 The bare bones
of an op-amp
input stage

higher.

Figure 3 shows the barest bones of theinput circuit
of an op-amp. In series with each input is a resistor
{(which might be zeroresistance iftheterminalis directly
connected to say OV). Theresistors might be physical
devices, or couldbethesourceresistance of whatever
is providing the input signal, or a combination of the
two.

The three thingsto be taken into account are the
op-amp's voltage noise, its current noise and the noise
generated by the resistors themselves. The effect of
the current noise will be to produce a voltage across
the resistors, so the whole lot can be summed up as:
total noise= J(voltage noise) z +

V {current noise)’ +
{resistor noise)?

You'll notice that if you assume Rg =0, you cut
out all the contribution from current noise and from
resistor noise and get a very cheerful looking figure.
It won't bear much relation to the op-amp's perform-
ance in a real circuit but it might persuade a few
dummies to buy one!

One decision an op-amp designer has to make
is how to trade off current noise against voltage noise.
An op-amp intended to work with high source resist-
ances will have the current noise minimised, probably
at the expense of the voltage noise but since current
noise will predominate over a certain value of Rs, this
is exactly what is required.

Left's see how this works out. First of all, notice
that the ‘root of sum of squares’ addition process for
noise sources means that the larger sources have a
disproportionately big effect on the total. Let’s suppose
that there are two noise sources, one of 3nV and one
of 1nV. The total noise willbe VO+1 = 3.16mV, so
neglecting the 1nV entirely would only give a little over
5% error in your estimate of the total noise! Unless
the two sources are very similar in size, there's little
error in saying that all the noise comes from the larger.

Now, suppose the two noise sources are the
voltage noise of the op-amp and the cument noise
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multiplied by the source resistance. If the source
resistance is low, the voltage noise will predominate.
The current noise will only start having an impact
when Rg is large enough for Rg times the current
noise to be a third or more of the voltage noise. Taking
the figures for the OP37, the voltage noise will be 3nV
per VHe, the exira voliage noise introduced by the
current noise flowing through the source resistance
will be (0.4xR)pV per VHz (because the noise
current density is 0.4pA per YHz), so for a source
resistance below about 2.5k (which would give 1nV
per VHz) the voltage noise swamps the current
noise. Above about 20k the voltage noise is lost in the
current noise. For high source resistances then, it's wise
to accept a high noise voltage figure for the op-amp
as long as it turns in a good noise performance,
because it's the current that will make the difference.

To get the total noise, you have to add in the
resistor noise, of course. P'm assuming that the source

resistance is high and the designer had no choice in
the matter (because the input comes from a trans-
ducer for instance). If there is a possibility of varying
the source resistance, the very best results will come
from the lower source resistance, lowest noise voltage,
.and a more modest figurefor the noise current.

The sum of all the various noise voltages for
several different op-amps is shown in Fig.4 (taken
from the PMI Linear data book). Bearingin mind that
it’s for a frequency of 10Hz and that most of the PMI
op-amps featured are intended for instrumentation
and have exceptionally low 1/f comer frequencies,
would | be justified in using this diagram alone to
‘prove’ that the OP27 and OP37 are better. noise-wise,
than the Signetics NES534? PMI don't say this. by the
way. but they do slip the Signetics IC in amongst their
own data and leave you to draw your own
conclusions!

STEVE CIARCIA'S FAMOUS BYTE PROJECTS NOW AVAILABLE AS TRIED AND TESTED KITS

SERIAL EPROM &8 e e |
PROGRAMMER | R :
Use stand-alone or
with computer/
Term. Programs
standard or fast
algorithm mode.
menu selectable, no 3 -~ =
jumpers. Programs all 5V 27xxx Eproms from 2716 t

ULTRASONIC
RADAR

An easy to construct
Ultrasonic Ranging
system complete
with transceiver
module and Polaroid
ultrasonic transducer.

System easily connects to any computer to measure distances

from 18" to 35 fi with a resolution of 1.2".

SUPER IC TESTER
Tests over six
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RN TS S AR GAE @
HCT, E, AS, and ALS
devices, 4000-series
CMOS and PALS.
Identifies un-marked
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0 27512.
Intel Hex file Upload /Download.

VIDEQ DIGITISER

True "Frame Grabber",

- gets picturein 1 frame

“ time. Bus independent

_ digitiser. Serial output,

- transmits 300 bps to
57.6 kbps. Resolution
is 256x244 64 grey
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imageWese

chips and bad IC pins. User definable test sequence and user
expand-abie ROM library. Operates stand-alone with LCD
display, or with PC or terminal.

MORE...

Other kits, and a wide range of fully-built computer boards, interfaces

and other products also available.

FOR FULL PRODUCT CATALOGUE CALL J.B. DESIGNS (285 658122

15 Market Place, Cirencester, Glos, GL7 2P°B

level. Accepts any B&W or colour composite video signal.
Optional Rec/Display makes up a video telephone. Images can
be stored and displayed on IBM PC. Comprehensive IBM
image-processing software available.
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FREE READERS' AD

Buy, sell or exchange through our free service to readers

.Z80 BASED FILESERVER and work station plus NEC Spinwriter,
word processing and other software. £100. Phone Chandlers Ford
262402.

EX-ARCADE video game PCBs. Working. Many useful parts. £25.
Also various surplus components. 11 Cooper Street, Nuneaton, Warks
CV11 4BP. (0203) 342825,

RTTY morse code master CWR-610 with green monitor. Operating
manual. Bargain, hardly used, £125. Sittingbourne, Kent. Tek: {0795)
78627.

TERMINAL. Televideo 970. Software set up. Two comms ports and
manual. £100. Contact Mr Onno, 100 Masser Road, Coventry CV6
4JW.

PROTOTYPE GYMNASIUM SCOREBOARD as per ETI 1985.
£50 as is. Refurbished by author negotiable. Delivery within reason.
Ken Wooed (0633) 896705.

WANTED: ‘Practical repair and renovation of colour TVs' by C. E.
Miller, Babani BP 34. Postage refunded. Mr P. Faccenda, 5/5
Murrayburn Gardens, Edinburgh EH14 2PZ.

KODEN KS 510 11 automatic direction finder, 150kHz to 4 6MHz
in 3 bands. Six crystal spaces. Swap for good communications receiver.
Phone 082-623 461.

TRANSCEIVER COBRA 25GIL 27MHz Citizens Band 40
channels AM American frequencies. Also 13.8V DC output mains
power supply £55. Phone {0406) 380037.

1936 MAINS RADIO. Collectors item, wooden case, good working
order. Philco model 269. Nice tone, £35. (Edinburgh) 031-229 0067.
WANTED: Photocopy complete article Ultrasonic Alarm, Hobby
Electronics October 1983 issue. Tel: Ashford (0233) 33177.
WANTED: SERVICE MANUAL or user manual for Qume printer
$5. Loan acceptable. Wil refund p&p. Phone (0625) 20782.
WANTED: RCA receiving tube manual. Cosgrove, 59 Fenton Road,
Bournemouth BH6 5BS. Tel: (0202) 432973.

YAESLI EQUIPMENT. FRG9600 scanning receiver £395. FT790R
UHF multimode transceiver £285. FRG7 receiver £120. Phone
Portsmouth (0705) 250830 after 6pm.

ETI Apr 72 (No. 1) to Mar 82 (4 missing). Practical Electronics Nov
64 (No. 1) to Mar 82 {1 missing) offers? J. R. Harris (0285) 658144
{home) (0793) 751160 (work).

WANTED: DFS 1 20 for BBC micro, also printer, LQ or NLQ. Tel:
01-720 4619.

ELECTRONIC SOFTWARE for BBC micro from Famnell. Stupid
price £35 the set. Call Jon (0905) 53248 24hr or {0905} 52536.
555 TIMER ICs. Brand new, no rejects. Only 24p each or 20 for
£4.40. S. Lord, 6 Stubbing Brink, Hebden Bridge, HX7 6LR.
AMSTRAD COMPUTER magazines: 60 +, many titles, will sell £20,
will not split, p&p not included. — Phone (0368) 62836, after 6pm.
WANTED: WIRING details for Powertran MPA-200 amplifier. — Roy
Porter. 71 lrish Street, Londonderry, Norther lreland, BT47 2DA.
Tel. (0504) 41968.

COMMODORE 64 modem with [D manuals, boxed. as new. Ibico
Ltrl letter quality printer, boxed. £200 ono the lot. — 01-699 1146.
HITACHI LCD displays, new LM032L, £15; new H2571, £10; ex-
equip LMO20L. £5. — Tel. (0577) 63553. evenings.

CALL UK’ best muiti-user BBS (0905) 52536. Archimedes
conference now in operation — lots of downloads.

TREKKER ROBOT: user guide, software guide and discs, umbilical
cord connects with BBC computer, £80. — Tel. (0772) 423696.
WANTED: MOTOR EG510ED for NEC-K450E cassette deck or
Mabuchi motor without electronics. — J. Corfield, 6 Lavender Bank,
Biships Castle, Shropshire SY9 5BD. Tel. (0588) 638238.
WANTED: DOS manuals etc for Burroughs B20 Series. — D
Armstrong, 85 Lower Bagthorpe. Bagthorpe. Notts NG16 5HF.
WANTED: ZX81 with 16K ram pack, also ZX printer wanted. Would
pay around £25. — Phone (0902) 759034, Wolverhampton.
THORENS TURNTABLE, TD166 Mk Il. New condition, including
cartridge. £75. — Phone 01-804 8605, evenings for details.
RESISTORS. 14W. 5%. 470R. 3k3, 18k, 47k, 100k. 1 pence each
or50p/100. 50 pence p&p. — Andrew, 14 Bolingey Way, Hucknall,
Notts NG15 6GZ.

PHILIPS MDCR200. Test cert and data. Cost over £100. Price as
new, £35. Perfect tape storage. — Tel. Garry, 061-799 7365.
WANTED: CIRCUIT diagrams for Spectrum 48K/128K,
Commodore 64K/ 128K, Atari 800XL. — Hackers to contact Atif, 437
Chaklala Sch 3 Rawalpindi, Pakistan.

ARCADE GAME PCBs, old and new. from £50, with connecting
instructions. Also some full arcade machines. — Phone Steve, Oxford
{0865) 63744.

SPECTRUM GAMES, books. peripherals, 50p to £2. Blank cassettes
20p. — SAE list: S. Sunderland, 54 North Road, Three bridges, West
Sussex RH10 1RH.

CENTRONICS TYPE 50-way I"'C plugs (3M Delta ribbon
connectors). Box of 100 for £25in  -ostage. — (0744) 24608 (St
Helens}.

CORTEX 16-BIT computer, offers. BBC 8271 disk controller, £25.
S5l/in 1Mb disk drive, half height, offers. — Phone (0602) 461449.
WANTED: SN76477 sound effects generator IC. Two needed. —
Richard C. Doughty, 10 Northdown Way, Margate, Kent CT9 3QX.
CAMERA EQUIPMENT: Praktica camera, electronic flashgun,
tripod, 3lens, ‘new’ was unwanted present. £160. — David McDowell,
257 Linn Reoad, Lame BT40 2AH.

TI59C, PC100 programmable calculator and printer. Electrical
engineering, maths utilities modules etc, plus spare magnetic cards
and all manuals. £200. — (0844) 53498.

ETI BACK issues. 1975-1984, £25. — Phone Yateley, (0252)
877577.

WANTED: APPROX 35 foot, 3 section lattice tower or similar, with
winch. Can collect. — Telephone after Spm: Cannock (05435) 79818, |
contact John,

F-
I
[

CONDITIONS

® These ads are only for ET? readers not engaged in buying or selling the same items or services
on a commercial basis.

® Ads will be inserted as and when space permits. Insertion in a specific issue cannot be
guaranteed.

® ETI reserves the right 10 alter or refuse ads whenever this is judged necessary.

@ All ads are accepted in good faith. Neither the magazine nor its publishers can be hetd
responsible for any errars in the reproduction of ads. aor for untruths or misrepresentations,
nor for the actlvities of advertisers or respondents.

@ Advertisers submitting ads for this section shall be deemed to have accepted these
conditions.

Ads should be 20 words or less including the address and/or telephone
nurmber. Please write in black block capitals or type in the grid provided
on this form or a photocopy.

Send the form to:

FREE READERS’ ADS

Electronics Today International
Argus House, Boundary Road
Hemel Hempstead, Herts HP2 75T

Enter your advertisement below
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Ray Marston opens his
circuit notebook to
ETI readers, starting a
muni-series on DC
motors and how to
keep control

LIRCUITS
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DC MOTOR

CONTROL
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Fig. 1 Motor action of a four phase variabie-reluctance stepper motor
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ne of the most interesting applications

of electronics is the control of DC

electric motors. Careful techniques

can be used to give precision step

rotation or speed /direction control of
multi-phase stepper motors, or precision speed
regulation or wide-range speed control of permanent
magnet DC motors, or precision control of the speed
or angular movement of various types of DC
servomotor, and so on. Practical application circuits
of all these types are shown in this and the next part
of this mini-series. Let’s start off by looking at the
various types of DC motor.

DC Motor Types

Four major types of DC electric motor are relevant to
us. The first of these is the 'stepper’ motor, which has
several phase windings. These are pulsed in an
appropriate sequence to rotate the output spindle a
precise step angle (usually between 1.8° and 7.5°).
Thus the spindle can be turned an exact number of
steps or rotated continuously at any desired speed in
either direction, simply by applying suitable pulse
sequences.

Stepper motors can easily be controlled via a
microprocessor or dedicated stepper motor driver IC
such as the SAA1027 or SAA1024. They are widely
used in applications where precise amounts of angular
movement are needed, such as in the movement of
robot arms, in daisy wheel character selection, or the
movement control of the print head and paper feed
in an electronic typewriter.

The most widely used type of DC motor is the
permanent magnet commutator type, simply
designed to rotate at some approximate speed when
powered by a particular DC voltage. Motors of this
type are used as fixed-speed drivers in tape/cassette
recorders and record /disc players, and as wide-range
variable-speed drivers in miniature electric drills and
moedel locomotives. In all of these applications, the
motor performance can be greatly enhanced with the
aid of electronic control circuitry.

The third type of motor is the so-called ‘servo-
motor. This is simply an electric motor coupled to a
movement-to-data translator such as a shaft-mounted
tachogenerator (which gives an output proportional
to the motor speed) or a gearbox-driven
potentiometer (which gives an output proportional to

the output shaft position). When one of these motors
is coupled into a suitable power control feedback loop,
its speed can be precisely locked to that of an external
frequency generator, or its shaft movements can be
locked to that of an external shaft or control knob.
Servomotors of the tachogenerator type are
often used to give precision speed control of
record /disc turntables. Servomotors of the ‘pot output”
type are widely used to give remote-controlled
antenna rotation or remote activation of model
aircraft/boat control surfaces and engine speed.
The final type of motor is the 2-phase low-voitage
AC motor, usually driven via a DC-powered low
frequency oscillator. Motors of this type are
occasionally used in turntable driving applications.

Stepper Motor Basics

Stepper motors come in two basic forms, either
‘variable-reluctance’ or *hybrid’ types. Stepper motor
basic principles can best be understood by looking at
Fig. 1, which shows stepping operation of a 4-phase
variable-reluctance motor.

The stator (body) of this motor has eight inward-
projecting teeth, each with a coil winding connected
to oppose the coil on the opposite tooth. This gives
four-phase pairs: A,BC and D.

When a phase is energised, magnetic flux flows
from the positive phase tooth to the negative one via
the shortest possible magnetic path through the soft-
iron rotor, which has six (in this case) projecting teeth.
To minimise this magnetic path the rotor is forced to
move so that the nearest pair of its teeth align with
those of the energised phase.

Thus in Fig. 1a, phase A is energised and the
rotor’s reference tooth (indicated by the large arrow)
aligns with positive phase tooth A, From this position
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Fig. 2 Standard extemal connections

for a four phase stepper motor
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Fig. 6 Complete stepper motor drive and test circuit

we could energise phase B (the rotor turns 15°
anticlockwise for the nearest tooth to line up — Fig.
1b) or phase D (rotor turns 15° clockwise — Fig. 1c).

Going from phase A to phase C would give an
uncertain result since two possible teeth are
equidistant from the C phase.

So each step gives a 15° rotation and we can
choose between clockwise and anticlockwise simply
by energising in the order ADCBAor ABCD
respectively.

The step length of this type of motor equals 3o Px N
degrees, where P is the number of phases, and N is
the number of rotor teeth. In the case of Fig 1, this
gives a step length of 15° indicating that a 24-step
sequence is needed to complete one motor
revolution.

ETI AUGUST 1989

Hybrid Stepper Motors

In practice the most popular variety of stepper motor
is the hybrid type, which gives the same type of
stepping action as in Fig. 1 but differs in details of
construction and operation {for example, its rotor
houses a permanent magnet and energising flux flows
parallel to the shaft axis). Usually, these motors have
four phases or coil windings, which may be available
via eight independent terminals as shown in Fig. 2a,
or via two sets of triple terminals, as shown in Fig. 2b.
The phases are usually designed for unipolar drive
and must be connected in the correct polarity.
Figure 3 shows the basic way of fransistor driving
a normal 4-phase hybrid stepper motor at its
designated voltage rating. Table 1_at the end of the
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article shows the usual full-step switching sequence.
Note that the motor can be repeatediy stepped or
rotated clockwise by repeating the 1-2-3-4 sequence
or anticlockwise by repeating the 4-3-2-1 sequence,
and thatin each step two phases are energised at the
same time but phases 1 and 2 or 3 and 4 are never
both on at the same time.

A useful feature of the 4-phase hybrid motor is
that it can also be driven in the ‘half step’ mode, the
rotor advancing only a half step angle at a time, using
a mixture of single and dual phase switching, as shown
in"Table 2.

A 4-phase hybrid motor can be operated from
a DC supply greater than its designated voltage rating
by wiring suitable dropper resistors in series with its
phases. Since phases 1 and 2 or 3 and 4 are never
both on at the same time, each of these pairs of phases
can share a single dropper resistor, R, at each of the
points X and Y in Fig. 3. Thus, a 6V 6R motor (1A

per phase) can be operated viaa 12V supply by giving
each resistor a 6R 6W rating.

The SAA1027 Driver IC

Several dedicated 4-phase stepper motor driver ICs
are available and the best known of these is the
SAA1027, designed to operate from supplies in the
9.5Vto 18V range and to give full-stepping 4-phase
motor operation at total output drive currents up to
about 500mA.

Figure 4 shows the outline and pin notations of
the SAA1027, Fig. 5 shows its internal block diagram
and basic application circuit. Internally the IC has three
buffered inputs which are used to control a
synchronous 2-bit (4-state) up/down counter, its
output fed 1o a code converter which then uses its four
outputs to control (via suitable driver circuitry) four
transistor output stages. Each of these operatesin the
open-collector mode with motor back-emf damage
protection provided via an internal collector-to-pin-13
diode.

Note that the IC has two sets of supply rail pins.
one set (pins 13 and 12) feeding the high-current
circuitry and the other (pins 14 and 5) feeding the low
current sections. In use, pins 5 and 12 are grounded
and the positive (usually 12V) rail is fed directly to pin
13 and via decoupling components R1-C1 to pin 14.
The positive rail must also be fed to pin 4 via RS
which determines the maximum drive current
capacity of the four output transistors. The appropriate
value of R, is given by

R,=(4E/I)-60
where E is the supply voltage and I is the desired
maximum motor phase current. Thus when using a
12V supply. R, needs values of 420R, 180R, or 78R
for maximum output currents of 100mA, 200mA or
350mA respectively.

The SAA1027 IC has three input control
terminals, noted COUNT, MODE and RESET
RESET is normally biased high, letting the IC’s outputs
change state each time the COUNT terminal
transitions from the low to the high stage, as shown
in Table 3.

The sequence repeats at 4-step intervals but can
be reset to zero at any time by pulling RESET low. The
sequence repeatsin one direction (normally clockwise
motor rotation) when the MODE input is low and in
the other (normally anticlockwise} when high.

Figure 6 shows a practical drive/test circuit that
can be used to drive hybrid 4-phase stepper motors
with current rating up to about 300mA. The motor
can be manually sequenced one step at a time via
SW3 (which s effectively ‘debounced’ via R4-C5), or
automatically via the 555/7555 astable oscillator by
moving SW2 to either the STEP or FREE-RUN
position. The motor direction is controlled via SW4
and the stepping sequence reset via SW5.

The operating speed of the free-running astable
circuit is widely variable via RV1 and SW1. In the
SLOW (1) range, the astable frequencyis variable from
below 5Hz to about 68Hz. On a 48-step (7.5° step
angle) moter this comresponds to a speed range of
6-85rpm. Switch SW1 ranges 2 and 3 give frequency
ranges that are 10 and 100 times greater than this
respectively and the circuit thus gives a total speed
control range of 6rpm to 8500rpm on a 48-step
motor.

Circuit Variations

The basic Fig. 6 circuit can be varied in several ways.
Figure 7 shows how it can be driven via a computer
or microprocessor output port with terminal voltages
that are below 1V in the logic O state and above 3 5V
in the logic 1state. Note that this circuitry reverses the
normal polarity of the input control signals. Thus the
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Fig. 10 On/off motor control using transistor
switching and (b} increased sensitivity l

STEP input is pulsed by a high-to-low transition, the
stepping sequence is RESET by a high input, and a
low MODE input gives forward motor rotation and a
high input gives reverse rotation.

Figures 6 and 7 are designed to give maximum
output drive currents up to about 300mA. If desired
these outputs can be boosted up to about 5A by using
the two circuits of Fig. 8, which each show the
additional circuitry needed to drive one of the four
output phases of the stepper motor. Four such driver
stages are needed per motor. The Fig. 8a circuit can
be used to drive motors with fully independent phase
windings and the Fig. 8b design can be used in cases
where two windings share a common supply terminal.
In both cases D1 and D2 are used to damp the motor
back-emfs.

Magnet Commutator Motor Basics

Leaving the stepper motor. let's move on to the most
widely used DC motor — the permanent magnet type
with a commutator that rotates when the motor is
powered from an appropriate DC voltage. Figure 9
shows the symbol and simplified equivalent circuit of
this type of motor.

The basic action of this motor is such that an
applied DC voltage forces current through its sets of
armature windings (via commutator segments and
pick-up brushes) and generates eleciromagnetic fields
that react with those of fixed stator magnets in such
away that the armature is forced to rotate. Asit rotates,
its interacting fields make it generate a back-emf that
is directly proportional to the armature speed and
opposes the applied DC voltage. thus giving the
equivalent circuit of Fig 1b, in which R,, represents
the total resistance of the armature windings, and E
represents the speed-dependent back-emf.

The major points to note about this kind of motor
are as follows:
® When the motor is loaded by a fixed amount, its
speed is directly proportional to supply voltage.
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® When the motor is powered from a fixed DC
supply. its running current is directly proportional to
the amount of armature loading.

® The motors effective applied voltage equals the
applied DC voltage minusthe speed-dependent back-
emf. Consequently when it is powered from a fixed
voltage, motor speed tends to self-regulate, since any
increase in loading tends to slow the armature. thus
reducing the back-emf and increasing the effective
applied voltage and so on.

® The motor current is greatest when the armature
is stalled and the back-emf is zero. It then equals
V/R,, fwhere V is the supply voltage). This state
naturally occurs under ‘start’ conditions.

@ The direction of armature rotation can be reversed
by reversing the motor’s supply connections.

The main applications of electronic power
control to DC motors of this type are in on/ofi
switching and direction control and in variable speed
control and improved speed self-regulation (subjects
that are dealt with next month}.

On/Off Switching

A DC motor can be turned on and off by wiring a
control switch between motor and power supply. This
switch can be an ordinary electromechanical type {or
a pair of relay contacts}, or a switching transistor as
in Fig. 10a. Here the motor is off when the input is
low and is on when the input is high. Note here that
diodes D1 and D2 are used to damp the motor’s back-
emt. that C1 limits unwanted RFI. and R1 limits QT’s
base current to about 52mA with 6V input. Under this
condition Q1 provides a maximum motor current of
about one amp.

In the above circuit, Q¥s 52mA base current is
provided via the external drive circuitry. If desired, the
drive current can be reduced to a mere ZmA or soby
adding a buffer transistor as shown in Fig. 10b, where
R3 limits Qs base current to a safe value.

Direction Control

The rotational direction of a permanent magnet DC
motor can be reversed by simply reversing the polarity
of its supply connections. I the motor is powered via
dual (split) supplies. this can be achieved via a single-
pole switch connected as in Fig. 11a or via transistor-
aided switching by using the circuit of Fig. 11b.

Transistors Q1 and Q3 are biased on and Q2 and
Q4 are cut off (with Q2 base-emitter junction reverse
biased) when SW1is setto the forward position, and
Q2 and Q4 are biased on and Q1 and Q3 are cut off
{with QT’s base-emitter junction reverse biased} when
SW1 is set to the reverse position. Note that-if this
circuit is used with supply values greater than 12V,
diodes must be wired in series with the Q1 and Q2
base-emitter junctions. to protect them against
breakdown when reverse biased.

The circuit of Fig. 11b uses double-ended input
switching and this makes it difficult to replace SW1
with electronic control circuitty in ‘interfacing’
applications. Fig. 11c shows how the design can be
modified to give single-ended input switching control,
making it easy to replace SW1 with electronic
switching. In this circuit, Q1 and Q3 are biased on and
Q2 and Q4 are cut off when SW1is set to the forward
position. Q2 and Q4 are on and Q1 and Q3 are off
when SW1 is set to reverse.

Direction Control, Using
Single-ended Supplies

If a DC motor is powered from a single-ended supply,
its direction can be controlled via a double-pole switch

SHRIRME N
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Fig. 11 Motor direction control using (a) simple switching
{b} transistor switching and
{c) transistor switching with single-ended input

wired as in Fig. 12a, or via a bridge-wired set of
transistors connected in the basic form shown in Fig.
12b. Here Q1 and Q4 are turned on and Q2 and Q3
are off when SW1 is set forward, and Q2 and Q3 are
on and Q1 and Q4 are off when SW1 is set to reverse.
Diodes D1-4 are used to protect the circuit against
possible damage from motor back-emfs, and so on.

Figure 12¢ shows how the circuit can be modified
to give alternative switching control via independent
forward/reverse {SW1) and on/off (SW2) switches.
Avery important point to note about this configuration
is that it causes Q1 or Q2 to be turned on at all times,
with the on/off action being applied via Q3 or Q4. The
motor currents can collapse very rapidly (via the
Q1-D2 or Q2-D1 loop) when the circuit is switched
off. This so-called flywheel action is vital if SW2 is
replaced by a pulse-width meodulated {PWM)
electronic switch, enabling the motor speed to be
electronically controlled (this technique will be
described next month). ]

A weakness of the simple Fig. 12b circuit is that
it uses fairly high base drive currents, which must be
supplied via the switching circuitry. Fig. 13a shows a
more sensitive version of the cireuit, which needs input
contro} currents (to the A, B, C, D terminals) of only
a few milliamps.

This can be controlled manually via a pair of
switches by using the connections of Fig. 13b. It can
also be controlled electronically as in Fig. 13¢. in which
a4052B CMOS IC is used as a ganged 2-pole 4-way
bilateral switch that can be controlled via logic-0 or
logic-1 signals applied to its ‘A or ‘B’ input pins. to give
independent forward /reverse and on/off (or PWM
speed control} actions. Note that both of these circuits
are configured to give the ‘flywheel type of switching
action already described.

To conciude this month’s article, Table 4 illustrates
the above point by showing the truth table that occurs
when the Fig. 13a and 13c circuits are interconnected.

]
Vi
f FWDF REV
OFF o © OFF
Vv
AU = e i
GANGED | 22 |
b 18CR
/17 ov
ta} |
sw2
NOTE: - } I
g:-ooa:mwm | k ”J” I
. Q1=MJIE2G955
Q3, 04-2N3055 booeis ALY ___GANGED
(b}
Fig. 12 Motor direction control with single-ended supply (a) simple switching (b) transistor switching
! (c) separate on/off switching
L
i e
V+
Vi
R o o
L lswm
REV FWD-. Oonm
E_“- ' c y Fig. 13 SW2
Ao 02 °  cwia | gFwp| CIRCUT | gpy I
] i ] H OFF
o~ i A T I ez
| g
L | GANGED 1
M a ov |
b
e =
& D“K ( E To Fig. 13a
A BE=C b
v+ V+
! I i =5 *g < 1zfs 11’ 15 11 [r;"w%]
av 3 10 ¥
NOTES: o 2 g
RY.A4~ KO Q3. 04-2N3055 " ES2E =
RS-R8=100R Q5, 06~ 2M3904 MPUT B
R9-A12-180R Q7. as-zm3g06 4%
Q1. 02 =MJEZS55 =IN400T & 7 ) [——-w mu]
| A2 R3IZR4
) _ 8 T s
Fig. 13 {a) Transistor switched motor direction control
with increased sensitivity {b) manual switching
connections and (c) electronic switching connections A
i - - -
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DC MOTOR TABLES

TR 1 - i

STEP ! | COUNTING MODE-LOW MODE-HIGH J
(&0 oN QOFF ON OFF 0 ON | OFF | ON | OFF | ON | OFF | ON | OFF

e ON ON OFF 1 OFF | ON | ON | OFF | ON | OFF | OFF | ON

2 OFF N OFF ON ? OFF | ON | OFF | ON | OFF | ON | OFF | ON

3 ON OFF | OFF oN 3 ON | OFF | OFF 1{_ on | oFF | oN | ON | OFF |
_____ e - —— e e e e | Lo e i — —t——t—

4 ON oFF | oON OFF Fe 0 o | OfF | ON | OfF | ON | OFF | ON | OFF

5 | OF | O | ON | OF B peseriow | o o | on | orF | o | ofF | on | oFF §

Table 3 SAAT027 output sequencing table

STEP
No. | Q1 075 3 Q4 Eﬂ
s ON OFF | ON OFF
= 1 ON OFF OFF OFF | g == = = = === =
B 2 ON QFF OFF oN = g
;é’ ; ‘ - e e o B FIGURE 13¢ CIRCUIT STATES FIGURE 13amnsmons[rms
= 4 OFF oN OFF N |2 INPUTS QUTPUTS '
2 5 ‘ OFF ON OFF OFF & | AR | BIONOFF ARSREAT c p {01 | @ Q3 | Q4
§ OFF | ON ON OFF bt I
7 OFF | OFF O OFF oo SR b e R SR D) BESRRR e
————— 0 1 1 X X 0 §FON | X X | ON
OFF 1 0 X 1 X X X I N X
QFF 1 1 X Lebroe=t X X [ ON | ON | x|
Table 4 Truth tables of Figs 13a and 13c when interconnected J
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Paul Chappell’s neon
lights alive with a
selection of summer
circuits to get your
workbench glowing

NEON CIRCUITS

et’s face it, nobody want to sit slaving over

a hot soldering iron for hours on end when

the sun is shining. So here are some

projects to amuse you for a few minutes

during the odd rain shower. None should
take more than twenty minutes to build, so by the time
the sun comes out again — you've finished. All are
based on that very underrated component, the neon
bulb.

Here's a very easy one to start with: a neon
flasher. It has lots of uses like . . . um . . . a beacon
to stop low flying owls crashing into your roof at night,
for instance. My house hasn't suffered any owl
damage at all since | installed mine.

Otherwise, it can be a warning lamp to attract
your attention to a fault condition (Fig. 2 shows a
blown fuse indicator), or use it just as an alternative
to a mains-on lamp: if you get fed up with it staring
at you, make it wink instead.

R1
A7
L
D1
1N&007
c1 MAINS
220n NEON
1680V LAMP
N e 4 1
MAINS BEACON
Fig. 1 Circuit diagram for a mains beacon

D1
FIGE T e
L O — = PROTECTED
SR U_ I EQUIPMENT
R1 C1 I
a7 220n A |
160V |
==
|
% {
MAINS I
NEON
LAMP |
NO i

FUSE
HOLDER

BLOWN FUSE INDICATOR

TO
TRANSFORMER

Fig. 2 Circuit diagram and construction for a blown fuse indicator

The circuit is shown in Fig. 1. On positive half-
cycles of the mains. C1 charges up via D1 and R1.
Eventually ihe voltage across C1 will be high enough
for the neon to strike and glow. The current taken by
the neon discharges C1 until the voltage is too low for
the neon to continue glowing. It turns off, C1 begins
to charge and the cycle repeats for ever more.

The important characteristic of the neon bulbin
this circuit, and in all the others for that matter, is that
it takes a higher voltage to make the neon start to
conduct than it does to keep it going once if’s started.
it may strike at 80V but won't tum off again until the
voltage sinks below, say, 50V. That's what makes it
possible to use it as an oscillator.

Fig. 2 shows the circuit connected as a blown fuse
indicator. As long asthe fuse is intact it shorts out the

- flasher circuit. Once the fuse blows, the flasher takes
current via the transformer — but such a small current
that the protected circuit won't be powered up at all.
Construction details are below {if you really need
them!). For the beacon or mains indicator, just connect
the circuit directly between L and N of the mains.

Fault finding couldn’t be simpler. If anything is
wrong, the lamp will either stay on all the time which
means that R1 is too small, or will not comne on at all
which means that Cl is too leaky. With the DC supply
to the neon. the glow will only be seen around one
of the internal electrodes — this is an unavoidable
characteristic of the circuit and doesn't indicate a fault.
To increase flash rate, reduce the value of C1. To make
it slower, increase the value of C1.

COLLECTOR
PLATE
I

130V
1 MAINS
VOR < 5 20n NEON
P 250V LAMP

/’.J;7 GROUND

COLLECTOR
PLATE

Fig. 3 Circuit and construction for an electrical
activity indicator
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Anyone who is enthusiastic about Amateur
Radio or home weather forecasting will find the next
jittle circuit useful. It gives an indication of electrical
activity in the air, which has a great effect on the
quality or even the possibility of picking up distant
radio signals. During quiet periods the neon will hardly
flash at all. During a thunderstorm it wili be on almost
continuously. Degrees of electrical activity between
these two extremes will be shown by variations in the
flash rate.

The circuit and construction details for this
project are shown in Fig. 3. The VDR is included to
sink surplus current which might otherwise damage
the neon during times of intense activity. The
collecting plate should be insulated — a piece of PCB
material will be fine — and fixed high on the outside
wall of the house. Not on the roof, though. It's not
supposed to be a lightning conductor!

The wire connecting the plate to the circuit
should be well insulated but thin enough to fuse
immediately if a lightning strike should ever occur
close by, The ground should be exactly that — a metal
rod driven two feet into the ground. An offcut of
copper pipe will do nicely.

In Fig. 4 there’s a coin toss circuit, or a make-
up-your-mind machine for the indecisive. The circuit
is similar in principle tothe two transistor multivibrator
that will be familiar to anyone who was around in
those far off days when ICs were ararity and transistors

moment the right hand neon is on the point of striking,
the right hand side of C2 will be at 80V and the left
hand side at 50V. As soon as the right hand neon
strikes, the voltage at the right hand plate of C2 will
drop to 50V and the left hand plate to 20V, so now
the right hand neon will be on and the left hand one
off. Now the right hand plate is held at 50V. The left
hand plate of C2 will charge via R2, the left hand neon
will eventually strike, turning off the right hand one
at the same time.

And so it continues, with firstone neon and then
the other lighting. With the component values shown,
the flashing will be almost fast enough to be taken for
continuous illumination of both bulbs, although they
will flicker.

Push SW1 and an extra resistor is introduced into
the circuit. The value of R1 is chosen so that the
conducting neon drawing current through it will drop
enough voltage that the top of R2 and R3 will be below
80V, so the neon that isn't lit when the switch is
pressed can never light at all. In other words, the
flashing is frozen, with whichever neon was on when
the switch was pressed staying on. Label the neons
‘yes' and ‘nd and press for an instant decision!

The value of Rl may need a little adjustment by
trial and error to suit the particular neon lamps you
use. If too small, the neons won't stop flashing. If too
large, the lit neon will be very dim when the switch
is pressed.

c2 R3
220n 100k
160V

350V NEON NEON
BULB BULB

N &=

COIN TOSS CIRCUIT

Fig. 4 Circuit for a coin toss decision maker

—
D1
1N4007 100w
LAMP
R1 <
470k

400V
TRIAC

C1
4u7

350V 0
22k
N .

Fig: 6 Circuit with neon as trigger

the main active components {Fig. 5). Suppose the left-
hand neon of Fig. 4 is on and the right one isn't. C2
wilt charge via R3 until it eventually reaches the point
where the right hand neon wilt strike. If we stick to the
80V and 50V | mentioned earlier as fairly typical for
striking and extinguishing a neon, then just at the

Yet another use for a neon bulb s as a trigger for
triacs and SCRs. Figure 6 showsthe generalidea. This
circuit wilt flash a mains lamp if you have an urge to
do such athing. Figure 7 shows a circuit for an eleciric
fence energiser. These are more by way of tech tips
than projects, although Fig. 6 will work perfectly well
as it stands.

oLINJHL)

MULTIVIBRATOR

NOTE:
Q1,2 = GENERAL PURPOSE NPN

Fig. 5 Transistor multivibrator circuit

R1
10k
+100V O=—"\V\AA

me==t=iFENCE

‘GRCUND

C1 J_
100u -['

ONVCr==

Fig. 7 Circuit for an electric fence energiser

i
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When you're experimenting with any of these
circuits, do be careful — nene are isolated from the
mains. Also bear in mind that the caps can retain
enough charge to give a shock even when the mains

is disconnected, so discharge each one through a m

100R resistor before making any mods to the circuit.
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1 The following is a selection from our catalogue:
|| W Black Ice Alarm (for Winter Motorists). ................. Kit £17.53
—— B Negative lon Machine, complete with case........... Kit £24.11
— 1| W Miniature EM. 'BUG' transmitter 60-145MHz....... Kit £6.95
[ | M 3Watt FM. transmitter 80-108MHz 12\Voft............. Kit £13.99
I+ W Running light sequencer 10-channe!, varispeed....Kit £15.89
—— B Audio Power Meter 10-LED indication...................Kit £12.94
] ®VU-Meter 10-LED indication PPM. display............ Kit £13.63
| M Electronic Door chime 3-note — variable freq...... Kit £9.85
N OW' | B Infrared transmitter/receiver system
——1 H Light Activated Relay, 3-12Voit opp.... "
| ] B Metal and Voltage Detector......................... R/Built £11.00
[ | M Tone Generator — Pulse or Warble tones..._...._._. Kit £5.50
Over 3.000 product lines —— B Loudspeaker Protector 5-100Watls..................... Kit £11.40
fegtpre in the Summer 1989 ? | || WAl Kits are available READY BUILT please see latest
editon of the Cirkit g s — | Catalogue.
Constructors”  Catalogue, AT T Ty : :j B All Kits eontain full instructions PCBs and.components B Al
available from most larger newsagents or direct from the company  []] prices include VAT and postage and packing Bl Overseas
priced at £1.50. The latest books, an RF frequency meter. two new | orders add 10% to above prices Bl Please send Cheqie or
PSU designs and a 3.5MHz converter are among the innovative new  [—j—| Postal Order with Ordler
kits this issue, while our construction project -a 2 Watt stereo ||| Z ém;‘;t%&gﬁgoggrﬁ Dept. 1
amplifier - is bound to prove an absorbing actwlt'y for dedicated | Hailsham, East Sussex. UK BN27 1AE
constructors. In the test equipment section there’s a whole new [ Telephone (0323) 847973
range of multimeters, a bench DVM and a triple output PSU, -—— Telex 878334 Fax 647204
For eagle-eyed readers who enjoy a challenge of a different sort, 1

— ] Access & Barclaycard Orders
there is the opportunity of winning an audio signal generator worth E Telephone (032?;':847973
more than £180.00 In the latest fiendish competition. All prices now T Bl EEE R an=]
include VAT for quicker. easier ordering: and Cirkit's same-day BN EERAEERE NN EEEENEBHE
despatch of all orders, combined with value-for-money discount
vouchers, makes the lifie-up even more attractive.

BRIAN PRICE — BOHM ORGAN STUDIOS
389 ASPLEY LANE, NOTTINGHAMNGS5RR  Telephone/Fax: 0602-29631

32 years' experience in Nigh quality Organ and Keyboard design behind every BOHM
product.  Equipment for Home and Professional use.
m = e B * Latest from BOHM
| o + Portable or Spinat
l . s * 49 nole keyboargs. Touch Sensitive

* 16 Bit Sampfed voices

* Sterec Sounds

+ 22 Sampled Rhythm Instruments

» 16 Live Ahythms, Fills. Intros, Breaks & Endings

» Tempo Readout

= User Programmabte voices. Ahythms 8
Actompanimenis

* Soundcard Programming

# 15000 note Sequencer

¢ x Full MIDIN/OUTTHRU

Cirkit’'s six new digital
multimeters are packed
with sophisticaied extra
facitities; capacitance

¥* 160w Stereo Hi-Fl Amplifier

measurement, frequency BOHM MIlFTURA 52 Kit form Price £2230 inc. Stoal. Built Price £2563
o Frce mc. Stool. Buj ce
measurement  up 10 | BoHMDOUBLE KEY 520{P} Kit form Price £2069 inc. Stool. Built Price £2275

20MHz, lemperature Loudspeakers extra for Double Key 2x B100 £474.00 100 watts if required.
L reading, tranSiStor test Supplied in Kit form or Built by:
and logic test in addition THE BOHM SPECIALISTS

to the usual VO“S, current Part Exchange welcome.  Please write of phone for full illustrated Kerature and price list.

(DC and AC) and

resistance measurement e
- and all unbeatable 19 RACK CASES
value With PriCes ranging | csonsimsn s vewmrondosmsmsn i a ot et st sinss s ooy
from £20.00 t0 £55.000 | & ma bt st st s Wr s st s
;:;:‘Lbﬁ:l\:gag:mdfmm1.!mmsree|ﬁmshedmulacx Rack g g.
Orces Code sva;"?:é;'; ,‘;_,“! Ef' p Weight :’i“ e
Uil 189x1.75 17x15x10 24xg 26.95
uio3 19x5.25 17x5.0x10 3.5kg 29.95
U212 1% 35 17%30x%12 33kg £29.75
1 E usz 19:%025 1;’2‘:; d,g:g Qgﬂ:_g_r; #
3 3 3 H H ~ a1z 19x T7%65x12 44 i
: c’ rkl' Dls"rlbt'Itlon 3 L'd Please add £400 PAP tor the firs! item and uso%m each additional item.
Park Lane Broxbourne Heris EN10 7NQ Plense a0d VAT 10 abovu prices.  Overseas orders walcome,
Hase lastpees LRSS - CRICKLEWOOD ELECTRONICS LTD
T eIV P T | 40 CRICKELWOOD BROADWAY, LONDONNW23ET |
el: 01- 161 Fax:01-
Telephone (0705) 669021 Fax (0705) 695485 SOLE UK DISTRIBUTORS :
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E8908-1 Intercom master station ............... =
E8908-2 Intercom slave station ........... a2
E8908-3 Intercom power mixer ................. B

E8908-4 Digital joystick-to-mouse conversion H

PCB:s for the remaining projects are available from the companies fisted in Buylines.

Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference

numbers. This not only identifies the board but also tells you when the project was published. The first two numbers
are the year. the next two are the month.

- Tetms are strictly payment with order. We cannot accept official orders but we can supply a proferma invoice
if required. Such orders will not be processed until payment is received.

SERVICE

E8806-4 Virtuoso AOT Board ............c.ocoeviinnnnns G  E8905-2 Camera Trigger Ulirasonics (2 boards) .......
EB806-5 Metal Detector ........c.cooovvviiiiieenienienanns E E8905-3 Bench Power Supply (2 boards) ..............
E8806-6 Bicycle Dynamo Backup ....................... D ER8906-1 PC edge connector ...........................
E8807-1 Bar Code Lock (2bds) ........................ N  E8906-2 MIDI converter CPU ......................... ]
E8807-2 Analogue Computer Power Board ........... L  E8906-3 MIDI converter keyboard ..................... :
EXB07=2 8 BellFB oy=stnmsssiinl, b s 0 e L F  ES8906-4 MIDI converter control . . .. .. ... .. ...
ERSOZEIMEoicEroberes S et SUss SR Es U T T S € E8906-5 AF signal generator . ... .. ... #
E8807-5 Updated FM Stereo Decoder ... ........... J  E8906-6 Mini bleeper . ...... .. siroa=ult=
E8807-6. Breath Rate Display Board ..................... F  EB906-7 Caravan heater controller . ............
E8808-1 Breath Rate Main Board E8907-1 MIDIPatchBay .......................... 3
E8808-2 Breath Rate Switch Board E8907-2 Priority Quiz Switch ...
E8808-3 Telephone Recorder .................ocooovvnnnne E8907-3 Camera Trigger Infra-reds (2 boards) ........
E8808-4 Analogue Computer Main Board (2bds) .. M E8907-4 Aerial Amplifier main board ...................

E8R09-1 Spectrum EPROM Emulator .................. M E8907-5 Aerial Amplifier power supply ......__.........
E8809-2 Frequency Meter (2bds) ...................... P
E8809-3 Travellers’ Aerial Amp ...........ccoociiiinan. 2
E8810-1 Gerrada Marweh Bikebell ....................... E
E8810-2 Peak Programme Meter (Zbds} ............... N
ES810-4 TV-to-RGB'Converter ........................... E
E8810-5 Electron RGB Buffer ............................ C
ESS1E1MENiEdiCharger-lh S S Rna s St L E
E8811-2 Chronoscope (3bds) .......................... P
E8811-3 Digital Transistor Tester ......................... G
E8812-1 Doppler Speed Gun {2bds) ................... K
E8812-2 Small Fry Mini Amp ................oooe D
ERSI2: 3 Thermostatiaas ol S T E
E8812-4 Burglar Buster Free PCB ....................... D
E8812-5 Burglar Buster Power/relay Board ........... E
E8812-6 Burglar Buster Alarm Board .................. C
E8812-7 Burglar Buster Bleeper Board ................. C
ER901-1 EPROM Programmer mother board ........ M
E8901-2 Varat-ion updated Main Board .............. H
E8901-3 Variat-lon Emitter Board .._.............. ... E
E8901-4 In-car Power Supply ............................ (&
E8901-5 Granny's Hearing Booster ...................... E
E8902-1 Compressor/Limiter/Gate .................... L
E8902-2 Ultrasonic Horn ... D
E8902-3 Stepper Motor Driver Board ............... ... 15
K
H
L
F
G
E
0
N

e

E8902-4 Quest-fon {(Zbds) ..........cooeiiiieiiiiiins
E8903-1 Intelligent Plotter Solenoid Board ... ...
E8903-2 MIDI Programmer ...........ccocccoceeirainnnnn
E8903-3 Balanced Disc Input Stage ._._...._............
E8903-4 Digitally Tuned Radio ..................... ...
E8904-1 Camera Trigger ... ................... ey i
F8904-3 Intelligent Plotter Main Board .................
E8904-4 HKinetotie Tie Board .............................

E8904-5 Kinetotie Control Board .................. ... E
E8905-1 Gl:ilar jl'unecl" 003 ........................... H CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd.

Please supply:
Quantity Ref. no. Price Code

Post and packing

Total enclosed
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TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Please send my PCBs to: (8BLOCK CAPITALS PLEASE)

..................................................

TELEPHONE
ORDERS
may be made on

(0442)
66551

Price Price
(inc.
VAT)
£1.80
£2.50
£3.25
£4.00
£4.75
£5.50
£6.62
£7.20
£8.80
£10.60
£13.10
£15.80
£17.90
£21.80
£23.90
£25.90
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£32.20
£35.80
£37.90
£40.70
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Robert Penfold
presents a package of
circuits to infuriate
intruders

e

SECURITY TECH TIPS

— 12V
Ls1 h
4-8R

1 NOTE:
1C1=1458C
IC2=NES55P
ail-TiIP121
Di=1N4148

——pm OV

1 it o

Alarm Generator

any alarm systems still rely on the
standard bell alarm generators,
remaining as effective as they ever
were. Electronic alarm generators are
increasingly popular though, and
represent an easy project for the home constructor.
A simple signal having a single unmodulated tone is
not very effective as it is easily masked by other sounds
— not sounding much like an alarm signalit runs the
risk of being ignored even if someone should hear it!
This alarm generator relies on frequency modulation
to give a very effective sound and this is probably the
best type of modulation for alarm applications.

IC2 generates the basic tone signal as a 555 timer
in the standard astable configuration. The operating
frequency is in the region of IkHz and the often
unused pin 5 of the 555 is brought into play in this
circuit. Normally timing capacitor C3 repeatedly
charges to two thirds of the supply voltage and
discharges to one third of the supply potential. Pin 5
provides access to the potential divider that sets the
two thirds of V+ threshold level and permits this
voltage to be modulated. By raising this voltage, it
takes longer for C3 to charge and discharge from the
threshold level. the operating frequency being
reduced. A lower threshold voltage gives reduced
charge and discharge times and a higher output
frequency. IC2 can therefore be frequency modulated
via a modulation voltage applied to pin 5.

The modulation signal is generated by IC1
connected in what is almost the standard square/
triangle oscillator configuration operating at about
5Hz. IC1 functions as the Miller integrator while IC1b

provides the Schmitt trigger action. The circuit differs
from the standard configuration in that D1 isincluded
across timing resistor R1 so that the charge time of C2
is greatly shortened — a sawtooth waveform is
obtained instead of a triangular type.

In terms of the audio output signal, this gives a
tone which is swept downwards in frequency.
switched up to a higher frequency. swept downwards
again and so on. The effect obtained is easily
modified. To obtain an upwards sweep it is merely
necessary to reverse the polarity of D1. For a smooth
upwards and downwards sweep D1 should be re-
moved altogether {this also halves the modulation
frequency). The modulation frequency is inversely
proportional to the value of C2. The output frequency
range is controlled in the same way by C3.

The output power available from IC2 is only
quite low and is totally inadequate for most purposes.
The loudspeaker is therefore driven via an emitter
following Darlington power device Q1 — readily able
to provide cutput currents of a few amps. The cutput
power is a few watts into a 4-8R impedance loud-
speaker using a 12V supply. If high output power is
important. use a 4R speaker and raise the supply
voltage to 15V. Even using a 12V supply and 8R
speaker the sound is pretty loud unless an inefficient
speaker is used. In this application efficiency is of
greater importance than audio quality and it is also
important that the loudspeaker is rated ic handle
about 8W rms or more. Miniature types are likely to
be destroyed after a few seconds of operation! As Q1
is used in a switching mode it does not dissipate much
power but it is advisable to fit it with a small finned
heatsink. The current consumption of the circuit is-
about 800uA using an 8R loudspeaker, or aroupd
double this figure for a 4R type.

Door Alarm

hile there is no real substitute for a
comprehensive burglar alarm
system. many people are simply
not prepared to go to the trouble or
expense of having such a system
installed on their premises.

A simple form of alarm is considerably better than
nothing — the most popular being the various types
of window and door alarms. These vary in sophisti-
cation but most rely on some form of mechanical or
magnetic switch to trigger a simple electronic alarm
generator circuit. One way of handling the sensor part

of such an alarm is to have a reed switch fitted in the
main unit. mounted on the door or window. The
actuating magnet is fitted on the door or window
frame, with everything arranged so that the magnet
activates the switch when the door or window is
closed. In some cases it might be more convenient io
have the main unit mounted on the frame and the
magnet on the door or window.

There are alternative types of switch — one
possibility is to use a micro-switch. One of these could
be rather awkward to use in a simple stand-alone
alarm though and my preferred methed isto use some
form of vibration switch. This could be a mercury
switch mounted very ciose to the angle at which itis
activated. or a pendulum type mechanism — when
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the unit is moved the pendulum swings and comes
into contact with a circular electrode. completing a
circuit in the process. Ready-made switches of this
type can be obtained. otherwise it is not too difficult
o improvise a DIY version.

The electronics of such a simple alarm can be
nothing more than a low power alarm generator
circuit. However, it is advisable to include a latch
circuit. Remember that the sensor switch may be
activated only momentarily and that without the aid
of a latch the alarm generator may produce nothing
more than one or two very brief ‘squeaks’

In this alarm unit the latching action is provided
by Q1 and Q2 connected in a sort of pseudo thyristor
arrangement. When sensor switch SW1 is closed, Q2
is biased into conduction and its collector current
biases QI into conduction. Feedback through R7
results in both fransistors being held in the on state
even if SW1 should open again. Note that SW1 must
provide a normally closed action.

The alarm generator circuitis based on a 4046BE
CMOS low power phase locked loop {IC1). In fact it
is only the VCO section of the device that is utilised
in this circuit — the phase detectors and the other

stages are left unused. The VCO generates the basic
alarm signal and drives a ceramic resonator (LS1).
The latter provides a very high level of efficiency and
can provide a very loud alarm signal from the very
limited output current of IC1.

In order to obtain this efficiency the output
frequency of IC1 must be in the region of 1-5kHz and
it is swept up and down over this range by IC2 which
operates as a standard operational amplifier astable
circuit. There is a squarewave output signal from IC1
but in this case it is the non-linear triangular waveform
across timing capacitor C3 that is used as the
modulatien signal. The frequency is about 5Hz.

The unit should provide many months of oper-
ation in the standby mode as the current consump-
tion in this state is only the leakage current that flows
through Q1 and Q2 {typicaily under 1uA). The current
consumption when the unit is activated is only a few
milliamps and a small (PP3 size} battery should suffice
as the power source. Ideally SW2 should be a key-
switch so that there is no easy way for an intruder to
switch the unit off once it has been triggered. The unit
is reset by switching it off for a second or two and then
switching it back on again.
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Bopper Shift Alarm

o doubt ETI readers are all famifiar with

the doppler shift effect which. for

example. gives the apparent change in

the engine pitch of a passing car.

Doppler shifts are now used to good
effect in a number of practical applications including
suchdiverse tasks as navigation systems and burglar
alarms. In this second category there are radar systems
{using microwave techniques} and ulirasonic systems.
Radar systems have their advantages but for the home
constructor there ¢an be licensing problems plus they
are relatively expensive. The system described here
is a low cost but very sensitive ulirasonic system.

A unit of this tupe transmits an ultrasonic signal
and picks up any reflected signals. Normally the
reflected signals will all be at the same frequency (the
transmission frequency). However, if sormething {or
someone) moves around in the area covered by the
alarm, the reflected signal is shifted skghtly In
frequency due to the Doppler effect. Some of the
signal picked up by the unit is at the transmission
frequency and some is at a slightly different frequency.
The two signals interact to give what is effectively an
amplitude modulated signal, with the modulation at
a frequency equal to the difference between the two.,
This is the same effect that causes a tone to be heard
when AM radio is tuned to two stations on marginally
different frequencies. The alarm operates by demodu-
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lating the received signal and using any audio output
signal to trigger a relay driver circuit. In fact the
demodulated signals will often be at sub-audio fre-
quencies and the relevant stages of the unit must be
designed to cope with these very low frequencies.
This ultrasonic alarm provides virtually full

" coverage of anything but the largest of rooms in a

house. Although systems of this type generally have
a few blind spots. these are generally inadequate to
permit someone to enter and leave a room without
triggering the alarm. Apart from anything else,
someone moving around the room will usually
produce a certain amount of turbulence that will
spread across the room and trigger the alarm.

The transmitter circuit is a standard 555 astable
driving a 40kHz ultrasonic transducer. RV1 isused to
adjust the transmitter for the frequency that gives
optimum results,

At the receiver another ultrasonic transducer
operates as the microphone, its output fed to a two
stage high gain amplifier based on Q1 and Q2. The
amplified signal is fed to a diode demodulator and
then to a commeon emitter amplifier which provides
about 20dB of voltage gain. The output of this stage
is fed to a rectifier circuit and then to a relay driver
stage. When modulation is present on the received
signal. positive going half cycles from D4 will drive Q4
into conduction and activate the relay. Note that the
circuit does not provide a latching action and it is
assumed that it willbe used as part of a standard switch
type burglar alarm. In other words, this unit will be
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connected in with the window switches, trigger mats
and other sensors of the alarm system. The main
alarm circuit will then provide latching, exit delays etc.

Any 40kHz ultrasonic transducers should suffice
for LS1 and MIC1 but note that with some of these
there are specific transmitter and receiver units, while
with others the two transducers are identical. Be sure
to get them round the right way where necessary. Try
to have the transducers mounted at [east 150 milki-
metres apart. RLA1 can be any 12V relay with a coil
resistance of about 200R or more and suitable
contacts.

Due to the high gaifrof the receiver circuit some

care needs to be taken with the component layout or
instability might occur. If suitable test gear is not
available, RVI must be adjusted using trial and error
to find the setting that gtves optimum pick up and
sensitivity. A little experimentation should soon find
agood position and aim for the unit. in general, results
tend to be best with the unit in a corner or somewhere
at the edge of a room. not near the middle. Sensitivity
of the cireuit can be reduced by increasing R12 and
vice versa. However, very high levels of sensitivity can
bring problems with false alarms. The slightest
draughts or small insects flying around the room can
be sufficient to trigger the unit!
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CIRCUITS

Loop Alarm

loop alarm is a form of alarm thatis often

used in shops and on market stalls. The
basic idea is to have a ioop of wire which
is threaded through the goods which are
to be protected by the alarm-radios and
televisions for instance. All the alarm circuit has to do
is to sound the alarm if the wire is broken.

In practice this type of alarm is not as good as it
could be in that it is not too difficult to bypass the wire
so that it can then be cut without activating the alarm.
There are ways of making such an alarm more ‘crack-
proof though, and the method used in this design is
to have a multi-way cable rather than a single wire.
Breaking any one of the five leads, or several of them,
will activate the alarm. Any cross coupling or other
tampering will almost certainly activate the unit.

The loop can be bypassed but all four wires must
be individually bypassed (with no accidental short
circuits) in order to successfully ‘crack’ it. In a practical
situation there is not likely to be a realistic chance of

anyone managing this without being noticed!

' The alarm generator section of the unit is exactly
the same as the one used in the door alarm circuit
described earlier — a high pitched FM tone which
gives quite good volume from a high efficiency
ceramic resenaior.

A pair of window discriminators form the basis
of the broken loop sensor part of the circuit. If we
consider IC3a and IC3b. these are operational
ampilifiers both operating here as voltage comparators.
They each have one input fed from the potential
divider formed by R8. 9 and 10, with 1C3a receiving
the higher reference voltage and 1C3b being supplied
with the slightly lower one. The other two units are
wired together and fed with a variable voltage from
RV2.

If the voltage supplied by RV2 is greater than the
higher reference voltage, the output of IC3a goes high
and activates the alarm by way of Q1. Similarly, if the
voltage from RV2 is below the lower reference voltage.
the output of IC3b goes high and activates the alarm.
In practice RV2 is adjusted to a voltage between these
two levels so that the alarm is not normally activated.

1C3¢ and [C3d form what is virtually an identical
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window discriminator circuit but the ‘window’ is at a
Jower range of voltages. RV1 is adjusted for a voltage
that is within this range.

RV1 and RVZ2 are connected to the main circuit
via the loop of wire, which should be a quad sereened
cable having the negative supply rail carried by its
outer braiding. The cable does not actually need to
be a loop and the two preset potentiometers can be
mounted in a separate case some distance away from
the main unit if preferred. If any of the connecting
leads are cut or short circuited . the input voltages are
taken outside the ‘windows’ and the alarmiis switched
on. R14 and R15 ensure that the unit can not be

defeated by connecting the wires together so that the
power supply is short circuited.

The circuit does not incorporate latching but
once the cable is cut or otherwise tampered with it is
unlikely that there would be any easy way of reversing
the process and silencing the alarm. The unit should
work properly with a connecting cable of up fo at least
10 metres in length.

The standby current consumption of the unit is
about 800uA rising to about 5mA when activated.
Battery operation is therefore feasible provided a fairly
high capacity type is used (such as six HP7 size cells
connected in series).

Gas Alarm

there are a surprisingly large number of

ways of detecting fire, or a situation where

fire or explosion is a real hazard. There are

a range of methods which rely on optical

sensors to detect smoke, or turbulence in
the air caused by the heat of a fire. Some units simply
detect an abnormally high temperature, or an un-
usually rapid increase in temperature.

Another method, and a highly sophisticated one,
is to use a form of sensor that detects inflammable
gases or vapours in the air. These can usually detect
the smoke from a fire without difficulty but they are
more than just fire detectors as they can detect in-
flammable gases and vapours at quite low concen-
trations. A unit based on one of these sensors can
therefore be used as a gas alarm as well. They are
particularly valuable for use in caravans and beats,
where bottled gasis used. They can detect the risk of
explosion due to a gas leak, rather than simply
detecting, after the event, that the remains of the boat
(or whatever) are on fire.

This gas alarm is based on the detector available
from Maplin. Actually this is two components — the
sensor and a compensating element. The sensor has
fine platinum wire coated with oxides and a catalyst.
Normally the current passing through the sensor
causes it to heat to approximately 350°C but in the
presence of suitable gases oxidisation takes place. This
produces a rise in temperature which in turn causes
the increase in the resistance of the sensor. The
compensating element has characteristics which are
almost identical to the sensor but in the presence of
combustible gases its temperature and resistance are
unaffected.

The sensor and compensating element are
designed to be used in a bridge circuit. They form one

side of the bridge while R8, R9 and RV1 are used in
the other section. IC3 operates as a voltage com-
parator and RV1 is set for a wiper voltage that is
marginally lower than the voltage produced by the
sensor side of the bridge. The output of IC3 therefore
goes low, Q1 is cut off and the alarm circuit is not
activated.

The sensor circuit requires a 2.2V supply and this
is provided by a voltage regulator based on IC4. Any
drift in the output voltage of IC4 should not adversely
affect operation of the circuit as it will affect both sides
ot the bridge equally. Any environmental changes that
affect the sensor will affect the compensating element
by an almost identical amount and this will prevent
any change in the output voltage from this side of the
bridge. Of course. if inflammable gas is detected by
the sensor. its resistance rises and the cutput voliage
from this side of the bridge circuit falls. This takes the
inverting input of IC3 to a lower voltage than that
present at the non-inverting input. The output of [C3
then triggers to the high state, Q1 is switched on and
the alarm generator is activated.

Itis important to get the sensor and compensator
round the right way — the one with a blue spot on
the body is the compensating element and the one
without the blue spot {it will probably have two or three
spots of other colours) is the sensor. There is a change
in output voltage from the sensor circuit of only about
20mV when the unit is activated. It is therefore
important to carefully adjust RV1 for the lowest
possible voltage that does not wigger the alarm.

Note that it takes about 10 seconds for the sensor
and compensating element to stabilise after switch-
on. The current consumption of the circuit is quite
high at about 350 1o 400mA. There is no risk of the
sensor or compensating element igniting suitable
concentrations of inflammable gas as they are both
covered by a double mesh of stainless steel. Note that
IC4 should be fitted on a medium sized heatsink as
it has to dissipate a few watts of power.

+~91to 12V

S L1

NOTE:
R2 IC1- 40468E
tci 10k
= IC3=CA3140E ouT in

16 B

SENS/COMP =
Rd < FmgTU

&
[ty
BELs
Ic1 10n
4 7

i_Js 1

220R

i C4 TS b
™ 100n 100n ==

<. RN 6. .17
18CR 1%u-r
Ly

R1 C3ade
is1 18k 3303-1-

ETI AUGUST 1989




<

1520

Yes. you teo ¢an atford the very best in real hi-li equipment by buiiging
a HART iat. With @ HART & you can avaed the hianous peces and magical
claims of the ‘caygen ires grain oriented copper” brigade and the flashy
axtenor and mundane wnerior ol the mass market producs. With every
HART kit you get the benefit of Circuit design by worid leaders in thew field,
men of the calibre of John Linsioy Hood fir instance whig has besn inthe
forefront of 2w des:gn for many years. This Circun expestice s harnassed
to realisa i's full potential by HART engineering standards which have
been famouse in the kit fieid since 1961. The HART approach is simply
fo tive you the bes! vaiue in hidi by combining the best circuit concepts
with the tatest and best components within a unit carefully desigred to
bring out your hidden skiifs as an equipment builder.

Units in the HART audio range are carefully cesigned 1o form matched
=tacks of idenlially sized cases, in many cases even the control piches
ara also lmad up from unit to unst for a look to your

ensemble.

Flagship of our range. and the ideal powerhouse for your ultimate system
is the new AUDIO DESIGN 80 WATT POWER AMPLIFIER. descrnibed tn
the May issue of 'E Today 1al, This stereo
power ampiilier has so many features that your realiy need our Iist to
trowsa through them all. Glgssing over its technical mees, which its
pedigree guarantees anyway. it 15 a power amp with the extra versatility
of 3 burlt-in passive iInput slage giving three switchad Inputs. volums and
balance controls. Tape o CP players may therelore be directly connected
alorg with 3 standard pre-amp output, indeed your sysiem may not need
a pre-amp at all with the we'l balanced output of compatent CD players.
Send for pur mew FREE Spring "89 List. It has full information on this new
amplifier as well as detaits of improvements to cther kits in our range.

Our 300 SERIES ampiifiers for instance now Jeature optional phono input
SOCKets and double size LCR power supply capacitors.

The 400 SERIES John Linsley Hood Audiophile Tuner range now
mneorporates the very iaest updaied stereo decoder circuit which can also
be retro-fitted to existing twinarg winh aur Tuner Enhancement Package'

HART AUDIO KITS —
YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-F!
VFLEOO VERTICAL FRONT LOADING CASSETTE MECHANISM

High quality, reasonably pnced front loading cassette deck, fitted with
good qualty stereo /P and erase heads. The mechanism has a 3-digit
countar, chrome operaling keys. mechanical auto siop and a removable
decoralive cassekie door with central windcw and key functions marked
helow Cassette deoricarier has a hydraubcally damped 'soft aject’ feature.
Motor is internally governed and cnty needs a 12v DC suppty with an
average cusrent of 8OMA. A change-over Switch 1s fitted fo energise the
motor when required and provide a make contact in the s:ap position for
replay mute. Overall size is 160mm wide including counter, 100mm high
and 85mm deep including Motor and keys. A robust and thoroughly usetu!
deck for many purposas.
VFL60O Vertics! Front Loading Cassette Deck
SPECIAL SUMMER SALE PRICE ONLY £15

SOLENOID CONTROLLED FRONT LOAD CASSETTE DECK TN3600

High quality (D.0B%WAF) successar to our very popular SF325F A very
useful high quality cassette mechanism for domestic of industnal use.
Offers ali standard fecilities plus cue and revue modes &8/l under remote,
logic or soltware control. Tha powar and control requirements are very
simpie with 12v sclenoids and 12v Motor with built in speed control Deck

HIGH QUALITY REPLACEMENT CASSETTE HEADS

.8
Do your tapes lack treble? A wom heat could be the problem. Fitting one
of our reptacerment heads could restare pariosmance to better than nenv!
Standarg inductances and mounting make fitting sasy on neariy alf
machines and our TCI Test Cassette heips you set the azimuth spaton.
As we are the 2ctualimponers you get prime pans at lgwet pricas, compare
our prices with cther suppliers and sea! All our heads are suitable for use
with any Doiby sysiem ard are normally avaiable ex stock. We aiso stock
a wide range of spec:al heads for home construction and indusnal users.
HS16 Sendust Alloy Stereo Head. High quality head with excellent
trequency responss and hyperbalic face for good tape 1o head contact
HC40 NEW RANGE High Beta Permalloy Stereo head. Moderr space
save gesign for easy fiting and lowe cost. Suttable for chrome metal and
temnc tapes. truly a universal reptacerment head for hi-h decks locar players
and 2t an incredible price too! _........ e - £6.65
HX100 Special Offer Stereo Permali
HRF373 Downstream Monitor Stereo Combinatien H
HQ551 4-Track Record & Play Permalloy Head for auto-reversa car
players or quadraphonic reconding LA
H524 Standard Erase Head ... . s
SM166 2/2 AC Erase Head, Standard Mount ...
HS9510 2/4 Sterea DC Erzse Heed ... R Sy ]
HGT751E 4/4 AC Erase Mead, racks compatible with HO551 .. £57.06
e can supply card reader heads for OEMS at vary keen: prices.
REEL TQ REEL HEADS
999R 2/4 Record/Play 110mH. Suits Steant Tepe Circutts ... £13.34
998E 244 Erase Head ImH. Universal Mount. Suits Stuant . £11.96
TAPE RECORDER CARE PRODUCTS
HART TC1 TEST CASSETTE Our tamous tripie purposa tast cassetie
Sets tape azimuth, YU levet and tape speed . e a st
DEM| Mains Powered Tape Head Demagnetise:
playback due % reswtual head magnatisation _..
DEMi15 Electronic, Cassetie Type, cemagnet
Our new SPRING 89 List is FREE. Sand for your copy now. Overseas
cusiomers welcoma, please send 2 1RCs to cover surface post. or 5 for
Airmatl,
Pigase add pan cost of camage and insurance as foilows:

& 5

? ‘.""‘.’._'

Also liied are many extiting new products for the sericus audsophile such erase head.
as our Gold plated phono and XLA plugs and sockets and ulimats guality

connecton feads for CD audio or digital signals. INF340 Full

15 suppfied as standard fied with a very nice 10KHz R/P head and & 15mH

TN3600 Deck with stereo head ...

{NLAND: Qrders upto €10 — £1; Orders £10 10 £49 — £1.50; Orders over
£50 — £2 50, Express Courier —£9
e rrperre et 1 | L X | QVERSEAS: Please see the ordenng interreation with our fists

data £2.30

QUALITY AUDIO KITS |

24hr SALES LINE | A1} PRICES INCLUDE VAT =, e
(0691) 652894 { UNLESS STATED B ot e
' WA j:\*;_"s\f’mi RAX:

— HAVE YOU BEEN PUTTING OFF BUYING PCBE CAD SOFTWARE?

— ARE YOU STILL USING TAPES AND A LIGHT BOX?

— HAVE YOU ACCESS TO AN IEM PC/XT/AT OR CLONE?

— WOULD YOU LIKE TO BE ABLE TO PRODUCE PCB LAYOUTS UP
TO 17" SQUARE?

— WITH UP TO 8 TRACKLAYERS AND 2 SILK SCREEN LAYERS?

— PLUS DRILL TEMPLATE AND SOLDERRESIST?

— WITH UP TO 8 DIFFERENT TRACK WIiDTHS ANYWHERE IN THE
RANGE .002 to .5317?

— WITHUP TO 16 DIFFERENT PAD SIZES FROM THE SAMERANGE?

— WITH PAD SHAPES INCLUDING ROUND, OVAL, SQUARE, WiTH
OR WITHOUT HOLE, AND EDGE CONNECTOR FINGERS?

— WITHUP TO 15001C's PER BOARD, FROM UP TO 100 DIFFERENT
OUTLINES?

— WITHAUTO REPEAT ONTRACKS OROTHERFEATURES —IDEAL
FORMEMORY PLANES?

— THAT CAN BE USED FOR SURFACE MOUNT COMPONENTS?

— WITH THE ABILITY TO LOCATE COMPONENTS AND PADS ON
GRID CRTC.002” RESOLUTION?

— WITH AN OPTIONAL AUTO¥IA FACILITY FOR MULTILAYER
BOARDS?

— WITH THE ABILITY TQ CREATE AND SAVE YOUROWNSYMBOLS?

— THAT IS AS GOOD AT CIRCUIT DIAGRAMS ASIT IS AT PCB's?

-~ THAT CAN BE USED WITH EITHER CURSOR KEYS OR MOUSE?

— WHERE YOU CAN LEARN HOW TO USEIT IN AROUND HALF AN
HOUR?

— WHICH WITHEASY-PLOT AND EASY-GERB CAN OUTPUT TO PEN-
PLOTTER OR PHOTO-PLOTTER (VIA BUREAUX)

— THAT ONLY COSTS FROM £95 + VAT?

WRITE OR TELEPHONE FOR FULL INFORMATION
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EXCELLENT QUALITY FROM DOT MATRIX PRINTER

TINY-PC, EASY-PC, TINY-PC, EASY-PC, TINY-PC, EASY-PC, TINY-PC, EASY-PC

Number One Systems Ltd 1

Ref: ETl, HARDING WAY, SOMERSHAM

ST IVES, HUNTINGDON, CAMBS PE17 4WR

ROAD

Telephone: 0480 61778 (4 lines)
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DIGITAL JOYSTICK
TO-MOUSE
CONVERSION

nvariably, all personal computers today are

supplied with a mouse and WIMP {window-

icon-mouse-pointer} oriented software

packages, thus reducing the need for keyboard

skills and hopefully producing a friendlier
machine.

The mouse of the WIMP acronym is a small
opto-electronic device which sits on the desk next to
the computer. As the user moves it around the
desktop. a pointer on the computer screen mimics its
movements.

This gives an easy way to select options from the
screen — there is no need to type in strangely-named
commands. Many commands are shown by small pic-
tures {icons} on the computer screen with a list of
options. The user just points at the required option
and pushes a button on the mouse to select.

If we perform an autopsy on a typical mouse (see
Fig. 1) we find aball which sits on two freely rotating
steel shafts at right angles to each other. The two shafts
drive optical encoders which produce electrical pulses,
the number of puises produced being proportional to
the vector quantities derived from the balls’ move-
ment. These pulses are shaped and squared by sch-
smitt-triggers and fed to the computer, which translates
these signals into pointer movement on the screen.
Thus, as the mouse is dragged around the desktop,
a pointer on the screen follows its movements.
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 Fig. 1 Block diagram of a standard mouse
U g i o

The ball mechanism of the mouse is subject to
the ingress of dirt as well as wear and tear, Indeed,
it has been known for the ball to become mysteriously
detached and lost! In addition the proliferation of
paperwork associated with computer use often doesn't
leave the mouse encugh room to move about.

A further consideration to be taken into account
is the actual speed of the pointer across the screen.
Mouse movement scaling (the relationship between

LJd[0dd

Richard Grodzik
presents a design to
control a computer
mouse port with a
considerably more
compact digital
joystick
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how far you move the mouse and how the pointer
moves on the screen) can be re-configured by
accessing the operating system and consulting the not-
so-user-friendly computer user’s manual.

This digital mouse design does away with the
opto-electronic mouse philosophy adopted by most
manufacturers. The rotating ball mechanism has been
replaced by a joystick which has the major advantage
that it requires very little desk space. Bin that mouse
mat and you've got room for an extra folder or a plate
of microwaved chicken crientale and half a lager. A
work environment transformed!

And don’t baulk at the word joystick. Those
cheap plastic nasties supplied for computer games are
mostly analogue devices utilising potentiometers
and/or switches which connect to the computer's
analogue port. The digital joystick recommended here
connects into the same digital port as the original
mouse and is a direct replacement. so that an old plug
and connecting lead from the mouse may be utilised.

The joystick has eight axes of movement,
enabling the screen pointer to move in a vertical,
horizontai or diagonal direction. Pointer speed or
movement scaling is adjustable without recourse to
the computer’s operating system by means of an spdt
switch. Pressing the switch in one direction increases
the pointer speed. in the other it decreases the speed
— those intergalaxian mind spleens with their turbo
spaceprops had better watch out!

The ability to reduce the pointer speed to a slow
crawl has proved to be invaluable in design systems
where precise pointer positioning is required —
drawing a straight line with a conventional mouse can
be a tricky thing sometimes.

Construction

- Building the unit on the ETIPCB (Fig. 4) isreasonably

simple. There are few discrete components.
Capacitors C5 and C6 can be laid flat against the
topside PCB tracks — this also reduces the risk of a
short with the case of the crystal. Sockets are
recommended for all the ICs and obviously take pre-
cautions with static sensitive devices.

ETI AUGUST 1989

-




HOW IT WORKS

The circuit diagram is shown inFig. 2. It comprises aminimum system
computer based around ICY, an 8031 single chip computer runring
at dMHz. Its clock is taken from crystal XTALY.

Addressidata muitiptexing is perfermed by IC2, controlling the
access to the data in IC3, a 16X EPROM wherein figs the software
required to generate the oulse trains explained below.

The joystick is fitted with four changeaver microswitches.
Depending on joystick position either ntne, one or two neighbouring
switches are activated.

These four switches are polied in turn by part lines 1.4 through
P1.70t1C1, and when a switch press is detected the relevant puise
trains (see below} are produced on P1.0 through P1.3.

let us take & closer look at the signals generated by the
electronics of 2 normal mouse. The final output consists of two trains
of square-wave pulses for the x and y direction movements of the
mouse. The square-wave outputs ar2 in quadrature (90 degrees out
of prase} with each other and the phase reletionship — leading or
lagging — determines the direction of movement. No movement
produtes no output.

For example, if we move the mouse to the right the signais of Fig.
3awill be praduced. Movementto the left will give the signalsinFig.
3b.

Stmilar phase refated pulse trains zre produced at YA and YB for
a vertical movement of the mouse. For a diagonat movement, pulse
frains are produced for both XA, X3 and YA, YB outpuss.

The number {or frequency} of pulses determinies the amount of
on-sereen movement. With a ncrmal mouse thisis controlled only by
the mouse ball rotating the optical encoded discs as shown in Fig.
1. The only way of attering the response on-screen relative to actual
mouse movements is by software - eitherthe operating system or
the programme running.

With this circuit (Fig. ) switch SW1 can bie used to alter the basic
frequency of the pulses (znd so the response] to the user’s taste in
avery simpie operation. Rocking the switch sither way inzerrupts IC1
oapin 12 0r 13 to increase or decrease (respectively) the frequency
of IC1's resident timer.

Start up frequency is defined by address &003F of the EPROM
(see Listing 1. This can be aitered to suit your favourite pace and
program.

Limits ¢an be sei to give @ maximum or minimum speed that can
be reached by tockng SV/7. The EPROM address for minimum speed
is &0085, shown in Listing 1 with adata value of &00. Maximum
speed limit is at address &O0DO, shown as &FF.

Switches SW2 and SW3have no interaction with the main circuit
and simaly ground the ‘seiect’ pins of the plug te the host computer
— these ‘select’ switches are used in conjunction with a normal
mouse to sefect software options and use wifl be described by
individual programs.

000G 02 00 3E 02 0O BO
0008 00 00 00 CO DO 02
go10 00 00 00 02 0O CB
6018 00 00 00 OO 0O OO0
g020 00 00 00 00 00 0O
0028 00 00 00 OO 00 0O
0030 00 00 00 OO 00 0O
0038 00 00 00 OO 00 0O
0040 75 90 FO 75 8A OO
0048 FO 75 89 61 D2 A8
0050 D2 A9 D2 AF D2 BC
0058 80 FC 00 00 00 0O
0060 00 00 88 8C 30 97
0068 96 17 30 95 20 30
0070 80 OC B2 90 7E 40
0078 00 FC B2 91 01 6A
0080 32 B2 91 7E 40 1E
0088 FC B2 90 D 6A B2
0090 40 1E BE 00 FC B2
0098 DO 32 B2 93 7E 40
B0AC 00 FC B2 92 DO DO
00A8 FF FF FF FF FF FF
00BO CO DO B2 8C BB FF
00B8 OD 08 7E 17 1E 7F
0OCC BF 00 FC BE 00 Fé
00C8 D2 8C 32 CO DO B2
00D 00 02 80 OD 18 7E
00D8 7F FF 1F BF 0O FC
ogE0 F6 DO DO D2 8C 32

00OE8 00 00 00 00 00 00

Listing 1. Digital Mouse Hex Dump

00
1010
00
0o
00
0o
0o
78
7z
D2
80
0o
0B
94
1E
DO

92
93
1E
32
FF
02
FF
DO
BC
17
BE
00
0o

00
60
0o
00
00
00
00
RO
8C
AA
FE
00
30
27
BE
DO
00
7€
DO
BE
FF
FF
80
1F
DO
B8
1E
00
00
00

PARTS LIST
RESISTORS fall %W 5% unless specified}
Ri 8k2
R2 £k7
CAPACITORS
c! 10u 16V tantalum
€234 100n ceramic
58 33p
C7 4y electrolytic
SEMICONDUCTCRS
IC1 8021
IC2 74373
Ic3 2716
MISCELLANEOUS
SwWh spdt lon}-off-lon} teggle
SW2.3 piess-to-make bution switch
J migroswitch joystick
XTAL dMHz crystal

PCB. Ribbon cable. Nuts and boits. Case.

g el o
w
o E g2
sw2 : —al 3%
0.1mm PITCH | =m
CONNECTORS | Zo
IFOR AMSTRAD | 23
1512/1640) [ See
g.

| £ +5VT

TO JOYSTICK
AND SWITCHES

Fig. 4 Component overlay for the mouse-on-a-stick
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BBC BIMASTER
REPLACEMENT FOR MARCONI
RBZ TRACKER BALL
—USER PORT—
P87
PEBE
) PEs
[*{ COMPONENT SIDE DOWNIXA PB4 |E
f O LEFY/YA PB3
A NO. COM WHITE pca SELECT PB2
i com gy \ SELECT PB1
VRS T8 SELECT PBO
BLJE I B UP CB2
N.O. —~ WL
GREEN ~ RIGHT/YB CB1
- YELLOW I
|} = | 8031
= >} ORANGE __——T» 20 WAY IDC
JoYsTcK RED —~ GCONNECTOR
coMm ?1- .G —BROWN ~
COM NO. ___BLACK D s
/ = RM NIMBUS
L\ REPLACEMENT FOR
X ; F;! 2> " ORIGINAL MOUSE
Sjain] Hx{RIES ST a g/
00 O
10 host computer port sl oo0O ol K
=X
00 5
S
ASTARI ST PiNNo.  FUNCTION PINNo.  FUNCTION
REPLACEMENT FOR 1 L PIxE, 1 +5V
5 2 DOWN/XA 2 DOWN/XA
ORIGINAL ADUSE 2 ek 4 Do
2537 45 3 RIGHT/¥B 4 LEFT/YA
5 NC. 5 RIGHT/YE
3 + QIeololo 6 SELECT 6 SELECT
Fig. 5 Connections for various 00900 7 +5V 7 SELECT
- 672809 8 GNB g (SELECT)
mouse ports ] SELECT 3 GND.

The prototype was constructed to interface with
the Amstrad 1512 or 1640. Other computers can be
easily accommodated by rewiting the interface lead
to fit the inputs on your particular computer — various
plugs are shown in Fig. 5. Refer to your user manual
list of pins and wire up accordingly. A word of caution
here, since plugging a non-manufacturer-recommen-

ded piece of equipment into your computer may wel!
invalidate your guarantee. You have been warmed!

Apart from that you should be able to get on and
build yourself a joystick mouse into a case only slightly
larger than the PCB. Desk space to spare and enough
control to conquer the cosmos!

L

SPECIAL OFFER

FOR SPECTRUM AND BBC MICRO OWNERS

Now your computer can take control for
an affordable price. These tried and trusted
interfaces from DCP Microdevelopments are
offered at £20 off the normal price.

Both units are extremely easy to use from
both Basic and assembler/machine code and
are supplied ready buiit and complete with all
the documentation you need.

To order by post fill in the form below {or
a copy} and send it with your remittance to

ASP READERS' SERVICES (RO ET5/6),

Argus House, Boundary Way,

Hemel Hempstead, HP2 75T
Please make cheques payable to ASP Ltd.
Overseas arders add £5 (Interspec) or £10.
(Interbeeb) for airpost.
Access and Visa card holders can also place
their order by phone on (0442) 41221
Allow 28 days for delivery.

I—Please supply ...... Interspecs (RO ET5) at
£29.95 plus £1.95 p&p per order.

i Please supply ...... Interbeebs (RO ET®) at I
£49.95 plus £1.95 p&p per order.

I Please debit my ACCESS/VISA card |

| NI, | e Y to the sum of l

INTERBEEB £49.95

The Intertbeeb unit connects to the BBC
micro’s IMHz bus expansion connector
and is supplied complete with its own
power supply unit.

The interface unit is housed in a plastic
case approx 4%x3x1in which contains the
top quality double sided PCB and interface
connectors.
8-bit input port
8-bit output port
four switch sensor inputs
four relay-switched 12V 1A ouiputs
eight channel multiplexed analogue to
digital converter
precision 2.5V reference
external power supply
15-way expansion bus
All sections of the interface are memory
mapped in the TMHz expansion map for
maximum ease of use and compatibility
with existing peripherals.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home-built
devices. All the information required for
using additional devices is included.

INTERSPEC £29.95

The Interspec unit plugs directly onto
the expansion edge connector of the
Spectrum to provide a full range of
interfacing facilities.

The unit is housed in a plastic case
approximately 4¥%x3xlin which contains the
top quality double sided PCB and interface |
connections. |
8-bit input port
8-bit output port
four switch sensor inputs
four relay-switched 12V 1A outputs
eight channel multiplexed analogue to
digital converter
15-way expansion bus
All sections of the interface are /O port

mapped and designed for maximum com-
patibility with existing Spectrum
peripherals. Power is supplied through the
Spectrum edge connector.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home-built
devices. Connection is by multi-way PCB
connector and all the information required
for adding further devices is given. i
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~Please supply photocopies of the following articles from. |
ET! (complete in block capitals):

M onthi e YAt ol o Page (if known) ......... |
Bl o e e i
MOREHEITY, s NP ey b r e Page (if known) ......... |
T o e e o B e A s e B ot e R I
AL oo mrreeerrens Nearu I ires o= Page (if known) __....... :
it e e s o e |
| enclose a cheque/postal order made out to ASP Ltd. to |
onein

the value of £150 per photocopy ordered. I
Total remittance £ ........ [ategsr e oy |
NI, ot e e i e AL e s e Sy e A e Koo T :
REIEIREES <ottt soecim oo e S A e e |
........................................................................................... I
R A A AP R o S PosteodeRs st E it I
Send the completed form and your remittance to: |
ETI Photocopy Service I
Argus House I

Boundary Way
Hemel Hempstead |

Herts HP2 7ST

i

ETI AUGUST 1989

~ Please s?pﬁ} the follawing backnumbers of ETl. |
Note: Backnumbers are held for 12 months only |
(complete in block capitals) |
I
Month ......... YearsHows Month ... Year e 2t |
Month ......... Year.c=onoio Month .......... Year —...ih% |
Month ........... e ar; e Month ........... Year = |
Month .......... Year=: 2500 Month .......... Yoa vty :
| enclose a cheque/postal order made out to ASP l
Ltd. to the value of £1.90 per issue ordered. |
|
Total remittance £ ........ [V ateBSi =ity st e l
Namiestis. e i e e s s e ot L |
A e ST L R e S Tl :
........................................................................................... I
..................................................... Postcode ... |
Send the completed form and your remittance to: |
ETl Backnumbers Department |
Infonet Ltd |

5 River Park Estate
Berkhamsted I
; Herts HP4 THL 8>< 5]



COMPACT 40
FM 40CH WSCEWER

Citizens’ Band Magazine is Britain’s only publication for the
citizens band enthusiasts.

It represents the industry by reaching both the trade and
users of CB equipment, and carries the news and views of
the people who want to see the industry continue to fiourish.

Informed estimates suggest that there are over 500,000 users
of CB equipment in Britain who spend millions of pounds on
their interésts each year. Using Citizens’ Band as an
advertising vehicle will provide a substantial customer base
for Manufacturers, Wholesalers and Retailers of citizens band
and scanning equipment.

CALL CASS GILROY ON 0442 66551




{ Oscilloscopes SPECIAL OFFER 0
I 'mc&x 2215 Dual Trace 50MHz DDday Sweep Duzl TB £475 HEWLETT PACKARD
TEXTROMIX 465 Dual Trace 10MHz Desay Sweep £500
TEKTRONIX 254 Dual Trace 150AIHz Dalay Sweep s | OSCILLOSCOPE TYPE 1740A
'Ieoum.nwcsossow.murmmr{m«qs»mm Dual Tracee 100MHz. Dekty Swoop Traor Vigw £575
TRIO 515664 Dua! Face 20MHz Delay Sween £250 3
SRS P Do e .o | HAMEG MODULAR SYSTEM
TELEQUIPMENT 075 Duz Traze S0MHz Delzy Sweep . 1275 | AMB00T Man Frame wih HMB032 Sine Wava Generaior
KICLSUI 55304 Dua Trate 35VH: | [250 | 20Hz-20MHz HMBOX) 2 Function Geceror QHMHZ Sinesq D Tnv
HANEG 2034 Dual Tracs 204z . €24y s e St D y ]
HP 12204 Dual TrEm os::m«; N e o] ONLY £400
U SrmdaTa i EXPORT, EDUCATION AND RETAIL
GOULD AVANGE 05225 Dua Tace 131Hy D | S e s e ]
COSSOR G150 Dol Tate 3SUHZ Delzy Suee Sl S22 | FRAKELL SWITCHED MODE PSSV 40A & +1— 17 A P ———— :

Porable 8x¥cm Dspay ... . 160 " €30 each (PEP €4 e e g %
Ogtiofial O COVES COMERnNInG 2 probes e £18 | QTHER SWITCHED MODE PSUS avatable Prease enqure. 5,5.2 c o M M N =
SE LABS SMi Qual Tace 1EMH2 Sold State Portadle AC ¢ DAIVES 5 D&/DD 80 track from £50 Ns

externat DG nparason 3xricm Disiay . 0150
SCOPEX £5708 Dual Trace 100Hz - % | MULTIMETERS (&P All AVOs £10) WINTERCOMS m CB RADIO
TELEQUIPMENT §52A Sagle Trace 10MHZ Solid Sizr2 £%0 | AYD 8 Comglete with Batsries & Loads from £50 %

AV 8 MKY Compiete wih Sanenss 3 Leads . . 90
WARCON: TR2005 AM FI 10MHZ-1GHz 5 Ger £500 M&ﬁ'ﬁﬂiﬁmzﬁm ol A0 8 &5 % ——
MARCOra P08 AM PM (OMHZ Si0MHz SigGen . . £375 | TEsT |EADS sunaole for AYOVETERS Reo & Biack wah s SE
WARCON: TF2015 A Pl 10.5204Hz g Cer wit At ilons Gt L el |V b o —

Synchronisar TFE171 . : ] . E550 | Biack Twer Ready” cass for AVOs. Unused €35 {PRP £8) e
MARCONI TF2NS wehowr Synchroniser S425 | e vavE TESTER G180 Swicass st 6. 22 Bases (P8P £7) 5 o PANELS . PfRS .SIRENS
WARCOR! TF2615 AM FM T0MHZ-A20NH, witn Synchronser ; ; OMLY £25 pach 1 B DOORPHONES RSTRO

FeIms 1 400 | av0 TRANSISTOR ANALYSIS Mi2 CTas6 Sutcase spie, BES
VARCON; TF2015 without Spichriniser £160 complata with hatteses and oparating InstuCHions
VARCFE}NQZSANE%?GSIG&SOUHS?E &0058 BE0-2150MHz . ;2.583 [tE] _ ONLY £25 each g ¥ we g 3
CYMAR 1525 A1 FM C1-18MH: Si - aaa =
FIP S6¢ SWEEP OSCILLATOR R 40tz £500 NEW EQUIPMENT | &A™ ?
AP 820 Sonal Generay 211GH2 €200 | LAWES GSCILLOSCOPE 608 Dt fracs BOMHZ Delay Sy T DA
HE 6124 Signal Generznr B00-2ZWOMHZ .. €50 Component Tester + 2 Protes £575 %
FERRCGRAPH ATS2 Recordar ot S& . €275 | HAVEG OSCILOSCOPE 2036 Cual Tace 20MHr. Componer: %
WOELKWE Viow & Fuster Meter MESOS _£100 Tosier & 2 Prodes . ou R | e
1ESDER 1AV 3854 Twe channet Mllvofimater SHz-S0kHz ATl Other Models Avedshle 3

000N 5 £100 —_———— | AL b
LEVELL TG200DM friz-tMiz SineiSquare {125 BLACK STAR FREQUENGY COUNTERS Pap 22
ARCONI Autosic Distorvon Meter TFZ307A 400Kz of tkHz, | Meteor 100:1001% £09 RIL E | ;

Msascrgs o n W oo 150 | Meteor B00-500MHz o N ke
WARCOMNI TFZ700 UNIVERSAE LCA Bdge Batiary Oporated | Me#e0r 100016 s b

. FORDN | o marungs IR AP b oo e o g
PHILIPS PNE456 FM Sierso Generalor St et 2l . b
ADVANCE SGE26 SGE28 AM 150KH2:220MHs . 45 (PAP 7) | o, BLACK S7AR ORION. PALTVIVIDED COLOUR PRITERN DITD =
TEXTAQNIA CURVER TRACER tyze CTH £325 L T T :
TRIG $3402 AM Sig Gan 1034<z-30MHz Unused €75 | HUNG CHANG DM 7030 32 digit Hand hed 28 ranges 3 04
MARCONIATTEMATOR TF2162 OC- M4z 600 Onm B411dB m including 10 Amp AC/DC 0.1% Compiete mth bafteries &

0108 Sieps e G | o
L b e | H WHZUS e H
50008 with mamal “SONLY €45 (P&P 7) | 0SCILLOSCORES PROBES. Swiches <t 10 —__ €1t each g'etGS; 5‘?tedT'ag:/ 5‘1;‘;?1‘0” 90’
, Hetailimall oraer oen A" X i

~Used equipment — with 30 days guaraniee. Manuals supplied if passible (A4) SAE £1.50 each or £3.00 for both £
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availabifity =

before ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage 404 tdgware Road. Londo i

el: 4 { _
==  STEWARTS OF READING Y ]
110 WYKEHAM ROAD, READING, BERKS RG6 1PL ALSO AT Audio Electro 01 Edgware Road [ 4 Jabd
Tet: 0734 68041, Fax: 0734 351696. Callers welcome 8am-5.30pm Mon-Fri (until 8om Thurs) 8 0 0 8 18 AT 0810 0 a0
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~owr |V ELECTRONICS

1 9 8 100 PAGE COMPONENT
CATALOGUE PRICE &1

SEND OFF FOR YOUR COPY TODAY...

@ WE STOCK AN UNRIVALLED RANGE :
©® ALL OUR COMPONENTS ARE FIRST CLASS BRANDED ITEMS 2V e
@ WE OFFER A SAME DAY.SERVICE ON ALL STOCK ITEMS Y
@ NO MINIMUM ORDER—IF YOUNEED ONE COMPONENTWE - [ : —
CAN SUPPLY ONE COMPONENT = FREE VOUCHERS!
@ WE HAVE ADOPTED ANEW LOWERPRICINGPOLICY + |  SEND OFF FOR YOUR CATALOGUE
QUANTITY DISCOUNTS : Eh AND VOUCHERS TODAY.
® FREE VOUCHERS WITH YOUR CATALOGUE—ORDERONE -] 1WOULDLIKETORECEIVE...  TapeyourS! coin
NOWL. ~= 1 GOPY(COPIES) OF THE 1989 here, or send a
: ; ; 5 -~ 4 CRICKLEWOOD ELECTRONICS  cheque or postal
JUST FILL IN THE COUPON OPPOSITE AND POST IT WITHYOUR | COMPONENT CATALOGUE.1  order for 3100 for
£1 PAYMENT TO THE ADDRESS BELOW. YOU WILL RECEIVE NOT PLEASE ENCLOSE MY FREE  require o008
ONLY OUR SUPERB 100 PAGE CATALOGUE, BUFALSOFREE. | VOUCHERS. :
VOUCHERS WHICH YOU CAN USE ON YOUR NEXT COMPONENTS
ORDER. =i i = NAME... ... et L e s
: : Gl e g | ADDRESS....ooio
CRICKLEWOOD ELECTRONICSLTD 40 CRICKLEWOOD BROADWAY LONDON
NW23ET - TEL 01450 0995/452 0161 - FAX: 012081 TELEX:9M407T7
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MILTRONEX 89
ADMISSION TICKET ENQUIRIES

<N
AND
R 1989

Please send me___complimentary admission tickets.

Name
Position _ EFENCE MAGAZINES
Organisation . , o

IK’S FIRST
AddyessEeaat ottt Siay . S Ta S

NTERNATIONAL
LITARY *
LECTRONICS
EXHIBITION

Post/Zip Code _ -

Signalure

| | MILTRONEX "89 is a specialist military

, electronics exhibition aimed al manufacturers and
suppliers of mililary electronie svsteins and

I components. members of the armed forces.

I procurement personnel. government officials and

end users — evervone who has anvthing 1o do with

military electronics.

sour business 1s Mihtary Electronies—

M. i your business to visit MIITRONEX 89




SWITCHLESS
INTERCOM SYSTEM

MASTER
UNi

LABORATORY
INTERCOM

ver since primitive man decided that he
had something more to communicate to
his fellows than the wants and warnings
exchanged between less intelligent plan-
etary cohabitants, he has striven to make
communication possible over ever greater distances,
between more and more individuals and against
increasingly overwhelming problems of noise and
surroundings.

Having now passed on from grunts and rock-
banging to an age of digital-encoded. frequency-
compressed, multiplexed-laser exchanges between
land mobiles, geo-stationary satellites and micro-wave
dishes, is there really a need for a new intercom
design?

Well .. vyes there is. My particular problem
existed in a hospital radio-pharmaceutical suite where
a preparation lab is separated from the collection room
by a changing area and double-glazed panels. This
is where injections are prepared under sterile ‘clean
roon’” conditions. Because access is restricted,
messages had to be communicated via the glass
panels in a startling performance of shouting and
improvised sign-language, not far advanced from the
communications devised by the aforementioned
primitive man.

A small commercial intercom was tried but since
the clean-room operator spends most of his or her
time at a bench with hands busy, the ‘press to-talk’
button (almost universal on small systems) was not
convenient and communication tended to be one-
way. Besides, the unit was always being left on and

ETI AUGUST 1989

the batteries would flatten overnight.
So it was decided to attempt the unlikely — a
simple two-way systern free of ‘press-to-talk’ buttons.

Avoiding A Howler

People who have worked with microphones will have
already spotted the major obstacle: aroom with alive
microphone feeding to a speaker in another room
which contains another live microphone feeding a
speaker in the firstroom, is an instant recipe for audio
feedback — howl around.

Circumstances did not warrant excursions into
possible technical solutions such as frequency shifters,
adaptive filtering, line multiplexing and so on. It was
judged that by reducing the acoustic coupling between
speaker and microphone, sufficient sound levels could
be achieved for useful working. If such a system would
work, then another station was to be added in an
adjacent clean-room.

Most cheap intercom systems rely on a single
transducer, a loudspeaker. that functions as a
microphone when suitably switched. This is mounted
in a small plastic or metal box and the systern gives
a very poor tinny quality to the reproduced speech.
A tinny sound will set up howling before useful sound
levels could be reached, due to certain frequencies
being reproduced more efficiently (mechanical reson-
ances of the boxes, properties of the microphone and
loudspeaker and so on} so that the whole system has
sufficient gain to oscillate at these exaggerated
frequencies at otherwise low levels.

LJd[0Hd

Messrs Lawson and
Feeney can talk for
hours on their
multiway expandable
Intercom system
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NOTE:
IC1 =78L05
1G2 = TDAZ030
IC3 = SLE270

- 2D1 = BZYBBCAV?
012 = 1N4OO1 »

100u 100n

AGC
DETECTOR

- PRE-AMP () RVI

OUTPUT 100k

R13 . RY 9y |+
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™Mo o Pt T
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HOW IT WORKS -

* Thecscuitof aslave intercom stationis showninFig 3. tisasimple
* two amplifier design canststmg ‘of a microphane preamphher and
; 3uds0 power ampifier.
. The preampiifier 15 based around the SL6270 VOGAD
o tmcrophone preamptier, a voice operated gain adjusting device
- vihich uses an automatic gain control (AGC) circuitin fts internat
feadbactc:rcumy tokeepaconstant ampfitude. The AGC causesthe
* gain to increase it the external notse’is small and vice-versa — duseful
~ feature foran intercom. .
 Theonly problem when using his device is that the maximusm
: g,ecommended ‘bperating voltage is 10V, whereas the minimum
working voltage for 102 is 12V; This means 2 voltage regulator &
* raquired fo drop the 12V supply to around 3.5V for €1,

- Howeverthere are no commonly available .5V fised voltage
regulators so 11, 2 78L05; is used instead with a zener diode 201
inits comman connection. The zener diode fts’ the reference voltage

1o the:comman connection by the zener vohage rating ~ to obtain
- 39V supply. say, a 4V zener covid be used ithere is usually a smal
'3oss in the zener diade].
i The gain for IC3 is setby RS wmch prowdesneganve {zedback
_tothe man amplifier of the chip. The gam 15 given by the foliowing
- io;mula i

. Rgx10000
{Rg +10,0001680

The minimum vatue for RG 15 680R, the velue ussdin this appication,

which reducesthe susceptibility tofeedback due the AGC actionto
g minimum. Thisis required due to problems otherwise encountered
- wath audio acoustic feedback nsida the housing.

Anyone redesigning the unit as & switched intercom could

. temove Re.

€apaciter 5 provides 2 high fraquency rofl-off 1o help reduce
*howling" when feecback is produced. C13 and R13 set the rate of
attack and decay of the AGC clecuit, these ore not cntical and may
need to be changed # a special microphone response is required.

k11, C14.and C15 heip to decaupie the supply toiC 3 along withi
€11 and C10{os IC2. The amp output is fed into RV which acts as
3 yolume control connecting to the non-inverting input-of IC2.

R4 seis the gain and need not ba changed, R12 and C16 form a
za2be! neswork 10 give stability at high frequencies and Dt and D2
protect voitages larger than the reil.

For a simple two intercom project the master aad slave upits’
inputs and outputs may be cross-dinked. For a three station project
& mixer gircuit i regulied to isolate the stations propetly.

A typicel mixes Cercuit is shown in Fig. 4, based on the LM3900
quad Norton op-amp. This-IC has cumrent mirrae puts which aliow
smule supply operation and around 95% of the suppiv voltage swing
on the outputs, however the maximum input voltage i G:8V. R6
controls the gain which is set to unity for this project. i the signal
needs 2 boost at this stage RG mey be increased by make sure the
ouiput load due to cable resistance s not too high.

The twoinput sesistors mix the signals from stations A and 6 and
feed the output t9 the ihird station C.

The complete mixer circuit is shown in Fg. 5. Another station
may be proviced for by using the fourth op-amp o the 3900, with
three resistors on each input mstead of two.

The power supply is a siandard 12V 1A type but make sure the
transformeris of the split-hobbin rype as the maias earthis not used
and these transformers provide moreisolgtion betwean primary and
secondary coils. Use an anti-surge Tuse in the five connegtion.

It became obvious that a live microphone system
would have to have a fairly flat frequency response
and that the penalty paid for the absence of switches
would be a sound level somewhat less than can be
used in a switched one-way system.

To produce a resonance-free frequency response
it is important to choase better quality devices than
would otherwise be selected. Various microphones
and loudspeakers were tried before arriving at the
present components. The amplifier was developed
as atwo chip design, a microphone matching pre-amp
and a small hi-fi amplifier chip. This also permits the
mixing needed for a larger system.

A directional microphone is a must. Looking at
Fig. 1 a sound is produced at X and the mic+
amp +speaker chain has a gain of ten. Some of this
signal will find its way to the adjacent microphone and
if this is any more than a tenth of the speaker level,
then sufficient sound will be produced by the second
channelto reinforce X and the system rapidly builds
up to a teeth-grating howl. This is a much simplified
explanation but illustrates why the microphones
should not be responsive to sounds around or behind
them and why mounting speaker and microphone via
sound-insulating mounts is necessary.

Calling At The Next Station

With a system working, it is surprisingly easy to extend
it 1o a large number of stations. A simple distribution
systern feeds each microphone to all loudspeakers
except its own. For this, each amplifier is preceded by
a basic mixer that accepts signals from various
microphones (see Fig. 2}.

By having each pre-amp next to its own
microphone, the signals involved are then large
enough to permit removing the mixer/distributor to
a remote position or, for best economy of wiring, in
-a ‘master’ unit that comprises a power supply, the
mixers and a single intercom station.
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Fig. 4 Signal mixer using LM3800 Norton op-amp

1Jd[0dd

I =7 POWER SUPPLY SECTION

20 B B

3 SLAVE CREC
<

EXTERNAL SLAVE UNITS

47 %
13
- 1C1e
8
5
A7 R11
&7

Fig. 5 Circuit diagram for the master station

3

1 | S A
~ SLAVE ™1
SRR,
|

ON-BOARD SLAVE
SECTION

NOTE:
1C1 = LM3300
ic2 =782

51



2
SLAVES

MaSTER QVERLAY
w Jadd

MICHOPHONE LOUDSPEAKER

Fig. 6 Component overlay for the master station
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Fig. 7 Component overlay for a slave station
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~ Construction

The overlay for the master unitis shown in Fig. 6 and
the slave in Fig. 7.

When assembling the PCBs mount the flattest
coMmponents first and build up according to height of
components to make soldering much easier. IC
sockets are not a necessity but are a useful addition
in case of faults on the board. During testing it allows
the supply to be checked belore the [Cs are placed
in their sockets.

The TDA2030 and 7812 are mounted on the
circuit board with a 4BA nut and bolt. Finish
construction with the transformer. making sure it is
secured with mounting bolts.

Make sure the box for the master unit is deep
enough to house the transformer. Wire up the mains
switch and fuse and connect to the terminal block. The
circuit should be tested at this point for the correct
supply voltages throughout the board.

+

PARTS LIST
SLAVE UNIT

RESISTORS {all %W 5% except where stated)

Ri 87
R247 100K (5W)
R3 0k =
RS 680R. 5]
‘Ré 2% 5
G 150k (AW}
RS kO
Ri0 4k7F {AW)
RH 3307 _
R12 1RG wirewound 2.5W =
R13 gl : =
RV1 100k min cermet preset =
CAPACITORS
C15 2 =
& &70n min laye: =
£3 220 min-fayer
{4 ~15n min layer =
co 447 16V tantalum ==
C7 447 63V
c8 24z B3V
cg 2225V
LC105 100 min lavee
€1 100z E
€12 220y . ;
C13 4 e
Cie 22 plastic ==
SEMICONDUCTORS i
4C1 78195 3
“ice TDA2030
13 516270 >
Pli=== 4007
MISCELLANEQUS
CONN 4-screw terminal block with solder terminals
LSt B8R 0.5W min loudspeaker e
MIC1 - 600R dynamic moving coil unidirectionat
- miciophone =

PC8. Large 1in grommet {for microphore). Black baize Mounting

bolts. Case. Veropins.
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Next solder the speaker and microphone leads
to the PCB pins and socket the ICs (if sockets have
been used).

Special consideration has to be given to the
acoustics in the box as explained earlier. Figure 8
shows the mounting arrangements of the speakers
and microphones used in the prototype. PVC tape
was used for blanking off the back of the speaker. Tape
deadens the internal sound better than most methods
that were tried. The foam sealing strip is the material
used for draughtproofing doors and this isolates the
speaker from the plastic lid.

The black baize is glued in place first to act as
further damping and to give a pleasing aesthetic finish.
The foam strip is then put down in a circle the size of
the speaker.

The microphone is isolated from the plastic lid
by the rubber grommet — the microphones
recommended require a grommet diameter of about
27mm but smaller ones could be used by cutting out
the internal rubber. When the microphone is glued
inside the grommet (leave /2in out of the lid}, black
baize is glued on top of the microphone for aesthetic
appeal.

FOAM SEALING STRIP

PLASTIC LID. |
OF BOX \xl

PVC TAPE

BLACK
BAIZE

MICROPHORE

PVC TAPE

GROMMET

Fig. 8 Mounting the speakers and microphone

For the slave unit follow the same procedures but
bear in mind the mounting methed used for the boxes.
The master unit is wall mounted with four screws
underneath the PCB, with the PCB then swunginto
place on 4BA board spacers. The slave units are
mounted using the same screws as the PCB.

Make sure to use 4-core-screened cable when
wiring up the units from the mixer to the slaves. The
terminai block used in the slaves is the solder-tag type
where a hole is cut in the box to allow the terminal
through.

The cases should be carefully cut so that
everything fits in its proper place. Cutting instructions
as used in the prototypes are shown in Fig. 9.

Testing

For the master unit test the power supply at the 7812
output with all ICs out of circuit and the microphone
and loudspeaker disconnected. Next test the supply
from the 78L05 which should be around 9 to 9.5V.
If the supply is correct, turn off and socket the ICs.

Connect the loudspeaker and microphone and
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wire the two slave units to the terminal blocks.

On the slave units test the incoming supply with
the ICs out of circuit and with the microphone and
loudspeaker disconnected.

Next test the supply from the 78L05 (again
around 9 to 9.5V). and if the supply is correct tum
off and socket the [Cs. Connect the loudspeaker and
microphone.

r 911
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Il Fig. 9 Cutting instructions for the case

LJd[0dd

53



54

PROJECT

Setting Up

Space the two slave units a good distance apart
{unless they are already installed} and switch on the
supply. If any howling is heard, adjust the trimmers
to prevent it.

Ask someone to speak into one microphone
while you listen at another unit or use a portable radio
to provide a sound source. Use your trimmer to give
an acceptable volume at your end. then repeat the
procedure for the other two units.

If the power mixer is being used, set all trimmers
at highest value {unity gain).

If mere volume is required turn each trimmer by
the same amount until howling is reached and then
back them off slightly.

Using The Intercom

Theintercom was designed primarily to be switchless
in operation. This has given rise to various feedback
problems as previously discussed. To help prevent
these getting any worse special precautions should be
taken when installing the system.

Obviously the shorter the distance between units
the better — if very long lengths of cable are required,

the power mixer {outlined later) may provide a better

performance.

All cable should be screened with the screen
soldered to ground at either end.

Try not to position units too near a sound source
as this will probably be fed through to the other units.

If the intercom is used in private rooms
remember that the microphones are live all the time
— it may be a good idea to design in a microphone
muting switch for privacy purposes.

Be careful when routing the cables, making sure
not to place near switching or power cables to avoid
possible interference or signal degradation.

If you do not require the microphonesto be Yive’
all the time. by all means make the system a switched
one. Increase the gain of the 6270 by either increasing
the volume from RG or removing it altogether.

Final Conclusions

The authors are honest enough to point out that this
is not the ideal system for everyone by enumerating
some of the drawbacks. There is no simple way to
avoid at least two screened cables and a power supply
pair to each station.

Sound levels are somewhat lower than usually
found in intercom systems — but in practice will
depend on exact construction and on just where they
are used.

Because the system may have several stations;
each contributing to the tendency to howl, the setting-
up can be fairly critical for best levels.

In mitigation, the authors have produced a facility
within bounds of cost and complexity as a solution to
a problem not amenable to commercial equipment,
Although many readers will not have ar isolated
clean-room as part of their lives. itis hoped the project
will help solve similar problems and reduce muffled
screams and arm-waving across the nation!

ACOUSTICS

As mentioned, the key to this projectis the isolation of loudspeaker
and microphone from an acoustic point of view.

Several arrangements were tried and constructors are free 0
expesiment in this area. The ultimate separationis of course obtained
by mounting the two in Separate enclosures but this comphcated'th!
construction and is not ideal because each enclosure has its own
resorances and the system is still lizble to howl. ==

Short goose-neck stems were tried as micraphone mounts ¢ but 5
discounted because they actually moved the microphone f Iumet‘ﬁto
the sound field of the loudspeaker {and incited co!le:gues to nbald
commexts about their appearancel).

Acoustic damping with rubber, foam sealing trip and PVC tape.
asindicated has sozked up sound waves from behind the loudspeaker,
Itis important ta mount the microphone capsule at least %in out of
the enclosure to escape the residual sound within the enclosura :

Aseas for expetiment include foam rubber tubes around the
transducers, electret microphones, angled enclosures and so OI'L

BUYLINES

Nopreblems should be encounted when trying to obtain components
for this project. Various microphones were tried but th° best was the
unidicectional UF27 from Maplin.

The TDA 2030 and LM3300 are available from Mapfn and erkn
butonly Cirkit supply the SL6270. The bridge rectifier used wasthe
SKB2/02L5A from Electromai. A suitable alternative bridge rectifier
sold by Maplin is the BY164, which is also an in-line packsge,

ThepA75%is oniy available from Elecromail {telephone (0536|

=-204555). The transformer used was Electromail code 207 699

e R X

.
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The Power Mixer

The installation of a second system presented a new
problem since the authors had to use wiring already
in place in conduits in the walls. Nene of this wiring
was screened so that any two wires formed a capacitor
such that each microphone signal was fed straight
back to its own loudspeaker. The capacitance between
two adjacent rooms was measured at about 60nF
giving almost totzl feedback at the high impedance
amplifier.

The solution te this is to move the amplifiers so
that only high level. low impedance levels are
concerned. and 60 nF is not significant.

Thisis not too difficult with two stations but three
or more require the mixer/distributer to be high levet
also, so that the circuit of Fig. 10 replaces the LM3900
mixer circuit.

The amplifiers are 759 devices that ‘look like’ 741
devices but have a beefy 300mA drive capacity.

HZV
nz
100k m" ‘
I !
10k
B O ! 220n l—-():]
: £ il
Pl
A O="ANA
R3 R4 'IBV
10k 100k
RV1
B0k
+12v
R6
100k
o |
c3 & o
220n 1
"WViJ.% ez c!—o 2
coaAAN T 100u
R7 R8 16V
10k 100Kk
i RV2
50k
NOTE.
1 g2 1C1-3 = uA759
R10
100k
Rg
% |

Fig. 10
Circuit diagram for the optional powsr mixer

enough to drive over 700mW through an 8R
loudspeaker. That might not seem much in these days
of mega hifi but is uncomfortably loud in many
circumstances!

The 759s are simply biased so they can be used
from asingle 12V supply. Gain is adjusted via RV1-3.
If signal strengths are weak then increase the gain of
the appropriate mixer op-amp.

A suitable component overlay is shown in
Fig. 11.

To use the power mixer, the following wiring
alterations need to be made to the slave units.

Connect the 6270 output directly to the
TDA2030 input. Disconnect the output from the
TDAZ2030 to loudspeaker and connect the loud-
speaker to terminal 3. then re-connect the TDA2030
output to terminal 4.

Now terminal 3 is the output from the mixer and
terminal 4 is the input to the mixer from the slave unit.

Alterations to the master unit are as follows:

Remove the LM3900, IC1. Remove the link
from master unit PCB. Insert a PCB pin next to C10
and solder a lead from it to ‘A’ on the power mixer.
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POWER MIXER DVERLAY

Fig. 11
Component overlay for the optiohal power mixer

Remove C9 and insert a PCB pin where C9s
negative lead was. Solder a lead from thisto 1 on the
power mixer.

Mount the power mixer PCB on the side of the
box and connect up B, C. 2 and 3 to corresponding
terminals_

Connect +12V and Ground to power terminal
block on power mixer.

PARTS LIST
POWER MIXER

RESISTORS {all %W = carbon film)
R1,3.5,7.91 0k

R24681012 100k »
RV1-3 50k min cermet preset

CAPACITORS

C135 2200 tantalum

€246 100, 16V electrolytic

C7 10n ceramic

SEMICONDUCTGRS A
ICt3 pA759

MISCELLANEQUS

CONNI-4 2-sqrew: terminal block PCB-mounting

PCB. Mounting screws. 4BA nuts and bolts for mounting 7539s.
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Jeff Macauley gets out
the glue and reports
on the ports of his
bass reflex
loudspeaker design

REFLEX ACTION

MICRO MONITOR
SPEAKERS

ast month 1 described in some detail the

basic principies behind the design of reflex

speakers. This month I've taken the oppor-

tunity to get my hands dirty and actually

build one. There’s nothing to beat the

practical application of theory and so | present the
following design which [ hope will prove both instruc-
tive and a spur to like-minded readers to have a go!
Despite the fact that the theory behind speaker
design is now fairly well explored, building a speaker
will always throw up interesting challenges. For
example this project started with running the charac-

teristics of some woofers through the Optibox-

computer program | detailed last month.

Fig. 1 The circuit diagram
of the crossover

=t Although I live in a flat where
| space for audic equipment is some-
what limited | like my fair share of
bass so I'm always on the lookout for
small systemns with good low end
extension. [ came across the woofer
used in this project in the Tandy
catalogue. Although its only four
inches in diameter and is primarily
intended for in-car use its
characteristics make it ideal for a
micro monitor application. The unit,

PROJECT

56

Tandy catalogue number 40-1022A,
has the following specifications.

Resonant frequency fo =55Hz
Total Q Qts =035
Equivalent volume Vas =023 cuft

less liable to resonate and colour the sound. |
eschewed the normal .75in thick high density chip
board for the more cosmetically pleasing white
melamine covered variety.

Any constructor that cares to can choose the high
density stuff in preference as long as the internal
dimensions are retained. An 8ft length of %in wide
board will amply provide two cabinets for less than £7.
Unless one actually enjoys woodwork or has maso-
chistic tendencies it is worth getting your local timber
yard to cut the board for you. Itis absolutely essential
to have the cuts made accurately (this will prevent the
possibility of the air turning blue as you fit the case
together).

To complement the woofer a high quality tweeter
is required. As with woofers there is a large variety on
the market. | finally chose a Philips polycarbonate
dome type which is available from Electromail,
catalogue number 249-435. The main reason for this
choice is that [ have had wide experience of this unit
and know its strengths. It has a good flat response
from3-20kHz, ampltude variations being kept to
within a couple of dB. It is alsc very sensitive and
capable of wide dispersion.

Considering Crossovers

Having decided on our drivers and the cabinet size,
the next task is o decide on a crossover. To under-
stand how well or dismally a crossover works it is first
necessary to consider the tasks it is required to
perform.

The obvious function is to divide the incoming
signalinto the high and low components. Unfortun-
ately this is complicated by the fact that the speaker

If we plug these values into the equations given /,units don’t present pure resistive loads. Another

last month we come up with the following informa-
tion. Optimum volume Vo = 0.169 cubic feet, cutoff
frequency 62Hz!! I've seen enclosures of over a cubic
foot which cannot reach that low.

This obviously merited further investigation so
I went down to my local Tandy store and bought a pair.
| then embarked on the process of testing them to
make sure the parameters were as stated. | was not
disappointed. Both units measured up very closely
to the published spec and in addition the enclosed
data sheet promised a very smooth midrange re-
sponse and a top end rolloff of about SkHz.

There were only two flies in the ointment. Firstly
the quoted sensitivity of 84dB/W is on the low side
as is the published power rating of 10W rms. However
I have been driving mine at neighbour-disturbing
levels from my 35W/ch amp for over a month with
no signs of distress to the drivers. My initial
reservations as to the spl obtainable and the weofer’s
durability have proved unfounded.

[ finally chose, after some deliberation, a cabinet
volume of 0.166 cu ft. The reason for the slight change
in volume was rounding the dimensions to whole
numbers: 3dB cut off at 64Hz, ripple 0.1dB. The final
external dimensions of the enclosure are 9.5in by
5.75in by 9in (hx wx d}. A cabinet this small has the

advantage that the panels are more rigid and hence-

complication is that back emf is generated by the units
as they operate and this behaviour is both amplitude
and frequency dependent. Add to this a compensa-
tion for response deviations in the driver and you end
up with a very complex network that evades straight-
forward analysis.

The other alternative is to accept that some
variations are inevitable and minimise these by
choosing drivers that are inherently flat in their
operating range. A simple network can then be
designed which gives good results. Luckily both the
units chosen here are fairly flat {to within a couple of
dB of their operating range) and therefore the simple
approach can pay dividends. :

Getting back to the immediate problem of
designing a crossover for the speaker in hand I made
the following observations. Firstly the frequency
response of the woofer is flat within £2dB and has a
well damped hf rolloff, 3dB down at 5.5kHz.
Secondly the tweeter is far more efficient than the
woofer and has a well controlled bass’ resonance at
2kHz. It is also sensibly flat between 5 and 20kHz.

It followed from these observations that the
easiest solution was to leave the woofer response as
it is and precede the tweeter with a first order network.
It means an asymmelric crossover and implies a
careful choice of turnover frequency to avoid response
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anomalities. This was the design path chosen and the
resulting circuit is shown in Fig. 1. The tweeter is
several dB ‘hotter’ than the woofer which means its
signal must be attenuated. This is the function of R1.
€1 is chosen to produce a —3dB point at 5.5kHz in
conjunction with the series resistance of R1 and the
tweeter's impedance. Note that the tweeter is phase
inverted with respect to the woofer due to the drive
signal phase differences between them.

Despite its simplicity this network does the job
it was intended to do and has a couple of advantages
compared to more conventional designs. Ifs
extremely easy to drive. the impedance doesnt fall
below 7R. It uses no coils and because of the high
value of R1 a normal value polyester cap can be used
for coupling.

Even so. | always find the advantages of an active
crossover boost performance further, and a suitable
design for the Micro Monitors will follow next month,

Construction

The required wood cuts are shown in Fig. 2. While
dimensions here are in millimetres. the Parts List
quotes in inches since many timber yards have yet to
find their way in to the ‘80s!

Mark out the panels for the drivers and port. The
tuning duct is a length of plastic piping with an internal
diameter of 1.25in (31mm) which has an overall
external diameter of 1.5in (37.5mm). The internal
areaisthus 3.14r* =1.22 in?. Plugging this value into
the port equation gives a length of 4.1in, 104mm. The
piping used is available at plumbers supply merchants
and a mefre length cost me all of 84p.

Note that the port is mounted on therear baffle.
This is mainly because a small frontal area is required
to give good stereo imaging. It hasno adverse effects
onthe sound because at the low frequencies at which
the portoperates the speaker’s radiation pattern is
omnidirectional anyway. Cutting the pipe accurately
is more difficult. A mitre box is almost essential. If you
don't have one the easiest way is to wrap a piece of
card tightly around the tube to obtain a straight edge
which can be slid up and down. Mark off the length
you need by drawing around the card. Using a hack-
saw carefully make a cut around the circumference
of the tube before cutting it through.

Having got to this stage, final assembly of the
enclosures can commence. Everyone is entitled to
their own foibles when it comes to adhesives. Mine
is to use a contact adhesive Thixofix which is widely
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Fig. 2 Cutting diagram for a single Micro Monitor and enclosure construction
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Fig. 3 Recess dish drilling detail
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available. One smears the surfaces to be joined with
glue. then leaves them for ten minutes or so for the
glue to cure. The panels can then be slid together and
positioned precisely. Firm pressure then completes the
bond.

Whatever adhesive is used it is as well to use it
liberally as this will stop air leaks.

Once the case has been glued it needs to be
screwed together. [ used 1in no8 self tappers for this
job. Drill pilot holes Y8in (3mm) diameter to take the
screws and countersink these. [ have detailed the
screw positions on Fig. 2. These should be adhered to.

Having built the case, attention can be turned to
sealing it to prevent air leaks. This is most easily done
with ‘polyfiller. Mix it up into a stiff paste and work it
along the panel seams with your finger. Wipe the
excess away with a damp cloth. The hole for the port
is best cut with a hole cutter. A nest of these, suitable
for cutting various diameter holes between one and
two inches, can be obtained from your local tool shop
for a few pounds. These are a useful addition to
anyone’s tool box. To fit the port into position | used
araldite rapid. The other apertures are larger and are

T—T —T
HP ¢ (Fsr = E

A
RECESS DISH

| Fig. 4 Wiring diagram
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PARTS LIST
ONE CHANVEL ONLY

B 47R W wirewgund
isfs 470n 100V polyester wig

Woofer Tandy 40-1022A

Tweeter - Flactromall 243-435

Recess Dish Mapfin FS34M

Wood tomm thick Melamine covered chipboard -
2-off 9% x4%in
2-0ff 9% %8in
2-off 4% x7%in

1064mmiength of % inid plastic mbmg 3-ott 4mm panel mounting:
sockets.

best tackled with a jigsaw or jigsaw attachment. If this
is not available then a coping saw can be used.

Reflex enclosures cannot be stuffed with sound
absorbants like other forms of enclosure. To do so will
wreck the carefully calculated relationship between
driver and enclosure resonance. For this reason the
interior is left unstuffed.

One nuisance with the woofer is that the mounting
holes are slightly recessed from the frame. This means
that in order to seal the driver against air leaks, further
action must be taken. The bestideais probably to stick
some self adhesive draught excluder tape around the
hole before mounting the driver. A less strenuous
alternative used on the prototypes was to seal around
both units with polyfiller after mounting them. The
tweeter hole should be similarly treated.

Before fitting the drivers into position it is as well
to solder the leads to the terminals. Because of the
simplicity of the crossover unit this is simply wired
across two of the terminals as shown in Fig. 4 drawing.
Nothing elaborate is required here — [ used 12in
lengths of 5A twin speaker cable from Halfords. This
has the advantage that one of the conductors is
identified with a white strip along the insulation thus,
allowing easy phasing of the units.

For connections to the drivers | used three 4mm
banana sockets/channel. If these are connected as
shown in the schematic then upgrading the speaker
to active operation becomes easy. The drilling for the
rear access dish is shown in Fig. 3.

Final assembly consists of mounting and wiring
the crossover and terminals then screwing the rear
panel into position. Remember to seal around the
back plate with more polyfiller to ensure airtighiness.

At this stage all that remains is to test the unit out
and finish the cabinet as desired. If your've never used
melamine faced board before you will find that edging
strip is available to cover the bare chipboard. This is
first timmed to the correct width and applied to the
edge by ironing over it. The backing adhesive bonds
with the heat. :

In conclusion this pair of speakers can be built
for atotal expenditure of less than £40 the pair. They
have a better bass response for their size than any
others [ have heard. What's more importantis that this
response is nicely damped with no audible ripple in
the response. They also offer a good transient
response and a 3-dimensional stereo image. They can
also be simply and fairly cheaply upgraded to active
use as detailed in a forthcoming article.
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EDUCATION AND QUANTITY
PRICES ON REQUEST

3', and 4% 12mm LCO Digital muiti-
meters: 5 ranges AC and DG volts:
6 Resistance Ranges to 20M ohm: AC/-
“2| DC to 20 Amps: Hie Transistor test:
i & Diode Test: Continuity: Auto polarily
2= and zero: Plus extra features as
below. Size 176 x 90 x 36
mm (360 172 x 88 x 38): ALL
All with Test Leads: MODE( s
Fused: Hard carry case | WITH iapp
and instructions. CAHHY CASE

EXTRA FEATURES

Low AG/DG 0/20 micro
amp ranges

LED continuity indicator

5-Range Capacitance Test

2-Range frequency counter
3-Capacitance

2-Range frequency counter
5-Capacitance

Data Hold, 2-Range Freq.
3-Capacitance

Add 15% VAT UK only - UK POST/INS etc. FREE {EXPORT EXTRA)
OPEN 6 DAYS A WEEK — CALLERS WELCOME ,gﬂgfa% H

RUDIO €ELECTRONICS D

(] TELEPHONE 01-724 3564 SAEM
= 3[]1 EDGWARE ROAD, LONDON W2 1BN
i (ROER BY POST OR TELEPHONE
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Interak 7

[ﬂ _ unn
Bare Board [lf

£17.50 ni‘{]
{pius postage and VAT} ”‘{!j_m .-ﬁ_ln

SINGLE BOARD COMPUTER “SBC-1”

A computer doesn’t have to look like you'd expect a computer to look.
It doesn't have to have a keyboard and a screen and floppy disks and
so on.
The SBC-1 has the bare minimum of chips a 280 computer can have
and still be a computer: A 4MHz Z30A-CPU chip, an EPROM chip (up
to 32K), a static RAM chip {up to 32K) and a pair of 8255A /O {input
output) chips giving 48 individual fines to waggle up and down. There
are one or two additional “glue” chips included, but these are simple
"74LS" or “HC" pants.
A star feature is that no special or custom chips {ie PALs, ULAs, ASICs
etc} are used — and thus there ara no secrets, The ZBOA is the fastest
and best established of all the 8-bit microprocessors — possibly the
cheapest tool
Although nec serial interface is included, it is easy for a Z8CA to waggle
one bit up or down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software witl do?
Applications already identified include: Magnetic Card reader, mini
printer interface, printer butfer, push button keypad, LCD alphanumeric
panel interface, 40-zone security sysiem, modem interface for auto
sanding of secursity alarms, code converter (eg IBM PC keyboard
codes to reqular ASCII), real time clock (with plug in module),
automatic horticultural irrigation controller.
By disabling the on-board ZBOA-CPU this card will plug into our
Interak | CP/M Plus disk-based development systems, so if you
don't fancy hand-assembling Z80 machine code you don't have fo!
The idea is {if you are a manufacturer) you buy just one
development system and then turn out the cheap SBC-1
systems by the hundred. If you are really lazy we can write
the program for you and assemble the SBC-1 cards so

you can get on with manufacturing your product,
i leaving all your cantrol problems to us.
Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (T6E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 339t.
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Nick Peters

) 0442 66650 .
Send your requirements to:
) ETI Classified Department, ASP, Argus House,

Boundary Way, Hemel Hempstead, HP2 7ST.
Lineage: 50p per word (+ VAT) (minimum 15 words)
Semi Display: (minimum 2 cms)
£13.50 per single column centimetre + VAT
Ring for information on series bookings/discounts

§ === Al advertisements in this section must be prepaid. ;
g 1 z Advertisements are accepted subject to the terms and conditions i
printed on the advertisement rate card (available on reguest}.

ELECTRONICS

TODAY INTERNATIONAL

COURSES

MAKE YOUR INTERESTS PAY!

More than & million students throughotu the world have found it worth their while! An (CS
home-study course can hielp you get 2 better job, make more money and have more fun out of
life! ICS hag over %L rs experience in home-study courses and is the largest correspondence
school In the warld. You learn at your own pace. when and where you want under the guidance
ofexpert Prersunz.l rurors, Find out how we can help YOU. Post or phane today for your FREE
INFORMATION PACK on the course of your cheice.

{Tick one box onlyl)

RS I S Gh—n  SSR  SSmey S —

Radio. Audio
and TV Servicing

TRAINING

HNC in Microprocessor
Systems

Electronics a

Aone year full time course, commencing on 4th (

September 1989, is offered by Milton Keynes |

Skl“centre I Electrical Engineering
|

Basic Electronic Radio Amateur Licence

Engineering (City & Guilds) aj Exam (Clry & Guilds) u]
0 i Car Mechanies [=]
: Electricat Contracting! @
The course includes 20 weeks work placement iosalaon | Programming o
|n Ind UStl’y. GCE over 400" and *A’ level subjects [m]

This is a Training Agency funded equal
opportunity course and training allowances will
be paid.

(=]
e - e onems wes  aw®

Name
JAddress P.Code
‘ Imematicnal Corresponcence Schools, 312/314 High St Suron, Surey SM1 1PR.
Tek: 01:643 9558 0r 041.221 2936 (24 hrs ) Dept EBSES
—

Please telephone 0908 670001 for an application
form or write to:

FOR SALE

Milton Keynes Skillcentre
Chesney Wold

EQUIPMENT FOR SALE

SOLARPOWER

Oacllcsecpe. Tekbonor S45B, dua! ime base wih £
Bl.eak Hall ks L QL Wl Chronar aSi sotar NCad mulls chargers rated
Milton Keynes Yecturscape, Tokonx al up 10 1.5 WATTS. No room here for all the infp
MK6 1LX ELE R st i . ot B s o

Temar courter, Flacal 383K, #aquancy b 20MHZ S aigt  46.00

PHOTONICS

Timer caunts:, not workang. Advance TCIA ug
tal muitamater, Ph2522A (ngacs sarvoe) 1
%w ik gmhw o i P.0. BOX 49 DAGENHAM RMS 5NY

Avoreter model B 57.50
Yarable mans fransiormer. Regavoi, 0-270V, 44 46.00
Prciasp tesl unit, tdwmm:mp(mhrhﬂm s
Gl recorder, Beciman {neods 11.80°
B!f\domﬁkfleLPNZliHLW:n-iW 5.7%
TRt 018CS, ek, Doned

Deanon st iechical raronss, 2 sats of JEacn 2300

Shure TTR102 -TTRI03+ CRS STR102

%
A&GELECTRONICSLTD

if you are buying Electronic Components

Skills Training Agency

Prcamelal 17.23 elsewhere you are almost centainly paying
PRI S, T 4 ot too much! Wiite to us for a fres 1389
§ Gmrnrgwswv mzr:wpc': {reads soti) "ﬁ- catalogue and start saving money.
Apcle wm”'a’nm s Em = alno (Plezse send rwo 18p stamps iowards postage)
= no manal avalabis

100 Park Avenue, London E6 2SR

E 0D1-9895 D586 or C1-423 6576 - Te[: 01'552 2388 i
BOOKS EQUIPMENT —-

ok A ok ke A o e e o

+* - - & Series X Mixer Kits
+« Workshop Service Manuals «

& yp o 100¢ npus.

* Video Recorder — £12:50 * ::,m::mM

* r.ialenbuvTV Audit, Test. Vintage, Amalaur, efc 2500 * & versans for rocording

» Please state MakeModetType with ocder * ol ;92

*  FREECatalogue Unique Repair and Data Guides % 2ot

* with ail orgers of LSAE fas your copy : . nmmm m ;?ﬂ.[:

*MAUHITHON ELECTRONICSLTD (ETI), mc'gesmqm

: 8% Ee::l}rgr&erﬁg?g?@%m?o i : Send 15p for cataiogue (o:

* Tek: (0844) 51694 * K. Tek, PO. Box 1724, Surbiton,

Yed kv ok ok ok ek ok kR Wk ok Wk K Surrey KT5 6HN. Tel: 01-399 3950

PCB KIT: Drill, stand, tanks, UV-
box, artwork light-box. Cost £400
from RS, will accept £150. Phone St
Albans 68399.

TO ADVERTISE IN ETI MAGAZINE
TELEPHONE NICK PETERS ON
0442 66650

MULTILODE LTD

For electronics components,
leads, aerosols, aerials, 1.C’s,
dicdes, video heads, tools,
telephone accessories, books,
magazines etc, etc.
Open Mon to Sat 9am to 6pm
Contact:
Multilode Ltd.
at 7 Arlington Parade,
Brixton Hill,

S.W.2 1RH.

Tel: 01-326 1793

CAMBRIDGE COMPUTER SCIENCE LIMITED

25" Drsk Drves, 80 Tk 0SO0 . Meah
J'Dlene& Tk, SSOD
525" Disk Drves, 80 Tk, DSDD Usaa, M\Wf_ﬂimu:h
425" Dsis, DSDD, 43t sozsdm 10e . £300

E27.WI10

Duas Drsic Drive Pyadr Supply i 20,03 6 3CH
Le2 10 DODOCT ONd 0Fvd 36 DSy £2.00 pach
Swilch mode FSU 50W, SV @34, 12V @25A -5

SO5A, 12V 20, - —.£16.00 each

Single Data lead (BEC Micro 1o Disk Drive) .. £1.00 each
Duxi Daz lead (BAC kkoro 1o 2 Disk Drivesi . £4.00 each

Paws: lead (BBC Micro 1o Desk Drvel —
Dual leacs (BBC Micr 1o 2 Disk Drwves) - £200 each
68000 CPU ehunxe £350 each
zn-pnolb«mﬁielc:sxms — 05010
€200
40-pn ¢t fow orofile IC SOCKRS - ooovr . O60SI0
£5.00 /100
OWEATY ieyboard with Cursor keys, ‘uncoon
ks anm:pac £8.00 sach
transiormer, mai WGAA.W
@RAA. E-O-'IZ ﬁ-ﬂ'lA. 12412 0288
. £4.00 ench
£R.0072

8003
All zerms ngw uniess stited. Add 15% VAT 1o all prices.
Prces inciude postage Add 50p 10 orders beow £5:00
Send an SAF for our latest k=1 or for mora il
Dept ETI, 374 Milton Road, Cambridge, CB4 15U
Tel: 0223 42602
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- LOUDSPEAKERS SPECIAL OFFERS

EQUIPMENT

/5//';"—“)
Faicon DIY SPEAKERS

Send for our FREE prige list PL18:

& all we ask is a large S.A.E. (26p)
(Overseas LS. 82 bil)

(Evrope — 3 International repiy coupons}

SYSTEM DESIGNS (Total Kits):
Focal, KEF Constructor Series. etc.

DRIVE UNITS FOCAL. KEF, Audax,
Celestion, Coles, Pearless, Seas,
Elac Metal Dome, Siare, Scanspaak, aic.
Also Group/Disco Units

CROSSOVER NETWORKS —
Active & Passiva Components,
Accessories, Polypropylene Caps.
Expert advice via our enquiry service.
ELEKTOR/KEF PL301
Units, Networks & Components

Full detalls from
FALCON ELECTRONICS
{Dept. ETI) Tabor House, Mulbarton,
Norfolk NR14 84T (0508) 78272
(Proprietors: Falcon Acoustics Lid )

PROJEK SOUND

AND LIGHTING
Supplier of quality speaker cabinets. built
to customer specification & required.
Agents for McKenzie, Fane Loudspeakers
and Adam Hall cabinet fittings.

Tel: (0475) 83626
or (0475) 43089 (24 hour)
for immediate quote =

*f*****'***i********

* Workshop Service Manuals i

Video Recoroer — £1250

%M HoslGolerV Audio, Test, Vintage, Amateur, emssm *

* Plaase state MaksModel/ Type with ordsr *

* FREE Catalogue Unique Pepairand Dtz Guides  *

with all oders or LSAE foz vour copy

* MAURITRON ELECTRONICS LTD (ETT}, »

* 8 Cherry Tree Road, Chinnor,
* Oxfardshire, OXg 4QY.

* Tel: {0844) 51694
,,*****'*'********a*

» ¥

**

SATELLITETV

ENJOY SATELLITE TV /»

DO-ITYQURSELF AND SAVE
BElactronc know-how not requirad
Easy Yo biskd from our plans or kts
Dishas. mcenens. Jown coneners
Guaraniead proven prans and mome
ELECTRONICCONCEPTSUNLTD
M.AQL Box 478, Sxint Jobn, N.B,
Canada, E2L 328

FREE CATALOGYE: Pastsge €1

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.CB’'s available:
Herrlngton, 63 Home Farm Rd,
Hanwell, London W7 1NL

MISCELLANEOUS

HEATHKIT U.K. Spares and
service cenre Cedar Electronics,
(HR), Unit 12 Station Drive, Bredon,
Tewkesbury. Glos. Tel: 0684-73127.

ETI AUGUST 1989

JPG Electronics

Feantors Yaw 5% carbon (E12) 1P, 19% mecs Tam (E247 . 3p
y Armimior Pack 84 gideves 13 values » zero ohre firk. wocl
cortent 1,000 resior £A95
LED'S 1801 OF gréen IMmOr SMim &0 6ach. Yoow 11 8ach

taz 75mm 1p aazh £595 por 1.000, £4950 par 10000
Stepoing Molor 4 chase 12v 75 siep S00TTs . ey
SAR 1027 sengg Moty dinve chip 95
Minaturm Fl CansS0r bty €754
Comouier crara CaDaCROrs WIS S e nas SBOGOUF 5OV £4,
47000t By $150; 38000uf 20v £195; E700M 10v £150
7 segment Canode LED dispuay tmem £0435
LARGSIATS.0 o 0r0p oult Sv requiatsr TOZ20 paciage  EO6S

BS250 P channe! MO! 45
BCSSS teansmioe TOS2 PNP. . £395 pév 100
7ALS05 P icarter /€1000 per 100
ANZTSOHDC mw; Ao oM ) AL R T 250
Seno

st Ciegram, GesenDlon €N BTG B BECH S for tuner
£9S2MbIe O30/ D20 BDOVE 500

Motnr star capacdors 1Suf S40vac e
£0ut V0vaC £5.95. 4uf 250vac €155
LNE m@ns scporessor 2uSal- 100n! 1055
% diort By eectiomag atc comies 095
Qv Bohm woeaxecs 136 x M 080
Hout 2eunter (used) 7 Sgit 280var 500 £095
LD aispiay 16 (e 7= 5.dots. dot atrm £250

Qwerty 2030 58 key uncised goad quaity swickes U500
CMOSTTL 74 MC 7F Enear ransron kits,
OO WIS Ahaays I FOCK.

roniaion,

Fivds 80 TSP pEp p#r 07084 VAT mcued
JPG Electronics,
276 Chatsworth Road. Chesterﬂem §40 2BH
Atcess orders (0245)211202 — Callers

WOULD Y8l BUY A.CAR
WITHOUT A TEST DRIVE?
THEN WHY BUY A MIXER
WITHGUT A TEST DRIVE?

Thinking about 2 new project — from a smalt
Mixer to a large studio complex — come and talk
aver rdeas with the peopie who offer manulac-
turing and yser experience al our New Premises;

Unit D. 318 High Road. 8?

Benflest, Essex SS7 SHB
TO TAKE THAT TEST DRIVE —
PHONE 0268-793351
{Weekend Committee visits
welcame by pnar amﬂgfmem)

ARTRIDG'E
ELECTRON!CS

Head Office. 56 Fleat Rcad. Benflaw. Essex 387 S4i
Telephone 0268-793258

SURVEILLANCE WANTED

PCB’S

AMCAD
PC8 layout software for the Amstrad
6128664 and 464 Tmicros. Supplied
on disk. Price £39.85. o 3
* Very easy 1o use J .J
* 0.1 Grid. OnJ/off
+ 5 Pad sizes B
* DIL, EC. and DIN \-/-J/
Configurations at a key stroke
+ Resistmask » Ground plane
* Indent layout « S/S or D/S
PCB
+ O/P to Dot matrix printer
Enquiries to: Phasor Circults, ref eti, 12
Kendal Rd., Leicester LE4 7GP.

PRINTED CIRCUIT BOARDS. Low
cost production service: 5p per
square centimetre (less for orders
of 10 plus) one offs, 100 offs.
Enquiries: Watling Wires, 52
Watling Street, Nuneaton, War-
wickshire CV11 6JL. Telephone
(0203) 382296.

| KITS

VHF/FM TRANSMITTER KIT, 114"
x 127 tuneable, £4.50. Telephone
transmitters, trackers. Novel kits
and built units. SAE list.
Cheque/PO to AC.E. (TI), 99
Greenheath, Hednesford, Staffs.

NEW VHF MICRCTRANSMITTER
kit, tuneabie 80-115MHz, 500 metre
range, sensitive electret micro-
phone, high quality PCB. SPECIAL
OFFER complete kit ONLY £5
POST FREE. Access orders tele-
phone 021-411 1821, cheques/PQO’s
to: Quantek Electronics Ltd, (Dept
ET1), 45a Station Road, Northfield,
Birmingham 831 3TE.

FREE READERS’
ADVERTISEMENTS

FREE 60 WATT AMPLIFIER
MODULE!! Low-profile pcb & heat-
sink. Thd 0.003%. New + leads &
data!! SEND-US-THE-AD + £4.95
(handling) to KIA, 8 Cunliffe Rd,
likley LS29.

SURVEILLANCE &
COUNTER
SURVEILLANCE

EQUIPMENT
WE MANUFACI'URE AND SUPPLY
TOP QUALITY

SURVEILLANCE
AND SECURITY
EQUIPMENT
inciudmg VHF Transiters
Aulomatx Teleph

Turn your surpius
transistors, ICs etc, into
cash. Immediate settlement.
We also welcome the
opportunity to quote for
cornplete factory ciearance.
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.
NOW ESTABLISHED QVER 15 YEARS
Tel: 0945 584188

Fax Number: 0945 588844

Recorders. Recordmg
G Briefcases. B.»g

:_ . : * CounterTzp Unss

; @ " Wea&oof'exacomplele

i tange of accessones.
wxluding microcassaite Reorders. micaphones,

receicers, cassettes and battenes
CCTV AND SECURITY
SYSTEMS SPECIALISTS
Ve or prone o a derased catzlogue -

ESKAN ELECTRONICS LTD.

DEPT ET, 172 CALEDONIAN ROAR, LONDON, N1

e 01-278 1768 =

ANY INFORMATICN on ICL PERQ
computer. Will pay. Nigel, tet
Crawley (0293) 513354 anytime.

SURPLUS ELECTRONIC COM-
PONENTS. Test gear, computers,
amateur, bought for cash. {0425)
274274,

FOR DETAILS OF
COPY DEALINES CALL
0442 66650

PLANS
ELECTRONIC PLANS, laser
designs, soclar and wind

generators, high voltage teslas,
surveitlance devices,
pyrotechnics and computer
graphics tablet. 150 projects.
For catalogue. SAE to
Plancentre Publications, Unit 7,
Oid Wharf Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

EQUIPMENT

RE-CONDITIONED OSCILLO-
SCOPES. Good selection in stock
at Direct Electronics, 627 Romford
Rd, London E12 5AD, (01) 553 1174.

DISCUSS YOUR
ADVERTISING WITH
NICK PETERS — CALL
0442 66650

TERMS & CONDITIONS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS
Ourtermsfor new advertisers {(semi-dis-
play and lineage) are strictly pro-forma
paymenis until satisfactory reference
can betaken up(excluding recognised
advertising agencies) Cheques and
PQ’s should be crossed and made
payable to ARGUS SPECIALIST PUB-
LICATIONS and sent together with the

advertisements to
The Classified Dept.,

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST
There are no reimbursements for
canceliations. Advertisements arriving
too late for a particuiar issue will be
inserted in the lollowing issue unless
accompanied by instructions to the
conlrary. Itis the responsibility of the
advertiser to ensure that the first ine
sertion of every series is published
correctly, and corections must be
notified intime for the secondinsertion,
otherwise the publishers will notaccept
liability orofferanyreductionin charges.
All advertising sales are subject to
Gaovernment Regulations conceming
VAT. Advertisers are responsible for
complying with the various |egal
requirements in force eg. The Trade
Description Act, Sex Discrimination Act
& the Business Advertisements (Dis-
closure) Order 1977.

Full Terms & Conditions of Adverlising
availabie on requast.
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(new and used} at very competitive prices
Come and see us at

-1 >SS0 --0mMmMmr m

BIRMINGHAM
65 HURST STREET,
BIRMINGHAM B5
TEL: 021-666 6504
8-6pm

EDINBURGH

| OMNIELECTRONICS |

stock a wide range of eiectronic components at

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open Mon-Fri 8am-6pm_ Sal Sam-Spm.
Send 2x18p stamps lor lates! catalogue:

RETAIL OUTLETS

BIRMINGHAM
“SUPERTRONICS”

Speakers, components and test equipment

SURREY

PLS

16 Central Road,

Worcester Park,

Surrey KT4 8HZ,

Tel: 01-330 6540.
Programmabie device specialists.
(PAl's, PROM’s, PLD’s etc). Many

other components in stock.

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street Tel: 051 236 0154
47 Whitechapel. Tel: 051 236 5489

Liverpool 2
‘THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

FOR COMPONENTS
LOTS OF NEW DEVISES
LOTS OF LOWER PRICES
Phone for our catalogue:
01 452 0161/450 0995 Telex; §12 977
40 Cricklewood Broadway.
London NW2 3ET.

REPRESENT
YOUR REGION
AND ATTRACT

MORE CUSTOM

TO ADVERTISE
YOUR RETAIL
OUTLET IN

ELECTROMART
TELEPHONE:

0442 66650

TODAY

o

WOLVERHAMPTON

WALTONS OF
WOLVERHAMPTON

Established since 1947
Offering a complete range — ICs, transiormers,
switches, pots, capacitors;1esisiors. kils. speakers,
test equipment, books and lets. lois more!

2 Come and see us at:
55A Worcester Street, Wolverhampton

Mon-Sat: 9-6 pm  Tel: 0902 22039

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 01-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a farge range of TV & Vidso spares

-1V >=S0IDA0Mrm

_———_—_——————_-—_--—————_-—-—_—-—1

| CLASSIFIED COUPON

' ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT
- DEPARTMENT, ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

EXPIRY Name . s e e P C T S oras e o S T e
PLEASE DEBIT MY ACCESS/BARCLAYCARD No. oae

Rates: Lineage 50p per word + VAT minimum 15 words. Semi- l
display £13.50 per single column cm plus VAT. No reimbursements
for cancellations. All ads must be pre-paid.

Address: i i St Daytime Tel. No. ..........cccccoeoeveienen.
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Peak Programme Meter {October 1988)
In Fig. 4 D21 and D22 should be swapped. C13
should be 100u and have no connection to 1C12.
The anodes of D15 and D17 should be connected
to the input of IC12 (negative of C11}.

On Fig. 7 the capacitors from top to bottom
should be labelled C10.139,11,12.

On the Parts List R15.36=51k. R44 .45 46,
49,50,51 = 2k7.

Chronoscope (November 1988)

In the overlay diagram for the counter PCB (Fig.
3) the polarity of C12 is shown the wrong way
around. SWla-d is shown as SW1-4. In Fig. 4 the
cathodes of LED 8 and 9 are the righthand and
lefthand pads respectively. The cathodesfor LED
6,7 are marked as the wrong pin. In the text section
on Battery Operation, Q1 should read T1. In Fig.
5 SW2 is incorrectly labelled SW5.

Doppler Speed Gun {December 1988)

In Fig. 2 the labeiling of pins 7 and 4 of IC2 are
transposed. IC10a Pin 1 and IC9c¢ Pin 10 should
connect together and not to the 5V rail. The positive
terminal of C3 should connect to the junction of
R2/R3. Pin 7 of IC2 should connect 1o the 12V rail
and notto Pin 6/R1. Sothe pin labeliing of CONN1
runs left-right on the overlay diagram, the
corresponding labelling in Fig. 2 should be 3-1-2,
reading downwards. Fig. 4 is correct in all respects
except for the orientation of Q2 for which the c and
e labels should be transposed. In addition the extra
switch to be seen in the photograph of the prototype
is a hangover from a previous incarnation. Just
ignore it!

Burglar Buster (December 1988)

The foil part of the component overlay for the basic
alarm (Fig. 1) was printed the wrong way arcund.
It should be rotated through 180° as in Fig. 5.

Rev-Rider (January 1989)

In the Parts List RV2 is incorrectly given at 33k. It
should be 22k as in the circuit diagram. A ‘blob’
went missing from the circuit diagram. RV2, R7,
R4, C1 and D3 should all be connected.

In-car Power Supply (January 1989)

Fig. 3 shows the front view of the 317 requlator with
the pin-ouis reversed. The photograph, circuit and
overlays are all correct showing the ledge at the
front of the device.

Audio Design MOSFET Amp (May 1989)

For home constructors of the power amp PCB
{Fig. 8). the copper area connecting the negative
of C#. C14 and R20 is a OV #2 connection and
should be linked to the OV #2 copper area at the
junction of C16 and C18+. Hart’s kit PCB has &
ground plane and no mod is necessary. Note that
the preset at the bottom right of Fig. 8 takes the
place of an external RV3 rheostat when bench

testing and is not now required.

Bench Power Supply (May 1989)
In the Parts List, Q3,4 should be BC237 not
BC307. The value in the circuit diagram is correct.

How To MIDI A Piano (June 1989)

In Fig. 5 the connection from pin 19 of IC8
{(MREQ) should go to pin 12 of IC7a. not pin 13
as shown. The component overlay is correct.
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The digital joystick-to-mouse conversion foil
pattern solderside

The digital joystick-to-mouse conversion foil
pattern topside
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INTERCOM
SLAVE
UNIT
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The intercom slave station foil pattern
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POWER MIXER @

The intercom power mixer foil pattern
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ELECTRONICS

TODAY INTERNATIONAL

THE
SEPTEMBER
ISSUE OF
ETI — OUT
AUGUST 4th

Hot, hot, my Ged it's hot. Asthe desert sun beats down
upon ETI's new Hemel Hempstead headquarters, the
Editor and his Deputy huddie over the air-conditioning,
sipping their pina coladas and preparing the sizzling selefﬁon
of projects and features for the September issue.

And Then There Were Transistors . .

John Linsiey Hood moves from the vintage valve to the
transistor of today with a feature examining the operation
and evolution of the semiconductor sandwich.

Going For Gold
David Crone wanders the public beaches with a novel
bi-loop metal detector project to track the traces of treasure.

Happy Motoring .
Ray Marston presents more stator-the-art circuits for DC
motor control.

Active Sound
The Micro Monitors of this issue receive the active crossover
treatment to fill your home with the sounds of summer surf
music (or not).

Win a JLH 80W MOSFET Power Amp

Welll be giving away a complete Hart kit for the John Linsiey
Hood Audic Design power amp (featured in our May 1989
issue) as part of a fab summer subscriptions offer!

) - *

Plus of course there’s much much more. Projects to please
and features to fascinate. Plus all our regular columns and
the news to keep you in touch with electronics today.
Dont miss your copy.

The abave articles are in preparation but circumstances may prevent publication

ADVERTISERS INDEX

AUDIO ELECTRONICS .
AL @KHLS SR
BK ELECTRONICS ...

8RIAN PRICE ELECTRONICS
R i ., e e o L T e e L 34
CRICKLEWOOD ELECTRONICS 34, 47
DISPLAY ELECTRONICS ...........

GREENBANK ELECTRONICS . ..

HART ELECTRONICS .......... ... 40
R E N SRS TAN D OB . s T W e B P MG AL Foi b 47
JAYTEE ....... o
J'8 DESIGN TECH LTD . . =
M4-B RADIO (WESﬂ ..... i
MAG NS e oBC
NI ETR@N XS e ... 48

NUMBER ONE SYSTEMS .._......_...... DR AT 0L 1y 0 S )
RADIO & TV COMPONENTS ACTION .
SAGE AUDIO
EIRIL=0E  bttogota e 4
STEWARTS OF READING .
(ST = il ol S A RO e 2 e e e L
TK ELECTRONICS ...

WILMSLOW AUDIO
ZENITH ELECTRONICS

BINDERS

FOR YOUR VALUABLE COLLECTION

OF ELECTRONICS TODAY 4-.~‘.'

INTERNATIONAL MAGAZINES " $6.20 &
*SMART-EASY TO USE- TOP QUALITY ' inc. N
To ASP Readers Services, % Pap Y ]
Argus House, Boundary Way,

Hemel Hempstead HP2 7ST (0442 66551) LT 4 l'

Please supply .......... Eiectronic Today International §
Binders £6.20 inc. P&P i

Total £....... {Please make cheques payable tc ASP []
Years Required: 198BS 198 5.+ 19830 19870 [ ]

Pigase aliow 21 days for delivery.
- P NN SN EE SR O S WS SR S EE B B a _l

g‘ CONSTRUCTOR SERIES SPEAKER KITS

Based on the tamous Kef
Reference Series, these three
DIY designs give the home

----I-w

=T i

constructor the . .
opportunity to own an Q
upmarket pair of = .
loudspeakers at a
very down-
to-earth price!
With a
Witmslow Audio
Total Kit it's easy
— no electronic
or woodworking skill is necessary. Each kit contains all the
cabinet components (accurately machined from smoaoth
MDF for easy assembly), speaker drive units, crossover
networks, wadding, grille fabric, terminals, nuts, bolts etc.
Model CS1 is based on the Reference 101, CS3 is
equivalent to the Ref. 103.2 and CS¢ is based on the
Relference 105.2 (but in a conventivnally styled encl.).
CS1 £117 pair inc. VAT plus carr/ins £6
CS3 £143 pair Inc. VAT plus carr/ins £12
CSe £393 pair inc. VAT plus carr/ins £18

We also offer a kit (less cabinet) for Elector PL301

WILMSLOW AUDIO LTD.
35/39 Church Street, Wiimslow, Cheshire
SK9 1AS Tel: 0625 529599
Call and see us for a great deal on HiFi.
(Closed ail day Mondays)

DIY Speaker catalogue £1.50 post free (export $6)

N

N Lightning service on telephonad credit card orders! 35
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One ol the best burglar deterrents is &
guard dog and this kit provides the bark-
Ing. Can be coennected to a coorvell.

1 pressure mat or any other intruder detec-

tor and produces random threatening

barks. All you need is a mains supply.

intruder detector and a Iittle tima.
_£24.00

1

DLBOCOK B-way sequencer kit with built-
in opto-isoiated sound io light input. Only
requires a box and control knab to com-
ple .. £31.50
DUI00OK 4-way chaser featuras bi-
directional sequence and dimming 1kW
per channet

DLZ1000K Uni-directional version of the

i above. Zero switching to reduce in-
4 terdsrence. . ... £10.80

DLA/ (for DL & DLZl()OOK) Dptional op-
to input allowing audio “beat’/light

] response

. TIp
DL3000K 3- cnannel sound lo Ilgm kit,
2810 voltage switching. automatic ievel
control  and  built-in - mic, kW per
channel.

POWER STROBE KIT

Produces an intensg

light pulse at a \\ /

variable frequency of

110 15Hz. Includes

high quaity PCB. —* oy
COMPONENtS. CONMeC- p

1015, 5Ws strobe tube and assembly in-
structions. Supply. 240V ac. Size:
80%50x45.

XK124 STROBOSCOPE KIT _E13.75

SIMPLE KITS FOR
BEGINNERS

% Kits include all components {inc. speaker

where used) and full instructions.

3 SK1 DOOR CHIME piav a tune when ac-

tivated by a pushbutton. ... .....£3.90

1 SK2 WHISTLE SWITCH switches a relay
i on and off In response to whistla com-

mand. . .£3.90
SK3 SDUND GENERATOR pruduces

{ FOUR dlfferent sounds. including'

police/ampulance/fire-engine siren and
£3.90

4 machine gun.

SPECIAL DFFERS ON KiTS FOR
SCHOOLS AND TRAINING CENTRES
—cantact Saies Office for discounts

and samples

RECORD LED

MICROPHONE

AUDIO AMP

HIGH QUALITY

This simple to construct and even simpler to operaie kit will record and playback
short messages or tunes. It has many uses— seathelt or lights reminder in the
cdr, weicome messages fo visitors at home or at work, warning messages in
factories and public places, in fact anywhere where a spoken message is an-
nounced and which needs to be changed from time to fime. Also suitable for
toys —why not convert your daughter’s £8 doll to an £80 talking doli!

Size. .

Messagetime. . . ... ... . 1-3 secs normal speed, 2— 10 Secs slow speed

TEN EXCITING PROJECTS FOR BEGINNERS

This kit contains a solderless breadboard, compenénts and a booklet with in-
structions to enable the absolute novice 1o build ten fascinating projects in-
cluding a light operated switch, intercom, burglar alarm and electronic lock.
Each project includes a circuit diagram, description of operation and an easy to
follow layout diagram. A section on component identification and tunction is in-
cluded, enabling the beginner to build the circuits with confidence.

18

suU PEH-SENSITIVE
MICROBUG

~ VoI PR SOR o
M YALSIRES oo cracur
AERIAL COR
AIK MEMORY SERSITVE \
(I.EC‘"'E' -
M IO

G GAIN
Ad FIER

i HIGH QAL ITY

FaaEGLASS PCO wiTx

SOLOEA QESIST 110 « agmm}

Only 45x25x 15mm. including built-in
mic. 88-100MHz (stardard FM radio).
Range approx. 300m depending on ter-
rain. Powered by 9V PP3 (7mA). Ideal tor
survelilance. baby alarm etc

VERSATILE REMQTE

CONTROL KIT |
78x60x 15 mm

Incluges all components {+lrans-
former} for 2 sensitive iR receiver with 16
fogic outputs (D-15V) which with

MULTIMETER BARGAINS

A high accuracy Autoranging meter with

Display Hold, Memory features.

AC wolls. .. . .0-2-200-750 1.2%
0-0.2-2-200-1000 0.8%

AG curreniD-2m-200mA 1,2% 0-10A 2%

Resistance. 0-200-2K-20K-200K-2M 1%
Continuity. . Buzzer sounds at /20 ohms
Size. .. ... 127x69x25mm
405 207.

A 15 range Autoranging multimeter with
4AC, 5DC and 6 resistence ranges. Only
8x55x108mm. Complete with wallel.
405206 PE S R £1 915 )

interface circuitry ({relays.
triacs. etc—details supolied) can switth
up to 16 hems of equpment on or off
remotely. Outputs may be latched fo the
1ast received code or meMmentary (o0 dur-
ing transmission) by specifying the
{ decoder IC and a 15V stabilised supply is
available to power extemnal circuits. Sup-
ply: 240V AC or 15—24V OC at 10mA
] Size {ext. transformer) 9x4x2 cms.
- Companion transmitter is the MK18
4 which operates from a 9V PP3 bartery
ang gives a range ot up to 600, Two
keyboards are available— MK9 [4-way)
4 and MK10 (16-way).
1 MK12 IR Receiver
4 (inc transformer).. ... .. ... . £16.30
4 MK18 Transmitter. . .. ..£7.50
i MK 4-way Keyboard. ..£2.20
MK10 16-way Keyboard. . . £6.55
601133 Box lor Transmitter. . £2.60

Kit contains a single chip micso-
processor. PCB. displays and alf elec-
tronics to produce 2 digital LEBreadout of
weight in Kgs or Sts/lbs. A PCB link
selects the scale — bathroom/ two types
of kitchen scales. A iow cost digitz! ruler
could aiso be made.

Ask lor a Ieaflet on our range of meters

ELECTRONIC LOCK KIT

1 ES1. 8 ; g £6.50

MICROPROCESSOR TIMER

Kit controls 4

Don’t lack yourself out! This high sgcurtty lock kit will secure doors - outpuls inde- )
i to sheds, garages or your front door and the built-in alarm will deter 3 pendentiy

would be prowlers. Scores of uses including arez actess preventing ; switching on
unauthorised use of machinery or even disabling your | /oftar 18

KEYBOARD

PROGAAM PLUS & SOCKET
LOCK GHIP open the lock. Incorrect

car. One correct 4 digit - preset times
code (out of 5000) will = | over a 7-day

cycle. LED display of time/day easily
entries sound the alamm programmed. Ircludes box.

and diszble the keyboard CT80COK. . .................E47.20

1 ins. K q
L e T e
and operates from 9 1o PCB, connectars and one relay. Wilf ac-
i s 1 T cept up to 4 relays. 3A/240V c/a con-
V (S0uA) supply. Wil wacts. A0

i A 1
dive r;izﬁ;ﬂ;m:g, 701115 Additional relays. . ... ... £1.80

TK ELECTRONICS
13 Boston Road
London W7 3SJ
Tel: 01-567 8310
Fax: 01-566 1916

ORDERING INFORMATION All prices exclude VAT. Free
p&p on orders over £50 (UK only), otherwise add
£1+VAT. Overseas p&p: Europe £3.50 -elsewhere
£10.00. Send cheque/P0/Barclaycard/Access No. with
order. Giro No. 529314002. Local authority and export
orders welcome. Goods by return subject to availability.

~
ORDERS: 01-5678910 2« nouns
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Superb Tr1p1e Trace ZOMHz Osc1lloscope

Precision laboratory oscﬂloscope

3 Channels - 3 Trace.

Sensitive vertical amplifier lmV/div allo

very low level signals to be easily observed.
150mm rectangular CRT has internal
graticule to eliminate parallax error. .
X-Y mode allows Lissajous patterns to be
produced and phase shift measured, ’
TV sync separator allows measurementof
video signals. .
20ns/div sweep rate makes fast signals o
observable. 3
Algebraic operation allows sum or difference
of Channel 1 and 2 to be displayed.

Stable triggering of both channels even with

| different frequencies is easy to achieve.
S0mV/div output from Ch 1 available to dnive
external instrument e.g. frequency counter.

A hold-off function permits triggering ot
complex signals and aperiodic pulse
waveforms.

£287%

As above, but with 40MBz bandwidth and
super bright 12kV tube even at the highest
frequencies. This instrument also has a
delayed sweep time base to provide
magnified waveforms and accurate time
interval measurement. Truly superb
precision instrument.

:

0

: |OrderCoupon SendtoP.0, Box3, Ravleigh, SSS8LR
' | &y |  Descrption Code Frice
I

! -

Sl ! ‘

H Add camage |

‘: Na e SR e N s U et e Total

[ s

despatched

lauthorise youto debitmy Credit Card account for the cost oi goods

wm(TTTTWTTfUTﬂT1

Access Amex, Visa ...
ifordenag by Credit Car

Expirydate of CreditCard_.............

deleteas requured.

e o AR T T I I TR Sl

B= 0702 554161'

ALL PRICES INCLUDE VAT.

Allitems subject to availability. Subject to availability both items will be on sale in
our shops in Birmingham, Bristol, Leeds, London, Manchester, Nottmgham
Southampton and Southend-on- Sea
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