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m POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES Supplied ready built and tested.

OMP POWER AMPLIFIER MODULES now enjoy a world-wide repulalion lor quality, reliabiity and
performance at a realistic price Four models available lo suil the needs of the professional and hobby market 1 e, Industry,
Leisure, [nstrumenlal and Hi-F1 elc. When comparing prices. NOTE all models include Toroidal power supply, Inlegral heat sink,
Glass fibre P C B, and Drive circuits lo power compatible Yu meler Open and short circutt prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
RM.S. into 4 ohms, Frequency Response 15Hz ~
30KHz —3dB, T.H.D.0.01%, S.N.R. —118dB, Sens. for
Max. output 500mV at 10K, Size 355 x 115x65mm,
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 walts R.M.S.
into 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor, >300, Slew Rate 45V/uS,
T.H.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R.
—125dB. Size 300 x 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200 walts 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, S.N.R
—-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, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor >300, Slew Rate 60V/uS,
THD. Typical 0.0008%, Input Sensitivity 500mV,
SNR -130dB. Size 330 x 175 x 100mm,

PRICE £79.99 + £4.50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS. STANDARD — INPUT SENS, 500mV BAND WIDTH 100KHz
PEC (PROFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS, 775mV, BAND WIDTH 50KHz, ORDER STANDARD OR PEC

.. Vu METER Compatible with our four amplifiers detailed above. A very accurate visual
display employing 11 L.E.D diodes (7 green, 4 red) plus an additional on/off indicator.
Sophisticated logic control circurts for very fast rise and decay times Tough moulded plastic
case, with tnted acrylic front Siza 84« 27 » 45mm

PRICE £8.50 + 50p PAP

*PRICES INCLUDE V.A.T.* PROMPT DELIVERIES * FRIENDLY SERVICE *
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

¢ MANUAL ARM s STEEL CHASSIS # ELECTRONIC SPEED CON-
TROL 33 & 45 % VARI PITCH CONTROL ¥ HIGH TORQUE SERVO
DRIVEN DCMOTOR # TRANSIT SCREWS # 12" DIE CASTPLATTER ¥
NEON STROBE * CALIBRATED BAL WEIGHT % REMOVABLE HEAD
SHELL # " CARTRIDGE FIXINGS #r CUE LEVER s POWER 220240V
50/60Hz Y 390x305mm ¥ SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE
PRICE £59.99 + £3.50 P&P.

OPTIONAL MAGNETIC CARTRIDGES
STANTON AL500
PRICE £16.99 + 50p P&P

OMP MOS-FET POWER AMPLIFIERS,

GOLDRING G850
PRICE £6.99 + 500 P&P

, THOUSANDS PURCHASED
(ERLe R EY PROFESSIONAL USERS

HIGH POWER. TWO CHANNEL

NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 (700w — 700w
MXF400 (200w + 200w) MXF500

Ali power rat
FEATURES: * Independent power st
indended level controls * Illuminated on o
circuil proof * Lates| Mos-Fets for slress
distortion % Aluminium cases * MXF600 =z
USED THE WORLD OVER IN CLUBS. PUBS. CINEMAS Z¥SI28 =70
SIZES:— MXF 200 W19 = H3z (2U): D3
MXF 400 W19~ H5"¢ (3U:- D12
MXF 600 W18 - H5 .« (3U1: D13
MXF200 £171.35
PRICES: MXFA400 £228 85
MXF600 £322.20

300w = 3

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.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZI INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID DISCO

AES, FREQ, 80Hz. FREQ, RESP, TO 14KHz SENS, 9808 CE £29.30 + £2.00 P&P
107 100 WATT C10100GP SUITAR, VOICE, ORGAN KEYBOARD, r'JISCG EXCELLENT MID.

RES, FREQ, 70Hz. FREQ, RESP. TOBKHz, SENS, 16008 PRICE £35. 58+E2 50 P&P
107 200 WATT C10‘ZOOGP GUITAR, KEYBOARD, DISCO FX{‘FLLENT HIGH POWER

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz SENS, 103d8 PRICE £48.1 5?’+£2 50 P&P
12" 100 WATT C121 00GP HIGH POWER GEN, PURPOSE. LEAD GUITAR, DISCO.

RES, FREQ; 45Hz. FREQ, RESP, TO 7TKHz. SENS, S8d8. PRICE £37.5% + £3.50 P&P
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE. P A, VOIGE, DISCO.
RES, FREQ, 45Hz. FREQ, RESP, TO14KHz. SENS, 10028 _ PRICE £38,58 + £3.50 P&P
12' 200 WATT C12200B HIGH POWER 8ASS, KEYBOARDS DISCO. PA,

RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz SENS. 100¢6E. PRICE £65. 79+£3 50 P&P
12" 300 WATT C12300GP HIGH POWER 8435 LEAD GUITAR, KEYB\).&HD‘S DISCO, ETC.

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz SENS. 1(0dH RICE £87.51 + £3.50 P&P
15" 100 WATT C151008S BASS GUITAR, LOW FREQUENCY, P A DIS(‘O
RES, FREQ, 40Hz FREQ RESP, TO5KHz SENS 98dB + PRICE £55.05 + £4.00 P&P
15" 200 WATT C15200BS VERY HIGH POWER BASS

RES, FREQ, 40Hz, FREQ, RESP, TO 4KHz SENS, 99dB PRICE £75.10 + £4.00 P&P
15" 250 WATT C15250BS VERY HIGH POWER BASS

RES, FREQ, 40Hz. FREQ. RESP, TO 4KHz SENS, 99d PRICE £82,54 + £4.50 P&P
15” 400 WATT C15400BS VERY HIGH POWER, LOW FHEOUENCY BASS

RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 102dB RICE £96.47 + £4.50 P&P
18" 400 WATT C1840455 EXTREMELY HIGH POWER LOW FREOUENCY BASS.

RES, FREQ, 27Hz FREQ, RESP, TO 3KHz SENS, 99dB . PRICE £172,06 + £5.00 P&P

EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC.
ALL EARBENDER UNITS 8 OHMS : xcep! £85-50 & £B10-50 which are dual impeaence lapped (« 4 & 8 ohm )

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

8" 50 WATT EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS HI-FI, IN-CAR

RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 97dB PRICE £8.90 + £2.00 P&P
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4:8 OHM BASS, HI-FI, IN-CAR

RES, FREQ, 40HZ FREQ, RESP, TO5KHz SENS, 99dB PRICE £12,00 + £2,50 P&P
10” 100 WATT EB10-100 BASS, HI-FI, STUDIO

RES, FREQ, 35Hz FREQ, RESP, TO 3KHz SENS, 96dB
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO
RES,FREQ 28Hz FREQ RESP. TO 3KHz SENS, 9. PRICE £21.00 + £3.00 P&P
12" 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCEl LENT DISCO

RES, FREQ, 26Hz. FREQ. RESP, TO 3KHz SENS, 93dB PRICE £38.75 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5Y" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI- AHF\AY DISCO ETC
RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS ©2dB

62" 60 WATT EB6-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC
RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS

8" 60 WATT EBB8-60TC (TWIN CONE) HI-Fi, MULTI- ARF\AY DISCO ETC.
RES, FREQ, 40Hz. FREQ, RESP, TO 18KHz SENS, 89d .. PRICE£12.99 + £1.50 P&P
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI- ARRAY DISCO ETC.

RES. FREQ, 35Hz. FREQ, RESP, TO 12KHz SENS 86dB . ..PRICE£16.49 + £2.00 P&P

PRICE £27.76 + £3.50 P&P

PRICE £9.99 + £1.50 P&P
.PRICE£10.99 + £1.50 P&P

SECURICOR DELIVESY £z 42
OMP LINNE UDSPEAKERS

THE VERY BEST BN QUAL T AND Wk L E

M CAR STER
BOOSTER AMPLIFIER

MADE

TWO SUPERB HIGH
SOWER CAR STEREO
SOOSTER AMPLIFIERS

\ITO 4 UHMS

IMPECANCES
SENSITIVITIES

POWER RATINGS QUOTED IN WATTS SMS =0F ZAT= CASINET

AN CONTROL
OMP 12-100 (100W 100dB) PRICE £135.9¢ PER PAR UTPUT
OMP 12-200 (200W 102dB) PRICE £205 36 PSR SAF T 120,00
SECURICOR DEL — Z323 == =4F

PIEZO ELECTRIC TWEETERS-MOTOROLA

PIEZC ELECTRIC TWEETERS — MOTORO

Jain the Pieza revalution. T wed trangient

TESDANGE with 8 iower distorh eseuniiscan

be added to existing spe = === REE EXPLANATORY LEAFLETS

=ETE
SUPPLIED WITH EACH TWEETER -ective wire
sized Hi-fi

STEREO DISCO MIXER

STEREQ DISCO MIXER ws
graphic equalisars and tan 1

TRANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

P
3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @@ 0 5AMP
PRICE £14.49 + £1.00 P&P
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FETMIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT PRICE
£A.62 + £1.00 PAP
e

3 watt FM
Transmitter

Vu Meters. Many nutstandmg fea
with individual
bination of the 'm'r .~.
3 Turntablas (M
plus Mic with tal
tor. Pan Pot L
Qutput 775mV
220-240v
Price £134.99 — £4.00 P&P

POSTAL CHARGES PER ORDER £100 MINIMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES, GOVT BODIES ETC PRICES INCLUSIVE OF VAT SALES COUNTER,
VISA ACCESS ACCEPTED BY POST. PHONE OR FAX

COMET WAY, SOUTHEND- ON SEA, ESSEX. 582 6TR
TEL: 0702-527572 FAX: 0702-420243




FLOPPY DISK DRIVES

BARGAINS GALORE !
THIS MONTH'’S SPECIAL/

There has never been a deal like this onel NEW 5% inch from £29.851

Brand epanking new & boxed monltors Masslve purchases of standard 514" drives enables us to
trom NEC, normally selling at about £1401 Present prime product at Industry beating low prices| All uniis
These are over-enginesred for ultra (Uniess stated) are removed from often brand new unmn;

MONOCHROME MONITORS

rellabllity. 9" gresn screen compesite Input and are fully tested.aligned and s 3 you Wil &
: araniee and operate from +5 & + c, are of standard size
with etched non-glare screan plus switch- 2” the standard 34 way connector.

nd

able highlow impedance | and output
for dalsy-chalning. 3 front conirols and 6 at mar.rgimandm gﬂ% -?H "33,. T&A&Bﬁ:‘ﬂb N ble DS
sockets. Beautiful high contrast screen and attractive case with TANDON TM101-4 BO Track 33 £49.95(B
carrying ledge. Perfect as a maln or backup monltor and for CANON, TEC etc.DS half helght. State 40 or 80T = £75.00
quantity usersl  £39.95 each (p) or 5 for £185(@)  TEAC FD-85-F.40-80 DS half height. BRAND NEW £99.00

CALL FOR DISCOUNTS ON HIGHER QUANTITIES! 314 INCH BRAND NEW AT £19.9511
Zenlth ZVM-1240-EA brand new & boxed 12" amber flat screen Never before ssen price for a 312" drive. Standard size belleved
with optlonal swivel and tiit base. Sunflex filter with dark tint.

to be by Canon. Brand new and packaged - mint condition! 40
Standard TTL PC compatible. 18 mhz bandwidth. Very attractive :"‘* ol un 'mmz_:‘gs"gﬂm with standard power connec-
*state of the art” tapered grey case. Standard 9 pin D plug ‘O'--NY-.mne -85 or 2 for B)
{supplled) on 1 metre cord and malns cord terminated with IEC CHOOSE YOUR 8 INCH!1
connector. 240 volts complete with operations manual. An ab-

S Ty 2
X (L L] refurbis! tested 5.
solute gift at: £59 (A) 10/£500 (G). Swivel/tiit base £4.05. Ilil-’.lbl ohi M2894-83 double = sttt

Very high resolution, fully cased 14" green or amber screen

hard or soft sectors- BRAND NEW £250.00(E)
moniter with non-glare screen and swivel/tiit base. The very SPECIAL OFFERSI!
latest technoiogy at the very lowest pricel Fully compatible and "
plug compatible with all IBM PCs and clones fitted with a high eﬂ‘t'r;_m‘l’[:‘“'w':‘rhsimfhyh capacity housedin a smart case
res Hercules or equivalent card| Enables superb graphics and |ggal as extepr?or drives] Only £499.00 (F)
resolution, all at a give away price. Has many extra features 1 Brand new NEC D2248 8" 85

End of line purchase scoop
Including aux +5 & 12v DC outputs to power atleast 2 disk drives, hard
It your PC power supply Is getting hot! Supplied BRAND NEW Mmegabyie of disk sioragel Eull GFS ooftral and industry

£29.95(B
£39.95(B

AND

ANALOG to DIGITAL and DIGITAL to
ANALOG CONVERTERS

Brand new and boxed Amdek
ADA-200 analog to diglital and
digital to analog converter pack-
ed full of features: Intertaces to
most popuiar PC's; 2 channel
Input & output by software selec-
tion; Integral Input/output fliters and address decoder; Input
pre-amp; over-level detecter; trigger signal detecter circult;
expansion avallabliity and more. Input level 25mv to 50v pp.
Max. sampling frequency Is 44khz and input gain varable to
200 tmes. Deslgned for use with almost any personal com-
puter, allowing conversion of analog signals to digital data for
processing by the computer plus converslon back to analog
signals. The 26 page manual supplled Includes data on the
correct connection to vartous CPU's Including the 8080, Z-80,
6800, 6502 and 6809 famllles plus data and schematics foruser
modification of VO filter cut-off frequencles. Complete with 50
way ribbon cable and edge connector to go to the computer and
power cable. All for a fractlon of the regular pricel £49.95 (C)

POWER SUPPLIES

All PSUs 220-240vec Input and are BRAND NEW unless
stated. Many types ranging from 3v to 10kv always In stock.
Fine OP-8618 20 watls switch mode. +5v @ 2a. +12v @ 1a,
-12v@ 0.1a. 5" x 3" x 1-1/2". £15.95(B)
Astec AC-8151 40 watls. Switch mode. +5v @ 2.5a. +12v @
2a.-12v@ 0.1a. 6-1/4" x 4" x 1-3/4". £19.95(8)

standard SMD Interface. Ultra hi speed transier and fime
and boxed. State whether amber or green screen required.  |gaves the good old ST508 Iinterfaca standing. In mint condition

and comes complete with manual. Only.....

MAINS SUPPRESSORS & FILTERS

F)} The "Filtan” from Crotan Is a Briish made high current mains

e; © supp and RF fliter In one, capable of handling up
&V ;o 10 ampsllThe anprlacﬂv:d casf?whasla:‘;megrrl 13 almp sota::(Iet
syncs. Needs 12vdc at only 0.8a. Some units may have minop foryourequipment plug and aflying lead terminates In a quallty
szrean blemishes. Fully Ia;ted with 30 day gusra%r'ltse and full Plug (to BS 1363A standard) to go to the malns sacket. There
data. £29.00(C) !s anintemal luse plus one In the plug. Two LED Indicators, one
Fully cased as above In attractive moulded desk stw“-? forpower on and the otherlights if the intemal fuse falls. Dims:6°

C

Mber v £79  GreeOn .o.eeemse £69 IE!Mb
Wang green screen 12" chassis monitor with compaosite o
Input, Adjustable for tilt. Requires 12 vde. Brand new and boxed
In perfeci condition. Only £30 sach or 210r £75 (
Motorola M1000-100 57 black & white compact chassis
Ing only 11.6H x 12W x 22D. ideal for CCTV or col
applicalions. Accepts slandard composite or Individual

swival. Dim 12 x 14.5 x 26cm. £30.00(C) x 3" x 2". Brand new. Distributor’s price - £65.001 Continental
JVC 751 ultra co 1 chassls monitor for 12vdc 0.7a. Dim 1 gl:g varsion Flit-C. Either only £15.95 each or 2 for £29.95 (B)
% 14 x 18cm. Simple DIY data included 1o convert to composite ing-Lee type L2127 mains RFl filters rated at 250 volts 3
video Input .Full data. BRAND NEW £65.00(B) amps maximum. Comes complete with a bulit In malns cable
20" Black & white monitors by Aztek, Cotron & National. All (Engllsh coding), and a three pin miniature non-reversible sock-
solid slate, fully cased monitors Ideal for all types of AV orCCTV gt and & mating plug, to go to the equipment. Ideal for those

applications. Standard composite video Inputs with Integral _{m"
audlo amp and speaker. Sold n good used condition- ull e (alg We e gunily - Fikkiveron. Vay sompadt Ses > t{:

i 90 0By gueraris, IBM KEYBOARD DEALS
Decca 16" 80 budpet range colour monitor, Features a PIL tube,

COLOUR MONITORS
beautiful teak style case and guaranised 80 column resclution, A replacement or backup keyboard, switchable for IBM PC,
featuras usuall iymn only ph gl costing 3 times PC-XT or PC-AT. LED's for Caps,Scrofl & Num Locks, Standard
our pricel Haad‘; to connact to most computers or video uulggltlr. i‘:’:‘m‘:“"’“}‘w‘- Mada by NCR for the English & US markats.
Y

7661 compostte input with Imtegral audio amp & speaker. ly standard. Brand new & boxed with manual and key
tested s:r.umus, sold In little or hardly used condltion with 80 day 1emplate for user slogans on the function keys. Aftraciive
full RTB guarantee. Ideal for use with video recorder or our i\":r and cream finish, with the usual refractable legs
Telsbox ST, and other audio visusl uses,  E99(E) ¥E275(G) Undemeath. A generous length of curly cord, terminating Int
HI-DEFINITION COLOUR MONITORS standard 5 pin DIN P“E A beautiful clean plece of manufac-
Brand new Centronio 14" monitor for 1BM PC and compatibles ' SU/Pius. What a deall O WARES 10y
at & lowsr than ever prios! Gompletely CGA equivalert, Hi-res Brand new and boxed B4 key PC-AT keyboards In standard IBM
Mitsubushi 0.42 dot pitch giving 669 x 507 pixals, Blg 28 Mhz grey with very attractive mottied finish and "dlicky” solid feel
bandwidth. A super monitorin attractive style moulded case.Full kgyl. 10 function keys on side. English layout and £ sign. Green
B0 day guarantes. Only £149 (E) ILEDs for Caps, Scroll & Num locks. E20.95 (B) 8135 (D)
20",22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solld state colour
monitars, complete with composite video & sound Inputs. Atirac-
tlve teak style case. Perfect for Schools,Shops,Disco, Clubs.
In EXCELLENT [Itihe used condition with full 80 day guarantee.

RECHARGEABLE BATTERIES

LEAD ACID

20"....£155 22"... £170 26"...£185 )  12vetm ety s ey e, TYpe A0, 1s05n
COMPUTER SYSTEMS LM et W
TATUNG PC2000. Blg brother of the famous Einsieln, The 12 volts 12 volis 24 amp hours. A200, RFE.  £28.00(B]

TPC2000 Professional 3 plece system comprises: Quality high
resolution Green 12" monitor, Sculptured 92 key ksumurd and
Inth unit containing ZBOA CPU and all control circults, PLUS 2
ntegral TEAC 5.25 BO track double sided disk drives. Generous
other features Incude dual 8" IBM format disk drive support,
Seral and parallel uutg:is, full expansio
ready fo run sofiware. Supplled complete
and Baslc. Brand new and covered
guarantee and bad;l_llg.‘Nnnml n
Our p e O

NICKEL CADMIUM
Quality 12v 4ah cell pack. Originally made for the Technicololor
video company. Contains 10 GE top quality D nicad cells in a
nmllrt rul:‘“.lllsm with a DC output connector. Ideal loer.roortabla
m’ép‘ﬁ‘ J\,":‘,d;': Exmmi NICAD cells by GE. Rem
our tamoUs: 90 dal and In good, used condition:

cooﬁéss!tliwrmm
V22 1200 BAUD MODEMS

l2_a1'm'm!|.|sy'('url the
Mawster Systemes 2/12 microprocessar

1200 baud modem - we can now bri
;dmﬂm pricel Fully BT ap
2

l(?lz
oved from equipme

D size 4ah 4 2558
F size 7ah 6 for £9(B

SPECIAL INTEREST

Hitachl 10 pen A3 plotter - HPGL - New £495
Trio 0-18 wde bench PSU. 30 amps. New E

and full documentation, In

£3000

mps
r slocks O 5 popular

controfled V22 fuil duplex DG, 17750 Inc. 2 Meg Ram DZ
tham to you at half 88t ¢ofemp 1038 large drum 3 pen plotter

unit, provides siandard
'ﬂl speed data comm, wﬂch at 120 cps, can save your ?m""bh'gﬂg'@“@?ﬁm
i

hone bill and connect ime by a staggering 75%! Ultra slim 45 i p :
i?nrn hl?h. Full featured with ?.%D status Indicators and remole re K.:'“ 1m°¥2&':;‘éi“";;mq res.analyser.
eror diagnostics, Sync or Async use; speech or data swiching; Taktronics R140 NTSC TV test signal standard.

built in 240v mains supply and 2 wire connection to BT. Units
ara in used but good condition. Fullx tested prior daspatch, with
data and a full 90 day guarantee. t more can you ask for

and at this pricell ONLY £63 (D)

Solg KTX 1000 Videotex system - brand new
DECLS11/02 CPU board
" ADDS 2020 VDU terminals - brand new

LONDON SHOP
100's of bargains|
Open Mon-Sat9-5.30
215 Whitehorse Lana,
South Norwood,
London, SE25,

MAIL ORDER & OFFICES DISTEL © The
Open Man-Fri 9.00-5.30
Dept ET, 32 Biggin Way.
Upper Norwood,
London SE13 3XF.

300 bd 0B1-67
1200/75 bd 081-
1200/

DISELAY

welcome-minmmum account order £25_ Carria
standard Conditions of Sake and unless otherwi g
without prior notice Orders accepted subject to stock Quotations

charges.

ceted

)} Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI |

Free dlal-up database!
1000’s of items+Info On Line

1200 bd 081-678-878

All pricas for UK Mainland. UK cusiome s add 15% VAT to TOTAL order amount. Minimum order £1 , Ut

{A)=£2.00, (B)=£4 50 (C)=£8.50. (D)=£10.00. (E)=£12 00 (F}=£17.00 (G}=Call . All goods supplied subject to our
d for 90 days, All guarantees on a returmn o base basis.We reserve the right to change prices & specifications

willingly given for higher quantities than those stated. Bulk surplus always required for cash

Gr dale 19ABOE 60 watts swilch mode.+5v @ 6a,+12v @
1a16v @ 1a. RFE andfully tested.11 x 20 x5.5cms. £24.95{(C)

@ 15a,-5v@ 1a,112v @ 6a.27 x 12.5 x 6.5¢cms £49.95(C)
Boshert 13090.Switch mode.ldeal for drives & system. +5v@
6a, +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B}
Famell G6/40A. Switch made. 5v @ 40a.Encased £95.00(C)
Famell G24/5S. As above but 24v @ 5a. £65.00(C)

' COOLING FANS

Please specify 110 or 240 volts for AC fane.

3 inch AC. 112" thick £ B.50/
312Inch  AC ETRI slimline.Only 1" thick. E 9.95
4inch AC 110/240v 114" thick. £10.95(8
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THE AMAZING TELEBOX!

Converts your colour monitor Into a
saa.  QUALITY COLOUR TVII

TV SOUND
& VIDEO
TUNER!

Brand new high quality, fully cased, 7 channel UHF PAL TV tuner
system. Unit simply connects to your TV aeral socket and colour
dao monitorturning same Into & fabulous colour TV, Dont worry
If your monitor doas'nt have sound, the TELEBOX even has an
| aﬁrai audio amp furdﬁvtn%l speakar plus an auxillary nulEut
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Status Indicator, Smart moulded case, Malns powered, Bullt to
BS safety spacs. Many other uses for TV sound or video slc.
Supplied B D NEW with full 1 year guarames.
Telebox ST for composlte video Input monitors.........£29.85
;ohho: 8TL ais ST but 'Mthrirﬂegrﬂ spaake m:igf
aj ani wag as A
ﬁﬁf‘ﬁﬁnﬁ« m’mor %rr!g trlp;gr%alout FiGritare: ®)
PAL overseas version please call, SECAM not avaliable.

BRAND NEW PRINTERS

pson MX-80 F/T One of the most popular prnters around|
Bl-directional printing with full loglc seeking. 8 x 9 dot matrx for
eniarged,bold,condensed etc. Standard parallel Interface, Brand
|abel removed from front. Handles tractor,janfold and Individual
Eg)er. OK with IBM PC and most others. A tremendous buyl|
RAUMTED TIME ONLY .cocovrarmisnssassonismansesss £129.00 (
DED DPG21 minlaiure ball point pen printer plotter mechanism
with full 40 characters per line. Complete with data sheel which
Includes dreult diagrams for simple driver electronics....,.248(8)
Cenfronics 150 serles. Always known for thelr rellabilty In
continuous use - real workhorses in any snvironmen. Fast 150
cps with 4 fonts and choles of intertaces.

1 upto 9.5" papar. :
150-8W up to 14,57 e A
fy whether serial or paraliel ired. .

CALL FOR THE MANY OTHERS IN STOCK
INCLUDING DAISY WHEELS.

Visit our Shop - Technical help always on hand
plus many un-advertised specials. You can buy a
colour television for as little as £29! Come and
loin

Orlgina ALL ENQUIRIES

081-679-4414

Fax- 081-672-1927
Telex- 894502
0, PO orders from Govermment, Unfversi
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Earth Current
Signals

George Pickworth concludes
his series on underground
communication.

|2

The Telephone
Kevin Kirk gives us a complete
insight into this important piece
of communicating equipment
together with two mini projects
for extension bells.

16

Tesla — The man
Nikola Tesla was a man with
great vision. George Pickworth
outlines the work of this re-
markable man.

Operation
Superscope

Dennis Stanfield gives us afew
extra details on how to use the
oscilloscope featured in our
February and March issues.

25

Modern Diode
Circuits

In the first of a new series, Ray
Marston presents a compre-
hensive guide to that one-way
semiconductor device.

Active Noise
Reduction

Low frequency noise is a big
problem inside the car, but
active steps to are beingtaken to
reduce this electronically.
Helen Oughton reports.

33

Mixing Desk
Review

With home sound recording
being so popular and afford-
able, Paul Freeman reviews a
budget audio mixer from
Maplin.

38

Fecko Box

Whether it’s a fuzz or echo box
you want, Keith Brindley com-
bines the two in this mini
project.

__40

Fuses

Having aroughidea ofthe type
of fuse to putinto a circuitis not
enough. Brian Kendle gives a
blow by blow account.

Bug Spotter
Another little device to sniff out
the bugs. A Paul Benton

design.

Darkroom timer
John Linsley Hood presents a
designer-built timer to give
photographic perfection.

50

Hand Scanner
Andrew Armstrong reviews an
A4 hand scanner for your

computer.

The Tesla Coil

Nikola Tesla was mainly pre-
occupied with high voltage,
high frequency coils, George
Pickworth now covers the
inventors experimental work in
this area.

Testing Testing
This month, Mike Barwise gets
down to component testing
and fault-finding.
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The prospect of electrically-
powered vehicles becomes
more attractive with the develop-
ment of a prototype electric
sportscar by General Motors.

The Impact develops 85kW
(155 hp) of power, has a top
speed of 160kph and can ac-
celerate from 0 to 100kph in 8
seconds. It has an action radius of
about 200 kilometers.

The Impact has a plastic
body with a drag coefficient of
0.19. Despite batteries weighing
395ka, the car's unladen weight
is less than 1000kg, similar to that
of a conventional midsize car.

The top speed of the car is
normally governed electronically
to 120kph, allowing the car to

MAKING AN IMPACT WITH
ELECTRIC POWER

reach its maximum range.

In the development of the
Impact, General Motors had the
benefit of lessons they learned
when developing the Sunraycer,
their world record solar-powered
car. Another advantage over
other electric car development
projects was that the Impact was
designed from the outset as an
electically-driven care, rather
than as a conversion of a petrol-
driven car.

The development work was
carried out by the GM Advance
Development team in Detroit.
GM has applied for twelve
international patents for the new
technology features on the
[mpact.

The computerised home is on
the way! Soon you will be able
to control heating, lighting,
security and appliances from a
single console. Further develop-

HOME COMPUTER

ment will include such functions
as shopping orders, health
monitoring and working from
home.

Credanet is an integrated
home management system from
Creda which allows control and
management of appliances and
equipment. It will also allow
access to internal and external
information and financial ser-
vices. The system will operate
through existing house wiring by
mains borne communications.

A central controller com-
municates with other units,
through transceivers in each
appliance, or from a separate unit
in place of the standard mains
plug. The controller is a processor
with built-in software for basic
command and control functions.
A touch panelintegrated into the
large display is used to select

operations for auto-control, from
programming the heating for the
evening to checking the security
system.

The display can also be used
to show tabular data, such as train
timetables, share prices, personal
diary, bank balances and so on.

A limited range of Credanet
functions can be accessed when
you are away from home via the
national telephone network. No
more holidays ruined by wonder-
ing whether you remembered to
turn off the heating!

Temperature sensors linked
to Credanet allow control of
electric heaters either singly or for
the whole house. Credanet will
ensure that the heating is run to
maximise efficiency and can be
programmed to operate auto-
matically either on a daily or
weekly cycle. It will also store

PHONES TO
SURVIVE

NUCLEAR
ATTACK

ever mind that the Cold War

is coming to an end. British
Telecom intend to be prepared
for any emergency, with tele-
phone switchboards which will
survive a nuclear strike.

BT has won a major contract
for digital switchboards for use in
emergencies. The special private
branch exchanges (PBXs) could
work even after a nuclear
explosion.

Under the pounds 5 mllhon
contract, British Telecom will
supply Mitel PBXs to more than
300 local authority emergency
centres throughout England and
Wales.

The equipment was re-
quired to withstand the electro-
magnetic pulse that follows a
nuclear explosion. This pulse
would have a catastrophic effect
on any computerised equipment,
To protect the PBXs, British
Telecom incorporated steel
enclosures together with line and
power protection for all circuits.

Mr Roy Eaton, of the Home
Office’s Directorate of Telecom-
munications said: “The successful

implementation of this work will

provide a modern, resilient net-
work which can provide com-

munications not only for war

emergencies but also for peace-
time disasters.”

But will there be anyone left

alive to operate them?

special programmes, for instance
when the house is unoccupied
during holidays.

Credanet can also be used
to control or monitor all security
and safety devices, such as
intruder detectors, contact
alarms, vibration alarms, electric
door locks or complete security
systems. Smoke detectors can
also be incorporated. Special
programmes can be stored, for
instance, for extra security while
the house is empty.

All lighting can be controlled
by Credanet, including dimming
and varying lighting levels
throughout the house. Program-
ming can be automatic on a daily
or weekly cycle and special pro-
grammes can be stored to
operate when the house is unoc-
cupied to give the impression of
internal activity.
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Many solvent manufacturers
are finally yielding to
pressure to reduce the omission
of ozone destroying CFCs to the
environment.

ICI has recently launched a
range of low emission solvent
cleaning plants. Called Cleanseal
and Cleanzone, the plants will
reduce use of chlorinated sol-
vents by up to 50% when the
system is in use, and by 64%
when the system is idling. ICI’s
range of solvent products in-
cludes Propaklone, a non-CFC
solvent ideal for surface mount
applications, which can be used
in existing cleaning plants.

Kerry Ultrasonics have
introduced an automated ultra-
sonic cleaning system, the
Agquaclens, specially designed to
use DuPont’s non-CFC solvent,
Axarel 38. Axarel 38 (which used

CLEAN!

to be known as KCD-9438) pro-
vides superior cleaning power to
aqueous and CFC cleaning
agents, and is bio-degradable.

Another range of non-CFC
solvents is the Re-Entry range
from Bush Boake Allen. The
range is based on terpenes — bio-
degradable solvents derived from
wood as a by-product of the
paper industry. Their use requires
no major redesign of existing
cleaning equipment.

In addition to solvent
cleaners, an aerosol photoresist
which uses an ozone friendly
propellant is now available from
Electrolube. Electrolube RP50 is
available in 75m! and 200ml
aerosols, particularly suitable for
small production in the laboratory
or at home. For more information
about RP50 contact Electrolube
Ltd. Tel: 0734 404031.

UK STANDARD FOR
EUROPEAN TELEPOINT

v ix major European PTTs and
S all four UK Telepoint network
‘operators have signed a Memo-
randum of Understanding
(MOU) to adopt the UK-de-
veloped Common Air Interface
(CAI) as the basis for Telepoint
(CT2) development across
‘Europe.

Telepoint is a telephone
ccommunications system which
allows outgoing calls to be made
from portable phones, by sending
radio signals to base stations
attached to the national tele-
phene network. Base stations are

‘being established at motorway

and ftrunk road services. in
railway stations and in high
streets. A call can be made within
arange of about 200m from the
base station.

The European PTTs are from
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France, West Germany, Bel
gium, Spain, Portugal and
Finland. The agreement will
boost the UK's Telepoint
industry, which is already

expected to have nearly four

million users by 1995. Develop-
ment across Europe could double
that estimate.

The new European aaree-
menl could provide export
opportunities for two UK based
manufacturers, PT and Orbitel,
who are currently making Tele-
point  equipmeni designed fo
work o the CAl standard, and

will put them in the forefront of

Telepoint development in
Europe. It will also allow Tele-
point customers more chojce of
equipment, and the opportunity

‘to use their Telepoint handsets

abroad.

SHARE AND SHARE ALIKE

TRLETECH INTERNATIONAL - DENMARK

x machines are increasingly
being used in small offices and
private homes, where the cost of
installing and leasing an exira
telephone line may be prohibi-
tive. A new unit from Teletech
International of Denmark allows
a fax machine and a telephone to
share the same telephone line.
The Teletech LINESHARE
Model 11-0400 uses filtering and
built-in software to determine the
states of the attached devices and
the telephone line. It has two
modes of operation to support
almost all automatic and manual
fax machines. When a call is
received, the unit listens for the
calling tone of a fax machine. If
the calling tone is detected, LINE-
SHARE rings the attached fax

machine, otherwise it rings the
phone.

If anyone attempts to make
a phone call while a fax trans-
rnission is in progress; a busy
signal will be heard. A ‘silent’
function directs all calls to the fax
machine so that the phone
doesn’tring at night; and switches
both fax and phone onto the line
if the LINESHARE loses power,
so the phone doesn’t cease fo
function during a power cut.

The LINESHARE is

approved by the Danish Postal
Authorities after parts of the new
and still tentative MAP.4 EEC
standard, which is supposed to
guide design and approval of all
devices used to connect to the
telephone systems of Europe.

ow cost touch technology is
Lnow available from Zenith
Elecironics for customers who
want to incorporate touch

sustems inte  interactive
applications such as banking
terminals.

The lower price allows the
system to be used in high velume
applications where component
costs are a critical factor, and
because the system uses fewer
parts, it should be more reliable;

The Zenith System allows
up to 100 touch points per inch.
A ‘third dimension of pressure’is
available, with up to 16 pressure

levels. The system is available on
CRTs of 5 inch to 15 inch.

The system works by means
of a constant amplitude mechani-
cal wave, set up across the screen
by arrays of piezo electric trans-
ducers and reflectors. A soft
object, such as a finger, atten-
uates the signal at a specific co-
ordinate, affecting the return
signal and allowing the exact
position to be determined. The
signals used to generate the
waves are 16 cycle bursts of 4
MHz and the design of the system
prevents interference with any
other equipment.




MASKING YOUR IDENTITY
-~

ver wished you could disguise
Eyour voice on the phone, so
that you could tell unwelcome
callers that you are out? Hong
Kong manufacturer Ideatech
Industrial have developed the
VocalMask, a device that enables
users to keep their immediate
identity secret by scrambling and
disguising their telephone voices.

In the event of potentially
unwelcome calls, the device
shields identity with an unrecog-
nisable voice. However the user
can revert to his or her normal
voice at any time during the call
by sliding a switch.

The VocalMask provides 16
levels of voice scrambling,
allowing a woman to sound like
a woman or vice-versa, and

changing a child’s voice to that of
an adult. Some advantages are
obvious, for example, a woman
on her own in a house could
disguise her voice as a man’s.

But one can foresee great
potential for mis-understanding
and embarrassment. Business
callers may be rude to someone
they think is a receptionist when
in fact they are talking to a major
client. And situation comedies
are bound to seize on the mis-
takes which could be made by
adulterous couples telephoning
their lovers!

If you want more informa-
tion about VocalMask, contact
IdeaTech Industrial Ltd, Hong
Kong. Tel: (010) 852 741 5440.

LnCroy s digital oscilloscopes
ow perform real-time
spectrum analysis using a Fast
Fourier Transform (FFT) pack-
age. A multiprocessor design
allows FETs to be calculated 10 to
100 times faster than with
conventional digital oscillo-
scopes. 1000-point FFTs are per-
formed in less than 80ms.

The result is a ‘live’ display.
thatis updated assoon asasignal

FAST FOURIER TRANSFORMS!

changes. The display can give in-

stantaneous information on fre-
quency, magnitude, power and
phase.

The ‘live’ response of the

FFT package makes it useful for

probing high-frequency digital
and analogue circuitry; or for
monitoring signals which rapidly
change frequency such asradar,
telecommunications, ultrasonics
and acoustics.

HOME VIDEOS GET THE CHOP

t turns out that Camcorder

users are becoming more
creative and ambitious. Forget
the wobbly, jumpy video of your
cousin’s wedding — many Cam-
corder users are now editing their
films to produce professional
looking programmes.

Research by Sony has re-
vealed that three quarters of
Camcorder purchasers intend to
edit their recordings. The
research shows that there is a
widespread understanding of the
process of video editing which
can turn raw footage into finished
programmes.

The method adopted by
92% of Sony purchasers is to edit

material shot on 8mm down onto
VHS for replay.

Sony’s  research also
showed that people buy Cam-
corders for many different
reasons; the most popular are
travel at 90.5%, making family
records at 72.1% and recording
special events at 67.2%.

The research was carried out
with recent purchasers of Sony’s
very small Camcorder, the CCD
TR55, so it’s not surprising that
77.2% of respondents said that
they chose their Camcorder
primarily on size. 61.1% chose
primarily on weight and 41.1%
because of the three hour
recording capability.

The New

M Latest books

Bl 184 pages

B Low cost multimeters

Cirlat
Summer
atalogue

B 100s new products
B £10 worth discount vouchers

B Only £1.60 available from larger
newsagents or directly from Cirkit

Cirkit Distribution Ltd.
Park Lane, Broxbourne, Herts EN10 7NQ
Telephone (0992) 444111
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(PEN CHANNEL

f I've got the quote right, it was
Humphrey Littleton who said Jazz
is the only music that appeals equally
to the heart, the mind and the feet.

And first on the agenda this
month is a discussion about the new
community radio stations popping up
around the country. It just so happens
that one of the very first was Jazz FM
in London

These community radio stations
(some 23 have either been licenced
or are in the process of being licenced)
are correctly known as incremental
radio stations, simply because they are
an increment to areas where local
radio stations are already broadcast-
ing. Effectively they are piggy-backed
on top of existing services — hence
the name incremental. So, for
instance, they are cropping up in areas
such as London (Jazz FM, Kiss FM,
Melody Radio, South London Radio)
which already have local radio. Areas
such as remotest Scotland and Any-
whereshire which do not have local
radio at all, thus do not have
community radio either.

This seems a unfair, but there is a
reason. Once the Government
realized that community radio stations
should be given the go-ahead (and it
was pushed into realizing this, simply
because dozens of pirate community
radio stations were going to pop up if
nothing was done) then ways to
licence them were sought. Eventually,
this will be done by the new Broad-
casting Bill, currently waiting for Royal
Assent in Parliament. But, to sidestep
this, and show that things were being
done, the Government asked the
Independent Broadcasting Authority
to licence the incremental stations
according to a loophole in the current
law. Current law is that the IBA hasto
provide a range of broadcast radio
services in each local radio area. And
its that word range which is the
loophole. Apart from actual local
radio stations, the IBA is allowed to
authorize these incremental com-
munity radio stations.

When the Broadcasting Bill gets
assent, though, we can expect some
300 to 400 community radio stations
to appear in the ether over the next
year or so. This will occur as the Bill
is administered by a new radio
regulatory body, the Radio Authority,
set up by the Government with a new
‘light touch’ approach.

These community radio stations,
although local in the true sense of the
word, are perceived to serve the
community in which they broadcast
rather than just to make a profit.
Obviously, though, none of these will
be in the market to make a loss, so
advertizing and/or support from local
business and organizations will be
used to pay for the initial set-up and
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running of the stations. An example:
London Greek Radio in Haringey, has
been financed to the tune of
£500,000 by local Greek businesses
in the area.

Community radio stations will
probably fall into one of two
categories, the first being specific
music stations, playing only one form
of music (Jazz FM) and secondly,
particular community service stations
perhaps broadcasting specific pro-
grammes only in that community’s
language (London Greek Radio).
Whatever happens, they all will have
low power transmitters so they can
only broadcast to a restricted area, and
so they cannot interfere with other
nearby transmitters. Frequencies are
to be allocated on a cellular-tele-
phone-type arrangement, eliminating
inter-cell adjacent channel inter-
ference.

Anyone wishing to set up a
community radio station along the
new Broadcasting Bill lines is
encouraged to first get in touch with
the Community Radio Association
(CRA), an independent organization
which came to life back in 1983 to
promote the interests of community
radio stations, Many of the original
pirate stations belonged to the CRA
— since then they have become
legitimized by the incremental
adoption of existing law by the
Government and the IBA, Informa-
tion and advice is available from the
CRA at 119 Southbank House, Black
Prince Road, London SE1 7SJ.
Telephone: 071 582 8732.

Tripping the Light Fantastic
Atthe recent Electro Optics and Laser
International exhibition at the National
Exhibition Centre in Birmingham, the
company Fibre Data was showing its
system for transmission of audio
signals to loudspeakers. It's nothing
new, really; active loudspeakers
coupled to a line-output pre-amped
hi-fi centre. Things like this have been
around for donkey’s years.

What is new, on the other hand,
is the transmission medium between
centre and active loudspeakers. Fibre
Data has used cheap and cheerful
polymer optical fibres to carry digital
signals — arguably a bit of an overkill.
Nevertheless, the idea represents the
route top-of-the-range hi-fi systems
are probably going to follow, whether
the exact method used by Fibre Data
is adopted (hence generating cash for
the company) or whether the indivi-
dual major hi-fi manufacturers design
their own (more likely).

Public Image
In the USA, publicly-used fax
machines have been situated in

airports and the like for a while now,
but the idea is finally catching on in
Britain. At least one UK company
(Docu-Fax International) is selling fax
machines which are self-service and
paid for by credit-card.

Using Mitsubishi innards, the
‘payfax’ features a writing desk and
voice assistance, and is said to be user-
friendly. Hotels, garages and super-
markets are likely to be the prime sites
for such machines.

situation where hardware is being sold
at virtually give-away prices. In many
cases handsets are being given away.
Retailers are hoping to recoup costs in
doing this simply by providing the
service. In other words, give away the
razors, but charge ‘em for the razor
blades. This cant go on for much
longer under the current regime,
simply because the razors cost too
much.

Second factor is that the other

Condemned Cell

Finally, 'm going to make a pre-
diction, It's based on a long-time
observation of the cellular telephone
structure in the UK. Currently, it
seems that the system is growing at
too fast a rate. Everyone (except me,
that is) seems to want to drive down
the motorway, posing as they talk into
their cellular handsets (illegally, I
might add). On a recent trip over a
distance of about 70 miles on the M1,
{ counted no less than 15 drivers doing
this.

Anyway, back to the point. The
system is about to implode. [ say this
because of two factors. First is that
retailers are being forced into the

mobile communications networks
such as CT2 and PCN will be getting
up and standing on their feet soon.
This will create even greater competi-
tion to the cellular system.

Asto how long it will be before this
implosion takes place, | can't say. It
could be as long as two years. On the
other hand, six months is a fair bet.
Whatever happens, though, the
systemn will come out leaner and better
for it. There are too many people
trying to make too much money out
of itat the moment. Getting to a leaner
systern will inevitably though, cost the
country a few jobs.

Keith Brindley



BLUEPRINT

Blueprintis acolumn intended to provide suggested answers
to readers’ electronics design problems. Designs are only
carried outfor itemsto be published, and will not be prototyped
by the columnist. Circuits published in Blueprint are believed
to work, but may need minor alteration by the reader after
prototyping. Individual correspondence will not be entered
into, save as necessary to prepare iterns for publication.

We have an audio Blueprint this
month:

Dear Sir,

I have attempted to design a third
order passive low-pass 50Hz filter to
connect a sub bass woofer to my
amplifier. I had to give up because |
do not know how to deal with the
complex impedance of a loudspeaker,
which depends on both electrical and
mechanical effects. Is there a method
of design capable of handling such
factors?

Ian Will, Jordan.

Yes, there is a way, but as Deep
Thought (from The Hitch-hikers
Guide To The Galaxy) said “You're not
going to like it”.

This problem is an illustration of
the difference between engineers and
physicists. The engineer avoids the
use of long equations, which have to
be fitted sideways on the paper, if at
all possible. Forget the mathematically
rigorous approach — engineers are
usually maths users rather than pro-
ducers. Normally the first approach is
to try to find a design scheme which
makes all the inconvenient variables
negligible or irrelevant.

Failing this, the engineer with
access to a computer would use a
simulation tool such as Spice to model
the effects of diverse parameters,
which would probably be measured in
the first case. Lacking Spice, other
approaches might be to use a Smith
Chart {normally used for microwaves)
or to write a numerical simulation in
Basic and let it run over lunchtime.

Crossover Units
As you imply in your letter, only one
sub bass unit is needed for a stereo
system, because little or no directional
information is imparted to the ear by
such low frequencies. The use of only
one loudspeaker, however, requires
a systemn to combine signals from both
channels of the amplifier. Unless a
lossy design employing resistors is
used, this means that there is a low
impedance between left and right
amplifier channels at low frequencies.
To minimise the circulating currents
which would flow {to no good effect),
internal filtering and cross connection
are needed to run the stereo amplifier
in mono as regards bass frequencies.
The problem then resolves itself to
that of an ordinary crossover unit, but
with most of the circuitry duplicated
for left and right channels. This is a
problem which loudspeaker designers
solve adequately, usually by ignoring
the complex nature of loudspeaker
impedance and designing as if a resis-
tive load is presented to the ports of
the crossover unit. This is not as bad
as it sounds, particularly if a second
rather than third order filter is used.
Some crossover units incorporate
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resistors to damp the filter response
and make it less sensitive to impe-
dance changes, but this wastes power,
which you are short of at sub bass
anyway.

There is a disadvantage to the
crossover unit approach. The impe-
dance seen by the loudspeaker is high
at frequencies above the transition
frequency. Any tendency for the
loudspeaker to ring at third harmonic
frequencies is not damped by the low
output impedance of the amplifier. In
my view the crossover unit approach
is not the best one to use. Indeed, 1 do
not fully approve of crossover units in
general for the above reason and for
others too long to go into here.

Extra Channel

Perhaps the best way to make the
obscure loudspeaker impedance
insignificant, without the need to
know what it is beforehand, is to use
an extra amplifier channel. The extra
amplifier is fed with the bass signals
from the two stereo channels, using
filter pairs as shown in Figure 1. | have
shown a second order design because
too sharp a transition can cause
response ripple around the transition
frequency. The scheme here also
avoids the lowest bass frequencies
being fed to the normal stereo

flat to infinity, because it will not be
asked to handle significant signals at
above 100Hz. On the other hand, the
filter rolls off rather than cuts off
abruptly, so that low level signals will
be present at up to 100Hz, and these

forbidden. Some MOSFET amplifier
designs exhibit the figures which are
by current hi-fi standards, partly
because they have low total negative
feedback, but the distortion is
relatively unobjectionable. Such

0k

10k

TO BASS

== 220n

-

W 10k
SIGNAL
LOUDSPEAKER
OUTPUT FROM
AMPLIFIER
ov
. s
Fig. 2 \

must not be distorted.

Equally, because of mechanical
non-linearity, the loudspeaker may
attempt to generate harmonics of the
signal, and the amplifier's negative
feedback must do its part in keeping
the output impedance low to damp
such tendencies. This means that the
amplifier circuitry should, ideally,
respond at up to a kilohertz or more,
and should not generate distortion at
any frequency.

A small amount of harmonic
distortion distributed over the
waveform will be lost in the
mechanical distortions of the system,
but crossover distortion is absolutely

amplifiers would be quite suitable for
the job

Damping Factor

To gain the best effect from a sub bass
unit, the amplifier should be con-
nected to the loudspeaker with the
lowest resistance connection reason-
able possible. Don't be fooled by
expensive special loudspeaker cables
— if you use a fairly short length of
resonably thick wire (say 32/0.2) then
the connectors will dominate the total
resistance. -

If it is practical to mount the
amplifier on the back of the loud-
speaker cabinet, so that all connec-
tions are soldered and thus have a

FROM 10K 10K %5532 stable resistance, you can obtain a

e o=t ¥ SIS further improvement in damping

- > AMPLIFIER factor and hence lower distortion by

I > use positive current feedback to null

4700 I— part of the loudspeaker’s own resis-

—I'zz‘:'" tance as shown in Figure 3.

ov DS ZPOWERED Finally, remember that the better

22k the performance of the sub bass unit,

the less it will sound like a normal

T loudspeaker. Most loudspeaker

- ﬁmgﬁgm systemns generate significant third (and

1<49Hz higher) harmonic output when fed

with a frequency signal, which fools

Fig. 1 the ear that there is more bass than is

t really present.

Andrew Armstrong
speakers, where they will cause
generation of third harmonic (unless
these speakers can respond properly
to the sub bass, in which case an extra

sub bass unit is not needed). NON-INVERTING
If it is unacceptable to modify the Adik BASS AMPLIFIER

amplifier, the signal may be tapped
from the loudspeaker outputs as
shown in Figure 2, but this approach
is second best because of the extra
distortion present at the amplifier
output as well as because the sub bass
signals are still fed to the normal stereo
speakers. In any event, a single sub
bass signal should be generated from
a point from a point after the volume
control in the stereo amplifier.

The extra amplifier itself is
intdnded for a limited function, and
may be optimised for this. It does not
need a frequency response which is

BASS SIGNAL
FROM FILTER ™~

Fig. 3
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In the final part of his
series on ground
communication,
George Pickworth
describes some of his
recent experiments
with syntonized
communication.

EARTH CURRENT
SIGNALLING

Part 4: A practical syntonized
communication system

TO BASE
Fig. 1 Schematic circuit

for syntonized receiver.
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Fig. 2 Section through inductor.
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ince the original trials described in ETI
over the last three months, further
experiments have been carried out with
a tuned, or synfonized, earth current
receiver. This can best be described as a
tuned radio frequency (TRF) receiver with a tuning
coil and capacitor designed for very low frequencies.
The only difference from a TRF receiver is that it does
notrectify, but selectively amplifies the input signals.

With the prototype receiver, both 1.5 and 3.0kHz
square wave tones (generated by the DC/AC con-
verter) and sine waves (transmitted by the audia
amplifier) were received loud and clear at 2000m,
with no interference from the ‘clock pulses’ and radio
signals, which seriously limited the range of the
original transformer input/high pass filter receiver.
50Hz interference is reduced to a slight ‘sharp’ buzz
under no-signal conditions, but this is almost inaudible
when a signal is present. Indeed, by increasing the
gain of the amplifier, much greater range should be
possible.

The heart of the receiver (Fig. 1) is a 20mH
inductor tuned by either a 500n or 150n capacitor,
selected by a switch. Fortunately the inductor tuned
to almost exactly 1.5 or 3.0kHz, using 20% tolerance
capacitors on hand, but in any case, a precise freq-
uency was not necessary for the preliminary trials. The
inductor has a resistance of only about 1.5R and with
the component values shown, is so selective that even
using the signal generator's slow motion drive, it is very
difficult to peak at reasonance.

In order to peak the receiver at the transmitter

frequency, a triple gang 500p tuning condenser,
salvaged from an old domestic radio, is connected
with all three gangs in parallel, (total 1In5) across the
fixed tuning capacitors. Transmitter frequency is set
so that the signal peaks with the variable capacitor set
midway.

To provide a fairly high impedance load, the
tuner is connected directly to an LM 386 power
amplifier IC: the volume control potentiometer is
wired across the headphones. As itis difficult to peak
up the signal subjectively from the audio signal, a
DMM is connected in parallel with the amplifier IC
where it serves as a signal strength meter. Under no-
signal conditions, the meter reads 0 to 1.0mV rising
to 0.25mV with a 3kHz signal from the DC power
converter. By incorporating a bank of capacitors
selected by a rotary switch, a wide band receiver
should be possible. Moreover, there seems to be no
reason why an antenna should not be used instead
of a base, to receive ELF Hertzian waves.

The inductor (Fig. 2) consists of about 500 turns
of 1.0mm enamelled wire, salvaged from an old car
dynamo, wound on plastic solder reel, with taps every
100 turns. The 300 turn tap was found to be optimum
for the base. The ferrite core is 18mm diameter and
100mm long. A few turns of insulating tape were
wrapped around the ends of the core so as to make
a snug fit with the hole through the bobbin.

Trials with variable inductance tuning (changing
the position of the core relative to the winding) showed
that the Q of the inductor dropped dramatically if the
core was moved more than a few millimeters from the
dead centre so this was abandoned in favour of the
variable capacitor. Commercial ready-wound pot core
inductors are unsuitable as they have no taps for
connection to the base, but a custom wound coil on
a large pot core seemed very suitable.

The receiver is well screened from both electric
and magnetic fields, and to minimise any possible
feedback from the headphones, the base is connected
to the receiver by a 10m length of co-axial cable.

Tuning the receiver to audio frequency earth
currents was reminscent of the first radio receiver
made by the author almost 60 years ago, but more
significantly, this simple receiver demonstrated that
syntonized earth current signalling at frequencies
below 10kHz is indeed feasible, and that opens up all
manner of possibilities.

ETIJUNE 1990
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Invasion Of Privacy s

our recent exercises on
Ysurveil]ance gadgets, and for
that matter your adverts which
include such materials, are anti-
social invitations to invasion of
privacy. Nobody who has legiti-
mate need for such equipment
would have the slightest difficulty
in obtaining it, and you are not

therefore satisfying any real public
need.

When my family was young,
they would certainly have been
told that any secret use of such
equipment would be anti-social
and was not acceptable.

K B Wilson
Anglesey.

Cooking Up High Voltageswm

don'’t wish to seem ungrateful,
Ibut everybody does pieces on
low voltage regulation and there
are books you can buy as well.
How about something really
useful for a change, namely high
voltage regulation — over 35
volts of course, and up to 100
volts.
The reason is to get a really
clean supply for HT in audio

the like. You can get 70 volts of
course, by using the outside rails
of a split supply, but I would like
a bit more if possible. Also a piece
on the subject giving the basic
theory, instead of burning com-
ponents as we kitchen table DIY
buffs have to do to break new
ground!
So how about it, please?
Hugh Haines

amps, despite using RF filters and Sunderland.
— +\ e
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A Couple Of Oscillator Errors

ln ETI April 90 some errors
appear to have occurred on
page 35 in some of the oscillator
circuits. Oscillators can be series
or parallel fed (with DC supply),
thus the oscillator shown in Fig. 8
is a parallel fed Hartley and that
in Fig. 10(a) is a parallel fed
Colpitts.

The circuit shown in Fig. 8 is
certainly not an electron-coupled
oscillator since there is no electron
coupling. This term is applied to
any type of oscillator in which
there is electron coupling in the

14

device between the oscillator and
its output. Thus it can only be
applied to a tetrode or pentode
valve in which the screen grid acts
as the anode (i.e. collector) and
the oscillation is coupled to the
true anode by the electron
stream. The systern thus behaves
as a triode oscillator coupled to a
pentode amplifier within the
same pentode valve. There is no
solid-state device which can
behave in this manner.

In Fig. 10 the bias developed
across the 1k0 source resistor

ELF Information Required!ms=

During a recent short trip to
Ireland, [ read one of your
very interesting articles on Earth
Current Signalling, which
appeared in ETI March 90.

I was really pleased to find
such a subject so clearly and
accurately described. However,
my own experiments with earth
current signals have raised some
questions.

The article refers to “noises
originating from miscellaneous
static discharges and ELF radio
transmitters”. Listening to earth
signals, I also noticed noises
probably due to static discharges.
[ attributed other noises to current
instabilities at the contact between
soil and electrodes.

In my case the soil was clay
and the electrodes were simply
two carbon sticks of length 5 cm
and diameter about 7mm, taken
from old torch batteries. The
distance between electrodes was
50 m. (I did not use metallic

electrodes, because they con-
stituted a rectifying contact with
the soil. With metal electrodes, [
received only the strong local MW
transmitter!) The amplifier con-
nected to the electrodes was a
transistorised, broad band, audio
amplifier without detector (volt-
age gain about 300). With this
system [ also received signals
from the Omega navigation
system on 10.2kHz, but [ never
noticed any ELF signals.

Can anyone provide more
information about ELF signals
and ELF transmitters?

To my knowledge the USA
ELF transmitter WTF was active
in the 1970s. [s it operated at
present? Are there other ELF
transmitters active today? Do
your know frequencies and time
tables of such transmission or
publications which report such
data?

Ezio Mognaschi
Pavia, Italy.

goes nowhere unless the 100k
resistor from the gate has its
bottom end connected to the OV
line. Similarly in Fig. 11 the 5p0
capacitor is blocking the gate of
the first FET and should be
replaced by a short circuit other-
wise the bias produced by the 3k3
source resistor does absolutely
nothing.

Finally the signal captions in
Fig. 1(a) on page 14 appear to
have been reversed.

To end on a more optimistic
note, as they say, may I com-
pliment you on a magazine which
has improved out of all recogni-
tion since its early days.

R G Christian
Frodsham, Cheshire.

John Linsley Hood replies: [ am
grateful to Mr Christian for draw-
ing attention to the errors in the
drawings of Fig. 10 and Fig. 11 of
my article in the ETI April 90. The
bottom end of the gate resistor in
Fig. 10 should, of course be
returned to the OV line, as also
should the missing gate return
resistor in Fig. 11.

He is also quite correct that
an electron coupled’ oscillator
needs electrons, which means

that my circuit of Fig. 8 is
incorrectly titled unless the
amplifying device is a pentode or
other multi-electrode valve,
where the ‘screen’ grid can act as
a virtual anode.

I realise, in retrospect, that I
have been using this term, as a
kind of generic name for cathode-
source or emitter-coupled oscil-
lators since I was about eleven
vears old, without thinking of the
precise meaning of the descrip-
tion. Presumably one could use
a cascode coupled layout, of the
kind I have shown below, to give
a more nearly exact solid state
version of this circuit, with the
output isolated from the oscillator
function.

I am not sure exactly what
kind of circuits Mr Christian
envisages for ‘parallel’ or Series
fed’ Hartley or Colpitts designs,
but the circuit layouts which
Messrs. Hartley and Colpitts
patented, and to which they gave
their names were quite specific in
their use of a tuned circuit
between the anode and grid of an
amplifving device, in their case a
triode valve, with the centre tap of
the coil, or of a pair of capacitors
connected across this, taken to a
point of low RF impedance.
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Patent Office Warning v s e sy e

e in the UK Patent Office
Ware concerned with the
article by Marc Masson in your
April issue in which he gives the
impression that the Swiss Patent
Office gives an easy route to a
worldwide patent

This is just not so. Moreover,
there is a very real danger that the
article may lead some of your
readers unwittingly to fall foul of
natjonal security provisions.

First, there is no such thing
as a world patent. To obtain
patent rights in other countries
you have to file and prosecute a
patent application under the
National Patent Laws of each
country. A Swiss patent gives pro-
tection in Switzerland alone and
a UK patent is effective only in the
UK. Neither will have any influ-
ence whatever on how examina-
tion is carried out in other
countries. There are also a
European Patent Convention
(EPC) and a Patent Co-operation
Treaty (PCT) to facilitate obtaining

same set of rules and again the
Swiss office have no special
position within the EPC and PCT
that can simplify procedures.

In fact, the Swiss Patent
Office has two levels of examina-
tion. Full examination is carried
out in a small number of cases, for
those inventions relating to textile
products and processes and, not
surprisingly, horology — this
examination is not dissimilar to
that in the UK. Marc Masson is
alluding to those patents which
are given a more limited examina-
tion. Since there is not as rigorous
an examination they are relatively
easy to obtain — but they do
not give the same degree of
protection to the inventor.
Patent validity can never be
guaranteed and granted patents
can be shot down by competitors
if they can show the inventor is
not entitled to the monopoly
claimed. So it is in the inventor's
interest to have as watertight a
patent as possible and the more

security aspect, [ think [ need only
quote from our own free hand-
out literature on the subject,
under the heading

NATIONAL SECURITY:
IMPORTANT WARNING:

‘Any person resident in
the United Kingdom and
wishing to apply abroad for a
patent must first obtain
permission from the UK
Patent Office UNLESS they
have already applied for a
patent for the same invention
in the United Kingdom. In
the latter case, no applica-
tion abroad should be made
until at least six weeks after
the UK filing’

I realise that this letter must
seen somewhat negative.
Generally we are delighted
whenever attention is given to
patents or any of the other intel-
lectual property rights, but [ think
that Marc Masson's article illus-
trates the very real possibility of
misleading the reader in this

do not think that any reader who
applied direct to the Swiss Patent
Office and then found himself
threatened with legal action on
national security grounds would
be too kindly disposed towards
your publication.

It is our firm view that,
despite the high costs involved,
businessmen and industrialists
should be encouraged to obtain
professional help to assist in the
filing of patents, etc.

Your readers might also like
to know that the UK Patent Office
is presently pursuing an aware-
ness campaign, region by region,
with a series of Roadshow
seminars. To find out when we
will be mounting a presentation
close to them, your readers
should contact the Head of
Marketing and Information
Services, The Patent Office,
66-71 High Holborn, London
WCIR 4TP (Tel: 01-829 6512).

George Hamlyn
Marketing & Information

protection in more than one thoroughly the application is highly complex field. Patents Services
country — Switzerland is a examined the greater can be the  often protect investments worth The Patent Office
member of both, asisthe UK. As  assumption of validity. millions of pounds and mistakes London
members we all abide by the As regards the national cannot be afforded. Moreover, I
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Kevin Kirk explains
the circuitry behind
telephones and gives
some project ideas!

TELEPHONE
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irtually every home has a telephone —
it provides a vital part of everyday life. Yet
few people know how it works, or even
the principles behind it. So let’s have a
look at how telephones work — in the
past and the present.

The Telephone

The original telephones were very simple; just a
carbon microphone and electromagnetic earpiece
with a battery in series (Figure 1). When one person
spoke, the carbon granules in the mouthpiece
vibrated, changing resistance which in turn changed
the current in the line. Kirchoffs law tells us that the
net current in a closed circuit is zero, so the same must
also pass through the earpiece at the other end.

This unit works fairly well — as long as you don't
both talk at the same time, and you don't care about
mains pickup or interference. Also you can hear
yourself when you speak, which makes you speak
more quietly which can be a serious drawback. One
answer is to stick the microphone on a stalk and the
earpiece on a wire, so you can hold the earpiece away
from you ear when you speak.

A better solution is to cancel locally generated
signals, without affecting the output level. We can now
do this very elegantly using modern electronics, but
when telephones were first starting to become
popular, modern electronics weren't available. So the
ever-resourceful nineteenth century engineers came
up with an anti sidetone transformer. This was wired
in such a way that the signals from the microphone
were derived in antiphase to each other through the
transformer, creating a common mode nulling effect
(see Figure 2). The earpiece was wired onto the same
transformer to convert the incoming series mode
signals into sound. Nowadays we would use a
duplexor . In its simplest form this consists of a op-amp
wired up as shown in Figure 3. The transmitted signal

is applied in common mode to both inputs of the op-
amp, which tends to cancel out the signals on the
output. The telephone line is connected onto the non-
inverting input of the op-amp so it is amplified. R2/R3
sets the gain (in this case R2 = R3 so gain is around
1) and R1 matches the impedance of the line
(assuming a low impedance output from the previous
stage).

Although relatively expensive, the original
transformer had one other really useful feature: it
could sink DC current while leaving the AC relatively
untouched. This allowed the telephone company to
sense when a customer picks up his phone. The cradle
switch contacts close and the circuit draws DC current
up to 40mA. Figure 4 shows the circuit of a simplified
exchange. When the user draws current, the relay
corresponding to his line will pass current and come
on. Each relay has two coils to maintain AC balance.
To avoid affecting the operation of other telephones’
relays, each line is decoupled via 2uF non-polarised
capacitors.

Nowadays we don’t normally use transformers.
Instead we tend to use an electronic circuit which
mimics a coil. These circuits are called gyrators. Figure
5 shows a typical circuit.

The Automatic Exchange

The original exchanges had operators on switch-
boards. When you picked up your telephone the relay
would send a signal to an operator. The operator
would answer the call and manually connect the caller
to the person he wanted to talk to, via a jack plug and
socket system.

This was fine in the days when only about twenty
people in town had a phone. You've all seen the films
where the filmstar picks up the phone and asks Mary

6 VOLT
+1).
rﬂ
EARPHONE [] B1 B2 [ ] EARPHONE
MICROPHONE [() m1 M2 () MICROPHONE
Fig. 1 Simple Early Telophone

on the switchboard to get him Fred, who instantly
answers. Mary, of course, used to listen in on all the
calls and would probably pass on the gossip and
business news to interested parties to their mutual
benefit.

Almon Strowger, a funeral director in Kansas city
found out that a close friend’s funeral was to be
handled by a rival funeral director, whose sister was
the telephone operator. Putting two and two together,
he deduced that many calls destined for him were
being passed on to his rival. So he thought out a way
of automatically routeing a call, which he patented in
1889. This consisted of a series of uni-selectors which
were activated from a dial on the telephone. When
the dial was turned, a pair of contacts called muting
contacts would be closed and another pair would be
pulsed. (The muting contacts were closed for two
reasons. Firstly to short the local transformer to
prevent dialling pulses reaching the earpiece.
Secondly, to prevent large voltages being induced by
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the transformer by the abrupt removal of the DC
current. This could cause spurious ringing on the line
which could be construed as multiple dial pulses or
cause some bell tinkle on parallel connected phones.)
On the transistor gyrator, we use a Zener diode to
quickly turn on the transistors when the voltage is first
applied, effectively shorting out the ‘coil. When the
transistors are on, the voltage across Q2 is around 5V,
so the Zener turns off and the circuit goes back to being
a coil. You could of course just short the lot out with
a relay.

1990). The Zener diode ensures that the voltage does
not rise above a safe level for operation of the IC.

The rectified AC (there is no smoothing capacitor
after the bridge) will produce a warble effect. The tone
may be changed by changing R2. The current is low
so it should not affect any other phones on the circuit.

If you want an outside bell for when you are at
the bottom of the garden, the circuit of Figure 10 might
be more in your line, using a bell transformer and bell
of your choice. Please keep the Telecom side and your
side of the opto as far apart as possible. ‘

STANDARD
TELEPHONE o,
- SWITCH
o 5 O WHITE
swz NO TELEPHONE
i DIAL NC —Oune
L3 CONTACTS c2
Tl R
u L2 | i
-,\L' ﬁ:ﬂ"r i BELL INPUT i
TELECOM 1c1
. CONTACTS CONNECTIONS
R2
22k
LINK O—t———— BLUE
M3 OFTION ?
O RED A3
224
SWa SR SHEEN OUTPUT O
RECALL
LAST NUMBER
(PBX USE ONLY)
Fig. 2 Early Telephone With Anit-Sidetone Transformer Fig. 3 Duplexor Circuit
The dialling itself is outlined on Figure 6. Note £4
the asymetric pulse waveform. This was originally o m
done because relays take longer to drop out than they | LINE 1 = LINE 2
do to make. The interdigit pause signals the end of on
one digit and the start of another. 2u0

There is another form of dialling, much used in
the USA and slowly catching on here. This is called
Dual Tone Multi Frequency (DTMF) dialling. It uses
a pair of tones to indicate a digit to be dialled, allowing
the system to be very fast (a pulsed digit can take up
to 1 second to send plus inderdigit delays). DTMF is
especially suited to computerised diallers. A typical
dialler is shown in Figure 7a. With its attendant tones
it can take input either from a keypad or via a suitable
isolated interface from a computer. Figure 7b shows
how the unit works.

The Bells! The Bells!

Now we've covered dialling out, what about ringing in?
Bell tinkle was mentioned earlier and can be a
problem even if you short out the transformer,
because the voltage rises fairly quickly, passing
through the DC blocking capacitor in the bell circuit.
This may be stopped by connecting the white and blue
wires from the telephone together via a 100R resistor
during dialling to short out the bell. A relay or opto
triac could be used for this.

The bell circuit itself is a simple system, consisting
of a bell wired in series with a 1uF capacitor. This
ensured that the bell itself couldn’t draw DC current,
which would appear to the exchange as though the
phone had gone off hook. The ring current {or call
arrival indication as it is called in British Standards)
is derived from a voltage source of 63 to 100V at either
16.67Hz or 25Hz with a cadence of: 400mS on;
200mS off; 400mS on; 2s off.

Your Own Extension Bell

Itis fairly simple to rig up an extension bell (see Figure
8). This circuit can be plugged into any extension
socket and will bleep in time to the ring signal. The
operation of the circuit is straight forward. The AC ring
signalis passed via C1 and the current limiting resistor
R1 into the bridge rectifier. The output of this provides
the voltage required to power a small oscillator formed
by IC1 (similar to the low voltage alarm in ETI January
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Fig. 5 Gyrator Circuit

To help you, we include PCB layouts for these
circuits. The circuit draws slightly more current and
is the equivalent of 1.5 REN (the maximum REN on
line is 4, a telephone is usually 1).

A Do It Yourself Phone

A real must for the enthusiastic reader! You can put
together the circuits described so far, add a single
readily available chip from Texas Instruments plus a
few odds and ends, and bingo — atelephone! (Figure
12). You can make it in the form of a Royal Doulton
teapot or an elephant’s foot, to become the envy of
your friends.

The circuit needs a little explanation. This is no
ordinary telephone, it's a computer-dialled telephone.
And by replacing SW1 with an approved relay (for
example the OMRON G4D-287P-BT2) which could
be connected to a computer output via a suitable
transistor, you can make your telephone really
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computer controlled.

The tone dialler is very similar to the one we
looked at earlier but as it is designed primarily for
computer applications, its inputs are not multiplexed.
Instead, all inputs accept a simple low = on.

The input is a serial input to minimise the number
of opto isolators. It works in the following way. Atthe
start of the cycle the input on D (data) is high. The
clockis taken highand then low again. This initial high
starts the timer, creating a timing ‘window’ which lifts
the permanent reset frormn the 4015. Consequently the
first high bit is now clocked into the shift register. A
sequence of 1s with 2 x 0sis clocked into the 4015,
1 bit per clock transition. The 2 x 0s correspond to
a pair of tones, which represent a number, 4 (hash)
or ¥ (star). Table 1 shows this sequence,

Table 1: Tone output table

C1 (D1) C2 (D2) C3 (C3)
R1 (D4) 1 2 3
R2 (D5) 4 5 6
R3 (D6) 7 8 9
R4 (D7) * 0 i

For example, if you want to send a 5, bits D2 and
D5 should be low and all other bits high. Eight bits
must always be sent because when the first bit (bit DO)
gets to Q3 of IC3:A, the tone dialler is turned on.

The tone dialler will stay turned on untilthe timer
times out and resets IC3, which in turn will switch off
the output from IC2.

The timing should be adjusted so that the time
window is long enough to allow all eight bits to be
clocked in plus 100mS$, so the tone is on for 100ms.
The computer controls the off timing and it too should
be set to around 100ms,

We won't go into great detail about connecting
the phone to a computer. However, you can easily
connect it to a BBC (or Master) user port, using one
control line as data and the other as a clock. The
Advanced User Guide for your computer will tell you
how. Similarly, with a bit of ingenuity you could
connect the phone to a PC via the serial port

The component values around IC1 have been
chosen to match with the average line, so they
shouldn't be changed. The possible exceptions to this
are the resistors R9 and R10 and the earphone. These
components may be replaced by a 600  isolating
transformer, feeding a small amplifier to drive a pair
of headphones. You could even use a speaker, if you
site it carefully to avoid feedback into the microphone
input. Another option is to feed the signal into a tape
recorder so you can record all your calls,

DO also drives a P channel MOSFET which will
turn off the voice circuit whilst dialling so you don't get
deafened by the outgoing tones.
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IMPORTANT

You cannot connect any equipment to  British Telecom telephone
fine unless it has been approved by British Approval Board for
Telecommunications (BABT) and you risk prosecution if you do.

To obtain approval, your equipment must not interfere with the
netwark. This means it must comply with barrier regulations, and its
impedance must match the system, with correct output levels and
no out of band spectral components.

British Standards 886305 BSG301 and BS6789 give the relevant
information,

You must take great care NEVER tom mix BT signals and vour srgnals
without a barrier —if you are not sure then don't; Remember that a
lot of people rely on the network for a living and they would not
appreciate it i you wape outan Bxchan something
you shouldn't. -

BUYLINES

- The chips mentioned ‘above are all available from Famell
E}eCIromc components (telephone 0532 636311). }

PARTS LIST

RESISTORS (all %W 5%)

R1 k2

R2 47K

R3 2 47k

R4 %2

R5 100k

CAPACITORS

1 470n

C2 10n

€3 470n

C4 Tu

SEMICONDUGTORS

BRT

D1

IC1

0P1

Q1

RLA1

D1

b2

TELECOM —
INPUT .

— i 1

1
TDS :—2
AKD
ouT

R4

- - L 2l0: st

— 7 :

_1_ 0sc _C’d D-l I'_.lz a2 CLK <
€3 a1 IC3a ’
XTALY ic2 4 3 15

1 i e cz J'-l r— ao D

—t>08C C1
5TD

Ir18
10k

- AH18
-~

330R

ey S
C7 ke
o5 i I ua
"o il o ca
RA .
24k

116 |15 | |13

RINGER CIRCUIT
ic1
1 ]2 |3 |a
Hi2 !
2 '
ol RS i
NE i A1l Ri2
RED NO 10n 201 457839,
HOOK
TELECOM s\mrcu'
OwhnE

*SEE TEXT

L

Fig. 12 ETI Telephone

NO' -
Ic1 = TCM1705
IC2 = 5089
IC3 = 4016
ICa = 4001
OP1,2 = 4N26
a1 = ZVP3308
Q2,3 = BC82L
ZD1 = 12V ZENER
= W004 BRIDGE

XTAL1 = 3.579546MHz

ETI JUNE 1990

19




In the first of two
articles, George
Pickworth introduces
us to the brilliant
eccentric who often
failed to capitalise on
his genius.

NIKOLA TESLA

The Man

orn in 1856 in Smiljan, Croatia, Tesla

paved the way for many of the tech-

nological developments of modern

times. He is most widely remembered as

the inventor of the Tesla Coil and for
winning the titanic struggle between Edison’s direct
current electric power system and the Tesla-
Westinghouse polyphase alternating current system.
In 1917 Tesla was awarded the Edison Medal, the
highest honour that the American Institute of Electrical
Engineers could bestow and in 1956, his centennial
year, the International Electrotechnical Commission
named the unit of magnetic flux density the tes/a (T)
which was later adopted as part of the International
Systemn (S.I).

DC versus AC

Early in the history of electrical power, it was realised
that costs could be saved if generating plants were
sited near coalfields or where water power was avail-
able. However, with the Edison DC systems, the only
way to raise the voltage high enough for long distance
transmission was to use low voltage motors to drive
higher voltage dynamos (rotary converters). Similar
converters were needed to reduce the voltage to a
level suitable for distribution to users.

Not only were rotary converters expensive,
requiring considerable maintenance, but arcing
between the commutator sectors limited operation to
about a thousand volts. Although AC transformers
would be more elegant and less costly than rotary

converters, at that time there were no industrial electric
motors that would run on AC. In fact, Edison publicly
announced that such a motor was an impossibility.
Nonetheless, AC systems using transformers were
used in the USA as early as 1880, but only for electric
lighting.

While training for a career in electrical
engineering at Graz Technical University in Austria,
Tesla became involved with DC dynamos and motors.
He conceived a way to run motors on AC using a
simple slip ring system instead of troublesome
commutators. Later, when studying at Budapest,
Tesla visualised the principle of the rotating magnetic
field and developed plans for an induction motor. This
was the first step in the successful utilisation of AC
power. However, it was not until Tesla was working
for the Continental Edison Company in Paris, that he
actually constructed, outside working hours, his first
induction motor.

In 1884, Tesla arrived in New York with just four
cents in his pocket, a few of his poems and calculation
for a flying machine. He found employment with
Thomas Edison, but the two inventors were so far
apart in background and methods that their separa-
tion was inevitable. From that time, Tesla worked
alone and continued to develop and patent his poly-
phase AC system. In May 1885, George Westing-
house, head of the Westinghouse Electric Company,
bought the patent rights for Tesla’s system of AC
generators, transformers and motors. This transaction
precipitated the huge power struggle between Edison
and Tesla-Westinghouse.

Safety

Edison continued to promote his DC system, and to
denigrate the AC system, spreading public fears that
AC was dangerous. To allay these fears Tesla gave
exhibitions featuring current flowing through his body
to light lamps. Perhaps the most bizarre story is that
when the Electric Chair was first approved for execu-
tion in the USA, AC was used, but it took several
attempts to kill the unfortunate victim who was burnt
first before being electrocuted. News of the incident
was circulated in the mass media, and did much to
convince the public that AC was actually safer than
DC.

The first major demonstration of AC power was
in 1893 when Westinghouse used Tesla’s system to
light the World's Columbian Exposition at Chicago.
This success was an important factor in winning the
contract to install the first power machinery in Niagara
Falls, which bore Tesla’s name and patent number.
The project carried power to Buffalo by 1896.

Despite the many obvious advantages of high
voltage AC power lines, if the length of the line equals
a quarter wavelength at the operating frequency
{1500km at 50HZ), it presents a high impedance and
is useless for power transmission. A DC transmission
line was therefore used to take power from Cabora
Basa in Mozambique to Johannesburg and similar
high voltage DC power lines are used in the USSR.
Modern technology made brushless rotary converters
a reality. Moreover, a high voltage DC system requires
only two conductors, only one of which needs to be
highly insulated. The other can be buried in the
ground, significantly reducing the cost of the line.
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In 1889, Tesla established his own laboratory at
Colorado Springs where he experimented with
shadowgraphs similar to those used later by Wilhelm
Rontgen when he discovered X-rays. Tesla’s countless
other experiments included work on a carbon button
lamp and various other kinds of lighting. Unfor-
tunately, Tesla made no financial gain from many of
his fundamental discoveries, most of which had no
immediate practical use.

The Tesla Coil

From 1891 to 1893, Tesla gave lectures in Europe on
high voltage, high frequency currents which he pro-
duced by means of a resonant transformer which he
invented in 1891 and which came to be known as the
Tesla coil. Essentially, a Tesla coil consists of a long
helical coil, normally mounted vertically. A ‘capacity
hat’, typically a large ball, is electrically connected to
the upper end of the coil. The lower end of the coil
is normally earthed. Capacitance between the turns,
and the effect of the capacity hat, gives the coil a
specific resonant frequency. When the coil is
energised at that frequency, a high voltage develops
between the hat and earth. The effect is analagous to
the high voltage which occurs at the nodes of an
Hertzian wave antenna, and demonstrated the need
for high voltage insulators when the nodes of a wire
antenna occur at the ends.

The traditional way to excite small Tesla coils
(designed for experiments and demonstrations), was
to use a spark system. Heriz had shown in 1888 that
the discharge of a Leyden Jar (capacitor) across a
spark gap was not simply a levelling of the potential
between the two plates, but ‘a continuous forward and
backward surging’ (oscillation) until a state of rest was
achieved. Sustained oscillations could be maintained
by having a continuous spark. The exciter was in effect
a spark radio transmitter which could be tuned by
using Leyden Jars and induction coils and was
normally an integral part of the Tesla coil.

With low power Tesla coils and radio transmitters,
a spark voltage of 20kV to 40kV was normally gener-
ated by vibrator type induction coils, but high powered
spark transmitters often used 50kV to 100kV trans-
formers using mains electricity or an engine driven
alternator. The spark system was capable of generat-
ing considerable power, and 2.0kW for some of the
shipboard installations was not unusual. The only
limiting factor seems to have been physical constraints,
particularly with regard to the spark gap and the
insulation of the capacitors. However, Tesla excelled
in finding solutions to these kinds of problems.

Spark radios and demonstration Tesla coils
generally operated within thé 0.5 to 3MHz range. With
large coils it might have been difficult to obtain
resonance at frequencies much above 3MHz, but
there would have been few problems with resonance
at frequencies of tens of kHz. As an alternative to the
spark system it would therefore have been feasible for
Tesla to excite very large coils by means of high
frequency alternators: these devices were successfully
used as radio transmitters before the First World War.
Although the upper frequency limit for high power
devices is generally considered to be about 20kHz,
one machine was claimed to generate ‘considerable
power’ at 100kHz (but this is doubted by the author).

Resonance

In 1889 at a gathering of the Royal Institute of
Electrical Engineers, Tesla set out the essential
elements of radio communications, covering antenna
and ground circuits and most significantly, tuned
receiving circuits. (Credit for successfully tuning the
transmitter and receiver to the same frequency,
syntonization, is attributed to Sir Oliver Lodge).
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Unfortunately, lack of commercial interest and
arguments over technical points by those who had
little understanding of Tesla’s work prevented his
scheme from being developed.

Tesla was fascinated by electrical resonance. In
1899 he announced what he called his most impor-
tant discovery — ‘terrestrial stationary waves. He
claimed that these proved that the Earth could be used
as a conductor, which would be as responsive as a
tuning fork to electrical vibrations of a certain
frequency and this could ‘split the earth like an apple’
At one time Tesla was convinced that he had received
signals from another planet but this was greeted with
derision by editors of scientific journals. Tesla was a
godsend to reporters seeking sensational copy but was
aproblem for editors who were uncertain about how
seriously to treat these reports.

Tesla believed that by using the principle of
electrical resonance it was possible to transmit power
over long distances without transmission lines. With
this objective, he began to experiment with very large

Tesla coils in various configurations and installations,
some of which were several hundred feet tall. By
means of such large coils he was able to create
‘lightning’ with the discharge spanning more than 100
feet. However, the auther is sceptical about Tesla’s
claims that power could be transmitted over long
distances without transmission lines, despite con-
tempory accounts of 200 lamps being lit by power
radiated from a large installation at a distance of 25
miles. The manner in which the power would be
transmitted is obscure.

The ‘capacity hat’ of a Tesla coil produces a strong
electric field while the actual coil creates a strong
magnetic field. Even with a small demonstration coil
these fields will light up a flourescent tube held near
the coil, and Geissler tubes, the forerunners of
flourescent tubes, were available to Tesla. By the same
token the magnetic field of a large Tesla coil may well
have lit up incandescent lamps connected to resonant
induction coil a short distance away. This effect can
be observed today with a suitable device placed fairly
close to a powerful broadcasting station, but readers
are warned against doing this.

World-Wide Broadcasting

Returning to New York in 1900, Tesla began to con-
struct what he called a ‘world-wide broadcasting tower’
on LongIsland. This was done with $150,000 capital
put up by the financier Pierpoint Morgan. The object

V' I5dL

Replica of original
Tesla coil, lighting
fluorescent tube.
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was to transmit news reports, stock reports, pictures
and weather warnings on a world-wide basis. Tesla’s
tower would presumably have incorporated features
described by him during his 1892 lectures on radio
communication. However, because of labour prob-
lems and a financial panic, Morgan withdrew his
support and the project was abandoned. It was Tesla’s
greatest defeat. If the tower had been successfully
completed and had been found to work it would have
predated the British Empire VLF Communication
Transmitter at Rubgy by 35 years.

It would be pure speculation to suggest that Tesla
planned to operate a VLF world broadcasting tower
or that alternators were to be used: large spark devices
would have been just as applicable. Nonetheless,
these frequencies were within the limits of high power
high frequency alternators, and a fascinating feature
of the project is that in 1900, no-one, with the possible
exception of Tesla, conceived that frequencies
between 10 and 20kHz (VLF) were ideally suited for
reliable global communication. Moreover, as already
explained, high frequency alternators were success-
fully used as radio transmitters before WW1. Indeed
a superheterodyne receiver using a alternator as the
local oscillator was the most sensitive receiver available
and mixing took place in the headphones.

In December 1901, Marconi successfully trans-
mitted and received transatlantic signals, demon-
strating that Hertzian waves are able to follow the
curvature of the earth.

The main problem with VLF communication is
the efficient conversion of high frequency electric
currents into Hertzian waves. Apparently, this is only
possible when the current flows linearly along a
conductor. So unless Tesla had discovered an
alternative method of coupling his coils to the ‘ether’,

extremely long antennae would be required. Marconi
exploited Hertzian waves using a spark transmitter.
By operating on a frequency of around 1.0MHz,
efficient radiation of Hertzian waves was possible with
an antenna of practical size.

With the abandonment of the ‘world broad-
casting’ project, Tesla directed his attention to turbines
and many other projects, but because of shortage of
funds, his ideas remained as notes which are still
studied by engineers for unexploited ideas. In 1915
Tesla applied for an injunction against Marconi, but
this was denied largely because there were few who
understood the significance of his work. A review of
this decision in 1943 held that Marconi’s patents were
invalid because they had been anticipated by Tesla.

After his death, the custodian of alien property
impounded his papers, laboratory notes, letters, and
honours: these were eventually inherited by his
nephew and later housed in the Nikola Tesla Museum
in Belgrade. However, stories are rife that many of his
notes were destroyed because his discoveries were too
dangerous to be made public. These were fuelled by
Tesla’s claims that he had invented a death ray and

that the earth could be split like an apple.

Further reading:

Inez Hunt and Wanetta W Draper: Lightning in
his hand: The life story of Nikola Tesla (1964) .

Nikola Tesla Museum: Nikola Tesla: Lectures
patents articles (1956).

Nikola Tesla Museum: Experiments with alter-

nate currents of high potential and high frequency
(1904).
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and produced, not fo be confused with cheap imports. Al

SURVEILLANCE

PROFESSIONAL QUALITY KITS

kits come fully documented with

INTERNATIONAL

concise assembly and setting-up details, fibregiass PCB and all components. Al transmitters
are [ully tuneable and can be monitored on a normal VHF radio or tuned higher for greater
sacurity, Build-up service availabla if required

* TOP QUAL'TY - - MTX Micro-miniature audio iransmitter 17mm X 17mm 9V operalion. 1000m range £12.95

VT500 Hi-power audio transmitter 250mW outpul 20mm X 40mm 9-12V operalton 2-3000m

* SMART range LY £15.95

s VOX75 Voice activated transmitter Vanable sensitivity 30mm X 40mm. 9V operation 1000m

range SEE S £18.95

* EASY TO USE . CTX900 Sub-carrier scrambled audio transmitter Cannol be monilored without decoder fitied

lo radio. 30mm X 40mm. 9V operation. 1000m range £21.95

N D8X900 Sub-carrier decoder umi lor monitoring CTX900. Connects to radio earphone socket.
ASP - Provides outpul for headphones. 35mm X 50mm. 9-12V operation .... .. ..... £21.95

% o HVX400 Mains powered audio transmitter. Connects direclly to 240v AC supply 30mm X 35

D READER SERV|CES mm.500M range .. ... £18.95
s XT89 Crystal controlled audio Iransmitter. High perlormance. 100mwW output. Supplied with

ARGUS HOUSE e xtal lor 108MHz. Others available to 116MHz 85mm X 28mm. 9V operation. 2-3000m

E BOUNDARY WAY - fange £36.05
TKX900 Tracker/Bleeper transmiller. Transmis conlinuous stream of audio pulses. Variable

HEMEL HEMPSTEAD 5 loneandrale. Powerful 200mW output 63mm X 25mm. 9V operation 2-3000m range £21.95

: ATR2 Micro size lelephone recording inlerface. Connects between telephone lines (anywhere)

R HERTs HPZ 7ST i i and cassetle recorder. Tape switches aulomatically with use ol phone. All conversations
Te|eph°ne your order — recorded Powered Irom line. 10mm X 35mm £12.95
E TLX700 Micro minialure telephone transmitter. Connects to line {anywhere) swilches on and

(0442) 66551 off with phone use. All conversations transmitled. 20mm X 20mm. Powered from line. 1000m

range L £12.95

Please supply ................. ELECTRONICS TODAY INTERNATIONAL BINDERS XML900 RF bug detector. Variable sensitivity. Triggers LED and bleeper when in presence of

@ £6.80 eachinc. p&p.

Total£ ............ (Please make cheques/postal orders payable to A.S.P)

Or debit my

accessvisalL T T T TTTTT

15 o O 7 0 0 )

Please allow 28 days for dalivery

22

RF field. Detects MTX 15-20 feet. 55mm X 55mm. 9V operation ......... .... £26.95
XL7000 Professional bug detector/locator. Variable sersilivity. Twin made len segment LED
readout of signat sirength with variable rate bleeper. Second mode AUDIO CONFIRM
distinguishes belween localised bug transmission and normal legiimate signal such as pagers,
cellular etc. 70mm X 100mm. 9V operation . ... £54.95

UK customers please send cheques. PO's or registered cash. Please add £ 150 per arder
for P&P. Goads despatched ASAP alfowing for cheque clearance. Overseas customers
sendsterling bank draft or Eurocheque and add £5.00 perorder for shipment. Credit card
orders accapled on 0827 714476, Trade enquiries welcome. Send 30p stamp for full 1990

Catalogue.

THE WORKSHOPS
95 MAIN RD. BAXTEHLEY

NA., ATHERSTONE

WARKS CVA 2LE 0B27 714476
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ONE POUND BARGAIN PACKS

All packs ara £1 each. Note the figure on Lhe extreme left is the
pack ref number and the nexl liguresis the quantity of items in
the pack, finally a short description.

BD2 5  13Aspursprovidealusedoullettoaringmain wheredevice
such as a clock must not be switched off

BD9 2 6v. 1A mains transformers upright mounling wilh lixing
clamps

BD1t 1 B'%" speaker cabinet ideal for extensions, takes your

speaker. Ref BD137 + 50p.
BD13 12 30walt reed switches, it's surprising what you can make
withe lhese — burglar aiarms, secrel switches, relay efc. etc

BD22 2 25wattloud speaker two unit cross—overs

BD30 2 Nicad constanl current charges adapttocharge almost any
nicad batlery

BD32 2 Humidity switches, as Lhe air becomes damper the
membrane strelches and operates a microswilch

BD42 5  13Arockerswitchthreelagsoon/off, or change over with
centre off

BD45 1 24hr time switch, ex—Electricily Board, automatically
adjust for lengthening and shortening day.

BD49 5  Neon valves, wilh series resistors, these make good night
lights

BD56 1 Miniuniselector, one use s for an electric jigsaw puzzle,
we give circuil diagram for this. One pulse into motor, moves
switch through on pole

BO&T 1 Suck or blow operated pressure switch, or it can be
operated by any low pressure variations such as waler level
in water tanks

BD10SA 1 6v 7ds()MA power supply, nicely cased withinput and output
leads

BD120 2  Stripper boards each contains a 400v 2A bridge rectifier
and 14 other diodes and rectifiers as well as dozens of
condensers etc

BD132 2  Plasticboxesapprox.3” cubewith square hole through top

soideal for interrupted beam switch
BD134 10 Motors for model aeroplanes, spin to start so needs no

switch

BD139 6  Microphone inserls — magnetic 490 ohm also act as
speakers

BD148 4  Reedrelaykilsyouget 16 veed switches and4 coil sets wilh
notes on making c/o relays and other gadgets

BD149 6  Safety caver for 13A sockets — prevent those inquisitive
little fingers getting nasty shocks

BD180 6  Neonindicators in panel maunting hoiders with lens

BD193 6  5amp3pinfushmounting sockets makes alow costdisco
panel — need cable clips

BD199 1  Mainssolenoid very powerful has 1” pull or could pushif
modified

BD201 8  Keyboard switches —made for computers but have many
other applications

BD2H 1 Electricclockmainsoperated putthisinabox andyouneed
never be lale

BD221 5  12valarms make a noise about as loud as a car horn
Slightly solid but OK

BD242 2 6" x 4" speakers4ohm made from Radiomobile so very
good quality

BD252 1  Panostat, conlrols oulpul of boiling ring from simmer to boil

BD259 50 Leads with push on %" tags — a must for hook ups —
mains connections etc

BD263 2  Oblong pushswilches for bell or chimes, these can mains
up to 5 amps so could be fool switch if filted into pattress

BD268 1  Mini1wattamp forrecord player. Will aisochange speed
of record player mator

BD283 3  Mild steel boxes approximately 3" x 3" x 1" deep —
standard eleclrical

BD305 1 Tubulardynamic mic with optional table rest

BD400 4  Books. Useful for beginners. Describes amplifiers, test
equipment and kit sets

BD653 2 Miniaturedriver transformers, RefLT44. 20k to 1k, centre
tapped

B8D548 2  35voltrelays, each with two pairs changeover contacts

BD667 2 4 7uf, non—polarised block capacitors, pcb mounting

There are over 1,000 items in our
please request this when ordering.

TOASTERS 2slice toasters — may need slight altention only. Only €3
each. Re! 3P84

PERSONAL STEREOS Again customer returns bul complete and
with stereo head phones. A bargain at only £3 each. Our ref 3P83

MAINS OPERATED MICROWAVE CONTROL
PANEL WITH TOUCH SWITCHES This has a 4-digit display
with abuilt-in clock and 2relay outputs, 1 for power and 1 for pulsed power
le'\)/el. Could be used for all sorts of timer control applications. Only £6. Ref
6P18

EQUIPMENT WALL MOUNT. Multi-adjustable metal bracket
for speak, etc. 2 for £5. Our ref 5P152

STABILISED POWER SUPPLY KIT. +—+/V20A Contains
ECfB, transformer and all components excluding case, etc. Our priceis £20.
ef 20P25.

KEYBOARDS. Brand new uncased with 84 keys plus PCB with
several ICs. Only £3 Ref 3P89

SUB-MIN TOGGLE SWITCH. Body size Bmmx4mmx7mm
SBOT with chrome dolly fixing nuts. 3 for £1, Order ref BD649

COPPER CLAD PANEL. For making PCB Size approx 12in
longx8'4in wide. Double-sided on fibreglass middle which s quite thick
(about 1/16in) 50 this would support quite heavy components and could even
form a chassis to hold amains transformer, ste. Price €1 each. Ourref BDE33

POWERFUL IONISER
Generates approx. 10 times more IONS than the ETI and similar
circuits, Will relresh your home, office, workroom etc. Makes you feel
better and work harder — a complete mains operated kit, case
included, £18. Our ref 18P2

Ifyou want a complete copy

REAL POWER AMPLIFIER. Foryourcar, it has 150 walts outout
Frequency response 20hz io 20Khz and signat to noise ratio better than
60d/b. Has builtin short cireult protection and adiustable input leve! Lo suil
your existing car stereo, so naeds no pra-amp. Works into spaakers ref. 30P7
described below. Areal bargain at only £57.00. Order ref: 57P1

REAL POWER CAR SPEAKERS. Slereo pair output 100w
each. 4-Ohmimpedence and consisting of 6%2" wooler, 2” mid range and
1" tweeter. Each set in a compact purpose built shelf mounting unit. Ideal
googrk with the amplifier described above. Price per pair £30.00. Order ref:

STEREO CAR SPEAKERS. Not quite so powerful — 70w per
channel. 3" wooler, 2" midrange and 1” tweeter. Again, in asuper purpose
buill shelf mounting unit. Price per pair: £30.00. Order ref: 28P1.

VIDEQ TAPES These are three hour tapes of superior quality, made
under licence from the famous JVC Company. Offered atonly £3each. Qur
ref APB3. Or Sfar £11. Our ref 11P3. Or for the really big user 10 for £20. Our
ref 20P20.

ELECTRONIC SPACESHIP.
Sound and impact controlied, responds 1o
clapz andshouts andreverses when i hits
anything, Kit with really detailed instruc
Yions. Ideal present for budding young
electrician. A youngster should be abie to
assemble butyoumay have to helpwith he
soldering of the components on the pcb. Complete kit £10. Our ref 10P81.

12" HIGH RESOLUTION MONITOR. Amber screen,
beautitully cased for freastanding, needs only a 12v1.5ampsupply.
Technical data is on its way but we understand Ihese are TTLinput.
Brand new in maker's ¢artons, Price: £22. Order ref 22P2.

COMPOSITE VIDEO KITS. These converl composite videoinio
separale h-sync, v-sync and video. Price £8. Our ref 8P39

BUSH RADIO MIDI SPEAKERS. Stereo pair. BASS reflex
system, using a lull range 4in driver of 4 ohms impadante, Mounted In very
nicely made black fronted walnut finish cabinets, Cabinet size approx 82in
wide, 14in high and 3%aindeep, Fitied with a good keangth of speaker fiex and
terminating with a riermal audic plug, Price £5 the pair Our ref 5P141.

312in FLOPPY DRIVES. We still have two modelsin stock: Single
sided, 80track, by Chinon. Thisisin the manufacturersmetal case withleads
and [DC connectors. Price £40, reference 40P1. Also a double sided, 80
track, by NEC. Thisisuncased. Price £59.50, reference 60P2 Bolh are brand
new. Insured delivery £3 on each or both

SINCLAIR C5 WHEELS
Including inner tubes and tyres. 13" and 16” diameter spoked
polycarbonate wheels finished in black. Only£6 each. 13" ref 6P20.

16" ref 6P21.

REMOTE CONTROL FOR YOUR COMPUTER. with
this outfil you can be as much a5 20 et away as you will have a joystick that
can frensmit and receive to plug into and operate your computar and TV,
Thisis also justright if you want to use it with a big screen TV, The joystick
has twolire buttons and is of a really superior qualrty, with tour suction cups
fur additional control andone handed play. Price £15 forthe radio controdled
pair. Our ref 15P27.

ASTEC PSU. Mains operaled swilch mode, so very compact. Oulpuls:
+12v25A, +5v6A, 5V 5A, +12v 5A. Size: 71/dinlong x 43/8in wide x
23/4in high Cased ready for use, Brand new. Normal price £30+, our price
only £13.00. Our ref 13P2.

VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower.
Made todrive the Sinclair C5 electric car but adaptable to power ago-kart,
amower, arail car, model railway, stc. Brand new. Price £20. Our ref 20P22

PHILIPS LASER
Thisis hefium-neon and has a power rating of 2mW. Completety sale
s0long as you do not look directly int the beam when eye damage
could result. Brand new, full spec, €35, Mams operatad power supply
for thistube gives Bkv striking and 1.25kv at SmA running. Complele
kit with case £15. As above for 12v battery. Also £15. Our ref 15P22.

ORGAN MASTER is a three octave musical keyboard. It is
beautilully made, has tull size (piano size) kays, has gold plated contacts
andis complete with ribbon cable and edge connector Can be used with
many computers, requast infarmation sheet. Brand new, only £15plus £3
postage Our ref 15P15

FULL RANGE OF COMPONENTS at very keen prices
are available from our associate compnay SCS COMPONENTS. You
may already have their catalogue, if not request one and we will send
it FOC with your goods

HIGH RESOLUTION MONITOR. 9in black and while, used
Philips tube M24/306W. Made upin alacquered frame and has open side
Made for use wilh OPD computer but suilable for most others. Brand new,
£20. Rel 20P6

12 VOLT BRUSHLESS FAN. Japanese made The popular
sguargshape 41/2in x 412in x 13din). Theelectronicallyruniansnolonly
consume vary litthe current but also they donof cause interfarence as the
brush %pﬂ motors do. Ideal for cooling computers, ete,, orfor a caravan. €8
each, Our ref 8P26

MINIMONO AMP onpc b, sized” x 2" (app.)
Fitled Yolume control. The amplifier
has three lransistors and we estimate
the output to be 2W rms. More
technical data will be included
withthe amp. Brand new, perfect
condition, offered at the very low
price of €1.15 each, or 13 for £12.

NEW MAINS MOTORS. 25 walt 3000 rpm made by Framco
approx 6" x4” x3" priced at only £4. Ref 4P54.

SHADED POLE MOTORS. Approx 3" square available in 24V
AC or 240V AC. both wilh threaded output shaft and 2 fixing bolts. Price is
£2 each. 24V ref 2p65. 240V ref 2P66

MICROWAVE TURNTABLE MOTORS. Complste with
weight sensing electronis that would have varied the cooking time. Ideal
for window displays etc, Only £5, Ref 5SP165

SURFACE MOUNT KIT. Makes a super high gain snooping
amplifier on a PCB less than an inch square! £7. Rel 7P15.
INDUCTIVE PROXIMITY SWITCHES. Made by Honeywell
these units are brand new and offered al only £12 each which is a fraction
of their normal price 10-36Y DC model ref 12P19 or main version 12P20

J&NBULLELECTRICAL

Dept. ETI, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL ORDER TERMS: Cash, PO, or cheque with order. Please add £2 50
service charge. Monthly account orders accept from schools and public
companies. Access & Barclaycard orders are accepted — minimum £5
Phone (0273) 734648 or 203500, Fax 23077

POPULARITEMS — MANY NEW THIS MONTH
JOYSTICKS forBBC, Atari, Dragon, Commodore, elc. All £5 each. All
brand new, state which required
TELEPHONE TYPE KEY PAD. Really first class rear mounting
unil, White leltering on black buftons, Has conductive rubber contacts with
soft céick operation. Circuit ged D yprarray. Req
by 55mm cutout and has a 10 10C connector. Price £2. Ref 2P251
SUB-MIN PUSH SWITCHES Nol much bigger than a plastic
transistor but double pole. PCB mounting. Three for €1. Our rel BD688.
AA CELLS. Probablythe mos! popular of the rechargeable NICAD types.
4 tor£4. Our ref 4P44
20 WATT 40HM SPEAKER With built in tweeler. Really well made
unitwhich has the power and the quality for hi-ii. 6'2in dia. Price £5. Ourref
5P155 or 10 for £40 ref 40P7.

MINI RADIO MODULE Oniy 2in square with ferrite aerial and solid
dia tuner with own knob. Itis a superhet and operates from a PP3 battery and
would drive a cryslal headphone. Price £1. Our ref BD716
BULGINMAINS PLUG AND SOCKET. Theold faithful 3pin
with screw lerminals. The plug is panel mounled and the sockel is cable
mounled. 2 pairs for £1or 4 plugs or 4 sockets for £1. Our ref BD715, BD715P
or BD7158.

MICROPHONE. Low cost hand heid microphone with on/off switch
inhandle, lead terminatesin one 35 plugand one 25 plug. Only £1. Ref BD711.
MOSFETS FOR POWER AMPLIFIERS AND HIGH
CURRENT DEVICES 140v 100w pair made by Hitachi. Ref 25K413
and its component 25J118 Only £4 a pair. Our ref 4P42, Also availablein H
pack Ref 25J98 and 25K343 £4 a pair. Ref 4P51

TIME AND TEMPERATURE LCD MODULE. A 12 hour
clock, a Celciusand Fahrenheitthermometer, atoohot alarm andatoo cold
alarm. Approx 50 x 20mm with 12.7mm digits. Requires one AA battery and
a few switches. Comes complete with full data and diagram. Price £6. Our
ref 6P12

REMOTE TEMPERATURE PROBE FOR ABOVE. £3
Our ref 3P60.

A REAL AIR MOVER. Circular axial fan moves 205 cubic foot per
minwhich is aboul twice as much as our standard 4'/2in fans Low noise mains
operated 6%2in dia, brand new. Regular price over £30, our price only £10. Our
ref 10F71

600 WATT AIR OR LIQUID MAINS HEATER. Small coil
heater made for heating air or liquids. Will not corrode, lasts for years, coil
size 3inx 2in mounted on ametal plate for easy fixing, 4india. Price £3. Ref
3P78 or 4 for £10. Our ref 10P76

EX EQUIPMENT SWITCHED MODE POWER
SUPPLIES. Various makes and specs but generally +5, +12v, ideal
bench supply. Only £8. Our ref 8P36

ACORN DATA RECORDER. Made for Electron or BBC computer
but suilable for others. Includes mains adaptor, leads and book, £12. Ref
12P15

PTFE COATED SILVER PLATED CABLE. 19 strands of
.45mm copper, will carry upto 30A andis virtually indestructable, Available
inredor black. Regularpriceis over £120 per reel, our price only £20 for 100m
reel. Ref 20P21 or 1 of each lor £35. Ref 35P2. Makes absolulely superb
speaker cable!

NEW PIR SENSORS. Infrared movementsensorswill switchupto
500w mains. UK made, 12 months manufacturers warranty. 15-20m range
witha0-10mintimer, adjustable wall bracket, daylighl sensor. Only £20. Ref
20P24

Also available same spec as above but will swilch 1000 watts, £24,00, Ref
24P4,

MITSUBISHI 3'2in DISC DRIVES. Brand newdrives, 2 height
double sided, double density, warranted. Our price £60. Ref 60P5

SPECTRUM PRINTER INTERFACE. Add a centronics
interface to your Spectrum complete with prinler cable for only £4. Our ref

GEIGER COUNTER KIT. Inciudestube, PCB and all components
to build a 9V operation geiger counter. Only £39. Ref 39P1
SPECTRUM SOUND BOX. Add sound toyour Spectrum with this
device; just plug in. Complete with speaker, volume control and nicely boxed
Asnip atonly £4. Our ret 4P53.

BBC JOYSTICK INTERFACE. Converts a BB jotstick port to
an Atari type port. Price £2_ Our ref 2P261

TELEPHONE EXTENSION LEAD. 5M phone extension lead
with plugon one and socket on the other. White. Price £3. Our ref 3P700r 10
leads for only £19! Ref 19P2

LCD DISPLAY. 41»in digils supplied with connection dala£3. Rel3P77
or 5 for £10 Ref 10P78

CROSS OVER NETWORK. 8 ohm 3-way for iweeler midrange
andwoofer. Nicely cased withconnections marked. Only £2. Our ref 2P255
or 10 for £15 ref 15P32

REFERSING LIGHT ALARM. Fits to car reversing light and
sounds when reversing. Only £2 Our ref 2P248

BASE STATION MICROPHONE. Top quality uni-directional
electret condenser mic 600r impedance sensitivity 16-18KHz -68db built
in chime, complele with mic stand bracket, £15, Ref 15P28,
MICROPHONE STAND. Very heavy chromed mic stand, magnetic
base. 4in high. £3 if ordered with above mic. Our ref 3P80.
SOLARPOWERED NI-CAD CHARGER. 4Nicad AAbattery
charger charges 4 batteries in 8 hours. Price £6, Our rel 6P3,

MAINS SOLDERING IRON. Price £3 Our ref 3P65.
SOLDERING IRON STAND. Price £3 Our ref 3P66
SHARP PLOTTER PRINTER. New 4 colour printer originally
intended lor Sharp computers but may be adaptable for other machines.
Complele with pens, paper, stc. Price £16. Our ref 16P3

KIT toconvert the above Printer to Centronics parallel. €4, Ref 4P.
CAR IONIZER KIT. Improvethe airin your car, clears smoke and helps
prevent fatique. Case req. Price €12 Our ref 12P8

NEW FM BUG KIT. New design with PCB embedded coif 9v
operation Priced at £5, Our ref 5P158

NEW PANEL METERS. 50UAmovementwiththree different scales
that are brought into view with alever. Price only £3 Ref 3P81,
STROBE LIGHTS. Fit a standard Edison screw light fitting 240v
40/min (lash rale, available in yellow, blug, green and red, complete with
socket. Price £10 each. Ref 10P80 (state colour reqd)

ELECTRIC SPEED CONTROL KIT. Suitable ior controlling
our powerful 12v motors. Price £17. Rel 17P3 (heatsink required).
EXTENSION CABLE WITH A DIFFERENCE. liisilaton
one side, making it easy to lix and look lidy. 4 core, suitable for alarms, phones
elc. Our price only €5 for 50m reel. Ref 5P153

METAL PROJECT BOX. Ideal for battery charger, power supply
elF%, sprayed grey, size 8” x 4" x 4'2", louvred for ventilalion Price £3. Re!
3F75,

ETI JUNE 1990

23




THE RTC MONITORII

100 WATT SPEAKER KIT £60.00 +£3.50 P&P (pair}
RESPONSE: 55Hz- 20kHz

BASS POLYMER CONE D: 22¢m
DOME TWEETER: 14mm

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

RECOMMENDED AMP POWER:
10-100 watts per channel

The performance stan-
dard achieved in this
compact design is distinc-
tively superior to any-
thing else available at the
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
well focussed sound stage and sharp resolution
of detail. Distortion throughout the frequency
range is low even at quite high power input and
this gives a great sense of dynamic range and
openness especially when used in bi-wired
mode.

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,

MAIL ORDER

£1 BARGAIN PACKS

BUY 20 GET 1 FREE

Please state pack(s) required

Na.

BPO158
BPO16

BPO17

GOODMANS 60W CAR GRAPHIC

As new condition but have been returned by customers
or shops, so they may need some attention. Hence the
price of only £8,00 each. Order six of these units and you
get the seventh one free. Postage £2.90

LCD DIGITAL MULTI TEST METER ac b
Volts resistance and DC Amps. Most of these units are
new but Rave been returned or rejectetd by the store
and sold with all faults at £11.00 each. Pustage £1.00
(Made by Ross Electronics).

ROSS PUSH BUTTON RADIO

Mains and battery operated. High quality VHF/FM,
Medium and Long Wave reception."-ﬂv_.dj -

6 pushbutton selected Lo A ]
preset stations.

Fully retractable telescopic

aerial. !

Headphone/earphone q

jack socket.

Size 230H x 150W x 65D |
Ref RE-5500.

Brand new. |'
Listed price over £30.00.

Price £14.95 'S f
+ £2.80 P&P AN

.

BPO45A
BPO47

SHURE HIFI STEREO MAGNETIC CAR-

TRIDGE Fiued with an elliptical diamond stylus
supplied with fitting kit and instructions. A good quality
unit made to sell for well over twenty pounds due to
scoop purchase, we are able to offer these at a fraction of
the manufacturers price. All units are brand new and
boxed. £7.20 each. If you order in multiples of five you
get one free. Postage £1.30 (Made in U.S.A.)

Qty. par pack

1
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30W doma tweetar. Size 90 86mil JAPAN made
2200uf can type Electrolyiic 25V d.c, computer
grade made in UK by PHILIPS

33000uf 16Y d.c, electrolytic high quality
computer grade UK made

20 ceramic trimmers

Tuning capatitars, 2 gang dielectric a.m. type
3 position, B tag slide switch 3 amp rated

125V a.c. made in USA

Push-button switches, push on push off, 2 pole
change over. PC mount JAPAN made

2 pole 2 way rotary switch

Right angle, PCB mounting rotary switch,

4 pole, 3 way ratary switch UK made by LORLIN
3 pole, 3 way miniature ratary switch with one
extra position off (open frame YAXLEY type)

4 poln, 2 way rotary switch UK made by LORLIN
Mixed control knobs

Stereo rotary potentiometers

10k wire wound double precision
potentiometers UK made

Single 100k multitune pots, ideal for varicap
tuners UK mada by PHILIPS

UHF varicap tuner heads, unboxed and
untested UK made by PHILIPS

FM stereo decoder madules with diagram

UK made by PHILIPS

"% %" High grade Ferrits rod. UK mrade

AMIF moduleswith diagram PHILIPS UK made
AM-EM tuner head modules. UK made by Mullard
Hi-Fi stereo pre-amp madule inputs for €0, tuner
fape, magnetic cartridge with diagram

UK made by MULLAR?)

All metal co-axial serial plugs

Fuse holders, panel maunting 20mm type

In ling fuse holders 20mm type

UK made by BULGIN

5 pin din, 180° chassis socket

Double phono sockets, Paxolin mounted

2.8m lengths of 3 core 5 amp mains flex

Large VU meters JAPAN made

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

Mono Cassette Record and play heads

6-0-6 4VA mains transformers, PC mount UK made
24V 0.3VA mains power supply. Brand new boxed
UK made by MULLARD

0C44 transistors. Remave paint from top and it
becomes & photo-lectric cell (ORP 12)

UK made &y MULLARD

Low signal transistors n.p.n., p.n.p. types

14 watt output transistors. 3

complimentary pairs in TDE6 case

(Ideal replscament for ADIET and 162s)

Tape deck pre-amp IC with record/replay
switching No LM 1818 with diagram

Swatt audio ICs. No TBABOD (ATEZ/

Mator speed control ICs, a5 used with most
cassette and record player motors

Digital DVM meter |.C. made by PLESSEY

as used by THANDAR with diaaram

7 segment 0.3 LED display (red)

Bridge rectifiers, 1 amp, 24V

Assarted carbon resistors

Powar sugalv FCB with 30V 4V/A 1ransformer
MC7B18CT IC & biridge rectifier; Size 4" 2%"
B8.35mm Mono jack plugs

6.36mm stereo switched jack sockets

Coax thassis mount sockets

3mtr Euro-mains lead with chassis socket

30+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

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

backprinted.

B 30Wx2 (DIN 4 ohm)

8 CD/Aux, tape |, tape Il, tuner and phono
inputs.

B Separate treble and bass

® Headphone jack

Size (H.W.D.} 75x400x 195mm

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

and knobs £36.80. post £3.50

{Featured project in Everyday Electronics April

1989 issue). Reprint Free with kit.

KOSS STEREO HEADPHONES High quality
light weight sterec headphones fitted 3.5mm jack with
adaptor to 6, 4mm jack. Ideal use Hifi or personal stereos.
made to sell for nine pounds. Our price for this unit £4,25

Postage 60p.

i
!
i

TV SOUND TUNER KIT

In the cut-throat world of consumer electronics,
one of the questions designers apparently pon-
der over is “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 connect direct
to your Hi-Fi is a must for quality reproduction,
The unit is mains operated. This TV SOUND
TUNER offers full UHF coverage with 4 pre-
selected tuning controls. All parts including
Varicap tuner, mains transformer, PCB with IC's,
capacitors and coils etc., to build the unit
illustrated above; without case and scale.
£11.50 + £2.30 P&P

Case as illustrated £6.90 + £2.00 P&P

MULTIBAND RADIO

VHF 54-176 MHz + AM CB BANDS 1-80
Listen to: AIR TRAFFIC CONTROL,
AIRCRAFT, RADAR
PUBLIC UTILITIES
RADIO AMATEURS AND
MANY MANY MORE

£17.95
POSTAGE

£2.85 SQUELCH CONTROL
“RUBBER DUCK AERIAL"

AMPHONIC 125 + 125 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
.................... 410 16 ohms
(max. power into 4 ohms)

Sensitivity .. 450V at 22K ohms
Protection .... Electronic short-circuit and fuses
Power ... 220-240V a.c. 50Hz
Chassisdim ........., ST ey 435x125x280mm

£142 +¢7.00p&p
STEREO DISCO XER MX7770

4-channel stereo disco mixer with built-in 5-band
graphic equalizer capable of mixing a total of B line,
phono or mic inputs, switchable on the front panel.
Contrals include cross fade between channels 1 and 2,
headphone cue, DJ mic talkaver, channgl level markers
and stereo/mono switch. Twin 12 LED bargraph dis-
play. Output to amp, tape and headphones.

Input sensitivity..... Mic, 0.3mV, Phono 3mV, Line 150mV
Inputimpedance ........ Mit. 6004}, Phono 47k1), Line 47k}
Max. input level.,.....,.. Mig, 30mV, Phono 140mV, Line 5V

Outputimpedance crtorensreervs EHY
Rated output....... Amp 800mY
Hum and noise . amy

Frequency response; Mic, ..
Phono
Line......

Equalizer section:

Control frequencies.....60Hz, 260Hz, 1kHz, 3.5kHz, 12kHz

Control range ... 12dB, bobst or cut

Power ........ 240V ac

Dims ... * 270 % 96mm

£86.95 + £5.80 p&p

HAND HELD WALKIE TALKIES

Ideal for sports or any outdoor
activities. Built-in call button and
separate volume control. Range
1.2km maximum. 49MHz crystal
control superhet circuit with built-
in condenser mic. and speaker.
Unit supplied with vinyl carrying
case and personal earphone.

£32.90 a pair
+ £2.60 P&P

RADIO AND TV COMPONENTS ACTON LTD
21 HIGH STREET, ACTON, LONDON W3 6NG

MAIL DRD

Orhiey

M5 POSTAL-ORDERS anct o

BELT-DRIVE
QUICKSTART VARISPEED
DISCO TURNTABLE

* Quick start ideal for scratching

* Pitch control

* Pop-up target lamp

* Strobe lamp

* Counterweighted tubular tone arm with plug-in
headshell

* Full manual control

* Remote start/stop

* 7.5kg

£112.00
+ £7.00 P&P
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UPERSCOPE
REVISITED

i

i
e

his follow-up to the Superscope project
published in ETl this February and March
should give beginners an insight into how
an oscilloscope works in general and how
to get the best out of the Superscope in

particular.

We initially thought that anyone who felt
competent enough to construct such a complex
project would have enough knowledge and expertise
to make an overview of procedures unnecessary.
However the project has proved attractive to many
beginners in electronics and we have had many
queries and requests for further details.

Clearing Up Some Queries

Lets get a few points out of the way first.

There were a few errors and omissions in the
original articles. Those we have found are listed in the
Oops! column in this issue.

A number of readers have asked for details of
front panel layout. This is shown in the above
photograph. A front panel is now available from the
ETI Front Panel Service,

We have been asked why not use a more
modern tube as these generally have a brighter
sharper trace. There are two reasons.

Firstly, to obtain a brighter trace much higher HT
voltages are required, of the order of several thousand
volts for most post-deflection-anodes. The generation
of such voltages with the associated safety con-
siderations is unsuitable for all but the most com-
petent. The fact that so many novice constructors
have been attracted to this project reinforces this view;
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we wouldn’t want to lose any of you.

Secondly, more modern tubes are generally
about two or three times the price of the ‘surplus’ type
tubes recommended, defeating the low-cost attraction
of this project.

If you wish to experiment, the design of the unit
lends itself readily to adaptation. In view of the hand
wound transformer it would not be wise to try to
generate too high an AC voltage from the transformer.
Increasing the voltage by chaining multiplier PDA
requires virtually no current. However, you are on
your own. Please do take care with these very high
tension voltages, they are lethal.

Oscilloscope Basics

Those of you who are familiar with oscilloscope tech-
niques can skip this bit. For those who are not, this
is necessarily a brief resumé of the basics of oscillo-
scope operation.

The scope is the most useful tool available to the
electronics technician for testing equipment. It is
capable of performing a wide range of measuring
functions (such as voltages, and frequencies directly,
and other parameters indirectly) and provides a real-
time visual display of what is actually happening to
a signal in the circuit. How is this achieved?

All the circuitry within a 'scope has the sole
purpose of moving a bright spot horizontally or
vertically across the face of the cathode ray tube (CTR)
under the control of the timebase (X-axis) and the
input signal (Y-axis).

Consider first the X-axis. If the spot races across
the tube face fast enough the eye sees a horizontal line
or trace rather than a moving spot. If, when the trace

In response to popular
demand, Dennis
Stanfield follows up his
Superscope project
with some instructions
how to use it!
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reaches the right-hand side of the tube face, we cause
it to fly back the left-hand side even faster still and
repeat the process, a seemingly static horizontal line
is maintained across the screen. If the control of the
Y-axis is now varied at a suitable rate by an input signal,
those variations will be superimposed on the trace
causing vertical deflections in it as dictated by the input
signal.

A cathode ray tube (see Fig.1) is in effect a very
large thermionic valve. However the stream of
electrons emitted from the hot cathode, instead of
being attracted to the anode and allowing current flow
as in a normal valve, is actually guided and focussed
by several anodes to produce a narrow beam. When
these hit the phosphorescent material on the inside
face of the tube, it phosphoresces at the point of
impact. The voltages applied to the anodes must be
progressively more positive to ensure attraction of the
electrons into a stream and their focussing into a
narrow beam.

The moving of the beam is performed by the X
and Y plates which are arranged in two symmetrical
pairs (see Fig 1). These plates are also positively
charged. When the charge on each plate of a pair is
identical the beam passes straight down the middle

FOCUSSED
ANODE 2 ELECTRON
ANODE 1 [ASTIG) BEAM
HE (FOCUS] v PHOSPHORESCENT
CATHODE/GRID COATED SCREEN
X1y g

MORE MORE
+ E

VE =V
: SPOT DEFLECTION :

Fig. 1. Oscilloscope Basics

Y DEFLECTOR
X DEFLECTOR ~ PLATE
PLATE

TEST GEAH

between them and hits the centre of the screen
(manufacturing tolerances aside). But if there is an
imbalance, with one plate more positive than the
other, the electron beam is bent towards the more
positive plate by electrostatic attraction. This causes
the spot to move up, down or across the tube
depending on which plate is the more positive. The
reverse effect is caused by making one plate more
negative with respect to its partner.

While a workable 'scope could be made by
holding one plate of each pair at a constant voltage
and varying the potential in the other, this causes non-
linearity in the spot deflection because of the variations
in the strength of the electrostatic field. Instead, the
plates are driven in anti-phase so that as one becomes
more positive the other becomes more negative with
respect to their quiescent mean charge. This also has
the advantage of requiring a reduced driver voltage
as the voltage swing is effectively doubled.

The rate at which the spot moves horizontally
across the screen is controlled by the period of the
sawtooth waveform applied to the X driver by the time
base. Although on the Superscope the timebase drive
to the X amp is unbalanced, the action of the
differential output stage produces a balanced output
to the tube, the collector voltage of one of the output
transistors (and hence the plate voltage) rising as the

other falls and vice-versa.

In contrast the Y amp is driven by a balanced
input requiring a lesser voltage swing to drive each
transistor, the sum of the two input voltages (in
antiphase) times the gain giving the required output
voltage swing,

Now we've got various signal traces marching
across the screen, how do we make some sort of an
intelligible display out of this rubbish? The answer is
to trigger the sawtooth (ramp) generator to start its
ramp cycle at a particular point on each repetition, (or
set of repetitions) of the input waveform. Each trace
is identical to the one which preceded it and a steady,
viewable trace is built up on the screen. The trigger
point is selected by adjustment of the variable trigger
control.

What happens during the time that the spot is
flying back to the start point? Is the trace drawn in
reverse? No, the flyback is made to happen as fast as
possible. It would be barely visible, but a negative
going blanking pulse is sent to the CRT grid, cutting
off the electron beam and rendering the flyback
completely invisible.

Using The Superscope

First and foremost let me make it clear that this project
is not suitable, under any circumstances,for testing
equipment whose chassis is live to the mains; such as
the majority of television sets in use in this country.

It is assumed that you have followed the set-up
procedures described in the second article and that
you are in possession of a fully operational scope and
are now wondering what to do with it.

Whilst not as bomb-proof as older valve-based
input amplifiers, those in the Superscope are
reasonably robust. Inputs from most semiconductor
based circuitry are unlikely to cause damage at
virtually any input attenuator setting within reason.
Unless you are displaying a very low frequency signal
or a DC input mode selectors should be set to AC. This
removes any DC offset from the input and avoids the
trace being moved about (or off) the screen when
switching between attenuation ranges.

@ Displaying A Trace

Input a signalinto either of the Y channel inputs and
switch the trigger select to that channel. Set the
timebase to a range which will allow 5-10 cycles of the
waveform to be displayed. Adjust the trigger control
to stabilise the trace. You may find that at certain input
frequencies the arrival of the retrigger point occurs just
as the trigger flip-flop reset pulse is ending. This may
lead to some jitter in the display. Moving up or down
one timebase range will cure this problem.

A better solution would have been to allow some
front panel fine adjustment of the ramp period but
unfortunately space is at a premium, especially on the
timebase front panel. Asthe problem is an infrequent
one however, a compromise was acceptable. If you
want to make a modification to include fine tuning of
the ramp period (and can find space for it) you could
break the connection between RV302 and R304 and
connect a very low valve potentiometer of up to about
470 ohms between the two flying leads. (One lead will
go to one end of the potentiometer track and the other
lead to the wiper). When calibrating the timebase do
so with the wiper of the new pot at one end or other
of its track and mark that setting ‘CAL This is common
to most scopes and explains the timebase fine
adjustment found on many.

® Dual Trace Mode

In dual trace mode you have the choice of chopping
each trace into two or tracing each input on alternate
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traces. The former, which is really only useful at audio
frequency inputs, causes the beam to draw a minute
part of Y1 trace followed by a similarly minute part
of the Y2 trace, and so on across the screen. Asramp
speed is increased the discrete bits of each trace
become separate and the display takes on the
appearance of a pair of dashed lines across the screen.
Chopped mode does ensure simultaneous channel
displays whereas in alternate mode one of other trace
is always out of date by one ramp period (not that that
causes any difficulty in most cases). In normal use
alternate mode is usually left switched in. At very slow
timebase ranges the dual traces would actually be seen
to alternate so chopped mode is enabled auto-
matically.

With inputs to both Y channels a stable trace for
each will only be achieved if their frequencies are
identical or harmonically related. With unrelated
frequencies one channel (the trigger channel) will lock
and the other will run through at a rate dependant
upon their dissimilarity. Dual mode is useful for
example for comparing the output of a circuit to its
input signal. Distortions, phase shifts and so on, may
be detected in this way. It must be noted that above
about 5SMHz square waves will begin to be reshaped
as the high level harmonics of the fundamental come
up against the end-stops of the deflection amplifier’s
gain and slew rate capabilities.

® Taking Measurements

Frequency measurements may be made using the
formula 1/T where T is the time taken for one whole
signal cycle as measured off the display. For example
if the timebase setting is 1us/Div and each cycle takes
2.5 divisions, then the frequency is:

1 = 400kHz
2.5x10°%

Voltage measurements may be read directly
making due allowance for reduction in gain for the
increased frequencies as set out in specifications in ETI
February 90. Remember that you will be reading
peak-to-peak values of AC signals. DC measurements
are made by switching the input mode selector to
ground and, with relevant Y shift, setting the trace to
the datum line. If the mode selector is then moved to
DC and the input applied, the deflection of the trace
times the input attenuator setting gives the voltage.
The direction of movement gives the polarity: positive
is up and negative is down.

Current and resistance measurements are
indirectly possible by the thoughtful application of that
ever faithful friend Ohm's Law. For example, by dis-
playing the voltage produced by an unknown current
through a known resistor or by a known current
through an unknown resistor.

As with all oscilloscopes (apart from some of the
very high tech laboratory types) the accuracy of
measurement is not as good with a dedicated freq-
uency or volt-meter. However, it is more than
adequate for workshop purposes and those meters
cannot show you pretty pictures of the actual signal.
A typical £400-£500 commercial 'scope will have an
accuracy of about £3% or so. Careful calibration of
the Superscope should give an accuracy within at least
shouting distance of that.

One could write a book about the many and
varied uses to which an oscilloscope can be put and
in fact a number of authors have. ETI's current ‘Testing
Testing’ series contains much useful and relevant
information and is recommended for further reading.
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@ DISCOUNT VOUCHERS INCLUDED

® NO MINIMUM ORDER

CATALOGUE
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Ray Marston starts a
new series exploring
the functions of diode
circuits, with a general
look at diodes and
their applications.

LIRCUITS

28

MODERN DIODE
CIRCUITS

he solid-state diode is the most

fundamental element used in modern

electronics, and is available in a variety of

forms, including those of signal detector,

rectifier, zener (voltage reference) diode,
noise-generator diode, varicap {variable capacitance)
diode, light-sensitive diode (photodiode), and light-
emitting diode (LED). In the first part of this series welll
look at the basic characteristics of diodes and then
show a variety of ways of using standard diodes and
rectifiers.

Basic Diode Characteristics

The solid-state diode is a two-terminal device that
passes current easily in one direction, but blocks it in
the other. Figure 1 shows (a) the conventional symbol
and (b) the basic structure of the modern solid-state
‘junction’ diode. The diode is formed from a single p-

ANODE ANODE

O

P ]

[ N ]

CATHODE CATHODE
(&) th)

Fig 1. (a) Symbol and (b) structure of solid-state
diode.

njunction. The p terminalis known as the anode and
the n terminal as the cathode.

Figure 2 illustrates the basic characteristic of the diode.
When it is forward biased (with the anode positive
relative to the cathode), the diode acts like a low
resistance and readily passes current, but when it is
reverse biased (with the anode negative relative to the
cathode) it acts like a high resistance and passes near-
zero current, This action isimplied by the basic diode
symbol, which resembles an arrow pointing in the
direction of easy current conduction.

2. The Z; of asilicon diode has a typical value (in
ohms) of 25/1, where 1 is measured in mA; so
Zf = 25Rat ImA, 2.5R at 10mA, and 0.25R at
100mA. The Z; of a germanium diode is greater
than that of a silicon type; consequently its V¢
usually exceeds that of silicon type at I values
greater that a few tens of mA.

Itima)

Ge

L
Iret{uA) !
Fig 3. Basic characteristics of germanuim (Ge) and
silicon (8i) junction diodes (at 20°C).

o) (b}
Fig 2. Diade conduction when (a) forward and
(b) reversed biased.

3, When adiode is reverse biased by more than one
volt or so it passes a reverse leakage current (I,)
that is almost directly proportional to the reverse
voltage (V,) value. At normal room temperatures
I, values are measured in microamps in
germanium devices and in nanoamps in silicon
devices. I is highly temperature dependent, and
typically doubles for each 8°C increase in
junction temperature.

Because of their low knee voltage values,
germanium diodes are used almost exclusively in low-
level signal detection applications. The great majority
of junction diodes are silicon types, and can be used
in many general-purpose applications. Diodes that
have high reverse voltage and forward current ratings
are usually called rectifiers.

Special Diode Characteristics

Ordinary silicon diodes have several special charac-
teristics in addition to those we have already looked
at. The most important of these are illustrated in
Figures 4 to 7.

If asilicon diode is increasingly reverse-biased it
eventually reaches a point where the reverse current

Conventional junction diodes are made from
either germanium or silicon. Figure 3 compares the
basic characteristics of the two types of device when
operated at a nominal room temperature of 20°C.
Note the following important points.

1. A forward biased junction diode passes little
forward current (I) until the applied forward
voltage (V) exceeds a certain ‘knee’ value
(typically 150 to 200 mV in germanium diodes,
550 to 600 mV in silicon types). When a diode
is operated beyond its knee value, small increase
in Vf cause large increase in ls. The device's
forward dynamic impedance {Z4) is inversely
proportional to applied voltage.

+ Hima]
A
ZENER
DIODE
SYMBOL
Vray —— = Vi
ZENER OR
AVALANCHE
VOLTAGE
Y
Irevimd)

Fig 4. Zener diode symbol and characteristics.

suddenly starts to increase. Any further increase in V;
causes a sharp rise in I, as shown in Figure 4. The
voltage at which this action occurs is known as the
avalanche or zener value of the device, and is sharply
defined. Some silicon diodes are specially manu-
factured to exploit the zener effect, and can be used
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as reference voltage generators. Such devices are
depicted by the circuit symbol shownin the diagram.

All zener diodes have impedances that inherently
fluctuate in a rapid and random manner, and so can
be used as excellent white-noise sources.

If a silicon diode is forward biased via a constant-
current generator, its Vf value varies with junction
temperature at a rate of —2mV/°C, as shown in
Figure 5, so if Vi = 600mV at +20°C, it falls to
440mV at 100°C or rises to 740mV at —50°C.
Silicon diodes can be used in this way as temperature-
to-voltage converters.

If a silicon diode is reverse biased from a high-
impedance source (as shown in Figure 6) its junction

+
VT
\ ‘lmi\
= VAT TmA
TOOmMY — Tw
] 1
BOOmY— =
500mV—
A00mV —
| 6 7 8 L L ! 5 e e
—50 a +50 100 +160

TEMPERATURE (C)

Fig 5. Thermal characteristics of a silicon diode
atly = TmA.

capacitance will decrease (from perhaps 17pF at —1V
to maybe 10pF at —8V) as the reverse bias is
increased. Some silicon diodes are specially manu-
factured to exploit this voltage-variable-capacitor
effect. They are known as varicap or Varactor diodes,
and are depicted by the circuit symbol shown in Figure
6.

When p-n junctions are reverse biased, their
leakage currents and impedances are inherently opto-
sensitive. They act as very high impedances under
dark conditions and as low impedances under bright
ones. Normal diodes have their junctions shrouded
in opaque material to stop this unwanted effect, but
some are specially manufactured to exploit it. These
are called photodiodes, and use the symbol shown
in Figure 7a. Some of these photodiodes are designed
to respond to visible light, and some to infra-red (IR)

light.
% %\\
(a) {b}

Fig 7. Symbols for (a) photodiode and (b) LED.

in Figure 7b.

Finally, one other important type of p-n junction
device is the Schottky diode. These devices use the
standard diode symbol, but offer a very fast switching
action and develop forward voltages that are almost
half as great as conventional silicon diodes. They can
be used to replace germanium diodes in many signal
detector applications, and can operate at frequencies
up to tens or hundreds of GHz.

Half-wave Rectifier Circuits

The simplest application of the diode is as a half-wave
rectifier. Figure 8 shows a transformer-driven circuit
of this type (with the diode’s input voltage V,,
specified in volts rms) together with relevant output
waveforms. If this circuit is used with a purely
capacitive load it acts as a peak voltage detector and
the output (V) equals 1.41 x V, , but if used with
a purely resistive load it acts as a simple rectifier and
gives an rms output of 0.5 x V. If itis used with a
resistively-loaded capacitive load (as in simple power

oLI1Jd]]

Mo

SYMBOL =
10 —

s @
T T ]
1 2 4 8
REVERSE VOLTS {Vrev}

Fig 6. Varactor {varicap) diode symbol and typical
| characteristics.

DIODE JUNCTION CAPACITANCE (pF}

supply applications) the output is rippled and has an
rms value somewhere between these two extremes.
In capacitively-loaded circuits the diode needs a peak
reverse-voltage rating of at least 2.82 x V,; if purely
resistive loading is used the rating can be reduced to
141 x V,

[f this circuit is used to power purely resistive
loads they will consume only a quarter of maximum
power, since power is proportional to the square of
applied rms voltage. However, very few loads are
purely resistive, and Figures 9 to 11 show how the
basic half-wave rectifier circuit can be adapted to give
2-level power control of lamps, electric drills, and
soldering irons that are operated from the AC power
lines. In each of these circuits the rms voltage fed to
the load equals V,, when S, is in position 3, or 0.5
x V,, when S is in position 2.

The Figure 9 circuit uses a lamp load, which has
a resistance roughly proportional to its filament
temperature. When it is operated at half the maximum
voltage its resistance is only half the maximum, so the
lamp operates at about half maximum power and

M T” i

ACH\I]PUT i Vin {rms] LOAD Vot =

£

Fig 8. Circuit and waveforms of transformer driven half-wave rectifier.

Vout

— — —\Vpk = 1.41 % Vin

-—\Vrms = 0.5 x Vin

ov

Another useful type of junction diode device is
the LED, or light emitting diode, which is made from
materials such as gallium phosphide or gallium
arsenide and which may be designed to emit either
red, green, yellow or infra-red light when suitably
forward biased. These devices use the symbol shown
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burns at half-brilliance with S, in the DIM position.

The Figure 10 circuit uses the universal motor of
an electric drill as its load. Such motors have an
inherent self-regulating speed control capacity, and
because of this the motor operates {when lightly
loaded) at about 70% of maximum speed when S,
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is in the PART position.

The Figure 11 circuit uses a soldering iron heating
element as its load, and these have a resistance that
increases moderately with temperature. When the
iron is operated at half voltage its resistance is slightly
reduced, so the iron operates at about one third of
maximum power when S; is in the SIMMER
position. This keeps the iron heated but not to such
a degree that its bit deteriorates.

Note that in all these circuits D can be any type
that has a current rating matched to the load
requirement and with a peak reverse-voltage rating
of at least 1.41 x V...

Full-wave Rectifier Circuits

Figure 12 shows how four diodes can be connected
in the form of a bridge and used to provide full-wave
rectification from a single-ended input signal. The
output waveform of this circuit has twice the frequency
of the input, so this circuit can also be used as a simple
frequency doubler.

The best known application of full-wave rectifi-
cation is in DC power supply circuits, which provide
DC power outputs from AC power line inputs. These
consist of a little more than a transformer which
converts the AC line voltage into an electrically
isolated and more useful AC value, and a rectifier-filter
combination that converts this new AC voltage into
smooth DC of the desired voltage.

Figures 13 to 16 show the four most useful basic
power supply circuits. The Figure 13 circuit provides
a DC supply from a single-ended transformer and
bridge rectifier combination, and gives a performance
virtually identical to that of the centre-tapped

AC INPUT
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v
+
n M Vfl”‘ = v
P
Fig 12. Bridge rectifier/frequency-doubler circuit.

LAMP

Fig 9. Lamp burns at half
brightness in DIM position.
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Fig 10. Drill motor runs at 70% of
maximum speed in PART position.
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Fig 11. Soldering iron operates at ¥
power in SIMMER position.
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Transformer Rectifier Selection

The three most important parameters of a transformer
are its secondary voltage, its power rating, and its
regulation factor. The secondary voltage is always
quoted in rms terms at full rated power load, and the
power load is quoted in terms of volt-amps or watts.
Thus, a 15V 20VA transformer gives a secondary
voltage of 15V rms when its output is loaded by 20V.
When the load is removed (reduced to zero) the
secondary voltage rises by an amount implied by the
regulation factor. So the output of a 15V transformer
with a 10% regulation factor (a typical value) rises to
16.5V when the output is unloaded.

N

RIPPLE

——Vpk = 141 x Vin
= 212V

ov

Fig 13. Basic single-ended PSU using bridge rectifier.
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Fig 14. Basic single-ended PSU using centre-tapped transformer.
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transformer circuit Figure 14. The Figure 15 and 16
circuits each provide split or dual DC supplies with
nearly identical performances. The rules for designing
these circuits are quite simple and we'll look at these
rules next.

The rms output voltage of the transformer
secondary is not the same as the DC output voltage
of the complete full-wave rectified power supply. As
shown in Figure 17, the DC output s in fact 1.41 times
greater than that of a single-ended transformer, or
0.71 times that of a centre-tapped transformer
(ignoring rectifier losses). Thus, a single-ended 15V
rms transformer with 10% regulation gives an output
of about 21 volts at full rated load (just under 1A at
20VA rating) and 23.1V at zero load. When rectifier
losses are taken into account the output voltages will
be slightly lower than shown in the graph. In the two-
rectifier circuits of Figures 14 and 16 the losses are
about 0.6V and in the bridge circuits of Figures 13 and
15 they are about 1.2V. For maximum safety, the
rectifiers should have current ratings at least equal to
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Fig 15. Dual {split} PSU using centre-tapped transformer and bridge rectifiers.

the DC output currents.

So the procedure for selecting a transformer for
a particular task is quite simple. First, decide the DC
output voltage and current that you need; the product
of these values gives the minimum VA rating of the
transformer. Then consult the graph of Figure 17 to
find the transformer secondary rms voltage that
corresponds to the required DC voltage.

The Filter Capacitor

The filter capacitor converts the full-wave output of
the rectifier into a smooth DC output voltage. The two
most important parameters are its working voltage,
which must be greater than the off-load output value
of the power supply, and its capacitance value, which
determines the amount of ripple that will appear on
the DC output when current is drawn from the circuit.

As arule of thumb, in a full-wave rectified power
supply operating from a 50 — 60 Hz power line, and
output load current of 100mA, will cause a ripple
waveform of about 700mV peak-to-peak to be
developed on a 1000uF filter capacitor. The amount
of ripple is directly proportional to the load current and
inversely proportional to the capacitance value, as
shown in the design guide of Figure 18. In most
practical applications, the ripple should be kept below
1.5V peak-to-peak under full load conditions. If the
ripple must be very small, the basic power supply can
be used to feed a 3-terminal voltage regulator IC,
which can easily reduce the ripple by a factor of 60dB
or so at low cost.

Rectifier Ratings

Figure 19 summarises the characteristics of the three
basic types of rectifier circuit and gives the minimum
PIV (peak inverse voltage) and current ratings of the

individual rectifiers. The full-wave circuit (using a
centre-tapped transformer) and the bridge circuit
(using a single-ended transformer) each give a typical
full-load output voltage of about 1.2 x E and need
diodes with minimum current ratings of 0.5 x 1
{where 1 is the load current value), but the bridge
circuit’s PIV requirement is only half as great as that
of the full wave circuit.

In the next part of this series, we will look at
voltage multipliers, clamps and logic networks.

olLI1JHI]
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OUT = 0.71 x Vin = 212V
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Fig 16. Dual (split} PSU using centre-tapped transformer and four rectifiers.

— T - gﬁTLgUA,P ngl.'rbg'.?[) RECTIFIER RATINGS
PIV CURRENT
HALF WAVE E 1.41xE E 2—82 xE |
FULLWAVE E+E 1.41xE 12xE 282xE 05xl
BRIDGE E 1.41xE 1.2xE 141 xE 05x}

Fig 19. Rectifier circuit characteristics.
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Fig 18. Filter capacitor selection chart, relating capacitor size to ripple
voltage and load current in a full-wave rectified 50-60Hz powered
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TECH TIPS

BATTERY CONDITION INDICATOR

his device indicates the state of charge of
abattery by the colour of a dual LED. The
LED can serve both as a battery indicator
and as a power indicator light for battery/
mains equipment. The circuit is primarily
intended for small portable battery powered instru-
ments that are seldom switched on for hours on end
but are only occasionally used. In this application the
power consumed by the circuit is less important than
the need to avoid inaccurate readings that would result

from a weak battery.

2 R6
U o 270

Ic2

+
3 a
ov

-
= 7D -
5V6 RED

LEDT

= The complete circuit diagram is shown

here. Component values are those calculated
for a9V battery supply. The reference voltage
across ZD1 is applied to the inverting input of
IC1 and the non-inverting input of IC2, both
of which are wired as voltage comparators.
With a supply exceeding 8V the pin 3 potential
of IC1is higher than the reference voltage and
the green LED is lit. The pin 2 potential of IC2
will also be higher than the reference and
therefore the red LED will be off. Asthe supply
voltage falls, these potentials gradually move
~ toward the reference voltage. Resistor R2
GREEN | produces an overlap in the response of the
voltage comparators to the falling supply

NOTE:
1IC1,2 = 741
2D1 = 5V6 400mwW

LED1 = RED/GREEN COMMON CATHODE
Vb REFERS TO A 9V BATTERY VOLTAGE

Vb < 7V3 LED1 IS RED

Vb > 7V3 AND Vb < BVO LED1 IS YELLOW

Vb > 8V0 LED1 IS GREEN

ov voltage. First, IC2 output changes state and the

red LED is lit. This results in a yellow light which
indicates a middle aged battery. A further fall
in the supply voltage to 7.3V causes IC1 output
to change state and the green LED is
extinguished leaving only the red, which

indicates that the battery needs replacing.
The response of this circuit to the falling supply
is that after a of approximately 10% the LED goes
from green to yellow, and goes from yellow to red after
a further 10% drop.

The difference in the values of current limiting
resistors RS and R6 allows for the slightly larger
forward voltage drop across the green LED.

In order to make a first approximation of the
component values component tolerances can be
ignored.

Note that the red light is extinguished at a high
supply voltage (E,) and the green one is switched off
at a lower supply voltage (E). Note also that the
voltage across R3 will be equal to the reference voltage
(E,) at the point where the red LED is about to make
atransition. If ImA is allowed through R3 under these
conditions then the value of R3 will be E, kilohms.

Now the same current of 1mA must flow through
Rl and R2 also, Therefore R1+R2+R3 = E,
kilohms. Let this total resistance value = R..

When the supply potential drops to E; the
reference voltage E, appears at the junction of R1
and R2. Now the current (I) flowing through the
resistors is E\/R,.

The voltage drop across R1 is E-E, and
therefore the current through R1 is (E,-E,)/R1. But
this is the same current as [ above. Consequently:

E/R, = (E-E)/R1
therefore:

R1 = R(E/-E)/E,
and also since the value of R3 is known then;

R2 =R,-(R1+R3)

Component tolerances can give results that differ
somewhat from those calculated, particularly the
value of R2. The best method of construction is to
breadboard the circuit first and make any adjustments
to the component values by trial and error before final
assembly.

A design for a lower voltage indicator would
require a smaller reference diode in order to keep the
op-amp input levels away from the supply petentials.

The individual LED currents are between 13mA
and 15mA. Attempts to take more will cause the op-
amp output voltage to drop. Typical 741 output
voltages at this level of current consumption are
approximately 3V lower than the supply voltage.

Note that the circuit can be built using either two
op-amps, or alternatively a 1458 dual 741 may be
used for a more compact circuit board,

A S Hughes,
Holywell, Clwyd.

SIMPLE LOGIC PROBE

t takes only one integrated circuit, two LEDs
and few resistors to implement this logic probe.
The probe was designed to provide basic two
level tests. The circuit uses a 747 dual op-amp,
as shown below.

33k
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A
%220k é150k élOOk 270R
33k

L ©

— Voo +5V

2vVo

TEST CIRCUIT

LOGIC PROBE /7 J'”
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The reference levels are adjusted such that there
is no output between 2V and 2.7V, and both LEDs
are off. If the input to the probe at point P is below 2V
the green LED comes on indicating a logic low state.
Ifthe inputis above 2.7V the red LED is on indicating
a logic high state. The inoperative window voltage
levels can be adjusted, if required, by altering the
reference levels at the inputs to the inverting and
noninverting amplifiers, pins 7 and 2 respectively.

The supply voltage, V¢, for the probe can be
provided by clipping it to the supply rails of the circuit
under test.

The potentiometer circuit shown to the left of the
logic probe circuit was used to test the probe for proper
operation. Applying the probe input P to the points
A and B causes the red LED to come on, and touching
P at points C and D results in the green LED to be lit.

J R Nowicki
Marlborough, Wilts.
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Acrive Noisk
(CANCELLATION

f you drive regularly, you are likely to have
been annoyed sometimes by the noise your car
makes at certain speeds. Listening to your
favourite music or radio program is fine at low
speeds but on the open road at higher speeds,
the problem starts. Low frequency noise, or boom,
drowns the output from your speakers. Do you slow
down and take longer on your journey, or continue
with no entertainment but the boom of your engine?

Almost all vehicles are susceptible to low
frequency boom in the passenger compartment, no
matter what sound deadening material the manu-
facturer uses.

Control of low frequency noise and vibration by
conventional methods can be very difficult. This
feature looks at the causes of low frequency boom,
and then explains an alternative technique which
Lotus Engineering has developed to combat the
problems of vehicle noise.

The Problem Of Noise

Noise in general is now recognised as a major
pollutant in our lives. New legislation came into effect
this year enforcing improved standards of noise in
industry and in transport. The ‘Noise at Work Regula-
tions are part of an EEC directive, and come under
the Health and Safety at Work act in this country,
defining noise levels for an eight hour working day.

Vehicle noise is no exception. People are
spending more and more time daily in their vehicles,
in the course of their work, or travelling to and from
work. The car becomes a sanctuary in which the driver
can listen to music or radio programs.

But most vehicles today are susceptible to low
frequency noise or boom in the passenger compart-
ment, which becomes severe at certain critical speeds.
Noise control and comfort are becoming more impor-
tant to the car owner. With increasing controls on
speed in many countries, in-car comfort will gain in
relative importance, while the car’s top speed becomes
less important.

Hitherto, noise control has been a low priority,
a sort of ‘bolt-on’ refinement for the car manufacturer.
However, manufacturers are now under increasing
pressure to include effective and integral noise control
as part of the overall design of a vehicle.

New environmental concerns exacerbate the
problem. Car manufacturers are under pressure to
reduce the wastage of resources and cut down
harmful emissions into the atmosphere. Their
response to this problem will be a drive to produce
light-weight vehicles with smaller, more fuel-efficient
engines containing three or four cylinders. Such
engines are inherently noisier, with greater vibration
levels. Lighter vehicles also possess lower natural
attenuation of sound, and it will be significantly harder
for the noise control engineer to maintain noise levels
at current standards.

Lotus Engineering has conducted research on
low frequency noise in a range of cars, from a
sportscar to an average family saloon. The research
took place in semi-anechoic chambers, described in
more detail later. Briefly, a semi-anechoic chamber
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is a room with echo-free walls and ceilings and a
normal floor to simulate reflections from a road
surface.

The research showed that boom occurs in the
passenger area at twice the engine frequency, typically
between 70Hz and 200Hz. The frequency at which
boom is worst depends not only on the type of car,
but on the position of the person within the car. It is
typically worst at about 4000rpm. The main sources
of the noise are the engine and powertrain. Tyre
contact with the road also makes a significant
contribution.

Conventional sound deadening techniques work
only at particular frequencies, and not across the full
range produced by the engine. Suppressing boom
below 200Hz by conventional methods is costly and
adds significantly to vehicle weight, contrary to current
weight and cost saving programmes. The problem is
made more complicated because boom is generated
from a number of sources such as engine mounts,
drive-train, induction and exhaust manifolds as well
as mechanical components (see Fig. 1).

Reduction in the stiffness of rubber engine
mountings might help reduce noise, but would result
in an unacceptable lack of control of engine move-
ment, particularly in poor conditions.

Another solution which has proved impractical
is the use of twin contra-rotating balanced shafts which
rotate at twice the engine speed. These are dependant
on certain engine speeds, and only deal with structural
inputs through the engine mounts,

Adaptive Noise Cancellation

Adaptive Noise Cancellation is an alternative solution
which gets round these problems. It uses electronic
feedback to generate sound of the same frequency as
the boom, but in antiphase with it. The boom is
cancelled before the human ear can detect it
happening. Adaptive Noise Cancellation can achieve
noise reductions of around 20dB in a typical family

Car designers are now |
turning their thoughts
to giving us a quieter
ride. Helen Oughton
reports on the Ilatest
active noise cancellation
techniques.
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Fig. 2 Simple principle of noise cancellation by addition of anti-phase sound
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APPLICATIONS

Fig. 2 provides a simplified illustration of how
Adaptive Noise Cancellation works. Sound is a series
of pressure waves which the ear can detect and the
brain can interpret. If two sources of sound are in
antiphase, the high-pressure peaks from one source
coincide with the low-pressure troughs from the other,
and vice versa. The peaks cancel out the troughs, and
no sound is detected by the ear.

Lotus Engineering has been involved with
developing Adaptive Noise Cancellation techniques
in association with Southampton University’s Institute
of Sound and Vibration Research (ISVR) since 1986.

These techniques have achieved significant
improvements in vehicle noise, with noise reductions
of up to 25dB being acheived within 0.1s of the
frequency being reached. As this is too quick for the
ear to detect, the passengers would only notice an
apparently quieter car.

Currently the system is limited to frequencies up
to a maximum of 400 Hz. Higher frequency cancel-
lation is less easy to achieve due to the acoustic
behaviour of the passenger compartment. However,
higher frequencies can be suppressed using light-
weight absorbtion materials.

A Noise Cancellation System

The Adaptive Noise Cancellation system developed
by Lotus Engineering and ISVR includes micro-
phones, an amplifier and loudspeakers, and a
processor to control and generate the antiphase noise.
Wide response microphones and loudspeakers are
essential as low frequencies are involved.

A typical system uses eight electret microphones,
carefully positioned within the roof lining of the
passenger compartment to provide feedback to the
processor (Fig. 3). Four loudspeakers and an amplifier
with 10 to 20 watts RMS per channel capacity can be
integrated with the in-car entertainment system.

A digital signal processing (DSP) microprocessor
provides the intelligence required to cancel noise
throughout the vehicle. The microprocessor is linked
to the car’s ignition system to sense engine speed. It

combines this information with the input from the
microphones to calculate and generate a suitable out-
put at each loudspeaker. The output is in antiphase
with the noise from the engine and car body, to mini-
mise the sound pressure throughout the passenger
compartment.

The DSP microprocessor used in the Lotus and
ISVR system is a Texas Instruments TMS 320 series
processor. It is anticipated that the complete computer
will be reduced to one chip within three years, costing
about $12-15.

As well as reducing noise produced by the
engine, Adaptive Noise Cancellation can be used very
effectively to cancel road noise below 250Hz. Suspen-
sion sensors detect the vibration before it is a noise.
The DSP computer anticipates the noise and provides
the correct cancelling waves. Again, the antiphase
noise can be outputthrough the in-car entertainment
system’s speakers.

Lotus have recently announced collaborative
ventures with two West German companies.

Blaupunkt, who manufacture in-car entertain-
ment systems, are now licenced to manufacture Lotus
anti-noise systems. This will speed the integration of
noise control with the in-car entertainment system,
and will enable the rapid introduction of active noise
systems into mass production.

The other company with which Lotus are colla-
borating is Carl Freudenberg. The aim is to develop
an active engine mount and control system. An elect-
rical transducer will be integrated into the mount to
cancel the vibrations being passed through it. This
gives a reduction in vibration while maintaining the
stiffer mounts required for optimum control of engine
movement.

Will Adaptive Noise Cancellation eventually
become a standard feature on the average family car?
Taking into account eurrent requirements for smaller,
more economical cars, and the trends towards more
peaceful, comfortable lives for the 90s, the signs are
that vehicle manufacturers will be under pressure to
take noise reduction very seriously.

EXCESSIVE NOISE

oise can often by annoying, especially if it keeps
Nus awake at night or disturbs our concentration,
However, at high enough levels for long periods, it can
actually damage our hearing. It has long been recog-
nised that in heavy industries such as steel making and
shipbuilding workers were going deaf. Our ears are
not designed to receive continuous loud noise from
machinery, aircraft, rock concerts and personal hi-fi
systems.

Inside the ear, sound passes down the ear canal
to the ear drum, which converts the variation in
pressure into vibrations. These pass through the
middle ear to the cochlea, which contains about
30,000 very fine hair cells surrounded by fluid (Fig.
4). The hair cells convert the vibration into electrical
signals in the nerves, which are interpreted by the brain
as sound. When the ear is subjected to excessive noise
the hair cells are destroyed, and never recover.
Successive doses of noise gradually destroy more and
more cells until a permanent hearing loss is noticed.

The first cells to be lost are those that work at
about 4kHz. When the ear is severely impaired, all
frequencies are affected, leading to a loss in com-
prehension of speech or music.

Hearing loss is a slow process. When we come
out of a very noisy room, we may notice a slight
ringing in our ears, but it soon goes away, and we do
not realise the damage that has been caused until it
is too late. Because we build up an understanding of

‘ OUTER EAR | MIBOLE | INNER EAR

AR [IRLIM
|

AURAL
NERVES

HAIR
RECEFTOR
CELLS
1
COCHLEA

Fig. 4 Construction of the Ear

different types of noise and speech, we may not notice
the early signs of hearing loss.

Research has recommended a maximum level
of 90db(A) Equivalent Noise Leve! (Leq) for an eight
hour day, though there is still some risk of impairment
and 85db(A) has been adopted by the EEC as the
level at which action should first be taken. 85db(A)
is still loud — if you were standing only 2m away from
someone, you would have to shout to make them
hear.

These levels have been adopted by the new
Noise At Work regulations, which now come under
the Health and Safety at Work Act in Britain. Above
90db(A) Leg, all reasonable efforts must be made to
reduce the noise, and hearing protection must be
issued,
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SEMI-ANECHOIC CHAMBERS

Auital tool to the noise contro] engineer is the semi-
anechoic chamber. The chamber combines
simulation of road noise conditions and isolation of
noise sources, with the advantages of a stationary
vehicle on a rolling road in controlled conditions. [t
makes testing faster and more accurate than could be
acheived on a test track,

Noise measurements made in rooms with hard
walls will include the sound reflected from the walls,
as well as that radiated directly from the source. In a
real situation, noise from a vehicle will be reflected
only from the hard road surface. Noise radiated in
other directions will be dissipated without reflection.

Semi-anechoic chambers are used to simulate
the sound behaviour of a vehicle on a road. Anechoic
means no refections, and anechoic chambers are
designed to minimise reflections from any surface. On
the other hand, the semi-anechoic chambers used for
vehicle noise research allow reflections from the floor,
but not from any other surface,

Reflected noise is removed by absorption at the
walls and ceiling by the used of long, glass-fibre
wedges. The depth of the wedges determines the
lowest frequency level for which the absorbtion effect
is valid — thisis known as the cut-off frequency. Below
this frequency, some reflection will occur, but at a
dimished level.

There are many advantages in using a semi-
anechoic chamber. Testing vehicles on a test track is
limited by weather conditions, and it is impossible to
control the test environment in terms of temperature,
air flow and road surface. The noise emitted by a
vehicle will be affected strongly by these variables.

The chamber also allows problems to be investi-
gated while the vehicle is stationary on a rolling road,
allowing the engineer access beneath and around a
vehicle while it is effectively driving along. Vehicle
noise may be transmitted through its structure, or
transmitted through the air. The environment of a
semi-anechoic chamber allows the engineer to isolate
sound transmission paths, for example, by removing
the steering wheel — hardly practical on the test track!

Smaller semi-anechoic chambers form an inte-
gral part of engine test bed procedure, pin-pointing
those parts of the engine which-produce most noise,
and which will produce most benefit if redesigned or
modified. Fig. 1 shows the results of some of these
tests.

Lotus Engineering has used two types of semi-
anechoic chamber in their research. The vehicle
chamber contains a rolling road capable of speeds up
to 250 kph (155mph). Its size is 9.8m x 6.8m, and
it has a cutoff frequency of 70 Hz (below which some
reflection will occur). This is acheived by using 1.1m
glass fibre wedges. The smaller engine cellis 6.8m x
5.8m x 3.8m, and has a cut-off frequency of 150Hz,
Data from the cells is analysed using specially
designed software, DATS, written by Prostig
Computer Consultants Ltd.
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ollowing closely behind the launch of the
SY77 synthesiser workstation comes
the TG55 from Yamaha, a rack mounted
MIDI controlled tone generator that contains
many of the features to be had in the SY77
featured in the audio news section last month.
The rack contains 74 preset samples in
ROM. Quality is as good as CD reproduction
as samples are again 16 bit quantised.

Additional sampled sounds can be accessed
via external wavecards.

Sampled waves can be mixed and
blended by a digital filter system and voices
can be edited in the usual variety of ways
including volume, detuning and panning.

Apart from all the usual expressive
effects obtained through the keyboard,
Yamaha introduce velocity switching. This

effect brings different elements to the musical
foreground depending on how hard the
keyboard is played. The TG55 contains 34
effects programs giving a multiplicity of reverb
effects through to distortion. A complete
drum set accompaniment is also available
with another 64 voices.

The TG55 rack-mount tone generator
retails at £749.00.

A personal stereo about the same size as
a cassette case, to be carried in your
pocket, has been launched by Panasonic in
April.

The new S series cassette players offer
full remote control, lcd display, the now
familiar extented bass system, Dolby noise
reduction and a clock. The remote control
facility allows you to play, stop, and all the rest
of the mechanical functions from one button.
This makes it easier to operate while still in
your pocket. The clock enables two time-
settings to be programmed with an alarm
function. Auto-reverse playback will save you

having to turn the cassette over.

ééfggx{fz .

o
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aplin are offering a range of bass guitar
M amplifiers at a variety of power outputs
from 15-75 watts for practice purposes or
local performance.

The 15 watt version comes in a tough
wooden cabinet with loudspeaker and a 3
channel equaliser. At the top end, the 75 watt
amp contains reverb, three channel equaliser
and a ‘bright’ switch to give greater signal
presence. Pre-amp out and power amp in are

available via jack sockets on the back.
The 15 watt version costs £564.95 and 75
watts of guitar power will cost you £169.95.

f you have the musical ideas and the MIDI
Isoftware to record them, you're
only one step away from a professionally
recorded song, thanks to the Engine Factory’s
new Micro Productions service.

They will tidy up the raw data, select the
right sounds for the job, arrange, produce and
mix a CD quality production onto cassette,
DAT or HiFi Video, all for a lot less than the
equivalent work would cost in a conventional
studio.

Great care has been taken in providing
clients with an extensive, up to the minute
range of sounds, from such industry standard
machines as the Akai S1000 (16 Bit Stereo
Sampler) and the Korg M1 (Al Synthesis
Workstation). In fact over 200 sound sources
are available at the click of a mouse, within
a single track.

Further information and a demo cassette
call The Engine Factory on 081-650-1033.

ompact Disc players are getting cheaper.

Sony’s new discman, a budget portable
CD player enters the competitive field.

Weighing only 450g, and with a
frequency response of 20-20kHz, this new
player consumes only 1.2 watts of power.

In line with more bass appeal now
demanded by the headphone brigade, the
portable has a three position bass switch to
give a varied degree of boost to the head-
phones. If normal playback is required
through the home hi-fi, a 1 volt line out jack
is supplied.

The D22 contains all the normal music-
search functions along with the option of
infra-red remote control.

The Sony D22 carries a price tag of
£149.99.
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Paul Freeman
introduces the new
range of budget mixers
from Maplin, and
takes a detailed look at
the 12 channel
version.

range of budget mixers has been
launched by Maplin this year featuring
6, 8 and 12 channel inputs into two
channel stereo out. Over the last ten
vears, the explosive growth in the avail-
ability of music-making equipment at prices that many
people can afford has been such that the demand for
a decent mixing desk has become apparent. Maplin
may be filling this gap with its range of budget mixers.
Here we'll have a look at the 12 channel version.

Although mixing desks come in a variety of
shapes and sizes they all have the same basic facilities.
What can vary is the quality of sound output and the
number of channels coming in and going out.

This mixing desk, the largest of the Maplin range
of three, is just under 750mm long and over 400mm
deep. All twelve channels are identical in their front
panel appearance, but the first ten have microphone
or line inputs, and the last two, with higherimpedance,
have phono inputs only. Now what about the control
line up?

We'll start at the top and werk down each input
channel. The first control is a line/microphone
selector to switch the input from microphone to
anything less sensitive at line level. Below this selector
comes a gain conirol to preset the input level. This can
be useful if your input signals vary wildly in level.
Adjustment here will then balance the main fade
controls.

The statutary treble and bass controls give +12dB
at 100Hz base end and +12dB cut and boost at the
top end (10kHz).

Next comes the all-essential pan control, which
divides your mono signal into left, right and centre of
the stereo field output. The effect send is below the
pan pot, sending a proportion of the input signal to
an effects box. The effects box can modify the sound
in some way. It could be reverb, echo, chorus, phasing
or flanging.

The cue control, or pre fade listen (PFL) as it is
more professionally known, comes next down the
chain of knobs to twiddle. This adjusts the volume of

MAPLIN AUDIO
MIXERS

the incoming signal to the headphones only. It goes
without saying that it will not affect what goes out from
the stereo output jack. There is a switch to change the
headphones from console-out to PFL at the master
output end of the desk.

Just above the principal channel fader, an
overload LED gives a handy and quick indication of
overdrive to the input amplifier. The LED cuts in at
around +4dB.

This completes the line up for each channel.

There are a few general points to bear in mind
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about the first ten channels. All op-amps are of a
TL0O72 type and these were presumably chosen as
they have an equivalent input noise of 18nV/\/ Hz.
Each input channel has a cascade of five op-amps
from the mic or line before reaching the mixing bus.
The signal then has to go through another two op-
amps per stereo channel before it arrives at a record
output. The more the signal has to go through the
greater the overall noise contribution, so it is in the
interests of the designers to keep the number of
cascaded op-amps as low as possible.

All microphone inputs are unbalanced via a
choice of input connectors, XLR or Vainch jack, on
the back of the desk. A DJ mic input is available via
an XLR connector on the top of the console. This mic
signal goes through only 4 op-amps from input to
record out.

At the right hand end of the mixing desk as on
all desks are the output controls, controlling anything
downwind of the mixing bus. Firstly there is a DJ mic
fader with a talk-through muting switch just above.
This cuts line levels by 12dB for the purposes of talk
through.

Next comes a studio speaker monitor level and
above this an equaliser bypass switch. While we are

SPECIFICATIONS

INPUT SENSITIVITY

Mic 3mV into 10K
Phono 3mV into 47K
Line 150mV into 100K
Return 776mV into 100K .
OUTPUT LEVEL

Master 1.5V/600R

Max 8V/600R

Manitor 1.5V/60CR
Record 0.775V/600R
Send 1.5V/600R

S/N RATIO

Mic 70dB

Phono 704B

Line 80dB
DISTORTION

‘Less than 0,1% (At rated output]

FREQUENCY RESPONSE
"20Hz-20 kHz <0.5dB

- EQUALISER ‘
- Centre frequency 60Hz, 150Hz, 400Hz 1kHz, 2.4kHz, BkHz, 15kF
Boost/eut range +12d8 at centre frequency

TONE CONTROL
Bass +12dB at 100Hz
Treble +12dB at 10kHz

HEADPHONES
Impedance 4—50R can be used

RELAY DELAY TIME
Approx 2 seconds

PEAK INDICATOR
5V-6Y at master level setting maximum

CROSSTALK

Master 50dB

Monitor 50dB
Record 50dB

Send B0dB
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on the subject of graphic equalisers, the desk comes
with a seven-channel graphic equaliser for each
output giving +12dB of cut or gain at each centre
frequency. Equalisers can be effective if stray
resonances occur during each recording in the studio
but the advantages come at the price of introducing
more noise into the chain. Centre frequencies are
given in the specifications at the end of this review.

On the far right-hand side is a headphone jack and
level control, a master/cue switch and effect send and
return controls. Finally the two output level master
faders with VU meters complete the line up.

One must accept that this is budget mixer and
as aresult there are limitations. The first and foremost
is one of noise contribution. The quoted signal-to-
noise ratio of 70dB for mic inputs and 80dB for line

inputs is about right compared to the measured value
but better figures could be achieved with careful design
and choice of components. One also has to be careful
of how many 'live’ inputs there are feeding into the
output bus high fader levels otherwise the noise may
become unacceptable. 've always had reservations
about introducing graphic equalisers into the signal
path, but I was pleased to hear that the noise
contribution made by the graphic was at an acceptably

low level and in my mind could give a worthwhile
contribution if required. A 50dB crosstalk figure
between channels would be a worrying feature if
complete single channel drive was needed, but this
is an unlikely event in a live and complete stereo
sound field. Personally | would prefer the headphone
output jack to be on the front vertical panel of the desk
instead of on top with the wire trailing across the desk
to get in the way, but having said that the Maplin range
of audio mixers represents good value for money and
they could find a place in the home studio in what has
now become a boom industry.

The retail prices are:

6 channel £279.95.
8 channel £399.95.
12 channel £499 .95,
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Got a guitar? Keith
Brindley explains how
to create your own
fuzz and echo effects
using the ETI Fecko
Box.

he Fecko Box is essentially a new variation
on old guitar effects boxes. Firstly it gives
afuzz effect — distorting the sound of your
guitar with a soft distortion. Secondly, and
more unusual, it creates an echo effect
which, combined with fuzz or by itself, gives the
illusion of reverberation similar to that obtained inside
a large auditorium.

Fuzz, as the story goes, was ‘invented’ by the
Kinks. Apparently, in the days before fame and
fortune allowed the effect to be generated
electronically, one of the groups loudspeaker cones
split. As they couldn’t afford to replace it — they used
it! And so fuzz was born.

Since then, of course, fuzz has been created
successfully in several ways. Most of these (see How
It Works) rely on amplifying the incoming guitar signal
till the amplifier distorts as it limits. ETTs Fecko Box
creates fuzz in a slightly unusual manner, giving a
more mellow sound than most fuzz boxes.

Echo has been created with a number of
methods and used in various ways. Strictly speaking,
echo is simply repetition of a signal. As such it has
limited use. If the delay between the signal and its

repetition is sufficiently long it may be used musically,
say, to play back a complete bar of music immediately
after the original bar. However, a bar of music could
be three or four seconds in length and creating such
a delay is not easy.

A more common effect, using short delay echo,
is reverberation; created by feeding back part of the
delayed echo so that it is re-delayed. The overall result
sounds like the instrument is being played in a large
auditorium, with multiple reflections from the internal
walls and surfaces prolonging the time until the sound
dies away. A similar effect is obtained when you sing
in the bath — multiple echoes from the bare walls of
the bathroom combine to create reverberations!
Reverberation time is the time it takes for the resultant
sound to fall by 60 dB after the original sound has
ceased.

Before electronic delay circuits became feasible,
echo (and hence reverberation) was only possible
using mechanical systems. Early methods used a
spring, suspended between two transducers and
connected to amplifiers. Spring-line units are still
available and work quite well, although being
mechanical they are naturally susceptible to vibration
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and interference.

A more reliable method uses a magnetic tape
system, similar to a conventional cassette or reel-to-
reel tape recorder. Usually it comprises a tape loop
coupled with a recording head and one or more
separate playback heads. Any signal recorded is
replayed later from the playback heads. The finite
speed of tape as it moves from the record head to the
playback heads defines the time delay between the
original sound and the echo. The main drawback of
the tape loop method is simply the bulky mechanics,
although long delays are possible.

Electronic methods of creating echo may be
analogue or digital in nature. Digital echo is created
by converting the original analogue signal into a digital
signal, writing it into a digital store, then reading it from
the store and finally reconverting to analogue for
replay.

Over the last few years, however, it has been
normal to create echo and hence reverberation using
the analogue delay line principle, in which the original
signal is sampled and each sample is passed along a
line of storage capacitors. At the end of the line the
samples are recombined to give a delayed echo. The
number of storage capacitors and the speed with
which the samples are passed along the line defines
the delay. Analogue delay lines of this type are often
called bucket-brigade delay lines. The ETI Fecko Box
uses this method.

Delay obtained in this sort of echo generation
system is limited to around 20 or 30 ms. This is
virtually inaudible as a single repeat, however, and so
by feeding back the echo to the input again, echoes
of the original sounds are re-delayed such that a
reverberation effect is obtained.

The output signal amplitude of the Fecko Box
can be preset between zero and about 3V, so the
Fecko Box may simply be connected in-line between
your guitar and your usual guitar amplifier. With a
larger output amplitude, a direct input (DI) to a mixing
desk (or even your hi-fi amplifier’s line input) can be
made.

Construction

The component overlay for the project is shown in
Figure 2. The printed circuit board requires just one
link. After inserting and soldering the link, solder in
all passive components. L eave the two potentiometers
until last, because otherwise they may make the board
a bit tricky to handle.

Although it's by no means essential to use
integrated circuit sockets, it's probably advisable as
integrated circuits [C1 and IC2 are sensitive to static,
and unless adequate precautions are taken, they may
be damaged when soldered. PCB pins are a good
idea, as they make off-board connection considerably
more straightforward when the board is inserted in the
case.

Insert and solder in diode DI, then insert all
integrated circuits into their sockets (or solder directly
to the board, if you prefer). Finally, insert and solder
the two potentiometers. This completes construction
of the PCB.

Although you do not need to use any particular
case, it's probably a good idea to use a metal case,
earthing it to OV to help prevent interference from
external sources. Make sure the input ground
connection is isolated from OV.

Power (that is, OV) should be switched onto the
board when a plug is inserted into one of the jack
sockets — a fairly standard practice on guitar effects
boxes. However, to ensure input isolation, switching
should occur via the output jack socket. Make sure
you use screened leads to connect the input and
output between jack sockets and printed circuit board.
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Fig. 2 Component overiay for the Fecko Box
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AMPLIFIER TIME
INO——  AnDFUZZ DELAY

MIXER

Fig. 3 Block diagram of the Fecko Box
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Setting Up

Initially, set all presets to mid-position with the
exception of RV6 which should be set fully clockwise
(viewed from the component side of the board). Set
the two potentiometers fully anti-clockwise. With
these settings, the project should give an output for
any suitable signal input.

To set up the project for minimum distortion and
maximum signal-to-noise ratio, you ideally need a
signal source of around 1kHz at 100mV and an
oscilloscope. However, you can obtain a suitable
approximation from a signal direct from your guitar,
an amplifier to amplify the outgoing signal (your hi-fi
system will do nicely) and a pair of ears. An
oscilloscope is by no means essential. The idea is to
adjust the amplifying stages of the project for
maximum gain without distorting the signal due to
limiting. This may seem an odd requirement for what
is effectively a distorting effect, but there will be times
when you want an undistorted guitar sound.

Using the oscilloscope to monitor the output of
op-amp [Cla, use preset RV1 to adjust the gain so that
the output signal is a maximum without being clipped
due to limiting. Without an oscilloscope, just listen to
the output of the project — when it clips, you'll hear it.

Next, turn potentiometer RV2 slowly clockwise.
At the same point you will observe on the oscilloscope
clipping on one side of the signal. The further RV2
is turned clockwise, the greater the extent of clipping.
With RV2 fully clockwise, adjust preset RV3 to give
a maximum amount of clipping without total loss of
signal output. Turn the potentiometer fully anti-
clockwise (clipping should be totally eliminated). You
will need to adjust presets RV1 and RV3 again, when
your guitar is fully connected.

The following procedure need only be carried
out once. Monitor the output of op-amp IC1c with the
oscilloscope. Adjust preset RV5 for maximum gain
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without clipping. Next, turn potentiometer RV4 fully
clockwise. Slowly turn preset RV6 anticlockwise. At
some point the circuit will start to oscillate — turn
preset RV6 back to stop oscillation. Turn potenti-
ometer RV4 fully anticlockwise again.

Now you need a guitar signal. Repeat the steps
of adjusting the gain of op-amp ICla and clipping
levels, using presets RV1 and RV3 and potentiometer
RVZ. Now preset RV7 to give the required output
signal amplitude.

And that’s it. Turning potentiometer RV2 clock-
wise gives fuzz. Turning potentiometer RV4 gives
reverberation.

One final adjustment to project performance
may be made by adjusting preset RV8, which controls
the frequency of the oscillator stage built around
integrated circuit [C3. With preset RV8 fully anti-
clockwise the oscillator frequency will manifest itself
as an audible whistle in the output. Turning RV8
clockwise increases the frequency ftill it goes above
hearing range. You can also adjust RV8 to give an
optimum frequency response, suited to an individual
guitar. It's worth nothing that, as you adjust RV8, you
cause the project to generate the well-known and
common phasing effect.

N

NORMAL FUZZ CIRCUITS CLIP
SIGNAL AT TOP AND BOTTOM
AFTER OVER-AMPLIFICATION

~/

FECKO BOX CLIPS ONLY AT
ONE SIDE OF SIGNAL

~_/
{b)

Fig. 4 Output signals of fuzz boxes (a) normal fuzz
circuit (b) Fecko Box fuzz circuit

U\J\z/L/Q Q

Fig. 5 Principle of bucket-brigade analogue
delay lines {a) alternate buckets have

specific amounts of water

(b) buckets are tipped (c) specific
amounts are now in even buckets

U‘\z/

UE—/

HOW IT WORKS

Ablock diagram of the whole projectis shown in Figure 3. Three
main parts are apparent, The first amplifier (built around ap-amp IC1al
has a controlled bias atrangement, such that the output signal may
be clipped by a varying amount to create a fuzz effect,

The Usugl way of creating fuzzis to overdrive an amplifier so that
clipping oceurs at both sides of the amplifier's autput signal (Figure
daf, The Fecko Box operates in a slightly unusual manner by clipping
only ofie side of the signal (Figure 4bJ. This s performed by varying
the bias to the non-inverting input of the op-amp via potential divider
chain R1, RVZ and RV3, offsetting the output DC' level. The
potentiometer AV 2 provides front-panel control of fuzz, vaiying from
zero to maximum, while preset RV3 is used to set the maximum
amourit: Preset V1 sets overall gain for the amplifier. Note that input
is referanced tothe bias potential, not OV, and so care should be taken
fo'isolate input leads from any OV potential, such as the cass.

Time delay is created in the Fecko Box with a bucket-brigade
detay lin, the principle of which is shown in Figure 5 using buckels
of water asan analogy. The first stage of the analogy (Figure 5a) sees
alternate lodd) bckets filled with spacific amounts of water, At the
second stage (Figure 5b} the buckets are tipped, pouring water from
them into the next {even) buckets n the line. In the final stage (Figure
bl the odd buckets are empty and even buckets now hold the specific
amaunts. Next the even bucketsare tipped into thehext odd buckets,
and so on, Effectively, water Is passed along the line, bucket by
blicket,

In & bucket-trigads defay line an analogue signal is stored as
charges an & fine of capacitors (the chip designars decided the
prablems of water leaking from buckets might create a bitof a mess!
But:the principle is similar. Sampling and signal delay is performed
by the integrated circuit IC2, while the clock function of IC3 times
the transferof charges from capacitor to capacitor along the fine. The
frequency of the clock signal is determined by components R18, R22,
€14 and RV8: The preset RVB allows adjustment.

When sampiing of an analogue slgnal accurs, itis necessary to
piovids pre- and post-sampling filtering. Thisis carried out by circuits
associated with op-amps IC1d (pre-sampling filter] and IC1c post-
sempling filter]. Both are straightforward low-pass filters, with cut-
oft frequencies around TkHz,

Op-amp IC1b and the associsted companents form an audio
mixer, mixing signals fram the first amplifier and the time delay, The
potentiometer AV4 and the preset RVE define the amount of delayed
signal, such that the preset is used to set the amiount just before. -
oscillation (due to feedback! oceurs,

Overall otstput level is determtned with presetRV7, Any amount
of signal amplitude between zero and around 3V can be obtained,
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PHUJ ECT

RV2 10k linear potentiometer

V3.6 100K miniature horizontal preset
RV4 ‘470K linear potentiometer

RAVE 470k miniature horizontal preset
RV7.8 47k minjature horizontal preset
CAPACITORS

C1234,6101213 47, 10V radlal eIectm}vuc
Cs1117 220p cetamic

c7 100n polyester

PARTS LIST
RESISTORS (all YW, 5%) 8 47y, 16V radial electrolytic
R1 68k C9 3n3 ceramic
A28 47k C14 820p ceramic
R3 M2 C15 2n2 cermaic
R4.18 4k7 C16 2n7 cermaic
R5.7 390k
RE101415,21 100k L e e
! 348

i i ic2 3004
R11.13,20 33K '

IC3 310
R12,19 39k 01 N&148
R1B17 5k6 '
AV M minfature horizantal preset MISCELLANEOUS

PCB, battery and clip
Jack sockets {one of which should have an insert-to-make
contact)

BUYLINES
Most, if not all, parts are obtained from mail order companies.

Integrated circuits IC2 and IC3 may be obtained from Electromail fpart
numbers 631-288 and 631-301).
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PROGRAMMABLE ELECTRONIC LOCK KIT

Keys could be a thing of
the past with this new high

security lock. Secure doors

to sheds, garages, even

your home or prevent the PROGRAMMASLE
unauthorised use of :
computers, burglaralarms

or cars. One 4-digit
sequence witlopenthelock =
while incorrect entries will
sound an alarm. The
numberofincorrect entries
allowed before the alarm is
triggered is selected by
you. Further entries will be ignored for a time also set by you. Only the correct
sequence will open the lock and switch off the alarm. The sequence may easily
be changed by entering a special number and code on the supplied keyboard. Kit
includes: keyboard, alarm buzzer, high quality PCB and all electronic components,
Supply: 5-15V d.c, Will drive our Latch Mechanism (701 150 @ £18.98) or relay
directly.

ERAOH COUNTER
OUTPUT GRIVER

AARM EED T

Y

NN
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DISCO LIGHTING KITS VERSATILE REMOTE

CONTROL KIT @

\\\%\%\\\\\\\\\\\

DLB000K 8-way sequencer kit with
built-in opto—isolated sound to
light input. Only requires a box and
control knob to complete ....£39.95
DL1000K 4—-way chaser features
bi-directional sequence and
dimming 1kW per channel ...£23.95
DLZ1000K Uni—directional version
of the above. Zero switching to
reduce interference ............ £13.95
DLA/1(for DL & DLZ1000K)
Optlonal op-to input allowing audio
‘heat/light response ....... 95p
DL3000K 3—channel sound to Ilght
kit, zero voltage switching,
automatic level control and buiti—in
mic. TkW per channel

POWER STROBE KIT
Produces an intense
AN .-\ /

light pulse at a

variable frequency

of 1 to 15Hz, . i

Includes high guality

PCB, compog\%ﬂs, AL

connectors, SWs strobe tube an

azsevmblysir_1stru%ti(%r(1)s.4 gupply: m?u“?gfvyvg,eﬁ%%% g

e ag— g o 601133 Box for Transmitter ..£2.95
s

A A A

VOICE RECORD/
PLAYBACK KIT

This simple to construct and even
simpler to operate kit will record
and playback short messages or =
funes. It has many uses — seatbelt

or lights reminder in the car,
welcome messages to visitors at
home or at work, warning
messages in factories and public places, in fact anywhere where a spoken message is
announced and which needs to be changed from time to time. Also suitable for toys — why not
convert your daughter s £8 doll to an £80 talking doll!!

L R Ly i v 78 X B0 X 15mm
Message time 5 secs normal spued ? IEI S80S slow spesd

Includes all components (+ trans-
former) for a sensitive IR receiver
with 16 logic outputs (0-15V) which
with suitable interface circuitry (re-
lays, triacs, etc details supplied) can
switch up to 16 items of equipment
on or off remotely. Outputs may be
latched to the last received code or
mamentary (on during transmission)
by specifying the decoder IC and a
15Y stabllised supply is available to
power external circuits. Supply: 240V
AC or 15-24VY DC at 10mA. Size: (exc.
transformer) 9x4x2 cms. Companion
transmitter is the MK18 which oper-
ated from a 9V PP3 battery and gives
a range of up to 60ft. Two keyboards
are available -MK9 (4—way) and MK10
16-way).
K12 IR Receiver

&nnc transformer)
K18 Trangmittar
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VOICE PROCESSOR
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LIRS 120K WEMORY
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ELECTRONICS

13 BOSTON RD. LONDON W7 3SJ

TEL: 01-567 8910.
=

FAX: 01-566 1916

ORDERING INFORMATION:
All prices INCLUDE VAT. Free P & P on orders over £60 (UK only),
othenwise add £1.15, Overseas Customers divide total order by 1.15then
add P & P: Europe £3.50, elsewhere £10.00. Send cheque/PO/Visa/
Access No. with arder. Giro No. 528314002. Local Autharity and educational
institutions orders welcome. Shop Open: Tuesday-Thursday 10 am — 5

pm. Saturday 10 am — 4pm
A A
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19” RACK MOUNTING EQUIPMENT CASES

This range of 18" rack cases features salin black finished 16SWG (1.5mm) steel front panels (no fixing holes visible),

with the rear box assembly constructed from 20SWG (.9mm) steel. The standard units are 10" (254mm) deep
NEW FOR 1990 19" project cases only 4 (101mm) deep and are available in the foilowing popular sizes:

PROJECT CASES
Type Height Price
PU1 1%” (44mm)  £16.50
PU2  3%.”(88mm)  £18.50
PU3  5%”(133mm) £20.50
PU4 7" (178mm)  £2250
PUB  10'%2"(226mm) £26.50

EQUIPMENT CASES

Ut 1% (44mm)  £20.70
U2 3w"(@mm)  £24.15
U3 5% (133mm) £27.60
U4 7" (178mm)  £29.90

Delivery included (UK only).
Ali prices include VAT.
BLANKING PANELS, RACKING CONSOLES
and RACK CABINETS are also available:
Please send SAE for details

Tel: 0275823983 for Access/Visa Sales orcheque

with order to:
RACKZ PRODUCTS
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY

Wizard Kit-Packs

THIS MONTH'S WIZARDRY

THE WIZARD PRECISION MAINS FILTER

250 volts AC 13 amp, On off switch, 4 IEC output sockets, Merlin made case and USA Patter
Block RF filter. . Price £32,00 VAT paid P&P £1.70
LOOK AT THE 5PEC ON THIS WlZAﬂD BENCH POWEH SUPPLY

Variable DC Voltage 35 to 22 volts at 8 amps conlinuous rating, twin meters volts and amps.
Fine and course voltage adjustment, overioad protection, mains input and DC output filtered,
Merlin made case. Bulll and tested. ................c....... Price £66.00 VAT paid P&P £3.00
GEC STEREO CASSETTE UNIT

Ftacord.fPiayhacl: Dolby 5paed475|:m (1.78in) per sec, 40-12.500Khz, Twin VU metars, with
service manual. . I ...... Brand New £12.00 or 2 for £20.00 P&P £3.00

THE WIZZARD POWER CUBE
Specification
1 20 Amp Hour Dzﬂ! Battery; 2 Inbuilt Mains Charger;
3 RF Filtered; 4 Solar Cell Input (Cells optional);
5 Compact Size/Portable; 6 Merlin Made
Price £76.00+P&P £8.00

MORE DATA — Send a 19p Stamp for Latest List.

Ring the Wizard on 0225 706886 Fax 0225 708594 for more information or a visit to the works
PAYMENT Access, Cheque, PO and Cash. Post and packing on components £1.50 or £1.00
for orders over £20.00. Please add VAT to total

MERLIN SYSTEMS

Merlin Way, Bowerhill Trg Est, Melksham, Wiltshire SN12 6TJ

r*_"TONICS FOR TIRED TRANSDUCERS""1

Cost-effective speaker upgrade kits

AUDAX TITANIUM TWEETER UPGRADE.
Change your 1” dome tweeters for these Titanium units and enjoy
crisper, cleaner response. Suitable for replacing tweeters up to
91dB sensitivity. Kit includes constant impedance level controls so
that you can adjust for optimum results without any crossover
modifications.

order TITANHUM 100 (100mm round plate)

or TITANIUM 12x9 (120x90mm)

ELAC METAL DOME TWEETER UPGRADE.
As kit above but using the Elac tweeter which has had such rave

£43.50 pair.
+pé&p £3.00

reviews. To replace wunits up to 89dB sensitivity.
order METAL 25DT30 (104mm round plate) £63.50 pair.
or METAL 25DT29 (120 x 90mm plate) +p&p £3.00

SEAS METAL DOME TWEETER UPGRADE

Direct replacement for the 34" (19mm) unit used in so many small

speakers. Sensitivity 88dB (94mm round plate) £41.90 pair.
+ pé&p £3.00

CONCERTO UPGRADE CROSSOVER

Replacing the DN12 network in speakers employing the Kef B139,

B110, T27 combination, this crossover greatly improves detail and

definition. (Screw terminal connections) £48.95 pair +pé&p £3.00

WACOUSTIC PANELS inhibit panel resonance and limit cabinet-

induced colouration. (Foam sandwiched between two layers of

bitumin.) Self adhesive.

Size: 270x200X 16mm.

Set of 8 (will treat pr. of small/med. speakers) £16 +p&p £3

EN telephone credit card orders ==

WILMSLOW AUDIO LTD

Wellington Close, Parkgate Trading Estate,

Knutsford, Cheshire WA16 8DX. Tel: 0565 50605
(Closed all day Mondays)
DIY Speaker Catalogue £1.50 post free (export $6)
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Brian Kendal shows
there is more to fuses
than meets the eye
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he fuse is probably the least understood

component in common use today.

Furthermore, the popular belief that it is

merely a piece of wire which melts when

the current passing exceeds the quoted
rating is not only inaccurate but, under certain
circumstances, a danger to the equipment which it is
supposed to be protecting.

Ideal Protection

Before looking further into the operation of fuses
themselves, let us consider what protection circuitry
would be necessary if they had never been invented.

Firstly, the current flowing in the circuit would
have to be continuously monitored. The most
effective way of achieving this would be by means of
a current transducer, the output of which would be
fed to a microprocessor via an analogue-to-digital
converter.

The micro would need to determine whether
excessive current flow was due to a natural variation,
for example: the initial surge due to capacitors
charging on switch-on, or due to afault condition. This
of course, would be incorporated in the software
which numerically integrates the current, giving a
measure of the thermal stresses in the protected
circuit, match this against a map of the safe operating
area of the particular circuit.

Assuming that this can satisfactorily be achieved,
on detection of a fault condition, the output signal
must then open the faulty circuit. This would most
conveniently be achieved by a small power amplifier
driving a circuit breaker capable of breaking the
maximum fault current, which in mains circuits may
well be in excess of several hundred amperes.

Such a protection circuit could doubtless be
developed and, when placed on the market, sell for
several hundred pounds. In practice, the designer

would not even consider such a complex solution —
instead he or she fits a miniature fuse.

Surprising as it may seem, the miniature fuse
performs all the functions described previously and
ata cost of only a few pence as long as the correct type
and rating has been specified in the first place.

Fuse Characteristics

Most users select a fuse according to its rated current
(1) believing that above this level the fuse will blow,
thus safeguarding the circuit. This is a misconception,
for the rated current is that which the device will carry
continuously without degradation. Thusif the normal
current in a circuit is 500 mA, then that is the rating
of fuse which should be fitted. To cause the fuse to
blow, the current will have to be much higher than this.
The lowest current which will cause the fuse to melt
is called the minimum fusing current (I ) and its ratio
to | is called the fusing factor. Typically the fusing
factor is in the order of 1.5-2.0. Thus a 500 mA fuse
will normally fail at a current between 750 mA and
1.0 A.

Considerable difficulties are experienced in
determining [ and the fusing factor, but these are
circumvented by specifying current levels at which the
fuse should not (or should) break within a given time.
These levels are called the conventional non-fusing
current and conventional fusing current respectively.

A typical specification for this is the BS 4265
requirement for miniature fuses which requires that
the fuse under test should not fail when tested for one
hourat 1.51 .

A fuse’s country of origin is important. For
example, in the United States, standards require that
miniature fuses should break within one hour at 1.35
[ In view of this, fuses from European and U.S
sources are not generally interchangeable.

A further consideration in the specification of a
fuse for a particular purpose is the time necessary for
operation when subjected to a high fault current. For
example: a time delay or anti-surge type will take far
longer to break than a fast acting fuse. Fast acting fuses
to BS 4265 (Cat F) must break within 20 ms at 10 I
whilst anti-surge types (Cat T) must take from 20 to
300 ms. Super-fast-acting and super-time-lag types
are also available.

Fuse Rating Max voltdrop at |
(BS 4265) F type T type
50mA 7V 3.5V
500mA v 900mvV
1A 200mv 150mV
5A 130mVv 100mvV

Table 1 Some typical fuse values
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In the design of a fused circuit, consideration
must also be given to the DC resistance of the fuse
itself. As a fuse is a heat operated device, those
intended for very low current ratings must necessarily
have a relatively high resistance. The maximum
permitted voltage drop is strictly controlled by
standards of which some typical values are shown in
Table 1

From this it will be seen that the maximum
voltage drop across a 50 mA type F fuse is 7V. How-
ever, as the conventional fusing current for these fuses
is 2.11 , a circuit voltage of 14.2V could be required
to cause operation. As the supply voltage may well
only be at this level, the fuse could hardly be blamed
for failing to give adequate protection!

After The Break

Another misconception is formed by the belief that
once the wire melts, that is the end of the operation.
Nothing could be further from the truth, for the failure
of the wire is only the prelude to the most important
part of the operation — the arcing period.

As the fuse element disintegrates, current flow
does not cease immediately but continues through an
electric arc. The duration of this arc (known as the
arcing time) is very dependent on the parameters, and
particularly the inductance, of the circuit to which it
is attached. So important is this, that the period is often
further broken down to itemise the period
immediately prior to melting, referred to as the pre-
arcing time

When the arc is established, it effectively inserts
a high resistance within the circuit, rapidly decreasing
the current which eventually falls to zero. It is possible
to design the fuse such that the arc voltage greatly
exceeds that of the supply with the result that the fault
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current is rapidly eliminated with consequent reduc-
tion of the stresses imposed on the circuit. This is
usually achieved by embedding the fuse element in
a sand filler which constricts the arc diameter, con-
siderably increasing its resistance and giving rise to the
rapid current limiting action required.

Fuse Safety

The installation of a fuse is the cheapest and most
effective circuit protection available today. To achieve
this, a fuse with the correct characteristics and of the
correct rating has to be chosen. It is hoped that this
short article has given constructors an insight into the
design and characteristics of fuses, enabling a choice
which will provide both economic and effective circuit
protection.
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Matchbox Ampllfler ............ AT
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Microlight Intercom .. ey
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Baud Rate Converter PSU Board
Portable PA ... .
MIDI-CV Converter Board ................
MIDI-CV Converter PSU

Troglograph ... ...
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Sound Sampler .. ...

Upgradeable Amp, MC stage (Stereo)
BBC Motor Controller ........... . :
Digital Panel Meter ... ...

Upgradeable Amp, MM stage (mono)
Mains Conditioner ....._....
Experimental Pre-amp .

Upgradeable Amp, Tone Board (mono)

Upgradeable Amp, Output Board (mono) _

Audio Analyser Filter Board ............
Audio Analyser Display Driver ...
Audio Analyser Display ... . .
Audio Analyser Power Supp]y

Audio Switcher (2 bds) .......

PLL Frequency Meter (4 bds)
Upgradeable Amp PSU X
Call Meter, Main Board .......... .. 2
Call Meter, Interface Board . ... ..
Bongo Box ........
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Tacho-Dwell

Ratemeter Main Board
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MIDI Keyboard PSU ..
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Remindalite

Rev Counter ..

Car Alarm S—

Knight Raider ... ...

Boiler Controller .........

Amstrad Sampler (2 bds)

Portable PA - o

EEG Monitor (2 bds) ....... ..
Concept CPU Board .. . ...

Concept Power Board

Concept Display Board

Hyper-Fuzz . . ... ... .

Quiz Controller ... ............... .
256K Printer Buffer ......... .
SWR Meter .. ...........

Dream Machine (free PCB)

Passive IR Alarm . e

Deluxe Mains Conditioner

RGB Dissolve

Electric Fencer

Telephone Intercom e
Transistor Tester (2 bds)

Spectrum Co-processor CPU
Co-processor RAM board .
Beeb-Scope (3 bds) .........., |
Spectrum Co-processor lnterface Board
Combo-Lock .

Kitchen Tlmer
Virtuoso 2U PSU .

Virtuoso 3U PSU .

Bicycle Speedometer .. .
Dynamic Noise Reduction .
Universal Digital Panel Meter ...,
Universal Bar Graph Panel Meter
Virtuoso Power Amp Board ............ .. .
Virtuoso AOT Board

Metal Detector ey s
Bicycle Dynamo Backup ...,

Bar Code Lock (2 bds) . 18
Analogue Computer Power Board ...
Bell Boy .

Logic Probe . ) :
Updated FM Stereo Decoder U
Breath Rate Display Board .. .
Breath Rate Main Board ... ...
Breath Rate Switch Board ... .
Telephone Recorder .
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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

E9006-1 Dark Room Timer
E9006-2 Telephone Extension Bell
E9006-3 Telephone External Bell

E9006-4 Fecko Box
E9006-5 Bug Spotter

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

are the year, the next two are the month

Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice

if required. Such orders will not be processed until payment is received
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E8812-1

E8812-2
E8812-3
E8812-4
E8812-5
E8812-6
E8812-7
E8901-1

E8901-2
E8901-3
E8901-4
E8901-5
E8902-1
E8902-2
E8902-3
E8902-4
E8903-1
E8903-2
E8903-3
E8903-4
E8904-1
E8904-3
E8904-4
E8904-5
E&905-1
E8905-2
E&905-3
E&906-1
E8906-2
E8906-3
E8906-4
E8906-5
E8906-6
E8906-7
E8907-1
E8907-2
E8907-3
E8907-4
E8907-5
E8908-1
E8908-2
E8908-3
E8908-4
E8909-1
E8909-2
E8909-3
E8909-4
E8909-5
E8910-1

E8910-2
E8911-1

E8911-2

E8911-3

Analogue Computer Main Board (2 bds)

Spectrum EPROM Emulator
Frequency Meter (2 bds)
Travellers’ Aerial Amp . ........
Gerrada Marweh Bikebell .. ..
Peak Programme Meter (2bds)
TV-to-RGB Converter . ......
Electron RGB Buffer .......

NiCd Charger .._.....
Chronoscope (3 bds) ;

Digital Transistor Tester ..........
Doppler Speed Gun (2 bds) .
Small Fry Mini Amp

Thermostat =

Burglar Buster Free PCB

Burglar Buster Power/relay Board
Burglar Buster Alarm Board ..
Burglar Buster Bleeper Board
EPROM Programmer mother board .
Variat-lon updated Main Board ...
Variat-lon Emitter Board

In-car Power Supply

Granny’s Hearing Booster
Compressor/Limiter/Gate .
Ultrasonic Horn ..

Stepper Motor Driver Board ..
Quest-lon (2bds)

Intelligent Plotter Solenoid Board _-

MIDI Programmer ...

Balanced Disc Input Stage

Digitally Tuned Radio

Camera Trigger .......

Intelligent Plotter Mam Board
Kinetotie Tie Board G
Kinetotie Control Board ... .
Guitar Tuner .

Camera Trigger UItrasomcs (2 boards)

Bench Power Supply (2 boards) ._......

PC edge connector . ...,

MIDI converter CPU | ;
MIDI converter keyboard .. ..., ..
MIDI converter control .

AF signal generator

Mini bleeper . . ! o

Caravan heater controller
MIDI Patch Bay .......
Priority Quiz Switch .

Camera Trigger Infra- reds (2 boards) o

Aerial Amplifier main board ... ...
Aerial Amplifier power supply
[ntercom master station ..

Intercom slave station ........... .

[ntercom power mixer ,

Digital joystick-to-mouse conversion .,

Twin Loop Metal Locator .

Trembler movement detector

Field power supply (spec 3)

Micro monitors active filter ........ ...
Chronoscope auto-reset .
Multimeter e alice i E

MIDI Mapper ..........

Smoke Alarm main board

Smoke Alarm power supply
Frequency Meter (3 boards)
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Serial Logic Scope
Mains Failure Alarm
Surveilance PCB ... ..
Slide/Tape Synch ...
Pedal Power ;
Digital Noise Generator
20 metre Receiver ...
Wavemaker FG
Motorcycle Intercom ...
Low Voltage Alarm .
EPROM Emulator

E9002-3 Superscope CRT Driver Board
E9002-4 Superscope Timebase Board

E9003-1
CIus-2

Superscope Y2 input board

E9003-3 Superscope switch generator
E9003-4 Business power amp board

E9003-5 Business power supply board .
E9003-6
E9003-7

Business pre-amplifier board
Water hole ...

E9003-8 Super Siren .
E9003-9 Vals badge

E9004-1
ES004-2

Bass Amplifier DC Protecnon

E9004-3 Bass Amplifier Micro
E9004-4 Quad Power Supply

E9005-1
E9005-2

Business Display .....
Phone Lock and Logger

Superscope Mother Board ...,

Superscope Y1 input board ...

Bass Amplifier Graphic Equaliser .
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If you think you're
under surveillance this
one’s for you. A Paul
Benton design

BUG SPOTTER

o you think you've got something to hide?

You think you're being bugged and you

want to find out — then build the ETI Bug

Spotter and you can tell 'em to bug off!

The project is simply a sensitive trans-

mitter detector, capable of detecting transmitters of as

little as 10mW or so over a distance of around 15 feet,

making it an easy task to find bugs and deal with them
accordingly.

A sensitivity control is included, enabling the

operator with practice to pinpoint a hidden trans-

mitter. Also, by a small modification, instead of the

AV

Fig. 1 Circuit of the ETI Bug Spotter
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Fig. 2 Component overlay of the project
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LED indicator a small meter may be connected.
Although this doesn't necessarily upgrade the project's
performance, it does make it look more technical!

Current requirements of the Bug Spotter are
minimal, around 4mA on standby and 10mA when
activated, therefore it may be powered from a 9V PP3
type battery for quite a while,

The whole project, with the exception of the
meter if used, is mounted on a PCR measuring
around 35 X 60mm, making it easy to fit into a small
box.

Construction

Figure 1 shows the circuit of the ETI Bug Spotter,
while component overlay of the PCB is shown in
Figure 2. The coil is made by carefully winding six
turns of 24 gauge enamelled copper wire to a
diameter of t% inch. Use a drill bit as a former. To
ensure a good soldered joint, the ends of the wire must
be scraped clean of all traces of the enamel, using a
craft knife (be careful here) or abrasive paper. Make
sure diode and IC polarities are followed. Otherwise
construction is straightforward.

Although preset resistor RV2 may be omitted
and a wire link inserted in its place, its function is
described in the following section. The aerial may be
afew feet of ordinary flexible insulated hook-up wire,
but a telescopic sectional aerial may be preferred. In
general, the longer the aerial, the better.

Testing And Use

After ensuring all components and wiring are correct,
connect a battery to the project. If the variable
feedback resistors are set at maximum resistance (RV2
set anti-clockwise, RV1 set clockwise) the Bug Spotter
is now at full sensitivity. On this setting the LED may
flicker on and off as the project is moved, perhaps for
no apparent reason. It's necessary to carefully turn
down the coarse control RV2 until random triggering
ceases. This is best done in darkness: turn RV1 until
the LED goes completely out, using RV2 as a fine
control to get the LED just at the verge of coming on.
Setting the LED on threshold prolongs battery life.

If readers prefer increased sensitivity at lower
frequencies (say 27 to 50MHz) to pinpoint CB or 6
metre amateur transmissions and so on, soldering a
5.5 to 65p variable capacitor across the coil or
increasing the number of turns of the coil will change
bandwidth. If, on the other hand, coverage of the
VHE/UHF spectrum is desired, removal of C1 and
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a few turns from the coil should do the trick.

Note that although the prototype features a
preset as RV1, a panel mounting potentiometer fitted
to the case with a pointer-style knob is preferable.

To use your project adopt a slow sweeping action
and traverse the room slowly. If nothing registers do
the same again keeping the aerial in a different plane.
Note that most bugs have a vertical aerial — because
car aerials are vertical! It's surprising what a difference

HOW IT WORKS
Local radio signals are pcked up by the aeria and fed 10 the tuned

* circuit, comprising coil L and capacitor C1, presenting @ high R13 470R
impedance to the incoming signal. The signal is now through- R2 2K
coupling capacitor C2to therectifercircuitD andD2. ResulingDC ~ AV1 - S
voltage i fed to the non-nverting inputof IC'. IC output from pin 6 RVZ 47k miniature horizontal preset
~ swings from virtually OV to around 5V 'a-dg\aiisdmted, ﬂmﬂahy V3 22k miniaure horizomal preset (aptional)
 supplying c!.irramm he LED and lluminating it CAPACITORS S
_ I8 governes h\et’mmmtammu : € “Bpb ceramic
foed _:k,‘andisthwéf controlled by three resistors R2, RV1 and £2> 330p ceramic
RV, Thelarger the resistance between pins 2and 6, the greater the G3 An ceramic
gamﬁmdotmmhmmwrlftMMMncmmmdmm €4 100nceramic
than that specified, n’tertaring Miﬂhm such as mainn hum wil SEMICONDUCTORS
 trigger the Bug Spotter. : e 3140
1f & meter readout is desired ﬂm a mll—dampeﬂ meter i 012 0A90
-recommended, as the project is handheld. As the serisitivity of the D1 RedLED
 specified meter is 250uA full scale deflection, it needs a series MISCELLANEOUS
Meter - Maplin LBBOB foptionall

i tqa_ eetuallowlm be used with the full voltage swing output
' o around 5 volts. Asapmmrawms

it makes if the transmitter aerial and Bug Spotter aerial
are oppositely polarised (say, one flat and one sticking
up). In such conditions a bug can be as little as 12
inches away yet not register. Once the aerials are in
the same plane, though, the LED seems to glow red
hot! Be warned, patience and practice make perfect,
Once asignalis found, and don't forget the bug may
be 8 metres or more away, keep turning down the
sensitivity until the transmitter is located.

PARTS LIST
RESISTORS (all %W 5%|

PCB, battery clip, wire; insulated wire. Telescopic aerial {optional).

: mw hp abtained \w denmasiﬂg
; tl'r_ts_m_mll result in wrappin 1h_matarnaedlammdimnﬂ stop

BUYLINES

* Allpartsare easﬂy obtainable, You should haveno problems. Mail order
. companies or:local outlets wil all be able to supply specified
. components or direct equivalents.
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SINGLE BOARD COMPUTER ““SBC-1"

A computer doesn't have to look like you'd expect a computer to look.
|t 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 Z80 computer can have
and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a palr of 8255A I/O (input
output) chips giving 48 individual lines to waggle up and down. There
are one or two additional “‘glue” chips included, but these are simple
74LS"” or “HC” parts.

A star feature is that no special or custom chips (le PALs, ULAs, ASICs
etc) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the 8-bit microprocessors — possibly the
cheapest too!

Although no serlal interface is included, It is easy for a Z80A 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 will do?
Applications already identifled include: Magnetic Card reader, mini
printer interface, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security system, modem interface for auto
sending of security alarms, code converter (eg IBM PC keyboard
codes to regular ASCII), real time clock (with plug in moduls),
automatic horticultural irrigation controller.
By disabling the on-board Z80A-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 tol
The idea Is (if you are a manufacturer) you buy just one
development eystem 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 ?et on with manufacturing your product,
i leaving all your control problems to us.
Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (TO4E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.
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Passive Infra. Red
. Ulfragomc
B infra- Red Beam

“CONTROL UNITS
@ Automatic BModulark
M Lighting B Timer

SWITCHABLE DUAL RANGE P.I.R. RP33

7m or 12m range for effective
coverage of sll sizes of installations.

H Size only 80x60x40mm. B Switchable
detection indicator. 8 Wide 85° coverage.
Suitable for use with most security
systems. ONLY £23.95 +VAT

Quantity discounts start at only 3 units

The Security Specialist

RiSCOMP LIMITED

Dept. ETI.5, 51 Poppy Road, Callers by Appointment
Princes Rlsborough Bucks Office hours Mon-Fri
9am-5pm

%22 (084 44) 6326 ] |
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John Linsley Hood
describes a practical
darkroom timer with
some very useful
functions.

ROJECT

50

DARKROOM TIMER

ne of the more useful electronic
gadgets in the photographic darkroom
is a circuit to switch on a photographic
enlarger for a precise and reproducible
length of time, and quite a number of
circuits have been described, from time to time.

My re-involvement in this topic arose because a
friend of mine had just brought himself a super new
enlarger, and [ had suggested, helpfully, that he might
do himself a favour by pensioning off his old
clockwork timer and get himself an electronic one.
The old timer had to be mechanically rewound to the
chosen time interval every time it was used. So [
offered to build him one.

Now, most of the published circuits seem to have
been designed by electronic engineers who are not
themselves photographers, and in any case, were
either rather primitive in their functioning, or were
more complicated than I wished.

In particular, I wanted the time interval to be set
by a rotary switch, with the intervals in an exponential
series, suchas1,14,2,28,4,56,8, 11, 16, 22, 32,
and 44 seconds, rather than a linear time scale
controlled by a simple rotary potentiometer. The
reason for this is two-fold. Firstly, one is possibly
adjusting the time interval in the dark, or in the dim
lighting, and it is easier to count clicks than to see a
dial calibration. Secondly, linear scales are inappro-
priate for photographic exposure, where a one second

change in time makes a big difference to a two second
exposure, but has a negligible effect at say, 22
seconds.

The time-interval series I suggested above, being
identical to the aperture stop series in a camera lens,
has the characteristic that each increment, up or
down, is equivalent in time to one half stop in
exposure. Soin the case of a monochrome or colour
print, 16 seconds gives a print which is a bit light in
tone, 22 seconds will give a small but noticeable
increase in print density, and vice versa. This density
increment will be the same for all of the adjacent time
intervals.

A further useful feature, not found on the bulk
of timer designs, commercial or DIY, is a switched
safelight’ output, so that the safelight will go off
automatically when the enlarger is switched on, a
useful feature when focussing.

Circuit design

For rather greater freedom in supply rail operation,
coupled with a high input impedance to the RC timing
circuit, a FET-input op amp was chosen, coupled to
abipolar transistor as a relay actuating system, rather
than the CMOS 555 type of timer in the conventional
circuit. A high gain op amp will switch over on a
differential input voltage swing of a few millivolts, so
giving a rapid on/off transition. The circuit used is
shown in Fig. 1.

sWi1
TIME

NOTE:

IC1 = TLO71

Q1 = BC337
D1,2 = 1N4148
D3.4 = 1N4002

N ZD1 = 15V ZENER
SECONDS ZD2 = 4V7 ZENER
RLAT = 24V/1200R SPCO 10A
+22V (NOM) L
MAINS IN
15 chleiicd
E LE et | L
0
ALar| LP2 i
FOCUS 3
O |E
24V/1200R 15 —
SPCO 10A
R13 R15 D4
10k 3k3 OUT#1
o L
A14 E
Mo L 1o v g
rvvvu 3
et €3 |+ @
B 1000u== sl
swz NG 25V
c b2 oL -
1560 oax g
25V —TOo Nz
a1 =
R12 R17 O |E @
478 10k oy
Fig 1 Circuit of darkroom timer
The timing interval is determined by the rate at which capacitor C 1 to Q1.

charges through the switched resistor string, {R1-R11).

When the normally-closed ‘reset’ push-switch (SW2) is released,
the non-inverting input of IC1 is taken to a potential of OV, and its
output falls to near zero volts, this cuts off Q1, and the normally
energised relay {RLA1) drops out, switching the enlarger lamp on, and
the safelight off,

C1 then charges up towards the +22V rail until the non-inverting
input of IC1 exceeds the voltage onits other input, (adjustable by the
10k trim pot, (RV1)), when IC1 output swings +ve again, and Q1 is
again turned on, actuating the relay, and switching off the enlarger
lamp. D1 prevents the voltage on C1 and IC1 non- inverting input,
from exceeding 16V, The TLO71 has an internal output current limiting
circuit of about 9mA which allows the simple zener diode coupling

The precise time intervals given by the various switch settings
on SW1 can be adjusted by the trim potentiometer firstly in the 16
second position and provided that C1 has a reasonably low leakage
value, all the other settings should be reasonably accurate. SW3
switches the enlarger lamp on via the relay.

The whole unit was built in a plastic box which has fixing lugs
toallow it to be mounted on the darkroom wall. C1 should be a good
quality 25V working electrolytic capacitor to keep the timing as
accurate as possible. Resistors R1-R11 are wired between the tags
of the 12-way rotary switch SW1 for convenience, The total
dissipation of the unit is less than W, so it remains very cool in use.
The component overlay for the PCB layout is shawn in Fig. 2.
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R4
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R14 ]
R15
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C3 10001.11 25V electrolytic
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IC1 TLOM
Q1 BC337
D12 4148 FAINS N
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D1 15V/400mW. |
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SWi1 - Single pole/12 way rotary 7
SW2 Single pole change over push switch
SW3 Single pole change over
Sw4 - SPST
TR 15-0-15V secondary/3W PCB motinting
RLA1 24V-1200R SPCO 10A Fig.2 Component overlay of timer showing
off-board connections | m
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An increasing range of
low cost scanners is
now on the market.
Andrew Armstrong
reviews one of these,
and the software used
to drive it.
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ith the increasing popularity of

desktop publishing for small per-

sonal computers, there has been an

increasing incentive to provide an

economical means to digitise small
images, logos, and so on, to allow them to be printed
as part of a desk top published document.

The professional way to do this is by using a
flatbed laser scanner, with a resolution of perhaps 600
dpi {dots per inch) or better. This approach is far too
expensive for the small business or the amateur, so
the hand scanner was developed. Several companies
produce hand scanners for use with IBM PCs and
clones. They all work on similar principles, but the
functions and features on offer vary.

Hand Scanner Technology

The normal hand scanner package consists of the
scanner itself, looking something like a large and
oddly shaped mouse, an interface card which fits a
PC or AT expansion slot, and a disk of software to
drive it. Most scanners have switched resolutions of
100/200/300/400 dpi, and a switch to select letter
or photo mode. In letter mode, the scanner digitises
images or text in terms of black and white. In photo
mode, a dot dither pattern is applied to provide a grey
scale by means of dot density variation, rather like
image printing in a newspaper. Generally, more than
one dot dither pattern is provided, and the user can
experiment to find the one which best suits the image
to be digitised.

The scanner itself uses an array of LEDs to
illuminate the image to be digitised, and an array of
charge coupled devices (ccds) to sense the image. To
digitise an image, the scanner button is held down
while the scanner is moved steadily over the page. A

Roller on the base of the scanner drives a shaft
encoder which detects the motion, and
samples the output from
the ced array at even

distances. At
minimum resolu-

HAND SCANNERS

A Review Of The A4Scan

tion the scanner can digitise a strip about four inches
wide, but the strip is narrowed if the resolution is
switched to a higher level.

All the lower cost scanners work in mono-
chrome, though there is at least one colour scanner
available. This is more expensive, has lower resolu-
tion, and (of course) needs memory for its image files,
but if you need colour then there is no choice.

Scanner Choice

Ionly have a black and white printer, so that a colour
scanner would be of little use. I had wanted a scanner
for some time and the incentive became stronger
when [ needed to digitise small diagrams for use in
handbooks and datasheets. | went to the PC User
show in late 1989 to look for a suitable scanner.

Several were on display. Some were being
demonstrated to interested customers. Some were
simply on show {‘Surely you don't actually want to see
it work, sir?’). All offered much the same facilities, and
cost a shade under £200.

I almost missed the Supertech stand, because it
was obscured by the crowd of people around it.
Supertech distribute the A4Scan, sold with Image72
picture editing software. It offers the full range of
facilities normally found on hand scanners including
three switched dither patterns.

The demonstration was certainly impressive. Two
identical scanners were on show, one being used for
optical character recognition, and one to digitise
images. The most impressive part of the demon-
stration was the ease with which images, once
digitised, could be manipulated. A picture slightly too
wide to scan in one strip was digitised in two strips,
and put together into one coherent image on screen
by means of simple mouse-driven manipulations. It
was equally easy to flip, rotate, invert, or even make
a negative of the image (like a photographic negative).

In Practice

The scanner was easy to install
In my computer (a Tulip AT
Compact 2), and was

functioning after about

10 minutes. Though

the scanner works in

monochrome, the
software allows
you to add

Colour
to a




scanned monochrome image by image editing. How-
ever, the image files are larger, and less file storage
formats are available, so I chose to use only black and
white. The monochrome image editing software can
save and load every image file format | have encoun-
tered to date, including widely used ones such as
IMG, TIF, and CUT.

At this stage, software compatibility problems
appeared. All functions are selected by using the
cursor to select icons on the left of the screen.
However, when I started up the software, the cursor
was confined to the top square of icons. Selecting and
then cancelling a disk access function cleared the
problem, and it did not recur until the software was
reloaded. This is probably a BIOS compatibility
problem, because a friend who brought the same
model of scanner has no problem on his computer.

The scanning and image manipulation functions
work almost as well in real life as in the demonstration.
Line drawings, logos and the like digitise well.
Photographs with a medium contrast range are also
very suitable, though very low or high contrast ranges
cause problems.

There are limits on what you can do. My desktop
publishing software, Finesse 2.0, needs images to be
in the .IMG format. There is a limit to the image area
(approximately a quarter of the area available) which
can be stored as a .IMG file, though I am not sure
whether this is a limitation on the software buffer size,
or on the file format. Complex image manipulations,
such as rotate or slant, cause the computer to think
very hard, and some resolution is lost. The image is
very slightly elongated on the printout from my
printer, which I suspect is an error in the 24-pin printer
driver routine. Compressing the image vertically on
screen to compensate for this is successful, but again
some detail may be lost.

[ was disappointed, but not very surprised, to find
that other .IMG files, saved under GEM and nomin-
ally of a format compatible with the software, could
not be edited. Attempts to load such files resulted in
a picture rather like a television with a misadjusted line
hold.

These snags are not serious, however. My
scanner has done a lot of good work, of which two
examples are shown here. The photograph was
digitised in two strips for the proprietor of the local
printed circuit board company, after he had failed to
get acceptable results with his scanner. ‘Good grief,
he said, ‘your scanner makes mine look like a toy. The
Image72 software also contributes to the high quality
results. The digitised photograph is used on laser
printed leaflets publicising the installation of a laser
photoplotter.

The other example is of a graph used in the
magazine Ham Radio Today. (Fig. 1). The original
was hand drawn, and though accurate, it was
unsuitable for publication. Postal delays had left no
time for the technical artist to redraw it, so I digitised
it in three strips, and spent just under two hours tidying
it up, to produce the result shown. l am no artist, and
could not have drawn it by hand to the required
quality in that time. The text in the body of the graph
was added by the image software.

Optical Character Recognition

I brought the optional OCR (optical character recog-
nition) software with my scanner. This did not perform
asimpressively as the image manipulation, though it
did work, and OCR is not easy. The OCR software
includes its own scanning routine, and it is also
supposed to be possible to save files in OCR format
from the image scanning program. Following the
instructions carefully, [ could never get this to work.
The stored image of the text always looked like a
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Fig. 1 A ‘tidied’ scan of hand drawn graph.

television with maladjusted line hold, just as when
trying to read .IMG files stored by other software.

The OCR’s own scanning routine allows only
limited means of tidying up this picture, so that a very
clean original is needed to give a clean enough image
for OCR to work.

It is supposed to be possible to convert an A4
page to ASCII using this software, by scanning the
page in strips and matching the edges on screen. In
practice, this was very difficult, and would have been
easier if the image scanning program’s OCR save had
worked correctly.

Two sample fonts are provided with the software,
as well as sample OCR files to convert to ASCIIL. These
worked very well, but it was difficult to achieve similar
results with scanned text. There is a facility to learn
new typefaces, and this even covers proportional
spaced fonts (very unusual in low cost software).
Some success was achieved using this function, but
it could not be made to work quite well enough to be
faster than retyping.

The user interface was a little unfriendly, and it
was not always possible to back out of a mistake. |
think, however, that relatively minor improvements
in the overall software would make it much more
useful.

The instruction books were written in a language
somewhere between English and transliterated
Chinese, but were usually comprehensible after a little
thought. It would be nice, however, to see a proper
English manual, with mote explanation in some areas

My overall assessment is that the image scanning
system is good value and very useful, despite the
snags. About the optional OCR, [ am less certain.

You can contact Supertech Systems Ltd at: The
Business Centre, Kay Street, Bury Lancs BL9 6BU.
The A4Scan with OCR costs £199.95. (They are no
longer sold separately).
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In the second of two
articles George
Pickworth describes
Tesla’s best known
work, the Tesla Colil.

NIKOLA TESLA

hile Hertz’s demonstration with

sparks across the gap of his

resonator comfirmed Maxwell’s

electromagnetic wave theory, Tesla

gave a highly visual demonstra-
tion by lighting up a Geissler tube without the use of
connecting wires. This Philadelphia demonstration of
the Tesla Coil, during his 1893 address to the Franklin
Institute of Philadelphia and the National Electric Light
Association of St Louis, is considered by many as the
first significant step towards realising the potential of
Hertzian waves.

The system used by Tesla at that historic address
was very similar to the syntonous spark radio system.
It was later developed by Sir Oliver Lodge to become
the standard system used until the invention of the
triode valve in 1911, and spark transmitters continued
to be used on ships until about 1935. The only real
difference between Tesla’s equipment and commercial
spark radio sets is that Tesla used a Geissler tube as
an indicator and a random length of wire as an
antenna, while Marconi used headphones and a

RESONANT
ANTENNA
MORSE KEY
LEYDEN HOT WIRE
+ %% CONTACT JARS AMMETER
BREAKER OR ”
INTERRUPTER l
SPARK SPARK
coiL T GAP
O +
f:lra
fal
X
LIQUID
DETECTOR
IMPEDANCE TESLA
TU%‘S‘E HEADPHONES DETECTOR
.
(b)
Fig. 1 A typical spark set {a) Transmitter (b} Receiver.
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rectifier to give an audible signal.

Early receivers used a wide range of rectifiers but
the liquid type was most sensitive. Variable tuning
capacitors were a later innovation. Tuning was done
in early days simply by tapping the tuning coil (Fig. 1).

Tesla did not use a resonant wire antenna in his
radio systems and so missed the opportunity to
produce a commercial radio system before Marconi.
Tesla developed what he called magnifying trans-
mitters. These used enormous, high-frequency
resonant transformers (the Tesla coil itself) and
capacity type antennae, typically metal spheres on top
of tall towers. However, like resonant antennae, the
magnifying transmitters were energised at their
resonant frequency and many of Tesla’s techniques
were ‘copied’ by later workers, including Marconi and
Fessenden. However, whereas Tesla operated his

magnifying transmitters at frequencies in the tens of
kHz, Marconi used frequencies around 1.0MHz which
allowed resonant antennae to be of practical size!

Experiments had shown that a waveguide
between the earth and the ionosphere formed a good
conducting path at frequencies between 3kHz and
30kHz, and this may be why Tesla neglected higher
frequencies. Tesla believed that lower frequencies
would not only provide reliable world-broadcasting,
but make wireless transmission of electric power
possible. Householders would extract electricity from
the ether' using a simple rod antenna and a tuning
device similar to a hat used for radio. Tesla first
atternpted to raise an antenna into this ‘waveguide’ by
means of hydrogen-filled balloons. However, he later
abandoned this approach in favour of terrestial
installations using tall towers,

High Voltage

It seems that Tesla was convinced that capacity
antennae would radiate power effectively at
frequencies below 30kHz, provided that extremely
high voltages were applied. Magnifying transmitters
could generate millions of volts. He built many
experimental magnifying transmitters in various sizes
and configurations to provide data for the construction
of very large installations.

CAPACITANCE
SPHERE
RESONANT
SECONDARY
LEYDEN WINDING
JARS
CAPACITANCE
c l i
SPARK
ne Il T
o =i ;
TRANSFORMER TESLA COIL
SECONDARY PRIMARY
IN SERIES
THROUGH
LEYDEN JARS
Fig. 2 Laboratory Type Spark-excited Tesla Coil.

In 1899 the large 50kHz Colorado Springs
magnifying transmitter and tower were completed. A
slender, 145 foot tower rose above the wooden
building which housed the actual transmitter. A 30
inch metal sphere on top served as a capacity
antenna, The primary winding carried 1100A, so it
is not surprising that the transmitter overloaded the
Colorado power supply system and caused a black-
out. This provided reporters with sensational copy
about a mysterious force that Tesla had unleashed!
(See Fig 3).

The Colorado magnifying transmitter undoub-
tediy gave spectacular displays of sparks and corona
discharges that lit up the prairie sky and caused sparks
across lightning arrestors 12 miles away. However, it
is now known that capacity antennae are extremely
inefficient at converting electric currents into
electromagnetic (Hertzian) waves and most of the
power was dissipated by coronary discharges.
Whatever useful information the Colorado tower
experiment had provided remains obsure, but Tesla
predicted that the earth resonates at 6, 18 and 30Hz,
and frequencies approaching the earth’s resonance
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would be most effective for transmission of electric
power.

Marconi used a spark transmitter which
generated only a fraction of the power of the
magnifying transmitter but operated at a higher
frequency, and a simple but highly efficient resonant
wire antenna, to send his first transatlantic signal.
Despite this, Tesla planned even bigger magnifying
transmitters designed to operate at frequencies
between 3.0 and 30kHz. Work commenced on the
ill-fated Wardenclyffe Tower on Long Island in 1901
but was abandoned in 1903. This installation was
intended for world broadcasting and transmission of
electric power across the Atlantic, and had a 250 foot
tall tower with a 100 foot diameter hemisphere on top,
but financier Morgan withdrew his support before the
tower was finished.

By then it was apparent to backers and financiers
that the future for broadcasting was with simpler
transmitters, essentially the same as the devices used
by Tesla but with resonant antenna systems. The
magnifying transmitter was abandoned but smaller
Tesla coils found many applications in laboratories
where high voltages were required. Tesla’s theory on
VLF communication was proved basically correct but
his dream of ‘wireless’ transmission of electric power
never came to fruition. Having said that, projects to
generate electric power in space and ‘beam’ it to earth
now seem feasible.

The earliest practical application for Tesla coils
was diathermy, advocated by Tesla before the turn of
the century. In more recent years their principle role
has become that of a high voltage line transformer in
TV sets. The traditional Tesla coil still remains a classic
scientific instrument.
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Fig. 4 Rotating Contact Breaker. (Readers are advised not to construct such a device).
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Fig. 3 Colorado Magnifying Transmitter.
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At Colorado Tower laboratory
Tesla tried a range of magnifying
transmitters in various sizes and
configurations. This one had a
circular fence-like primary
winding 75 feet in diameter and
about 8 feet high. The
secondary winding was about
10 feet in diameter and 10 feet
long, and had 75 turns wound
on a skeleton wooden frame. AC
power was stepped up to 30kV
by means of a transformer and
the exciter operating frequency
was 150kHz. Other types used
‘circuit interrupters’ to chop the
current into pulses.
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Excitation

Let’s have a closer look at how the Tesla coil works.
We'll start with the exciter, which delivers AC at the
resonant frequency of the coil.

To all intents and purpose the parameters
governing exciters for magnifying transmitters are the
same as if the exciter were used directly as a radio
transmitter. By the same token, a Tesla coil can be
considered as a scaled down magnifying transmitter.

Almost any device capable of

ADJUSTMENT
o KNOB

e R,

= delivering sufficient AC at the resonant
frequency of the magnifying trans-
mitter can be used as an exciter.
Experimental magnifying transmitters
resonating at frequencies up to about
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30kHz were excited directly by high
frequency alternators. However this

{555 approach does not seem to have been
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Fig. 5 Wehnelt Interrupter.

transmitters.

At Colorado Springs, Tesla ex-
perimented with exciters using circuit
interrupters that chopped the current
into pulses. A large device with a 55
foot two turn primary winding was
buried in the earth below the tower.
The secondary winding, installed in
the building beneath the tower, con-
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tained approximately 1.5km of wire.

The voltage developed across the secondary
(high voltage) winding of a Tesla coil is a product of
both the primary/secondary turns ratio and reson-
ance. The resonant frequency is set by the number
of turns of the secondary winding, capacitance
between the turns, and the effect of a capacity hat (or
the tower and sphere in the case of the magnifying
transmitter). No capacitors are used and the winding
therefore has a high inductance to capacitance ratio.

The primary winding does not have to be tuned
when the Tesla coil is excited by high frequency
alternators or pulsed DC as it is essentially an aperiodic
coupling coil and can have very few turns, as in the
case of the Colorado magnifying transmitter. On the
other hand, spark type oscillator/exciters need a
tuning coil, in which case the primary winding
generally serves the dual role of exciter tuning coil and
coupling coil. The tuning coil is effectively in series
with the secondary winding through the capacitors.
It therefore has a very small inductance as most of the
inductance is provided by the spark transformer. (See
Fig 2).

Radio Transmitters

With traditional spark radio transmitters, the antenna
sets the operating frequency and is connected via a
suitable tapping point directly to the tuning coil. The
whole system is brought into resonance by varying the
number of Leyden Jars and by means of taps on the
tuning coil. Antenna current is indicated typically by
a hot wire ammeter.

The transmitter used during the Philadelphia
demonstration consisted of a 5.0kW oil-filled high
voltage spark transformer, a spark gap, a bank of
Leyden Jars and an induction coil to which an
antenna wire was connected to run along the ceiling.
At the other side of the stage was an identical bank
of Leyden Jars, an inductor and antenna, but the
spark gap and transformer was replaced by a Geissler
tube.

While high powered spark transmitters used
mains power and transformers to produce the spark
voltage, smaller spark transmitters used induction coils
operated from low voltage DC. The disadvantage of
induction coils is that they need a high speed

make/break device and its associated capacitor. The
simplest and earliest make/break system used the
magnetic field of the coils own core in an arrangement
similar to that of a buzzer. However, the closed period
is longer than the open period to allow the magnetic
flux to build up within the coil.

Improved results were obtained with indepen-
dent contact breakers. While the buzzer principle was
most widely used, another common device was a
triangular piece of metal rotating at high speed,
dipping into a trough of mercury. (See Fig 4).

Electrochemical devices were also used and the
Wehnelt interrupter was the most simple. This allowed
operation at frequencies up to several thousand Hertz,
much higher than was possible with mechanical
devices. While a high frequency make/break resulted
in a stronger spark and better overall performance, it
had no effect on the transmitter frequency. (See Fig 5).

The spark transmitter was unsuitable for
telephony, so from about 1910 Professor Fessenden
experimented with high speed interrupters which
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HIGH FREQUENCY
ALTERNATOR

Fig. 6 High Frequency Alternator an
Telephony Transmitter.

directly energised the anenna. These were unsatis-
factory as the system had inherent mechanical
problems and arcing occurred across the contacts.
Moreover the tone was very rough and could not be
modulated with speech, On the other hand, high
frequency alternators could be used directly for radio
transmission by simply connecting the alternator to
aresonant antenna. In its simplest form, tuning coils
and capacitors were not required, and the sine waves
could be modulated with speech signals by inserting
a power mictophone in the antenna lead. (See Fig 6).

Although Tesla had made 30kHz alternators
before 1895, he did not capitalise on this technique.
The best alternators had an upper frequency limited
of less than 100kHz, requiring very long antenna, but
the system was highly practicable and the Fessenden
transmitter, operating at about 50kHz, was used in the
USA for broadcasting before World War 1. During the
war, a 200kW alternator transmitter was installed at
the Marconi Worldwide Wireless Station at New
Brunswick, New Jersey to replace the original high-
power spark transmitter.

A Replica Of A Traditional
Demonstration Tesla Coil

In the course of producing this article, I built a
demonstration Tesla coil, keeping as close as possible
to the coil used by Tesla during his 1891 to 1893 UK
Lecture Tour.

A 240V to 10kV spark transformer was available
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and was used for the project. However, an induction
coil and a Wehnelt interrupter, (Fig 5) could have been
used to generate the spark current as this device is very
efficient and easily made from plastic containers. The
needle valve is not essential.

The spark gap consisted of two brass rods
mounted on insulators to give an adjustable gap of /4
to Y2 an inch, and is connected to the spark trans-
former by a car ignition cable. Commercial spark radio
transmitters often used rotating spark gaps as they
reduced erosion and gave a more pleasant note in the
receiver. Very high power installations used sparks up
to 14 inches in length.

The secondary (high voltage) winding, which
sets the resonant frequency, consisted of 500 turns
of 1.5mm armature wire. It is close wound so that the
windings occupy about 750mm of a 900mm length
of 70mm diameter plastic pipe. A 100mm diameter
copper ballcock float was attached to the top and
connected to the upper end of the winding while the
lower end was connected to a large screw terminal.
The capacity between the turns and the effect of the
copper ball determines its resonance frequency. No

capacitors were used. who have skill and experience with
The inductance of the coil was calculated using: very high voltage equipment, as
H (uH) = d2n2 /nl18 + L40 this Tesla coil is intended primarily | ourenrou
where d is the diameter of coils in inches, n number  for colleges and institutions. h
of turns and L the length of the winding inches Also the coil resonates at _INNERFOIL ki
The secondary winding had an inductance of  approximately 300kHz, so where =
1.7mH. Asitisimpractical to calculate or measurethe  there is any possibility of it causing |
self capacitance of the coil and the effect of the copper  radio interference, the device X
ball, this was estimated to be about 200pF, indicating  should only be operated in aroom S —
that the resonant frequency would be about 300kHz.  with a Faraday screen. However | |
This was confirmed using a grid dip meter. the coil does not seem to cause & 135mm =
The 200mm diameter primary (exciter) winding, interference to television or FM Fig. 7 Leyden Jar
on the outside of the secondary, consisted of 12 turns,  broadcasts. : = i —

but normally only 6 turns are brought into the circuit;
the optimum tap being found by experiment. As the
calculated inductance of the primary winding was only
3.75uH, the balance of inductance necessary to make
the exciter oscillate at 300kHz with 2n0 Leyden Jars
was provided by the spark transformer in series with
the Leyden Jars.

High voltage 2n0 capacitors are scarce and
expensive and as the Tesla coil was to be as authentic
as practical, a pair of replica Leyden Jars were used
to tune the primary winding. They were made by
coating the inner and outer surfaces of large glass
pickle jars with aluminium foil. Their capacitance
turned out to be almost exactly 1n0 each. (Fig 7).

Warning

Although this Tesla coil generates
very high voltages, the current is
low and should not present a
serious hazard, nonetheless the
spark current is derived directly
from AC mains.
should only be attempted by those
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and starts Iookmg at
fault finding in real
circuits.
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. than about 50V), th:
‘must become extremel

' resistance are not taken %7!1 _
‘measurement. Under these conditi

.when measunng voltage, the meter was\can 16
. in parallel with the circuit unéér test, to me :
current directly, the meter must be placed in series
with the circuit: This. meemg»‘fhat you must break the - -
circuit to insert the meter. This is not always ;x;ssiiﬁeg

'Measuring Resistance
Coming on to remsla?}&e fvasurement there is one

particularly if you are taking measurements on a hi

density printed cgmuﬂ-board but sometimes there is

no other ccr@qeﬁtent way of taking current
measurements
When do we need to measure current in this
way? As explained last month, you can determine a
current flowing in a known resistor by measuring the
voltage drop across it and applying Ohm’s law. This
works fine when:
1. You have a known resistor in the rlghtplace in the
circuit under test (when designing your, qwn circuits,
you can t%ui é{hem in).
: ﬁie test resistor is very smal c@mpared

I easured is fairly sma!l

When you ?hu measure currents in the or&gx::

of several amps deri
 value

uoi!tage drops under nor
smail test resistor valu
measurement errors if sﬁa

: llead to: gg:y Iarge

m@u nts of stray
{ - during
dl?e{ftcwrem
metering using a series- connecteé i_sxthe best
option. Once again, well designed dircuits w;ﬁhagg
removable links for testing currents. Remember tt
the series current metér has aresistarice @ie@ﬁ@pﬁﬁﬁ

of one ohm, sa it will be almost instantly dﬁsh’cig);if

by connecting It across a source of yoltage.
thisf, ..~ r

very big difference. Voltage and current measure-
ments are essentially measurements of working
conditions. Resistance measurement is really a kind
of component test.

sockets range select switch contacts and s&x@‘n o’

Qood digital resistance meters, working on the con-
' stant current basis, also have a null control for stray

~ (the potenhalat both ends of the meter is the same),

: %gn}a(amly need to select resistors to better than Iﬁ&

- Diodes

Th

There are two main approaches mMstance’f
measurement: either a constant v@ftage s applied
across the. _component under test,aand thé&%{{ﬁng
curregii_ iﬁea%&(ed ora constantmcurrem‘ igﬁn%gsed

dﬁm@gsa&é d. Most modern d1gr§@fmet igsgth;.
laiﬁai‘ﬁimﬂ‘loa ile archetypal analoguemé emauchgy
AVO B would measure the former. In eith

i

ise, the volages and currents involved: are preity
small (o avoid component damage) and theﬁ‘i@&]
systern detects very small differences. o
Because you are applying known condition 510
the component under test it is very |mportan\?1h§
there are no other voltages or currents presefﬁi
Resistance measurement is essemlally made.
components out of circuit. . -

generally referred to as stray resistance. All reasojﬁakﬂe :
analogue resistance meters which worfc omﬁig‘ con
stant voltage principle, have a admstz%g?fow for
“:the drop in voltage of the battery as itag his can,
of éourse, also be used to null stray resistance. Very

resistance. However, most of those under £150 dontt.
Aliow for this by taking a preliminary reading with the
test leaés shorted together on the resistance range you
are gdmg to use, and then subtract this result from the
result of your measurement.

For really accurate measurement of resistance,
particularly of small values, abn__ ﬁmﬂf {Figure 1)
isused. The fixed resistors are se o 5 avery close
tolerance; and the variable resistor ﬁ‘@ﬁl&}gped with
a precisely calibrated scale, The b‘;dgei”%s; ectively
a pair of potential dividers in parallel, wi‘f?r:ag :
(centre zero) current meter connecte&betﬁ;é
midpoints. The difference between the w;’itag%
midpoints of the two potential dividers determin
both the direction and the size of the current flow
through the meter connected between them. Th@g
unknown resistor (the component under test) is
inserted into the bridge, and the variable res:st&'i;s; !
adjusted unt;i'%he meter indicates zero current flow.
The two arms of lhébndge are then exactly matched

and as the two fixed resustcjtfsim'e equal, the variable
aﬁ@ithe unknown must also be equal, and the value
of w unknown resistor can be read off the scale”
‘ommercial resistance bridges are available wnth i
n in the order of +0.5%., but they are very
. Dlder bridges can be picked up se&ﬁnd
cheaply. but these tend to read to about
+1%. as the\_;i;éate from the days of general use 10%-
20% resistors, when even 5% compenents cost the
earth (Iale l%Os-aar]y 19705} lmtﬁﬁﬁ’v

s .
at 0.3W only cost aba@ﬁﬁp, the ordinary d;g
istance range will serve for most purposes, as you

Comgohent Tests — Checkmg
And Transistors \ '

nalogue multimeter normally stops at voltage,
current and resistance, but with the advent of compact’
microcontrollers, many digital meters perform a whole
range of useful additions; The most common are
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Fig. 1 The Resistance Bridge

diode test and transistor hpe. These features are very
nice if they happen to be on your meter, but you can
get by without them by using your ingenuity. Let’s see
what they do.

First, the diode test. You plug in your diode in
the forward biassed direction, and the meter passes
a small constant current through it and gives you a
value for its forward voltage. If you plug it in back to
front, a good diode will give you an open circuit
indication. By far the most useful part of this test is the
check whether the diode is duff, indicated by open
circuit or short circuit in both directions. The forward
voltage of any diode is very dependent on both the
diode current and temperature, and as you don't know
what current the meter passes through it, the reading
does not reflect the forward voltage in your circuit very
well at all. The resistance ranges of your digital meter
also use a constant current for measurement, so using
the lowest resistance range will equally well verify
whether the diode is good or blown, although the
numerical reading in the display will not be
meaningful.

The transistor hgg test works in a similar way: a
small constant base-emitter current is passed, and the
normalised collector current is displayed. However,
once again, provided you know what transistor you
are dealing with (given by the type number), you are
really interested in whether the transistor is functional.
The makers’ data sheet gives you the hge range
(typically very wide, for example the BC1841 has an
hge of 250-850, and the TIP31A has an hge of
10-50), and you choose something in the right order.
Thereafter most good transistor circuit design is
founded in making the effects of hgz spread as
insignificant as possible by clever biasing and
feedback, so that components do not have to be

individually selected during circuit manufacture. The
exact figure for a given device is thus not very
important.

How do you tell whether a transistor is duff or not?
Figures 2(a) and 2(b) show the theoretical ‘diode
equivalent’ of NPN and PNP transistors by wiring up
diodes (the common connection has to be one piece
of silicon), but you can look for the virtual diodes with
the low-resistance range of your digital meter. Either
one may be open-circuit or short-circuit in a blown
transistor. It pays of course, to test each ‘diode’ both
in forward and reverse bias (by switching round the
meter leads).

A final word of caution: you should not use an
analogue meter with constant voltage resistance
measurement for these semiconductor tests. Too
much current would flow in small-signal devices, and
you would probably destroy good semiconductors
during the test. The current supplied by the digital
meter (constant current test) is very small: a few pA.

A Real Problem

Now we get down to some real problems. We will look
at a succession of genuine fault finding and measure-
ment scenarios. In each case we will discuss the best
choice of equipment and its most suitable application
as fully as possible.

This month’s circuit is a simple megaphone
amplifier to be driven by a cheap dynamic {(moving
coil) microphone, and capable of delivering about 2W
into a 4R load a 12V supply (Figure 3). It should work
fine, but there is some fault or other in the individual
on your bench, because it has been sent in for repair.
Your job is to find the fault and correct it. This is the
typical repair workshop scenario: you've never seen
this amplifier before, but you must get it working by
yesterday morning.

Your first task is to work out what the circuit
should do. Then you can compare what it actually
does with what you expect to find at the point where
it is misbehaving. The report from the typical non-
technical user just says ‘does not work properly, so this
does not help you.

Step one is to simplify the problem. Break the
total circuit down into stages: sub-blocks with specific
functions. You can then perform first-level tests at a
much more general level: a big time saver.

Figure 3, shows that the circuits surrounding the,
first two transistors (Q1, Q2) are remarkably similar.
Each consists of an input coupling capacitor, a base

dVdY L5d.

Fig. 3 Megaphone Amplifier Circuit
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TEST GEAR

bias potential divider, an emitter feedback resistor and
a collector load resistor. Each circuit is in fact a
standard and basic common emitter amplifier with
emitter feedback, and each constitutes a voltage gain
stage of the amplifier circuit. The transistors are small
low-wattage devices, which confirms the immediate
expectation of small signals (a microphone input). You
would expect the voltage gains of the two stages to
multiply. The inter-stage capacitors isolate the input
and output bias voltages (DC) from preceding and
following circuits.

The next active component in line is another
small transistor: Q8. This is wired as an emitter
follower or voltage follower. It acts as a unity gain
voltage amplifier and a current amplifier with a gain
limited only by the inherent current gain (hgg) of the
transistor. This is part of the third stage, the driver,
consisting of Q8, Q4, and associated passive compo-
nents. Q8 is AC coupled to Q4 to prevent disruption
of the base bias to Q4. The final stage of the amplifier
is the output stage, consisting of Q3, Q5, Q6, Q7. This
is what actually supplies the massive current to the
loudspeaker.

You can now look in more detail at each stage in
turn, to determine a set of testable values (voltages,
because they're easy to measure) at various points in
each stage. When you test the amplifier, you will look
for these values to determine where they are off
specification.

Start with the input stages. The voltage gain of
each stage is defined by the ratio of the collector and
emitter resistors. In this circuit, in both stages, the ratio
is 15:1, resulting in a voltage gain of 15 per stage. As
there is no dissociation of AC and DC signals (the
emitter resistor is not bypassed by a capacitor) the AC
and DC gain are both the same. The DC standing
(quiescent) voltage on the transistor collector is
normally assumed to be about half the supply rail
voltage. This would allow equal positive and negative-
going swings at the output of the stage (symmetrical
clipping) for large output signals.

The collector voltage is arrived at by determining
the emitter resistor drop and multiplying it by the ratio
of the emitter and collector resistors. This works by
Ohm’s law and the assumption of the same current
in both resistors (ignoring the base current), which is
perfectly adequate for non-critical systems using high
hgg transistors.

The emitter resistor drop is always a nominal
0.7V less than the base voltage with respect to ground
and you set up the base voltage by adjustment of the
base bias potentiometer. In this case, with a gain of
15 and a supply of £12V, for a collector voltage of
+6V we would need about 0.4W across the emitter
resistor and 6V across the collector resistor. This leaves
around 5.5V quiescent across the transistor (CE), and
would theoretically allow a safe output swing of +4.5V
or so for large input signals.

You are obviously not interested in very large
signals here: the microphone will deliver about 10mV
peak-to-peak if you really shout. This will yield 150mV
peak-to-peak at the output of the first stage, and a
maximum of 2.25V peak-to-peak at the output of the
second, which is about a quarter of what the system
is capable of. An emitter voltage of 0.4V is about the
minimurmn allowable, the normal limits being from
0.6V to around 3V.

Stability will suffer most from this low emitter
voltage: the ideal emitter voltage should be large
compared to Vi to reduce the effects of temperature
dependent change in Vgg. This low emitter voltage
is forced on us in this circuit by the supply voltage and
stage gain requirements but what is its upper limit?
The maximal positive-going output voltage is about
1.2V more than quiescent at the second stage output,

and as the two stages use indentical components, their
set-up will be about the same. Supposing an emitter
voltage of £0.6V, the quiescent voltage across the
collector resistor will be around =9V resulting in about
=3V at the collector with respect to ground. This
leaves around 2.4V across the transistor (CE), which
on maximal negative-going cycles will drop to about
1.2V. This is about the bottom limit in any
conventional silicon transistor in this circuit (the lowest
voltage drop you can get: the transistor will never be
turned fully ON or in saturation).

There is one point to note: although the stage
gains are both 15, giving a theoretical total of 225, the
total real AC voltage gain of the pre-amplifier (stages
one and two combined) measured at the output end
of R12 is a bit less than this. You would expect a figure
of around 180 in fact. Thisis because R9, R8 and VR4
form a potential divider via C1 for AC signals, which
effectively reduces the output signal by about 20%.

So, to sum up on the voltage pre-amplifier: in a
correct setup we should find an emitter voltage in the
range of 0.4V to 0.6V and a collector resistor drop of
about 6V to 9V. Centre points, say, of V¢ 0.5V and
Vre 7.5V, both with a £20% tolerance, which result
in a comparatively large spread in V. at 3V to 6V.
Output clipping of negative-going cycles will onset at
input signals greater than 10mV peak-to-peak for
higher emitter bias levels than 0.4V. Overall AC
voltage gain should be around 180.

The driver and output stages must be considered
as one unit, due to the feedback from output to input
via R5. Working conditions are as follows: Q4 must
have a base voltage of about +0.7V with respect to
ground, as this is its inherent Vg and its emitter is
connected to ground. This 0.7V must therefore be
impressed across the resistance formed by R4 and
VR3 in series, the current supply for which comes
from the output via R5. The same current must
therefore flow in R5 as in the base resistance of Q4
(R4, VR3) so the voltage drop across R5 must be 0.7V
multiplied by the ratio of R4+VR3 to R5. At the
output of our driver stage we want the quiescent
voltage to be midway between the supply rails (for
maximal output voltage swing in both directions). This
is 6V for a +12V supply rail. As the output end of
Rb rests at =6V, and as (R4, VR3) drops 0.7V, there
must be about 5.3V quiescent across R5. Under these
conditions, both Q6 and Q7 should just be
conducting.

The quiescent current through them is set by
adjusting VR1 to provide a variable stand-off voltage
across Q3 between the bases of Q6 and Q7. This
setup can be used for thermal compensation. The
Vge of Q6, Q7 and Q3 drop all with temperature rise,
so the ratio between them stays roughly the same if
all three transistors are at the same temperature. You
will find them all bolted to the same heatsink under
normal circumstances.

Q8 is an emitter-follower current amplifier. It
provides a unity gain voltage output which follows the
collector of Q2, but with a massive increase in current
availability. This is the same as saying it has a very high
input impedance and a very low output impedance.
Although in principle, Q2 could provide enough
current to supply the base of the driver (Q4), Q8 is
needed because otherwise the Q4 base resistor of
about 160R would work with R10 (1k5) as a potential
divider on the output of Q2. This would reduce our
hard-earned voltage gain by a factor of around 10.
This would nullify the effect of the second pre-amp
stage and give an overall gain of around 12. Asiit is,
from the point of view of the collector of Q2, Q8 looks
like very high value resistor in the lower half of the
potential divider, so the output signal is not
appreciably attenuated. C3 obviously isolates the bias
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voltage of Q4 base from the quiescent voltage of Q2
collector.

At first, it looks odd that the upper (NPN) tran-
sistor of the output push-pull pair (Q6) is driven in
Darlington configuration with Q5, and the lower tran-
sistor (PNP) Q7 is not. The Darlington is obviously a
means of enhancing the drive current to a transistor
with very low hgg (TIP31 hge 10-50). Q7 (TIP32) is
a matched complementary transistor with the same
range of hpg, so why doesn't it need a Darlington
drive as well? The answer is, it's got one. Q6 conducts
on positive-going half cycles, and requires a source
of current into its base (base more positive than
emitter) which it gets via Q5 and R6 from the positive
supply rail. Q7 conducts on negative-going half cycles
and requires a sink of current out of its base (base more
negative than emitter) which it gets via Q4 the driver
transistor. Q4 thus acts as the Darlington comrade of
Q7. Neat isn't it? Saves us a transistor!

Summing up on our power stage: there should
be +0.7V with respect to ground on the base of Q4,
+6V at the emitter junction of Q6, Q7, and between
about 1V and 1.2V between the bases of Q5 and Q7.
The last components to note are C4, which blocks the
otherwise heavy DC current from the emitters of Q6,
Q7 (at +6V) to ground through the load, and C5,
which acts as a bandwidth limiter for high frequencies
by shorting them to ground before they get amplified.
The system bandwidth limits are therefore defined at
the low end by the ratio of stage input capacitor
reactance to stage input impedance. The stage input
impedance is more or less the resistance of the upper
and lower resistors of the base bias potential divider
in parallel. At the frequency where the capacitor has
areactance equal to the stage input impedance, the
signal willbe —6dB. The upper limit of bandwidth is
defined by the ratio of C5 reactance to the sum of R1,

VRZ2. When both are equal, the input signal will be
—6dB.

Now you know what to look for, you can start
testing the amplifier. First, you need to check whether
anything is catastrophically blown up. The input
should be shorted to ground to eliminate stray pickup
(its OK because the input is AC coupled!), and the
power supply connected. With no output load, the
power is switched on. If your power supply has a
current meter, watch it like a hawk! If not, put a finger
across the power transistors and keep your nose in
shape. If, within no more than 15 seconds, you smell
something hot, or your finger feels warm switch the
power off. There is a major short circuit somewhere,
and you cannot test the amplifier any further under
power. Let’s assume this test proves good. The
amplifier draws a current of around 10to 15mA and
nothing gets hot. The next step uses the digital
multimeter to check for the DC potentials we worked
out. You can't use the AVO 8 here. Although it has
adequate resolution, it has a resistance of 20k on the
range needed to measure the pre-amp transistor base
potentials. This would spoil the readings as it would
be in parallel with about 10k (for example, R1+VR2).
We must work from the input forwards to the output,
and remember that the figures we calculated are
approximate. Tolerances of up to +20% are quite
likely, so we are working to less than 2 significant
digits. Don't take too much notice of the least
significant digits when using the digital meter. Of
course, all your readings should be rigorously
recorded. Make no adjustments now. Just record
what you find. One of the best ways is to write the
values in on a copy of the circuit diagram. This will
take a bit of time, so | will leave you doing it until next
month, when we will examine the results and consider
what is wrong with the amplifier.
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HART AUDIO KITS —

HART KITS give you tha opportumily to build the very
best engingerad hi-fi equipment there is, designed by the
leaders in their llald, using tha bast componenia that are available
With a HART KIT you have direc] access lo the friendly HART service, you
are not dealing through, or paying for, any middlemen.

Every HART KIT is ol just a new equipment acquisition but a valuable investment
in knowledge, giving you guided hands-on experience of modern eleclronic
lechiniques

Telephone or write for our FREE LISTS giving full delails of all our Kits, companents
and special offers Here are a few selected items

AUDIO DESIGN 80 WATl' POWER AMPLIFIER

i % S w@mnws i
ow>o<>»><<>»><<>w8 i g

L

This fantastic amplifier 1s the flagship of our range, and the ideal powerhouse
for your ultimate hi-fi system Featured on Lhe Ironl cover of lhe May 1ssue of
Electronics Today International’ this complete stereo power amplifier offers World
Class performance with the oplion of a slereo LED power meter and a versalile
passive fronl end giving switched inputs, volume and balance controts Tape, CD
players, or indeed any ‘flal’ inpul may therefore be directly connecled lo bypass
lone conlrols or give a ‘sland-alone’ facilily. The amplifier can also be supplied
in 'slave’ and ‘monobloc’ versions without the passive inpul stage and pawer metet.
Ali versions fit within the standard 420x 260x75mm case lo maich our 400 Series
Tuner range. ALL power supplies are slabilised, the heavy currenl supplies using
the same mosfet devices as the amplifer. The power supply, using a toroidal
transforer, is in fact a complete module contained wilhin a heavy gauge aluminium
chassis/heatsink and fitted wilh [EC mains input and outpul sockets, Al the circuitry
is on a proper prinled circuil wilh low-resislance blade connectors for the six
slabilised DC oulputs HART KITS don'l leave you lo fasten a few capacitors to
Ihe fioor of the main chassis and wire the power supply the hard way! Remember
withaHART KIT you get Ihe performance you want al Lhe price quoted through
proper engineering design and the right components. We do not insult your
inlelligence by offering a kit at whal seems a fair price and then tell you that you
have lo spend three times as much to get an upgraded model!

K1100 Complete Stereo Amplifier Kit with LED Power Meter and -input Passive
Stage Total cost of all parts is £418.88,

Our Discount Price for the Complete Kit £365,98

LINSLEY-HOOD 400 SERIES SUPER HIGH QUALITY
AMI/FM TUNER SYSTEM
This is the ideal companion tuner to the 80W Audio Design Amplifier in
any ultimate hi-fi system with case size, front plate layout and even control
pitches unified for stacking. Like the BOW Audio Dasign Amplifier iis is
your route to EK+ performanca for 2 few tenths of the cost! Two designs
bLJuhn Linsley Hood make up this combination of his ultra high guality
tuner and sterec decoder described in “Electronics Today
Imarnational” and the Synchrodyme AM receiver described n “Wireless
Wiorld". Novel cireult features in the FM saction include raady built pre-
u% nad front end, phase locked loop demodulatar with aresponse down
C and advanced sample and hold sterer decoder together making
a tuner which sounds better than the bast of the high-pricad exotica bul,
thanks to HART engineering, remaing very easy to bulld and set up, The
Synchrodyme seclion wilh s setectable bandwidth provides the best
possible resufts from Long and Medium wave channgals, so necessary
inthese daysof split programming, If you want the very bastin real Hi-Fi
listening then this is tha tuner far you, Since all components are salecled
by the designer to give (he very best sound this tuner is not cheap, bul
in terms of its shear sound quality it is incradible value for money. To cater
for all needs AM only and FM oniy versions are availabie as well as the
full AM/FM moded, with any unit being upgradable at any lime. Sorturther
details see our full llustratad lists
K400FM FM Only Version, total cost of all parts is £211.90

Our special Discount Price for complete Kit Only .. £169,52
K400AM/FM Full AM/FM version, Discount Price for
complete Kit ... ... ..o ... .£249.08

STUART TAPE RECORDER CIHCUITS

Complete stereo record, replay and bias circuit syslem for reel-to-reel
recorders. These circuils will give studio quality with a good tape deck
Separate sections for record and replay give oplimum performance and
allow a lhird head monitoring syslem to be used where the deck has this
fitted, Standard 250mV input and oulput levels. These circuits are idea!
lor bringing thal old valve tape recorder back tolife. Suitable stereo heads
are available at very reasonable prices

K900W Stereo Kit with Wound Coils and Twin Meter Drive £90.68
RJS1 Reprints of Original Descriptive Articles . £2.60

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complete record and replay circuits for very high quality low noise sterea
cassette recorder. Circuits are suitable for use with any high quality

KH100S Stereo Slave Version, with plain Front Plate . .,..£30943
K1100M ‘Monobloc’ mono version, with plain Fronl Plate £22415
RLH10 Reprinls of latest ‘Audio Design Amplifier’ articles ... £270
K1100CM HART Construclion Manual with ull parts lists £450
Reprints and construction manual can be purchased separately and their cost
credited against subsequent kit purchase.

All versions are supplied with dual primary mains transformers for use on 220/240v
or 110/115v mains Monobioc price does nof include the construction manual
SPECIAL OFFER extended until lhe end of February the K1100 kit will be supplied
with the new ALPS iow noise precision pots ai NO EXTRA CHARGE.

tte deck. Switched bias and equalisation to cater for chrome and
ferric tapes. Very versatile and easy to assemble on plug-in PCBs.
Complete with full instructions.

COm lete Stereo Record/PlayerKit . ...... .. . ....£5760
eterstosuit ... . .. .. . £3.99 each
RLH1 & 2 Reprints of Original Anticles 2,70

Our latest lists also give details of our ranges af spec ahsi mgn quamy
AUDIC GONNECI’D&S and LEADS, cassette decks and seasanal special
otfers. Write or telephone for your FREE copy. (Owersaas 2 IRCs please,
or 5 for Alrmail.)

YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-Fl ik auaurv nepuacement casserre neans

Do your tapes [ack trebie? A worn head could be the problem. Fitling one
of our replacement haads could restors periormance to batter than newl!
Standard inductances and mounting maks fitting easy on nearfy all
machines and our TO1 Test Cassetie helps you set the azimuth spot on

As we are the actual importers ymgelgnme pasts al lower prices, compare
our prices with other suppliars and =ee! All our heads are suitable for use
with any Dolby syslem and are normally available ex stock. We also stock
awide range of special heads for home construction and industrial users.

HS16 Sendust Alloy Stereo Head. High quality head with excellent
frequency response and hyperbolic face for good tape 10 head contacl
...................................... £17.86
HC40 NEW RANGE ngh Beta Pennallny Stereo head. Modern space
save design for easy fitling and [owe cost, Suitable for chrome metal and
ferric tapes, truly & head for hi-fl decks i piayers

and at an incradible price too! i it 65
HX100 Special Offer Stereo Permalloy Head . ... £2.86
HRP373 Downstream Monitor Stereo Combination Head .. £44.39

HQ551 4-Track Record & Play Permalloy Head for auto- reverse car
players or quadraphonic recording . £16.79

H524 Standard Erase Head i . £2.59
SM166 2/2 AC Erase Head, Standard Mount .., £12.60
HS9510 2/4 Stereo OC Erase Head ... . . . ... £8,70
HQT751E 4/4 AC Erase Head, tracks companble with HQ551 .. €57.06
We can supply card reader heads for OEMs at very keen pnces
REEL TO REEL HEADS

999R 2/4 Record/Ptay 110mH. Suits Stuart Tape Circuils ... £13.34
998E 2/4 Erase Head 1mH. Universal Mount. Suits Stuart .... £11.96

TAPE RECORDER CARE PRODUCTS

HART TC1 TEST CASSETTE Qur famous tnple purpose test cassette.

Sets tape azimuth, VU level and tape speed ... £5.36

DEMI Mains Powered Tape Head Demagnetiser, prevents noise on

pla ack due to residual head magnafisation ..., . £4.08
115 Electronic, Cassette Type, demagnetiser .. . £8.61

Our new WINTER '89 List is FREE. Send for your copy now. Overseas
customers welcome, please send 2 IRCs to cover surface post, or 5 lor
Airmail.

We now accept inland and overseas orders by post or telephone on all
Access/Masterchange and Visa credit cards.

Please add part cost of carriage and insurance as follows:
INLAND:

Orders up 16 £20 — £1; Orders over £20 — £2.50; Next day — €9,
OVERSEAS:

Plaase see the ordering information
with our lists

" QUALITY AUDIO KITS |
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24hr SALES LINE
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ALL PRICES INCLUDE VAT
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Quad Power Supply (April 1990)
In the parts list, [C2 should be 7905 and IC 4
should be 7912

Oscilloscope (February 1990)
TS2 should have 550 turns, giving 110V rms.

Motorcycle Intercom (January 1990)
D1-D12 should be IN4148

Wavemaker FG (January 1990)

R24 (82Kk) should be shown instead of the wire
link below R29 on the Component Overlay (Fig
2). R9 on the Circuit Diagram (Fig 1) should be
R31, and should be connected to the —12V
rail. The resistor connected to IC2a pin 4 on Fig
1 should be R9

And some we've printed before .

Navigate (April 1990

Fig: 1la Maximum/minimum signal captions

should be reversed,

Oscilloscope (February 199.03

Fig. 3. does not show the polarity of diodes

D105,6. The cathodes point up the page.
Diodes D304 is a 1N4148. Capacitors in the
deflection amplifiers pdsts list are incorrectly
numbered and sh’q’ €205, 206, 213 and
not C105, 106, 113. -

Text refers to inductors 1.203, 204; these
should be 1201, 202, Inductors L101. 102,

201, 202 are wound on 100k 0.5W resistors,
The value of R201 should be 820R. The PCB

track connecting RV301 to R313 should be
extended to the pad of link 17. The foil on page
6(}, for the motherboard isat 95% of full scale,

Eprom Emulator (February 1990)

Under the construction heading, the bracket
should include and read: so for example the
$0000-$1FFF and $8000-$9FEF blocks are an
illegal pair. The 18th line shotld read: Ifyou are
thinking of using non adjacent blocks. Fig. 5.
shows a fabel LK9, it should be LK3,

Motorcycle Intercom (January 1990}
On the circuit diagram, R2 and R6 should be
100k, nat 100R. Pins 1 & 5 of IC1 should not

be connected to earth. Pin 2 should be

connected directly to the junction 6f R2& 3 —
not to earth too, Capacitor €10 should be an
electrolyutic with positive uppermost. Junction
of R39 & 20 should be fabelled 12Vec. All

references to OV5 should read Y2Viec, On the
PCB overlay, R2 and R6 should be transposed.

Similarly, R8 & 9 should be transposed.

Low Voltage Alarm (January 1990]
Resistor R1, shown in the circuit diagram as
1k0. should be 4k7 as in the Parts List. Pins 9

& 11 of IC1 on the PCB should be linked. This -

is incorporated in PCBs from the ETI PCB
Setvice, . )

Virtuoso Power Amplifier (November
1989) : e

In the cireuit diagram: the base of Q49 should
qo to R46, and not R47. Bases of Q45, 43
should be eonnected. R44 should be 220k, .

PCB FOIL
PATTERNS

t L

Dark Room Timer

Fecko Box
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ELECTRONICS

TODAY INTERNATIONAL

-~

John Brasier
0442 66551 Ext 250

Send your requirements to:
ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.
Lineage: 50p Ter word (+ VAT) (minimum 15 words)
Display: (minimum 2 cms)

£13.50 per single column centimetre + VAT
Ring for information on series bookings/discounts.
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

Sem

FOR SALE

CAMBRIDGE COMPUTER SCIENCE LIMITED
10MByle Winchesiers, used 3manths wiy
525" Disk Drives, 80 Tk, 0SDD
525" Drive cases, room for dnve. psu and lan
Buy a case, Winchss(er and psu lageihsr fo
Small cases, (o 1 2 hall heighl 5 &5 drives
5.25" Disk Drives, 80Tk, DSOD, i, 1

(The €15 drives are soid on a st
525" Disks, DSDD, 48(pi. boxes ol 10 ... ... .. £3.00 /box
50WPSU 5V A, 12V25A -5V 05A —12V05A  £1600 sach
40W PSU, 5V 375A, 12V 1 A, -12V D 4A, cased

Wit anig!l swilih
m..lq PEU 30V i 5A. [imikad quantiiyonfy aé
CustChatn lead (BBC Micr o 2 Digk nrwes)
i (BB Micra to Disk Oriya
ICro

CC! 00 Esch
€10 00 sach

€10 00 anch
£45.00 saah
£4 00 each
£2 00 sach
£4 00 each
£3 50 sach
€4 50 all 4

a1 1 gl 100z chips)
‘T‘ PO /{‘Mrﬂ OMA£2 00

27‘3
151 180 157

2754 EPFOMS (Exaquipmsn) £1:00 asch
ZIBEFAOME. £2 50 4uch
ACME 3-50 gach

GG E
Hyto "{RMM el remove d ram salip
EI\EEI&B;’IIS{‘!M

xE-uU-\sl
110 apah
15 E3.00 esch -12 \:IlIIJun-I
apch

£3.00 such m 00 ot
W { £0.50 /10 ga00 ¢ IGIJ
4Dprr.|||uw L0 B0 |u:5‘o.lup
Haybzard, 10 bowd, LGD & micr T0.00 mact
cuqu iRk {rahsineTar 1 AR 0144, 12892
& 2A 9-0-9 2A £€400/1 £600/2 EB 0o0/3
V\den Tapes, E180 VHS 2 50 each
Smoke deteclors, small size i‘.7 00 sach
Smoke dslectors Jarge i escaps light and
pausa fealure . £13 00 each
Prices inciude poslage Add somoms VATllo mders below £500
i daA e legn wiiied Ad T Vi 08 pric

11 SAE Yor gur nldlrllll p M[ marg indo,
Dept E‘I'l 3’?4 Milton Road, Cambridge, CB4 18U
Tel: 0223 424602/0831 430495 (Pleass note mall arderanly)

INTRODUCTORY OFFER
assembled 4ch mic triggered
chaser, 7560w per channel, £17. Four
channel, eight programme chaser,
1000w per channel, £33. Both zero
voits. B.L. Lighting, Unit 2, Rear 1
Heath Street, Dartford, Kent DA1
2LD. P&P incl.

CALL
0442 66551
TO ADVERTISE

SURVEILLANCE

SURVEILLANCE &
COUNTER
SURVEILLANCE

EQUIPMENT

WE MANUFACT URE AND SUPPLY
TOP QUALITY
SURVEILLANCE
AND SECURITY
{ EQUIPMENT
iicfiding VHF Transmifers
Automatic Telephone
Recorders, Recording
Bneh:ases Bug

including microcassette recordans, mlcrophares
receivers, cassetles and batleries

CCTV AND SECURITY
SYSTEMS SPECIALISTS

Write or phene for a delailed catalogue to:

ESKAN ELECTRONICS LTD.

DEPT. ET, 172 CALEDONIAN ROAD, LONDON, N1

=071-278 1768 =

VERY SPECIAL OFFER
A & G ELECTRONICS LTD.
ELECTRONIC COMPONENTS MAIL ORDER COMPANY
Transistors, IC's, Diodes, Cables,
LED's, Capacitors, Transformers, &
Potentiometers, Speakers, Solar peCl_a ers
Chargers, Computer Disks,Video
Tapes, Test Gears, Aerosols, etc. 2
IN4148 .......... 2p =
IN4OOL ....cvvens 3p R
O UuF/16V... 4p “% =
100UF/25V ... 6p o So &
.gpin gg p{ug (}%0')_ ........ :.gp <>: B B8
. ~ ©
SEND £1 FOR YOUR CORY zsl"“JayDl;hué(mm) 39% g §"§ d _§
1 Park Avenue, Londoin Eo 25K 3.5 DS(DDhﬂkd'iSkayTDKem"""7op % ._E‘ :—g =
I'els 0.‘.'}--‘.&:. J‘?.‘\'r‘- 5 Fas: .u.-u-':lu ||.'.r most pnnter tibbors ex stock £ b E 3 g
B h 14 ~
fitey
CALL Please telephone for other items, s gos §
JOHN BRASIER and special offers 2323 <
ON Please add 25 p if order is under £2
0442 66551
EQUIPMENT PLANS SWITCHES
ELECTRONIC PLANS, laser VOICE/SOUND ACTIVATED

® Sestan X Musar Kis, up to
1000 inguls, B austiares, i
arsions for A, rwnrulng radlo \

disco £892  °

 Creuits for: noise ga(es

=

compressars, exciters, lape
machines, mixers.
 100mm faders, swilches WE REPAIR

© Send 40p lor calalogue AUDIO EQUIPMENT
Send 40p for catalogue to:

K. Tek, P.O. Box 172A, Surbiton,
Surrey KT6 6HN. Tel: 081-399 3990

MISCELLANEOUS

HEATHKIT U.K. Spares and service
centre. Cedar Electronics, Unit 12,
Station Drive, Bredon, Tewkesbury,
Glos. Tel: 0684-73127.

WANTED

designs, solarand wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

SWITCHES easytofollowdiagrams
and uses only £1.00. Components
and PC.B’savailable. Herrington, 63
Home Farm Rd, Hanwell, London
W7 INL.

PCB'S

Turn your surplus
transistors, ICs etc, into
cash. Immediate settiement.
We also welcome the
opportunity to quote for
complete factory clearance.
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.
NOW ESTABLISHED OVER 15 YEARS
Tel: 0945 584188
Fax Number: 0945 588844

Sample Our Quality With
AFREE
PRINTED CIRCUIT
BOARD
Single/Double Sided Circuits
or Plated Through Hole
Write to:

PAYNE ELECTROPRINT LTD
Marcus Road, Dunkeswell,
Nr Honiton, Devon EX14 ORA

TO ADVERTISE
INETI
CONTACT
JOHN BRASIER
ON
044266551
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PRINTED CIRCUIT BOARD de-
signs and elec/mech draughting.
For a fast efficient service, give us
a call on: 081-443 1381.

KITS

NEW VHF MICROTRANSMITTER
kit, tuneable 80-115MHz, 500 metre
range, sensitive electret micro-
phone, high quality PCB. SPECIAL
OFFER complete kit ONLY €5,
assembled and ready to use £8.95
post free. Access/Visa orders tele-
phone 021-411 1821. Cheques/PO's
to: Quantek Electronics Ltd, (Dept
ETI), 45a Station Road, Northneld

Birmingham B31 3TE.
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Courses

hame:study course can
fifel [CS has over 90 ¢
school In the werld. You

Py
xperience in hom
Earm at your own

MAKE YOUR INTERESTS PAY!

Mare than 8 million students throughotu the world have found |t warth their whilel An 1CS

g2t 3 better job, make more money and have mare fun out of
dy courses and Is the largest correspondence
t d pace, when and where you want under the guldance
of expert ‘personal’ tutors. Find out how we can help YOU, Postor phone today for your FREE

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

5 (24 hirs | Gopt EBSA0
R SAMNGE

—

:#:koo::ﬂﬂhn":la??:ll’ﬂci( on the course of your chalce. 0626 779398 (Ref: ETI 6/90)
e L lelecomms
: — | Radio, Audio
[ [secvons a[E. o| ¥ Name______ Tech C&G 271
| | Basic Electronic Radic Amateur Licence l O Radio Amateur
Engineering (City & Guilds} O | Exam (City & Guilds) 0o = — Licence C&G
I Electriczl Engineering 0 | Car Mechanics =} I o Micro
Electrical Cantracting! Computer — = S
| Installation U . ngf;mmmg & | pl"OCESS-OI'
GCE over 400" and ‘A’ level subjects 0 N | = In-};?;l‘::g;:}onn to
l I' :s Address ————P.Code ‘ Radio & Telecommunications Correspondence School
In = U234 High 21, Sution, Sumsy SM1 PR

12 Moor View Drive, Teignmouth, Devon TQ14 9UN

EDINBURGH

[OMNI ELECTRONICS |

stock a wide range of eleclronic components at

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Fri 8am-6pm, Sal 9am-5pm
Send 2x18p stamps for |alest catalogue.

CRICHLEHBOD
ELECTRONICS

One of the larges| component retailers in Ihe UK. Fasl and efficienl,
same day personal service on ‘IN STOCK ITEMS'. Very compelalive
prices. Nominimum order. Cail Cricklewood Electronics now:

40 CRICKLEWOOD BROADWAY, LONDONNW2 3ET
Tel: 081-450 0995/452 0161

' RETAIL OUTLETS

ELECTRONIC COMPONENTS
are best seen at
FRASER ELECTRONICS
42 ELM GROVE « SOUTHSEA « HANTS
Telephone (0705) 815584
Barclaycard Access
COME AND BROWSE BEFORE YOU BUY

FOR MORE INFORMATION
ON SERIES DISCOUNTS
CONTACT
JOHN BRASIER ON
0442 66551

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

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 081-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

- >0 -0O0OMmMrm

SOUTHAMPTON

DIVERSE DEVICES

75 Priory Rd, Southampton
Components, Technical Miscellany

Tel: (0703) 584680
Open 1.00-5.30; Sat 9.30-4.30

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Qurterms for new advertisers (semi-display and
lineage) are strictly pro-forma payments until
satisfactory reference canbe taken up (excluding
recognised advertising agencies) Cheques and
PO!s should be crossed and made payable to
ARGUS SPECIALIST PUBLICATIONS and sent
together with the advertisements to:

The Classified Dept.,

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST

There are no reimbursements for cancellations.
Advertisements arriving too late for a particular
issue willbeinserted inthe followingissue unless
accompanied by instructions tothe contrary. Itis
the responsibility of the advertiser to ensure that
the first insertion of every series is published
correctly, and corrections must be notifiedintime
for the second insertion, otherwise the pub-
lishers will not accept liability or offer any

reduction in charges.
Ali advertising sales are subject to Government
Regulations concerning VAT. Advertisers are
responsible for complying with the various legal
requirements in force eg. The Trade Description
Act, Sex Discrimination Act & the Business

Advertisements (Disclosure) Order 1977.
Full Terms & Conditions of Advertising
available on request.

- I >P=0TI-0MmMME M
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r_Please supply P9005-1

66

ET

Panel Engraving Service

Now youcan give your projects amore professional finish by using the
ETIFront panel service. If you have difficulty with drilling clean holes
and producing good quality labels for your treasured projects then
this service is a must for you. We will supply complete front panels for
selected projects featured in ETI in a variety of base colours and
coloured type according to your choice. The material used is a tough
laminated plastic of extremely durable quality. It can be used as a glue
on front-piece to a metal back plate or even as a front panel in its own
right, the decision is yours. We believe the prices quoted are extremely
good value for money and indeed hard to beat.

All you do is fill in the coupon stating clearly the code number, your
name and address and your remittance made payable to: AS.P.
Reader Services.

For the choice of colour you must add two letters to the end of the
code. They are these: BW — Black panel, white lettering, RW — Red
panel, white lettering, WB — White panel, black lettering, WR —
White panel, red lettering.

The ultimate in personal service must be to offer a front panel made to
your design requirements and this does not have to be limited to
electronic projects. It could be a design for a clockface, a door-panel
insignia, even your own logo, Now we can offer that facility too. Send
us by letter or Fax, a neat dimensioned millimetre drawing of your
panel design and we will be happy to give you a quote for a coloured
front panel. On acceptance of the quote just send in the artwork and
we'll do the rest. There’s a minimum charge of £10.00 + VAT for this
custom service but we reckon it's worth it.

Here are some recent popular projects to start this brand new service
on its way, the prices are inclusive of VAT and postage and packing:

P9005-1 The Business Bass Amp  £16.95
P9003-1 Superscope CRT Panel £ 3.95
P9003-2  Superscope X shift Panel £ 2.95
P9003-3 Superscope T/base £ 495
P9003-4 Superscope Y1 Input £ 4.00
P9003-5 Superscope Y2 Input £ 4.00
P9003-6 Superscope All 5 boards £17.95
P9001-1 Wavemaker FG £ 5.00
P8910-1 Multimeter £ 595

TELEPHONE ORDERS

EN 044266551 =

ETI Reader Services, Argus House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST

Next month, we've got a whole lot of interesting projects for
you. We've got a guitar headphone amp to let you practice
without disturbing everbody else in the house, and a new digital
frequency meter. And if you have problems making difficult
decisions, then our Decision Maker project may be just what
you're looking for.

We'll be continuing our series on testing with some more
about solving real problems, and a project to build a transistor
tester. We'll also be featuring the second part of our series on
the functions and uses of diodes, and we'll be looking at the
problem of extracting signals from noise

Could wind farms become features of our landscape? In
the July issue, we take a look at the technology and practical
implications of harvesting wind energy.

Our Audio section will bring you the latest news and
reviews of audio technology, and we also review the Tsien Board
Maker, the computerised PCB design system..

Don't miss the July issue of ETI. The magazine will be on
the streets from 1st June.

The above articles are in preparation but circumstances may prevent publication

1

Colour Qty @ £16.9
"Please supply P9003-1 Colour Qty @£ 395 |
Please supply P9003-2 Colour Qty @£ 295
Please supply P9003-3  Colour Qty @EL 495 |
Please supply P9003-4 Colour Qty @£ 4.00
Please supply P9003-5 Colour Qty @£ 4.00
Please supply P2003-6  Colour Qty @ £17.95 I
Please supply P9001-1 Colour Oty wg 500
Please supply P8910-1 Colour Oty @BL 595 |
Cheques/P.O. payable to A.S.P. or debit my Access/Visa I
LIT LT T T T T T T T TTT7 ] potas '

Signature
Name
Address I

ETI Reader Services, Argus House, Boundary Way,
Hemel Hempstead, Herts, HP2 7ST

LAST MONTH

In May, we launched our new audio section, and full colour
centre pages. We completed the Business Bass Amp, and
eatured a project for a compact active speaker. We investigated
a system for cutting fuel bills in commercial buildings, and
presented a project for cutting phone bills. We gave you the final
part of our series on radio, and reviewed two graphic equalisers.
We also looked at the political and economic future of cable TV,
and at how to take out one patent for several European
countries.

If you missed the May issue, a limited number of back
copies are available from Select Subscriptions (address on
contents page)

ADVERTISERS’ INDEX

BK ELECTRONICS..........ccocccnmue. IFC  MAPLIN ELECTRONICS............. 08C
CIRKIT HOLDINGS.............0ccrvrecrrn 8 MERLIN SYSTEMS.......c..cornnn, 43
CRICKLEWOOD ELECTRONICS.... 27 NUMBER ONE SYSTEMS........... 15
CRICKLEWOOD ELECTRONICS.... 45 RACKZ PRODUCTS............con..... 43

DISPLAY ELECTRONICS RADIO & TV COMPONENTS ........ 24

ELECTRONIZE DESIGN RISCOMP

GREENBANK ELECTRONICS........ 49 STEWARTS OF READING
HART ELECTRONICS.............c..... 61 SUMA DESIGNS
HENRYS AUDIO ........ooovccvvcrnns 11 TKELECTRONICS

J & NBULL ELECTRICAL ............. 23 TSIEN UKLTD

LAB CENTRE ..........oovcccmirirnrnn 57 WILMSLOW AUDIO
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BOARDMAKER 1 is £195 plus carr. & VAT
BOARDMAKER 2 is £295 plus carr. & VAT

SEETTCRST] [ ETTA TSIEN (UK) Lid's vigorous development policy has produced

X Ultra fast Redraw BOARDMAKER 2, with all the excellent facilities and features of
Easy to use BOARDMAKER 1 supplemented by full Netlist capability. This =
WYSIWYG display means that netlists generated by schematic capture (OrCAD,Schema =
10 Circuit Layers I etc), by hand or generated within BOARDMAKER?’s ratsnest editor |
Net highlighting can be used to assist and check routing. The major benefits of this

¢ Design Rule Checking : . S
Sartice Mount are much quicker routing and getting it right first time.

Mouse/menu or keys P ; g .
CGA EGA VGA & HGA fBO.,lbl‘BDMAKEF? 2 Tamta'llnslTSE’: sdphl!osophy (l)(f mgklng powerful
% Matrix Printer O/P acilities immediately available to the designer by keeping them

Laser Printer O/P logical, visual and easy to use. This unique collection of tools for just |

NC Drill Output £295 outstrips those on many packages that have commanded a =
« Photoplot Output higher price.

360 page manual

Schematic Drawing Full upward compatibility from BOARDMAKER 1 to BOARDMAKER
¢ Library Editor 2 allows current users to make a painless move to a more powerful

¢ Auto via placement system. Non supported BOARDMAKER 1 users will be able to
Fully Integrated rade
¢ Hotline Support upg '

Autoroute in 1990

Tsien (UK) Limited
Cambridge Research Labs.
181 Huntingdon Road

Cambridge

%%3(?2%% 277777 -
el.

Fax 0223 276444 i

Send for your FREE demonstration disk now




Nt justan qualiser it's
THE EQUALISER!

ere are some of the things ETI

have to say about the Maplin

Computer Memory Graphic Equaliser/
Spectrum Analyser . . .

‘THIS UNIT IS STREETS AHEAD OF SIMPLE
EQUALISERS'. . .
‘THE MAPLIN EQUALISER IS A TREAT TO USE
AND (DARE | SAY IT) TO PLAY WITH' . . .
‘THE MAPLIN EQUALISER PROVES TRULY SUPERB'. . .

If you are looking for an equaliser, look for THE EQUALISER,
from MAPLIN ELECTRONICS.

ORDER CEQ30. .TOP QUALITY VALUE FOR ONLY £199.95 (+75p p&p).

V/EVIAE Jﬁ_;_, ELECTRONlCS

CREDIT CARD HOTLINE

PHONE BEFORE
5pm FOR SAME
DAY DESPATCH

0702 5541 61

Item is subject to availability, price includes VAT
Mail Order to: P.O. Box 3, Rayleigh, Essex, SS6 8LR.

FOR A FRIENDLY WELCOME AND THE BEST OF SERVICE, VISIT OUR SHOPS IN  BIRMINGHAM,
BRISTOL, LEEDS, LONDON, (EDGWARE AND HAMMERSMITH), MANCHESTER, NEWCASTLE-
UPON-TYNE, NOTTINGHAM, READING, SOUTHAMPTON AND SOUTHEND-ON-SEA
Price may change after 1st May 1990




