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

OMP POWER AMPLIFIER MODULES EEETEEEL Z T ELERTE

OMP POWER AMPLIFIER MODULES now enjoy a world-wide reputation for quality, reliabilty and
performance al a realistic price. Four models available lo suil the needs of Lhe professional and hobby market, 1., Industry,
Leisure, Instrumental and Hi-Fi elc. When comparing prices, NOTE all models include Toroidal power supply, Integral heat sink,
Glass fibre P.C B, and Drive circuits lo power compalible Vu meter. Open and short circuit proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
R.M.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 watts RM.S.
into 4 ghms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor, =300, Slew Rate 45V/uS,
T.H.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R.
—1250B. Size 300 x 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200 watts R.M.S,
into 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor >>300, Slew Rate 50V/u$,
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,
T.H.D. Typical 0.0008%, Input Sensitivity 500mV,
S.N.R. —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 lour amplifiers detailed above, A very accurate visual
display employing 11 L.E.D. diodes (7 green, 4 red) plus an additional on/off indicator.
Sophislicated logic control circuits for very fast rise and decay times. Tough moulded plastic
case, with tinted acrylic front. Size 84 x 27 x 45mm

# PRICE £8.50 + 50p P&P.

OMP VARISPEED TURNTABLE CHASSIS

OPTIONAL MAGNETIC CARTRIDGES

HIGH

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.

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

ALL McKENZIE UNITS 8 OHMS IMPEDENCE
8" 100 WATT CB100GPM GEN. PURPOSE, LEAD GUITAR EXCELLENT MID.. DISCO.
RES, FREQ, 80Hz FREQ, RESF, TO 14KHz. SENS, 99d PRICE £29.30 + £2.00 P&P
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD DISCO EXCELLENT MID.
RES, FREQ, 70Hz. FREQ, RESP, TO6KHz. SENS, 100d8 RICE £35.58 + £2.50 P&P
10" 200 WATT CNZDDGP GUITAR KEYBOARD, DISCO, EXCELLENT HIGH POWER MID.
RES, FREQ, 45Hz FREQ, RESP, TO 7KHz. SENS, 103d8 RICE £48.67 + £2.50 P&P
127 100 WATT (:121ODGP HIGH POWER GEN, PURPOSE LEAD GUITAH DISCO.
RES, FREQ, 45Hz. FREQ, RESP, T() 7TKHz. SENS, 98d8. PRICE £37.59 + £3.50 P&P
127 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE HESPONSE P A., VOICE, DISCO.
RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz. SENS, 100d8, RICE £38.58 + £3.50 P&P
127 200 WATT C12200B HIGH POWER BASS5, KEYBOARDS, DISCO, P. A
RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz, SENS 10048, . PRICE £65. 79+ £3.50 P&P
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR, KEYBOAHDS DISCO, ETC.
RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz, SENS, 100dB. . RICE £87.51 + £3.50 P&P
15" 100 WATT C15100BS BASS GUITAR, LOW FF{EOUENCY PA, DISCO
RES, FREQ, 40Hz. FREQ. RESP, TOS5KHz. SENS, 9 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.
RAES, FREQ, 40Hz. FREQ. RESP, TO 4KHz. SENS, 99dB. PRICE £82.54 + £4.50 P&P
15" 400 WATT C154008S VERY HIGH POWER, LOW FREQUENCY BASS
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS 102dB RICE £96.47 + £4.50 P&P
18" 400 WATT 01340455 EXTREMELY HIGH POWER LOW FHEQUENCY BASS.
RES, FREQ, 27Hz, FREQ, RESP, TO3KHz SENS,99dB. ., . PRICE £172.06 + £5.00 P&P
EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC.
ALL EARBENDER UNITS B OHMS /Fxoapi E56-50 4 EB10-50 which are dual impedence lapped (@ 4 & ohm }
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR
RES, FREQ, 40Hz. FREQ, RESP, TO7KHz SENS, 37dB 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, TO 5KHz SENS 99dB. .. PRICE £12,00 + £2.50 P&P
10" 100 WATT EB10-100 BASS, HI-FI, STUDIO
RES, FREQ, 35Hz FREQ, RESP, TO3KHz. SENS,86dB. ., . PRICE £27.76 + £3.50 P&P
12’ 60 WATT EB12-60 BASS, HI-FI, STUDIO
RES, FREQ, 28Hz FREQ, RESP, TO3KHz SENS,92dB. .. ... ... .. PRICE£21.00 + £3.00 P&P
12" 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. X
RES, FREQ, 26Hz. FREQ, HESP TO3KHz SENS 3dB. PRICE £38.75 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5%" 60 WATT EB5-60TC (TWIN CONE) HI-F}, MULTI-ARRAY DISCO ETC
RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS 92dB. ... PRICE £9.99 + £1.50 P&P
6% 60 WATT EB6-60TC {TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS 4dB. ... PRICE £10.99 + £1.50 P&P
9" 60 WATT EB8-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES, FREQ, 40Hz. FREQ, RESP, TO 18KHz. SENS PRICE£12.89 + £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

PIEZO ELECTRIC TWEETERS-MOTOROLA

STEREO DISCO MIX

TRANSMITTER HOBBY KITS

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

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
FIA MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT, PRICE
£8.62 + £1.00 PAP
=R

3 watt FM
Transmitter

POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES, GOVT BODIES, ETC. PRICES INCLUSIVE OF VAT SALES COUNTER,
VISAACCESS ACCEPTED BY POST, PHONE OR FAX

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

AW e STEEL CHASSIS # ELECTRONIC SPEED CON-
* #3 PITCH CONTROL * HIGH TORQUE SERVO
"G * ‘-AN.SFFSCHEWS W 12" DIE CASTPLATTER %

CACBRATED BAL WEIGHT % REMOVABLE HEAD
DGE FAINGS % CUELEVER % POWER 220240V
57 & SUPPLED WITH MOUNTING CUT-QUT

PRICE £59.99 + £3.50 P&P.

STANTON ALS500
PRICE £16.99 = 50p P&P

OMP MOS-FET POWER AMPLIFIERS.
POWER. TWO CHANNEL 19 INCH RACK

GOLDRING G850
PRICE £6.99 — 50p P&P

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

NEW MXF SERIES OF POWER AMPLIIERS
THREE MODELS:— MXF200 (100w + 100w)
MXF400 (200w + 200w) MXF600 (300w + 300w)
All power ratings R.M S. into 4 ohms

FEATURES: * independent power supplies with two Toroidal Transformers « Tam _Z2 w0
indended level controls * llluminaled on/off switch  XLR connectors * S=ncars T3 rp. s + Jpen and short
circuil proof  Latest Mos-Fets for stress free power delivery mnio vy 3my cac = =g sew 2t  Very low
SRecon.

ers * Rotary

distortion * Aluminium cases * MXF600 Fan Cooked with D.C. Loucsoeaner arc Te—a

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, D¢SCOS ETC.

SIZES:— MXF 200 W19"xH3%" (2U) - D11°

MXF 400 W19™xH5%" (3U) - D12

MXF 600 W19" ~HS5™«" (3U) - D13

MXF200 £171.35

PRICES: MXF400 £228 85

MXF600 Ezzzoo
SECURICOR D= ==~ oE :

OMP LINNET LOUDSPEAKERS

THE VERY BEST M QUL T AT WRLIE

INCARSTEREO
BOOSTER AMPLIFIER

R AMPLIFIERS

NTO 4 OHMS
INTO 4 OHMS

POWER RATINGS QUOTES N WATTS SIS =0F TAC- CAdME™
OMP 12-100 (100W 100cB: PRICE 5= 38 == SAF
OMP 12-200 (200W 102dB) PFRICE 206 3¢ == ~AF

SECURICOR DEL — T72.0C PC1 =4F

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution The tow & W TESS 10 VIRSE D)
response with a lower distortion leve ORAneTy JmET
be added to existing speaker systems of up o 100 w==s wo=
SUPPLIED WITH EACH TWEETER TYPE ‘A (KSNmsA, B
mesh  igea! for bockane
speakers. Price £4.90 sach
TYPE 'B’ (KSN10CSA) 3
purpose speaks
£5.99 each 4 5
TYPE'C' (KSNI 15A]._ x 57 wide dispers
guality Hi-fi systems and quaiy dscos e 91:1 =
each + 50p P&P

TYPE ‘D' (KSN10254) 2«
Upper frequenc FESDONSE ¢
mid range (2KHz
and guality desc P-\cliﬁiﬁ-::' =5
TYPE'E’ [KSH!GGSA T o e e
silver finish = SuEDe ™ - oDy SWSETE TT
Price £5.99 each - 3ic =&~

LEVEL CONTROL Z-rmomes I7 F Brmsset 7o g
plate. weve <rm I e oL @ sozwel
85x BSmr— Price 238 — 3Ir %

J'—a_wemrmmi

STEREO DISCO MIXER with 2 » 5banc
graphic equalisers and twin 10 segme=s
Vu Meters. Many outstanding festurss
with individual faders proviging 2
hination of the following —

F _:

tor. Pan Pot L. & R
Output 775mV_ Size 360 <280+ A= - Suoow
220-240v

Price £134.99 — £4 00 P&P
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“SUMMER SALE"

WE HAVE THE WIDE!
LOSCOoP
TEKTRONIX 475 Dual Trace 200MHZ Delay Sweep £550

Inferak 1

= TEKTRONIX 465 Dual Trace 100MHZ Delay Sweep £400
B gy SCILLOBCOPE 2236 DualTrage IWOWNZ. | GOULD0S1100 Dual Trace 3ONHZ TV Tig £180
OB CbE PhAir Dl ot SOMHE Doy COSSOR CDUIS0 Dusl Tacs SSHZ Dl
£425 IromE100-£150
TELEGOPMENT Gt CurvoTao 75 y
EWS ,mm monfn Qf_‘:“é’m T?,',f:wa“u‘wm’z £250 | JARCONI TF2505 AF Millvolmete 50KHZ15GHZ; 4
7 Delay Swoen. Tig £400 |  AMVVFSD e Bare Board &
o B e e osr sty | MARCONITF2430 DigialFreg Counter 10HZ 80MHZ S

D 053000 Dui raca AOMHZ Diiay Sweeg 11 T €278 | MARCONI AF Powar Moler TF893A 20HZ-35KHZ; 20my-10W 313 £17.50
25W,

?gquumgmm sl Trace S0MHZ Delay Swesp ¢275 | MARCONIRF Power Meter TF1152/1 DC-500MHZ 0.5-25!

50 0hm (plus postage and VA
gguﬁam‘&?;%::gs‘m?WT g% FARNELL FJIneGE_nsralmSyslsm1HZ10MHZSm elDouble 1:40 P 9 T) [l
MLIPSPMaeaaDunanqm_mMsz in €150 HI;DLOSHL\J/I%:IA?JN . Ve meter Dual Chan 10HZ-500KH: - nL
%gli};’ﬁ%?}a&’ﬁ?g" L?kwvgrhl AAILABLE 180 SOL}A‘TD?N%I:ZEIAS Mullimeler 4 5 digit LED 30 ranges
= (P&P £7) £95
TEKTRONIX 2215 Dual Traco 60z Sweop i i i 1 1]
Doy, s, oo e o ey "L SINGLE BOARD COMPUTER ‘‘SBC-1
POUGh ... only £500 Batleries & operalion inslruclions £20 A computer doesn't have to look like you'd expect a computer to look.
h‘i”"““lﬁ%‘““’“‘ éD-aaOMHZ Sip G win TF217 ;;:usg B olol L O aE It doesn't have to have a keyboard and a screen and floppy disks and
RCOMI TF2015 without Synchronises patterns (P&P £4) only£25 so on.
MARCONI TE2018 AMFM wil
TF2173 <5809 | | EVELL TMSB AC Microvolmeter HZAMFHZSuUS00v 860 The SBC-1 has the bare minimum of chips a Z80 computer can have
MARCDN ‘I'Fi'mb mﬂmul Svncarwmr TF. " F
MARCONI MO 1,:305,...,,“ ;m LEVELL TM3B AC Microvillmater 1HZ 3MHZ, Suv-500v £40 and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
RHOSPABI FTe2 Ratard fs LEVELL Oscilalor T&152 GHZ J00KKZ SinelSa (e to 32K), a static RAM chip (up to 32K) and ir of 8255A 1/O (input
Lo ot S tama s o | (SE SR T S D e g, (inpu
3000 LEVELL Oscilalor TG350DM 1 SHZ150KZ Sin ave output) chips giving 48 |n¢1|V|duaI lines to waggle up and down. There
mmﬁm&g;mwmrmml §:g Distortion mEds are one or two additional “‘glue” chips included, but these are simple
Bricie Baltesy FARNELL Ths FlFMlIIquunelsISOKH(ZwG};’Z im0y 60 741" or “HC" parts.
type 3300A TTI . . . .
TEXTRONK Syt a2 20 120 MANY MORE [TEMS AT RIDICULOUS PRICES —Lis available A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
SYSTRON DON mBEenWDHZ!EHZ €12 etc) are used — and thus there are no secrets. The ZB0A is the fastest
Ao o 5..5"%::% U824GHz £ HAMEG OSCILLOSCOPE HMIOES Tl Tscs 00UHZ Dolay (a:rr:gabzsgt?gga‘bhshed of all the 8-bit microprocessors — possibly the
pg;_aaAR 'F m‘%mﬂg;&m Freq :00 gAMEG OSCILLOSCOPE HM 604 Dual Trace S0MHZ Delay P '_ . I .
ngaun X m"rfé?&%gm;;:awmm 50 e OSOLLOSCOPE HUZD35 Dl TacoZ0MHZ Although no serial interface is included, it is easy for a ZBOA to waggle
Component Teste .£314 one bit up or down at the appropriate rate — the cost is a few pence
Deubier 1505 10-1350HZ £750 pon: C p
TFANOIE 2080 Loge s 0T 6 e = g@MEG OSC“-'-OSCOFE“WOSSD”S‘ Trace 20MHZ Digill D worth of code inthe program: why buy hardware when software will do?
THURLBY P! Twica. Ousd Moda Digital Allouner ] ied with 2 probes Applicati i ieod i H : P
om0 pplications already identified include: Magnetic Card reader, mini
FEEDBACK FEGH06 5/ Fuenetion Ga DO TV, i i i 1 i
T e A Fire | BLACK STAR EQUIPMENT (PaP all units 5) prlntelr'lr;terfface. ggnter buffer, p.l:Sh button key%ad, LCD alphanumeric
LABGEAR CROSSHATCH GENERATOR Type CM6038.08 APOLLO10~100MHZCounlevT\merHatlolPenolelme Inlervg\22 pang. n e; ace, -zolne SSCUfIdy system, mo( enrﬁ'meggce for auto
Crasshalch Grey Seais Blank Raster, Mains or sending of security alarms, code converter (eg keyboard
BATT 2{P! APOLLO 100 — 100MHZ (As above with more functions) £295 L . M L
mdo;aﬁpﬁ%ﬁ% o soe - mg&SE;%‘.;EEE%ﬁ%’#f%%‘J%EE ootz ! sios codes to rﬁgul_ar IASCII!),.rea_I time clock (with plug in module),
"NCE{S\:E'S?EM 130K 220N sas paben METEOR 1000FREQUENCY CONTER Kz 2178 ;utc;r.nat; °'::°u t“': '"c'jg;;g: g;“:]"t’:er' L
ICRAOVITEX WB MONITOR 14 COLOU £30 | WL 5 - isabling the on-boar - is card will plug into
FERNELL G13800 SOLATING TRANE-ORMER SinaiSa/Ti . ) £110 e e i 8 R
240V in-240V oul 500VA' Cased with lead and ORION COLOUR BAR GENERATOR Pai/TV/Video £209 ntera us disk-Dased deveiopment systems, so IT you
psocket {P&P £7) only €45 each | All other Black Star Equipment available don't fancy hand-assembling Z80 machine code you don't have to!
2amps lmmm(PAPiS)samps from £30 [PAP£T) . . _ A
VARIOUSBENCH PSUs — Please Enquire | HUNG CHANG DMM 7030 3% digt Hand held 26 angesincluding The idea is (if you are a manufacturer) you buy just one
10AmPAC/DC 0.1% Acc (P&P £4) £39.50 development system and then turn out the cheap SBC-1
Pt o oe £on SED] systems by the hundred. If you are really lazy we can write
Vurwﬁllwammﬂﬁmﬂoﬁ ;:L:;Ir::;r;d ﬁfﬁf' Tipa the program for you and assemble the SBC-1 cards so
iy £5(pap 3 | OBCILLOSCOPE PROBES Bwichabie af, 116 (PAR LI N you can get on with manufacturing your product,
'P"“"‘—“""W“"‘F‘*""'""’ Warials, sLpoied || posson leaving all your control problems to us.

Equl
TnlnquRYSMaL\ SAMPLE (0F STOCK. SAE o Talaphone lor lsts. Pledsa ohecs avadaniiey wafure ardenng
CARRIAGE all units £25 VAT to tarnddad 1o Tatal of Goadn & Carrlige
Greenbank

STEWARTS OF READING @ For more details write or phone us:

* 110 WYKEHAM ROAD, READING, BERKS RG6 1PL i
TeI 073468041, Fax; 0734351696, Callers welcome Sam-530pm Mon-Fri (until 8pm Thurs) g‘l;ecekn'?earr:ly(’ Ellsl((:et:l%r::tsi’ h?I:Fr)st’ey(IglseEl).hg g%g e%cgsef.tse;sg%gq’

CRICHLEWDOD
ELECTROMNICS

BIGGER COMPONENT -
AND BETTER 199 CATALOGUE

® ONE OF THE LARGEST RANGES OF COMPONENTS IN THE UK

® FAST AND EFFICIENT SAME DAY PERSONAL SERVICE

® VERY COMPETITIVE PRICES; QUANTITY DISCOUNTS AVAILABLE . CRICKLEWOOD ELECTRONICS
® DISCOUNT VOUCHERS INCLUDED 1990 COMPONENTS CATALOGUE

® NO MINIMUM ORDER

PLEASE SENIY ..civieivaniton COPIES OF THE 1990
FILL IN THE COUPON AND POST IT WITH YOUR CHEQUE, PO ETC  -| CRICKLEWOOD ELECTRONICS CATALOGUE AT
FOR £1.50 TO RECEIVE YOUR 1990 CRICKLEWOOD ELECTRONICS £1,50 TO:
CATALOGUE INAME o s e snii st s st e e sias asis
ADDRESS .ottt tee e enereesesereera e

Cricklewood EleCtI'OI].iCS Ltd ..................................................................
40 CRICK[EWOOD BROADWAY’ LONDON, Nw2 SET e L TR S B B SR R R B e A S R e A F L R i
Tel: 081-450 0995/452 0161 e
Fax: 081-208 1441 Telex: 914977 Remittance enclosed £
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Electric Eye
Technology can now give blind
people easier access to written
information. Helen Oughton
reports.
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Modern Diode
Circuits 3

Ray Marston's series continues
with a look at zener diodes.

23

Temperature
Controller

Ifthe summer heatistoo much
for you, try this project from
Geoffrey Heys.

26

Constant
Current Sources
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rent? David Nightingale sug-
gests some circuit ideas.
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Freeman explains the environ-
mental and financial difficulties.
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SY77
Music Synthesis

Mike Barnes introduces
Yamaha's SY77 synthesiser,
and explains its capabilities.
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FM Generator
This reliable and accurate pro-
ject from L Boullart will allow
you to allign your FM tuner
without problems.
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Stereo Decoder
Update

John Linsley Hood updates the
‘sample and hold’ stereo de-
coder, featured in ETIin 1987.

What A Messe
Darrin Williamson reports from
the Frankfurt Musik Messe
1990.
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Mike Barwise helps you locate
the problem on that faulty amp.
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Steve Bateson constructs this
high performance meter.
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READ\WRITE

ETI

LETTERS

New Supplier For Tweeters i}

am particularly interested in
building your Micro Monitor
Speakers featured in Top Projects
1989, but I am having difficulty in
tracing the supplier of the tweeters
used. The supplier quoted is
Electromail, and the part number
is 249-435, but | can find no
address for this company. [ would
very much appreciate it if you
could tell me where [ may obtain
these tweeters.

Alternatively, what other
tweeters would be suitable for this
application, and are available
from another supplier (eg. Map-
lin). The quoted characteristics of
the tweeters used are a flat
response from 3-20kHz, ampli-
tude variations kept within a few
dB, and good sensitivity along

with wide dispersion capability.
RA Phimister
Wigan, Lancashire.

Electromail are the mail order
outlet for RS Components. You
can contact them at PO Box 33,
Corby, Northants, NN17 9EL.
Telephone 0536 204555.
However. . .

Unfortunately, Electromail
no longer supply the tweeters
used in the Micro Monitor
Speakers project.

The tweeters can instead be
obtained from Maplin Electronics,
PO Box 3, Rayleigh, Essex, SS6
8LR. Telephone 0702 554161.
The part number for the tweeters
is FD94C.

Non-Howling Mike SN

For months now, I have been
hunting through magazines
and library books for information
on Public Address Systems which
will give me some idea as to how
‘Howl Back’ can be eliminated.

When | went to the Adelphi
Theatre to see Starlight Express
the sound output must have been
hundreds of watts (for me it was
unbearable) and yet there was no
‘Howl Back’. The performers ap-
peared to be wearing radio mikes
and yet those mikes seemed not
to pick up any of the sound which
filled the building.

How is it done?

I wondered if a bucket-
brigade delay line in the circuit
would put the sound so out-of-
phase that the trouble would be

overcome. [s this a way out?

I would be most grateful for
somebody to be able to tell me
how to do it. I am sure a good
many of your readers are con-
cerned with amateur opera
groups, dance bands, clubs and
the like, where a non-howling
mike is a long-felt want.

ET Metherell
Longport, Somerset.

Has anyone out there managed
to overcome this problem? We
are always happy to receive good
project ideas,

Does Nanny Know Best?

r K Wilson (Read/Write ETI
MJune 90) castigates you for
publishing information on sur-
veillance gadgets. Of course
sensible people will not heed him,
but still it is worrying that such
‘nanny knows best attitudes
persist.

Please maintain ETI's ex-
cellent record by continuing to
give us practical details about the
wide range of electronic topics
which interest and intrigue us.
Give particular coverage to those
which people like Mr Wilson
might decide we have no need of!
More seriously, please do your
best within the law to keep us
informed on techniques and
equipment which the authorities

might prefer us to be ignorant of.
D Ferguson
Basingstoke, Hants.

e item in Read/Write, ETI
RJune 90 Invasion of privacy,
concerning the publication and
advertising of electronic sur-
veillance equipment.

Mr Wilson seems to lose his
otherwise logical train of argu-
ment when it is stated that no one
who has a ‘legitimate’ need for the
said equipment would have ‘the
slightest difficulty in obtaining it’

[ would like to ask the
following:

i) Who can say who has a

‘legitimate’ purpose for using
these devices? Is it antisocial for
users to find out if they are being
systernatically cheated or robbed
by someone else? Is it only legit-
imate for enforcement agencies
or governments to use these
devices?

ii) Why shouldnt ETI ad-
vertisers of surveillance equip-
ment be allowed to do so? If they
didn’t, where would the ‘legit-
imate’ users of surveillance de-
vices get to know about it?

In all fairness to Mr Wilson,
however, it is a sad reflection on
today’s society that the use of bugs
is so widespread, but on the other
hand, it is also a reflection that
they are in fact needed. It may be

safe to say that if everyone had
been brought up by someone like
Mr Wilson and were taught the
true values of life, then I myself
would be out of business! I have
been selling surveillance devices
in both kit and built form for three
years, with an assortment of
customers from every walk in life,
and with every reason to pur-
chase such items.

The comment that this
magazine is not fulfilling any real
public need could be classed as
invalid, since whenever [ have
had an advert in for devices, the
response has been more than
acceptable, proving my point.

P Benton
AC Electronics

Flatmate Hints SEiass: & o i i naaass

eaders may find my ex-
Rperiences with the Flatmate
speaker of some interest (ET] May
90).

In the first place, the output
transistors specified are not strictly
speaking a matched pair, so |
ended up using BDV64 and
BDV65s. These types are actually
TO218 cases which are wider
than the TO220s for which the

circuit board was designed.

On first powering up the
system through a variac, it was
found that if the voltage out of the
bridge rectifier was increased
beyond 13V, the output became
noisy and unstable. This was
cured by fitting 100n capacitors
on the regulator IC outputs to
ground.

Having brought about the

emission of music, it was imme-
diately apparent that there was
something drastically wrong with
the tonal balance. There was
hardly anything coming out of the
tweeter, except at very high fre-
quency, and the bass drivers were
producing well into the high fre-
quency range instead of rolling
off.

This kind of circuit is an ideal

candidate for the Number One
Systems Analyser program on
the BBC computer. Plugging in
the values confirmed what [ was
hearing, the low pass filter started
rolling off at about 3kHz but was
only 5dB down at 20kHz. Simi-
larly, the high pass rolled off fairly
steadily from 20kHz to -16dB at
3kHz and -87dB at 100Hz.
Comparing this circuitry with
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Barry Porters’ Active 8 design
from earlier years showed two
things.

1) The 4k7 feedback resis-
tors in both filters (R10, R12, R15
and R18) should be pieces of wire
(0 ohms).

2) In the high pass filter, R9,
R8 and R11, R19 should both be
the opposite way round.

This then gives basically the
correct response. As a refinement
to give the correct theoretical
response, the following changes

are also required which give a
crossover point of 3.1kHz:

C4 and C6 should be 4n4
(2x2n2).

R9, R11, R13, R14, R16 and
R17 should be 16k5 (2x33 in
parallel).

The system then sounds
quite good!

One question remains, how-
ever, though not specifically
concerning this design.

As | understand it, the re-
quirements at the crossover point

are:

1) The drive units are in
phase.

2) Each unit is 3dB down
(half power) so the total output is
at 0dB.

With the 4th order filter, a
phase change of 180° occurs in
each drive unit so they are in
phase at crossover and also with-
in the pass band. With this cas-
caded design though, the two
second order filters are each 3dB
down at the crossover point and

so the overall result is correct
phasing but at a -6dB point.
Surely this is wrong!

‘Maybe somebody out there
can comment on this point and
advise whether it is possible to
devise a circuit which fills these
requirements.

J Lodge
Yardley Hastings, Northants.

We're sure that other readers
working on the Flatmate project
will find these hints helpful.

Waterhole Won’t Run Dry

am writing in the hope that you
Ican help me with a problem
that [ have with the Waterhole
Project ETI March 90. I am hav-
ing difficulty in adjusting the gain
or sensitivity of the active filter.
When [ insert the probes (which
are 4.5in. lengths of silver solder
with leads soldered onto them),
into the soil to their full depth, |
cannot achieve a situation where
the comparator indicates that the
soil requires water. The soilin the
pot is at the moistness [ require
and contains a little of the ‘grow
bag’ type of compost but it is not
excessively wet.
I have tried your suggestion
of changing the values of R4 and
R5 but to no avail, I have to

actually short out R4 to get the
comparator to operate. | have
checked the approximate resis-
tance of the probes whilst in the
soil, the reading I got with the
probes in to their full depth was
approx 1k3, with the probes in
about 12in. the resistance is
approx 7k. With the probes fully
in the soill am reading the follow-
ing voltages on IC1b, pin 5, 3.85V
DC; pin 6, 4.74 DC; also on pin
5, lam getting 5V AC; pin 7, 10V
DC. Finally as a point of obser-
vation, | had to replace R18
(100k) with a 53k to get the safety
feature down to approximately 2
hours.

I would be grateful if you
could help with my problem.

Thanking you in anticipation.
VP Fitzgerald
Wirral, Merseyside

Edward Barrow replies:

When altering the values of
either R4 or R5 a useful tip is to
try values in the range of R(soil) /3
to R(soil), where R(soil) is the
measured value of the soil resis-
tance. This sets the smoothed
output voltage within the range of
the comparator.

In the mentioned case with a
soil resistance of 1.3K a suitable
value for R5 should be around
330R to 680R, which is electronic
terms is not too far off a short
circuit. Another alternative is, if

space permits, is to place the
probes further apart, logically if
the distance apart if doubled the
so too will the soil resistance. The
same is true if the length of the
probes is shortened as you
noticed. In passing the safety
feature time is only approximate
and was not set accurately to two
hours, this problem is made
worse by the compulsory use of
electrolytic or tantalum bead
capacitors which have a large
spread of leakage currents and
are quoted at + 25%, thus giving
a50% error margin (even higher
if it was once a member of a large
bargain pack of seconds). I hope
my answer has been of some
assistance to your plight.

Oops! SN

We have read with great
interest Marc Masson’s
article on European Patents
published in your May issue. May
we draw your attention to two
updatings:

The European Patent Or-
ganisation currently consists of 14
— and not 13 — Member States,
as Denmark has joined the Or-
ganisation on January 1, 1990.
Accordingly, it is possible to apply
for patent that is valid in 14
different European states.

Our CD-ROMs, holding
patent applications, contain
approximately. 650 Mbytes —
less than a Gbyte — of in-
formation.

Please note that also the
spelling of our address in Munich
is not correct: It should read
‘Erhardtstrasse’ instead of Erhard-
strasse. The name of this refers
the Lord Mayor who died in 1888
and not the former German
Chancellor Ludwig Erhard.

Rainer Osterwalder

Press and Public Relations
Department

European Patent Office
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Fine Tuning! SRR B SR

l have built your FM Tuner
design (February, March, April
87) via the Hart kit and after a few
teething troubles it is all working
perfectly and indeed does sound
wonderful. The selectivity and
sensitivity are unbelievably good
with a 4 element dipole pointing
towards Wrotham it gives good
reception on the local stations in
the opposite direction! It is very
stable and does not appear to drift
at all — well done. However, |
have a few questions regarding its
operation which Mr Milligan at
Hart was not able to answer.

1. What is the function of the
user controlled AGC? 1 under-
stand what AGC does but why
shouldn't it be in use all the time?
No other tuner [ have seen has an
AGC switch on the control panel
so | am most curious when to
switch it off. Also, relating to
this, when the AGC is switched
on, the tuning meter does not
change from full scale to 80% as
stated in ETI April 1987. It stays
as before — full scale. Hart set up
the VCO PPL board so it should
be right. When [ set it up at first,

with only a multimeter, it reacted
in the same way.

2. The tuning meter acts
more as an off/on switch reading
from 3 (no station) to 6 (any
station). Radio 3 from Wrotham
— 250 kW and 48 miles meas-
ures the same on the meter as
Radio 3 from Oxford which is the
same distance, only 46kW and
about 90° from the maximum
gain of the aerial. Is the meter
supposed to read this way or can
it be related to signal strength in
a more linear fashion? Is this a
function of the FM IC — in my
case the HA11225? Have the two
other modifications to the circuit
since the publication of the
original articles, namely, joining
pins 6 & 7 of IC3 (HA11225) and
the deletion of 2 of the ceramic
filters from the IF amplifier
affected the operation of the
meter: The meter at present does
not show relative signal strengths
or faults in the aerial system and
therefore not very useful.

3. Would you kindly list the
components and values in the
stereo decoder board necessary

for a 75us de-emphasis? | am
from the US and although I plan
to remain here one never knows
the future; such information
would be valuable. I assume that
the original article was in error as
I believe the de-emphasis for
Britain is 50us and not 75us as
stated.
FW Ohlendorf
Stevenage, Hertfordshire.

John Linsley Hood replies: I am
glad that you are so well pleased
with your FM tuner. I think that
the basic design is a sound one,
though it lacks some of the frills
and facilities of the best of the
commercial units, and Hart have
done quite a good job on the kit.

It is always gratifying to a
designer if some kit supplier
adopts a design, and especially,
asin this case, if they make a good
job of it — their kit design works
better than my own prototype, as
well as being tidier, so I've built
one of their kits myself. Though
this is about the MK6 PPL tuner
design of mine, over the past 15
vears, I think it is the best I've so




far done, and several of my Hi-Fi
friends compare it favourably, in
sound quality and signal-to-noise
ratio, with their most up-market
commercial tuners.

With regard to your queries.
The effect of the AGC is to reduce
the sensitivity of the tuner on
strong signals, to avoid over-
loading, but it also will reduce
the sensitivity on weak signals,
though not by so much. In fringe
areas, or when DX’ing with the
mute off switching off the AGC
will give just a little extra
sensitivity.

The tuning meter sensitivity
on your set seems a bit high. This
is controlled by RV2, which also
controls the AGC output voltage
setting. I did the prototype version
using the RCA 3189, for which
the HA11225 is a pin-for-pin
replacement. The Hitachi IC is
slightly different in characteristics
to the 3189, and this alters a few
of the DC output levels slightly.
You can trim the tuning meter
response by altering the values of
R71 and R74 say to 33k and 3k3,
in my Figure 111 (March 1987).

The modifications which |

had made to the circuit did not
affect the AGC or tuning meter
settings. The deletion of CR2 and
CR4, because Hart had some
rather better ladder filters than |
had originally proposed will in-
crease the sensitivity a little, but
this is generally a good thing,
since the max. output s still below
the level at which the capture ratio
decreases.

10 adapt the tuner de-
emphasis, to 75us, in the most
recent decoder circuit, which uses
a FET/bipolar output pair as
Q14/Q15 and QI11/Q12 in-

crease the values of R17 and R23
and 3K3 to 5K0: ie., two 10Ks in
parallel. Hart do now have a new
decoder PCB, I think.

An update to the FM Tuner
project is included in this month’s
issue of ETI.

t's nice to be able to report someone actually

reads this column! A few months back, [ wrote

a fairly severe criticism about junk mail and all

its trickeries. To be truthful I cant say [ was

expecting any feedback — [ was sure most
people would agree with my sentiments, However,
negative feedback was not to be. Within days of the
magazine coming onto news-stands | had received a
letter from Kay Beckett; chief executive of the Mailing
Preference Service (MPS).

Kay brought to my attention two facts. First,
many non-members of the service use lists which are
cleaned against MPS lists as they pass through list
brokers and computer bureaux. Thus, more lists are
cleaned than would be thought. )

Second, although over quarter of a million
names have been removed, this does not correspond
to over quarter of a million people — as any one
person might have been direct mailed under a variety
of misspellings. So, the number of people removed
from lists is somewhat lower than quarter of a million.

Neither of these facts were made clear in the
MPS brochure, so [ thank Kay for her clarification.

To put direct mailings into perspective, a report
from the Direct Mail Information Service quantifies a
total of 2 billion items delivered last year! Remarkably,
this averages out at just over one item a week for each
household in the nation. The service also says that
higher income households receive significantly greater
volumes of direct mailed junk. These 2 billion direct
mailed items meant over £650 million were spent on
sustaining the industry.

Land Mobiles

It looks as though all land mobile services over satellite
links are to be undertaken over the international
maritime satellite system, Inmarsat.

Inmarsat currently operates a satellite communi-
cations system covering the world, allowing voice, fax
and data services between 9000 or so ships and oil
rigs. Now Inmarsat is to provide land mobile satellite
services, too, between cars and trucks on the earth’s
surface and head offices, worldwide

This will represent a significant increase in
Inmarsat communications capabilities, matched only
by its recent provision of communications services to
and from air-borne aircraft. Makes you wonder what
it's going to do next, doesn't it?

Laying The Foundations

In just a couple of months BT switches on its trial of
an optical fibre-based network providing TV, radio,
telephone (and so on) services to 400 homes and
businesses in Bishop's Stortford.

The system has been developed at BT’s Martle-
sham Heath research laboratories, in collaboration
with BICC Cables, Fulcrum Communications, and
GPT. It's an interesting trial, this one, as it could well
show the way satellite services are to be provided to
individual homes in the long-terrn future.

It you think about it, although a short-term
solution to receiving satellite television programmes
is a dish (two if you want to receive BSB's trans-
missions, t0o), not everyone wants their home spoiled
by such additions. Although there will always be some
viewers who want to pick-up unusual signals from
weak, non-commercial satellites, most just want the
bog-standard satellite television programmes —
whether by air or by optical fibre, One other solution,
of course, is microwave terrestrial television services,
which give a quicker, cheaper method of providing
large numbers of television channels to many homes
than optical fibre networks. Such microwave services
are, though, non-interactive and, in the end, optical
fibre networks have to be the optimum.

The first phase of pipe-laying in the BT trial has
been completed at the time of writing, so things look
good for an Autumn start. We will keep ETI readers
in touch with developments.

Finally, has anyone seen a squarial yet?

Keith Brindley

OPEN CHANNEL

Banking On Satellite

National Westminster, high-street bankers, are taking
to the air in a high-technology data and commgini-
cations network. In a 10-site pilot study, NatWest
banks will be networked via satellite to allow one-way
data transmissions at up to 64k bits per second and
real-time video transmissions.

BSB Datavision is the network provider, using
piggy-backed services on the BSB television satellite.
The main function of the pilot network is to distribute
training videos and software to branches.

If the pilot is successful, NatWest intends to
expand the network to cover all its 3000+ banks in
the country.
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WEATHER

_ WISE

Maplin Electronics have come
up with a project for a
weather monitoring system which
accurately measures wind direc-
tion and speed from your home
or workplace. The project is in
two halves, an outside unit which
gathers data on wind speed and
direction and an indoor unit
which displays the data gathered.

An analogue meter shows the
wind speed in mph and knots,
and a 16 point LED compass dis-
play shows the wind direction.
Additionally, an optional digital
temperature module gives a
readout of inside and outside
temperatures.

For more information, contact
Maplin on 0702 554161.

WATER

LOGGED

o warn of rising water levels,
Bristol Water Company is

using a new type of portable data
logger and alarm monitor from
Stonefield Systems of Horsham.
The logger will check digital and
analogue values such as water
pressures and water levels at
Bristol Water’s remote sites, and
will transmit values and alarms
over a Racal-Vodafone network.

The logger can start sending
status information to the central
station immediately after connec-
tion to the point to be logged,
without the need to install
telephone lines.

The central control station is a
portable PC, so water board
engineers anywhere in the Bristol
area can obtain up-to-date re-
ports on local sites and deal with
emergency or fault conditions as
soon as possible.

Commander, an industrial
control system board from
Stonefield Systems, is being used
for monitoring and contro] func-
tions within the outstation. The
outstation’s enclosure contains
the Commander Board, Vodata
CDLC modem and handset,
power supply and rechargeable
battery.

It is programmed to monitor
analogue points and digital
inputs, compare values against
pre-set high or low limits, and
automatically dial up and report
to the central control stations
whenever values go over the limit
or changes of state occur.

TRAINING BY SATELLITE

series of live satellite

television programmes have
been used to give interactive
training in advanced manufac-
turing technology.

The programmes were broad-
cast from the Polytechnic South
West in Plymouth, and used
material produced by the Insti-
tution of Production Engineers
and Engineering Industry Train-
ing Board for their own ad-
vanced manufacturing tech-
nology (AMT) courses, and can
lead to the award of their certifi-
cate in AMT awareness.

The project was funded by the

Training Agency, with time on the
Olympus 1 Satellite donated free
of charge by the European Space
Agency.

Viewers in further education
institutions and other training
schemes were given the oppor-
tunity to add to each programme
as it developed, by adding
questions and comments.

Non-interactive recordings of
the programmes will be repeated
throughout July and August.
Further information is available
from Brian Lewis, telephone 081
579 9411.

NO TROUBLE ON HUBBLE

he extreme conditions of

space present particular
problems to experts in the
lubrication and wear of mechani-
cal parts. In the case of the
Hubble Space Telescope, lubrica-
tion is critical because of the
telescope’s mechanical com-
plexity. The solar arrays which
provide all the telescope’s power
are deployed by a unique and
complex set of mechanisms
designed by the European Space
Agency, ESA. The North
American Space Agency NASA
described them as a “tech-
nological miracle”.

Tribology is the study of
friction, wear and lubrication. The
European Space Tribology
Laboratory (ESTL), part of the
AEA Technology at Risley, was
asked to advise on how the
mechanisms of the solar array
would behave and how they
should be lubricated to cope with
the space environment.

ESTL proposed the use of
their ion-plated lead film as the
lubricant for several of the array
mechanism bearings, as conven-
tional lubricants are inappropriate
in extreme temperatures and

vacuum conditions.

Using vacuum chambers to
simulate space conditions, ESTL
also rigorously ground-tested the
solar array drives which are re-
sponsible for slewing the arrays to
face the sun, independent of
where the telescope is actually
pointing.

The Hubble telescope was
launched in April this year, and is
now a free-flying, self-powered
spacecraft. It is a 2.4 metre
diameter reflecting telescope of
great power and accuracy. Its 350
mile orbit, free from the distortion
of the earth’s atmosphere, will
allow astronomers to see further
back in time, to around 15 billion
years, which cosmologists believe
will reveal the origins of the Big
Bang.

It carries a special camera,
called the Faint Object Camera,
which can detect celestial objects
50 times fainter than can be
achieved on Earth. For example,
the camera could detect the light
of a candle on the moon. Again,
the camera’s vital optical
mechanisms are lubricated by
ion-plated lead.
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he Orkney Islands are to have

a cellular telephone trans-
mitter, bringing the service for the
first time to the area and its
surroundings.

The site, located at Keelylang
Hill on mainland Orkney, will give
extensive coverage to Orkney it-
self and will also partly cover the
islands of Burray, South
Ronaldsay, Rousay, Eday and
Shapinsay, and the east side of
Hoy. Partial coverage also ex-
tends to the islands of Westray,
Sanday and Stronsay. As the site
covers large areas of coastal
waters around the islands,
extending to the Scottish
mainland, it will be of particular
interest to the fishing industry
Coverage of sea areas includes
the Pentland Firth from
Duncansby Head across to main-
land Orkney, and partial
coverage as far as Sinclairs Bay
on the north-east coast mainland.

Coverage is also extensive well
into the Atlantic Ocean and the
North Sea.

The Vodafone service has
over 500,000 subscribers, and is
extending its service throughout
the UK. One of the areas yet to
receive any significant coverage is
the north-west coast of the
Scottish mainland, mainly due to
the topography of the land and
the number of potential users.
Vodaphone has now identified a
number of future sites, and will
eventually offer coverage to these
motre remote areas of Scotland.

As the network operator,
Vodafone is prohibited under its
licence to sell equipment or air-
time to the end user. There are
however a number of cellular
service providers and dealers
throughout Scotland who can
offer the full range of equipment
and services on the Vodafone
network.

SHUTTLE SPACE
FOR STUDENTS

ngineering students from

Robert Gordon’s institute of
Technology, Aberdeen, are to
have a project sent into orbit on
a NASA Space Shuttle.

The group are the winners of
the Space Shuttle Competition
organised by the Institute of Elec-
trical Engineers and British Sugar.
The project is to test the strength
of gravitational fields at altitude.

Pupils at Elrick School,
Aberdeen, who collaborated with
the winning team, developed a
second, experiment which will

also be carried on the Shuttle, to
monitor the effects of space flight
on particular types of seed.

The nationwide competition
was launched in 1988, for engin-
eering students to design and
build a small self-contained
payload to be carried on NASAs
Space Shuttle 4060. Space on
the Shuttle was bought from
NASA by British Sugar and
donated to the Institution.

The winning team now have
one year to build their project
ready for launch in late 1991.

POCKET NEWSFLASH

ercury Paging and the BBC

have launched the world’s
first “Pocket Newsflash” service,
which allows paging customers to
receive BBC Newsflashes on their
raiopager’s display screen

The service is offered to new
customers for Mercury’s latest
executive-class message pager,
Messenger One. It adds about
50p per week to the cost of
normal personal paging.

Using this service, customers
still receive personal messages,
but can also keep in touch with
world events. The average num-
ber of newsflashes is 12 per day,
covering national and inter-
national news. The service
operates 365 days a year, updat-
ing automatically as news situa-
tions develop. News gathering
and full editorial responsibility
rests with the BBC.

Newsflash broadcasts to the
pagers are automatically triggered

as soon as the news is entered into
the BBC Ceefax Teletext compu-
ter. Transmissions are then routed
through the Mercury Data Net-
work to Mercury Paging's trans-
mitter sites throughout the UK.
For further information
contact Mercury Communica-
tions, telephone 071 528 2000.

ASE Communications has

announced a device which
connects two local area networks
(LANs) without any physical
cabling. The device is called the
MegaBeam, and it uses secure,
infra-red lasers to connect LANs
in different buildings at distances
up to 1km. Full speed operation
(10 Mbps for Ethernet LANs and
4 or 16Mbps for.Token Ring

LANSs) eliminates the potentia
bottleneck of telecommunica-
tions links, as well as the cost of
bridges and leased lines.

The full speed operation of
MegaBeam makes it particularly
suited to installations where the
LANs are used for traffic between
processors. Because transmission
is non-electrical, it is ideal for
hazardous environments such as

chemical plants, oil refineries and
gas storage installations. The end
units themselves use DC power
transferred via a composite cable.
Installation is easy, the laser heads
being prévided with telescopic
sights for line-up and both a signal
meter and a plug in phone for
testing the laser link channel.
The 10mW lasers use infra-red
light with a wavelength of about
810m. According to CASE, the
low power means that there is no
risk to safety — you would have

to stare directly into the laser for
a considerable time in order to do
your eyes any damage.

Because the link is maintained
even when 98% of the light is
lost, the laser is unlikely to be
affected by poor weather condi-
tions, such as fog. On a very
foggy morning, the chance of
signal loss is about 0.01%. In high
winds, CASE believe that the
their units are more secure than
telephone lines.

Contact: 0923 58000.
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MAKING SENSE OF
VEHICLE CONTROL
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Lucas Automative Ltd has
created a new business unit to
supply high-technology sensors
to the automotive industry, as
part of a move into the market for
electronically controlled vehicle
suspension, braking and chassis
systems.

Vehicle control systems are
made up of three elements —
sensors, electronic control units
(ECUs) and actuators. Many
vehicles will have up to six
separate ECUs to control
separate functions.

Chassis system control covers
the steering, suspension and
braking control units, with sensors
measuring position, speed or
acceleration. An active suspen-
sion assembly at each corner will
probably require up to five
sensors — body accelerometer,
height sensor, hub accelerometer,
hydraulic servo-valve feedback
sensor and load cell. There may
be additional accelerometer and
yaw rate sensors on the chassis.

Sophisticated electronic
control needs rugged and accu-
rate position sensors, both linear
and rotational. The Lucas linear
sensor operates in stroke lengths
of 5mm to 500mm and can be
used to control ride height, sus-
pension, transmission, steering,
clutch and seat position. The
rotational sensor operates over a
range of more than 100° and can
be applied to steering position,

ride-height control and rotary
actuator position feedback. These
non-contact sensors use an in-
ductive circuit which incorporates
sensing coils, driven by a high
frequency oscillator, with a con-
ductive “spoiler”. Movement of the
spoiler changes the amount of
eddy current damping in propor-
tion to the engagement of the coil
and spoiler. The resulting induc-
tance change provides a sensor
output proportional to displace-
ment. The “Digital Autoplex”
interface IC is used to provide an
output signal suited to automotive
system use.

Speed sensors can be made in
different technologies depending
on the application. Lucas manu-
factures a variable reluctance
speed sensor used in crankshaft
speed/position applications; this
unit may be adapted for use in
advanced braking systems. The
newly developed magneto-
resistive wheel speed sensor
provides a useful signal at near-
zero wheel speed, with applica-
tion in traction control and anti-
skid braking. During the past two
years an optical speed-over-
ground sensor, using the tech-
nique of spatial filtering, has been
developed and successfully tested
under a wide range of climatic
conditions for the measurement
of absolute vehicle speed.

The introduction of accelero-
meters will give rise to the greatest

i

e
Sheaiiliy
S

innovation in control of vehicle
suspensions. The silicon
accelerometer sensing element
consists of a micromachined
silicon mass suspended by
multiple beams from an external
silicon frame. Stress-sensitive
Piezo-resistors within the beams
change their resistance as the
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motion of the suspended mass
changes the stress in the beams.
The associated circuitry processes
this signal into that required by the
vehicle’s ECU system.
Micromachined silicon tech-
nology provides the most ver-
satile approach to low cost
accelerometers.

LOW VOLTAGES,

HIGH TECHNOLOGY

ts not just big companies that

make outstanding technologi-
cal acheivements. EM Elec-
tronics, a three person organisa-
tion, received a Queen’s Award
for Technology this year.

The company was formed in
1979 as a design consultancy,
specialising in measurement of
extremely low DC voltages.
Following three years of research,
EM Electronics developed a
nanovoltmeter.

Subsequently the National
Physical Laboratory required
even lower levels of voltage
measurement in for more
accurate determination of the

basic unit of electrical current, and
so the first EM DC Picovoltmeter
was produced. Later projects
included the conversion of AC to
DC for an amplifier which would
detect very low levels and provide
a high degree of linearity. EM
measuring techniques can also be
applied to the quantized Hall
effect for accurate determination
of basic resistance.

EM Electronics now produce
a range of instruments which
include detection down to a few
picovolts, linearity to better than
one part per million and a nano-
voltmeter which, whilst remaining
at room temperature, can effi-

gv“m
P
e

ciently measure a source at cryo-
genic temperatures.
For further information

contact EM  Electronics,
telephone 0590 22934.
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BYPS HOP INTO
MASS MARKET

YPS Communications, the

Barclays, Philips and Shell
Telepoint consortium, are to
market their Telepoint service
under the brand name “Rabbit”.
As a result of market research,
BYPS decided that marketing
Telepoint on the basis of
inaccessible technical brand
names was more likely to close
the door on the mass market.

John Dodds, Communica-
tions Manager at BYPS says “The
business man, family or individual
considering a Telepoint purchase
wants simplicity, not jargon —
hence Rabbit” BYPS believe that
the new name will give them an
edge over the jargon-ridden
competition.

The findings of BYPS's market
research are published in a report
“Tomorrow Calling Today” The
research predicts that 11 million
people in Britain will be using
some form of portable communi-
cations by 1995.

Until now, portable communi-
cations have been used almost
exclusively as a business tool and
each of the services such as
cellular have been marketed as
such. According to “Tomorrow
Calling Today”, the report
published by BYPS, the Telepoint
phone will be the first portable
phone to be accessible to the
wider mass market.

The report shows that there
will be a massive expansion in the
entire portable communications

field. The business sector will be
the first to adopt new technology
such as Telepoint but also predicts
that changing lifestyles combined
with reduced cost of the new
technology will make Telepoint
attractive to the consumer, pro-
ducing the first mass market for
portable phones.

Cellular and PCN will be
higher cost and utility forms of
portable communications. Tele-
point will not compete with these,
but will serve the mass market.
BYPS intends to have 7,000 base
stations in the UK by the end of
this year.

BYPS believes that in the long
term, the consumer rather than
the business market will account
for 75% of Telepoint users. By
1995, portable communications
handset costs for Telepoint may
fall to as little as a quarter of their
current level.

People are now more active in
their leisure time and communi-
cating with their friends and
family much more often. Cord-
less phones are increasingly
popular for people performing
additional activities both within
and away from the home. Tele-
phones will increasingly become
the property of individuals rather
than one number referring to a
particular household. In the in-
creasingly mobile 1990s, families
will want to check up, receive re-
assurance, request services and
make domestic arrangements

Rabbit

using a portable telephone.

Flexibility and reliability of
communications will play a key
role for women returning to work,
but requiring personal communi-
cations tools to remain in touch
with family and friends without
disrupting work. Concern about
personal security may also lead to
a greater use of portable phones
by women,

By 1995, there will be more
than 3.5 million self-employed,

who will continue to be prime
users of portable communica-
tions. Also, 53% of the popu-
lation would like to work for some
of the time from home. By 1995,
around 390,000 full-time and 12
million part-time workers could
be working from home. Improved
information technology and com-
munications will be key to this
development.

he MD1210 Fuzzy-Set Com-

parator is a low-cost inte-
grated circuit incorporating a
digital hardware neural network
optimised for pattern recognition.
The device can be taught to
recognise new patterns without
the use of application specific
programs. It is intended for real
time application in vision systems;
voice radar, telecoms and sensory
signal processing; robotics,
security and surveillance systems.

A single chip can simul-
taneously compare eight un-
known serial data streams with
one known, or one unkown with
up to eight known. Data is learnt
or compared at rates of 20 MHz

and results are processed by the
neural network in five clock
cycles. An in-built expansion
capability lets you network as
many as 32 chips allowing
comparision of 256 stored data
patterns.

An FSC Evaluation Kit is
available for the MDI1210. It
comprises a PC plug in card,
evaluation software running
under MS Windows and a users
manual with board schematics.
The board contains an MD1210,
a low cost frame grabber and the
necessary PC interface.

The kit costs £499, and is
available from Tubb Research,
Petersfield. For more information

contact lan

Collins on 0730 60256.
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Have

ELECTRONICS

TODAY INTERNATIONAL |
delivered to your
door FREE!*

ELCTHONICS DISTRIBUTORS FOR TRADE/
INDUSTRY EXPORT AND HOBBYISTS

SPECIAL OFFERS
Dmm was (£18.95) £13.95
(30 models stocked)

1 kw outdoor PIR Lights con-
troller was (£32.95) £19.95
VHF/UHF TV/FM Amplifier

m Tools/ gervice Aids

@ Test Instruments was (£11.95) £9.95

Analogue MM 27 Ranges
CAP/Hfe/Temp/10A AC/DC
etc. was (£39.95) £29.95
ALL PRICES INCLUDE VAT

(UK's largest in-stock
Rangel .
m Public Address/Disco
B Securiwmﬁ'\’\\‘!
Doorphones -
m TV, Video [listribuu.un
@ Components Chassis

akers, Audio, T,
%%i\pumr Accessories

FREE CAR PARKING
Two Car Parks (Bei! and Church Streets)
Present your ticket when purchasing and

get one hour as discount.

OPEN 6 DAYS A WEEK FOR CALLERS
AND TELEPHONED ORDERS

HENRY'S dcrrones

404 Edgware Road, London W2 1ED
Instruments/Audio.01-724 3564
‘Security/Communications/CCTV 01-724 0323
Components 01-723 1008 Fax: 01-724 0322
Trade/Education/Export 01-258 1831

(Please note - fram 6 May 1990 the 01 Code changes 1a 071)

T

That’s right, if you take out a year’s subscription to ETI
we will make sure that it is delivered to your door each
month at no extra charge* Just fill in the coupon below and
send it to the address given with a cheque, money order ot
credit card instructions to cover the cost of the subscription.
We'll do the rest.

PROFESSIONAL QUALITY

# range of high quality kits as supplied toleading UK MCUH'I\{ companies, all in-house designed

and produced, not 10 be confused with cheap imports. All kits come fully documented with
concisa assambly and setting-up detalis, fibreglass PCB and all components. Al transmitters
are fully tuneable and can be monitored on a normal VHF radio or tuned higher for greater
security, Build-up service available if required.

MTX Micro-miniature audio transmitter 17mm X 17mm._9V operalion, 1000mrange £12.95

UK: £19.20; EUROPE: £24.10; MIDDLE EAST: £24.40;

VT500 Hi-power audio transmiiter 250mW outpul. 20mm X 40mm. 9-12V operation. 2-3000m
Lo KRR £€15.95
VOX75 Voice activated iransmitter. Variable sensitivity 30mm X 40mm. 9V operation. 1000

L€ 0T T I R PR £18.95
CTX900 Sub-carrier scrambled audio transmitter. Cannot be monitored withoul decoder fitted
to radio, 30mm X 40mm 9V operation 1000m range £21.95
DSX900 Sub-carrier decoder unil for monitoring CTX900. Connects 1o radio earphone socket
Provides oulput for headphones. 36mm X 50mm. 8-12V operation £21.95
HVX400 Mains powered audio transmitler. Connects directly 10 240v AC supply 30mm X 35
mm_ 500m range Y S £18.95
XT89 Crystal controlled audio transmitter. High performance. 100mW output. Supplied with
xtal for 108MHz. Others available to 116MHz. 85mm X 28mm. 9V operation. 2-3000m
range £36.95
TKX900 Tracker/Bleeper transmitler. Transmils continuous stream of audio pulses. Variable
tone and rate. Powerlul 200mW output 63mm X 25mm. 9V operation, 2-3000mrange £21.95
ATR2 Micro size telephone recording interface. Connecls between telephone lines (anywhere)
and cassette recorder. Tape switches automatically with use of phone. All conversations
recorded. Powered from line. 1Omm X 35mm ................ oo £12.95
TLX700 Micro minialure lelephone iransmitler. Connects to line (anywhere) switches on and
off with phone use. All conversations Iransmitted. 20mm X 20mm. Powered from line. 1000m
range - £12.95
XML900 RF bug delector. Variable sensitivity. Triggers LED and bleeper when in presence ol
RF field Delects MTX 15-20 feel. 55mm X 55mm. 9V operalion £26.95
XL7000 Professional bug deteclor/localor. Variable sensitivity Twin mode ten segment LED
readout of signal strenglh with variable rale bleeper. Secand made AUDIO CONFIRM
distinguishes between localised bug transmission and normal legitimate signal such as pagers,
cellular 8lc 70mm * 10Gmm, 9V oparation i £54.95

UK customers plaase send cheques, PO's or registered cash. Please add £1.50 per ordsr
for P&P Goods despatched ASAR allowing for chegue clearance. Overseas customers
sendsterlingbank araftor Eurocheque and add £5.00 per order for shipment, Creditcard
arders accepted on 0827 714476 Trade enquiries welcome. Send 30p stamp for full 1990
Catalogue.

THE WORKSHOPS
85 MAIN RD, BAXTERLEY

NR, ATHER NE
WARKS CVE 3LE
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FAR EAST: £26.80; REST OF THE WORLD: £25.85
or USA: $45.00
Airmail Rates on Request.
*Qverseas subscription rates include postage.

Please commence my subscription to ETI with the

......................................... issue. I enclose my cheque/
money order for £................ made payable to

ARGUS SPECIALIST PUBLICATIONS
Or Debit my Access/Visa
No. [ TTTTTTTTITTITTITIT]
Valid from c
Signature
Name ...
Address

Send this form with your remittance to:
SELECT SUBSCRIPTIONS LTD., 5 River Park Estate,
Billet Lane, BERKHAMSTED, Herts. HP4 1HL,
United Kingdom




TK FOR KITS

SHARD DS IT PROGRAMMABLE ELECTRONIC LOCK KIT SUPER- SENSITIVE

VAR CAn TUNED painTED ClRCUIT
TRANSMITTES  Tlenial con
SENS(TIVE \
3 ELECTRET
i Pl :

Keys could be a thing of
the past with this new high
security lock. Secure
doors to sheds, garages,

: FROGRAMMARLE 2
One of the best burglar deterrents is a [l even your home or pre- LBEx G, fuon cam 3 ML
quard dog and this kit provides the [l ventthe unauthorised use TN SO oy
barking without the bite! Can be con- @ | of computers, burglar o URILIA sy oEm mEn1aT 35 - dore
nected to a doorbell, pressure mator @ - | alarms or cars. One < % s 2 - S Only 45x25x15mm, including built- &8
any other intruder detector and pro- 4-digit sequence will op- #? o @ Meii | =in mic. B8-100MHz (standard FM ji
- |duces random threatening barks. HE erate the lock while incor- 2 radio}. Range approx. 300m depend-
Includes mains supply and horn il Yt et d £ el ing on terrain. Powered by 9V PP3
speaker. . | rectentries will sound an S (7mA). Ideal for surveillance, baby il
XK125 £24.95 alarm. The number of in- w2 alarm etc £6.35
7 T TR ~ | correct entries allowed T i
Sl e | before the alarm is triggered is selected by you. Further entries will e E
be ignored for a time also set by you. Unlﬁ the carrect sequence will
open the lock and switch off the alarm. The sequence may easily be REMOTE CONTROL

changed by entering a special number and code on the supplied
keyboard. Kit includes; keyboard, alarm buzzer, high gualiw PCBand
| all electronic components. Supply 5-15V DC. Will drive our Latch
Mechanism (701 150 @ £16.50) or relay directly.

XK131

DIMMER KIT

£19.95

DLB0DOCK 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)
Optional op—to input allowing audio
‘beat/light response .............. 95p
4 DL3000K 3—channel sound to light
kit, zero voltage switching,
automatic level control and built—in
mic. 1kW per channel ........ £19.55

- | Imagine controlllng the brl?hlness of your lights
or switching them on or off from the comforl of
your armchair! This kit contains all ihe

SIMPLE KITS FOR BEGINNERS g 1 e aiens

specially aimed at the beginner. Have fun with your project even after you || 1o enable you lo do just thal and fit the shallowest
have built it and also learn a little from building it. These kits include high e T e ST e )
qualit)(/j solder resist printed cidr;;uitgcf)alrlds, all electronic componentsh ----------------------------------- £19.95
including speaker where used) and full construction instructions wit

ircuit description. IR TRAzﬁ'MITTER

Designed for use with the
XK132 and comes
complete with a pre-
drilied box. A PP3 9 volt
baﬂery is required

ceoes £4.95

$K1DOOR CHIME playsatunewhen XK118 TEN EXCITING PROJECTS FOR T reH MMERIITR.... i Et228

POWER STROBE KIT activated by a pushbutton £4.50 BEGINNERS this kit contains a solder- VERSATILE REMOTE
less breadboard, components and a
SK2 WHISTLE SWITCH switches a  baoklat with insiructions to enable the CONTROL SYSTEM

Produces an intense

light p ul?e ala ™ 32-'\-"(
variable frequency

of 1 to 15Hz. /’f ;
Includes high quality

PCB, components,

connectors 5Ws strobe tube and
assembly instructions Supply
240V ac_ Size: 80x50x:

XK124 STROBOSCOPE KIT £17.25

These kits can swilch up to 16 pieces of
equlpmenk on and oﬁ or control 16 functions

1g on the for the
MK18 transmitter. MK12 receiver has 16 logic
oulputs and operates from 12 to 24V dc. or 240V
ac. wia the transformer supplied. The MK18
requires & SV battery and keyboard. Great for

relayonandoffinresponsetowhistle - ahsolute novice to build ten fascinating

command £4.50 prtojects incﬂudi!rgaiilghl Dperéitafi switch,
intercom, burglar alarm and electronic

SK3 SOUND GENERATOR produces |ock “Each project includes a circuit dia-

FOUR differenit sounds, |nclud|ng gram, descrlptlon of nperatmn and an contralling lights, TVs, garage doors etc.

police/ambulance/fire-engine Siren  aagy fo ollow layout diagram. A saction i ]

and machine gun £4.50  component identification and function is MK18 Transmitt

included, enabling the beginner to build Mﬁn‘mﬁa

the circuits with confidence .....£17.25 Y

yboai
601 133 Box for transmitter...

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

ELECTRONIC WEIGHING VOICE RECORD/
S e, I PLAYBACK KIT

«ar b i i)

This simple to construct and even sim-
pler to operate kit will record and play- -
back short messages or tunes. It has = *
many uses — seatbelt or light reminder
in the car, welcome messages to visi-
tors at home or at work, warning mes-
sages [n factories and public places. In
4 factanywhere where a spokan message
is announced and which needs 1o be changed from time to time. Also suitable far toys - why
not convert your daugher's £8 doll to an £80 taking dolit!

. e i S i 76 x 60 x 15mm
Message time 1-5 secs normal speed, 2-10 secs slow speed
XK129 £25.95

VOICE PROCESSOR
128K MEMORY

Uses "burst fire"
technigue to
maintain
ternperaturs to
within 0,5°C.
Ideal for
photography,
incubators, wine

making, etc.

Maximum load 3kW (240V AC).
Temperature range up to 90°C.
Size: Tx4x2.5cms. MK4 ... £8.95

Kit contains a single chip microproc- N GUALITY PER
essor. PCB, displays and all electron-
ics to produce a digfital LED readout
of weight in Kgs or Sts/Lbs, A PCB
link selects the scale-bathroom/two
types of kitchen scales. A low cost
digital ruler could also be made.

ES1 £8.2

ORDERING INFORMATION Al prices INCLUDE
TK ELECTRONICS VAT, Free P & P on orders over £60 (UK only),
13 Boston Road mhelr\arij.e,add £1.15. Ove:jrge;sé%usetcmersgdivide
total order by 1.15 then a : Europe £3.50, —
London W7 3SJ elsewhere £10.00. Send cheque/PO/Visa/Access
Tel: 081-567 8910 No. with order. Giro No. 529314002, Local Author-
ity and educational institutions orders welcome.
Fax: 081-566 1916 Shop Open: Tuesday-Thursday 10 am - 5 pm.
pi

a8 ORDERS: 5?‘?—?%?%910 24 HOURS
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45 HIGH STREET
HOUNSLOW

MIDDLESEX TW3 1RH |
TEL: 081-569 5802

Folel RAB10A £119.90 — = Philips CD610 £159.90
NAD 3225PE £149.90 oc w s Marantz CD40 £199.90
A&R Arcam Alpha £173.90 L o © © = IF'}hllms %%i?gﬁo g;g%
MF B1 £199 90 "— el Pioneer 1 ;
" &
NAD 3240 PE £199.90 = @) 8 A = :‘an mpréanggSE Eg;g%
Yamaha AXG30 £259.90 o @ el Maraniz ;
A&R Delta 60 £279.90 O = » o= = Marantz CDBOSE £379.90
a < HS
Harman Kardon 6500 £349.90 == C = © Philips CD840 £349.90
A&R Della 90.2 £399 90 ® o) o o 8 Rotel RCDE65 £349.90
Maraniz PMB0 £399 90 P o g A&R Delia 170 £599.90
Audio Innovations 500 £899.90 > o E ™ C=
/ 0 o — ‘5 ©
N = 0 .=
(dp) ol - = £99 90
Dual 5053 GETI |1 1 6 E € Ow 3 7109.90
Dunlop Systemdek inc arm £179.90 v L 35> Monitor Audio Monitor 7 £149.90
Alghason Nova inc arm 299 NO] O 2=35 1o Whariedale 505.2 £179.90
Michell Synera/Synero arm £379.90 < = g 5 = £ B £209.90
Michell Gyrodec/AB300 £759.90 w2« % Eyg £249.90
Roksan Xerres/RB300 £609.90 E Q- -80 . 7 O Tannoy DC2000 £329.90
Roksan Xerxes/Tabriz £849.90 — 7 > O © a £489.90
Roksan Xerxes/Arlemiz £1290.00 © T el Spendor SP2/2 £499.90
Alphason Sonala/Zenon MCS £1018.00 — D ‘6 QO owm £749.90
Oracle Delphi [I/SME V £2650.00 P=4 O € g o £799.00
e £895,00
(@) > n = 8 £1695.00
Aiwa ADF270 £89.90 —— - £1599.00
Pioneer C1335 714990 (7)) 5 Q@ 8
[
Akai GX52 gjggg 2 T o 9 Kenwood K12020 £129.90
Aiwa ADFB00 £249.90 = B a NAD 4225 £149.90
Kenwood KX5010 £769.00 ?_&n MppgsTﬁunel ng.%
Nakamichi CR1E £295.00 joneer £199.
Nakamichi CRZE £375.00 ;830 xxggf; ;ﬁoﬂﬂ A&R Della B0 £29090
Nakamichi CR3E £545.00 B2 VO Pioneer F91 £349.90
Nakamichi CRIE £1499.00 AR TR ST Revox B160 74590
Revox BZ15 £1439,00 Yamaha DSP100 £399.90
A&R Black Box | £259.90
A — Musical Fidelity Digilog £399 90 Quad
Demonstration room facility Proton AL 3000 649,90 @ Musical Fidelity
Part Exchange 1ac‘ilvilv Yamaha AST SC10 EEGEI..BG Alphason
Instant Credil facility Lexicon OP2 £708.90 Yamaha
[ aaws [ INTERCONNECTS ]
VAN DEN HUL STAX AZR ALPHASON MONSTER
MONSTER SENNHEISER AUDIO TECHNICA KUZMA VAN DEN HUL
SUPRA BEYER GOLDRING SME QED
0D AKG NAGAOKA ZETA (VdH wired) DISCWASHER
A&R Livewire QUART ORTOFON ROKSAN CHORD CO.
SHURE A&R Livewire
STANTON

BUYING Hi-FI EQUIPMENT FOR SCHOOLS OR
COLLEGES?
Call and ask about the great deal we offer
educational establishments!

MAIL ORDER COUPON

= Name
= ar .
- Car parking 3t ©® © Address

EXPORT ENQUIRIES WELCOME | : . e

. { h - w e W |
Carriage is only €6 per order and FREE if total exceeds £300 (UK | epclose Chooue Apess/Bardaycard No,

mainland). All goods aré insured against loss or damage in transit
Please allow 28 days for delivery

Signature ETI08/0
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THIS MONTH'S SPECIAL! or PC-AT. LED's for Caps, Scroll & Num Locks, Standard
There has neverbe.':: a deal llke this onel mulyboa!diaymi. Madnnl? CR for the Emgllsh &USmarkets. Brand new and boxed Amdek
% Brand spanking new & boxed monitors utely standard. Brand new & boxed with manual and key ADA-200 analog to digltal and
4 from NEC, normally selling at about £140] [@MPlate for user slogans on the function keys. Aftractive digital to analog converter pack-

These are over-engineered for ultra ! .gr:{hl.xd eboily “"”h'h“g}h the u,;ld!j "‘m"l 1805 od full of leatures: Imerfaces to
rellability. 9" green screen composite Input :mm sb‘nnanﬂer&-ﬂs A mlnycl::n ,hmﬂr;fall;gm&;c_ most popular PC’s; 2 channel
with etched non—gam screen plus swilch- turere surplut What a g;di go?al BE17S (D] Input & output by software selec-
able highfow impedance Input and output _ tlon; Integral Input/output filters and address decoder; input
for dalsy-chalning. 3 front controls and 6 at rear. Standard BNC Brand new and boxed 84 key PC/XT type keyboards in standard pre-amp; ovar-level delecter; trigger signal detector circul;
sockets. Beautiful high cortrast screen and attractive case with 1BM grey with very attractive mottled finish and "dlicky” solld fesl expansion availabllity and more. Input level 26mv to 50v p-p.
carrying ledge. Perfect as a maln or backup monitor and for KeYs- 10 function keys on side. Englishlayout and £ sign. Green Max. sampling frequency Is 44khz and input galn varlable to
quartity userst  £39.95 each (D) or 5 for £185(g) LEDsfor Caps, Scroll 8 Numlocks.  £29.95 (B) €135 (D) 200 imes. Designed for use with almost any personal com-

CALL FOR DISCOUNTS ON HIGHEA QUANTITIES! CALL FOR DISCOUNTS ON HIGHER QUANTITIES] __ Puter, allowing conversion of analog signals to digital data for

= processin Ihe computer plus conversion back to anal
Zenlth ZVM-1240-EA brand new & boxed 12" amber flat screen FLOPPY DISK DRIVES is he 25 i TamEi St Vihoios s ST
with optlonal swivel and tiit base. Sunflex filter with dark tint. comect conneciion to various CPU's including the 8080, Z-80
Standard TTL PC compatible. 18 mhz bandwidth. Very attractive BARGAINS GALORE ! ng . Z-80,

& 6800, 6502 and 6809 famllies plus data and schematics foruser
state 'of the ;arl" ttapera:’ grr;y t;jase S't;rtbd:;ﬂd 9 tglnwl[t)hqllgg . NEW 54 Inch from £29.951 modification of VO filter cut-off frequencles. Complete with 50
gi‘:‘m °2"4o m:c?m plzte mthn:pz‘:'alloens rrr::nu al. An ab. Massive purchases of standard 514" drives enables us ta way ribbon cable and edge connectorto go to the computer and
sokute IAE £59 (D) 1 (G). SwiveVtilt base £4.05. present prime product at industry beating low prices| All units power cable. All for a fraction of the regular pricel  £48.95 (C)

(unless stated) are removed from often brand new equlpment
Very high resolution, fully cased 14" green or amber screen and are fully tested,aligned and shi to you with a 90 day POWER SUPPLIES

MONOCHROME MONITORS 'A’Cryrmmnl or backup keyboard, switchable for IBM PC, ANALOG CONVERTERS
B4 ke

monitor with non-glare screen and swivel/till base. The very guaraniee and operate from +5 & + , are of standard size

Iatost echrology < e very lowest proet Fully sompabie ay and the standard 34 way connecior. All PSUs 220.240vac Input and are BRAND NEW unless
: [} ry ri:dcl Y pal hon SH BRAND Ni £29.95(C) *tnted. Many types ranging from v fo 10kv always in stock.

plug compatiole with all IBM PCs and clones fitted with a high HUGAH mal 'mm‘ 1BM compatible DS £39.95(C} Fine OP-8619 20 watts switch mode. +5v @ 2a. +12v @ 1a,

res Hercules or equivalent cardi Enables superb graphics and TANDON TM101-4 80 Track DS £40.95(C) 12V @ 0.1a. 57 x 3"x 1-1/2". £15.95(B)

resclution, all at a give away price. Has many extra features CANON,TEC etc.DS half height.State 40 or 80T £75.00(C) Astec AC-8151 40 watts. Swilch mode. +5v @ 2.5a, +12v @

:;“””d‘"gg”*+5 & ; %D(i Wﬂ“'wagﬂg&ﬁ;ﬁg TEAC FD-55-F.40-80 DS half helght. BRAND NEW £99.00(C) 22.-12v @ 0.1a, 6-1/4" x 47 x 1-3/4", £19.95(B)

your PC pawer supply Is getting hof 1 & i i
and boxed. State whether amber or green screen required. 314 INCH BRAND NEW AT £19.9511 Greendale 19ABOE 60 walts swilch mode+5v @ 6at12v @

Never before seen price for a 312" drive. Standard size believed 12£15v @ 1a. RFE and fully tested. 11 x 20 x5.5¢cms. £24.95(C)
Wang oo Saren 5! chasei memior it somosi: Wideo 10 be by Canon. B o it packaged . mint conion! 40 Conver AC130. 130 wati - grad VD spec Swilch mode.5v
input. Adjustabie for tilt. Requires 12 vdc. Brand new and boxed {rack SS, run from +5 & +12vdc with standard powsr connec- @ 15a,-5v@ 1a.412v @ 6a.27 x 12.5x6.5cms  £40.95(C)

In condition. Only £30 each or 2 for £75 () 107---Only....... £19.95 or 2 for £34.50(B) Boshert 13000.Swilch mode.Ideal for drives & system. +5v@
Mg:iroh M1000-100 5" black & whl:gcompaa chassls msasiﬂ CHOOSE YOUR 8 INCHI 6a, +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.05(B)
ing only 11.6H x 12W x 22D. ideal for CCTV or ar Shugart 800/801 SS refurbished & tested HSOOO’E; Famell G&/40A. Swilch mode. 5v @ 40a.Encased £95.00(C)
applicalions. Accepts standard composite or individual H & v Shugart 851 doubie sided refurbished & lested ~ £195.00(E) Famedl G24/5S. As above but 24y @ 5a. £65.00(C)
syncs, Needs 12vdc at only 0.8a, Some units may have minor Mitsublshl M2804-83 double sided swilchabla

screen blemishes. Fully tested with 30 day guarantee and full  hand or soft sectors- BRAND NEW £250.00(E) COOLING FANS

data. £29.00(C) SPECIAL OFFERSI! Please specify 110 or 240 volts for AC fans.

Fully cased as above in aftractive moulded desk standing Dual8" drives with 2 megabyte capadity housedin a smart case 3 inch AC.11/2" et -

T s e e, T Y A o ] Only £499.00 (F) 312inch  AC ETRI slimline.Only 1" thick. £

JVC 751 ultra compact chassis monitor for 12vde 0.7a. Dim 11 Ideal as exterior drives! v ac 4lach AG 110/ e y

x 14 x 18cm. Simple DIY data included to convert to composite End of line purchese scoop! Brand new NEC D2246 8" 85 '240v 114" thick. £10.
video Input .Full data. BRAND NEW £85.00 of hard disk storage! Full CPU control and Industry 4 Inch AC 112" thick £

(m megabyte
20" Black & white monitors by Azlek, Cotron & National. All standard SMDinterface. Ultra hi speedtransferandaccesstime 10inch  Round.3Ve thick. Rotron 110v £10.
solld state, fully cased monitors Ideal for all of AV or CCTV leaves the good old ST506 Interface standing. In mint condition 62 mm DC 1" thick.No.812 for 6/12v.814 24v. g

applications. Standard composite video inputs with Integral and comes complate with manual. Only....................E308(E) 82 mm DC 12v. 18 mm thick.
’ "“3“ 4inch DC 12v. 12w 114" thick £l
i 80 ooy Duaamag Sotdingoodused condiion- iy todted I Yy Ve I IO E R MR IMIGI 4inch  OC24vew, 1° thick. &
COLOUR MONITORS Roxburgh SDC 021 2 amp malns RFI fifer. Has an extra wide

Decca 16” B0 budgel range colour moriltor. Features a PiL tube, {requency range of 150 khz to 30 mhz. Can type, solder lug THE AMAZING TELEBOX!
beautlful taak style case and guaranieed 80 column resoluion. connecton. Quallty manufactured to BS 613 standards. Dims Converts your colour monitor into a
features usually ssen only on colour monitors costing 3 imes 1_1/2"D x 1-3/4"H........... £3.95 or 3 for £10 (A) 10 for £28 (B) GUALITY COLOUR TViI
our pricel Readly to cannect to most computers or viden °""::'" Roxb SDA 013/25. Similar to above rated at 1-1/2 amps. 3 =T
7501 composhie Input with Intagral sudio amp & speaker. Fully pymg 1.1/97D x 1.3/4°H....£3.25 o 3 for £8.50 (A) 10 for £25(8) b TV SOUND
tested surplus, sold In little or hardly used condition with 90 day Supp lon Devices SOB A10. Exira compact general pur- & VIDEO
]I'gll HT? ?ré#:‘aﬁe:i;uﬂd:]o& :us:] ::'Iel; .mmr:%mr or ?&; pose suppressor. Plastic moulded case with single boll fixing : TUNER!

HI-DEFNITION COLOUR MONITORS T e s 3 fox £10 (710 o 228 3, Brand naw high qualty, fully cased, 7 channel UF PAL TV Tuner
Brand new Centronic 14" monitor for IBM PC and compalibles p o o  an s o 1 o197

syslem. Unit simply connects o your TV aerial socket and colour
at a lower than sver pricel Completely CGA equivalent, Hi-res Belling-Lee type L2127 3 amp mains RF1 fiters, Has 8 bulltIn igqq montior turming same to a fabulous colour TV. Dont worry
Mitsubushi 0.42 dot plich giving 669 x 507 pixels, Blg 28 Mhz Malns cable (English coding), and a three pin miniature non-re- ' vo.;r manitor does'nt have sound, the TELEBOX even has an
bandwidth. A supar monitor In attractive styls moulded case.Full Yersible socketand a mating plug, to go to the equipment. Ideal |nisgral audio amp for driving a speakar plus an auxillary nugu!
90 day guarantes. Only 149 (E) for those who are bugged by RF Interference. Very compact. {or Headphones or Hl Fi system elc. Many other teatures: LED
20".22" and 26" AV SPECIALS Dims 3-1/8" x 2.5" x 1.6".....ccc0nen.. £3.95 each or 3 for £10 (A) Status Indicator, Smart moulded casa, Malns powered, Bullt to

»

Superbly made UK manufacture. PIL ail solid state colour RECHARGEABLE BATTERIES ES safely specs. Many other uses for TV sound or video stc.

Supplied BRAND NEW with full 1 year guarantee.
menitors, complete with com Video & sound Inputs. Attrac- ppt year gu

tive teak style case, Pariect for Schools,Shops, Disco, Clubs. Main LEAD lﬂ%‘ﬁh Type A200. ;ml g &%ﬂgmﬁlﬁmgﬂrg’; mt::ll‘lt:rs --%95{3
In EXCELLENT littie used condition with full 90 day guarantee. 15 yoits £13.95(A) T FGR for analgque RGB monitors... . 85,
20"....£155 22"...£170 26"....£185 7 &voits 6 volts3 amp/hours E 0.85(A 6 sUl |abre or m or Clane type cololr monitors.

12volts Centre tapped 1.8 amp hours. RFE. £ 5.05(A PAL overseas version please call. SECAM not avaliable.
COMPUTER SYSTEMS 12 voits 12 volts 24 amp hours. A200. RFE. .3315 BRAND NEW PRINTERS

TATUNG Foa000. g Droter o e Serous EIDREI. The . iy 1oyl aa:‘:l E& or C&E’fnwor the Technicololor TEC Starwriter Model FP1500-25 dalsywheel printer renowned
TPC2000 Protessional 3 pleos systam °°g¥"“5' Q“m?mm video company. Comalns 10 GE top quallty D nicad cells In & for Its reflability. Diablo gga print mechanism gives superb
resalution Green 12" monitor. Scuiptured ksg PLUS 2 Smart robust case with a DC output connector. ideal for portable regisiration and quallty. board microprocessor gives full
|’""“" unit .w.-ns.-mgzam P I Qo IR aquipment. Brand new. :‘f:,gs(n Diablo/Qume command capabliity. Seral RS-232C with full
g TG B2 K e e e Vs GnerouS Ex-aquipment NICAD cells by GE. Removed from equipment handshake. Bidirectional 25 cps, swilchable 10 or 12 plich, 136
giher fealures Includa dual & IBM format disk drive support. or.i/in good, used condition: D size 4ah 4 for £5(8) cpl In Plca, 163 In Elite. Friction or traclor feed, Full ASCII
Serlal and parallel outputs, full expansion port, 6 U F size 7ah & for £8(B) Including £ sign, Foni and ribbon Diablo compatible........£199(E)
ready to run software. Supplied complete with CP/M, wgo dm SPECIAL INTEREST DED D miniature ball point pen printer ploter mechanism
and Basic. Brand new and coverad famaus of with full 49 characters per line. Complete with data sheet which

guamantee and backyp. Normal price Is over £14001 5 4vance 6120 7 pin A3 plotier HPGL. New £425 includes dreult diagrams for simple driver electronics......£48(B)
Our price ... only ... Trio 0-1B vdo bench PSU. 30 amps, New £ 470 Centronics 150 series. Always known for thelr roliabilty In
V22 1200 BAUD MODEMS DEC VAX11/750 Inc. 2 Meg Ram DZ and full continuous use - real workhorses In any environment, Fast 150
~ S ATATS e By N KTl S100Ks - o do%nélr;n“nxlaﬂan. InII t.:lr:ondmwourdmn gﬂ:’pg‘ipsmh '-;3 fl;mtgs.sa_nd chc:lc-a of inferfaces. 1o
%ﬁ-{wmmma mlwwmzdwmﬂ'ﬂﬁ :3231'"}! m DEC LS/02 CPU board £150 150-SW uplo 148 paper ﬂﬂ_aa
bausd modem - we can now Calcomp 1036 large drum 3 pen plotier £ 850 Specify whether serial or parallel required.
sdvertised e/ Fully BT ﬂvva unit, provides standard i pe £ 375
A ol Aokl bt 120 cps can save your sy ol i i t 3% __ CALL FOR THE MANY OTHERS IN STOCK. _
hone bill and connect ime by a sta m okiro = £ B75 - = A 7
:'IITI l?-: Full featured with tI?;ED status Indicators and remote L, x'?-x“ 1%&2,?5?:5%3& £ 790 Visit our Shop - Tec help always onhand  §
error stics. Sync or Async use; speech or data switching; m‘},’sm VDU lerminals - brand new o E plus many un-advertised spedals. You can buy a- §
bullt in 240v malns supply and 2 wire cannaction to BT. Unifs gaganie 8D 150H 18 channel Hybrid recorder >l colour television for as little as £29! Coms and
are Inused but gaod condition. Fully tested prior despatch, with Yrend 1-0-1 Data transmission test et £525 | join the gang at 215 Whitehorse Lane!
data and a full 90 day guarantee. What more can you ask for - Kenwood DA-3501 laser pickup simulator €350 | SENEEAC— o
and at this priceil ONLY £69 (D}
LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOwI
LONDON SHOP DISTEL @ The Orlglna ALL ENQUIRIES
00 ® "ne MAIL ORDER & OFFICES Y0o's af Baraaine] E dial-
n Fr G.00.5 A0 100’5 o qains ree dlal-up database!
; ! 'ooo. ;::0: l i...; ‘ * St th--_-,r:éjm ? I '.l 5.30 1000's of I:am’:‘+lrﬂc Gnlins 081 -679-4414
YEd 1 i 00 bd 081-679-1B8B,
!: "ot eoee ¥ oot Nanwoo 2 St Norwaod, [l 120075 bd oas.e7a.61aa, | Fax- 0816791927 |
T London, SE25.. 200/1200 bd 081-679-876 Telex- 894502 SR
" e -
All prices for UK Mainisnd. UK cusiomers add 15% VAT ko TOTAL order amourt. Minimum order £10. PO orders from Universities, & Local A
balll | wedcome-minimum account . Carriage charges (A)=£2.00. (B)w£4.50. (C)=£B.50, (D)=£10.00. (E)=t12.00 (F)=£17.00 (G)=Call . All goods aupplied subject to o
-EIECtron’cs ﬂrﬂdﬁmoﬁ&hmm*“ ‘:(A> “ﬁ(?‘)"‘ﬁyc.s'l . )onnrdmnllE:)banobas(is.Wemwvozlndthd\angnplr'i,casAspooiﬁuﬁom
withcut prior notice. Orders acospled subject b slock. Quotations willingly given for higher quantiies than thoss stated. Bulk surplus always required for canh.




THE RTC MONITORIII

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

BASS POLYMER CONE D: 22cm
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

£1

MAIL ORDER
BARGAIN PACKS

BUY 20 GET 1 FREE

Please state pack(s) required

BPO15B 1
BPO16 6
BP017 3
BPO1S 20
BP020

BPO27 30
BP029 6
BP030 2
BPO31

ROSS MULTI TESTER

As new condition but have -~
been returned by customers or
shops so they may need some
attention. Hence the price of
£3.50 each plus £1.60 P&P.
Order five and get the sixth
one free. Postage £5.40.

LCD DIGITAL MULTI TEST METER Ac bc
Volts resistance and DC Amps. Most of these units are
new but have been returned or rejected by the store
and sold with all faults at £11.00 each. Postage £1.00
{Made by R .ss Electronics)

ROSS PUSH BUTTON RADIO -

Mains and battery operated. _.-_,,_-"ﬂ )
High quality VHF/EM, £F

Medium and Long Wave (e

reception ‘

B pushbutton sslected H

presel stations.

Fully retractable telescopic

aerial, | i

Headphone/earphone |

jack socket. i
|

Size 230H = 150W = 65D
Ref RE-5500

Brand new, i ’
Listed price over £30.00. |

Price £14.95 + £2.80 P&P \“w

SHURE HIFI STEREO MAGNETIC CAR-

TRIDGE Fitted 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 sach. |f you order in multiples of five you
get one free. Postage £1.30 (Made in U.S.A}

BP035 6
BP036 6
BP037 6
BP038 20
BP039 6
BP041 3
BP042 2
BP043 30
BP044 2
BPO45A 2

PO46A 2
BP047 1
BPU4TA 1
BPo4s 10
BPOSO 30
BP051 6
BPO52A 1
BP053 5
BPO54 10
BP055 1
BP056 4
BP057 8
BP058 200
BP(59 1
BP061 5
BP063 5
BPO64 12
BP065 1

No. Qty. per pack

30W dome tweeter. Size 90x66mil JAPAN made
2200uf can type Electrolytic 25V d.c. computer
grade made in UK by PHILIPS

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

20 ceramic trimmers

Tuning capacitors, 2 gang dielectric a.m. type

3 position, 8 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 LAPAN made

2 pole 2 way rotary switch

Right angle, PCB mounting rotary switch,

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

4 pole, 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 made by PHILIPS

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

FM stereo decoder modules with diagram

UK made by PHILIPS

6"x3%4" High grade Ferrita rod. UK made

AM IF modules with diagram PHILIPS UK made
AM-FM tuner head modules, UK made by Mullard
Hi-Fi stereo pre-amp module inputs for CD, tuner
tape, magnetic cartridge with diagram

UK made by MULLARD

All metal co-axial aerial plugs

Fuse holders, panel mounting 20mm type

In line 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

606 Mains transformers, PCB mounting.

Size 42x33x35

24V 0.3VA mains power supply. Brand new boxed
UK made by MULLARD

25V DC 150mA mains adaptor in black plastic case
with flying input and output leads new units made
for famous sound mixer manufacturer.

Size 80x55x47

0OC44 transistors. Remove paint from top and it
becomes a photo-electric cell (ORP 12)

UK made by MULLARD

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

14 watt output transistors, 3

complimentary pairs in T066 case

{ldeal replacement for AD161 and 162s)

Tape deck pre-amp IC with record/replay
switching No LM1818 with diagram

5 watt audio ICs. No TBA8OO (ATEZ)

Motor speed control ICs, as used with most
cassette and record player motors

Digital DVM meter |.C. mads by PLESSEY

as used by THANDAA with diaaram

7 segment 0.3 LED display (red)

Bridge rectifiers, 1 amp, 24

Assorted carbon resistors

Power supply PCB with 30V 4V/A transformer.
MC7818CT IC & bridge rectifier: Size 4"x2%"
6.35mm Mono jack plugs

6.35mm stereo switched jack sockets

Coax chassis mount sockets

3mtr Euro-mains lead with chassis socket

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. ~

® 30Wx2 (DIN 4 ohm)

® CD/Aux, tape |, tape ll, tuner and phono
inputs.

® Separate treble and bass

® Headphone jack

Size (H.W.D.) 75x400x185mm

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 stereo headphones fitted 3.5mm jack with
adaptor to 6.4mm jack. Ideal use Hifi or personal starsos
made to sell for nine pounds, Dur price for this unit £4.25
Postage 60p.

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 set,
one of the first casualties seems to be the sound
quality, Small speakers and no tone controls are
quite commeon 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

£17.95 RaDIO AMATEURS AND
POSTAGE MANY MANY MORE

£2.85 SQUELCH CONTROL
“"RUBBER DUCK AERIAL"

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 cirtuit 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 ORDER TERMS, POSTAL ORDERS and i
Orders under £20 add £

Sch
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AMPHONIC 125+ 125 POWER AMPLIFIER

125 watt per channel stereo power amplifier

with independent volume controls, professional

19” rack mount and silent running coaling fan for

extra reliability.

Output power .... 125W RMS max. per channel

Output impedance .........cccoceeeenns 410 16 ohms
{max. power into 4 ohms)

Sensitivity ....c.coiiiiniieee... 450V at 22K ohms
Protection Electronic short-circuit and fuses
POWET aaiiveen consinsessiniesinpsnanpsan 220-240V a.c. 50Hz

Chassis dim ... 435x125x280mm

£“1 42 +£7.00 p&p

STEREO MIXER

5-channel stereo disco mixer in racking case which can
handle up to a total af 10 phono, line and mic inputs,
switchable an front panel. Twin 6-band graphic equaliz-
er with insert/bypass switch. Cross fader between
channels 1 and 2. Mic channel with low Cut filter and
talkovaer switch. Separate L and R master controls.
Quiputi for amp, tape and headphones.

Input Mic 0.3mV 600chms
Phono .......... 2.5mV 50Kohms
Qutputs: Amp & Tape POTTORY. .
Headphone ..... 50mV @ 750hms

Equalizer control frequencies ...... 60,550, 1k, 3.5k, 12kHz

Equalizer CONrolrange ... % 12dBboostorcut

Size 350 x 280 x 90mm

£118.90 + r5.80 P&P

BELT-DRIVE
QUICKSTART VARISPEED
DISCO TURNTABLE

* Quick start ideal for scratching

* Pitch control

* Pop-up target lamp

* Strobe lamp

* Counterweighted tubular tone arm with piug-in
headshell

* Full manual control

* Remote start/stop

* 7.5kg /

£112.00
+ £7.00 P&P

28.0.28V 4 AMP MAINS TRANSFORMERS

With a 5.5V at 0.5A mains input 110-240. Size 90 x 105 x
75 fitted with copper screening band; made for famous
HIFI Co. £6.50 each. Postage £2.80. it's weight is 2.7Kg!
Brand new and unused condition.




Helen Oughton
reports on new
technology to
provide blind
people with easier
access to written
information.

18

or most people, access to information has
never been easier than today. We take for
granted many forms of written information
such as books, magazines, newspapers
and letters, yet it is hard to imagine life
without them. (No ETI each month, for a start!).

But for someone who is blind or partially sighted,
written information is much less accessible. There are
nearly quarter of a million adults registered blind or
partially sighted in the UK, and it is estimated that
nearly a million are eligible for registration. Often, the
only answer is to ask family or friends to read aloud
to them. At best, this reduces the person’s inde-
pendence. At worst, it becomes an intrusion into
privacy. Who wants their friends to read all their
personal correspondence? Many major banks now
offer statements printed in Braille, but this is the
exception rather than the rule.

Some blind people are also deaf, denying them
the media contact afforded by listening to television
and radio. For these people, access to all types of in-
formation is very difficult.

However, things are getting better. Over recent
years, developments in information technology, text
processing and data communications have rev-
olutionised media and business environments. Digital
communications, scanners and character recognition

e

""Reading’’ a digital newspaper.

software are now symbols of the high-tech, high-flying
business world.

Now the thoughtful application of the same tech-
nology could bring a further revolution, giving easier
access to newspapers and other written information
for those who are blind or partially sighted.

‘Newspaper Over The Air

Technology — albeit rather old technology — already
provides blind people with a newspaper service — in
the form of weekly extracts on cassette tapes. More
immediate information of individual interest can be
obtained only by asking friends to read the paper
aloud.

But now a new system will allow daily newspaper
to be transmitted over the air, and stored on the
recepient’s computer disk. Items of interest can be
picked out and made available in a way which suits
the user.

In a pilot scheme, currently running for six
months, the text of The Guardian is broadcast
nationally over the independant television network
by AirCall Teletext Ltd. It is transmitted on the day of
publication, and is received in the blind persons home
using a decoder card in a personal computer. ‘Read
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and Search’ software, developed by the RNIB
Technical Development Department, allows the user
to read the paper using a speech synthesiser, Braille
printer or a transient Braille display.

The cost to the user is likely to be about £1200
for the PC, decoder, voice synthesiser or printer. It is
hoped that the information will be provided free by
several newspapers, as The Guardian is currently
doing.

This system has several advantages over listening
to news on TV, radio or cassette. Firstly, it allows the
user to obtain information in the same way that a
reader of a newspaper would do, that is, by scanning
through headlines to see what is interesting, by
selecting those items which catch their eye, and by
reading items at leisure. Secondly, it allows people
who are both deaf and blind to obtain this information
by means of a Braille display or printer.

The pilot scheme with The Guardian newspaper
started in mid-March and will run for six months. If
it is successful, the project may be extended to three
or four national newspapers. So far, the reaction has
been favourable.

Digital Newspaper Technology

Most newspapers now use computers for compo-
sition, and many convert the articles to a database
format. It is this format which is used for digital
distribution. The Guardian’s text is sorted into five
sections — home news, foreign news, financial news,
features and sport. The sorting process also strips out
the formatting and graphics characters and special
indicators (eg for headlines) are inserted. At this stage,
symbol characters like #/3 are converted to pronounc-
able words (‘two-thirds)) for use by voice synthesisers.

The files are sent to AirCall Teletext using packet
switchstream, a data communication network.

The data is then transmitted by AirCall Teletext
over the television network. This uses similar
technology to other forms of teletext, with the data
being transmitted alongside video information.
However, the data is available only to subscribers, and
is encrypted. The data is not in a suitable form for
display on a television screen, but for processing by
the PC. A typical issue of The Guardian is 100,000
words and takes about an hour to broadcast.

The Screen Electronics decoder card, installed
in the user’s PC, performs several functions. It is a
tuner which demodulates the signal and decodes then
encrypted data. It is connected to the TV aerial and,
on receipt of a start signal, begins data capture and
stores the text as separate files on the hard disk of the
user’s terminal.

The special software for the service has been
written by the RNIB Technical Development
Department. There is a screen display for sighted
people, but all screen output can be directed to a voice
synthesiser or Braille display. For partially sighted
users, the screen displays extra large characters. The
software allows the user to skim through the
headlines, select an article to read, and move easily
between articles. As well as the reading facility there
is a comprehensive searching capability. It is possible
to search the whole paper for up to ten keywords in
under four minutes — far quicker than a sighted
person could do it. The system is designed to be easy
to use. A blind person with only limited experience
of a keyboard should be able to learn to use the system
in under two hours.

Braille Displays

A Braille display can be thought of as the Braille
equivalent of text on a computer screen. The display
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consists of plastic pins, which are raised to form a line
of up to 80 Braille characters. As some Braille charac-
ters represent whole words, a line of 80 characters
may contain quite a lot of information.

When the user has finished reading the line, he
or she presses a refresh button. The previous line is
erased, and a different arrangement of pins is raised
to form the next line of characters. Cursor keys allow
the user to scroll through a document or message.

Though very high quality voice synthesisers are
now available, many users may prefer a Braille display
as they are fast to read, and can be used by people
who are both deaf and blind. However, Braille displays
are still very expensive.

Blind Leading The Sighted

Several newspapers were approached by the RNIB
regarding this project, but The Guardian was the most
enthusiastic and also has its information stored in files
of a structure appropriate to the project. At present,
The Guardian is giving this service free, and hopes
to continue this free contribution if the pilot is
successful.

lan Wright, managing editor of The Guardian,
gives two reasons for their involvement in the work.
Firstly, they are glad ‘to be able to co-operate with
competent people on a project that will improve the
situation of others. We're pleased it's gone as well as
it has. We've been enthused by the enthusiasm of the
technical department at the RNIB!

Secondly, this new technology may have further
applications in the future, as a method for transmitting
and distributing written information to all readers. This
method has certain advantages over convential
newspaper distribution. A reader could print out only
those pages which he or she wanted to read, and
scanning the paper for items of interest is actually far
quicker than with a convential paper. For example a
reader could request all stories covering events in
Eastern Europe. This technology could be
advantageous to the sighted as well as the blind.
Wright describes it as ‘the blind leading the sighted’

There is considerable interest from other
European countries in this project; a number of other
countries are now working on similar lines. The first
digital newspaper was in Sweden, using very different
technology from that used-in the UK system. The EEC
Concerted Action on Technology and Blindness has
set up a project to co-ordinate these activities, and
RNIB Technical Development Department has been
given the responsibility of leading this project.

Document Readers

Digital distribution may be an answer for newspapers
and other widely distributed material, but blind people
also need access to other types of document.

Adhoc Reading System
with Braille Display.
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The combination of three newly established tech-
nologies enables a personal computer to read aloud
from any printed material. The printed page is first
scanned and converted to a digitalimage. Advanced
character recognition software is then used to read the
page into text information. The text is then output to
a high-quality voice synthesiser. The text could also
be sent to a Braille display or printer.

With the voice synthesiser, such a system is useful
not only to the visually handicapped, but to people
with other sorts of reading difficulties, such as dyslexia.

Several organisations now supply the hardware
and software for these reading systems. One supplier
is Arkenstone, a non-profit organisation dedicated to
providing technical solutions to charitable needs.
Arkenstone aims to supply the hardware and software
at significantly less than retail prices. Similar systems
include the Xerox/Kurzweil PC/KPR, and the Ad
Hoc Reader from Alphavision, of which about 20 to
30 systems are being used daily by blind people in
employment.

Kurzweil Personal Reader
with Flatbed and Hand
Scanners.

The Arkenstone Reader uses the Truescan
scanner recognition card from Calera Recognitions
Systems. Truescan is able to read a very broad range
of everyday documents (though no recognition
product can read everything — yet).

The card is inserted into a PC-AT or PS/2 (or
compatible), and converts the images scanned by an
image scanner into text information. This information
is typically transferred to the PC as a file: either in
ASCII or in formats suitable for about forty PC
applications, such as WordPerfect, Microsoft Word or
Lotus 1-2-3.

Truescan allows the user to capture all the in-
formation on a page in one pass, regardless of the
page’s complexity. Early character recognition soft-
ware was only really effective on single column, typed
pages. However, recent recognition software provides
much more than character recognition, and is often
described as document recognition. This includes
automatic decolumnization of complex pages, and
preserving layout information like paragraph breaks,
tables, columns and lists.

Early character recognition software required
new fonts or typefaces to be taught to it before it can
recognise them. However, the intelligent character
recognition software in the Arkenstone reader teaches
itself new fonts,

A document can be placed in the scanner in a
landscape or portrait orientation. A blind person can
often tell which way up a document should be by the

position of staple holes, etc. However, if the document
is inserted upside down in the scanner, the user will
soon know because there is no output. An optional
extra provides a speech sythesised message to warn
the user if the paper is in an unrecognisable
ortentation.

These document readers can be set up to meet
individual needs. Within recommended configura-
tions, the user can choose the Personal Computer, the
speech synthesiser, Braille display or printer, appli-
cation software and image scanner, that best meets
his or her needs and budget.

The charitable organisation, Arkenstone, has a
discount on the Truescan as long as it is for disabled
or for similar charitable purposes. They can also sell
scanners at a discount, and are customising software
for the needs of the visually impaired. The
organisation is extended to the UK and Europe,
making use of suppliers with high standards of
technical expertise who are prepared to offer
technology at affordable prices.

Personal Readers

Though a PC-based reader provides a flexible
approach to document reading, some users may
prefer a more compact dedicated unit such as the
Kurzweil Personal Reader. Like the PC readers, it
scans and reads single sheets or bound documents.

Output is through a speech synthesiser: a
DECtalk modelis used. The Personal Reader may be
used with a flatbed scanner or hand scanner. With the
hand scanner, the surface is certainly easier to move
around than a PC based system, though at over 20
Ibs, ‘luggable’ seems a more appropriate description
than ‘portable’

The Writing On The Wall

Will such systems ever be able to recognise
handwriting? David Sullivan, of the RNIB’s
Employment Development and Technology
Department, thinks that such an achievement is some
way off.

Some work is currently going into recognising
handwriting. Current software can recognise very
neat, clear handwriting, provided that the letters are
not joined up. It may be possible to extend this to
teaching software to recognise one person’s
handwriting — that of a member of a blind person’s
family might be useful. Software to recognise a range
of handwriting may be four or five years away.

However, developing new technology is only
part of the story. At present, the technology described
here will be beyond the pockets of most individuals,
and is more likely to be used in schools, libraries and
institutions. It is equally important to ensure that
existing technology is applied in the right way, and can
be afforded by those who need it. And that will only
happen if more high-tech companies stop turning a
blind eye.

Addresses:

Royal National Institute for the Blind, 224 Great
Portland Street, London, WIN 6AA. Telephone: 071
388 1266.

Arkenstone, Inc, 540 Weddell Drive, Suite 1,
Sunnyvale, CA 94089, USA. UK Supplier: Sensory
Vision Aid, Cameron House, 12 Castlehaven Road,
London NW1 8QU. Telephone: 081-485 4485,
Kurzweil products are available from: Sight and
Sound Technology Ltd, Qantel House, Anglia Way,
Moulton Park, Northampton, NN3 1WD. Telephone:
0604 790969.

Ad Hoc products are available from: Alpha Vision,
Seymore House, Copyground Lane, High Wycombe,
Bucks, HP12 3HE. Telephone 0494 30555.
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ETI
Introduces An Easier Way To
Pay For Your Subscription

You can now subscribe to ETI by Direct
Debit, anew service we are able to offer to
our readers.

Paying for your subscription by Direct
Debit is quick and easy and has
advantages:

* ONLY ONE PIECE OF PAPER TO SIGN —
SIMPLY COMPLETE THE DIRECT DEBIT
INSTRUCTION,

* YOUR BANK DOES ALL THE WORK —

THEY WILL MAKE PAYMENTS ON YOUR
BEHALE

* AUTOMATIC RENEWAL OF YOUR
SUBSCRIPTION — NO MORE DELAYS
AND ISSUES MISSED.

% POST FREE SUBSCRIPTIONS.

* SPECIAL SUBSCRIBER ONLY OFFERS.

1f you've been thinking about subscribing
to ETI then now is the time to do so — it’s
never been easier and it only costs £19.20 a
year! :

If you want to receive a regular supply of
the best electronics magazine available,
then subscribe today by Direct Debit.

The Direct Debit payment facility can only
be offered to UK subscribers only.

| wish to subscribe to ETI at the annual rate of £19.20.

I INSTRUCTIONS TO YOUR BANK TO PAY DIRECT DEBITS I
Please complete Parts 1 to 5 to instruct your Bank to make
I payments directlty from your account.

Originator |dentification Number

(el52[s2[7]!
| T TIE VI8 NGO i oo i Bank pic

{FUll address of your Bank Branch)

Banks may refuse to accept instructions to pay Direct Debits from some types of accounts.

| 2. Name of Acount Holder = I

I 4. Bank I
e TITTTIT T SaeL TICT LT
5. Your instructions to the bank and signature. I

® | instruct you to pay Direct Debits from my account at the request of Argus Specialist
Publications in respect of my Subscription Advice.

® The amounts are variable and may be debited on various dates,

@ | understand that Argus Specialist Publications may change the amounts and dates
I only after giving me prior notice. ]

@ | will inform the bank in writing if | wish to cancel this instruction.

® | understand that if any Direct Debit is paid which breaks the terms of this instruction,
the bark will make a refund.

I Signature(s AR DL G e e |
9 (s}

I Title Mr/Mrs/Miss

I Address I

Postcode

Return this form to: Select Subscriptions Ltd., 5 River Park Estate,
Billet Lane, BERKHAMSTED, Herts HP4 1HL ETIDD/2
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ONE POUND BARGAIN PACKS

All packs are £1zach. Note the figure on the extreme leftis the
pack ref number and the nextfiguresis the quantity of items in
the pack, finally a shiart description.

B8D2 5 13Aspursprovideafusedoutlettoaringmainwhere device
such as a clock must not be switched off

BD9 2 6v. 1A mains transformers upright mounting with fixing
clamps

BD11 1 64" speaker cahinel ideal for extensions, 1akes your
speaker Ref BD137 + 50p.

BD13 12 30 watt reed switches, it's surprising what you can make
withe thesa — burglar alamms, secrat swiiches relay el elc

BD22 2 25watt loud speaker two unit cToss—overs

BD30 2 Nicad constant cur h daptio charge aimost any
nicad hattary

BD32 2 Humidity switches, as the alr becomes damper the
membrang sirefches and operates & microswitch

BD42 5  13Amockerswilchihreatag soonfolf, or change over with
centre off

8045 1 24hr time swilch;, ax-Elactriclty Board, automatically
ad|ust fof langthening and shortening day.

BD48 5 Neonvalves, with saries reslstors, these make good night
lights

BO56 1 Miniunisglector, one use s for an alectnic jigsaw puzzle,
we give circust diagram for this, One pulse into molor, mavas
switch through on pole

BD67 1 Suck or blow operated prossure swilch, or it can be
operated by any low pressure variations such as water level
in water tanks

BD103A 1 Bv750MA power supply, nicely cased with input and output
leads

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

BD182 2 Plasticboxes approx. 3" cube with square hole throughtop
so ideal for interrupted beam switch

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

BD133 6  Microphone inserts — magnetic 490 ohm also act as
speakers

BD148 4  Reedrelaykilsyouget 16reed switches and 4 coil sets with
notes on making ofa refays and other gadgets

BD149 6  Sately cover for 13A sockets — prevent thass inquisitive
lintle lingers gatting nasty shocks

BD1B0 6  Neonindicatorsin panal mounting holders with lens

BD193 6 Samp3pinfiush ing so costdisco
panel — need cable clips

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

BD201 8  Keyboardswitches — made for computers but have many
other applications

BD211 1 Electricclockmainsoperaled putthisinaboxandyouneed
never be late

BD221 5  12v alarms make a noise about as loud as a car horn,
Slightly solid but OK

BD252 1 Panoslai, controls output of boiling ring from simmer to boil

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

BD263 2  Oblongpush switches for bell or chimes, these can mains
up to & amps so could be foot switch if fitted into pattress

BD268 1 Mini 1 wattamp forrecord player. Will also change speed
of record playar molor

BD305 1 Tubular dynamic mic with optional lable rest

BD653 2 Miniaturedriveriransiormers. Ref LT44. 20k to 1k, centre
tapped

BDS48 2 35voltrelays, each with two pairs changeover conlacts

BD667 2 4.7ul non-polarised block capacitors, pch mounting

There are over 1,000 itemsin our catalogue. If you want a complete copy
please request this when ordering.

PERSONAL STEREOS Again customer returns but 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-diit display
with a buill-inelock and 2 relay outputs, 1for power and 1 lor pulsed power
level. Could be used for all sarts of timer control applications, Only €6 Aet
P18,

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

STABILISED POWER SUPPLY KIT. +—+/V20A Contains
PCB, transformer and all components exctuding case, etc. Our price is £20
Ref 20P25.

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

SUB-MIN TOGGLE SWITCH. Body size Smmx4mmx7mm
SBDT with chrome dolly fixing nuts. 3 for £1. Order ref BD649.

COPPER CLAD PANEL. For making PCB. Size approx 12in
longx8Y2in wide. Double-sided on fibrenlass middle which is guita thick
{about 1/16in) so this would suppert quite Feavy componants and could éven
form achassis to hold a mains transformar etc. Price £1 aach, Qurref BDE3S,

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

REAL POWER AMPLIFIER. Faryourcar ithas 18D watts output
Fraquency response 20hz to 20Khz and signal 1o noise ratio better than
B0db. Has built in short cireuil protection and adjustabls input leve o suit
your exisiing car stereq, soneeds no pre-aimp, Works into speakers raf. 30F7
described balow. A real bargain at only 5700 Ordet ref: 57P1

REAL POWER CAR SPEAKERS. Stersopair output 100w
each, &-Ohmimpadence and consisting of 6% woofer, 2" mid range and
1" twester. [deal lowork with the amplifier described above. Price par pair
£20,00, Order raf: 30F7

STEREO CAR SPEAKERS. Notquite o pawerful — 70w per
channe. 3" woofer, 2" mid rangeand 17 tweeter, Again, in & SUpPe purpess
bullt sheit mounting unit. Price per palr: £30,00. Order ref; 28P1

VIDEO TAPES These are threa holr tapes of superior quality, made
under licence from the famous JVO Company: Offerad at only £3each Our
feFE?EES. Or 5tore11 Ourref 11P3. Or forthe really big user 10tor £20, Qur
el 20

ELECTRONIC SPACESHIP.
Sound and impact controlled, responds to
claps and shouts and reverses when it hits
anything. Kit with really detailed instruc-
tions. Ideal present for budding young
electrician. A youngster should be able to
assemble bulyou may haveto helpwith the
soldering ofthe components on the pcb. Complete kit £10. Our ref 10P81

12" HIGH RESOLUTION MONITOR. Amber screen,
beautifully cased for free standing, needsonly a 12v1.5ampsupply.
Technical data is on ils way but we understand these are TTL input.
Brand new in maker's cartons. Price: £22. Order rel 22P2,

COMPOSITE VIDEO KITS. These convert composite videainto
separate h-sync, v-sync and video. Price £8. Our ref 8P33

BUSH RADIO MIDI SPEAKERS. Stereo pair BASS reflex
syslem, using & full range din driver ol 4 chmeimpadance. Mountsd in very
nicaly madsa black fre Iriuth binets. Cabi izeapprox Blain
wide, 14in high and 3%in deep. Fitted with  good length of speakar flex and
terminating with & normal audio plug. Price £5 the pair. Ourref 5P141,

3%2in FLOPPY DRIVES. Wesstill have two modelsin stock: Single
sided, B0track, byChinon. Thisisin lhe manufacturers metal case with leads
and IDC connectors. Price £40, reference 40P1. Also a double sided, 80
track, by NEC. Thisis uncased. Price £59.50, reference 60P2. Both are brand
new. Insured delivery €3 on each or both.

SINCLAIR C5 WHEELS
Inciuding inner lubes and tyres. 13" and 16" diameter spoked
polycarbonatewheels finished in black. Only €6 each. 13” ref 6P20.
16" ref 6P21.

ASTEC PSU. Mainsoperated switch mods. sovery compact. Outputs

+12v2 54, +5VEA, 5V BA <12y BA. Slze: T1din long x 438in wide x
231in high. Cased ready for use. Btand new, Normal price £30+, our price
only £13.00. Our ref 13P2.

VERY POWERFUL 12 VOLT MOTORS. 1/3rd Harsepower.
Made to driverthe Sinclair C5 electric car but adaptable \o power ago—kart,
2 mawer, a rail car, model railway, ate. Brand new. Price 220, Our ref 20022

PHILIPS LASER
Thisis helium—neon and has a power rating of 2mW, Completely sate
s0long as you do not look directly inta the beam when eye damage
could result. Brand new, full spec, £35 Mains operated power supply
forthistube givesBkv striking and 1.25kv at Sm running. Complate
kit with case £15.

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

FULL RANGE OF COMPONENTS al very keen prices
7@ avallabl from cur associate compnay SCS COMPONENTS. You
miay already hiave their catalogue, i nat request ona and we will send
it I%C with your goods.

HIGH RESOLUTION MONITOR. 9ir black and whits, used
Philipstube M24/306W, Mada upinalacquered frame and has open side.
Made for use with OPD computer but sultable for most others, Brand naw,
£20, Ral 20P6

12 VOLT BRUSHLESS FAN. Japanese made. The popular
square shape 41/2in x 41/2in x 13Min), Theelectrunically run fansnotonly
consume vary litthe current but also theyy do not cause interference as the
brush type molors do. Ideal for cooling computess, ste., or fora caravan. £8
each. Our ref BP26

MINI MONO AMP onpcb.sized” x 2° {app.)
Fitied Volume control. The amplifier
has three transistors and we estimate
the output to be 2W rms. More
technical data will be included

with tha amp. Brand new, perfect
condition, affered af the very low
price of £1.15each, or 13 for £12.

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

SHADED POLE MOTORS. Approx3" square availablein 24V
AC or 240V AC, both with threaded output shaft and 2 fixing bolts. Price is
£2 each. 24V rel 2p66. 240V ref 2PE6.

MICROWAVE TURNTABLE MOTORS. Complete with
welght sensing lectronis that would have varied the cooking time. Ideal
for windaw displays etc. Only £5. Rel 5P165.

SURFACE MOUNT KIT. Makes a super h'@h gain snooping
amplifier on a PCB less than an inch square! £7. Ref 7P15,

INDUCTIVE PROXIMITY SWITCHES. Mads by Honeywel
lhese unils are brand new and offard atonly £12 each which 5 a fractian
of their normal price. 10-36V DC madel rat 12P18 or main version 12120

BULL ELECTRICAL

Dept. ETI, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QIT.
MAIL ORDER TEAMS: Cash, PO or cheque with order. Fiease add €250
service tharge. Manthly account arders accept from schaols and public
comparies. Access & Barclaycard orders are acceptad — minimum £5.
Phone (0273) 203500, Fax 23077

POPULARITEMS — MANY NEW THIS MONTH
1990 CATALOGUE now available — phone for copy

YUASALEAD ACID RECHARGEABLE BATTERIES.
1.8AH 12v, £6.00 each; 10AH 6v £12.00 each.

JOYSTICKS for BBC, Atari, Dragon, Commadore, etc. All £5each Al
brand new, state which required.

TELEPHONE TYPE KEY PAD. Realyfirst class rear mounting
unit. White lettering o black buttons. Has conductive rubber contacts with
soft click operation. Circuit arrangadintelephone type array. Requires70mm
by 55mm cutout and has 3 10 I0C connector Price £2. Ref 2P251,
SUB-MIN PUSH SWITCHES Not much bigger than a plastic
\ransistor but double pole. PCB mounting. Three for €1. Our ref BDE8E.
AA CELLS. Probablythe most popular ofthe rechargeable NICAD types
4for £4. Our ref 4P44.

20 WATT 40HM SPEAKER With buitin tweeter. Reallywell made
unitwhich hasthegowerand the quality for hi-fi. 6'%in dia. Price £5. Ourref
5A155 or 10 for 2401 ref 40P7,

MINI RADIO MODULE Only 2in squara with ferrits aanial and solid
diatuner with ownknob. Itis 2 superhetand :ge(arasrrumaPPs batteryand
would drive a crystal headphane. Price €1, Our ref BD716

BULGIN MAINS PLUG AND SOCKET. Theoldfaithful 3pin
with screw terminals, The plug is panal mountad and the socket is cable
mountad. 2 pairafor £1or 4 plugs or 4 sockets for €1. Qurref BD715, BD715P
orBDTISS,

MICROPHONE. Low cost hand held micraphone 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 pairmact by Hitachi. Avallablein
H pack Ref 2899 and 2SK343 £4 4 pair Fel 4P51

TIME AND TEMPERATURE LCD MODULE. 4 12 aur
clock, aCelcius and Fahrenheit thermometer. a oo hot alarm and atoo cotd
aarm. Approx 50 x 20mmwith 12.7mm digits, Flequires one Ab balteryand

afew switches. Comes complete with full dala and diagram, Price £4, Qur
refgpP

REMOTE TEMPERATURE PROBE FOR ABOVE. 3
Qur ref 3P60.

600 WATT AIR OR LIQUID MAINS HEATER. Small coil
heater mads for heating air of liquids. Will not corrode, lasts for years, coil
&1z 3in = 2in mourited on & matal plate for easy fixing, 4in dia. Price £3. Ref
3FTB af 4 for £10. Ourral 10PTE

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

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

PTFE COATED SILVER PLATED CABLE. 19 strands of
Abmim copper, will carry upto 30A and is virtually indestructabie. Availabia
Intid ar black. Regular priceis over £120 per reel, our price: anlyE201or 100m
reel. Rel 20°21 or 1 of each for £35. Ref 35P2. Makes absolutely supérh
Speaker cabls!

NEW PIR SENSORS. infraredmovement sensorswill switch upto

1000W mains. UK made, 12 months manufacturers warranty. 15-20m range

vRvith a0-10min timer, adjustable wall bracket, daylight sensor. Only £24.00.
ef 24P4,

GEIGER COUNTER KIT. Includes lube, PCB and all components
to buiid a 8V operation geiger counter. Only £39. Ref 39P1.

SPECTRUM SOLIND BOX. Add sound toyour Spectrum with this
device; just plug In Complete with speaker, volume control and nicely boxed.
Asnlpatonly €4, Our ref 4P53.

BBC JOYSTICK INTERFACE. Converts a BBC jotstick port to
an Ataritype port. Price £2. Our ref 2P261.

TELEPHONE EXTENSION LEAD. 5M phone extension lead
with plug on one andsackel on the other. White. Price £3. Our ref3P70 or 10
leads for only £19¢ Het 19P2.

LCD DISPLAY. 4¥indigits supplied with connection data £3 Ref 3F77
or 5for £10 Ref 10P78.

CROSS OVER NETWORK. 8 ohm 3-way for tweeter midrange
and woofer. Nicely cased with connections marked. Only€£2.Qurret2P255
or 10 far €15 rat 15P32.

BASE STATION MICROPHONE. Top quaiity uni-directional
electret candanser mic 600r impedance sensitivity 16-18KHz -68db built
in chime, complets 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 batleries in 8 hours. Price £6. Our ref 6P3.

MAINS SOLDERING IRON. Price £3 Our ref 3P65
SOLDERING IRON STAND. Price £3 Our ref 3P66

SHARP PLOTTER PRINTER. New 4 calour printer originally
Intended for Sharp computers but may be adaptable for other machines.
Compiete with pens. papat, etc. Price £16. Our raf 163

KIT to convert the above Printer lo Centronics parallel. £4 Ref 4P57.

CAR IONIZER KIT. Improve the aifin your car, clearssmoke and helps
prevent fatique. Case req. Price £12. Qur ref 12P8,

NEW FM BUG KIT. New design with PCB embedded coil 9v
aperation. Priced at £5. Our ref 5P158.

NEW PANEL METERS. 50UA movementwiththree different scales
that are brought into view with a lever. Price only £3, Ref 3P81.

STROBE LIGHTS. Fit 2 standard Edison screw light fitting 240v
Amin flash rate. available in yellow, green, complete with socket. Price £10
each, Rel 10P8d (state colour reqd)

ELECTRIC SPEED CONTROL KIT. Suitable for controlling
our powertul 12vmotors. Price £17. Ref 17P3 (heatsink required).

EXTENSION CABLE WITH A DIFFERENCE. ttisflaton
ona side, making it easy to fix and look tidy. 4 core, suitable for alarms, phones
ete. Our price only £5 for 50m real. Hef 5P153,

METAL PROJECT BOX. [deal for battery charger, power supply
etc., sprayed grey, size 8" x 4" x 4»", louvred for ventilation. Price £3. Ref
3P75. .
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MODERN DIODE
CIRCUITS

he first two episodes of this mini-series

looked at the basic characteristics of the

junction diode and associated devices

(zeners, varicaps, photodiodes, LEDs, and

then showed a whole range of practical
applications of ordinary diodes and rectifiers. This
part looks at practical applications of one of the
‘associated’ devices mentioned above, the zener
diode.

Zener Diode Circuits

If a silicon diode is increasingly reverse biased, a point
is eventually reached where its reverse current
suddenly starts to increase, and any further increase
in V, causes a sharp rise in I, The voltage at which
this action occurs is known as s the avalanch or ‘zener
value of the device, and is very sharply defined.
Zener junction diodes are specially manufactured to
exploit this effect, and are of great value as ‘reference
voltage' generators.

Win i

Zm

o
f;’JﬂOV

Fig 1. Basic zener voltage reference circuit.

Iz tEmA]l

Figure 1 shows how a zener diode can be used
to generate a fixed voltage by passing a modest
current through it from the supply line via limiting
resistor R1. The zener output voltage is not greatly
influenced by sensible variations in the zener current
value (caused by variations in supply voltage or R1
value), and the output thus acts as a stable reference
voltage. The R1 value is found from the formula:

Rl = (V,—V)/L.

In most applications I, should be set at about 5mA.

O
ﬂJUOV

Fig 2. Basic zener voltage regulator circuit.

Figure 2 shows how the above circuit can be
modified to act as a simple voltage regulator supply-
ing output currents of a few tens of milliamps to an
external load. Here, the R1 value is selected so that
it passes the maximum desired output current plus
5mA. So when the specified maximum output load
current is being drawn, the zener passes only 5mA.
When no load current is drawn, the zener passes all
the current and thus dissipates maximum power. The
zener's power rating must not be exceeded under this
‘no load’ condition.

Practical zener diodes are readily available in a
variety of voltage values (ranging in steps from 2.7V
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to about 100V) and power ratings (typically 500mW,
1.3W, 5W, and 20W), and usually have a basic
voltage tolerance within £5% of their specified value.
Other important parameters of a zener code is its
temperature coefficient (indicating the effects of
thermal variations on output voltage) and its dynamic
impedance (indicating the effects of zener current
variations on output voltage). Figure 3 shows the
typical parameter values of 500mW zeners with
standard voltages in the 2.7 to 16V range.

Ray Marston looks at
zener diode circuits
in this penulﬂmzte
part ofhis "

.

mini-ser.

Figures 4-7 show some practical
variations of the zener voltage reference
circuit with performance details based
on the parameters listed in Figure 3.

Figure 4 is a basic 10V reference
circuit, using a single zener diode and
powered from a 15 to 20V input. R1
is given a value of 1k5, to set the zener
current at 5 mA at an average supply
value of 17.5V. The zener has a 5%
tolerance, so the actual output voltage
will be between 9.5 and 10.5V. Varia-
tions on supply voltage (15-20V) cause
the zener current to vary by +1.6mA

Vin
16-20V

Fig 3. Simple 10 volt zener reference circuit.

T

4

Vout
19VE-10VS)

e, ©
/77'77 ov
SUPPLY REJECTION = +40mV
TEMP REJECTION {20°C +20°C) +140mV

Iz l5mA)l

and, since the 10V zener has a dynamic impedance
of 25R makes the zener output voltage vary by an
additional £40mV (the supply rejection factor). Since
this zener has a temperature coefficient of
+7mV/°C, the output will vary by an additional
+140mV when the temperature is varied by +20°C
about a +20°C room temperature value.

Figure 5 indicates how the above circuits
thermal regulation can be improved by using two
series-connected zeners with opposing temperature
coefficients, to act as a ‘composite’ zener with a
nominal value of 10.1V (giving an actual voltage in
the range 9.4-10.5V) and a temperature coefficient
of only 0.6mV/°C (a variation of only +12mV over
the +20°C range). This ‘zener has a dynamic
impedance of 127R and thus gives a supply rejection
factor of £203mV.

Regulation of the above circuit can be improved
by fitting it with a pre-regulating zener stage (Figure
6 ZD1), this holds the R1-R2 junction within +265mV
of a nominal 13V value over the full span of supply-
voltage variations, thus giving a final supply rejection
factor of £53mV and a thermal rejection factor of
+12mV over the full temperature range. R2’s value
is chosen to give a 10V zener’ current of about 5mA,
and R2’s value will supply a current greater than this

R1
330R

Vin
15-20V
I -
A 3y ++
Vout
{9V4-10V6)
3ave
o,

O
/7170\."

SUPPLY REJECTION = =53mV
TEMP REJECTION {20°C +20°C) = +12mV

Fig 5. Thermally-compensated 10 volt zener
reference with pre-regulator stage.

Vin
15-20V

s

ZD1 [
Bv2 Vout
202 [9Va-10V6)
avs

C O

/"J"?DV

SUPPLY REJECTION = +203m!
TEMP REJECTION (20°C *20“0) = x12mV

Fig 4. Thermally-compensated
10 volt zener reference circuit.

o' + ! o)

HJH ov

Fig 9a. Corrected from last month.
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+14VE

”Lﬂ)\f

+11v2
—r
+10VE
Vour
+10V J
O Q

Fig 6. Zeners and ordinary silicon diodes can be
combined to give ‘odd ball’ reference voltage

Variable Voltage Circuits

Figures 11-13 highlight various ways of generating
zener-derived variable reference or regulator volt-
ages. In Figure 11, QI is wired as a modified
common emitter amplifier, and gives an output of
(take in sum) times QI's base-to-ground voltage,
which equals the sum of QI’s base-emitter junction
voltage (600 mV) and the ZD1 voltage (6.2V),
making 6.8V in total. The output of this circuit is
variable from 6.8 to 13.6V via RV1. Qs base-emitter
junction has a —2mV/°C temperature coefficient

| values.

when V| is at 15V. ZD1 does not cut off under this
condition.

Finally, Figure 7 shows how zeners and ordinary
silicon diodes can be wired in series to give non
standard reference voltage values. Each silicon diode
drops about 600mV at a forward current of 5mA,
and has a temperature coefficient of —2mV/°C. The
supply (V) voltage must be much greater than the
largest output reference voltage (14.5V).

Regulator

Current Boosting

The simple voltage regulator circuit Figure 2 can be
used to supply output load currents up to a maxi-
mum of a few tens of milliamps. Greater output
currents can easily be obtained by wiring a current-

+

c1 Vout

™ 10u  (11Vd)
|
o m—)
nme

Fig 7. Zener voltage regulator with current-boosting
series—pass output stage; nominal output
voltage is 11.4 volts.

o ¢ —_—
oy

Fig 8. This modified series-pass circuit gives an
output of 12 volts.

boosting emitter follower
buffer or ‘series pass’ stage
between the zener output
and the load Figure 8.
This simple circuit reduces
the zener current loading
variations by a factor of
about 100, the current
gain of Ql. The output
voltage is about 600 mV
less than the zener voltage
(equal to Q1’s base-emitter
voltage drop). This latter
snag can be overcome
either by wiring a silicon
diode in series with the
zener diode to boost QI’s
input voltage by 600 mV,
as shown in Figure 9, or
by wiring Q1 into the
feedback loop of a pre-
cision op-amp voltage
follower stage Figure 10.

The output load
current of each of the
above three circuits is
limited to about 100mA
by the power rating of Q1;
higher currents can be
obtained by replacing Q1

with a power Darlington transistor.

T
| a1
Vin 2N2053
18Y
| —0+
+ Vout
& 15:.1_ 112+V1
o 8}
Fig 9. 12 volit regulator incorporating an op-amp in its series-pass
network.

NOTE:
"1 Vout = GVB x (1+RV1/R2)
4 4mA-1‘|.2mAl 1%
o
{ +
: AV1 a1
o 10k 2N3053
Vout
(6V8-13V6]
R2
10k zD1
6v2
[ —

/71!70\1'

Fig 10. Variable zener voltage reference, with near-
zero temperature coefficient.

O
3 R1
3.8mA-11.9maA l%‘m

02
2N3053

iy '?B'I 1 o+
20V 2N3053
8VI-16V2 [+ Vit
2o - (7V5-15VE)
10k ZD1 |
7V5 v
O

O
i ov

Fig 11. Variable voltage regulator, with near-zero
temperature coefficient.

and ZD1, a +2mV/°C one, and so they cancel each
other to give a final near-zero temperature coefficient
at the circuit’s output.

Figure 12 shows how the above circuit can be
modified for use as a variable voltage regulator to
give a current-boosted output via a series-pass
transistor Q2. In this case, ZD1 is a 7.5 volt type and
has a temperature coefficient of +3.7mV/°C, giving
an 8.1to 16.2 voltage with a +1,7mV/°C coefficient
to the base input of Q2. This gives an output that
is 600 mV and -2mV/°C less than this, thus giving
a final output of 7.5 to 15.6V with a near—zero
temperature coefficient.

Figure 13 is a simple way of generating a stable
0 to 12V output via RV1 and the Q1 current-booster
stage. Note that D1 boosts the effective zener voltage
by 600mV, to counter the 600mV loss of QT’s base-
emitter junction. The final output impedance of this
circuit is fairly high (typically a few tens of ohms)
being roughly equal to the output impedance of RV1
slider divided by the current gain of Q1.

== =

18v

| .
| a7 )

o 2]

Fig 12. Wide-range (0-12V) voltage reference/regulator
circuit.
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Miscellaneous Zener Circuits

To complete this look at the zener diode, Figures 14
to 18 show a miscellaneous collection of useful
application circuits.

Figure 14 demonstrates how a 6.8 volt zener can
be used as a voltage dropper to enable a 1000u 6V
electrolytic capacitor to be used with a 12V DC
supply. The zener must have a large enough power
(V x I) rating to handle C1's ripple currents; a 5W
rating is adequate for most purposes.

A 5.6V zener can be used as a voltage dropper
to enable a 6V relay to be used with a 12V DC
supply (Figure 15). This circuit also help improve the

relay’s effective on/off ratio. Suppose the basic relay capacitor. with relay coil. f
normally turns on at 5V and off at 2.5V, giving a i | : |
2:1 on/off ratio; This circuit will turn on at 10.6V O AANA - o i
and off at 8.1V, giving a 1:3:1 on/off ratio. A

Figure 16 shows how a resistor and zener diode
can be used as a half-wave limiter in an AC circuit.

COIL

+1 +O 1
| 6 VOLT
| & e J RELAY
3 in

12V

& Z0
EVe
e

ov
Fig 13. Zener voltage dropper
used with electrolytic

Fig 14. Zener voltage dropper used

D1
NS0T

A1
T 1 out

/—\———/—X———— +VZDT
ov 2D

The positive halves of the waveform limit at ZD1’s T ————7———600mv :

X . AC IN ]

rated voltage value, and the negative halves, its 600 b \," =

mV Sjunction diode’ value. l l "
Figure 17 indicates how a resistor and two o ! o

inversely series-connected zener diodes can be used
as a full-wave limiter in an AC circuit. In this case.
the positive halves of the waveform are limited by
the sum of ZD1s voltage value and ZD2's 600 mV

—0
‘diode’ value, and the negative halves by the sum R f o i
of ZD2’s voltage value and ZD1s 600 mV ‘diode’ 702 N ~ s - I 5K0
value, P ey 5
Finally, Figure 18 demonstrates how a zener, ov 0y Rty

a multiplier resistor (R1) and a 1ImA FSD moving
coil meter can be used to made a suppressed-zero
meter, that spans the range 10-15 volts. The zener
sets the minimum voltage reading of the meter
(10V), and R1 is given a value of 1000R/V to set
its span of 5V and thus its FSD value of 15V.

Fig 15. Half-wave zener limiter.

N
i 201 o l b
o 4

Fig 16. Full-wave zener limiter.

Fig 17. Suppressed-zero
(10-15 voit)
meter.

A HANDY NEW ADDITION TO OUR

VERSATILE MULTIMETER RANGE

200pF  0.1pF {0.5% + 1 digit + 0.5pF)

,‘, ' ': ' ] a , Please add ¢1 2nF LOEF : (05% o d;git)+ : g
f 20nF 10pF (0.5% + 1 digit) i
’—"L“ ' , ”_ OrP+p ZOgnF 108pF :(o.s%im;gfn I
2uF 1.0nF {0.5% + 1 digit 1
' DD -, ZE;AF 10nnF i(o,s%:: 1 d;g;t; !

, ,, ' ’ 200uF 100nF + (0.5% + 1 digit)

2000uF  1uF #(1.0% + 1 digit)

/ ’ 1 , . |Overload protection 0.25A250V fuse
\ i Excitation voltage 3.2V, all ranges
| Dimenslons 180 x BS x 38mm

An extremely useful hand-held
capacitance meter measuring
from1pF to 20,000uF in nine

£3 9

N inc VAT

Specification

ranges  res.

20,000uF 10uF

aceuracy

+{2.0% + 1 digit)

e
L e

ranges. % - 184 pages
i » Discount vouchers
Features include: . +1,000's of products

+ 13mm, 3.5 digit LCD - Zero adjustment
« Low battery indicator « One year warranty
+ Supplied with battery (PP3),

e i
o

OUT NOW!

The new Cirkit Catalogue

Cirlat

€1 .0 inc.

R i

manual and iest leads
+ Just one of our many low cost Digital
Multimeters - send for full details

SAME DAY DESPATCH - 0992 444111
Cirkit Distribution Ltd.

Park Lane, Broxbourne, Herts. EN10 7NQ

Tel. Enquiries (0992) 441306 Fax. (0992) 464457
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Geoffrey Heys builds
this project for
keeping you cool when
it’s hot, and warm
when it’s cold!

26

his versatile temperature controller unit
was originally designed to control
inductive loads, such as mains operated
fans or heaters over a temperature range
of 0 — 40° Centigrade. It can be used to
switch either inductive loads of 5A at 240V AC or
non-inductive loads of 13A at 240V AC. These
include fans, heating elements and lamps used for
heating purposes. With modifications, the unit can
also be used to control lower voltage devices.

The temperature sensors are thermistors which
are arranged in a bridge circuit. The bridge is balanced
by a 10-turn potentiometer attached to a 10-turn dial.
The potentiometer arrangement is accurate and easy
to use. You could substitute the potentiometer for a
standard type of the same resistance if lower accuracy
temperature setting would be acceptable.

The controlled device can be switched either on
or off at a pre-set temperature, for example, heating
devices switched off or cooling devices switched on.
This depends on which arm of the bridge the
thermistor is positioned. Devices can also be turned
on or off by a difference in temperature existing
between two thermistors. In this case, a difference in
temperature between them can be detected over a
very wide range of temperatures, far wider than the
temperature range possible using a single thermistor.

Terminals are provided on the front panel which
connect across the relay coil. 12V appears across
these terminals when the relay is actuated, and this
voltage could be used for event recording if "the
instrument is being used in conjunction with a chart
recorder or data logger. An LED is also turned on
when the relay actuates.

The bridge can be unbalanced and the relay
actuated by switch SW1 without altering the setting
of the bridge balance control. You can turn off the
controlled device without switching the unit off, by
using a switch on the 13A output socket.

If the device you want to control is not mains
operated, the unit may be modified by using a smaller

relay and suitable output connection. Some alteration
to the relay wiring will also be necessary. If a different
relay is used, make sure that it operates on 12V DC
and that it has contacts of a sufficient rating to control
the load used.

Capacitors C2 and C3 are included to dampen
arcing across the relay contacts. (This can be
particularly troublesome when inductive loads are
being switched on and off and can lead to erosion of
the contacts.)

A multi-purpose switch on the front panel allows
you to vary the hold-on period of the relay after
actuation or hold-off after turning off. Hold-on time
is shortest when the switch is in the open circuit
position.

Resistances R2 and R3 are included to reduce
the current in the thermistors and so minimise self-
heating effects.

Construction

The PCB is simple and should present little problem
to constructors. The points to be careful about are
wiring the bridge balance potentiometer and relay
correctly.

The unit was made in a plastic case with a sloping
aluminium front panel. This panel takes all the
components mounted on the outside of the case and
must be large enough to accommodate a 13A socket.
Earth the front panel using a tag soldered to mains
earth. Position the PCB at the back of the case. The
wire connecting the relay contacts and the 13A socket
should be capable of carrying 13A at 240V AC.
Again, 13A cable should be used for a mains
connection. Lead this through the case with a
grommet or cable gland.

Cut the thermistor leads to about 5mm and
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+15W
NOTE:
IC1 = 741
Q1 = TIP31A

RALA1
12v CoIL

D1-3 = 1N4001
FS1 = 0.5A FUSE

BRIDGE
AV1 | gaL ANCE
20k o

CAN BE TRANSPOSED.
SEE TEXT

apn

R10

AC MAINS
2k2 240V

LED2

-16V

Fig. 1 Temperature Controller Circuit Diagram

a—]—o NEUTRAL

solder them onto wires of the required length. If the
unit needs to be waterproof, surround the soldered
joints and ends of the thermistors with Araldite and
cover them with heat-shrink sleeving.

Calibration And Use

The thermistors used are RS Components type
GL23, a small, glass bead encapsulated, negative
temperature coefficient type which has a resistance
at room temperature of about 2k. If only one

thermistor is used in the bridge the other arm should
have a resistor of value about 1k8 placed between the
terminals. This resistance should be a 1% tolerance
type with a low temperature coefficient.

The unit has a linear operation of dial setting
against temperature, a function of the temperature
against resistance characteristic of the thermistors
used. The range of temperatures over which the unit
will work depends on the value of resistances R2 and
R3, lower values resulting in a wider range. The

S S

ALAY

RELAY
CONTACTS

=i RELAY

== NELITRAL

b ¢

i

i [T7]
RELAY
colL
i €1
; —{f =

Fig. 2 Temperature Controller Component Overlay
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c2 ._\ /_' c3
G N S S RGNS
SOCKET N _A HUEKET All the components used in this project are available from RS
N AINS HYEMAINS Components. Tel: 0536 201234, or their mail-order business,
(= Electromail. Tel: 0536 204555,
ER T The RS stock numbers for some of the components are: Case, 509—

SOCKET AND CONNECT

TO FRONT PANEL AND PCB p——> 5KE

Y
B
ELAY COIL

276; Mains transformer, 196-303; Relay, 348-447; Thermistor, 151~
AN N E CT A NS, \ \ SKS (<VE| 029; Capacitors C2, C3; 114:519,
A
Ri

Fig. 3 Connections To Relay

temperatures between which the unit operates also
depends on the value of the resistance substituted for
a thermistor in the bridge, a lower value resulting in
lower temperature operation. To calibrate the unit, use
heated water placed in a vacuum flask and determine
its temperature with an accurate mercury-in-glass
thermometer. Immerse the thermistor in the water and
rotate the dial to find the position where the relay
actuates. Do this for about six different temperatures  Cooling the opposite thermistors will produce the
and draw a graph of dial-setting against temperature.  same effect.
The unit should be able to control temperature to Figure 2 is shown at 90% of actual size and is a
within about half a degree Centigrade. guide for positioning components only.

If two thermistors are used in the bridge, the unit
will operate as a result of a difference in temperature
between the thermistors for a wide range of ambient '
temperatures, the bridge having been bgalanced with PARTS LIST
the two thermistors at the same temperature. The unit RESISTORS {all YW unless otherwise stated)

[T T NN
W ——

BB e o — Y]

Fig. 4 Connections To Potentiometer

will turn the relay on or off depending on the initial R1 1k8 metal oxide
setting of the bridge balance control and the thermistor R23 12k 1% metal oxide
which is heated. For example, if both thermistors at R4’ MO
the same temperature and the bridge is balanced so Rd MO
that the relay is just turned off, heating the thermistor RS 470k
in arm B-B will turn the relay on. If the bridge is RE 230k
balanced so that the relay is just turned on, heating R7 180k
the thermistor in arm A-A will turn the relay off. RS 100k
R9 Tk W
R10 2k2 W
HOW IT WORKS TH1, 2 RS Components Type GL23
The circuit cansists of a bridge containing thermistors as temperature RV1 20k 10-turn potentiometer, linear

sensing elements. The bridge is fed into an operational amplifier which

has positive feedback applied. With positive feedback or with the CAPACITORS
feedback loop in apen circuit, the amplifier is very sensitive to changes €1 1000u 25V DC WKG, axial electrolytic
of voltage polarity at its input. A slight change in input polarity will G2=3 10n 250V AC WKG
cause the output voltage to swing from full output of one polarity to C4,5 4700u 25V DC WKG, axial electrolytic
full output of the other. The circuit has been amanged so that a
negative voltage at the amplifier input will cause a power transistor SEMICONDUCTORS
to conductas aresult of a positive voltage appearing atits base, thus IC1 741
actuating a refay. Q TIP31A
If a thermistar is placed in the bridge arm B-B in the circuit D123 IN4OQ1
diagram, a rise in temperature will lower its resistance and present LED1,2 red LED
anegative voltage at the input of the operational amplifier. This means
the relay is actuated as a result of arise in temperature. However, if MISCELLANEOUS
a thermistor is placed in arm A A a rise in temperature will present T 12V-0-12V secondary, VA
apositive voltage at the input of the amplifier and the relay will turn RLA 12V coil, see text
off. The temperature at which these events accur depends on the SK1,2,34,5,6 4mm sockets
setting of the bridge' balance control, which is a ten-turn SK7 13A mains socket
potentiometer, fitted with a dial so that the required temperature for SW1 miniature single pole, single throw switch
relay actuation can be pre-set. For example, for heating thermistors SW2 6-position rotary switch
in arm A-A, lower dial settings represent lawer temperatures. SW3 single pole, double throw switch, suitable for
The feedback loop contains variaus selectable resistance values 240V AC
giving some control of the hysteresis shown by the circuit. This has FS1 0.5A Slow blow, 20mm fuse

the effect of varying the hold-on period of the relay after actuation PCB case, 10 turn dial knob for SW2, mounts for LEDs, heat sink for Q1,
of hiold-off after tuming off. Relay chatter is prevented by placmg a 13A cable and 13A plug, rubber grommet, 20mm fussholder, rubber feet,
high value capacitor across the coil. o=l earthing tag, wire, 4BA screws and nuts, socket for IC1

PHDJ ECT
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CONSTANT CURRENT
CIRCUITS

onstant current circuits (as their name
implies) provide a direct and constant
current that is not related to the im-
pedance or resistance of their load,
though in reality, the current will

vary slightly within the limits of the circuit used.
This article looks at various circuit topologies and
their applications. It should be noted here that for
some low current applications constant current diodes
are available. They are selected JFETs with their gate
and source connected. The circuit symbols for a
constant current source or sink are given in Figure 1.

la} (b) tc!

L Fig. 1 Constant Current Circuit Symbols

Why Use Constant Current
Circuits?

We can derive a linear response from some circuit
elements only by keeping the current constant rather
than the voltage, and an easily predictable linear
response is often what we require.

For example, we require all the LEDs in a block
to be of equal brightness. For the same brightness the
forward voltage drop of one LED varies considerably
from another due to internal resistance. However the
current required by definition is almost equal for all
the LEDs.

When charging batteries such as NiCads, we
require a constant current because the low internal
resistance of the batteries. A constant voltage would
cause destructive initial current to flow.

For timing and comparator applications, for
example generating an output pulse width propor-
tional to an input voltage, any capacitor used must be
supplied with constant current to generate a linear
voltage across it.

Shunt regulators may be needed to sink current
in situations where the output is off load, and the
voltage has risen above a certain limit. This does not
give as good voltage regulation as a normal voltage
regulator but is more efficient as power dissipation
decreases with an increase in loading of the supply.

Now we've discussed some areas where we need
a constant current circuit, let's have a look at the cir-
cuits themselves.

Circuit Topologies

The first and simplest circuit is shown in Figure 2(a).
This uses an n-channel JFET with its gate and source
linked. With the voltage between gate and source Vgs
at zero and the voltage between gate and source Vds
at a few volts or greater, the drain current is reasonably
constant. The saturation drain current [, . spread is
quite wide, so it is not possible to predict an accurate
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current value. This circuit is also subject to con-
siderable temperature drift (as is the improved version
shown in Figure 2b).

As an example, let’s look at the JFET 2N3437.
For this device, I ¢ varies from 0.8 to 4.0 mA when
Ve is 20V and V ;¢ is zero. The output characteristic
curve shows that the typical I varies from 1.4 mA
when Vg is 2V to 1.6mA when V; is 14V.

The addition to this circuit of a resistor between
the source and gate (at OV), enables the current to be
adjusted, especially if a potentiometer is used. The
resistor provides feedback, which increases the output
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Fig. 2 Circuit Topologies

impedance making it a better current source. The I
against V|4 curves also tend to flatten out as V¢
becomes more negative.

More advanced circuits are shown in Figure 2(c)
and Figure 2(d). This is a much more accurate and
predictable circuit. To a large extent it is independent
of the transistor characteristics and can be used for
much higher currents. The diode (D1) connected to
the base of the transistor, compensates for the V.
temperature drift of Q1. The voltage across R1 is
therefore determined by the voltage of the zener diode
(D2). The bias current for D2 is set by voltage drop
across resistor R2. The two main causes of variation
in this circuit are supply voltage changes and the bias
current and thermal characteristics of the zener diode.
The transistor chosen should have a large hg, so
that the base current will be negligible compared to
the zener diode bias current.

For example, suppose we require a constant
current supply of approximately 30mA to operate on
a 15V supply. The circuit can be based on a transistor
of the type BC182, which has a minimum hg of
200, and for which |, is 154A when I_is 30mA. D1
should be a 1IN4148 which has a forward bias char-
acteristic similar to that of Ql's Vi, and D2 should
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be a 3.1V zener diode.
To choose R1:

3.1V/0.03A = 100R.

To choose R2, where 5mA is a typical D2 bias current:
15V - (0.6V + 3.1V) = 11.3V

11.3V/5mA = 2k2.

In fact this circuit will give 31mA and checks
should be made to ensure that with component
variations the current will be within acceptable limits.

Figure 2(e) shows a transistor circuit with its
reference derived from a voltage regulator, which is
used as an accurate voltage source that is largely
independent of temperature and supply rail
variations. D1 is added to compensate for Vs
variations of Q1. Thus the current is determined by
Mland V_ /Rl

Figure 2(f) shows a circuit using an op-amp. It
is configured as a voltage follower with Q1 and R2
inside the feedback loop. This automatically com-
pensates for the characteristic variations of Q1.
R2 is inserted as a current limiting resistor which
also prevents oscillations due to parasitic capacitance
in the circuit. The voltage across R1 is maintained by
the op-amp to that of the reference voltage, which in
this case is derived from the potential divider R3, R4.
The circuit shown assumes a well requlated voltage
supply. If this is not the case then R4 may be replaced
by a bandgap diode, or alternatively a precision
voltage-reference IC may replace R3, R4. R3, R4
could also be replaced by a potentiometer if
adjustment is required.

Capacitors C1 and C2 are for decoupling. Some
example values are listed here:
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Fig. 3(e) D1, D2, R1, R2 & Q1 form a constant

current circuit. C1 is reset (shorted out) by Q2 when
a narrow oscillator pulse is applied to its base. C1

charges linearly
C1 voltage rises

comparator goes low. C1 and R2 values will depend
on the reset frequency.

due to the constant current. When
above the Vin the output of the

R1 1RO

R2 100R

R3 5k1

R4 5kl

C1 100n

C2 100n

Q1 TIP 121

M1 LF358 (dual op-amp, single supply rail
operation)

V+ 5V

With these values, the constant sink current
would be 2. 5A.

Circuit Applications

Figure 3 shows some of the many uses for constant
current circuits.

Figure 3(a) shows a constant current circuit as an
electronic load, for example, as a constant current
variable load for use in test equipment. The circuit
shown in Figure 2(f) is suitable for this application and
if we derive V+ from the collector of Q1, then we have
a constant resistance load. lf the power supply voltage
increases, the op-amp V_, also increases in direct
proportion and therefore so does the current through

QI1, R1.

Figure 3(b) shows how a constant current is used
as a linear ramp generator. The circuit of Figure 2(c)
can be used here. A capacitor is placed between Q1
collector and OV, which may discharged by a transistor
also connected across these two points. Since Q=1t.
we can see that the capacitor must charge linearly with
time (T) if current (I) is constant.

Figure 3(c) shows an LED current sink, which
ensures constant brightness even with supply voltage
variations. We can use the circuit of Figure 2(e) here.
DI may be omitted as M1 could be a 5V regulator for
some logic circuit, and the LEDs may be powered
from some higher voltage unregulated supply.

Figure 3(a) shows the tail in a long tailed pair
differential amplifier. This application can use the
circuit of Figure 2(b) to replace the emitters’ resistor
and to increase the effective resistance, taking the
common mode gain much closer to zero.

Figure 3(e) shows a voltage controlled pulse
generator where the circuit of Figure 2(c) is used to
charge C1. When the voltage across C1 reaches that
of the input voltage (V.), the comparator output
goes low. Cl is discharged by a short pulse on Q2.
Thus the output pulse width is proportional to the
input voltage level, within the limits of the peak-to-
peak ramp voltage. (We have here the basis of a pulse
width modulator.) The narrow pulses may be easily
generated, for example using a NE555 timer IC as the
oscillator.

Figure 3(f) shows a battery charger which again
uses the circuit of Figure 2(c) as the constant current
source. The mains AC voltage is stepped down by
TR], rectified by four diodes arranged as a bridge
rectifier, and smoathed by C1. The D1 voltage ap-
pears across R2, setting the charge current to 14.1mA.
D2 compensates for the Vg of Q1, and R1 sets the
bias current for D1. The charge current chosen should
be within the safe continuous charge rating of the
battery, and the battery manufacturers' recommended
charge time should be observed. Care should also be
taken to ensure that the voltage across Q1 collector-
emitter does not, with the charge current, cause
excessive power dissipation in Q1. TR1 should not be
a miniature type as these tend to run hotter than
normal types. In general, as the unit may be left
running unattended for some time, the cooler it runs,
the greater the reliability and safety. Remember that
mains power is dangerous.
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Figure 3(g) shows a shunt load. If the supply
voltage exceeds the zener voltage, the difference
voltage appears across R1, determining the shunt
current. Here a current is sunk in proportion to the
difference between +V and the voltage of ZD1. This
is useful where a voltage rail would rise to excessive
limits when off load, but where a continuous resistive
load would exceed the full-load current supply avail-
able or where the excessive power dissipation is to be
avoided.

Now that this article has whetted your appetite
for current sinks and sources, perhaps you will use
them in your own circuits!

Q1 = TIP121
ZD1 = 4VB ZENER

7
: 6 E I;
) )01
A RZ
R3
OR47

Fig. 3(g) Shunt Load for Output Voltage Regulation.
If the voltage between +V and OV exceeds 4.8V
D1 conducts and the difference voltage appears
across R1 and R3 because the op-amp (LF358} is
configured as a voltage follower. Thus the current
sunk by Q2, R3 is directly proportional to the
difference voltage.

ov

BLUE
ROSE
ELECTRONICS

SMD Protoboard: To experiment

Surface Mount Technology — makes circult
fabrication easier and quicker and 15 ''the" !
construction technique of the ~F0’'s. E

CW 2-pole filter,

SMD KITS: A growing range of F

SURFACE MOUNT COMPONENTS

FCB & all comps..£5.950 2N

1 'Jr‘

T ;%ﬁi
CB kits to get you 1nto surface mount,
SAE FOR KIT L18T.

with your SMD circuits..fl.65 e SUPER NEW SMD VERSION OF —
S FAMOUS SUDDEN RECIEVER
E SMD Tweezers. .£2.62 P BOM & 40M VERSIONS AVAILABLE | VISA
Assembly Jig to hold SMDs 1n place whilst soldering..f£16.50 PRICE £22.95 S

— e,

! | SMD CATALOGUE & KIT LIoT..SEND £1 TO COVER POSTAGE ETC
Kmmsbac)  MATL ORDER ADDRESS: 53% LIVERPCOL RD, GREAT SANKEY, WARRINGTON, CHESHIRE, WAS 3LU.
L ] TELEPHONE : 0925 /2 7848 EVENINGS. (CALLERS BY APPOINTMENT) .

"7 IF AN

OMNI ELECTRONICS

~#/ ADVERT IS WRONG,

@ < WHO PUTS ITRIGHT?

P i

We do. The Advertising Standards Authorily ensures
advertisemenls meel with Lhe stricl Code of Adverlising Praclice.
So il you queslion an adverliser, they have Lo
answer Lo us.
To find oul more aboul the ASA, please wrile Lo
Advertising Standards Autlhority,
Deparitmenl X, Brook House,

Torringlon Place, London WC1E 7HN. ASA

This space Is donaled in Lhe Inlerests of high standards in advertisements.

 catalogue

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

A COMPREHENSIVE RANGE WITH
SERVICE SECOND TO NONE

OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE
VOUCHERS TO USE AGAINST FUTURE
PURCHASES. TO RECEIVE A COPY AS SOON AS
THEY ARE READY, PLEASE SEND YOUR
REMITTANCE WITH YOUR NAME, ADDRESS
AND TELEPHONE NUMBER REQUESTING A
COPY OF THE 1990/91 OMNI CATALOGUE.

New

available

Open: Monday-Friday 9.00-6.00
Saturday 9.00-5.00

s

ETI AUGUST 1990

31



Paul Freeman looks
at tidal and wave
electricity
generation,

and explains why
these projects are
all at sea.
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Fig. 1 Plan view of barrage.

f you have ever been impressed by the power

of sea waves along the coastline in winter or

wondered at the movement of a huge sea-

going vessel being pushed up and down by

water, then it might seem equally surprising
that this energy has never been harnessed and con-
verted into electric power. It might seem a shrewd
move in the light of today’s energy and environment
conscious world, for this untapped power appears to
have no direct pollution effects when used to generate
electricity. No carbon dioxide, sulphur dioxide, carbon
monoxide nor any dust and dirt comes from the
dynamics of water. What is not so clearly understood
though, is what change a large-scale tidal barrage
would have on the local environment, or indeed on
the ecosystem as a whole. It is even more difficult to
predict any change in the ecosystem from taking
energy from waves.

Many ideas have been put forward over the years
for taking energy from the motion of water. The most
conventional has been from the action of water flow-
ing downhill under gravity. The greater the distance
the water has to fall, the greater potential for changing
its power into another form. Hydro-electric schemes
have been constructed around the world using this
simple idea. The water is allowed to flow through
simple or multi-bladed propellers giving shaft rotation
to electrical generators.

More recently, thoughts have been turned to the
bulk movement of water around the world by tidal
motion and to harnessing the power of the waves.

Tidal Power (The Severn Barrage)

The commercial prospect of damming the tidal shift
of water for electrical power generation has also been
around for some time. Several areas around Britain
have been suggested (Figure 2) but there are two areas
of particular interest that could support such a project.
These are on the estuaries of the rivers Severn and
Mersey.

The River Severn is well known to the locals for
its large changes in water level between low and high

tide. Studies have shown that the optimum position
for a barrage to be built would be from Cardiff to
Weston-Super-Mare (Figure 3) where tidal changes
can cause a shift in water level of up to 11m. The near
twice daily cycle would produce a maximum period
of generation between ebb and flood tides.

Tidal cycles are determined by the rotation of the
earth and the moon’s orbit around the earth and are
not synchronised to the 24 hour day. The shift in
generated output means that power is available at
different times each day. This contrasts to our every-
day lifestyle where we habitually use electricity at the
same times of the day.

The mismatch of supply and demand can be
ironed out by using other forms of generated power
such as conventional coal/oil-fired or even wind
power stations.

The Severn Barrage Development Project, set
up by the government, the Central Electricity Gener-
ating Board and Severn Tidal Power Group (a con-
sortium of several big companies) spent £4 million
over 2 years from 1987 to investigate several aspects
of this important civil engineering exercise. They
looked at how much the whole project would cost to
operate and build, reassessed it economically, ex-
plored the environmental effects and reported on
further work which must be done before they can
recommend whether to go ahead with the project.

The findings estimate the total construction time
to be seven years with a further two years to com-
pletion and full electrical output. Another five years
has been allowed before construction for financing
and organising the whole project,

Table 1 shows some of the proposed data for the
project. The total potential electrical output per year
is equivalent to 7% of present electricity consumption
in England and Wales. This would save 8 million
tonnes of coal every year if the electricity was
generated from a coal-ired station and a corres-
ponding amount of carbon dioxide liberated to the
atmosphere would also be saved. The calculated cost
of electricity to the consumer would be comparable
to or below today’s prices. This could be from 1.7
pence per kWh to 7.2 per kWh.
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How It Works

The outline operation of the Severn Barrage can be
followed from Figure 1. Major shipping and small craft
pass through locks seen on either side. Generation
of electricity depends upon the number and size of
turbines used. The turbines need to be located in deep
water and so are situated in mid stream. Studies have
shown that a 9m diameter propeller is practically
possible for the River Severn to maximise the energy
extracted from the waterflow. The turbines are axial
flow types and are similar in shape to a ship’s propeller.
The generator is cased in a water-tight steel shell
(Figure 9). The generators would start up about 3%/2
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Mean Barrage Instalied Annual | Approx cost
tidal length capacity energy of energy
m m MW foutput GWH|  plkWh
Mersey {line 1a) 65 1780 620 1320 36
Sevem — Inneriine 10 16000 8000 17000 37
Conwy 52 225 30 57 40
Lixighos 36 220 9 17 43
Momgambe Bay €3 16000 3040 5400 46
Solway Firth 55 30000 5580 10050 49
Des 595 9500 800 1250 64
Humber 41 8300 1200 2010 70
Wash 445 19000 2760 4690 72
Thames 42 9000 120 1370 83
Langstene Harbour 313 550 24 53 53]
Padstow 475 550 28 55 42
Fig. 2 Locations of potential barrage schemes.
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hours after high tide by lifting a control gate and would
continue running for a period of about five hours
(Figure 4) with the water flowing out to sea.

The design allows the generators to be used as
pumps at times when it could be advantageous to
pump water from the sea into the basin when flow is
small. This occurs around high tide. Generated output
would go via transformers to substations on the
barrage.

By its very nature, a barrage cannot supply a
steady output. The two tides a day give two peaks with
a maximum output of 8000MW. This is typically the
output of four large power stations. During the ebbing
process when water is discharged through the barrage,
the head of water continually changes and if not
compensated, the flow rate would change through the
turbines and alter the electrical output. In order to
overcome this and maintain a constant frequency of
output, the water flow is controlled by guide vanes
and/or adjustable runner blades.
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Fig. 3 Preferred barrage line with tidal ranges in Severn Estuary.

Environmental concerns

The project could stand or fall on the environmental
issues that are still to be resolved. Present research has
shown that mean water levels will rise if the project
goes ahead. Levels will be higher than existing low tide
values and slightly lower at high tide points upstream
from the barrage. According to the development
project, currents in the estuary would change to half
those at present landward of the barrage and there
would also be a slight reduction on the seaward side.

Sediment is controlled in the basin by natural
water currents and so any change in the current would
mean a change in the movement of sediment and
sediment suspension. The report indicates that more
sediment would settle giving clearer water and more
light penetraton making it more biologically produc-
tive. The salinity of the estuary and the concentration
of pollutant is not expected to alter.

Many questions still remain unanswered though




about where the sediment will end up and what effect
a higher mean leve! will have on the ecology of the
estuary. Further studies are required to give a more
accurate picture.

Inevitably, even if the majority of factors favour
such an enormous capital project, it remains to be
seen whether it is actually built using government
funding, private investment or both. If the government
funding hoped for by the Severn Tidal Power Group
is not forthcoming, then private contractors will surely
go to a smaller cheaper alternative, an obvious candi-
date being the River Mersey Barrage Project.
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Fig. 4 Water levels and electrical output over the tidal cycle.
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Wavepower

Interest in using the waves for creating electricity has
been up and down, very like the waves themselves.
In 1982 the government abandoned investment in
wavepower because it appeared that the technology
for such schemes developed at that time was notand,
as it appeared, never would be, cost effective. The
chances of achieving a cost below 8p/kWh was not
good, the government maintained. But since then
other research programmes, including a small
shoreline project in Norway, have shown that
targets of 4p/kWh might be achievable. Renewed
government interest in 1988 has resulted in a new
study of wave power, the findings of which will be
published next year.

Wave energy machines for turning moving water
into electricity have been tested over several years.
The ‘duck’ was an invention by Professor Stephen
Salter of Edinburgh University, A series of eccentric
shaped floats bob up and down in the water. The
‘ducks’ are attached to a rotatable shaft via a ratchet
mechanism. A long enough chain of floats would
provide continuous motion to a gearbox and
generator. Another idea is to have rotating eylinders
held underwater and driven by underwater wave
currents.

A Norwegian idea, later developed by others, is
the tapered channel. This is sited on the shoreline. It
is a slope that progressively narrows towards the top.
Waves from the shore rise up the channel and increase
in speed owing to the taper. The water pours into a
reservoir at the top, and then returned to the sea via
a turbine (Figure 6). Rising tapered channels occur
naturaly within coastal rocks and cliffs and could
possibly incorporate an electrical generating system.

Another concept called the Oscillating Water
Column (OWC) allows rising water from wave motion
torise up a tall column through a hole in the bottom.
The water acts like a piston in a tube increasing the
pressure of air. The air flows though a turbine gener-
ating electricity. The downward movement of the
water reduces the pressure at the seaward end and
draws the air back again to turn the turbine once again.
A Wells turbine, as it is known, has been specifically
designed by a team at Queens University Belfast to
rotate the same way whichever way the air flows. The
Shoreline Rock Gully System is a combination of an
Oscillating Water Column and a Wells turbine, A
180kW prototype is being built on the island of Islay
in the Inner Hebrides, This type of small-scale gener-
ator would be used for small island communities.

Further investigations on small-scale projects are
to continue into the 90s for further evaluation, but for
major tidal projects like the Severn barrage the next
vears are crucial. Emotions can run high over large
scale changes to the environment, sometimes for
irrational reason. Environmentally concerned visitors
may prevent such plans if holiday or leisure stamping
grounds are changed even where local opinion may
be favourable to the wealth creation it may bring.

The project is feasible within the scope of existing
technology, but the prospect of current government
investment in large tidal projects looks remote. The
stakes may be just too high for private groups to take
the plunge into otherwise unknown waters.
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Table 1

Number of turbine generators 216

Diameter of turbines 9.0m

Operating speed of turbines 50rpm

Turbine generator rating 40MW

Installed capacity 8640MW

Number of sluices, various sizes 166

Total clear area of sluice passages 35000m?

Average annual output {10%Wh=1TWh) 17TWh

Operational mode Ebb generation with
flood pumping

Total length of barrage 15.9km

Area of enclosed basin at mean sealevel  480km?2

Estimated design life 120 years

Estimated total capital cost £8280m
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Fig. 6
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Fig. 6 Shoreline device at Islay.

Fig. 7 A Wells Turbine of 1 metre diameter.

Fig. 8 Diagramatic operation of shoreline device.

Fig. 9 Turbine caisson layout.
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If you can'tafford the SY77 synthesiser from
Yamaha then perhaps the budget SY22
keyboard suits your pocket. It contains the
now familiar FM tone generation system and
awhole host of sampled sounds with facilities
to bend each sound with all manner of control
envelopes. A joystick, called a vector control,
allows realtime mixing of the two sound
generating systems. The internal memory

contains 128 preset sampled sounds and 256
presetFMsounds. Internal RAM gives you 64
user voice positions to store your own created
effects from scratch or by modifying existing
sounds.

Optional plug-in voice memory cards will
store any extra sound that cannot be
accommodated in the internal memory. The
SY22 retails at £799.

Anew British development is now avail-
able for receiving NICAM Digital Stereo
Television Transmissions in the UK — the
SACHS NICAM AD9000 Digital Stereo
Receiver.

Area coverage of digital stereo is being
continually increased and SACHS NICAM
has produced an add-on unit for existing TV.
The unit can be connected to a Hi Fi syster,
Hi Fi stereo video or video recorder. The unit
can record video as well. Quality is said to be
‘comparable to Compact Disc’

NICAM Digital Stereo (Near Instant-
aneous Companded Audio Multiplex) is
transmitted on a separate 6.552MHz sub-
carrier. It is modulated using QFSK tech-
niques (quadrature phase shift keying). The

stereo sound is coded digitally using the
NICAM system. The audio is sampled using
14 bits, then compressed digitally to 10 bits
for transmission. After being received, it is
expanded back to the original 14 bit format.

Stereo listening on TV is in its infancy in
the UK, whereas in Europe viewers have had
stereo broadcasts for some time. This has
proved useful, as British engineers have been
able to evaluate all systems. This has resulted
in a higher quality NICAM system, which is
now being adopted in many other countries,
including some European countries, such as
Denmark, Sweden, Norway and Spain.

NICAM stereo is particularly noticeable
when heard with a feature film, where the
sound experience may be compared with that
of a cinema.

The recommended retail price of the
AD9000 receiver is £199.95.

Roland’s M-12E 12-Channel Mixer
provides 12 input channels with equal-
ization in a compact 2U rack-mountable unit.

Specification for the M12E equals that of
the M16E and M24E, the 16 and 24 channel
mixers.

Each channel contains a sensitivity
control which allows adjustment level from
-60dBmto +4dBm. A peak /signalindicator
isalsoincludedfor each channel which helps
to prevent overload and distortion. All
channels are equipped with a two-band EQ
for precise tonal adjustment. The high EQ is
10kHzshelvingwith arange of 15dB and the
low EQ is 100Hz shelving with a range of
15dB.

The M-12E’s Master section features a
Peak Level Meter and Pre Master Fader signal
indicator which allows you to monitor levels,
and includes Effect send and Aux controls.
The Aux send can be set to either Pre or Post
fader position allowing you to use the Aux to
set an independent monitor mix or as a
second effectsend. Two sets of stereo returns
areincluded as well. Additional effects can be
connected to the Insert jacks which are
provided for channels 1-4.

BusInjacksallowan additional M-12E to
be connected tothe unitto operate both units
as single 24-channel mixer that occupies only
four rack spaces. The M-12 costs £599.

lf you thought vocoders, those machines
very often heard on early ELO records
are dead and buried, you'd be wrong. Vo-
coders are still available from a company
called Electronic Music Studios (EMS) who
originally designed them in the mid 70s.

At a very basic level, the vocoder uses
one sound to manipulate or modulate
another. With theinput of speech in oneinput
and the sounds of musicalinstrumentson the
other, the music can take on a speechlike
quality.

The EMS 2000, just one of the range,
usesabank of 16 analysis filters to sort out the
signal into different frequency bands. The
voltage outputs control the gain of the

- R

* L3

s ® @ & ®IEVS VOCODER 2000

synthesis filterbank covering the same
frequency bands. An excitation signal (could
be music) is fed into the synthesis filters, and
speech from the analysis filters modulatesthe

music.

The 2U rackmount EMS 2000 version
costs £1200 + VAT. Further information
contact: EMS Tel 0726 883265.
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In recent years, the personal computer has become an integral
part of the modern elecfronics laboratory. The Logic Analyser is now
as necessary to design, development, test and mainfenance
departments as a multimeter or an oscilloscope.

Flight Elecironics range of PC based Logic Analysers offers the
advantages of low cost and high specification while saving the
bench space normally occupied by stand alone alternatives.

Being PC based allows great flexibility in permanent storage of
data and set ups, either to disk for recall af a later date, or for hard
copy.

The Flight Electronics range of Logic Analyser cards has internal
clock speeds of up fo 200MHz and are suitable for use with XT, AT,
monochrome and colour PCs.

Data acquisition can be displayed in both timing and sfate
formats. Presentation of information is clear and uncluttered The soft
key contfrols mean simplicity of operation, making the products
particularly suitable for both industrial and educational use.

Flight Electronics offers a choice of five models, ranging from a
unit suitable for the first time student user to the complex
requirements of the design and development laborafory.

We also supply a range of PAL/EPROM programmers for your PC.
Call our sales office for a free copy of the Hight Electronics catalogue.

FEATURES

M Wide choice of specifications

M High specification af low cost

M Up to 200MHz infernal clock

M Up to 3 independent clocks with 12 qualifiers

M 24 signal inpuf channels

M Up o 16K memory depth

I 16 level sequential triggering
(models 27200 & 27100)

i Pre and post triggeting

I State listing in Binary, Hex and ASCII

M Timing display of all channels simultaneously

W User specified channel labelling

M Auto and conditional repeat

I Data save to and load from disc

We can even supply suitable PCs. Call our sales office for a quote.

Model Frequency Channel! Memory | Impedance \T/[;:?;g:m (E:Tgecwol Trigger Qualify Max Input ’I\Bﬁc?:dmw?grth
CLK-27200 200MHz Channel 0-5 16K MO 2 Independent 3Channels | 16 Levels 12 Channels =150V 100MHz
250Hz to 50MHz Channel 0-23 4K =5pF seffings —810 14V | 0:60MHz | 0", "1", "x” ‘0,17, X
CLK-27100 250Hzto T00MHz ~ Channel 0-5 16K ™MQ 2 Independent 3Channels | 16 Levels 12 Channels =150V 100MHz
250Hz to 50MHz Channel 0-23 4K < 5pF seftings-8fo 14V | 0-50MHz | “0”, “1", "x" ‘01,
CLK-2400 100MHz Channel 0-5 4K 12KQ 1 Setting 1Channels | 1 Level "07, "17, "% 1 Channel =25V 25MHz
25KHz t0 26MHz Channel 0-23 1K < 15pF -10Vio 10V 0-25MHz | TOOMHz "0", "1" anly w1f
100MHz Channel0-11 2K LUK S = S (AP | = e G0 et
CLK-12100 25KHz 1o 50MHz Channel0-23 1K <5pF TTL 0-50MHz | 1Level"0”, “1”, "X NO =10V 50MHz
CLK-2450 25KHz to 50MHz Channel0-23 1K IMQ) TIL 0-50MHz | 1 Level “0", “17, X" NO =10V 50MHz
- . RDERI RMATION .VAT. .
Flight Electronics Ltd. ORDERING INFO ON (Excl. VAT. P&P £7.00)
Flight House, Ascupart Street Description PartNo  PriceS
hampton SO1 TLU. U.K. :
%O,m r? Pt : 5 ndeis CLK-2450 PC Logic Analyser 655-001  399.00
glephone: soutnampton CLK-12100 PC Logic Analyser 655-002  499.00
(0703) 227721 (6 lines) CLK-2400 PC Logic Analyser 655-003  799.00
Telex: 477389 FLIGHT G CLK-27100 PC Logic Analyser 655-004 999.00
Fax: (0703) 330039 CLK-27200 PC Logic Analyser 655-005 1599.00

CALL US NOW ON 0703-227721



For some time now the music world
has been waiting for a major new
breakthrough in synthesizer
technology. Now the wait is over.
Yamaha's SY77 Performance
Synthesizer heralds a new direction in
synthesis for the 1990s.

The SY77's revolutionary new
RCM (Realtime Convolution and
Modulation) tone generation
technology fuses the realism of 16-bit
sampled waveforms with the musical

expressiveness of Advanced
FM. Realtime digital filters offer
uncompromising control of the tonal
character of each voice, with
resonance and full dynamic
expression. But harnessing this power
is not difficult thanks to an easy-to-use
editing system and a large backlit LCD.
With 16 independent parts in

Multi mode, plus dynamic voice
allocation and polyphonic panning, the
SY77's onboard 16-track sequencer
can produce fully orchestrated
arrangements of spectacular

proportions thanks to the SY77's wide
variety of breathtakingly rich sounds
and sonically pure digital signal
processing. Four individual outputs
provide flexible audio routing and
mixing, whilst the integral 3.5" disk
drive supplies all the backup your
performances will ever need.

The SY77—-another classic in the making.
For further information please write or call;

YAMAHA-KEMBLE
MUSIC (UK, LTD.

Mount Avenue, Bletchley, Milton Keynes, MK1 1JE, England
Telephone: 0908 371771 Telex: 826991 Fax: 0908 368872




n the 20 years since Walter Carlos’ pioneering
synthesizer album ‘Switched On Bach), new
sound generating technologies have evolved
in ever-shorter development cycles, the
American giants of electronic instrument
design have been born, lived and died (ARP, Moog,
Sequential, Oberheim) and the Japanese industrial
success story has given us todays manufacturing
giants: Yamaha, Roland, Korg and Kawai. The sophis-
tication of modern electronic instruments has in-
creased exponentially during the 1980s whilst at the
same time, the price for this musical and sonic power
has fallen equally radically. At the start of the 1980s,
an instrument with less than 10% of the features of
the Yamaha SY77 would have cost between £5000
and £10000. For that price, you would have got a
fairly impotent synthesis capability, certainly no
recording capability, and an onboard digital effects unit
was unheard of! Touch sensitivity wasn't guaranteed,
and 8 notes of polyphony (the number of permitted
simultaneously sounding notes) was about the
maximum available, that is if you had money to burn.
Today, the same figure would buy 5 SY77s which
each include probably the world’s most powerful
commercial synthesis engine, and all the peripheral
components required to write, record and mix a piece
of music.

What is the SY77?

In perhaps uncharacteristic measured restraint,
Yamaha has innocuously badged the SY77 as a
‘Music Synthesizer. Since this term could equally
apply to every synthesizer ever made, it is appropriate,
before discussing the historical details of SY77’s birth,
and the technical details of how it actually works, that
we should be clear about what the instrument actually
is. Depending on whos trying to sell you the in-
strument, it is an RCM Synthesizer, a Performance
Keyboard, a Workstation, a Complete Production
Systemn, and a very nice modern Piano! Well actually,
it is all those things, but leans towards some of them
more than others. For myself, the whole ethos of the
instrument is about synthesis and manipulating sound
rather than manipulating music. It is a synthesizer first
and foremost, with a reasonably sophisticated musical
sketchpad in the form of an onboard sequencer, and
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enough MIDI facilities to make it a passable Master
Keyboard for controlling other MIDI devices/tone
generators in a MIDI studio.

The SY77 has a 61 note, velocity sensitive
keyboard with channel aftertouch, 128 preset voices
(sounds), 64 user programmable voices, and 4
Megabytes of 16-bit linear waveform data sampled at
32/48kHz. It has twin (16-part multi-timbral) tone
generators using both FM and sampling technology

Mike Barnes takes us
through the '

Iatest in synthesizer
technology.
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Fig. 1 The development of Yamaha professional synthesizer.
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(explained later), up to 8 resonant realtime-con-
trollable digital filters per voice, and 4 Yamaha digital
signal processing LSIs for 40 different reverb and
modulation effects. (So far so good, it's a powerful
synthesizer!) It has two sets of stereo outputs with
dynamic panning control, a 16-track 16000 note
sequencer for recording your music, a 3.5" disk drive
for storing voice and sequence data, and a large
240 x 64 pixel backlit LCD display for viewing in-
formation. It has 2 external card slots for inputting new
Voice and wave data, 5 rear panel MIDI controller
inputs, and 2 front-panel user-definable wheels for
real-time MIDI control. It costs £1999 (RRP).

If all this music technology jargon doesn’t mean
very much yet, hopefully some of it will by the end
of this article. The important point to grasp is that this
is the first time so many powerful facilities have been
put into one musical instrument. {I am excluding
machines like the Synclavier & Fairlight which are
really very expensive computers masquerading as
instruments!) However, the technologies involved in
SY77 are not completely new. Itis their development
to the point of interaction that is. The technologies
involved have been nurtured through several phases
by Yamaha and represent the state-of-the-art in the

= e same way as the 68030’s and 80486’s represent the
| Fig-2 AnFM latest advances in the computer world. To understand
I igorithi: SY77 means firstly understanding technologies.
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Fig. 3 The effect of increasing modulation index.
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The Background To SY77
The Infamous DX Series

Any musicians in the readership will know that the
Yamaha DX series really heralded the age of afford-
able, powerful, digital synthesizers which could not
only create a vast palette of traditional weird and
wonderful special effects, but for the first time respond
dynamically to a musician’s touch, and moreover
passably mimic both the response and the timbre of
real instruments. Not only that, the DX series were the
first series of synthesizers to implement a universal

keyboard communications protocol which has rad-
ically changed forever the way that modern music is
made. This interface was an innocuous set of female
5-pin DIN sockets called the Musical Instrument
Digital Interface. MIDI now graces the rear panel of
all professional keyboards made by any manufacturer
and is truly a universal, international standard.

The DX7, launched in 1983, became (and still
maintains) the title of the worlds best-selling
synthesizer. Up until 1983, the ‘affordable’ polyphonic
keyboards such as the SCI Prophet 5 were all var-
iations on ‘Analog’ (Subtractive) synthesis where a
crude static waveform such as a sawtooth wave was
filtered using a Low or High Pass Filter to modify the
frequency spectrum of the waveform. The DX series
made a complete departure from this inherently
restrictive synthesis method by adopting a new
technique that had been pioneered on the
(£10,000+) Yamaha GS1 and GS2 keyboards of the
early eighties. This technique was economical,
relatively cheap, and offered vast scope for timbral
variation and real-time control. This synthesis
technology, developed over 10 years by Yamaha in
association with Dr. John Chowning (Director of the
Centre for Computer Research and Musical Acoustics
at Stanford University, USA), was known as
Frequency Modulation (FM).

Basic FM Synthesis: A Guided Tour

Dr. Chowning said in 1984: 1t is a simple way to
control complex sound spectra that evolve over time

. one can reduce a complex spectrum to a set of
sinusoids which has some phase drift and some
amplitude changes, and recompose the complex
signal on the basis of those components’

Before SY77 synthesis can be investigated in any
meaningful way, it is necessary to appreciate the basic
principle behind the way FM works, and learn some
fundamental terminology. Anyone who understands
FM radio transmission will have an inkling of how this
might relate to the generation of audio spectra by using
signals that are within, rather than outside, the human
audio range (20-18000Hz if you're lucky!). Non-radio
enthusiasts read on . . . Classical FM Synthesis (as
implemented in the DX7) involves the linking of 6
sound generating blocks each containing an oscillator
which generates a sine wave. Each of these sound
generating blocks is called an ‘Operator’ and the
arrangement and interconnections of the Operators
is called an ‘Algorithm’. Algorithms are thus preset
configurations of operators (the DX7 had 32 of them,
SY77 has 45). An example can be seen in Figure 2.

The position of the operators within an Algorithm
is critical since their position defines their function and
consequently the complexity of the resultant sound.
In the above case, there are 3 pairs of operators in
vertical stacks. The upper operators are termed
Modulators and the low operators are termed
Carriers.

Each of these operators is controlled by its own
independent envelope generator which controls the
amplitude of that operator over time. Crudely, this
means that the envelopes of the carriers are effectively
master volume controls, and the envelopes of the
modulators are master spectrum controls. The carrier
envelopes therefore define whether the resultant
sound will sustain or act only as a short transient and
if carrier amplitude is zero, nothing will be heard. If,
on the other hand, the modulators are turned off, or
have zero level throughout their envelope cycle, then
all that will be heard is the carrier waveform which
is a sine wave. However, if the amplitude of the
modulator is made to rise and fall over time, then the
sound heard from the output of the carrier is not a
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Fig. 4 The reflection of FM sidebands around OHz.

simple sine wave but a complex waveform whose
individual frequency components are (a) positioned
according to the frequency relationship of modulator
and carrier, (b) amplified according to the amplitude
(or in Yamaha terminology ‘Output Level) of the
modulator. In order to imagine how this might sound,
consider the effect of sweeping the output level of a
modulator up and down as being similar to sweeping
the cutoff point of a low pass filter over a sawtooth
oscillator. The lower the modulator output and cutoff,
the fewer the components in the spectrum, the higher
the modulator output and cutoff frequency, the
greater the number of frequency components. It can
be imagined, even at this stage, that if you could
somehow control the output of a modulator or series
of modulators using keyboard information and how
hard the keys are being hit (key velocity), it would be
possible to exert control over the final sound spectrum
and make it respond dynamically to a players touch.
Of course, by mapping keyboard velocity to filter
cutoff, a similar effect can be achieved with sub-
stractive synthesis, so where are the advantages of the
FM technique?

The fundamental difference between FM and the
filter analogy, is that in FM, microscopic control can
be exerted over individual spectral components over
a large bandwidth by changing just a few critical
parameters {Carrier Frequency, Modulator Fequency
and Modulator Qutput Level), whereas filtering is a
macroscopic function which merely removes a whole
range of static frequencies according to the slope of
the filter. The reason why modulator amplitude
envelopes act as controls over the evolution of spectral
components is important, and is best explained by
resorting to FM theory and showing what occurs in
the frequency domain.

The equation for a frequency modulated wave
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of peak amplitude A (where both carrier and
modulator are sine waves) is:

e=A sin (at + Isin 8t

where:

e=the instantaneous amplitude of the modulated
carrier

o =the carrier frequency in rad/sec.

B=the modulating frequency in rad/sec.
I=d/m=the modulation index (the ratio of peak
deviation to the modulation frequency)

When I=0 (no output from the modulator), the
frequency deviation must be O and there is no
modulation, we hear only the carrier. However, when
Iis greater than 0, new frequencies occur above and
below the carrier frequency at intervals of the mod-
ulating frequency. As I increases above 0 by increasing
modulator output level, energy is removed from the
carrier and distributed amongst an increasing number
of side frequencies call sidebands. The relative
amplitudes of the carrier and sideband components
are determined by Bessel functions of the first kind and
the nth order and are denoted as J_(I}. The Bessel
functions give amplitude scaling coefficients for the
carrier and sidebands, so that J,, scales the carrier, J,
scales the first upper and lower side frequencies etc

... As a guide, the total frequency bandwidth is
approximately equal to twice the sum of the frequency
deviation and the modulation frequency:

BW ~ 2(d+m)

The effect of increasing modulation index can be
represented visually by looking at a frequency domain
plot as shown in Figure 3. However, it is clear that on
the left hand side of the carrier (c) some sideband
components fall in the negative frequency domain of
the spectrum. These components are not lost, and
moreover, it is what actually happens to these com-
ponents that gives FM its richness and timbral range.
The negative components reflect around OHz and
‘mix’ with the components on the positive side. The
‘mixing’ process involves inverting the phase of the
negative domain components and adding them to the
positive domain components so that some fre-
quencies cancel and others are boosted (Figure 4).
The ratio of modulator frequency to carrier frequency
determines whether the final ‘mixed’ spectrum will be
inharmonic or exharmonic.

From FM to AFM
from AWM to AWMii

‘FM synthesis is an efficient, natural way of packing
a lot of sonic variability in a neat little box. However,
manufacturers’ hype notwithstanding, it is only a next
step, not a universal solution to all the problems of
synthesis! (Robert Moog, 1985)

The limitations of conventional FM using sine
wave oscillations were made more apparent by the
introduction of competing products such as the
Roland D50 and Korg M1 which used digital re-
cordings of real instruments (samples’) and then
subtractive synthesis (ie filtering) to modify the sounds.
These newer instruments were not only easier to use
(dispelling the ‘rocket scientist’ myth that surrounded
the programming of sounds on the DX7), but were
also able to convey far greater realism, if not dynamic
response from the keyboard since a carbon copy of
the realinstrument was effectively being played back.
However, the fundamental synthesis limitations of
both the instruments mentioned above was that the
spectra they generated was a static recording and thus

=
=
-
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could only be varied in amplitude, or by carving off
sections of the spectrum using a LPF. This in itself was
not always a great problem, since the ease of use and
quality of sounds on these instruments initially far
outweighed the synthesis disadvantages, and in any
case, at the time of their arrival at the market place,
programming your own sounds had become quite an
alien concept after the DX 7s introduction of complex
programming parameters and the need to understand
what you were actually doing when changing the
value of the parameter.

Yamaha's reaction to the sampling/sample play-
back developments made by competing products was
not to throw FM away as being an outdated tech-
nology, but to develop it further (Advanced FM), in
order for it to integrate it within a powerful sound
generating system with sample playback and digital
filtering technology. Moreover, not satisfied with the
12-bit, sampling resolution of the existing Yamaha
AWM (Advanced Wave Memory) technology (seen
in Clavinova series of home pianos and TX16W
sampler), the 16-bit M3 chip (AWMii) was developed
in 1987-1988 alongside the OPS3 chip which con-
tained the new FM technology (AFM). The concept
of the SY1 (later to become SY77) was born: it would
integrate the two most powerful sound generating
technologies in a radical new way which would take
advantage of the realism of digital samples and the
expressive power of FM. The specification was laid
down that to run the two sound generating systems
in parallel, or even in series was not enough. They
would be made to really integrate: complete AFM
generated sounds could be treated as samples and
therefore digitally filtered, and samples could be
treated as FM operators within an Algorithm so that
the user was no longer restricted to using only simple
sine waves as carriers or modulators. This specification
permitted six different modes of synthesis that were
to be carried under the umbrella term ‘Realtime
Convolution and Modulation’ (RCM) synthesis.

Realtime Convolution and
Modulation (RCM) Synthesis

The term RCM is used to highlight the fundamental
parts of the synthesis system. Realtime implies that
allcalculations are made in realtime as the user plays
the keyboard, and that the expressive response is
immediate. It also implies that many of the system
parameters can be controlled via MIDI in realtime such
as the filter section, ‘Convolution’ refers to the filter
theory behind the Time variant IIR (Infinite Impulse
Response) digital filters, and ‘Modulation’ refers to the
Advanced Frequency Modulation (AFM) section of
the machine. The system diagram is shown in figure 5.

Next month we continue this article by looking
at the functional architecture of the SY77.
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"5u|'||E'|1s-dunlrarr..enlv.loh&i.“n’ﬁwnuﬂeegr 263E 2/4 Erase Head 1mH, . . £1.9
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RLH10 Reprints of latest ‘Audio Design Amplifier' arlicles . . . £270
K1100CM HART Construction Manual with full paris lisls . . £450

Why not buy Ihe reprinls and construclion manual to see how easy 1t1s (o bulld your own
il
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RLH? Repnnts of arlicles describing the Synchmdyne Section
INS450 C: Manual for ' AM Section

equlpmenl the HART way. The FULL cost can be credited agamsl your
purchase

SPECIAL OFFERS FOR THE NEXT MONTH. All orders for complete kits will gel lhe ALPS

Precision Pots in Ihe Passive Inpul Stage included FREE. We can alsoinclude the new Relay
Switched [nput Stage, normaliy £57.28, for anly £30!

RLHB Reprints of 3 arlicles covering the FM Tuner Section
INS400 Conslruction Manual lor FM Seclion
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TAPE RECORDER CARE PRODUCTS
HART TC1 TEST CASSETTE. Our famous triple purpose test cassette. Sets lape ezimulh,
VU level and tap speed €5.36
DEM1 Mains Powered Tape Head Demagnetiser, prevenis noise on playback due to
residual head magnetiser ....... £4.08
DEM115 Electronic, Cassette Type, demagnetiser

£8.61

Our new SUMMER '90 List s FREE  Send for your copy now. Overseas cuslomers welcame,
please send 2 IRCs to cover surface pas, or 5 for Airmail

We now accept d y postor telep Il
and Visa credit cards

Please add part cos| of carniage and insurance as follows:

INLAND:
Orders up lo £20 — £1; Orders over £20 — £2 50; Next day — £8

OVERSEAS:
Please see the ordering information
wilh our lisls.

24hr SALES LINE
(0691) 652894

| ALL PRICES INCLUDE VAT
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John Linsley Hood
has revised the
sample and hold =
stereo decoder
featured in ETL.
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w PHUJ 2Rk

n February 1987, I described a design for a
stereo decoder in ETI, in order to extract the
two stereo channels at a good bit less distortion
than the typical 0.3% given by the con-
ventional ‘1310’ type PLL IC decoder chip.
Although I used this circuit description as an intro-
duction to a new design of low distortion FM receiver,
it occurred to me that this particular decoder unit
could be added as an improvement to an existing FM
tuner.

The signal to noise ratio of any FM stereo
decoder isimproved if there is an effective input low-
pass filter to remove those wide-band noise com-
ponents of the demodulated signal. These lie on either
side of the 114kHz and 190kHz (3rd and 5th) har-
monics of the 38kHz sub-carrier frequency. They will
otherwise be decoded as audible noise, and added
to the AF output signal.

Unfortunately, any input low pass filter of this
type will cause some phase shift in the 23-53kHz part
of the signal spectrum which provides the left-minus-
right part of the stereo matrix, and some compromise

% STEREO DECODER

is necessary between the requirements of good
signal to noise ratio, and maximum stereo channel
separation.

It is possible to improve the performance of the
input filter I had used. This was described as an
alternative design in a short follow-up article in duly
1988. ‘

In the process of constructing an FM tuner/
decoder kit from my design, [ spent a bit more time
thinking about other possible improvements to this
circuit. These might be of benefit to other constructors.

The major change which I would suggest con-
cerns the operation of the sample-and-hold FETs, Q8
and Q9. The gate resistors, R11 and R12, have in-
creased to 2M2 and taken to the 15V line rather than
to their sources, as shown in Fig. 1. This gives rather
better switching characteristics.

I have also changed the type‘of filter used in the
output buffer stage (Q10/11, Q12/13) from a third-
order bootstrap design to a second-order Sallen and
Key layout, with 2N5457 input FETs to reduce the
resistive loading on the sampling circuit. The use of

ar a i + 12V
5 Ll | R21
+15V 47k
)ars
a2
c16
. A2 470n LouT
it O,
c10
=1 470p R22 ci5 R97
41 k2 15n M0
B20R T
AF IN O | I +12v
I_."_I R15
c7s P 47K
Helr A100 as an
1k0
- +
NOTE: ~Ltcre
08-10,12 = 2N5457 a7 R3S R 22 iz
Q11,13 = BC214 39k Ses  470n R OUT
swz2 4(:7‘:34 R16
STEREQ ci00 L, *700 en Rae
WIDTH 100p T k2 15n T mo
ov | ov
Fig. 1 Rewsed switching and output buffer/filter stage for sample and hold stereo decoder.
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Fig. 2 Sample and hold stereo decoder (with revisions). +15V DC SUPPLY mam
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the simpler filter circuit allows a more straightforward ~ made a new PCB for this circuit design to provide a
output de-emphasis RC system, with a 3k3/15n  direct plug-in replacement for the earlier unit.
combination to give the required 50us (actually Three further small changes | would recommend
49 .5us) high frequency roll-off. | have also added, to  are: the reduction of the values of R79 and R80, in
correct an original oversight, a pair of output DC  the ‘mute’ circuit, from 100k to 33k, the joining of pins
blocking capacitors (C16, C12), to remove the 6and 7 onthe CA3189 (IC3in Figure 9in ETI March
standing DC potential otherwise present on the audio  1987) — a simple blob of solder will do this, since
output sockets. everything else remains as it is. If one was building the

The other small change which I would suggest  circuit from scratch, one of the resistors R55/R57
to the decoder is a divider network (C74/R98/99) could be omitted and the other reduced in value to
on the input to Q3, to adjust the DC potential applied ~ 1k8 — and the removal of the capacitor C42, and the
to Q3 base. | have for completeness shown the whole  resistor R58 on the AF output of this IC as shown in
revised circuit in Figure 2 and Hart Electronic Kitshave  Figure 3.
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Fig. 3 Modifications to demodulator circuit (shown as *).
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Music correspondent
Darrin Williamson
_fills us in on what’s

- new at the Frankfurt

- Musik Messe 1990
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t's with a mixture of both curiosity and dread
that I set foot in one of the world’s largest
exhibition complexes for my annual download
of product data from the music business.

Everybody who's anybody either exhibits
or attends Frankfurt. In fact this year there were over
1000 exhibitors from 39 countries showing their wares
to over 50,000 visitors within 42,000 square metres
of space over six days (phew!). Needless to say, | was
kept pretty busy during my weeK’s stay.

A plethora of music software was on show with
the lion’s share for use with the Atari ST and the Apple
Macintosh, with a respectable showing for the Com-
modore Amiga, and a smattering for the PC. Conspic-
uous by its absence was the Acorn Archimedes, which
promised a lot of good things at last year's show but
this year had a presence of zero. Obviously not too
fussed about the pro music market after all!

The big development in software this year was
direct to disk recording which, put simply, is a
hardware/software combination that turns your micro
into an enormous 16 bit CD quality stereo sampler
which records the sound straight onto a hard disk
drive. Sample time is governed by the capacity of your
drive. To sample in stereo at CD bandwidth (44.1kHz),
you need roughly 10 Mbytes of storage per minute
of recording, so a 45 Mbyte hard drive will comfortably
handle a 7" or 12" vinyl version of a song.

Tracks can be hacked about and cue lists can be
set up so that sections of the sample can be looped
and replayed anywhere within the recording. So, a
chorus need only be recorded once and triggered after
each verse thus saving valuable disk space.
Applications for such products spread from straight
recording of your own music to constructing remixes
of existing tracks to incorporate sound effects onto film
or video productions.

San Francisco based software house Digidesign
already have a firm stranglehold on the pro end of the
market with Sound Tools running on Mac Il machines
and look set to do the same for Pro Atari users with
24 meg STs. Both versions offer a whole host of
features including digital EQ, CD mastering, DAT
editing and SMPTE synchronisating.

They will also link up with MIDI sequencers
allowing the user all his sequencer tracks running the
musical instruments, samplers and effects, as well as
having two tracks of audio all within the same
sequence, so you could have your vocals and guitar
licks all stored digitally on your micro.

For the Mac version (retailing for about £3000),
Digidesign have gone for Opcode’s Vision and on the
ST (about £2000), C-Labs Creator/Notator.

Direct to disk isn't territory solely owned by
Digidesign, or even America for that matter. Cam-
bridge based D2D Systems have come up with ADAC
SE. A similar product in many respects but working
on the cheaper Mac SE micros and costing in the
region of £499, which include free direct to disk

What A Messe!

software!

Support for the Atari shows no signs of letting up,
in fact it must be a continual source of amazement to
the original system engineers as to what can be
achieved with a machine that’s rapidly approaching
its fifth birthday!

Steinberg have version 2.0 of Cubase, without
doubt one of the most professional and complete
sequencers on the market. This version offers some
nice scorewriting functions which not only allow you
to edit tracks but also allows you to output your music
to a wide range of printers from the humblest of 9 pin
to the most sophisticated of lasers.

Also included is an Interactive Phrase Synthe-
sizer {IPS) which allows musical phrases to be filtered
and modulated in a number of ways including Scale
Correction, Pitch and Rhythm Modulation. Once a
phrase has been tinkered with, it can be transferred
into a standard Cubase track for MIDI playback.

Cubase has also been cut down in features and
price for those ST owners whose budget doesn’t quite
stretch to £550 for a piece of software. Cubeat will
retail for around £250 and includes much of the same
editing flexibility of its big brother but, as one would
expect, fewer bells and whistles.

Steinberg have also wasted no time at all in
releasing a Synthworks editor/librarian package for
the Yamaha SY-77.

On the ST hardware side there’s a 16 bit digital
to analogue converter for use with their Avalon direct
to disk recorder and Midex+ which plugs into the
cartridge port to provide four dongle ports, two MIDI
INs, four MIDI OUTs and both SMPTE and EBU
timecode synchronisation. Two versions of this
product will be available, one with and without the
timecode sync facilities.

A product for the Amiga is the Fun Lab Music
System in which Steinberg have teamed up with
Kawai to put together a MIDI package for the edu-
cation market based around an A500 and a Kawai
preset keyboard, speakers, amp and some specially
designed 12 track sequencing software which can be
used for keyboard players as a sequencer or as a
controllable backing band for any other musicians.

Several nice ST products to come from the
Netherlands — such as Son from Mopro. Another
Direct to disk recorder but with the added advantage
of signal processing software allowing the user to add
effects such as reverb, echo/delay, and it’s even got
a software based vocoder in case you want to try your
hand at some Jeff Lynne or Herbie Hancock
impressions.

Future developments for this system include a
Radio Jingle package for broadcasters to use instead
of the rather antiquated and sometimes unreliable
cartridge systems typically found in studios of this ilk.

Roland (yes, that Roland) has entered the ST
software market with Tentrax; not surprisingly a ten
track sequencer designed with their Desktop Music
System series of sound and utility modules. Tracks
210 are set up for the CM32L (or the MT32/D110)
with track one open for whatever other sound sources
you have going. Step Edit, Drum Edit and notation
facilities are all there, as well as Mixing Desk page
allowing control of MIDI volume, stereo panning and
reverb modes. Roland plan to sell this both separately
and as a package with the CM32L.

On the software side there are editor packages
for the Yamaha DX/TX range, the Kawai K4 and
Lexicon LXP1 effects processor. On the sound

ETI AUGUST 1990




libraries side, PCM cards or disks for a number of
synths including the Korg M1, the Waldorf Microwave,
the Yamaha SY77, the Roland D50 and the Ensoniq
VFX.

Disc Samples

Sound Sample libraries were all over the place this
year. All manner of companies had sounds for you
to load into your sample, be it an 8 bit micro-based
package or a full fledged 16 bit studio model.

Sounds available cover a wide range of sonic
possibilities and appear on a number of different
formats varying dramatically in price and flexibility.

At one end of the spectrum you have audio
Compact Discs which just offer single notes played at
different pitches which you must record and edit
yourself on whatever system you have,

Metra Sound have three discs in their range
covering percussion, acoustic strings and sound
effects. Frohlic have a Sound Sampling Collection
volume 15 which includes a mixture of percussion,
wind instruments, ensemble sounds (choirs etc),
Steinway Grand Pianos and various effects. The BBC
now do an 18 disc set from their effect libraries.
Masterbits have three and are chock-full of popular
synth sounds. Sonic Images have five volumes rang-
ing from percussion to multi-layered pad sounds.

At the other end of this sonic spectrum are CD
ROMs. These contain far more samples which are
already edited and ready to play, but are confined to
professional samplers such as the Akai S1000, the
EMU Emax [ and II, the DPX1 and the Emulators Il
and lIl. These all come from InVision Interactive and
although quite good are a bit more expensive.

Music Hardware

Now we move swiftly on to the hardware. Plenty of
new stuff there as well.

To kick off, Roland had a new flagship synth, the
D70, which aside from having a longer than average
weighted keyboard (just over six octaves) which
transmits velocity and aftertouch information, also
corrects the oversight on the D50 in being multi
timbral. Its principal sound source is LA but the system
has the added benefit of DLM (Differential Loop
Modulation), which allows you to mess around with
PCM sounds in a big way, which becomes particularly
useful when the sample cards designed for the
U110/220/20 are plugged in.

You can have five synth parts plus a rhythm bank
all utilising the 30 note polyphony and the internal
multi-effects processor.

The MV 30 is a wonderful little box which is not
only a sequencer but also contains the guts of a U220,
tape sync and multi-effects. Eight parts can be re-
corded internally whilst an additional eight tracks are
free for other MIDI devices. Ideal for musicians on the
move or for computer owners who want to use their
micro for things other than just sequencing. Price yet
to be confirmed but should be around the £1500.

On the effects front, Roland’s Boss division have
come up with six new rack mounted effect units —
a 31 band graphic EQ, a two channel version of the
same and a two channel 15 band version, a digital
reverb, a digital multi echo and a guitar driver.

Akaf’s big announcement was their top of the
range sampler the S1100. A front panel and casing
were on show but as yet not guts for the beast. Still,
the specifications look mighty impressive: real time
Digital Signal Processing, built in SMPTE timecoding
and provision for direct to disk recording and a
staggering 32 Mbuytes of onboard RAM. Price around
£3500. Ensoniq were proudly showing the SQ1, a cut
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down VFX with 16 track on-board sequencer and
effects for about a grand.

Yamaha's big launches were at both ends of the
music market. At the budget end was the SY22, which
is the first Yamaha keyboard to feature Direct Vector
Synthesis which basically means that you have up to
four tones to play with {two AFM and two sampled)
and a joystick which allows you to mix between the
sounds. These mixes can be recorded as macros and
used in performance mode, so big, evolving sounds
can be created very quickly and to great effect. At
around £750 this has got to be this year’s hit as far as
the budget keyboard market goes.

For the big studios Yamaha also launched the
DMRS8 which combines an eight track digital recorder,
digital mixer, effects, time code locator and automated
mixdown all in one neat box not much bigger than a
computer. The product is still in its prototype stages
so no price has been fixed; however it does look like
it'll be over £6000.

Korg had some very similar products to show
(not too surprising, as Yamaha own Korg) and the
team who came up with the vector synthesis concept
for the now defunked Sequential Circuits were taken
on by Yamaha and subsequently transferred to Korg
— it's an incestuous business you know!.

Brother {yes the people that make typewriters,
printers, sewing machines, etc) were showing two
budget sequencers. The MDI30 offers a 32K
workspace and features 2 recording tracks with
unlimited merge facilities, so you can record on track
one bounce it onto track two as many times as you
want. The MDI40 offers identical features but has
twice the memory capacity. The emphasis of both
these products is portability and [ would imagine that
sales would be to musicians on the move or those who
need to transfer MIDI data with the minimum hassle
factor. Its attraction lies far more in its ability to save
thing like system exclusive than as a sequencer.

No strangers to the useful little boxes end of the
MIDI market are Birmingham-based XRI Systems
who had several new additions to their range of MIDI
patchbays and SMPTE synchronisers.

S

XRI also have the Lemi range of MIDI lighting
controllers which allows you to control an entire light
show from a MIDI sequencer or master keyboard
using the MIDI dimmer packs and control desks.

JL Cooper demonstrated their Magi Il mixer
automation system which consists of a 16 into four
remote fader panel, a master unit and however many
VCA units you need for your set up. ST and Mac
software is available to help in the mixing process
which runs on the Mac and now the ST.

For the digitally minded amongst you TOA have
tied up a distribution deal with Saori for the Integrated
Sound Processor (catchy name guys!) which
effectively replaces two 30 band equalisers, two
constant directivity horn compensators, two four band
notch filters, two four way crossovers and eight digital
delays all within the digital domain. As you would
expect, the purchase of such a product will require
most of us to take on a couple of more paper rounds
in order to afford it!

On the loudspeaker front, LA Systems had some
very impressive units on show starting with the
STE30s — a pair of 30 watt speakers with built in
stereo amp. Ideal for small studios or for live work.
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The STE60s offer 65 watts of music power with
the combination of two satellite speakers and a single
sub woofer. This combination really kicks and would
be equally at home in a mobile disco set up or as apart
of a studio monitoring system.

Finally, LAs flagship speaker system, the STE120
— offering 130 watts of music power and making
them ideal for live foldback PA applications or HiFi
buffs with deaf neighbours.

If you thought Vocoders were a thing you could
only find in the second hand ads then think again.
Cornwall-based EMS has just such a system that the
likes of Jean Michel Jarre use, They also have another
little product for the Jarresque among you called the
Soundbeam which is a little box that allows you to
trigger MIDI equipment by breaking ultrasonic sound
beams. The nearer the transmitter you are the lower
the pitch. Great for live performances.

Last, but by no means least (to my mind at any
rate) was the most revolutionary product of the show
which is to be distributed this side of the Atlantic by
Farnham based Plasmec who, up until recently have
been best known for their studio jackfields.

Now they have the MIDITap, the first in a range
of products using the Medialink networking protocal
from US company Lone Wolf.

Medialink basically allows all manner of different
signals to be shoved down a single fibre optic cable,
which not only cuts down the amount of wiring you
need but also simplifies the setup and system
reconfiguration that becomes such a headache in
even the smallest of studios. Medialink employs the
Local Area Network concept that is taken for granted
in the world of business computing and applied it to
the music world.

MIDITap has four MIDI INs and four MIDI OUTs,
all of which are fully mergeable and furthermore all
MIDI Channels on all outputs are independently
addressable by name. So with one MIDITap you can
quite happily have 64 separate MIDI Channels
running at any one time. If you need more than that
then you just add more MIDITap. If you wanted you
could have over half a million MIDI channels.

The other nice thing about the unit being fibre
optic based is that you're not losing any speed, in fact
you could have MIDI devices upto two kilometers
away with no timing problems.

The MIDITap also has a serial R$232 port which
will allow you to have computers, modems, printers
etc all on the same network.

Future productsin this range include SMPT ETap,
SCSITap and AudicTap which will allow eight chan-
nels of digital audio to be sent round your system
along the same cable everything else is coming out of.

It isn't cheap at £2000 per unit, but in terms of
flexibility there'll be nothing to touch it for the
foreseeable future.
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TELEPHONE
ORDERS
may be made on

(0442)
66551

PCB

ACCESS or VISA S ! 'R ‘ 7IC E \
racevace || | TODAY INTERNATIONAL ugust
code (inc.

VAT)

C £1.80

D £2.50

E ¥ E9008-1 AC Millivoltmeter ........................ K

G £4.75 E9008-2 Temperature Controller ................ N

i Eand E9008-3 FM Generator ................ccceuvnn... L

d £6.62

K £7.20

L £8.80 . . . p— . .

M £10.60 PCBs for the remaining projects are available from the companies listed in Buylines.

N £13.10 Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference

o £15.80 numbers. This not only identifies the board but also tells you when the project was published. The first two numbers

P £17.90 are the year, the next two are the month.

Q £21.80 Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice

R £23.90 if required. Such orders will not be processed until payment is received.

S £25.90

T £29.00 E8908-1 Intercom master station ........................ L  E8910-2 MIDI Mapper ...........oc.coocovrvrirreirers M

U £32.20 E8908-2 Intercom slave station ...................... F E89111 Smoke Alarm main board ...................... F

\Y £35.80 E8908-3 Intercom power mixer ........................... E  E8911-2 Smoke Alarm power supply .................. F

w £37.90 E8908-4 Digital joystick-to-mouse conversion ......... H E8911-3 Frequency Meter (3 boards) ................... 0

X £40.70 E8909-1 Twin Loop Metal Locator ..................... H E8911-4 Serial Logic Scope ....... A e L
E8909-2 Trembler movement detector ................ .D E8912-1 Mains Failure Alarm .................... e D
E8909-3 Field power supply (spec 3) .......... C  E8912-2 Surveilance PCB .. .....c.ovvvveiiiiiiiiin, D
E8909-4 Micro monitors active filter oov.... F E8912-3 Slide/Tape Synch ............................. E
E8909-5 Chronoscope auto-reset ............... ...C  E8912-4 PedalPower .......cccovviiieviiniaironinraneneinns L
E8910-1 Multimeter .........................o............. H E8912-5 Digital Noise Generator ......................... K

E9001-} 20 metre Receiver .................ccocoevenennnn dJ

T i i b L e e i ‘>(§_ T] E9001-2 Wavemaker FG .............cooiovoiiiieeee, L

| TO: ETI PCB SERVICE, READERS SERVICES, | S00rs Mowescle Intercom .o c

| ARGUS HOUSE, BOUNDARY WAY, | Egggg-lz EPROM me;/l[at%r i DI:JI

- o uperscope Mother Board ....................
I HEMEL HEMPSTEAD HP2 7ST | E9002-3 Superscope CRT Driver Board ............... K
Please supply: | E9002-4 Superscope Timebase Board .................. K
| Quantity Ref. no. Price Code Price Total Price | E9003-1 Superscope Y1 input board ................... J
| | E9003-2 Superscope Y2 inputboard .................... d
E9003-3 Superscope switch generator .................. E
| | E9003-4 Business power amp board .................... L
I E9003-5 Business power supply board .................. dJ
I ES003-6 Business pre-amplifier board .................. L
l I E9003-7 Waterhole ....................cooooeeiiii. Sl G
E9003-8 Super Siren ................. L D
| | E9003-9 Valsbadge ...................... W F
I | E9004-1 Bass Amplifier DC Protection .............,... F
Post and packing £0.75 E9004-2 Bass Amplifier Graphic Equaliser ,............ L
| | E9004-3 Bass Amplifier Micro ...........or.ovcvvner.... N
' Total enclosed £ I E9004-4 Quad Power Supply ........................... (0]
E9005-1 Business Display ............ccccooiviiiniien... 0
| Please send my PCBs to: (BLOCK CAPITALS PLEASE) | E9005-2 Phone Lock and Logger ........................ F
I | E9006-1 Dark Room Timer ....... = cAb oo a0 SISO 0o o G
Name ..... Sea h—. o ] S | E—— E9006-2 Telephone Extension Bell ................. ....C
| | E9006-3 Telephone External Bell ........................ D
I Address........ Lt o AR e A eTRTERRRS Sl eaTee AT ] ank l E9006-4 Fecko BOX ...oooiiviiiiniiiiniisiineiiineiienenns G
E9006-5 Bug Spotter ............cccoooiriiiiiiiiiiiniiin. E
| .................................................. | E9007-1 Guitar Practice Amp ..........o...oooeoi, G
| I E9007-2 Digital Frequency Meter ........................ M
...................... Postcode ..............0.u... E9007-3 Footstep Alarm ................................... E
| CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd | E9007-4 ansStopestent v e s €

(L S R I— ] Wem— . eV _1 ES007-5 Decision Maker ...............c.ccccoveviiinnnn.. J
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L Boullart builds
this highly reliable
and accurate FM
generator.

his project uses more or less conventional
circuitry, but it is very reliable and accurate,
allowing you to align your FM tuner with-
out problems.

Briefly, the unit consists of a FET HF
oscillator, tuned by a double capacitance diode, which
in turn is modulated by a 1kHz oscillator. Another
FET, used as an impedance transformer, connects the
signal to a 50R attenuator. Figure 1 shows a block
diagram of this set-up.

>

L
DECILLATOR

Fig. 1 FM Generator Block Diagram

~

oW
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HF DSCILLATOR IMPEDANCE

ATTENUATOR
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The HF Oscillator

In order to keep the FM generator as simple as pos-
sible only one frequency scale is provided, with
a range from 8.6 to 11.5MHz. The 10th harmonic
will then cover the complete FM band from 87 to
108MHz. Frequency coverage is accomplished by a
double capacitance diode (BB294B or KV1320)
together with coil L1. The capacitance variation
amounts to:

11.5MHz|? _ 1778

86MHz| ~— 1

which is well within the possibilities of these diodes.

It is perfectly possible to use a home made coil,
adjustable between 7 and 10 uH. It will take 30 turns
(with a tap at 5 turns) of 30 - 36 SWG wire on a 0.25
inch coil form with dust iron core, or alternatively 39
turns on a 5mm coil form. But it is more convenient
to use a TOKO KANK 3334R coil. With the two
windings in series, the inductance can be adjusted

between 5.5 and 10 uH.
The capacitance diode D1 is connected via R10
to RV2, which allows the DC potential to vary be-
tween 0.8V and 9.6V. Minimum voltage is adjusted
using RV3. Remember that the scale is only 180°, so
the maximum voltage at the glider of RV2 will be:

@ V=Viya| + VRVS &~ 9.6V
300

A FET QL is used in a well-tried oscillator circuit,
justly reputed for its excellent performance. The
oscillation amplitude is very nearly constant over the
entire frequency range. The output at the drain is of the
order of 2V rms, so a potential divider R12, R13 is used
to reduce this to a more reasonable level. The signal is
then passed on to another FET, Q2, through gain control
RV4. Q2 is used as a source follower, with a low load
resistance in order to obtain a 50R constant impedance
output.

Taking into account the losses in Q2, the signal level
at the attenuator will be approximately 100mV. The
attenuator SW2 has four successive steps of -10dB each.
With a maximum output of 100mV it is possible to use
a very loose coupling to the input of an IF amplifier for
alignment purposes.

Alternatively, the 10th harmonic is still strong
enough to allow tracking adjustment of the HF part of
an FM tuner. However, note that the resistors of the
attenuator are mounted directly on SW2, without
separate screening. As a result, the last step of the
attenuator (-40dB) is no longer very accurate, owing to
capacitive and inductive losses. Even so, RV4 will allow
further attenuation if required.

The Modulator

Low frequency modulation at 1kHz is provided by the
oscillator circuit with IC1. This is a conventional Wien
bridge oscillator, stabilised with a thermistor RA53.
The output waveform is very pure with total harmonic
distortion well below 0.003%! The dual IC type
NE5S532 was chosen because it is readily available, but
you could also use the single type NE5534. In that
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Fig. 2 FM Generator Circuit Diagram

(]
5.5-10uH

case, the output should be taken from pin 6 instead
of pin 1 and +V must be connected to pin 7 instead
of pin 8.

The signal output is approximately 1.5V, which
is far in excess of what we actually need for a 75kHz
deviation. With the HF oscillator at 10.7MHz, a DC
voltage of 240mV will cause a frequency shift of
75kHz, so the modulation level should not exceed
240mV/2.82=85mV rms to avoid overmodulation.
Therefore, R7 and R8 are included to reduce the
output voltage of IC1. R7 and C7 also form a low-pass
filter, which reduces the distortion to less than

0.0018%. With the glider of RV1 in maximum
position, the signal level reaches 160mV. The po-
tential divider R9, R10 leaves about 85mV at the
cathode of D1, as required.

Incidentally, if you are going to adjust a double-
tuned FM discriminator circuit for minimum distortion,
i's best to reduce frequency deviation to no more than
50kHz (two-thirds of RV1). The extremely low dis-
tortion level of the 1kHz signal will then permit a very
accurate adjustment of the secondary coil. Of course,
you should strictly keep to the recommended values
for the complete modulation.

S| AL A

Fig. 3 FM Generator Component Overlay
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Power Supply

The demands of the power supply are very modest:
30mA at 15.5V. Voltage stabilisation is achieved by
the 16V zener diode D2 together with Q3. D2 could
be made up of two 8.2V zeners in series; room is
provided on the PCB for this possibility. HF hum
modulation is suppressed by C15, C16.

Construction

Except for the input and output connectors, SW1 and
SW3, allthe components are mounted on a standard
PCB (16 x 10cm), which is fixed by means of 4 spacers
to a subchassis. This subchassis is then fastened to the
frontplate by means of the switches SW1, SW3, as well
as the connectors for external modulation and the
BNC HF outlet.

As for the drive and scale mechanism, several
solutions are possible. The one used in the prototype
simply consists of a Jackson SMD6 slow-motion drive
for RV2, with its flange bolted to the subchassis. SW2
has a small screening panel, consisting of a folded strip
of tin-plate 25mm high. The screening is soldered to
three soldering tags at the points X, Y, Z, marked on
the PCB. TR1 is a small printed circuit transformer.

The prototype is housed in a plastic TEKO P4
box. Although HF radiation from the assembly is not
very obtrusive, it would be a wise precaution to pro-
vide internal screening of the box. A metal case would
be suitable, but will be more expensive.

Very little initial adjustment is necessary, except
for the tracking of the frequency scale. This is carried
out by means of L1 and RV3. If a DFM is not available,
the 10th harmonics can easily be traced on an existing
FM tuner.

PARTS LIST
RESISTORS (all 4 W 5% unless otherwise stated) Cé 10n
R1.2.11 47k C7 470n
R34 15k91 {15k +90R) C8 22p ceramic
R5 560R 1% C9 In ceramic
R6 330R 1% C10 2n2 ceramic
R7 10k C1113 220y 25V electrolytic
R8 6k8 C12,15,16 22n ceramic
R9,10 33k C14 470y 35V electrolytic
R12,20,21,22,23  150R
R13,24 820R SEMICONDUCTORS
R14 270R IC1 NE5532 {or NE5534)
R15,16,17,18 100R Q1,2 25K55 {or BF256)
R19 68R Q3 BC536 or similar
R25 3k3 D1 BB204B {or KV1320)
RV1 2k2 linear D2 16V (2 x 8.2V) Zener
RV2 10k linear D3-6 1N4002
RV3 2k2 preset D7 LED
Rv4 500R lingar
MISCELLANEQOUS
L1 5.5 - 10uH ANK 3334R (Toko)
SW1 SPDT toggle switch
SW2 1-pole 12-way rotary switch
SW3 SPST toggle switch
TH1 Thermistor RAS3
CAPACITORS TR1 15V, 1.5 VA printed circuit transformer
€12 10n 1% SMD6 slow motion drive (Jackson)
C34 100y 25V electrolytic Case (P4 Teko)
Ch 33n BNC connector
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Mike Barwise
continues his analysis
of fault finding
techniques, taking a
faulty amplifier as an
example.

TEST GEAR
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TESTING,

n June [ left you taking measure-

ments of the working conditions
of our megaphone amplifier. Let’s
recap a little and go over the method
together,

How much supply current
is drawn?

Before you start testing, ground the ampilifier input to
prevent 50Hz mains pickup interfering with our DC
measurements. The first test is to work our how much
power the amplifier should draw from the supply
under worst case no-signal (quiescent) conditions,
and check whether it actually draws more than this.

Referring to our circuit diagram (Figure 1), we
can work through from input to output adding up the
currents drawn. Stage one (around Q1) consists of
about 65k and 1k6 in parallel, drawing not more than
11mA total. Stage two (around Q2) is identical, so
that's another 11mA. If QB is fully ON, about 120mA
will flow in R13, so our totalrises to 144mA. Assuming
the biassing of the output stage (Q5, Q6), adjusted
by Q3 and VR1, is not grossly incorrect, the worst case
current in the output stage will be only a bit more than
the feedback current through R5, R4 and VR3. The
feedback current is around 10mA, so let’s say a total
of 20mA, making the grand total 164mA: less than
200mA. This is quite a crude approximation, but we
are interested in whether the circuit is drawing amps
or is behaving normally.

TESTING

very much damage. The reading is taken by keeping
your finger on the power supply on/off switch and
estimating the proportion of the scale swept by the
needle. If full scale equals 5A and the needle moves
about a third of the way across the scale, the current
is about 1.6A. Ideally, using a 5A range, you should
see very little movement of the needle (about 1/25
of the scale). If you see this, it is probably safe to keep
the power supply on as you change down the meter
current ranges until a good reading can be obtained.
As a precaution, put a finger on the transistor heat sink
to check that nothing is getting hot. Obviously, if you
get a significant reading on the high current range,
switch off the power immediately. The general setup
for this best is shown in Figure 2.

Why not use a digital meter here? The risky thing
about this measurement is the time during which
excessive currents are flowing; the exact value of
current is much less important. The digital meter
returns a reading about three times a second, and
under fault conditions the excessive current is likely
to change in value. You therefore have to read and
interpret changing digital information, which the brain
is not particularly quick at. The spatial information
provided by the moving needle is far less precise, but
much quicker to assimilate. In fact, it can take as much
as 2.5 times as long to obtain a reading from a
changing digital display as from an analogue meter
needle. In that time, your circuit fault has done more
damage.

+12v
O nom
R2 RS
62k k5
NOTE:
Q1,2,3,8 = BC184
Q45 = 2N3053
Q6 = TIP31A
Q7 = TIP32A
—{— c4
c1 1000u
XTAL1 £z I
DYNAMIC
MICROPHONE a1 Q4 4
| &) ) =
c2 \b
220n & R1 R4 1
o ak7 100R
| T" 1n0 ”\1 BR/AR
RV2 R3 Rva R Ri3 RV3
l" 10k 100R 10k 100R 100R J" 100R
[ 0 OV
i
Fig. 1 Amplifier Circuit

The test is best performed quickly (to prevent
damage if massive currents are drawn), so a tough
instrument with a quick response is needed. The
perfect tool is the analogue meter, which should be
set to a scale which will protect it against darmage: if
your power supply can deliver 1A, set your meter to
its 5A or 10A range. The meter is connected in series
with the supply to the circuit under test before the
power supply is switched on.

When power is applied, there will probably be
an instantaneous surge current higher than predicted
while the capacitors charge up, and the meter needle
will overshoot a bit. However, it should be possible to
take a reading of adequate precision within 1.5
seconds, which is not likely to be long enough to cause

DC Measurements

Let’s assume that in our case the amplifier passes the
supply current test, so we can continue taking
measurements. The next task is to check the bias
adjustment of each stage in turn, comparing the
measured results with our predictions of last month.
The perfect instrument here is the digital voltmeter.
Itis precise, practically non-instrusive (10M compared
with less than 65K) and quick enough to use, as the
measured voltages should not be changing at all.
Make no adjustments on the first measurement run.
Just check and record what is going on. Table 1 shows
the recommended sequence of DC measurements
and some results which might be obtained.
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Table 1

Q1 collector to GND 6.1V
Q1 emitter to GND 0.39V
Q1 base to GND 1.04V

Q2 collector to GND 5.9V

Q2 emitter to GND 041V
Q2 base to GND 1.06V
Q8 emitter to GND 5.25V
Q4 base to GND 0.6V
Q6, Q7 emitter to GND 6.2V
Q5 base to Q7 base 1.1V

Looking at Table 1, we can tell whether the DC
conditions of this amplifier are correct. Note that most
readings have been taken to two significant digits, and
none to more than three. Component tolerances
override any greater resolution than this.

PSU

ANALOGUE
AMMETER

HAND ON
OFF SWITCH

CCT UNDER TEST

Fig. 2 Supply Test

Note also the logical progression from input to
output of the amplifier when taking readings. This is
agood idea so that you can keep track of your efforts
in case you get distracted.

Let’s see whether these readings make sense.
Remember that we are trying to achieve mid-rail
potential at the collectors of Ql, Q2, and at the
emitters of Q6, Q7. Looking at Table 1, we see that
our readings are 6.1V, 5.9V and 6.2V respectively.
These are all within 5% of the desired 6.0V, so they
will do. The Q1, Q2 emitter voltages are also within
about 5% of 1/15 times the collector voltages, so they
too are adequate. The base voltages of Q1, Q2 and
Q4 are all approximately 0.6V more than the emitter
voltages, which is what we would expect of silicon
transistors with functional base-emitter junctions. Q8
being a voltage follower, its emitter voltage should be
Vpe less than Q2 collector voltage, and it is. The
output stage crossover distortion is controlled by the
differential base bias developed across Q3. This
voltage is a little unpredictable, but should be in the
region of two times Vi, ot just over 1V. Yet again,
it is. So all DC conditions are within limits, which
implies all transistors and resistors are nominally
functional.

AC Measurements

This leaves the AC circuit conditions and AC-only
components — the capacitors. You could take them
all out and test them, using an ammeter and battery
(at least 6V) for short circuit test and a dedicated
capacitance meter to check their values, but it is
simpler to apply a signal to the amplifier (now you
know it won't blow up!) and trace the signal through.
First you need to work out a safe input signal. We
know the amplifier has an overall AC gain in the
region of >1000 (15x15x10, less losses), and the
peak-to-peak output signal will be about a volt in each
direction short of supply rails. An output swing of 9V
peak-to-peak off a 12V supply would be a good
guess. This would predict a 9mV peak-to-peak signal
for a gain of 1000, so let’s be safe and say 5mV peak-
to-peak in.
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It is unlikely that a cheap signal generator will
allow you accurate adjustment down to this level, so
a better bet is to set-up a reliable signal an order larger
(say 100mV peak-to-peak) and reduce it using an
external multi-turn potentiometer. The multi-turn pot
allows accurate adjustment even when you are
reducing by a factor of 10 or 20. If you are poor, a fixed
resistor and single-turn pot may be wired up together
instead. The alternative rigs are shown in Figure 3.

We must now consider the value of this
potentiometer. It must be able to deliver enough
current from its wiper to drive our amplifier input
without its set up point being dragged around by the
load. The general rule is that at least ten times the
output current must flow in the potential divider.

Disregarding any series reactance in the input
capacitor C2 (that is, assuming the input frequency
is well within the flat response area of the amplifier),
the first stage input impedance will effectively amount
to the paralle] combination of R2 and R1+VR2. Why?
R2 is connected between input and positive supply
and R1+VR2 is connected from input to negative
supply. Theoretically, supply rails have zero
impedance to ground, and so both supply rails look
like grounds. R2 and R1+VR2 are effectively
connected between the input and ground, so they are
in parallel. The amplifier input impedance can
therefore be considered as 1/(1/10K+1/62K) or
about 8K6. The average cheap signal generator has
astandardised audio outputimpedance of 600R, and
the nearest standard pot value which is not less than
this is 1K, near enough not to matter. So you need
a 1K ten turn pot across the output of your signal
generator, with the wiper supplying your output
signal.

SIGNAL
GENERATOR

~
oM @ EITHER oR
2

QM—'

200R

-—Q O/F

ap

1k0
10 TURNS

Fig. 3 Reducing The Signal Generator Qutput

The AC tests all use the oscilloscope as you will
be testing the amplifier in the audio frequency range
(100Hz to around 16kHz). As you are fault finding,
you need to compare what you expect with what
happens. The amplifier under test will be traced from
input to output, making comparisons between what
goes into each stage in turn and what comes out. At
each stage, the output of the previous stage is the
reference for the next test. So you will use the 'scope
in dual trace mode with two probes. Channel 1
becomes the input or reference signal channel, and
channel 2 the unknown signal channel. There are two
display modes when working with dual trace: chop
and alternate. Chop mode time-slices two slow seeps
simultaneously, and alternate mode displays trace 1
followed by trace 2. Some ’scopes make the choice
for you according to the setting of the timebase, but
if you can choose, choose chop, so that both traces
appear to be simultaneous at the low scan speeds we
are using

How low are these speeds? Audio equipment is
normally tested starting at a standard test frequency
of 1kHz. At one cycle per cm (horizontal division) the

dVdd L5dl
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Fig. 4a Crossover Distortion

Fig. 4b Clipping

TEST GEAR

trace crosses the screen in 10ms, making 100 retraces
each second {the same as UK television). However,
if you use alternate mode, each trace will refresh 50
times per second, which will result in visible flicker.
Apart from the headache you will get, it will also be
quite difficult to compare the two traces, as they will
fade alternately.

What sort of probe do we need? The general
purpose X10 probe with a 10M input impedance has
a bandwidth stretching to 250MHz or so, which we
don't need. We don't really need 10M either, as the
highest impedance in our circuit is the input
impedance of less than 10K. However the ’scope
needs about lcm of vertical trace to trigger reliably,
and you need about the same to take any sort of
meaningful voltage reading. The average scope has
a maximum vertical amplification of 5mV/cm. The
X10 probe would require a 50mV peak-to-peak signal
to deliver this to the ’scope input, which you haven't
got at the amplifier input, so use two X1 probes.

Now to make our measurements. First set up the
input signal on your signal generator before
connecting it to the amplifier under test. Set up about
100mV at the signal generator output, using your
'scopes as the measuring tool, and using the most
sensitive range you can without losing part of the
track. Use the Y POSITION control to shift the whole
trace up or down until it fits the screen. The normal
'scope screen has eight vertical divisions, so you will
probably use the 20mV/cm setting, displaying a signal
five divisions high. Make sure that the continuous trim
control (frequently concentric with the main range
knob) is in the calibrated position, otherwise your
readings will be meaningless.

Measuring the 5mV out of the pot may be quite
tricky as you cannot get a display taller than lcm
unless you have a X5 multiplier button on your scope.
If not, use the ten-turn pot. The large, wire-wound
types cost between £5 and £10 and are very linear,
so you can set up your signal by just counting turns.
The whole pot is across 100mV, so one turn makes
a change of 10mV, and your pot wiper will be set one
half turn from the bottom. If you have to go for the
fixed resistor/single-turn pot setup, the ideal fixed
resistor would be 900R in series with a 100R pot. This
would put your 5mV at about the mid-point of the pot.
The real fixed resistor would have to be 820R + 82R
in series, and this rig would be a throw-away after the
job was done. Make sure that the output frequency
of your signal generator is in the region of 1kHz
{(x10% is quite good enough), and that the waveform
is sinusoidal.

Apply power to the amplifier before you input
your signal. Many devices, particularly high speed ICs,
can be destroyed in milliseconds or less by signals in
the absence of power supplies. Destruction is most
often caused by the forward biassing of diode junctions
which are not current limited while the power is off,
leading to burn out, or by ‘latch up’ conditions in which
positive feedback locks the circuit into self-destructive
saturation. Similarly, in the presence of power, signals
should never swing more positive or negative than the
respective supply rails. In the absence of power, any

signal will exceed these limits!

Make sure there is no load at the amplifier
output, the power on. Attach the scope probes to the
signal generator pot output and to the input of stage
1 at the Q1 base. Input the signal, preferably by
keeping the signal generator switched on and making
the connection with a croc clip lead or similar. (This
prevents switch-on transients in cheap signal
generators wrecking the amplifier).

What do we do with the grounding clips of the
probes? For circuits of low gain, one clip would suffice
to refer the probes to ground. However, this is a high
gGain circuit, and voltage drops in the ground circuit
could well be amplified to give dodgy results. So
connect the ground clip of each probe to a ground
reference point on the circuit under test as near as
possible to the measurement point.

Look at the two signals. For the best comparison,
set the vertical range of both 'scope channels to the
same figure and then use the vertical position controls
to superimpose the two traces. If they are indentical,
you should see a single trace. There will, of course be
a very slight attenuation due to the potential divider
to AC formed by C2 and C5, but the effect will be a
reduction of less than 0.5%, so it probably won't show.
There will of course be a small DC offset (quiescent
base potential).

Next, move probe 1 to the base of Q1 and probe
2 to the collector of Q1. You will need to change
vertical range on channel 2, because you've got a
stage gain of about x15. A rough approximation of
stage gain will do: you either have a gain of x10 to
x 15 which is OK, or you have vastly less. There will
be substantial DC offsets here (virtual ground or mean
collector potentialis +6V!) so use AC coupling at the
'scope input. Supposing this test result is acceptable,
move probe 2 to the base of Q2. The presence of a
similar signal minus its large DC offset is proof of
functionality.

Now you can move probe 2 to Q2 collector.
Again the previous considerations apply. Suppose we
see a signal. Move to the output end of R12. Signal
present. The next test point is the base of Q4. NO
SIGNAL!

Bingo!

Where do we go from here? Suspect C3 as open
circuit. This is not very common, but it happens. Turn
off all signals and power, get out the soldering iron,
and remove C3 from circuit. In the process, it leaves
one of its leads stuck in the board. That’s it! The lead
must have broken off inside the case. Fit a
replacement capacitor and carry on with your tests,
repeating the test that failed. Now you have a signal
at the base of Q4!

Save yourself some time. As you have found a
fault, assume briefly that it's the only one, so your next
test will be probe 1 at base Q1, probe 2 at emitters Q6,
Q7. You were right! Plenty of signal. Careful
measurement now gives you a figure for the gain of
about 1400, calculating on the basis of peak-to-peak
readings.

ETI AUGUST 1990



Adjusting Crossover

The final task is to operate the amplifier under load,
and to adjust the crossover distortion (VR1. Q3} to
a minimum. The absolute amount of crossover dis-
tortion is determined by the time it takes for the output
transistors to turn on or off compared to the slew rate
of the signal you are trying to reproduce. Transistors
appear to operate slower under greater loads, so it
follows that the worst case demonstration of crossover
distortion will be under maximum load and high
frequency signal conditions. For now we will ignore
the inductive component of a speaker. and test the
circuit with a purely resistive load. The aim of the test
and adjustment is to minimise the distortion by control
of VR1 without causing the output stage to dissipate
too much quiescent current

The principle here is as follows: if the output stage
transistor pair was not differentially biassed (bases at
same potential), there would be a midpoint range of
signal swing (equal to 2Vie) over which neither
transistor was conducting. so the resulting output
waveform would look like Figure 4a. Q3 with VR1 acts
as a variable voltage drop which will cause the bases
of Q6, Q7 to stand at different voltages. The ideal
quiescent condition is with the Q6 base above virtual
ground by about 0.5V and Q7 base above virtual
ground by the same amount. Both transistors will just
conduct under quiescent conditions, so that at no time
are they both cut off. Excessive differential bias would
cause a large quiescent DC current to flow from V+
to real ground via Q6, Q7, heating them up to no
purpose and wasting power.

Our first step is to set up a signal near to the
maximum frequency the amplifier will pass, and to
check that this signal is still at 5mV peak-to-peak. The
upper frequency limit of the amplifier is effectively
amplifier is effectively set by the parallel capacitor C5,
When the reactance of C5 equals the input impend-

ance of stage 1, the signal will be —6dB (50%
amplitude in volts peak-to-peak). The reactance
tormula is:

Xc = 1/(nfC)

where X is in ohms, f is in Hz and C is in farads.

We can call the input impedance 10k, which
simplifies the calculation. The result is 15.9kHz, say
16kHz. Since the capacitor reactance provides a roll
off of 3dB/octave, a test frequency of 8kHz would give
us a good result with about —3dB. The input signal
swing can therefore be increased by a factor of 1.4
(=3dBis 0.7 Vi, peak-to-peak), giving 7mV peak-
to-peak in. The amplifier output signal should not be
allowed to clip (Figure 4b). The load for this test will
be a 4R7 resistor (nearest preferred value over 4R)
with a power rating of at least 10W, so that it will not
get hot during the tests.

Do not connect the resistive load yet. Set VR1
at mid position, connect the 'scope probes to Q4 base
and the emitters of Q6, Q7, switch on the power and
apply the input signal. The two scope traces should
be adjusted until they are about the same size on the
screen, and the crossover distortion minimised by
adjustment of 'VR1. Remember that overcompen-
sation will cause excessive output stage quiescent
current, so apply just enough bias to eliminate the
distortion. Having set VR1 by eye, connect the
resistive load to the amplifier output and confirm the
level of distortion. It will have increased slightly, and
a minor readjustment of VR1 may be needed. How-
ever, remembering that this is a public address
megaphone (not for music) a degree of crossover
distortion is acceptable, as it does not reduce clarity
until it is quite bad.

The whole process should have taken about an
hour or so. You have now traced and repaired the fault
and set up the amplifier for your customer.

dVvVdY L5dL
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reports on UHF CB.

Order
your copy
NOW!
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CITIZENS'BAND

CITIZEN’S BAND is the only British
CB magazine and covers a wide range of
topics of interest to the newcomer and
the experienced user. In each issue the
latest equipment is reviewed, useful
practical projects are detailed and all the
national and international band news is
£1.50 featured. Of particular interest to
overseas readers are the QSL pages,
articles on shortwave listening, and

Published: 3rd Friday of each Month

Why not subscribe?
Telephone 0442 66551 ext 210
for further information
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Analogue meters still
have their place in a
digital world. Steve
Bateson provides a
project for a high-
performance AC
Millivoltmeter.

PROJECT

58

AC MILLIVOLTMETER

lthough most modern voltmeters have

digital displays and complete modules are

available at a very low price, the analogue

meter still has an important place in data

presentation; so much so that some digital
displays now emulate analogue types by being
constructed as ‘bargraphs.

Digital displays have obvious advantages when
measuring steady or slowly varying quantities
because they are easy to read, have good resolution
and do not suffer from non-linearity or hysteresis as
do mechanical meters. They are, however, much less
effective at displaying dynamic variables such as
audio signal level (imagine a digital-display VU
meter!) or general trends such as rate of acceleration.
They are also quite unsuitable for indicating null
adjustments in bridge circuits.

In general, an analogue display is easy to
assimilate roughly, but difficult to read exactly. Within
these guidelines, the display can be chosen to suit
the application.

Frequency Response

Conventionally, AC meters enjoy a ‘precision rectifier
configured around an operational amplifier to
remove errors due to diode forward voltage drop.
This works very well at low frequencies, but is quite
inadequate at frequencies above a few kHz. For
example, the rectifier of Figure 1(a) reads around
10% low at 60 kHz and 50%low at 200 kHZ. This
is mainly due to the limited gain-bandwidth product
of most operational amplifiers, but also in part to
diode and stray capacitance effects. Germanium
diodes are often specified for their low forward
voltage drop and low capacitance but are actually
quite unsatisfactory due to their excessive and highly
temperature —dependant reverse leakage. More
sophisticated rectifier circuits employing current
mirrors are used in true RMS chips and audio circuits
such as the NE570 series.

Meter Overload Protection

Another area generally overlooked in conventional
meter drive circuits is that of meter protection. The
normal implementation is a diode in parallel with the
meter movement (Figure 2) but as many voltmeter
movements are specified with a maximum overload
limit of only 200%, it is clear that this arrangement

100uA
METER

5i or Ge
DIODE = 4

9108 fal

20k

DIODE x2

Fig. 1 Conventional rectifier (absolute value) circuits
(a) Current-drive full-wave rectifier
(b) Ground-referenced output rectifier

is adequate. Diodes conduct significantly at forward
voltages well below the nominal ‘threshold voltage’
so we are faced with the unsatisfactory choice of
meter non linearity due to diode conduction or
inadequate protection. For this project, good meter
protection is essential so a simple but very effective

system was devised. d
\
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_._
6BOR

METER
1300R
100uA

Fig. 2 Typical meter overload protection circuit
{parallel diode)

Half-wave, Full wave, RMS, Peak...?

Most meter rectifiers are full-wave arrangements but
I decided against this for two reasons. Firstly, full-
wave arrangements can compromise high frequency
performance, either because the operational ampli-
fier now has two diode forward voltage drops to jump
when crossing zero (Figure 3a) or because propaga-
tion delays cause the two half-waves to shift out of
phase (Figure 3b). Secondly, full-wave rectification
is only essential for detecting the peak values of
unsymmetrical waves, an important parameter for
compressor-limiters but less relevant for instrumenta-
tion. This meter driver uses a half-wave average —
reading rectifier calibrated for sinewave RMS as
usual.

Construction And Testing

The circuit diagram is shown in Figure 4 and the
layout in Figure 5. The PCB was designed for use
with the RS meter movement type 259-763 but can
easily be modified for use with other movements.

As Figure 5 shows, construction is straight-
forward and the board mounts directly onto the
meter terminals. Alternative configurations are
possible and you may wish to include a true RMS
chip such as the AD636 or omit the rectifier for a
protected DC meter. For the most reliable perform-
ance however, this PCB layout is recommended. As
usual, small components should be mounted first.
Pins are convenient but not essential for external
connections.

Assuming a multimeter is available, it is a good
idea to replace the movement with a 910R resistor
while testing, and measure the output voltage of
IC1a. Bridge the module input terminals with a short
wire, set RV1 and RV2 mid-way, check the supply

JAVAVAVAVAVAVAN

1NN

LT AT

Fig. 3 High-Frequency limitations of simple rectifier
circuits

(a) Slew-limited waveform distortion

{b) Propagation distortion (phase-shift error)

wiring and apply power. Set the output offset to zero
with RV1. Remove the input short, apply a 50mV
sinewave signal at about 1kHz and observe the
output reading (about 50mV). Increase the input
level. At about 150mV output, the LED should light
and the output drop suddenly to less than 10mV.
Gradually reduce the input until the protection circuit
resets; the output should now read about 130mV.
This confirms circuit operation. Remove the test
resistor and install the meter movement.

Calibration
You can calibrate this meter using an ordinary DC

ETI AUGUST 1990

meter (preferably digital)). The calibration voltage
chosen corrects for both the average/RMS form
factor and the half-wave rectification.

Firstly bridge capacitor C1 with a short wire.
Check that the meter mechanical zero is correct and
apply power. Adjust RV1 for zero deflection at zero
input. Apply 45mV DC to the input and set RV2
for 100% deflection. Remove the bridge and re-
adjust RV1 to zero the meter again. To overcome
meter hysteresis it is often necessary to tap the case
gently until the reading settles.

Power Supplies

The module consumes relatively little current and
the prototype was powered from two PP9 9V
batteries. As they supply a similar current, the zero
adjustment drifts very little with time. You can of
course run the meter from a mains-derived supply,

using standard regulators, anything between x5V
and 15V will do.

Options

One option which could be included in a mains-
operated version is an AC ‘wobble circuit. A
common limitation of the mechanical meter is
hysteresis due to bearing friction. By adding a suit-
able AC component to the meter drive signal, the
armature can be vibrated to equilibrium at each
angular deflection — more elegant than tapping the
meter glass! The technique has been used in com-

D4

R14

E:
IC1 = LF347 or TLO74
J112 g2k

10k

Fig. 4 AC Millivoltmeter Circuit Diagram

D1.2 = BAR28 or HSCH-1001 *VED =
D3.4 = 1N914
LED1 = HIGH EFFICI ENCY
RED LED
M1 = 100uA METER R15 R13
T 10k

R17
2K7

.

P DY

= — QY

el - QY

I1/P

Flg. 5 AC Millivoltmeter component overlay

| 2
4 didsean)
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mercial instruments and published designs. It is easily

implemented here with the circuit of Figure 6. Finally,

it you wish the meter to respond down to DC, simply

replace C1 with a wire link.

Dr Bateson is a senior lecturer at the Instru-

mentation and Control Division, school of Informa-
tion Engineering, Teesside Polytechnic.

HOW IT WORKS

The circuit diagram of this instrument is shawn in Figure 4. IC1 is
a quad BIFET operational amplifier type LF347 which has arelatively
high slew rate but needs no compensation,
. Thefirst stagefs a straightforward AC coupled amplifier with
8 highinput impedance and moderate gain about 6, A small amount
of HF compensation s apphed to offset the cumulative effects of
‘stray capacitance and - ‘op-amp. bandwidth, giving an overall
frequency response flat.to 300kHz: The full-scale input level is
100mV RMS sinewave, If greater Sensitivity is nesded a preamplifier
stage should be built smce increasing the galn of IC1a W|Il degrade
its* frequency response.

{C1b is configured as a pfemsnon rectifier using Schottky barrier
diodes. These have a low forward voltage drop less than {400mV)
and low feakage. However, alone they are insufficient to ensure good
HF response; stray capacitance and. the circuitry around C1c
degrades the rectifled waveform. The rectifier is therefors loaded
with  relatively low impedance which shunts capacitive charge to
ground A low stage gain ensures good bandwidth, while the high
output level, around 1V peak, reduces low-level offset errors.

IC1c is the current-mode meter driver. A full-scale current of
about 1204 (average] is partly shunted by the ‘sensitivity calibration’
preset. Since the LF347 has no offset adjustment, a small offset
current i available from the ‘set zero' trimmer RV1, Current-mode
operation gives fast meter response since the meter movement is
undamped, and a small meter bypass capacitor is fitted. This
ompanerit is essential, not for low-fraquency smoothing but rather
because of the meter inductance which would otherwise require
excessive valtage excursions from IC1e to maintain the meter current
at high frequencies.

IC1d and Q1 provide meter protection. IC1d is a voltage
comparator fed from the rectifier stageThe comparator threshold
and hysteresis are set so that overload protection is tripped at 150%
deflection and reset at -130%. Q1 has extremely low leakage
normally but when switched on shunts the meter, reducing the
sensitivity by about 95%. The meter movemant is then protected
and heavily damped, but still responds to trends. LED1 flags the
overload condition.

SPECIFICATION

Frequency Response 30Hz {or DC) to 300kHz,
-1%; (to 600kHz sine,

-3dB)

Reading Average -reading meter
(ARM) calibrated RMS
sine wave

Input sensitivity 100mV RMS

input impedance M / <10pF

Power Consumption

{i) No deflection +8.4 /-84 mA
(i) 100% deflection +9.1 /-8.5 mA
(iii) 30x overload +19.1 / 15,1 mA

Dynamic response bandwidth 0 — 1.4Hz, -3dB
(using specified meter)

22k
912V AC D—AAAN |—MM—-0 HNVEHTING

INPLIT)
NS4 x2 T
4 <

Fig. 6 AC "wobble’’ circuit

Lo,

BUYLINES

The meter movement was obtained from RS/Electromail (0536
204555). Aay 100uA movement could be used but the PCB terminal
holes may not fit directly. All other components are commonly
available from sources such as Maplin; any Schottky barrier diodes
should work. Other N-channel FETs will also work, although their
‘on’ resistance may be higher,

PARTS LIST
RESISTORS All 0.6W 1% metal film CAPACITORS
R1 MO C1 470n miniature polystyrene film
R2 1k0 C2 120p miniature ceramic
R3 2k2 C3 47 25V radial :
R4 47 C4 100n miniature polystyrene f:lm
R5 10k €56 224 16V axial ;
R 22k
R7 Tk SEMICONDUCTORS
R8 47 IC1 LF347 or TLO74
R9 2M2 Q1 J112
R10 4k7 D1,2 BAR28 or HSCH-1001
R1t M2 D34 IN914
R12 10k LED1 high-efficiency Red LED
R13 10k
R14 82k MISCELLANEQUS
R15 10k Meter 100 yA movement type 269763 (RS/ EJectromatl)
R16 470k PCB terminal pins if required
R17 %7 14-pin IC socket
RV : 100k cermet PCB
RV2 10k cermet 910R 1% resistor for testing

ETI AUGUST 1990

—




FORTUNE

That’s what an incredibly small number of people have achieved by contributing

articles to ETI. The rest of us have had to make do with total obscurity and enough

money for a couple of pints. Nevertheless it’s all worthwhile and we need yvour
contributions now!

FEATURES

If you know what you're talking about and it
hasn’t all been said before, we want you to add
to our wide ranging and informative features. If
you have a great idea for a feature or two, send
in a brief resumé. If you don’t have the ideas but
you think you have a commanding knowledge of
a suitable subject area we want to hear from you
too.

Whatever you can contribute to ETI, take the plunge now.
We can offer a modicum of fame and a very reasonable

fortune.

PROJECTS

ETI has built its reputation on novel, worthwhile
projects well designed and accurately pre-
sented. [f you have recently designed and built a
world-beater we want to hear from you. In the
first instance send us a brief description of your
masterpiece along with a circuit diagram.

Write in to:
The Editor ETI
Argus House
Boundary Way
Hemel Hempstead HP2 7ST

19” RACK CASES

* Suitable for instrurenis, high quality ampiifiers and many other appl that demand gth and
} watfinish « New imp construction and finish » Black anodised front panels « Sep

front mounting peate, no (lxing screws visiote on the front and the side of the enclosure « Heavy gauge front panel

isol brushed aluminium finlsh enhanced with twe professional handlas « With vantilation shits and plastic feet

» Fear box manutaciured from 1,7mm stesi finished in black. Rackmounting or free sianding. Comes In quick

assambly Nat packege

Panel Size Rear Box . Price
Order Code WH(nch)y W H D Weight ¢
U101 19x175 17x15x10 24kg 26.95
U103 19x525 17x50x10 35kg 29.95

uz212 19x35 17x30x12 33kg 29.75
U3z 19x525 17x50x12 40kg 31.95
U412 19x70 17x65x12 46kg 34.95

Please add £3.00 P&P for Lhe firstitem and £1 50 lor each additional item

Please add VAT lo above prices. Overseas orders welcome e

CRICKLEWOOD ELECTRONICSLT

40 CRICKELWOOD BROADWAY,LONDONNW23ET
Tel:081-4520161 Fax: 081-208 1441

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 Potter
Block RFI filter. ... Price £32.00 VAT paid P&P £1.70
LOOK AT THE SP| D BENCH POWER SUPPLY

Variable DC Voltage 35 to 22 volts at 8 amps continuous rating, twin meters volts and amps.
Fine and course voltage adjustment, overioad protection, mains input and DC output filtered,
Merlin made case. Built and tested. ...................i.... Price £66.00 VAT pald P&P £3.00
GEC STEREO CASSETTE UNIT )
Record/Playback, Dolby, speed 4.75c¢m (1.78in) per sec, 40-12 500Khz, Twin VU meters, with
sarvice manual, ...... ...... Brand New £12.00 or 2 for £20.00 P&P £3.00

THE WIZZARD POWER CUBE
Specification

1 20 Amp Hour Dryfit Battery; 2 Inbuilt Mains Charger;
3 RF Filtered; 4 Solar Cell Input (Celis 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. Pisass add VAT to total,

LIN SYSTEMS

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

19” RACK MOUNTING EQUIPMENT CASES

with the rear box assemibly constructed from 20SWG | 9mm) steel, The standard units are 10 (254mm) deep.
NEWFOR 1990 12" project cases anly 4" (101mm) ¢eep and are available in the following popular sizes:
PROJECT CASES
Type Helght Price
PU1 1%" (44mm} £16.50
PU2 3%" |BBmm) £18.50
PU3 5%" (133mm) £20.50
PU4 7" (178mm)  £22.50
PU6 102" (228mm) £26.50
EQUIPMENT CASES
V)] 1% (44mm) £20 70
U2 32" (88Bmm) £24.15
U3 5%"(133mm) £27.60
U4 7°(178mm)  £29.90
Delivery included (UK only)
All prices include VAT,
BLANKING PANELS, RACKING CONSOLES
and RACK CABINETS are alsc available
Please send SAE for details
Tel: 0275823983 for Access/Visa Sales or cheque

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

This range of 19" rack cases features satin biack finishad 16SWG (1.5mm) steel front panels (no fixing holes visibls),

Millions of quality components
at lowest ever prices.
Mail order only.

Send 30p stamped addressed label
for catalogue/clearance lists.
Allinclusive prices NO post, packing,
VAT etc to work out and add on.

Brian J Reed Electrical
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 0(7)1 223 5016
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PCB FOIL
VY . PATTERNS

Some new corrections . . .

Darkroom Timer (June 1990)

Pin 4 of IC1 should be connected to the main
earthline. D1 +ve should be connected to the
output F line, and should not connect to C1.
The circuit diagram is correct, as are PCBs from
the ETI PCB Service. The corrected foil pattern
is printed in this issue.

Superscope (March 1990)
On Figs 13 and 14, the polarity of C409, 509
should be reversed.

20 Metre Receiver (January 1990)
On Fig. 4, C34 should ben 100n, not 220u.

Smoke Alarm (November 1989)

On Fig. 2, SW2 and ZD1 should not be
connected to C4 (0V), but to the 9V rail above
C4.

Modern Diode Circuits 2 (July 1990)
Fig. 9 voltage quadrupler circuit. Diagrams a
and b should be electrically identical. Drawing
b is correct and a has been reproduced in this
issue under Modern Diode Circuits 3.

And some we've printed before . .

Fecko Box (June 1990)

The foil pattern is printed at 50% actual size,
and component side up: The correct foil pattern
is included in this Issue.

Elements Of Radio, Part 3 (May 1990)
On Fig, 2. the resistor on the output of F2
should be 1k5, not 10R. On Fig. 20, the top of
the CT should be connected to switch SW1b,
and the label 6 is missing from L13.

Business Bass Amp (March, April, May
1990)

In March: On Fig. 2 Hl and LO inputs are wrong
way round. The north button increases volurme,
the south button decreases if, and bath buttons
together zeros volume. Hitachi devices are rated
for zero temperature coefficient. Q1-4 should
be 25K135,

In April: On Fig: 1, €5 should be 100p, On Fig.
2, Q2 should be PNP. On Fig, 3; the positions
of the gyrator board should be:

8 L9210 211 212 77

21 Z2 23 74 75 Z6.

In May: On Fig. 2, pin 20 of IC1 also connects
to the 5V supply, and €1 is the wrong way
round. On Fig. 8, all dimensions except the fan
hole are in inches, and should be divided by 10.
A symmetrical supply of +63 and —63 should
be on C1 and C2.

Superscope (February 1990)
Q302 303 should be BC109C.
Fig. 3. does nol show the palarity of diodes : FM Generator
D105,6. The cathodes point up the page.
Diodes D304 is a IN4148, Capacitors in the
deflection amplifiers parts list are incorrectly
numbered and should be C205, 206, 213 and
not C105, 106, 113.

Text refers to inductors L203, 204; these
should be L201, 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 foll on page
60, for the motherboard is at 95% of full scale.
TS2 should have 550 turns, giving 110Vrms.
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ELECTRONICS

TODAY INTERNATIONAL

EN CE

John Brasier
0442 66551 Ext 250

Send your requirements to:
ETI Classified Department, ASP, Argus House
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 50p per word (+ VAT) (minimum 15 words)
Semi Display: (minimum 2 cms)
£13.50 per single column centimetre + VAT
Ring for information on series bookings/discounts.

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).

SECURITY

525" Disk Drives, 80 Tk, OSOD
5.25" drive cases. room for drive PSL & fan

(The £15.00 dreves &re sold0n & stricily "as 5" basis)

5:25" Disks. DEDD, 4Bipi boxes of 10 ...

A0W PSSV 3 T5A A2 1.54 12V 044, cased with
onioff switch .. T,

Gould PSU 000V G 54 Limitad quaniity only

Dual Datn lsad (BBC Mioro to 2 Disk Drives)
Fower lead (BBC Micro 1o Disk Drive)

B0B6 CPU chips . MadiE s
ZBOAOPU, CTT, PH £1.20 each: DMA £2.00

CAMBRIDGE COMPUTER SCIENCE LIMITED

10MBy1a Winchesiers, used. 3 months Wiy .. £42.00 sach

s E34.00 8ECH
£10.00 sach
525" Digk Drives, 30 Th, DSOD Uped, No 'M;,' £15.00 aach

£3.00 b
1o £10,00 sach

.. . preemetreroo RAS/00-BACH
Single Data iead (BBC Micro to Disk Drive) ... £2.00 sach
£4.00 pach
£2.00 aach
Dual power lead {(BBC Micto 1o 2 Disk Drives) . £4.00 8ach
BBO0O CPUs (the firs! orders get 10MHz ¢hips)  £3.50 aach
£2.00 each

E4.50al4

2754 EPRUMS (Ex-equipment) 1o 100 e8Ch
ZNZBEPROMS ... v £2.50 pach
27C256-25 EPROMS.....\ 1o e E350 Bach

256K Byte DRAM Moduias: remvd from sgulp ., £6.00 sach

Prices include postage, Add 50p (plus VAT) to orders below £5.00
Allitems new unless stated. Add 15% VAT to all prices.
Send an SAE for our latest list or for more info.
Dept ETI, 374 MILTON ROAD, CAMBRIDGE CB4 1SU
Tel: 0223 424602 or 0831 430496 (Please note, Mail Order only)

TALE TTL, plck and mix, buy 10 or more for ....... £0.12 sach
Types available '00 ‘02 ‘04 ‘08 11 12 73 15 /20 ‘21 '26
‘2T “30 132 '83 '35 '42 T4 '83 98 107 '109 122 132
‘136 '139 145 '151 163 157 1158 '162 ‘163 '164 165
174 @1 183 253 '257 ‘208 '353 '365 ‘670

GHE2KByla SAMA ..., it 1.10 gach
B254 8K Byte SRAM _.,,....... -1583.00 £31.80 each
B5256 32K Byterams ... E7.00 each
B Byte NV ram chipa €300 each ... £10.00 four
20 pin dil bow profile 10 sockets £0.50¢ - 24000100
40 pin dil low profile 1C sockets €08040 ..,..,,.... £5.00 sach
CPU cards (MNawbrai CPU, 3 EPROMS & 80+
muostly 7405 Ios i SO0 BACH

Keyboard, 100 keys on board LOD & micro i ... £8.002ach
Metal project boves drilled A painted bul unused
2BRITIUBCI - rviommvesivimasiny ransivin s E5,00 080K

Toroidal mains iransformer, 12V 44 & 044

1201214, 508 24 £4.00/1 £6.00/2 £8.00/3
Video Tapes, EMBOVHS ... £2,50 aach
Smoke delectors, smallsize .. . E7.008ach
Smoka deteclors. large with pe light and pauss

leature e ek -E13.00 sach

A & G ELECTRONICS LTD.

ELECTRONIC COMPONENTS MAIL ORDER COMPANY
Transistors, IC's, Diodes, Cables,
LED's, Capacitors, Transformers,
Potentiometers, Speakers, Solar
Chargers, Computer Disks,Video
Tapes, Test Gears, Aerosols, etc,

Low Low Prices!
SEND E1 FOR YOUR COPY
Refundable with first order

LU &5 Avenue, London Eb 25R.
Tel: 081-552 2386 Faxz 081-510 3410

PROTECT your Project! 5 amp
Thermal Circuit Breakers. Push
button, panel mounting. Manfd by
Jackson U.S.A. £2.20 each incl
P&P. Paramorr Electronics, 115
Ravenglass Crescent, Bristol BS10
6EH.

CALL
JOHN BRASIER

ON

0442 66551
TO ADVERTISE

PLANS

ELECTRONIC PLANS, laser
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.

64

FM Transmitter Kits
Also a Telephone Bug Detector Kt

Ready buill FM transmitier £5.00 including Posl & Packing
These are Commervial Kiis — We also siock a ssisction of

askfor

atree catalogue,
AOTLINE SLSCURONIES
97 LEIGH RD, ATHERTON, GT. MANCHESTER

Telephone Atherton (0942) 891140 Mail Crder Only

FIRST IMPRESSIONS LAST! . ..
30W/£6.80 — B60W/E7.95 — 100W/
£9.95 — +To03 Heatsinks, leads &
Directions! K.I.A. Modular Audio-
amps. 8 Cunliffe Rd, Ilkley (in-
clusive).

SURVEILLANCE

SURVEILLANCE &
COUNTER
SURVEILLANCE

EQUIPMENT
WE MANUFACTURE AND SUPPLY
- TOP QUALITY
SURVEILLANCE
AND SECURITY
4 EQUIPMENT
ingludintg VHF Transmiters
=) ‘utomatic Telephone
I decorders, Recording
s, Driefcases, Bug
> Datectors

Telephane
CatnterTap Unis

" "" & “We also cffer & complete

range cf accessarfes.
including microcassette recorders. micraphenes
receivers, cassettes and batteries

CCTV AND SECURITY
SYSTEMS SPECIALISTS
White-or phone for a defailed catalogue fo,

ESKAN ELECTRONICS LTD.

DEPT. ET, 172 CALEDONIAN ROAD, LONDON, N1

(71-278 1768 =

DO YOU WANT USED
SCOPES - GENERATORS
POWER SUPPLIES
POWER METERS
DVMs - OSCILLATORS
ATTENUATORS
TEST EQUIPMENT
Contact:

COOKE INTERNATIONAL
Unit 4, Fordingbridge Site,
Main Road, Barnham
Bognor Regis,

West Sussex PO22 OEB
Tel: 0243 545111
Fax: 0243 542457

E Wide range of items available E
Send for lists

SWITCHES

VOICE/SOUND ACTIVATED

SWITCHES easy to followdiagrams

and uses only £1.00. Components

and PC.B'savailable. Herrington, 63

Home Farm Rd, Hanwell, London
7 INL.

EQUIPMENT

@ Series X MixerKils, upto |

1,000 inpuls, 6 auxiliaries, | M

versions for PA, recording, radio,*

disco From £9.92

® Crouils for: noise gales, S
compressors, excilers, tape )
machines, mixers

® 100mm laders, swilches WE REPAIR

@ Send 40p for calalogue AUDIO EQUIPMENT

Send 40p for catalogue to:

K. Tek, P.O. Box 172A, Surbiton,
Surrey KT6 6HN. Tel: 081-399 3990

ADVERTISE IN

ETI

®
CALL

0442 66551

PCB’S

PRINTED CIRCUIT BOARD de-
signs and elec/mech draughting.
For a fast efficient service, give us
a call on: 081-443 1381.

BURGLARALARMS

POSTAGE AND
PACKING

SEND FOR YOUR

FULLY ILLUSTRATED

FRE CATALOGUE
TRADE ENQUIRIES WELCOME

10 THURLOW ST., STOWELL TECHNICAL PARK
SALFORD M5 2uX

Tel 061-745 7676
= Fax:061-7459167 py

WANTED

Turn your surplus
transistors, ICs etc, into
cash. Immediate settlement.
We also welcome the
opportunity to quote for
complete factory clearance,
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.
NOW ESTABLISHED OVER 15 YEARS
Tel: 0945 584188
Fax Number: 0945 588844

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/PQO's
to: Quantek Electronics Ltd, (Dept
ETI), 45a Station Road, Northfield,
Birmingham B31 3TE.

KITS, PLANS, built units, micro-
transmitters, telephone switches,
bleepers, personal protection (sonic
and electric). SAE list: ACE(TI), 99
Greenheath, Hednesford, Staffs,
05438 71902.
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OUrses

school in the world,

(Tick ane box anly!)

MAKE YOUR INTERESTS PAY!

Mare than 8 million students throughoty the world have found it worth their while! An ICS
heme-study course can help you get 2 better jab, make more maney and have more fun out of
life! ICS has aver W;em experience in hame-study courses and is the largest correspondence

t ol learn at your own pace, when and where you want under the guldance
of expert ‘personal’ tutors. Find out how we can help YOU. Post or phone today for your FREE
INFORMATION PACK on the course of your chalce.

Radlo, Audio \
l Aszntis o and TV Servicing a
l Basic Electronic Radio Amareur Licence I
Engineering (City & Guilds) O | Exam (City & Guilds) ]
I Electrical Engineering 0O | Car Mechanics O I
Electrical Contracting/ Computer
I Installation O | Programming ] l
GCE over40°0' and ‘A’ level subjects ]
I Name __ I
Address P.Code
l Interrations! Corr ,

LOMESpOndence
Tei, DB1-643 9568 or (41-271 2935 (24 hrs.) Dapt £l
— E—E— — — —— —— — — — i e

Sehools, 112314 High St Sution, Surey SM1 1PA,
Bl

DO YOU ORGANISE A COURSE
THAT MAY INTEREST
ETI READERS?

* * *

TECHNOLOGY \/
PACKAGED SHORT COURSES

The National College of Technology (NCT Ltd)
offers a range of packaged short courses in
analogue electronics, digital electronics and fibres
and optoelectronics for study at home or at work.
The advantages are that you may.
— commence at any time— work at your own pace
— have a tutor (optional) and there is no travelling
involved. BTEC certificates are available subject
to the conditions of the award. These highly popular
packed courses contain workbooks, a cassette
tape, circuit board and components necessary to
provide both theoretical and practical training.

Whether you are a newcomer to electronics or have
some experience and simply need updating, there

IF SO, THEN CALL
JOHN BRASIERon

0442 66551

is probably a packaged short course ready for you.
Write or telephone for details, quoting ETI to:

NCT Ltd, Bicester Hall

5 London Road, Bicester, Oxon OX6 7BU

FOR DETAILS

-1 D P>=S0IXTI-~-0mMmr m

 RETAIL OUTLETS

EDINBURGH

[OMNIELECTRONICS |

stock a wide range of electronic components al

174 Dalkeith Road,

LONDON

CRICHLEWBOD
ELECTRONICS

Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Fri 9am-6pm, Sat 9am-5pm.
Send 2x18p stamps for lalesl catalogue.

One of the largest component retailers in the UK. Fast and efficient,
same day personal service on ‘IN STOCK ITEMS' Very compelative
prices. No minimum order. Call Cricklewood Elecironics now.
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET

Tel: 081-450 0995/452 0161

or telephone (0296) 613067 Ext. 202

SOUTH COAST

ELECTRONIC COMPONENTS
are best seen at

FRASER ELECTRONICS
42 ELM GROVE x SOUTHSEA « HANTS
Telephone (0705) 815584
Barclaycard Access
COME AND BROWSE BEFORE YOU BUY

FOR MORE INFORMATION
ON SERIESDISCOUNTS
CONTACT
JOHN BRASIER ON
0442 66551

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street Tel: 051236 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

LIVERPOOL

TV & VIDEO SPARES EMPORIUM
NOW OPEN
Trade and Public Retail Outlet
FERG VIDEO HEADS FROM £1095 ® PANASONIC HEADS FROM £1095
1DEO COPY KITS £5.98 OR SCART KIT £9.99
FERG VIDEO LAMP WIRE ENDS 40p @ FERG VIDEO LAMP WITH PLUG 60p
20MM A/S FUSES £1 PER PACK OF TEN

ALL YOUR TV & VIDEQ NEEDS HERE IN L'POOL
ALL PARTS + 101 ROCKY LANE TUEBROOK
LIVERPOOL G 4BB - 851260
Mon-Fri 10am-5.30 + Sat 9am-5:

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Our terms for new advertisers (semi-display and
lineage) are strictly pro-forma payments until
satisfactory reference can be 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 |ate for a particular
issuewillbeinsertedinthe 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
Alladvertising 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.

- >0 -0MmMrm




Panel Engraving Service

Now you can give your projects amore professional finish by using the
ETI Front panel service. If you have difficulty with drillin g 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 doiis fill in the coupon stating clearly the code number, your
name and address and your remittance made payable to: A.S.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 —
While 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

anel design and we will be happy to give you a quote for a coloured

ront 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 Am £16.95
P9003-1 Superscope CRT Pane £ 395
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
P9007-1 Decision Maker £ 8.95

TELEPHONE ORDERS
EN 0442 66551 =

ETI Reader Services, Argus House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST

Moo —————— i —

lease supply P9005-1  Colour Oty @ £16.95
I Please supply P9003-1 Colour Qty @E 395
Please supply P9003-2 Colour Qty @E 295
I Please supply P9003-3 Colour Qty @E 495
Please supply P9003-4 Colour Oty @£ 4.00
Please supply P9003-5 Colour Oty @£ 4.00 l
I Please supply P9003-6 Colour Oty @ £17.95
Please supply P9001-1 Colour Qty @£ 5.00
| Picase supply P8910-1 Colour Oty ag 595 |
Please supply P2007-1 Colour Oty @£ 895 I
I Cheques/P.O. payable ta A.S.P. or debit my Access/Visa
|ICCTTT T T T T T T T T 17 fotas I
Signature 253531 o O
Name |
I Address |
I ETI Reader Services; Argus House, Boundary Way,
Hemel Hempstead, Herts, HP2 7ST x
LAllow 28 days for delivery __l

66

Once again, our September issue, will contain a mixed bag of
goodies to keep you amused through the heat of the summer,

We present a feature on Data Communications to illustrate how
our screen information gets from one place to another at high speed.

Also starting will be a series of features and projects based on
microwave transmission, a subject kept much in the dark by eléctronics
magazines.

How well does your video cassette recorder keep track of recorded
programmes? The answer depends on program ming the timer correctly
and correct transmission times. Our feature on the subject will tell us
that there are other, better ways.

On the projects front, there is slide projector controller to give a
more professional presentation including cross fading slides and the
ultimate diode tester giving simple clear indications.

All this and more including our final part of the series on diodes
and the workings of a modern synthesiser. Order your ETI today and
collect it on Friday August 3rd.

The above articles are in preparation but circumstances may prevent publication

Subjetts covered in the July issue were:
A compact digital frequency meter based on a single chip
design. A footstep intruder alarm to protect your property or
its destruction. A guitar practice amplifier to keep your melodic
creations to yourself and some audio tech tips. Our features
included, Harnessing the Wind, a guide to creating electricity
from wind energy, extracting signals from noise and a round-
up of PCB Design software.

If you missed the July issue, a limited number of back
copies are available from Select Subscriptions (address on
contents page).

ADVERTISERS’ INDEX

ABJ ELECTRONICS ..............0..e. IBC  MAPLIN ELECTRONICS............ OBC
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Affordable stand alone,
PCB fault-

diagnosis
equipment.

A 180 logic trace.

showing part of the test

////////////////////////////IIII/

The most economical way yet to

improve the speed and efficiency of PCB
servicing and manufacturing defects analysis.

24 and 40 pin Variants.
Providing a host of features for
rapidly testing digital IC’s in
circuit.

Save and Compare.
Data from a known good PCB
can be saved enabling a
suspect board to be compared
in minutes without circuit
documentation.

Automatic Circuit
Compensation. An IC is tested
in the way it is connected. No
need to program each test.

Phone for your free data and
information pack now!

SearchMode. To identify
unmarked IC’s and give an
equivalent for replacement.

Manufacturing Defects
Analysis. Rapid access to
circuit information to locate
production faults.

Out of Circuit Testing.
ZIF sockets make the units
ideal for goods inward
inspection and checking a
device is functional
before soldering.

0226 350145

ABI Electronics Ltd Mason Way Platts Common Industrial Park Barnsley South Yorkshire S74 9TG
Te! 0226350145 Telex 547938 FXPERT G s (020 23N483

CIRCLE NO. 156 ON REPLY CARD
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Not just an equaliser it's

THE EQUALISER!  ////4 4812l R, ELECTRONICS

ere are some of the things ET]I

have to say about the Maplin anlT CARD HOTL'NE

Computer Memory Graphic Equaliser/

B o
iy ‘THIS UNIT IS STREETS AHEAD OF SIMPLE . ) | | = DAY DESPATCH
e EQUALISERS'. ..
; ‘THE MAPLIN EQUALISER IS A TREAT TO USE o 7 o 2 5 5 4 1 6 1
AND (DARE | SAY IT) TO PLAY WITH'. ..
‘THE MAPLIN EQUALISER PROVES TRULY SUPERRB'. . . Item 1s subject to availability, price includes VAT

Mail Order to: P.O. Box 3, Rayleigh, Essex, $S6 8LR.

If you are looking for an equaliser, look for THE EQUALISER, FOR A FRIENDLY WELCOME AND THE BEST OF SERVICE. VISIT OUR SHOPS IN _ BIRMINGHAM,
from MAPLIN ELECTRONICS BRISTOL, LEEDS, LONDON, (EDGWARE AND HAMMERSMITH), MANCHESTER, NEWCASTLE-

ORDER CEQ30. .TOP QUALITY VALUE FOR ONLY £199.95 (+75p pép). N e e TR oot o




