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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- * PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE *

dvb LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.
OMP POWER AMPLIFIER MODULES ET S Ty OMP VARISPEED TURNTABLE CHASSIS.
OMP POWER AMPLIFIER MODULES Now enjoy a world-wide reputation for quality, rehability and
perlormance at a realislic price Four models available to suit lhe needs of the professional and hobby markel, i e, Industry,
Leisure, Instrumental and Hi-Fi elc When companng prices, NOTE all models include Toraidal power supply, Integral heat sink,
Glass fibre P C B., and Drve circults to power compatible Vu meter Open and short circull prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

* MANUAL ARM % STEEL CHASSIS # ELECTRONIC SPEED CON-
TROL 33 & 45 % VARI PITCH CONTROL % HIGH TORQUE SERVO
DRIVEN DCMOTOR + TRANSIT SCREWS # 12 DIE CAST PLATTER %
NEON STROBE # CALIBRATED BAL WEIGHT * REMOVABLE HEAD
SHELL #r " CARTRIDGE FIXINGS ¥ CUE LEVER % POWER 2201240V
50/60Hz J 390x305mm dr SUPPLIED WITH MOUNTING CUT-OUT

OMP100 Mk 11 Bi-Polar Output power 110 watts TEMPLATE

RM.S. into 4 ohms, Frequen(?y Response 15Hz - PR ERIES < EEED UG
30KHz —3dB, T.H.D.0.01%, S.N.R. —118dB, Sens.for I ERICEEES

Max. output 500mV at 10K, Size 355 x 115x65mm. STANTON AL500 GOLDRING G850
PRICE £33.99 + £3.00 P&P. PRICE £16.99 + 50p P&P  PRICE £6.99 + 50D P&P

NEW SERIES Il MOS-FET MODULES OMP MOS-FET POWER AMPLIFIERS, EIEIENLE o)
OMP/MF 100 Mos-Fet Qutput power 110 watts R.M.S. [RaLCIsNEe V=ML (e Nela NN IS TR iz RV Nol'8l By PROFESSIONAL USERS
into 4 ohms, Frequency Response 1Hz — 100KHz ® = &

~3dB, Damping Factor, =300, Slew Rate 45V/uS,
T.H.D, Typical 0.002%, Input Sensitivity 500mV, S.N.R.
—125dB. Size 300 % 123 » 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/uS,

TH.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R.
~130dB. Size 300 x 155 x 100mm,

i il NEW MXF SERIES OF POWER AMPLIFIERS
OMP/MF300 Mos-Fet Output power 300 watts R.M.S. THREE MODELS:— MXF200 (100w + 100w)
into 4 ohms, Frequency Response 1Hz — 100KHz MXF400 (200w + 200w) MXF600 (300w + 300w)
-3dB, Damping Factor >300, Slew Rate 60V/uS, All power ratings R M-S into 4 ohms

T.H.D. Typical 0.0008%, Inpul Sensitivity 500mV,
S.N.R. —130dB. Size 330 x 175 x 100mm.
PRICE £79.99 + £4.50 P&P.

FEATURES: * Independent power supplies with two Toroidal Transformers * Twin L E D. Vu melers + Rotary
indended level conirats # llluminated on/off switch # XLR conn mV inpuis  Open and short
circuit proof # Lates! Mos-Fets for siress free power delivery into vir y [3ac = High slew rate * Very low
distortion % Aluminium cases « MXF&00 Fan Cooled with D.C Louc 2nd Tnermal Protection.

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 50KkH2, ORDER STANDARD OR PEC ] USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:— MXF 200 W19"xH3'%" (2U)xD11"

. Vu METER Compatible with our four amplifiers detailed above. A very accurale visual MXF 400 W19"xH5"%" (3U)xD12"
display employing 11 LE.D. diodes {7 green, 4 red) plus an additional on/off indicator. MXF 600 W19"xH5'%" (3U)xD13"
Sophistcated logic confrol circuits for very fast nse and decay times. Tough moulded plastic MXF200 £171.35

B FRiCe 050 - s pap e o4 X 27 x dsnm. PRICES: MXF400 £228.85

; MXF600 £322.00
LOUDSPEAKERS

SECURICOR DELIVERY £12.00 EACH
omMpP IN CAR STERE

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS e BQOSTEH,SquugER

j AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER THEVERY BEST IN QUALITY AND VALUE

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

MADE ESPECIALLY TO SUIT
TODAY'S NEED FOR COM-
PACTNESS WITH HIGH OUTPUT
SOUND LEVELS, FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS,
GRILLE AND CARRYING HANDLE,

& 100 WATT C8100GPM GEN_ PURPOSE, LEAD GUITAR, EXCELLENT MID, DISGO INCORPORATES 12" DRIVER PLLS B
RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz SENS, 99d PRIGE £2530 + £2.00 P&P HIGH FREQ HORN FOR FULL TWO SUPERB HIGH
10" 100 WATT C10100GP GUITAR, VOIGE, ORGAN, KEYBOARD DBISCO. EXCELLENT MID FREQ RANGE  45H2-20KHz BOTH POWER CAR STEREO

PRICE £35.58 + £2.50 P&P
1IGH POWER MID

RES, FREQ, 70Hz. FREQ, RESP, TO 6KHz. SENS, 100dB
10" 200 WATT C10200GP GUITAR, KEYBOARD, DISCO, E

MODELS 8 OHM. SIZE H1" x W15’ BOOSTER AMPLIFIERS

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 103dB .PRICE £48.67 + £2.50 P&P 150 WATTS (75+75) INTO 4 OHMS
12" 100 WATT C12100GP HIGH POWER GEN, PURPO: TAR DISCO. CHOICE OF TWO MODELS gg&_lv_\ﬁ‘g‘rs(ﬁo*'ﬁo) INTO 4 OHMS

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz SENS, 9808 . . PRICE £37.59 + £3.50 P&P
12 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE, P.A., VOICE, DISCO.

* HIGH & LOW INPUT IMPEDANCES
POWER RATINGS QUOTED IN WATTS AMS FOR EACH CABINET % HIGH & LOW INPUT SENSITIVITIES

RES, FREQ, 45Hz FREQ, RESP, TO 14KHz SENS, 100dB. .. ... ... PRICE £36.56 + £3.50 P&P TR e NSHVITIE

127 300 WATT C12200B HIGH POWER BASS, KEYBOAHDS DISCO, P-A OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR + SHORT CIACUIT OUTPUT

RES, FREQ, 40Hz FREQ, RESP, TO 7KHz. SENS, 100 . PRICE £65.79 + £3.50 P&P PROTECTION

12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR KEYBOARDS DISCO, ETC OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR * POWER REQUIREMENT 12V D.C

RES, FREQ, 45Hz FREQ, RESP, TO5KHz SENS, 100dB. _..................... RICE £87.51 + £3.50 P&P P o PRICES: 150 WATT £43.00

15" 100 WATT C15100BS BASS GUITAR, LOW FREOUENCY PA, D|SCO -— £12.00 PER RPAIR 300 WATT £95.00 + £3.00 P&P EACH

RES, FREQ, 40Hz FREQ. RESP, TO5KHz SENS,98dB._. ... ............... PRICE £55.05 + £4.00 P&P

15" 200 WATT C15200BS VERY HIGH POWER BASS PIEZO ELECTRIC TWEETERS-MOTOROLA

AES, FREQ, 40Hz. FREQ, R%SRF;, TO G4KHz0 SENS, %SSGSB e i, PRICE£75.10 + £4.00 P&P || PIEZO ELECTRIC TWEETERS — MOTOROLA

15" 250 WATT C15250BS VERY HIGH POWER B doin the Pieza revoiuiion. The low dynamic mass {no voica coil of a Piezo twester produces an Improved transient

RES, goﬂ‘fvgéogfsigggs %%%Z L?(;SFAZO\?VEE%S ngw FHEéU N AngICE £62.54 + £4.50PEP | \ocnonse with alower distortion levelthar ordinary dynamic tweeters. As acrossover Is not required inese units can

:15E54 FREQ, 40H be added o existing speaker sysiems ol upto 100 watts {more if 2 putin senes). FREE EXPLANATORY LEAFLETS
z. FREQ, RESP, TO4KHz SENS, 102dB. .. ... ... PRICE £96.47 + £4.50 P&P | 2000 e o e e TER

18" 400 WATT C18404BS EXTREMELY HIGH POWER LOW FREQUENCY BASS TYPE ‘A’ (KSN2036A) 3" round with protective wire

RES, FREQ, 27Hz FREQ,RESP, TO3KHz SENS,99dB.. ... .. ... PRICE £172.06 + £5.00 P&P mesh, ideal for bookshell and medium sized Hi-fi
TS, speakers. Price £4.90 each + 50p P&P

TYPE 'B' (KSN1005A) 3'+" super hom. For general
purpose speakers, disco and P.A systems elc. Price
£5.99 each + 50p P&P

TYPE'C’ (KSN6016A) 2" x5 wide dispersion harn. For
quality Hi-li systems and quality discos stc. Price £6.99
each + 50p P&P.

TYPE ‘D' (KSN1025A) 2'<6" wide dispersion h

ALL EARBENDER UNITS 8 OHMS (Excep! EB8-50 & EB10-50 which are dual impedence lapped @ 4 & 8ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F), IN-CAFI
RES, FREQ, 40Hz FREQ, RESP, TO7KHz SENS, 87dB. . ..., ... RICE £8.90 + £2.00 PAP
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BA..;S Hi-| Fl IN-CAR.
RES, FREQ, 40HZ. FREQ, RESP, TO 5KHz SENS, 9948, . PRICE£12.00 + £2.50 P&P
107 100 WATT EB10-100 BASS, HI-Fl, STUDIO.

RES, FREQ, 35Hz FREQ, RESP, TO 3KHz. SENS, 96d8 . PRICE £27.76 + £3.50 P&P Upper frequency respanse refained exlending « D
12° 60 WATT EB12-60 BASS, Hi-FI, STUDIC. mid range (2KHz). Suitable for high quality Hi- =3
RES, FREQ, 28Hz FREQ, RESP, TOBKHz SENS,92dB. ... . _PRICE £21,00 + £3.00 P&P == and quality discos. Price £9.98 each + 50

12" 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO TYPE 'E' (KSN1038A) 334" horn twester w

RES, FREQ, 26Hz. FREQ, RESP, TO3KHz SENS,83dB. ... .. .. PRICE £38.75 + £3.50 P&P silver finish tnm. Suitable for Hi-fi monto

FULL RANGE TWIN CONE, H(I:%H CCIHPLJANCE. ROLLED SURROUND Price £5.99 each + 50p P&E

5" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. i LEVEL CONTR ombines on a recessec

RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 920B....... .................. PRICE £9.99 + £1.50 P&P TYPELR \ plate, |e\g| Co,g,';fand Braic e b s
6% 60 WATT EB6-60TC (TWIN'CONE) HI-FI, MULTI-ARRAY DISCO ETC. 85x85mm._ Price £3.99 + 50p P&P

RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS, 94dB. . _.PRICE £10.99 + £1.50 P&P

8" 60 WATT EB8-60TC (TWIN CONE) HI-Fi, MULTI- AHRAY DISCO ETC.
FIFS FREQ. ccm FREQ, RESP, TO 18KHz. SENS, 890B. ......................... PRICE £12.99 + £1.50 P&P STEREO DISCO MIXER

60 WATT EB10-60TC (TWIN CONE) HI-FI, MUCTCARRAY DISCO ETC. )
nes FREQ, 35Hz FREQ, AESP, TO 12KHz SENS, 86dB, ... .. ... . PRICE£16.49 + £2.00P&P [ STEREO DISCO MIXER with 2 x 5 band L & R

graphic equalisers and twin 10 segment LE D
TRANSMITTER HOBBY KITS Vu Meters. Many outstanding features 5 Inputs
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE o A e prOwADG . kel oo

PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS e —

3 Turntables (Mag). 3 Mics. 4 Line including C0
COMPLETE WITH CIRCUIT AND INSTRUCTIONS plus Mic with talk%ver switch Headphone la -

tor. Pan Pot L. & R. Master Quiput cor
3IW FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER- - Qutput 775mV, Size 360 x280x90mm. 5
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0 5AMP, - il 220-240v.

PRICE £14.49 + £1,00 P&P 3 watt FM Price £134.99 — £4.00 P&P

B. K. ELECTRONICS o...

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

POSTAL CHARGES PER ORDER £1.00 MINIMUM. DFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES, GOVT. BODIES, ETC. PRICES INCLUSIVE OF V4.7, SALES COUNTER,

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
VA KCORSSACE D ST FYONE O TEL: 0702-527572 FAX: 0702-420243




THE RTC MONITOR Il

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.

GOODMANS 60W CAR GRAPHIC

As new condition but have been returned by customers
or shops, so they may need some attention. Hence the
price of only £8.00 each. Order six of these units and you
get the seventh one free. Postage £2.90

LCD DIGITAL MULTI TEST METER Ac 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 Ross Electronics).

ROSS PUSH BUTTON RADIO
Mains and battery operated. High quality VHF/FM
Medium and Long Wave reception. "
6 pushbunon selected . 4\
preset stations. z
Fully retractable telescopic ' *
aerial.
Headphone/earphone i
jack socket. i |

Size 230H x 150W x 65D, |
Ref RE-5500. i
Brand new.

|

!
Price £14.95 i -
+ £2.80 P&P L\ =

EXTRACTABLE HOUSING FOR YOUR CAR STEREO # SIZEDIN E
 HANDLE INCLUDED * SPACE FOR MEMORY BATTERY « 4 OR
2 SPEAKER SYSTEM.
ENABLES YOU TO REMOVE YOUR VALUED STEREO FROM YOUR
FCAR {WITHOUT THE AID OF A HAMMER AND CHISEL, CHAINSAW
ETC).

£9.95 postage £2.50

HILLS KITS IN STOCK % SEND FOR CATALOGUE

MAIL ORDER

£1 BARGAIN PACKS
BUY 20 GET 1 FREE

Please state pack(s) required

BP013
BPO15B
BP016

BPO17
BPO18

BP050
BP051

BP052A

BP053
BP054

BPO55

BP056
BPO57
BP058
BP059

BP061
BP063
BP064
BPO65

No. Qty. per pack
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8'x 5" Speaker 4() 6 watt made by E.M.1.

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

2000uf 50V d.c. electrolytic high quality
computer grade made in USA

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 JAPAN 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 type)

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

Slide potentiometers (popular values)

Stereo rotary potentiometers

100k 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"x%" High grada Farrite rod. UK made

AM IF modules with diagram PHILIPS LK 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 hoiders 20mm type

UK made by BULGIN

5 pin din, 180° chassis socket

Double phono sockets, Paxolin mounted

2.8m lengths of 3 core 5 amp mains flex

Large VU meters JAPAN made

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

Mono Cassette Record and play heads

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

0C44 transistors. Remove paint from top and it
becomes a photo-electric cell {or P12)

UK made by MULLARD

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

14 watt output transistors, 3

complimentary pairs in T066 case

(Ideal replacement for AD161 and 162s)

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

5 watt audio ICs. No TBABOO (ATEZ)

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

Digital DVM meter | C made by PLESSEY

as used by THANDAR with diagram

7 segment 0.3 LED display (R.E.D.)

Bridge rectifiers, 1 amp, 24V

Assorted carbon resistors

Power supply PCB with 30V 4V/A transformer
MC7818CT IC & bridge rectifier: Size 4"x2%"
6.356mm Mono jack plugs

6.35mm stereo switched jack sockets

Coax chassis mount sockets

3mtr Euro-mains lead with chassis socket

30-+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

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

backprinted.

® 30Wx2 (DIN 4 ohm)

® CD/Aux, tape |, tape |i,
inputs.

m Separate treble and bass

a Headphone jack

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

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

and knobs £36.80. post £3.50

{Featured project in Everyday Electronics April

1989 issue). Reprint Free with kit.

tuner and phono

TV SOUND TUNER

In the cut-throat world of consumer electronics,
one of the questions designers apparently pon-
der overis "Wiii 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 common and that really is quite sad, as the
TV companies do their best to transmit the high-
est quality sound. Given this background a com-
pact independent TV tuner that connects direct
to your Hi-F! is a must for quality reproduction.
The unit is mains operated. This TV SOUND
TUNER offers full UHF coverage with 5 pre-
selected tuning controls. It can also be used in
conjunction with your video recorder

£29.50 +£2,50 p&p

As above but with built-in stereo head-

phone amplifier for the hard of hearing
£35.90 +£2.50 p&p

TV SOUND TUNERKIT £11.50+£1.30 P&P
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

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 each. If you order in multiples of five you
get one free. Postage £1.30 (Made in U S A}

Helicoptoer
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SOLAR POWERED WOODEN MODELS
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SPECIAL OFFER — BUY ALL THREE and get the postage FREE

KOSS MINI SPEAKERS Use instead of head-
phones on your personal stereo, just plug in instead of
headphones. Koss sound celis can be mounted on top of
your personal stereo with the holder supplied or simply
detach for shelf mounting. This quality unit was made to
sell for over seventeen pounds by the KOSS professional
headphone company of the U S A. Due to a massive
scoop purchase we can olfer these units tor £4.30 each or
buy in multiples of ten and you get one free. Postage
£1.50

KOSS STEREO HEADPHONES High quality
light weight stereo headphones fitted 3.5mm jack with
adaptor to 6.4mm jack. Ideal use Hifi or personal stereos
made to sell for nine pounds. Our price for this unit £4.25
Postage 60p

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

£6.20 +£1.50 P&P 2 for £10 +£2.50 P&P

i MULTIBAND RADIO
: VHF 54-176 MHz + AM CB BANDS 1-80
] Listen to: AIR TRAFFIC CONTROL,

AIRCRAFT, RADAR

PUBLIC UTILITIES
£17.95 RrADIO AMATEURS AND
POSTAGE MANY MANY MORE

£2.85 SQUELCH CONTROL
“RUBBER DUCK AERIAL"
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The Business
Abase guitarist’s dream to have
all preset performances with
high quality bass, there at the
press of a button. Bob Whelan
has produced the best
equipment around

_|4

Earth Current
-J"{J}ufuﬂh ing
George P]ckworth continues

his fascinating series on ground
communication.

Radio

John Linsley Hood is back with
a new series on some basic
techniques for radio reception

'._:.f r(—_'\.a‘

Itsfrequency meters and power
supplies this month. Mike
Barwise explains further

32

ecn H )
More of your very own little
circuit ideas

er oiren

Keith Brindley has alot to shout
about with this little device. Very
loud sounds from a very simple
circuit

40

Are your plants receiving the
correct amount of water every
day? Why not put your mind at
rest with this automatic plant
waterer. Edward Barrow shows
you how

Geoff Martin unlocks some
simple ideas for projects.

2rscope

In thls second part Dennis
Stanfield constructs the Y
amplifiers and tests his
oscilloscope

1=t "i. =]
A St Valentme novelty badgeto
serenade your sweetheart.
Keith Brindley lovesthe idea of
this one.

>

;]-'Illl“lll‘_p_". fl'\.
With a flash of inspiration,
Kevin Kirk highlights some
ideas for improving the
alternative light source.
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BT CSS

Briﬁsh - Telecom has’ proudly
»announced full operation of its
computerised customer _service
system (CSS) throughout the UK.
The system has been built up over the
past two.yearsat a rate of two sites per
month around the nation, and the last
link was Ealing in West London

: Reason for the system was the

need for faster processing of tele-
phone enquiries from customers for
arders, billing and fault purposes.
Previously,-anything but the simplest
of queries couldn't be processed by BT
over the ‘phone. but the new CSS
system is supposed to ensure even
complex: enquiries can be dealt with
on- line,
. CS8S'is a full 1ntegrated screeri-
: stem which gives staff access
to’a wide range of information; with
an average response time of 2 to 3
seconds. In a typical BT telephone
district, CSS allows staff to access
1000 on-line programs, 140 million
database records, 800 database
record types, 50 glgabytes of dlSC
storage, with 2000 screen options..

" Apart from the UK system, BThas
recently won a contract to supply a
similar €SS systemn 'to Singapore
Telecom, in a deal worth some £13
million:

Ithough you might not believe it,

the photograph shows a new
anechoic chamber built for the Ford
Motor Company to test in-car stereo
systems. The chamber features an
unusual microphone suspension
system comprising a series of thin
wires (presumably, that's what you can
see in the pic holding up the
microphone!) which help to minimise
sound reflection

Assessment of loudspeaker per-
formance in an anechoic chamber
traditionally relies on microphones
arranged at 15° intervals at one metre
distance from the speaker under test.
Microphones are typically supported
on stands or rods, but the actual
supports distort the sound by
reflection, so producing odd results.
The thin wires used in Ford’s new
chamber are to minimise these
reflections, hence giving more

accurate results.

The chamber has been built at
Ford’s research and development
facility at Dunton in Essex and is to
serve as the European test centre for
the entire range of Ford-installed
loudspeakers. Ford intends the
chamber to be the most advanced
such test facility in Europe, and hopes
it now has the lead over its
competitors.

An extensive range of parameters
including resonance, damping factor,
one third octave and narrow band fre-
quency response, swept total
harmonic distortion, Theil/Small
parameters and speaker cone
excursion can be measured using the
chamber. Any manufacturer hoping
to supply Ford will be required to
ensure their speakers meet Ford’s
requirements under such tests

SIGNALS
SEE THE LIGHT

Arange of plug-in fibre optic
extenders for serial data com-
munications (called FOX) has been
introduced by SAS Communications,
of Kent. Intended for use with
computers, terminals, printers and so.
on, the devices upgrade the usual
serial data distance limitations, to
allow communications over distances
up to 1km. Protection is also claimed
against interference, corruption,
electronic surveillance and lightning
strikes.

FOX’s advantage is that it plugs
into the rear of the computer or
printer, directly into the usual D-type
interface. All standard interface
circuits: RS232/V24; RS422/
V11/X27; BS423/V10/X26 and so
on are accommodated, with a
maximum data rate of 100Kb/s.
Power can be derived externally, or
from the host device, through the D-
type connector.

A pair of optical fibres then
connects FOX to a similarly placed
FOX on the device tc be communic-
ated with. Optical fibres of many
standard types can be used.

Another example of radio tech-
nology in retail outlets has come
to our attention this month, Radio
Data Systems of London has pro-
duced a system specifically to monitor
cooling or freezing cabinets in shops
and sound an alarm if temperature
rises above a predetermined level.
The idea is that customers can be
assured that chilled or frozen food is
being maintained at a sufficently low
termperature

System comprises miniature
battery-powered temperature sensors
and radio transmitters located in
cooling or freezing cabinets, and a
central monitoring unit which receives

their transmissions. If any transmitter
indicates a higher temperature than
the preset value, the central unit
display will sound an alarm.

Radio Data Systems is quick to
point out that the low power
requirements of the transmitters, their
small size, and the fact that not only
temperature sensors may be attached
to them make the system ideal for use
in many other applications, too,
including remote monitoring of
industrial processes, or even
annunciation systems in burglar
alarms,

Radio Data Systems can be found
at Merton, London (01 542 1031).

ews is, that sales of satellite dishes

dropped considerably at the end
of last year. Surprising really, in the
run-up to Christmas! A survey.
commissioned by the Financial Times
and undertaken by Continental
Research, reports that although
around 400,000 homes have an
installed dish, only 35000 were
installed during November. That’s
against the figures of 72,000 and
122,000 installed during September
and October.

Reasons for the decline are
thought to be manifold, but the most
obvious would appear to be the

extensive television and press
advertising spent by British Satellite
Broadcasting over the months before
Christmas. BSB expects to launch its
satellite television service in the spring,
so it could be we're all waiting for it
before we buy.

Whatever the reasons, BSB is
experiencing its own problems
although these are being played
down. First, where are the squarials?
Second. where are the chips? Neither
have materialized at the time of
writing. For further news, watch this
space — better still, watch that space
{up there. that is!)

new . hand-held scanning
module, with optical character
recognition is available from Hakuto,
Capable of scanning a document at
upto.2 inches per second, the scanner
is claimed to have many technical
advantages over currently avallable
competitors’ products. i
For half-tone scanning a selection
of six dither patterns are available,
coupled with ten brightness and three
contrast levels. Resolution up to 300
dots per inch is possible.
Captured image information can

HANDY SCANNER

be stored i file-types suitable for most
desk top publishing software. :

Optical character recognition soft-
ware can recognise 20 fonistyles
between 8 and 20 point size, at up to.
75 characters per second, although
the software may b tralned to
recognise more. .~ -

Captured alphanumeric inform—
ation can be stored in ASCII, Word-
Perfect or WordStar text files. = -

Scanner and software is available
from Hakuto International, Waltham
Cross (0992 769090 7o
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he Barclays, Philips and Shell
consortium (BYPS) formed to
| operate one of the Telepoint networks
is to supply base stations, network
| equipment and handsets for the island
of Guernsey. The agreement with
Guernsey Telecom means that BYPS
will be the sole provider of the
Telepoint service for Guernsey.
Systermn will be to the common air
interface (CAIl) standard, which

means that handsets from any of the
four operators licenced by the Gov-
ernment to provide a service will
eventually work in Guernsey. Other
operators’ equipment, however, does
not yet conform to the CAl standard,
so BYPS should effectively clean-up
on the island

Guernsey’s new system is the first
Telepoint service to be built outside the
UK mainland.

PHONE SUPPLY FROM DOWN UNDER

rom our antipodean correspon-

dent, Trevor Rees, comes a report
about a novel use of swtiched mode
power supplies.

Australian electrical engineers
have invented a 25kg rectifier to
replace conventional bulky rectifiers
— some weighing 700kg - used in
phone exchanges. Rectifiers trans-
rm standard industrial electreity into
43V DC used for telephone switching
gear. Using conventional supplies, an
exchange serving 10,000 telephones
would need two 200A rectifiers, each
2 metres high and 1.5 metres wide.
The Melbourne-based company,
ode Power Systems Pty Ltd, has
prototype 200A rectifier about
the size of a shoebox.

Available commercially about
_ it will release floor space in
janges crowded by new gener-
of telecommunications equip-
and allow easier and safer ins-
iallaion and maintenance, Noting
er size and weight were
cily proportional to the frequency
he power used in the conversion
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process, Ausmode’s engineers
realised that you could increase the
frequency and consequently lower
the reciifier’s size and weight.

The key is to use MOSFETS to
increase the frequency of the mains
supply and then convert it to 48 volt
DC with lighter, smaller and cheaper
rectifier materials. lan Dixon, the
electrical engineer who founded
Ausmode, believes this switched-
mode technology is usable in an
estimated 70 per cent of consumer
electronics goods worldwide.

He said: “Every piece of electronic
equipment coming into Australia has
a power supply that converts mains
electricity to that used by its own
circuitry — these systems are small
versions of telephone exchange
rectifiers, Ausmode aims at designing
and building switch-mode power
supply units for export — and also for
local installation into imported
equipment, where the Government's
offset policy encourages some
Australian content in overseas
manufacturers.

ULTRASONIC
TAPE
MEASURE

Although ultrasonic distance
“Bmeasurement is-almost old-hat
now, it's always nice to see a novel
implementation of it, particularly
when the design and manufacture is
British and good looking, too.

Using an offset parabolic horn
transducer to transmit and receive the
ultrasonic waves, the measure (called
Pulsar by its friends) features accurate
targetting and-a consequent large
range. Distarices of up fo some 30
metres can be measured by Pulsar,
with an accuracy of + 0.5%. This
performance is aided by the device's
ability to ignore objects partially
abstructing the measurement path.

Pulsar also features an integral
calculator and memory and, with its
RS232 interface, can be linked to
computers. All this for just £160;
Pulsar is marketed by Fisco Products
of Rayleigh.

eve heard news of a number of
meters thismonth; and details
are given here,

First off, is a range of voltage
indicators (there are, in fact, two in the
range), but we've anly one photo-
graph) from TMK Instruments. Both
models use two probes {o measure
AC and DC voltages up to 440V in
seven ranges. LEDs are used to
indicate voltage — rather than display
on a digital or analogue scale — and
there is basic input protection to 500V,

TMK’s EfectroMate — the one in
the phatograph — indicates voltage
polarity, toa, and has a diode and
lamp check, along with audible and
visuial continuity indication. It refails
at around £40). The other, VoltMate,
is & low-cost indicator retailing at
around £6

TMK also has a new digital
multimeter, with a combined ana-
logue display. Housed in a yellow
case, the G4( is suitable for all

general-purpose muliimeter applic-
ations including DC voltage to 1000V,
AC voltage to 750V, both alternating
and direct current to 10A, and
resistance to 20M. Other rest modes
include audible continuity, diode and
hep tests for transistors. Price is
around £75.

TMK Instruments can be found at
Wermbley, Middlesex (01 908 3377).

Finally, Alpha Electronics is
marketing the latest GoldStar 84
series digital multimeter; model
DM-8433. Doubling as a digital ther-
mometer which can measure from
—20°C to +150°C. the meter also
measures capacitance to 20
microfarad with a 1 picafarad
resolution, as well as the conventional
voltage, current and resistance ranges
expected of DMMs,

The DM-8433 retalls at around
£75. Alpha Electronics is based in
Atherton, Manchester (0942
873434).




THIS MONTH'S SPECIAL! FLOPPY DISK DRIVES ﬁ:ommls
Very high resolufion, fully cased 14 green or amber screen BARGAINS GALORE !

monitor with non-glare screen and swiveltiit base. The very
latest technotogy at the very lowest price| Fully compatible and NEW 5% inch from £29.951

plug compatible with all IBM PCs and clones fitted with a high Masslve purchases of standard 514 drives enables us to
res Hercules or squivalent card| Enables superb graphles and present prime product at Indusiry beafing low prices| All units
resolution, all at a give away price. Has many extra features (Unless staled) are removed from often brand new W“'&mga“;

Microwave
Speech /'Data
Links

Made for the US military to the highest possible , these units

Includingaux +5 & 12v DC outputs o power at leas! 2 disk drives, a"g,::g:;‘ 'L"n:,m’dr'ﬂém a?&mfgf\;ﬂc";g’ :fgrnZard size Vere originally dedgr:d as a !Elghly pn(:gged ;gert:ble point to
If your PC power supply Is getling hotl Supplied BRAND NEW gund acoept the standard 34 w+a c;‘n et “ point distance measuring set. Inbullt in the unit Is a full duplex
and boxed. Stale whather amber or green screen required. SHUGAHRT SA405. BRAND N ’ £ speech link which may be used as Is, or adapted for use as a
Amber ........... £79  Green .o £69 E TANDON TM100-2A IBM compatible DS m‘ data link. Mﬂ.l"l)f features incude 50 km point to point range,
COMPU TER SYSTEMS TANDON TM101-4 BO Track DS £49.05(B) 8pprox 10.5 GHz operafion for max security ,low power con-

CANON,TEC etc.DS half height. State 40 or 80T ETS. sumpticn (typ. 2 amps al 12 vdc), and small physical size 14w,
TATUNG PC2000. Big brother of the famous Einsteln. The TEAC FD-55-F.40-80 DS half helght. BRAND NEW £69.00(8) 15h x 13d Including built In dish, fully portable weatherproof
TPC2000 Professional 3 plece syslem coga;nses: Quallty high 315 INCH BRAND NEW AT £19.9511 case. Supplied In usad but tested condition complete with In-

resolution Green 12" monitor. Sculptured 92 kay keyboard and Never before seen price for a 312" drive. Standard size bail structions and accessories.
irth unit comtalning ZBOA CPU and all control cireuits. PLUS 2 g i 0

tobe by C . Brand -mi
ntegral TEAG 5.25 80 track double sidod disk 0rives. Gonerous tace ab. pm tors e g s packaged - mi ool inlos only £295 per palr (E)
other features incdude dual Ts" IBM format disk drive support. tor.... Only....... £16.95 or 2 for £34.50(B) Optional 12v integral nicad pack
m ﬂf’ sg?ltl\:lmoeui ‘psﬁli::il :mnpletg p m%r—sﬂf J\e'a;nrd;r: CHOOSE YOUR 8 INCHI {i3 hours approximate duration).........£22
and Basic. Brand new and covered by our famous 80 day Srugart 800801 SS refurbished & tesled 5125-00{8 Limited quanrll:!.;;—ldlnn lrhr‘n&s out this time!!l

Shugart 851 double sided refurbished & tested  E165.00(]
guarantee and bﬂd(!Jp. Nomal price of this unl!_li_nmri‘.'ﬁm Mitsiibishi M2894.62 double sided switchabi
Our price .... only ......k299 (E)

I 8299 (B) ons e o7 it soctors- BRAND NEW £250.00(E) POWER SUPPLIES

PC-A owest sver pricsd 8 mhz PC- ona SPECIAL OFFERSII All PSUs 220-240vac Input and are BRAND NEW unless
;‘;’”ﬁ;‘:f&‘;ﬁﬁ:ﬁé‘“ """‘?-.ﬁ}ftfs.rhf'."‘ D A en Dusl 8" drives with2 megabyte capacity housedin a smart case Stated. Many types ranging from 3v to 10kv always in stock.
with 5 keys In an attractive beige, grey and cream finish to oy POWer supplyl — Only £499.00 (F) e I s DYl Wde, 4 O 2N i @A

s eror drives| 12v@ 0.18. 5" x 3" x 1-1/2"% E15.95(B)
match the compuler. The monitor Is very high resolution 14" oy of line purchase scoop! Brand new NEC D2246 8" 85 Astsc AC-8151 40 watis. Switch mode. +5v @ 2.5a. +12v @
non-glare, with your cholce of amber or green screen. A very megabyte of hard disk storage! Full CPU control and indusiry 2a.-12v @ 0.1a. 6-1/4" x 4 x 1-3/4", £19.95(8

nice package at a super pricel standard SMD Interface. Ultra hi speediranster and aceesslime Greendale 19ABOE 60 watt h /
Our price .... only ......£799 (E) }e:dm the gm;lladtes;rﬁstge Imﬁa?aa;tardlng. in mint cgg;l(g 1;,115\.'.@ 1a.RFEaMi:;tZ:l‘:c:?ﬂng';gFm.sgﬂtg;(g
and comes com manuai, Y. Conver AC130. 130 watl hi-grade VDE c.Swilch mode.+5v
SPECIAL PURCHASE MAINS SUPPHESSOHS & F|LTERS @15a.-5v@1a.i12v@6a.2gfx 12,516?52-"5 £49.95(C)
V22 1200 baud modems Boshert 13000.5Switch modea.ldeal for drives & systam. +5v@

The “Filtan” from Crotan is a British made high curment mains gg, +12v @ 2.5a, -12v @ 0.5a, -5v.@ 0.5a.
We got a tremendoug buy on further stocks of this popular Spike suppressor and RF filter In one, capable of handling Up  Eamell G&/40A. Switch mode. By g 40a Encased £95.00(C)
Master Systems 2/12hicroprocessor controlled V22 full duplex 10 10 amps! The aftractive case has an Integral 13 amp sockel Famell G24/5S. As above bul 24v @ 5a.
1200 baud modem - we can now bring them to you at half last foryourequipment plug and a flying lead terminates in a quality
advartised price! Fully BT & unit, provides standard plug (to BS 1363A standard) to go fo the malns sockel. There IBMKEYBOARD DEAL
vaz2 H%I: speed data comm, which at 120 . Can save your isanintemnal fuse plus one in the plug. Two LED indicators, one A ackup keyboard chable for 18
phone bill and connect time by a slaggering 75% Ultra slim 45 {orpower on and the other lightsif the intemnal fuse falls. Dims:6" PC-XT or PC-AT. LED's for Caps, Scroll & Num Lacks. Standard

mm high. Full featured with LED status Indicators and remote - 3
emor diagnosiics, Sync or Async use: ch or data awitching; % 3" x 2". Brand new. Distributor's price - £85.001 Continental 85 keyboard layout. Made by NCR for the English & US markets.

Bl In 240y malns supr?lgﬂand 5 wite connection to BT. Units %I:ﬂmrslon Filt-C. Either only £15.95 each or 2 for £29.95 (B) Absolulsly standard. Brand new & boxed with manual and key

£29.95(8)

Ing-Lee type L2127 malns AFI filters rated at 250 volts 3 template for user slogans on the function keys. Affractive
Seinsedict g cerlon ol ot i desplly W) g i, G il Vi  ull i e 59 97y 57 Cear G, i h i it o
and at this pricsl! Y gu O ONLY 259"' D) (English coding), and a three pin miniature non-reversible sock- Undemeath. A generous |9"£E: of curly cord, terminating in t

{ et and a mating plug, to go to the aquipmant. ideal for those standard 5 pin DIN plug. A beautiful clean plece ol manufac-

Write to us today and get your name on our malling | who are bugged by AF Interference. Very compact. Dims 3-1/a* 1Urers sumplus. What a deall

4
st for our FREE sight weekly bargaln flyer 7f Display | x2.5"x1.5° £3.95 each or 310r £10(A) pum 3 OX 9 ®)
2 Wit 1o aSule v} SRV ANS o iais S e COOLING FANS
MONITO HS Please specify 110 or 240 voits for AC fans. Converts your colour monltor into a
3 Inch " . QUALITY COLOUR TVl
COLOUR MONﬂ'ORS INCI AC. 11/‘2 thick L £ 8. B}
Decca 167 80 series budge! range colour moritors. Featres 3V2Inch A ETRI siimiine.Only 1" thick. £ 9.95 TV SOUND
include PIL tube, housed In a beautiful teak style case and ::“""h ¥ }}2?“#"&’(“’2 thick. £10.95 & VIDEO
guaranteed 80 column resolution, features which are only nor- JJ0Sl  pe LS IGE L oL 2133: (g = = TUNER!
mally sean on colour monitors costing 3 times our pricel is g5 My’ BC 47 thick No.812 for 6/12v.814 24v. €15.95(A) Brand new high quaiity, fully cased, 7 charnel URF PAL TV funer

ebsolutely ready to connect fo a host of computer or video P

mm DC 12v. 18 mm thick.
;wmmgag:lacmr:rgéu m‘:sﬁf% U;',:or;?.,::eww 4inch DC 12v. Yow 11/2" thick £12.50(B) video monitortuming same Into a fabulous colour TV. Dont worry
COMPO 75 ohm composile vidao input with integral audlo Hgf 4inch DC 24v Bw. 1" thick. £14.50(B) If your monitor does’nt have sound, the TELEBOX even has an

Integral audio amp for driving a speaker plus an auxillary output
& speaker. ideal for use with video recorder of our Telebox RECHARGEABLE BATTERIES = [l il oo il amdailaioiot ) o

or any other audio visual use. Only £99.00 (E) LEAD ACID Status indicator, Smarl mouided case, Malns powered, Built to

£14.95(A) system. Unit simply connects to your TV aeral socket and colour

HI-DEFINITION COLOUR MONITORS Malntenance free sealed long Iife. Type A300. BS safety . Many other uses for TV sound or video elc.
Brand new Centronic 14" monilor for 1BM PC and compatibles 12 volta 12 volis 3 mprhours. © 10 £13.95(a) Supplied BRAND NEW with full 1 year guarantee.
al a lower than ever prical Completely CGA equivalent. Hi-res 8 volts 8 volts3 amp/hours £ 9.95(a) Telebox ST for composite video Input monitm.........ﬂﬂ.ﬂs{B{
Mitsubushi 0.42 dot pitch giving 668 x 507 pixels. Big 28 Mhz 12 voits  Centret 1.8 amp hours E 5.95(a) Telebox STL as ST but with integral speakar. o
bandwidth. A super monitorin aflractive style moulded case Full 12 volts 12 volts 24 amp hours. A200. RFE.  £29. Telebox RGB for analogus RGB monitors.................£85.95(8)
|90 day guarantee. Only £149 (E) SPECIAL OFFER! NOT sultable for IBM or Clone type colour monltors.
20",22" and 26" AV SPECIALS 100 am, at 6 voltl Brand new Chioride Powersale  PAL overseas verslon please call. SECAM not avallable.

Superbly made UK manufacture. PIL all solid state colour 3VB11. Leakproof with additional snap-on security lid. Perfect
monitors, complete with composlie video & sound Inputs. Attrac-  for uninterruptable power supplies, portable powar source,

BRAND NEW PRINTERS

tive teak style case. Perlect for Schoois,Shops,Disco, Clubs.  caravans elc. Normally costs £801 £39 (F) MX-80 F/T One of the most I te nd|
In EXCELLENT |ittie used condition with full 30 day guarantee. NICKEL CADMIUM -;ur:cuonas printing :?thofull !ug??:aepk?l?g{g fS'éo'”m’iﬁi for
] " e (3] Quallity 12v 4ah cell pack. Origlnally made for the Technicololor anlarged,bold,condensed elc. Standard parallel interface. Brand

20 ".£1M5(?Ng(2:H.F.l.(‘)EA1E7I?O£SORS£185 video company. Contalns 10 GE top quality D nicad cells In a label removed from froni. Handies tractor,fanfold and individual

with a DG output clor. ideal for portable 5 .
Wang green scroen 12° ¢ i e site vidaa smarl robusi case a DC output connector 2")!;}.95(3] E%p:r OK with IBM PC and most others. A tremendous b‘[g;

equipment, Brand new. ALMITED TIME ONLY...coorvrvevereeseaeenensnsesrmcesn £129.00
Input- Adjustable for tilt. Requires 12 vdc. Brand new and boxed Ex-e%uipmnt NICAD cells by GE. Removed from equipment Hazeltine F_?rinl small deskiop. 100 cps with RS232 and stand-
in perfect condition. Only E39 each or 2f0r E75 (F) .4y good, used condifon: D size 4ah 4 for E5(B) ard parallel. Full pin addressable and 6 user selectable fonts.

Motorola M1000-100 5™ black & white compact chassis measur- F siza 7ah 6 for £8(B) to 9.5" paper. Sheet & tractor feed. SPECIAL SALE £99.00(

ing only 11.6H x 12W x 22D. ideal for CCTV or computer : SPECIAL INTEREST Centronics 150 series. Always known for their rellabiity In con-

applications. Accepts standard composlie or Individual h & V tinuous use - real workhorses in any environment. Fast 150 cps
syncs. Needs 12vdc at only 0.8a. Some units may have minor pacal-Redsc real ime colour drafting PCB layout system. In- with 4 fonts and cholce of Interfaces.

screen blemishes. Fully tested with 30 day guarantee and full  ¢),des fumiture and hu%ﬁ monitor.Complete ready to gol £3950 150-SN i (0 5.57 PAPET.....ccvoresesrasssesmsessssassesssssanns £155,00
data. £29.00(C) pEgC VAX11/750 Inc. 2 Meg Ram DZ and full documentation, In 150-SW up lo 14. r nu.mé}
F“"VI'-‘&”‘!';S 1’:’2"9215“ atiractive moulded desk 5‘“&?( brand new condition|  £3900 nacify whether serial or paraliel required.

swivael, Dim 12 x 14.5 x 26cm. £39. Calcomp 1036 | drum 3 pen plotter € 650

JVC 751 ultra compact chassis monitor for 12vde 0.7a. Dim 1 mp arge-drum J|pen ol CALL FOR THE MANY OTHERS IN STOCK

Thuriby LA 160A logic analyser € 275
x 14 x 18cm. Simple DIY dala Included to convert to composite 4 sy {15v 80hz @m,mm

video input .Full data. BRAND NEW £65.00(8) W Kerr audio real lime freq.res.analyser.

20" Black & white monltors by Aztek, Cotron & National. Aﬁ ve’Ei‘;mlc. 1033 Telatext Brldgamq YT sars0 ¥
salid state, fully cased monitors Ideal for all types of AV orCCTV.  yeymonics R140 NTSC TV test signal standard. j
applications. Standard composile video Inputs with integral  gony KTX 1000 Videotex system - brand new

INCLUDING DAISY WHEELS.

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

audio amp and speaker. Sold In good used condition - fully tested  pEC1.811/02 CPU board £ 150
with 90 day guaraniee. ﬂgm{ ADDS 2020 VDU terminals - brand new €225 | ol ths gg 215 S oree Lane! -
LARGE QUANTITES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI
LONDON SHOP DISTEL © The Orlginal ALL ENQUIRIES
9%%% Mt = ORDE_H &qOFF_!cE - 100's of bargains! Free dlal-up database!
; Vo 1A o 8. oot tean oy, | OpenMon-Satg530 J1000's ot temssinto On Lined 01 -679-4414
o 3 L .f Upper Norwood, | 215 Whitehorse Lane, 300 bd 01-679-1888,
e ey Landan SE18 aXF South Norweod, 1200/75 bd 01-679-6183, Fax- 01-679-1927
' London, SE25 6AB. 120071200 bd 01-678:8769 Telex- 894502 TS
’ g Al prices for UK Mainiand. UK cuslomars add 15% VAT 1 TOTAL order amourt. Minimum order £10, PO orders from Government, Universities, Schacls & Local AUhories
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(OPEN CHANNEL

Pan—European isthe in-term in tele-
communications these days, so it
appears. If you want to look as if you
know what you're talking about, just
spiel a bit about the telecoms market for
all manner of devices such as cellular
telephones and pagers; drop a few
abbreviations like PCN, CT2, ERMES;
and while you're spieling — say pan-
European standard atew times. lf you
canfind anyone notoo bored to listen
to allthis rubbish, they'llno doubt hail
you as an industry messiah (or is it
pariah?)

Truthis, the term pan-Europeanis
a catch-all, generally used when
people are tryingto get away from the
fact that British and other Continental
companies are finding it increasingly
difficult to compete with foreign (and
by foreign, Imean Japanese) imports.

It allseemed to start when cellular
telephone systems were in develop-
ment. Even before they hit the streets,
experts were already talking about a
pan-European digital standard which
would create a new generation of
cellular telephones, usable when
roaming all over Europe. (Presumably,
acustomer crossing a border between
two countries doesn't need to speak
two different languages. Ed.) Now, this
is nothing more than an incredibly
devious way of moving the goalposts
sothatthe Japanesefootball missesthe
goal. In effect, the idea is to sell more
European equipment, based on the
premise that foreign competition won't
be able to keep up with European
wranglings.

And ifthat’s devious, consider this,
Alongcomes CT2, the second genera-
tion of cordless telephone (nothingto
do with cellular telephones), known
cryptically as telepoint. Before
handsets are even available tothe man
in the street (an incredibly deep pun, if
you take the time to work it out!),
manufacturers and operators alike are
talking about a new version of the
system, At present, CT2 networks are
notcompatible — atelephone handset
from one operator cannot work on
another operator’s network. Later this
year all networks must conform to a
nationalstandard known ascommon
air interface (CAI), which makes all
handsetsand allnetworks compatible.

“Apart from making existing
handsets obsolete, which I'm sure will
annoy many customers, this new CAl
standard is still not pan-European.
Next generation of CT2 handsets will
probably be digital, and yes, you've
guessed it, totally incompatible with
either of the two previous designs.

The same thing is happening in the
radio paging field. An international
standard: CCITT radio paging code
number 1, previously known as the
Post Office code standards advisory
group (POCSAG), is no longer any
good itseems, to beat off the Japanese,
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so let’s have another one: European
radio message system (ERMES),
That'lldo the trick for at least a couple
more years. Toobad ifthe customeris
confused and unhappy

Yes, yes, yes! | know this is
somewhat simplistic way of looking at
things, But you can't expect the
customerto appreciate the intricacies
of the arguments for another new
generation of equipment standard
The customer doesn't care if one
standard only caters for a certain
number of users, after which a newer,
bigger, better standard has to be
created. Allthe customerisinterested
in, really, is cost. And new new stan-
dard, whether it bears the pan-
European banner or not, means in-
compatible equipment; hence artifi-
cially raised costs

A comparison can, and should, be
made with the way television broad-
casting is about to take a leap forward

The much-used, and much-abused,
term high definition television (HDTV)
generally refers to any television system
which displays roughly twice the
number of horizontal lines as are dis-
played by current television receivers.
So, European television systems,
based on 625 lines should have about
1250 lines to be classed as HDTV.

Initially, Japanese manufacturers
suggested a system which has 1125
horizontal lines to be accepted as a
world standard The Americans
lapped it up (although eventhey seem,
currently, to be having second
thoughts), but here in Europe the
various television operators (led by the
IBA) decided against it. Remarkably,
their argument (unlike all the mobile
communications operators’ argu-
ments for new standards) is that the
Japanese HDTV system s
incompatible with current European
television systems.

Consequently, European choice
for HDTV is based on a system which
willbe compatible. Existing television
receiverswillbe able toreceive HDTV
signals, albeit with a decoder box.
Result: happy customer, happy manu-
facturers, happy operators — and a
pan-European system which keeps
out the foreign competition.

Complaints, That’s His
Department

Although final figures couldn't be
available at the time of writing, it's
known that Oftelreceived somewhere
intheregion of 32,000 complaints by
the end of 1989, about the telephone
service provided by British Telecom.
This is some 8,000 more than the
previous maximum.

Data on Satellite
Arecentdecision by the Government
changestherulesregardingthe trans-
mission of digital data via satellite links.
Previously, UK satellite data providers
could only transmit to UK earth
stations, but the change allows trans-
mission to anywhere within Europe,
thus opening up the market for the
satellite operators

Mercury Rising

Finally, a note to watch Mercury inthe
next couple of years. It'll be interesting
to see how the company will totally
reconfigure its telephone network in
the light of its recent Governmental
approval to operate a PCN network.
Currently, the Mercury network
dependsonthe link to customers over
BT local lines.

Thisis quite restrictive in two ways.
First, customerscannothave asimple
Mercury connection, they are always
connected tothe Mercury network by
a BT line, so must opt to select the
Mercury network (by pressing the
infamous blue button). In effect,
customers have to have a BT line {and
rentit!) evenif they don't wish to use the
BT network to place their calls.

Second, Mercury must pay a
considerable amount of money to BT
for this pleasure — some £300 million
in the last six months of last year. Not,
you'll agree, a pleasant arrangement
for Mercury.

With a PCN network, Mercury will
have the capability to allow customers
to connect directly to the Mercury net-
work — by aradio link! Thus dispens-
ing with the requirements for BT local
lines. Whatever the PCN network costs
to set up and run, it's bound to be less
than the amount Mercury (and, in-
directly, the customer) currently pays
to BT. Also, it allows the customer to
dispense with BT altogether.

Aliround, this will give even greater
savings for the Mercury customer.

Keith Brindley




Blueprint is a column intended to provide suggested answers
to readers’ electronics design problems, Designs are only
carried out for itemsto be published, and will iotbe prototyped
by the columnist. Circuits published in Blueprint are believed
to work, but may need minor alteration by the reader after
prototyping. Individual correspondence will not be entered
into, save as necessary to prepare items for publication.
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t's both gratifying and helpful to

receive feedback from readers
about this column — whether the
comments are positive or negative. |
have a letter from Malaysia.

Nrin Tan from St Xaviers Institu-
tion, who ‘went into electronics last
year, has some comments and
suggestions about the audio spectrum
analyser covered in the August 1989
Blueprint. He believes that the design
is far too expensive because it uses a
separate LM3915 per channel, He
has sent a circuit (Fig.1) showing a
multiplexed display driving scheme
intended to reduce the cost substan-
tially

He describes how this works: ‘The
ten outputs from the detectors are fed
into the 4016 analogue switches
which are controlled by the 4017
decade counter Only one of the
analogue switches is switched on at a
time by the 4017 at about 500Hz. The
4017 also switches on one of the
transistors, connecting the required
column to the +ve supply rail. At the
same time the LM3915 (which is set
to dot model) turns on one of its
outputs, corresponding to the input
signal. Clocking the 4017 at 500Hz
cycles through all ten columns 50

10

times per second! So the eye sees ten
LEDs continuously lit!

I had considered multiplexing at
the time of writing August’s Blueprint,
but rejected the idea for several
reasons. On reconsidering this in the
light of Nrin Tan’s letter, it might have
been useful to have covered this
possibility at the time, but there were
a few reasons why I didn't.

First was that I think that dot mode
does not look right for this application.
Multiplexing bar mode, however,
needs a substantial driver. Nrin Tan’s
circuit is barely suitable even to
multiplex the unit in dot mode as it
stands. The circuit is set for a LED
current of approximately 28mA,
above the safe limit for long term
reliability. A more reasonable current
would be 20mA, which would give an
average LED current of 2mA.
Because the eye responds better to
brief than the continuous light, each
LED looks brighter than would one
LED running at a continuous 2mA

It's unlikely that the display would
be bright enough to be satisfactory
when using 0.2in LEDs, although it
would look better if small LEDs, which
give a more concentrated light, were
used. If bar mode were used, then the
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Fig. 2

LM3915 would overheat when used
at such a high current per LED. Fig.2
shows a scheme which would be able
to multiplex a bar display, or provide
a brighter dot display

Third, another snag when multi-
plexing LM3915s is that they are sen-
sitive to voltage drops in the earth
track, and the variations in voltage
drop caused by multiplexing- could
cause apparent interaction between

channels. One way to avoid this
problem is to use thick tracks and /or
wires for all OV and power con-
nections, and to route the earth track
intelligently so that there is little
interaction even if the track has a
significant resistance, Attention to this
detail can also avoid the ICs oscillating
whether or not the display is multi-
plexed.

Final disadvantage of multiplexing
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is that the switching frequency can get
into the audio signal, and render the
display inaccurate. The answer to this,
again, is good layout.

To conclude this subject, some
constructors who want the ultimate
performance may find that the use of
one LM3915 per channel is prefer-
able, while others may prefer the
economy of multiplexing.

[ have another letter, from D J
Bruyns, for whom I recently designed
a loudness control circuit. He
expresses surprise that a linear
potentiometer is shown as the volume
control in a loudness circuit, despite
the well known need to use a
logarithmic pot as a volume controlin
order to achieve a reasonable control
law. The reason for using a linear pot

is that the wiper of the 100k pot is
connected via a 10k resistor to a
virtual earth summing point. This
loads the signal on the wiper and
distorts the linear law of the pot to give
an approximation to a logarithmic
control law. To use a log pot in this
position would be too much of a good
thing.

Mr Bruyns also sent a circuit,

gleaned from a catalogue, of an
electronic (that is voltage controlled)
volume and loudness control, shown
in Fig. 3. He asks whether this type of
circuit adds distortion to the signal,
and if so how much.

In general, all voltage controlled
gain circuits introduce distortion, as
well as noise, so they cannot be
recommended for the best quality hifi
some [Cs of this type, however,
introduce fairly low levels of noise and
distortion, so they can be used on
smaller, slightly less critical sound
systems. The TCA730is a Phillips 1C
intended for use as a voltage
controlled stereo volume control
There is a companion IC (TCA740,
I believe) which is a voltage controlled
tone control. The distortion figures for
the TCA730 are as follows:

Distortion at 1V RMS output
Typical Maximum
Gain dB distortion distortion
+10-+20 0.1% 0.2%
0-+10 0.3% 0.5%
-5-0 0.3% 0.5%
~70--50 05% 1.0%

This performance seems suitable
for use in a remote controlled
television, or in a small cardboard
stereo system, but not in audiophile
equipment. [ know of one supplier
which stocks this [C, along with a wide
range of other audio devices:

Dalbani Corporation

2733 Carrier Avenue

Los Angeles

California 90040
Telephone +213 727 0054

sockets.

Cathode Ray Tubes.

same day.
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REVIEW

f you work frequently with Jogic

circuitry or microprocessors, you'll
have come to appreciate the limita-
tions of the simple logic probe. Even
atwo channel oscilloscope is of limited
use in an 8-bit system and it can be
difficult to observe events that don’t
occur very often. The normal solution
is a logic analyser — but these are very
expensive, well out of the range of the
humble hobbyist.

To try to solve this problem,
Thandar (maker of the excellent TP1
Logic Probe) has brought out the
TA100 Logic Analyser. It has eight
channels, each made up of an LED
and a switch which can be setto 0, 1,
or ‘don’t care. If eight bits are not
enough for your system, up to four
TA100s can be chained together.

The unit operates in two modes;
the trigger mode freezes the display
when the trigger event occurs, while
in free run mode an output pulse is
provided at each trigger event.

In the first mode, each channel
can be set to form part of the trigger
word (by setting the switch to a 0 or
a 1), or else to display the state of an
input when the trigger word occurs (by
setting the switch to ‘don't care). There
is also an external clock input so that
by setting all the switches to ‘don’t care’
and using the external clock, the state
of all eight inputs will be shown when

the trigger event occurs, Either the
positive or negative going edges of the
external signal can be selected

One example of its use in this
mode would be to check the data
being written to dynamic RAM — the
trigger word could be formed from
RAS (switch set to 0), CAS (ditto).
and using WE as the external clock

The data input to the RAM would be
connected to a channel switched to
don't care, and the data being written
to the RAM would be displayed on
that channel

In free run mode, the TA100 will
provide trigger pulses for another
device such as an oscilloscope. In this
mode, a ‘trigger output’ pulse is
provided whenever the trigger event
occurs, by using a two-channel oscillo-
scope, displaying the signal under test
on one channel and the trigger output
on the other, the signal under test can
be observed at precisely the time that
the trigger event occurs. In addition,
by changing the trigger word, obser-
vations can be made under different

circuit conditions.

A couple of gripes: the literature
that comes with the TA100 is not
comprehensive; the + switch for the
external clock is not even mentioned
The construction also leaves some-
thing to be desired — there is no test
point for the trigger output signal, for
instance; you have to connect your
probe via a piece of wire to one of their
probes, to the trigger output pin,

In general, though, Thandar has
come up with a very flexible and
versatile device, well worth con-
sidering if you're working with logic
circuitry and a simple logic probe is too
simple or tedious.

INSIGHT

irmingham Town Hall is a

beautifulbuilding, classical Greek
acropolis on the outside, guilded
regency within. Packed to the galleries
with chattering schoolkids it assumes
the atmosphere of a 40s Saturday
morningcinema — allready for news-
reels and flying ink blots.

But not today. Today we gather
forthe 1989/90 IEE Faraday Lecture,
61st in a series that started back in
1924, each presenting a carefully
chosen electrically-orientated topic in
aform fit for all the family.

This year the topic is ‘Electric
Currency’ — the effects that ever-
changing banking systems have upon
the way we live and work. One of the
underlying motivesis to show whatfun
it can be to be an electrical engineer,
and how these engineers make the
world a better place.

Presenting this year’s lecture is
the Bank of Scotland who s, it seems,
pioneering the computer banking
revolution as well as having a

12

distinguished history, plus the rare
privilege of issuing its own banknotes
(thanks to some mid-19th century
Scottish legislation that prevents the
Bank of England telling it to stop)

But on with the show
Boring Bankclerks
The opening cacophony of sound and
vision is abruptly halted by the arrival
of our lecturer who bounds to the front
of the stage to address us with the
enthusiasm of a Blue Peter presenter
with a stomachful of happy pills.

“Who thinks that working in a
bank is boring then?” she cries.

The air is quickly full of hands —
it seerns to be pretty much unanimous,
sorry bank clerks everywhere but
surely athousand Birmingham school-
children can’t be wrong

But apparently we can. Banks
can be fun fun fun, particularly if you
throw off the mantle of bank clerk and
become the more modern ‘finance
engineer. Mmm, The audienceis not
convinced. But then it's only the start

of the show.

A Rubber Pig

This year’s Faraday lecture is low on the
whistles and bangs. Apart from the
colourful stage it uses few props — the
large film screen, a fake computer, a
wheelbarrow and a lifesize foam rubber
pig

Instead it relies on traditional
lecturing of the its-such-fun-isn't-it-
boys-and-girls variety. This is inter-
spersed with sketches from the Bank of
Scotland’s answer to the Dangerous
Brothers, whoillustrate the history of
banking from barter, through golic and
banknotes to home computer bank-
ing

Allthisisfilled with some marvel-
lous statistics. For example — the Bank
of Scotland’s computers guard against
power failure usingfour power supplies
from the grid, eight back-up generators
and fifty tons of batteries. Another —
if all the cheques from a single day at
the London clearing house were piled
up, the stack would be eight times the
height of Big Ben. And retina scans
and thumbprint analysis will replace
PIN numbers (no mention of quite
when, unfortunately)

Allthis is perfect material to keep
the school parties pinned. QOccasional
forays into film (predictably accom-
panied by Pink Floyd's Money — albeit
tastefully edited) prevented lecture
fatigue from setting in

Bank of Scotland (notthe Royal
Bank of Scotland it was carefully

pointed out) got its money’s worth of
plugging its own specific systems (so
Autoteller instead of cash dispensers
and so on) and by giving everyone
details of its exciting career oppor-
tunities, inthe lecture literature on the
way out

It would perhaps have been
instructional for the question ‘how
many people think banking is boring’
10 have been repeated at the close of
the show (instructional but perhaps a
little dangerous), The overallimpres-
sion of the slick and stylish show isthat
banking is indeed become more fun,
but primarily for the customer —
assuming of course that you keep in
credit!
Eleven shows are still to come:

Cardiff St David’s Hall  Jan 16
Bristol Colston Hall Jan 24
London Barbican Jan 30-31
Feb 1
Portsmouth Guildhall Feb6
Leicester De Montfort Feb 13
Sheffield City Hall Feb 28
Dundee Caird Hall Mar7
Edinburgh Usher Hall ~ Mar 13-14

Tickets are free but in limited supply

For daytime performances contact the
venue;, for evening shows contact the
Faraday Lecture Liaison, Bank of
Scotland, Management Services Divi-
sion, Sighthill Centre, PO Box 403, 2
Bankhead Crossway North, Edin-
burgh EH114EF. Tel: 031-442 7697.
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MICROPHONE AZTK MEMORY
i y

HIGH GUALITY Foa”

This simple to construct and even simpler to operate kit will record and playback
short messages or tunes. It has many uses — seatbelt or lights reminder in the
car, welcome messages to visitors at home or at work, warning messages in
factories and public places, in fact anywhere where a spoken message is
announced and which needs to be changed from time to time. Also suitable for
toys — why not convert your daughter's €8 doll to an £80 talking doll!!

Slzer il ] A A R 78x60x15mm
Message time .....1 =5 secs normal speed, 2 — 10 secs slow speed
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VERSATILE REMOTE
CONTROL KIT

SRUUII NN

OLBOOOK 8-way sequencer kit with built-
in oplo-isolated sound to light input Only
requires a box and control knob to com-
plete.... .. ... ..... .. £34.60
DL1000K 4-way chaser features bi-
directional sequence and dimming 1kW
per channel . £21.00
DLZ1000K Uni-directional version of the
above Zero switching to reduce in-
terference. . £11.80
DLA/1 (for DL & DLZ1000K) Optional op-
to input allowing audio ‘beat’/light
response ........ .... ....80p
DL3000K 3-channel sound to light kit,
zero voltage switching, automatic level
conlrol and built-in mic. 1kW per
channel £17.00

POWER STROBE KIT

-
Includes all components (+lrans-
former) for a sensitive IR recetver with 16
logic outputs (0—15V) which with
sullable nterface circuilry (relays
tniacs, elc— details supplied) can switch
up to 16 items of equipment on or off
remotely Qutpuls may be latched (o the
last received code or momenlary {on dur-
ing transmission) Dby specilying the
decoder IC and a 15V stabilised supply 15
available to power exlernal circuils Sup-
ply: 240V AC or 15-24V DC at 10mA
Size (exc 1ranslormer) 9x4x2 cms
Companion transmitter 1s 1he MK18
which operates from a 9V PP3 battery
and gives a range of up lo 601 Two
keyboards are available —MK9 (4-way)
and MK10 (16-way)

MK12 IR Receiver

(inc Lranstormer) £17.00
MK18 Transmitler £7.80 §
MK9 4-way Keyboard £2.40

R

Produces an infense
light pulsg & @

variable fraguency ol \( o /
110 16Hz. Includes F |
high quality PCE, /I ﬁﬂ\*\

components, conmec-

tors, 5Ws strobe tube and assembly in-
struclions. Supply: 240V ac. Size:
80x50x45 MK10 16-way Keyboard £7.00

XK124 STROBOSCOPE KIT . £15.00 f 601133 Box lor Transmitier £2.60
WWJW/MWMMW’/

ELECTRONIC LOCK KIT

Don't lock yourself out! This high security lock kit will secure doors
to sheds, garages or your front door and the built-in alarm witl deter
would be prowlers Scores of uses including area access preventing

NN

NN

unauthorised use of machinery or even disabling your

KEYBOARD car One correct 4 digit
PROGRAM PLUG & SOCKET code (out of 5000) will
LOCK CHIP open the lock. Incarrect
entries sound the alarm

et iz and disable the keyboard
for up to 3 mins, Kit
includes 12 way keypad,
and operates from 9 to
15V (50uA) supply Will
drive relay or 701 150
fock mechanism.

s A

= B ELECTRONICS

13 BOSTON RD. LONDON W7 3SJ
TEL: 01-567 8910.
FAX: 01-566 1916 [
ORDERING INFORMATION:

All prices exclude VAT. Free P & P on orders over £50 (UK only),
otherwise add £1 + VAT. Overseas P & P: Europe £3.50. Elsewhere £10.
Send cheque/PO/Visa/Access No, with order. Giro No. 529314002

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY
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Please supply photocopie?oﬁhe_foToang_ar?i-cles from
ETI (complete in block capitals):

Month ................ Year .....coeeee. Page (if known) .........
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Month ... Year ...ccoceneeen. Page (if known) .........
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Bob Whelan has
designed a very
sophisticated bass
amplifier that can
remember all your
concert performance
levels

14

e | | ! A
88 s NI

hat 1 was trying to get was the
sound. | could hear it now and
again on records, deep and
punchy, and with good definition
between the notes, I like the bass
guitar to be deep and low, something to feel as well
as hear. Reach down and get it boy, play me that low
E. Small combos just can't cut it, a compromise
between performance and portability. To obtain clean
low frequencies and solid deep bass at high sound
pressure levels, requires power, and a decent cab,
capable of moving a lot of air and pumping out those
riffs.

What is needed is an amp with the ability to
deliver high power continuously without over-
heating, it must also be rugged enough to take the odd
knock or two as it is dumped in the van by the roadies
gentle hand after a Saturday night bash at the local
pallie. Good tone control facilities should be included,
and the ability to switch between sound shapes and
volumes using a footswitch during the heat of
performance would be useful for those tasty little solo
bits. That's the way to go. A decent high powered amp
top, and the speaker cab can be chosen to suit the job.
A compact 4 by 10 for pub gigs, double up speaker
cabs by adding a 1 by 15 for a concert rig. Pots and
sliders can wear out and become dirty and noisy, but
using the LMCB835 digital-controlled graphic equaliser
chip allows us to get rid of them and use a micro with
some heavy duty push switches to control the amp.
So that’s the design brief, an amp that can operate
reliably in a hostile environment, have high tech
features, sound good and really do the business.

&y - I'.: -._.-‘ f -
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Part 1 TheAmphfler C1rcu1try

The Business bass amplifier features:
® 5 push-button control of all amp settings
® 280 LED panel graphic equaliser display
® micro controlled 12-band, 12-channel digital
graphic equaliser
® battery-backed ram for recall of 12 different
channel equaliser and gain settings
® footswitch or panel selection of 12 pre-set sound
shapes
® digital pre-gain and post-gain control for optimum
signal levels
® fan cooled bullet proof power amp
® 200 watts into 8 ohms or 320 watts into 4 ohms
® anti-thump turn on/off circuit
® dc offset loud speaker protection circuit
® micro watchdog circuit.

Figure 1 is a block diagram of the signal path
through the amplifier. The amplifier has two imputs,
high gain input for passive guitars and a low gain input
for active guitars. A normally open switch on the HI
input jack socket automatically selects the gain. The
next stage in the amp is a first order high pass filter
with a turn-over point of 30Hz and a 6dB/octave roll
off to reduce sub-audio noise and clean up the deep
bottom end. The gain and volume control circuits use
the AD7110 C-MOS digitally controlled audio
attenuator IC. The Business bass amplifier features a
digital graphic equaliser that has +/~ 12dB of cut
or boost over 12 frequency bands that has been
chosen to give good tonal control over the bass guitar
range. Centre frequencies of the equaliser are: 40Hz,
60Hz, 100Hz, 160Hz, 250Hz, 380Hz, 660Hz,
820Hz, 1K3Hz, 2K6Hz, 5KHz, 8KHz. The amplifier

O/L DETECT
o
PREAMP  HP FILTER GAIN GRAPHIC EQ VOLUME ~ POWER AMP  RELAY
u | ™ | |
ol OUTPUT
Lo | L/ I
ANTITHUMP
| DC PROTECT
MICRO DISPLAY
BUTTONS
Fig. 1 Fis
The Business block diagram
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IC1 = LM833

IC2 = AD7110

IC3 = TLo71
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Fig. 2 The pre-amplifier circuit diagram
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has a 6502 based micro circuit to control the various
functions. 12 channels of equaliser and gain settings
are stored in battery backed memory. This allows
instant sound changes during performance using a
footswitch to change channels. The front panel display
is made up from 28 10-segment bar graph LED
modules arranged as 14 columns of 20 LEDs.
Column 1 is a gain display in green LEDs, the next
12 columns are graphic equaliser band settings in red
LEDs and the 14th column is the volume display,
again in green LEDs. The lower 19 LEDs of each
column indicate level settings, and the top LED in
each column indicates status. The top LED on the
gain column indicates overload, the top LED in the
graphic columnsis active channel, and the one in the
volume column is set/play mode. The display is
driven by a M5450 led driver IC. The power amplifier
is a no frills basic design incorporating high-voltage
transistors in the voltage ampilifier stage and eight
power MOSFETs mounted on a forced air-cooled
heatsink in the output stage. Output short circuit
protection is provided. Measured output power is
200watts into an 8R load and 320wattsinto a 4R load.
The amplifier exhibits no ringing when driven at
10KHz into 8R in parallel with 2uF. The output is
connected to the speakers via a 16amp single-pole
change-over relay. The anti-thump circuit delays relay

closure for 2 seconds at turn-on and opens the relay
almost instantly at turn-off. Speaker DC protection is
provided by a window comparator, threshold being
set at 2 volts DC offset.

Amplifier operation

Each time the amplifier is turned on, it selects graphic
channel one and recalls the last volume setting but
mutes the volume. Stepping the volume up or down
unmutes the amp ready for playing. The amplifier has
5 buttons for control. These are arranged in a centre,
north, south, east and west configuration. The amp
has two modes of operation, play and set. The
amplifier mode is indicated by the topmost LED in the
volume column of the display. Pressing the centre
button toggles the mode between set (LED on) and
play (LED off). When the amp is in the play mode,
the north button increases the volume, the south
buttons together zeros the volume for panic feedback
situations. Pressing the east button or right footswitch
changes the channel up, pressing the west button or
left footswitch changes the channel down. The top-
most LED in the graphic display columns indicating
the active channel. To adjust the graphic settings for
a channel, the centre button is pressed to enter the
set mode, the east button now steps the band up, the
west button steps the bands down. The topmost LED
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Fig. 3 Component overlay for the pre-amplifier
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in the graphic display columns indicating the active
band. The north and sauth buttons step the band
boost or cut levels. The gain level for the channels can
also be set. Pressing the centre button changes the
mode back to play and stores the channel settings in
memory for instant recall. The amp is very easy to use,
in fact easier to use than it is to describe.

Although the system is quite complex, it is
modular in design and therefore quite easy to
construct and get going. Some of the modules are
useful enough to be used in other projects. The cost
of the amplifier will be about half the price of an
equivalent commercial model offering the same
facilities and power. This cost can be spread over a
period as and when the parts are required for each
section.

Assembly of the Pre-amp

The pre-amp board is mounted in a diecast aluminium
alloy box (Maplin box DCM5006), which serves the
double purpose of screening and support. The board
is fixed in the die cast box usingM3 x 30 screws and
M3 spacers. Two M4 holes should be drilled in the side
and near the top of the box for mounting onto the
main amplifier chassis. A hole should be drilled at
each end and near the lid of the box for the power
supply leads and signal leads. Rubber grommets
should be putin these holes. To prevent stressing the
solder joints, the 20-pin plug on the pre-amp board
should be screwed to the board. Assemble the pre-
amp PCB according to the overlay diagrams.
Suggested order of assembly being terminal pins,
links, IC sockets, resistors, capacitors, semiconductors
and finally plug in the ICs. The 7110 attenuator chip
is a C-MOS type and requires careful handling. The
pre-amp board can be tested by powering it up with
+15, —15 and earth and injecting a 1KHz sine wave
into the input while monitoring the output with a
scope. A change in gain can be seen by taking the
7110 control lines to earth with a short length of wire.
The overload detection circuit should be set up by
injecting a 1KHz 10 volt RMS sinewave into the input
and adjusting the pre-set until the output from the
circuit goes low,

Single core screened cable flying leads for the
pre-amp input, output and gain switching should be
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Fig. 5 Component overlay for the pre-amp power supply
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Fig. 4 Pre-amp power supply

passed through the rubber grommet in the left end of
the diecast box. The power supply and earth leads
should be passed through the rubber grommet into
the right-hand end. Use 16/0.2 wire for the power
leads and 32/0.2 wire for the earth leads.

Pre-amp Power Supply

A 6.5inch length of 1.5 inch aluminium angle acts as
a mounting bracket and heatsink for the pre-amp
power supply. Use the PCB as a drilling template to
mark and drill out the two M3 board mounting holes
and the three M2.5 IC regulator mounting holes.
Solder in all the components except the regulators
using the PCB overlay diagram (Fig. 5). The board
can now be bolted to the aluminium mounting bracket
using M3 screws, flat washers and full nuts. The IC
regulators can now be inserted into the PCB and be
bolted on to the bracket. Only REG 3, the 7915
requires a mica or silicon insulating washer. Once the
regulators have been bolted-down, they can be
soldered on to the PCB. REG 3 should be checked
for isolation from the bracket. The board is pretty
straightforward and can be tested once it is mounted
in the chassis and connected up.

General construction

Serviceability is an important consideration and so
high quality sockets should be used for all the ICs in

PARTS LIST

:1PHE»AMP PSU
CAPACITORS
Cli8 2200u electrolytic
C45 100u 25V electrolytic
Cé 1000u 6V 3 electrolytic
C7 4n7 160V polycarbonate
€8,9101,1213  100n ceramic
SEMICONDUCTORS
REG! 78505 24 BY
REG2 7815 1A 15V
REG3 7915 1A 16V
“BR1,2 2A 200V Bridge
‘D1 1NB267 6V8 high speed suppressor diode
D234 IN6277 18V high speed suppressor diode

BUYLINES

Allthe components are readily available: The suppressor diodes are
available from Electromail part no. 283 255 for the 6V8 diode and
283-277 for the 18Y.

the amplifier. Turned pin types are to be preferred for
the best realibility. Some of the chips are CMOS types
and require careful handling. Do not remove them
from their packing until they are needed. An earthed
wrist strap is the best method of working with these
devices. All wiring connections to the PCBs should
be made to terminal pins as opposed to soldering the
wires to the boards. Solder is not a glue, it is used to
made an electrical connection, so simple lay-on joints
are not acceptable. The wire should be stripped back,
tinned with solder, bent to fit around the terminal pin
and trimmed. Once a secure mechanicl connection
has been made, the solder can be applied to complete
the electrical connection. Only use plated or stainless
steel fixing screws, washers and nuts to prevent
rusting. Allthe PCBs should be defluxed and cleaned
after assembly using a proprietary cleaner. Once the
boards have been tested and are working, they should
be sprayed with PCB varnish on the foil side. Care and
attention to detail during construction will be more
than repaid with a reliable and long lasting amplifier.

Power Amplifier Construction

A 6.5inch length of 1.5 inch aluminium angle acts as
a mounting bracket and heatsink for the power
amplifier. The 25watts OR15 series output resistor is
positioned on the aluminium bracket and fixed using
M2 5 countersunk screws (see photo). Use the PCB
as a drilling template to mark and drill out the two M3
board mounting holes and the two M2.5 driver
transistor mounting holes. Solder in all the com-
ponents except the driver transistors Q6 and Q7 using
the PCB overlay diagram (Fig. 6). The OR33 2.5w
source resistors should be mounted with about a

HOW IT WORKS

PRE-AMP PSU

The pre-amp and micfa power supplies are simple rectmed smoothed
and regufated using the 78 series of regulators, The micro supply uses
the 78S05 which Is 2 2 amp regulatar, As the amp will be operated
in places that are likely to have noisey mains supplies due to disco
lighting and various other types of high current switching, some form
of valtage transiert suppression is tequired. These transients can feed
through the regulator and cause the micro tocrash and possibly be
damaged. If the regulator load shorts out, the regulator can be
destroyed by subsequent transients. D1 to D4 are PN silicon transient
voltage supnressors that have high surge handling capability and very
fast response time. they are specifically designed for transient
suppression. Their reverse standoff voitage is selected tojust exceed
the maximum continugus voltage. Any voltage Splkes exceedmg this
level are clamped out.
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Fig. 6 Component overlay for the Power amplifier
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HOW IT WORKS

PRE-AMP
The amplifier has two imputs, a high gain input for passive guitars
and a low gain input for active guitars. A normally open switch-on
the Hl input jack socket selects the gain. Gain of the input stage is
set by (RE+R3}/R3 for the high input and by (R5+R3+RAI/R3+R4)
for the low input. The gain of the input s 4.8 when the LO input jack
is used, and 23 when the Hl input jack is used. These sensitivities
are suitable for active guitars with outputs of 500mV-1V and passive
guitars with outputs of 50-100mV. Gains can be easily adjusted for
special cased by changing the ratio of feedback résistors.

The input stage is an LM833 ap- amp, configured as a fo
inverting amplifier. The LM833 s a high performance dual op-amp'

with low input noise (4,5rVAVE(Hz) typical), large gain bandwidth A=

product {15MHz}, high slew rate {7Vius), low THD (0.002%
20Hz-20KHz), and unity gain stability, The LM833is used extensively
in the amp.

The next stage in the pra-ampo s a firstorder high pass filter with
atuin-over point of 30Hz and a {dBloctave roll off to reduce sub-audio

noise and clean up the deep bottom end. Turnover frequency is set

by C3andRT.

The gain and volume control circuits use the AD7110 C-MOS
digitally controlled audio attenuator IC. The addition of one external

op-amp enables an audio signal to be attenuated in 1.5dB steps via
~ aBpitinput code; The circuit features low distortion, the THO being

 better than ~98dB. IMD better than ~92dB and good SIN ratio

:100dB(20Hz-20K Hz). The IC has adigital ground pin and an analogue

* ground intoreduce breakthrough of the digta contol clock pulses
‘to the audio signal. The front panel display allows for 19 steps and

- these have been chosen by frial and error to cover a useful range of

Ievels. The steps chosen are: 60, 34, 31, 29, 26, 23, 20, 17, 15, 13,
11,9, 7, 5,4, 2, 1,0, Each step represents 1.508 of attenuation,
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Power amplifier main board showing R14 mounted on the heat sink

quarter inch clearance from the board to aid in
cooling. The board can now be bolted to the
aluminium mounting bracket using M3 screws, flat
washers and full nuts. The driver transistors Q6 and
Q7 can now be inserted into the PCB and be bolted
on to the bracket. They both require a mica or silicon

HOW IT WORKS

insultaing washer, Once the transistors have been
bolted-down, they can be soldered on to the PCB.
They should be checked for isolation from the bracket.
The board should be carefully visually checked as it
will only be tested once before it is wired-up and ready
to go in the chassis.

. POWER AMPLIFIER
Thenpuit to the amp s a band pass filter type, C1 and R2 limitng the
‘low frequency response and R1 and C2 limiting the high frequency
response. R1 + R2is also close to the value of the feedback resistor
A6 for impedance balance in the input pair. :
~ Curent through theinput pair Q1 and Q2 s set at approximately
TmA by the constant current source made up of O3 and 04, R9
setting the current at 0.6V (Q4's turn on voltage) divided by RS. The
differential input pair forces the output of the amplifierto follow the
inputsignal times the pain factor, A positive signal at the base of al
raduces the current through its collector, causing the potential across
R3 to fall, resulting in the voitage amplifier transistor Q7 turning off.
This causes the potential to rise at Q7's collector, turning on the
positive N type output MOSFETs and forcing the output of the
amplifier ta rise positively. This is fed back through resistor R6 to the
base of 02, the amplitude of the feedback signal being attenuated
by the ratio of R6 to R5, thus setting the gain. 2 is turned off, forcing
Q1 tossink more of the ImA constant current which Q1 and Q.2 share.
This increases the potential across R3, turning on Q7 and reducing
the voltage on its collector, turning off the output stage, untl a balance
Is achieved. The output settling at the input potential times the gain.
The constant current source made up of Q5 and Q6 provides
appraximately 10mA for the voltage amplifier A7, R10 setting the
current at 0.6V/R10. Q7 also provides adequate drive, smoothed by
C6, forthe output stage MOSFET deviees. The static inputimpedance
of MOSFETS is very high as the insulated gate is practically.an open
circuit, Dynamically, the gate impedance reduces with increasing
frequency. This is due to the input impedance appearing to be a
capacitor between the gate source and gate drain junctions inside
the device, In high frequency switching applications, these capacitors
‘are fully charged and discharged at each cycle and so some power,
‘albeit very small is required for adequate drive to the MOSFET gate.
|n the amplifier, the output stage js biased into classABand ‘S0 never
completely turns off. By this means, thegate capacitors are charged
up fo & working level and are never fully discharged and recharged

by the audio frequency response or the slew rate of the amplifier,
which is comparatively slow to the MOSFET. (08 limits the current
through Q7 during fault conditions. C4, R11, C6 and C5 provide
frequency compensation for the front énd of the amplifier Voltage
gain of the amplifier is set by (R5+R61/R5 at 28.

The output stage uses 8 Hitachi power MOSFETs, 25J50 p types
and 25K135 n types in a complementary output configuration for
goed bass response. These devices are rated at 100w power
dissipation, drain currents of 7A. As MOSFETs are bulk carrier devices
that do fot suffer from secandary breakdown, much higher peak
currents can flow through the devices without damage, temperature
being the limiting factor. They are more rugged that bipolar transistors
when used as amplifier output devices due to their well known self
limiting characteristics of increasing on resistance with rising
temperature, MOSFETs also exhibit a reducing gate source threshotd
voltage with rising temperature coefficient, whereby a simple output
stage biasing arrangement will maintain a constant bias current
through the output stage without the need for any form of thermal
tracking armangement. Pre-set resistor RV1 sets the output bias
current. This is adjusted for 120mA through each device. The zenner
diodes 21, Z2 protect the MOSFET gates against excessive voltage
drive during overload conditions which could lead to breakdown of
the devices internal gate oxide coating. The high frequency response
of the MOSFETS combined with comparatively long leads to the pins
could lead to some instability in the output stage. The 820R resistors
mounted on the gate pins of the MOSFETs help to dampen out and
prevent these spurious oscillations in the output. -

Short cireuit protection is provided for the output stage as the
MOSFET devices can be destroyed f they are allowed ta get too hot.
This is conventional V/1 type limiting. Taking the positive side as an
¢éxample, R15 and R16 monitor the voltage across the output device
and R19 and the source resistor monitar the current through the
device. If too much current is being passed with toe much voltage
across the output device, Q9 s turned on stealing gate drive voltage
and limiting the power output.
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‘ POWER AMPLIFIER OUTPUT STAGE
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Fig. 7 The Power amplifier output stages
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Fig. 8 Main circuit of Power Ampiifier

Note that C1 in Fig. 8 is a 4u7 non polarised
capacitance and a suitably sized component should
be bought to fit the PCB.

In part 2 we continue the circuit description,
including the digital to analogue volume control,
output level detect and the micro board for overall
control. The DAC volume and output level detect is
constructed on the pre-amplifier board inside the box
shown in Fig. 3.

The output short circuit protection will be
described and constructed. This fits between the
power amp and power amplifier output stages and is
constructed on the power amplifier board (see Fig. 6).

It should be emphasised, if the reader is
interested in constructing the Business Amp, that you
should wait for the rest of the article to appear in the
following issues of ETI to get an overall perspective
of the modular system. Meanwhile you might care to
find what surplus components you have to hand.

PARTS LIST
- POWER AMP

“RESISTORS (ol /eW 5%)

&7
2
K5
K
25K
560R
: 56R
Rt 33R
R12 22R
R13 10R 1w
Rl4 OR15 25w
8 off 820R gate resistors
8 off OR33 2WS5 emitter resistors
RV 250R cermet pre-set
CAPACITORS
C1 10u polycarbonate
C2 470 polystyrene
€36 474 25V radial electrolytic
ca 180p polystyrene
c5 2Tppolystyrene
c7 100n polyester
€89 474 100V electrolytic
C1213 470n 100V polyester
SEMICONDUCTORS
Q15 MPSAS2
06 MJE350
a7 MJE340
08 MPSA42
4 off 25K138
4 off 25050 -
MISCELLANEOUS =
01,2 4148
D3:6 NdD07 :
212 BV2 500 et
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EARTH
CURRENT
SIGNALLING

Part 2: Putting the
bayonet in

arth current signalling has traditionally

been with audio frequencies, but usable

frequencies may well extend much

higher. Generally with frequencies up to

10kHz, the effect on a signal passing
between a pair of normal 100-200m bases is much
the same as that of a resistive attenuation network:
a strong signal is injected into the soil and weak
identical signal extracted. Bases can therefore handle
sine waves pulse waveforms and complext speech
waveforms up to the high audio frequencies.
Communication can be by sine wave. (tones), audio
frequencies (direct speech), pulsewaveforms (power
buzzer) or even sytonized systems, where the
transmitter and receiver are tuned to a specific
frequency. In this latter case. signalling can be by
keying or modulation.

Earth current communication does not fall within
Wireless Telegraphy Acts so there are virtually no
restrictions on experiments, provided that they do not
cause interference to other services or generate
electromagnetic waves.

Selecting a Site

Range is directly proportional to base length, indeed,
given a long enough base and unlimited power,
infinite range is theoretically possible! Bases at least
100m long are desirable, although not essential, for
worthwhile experiments but unfortunately, in urban
areas, lack of space and pallution by currents leaking
from power lines, can seriously restrict earth current
experiments. The auther is fortunate in having access
to farmland and sees no reason why other experi-
menters should not make similar arrangements.

When approaching a farmer for permission to
conduct experiments on his land, it must be
appreciated that the farmer will naurally fear that gates
will be left open allowing Hvestock to escape or that
crops may be damaged . There will also be the fear that
wire will be left lying about and get entangled in
machinery or that earth pins may be left in the soil and
wreck combine harvesters. It is therefore vital to
convince farmers that these fears are unfounded.
Electronics play a vital réle in modern agriculture and
many farmers have good knowledge of electricity and
electronics, so it is impartant to explain fully the
purpose of the exercise and that bases will be laid
along hedgerows creating minimal intrusion. Having
said that, experimenters should not be surprised if a
farmer shows considerable interest in the project and
is willing to co-operate.

Landowners diversifying their activities towards
caravan sites and recreation may grant permission for
a small fee. Indeed, seriolis experimental work may
well be combined with ‘a pleasant break in the
countryside. Roadsides and lay-bys in rural areas may
seem attractive sites, but experimenters are reminded
that it not only contravenes the law to lay bases
alongside a road in any pface open to the public, but
may well create serious problems with regard to public
liability.
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Steel Earth Pin and profile of soil on author’s site

The author works alone, and because the
transmitter operates automatically and unattended,
commuting between the transmitter and receiver sites
was an important consideration in selecting a site.
Moreover, a range was required that could be used
over a long period in order to obtain sufficient data
to be used as a standard against which other bases
could be compared. In addition, one of the bases was
to be used to study natural phenomena such as
whistlers which are present both as electromagnetic
waves and earth currents. A two thousand metre
range was therefore considered adequate for these
experiements and a suitable site for the transmitter was
located on one farm and a site for the receiver on
another.

Bases

As equipment will invariabley have to be portable,
experimenters can do little better than adopt World
War 1 techniques as they are proven and much
technical and constructional data is available.
Bayonets were normally used as earth pins during
operations, but manuals illustrate earth pins made
from steel rods about 20mm diam and 1.0m long. The
author opted for this approach and lengths of suitable
rod were obtained from the local scrap yard for about
£2. One end was sharpened to a point and the other
bent over to form a handle to facilitate extraction. A
substantial vice and the requisite metal working
equipment is necessary for shaping pins, so for
experimenters not having these facilities, the best
approach is to have the earth pins made by a specialist
firm (see Figs. 1 and 2).

After shaping, the pins were first cleaned with a
wire brush and then polished to bare metal with
carborundum cloth. To prevent formation of rust while
not in use the surface was lightly covered with oil —

_this was cleaned off and the surface rubbed down with

carborundum paper to expose bright metal
immediately before inserting into the soil. Each earth

George Pickworth
continues his
fascinating series on
ground
communication
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Fig. 2 Earth Pins bundled with cable drum

consists of three pins spaced 750mm apart and
aligned in a plane facing the opposite earth (see
Fig. 3). Automotive 27 strand cable obtained in 100m
drums is used to connect the base to the equipment
and the cable is attached to the individual earth pins
by stainless steel hose clamps. The WW1 practice of
placing a transmitter close to one earth point was
adopted so that the cable extends in one direction, but
this is unimportant and the transmitter/receiver can
be located at any convenient place.

Copper tubes 15-20mm dia could be used, but
with temporary installations, rusting is unlikely to be
a problem with steel pins. Copper tube is far less
durable and much more expensive than steel rod.

Earth current equipment should not be operated
during electrical storms. Lightening creates enormous
earth currents — they are a principal source of
whistlers and other natural phenomena. A nearby
strike can damage equipment and pose a serious
hazard to the operator. Indeed, such currents
frequently kill livestock: the animal’s body and legs
form a base which provides an alternative path for the
electrical impulse passing through the soil.

Experimental Systems
Whilst replicating early equipment, particularly that

100m

TH0mm \

_EARTH PINS
A

-

EARTH ‘A’

SHORT

CONNECTOR LEADS
¥

MAIN CABLE

EARTH 'B"

Fig. 3 Plan of a base used by the author

used during WW1, it is still possible to locate areas
where 50Hz pollution is tolerable. A 12V car hooter,
modified by removing the diaphragm was used to
replicate a buzzer transmitter, but later an
asynchronous DC to AC power converter was used.
This generates pulse waveforms almost identical to a
power buzzer. The power converter was built around
amains transformer with centre tapped 12V windings,
but a fair amount of trial and error was involved in
order to generate a 1kHz note. Both devices were
keyed automatically by a small geared 12V motor
rotating a specially shaped cam.

For most experimenters, direct speech
communication makes an interesting introduction to
earth current communication and a wide range of
experiments are possible using ordinary audio power
amplifiers (20W RMS minimum) as transmitters, and

medium gain low power amplifiers as receivers.

Transmitters

At audio frequencies, the impedance of a base is about
the same as its DC resistance and that of a typical
100m long base is likely to be around 200R (see
Table 1) but can vary considerably according to soil
type and moisture content. Some form of matching
device, typically a transformer, is therefore required
when ordinary domestic amplifiers designed to
operate 8R loudspeakers are used as transmitters, and
by the same token, a similar device is necessary to
match the base to the receiver amplifier input.

The transmitter is designed to operate auto-
matically from a 12V car battery and the technique
adopted is to first record speech and tones on tape
using a 4-speed battery tape recorder operating at a
speed of 17sips which gives a continuous playing time
of 2 hours over a frequnecy range extending from
40Hz to about 10kHz. When transmitting, the
recorder’s audio output is increased to about 20W by
using one channel of an in-car stereo booster. The low
voltage output from the booster is then raised to a level

suitable for feeding the base by means of a commercial

transformer designed to allow domestic amplifiers
with 4-16R output to be used with 70-100V
distribution lines.

Ideally, the transmitter/base transformer should
have a tapped high impedance winding to allow
optimum matching, but as far as the author is aware
no such commercial transformers are available.
During early trials, the author used an old 112-240V
mains transformer with a variety of low voltage taps
as a matching transformer with reasonably good
results: in this case the base was normally connected
to the 112V tap and the amplifier output to the 9V
tap. Meters were used to determine the optimum tap
under various conditions. Plans to wind a special
transformer on the laminations salvaged from the
output transformer of an old Leak valve amplifier are
underway.

A battery operated 12V PA amplifier designed
for use with 70 or 100 volt distribution lines could be
used as a transmitter. The base presents an almost
completely resistive load, so some mismatch is
unlikely to harm the amplifier, but during the first trials,
current and voltage should be measured to determine
the operating parameters and to make sure that the
amplifier is not overloaded. The author has not tried
these amplifiers, on account of their cost and through
his preference to assemble his own equipment.

Receivers

With receivers having a bandwidth wide enough to
accept speech frequencies, background noises
originating from miscellaneous static discharges and
ELF radio transmitters, are inevitable. On the other
hand, 50Hz mains interference can be dramatically
reduced by means of a notch filter. Fortunately most
interferenice problems can be avoided by using
frequency selective devices and communicating by
tones, the simplest of course being morse code, but
the potential for more sophisticated designs including
digital and syntonized systems seems almost unlimited
and offers tremendous scope for the amateur scientist.

High and low pass filters should be used to
reduce the frequency response of wide band
amplifiers. Low pass filters may also be necessary to
suppress interference caused by earth currents that
seem to complement VLF and ELF electromagnetic
wave transmissions. Good earths are essential to
ensure a base with low impedance and therefore
insensitive to electric, magnetic and electromagnetic
fields.

If 50Hz currents are a problem and flow at an
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angle greater than about 30° to the desired currents,
they can usually be nulled out by re-orientating the
base, but this results in a proportional reduction of the
effective length of the base when receiving desired

Table 1
OVERALL RESISTANCE OF A BASE 100 YARDS LONG

Extracted from Signals Service (France) Manual
Technical Instructions No 5 Power Buzzer-Amplifier

currents (Fig. 4). 1917

The audio stages of a 15-year-old battery Nature of earth contacts at the end Overal Resistance
portable MW/LW receiver were modified by incorpor- of the base in Ohms
ating a 50Hz notch filter and adding a single extra (@l 1 bayonet in faily damp ground 456
transister stage to increase the gain. The resultant b 1b ¥ . y " Pg d 455
receiver retains it original strong wooden case and :c) 9 b:yg::t;n‘lve;:/dv;eagroun 262
uses the same loudspeaker. It is light, self contained 3 bayonets ' yard apart 187
and suitable for reception of pulse waveforms, tones i yth : 1\2/‘/ ’xg’b o 4
and speech. The transformer coupled push-pull fe d eantvpa d ! u;e 89
output stage has a bandwidth well suited to this form i f&%r :ﬁ:)yn aeTrzlgtriﬁut;]urie din
of communication. The base is matched to the fail dg P d 233
amplifier by means of an in-line microphone alrly camp groun i 248
transformer. Ideally, a tapped matching transtormer N el

should be used, but the microphone transformer,
designed for inputs of 150-600R and outputs of
10-100k, gives good results.

Using the tape recorder and 20W stereo booster
as the transmitter, strong signals, well above
background noise were consistantly received 2,000m Ntﬂgﬁgﬂu
down range at the receiver site and there is no doubt Nk
that the useful range is considerably greater.
Remarkably, using the same receiver, signals from the
car hooter were also readable and gives a good idea
of the range possible with the simplest of equipment.
However, the characteristic sound of the DC/AC
power converter was exceptionally strong, and well
able to override background noise. Bearing in mind

NEW ALIGNMENT

| SIGNAL
CURRENT

the range of the power buzzer during WW1, signals AT
from the power converter would almost certainly be —————— ?
readable at a range of 5 to 6km. = EFFECTIVE LENGTH = |

In part 3, the author discusses a tunable earth ; AL

current receiver and his set up studying natural earth
currents.
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Fig. 4 Nulling of 50Hz currents
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Part 1

imple as it might seem, if you hang up a

piece of wire and connect it to ground

through a small inductor {to get rid of the

inevitable AC mains pick up), then

connect an RF millivoltmeter across
the choke, youd find that somewhere between 20 and
50mV of RF signals had been picked up out of thin
air by this ‘aerial.

This voltage actually consists of a huge number
of radio signals, jostling each other for precedence.
Some of these, individually, would be quite large, up
to perhaps 20mV, others would be vanishingly small
— a tenth of a microvolt or less — and this gives us
the two major requirements for a successful system:
selectivity and sensitivity.

Tuned Circuits

In earlier times, the only way available to select the
chosen one, from this melee of available signals, was
a parallel tuned circuit of the kind shown in Fig. 1. The
sharpness of tuning of this LC circuit depends on its
Q or circuit magnification factor. This can be thought
of as the extent to which the voltage produced across
the circuit by the tuned signal was greater than that
which would have arisen just across the effective series
resistance of the circuit, r.

The value of a tuned circuit's Q, and the
bandwidth of its selectivity curve, at the —3dB points,
is given by

Q=3{g and BW=-3
which implies that, for any coil /capacitor layout, the
larger the ratio between the inductance and the
capacitance, and the smaller the total resistive losses
in the system (generally represented by a notional
resistor in series with the coil) the higher the Q and
the sharper the tuning.

Selectivity curves given by three tuned circuits,
having differing values of Q are shown in Fig. 2. Two
things are obvious from this. First, the ability of a tuned
circuit to select a chosen signal and reject an unwanted
one, say 10kHz away from it, decreases linearly as the
tuned frequency is increased. Second, particularly for
short-wave use (3 to 100MHz), very high values of
Q are needed if such a radio is to be of any practical
use, for any but the strongest of signals.

Methods Of Increasing Q

Unfortunately, attempting to make the Q of a tuned
circuit higher, by making the inductance large and the
capacitance small, is defeated by the inevitable
presence of distributed stray capacitance, from turn
to turn within the coil, so that typically, the best Q of
a tuned circuit is usually given when these stray
capacitances are swamped by some external
capacitance, typically in the range 50 to 100pF.
Using low RF resistance wire (multi-strand Litz
or heavy gauge single strand) will help to keep the
winding losses down a bit, but the most crafty
technique — evolved in the early days of radio — for
achieving this aim is to feed back a bit of RF energy
from the output of a subsequent amplifying stage to
make up for the resistive losses in the tuned circuit.
This technique, a form of positive feedback, is
called reaction or regeneration, and a typical one
valve radio receiver using this system is shown in
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Fig. 3. In operation, the amount of RF fed back into
the circuit should be gradually increased, by adjusting
the value of C4 upwards, until the whole circuit goes
into oscillation; then it should be slackened off just
enough to stop the continuous whistle the oscillation
produces.

With a delicate touch, tuned circuit Q values of
up to 20,000 or so can be achieved, which will fish
microscopic signals out of nowhere, and give a very
useful degree of inter-signal separation. However, the
problem is that if tuning is altered, the reaction control
setting has to be readjusted too, which makes tuning
across the band rather fiddly.

On the other hand, this technique does work,
and the circuit of Fig. 4 is offered as a contemporary
equivalent, for those who would like to try it out. This
uses a FET as a detector, in which regeneration is
applied using Colpitts-type feedback, based on the
gate-source capacitance of Q1, together with C4. In
use, variable capacitor C5 is gradually reduced in
value to bring the circuit just to the verge of oscillation,
which is the condition of greatest signal sensitivity.

Because the sort of AF signal output possible
from a single transistor is a good bit less than that from
avalve, afurther transistor, Q2, is included as an AF
amplifier stage. A very rough prototype of this circuit
brought in signals from the USA and India, at good
listening strength, on a 4-foot wire aerial. Most FETs
should work as Q1, if a suitable value for RV1 is used.

Super-regenerative Systems

Although regenerative feedback is a simple and
effective way of increasing the Q of the input tuned

In the first part of our
new excursion into the
world of radio, John
Linsley Hood
introduces basic
receiver techniques

Fig. 1 Simple parallel
tuned circuit

M

T
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Fig. 2 Effect of Q on selectivity curves of tuned circuits
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circuit, it is a bit tiresome to use, and the receiver can’t
be swept rapidly through the tuning band. The super-
regenerative system, on the other hand, is based on
the idea that it takes a little while for a tuned
circuit/amplifier set-up to burst into oscillation, even
if a large excess of positive feedback is applied.

So, if the gain of the system is lowered just before
the circuit breaks into oscillation, then raised again a
brief time later, it's possible to have all the benefits of
aregenerative circuit wihout the fiddle of regeneration
control readjustment. This scheme does work, and
is called a super-regenerative, or super-regen,
receiver. It's widely used in low cost VHF receivers,
such as citizens’ band units. Various techniques are
adopted for damping or quenching the oscillation, but
the most common is simply to apply a squarewave

signal to some point which will control the circuit gain,
such as transistor Q1 source in the circuit of Fig. 4.
This allows control of source voltage, leading to the
kind of circuit layout shown in Fig. 5.

Because the applied quenching signal appears
as an output along with the wanted signal, it is
necessary to ensure the frequency of the squarewave
is above audio frequency or, at least, above the cut-
off frequency of any subsequent audio low-pass filter.
Generally, the quench waveform frequency will be in
the range 20kHz to 100kHz, but the lower the
frequency the better the circuit performance; because
it gives the feedback a longer time to build up.

Various quench waveforms can be used, but
there is not a lot of difference in the final performance,
so a straightforward squarewave, which is easy to
generate, is the simplest option.

A snag with all super-regen systems is that they
generate a very loud inter-signal hiss. There are two
main reasons for this. First, random thermal noise in
the tuned circuit is amplified in lieu of any other signal.
Second, any such system (even a simple receiver with
a reaction control) in oscillation, will itself radiate noise
or whistles on the frequency to which it is tuned —
these can be a nuisance to other adjacent receivers.

Tuned Radio Frequency Receivers
A simpler method of obtaining required gain and
selectivity from a receiver is to connect a series of
tuned ciruit and amplifier stages one after another, as
shown in Fig. 6.

Then, if the sharpness of tuning of a single tuned
circuit (due to its Q) is such that it allows a
discrimination between wanted and adjacent
unwanted signals of 4.5:1, and the amplifier stage has
a gain of 10, two identical stages in cascade give a
selectivity ratio of 20:1 and a gain of 100. Similarly,
four cascaded stages give a gain of 10,000 and a
rejection of the unwanted signal of 400:1.

Although appearing to solve the problems of
radio reception, there are two problems here: first, the
four stages all require individual tuning — and its not
possible to buy a four-gang tuning condenser.
Second, the nature of the selectivity curve given by
a normal single LC tuned circuit causes a loss of
broadcast signal sidebands and the received signal will
lack in treble.

The reason for this is that if a transmitted signal
carrier frequency is modulated with an audio signal,
the final broadcast signal will consist of a spectrum of
RF components, with the carrier frequency sitting
between two groups of sum and difference
frequencies (that is, signal frequency minus
modulation frequency, and signal frequency plus
modulation frequency). So, if the selectivity gave a
response which was down to 10% at 8kHz on either
side of the tuned frequency, an 8kHz modulation
would also be recovered at only one tenth of its
transmitted level.

There are two simple ways of increasing
bandwidth: by staggering the tuning of successive
circuits; by using bandpass coupling, which is the more
elegant approach. In this, a second tuned circuit is

10p
- = _F ]
. _L —
zchig L1$ é’u ;\uon L L2 :uo_L LIRE; 1n0
220p -...2 -5\ 220p -—]-
7] 4?UpT 7]
(a) b} tc)
MUTUAL 'BOTTOM END’ “TOP END”
INDUCTANCE CAPACITOR CAPACITOR
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Fig. 7 Band-pass tuned circuit systems (a) with mutual inductance coupling (b) with bottom-end
capacitor coupling (c} with top-end capacitor coupling
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Fig. 8 Band-pass selectivity curves

allowed to steal some energy from the first, at its
frequency of resonance, thereby flattening the top of
the response curve.

Bandpass Tuned Circuits

Band-pass coupled tuning circuits are shown in Fig. 7.
These layouts give a variety of selectivity curves, of
the kinds shown in Fig. 8, depending on the tightness
with which they are coupled together — either by
some degree of mutual inductance or, if this is
impracticable, by capacitive coupling.

Clearly, if the frequency response of the tuned
circuit has a flat top around the required signal
frequency, a whole string of stages using this kind of
tuning can be cascaded without loss of sideband
response, up to the point at which the gain starts to
fall off.

This is very nearly an ideal answer to the need
for selectivity without loss of higher AF signal
frequencies. The problem is, of course, that it is quite
impracticable to tune four or more such bandpass
circuits, simultaneously retaining the precise value of
critical coupling needed for a flat-topped response.

The Superhet

A neat way of getting round the need to re-tune a
whole string of bandpass coupled circuits was
invented, in the 1920s, by the same ingenious Major
Armstrong of the US Army who developed the super-
regen system.

This scheme, called a supersonic heterodyne
{(superhet for short), leaves the RF gain and selectivity
producing circuits pre-tuned to some convenient
spare frequency. This spare frequency is known as the
intermediate frequency or IF, often 455kHz. Itis then
arelatively simple matter of altering the frequency of

the wanted incoming signal so that it’s at this chosen
IF value.

The superhet scheme is shown in Fig. 9, where
the incoming signal is mixed with a locally generated
RF oscillation. The mixer is sometimes known as a
frequency changer. Almost any device will work in this
position, provided its transfer characteristic is
sufficiently non-linear.

Non-linearity in the frequency changer generates
sum and difference intermodulation products (the
bane of hifi amplifier design), and if the local oscillator
frequency is chosen correctly, one or other of these
output frequencies will be centred on the IF frequency
and the signal will then be amplified.

Of course, the snag with this scheme is that
unwanted signals can creep in. If we take an example
of a wanted signal at IMHz, an IF of 455kHz, and a
local oscillator frequency of 1.455MHz; the signal at
the difference frequency (1.455MHz - 455kHz2) is the
one wanted. Fine, so far — but it's also possible for
an unwanted signal at the sum frequency (1.455MHz
+ 455kHz = 1.91MHz) to generate exactly the same
IF frequency, and it would be amplified too. This
spurious reception frequency is called the image or
second channel frequency, to distinguish it from the
normal adjacent channel breakthrough due simply to
inadequate selectivity.

The only way to get around image frequency
breakthrough is by ensuring that there is adequate
selectivity in the path between aerial and the input to
the frequency changer. This is easy enough to do for
frequencies up to a few MHz (with a 455kHz IF) but
at higher signal frequencies adequate pre-mixer
selectivity becomes increasingly difficult, so higher IF
frequencies, say 1.2MHz, or even 10.7MHz, are often
used.

The RF Stage

In addition to the problem of image frequency
interference there is also the problem that frequency
changer stages are usually much more noisy, and
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Fig. 9 Basic layout of superhet receiver
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have a lower stage gain than a normal simple gain
stage. Consequently in high quality receivers, and
systems like AM car radios, there is almost always one
or more tuned RF stages, partly to improve image
frequency rejection, and partly to improve the signal-
to-noise ratio of the circuit as a whole.

Although there is a variety of devices which can
be used as RF amplifiers — bipalar transistors, junction
FETs, and MOSFETs — the simplest arrangement is
that of the dual-gate MOSFET. This kind of device was
designed specifically for use as an RF amplifier and
features a second gate (G2), sitting between the signal
gate (G1) and the drain, as shown in Fig. 10,

Provided this gate electrode is decoupled to the
ground (0V] line, the input gate is then effectively
screened from the drain. The normal residual
feedback capacitances in a dual-gate MOSFET are of
the order of 0.2-0.5pF — low enough to avoid
instability due to unwanted RF feedback. On the other
hand, the normal 2-5pF collector-base, or drain-gate,
capacitance of the bipolar transistor or conventional
FET may cause instability.

Without allowing the ultimate in performance a

dual-gate MOSFET also makes a very satisfactory
superhet frequency changer stage, leading to the type
of circuit shown in Fig. 11, with dual-gate MOSFETs
used both as RF amplifier and mixer stages.

IF Amplifier Stages

This is where the bandpass coupled tuned circuit, of
the general type shown in Fig. 7, comes into its own.
Asitis unnecessary to retune these after initial setting
up, it's theoretically possible to have as many [F stages
(with as much IF gain and selectivity) as needed,
bearing in mind, of course, that they will also amplify
noise. Some difficulties with RF instability may,
however, be experienced, too.

In general, though, IF amplification does give a
useful answer to the need for both selectivity and
sensitivity, and a practical IF amplifier/demodulator
circuit using easily obtained 455kHz coils is shown in
Fig. 12.

In the next article, residual problems with
superhet systems, methods of obtaining better
selectivity, automatic gain control, and some practical
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Video Today £18.00 £23.20 £23.40 £25.35 £23.70
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No. 1 LIST BAKERS DOZEN PACKS

All packs are £1 each. Please state which one you want. Note
the figure on the extreme left is the pack ref number and the
next figures is the quantity of items in the pack, finally a short
description.

BD2 5  13A spurs provide a fused outiet o a ring main where
device such as a clock must not be swilched off p

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

BD11 1 BY%" speaker cabinet ideal for extensions, takes your

spaaker, Ref BD137 + 50p.

BD13 12 30wattreed switches, it's surprising what you can make
withe these — burglar alarms, secrel switches, relay elc.
o=

BD22 2 25 watt loud speaker two unit cross-overs

BD29 1 BOAC. stereo unit is wonderful breakdown vatue

BD30 2 nicad conslant current charges adapt to charge almost
any nicad battery

BD32 2 humidity switches, as the air becomes damper the
membrane stretches and operates a microswitch

BD42 5 13Aracker swilch three tag so on/off, or change over with
centre off

BD45 1 24hr time switch, m-Electricity Board, automatically
adjust for lengthening and shoriening day.

BD49 §  neonvalves, with series resistors, these make dood night
lights

BD56 T mini uniselector, one use is for an electric jigsaw puzzle,
we give circult diagram for this. One puise into mator,
maves switch through on pole

BD&7 1 supk or blow operated pressure switch, or it can be
operatad by any low pressure variations such as water
lavel in water tanks

BD103A 1 Bv T50MA power supgly, nicaly cased with Inpul and
output leads

BD120 2 siripper boards ach containg 2 400y 24 bridge rectifier
and 14 ather diodes and rectifiers as well as dozens of
condansars slc

BD128 10 very fine drills for pc.b. boards etc. Normai cost about 80p
each

BD132 2 plastic boxes approx. 3" cube with square hole through

top so ideal for intesruptad beam switch
BD134 10  motors for model asrapianes, spin to slart so needs no

switch

BD139 &  microphona inserts — magnatic 480 ohm alsa act as
spaakers

BDWE 4 reedrelay kits you get 16 reed switches and 4 coll sets with
notes on making i relays and other gadgets

BDMY g safstr cover for 134 sockats — prevent those inquisitive
little fingars getting nasty shocks

BDBE & neon indicators in panel mounting holdars with lens

BD183 & Sampdpin flush mounting sockets makes a low cost disco
pansl —need cable clips

BD199 1 mainssoienoid very powertul has 1 pull ar could push
it modified

BD201 B keyhoard — miade far but have many
other applications

BD2H1 1 electric clock mains operated put this in a box and you
need never be late

80221 5 12v alarms make a nolse about as loud-as & car horn.
Slightly selid but OK

BD22 2 6" & 4" speskers 4 ohm made rom Radiomobiie sa very
good quality

gpzsz 1 parilus!at. controls output of bailing ning fram simmer to
bal

BD259 50  |eads with push on Ve” tags — & must for hoak ups —
mains connactions elc

BD263 2  ablong push switches for bal orchimes, these can mains
up o 5amps so colld be foot switch if fitted into pattress

BD268 1 mini 1 watt amp for record playar. Will also change speed
of record player motor

BD283 3 mild stesf boes approximataly 3" x 3% » 1" desp —
standard electrical

BD3C5 1 tubular dynamic mic with optlonal table rest

BOBST 2 4.7uf, non-potarised block ca&mm. ﬁ,ﬁ mounting

BOGS3 2 Mlnlatédre driver transformers, Ref LTd4_ 20k in 1k, centra
tappe

80553 2 35 volloperated ralays, sach with two pairs CO gontacts

There sreover 1,000 items in our Bakers Dozen Lst. If you want & com-
plete copy please request this when ordering.

ALKALINE PP3 BATTERIES These are past their sl by date
but test ok. Only 2 for £1 Rel BOTSR

1% " FUSE HOLDERS 5 for ¢1. Aef BD752.

UNCASED KEYBOARDS Brand new mounted on a PCB with
components, only £3. Ref 3P27.

TOASTERS 2 slice with Browning contral, may need slight attention,
only £3, Ref 3P84.

MICROWAVE CONTROL PANEL Brand new mains operaled
Inciuding digital clock, relay output, good for alt sorts of timer applications,
good value al £6, el 6P18.

EQUIPMENT WALL MOUNT It is a mult-adjustable metal
bracket that could be used for mounting fload light, Ioudspeaker, TV
camara, even a fan and on almast any sorf of wall ar ceiling even between
wall and ceiling. Ths main fixing brackets rotate steh that an Inward or
an outward comer can be accommaodated. Front panel also tilts upward
or downwards 1o & reasonable angie and can be easily removed separataly
for wiring. A vary useful brackeﬁagulaf prive would be around £6 each
Qur price only £3 Our ref 3P72. or 2 for £5 Our ref 5P152

EXTRA SPECIAL CROC CLIPS Medium size, just right for
most hook-ups. Normally sall for amund 10p lo 15p each. These are
Insulated and have a length of wire connectad o them bul this is very easy
to snip off il you do nol need it. 20 for €1, Our raf BD117A.
COPPER CLAD PANEL For making PCB. Size approx 12in
long=8in wide. Double-sided on libreglass middie which is quite thick
(@bout 1116in) 50 this would suppart quite heavy components and could
even form a chassis to hold a mains transformer, elc. Price €1 each. Our
af BOE33.

FET CAPACITOR MICROPHONE EAGLE Cl.200
Oulput equivalent to a high class dynamic microphone while retaining the
characteristics of a capacitor microphone. Price £1. Our ref BDE46,

SUB-MIN TOGGLE SWITCH. Body size 8mmx4mmx7mm
SBDT with chrome dolly fixing nuts. 3 for £1.00, Order ref BD64S,

POWERFUL IONISER
Generates approx. 10 times more |ONS than the ET) and similar
circuits. Will refresh your home, office, workroom etc. Makes
you fest bettar and work harder —a tomplete mains operated
kit, case included. £12,504+£2 PAP Our ref 12P5/1.

REAL POWER AMPLIFIER for yriur car It hais 150 watts outeiut
Fragquency respanse 20hz fo 20Khz and signal to nolse ratio bettar than
B0dib. Has buill in shaort circuit proteation and adjustabie (nput favel ta
sull your existing car steran, 50 Aseds no pre-amp. Warks into speakers
ret. J0FT dascribed below. A raal bargain at only £57.50, Ordet ref: 57P1

REAL POWER CAR SPEAKE RS. Stereo pair sulput 100w
each. +0hmimpedence and consisting of 64 woaler, 2* mid range and
1" tweeter Each set in a compact purpose buil shalf maunting unit, ldesl
to work with Lhe-amplifiar describad above. Price per pair £2986, Order
ret; 30P7

STEREO CAR SPEAKERS, Notquite so powerful — Tow per
channel. 3" woofer, 2" mid range and 1" twester. Again, in a super plrpose
built shalf mounting unit, Price per palr £2795 Ordar ral: 2BF1

ELECTRONIC SPACESHIP.

Sound and impact contralled, responds to
claps and shouts and reverses-whan it hits
amything. Kit with really detalied instruc-
lions. Ideal prasent for budding young
alectrician. A youngster should be abie to
assemble but you may have to help with the
soldering of the components on the pcb. Complete kit £10. Our ref 10P81.

12" HIGH RESOLUTION MONITOR. Amber SCrEn,
beautifully cased for free standing; nesds only.a 12v 1.5 amp supply.
Technical data is on its way but we understand these are TTL input
Brandpnew in maker's cartons. Price: £22. Free delivery. Order
ref 28P1,

14” COLOUR MONITOR made by the American Display Tek
company. Lses hrgh resolution fube made by the famous Japanese
Toshiba company. Basutitully maga unit intended for console mounting,
buttop and sides adaquately covered by plated metai panets. Eull technical
spec. on its way 10 us. We have limited number of these, All beand raw
still in maker's cartons. Price £89 each plus £6 insurad carriage Ordar
ref 89P/1.

BUSH RADIO MIDI SPEAKERS. Stereo pair. BASS reflex
System, using a full range 4in driver of 4 ohms impedance. Mounted in
vary nicely made biack fronted walnut finish cabinets. Cabinet size approx
BYain wide, 14in high and 3Vin deep. Fitted with a good length of speaker
fiex and ferminating with a normal audio plug. Price £5 the pair plus £1
post. Our raf BP141

3'%in FLOPPY DRIVES. We still have two madsis in sinck.
Single sided, 80 track, by Chinon, This s in the manufacturers metal case
with leads and 1DC connectors: Price £40, refersnce 40P1, Also = double
sided, B0 Irack, by NEC. This is uncased. Price £58.50, ralarence 0P
Both are brand new. Insured dalivery £3 on sach or bath

' ATARI 65XE COMPUTER.
At 64K this is most powerful and suitable
for home and business. Brand new,
complete with PSU, TV lead, owner's
manual and six games. Can be yours for
only £45 plus £3 insured defivery.

REMOTE CONTROL FOR YOUR COMPUTER. With
this putfit you can be as much as 20 feet away as you will have a joystick
that gan ransmil and receive to plug into and operate your computer and
TV This is aiso just right If you want to uss it with a big screen TV. The
jowstick has two fira biittans and is of a really superior quality, with Tour
suction cups for additional control and one handed play. Price £10 for the
radie conirolied pair Our ref 10P85,

65XE COMPENDIUM. Contains; 65XE Compuler, its data
recorder XC12 and its joyslick with 10 games. Price £62.50 + £4 Insurance
Detivery.

ASTEC PSU. Mains aperated switch mode, so very compact.
Outputs: +12v2.5A, +5vBA =5V 54, +12v 5A. Size: 71/inlong x 43/8in
wide x 23in high. Cased raady for use. Brand new. Normal price £30+,
our price only £12.95. Our ref 1392,

VERY POWERFUL 12 VOLT MOTORS. 1/3rd
Harsepower. Made to drive the Sinclair C5 electric car but adaptable to
power a go-karl, a mawer, a rail car, model raitway, elc. Brand new. Price
£20 plus £2 postage. Our ral 20P22.

PHILIPS LASER
This is hefium -necn and has a power rating of 2mW. Complataly
safe so (ong as you do not ook directly info the beam when ey
damage could result. Brand new, full spec, £35 plus £3 Insured
dalivery. Mains aperated powes supply for [his tubs gives By striking
and 1.25kv at Smll running. Complete kit with casa £15. As ahbove
for 12y bisttery. Also £15 Our ref 15P23

GEIGER COUNTER KIT includes PCB, loudspeaker elc, to build
a 9V geiger counter. Only £39. Ref 39P1.

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

HIGH RESOLUTION MONITOR. ginblack and white, used
Philips tube M24/306W. Made up in alacquered frame and has openside
Made for use with OPD computer but suitable for most others Brand new.
£16 plus £5 pasl, Qur raference 16P1

12 VOLT BRUSHLESS FAN. Japanese made The popular
square shape #1/2in « 41/2in x 13M4in}, The slectronically run fans not
enly consume very little currant but also they do et cause interference
as the brush type motors do Ideal for cooling computers, etc,, or for a
caravan, £8 each. Our ref 8P28

MINI MONO AMP on pcb, size 47 x 2 (app)
Fitted Volume contro! and a hole for & tone control
should you require it. The amplifier
has three ransistors and we esfimata
the oulput to be 3W rms. More
technical data will be inciuded

with the amp. Brand naw, parfact
condition, offered at the very low
price of £1.15 each, or 13 far £12,00.

J & N BULL ELECTRICAL

Dept. A.R., 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL ORDER TERMS: Cash, PO. or chegus with order, Orders under £20
add £2 50 service charge, Monthly account orders accept from schools
and public companies. Access & Barclaycard orders are accepted —
minimum £5. Phone (0273) 734848 or 203500,

POPULAR ITEMS — MANY NEW THIS MONTH
JOYSTICKS for BBC, Aari, Dragon, Commadore, sir. All 25 sach
Al beand new, state which raquirad
TELEPHONE TYPE KEY PAD. Realy first class rear maunfirig
unilt, White lettaring on black buttons. Has condugtive rubber contacts with
saft click operation. Clroult arranged in talephone typramay, Raquires Timm
by 55mm cutout and has a 10 IDC connector Price £2.00, Rel 2P2st,
SUB-MIN PUSH SWITCHES Not much bigger than a plastic
transistor but double pole. PCB mounting, Thres far £1. Qur rel BDEEE.
AR CELLS, Frobatly the most popular of the rechargeable NICAD
types: 4 for £4, Cur ref 4P44
20 WATT 40HM SPEAKER With buill in tweeter Really well
made unil which fias the power and the quality for hi-fi. 61in dia. Price £5,
Our ref 57155 or 10 for £40 ref 40F7.

MINI RADIO MODULE Ony zin squars with ferite arial an saiid
dia tuniar with own knob. |t is a superhet and oparates from a PR3 battery
and would drive a crystal headphone. Price £1 Our ref BOTIR
BULGIN MAINS PLUG AND SOCKET. The old falthtul 3
pin with screw tesminals, The plug is pane! maunted and the sacket is cable
morried, 2 palrs for £1 or 4 plugs or 4 sockats for £1, Our ref BOT1S, BOTISP
or BOTI5S,

MICROPHONE. Low cost hand held microphone with onjoff switch
in handle, lead terminates in one 35 plug and one 2.5 plug. Only £1. Ref
BD711.

MOSFETS FOR POWER AMPLIFIERS AND HIGH
CURRENT DEVICES 140 100w pair made by Hitachl, Rel 25K413
and iis comparient 250118, Only £4 2 pair, Qur ref 4P42. Alsa available in
H pack Ref 28499 and 25K343 £4 a pair Rel 4P51.

TIME AND TEMPERATURE LCD MODULE. 4 12 hour
tiack, a Celcius and Fahenheil thermometes, a 100 hot atarm and a 1oa coid
alarm: Approx 50 x 20mm with 12, 7mm digits: Requires ona Ad batlary
and alew switches Comes complete with full data amd diagram, Price £
Qur ref 6P12

REMOTE TEMPERATURE PROBE FOR ABOVE. 3
Our ref 3P60

A REAL AIR MOVER. Circular axial fan moves 205 cubic foot per
min which & abaut twice as much as our standard 4%in fans, Low noise
mains perated B2 dia, brand new. Regular price over £30, our price only
£10. Cur raf 10PT1.

600 WATT AIR OR LIQUID MAINS HEATER. Small coil
feater made for heatlng air or fiquids. Will not carrods, lasts for years, coil
size dinx 2in maunted on a matal ptate for easy fixing, 4in dia. Price £3.
Re! BF78 or 4 for £10, Our ref 10P7E

EX EQUIPMENT SWITCHED MODE POWER
SUPPLIES. Various makes and specs but generally +5, +12v, ideal
banch supply, Crly €8 Our raf 8P35

ACORN DATA RECORDER. Made o Electron or BBC
cumpu‘.?r DE[ suitable for others. Includes mains adaptor, leads and book,
£12. Rel 12P15

PTFE COATED SILVER PLATED CABLE. 18 strands ol
45mm copper, will carry up to 30A and is virlually indestructable. Available
in red or black. Regular price is over £129 per reel, our price only £20 far
100m reel, He! 20P21 o 1 of each for £35, Rt 36F2. Makae absolufely
superh speaker or aerial cable!

NEW PIR SENSORS. infra rad movement sensors wil switch g
t0 500w mains. LK made. 12 months manufacturers warfanty. 15-20m range
wilh & 0-10min timar, adjustabie wall bracker Only €20, Haf 20P24.
MITSUBISHI 3%in DISC DRIVES. Brand new drives, %
height double sided, doubie density, warranted. Our price 860 Ref 60PA
10 MEMORY PUSHBUTTON TELEPHONES. These are
customar retlrns and "sold as seen’' but are complete and genasally need
aftantion. Price €6, Ral 6916 or 2 for £10, Ref 10F77 BT apnroved
DEHUMIDIFIERS. Domestic mains powered datium|difiers hase
are gustomer relutns and sold as seen. Price £30, Our raf 3098, Callers
only piease

SPECTAUM PRINTER INTERFACE, Add a canirofiice interlace to your
Specirum complete with printer cable for only €4, Qur ral 4P52
SPECTRUM SOUND BOX. Add sound 1o your Spactrum with
Ihisdavice: just plug in, Complete with speaker, voluma cantrol and nicaly
boxed. A smip al only €4, Cur ral 4P53

BBC JOYSTICK INTERFACE. Converts a B0 jotstick portto
an Alarl type port. Price £2. Our rel 2P261

TELEPHONE EXTENSION LEAD. 5Mm phone exlension lead
with plug on one and socket on the other. White. Price £3. Our ref 3P70 or
10 leads for only £19! Ref 19P2.

LCD DISPLAY.

4%in digits supplied with connection data £3 Ret 3F77 or § for £10 Ref
10P78.

CROSS OVER NETWORK. 8 ohm 3-way for tweeter midrange
and woofer. Nicaly casad with connections marked. Only £2. Qur ref 2P255
or 10 for £15 ral 15P32.

REFERSING LIGHT ALARM. Fits 1o car reversing light gnd
sounds when reversing. Only £2. Our-ret 2P248

BASE STATION MICROPHONE. Top quality unl-directional
slatirel candanser mic 800f Impadance sensitivity 16-18KHz - Bedb bullt
in chime, complate with mic stand brackat £15, Rel 15P28
MICROPHONE STAND. Very heavy chiomed mie stand, magnetic
base. 4in high, £3 Il ordered with sbove mic. Our ral-3P80

SOLAR POWERED NI-CAD CHARGER, 4 Nicag 24
battery charger charges 4 batteries in & hours. Price £8, Our raf GR3.
MAINS SOLDERING IRON. Frice £3 Our sl 3955,
SOLDERING IRON STAND. Price £3 Our ref 3P66

PIR SENSORS. Suitable for alarm systems atc Nicely boxad. Priced at only
£10 Our rat 10P7S.

SHARP PLOTTER PRINTER. New 4 colour printer originally
intended for Sharp comouters but may he adantahle for sthar machings
Compiete with pens: paper, stc. Price £16. Our ref 1603

CAR IONIZER KIT. Imprtwe the ait in YOUr car, clears smoks and
helps prevent fatique: Case rag, Price £12. Our raf 1208

NEW FM BUG KIT. New design with PC8 embedded colf v
operation, Pnesd at £5 Our ref 5F158,

NEW PANEL METERS. 50UA movement with three differant
soales thal are brought info view with  levar. Price only £3 Ref 4P81
STROBE LIGHTS. Fit a standard Edisan screw light fitting 240y
40fmin llash rate, svailable in yellow, blue, grean and red, complete with
socket. Price £10 each, Ref 10PBD (state colour rand).

ELECTRIC SPEED CONTROL KIT. Sultabie for cantrolling
aur powerful 12v motors: Price £17 Rel T7P3 (heatsink renuIrED)
EXTENSION CABLE WITH A DIFFERENCE. 1 i flat an
one side, making It easy 1o fix and look fidy. 4 core, sultable for alarms,
phones etc. Qur prica only £5 for 50m reel. Rt 5P153

METAL PROJECT BOX. lgeal for hatreelycharger. power supply
etc!. sg'?.md grey, size 8" X 4" x 4% Joured for ventilation, Price £3
Aat 3075,

30

ETI MARCH 1990

gl




EXCLUSIVE READERS OFFER

PORTASOL PROFESSIONAL PLUS FREE SUPER “OCTOPUS”

only £39.95 incl p.

The Portasol Professional
is a completely portable
gas operated heat tool
providing the professional
with a four-in-one
precision instrument. The
unit is adjustable from
10-60 watts and runs for
up to an hour on a single
fill from standard lighter
refills.

Each Portasol Professional comes complete
with four interchangable tips.

) The Soldering Iron is the ideal static free
tool for all soldering needs.

2) The Blow Torch operates at a
temperature in excess of |300C which
makes it the perfect heat tool for heavy

soldering jobs, brazing or silver soldering.

3) The Hot Blow is ideal for shrink tubing
and is adjustable up to a temperature of
500C.

4) The Hot Knife cuts and cauterises
synthetic materials and is suitable for
cutting and shaping plastics, ropes and is
adjustable up to a temperature of 450C.

The Soldering and Hot Knife tips
use a unique gauze protected
catalytic material to give safe,
flameless combustion. New and
improved exhaust port design
makes for increased heat transfer
efficiency.

Don't delay - send now! For your Portasol
Professional plus FREE “Octopus”

Complete and send your form to: Argus
Specialist Publications, Reader Offer, Argus
House, Boundary Way, Hemel Hempstead,
Herts. HP2 7ST. Or telephone your order
stating Access/Barclaycard number on
0442 - 66551. Quoting ROMC/ 1.
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Fully Portabie
* Gas Soldering lran
- Blow Toich
* Hot Blow
© Hot Knife

FREE OCTOPUS
WITH EVERY ORDER
RRP £5.95

The extra hands
you're always
needing.

The Octopus has been
designed to give the
professional or hobbyist a
fine, stable working base

that won't slip or wobble under pressure. The base block

can be fixed in moments with its own simple C-clamp and !
it features a padded base to protect table surfaces from

marking. Use the Octopus for crafts and model-making, |
holding delicate parts under the magnifier for fine
paintwork or tricky assembly jobs, allowing both hands
free for intricate soldering and finishing. |
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Mike Barwise takes
us on to frequency
meters and power
supplies

TEST GEAR

32

TESTING TESTING

he next item on our list of test gear is the

frequency meter. The function of this is

fairly obvious: it measures frequency.

Frequency meters range from about £80

to £500 in price. At the low price end (up
to about £250), they are all much the same in
mechanism. What you pay extra for is improved
precision. These instruments work by counting pulses
during a well defined window.

A window is a period of time in this context. A
counter clocked at the frequency of the incoming
waveform is enabled for a specific time, and then
disabled again. The terminal count is a direct measure
of the number of cycles in a given time, so the
frequency can be calculated. Most instruments of this
type use single-chip solutions these days, and the
upper frequency limit of these is quite low (around
20MHz). Itis normal to offer an upper frequency limit
of 100-200MHz, so a device called a prescaler is used.
This is a clever system based on the phase-locked-
loop which divides any input frequency within a given
range by a constant factor. This is the first thing the
measured signal hits when it enters the frequency
meter, so the frequency at the counter is always one
tenth of the input frequency. This works fine, but it
increases the time taken to get a reading. At very low
input frequencies, this can be a bit of a bore: maybe
waiting 10 sec, or even 100 sec (nearly two minutes!)
for areading. You can’t have everything! Much more
expensive frequency meters use all sorts of different
techniques, but you won't be able to afford them
anyway, so we will leave them out for the moment.

Power Supplies

The last iterm on our list of test gear is the bench power
supply. Most people take power supplies and power
distribution for granted, even when designing printed
circuits for commercial equipment. This is a big
mistake. Inadequate power supplies are possibly the
most important cause of poor circuit performance.

Power supplies have three main characteristics:
stability, line regqulation and load regulation. Stability
is a measure of ripple (short-term output variation e.g.
100mV to 50Hz variation on top of a 10V supply) and
long-term drift. If the output is at 10V on switch-on,
will it be at 10V half an hour later, when the power
supply unit or PSU has warmed up?

Line regulation is a measure of how variations

in input voltage are reflected at the output (good line
regulation implies that a large input voltage change
will cause little or no output voltage change). Load
regulation is a measure of how much the nominal
output voltage changes for widely differing load
circuits.

The PSU regulation requirements for different
types of circuits vary widely. The majority of audio
equipment (even very high quality) requires a power
supply reasonably free of mains hum (50Hz or 100Hz
ripple) but can tolerate quite large changes in supply
voltage without noticeable loss of peformance. Fast
digital circuitry of the TTL and ECL types (current
driven devices with finite logic thresholds) require a
much tighter tolerance of supply voltage for proper
operation. CMOS logic (voltage operated with supply-
proportional logic thresholds) has a more relaxed
requirement. Measurement systems which use precise
reference voltages such as A/D and D/A converters
need probably the tightest tolerances of any common
system. The majority of applications thus need power
supplies with greater stability and regulation than is
normally available from a mains transformer, rectifier
and smoothing capacitor. A technique called linear
regulation is frequently used to improve conditions
The linear regulator is effectively a stable DC amplifier
which amplifies a very precise and elecrically quiet
voltage, which is frequently derived from a zener
diode. The output from the transformer, rectifier and
capacitor is passed to the linear regulator for finishing
off, and levels of ripple and line regulation better than
0.01%, and load regulation better than 0.1% are
easily obtainable. Another kind of power supply is the
switch mode PSU. This is based on the principle that
transformers can be more efficient and more compact
when working at higher frequencies than the 50Hz
of UK mains. Efficiencies of 85%-97% are attainable.
compared with 45%-55% for linear (mains
frequency) power supplies. The switch mode PSU
basically rectifies and smooths the mains, recreates
a new AC using an oscillator running at about
10-40KHez, passes this through a transformer of much
smaller proportions and then rectifies, smooths and
post-regulates the resulting low AC voltage. Two
alternative methods of regulation are used. The first
is the use of linear regulators as just described, and
the second is pulse width modulation (PWM). This
works rather like the domestic light dimmer switch
The voltage is stabilised by sending longer or shorter

ETI MARCH 1990



_— s T SRR S S

pulses of current into a large capacitor so that the
voltage across it is constant as the current drawn from
it by changing load varies.

PWM switch mode power supplies have the
general problem that their outputs contain a lot of high
frequency noise. This is due to the switching transients
in the PWM system. Also, for small load currents
(<5% of maximum) there is a tendency to loss of
regulation: the output voltage may rise to a degree
which could damage your circuits. This is due to the
limitations of the PWM system: its inability to provide
short enough pulses when little current is being drawn.
A high power low value resistor permanently across
the output normlly protects your circuits from this
hazard, but efficiency is obviously considerably
reduced by this wasted current. Linear post-regulation
does not suffer from this problem, but the requirement
for a minimum voltage differential between the input
and output to retain regulation (a bit more than the
voltage of the reference) causes the post-regulator to
dissipate quite a high percentage of the available
power when you want low output voltages. 5V
supplies of this type are therefore generally less
efficient than, for example, 12v or 15v supplies.

For general experimental use (hobby and
development work included) the linear regulated
mains frequency power supply is probably the most
useful. Typical specifications to cover most jobs would
be one output 0-30V at up to 2A, plus two
independent 0-15V at about 500mA max. Each of
the three should be floating (not referenced to ground)
to allow you to connect them in series. You can then
create a +15V supply by temporarily referencing the
junction of the two 15V supplies to ground.

You can buy very neat linear bench PSUs today,
which have analogue or digital meters built in, and
have current limit control. This is quite useful when

checking
unknown or faulty
equipment, as you can
set up in advance a maximum
current that the PSU will deliver
even into a short circuit, and this can be
set to be quite small. Some of these PSUs also have
remote referencing. A second set of terminals
connects via a second pair of leads to the power input
of the circuit you are working on. Any voltage drop
in the first (power carrying) leads is compensated for
by the PSU raising its output voltage a bit. This can
be very useful under high current conditions.

However, you can build your own linear PSU
quite easily, and this is one area where you can save
yourself a great deal of money. Several pieces of DIY
test gear will feature alongside this series as we
proceed, so keep your eyes on this space

There are obviously many specialised items of
test gear we have not discussed. We have covered the
basics: the gear everyone needs on the bench. From
next month, we will look at a range of measurement
and test scenarios, ranging from the elementary to the
pretty abstruse, and we will bring to bear the
instruments discussed.
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SURPLUS 2-WAY RADIO
CONVERSION
HANDBOOK - Chris Lorek
As 2-way radio equipment
used by the police,
ambulances efc is replaced,
these sets become
available on the surplus
market for very economic
prices, and they can often
outperform purpose
designed amateur radio
equipment. In this book,
Chris Lorek explains how to
modify them to amateur
radio frequencies. He
describes the equipment
suitable for conversion,
together with relevant
photographs and sources of
supply, gives alignment and
modification details and
covers virtually every
variety of surplus Pye
equipment suitable for
modification. This is the
reference and handbook for
which all amateur radio
operators have been
waiting.

£10.95

PRACTICAL IDEAS FOR
RADIO AMATEURS -

lan Poole

Written by a regular
contributor to Ham Radio
Today, this book offers a
wealth of hints and tips and
general practical advice for
all transmitting amateurs or
shortwave listeners.
Includes chapters on
setting up a shack, aerials,
components, methods of
construction, handy circuit
tips and circuit testing, and
concludes with useful
formulae and tables.

£5.95

FREE SUBSCRIPTION

Free 3 month subscription to Electronics Today International
when you buy two or more books from this advert

SCANNERS 3RD EDITION
- Peter Rouse

A comprehensive and
totally up-to-date book
which explains in simple
terms how the VHF and
UHF bands are allocated to
different users. The book
covers equipment,
accessories and aerials,
and explains basic radio
theory, modes and simplex
and duplex fransmissions.
It shows you how to install
and use equipment - base
stations mobiles and
portables. A major feature
of the book is the inclusion
of full British bandplans
from 26 to 1300 MHz.
£7.95

SCANNERS 2
INTERNATIONAL -

Peter Rouse

This companion book to
the best selling Scanners
provides even more
information on the use of
VHF and UHF
communications bands,
and gives details on how to
construct accessories to
improve the performance of
scanning equipment. The
book is international in its
scope and contains
frequency allocations for all
three ITU regions, including
country-by-country
variations.

£9.95

rH---_-__---_---_---—-------—-—-------—-—

OW TO ORDER BY POST
0 04045 SURPLUS 2-WAY RADIO CONVERSION HANDBOOK .....£10.95
I [0 04040 PRACTICAL IDEAS FOR RADIO AMATEURS .........ccocoo.o..0. £5.95
I 1 04088 SCANNERS TWO INTERNATIONAL
I [0 04188 SCANNERS 3RD EDITION ....co.oovivioeeerroceeceeeeeee,

I Please add 10%, min 75p, for postage and packing.

| Please make cheques payable to Eddington Hook Ltd and send
I to the address below.

| I enclose my remittance Of £......oo.ocoeieiiieeeeeeeeeeeeeeeeeeeee,

| Please charge my access/mastercard/barclaycard/visa
INO.UIIIIIIJIIIIIIIT
IExpiry Date :I:l:]

L-_-------_-_--_-___-

BY PHONE

TELEPHONE (0442) 66551 Ext. 204
Quote access/mastercard/barclaycard/visa.
Allow up to 28 days for delivery

Free 3 month subscription to ELECTRONICS TODAY INTERNATIONAL

to start from: Month Year

Please tick If you already subscribe to this magazine [
Offer ends 30/4/90

(Sl VI oroornfiineronohonto s e o Tee oot ey or e e e

........................................................................................................... ETO1
Complete details and return form to: Department ETO1, Argus Books, Argus
House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST

Please ensure that all cheques are made payable to Eddintgon Hook Ltd.
------—--—-—----—--




sttt | March

PCB

SERVICE

E9003-1 Superscope Y1 1nput board s @
E9003-2 Superscope Y2 input board ...... d
E9003-3 Superscope switch generator ..... B
E9003-4 Business power amp board ....... L_
E9003-5 Business power supply board ... d
E9003-6 Business pre-amplifier board ..... L
FO003-7- Waterhole .l G
E9903-8 SuperSiren-lii i S
E9003-9 Valsbadge ............... S E

_PCBs for the remaining projects are available from the companies listed in Bugﬁnes

Use the form or a photocopy foryour crder. Please fill out all parts of the form, Make sure you use the board reference

‘numbers. This notonly identifies the board but also tells you when the project was published. The fitst two nnmbers

are the year, the next two are the month.

Terms are strictly payment with order. We cannot accept official orders but we can supply a .pra_ipwng-.inuam;
if required  Such orders will not be processed until payment is received. St fE

............ ... E  E9001-3 Motorcycle Intercom ...

E8904-1 Camera Trigger ......... F
E8904-3 Intelligent Plotter Main Board ................. O  EY001-4 Low Voltage Alarm .. ..o, €
E8904-4 Kinetotie Tie Board ...................c.oooo N  E9002-1 EPROM Emulator ... ..ooocoovovvevveneeeyionn. N
E8904-5 Kinetotie Control Board . E9002-2 Superscope Mother Board ... ... M
E8905-1 Guitar Tuner ........ i E9002-3 Superscope CRT Driver Board ........ ... K
E8905-2 Camera Trigger Ultrasomcs (2 boards) _____ E9002-4 Superscope Timebase Board .................. K

ER905-3 Bench Power Supply (2 boards)

E8906-1 PC edge connector ........... e RS
E8906-2 MIDI converter CPU . ...
E8906-3 MIDI converter keyboard ....... ..............

E8906-4 MIDI converter control . .
E8906-5 AF signal generator . ...
E8906-6 Mini bleeper .. .. ..
E8906-7 Caravan heater controller
E8907-1 MIDI Patch Bay ..

E8907-2 Priority Quiz SW|tch

ER907-3 Camera Trigger Infra- reas.[.E boards)
E8907-4 Aerial Amplifier main board ...................
E8907-5 Aerial Amplifier power supply .................

E8908-1 Intercom master station ...
E8908-2 Intercam slave station ..
E8908-3 Intercom power mixer .....

E8908-4 Digital jovstick-to-mouse conversion .........
E8909-1 Twin Laop Metal Locator ...
E8909-2 Trermnbler movement detector ... ........

E8909-3 Field power supply (spec 3) . ...............

E8909-4 Micro monitors active filter

E8909-5 Chronoscope auto-reset .., ....... ............

E8910-1 Multimeter .. ... ........

E8910-2 MIDI Mapper .......,........ sl

E8911-1 Smoke Alarm main board

E8911-2 Smoke Alarm power supply ...................
ER911-3 Frequenty Meter (3 boards) ...................
E&911-4 Serial Logic Scope ...

E8912-1 Mains Failure Alarm .......

E8912-2 Surveilance PCB (Free Next Month) ........
E8912-3 Slide/Tape Synch ... ..oy

E8912-4 Pedal Power .................

E8912-5 Digital Noise Generator ........................
E9001-1 20 metre Receiver .. ...........coooooiiiiins
E9001-2 Wavemaker FG ... .. .................
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Please supply:
Quantity Ref. no. Price Code

Total enclosed

I
I
i
]
|
I
i
|
I
I
|
% Post and packing
I
]
I
I
|
I
|
I
|

TELEPHONE
ORDERS
may be made on

(0442)
66551

ACCESS or VISA

Price Price
(inc.
VAT)
£1.80
£2.50
£3.25
£4.00
£4.75
£5.50
£6.62
£7.20
£8.80
£10.60
£13.10
£15.80
£17.90
£21.80
£23.90
£25.90
£29.00
£32.20
£35.80
£37.90
£40.70
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TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST
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Price Total Price

£0.75

Please send my PCBs to: (BLOCK CAPITALS PLEASE)
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A collection of circuits
both new, from the
ingenious readers of
ETI, and old, culled

from our vast archives

TECH TIPS

Intelligent Intercom

Dominic Banham
Hertfordshire

s can be seen from the circuit diagram,

the circuitry around ICs 1 to 3is divided

into two identical channels. It is easiest

to see how the system works if you look

at the operation of only one channel,
that consisting of ICla,c, IC2ac, and IC3ac.

ICla forms a conventional inverting amplifier
with the gain determined by R1 and the remote
speaker impedance.

The amplified audio signal from IC1a, which is
arranged as a comparator. Under quiescent condi-
tions its non-inverting input is held at a slightly lower
voltage than its inverting input by potential divider
RVZ/R6. Negative-going peaks in the input signal
will, if of sufficient amplitude as determined by the
setting of RVZ. force the inverting input lower than
the non-inverting (which rernains static due to the low-
pass filter action of RV2 and C10) thus causing IC1c
output to pulse high. The pulses charge C12 via D1
and IC2a, which is normally in the closed position.
The time constant C12-R8 is chosen so that a normal
stream of speech at the remote station will keep the
inputs of IC3a high, whereas they will go low again
when thesignal ceases. This high level caused by the
charging of C12 drives the output of IC3a low.

This has two effects. Firstly, it causes the output
of IC3¢ to go high, closing switch [C2a and energising
RLA1L via QL. This allows the audio signal from ICla
to pass to the power amplifier IC4 via IC2a and C1,
RV1, and on to the local speaker 1.S1. thus completing
the speech path in this direction.

Simultaneously, the low cutput of IC3a rapidly
discharges C14 via D3, thus opening switch IC2d.
This disables the lower channel of the circuit, which
would otherwise be operated by the amplified signal
appearing at LS1. The cross-coupling between IC3c
and dis not strictly necessary but prevents both relays
operating simultaneously as a result of a power-supply
glitch. (The system has operated perfectly well without

this coupling).

When the input signal ceases, the output of IC3a
returns to a high level, disabling IC2a and the relay
and so disconnecting the speech path. The network
R10/D3/C14 is included to introduce a short delay
between the relay being de-energised and the other
channel being re-enabled. This gives the relay contacts
and IC1b time to settle down (some relays open rather
slowly).

The other channel, using IC1d, works in exactly
the same way as described. A simple unijunction
oscillator built around Q3 is provided, enabled by
SW2, to provide a calling tone to the remote station
by injecting it into the local input. When switch SW1
is in the off position, calling from the remote station
is provided by BUZZ1. Pressing SW3 (on the remote
unit) completes a DC path to ground via L.S2 and
sounds the buzzer. Calling could be provided by the
Q3 oscillator, but on the prototype the extra switching
involved was not thought worthwhile and the buzzer
seemed a simpler solution. The system of using Q3
and the buzzer was chosen in preference to the feed-
back systems often found in intercoms because it
provides a louder and more strident noise and is less
susceptible to variation with supply voltage. The latter
is provided by B1 which in the prototype was a stack
of eight AA cells, which are more economical than
the use of a PP3 (although this is feasible), and are
better able to cope with the peak current demand
which is 300-500mA on strong signals. Quiescent
current is about 10mA and in the off state only leakage
through the remote unit’s capacitor is drawn.

In the prototype, SW1b was included to prevent
reverse-biasing of C3. If this is replaced by a reversible
type then SW1b may be omitted and a single-pole
switch used for SW1.

Finally, note that RLA1, RLAZ2 are reed relays.
The mechanical noise of the conventional type will
cause trouble if they are placed too near LS1!

S
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Pressure Mat

David Hills
Gwent

he following shows a cheap and easy
method of making pressure mats for alarm
systems, (it could even be used with the
Radio Transmitter alarm — published in
the January issue).

A piece of 5mm foam (the type used in furniture)
is cut to about 750mm by about 420mm as shown.
A series of holes about 15mm in diameter are cut in
the foam as shown in the diagram. A few hundred
holes should suffice.

The next stage is to tape a piece of aluminum
cooking foil (around 720mm by 400mm) to either
side of the foam as shown:

A wire is then taped to each piece of foil to
complete the pressure mat.

When an intruder stands on the mat, the foam
is compressed and a contact is made between the two
pieces of foil so triggering an alarm or maybe even
opening a door.

The above mats have been used under carpets
for a number of years quite successfully and they can
be ‘custom built’ to suit any application.

= — - - =3
= = }/:.: =
420mm =] = = = =
=] =] =) =) &b
=] =] =3 =3 =}
7 5
L A
/ 750mm
\ TAPE
N
\ FOIL
S=—FDAM
FOIL

X-SECTION

-
— %]

WIRES TAPED
TO FOIL

Motorbike Protector

any of the accessories fitted to a
motorbike can be valuable and yet
disturbingly easily removed by a thief.
A top-box may be lockable but can
easily be removed complete.

This circuit will protect such accessories. Diode
D1 is mounted inside the box or other accessory and
two leads are run to the rest of the circuit, mounted
near to the horn. Gates ICla and IC1b form an
oscillator which charges C2 through D1 and R2. The
voltage on C2 (normally nearly Vi) is fed to

comparator [C2.

If D1 is removed from circuit by cutting the leads,
C2 discharges through R3 and the comparator is
triggered. However, if an enterprising thief tries to
bypass the alarm by shorting the leads, the voltage on
C2 falls to about 1/2V ¢ and again the comparator is

oLI[1Jd]]

triggered.

SW1 (which should be well concealed) disables
the alarm which will otherwise sound the horn if

triggered.

-0 Vee

o TOSUIT

—0 onD

Headlight Delay

his circuit will operate a car’s headlights for

a predetermined time to light up the

driveway or path after the driver has left the

car, thus enabling him (or her) to open the

front door without knocking over the milk
bottles.

SW1 is pushed and Q2 is turned on closing the
relay and turning on the car’s headlights. C1 begins
to charge through RV1 until Q1 turns on, turning Q2
off. The relay will then open switching off both the
lights and the unit.

The delay is governed by the time taken for the
capacitor to charge, which is about one minute.

L swa

HLAT
180R

2N2646

I

+
C1 10u

4 (o
! TO +Ve CAR
]‘ ~ BATTERY

i >
. TO HEADLIGHTS

(PARALLEL WITH
PRESENT SWITCH)
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One Chip Preamp

he circuit shown utilises the four Norton
op-amps contained within an LM3900 to
produce a high quality stereo preamp,
catering for magnetic cartridges.
IC1 is used in the inverting mode.
Signals from the cartridge are fed via the block
capacitor and R1 to the inverting input. R1 defines the
inputimpedance and provides the right damping for
the cartridge.

R5 and R6 define the midband gain of the stage
whilst the network R3, R4, C2 and C3 provide the
required RIAA equalisation. From here the equalised
signal is fed to a standard Baxendall tone control
network built IC2. This requires little comment
although it should be noted that individual volume
controls are employed for each channel. This reduces
crosstalk between channels and is cheaper in that only
two single gang potentiometers are used.

Overall distortion is below 0.1% and a s/n ratio
of —67dB unweighted, ref 500 mV out.
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R1 470k

:

—Q0: 0UT

R2 1k2 R3 47k

ANN\N——g

:

D1 1N914 l
R4 15K Icz 2u0 A\ D2 1N914

A Compressor

his simple compressor is very effective
when tape recording from the speaker
terminals of a receiver.
Input can vary anywhere from
200mV to six volts and the output will
remain very close to five millivolts. Attack time is
approximately three milliseconds and release time is
approximately one hundred milliseconds. The diodes
should be high back resistance types; 1N914s should
be suitable.

Simple AGC

udio derived automatic gain control is
one of the simplest methods of obtaining
signal compression in a radio receiver.
It is of particular value with short wave
receivers used in areas where deep
fading is prevalent.

In use, the main volume control should be set for
the desired signal strength whilst the radio is tuned to
a weak station, the radio is then tuned to a strong
station and the AGC potentiometer is adjusted to a
comfortable listening volume.

LS.
AF INPUT TERMINAL

500u |4

GERMANIUM
DIODE

AGC
POT.
10k

LIRCUITS

Audio Doubler

udio frequencies may be doubled by this

circuit which relies on the non-linear

characteristic of a transistor to provide

half-wave rectification. R1 is a feedback

control and is adjusted to obtain a pure
output waveform.

+12V

R1 1k0
RV1 2k5

C2 1u0

o——| Q1 2N706
c1 1u0 OUTPUT
INPUT =
o— & -0
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Variable RF
Attenuator

his circuit can provide variable RF
attenuation from 1dB to 40dB
If intended for use up to UHF, the
components should be mounted in a
shielded enclosure and feedthrough
capacitors used for C2 and C3. Leads must be kept
short. Low capacitance high speed diodes are
recommended
The potentiometer can be mounted remotely if
desired, along with R3 and the zener

+18V.

RV1 |
c2 10k
Tnld
[ | |
| I
A1 }
k2 <
S R3
2k7
€1
I 1n0 D1 ouT

ot

L1 E 1mH

D1-3 1N4148

Noise Limiter

oise pulse interference from motor
vehicle ignition systems (another form
of pollution — cars just can’'t win) can
render a communications or shortwave
receiver unusable, completely blanket-
ing recepting of all signals except the very strong ones.

The limiter shown will very effectively improve
the signal-to-noise ratio so that even quite weak
signals can be copied.

Itis connected between the detector output and
the audio input (if high impedance) or at some
relatively high-impedance section between two audio
stages — preferably the low level stages.

The diodes D1 and D2 can be any diode having
relatively low forward resistance and very high back
resistance. Type OA202 from Maplin is suitable.
Resistors of /4aW (1/8W rating can be used if minia-
turisation is desired).

The circuit is excellent for receivers having
bandwidths down to 2 or 3 kHz. Increase the value
of C1 for receivers having narrower bandwidths.

oLI[1JHI]

C147n 1N914 <R3 1MO

Il

A1l R4
INPUT 220k 390k
O . o
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R2 g ;QM,\O,\ e |
Mo OFF
ON ——

4 =

OUTPUT

Heartbeat Preamplifier

his simple circuit, when connected to an

audio ampiifier, allows one to listen to

heartbeats. The low frequency gain is set

by R1 and R3, in conjunction with RV1

and R4, RV1 permits the gain to be varied
over the range 60-80 dB

C1 and C2 introduce some low frequency cut,
reducing 50Hz pickup whilst C4 and C5 help prevent
instability caused by the high gain of the circuit.

The output should be connected to the magnetic
cartridge input of the audio amplifier, with the bass
turned up high.

T

c4 Cc5
100n 100n
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An incredibly loud
sound, from an
incredibly simple
circuit. Keith Brindley
explains.

treally doesn’t matter what your alarm system
is. It can be as simple as a push-button
operated motor bike horn, to a remotely
triggered burglar alarm (using, say, a
commercially available passive infra-red
detector). It could even be turned into a very effective
door-bell — definitely guaranteed to nofity all in the
household that someone is at the door. Whatever the
alarm system, the sound output produced by this 1st
Class project is pretty loud.

Ra
FE0R

NOTE
432V ICT = 4001

Q1 = VN4BAF
ICT PIN NUMBERS REFER TO
PCB LAYOUT NOT VEROBOARD

[ ol

%nz
10%

o

Fig.1 Circuit diagram of super siren.
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Technically speaking, with a 12 volt power
supply and connected to an 8 ohm loudspeaker, the
circuit can theoretically deliver around 9 watts of
sound power. And that produces a fairly piercing
sound output from a good loudspeaker — sufficient,
we hope, to scare away unwanted personnel from the
vicinity (as well as the dog, guinea pig, and tortoise).

The project was initially designed with caravan
security in mind — hence the requirement for a 12
volt power supply, as most caravans use an internal
12 volt lead-acid battery to power lights and water
pump. The 12 volt power specification is by no means
critical however, as the circuit will run satisfactorily with
a power supply of as low as 6 volts (albeit with reduced
sound power output), and as high as up to 15 volts
(with a corresponding increase of sound power
output). At a power supply of 6 volts, about 2 watts
is generated. Upper voltage limit is set incidentally, by
the maximum power which can be dissipated by the
output transistor (Q1 in Fig. 1). This is 15 watts,
corresponding to a power supply voltage of 15 volts.

The project is pretty versatile, and is not restricted
to caravan use by any means. It can be used just about
anywhere an alarm-type sound output is required.

Sound output is reminiscent of the emergency
services, the nee-naa-nee-naa sirens, used by police
cars and ambulances,

As detailed here, the siren operates merely by
pressing a push-button switch. The project can be
permanently connected to the power supply, as in its
quiescent state the circuit uses only a few microamps
of current. Pressing the push-button effectively
switches on the circuit, driving the loudspeaker.

Mechanical push-button operation however, is not
the only way the circuit may be triggered. A simple
negative-going pulse at the input to resistor R2 will
trigger the siren electronically for the duration of the
pulse. Alternatively, a relay’s contacts can be used to
close the inputs electromechanically. Thus a number
of methods allow the project to be interfaced with
other circuits.

Before we detail methods and procedures of
construction, a word about the loudspeaker. Any 8R
loudspeaker can be used, provided that it has a power
rating of at least that which the siren generates. And
as described above, power output depends on power
supply voltage. For your loudspeaker’s sake, always
err on the generous side and use a higher power rated
loudspeaker than you calculate the project to produce.
Generally speaking though, most hi-fi system loud-
speakers should be OK, but check the loudspeaker's
specification: preferably before you blow its cone, not
after.

PUSH-BUTTON

o

[ Fig.2 Component overlay on PCB.
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Construction

Circuit of the ETI Super Siren is given in Fig. 1.

Asusual in 1st Class projects, readers are offered
a choice of construction on printed circuit board or
stripboard. If you choose PCB construction, layout,
overlay and wiring details are given in Fig. 2. Figure
3 on the other hand, gives details of stripboard layout,
overlay and wiring.

Constructional details are pretty similar in either
case. Start by inserting and soldering passive com-
ponents first; resistors, followed by capacitors. Note
that capacitor C2 is an electrolytic and needs to be
polarized correctly.

At this point, insert and solder links; then PCB
pins and integrated circuit socket if you choose to use
them. PCB pins make it extremely easy to connect
leads after the board is complete, while an IC socket
eliminates the prospect of damaging the IC by heat
when soldering into place. However, the IC in
question, a CMOS 4001 quad two-input NOR gate
device isn't expensive, so even if you opt to solder it
in and subsequently cause damage, a new IC prob-
ably costs less than the socket in the first place!

Finally, insert and solder the semi-conductors,
making sure they are polarized correctly. Needless to
say, if you have soldered in an IC socket, the IC only
needs to be pushed into place.

Setting Up
Procedure for setting up is straightforward. Initially,
connect leads to the loudspeaker, power supply and
a push-button switch, as shown in Figs. 2 & 3.
When you are sure all connections are correct,
set preset resistor RV1 to about mid-position. Now,
put in some earplugs and press the push-button. Even
with ear-plugs you’ll hear if the project is working.
Preset RV1is included in the circuit to allow different
power supply voltages to be accommodated,
although at any given voltage it can be adjusted to give
optimum siren effect results.

HOW IT WORKS

Figure 4 shows the circuit of the ET] Super Sirenini block diagram
- form. There are three main blocks.

A low frequency astable multivibrator is formed around gates
IC1a & d. This has a frequency of around 2Hz, set by resistor A3 and
capacitor 1. The astable is gated by the voltage on pin 2 of the
integrated circuit, In quiescent mode this Voltage is high, because pin
zlsmnnamdm the positive power supply through resistor R1, and
the astable is off (that is; not oscillating),

 When the input of resistor R2 is taken to the negative power
supply: 15&1;, if the push-button is pressed) the voltage on pin 2 s
effectively taken low, which turs on the astable,

Anvoltage controlled astable multivibrator generating a fraquency
within the audio range (around 1kHz) is made up with the remaining
gates of the integrated circuit (IC1h & c) together with frequency
se\tum compomnts resustor R5 and capacnor ca Thns astable; luke

-the push -button s pressed both astables turn on smultaneousfy
~ The frequency of the voltage controlled astable is adjusted by
thevaltage applied to pin 9 of the IC, derived from the output of the
low frequency astable, via preset AV, Thiis, adjustment of preset RV1

allows slight adjustment of the frequencies generated by the voltage

 contralled astable. Further, as the low freduency astable outputis a
Square wave voltage which merely switches between high and [ow
states, the output frequenties of the voltage controlled astable are
simple from one frequency to @ lower one, Adjustmentof preset RV1
therefore allows slight adjustment of the difference between the two
frequencies generated.

. Transistor Q1,3 VMOS power FET, allows straightforward current

-~ amplification of the: generated frequencies, increasing overallsignal
pawer sufficiently to drive the loudspeaker.

PARTS LIST
RESISTORS fall /2 watt)
R1 120k
R2 10K
R3 2M2
R4 220
Rb 100k
RV1 470k miniature horizontal preset
CAPACITORS
el 470n polyestar
€2 100 16V axial slectroiytic
3 0n polyester
SEMICONDUCTORS
IC1 4001
Q1 VNABAF
MISCELLANEQUS
PCB or stripboard
PCB pins

Push-button switch {if required — see text)
IC socket {if requited — see text)
LS1 Joudspeaker — 8R, power to suit supply voltage

LJd[0dd

BUYLINES

All parts should be easy to obtain, either from your electronics
hardware outlet or mail-order company, If you elect to biiild the project
on pinted board, you'll find the board in this month's ETIPCB Service.

iy

CC 1=

PUGH:RLTTON BW1

& = CUT IN TRACK

Fig.3 Component overlay on stripboard.

——

LOW VOLTAGE
= FREQUENCY As| CONTROLLED
ASTABLE ASTABLE
MULTIVIBRATOR MULTIVIBRATOR

P R
AMPLIFIER

Fig.4 Block diagram of the circuit.
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PROBES

Fig. 1 Automatic Plant
Watering System circuit
diagram

Water project. Water
relief. Water we doing?
Edward Barrow
explains all

PROJECT

42

NOTE:
IC1 =324
1C2 =401
1C3 = 4020 12k 47k
1C4 = 4024 LOG
IC5 = TLOB2
IC6 = 78LO5
Q1=BC109
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+12V O—yg —) 12V
| I R16
% 27k
FROM CAR == = |l O +5V
BATTERY cs €10 *
100u  [22n == CB& +BV
- 32y
oV O—=e O ov
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R22
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R15
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Ic3
CLK IN

12k
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oing on holiday can be a problem —
especially for your plants. Do you
entrust their fate with your neighbours,
or do you leave your precious
seedlings to the whims of nature? One
solution is the ETT Automatic Plant Watering Systemn,
which pumps water from a reservoir whenever they
need watering. Given that the reservoir is large
enough, you can now leave your plants in the
knowledge that they’ll be OK.

The project uses a simple probe, inserted in the
soil, to detect resistance change; operating on the
principle that if the resistance of the soil increases its
water content is decreasing. At a predetermined level
of resistance (chosen by you), the system operates the
water pump to force water onto the soil.

A variable preset time allows different soil types
and plant requirements to be catered for, while an in-
built safety feature prevents over-watering.

Construction

Circuit of the Automatic Plant Watering System is
shown in Fig. 1. Component overlay and wiring
details are shown in the PCB layout of Fig. 2.

The usual rules apply to construction. First,

WATER HOLE

mount and solder in all passive components: resistors,
capacitors and presets. Next mount and solder semi-
conductors, starting and diodes, followed by trans-
istors, regulators, and ICs. Finally, mount and solder
the relay and all interconnecting leads.

Testing

First connect the circuit up to a 12V power supply.
Check that opamp ICla is oscillating at around
1000Hz, by connecting a pair of headphones via a
1kO resistor between pin 1 of IC1 and ground, A high
pitch squeal tells you all is well here.

To test the remaining parts of the circuit, set
potentiometer RV1 to about mid-way and over-ride
the safety feature with switch SW2. By touching the
probe terminals together the equivalent of very wet
soil is achieved — this should turn off LEDL. Then by
removing the short from the probe terminals dry soil
should be simulated. This will illuminate the LED and
the relay should turn on for the set on-time period.
This can either be heard by the clicking of the relay
contacts or measured by using a meter set to resistance
on the contacts.

Ittakes a bit of patience to test the project’s safety
feature, as it has an on-time period of some two hours,
One way around a boring wait is to use the relay to
switch on some audible alarm, while you retire to the
other end of the room to watch telly. When the safety
feature operates; you'll hear it!

Setting Up

Choosing a probe can be a problem and it’s best to go
for a sturdy option such as a quarter-inch mono jack
plug. The prototype uses two 16 inch barbeque
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TO SW2 et
TO SW2 =i

TO RV1 WIPER —s—
TO PROBE =

TO PROBE <si—o

TO SW1 -—
TO SW1 —f

TO RV1
—VE END %
TO SW2 &—
TO LED -VE -#—
TO LED +VE ==

TO RV1 ==

Fig. 2 Component overlay and wiring details of the Automatic Plant Watering System
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SEE TEXT)

skewers placed about 6 inches apart in the soil. These
are probably somewhat unwieldy, however, for
general use and a jack plug or similar probe is pre-
ferred. Whatever you use, care should be taken in
positioning: don't place it too close or far away from
the water source, allowing a good average reading and
preventing triggering too often.

To calibrate the dryness threshold, wait until you
have a good example of the soil at the dryest point
you want it, then adjust potentiometer RV1 until LED1
is just illuminated. To do this you may have to switch
range using switch SW1.

Next thing is to set the on-time. This is done by

HOW IT WORKS

over-riding the safety feature with switch SW2 and
momentarily shorting the probes (simulating the soil
being wet, then drying out). This saves a long wait for
the soil to dry out again before you can have another
bash at adjustment. Adjust potentiometer RV2 until
the on-time is sufficient for your needs. This, of course,
depends on the size and number of plant-pots and the
type of pump used.

An old recharged car battery can be used to
power the project. This has the advantage that if a car
cooling or windscreen wiper pump is used to pump
the water this, too, can be similarly powered. These
types of pumps are ideal for small greenhouses.

An overall block diagram of the Automatic Plant Watering System is
shawn in Fig. 3. t

As soil dries out and its water content falls, then its resastanca
increases. The simplest way to meastre soil resistance isto use the
soil as part of a voltage divider (see Fig. 41, This is fine for spot
measurements but for leng term applicationsit leads to electrolysis
of the chemicals in the soil and electrolytic destriiction of the probes.
Also, if the probes are metallically dissimitar they form a battery with
the chemicals in the soll which, in high impedance environments, will
lead to errors, : _

The way around this is to use an AC signal and to decouple input
and output probes. This eliminates electroysis effects and any bias
voltages formed [see Fig. 5). :

~ The retumned AC signal is rectified, s the resulting voltage is
inversely proportional to the resistance of the soll and is applied to
a comparator, When the voltage falls below a preset leve {that s, the
soil has reached the maximum level of dryness you want), the

comparator output is forced igh. A LED displays the state of the - =

comparator’s output, this helps us-n setting the level of dryness.

If the safety feature is switchid off; then when the comparator
is turned on, the divide-by-128 counter is reset and tums on the relay
for 64 clack cycles. This clock fraquency is made variable so the on-
time can be contralled.

A second counter is used to prevent the divide-by-128 counter
turning on the relay more than ance every two hours or so. This is 8
safesyieamrawhm prevents plants being over-watered. In operation,
afixed frequency oscillator clocks a divide-by-8192 counter which,

- while it is counting, disables the divide-by-128 counter.

Opamp C1ais configured as a relaxation oscillator whase output
I used as the test signal for application to the probe. After being
capwﬁmty cuupieditls attenuated by the combination of its own
autp'ut resistance and resistor R4 or RS ldepending on the range

ected). Note that if, for some reason, the range covered is not
. sufficient, then the values of either R4 or R can be altered to suit

 An active rectifier with a gain of 2 is formed around opamp IC1h.

s output feeds the comparator IC1c. If the generated voltage is

greater than that set by potentiometer RVY, the comparator output
will be high. A small amount of feedback is used to ensure clean
switching and good noise immunity.

Result of this action depends on the state of the counter IC3. If
the circuit has not been triggared in the previous two hours then pin
3ishigh. If the comparator now goes high both sounters IC3and [C4
are reset, via gates IC2a and d. This drives pin 3 low on IC4, thus
turning on transistor Q1, until after 84 clack cycles pin 3 goes high,
stopping the clock and also turning off the transistor.

Similarly when IC3 is reset, pin 3 goes low for the next 4096
clock cycles. This prevents the comparatar from resetting IC4 for
around two holirs. This safety feature can be over-ridden by switch

i 'SWZ when the comparstor has 4 free hand to reset IC3.

~ Both clocks are generated by velaxation oscillators formed by

iz f‘[IQSa and b The firstis fixed at a frequency about 0.5Hz and feeds
-~ IC3. If this frequency is inadequate, it can be changed by altering
- “gither resistar R18 or capacitor C6. Frequency can be calculated by

the formula, ., = 11(2.2 % R18 x: CBJ. This frequency sets the
repetition ttme 51 4086/t seconds, whichiis, for the component
values used, around two ours.

The second clock built around IC5b feeds IC4 and ts frequency
can be varied by potentiometer RY:2, from about 0.5Hz 1o 20Hz. This
gives an an-time range of about 3 seconds to 2.5 minutes. Similarly,
if inadequate, this can be adjusted by altering components R21 or C7,
accardingta the formula, on-time (max} = 64/f, ., fmax}, where
e maxi = 1220000 x C7)

Both clocks are gated, using diodes [ Dz Jand [
0ﬂ~galeswrthuulpmslc3pm33nd ‘4p1 : *  Spé
waveforms are showr in Fig, 6. - o

Gate IC2c buffers the output p{n 3 of IC4 and inverts |t driving
the transistor 1, which is configured as a simple switch operating
the refay. ‘

ut2
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ACTIVE

RECTIFIER
‘ :E comp VOLTAGE DC
+ AND
SET
DRYNESS
MEMORY MEMORY
RESET RESET

-8192 Fig. 4 Simple voltage divider, using

the soil’s resistance

A4

THANSISTOR

+V
T oo e g

g ATJ77 GND

Fig. 3 Block diagram of the Automatic Plant Watering System
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Fig. 5 AC voltage divider to
eliminate electrolysis effects
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ON TIME
Fig. 6 Waveforms in the Automatic Plant Watering System circuit
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oN
O SAFETY Q

Low OFF
Fig. 7 Terminal block connections on the prototype

Alternatively, if your greenhouse features mains
power, or if the system is to be used indoors, a mains

pump will be preferred and a more conventional 12V

power supply can be used for the project.

The irrigation set-up is left to the readers
ingenuity, but an overhead sprinkler type of system
is probably best, as it gives an even spread of water
over a large area. An alternative is to use one main
pump, coupled to many probe circuits; each
controlling water valves for a different plant or section
of the greenhouse.

PARTS LIST

RESISTORS fali 14W)

R1,216,17,19,20,22,23 27k

R3,61318 100k

R4 68k

R5,910 12k

R7.814 47k

R1115 22

R12 ™

R21 k8

R24 5k6

R25 k2

RV1 47k log

RV2 100k Tin

CAPACITORS

G2 2u2, 16V tantalum

C3 470n polyester

Can dn7 polyester

C510 22n polyester

cé 648, 16V tantalum

C7 10u, 16V tantalum

c8 22u, 16V electrolytic
= €9 100y, 16V electrolytic
L

SEMICONDUCTORS

IC1 LM324

Ic2 4011

Ic3 4020

ic4 4024

IC5 TLO82

Icé 78105

1 BC109

LED1 rad LED
01,234,586 914
MISCELLANEOUS

Sw1 SPST taggle
Sw2 SPDT taggle
RLA1 164, 12V.0C relay:

PCB, case to suit

BUYLINES

All parts for this project are widely available. The relay is from Rapid
Electronics and is of & widely compatible format, A suitable low-
voltage pump can be purchased from a car scrap yard or a car
component dealer.
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D-MM GOOD VALUE!

Cirkit's new range of Digital
Multimeters offer a quite unbeatable
combination of features and value:

® Ranges include: frequency,
capacitance and temperature

Housed in strong ABS cases
Overload protection on all ranges
Full one year warranty

3' digit, auto zero, auto polarity
LCD, plus low batt indication

200 hour battery life

All meters supplied with test leads,
battery and manual

TM53158

@ Remarkable value dc volts: 200mV-1kV Continuity and diode test

@ 18 ranges ac volts: 200V, 750V Basic dc accuracy: =0.8%

® 10A dc current dc current: 200uA-10A Size: 128 x 72 X 33mm
resistance: 2002-20M{}

Price £19.99

TM5375

@ Frequency measure-  dc volts: 200mV-1kV Resistance: 2002-20MQ

ment to 20MHz ac volts: 200mV-750V Frequency: 2kHz-20MHz
@ ac/dc current to 10A  dc current: 200uA-10A Continuity, diode & HFE test
® 24 ranges ac current: 200uA-10A Basic dc accuracy +0.5%
Price £36.75
® 30 ranges dc volts: 200mV-1kV Resistance: 200€2-2000MQ

ac volts: 200mV-750V
dc current: 200uA-10A
ac current: 200uA-10A

Frequency: 2kHz-200kHz
Capacitance: 2nF-20uF
Logic, continuity, diode and
HFE test

@ Frequency & capacl-
tance measurement
@ Compact slze

Price £37.90
TM175

@ Freq. measurement
to 10MHz

@ Capacitance measure-
ment 1pF to Z0uF

@ 39 ranges

Price £57.49
TM135

@ Temp. measurement

@ Capacltance
measurement

@ 40 ranges

Price £45.95
TM115

dc volts: 200mV-1kV

ac volts: 200mV-750V

dc current: 200uA-10A

ac current: 200uA-10A
Resistance: 20002-2000MQ

Capacitance: 2nF-20uf
Frequency: 2kHz-10MHz
Continuity, diode, HFE,
logic & LED test.

dc volts: 200mV-1kV

ac volts; 200mV-750V
dc current: 200uA-10A
ac current: 200uA-10A

Resistance: 20002-2000M(}
Temperature: 200°-750°C
Capacitance: 2nF-20uf
Diode, HFE & continuity test

dc volts: 200mV-1kV

ac volts: 200mV-750V
dc current: 200uA-10A
ac current: 200uA-10A

Resistance: 200Q-2000MQ
Continuity, diode & HFE test
Basic dc accuracy =0.5

Prices inc VAT.
Please add 90p for p&p

@ 0.5% accuracy
@ Transistor HFE test
® 26 ranges

Price £33.67
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METEX & TEST LAB INSTRUMENTS

YOU PAY

3% AND 4% DIGIT Dmms

ALL WITH CONTINUITY TEST [* With Capacitance + With Hfe C With Freq.)
PRO SERIES METEX STANDARD SERIES
3% & 4% DIGIT :‘zl;,;z] rI’J'IlG1I7TRI 2 mm DISPLAYS T
. ange 10 ADC .
All With Case. 20A AC/DC 23188 23 Range 10ADC (+) £23.72
17mm Display (3800 12mm) 233531 Range 10A AC/DC (+) £22.74
3800 32 Range 0.5% {+) 1.50 232532 Range 10A AC/DC (++) £30.42
361030 Hange 0.3% (+) £38.53 235532 Range 10A AC/DC (+*o) £34.57
36108 a5 3610 with Bargraph £50.25 236538 Range 10A AC/DC {++0) £37.25
gg% aange U.g’.-‘:. (+#} Eggg Plus Logic Probe
ange 0.3% (+=2) A

36508 as 3650 with Bargraph £58.96 METEX AUTORANGE
;’f“}ﬂ 31»6 gﬂﬂ? Range Dala E71.00 3% DIGIT With Datahold & Freq Counter

0 % (++ M80 21mm display £50.92
4650 as 4630 Plus 2 Freq. Ranges ~ £76.38 i
40508 a5 S0 borgraph BRI Molg i dslay, wuefs - BRZ0

TEST INSTRUMENTS

3000 LCR AC Bridge £103.20 TE220 1 MHZ Audio Generator £81.75
M3002A AC Millivolt Meter IMHZ ~ £85.80 3300 Autorange Digital Cap. Meter ~ £64.00
2020 500 KHZ Function Generator ~ £86.50 6100 Signal Tracer/ Injector £52.30
416240 150 MHZ Fr Gen. Plus 6 Digit 5250 150 MHZ 7 Digit Frequency

Counter £17286 Counter £64.50
2603A0 1 MHZ Af Gen, plus 6 Digit 0ST5M 5 MHZ Bench Scope £168.00
Counter £166.16 243 0/24v 0/3A Variable PSU £56.00
TE20D 150 MHZ Rf Gen 2450724V 0/5A Variable PSU £69.55
{350 MHZ Harmonic) £80.00 154 4/15V 0/4A Variable PSU £40.00

YF20 Dual Scale Sound Level Meter 390070 LCD Dmm With Dwell And
120dB 2.85 TachRanges 49.58
225V VHS Video Head Tester 69 KT50 LCD 8 Range Capacitance Meter £36.20

1065 Digital Lux Meter - 1 Ranges  £46.83 6060 LCO Digital True Power Meter

07 Logit Probe £763 BKW19

MB25 Logic Probe/ Pulser £14.74 2070 19 Range Multimeter 10A0C «

300 AC Clamp Metar B00A/300V/ Buzz £12.00
Resis £33.50 2030ET 27 Range 104 ACIOC. Cap

M265 Add on AC Clamp Probe Hie Tamp. Buzz £35.30
for Dmm's £16.48 S050F 41 Bange FET mm £26.77
501 Electronic insulation Tester 500V £53.25 OMS Wallet Autorange Dmm £17.35
504 Electronic Insutation Tester 1000VE70.B8 921 Pen Type Autorange Dinm £24.18
KOME TH Dip Meter 15t0 250 MHZ  £41.88 850 Majns Phase Tester £21.20
1062 LCD Temperature & date hiold  £3R.72 260 1000A AL Digital clamp meter  £40.25
302K LCD Temperature Two 1/P £3200 261 Add oninsulation tester for 260 £28.35

~/| AUDID-ELECTRONICS ARE ALSO
1 INSTRUMENT DISTRIBUTORS FOR

| HAMEG o FLIGHT o BLACKSTAR
/o ALTAI  THURLBY o THANDAR

o CROTECH e LEADER AND HITACH!

PHONE FOR BEST PRICES.
r— ADD 15% VAT
(Pricas gorrect at 17.10. UK ONLY)

TELEPHONE YOUR ORDER WITH VISA/ACCESS
OPEN 6 DAYS A WEEK FOR CALLERS

AUDIO €LECTRONICS

301 Edgware Road, London W2 18BN
Tel: 01-724 3564 Fax:01-724 0322

Sales office 01-258 1831

TRADE/EDUCATION ORDERS ﬁEBEPTEI]
EDUCATION AND QUANTITY PRICES AVAILABLE
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Geoff Martin tries to
unlock some of the
frustrations in life

46

WHY
DON'TTHEY . . .7

hy doesnt somebody invent a

pushbutton telephone with your

own personal security code so you

can be the only one to make a call?

It beats me why such a simple idea
has not been adopted as a standard option for the
modern telephone. It would certainly overcome a lot
of problems in industry and in the family household.
Its at home where tempers could reach the limit
particularly at the crucial three months point when the
phone bill comes in, and all because young Darrin and
Katy have had so much fun chatting long distance to
their mates all night.

The right combination

The operation couldn't be simpler, pick up the
handset, key in your PIN number and hey presto
you've accessed the dialling tone ready to make a call.
Also with some extra thought, if someone happens
to be looking over your shoulder at the time, it could
be a simple matter of re-programming the chip with
a different code. This would have solved the problem
of those parents achieving near heart failure when
receiving £1000 telephone bills as a result of
‘somebody’ having a party on the phone using the
premium rate chatlines. Perhaps the reason for this
non invention is more deep rooted and that marketing
such a product could lead to a loss in revenue for the
telephone companies.

Why do we continually have to run down the car
battery after having driven around in bad light
conditions and then forget to switch off the lights when
leaving the car? All it needs is an audible warning
when the ignition key is removed. An alternative is
to connect the lights up to the ignition key so they only
operate when the key is in place.

While still on the subject of transport, it's amazing
how many cars can still be locked with the keys inside
The panic and incredible waste of time in breaking in
to the wretched thing particularly abroad could all be
avoided if all new cars adopted a fail safe system,

You want to be able to lock yourself in the car in
the event of an emergency by pushing a mechanical
button down or perhaps by electro-mechanical means
with the flick of a switch on the dashboard. What you
don’'t want to happen is for the door to slam and lock
with you on the outside and your keys on the inside
And before you all say the technology is here to lock
your car remotely by infra-red beam, just remember
the battery can run down that operates the system
So there is need to carry the key to cover all
eventualities after all!

The key to the problem

It's funny how domestic door locks have never really
changed over the years. | speak of the metal key and
latch variety, It's a system that admitted|y is simple and
reliable but technology can and has given us more
sophisticated locks. The more familiar ones that come
to mind are the combination electro-mechanical types
and more recently the magnetic strip card. I have been
impressed with the latter in a foreign hotel to lock or
unlock the hotel room door. You are issued with what
lonks [ike a credit card made on a bad day. [tis made
of thin plastic with the now familiar magnetic stripe
along its back. The only thing required on your part
is to zap it through the slot on the door and you are
in and I don't mean using it to ease open the door by
the standard burgler method of slipping it past the
latch either. My experience of this particular card did
not end there. The flat ‘key’ was essential to switch on
the rooms electric power by placing it in a little slot on
the wall inside.

So if you have to leave the building, you take
your key and out go the lights. Full marks to the
designers for this energy saving device. It has to be
said though, these ‘high tech keys’ can be left in the
room whilst the occupant slams the door behind
them. Where this is a minor annoyance in a hotel it
could be more upsetting having to break into your own
home

Dark Ages

Why can't the amateur unlock the secrets of the latest
constructional technology in magazines such as ETI?
Have you seen many projects exclaiming that you too
can build your own CD player, video recorder,
personal organiser, digital mixing desk or magnetic
card door lock? 1 think not. You may see features
outlining the theory of these wizard machines but
certainly not projects. Why is this?

We've seen the industry race ahead leaving state-
of-the-art electronics in the hands of the very few. The
poor old amateur has been left in the dark ages to’
make the best he or she can do with the bewildering
array of chips and discrete components available,

But take heart,.very often the simplest ideas are
the most effective. So come on all you constructors,
let's publish all those ingenious but effective projects
and banish some of the minor annoyances in life.

BETI

CARD KEY
N
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Bare Board
£17.50

SINGLE BOARD

S0 on.

are one or two additional “‘glue”
“74LS" or “HC” parts.

cheapest too!

Applications already identified incl

Greenbank

(plus postage and VAT)

A computer doesn't have to look like you'd expect a computer to look.
It doesn’t have to have a keyboard and a screen and floppy disks and

The SBC-1 has the bare minimum of chips a Z80 computer can have
and stilf be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
to 32K), a static RAM ¢hip (up to 32K) and a pair of 8255A 1/O (input
output) chips giving 48 individual lines to waggle up and down. There

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
etc) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the 8-bit microprocessors — possibly the

Although no serial interface is included, it is easy for a ZBOA to waggle
one bit up or down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software will do?

printer interface, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security system, modem interface for auto
sending of security alarms, code converter (eg IBM PC keyboard
codes to tegular ASCII), real time clock (with plug in module),
automatic horticuttural irrigation controller.

By disabling the on-board Z80A-CPU this card will plug into our
Interak | CP/M Plus disk-based development systems, so if you
don’t fancy hand-assembling Z80 machine code you don't have to!

The idea is (if you are a manufacturer) you buy just one
development system and then turn out the cheap SBC-1
systems by the hundred. If you are really lazy we can write
the program for you and assemble the SBC-1 cards so
you can get on with manufacturing your product,
leaving all your control problems to us.

1yl

COMPUTER ‘‘SBC-1”

chips included, but these are simple

1
S

ude: Magnetic Card reader, mini

For more details write or phone us:

Greenbank Electronics, Dept.

HE WIDEST CHOICE OF USED
OSCILLOSCOPESIN THE COUNTRY

H.P.1740A Dual Trace 100MHZ Delay Sweep Trig
TF_LECIUIPMEN? [ h] e SOMHZ Delay Swas

GOULD 051100 Dual ﬁa.omilz\‘ﬂnu
5.E LABS 5MN1 Dual Trace 18MHZ

TRIO CS1566A Dual Trace 20MHZ
HE2204 Dual Trace 1SMHZ TV T g
GOULD 05256 Dual Trace 15M) .
BH|LPS PM3233 Dyal Bea nMr—?T\-'Tng I,
GOALD 52508 Dual Tree
THIS I3 .JUST A SAMPL

2TV ...
ANY 'THFRS AVAILABLE
TEKTRONIX 2215 Dual Traca 60MHz Swesep

Delay wilh manual, probes, fron( cover, ‘
pouch only £500 ]

MARCONI TF2015 AM/FM 1-520MHZ Sig Gen with TF2171 2450
MARCONI TF2015 without Syncironisar TRET1
MARCONI TF2016 AM/FM 10KHZ-120MHZ Sig Gen wilh

.. £400
MARCONI TF2016 without Synchraniser TF2173 £250
MARCONI MOD Meters TF2300; TF23008; TF2303from . £100
H.P. 6208 Signal Generalor 7 — 1GHZ . £400
H P.618C Signal Generator 38 — 76GHZ £400
H P. 6168 Siganl Generator 18 — 4 2GHZ £400
WOELKE Wow & Flulter Meter ME108 £100
LEADER LMV186A Twa Channel Millivalmeter 5SHZ-500KHZ. B
100uV — 300V £100
FEEDBACK FG601 Sig Gen 0.001HZ-1MHZ Sine/Sq/Tri £150
MARCONI Automatic gistortion Meler TF2337A
400HZ or 1KHZ Measures down lo 0 01% £100
LEVELL OSCILLATORS TG152/TG200 Series ... rom £75
MARCONI TF2700 UNIVERSAL LCR BRIDGEEanery from E‘ISO

HAMEG MODULAR 5YSTEM

HM8001 Main Frame with HMB032 Sine Wave Generalor
20HZ-20MHZ; HMB030 2 Function Generator 01 — IMHZ
Sine/Sq/Triangle anct HMB011 2 Dlgnal Mullimaler

A5 digil . .. only£375

SADELTAMC321 COLOUR BAR GENERATOR RF Bands 1,34 &
Video8 Funclions. Sound Carrier Unused (P&P£7) £125

SADELTA COLOUR BAR GENERATOR PAL MC101.8
Palterns.Pockel Sizi Rechargable Batleries. Complele wilh
Ballery Charger AgapiorLnuzed (PAPE4) . ... £50

no. 746 supplied with standard BT plug (used). Quantily
discount % soouss only £5 (p&p £3)

(TO2E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

SURVEILLANCE

PROFESSIONAL QUALITY KI'1

A range of high quality kits as supplied to 'eading UK security companies, all in-house designed
and produced, not to be canfused with cheap impoarts. All kits come fully documented with
concise assembly and setting-up details, fibreglass PCB and all components. All transmitters
are fully tuneable and can be monitored on a normal VHF radio or tuned higher for greater
securnity. Build-up service available if requirad.

MTX Micro-miniature audio transmitter 17mm X 17mm. 9V operalion. 1000m range £12.95
VT500 Hi-power audio transmitler. 250mW output. 20mm X 40mm 9-12V operation. 2-3000m

range £15.95
VOX75 Voice aclivated transmmer Varlable sensilivity. 30mm X 40mm 9\/ operalion 1000m
range 8.95

€TX900 Sub-carrier scrambled audlo transmitler Cannot be monltored without decoder fllled
to radio. 30mm X 40mm. 9V operalion. 1000m range £21.95
DSX900 Sub-carrier decoder unit for moniloring CTX900 Connects loradio earphone sockel

Provides oulpul for headphones. 35mm X 50mm. 9-12V operation £21.95
HVX400 Mains powered audio iransmitter. Connects directly (o 240v AC supply. 30mm X 35
mm. 500m range ., £18.95
XT89 Crystal conirolled audio transmitier ngh perlormance 100mW output Supplied with
xtal for 108MHz. Others available to 116MHz 85mm X 28mm. 8V operation 2-3000m
range . . £€36.95
TKX900 Tracker/BIeeper tvansmmer Transmits conlinuous stream ol audio pulses Variable
tone andrale. Powerful 200mW oulpul. 63mm X 25mm 9V operation. 2-3000mrange £21.95
ATR2 Micro size telephone recording inlerface. Connecls between felephane lines (anywhere)
and cassetle recorder. Tape switches aulomatically with use of phone All conversations
recorded. Powered [rom line. 10mm X 35mm £12.95
TLX700 Micro mirature lelephone transmitler. Connects lo line {anywhere} swilches on and
off wilh phone use. All conversalions Iransmilted. 20mm X 20mm_ Powered from line. 1000m
range £12.95
XML900 RF bug deteclov Vanable sensitivity Triggers LED and bleeper when in presence of
RF lield. Detecls MTX 15-20 feet 55mm X 55mm. 9V operalion £26.95
XL7000 Professional bug delector/locator. Variable sensitivily Twin mode fen segment LED
readout of signal strength wilh variable rale bleeper. Second mode AUDIO CONFIRM
distinguishes between localised bug transmission and normal legilimate signal such as pagers,
cellular elc. 70mm X 100mm. 9V operation £54.95

UK customers please send cheques, PO's or registered cash. Please add £1 50 per order for
P&P Goods despaiched ASAP allowing for cheque clearance Overseas customers send
sterling bank draft or Eurocheque and add £5 00 per order for shipment Credit card orders
accepled on 0827 714476 Fuil catalogue available on receipt of 28p stamp. Trade enquiries

welcome

THE WORKSHOPS

95 MAIN RO, BAXTERLEY
NR, ATHERSTONE
WARKS CVa2LE

Y IARA B
DESIGNS

0827 714476

TEKTRONIX OSCILLOSCOPE 2235 Dua] Trace 100MHZ
DelaySweep ... .. e7!
PHILIPS OSCILLOSCOPE PM3217 Duaﬂ Trace 50MHZ Delay

weep £500
GOULD OSSOO Oscilloscope Dual Trace 20MHZ £250
GOULD 1421 Dignal Slorage Dual Trace 20MHZ £750
THANDAR TA2080 Logic Analyser 20MHZ B Channel £375

THURLBY PL320QMD 0-30V 2A Twice Quad Mode Digital

Meters . . .. .. .. 3 o o
FEEDBACK FSGE06 Sweep Funclion Generalor 001HZ — 1IMHZ
£200

SOLARTHON7045Mu|l|meler4‘/zdlg|lLEDGOranges
Auto/Manual (PEPE7) . £125

LOGIC PHORE type 33004 TTLCmes (FAP T3 .. .E18
FARNELL Oscillstor LFM3 YOHZ-OMHZ

1B/ Square ..£200
2 [Crystal Cven) £150
9800 Seres Unwersal Counter Timers from 150
MARCONI ATTENUATORS TF2162 DC-1MHZ 600 ohm_0- 111dB
[PRRETY £35
HATFIELD ATTEMUATCRAS 50 ohm DC-250MHZ D—iUUﬁElEUL‘ onm
HZ Haw Price £135) P&F £4) only 250

DC-1ME

AVOMULTIMETERS (P&P £10 all Units)
Avo 8s; 9s and Ministry Versicns. Wilh Balleries & Leads _rom £50
TEST LEADS for Avos. Red & Black wilh 2 croc Clips 2 prods
(P&PEI) £S5
Black EVER READY Case for s |Ir-uger (P&P E4)E1S
BATI’ERIES15VuIls . f3each. 10 lor £25 (PAP extra)

aw"l TRANSISTOR ANALYSER W CT#E sulteasa styls With
Batinries & aperating nstruction oy £35 (PEP £7)
M.'\‘\CGNmF Bowes Meler TFB3IA ZDHZ JEEHZ 2DmM\‘ 10W
Man andy ﬂSfﬂ:P £7}
MAPu‘ﬂNlH‘ Prower Malar TEHIS2A OG-S00MHE 05— 25W, 50
(PY

gm With Mangal anly £30 (P&P £
NEW EQUIPMENT
HAMEGOSC LLOSCOPE HMI003 Tripe Trace 100MHZ Detay

metase
HAMEG OSCILLOSCOPE HM 604 Dual Trace 60MHZ Delay

HAMEG OSCILLOSCOPE H{M2036 Dual Trace 20MHZ

Companent T £31
HAMEG ObLJL_D.‘:COPE HM205 2 Dual Trace 20MHZ Dlgllal

Starage €52
Allother jiable — ailoscil ,,,,' wilh probes

BLACK STAR EQUIPMENT (P&P all unils £5)
APOLLO 10— 100MHZ Counter Timer Ralic/Period/Time Interval
22

ele £2
APOLLO 100 — J00MHZ (As above with more funclions) £295
£

Labgear Colour Bar Generator KGI 8 Tes! Paterns METEOR 100 FREQUENCY COUNTER 100MHZ 99
P4P£4) . only £40 each | METEOR 600 FREQUENCY COUNTER 600MHZ £126

LABGEAR CROSSHATCH GENERATOR Type CM6U3808 METEOR 1000 FREQUENCY COUNTER 1GHZ £178
Crosshalch Grey Saeks Biank Fastar Mains or BATTERY. JUP(TOR 500 FUNCTION GENERATOR 0.1HZ-500KHZ.
Unused £18 Used £12 (P&P £3) Sine/Sq/Trt ... . ..., EEPR 4 ) [

TRIO AF SIGNAL GENERATOR Type SG402 100KHz 30MHz ORION COLOUR BAR GENERATOR PallTViVideo . . ... £209
Unused (PAF £7) only£50 | All other Black Star Equipment available

ADMANCE SGE2E AM 130KHz. EZUMHg . ..245(P&PET)

MICRCHTEX WB MORITOR 147 COLOU . Y £90 | HUNG FMNGD.M\! 7030 3% digil. Hand held ZBranges including

MMMPAGIDE 0 108 Ag .(P&P £4)£39.50
A snove OMM 0100 2thce
Yes r2al diail type lelephones that don'l slide around the desk. Type | Carrying Case lar abave £

OSCILLOSCOPE PROBES Swilchable x1; x10

(P&P£3)£11

Thisisa VERY SMALL BAMPLE OF STOCK, SAE

Uzad equiprient — with 30 days fu-fanIPE Mgt supphiad A passible
"

lephona kor lists, Planse check avaisbility belore ardering

GARRIAGE all uits £16 VAT 1o bo added to Toldt of Goods & Camiage

w—
Tel: 0734 68041

STEWARTS OF READING

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Fax: 0734 351696, Callers welcome 9am-5.30pm Mon-Fri (until 8pm Thurs)

f N
**TONICS FOR TIRED TRANSDUCERS**

Cost-effective speaker upgrade kits

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

order TITANIUM 100 (100mm round plate)

or TITANIUM 12x9 (120x90mm)

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

£43.50 pair.
+pé&p £3.00

reviews. To replace units up to 89dB sensitivity.
order METAL 25DT30 (104mm round plate) £63.50 pair.
orMETAL 25DT29 (120x90mm plate) +pé&p £3.00

SEAS METAL DOME TWEETER UPGRADE

Direct replacement for the 3/4” (19mm) unit used in so many small

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

CONCERTO UPGRADE CROSSOVER

Replacing the DN12 network in speakers employing the Kef B139,

B110, T27 combination, this crossover greatly improves detail and

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

WACOUSTIC PANELS inhibit panel resonance and limit cabinet-
induced colouration. (Foam sandwiched between two layers of
bitumin.) Self adhesive.

Size: 270x200x 16mm.

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

EN telephone credit card orders

WILMSLOW AUDIO LTD

Wellington Close, Parkgate Trading Estate,

Knutsford, Cheshire WA16 8DX. Tel: 0565 50605
(Closed all day Mondays)
DIY Speaker Catalogue £1.50 post free (export $6)
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PART 2:
More
construction
and testing

Dennis Stanfield
concludes his article
on this very
economical 'scope

PROJECT
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SUPERSCOPE
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ast month saw the completion of the

motherboard, driver board, timebase and

power supply. We now turn our attention

to amplifying the input signals. This is

accomplished with two distinctly separate
amplifiers — the Y1 input amplifier (circuit shown in
Fig. 13) and the Y2 input amplifier (Fig. 14).

The Input Boards

The Y1 and Y2 boards are virtually identical with the
exceptions that the beam switching and single/dual
trace mode switching takes place on the Y2 board.
Component overlay for the Y1 PCB is shown in Fig.
15 together with connection details. Similary Fig. 16
shows the same for the Y2 PCB.

Construction

The input attenuator is constructed on two 30mm
square pieces of PCB drilled and mounted on the
main board as shown in Fig. 17, R403-5 and C402-4
being soldered between the tags of switch SW402a
and the rearmost support panel. The entire switch
panel may be built up in one piece and then added
to the main board, the wiring of the switch wafers is
as shown in Fig. 18. It should be noted that make
before break wafers are necessary for SW402a and
SW502a to avoid placing the full input voltage onto
R406,7 and Q401 as the switch wiper moves between
contacts.

A dual FET has not been used in the input stage
due to the high cost of such devices and the difficulty
in finding a suitable source of supply. If available a
device such as an E421 or E430 may be substituted

directly for Q401,2 without further modification. A
dual FET will give improved thermal tracking and
better baseline stability when switching between
ranges. (The baseline shift is due to the differing 733
gains operating on the tiny differential voltages set up
by Q401 and 402) Thermal equalisation of the
existing pair of transistors can be improved by placing
their casings in intimate contact — stick them together
with a tiny spot of superglue!

Itis most important that all work should be neat
and all component leads kept as short as possible.

The BNC input socket is mounted through the
fascia and screening panels and connected to the Y1
board by the leads of R401.

Setting Up
Due to the layout of the on board components it is not
possible to adjust the trimmer capacitors and preset
resistors on the Y1 board with the Y2 board also in
place. Therefore a small set-up board as shown in Fig.
19 is built up on stripboard and plugged in to the Y2
slot. This set-up board routes the Y1 signal through
to the Y deflection amplifier and holds IC201 in the
Y1 mode. The 56R resistors on the set-up board load
the 733 outputs and prevent any parasitics.

Firstly RV401 should be adjusted to give
minimum change in trace position when switching
SW402 through its various ranges. Make this
adjustment with no input signal and SW401
referenced to ground.

With SW401 switched to AC and the timebase
set to a (at this stage) nominal 1us per division input,
apply a good quality square wave of 2-3V peak to
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HOW IT WORKS

The Input Amplifiers
These usaafaidl,rfanﬂlar circuit designed around a video amplifier IC.

The input attenuator is either AC or DC coupled ta the input by
SW401 and the various sensitivity tanges are achieved by &
combination of varying the division factor of the input network and
‘the gain factor of the 733 amplifier, The network around R406,7 gives
some measure of protection to Q401 against all but the most gross
‘overloads. It is however better not to depend on this as FETs are
delicate devices by comparison with the valves which would have
bean used in this position in the past. (401 is configured as a source
follower providing the necessary high input impedance to avoid
loading the:attenuator, IC401 is a high speed wideband video
amplifier with & full power bandwidth extending to over 35MHz
‘which, dua toiits very high comman mode rejection ratio even at very
high frequency, is capableof providing a balanced olstput frama single:
endedinput, The emitter follower Q403 provides a buffered output
ta the trigger amplifier.

The: power supply fines to the input amplifier are heavily
decoupled by R419,20 and C406,7,8,9.

IC502 on the Y2 board is driven by antiphase square waves from
the switch generator module to select sither Y1 or Y 2 output to the.
deflection amplifer.

The beam switch generator

This has three mades of operaticn controlled by switches on the
timebase and Y2 boards.

1. Single trace mode — with no input from SW501h, R607 holds
the input to IC601a high so disabling the oscitiator IC80Tbe. RGO
is also connected to the set input of IC602 and holds output Q — the
Y1 select enable line high and the Y2 select line fow.

2. When the Y2 amplifier is switched on SW501a pulls the inputs
t IC601a and IC602 ‘set’ low, What happens next depends on the
state of the timebase alt/chop switch SW302b.

3. [t SW302b s setto display aiternate sweeps then R606 holds
ang input to IC601c low so that the oscifiator remains disabled and
the autput of IC601c is held high so allowing IC601d to pass the ‘Alt
gate’ signal through to C602 whose outputs change state on each
pulse.

4, If SW302b is set to chop or slow mode then the junction of
R606 and (CB01c is pulled high and the oscillator is enabled. Running
atafrequency of about 100kHz the output of the oscillator is gated
through IC601d by the ‘Alt gate signal which is high for 35% of the
time lat the ramp rates at which chopped mode is likely to be used).

The circuitry around Q601,2 performs signal level shifting from
a0V ground reference to a -12V ground reference. Diodes D601,2,3
compensate for the fact that a TTL high level is & fong way short of
5V, Without these 0601 would never switch off and R604 would
probably not last long.

—
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Fig. 13 The Y1 input amplifier circuit diagram
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peak (from, say, a TTL oscillator) at about IMHz into
the BNC input socket. You should feed the input via
a properly terminated probe if possible as lengths of
wire may cause parasitic oscillations.

Set CV403 to mid travel and adjust CV401 for
best waveform and CV402 for correct signal deflec-
don height. CV403 and CV201 may then be adjusted
‘or the best shape to the fast edges with minimum
overshoot or ringing if possible a square wave of
zround 5-6MHz can then be applied and any further
wuning carried out.
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The Y2 amplifier is identical 1o the Y1 con-
struction details given above but with the additional
note to take due care in the handling of [C502 which
is a CMOS device

Switch Generator Construction

This is a simple board and no comment is necessary
beyond noting the usual precautions in handling
IC601 and [C602.
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Fig. 15 Component overlay for the Y1 amplifier

Setting Up Y2

Remove the Y1 set-up board from slot 4 and plug in
the Y2 and switch generator boards, Setting up is as
for Y1 and the two channels should be driven for
comparison. [t should be noted that in some
circumstances driving both channels from a single

source may result in some interaction between them
with consequent degradation in the signal waveform.

The Timebase

ltis assumed that a second scope is not available to
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Fig. 16 Component overlay for the Y2 amplifier

display the ramp waveform — why else would you
be building this one?

A known frequency reference is however
necessary and a crystal controlled TTL oscillator
cobbled together from bits out of the spares box would
do very well.

Set the timebase to a suitable (nominal) rate and
input the signal to either Y amp. Set trigger selector
switch and adjust RV301 for correct triggering. Adjust
RV302 to give the correct number of divisions per
cycle. For example with a 1MHz signal reference set
the timebase to 0.5us per division and adjust RV302
so that each cycle is exactly two divisions in length.
If necessary RV303 which adjusts the peak to peak
height of the ramp and RV204 which adjusts the X
axis gain may be trimmed to achieve calibration. It
should be noted that at some settings RV303 can
affect the proper action of the beam switching Alt gate’
output in the fastest timebase ranges. This single
adjustment sets up all the timebase primary ranges.

Switch SW301 to the 0.5ms per division range,
switch SW302 to its x10 slow position and input a
50Hz signal to one of the Y amps. One cycle of the
50Hz signal should be four divisions in length. If not
the value of the tantalum and polyester padder
capacitors C305a-c may be changed as necessary to
achieve an accurate ramp period. Reducing the total
capacitance increases ramp speed and vice versa.

Display

Input a sine wave, the frequency is immaterial, and
adjust the brilliance and focus controls for the best
display noting that it is not considered good practice
to simply go to maximum brightness as sharp focus
is then more difficult to achieve. With an insulated
screwdriver then adjust the astigmatism control
RV101 to peak the focus. The focus and astigmatism
controls interact and some repeated tweaking of each
may be necessary.

Case Construction

The form of construction depends very much on the
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Fig. 17 Y1/Y2 input
boards switch mounting
sub-panel details

O
0
-
b
[T]
()
—

RA03

Ra04
INPUT
FROM
733 O—
PiN 4

TO R413/R513

TO R414/514

TO R415/515
b

RA05

SWa02Za/5028

Fig- 18 Switch 402 wiring
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constructor. The prototype is housed in a home made
casing of 2mm aluminium, the parts of which were
supplied and cut to size by a local engineering works
for about a tenner. The internal framing is cut from
12mm aluminium angle extrusion available from the
larger DIY outlets. For those who feel capable of a bit
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PROJECT

NOTE:

1C601 = 4011
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ALT o Q602 = BC547
GATE IN D601-3 = 1N4148
-12V 45V
J T
R vdd
o foY AL R
1C602 BEAM SWITCHING
) Gt e Ove
Vas
DUAL 8 7
TRACE (et
ENABLE IN
-12V
SLOW
SWEEP/ O—
CHOP

47n R607
r-r];r 10k

-12v

0601 L R604 =

con
601

LINK 2
—

i

LINK 3
LINK 4

Q602

G LINK 1

o
g

Fig. 21 Beam switch generator board — overlay

PARTS LIST

of panel bashing, a similar case may be made. For
those who would prefer to use a ready-made case it
should be of 12" x 10” x 512" at least (for a VCR tube)
and the front panel dimensions shown should be
used. The internal wiring layout is shown in Fig. 8.

The graticule presented some difficulties.
Prototype solution is a graticule drawn on plain white
paper using a very fine ink drawing pen and
photocopied onto a clear acetate sheet. (A passible
alternative might be to use a thin acrylic sheet and
scoring on lines with a marking knife. These could
then either be illuminated from the side of the sheet
or filled with a black marking paste — Ed)

As the tube EHT is determined by the
transformer winding, the constructor might consider
the more modern tube alternatives available at
reasonable increased costs.

Beam switch module

RESISTORS

R601,6,7 10k

R602 820R

R603 18k

R604 100R

R605 47k
CAPACITORS

€601 100p, ceramic
€602,3 47n, polyester

SEMICONDUCTORS

Q601 BC327

0602 BC547

[C601 401

IC602 4013

D601,2,3 IN4148

MISCELLANEOUS

SKT801 Rt angled 12w 0.1” connector (Maplin ref.
YW30H)
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PARTS LIST
Yibowd CAPACITORS
RESISTORS {all %sW 6% unless stated) €401 68n, polyester
- B8R €402 680p, ceramic
M, 1% €403 100p, ceramic
Tk.1% C404 8p2, ceramic [ w__
10k, 1% €405 27p, ceramic 18 ROWS + 8 HOLES
120K 1% C406,8 10n, ceramic | To
91k, 1% €4079 22y tantalum coo0ga00o0
910k, 1% V4012 12p trimmer Ocen &5‘-’“ T
100R, 1% Cv403 25p trimmer o * G
Lhos SEMICONDUCTORS ok <
- ;f 04012 BF256 o o
1. 1% Q403 BC109C it -
: IC401 733 SR L o
Tk o o | ToEDGE
%9 MISCELLANEOUS & o | CONNECTOR
10R SW401 4p3w rotary switch — g
470R preset SW402 Wafer-switch assembly P oy
= SW402a,b 1p12w make before break wafer g o
SKT401 50R BNC socket e
PARTS LIST Fig. 19 Temporary setting
iz link board f iti
board C502 680p, ceramic p—— . G
RESISTORS (s %W 6% unless stated) C503 100, ceramic \
R501 B8R C504 8p2, ceramic
R502 M, 1% C506 27p, ceramic
Rb03101617 1k 1% 5068 10n, ceramic
RB04 10k; 1% £5079 22y, tantalum
'R505 120k, 1% €510 56, polyester
R506 91k, 1% 511 100n, polyester
R507 910k, 1% Cv501,2 12p trimmer
~ RbO811 100R, 1% Cv503 25p trimmer
] e SEMICONDUCTORS
R513 2708, 1%
14 OB A0 Q5012 BF 256
R&14- B2R 1%
S 0503 BC109C
R&15 2R 1%
e IC501 733
Ll R [C502 4066
R518 k2 - L
R519,20 10R - MISCELLANEQUS
470R preset SWE01 4p3w rotary switch
SW502 Water-switch assembly
SWh02a,b p12w make before break wafer
68, polyester SKT501 BOR BNC socket [P
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Not one to miss out on
a bit of fun, ETI brings
you the talking point of
the year. Wear it on 14
February and you'll
never get rid of
probing fingers on that
day of new love. Heath
Robinson (Keith
Brindley’s nom de
plume for the month)
gives details

’7 B

—21 e
3 3 =
+]vaav R

ELECTRIC
BUZZER

NOTE:
IC1 = UM66
PB1 = SEE TEXT
Fig. 1 Circuit diagram of the
novelty badge
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Fig. 2 Details of the push-button switch
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Fig. 3 Details of the button cell mounting

irst, a history lesson. The saint, Valentine,

referred to on St Valentine’s Day, is not one

saint, but two. They were both Roman

saints: Valentine of Terni, and Valentine of

Rome. Both, too, were martyred around
the third century BC,

Date used to commemorate them: 14 February,
each year, has nothing to do with their lives. however.
St Valentine’s Day isn't generally thought to be related
to the two saints but is possibly connected to the
Roman festival of Lupercalia — a distinctly pagan
festival.

Origins of Lupercalia are not known, although
it is known to have been an ancient Roman fertility
ritual, celebrated an 15 February, commencing with
sacrifices of goats and a dog. After the initial common-
or-garden sacrifices, things used to get really sticky.
It was widely celebrated until 494 AD, when Pope
Gelasius the first changed it to the Feast of the
Purification.

Nowadays, of course, St Valentines Day issimply
a commercially-organised day of fun, when punters
woo their loved ones with cards, flowers, prezzies, and
so on — all costing considerable amounts of money,
Upholding the tradition of fun (don't we always?), ET]
now brings you this clever little project allowing you
to upstage the manufacturers and distributors of
expensive gadgets and other money-wasting trivia.
Its a heart-shaped badge, which you simply pin onto
your chest, breast, or whatever: preferably to your
clothes, not your skin. In the centre of the badge is
a button, which when pressed causes the badge to
play the tune Love Me Tender, Love Me True — yes,
the one immortalised by the king of rock'n'roll himself
— Elvis Presley. Together, with this as backing, vou
can now introduce your intentions to your proposed
partner in song. And who could refuse such an
overture?

Although readers could be forgiven for thinking
that such a project would be a complex one, the
Novelty Badge is extremely simple to build. Fig. 1
shows the circuit which, as you'll appreciate, couldn’t
really be any simpler. Heart of the project (excuse the
pun) is a chip, which performs all of the difficult
electronic functions. The only other components are
electromechanical ones: battery, switch and
piezoelectric buzzer. All that is required for the chip
to doits jobis for the user to momentarily disconnect
the power to the chip using the push-to-break push
button switch. Once power is reconnected, the chip
plays the tune.

The chip, a UM66 melody generator, is one of
afamily of devices all classed under the same number,
which generates a range of tunes:
® type 1 — a medley of Jingle Bells, Santa Claus is
Coming to Town, and We Wish You a Merry
Christmas
® type 2 — Happy Birthday to You
® type 3 — Wedding March
® type 4 — Love Me Tender, Love Me Tiue

Ifyou haven't already guessed, the chip is of the
same sort which is often used in musical greetings
cards of various descriptions: St Valentine’s Day,
birthdays, Christmas and so on. In cards, the chips
are usually chip-on-board (COB) devices (that is,
semiconductor dice mounted directly onto PCBs
using adhesive and hard-wired with gold or
aluminium wires to make the required connections).
This form of chip is difficult, if not impossible, to solder
in by hand, and is specifically intended for high-
volume robotic construction. The COB format also
allows extremely thin assemblies — suiting the
requirements to allow fitting in a greetings card.

In the form used in the Novelty Badge, the chips
are a more conventional plastic transistor-type shape,
enabling them to be easily handled and soldered.
Requirements for thickness aren’t quite so critical for
the Novelty Badge as they are in a greetings card, so
the thickness of the transistor-shaped chip is not
important. The chip isnt, in fact, that much thicker
than the piezoelectric buzzer used in the project,
anyway.

Although this project has a specific function, that
is, a St Valentine’s Day badge, the four types of UM66
available are pin compatible. In other words, the PCBs
for all types of UM66 are the same, and using a UM66
chip of a different type allows a different tune to be
played. Consequently, the badge you make does not
have to be just for St Valentine’s Day. It could be a
birthday badge, a wedding badge or a Christmas
badge — the heart-shape used in this St Valentine's
Day badge is irrelevant: you could make it circular,
triangular, Christmas tree-shaped, church-shaped,
birthday cake-shaped, or any other shape you want.

Preamble To Construction

Now the fun starts! Although construction is PCB-
based, two points have to be borne in mind and
catered for when building the project. First. a power
source has to be mounted somehow onto the circuit
board. To ensure the PCR is fairly thin and light (who
wants fo walk around with a car battery pinned to your
pullover?) a hearing-aid type of button cell should be
used. The chips function when any voltage between
1.3 to 3.3V is applied, which means that a wide range
of this type of button cell can be used (in fact, any that
we know of). Mercuric oxide cells, silver oxide cells.
zinc cells can all be used, but we chose a lithium
manganese cell — simply because these cells are
particularly thin, and have a voltage at the top end of
the chip’s range (3V). Even though button cells have
a strictly limited capacity, you'll find that it will power
your badge for a more than acceptable time. Current
consumption when playing is not high (less than
0.3mA), and for most of the time, anyway, the project
will be in its quiescent state: using less than 1uA of
current. You'll probably get fed up of the tune before
the button cell runs out of energy! Choice of button
cell is one thing, however, mounting it to the PCB is
another. We'll be considering this shortly.
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Second, some form of push-to-break push
button switch mechanism has to be constructed in the
project; commercially available push-button switches
aren't anywhere near thin enough to use in the badge.
We'll be considering this, shortly, too.

These two points have similar consequences, in
that they both require makeshift electromechanical
connections to be made to the PCB track. Further, the
copper which PCB track is made of (although an
extremely good conductor when clean) rapidly
oxidises in air creating a non-conducting surface layer
of copper oxide. So, the first problem to overcome is
how to ensure good electrical connections can be
made between the required contacts in the circuit

In commercially-produced PCB assemblies,
good contacts are often made by plating the copper
track with a non-corroding metal; gold, platinum and
so on. But the amateur doesn’t usually have such
facilities to allow rare-metal plating and another
method is needed. Fortunately, we don't have to look
far. The very material used to make all permanent
connections in PCB assemblies, that is, solder. has a
coating effect which enables fairly good contacts to
be assured.

Construction

So, the first thing to do is to coat the copper track
surface of the PCB with solder. The process. tinning,
is simple enough by hand. Apply a hot soldering iron
tip to the track for a few seconds, then while keeping
the iron tip on the track, feed solder on to the copper.
By edging the tip away slowly, while feeding in more
solder, you'll be able to cover the copper track surface
bit by bit with solder. Pay particular attention to the
concentric ring of track around the central 6mm hole
and to the button cell mounting pad — when tinned
these areas should be as flat as possible to help ensure
good contacts. If necessary, reheat these areas until
the solder is perfectly flat and smooth

Next, make the push-button switch which
mounts in the central 6mm hole of the board. We used
a small bolt, two nuts and a washer to construct the
moveable contact of the switch (the fixed contact, of
course, is the concentric ring of track around the
central hole). File off the end of the bolt, to leave a
flat connection point. Now. make a spring-loaded
mounting plate from a small piece of springy metal.
We found the metal pocket clip of a pen is ideal for
this purpose — simply cut the clip to the size you
require and bend it to suit. Now, mount the moveable
contact into the central hole of the PCB and solder
the spring-loaded mounting plate into position,
soldering at each end (thatis, onto the PCB pad and
onto the moveable contact). Fig. 2 illustrates how the
makeshift push-button switch fastens together and
mounts into the PCB

Now, make a similar spring-loaded mounting
plate to hold the button cell to the board, and solder
it at both ends (onto the PCB pad and onto the button
cell). Note that the negative button cell terminal must
be mounted face down ie, touching the PCB mount-
ing pad. Mounting details are shown in Fig. 3.

Solder in the remaining two components, the
UMB66 chip and the piezoelectric buzzer, as shown in
the overall PCB overlay and wiring diagram of Fig. 4.

Your project is now ready for testing. Press the
bolt-head of the push-button switch. As you release
it your project will burst into tune.

Finally, glue the piezoelectric buzzer and a
fastener of some description to the PCB. The fastener
is purely for the purpose of attaching the badge to the
article of clothing you wish to wear the badge on.
Although a safety pin can be used, the best results will
be obtained with a brooch type of fastener, available
from any good handicraft shop
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Service

A problem which you may encounter in general use
of your badge may be the apparent weakening of the
spring-loaded contacts, such that the badge stops
working. This is due, in fact, not to the contacts
themselves or their spring-loaded mounting plates,
but to a physical phenomenon which occurs in many
materials, called creep. It is the soldered joints at the
PCB ends of the spring-loaded mounting plates which
are deforming slightly, with pressure and time, so that
the contacts move apart until, finally, no physical
connection occurs between contacts. Unfortunately,
solder suffers considerably from creep. This can be
very simply remedied (albeit temporarily, until the next
time creep occurs sufficiently to prevent contacts
meeting) by resoldering the joints at the PCB ends of
the two spring-loaded mounting plates. A more long-
term solution is to drill and bolt the mounting plates
to the PCB, but this means that bolt-heads for both
would be visible from the front of the badge. Make
your own mind up whether this is justified.

HOW IT WORKS

The UMBA chip is programmable melody generator w s
ROM, The ROM Rolds up to 84 notes, suchthat wphmm e
stored a5 saquences of these notes. -
The four types of UMBE available, listed !h& M.ﬂ '
simply pre-programmed tunes which are stored in each ehlp‘sBﬂM

PARTS LIST

SEMICONDUCTORS
i UMB6 type 4

MISCELLANEOUS
PCE:

Button cell tany type measuring up to 16mm in giﬁmetar
thick). Piezoelectric buzzer, Bolt (M2.5 or 6BA), two r
Metal pocket clips from sunahle pens. -

BUYLINES

The UMBB chipis avaiabe from Mapln, whichstacksll fourvarietes
of the chip. All ather components are easily obtained from either mail
order outlets, or local stockists. ThaPCBismm_ m the ET 1PCB.
Service. i

NOTE: COMPONENTS ARE
MOUNTED ON COPPER
TRACK SIDE OF BOARD

METAL MOUNTING
PLATES {SEE TEXT)

Fig. 4 Component overlay and wiring details of the novelty badge
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You can have more
control over your
fluorescent luminaries
by simple modificaton.
Kevin Kirk enlightens
us.

RESCENTS

ncandescent bulbs are pretty horrendous

things, they get very hot, are pretty inefficient

(as lights anyway) and have a nasty tempera-

ture coefficient which makes controlling them,

electronically, a chore. Fluorescents on the
other hand are nice, gentle, fuzzy sort of creatures with
lots of soft light output, virtually no heat, efficient in
conversion of electricity into light and they come in
all sorts of shapes and sizes. They have also earned
themselves an unfair reputation of being hard to drive
and pretty unfriendly to electronics. Well this article
is going to prove it isn't true (well not totally true
anyway). We are going to explore ways of switching
them on instantaneously, flashing them and even
dimming them, in fact anything you can do with a
normal bulb.

What on earth is it?

A fluorescent tube is actually called a ‘low pressure
gas discharge tube’ It is a clear glass tube filled with
a very low pressure mixture of mercury gas with a little
argon. When this gas is ionised by passing a current
throughiit, it produces a large amount of ultra-violet
light and a small amount of visible light. The (short
wave and potentially harmful) ultra-violet light reacts
with the fluorescent powders which coat the inside of
the tube, to form long wave, visible light. By changing
the composition of the powders different colours of
light may be produced. The remaining ultra violet light
is filtered out by a filter formed by the glass envelope
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FLUORESCENT TUBE
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Fig. 1 A typical fluorescent lamp circuit
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of the tube.

The gas is ionised when ‘striking’ the tube by
passing a fairly large voltage across it until it conducts.
This conduction may happen at a lower voltage if the
tube is warm which is why if you switch a fluorescent
light off and on again virtually instantaneously it will
come on very quickly. The manufacturers assist by
putting small heaters at each end of the tube which
warm up the gas prior to striking. The argon in the
mercury assists in the striking as it ionises at a lower
voltage and helps to bring the mercury up to
temperature.

This is rather like the neon seen in the sodium
(vellow) street lights, it ionises first to produce a reddish
light and will bring the sodium up to temperature at
which point it will ‘strike’ forming a lower impedance
path than the neon, the neon then ceases to conduct.

Back to our tube, once it has started, it can be
sustained by a fairly low voltage (around 70 volts), if
the full mains voltage was left across the tube its
internal resistance will go down, thus increasing the
current which in turn makes the gas hotter so reducing
the resistance again etc. This means that some form
of current limit is required and so a choke is put in
series with the tube.

The reason for using a choke rather than a
resistor is that the choke will actually be providing a
reactance rather than a resistance, reducing the heat
dissipation (it upsets the power factor) and secondly
it may be used with a starter, to produce a high ignition
voltage. The choke also helps to suppress the CW
interference the tubes generate. Figure 1 shows a
typical fluorescent light set up. Note the capacitor
across the starter, this helps to suppress the RFI
produced by the ignition voltage and prevents the
starter from being welded together by the same
ignition voltage. The starter is a hellium filled lamp with
bimetallic contacts which are normally open. When
the lamp is switched on, the entire mains voltage
appears across the starter, which causes the helium
lamp to light. The design of this lamp is such that it
will only pass about 100mA. This current heats up the
lamp which in turn heats up the bimetallic strips
These bend until they touch. At this point the helium
lamp is short circuited and is extinguished.

The heaters will now come on and the choke
‘charges up. Meanwhile the bimetallic strips cool until
they spring apart, the current to the coil is then
abruptly removed. The effect of this is for the coil to
produce a large back voltage which is applied across
the tube. This causes the lamp to flash and if the gas
is sufficiently hot it will ionise and the lamp will light.
If not the cycle is repeated until the tube strikes, if ever,

As the tube ages, it becomes more difficult to
strike, eventually it fails to strike at all. Once the tube
is excited, its resistance is lower than the starter lamp
so it will ensure that the starter will not come back on.
This process is very slow, resulting in the tube flashing
on and off when it is first turned on.

So the first thing we should do is to replace the
mechanical starter with some form of electronic one
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Philips, the electronics giant, came up with a neat little
circuit they patented (1223733} as shown in figure 2.
It is fairly quick but not that quick at turning on the
tube and not much good for what we want to do later.
However it gives us a clue as to how to do it properly
if the circuit operation is described. Essentially when
the lamp is first turned on, the full mains voltage is
applied across the circuit. If the mains happens to be
going through a positive cycle then the voltage at the
junction of R1/R2 rises until it is high enough (30
Volts) to turn on the diac. This switches on the thyristor
which turns on the heaters and passes lots of current
through the choke to ‘charge’ it up. On the negative
half cycle, the thyristor turns off and C2 is supposed
to resonate with the tube to produce around twice the
mains voltage to strike it. Note the use of R4 as a ‘Q
killer’ to stop the voltage rising too high. If the tube
doesn't stay alight then the process is repeated 50
times a second until it does.

As before, the voltage present across the tube,
when alight, istoo low to turn on the diac. The circuit
will switch off. At this point it is worth exploring other
ways of turning on the tube quickly

W' FROM END OF TUBE

TAPE HOLDING
ENDOF TUBE
DOWN

S

THIN BARE WIRE
™ {5 AMP FUSE WIRE)

Fig. 4 Making a self starter tube

The quick turn on

There are a couple of ways of turning on a tube very
quickly. The first involves the use of a metallic strip
running allthe way along the outside of the tube, this
is connected to one of the terminals via a very high
value resistor. When voltage is applied, the full mains
voltage appears across the glass at one end and the
gas ionises very rapidly in the large Electric field
produced. The conductive strip ensures that the now
ionised gas is evenly distributed along the tube (this
is how xenon tubes, used in strobe lights, are excited).

This type of tube, called a self starter, can be
struck without a starter as long as the heaters are kept
on, by the use of a special heater transformer or a
couple of low voltage (6 Volt max) transformers (see
figure 3). Don’t be tempted to use two windings from
the same transformer as the full mains will be between
one winding and the other and they may short out
unless wound on different bobbins, Philips make a
special heater transformer for this job.

You can make your own instant starter tube by
connecting a 1M resistor to one of the terminals and
winding a piece of wire around the tube connecting
one end to the resistor and sticking the other end
down to the tube with tape (see figure 4). We will
return to this later.

The other way of getting the tube to strike quickly
is to raise the voltage across it untilit has to strike. The
lamp will stay alight with a lower running voltage. This
system is used very successfully in portable 12 Volt
fluorescent lamps, which tend to strike very quickly
Figure 5 shows a classic circuit which consists of a
blocking oscillator that acts as a voltage step up circuit
The circuit operates by having a proportion of the
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Fig. 3 Self starter fitting

primary current being fed back into the base of the
transistor thus ensuring continuous oscillation, R1
provides the base bias. The transformer secondary
output voltage, with the tube off, will tend to rise to
a very high value which will eventually be enough to
strike the tube, Once the tube is alight it will draw
current from the transformer and decrease the
voltage.

Note, the heaters are not connected, in fact this
circuit may be used to give a new lease of life to old
tubes. What we want to do is create this sort of effect,
but without the need for transistors and transformers.
For this we can use a physical effect called resonance.
If a circuit consisting of a coil and a capacitor are
placed in series (or parallel) there will be one
frequency at which the resulting output voltage will
rise rapidly. This is called the resonant frequency. The
electronic starter used this effect, but limited the Q.
What we want to do is to allow the Q to reach a
maximum value so making the voltage across the tube
over 1kV. The tube will strike instantly. Figure 6 shows
how simple this circuit is, just replace the starter with
a good quality polyester capacitor having an AC
voltage capability of at least 600V and a DC capability
of 1kV if possible.

When you turn the circuit on don't be tempted
to put your fingers near it, it bites!

If the tube doesn’t come on to full brightness
increase the value of the capacitor and if it flickers then
decrease it. A 470n capacitor was a good starting
point for 20 Watt tubes. This instant turn on allows
us to do all sorts of things with the lights, for example
they may be used in sound to light units, sequencers
and so on. A favourite of mine is to use the tubes in
a seven segment display in an enormous digital clock
(16 foot high digits with 8 foot tubes!). There is of
course a down side, if you use a triac to turn the unit
on, the back EMF from the transformer tends to turn
the triac off again, which is tedious. For this reason
the circuit in figure 7 can be used, this provides a
continuous train of pulses which will turn on the triac
again. The circuit is not turned on at the mains zero
crossing point so it will be a little noisy, but the choke
will limit the noise.

How to be Dim

Dimming fluorescents needs a bit more care than

Fig. 5 Circuit with 12 volt fitting
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Fig. 6 Simple instant start

dimming incandescent bulbs, The two problems are
that the tube must be able to be brought up to full
brightness after being off without the use of high
ionising voltages (and starters) and the other is that
with a standard phase controlled dimmer the choke
tends to keep the triac conducting into the next cycle
so it will only dim one cycle. This is not very useful.

The first problem is overcome by using our self
starting tube and transformer set up. The second is
cured just as easily by simply connecting a normal light
bulb across the fluorescent fitting (it has the advantage
of producing a very near approximation to sunlight)
with a power rating about half that of the tube. If you
can't bear the thought of ever using an incandescent

[PHASE CONTROLLED TYPE)

Fig. 8 A fluorescent dimmer circuit

bulb ever again then you can use a resistor of about
5k/15w for a 40watt tube, illustrated in figure 8.
Note that all your problems are not over as a
fluorescent will not dim as well as a normal bulb. If you
try to dim it too much then it will flicker and you will
go a long way to wiping out your choke with the DC
component thus produced. So you need to set the
minimum value on the dimmer (with an insulated
screwdriver or preferably with the mains off) to a point

just prior to the tube flickering.

19” RACK CASES

# Suitabla for instruments, high quality ampilifiars and many atter app that d trength and
professi firish & N i d ion and finish & Black aluminium front panels « Separats
front { plate, TEWS the from and the side of th * Hi i panel

¥ Gaug

Isof brushed aluminlum finish enhanced withtwo + With
* Raar box manutactured from 1. 1mm steel finsshed in black, Rack mounting of tree standing. Comesin quick
assembly flat package.

,@
Order Code Cfﬂe('lfc',ﬁ‘j Prereex  weighi Frice .
U101 19%175 17x15x10 24kg  26.95
U108 19x525 17x50x10 35kg 29.95
U212 19x35  17x30x12 33kg  £20.75
U312 19x525  17x50x12 40kg  £31.95
US12  19x70  17x65x12 46kg  £34.95

Ploase add £3.00 P&P for the first iterm and £150 for each additional tem
Please add VAT to above prices.  Overseas orders welcorme

CRICKLEWOOD ELECTRONICS LTD

40 CRICKELWOOD BROADWAY, LONDON NW2 3ET
Tel: 01-4520161 Fax: 01-208 1441
SOLE UK DISTRIBUTORS

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 B, ........ocviiiivierioiicrnncerronsnes s PTICE £32.00 VAT paid P&P £1.70
LOOK AT THE SPEC ON THIS WIZARD BENCH POWER SUPPLY
Variable DC Voltage 35 to 22 volts at 8 amps continuous rating, twin metars volts and amps.
Fine and courss voltage adjustment, overioad protection, mains input and DC output filtered,
Merlin made case. Built and tested. ........................ Price £66,00 VAT paid P&P £3.00
GEC STERED CASSETTE UNIT
Record/Playback, Dolby, speed 4.75cm (1.78in) per sec, 40-12,500Khz, Twin VU meters, with
service manual. .......c.oocovceeerinienrieiennans Brand New £12.00 or 2 for £20.00 P&P £3.00

THE WIZZARD POWER CUBE
Specification
1 20 Amp Hour Dryfit ry; 2 Inbuilt Mains Charger;
3 RF Filtered; 4 ar Cell Input (Cells optianal);
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 1o the works,
PAYMENT Access, Cheque, PO and Cash. Post and packing on components £1.50 or £1.00
for orders over £20.00. Please add VAT to total.

MERLIN SYSTEMS

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

19” RACK MOUNTING EQUIPMENT CASES

This range of 19" rack squipment cases have baen designed with economy and varsalility as their
objective. These cases are supplied as a flat pack kil with assembly instructions

The » NEW IMPROVED DESIGMN + now featuras a black powder coal 168WG {1.5mm) steel front
panel with the rear box constructed fram Smm PVC coated steel

Ali units are 10” (254mm) deep and are available in the following popular sizes:-

TYPE HEIGHT PRICE

U1 1" (44mm) 2033% S

U2 3" (88mm) 2392 m N

U3 5" (133mm) 22 72% 55

ua 7" (178mm) 2548% ~y

* Special Offer Price

DELIVERY INCLUDED (UK ONLY) ! 1 }

Al prices INCLUDE VAT -3 - A \>-
Blanking Panels, Racking Consoles - ‘“\\\\,,/ =i~

and Rack Cabinets are also available
Please send S A E. for details
* TRADE ENQUIRIES WELCOME +

TEL: 0275 823983 FOR ACCESS/VISA SALES ' 3+
OR CHEQUE WITH ORDER TO:- (55 -

RACKZ PRODUCTS
PO BOX NO. 1402, MANGOTSFIELD, BRISTOL, ENGLAND BS17 3RY

s =
=

e 2

Are you interested in
Miniature Assembly Work?
Enjoy using a soldering Iron?

We are an Electronics Company located in SW12
looking for enthusiastic young people. Good pay and
conditions, also full training given to the right people
willing to learn quickly. Excellent future prospects.

Write or telephone for further details to:

Mr John Lewis, P. C. WERTH LIMITED
Audiology House, 45 Nightingale Lane
Balham SW12 8SP

Tel: 01-675 5151
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How To MIDI A Piano (June 1989)

In Fig. 5 the connection from pin 19 of 1C8
(MREQ) should go to pin 12 of IC7a, not pin 13
as shown. The component overlay is correct

MIDI Patchbay (July 1989)

Figure 3 shows Q1-6 as npn transistors. They
should in fact be pnp and their emitters should be
connected to R2-12 respectively (R12 is unlabel-
led). Although the bases are all connected together
they should not be connected to their emitters.

Reflex Action (July 1989)

Two lines in the listing on page 30 need
amendment. Line 180 should read

180 PRINT “Enclosure volume=",vb:PRINT tuned
to”;fb;”"Hz”:PRINT” —3db at ”; f3:PRINT
"Ripple =";r;"db”

Line 280 should read

280 1=(2700%a)/(vb*fb 2)}-0.96(a 0.5)

Chronoscope Revisited (September 1989)

In the paragraph headed ‘Connections, D10 should
read LED8 (on the sensor board). Also in Fig. 2,
[C10is shown reversed. The notch should be next
to R49,

Field Power Supply (September 1989)

Figure 2 was printed with the artwork densities
reversed, rendering a trifle tricky to interpret, It was
reprinted together with a omitted col winding data
on P62 of the October 1989 issue. A free
photocopy is available from ETI Editorial on receipt
of an SAE.

Twenty metre receiver (January 1990)

The foil shown on page 61 was the wrong side,
Constructors photographing this foil must use the
other side when making a PCB.

Frequency Meter (September 1988)

In the circuit diagram: 1C35 ground connection is
not shown. Capacitors C25 & 26 should not be
polarised. Transistors Q3,4,5 are shown as NPN.
IC1 is not labelled. Capacitor C10 should read 2n2.
Connections around the area between IC3 & 4 are
incorrectly drawn — does not affect operation, On
the main PCB overlay: IC4 is unlabelled. Capacitor
C10, lower end, is shown connected to ground but
should be connected to point C. Connection
between pins 3 & 5 of IC9 is missing. Surprisingly,
we have reports that this project does work!

Guitar Tuner (May 1989)

On the PCB overlay: the component labelled IC1
to the right of capacitor C7 should be labelled IC4.
IC4 should be labelled IC3. Connection P2 is to the
battery +ve supply. Socket SK1 is connected to
points P3,4,5, except that these points should be
connected via links to the pads directly to their right
on the PCB! Diode polarity is not shown. Parts list
should contain R5,8,21=47k, R6,22=10k.

Intruderbeam (October 1989)

In the circuit diagram: R9 should read 220R not
220k. Capacitor C1 is shown the wrong way round.
Capacitor C2 should be 4u7, not 242 In the Parts
List for the control unit: R6.8=1M; R7=1k;
R9=220R; R10=470R 12W
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COURSES

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

(Ref: ETI 3/90)

Name

o Telecomms
——— Tech C&G 271

0 Radio Amateur

Licence C&G
o Micro-

processor
@ Introduction to
Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

SURVEILLANCE

SPECIAL OFFERS

SURVEILLANCE &
COUNTER
SURVEILLANCE

EQUIPMENT
WE MANUFACTURE AND SUPPLY
Sm——=1" TOP QUALITY
SURVEILLANCE
AND SECURITY
{_ EQUIPMENT

including microcassette recorders
receivers, cassertes and bameries

CCTV AND SECURITY
SYSTEMS SPECIALISTS

Write or phone for & detailed catalogue ro

ESKAN ELECTRONICS LTD.

DEPT. ET, 172 CALEDONIAN ROAD. LONDON, N1

01-278 1768 =
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0442 66551
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JPG Electronics

Resislors Vaw 5% carbon (E12) __ 1p; 1% melal him . 3p
Resislor Pack 85 different E12 values + zero ahm hink, lolal
conlent 1,000 resistor £895
LED's 3mm or Smm red ar green . 6p aach; Yellow _ 14p each
Cable ties 75mm 1p each £5.95 per 1000, £4950 per 10000

Slepping motor 4 phase 12v 75 step 50ohms .. £895
SAA 1027 stepping molor driver chip - . £395
FM Transmiler kil good quality sound €794
High qualily pholo resist copper clad epoxy glass boards
Dimensions Single sided Doubie sided
3x 4 inches .07
4x8 inches £240 £268
6x12 inches €537 —_—
12x12 inches £1066 —
Specisl offers
Compuler gi wilh screw 38000l 20v £2.50
7000uf 10V €199,  68000uf 15v £2.95;  10000ul 16v €150
7 segment common anode LED display 12mm £045

LM2331AT50 low drop out Sv regulator TO220 package £0.85
85250 P channel MOSFET L. £045
BCS59 lransislor TO32 PNP £395 per 100
74LS05 hex inverter £1000 per 100; used 8748 Miscanlraler £350
Stereo i assy with volumenone cortrol and
uning scale. Brand new in maker's carton ©55; Faulty £250.
Circuil et for ;5 digil 6y €195
Hour counter (used) 7 digil 240vac 50hz £095
LCD display 16 digil 7x5 dots dol malrix .. £250
QWERTY keyboard 58 key good quality swilches €500
Wide range of CMOS TTL 74HC 74F Linear Transistor kils,
capacilors, tools elc, always in stock
Plaase add 75p p&p per order VAT included

JPG Electronics,
276 Chatsworth Road, Chesterfield $40 2BH

Access orders (0246) 211202 — Callers

MAKE YOUR IN

hame-study course can help you get a better job
life! ICS has over 90 ¢ears experience in home-sti
school in the warld. You learn at your own pace,

(Tick one box anly!)

Mare than 8 milllon students throughotu the world have found it worth their while! An ICS

of expert 'personal’ tutors. Find out how we can help YOU. Post or phone today f FREE
INFORMATION PACK on the course of yourp(_hoi:e. E AT

TERESTS PAY!

, make more maney and have more fun out of
udy courses and is the largest correspondence
when and where you want under the guidance

Radio, Audio \
‘ Elecoonic o and TV Servicing (]
' Basic Electronic Radio Amateur Licence I
Engineering (City & Guilds) 0O | Exam (City & Guilds) O
I Electrical Engineering O | Car Mechanics [} I
Electrical Contracting/ Computer
I Instaliation O | Programming [m] I
GCE over 40 ‘0’ and ‘A’ level subjects’ (5|
l Name l
Address___ = P.Code
Internaional Correspondence Schools, 312/314 High St Sution, Surrey SM1 1PR ,
0

Tel: 01-643 9568 or 041-221 2926 (24
——

LOUDSPEAKERS

/@
Falcod DIY SPEAKERS
// Send for our FREE price list PL18 & Focal
data sheet. All we ask for is a large S.AE,

(26p stamp) or $2 bill (air) overseas)

o HIGH TECHNOLOGY
LOUDSPEAKER UNITS & KITS
Dome tweaters with sensitivity of 95.5dB
Double voice call units to give easier design, lower
phase shift and higher efficency, NEW KEVLAR
cones for lower colouration.

TRADE ENQUIRIES WELCOMED,
FALCON ELECTRONICS
Tabor House, Norwich Road, Mulbarton,
Norfolk NR14 8JT (0508) 78272

{Proprielors Falcon Acauslics Uid }

MISCELLANEOUS

HEATHKIT U.K. Spares and service
centre. Cedar Electronics, Unit 12,
Station Drive, Bredon, Tewkesbury,
Glos. Tel: 0684-73127.

TOREACH
60,000
READERS,
CALL
JOHN BRASIER
ON

0442 66551

hs.) Depl EBS3
L W R —

PROMOTE YOUR
PRODUCT IN
ETT MAGAZINE
CALL
0442 66551

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

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1 00. Com-
ponents and PCB's avaiable:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

63




FOR SALE

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

Wide range of items available =mmm
E Send for lists i

PLANS

laser
wind
generators, high voltage teslas,

ELECTRONIC PLANS,
designs, solar and

surveillance devices,
pyrotechnics and computer
graphics tablet. 150 projects.
For  catalogue. SAE to
Plancentre Publications, Unit 7,
Old Wharf Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

ELECTRONIC CIRCUIT PLANS.
Ten audio, security, car and home
projects. For this exciting collection
send cheques/PQO's for £3.50 pay-
ableto CJS Design, 34 Noel Sireet,
Forest Fields,
AW,

ottingham NG7

CAMBRIDGE COMPUTER SCIENCE LIMITED

10MByle WincHester, used, 3 monins wly ... . €42 00 each
5.25” Disk Drives, B0 Tk, DSDD ... ... . .. £34.00 each
5257 Dirlvee canas, mom fof drive. pad and tan -,
By @ cans, Winchasie and pay togmthar for
Small dases. o fit 2 rat aight 5 75
526" Dirives, ysng-ne

Diishii, DEOD, ... £3.00 fbox
- gA, 3 .5A  £16.00 sach
Goult PEU {300 @ 54, Imiled o ordyal . .£45.00 each
Duaal Data lead (BBC Micra in 2 Dres Oriven)
Peiwar lamd (BB Micro o Digh Driva)
Cual powes leads {BEC Micrs o 2 Dok Drves) .
S8000 CPUS (tha lirst ordors gat 10MHz chips] .
Z80A CPU, CTC. PIDFEY 20 anch; DMA £2.00
7ALS TTL, pick and mix, buy 10 or more tor
Types avaiable: '00'02°04 '08 11 '13'20 '21 '26 '27
'30 '32'38 4274 '83 '96 107 '109 122 132
136 '139 '145'151 153 '157 '158 163 164 191

193 '298 '365 '670
EPRAOMS  27128used €150 each 27128-273
50 gach

new £2
6264 BK Byle SRAM -15 £3 00 each -12 €380 each
65256 32K Byle rams (sellingoul soon) . ... ... . £7.00 each
K Byte NV ram chips £3.00 each £10.00 lour
20-pindil low protils IC sockals .. £0.50 /10 £4.00 /100
A0 pin gl low protie IC socssls . .80 110 €5.00 /100
Keybaard, 100 kayn an beard, LCH i .. £8.00 sach
ornidal mibris ratsdirman 12V 4A & 044, 12072
% AHO9.2A 0 R4.00/1 EROOE  £8.00/3
Pricesinclute posiage: Adi 55p lo orders below £5.00.
Allitrme nave unless tatad Add 15% VAT lo all prices.
Send an SAE far aur tates! sl or for more info

Dept ETI, 374 Milton Road, Cambridge, CB4 15U
Tel: 0223 424602/0831 430496/0831 430552
{Mail order only, no facilities for callers)

£3.50 each
£4.50all 4

£0 12 sach

EQUIPMENT

® Series X Mixer Kits, upto |

1,000 inputs, 6 auxiliaries, |

versions lor PA, recording, radio,

disco From £9,92

® Creulls lor: noise gales,
compressors, excilers, lape
machines. mixers.

@ 100mm faders, switches

e
T

WE REPAIR
AUDIO EQUIPMENT
Send 40p for catalogue to:

K. Tek, P.O. Box 172A, Surbiton,
Surrey KT6 6HN. Tel: 01-399 3990

KITS

NEW VHF MICROTRANSMITTER
kit, tuneable 80-115MHz, 500 metre
range, sensitive electret micro-
phone, high quality PCB. SPECIAL
OFFER complete kit ONLY ¢5,
assembled and ready to use £8.95
post free. Access/Visa orders tele-
phone 021-411 1821, Cheques/PO's
to: Quantek Electronics Ltd, (Dept
ETI), 45a Station Road, Northfield,
Birmingham B31 3TE.

FILLIN THE
COUPON BELOW
OR CONTACT
JOHN BRASIER
ON

0442 66551
TO ADVERTISE
IN

ETI

SURVEILLANCE. Kits, Built
Modules, Plans, Bleep transmitters,
Voice switches, Portable EHT, Sonic
gun plans etc. SAE list. Ace(Tl). 99
Greenheath, Hednesford, Staffs.
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TERMS & CONDITIONS
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PQ!s should be crossed and made
payableto ARGUS SPECIALIST PUB-
LICATIONS and sent together with the
advertisements to:
The Classified Dept.,

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST
There are no reimbursements for
canceliations. Advertisements arriving
too late for a particular issue will be
inserted in the following issue uniess
accompanied by instructions to the
contrary. It is the responsibility of the
advertiser to ensure that the first in-
sertion of every series is published
correctly, and corrections must be
notifiedin time for the secondinsertion,
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RETAIL OUTLETS

REPRESENT
YOUR REGION
AND ATTRACT

MORE CUSTOM

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 01-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

FOR MORE INFORMATION
ON SERIES DISCOUNTS
CONTACT
JOHN BRASIER ON
0442 66551

BIRMINGHAM
“SUPERTRONICS”

Speakers, components and test equipment

(new and used) at very competitive prices
Come and see us at
BIRMINGHAM
65 HURST STREET,
BIRMINGHAM B5
TEL: 021-666 6504
9-6pm

| OMNI ELECTRONICS |

stock a wide range of electronic components at

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Fri 9am-6pm. Sal 9am-5pm
Send 2x18p stamps for latest catalogue
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LRICHLEVO0D
ELECTROMICS

One of e largest companent refailers in the UK. Fastand efficient,
sama day persanal servica on 'IN STOCK ITEMS' Very competative
prizes, Mo minimum arder Call Cricklewood Electronics now.
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET

Tel: 01-450 0995/452 0161

EDINBURGH LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street Tel: 051 236 0154

47 Whitechapel. Tel: 051 236 5489
Liverpool 2

‘THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

SOUTH COAST

WOLVERHAMPTON

WALTONS OF
WOLVERHAMPTON
Established since 1947

NG 3, 1

55A Worcester Street, Wol;rerhaman
Mon-Sat: 9-6 pm Tel: 0902 22039

ELECTRONIC COMPONENTS
are best seen at

FRASER ELECTRONICS
42 ELM GROVE % SOUTHSEA x HANTS
Telephone (0705) 815584
Barclaycard Access
COME AND BROWSE BEFORE YOU BUY
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SPECIAL OFFER

ith this special offer from ETl and DCP

Microdevelopments, you can purchase one
of DCP’s highly successful computer interface packs
for BBC/Master or Spectrum computers at our
remarkably reduced rates, plus you get a wire
remote-control buggy to be programmed and
controlled by the computer through your interface.
This offers an ideal way to get introduced to the
thousands of programming possibilities provided
by these powerful packs.

Both packs contain all the necessary plugs,
cables and instructions complete with programs —
everything (except buggy batteries) to get your
computer in control this Christmas!

To order by post fillin the form here and send
it with a cheque payable to ASP Ltd to: ETI
READERS’ SERVICES, ARGUS HOUSE,
BOUNDARY WAY, HEMEL HEMPSTEAD HP2
7ST. Credit card orders on (0442) 66551. Allow
28 days for delivery

ETI Interbeeb + Buggy Set
£49.95 + 1.95 p&p

For BBC/Master owners, the Interbeeb can do
much more than just control a buggy’s motors! It
is a general purpose control interface offering the
following facilities:

@ cight channel 8-bit analogue to digital converter
@® four relay switched outputs rated at 12V/1A

® four switch/sensor inputs

® 8-bit input port
@ 8-bit output port
® DCP expansion bus system

The [nterbeeb is supplied with its own mains power
pack and plugs into the 1MHz bus socket of the
computer via the ribbon cable supplied. Further
modules can be added later to the DCP BUS
expansion socket including stepping motor packs,
D-A converters and so on

ETI ZX Interpack 2 + Buggy
Set £59.95 + £1.95 p&p

This package also includes a wire remote control
buggy with instructions and programs but the
interface supplied is the Interpack 2 with a ZX
intercard to allow use with all models of Spectrum
computer. The ZX Interpack 2 is a power-control
interface with many relay outputs and
switch /sensor inputs, ideal for the control of motors,
lamps, solenoids and so on for models or robotics.
This interface has the following facilities:

@ six changeover relay switched outputs each
rated at 12V/1A

® cight switch/sensor inputs

® DCP expansion bus system

The Interpack 2 + ZX Intercard plugs directly into
the expansion bus of any ZX Spectrum computer
and is supplied with comprehensive applications
manual. Further DCP modules or your own
electronics can be added to the DCP BUS
expansion socket including stepping motors packs,

D-A converters, etc.
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COMPUTER |
INTERFACE |
PLUS |
BUGGY |
BONUS! |

Buggy may vary from that shown in picture I

Please rush me ., ..........cccoiiiieriiiisaarnnnnes

Ilnterbeeb + buggy at £49.95 + £1.95 p&p '
Please rush me

| ZX Interpack 2 + buggy at £59.95 + £1.95 p&pl

NAME . I
IADDRESS ............................................
I ; TS S Beai T - - S I
ICredit Card No. ..., |
IExpiry date ..../... Signature ........ I

I Please note these prices are UK and Europe only. I
Rest of world is £75 for either unit inc. postage.



NEXT
MONTH

f you have ever wondered how an aircraft

can be navigated skilfully through a
crowded sky and land its passengers safely
all at the guidance of electronics and radio
beacons then our next issue could be the
one for you. We continue with John Linsley
Hood’s journey through the elements of
radio, examining the parts for good radio
reception. With the bass amp, it’s ‘Business’
as usual. It includes the microprocessor
control, the watch dog that remembers all
filter and volume levels within this
impressive amplifier. We also take a look
behind the scenes with cable TV and if you
fancy designing a power supply right from
scratch with all design considerations, then
there’s no need to look any further than the
April issue of ETI.

The very near future holds a bonus for
ETI readers. Full colour will start to appear
in the centre pages on a regular basis to
highlight and exploit some complicated
aspects of todays technology, a feature that
will be welcomed by many.

Your friendly ETI handymag appears in
all good newsagents on 2nd March.

The above articles are in preparation but circumstances may prevent publication

What you missed in the February edition of ETI was the first part
of Superscope, a dual beam economy oscilloscope, an EPROM
Emulator and Ray Marston’s second part to this series on Making
Waves with plenty of practical sine wave oscillators. More
importantly, you missed our free 66 page Top Projects magazine
for 1989. It contains some popular project designs we featured
last year. It is still available as a back issue through the normal
channels while stocks last price £1.50
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)=7/ ADVERT IS WRONG,
@ 7 WHOPUTS ITRIGHT?

We do. The Advertising Slandards Authority ensures
advertisements meel with the stricl Code of Adverlising Practice.
So if you question an advertiser, they have to

answer (o us.

To find oul more aboul the ASA, please wrile to
Adverlising Standards Authority, |
Department X, Brook House, |
Torringlon Place, London WC1E 7HN.

This space Is donaled in the inlerests of high standards in advertisements.
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Feature Summary TSIEN (UK) Ltd S V|gourous development pollcy has produced -

2 Ultra fast Redraw BOARDMAKER 2, with all the excellent faCI|.ItleS and features of

¢ Easy to use BOARDMAKER 1 supplemented by full Netlist capability. This means
}:f WYSIWYG display that netlists generated by schematic capture (OrCAD,Schema Il etc),
s RS R by hand or generated within BOARDMAKER's ratsnest editor can be

¢ Net highlighting
2« Design Rule Checking
~¢ ;Surface Mount

2 K :
.; ggf"ggf\}léf&ﬁé "\ BOARDMAKER 2 maintains TSIEN’s philosophy of making powerful

X Matrix Printer O/P facilities immediately available to the deS|gner by keeping them
X Laser Printer O/P logical, visual and easy to use. This unique collection of tools for just
»¢ NC Drill Qutput £295 outstrips those on many packages that have commanded a

~¢ Photoplot Output  * TRTEYRNISY
-¢ 300 page manual

A Sphematic'ﬂrﬂwingf"f Full upward compatibility from BOARDMAKER 1 to BOARDMAKER 2
+X Library Editor ~ allows current users to make a painless upgrade to a more powerful
SRS oystem. Non supported BOARDMAKER 1 customers will be able to

Fully Integrated . :
H‘;,ﬂ'n: gg:;:n upgrade. Ring for details.
A

used to assist and check routing. The major benefits of this are much
quicker routing and getting it right first time.

Tsien (UK) Limited
Cambridge Research Labs.
181A Huntingdon Road

Developed and

Cambridge supporiedinthe -

CB3 0DJ ' Send for your FREE
Tel. 0223 277777 demonstration disk

now and discover just:

Fax 0223 276444 how easy PCB CAD on
an IBM PC can be
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Buy before March and save LELEE”
HIGH FIDELITY SURROUND SOUND PROCESSOR
with 30+30W stereo amplifier for rear channels and
remote control operation. Now you can experience
cinema surround sound in your own home, add

stunning new depth to your favourite stereo recordings,
and greatly enhance old mono recordings. All

video tapes marked “Dolby Stereo” include the

original surround sound encoding that is

reproduced in the cinema. The Maplin SS2

Processor can decode this information when

the tape is played on an “HQ Stereo” video

cassette recorder, and reproduce the surround 1
sound special effects and music just the way it e
was in the cinema. All you need to supply is a
pair of rear speakers. Plus you can enjoy
surround sound realism with your favourite
stereo records or stereo FM broadcasts and enjoy the feeling of

BE CONVERTED, SELECTE
ENHANCED & SURROUNDED

WiLL GOI
With the MAPLIN VIDEO/
AUDIO SELECTOR you can now link-up
and switch between four different video/audio
sources and your VCR or TV. Compatible with either
mono or stereo equipment, the Maplin Video/Audio
Selector is great value at £9.95. If a combination of
mono and sterso equipment is used, two-into-one
phono adaptors should be used.

£5]

|' SAVE-

SAVE cren NOW ONLY

being there live at the performance but in the comfort of your own living room. And
old mono music records can be given new life and turned into pseudo-stereo by
switching to matrix. The Maplin SS2 Surround Sound Processor is a stunning
addition to your hi-fi and video entertainment. Astonishingly this superb piece of
hi-fi equipment can be yours for just £139.95 complete with remote control.

Now! YOU can convert YOUR favourite films{§
& slides onto video in the comfort of YOUR
own home. Simply project a slide or film onto
the side of the converter, and aim your video
camera at the front of the mini-screen and
MAGIC MOMENTS ARE YOURS FOREVER!
It may even be possible to correct faded
colours, and you can add your own
soundtrack of music or narration, even
creating special effects! A high contrast
screen and good quality optics, combine to
ensure high quality transfers. Window focus
‘and video screen image size = 84 x 67mm.
Supplied with adjustable height stand, and
the front face has easy clean access to the
optical parts.

|NOW ONLY
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CABLES & CONNECTORS. View the extensive range featured in our 580-PAGE Catalogue.

Available in all our shops or from WHSmith price £2.25

Enhance the picture and stabilise
rolling! Video/audio level
controls, and a stabiliser
control let you overcome
picture rolling
problems when
monitoring or
dubbing video
recordings. For use
with either stereo or
mono VCR's all you 5
requireisa12vDC | AMore rock.
supply at 100mA. less roll for

AMERICAN
EXPRESS

WSA

| = &
0702 554161

PHONE BEFORE 5PM FOR SAME DAY DESPATCH

All items are subject to availability, all prices include VAT
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