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ONE POUND PACKS
Al packs are £1each. Note the figure on the extreme left of the
pack ref number and the next figure is the quantity of items in
the pack, finally a short descnption

BD2 5 13A spurs provide a fused outlet to a nng main
where devices such as a clock must not be
switched off

809 2 6V 1A mains transformers uprioht mountno with
fixing clamps.

BD13 12 30 watt reed switches, it's surprising what you can
make with these —burglar alarms, secret switches,
relay, etc., etc

68022 2 25 watt loudspeaker two unit crossovers

8030 2 Nicad constant current chargers adapt to charge
almost any nicad battery

8032 2 Humidity switches, as the air becomes damper the
membrane stretches and operates a microswitch

BD42 § 13A rocker switch three tags so on/off, or change
over with centre off

BD4#S Y 24hr time switch, ex-Electricty Board, automati-
calty adjust for lengthening and shortening day
onginal cost £40 each

BD49 5 Neon valves, with series resistor, these make good
night lights

8056 1 Mini uniselector, one use is for an electric igsaw
puzzle, we give circuit diagram for this. One pulse
into motor, moves switch through one pole

BD67 1 Suck or blow operated pressure switch, or it can
be operated by any low pressure variation ssch as
water level in water tanks

BD103A 1 6V 750mA power supply, nicely cased with mans
input and 6V output leads

8D120 2 Stripper boards, each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well
as dozens of condensers, etc

80132 2 Plastic boxes approx 3in cube with square hole
through top so ideal for interrupted beam switch

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

80137 1 6% inch 4 ohm speaker 10W rating

BD139 6 Microphone inserts—-magnetic 400 ohm also act
as speakers

B8D148 4 Reed relay kits, you get 16 reed switches and 4 cor
sets with notes on making c/o relays and other
gadgets

BD143 6 Safety cover for 13A sockets - prevent those inqui
sitive little fingers getting nasty shocks

80180 6 Neon indicators in panel mounting holders with
lens

80193 6 5 amp 3 pin flush mounting sockets make a low
costdisco panel

80199 1 Mains solenod, very powerful, has 1in pull or could
push f modified

80201 8 Keyboard switches - made for computers but have
many other applications

o211 1 Electnc clock, mains operated, put this in a box anc
you need never be late

80221 § 12V alarms, make 3 noise abou! as loud as a cat
horn Shightly soded but 0K

80252 1 Panostat. controls output of boiling ring from sim
mer up bodl

BD259 S0 Leads with push-on “an tags--a must for hook
ups —Mains connections etc

80263 2 Oblong push switches for bell or chimes, these can
mains up to 5 amps so could be foot switch f fitted
Into patiress

B0D268 1 Mini 1 watt amp for record player Will aiso change
speed of record player motor

80305 1 Tubular dynamic mic with optional table rest

B0O653 2 Miniature driver transformers. Ref. LT44. 20k to 1k
centre tapped

BD548 2 3.5V relays each with 2 pairs changeover contacts

BD667 2 4.7 uf non-polarised block capacitors, pcb mounting

There are over 1,000 items in our Catalogue. If
you want a complete copy please request this
when ordering.

METAL PROJECT BOX Ideal for battery charger, power supply etc.
Sprayed grey size 8 x 4" x 4% Louvred for ventilation. Price £3.00. Ref
P75

FLOPPY DISCS s pack of 10 £500 Ret 168 3!
£1000 Ret 10P88

PERSONAL STEREOS Again customer retums but complete and with
stereo head phones A bargain at only £300 each. Our ref 3P83
MICROWAVE CONTROL PANEL Mains opefated, with touch swiches
This untt has a 4 digit display with a buitt in clock and 2 relay outputs —
one for power and one for pulsed power level Could be used for all sorts
of timer control applications Only £6.00 Our ref 6P18

EQUIPMENT WALL MOUNT Mutn adjustabie metal bracket ideal for
speakers, lights, etc 2 for £500 Our ref 5P152

NEW MAINS MOTORS 25 watt 3000 rpm made by Framco. Approx 6
X ¥ x & Pnced at only £4 00 each Our ref 4P54

SHADED POLE MOTORS Approx 3 square. Available in 24V and
240V AC. Both with threaded output shaft and 2 fixing bolts. Pnce s £2.00
each. 24V Ref 2P65, 240V Rel 2P66

SUB-MIN TOGGLE SWITCH 8ody size 8mm x 4mm x 7mm
SBOT with chrome dolly fixing nuts. 3 for £1. Order ref BD649

COPPER CLAD PANEL tor making PCB Size approx 12in
longx8Y%2in wide Double-sided on fibreglass middle which s quite
thick (about 1 16:n) s0 this would support quite heavy components and
could even form a chassis to hold a mains transformer, etc Price £1
each Qur ref BD683

POWERFUL IONISER

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

2KV 500 WATT MAINS TRANSFORMERS. suubie

for high vohtage expenments O as a spare for @ microwave oven etc £1000 Ref
10P93

pack of 15

REAL POWER AMPLIFIER for your car, it has 150 watts output.
Frequency response 20hz to 20hz and signal to noise ratio better than
60dB. Has built in short circunt protection and adjustable input level to suit
your existing car stereo, o heeds no pre-amp. Works into speakers ref.
30P? described below. A real bargain at only £57.00. Order ref: 57P1
REAL POWER CAR SPEAKERS. Stereo par output 100W each 40hm

impedance and consisting of 6's° woofer, 2° mid range and 1

tweeter Ideal to work with the amplifier described above Price
per pawr £30 00 Order ref- 30P7

VIDEQ TAPES These are three hour tapes of superior quality, made
under licence from the famous JVC Company. Offered at only £3 each
Our ref 3P63 Or 5 for £11. Qur ref 11P3. Or for the really big user 10for
£20. Our ref 20P20

ELECTRONIC SPACESHIP.
Sound and impact controlled
responds to claps and shouts and
teverses when 1t hits anything. Kit
with really detailed instructions. ideal
present for budding young electri
cian. A youngster should be able to
assembie but you may have 10 help with the soldering of the compo-
nents on the pcb. Complete kit £10. Our ref. 10P81

COMPUTER KEYBOARDS Brand new, uncased.£3.00 each ref 3P89
12" HIGH RESOLUTION MONITOR. amber screen

beautifully cased for tree standing needs onty 12V 15 amp supply TTL
input separate syncs 8+and new in maxers cartons Pnce €22 00
Order ref 22P2

SINCLAIR C5 WHEELS
Inctuding inner tubes and tyres 13" and 16" diameter spoked poly
carbonate wheels Finished in black Only £6 00 each
13" Ret 6P10, 16° Ref 6P11

COMPOSITE VIDEQ KITS These convert composite video into sepafate
H sync, V sync and video. Price £8.00. Our ref 8P33

LINEAR POWER SUPPLY 8rand new <5 3JA - ~12v 1A Com

plete with circun diagram Short circuit protected Our price £12 00 Ref

12P21

3%in FLOPPY DRIVES We still have two models in stock: Singie
sided, 80 track, by Chinon. This is in the manufacturers metal case with
leads and IDC connectors. Price €40, reference 40P1. Also a double
sided, BO track, by NEC. This 1s uncased. Price £60.00, reference 60P2
Both are brand new.

10 MEMORY PUSHBUTTON TELEPHONES These are customer
returns and "sold as seen” They are complete and may need slight
attention. Price £6.00 Ref. 6P16 or 2 for £10.00. Ref 10P77. BT approved

INDUCTIVE PROXIMITY SWITCHES These will detect ferrous or
nonferrous metals at approx. 10mm and are 10-36V operation. Ideal for
alarms position sensors, etc. RS price 15 £64.00 each! Ours £12.00. Ref
12P19

BOSCHERT SWITCHED MODE POWER SUP-
PLIES -Svar1sa -12vai3a 12V at 24-24v a1 2A 220V o 110V
nput Brand new and guaranteed Retall price s £180!! Qurs £20 Ret 20P3!

TV SOUND DECODER. Nicely cased mains powered with 8§
channels Will drive @ small speaker directly O cOuld be ted into M Fi system etc
£1200 each Ret 12P22

PC POWER SUPPLIES 81and new with buit in fan and powet
swichonthe bacr -5 5 -12 12V 150 watt made by AZTEC £25 Of
each Ret 25P18

VERY POWERFUL 12 VOLT MOTORS, '4rd Horsepower. Made to
drive the Sinclair C5 electric car but adaptable 1o power a go-kaft, a
mower, a fail car, model railway, etc. Brand new. Price £20. Qur ref 20P22

AS ABOVE win gearbox Phone tor price and avarlabihity

PHILIPS LASER
This 15 helium-neon and has a power rating of 2mW. Completely
safe as long as you do not look directly Into the beam when eye
damage could result. Brand new, full spec £35. Our ref 35P1
Mains operated power supply for this tube gives 8kv striking and
1.25kv at SmA running. Complete kit with case £15.

PANEL METERS 270 deg movement New. £3 00 each Our ref 3P87
SURFACE MOUNT KIT Makes a super high gain snooping amplifier on a
PCB less than an inch square! £7.00. Qur ref 7P15

CB CONVERTERS Converts a car radio into an AM CB recewer £400
Qur ref 4P48

GEIGER COUNTER KIT Includes PCB, tube, loudspeaker, and all
components to build a 9v battery operated geiger counter. Oniy £39
Our ref 39P1

12V T0O 220V INVERTER KIT This kit will conven 12v DC to 220v AC
It will supply up 1o 130 watts by using a larger transformer As supplied 1t
will handle about 15 watts Price 1s £12 Our ref 12P17

SPECTRUM AND COMMODORE SOFTWARE Pack of 5 different tapes
only £3.00. Ref. 3P%6 for Spectrum and 3P37 for Commodore 64

HIGH RESOLU (1ON MONITOR 9in black and white, used Philips
tube M24/360W Made up in a lacquered frame and has open sides. Made
for use with OPD computer but suitabie for most others. Brand new £20
QOur ref 20P26

12 VOLT BRUSHLESS FAN. Japanese made The popu ar
square shape (4'2inx 4'2inx 1%in} The electronically run fans not
only consume very ittle current but also they do not cause interfererice
as the brush type motors do ideal for cooling computers, etc, or fora
caravan £8 each. Our ref 8P26

MINI MONO AMP on p.cb size 4 x 2" lapp
Fitted Volume control. The ampiifier has three
transistors and we estimate the output

to be 2W rms_ More technical data

will be included with the amp

Brand new, perfect condition

offered at the very low pnce of £1 15 each,

or 13 for £32.00

BULL ELECTRICAL

JE Dept. EE 250 PORTLAND ROAD, HOVE, Sesmmmm
! BRIGHTON, SUSSEX BN35QT.
MAIL ORDER TERMS: Cash, PO or cheque with order. Monthly account
orders accepted from schools and public companies Please add £2.50
postage to orders Minimum order £5
Phone (0273) 203500 Fax No (0273) 23077

POPULAR ITEMS
— MANY NEW THIS MONTH

MAINS FANS Snail type construction. Approx. 5° X 4” mountea on 3
metal plate for easy fixing New. £5.00 each. Qur ref 5P166.
MICROWAVE TURNTABLE MOTOR Complete with weight sensing
electronics that would have varied the cooking time. Ideal for window
displaye etc Only £5.00. Qur ref 5P165.

JOYSTICKS for 88c Atan Dragon. Commodore, C64 only All £500
each Al brand new state which required

PC STYLE CASES 18" X 18°° X 6" Complete with fan and

grill 'uminated power swiich and 1EC tiltered power nput plug Priced at only

£1500 Ret 15P38

SUB-MIN PUSH SWITCHES Not much bigger than a plastic transistor
but Mauble pole PCB mounting. 3 for £1.00. Our ref BD68S.

AA CELLS Probably the most popular of the rechargeable NICAD types. 4
for £4.30 Our ref 4P4ad

20 WATT 4 OHM SPEAKER with built in tweeter_ Really well made unit
which has the power and the quality for hifi 6%" dia. Price £5 00. Our ref.
SP155 or 10 for £40 00 ref. 40P7

MINI RADIO MODULE Only 2in square with fersite aerial and soiid dia
tuner with own knob. It s superhet and operates from a PP3 battery and
would dnve a crystal headphone. Price £1.00. Our ref. BD716.

BULGIN MAINS PLUG AND SOCKET The oid and faithful 3 pin with
screw terminals The plug s panei mounted and the socket is cable
mounted. 2 pairs for £1.00 or 4 plugs or 4 sockets for £1.00. Our ref. BD715,
BD715P, or BD715S.

MICROPHONE Low cost hand held dynamic microphone with onioff
switch in handie. Lead terminates in 1 3.5mm and 1 2.5mm plug. Only
£1.00. Ref. BD711

MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT
DEVICES 140V 100 watt par made by Hitachi Ret 2599 and its comple
ment 25K343 Only £4 00 a pair Our ret 4PS1

TIME AND TEMPERATURE LCD MODULE A 12 hour clock a Celsius
and Fahrenheit thermometer a too hot alarm and a 100 cold alarm. Approx
50x 20mm with 12.7mm digits. Requires 1AA battery and a few switches.
Comes with full data and diagram. Price £9.00. Qur ref, 3PS

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our ref 3P60.
PAPST fan 80 x 80mm 230V Our ref 9P7 Price £9

PAPST fan 120 x 120mm 230V Ourret 6P6 Price £6

600 WATT AIR OR LIQUID MAINS HEATER Small coil heater made for
heating arr or liquids Will not corrode, lasts for years Coil size 3" x 2°
mounted on a metal plate for easy fixing. 4° dia. Price £3.00. Ref. 3P78 or 4
for £1000 Our ref 10P76

EX-EQUIPMENT POWER SUPPLIES Various makes and specs, ideal
bench supply Only £8.00 Our ref. 8P36.

ACORN DATA RECORDER Made for the Eiectron or BBC computer but
:g::t;le for others Includes mains adaptor, leads and book. £12.00. Ref

PTFE COATED SILVER PLATED CABLE 19 strands of .45mm copper

| wili camry up to 30A and is virtually indestructible. Avaslable in red o biack

Re?ulav pnce is over £120 per reel. Our pnce only £20.00 for 100m reel
ef 20P21 or 1 of each for £35.00. Ref I5P2. Makes absolutely superb

] speaker cable!

NEW PIR SENSORS Intra red movement sensors will swich up to
1000W mains. UX made, 12 months manufacturers waranty, 15-20m
range with a 0-10mm timer, adjustable wall bracket Our ref 25P16 Price
€25

GEARBOX KITS Idea! for models, etc. Contains 18 gears (2 of each size),
4 % 50mm axies and a powerful adjustable speed motor. 3-12V operation
Al the gears, etc. are 2mm push fit. £3.00 for the complete kit. Ref. 3P93
MINI HIFI SPEAKERS Made for televisions, etc. Two sizes available
70mm x 57mm 3W 8 ohm, 2 for £3.00. Ref 3P99. 127mm x 57Tmm 5W 8
ohm, 2 for €300 Ref. 3P100

BBC JOYSTICK INTERFACE Convens a BBC joystick port to an Atari

type port Pnce £2 00. Our ref. 2P261

TELEPHONE EXTENSION LEAD 5m phone extension lead with plug on

one end, socket on the other. White. Price £3.00. Our ref. 3P70 or 10 leads

for only £19.00! Ref. 19P2

LCD DISPLAY 4t digits suppiied with connection data £3.00. Ref. 3P77

or 5 for £10. Ref 10P78

CROSS OVER NETWORK 8 Ohm 3 way for tweeter midrange and

woofer nicely cased with connections marked. Only £2.00. Qur ref. 2P255

or 10 for £1500 Ref 15P32

BASE STATION MICROPHONE Top quality uni-directional electret

cond mic 600¢ itivity 16-18KHz - 68db built in chime

complete with mic stand bvaclet £15.00 Ref. 15P28

MICROPHONE STAND Very heavy chromed mic stand, magnetic base

4" high £300 if ordered with above mic. OQur ref. 3P80

SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger

Charges 4 battes.es in 8 hours Price £6.00. Qur ref 6P3

VUASHA SEALED LEAD ACID BATTERIES. 6v 104

! Ret 15P37

STC SWITCHED MODE POWER SUPPLY. 220v o

pviiy Sy at 2A - 24V at 0254 - 12V at 0 15A and - 90V at
AA(12< each Ret12P27

SOLDERING IRON STAND Price £300 Our ref 3P66.

INCAR GRAPHIC EQUALIZER/BOOSTER Slimiine 7 band with buitt in

30 watts per channel amplifier. 12V operation, twin 5 LED power

indicators, 20-21KHz wath front and rear fader plus headphone output!

Brand new and guaranteed. Only £25.00. Ref. 25P14

CENTRONICS ADAPTER KIT Convers poer prmer 10

Centronics compatible Price £4 00 Our ret 4PS7

CAR IONIZER XIT Improve the air in your car, clears smoke and heips

prevent fatigue Case req Price £12.00. Our ref. 12P8

NEW FM BUG KIT New design with PCB embedded coil v operation

Prced at £500 Our ref 5P158

NEW PANEL METERS 50UA movement with three different scales that

are brought 1nto view with a iever. Price only £3.00 Ref 3P81

STROBE LIGHTS fit a standard edison screw light fitting 240V 40/min

flash rate available in yellow, blue, green and red Complete witb socket

Price £10 each Ref 10p80 (state colour required)

ELECTRONIC SPEED CONTROL KIT Suntable for controlling our

powertu 12y motors Price £1700 Ref 17P3 {heztsink required)

EXTENSION CABLE WITH A DIFFERENCE it is flat on one side making

1t easy to fx and look tidy 4 core, suitable for alarms. phones etc. Qur

price only £5 00 for 50m reel Ref 5P153

1990 CATALOGUE NOW AVAILABLE PLEASE
SEND 6 X 9" SAE FOR FREE COPY
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ALMOST OVER -BUT YOU'VEJUST ONE MORE
CHANCE TO BUY AT UNBELIEVABLE PRICES!

?%“C?‘oun s A L E IS
&w ALLITEMS LISTED BELOW ARE FINAL REDUCTIONS!
Gx : FROM PREVIOUS SALE PRICES!! SALE MUST END

28TH SEPT!! ALLGOODS SHOWN IN DETAIL IN OUR 16-PAGE
SALE SUPPLEMENT-FREE ON REQUEST!!

KEYBOARD || KEYBOARD DUAL
PARCEL1 PARCEL 2 FSEFéE)EETI-?
OUR SELECTION OF

ANY D FOR 10 assTp. 3 FOR
£25.00 £30.00 £25.00

SWITCH MODE PSU. SOUNDER
DAtﬁyBg:XES ASTEC AA12531 PARCEL
5

A13.5145,31.0.223.| | PARCEL OF 5 || packor10

(Give alternatives, nearest availableg F O R J U ST NOW REDUCED TO

will be supplied)

£25.00 £20.00 £6.00

BURGLAR ALARM BBC ‘B° MUSIC SWITCH MIODE

SB17 (page 110 of cat) SOFTWARE PSU’S

1 Each of Music Master, 1)5V6A 2)5V10A
ORIGINALLY £2.50| |Mupados Re?:t)'rder?u(ta(;r 3)) ASTEC A)A1 2531

TO CLEAR: & Micro Maestro
ORIGINALLY £101.001 | |\ \ o oo £1 5'
[ ]
NOW JUST ARRIVED! - Bi
ONLY of Semi’s - L.S_frolra ggrce|
FOR y T's1%p, 5V 5A Regs £1.50.

FOR ALLTHREE!! ASK FOR FREE LIST!!

FREE EASIWIRE KITWITH ALL SALE
WA ORDERS OVER £20

GREENWELD 27D PARK ROAD MIN ORDER

SOUTHAMPTON SOI3TB
S
COMPONENTS

Tel: (0703)236363 £3 per order
Fax: (0703)236307 (UK/BFPO ONLY)

ALL PRICES INCLUDE VAT
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THE EE MUSKETEER
“One for all and all for one”

A complete home entertainment controller in
ONE handheld unit!

If you own a television set, video cassette recorder,
midi hi-fi unit, graphic equaliser, satellite TV decoder
etc., then you probably have a small arsenal of
remote control units as welll What would
you say to a single device which could
replace up to four separate control-
lers whilst retaining all the
commands of each one?

The EE Musketeer will

do this, so you only
need one controller
on the armchair.

As well as adding a touch of luxury, a dimmer saves energy
and greatly extends the life of the bulb. This circuit acts as an
in-line switch as fitted to many types of table lamp. Built in a
small plastic box it provides full-power operation plus three
levels of dimming using two rocker switches. The In-Line
Dimmer may be used to control all filament bulbs up to 250
waltlts rating used on a.c. mains supplies.

CYCLE REAR LIGHT MONITOR

Riding a bicycle at night is a hazard especially if the lights are not working properly.
This circuit monitors the efficiency of the rear light and signals the rider with a pulsed
high-pitched tone if a fault develops.

EVERYDAY e g i

ELECTRONICS

NOVEMBER ISSUE ON SALE FRIDAY 5TH OCTOBER 1990

Everyday Electronics, October 1990




ULTRASONIC CAR ALARM

Ultra Sonic Car Alarm

This system is specially designed to
protectyourcarandits contents against
potential thiefs. Low current consump-
tion and high noise immunity are just
two of its distinguishing features.

PC Radlo (Elektor Elecironics Febuary 1990)

Complete kit including case

44.367BKL ............... £ 30.40
In addition the system has a voltage
sensing device i.e. the alarm is also
triggered if appliances are switched on
by an unauthorised person (e.g. the
mtﬁ;nor lighting when the door is ope-

We deliver from stock - The fastest way to order Is a fax !

= Technik fiir Kenner - Made in Germany

DIGITAL PROFESSIONAL ECHO 1000

(Elektor Electronics June 88)

This low cost echo unit is certain to
impress music lovers - amateur and
professional - everywhere. Excellent
specification and top performance
make the EU 1000 a winner and despite
meetln? professional requirements the
unit wilf not make too big a hole in your

ocket.

orking on the delta modulation prin-

ciple on a digital base, delay times up to
one second are p055|ble at full band-
width and large signal to noise ratio.

Complete kit

44.255BKL ............... £ 9950
Ready assembled module

A 2BE 5. ... Sovoe siain o 134.50

Specification

Input sensitivity:

Input1: 2mv
Input 2 : 200 mV
Dealy Time:
variable from60 ms to 1 s
Bandwidth :

100 Hz to 12 kHz

Additional features:

- inputs mixable

- single and multiple echo

- adjustable delay level

- switchable vibrator

- switch-controlled noise suppression

This FM radio consists of an insertion card for IBM PC-XTs, ATs and compatibles
and is available as a kit or a ready-built and aligned unit. The 'radio has an on-board
AF power amplifier for driving a loudspeaker or a headphone set, and is powered by
the computer. A menu-driven program is supplied to control the radio settings.

Complete kit Ready assembled module
44.544BKL ............... £ 82.75 44544F.................... 137.30
VM 1000 Video-Modulator (eexior erectronics March 80y RFK 700 computer delivers a vertical sync. of

Manx inexpensive or older TV sets lack
aSCART or other compositevideoinput,
and can only be connected to a video
recorder or other equipment via an RF
modulator. The modulator operates at
a UHF TV channel between 30 and 40.
Use is made of a single-chip RF modu-
lator that couples low cost to excellent
sound and picture quality.

Complete kit
44 546BKL ............... £

Ordering and payment:

®a prices excluding V.A.T. (french customers add 18.6%T.V.A.)

® sond Euro-cheque, Bank Draft or Visa card number with ordef.
Please add £ 3,00 for p & p (up to 2 kg total weight)

- postage charged at cost at higher weight Ai/Surtace

® e deliver workiwide except USA and Canada

. deaier inquiries weicome

RGB-CVBS Converter

(Etektor Electronics October 89)

Nearly all computers supply as an out-
put signal for colour monitors RGB si-
gnals. With the help of the RFK 7000 it
1s possible to record this signals with
a videorecorder or to give them onto a
colour TV (This is only possible, if the

FRK 7000
CVBS-RGB Converter

With the help of the FRK 7000 e.g. itis
possible to use a cheap clour monitor
with RGB input on a video recorder.
The voltage suppl?l is gained from a
tage mains adaptor.

12V/300mA-DCvo

aO)Hz and a horizontal sync. of 15.625
2

The voltage supply is gained from a
12V/300mA-DC voitage mains adap-
tor

Complete kit

44 525BKL ............... £ 66.50
Ready assembled module

(LR LT SR A S £ 11950
Complete kit

44 509BKL ............... £ 66.50
Ready assembled module

B4 MOF .. - oo s 119.50

ELV France - B.P. 40 - F-57480 SIERCK-LES-BAINS - France - Tel.:

(33) 82.83.72.13 - Fax: (33) 82.83.81.80




Technik fiir Kenner - Made in Germany

We deliver from stock - The fastest way to order is a fax !

LPS 8000 /LC 7000 Low Cost Show Laser

{ Electronics The Maplin Magazine Dec 88 + Feb-Mar 90)

An almost infinite number of
circular patterns can be pro-
jected onto a wall or ceiling
with this super laser show
equipment.

The complete project inciu-
des a laser tube and accom-
panying power supply, hou-
sed in a metal case, and a
laser controller, LC 7000. The
laser controller drives the ac-

VIDEO RECORDING
AMPLIFIER

{Elektor Electronics Aprit 89)

Losses can easily occur when copying
video tapes resulting in a distinct re-
duction in quality. By using this video
recording amplifier, with no less than
four (') outputs, the modulation range
is enlarged and the contrast range of
the copy increases.

Two level controllers foredge definition
(contour) and amplification (contrast
range) allow individual and precise
adaptation.

companying deflection unit,
fixed onto the laser power
supply case, which produces
the numerous configura-
tions.

Naturally the laser tube, toge-
ther with the power supply,
can produce beams without
the laser controller and the
controller can be used with
other, similar lasers.

LPS 8000 Laser Power Supply, complete kit
Version 240 Volts AC

LPS 8000 Laser Power Supply, ready assembled module
Version 240 Volts AC

44.428BKL220 ......... £ 86.90 44.428F240.............. £ 156.50
Version 220 Volts AC Version 220 Volts AC
44.428BKL240 ......... £ 86.90 44.428F220.............. £ 156.50
LC 7000 Laser Controller, complete kit LC 7000 Laser Controller, ready assembled module
Version 12 Volits DC Version 12 Volts DC
44.427BKL ............... £ 60.80 (Y AL R b | S £ 104.30
E 4 Complete Kit
H-N Laser Tube 2 mW Laser Motor-Mirror Set, complete kit (including Box, PCB and all parts
44.428LR................. £ 60.80 44.506M .................. £ 22.95 44,3243& ,,,,,,,,,,,,,,, 14.75

IBM PC Service Card

{Elektor Electronics May 1960)

This card was developed for assistance
in the field of service, development and
test. The card is used as a bus-exten-
sion to reach the measurement points
very easy. Itis also possible to change
cards without having a "hanging com-
puter*.

Complete kit
44.517BKL ............... £ T771.95

Ready assembled module
LY By 7] A S £ 137.95

TA 1000 Telephone Answering URit  (eexior cisctronics January 1990)

This automatical telephone answering =
unit uses ? 256-(i1<bit \(ouce record'i(ng ®

circuit to store and replay your spoken ® ° o o0 h
message of uo to 15seconds. Notewor- A En  En g Stan Autnanme v

thy features are that it is available asa  Complete kit

con;plete kit, prct')videsd abattery back-  44.433BKL............... £ 4565

up facility and does not require align-

ment. No provision is made, however,  Ready assembled module Telefon-Anrufbeantworter TAB 1000

to record incoming calls. A AWBF i vt iov oot £ 8125 }

7

{ Electronics The Maplin Magazine Jun-Jul 89 +
) : : Elektor Electronics December 89)

With the ELV IC tester logic function Al
tests can be carried out on nearly all
CMOS and TTL standard components,
accommodated in DIL packages up to

Complete Kit Including Textool sok-
ket, connectors, sockets, Flat band
cable, PCB, Software

20 pin. The tester is designed as an 44.474BKL ............... £ 60.85
insertion card for IBM-PC-XT/AT and

compatibles. A small ZIF test socket Ready Assembled Module

PCB is connected via a flat band cable. 4A14F..........5 L £ 113.00
Over 500 standard components can be 1

tested using the accompanying com- 3 3 Software, single

prehensive test software. 5 ; 44.474SW ................ £ 17.85

ELV France - B.P. 40 - F-57480 SIERCK-LES-BAINS - France - Tel.: (33) 82.83.72.13 - Fax: (33) 82.83.81.80




HIGH GRADE COMPONENT PARCELS

Unless otherwise stated, all the clearance parcels we offer contain brand new, top grade
components, It some of the offers look too good to be true, all | can say is that the
optimists will get some stunning bargains, the cynics will never know what
they've missed, so everybody will be happy! All offers apply only while
current stocks last — watch out for next month's parcels of, better

still, be the first to hear about any new offers by

putting your name on our mailing list.

Access Orders:
Tel: 0600 3715

SEMI
CONDUCTORS

What a selection! Every single parcel will
contain: ICs, signal diodes, rectifiers, zeners,
semiconductor VDRs, transistors, FETs, high
voltage transistors, power transistors, triacs,
voltage regulators, and a good deal more. Did |
mention the varicap tuning diodes? The VHF
transistors? The Schoftky rectifiers? All the
semiconductors you've ever wanted, but could
never afford. This has to be one of the finest
parcels we have ever offered. Don’t miss it!
PARCEL 9A: PARCEL 98:
200 SEMICONDUCTORS 1000 SEMICONDUCTORS
for £101 + VAT for £40! + VAT

CONNECTORS

It you ever again need to connect anything to
anything else, the chances are you'll find the

plugs and sockets for it in this parcel. Computers?
There are D connectors, printer connectors, RS232
connectors, and so on. PCBs? There are edge
connectors and pin connectors. RF connectors?
No problem. Audio? There are speaker plugs

and sockets, DIN connectors and much more.
And all for 10p or less apiece! How can you resist it?

PRESETS

An attractive and very functional pack
of preset pots. The parcels contain a
high proportion of top quality cermets,
both single and multi-tum. In fact they
outnumber the carbon types! All styles
and types are represented: open,
enclosed, vertical, horizontal, square,
round, %" and 1%" multi-turns, and so
on. Afl values from a few ohms to
several megs

PARCEL 11A:

200 PRESETS for £6 + VAT
PARCEL 118B:

1000 PRESETS for £25 + VAT

.
o

SWITCHES

Take a rocker switch in one hand, 2
roller microswitch in the other, and
have yourselt a rock 'n’ roll party! OK,
the the jokes aren’t up to much, but the
switches are superb. Lots of rocker
switches - ideal as spares for
household gadgets. Some, so I'm told,
fit the dashboard cut-outs on Ford cars,
S0 just think of the extra lights and stuff
you could fit! Then there are the
toggles, the push switches, the rotaries
and the sliders. All tucked up snugly,
bless their cotton socks, in our switch
parcels. And all for 10p each or less —
it's enough to make you explode with
joy. Well, nearly enough.
8 PARCEL 14A: 100 ASSORTED
SWITCHES for £10! + VAT
PARCEL 14B: 300
ASSORTED
SWITCHES
for £251 +
VAT

HIGHGRADE

~
-

COMPONENTS LTD

Unit 111, 8 Woburn Road, Eastville, Bristol BS5 6TT

Tel:06003715 Fax: 0600 72262

630

PARCEL 10A:

PARCEL 10B:
300 ASSORTED CONNECTORS
for £25! + VAT

MONSTER OPTO
PARCELS

If it has anything to do with light, it's in
here. There are LEDs of all shapes,
sizes and colours, seven segment
displays, infra-red senders and
receivers, bar graph assemblies, opto
switches, and who knows what else.
The larger parcels have LCDs too. An
excellent selection of top quality
devices.
PARCEL 12A:
100 OPTO DEVICES for £10 + VAT
PARCEL 128B:
300 OPTO DEVICES
for £25 + VAT

N
POLYESTERS -
Above 100n or so the price of non-
electrolytic caps starts to rise steeply.
To get one above 1uF will cost the
earth, or at least a major planet. And
not even an asteroid for change. These
parcels contain caps to at least 4u7.
Replace those nasty non-polar
electrolytics in your speaker
crossovers, connect them across
electrolytic smoothing and coupling
caps in your hi-fi, stop using back-to-
back tants in your projects. The larger
caps will easily cost several £££s each
from normal suppliers.
We've got too many, so

.
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PARCEL 15A:

200 HV POLYESTERS
for £10 + VAT !
PARCEL 15B:
600 HV POLYESTERS
for £25 + VAT

100 ASSORTED CONNECTORS for £10! + VAT

i As a rough guide 1000 YaW X
y resistors weigh about 240g, b

* so there are over 4000
of these to the Kg. Bits of
PARCEL 13A: equipment, PCBs,
ts
10Kg RESISTOR S PREIS
hardware, mags,
PARCEL £30 /¥ ag

RESISTORS

Supplied to you as
they arrive with us:
some bagged, some
bandoliered, some
reeled, some loose. The
mixture has %W resistors
in every single E12 value,
with some E24 and an
assortment of E96 precision
types. Then there are 2W
resistors and a nice selection of
power types to 5W and above. The
proportions vary from parcel to parcel,
but you'll certainly have an excellent
range of types and values.
| have absolutely no intention of
counting out tens of thousands of 4
resistors, so these are sold by weight \-"'

b3

JUNK!

books, data, everything
electronic tums up at
some time or other in our
legendary JUNK parcels.
There's so much unsorted stuff
around the piace we hardly
know what goes in there
ourselves! The components won't
be neatly packed - once we've
combed their hair and dressed them in
their Sunday best, they go onto one of
lists. In the JUNK parcel you see them in
the raw state.

The first 10Kg is yours for £18 + VAT.
After that, the price is £1 per Kg, so
11Kg will be £19 + VAT, 12Kg will
be £20 + VAT, and so on.
Have as much as you like!
JUNK SPECIAL:

1 cwt for £501
+ VAT

+ VAT

UK Orders:

Please add £2.50

towards postage and
packing and 15% VAT

to the total

Europe and Eire:

Please add £6.00 carriage
and insurance. No VAT
Outside Europe:

Please add £12.00 carriage

and insurance. No VAT

Everyday Electronics, October 1990



RTVC HAVE DONE IT AGAIN!

We have secured all stocks of nearly new fac-
tory refurbished car stereos, manufacturer ap-
proved, at unrepeatable prices. We also offer a
6 month guarantee with all units (this only ap-
plies to products marked # on this page

Alba digital auto reverse push button AM/FM
/ LW car stereo with separate bass/treble con-
trol APPSS on tape. 25 watts per channel out-
put, with line output for car components use.

*£79.40+£2.30 pp

Sparkomatic Phoenix Digital auto reverse
AM/FM/LW car stereo, with tape volume and
balance control. 9 watts output per channel

*£52.40+ £2.80 pp

Sparkomatic Auto reverse AM/FM car stereo
with tone, volume and balance control

*£44.20+£2.80 pp

IN-CAR STEREO BOOSTERS

In-Car Stereo Hi-
power booster am-
pifiers. 300W out-
put. 150W x 2
inputs for low power
car stereos and
phono inputs short
circuit protection

£94.95+£2 PP

150W output 75 x
2 inputs as above

£43.00

+£2.00 pp

IN CAR WOOFERS
6%" 40W Nominal, 60W Max, 4 ohm Good-
mans woofer £9.95+£1.90 PP
8" 60W Nom. 90W Max, 4-5 ohm Richard

Allen woofer £33.80+ £3.50 pp
10" 100W Nom. 150W Max 4-5, ohm Richard
Allenivooler £41.50+£3.50 pp
12" 100W Nom. 250W Max, 4-5 ohm Richard
Allen woofer £43.50+f4 PP
15" 100W Nom. 250W Max, 4-5 ohm Richard
Allen woofer £79.35+¢€5 PP
TWEETERS AND MID RANGE FOR
IN-CAR USE

4%" 100W 4-5 ohm sealed back mid range.
Goodman £5.50+£1.50 pp
2% 65W 4-5 ohm Ferro fluid cooled dome

1 ith housi
Rudax """ £5.00+£1.20pp

3%" 100W 8 ohm Ferro fluid cooled dome
tweeter for 4-8 ohm use £8.95+£1.20 PP

ACOUSTIC REAR PARCEL SHELF
To get the best sound from your car woofers,
replace your rear hatchback parcel shelf with
one of these 18mm thick fibreboard units, tailor
made for your car, supplied with grille cloth
and fixings. When ordering please state make,

model, and year of reg. £39.80+f6 PP

ROSS PUSH BUTTON RADIO

h Mains and batﬁp}g&erated

High quality V b

Medium and Long Wave receptuM
6 pushbutton selected

preset stations

Fully retractable telescopic
aerial.
Headphone/earphone
jack socket.

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

Brand new.

Listed price over £30.00

£14.95+¢2.80 (s] ]

Everyday Electronics, October 1990

MAIL ORDER
£1 BARGAIN PACKS

BUY 20 GET 1 FREE

Please state pack(s) required

No. Qry. per pack

BPO15B 1 30W dome tweeter. Size 30X66mil JAPAN made

BP0O16 6 2200uf can type Electrolytic 25V d.c. computer
grade made in UK by PHILIPS

BPO17 3 33000uf 16V d.c. electrolytic high quality
computer grade UK made

BP019 20 20 ceramic trimmers

BP020 4 Tuning capacitors, 2 gang dielectric a.m. type

8P021 10 3 position, 8 tag siide switch 3 amp rated
125V a.c. made in USA

BP022 5 Push-button switches, push on push off, 2 pote
change over. PC mount JAPAN made

BP023 6 2 pole 2 way rotary switch

BP024 2 Right angle, PCB mounting rotary switch,
4 pole, 3 way rotary switch UK made by LORLIN

BPO25 4 3 pole, 3 way miniature rotary switch with one
extra position off {open frame YAXLEY type)

BP026 4 4 pole, 2 way rotary switch UK made by LORLIN

BPO27 30 Mixed control knobs

BP029 6 Stereo rotary potentiometers

BP030 2 10k wire wound double precision
potentiometers UK made

BPO31 6 Single 100k multitune pots, ideal for varicap
tuners UK made by PHILIPS

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

BPO33 2 FM stereo decod dules with diag
UK made by PHILIPS

BPO33A 4 6°x%" High grade Ferrite rod. UK made

BP034 3 AMIF modules with diagram PHILIPS UK made

BPO34A 2 AM-FM tuner head modules. UK made by Mullard

BPO34B 1 Hi-Fi stereo pre-amp module inputs for CD, tuner
tape, magnetic cartridge with diagram.
UK made by MULLAR%

BPO3S 8 Al metal co-axial aerial plugs

BP036 6 Fuse holders, panel mounting 20mm type

B8PO37 8 In line fuse holders 20mm type
UK made by BULGIN

BP038 20 5 pln din, 180° chassis socket

BP039 6 Double phono sackets, Paxolin mounted

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

BPO42 2 Large VU meters JAPAN made

BP043 30 4V miniature bulbs, wire ended, new untested

BP044 2 Sonotone stereo crystal cartridge with 78 and
LP styli JAPAN made

BPG4SA 2 Mono Cassette Record and play heads

BPO46A 2 606 Mains transformers, PCB mounting.
Size 42x33x 35

BPO47 1 24V 0.3VA mains power supply. Brand new boxed
UK made by MULLARD

BPO4TA 1 25V DC 150mA mains adaptor in black plastic case
with flying input and output leads new units made
for famous sound mixer manufacturer
Size 80x55x47

BP049 10 OCA4 transistors. Remove paint from top and it
becomes a photo-eiectric cell (ORP 12)
UK made by MULLARD

BP050 30 Low signal transistors n.p.n., p.n.p. types

BPO51 6 14 watt output transistors. 3
complimentary pairs in T066 case
{ldeal replacement for AD161 and 162s)

BPOS2A 1 Tape deck pre-amp IC with record/replay
switching No LM1818 with diagram

BP053 5 5 watt audio ICs. No TBABOO fATEZ)

BP054 10 Motor speed control ICs, as used with most
cassette and record player motors

BPO55 1 Digital DVM meter I.C. made by PLESSEY
as used by THANDAR with diaoram

BPOS6 4 7 segment 0.3 LED display (red)

BPO57 8 Bridge rectifiers, 1 amp, 24V

BPO58 200 Assorted carbon resistors

BPO59 1 Power supply PCB with 30V 4V/A transformer.
MC7818CT IC & bridge rectifier: Size 4"x2%."

BPO61 § 6.35mm Mono jack plugs

BP06J 5 6.35mm stereo switched jack sockets

BP0O64 12 Coax chassis mount sockets

BPO&5 1 3mtr Euro-mains lead with chassis socket

30+30 WATT AMPLIFIERKIT

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)

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

® Separate treble and bass

8 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 Enoiect in Everyday Electronics April

1989 issue). Reprint Free with kit.

MULTIBAND RADIO

VHF 54-176 MHz + AM CB BANDS 1-80
Listen to: AIR TRAFFIC CONTROL,
AIRCRAFT, RADAR

PUBLIC UTILITIES

£17.95 RADIO AMATEURS AND
POSTAGE MANY MANY MORE
£2.85 SQUELCH CONTROL
“RUBBER DUCK AERIAL"

oy

HAND HELD WALKIE TALKIES

Ideal for sports or any outdoor
activities. 8uilt-in call button and
separate volume control. Range
1.2km maximum. 49MHz crystal
control superhet circuit with built-
in condenser mic. and speaker
Unit supplied with vinyl carrying
case and personal earphone.

£32.90 a pair
+ £2.60 P&P

RADIO AND TV COMPONENTS ACTON LTD

21 HIGH STREET, ACTON, LONDON W3 6NG
MAIL ORDER TERMS, POSTAL ORDERS and or CHEQUES with orders
Orders under £20 add £3.00 service charge. Nett monthly accounts to
Schoels, Colleges and P.L.C. only. ACCESS  VISA Phone orders between
9.30 & 12pm please. Overseas readers write for quote on delivery.

Catlers 323 Edgware Road. London W2 Closed Sun.
21 Nigh St.. Acton, London V3 closed Sun, Mon & Wed

AMPHONIC 125+ 125 POWER AMPLIFIER

125 watt per channel stereo power amplifier

with iIndependent volume controls, professional

19" rack mount and silent running cooling fan for

extra reliability.

Output power ... 1256W RMS max. per channel

Output impedance ... vioe.. 410 16 ohms
{max. powar into 4 ohms)

Sensitivity ..... 450V at 22K ohms
Protection .... Electronic short-circuit and fuses
Power . 220-240V a.c. 50H2
Chassisdim ... 435x125x280mm

£142 -'f-£7.oo p&p
STEREO MIXER

6-channel stereo disco mixer In racking case which can
handle up to a total of 10 phono, line and mic inputs,
switchabre on front panel. Twin 5-band graphic equallz-
er with insert/bypass switch. Cross fader between
channels 1 and 2. Mic channel with low Cut filter and
talkover switch. Separate L and R master controls.
Output for amp, tape and headphones.

Input Mic e 0.3mMV 6000hms
Phono .. we. 2.5mV 50K ohms
Outputs: Amp & Tape . - 1.2v
Headphone - 50mV @ 750hms

Equalizer control frequencies ...... 60, 250, 1k, 3.5k, 12kHz
Equalizer controlrange .. £12dB boostor cut
Size 350 x 280 x 90mm

£118.90 + £5.80 P&:P

BELT-DRIVE
QUICKSTART VARISPEED
DISCO TURNTABLE

* Quick start ideal for scratching

* Pitch control

* Pop-up target lamp

* Strobe lamp

* Counterweighted tubular tone arm with plug-in
headshell

* Full manual control

* Remote start/stop

* 7.5kg /

£112.00
+ £7.00 P&P

28.0.28V 4 AMP MAINS TRANSFORMERS
With a 6.5V at 0.6A mains input 110-240. Size 90 x 106 x
75 fitted with copper screening band; made for famous
HIFI Co. £6.50 each. Postage £2.80. t's weight is 2.7Kg!
Brand new and unused condition.

631
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MAIL ORDER AND SHOP
EE93 135 Hunter Street
Burton-on-Trent

Staffs, DE14 2ST

B Tel: 028365435
MEER oy 028346932

ELECTRONICS § LTD

[ SUPERHET BROADCAST RECEIVER | Robotics, Music,
EE MAR ‘%0 Computing and much, i

ices include VAT
2::;: If,::,n;; Nﬁon.m- Add £2 y [[HAMEG HM 203-7 OSCILLOSCOPE |
N &p to I New model just arived. Special summer discount price.
gfzﬁ?iztlu;gda;s welcome a||‘:,|-dpe|-5 supplylng EIeCtron'cs Full two year parts and labour warranty. £309

for Education, 20MHz-2 channels ImV sensitivity

Easy to operate and high performance  +£46.35 VAT
Next Day Delivery £8.50

At last, an easy to build SUPERHET A.M. radio

kit . Covers Long and medium Wave bands. built m uch mo re !

in loudspeaker with 1 watt output. Excellent

EDUCATIONAL BOOKS &
BOOK PROJECTS

sensitivity and selectivity provided by ceramic |.F NEW CATALOGUE OUT
filter. Simple alignment and tuning without OCTOBER. SEE FUTURE
special equipment. Kit available less case, or with ISSUES OF EVERYDAY
Gl o 3 sing e o et QN ELECTRONICS FOR
KIT REF 835

[ D.C. MOTOR GEARBOXES B A

[ STEPPING MOTORS

A range of top quality stepping motors suitable
for driving a wide range of mechanisms under
computer control using simple interfacing
techniques.

1D35 PERMANENT MAGNET MOTOR — d8 steps
per rev. ';f
MD200 HYBRID MOTOR — 200 steps per rev.

£16.80

il

Ideal for Robots and Buggies. A miniature plastic
reduction gearbox coupled with a 1-5-4-5 Volt
mini motor. Variable gearbox reduction ratios
are obtained by fitting from 1to 6 gearwheels
(supplied). Two types available:

SMALL UNIT TYPE MGS A ; NT MAGNET MOTOR — 48
Speed range 3-2200 rpm. Size 37X43x25mm x?;:p/;rﬁEecMANE il clearly show you how
LARGE UNIT TYPE MGL £4.55 MD38 PERMANENT MAGNET MOTOR — 48

Speed range 2-1150 rpm. Size 57X43x29mm steps per fev. £8.95

| EVERYDAY ELECTRONICS KIT PROJECTS 5

ALL KITS HERE HAVE BEEN FEATURED IN EE. IF YOU DO NOT HAVE THE MAGAZINE WITH THE ORIGINAL
ARTICLE, YOU WILL NEED TO ORDER THE REPRINT FOR 80p EXTRA. REPRINTS ALSO AVAILABLE SEPARATELY.

KITS INCLUDE CASES, PC8's HARDWARE AND ALL COMPONENTS (UNLESS STATED OTHERWISE) CASES ARE
NOT DRILLED, LABELS ARE NOT SUPPLIED.

681 VIDEO GUARD Feb 87 £9.39

ADVENTURES WITH ELECTRONICS
The classic Easy to Follow book suitable for all ages. Ideal
for beginners. No soldering, uses an S-DEC breadboard
Gives clear instructions with lots of pictures. 16 projects —
including three radios, siren, metronome, organ, intercom,
timer, etc. Helps you learn about electronic components
and how circuits work. Component pack includes an S-DEC
{ breadboard and all the components for the series.
ADVENTURES WITH ELECTRONICS £5.25
COMPONENT PACK (less book) £23.49

FUN WITH ELECTRONICS
Fromthe USBORNE Pocket Sclentlst series — An enjoyable
introduction to electronics. Full of very clear full colour
pictures accompanied by easy to follow text. Ideal for all
beginners — children and aduits. Only basic tools are
needed. 64 full colour pages cover ali aspects — soldering
—fault finding — components (identification & how they
work}. Also full details of how to build 6 projects — burglar
alarm, radio, game, etc. Requires soldering — 4 pages

The components suppliedinour pack aliows all the projects
to be built and kept. The book is available separately.

FUN WITH ELECTONICS Book £2.50
COMPONENT PACK {less book) £18.45

30 SOLDERLESS BREADBOARD PROJECTS
Abook of projects by R. A. Penfold covering a wide range of
interests. All projects are built on a Verobloc breadboard.
Full layout drawings and component identification
diagrams enabie the projects to be built by beginners. Each

Ref Price Ref Price circuitcan be dismantled and rebuilt several timesusing the
835 SUPERHET BROADCAST RECEIVER Mar 90 542 PERSONAL RADIO June 86 £12.89 same components. The component pack allows all projects
With drilled panets and dial £16.79 528 PAAMPLIFIER May 86 £29.95 in the book to be built one at a time.
Wit Pt el £13.63 523 STEREO REVERB Apr 86 £29.67 i : ifines)l} i
S pr - Projects covered include amplifiers, light actuated switches,
368 QUICKLARIESTERESD 39 £1017 533 BBC MIDI INTERFACE Mar 86 £31.26 i i ;
ar i timers, metronome, touch switch, sound activated switch,
N Ee SO FUPICRINGHGISER Yap 29 £3145 512 MAINSTESTER & FUSE FINDER Mar 86 £9.86 i i i
cli > moisture detector, M.W. Radio, Fuzz unit, etc.
815 EE TREASURE HUNTER Aug 89 Full Xit £41.95 497 MUSICAL DOOR BELL Jan 86 £20.95
814 BATDETECTOR June 89 £2098 493 p)GITAL CAPACITANCE METER Dec 85 £46.46 30 SOLDERLESS BREADBOARD
NG iGNy &) £14.49 431 SOLDERING IRON CONTROLLER Oct 85 £6.12 PROJECTS Book 1 £2.95
800 SPECTRUM EPROM PROGRAMMER Dec88  £29.95  ,cs STEPPER MOTOR INTERFACE FOR THE BBC COMPONENT PACK £28.50
796 SEASHELL SYNTHESISER Nov 88 £27.94 COMPUTER less case Aug 85 £9.40
790 EPROM ERASER Oct 88 £27.90 1D35 STEPPER MOTOR EXTRA £8.95
769 VARIABLE 25V-2A BENCH POWER SUPPLY OPTIONAL POWER SUPPLY PARTS £6.74 ENJOYING ELECTRONICS
o] £35161 £ O I ESTER JulySs WL A more advanced book which introduces some arithmetic
763 AUDIO SIGNAL GENERATOR Dec 87 £16.66 455 ELECTRONIC DOORBELL June 85 £8.45 ’ ) ~ ‘," g ";ﬂw P g -t 20
739 ACCENTED BEAT METRONOME Nov 87 £2343 453 GRAPHIC EQUALISER June 85 £29.98 "’l" caed "’f“:"s ud '°'::° et . 9
740 ACCOUSTIC PROBE Nov 87 (less bolt & probe) £19.58 444 INSULATION TESTER Apr 85 £21.89 elements of electronics suchas °”"°"""‘"s'5‘°'|slw“° 95
744 VIDEO CONTROLLER Oct87 £3258 392 BBC MICRO AUDIO STORAGE SCOPE flip-faps, oscillators, charge, pulses, etc. An excellent
734 AUTOMATIC PORCH LIGHT Oct 87 £19.20 INTERFACE Nov 84 £39.95 follow-up to Teach-in or any other of our series. Extremely
728 PERSONAL STEREQ AMP Sep 87 £15.99 387 MAINS CABLE DETECTOR Oct 84 £6.18 well explained by Owen Bishop who has written many
730 BURST-FIRE MAINS CONTROLLER Sep 87 £15.17 386 DRILL SPEED CONTROLLER Oct 84 £9.70 excellent beginners’ articles in numerous electronics
724 SUPER SOUND ADAPTOR Aug 87 £42.93 362 VARICAP AM RADIO May 84 £14.70 magazines.
718 3-BAND 1.6-30MHz RADIO Aug 87 £29.66 337 BIOLOGICALAMPLIFIER Jan 84 £27.00 ENJOYING ELECTRONICS Book £3.60
719 BUCCANEER|.B. METAL DETECTOR July 87 263 BUZZ OFF Mar 83 £6.35 COMPONENT PACK £15.05
Inc coils. and case, less handle and hardware £29.58 242 INTERCOM no case July 82 £6.36
722 FERMOSTAT July 87 £1358 240 EGG TIMER June 82 £7.68 Note — A simple multimeter is needed to fully follow this
716 MINI DISCO LIGHTS June 87 £14.08 108 IN SiTU TRANSISTOR TESTER June 78 £10.63 book. The M102 BZ is ideal. £13.98
707 EQUALIZER (IONISER) May 87 £11.37 106 WIERD SOUND EFFECTS GEN Mar 78 £8.75
700 ACTIVE I/R BURGLAR ALARM Mar 87 £39.87 101 ELECTRONIC DICE Mar 77 £7.00

A FIRST ELECTRONICS COURSE

584 SPECTRUM SPEECH SYNTH (nocase) Feb87 £23.39 TEACH-IN1 PROJECTS A COpiogst illustra‘ted book that explains the principles of
578 SPECTRUM I/O PORT less case Feb 87 £1055 591 REGULATOR UNIT & SAFE POWERSUPPLY  £29.95 Il Clectronics by relating them to everyday objects. At the end
569 CAR ALARM Dec 86 £1394 592 UNIVERSALLCR BRIDGE £28.89 [l ©f each chapter a set of questions and word puzzles allow
563 200MHz DIG. FREQUENCY METERNovB6  £69.95 593 DIODE/TRANSISTOR TESTER £21.22 i Pro9foss Lo slchackeclinian el e A N A e
861 LIGHT RIDER LAPEL BADGE Oct 86 £11.40 534 AUDIO SIGNAL TRACER £1873 readboard s used for this series - soldering is not required.
560 LIGHT RIDER DISCO VERSION £2193 595 AUDIO SIGNAL GENERATOR £29.31 AFIRSTELECTRONIC COURSE BOOK £3.75
559 LIGHT RIDER 16 LED VERSION £16.25 596 RF SIGNALGENERATOR €27.37 PACK £23.47
556 INFRA-RED BEAM ALARM Sep 86 £31.70 697 FETVOLTMETER £24.02

544 TILTALARM July 86 £8.75 598 DIGITAL PULSE GENERATOR £18.65
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INSULATION
TESTER ,

EE APRIL 85 |

A reliable electronic tester which checks
insulation resistance of wiring appliances etc., at
500 volts. The unitis battery powered simple and
safe to operate. Leakage resistance of up to 100
Megohms can be read easily. One of our own
designs and extremely popular.

KIT REF 444
O\,
[@aa i II "\s\} gxi
‘3{1 I 1
SN

3 BAND
SHORT WAVE RADIO

EE AUG 87

Covers 1.6-30 MHz in 3 bands using modern
miniature coils. Audio output is via a built-in
loudspeaker. Advanced design gives excellent
stability, sensitivity and selectivity. Simple to

KIT REF 718

MINI STROBE
EE MAY '86
A hand held stroboscope which uses 6 “ultra
bright” LEDs as the light source. Designed to
demonstrate the principles of stroboscope
examination, the unit is also suitable for
measuring the speed of moving shafts etc.
The fiash rate control covers 170-20,000 RPM in
two ranges.
KIT REF 529 @
I )
s =y
\

EQUALISER
EE MAY ‘87
A mains powered loniser with an output of
negative ions thatgive a refreshing feeling to the
surrounding atmosphere. Negligible current

consumption and all-insulated construction
ensure that the unit is safe and economical in

use. Easy to build on a simple PCB.
KIT REF 707 @

LIGHT RIDERS

EE OCT '86

Three projects under one title - all simulations of
the Knight Rider lights from the TV series. The
three are a lapel badge using six LEDs, a larger
LED unit with 16 LEDs and a mains version
capable of driving six main lamps totalling over
500 watts.

EE

KIT REF 559 CHASER LIGHT £15.25
KIT REF 560 DISCO LIGHTS £21.93
KIT REF 561 LAPEL BADGE £11.40
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DIGITAL
CAPACITANCE Wgmmets
METER "

EE DEC 85

Simple and accurate {1%) measurement of
capacitors from a few pF up to 1,000 uF. Clear
5-digit LED display indicates exact value. Three
ranges ~ pF, nF, and uF. Just connect the
capacitor, press the button and read the salue.

KIT REF 493 £4646

Produces high power ultrasound pulses. L.E.D.
flashes to indicate power output and level.
Battery powered {9V-12V or via Mains Adaptor).

KIT REF 812
Mains Adaptor £1.98

qb

MOSFET 3™ ()
DIGITAL FREQUENCY P R :

200 MHz METER

EENOV 86

An 8 digit meter reading from AF up to 200 MHz
in two ranges. Large 0.5 Red LED display. Ideal
for AF and RF measurements. Amateur and C.B.

frequencies.

BENCH 25V 2.5A R =m=d .
POWER SUPPLY '

EEFEB 88

A superb design giving 0.25V and 0-2.5A. Twin
panel meters indicate Voltage and Current.
Voltage is variable from zero to 25V. A Toroidal
transformer MOSFET power output dewice, and
Quad op-amp IC design give excellent

KIT REF 563

performance.
7 KIT REF 769
ACOUSTIC / 4 CHANNEL
PROBE LIGHT
lExEvery\;,:os:ular project | C‘ CHA SE R

which p cks up vibrations by
means of a contact probe
and passes themon to a pair
of headphones or an
amplifier. Sounds from engines, watches and
speechtravelling through walls can be amplified
and heard clearly. Useful for mechanics,
instrument engineers and nosey parkers!

KIT REF 740 O Co

EE Jan ‘90
A 1000W per channel chaser with zero valt
switching, hard drive, inductive load capability,
mic sound sensor and sophisticated ‘beal
detector. Chase steps to music or auto waen

quiet. Variable speed and mic. sens. LED mimic
on front panel. Switchable for 3 or 4 channels
P552 output. Ideal for rope lights, pin spots, disco
and display lighting.

KIT REF 833

e

1

MUSICAL DOORBELL
EE JAN ‘86
This project uses a special |.C. pre-programmed
with 25 tunes and 3 chimes. A Magenta design,
the circuit is battery powered and only draws
current whilst producing sounds. Two rotary
switches select the tune required. Provision is
made for three bell pushes, each of which
sounds a different tune, so that three points of

use.

entry can be identified.
KIT REF 497 @

KIT REF 790
EE TREASURE v -
HUNTER :
EE AUG '89
A sensitive pulse induction

Metal Detector. Picks up
coins and rings etc., up to . 5

EPROM
ERASER

EEOCT '88

Safe low-cost unit capable of erasing ap to four
EPROM’s simultaneously in less than twenty
minutes. Operates from a 12V supply Safety
interlock. Convenient and simple to baild and

STEPPING MOTOR
- INTERFACE

- EE AUG ‘85
Thisinterface enabies 4 phase unipolar stepping

chms deep. bLow ground ﬁq“ A\ motors to be driven from four output limes of any
:e:rcctrrr(n:eaar:i uen:s:z?w;::‘ . computer user port. The circuit is especially

watel 2 suitable for the D35 mot: dour M hich
Easy to use and build, kit . P moliond six SRR

! are commonly used in buggies and roa0t arms.
includes search-head, handle, case, PCB and all ¥ 99

Supplied complete with ribbon cable and

iarrrt;é; Z:gwn' 41.9 connector for the BBC user port.
Headphones 00 KIT REF 464 @
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TK FOR KITS

GUARD DOG KIT

SUPER-SENSITIVE
MICROBUG

PROGRAMMABLE ELECTRONIC LOCK KIT

Keys could be a thing of ¢ VAR TAD) L cmcn
the pastwith this new high ¢ \ srsannm, o N, e con
security lock. Secure S =
doors to sheds, garages, o dr oo

One of the best burglar deterrents is a even your home or pre- T ) S Ry gl 3 RN

FANOR COUNTER
DUTPYT DAIVER

ventthe unauthorised use
of computers, burglar
alarms or cars. One
4-digit sequence will op-
erate the lock while incor-
rect entries will sound an
alarm. The number of in-
correct entries allowed
before the alarm is triggered Is selected by you. Further entries will
be ignored for a time also set by you. Only the correct sequence will
open the lock and switch off the alarm. The sequence may easily be
changed by entering a special number and code on the supplied
keyboard. Kit includes; keyboard, alarm buzzer, high quality PCB and
all electronic components. Supply 5-15V DC. Will drive our Latch
Mechanism (701 150 @ £18.98) or relay directly.
£19.95 Imagine controlling the brightness of your
lights or switching them on or off from the

XK131
4 P TR e ‘L el 853 20 5. comfort of your armchair! This kit contains all
B SRR N L0408 X T 3

SIMPLE KITS FOR BEGINNERS B

screw 10 enable you to do just that and fit the
shallowest wall boxes. Max power 300W (nut
fluorescents|
inner. Have fun with ft S

Especially aimed at the beginner. Have fun with your project even after you ]
have built it and also fearn a little from building 1){ These kits include high i IR TRANSMITTER KIT
quality solder resist printed circuit boards, all electronic components S| Designed for use with
il (including speaker where used) and full construction instructions with

circuit description

guard dog and this kit provides the
barking without the bitet Can be con-
nected to a doorbell, pressure mat or
any other intruder detector and pro-
duces random threatening barks.
Includes mains supply and horn

speaker
XK125 £21.95

S BHEGLASS ST wiTer
O OEM RESIST 130 « a0=mi

Only 45x25x15mm, including built-
-In mic. 88-100MHz (standard FM
radio). Range approx. 300m depend-
Ing on terrain. Powered by 9V PP3
(7mA). 1deal for surveillance, bab
alarm etc. XK128 £6.3

REMOTE CONTROL
DIMMER KIT

DISCO LIGHTING KITS

o] OL800OK 8-way sequencer kit with
built-in opto-isolated sound to
light input. Only requires a box and
controf knob to complete ....£39.95
DL1000K 4-way chaser features
bi-directional sequence and
dimming 1kW per channel .. £23.95
o DLA/1 (for DZ1000K) g
8 Optional op-to input allowing audio

" beat/light response: 95p .
DL3000K 3—channel sound to light PR |
kit, zero voltage switching,

automatic level control and built-in |

the XK132 and comes
complete with a pre
drilled box. A PP3 9
volt battery is required.
MK6.. wnef4.95 A

XK136T £12. g
mic. 1kW per channel ........ £19.55 Sl i B s A
XK139 Unr:-directéogalfhaserd VERSATILE REMOTE '
Zero switching and built-in audio CONTROLSYSTEM ]
input. £12.95 $K1 DOOR CHIME plays a tune when 4 -

XK118 TEN EXCITING PROJECTS FOR
BEGINNERS this kit contains a solder-
less breadboard, components and a

These kits can switch up to 16 pieces of

activated by a pushbutton  £4.50

equipment on and off or control 16 functions
depending on the keyboard selected for the

POWER STROBE KIT

Produces an intense A /

light gluls;e ata

variable frequency

ot1to15Hz. = T N
Includes high quality

PCB, components,

connectors, SWs strobe tube and
assembly instructions. Supply:

240V ac. Size: 80x50x45.

XK124 STROBOSCOPE KIT. £17.25

ELECTRONIC WEIGHING
SCALE

Kit contains a single chip microproc-
essor. PCB, dispiays and all electron-
ics to produce a digfital LED readout

SK2 WHISTLE SWITCH switches a
relay onand offinresponse to whistle
command £4.50

SK3 SOUND GENERATOR produces
FOUR different sounds, including
police/lambulance/fire—engine siren
and machine gun 4.50

booklet with instructions to enable the
absolute novice to build ten fascinating
projectsincluding alight operated switch,
intercom, burglar alarm and electronic
lock. Each project includes a circuit dia-
gram, description of operation and an
easy to follow layout diagram. A section
component identitication and function is
included, enabling the beginner to build
the circuits with confidence .....€17.25

VOICE PROCESIOR
120 MEORY

VOICE RECORD/
PLAYBACK KIT o\ X

This simple to construct and even sim- o
ler to operate kit will record and play- /

‘ .
ck short messages or tunes. It has AN = L PSS
many uses - seatbelt or light reminder SN
in the car, welcome messages 10 visi-  aumoawr s
tors at home or at work, warning mes- WIGH QUALITY PES

sages in factories and public places. In
fact anywhere where a spoken message

MK18 transmitter. MK12 receiver has 16 logic
outputs and operates from 12 10 24V d.c. or
240V ac via the wransformer supplied The
MK18 requires a 9V battery and keyboard
Great for controlling lights, TVs, garage doors
e,

MK12 IR Receiver.....
MK18 Transmitter..
MK 9 4.way Keyboard.....
MK10 16-way Keyboard......
601133 Box for transmitter

o N

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses “burst fire
technique to
maintain
temperature to
within 0.5°C

photography,

of weight in Kgs or Sts/Lbs. A PCB
link selects the scale-bathroom/two
pes of kitchen scales. A low cost
igital ruler could also be made.
ES1 £8.2

Size
Message time
XK129

TK ELECTRONICS

13 Boston Road
London W7 3SJ
Tel: 081-579 9794
Fax:081-566 1916

ELECTRONICS

634

is announced and which needs to be changed from time to time. Also suitable for toys — why
not convert your daughes's £8 doll to an £80 taking dol!!

1-5 secs normal speed, 2-10 secs slow Speed

ORDERS: 087-567 8970 24 HOURS

Incubators, wine
making, etc
Maximum load 3kW (240V AC).
Temperature range up to 60°C.

Size 50x40x25mm. XK140... .£8.95

76 x 60 x 15mm

£25.95

ORDERING INFORMATION All prices INCLUDE
VAT. Free P & P on orders over £6J (UK only),
otherwise add £1.15. Overseas Customers divide
total order by 1.15 then add P & P; Europe £3.50,
elsewhere £10.00. Send cheque/PO/Visa/Access
No. with order. Giro No. 529314002, Local Author-
ity and educational institutions orders welcome.
Shop Open: Tuesday-Thursday 10 am — 5 pm.
Saturday 10 am — 4 pm,
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DORSET BH21 1JH
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that lengthy technical enquiries cannot be answered over
the telephone.
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DESIGN

With our popular Micro In Control series coming to an end next month, it is
time to look at what will follow. We are often asked to tell readers how to
design an XYZ for their next project, as many readers are aware it is not quite
that simple! However, our new Circuit Design Teach-In series starting in the
December issue, will do just that. The series has been written for us by Mike
Tooley, who should be well known to most readers, and Mike’s words describe
the series very well:

This ten part series is designed for the beginner. It not only aims to dispel
some of the perceived mystery of electronic circuits but it also shows how even
the relative newcomer to electronics can, with the right approach, design and
realise quite complex circuits.

Each part will incorporate a design problem together with a complete practi-
cal project. The practical project will stand on its own and thus may appeal
to those who may not necessarily be following the series, whilst the design
problem has been designed to give readers some scope for experimentation.

The series will employ an absolute minimum of mathematics. Futhermore,
the traditional analytical approach (based on circuit theorems) will largely be
replaced by experiential learning. The overall aim being that of fostering an
intuitive approach.”

TEACH-IN FOUR

While on the subject of Teach-Ins our new publication Teach-In No. 4. Intro-
ducing Digital Elecironics, will be on sale on 21st September so watch out for
that too. It is a complete course for City & Guilds 726/301 (Introductory Digi-
tal Electronics) and will be invaluable to anyone taking up the hobby or getting
involved in study for C&G or other qualifications, including G.C.S.E. courses.

PRICE

No doubt you will have noticed that from this issue EE will cost you £1.50. It
has been 18 months since our last price rise and our costs — particularly paper
prices - continue to rise. | believe EE is no more expensive than any of our
rivals (cheaper than some) and still offers the best value for money of any of the
monthly electronic hobby magazines. You can avoid this price rise for a year if
you are quick! See page 667.

SUBSCRIPTIONS

Annual subscriptions for delivery direct to
any address in the UK: £16.00. Overseas:
£19.50 (£37 airmail). Cheques or bank drafts
(in £ sterling only) payable to Everyday
Electronics and sent to EE Subscriptions
Dept, 6 Church Street, Wimborne, Dorset

BH21 1JH. Subscriptions can only start

EVERYDAY

EI.ECTRONICS

Everyday Electronics, October 1990

with the next available issue. For back
numbers see below.

BACK ISSUES

Certain back issues of EVERYDAY
ELECTRONICS are available price £1.50
(£2.00 overseas surface mail) - £ sterling
only please - inclusive of postage and
packing per copy. Enquiries with remittance,
made payable to Everyday Electronics, should
be sent to Post Sales Department, Everyday
Electronics, 6 Church Street, Wimborne,
Dorset BH21 1JH. In the event of
non-availability one article can be
photostatted for the same price. Normally sent
within seven days but please allow 28 days for
aelivery. We have sold out of Sept., Oct.
& Dec. 85, April, May, Oct. & Dec. 86,
Jan., April, May & Nov. 87, Jan., March,
April, June & Oct. 88, & March 90.

BINDERS

Binders to hold one volume (12 issues) are
available from the above address for £4.95
(£6.95 to European countries and £9.00 to
other countries, surface mail) inclusive of post
and packing. Normally sent within seven days
but please allow 28 days for delivery. Pay-
ment in £ sterling only please.

Editor: MIKE KENWARD

Secretary: PAMELA BROWN

Deputy Editor: DAVID BARRINGTON
Business Manager: DAVID J. LEAVER
Editorial: WIMBORNE (0202) 881749

Advertisement Manag
PETER J. MEW, Frinton (0255) 850596

Classified Advertisements:
Wimborne (0202) 881749

READERS’ ENQUIRIES

We are unable to offer any advice on
the use, purchase, repair or modification
of commercial equipment or the incor-
poration or modification of designs pub-
lished in the magazine. We regret that we
cannot provide data or answer queries
on articles or projects that are more than
five years old. Letters requiring a per-
sonal reply must be accompanied by a
stamped self-addressed envelope or a
self addressed envelope and interna-
tional reply coupons.

All reasonable precautions are taken to
ensure that the advice and data given to
readers is reliable. We cannot however
guarantee it and we cannot accept legal
responsibility for it.

COMPONENT SUPPLIES

We do not supply electronic com-
ponents or kits for building the projects
featured, these can be supplied by adver-
tisers.

We advise readers to check that all parts
are still available before commencing any
project in a back-dated issue.

We regret that we cannot provide data
or answer queries on projects that are
more than five years old.

ADVERTISEMENTS

Although the proprietors and staff
of EVERYDAY ELECTRONICS take
reasonable precautions to protect the
interests of readers by ensuring as far as
practicable that advertisements are bona
fide, the magazine and its Publishers cannot
give any undertakings in respect of
statements or claims made by advertisers,
whether these advertisements are printed as
part of the magazine, or are in the form of
inserts.

The Publishers regret that under no
circumstances will the magazine accept
liability for non-receipt of goods ordered, or
for late delivery, or for faults in manufac-
ture. Legal remedies are available in respect
of some of these circumstances, and readers
who have complaints should first address
them to the advertiser.

TRANSMITTER/BUGS/TELEPHONE
EQUIPMENT

We would like to advise readers that cer-
tain items of radio transmitting and tele-
phone equipment which may be advertised
in our pages cannot be legally used in the
U.K. Readers should check the law before
using any transmitting or telephone equip-
ment as a fine, confiscation of equipment
and/or imprisonment can result from illegal
use. The laws vary from country to country;
overseas readers should check local laws.
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FREQUENCY
METER/TACH
STEVEKNIGHT —— | .« &

A stralightforward, inexpensive but accurate
freguency meter. Measures

%; AR
3 XA s o w / 5
PIRSY Wsy Begod 7.

f/‘Aé‘ ® "‘<

and an accuracy of two per cent, we

from 10Hz to 100k HZ.

SHORT while ago a colleague who
A operated a small engineering plant,

knowing | dabbled in things
electronic, asked me if | could make up for
him a box of tricks (as he put it) which
would measure the speed of rotating shafts.
The design criteria, apart from a
reasonable accuracy, simplicity of opera-
tion and cheapness, being that no
mechanical contact was to be made to any
of the shafting under investigation, neither
was any mechanical switching to be
involved.

Well, a few weeks work produced a unit
which did the job adequately and had an
accuracy of well within one per cent.
What turned up was basically a photodiode
sensor with a self-contained light source,
which illuminated and then detected by
reflection the passage of black and white
stripes painted on to part of the shafting
being looked at.

This gave a square wave output cor-
responding to the transitions between the
light and dark areas on the shaft. The
output was then fed into a simple fre-
quency counter which provided a direct
indication on the scale of an analogue
meter, of the number of square wave cycles
per second and hence (knowing the number
of stripes painted on the shaft) the rota-
tional speed of the shaft.

This original instrument had a single
frequency measuring range of lkHz and
when used for the purpose for which it was
designed, that is, a Tachometer, it was
useful for measuring the speeds of rotating
mechanisms well beyond 10,000 revolu-
tions per minute.

On thinking this project over afterwards,
it seemed logical that since the end effect
was the measurement of frequency, then a
design could be made up of two separate
units: A Frequency Meter part, which
could be extended in frequency to at
least 100kHz to make it into a self-
contained addition to the home ex-
perimenters’ laboratory instruments. A
useful optical sensor unit which could be
used with the frequency meter to form a
Tachometer, or used in its own right as a
beam-break detector, or as a tape or punch
card reader, to name just a couple of
applications.

636

As such, either or both designs might be
of interest to home constructors, so the
extended and modified forms of both the
original frequency meter (this month) and
the optical Sensor/Tachometer will be des-
cribed over the next two issues.

FREGQGUENCY
MEASUREMENT

An analogue frequency meter may seem
rather like a restricted or even antiquated
piece of equipment in this age of digital
devices but there is a maxim I have al-
ways followed over very many years in the
electronics game: “never make a thing more
complicated than it has 1o be to do the work
you want it to do.”

That way, a lot of expense and frustra-
tion is avoided and egos are less likely to
get dented. If a piece of equipment does a
particular job, who cares whether there are
just a couple of transistors inside the box or
fifty integrated circuits?

So, although the Frequency Meter we are
talking about here has an upper frequency
limit of 100kHz (this can be extended by
frequency division as it is in a digital meter)

—_—— K
INPUT AND SHAPING o7
AMPLIFIERS a

Fig. 1. Basic operation of the Fre-
quency Meter.

mustn't dismiss it as old hat. What it does
have, and this is important for most of us,
is cheapness and simplicity and a useful-
ness in the fact that most home workshop
measurements are needed over the audio
range where an accuracy of one or two per
cent is perfectly adequate. With an upper
limit of, say, 100kHz, it will cover ninety-
five per cent of everything a home ex-
perimenter gets up to.

This simple part of the project, which
of course can be used in its own right,
will give you a frequency measuring range
from about 10Hz up to 100kHz with an
accuracy. with care, of better than +2 per
cent. With the meter scale being linear, the
accuracy is unaffected by the input wave
shape and input amplitudes down to 0.2V
can be measured. There are six switched
frequency ranges and a built-in calibra-
tion system which enables the circuit to be
set up to the correct operating conditions
every time it is used.

Protection is provided against excessive
input levels and against d.c. voltages which
might be inadvertently applied. The input
“LO" terminal SK2 is also isolated from
the case of the instrument (if a metal box
is used) which is a useful feature in con-
ditions where earthed input levels “ain't
necessarily so™.

The use of the frequency meter as a
tachometer is accomplished by the attach-
ment of the second unit which is a photo-
diode and light source, plus amplifier, and
this will be discussed in due course.

CIRCUIT
PRINCIPLES

The principle on which the Frequency
Meter is based is shown in Fig. 1. The input
waveform is first converted to a rectan-
gular pulse train by a two-stage saturating
amplifier.

This waveform is then used to switch
transistor TR3 on and off on each of the
alternate half cycles appearing at its base.
For convenience, the component number-
ing is the same as that used in the full
circuit diagram of Fig. 2. given later.

During the negative half cycle of input,
TR3 is turned off and capacitor C charges
by way of resistor R8 and diode D4.
The cathode (k) of diode D6 is held at
a reference potential determined by the

Everyday Electronics, October 1990



Zener diode D7 (9.1V) and any attempt by
the collector of TR3 (and hence the poten-
tial on the upper plate of C) to rise
above about 9.3V causes D6 to conduct
and clamp the collector at that level.
The capacitor consequently charges always
to the same level irrespective of signal
amplitudes elsewhere in the circuit.

On the following half cycle, TR3 switches
hard on and capacitor C discharges
through the transistor, diode DS and the
meter movement MEI. For a given value
of C, the mean current through the meter
will be a function of the extent to which C
is discharged and this will be directly
related to the input frequency. Hence the
meter reading is proportional to frequency.

CIRCUIT
DESCRIPTION

The complete circuit diagram of the Fre-
quency Meter is given in Fig. 2. The input
transistor TR is a junction-gate fe.t.
preceded by a voltage limiter. This arrange-
ment provides a high input impedance
to the instrument (of the order of one
megohm) and overload protection.

Switch bank S1b merely keeps the posi-
tive terminal of the meter MEI “'earthed”
for the six range positions selected on Sla
and s> provides the discharge path for the
appropriate range capacitor as detailed in
the notes to Fig. 1. On the seventh posi-
tion however, the meter and a preset resis-
tance, VR1, are switched across the Zener
reference diode D7.

This preset is adjusted during setting-
up to give full scale deflection of the
meter which is then correctly calibrated for
that reference level. This is necessary as
Zener diodes themselves have a five per
cent tolerance. Once set, this calibration is
thereafter controlled from a front panel
potentiometer VR2 and holds for all fre-
quency ranges.

The power supply source is quite con-
ventional. A bi-phase rectifier, diodes D8
and D9, provide a d.c. output of about
24V across reservoir capacitor C13 from a
15V-9-15V, 250mA miniature mains trans-
former, and this is further smoothed and
filtered by resistor R12 and capacitor C12.
Resistor R11 is the Zener protection resis-
tor and transistors TR1 and TR2 are fur-
ther decoupled by the RS, C3 combination.

PRINTED BOARD

All components except the meter, the
range switch and the calibration control
are mounted on a single printed circuit
board which itself is screwed directly on to
the rear of the meter, using the meter
terminals as the fixing points. This board is
available through the EE PCB Service,
quote code EE704.

The board measures 137mm by 103mm
(5'sin by 4in) and should preferably be
of the fibreglass form as the mains trans-
former is also mounted on it. The brittle
bakelite-based board can be used but is
best avoided.

The component layout and full size cop-
per foil master pattern is shown in Fig. 3.
The two meter fixing holes at points M +
and M- suit the specified meter; if you use
an alternative meter these positions may
need to be adjusted accordingly.

You may have to adjust the hole posi-
tions to suit or, in the event of extreme
variation, run two leads from the board to
the meter and mount the board in some
other fashion. A note should also be made
of the polarity of the terminals of any alter-
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The maximum amplitude of the signal ap-
plied to the gate of the fe.t. is limited to
about % 2.7V by the action of Zener diodes
D1 and D2 together with resistor R1. If the
signal exceeds this level in either polarity,
the appropriate Zener will break down and
the excess voltage will be developed across
R1. Capacitor C1 provides some high fre-
quency compensation.

The f.e.t. itself is used as a source follower
and the output across the source load R4
is an in-phase version of the input sig-
nal. Transistor TR2 is a simple squaring
amplifier whose output switches TR3 on
and off in accordance with the description
already given.

The charging capacitors for each of the
six frequency ranges are selected by the
switch bank Sla. These capacitors have to
be highly stable and of close tolerance, and
although shown as single components in
the diagram, are mostly made up from two
paralleled components. Capacitor CS5, for
example, is made up from a 39n and an
8n2, a total capacity of 47n2, while Cl10 is
made up from 100p and a 5-65p trimmer.
We will return to this matter in the align-
ment details later.

Everyday Electronics, October 1990

FREQUENCY

637



Fig. 3 PC.B. pattern -
shown full size — and (op-
posite) the component lay -
out and wiring.

Resistors Capacitors

R1, R6 10k (2 off) @1l 0u01 polyester
R2 1™ C2,Cc4 22y tantalum bead 25V
R3, R12 47 (2 off) (2 off)
R4 3k9 C3 100u axial elec. 25V
RS 1k *C5-C10 See text (Table. 1)
R7 120k c11 100y radial efec. 25V
R8 4k7 C12.C13 470y radial elec. 25V

‘R9 39k (2 off)

*R10 2k7 *C9,C10 5-65p trimmer (2 off)
R11 560

All %W 5% carbon or better

Potentiometers
VR1 47k min. preset, horiz

VR2 Bk rotary carbon, lin. See

TALK

Semiconductors

D1,D2 2.7V Zener, 400mW (2 off)
D3 1N4148 signal diode Page
D4,D5,D6 0A47 germanium diode (3 off)
D7 9.1V Zener, 1.3W
D8,D9 1N4001 1A 50V rec. diode (2 off)
TR1 2N3819 n-channel field effect transistor
TR2 BC107 npnsilicon, signal
TR3 BC548 npnsilicon, signal
Miscellaneous
ME1 100pA 4in. moving coil panel meter
S1 Two-pole 12-way wafer switch (2 wafers)
S2 Mains On/Off toggle or slide switch
T1 Mains 10VA min. transformer; OV-15V, 0V-15V 330mA sec.
LP1 250V neon indicator lamp
FS1 500mA fuse, with panel mounting fuseholder

Printed circuit board available from £€ PCB Servicecode EE704; metal case, approx.
203mm x 152mm x 100mm (see text); 4mm screw/socket terminal (3 off - red, black,
green); control knobs (2 off); mains cable; plastic sleeving; connecting wire; mains cable
clamp/grommet; solder tags (4 off); solder; nuts, bolts and washers etc.

*Resistors R9 and R10 may need modification if an alternative meter is used

Capacitors C5 to C10 are paralleled pairs. All values above (and including) 1000p
(1n) are 1 per cent tolerance, high stability types. Capacitors below 1n may be nominal

2% per cent polystyrene.

plus case

Approx cost

guidance only
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nate meter even if the terminal spacing
is identical. Viewed from the rear of the
meter, the positive terminal must be on the
left

There is little to say about mounting the
components on to the board. There are
a number of diodes and electrolytic
capacitors and the polarities of these
must be carefully observed, particularly
capacitors C2 and C4 which are tantalum
beads and the markings on some of these
are notoriously indistinct. Make doubly
sure you get them the right way round.

Diodes D4, DS and D6 are germanium
types, preferably OA47s although OA9ls
may be used. The miniature transformer
is bolted directly to the board using 6BA
screws and the connections from the secon-
dary winding made with short wires down
to the appropriate copper pads.

When mounting the transformer T1, put
a thin washer benveen the transformer and
the board as Fig. 4. shows. This prevents
the slight deformation of the board which
might occur as the transformer screws are
tightened up. Do not overtighten them in
any event.

FREGUENCY
SELECTION

The frequency range capacitor selection,
C5 to CI10, are positioned along the top
edge of the board. These enable the range
10Hz to 100kHz to be covered in six
switched stages.

Frequencies below 10Hz are seen as rapid
vibrations of the meter pointer and are
not accurately readable; the upper limit
is determined by the smallest value of
capacitor which adequately swamps out
the effect of circuit strays. It is possible to
get up to about 250kHz with care, but
above some 150kHz the reading is not
entirely reliable, hence the decision to make
the upper limit 100k Hz for this design.

As the board diagram shows, provision
is made for each capacitor position to ac-
cept a paralleled arrangement of two com-
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ponents; this makes the final adjustments
very much easier.

Table. 1. shows the capacitor combina-
tions used in the prototype and these gave
an accuracy within +2 per cent. However,
because of circuit tolerances and varia-
tions, some slight adjustments may well be
needed in copy models and this is where the
idea of using paralleled capacitors comes
in.

The C5 position may be a single 47n
+ | per cent component or a 39n in paral-
lel with an 8n2. No adjustment is needed
on this frequency range (0-300Hz) as it is
set up against the calibration circuit; and
for capacitors C9 and C10 the addition
of a 5-65p trimmer capacitor makes the
final adjustment on the two upper ranges
(0-30kHz and 0-100kHz) very easy.

To start off, then, solder a// the capacitors
for the CS. C9 and CI0 positions into
place, but use solder pins into the positions
for C6, C7 and C8 and solder only the
larger valued capacitor of each pair to
these for the time being; that is, the 10n for
C6, the 3n9 for C7 and the In for C8. The
additional paralleled capacitors to each of
these will be connected to the unused pins
during alignment later on.

When you have reached this stage in
the board assembly, double check on the
polarities of the electrolytics and the diodes
and go over your soldering to make certain

TABLE 1
Cap. Main Parallel
lcapaci tance ' capacitance
C5 39n 8n2
Cé 10n 3n9
c7 | 3n9 250p
Ccs8 1n0 330p
Cc9 390 | 5-65p trimmer
C10 100p 5-65p trimmer
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that there are no bridges across tracks
or poor joints. Now solder 7Smm (3in)
lengths of insulated wire, preferably of
different colours to avoid later confusion,
to the points along the left-hand side of the
board which will connect to the switch S|
and calibration control VR2 (points a
through m) and two similar lengths to the
input pads (points p and ¢). Finally, don’t
forget to bridge the tags on the mains
transformer primary winding which con-
nect the separate parts of this winding
together.

RESCALING THE

METER

The specified meter is scaled 0-100pA and
this needs to be changed. This is because
we are effectually measuring frequency and
not microamps and the ranges go up in

VERY NARRDW
GAP BETWEEN

BDARD AND
TRANSFORMER

WASHER UNDER CLAMP
BOTR SIDES
i

Fig. 4. Transformer mounting.

steps of 3 and 10 units i.e. 300Hz, 1000Hz,
3000Hz etc. So we need to add a 0-30 scale
on to the existing 0-100 one and put the
word " Frequency™ somewhere.

The readjusted scale is shown in Fig. 5.
and anyone with an artistic bent and a
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Fig. 5. The required meter scale.

steady hand can use rub-on lettering and
Indian ink to fabricate the scale for him-
self. However, many of us do not have
either the steady hand or the bent; so to
make life not altogether discouraging, the
scale has been reproduced full size and a
photocopied scale can be cut out and glued
to the existing scale.

To fit the scale, first gently prise off the
transparent plastic cover from the meter,
using only your fingers and thumbs, nor
screwdrivers or the like, or the plastic may
be damaged. And make sure the surround-
ings are clean and dust free. Remove the
existing scale by unscrewing the two fixing
screws and sl/ide it out from beneath the
pointer.

Cut out the photocopied scale to the out-
line, apply a suitable adhesive thinly to the
back of the metal scale and by aligning

the top edges of metal and paper care-
fully you will be able to stick the paper
scale accurately and smoothly to the metal.
Slide the scale back into place and screw
into position, then snap the cover back on,
starting by engaging it at the bottom edge.
Check the pointer zeroing adjustment by
turning the button adjuster.

PREPARING THE
FRONT PANEL

At this point | have a confession to make.
The case | used for this project was one |
had had collecting dust on the workshop
shelf for a number of years. It was a one-off
case in the first place and so is not to be had
from anywhere else.

However, as the whole assembly of
board. meter and the other parts go on to a

— g5 = —

<

£

)

Sect i

lo————50 e Ty

2 HOLES AT A 10mm DiA
3 HOLES AT B 13mm D1A
2 HOLES AT C 6mm DIA
1 HOLE AT D 60mm DIA
4 HOLES AT E SEE TEXT

PANEL 16 SWG ALUMINIUM{B X6)203mm X152mm

ALL OIMS IN mm

f—19 —dom1g —]

Fig. 6. Front panel drifling detarls.
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single front panel, it might be worth
looking round for a box having a minimum
panel size 203mm by 152mm (8in by 6in) as
this carries the component parts quite
comfortably. A minimum depth of about
100mm (4in) for the box is adequate.

Perhaps it might not be unreasonable
to suggest using a panel size of 203mm
by 152mm cut from a piece of l6swg
aluminium and then making a case up in
the form of a simple wooden box measur-
ing 203mm by 152mm by 100mm deep.
The sides could be made from plywood and
the back a piece of hardboard. This would
save the trouble of hunting around for a
suitable case and would be a lot cheaper.

Details for the panel cut-outs, assuming
a size of 203mm by 152mm, are shown in
Fig. 6. The four fixing holes on the top and
bottom edges are not shown as the posi-
tions of these are not critical and have to
suit whatever form of box the front panel
will finally screw to.

The way the front panel is legended.
using rub down lettering, is shown in the
photographs. The actual size of the circular
marked scales for the Range and Calibrate
controls should suit the size of the knobs
used; 25mm (lin) diameter are about right.

The four fixing holes for the meter are
always a problem to position, but in the
box which comes with the specified meter
you will find a cardboard packing piece
which serves excellently as a template for
marking out the fixing holes relative to the
large centre hole. Cut out the large circle

first and then mark and drill the fixing

holes.

A fretsaw is useful for cutting the meter
hold if you haven’t a punch. If you use a
drop of paraffin or turps as a lubricant, you
will find a fretsaw cuts 16swg aluminium
with no great difficulty at all.

The input terminals SK1-SK3 are 4mm
screw/socket types and are coloured
red(HI), black (LO) and green (earth). You
can if you wish go your own way here and
use a BNC connector although this does
not isolate the “"earthy” input SK2 (LO)
from the metal panel. With the socket
terminals, don't forget the locating spigot
on the terminal moulding.

ASSEMBLY

Once the front panel is ready, the meter,
range switch, calibration potentiometer,
input terminals and the mains switch and
indicator can be mounted. The range
switch is a two-wafer assembly and uses a
pair of |-pole 12-way wafers with the stop
mechanism adjusted so that only the first
seven positions are used.

Although standard size wafers and
mechanism were used on the prototype.
there is no reason why miniature wafers
cannot be used, and this would in fact
allow a little more room between switch
and board. The switch mechanism has a
projection on its front face which acts as an
anti-rotation feature; a hole should be
drilled in the panel so that this projection
engages in it when the switch fixing nut is
tightened up.

Put a tag under one of the lower fixing
nuts of the meter and run a wire from this
to the Earth terminal on the input group-
ing; also leave a few inches floating from
this same tag to make connection to the
transformer frame after the board has been
fitted.

When the above points have been seen to,
the board itself should be screwed to the
meter terminals at positions M + and M —
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Fig. 7. Control and socket wiring.

The screws supplied with the meter can be
used but they are a bit on the short side
particularly if you put a washer under each
head (as you should); if you can find two
others with an extra eighth-inch of thread,
use them.

INTERWIRING

Now wire up the range switches and the
calibration potentiometer as detailed in
Fig. 7. Contacts not used on the switch
wafers are not shown. The actual posi-
tion of the sliding contact on the wafers
my differ from that illustrated, depending
upon whether you use standard or mini-
ature wafers, or other makes of switch.
Loop the wires from the board to the
switch contacts neatly and do not make
them so short that they are tight anywhere.

Now wire up the transformer T! primary
via the on-off switch, not forgetting the
neon indicator. You must stick some tape
over the primary terminals and the switch
tags, so that they are insulated and out of
harms way while you carry out the calibra-
tion.

CALIBRATION

To get the best possible accuracy from
the project, you need a Signal Generator
covering the range 300Hz to 100kHz; fail-
ing that, if you can get hold of a 300Hz
source of good accuracy, plus an oscillator
which will go up to 100kHz even if it is
not calibrated or particularly accurate, the
work is not difficult.

First of all, set the front panel Calibrate
control fully anticlockwise and the preset
potentiometer (VR1) on the p.c.b. to about
mid-position. Switch on the Frequency
Meter and turn the Range switch to CAL.

The meter should not indicate anything
on the frequency range positions of the
switch but on the CAL position it should
give a reading which should be adjustable
over a small range by the Calibration con-
trol. The exact variation and its value is
unimportant. If it does this and there are
no other signs of circuit discontent, things
are probably working out correctly.
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Assuming now that you have or can lay
your hands on a known source of fre-
quency in the range 300Hz to 100kHz,
proceed as follows: connect the signal
source to the frequency meter input HI and
LO terminals and set the output of the
source to 300Hz at a level of a volt or so.

Turn the Range switch on the project to
0.3kHz and adjust the front panel Calibra-
tion control for full scale deflection (f.s.d.)
of the meter. This should occur somewhere
about the centre position of the control.

Now, withous disturbing the Calibrate
setting, switch the Range selector to CAL
and adjust the preset potentiometer on the
p.c.b. (VR1) to again provide f.s.d. on the
meter. Switch back to the 0.3kHz position
and check that the f.s.d. is unaffected.

This frequency range is now correctly set
up. Check the range and operation by
progressively reducing the input frequency
from 300Hz down to 15Hz or so; the meter
reading should accurately follow this varia-
tion.

What we now have to do on the next three
ranges is to find the appropriate capacitor
to parallel with those already mounted on
the board to give us a correct frequency
reading in each case. This might sound as
though things are going to get difficult and
tedious, but in practice the job is done
fairly quickly and is well worth a bit of
patience.

Here is the drill for the 1kHz range. and
the rest follow similarly:

Temporarily connect a 3n9 capacitor
(you can leave the leads full length at this
stage) in parallel with the 10n already
mounted in the CS combination on the

s
10 FREQUENCY
METER INPUT
‘-0

Fig. 8 Basic calibration circuit.

board, using the appropriate solder pins.
This value is in accordance with Table. |.
of values given earlier.

Switch the Range selector to 1kHz and
set the signal source to IkHz output; if
you are lucky the meter will read full scale
(equal to an input of 1kHz in frequency). If
the reading is worse than +2 per cent or
whatever accuracy you are settling for, you
will need to make some adjustments

If the reading is too low add a further
capacitor in parallel with the 3n9; until you
get about two per cent change in the read-
ing per 100p added. If the reading is too
high, replace the 3n9 with a 3n3 and add,
say. a 470p so that you get an equivalent
which is a little below the first 3n9 value.

When you get things right, solder the
added capacitor(s) securely to the pins.
None of these additional capacitors need
be more accurate than five per cent.

Carry on in the same way for the 3kHz
and 10kHz ranges, starting off with the
added capacitor value as that indicated in
Table. 1. and making any necessary adjust-
ments to get the correct frequency read-
ing. On the top two ranges, simply adjust
the trimmer capacitors to bring the meter
reading to the correct f.s.d. of 30kHz and
100k Hz respectively.

Everything hinges on getting the 300Hz
range right; after that, if you have
no means of calibrating otherwise, the
capacitor values given in Table. 1. should
give you a not unreasonable overall
accuracy to the other ranges.

The 50Hz mains supply can be used as a
stop-gap measure in aligning the 300Hz
range, put a bridge rectifier across the
secondary of a low voltage transformer, 2V
or 3V being enough, see Fig. 8. The output
from this bridge will then be a 100Hz
waveform which when connected to the
frequency meter will indicate 100Hz on the
300Hz range. Do your initial calibration,
then, at this point instead of at the f.s.d.
point.

Whenever the instrument is used. the in-
tial setting up simply consists of switching
to CAL and adjusting the Calibrate control
(if necessary) to f.s.d. before making any
frequency measurements.

Next Month: Add-on Optical
Sensor Tachometer.
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GHOST
WAKER

MAX HORSEY

Create your own surprise on the night of
Halloween. Even the “Ghost
Busters” will be impressed

but sound operated devices also have

many other applications. The circuit
employs a miniature microphone which
causes a pair of eyes inside a mask to flick
open for a short time. A pair of greenl.c.d.s
in the nostrils add to the eerie effect
particularly in subdued lighting.

THIS is an ideal project for Halloween,

PRINCIPLE OF

OPERATION

Sound is picked up by the microphone
(Fig. 1), and amplified by a simple’op-
amp pre-amplifier. The output from the
op-amp is rectified (i.e. changed from a.c.
to d.c.) and used to control a Darlington
power amplifier. When the power amplifier
switches on, a large current flows through
the solenoid and l.e.d.s.

CIRCUIT
DESCRIPTION

The microphone is an electret type, which
is small, inexpensive, and particularly sen-
sitive. Unlike ordinary dynamic types it
requires a d.c. supply, and this is provided

via Rl - see Fig. 2. The small alternat-,

ing current from the microphone is fed
via C! to the non inverting input of IC1.

Capacitor Cl is necessary in order 1o iso-
late the d.c. voltage level at the lower end of
R1, from the voltage at the junction be-
tween R2 and R3. This latter voltage is set
at half the supply voltage.

and since the audio signal produced by the
microphone is alternating, the signal can
flow through C1 and into the non-inverting
input pin 3. This causes a similar, but
amplified alternating signal at output pin 6.
In other words, the previously steady d.c.
level is now fluctuating at the same fre-
quency as the original sound wave.

SOLENOID

SOUND v
MICROPHONE

GAIN CONTROL

| AND
RECTIFIER

@

L.E.D.s

Fig. 1. System block diagram for the sound-operated “Mask "

The d.c. voltage at output pin 6 should
equal the voltage at pin 3, and this is
ensured by means of negative feedback,
where R4 couples pin 6 to the inverting
input pin 2. If the d.c. output voltage
changes slightly, the change is inverted via
pin 2, causing the output voltage to return
to its correct value. Capacitor C3 blocks
any flow of d.c. and therefore has no effect
on these d.c. voltage levels. Capacitor C4
also blocks the flow of d.c. to the OV rail

Alternating currents are — in general
terms - able to flow through capacitors,

Fig. 2. Complete circuit diagram for the Ghost Waker mask.
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Since resistor R4 connects the output
back to the inverting input, the a.c. out-
put would be cancelled out. However,
capacitor C3 provides an a.c. path to 0V
via RS. Now only part of the a.c. output
arrives at pin 2, and the output is therefore
only partially reduced. The ratio of R4 to
R5 sets the approximate maximum a.c.
gain achieved by the circuit.

POWER
AMPLIFIER

The a.c. signal passes via C4 to VR1. The
position of the slider on VR1 determines
the signal level passed to the next stage.
Diodes D1 and D2 act as a voltage doubler
and rectifier, charging capacitor C7 to a
d.c. voltage level which depends upon the
amplitude (size) of the a.c. signal flowing
via CS.

The value of C7 determines the time for
which the eyes remain open after the sound
has stopped. Resistor R7 regulates the dis-
charge of C7 into the transistors (TR1 and
TR2), which are connected as a Darlington
pair. The gain achieved is determined by
multiplying the gain of TR by the gain of
TR2.

When the Darlington pair turns on, cur-
rent flows via the solenoid, through TR2 to
OV. The l.e.d. D3 is wired in series with D4
and current limiting resistor R8. Diode D5
prevents damage caused to the transistors
by back e.m.f. produced by the solenoid.
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Fig. 3. Printed circuit board component layout and
full size (below) copper foil master patern.
DECOUPLING

The solenoid requires quite a large cur-
rent, and this can cause voltage fluctua-
tions which would upset the operation of
the sensitive pre-amplifier. Resistor R6
is provided to partly isolate the power
rails between the pre-amplifier, and power

Resistors
R1 10k
R2,R3 100k (2 off)
R4 470k See
R5,R6 1k (2 off) QLA
R7 4k7 TALK
R8 330
All 0.25W + 5% carbon Page amplifier stages. Capacitor C2 helps to
v ensure a steady supply voltage for the
Potentiometer pre-amp, and C6 provides general decou-
VR1 47k lin pling for the circuit.
Capacitors
C1,C7  0p22 polyester (2 off) CONSTRUCTION

C2,C6 1000p axial elect. 25V (2 off)

C3'to C5 10y radial elect. 25V (3 off) The circuit is constructed on a p.c.b.

shown in Fig. 3. Begin by soldering in the
smallest components and i.c. socket. Check

Semiconductors that the diodes and transistors are fitted the

D1,D2,

D5 1N4148 diode (3 off) cerrect way round, and that a BCI84L is
TR1 BC184L npn transistor used for TR1, and not a BC184 which has
TR2 TIP41A npn transistor leads in a different order. Capacitors C2
D3, D4 l.e.d. green standard (2 off) and C6 are axial types., which lie flat

against the p.c.b. Ensure that capacitors
Miscellaneous C2, C3, C4 and C6 are fitted the correct
microphone, electret type way round.
X2 solenoid (small 12V type) Connect wire leads for the microphone,
S1 _on/off toggle switch l.e.d.s, solenoid and power supply. Switch
Printed circuit board, available from S'I' y \a i It the- ciedh A e
the EE PCB Service, order code EE703; e ¢ R SR (R 0 3
case; screw for solenoid; Meccano or powered from a mains power unit. Finally
Fishertechnik type axle; Meccano push the 741 i.c. into its socket, ensuring
supports, nylon thread, elastic thread, that pin one is in the correct corner. This
table tennis balls (2 off); thin cardboard; i.c. is not sensitive to static electricity, and
mask; beard, etc.; connecting wire, can be handled without precautions.
battery holder or main adaptor (see
text); fixings etc.
THE CASE
Any type of housing may be employed,
gglpdr::czo;:/y £ 2 0 some constructors may prefer to mount

the circuit on a block of wood, with the
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ELASTIC THREAD
TIED TO SCREW X

EYEBALL

EYEBALL
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TO CASE BY
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VR1 :]
BATTERY BOX
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REAR VIEW OF CASE
WITH BACK REMOVED

METAL NYLON
SUPPORT THREAD
—ARMATURE
WOOD FASTENED 7
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SUPPORTS
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INSIOE OF BACK
OF CASE

.

MICROPHONE

Fig. 4. Method of mounting the solenoid and p.c.b. inside the case. The “eyes” are
held in position by strips of metal on the side of the case.

mask fully covering the circuit. However.
the prototype was based around a stan-
dard plastic case, which houses the circuit,
solenoid and batteries. All the awkward
mechanical parts were then secured, ena-
bling the mask to be fitted later. Begin
by drilling holes for the solenoid armature
screw, solenoid mounting block, axle sup-
ports, VR1, S1. and the leads for the led.s
and microphone, see Fig. 4. The p.c.b. may
be fastened by means of self adhesive p.c.b.
supports.

Most solenoids allow a screw (e.g. size
M6) to be inserted into the soft iron arma-
ture. Strong nylon thread is then used to
link the screw to the axle which houses the
table tennis ball “eyes’. The solenoid must
be positioned very carefully, using a small
block of wood as shown. It should then
be connected to the circuit, with the wires
either way round.

L W

L

EYES

The eyeballs are made using table tennis
balls arranged as shown in Fig. 4. Holes
should be made in the table tennis balls (a
veroboard track cutter is ideal for this pur-
pose), so that they make a tight fit on the
axle. The prototype axle was a standard
Meccano or Fischertechnik type.

The thread attached to the solenoid ar-
mature causes the balls to rotate one way,
and the elastic thread pulls them back.
Sticky tape may be used to fix the threads
to the axle. The eye movement is limited by
the armature resting against the top surface
of the case when the eyes are closed, and by
the armature being pulled fully into the
solenoid coil when the eyes are open. Long
eyelashes made from thin cardboard are
fastened to the eyeballs using double sided
sticky tape, or glue, AFTER the mask has
been fitted.

The completed unit showing
the solenoid armature protrud-
ing through the top
of the case and the
thread attached to

the “eyes” axle.

The screw on the top right anchors
the elastic thread and also holds the
solenoid in position. The two leads
from the centre go to the “nostril”
le.ds.

Long insulated leads should be fitted to
the p.c.b.. and inserted through the hole in
the case BEFORE the l.e.d s are connected.
Ensure that the le.d.s are connected the
correct way round - colour coding the
wires will help avoid mistakes. The l.ed.s
may then be pushed into holes made in the
mask, just before the mask is put in posi-
tion.

MICROPHONE

The microphone may be positioned inside
the case, however there is a danger that it
may pick up noise from the solenoid.
The best position is probably below the
project case, just behind what will be-
come the beard of the ghost. In this case
screened wire should be used to connect the
microphone to the circuit.

Certain suppliers provide microphones
with screened cable already fitted, but
otherwise follow the diagram (Fig. 3.) very
closely to ensure that the microphone is
connected the correct way round.

POWER SUPPLY

A set of eight 1.5V (AA type) batteries is
suggested. However, for long term use a
mains adaptor could be employed; these
cost little more than a couple of sets of
batteries, but be sure to select an adaptor
which can supply enough CURRENT to
drive the solenoid, about 500mA in the
prototype.

The adaptor need not be regulated, since
any voltage between 12V and 20V is satis-
factory. However, voltage fluctuations may
cause the circuit to become unstable, result-
ing in the eyes continually opening and
closing! This may be cured by using either a
proper voltage regulator, a power supply
with a larger current output, or a very large
capacitor across the supply rails. Experi-
ment for the best results!

TESTING

If a voltmeter is available, it is helpful to
check the voltage across the supply rails
immediately the power is applied. Any
drop much below 12V indicates a serious
fault, and the supply can be switched off
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before damaging the circuit, or running
down the batteries,

Assuming that S| is switched on, and all
is well, wait a few seconds for C3 to charge,
and the pre-amp to begin to operate. Turn
VRI1 to full gain (fully clockwise if wired
correctly), and make a sound. The l.e.d.s
should light and the solenoid operate for a
short time. If nothing happens, try turning
VR fully anti-clockwise in case it is con-
nected incorrectly.

FAULT FINDING

Common mistakes include connecting the
microphone the wrong way round, and
connecting the le.d.s, diodes, transistors
and capacitors the wrong way. Check all
these items, then check for poor soldered
Joints, or bridged connections, particularly
around the i.c. Note that the spare pins, I,
5, and 8 must NOT be connected to any
other part of the circuit.

Check the voltage across pins 7 and 4 of
IC1. You should obtain a reading of about
12V. Now connect the negative lead of the
voltmeter to OV on the circuit, and use the
positive lead as a probe. You should ob-
tain the following readings to within about
a volt:

Pin 7 of ICI (12V
Pin3of ICI 16V
Pin 6 of ICI 16V
Junction between R1 and

microphone :3Vio 10V

The failure of any test indicates a fault in
that area -~ perhaps a wrong resistor value,
or a poor connection.

Layout of components on the completed printed circuit board. The screened lead
on the right-hand edge of the board connects to the microphone.

The junction between D2, R7 and C7
provides a useful test point. The voltage at
this point should be below 1.2V when the
solenoid is off, and above 1.4V when the
solenoid is on. A further crude, but helpful
test is to join this point directly to posi-
tive, using a piece of wire. The l.e.d.s and
solenoid should operate. If this fails, the
power amplifier section is at fault.

Beyond this, an oscilloscope will deter-
mine whether the microphone is providing
an alternating signal at pin 3 of IC1. An
amplified signal should be present at pin 6
Note that the output signal may be dis-
torted (clipped). but this is of no conse-
quence in this type of circuit.

Masks vary so much that only a general
guide is possible. It will probably be neces-
sary to enlarge the eyes to accommodate
the table tennis eyeballs. The mask may be
fitted to the supports holding the axle,
using stiff wire. Any gaps around the
eyeballs can be filled with hair, eyebrows
etc. A beard will conceal the bottom of the
case and microphone, and long eyelashes
are fitted as described earlier. Any further
refinements can be left to the imagination
of the constructor.

The overall effect is quite eerie, and may
alarm unsuspecting visitors. At any rate, it
will provide an amusing talking point, and
help get the party going!

HART AUDIO KITS — YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE HI-FI

HART KITS give you the opportunity to build
the very best engineered hifi equipment there s
designed by the leaders in their field. using the best
components that are available.
With a HART KIT you have direct access to the friendly HART serv
Ice. you are not dealing through. or paying fot, any middlemen
Every HART KIT s not just 8 new equipment acquisition but 8
in k ge, giving you guded hands-on ex-
perience of modern electronic techniques
Telephone or write for your FREE LISTS giving tull details of all our
Kits. components and spec:al offers here are a few selected items

AUDIO DESIGN 80 WATT POWER AMPLIFIER

This fantastic John Linsiey Hood designed amplrier is the Hagship of
our range. and the 1deal powerhouse fot your ullimate hii system This
kit 1s your way to get £K performance for a few tenths of the cost!
Featured on the front cover ol “Electronics Today International’’ this
complete sterea power amplifier ofters World Class performance allied
to the famous HART quality and ease of construction. John Linsley
Hood’'s comments on seeing a compiete unit were enthusiastic

“The external view is that of a thoroughly protessional piece of audio
gear, neat, elegant and functional This impression is greatly reinforced
by the internal appearance, which is redolent of quahty, both in com
ponents and in layout

The standard ampirfier comes with the option of a stereo LED power
metsr and a versatile passive front end giving swriched inputs, and
ALPS precision, low-noise volume and balance controls. A new 1.'ay
switched front end option also gives a tape input and output facility
This means that for use with tuners, tape and CD players. or indeed
any other ‘tlat’ inputs the power amplitier may be used on its own,
without the need for any external signal handling stages ‘Slave’ and
‘monobloc’ versions without the passive input stage and power meter
are also aveilable

All versions fit within our standard 420 x 260 x 75mm case to match
our 400 Series Tuner range, ALL six power supply rails are fully sta
bilised and the complete power supply. using a toroidal iransformer,
is contained within a heavy gauge alumimum chassis/heatsink fitted
with 1EC mains input and output sockets All the circuitry 1s on a proper
pninted circuit with | blade for the six stabi
lised DC outputs

HART KITS don't leave you to tasten a tew capacitors to the Hoor of
the main chassis and wire the power supply the hard wayl HARY
winng is even pre-terminated, ready for mstant usel Remember with 8
HA;YI KIT you get the performance you want st the price quoted
through proper engineering design and 1he right components We do
not insult your intelligence by offering a kit at what seems a farr price
and then tell you that you have to spend three imes as much 1o get an

upgraded model!

RLH Reprints of latest “Audio Design Amphtier articles £2.70
K1100CM HART Constructron Manual with full parts list £4 50
Why not buy the reprnts and construction manual to see how easy itis
to build your own equipment the HART way The FULL cost can be
credited aganst your subsequent kit purchase

SPECIAL OFFERS FOR THE NEXT MONTH

All orders tor complete kits will get the ALPS Precision Pots in the
Passve Input Stage included FREE We can also include the new
Relay Switched Input Stage. normally £57 28. for only £30!

ALPS PRECISION
LOW-NOISE
STEREO POTS

Now back 1n stock. the last batch sold out months agol Exciting renge
of precision audio pots in values to Cover most quahty amplifier ap
plcations All are in 2-gang stergo format, with 20mm long 6mm dia
steel shafts, smooth rotation type with no indents

Now you can throw out those notsy il-matched carbon pots and re
place with the real hify components only used selectively in the very
top flight of World Class amplihiers. and HART Kitst The improvement
0 track and g really 1s ble giving better tonal
balance between channels and rock solid image stability

Values availeble are 10K and 100K Log. |08K Lin and 10K Special
Balance (Zero loss in centre position) Our prices are incredibly low
for pots of this quality due to large purchases for our quality kits
2-Gang Lin

2-Gang Log

2-Gang Special Balance, zero crosstatk and zero centre loss.

LINSLEY HOOD 400 SERIES SUPER HIGH
QUALITY AM/FM TUNER SYSTEM

This ultra high quality 8nalogue tuner system 1s the \deal companion to
the BOW Audio Design Amplifier in any ultimate hifi setup. with case
size. front plate layout and even control piiches unified ror stacking
Like the BOW Audio Design Amplitier this 1s your route to ultimate
pertormance a1 incredibly low cost! Two designs by John Linsley
Hood make up this combination of his ultra high quality FM tuner and
stereo decoder and the Synchrodyne AM receiver Novel circuit fea
tures 1 the FM section include ready built pre-aligned tront end
phase locked loop demodulator with a response down 1o DC and

advanced sample and hold stereo decoder together making & tuner
which sounds better than the best of the high-priced exotica but,
thanks to HART engineering, remains very easy 1o build and set up
The Synchrodyne AM section with its selectabie bandwidth provides
1he best possible results from Long and Medium wave channels. so
nacessary in these days of split programming It you want the very best
n real hifi istening then this is the tuner for you Since all

not cheap. but in terms of 1ts sheer sound quality it is incredible value
for money To cater for ali needs AM only and FM only versions are
availlable as well as the full AM/FM model. with any unit being
upgradeable at any time. For further details see our fully illustrated
lists

RLH7 Reprints of articles describing the “Synchrodyne” Section £2.60
INS450 Construction Manual tor “Synchrodyne’ AM Section £2.90
RLH8 Repnints of 3 articles covering the FM Tuner Section £2.70
INS400 Construction Manual for FM Section .£4.90
Don't forget you can buy the construction manual and reprints 10 see
how easy it 1s and the cost will be credited IN FULL when you buy
your kit

HIGH QUALITY REPLACEMENT CASSETTE HEADS
x

Do your tapes lack treble? A worn head could be the problem. Fitting
one of our replacement heads could restore performance to better than
new! Standard inductances and mountings make fitting easy on nearly
8ll machines and our TC1 Test Cassette helps you set the azimuth
spot on. As we are the actual i/mporters you get prime parts at lower
prices. compare our prices with other suppliers an seel All cur heads
are suitable for use with any Dolby system and are normally svailable
ex stock We also stock a wide range of special heads for home con-
struction and industnal users.

HS16 Sendust Alloy Stereo Head high quality head with excellent
trequency response and hyberbolic face for good tape contact £17.86
HCA40 NEW RANGE High Beta Permallow Stereo Head Modern space
saver design gives mgh-t with easy fitting
and lower cost Surtable for chrome. metal and femic tapes. truly
a universal replacement head. with ample quality for hifi decks and
cheap enough for car players! £8.
HX100 Special Offer Stereo permatloy Head . £2.86
HRP373 Downstream Monitor Stereo Combination Head.

HQ551 4-Track Record & Play P Head for

players or quadraphonic recording

H524 Standard Erase Head

HQ7S1E 4/4 AC Erase Head. tracks compatible with HQ551

REEL TO REELHEADS

999R 2/4 Record/Play 110mH

998E 2/4 Erase Head YmH. Universal Mount.

TAPERECORDER CARE PRODUCTS

HART TC1 TEST CASSETTE Ow famous tripie purpose test cassette
Sets tape azimuth, VU level and 1ape speed .£5.36
DEM1 Mains Powered Tape Head Demagnetizer, prevents noise on
playback due to residual head magnetisation £4.08
DEM115 Electronic, Cassette Type, demagnetizer £8.61

Our new Summer ‘90 prce hst 1s FREE Send for your copy now
Overseas customers welcome, please send 2 IRCs to cover surtace
post or § for Armarl

We now accept inland and overseas order by post or telephone on all
Access, Master and Visa Credit Cards.

Please add part cost of camage and insurance as follows.
INLAND: Orders up to £20 ~ £1; Orders over £20 - £2 50,
Nextday ~ £9 OVERSEAS:Please see

ore selected by the designer to give the very best sound this tuner is

the ord ']
with our lists

24hr SALES LINE

QUALITY AUDIOKITS | (0
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TRANSISTORS 80238 24p BF869 2p MPS9015
80239 30p 8F870 22p MPSAQS
AAY32 9p 8D240 40p BF871 22p MPSAQ6
AC107 40p BD241A 40p BF872 23p MPSA13
AC125 26p BD243A 50p BF960 38p MPSA20
AC126 25p B8D244 50p BF961 35p MPSA42
AC127 21p B8D245 50p BF963 40p MPSA43

BA145 10p 50p

BA148 10p 8D433 28p BFYS51 14p T2800D
BA154 6p 8Da34 30p BFY52 14p T2800M
BA157 12p BD435 3p BFY56 25p TIP29
8B1058 18p BD436 30p BFY64 25p TIP28A
882058 24p B8D437 28p BFYS0 46p TIP29C
8C107 8p 80438 38p BLY48 85p TIP30
8C108 8p B8D439 40p BR100 14p TIP30C
8C109 8p B8D440 40p BR101 43p TIP31A

BC143 20p 8D536 38p B85X20 16p TIP34
B8C147 8p 8D537 40p BS5X26 18p TIP34C
B8C148 8p 8D538 40p B8SX29 19p TIP35C

8C327 Te BDW24 65p BU326 75p TIP132
8C328 Te 8DwWa3 50p BU406 85p TIP141
B8C337 Tp BDWS4 50p BU406D 95p TIP142
8C338 Tp 8DY20 100p BU407 60p TiP146
8Caa1 28p B8DY92 100p BU407D 95p TIP146
B8Caa6 8p BF137 35p BU408 85p TIP147
B8Ca49 15p BF154 25p 8U408BD 95p TIP150
B8Ca61 28p BF167 30p 8U409 95p TIP151
BCAT? 18p BF173 40p BUA426A 75p TIP2955
BCA78 18p BF178 30p 500 110p TIP3054
BCA79 18p BF180 16p BUS08A 85p TIP3055
B8C489 20p BF181 18p BUS0BD 90p 71544
B8C490 18p BF183 20p BUS36 150p TIS61
BC516 22p BF186 20p BUS526 80p TIS90
8C528 22p BF194 e BUS46 140p TIS91
BC537 25p BF195 Te 8uU608 150p VK1010
BCS546 8p BF196 8p BU626 150p VN10KM
B8C547 8p BF197 10p BUB36 150p VNG6AF
B8C648 8p BF198 10p 8UB01 95p VNBBAF
BC549 8p BF199 8p BUB06 80p ZTX107
BC550 8p BF200 16p B8UB07 76p ZTX108
BC556 8p 8F225 30p B8U902 130p ZTX109

BC559 8p BF254 15p BUSY 130p ZTX301
B8CS560 Bp BF255 12p BU922 130p ZTX302
8C637 20p BF256 18p 8U930 130p ZTX303
B8C638 20p BF257 18p BUTIA 90p ZTX304
B8C639 20p BF258 18p BUTS6A 250p ZTX320
BC640 20p BF259 18p BUXBO 180p ZTX500
8CY32 200p BF262 25p BUX82 180p ZTX501
B8CY33 200p BF263 25p uXs4 50p ZTX502
BCY34 200p BF270 18p BUX85 50p ZTX503
B8CY70 16p BF273 15p BUYE9A 200p ZTX504
B8CY71 16p BF311 21p BUYTY 300p ZTX550
BCY72 16p BF324 25p C106D 28p 2N.696
8D115 30p BF336 20p MEO411 38p 2N 697
B8D124P 50p BF337 20p MEQ414 125p 2N 698
B8D124 110p BF338 20p ME3001 12p 2N.706
8D131 25p BF355 28p ME4103 12p 2N.708

20p

B8D136 20p BF392 18p MES021 12p 2N 1132
80137 20p BF420 16p MJ802 350p 2N 1613
8D138 20p BF421 18p MJS00 200p 2N
8D139 20p BF422 p MJ1000 200p 2N.1893
8D140 20p BF423 25p MJ1001 200p 2N 2102
B8D142 45p BF450 20p MJ10012 300p 2N 2218A
80150 30p BF455 14p MJ15001 325p 2N.2219
BD157 38p BFA58 19p MJ15002 300p 2N. 2221
8D158 38p BFA59 19p MJ15003 325p 2N 2222
BD166 30p BF461 60p MJ15004 370p 2N 2369
8D175 30p BF462 52p MJ15022 400p 2N 2484
BD177 30p BF469 30p M.J2501 110p 2N 2646
80179 32p BF470 28p MJ2955 55p 2N 2904
8D181 a5p BFaT 28p MJ3000 115p 2N.2905
80182 60p BF472 28p MJ3001 115p 2N 2906
8D184 60p BF479 30p MJE29A 30p 2N.2907
8D187 30p BF493 18p MJE30A 30p 2N.2926
8D201 33p BF494 16p MJE340 25p 2N.3019
80202 38p BF495 16p MJEIS50 80p 2N 3053
80203 42p BF 25p MJE520 30p 2N 3054
80204 42p BF595 16p MJE2955K 90p 2N 3055
8D222 3tp BF596 16p MP8111 40p 2N 3055H
8D225 3Np BF615 30p MP8112 a5p 2N 3440
8D232 31p BF617 30p MP8113 66p 2N 3442
8D233 32p BF257 40p MP8512 50p 2N 358
80234 32p BF758 a1p MPS65781 20p 2N.3585
80235 28p BF759 40p MPS9012 20p 2N 3702
B8D236 30p BF260 40p MPS9013 20p 2N 3703
8D237 21p BF763 40p MPS9014 20p 2N.3704

2N 3705 9p
2N 3706 9p
2N 3707 9p
2N.3708 9p
2N 3710 12p
2N3T1 12p
2N3TN 85p

2N.5192 50p
2N 5241 500p
2N 5245 45p
2N 5294 30p
2N 5296 30p
2N.5320 90p
2N 5321 60p

25p

2N 6292 40p
2N.6384 120p
2N.6385 120p

2N 6403

DIODES
RECTIFIER
DIODES

BYX55/600  30p
BYX70/500 32p
BYX70/800 36p
0A91 8p
0A200 70
0A202 Tp
IN914 2p
IN.4001 4p
IN 4002 4p
IN.4003 4p
IN.4004 4p
IN 4005 4p
IN 4006 4p
IN 4007 5p
IN 4148 2p
IN 6400 9p
IN 5401 10p
iN 5402 10p
IN 5403 1p
IN 5404 1Mp
IN 5405 12p
IN.5406 13p

13
SKE4F2/06  50p
SKE4F2/08  70p
SKE4F2/10  90p

1.C. SOCKETS
BPIN 6p
14PIN 8p
16 PIN 9p
18PIN 12p
20 PIN 14p
22 PIN 16p
24 PIN 18p
28PIN 20p
40 PIN 26p

ZENER

400 MV
BZY88 RANGE
2V7 1O 39v 6p

13w
BZX61 RANGE

2VITO39V  12p
VOLTAGE
REGULATORS
7805 35p
7806 35p
7808 35p
7812 35p
7815 35p
7818 35p
71824 35p
7905 35p
7906 40p
7908 40p
7912 40p
7918 40p
7918 40p
7924 40p
78L05 28p

646

78L08 28p
78L12 28p
78L15 28p
78L18 28p
78124 28p
79L05 40p
79L08 40p

T9HGKC

LED'S

LED 3MMRED 5p
LED 3MM
YELLOW 10p
LED 3MM

GREEN 10p
LED 5MM RED 6p
LED 5MM
YELLOW
LED 5MM
GREEN

10p
10p

RECTANGULAR
LE.D'S

RED 10p

GREEN 15p

YELLOW 15p

LINEARIC's

LMm-387 100p
LM-392 100p
M-393 55p
LM-709DIL  30p
LM-710 45p
M-71 85p
LM-723 40p
733 60p
LM-741DIL  18p
LM741MET  45p
LM-747 58p
LM-748 3I5p
LM-1458 33p
LM-1889 400p
LM-3300 40p
LM-3909 80p
LM-3911 160p
LM-3914 250p
LM-3915 255p
LM-3916 290p
MB-3515 240p

MB-3713  130p
MB-3714  270p
MB.3715  250p
M8-3722  310p
MB-3730  200p
MB-3731  300p
MB-3756  230p
MB-3759  200p
MB-8719  360p
MC-1310P  130p
MC-1355  asp
MC-1458  33p
MC-1469  290p
MC-14B8  66p
MC-1489  65p
MC-1496  65p

MC-3302 70p 74L528
MC-3401 45p 741830
MC-3403 60p 74L832
MC-3423 75p 74LS33
NE-531 116p 74L831
NE-544 170p 741538
NE-555 20p 74LS40

5! 741842

NE-563;
NE-553.

2P
ap

36p

25p 7415109
20p 74L8112
30p 74L8113
4a5p 7418114
40p 7418122
32p 74L5123
22p 74L5124

60p 74L8139
22p 7418145
10p 74L8147

74167 35p| | 7415242
74173 50p| |74L5243
74174 60p| |74LS244
74175 65p 7415245
74176 45p| | 74LS247
74180 s0p| | 74LS248
74182 as5p| | 74LS249
74192 40p| 7415251
74196 40p 7418253
74197 a5p | |74LS256
74393 70p| |74LS257
7415258

7415259

74LS SERIES 74LS260
LOW 7415266
POWER 7415273
SCHOTTKY 7415279
ararll 7415280
7415283

74LS00 12p| }74L52%
74L501 12p| |74L5293

74LS04 12p 74LS367
74L505 12p 7415368
74L508 12p 74L8373
741509 14p 74L5374
74L810 12p 74L8375
74L811 12p 7415390
74L812 12p 7415393
74L813 20p 7405399
74L814 24p 74L5629
74L815 14p 74L5641
74L820 14p 7415642
740821 14p 74LS644
74L822 14p 7415645
741524 35p 74LS670
741526 14p 7415674
741827 14p 74L5687

COMPUTERIC'S

2114 200p
2532 330p
2716 200p
2732 280p
2732A 300p

800p
6808 500p
6809 600p
6810 150p
6818 380p
6820 140p
6821 140p
6840 3N0p

8155 360p
8156 300p
81L595 120p

2B0AS10-2

ZBOADART  500p
SPECIAL OFFER

DRAMS

416415 150p
4164-12 175p
41256-10 260p
41266-12 240p
41256-15 220p
41464-12 360p
4146410  430p
256KX4 1000p

1MBRAM-B 1080p
1MBRAM-101000p

SIPP

256KX9-10 3000p
256KX9-8  3800p
256KX9-7 5200p
256KX9-6 8500p

SRAMS

6264LP156
6264LP12
6264LP10
32KX8-12
62266.12

27512

SIMMS

1MX9-10
1MX9-8
1MX9.-7
2MX9-10 3%8000p
4MX9-80 78000p

9500p

PLEASE PHONE US FOR TYPE NOT LISTED HERE AS WE ARE
HOLDING 5000 ITEMS AND QUOTATIONS ARE GIVEN FOR
LARGE QUANTITIES

Please send 70p p&p and VAT at 15%. Govt. Colleges, etc. Orders
accepted. Quotations given for large quantities. All brand-new Com-
ponents. prices quoted are subject 1o stock availability and may be
changed without notice.

GRANDA TD

DEPT NS. K.P. HOUSE, UNIT 15
POP IN COMMERCIAL CENTRE,
SOUTHWAY, WEMBLEY,
MIDDLESEX HA9 0HB, ENGLAND
Telephone: 081-900 2329
Telex No: 932 885 (Sunmit)

Fax: 081-903 6126

Access & Visa Card accepted.
Open Monday to Saturday.
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by Mike Tooley Ba

S—

AST MONTH we described some applica-

tions for our SAM Coupé S-Channel
ADC. This month, in our sixty-eighth and
last On Spec, we shall be rounding off the
series by dealing with a number of odds
and ends, hints and tips, and queries sent in
by readers.

We shall begin, however, by indulging in
a little nostalgia as we look back over the
past six years at some of the milestones in
the development of the Spectrum and SAM
computers.

Swan Song

Sir Clive Sinclair’s vision of low-cost
computing for the masses astonished many
of the pundits a decade ago. Until
the advent of the ZX-81 (and later
the Spectrum) computers suitable for
“home use™ were either *“bottom-of-the-
range” (but nevertheless expensive) CP/M
machines or were systems which were put
together as kits (remember the UK-101?)
by those having already gained some
expertise in electronics.

In 1982, the idea that a colour computer
with 16 or 48K of RAM could be available
at less than £100 was nothing short of
amazing! Nevertheless, it was Sir Clive's
foresight and imagination that took this
concept into reality and a whole new gener-
ation of computer users was borne over-
night.

Furthermore, the Spectrum went from
strength to strength. Improvements to the
basic 16K machine included the Spectrum
48K, Spectrum Plus, 128K, Plus Two,
and later the Amstrad/Sinclair Plus Three
machine.

During this time a large number of
software houses and third party hardware
suppliers were busy climbing onto an
unstoppable rolling bandwaggon. Not
surprisingly, some of these companies
failed but others went on to become
major international concerns employing
hundreds of hardware and software en-
gineers. One such company (which was
involved at the beginning) was Miles
Gordon Technology. It was their bold
decision to further develop the Spectrum
line with a revolutionary new home
computer, the Sam Coupé.

Owners of the Coupé (me included) can
be justifiably proud of this machine. It
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corrects many of the shortcomings of the
Plus Two and Plus Three machines and
provides a performance which rivals many
of today’s 16-bit home computers. One can
only hope that the development of this
machine continues and that further sup-
port “will be forthcoming from software
developers eager to take advantage of the
power of this machine.

On Spec Awards

Whilst the Spectrum was a bold new con-
cept, it is undeniably true that the machine
would not have gained so much popularity
without the enthusiastic support of a great
many third party hardware and software
developers. In such a small space, it is un-
forturately impossible to mention all of
those concerned: so, with tongue in cheek, |
have drawn up my own personal list of On
Spec 4Awards for excellence in support of
the Spectrum.

Regrettably, many of today’s computer
products (both software and hardware)
get “hyped” into the market by over-
enthusiastic sales promotion. For this
reason, my personal accolade is based on
innovation rather than commercial success.
Here are the “winners™:

ON SPEC AWARDS

Best peripheral hardware:
Disciple interface.

Best productivity software: Joint win-
ners, Kemsoft's PCB Designer and
Besoft’s Electrodraw.

Best software development tool:
Ocean’s Laser Genius machine
code development system. Laser
Genius was written by Chris
Smith, Andrew Foord and Kevin
Hambleton.

Best Spectrum programming lan-
guage: Betasoft's BETA BASIC.
Best Spectrum book: Understand-
ing your Spectrum — BASIC and
Machine Code Programming by Dr
lan Logan (published by Mel-
bourne House ISBN 0 86161 111

X).

Points from the post

H. De Groot writes from Pretoria South
Africa with a useful snippet for owners
of early versions of the Spectrum. Mr de
Groot writes:

* Recently I have had two Spectrum Issue
Two for repair. Both had the same fault:
R56 56 ohm) resistors in the — supply
circuit burnt out. This voliage is only used in
the 16K RAM. The question was, which chip
had failed?

Your articles in On Spec May and Decem-
ber 1989 were very helpful. Somebody told
me that the 4116 are very unreliable and
they can be replaced with 4164 after making
a few on-board modifications as follows:

‘a) Leave pin-1 of each RAM discon-
nected (I bend the pin upwards)
b) Pin-8 should be connected to VCC
(+5Vnot +12V)
¢) Pin-9 should be connected to
ground.

Mr de Groot suggests that a large number
of RAM problems can be eliminated with
this modification. The modification effec-
tively uses half of the available memory
capacity of the 4164 (the upper half is
unused as the A7 input on pin-9 is held
permanently low by grounding).

The 4164 employs only a single +5V
supply rail, rather than the three rails (—,
+5 and + 12V) required by the 4116. | am
uncertain as to whether the 4116 is any

MGT’s

less reliable than the 4164 however, since
the latter device uses only a single supply
rail, the equipment has to be very much
more reliable since it will be very much less
susceptible to faults which arise from the
power supply rails!

Also on the topic of 4116 RAMs, Waiter
Wirth writes from Colombo Sri Lanka to
describe a fault which recently occurred to
his Spectrum Plus. Walter writes:

“I write with reference to your On Spec
column in the December issue of Everyday
Electronics. The day after this issue arrived,
my Spectrum Plus went faulty from mains
Sfluctuation. On power-up the computer par-
tially initialised and locked up. I was left
with a yellow screen, some randomly dis-
tributed ‘'set” pixels and, instead of the
Sinclair copyright message, some gibberish
consisting of partially formed and garbled
letters.

After much testing, I traced the fault to
“open” 4116 DRAM chips IC9 and ICI3.
These are in the lower 16K RAM. Because
this area holds the System Variables and
screen display data, a fault in lower RAM
can cause all sorts of problems. “Open’
chips do not overheat so can be a great
pain to troubleshoot. The fault was finally
detected by ‘piggyback’’ substitution of
good RAM chips.

For your readers’ reference Television
magazine ran an excellent series of articles
by Ken Taylor on servicing Sinclair com-
puters in the May to October 1986 issues.

Walter Wirth is trying to make contact
with several UK based manufacturers of
peripherals, including RAM Electronics
and Quasar Software. If any reader can
provide an up to date address, fax or
telephone number for either of these firms
please drop me a line so that I can pass on
the information.

High Price

Chris West has sent me a very interest-
ing letter from Canterbury in which he
bemoans the relatively high price of non-
games software for the Spectrum. Chris
writes:

I was pleased to read your recent reviews
of some of the elecironic CAD packages
available for the Speccy. Unfortunately,
these are somewhat expensive compared 10
the games software which I normally buy.
Can you explain why this is? How easy
would it be for me to write my own CAD
program and would I have to use machine
code?”’

Well, Chris, I must confess that I just
don’t agree with you concerning the price
of the CAD packages recently reviewed
in On Spec. Both Kemsoft’s PCB Desig-
ner and Besoft’s Electrodraw are first class
packages offered at a fraction of the cost of
similar offerings designed to run on a PC.

Furthermore, just because these pro-
grams run on a humble Spectrum they
should not be regarded as in any way
inferior. For the enthusiast working at
home, they both provide an affordable
route into electronic CAD!

As regards writing your own package. |
certainly hope that you have plenty of time
available! Spectrum BASIC would almost
certainly be far too slow for the time criti-
cal routines associated with manipulation
of screen images and thus a good start-
ing point would be the acquisition of a
good book on machine code, an assembler
and monitor, and a disk drive (and inter-
face) to remove some of the tedium as-
sociated with software development in a
cassette based environment. All of this will
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cost many times more than a ready made
electronic CAD package even without con-
sidering the hundreds of hours needed to
perfect the software!

MGT

Several readers have asked for further
information concerning the demise of
MGT and, in particular, for details of
where to go for support for the Sam Copé.
I am, therefore, very happy to report that,
by the time that you read this, the *“Sam
Coupeé Hotline™ should be up and running.
This service will provide all the latest news,
hints and tips for Sam owners updated
every week.

The material will be produced by Alan
Miles and Bruce Gordon (creators of the
Coupé) and should certainly prove invalu-

able to users. The service is available on 4
0898 299380 and calls are charged at 25p
per minute at the “‘cheap rate” and 38p per
minute at other times. For further infor-
mation contact Bruce Everiss on 4R 0926
640137.

And finally...

In closing this series, I would like to
extend a very sincere thank you to all
those readers who have taken the time
and trouble to write with hints, tips, and
queries.

When I started writing the first On Spec
(some six years ago) I little thought that the
series would run for so long. At the time, |
recall suggesting to Mike Kenward that the
series would stand or fall on the level of
interest from readers (without a regular in-

jection of ideas and material | certainly did
not think I could keep On Spec going for
very long)!

In reality, the support from readers has
been truly amazing, indeed in the early
years each day’s post seemed to bring in
something new from an On Spec reader. It
is this, more than anything else, that has
made the series worthwhile for me.

Finally, if you have any suggestions for
inclusion in a possible future series, please
don't hesitate to drop me a line at the ad-
dress below. I regret that I cannot answer
letters on an individual basis but rest as-
sured that your comments will be noted
and passed on to the Editor.

Mike Tooley, Faculty of Technol-
ogy, Brooklands College, Heath Road,
Weybridge, Surrey KT13 8TT.
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FOR ELECTRONIC COMPONENTS

TEST EQUIPMENT REPAIRS
IBM PC ACCESSORIES
AT DISCOUNT PRICES

Let us source that dl"ICU|t to find component
for your kit or project
Send for details of all our services.
Appt. 2, No 8 Meirion Gardens
Colwyn Bay, Clwyd
North Wales LL29 7PR

Tel: 0492 533083 Fax: 0492 534716

#« 10MByte Winchesters, used 3 months Wty
: S. %5 Disk Drives. 80 Tk. DSDI

of 10.

oy

« Bare swutcghr{\OOe PSUSV 25A. 12V 2A.-12V0.1A

D5
# Z80A CPU, CTC. PIO
ﬁ76LST'TL pmkandm Duv100f

?a 02 04°08°11 1213
132136 159 145 151°453°157°158'162163 164 165717

Prices include postage. Add 50D (plu stT)to

Dept EE, 374 M

/CAMBRIDGE COMPUTER SCIENCE LIMITED

5 DtskDﬂves 80 Tk. DSDD used, No Wty (50id on 3 strictty “asis” basis).
525 Drsks, DSDO, 48tpi boxes
« 40W PSU SVS 75&12v1 SA -12V 0 4A cased with on/off switch

more for
45°20°21°26°27°30°32'33 38 42 74 83 9 107 109 122

# 2764 EPROMS (Ex-equipment). £1.00 each
# 27128 EPROMS (Ex-equipment) £1.20each or £35.00/3
« 27128 EPROMS £2.50 each
%« 27C256-25 EPROMS £3.50 each
# 256K Byte DRAM Modules removed from equipment. £6.00 each
:61162KtheSR £1.10 each
6264 B SRAM -15 £3.00 each - 12t! 80 each
a 65256 32 the RAMS, £7.00 each
# BK Byte NV RAM chips £3.00 each 10.00 four
# 20-pin gil low profile IC sockets £0.50/10 £4.00/100
2 40-pin dil low profile IC sockets £0.80/10 £4.00/100
+ DEC LSI11/23 CPU cards used but working. .00 each
« CPUcards (Newbrain) 780 CPU.3 EPROMS 8 60+ mostly 7415 ICs £2.00 each
« LCD Qraphics module 240 by 64 pixel with drive rchips £13.00 each
« Circuit tester, finds faults in TTL & CMOS | nc circuits, inc leads 00
« Keyboard, 100 keys on board LCO & mero ), .00

stated. AGd 15% AT to all i)rlces Send an SAE for our latest list or for more Info.

Iton Road, Cambridge CB4 1SU

£42.00 each

£2.
£1.20each; DMA£2.00 £4.50all4
£0.12 each

4°191 193253257 298 353 365670

orders below £5.00. All items new unless

Tel: 0223 424602 or 0831 430496 (Piease note mali order oni

GEM-TECH
Dept EE10, UnitJ
8 Finucane Drive,
Orpington,
Kent BR5 4ED

MAILORDER

plus Test Gear]

U

e MO
PluS l\"\\S‘ oiiers‘.
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VARIABLE VOLTAGE TRANSFORMERS

INPUT 220/240V ACPSOIOO OUTPUT 0-260V
ce P&P

iy

0.5KVA 25 amp max £29.00 £3.75 (£37 65 inc VAT)
1KVA 5 amp max £37.40 £4.25 (£47.90 inc VAT)
2KVA 10 amp max  £64.00 £65 .48 (£68.40 inc VAT)
3KVA16ampmax  C71.50 £6.24 (£89 40 inc VAT)
5KVA 25 amp.max  £126.80 (Carriage onrequest)

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquiries

EXTENSIVE RANGE OF DIFFERENT TYPES OF
GEARED MOTORS AVAILABLE FROM STOCK

WASHING MACHINE WATER PUMP

Brand new 240V AC tan cooled can be used for 8 vanety
of purposes. Inlets 1% ins. Outlet 1inch. Price including
p&p and VAT — £10.95 or 2 for £20 including p&p and
VAT.

VOLTAGE CHANGING

TRANSFORMER

1250 Watt suto. Tapped 0-90V. 100, 110, 115,

120, twice to obtain voltages between 30

and 240V, Firted in heavy duty louvered

metal casa. Fused Input, Price incl VAT &

plip £39.50

COMPREHENSIVE RANGE OF TRANSFORMERS-LT-
ISOLATION & AUTO (110-240V Auto transfer either

12V DC 20 RPM
REVERSIBLE MOTOR

Swiss precision burlt, Ideal for robotics Size length
inc. shaft m Diameter front fixing 38mm
square. Currently advertised by well known sup-
pher at £27 .00 plus p&p & VAT. Our Price £14.96
inc. p&p & VAT

cesed with Amaerican socket and mains iead or open

frame type Avsilable for immediate delivery.

ULTRA VIOLET BLACK LIGHT FLUORESCENT TUBES
4t 40 watt £10 44 (€12.00 inc VAT) Catler only

21120 wart £7.44 + £1.25 p&p (£9.99 inc VAT)
131n 10 watt £5 80 + 75p php {£253 Inc VAT)
12in 8 wart £4.80 + 750 php {€6.38 inc VAT)

9in 6 watt £3.96 + 50p p&p (€512 inc VAT)
6in dwart £3.96 + 50p p&p  (£532Inc VATY
230V AC BALLAST KIT for either 8in, 9in or
12intubes £5.50 + 55p p&p (£6.96 nc VAT)
For 13in tubes £6.00 + 75p plip
{€7.75 inc VAT)

400 WATT UV LAMP
Onlv £34.00 + £2 50 p&p (£41.98 inc VAT}
175 WATT SELF BALLASTED BLACK LIGHT
MERCURY BULBS Available with BC or ES
fitting. Price incl VAT & plp £19.84

12 VOLT BILGE PUMPS
Buy direct from the importers

500 GPH 15¢t head 3 smp

€16.00 inc

1750 GPH 15t head 9 emp

£20.18 + £2.00 p&p (£25.50 inc VAT)
EPROM ERASURE XIT
Build your own EPAOM ERASURE far 8 fraction of
the price of 8 made-up unit kit of parts less case
inciudes 12in 8 watt 2537 Angst Tube Bailast unit
palt of bipin leads neon indicator on.off switch
safety microswitch and circuit £14.00 ¢ £€2.00 p&p
{£18.40 inc VAT)

SUPER HY-UIGHT STROBE IIT

Designed for Disco, Theatrical users stc.

Approx 18 joules. Adjustable speed £48.00 + £2.00 p&ip
(£57.50 inc. VAT)

Case ond reflector £22.00 + £2.00 plip (£27.60 inc VAT)
SAE for further details including Hy-Light and
industrial Strobe Kits.

GIANT BLOWER EXTRACTOR UNIT

Twin output centritugat blower 1 HP 240V AC motor,
output approx, 3800 c.f.m. Size: Length 100cm; Hedght
2lcm; Depth 26cm: Fixing piste 106x33cm. Price
€125 + VAT. Ex warshouse,

TORIN CENTRIFUGAL BLOWER

230V ac 2.800 RPM 0.9amp 130mm diameter impeiior
outiet 63 x 37mm overall size 195 x 160 x 150mm long
Price £1250 + £2.50 p&ip (£23 bnc. VAT

SHAOED POLE GEAR MOTORS

In the following sizes:

9 APM 12 RPM 80 RPM 160 RPM 110V AC or 240V AC
with capacitors {supplied). Price incl VAT & p&p £12.6%
GEARED MOTORS

N RPM 201b inch torque reversable 115V AC input
including capacitor and transformer for zwv AC
operation. Price Incl VAT & plup £23.00.

SOLID STATE EHT UNIT
input 230 240V AC, Output spprox 15KV. Producing
10mm spark. Built-in 10 sec timer. Easily modified
for 20 sec. 30 sec to continuous. Designed for boiler
ignition. Dozens of uses in the field of physics and
slecironics. eg supplying neon or argon lubes etc.
Price less case £8.50 + £1.00 p&p (£10.83inc VAT) NMS

HEAVY DUTY MOTOR

Crouzet 115v/230V A.C. heavy duty 1RPM motor
Anticlockwise typs B2/015. Size 68mm dlemeter X
55mm long. Shatt 6mm diameter x 20mm long.Price
inc. VAT & plip £18.40

RHEOSTAT

50W 2ohm Bamp caramic power rheostat Price inc
VAT & plp £10.35

MICROSWITCH

Pye 15amp changeover jever microswitch, type S171
Brand new. Price 5 for £8.90 inc. VAT & p&ip

T
_VISA

Showroom open
Monday/Friday

SERVICE TRADING CO

- 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 588
081-995 1560
ACCOUNT CUSTOMERS MIN. ORDER £10

NMS = NEW MANUF SURPLUS

R&T = RECONOITIONED AND TESTED
Ample

Parking Space
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JUST A SMALL SELECTION OF KITS
FROM OUR EVER INCREASING RANGE

Kit No Description Price (each)

£ (incl. VAT)

1001 0.2 WATT FM TRANSMITTER........ 416
1004 LIGHTSWITCH......................... 5.83
1006 800 WATT MUSIC-TO-LIGHT.......... = 4.99
1009 1 WATT FM TRANSMITTER....... . 5.42
1013 AM-FM-VHF RECEIVER......... 13.33
1018 GUITAR TREMELO.......... 7.08
1020 0-5 MINUTE TIMER.... d 3 5.42
1022 METAL DETECTOR................. - 4.16
1026 RUNNING LIGHTS........... 8.33
1027 Ni CAD BATTERY CHARGER...... 7.08
1029 4 SOUNDS ELECTRIC SIREN.. 499
1034 CAR BATTERY CHECKER.. 292
1036 TRANSISTOR TESTER...... " 3.7%
1038 AM-FM AERIAL AMPLIFIER....... 292
1044 GRAPHIC EQUALIZER . 12.91
1045 SOUND EFFECT GENERATOR............ 6.66
1047 SOUND SWITCH......... 9.68
1055 FM RECEIVER USING TDA 7000........ 12.49
1059 TELEPHONE AMPLIFIER... : 8.33
1065 INVERTER 12V D.C.TO 220V ALC..... 20.82
1069 12V D.C. FLUORESCENT TUBE UNIT... 5.42
1073 VOX ACTIVATED SWITCH.. 6.24
1075 ELECTRONIC DICE WITH L.E.D.'s. 6.66
1091 GUITAR PRE-AMPLIFIER........ 7.50
1098 DIGITAL THERMOMETER WITH

L.C.D. DISPLAY....... 20.82
1114 ELECTRONIC LOCK.... 7.50
1117 TV PATTERN GENERATOR...... ==Y 9.17
1119 TELEPHONE LINE RECORDING.............. 416
1122 TELEPHONE CALL RELAY... - 6.66
1124 ELECTRONIC BELL....... 4.99
1125 TELEPHONE LOCK............. 6.66
1129 NEGATIVE ION GENERATOR.................... 1416
1131 ROBOT VOICE..... i 4 K 6.66
1133 STEREO SOUND-TO-LIGHT... 9.62
1203 MINI FM TRANSMITTER WITH

MICROPHONE.... 416

All kits are supplied complete including
Silk-Screened p.c.b., Components, Solder,
Wire and full instruction sheet.

Purpose-built boxes with silk-screened front
panels are available for some of the above.
Please consult our catalogue.

' CREDIT CARD HOTLInE N
BN G081 208 Taae il

LARGE STOCKS OF IC's, SEMI's,
OPTO ELECTRONICS, CAPACITORS,
RESISTORS AND SWITCHES.

NEW ARRIVALS NOW INCLUDES
TEST EQUIPMENT AND TOOLS

Hobbykit Ltd.

CREDIT CARD HOTLINE SR
= 081-205 7485

UNIT 19, CAPITOL INDUSTRIAL PARK
CAPITOL WAY,
LONDON NW9 OEQ

\ FAX NO: 01-205 0603 /
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OR TRADE,
INDUSTRY, EXPORT, EDUCATION AND HOBBYISTS

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

1 kw outdoor PIR Lights con-
troller was (£32.95) £19.95

VHF/UHF TV/FM Amplifier
was (£11.95) £9.95
Analogue MM 27 Ranges
CAP/Hfe/Temp/10A AC/DC

etc. was (£39.95) £29.95

® Tools/Service Alds

Test Instruments
- {UK's largest in-stock Rangel

@ Communications
| Public Address/Disco

E"“w';"/“c %= ALL PRICES INCLUDE VAT
f
. %ect[l h:nes /Narm Systems -

0orp REE CAR PARKING

| TV.Video Distribution
m Speakers for Hi-Fi. in car. PA
and Disco

Two Car Parks (Bell and Ch
urch Street
Present your ticket when purchasing arsvfj
et one hour as discount

@ Components. ‘“d‘:;\lv' OPEN 6 DAYS A WEEK FOR CALLERS
video. Telephone e AND TELEPHONED ORDERS
Computer Accessor !:!?« CATA LDGUES

HENRY'S &2
€LECTRONICS Sty

404 Edgware Road, London W2 1ED P
instruments/Audio 071-724 3564 *0rY '8 lirgy

1
&10r calerg

Security/Communications/CCTV 071-724 0323 SAE 2 s g’ce
Components 071-723 1008 Fax: 071-724 0322 205 Expory”
Trade/Education/Export 071-258 1831 & >

Account facilities available.

OMNI ELECTRONICS

174 Dalkeith l;ioa;!, Edinburgh EH16 5D X -031 667 2611

A COMPREHENSIVE RANGE WITH
SERVICE SECOND TO NONE

OUR MUCH EXPANDED, BETTER
ILLUSTRATED CATALOGUE
WILL COST £1.50 - TO
INCLUDE VOUCHERS
TO USE AGAINST
FUTURE PURCHASES.
TO RECEIVE A COPY
AS SOON AS THEY
ARE READY, PLEASE
SEND YOUR REMITTANCE
WITH THE VOUCHER BELOW.

[?lease send me a copy of the 1990 91 OMNI catalogue as soon as it Is ready.
' Payment of £1.50 enclosed l

| NAME l
| ADDRESS: !
| |
| TELEPHONE: oo -]
DR Open: Monday-Friday 9.00-6.00
A Saturday 9.00-5.00
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FOR YOUR

by Barry Fox

ENTERTAINDM

/l

Musical Notes

The music you hear from around
50 per cent of British radio stations
is now selected by a computer. The
market leader, called Selector, was on
demonstration at the Radio Academy
Festival held in Glasgow earlier in July.

Selector is a program that runs on a
desk-top PC. It stores a list of all the
records in common use, along with tell-
tale information on each, such as the
length of each tune, whether it is vocal
or instrumental, the tempo in beats per
minute, how long the musical introduc-
tion runs before anyone sings, whether
there is a fade-out at the end and so on.

The station then enters its own set of
“rules”, largely derived from market re-
search amongst listeners. These dictate
what mood of music can be played at
each hour of the day, on each day of the
week.

The computer then juggles all the in-
formation and rules to jigsaw tunes of
the right mood and right length to fill
up each hour of programming. It takes
five minutes to programme a full day’s
selection. At the same time the computer
spews out play lists for the payment of
fees to the various copyright agencies.

| watched it in action, and asked about
some of the short-hand codes used for
the rules displayed on screen.

What does BW stand for? we asked
innocently. ‘B stands for Black and W
stands for Wimpy"’, we were told.

So BW means wimpy music played by
a black artist. "B two in a row” means
that the station audience is happy to have
two tunes by black artists played in arow.
White Wimpy is far less popular.

| particularly liked the rule for A
Capella music, a vocal ramble without
musical accompaniment much favoured
by pretentious pop stars. This is ruled as
’no more than one every 900 minutes.”

Play Time

| review jazz compact discs for a hifi
magazine, and recently had the National
Youth Jazz Orchestra’s recording “Big
Band Christmas” (NYJ CD 009).

NYJO is best described as the unoffi-
cial university of non-classical music in
Britain. Over the last quarter century
many musicians have started successful
careers with NYJO.

The Big Band Christmas recording
came out of a concert tour, for which
NYJO founder and leader Bill Ashton
pulled in arrangements of Christmas
standards from well known arrangers.

When reviewing | routinely check the
playing time. You would be surprised
how many CDs short change the listener
with well under the hour that has become
the ballpark time fora CD.

650

The CD player read out the playing
time as 76 minutes 35 seconds. Surely
this is longer than the theoretical maxi-
mum playing time available from a CD?
Microsoft's tome on CD and CD-ROM
technology “"The new Papyrus” quotes
maximum playing time for an audio CD
as 74 mins 33 secs, derived from a maxi-
mum of 335,475 data frames running at
the standard rate of 75 per second.

| checked the disc on another player

and it gave the same playing time
readout. So | then checked the actuatl
playing time with a stopwatch. And it
confirmed 76 mins 35 seconds timing,

| checked with Philips and they say
that pressing plants are finding they can
now go further out towards the edge of
the disc, thereby extending playing times
well past previously accepted limits. No-
one now seems to know what the real
100 per cent limit is for CD playing time.

[T O ] e e T S R N,

The Inland Revenue and Customs and
Excise have legendary Draconian powers.
But so. | recently discovered, do the
Electricity Boards.

Earlier this year a video and TV shop
in North London closed suddenly. Post
piled up inside the door, with no one
moving it. Some were obviously bills.
There was unsold stock inside too. in-
cluding prestige TV sets from a major
manufacturer.

Eventually a notice appeared on the

door saying that the LEB had moved in
and changed the locks. The shop's owner
could call at the LEB's office, with proof of
identity, to collect the keys-after paying all
unpaid bills, of course.

So far the locks remain and the post con-
tinues to pile up.

This raises an interesting question. How
does a manufacturer retrieve unsold stock
on which payment is due, if the LEB has
changed the locks on the premises? It’s
something for suppliers to think about.

Off-Side

Although the 1990 football World Cup is
now over (to the undisguised relief of
those who are bored with endless talk
of soccer) the run-up to the next World
Cup, to be held in the US in 1994, has
already begun. And already storm clouds
are gathering.

TV is the cause. Although North
Americans play soccer at high school,
they soon forget about it and spend the
rest of their lives watching American
football or baseball. These two games
have one thing in common, interrupted
action. The interruptions are filled by
advertising commercials on TV.

The referee is in radio contact with the
TV crew during the game to synchronize
breaks. Live in the stadium, giant TV
screens display action replays, close-ups
of the players, endless statistics about the
teams and digital clock count-downs of
the time remaining in the game.

By a string of good fortunes, | sat with
some American visitors in the Olympic
Stadium in Rome watching the World
Cup final, and they were very soon
predicting doom for 1994. Although
FIFA (Federation Internationale de Foot-
ball Association) allows two large video
screens in the stadium to show close-ups
of the teams before and after the game, it
prohibits any video coverage during the
game. Match time is shown by an
old-fashioned analogue clock, which
gives no clue to how much time is left on
the referee’s stop watch, after extensions
for injury etc.

What really shook the Americans, was

the non-stop play, 45 minutes each half,
with absolutely no time for commercial
breaks in a live TV transmission. If all
the commercials are crammed into the
15 minute half time interval, viewers will
simply switch stations, go to the toilet
and make coffee.

The US TV networks now want FIFA
to change the rules of soccer to suit TV
sponsors, by breaking the game down
into four quarters instead of two halves.
FIFA is confidently expected to tell the
Americans to get lost.

Divine Act

Incidentally there was one delightful
incident at the end of the World
Cup match which the TV cameras
never covered. Official sponsors, such as
Canon, Coca-Cola, Fuji, JVC and Philips
pay FIFA a small fortune to have their
names displayed round the pitch and
thus be seen on TV.

As the match drew to a close a hot air
balloon emblazoned with advertising for
non-sponsors Hitachi floated into the
Roman night sky from a hill a couple of
kilometres away and for a while looked
as if it would drift into the open top
of the stadium, just as the Cup was
being awarded. This would have grabbed
Hitachi free world TV coverage.

Instead the balloon stopped dead at
a religious statue on the hill, apparently
snagged on the figure's outstretched arm.
There it hung, until the crowd had gone
home, out of sight of the TV cameras and
seen only by a few spectators restless
with the presentation ceremony.
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M A R c o OCTOBER SPECIAL OFFER

WEIR - HIGH PERFORMANCE SWITCHED MODE POWER SUPPLY TYPE: HSS 100/11
I R A D I N G Probably the highest quality switched mode power supply on the market!
The unit is operable on 110V or 240V a.c. and capable of 100W output if convection
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MICRO IN
CONTROL

JOHN HUGHES

Starting from very basic principles this series
quickly builds through logic to simple
microprocessor control,

Outward Bound!

We've learnt how to make our system
detect the operation of a switch, so we
could detect the closure of any contacts,
such as a reed switch. Now we should con-
sider how to send out signals as well as
receive them.

The VIA will do this, I assume.

Yes. As we mentioned previously, the
eight pins of Port A can be programmed
to be either inputs or outputs as we wish.
The 6522 has a second register associated
with Port A. It’s called the Data Direction
Register for the Port. We can refer to it as
DDRA. Its address is C003 (two up on the
Port itself).

Why TWO up?

Well, the VIA chip has two ports, A
and B, and two direction registers, DDRA
and DDRB. They are located next to each
other, like this:

Location0...Port B
Location | ... Port A
Location2 ... DDRB
Location 3 ... DDRA

which, say, causes a switching signal to be
sent to it, we could check that the sig-
nal was there, using a voltmeter, or an
indicator from our logic kit. Let’s try:

Exercise 19
Spot the flasher!

There is a sub-routine at FB9E which
is just a delay routine. In other words,
it slows things down for an appreciable
second or so, to give us a chance, for with-
out such delays, our micro rips through
its instructions in literally miliionths of a
second. The delay uses the value (22 hex,
remember) stored at 0006. It also includes
the display subroutine within itself.

Our program can first set up the port to
have one output, then switch over this out-
put by simply adding | to it. If we then call
“delay and display™ and loop back to start
again, that should do it. Care to try to write
it out before looking at my version of it?

Give us a few minutes, then.

Well, just a few. I'll use 0200 as my start
address. It has to be in RAM, remember.
(after a pause) Here goes:

Less hardware is needed for some of the
other programs in ROM, worth studying
because the techniques they use can be ap-
plied to many control systems.

Exercise 20
Analogue and
Digital - Again

Early in our discussions, we moved from
analogue circuits, such as amplifiers, whose
output signal is proportional (we hope) to
the input signal, and concentrated on digi-
tal (logic) signals which are always ON or
OFF (5V or 0V). However, the real world is
more akin to an analogue system, isn’t it, in
the way things vary?
B Yes. it gets warmer or colder gradually,
not in a step | and daylight dawns slowly,
and it gets dark gradually.
Exactly. For some control applications
we need to deal with signals which follow
such a variable pattern. Can you think of
an example?
B The output of an electronic thermometer
| or a car speedo [ or a light dimmer control.

_Don’t ask me why this is the order, but so START 0200 A9 0l LDA 0! 1 Setup DDRA with 0l

itis. Thcchnpalsp has a dozen more regist- 0202 8D 03 CO STA C003

ers which make it so very versatile, as we'll SWITCH 0205 EE 01 CO INC C00l switchbit0, Port A.

see. St 4 v 0208 20 9E FB JSR FBY9E usedelay/display s/r.
Now, the trick in using a DDR is to 020B 4C 05 02 IJMP 0205  Back to switch again.

remember that a logic | in any bit will

make the CORRESPONDING bit in the
Port into an OUTPUT, whilea 0 ina DDR
bit makes the Port bit an INPUT. After a
RESET, all bits are inputs. This makes for
safety, as an unexpected output from a
controller could have some alarming ef-
fects!
B [/ we wanted some outputs, then, we'd
write a | into each required bit of the data
direction register?
Exactly. Let's say we wished to have pin
0 (the right-hand one) of the eight to act as
an output pin; to drive a relay circuit, for
instance. What value would we put in loca-
tion C003 (DDRA)?
J 0000 0001/01 in hex.
Right. If we proceed to write a routine
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B ! see, the adding “‘one" in the third line
ALWAYS switches from 0 to | or from | to
0.

Yes. There are many quaint little tricks
like that. You could use the ADC instruc-
tion instead to add one.

1 did!

You may now like to study. or even try
out, if you rig up the necessary hardware,
some of the control examples in ROM.
There's one, you may have noticed, for a
model train control, if you add the sen-
sors (reed switches) and use the outputs to
control relays for stop/go, forward/reverse,
and slow/fast. You'll find it uses pins 6 and
7 as inputs, and 0, | and 2 as outputs. The
others are unused. (Fig. 11.1)

Good. And no doubt you can think of
others. Well, as with all control systems,
there are INPUTS and there are OUT-
PUTS. from sensors and into drivers, with
the processing circuit between (Fig.11.2).
We've already rigged up such systems using
all analogue circuits with a transistor as
an amplifier (doing the "processing™). An
LDR as input sensor, with a milliammeter
as output device would form a light-level
meter, wouldn't it (Fig. 11.3)?

B Or our light “dimmer", with a variable
resistor in the base circuit of the transistor
driving the lamp (Fig. 11.4).

Right. In fact, most radios and tape
recorders are based on analogue signals,
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(RELAY SUPPLY |
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SUPPLYI{OG!
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REVERSING RELAY
{dpco: 2p 2w)

FAST/SLOW RELAY ON/OFF [STOP] RELAY

Fig. 11.1. Control of model train. Example in ROM.

/t may be possible to lay one’s hands on a toy electric train set, and the hardware
shown here can be added to a very basic layout with a single loop of track having
one model train running on it. The diagram shows a circuit for a relay linked to an
output from the micro. Three such circuits are needed, as indicated, using PAU, PAT
and PA2.

The three transistors could be replaced by an open-collector driver chip such as
the 7406, which has six such drivers in it. No inputs are essential for the demonstra-
tion program, but it can take account of inputs to PA7 and PAG, if a trackside reed
switch, operated by a magnet on the train, is linked as shown to PA6. Then, during
the run, if switch 7 (or an external switch linked to PA7) is closed, the train will stop
at the reed switch position (station?). Remember to leave board switches at logic 1.

The sample ROM program (START ADDRESS FF40) sends out a series of “ac-
tion "' codes, each lasting for a certain “duration’. There are eight of them here, but
the program allows for changes, which will be discussed later.

(The program can, of course, be tried out without any hardware other than three
indicators for the outputs, but it is strongly recommended that some external cir-
cuitry be built and tested. THIS IS THE WAY TO LEARN HOW A REAL CONTROL
SYSTEM WORKS.) A separate relay supply is best.

VALUE OR
DATA IN

VALUE OR
DATA OUT

Lo SIGNALS TO
DRIVER CIRCUITS
—— FOR RELAYS

SIGNALS FROM
SENSORS, et
SWITCHES ETC

QUTPUT
CIRCUITS

PROCESSOR
CIRCUITS

INPUT
CIRCUITS

CONTROL SIGNALS

Fig. 11.2. Arrangement for control system. (In this case no feedback is shown.) It
could represent a digital or an analogue system

+v +v

100k

MILLIAMMETER

ov

Fig. 11.3 A very simple “light meter”

arrangement (analogue). Fig. 11.4. A “dimmer” for a small lamp.
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though digital techniques are well on the
way to taking over nowadays.
sy How can the two be linked?

(another) There are conversion circuits,
aren’t there? Probably in the form of i.c.s.
There are. In fact, that's what we shall
have to look at for our control systems if
we wish to use microprocessor control of
analogue signals (“computer control®™, in
other words). Here's an example with the
6502 system:

Exercise 21
Swinging the LED...

At first sight, it may seem that, while
analogue signals can change gradually
from one value to another, our digital
signals cannot; however, we can arrange a
series of digital signals to cause changes in
tiny steps, becoming very like an analogue
signal. As you guessed, there are chips to
do just this; we'll meet them in due course.
H Won't we notice the steps?

If we only have a few big steps, yes,
though this may not matter in some cases.
But if we use a large number of very tiny
steps, it's virtually impossible to distin-
guish them from a steady change.

Bl Doesn't the quantum theory mean that
all changes take place in infinitesimally
small steps, anyway?

(others) What's he on about | He’s right

eic. ..

I agree. If you think about any measure-
ment, quite apart from theory, it's impos-
sible to carry it out to more than a limited
precision. So . . . a lot of small steps, OK?

But how many, though?
Ll With eight bits, we can have . . ?
Y 256 steps, as there are 256 different
values possible.
That's right, values from 0 to 255 are
available. This can give quite a smooth
change.

How can we make a suitable circuit?

We must distinguish between inputs,
which require a conversion from analogue
to digital signals (A to D), and outputs,
which need the opposite, D to A conver-
sion. Let's consider the latter to start with,
as there are a couple of programs in
the Tutor ROM to demonstrate it im-
mediately. At least, they demonstrate one
easy way to do the conversion. Consider an
output signal from a digital line. It can
have two values. What are they?

(chorus) O volts and 5 volts, or there-
abouts.

Of course. Now suppose we use such a
signal to drive a l.e.d. and cause the signal
to be switched ON for half the time, OFF
for half the time, at a fast frequency.

Like in the ‘‘organ’ multivibrator we
made.

Exactly. How will the l.e.d. appear?

Dimmer | it'll be getting half the full sig-
nal [ on average, that is.

Right again. Now suppose we could al-
ter the “mark to space” ratio, so that it's
ON longer than OFF, or vice versa.

Bl /1t would be brighter | or dimmer | we
could make it as bright or dim as we like |
between zero and maximum.

B (others) IF we can arrange the switching
patterns.

Good. Well, with a suitable program we
can do just that. The start address of the
first program is at FDCO, but FIRSTLY,
you will need to enter two numbers into
locations 0001 and 0002, to set the desired
ratio. Right?
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B So. first, we go 10 location 0001, that's:
0000 0000 0000 0001 and enter a number as
its DATA. Any number?

I suggest you enter FF into BOTH
locations to start with (enter the first, use
INC, and enter the second). Then go to the
start FDCO (1111 1101 1100 0000) and
press GO to see the display l.e.d. flashing.
B This will be the slowest speed.

Right. Use RST to stop it, then change
ONE of the values (the one in 0001 for ON,
the other for OFF) to see the effect when
you run it again. Then try two equal but
SMALL values to make the flashing so
rapid that the le.d. will appear to be lit
steadily. Try a few more combinations of
small but unequal values to “adjust™ the
l.e.d. to any brightness you wish.

(later) It takes a lot of entering! | not too
bad with the keypad.

It does, so let’s make the micro do the
changing of the values. There are two pro-
grams which you can just RUN and watch:
The first is at FDEA, so go to this start
address and GO.

B (after waiching for a few moments) The
lLed. starts off flashing slowly and gradually
speeds up | then repeats i1.

Yes. The program makes the ON time
shorter, the OFF time longer, in steps, then
jumps back to start again. The other pro-
gram starts at FEOD, and does the same,
but at a higher speed, so the l.e.d. appears
to dim smoothly.

Could we make it come on gradually,
100?

Of course, with some more program-
ming. If you wish to try, you could study
the ROM routine for this one and see how
it might be altered or extended. The earlier
mark/space setting program, and both the
slow and fast D/A examples use another
**delay and display” subroutine (a shorter
one) at FDDB. We could learn a little more
by studying this subroutine, so here it is,
labelled D/D:

put our oar in as well. For now, we can let
the 6502 get on with it.

B Could we look at one of the main pro-
grams as well?

Of course. Here is the ROM version of
the fast D/A demonstration we just used.
Notice how it starts with small timer values
so as to avoid flicker effects in the l.e.d.:

programming techniques, so as to be able
to select appropriately.

B Hardware solutions are faster, aren't
they?

As a rule, yes. Software solutions are
much more flexible and sometimes less ex-
pensive. But not if you have to buy a micro
just to, say, dim a lamp!

FEOD  Fast D/APA9 00 LDA
FEOF 185 FO STA
FE!I 185 0l STA
FEI3 A9 20 LDA
FE15 |85 02 STA
FEI7  LOOP[*-AS 0l LDA
FEI9 | (85 00 STA
FEIB | 120 DB FD JSR
FEIE ! 'ce Fo DEC
FE20 | las 02 LDA
FE22 185 00 STA
FE24 120 DB FD JSR
FE27 Fice 02 DEC
FE29 F1FO E2q BEQ
FE2B I "E6 01 INC
FE2D I EA NOP
FE2E I EA NOP
FE2F | EA NOP
FE30 | EA NOP
FE3I | C6 FO DEC
FE33 L FQ E2 BEQ

FO short, On for longer,
01 still shortish, time

20 by putting 0in 01 (and
02 in display), 20 in 02.
01 Give OFF value from 01
00 into 00 for timer, and
FDDB call D/D subroutine.
FO Now switch bit I ...
02 copy ON time from 02
00 into 00 (for s/r)
FDDB and call s/r again
02 Decrement ON value,
FEOD if zero, back to start.

10 Increment OFF value.

FO Switch bit | again . ..
FE17

00  Start with lL.e.d. OFF for

These are "pass’ codes
used by the programmer
to fill up space, or

to adjust timing loops.

and use it to loop round again.

So the program alterately loops round the
ON and the OFF states, one time being
lengthened, the other shortened, at each
loop. It will continue indefinitely until
stopped with the RESET key. The NOP
codes here suggest that. as often may
happen, the program was altered during
de-bugging. The empty spaces were just
filled in to avoid re-writing the final in-
structions into new locations. An assembler
would do this automatically. Sometimes,
however, NOPs are used for fine adjust-
ment of the time taken by a loop in, for
example, a clock program.

FDDB D/D AS 00 LDA 00 Take value at 0000
FDDD 85 10 STA 10 Into 0010 as timer
FDDF LOOP ~20 87 F8 ISR F887 Call display s/r
FDE2 1 C6 10 DEC 10 Count down timer
FDE4 DO _F9 BNE FDDF Until zero. then
FDE6 60 RTS Return to main prog.

Note the backwards branch, to LOOP,
which occurs each time until the timer
value at 0010 (whatever it was as copied
from 0000) has dropped to zero as a result
of the decrement at each loop. The branch
value F9 is a negative number and means
“branch back seven places"’.

That is, FF, FE, FD, FC, FB, FA, F9.

Right. So it goes back from where it is,
at FDE4 (containing the F9), to FDDE.
Then it moves on, as usual, to the next
location, FDDF, and carries out the in-
struction (JSR in this case) which it finds
there. On zero result. it drops through in
the normal way to the next instruction at
FDES6.

We can also note that this subroutine,
like many others, calls another subroutine
(’Display*’) within itself. They are said to
be “nested subroutines’ and there is a limit
(quite a high one, fortunately) upon how
many can be nested within each other.
It is the job of the STACK POINTER
register in the 6502 (refer back to the
*programmer’s model” if you've forgotton
about it) to keep track of the moves in and
out of the various sub-routines. Luckily,
most of this "*housekeeping™ is done auto-
matically by the CPU, but we may, later,
meet some instructions which allow us to
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B /1 means “No Operation” other than to
move on, then?
That’s it. Take no action, but carry on
with the next instruction. As it’s difficult to
make space in our programs (with no as-
sembler at present to do it for us) it's not a
bad idea to sprinkle a few bunches of two
or three NOPs here and there, just in case
we may need to insert an extra instruction
when we test our work. But don’t go mad,
as they do slow things down a little.
B And use up memory space.
Yes. Next, we should look at ways
of deriving digital signals from analogue
ones.

The opposite of what we ‘ve been doing.

Yes, and don’t forget that the conver-
sion, either way, can be carried out by
ready-made chips. We have been using a
“software solution” to our problem. A
“hardware solution”™ may sometimes be
preferable. In all control projects, a balance
has to be struck between hardware
and software. It's sometimes called the
“hardware/software trade-off’*, and ap-
plies, as we’ve seen, to many aspects of
logic control, not just to A/D and D/A
conversions. That's why, ideally, a design
engineer should know a good deal both
about electronic circuitry and also about

Exercise 22
Softlwarel)-

Centred?

In this Exercise we shall build an A/D
converter circuit, but, as we are using a
micro anyway, we'll not use too much
hardware, though we can meet a very
useful type of chip. The LM339 (not a
member of the 74 series) contains a type
of circuit called an op-amp (operational
amplifier), a type originally developed for
performing the mathematical operations of
an “analogue computer™. This works, as its
name implies, along quite different lines
from our digital system, and merits close
study (another time!) in its own right.
The LM339 is designed to be used as a
“comparator”, which, as this implies, com-
pares two input signals (analogue signals)
and gives an output which is suitable for
using as a digital input.

Like the outputs from the 74 series chips.

Just so. In fact, the 74 series and all
other logic chips, really contain such op-
amp circuits, but used with switched signals
not slowly changing ones.
We saw the same transistor circuit doing
both in our very first Exercises.
Good. Now the LM339 will work quite
well with our SV supply, so set up the
circuit shown here (Fig. 11.5) using a
bread-board linked to the Tutor sockets.
The value of R2 can be altered slightly to
give bigger or smaller voltage steps, but
the maximum input signal cannot exceed
about 4V.

Resistor R1 may not be needed if a low
impedance source is being used, and it
could form part of an input divider for use
with higher voltages.

B Wil the circuit act as a sori of digital
volimeter?
It will, with suitable software, though
the display we are using is more akin to
an analogue display! The measurement is
made digitally, anyway, so that you can see
how it may be done.

Analogue displays (I mean pointers) are
often easier to read, I think. | Such as a car
speedometer | or clock.
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Table 11.1. Second part of 6502 Instruction Set.
(There are 56 mnemonics in all, with 13 possible modes)

MODES:

MNEM Description IMM ACC ABS. Z/P IMP. ABS.X ZPX

(Total bytes) 2 1 3 2 ] 3 2
ASL  Arith. Shift LEFT 0OA OE 06 1E 16
BIT Test bits 6 and 7 2C. 424
CPX  Compare X value EO EC E4
CPY Compare Y value Co CCw, C4
DEX  Decrement X CA
DEY Decrement Y 88
INX Increment X E8
INY Increment Y C8
LDA (additional codes) AD AS BD BS
LDX Load into X register AE A6
LDY LoadintoY register A9 AC A4 BC B4
LSR  Logic Shift RIGHT A2 4A 4E 46 SE 56
NOP  No operation A0 EA
ROL Rotate LEFT 2A  2E 26 3E 36
ROR Rotate RIGHT 6A 6E 66 7E 76
STA (additional codes) 8D 85 9D 95
STX  Store from X register 8E 86
STY  StorefromY register 8C 84 94
TAX  Copy (Transfer) Acc. to X reg. AA
TAY  Copy Acc.into Y reg. A8
TSX  Copy Status into X reg. BA
TXA  Copy X value into Acc. 8A
TXS  Copy X value into Status 9A
TYA  Copy Y value into Acc. 98

The modes are, (altogether) immediate, absolute, zero-page. accumulator, implied. (indirect, X).

(indirect), Y, zero-page. X, absolute, X, absolute, Y, relative, absolute-indirect, and zero-page, ¥,

Agreed, on the whole. Changing values
are easier to follow, aren’t they? But each
has its uses. Let’s carry on.

B What aboui the program? I expect it's in
the ROM.

Yes it is. It's part of the system
“firmware” remember? That is the pro-
grams (software) permanently fixed. What
do you need to know?

Bl /ts START ADDRESS|Any preparation
beforerunning it/ How to interpret the outcome.
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OK. It starts at FA93, and you can
use Card 4 as a sort of scale for it. The
idea is that, if you apply a small d.c. volt-
age (say from a small cell) between the
OV line and the lead to pin 6 of the chip,
one le.d. lights up and *runs’ along the
scale to indicate the voltage. Again, use
RST to stop the program. But note, to
run it again, you will have to re-enter the
START ADDRESS, as it will have been
cleared.

(after setting up) My l.e.d. can’t decide
where 10 stop.

I's quite sensitive and fast acting.
There may be a poor contact in the in-
put leads. Or it may be “between™ two
values. A more elaborate program could
prevent this, but it has its uses, for instance
in following a “sound” signal from a
microphone amplifier.

Can we try that?

Yes. There are some suggestions here
(Fig. 11.6).

(later still) How does it work?

I was waiting for that, for it allows us to
study some further 6502 instructions, of a
very important kind. Remember the IN-
DEX REGISTERS in the Programmers’
Model?

3 There were two, X and Y, weren’t there?

Yes. They are similar, but can play
slightly different roles. For our purpose we
could use either, but we shall use the X
register for now. Our program will, in fact,
include just three new instructions involv-
ing the X index register. here they are:

LDX, which we shall use in immediate
mode. It copies from the following loca-
tion, a value into X just as LDA copies
into the accumulator. The op-code for im-
mediate LDX 1s A2.

Does it have other modes?

Yes, you can see them in the full instruc-
tion set, but here’s an extension to our ear-
lier version. (Table 11.1.)

Then there’s DEX, which, of course,
decrements the X value and thirdly, one of
a range of “indexed instructions™ for which
the registers are mainly intended. It is
STA,X although we don’t write it quite like
that in a program, as you’ll see. The idea to
grasp is that, when it receives and indexed
op-code, the micro goes, not to the address
in the date byte(s), but to the address X
places further along in memory.

So, if we alter X, it will use different loca-
tions?

It will, and we can make it move up or
down a table of values, as we shall see when
we analyse this program later.

B And there seems 10 be a LDA,X instruc-
tion, 100.

Plus a few more using X and Y in this
way. Can you see why they can be so use-
ful?

B} Because the X value can be changed by
the program.

Good thinking. Yes, it enables the
programmer to send the micro, as it were,
to different locations (to STORE or to
LOAD) using the SAME sequence of in-
structions, by changing the value in the X
register for each occasion the sequence is
used.

B} /: might be a subroutine | or affected by a
key press | or an input signal from a sensor.
Exactly. All good examples. In our case,
we shall use the INDEXED mode of STA
to send logic 1 to the LEFTMOST bit of
each display register (that’s F3, F2, Fl and
F0) in turn, so that our "voltmeter” pro-
gram starts with only the extreme left-hand
l.e.d. lit, and makes the “lit” l.e.d. move
along to the right as the input voltage is
increased.

I can imagine how it might change from
one register to the next, by changing X, but
how can we make it move along each in-
dividual display register?

Good question. Well, one more new
instruction needed. It's one of several
which use the **shift register” function we
saw with our row of bistables. Remember?
B} When a pattern can be shifted by each
clock pulse along the row of flip-flops?
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Fig. 11.6. Extensions to Circuit using
“voltmeter”

R2
Ikl
INPUT PAO
{UP TO 10V) W
R3 >l
22k -
6 -
a L PA7
74+
R1 J
10k s C
TOuI
VO

Fig. 11.6 (a) Measuring Higher volt-
ages. A ‘potential divider” circun,
using two fixed resistors R3 and R1
(already connected) allows a high
voltage to be applied to the new input
terminals, because only a fraction
R1/(R1 R3) of the total voltage is
actually applied to the converter input.
Thus, to extend the range te say 10V,
A3 would need to be about twice R1,
r.e. 22K. By using a variable resistor, we
could, within limits, measure any
higher voltage we wished.

shown, signals of up to 0.1V (100mV)
could be indicated. The same gain, if
preferred, could be obtained by using
100k and 10k respectively, as long as
the ratio is ten to one. A much higher
ratio 1s suggested in example (d) to
give a far more sensitive amplifier for
tiny signals.

c(i)

R6
100k

&
! 1
+ 7
1v5 +
CELL C%p :'IL.

le gSP1YEmEm10
WIRE ov

[CERD 5.3

R6

100k

TO PIN 6
+ AS BEFORE
s oy H el
11vs R7

T 100p

INPUTO
(UP TO 100mV )

0V o-

c(ii)

Fig. 11.6 (c) Demonstrating
the action of a capacitor.
In (i) the voltage across
the capacitor 1s displayed as

EE27186

the capacitor is charged up
through a high value resistor

Fig. 11.6 (b) Measuring Lower volt-
ages. An operational amplifier (op-
amp) is needed to increase the small
input voltage to our 3V range; a section
of the LM339 might be used, though
not primarily designed for this purpose.
The suggested circuit shown here uses
the standard method of setting the gain
to the ratio R4/R5 with the values

That's it. The instruction we'll use is:

LSR, which means Logical Shift Right.
(Op-code for indexed zero-page mode is
56.)

B} So if we've lit up the left-hand l.e.d. only,
this instruction will “shift” the light along,
one place ai a time.

Just the job. In fact, in our program, it
too is indexed, so there are really four in-
structions involving X.

Are there any more new instructions in
the program?

Just one. And we don’t really need
this one. It’s to test the comparator (the
LM339) output. We COULD use the CMP
instruction from our original set (followed
by a branch), but the 6502 has a special
instruction for testing a register.

BIT is its mnemonic, op-code for z-p is
24.

It saves having to tell the micro what
to compare with, or having to load the
accumulator (which, of course, overwrites
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R6 (try 100k to start with,
and use a 100 microfarad
electrolytic capacitor for C3).

/t will be necessary to short-
circuit the capacitor with a wire link L
to repeat the demonstration. In (ii) the
charge and discharge can both be ob-
served by using a two-way switch. As
well as C3, the values of both R6 and
R7 can be changed, and their effect on
the “time constant” observed.

what’s already there - it may matter). BIT
has also to be followed by a suitable branch
instruction.

B Does this program use any subroutines?
B3 (another) I1°'ll have to use the DISPLAY
s/r, and perhaps a delay timer.

Rl Right you are. It uses yet another delay
and display subroutine, which has a fixed
delay, but which also saves the value of
X, so that it isn’t lost during the sub-
routine itself (which also uses the X index
register). Here's the subroutine, labelled
DDX. You'll notice that, as you suspected,
it too calls the display s/r.

Fig. 11.6 (d) A “thermometer” By
using higher sensitivity in the op-amp
section of the LM339, the tempera-
ture of a simple thermocouple can be
shown. The thermojunction is made by
twisting together tightly 15cm lengths
of bare copper wire and nichrome wire,
with a length of sleeving slipped over it
for insulation.

A potentiometer P (10k or so) allows
"zero” setting,; the flame of a match
held under the junction will send the
light quickly along the l.e.d.s!

Note the that COPPER end is con-
nected to point B in the circuit to give a
positive input voltage.

As an alternative, the thermocouple
can be removed and a small
loudspeaker (or microphone, if one is
available) connected in its stead
between A and B it should then be
possible to detect sounds as in a VU
meter! (despite the a.c. nature of the
output).

It adds one more X instruction, STX |
opposite of LDX.

Yes. Now for the main A/D conversion
program (List 11.1). Most A to D conver-
sions (including this one) are carried out by
starting with a D/A conversion. The system
generates an analogue signal from a digital
value which is changed until it is equal to
the input signal to be measured (Fig.11.7).
Then the program says “That's it!” and
the digital value tells us what the input is.
The comparator chip, of course, gives the
**stop”” signal; in our case into PA7 (bit 7 of
Port A). The digitally generated value for
comparison is sent out from PAQ to pin 7
of the comparator.

B} Which compares it with the input on its
pin6?

Yes. Then the program makes the
“LED ON™ bit move very rapidly along
the “'scale™ and at the same time the digital
value varies from zero upwards, until it
matches the “'mystery” signal. This causes
the output to switch, stopping the process.
B So the position of the lit le.d. indicates
the value.

Right. It's not unlike a “pass-the-
parcel” game in some ways, is it?

And presumably the whole process, as
usual, is repeated indefinitely. The micro
does it all extremely quickly, it appears al-
most instantaneous.

FA28 DDX s/r 86 DC
FA2A A9 50
FA2C 85 DF
FA2E LOOP 20 87 F8
FA3l C6 DF
FA33 DO F9
FA35 A6 DC
FA37 60

STX DC Save X value (in 00DC)
LDA 50 set fixed speed. using
STA DF 00DF as timer location
JSR F887  Include display s/r in
DEC DF timing loop. branch to
BNE FAZ2E until zero. then
LDX DC restore X value and
RTS return,
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List 11.1. A/D conversion ‘voltmeter” programme. (Hardware required as
described in text)
FA93 START A9 00 LDA 00 Clear Port A
FA9S 8D 01 CO0O STA Co00l
FA98 A9 OF LDA OF Setup DDRA
FA9A 8D 03 CO0 STA Co003
FA9D A9 00 LDA 00 Clear all displays
FA9F 85 FO STA FO
FAAI 85 FI STA FI
FAA3 85 F2 STA F2
FAAS 85 F3 STA F3
FAA7 A9 0l LDA 01 Send charging signal
FAA9 8D 0! CO0 STA Co00l to capacitor circuit
FAAC EA NOP and comparator input.
FAAD LHBYTE A2 03 LDX 03 Set X =3 for LH disp.
FAAF LHBIT A9 80 LDA 80 andlight LHl.ed.
FABI 95 FO STA F0.X (starting at FO+ X =F3)
FAB3 TEST 2C 01 CO BIT €00l Is comp. output | yet?
FAB6 30 05 BMI FAC2  Ifso,displayled.,if
FABS EA NOP not, shift to l.e.d. one
FAB9 56 FO LSR FoO place to the right.
FABB D0 Fé6 BNE FAB3 Repeat until byte done
FABD CA DEX then reduce X for next
FABE 10 EF BPL FAAF  Repeat for all bytes,
FACO DO D! BNE FA93 four in this case,
FAC2 DISP 20 28 FA JSR FA28 Call DDX display s/r,
FACS 4C 93 FA JMP FA93 and do it all again.
MYSTERY INPUT V O : OUTPUT SIGNAL FROM
COMPARATOR
M T0 PA?
TNBOT FROM MICAOvw  [ROMPAO o —em-——
4 2 VM<V W
! 7.': """" "STOP!” SIGNAL WHEN VM
] REACHES VALUE Vv
VM :
ov T
3
VMl- v

Fig. 11.7. How comparator output switches when both inputs become equal.

@l That's right, though it's too slow for
some jobs, believe it or not.
Have you spotted the new instruction

types in the program? Notice how index X
is first loaded with 3, then the value 80 (in
hex, remember) is loaded into the ac-
cumulator. Anyone care to carry on with
the tale?

B 7ie next instruction STA,X FO puts this
value, which is 1000 0000 in binary, into
location FO plus X (which is 3) that is, into
F3 (00F3), the left-hand display register.
Very well put. This is how the extreme
left-hand led. is lit to start with. Can
anyone else take up the story?

(others) The BIT instruction tests PA7 |
if it's a I the value is negative and the BM1
instruction causes a branch | to the DDX
subroutine | then the whole thing is repeated
by the JM P back to the start.

This will give a steady “reading™ won’t
it?

B Yes. so this must be when the signals are
equal | the output from the comparator must
be zero to start with | so the BMI branch
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WON'T happen | and the LSR instruction
will make the next l.e.d. light up.
Il Good. Any questions?

Yes. I can’t see how the program makes
the digital voliage increase while the l.e.d.
gallops along the scale.
That's the key question. In fact, the
steady increase in “‘digital” voltage isn't
provided by the program. It could be, and
in some more elaborate (and expensive)
chips, a real digital to analogue conversion
is carried out. We may have time to study
a typical purpose-built chip later. Here,
we have used the gradual charging of a
capacitor to provide the growing signal.

So it's not adigital one at all | a cheat!

Well, not entirely. In the program you’ll
see that the signal out from PAOQ is switched
to zero at the start of the program (and
thus at each rapid loop). But, starting at
location FAA7, two instructions switch it
ON (to about SV or so, right?), whereupon
the capacitor starts to charge via resistor
R2. The values are chosen to suit the speed
at which the l.e.d. bit races along the scale

(which is pretty fast). The diode allows a
quick discharge at the start of each pro-
gram loop.

In other words, the scale shows the
TIME the capacitor took to reach the
“mystery’’ voltage value?

Bl That’s it. It's a fairly simple way to ar-
range to measure an analogue voltage with
a digital system. Agreed?

Well, OK. But vou should show us the

specialised chips soon | but these simple cir-
cuits can keep costs down when strict ac-
curacy isn't vital.
The dedicated chips are very useful, but
they require little or no programming
as they do the conversions with their
own “hardware solutions™. We've used
very strongly software-oriented solutions,
to gain the practice.

I'd like to dwell for a while on this
business of indexed instruction modes, as
they can be useful in several ways. For
example, the monitor “knows™ which key
has been pressed because each has its own
“key value” when depressed (because of
the way they are wired to Port B, the one
we can’t use, as the CPU monopolises it!).
To cut a long story short, what we need to
know, to make use of this, is that, if NO
KEY is being pressed, the key value is 08

GOgivesvalue 00 A/S  gives 04
DA gives value 01 X/Y gives 05
AH gives value 02 INC gives 06

AL gives value 03 SHIFT gives 07

B There’s bound 1o be a subroutine to read
the keys!

You're right. It's at FC60, but remem-
ber, like all subroutines, IT CAN'T BE
USED ON ITS OWN. But it can be
demonstrated with a short program start-
ing at FCAA (or you could write your
own).

Exercise 25

Now hear this!

First, use the demonstration routine just
mentioned, starting at FCAA, to confirm
the above values. Just run the program, see
08 in the status display l.e.d.s, then press
each key in turn and hold it while you
check the value on the l.e.d.s. In binary of
course, as usual.

We can use these values to make the keys
act in whatever way we wish.

E) Wasn't this done in the ‘‘Thief!"' game we
saw earlier?

It was; you could now follow the design
of that game if you wished to, or make up
your own. What I suggest, though, is that
we try to make the keys act as the keys
of a sort of primitive organ™; not unlike
the digital equivalent of the ““cheapo™ ver-
sion we looked at when we discussed multi-
vibrators. The “'mini-wurlitzer™, right?
That used a variable resistor pitch con-
trol, with graphite as the resistor.

Yes. Now we'll look at a program to
make the keys set the pitch. It will bring to
our notice the use of a "look-up table™, a
very useful technique to add to our bag of
tricks. In fact it's also used, as you can im-
agine, in the “Train Control” program we
described earlier.

B) You said the irain program could be
modified. Can we try?

i OK. We'll look at it after we've done
the tune player program, which is a little
simpler to start with.

Next month: The final part deals with the
‘tune player” and a three floor lift pro-
gram
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Constructional Project -

MOBILE LIN.
TRACKER

CHRIS WALKER

TN
/ Xy

There s no likelyhood of a fuel crisis with
this vehicle, and it willkeep to the route

you set out forit!

electronics for the home construc-

tor as it adds that extra dimension
of motion to his or her projects. Flash-
ing lights and tuneful bleeps are always
popular but if the thing actually moves and
does something, well that will attract atten-
tion!

The Mobile Line-Tracker described here
is a simple reflex action robot which will
optically follow a meandering line on the
floor. A control is provided to enable the
unit to cope with a wide range of contrasts
between floor and line. In addition, it can
choose between following a white or black
line and can handle quite severe bends.

This experimental project illustrates some
basic *‘sense-and-control” concepts which
form important building blocks in a robot
system. The Mobile Line-Tracker can be
built as described to produce a fully in-
dependent *buggy” which will provide
hours of fun and fascination. Alternatively,
readers may rather incorporate the sense-
and-control system into part of a larger
robot assembly

ON THE LINE

Line-following robots are being used
more and more to carry goods around
warehouses and factories and to deliver
mail within an office building. Unlike a
train, these robots are not restricted to rails

Roaoncs is a fascinating branch of

so they can follow the same routes used by
the human workers. Home users might
employ one to carry drinks to their guests,
and act as a sort of butler!

The industrial versions of these *“'trollies™
usually follow a line of magnetic material
embedded into the floor. Optical line fol-
lowers which actually “'look™ at a visible
line are more prone to interference from
ambient lighting (with the resultant risk of
losing the line), but they offer much more
scope for experimentation for the home
enthusiast.

In practice, suitable lines can be easily
and cheaply laid using masking tape or
something similar. This method also en-
sures quick removal at the end of the day.
The prototype model will even successfully
follow a line chalked onto concrete, and
when you stop to look closely at all the
gaps and breaks in the line, you realise
what an achievement this is!

IN GEAR

The problem with many automated and
robotic projects is that they require some
degree of skill to construct drive units such
as gearboxes, bearings and wheels etc.
It is often difficult for the average con-
structor to manufacture a small gearbox
with reliably-meshing gears, as the author
knows too well. Ready built drive as-
semblies are available on a limited market

LINE
gy
FLOOR
SENSORS
o~ @

ﬁ""‘ -LAMP

[

(c)

Fig. 1. How the optical sensors view the “illuminated” line from above.
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but, since they are often aimed at the
radio-controlled model builder, they can be
expensive.

The Mobile Line-Tracker was built using
easily available combined motor/gearboxes
and popular electronic components. Little
difficulty should be found in reproducing a
similar unit.

SYSTEM
OPERATION

How the two side-by-side optical sensors
view the “tracker line” from above is il-
lustrated in Fig. 1. A small lamp is used to
illuminate the line in the area of the sen-
sors. For the sake of argument, let’s as-
sume that the vehicle is following a white
line on a dark coloured floor.

If both sensors are over the line as in Fig.
la then both receive similar amounts of
light reflected off the line and the vehicle
proceeds straight ahead. If the tracker
veers left (or if the line bends to the right)
then the right-hand sensor receives more
light than the left, since the latter has now
moved off the white line (Fig. 1b.).

If this light level difference is above a
level set by the Contrast control then the
right hand drive motor is switched off and
the left motor steers the vehicle towards
the right and back onto the line. Excessive
movement to the right (Fig. 1c.) causes the
left hand motor to stop and the vehicle is
steered back onto the line until both sen-
sors receive a similar level of reflected light
once more.

Thus a simple feedback loop is estab-
lished whereby the control of the drive
motors is continuously adjusted to try and
maintain even illumination of both light
sensors, i.e. the vehicle follows the white
line.

In order to follow a black line drawn on a
light coloured surface it is necessary only
to interchange the control signals to each
motor. If, for example, the vehicle moves
left off the black line then the left hand
sensor receives more light from the pale
floor. Rather than switching off the left
motor, the right hand motor is arrested and
this swings the buggy towards the right and
back onto the black line.

A changeover switch is used to select
whether the vehicle follows a black or white
line

SENSORS

The complete circuit diagram for the
Mobile Line-Tracker is given in Fig. 2.
Two TIL78 phototransistors, TRI and
TR2, form the *“eyes” of the robot, each
one being mounted in a length of tubing so
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that they have a narrowed-down field of
view and only receive light reflected from
the floor.

Phototransistors are used in preference
to light dependent resistors (l.d.r.s) for
this application because they are generally
smaller, cheaper and faster to respond to
changes in dim light. The latter being one
important feature if the robot is not to lose
the line on a sharp bend.

The npn phototransistors TR1, TR2 pass
a current from collector to emitter which is
proportional to the light intensity fall-
ing on their semiconductor junction. This
“photocurrent” flows through resistors R
and R2 which develop a potential dif-
ference across them which is proportional
to this current. Therefore, the voltage at
the emitter of each phototransistor rises as
more light is detected.

by an amount dependent on the setting of
VR2. The gain is adjustable from zero to
100.

The op-amp IC! is run from a split-rail
power supply of +9V and -9V relative to
the zero volt (OV) line. Therefore, the out-
put of the op-amp (pin 6) can swing posilive
and negative.

A positive output voltage (greater than
about 2V) will light one half of the bi-
colour l.e.d. DI, whilst a negative output
will light the complimentary colour. Two
separate l.e.d.’s connected '*back-to-back™
would achieve the same effect.

Thus the magnitude of the output voltage
from IC! depends on the illumination dif:
Serence between TR1 and TR2 and also on
the setting of the Contrast control VR2. If
the contrast between the line and floor is
high (e.g. a white line on a black floor) then

RELAYS

A positive output from ICI signifies that
TRI is illuminated more than TR2. Cur-
rent flows into the base of the transistor
TR3 which switches on and energises the
coil of relay RLA.

Similarly a negarive output indicates that
TR2 is receiving more light than TRI
and this switches on the transistor TR4
which energises relay RLB. Each relay
coil operates a single changeover contact,
RLA1 or RLBI.

However, in order to stop the relays from
continuously operating for small illumina-
tion imbalances, Zener diodes D2 and DS
ensure that no base current flows into
transistors TR3 or TR4 until the amplifier
ouput rises above about £4.7V. Signal
diodes D3 and D6 prevent the base/emitter

A0
i £
1
A2y o
yore
! 9v
.
! pv
BI-COLOV| X 1 2
L.E.O. e 06 TR4 | —
W il eca [ P
e
9v
[] 3 b, i I
05 O T
w7 4

F

k
07 " R

-8V

RLA1 RLB1

ND NE NG N,

ON ON

)

STl . s o -

M2

ot i e i e ol A

Fig. 2. Complete circuit diagram for the Mobile Line- Tracker. The phototransistors TR1 and TR2 are mounted on the underside

of the vehicle and form the sensor “eyes”’

Present potentiometer VRI is used to
*balance” the sensory circuit and compen-
sate for component tolerances so that the
emitter voltages can be made equal when
both phototransistors are positioned over a
white surface. Capacitors Cl and C2 help
to remove electrical noise picked up by
the wires running to each phototransistor,
especiaily noise generated by the drive
motors. It is worth noting that the TIL78
phototransistor has a peak response in the
infra-red region but it is sufficiently sensi-
tive to visible light to be of use in this
application.

DIFFERENTIAL

AMPLIFIER

The good old 741 operational amplifier is
put to good use in this circuit. It is cheap,
easily obtainable and performs its job ad-
mirably making the use of a more *up-
market” chip pointless!

Resistors R3 and R4, together with the
double-ganged Contrast control poten-
tiometer VR2, develop the op-amp into a
differential amplifier which subtracts the
voltage at TR2 emitter from the voltage at
TRI1 emitter and amplifies this difference

VR2 would be set to a low resistance to
reduce the gain of the differential amplifier.
Having a high gain in these circum-
stances causes the vehicle to correct
its course unnecessarily as it
repeatedly attempts to keep to
the centre of the line. Wise
use of the Contrast con-
trol will enable the
buggy to cope with
a very wide
range of
floor and
line
condi-
tions.
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The completed Mobile Line-Tracker.
“power-pack’is housed in the control panel.

The battery
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junctions of the transistors from becoming
reverse biased whilst diodes D4 and D7
quench the “*back-emf™ generated when the
relay coils are switched off.

Switch Sl is a 3-pole ON/OFF switch.
Sia and SIb switch the +9V and -9V
power from batteries Bl and B2 whilst Slc
controls power to the motors. When the
relays are not energised, current consump-
tion is about ImA from each 9V battery
but this rises to about S0mA as the relays
switch on.

Obtaining relays with a reasonably high
coil resistance (in order to reduce the
operating current and prolong battery life)
proved a difficult task. Eventually a 9V 225
ohm coil type was found and worked
successfully. A more easily obtainable 6V
100 ohm coil could be used but the drain
on the PP3 batteries would be substantially
higher and it may be economical to con-
sider using rechargeable Ni-Cad types.

DRIVE MOTOR
CONTROL CIRCUIT

Battery B3, consisting of two 1.5V cells in
series, supplies power via switch Sic to the
line-illuminating filament lamp LPl and
the drive motors M1 and M2. Switch 82
is a 3-position ON/OFF/ON type which
enables the motors to be switched off inde-
pendently of the power to the sensory cir-
cuit. In either ON position S2a links the
positive terminal of battery B3 to the nor-
mally closed contacts of the relays.

Providing the relays are not energised,
current is fed to the motors via switch S3a
and S3b. The position of S3 determines
which motor is controlled by which relay,

i.e. this switch provides the option of
*Black line” or *White line™ tracking.

If, due to an illumination imbalance be-
tween the phototransistors, one of the relay
coils switches on the normally closed con-
tact opens and power to the relevant motor
is interrupted. Thus the motor stops and
the vehicle is steered back onto the line.

One problem that robot designers
frequently encounter is that of
“overshooting”. If the phototransistors
sense that the tracker is veering off the line
and switches off one motor, that motor will
not stop instantly but its inertia causes it to
run on for a short time (about 0.5 seconds
in the prototype). This slow response may
cause the vehicle to lose the line, depending
on the severity of the bend.

However, if the motor terminals are short
circuited whilst the motor is turning then
the induced e.m.f., generated by the motor
coil rotating in its magnetic field, will cause
a current to flow in the coil which tries to
oppose the movement (remember Lenz's
law?). In a nutshell, the motor is rapidly
brought to rest, its kinetic energy dissipated
as heat in the coil and shorting wires.
A similar arrangement is often used on
electric trains and heavy road vehicles to
assist braking; the technique is know as
electromagnetic braking (e.b.).

If switch S2b is closed, then as each
relay contact changes- over the appropriate
motor is electromagnetically braked be-
cause the motor terminals are shorted via
the normally open relay contacts.

It is useful to provide the option of
having the motors running with or without
electromagnetic braking because the latter
inherently makes the *‘buggy” follow a
jerky path, since the motors switch on and
off very rapidly. Electromagnetic braking
will be needed if the vehicle is to encounter
sharp bends at high speeds.

CHASSIS
CONSTRUCTION

A detailed description of the chassis lay-
out is not given because exact positioning
of wheels etc. is unimportant. A look at the
photographs should give some ideas for a
starting point.

The prototype model was constructed on
a piece of Smm plywood cut to a size of
150mm X 240mm. The motor/gearboxes,
sensors and lamp are mounted on the un-
derside of this chassis together with a single
front castor to allow the buggy to steer left
and right.

On the top side goes the circuit board,
batteries and control panel. 4BA and 6BA
nuts, bolts and washers are used exten-
sively to anchor various components to the
chassis. The prototype was left uncased to
allow spectators to marvel at the workings!

The motor/gearboxes are purchased as a
single unit and are available in a large
(MGL) and a small (MGS) version. The
large type is recommended for longer life.
Two such units will be required.

Instructions for assembling are supplied
but only four of the possible six gear wheels
are used (plus the output gear). When the
motor is run from a 3V supply this results
in an output shaft speed of 30r.p.m. Using
8cm (3' sin.) diameter wheels gives a for-
ward speed of about 12 centimetres per
second.

These gearboxes are quite robust but
simply placing a drive wheel on the output
shaft ‘and allowing the soft plastic shaft
bearings to support the weight of the
vehicle would soon cause distortion. A very
effective bearing can be fashioned from a
12.5mm (0.5in.) long 6BA brass spacer as
shown in Fig. 3.

The spacer should be held in a vice and
drilled through with a ' «in. bit so that the
output shaft is a close fit through the tube.
The spacer is then mounted through a
20mm steel L- bracket (from the hardware
shop) as shown. The screw hole in the
bracket may need enlarging to accom-
modate the spacer but make it a tight fit
and further anchor it with epoxy-resin
(Araldite).

A little jiggling may be required to match
the heights of the bearing and shaft, use
packing washers as needed. A litle oil
should periodically be applied to bearings
and gears.

Fig. 3. Details of the motor/gearbox and drive shaft bearing mounting. A close-up of the underside chassis and drive motors Is

shown in the photograph below.

20mm STEEL
Smem PLYWOOD ‘L~ BRACKET (75
CHASSIS DRIVE
SHAFT WHEEL
P rﬂl
L, A P T,
MOTOR
fz EPOXY
// / RESIN
GEARBOX 6BA
SPACER
T
 E—— E—

Everyday Electronics, October 1990

661



The completed sensor assembly showing the positioning of the lamp.

Resistors See
RIR2 k6 (20f) SHOP
R3.R4 10k (2 off) s
RS 470 ALK
R6,R7 1k (2 off) s

Potentiometers

VR1 10k miniature preset, horiz.
VR2 1M double-ganged rotary
lin.
Capacitors
C1,C2 0u22 polyester (2 off)

Semiconductors
D1 Bi-colour l.e.d.
D2,05 4V7 Zener (2 off)
D3.D4
D6,D7 1N4148 signal diode (4 off)
TR1,TR2 TIL78 phototransistor
2 off)

TR3 BC548 npn silicon
TR4 BC212L pnp silicon
IC1 741 op.amp.

Miscellaneous

RLA, RLB 9V 2250hm coil relay,
contacts: single-pole
changeover, rated at least
1A (see text) (2 off)

S 3-pole 4-way rotary switch

S2 d.p.d.t. toggle switch, with
centre-off position

S3 d.p.d.t. toggle switch

M1, M2 combined motor and
gearbox, type MGL

LP1 2V5 200mA MES type torch

bulb

Stripboard (two pieces) 0.1in matrix,
size 29 strips x 39 holes and 6 strips x
23 holes; 8cm diameter wheels (2 off);
5mm plywood 150mm x 240mm; 20mm
steel L-brackets and 6BA brass spacers
(2 off each); 8-pin d.i.l. socket; terminal
pins; clip-on MES bulb holder; plastic
tube and sleeving for sensors; knobs (2
off); material for control panel; battery
holder for B3 (2 x C-size); PP3 battery
clips (3 off); batteries, PP3 (2 off) and
C-size (2 off); flexible connecting wire;
4BA and 6BA nuts, bolts, washers and
spacers, small furniture castor.

Approx cost
guidance only

£25
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FLAT SIDE ON CASE

MOUNTING HOLE
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Fig. 4. (right). Details of
the line sensor assembly.

LAMP LPt__]

1
o PLASTIC
PHOTOTRANSISTOR  “pioe

The sensor is mounted

beneath the vehicle - see

rext. FLOOR

SENSOR the sensors are soldered to a piece of strip-
ASSEMBLY board, size 6 strips by 23 holes.

The relative position of the wheels and
sensors and the height of the latter above
the line has an important influence on the
behaviour of the vehicle. Feel free to ex-
periment, but start by placing the sensors
at a distance in front of the rear axles which
is roughly equal to half the distance be-
tween the rear wheels

The phototransistors are each mounted in
one end of a 10mm length of opaque plastic
tube. The open end of this tube should be
mounted about 20mm above the ground.
A suggested method is shown in Fig. 4.,

Black sleeving placed over the phototran-
sistor leads between the stripboard and
plastic tube prevents light entering through
the back of the transistor case, this is
important. Remember that the TIL78 is
sensitive to infra-red and some apparently
opaque plastic tubes are actually quite
transparent to IR. A layer of self-adhesive
foil tape wrapped around the tube will
make it completely *'light-proof™".

Lamp LPI is positioned just behind the
sensors using a clip-on type MES bulb
holder. Avoid light shining directly into the
ends of the tubes.
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CIRCUIT BOARD

; The three switches, potentiometer VR2
and led. DI are mounted on a control

(= - panel which can be supported on four
MAY BE FITTED 50mm pillars above the batteries, the latter

—.

EITHER WAY _ being held on the chassis by double-sided
RN premaiiE sticky pads.

A The remainder of the electronic com-
ponents are mounted on a piece of 0.lin.
matrix stripboard, size 29 strips by 39
frem82-VE holes. Prepare this board by drilling the
four mounting holes and then making the

(]

o1 11 breaks in the copper tracks as shown in

1
re /‘n
o
.J Fig. 5.

— Solder in the five wire links and then fit
the remainder of the components as shown
in Fig. 5., taking care not to overheat the

{ . semiconductors when soldering. Also, take
N B3 +VE care not to confuse the Zener diodes (D2
B2 LE and D5) with the 1N4148 signal diodes.

All diodes and transistors on this board
need to be inserted the correct way around.
Use an 8-pin d.i.l. socket for ICIl, do not
solder it directly to the board.

The relays used in the prototype had pins
which were not spaced on the usual 0.lin.
grid and these required careful bending
qoR0l before they would fit on the stripboard.
- » I The use of terminal pins for all flying lead
a connections makes point-to-point wiring
. r ; easier later on.

- @ Once the board is completed the intercon-

81182 nections between motors, sensors, lamp,
3 ° TR3 pa . A f
8:l @ Vm@ G}:@u circuit board, batteries and control panel
id
<

e N

TERMINAL | @
8LOCK | g

M

LM M gy 6. Wiring details of the control panel i

components. The leads go to identical letters

on the board below.

-
5
@
x
—t-
bt
-
3
o
s

K M can be made according to Fig. 6. Do not
bt § 2

NC® make these flying leads unnecessarily long
IN_ <5 | orelse interference pickup from the motors

may be a problem.

ND.

ALA SETTING-UP

Turn the Contrast control VR2 fully

bt teto. .

| \obed B

—- .—{__T}-—o ‘
AARPC VERE

[ p— ,g_..-—'.

T 'Y

5o clockwise (minimum resistance) and switch

10 m‘:-':g )2 on S1. Lamp LPI should light. Switching
e 3 3 . ” 9

°$ - U the motor switch S2 to either “ON" posi-

T0 51 gt B = (n ) e " tion should cause both motors to run. If
e oo ® coiL @53 | either wheel turns backwards, reverse the

v

¥

- 0T connections to that motor.

x l Now switch S2 OFF, turn the Contrast
y . : control to about mid-position and place
u Nast 8] the Mobile Line-Tracker on a large white
1]

cc

.3
(=]
U )
o 0 e
x
L ]
D
2
o

surface, e.g. a large sheet of paper. Make
sure that the ambient lighting is even and
then adjust preset VR 1 until the l.e.d. D1 1s

NOT lit.
— - — L L 2 Turning the preset VR either way from
O O g Q QW O D8 P’ O D OO OE 00O it 4 s 5

ss[OO=C=0—0=0-0 5T S B e L b oL CB00000000CCoSCoC this *nuli point should.makeDlhgh'tup
ufCocoool Joooo o000 T c00co0000 00 T: either green or red. With careful adjust-
] CRERCEC RN AR « KRN R AN MR X Y o DS ment, it should be possible to null the cir-
R BB BB RN MR M RORNCHCNCR R T - ISR NSNS e cuit even with the Contrast control turned
1UOUOOGD\’OOOQOooo.b.C.OOOC‘OOOOUUO(J“UOOf,, f” .l k . . .
wWoooooO0000000O0OO0O®0®0000000000000000000000 u){a‘ntlcocw1§e(max1m}1mr.eSISIance).
B o000 000000000000000000008000800000008e0 lflt.lsnotpossnbletoextmgulshthel.e.d‘
Wo0Oo0OOOOOOOOG0000000000000002000%¢00000 0000 by[hlsme[hod[henﬁrsldoublecheck[hat
'g“’g‘;zg:g""o °;22222‘323’22:2;0°;gr' — the phototransistors have been orientated
s O 0O [¢] [e O J & 8 . . . .
o — e e S 0 6 C O O ¢ correctly, the flat side of the device indi-
olo @ 000 © 0 0O00OD0O0ODOOO®00000000000006000 catesthecollector(C).lfyouareconvmoed
»[00 0000 0C 0 000000000000000000000000 that there are no errors in construction
°°°°°°°°g°°ggg°°ggg‘:2°ggggggg°°‘j?‘;gig”°g then try moving the position of LP1 to gain
WO 0 00000000 0 0 [ , @ 0 O ° o 5 i :
,.L———_——:o..onoooooooooooooooo_o.oo.‘U T T TR ) a more even illumination under each sen-
lO“O...000000OOOOOOOOOOOOOQOOUu0000"‘0000 SOr.
KOlOOO00...0000000OOOOOOOOOOOOOOOOOO’:ODO
oo 600000000000 00000000000®00000000¢ 0060
o oo o00000000OC®008000000000000000CH0000] USE
NOOOOOOOOOOOOOOOOOOOO0.0 O0.00!0.00.00.0 X .
G‘oooooooooooooo!oooooocobooooooooooooooo Thq Mobile Llr_le-Traqker should.now
voooo'ooooooovopnoooooo'00000000000u000 happllyfollowalmewhnch,asmentloned
‘°°°°°°°°°'°'°‘°’gggggzggggggggggggzgggggg previously, can be laid using masking-tape,
[0 0 00000000000 ! z !
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000000000000 000000000000000000000000000 outbyexpenmentwhatlsthebestsettmg
AQooooooooooooooooooooonoooooooooooooooo for the Contrast control under a oer-

tain set of conditions and whether or not

electromagnetic braking of the motors is
Fig. 6. Circuit board component layout and details of the breaks required to prevent the vehicle overshoot-
required in the underside copper tracks. Ing on corners.
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... Counting ... Infra-Red Detector ... Counting ...

woO subjects that seems to crop up in

readers’ letters from time to time are
those of batch counting, and what might be
termed "*people detecting™. In the first case
you have objects passing by on a conveyor
belt, and some means of counting them is
required. Things are not always in quite
this form. and the objects to be counted
might actually be something like people
passing into an entrance or out of an exit.

The object of the exercise might not be to
count people at all, and it might simply be
necessary to detect their presence in or-
der to activate a security system. Thus,
although these two subjects may seem to
have little in common, they are really much
the same. Many methods of detecting ob-
jects work equally well with people, for use
in security systems, or whatever.

For any form of batch counting a com-
puter makes a good basis for the equip-
ment. Apart from simply keeping a run-
ning count, it can be programmed to sound
an audible warning when a certain number
is reached, or it could perhaps be used to
switch oft a process once a certain count
had been reached. Sometimes circuitry is
needed in order to avoid spurious counts,
but with a computer based system it may
well be possible to use software deglitching,
thus enabling simpler detector circuitry to
be used.

Computers are also good as the basis of
security systems. They permit sophisticated
features to be included at low cost, since
these features can often be implemented
simply by making some additions to the
software.

Count On It

There are various ways of detecting
objects or people, but the most simple
and universally applicable are the opto-
electronic systems. These consist basically
of broken beam circuits and reflecred beam
circuits.

With the former, a light beam is shone
from one side of the conveyor belt (or
whatever) to a photocell on the opposite
side. As objects pass by on the conveyor
belt they briefly break the light beam,
producing pulses from the photocell that
can be counted.

With reflected beam systems there is
again a beam of light shone across the
conveyor belt, but the photocell is along-
side the light source, *’looking™ in the same
direction. It picks up the light reflected
from the objects passing along the con-
veyor belt, again producing pulses that can
be counted.

This second method is more convenient in
that it keeps all the electronics in one box
rather than having two units on opposite
sides of the conveyor belt. It is more dif-
ficult to implement in practice though, as
the amount of light reflected from the ob-
Jects being counted may not be very great.

It is also something that might be
inconsistent, depending on just what is
being counted. The broken beam circuits
are generally more simple and give better
reliability.

Broken light beam units can be based on
simple torch bulb and photo-resistor cir-
cuits, but these are often unreliable. The
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main problem is that of the ambient light-
ing tending to hold the unit in the “off™
state.

Infra-red circuits give greater reliability,
but simple d.c. systems do not provide very
great range. For some applications very
short range operation is all that is needed,
and a simple d.c. infra-red system is then
likely to be the best choice.

There are actually ‘“slotted” opto
switches available, which consist of a l.e.d.
and a photo-detector in one unit with a slot
between the two. These are mainly
intended for operation in r.p.m. counters
and a few other specialised applications. As
the slot is only a few millimetres wide, they
would seem to be unsuitable for most batch
counting etc.

Fig. 1. The circuit diagram for a simple
infra-red beam detector.

Infra Red Detector

Making a discrete version having longer
operating range is not difficult, and a
suitable circuit appears in Fig. |. Diode D1
is an infra-red l.e.d. which generates the
beam, and resistor R1 is its current limiting
resistor. The specified value of R1 sets the
l.e.d. current at about 1S milliamps, but a
higher current can be used in order to
boost the range of the unit. Do not use a
value lower than 56 ohms (which gives a 50
milliamp l.e.d. current).

D2 is an infra-red detector diode, and
like any diode it has a high reverse resis-
tance under normal conditions. The infra-
red radiation from D1 causes its leakage
level to rise to a much higher level than
normal, causing transistor TR1 to switch
on. Transistor TR2 simply acts as an emit-
ter follower buffer stage at the output, and
this enables the circuit to drive normal five
volt logic inputs.

With TR2 normally switched on, the out-
put is at logic 0. If the beam from D1 is
interrupted, D2 reverts to a high leakage
level, TR switches off, and the output goes
to logic 1. The circuit therefore produces a
low output under standby conditions, and
a high output level when it is activated.

Although I have specified an LD241 for
D1 and a TIL100 for D2, any similar five
millimetre diameter infra-red le.d. and
large infra-red photo-diode should work in
the circuit. Some suppliers simply sell these
components as large infra-red l.e.d.s and

photo-diodes, rather than selling them un-
der particular part numbers. For optimum
range it is best to use a l.e.d. which has a
narrow beam, but getting the optics lined
up correctly is easier if a wider beam type is
utilized.

The value specified for resistor R3 (47k)
will probably give good results, but a
slightly lower value can be used if the
ambient light level is sufficient to activate
the unit when the beam is blocked. Infra-
red systems are less prone to problems with
ambient light than are visible light systems,
but they are not totally free from them.
There is a certain amount of infra-red light
in a normal environment, and tungsten
lighting is quite a good generator of infra-
red.

~O+5V

R3
100

@ D!
ek LD2¢1

00V

Fig. 2. The pulsed transmitter. This is
basically just a standard 555 astable.

Pulsing

A simple d.c. circuit of this type will
not provide a particularly large maximum
operating range. A range of up to about
150 millimetres should be possible, or with
everything carefully set up and a higher
l.e.d. current about double this might be
achievable.

This is sufficient for some applications,
but for others a range of a metre or two is
required. Ranges of this order are easily
achieved using pulsed infra-red circuits.

The point of using a pulsed transmitter is
that the receiver can be an a.c. coupled
amplifier. The d.c. output level from the
photo-diode is unimportant, and can vary
widely without any ill effects being ap-
parent.

The use of coupling capacitors is to block
the d.c. signal, but allow the pulses to pass.
This permits large amounts of amplifica-
tion to be used, with the pulses (or lack of
them) being detected using a rectifier, a
smoothing circuit, and a level detector cir-
cuit.

There can still be problems with the
ambient infra-red level, but this is relatively
unlikely. The normal infra-red background
level varies only slowly, and is not
pulsed. The exception is mains powered
tungsten lighting, which produces sig-
nificant amounts of infra-red pulsed at
100Hz (i.e. once per mains half cycle).
However, this can normally be blocked
from the photo-diode, and the receiver will
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be insensitive to it anyway due to the
relatively low pulse frequency.

The circuit diagrams for the pulsed infra-
red transmitter and receiver are shown in
Fig. 2 and Fig. 3 respectively. The trans-
mitter is basically just a standard 555
astable circuit operating at around 1kHz.
Resistor R3 sets the l.e.d. current, and can
be reduced somewhat in value if greater
range is required.

In the receiver, Fig. 3, diode D2 detects
the infra-red pulses and produces electri-
cal pulses that are fed to the input of a
simple two stage amplifier. The low values
of the coupling capacitor roll-off the low
frequency response of the circuit and
combat potential problems with mains
llhum‘o.

Capacitor C7 rolls-off the very high fre-
quency response of the amplifier, and is
needed in order to combat instability. The
output of the amplifier is fed to a conven-
tional two diode rectifier and smoothing
circuit.

circuit drops to zero and the output of the
unit goes to the high state.

The maximum range of this circuit is a
metre of so. but this can be extended a little
by using a higher l.e.d. current. A better
way of boosting the unit’s range is to use a
lense in front of the receiving diode.

This does not need to be a good quality
type, and the inexpensive Maplin 30mm
diameter plastic lens is perfectly satisfac-
tory. The lens must be mounted ahead of
the photocell at a distance that is equal to
the focal length of the lens (80 millimetres
in the case of the Maplin lens).

The effect of the lens is to gather up the
infra-red energy over a relatively large area
and concentrate it onto the smaller area of
the photo-diode. This will often boost the
range of the system by a factor of five or
more, but the increase obtained obviously
depends on the characteristics of the lens
used.

A side effect of adding the lens is that it
gives the receiver a very narrow angle of

——O+5 Y
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R15
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220n
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Fig. 3. The circuit diagram for the infra-red pulsed receiver.

IC2 acts as an inverting trigger circuit,
and its output triggers to the high state
when the input voltage falls below a cer-
tain threshold level. Normally the unit is
receiving infra-red pulses, and the output
from the smoothing circuit is above the
threshold level. However, when the beam is
blocked, the voltage from the smoothing

view. The unit must therefore be accurately
aimed at the transmitter if the system is to
function properly.

The range can be further boosted by ad-
ding a lens in front of the transmitting l.e.d.
as well. Quite long operating ranges can be
obtained in this way, but optical alignment
of the system becomes very critical

SHOP

Please Note

The diodes used in the power supply bridge
arrangement in the Valve ODistortion Unit
should be 1N4007's. The 4001’s are un-
derated and should NOT be used.

CarHeater Thermostat

We have been unable to find any source for
the rod thermistor VA1067S used in the Car
Heater Thermostat. According to our informa-
tionthisdevice israted at 150k at 26°C and 2k5
at150°C.

An alternative suggestion is to use a bead
type thermistor, which seems to be more
readily available, and adapt the water sensor
assembly to suit. A suitable bead thermistor is
stocked by Maplin, order code FX43W.

Most advertisers should stock a suitable 12V
16A relay. These are listed for automobile ap-
plications and the most popular ones have a
coil resistance of about 200 ohms.
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GhostWaker

A suitable mask for the Ghost Waker project
should be stocked by “high street”* joke shops
orfrom atheatrical costume supplier.

The microphone used in the prototype model
was purchased from Maplin, code QY62S.
Miniature 12V solenoids are reasonably ex
pensive and it may be worth “shopping
around’’. Onesimilartothetype usedisthe 12V
48 ohm coilfrom Maplin (YR88V).

The small printed circuit board is available
from the £F PCB Service, code EE703 (see
page692)

Mobile Line-Tracker

The only items that could cause local
purchasing problems for constructors un-
dertaking the Mobile Line-Tracker are the
motor/gearbox and possibly phototransistor.
The combinelow voltage d.c. motor/gearbox
unit is listed by Magenta (1 0283 65435)

Interfacing

The user port of the BBC computer
permits several interfacing options. For a
counting application the obvious one is the
6522 VIA in the mode where it counts
pulses from an external source.

This may not be the best choice though,
since the detector circuit is quite likely to
generate a few spurious pulses. This would
result in grossly inflated counts. If this
method is used, it will almost certainly be
necessary to add a monostable at the
output of the detector circuit in order to
provide “debouncing”

Using an ordinary digital input to
monitor the output of the detector, and a
loop to repeatedly read the output level in
order to detect a change to the high state,
there is a slight risk of pulses being missed.
In reality this is probably not a very great
risk, since the pulses from the detector
would normally be fairly long, and the loop
would presumably monitor the detector’s
output a few hundred times per second.
However, this possibility can be removed
altogether by using a “handshake™ input
set to respond to low-to-high transitions.

If ~deglitching™ is required in order to
prevent spurious counts. this can be
provided by the software. For the sake of
this example, assume that the count rate
will never exceed two per second.

The routine that detects pulses from
the detector could include a delay loop
to ensure that something close to 0.5
seconds elapses after one pulse is detected,
before the output is monitored again. Any
spurious pulses after an initial transition
will then not be counted, because the
software will be idling when they occur.
and will ignore them

There can sometimes be problems with
false counts due to something like a moth
flying through the beam, or electrical inter-
ference from lighting etc. These ‘“false
alarms” will usually provide very short
output pulses, and can be detected by
suitable software routines.

After the initial detection of the pulse, it
is just a matter of having a loop routine
to provide a suitable delay before checking
the output level from the detector again. If
it is still high, then the output pulse is a
proper type. If not, then it is a spurious
pulse.

and the larger MGL (£4.55) unit should be
purchased. They are also able to supply the
TL78phototransistor and the 3india. wheels.
The front wheel “castor” and the plywood
chassis should be available from DIY stores.
Most component suppliers should be able to
offer suitable p.c.b. relays, but check the con-
tact pin arrangement before wiring onto the
circuitboard and adapt as necessary.

Frequency Meter

The meter used in the Frequency Meter is
the 4in. 100puA moving coil panel mounting
type from Maplin, code YJO6E. The trim-
mer capacitors (code WL72P) and the mains
transformer (code LYO3D) were also pur-
chased from the same company.

The printed circuit board is available from the
EEPCB Service, code EE704 (see page 692)

Fridge Alert

The only component called for in the Fridge
Alert that is likely to cause some local dif
ficultiesisthe glass bead thermistor GL16

The glass types are fairly expensive, but most
of our advertisers should be able to offer a
suitable equivalent. The GL16 is rated at one
megohm at 20°C and has a minimum resis-
tanceof 170ohm

In case of difficulty in purchasing the i.c.s,
the ICL761 1 is currently listed by Cricklewood
andthe |CL8211 by Maplin.
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HE. TREND in modern commercial

electronics is to have as many of the
components as possible on the main
circuit board. Along with the resistors,
semiconductors, capacitors, etc., there
are printed circuit mounted controls,
sockets, and even larger items such as
mains transformers.

In the commercial electronics world
this method of construction has the ad-
vantage of keeping down production
costs. Designs for the amateur electronics
enthusiast make relatively little use of
printed circuit mounting controls, sock-
ets, and the like.

Using these components generally
simplifies the electronics side of con-
struction, as well as reducing the risk of
errors. It is rather restrictive though, in
that it usually ties you down to using the
particular case that the circuit board was
designed to fit. Making even a few minor
modifications to the project, such as
repositioning a few controls slightly,
might be impossible.

Actually this is not quite true, since
in most cases there is no difficulty in
having ordinary potentiometers, sock-
ets, or whatever, mounted off-board, and
wiring them to the circuit board. For the
absolute beginner it is probably best not
to do this, as it increases the risks of
errors.

However, for the complete beginner
there is a lot to be said in favour of
reasonably simple projects that have all or
virtually all the components mounted
on a (ready made) custom printed cir-
cuit board. This method of construction
leaves a minimal amount of scope for
errors! For the slightly more experienced
constructor though, using off-board con
trols and sockets should not give too
many problems, and gives you plenty of
scope to do your own thing

The hobby of electronic project con
struction need not consist of produc-
ing exact clones of published designs.
Customising projects, or simply adapt-
ing them slightly to suit the particular
components to hand are well estab-
lished practices. Eventually you might
start "borrowing” sections of published
designs in order to put together your own
designs, perhaps ultimately progressing
to projects that are genuinely all your
own work.

HARD WIRING

The wiring from controls etc. to a
printed circuit board is known by such
names as “point-to-point”, “hard”, and
“spaghetti” wiring. | think it is true to say
that most constructors find that this
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point-to-point wiring helps to make
building a project more interesting.

Mounting components on a printed
circuit board is generally easier and more
“foolproof”, but can lack interest as a
result of this. Wiring up controls etc.
takes a little more time and concentration,
but is a more rewarding task as a result of
this.

In component catalogues you will
usually find a variety of wires for use in
projects. For most hard wiring a medium
thickness multi-strand p.v.c. insulated
wire is the most popular type. A 7/0.2
type (which has seven strands of 0.2
millimetre diameter wire) is the usual
choice.

In the larger catalogues you may find
thinner types, such as 7/0.1 wire, but
these are just a bit too thin for general
use. They are actually capable of taking
the currents in most projects, where the
maximum current flow is often only a few
milliamps. However, their thinness make
them a bit difficult to deal with, and the
7/0.2 type is much easier to use.

Most electronic component
catalogues list at least one thickness of
single strand connecting wire. The
advantage of the single strand variety is
that it can easily be formed into the
desired shape so that it can be neatly and
easily routed around a project. It tends
not to be very popular as it has a
tendency to break.
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