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

OMP POWER AMPLIFIER MODULE'S JEESVEETIL AL T EEE TS
OMP POWER AMPLIFIER MODULES nNow enjoy a world-wide reputation for quality, retiability and
performance at a realistic price. Four models avaitable to suit the needs of the professional and hobby market, i.e., Industry,
Leisure, Instrumental and H-Fi etc When comparing prices. NOTE ali modeis include Toroidal power supply. Integral heat sink,
Glass fibre P.C.B,, and Drive circuits to power compatible Vu meter. Open and short circuit proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
RM.S. into 4 ohms, Frequency Response 15Hz —
30KHz —3dB, T.H.D. 0.01%, S.N.R. —1184B, Sens. for
Max. output 500mV at 10K, Size 355 X 115x65mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

into 4 ohms, Frequency Response 1Hz — 100KHz
~3dB, Damping Factor, >300, Slew Rate 45VAS,
T.H.D. Typical 0.002%, InputSensmvny 500mV, S.N.R.
—125dB. Size 300 x 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

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

PRICE £62.99 + £3.50 P&P.

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

PRICE £79.99 + £4.50 P&P.

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

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

PRICE £8.50 + 50p P&P.

fes

OMP VARISPEED TURNTABLE CHASSIS

LOUDSPEAKERS

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

INSTRUMENTS, P.A,, DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

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

RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz2. SENS, 99dB RICE £28.59 + £2.00 P&P.
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD DISCO EXCELLENT MID.

RES, FREQ, 70Hz. FREQ, REEP, TO6KHz. SENS 100dB PRICE £34.70 + £2.50 P&P.
10" 200 WATT C10200GP GUITAR KEYBOARD, DISCO EXCELLENT HIGH POWER MID.

RES, FREQ, 45Hz. FREQ, RESP, TO7KHz. SENS, 103d RICE £47.48 + £2.50 P&P.
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE LEAD GUITAR DISCO

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 98dB. RICE £36.66 + £3.50 P&P.
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE P A, VOICE, DISCO.
RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz. SENS, 100d8. _PRICE £37.63 + £3.50 P&P.
12 200 WATT C12200B HIGH POWER BAS3 KEYBOARDS DISCO PA

RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz SENS 10048 _PRICE£64.17 + £3.50 P&P.
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR KEYBOARDS DISCO, ETC

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 10 RICE £85.79 + £3.50 P&P.
15" 100 WATT C15100BS BASS GUITAR, LOW FREOUENCY PA, DISCO
RES, FREQ, 40Hz. FREQ. RESP, TO SKHz. SENS, 98dB. ... .PRICE £53.70 + £4.00 P&P.
15" 200 WATT C15200BS VERY HIGH POWER BASS.
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 99dB. ...
15" 250 WATT C15250BS VERY HIGH POWER BASS
RES, FREQ, 40Hz. FREQ. RESP, TO4KHz. SENS, 99dB .PRICE £80.53 + £4.50 P&P.
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREOUENCY BASS
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 102dl RICE £94.12 + £4.50 P&P.
18" 400 WATT C18404BS EXTREMELY HIGH POWER Low FREOUENCY BAS

RES, FREQ, 27Hz. FREQ, RESP, TO3KHz SENS, 994d PRICE £167.85 + £5.00 P&P.

EARBENDERS:— HI-Fl, STUDIO, IN-CAR. ETC.

ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM.
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F1, IN-CAR.
RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 97dB PRICE £8.90 + £2.00 P&P.
10" 50 WATT EB10-50 DUAL IMPEDENCE TAPPED 4/8 OHM BASS HI-F1, IN-CAR
RES, FREQ, 40HZ FREQ, RESP, TO 5KHz. SENS, 9948 PRICE £12.00 + £2.50 P&P.
10" 100 WATT EB10-100 BASS HI-FI, STUDIO.
RES, FREQ, 35Hz. FREQ, RESP TO3KHz. SENS. 960B.
12 60 WATT EB12-60 BASS, Hi- Fi, STUDIO
RES. FREQ, 28Hz. FREQ, RESP, TO3KHz. SENS, 92dB.
12" 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES.FREQ, 26Hz. FREQ, RESP, TO 3KHz. SENS,93dB. .___... PRICE £32.00 + £3.50 P&P.
FULL RANGE TWIN CONE, HIGH COMPLIANCE ROLLED SURROUN
54" 60 WATT EB5-60TC (TWIN CONE) HI-F|, MULTI-ARRAY DISCO ETC.
RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS 924dB. .PRICE£9.99 + £1.50 P&P.
62" 60 WATT EB6-60TC (TWIN CONE) Hi-Fl, MULT)- ARRAY DISCO ETC.
RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS 94dB. ... PRICE £10.99 + £1.50 P&P.
8" 60 WATT EBB-60TC {TWIN CONE) HI-FI, MULTI- ARRAY DISCO ETC
RES, FREQ, 40Hz. FREQ), RESP, TO 18KHz. SENS 89dB. . ... ... . .. .PRICE£12.99 + £1.50 P&P.
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ, 35Hz. FREQ, RESP, TO 12KHz. SENS, 864d8B. . PRICE £16.49 + £2.00 P&P,

McKENZIE:—

PRICE £73.26 + £4.00 P&P.

PRICE £27.50 + £3.50 P&P.
PRICE £21.00 + £3.00 P&P.

STEREQO DISCO MIXER

TRANSMITTER HOBBY KITS

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

3W FM TRANSMITTER 80-108Mrz, VARICAP CONTROLLED PROFESSIONAL PER-

FORMANCE, RANGE UP TQ 3 MILES, SIZE 38 x 123mm, SUPPLY 12V (@ 0.5AMP.
PRICE £14.49 + £1.00 PAP

FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WiTH

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT. PRICE

3 watt FM
Transmitter

POSTAL CHARGES PER ORDER £100 MINIMUM. OFFICIAL ORDERS WELCOME FROM
SCHOOLS. COLLEGES. GOVT, BODIES. ETC. PRICES INCLUSIVE OF V.A 7. SALES COUNTER.
VISA ACCESS ACCEPTED BY POST. PHONE OR FAX

I ==

£8.62 + £1.00 PAP
——

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

J MANUAL ARM # STEEL CHASSIS  ELECTRONIC SPEED CON-
TROL 33 & 45 % VARI PITCH CONTROL  HIGH TORQUE SERVO
DRIVENDCMOTOR # TRANSITSCREWS ¥ 12" DIE CAST PLATTER #
NEON STROBE ¥ CALIBRATED BAL WEIGHT  REMOVABLE HEAD
SHELL ¥ '»"CARTRIDGE FIXINGS * CUELEVER % POWER 220 240V
5060Hz # 390x305mm Y SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE
PRICE £59.99 + £3.50 P&P.

STANTON ALS500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 50p P&P

'NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 (100w + 100w)
MXF400 (200w + 200w) MXF600 (300w + 300w)

All power ratings R.M.S. into 4 ohms.

FEATURES: # Independent power supplies with two Toroidal Transformers * Twin L.E.D. Vu meters » Rotary
indended level controls * Hluminated on off switch # XLR connectors * Standard 775mV inputs * Open and short
circutt proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate # Very low
distortion % Aluminium cases * MXF800 Fan Cooled with D.C. Loudspeaker and Thermal Protechon
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. &
SIZES:— MXF 200 W19"xH3%" (2U)xD11"

MXF 400 W19"x H5%" (3U)x D12’

MXF 600 W19"xH5%" (3U)xD13"
MXF200 £171.35
PRICES: MXF400 £228.85
MXF600 £322.00
SECURICOR DELIVERY £12.00 EACH

OMP LINNET LOUDSPEAKERS

THE VERY BEST IN QUALITY AND VALUE

OMP SLIDE DIMMER
1K WATT & 2.5K WATT

CONTROLS LOADS UP TO tKW & 2.5KW,
SUITABLE FOR RESISTIVE AND INDUC-

MADE ESPECIALLY TO SUIT
TODAY'S NEED FOR COM-
PACTNESS WITH HIGH OUTPUT
SOUND LEVELS, FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS,
GRILLE AND CARRYING HANDLE,
INCORPORATES 12" DRIVER PLUS
HIGH FREQ. HORN FOR FULL
FREQ. RANGE: 45Hz-20KHz BOTH
M%DELS 8 OHM. SIZE H18" x W15"
x 012"

PANEL CABINET CUT-OUTS, ADVANCED
FEATURES INCLUDE:—

* FULL 65mm SLIDE
TRAVEL

* NEON

MONITOR INDICATOR
» FLASH OVERRIOE
BUTTON

* HIGH & LOW LEVEL
PRESETS

* FULLY SUPPRESSED
TO BS 800

SIZES:—

1KW H128x W40 x D55mm

2 5KW H128%x W76 xD79mm

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

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

SECURICOR DEL..— £12.00 PER PAIR

PIEZQ ELECTRIC TWEETERS-MOTOROLA

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution. The low dynamic mass (no voice cail) of a Piezo tweeter produces an improved transient
response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required these units can
be added to existing speaker systems of up to 100 watts {(more if 2 put in series). FREE EXPLANATORY LEAFLETS

SUPPLIED WITH EACH TWEETER. TYPE ‘A’ (KSN2036A) 3" round with protective wire

mesh, ideal for bookshelf and medium sized Hi-fi
~ TYPE @

PRICES:— 1K WATT £15.99
2.5K WATT £24.99 + 60p P&P

speakers. Price £4.90 each + 50p P&P.

TYPE 'B' (KSN1005a) 3'%" super horn. For general
purpose speakers, disco and P.A. systems etc. Price
£5.00 each + 50p P&P.

TYPE ‘'C’ (KSN6016A) 2" x5 wide dispersion horn. For
quality Hi-fi systems and quality discos etc. Price £6.99

g N | _ each + 50p P&P
\ TYPE ‘D' (KSN1025A) 2x6" wide dispersion horn.
~J TYPE E Upper frequency response retained extending down to

mid range (2KHz). Suitable for high quality Hi-fi systems
~ I and quality discos. Price £9.99 each + 50p P&P.
TYPE 'E' (KSN1038A) 3% horn tweeter with attractive
silver finish trim. Suitable for Hi-fi monitor systems etc.
Price £5.99 each + 50p P&P.
LEVEL CONTROL Combines on a recessed mounting
plate, tevel control and cabinet input jack socket.
85x85mm. Price £3.99 + 50p P&P.

TYPE D !

STEREO DISCO MIXER with 2 x 5band L & R
graphic equalisers and twin 10 segment L.E.D.
Vu Meters. Many outstanding features 5 Inputs
with individual faders providing a useful com-
bination of the following:—

3 Turntables (Mag). 3 Mics. 4 Line including CD
plus Mic with talk over switch Headphone Moni-
tor. Pan Pot L. & R. Master Output controls.
Output 775mV. Size 360x280x90mm. Supply
220-240v.

Price £134.99 -— £4.00 P&P

B. K. ELECTRONICS ..;.ex

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL: 0702-527572 FAX: 0702-420243




THE ‘ALADDINS’ CAVE OF ELECTRONIC & COMPUTER EQUIPMENT

[ COLOUR MONITORS |

I PRINTERS I

16" Decca; 80 series budget range. colour montors, features in-
clude: PIL {ube. attractive teak style case, %uarameed 80 column
resolution; only seen on monitors costing 3 times our price, ready
10 connect to a host of computer or video outputs. Manufacturers
fully tested surplus, sotd in fittle or hardly used condition with 90 day

ful-RTB guarantee. 1000's Sold to date.

DECCA™80 RGB - TTL + SYNC input for BBCW interface etc.
DECCA 80 COMP 75 {1 composite video input with integral audio
amp & speaker ideal for use with video recorder or TELEBOX ST or
any other audio visual use. OnIy £99.00 (E)

[ HIGH DEFINITION COLOUR |

BRAND NEW CENTRONIC 14" monitors in attractive style moulded
case featuring hi res Mitsubushi 0.42 dot pitch tube wi x 507
ixels. 28Mhz bandwidth. Full 90 d(a;)g uarantee.
rder as1004-N2 for TTL +P%mc RGBor BBCelc ~ £159.00 (E
1003-N1 for IBM PC etc fulg CGA equiv £189.00 (€
1005-N2 RGB interface for QL 85 columns.  £169.00 (E

20" & 22" AV Specials

Superbly made, UK manufacture, PIL tube, all solid state colour
monitors, complete with composite video and sound inputs, attrac-
tive teak style case, Ideal for a host of applications including Schoois,
Shops. Disco's, Clubs etc. Supplied in EXCELLENT littie used con-

dition with 90 da‘guarantee
20" Monitor £165.00 (F) 22 Monitor £185.00 (F)

MONOCHROME |

MOTOROLA M1000-100 5 CRT black & white compact chassis
monitor measuring only cm 11.6h 12w, 22d. ideal for CCTV or com-
E{mer applications. Accepts standard Composite video or individual
& V syncs. Operates from 12v DC at appr< 0.8a.Some units may
have minor screen marks, but still In very usable condition. Full
tested with 30 day guarantee & full data Only £29.00 (ci’
Fully cased as above, with attractive moulded, desk standing swiy;
and lilt case Dim. cm 12h.14.5w,26d , £39.00 (C
JvC l;pe 751-7 5" ultra compact black & white chassis monitor for
12v0 7a DC operation Dim cm 11h,14w,18d. Simple DIY circuitdata
included to convert data and separate sync inputto composite video
Input. Ideal portable equipment etc, Sl.épplled with full data.
rand New £65.00 (B)
KGM 324 9" Green Screen, Little used fully cased, mains powered
high res monitors with standard composite video input Fula/ tested
and in excellent condition £49.00 (E
" Black & White monitors by AZTEK, COTRON & NATIONA|
All solid state. fully cased monitors, ideal for at types of AV or CCTV
applications. Units have standard composite video inputs with in-
tegral audio amp and speaker. Sold in good, used condition- ﬂJFl_ly
tested with 90 day guarantee. Onty £85.00 (|

FLOPPY DRIVE SCOOP
Drives from Only £39.95

A MASSIVE purchase of standard 5.25" disk drives enables us to
offer you prime product at all time suF&er low bglcss. All units unless
stated are removed from-oten BRAND NEW equipment, fully
tested and snxp#ed to gou with a full 120 day guarantee. All units
offered operate from +5and + 12 voits DC, are of standard size and
accept the common standard 34 way interface connector. p

TANDON TM100-2A IBM compatible 40 track FH double sided

Only £39.95 (B
TANDON TM101-4 FH 80 track double sided Only £49.95 (B
JAPANESE Half Height double sided drives by Canon, Tec,

40 or 80 track Only £75.00 (B)

Toshiba etc. Spec )
TEAC FDS5-F 40-80 track double sided Half Height
Brand New £115.00 (B)

DISK DRIVE ACCESSORIES
34 Way intertace cable and connector single £5.50, Dual £8.50 (A
5.25" er cable £1.75. Fully cased PSU for 2 x 5.25" Drive
£19.50 (A) Chassis PSU for 2 x 8" drives £39.95 (B)

8" DISK DRIVES

SUGART 800/801 single sided refurbished £175.00 (E
SUGART 851 double siled refurbished £260.00 (E
MITSUBISHI M2894-63 Double sided switchable Hard or Sof 3

22

Thth prupvhiase rings sou Incredib

) SN ¢
tiuns NGy othes “one off Nargains”

RS232 and CENTRONICS interfaces. Full

Eaner handhin Brand New Only £199.00 (E)
NTRONICS 150 series A real workhorse for continuous use with
tractor feed paper, either in the office, home or factory, desk standin
150 cps 4 type fonts and choice of interfaces. Supplied BRAND NE

Order as:
150-SN upto 9.5

per handling
150-SW up 10 14.5" paper handiling
150-GR up to 14.5" paper pius full graphics
When ordering please specify RS232 or CENTRONICS interface.

a range of primees b suit all applica-
w 1 e seen anour South | ondon Shop

HAZELTINE ESPRINT Small desktop 100 cps print speed with both
pin addressable graphics
and 6 user selecable type fonts. Up to 9.5" single sheet &

| POWER SUPPLIES l

All

wer supplies o)
v PO o

protected. Dim cm 13.
tractor

lated and short proof.

£185.00 (E
£225.00 {E
£245.00 (E

NDR 8840 High
Only £

Ultra Fast 240 cps NEWBURY DATA
z;sfgeﬁd Printers

A speciai purchase from a now defunct Goverment Dept enables us
British Made, qual a/ Fpnmer at clearance

to offer you this amazi

prices, SAVING YOU OVER £1500 Il The N
speed 240 cps print with integral, fully a
tor, giving exceptional fast paper ha

unit teatures 10 selectable type fonts
characters on a si
electronic vertical al

Euarantee
PSON model 512 40 column 3.5" wide paper

matrix {3 lines per second) printer mechanism for inc
point of sale terminals, ticket printers data Io?gers etc. Unit features bi

directional printhead and integral roll
Requires DC volts and simpié parall
withdata. RFE and tested

EPSON model 542 Same spec as above model, but designed tobe Brand new
used as a slip or flatbed printer. |deal as label, card or ticket prirer. tom Unit si
Supplied fully cased in attractive, small, desk top metal hou%gg. :

ete with data. RFE and tested
HILIPS P2000 Hea:
clude full width platten - up to 15" paper. h
user manuai & 90 day Quarantee plus
wheel. g BglA

v
ling for mul!i part forms etc.The
€ giving up to 226 pri
le line. Many other features include Internal
rizontal tabs, Self test, 9 needle head, U
;qssgsgaper 15 milion character ribbon cartrid

1 ge life and standard
serial interface. Soid in SUPERB tested condition with 90 da
Only £449.00 (F‘

duty 25 cps bi directional dalsy wheel pril
Fully DIABLO, QUME, WORDSTAR comf)atble. Many features in- o
ost O

{ rate from 220-240 v AC Many other types trom
0 10Kv in stock .Contact sales office for more details.
PLESSEY PL12/2 Fullg:

enclosed 12v DC 2 amp PSU. Regulated and
x11x11 New £16.95 (B)

AC-DC Linear PSU outputs of +5v5.5a. -5v0.6a. + 24v 5a. Fully regu-
£49 soe?C)

imem28x 125x 7 New

POWER ONE PHC 24v DC 2 amps Linear PSU fully reguiated

BOSHERT 13088 switch mode suppl
system. +5v 6a.41225a.-120 Sai%l

BOSHERT 13090 same as above spec but outputs
153 +12v0.5a,-12v0.
GREENDALE 19ABOE 60 Watt switch mode outputs
13, -12v 1a, +15v 1aD. 11x20x5.5 RFI
CONVER AC130-3001 High grade VDE spec compact 130 wal
switch mode PSU. Output

x 27 x 12.5 Current list price £190.
FARNELL G6/40A Compact 5v 40 amp switch mode fully enclo

. New £19.95 (B)
ideal disk dnives or complete
0.5a Dmem56 x 21 x 10.8
New £29.95 (B)
of +5v6a +24v
New £39.95 (B)
+5v6a +12v
Tested £24.95 (B

s give +5v 153 -5v 13, + &-12v6a. DM 65
Our price New £59.95.00 S(g(}
{C

New £140.00

FARNELL G24 55 Compact 24v 5 amp switch mode fully enclo:

8840 features high
ustable paper trac-

printable

New £95.00 (C)
Special Offer ONLY
EXPERIMENTORS PSU £16.95 («©)

lo

roll feed, high speed
gratlon In

Made to the highest spec for BT this unit
protected OC outputs most sulted to the El
+5v 2a, +8&-12v 1a.-
Ideal for school labs etc. Quantity discount avaiable.

Fully tested with data RFE = Removed From Equipment

ives several full
ronics Hobbyis{.
+24v 1a and + 5v fully fioating at 50ma.

per teed mech with tear bar. CTRG ﬁMAZ'N%TEkEBO{
- ' onve our monitor |n
e O o DR e QU R B SR TERENS A

high quality.

Com-

Only oon{eDr) doesn't have sound, the

driving a speaker

ied compiete ¢oynd or EE

: mply connects to your
turning sarme into a tabulous colour TV. Dont worry if your monitor

fully cased, 7 channel UHF PAL TV tuner sys-
aenal socket and video monitor

TELEBOX even has an integrat audio amp for

us an auxillary output for HeadPhones or Hi Fi sys-

favallable dalsy wheels, ST ¢ hﬁéi,r\wﬁs?ny other features; LED Status indica

3&??9 sheet paper handling, superb quality print. Su

or, Smart moulded
other uses for TV

' s BRARS R
REE dust cover & dals . €0 eIC. Sup| w year guarantee
ND NEW Only 225,00 (B} CBrmiage code (B)

at our

Most of the ftems In this Advert, pius a whole range of other
electronic components and goodies can be seen or purchased

[** South London Shop **|

9 to 5.30, parking

Located at 215 Whitehorse Lane, London SE25. The shop is
on the main 68 bus route and only a few miles from the main
A23 and South Circular roads. Open Monday to Saturday from
Is unlimited and browsers are most wel-
come. Shop callers also save the cost of carriage.

TV SOUND
& VIDEO
TUNER
ONLY

£29.95

BPe cobner muonitens . 1A

MODEMS |

Modems to sult all applications and budgets.
Please contact our technical sales staff f you
require more Information or assistance.

SPECIAL PURCHASE
V22 1200 baud MODEMS
ONLY £149 !l
2/12 microproges-

MASTER SYSTEMS t S
sor controlled V22 tull duplex 1200 baud. This
M'Y BT a,.)proved modem employs all the latest
features for en'o; free de;:a comms at the stag-
ering speed of 120 characters per
gavingg you 75% of your BT phone
data connect time {I Add these facts to our

SEeCO!

BRAND NEW £275.00 (3 %'Ne away price and you have a superb buy !!

tor
SPECIAL OFFER Dual 8' drives with 2mb capacity in sman ca
with integral PSU ONLY £499.00 (F)

[ COMPUTER SYSTEMS |

TATUNG PC2000. Big brother of the famous EINSTEIN, the
TPC2000 proiessional 3 piece sfvstem comprises: Quality high res
GREEN 12" monitor. Sculptured 92 key keyboard and plinth unit con-
taining the 280A CPU and all control electronics PLUS 2 integral
TEAC 5.25' 80 track double sided disk drives. Many other features
include Dual 8" IBM format disk drive support, Serial and parallel
outputs, full expansion port, 64k ram and ready to run software. Sue-
plied comgel with CPM, WORDSTAR, BASIC and accounts pack-

age. B AP?JD NEW
[ Only £299(E) |

Full 90 day guarantee.
Original price OVER £1400

of running etther TURBO or

a powerful

EQUINOX (IMS) S100 system capable

standard CPM - Unit features heavy duty box conqalnln%

PSU, 12 siot $100 backplane. & dual 8” double sided disk drives.
Two individual Z80 cpu boards with 192k of RAM aliow the use of
multi user software with upto 4 RS232 serial interfaces. Many other
features indude battery backed real time clock, alt IC's socketed etc.
Units in good condition and tested prior despatch. no documentation
at present, hence price of only £245.00 ﬁ)

$100 PCB's IMS A465 64K dynamic RAM. £65.00 osegmswaoroc
controfler £85.00 (B). IMS A862 CPU & i/o £65.00 (B)

SAE for full list of other S100 boards and accessories.

ftra siim unit measures only 45 mm high with
man{ integral features such as Auto answer,
Full LED status_indication, RS232 interface,
Remote_error diagnostics, SYNC or ASYNC
use, SPEECH or DATA swncr\lrg1L integrat
mains PSU, 2 wire connection 1o BT line etc.
Supplled f%lested, EXCELLENT slightly used
condition data and full 120 day guarantee.

Only £1490

CONCORD V22 1200 baud as new £330.00(E
CONCORD V221200-2400 BIS  £399.00 ;
RIXON Ex BT Modem 27 V22 1200 £225.00
DATEL 4800 / RACAL MPS 4800 EX BT
modem for 4800 baud sync use.  £295.00 (E)
DATEL 2412 2780/3780 4 wire modem unit

EX BT fully tested. £199.00 (E)
MODEM 20-1_75-1200 BAUD for use with
PRESTEL etc EX BT fully tested. £49.00 (E)
TRANSDATA 307A 300 baud acoustic coupler
with RS232 1O Brand New £49.00 (E)
RS232 DATA CABLES 16 ftlong 25w D plug to
25 way D socket. Brand New ~ Onty £9.95 (A
As above but 2 metres long £4.99 (A
BT plug & cable for new type socket  £2.95 (A

bills and ¢

RECHARGEABLE
BATTERIES

Maintenance free, sealed longtte LEAD ACID

A300 12v 3 Ah £13.95 (A

A300 6v 3 Ah £9.95 (A

A300 6-0-6 v 1.8 Ah RFE £5.99 (A
NICKEL CADMIUM

Quality 12 v 4 Ah celd)eck. Originally made
for the TECHNICOLCUR video company.
this unit contains 10 high quality GE nicad,
type cells, configured in a smart robust
moulded case with DC output connector. Dim
cm19.5x45x125. Idea“.)onable equipment
tc BRAND NEW £24.95 (B)
12v 17 Ah Ultra rugged, all weather, virtually
indestructable refillable NICAD stack by
ALCAD. Unit features 10 x individual tyﬁe
XL 1.5 cells in wooden crate. Supplied to the
MOD and made to deliver exceptionally high
output currents & withstand long periods of
storage in discharged state. Dim cm 61 x 14 x
22 Cost over £250 Supplied unused & tested
complete with instructions £95.00
EX EQUIPMENT NICAD celis by
Removed from equipment and belleved in
8000 but used condition, 'F* size 7Ah 6 for
8 (B) Also ‘D’ size 4Ah 4 for £5 (B)

BRAND NEW 85 Mb
Disk Drives ONLY £399

End of line purchase enables this brand new
unit to be ofered at an all time super low price.
The NEC D2246 8" 80 Mb disk drive features
full'CPU control and industry standard SMD
intertace, Ultra high speed data transfer and
access times leave the good oid ST506 inter-
face standing. Supplied BRAND NEW with
full manual Only £399.00 éa
Dual drive, plug in 135 Mb subsystem for |

AT unitin case with PSU etc.  £1499.00 %)
Interface cards for upto 4 dives on IBM

etc available Brand new at £395.00

&t g

TELEBOX ST for_monitors with composite video input £29.95
TELEBOX STL as ST- but fitted with int £34.95
TELEBOX RGB for use with analogue RGB monttors

Colour when usedwithodour CRTRGH version NOTT sugtanble for I3V -CLONE

ral speaker
£59.95

1A sheeton request. PAT enerwas sermaons CALL

[ COOLING FANS |

Keeprour hor parts COOL and REFIARLE with our
e F&ﬁnék of nké\\‘n.\rz\:()‘-.-:i;\ -(r)nm

of v
3 Fan dim 80 x Bgicgz
3.5" ETRI slimline 92 x 92 x 25
4" Fan Dim 120 x 120 x 38 H
As above - TESTED RFE Only £4.95
10" round x 3.5" Rotron 10v £10.95 (B
DC FANS

Papst Miniature DC fans 62x62x25 mm

Order 8126-12vor81424v  £15.95 (A
4"12vDC 12w 120x 120 x38  £12.50 (B
4" 24vDC 8w 120 x 120 x 25 €14.50 (B
BUHLER 12v DC 62 mm £12.95 (A

s of other Gms and blosers Bnstiwd CALL
or SAL for mure details

[SPECIAL INTEREST|

Piease call for availability or further info.
RACAL-REDAC real time, colour drafting
PCB layout system £3950
DEC VAX11/750 inc 2 Mb Ram DZ. and tull

oC etc. Brand New £8500
HP7580A 8 pen T

digital At drumrPloner with
|EEE intertace As Ne

. w £4750
CHEETAH Telex machine £995
1.5 kw 115v 60 Hz er spurce 950
500 watt INVERTER 24v DC 10 240v AC sine
wave 50 Hz oul?gt £275
SOLDER SYSTEMS tin lead roller tinning
machine for PCB manutacture £350
CALLAN DATA SYSTEMS muiti user INTEL
based UNIX system complete with software
and 40 Mb winchester disk drive. £2750
WAYNE KERR RA200 Audio. real time fre-

uency response analyzer £3000
q‘EKT ONIX 1411/FlyPAL TV test signal
standard. £6900
TEKTRONIX R140 NTSC TV test signal
standard. £875
HP 3271A Correlator system £350
PLESSEY gonab!e Microwave speech / data

link 12v DC. 70 mie range The pair £275.00
19° Rack cabinets 100's in stock from £15.00

Allprices for UK Mainland. UK Customers musi ADD 15% VAT to total order value. Minimum order, cash £5, Credit Card £10. Otficial account orders fros

DISFLAY
-ELECTRONICS-
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MAIL ORDER & OFFICES
Open Mon-Fn 9.30-5.30
32 Biggin Way,
Upper Norwood,
London SE19 3XF

LONDON SHOP

Open Mon-Sat 9-5.30
235 Whitehorse Lane.
outh Norwood, London SE2

1000's of Bargains for callers

Government Depts, Unversities, Schools & Local Authorities weicome — minimum account order value £25. Carnage charges (A) £1.50. (B) £3.50. {C)
£6.50. (D) £8.50. (E) £10.00. (F) £15. (G) Call. Ali goods are supplied subject to our standard condtions of sale. All guarantees given on a return to base basis.
We reserve the right 1o change prices & specifications without prior notice. Bulk trade & export enguines most welcome. E

DISTEL © The ORIGINAL
FREE of charge dial up data base
1000's of items + info ON LINE NOWIt
300 baud 01679 1888, 12007501679
6183, 1200 FDX 01 679 8769

ALL ENQUIRIES

01679 4414

FAX 016791927
TELEX 894502
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EC

ICs

ew European legislation defining
exactly what constitutes an EC-
origin IC should lead to a massive
capital investment in the Community
from Japanese and US companies.

The new rules state clearly that all
diffusion processes involved in chip
manufacture must take place within
the EC ff the IC is to receive EC-origin
status.

Until now it has been possible to
import diffused wafers and merely
assemble the chips here, keeping the
more complex and costly procedures
elsewhere.

The immediate effect will be a
boost for European companies. In the
longer term it will mean an increase

or switch in US and Japanese:

activities and investment within the
Community.

The legislation is a great success:

for EC companies who have fought for
such measures over the past six years.

AB GOES
BACKTO

SCHOOL

ln Mid Glamorgan AB Electronics
is donating funds, skill and
expertise to a local schoolto increase
understanding of electronics In
education and remove some of the
problems that can surround its tuition.

Coed-y-Lan Comprehensive in
Pontypridd has set up an electronics
room for all third years pupils to learn
basic electronics and older pupils to
take GCSE Electronics as an option.

Graduate trainees from AB are
assisting the school with technical
guidance and working with the pupils
to select suitable projects. Work
experience at AB is also available for
pupils.

The sixth form at Coed-y-Lan is
establishing a small company to de-
sign, produce and market small elec-
trical items, again with the support
and guidance of AB.

Apart from demonstrating its
commitment to the area, AB hopes
that the scheme will give its own
trainees experience of management
and presentation. If successful the
ideas may be extended to other local
schools.

For further details contact AB
Electronics, Abercynon, Mid Gla-
morgan CF45 4SF. Tel: (0443)
740331.

Recordable compact discs now |
seem certain to reach the world
marketplace by this summer.

Taiyo Yuden, manufacturer of the
That’s range of audio tape, has perfec-
ted a marketable ‘write-once’ CD-R
system and hopes to launch the sys-
tem in Japan this spring. The discs are
compatible with normal CD equip-
ment and should retail at around a third
of the price of a pre-recorded disc.

The recording surface appears
green. A dye recording layer is intro-
duced during the manufacturing of
the discs with a spiral guide groove in
the polycarbonate replacing the usual
pit system.

Taiyo Yuden has however recog- |
nised the concern in the industry at '
the prospect of the mass of CD pirat-
ing that would inevitably be produced
by a consumer CD-R system, particu- |
larly since a twin-deck CD-R is anti- |
cipated to cost little more than a
standard normal CD player.

The company will concentrate on
the areas of broadcasting, professional
recording and the record industry it-
self, where the benefits of cheap short-
run CD production could be reaped.
It claims it will not exploit the con-
sumer market until the copyright
issues are resolved.

The distribution in the UK will be
handled by Harman.

Itis expected that a commercially
viable CD-E system (repeatedly eras-
able discs) will not be fully developed

for several years. =

RENT THE SKIES

he high consumer interest in the

area of satellite TV system rental
has led to mass orders of equipment
from the large TV rental chains.

Thorn-EMI has plumped for
Grundig's equipment on the strength
of 10000 positive responses to a
recent customer questionnaire. Some
40000 Grundig units have been
ordered.

The Granada retail and rental
chain, one of the founder members or
British Satellite Broadcasting, has
displayed an interesting sense of
loyalty by ordering equipment to
receive Astra channels — BSB's
deadly rivals. These orders will be
filled by Finnish company Salora and
Tatung of South Korea.

he Ministry of Defence has been

carrying out feasibility studies on
the possibilities of a European anti-
ballistic missile umbrella similar to the
US ‘Star Wars' project.

However despite conclusions that
such a system would be possible, the
Defence Secretary Mr George
Younger has ruled out any pos-
sibility of development along these
lines.

The study was based on the use
of existing technology — Sea Wolf
and Starstreak missiles — rather than
on new and uncertain systems as
envisaged in the US. :

The MoD study was com-
missioned and financed by the US
SDI Initiative.

. < iy s .
An 8-digit frequency counter with
a range from 1Hz to 100MHz is
available from Alpha Electronics.
The Goldstar FC7011 can use
manual or automatic ranging with
gate times from 0.01s to 10s and a
basic input sensitivity of 10mV.
The 10MHz reference crystal has

s R  5S
5ppm stability — other models can
provide stability better than 1ppm.

The FC7011 costs £98 + VAT.

Contact Alpha Electronics, Unit 5,
Linstock Trading Estate, Wigan Road,
Atherton, Manchester M29 0QA. Tel:
(0942) 873434.

WO ranges of cases are now

available from West Hyde.

The ‘Boplast Plus’ cases pictured {5 8

here have separate compartments, |

each with a screw sealed lid, so that
say power terminations could be kept
isolated from the main electronic
circuits allowing circuit adjustment
without the danger of live terminal
blocks exposed.

The ‘Sentinel range of cases are
designed for housing wall-mounted
sensors such as smoke, gas or fire
alarms.

Details of both ranges are available £

from West Hyde, Unit 9, Park Street
Ind. Est., Aylesbury HP20 1ET. Tel:
(0296) 20441.

PILOT PILOT

Apilot electronic guidance scheme |
is being considered by the
Government with tenders being in--
vited from the private sector.

The proposal would initially
involve the London area within the
orbital M25, concentrating on radial
routes from the centre to the motor-
way. About 1000 vehicles could be
fitted with the Autoguide equipment
which takes information from road-
side beacons and instructs the driver
of current traffic problems and
alternative routes.

Both GEC and Plessey are show-
ing interest in the scheme (as well as
each other). Successful trials could
lead to a public system within five
years.
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Always one to answer to call for assistance, ETl leaps forth withtheMay ~ as doesa novel, cheap super efficient guitar tuner. For those of you with an
issue to rescue all readers in need of a bit of crucial reading. eye on the rapidly disintegrating kitchen sink, we start an indepth series on
making your own PCBs with some home made equipment.

The EASi alarm blossoms forth into a complete system with the first of two
groups of peripheral bits to add onto this month's control box includingthe  Andof course theresallthe other sought after snippetswhichgoto makeETI
entry/exit timer, panic switch and a fire and gas/smoke sensor. the thinking man’s electronics mag. Make May a merry mohth with ETI.

The long awaited update and generalmodernisation of John LinsleyHood's -
excellent Audio Design’ hi-fiamplifier also sees the light of day next month H elp arrives on March 3rd
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SEND OFF FOR YOUR COPY TODAY...

@ WE STOCK AN UNRIVALLED RANGE

@ ALL OUR COMPONENTS ARE FIRST CLASS BRANDED ITEMS
@ WE OFFER A SAME DAY SERVICE ON ALL STOCK ITEMS

® NO MINIMUM ORDER—IF YOU NEED ONE COMPONENT WE
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@ WE HAVE ADOPTED A NEW LOWER PRICING POLICY + SEND OFF FOR YOUR CATALOGUE .
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[ WOULD LIKE TO RECEIVE..... Tape your &1 coin
- IP;ROIE‘E VOUCHERS WITH YOUR GATALOGUE—ORDER ONE COPY(COPIES) OF THE 1989 here, or send a l
S e ST
JUST FILL IN THE COUPON OPPOSITE AND POST IT WITH YOUR 1" order for $100 for
X ; ENCLOSE §...... ev tal
$1 PAYMENT TO THE ADDRESS BELOW. YOU WILL RECEIVE NOT D CASCENGLOSEMYFREE  requwer o0
ONLY OUR SUPERB 100 PAGE CATALOGUE, BUT ALSO FREE VOUCHERS,
VOUCHERS WHICH YOU CAN USE ON YOUR NEXT COMPONENTS
ORDER. INAMEL -l i
ADDRESS..............

CRICKLEWOOD ELECTRONICSLTD 40 CRICKLEWOOD BROADWAY LONDON
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Bill Bains racks his
brain for signs of

artificial intelligence

12

|

THE BRA IN WAVE

hat is Artificial Intelligence? Let’s
make one. thing quite clear at the
start. There is no such thing as
intelligence. Come to that, Al
workers have begun to doubt that
there is such a thing as artificial, either. That has not
stopped a flood of products and ideas about Al, a
wealth of programs which run chemical plants and
plan road networks and advise doctors and chat in
reasonable English. However, they are not intelligent.

Why do Al workers suspect this? Because every
time they have found a good definition of intelligence
{as opposed to one that boils down to ‘Intelligence to
what | am, and you are not), they write a program
which fulfills it. The sceptics then all say ‘Oh, that's not
what we mean by intelligence, and eyeryone starts
again.

Far easier, then, to assume that intelligence does
not actually exist. Working from that point, then, what
is Al all about?

That depends on when you ask it. Every ten
years the sceptics decide that what Al workers used
to think was Al is actually just programming. You get
a quite different answer every ten years. So, let's start
from the beginning.

40 Years Ago

What was Al 40 years ago? Well, about then a lot of
boffins (later called scientists, then electronic
engineers) released from the war effort realised that
they had to hand some very powerful electronics with
which they could do calculations. Indeed, they were
so good at it that they beat human calculations hands
down and that led the boffins to ask what whether they
could beat humans at anything else. Maybe they could
even think?

Ah, but is thought a feature of brute machines,
or is it something aetherial, beyond reproduction of
cogs and valves and things? The sceptics said that
there was no way that anyone could produce a
thinking machine, no matter how fast it did arithmetic.
To the boffins such a challenge was like a red rag to
arabbit — baffling but slightly intriguing. They put their
minds to it and formulated the first theory of
intelligence.

Any problem can be stated as a problem

in logic. Thus any problem can be solved

by a program which can manipulate the

symbols of logic.

This approach eventually gave rise to the
General Problem Solver (GPS) project. Its basis was
the work done at the start of this century by Bertrand
Russell on formulating mathematics as logic. He was
concerned with such statements as ‘The King of
France is bald’ The difficulty with this statement is that
it is neither true nor false. The King of France is not
bald but neither had he any hair. The problem is that
the King of France is not anything. He does not exist.
However there is no way of including this in our
statement.

Bert got round it by expanding the statement into
one that goes ‘There is a class of people cailed ‘Kings
of France’ and there is a class of people who are bald,
and there exists a person X and X is a member of both
classes’ (I have translated slightly). Now we see
where the problem lies — there does not exist
a person X such that . . . etc. Bert considered that,
with enough thought, any query such as ‘Oh, why did
you have to wear that ghastly jacket to dinner?’ could
be formulated in these terms (‘There is a class of
jackets . . ).

The new computers were ideally suited to
manipulating such logical formulae, as each part of
aformulae is either true or false and so its truth value
can be represented by a single binary bit. So GPS and
logicians and computer programmers struggled
mightily with it for much of the 1950s until they
decided that, while capable of some logical feats, it
was far from General.

Out of GPS, however, sprung two lines of
programs. Manipulating truth tables turned into some
spreadsheet software, where columns of data are
sorted and transformed on logical rather than
arithmetical grounds. The other line of programs
ended up performing computer algebra. All the
tedious stuff about gathering all the x’s on one side of
an equation that we do at school can be done by
computers now, as well as the expansion of such
equations as

y= (x — 1) 101
lots of deduction in trigonometry, topology and other
branches of mathematical logic. This is not surprising
really, because Russell’s logical theories were only
really successful in mathematics.
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Fig. 1 The state graph of the cannibals and missionaries problem
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The problem was that many problems that were
solved by intelligent people were not just logic-
chopping games. They involved choices between
alternative actions based on their likely effects. Thus
the second, 1960s version of Al:

Difficult problems can be solved by
breaking them down into sub-problems
and then solving the sub-problems.

Search

This brings us to the theory of search. In general,
‘search’ means how the computer hunts for the
solution to a problem through a set of sub-problems.
The ultimate search problem was the game of chess
and so for quite a while a ‘really intelligent computer’
was one that could play chess. In part this is because
chess is mind-bogglingly complex. We will choose
another Al classic, the missionary and cannibals
problem, to explain the principles.

Two missionaries and two cannibals have to cross
a river using a boat that will only hold two people.
However, if the cannibals outnumber the missionaries
on either bank or on the boat, the cannibals eat the
missionaries. Rather than try to solve the problem by
logical formulae, we break it down into a lot of sub-
problems and try to solve them. Each possible state
of the game is a sub-problem — the problem of what
to do next. You can only get from one state to a few
others.

This can be described by a state graph. The
current state of the game is described by some symbol:
we will describe each cannibal with a @ and each
missionary with an 4. The & represents the river, so
® § ©= § @ represents one cannibal and one
missionary on each side of the river. The £ shows
where the boat is. Only missionaries can row.

The graph (or tree) connects up each state of the
game by links describing how you get from oneto the
other {Fig. 1).

Now, this is a very simple game but shows several
of the problems of more complicated ones. The tree
is abbreviated because several of the states (the
underlined ones) are the same as ones we have found
before. To avoid getting round these again and again,
the computer must remember where it has gone. We
must also be able to detect when we have got to the
goal and detect when we have failed too.

There are two approaches to doing this. A
breadth first search means constructing all the possible
moves on the first line, then all the ones you can make
next, drawing the full width of each layer before going
on to the next. The alternative is depth first which
follows one line down to the bottom of the tree before
starting another. The former is more sympathetic but
takes longer. The latter is a better bet if you have some
idea in which direction to head as you cut out a lot
of tree-building, but it offers no advantage if you have
no initial clue.

For chess, of course, a breadth first algorithm
would be hopeless — the full tree for a typical game
miight contain 1012 states. So we need a depth first
plan, guided by rules of thumb — heuristics. These
might be that any move that takes command of the
center of the board is preferable to one that commands
the periphery, that trapping some pieces such asthe
opponent’s queen is more advantageous that trapping
the pawns and so on. The tree then becomes simpler
(Fig. 2). And each ‘state’ actually encompasses a lot
of moves and a lot of possible board positions.

The theory of search has been most spectacularly
successful in, well, playing chess. It is also useful for
any situation where a program has toreach a final state
via a number of intermediate positions, such as the
manouvering of a robot around a factory floor or
getting at the fifth box down in a stack of boxes, very

ETI APRIL 1989

useful in automation. However, more complicated
problems run across the combinatorial explosion —
the way that the number of possible moves expand
exponentially as the problem gets bigger.

—— =
CURRENT
STATE
MOVE TO MOVE TO
CENTRE PERIPHERY

ADVANCE TO OPPONENTS
END & THREATEN CASTLE

ADVANCE RIGHT BISHOP
& SUPPORT WITH KNIGHT

Fig. 2 Part of the state graph for chess

Chess suffered from this too but in chess there
are many heuristic rules, derived by human experts
from years of study, which can eliminate nearly all
moves from consideration. In other problems this is
not possible, as for example in the Travelling Salesmen
Problem (Fig. 3).

Travelling Salesman

Here a travelling salesman has to visit each of N cities
once only, visiting no city twice and returning to his
starting point. What is the shortest route? Finding a
route is easy but finding the shortest gets enormously
hard because of the number of possible routes. Here
a search approach could systematically try all routes,
but it would take forever to do it.

Travelling salesman do this sort of thing
automatically, whereas chess players have to think
about their moves and so can give a coherent account
of why they choose one other another. So, what we
really need is something that can not only search
through various options (which is what searching a
state graph is doing) but can evaluate them in the light

CENTRAL & WESTERN DISTRICT
SALES OFFICES

CAERNARVON L

.SHRE WSBURY
® LEICESTER

ABERYSTWYTH
CAMBRIOGE ®

@ BRISTOL

Fig. 3 The travelling salesman problem
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of expertise.

Thus we arrive at the third, 1970s version of
Intelligence.

Difficult problems are solved by the
application of experience and expertise.

This leads us into the realm of the expert system
and the most obviously useful of Al's results. An expert
system is a program or group of programs which
embodies ‘expertise’ in some area — its ‘domaln’
Expert systerns applications fall into three broad areas.
Advisory systems are the most spectacular, advising
on medical diagnosis, taxation, pension schemes,
house-buying, configuring mainframe computers and
the like

Checking systems are used in clerical and
ordering roles, checking, say, that the order for four
tonnes of elephant manure can be met by the number
of elephants in stock at the moment. For ordering the
components to make, say, a satellite this is no mean
feat.

The third area is in real-time monitoring, where
the system integrates a large number of inputs to
produce asingle advisory output, usually of the *help’
variety. This latter has been used in army in battlefield
evaluation systems.

Big expert systems are remarkably good — the
MYCIN system, which advises on infectious disease
treatment, is as reliable as an experienced hospital
intern. However, a lot of extreme cleverness in three
areas is required to get to this point.

Fig. 4 A semantic net

DDG FODD

IS MADE
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Rules

The first is the rules base. Nearly all expert systems
are rules-based systems, in that their expertise is based
in some way on rules. MYCIN, one of the early
successful systems, had the rules written in Lisp, the
world's most unreadable ‘high-level computer
language. They are of the form known as ‘production
rules’ which are a list of conditions and an action to
take if the conditions are all met. They are usually
heuristic rules because they embody something that
we have found to be so, not something that is logically
necessary. Thus they might list the chance that a given
set of symptoms are associated with infection by a
particular bacterium.

Lisp stands for List Processing language, and was
invented by Al pioneer John McCarthy in 1958. It has
the advantage that it is enormously flexible and so any
sort of knowledge can be described in Lisp using some
suitable symbology (Lisp is meant to be a very difficult
language, which is why Al researchers do not like you
to mention that it is amazingly like Logo).

Recently programmers have been shifting more
to Prolog as their language for this knowledge
engineering, not because writing the rules is easier in
Prolog but because making them work for you is much
easier.

This brings us to the second problem, the

problem of inference. Having a huge amount of data
in a computer is one thing — getting anything useful
out again is quite another. This is the job of the
inference engine, the part of the system which checks
to see which rules are actually true given its data and
hence what conclusions it can draw. This is where
Prolog scores because it is a language written around
predicate logic, a form of logical calculus (just as
Fortran is written around arithmetic, so making
arithmetical calculations very easy). This means that
stating logical rules in Prolog is a doddle and ‘adding’
them together with data is also simple.

An example? Certainly, Sir. Let us outline an
expert system for finding out why your hi-fi is making
no noise. This is the simple version, for people to
whom IC1 is a misprint for ICI. First, the rules.

1) I the speakers are turned off then no noise will
come out.

2) If there is no power then no noise will come

out.

3) If it is not plugged in then there will be no
power.

4) If the power supply is blown then there will be
no power.

5) If the transformer is smoking then the power
supply is blown.

6) If the rectifier is smoking then the power supply
is blown.

7) l the fuse is blown then there will be no power:
That will do for now. To start, we observe that even
our ‘Saxon’ CD will not produce any sound. So the
initial observation is that no noise comes out. In the
most common method, called backward chaining, the
system, takes one of the possible explanations for this
and then works back to check if the data actually
support it.

In this case, we chose rule 1 and the system then
asks

Are the speakers turned off?

> No (we reply).

So rule 1 Yails, and we have to go back to the start
(backtracking — something easy to Prolog and
LISP). The other possibility is now invoked — rule 2.
Is rule 2 ‘true’ — does it fit the facts to explain the
silence? More questions: the system postulates rule
3, and then checks for data:

Is it plugged in?

>Yes.

So rule 3 fails but rule 2 might still hold, so we
backtrack to rule 2, not right to the start. Keeping track
of where you are among the rules is what makes
Prolog clever.

>lIs the transformer smoking (It postulates rules
4 and 5)

>No (Rule 5 fails, backtrack to rule 4)

>lIs the rectifier smoking? (Postulate rule 6)

>Yes

>Your power supply is shot. (Found thatrules 2,
4 and 6 apply)
and there you are, another success.

The alternative to this is forward chaining, which
takes all the data and then filters out the rules that can
apply to it. This is more systematic but often you do
not know what data you need before you start
reasoning.

You can incorporate uncertainty into the logic by
using probabilities or fuzzy logic instead of a true/false
dichotomy to characterise each statement. Inference
becomes more complicated but can cope with state-
ments like ‘There is a bit of haze round the transformer

. ! which do not seem too sure. MYCIN uses pro-
babilities in this way, using Bayes Theorem.

So far this is easy programming and you could
probably do it yourself in Basic, let alone Lisp. The
third problem is the big one, though. Where does that
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expertise come from and how do you store it?

The last part first. Rules are fine for simple
diagnostic tests but are very cumbersome for dealing
with- more complicated subjects. Imagine asystem for
identifying animals. There would be a vast amount
of repetition if we used rules to identify each one:

IF — It is bipedal AND it has binocular vision
AND/it has no feathers AND it has little hair THEN
it is a human.

IF — It is bipedal AND it has binocular vision
AND it has no feathers AND it has little hair AND it
has claws then it is a plucked chicken.

Very wasteful, which is why a lot effort is put into
identifying good database structures for all this
information such that the attributes of a plucked
chicken are automatically called up by asking about
chickens or, conversely, that asking about biped
animals that have no feathers or hair automatically
generates a shortlist of humans, chickens
tyrannosauruses, etc. As there is no consensus on this
one and as several of the database structures are
almost exactly the same apart from the words used
to describe them, let us just list them quickly.

Heirarchical databases arrange things so that
there is an entry for mammals, then a sub-entry for
primates that shares all the mammal entry and has a
few more specific items of its own, then an entry for
humans that is more specific and so on. Easy to write,
but has problems with exceptions to rules.

Semantic nets (Fig. 4) are pictures a bit like the
graph in Fig. 1. Each concept is linked to any other
concept it is related to, so travelling down the lines
automatically gets you to related subjects. Nice idea,
hard to do.

Frames and Scripts (Fig. 5) are like blank forms
— there is a memory form for ‘Planets’ with slots for
‘mass, ‘number of crashed space-probes’ and so on
into which you fill your data. This allows you to know
what to expect but again copes poorly with
exceptions.

Object-Orientated Programming is the latest
craze — databases are oriented around objects (cats,
dogs, Saturn, the GNP) rather than properties. What
this means in practice is still unclear. None of them
do as well as a trained gerbil.

Expertise

The other aspect of the expertise problem is putting
expertise into the system. This is troublesome in two
ways. Firstly, itis very difficult and boring to do. Expert
systems cannot go out and get expertise — they must
have it fed into them. Very sophisticated ones can find
some gaps in their knowledge and request that you
fill them but nothing you could buy would do this. So
you must go round asking people all about infectious
disease, or power amps, or budgie breeding.

Often this requires you just to watch someone
doing something — mending their car, sexing their
budgie or whatever, and asking them at frequent
Intervals why they are doing that. Then you must code
the result in the form the database requires. After that,
typing it in is a minor chore.

The seccnd point is even worse. Much
knowledge is not explicit knowledge, such as the
definition of a disease in a medical text-book, but is
tacit or hidden knowledge, such as knowing just what
a‘rash’ is.  know what it is, but [ am sure that no-one
ever tried to define one for me. If [told you to put your
shoes and socks on, you would automatically do itin
the reverse order (despite the fact that it is quite
possible to put your shoes onand then put your socks
on) because, well, you would look daft otherwise,
wouldn't you?
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TO VISIT THE _____ SHOP: PICK UP MONEY. GET INTO
{CAR/BUS). GO TO . PICK UP BASKET. PICK UP

7V PUT INBASKET. TAKE TO {TILL/CHECKOUT). PAY.

LEAVE SHOP. GET INTO (CAR/BUS). PUT DOWN

BASKET. PICK UP BASKET. GET OFF {CAR/BUS). RETURN

70 __F__ SHOP.GIVE BACK BASKET. APOLOGISE.
LEAVE....
Fig. 5 A script

We learn these things by example and
experience, and consequently often do not realise that
we know them, let alone exactly what it is that we
know.

This shows up in expert systems in two ways.
First, crucial knowledge may be just missing. It works
fine when it is used by an expert because, of course
(ha ha), no-one in their right mind (ha ha) would ever
think of trying to treat a Treponema infection with oral
ampicillin! Ha, what a laff — until you unleash your
expert system on some GP who is a little shakey on
what Treponema actually are. Consequently, most
expert systems are only really useful as prompts for
other experts.

The other way this shows up is in default
reasoning. In expert systems, tacit knowledge is often
hidden as default reasoning — conclusions which are
drawn if no other ones can be drawn from the rules.
Quite often these defaults are not even stated as rules
at all but are hidden in the mechanics of the inference
engine. The programmer has assumed (maybe
unconsciously) that the defaults are correct. If you are
not an expert in the area or if you want to challenge
the assumptions then such ‘hidden knowledge’ makes
using the system very difficult. If my expert system on
rose pruning suddenly recommends that [ buy a
bulldozer, | might be loath to take its advice. If it can
explain its reasoning it might convince me. Thisis the
job of the explanation system.

In theory, such a system is simple, it just keeps
track of all the rules that ‘fired’ in coming to a particular
conclusion. The result is rather like a machine-code
dump of a Fortran program in its intelligability, so
many expert systems have explanation systems
attached which translate such ‘traces’ into English.

Their degree of success depends not only on the
quality of their English but also on how much of the
reasoning is hidden — the dreaded tacit knowledge.
For example, my expert system might have built into
it the assumption that if it could not decide what was
wrong with your roses you should give up and try
geraniums. Hence the bulldozer. Getting the
explanation system to reveal this default logic is tricky.

Language
This brings us back to the problem of input, both of
rules and, when it is full of rules, of queries. Many
commercial expert systems claim to be able to
understand English, but they cannot. They
understand such formalised, stilted English as:
Query: count the samples from the location
Birmingham.
rather than
So how many lorries do we have in Birmingham,
then?
Al has a poor record of getting computers to
understand ‘natural language’ (English, Russian,
Scouse) as opposed to artificial languages (Fortran,
Lisp and the like, which they should be able to
understand as these languages are designed for
computers). Because we can do this, and computers
cannot, this has been one of the two 1980s definitions
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of Al.  An intelligent system is one that can
communicate in natural language.

It has the major advantage that it automatically
includes nearly all humans and no computers at all.
Yet.

One early English-language program was one
called Eliza, which was a psychiatric consultation
program. It would scan your sentence for key words,
and then re-use them in its own sentence. Just like
a half-asleep psychiatrist, in fact. When no obvious
prompt suggested itself, the program invited you to
‘tell me about . . . Thus, for example.

>l am really depressed

Why do you say that you are really depressed?

>Because my father doesn’t understand me.

Tell me about your father
and so on. This could result in ludicrous problems,
however:

SENTENCE I
NOUN PHEASE VERB PHRASE
/\ /\ > STRUCTURE
ARTICLE NOUN VERB NOUN PHRASE
| |
| | J
| | VEHB MODIFIER ARTICLE NOUN
| | | | | |
S e gl
|
THE  CAT SAT ON THE  MAT  SPESIFIC.
Fig. 6 Deep structure (or parts of speech)

|

>l have terrible heartburn.

Why do you think that is?

>l have had kippers for breakfast

Tell me about had kippers for breakfast
This approach was rapidly discontinued.

Al people thought that they had language
cracked in the early 1970s. Using a variety of
grammatical theories coupled with the latest in
database structures, a program called Shlurdu could
converse in grammatical English about a box filled
with geometrical shapes. The box was displayed on
the screen and the computer identified shapes and
moved them around under the user’s control. Thus,
for example:

>Pick up the green pyramid.

Which green pyramid do you mean?

>The one on top of the red block.

(Does it) OK.

>Put it down on top of the red cylinder.

(Does it) OK.

>ls there a tower in the box?

I do not understand tower.

>A tower is any pile of two or more objects. Is
there a tower here?

Yes. The green pyramid on the red cylinder.
and so on. It could keep this up for days and also
explain the logic of what it was ‘thinking. However,
the basis of the program was a mass of mixed theories
and database structures which happened to work.
When people tried to extend the program to more
useful domains, they turned out not to work.

So for the last 15 years it has been back to basics,
to try for a Grand Unified Theory of language, one
that would be the building block of a computer
comprehension system. When a computer translates
a computer language into machine code, it does it by
a series of rewrite rules. The symbol ‘X =’ is translated
into ‘Load contents of buffer H into memory location
pointed by buffer X’ (which is why sane people prefer

‘X =’). Such grammars are largely ‘content-free’, that
is what a symbol means does not depend on where
in a program it lies. ‘SIN(X)’ always means ‘calculate
the sine of X’

A human analogue of this sort of language was
tried and reached its most sophisticated development
with Naom Chomsky who said that behind the surface
structure of every sentence is a Deep Structure, which
represents its internal representation in our brains. The
deep structure is the same for all human languages
and all you need to do to get from English to
Japanese, or from English to the brain’s own
databases, is to rearrange the sentence according to
set rules (Fig. 6). Thus:

The cat sat on the mat.
is split into subject phrase ((The) cat) and verb phrase
(sat on (the mat)). The verb phrase is a verb and
another noun phrase, the noun phrase consists of an
article (the) and a noun (mat). Getting from one
structure to the other is simply a case of replacing (the
mat) with (noun phrase) throughout.

Hang on, isn't this terribly complicated Al stuff
just the old ‘parts of speech™? Well, yes, a lot of Al
natural language processing is actually parsing
sentences to see what structural form they fit into.

The problem with this is that it assumes that a
sentence can be parsed on the basis of its syntax alone
without worrying about what it means — its
semantics. It also assumes that the meaning of one
bit is not affected by that of another bit, let alone by
what the next sentence means. Alas, this is not true.
Try saying

‘l never said that he was a bad salesman’
with the stress on different words. No computer could
tell what you mean from it unless it could understand
the subsequent sentence which said “Rotten manager,
ves, . . " So much for context-free grammars.

Having said that, fairly unambiguous and simple
English can be understood by the descendants of the
Al language research projects. They are often used
as ‘front ends’ to expert systems, allowing the user to
communicate with the system in something like
English. Which is where we came in.

Vision

The other big area which traditional Al has bumped
on is vision. Now, a two-year-old can pick out a
stylised plane from a tangled picture containing
dozens of objects in about three seconds. A Cray
supercomputer, programmed with the latest software,
would take 10 minutes to come to the same con-
clusion — and might pick out a duck by mistake.

This is a great embarrassment to Al and leads to
our last definition of intelligence:

An intelligent system is one that can
see.

(Non-Al apologists do not usually put it like that
— they usually say ‘can match complex patterns, like
the eye does’).

The difficulty is not picking up a picture, which
is done with a TV, but in identifying what is in it. You
start with a digitised TV picture, usually reduced to
black and white only, rather than allowing shades of
grey. Discrete picture areas are identified by their
edges. These are then smoothed to give shapes (Fig.
7). Surface texture gives an idea of surface orientation
and stereoscopic vision can give depth information.
But where then? All you have is a series of lines and
planes and, with luck, their orientation in 3D space.
You then have to identify the objects concerned.

How is it that we can instantly discriminate
between a table and a fattish horse? Why are we not
amazed when red buildings with wheels at bus stops
suddenly start moving? In a nutshell, no-one knows
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PICTURE PIXELS ‘EDGES’

SMOOTHED EDGES

Fig. 7 Image recognition

and no-one has managed to mimic it on a
conventional computer.

What they can do is apply pattern recognition
techniques to a limited number of patterns and so
discriminate between objects on a production line, or
check the orientation of a part as it enters a machine.
They can get an idea of whether a moving object is
a person or a car {although a wolfhound would
probably floor them). In short, like the language
systems, when they are operating on a limited set of
possibilities they work OK.

Minds To Come

So what of the future? The really successful ap-
plications of Al—games playing (and its serious
counterparts in automation) and expert systems, are
going from strength to strength. Commercial ‘expert
systems’ often contain no more Al than a spreadsheet
but this will change as research techniques in logic
penetrate to the office.

The real problem is that these systems are hard
to use, partly because their output is incomprehensible
but mostly because inputting data into them is very
tedious. WIMPS methods (themselves a spinoff from
Al) are more comprehensible for output but useless
for input. So the next major jump must be in input and
output format, and that means language
comprehension and voice recognition. Then we will
be able to babble at our computers, not just program
them.

It is no coincidence that the Japanese’s over-
ambitious ‘Fifth generation computer’ project
concentrated on these areas. Such things as
manipulating shapes in 3D and constructing fractal
landscapes, while showy and wonderful television,
will have less impact on most of us.

How this is going to be achieved in Lisp and
Prolog is hard to see. However it is likely that massively
parallel programming, especially in computers
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modelled on neural systems (Fig. 8) will make some
major advances, especially in pattern and speech
recognition. Indeed, some Al researchers are now
doing work on bits of natural neural systems, which
may be ‘I’ but is probably not A. Neural systems will
not do all that is claimed for them but as they are
claimed to do everything from solve the nuclear
stalemate to prove the existance of God, this is not
very surprising.

Their record on pattern recognition so far is
impressive. Professor Aleksander’s Wisard can do the
aircraft recognition trick I mentioned above about as

|

fast as a 2-year-old.
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NEURAL NET COMPUTER
DOING SEVERAL THINGS AT ONCE

Fig. 8 Serial and parallel processing in conventional and neural net
computers

The nice thing about it for the ETl reader is that
it is not clever programming that makes this possible
but clever hardware and some simple programming
to run it. There was a theory a few years ago that all
you needed to understand English, or defend the
USA against nuclear attack, was a hundred
mainframe computers and a program that would
stretch to the moon. However, Al has taken another
course and changed the rules again.

The latest test of Al {propounded by the BBC,
so it must be right) is that an intelligent system can
appreciate a metaphor. This really is getting a bit
rarefied, considering the performance of the average
Sun reader.

| prefer the definition of intelligence proposed by
adisgruntled Al researcher several decades ago, when
sheer number-crunching power was thought clever
enough. It seems to get nearer the heart of what most
people would callintelligence than anything else. See
how near your micro, or even your toaster, is to this!

And mankind at last built the ultimate
computer, with more connections than
in all the human brains in the world.
They switched it on. And they knew at
once that it was truly intelligent because
no matter what problem they set it, no
matter how difficult or arcane the
subject, no matter the gravity of human
suffering held in the balance by the flip

of a circuit, the damn thing always found

an excuse not to bother finding the
answer.
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HIGH GRADE COMPONENT PARCELS

Unless otherwise stated, all the clearance parcels we offer contain brand new, top grade
components. If 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 or, better
still, be the first to hear about any new offers by
putting your name on our mailinglist. (Please
write in, or ‘phone Pete Leah on

0272 522703 after
6.30 pm).

UNIVERSAL
EVERYTHING PARCEL

This one contains some of just about any component you cafe to name!
There are passives (resistors, capacitors, tants, presets), opto devices
(couplers, LEDs of all shapes and sizes, infra-red components,
7-segment displays), semiconductors (transistors, diodes, ICs,
rectifiers), and alf kinds of other odds and ends (relays, VDRs, neons,
battery connectors, mixed components packs). A stunning range of
components — enough to get a workshop or lab. started — at a
ridiculously low price.
The components are of excellent quality, in packs onginally intended to
sell at £1 each. To make sure you get a good variety, the 20-pack
parce! will have no more than two of any one pack, the 100 pack parcet
will have at most five of any one pack. Packs suppiied as they come -
our choice.
PARCEL 1A: 20 PACKS for £10 + VAT
PARCEL 1B: 100 PACKS for £39! + VAT

¥ MASSIVE
CLEARANCE SALE

Once again, a general purpose parcel containing a
huge variety of components: resistors, capacitors,
ICs, transistors, electrolytics, tants, triacs, LEDs,
diodes, thermistors, trimmers, VDR, all sorts. All new,
top quality components. This is mostly remainders from
our own stock — stuff we forgot to advertise, or have in
too small a quantity to sell individually. Guaranteed to be
worth at least eight times the price if vaiued from any
standard component catalogue! What more can | say?

PARCEL 2A:1000+ top grade components for £121 + VAT
(Value £100+)

PARCEL 2B: 5000+ top grade components for £49! + VAT
(Value £500+)

INTEGRATED
CIRCUITS

This parcel contains nothing but ICs. The
mixture offers TTL and CM%S logic,
interface ICs, linear, data converters,
op-amps, special functions, and so on.
Some of the ICs are pre-packed with data
sheets, some (TTL, CMOS, op-amps) we
expect you to identify for yourseit, others
will be covered by the free data pack

LEDs

All shapes, sizes and
colours of LEDs. Round ones

in various sizes, rectangular ones,
red, green, amber and yellow ones,
clear and tinted lenses, all sorts.

provided, and the rest you'll have to TANTALUM
identify under your own steam. If you & PARCEL 7A: 100 LEDs for £5.90 + VAT
know?four ICsyyou‘Il beinfora fe»)lv nice CAPACITORS

surprises.

PARCEL 7B: 500 LEDs for £24.90 + VAT
PARCEL 3A: 100 ICs for £12! + VAT

A nice range of tants in values up to
47uF. Lots of useful caps, and we're

:A:%Eﬁsaé o not mean with the most expensive
+0VATS sl - ones. A fine selection.

PARCEL 4A: 100 TANTS for £6.80 + VAT
PARCEL 4B: 500 TANTS for£29! + VAT §

-~

ELECTROLYTICS

A first class selection of good, modern
electrolytics. The mixture ranges from
small coupling caps up to huge power
supply electrolytics — you'll be hard
pressed to find any value between 1pF
and 2200pF that isn't represented. A
wide range of very useful components.
Go for it!

CAPACITORS

An exciting selection of
capacitors. There are
ceramics for decoupling and
general use, Polystyrenes for high
performance circuits, dipped and
moulded polyesters in values from a few
nF up to 2.2uF (very expensive!), tants and

TRANSISTORS

PARCEL 5A: A mix of general purpose silicon aluminium electrolytics — just about any
1000 ELECTROLYTICS for£8 + VAT transistors, mostly bipolar NPN and capacitor you'll ever need. Don't miss this
PARCEL 5B: PNP, with a few FETs and unijunctions one!

2500 ELECTROLYTICS for£16 + VAT thrown in (when available) to spice PARCEL 8A:
the mixture. The contents vary from 1000 CAPACITORS for £6.50 + VAT
i — month to month — at the moment there PARCEL 8B:
i i g are BC212s, BC213s, BC548s, 2500 CAPACITORS

BC238Bs, MTJ210s, and so on. Next
month — who knows? All top quality
components.
PARCEL 6A: : UK Orders:
200 TRANSISTORS for £6! + VAT Please add £2.50
towards postage
and packing
E Europe and Eire:

Please add £6.00 carriage

HIGHGRADE o
COMPONENTS LTD | Outside Europe:

Please add £12.00 carriage
Unit 7, 8 Woburn Road, Eastville, Bristol BS5 6TT

for £14.90 +VAT

and insurance
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RAINY DAY
PROJECTS

All can be built in an afternoon!

g

POWER CONDITIONER

FEATURED INET} =
JANUARY 1988

The utimale mains

punfier. Intendes marnty JUMPIN® JACK FLASH (ETi March 1988;

for lowering the norse K N | G HT R Al D E R Spectacular rock stage and disco lighting ettect! £6.90 - ver
::‘;; ;;‘;:':;:::fo‘:" CREDIT CARD CASINO |ETIMarch 1967)
The wicked pocket gambling machine £5.90 . var Thete’s nothing quile S0 encouraging as
(To:e»lhgm aud;‘n equipment - : FEATURED IN ETF JULY 1987 MAINS CONTROLLER (€T} sanuary 1967) b s w;rm'zmle e ol m“m ;gzs " VW:: :,
massive filler section contains thirteen capacitors an isolated [ et pastcular festing neart rate wil be ar Deats per miny
two current balanced mauctors, together with a bank of six The utmale m igniing eftects for your Lamoorghini. Maserat. MW el 4 [0 vF As your zw"gy?‘i‘;'w:q or sport strengthens your nean. me rate wi drop
- 10g1 {or amy other caz, for thaf matler). Picture this: exght powerful hghts in MATCHBOX AMPLIFIERS (ET! April 1986 sramatcall - possoly 10 6009 or fess Wi te ST01. you can waicn |
VDRs. 10 remove every last trace of impuisive and RF ling along the tront and eight along the rear You fick a switch on the Listen 50W of Mi-Fi power from an amp small ‘:, & :
interference. Alen LED loganthmic dispiay gives a secand by dashboard control box and a point of ight moves lazily from left to #n0ugh 10 fit n a malchbox! your progress day by day
second indication of the amount of intarterence removed nght leaving a comet s Lt betund it. Fiip the switch again and the Matehbox Amphiber {20W) £6.50 - var Breathng 15 imponant toa M:nm etcently 40 ywnl:'“ op O'Nﬁm 5
paint of ight becomes a bar, bouncing backwards and forwards Matchbox Bridge Amplifier {SOw) £8.90 How quickly 80 you recover “oxygen oedt after sirenudus
Our approved parts set consists of case. PCB, ail along ihe row Press again and Iy one of the ofher six panerns ke A0 The S101 walfet you know
{including tgh 1orondal cores. ICs. ! , L165V Power Ampidier IC. with data ano circurs £3.90 - var
Eaipe giheg J AnLED dhrsplay on the control bok let's you see whal the main lights The approved pars sel consisis of. case 3 pinteg ot
class X and Y VDRs. b are doing TACHO/OWELL METER (ETI January 1987) poards ai componenls inciuding 17 ICs quartz crystal
etc ) and tull nstructions The Knight Aaider can be fitted to any car (1 makes an excelient 1og Turn your Metro into a Porsche! £16.40 - var 75 transistors Tesistors. diodes and cagaciors) LCD, :
PARTS SET £28.50 + vaT Ixght'} o with tow powered buibs 1t Can turn any child s pedat cas o HI-FI POWER METER (ET! may 1367) swiches plugs sockets electrodes and full instructions
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Paul Chappell resists
the urge to oscillate
with the low down on
stabilising op-amp
circuits

n last month’s article [ introduced some of the
basic concepts of feedback theory — loop gain,
return difference and so on. This month I'd Jike
to pursue the topic a little further.

To explain the idea of loop gain, T cut the
feedback loop at various points, injected a signal into
the loop and looked at what came out of the other
side of the cut. I didn't specify the kind of signal [ was
injecting but let's suppose it was a sine wave. The
situation is shown in Fig. 1.

AMPLIFIER

I 1 A
(GROUNDED}

OQUTPUT

LOOP
BROKEN

= 0

o
2,

-

SINE WAVE
SIG GEN

Fig. 1 The loop gain circuit
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Suppose that the block A in Fig. 1 is a real op-
amp. It is built only to amplify, so inside its black plastic
case there are nothing but transistors and resistors, Is
itreasonable to describe its operation by saying simply
that it magnifies the input signal by a factor A? That
is to say, can you assume that for a real (uncompen-
sated) op-amp, it will simply amplify any old signal by
an equal amount?

For low frequency inputs, the description may
not be far from the truth, but at higher frequencies the
limitations of components in the circuit will begin to
make themselves apparent. Although no reactive
components have been deliberately introduced, they
exist as integral parts of the various components of the
IC.

The result is that as the frequency of the signal
in Fig. 1 is increased, the loop gain will start to
decrease and the phase of the returned signal will
change. With any signal other than a sine wave, the
shape of the wave would change too but a sine has
the special property of passing through any linear
circuit without a change in form.

Just suppose that at some particular frequency

the returned signal was reduced to exactly the same
amplitude as the test signal by the fall in gain of the
amplifier (Fig. 2). Why not close the switch, remove
the test signal and let the circuit carry on alone? The

A OUTPUT

SWITCH

1— ;
/}r’\/

SIG
GEN

Fig: 2 The oscillator circuit |
answer is — no reason at all! But if this circuit is both
a feedback amplifier and an oscillator, how do you
separate the two functions? How do you make a
feedback amplifier that won't oscillate?

You may think there’s a pretty slim chance that
in any practical circuit the gain would hit unity at just
the same moment the amp's phase shift was 180°, and
you'd be right. But let’s just think about the opposite
side of the situation for a moment. If you were
deliberately trying to make an oscillator, how would
you go about it?

The condition for the circuit of Fig. 1 or 2 to be
an oscillator is that at the frequency of oscillation, the
signal emerging from a cut in the loop should be
exactly the same as the one that went in. In mathe-
matical terms, the conditionis — AB = 1. (Since we're
dealing with sine waves, you can think of A and 8 as
complex numbers which represent both the gain and
phase change at any particular frequency). You won't
want to rely on chance to determine the frequency of
oscillation, so instead of relying on A to provide the
phase shift, you'll put some network in the j-box
which gives 180° phase shift at the frequency you
choose, well below the frequency at which the
amplifier starts to add its own contributions.

Now comes the problem of making the loop gain
exactly equal to one at the frequency you've chosen,
Exactly one? Not even a fraction of a percent out?
What happens if it’s, say, just a touch less? If you have
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a circuit oscillating merrily away and reduce the loop
gain just a little below one, the oscillations will die
away. This corresponds with the intuitive notion that
the signal will get smaller and smaller on each journey
around the loop until it’s too small to see.

Increasing the loop gain above one, on the other
hand, will cause the oscillations to increase in
amplitude — not to settle at a higher level but to keep
increasing until something makes them stop. Banging
against the power rails, perhaps.

Setting the loop gain at exactly one, without the
tiniest margin for error on, either side, is clearly
ridiculous. Impossible. The upshot is that there’s no
such thingas an oscillatorbased on alinear circuit! The
ones which look asif they are, allhave gains set slightly
higherthan one. What happensisthatthe oscillations
build up until circuit non-linearities comeinto play. The
circuitthen findsfor itself a wave thatis not quite asine
wave but willtravel around the loop with exactly unity
gain, The trick to designing an oscillator is to make this
new wave as close to a sine wave as possible, which s
most easily done by giving the circuit a gentle transition
into non-linearity as amplitude increases — in other
words, no sudden clipping.

Just to avoid confusion, I'm talking here about
the kind of oscillator that might make an unwelcome
appearance in your amplifier circuits. There is another
type of oscillator, the relaxation oscillator, which uses
the active circuit element as a switch. Some examples
based on op-amps are shown in Fig. 3. The amplifier’s
linear characteristics are irrelevant to these circuits —
they could equally well be made from logic gates.
They are also unlikely to creep into your circuits by
accident. If you want one, you have to put in the
components to make it!

Returning to the amplifier circuits, the situation
is this. If the amplifier produces a 180° phase shift
while the gain is still unity or above, the feedback
circuit will oscillate. Is there any way to ensure that this
won't happen? One way to be certain is to deliberately
introduce a roll-off in the gain of the op-amp so that
it reaches unity before all the unwanted (but unavoid-
able) capacitors built into the IC make themselves felt.

Introducing a single capacitor between collector
and base of one of the driver transistors in the IC is
a very common way. The capacitor introduces its own
phase shift but although it approaches 90° at high
frequencies, it remains far from the critical 180°.

Although certain to produce stable amplifier
circuits, this technique is not ideal. A single capacitor
gives a gain roll-off of 20dB per decade (in other
words, every time the frequency goes up by a factor
of ten, the gain drops by 20dB). This roll-off rate
doesn’t depend on how the capacitor is connected —
all you can change by altering the circuit is the
frequency at which it starts.

This means that for an op-amp circuit which
would begin to introduce its own phase shifts at a few
hundred kHz, the frequency chosen by the IC
designer for unity gain might be IMHz. If the original
circuit had a gain of 100dB, this means that the roll-
off in gain must start at only 10Hz!

Some IC manufacturers go for a more subtle
means of keeping the amplifier stable in an attempt
to preserve more of the gain at higher frequencies.
The NE5534, for example, being intended for audio
use, must have useful gain at least into the tens of kHz.
The compensation circuit used does exactly that but
the trouble is that the op-amp produces a 180° phase
shift before the gain hits unity. In other words, you can
build quite ordinary two resistor feedback circuits
around the IC and it will oscillate!

Let's take an example. Suppose you have an op-
amp which reaches the 180° phase shift while it still
has a gain of five. How can you use it? Look at the
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circuit of Fig. 1 again. At the 180° shift frequency (lets
say it's 200kHz) the A box will have a gain of five. As
long as the f3 box has a gain of less than 4, the loop
gain will still be less than unity, although the op-amp's
own gain isnt. Remembering that the demanded gain
is 1/, as long as the resistors are used to select a gain
greater than five, the circuit won't oscillate. Try to select
a gain of five or below and the loop gain will exceed
unity and you'll have a 200kHz oscillator on your
hands!

Preventing the circuit from oscillating spontan-
eously is not quite enough to make sure you end up
with a well-behaved amplifier. If the loop gain is only
marginally below unity atthe 180° phase shift point,
its transient response can still be pretty bad. If you
apply a square wave, it can set up ‘echoes’ around the
loop (like the oscillator with loop gain set just below
one) which die away after a few cycles. This shows
itself as ‘ringing’ after each transition of the square
wave.

The worst effects are cleared up by making sure
the loop gain is well below one when the phase hits
180° and the phase is well away from 180° when the
gain is unity and above. In the jargon, you give the
circuit the highest possible gain margin and phase
margin.

Well, | promised many months ago to give an
explanation of the capacitor in the op-amp and the
reason for the roll-off in gain. At last I've got there. |
hope you've found a few useful odds and ends to
extract from all the theory. Don't expect an op-amp
to give a gain of 1000 at 100kHz, for example! Beyond
that, if you ever build an amp that turns out to be an
oscillator, at least you won't be entirely baffled about
the cause.

AHOdH.L

El

LINJHI]

+V

Fig. 3 Relaxation oscillators
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Pat Alley presents the
EASI way to the
ultimate
comprehensive alarm
system

PROJECT
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ires wires wires. The problem with
modern burglar alarms is the wires.
Wires for sensing, wires for sound-
ing, wires to confirm, wires to deter.
A never-ending reel of 4-core
cable, all of which needs carefully hiding in order to
avoid ‘decor pollution’ and the wrath of co-residents!

So how about having a single 1mm wire
connecting door and window sensors, pressure pads,
ultra-sonics and infra-red devices, fire, gas, smoke and
flood alarms, personal attack points and more. Does
it sound a tricky problem? The answer is EASi.

EASi

EASi stands for Event Alarm System installation.
Figure 1 shows the fundamental operation. A
constant current is fed through the single wire loop
around the house from a mains-derived power supply
(with battery back-up). Across each door and window
switch (normally closed) is a standard red LED.

With all switches closed the resistance of the loop
will be negligable in comparison with R1 and the
voltmeter will read zero. For an open switch, the LED
will drop something like 1.6V and the voltmeter acts
as a totaliser indicating how many switches are open.

Also the illuminated LED makes it easy to spot
which switch is to blame — anyone with a loop alarm
system will tell you how infuriating it is to open and
shut every window and door until the alarm resets
properly!

The LED also assists a very important aspect of

burglar alarms, your sense of security. Every time you
open a window, you see the system in operation as
the LED lights — a psychologically satisfying
side-effect.

Another major advantage of the EASi system
stems from the fact that the alarm triggers from the
rise in voltage rather than from the crossing of a
specified alarm threshold. This means that a window
can be left open at night in your bedroom without
disabling the whole system, as is the case in virtually
all commercial designs.

Things To Come

Before we describe the main system in detail we
should give you a taster of the many units we have
to offer over the next few issues that can be used with
the EASi loop.

Apart from the central control and power supply,
there is an entry/exit sensor, a fire sensor, a combined
gas and smoke sensor, a panic switch, an ultrasonic
detection system, a light detector, an intercom system,
a freezer fault alarm and a moisture alert. Oops, nearly
forgot the pressure mat and cupboard sensors, and
the instructions for fitting side loops or for including
garden sheds without jeopardising the internal
security. Impressed? Now read on . . .

The Control Box

The heart of the system (from which flows all
knowledge and current) is the control box, normally
screwed to the wall inside the house. It is powered
from the mains but uses a 12V back-up battery in case
of mains failure.

The control box has a loud internal siren which
can be heard throughout the premises. The unit
distinguishes between three types of alarm — hazard,
intruder and event. Hazards include fire, floods and
personal attack. Intruder alerts come from windows,
doors and other burglar spotting sensors. Events could
be anything from your freezer turning off unexpectedly
to a potentially explosive gas concentration.

A key operated switch selects between full, test
and part. With full selected, all sensors are activated.
The part option de-activates intruder alarms so that
you can use your house as normal without turning off
the alarm completely. Test prevents all alarms, checks
the battery and displays the number of open sensors
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Fig. 1 Fundamental concept of the EASi system
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components, IC sockets and variable resistors. Leave

=with the resistors and building up through to the higher
the ICs out for the moment.

A

Construction is reasonably straightforward, starting

Fig. 2 Circuit diagram of the EASi control box and power supply
The component overlay is shown in Fig.

using the four display LEDs.
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All electrolytic capacitors and LEDs have their
positive terminal facing the top of the board as
indicated.

The LEDs that appear on the front panel each
have a space for a 6mm hole next to the solder points,
through which the LED should pass, finally standing
12mm proud of the PCB. Alternatively, with a bit of
careful positioning these LEDs could simply be
soldered in on the copper side of the PCB.

IC sockets are highly recommended since there
is plenty of room and the convenience far outweighs
the cost.

Power Supply

The power supply is on a separate board (Fig. 4).
Again construction is straightforward — the PCB pins
to connect with the mains terminal block should stand
about 8-9mm proud of the board.

The principle reason for keeping the power
supply off the main board is one of safety, this way
there is no chance of mains voltages appearing in the
wrong place through a bridged PCB track. As a further
precaution put some form of insulation over the short
copper track that carries mains.

On the prototype the main circuit board was fitted
to the lid of the metal case using plastic snap-on stand-

HOW IT WORKS

offs, so that the PCB was about 10mm from the lid.
This puts the LEDs in positions as shown in Fig. 5 and
gives easy access to the terminal blocks for the sensor
loop and alarm signals.

Once you've decided on your case layout you
can join the boards together (three wires, +, — and
a link between R58 and R59) and wire in the
keyswitch. Ribbon cable is of sufficient gauge for
everything except the battery connections. For testing,
the lid microswitch SW1 should be shorted out.

Testing

Do not connect the mains power yet, we can do
preliminary tests without it.

With the ICs and the fuses in place, set all pots
around the middle of their range except RV2 and RV5
which should be fully anti-clockwise. Place SW5 in
the 5s position and fit the terminal blocks onto each
PCB if you have not done so already. Label the mains
clearly on the power board’s block, preferably by
colouring them.

To test the system without wiring your house up,
construct the breadboard test circuit shown in Fig. 6.
The switches can be pieces of wire inserted or
removed as required.

Run a wire to each of the six main PCB terminals

The circuit diagram of the EASi control box is shown in Fig. 2.

Power Supply

The specified 12-0-12V transformer of about 2VA, capable of running
cool at maximum power dissipation is employed for minimum cost.
It adequatsly supplies the equiescent current requirement of about
45mA plus sufficient charging to replenish even a discharged battery
within 12-20 hours although in practice the battery normally remains
in a fully charged state. :

Since the battery remains permanently connected it not only
dictates the rail voltage until shunted by the 13V zener diode but
augments the transformer in providing the extra current for the alarm
bell thus allowing it to discharge slightly on occasions, as
recommended by manufacturers, so as to sustain peak condition.

Used in this way the battery life should exceed 10 years.

Battery charging current reduces as the battery voltage increases
until at about 13.5V it is completely shunted out by the 13V zener
diode which commences to dissipate all excess transformer current
thereafter, thus providing completely automatic battery charging.
Note this simple combination of battery, zener diode and transformer
aliows each component to compensate for the other, obviating
maximum CMOS voltage being exceeded feven if the battery
becomes detached) and superior to the traditional reversed diode
between battery and power rail, which demands much more
sophisticated circuitry to provide optimum battery charging.

Note also that without the reversed diode the battery can provide
much of the smoothing, augmented by the 1000y capacitor.

The ultimate safety device in case of zener dwde breakdown
creating a short circuit is the 2.5A fuse.

Main Board ¥

Al CMOS states Oor 1 shown are for normal operation on part or full,
Allthe DC voltages were measured witha 10M/V meter. IC1aand IC1b
in the astable mode, oscillating at about 70kHz, feed into push-pull
transistors Q1 and Q2 to lower the output impedance and via the
following diode/capacitors boost the voltage across C'I o over 30v
DC where output is about 700R,

A constant current impedance circuit feeds 5mA currentinto the
loop via Q4 and terminal C. (LD2 + D8 are there in case LD3 fails
open-circuit.) Note the DC path via D4 in case of voltage booster
failure. This still ensures approximately 5SmA of loop current and thus
continued protection from the system, albeit at a lower potential
voltage.

IC1c and IC1d in the astable mode provide the means of visually

modulating the loop sensor LEDs at about 2Hz for easier viewing
when kgyswitch SW1 is selected to TEST and IC1d pin 13 goes high
via SW1b, R42 and R6.

Q5 amplifies event alarms condition and if the DC output of
€12-D9-D10-C14 exceeds approximately ¥% Ve then CMOS astable
IC 2a/b oscillates and via Q6 and RV4 audio modulates the internal
siren to give an event alarm.

IC5 is @ quad voltage comparator powered only when SW1 is
selected to TEST, at which point R28 passes current approximating
to that of the loop through series connected LEDs 912 and Q7. Thus
the voltage at the junction of LDIALD10is 1.7V and ascends 1.6V with
each LED, each junction being connected ta the non-inverting input
of each independent comparator. Meanwhile each inverting input
samples the loop voltage via R29 and output test LEDs 1316
iluminate according to each voltage comparison.

If electronic sensors are installed the standing voltage of the loop
within any open D/Ws will greatly exceed +0.7V, in which case RV5
is adjusted to bias the comparator LED voltages 9-12 upwards. This
test LED datum is a once-and-for-all adjustment uness electronic
sensors are added or removed from the loop.

If the voltage across ZD2 and LD6 exceeds 11V then LD6 will
iluminate. This battery check is only valid if the mains if switched

- offfor obvious reasons but given the expected life {my own battery
13 now eight years old) this need not be done too often.

Under quiescent conditions IC4d output is high and charges C 20
viaR51 and D22 placing a high on IC3c pin 8. Note D22 prevents
reverse current flow when IC4d output goes low.

Q8 compares any positive going loop voltage pulse via C 16 and
R21, with its own Vi, plus D12 voltage when SW2 is on fuf], and
plus ZD3 when on part. If exceeded and Q8 collector increases
sufficiently to make Q9 conduct, IC3d pin 13 goes high so long as
the loop voltage pulse lasts {about 60ms as dictated by the time
constant of R34 + R36/C11)

Consequently IC3d output goes low momentarily biasing Q10
into conduction to energise the retay and Q11 which this time applies
full rail voltage to the internal siren. On RLA closing, full voltage is
applied to the external bell which commences 10 ring.

Italso places a high on IC3c pin 9, IC4d input and IC4c input 9.
Since IC3c pin B is already high IC3c output goes low and latches
Q10intoconduction until C20 discharges through R61 {55 alarm) or
R53 {10-15 mit: alarm).

Meanwhile IC4d output sets the RS bistable formed by IC3a and
IC3b illuminating ‘Memory’ LED 17, which will notify & returning
occupant of the alarm, Simultaneously the high placed on IC4c pin
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Fig. 4 Component overlay of the power supply PCB

asindicated (D and D’ are common). Leave out R60
(see Fig. 3) until after testing. Do not connect the
mains! We can test quite happily using the battery.

For first tests, connect a 220R resistor and an
ammeter in series with the battery to protect the circuit.
If the current rises excessively — to 40mA say — then
there is something amiss.

Otherwise you can proceed as follows,
performing each test first with the resistor, then
without.

e Set SW2 to full. With the limiting resistor there
should be 24mA +10mA, with no resistance this
should rise to 45mA with the same tolerance. Fault
LEDs 3, 7 and 18 should light.
e Set SW2 to part. Results as above except that
LEDS is lit instead of LED7.
e Set SW2 to test. With 220R, current should
oscillate around 18mA=+5mA. With the resistor
removed this should rise to 25-30mA.

If youre getting no results at all, make sure that

9 via R47, R43 and R41 sends IC4c output low, discharging C17
immediately via D15. This places a low on IC3d pin 12 sending its
output high and keeps it there for the duration of the alarm period.

When C20 discharges below % Vee IC3c output goes high, Q10
switches off de-energising the relay, the bell and the siren. Also IC4c
pin 9 goes low and its output goes high but IC3d remains inhibited
[to prevent a nuisance alarm} until C17 charges via R39. This takes
6-8 seconds, sufficient time for all circuit voltages to settle.

At this point the system continues protection. Note that
R34/R36/C11 can be increased in value o as to require the alarm
trigger pulse to last longer {I have had it up to 300ms). These same
components, in conjunction with D13, also act as an AC rejection
circuit since the decay time is much faster than the attack time (D13
+ R36/C11 versus R34 + R36/C1).

Another route for an alarm s viaIC2c and [C 2d. If the loop voltage
exceeds about 30V DC (set by RV2) due to an open circuit in the
sensor loop or by the insertion of a ‘cheat’ resistance in an attempt
10 exhaust the loop voltage, then IC 2 output goes low. Conseguently
IC2d goes high, fault LEDs 4 & 5 illuminate and IC3d momentarily
outputs a high due to a positive pulse via C11 to IC3d pin 13.

As previously described this results in a timed alarm. The alarm
will also be triggered via the Q8 route too, even if the loop voltage
rises to maximum at a reasonably slow rate (belts and braces!).

If required an A/T loop with a voltage of 32V is provided via
terminal B and returns to the control box at terminal A. Cutting this
Joop wire will send IC3d pin 13low and consequently its output high,
illuminating fault LED4 and causir.g a timed atarm as just described.
Note that standard BS4737 assumes both sensor loop and A/T loop
will be cut simulatneously so EASi doubly ensures the alarm will
sound which is the reason it is felt the A/T loop is superfluous in EAS{'s
case.

EASi has its own version of SABAS {Self Activating Beli Alarm
System), which saves a special panel in the bell box plus additional
battery and mains derived charging circuit, not to mention the
multiplicity of wires and installation.

it will be noted that in normal operation LINE A voltage is kept
low by virtue of the low bell resistance. Thus if the bell wire is cut,
LINE A wiltrise to 12V via R40 and triggers IC3c pin 9, automatically
sounding the remaining alarm {presently thismeans the internal siren
but if a 2-pole refay was used an additional outside bell could be
included. IC4d and IC3b/IC 3a are also triggered to illuminate fault
LED17.

At the end of the alarm period when C20 has discharged

sufficiently for IC3cto switch off, LINE A s still high preventing C20
recharging. Subsequently fault LED17 will not extinguish when the
keyswitch is selected to test.

If instead an intruder shorts the two bell wires with the intention
of breakingin afterwards, then on triggering the system bell fuse FS2
will ‘blow’ giving exactly the same result as the cut wire case. The
blown fuse is the additional clue warning the repairer he is looking
for a short as opposed to an open circuit.

Without mains power IC4a inputis low due to R59 thus its output
is high, illuminating fault LED18 as ateminder to the user 10 switch
on the mains. When mains power is applied, transformer dervied
voltage s rectified by D24/25 and smoothed by C24 placing a high
on [C4a input, consequently its output is low and LED1B is
extinguished. ‘

Certain sensors if used in the loop, such ‘as the gas/smoke
detector, various forms of light detectors and the ultrasonic
transmitter rely on mains power and it is necessary to inhibit the alarm
at the instant there is @ mains failure and once again on restoration
of the mains in order to prevent a false alarm. Protection is fost from
these sensors during the period of the power cut but not from the
remaining sensors such as DAW sensors, pressure mats, smoke alarm,
infra-red and others.

Onthe mains failing IC4a goes high, iluminating fault LED 1§and
placinga momentary high on IC4c pin 8 which sends its outpuTiow
discharging C17 guickly through D15 and inhibiting 1C3d from an
alarm signal. Itremains inhibited for 6-8 seconds until C17 re-charges
via R39.

On restoration of the mains a momentary positive pulse, this time
from the output of IC4b via C18 and R41, sends the output of IC4¢
low and IC3d is once again inhibited for 6-8 seconds. Thus by the time
IC3disready to accept an alarm signal everything is back to normal
and LED18 extinguished. p

It can be seen that when SW2 is selected to full red LED7
iluminates and when selected to part green LED8 illuminates. The
reason for this is two fold. Firstly one can see at a glance from the
LED's colour which mode the system is in and secondly the LED
current derived from the 12V rail via R24 biases ZD3 to a more
predictable voltage, offsetting the rather steep knee voltage one
sometimes finds with zeners and defining the voitage pulse necessary
to trigger the alarm more precisely. For example some 5V1 zener
diodes pass 200uA at 3.5V and in this case the alarm would be
triggered at about 4.9V instead of 6.5V.
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PARTS LIST — Control
Box and Power Supply

you have been taking into account the 6-8 second
‘alarm inhibit’ period. The system prevents false alarms
by automatically switching off briefly in any of the
following situations:

e after initial selection of SW2 to part or full

o after mains failure

e when mains is restored

¢ immediately following an alarm

e with SW2 on test, all alarms are permanently
inhibited.

Now hopefully we are ready to connect the
mains. Remove the ammeter and resistor and make
sure SW3 and 4 are fully down. Now reconnect the
ammeter between battery and power board but in re-
verse mode so it will show a discharge. Use an
ammeter scale of 500mA or more.

Now connect the mains and switch on. The
ammeter should show a positive reading between
5-80mA, indicating that the battery is being charged.
Switch off the mains and remove the ammeter, then
switch back on.

Note that as standard policy you should avoid
powering from the mains without the battery in circuit.

Calibration

Moving back to the breadboard test rig, connect the
ammeter across the first switch (A} and pull out the
LED. Turn SW2 to part and open the test rig switch.
Adjust RV1 to give 5mA as the loop current, then
close switch A again.
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Next set the meter to read at least 35V FSD and
open switch A again. The siren should leap into action
for about 5s and then stop. The fifth LED on the
breadboard should also illuminate — this is substi-
tuting for an external alarm bell.”

When the alarm stops, check that the voltage is

" 30V or more. The alarm for this open loop circuit was

triggered via Q8 (read How It Works for the full story)
so now turn RV2 clockwise until the break and volts
fault LEDs (4 and 5) illuminate.

Close breadboard switch A again, wait about 10s
then open it again, making sure that the two LEDs
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Fig. 6 The breadboard test circuit

illuminate steadily by turning RV 2 clockwise while the
alarm is sounding. The alarm was also triggered this
time by IC2c.

Close switch A, put its LED back and take out’
the meter.

Playing Burglars

Switching SW2 to test will turn off the alarm memory

fault indicator, LED17.
[::::: A
SHORTING WIRE |
B

A
1 c
200 210k 2 k0 10k
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Fig. 7 The second breadboard test circuit
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PROJECT

Now pretend you are a burglar cutting the wires
to your external bell by opening switch E on the
breadboard rig for a timed alarm by internal siren.
Notice that when you select test with SW2, LED17
does not this time extinguish — alerting you to the
bells disconnection. Close switch F to reset, leaving
SW2 on test.

Next simulate an open window or door (takes
you right back to Play School doesn't it . . ) by
opening switch A. Its LED will flash but more
importantly the first of the test indicators (LEDs 13-17)
should also have lit. Experiment with switches A-D
and check you get the right responses.

To' demonstrate the auto-reset, turn SW2 to full
and open any window A-D to trigger the alarm {don't
forget the 6-8s inhibit time). When the alarm has
stopped open another window. The alarm triggers
again despite the circuit break in the other switch.

Check mains failure by turning off the power. The
mains indicator LED18 should activate. The alarm
should not! Restore power and check the alarm still
doesn’t sound.

Simulate shorting the anti-tamper loop to the
sensor loop by closing switch F for a timed alarm. Note
illumination of alarm, volts and short indicators (LEDs
1, 4 and 17). You will find that after the usual inhibit
period the windows are still protected even though the
alarm is shorted out. The fault LEDs tellyou what the

naughty burglar has attempted while you've been
away and with SW2 on test you can locate the short
by opening all the windows and checking the
brightness of their respective LEDs!

Test Rig 2

Adapt your test rig to the circuit shown in Fig. 7.
Adjust RV3 to give 3V DC (or as close as you can

v

get) across R15 — next to the siren output on the
circuit board. Set SW2 to part and open breadboard
switch G to simulate an ‘event’ alarm. This should
produce a modulated bleeping alarm, the volume of
which can be varied by RV4. Note that with SW2 on
part, the window and door alarms (A,B) are disabled.

Close switch G, set SW2 to full and set off the
event alarm again. Do not close switch G but open
switch A or B as well to give a main alarm, showing
that the main alarm takes preference.

If all that has worked then congratulate yourself
on producing a fully operational EASi master control.
Of course, it's scattered all over your workbench at the
moment, but the final product is in sight!

Assembly

In the prototype the control box top was drilled as in
Fig. 8. The corner hole is to house the lid protection
microswitch. A hole on the main case will also be
required to earth from the power supply board. The
other holes are for the internal alarm.

Resistor R60, previously ignored, should now be
fitted hanging precariously between terminals D and

Then allthat remains is the fitting into the chosen
box using spacers to hold the PCBs solidly in position.

Your Choice

The position of D2 (see Fig. 2) is the result of one of
those iffy questions — would the burglar be clever
enough to earth an outside wire by driving a stake into
the ground? This is [ think unlikely but perhaps it is
best to leave it to the installer.

The only disadvantage of not earthing the loop
is that if you ever did have to locate an open circuit
with the probe to be described later, you would have
to rewire the circuit to temporarily short D2. You have
the option of solderingit in, leaving it out or shorting
the gap.

Another function you could remove is the ‘mains
inhibit’ function — if you use no mains powered
sensors you could remove this by omitting C18 and
C21.

‘Switch SW3, as you'll no doubt have gathered
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by now, will remove the delay normally placed on
event alarms for the purpose of experimentation. If
you don’t mind waiting the 10s that must otherwise
elapse the switch could be omitted.

Wiring The House

With the completed control box screwed to the wall,
you can start wiring up your house. If you are using
an external bell then wire that up first with twin
7/0.2mm wire connected to terminals D and E. If you
are not using such a bell, you must leave resistor R60
across the terminals.

Also if you are notusing an anti-tamper loop you
must short between terminals A and B.

When you start running the wire around the
house, always go the easy way. Don't restructure your
house just to save fifteen feet of wire, and remember
to make the most of carpets, cellars and attics. Itis also
a sterling idea to make a simple map of the route in
case you forget later.

Connect door and window sensors one at atime
so that the continulty of the loop is assured and the
direction of the LED will check that you are on the
right path.

Take It To The Limit

The number of door and window sensors is unlimited
but some of the EASi sensors to be described in
forthcoming articles take power from the sensor loop,
consuming something like 0.4V per sensor. To avoid
the necessity of extra wires or batteries it is
recommended the voltage dropped is limited to about’
6V — about 15 sensors. Since such sensors are
unlikely to be required in profusion (ultrasonics, light
sensors, pressure mats, water sensors) this shouldn't
cause a problem.

Protecting Of Outbuildings

Thefirst of the major additions made as the prototype
developed wasthe protection of outside premises such
asgarage and garden shed by extendingtheloop across
asmall module paralleled across the loop justinside the
house (see Fig. 9a).

The 5V1 zener, push button and LED form the
House Protector unit (HP). Pressing the button will
short out the zener and light the LED if any of the
outbuilding door/window switches are open, thus
saving a trip out into the cold.

Ifthe outside loop wire is broken, the main alarm
willsound and hopefully the culprit will leave the scene.
Buteven when the alarm stopsthe house remainsfully
protected by the maintenance of loop current through
the HP.

For those who feel the need to tamper proof
outside buildings (access could be obtained by shorting
both wires) it is possible to move the HP to the end of
the house loop (Fig. 9b) and earth the loop wire
through any mains earth. This willin addition tamper
proof the control box since removingthe mainsplug will
break the HP circuit and sound the alarm.
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After A Break

In the unlikely event of the main house loop wire being
broken, cut or eaten by rats, a positive voltage equal
to the supply will set off the alarm. Thereafter the open
loop circuit is unusable.

.Given the length of loop wire (300m is- not
unusualin a large house) a quick and simple method
is handy to trace the break. This is the probe shown
in Fig. 1 consisting of a sewing needle on a copper-
clad board in series with an LED connected to mains
earth. For complete safety we should advise turning
off the house mains power.

An iterative search rapidly homes in on the
break. Start at the middle of the break and pierce the
wire with the needle. If the break is between probe and
earth, the needle provides an alternative source to
earth and the LED will light. Move further down the
wire and try again.

If the probe doesn't light, go back towards R1.

The length of suspect wire reduces exponentially
— just eight tests take you from 300m to about 1m.

That describes the basic EASi system. The
profusion of sensors and expansions will follow next
month. Until then, happy wiring!

All boards and modules for the
EASi alarm system are available
in kitform. Full details and prices
will follow in next month’s article.
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John Jameson’s front
door greets visitors
with a blood curdling
scream, a fanfare and
the chimes of Big Ben
thanks to his ingenious
sampler doorbell

DIGITAL DOORBELL

his project provides you with the means to

have a totally unique doorbell. Almost any

sound effect lasting up to three seconds

can be emitted at considerable power

whenever a visitor calls. If you have several
doors, you could build several units and have them
announce Front Door, Back Door or you could
sample the neighbours’ bloodhound and frighten the
wits out of your postman.

The possibilities for such a project are limited only
by your imagination. Slightly modified, the unit could
even find uses in electronic music, as a simple but
versatile drum effect.

To make things easy for you, the author has
arranged to provide a range of sound effect ROMs,
and a tape to EPROM service (see Buylines) so you
won't need a sampler and an EPROM programmer
to build the project.

ROM

%
N

8
L
v DAC

COUNTER

CLOCK

TRIGGER

Fig. 1 Block diagram of the Digital Doorbell
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Construction

The project is constructed on a 4 x 4in double sided
PCB with only the loudspeaker and the power and
bell push sockets mounted off the board. This design
is simple enough fo build up completely before testing,
provided you have the proper PCB.

Start by making the through-hole connections
or ‘vias’ first. Don't forget the ones under the EPROM.
Next insert then solder in the six pins used to make
the external connections and add the passive
components. The ICs should go in last.

Only the EPROM need be mounted in a socket.
IC3,4 and 5 will have to be soldered in as their legs
make further through-hole connections. These are
CMOS . devices so take the usual anti-static
precautions of earthing yourself and everything else
in sight when doing this.

If you house the unit in the recommended box,
the PCB will be glued in, so it is highly advisable to
test it thoroughly and get it working on the bench. A
15V DC power supply will do just as well as AC for
testing so you can use your bench supply. Initially,
power the unit up without an EPROM inserted.
Several simple tests can now be made.

First and foremost, check the 5V supply is
present. The output from the DAC, IC6, should be
at around 2.5V (it is seeing &0FF on its inputs) and
the output of the LM380, pin 9, should be at about
7-8V. Switch off, insert a programmed EPROM, set
the DIP switches as detailed in Table 1, set RV1 at mid
range and switch on.

If all is well, the unit should emit the sample and
go quiet. Triggering the unit by shorting the bell push
terminals should cause it to emit the sample once and
stop.

If you get nothing, use a crystal earpiece or a
scope to trace the fault back down the analogue path.
If nothing is coming out of the DAC, see if data is
coming out of the EPROM, Failing that, check around
the address counter and the clock. Highly distorted
sound might simply be due to shorted address or data
connections around the ROM.

Once you have a working doorbell and assuming
you are using the recommended case, drill a grid of
holes in the top of the case for the loudspeaker and
boltitto the top (or glue it using Araldite or something
similar). Drill two more holes at one end of the box
for the two jack sockets. The prototype has the 2.5mm
connector for power and the 3.5mm one for the bell
push, though this is not at all crucial.

If you plan to mount the unit on a wall, drill a
couple of holes in the bottom of the case, and file them
into keyhole shapes so you will be able to hang the
unit on a couple of screws in the wall.

Put the PCB in the bottom of the box at the other
end from the mounting holes (so as to avoid the
screws shorting things on the underside of the board)
and measure up connecting wires to go from the PCB
pins to the sockets and the loudspeaker. Wire up these
connections, check everything and then glue the PCB
onto the bottom of the box using Araldite. Finally
screw the lid onto the box and wire up cables to your
bell transformer and bell push.

You willneed a bell transformier with a 12V tap.
Also, bear in mind'that sticking a‘jack plug into a socket
causes a momentary short, so turn the power off to
the transformer while setting everything up.
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Samples

For the benefit of those readers who want to program
their own EPROMs, here is the procedure you will

HOW IT WORKS

need to follow for the doorbell of your dreams.

Firstly, follow the normal procedure for sampling
a sound on your sampler. If you want it to play back

The unitis in effect a self-contained, play-only sampler. The sample
datais stored on a standard EPROM and the rest of the design consists
of aclock, atrigger circuit, an address counter, a DAC, a 4-pole filter
and a power amp. The arrangement is shown in the block diagram
{Fig. 1).

The clock is {almost inevitably) a 555 timer — in this case the
CMOS version. The component values have been chosen tomake it
oscillate at around 10kHz giving up to 3.2s sample length with a 32K
EPROM {27C256).

As withall sampling systems the bandwidthis restricted to haf
the clock frequency and is therefore about SkHz. This may seem low
to hi-fi purists but it is equivalent to that of AM radio and quite
adeguate, given that the sound will emanate from a cheap 4in
loudspeaker. )

Pressing the bell push {SW6) triggers the monostable IC5 which
resets the address counter made from IC3,4. The monostable is
configured to be edge triggered and non-rétriggerable which means
that however long the bell push is pressed, the pulse from the
monastable will only last about 20ms, after which its Q output will
return low.

Once the reset pulse has ended, the address counter will start
counting and data will be fed to DAC IC6 and the analogue stages
causing the doorbell to burp, scream, bark or what you will.

If an 8K EPROM is in use, SW1 will be closed and SW2,3 open.
This means that A13 will be connected to the clock enable of the
address counter. It should be clear that when a count of 8192 is
reached, A13 will go high disabling the counter and stopping the
system until the counter is reset.

SWH5 selects retriggerable or non-retriggerable operation, If itis
open, then re-pressing the bell push will re-start the sample from the
beginning. f SW5is closed, then the monostable will be held reset
until the sample has finished, thus preventing the sample being
retriggered while it is playing.

The chosen filter is afixed cut-off 4-pole Chebyshev low pass
filter and is a good example of economic design. The output from the
DAC ranges from Oto 2.5V, and the overali gain of the two filter stages
is just over five. It follows that if the output of the DAC were fed
directly into the filter, an output swing of over 12.5V would be
required. Normally you would achieve this using +12V or 15V rails
but by choosing op-amps capable of single rail, low voltage operation
and by doing a few simple calculations, itis possible to power the filter
from the regulated 5V rail required for the EPROM.

R11 and R12 attenuate the signal from IC6 soit will not drive the
second op-amp, IC8, into overioad. C4 removes the DC content from
the output of the DAC and R21in combination with R12 sets a new
DC bias level for both op-amps. Bearing in mind that the DAC has an
output impedance of 10k, application of simple resistors in
series/parallel theory to the network shows the impedance at the node
(without the filter connected) would be 8k 1. R13 then makes this up
to near enough 39K as required for the filter.

C9 couples the filter to the output stage, RV1 sets the volume
and the LM380 provides power amplification sufficient for the
purpose.

A standard 78L0S5 regulator circuit provides the supply for the
logic and the filter while the LM380s run off the unregulated supply,
which should be about 15V from a 12V AC input.

)
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|
|
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11|12l13]14] 2] 3 als] 6 11h12(13h4] 10} 3
7B 2B 38 4B CK1A2A 3A 4A 18 2B 38 4BCK1A2
10 2
cK 1c3 CK Ica
| a Va T R E R Vs
1 7 I8 9] 15 1 7 18
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gl 82 7 18k
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3 ]
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5 O— = c13
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1C7.8 = CA3140 _Jr
1C9'= LM380 7
IC10 = 78L05 * INCLUDE: R6 IF BUTTON DOES NOT HAVE BULB
ZD1=5V1 ZENER
Fig. 2 The full circuit diagram of the doorbell
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Fig. 3 The component overlay for the doorbell
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at its natural pitch, try to sample it at a rate of 10kHz,
or at least a multiple of that. You will then need to
extract a binary dump of the sample. This is easiest
if your sampler is home made and based on a home
computer.

Those of you who have built my Amstrad
Sampler (ETI, September 1987) and have the full
software, will find that the SMP file is a direct binary
dump of the sample and is in the same 8-bit linear
format used by the doorbell.

The Spectrum Sampler (ETI, November 1985
to July 1986) uses logarithmic ADC and DACs, so
you will need to write a program to convert the data
to linear form.

MIDI sampler owners with a home computer
based MIDl interface should be able to extract samples
from their machines using the MIDI sample dump
protocol. )

Having got a linear sample dump, the next job is
to adjust it for the 10kHz playback. If you sampled at
10kHz, you can omit this step. If you sampled at
20kHz, then you need a program to average succes-

ROM Swi1 sSw2 Sw3 Sw4

27C64 ON OFF OFF OFF
27C128 OFF ON OFF OFF
27C256 OFF OFF ON ON

SW5 OFF — retriggerable mode
SW5 ON — non-retriggerable mode

Table 1 The DIP switch settings

PARTS LIST

BUYLINES

sive pairs of bytes, and for 30kHz, your program
should average groups of three bytes.

Once this is achieved, you now need to ensure
the data is represented such that &000 represents the
most negative value, &080 represents quiescent
conditions, and &OFF represents the most positive
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value. Again, Amstrad Sampler owners need do first byte of the ROM should be &080 as well, so as

nothing here. to prevent a sharp click occtirring at the end of the
Choose an EPROM type large enough to hold  sound.
the data (8K, 16K or 32K) and then pad out the Finally, transfer the data to your EPROM

sample dump with &080 so as to fill the ROM. The programmer to blow the device.




MINIATURE
PASSIVE
INFRA-RED
SENSOR RP33

Detects Intrusion up to
12 Metres Away

Quantity discounts
start at 3 units

[42]

Size: only 80 x60x40mm.
Wide 85° coverage. Switchable
detection indicator.

This advanced intrusion detector
operates by detecting the body heat of
an intruder moving within the detection
field whiist ignoring ambient changes
Eastly installed in a room or haliway, the
unit provides refiable detection of any
#ntrusion. Operating from a 12V supply
and requiring only 15maA, It is ideal for
use with the CA 1382 or any equivalent
high quality controi unit. Supplied with
tull instructions its performance compares
with detectors costing more than twice the price.

ALARM SYSTEM

e Caravans, etc.

INFRA-RED SYSTEM IR 1470
Conslsts of a separate transmitter
& receiver, the system provides an
invisible modulated beam which
when broken operates the built-in
relay. For use with security
systems, but aiso ideal for
photographic purposes and
industrial applications.
Size: 80x50x35mm.

only £25.61 +var

This exciting new System which
contains a Passive Infra-Red Sensor,
Control Unit and Power Supply,
together with a high output Siran all
housed in the one compact steet case,
provides Immediate protection of a
chosen area without the need for

costly wiring and expensive
installation costs. Operating from a
standard 240V supply, provision has
been made 1o incorporate a re-
chargeabie 12V battery which is
capable of operating the System for up
10 10 days baefore re-charging
becomes necessary, and which is
carriad out by the built-in charger.
Whare protsction of mare than one
room is required. additional sensors
may be wired to the main unit. An
externat siren unit may also be fitted to
warn neighbours. Supplied with 2 keys
and fult operating instructions, the unit
Is fully guaranteed for 12 months.
Immediate protection for only:

Priced £67.72 +VAT

DIGITAL ULTRASONIC DETECTOR US 5063

This advancea module uses crystal control fransmitter and digial signal
processing 1o detect movement al distances of up to 200 or more With
built-in temng and 12V operation, Rt is.
ideal for a wide range of securty
application
oy £13.95 ur
Sunable sieel enclosure complete
wilh necessary mounting pillars and
fixings

* ony£2.95 euar

LIGHTING CONTROLLER DP 3570

This versatile modutle provides timed
switching of loads up to 3A for pre-set
times between 10 secs and 5 mins, the
timed period being 1riggered by the
opening or closing of an external
loop or switch, The built-in 12v
250mA power supply is available
for operating external sensors.
Suttable plastic enclosure £2.85+ VAT

only £13.95 +var

Dept. ETI 4, 51 Poppy Road,
Princes Risborough. Bucks

he Secul

OR TELEPHONE

ﬂ g .

AR o 0

I BBk

Bare Board i mJl

£17.50 s ﬂ]ﬂ 0F)

(plus postage and VAT) |50 g1 ol
T ¢ (U

JUIE By e

SINGLE BOARD COMPUTER “SBC-1"

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

The SBC-1 has the bare minimum of chips a Z80 computer can have
and stilt be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a pair of 8255A /0 (input
output) chips giving 48 individual lines to waggle up and down. There
are one or two additional “glue” chips included, but these are simple
“74LS" or "HC" parts.

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs

ALLING YOURSELF
CPU 9000 SELF-CONTAINED

Immediate Security WithoutInstallation
For Homes, Storerooms, Clubhouses,

B Detects intruders up to 30ft. @ Penetrating 103db Siren with
auto reset @ Compact size only 203x180x 78mm W Easily
extended for coverage of additional rooms or large areas.

RiSCOMP LIMITE =
HP17 9DB 'tySpeCIal,S t

v E rt add 10%
ORDER BY MAIL [ e

etc) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the 8-bit microprocessors — possibly the
cheapest too!

Although no serial interface is included, it is easy for a Z80A to waggle
one bit up or down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software will do?
Applications already identified include: Magnetic Card reader, mini
printer interface, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security system, modem interface for auto
sending of security alarms, code converter (eg IBM PC keyboard
codes to regular ASCII), real time clock (with plug In module),
automatic horticuitural irrigation controller.

By disabling the on-board Z80A-CPU this card will plug into our
Interak | CP/M Plus disk-based development systems, so if you
don't fancy hand-assembling Z80 machine code you don't have to!
The idea is (if you are a manufacturer) you buy just one
development system and then turn out the cheap SBC-1
systems by the hundred. If you are really lazy we can write
the program for you and assemble the SBC-1 cards so
you can get on with manufacturing your product,
leaving all your control problems to us.

Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (T2E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.
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CA 1382 ADVANCED CONTROL UNIT that's
simple to install
and operate.

* Fully automatic sifen re-set
* Audible entry/exit warning.
* Alarm sounded memory.
* 2 sepafate l00p inputs +24hr
circuits
 Built-In electronic siren driver
 Easily installed, full instructions
supplied
The latest conlrol panel provides
etfective and reliable control for all
types of security installations Its
advanced circuitry checks the
1oop circuits avery time it is.
swilched on, preventing Incorrect
operation. Using a simple ‘'on/oft” key switch. it s easily operated by
all members of the family. in addinion 1t provides 24hr. personai attack
protection. Housed In a steel case, it is supplied with tull operating
instructions.

Z
[47]

Avsilable in kit torm with futly-bulit
Only £44.95 4VaT electronics. £39.95+VAT.

CA 1250 LOW COST ALARM
CONTROL MODULE .

This tried and tested control

unit represents the finest value

ftor money in control systems,

providing the following features:

* Built-in electronic siren drives 2

loudspeakers * Provides exit and entrance delays

together with fixed alarm time ¢ Battery back-up with trickie
charge facility » Operates with magnetic switches, pressure
pads, ultrasonic or LR, units ¢ Anti-tamper and panic facility *
Stabilised output voltage s 2 operating modes full alarm anti
tamper and and panic facility « Screw connections for ease of
installation = Separate relay contracts for externai loads ¢ Test

i 1 price £19.95 svar

HW 1250- ATTRACTIVE HOUSING
plus HARDWARE FOR CA 1250

An attractive steel case dsigned to house
the Control Unit CA 1250 together with the
appropriate LED indicators and key switch
(available separately).

Supplied with the necessary piliars, fixings,
and punched front panel, the uni is given a
professional appearance by the adhasive

only £9.50

+VAT silk screened label. Size 200x 180x 700mm.

Callers by Appouniment
Othice hours Mon -Fn
9am - 5pm

. POWER SUPPLY & MAINS
SWITCHING UNIT PS 1265

In addition 10 providing 12V stabihised
output of 700MA, this module may be
used 1o provide a swilched 240V output
for operating security lighting etc , when
used in conjunction with the CA 1382,
CA 1250, CPU 3000 etc.
Suitable piastic enclosure £2 85+ VAT,

Prices st £12.95 suar.

P&P U.K. Orders
75p per order

Tel: (0B4 44) 6326
Fax: 08444 7102

é £150 + £125=£1000? o

Add our £125 sub-bass unit to your £150-per-pair
“Best Buys’ and your system will sound as if it
has LARGE (and expensive!) speakers.
Although very compact, this ingenious Push-Pull
design will fill-in that missing “Bottom Octave”’
and can be sited almost anywhere in the
room-without affecting the stereo image. It can be
connected directly into systems with medium sized
speakers (87-90 dB sensitivity).
The Wilmslow Audio
CPP sub-bass speaker
kit contains 2 10” drive
units, flatpack cabinet
kit (inc. stand)
machined from smooth
MDF for easy assembly,
low pass filters, grille
fabric, reflex port etc.
Dims. (inc stand):

571x366x336mm
Amp. suitability:

20-120 watts
Impedance: 8 ohms

PRICE £125 inc. VAT
plus carr/ins €11
telephone credit card orders =

WILMSLOW AUDIO LTD.

35/39 Church Street, Wilmslow, Cheshire
SK9 1AS Tel: 0625 529599

Call and see us for a great deal on HiFi
(Closed all day Mondays)

L DIY Speaker catalogue £1.50 post free (export $6) )
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KINETOTIE

ave you ever taken a reaily good look
at striped ties? Have you ever noticed
that there is one aspect in which these
ties hardly ever differ? Certainly they
differ in width and the stripes also vary
from the very wide to the very narrow. They may be
in the colours of the regiment, the school, the com-
pany, the sports team, the university or the society and
the stripes may be interspaced with emblems or coats
of arms. So what is this mysterious invariant feature?

Well, if you do take a good look at a number of
ties in the street, I'd be very surprised if many had the
stripes running from top left to bottom right {looking
towards the wearer). Yes, virtually all the stripes run
along the same diagonal.

ETI APRIL 1989

Nobody seems to know why this has come about
but the strange thing is that the converse would be
found if a survey of ties on the streets of Washington
DC (or any other place in the US for that matter) were
to be carried out.

Indeed, two separate standards have emerged
and the well dressed, well informed gentlemen in
either the UK or the USA would not dream of wearing
a tie with the stripes running in the wrong direction,
would you?

At ETI we are frankly appalled at the declining
standards of dress in recent years. Although only in
small numbers, American ties are making their way
to this side of the Atlantic and have even been worn
by otherwise perfectly attired, bowler hatted, pin stripe
besuited English gentlemen!

It is felt that public awareness of this problem
should be highlighted and we have considered lobby-
ing our MP to push for a total embargo on their im-
portation. However, such a solution would be un-
acceptable to the frequent trans-Atlantic traveller who
doesn't wish to stand out like the proverbial sore thumb
in either continent. Electronics has come to the rescue!
We believe that in not too many years time an
announcement like this may be commonplace on
trans-Atlantic flights. “Ladies and Gentlemen. We are
about to start our final approach to John F. Kennedy
Airport. We would advise passengers that the local
time is now 9.32 am. Gentlemen are also advised that
since we are entering a North American tie zone, all
neck ties should be switched accordingly”

Mike Bedford dons
suitable garb for the
foolish season with an
ETI first — the truly
pan-Atlantic tie
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Fig. 1 The sixteen modes of the Kinetotie
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Fig. 2 The circuit diagram of the Kinetotie
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HOW IT WORKS

To keep the cost of the tie to within reasonable limits, the number of
stipes has been limited to six. Each stripe is made up of a cross of
LEDs, each cross being constructed from LEDs in three different
groups. These groups are those exclusively in the UK diagonal, those
exclusively in the US diagonal and the one LED at the intersection
which is common to both. The number of LEDS per group increases
from top to bottom since the tie is tapered and can vary from as few
as one {only for the common LED) to as many as 15.

The LEDs within a group are arranged in a series/parallel
arrangement with groups of three in series paralleled together, Where
the number in a group is not equally divisible by three the femaining
one or two LEDs have a series resistor added to keep the potential
across them to the 2V required.

The supply usedis 7v2 which whenthe 2 x 0.7V drops across
the two drivers (discussed later) is subtracted comes tojust less than
6V — hence the triplets of LEDs.

In passing it is worth noting the resistors in series with the single
common LEDs (220R) are different to that used when a single LED
remains in an exclusively UK or US diagonal group (180R) because
the common LEDs are hard wired to the 7V2 supply rather than
through a driver and the effective supply potential is therefore 9.7V
higher.

Now, for simplification let's consider each series/parallel group
of LEDs as asingle load 50 we have 18 all together arranged as a three
group by six stripe matrix. Since one of the groups is always active
as already mentioned, the number of drivers requiredis 2 + 6 = 8
which just happens to be the width of most common EPROMs —
what a lucky coincidence!

The six stripes are driven from the EPROM via a ULN2003 NPN
darlington driver chip to the LED cathodes whereas the US and UK
groups aredriven viaPNP darlington pairs made from discrete BC327
transistors which switch 7V2 to the anodes. So we now have a
situation whereby either the UK of the US diagonals {or both) of any
combination of the six stripes may be illuminated depending on the
data in the EPROM and the address inputs (Fig. 3). Only eight address
inputs are used so only 256 values need programming. This means
a smaller EPROM could have been used but since 2764s are so cheap
this was used and AB-A12 are permanently grounded (Fig. 4).

Of the eight inputs to the EPROM, the highest order four are
connected to half a 74LS393 4-bit counter which is connected to a
push button on the clock input so that for each depression fassuming
that AQ-A3 are constant) the selected address increments by 16
{modulo 256). This give mode selection with 16 possible modes.

The capacitor C3 was thrown in rather absent mindedly as a
switch de-bounce precaution. To be quite honest it's not the most
reliable debouce circuit imaginable. To do the job properly would
require a Schmitt triggerinput and hence another DIL package. Since
aslight random element to the mode switching is not inappropriate
to a project like this, it hasn't been changed!

To complete the address inputs to the EPROM the least
significant four bits connect to the other half of the 4-bit binary
counter, the clock input of which is fed from a NES55 in its normal
osciliator configuration.

So, for each mode, 16 states are selected in sequence at a
frequency dictated by the period of the NES55 osicillator which in
turn is controlled by RV1,
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Yes, we are entering the era of the electronic multi-
mode tie.

The Kinetotie

Originally conceived as just a dual mode (UK/US)
striped tie for the frequent traveller, it soon became
obvious that this was limiting the potential of the
electronic tie. For the cost of just a handful of extra
components the tie described here boasts 16 modes,
each of which can cycle through 16 different states as
controlled by the programming of an EPROM.

The programming information presented here
includes the original UK and US modes (since all the
16 states for a particular mode can, of course, be the
same) plus 14 kinetic modes. It's questionable just how
many people will have the guts to wear this tie in one
of its kinetic modes on the 7.45am from Surbiton but
it certainly provides a conversation point at parties.
How many other people do you know with an
electronically programmable tie?

Construction

Before building up the main PCB, you'll have to make
a decision. This board has been designed so that it
may either be built up as a single piece (which s easiest
but results in a totally rigid tie) or may be split into up
to six sections (this takes more effort but the end
product is more flexible). If the board is to be split, it
should be sawn along any of the dotted lines shown
on the component overlay (Fig. 2). At each split point
a number of flexible wire links which act as hinges
need wiring to the pads provided. The photographs
of the prototype Kinetotie show that is has been split
at just the centre position.

Apologies for stating the obvious but do make
sure the LEDs are inserted the correct way round. It
is suggested that all LEDs along a single diagonal are
inserted and then the bodies of this row of compo-
nents is firmly clamped in a vice prior to soldering. This
gives the opportunity to ensure that the stripes are
perfectly formed without gaps.

Both the anode and the cathode leads (but
particularly the cathode) have ‘collars’ to provide
stand-off from the PCB. For this project the LEDs are
to be fixed as close to the board surface as possible
to make the tie as thin as possible (it will still be quite
a high profile tie!). If the holes in the board were made
big enough for the collars to pass through there would
have been virtually no pad left. This being the case,
you'll have to use a file on the LED leads before
positioning them on the PCB.

Now to the links. There are a number of ordinary
wire links on the component side of the board and
nothing more need be said about these. Because the
rows of LEDs occupy the full width of the PCB,
however, not all the required links could be accom-
modated in this way. This being so, there are anumber
of links which need wiring to the track side of the
board. These are shown on the component overlay
as letters in circles, matching pairs of which are
interconnected. So, (A) to (A), (B) to (B) through to
(S) to (S) should be joined using insulated wire.

Nothing else concerned with the true electronic
construction need special attention. Now the inserting
of the PCB into the tie. Starting at the fat end, the
stitches on the back of the tie should be unpicked for
the length of the main PCB so that the back may be
opened up. I the tie is like the one I used, you'll find
a piece of white gauze material inside which should
be cut off at the point the tie has been un-stitched to.
Failure to do this will cause the stripes to diffuse on
illumination and hence not be well defined. Matching
lengths of self adhesive Velcro tape should be stuck
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onto the two edges of the material at the back of the
tie so that it may be firmly fastened round the PCB.

A final note on putting the tie on. It will prove
totally impossible to tie the tie in the normal manner
with a PCB stuffed inside it! It is suggested that the tie
is first tied without the PCB and adjusted to the correct
length. Now the tie should be loosened by pulling the
knot so thatit can be removed over the head without
undoing it. Having removed the tie in this way the
PCB should be inserted and the tie ‘Velcroed’ up
before passing it back over the head and re-tightening.

The ribbon cable passes between a couple of shirt
buttons so that the control box may be placed in aside
trouser pocket.

The Future

The whole field of opto-electronic clothing in general
and multi-mode ties in particular is in its infancy and
undoubtedly new developments will follow thick and
fast. So, to whet the appetite we thought wed mention
some of the possible improvements to the Kinetotie
and new related projects under consideration.

The main drawbacks of the current design result

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
Stripe | Stripe | Stripe | Stripe | Stripe | Stripe UK USA

1 2 3 4 5 6 Diag. | Diag.
+—Bottom Top—
Code a 1 bit for stripe on Code a O bit
for diag. on

NB: If 1s are coded into both DO and D1 {ie UK and USA diagonals off}),
will still get a dot for any stripes enabled since the centre LED is always

on.
Fig. 3 The generalised EPROM programming pattern
-
from the use of LEDs which because of their height
make the tie rather thick and because of their being
mounted on a PCB make it somewhat rigid. Both
these limitations could be overcome by incorporating
optical fibres into the actual fabric of the tie. f—
Power consumption also proves a problem if
Address Designation
0000-000F Mode 1
0010-001F Mode 2
0020-002F Mode 3
0030-003F Mode 4
0040-004F Mode 5
0050-005F Mode 6
0060-006F Mode 7
0070-007F Mode 8
0080-008F Mode 9
0090-009F Mode 10
0O0AQ-0O0AF Mode 11
00B0O-00BF Mode 12
00C0-00CF Mode 13
00DO0-00DF Mode 14
OOEO-O0EF Mode 15
OOF 0-00FF Mode 16
0100-1FFF Not used
Fig. 4 Memory map of the
EPROM

37




38

PROJECT

Fig. 5 Component overlay for the Kinetotie tie PCB

prolonged use is required (especially in a non-kinetic
mode). Possible solutions here include high efficiency
solar panels fitted into a bowler hat and a mains

adapter for those instances where limited movement
is acceptable (in the boardrom for instance).
Use of the tie in either the UK or the US is
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0000 FE FE FE FE FE FE FE FE FE FE FE FE FE FE FE FE
0010 FD FD FD FD FD FD FD FD FD FD FD FD FD FO FD FD
0020 S35 A9 55 A9 35 A9 55 A9 35 A9 55 A9 S5 A9 S5 A9
0030, 05 09 11 21 a1 81 81 81 B2 32 22 12 OA 06 06 04
0040 FD FD 00 00 FD FD 00 00 FD FD 00 6C FD FD 00 00
0050 FE FE 00 00 FE FE 00 00 FE FE 00 00 FE FE 00 0O
0040 FD FD FE FE FD FD FE FE FD FD FE FE FD FD FE FE
0070 0% 0% 11 21 4t Bt 00 00 05 09 11 21 41 81 00 00
00B0 06 OA 12 22 42 82 00 00 N& 0A 12 22 42 B2 00 00O
0090 O OA 11 22 41 82 00 00 05 0A {1 22 41 B2 00 00
OORC OS OA 11 22 41 82 00 00 81 42 21 12 09 04 00 00
00BO 0% 05 09 09 11 11 21 21 41 41 81 81 41 21 11 09
00CO B2 82 42 42 22 22 12 1?2 OA OA 06 N& OA 12 22 42
00DO  B6 4A 32 44 B& 4A 32 4A BA A 32 aA AL 4A 32 aA
OOEO FD FD FD FD FD FD FD FD FD FD 0& OA 12 22 42 A2
OOFO FE FE FE FE FE FE FE FE FE FE 0% 0° 1) 2t 4) Al

Listing 1 Hex dump of the used portion of the
EPROM

straightforward but how many people would be able
to say with confidence which mode would be
appropriate in say the Cape Verde Islands? This brings
us to the top of the range executive mode.

Complete with a satellite based navigational
system. the latitude and longitude are passed to the
on-board (on-tie, rather) computer which calculates
the country and from this the required mode. In
countries such as Australia where both tie modes
seem to be commonly used, the mode would be
selected at random.

Enough of ties, the piece de résistance currently
under consideration is the multi-tartan kilt (with
optional sporran and MIDI-pipes to match). Whereas
the electronics is well proven technology we are
having considerable difficulty in finding weavers on
the Isle of Harris with experience of incorporating fibre
optics into the tweed (although one or two crofts in
the Quidnish area look promising). Nevertheless,
obstacles are there to be overcome so keep watching
these pages — perhaps a few years yet but certainly
at this time of year!

PARTS LIST

| RESISTORS(all %W 5%)
R12 82k
R3,20-27 10k
R4,6,8101316  220R
R5,7,911517  100R

R12,)4 180R

R18,19 47

%) 470k Lin

CAPACITORS

(B 140 tantalum

C245 10n ceramic

€3 100n ceramic
SEMICONDUCTORS

IC1 555

IC2 74L5393

IC3 2764

iC4 ULN2003

Q14 BC327

LED1-146 square 5mm red LED
'MISCELLANEOUS -

B1 2V4 battery {2x AA NiCd)
B2 4V8 battery {4 xAA NiCd)
Swi Double pole rocker

SW2 Single pole push button

PCB. Battery holders. 9-way ribbon cable. Case 95x 71x 35mm., Red
or pink tie.

sitotanit
o
< -
alfo
UK
[ us
A | +ave
b s
- d -—Sz
S3
- =
- ) ——
¥ $5
y - S6
ey

AV1
Fig. 6 Component overlay of the control box PCB

RIBBON CABLE TO TIE

BUYLINES

Most parts are readily obtainable from meusud.nouccesms
the PCB which are available from the ETI PCB service. The LEDsused
are rather specific and the only known source is Fameum
Components Ltd (Tel: (0535) 636311) where the: pmnnmg
V530PA. For those without a trade account, Farnell's Wd:
purchased for a small commissian from Trilogic (Tel: {02 115).
The LEDs specified are quite expensive. For those wishing to M
aless expensive Kinetotie, ordinary roundj.EDie.ould WW
stripes will then be made up of dots rather than soid.

For those without EPROM blowing facilities, a piuammm
service is available from PLS {Tel: 01-330 6540),
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Keith Brindley builds a
snappy project for
beginners to turn your
camera into a
sophisticated remote-
triggered device

CAMERA
CONTROLLER

O start we must make it clear that this

project is not in itself a particularly useful

addition to your camera gadget bag. It can

be used to control the camera’s shutter

release but its real advantage will be found
later. You see, the ETI Camera Controller acts as a
multi-function, electronic shutter release interface
which, in the future, can be used with other projects
which allow the camera to be remotely operated in
a wide variety of ways.

[o——

=l
!
BISTABLE | MONOSTABLE POWER
SHOOT O~ 14, _T1VIBRATOR MULTIVIBRATOR ™™  switch [—™| SOLENOID
! (L,
RESET MANUAL

Fig. 1 Block diagram of the camera controller

1StCLASS
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The later projects (all 1st Class) will include:
® a light-beam trigger — when someone or
something interrupts an infra-red beam of
light, the camera will be triggered. Ideal for
candid shots of, say, birds entering or leaving
a bird-house or surprise shots of intruders
breaking into guarded premises
® a sound-operated trigger — to trigger the
camera on the detection of a sound
® a remote trigger — to operate the camera
from a distance for, say, self-portraits
® a fixed-interval timer trigger — allowing
photographs to be taken at a number of fixed
times, to show, say, a flower head opening
up in stages through the day
® avariable-exposure time trigger — allowing
the camera to be triggered for longer periods
than are available on the camera’s built-in
exposure time mechanism
The Camera Controller links to your camera with
a standard cable release, operating the cable release
(with the help of a low-voltage solenoid) to trigger the
camera on reception of an electronic pulse. So, quite
simply, the project interfaces the mechanical shutter

release of the camera to the electronics world. The
camera then, effectively, has an electronically-
operated shutter release. With the addition of one or
more of the later projects listed here it becomes quite
a sophisticated photographic tool.

Thedesign is for battery-powered operation — if
you're going to use such a device to trigger your camera
outsideit'shardly likely you'll have amains power point
atthe camera’s position. So the solenoid usedis of low-
voltage (12V) operation. However, the power required
to operate a cable release and a camera’s shutter is quite
large so the solenoid is a beefy one, which requires a
fair current (about 1A). Your common-or-garden dry
cellisn’tgoingto be able to provide the current needed.
Instead, you should use two, PP3-sized NiCd batteries.
These have two advantages. They are rechargeable
and their operating voltage (8.4V, 16.8V in series) is -
within the maximum 18V limitfor the integrated circuit
used — a CMOS device. Alkaline batteries could
provide a voltage of exactly 18V — too close for
comfort.

Observant readers will note the use of a cheap
Darlington pair transistor to ensure a low source
current requirement from the CMOS chip, while
providing adequate drive current for the solenoid.

Construction

Circuit of the ETI Camera Controller is shown in Fig.
2. As usual in Ist Class projects, a choice of

HOW IT WORKS

Figure 1 shows a block diagram of the ETI Camera Controller, A
bistable multivibrator (that is, a flip-flop) is used as an interface to
incoming electronic shoot pulses. These pulses set {or flip} the
bistabte into the triggered state. Once set, the bistable cannot be re-
triggered until it has been reset {flopped!).

Once set, the bistable output triggers amonostable muttivibrator,
with an on period of about one second. The monostable output
conitrols a power switch which in turn controls a low-voltage solenoid.
In addition to this automatic mode, the power switch can be controlled
manually.

The circuit is shown in Fig. 2. Gates IC1a,b form the bistable
multivibrator which is set by incoming shoot pulses and reset by
incoming reset pulses. A LED is used to show when the bistable i
set and to warn the user it must be reset before it will trigger the
solenoid.

Gates IClcd form the monostable multivibrator which is
triggered by the output of the bistable. Its on state is determined by
the values of capacitor C5 and resistor R8, following the approximate
relationship:

Time=0.8xC5xR8
which, for the given component values, is as near as dammit 0.8
seconds.

Qutput of the monostable drives the power switch, formed by
power Darlington transistor Q1. This directly drives the solenoid.
Diode D3isincorporated in parallel with the solencid, to prevent the
back EMF generated when the solenoid is de-energised from
damaging the transistor. This is effectively shorted to the positive
power supply rail through the diode.

Manusl override of the power switchis provided by resistor R10,
which when connected to the positive supply rail, creates a secondary
base current to transistor Q1 cancelling all effects of the preceding
circuit.

ETI APRIL 1989



+v
L S sou
%10011
R1 R2 R3
100k 100k 100k 1
e (LRS!
L 3 100n
IC1a
- 1
SHOOT 1(():(; D1 5 |
n
O— Gk P 81
6 g
2 PP3-SIZED
NOTE: 100n NiCad
1C1 = 4011 R4 I RS
Q1= TIP121 &7 +V 2m2
D1.2 = 1N4148
COENESEEN RESET LED1
> WHEN LIT
REQUIRES
RESET —v
Fig. 2 Circuit diagram of the camera controller

construction techniques is offered: printed circuit
board or stripboard. Both methods are straightforward
and apart from a few points are more-or-less
self-explanatory.

On PCB, construction doesn't need to follow any
particular order, although it’s probably best to leave
the integrated circuit till last. PCB layout, component
overlay and wiring details are shown in Fig. 3. If you SHOOT
aren’t too sure, insert components following an
imaginarily logical order of complexity. That is, insert
and solder passive components first (resistors then
capacitors), simple semiconductors second (diodes
then the transistor) and the complex semiconductor
(the integrated circuit) last.

Although a socket was used in the prototype to
mount the IC, it's by no means essential, and 4011s
aren't too pricey anyway, so it can be soldered directly
into the PCB without worry. Nevertheless, if you're
not using a socket, go easy on the heat. Solder one
pin then leave the IC to coo! before moving on to ik

solder the next pin. E g RELEASE

MANUAL

RESET _

On stripboard, it's probably best to follow this soL1 == ==,
order of inserting and soldering components pretty A
rigidly. The stripboard layout, component overlay and
wiring details are shown in Fig. 4. Before you start, Fig. 3 The PCB component overlay

however, make all copper track cuts then insert and
solder all wire links. It’s far easier doing all these fiddly

Ii !

|
aa
:

[6 s es s 00050 s sl
PARTS LIST CEEREIGOCIOOCEE] [0 DK
RESISTORS (all 4W 5%) § | 3 SEETT RN EEXEREREEE.  OCEOCEO OO
e ki [e s o0 200 0000 sfllle oo o e o]
:‘1{2'3'5'6'7 [ ligk Ot 2= XEEE] DEEIKER DR
R8 M2 Ll sy
R9,10 10k =as ’-:r,l Ll o MANUAL
CAPACITORS - Cm i e
1,234 100n polyester i T
(€75 470n foil =
SEMICONDUCTORS i ek
IC1 401 : g s A
al 1P I A snoot
LED1 red LED : iy vt (e
D12 IN4148 : Yans)> N1
D3 1N40O01 a3 LT -
- 3. = I -.— I i
MISCELLANEOUS ] e ik
Bl 16.4V battery cax\!m NiCd) b7 0B
soLl 12VDC 10Wsolenod [ i A
PCB or stripboard. Battery clips. Cable:eleueiomw i
socket, Wire. Case. It

Fig. 4 The stripboard track cuts and component overlay
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things before components are mounted.

On either PCB or stripboard, it's a good idea
(though, again, by no means essential) to use circuit
board pins where all off-board wire connections are
to be made. Their use means it is simple to make a
connection, particularly so after the board has been
fastened down.

Whichever construction method you choose,
check that no solder links or bridges are present
between components or IC pins.

Although we've offered no suggestions for
housing your completed project, any suitably-sized
box can be used. It's here, however, that the interface
between the project and the cable release takes place,
using a solenoid. So this is where readers may have
to use a little ingenuity to ensure the solenoid operates
the release satisfactorily.

A possible method of linking the solenoid to the
cable release is shown in Fig. 5. As the solenoid is
energised, its plunger must push in the cable release’s
operating pin. The method shown couples the cavle

release’s operating pin directly to the solenoid’s
plunger giving a pretty ‘solid’ and robust interface.

Setting Up

There’s not a lot to do here. Test the project initially
unconnected to the camera. When power is first
applied, the LED may light. If so, connect between
the two reset terminals (using, say, a screwdriver) and
the LED will go out. Now, connect between the shoot
terminals — the solenoid should energise for a short
while (about one second) then stop. The LED should
now be lit. Further attempts to connect the shoot
terminals should not operate the solenoid. Resetting
the project, however, by connecting the reset
terminals will allow the shoot terminals’ connection
to energise the solenoid again.

Itshouldbe noted, here, that although we've been
talking about connecting between terminals to provide
shoot and reset triggers — by touching the terminals
with a screwdriver — there’s nothing to stop switches

being used. Also, for future use, these triggers will be
generated elecronically by other circuits — negative-

PLUNGER DRILLED TO
ACCEPT OPERATING PIN
OF CABLE RELEASE

g z
[ e
/
__________ — Z

SOLENOID
PLUNGER

CLAMPED TO FACE OF
wbENOID

CABLE
RELEASE

]

OPERATING PIN OF
CABLE RELEASE

M4 BOLTS HOLD
CLAMPING PLATE
SOLENOID TO SOLENOID

Fig. 5 Attaching the solenoid to the cable release

END OF CABLE RELEASE

b-—m camena

going pulses will trigger both shoot and reset.

The shoot-then-reset operation can be effectively
over-ridden by connecting the manual terminals —
the solenoid should energise for as long as the manual

terminals are connected.

BUYLINES

The solenaidis the only difficult bit andit's available from Electromail
aspart 349-709. For a suitable cable release for your camera, callinat
your local camera shop!

PCB DESIGNER

FOR THE 48K ZX SPECTRUM

Now you can produce high quality printed
circuit boards / circuit diagrams / component
layouts on your 48k zx spectrum . If you dont
own one its worth getting one just for this suite
of programs !

comprehensive manual included with getting started tutorial

FULL SUITE FOR ONLY £30 00|Nc
preview; undo; dimensionally accurute prlmer

routine with quick print; 1 or 2:1 |

Custom pad design and library: AVAILABLE SEPARATELY FOR £20 00 INC

COMPONENT LAYOUT :

Draw component layouts directly or from

PCB LAYOUT :

Produce quality printed circuits dwectly

from your EPSON RX/FX or compatible dot
matrix printer using a dense t:1 printout on
positive photoresist coated board. Or super
quality using x2 printout and photoreduction.
many features such as 15 track widths; 15 pad
sizes; 16 transistorsic/corners; 20 connectors:
large multi screen WYSIWYG display gives a
clear uncluttered view of pads tracks and drill
holes; 0.1 grid on/oll; Block move; copy; mirfror;
rotate; erase; area fill (ideal for earth plane);

existing pcb layouts using a unique track.reducing
facility: The following components are provided:
resistors; capacitors; ics; diodes; transistors: Line
drawing; printout and block commands as above:
NOT AVAILABLE SEPARATELY,

CIRCUIT DIAGRAMS :

Features similar to the above programs with a

lubrary ot electronic symbols including resls(ors
s; diodes: tr s; fets; op am|

swnches, inductors: logic gates: NOT AVAILABLE SEPARATELY.

o S

£

State version required from: DISCIPLE/+D: DISCOVERY; +3; MICRODRIVE & TAPE.
IMPORTANT! TAPE AND MICRODRIVE USERS PLEASE STATE CENTRONICS INTERFACE IN USE OR
SEND £1.00 FOR DETAILS.

KEMSOFT tHe woODLANDS. KEMPSEY. WORCESTER. WRS 3NB

tel 0905 821088 after 6pm : or see us on A.l.X. - 386 BULLETIN
BOARD 0905 52536/754127 on any computer with modem

42

NATIONAL COMPONENT CLUB

SPECIAL OFFERS * SPECIAL OFFERS

555 TIMER (IC's) £

&1
£1
£l
&1
£1

741 OP-AMPS

LED's (5mm red or green)

GENERAL PURPOSE
TRANSISTORS (BC 548, BC182 etc)

BATTERY CLIPS (PP3)

ASSORTED POTS & PRESETS

ASSORTED CAPACITORS Qﬂ
(Picofarads-2200uf)

ELECTROLYTIC CAPACITORS ‘(gﬂ
(1uf-2200uf)

6V 1.8VA POWER SUPPLY

MYSTERY PACK

CROCODILE CLIPS
(5 red and 5 black)

£
90db PIEZO SOUNDER £

ANY SIX PACKS FOR A FIVER !
ALL TWELVE FOR A TENNER'!

P.O. or Cheque to: NATIONAL COMPONENT CLUB, DEPT. ETI,
HIGHER ANSFORD, CASTLE CARY, SOMERSETY BA7 7JG.
Please add £1 P &P but do not add VAT.

% FREE CLUB MEMBERSHIP 3?

| & oo | | )| | |5 || | v |
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n this final part of the Intelligent Plotter we look
at the central processing board, keyboard and
interface devices. A single 8-bit microprocessor
is used to control all of the functions and
outputs of the Plotter using three 8K EPROMs
holding the program, the various look-up tables, the
upper case character set and the test routine

co-ordinates.

The PCB was designed to be versatile enough
to be used for other interface projects and accordingly

FFFF

LOOK-UP TABLES & l/

£000 PROGRAM EPROM 3

€000 EXPANSION

A000 VIA IC15

8000 VIA IC16

5000

4000 CHAR. SET EPROM 2

2000 | PROGRAM EPROM 1

USER RAM

NON-VOL RAM

0000

z

- STACK
ERO PAGE

Fig. 1 The Intelligent Plotter’'s memory map

a considerable amount of external interface porting

has been provided (six 8-bit ports + interrupts)
together with 8K RAM and 24K ROM.

Battery-backed RAM can facilitate some further
development if required using any suitable 6502

PAO

KEYBOARD
SOCKETIO ooooooooooooooooool

Fig. 2 Keyboard scanning of the Plotter
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Bob Joyce’s plotting
project reaches the
end of the line with a
look at the CPU board

and software
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w0 OPERATING
INSTRUCTIONS
500,1059 1451,1059 1. Connect the Plotter to a 240V 50Hz mains supply. The start up the increase value. This defaults at 82 and is modified by key | followed
symbols [ }{ |should appear on the X and Y axis displays. by + or -.
If the start up symbols do not appear then press the reset key 5. Todatum the plotter and reset the display simply press the datum’
on the keyboard to initialise the system. If the symbols still donot . key. The X and Y axes will move to the bottom left 0.0000, 0.0000
appear refer to the setting up procedure. and the display will reset.
2. Afterreset, manual operation via the joystick is possible although To optimise the speed parameters from the default values, press
681500 1269 500 the exact position will not be shown on the displayuntil the datum ‘S"and ‘I, reduce the increase value to 1. Press ‘B' and increase the

procedure has been completed.

base speed untilloss of step is reached then bring it back four steps

toensure stability. Then increase the max speed into its slew range,
again back off by 2 when step is lost.
Lastly increase ramp rate until step is lost then reduce by 2.

3. Akeyboard test is available at this stage (before datumming) by
pressing any key. The key value and also the ASCHI value of the key
pressed will be shown on the displays as adecimal value. Some keys
are active at this stage so will not show their value.

4. Pen speed of manual and automatic modes can be changed by

pressing the ‘S’ key. The display subsequent to pressing the 'S’ key Coordinate Prog ramming

will be as follows: A series of coordinates may be programmed into memory to be run
in order on execution. So to draw the star shown on the left the

__2 2 3 1 _8 2 sequence of key entries would be as follows: prog, 1, return, X, 681,

~ BASESPEED RAMP RATE INCREASE VALLE return, pen, Y, 500, return, prog, 2, return, X, 1451, return, Y, 1059

... Y, 500, return, prog, 7, return, X, 0, return, pen, Y, 0.

Toplot from program 1 onwards, press the auto key twice. The
speed may be adjusted by using the S key. The programmed data can
be checked prior to plotting by pressing the program key followed by
the program number to be checked. Pressing the shift key then
displays the contents.

To modify the base speed between its limits of 001 {stow) and
254 {fast), press key B then either + or . The return key loads into
memory,

The ramp speed s varied from 1 {slow ramp) to 8 {fast ramp) by
R followed by + or -.

The maximum speed is determined by the base speed added to

selected by IC6 (see Fig. 1).

The IRQ, NM! and RESET co-ordinate vectors
are of course held in the top of the memory map to
point the program counter in the right direction when
required to do so.

A 6502 8-bit microprocessor controls the

development system (a BBC computer was used to
develop the Plotter software).

Memory Usage
The Plotter's memory is divided into eight 8K sections
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- o 16
[ 1 1c9a 1C9b Ma Ic6 8
2 6 5] 4 3 B 5
l | o) = 3tos ‘i
| ier 1234 7
| & [ XTAL mo' . Ns 56 e
19 SIElt bt i -], LNEER ]
ov 13 12 @2
2 1 i 1
ic8 1C10b
N1 o 1z =
1C9¢ 1C9d ? EL‘W
iRQ
52d
s ADDRESS BUS
3 =i r
+5v
. Ic8c
R32 [Ra 4
3 (:eo
Blo]|8] <[o] @ 22 20 22' 20 Z;l 20
02 s 0 OE OF OE
37/ cLock ] (8] (3| £ 8
Lo INPUT = l— _— = —
3] 12 7 7 7 7
121 3 z e 3 £ iy = Y i Em
I 5 I3 2 2628 3 2628 (@ | 2628 [)
ov Ko ] 2] 14 L=
11 6 3 1ca |3 ice (3 | s @
) 1 | B E | .0
3 (17 ] " 25 ] L4198 25| 1 F3 1, 25
[32] i 2] 2] [z 22 2% ] K X3
En o] 3] (21] &E El KE} 21 13 N
[30] 70 5] (23] e EE] (1] EX] 78] 23
[29] [22] (6] R (18| azlz 76 2 6 2 |
.ﬂ 23 _E .1_7‘ T A2 m A2
[27] 2 e 14 [ie] 1 8] L ] 18
26 25 13 [
p280 E—\C BEIP _10v 95 j—ov 19 o7 1 Y 1 o7 ov
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2
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1 1k5
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J | S —
L DATA BUS

Fig. 3(a) Circuit diagram of the central processor board and power supply
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HOW IT WORKS

The circuit diagram is shown in Fig. 3.

IC1 controls all the functions of the plotter. A clock signal of
4MHz derived from XTAL? and part IC9a,b is divided twice by IC7
to provide a MHz clock input.

IC1 is reset on switch-on or by pressing SW1 manually, A reset
can aiso be made from the keyboard.

IC1 NMI Inon-maskable interrupt} is not used and held hlgh by
R4. IRQ {maskable interrupt} is connected to the VIAs to inform the
central processor (IC1) thatan interrupt has occurred. The software
then interrogates the processor flags to determine the origin of the
interrupt.

IC6is a 3 10 8 decoder and is used to divide up the 64K memory
into eight sections. This provides for 8K of RAM, 24K of ROM and
3 ViAs.

The top part of memory is in ROM so that the microprocessor
is able to obtain the reset (&FFFC, &FFFD) and interrupt vectors (NMI
&FFFA, &FFFB; IRQ &FFFE, &FFFF) during start-up and interrupt
operations.

IC8, IC9 and IC10 are used to enable the RAM and ROM when
appropriate during read and write cycles.

The display segments are driven by IC17 (741s47) which uses

four ports of IC16 (6522 VIA). The displays are selected by the
appropriate binary code to IC11{741s145 decoder) using the remaining
four ports of IC16's port B.

Darlington drivers IC12 and IC13 and transistors Q1 to Q8 are
used to switch on the selected display. Originally dropper resistors
were used to limit the current to the displays, but subsequently
omitted when the software was rewritten making them redundant.

Port A of IC16 VIA controls the plotter's mechanics as follows:

PAD ............ Direction Y axis
PAY ... Step Y axis
PA3 Pen control
PAS ... Direction X axis
RARE iy Step X axis

Initially ports A and B are both configured as outputs {by writing*
‘1" 1 DDRA and DDRB).

Movement of the axes is achieved by sending a ‘1" to the
appropriate step line for each 0.1mm movement and sending a 0 or
1 to the respective axis direction port output. There is not enough
space in this article to cover in depth the programming of the VIAs
but interested readers should obtain a copy of the 6522 data sheet
from their usual electrical supplier.

functions and outputs of the Plotter. Address lines AQ

to A3 are used to provide all the programming
functions of the VIA. Address lines A13,A14 and A15

select the memory in 8K blocks.

The VIA at &8000 (IC16) drives the plotter
mechanics from Port A and also the CPU display from

Port B.

The Keyboard

The keyboard (Fig. 2) is a 64-key QWERTY type,

- STEP X
pm———pp~ DIR X
[m—— PEN'
i STEP ¥
o= DIR Y
[——ge O\

} X DRIVE

}VDRIVE

Ic1s

SKT 3

Fig. 3{b) PCB connections
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“L Fig. 4 The flow diagram for the plotting routine

PARTS LIST

RESISTORS (all %W 5% unless specified)

R1,2 470R

R34 3k9

R5 k5

R6,44,46 %0

R45 10R

R7-14 100R %W

R15-21 7 commoned res. net. 2k2 %W

R22-28 7 commoned res. net. 2k2 %W

R29-36 8 commoned res. net. 10k %W

R37-43 7 commoned res. net. 10k %W

R46-49 4 commoned res. net. 10k %WW

CAPACITORS

€1 100u 16V radiat electrolytic

C2 10000u 47V electrolytic

€345 4,7 35V tantalum

C6-25 100n submin polyester

SEMICONDUCTORS

IC1 R6502

iC2 HM6264 LP-10 or bat/backup 175-395 (Farnel}

IC34,5 see Buylines

IC6 SN74LS138N

Ic7 SN74LS74AN

IC8,9 SN74LS04N

IC10 SN74LS08N

IC11 SN74LS145N

iC1213 ULN2003A

IC14,15,16 R6522

IC17 SN74LS47N

IC18 LM323K-STEEL

Q1-8 BC1078

BR1 6A 200V bridge rect.

MISCELLANEQUS

DISP1-8 Hewlett Packard HDSP3900
0.8in 7-segment c/anode

FS1 250mA antisurge fuse

SK1-4 single row through headers

SW1 miniature PCB n/o momentary

m 50VA primary mains: secondary 0-6V

XTAL1 4MH:z

PCB. IC sockets. Joystick if required. QWERTY keyboard. Fuseholder.
Heatsink {T03 type 14degC/W or alloy)

o
CJ
L]
ooy
O
- -
A,
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which allows the user to type upper case text directly.
The prototype used an old Commodore Vic20
keyboard from a local electronics rally, which had the
bonus of two 6522 VIAs and a 6502 all socketed on
its single PCB. Any 8x8 keyboard could be adapted.

The ‘reset’ key shown could be a spare key on
your keyboard or a separate switch on the plotter itself.
Note also that the manual control switches can be
connected to a 4-switch joystick as shown.

The keyboard scan utilises port A and port B of
the VIA at &8000 in the memory map (IC14). The
8-bit VIA port A is configured as an output and the
8-bit port B as an input. All the bits of port A are set
to ‘0’ so that when no keys are pressed the inputs to
port B will always be held high (&FF).

The software looks for a change in port B then
interrogates each row to find which one has been
switched.

This established port A is then loaded with a
single ‘0" which is ‘walked’ across the port until the
column is found. A small software delay is included
and the key checked once more, if the result is not the

same as previously the routine is not executed.

When the key pressed has been identified an
index is used to locate the ASCII valug in a look-up
table held in ROM.

Plot Routine

The flow diagram for the plotting routine is shown in
Fig. 4. This routine was a major stumbling block —
clearly you cannot simply instruct the X motor to run
from X1 to X2 and the Y motor from Y1 to Y2 and
expect them to run at the appropriate speeds for a
straight plot.

The method finally chosen involves checking
whether moving the X-axis, the Y-axis or both
together will bring the plotter closest to the final
position. Thus there are eight possible segment
directions corresponding to N,S,E;W,NW,NE,SW and
SE. These are followed until the final position is
reached.

Speed Control

To achieve the optimum speed from the stepper
motors some form of speed ramping must be applied.
In the software | have used a look-up table (see
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Fig. 1) which contains the necessary delay changes
to produce a smooth ramp.

The speed can be changed using three para-
meters, namely base speed, top speed and ramp rate.
These three parameters can be changed indepen-
dently from the keyboard to produce the optimum
speed parameters for a given set of mechanics and
stepper motor.

Construction
The component overlay for the processor board is

ETI APRIL 1989

shown in Fig. 5. Construction should be performed
with care but should hold few difficulties. Note that
there a quite a few links to be made, ensure that the
longer ones cannot stray to other links or components.

The displays should be fitted into strip sockets
without reducing their lead length. I recommend that
you socket all ICs.

You will notice that there is provision for
expansion {ten displays for example), so don’t panic
when you realise there are unpopulated holes left at
the end of construction.

Fit the voltage regulator as shown in the February

LJd[0dd

Fig. 6 Wiring of the test socket
for a NOP instruction
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issue (Fig. 3) and do not solder it until all the screws
are fully tightened.

Testing

With all ICs out, check that T1 is producing 6V at
50Hz and that the power supply is giving between
5.0V and 5.2V to the PCB — this can be raised by
increasing R45.

Switch off power and insert IC7 and IC9, then
check that a 1IMHz clean squareware appears at the
clock input of IC1 (pin 37). Ifitisn't there check from
the crystal through IC7 for faults.

Now insert ICs 1,6,7,8,9,10,11 making absolutely
sure their orientation is correct.

To check the microprocessor, wire up a 28-pin
turned pin socket as shown in Fig. 6. Inserting this in
any of the EPROM sockets will give 10101010 in
binary on the data bus — a NOP instruction. Switch
on and check the address bus: AO should have a

ET1

125kHz square wave, Al 62.5kHz, A2 31.25kHz and
so on, halving the frequency each time. If this works
you should have a working unit, if it doesn’t then get
your meter out and check for shorts and breaks.

Power Supplies

Separate power supplies have been specified for the
microprocessor PCB, stepper motor drive boards and
solenoid driver. These individual power supplies
(including fuse holders) are not mounted on the
printed circuit boards but bolted to the chassis then
hard wired according to the respective circuit layout.

Note all OV power supply feed lines should be
connected to the chassis at a single point using an
earth bolt to reduce voltage build up between return
earth paths.

Using separate supplies allows constructors to
build up and use the various parts of the project
independently. Anyone deciding as an alternative to
amalgamate all the power supplies from one trans-
former should take steps to prevent surges {caused
by the inductive loads of the solenoid and stepper
motors for instance} from reaching the 5V
microprocessor board supply.

BUYLINES

IC3,4,5 are available ready programmed from the author for £15 each.

A 40-track disc with soprce code for all three costs £9 from MrR.

Joyce, 104 Craythorne Ave, Handsworth Wood, Birmingham B20 1LN.
All the other components are available from Farnell on {0532

636311. Farnell will deal only with account holders but Trilogic on

(0274) 684289 can obtain Farnell components for individuals.
The following are Famell's ref. nos for components — 3,4,5

(100-804); SKT1-4 (176-371); XTAL1 (103-878); joystick (148-212).
The TO3 heatsink is from Electromail part 401-778.
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Super Service
Competitive Prices
Speedy Delivery

Please phone or write for catalogue. Enclosing 26p SAE.

PO

YoV ¥ MV VNG
FIELD ELECTRONICS Atz NEW FROM SAGE AUDIO | wowgiusos

IDEO - ELECTRONIC SPARES - IMPORT & EXPORT
27 Cuckoo Hitt Roab
PiNNER, MIDDLESEX HAS TAS
Tet: 01-868 5650
Credit Card
Orders Welcome

Quality Components
&

Fast Service

Sue Wilson Sales Dept. SAGE AUDIO. Construction House
Whitiev Street Binalev. Yorks BD16 4JH Enaland
ei. 10274) 568647

100W to 500W

) PERFORMANCE
50V to 275V

 SUPERMOS 2 [

THE MOST ADVANCED Hi-FI AMP IN THE WORLD

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

FEATURES:-

o Highly efficient distortiontess PURE CLASS A
throughout {low heat generation)

¢ Top audiophile components inc. best SMD's.

® Exclusively made matched custom semiconductors.

® Minimal capacitor design (without DC servos).

® PSU sound colouration eliminated.

® Advanced PSU feedforward ripple elimination including
internally separately regulated voltage AND current to
ALL stages using SAGE Super-Supply circuitry.

@ Total reactance (difficult speaker) drive capable.

SIZE 240 x 100 x 100mm

THD 0.0001%, Slewrate 685v/us, f-3dB 0.5Hz-350kHz, O/P Current 80amps,
Damping factor 940, transient power (20hms) up to 1800W max.

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

ELIMINA TED - 1) Emitter resistors 2) Zobel networks 3) HF pole compensation 4} Fixed blas
Vbe multiplier and temp gen distortions 5) Capacitor sound.

AND THERES MORE .
clipping} eliminates PSU ripple from reaching the output even when severely clipped, this together with
individual regulated supplies to all stages (Super-supplies) TOTALLY eliminates PSU component sound
colourations, (A World firstl)

Sage exclusive CLEAN CLIPPING (not to be confused with soft

Supermos £65, Supermosi £78, Supermos2 £140 each
AND THERE'S MORE » « » Wecan't possibly describe this amp fully in this ad. To receive p

an 8 page glossy brochure describing these modules inc description of our class A cperation and all our products
send £1.50 cheque, PO, coins plus a 9" x12* 26p SAE {note we no longer send information without the above
money and SAE or 6IRC’s overseas) to:

Tix 517783 Fax: (0274) 551065
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ELECTRONIC GUARD DOG

One of the best burglar deterrents is a
guard dog and this kit provides the bark-
ing. Can be connected to a doorbell,
pressure mat or any other intruder detec-
for and produces random threatening
barks. All you need is a mains supply,
intruder detector and a little time.

XK125. " £24.00

DISCO LIGHTING KITS

DLBOOOK 8-way sequencer kit with bullt-
in opto-Isolated sound to light input. Only
requires a box and control knob to com-
plete .

DL1000K 4-way chaser features bi-
directional sequence and dimming 1kW
per channel

DLZ1000K Uni-directional version of the
above. Zero switching to reduce in-
terference. . . . L. £10.80
DLA/1 (for OL & DLZ1000K) Optional op-
to Input allowing audio ‘beat'/light
response 17p
DL3000K 3-channe! sound to light kit,
2ero voltage switching, automatic level
control and built-in mic. 1kW per
Channels. L wl A e .. £15.60

POWER STROBE KIT

Produces an intense

light pulse at a \ /

variable frequency of

1 to 15Hz. Includes

high quality PCB, / S
components, connec-

tors, SWs strobe tube and assembly in-

structions. Supply: 240V ac. Size:

80x50x45.

XK124 STROBOSCOPE KIT. ... .£€13.75

SIMPLE KITS FOR
BEGINNERS
Kits include all components {inc. speaker
where used) and full instructions.
SK1 DOOR CHIME play a tune when ac-
tivated by a pushbutton ..£3.90
SK2 WHISTLE SWITCH switches a relay
on and off in response to whistle com-
mand. .£3.90
SK3 SOUND GENERATOR produces
FOUR different sounds, Including
police/ambulance/fire-engine siren and
machine gun. ....£3.90
SPECIAL OFFERS ON KITS FOR
SCHOOLS AND TRAINING CENTRES
~contact Sales Office for discounts
and samples
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VOICE RECORD/PLAYBACK KIT

RECOMD

MICROPHONE
N

HIGH QUALITY

This simple to construct and even simpler to operate kit will record and playback
short messages or tunes. It has many uses— seatbelt or lights reminder in the

SUPER-SENSITIVE
MICROBUG

~~VOICE PROCESSOR VARICAR TUNED nowmen CIRCUIT

TRANSMITTER  (eal con
SENSITIVE
ELECTREY
MIC ROPHC

N28K MEMORY

SPEAKER
G QUAL ITY

FIBRAEGLASS PCB wiTH

SCLUDER RESIST {20 = 40mm)

Only 45x 25x 15mm, including built-in
mic. 88-100MHz (standard FM radio).
Range approx. 300m depending on fer-
rain. Powered by 9V PP3 {7mA). Ideal for
surveillance, baby alarm efc. . . . . £5.50

car, welcome messages 1o visitors at home or at work, warning messages in
factories and public places, in fact anywhere where a spoken message is an-

nounced and which needs to be changed from time to time. Aiso suitable for
toys —why not convert your daughter's £8 doll to an £80 talking doll!!

VERSATILE REMOTE
CONTROL KIT |

TEN EXCITING PROJECTS FOR BEGINNERS

This kit contains a solderless breadboard, components and a booklet with in-

structions 10 enable the absolute novice to build ten fascinating projects in-
cluding a light operated switch, intercom, burglar alarm and electronic lock.
Each project includes a circuit diagram, description of operation and an easy 10
follow fayout diagram. A section on component identification and function is in-
cluded, enabling the beginner to build the circuits with confidence.

XK118 .

SOLID STATE
RELAY
BARGAIN

Zero voltage

switching - no

radio inter-

ference. 2.5KV

input to output

isolation. 4 KV terminals to heatsink
isolation. 3V to 32V input voltage easily
interfaced to TTL or CMOS logic. 24V to
240V rms load voltage.Inductive load
switching. Built-in snubber ‘network.
10A max. 4A with no heatsink at 40°C.
€D240/10. .£2.25

:k % % BARGAIN COMPONENT PACKS % % %

Refill those empty component drawers at a fraction of the normal price and
don’t be caught out. All components.supplied are to full spec, and are not
seconds or surplus stock. Prices exclude VAT (15%).
Pack A: 650x 25 watt resistor 47R-10M. 7 A
Pack B: 60 x Radial electrolytes 1uf— 1000uf co.....£3.25
Pack C: 30 x Polyester capacitors a or 0.01uf-1uf. ... ... .. . £4.50
Pack D: 35 x horlzontal presets 1k - 1M .....83.00
Pack E: 30xIC sockets 8, 14, 16pin.............

Pack F: 25xRed 5mm LEDs
Pack G: 25x Green LEDs

Pack H: 30 5mm LEDs 10 Red., 10 Green, 10 Yellow. ... ... £2.50

Pack J: 50 1N4148 silicon diodes

h—

{ncludes all componemts (+trans-
former) for a sensitive IR receiver with 16
logic outputs (0—15V) which with
suitable interface circuitry (relays,
triacs, etc-details supplied) can switch
up to 16 items of equipment on or off
remotely. Outputs may be latched fo the
last received code or momentary {on dur-
ing transmission) by specitylng the
decoder IC and a 15V stabilised supply is
available 1o power external circuits. Sup-
ply: 240V AC or t5—24V DC at 10mA.
Size (exc. transformer) 9x4x2 cms.
Companion transmitter is the MK18
which operates from a 9V PP3 battery
and gives a range of up to 60ft. Two
Kkeyboards are available—MK9 (4-way)
and MK10 (16-way).

MK12 IR Receiver

(Inc transformer}). ... £16.30
MK18 Transmitter. ..£7.50
MK9 4-way Keyboard. £2.20
MK10 16-way Keyboard. £6.55
601133 Box tor Transmitter. . . . .. £2.60

£15.00

ELECTRONIC WEIGHING
SCALES

vants suctcn

Tasiin
WITAGLOMPUTER
m e
sestuay DUAL PHOTOTRANSISTOR
Kit contalns a single chip ‘micro-
processor, PCB, displays and all elec-
tronics to produce a digital LEDreadout of
weight in Kgs or Sts/ibs. A PCB link
selects the scale —bathroom/ two types
of kitchen scales. A low cost digital ruler
could also be made.
ES1.. o .. £6.50

MICROPROCESSOR TIMER
Kit controls 4
outputs inde-
pendently
% ing on
£4.25 /off at 18
preset times
over a 7-day
cycle. LED display of time/day easily
. £2.00 programmed. {ncludes box.
8175/ CT6000K. s L e 287 20)

--£2.00 XK114 Relay kit for CT6000 Includes
PCB, connectors and one relay. Will ac-
cept up to 4 relays. 3A/240V c/o con-

. £1.00

Pack K: 40x npn/pnp transistors BC/548/558 General Purpose .£2.25 : tacts . . . £4.30

FREE Solderiess Breadboard {verobloc type) when you buy all ten packs.

TK ELECTRONICS
13 Boston Road
London W7 3SJ
Tel: 01-567 8910
Fax: 01-566 1916

ORDERS:

701115 Additional relays .. £1.80

ORDERING INFORMATION Ali prices exclude VAT. Free
p&p on orders over £50 (UK only), otherwise add
£1+VAT. Overseas p&p: Europe £3.50 elsewhere
£10.00. Send cheque/PO/Barclaycard/Access No. with
order. Giro No. 529314002. Local authority and export
orders welcome. Goods by return subject to availability.

01-:5678910 24 Hours
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Rod Cooper beats
time with a reaction
timer project for
quick wits

robably the simplest method of timing
human reaction is by dropping a ruler, the
time being measured indirectly by the
distance needed along the ruler for the
subject to catch it. Most readers will be
familiar with this test from their schooldays.

In practice this method suffers from a number of
disadvantages. For example, it cannot be used for
anything other than a visual stimulus, as it is not really
feasible to incorporate an audible or touch stimulus
into such a simple technique. Also, it is unreliable
because of the likelihood of the operator giving the
subject an inadvertant ‘cue’ just before dropping the
ruler.

The method then becomes more of a test of a
person’s ability to perceive these small cues from the
operator rather than a true test of reaction time.
Because of these snags, most serious operators use
more sophisticated methods.

XTAL
OSCILLATOR
10MHz

!

+10 RESET
FREQUENCY SWITCH
CHANGER ?
START l
SWITCH
@ B GATE COUNTER - DISPLAY
BISTABLE DRIVER
> l é [£ é]
4 x 7 SEGMENT
TRANSISTOR LED DISPLAY
SWITCH
BUZZER
OR LIGHT

Fig. 1 Block diagram of the Reaction Timer

PROJECT
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There are many advantages to using an
electronic meter both to give the stimulus and to
record the time as a direct reading in fractions of a
second. Firstly, the choice of stimulus can be made
very wide. Not only can visual stimuli be given but
these can vary as to colour and intensity, and can be
as simple as one light coming on to a complex stimulus
such as recognising a pattern out of a multitude of
lights.

Similarly, an audible stimulus could be just a
buzzer or could vary as to pitch and amplitude or could
be a pattern-recognition type. Response to touch and
small electric shocks can also easily be made part of
an electronic measuring system. This reaction timer
is a basic meter giving one simple audible or visual cue
in the form of a buzzer or a light but can easily be
expanded to give more difficult stimuli’by adding on
extra circuitry.

A second advantage is freedom from cueing
errors. The distance between the operator and the
subject is only limited by the length of the flex between
the operator’s console and the subject's stop-button.
The two could be in separate rooms to completely
eliminate the error but it is more usual to have a more
reasonable distance, with a screen in between.

A third advantage is that the subject can easily
give the stop signal via a foot-pedal instead of by hand
and this provides an alternative path for nerve

impulses. It can be instructive to compare the two
paths, bearing in mind that the fastest nerve impulse
travels at about 80m/s.

A fourth small advantage is that the electronic
method is more accurate from the timing point of view.
Quartz-crystal control and a digital display gives an
accuracy impossible using a mechanical technique.

Human reaction timing is used in some types of
aptitude testing and also forms part of the new GCSE
course in psychology. Reaction timers are available
commercially but tend to be expensive, so this design
provides an inexpensive alternative as well as being
a good educational project.

The timer is also useful in other fields with a little
adaptation. It could be used for measuring the
transition time of a moving object between two points
by substituting the stop-start push-buttons for either
microswitches or simple opto-electronic switches. It
is also possible to change the timing range, and ways
of doing this are described later.

Circuit Description

The circuit is shown in block form in Fig. 1. Starting
and stopping the timer depends on push-button
switches but these do not operate the circuit directly
because of the errors that would be introduced by the
shortcomings of mechanical switches. These are well-
known defects and includg electrical noise and contact
bounce. Clean start and stop signals can be obtained
without resorting to the complexities of contactless
switches simply by feeding the mechanical signals to
a bistable.

The bistable opens the gate when the start signal
is given and also turns a transistor switch hard on. The
transistor switch gives the subject a signal via a fast-
response buzzer or via an LED for visual signals.
Opening the gate allows a train of pulses from the
crystal oscillator to be fed to the counter, which in turn
operates the display drivers. The bistable closes the
gate when the stop button is pressed, this stops the
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, Fig. 2 The circuit diagram of the Reaction Timer

HOW IT WORKS

Figure 2 shows the circuit. IC1a forms a crystal oscillator with the
crystal being used in aPierce circuit. The crystal specified is intended
for use in this type of oscillator and should not be substituted. Other
crystals may work in this configuration but the accuracy will suffer.
The crystal frequency is 10kHz and this is fed to a CD4017 decade
divider, IC2. The 1kHz output is fed to one input of gate, IC1b. The
other input s controlled by the output from the bistable IC1cd. The
bistable output goes low when the start push-button is pressed, and
‘opens the gate, and goes high when the stop button is pressed,
shutting the gate.

Transistors Q1 and Q2 form a darlington switch, the output of
which is connected to the buzzer or via alimiting resistor R16 to LED1.

The counter and display-driver uses the MM74C925 which has
alt the necessary functions on one chip, giving a compact PCB. The
MM74C925 is a CMOS 4-decade counter-driver consisting of a
4-igit counter, NPN output sourcing drivers for the standard
7-segment common cathode LED display and an internal multiplexing

circuit with four outputs (A, B, C and D). These outputs switch
external transistors Q3-6 at a frequency of 1kHz. The multiplexing
circuit has its own on-chip oscilator which determines this frequency.
The MM74C925 also features an internal output latch, which
although not used in this circuit, could be used for other applications.
To operate the latch, a high or low transition on pin 5 is required to
latch the number in the counter into the internal output latches.
Segment resistors R1-7 are needed to limit power dissipation in
this hard-working chip. Nevertheless, good brightness is obtained
using standard LED displays and this can be increased a little by
reducing the value of segment resistors given Fig. 3). itisa good idea,
asthe MM74C925is not cheap by any means, to fit an IC heat sink
if you do this.
Note that the decimal point is placed between the first two digits.
Power is supplied by three 1.5V dry cells. The circuit will work
happily from anominal 4.5V provided adequate decoupling capacitors
are included.

buzzer or the LED and halts the counter at whatever

number is reached. This number is continuousl
displayed until the reset button is pushed.

Yy

By choosing a simple decade of one second for

the pulse frequency, in this case 1kHz, the display ca

n

read directly as fractions of a second in the narrow
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band into which human reaction times are likely to fall.
In this design, the display can register from 0.001
seconds to 9.999 seconds which covers all the
eventualities of reaction timing with generous
margins. The longer times are useful for pattern-

recognition timing.

LJd[0dd
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Fig. 3 Choosing an LED segment resistor for higher brightness or
for different displays

PROJECT

Construction

A plastic box with a metal front 150 x 200mm was
used to house the display and main components. The
depth of the box depends on whether C or D size cells
are chosen to power the circuit. The sounder, LED

PARTS LIST

RESISTORS (all %W 5%}

R1-7 68R

R8,10,11.15 10k

R9 100R

R12 22M {or combined equivalent)
R13 680k

R14 47k

R16 330R

CAPACITORS

€1 22p polystyrene

C2 33p polystyrene

3 15p polystyrene

C4 220p polystyrene

C56 10004 10V axial electrolytic
SEMICONDUCTORS

ICt 4001

IC2 4017

IC3 MM74C925

Q136 BC108

Q2 BFY52
LED1 Red LED
LED2-5 7-segment common cathode display

MISCELLANEQUS

B1 3x1.5V batteries

BUZ1 3V DC buzzer

SWi1t-3 Push to make switch

Swé ' SPDT switch

XTAL1 10kHz Statek CX-IV crystal
PCB. Case. Battery holder. Optional on/off switch. Wire. Nuts and
bolts.

3

-

L

N D1
sw4

B8UZ1

Fig. 4 The component overlay for the Reaction Timer
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and stop button are housed in a smaller, all-plastic box
and are joined to the main circuit by flexible multicore
cable. The length of cable is of course a matter of
choice.

The PCB (Fig. 4) is held onto the metal front panel
by two screws, one each side of the display. The
display is mounted in a holder on the PCB, not
soldered direct. This is to give headroom for the other
components on the board. The display is thus pressed
against the rim of a rectangular hole cut in the front
panel (Fig. 5). For a 4-digit display, this hole should

be 49 x 16mm, which gives a small overlap on the
display all round the edge.

To steady the PCB a further holding screw is
necessary, or alternatively if you do not want a third

BUYLINES

A complete kit for this project is available from £36.43including VAT
from Magenta Electronics, 135 Hunter Street, Burton-on-Trent DE14
25T. Tel: {0283} 65435. The PCB alone costs £5.75 from Magenta.
Postage is £1 on either item.

=
DISPLAY
FRONT PANEL
S g 4 .
Y I Y
PC’: Ic :}cxev ;}m e

SCREWS

Fig. 5 Mounting the PCB and display

=2

screw head on the front panel, one of the self-adhesive
PCB clips now on the market would be better.

The battery of three cells is accommodated in cell
holders screwed to the base of the main case
underneath the PCB. To renew them it will then be
necessary to remove the front plate. Alternatively, the
cells can be held in a tubular holder which exits at the
side avoiding the need for front panel removal.

The start and reset buttons can be mounted
anywhere on the front panel, their position is not
critical at all.

LJd[Udd

Developments

The MM74C925 has a frequency limit of around
4MHz which makes this circuit easily adapted to
shorter timing periods. The frequency divider is
needed because 10kHz is the lowest quartz crystal
frequency easily available and this requires division
to get a convenient scale. If you bypass the CD4017
then you shorten the scale to read from 0.001 to 0.999
seconds. lt is possible to shorten the scale further by
changing the quartz crystal to a higher frequency and
this makes the circuit useful for the timing of the fast-
moving objects mentioned earlier.

E]

19” RACK CASES

HENRY'S

ELECTRONICS FOR TRADE, INDUSTRY,
EXPORT, EDUCATION AND RETAIL

"SECURITY

% | mPaneLs mepis msirens
| WDOORPHONES mSTROBES

# Sultable for instruments. high quality amplifiers and many other applications that demand strength and
professional finish # New improved construction and finish # Black anodised aluminium front panels + Separate
front mounting plate, nofixing screws visible on the front andthe side of the enclosure Heavygauge front panel
isofbrushed ium finish ced with two pi ional handles + With ventitation slits and plastic teet
% Rear box manufactured from 1.1mm steetfinishedin black. Rack mounting or tree standing. Comes in quick
assembly flat package spare front panels available.

Panel Size Rear Box Price

Order Code WH(nch) W H D Weight o

1U-10 19x1.75 17x1.5x10 2.4kg 23.50
2U-10 19x35 17x3.0x10 2.9kg 24.50
3U-10 19x6525 17x5.0x10 3.5kg 28.50

W-12 19x1.75
2U12 19x35

17x15x12 2.8kg £24.50

17%30x12 33kg £25.50
3u-12 19x5.25 17x50x12 4.0kg £27.50
4U-12 19x70 17x65x12 4#6kg £20.95

Please add £3.00 P&P for the first item and £1.50 for each additional item.

No VAT to be added to the price.

Arange of low cost, highquality test s.a.0. for details. To order send cheque/postal order.

Quantity discount available. Customers who require further information please send S.A E. Trade and overseas

orders welcome. Mail order onty.

T.J.A. DEVELOPMENTS
Dept. ETI, 19 Wetbeck Road,
Harrow, Middlesex HA2 ORN.

g Retail/mail order Send 123" x 9"
1 (A4) SAE £1.50 each or £3.00 for both §

BINDERS

FOR YOUR VALUABLE COLLECTION
OF ELECTRONICS TODAY C b/
INTERNATIONAL MAGAZINES ? ®
* SMART ¢ EASY TO USE ® TOP QUALITY . inc. 1
To ASP Readers Services, PO Box 35, 'y [ ]
Wolsey House, Wolsey Road, Hemel (N &

Hempstead, Herts HP2 4SS (0442-41221)

ETI APRIL 1989

1 piease supply .. Electronics Today International §

1 Binders £5.95 inc. P&P I

: Total £ ....... (Please make cheques payable to ASP Ltd.) |

]

] Years Required — 198 198........ 198 198 i

' Name ]

F‘iﬁ]l Address . i

L0 é" Please allow 21 days for delivery 1
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| KinetoTie

Combo-Lock (April 1988)

Transistors Q1,3,5,7,.8 are incoryectly given as
ZTX400. The correct part number is ZTX300.

The Kinetotie control board

Bicycle Battery Dynamo Backup

(June 1988)

C1,2 are incorrectly given as 22u in the Parts List.
The value of 220u given on the circuit diagram
(Fig. 1) is correct.

FM Stereo Decoder Update (July 1988)
R8is given as 10R in the clrcuit diagram whereas
the correct value is 10k as in the Parts List. R27 is
missing from the circuit diagram. This connects R25
to the 12V supply.

QWL Loudspeakers (August 1988}

Some dimensions were missing from Fig. 7. The
bass driver port centre should be 3%in above the
base of the baffle panel. The notches in the side of
the tweeter cut-out are !/2in wide, The top plate is
missing from the cutout diagram (Fig. 6). This is
7 x45/8in.

EEG Monitor (September 1987)

The wiring for the switch SW1 in Fig. 5 shows all
the wires for selecting Alpha and Beta waves
swapped. A, should read B,. A, should read B,
and so on. The easiest remedy is to swap the front
panel-labelling shown in Fig. 6 so that the switch
labelling reads Theta, Beta, Alpha.

Chronoscope (November 1988)

In the overlay diagram for the counter PCB (Fig.
3) the polarity of C12 is shown the wrong way
around. SW1a-d is shown as SW1-4. In Fig. 4 the
cathodes of LED 8 and 9 are the righthand and
lefthand pads respectively. The cathodes for LED
6,7 are marked as the wrong pin. In the text section
on Battery Operation, Q1 should read T1. In Fig.
5 SW2 is incorrectly labelled SW5.

Doppler Speed Gun {December 1988}

In Fig. 2 the labelling of pins 7 and 4 of IC2 are
transposed. IC10a Pin 1 and IC9¢ Pin 10 should
connect together and not to the 5V rail. The positive
terminal of C3 should connect to the junction of
R2/R3. Pin 7 of IC2 should connect to the 12V rail
and notto Pin 6/R1. So the pin labelling of CONN1
runs left-right on the overlay diagram, the
corresponding labelling in Fig. 2 should be 3-1-2,
reading downwards. Fig. 4 is correctin all respects
except for the orientation of Q2 for which the c and
e labels should be transposed. In addition the extra
switch to be seen in the photograph of the prototype
is a hangover from a previous incarnation. Just
ignore it!

Burglar Buster (December 1988)

The foil part of the component overlay for the basic
alarm (Fig. 1) was printed the wrong way around.
It should be rotated through 180° as in Fig. 5.

\

4_ I Rev-Rider (January 1989)
Board 2 In the parts list RV2 is incorrectly given at 33k. It
MDB should be 22k as in the circuit diagram. A ‘blob’
1988 went missing from the circuit diagram. RV2, R7,
The Kinetotie tie board (in pieces!) R4, C1 and D3 should all be connected.
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ELECTRONICS

TODAY INTERNATIONAL

Heather Wust
01-437 0699 Ext 292

Send your requirements to:
Heather Wust, ETI Classified Department, ASP Ltd.,
1 Golden Square, London W1.

Lineage: 54p per word VAT inclusive (minimum 15 words)
Semi Display: (minimum 2 cms)
£12.80 per single column centimetre + VAT

Ring for information on series bookings/discounts

All advertisements in this section must be prepaid.

Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on request)

COURSES

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on_
0626 779398

NAME

===
O Telecomms
Tech C&G 271
O Radio Amateur
Licence C&G
O Micro-
processor
O Introductionto
Television

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TQ14 9UN.

EQUIPMENT

WOULD YOU BUY A CAR
WITHOUT A TEST DRIVE?
THEN WHY BUY A MIXER
WITHOUT A TEST DRIVE?

Thinking about a new project — from a small
Mixer 1o a large studio complex — come and talk
over ideas with the people who offer manufac-
turing and user experience at our New premises:

Unit D, 318-High Road, %?

Bentleet, Essex SS7 SHB
TO TAKE THAT TEST DRIVE —
PHONE 0268-793381
(Weekend Committee visits
welcqme by prior arrangemem)

Head Offica. 56 Fieet Road. Bentlest, Essax SS7 5JN

ARTRIDGE
ELECTRONICS

Telephone 0268-793256

@ Series X Mixer Kits
@ up lo 1,000 inputs

® on-board mic nput m"“ <

@ 6 auxiliaries

@ versions for recording
PA, radio. disco

o From £9.92
Send 19p for catalogue to:

K. Tek, P.O. Box 172A, Surbiton,
Surrey KT6 6HN. Tel: 01-399 3990

PCB’S

PRINTED CIRCUIT BOARDS. Low
cost production service: 5p per
square centimetre (less for orders
of 10 plus) one offs, 100 offs.
Enquiries: Watling Wires, 52
Watling Street, Nuneaton, War-
wickshire CV11 6JL. Telephone
(0203) 382296.
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FORSALE

NEWARK TECHNICAL COLLEGE

offers a wide range of full-time Music Industry and Technology Courses including
B/TEC National Diploma in MUSICAL INSTRUMENT ELECTRONICS — 2 years
(with recordingg studio option)
CERTIFICATE In MUSIC INDUSTRY MANAGEMENT — 1 year
DIPLOMA in MUSIC INDUSTRY STUDIES — 2 years

Details from the Principat,
Newark Technical College, Chauntry Park, Newark, Notts, Tet: (0636) 705921

OPEN DAY 9th JUNE 1989

Nottinghamshire County Council

Education

SPECIAL

OFFERS

SURVEILLANCE

I Resistors Yw §% carbon {E12) .. 1p; 1% metal him (E24) . 3p

JPG Electronics

Resistor Pack BS cifterent E12 values » zero ohm hnk. total
content 1.000 resstor £895
LED’s red or green Imm or 5mm . 6p each: Yellow .. 11p each
Cable ues 75mm 1p each £595 per 1.000. £4950 per 10000
Slepping motor 4 phase 12v 7§ siep S0onms. €895
SAA 1027 stepping molar drives chip €395
Muniature FM iransistor kits 100-108MH2 nigh quairty sound deal
for cordiess microphones of guitars elc . £748
Compuler grade capaciiors with screw lerminals 58000uf 60v £4;
4700ut 63v £150. 38000ul 20v £195: B7000ut 10v £150
7 segment C anode LED display 12mm €045
LM2931ATS0 low drop out 5v reguiator TD220 package - mss
85250 P channel MOSFET

BCS559 transistor TO92 PNP £395 per 100
74LS05 hex inverter £1000 per 100
AM27S02/0C memoary £150
Si9re0 LIWAMVWIFM tuner, pre-amg assembly complete with voluma/ione

£586. Fauy £196
Circun diagram, description and setiing up procedure for funar
assemble described above 50p
Motor star capacriors 15ut 440vac £150
40u! JT0vac £59%: 4ut 250vac 195
LNE mains suppressor 2x5ni+100nt £055
5 aigit Gv eleciromagnetic counter £195
Oval Bohm speakers 136x70mm £0.60
Hour counter (used) 7 digt 240vac 50nz £095

LCD display 16 digit x5 dots dol maltia £250
Qwerty keyboard 58 k#y uncased good quality switches £500
CMOS TTL 74 HC 74F linear trans(stor kils, Capactiors. resislors,
100ls eic., always in stock.
Ploase acd 75p pdp per order VAT inciuded
JPG Electronics,
276 Chatsworth Road, Chesterfield S40 2BH

Access orders (0246) 211202 — Callers welcome

* & RESISTOR PACKS % %

Y4 W 5% Carbon Film, 10 of each,
E12 value, 10R to 10M, total 730
resistors

£8.00 UK only.

RMOS, P.O. Box 3
Usk, Gwent NP5 2YF

COPY DEADLINE
FOR THE
JUNE ISSUE
IS 23rd MARCH

COMPUTER
REPAIRS

ESKAN
ELECTRONICS

LEADING MANUFACTURERS
AND SUPPLIERS OF
SURVEILLANCE AND

SECURITY EQUIPMENT.

MINIATURE TRANSMITTERS,
TELEPHONE MONITORING
EQUIPMENT, AND MANY
OTHERS.

Send stamped addressed
envelope for your free
catalogue to:

172 Caledonian Road,
London N1 0SG.

Telephone s
01-278-1768 gy

Trade Enquiries Welcome

HINDLEY ELECTRONICS
FAST % FAST « FAST » FAST
COMPUTER REPAIRS — STANDARD CHARGES

(‘ 64 . £25 G 64C ... £29

+4. €25 Ci Ct6.... £2
Commodove 128....... £32  Commodore Vic 20 .... €18
1541 Disc Drives . . £32.50 {exciuding riw head)

Large SAE for ComputerICs and General Computer Lists.
SinclairiAmstrad/Electron — Please fing for repairs.
Allprices include VAT and postage includinlg insurance.
HINDLEY ELECTRONICS
97 Market St, Hindley, Wigan WN2 3A A
Tel: 0942 522743

Stanaard charge may not appiy 1o machines with mulipie taults

3 manths warranty on repais with average 24 hours furnaround.

OMICRON 2 — THE PRACTICAL
surveillance solution. Less than V2
matchbox sized, shockproof unit
with whisper sensitive microphone,
quarter mile range on domestic FM
radio, 72hr battery life and full 12
months warranty. Easy to use, many
applications. Only £1795 each.
14-day money-back guarantee —
Millea Electronics, 470-472
Leymoor Road, Huddersfield, HD7
4QF. Special offer! Free COD on
phoned orders (0484) 460103 24hr.
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Blueprint is a service to readers to help overcome problems in projects being
designed whether from scratch or by ‘'mix and match’ of other circuits. The
solutions provided here have usually not been tested although they are believed
to work. Some minor modifications may be required. Blueprintis intended to provide
interesting material for publication and preference is given to subjects covering
several inquiries. Personal replies cannot usually be given. Send your requirements
with as much detail as possible to ET1 Blueprint, 1 Golden Square, W1R 3AB.

he request for a Blueprint circuit  input (positive feedback) could be
this month has come our way  provided from the collector of the

from Mr. J. L. Edwards of Moffat in  output transistor. O
Dumfrieshire. The relay itself must be capable of 4

I need a circuit to limit the revs on switching the maximum current which -—“}'—'*
a motorcycle engine. The circuitmust  flowsin the primary of the ignition coil. fozu
have an adjustable maximum RPM  If the relay were simply connected in
and I must be able to switch it on or  series with the ignition system its 20 N >
off. It must work with normal points  contacts would burn. The ignition coil 2007
or with an electronic ignition. is highly inductive and the ‘condenser’

A good place to start on a project  in the ignition circuit is there purely to
like this is with an IC widely used in  protect the points. A greater degree of
ETI projects, the LM2917. This IC  protection is required for the relay Fig. 2
contains a charge pump controlled by ~ because any normal relay contacts are
an input comparator. The output of ~ much smaller than the points. The
the charge pump isfed to an op-amp  large capacitor used conveys another
which drives an output transistor with  advantage. The opening of the relay
enough current capacity to switchany ~ contacts could induce a spark, at a
reasonable size of relay. time not related to the normal opera-

In the circuit shown in Fig. 1the tion of the ignition system. The large
signal from the points is fed into the  capacitor prevents this from happen-
comparator via suitable filtering and  ing and avoids the small risk of
protection components. Though the  damage it would entail.
input signal may have interference Of course, the circuit has no
and ringing on it, the output of the  means of detecting the speed of the
comparator will (hopefully) be a motor when the ignition power is
rectangular wave at the frequency of  switched off. It might be worth
opening of the points. experimenting with a large value

Charge is transferred from C4 and resistor in position R7 to energise the
C5 at this frequency and leaked away  points just enough to generate a small
from C5 via R4. Thus the average  signal (of perhaps a volt) to operate SRR el A
voltage on C5 depends on the speed  the charge pump, while not providing David Essex demonstrates the aiternative foot-down-

of the engine. a spark. A good starting point might and-don’t-start-the-engine method of limiting revs.
The relationship of the voltageon  be 2.5W.
C5 to the speed is not linear but this measured using a high impedance increased. A 10u electrolytic will give
does not matter. The circuit can be voltmeter (such asa DVM) and ifitis  a useful fraction of a second.
adjusted to switch at a suitable point.  The circuit as shown is suitable foruse  under 2V at the maximum speed, the The required decrease in speed to
regardless of linearity. on a 12V electrical system with con-  value of C4 should be increased. If.  switch the ignition back on is set by
The non-inverting Input of the  ventional ignition or with electronic however, the voltageis over 5V then  R4. The value shown should work
output op-amp is internally connected  ignition which uses the polnts. It is  the value should be decreased. acceptably but a higher or lower value
to the charge pump, leaving no  possible to adapt the circuit of other The time constant of C5 and RS may be shown to be more appropriate

obvious means of providing positive  situations but first allthere are aspects  sets the hold off time — the time as aresult of experiment. This will also
feedback to make the output switch  of the basic circuit to experiment with.  during which the ignition will not  affect the time constant set by R5 and
cleanly. Once the first draft of the The voltage on C5 at any parti- switch on again. The value shownis  C5. with higher hysteresis {(lower R4)
circuit had been produced, it wasclear  cular engine speed depends on the very short, but if a longer time is  giving a longer time delay.
that inverted feedback to the inverting ~ value of C4. The voltage should be needed then the value of C5 may be To make the circuit work on a 6V
electrical system, it is necessary to omit
R6 and use the LM2907, which does
= X p—p not have an internal zener diode. It is
é 1 also necessary to zener regulate the

T AL R7* voltage on RV1 as shown in Fig. 2. A
SPEED 03 U SEE TEXT small local decoupling capacitor is also
l TN ON a good idea and this too is shown.

c1.1* rRva AAAA ! RLAY If the unit is to be used with an

R3 R4 electronic ignition which does not use

! o the points, the same input configura-

. 3 = 5 §mo tion should be used and should be
2W5

WIREWOUND connected to the terminal of the coil

?77 1c1 where the points would have been

::gg%xcr ; connected had there been any. The

J

10u 10k

BREAKER = CHARGE

value of R1 may need to be increased
X PUMP - ) +| co if a capacitor discharge ignition is
iy 4 o ~ 100u used, as should its voltage rating. A

o suitable value to try would be 47k 1W.
C2 2| 3 [ ‘fsm

10u NOTE: Most 1W resistors have an adequate

1
ca ) ON JoFF |'3(:11-;=L:4$10478 voltage rating.
Rz a ¥ CoR=— -_cs gzsm ‘ A certain amount of experimen-
T -[470,, tation is required to complete this
”E - o} project, but the end result should be
quite reliable.

Fig. 1
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Audio enthusiasts have been
experimenting with mains filters
of one kind or another for many years,
the general idea being to remove as
much ultrasonic garbage as is
realistically possible.

Central heating systems, nearby
railway lines, domestic appliances,
fluorescent tubes and dimmer swit-
ches are all prime sources of RF noise
— a noise that may influence the
performance of a hi-fi system either
via its various power supplies or via
poorly screened interconnects.

Nevertheless, an elementary low-
pass inductive mains filter may simply
trade one set of problems for another,
particularly as a large-ish coil will
increase the source impedance of the
mains supply. This in turn may pos-
sibly heighten any signal-dependent
supply modulation that already exists
between two audio components on
the same ring main.

Such inter-component supply modu-
lation does occur in the domestic
environment though | have measured
signal breakthrough some 20-30dB
higher via the P/S of two independent
amplifiers at one venue for recent hi-
fi exhibitions.

Here the hotel mains supply is so
grossly overloaded that its source
impedance simply rockets.

Back to RF noise. Now, while the
benefits of a ‘clean’ power supply have
long been appreciated it is only
recently that the subjective effects of
broad-band RF noise have been
treated with any concern. One very
new source of non-correlated RF
noise is our friend the CD player,
many machines producing a signifi-
cant output between 1-10MHz quite
possibly as a result of leaky’ clocks.

Interestingly all machines based
on the Philips chipset are relatively
clean for it is the Sony and Bur-
Brown chipsets that suffer most
notably from a spurious RF output.

By contrast, the Philips’
SAAT7220/TDA1541 chipset is re-
sponsible for a substantial output of
sampling IMD products in the stop-
band from 24.1kHz — 200kHz.
Typically —40dB down (relative to
0db = 2V @ 1kHz) these manifest
mainly as second-order products;
yFstF where y = 1.4, Fg is the
44 1kHz sampling frequency and F,
the audio frequency 20-20kHz.

Broadly speaking these are also
representative of the better sounding
players available, while alternative
machines sound inferior despite their
offering a stop-band rejection of
>70dB.
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Indeed, itis quite common to find
a CD player with a very clean output
spectrum up to 500kHz or so while its
performance between 1-10MHz is
comparably weak. Furthermore, it
does seem that the players exhibiting
an above-average RF output are also
the ones that react unpredictably with
different partnering amplifiers. Why
should this be?

So far there is some evidence to sug-
gest that RF intermodulation distor-
tion could be precipitated at the input
of certain amplifiers, the products of
which manifest in the audio band.
However, because the RF noise is
itself uncorrelated with frequency (it
is random) any products of IMD will
also transpire as a random noise
rather than as a discrete set of signals.

Consequently the dynamic effect
of RF IMD is very difficult to measure.
Listening tests have indicated that a
randomly fluctuating noise floor —
even 90-100dB down — is subjec-
tively undesirable if only because your
brain is trying to assess the myriad
S/ N ratios of a dynamic music signal
against some arbitrary reference
(noise) that keeps shifting in level!

It has been suggested that higher-
order RF IMD products are respon-
sible for the harsh, unforgiving or
superficial treble quality associated
with some CD players.

Naturally, the extent to which this
occurs will depend on the specific
combination of amplifer and CD
player (standard RC RF decoupling at
the input to an amp is largely
ineffectual, a small attenuation is all
that can be hoped for).

This does go some way in
explaining why there is a consensus
concerning the sound of some CD
players but not others. Another
variable in this messy equation is the
type of interconnect used between the
CD player and amplifier.

Now | am not even going to attempt
to pursuade the more cynical ETI
readers that bits of wire have a ‘sound’
all of their own. However in respect of
our RF theory it is interesting to note
the series resonant frequency of most
cables falls around the 6MHz mark —
smack in the middle of a CD player's
RF band!

One way or another things will
undoubtedly hot up once we enter the
RF-conscious European Market.
Tighter controls on RF noise are
bound to follow but I for one will be
more interested in the subjective
repercussions of such a trend.

his chunky book is an excellent

chronicle of the emergence of
modern robotics and tybernetics.
Simons fills it with facts and figures
from the ancient roots of mechanics
and logic to-the latest in neural net
computers, taking in much territory
that most programmers or engineers
could regard as alien and (wrongly)
irrelevant.

Simons given a wizz through the
ancient world (mentioning contribu-
tions from India and China, which
most writers leave out), tells us where
Avristotle went wrong and then leaps
on to Charles Babbage and the
beginnings of modern computing.
Chapters 5 to 7 then take us through
the years when robots were big boxes
full of relays and the invention of the
transistor by, among others, the
egrarious William Shockley.

In line with his general policy,
Simons fills us in on the why, where
and by whom as well as the how of all
stages. A rather lengthy detour
through the basics of Al then brings us
back to methods of control and so to
the sensor systems and robotics of
today, with a roundup of currently
emerging techniques and future direc-
tions. Throughout, the book is packed
with detail including brief descriptions
of the ‘key’ programs which most
other books mention but do not
explain. Allin all, a great introduction
to Weiner's ‘cybernetics’ — the study
of the control of animal and mecha-
nical devices.

Which leaves us with only two
problems. The first is the title.
Whatever its merits, the book is only
peripherally about Al. The historical
background is, until the mid 19th
century, the history of mechanics, not
of Al Until the Victorians, who
thought that everything could be
mechanised (even space was meant
to be filled with tiny wheels in
Maxwells Victorian electrical theories)
no-one conceived that mind could be
separate from matter.

Now, of course, it is a commonplace
(viz those TV adverts that invite you
to improve or pander ‘your body/, as
if it were a separate object like your
car).

The originators of this concept
were not Frege and Russel but Berk-
eley and Locke who started talking
about ‘ideas’ as if they were things.

We still do it. You have ideas like
babies, rather than being an idea as
you might have in the 17th century.
This is the crucial change that makes
Al possible but Simons only mentions
it in passing on page 103 in the con-
text of Shannon's work in information
theory. The automata of previous
centuries and indeed many of today
are meant to be mechanisms that
mimic humanity, as an actor mimics
a king. They were not thought of as
being intelligent, only looking it, to the
amusement, amazement or fear of all
around.

The comments on the impact of Al in
wider society, essential for a real
history, are also almost absent, and
those that are there are cliches,
outdated before they were printed.

The theme of this book is to
chronicle the rise of the ‘intelligent’
robot and for that purpose it is a mine
of information. It is not a history, and
it is only peripherally about Al. (And
who goes down a mine for fun?)

There are a couple of other faults.
No index, which in a book filled with
facts is a disaster. The editor should
have insisted on one. What use is it to
be reminded of Margaret Boden's ‘tin
can’ approach to Al on pages 243 and
269 when you cannot remember
where you saw it explained?

I wondered how reliable some of the
information was — some seemed to
have been taken almost verbatim from
company handouts, like the 22
pages on Logica’s LOGOS system.
This is not the most impartial source
of material.

There are occasional lapses into
jargon. Fascinating although ‘use was
made of a network of net convexivity
detectors " may be, a little
explanation would be nice (but such
an easy trap to fallinto! 99/100 for not
doing it more often).

Also needed is some assurance
that ‘net’ was not meant to be ‘nett’ as
misprints abound, sometimes to very
funny effect — Chapter 16 mutates
halfway through to ‘Signposts to a
failure’ (from ‘future’) which is perhaps
a bit more honest than even Simons
wants to be. Again, a good editorial
presence is called for, which is
unfortunate for Simons as he seems
to have been the editor too.

A slightly flawed reference book,
then. Fascinating to dip into but not a
history, and mostly not about Al.
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