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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-19INCH STEREDO RACK AMPLIFIERS

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

HIGH POWER TWO CHANNEL §9 INCH RACK

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 {100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXFS00 (450W + 450W)

ALL POWER RATINGS R.M.S. INTD 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: #independent power supplies wilh two taroidal iranstormers & Twin LEO. Vu meters &
Level contrals # lluminated an/oll switch % XLR conneclors # Standard 775mV inpuls % Open and shor clreuit
prool # Latesl Mos-Fels lor siress free power delivery into virtually any load # High siew rate Very fow
diglortion # Aluminium cases #r MXFB00 & MXFS00 lan cooled with D.C. loud: and thermal pr
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3 %" (2U)xD1 1
MXF400 W10 " xHEY" (3UxD1 2"
MXFB00 W10 xHB8% " (3UND13"
MXF300 W10 xHEY" (3UIND1 44"
PRICES:-MXF200 €175.00 MXF400 £233.85
MXFE00 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

e ——————
-WAY ACTIVE CROSS-OVER

IOMP XO

EREC

Advanced 3-Way Stereo Active Cross-Over, housed in & 197 X 1U case. Each channet has three level controis
bass, mid & lop. The removable Iront lascia allows access |o the programmabie DIL switches 1o adjust the
cras ir y: Bass-Mid 250, z, Mid-Top 1.8/3/5KHa, 8lt at 24dB per oclave. invert swilches
on aach bass channel Nominal 775mV input/oulpul, Fully compatibie with OMP rack amplifier and modules.

Price £117.44 + £5.00 P&P

[ REO D D MIXER SDJ3400S5! + ECHO & SOUND EFFECTS*

STEREQ DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu melers. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talkover
switch, 8§ Channels with individual faders
plus cross fade, Cue He-dphon- Monitor. 8
Sound Eﬂ'ell Uselul combindtion of the
foil 3 lur (mag), 3
mics, & Lun hr CO, Tape, Video etc.

Price £144.99 + £5.00 P&P

SIZE: 482 x 240 x 120mm

SUPPLIED READY BUILT AND TESTED.

These modules now enjoy & world-wide and pe o @ ragliatic price. Four
MOCEIs are Svailable B3 suit e Needs of Ta protedsional and nohby mlnol e Induglry. Leisure, ingtrumenial and Hi-F\
2ic. When comparing prices, NOTE ™al al) modets InChudd 10/0idal powsr Supply, integral hedi sink, glass fibre P.C B, and
drive circuits 1o power § Compatibie Wu meter All models are open and shor circull proot.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fel Quiput power 110 watts
R.M.S. into 4 ohms, frequency respense 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 d8. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fel Quiput power 200 wafts

R.M.S. into 4 ohms, frequency response 1Mz - 100KHMz
-3dB, Damping Factor >300, Slew Rale 50ViuS

T.H.D. typical 0.001%, Input Sensitivily 500my, SMA

-110 dB. Slze 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P ‘

OMP/MF 300 Mos-Fet Outpul power 300 -mJ
R.M._S. Into 4 ohms, frequency response 1Hz - 100K
-3¢8, Damping Faclor >300, Slew Rate 60ViS
T.H.D. typical 0.001%, Input Sensitivity 500m¥, SR
-110 dB, Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Ouiput power 450 watts
A.M.S. into 4 ohms, frequency response THz - 100KHz
-3dB. Damping Factor >300, Slew Rate 75V/uS,
TH.D. typical 0.001 %, Input Sensltivity 500mV, S.N.R,
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + €5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watfts
R.M.S. inio 2 ohms. 725 watts R.M.S, Into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Faclor >300, Slew Rate 75V/uS, T.M.D. typical
0.002°%, Input Sensitivity 500mV, S.N.R. -110 d&, Fan
Cooled. D.C. Loudspeaker Protection, 2 Second
Anti- Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 -~ £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE ¢N TWO VERSIONS:
STRANDARD - INPUT SENE S00mY, BAMND WIOTH 100K Ha.
PEC (PROFESSIOMAL EQUIPHMENT COMPATIBLE) - INPUT SENS
FT5mY, BAND WIDTH SOKNz. OROER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OCVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
{60p STAMPED) FOR COMPLETE LIST.

McKenzle and Fane Loudspeakers are also available.

NCE:- INSTRUMENTS, P.A., DISCO, E1C

ik

OROLA]

Join the Piaza revolution! The iow dynamic mass (no voice cail) of a Piazo tweeler produces an Improved
transient responte with a lower distortion lavei than ardinary dynamic tweeters, As a crossover is not requited
these unils can be added 1o exisling speaker syslems of up lo 100 watts {more H fwo are pul in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE ‘A’ (KSN1038A) 3" round with proleclive wire mesh. ideal for
bookshelf and medlum sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
TYPE ‘B' (KSN1005A) 3% super homn for general purpose speakers,
disco and P.A. systems etc. Price £5.99 + S0p P&P.

TYPE ‘C' (KSN1046A) 2°x5" wide dispersion horn lor quality Hi-Fi sys-
¢ tems and quality discos eic. Price £8.99 + 50p P&P.

TYPE ‘D' (KSN1025A) 27x6" wide dispersion horn. Upper Irequency
response retained extending down to mid-range (2KH2). Suitabie for high
quality Hi-Fi systems and quality discos. Price £9.99 + 50p PAP.
TYPE‘E' (KSN103BA) 3% horn tweeter with altractive silver finish trim.
Sultable lor MI-F| monitor sysiems elc. Price £5.99 + S0p PAP.

LEVEL CONTROL Combines, on a recessed mounting plate, level conirol
and cablnet Input jack socket. 85x85mm. Price £4.10 + 50p PAP.

SPEAKER®

A new range of quallty ioudsneakevs designed 10 take advantagé ol the fatest

y and @ d Both modets ut|lilesludioquﬂllly
!2 cast aluminium loudspeakers with faclory fitted grilles, wide dispersion
conslani directivity horns. extruded aluminium corner prolection and sieel
ball corners, compiimenled with heavy duty bBlack covering The enclosures
are fitted as stanoard with top hats for optronal loudspeaker stands.

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE a5Hz » 20KHz

ibIFC 12-1 COWATTS (100d8) PRICE £189.00 PER PAIR
ibi FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL. £12.50 PER PAIR
OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

ALL EMINENCE UNITS 8 OHMS IMPEDANCE

8” 100 WATT R.M.S5. MEB-100 GEN. PURPOSE, LEAD GUITAR. EXCELLENT MiD, DISCO.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97d8. PRICEE32,71 + C2.00 PAP
10° 100 WATT R.M.S. ME10-9100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MJD.

RES. FREQ. 7T1Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE£33.74 + €2 50 P&P
10" 200 WATT R.M.5. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 654z, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 PAP
12° 100 WATT R.M.S5. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 434z, FREQ. RESP. TO 6KHz2, SENS 100d8. PRICE £38.864 + £3.50 P&AP
12° 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., YOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 9848 PRICEEJS.67 + £3.50 PAP
12 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, YOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 9848, PRICEE48.71 «~ £3.50 P&P
12° 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYEOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103d8. PRICE £70.1% - C3.50 P&P
15 200 WATT R.M.S. ME 15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99d8. PRICE £50.72 -~ £4.00 PAP
15° 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 394z, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 PAP
i ¥ M E
ALL EARBENOER UNITS 8 OHMS (Except EBE-50 & EBT0-50 which are dual iMpedance tapped 0 4 & B ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

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

RES. FREQ. 40Hz, FREQ, RESP. TO TKHz SENS 97dB. PRICE £8.90 + £2.00 PAP
10" SOWATT EB 10-50 DUAL IMPEOENCE, TAPPED 4/8 OHM BASS, HI-F|, IN.-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 9348, PRICE £13.65 - £2.50 PAP
10 100WATT EB10-100 BASS, HI-Fi, STUDIO,

RES. FREQ. 35Hz, FREQ. RESP, TO 3KHz, SENS 96dB.

12" 100WATT EB12-100 BASS, STUOQIO, HI-FI, EXCELLENT DISCO,
RES. FREQ. 26Hz. FREQ, RESP. TO 3 KHz, SENS 9348, PRICE £42.12 + £3.50 P&P
FULL RANGE TWin CONE, HIGH COMPLIANCE, ROLLED SURROUND

5%." 6OWATT EB5-80TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92¢B,

6':" GOWATT EBB-80TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 384z, FREQ. RESP. TO 20KHz, SENS 34dE.

B SOWATT EBB-60TC {TWIN CONE) HI-Fi, MILTI-ARRAY DISCO ETC.
RES_FREQ. 46Hz, FREQ. RESP. TO 18KHz, SENS 894B, PRICE£12.99 + £1.50 PAP
10" GOWATT EE10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.

RES_FREQ. 35Hz, FREQ. RESP. TO 12KHz. SENS 984B. PRICE £16.49 + £2.00 P&P

PRICE £30.39 + £3.50 PaP

PRICE €9.99 + €£1.50 PAP

PRICE £10.99 + 1.50 P&P

CARSTEREQ BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Slereo, 150W
Bridged Mona

250 WATTS (125 + 125} Slereo, 250W
Bridged Mono

400 WATTS (200 + 200) Stereo, 400W
Bridged Mono

ALL POWERS INTO 4 OHMS
Festures:

% Blereo, bridgable mono * Cholce of
high & low level inpuls w L & R level
conlrols * Rermote on-off % Speaker &
thermal orotection.

POBTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL

ORBOEAS FROM SCHOOLE, COLLEGES, GOVY. BODIES, PLCs ETC.

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. ViSaA AND
ACCESS ACCEPTED BY POST, PHONE OR FAX,

PRICES: 150W £49.99 200W €99.99
400w €109.98 PAP €2.00 EACH
e

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT ECARD AND HtGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRLICTIONS
3W TRAWSMITTER 30-108MMz VARICAP CONTROLLED PROFESSHONAL
PERFORMANCE, RANGE UP TO 3 MILES. SIZE 38 x 123mm. SUPPLY 12V (@ 0.SAMP,
PRICE £14.85 + £1.00 PAP
Fid MICRO TRANSMITTER 900-108MMHz. VARICAP TUNED, COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 6mm, SUPPLY 2V BATTERY.

PRICE €8.80 + €1.00 PAP

B.K.ELECTRONICS

UNITS 1 & S COMET WAY, SOUTHEND-ON-SEA.,
ESSEX. SS2 6TR
01702 - 527572 Fax: 01702-420243

PHOT‘b: 3W FM TRANSRITTER

Tel.
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Practically Speaking
Terry Balbirnie goes into light emitting diodes
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Win One of 5 Powerful Computer Circuit 8
Modelling Packages!

Answer three SPICE questions and you are in with a chance of ene of our B2 SPICE
prizes from RD Research. Start here with simutation!

Electrostatics in Electronics 13
How safe is your MOS chip? The attraction between oppositely charged particles in
disparate materials has been a source of wonders, inventions and disasters. John

Linsley Hood explains what reafty happens.

PIC-driven 1Q Tester : 19
Scientists have shown that there is a correlation between ability to concentrate and

the intelligence measured by IQ. Bart Trepak’s PIC program and IQ tester gives you

a chance to try it out.

Higher Education Special (Part 3) 29
In the last part of our education round-up: Diplomas in Hull, day release i
Huddersfield and study, American-style, in London.

Valve Characteristic Tester (Part 2) 35
Peter Kenyon's continues and concludes his design for a portable Valve Characteristic
Tester with all the constructional details, component layouts and parts list, including

the PCB Service.

Speed Control in DC Motors (Part 2) 47
In the second and final part, David Ponting extends his search for a constant dnve to

his DC motor under varying loads, to find a variety of standard running speeds for his

reel to reel tape recorder,

Win one of 5 Software Packages! 51
RD Research and ETI bring you an exclusive competition to win a selection of RD
Research’s latest SPICE Software for electronic circuits.

Mock Alarm Flasher 57
If you don't want to leave your Pink Floyd CDs on your dashboard, you couid consider
this handy flashing-LED car-alarm lookalike by Terry Balbimie. lt's cheap, too,

Spiced Circuits (Part 4): Going Digital 64
Part 4 of Owen Bishop's series using SPICE-based software to discover circuit

simulation continues this month with the introduction to digital circuits. Now to consign

the resistors and op amps to the spares box and get out the logic ics!
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All the best for Radio Amateurs
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HEIGHT 12mm

= MAX READING 1999

= HV INDICATION FOR HIGH VOLTAGE

+ SINGLE MANUAL ROTARY SWITCH FOR
FUNCTION AND RANGE OPERATION

= ALL RANGES OVERLOAD PROTECTED

= 10A DC CURRENT TEST,

= OC VOLTAGE 2V/20V/200V/S500V,

¢ AC VOLTAGE 200/500V

* DG CURRENT 200mA.

* RESISTANCE 2k(} /20k0} /200kil 2M(}

+ SUPPLIED WITH TEST PROBES

ORDER CCDE: CM2300

PRICE: 975p

FEAT'U!S I

* 3.5LCD DISPLAY
¢ HEIGHT 12mm
* MAXIMUM READING 199%
« 10A DC CURRENT FEST
DC VOLTAGE 200mV/2v/20v/200VH000V
AC VOLATE 200/750V,
DC CURRENT 0.2mA/200mA/20mA/200mA/Z04
RESISTANCE 200() /2K(1 /20KLL /20060 /2040
* SUPPLIED WITH TEST PROBES
* TEMPERATURE MEASUREMENT
+ CONTINUITY TEST
* DIODE TEST & CONTINUITY CHECK
* AlLL RANGES OVERLOAD PROTECTED

ORDER CODE: CM2400T
PRICE: 1450p

FEATURES:

* 35 LCD DISPLAY

o COMPACT AND LIGHTWEIGHT POCKET SIZE

o MAXIMUM READING 1999

* DC CURRENT 7 RESISTANCE OVERLOAD
PROTECTED

* SLIDE SWITCHES FOR FUNCTION AND RANGE

OFERATION

SUPPLIED IN WALLET WITH TEST PROBES

DC VOLTAGE 2V/20V/200V7S00v

AC VOLTAGE 200V/500V

BC CURRENT 200mA

RESISTANCE 2Ki) /20K42 /2004 /2ML2

ORDER CODE: CM2900
PRICE1150p

FEATURES:

» LARGE LCD DISPLAY

+ HEIGHT 18mm

* MASIMUM READING 1999 + UNIT

* SINGLE MANUAL ROTARY SWITCH FOR
FUNCTION AND RANGE OPERATION

= AUTO POWER OFF (APPROX 15 min)

= DIODE TEST FUNCTION

* ALL RANGES OVERLOAD PROTECTED

* SUPPLIED WITH TEST PROBES

* DC VOLTAGE. 200mV/2V/20V/200V
700V ACCURACY 0 5%

* AC VOLTAGE: 200mV/2V/20V/200V/700V

* DC CURRENT A: 2000A/20mA/200mA/20/20A

« AC CURRENT A: 200 A/20mA/200mA2A/20A

* RESISTANCE : 200(2/2k( 1200k 2MEY20ML L
200M0

ORDER CODE: CM3900A
PRICE: 2900p

FEATURES:

* TEMPERATURE MEASUREMENT

« DIODE & TRANSISTOR HFE TEST

* LARGE LCD DISPLAY

* HEIGHT 18mm

* MAXIMUM READING 1999 + UNIT

¢ SINGLE MANUAL ROTARY SWITCH FOR
FUNCTION AND AANGE OPERATION

* AUTO POWER OFF {APPROX 15 mins)

* DIODE TESWT FUNCTION

* ALL RANGES OVERLOAD PROTECTED

* SUPPLIED WITH TEST PROBES

* DC VOLTAGE: 200mV/2V20V200W
1000V ACGURACY #0.5%

* AC VOLTAGE: 200mV/2w/20Vr200v/700V

¢+ DC CURRENT ZmA/20mAR00mA/Z0A

+ AC CURRENT A: 200mA/2CA

+ RESISTANCE : 20010210200k 2MEY20MEY
200Mi3

* CAPACITANGE: 2nF/20nF/200nF 2 Fr20uF

ORDER CODE: CM3920
PRICE: 4100p

FEATURES:
* 3.75 LCD DISPLAY WITH DECIMAL POINT
¢ 33 SEGMENT BARGRAPH DISPLAY

* OVERRANGE INDICATION

* ROTARY SWITCH FOR FUNCTION
SELECTION

« AUTO POWER OFF (APPROX 15 ming)

¢ AUTO POLARITY WITH INDICATION

« DIODE TEST § CONTINUITY TEST WITH
BUZZER

* ALL RANGES OVERLOAD PROTECTED

LOW BATTERY INDICATION

SUPPLIED WITH TEST PROBES

DC VOLTAGE: 320mV/3.2V/32v/320V/600V

AC VOLTAGE: 320mV/73.2¥/32V/320V600V

DC CURRENT A: 320uA/3200uA/32mA/

320mA/104

* AC CURRENT A: 320pA/32000A/32mA!
320mA/10A

* RESISTANCE: 3200)/3. 2K/ 32K I20K0/
32MV32MEE

ORDER CODE: CM2700

PRICE: 4050p

FEATURES:

* 3.5 LCD DISPLAY

+ HEIGHT 18

+ MAXIMUM READING 1996

+ CAPACITANCE 9 RANGES FROM 200pF -
20000uF

+ MEASURING FROM 1pF - 200001F

* SINGLE MANUAL ROTARY SWITCH FOR
FUNCTION AND RANGE OPERATION

« ZERO ADJUST KNOB

ORDER CODE: CM3230
PRICE: 3950p

8 Way Preprafifammed Universal Remote Control

A single remote control to
operate Television, Videos
and Satellite Receivers. Plus
Auxilary Options!!

* Replaces up to 8 remotes
with one

* Simple 4 digit setup routine
« Controls 1000's of models

» Teletext functions with
Fastext

* Clear (large key) layout
*Code Search Facility
» Stylish and easy to operate

* Replace broken or lost
remotes

» Original Remote note
required

GRANDATA LTD

K.P. HOUSE, UNIT 15, POP IN COMMERCIAL CENTRE,

SOUTHWAY, WEMBLEY, MIDDLESEX, ENGLAND HA9 OHB
Telephone: 0181-900 2329 Fax: 0181-903 6126
OPEN Monday to Saturday,
Times: Mon-Fri 9.00-5.30 Sat 9.00-2.00

PLEASE PHONE US FOR TYPE NOT LISTED HERE AS WE ARE
HOLDING 30,000 ITEMS AND GUOTATIONS ARE GIVEN FOR
LARGE QUANTITIES
Please send £1 P&P and VAT at 17.5%. Gowvt, Colleges, etc.

Orders accepted. Please allow 7 days for delivery. Prices quoted are subject
to stock availability and may be changed without notice.

TV and video parts sold are replacement parts.

Access & Visa Card accepted
WE STOCK TV AND VIDEQ SPARES, JAPANESE TRANSISTORS AND TDA
SERIES. PLEASE RING US FOR FURTHER INFORMATION.




SATELLITE POWER SUPPLY REPAIR KITS

|SAT660 | SATPSU2 | SR5500 EARLY PSU WITH ADJ

SRESW. SR!!2!, SF\!540. SRD550 | SATPSU3

500, SR7700, SRB700

SATPSU12
SATPSU13

E PSU ONLY

OPRENSON

ATPSU15

IQOOO, 9200 | SATPSUZ |

SRDR45 SATPSUT
SRD500 SATPSU4 | |sRvi SATPSU2
SRX320, SRX340, SRX345, SRX350 SATPSUS RDE4 SATPSU1 [SAT1500 SATPSU2
SRX100 SATPSUS
SADE00 SATPSU14
SAT250, SR950, SRD700, SRD950, | SATPSU16| [SR5700 SATPSUI2 , PSR800, PSRI00 | SATPSUS
SRX1002, SRX2001, SAX301, RD920, SS9000, SS58010, $58200, SATPSU2
SRAX501, SAX502
SRD2000 SATPSUIB| [£T700 SATPSU ! SATPSUS
SATPSUS
COLLO, MSS5200, MSS300 SATPSU9
55500, MSS1000 SATPSU10
SVS5360 SATPSUT STHR1 SATPSU1
3IRD200, FIRDA000 SATPSUZ
ISTUB0Z2/05M SATPSU1
IRD150 SATPSU12 STUBC1 SATPSUZ
IRD155 saTPsuUta| (850, 950 SATPSUI
Eﬁgd 3 © | sAaTPSULZ I
H RE2505/1, SRE3508/1 SATPSUI
D3MAC DECODER ATPSU? SRE2508, SRE350S, SRE450S8 SATPSU2
SAT99, TU-SDU200 SATPSU
SATPSUS SATPSU11 SATPSU16
SATPSU7 SATPSU12 SATPSUTY
SATPSUS SATPSU13 SATPSU18
SATPSUS SATPSU14 SATPSU1G
SATPSU10 SATPSU15
PACE SATELLITE TUNERS PACE SWITCH MODE TRANSFORMERS
PRD800, MSS200 (2GHZ) (221-2077062) TUNERD1 1650p PACES000 PACESDOOR 800p
PRDS00, MSS500, MSS1000 (2Ghz) (221-2177012) | TUNERO2 | 1650p PACEPRDS00, PRDS00 PRDBO0 550p

SATMETER

THE SATMETER IS A PROFESSIONAL PORTABLE SATELLITE STRNGTH METER DESIGNED FOR THE INSTALLATION AND MAINTENANCE OF SATELLITE
TV SYSTEMS. THE SATMETER CAN BE USED AS STAND ALONE METER WITH POWERING THE LNB AS WELL AS IN LOOP. THROUGH OPERATION WITH
SATELLITE RX POWERING THE LNB.

FREQUENCY RANGE: 900 TO 2050 MHZ
DETECTION RANGE: -60 TO -10 BBM

ACOUSTICAL SIGNAL: ON SIGNAL STRENGTH
INPUT WMPEDENENCE: 75 Chm
MAX.INPUT SIGNAL: -10 DBM

LED iINDICATOR: VERTICAL/HORIZONTAL
POWER AMPLIFIER: 18 DB

ORDER CODE: TOOL 22 PRICE: 8500p

SATELLITE LNB’S

ambndge AET Twin OP H+V Both nhanced
Cambridge AE2 Dual O/P H-V Separate Enhanced
Grundig Super Universal ‘Anis’ 10.7-12.75 GHz 0.8dB
Grundig Universal *Anis” 10.7-12.75 GHz 1.00B
Cambridge AE1 Twin O/F H+V Both Standard

bridge A g .
Cambnuge AE14 Universal LNB 10.7-11.7/11, 7-12 75 GHz
Cambridge AE21/AES Singie O/P Switching LNB 1,008 Standard

Cambridge AE19/AES Singie O/P Switching LNB 1,0dB Enhanced
Cambridge AE23/AE12 0.848 Enhanced 10.7-11.8GHz Gokt Range
Cambridge AES Dual O/P H-V Separate Enhancad

FUSE36 FUSE37
FUSEO1 FUSE17

250mA FUSEO2 75p FUSE18 60p
315mA FUSEO03 75p FUSE19 60p
400MA FUSEO4 75p FUSEZ0 60p
500mA FUSEO5 75p FUSE21 80p
630mA FUSE06 75p FUSE22 60p
800mMA FUSEO?7 80p FUSE23 60p
A FUSE08 80p FUSE24 60p
1.254A FUSEO9 60p FUSE25 60p
1.6A FUSE10 60p FUSE28 60p
24 FUSEMN 50p FUSE27 60p
2.5A FUSE12 50p FUSE28 60p
3.15A FUSE13 55p FUSE29 50p
4A FUSE14 55p FUSE30 50p
5A FUSE15 60p FUSE31 50p
6.3A FUSE16 60p FUSE32 50p

NB.

ALL FUSES ARE MADE IN THE UK AND FULLY MEET

BS4265 & BS1362 SAFETY STANDARDS AND SHOULD NOT
BE COMPARED WITH CHEAP IMPORTED TYPES.

FUSE33

FUSE34
13A FUSE35 100p
20mm CERAMIC TIME LAG
\ FUSE38
8A FUSE39 100p
10A FUSE40 100p
3.15A FUSE41 85p
4A FUSE42 85p
5A FUSE43 asp
38mm CERAMIC TIME LAG
10A FUSE48 815P

32mm CERAMIC SLOW BLOW

**ALL THE ABOVE PRICES ARE FOR PACKS OF 10 FUSES**
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RECTIFIER
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TRANSISTORS

Z3p
28p
30p
38p
8ap
22p
10p
25p
25p
90p
80p
BRS1 58p 250
s0p 75p
BRE2D 500p a2p 35p
28p 48p
BR84D 17089 200p | 87ss B00p | 4502 p | 74132 42p
waATT | 2as00v 17127 2000 | 8T26 o5p | 4504 a5p | TAt4l 55p
2v7 TO 38V sP | BRBED 15/80H 230p | &T28 t10p | 4505 8op | 74145 70p
WATT | 2as00v t5/B5R 230p 4506 sep | 74157 45p
2v7 TO 39V 9P | BRaED 43p | SG 284 800p CHOS IC's 4507 op | 74180 50p
2A/B0QV SGE13 1500p 4508 67p
VOLTAGE BRI 43 4000 13p | 4510 32 74HC SERIES
REGULATORS 20200V COMPUTER IC's 4001 t3p | 4511 0p
BR34 43p 4002 13p | 45t2 38p | 74HCO3 14p
7805 25P * | 2400V ZBOACPU 100p | 4006 Mp | 4504 ssp | 7ancoe 18p
7306 25P adp | 280ADMA 200p | 4007 13p | 4515 650 | 74Hc10 20p
7808 25P ZBDACTC +40p | 4009 200 | 4516 36p | TAHCH 14p
7812 25p | BRe2 BOp | ZBOASIO-1 2100 | 4010 2ip | 4517 100p | 74HGC14
7815 25P | 6a200V ZBOASHD-2 210p | 4011 t3p | 4518 36p | 74HC20 19
7818 25P | BR64 2 | 07 sp | 4012 t3p | 4519 28p | 7amc2? 20p
7824 26p | 6AM400V 75110 7% | 2013 tgp | 4520 36p | 74HCSH1 20p
7505 25p | BR2S1 ts50p | 75113 100p | 4014 32p | as21 ssp | 74HCT3 24p
7906 3P | 25A100V 75122 top | 4016 18p | 4526 380 | 74mC74 24p
7908 30P R252 1650 | 75454 100p | 4018 30p | 4527 aip | 74mC76 28p
7912 3P | 24az00v 162 7000 | 4019 28p | 4528 38p 4HCT? 35p
7915 30P | BR2s4 185p | 75182 95p | 4020 33 | 4529 65p | 7aHC8S 33p
7918 30P | 2sA/a00v 75183 95p | 4021 ¥6p | 4532 480 | 7anCas 29p
7924 3P | BR2%56 2000 | 75195 185p | 022 38p | 4583 140p | 74HC107 28p
78L05 24p | 25MG00V 214 150p | 4023 13p | 4555 29p | 74HCT23 35p
| 78L08 24F | BR258 240p | 2532 200p | 4024 250 | 4556 %6p | TAHCH2S 32p
78L12 24P S, 260532 750 | 4025 13p | 4557 140p | 74HC126 33p
78Lt5 24p R351 185p | 2716 100p | 4026 60p | 4583 60p | 74HCIZ2 Xp
| 78018 24p | asviioov 27132 2000 | 4ce7 18p | 4584 30p | 74HCtI 3p
7824 247 | BR3SZ 200p | 27324 2200 | 2028 29p | 4585 4o | 74HC137 52p
79105 3sp | asweoov 2764 150p | 4029 p | 20103 120p AHC 138 3%
79L08 35P | BRasa 220p | 27Cs4 200p | 4000 17p { 40105 140p | 74HC147 42p
78012 35p | aswiaoov 27128 150p | 4032 s2p | 40106 3sp | 74HC153 3%p
79015 35p 356 230p | 27256-25 150p | 4033 60p | 40107 50p | 74MC154 90p
LMI0K 100P | 35ws00v 12 300p | 4034 76p | 40110 t70p | 74HCIS7 Jp
L3177 100P | BR3s8 260p | 4116 a0p | 4035 42p | 40114 180p | 74HC158 34p
LM323K as0P | 3sviBoOv 4164-15 80p | 4038 a6p | 40160 55p | 74HC160 44p
78HOGKC 800F | BY164 ap | 4164-12 op | 4040 W0p | 40161 s5p | 7aHC161 44p
79H12KC 700p | 1,5A100v 41256-15 Bop | 4041 3%p | 40174 48p | 74HCHER 44p
79HGKC sooe | BY176 sop | 41256-12 100p | 4042 30p | 40192 48p | T4HCr63 44p
15A/800 41256-10 110p | 4043 3sp | 40183 48p | 74HC184 4d4p
L.E.D.’'s 3mm 41484-12 150p apab 2p 40184 58p TF4HC 165 56p
TARIACS 8116 8op | 2046 420 | 40257 120p | 74HC166 60p
RED 5p £264-10 210p | 447 45p 74HC174 38p
YELLOW gp | micaoeD s0p | 82256-12 300p | 4048 26p 74 SERIES 74HC175 38p
(GREEN 8p | 4A400V 6502A 360p | 4049 t8p 74HC 190 46p
THG225D 6op | 65C02 a30p | 2050 20p | 7400 74HCT92 53p
Smim GA400V 8522 280p | 4051 380 | re01 16p | 74HC193 41p
RED sp | Tce2sD 68p | 6800 210p | 4082 3sp | 7402 Bp | 74HC194 46p
YELLOW 8p | BA/d00V 6802 220p | 4053 Bp | 7403 74HC 195 45p
|GREEN 8 | TiIc2asD 8sp | 6803 500p | 4054 s3p | 7404 asp | 74HC22t
i 124400V 6808 s00p | 4058 52p | 7405 1 TAHC238 55p
RECTANGULAR THIC246D 105p | 6809 500p | 4058 S2p | 7406 3p | 74HC240
LED's 16A/400V 6810 t50p | 4060 40p | 7407 36p | 74nC241 47p
TIC258D 190p | 6818 380p | 4083 52p | 7408 25p | 74HC242 55p
Smm x 25mm 20A/400V 6821 130p | 4066 20p | 7409 74HC243 80p
RED 5p | TIC263D 205p | 6840 290p | 4067 120p | 7413 74HC245 48p
YELLOW 8p | 25a/a00v 6845 200p | 4068 13 | 7414 4sp | 74MC251 25p
IGREEN 8p 6850 op | <069 t3p | 7416 Rp | 74HC257
THYRISTORS T4F244 35p 4070 13p 7417 2p T4HC25% 52p
BRIDGE 80854 300p | 4071 13p | 7420 20p | 74HC273 42p
REGTIFIER 205061 20p anes 500p 4972 13p 7421 25p T4HC 2680 é1p
W05 160 | osacov 8088 480p | 4073 13p | 7425 15p | 74HC283 81p

VIDEO HEAD CLEANER EXCEL POLISH 80 250ML
VIDEO HEAD CLEANER 200ML sp27 | 250p | ADHESIVE 120 400ML sP19 [ 190p
SWITCH CLEANER 176ML sPo2 | 180p | LABEL REMOVER 130 200ML sP20 | 240p
SUPER 40 400ML SP15 | 250p | REFURB 140 400ML sP21 | 240p
SILICONE GREASE 200ML SP03 | 210p | TUBE SILCON GREASE 50 GRAMMES|SP11 | 220p
FREEZE IT 170ML SP04 | 320p | TUBE TUBE SILICON
FREEZE IT 400ML SP16 | 600p | SEALANT WHITE 75ML sP22 | 280p
FOAM CLEANER 400ML SP05 | 200p | TUBE SILICON SEALANT
ANTI STATIC 200ML sPos | 190p | CLEAR 75ML SP23 | 280p
AEROKLEANE 200ML SP07 | 220p | TUBE HEAT SINK COMPUND |25 GRAMMES|SP12 | 150p
AERO DUSTER 150ML spos | 310p | DRIVE CLEANER 200ML SP24 | 150P
AERO DUSTER 400ML SP17 | 550p | SCREEN CLEANER 200ML SP25 | 1s50p
PLASTIC SEAL 200ML SPog | 250p | COMPUTER CARE KIT SP26 | 2100p
GLASS CLEANER 250ML SP10 | 160p | ANTI STATIC FOAM CLEANER  |400ML sP2g | 175p
COLDKLENE 250ML SP13 | 230p | AIRDUSTER 400ML SP29 | 450p
ALL THE ABOVE ITEMS ARE MANUFACTURED BY SERVISOL
IF YOU PURCHASE MORE THAN ONE SERVISOL PRODUCT POSTAGE & PACKING WILL BE CHARGED AS FOLLOWS:
300P FOR 5 CANS
450p FOR MORE THAN 5 CANS

PLEASE PHONE US FOR TYPE NOT LISTED HERE AS WE ARE
HOLDING 30,000 ITEMS AND QUOTATIONS ARE GIVEN FOR
LARGE QUANTITIES
Please send £1 P&P and VAT a1t 17.5%. Gowt, Colleges, ete.

Orders accepted. Please allow 7 days for delivery. Prices quoted are subject
to stock avallability and may be changed without notice.

TV and video parts sold are replacement parts.

Access & Visa Card accepted
WE STOCK TV AND VIDEO SPARES, JAPANESE TRANSISTORS AND TDA
SERIES. PLEASE RING US FOR FURTHER INFORMATION.

GRANDATA LTD

K.P. HOUSE, UNIT 15, POP IN COMMERCIAL CENTRE,
SOUTHWAY, WEMBLEY, MIDDLESEX, ENGLAND HA9 OHB
Telephone: 0181-900 2329 Fax: 0181-903 6126

OPEN Monday to Saturday.
Times: Mon-Fri 9.00-5.30 Sat 9.00-2.00
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News...

10% off Save 10% on your next PCB Pool Order®.

For this once only offer send Beta LAYOUT the Promctional
card attached to the front cover with your next order, to
qualify for a 10% reduction on the price of your PCB.

Beta LAYOUT Ltd, based in Ennis Co, Clare has
estabtished in the British Isle's first PCB pooling service. The
aim is to offer customers a cost effective solution to their
prototyping needs. Due to the high cost of set-up tooling and
photo-plotting, buying one board can work out almost as
-expensive as buying 5, 10 or even more, depending on the
size of the PCB.

WHAT IS THE PCB-POOL®? We all know the problem.
Many new designs flounder due to high prototype costs. This
is not necessary. Beta LAYOUT has come up with the answer.
“THE PCB-POOL®", A pooling principal which allows
designers to share the costs.

" ETI SPECIAL OFFER! SHARING PCB PROTOTYPE COSTS

HOW? The answer is simple. Several designs are piaced
together on a multi-panel. The high set-up costs charged by
the manufacturer to cover machine costs are shared by all
participating PCB-POOL partners. So now each designer
gets a super price. For example, the price of one Eurocard
including tooting, photoplot and VAT is only £49.

EXPRESS SERVICE Beta LAYOUT have a fast turnaround
service in § and 7 working days. The standard delivery time is
15 working days.

This new way of ordering has proved itself in Germany
where over 2000 customers use the PCB-POOL for their
prototypes. Beta LAYOUT relies on well known PCB suppliers
ail over Europe, resulting in top quality, industry standard,
Printed Circuit Beards. So why not give it a try, the next time
you need a lew cost prototype, And save a lot of money!

The Hot line for technical questions is: 00353 {65) 66500.
For more Info call 00353 {65) 66500. Fax: 66514,

OFTEL and BT Internet
progress for schools

OFTEL has started a consultation period, involving the
telecommunications industry and schools, on BT's proposals to
wire up schools to on-line services including the Internet as soon
as possible. The proposals were submitted in May. The OFTEL
Director General, Donald Cruikshank, stated that OFTEL's
approach would provide schools with access to the Internet at
predictable and affordable prices, and allow them the choice of
Internet Service Provider.

The cable industry launched its own proposed package for
connecting schools to the Internet in January. OFTEL expects to
make a statement on its conclusions in September or soon
afterwards.

President of the Board of Trade Margaret Beckett said,
“Realising the Government’s commitment to wire up schools to
advanced on-line services as quickly as possible is an objective in
which everyone has a common Interest. We must ensure that
children have access to such services so that their future
employability is increased. The plan to have agreement in the
coming academic year s testimony to the commitment that all the
interested parties have in achieving the Government's objective.”

David Plunkett, Secretary of State for Education and
Employment, said, “In our White Paper, Excellence for Schools, we
reaffirmed our commitment to create a National Grid for Learmning,
an unprecedented Internet-based educational resource. | welcome
both today’s proposals, and the spirit of partnership in which they
are made, as an integral step to achieving this.” The Secretary of
State was referring to the Government’s election manifesto
promise that “We have agreed with BT and the cable companies
that they will wire up schools, libraries, colleges and hospitals to
the information superhighway free of charge. We have also
secured agreement to make access charges as low as possible.

SPICE at a lower price

RD Research's new low-cost B2 Spice Lite at £49.95 plus VAT

is based on the widely-used professional
B2 Spice V2, Spice Lite enables electronics

| designers to build and test circuits on their
computers using industry-standard Spice
softivare. The new B2 Spice Lite is aimed
at people who wish to use electronics CAD
for circuit simulation, but do not need
some of the more advanced analysis
features found in more expensive software.

B2 Spice Lite is available in PC or Mac formats and
features drag-and-drop components which can be connected
to each other. The circuit built up on the screen can then be
tested, measured or analysed in a number of ways.

Paul Williamson of RD Research says, “We want to provide
industry standard design software that everyone with a
computer and an interest in electronics will use. Making it
affordabie is the important first step. With B2 Spice Lite we
have made that first step easy and, as with all cur software, it
is offered on a full 30-day tnal pericd.”

The minimum system requirements are a 386 PC (486
recommended) with 8MB ram or a full specification Mac. It is
compatible with Windows 95NT or Windows 3.1 with 8MB of
ram.

For further information contact RD Research Research
House, Norwich Road, Eastgate, Norwich NR10 4HA. Tel.
01603 872331 email rd.research@paston.co.uk Web site:
www.paston.co.uk/spice

OVERSEAS READERS

To call UK tetephone numbers, replace the initiat 0 with

your local overseas access code plus the digits 44.
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Paut Apps, a Chartered Engineer with London-based firm
Fibrowatt Ltd., has reached the National Final of the 1997
Environment Award for Engineers through his work to generate
electricity from poultry litter.

About 2 million tonnes of poultry'litter is produced annually by
the UK poulttry industry. As readers with a general scientific
background will have deduced, it is bacterially active nitrogenous
waste rich in ammonia - and it is difficult to dispose of.
Undisposed manure rots, releasing carbon dioxide and methane

ever more socially unacceptable as greenhouse gases - attracts
vermin and runs the risk of contaminating watercourses.

As a result of the project, there are now two power stations,
Firbropower in Suffolk and Fibrogen in North Lincolnshire, turning
poultry litter waste into electricity. Although the use of animal
waste as a power source (including the use of methane-
generating poultry waste to power automobiles) has been an
area of investigation for decades, these power stations are the
first of their kind in the work). Each burns 150 kilotonnes of
poultry litter a year to power a steam-driven generator producing

£3.5 million in grants for
electronics projects

Fifteen innovative IT (information technology) and electronics
projects have won grants totalling up to £3.5M under the
Government's Sector Challenge, announced recently by Margaret
Beckett, President of the Beard of Trade.

The projects were designed by nationally representative trade
associations and other business, research and training
organisations to improve efficiency and competitiveness in their

Power from Poultry goes for Prizes!

13 megawatts. The electricity is passed into local’networks.

One station provides power for about 12,000 homes. Dry ash
residue from the process is sold as a slow-release phosphate-
rich fertiliser. As a readily renewable source, using poultry waste
helps to reduce the use of non-renewable fossil fuels. Sales are
being developed in italy, other Continental countries and Japan
under licence.

Organised annually by the Engineering Council, the
Environment Award for Engineers is sponsored by British
Aerospace, BP, CIBSE, Lloyd's Register and the IEE. The top
prize is £5,000 to the winning engineer, who will also receive the
Lloyd's Register Trophy. Cther finalists are David Martin of
Lighting Electronics Ltd. for work on the development of
electronic starters for fluorescent iamps, {an Coutts of ABB
Power Generation Ltd. as project manager of South Humber
Bank Power Station, and Stefan Croft-Bednarski , Raymond
Daniels and Simon Harbord for work on the successful removal
and disposal of four Viking A offshore gas platforms from the UK
sector of the North Sea.

sectors. The grants will support projects worth £8.7M.

Winners within the IT and electronics sector include the
Federation of the Electronics Industry with a grant of £130,000 to
extend overseas marketing opportunities for small and medium
sized firms; £500,000 to the Science Research Foundation to
support a £2.6M European Microelectronics Design Centre and a
further £33.750 to the Federation of the Electronics Industry for the
Top Techniclan in Industrial Electronics Contest 1998.

The 186 winning projects were selected from a field of over 600
bids, and will be over three years, subject to a contract worked out
with the Government.

not

=

Plus, a comps

As 2 member you would pbgef

2

Radio Society of Great Britain (Dep

g N
4

e-mail: sales@rsgb.org.uk

Tel: 01707 659015 Fax: 01707 645105; a0

horne Road Potters Bar Herts EN6 3JE

ELECTRONICS TODAY INTERNATIONAL

9




ELECTRONICS|

TODAY INTERNATIONAL

Dolby Surround
Sound demo
board

Medianix have produced a reference design

and demonstration board, based on their

MED25006 Virtual Dolby Surround
processor ic. The EB25006-3 board enables digital audio
developers to implement realistic 3D sound in systems that can
deliver 3D sound from two ordinary stereo speakers for
applications such as video games, PCs, television and stereo
sound systems. This is seen as particularly useful in systems
where building in"more than two speakers would ralse the price
or increase the size of the system uneconomically.

The MED25006 has been fully tested and certified by Dolby
Laboratories.

The demoenstration board will be used as a reference design
for original equipment manufacturers and software developers
to test and design new applications. With the addition of an
amplifier, speakers and the audio source, the board provides a
complete 3D surround sound audio system. It is designed to
plug-and-play. and does not require a PC interface or any digital
signal processing (DSP) programming for implementation,

The board demonstrates the capability of the MED25006, an
ali-digital implementation of Virtual Dotby Surround which uses
proprietary 24-bit DSP technology to process two-channel audio
digitally into two-channel 3D surround sound (the effect of front
and rear speaker pairs using only two actual speakers). The ic
includes on-chip digital Dolby ProLogic decoding for surround
sound systems originating with four channels plus a sub-woofer
audio output, and Delby’s virtualising algorithms. It is capable of

Electronic kWh meter

The RM303 is a DIN rail-mounting electronic kilowatt-hour
meter. Traditional electro-mechanical kWh meters are still
more familiar in most applications. The RM303 is a single-
function meter with standard current transformer inputs
(CTs) allowing connection to loads of a few watts to
hundreds of megawatts. In the event of power failure to
the meter, readings are stored for a minimum of 25 years.
The meter has an optional pulse output suitable for
Building Energy Management Systems, and can be
combined with the manufacturer's Abacus
metear/datalogger to provide a low-cost computerised
energy management system.

For information contact

Northern Design )

{Electronics) Ltd., 228

‘Bolton Rd., Bradford, W.
Yorks BD3 0QW.
Tel. 01274 729533.

operating in*fully digitat Dolby Pro-Logic mode, Dolby 3 Stereo
mode {with left, right and centre channels) and Virtual Dolby
Surround mode, with mono to stereo synthesis. The chip also
contains “sweet spot” adjustment to compensate for the
placement of speakers relative to the listener.

For more information,corftact Medianix Semiconductor inc.,
100 View Street, Suite 101 sMountain View, California 94041, USA.

Mitsubishi Dolby Sound

Processor

Mitsubishi's M62460FP sound processor
provides a singfe-chip route into Dolby
Protogic Surround Sound features,
including centre and surround sound
channel trimming for five-speaker
systems from television to ¢cinema
applications, including sateflite receivers.

The analogue processor, licensed by Dolby Laboratories,*has
a Dolby Pro-Logic decoder, on-board memory and the I12C bus
for cable television (CTV) applications. With a microcontroller
interface, the chip provides Disco, Hall. and Live modes and five
delay time positions for digital space surround effects, as well as
echo (Karaoke) effect with either 147.5imssshort echo or 196.6ms
long echo. Some people regard Karacke as a mixed blessing,
but the ones actually doing it always seem to have a lovely time.

The M62460FP is a BICMOS solution designed to give
improved sound performance compared t0'CMOS solutions and
provide a higher-quality finear alternative to digita’-and mixed
analogue/digital solutions. The on-board memory means space-
saving and assembly advantages over two-chip solutions with
external memory arrangements.

Fer more information contact Mitsubishi Electric Europe BY,
Semiconductor Division, TravellersiLane, Hatfield, Herts AL10
8XB. Tel 01797 276100 Fax 01707 278837.

NJM2178 audio processor

An audio processor from Young-ECC regenerates 3D sound
on two or more speakers from any audio source to provide
a surround sound effect, restoring sound that is normally
masked in stereo. The enhanced sound image from a
stereo source, and the centre sound image, can be
controlled separately. The NJM2178 SRS 3D auglio
processor has a wide operating
power supply voltage from 4.7V
to13V and requires a supply of 10
mA typically. The dynamic range is
greater than 110dB and output
noise typically less than -90dB.
For more information contact
Young-ECC Electronics, Knaves
Beech Industrial Estate,
Loudwater, Bucks HP10 9QY.
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8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773

AR  mobile: 0860 400683

(Premises situated close to Eastern-by-pass in Coventry with easy access
to M1, M5, M40, M42, M45 and M69)

OSCILLOSCOPES

Beckman 9020 - 20MHz - Dual Channel
Cossor 3102 - 80MHz Dual Channet ...
Gould 1602 — 20MHz D.S.0. with printe:

Hameag 203/203-5 — 20MHz - Dual Channel....
Hewlett Packard 1B0A/180C/181A/182C
Hewlett Packard 1740A, 17414, 1744A, 100MH2 dual €h oo oeooomvarmer- e
Hewlent Packard 54100D — 1GHz Digitizing
Hewlett Packard 54602A — 150MHz - 4 channel
Hitachi VESOF ~ 50MH2 Dual Channel
Hitach| V1 52FN3025N302FN353FN5506N650F
Intren 2020 — 20MHz Digital Storage (NEW)
Iwatsu S8 5710/SS 5702 20MHz
Kikusui COS 6100 - 100MHz, 5 Channel 12 Trace .
Kikusul 5100 - 106MHz -~ Dual Chani

a?ufo = MSO 1270A — 20MHz D-qnal Slmage (NEW)
National VP5703A ~ 100MH2 — Digital Storage .
Nicoiet 310 - LF. D.8.0. with twin Disc Drive
Nicolet 3051 ~L.F. D.5.0.
Lecroy 9450A — 300MH2/400 Ms/s D.S.0, 2 ¢ch
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/PM 3244/PM 3261/
PM 3262/PM 32683/FPM 3540
Philips PM 3295A — 400MH2
Phillps PM 3335 - 50 MHz/20Ms/s D .5.0. 2
Tektronlx 434 = 25MH7z =2 Channel Analogue Storage
Tektronix 454 —~ 150MHz = 2 Channel
Tektronix 466 ~ 100MHz D.S.C...
Tektronix TDS 520 -~ 500 MMS(X)MSIS DS0.2Ch
Tektronix 2213 — 60MHz Duai Channel.
Tektronix 2235 — 60MHz Duai trace ..
Tektronix 2235 — 100MHz Dual trace ..
Tektronix 2335 = Dual trace 100MHz (ponable-)
Tekironix 2225 — 50MH2 dual ch
Tektronlx 2440 — 300 MH2/500 Me/s D.5.0. 2 CI
Tektronix 455 — 50MHz Dual Channel
Tektronix 464/466 — 100MHz An storage .
Tektronlx 465/4658 — 100MHz dua! ch...
Tektronix 475/475A — 200MHz/250MHz Dual Chnnnal.
Tekironlx 485 — 350MHz - 2 channel ....
Tektronix 5403 — B0MHz — 2 or 4 Channel
Tektronix 7313, 7803, 7813 7623, 7633, IDOMHllch... -
Tektronlx 7704 — 250MHz 4 ch
Tektronix 7904 — SOOMHz
Tektronix 7934 — SOOMHz with st
Trio C8-1022 — 20MHz - Dual C”\Bnﬂd

O“’IN lcopas avulllhle

. trom €200
..from £350

SPECIAL OFFER
HITACHI V212 = 20MHZ DUAL TRACE .. o
HITACHI v222 — 20 MHZ DUAL TRACE 0- ALTEHNATE MAGNIFY

SPECTRUM ANALYSERS

Advantest 4131 - 10KHz - 3. SGHZ {G.P.1.B.
Advantest 4131B — 10KHz — 3.8GH2
Advantest 41338 — 10KHz = 20GHz (GOGHz with extemal mnmrs) + Ext. Keyboard ... ...
Ando AC8211 ~ Spectrum Analyser 1. TGHz

Eator/Alltech 757 - 10KHz — 22GHz ..
Hewistt Packard 3580A ~ 5Hz-50KHz .. .
Hewlett Packard 182T with B559A (10MHz ~ 21GHz) ...
Hewlett Packard 35601A - rurm Anatyser Interface
Hewlett Packard 141T + 85528 + 8555A - (10MHz — 18GHz2)
Hewlett Packard 3562A Dual Channe! Dynamic Sig. Analysaer, ,
Hewlett Packard 8505A — Network Analyser S00KHz - 1300MHz
Hewlett Packard 853A + B558B — 0.1 to 1500MHz_ ..
Hewiett Packard 182T + 85588 — 0.1 to 1500MHz
Hewlett Packard 85654 — 0.01 = 22GHz
Hewleatt Packard B754A — Netwark Analyser 4-1300MHz
Hewiett Packard 8591E (HP - 1B) — 9KHz - 1.8GHz (cali
Marcon] 2370 - 110MHz ..

Hewlett Packard 4278A ~ 1KHZ/1MH2z Capacitance Meter

Hewlett Packard 4279A - 1MHz C-V Meter

Hawistt Pagc| dtarﬂ 43484 - (TIMS) Transmission impaimen M/Sat
alysar

Hewlett Packard 4927 A - Lan PrDIoeol
Hewlett Packard S420A
Hewlatt Packard 5335A —
Hewlett Packard 53144 — (NEW) 100MHz Universal Coantar
Hewlett Packard 5183 — Waveform Recorder ..
Hewilatt Packard 52384 Frequency Counter 100MHz.
Hewlett Packard 5370A + 100MHz Universal Timer/Counter
Hewlett Packard 5384A — 225 MHz Frequency Counter b
Hewlett Packard 5385A Frequency Counter — 1GHz - (HP1 B) with OPTS oowcm.'oowos
Hewlett Packard §0314A — 1000W Autoranging p.s.u, (20v - 1204) .
Hewiett Packard 6034 — 60V ~ 10A System Power uppry
Hew|att Packard 6253A Power Supply 20V — 3A Twin ..
Hewlett Packard 6255A Power supply 40V = 1.5A T\Mﬂ
Hewlett Packard 62668 Power Supply 40V - SA -
Hewlat! Packard 62718 Powsr supply 60V — -
Hewlett Packard 8034A —0-80V —~ 10A Syslem PSU
Hewtleatt Packard 7475A - 6 Pen Piotter.........
Hewlett Packard 75504 — 8 Pan Piotter A‘&’AA

HEWLETT PACKARD 6261B
Power Supply 20V-50A £450 Discount for Quantities

Counter..

lifier
oduld 33-50GHZ .........ovorreremrraressrnins

Hewiett Packard 83498 - Microwave Broad Band Amy
Hewlett Packard 8355A - Millimetar — Wave source
Hewlelt Packard 8015A - 50MHz Puitse Generator
Hewiett Packard 8405A — Vector Vormeter ..
Hewiett Packard 8185A — S0MHz Programmab&e Swgnal Source .

Hewdett Packard 83508 - Sweep Oscillator Mamirame {vanious Plug-Ins available) extra ...
Hewlett Packard 8152A - Opfical Average Power Meter...
Hewiett Packard 81588 — Optical Attenuator {OPTS 002 + 011)
Hewlett Packard 8180A — Data Generator
Hewlett Packsrd 8182A - Data Analyser
Hewlett Packard 83554 A — Wave Source Module 26.5 to 40GHz ...
Hewlett Packard 8620C Sweep 0scillator Manirame ...
Hew!ett Packard 8684A 5.4GHz 10 12 5GHz Sigp-Gen ...
Hewlett Packard 8620C Sweep oscillator mainframe
Hewlstt Packard 86568 — Synthesised Signal Generator
Hewlett Packard B750A Storage nommaliser ..............
Hewlett Packard B756A — Sca?er Network ANBYES .. .........
Hewilstt Packard B757A — Scaler Network A
Hewlett Packard 8903A — Audio Analyser (20Hz — 100KHz)
Hewlett Packard 8958A — Collular Radio interface
Hewlett Packard 8901A — Modulation Analysar
Hewlett Packard 8920A - R/F Comms Test Set
Hewlett Packard P382A Vanabie Attenuator.
Hewlett Packard 16300 = Analyser (43 Ch Y
Hewlett Packard 16500A — Fitted with 16510A/16515A/1 8530A/16531A = Logic Amiysor 23
Hewielt Packard 117298 — Carrier Noise Test Set
Krohn-Hite 2200 Lin/Log Sweep Generator ...
Krohn-Hite 4024 A Oscillator
Krohn-Hite 5200 Sweep, Function Generator
Krohn-Hite 6500 Phase Meter
Marconi 2019 — BOKHz — 1040MH2 Synthesisad Sig, GGen

Marconi 20194 — BOKHZ — 1040MHz & Synthesised Sunal Ganerator. .
Marconl 2022 A —~ 10KHz — 1GHz AMTFM Signal Genarator
Marconi 2432A 500MHz digha! frag. meter ... TR L,
Marconl 2610 — True RMS Voltmeter...... A . -
Marconl 2871 Data Comms Analy
Marconl 2955 — Rladio Comms Test Set
Marconl 29504 — Raklio Comms Tes! Set with Celfutar Adapior

Marconl 6960 = Power Meter & Sensor._._........ P -..trom £850
Marconl 6960A — Powar Meter & Sensor . from £1050
Phillps PM 5167MH2 function gen. £400
Philips 5190 LLF. Synthesiser (G.P.1.B).. £800
Philips PM5519 — Pattern Generalor £350
Philips PMS667 — Vi otz Ao .£500
Philips PM5716 — 50MH2 Putse G R £525
Philips PM6652 = 1.6GHz Programmable H)S\ RasoBOn THnelTOUINeS.. .. ...cov-orecnsermsessnaeens GO0
N

Philips PM6670 —~ 120MHz High Resoluton Universal Counter
Philips PME673 — 120MHz High Resolution Universal Counter .
Preama 4000 — & % Digit Multi NI
Racal 1992 — 1.3GHz Frequency Counter
Racal Dana 9081/9082 Synlh sy, gon. 520MHz
Racal Dana 9084 Synth. si . 104MHz

Racal Dans 9303 vs? loter & Hoad ... P
Racal Dana 9917 UHF frequency meter 560MHz
Racal Dana 9302A R/F multivoltrmeter (new version,
Racal Dana 9082 Synthesised arn.’!m gen (! e
Racal 9301A - True RMS R/F Multivoitmeter

Racal 9921 — 3GHz Frequency Coumor
Rohde & Schwarz LFM2 — 60MHZ Group Delay Sweop Gefi._.
Rohde & Schwarz SMFP2 - 1GHz Radio Comms Ti
Rohde & Schwarz UPSF2 — Video Noise Meter
Rohde & Schwarz URE - RMS voltmeter geOHz»ZEMHJ) e R T
Rohde & Schwarz Scud Radio Code Test

Ronhde & Schwarz SUF 2 Nase Generator
Rohde & Schwarz UPGS — Psophometar
Rohde & Schwarz SMDU — 15MHz Io 525MHKz Signal Gen (FM & AM) |

Marconi 2371 — 30KH2 - 2000MHz .. S T USSP SRS SR SRR o |- L 1} Schatfner NSG 203A Line Voltage Variation Simulalor
Meguro MSA 490t — 1.300GHz (AS NEW) £1995 Schafinar NSG 222A Imerieraence Simulator
Meguro MSA 4912 — 1-1GHz (AS NEW) .. o .£3000 Schaffner NSG 223 Interference Generator ... i
Poirad 641-1 = 10MHz — 18GHz £1500 Schaffner WSG 431 Electrostatic Discharge Simulator
Rohde & Schwarz - SWOB 5 Polyskop 0.1 = 1300MHZ. ..o searevmenecee £2500 Schlumberger 4923 Radio Code Test Set.
Takeda Riken 4132 - 1.0GHz Specirum Analyser . £2750 Schlumberger 4031 - 1GH2 Radio Comms Test Sat . i
Tektronbx TL18 with maintrame (1.5-80GHz with external LT Ty} SR voums mossoea et EEO00 Schiumberger 2720 1250MHz Fraqusncy Counter..
Schlumberger T060/7065/7075 M S.

MISCELLANEOUS

Adret 740A - 100KHz = 1120MHz Synthesised Signal Generalot ...
ANRITSU ME 4628 DFA3 Transmission Analyser ...
Danbrldae JP30A — 30KV Insulation Tester
Anritsu MGB42A Pulse Pattern Generator ...
Dranatz 626 — AG/DC — Muttifunction Analyse
EIP 331 — Frequency countsr 18GHz ..
Farnell AP70-20 Powser Supply {f 0—70v )
Farnell TSV-70 MKl Power Supp?(((jOV 5‘
Farnell DSG-1 Synlhesnsed Si

Fiure B100A -
Flure 510CB - f‘ Hi

Gigatronics 8541 — Universal Power Meter
Guildling 9152 - T12 Banery Stendard Cell ...
Heiden 1107 = 30V — 10A Programmable Power Suppty (IEEE)
Hewlett Packard 331A — Distortion Analyser ..
Hewlett Packard 3334 — Distorhon Anaiysar ..
Hewlstt Packard 3314a — Function Generator

or 35V 2 |3A;

Solartron 1250 - Freq. Response
Stantord Research DS 340 - 15MHz §ynthesmd Function (NEW) and arbitrary
wavetonrn generator 33
Systron Donner §030 — Microwave Frequency Countar (23 5GHZ)

Telequipment CT71 Curve Tracer ..
Tektronix TM5003 + AFG 5101 Amnrary Funcbon Gen. .

Tektronix 1240 Logrc Analyser £500
Tektronix DAS9100 ~ Saries Logic Analyser £500
Tektronix — Plug-ins ~ many available such as SC504, SW503, SG502,

PG508, FG504, FG503, TG501, TR503 + many more £POA
Tektronlx 577 Curve Tracer £1150
Tektronix AM503 + TM501 + P6302 - Cumment Probe Amplifier £995
Tektronix PG506 + TG501 4+ SG503 4+ TM503 — Oscil £1595

e SO
o
L

Tektrenix AAS001 & TM5006 M/F = Programmable Dis
Tektronlx 577 — Curve Tracer

Tirne 9811 Programmable ReSiSNCS ... ...
Time 9814 Voitage Calibrator
Toellner 7720 - Programmabie 10MHz Function Gen {AS NEW) .

Valhat

Scientlfic — 2724 Programmabie Res:starce Standard ..

Hewlett Packard 3336C — Synthasisad Slgnai Gaﬂeraror (10'-01 2|MHz)
Hewlett Packard 3437A System voltmaetef... ook v
Hewlett Packard 3456A Digital voltmeter
Hewlett Packard 3438A Digital muttimeter ... oy
Hewtett Packard 3560A Dual Ch, Dynamic ngnal Anarysev

Hewlatt Packard 3711A/3712A/37918/3793B Microwave Llnk Anulyser
Hewlen Packard 3776A — PCM Tarminat Test Set ... 4
Hewlett Packard 3325A - 21MHz S Function

Howlen Packard 34884 — HP — 18 Y oo procbetar (various Bl avaiabio
Hewlett Packard 334A — Dx Analyser
Hewlett Packard 34554 64 Digit M/Meter (Autocal)
Hewletn Packard 3478A - Muibmeter (5% Dhglt) + HP — 1B s
Hewlett Packard 3776A — PCM Tarminai Tast Set -
Hawfett Packard 3779A73778C — Primary Mux Analyser =
Hewlett Packard 436A + Sensor
Hewtett Packard 4275A — LCR Meter (Muhi-Frequency]) ..
Hewlett Packard 4338A - Milionmeter (As New) .
Hewlett Packard 43424 ‘@ Meter ...
Hewlatt Packard 4952A - Protoco! Analysar (with mtenaces) : L
Hewlett Packard 49534 — Protocol Anal

Hewlett Packard 432A — Pawer Meter {with 478A Sensor)
Hewlett Packard 435A or B Power Meter (with MINBAMA)
Hewlett Packard 42718 — L.C.R. Meter (Digital).

from £600
trom £1000
5 .....£3950

Wandel & Goltermann PCM4 (+ opbons) . ...
Wayne Kerr 4210 = LCR Meter.....
Wayne Kerr 4225 - LCR Bridge
Wayne Kerr 6425 - Pracision ent Analyser.
Wayne Kerr 8905 — Precision LCR Meter .........—

Wavetek 184 — Sweep Generator — SMHz
Wavetek 3010 - 1-1GH2 Signal Generator
Wiltron 66205 - Programmabla Sweep Generator (3.6 — 8.5GMz) .

MANY MORE ITEMS AVAILABLE -
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED -
WITH 30 DAYS GUARANTEE.

PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED
TO ALL GOODS




Electrostatics
In Electronics

Static electricity causes lightning, and is used in photocopiers. It is an interesting
phenomenon which is not always well explained at school and university.
John Linsley Hood explains what it is all about.

wo thousand six hundred years ago, in 590 BC or

thereabouts, a Greek philosophical physicist called

Thales, of Miletos - a once thriving Greek city on the

western coast of Turkey - is said to have made the

observation that amber, when rubbed vigorously with
a dry cloth, acquired a new quality, in that it was able to attract,
from a distance, small objects such as feathers or pieces of cork.
In so doing, he gave a name to the branch of engineering which
we pursue, in that “eiektron” is the Greek word for amber.

Since the effects of electrostatic charges are such an important
aspect of contemporary electronics technology, both usefully and
destructively, it seems a curious paradox that the subject of
Electrostatics tends now 1o be regarded as a rather exctic study,
and is seldom touched on in science courses, except as a
somewhat specialised postgraduate topic. At the end of the last
century, when such effects weren't really useful for anything very
much, the phencmena of static electrification were thought to be
an important part of the study of physical sciences.

Admittedly, in the 1890s, there weren’t so many other
interesting things fo study in Physics, and the orders of voltage
that could be generated by Wimshurst machines, or stored in
Leyden jars, were capable of some quite spectacular effects, to
galvanise - if one might use the term - the most torpid of students.

My personal interest in this topic arises from the fact that
although | am, by preference, an electronics engineer, | spent
many years as a research physicist in the plastics films
manufacturing industry, a field in which one needed to be familiar
with the mechanisms involved in the generation of “static” in order
to avoid the major problems, and discomforts, it could cause.
Having, as it were, a foat in both camps, | often wish that an
understanding of these phenomena could be more widely spread.

In reality, the causes of the high voltages that arise in static
giectrification all stem from the relationship:

V=0Q/C

where V is the voltage between a charged object and earth, {or
indeed between any pair of dissimilary charged objects), Q is the
charge in coulombs, and C is the capacitance in farads. Since
the capacitances between charged objects and their surroundings
may be very small,-even a small charge can sometimes give rise
to a very high electrical potentia.

Contact electrification
Although there are many mechanisms by which these charges
can arise, undoubtedly the maost cormmon is that of contact

electrification, and the major mechanism by which this happens is
that of transfer of electrons from one of the contacting surfacas to
the other.

All materials contain electrons, atthough only in conductors or
sermiconductors is free movement normally possible. The
migration of electrons between contacting bodies is a concept
which is familiar in the context of normal conductors, where
electron mobility is high, and electron flow can be defined in
relation to the Fermi levels of the contacting materials.

However, even in non-conducting materials, when two
dissimilar surfaces are brought into contact, the differences in the
contact potential between them can still cause a limited flow of
electrons between one and the other - even though the regions
involved may be confined to the depth of a few molecular radii on
either side of the contacting surfaces.

In the case of insulators, this charge transfer is possible
because molecutar deformations or surface contaminants wil
always be present, and will produce some mobile surface
electrons.  Even superficially identical surfaces may still differ
enough, on a microscopic scale - through minor local differences
in chemistry, physical state or history - for charge transfer to occur.

This is normally referred to, rather loosely, as “charge
separation”, and is promoted by friction, pressure and heat.

White it is true that physical contact Is not always essential,
even in air at normal atmospheric pressure, for the migration of
electrons, it is probable that the actual potential differences
between contacting surfaces will not be high enough to cause
ionisation, so the bulk of charge transfer will occur where actual
surface to surface contact takes place.

However, on a microscopic scale, all surfaces will probably be
very iregular, and may look something like my sketch of figure 1,
where the actual contact area will be very small, and the
opportunities for charge transfer consequently relatively slight. If
the two surfaces are moved relatively 1o one ancther while being
held in contact (friction), the peaks on each surface will sweep
across the other, increasing a point contact to a line contact.

Further, if the pressure between the surfaces is increased, the
contact areas will increase as the points flatten out, as | have
sketched in figure 2. If the surface temperature rises, perhaps
simply as a resuilt of frictional heating, the local electron mobility will
increase and the rate of transfer of charge will be greater. Also, in
some materials, plastic deformation may cause a greater area of
contact.

If the two surfaces are separated, after electrons have migrated
from one 1o ancther, an increasing electrostatic potential will arise
as the capacitance between the two surfaces decreases. In good
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Figure 3: mechanism of charging by induction

conductors, the electrons will simply fiow back across the last
rermaining contacting bridgeas the surfaces come apart and the
residual asymmetry in charge distribution will be very small.

However, in insulators, this possibility of curent flow across the
surface is very much iess, and quite high vottages will occur as the
two faces are separated, especially if their areas of contact have
previously been high, and their surface potentials are very different.
This effect can be seen when one peels off a strip of black PVC
insulating tape in a dark room, when a line of bright sparks can be
seen at the place where the strip peels away.

The longevity of such electrostatically induced voltages is
influenced both by the length of the path by which the charges
may leak away, and by the degree of conductivity of the matenials.
Because of this, the effect of increasing surface temperature in
promceting electrification will be limited, in the end, by the resulting
increase in conductivity of most insulating materials as their
temperature is increased.

The contact between an insulator and a metallic conducting
surface provides a particularty effective opportunity for electronic
charge transfer, and this is a particular source of problems for the
manufacturers and users of thin plastics films, especially if some
form of nubber “nip® roller is used to force the film into contact with
the roller in order to pulf it through some machine.

This situation is, or was, prone to give rise to some quite
astonishing degrees of electrification. Nowadays, most plastics
packaging films are fairty heavity larded with anti-static agents to
make their surfaces conductive, so this problem is less acute,
except where, as in capacitors, the fims are still made from virgin

polymers.

induced charges

Induced charge is the second major mechanism by which
electnfication occurs, and which is seen in its most spectacular
manifestation in thunder storms. ff object A, as in figure 3, is
brought into proximity 10 a negatively charged obiect B, electrons
or negatively charged ions will be repeiled away from object B,
leaving A with an asymmetrical charge distribution.

Now, if A is a water droplet within a cumulo-nimbus cloud, and
B is the strongly negatively charged base of the cloud, and if A is
fragmented (torn apart) by the strong updraught of air within the
cloud, it is possible that the portion bearing the positive charge will
be swept up by thousands of feet, causing the lower part of the
cloud to become progressively more negatively charged, and the
top or "anvil” of the thundercloud progressively more pasitively
charged. Measurements suggest that the potential differences in
such cloud formations can lie in the range between 100 milion
and 1000 million voits.

The cloudbase lies a few thousand feet above the earth's
surface - often less - while the cloud tops often exceed 30,000
feet in altitude. Since the base of the cloud is therefore often closer
to the surface of the earth than it is to its own top, flashover will
nommally occur to the earth. Measurements on these flashovers
suggest currents peaking as high as 200,000 amperes, though
levels around 50-500 A seem to be more common. These
discharges tend to be oscillatory, and may be prolonged to a
duration of 0.5 second, in some cases, at decreasing current
levels.

The speed of the downward strike in which such lightning
strikes are normally initiated (except in the case of very tall
buildings where a ‘ground leader’ may occur) is refatively slow, at
some 50 metres per microsecond, though the velocity of the
highty visible return fiash, up the strongly ionised core of the
discharge path, may reach a third of the velocity of light.

Both Wimshurst machines and Van der Graf generators rely on
a combination of induced charges on a moving camier and the
reduction of the capacity between the charged element and its
surroundings to produce high output voltages.

Common examples of charge generation by such mechanisms
include those of dust carried about by air currents in fiour mills and
similar places; steam escaping from the funneis of rubber-tyred
traction engines (for which a trailing earthing ¢hain is essential, if
only to allow small boys to hook it up out of contact with the
ground, to the subsequent surprise of the driver); and in the
handling of electrically non-conducting liquids such as oils or
petrol, in which charges arise when they are poured from one
container to another. Dangerous explosions occur all too
frequently in these circumstances, when a spark discharge ignites
the mixture of air and the infiammable vapour, and this has
sometimes resulted in the destruction of ol tankers through
explosions in their ofl tanks, even when engaged on the apparently
innocuous action of washing out the empty tanks with water,

Charging by mobile ions

This mechanism is not often found in the context of inadvertent
electrification, but it can arise if previously uncharged objects pass
close to conductors cammying high efectrical potentials, especiaily i
these have sharp edges or cormers.

This is because the electrostatic stress which arises on the
surface of a conductor is proportional to the voitage and inversely
proportional to the radius of curvature of the surface. If a voltage
is applied to a conductor which terminates at a sharp point, the
gas surrounding it may ionise if the electrical stress in the vicinity of
the point exceeds the ionisation potential of the gas. Because the
ions generated at the point will be predominantly of the same
polarity as the conductor, they will be repelled away from the point
in the form of an ionic wind, and can charge any conducting
surface by which they are captured.

This mechanism is empioyed defiberately, both to charge
surfaces, as in Wimshurst and Van der Graf machines, and also to
discharge therm, as in a range of commerciaily available static
eliminators.
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These contrivances are built, most commonly, in one or other
of the forms shown in figure 4. In 4a, two paraliel rows of spikes,
attached to a conducting bar, and mounted on either side of a
~ central separating plate of some non-conducting material, are
connected, respectively, to positive and negative voltage supplies,
typically of the order of 15kV, so that each electrode will generate
an oppositety charged stream of ions. The use of such high
source voltages is necessitated by the consideration that
corrosion, and the accumulation of conductive debris on the
points of the electrodes, will rapidly reduce their effective radius of
curvature to a less useful value. In the simpler form shown in
figure 4b, only a single row of spikes is used, mounted, as before,
on a common connecting bar, which is insulated from its earthed
protective outer case. This is fed from a high voltage AC source -
typically in the range 7-10kV - in the expectation that the ions so
generated will have moved sufficientty far away from the points of
the electrode that they will not be neutralised immediately by the
oppositely charged lons generated when the supply voltage
swings to an opposite potential.

in both cases, it is hoped that a mixed stream of positively
and negatively charged ions will be propelled toward the surface
whose electrostatic potential the user wants to discharge. Since
the high voltages wouild provide a hazard to operators, the power
supplies are arranged to have a very high output resistance, to
restrict the maximum output current flow to much less than one
miliamp.

Component problems

Sirce their inception in the 1960s, a whole aray of eiectrostatic
charge operated devices has emerged, originally classed as
Insulated gate FETS, but now almost always described as °-MOS”
{metal oxide silicon) devices, in one version or another, usually
referring to their method of construction, such as -MOS, D-MOS,
N-MQS, P-MOS or C-MOS, which is misieading since the gate
conductor is, 10 an increasing extent, made from polycrystalline
silicon in the interests of device operating speed.

The current flow in thesa transistors occurs because of the
creation, by electrostatic induction, of a layer of mobile charge in
an otherwise non-conducting region of semiconductor material, as
shown in figure 5 in the cross-sectional drawing of a simpile lateral
mosfet.

Since 1t is very desirable that the induced charge should be as
large as possible for the lowest practicable gate voltage as
determined by the equation:

0 = QV4ne0R2

where 8 is the induced electrostatic potential, e0 is the charge on
the electron, and R is the thickness of the insulating fayer, (in this
case between the buried gate electrode and the “P-" layer
beneath #), every effort is made in manufacture to ensure that R is
very small - so fong as it is capable of withstanding the normal
range of operating voltages, without too great a risk of electrical
breakdown of the gate insulating layer which would make the
device non-functional.

Such -MOS devices will normally induce an adequate layer of
charges (electrons in the model Hllustrated) for a useful current flow
when only some 2-3V is applied to the gate. The breakdown of
the dielectric layer may then occur above an applied potential in
the range 10-40V.

Since the breakdown voltage of this layer is a crucial factor in
the reliability of the component, care must be taken to mitigate the
increase in the electrical stress at the edges of the gate electrode,
which is an important phenomencn even at these voltages.

VA
{60 - 60Hz)

Figure 4: construction of typical static eliminators

Figure 5: schematic construction of N-channel enhancement
mosfet
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Figure 6: diode protection of smail signal/legic mosfets |

The shape of the “well” in the oxide layer within which the gate
conductor is deposited must therefore be chosen to smulate a
radiused edge to this electrode. Similarly, the bottom of the gate
“notch” in VMOS devices must be rounded or flattened to limit
the electrical stress which will occur at this point,

The proneness of -MOS devices to accidental gate-source
breakdown during handting, when perhaps the gate lead is
touched by a charged cobject (such as a constructor, for
instance), while the source (or drain) connections are at earth
potential, depends on the voltage which the applied charge will
produce.

As shown in eqguation 1, this will depend on the gate source
capacitance, which will be very much less in a small signal
device, or a logic gate, where the input capacitances are only
of the order of a few tens of pF, than in the case of a power
mosfet, in which the gate-source capacitance may be as much
as 2-3nF.

Fortunately, in the case of small-signal devices such as
transistors or logic gates, it is practicable to form gate protection
diodes on the chip, either as simple diodes to hold the gate
voltage within 0.6V of the supply line potential, as shown in
figure 6a, or as zener diodes, to set a permissible voltage
excursion on either side of some reference level, as shown in
figure 6b.
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Figure 7: diffusion structure for protective diode on-chip
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Protection in installation and use

Diode or zener protection is not practicable in power devices,
because an on-chip fabrication of the protective diode wili
allow a thyristor-type configuration of the junctions, as shown
in figure 7, and this could cause the device to trip into a
permanently conducting state. However, because of the large
gate capacitances involved, it is relatively difficult to damage
power mosfets by externally applied electrostatic potentials
inadvertently generated by the movemnent or clothing of the
operator.

This does not mean that it is impossibie to envisage
situations, such as a laboratory or factory where there is very
low atmospheric hurmidity, and where the worker wears
clothing made from some high quality plastics insulating
material, and sits on insulated metal seated chairs, standing on
a well insulated floor, on which he walks on shoes with
insulating soles, in which a quite destructive electrostatic
charge could arise.

it is to be hoped, however, that the continuous electric
shocks which the worker in such an environment would
receive, whenever he or she touched some earthed conductor,
would have persuaded the management that something
needed to be done before work begins connecting MOS
devices.

Some elaborate precautions have been recommended, and
adopted, to make sure that MOS devices are protected against
inadvertent damage during handling, but in the kind of climate
with which north-western Europe is blessed, the use of leather
soled shoes, and cotton or woallen clothing, seems likely to
avoid most hazards due to the movements of the constructor
handling the devices.

| feel myself that static has been given an unnecessarily bad
reputation as a source of failures in MOS devices, since, in my
own experience, having handled thousands of these
components in one form or another, and worked in labs where
many others were engaged in similar tasks, immediate failures

. were very rare indeed.

Indeed, the only instances where componert fallure could
confidently be blamed on excess potentials applied to the gate
of the device during installation were those in which non-gate-
protected smali signal devices were soldered in place by a
worker who had disconnected the earth connecting wire from
his mains voltage operated soldering iron, at the plug, for
reasons which seemed good to him at the time. Unfortunately,
this had the effect of causing the bit of his soldering iron to sit

Figure 8: a Wimshurst electrical machine

at about 170V peak with respect to any other earthed object,
such as, perhaps, the unlucky transistor!

It is not however unreasonable to take the view of many
engineering managers, especially those working on small or
specialised production lines, that the effort and expense
needed to discourage even the rarer causes of possible failure
is generally Jess than the effort and expense required to recall,
test and repair or replace a failed unit. Weakening by static
damage has been blamed for some failures “down the line”
after the unit has left the workshop. So basic precautions,
especially on those dry days that sometimes occur even in the
United Kingdom, when every doorhandie behaves like a spark-
generator, are best not forgotten - particularly if your employer
or manager requires their observation.

However, most failures attributed to static, seem, on
examination, to be due to incorrect use, excessive circuit
voltage or, in the case of very high frequency power transistors,
by badly chosen layout or circuit configurations which have
allowed runaway HF oscillation.

Admittedly, factory assembly procedures will give rise to
other problems, but these are principally within the province of
the engineers who design the machines used for automatic
assembly, and where an understanding of how electrification
occurs, should allow the design of processes which are
reasonably free from static charge generation.
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compiete with FET eieciret micraphone. Designed o cover 88-108 Mhz
tut easdy changed to cover 83-130 Mhz. ‘Works with 8 common @
(PP3) battery. 0.2W RF. £9 Ref 1001.
3-30V POWER SUPPLY KIT Varisble, stabikzed power supply
. for b usa. Shorl circull protected, suftable for profesonel or amateur
use 24v 3A transformer i§ needed to compiete the kit. £14 Ref 1007.
1 WATT FM TRANSMITTER KJIT Supphed with pazo esactric
mic. B-30vdc. Al 25-30v you wil get nearty 2 watta! £15 ref 1009,
FM/AM SCANNER K{T Wel not quite, you have to turn the knob
your self but you will hear thmgs onthis radio that you would not hear ont
#n ordinary radio {even TV). Cavers 50-160mhz on both AM and FM.
Bullt in § watt amplifier, inc spesker, £18 ref 1013
3 CHANNEL SOUND TO LIGHT KIT Wirsleas system, mans
operaled, ssparate sensitivity adjustmant for each channel. 1,200 w

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 5QT. (ESTABLISHED 50 YEARS).
MALL ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £4.50 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £.50
(ACCESS,VISA, SWITCH, AMERICAN EXPRESS)

'phone orders : 01273 203500

FAX 01273 323077

E-mail bull@pavilion.co.uk

power handiing, microphone included. £17 Ref 1014,

Install a coin box telephone at
home
for less than £5

By using our phone box, you get eaverything you need 10 convert any
standard telephene ito a combox telephona. You simply open the bax,
piug your telephone into & connector insida and then phug the colnbox
|ead into your telephone socket. t's that simpie! There are one or two
catches howsver,

Catch one is that the lock and hinges my ba damaged/broken, this
doesn't really matter because you Could repiace tha hinges easly and
change the lock of you could refit the front panei omo a box of your own
chogsing.

Catch two i that the threa coinsiots eccept £1, 50p and 10p's thisis
fina exceptthat the 10p sictis forthe cider 10p pIece 80 youwoulkd need
10 giue a sl piace of piestic across the bottom of the siot onthe inside
o reducethe hola swe. Full programminginstruchons are ncluded with
eveary conbox Bamain prce £4.99 ref CBT1

4 WATT FM TRANSMITTER KIT Smah but powerful FM
1ransmiater, 3 RF stages, microphone and eudio preampinduded. £24
Ref 1028.

STROBE LIGHT KIT Adjustabie from 1-60 hz (a ko laster than
conventonal strobes). Mains cperated. £17 Ref 1037,
COMSBINATION LOCK KIT 8 key, programmabie. cormplete with
keypad, will switch 2A maina. 8v dc operation. £13 ref 1114,
PHONE BUG DETECTOR KIT This davice wil wam you ff
somebody is eavesdropping on your ine. £9 ref 1130,

ROBOT VOICE KIT interesting Groutt that distons. your voics|
adjustable, answer the phonewith s differert volca! 12vdc £9rel 1131
TELEPHONE BUG KIT Small bug powered by the ‘phone ima
starts tranamifting as soon as the phone |s picked upl £12 Ref 1135,
12v FLOURESCENT LAMP DRIVER KIT Light up 4 fost
tubes from your car battefyl 9v 2a transformer also required, E8 ref
1069

VOX SWITCH KIT Sound aclivated switch ideal for malking
buQging tape recorders elc, adjustabla sensitivity. £10 ref 1073.
SOUND EFFECTS GENERATOR KIT Produces sounds
ranging from bird chipe 10 sirens. Complete with speaker, add sound
effects to your projects for |ust £6 ref 1045,

15 WATT FM TRANSMITTER (BUILT) 4 stage high power,
praamp requined 12-18vdc. can use ground plane, yagior open dpole
£65 ref 10219

HUMIDITY METER KIT Buikis into a precision LCD humdity
meter, 3 ic design, ped, ked dpiay and all components included. £29
PC TIMER KIT Four channel output cortrobed by your PC, wil
wwitch high current mains with relays (supplied). Software suppied so
YOU CN Prografm the channeds to do what you wart whenaves you wiih.
Minimum system configeration 8 286. VGA. 4.1,840k, saisiport, hard
ciive with min 100k free. £24.39

NICKEL PLATING KIT Proffesional eisctropiating kit thal wil
trensform rusting pars iNo showpeces in 3 hours! Wil piate oo
o, ion, bronze, gunmetsl Copper, waided siver 1oidersd or brazed
Jomts, Kit includkes enough to plate 1,000 8qinches. Youwill also need
& 12v supply, & contiiner and 2 12v sght buibs. £45 ref NIK38,
Minature adjustable timers, 4 pole c/o output 3A 240v,
HY12308, 12vDC adjustable from 0-30 secs. £4.99
HY1260M, 12vDC adjustable from 0-60 mins. £4.99
HY2405S, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240v adjustable from 0-60 mins. £6.99
BUGGING TAPE RECORDER Smoll voics activated necorder,
usesmicro cassatte compiete with heedphones. £28.98 rel MAR28P 1.
POWER SUPPLY fully cassd with mains and o/p leads 17v DC
900mA cutput Bargsin price £5.99 rel MAGBP

COMPOSITE VIDEO KIT. Converts composits video imo sepa-
rate H sync. V sync, and video. 12v DC. £12.00 REF: MAG3P2.
VENUS FLY TRAP KIT Grow your own camivorous plam with this
simple kit £3 ref EF34,

§"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA_Bargain prios just £5.99 ea REF MAGSP12.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.9%
ref MAGSP 13 dea for axpernimenters! 30 m for £12 98 ref MAG12P1
ELECTRONIC ACCUPUNCTURE KIT Buida into an siectronic
version instead of neadies| good to experiment with. £9 ref 7P30
SHOCKING COIL KIT Suid this itte battery cperated devica imo
@ s0rts of things, also gets worms oul of the ground! £8 ref 7P36.
HIGH POWER CATAPULTS Hinged am brace for sisbility,
tempered stes yoke, super sirength latex power bends. Depariure
spaad of ammunition is in excess of 200 miles par hourl Range of over
200 metrea! £8 99 ref /0.

COMPAQ POWER SUPPLIES WITH 12V DC FANS Ex
equipment psu's, some ok some Not but worth i for the fan alone!
probably about 300 watt PC unil with 1EC input. £3.50 each ref ca
9-0-9V 4A TRANSFORMERS, chassis mount. £7 ref LOT18A
FRESNEL PERSPEX SCREENS 11°x11"x316" as used
in overhead projectors etc. New. £18 ref FRESN

MEGA LED DISPLAYS Busd your seX a clock or something with
these mega 7 seg dispiays 55mm high, 38mmwide. 5 on & pobfor just
£4.9% ref LOTY6 or & bumper pack of 50 displays for just £29 ref
LOT17.

SOLID STATE RELAYS

GMP-DC-200P 3-32wic operstion, 0-200vdc 1A £2.50
SMT20000/3 3-24v0c opermbon, 28-280vac 3A £4.30

FREE COLOUR CATALOGUE
WITH EVERY ORDER

WE BUY SURPLUS STOCK

FOR CASH
SURPLUS STOCK_LINE 0802 660335
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1Q Tester

t has been said that intelligence is that which
enables people to get along without an education,
while an education enables them to get along
without intelligence. Be that as it may, psychologists
and educators have long debated the nature of
inteligence - whether it is something one is born with or acquires
and, more particularly, how can it be measured.

The Greek philosophers were the first people to consider
this problem and Plato thecrised that men were set apart from
other animals by the possession of what he called “the soul”.
This, he said, was divided into three parts: appetite - such as
hunger, thirst and so on; reason - deciding, for example, not to
eat poisoned food even though one might be hungry; and the
spirit - embracing such ideas as honour, propriety etc. The
proportion of these in an individual determined how intelligent
he was. He maintained that the proportion was determined by
birth, and since the upper classes were better endowed with
the more noble portions than were the slaves, for example, it
was only naturat that they should rule. Since it was “obvious”
which people possessed intelligence by virtue of their
parentage, the question of testing conveniently did not arise.

For the next few centuries, most people busied
themselves with finding something to eat while the more
intelligent fought and squabbled to determine who was more
“intelligent” and should therefore rule and so not much more
was done in this field until the end of the 19th century when
some people began to acknowledge that there were
intefligent people among the *lower classes” of society and
began to look to physical
attributes such as strength,
speed, colour of eyes, race
and even the number of
prctuberances on the head
to see if any of these were
a pointer to above average
intelligence. These theories
were found to be flawed,
but it was noted that people
who were good at a task
which required, say,
memory, could also be
expected to do well at
another which involved, for
example, copying complex
patterns. This led
psychologists to try to
devise tests for determining
intelligence on a more
scientific basis.

A persons intelligence is not simply of academic interest,
however. It can also be important to an employer who wants to
know that the prospective employee at an interview will be up to
the job for which he or she has applied. Examination results and
qualifications may be a guide to past performance, but will the
candidate be able to adapt to changing methods or technology as
these come along and contribute something new to the position?
Unfortunately, depending on how the examination questions are
selected and marked, these may prove that a student has a good
memory (but not necessarily that he gr she understands subject),
‘or that he had a bad coid on the day and was not at his best, or
even that there are too many people passing In a given subject and
it is time to limit the numbers... but will not guarantee that the
individual will be good at a job. Indeed, poor examination resuts
and lack of qualifications do not necessarily mean that a person will
pe unsuitable for a job - Einstein and Churchill were both failures at
school. Smilarly, a good degree in a particular subject will not
guarantee that a person will be
good at a particular icb.

Because of these
inconsistencies, on mMany courses
students are now also assessed
continuously. This is still far from
perfect and not only takes much
longer to determine, but also
suffers from being mainly
“knowiedge based”.

To try and get around this
“knowledge based” selection, 1Q
tests were devised and first used
by the US Amy in the First Wond
War when they wanted to decide
who was going to give the orders
to dig trenches and who was
going to dig. At this time, there
was a sudden need for large
numbers of officers who would
have to be recruited from people
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who had had no experience of, or qualifications for, a Jobin the
army and there was obviously no time to send éveryone on a
course to see if they could pass an exam. (Interestingly, the
British Army, and to a certain extent the German and French
Armies in this period seem to have adhered to Plato’s view of
intelligence to select their officers. History has documented the
results). For similar reasons, more and more companies and
colleges are giving 1Q tests to prospective students and
employees in an effort to select the most suitable candidates.

Knowledge vs. concentration

Nowadays, IQ tests usually consist of reasoning tasks presented
in mathematical, verbal, visual and other formats to reflact the
spread of special mental abilities. Many different tests have been
devised but all of them tend to confuse knowledge with
intelligence to a greater or lesser degree. A test set in English
would obviously place someone with poor English at a severe
disadvantage, while a question such as “Select the odd one out :
Wilson, Macmillan, Constable, Eden and Heath” could be difficult
for say a person of Chinese origin who may not be familiar with
British Prime Ministers and painters but could easily answer the
question if the list had consisted of Chinese leaders and artists.

Today's tests are therefore carefully designed to test a
subject's ability, while avoiding as much as possible
knowledge/culture-specific problems. They are, however, still
time-consuming to perform and mark and do not overcome all
the difficulties. But help may be on the way.

Regular viewers of “Tomorrow's World” may remember, some
time ago, a report on American research into the measurement of
intelligence. A researcher noted that the work had shown a
strong comelation between a person’s abifity to concentrate on a
given task and their intelligence as measured by an IQ test. He
then proceeded to demonstrate a PC programme which could
provide the “task” to test the subject's inteligence.

The program was quite simple, and showed two vertical lines:
on the monitor screen, one of which was slightly longer than the
other. After a fraction of a second, the program made both lines
the same length and the user was invited to press one of two
keys on the keyboard to select which of the lines had been
longer. After a suitably large number of attempts, a final score
depending on the number of comect answers, was displayed on
the screen. This, it was claimed, gave a measure of the subject’s
inteligence.

PIC your brain

Always on the lookout for good project ideas, | immediately saw
this sledge hammer solution as a perfect candidate for pressing
into use some LEDs and counter ics. When | began to think
about it more seriously, | soon realised that t would need about
seven or eight cmos or thl chips to drive the LEDs and do the
counting and decoding, and the thought of all that wiring and
soldering made me decide that it was far more intelligent to use a
computer after all - not the kind with a colour monitor and 2
gigabytes of hard disk storage, but a single chip.micro-controler.
This could easily be programmed to contral two strings of LEDs
to make up the two fines and keep the score on a seven
segment LED display, and two push button switches would
replace the keyboard.

| decided to base the circuit on a PIC16C54 cmos
microcontroller which contains all the basic parts of a computer
(alu, ram, power-on reset circuit, built-in clock generator eic.)
including eprom program memory and 12 input/output lines
which can drive LEDs direct, making it ideal for this application.
The circuit diagram is shown in figure 1 and is quite
straightforward. Apart from the chip, only the switches, LEDs and
displays are required, together with a handful of current-limiting
resistors and two capacitors. All the work is done by the micro-
controller, which switches on each digit in turn while at the same
time: driving the display segments and LEDs and checking the
status of the switches. ( A pre-programmed micro-controller is
available from the author)

VR1, R1 and C1 form the clock oscillator circuit and control
the speed with which the instructions are executed and the
length of time for which the two LED columns are displayed. By
varying VR1 therefore, the test may be made more or less
difficult.

The circuit draws about 40-50mA {at 5 volts) depending on
the score that is being displayed and can be powered from any
supply in the range 3 to 5V, It is, therefore, possible to use two
AA cells in series, although betterperformance would be
achieved with the larger capacity C cells. In view of the rather
large current consumption due to the LEDs, It is perhaps better
1o use rechargeable batteries. As nicad rechargeable batteries
have a voltage of 1.2V as opposed to 1.5V for non-rechargeable
types, two nicad cells would provide only 2.4V, which would not
be sufficient. it is, therefore, prudent to fit a 3 x AA or C battery
holder which would allow operation with either type of battery.

Figure 1: the circuit of the 1Q tester

$3 l
+5Vo— o0 : .- 4 I i |
R4 - R14 390R Rt1 R12
B MCLR Vdd ¥ I f §
- o i
R6
o e S iz e h
Ra R2 R1 it M—l:lf!7 ?/‘ l. B ]
10k 10k 47 PIC15C54-4 BA—C}RL ,' *> \
R
= — 94| |° |
L A0 s—( 1 r
ot ; » Tt I e
82 P J R12 L - | R14 -
I ” 51 osc A2 | |_| ; §
- B _l '_I ! LED3 - LED13
c1 *
J _2200 ATCC Vss e
OvVo d i I

ELECTRONICS TODAY INTERNATIONAL

20




Alternatively, @ mains supply of the type used to power small
appliances could be used. A stabilised type is preferable but if
you wish to build your own, a suitable circuit is given for mains
constructors in figure 2.

Construction

Although the circuit could be built on a piece of stripboard, a far
neater assembly can be realised using a printed circuit board (see
figure 3 for the component layout). All the components with the
exception of the two push-button switches and the on/off switch
are mounted on the PCB, along with the links which can be made
from discarded component leads. Construction should begin with

SMALL HEATSINK
FUSE T 1N2001

w [ 7805 |om oy

b =
1000u
230VAC —| T 16V

O 0V

6-0-6

1N4001

Figure 2: a suitable power supply tircuit for mains
constructors
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Figure 3: the component layout for the PCB

Figure 4: the display pin-outs

the lowest profile components first, namely the resistors and links
followed by the LEDs and capacitors. Note that the board has
been designed so that all the LEDs are mounted with their
cathodes towards the bottom edge of the board. All the
components can be soldered directly to the PCB but an 18-pin
socket is recommended for IC1, which is a cmos device and all the:
normmal precautions should be taken when handling this ic.

No detalils are given on mounting the unit in a box as this wil
depend on personal preference. Any plastic box large enough to
house the circuit together with the batteries or mains supply will be
suitable, provided there is sufficient space on the front panel to
mount the printed circuit board (or at least the LEDs and displays),
two pushbutton switches and an on/off switch. Ideally the
pushbuttons should be mounted below the two LED columns so
that there is no confusion about which switch comesponds to
which column. A sloping front case wouid perhaps be most
appropriate and provide maximum flexibility in the positioning of the
dispiays and switches. If reguired, the display and LEDs could, of
course, be mounted off the PCB but this would involve a ot more
wiring and the possibility of errors. The connections for the LED
display used are shown in figure 4 should this need 1o be done or if
a different display is to be used. VR1 could also be replaced by a
panel mounted component to allow the difficutty of the test to be
varied, although it is probably better to leave this control out of
sight of the subject.

The LEDs used in the prototype were rectangular types which
are slightly more expensive than the normal round types, but
provide a better display with no “gaps” as would be the case with
round types or the so-called bar graph amays. Arrays do have the
advantage of teing easier to fit into a straight line and they are
available in strips of 5. Brightness matching is also a problem which
is not encountered with arrays, so if you are using discrete LEDs it
is best to buy them all from one source or you may have to spend
some time adjusting resistor values o get-an even brightness along
the whole colurmn.

The flowchart

Figure 5 shows the flowchart which explains how the program
works and is probabty more important than the circuit diagram in
understanding it. When the circuit is first switched on, the program
goes through a routine which defines which lines will be inputs (AQ
and A1) and which outputs, and initialises all the registers. The
score counter is set to zero and another register which keeps track
of the number of tries is set to 99 (decimal). The input AO is then
read and ff it is low {ie the switch is kept depressed when the unit is
switched on), the lines A2 and A3 are defined as outputs enabling
the score counter displays to light. (Note that at power on when
the score is zero, the leading digit is suppressed so don’t worry
when it does not light.) If the switch connected to input AQ is not
depressed, these two lines are defined as inputs, and since they
are used to dnve the digits, the score dispiay is effectively blanked.
This can be useful because it not only reduces current
consumption but the display can be distracting. It is quite easy 1o
keep watching the display to see if the correct button was pressed
and if the score increased, and miss the next column display and
not know which bitton to press next afthough this may add to the
validity of the test by checking that the subject can concentrate
despite distractions. Both these mades of operation are therefore
available and may be selected by either keeping the switch S1
depressed when the unit is switched on, or not doing so.

Following the power-up procedure, the program now scans the
display, switching on {or at least attempting to) each display in tum
and then the LEDs as well as selecting which LED column to make
longer and checking to see if the.switch connected to A1 has been
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Figure 5: the flowchart for the 1Q tester software

depressed. If it has not, the pragram remains in this loop constantly
switching between the columns. Since this happens many
hundreds of times a second, it is impossible to know which column
will be chosen so that the final selection is to all intents and
purposes random. S

When the switch connected to fine A1 is depressed, the LEDs
are switched off and when it is released they are switched on again
with one column longer than the other. This is the start of the

program proper and is marked as such on the flowchart. After a
short delay (determined by a subroutine and the clock frequency}
all the LEDs are It and the program waits for a pushbutton to be
pressed. While it is waiting, the program continues displaying the
score (assuming A2 and A3 are outputs) and setecting a column.
When the pushbutton associated with the longer columin is
pressed (AQ comesponds to the left-hand column), the score
courtter is incremented and the counter recording the number of
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GAS HOBS Stanoard domestic units, mew and boxed, 3 bumer,
househoid gas. brown. Bargain af just £12.95 ref BAR316

INFRA RED FILM 8° square piecs of fiaxibie infra red fim that wil
only slow IR dght through. Perfect for converting ortinary torches,
ights, headiights etc to infr red output oty using standard iighl butbs
Essity cut 10 shape. 67 square £15 ref IRF2

HYDROGEN FUEL CELL PLANS Loads of information on
hydrogen storage and production. Practical pians to build 8 Hydrogen
fuel cetl (gaod workshop tacikties required) £8 sat ref FCP1
STIRLING ENGINE PLANS Inlaresting information pack
covenng al aspects of String engines. pictures of home mads
engines made from en aecsol can running on & candiel £12 ref STIR2
12V OPERATED SMOKE BOMBS Type 3is & $2v irigger and
3 smoke cannisters, sach cannisier wilfilla room in a very shoi spece
of timel £14.99 ref SB3. Type 2 {s 20 srnaler cannisters (sultabie for
simutatad squipment fires etc) and 1 trigger module for £29 ref GB2
Type 18 8 12v tngger and 20 large cannisiers £48 ref SB1

HI POWER ZENON VARIABLE STROBES Usefut 12vPCB
fated with hi power stroba tube and control slectronics and speed
control potentiometer. Perfect for imaresting projects etc T0x55mm
12vdc operation. £6 aa rsf FLS1, peck of 10 E49 ref FLS2

NEW GEIGER COUNTERS IN STOCK Hand heid unit with
LCD acresn. auto ranging, low battery alarm, auditie ‘dick’ output. New
and guaranteed. £129 ref GE1

RUSSIAN BORDER GUARD BINCCULARS £179%
Probably ihe best binocutars in the world! fing for colour Brochurne,
RUSSIAN MULTIBAND WORLD COMMUNICATIONS
RECEIVER, Exceptional coverags of §wave bands, (5shoft, 1 LW,
1FM, tMW) intamnai fermits and extemal ietescopic asnals, mains/
battery. E45 ref VEGA

NEW LASER POINTERS 4 5mw, 78 metrarange, hand heid unit
runs on two AA battenas (supplied) 670nm. £29 ref DEC4S

HOW TO PRODUCE 35 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprehensive 270 page book
covers aitaspects of spirt production from everydey metedess. includes
construction detalis of simpie stifs etc. £12 ref MS3

NEW HIGH POWER MIN! BUG With a range of up to 800
metres and a 3 deys use from a PP3 this is our top sedfing bug! less
than 1™ square #d a 10m voics pickup range £28 Ref LOT102,
BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by siep guide to building wand generators and
propelions. Armed with this publication and @ good local scrap yard
could make you se¥ sufficient in slectricity! £12 ref LOT81

PC KEYBOARDS PS2 connecior, top quaiity suttabie tor all 285/
386/¢BE etc £10 ref PCKB. 10 for £65,

NEW LOW COST VEHICLE TRACKING TRANSMITTER
KIT £29 range 1.5-5 miles, 5,000 hours on AA batteries, transmits
info on car direction, lef! and nght tume. stast and stop information.
Works with any good FM medio. £29 ref LOT101a

HIGH SECURITY ELECTRIC DOOR LOCKS Compieta
brand new ftafian lock and laich assembly with both Yale type lock (keys
nc) and 12v operated deadiock. £10 ref LOTeg

*NEW HIGH POWER WIRELESS VIDEO AND AUDIO
BUG KIT 1/2 MILE RANGE Transms video and audio signats
from a minature CCTV camera (included) to any standard television|
Supplied with telescopic serial £168

CCTV PAN AND TILT KiTMotorize your CCTV camera with this
simpie 12vde kL 2 rermanticatty sesied DC linear servo motors Smm
threaded cutput 5 2acs stop to $top. CAn be stopped anywhere, 10mm
travel, powerful £12 red LOT125

CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v
100mA. auto esectronic shutter, 3.8mm F2 lens, CCIR, 512x482
poels, video output i 1v p-p (75 chm). Works directly intc & scart or
video input on & tv or video IR sansitve £79.95 ref EF137,

IR LAMP KIT Sutable for the above camera, anables the camers
10 D& uBed in total sarkness! £6 ref EF 138

UK SCANNING CIRECTORY As supptied to Police, MOD M15
and GCHQ! coverers everything from secretgovemment frequencies,
eye in the sky, prisons, mililary avietion eic £18.50 ref SCANS
INFRA RED POWE RBEAM Handheid battery powered amp, 4
Inch reflector, gives out powerul pure infrared ightl perfect for CCTV
use, nightsights stc. £29 ref PB1.

SUPER WIDEBAND RADAR DETECTOR Detects both
radar and laser , X K 8nd KA bands, speed cameras, and ali Known
$p8ed detection systems. 360 degree coverage, from & sarwaveguides,

1.17x2.7"x4 8% M9 on sun visor or dash £149 ref

CHIEFTAN TANK DOUBLE LASERS
9 WATT+3 WATT+LASER OPTICS

Could be adepted for laser kstener, long range communications etc
Doubie beam units designed to fit inthe gun barrel of a tank, sech unit
has two semi conductor lasens and motor drive unite for aignement. 7
mile range. no circuit diagrams due to MOD, new price £50,0007 us?
£199. Each unh has two galium Arsanice injection lesers, 1 X Gwatt,
1 x3wett, S00nm wavelsngth, 2Bwdc, 600hz puise fraquency. The units
aiso contmin an slecironi receiver 16 detect rsflected signais from
mmets. £198 for one. Ref LOT4.
NEW LOW PRICED COMPUTER/WORKSHOP/HI-FI
RCB UNITS Compiate protacion from faultty equipment for
everybodyl Infine undt fite in standard IEC wad (extends itby 750mm),
fitted in iess than 10 saconds. resatAest button, 10A rating. £8.95 each
ref LOTS. Ora peck of 10 8t E49.90 ref LOTS. if you want & box of 100
you can have one for £250!
TWO CHANNEL FULL FUNCTION B GRADE RADIO
CONTROLLED CARS From Worid famous manufacturer these
are returns 80 they will need attention (usualy physkal damage) cheap
vy of buying TX and RX pius servos etc for new projects eic. £ 12 each
80k a3 sean ref LOT2.
MAGNETIC CREDIT CARD READERS ANDENCODING
MANUAL £9.38 Caged with fylaads, designed 1o read standand
credit cards! complete with control sictronics PCB and manual
covering sverything you cauld want 10 kitow about whits hidden in thet
strip on your card| just £9.95 nef BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collsted 140 business manuais that give you
information on setfing up dfferant businassas, you peruse these at

your isisure vsing the text editor on your PC, Also incuded s ths
carificate enabling youtc reproducs (and sefl) the manuais as much as
you fike! £14 ref EE

HIGH POWER DC MOTORS, PERMANENT MAGNET
12 « 24w opamtion, probably Shout 144 horse power, body measures
100mX T Smm with @&0mm x Smm output shafl with a macined flst on
. Fixing is smple using the two hresded bofts protruding from the front
of tha motor 4mm X 12mm). These motors are perfect for model
engineanng et they may even be sultabie as a cyde motor? We expect
Mgt demand 50 you woukd ke one orthink you may require-ons inthe
future piace your order today! £22 ref MOT4 10 pack £185 ref MOTSE
ELECTRONIC SPEED CONTROLLER KIT For the above
motor is£19 red MAG17. Seve £5 I you buy themboth togsther, 1 motor
pius spesd controer rp is E41, offer price £36 ref MOT5A
RUSSIAN 800X MAGNIFICATION ZCOMMICROSCOPE
retel construciion, bult inight. mirrorefe. Russian shiimp farml, group
viewing screen, lots of sccessones. £29 ref ANAYLT,

AA NICAD PACK Pack of 4 tagged AA nicads £2.59 ref BAR34
RUSSIAN NIGHTSIGHTS Mode TZS4 with infra red luminator,
views up to 75 metres in ful darkness in infraned mode. 150m range,
45mmjens. 13 degangie of view, focussing rangs 1.5m to infinty. 2 AA
batteries requiced. 950g weight. £190 ref BARS1. 1 years wamsnty
LIQUID CRYSTAL DiSPLAYS Bargain prices,

20 character 2 fine, 83x19mm £3.99 ref SMC2024A

16 character 4 fine, 62x25mm £5.99 raf SMC1640A
TAL-1,110MM NEWTONIAN REFLECTOR TELESCOPE
Russian Superb astronomical scope, evarything you need for some
sanous ster gazingl up to $69x magnification. Send or fax for further
information. 20kg, BSxBO0X1850mm nef TAL-1, E249

YOUR HOME COULD BE SELF SUFFICENT IN
ELECTRICITY Comprehensive piana with loads ofinc on dessgring
systems, pansis, control electronics etc £7 et PV1

COLOUR CCTV VIDEO CAMERAS,
BRAND NEW AND, CASED. FROM £99
Works with most modern video's, TV's,
Composite montitors, video grabber cards etc
Pal, 1v P-P, composite, 750hm, 1/3" CCD, 4mm F2.8,
500x582, 12vde, mounting bracket, auto shutter,
100x50x180mm, 3 monthe warranty,1 off price £119

ref XEF150, 10 or mora £99 ea 100+ £89

YUASHA SEALED LEAD ACIDS FROM £2.50
12v 6.5Ah ex equipment batleries to clear at just £9.98 for
a pack of fourl ref XX1

A MAGNET THAT LIFTS 33 KIiLO'S!

Just in this week are these incredible magnets that 4ft 33
kilo's! Price is £14.99 ref MAG33

25 SQUARE FOOT SOLAR ENERGY BANK KIT 100 6°x8"
Bv Amomphous 100mA paneis. 100 diodes, connaction datasis etc to
bulid a 25 squers foot solar call for just £99 ref EF112.
CONVERT YOUR TV INTO A VGA MONITOR FOR £251
Converta & colour TV into 8 basic VGA screen. Complete with buit in
pau, lead and wware.. Idealfor leplops of & cheap upgrade. Supplied in
Kit form for home aasembly, SALE PRICE £25 REF SA34

*15 WATT FM TRANSMITTER Already assembied but some
RF knowtedge will be useful for setting up. Presmp mq'd, 4 stage 80-
108mhx, 12-18vdc, can use ground plane, yagior dipole £60 ref 1021
*4 WATT FM TRANSMITTER KIT Smal but powerful FM
transmitter kit 3 RF stages. mic & audio preamp included £24 ref 1026
YUASHA SEALED LEAD ACID BATTERIES 12v 1SAH at
£18 ref LOTS and beiow spoc 6v 10AH at £5 a par

ELECTRIC CAR WINDOW DE-CERS Compiste with cadie
plug atc SALE PRICE JUST £4.99 REF 5A28

AUTO SUNCHARGER 155x300mm soiar panel with diode end 3
metre lnad fitted with a cxgar piug. 12v 2watt. £12.99 REF AUG10P2.
SOLAR POWER LAB SPECIAL You get 2 6°x8™ 6v 130mA
cells, 4 LED's, wire, buzzer, switch + 1 reiay or motor, £7.99 REF SA27
SOLAR NICAD CHARGERS 4 x AA size £0.99 rel 6PATS, 2 x

' 250 PORTLAND ROAD, HOVE, SUSSEX.
BN3 5QT. (ESTABLISHED 50 YEARS),

WITH ORDER PLUS £3.50 P&P PLUS VAT.
24 HOUR SERVICE £4.50 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50

(ACCRSS, VISA, SWTTCH, AMERICAN EXPRESY)

FAX 01273 323077
E-mail bull@pavilion.co.uk

IMAIL ORDER TERMS: CASH, PO OR CHEQUE

‘phone orders: 01273 203500

C size £9.99 ref 8PATT

GIANT HOT AIR BALLOON KIT Buid a 4.5m arcumfrence,
fully funcboning balloon, can be isunched with home made bumner etc
Reusabie (unti you loose i) £12.50 ref HAY

AIR RIFLES .22 As usad by the Chiness amy for training puposes,
s0there is & lot about! £39.95 Ret EF78. 500 pelets £4 50 mof £EF80.
*NEWMEGA POWER VIDEOAND AUDIO SENDER UNIT,
Tranemits both audio and videc signais from efther a video camara,
vidaa recoroer, TV or Computer etc to any standard TV setin a 500m
range! (tune TV to channei 31) 12v DC

op. Price is £65 REF: MAG1S 12v psu im£3 extra REF: MAGSP2
*MINATURE RADIO TRANSCEIVERS A pair of wallve tatkies
with & range up 10 2 kam in open country. Units measure 22x52x156mm.
Including cases and sarp'cas, 2xPP3 req'd. £37.00 pr.REF; MAG30
*FM TRANSMITTER KIT housed in @ standard working 13A
adapteri! the bug runa directly off the mans 80 lasts forever! why pay
E7007 or price I8 £18 REF: EF82 (ki) Transmis to any FM radio
Buit and tasted version now svatable at E45 ref EXM34

*FM BUG BUILT AND TESTED superior design to kil. Supphed
10 detective agences. Sv battery req'd. £14 REF: MAG14

GAT AIR PISTOL PACK Compiate with pistal, derts and pelets
£14.85 Ref EF828 axtra peihets (500) £4.50 ref EFBO.

HEAT PUMPS Thass are mains operated airto aif unilts that consist
of & sluminium piate (cooing skte) and a radietor (warming side)
connecied together with 8 compreasor. The piate i nserted into water
willfreaze it Probably about 3-400 watts 80 could produce Tkwin iieal
condiions, £30 ref HP1

3 FOOT SOLAR PANEL Amorphous siicon. 3’ x 1° housed inan
aluminum frama, 13v T00MA ouput £55 ref MAGAS
SOLAR/WIND REGULATOR Prevents benedes from over
charging, Onmaching Capacity tha reguistor dverts 6xcass power into
heat avoiding damage. Max power is 60 wants. £27.90 ref SICA11-/05
4X28 TELESCOPIC SIGHTS Sutable for all alr hes, ground
)enses, good kght gathering properties. £24.95 ref R/7.

NICAD CHARGERS AND BATTERIES Standard universal
maind opered charger, takea 4 batts + 1 PP, £10 ref PO1D.
Nicads- AA size (4 pack) £4 ref 4P44, C sizs (2 pack) £4 ref 4P73,D
scze (4 pack) E9 ref 9P12

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new muttivend 2000 raxiar detector can
prevent evan the most responsitie of drivers from losing theif icence!
Adjustable audibia alarm with 8 flasihing 16ds gives mstant waming of
radar zones. Datecta X, K, and Ka bands, 3 mle range, "over the hil
‘around bends’ and ‘rear trap faciiities. micro sze just4. 252 5™ 75
Can pay for Resif In just one day! £69 ref EP3.

STEREO MICROSOPES BACK IN STOCK Russian, 200x
compite with lenses, ights, fitors etc efc very comprehensive
microscope that would normaily be around the £700 mark, our prcs
14 just £299 {full money back guarantes) full detats in catalogue.
SECOND GENERATION NIGHT SIGHTS FROM £748
RETRON Russian night sight. 1.8x, infra red iamp, 10m-inf, stendard
M42 lons. 1.1kg. £349 ref RET1

MAINS MOTORS 180 RPM 90X70mm, 50X 5mm 50x5mm outpet
shaft, stan cap included. £22 ref MGM1

T ———
PC POWER.._SUPPLIES, CUSTOMER
RETURNS, ALL FAN COOLED, OURCHOICE,
BARGAIN AT 8 PSU'S FOR £9.99 REF XX16
R S L

LOW COST CORDLESS MIC 500 range, 0 - 105mhx, 1159,
183 x 28 x 35mm, 9v PP3 battery required. E17 ref MAG15P1

JUMBO LED PACK 15 10mm bicolour lads. plus 5 giant (S5mmy
saven segment displays ail on a peb £8 ref JUM1, Pack of 30 55mm
seven seg displays on pcbe E19 el LEDA, pack of 50 £31 ref LEDSO
42VDC 40MM FANS MADE BY PANAFLO,NEW £4 REFFAN12

WIND GENERATORS 380 WATT
1.14 metrs dia blades, carbon matrix blades, 3 year wamanty, 12vdc
output. 24V version svalabie, control slectronics incuded, brushiess
reodymium cubic curve alternetor, arly two Moving pits, Maintenance
free, simple roof top instalaton. stert up spesd Tmph, max output
(30mph) 380w, £439 ref AIR1

Check out ourWEB SITE
full colour interactlive
1997 catalogue

http:/ /www.pavillon.co.uk/bull-electrical

FREE COLOUR CATALOGUE

WITH EVERY ORDER

*SOME OF DUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

WE BUY SURPLUS STOCK

FOR CASH
SURPLUS STOCK LINE 0802 660335
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tries is decremented, while if the other button is pressed only the
“try” counter is decrermented.

For the more intelligent subjects who may think that they can
achieve a higher score by pressing both buttons simuttanecusly,
and actually manage to do this, the program is written to accept
this as an incorect answer and simply decrement the “try” counter.

When the pushbutton is released, the program checks to see if
the “try” counter has reached zero, indicating the end of the test. i
it has, the lines A2 and A3 are made outputs {if they were not in
this state alreadly) and the program goes into a loop continuously
displaying the final score until it is switched off. If the “try” counter is
not zero, the program goes back to the start and displays another
set of columns for another try.

Initially the program was written as above, but there was one
difficulty. It is well known that if you spin a coln enough times and
call heads, on average you will be comect 50% of the time. The
same is true of this tester, as there are only two pushbuttons to
choose from and each time one of them must be comect and the
other wrong. This means that even a chimpanzee which could not
understand the rules, or continuously pressed one button, would
achieve a score of about 50. To overcome this difficulty, each
incomrect answer is made to decrement the score so that our
chimp with a supposed fow 1Q, pressing the same button all the
time, would get on average a score of zero or at least a low value,
because on average there would be as many incomect answers as
correct ones. To prevent a negative score, which would not only be
insulting presumably even to a chimp, but also a concept which
would be difficult to visualise (not having the sense one was bomn
with, perhaps), any score less than zerc is munded up to zero.

The LED columns are organised so that the bottom LED in
each column always lights. The column which has been selected
1o be longer is made either one, two or three LEDs longer than the
short one, gving eight different possibilities. This has been done
because otherwise the eye will tend to get used to where the spiit
between the long and the short column cccurs if one column is
ailways made, say, one LED longer than the other, and focus only
on the two LEDs involved. The other LEDs would not be observed
and , in fact, would not even need to be fitted. The whole point of
using columns instead of just two LEDs is to make the test harder
and force the subject to concentrate more which he will have to do
because he will never be sure how much longer one column will be
with respect to the other.

Does it work?

IQ is measured by psychologists on a scale from 60 to 140 with a
score less than about 80 representing the very dull, and over 120
being very bright as shown in figure 6. According to this, half the
population have an average inteligence which is represented by a
score of between about 90 and 110, with a decreasing number of
people as we move into the very bright and the very dull areas.
Only some 2 percent belong to the MENSA level of very bright with
a score of 130-plus. Interestingly, women tend to cluster around
the average with fewer at the bottom or top. The peak inteligence
of an individua! is said to occur at around the age of twenty three
(so | still have some way to go) but then gradually fades - so older
may mean wiser, but not necessarily more intelligent. Another thing
to remember is that an IQ number is simply a score and has no
quantitative value. Thus a person with an IQ of 120 cannot be said
to be twice as intelligent as one with a score of 60 and, in fact, the
difference is said to be quite small.

Concerning the validity of this particular test, | suppose one
could argue that any person who can concentrate on a task, even
one as pointless and mundane as deciding which of two columns
of lights was longer, would stand a good change of concentrating

NO OF
EOrLE AVERAGE
BRIGHT
VERY
BRIGHT
T— T g—T1=>hk

100 110 120 130 140

Figure 6: conventional IQ distribution in the population

on learning a skill or job and, therefore, become proficient at it
faster than a person whose mind tended to wander off the subject.
Whether this is “intefligence” or not is debatable, but the test
certainly requires concentration, especially at the higher speeds, so
if nothing else, it could be used to select people who could leam a
new job easily from those who could take longer. To test this
property, one would need to have subjects with known IQs and
compare their score with their IQ rating. For this reason it is also
difficult to transiate the score of 0-99 into the generally accepted
one of 60-140 normally used to grade IQ but again, it should
provide a guide. This could be a good project for a school class
where the results of such a test on the pupils could be compared
to their examination results or indeed IQ scores if these are known.

Having played with the device, | must say that | was most
impressed with its accuracy and atthough modesty prevents me
from revealing my score, | am prepared to divuige that it was in
double figures - at least on the slower speeds. Suffice it to say that
based on this, | will now seriosssty consider whether or not to
decide about the possibility of thinking about sending off my
application to MENSA, but perhaps | should build a
microprocessor controlled decision maker first. But don’t take my
word for it, try it - its very simply to build and as addictive as some
computer games (and probably a good deal less boring than
some) and who knows, the next job you apply for may well include
just such a test at the interview!

R1
R2, R3
R4-R14

ar red LEDs or two

ar ¢ -‘- ph arrays.
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The Pre-programmed PIC micro-
controller is available from the author for
£9.50 including UK carriage. (Overseas
orders please add £2.) Please send
Postal orders/cheques/bankers draft In £
sterling together with your name and
address stating clearly which project you
are building, to:

B. Trepak, 20 The Avenue, London W13
8PH. (Mail order only}
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Data Acquisition
Virtual Instrumentation

Pico Technoloay

‘Pico’s PC Converters
monitor and record
temperature and humidity’.
EnvinaMan

Temperature /| Humidity
Logger & Alarm System

EnviroMon has many applications in:
food processing - storage
and-distribution, energy
management - waste energy,
heating and processing,
agriculture - monitoring
humidity in greenhouses, and
in hospitals - accurate
monitoring of temperature
sensitive items.

¥ Monitors up to 30 channels of
temperature over a 400 m. distance.

¥ -55 to 100°C temperature range
(typical accuracy +0.29C).

¥ Data can be downloaded to PC.

EnvinaHon

Starter Kit from  £393.00

3 temperature Sensors on 5m lead, 3 channel
Converter, Enviromon Logger, cables & fittings.
Expandable at any time for around £50 / channel

TC-08
8 channel Thermocouple
to PC Converter
Simple to use thermocouple to
PC interface.
¥ Connects to serial port -

no power supply required.

¥ Supplied with PicolLog data
logging software.

¥ Resolution 0.1°C.
TC-08 £199.00

Supplied with serial cable and adaptor.
Calibration certificate £25.00.
Thermocouple probes available.

TH-O3 3 channel

Thermistor to PC Converter
¥ Connects to serial port -

no power supply required.
¥ Picolog data logging software.
¥ -55 to 105°C temperature range
¥ Resolution 0.019C.

TH-03 £79.00

Supplied with serial cable and adaptor:
Thermistor sensors available.

Call for free demo dIsk
or download our web site:
. hitp://www.picotech.com
All prices exclusive of VAT.
Broadway House, 149-151 St Neots Rd,
Hardwick, Cambridge. CB3 7QJ UK

Tel: (0)1954 211716 Fax: (0)1954 211880
E-mail: post@picotech.co.uk

jr

Hchnology Limited l

~ Data Acquisition
Environmental Monitoring
Virtual Instrumentation p

‘Pico’s Virtual Instrument is
the most powerful, flexible
test equipment in my lab.’

Pico's virtual instruments emulate the
~ functions of traditional instruments such
as Oscillscopes, Spectrum Anaiysers
and Multimeters. Controlled using the
standard Windows interface, the
software is easy to use with full on line

Pico Technology

.....

ADE-200
Dual Channel High Speed
¥ 100, 50 or 20 MS/s sampling.
¥ 50, 25 or 10 MHz spectrum analysis.
¥ Advanced trigger modes - capture

intermittent one-off events.

¥ Less than half the cost of a
comparable benchtop scope.

ADE zoo-100 £549.00
AD¢C zoo-50 £499.00

ADE zoo-20 £359.00
Supplied with cables and power supply.

ADE-100

Dual Channel 12 bit resolution
The ADC-100 offers both a high
sampling rate 100kS/s and a high
resolution. Flexible input ranges
{x50mV to +20V) make the unit ideal for
audio, automotive and education use.

' 700
i £199.00

with PicoScope software
with PicoScope & PicoLog software £21 9.00

. ADEC-40/%2

. Single Channel - low cost
¥ 20 kS/s sampling.

¥ 10 kHz spectrum analysis.
¥ 1z 5V input range.

\ ADE-40 8 bit resolution £59.00
| ADE-42 12 vit resolution £85.00

oy Call for free demo disk
or download our web site:

¥

P1&O

hnology Limited

=> http://www.picotech.com
All prices exclusive of VAT.

Broadway House, 149-151 St Neots Rd,
Hardwick, Cambridge. CB3 7QJ UK

Tel: (0)1954 211716 Fax: (0)1954 211880
E-mail: post@ picotech.co.uk
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Electronics Principles 4.0

If you are looking for an easy and enjoyable way of studying or
improving your knowledge of electronics then this is the software for you.

Electiorics Principles 4.0

| R=R1=R2-
Sum Vel ¢12
Gai!l'av'-%z
Vout = -[V1 +f

306163411z
403 3816Hz 1 2087xHz

+ ¥ L J i Frequency.
v o v et g o o e B W b bl S
e S e pie d B Capaciance = 100nF Resrstance = 2.5k Cacult G"= 06324
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= b R_C.L Parallel Impedance.
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SaRRGAcleges D (=[5 (157079 - 3183099F = 13486 - 1.34864
Afully interactive textbock on the screen. : A
OHP slides and student handouts within minutes. B 0 -t S = 682378

Multi-user network version available. 7. 100 > 157.0756 x_31.83033
- J 157.0796 x 31.8309F + 10F x( 157.0796 - 31.83099F
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EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. e-mail sales@eptsoft.demon.co.uk * UK & EC countries add £2 per order for
post & packing. VAT should be added to the total. Qutside Europe £3.50 for air mail postage by return.
Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date.

Cheques & Postal Orders should be made payable to EPT Educational software.

g =
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Higher Education

in electronics

To conclude our short series on higher education In electronics, we look at courses
with flexibility, including the American approach.

ublicity in recent months about colleges that now
choose students on the basis of their GCSE results,
as well as A-level restilts, has given new emphasis to
the importance of GCSEs, the “first round” of major
school qualifications. In the past, A levels have been
emphasised as thae chief passport to higher education, but with so
many students now taking A levels, colleges are resorting 10 a
wider angle of view on their applicants’ educational histcries.
GCSEs are not so demanding or specialised as A levels, but they
do provide a snapshot of the student’s ability to handle a wider
variety of subjects - for instance, it may interest a college if their
prospective engineering or physics candidate alsc has a
reascnable achieverment in English or another modern language at
a lower grade - something that A-level results alone would be
unlikely to show, as science students are unlikely to have effort to
spare to study languages at A-level as well as the necessary
science subjects. Certainly, attempting to combine arts and
sciences at A level is thwarted because it is beyond the resources
of most schools, which find that allocating adequate timetable
time “across disciplines” too difficult. Normally, only the biggest (or
poshest} schools can offer much in the way of arts/science
combinations at A level.

And then - after “which GCSE™ or “which A ievel” comes
“which higher course™? It's become axiomatic that, if you are
doing a degree course in a university or coliege with a strong
reputation, it matters less which subject and options you study,
because employers can rest assured (they hops) that you will have
honed your ability to learm and to handle new material. But in a
highty specific and practical subject like electronics, you will also
need to choose a course that covers all the basic requirerments of
the discipling, and to choose a speciality (f applicable) that can be
applied to the career you wish to follow.

The question may be crucial to computer science students:
whether to aim for a more theoretical and broad-based course, or
to concentrate on learning the software languages that are
currently in demand. While it is important to come away with
some skills in languages and applications in current use, one of
the sticking points for programmers is the ability to jump from a
well-known language to a new one. Anyone who uses a

spreadsheet or a CAD program will either have confronted the
problem of “converting” to a new package, and knows the
frustration and even fury that accompanies the new leaming curve
or has that pleasure yet to come! In industry, it is the same on a
larger scale, and a student who has aiready had some experience
of transferring will be more attractive to high-tech employers.
There is no doubt that there is currently a beom in jobs for T
experts and programmers that is likely to last into the new
millennium - but the new millennium is only three years away, and
change is the name of the game, so get the best theoretical
grounding and the best in-depth experience of languages,
applications and operating systems that you can find.

Hull College

Hull College’s proud boast is that they cffer the largest range of
further education courses in Humberside, full and part time. Hull is
one of the breed of technically-oriented colleges that can provide
education from GCSE level right up to degree level in conjunction
with the University of Hull), and also provides supporting optlons
like Skilpower (number skills/communication/learning skills/life
skills and computer skills) to prepare school leavers who have
found their skills a Iittle gappy for further study in NVQs and
GNVQs, including technology and engineering options, and
English as a Foreign Language (EFL) for students who do not
have English as their first language and want to get their English
up to speed. The four-year degres course in Chemistry, Applied
Physics and Mechanical Engineering, Electronic Engineering and
Computer Science is a four-year course, one year based at Hull
College and three years based at Hull University, and is open to
mature students without A-levels but with some career experience
of engineering and physical sciences, as well as school leavers
with GCSE and A-level qualifications.

In Hull, the emphasis in Electronics is in the School of
Electronics and Telecommunications, which encompasses
Electronics Servicing at various levels, a Telecomms Technician
Certificate and a National Certificate, National Diplerna and Higher
Naticral Diploma in Electronics and Communications. The School
of Electrical Engineering concentrates more on electrical
installation and manufacture, but offers a National Certificate in
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Interested in
Electronic
€Engineering”

Leaving School?

Unemploved and Job Seeking?
Changing Career?

Looking for Promotion?
Resident outside of the

United Kingdom?

If this is you, then one of the listed
colleges may be able to help

Several sources have indicated that there is a national shortage of hi?hly
skilled Electronics and Telecommunications Engineers in Britain so i
Electronics is an interest or hobby, why not make it your career?

A wide variety of training programmes are available
covering many branches of electronics such as:

& Computer & Office & Mobile Radio & Radio
Equipment Servicing Engineering

= Electrical Engineering ® Microprocessor .

& Ejectrical Installations Programming and Interfacing

& Electronic Engineering “ Optoelectronics

& Marine Radar, Navigation & ® Telecommunications
Electronics Engineering

& Marine Radar & GMDSS = Television & Video Servicing
GOC

Training Programmes are available for:
School Leavers, Job Seekers, Employed, Employers, Overseas Employers and Students

Member Electronics Colleges are all over Britain

P Aberdeen College, Aberdeen, AB25 1BN. Bill Thow. &IP Lancaster & Morecambe College, Lancaster, LAY 2TY. Gary Wiikinson,
Tel: {01224) 612000 Fax: 612001 Tel: (01524) 66215 Fax:843078
@B Blackburn College, Biackburn, BB2 1LH, Peter Smith, @B London Electronics College, London, SW5 9SU. M.D. Spalding
Tel: (01254) 292348 Fax: 681755 Tel: (0171) 373B721 Fax: 2448733
@& Bournemouth & Poole College of FE, Poole, BH14 OLS. John Gosling. «E» Matthew Bolton College, Birmingham, 85 TDB. Clive HIll.
Tel: {01202) 205654 Fax: 205313 Tol: {0121) 4464545 Fax: 4463105
4 City College Norwich, Norwich, NRZ 2LJ. David Warner. &> Newbury College, Newbury, RG14 1PQ. Martin Rice.
Tel: (01603) 773320 Fax: 773016 Tel: {01635) 37000 Fax: 41812
4P City of Liverpool Community College, Liverpoot L19 3QR. David Jones. «B» Plymouth College of FE, Plymouth, PL1 5QB. Mr D J Turner.
Tel: {0151) 2524749 Fax: 4279179 Tol: (01752) 385398 Fax: 385399
a3 Ealing Tertiary College, London, W3 8UX. Denis Thomson. «[® South Tyneside College, South Shields, NE34 §ET. David Johnson.
Tei: {0181) 2316332 Fax: 9932725 Tel: (0191) 4273500 Fax: 4273535
@ Glasgow College of Nautical Studles, Glasgow, G5 9XB. John Hercus. «EP» Southampton Institute, Southampton, 014 0YN. Roger Forster.
Tel: {0141) 5652660 Fax? 5652599 Tel: {01703) 319333 Fax: 334441
4> Grimsby College, Grimsby, DN34 5BQ. Richard Summerfield. «I® Stoke on Trent College, Burslem, $T6 1JJ. Ken Burgess.
Tel: {01472) 315540 Fax: 879924 Teol: {01762) 208208 Fax: 603103
& Huil College, Hull, HU1 3DG. Steve Brett. &P Tresham Institute (Northants) of F & HE, Corby, NN17 1GA. John Dixcn.
Tol: {014682) 598806/329943 Fax: 598733 Tel: (01536) 413307/402252 Fax: 402252

&P Jowel & Esk Valley College, Edinburgh, EH15 2PP, Derek Landells.
Tel: {(0131) 6577288 Fax: §572276

To find out exactly what the college of your choice can offer, please telephone directly or use the no obligation Enquiry Coupon below for a brochure.

e i e e s R i e i e A | o S T S e e = =D -

Send this coupon to any of the colleges listed for the latest details of courses and
ENQUIRY COUPON programmes available. School leavers under 18 years of age are recommended to
contact the nearest college to their home address.

Please send details of your electronics courses to:
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% (0] 500 e e Sl A Sy SN et el Hedfoie B FaCRUMBETanT ArBACOUE o i oot m e e St el &
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Electronics Engineering: Aston University

Blectrical/Electronic Engineering, and a short course in Electrical
Safety for non-electrical craftspecple.

Hull also has a particular emphasis on motor vehicle
engineering and fabrication {in a different section of the college)
with a state-of-the-art vehicle fault-finding and simulation suite
which also monitors the progress of students via the computer
systemn! Extra funding has also been invested In a modem
electronics training laboratory.

Hull College’s prospectus and Engineering brochure give
considerable detail about the different levels of further education in
part time and full time courses and in modular programmes, and
the further educationat or career paths that they can lead to. Open
days at the college are usually held once per term and twice in the
summer tenm - contact the College for details.

University of Huddersfield

Huddersfield is an example of a University that provides degree
and HNG/D (Higher Nationa! Certificate or Diploma) level courses
in two- and three-year courses on a modular, part-time basis.
Working students on day-release can expect to attend one day
plus one evening per week, as well as end-of-session
exarninations, while others can choose their own pace of study,
typically taking four modules per semester. For day release
students, account is taken of work-based expenence, and the
supenvised leaming time is normally eight modules in the first year,
with 30 hours per module. Third year Diplorna students will cover
four compulsory and three optional modules. The HNC/D course
is particularly aimed at student who are already working in a career
with practical day to day exposure to the area they are studying.
These courses are mainly in computing and information
technology. There is also a modular MSc course in Software
Development, and another in Scientific Computing which in
addftion allows postgraduate students who are not working
towards a further qualification to study course modules without
seeking & qualfication.

In Engineering, Huddersfield offers modular course in BEng
{Hons) Computer-Aided Engineering, plus HNC Engineering in
various fields including Electronic and Electrical Engineering and
Manufacturing Systems.

The University emphasises that students must attend their
classes regularty if they wish to continue on their course, and fees
must be paid annually in advance. Modular learning at college,
particularty at a postgraduate level, reguires more discipline and

commitment than “distance leaming” and other self-funded,
part-time courses of study, but the qualifications obtained are
usually more sought-after - so it is not surprising that the
Universities seek students with commitment.

Schiller International University

Schiller International University is an independent American
university with campuses in the USA and Europe, based in
Florida and accredited as a senior college by the Accrediting
Council for Independent Colleges and Schools in Washington
DC. SIU offers a great many undergraduate and graduate
programs {a general term for USA courses, which are strongly
moduar In a way that has not yet caught on in the UK for full-
time courses), particularty in business administration subjects.

At its London campus, SIU offers the first two years of the
four-year course of study usually required for an American
engineering degree. These two years, making up the Associate
of Applied Science Degree, are referred to as pre-engineering
because they precede the specialised parts of engineering study,
are a standard part of American university engineering training.
They include required courses in basic engineering, sciences,
mathermatics and general education. SIU students completing
the first two years can then transfer to certain colleges in the
USA, such as Waestern Carolina University and Clarkson
University, to pursue the rest of the degree program.

To draw an analogy, this is roughly similar to reaching HND
levet before going on to study for a degree in the UK, having also
completed a foundation year first - hence the four years, The
contents of a US study program are not entirely like UK courses,
and often provide a broader generai educational base with &
more flexible choice of optional courses throughout. To some
extent, areas of study associated with A levels in the UK may
appear in USA university programs, a direction which may in the
future become more widespread in the UK.

The American systern is not only modular, but is based on a
system of course credits. One credit is the equivalent of 15
hours’ classroom instruction, and a student must earn 124
credits to graduate with a Bachelor’'s Degree. To put this in
perspective, as SIU's prospectus describes it, a student
attending a history class for three hours a week for a full 15-
week term and passing will receive three credits.

The top USA technical universities, like those in the UK, have
a wortd reputation for state-of-the-art research and
development, some of which is open to undergraduates. For
those who feel a yen to study in the USA, the wise thing to do is
to decide which college - in an ideal world - they would like to
graduate from, and then find out from that college, what their
entry requirements are, and which institutions in the UK or the
student’s home country they have an association with or regard
with respect. Accredited USA and UK qualifications are valued all
over the world, but removing from a course of study on one side
of the Atlantic to the other does not provide an automatic “siot in
position” and it is as well to know what might be required, in
advance. Also, some UK colleges have finks with USA colleges
and arrange exchange programmes for a few months or a year
for a certain number of students. US and UK higher education
courses need a good leve! of spoken English, but many colleges
can provide some tuition for students with good qualifications
whose English needs "topping up"” for study.

The future

With the recent news that many students will in future have to
find money for their tuition'fees in the UK (as is the aimost
universal arrangement elsewhere in the world) there is set to be
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a scramble for college places before this becomes inevitable.
This is set to make entry into higher education harder this year,
with greater competition for piaces.

It could pay to speak to the Admissions office of the college
or colleges you want to apply to and find out which courses
cover the areas you want to study. There may be more options
than you realise. Some more specialised (and less popular)
courses have a considerable overlap both in content and career
terms with more popular ones. And onceg you are in a college
and have a track record as a serious student, it is often easier to

change courses after your first year, or to take advantage of a
vacancy in your first-choice course. That said, simply choosing a
less likely course in the hope of switching later could backfire if
the college is already over-subscribed.

What if you are not able to get onto a suitablke course in 1987%
Wall, you may already have plans for a “year out”, but if you do '
not, remember that colleges throughout the UK offer evening and
part-time courses at reasonable prices. You may be able Jo use
the opportunity to tighten up your maths, or improve one or two of
your GCSE grades. Whatever happens, keep constructing -
places will remain competitive, and all your experience will be of
value in showing that you are the person forthe place.

Although entry requirements for degree courses can be
demanding, many are also negotiable, and most colleges will
make allowances if they can see that the prospective student
has a good work record and personal experience to back up his
or her formal qualifications. This naturally applies to older
students: for school ieavers, colleges will need to see a
reasonable learning record, but many technical colleges also
offer provide background courses and foundation years to
prepare for a higher level of study.

Good luck!

Contacts

Hull College, Queens Gardens, Hull HU1 3DG. Tel 01482 329943.
University of Huddersfield, Queensgate, Huddersfield HD1 3DH.
Tel 01484 422288,

Schitler International University, Admissions, Royal Waterico
House, 51-55 Waterloo Road, London 8E1 8TX. Tel. 3171 928
8484,

ﬁ University
SCHOOL OF ENGINEERING

MSc/Diploma in
Information Engineering

This postgraduate course offers a set of integrated

Road, Orpington, Kent. BRS 4AQ

120 LUJ il ¥ OUCTE N

40 Wellington
0 | ]

Lessons include magnetic recording,
audio amplifier theory, motor speed
control, mechanical switches, and much

This wiil teach you how electronic
voices are made. Issues reports every
hour, and includes an LED display and

courses with a common theme in information
acquisition and processing, systems and control
with specialisations in Electronic Digital Systems
and Communications, Control Engineering,
Measurement and Instrumentation, Biomedical
Computing, Instrumentation and Informarics,

The course is taken 12 months full-time, or over
24 months part-time, principally on a day release
basis. A major feature of the MSc is an extended

(5 months) project period.

See heep:/lwww-eeie.city.ac.uk or telephone
0171 477 8135 for further details. Department of
Electrical, Electronic and Informartion Engineering,.

Teaching and research excellencs in London

a choice of three different alarm sounds.

more. Headphones included.

1 Detector
This super #
sensor detector Tre

sounds an .¥

T -
alarm when _
someone -~ 5

Just like the
real thing! With the
| push of a button the LEDS

unit. Learn “wemmee 'S lspin round and round. It’s unique design
about motion detector includes “pop-out” chips of different
technology. Uses a pyroelectric infraredivalues.

sensor. __ Visit Our Web Site_http//:www.technologyindex.com

All prices Include VAT and carriage.  Tel (01689) 876880 for further details

approachesthe |

Please send me: Personal Stereo O Talking Clock O
Motion Detector O Digital Roulette O
1 enclose a cheque for £.....ci0uene. (payabie to “Technology Education Index”)|
T IR S st iy T R
Ratresse ol il L i e e '
RS N B L. o A SRR o . e Post Code..............
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f:ﬂ | System Features

TEACHERS... STUDENTS...
HOME USERS... etc.

E:D‘VIN NC Prog'ram_ i
Swift Designs Ltd., Dept.ETl, Business & Technology Centre, |
Bessemer Drive, Stevenage, Herts, SG1 2DX. .

NAMB: . ..o avistoga cossonsve FemvosEma: noe et A= 2 3 B b S =le RS T
IAddless:™ .. ak. ¥l L5 B I e e

.................. Postcoder ..o Ml st

Tel: (Day )i cis i oo, RANH-S S s 2o aret Pl 2 <ok s M= ool
(Evening).. s namimainaks P e B o
Version Required: Basic Deluxe 1 2 3 (please circle)

lenclose£.............. + p.p. £5.00 UK (p.p. £10.00 outside UK) . b
Cheque/P.p./Credit Card: Visa/Access/Mastercard: '

v T T L) eemose (L o

" Tel: 01438 310133 Fax: 01438 722751 Email: designs@swiftdesigns.co.uk Web: www.swiftdesigns.co.uk ﬂ_
e

Complete End-to-End CAE/CAD system.

Automatic Front and back annotation.
Intuitive hierarchical menu structure.
Mouse or keybeard commend activation.

: l Macro operations.

Real-time display of: ratsnest, active nodes,
single line or true trace width.

On-line help

Auto reconnect,

Ful Integration of Schematic and Layout.
Automanc file backup.

User detinable text sizes.

Screen hardcopy.
Library viewer with editing possibility.

bars.

Visible schematic and PCB symbols by editing.

I Monochrome mode for better print resolution.

Bitmap support for ioading logos,
documentation, etc. Can be used in hierarchica
as well as in simple schematic or PCB design.
Maximum number of nets: 16,000,

Maximum number of nodes: 32,000.
Maximum number of bend points: 64,000,
Maimum number of connections: 64,000.
Maximum number of symbols: 32,000.
Maximum number of components: 32,000
Maximum number of multi-segment traces:
32,000, with a total of 64,000 trace segments.
ANSUIEC libraries

Full Gerber, NCD, pic and place output

Schematic Capture

Up to 100 schematic sheets,

Up to 64 x 64~ sheet size.

industry standard sheet sizes,

Rotate, scale and mirtar symbols.

Real-time dragging of components and wires.
Automatic package and pin assignment.
Orthogonal and free mode manual routing.
Automatic bus annotation.

Block save, load. move and delete.

Direct access to mixed mode simulation.
Autorouting of connections.

Merging and sphitting of nets possibifity.
Definable fine width, also for bus-lines.
Swapping of component positions.
Automatic component renumbering'by
swapping

PCB Layout
32 layers {28 route layers, 2 silk-screen layers

back)).

User definabie trace sizes.

User definable pads.

Curved traces.

3 mil grid resolution - Fine grid 10 micron.
SMT, fine line, analog support.

Component repeat, rotate and mirror,
Components "hMove by name”.

Component, gate and pin swap.

Automatic component renaming.

Trace repeat.

On-ine, multi-layer routing with automatic via
insertion.

Pin-to-pin, free or 45 degree routing.

Change segment side and width, trace side and
wadth.

Fast interactive generation of ground planes
with user definable cross-hatch or soid fill.
Automatic ground plane with thermal reliet
insertion.

Automatic DRC with user specfied parameters.
Electncal connectwity checking.

Linear rotation of symbols.

Gerber inpu? read and use possibility.

Built-in interface for Spectra 6.0, Max route 6.0
and Anzona Autorouter.

Bitmap functions (logos, drawings, ...).
Sophisticated database viewer.

Mixed Mode Simulation

AC analysis {Frequency domain).

DC analysis (Linear/non-linear).

1D analysis (Time domain).

Diagram generator, T

Dynamic parameter definftion of active and
passive Ccomponents.,

Output graphs displayed on screen, hardcopy or
placed on schematic.

Oscilloscope function.

DLL based analog/digital simulation primitives,
modelling language and library creation 1ools.
Built-in model generator for discrete devices.

Please Note: Some of the above are ONLY
provided on the De Luxe 3 Version, EdSpice
| and Thermal Analysis are availabie
r_ as bolt-on extras.

Simultaneous Schematic and Layout generation

OXF in and output. o

Switching on/off possibility for tool and scrofl .

AT S

(front and back}, 2 soldermask layers (front and



W COST PC'
SPECIAL BUY

‘AT 286"

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in the USA o an induslrial specitication, the system was
designed for fotal refiabiity. The compact case houses the mothar-
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk
drive & Integral 40Mb hard disk drive lo the front. Real time clock
with battery backup is provided as standard. Suppfied in good used
condition complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.0 and 90 DAY Full Guarantee. Raady to Run |

Order as HIGRADE 286 0”£ y £ ,29- 00 (E)

Optional Fitted extras: VGA graphics card £29.00
1.4Mb 33" floppy disk drive {instead of 1.2 Mb) £19.95
Wordperfect 6.0 for Dos - when 3% FDD option ordered ~ £22.50
NE2000 Ethernet (thick, thin of twisted) network card £29.00

LOW COST 486DX-33 SYSTEM

Limited quantity of this 2nd user, supurb small size desktop unit.
Fully featured with standard samm connectors 30 & 72 pin. Supphed
with ke rd, 4 Mb of RAM, SVGA monitor output, 256k cache and
integral 120 Mb IDE drive with single 1.44 Mb 3.5" floppy disk drive
Fully tested and guaranteed. Fully expandabie Only
£399.00

Many other options avaisbie - call for detalls,
FLOPPY DISK DRIVES 312" - 8"

5% " or 312" from only £18.95 !

Massive purchases of standard 5" and 3%* drives anables us lo
present prime product al industry beating low prices! All units {unless

stated) are BHAND NEW or removed from often brand new equip-

ment and are fully tested, alipned and shipped to you with a 90 day
guaraniee and operate from standard voltages and are of standard
size. All are IBM-PC compatibla (if 3%" supported on your PC).

3%" Panasonic JU363/4 720K or aquivalent RFE
3%" Mitsublshl| MF355C-L 1.4 Meg. Laplops onty
3%* Mitsublshi MF355C-D. 1.4 Meg. Non laptop
5%" Teac FD-55GFR 1.2 M?(g (for IBM pc's) RFE

5%" Teac FD-55F-03-U 720K 40/80 {for BBC's etc) RFE  £29.95(B

5%" BRAND NEW Mitsubishl MF501B 360K

8" Shugart 800/801 B" SS refurbished & tested

8" Shugart 810 8" SS HH Brand New ﬁQS.DO(E;
£250.

Mitsubishi M2894-63 8" double sided NEW £

Mitsubishi M2896-63-02U 8" DS slimline NEW £285.00{E
£499.00(E}

End of line purchase scoop! Brand new NEC D2246 8™ 85 Mbyls

drive with Industry standard SMD Interface, raplacas Fujitsu

£22.95(B
Table top case with integrat PSU for HH 5% " Flopp or HD £29.95(B
£195.00(E
8" Shugart B51 8" double sided refurbished & tested
Dual 8" cased drivas with imi grat power sunoli 2 Mb
equivaient mods!, Full manual. Only £239.00 or 2 for £525.00 (E)

3%" FUJI FK-309-26 20mb MFM LF RFE £59.95(C)
31%," CONNER CP3024 20 mb IDE UF {or equiv )JRFE £69.95(C
3%" CONNER CP3044 40mb IDE I/F {or equiv.JRFE £69.00(C
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acom}  £69,00(C

3% WESTERN DIGITAL 850mb I0E I/F Brand New  £185,

5% MINISCRIBE 3425 20mb MFM IF (or equiv) RFE  £49.35(C
5% SEAGATE ST-238R 30 mb RLL I/F Returb £69.95(C
E¥* COC 94205-51 40mb HH MFM IF HFE 1asted £69.95(C)
54" HP 87548 850 Mb SCSI RFE {ested £89.00(C)

5%* HP C3010 2 Gbyte SCSI differentiai RFE tested £195.00(C)
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E)
Hard disc controllers for MFM , IDE, SCSI, ALL et¢. from £16.95

THE AMAZING TELEBOX

Converts your colour monitor into a QUALITY COLOUR TVII
TV SOUND &

VIDEO TUNER
CABLE COMPATIBLE *

The TELEBOX is an aftractive fully cased mains powered unit, con-
taining all electronics ready 1p plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite
videq output wilt also plug directly into most video recorders, allowin
reception of TV channels not normally receivable on most televi-
sion recelvers* (TELEBOX MB). Push button controls on the tront
panel allow reception of 8 fulty tuneable ‘off air* UHF colour talevision
channels. TELEBOX MB covers virlually all tetevision frequencles
VHF and UHF including the HYPERBAND as used by most cable
TV operators, A composite video oulrul is located on the rear panel
for direct connection to most makes of monitor or daskiop computer
video systems. For complete compatibility - even for menliors with-
out sound - an integral 4 watt audio amplifier and low level Hi Fi
audio output are provided as standard.
TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Muliband VHF/UHF/Cabla/Hyparband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
‘For cable / hyperband reception Telebox MB should be connected
1o a cable type servics. ing code on all Teleboxe's is (B)

SUPPLIES

Virtually every type of power

supply you can imagine. Over
10,000 Power Supplies Ex Stock
Catt for info / s

Issue 13 of Dipl
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THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR sAvINGS - CALL FOR SEMICONDUCTOR HOTLIST

One of the highest specification
"‘ monitors you will ever see -
At this price - Don’t miss it!!

Mitsubishl FAJ415ETKL 14 SVGA Multisync colour moniior with fine
x ___ 028 dot preh tube and resolution of 1024 x 768. A

varety of nputs alows connection 1o a host of comput

g bl ors i IBM PC's In CGA, EGA, VGA & SVGA
B8 mades. COMMODORE Amiga 1200},
‘ ARCHMEDES and APPLE. Mary features: Eiched
facapiata, text swiching and LOW TION MPR

specificahor. Fully guaranieed, supplied In EXCEL-

LENT iatle used

concition.
2 Order as
it & Swivel Sase £4.75 Oniy £119 TS-6VGA
VGA cable for IBM PC included. y o ¥

Extemnal cables for gther types of computers CALL

As New - Used on film set for 1 week only!!
15% 0.28 SVGA 1024 x 768 res. colour monitors.
Swive! & tlit etc. Fuil 90 day guarantee. £145.00 (E)

Surplus always
wanted for cash!
19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Uitra Smart

Less than Half Price!

Top quah‘tg 19" rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic keckable front doot,
fult heighl lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing stnds, ready punched
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amp
socket switchad mains distribution strip make
thesa racks scme of the most versatile we
have ever sold. Racks may be stacked side by side and theretore
require onty two side panels to stand singly or in muliiple bays.
Overall dimensions are: 77%" H x 32%" gx 22" W. Order as:

OPT Rack 1 Complate with removable side panels. £335.60 {G)

OPT Rack 2 Rack, Less side panals £225.00 (G}

| 32U - High Quality - All steel RakCab

Made by Eurocraft Enctosures Ltd to the highest possible spec,
rack features all steel construction with removable
side, front and back doars. Front and back doors are

hinged tor easy access and all are lockabie with :
five secure 5 [ever barrel locks. The front door £
Is constructsd of double walied steal with a
‘des| atyle’ smoked acrylic front panel 1o

. TIPILITEORICTIEREY,

(&)
News NOW
ALL MAIL & OFFICES

Open Mon-Fri 9.00-5:30
Dept ET. 32 Blggin Way

LONDON SE19 3XF

Al prices for UK Maniand. UK
Intversties and Local

Just in = Microvitec 20" VGA {B0Q x 600 res.) colour manitors,
Good SH condition « from £299 - CALL for Info

PHILIPS HCS35 (same style as CMB833) attractivaly styled 14"
colour monitor with both RGB and standard compeslte 15.625
Khz video Inputs via SCART sockal and separate phono jacks.
Integral audic power arnr and speaker lor ali audio visual uses.
Will connect direct to Amiga and Atarl BBC computers. Idaal for all
video monitoring / securlty applications with direct connection
to most colour cameras. High 3ualily with many features such as
front concealed'ﬁap conlrols, VCR correction button at¢. Good
used condition - fully tested - guaranteed

Dimensions: W14 x H12%" x 15%° D Only £95

PHILIPS HCS31 Ulira compact 97 colour video monitor with stan-
dard composite 15,625 Khz video input via SCART socket. Ideal
for all monitoring / security applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen bums). In atrac-
tive square black plastic case measuring W10" x H10" x 13w” D.

240 V AC mains powered, Only £79.00 i)

KME 10° 15M10009 high definition colour monitors with 0.28" dot
pitch. Superb clarity and modarn styling.
Operates from any 15.625 khz sync RGB video |
soufce, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn§
Archimedes & BBC. Measures only 13%" x 12° x§ilsss

11°. Good used condition. Onty €125 &
20" 22" and 26" AV SPECIALS

Suparbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & opfional sound input. Attractive
teak style case. Pedrect for Schools, Shops, Disco. Clubs, ete.In
EXCELLENT little used condition with full 90 day guaraniee,

20"...£135 22"..£155 26"..£185m
SPECIAL INTEREST ITEMS

MITS. ;% FA3445ETKL 14" Industrial spec SVGA monitors
2kW to 400 kW - 400 Hz 3 phase power Sources - ex stock
IBM 8230 Type 1, Token ring base unit driver
1BM 53F5501 Token Ring 1CS 20 port lobe modules
1BM MAU Token ring distribution panel 8228-23-5050N
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
Trend DSA 274 Data Analyser with G703(2M) 64 Vo EPOA
Marconi 8310 Programmable 2 to 22 GHz sweep generator £6500
HP1650B Logic Analyser £3750
HP3781A Pattern generator & HP3782A Error Datector £POA
HP APOLLO RX700 system units £950
HP6621 A Dual Programmable GPIB PSU 0-7 V 150 watts  £1800
HP30B1A Industrila workstation c\w Barcode swipe reader €175
HP6264 Rack mount variable 0-20V @ 20A metered PSU ~ £675
HP54121A DC to 22 GHz four channel test set £POA
HP7580A At 8 pen HPGL high speed drum plotter £1850
EG+G Brookdeal 95035C Precision lock in amp £650
View Eng. Mod 1200 computerised inspection system £POA
Ling Dynamics 2k\W programmabie vibration test system  £POA
Computer controlled 1056 x 560 mm X Y 1able & controller £1425
Keithley 580 CV capacitor / vottage analyser £POA
Racal ICR40 dual 40 channel volce recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batts Dec. 1995  £9500
IC| R5030UV34 Cleaniine uitrasomc cleaning systam £POA
Mann Tally MT648 High speed line primter £2200
Intel SBC 486/133SE Multibus 488 system, BMb Ram £1200
Zata 3220-05 AQ 4 pen HPGL fast drum plotters £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Componants List. SAE / CALL EPOA
Trio 0-18 vdc linear, matered 30 amp bench PSU, New £550
Fujitsu M3041R 600 LPM band printer
Fujitsu M3041D 600 LPM printer with network interface
Perkin Eimer 2998 Infrared spectrophotometer 0,
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750
Andraws LARGE 3.1 m Satellile Dish + mount {For Voyager)) £950
Sekonic SD 150H 18 channe! digital Hybrig chart recorder £1995
TAYLOR HOBSON Tallysurf ampliiier / recordar £750
System Video 1152 PA{ waveform monttor £485
Test Lab ~ 2 mir square quietised acoustic test cabnets £300
Kenwood 9601 PAL Vectorscope - NEW £86!
Please call for further details on the above items

£245
EPOA

g
enable status indicators 10 be seen through the s
panel, yet remain unobtrusive. Internally the rack £
featutes fully siotted reinforced vertical fhxin
members to take the heavlast of 19" rack |
equipment. The two movable vertical fixing struts |
{extras available) are pre punched for standard §
‘cage nuts’. A mains distribution panei internal-
ly mounted to the bottom rear, provides 8 x IEC 3 E
pin Euro sockets and 1 x 13 amp 3 pin swilched G
utility socket. Overall ventilation is provided by <%
tully louvered back door and doubie skinned top section
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features inciude: fitted
castors and floor levelers, prepunched utility pane! at lower rear lor
cable / connactor access ete. Supplied in excellent, slightty used
conditlon with keys. Colour Royal blue. External dimensions
mm=1625H x 635D x 603 W. (64" Hx 25" D x 23%" W)

Sold at LESS than a third of makers price I!

A superb buy atonly £195.00 ©)

Over 1000 racks - 19" 22" & 24" wide
3 to 44 U high. Available from stock !!
Call with your requirements.

TOUCH SCREEN SYSTEM

The ultimate in "Touch Screen Technology' made by the experts -
MicroTouch - but sold at a price below cost It System consists of

a flat translucent glass laminated panel measunng 29.5 x 23.5 ecm
connacted to an electronic controtler PCB. The controlier produces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as Ihe finger moves, the data
instantly changes. The X & Y information is given at an incredible
matrix resolution of 1024 x 1024 positions over the entira screen
size 1! A host of avallable translation software snables direct con-
nection to a PC for a rn(grlad of applications including: control pan-
els, pointing devices, POS systems, controliers for the disabled or
computer un-trained etc etc. Imagine using your finger with
‘Windows', instead of a mouse 11 (a driver is indeed available 1) The
applications for this amazing product are only iimited by your
Imagination!l Complete system ingluding Conircller, Power Supply
and Data supphed at an incredible price of only:

Full MICROTOUCH software support pack £145.00 (8)
and manuvals for IBM compatitie PCs £79.95 AFE - Tested

LOW COST RAM & CPU’S

INTEL ‘ABOVE' Mamory Expansion Board. Fulklength PC-XT
and PC-AT compatible card with 2 Mbytes of memory on board.
Card is fully selectable for Expandec or Extended (286 processor
and above) memory. Full data and driver disks suppllied RFE.
Fully lested and guaranteed. Windows compatible. 9.95(A1)
Half length 8 bit memory upgrade cards for PC AT XT expands

memory either 256k or 512k in 64k steps. May also be used to fill

in RAM above 640k DOS limit. Comfiete with data.

Osder as: XT RAM UG. 256k £34.95 or 512k £39.95 (A1)
AL
£16.50 (A1

SIMM SPECIALS

1MB x9 SIMM 9 chip 120ns Only

1MBx9 SIMM 3 chipBOns £19.50 o 70ns  £22.95 (A1

1MBx9 SIMMGchip80ns £21.50 or 70ns  £23.75 (A1

4 MB 70 ns 72 pin SIMM_-with parity- Only £95.00 (A1

INTEL 486-DX33 CPU E55.00 INTEL 486-DX66 CPU £69.00 (A1
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR ££€

FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC £7.85 10 / £65
PAPST TYPE 612 60x80x25 mm 12v DC £8.95 10/ £75
MITSUBISHI MMF-DED12DL 80x60x25 mm 12v DC €4.95 10/ £42
MITSUBISHI MMF-08C12DM B0xBOx25 mm 12v DC £5.25 10/ €49

MITSUBISHI MMF-09B12DH 92x92x25 mm $2v DC £5.95 10/ £53
PANCAKE 12-3.5 92x92x18 mm 12v OC £7.95 10/ £69
EX-EQUIP AC fans_ ALL TESTED 120 x 120 x 38 mm specifty 110
or 240 v £6.95. 80 x 80 x 38 mm; - specily 110 or 240v_£5.95
IMHOF B26 1900 rack mnt 3U x 19" Biower 110/240v NEW £79.95
Shipping on all fans {A). Blowers (B). 50,000 Fans Ex Stock CALL

available - send large SAE - PACKED with bargainsl!

IEONDON gsml}-l?w DISTEL® ALL B ENQUIRIES
A The Origlnal
”%ﬁ'ﬁ: Norwo - REE On lelne art‘aabase 018] 879 44]4
Upper Norwood rf;::;g:ﬁ:tmﬁ Info on 20,000 + stock itnmes!

Sothurst Park SR Rall Stations RETURNING SCON | FAX 0181 679 1927

- mi

for volume. Top CASH proas paid for surplus goods, Al

customers add 17.5% VAT to TOTAL order amoum. Minmmum order £10. Bona Fide acoount orders acospted from Govemment, Schooks,
Ui Authorties hmna:mu!uderﬁﬂ.(?mmmh&amsmjsdmmwkngmysaearamaCan'agsa?(ﬁ.)-mm.mlkm.m.
(B)=£5.50, (C)fB 50, (D=£12.00, (E}=£15.00, (F)=£18.00, {G=CALL Alow approx 6 days for shppng surcharge Al goods suppead 1o
Standiard Concliions of Sale and unless stated guaranteed for 80 days. Al guaraniees on a retum 10 base bass, All rights resenved o

notice. Orders subject 10 stock. Discourts

- faster CALL Scatiand
ions without pricr

TRl

trademarks etc acknowiedged © 1806 EA OE 066



VALVE CHARACTERISTIC

Tester

Peter Kenyon’s valve tester assists in checking the essential characteristics of
most types of electronic valve, and making up matched pairs.

n Part 1 of this article [ETI issue 8 1997] we
described the functions of the Valve Characteristic
Tester. This month's concluding part describes
the construction and calibration of the Tester, and
includes the Parts List and PCB

Construction

Before any components are installed on your pcb, it should be
used as a template to mark out hole positions for the pots,
LEDs and switches. You will need to make cut outs in the PCB
at each side to accommodate the middle pillars of the
Electromall box as used by the author, and also drill or ream
out spindle holes so that parts of SW1 and SW7/VR7 can pass
through the board. First, decide the exact position of the large
rotary switch SW1. As the PCB is a close fit to the case, this is
probably the trickiest operation in the mechanical construction.
The wafers of the switch are mounted below the pcb (see
figure 15). To retain the necessary stiffness of the switch
assembly, the piltars and operating spindle pass through the
board. Some extra “land” is available on the board for to allow
room for the drilling. The exact position of these holes is not
indicated on the pcb track layout, to allow some ieeway for
the constructor. As a guide, however, the hole can be
approximately 1cm from the bottom edge of the pcb, but must
not, of course, cut through or foul the tracks running nearby.
Some space must be left between the end of the PCB and the
wall of the box to allow connecting wires to pass through (or a
slot filed out sufficient to allow the wires to pass). It is fmportant
that when the switch is fully assembled, the nuts should all be
tight and secure for proper alignment of the rotors in the
wafers. Another important consideration when deciding the
switch position is to allow enough clearance for the wafer tags
from the wall of the box. This type of diecast box has a taper,
so that the base is narrower than the lid. As shown also in
figure 15, the main pcb is below the valve socket pcb and,
depending on thelr relative positions, the two boards overlap
slightly. Near the centre of the main pcb are driling positions
for two 15mm stand off insulators or piflars. These are fitted
during assembly, but are not strictly necessary once the rotary
switch, SW2, SW3 and SW6 are wired and fitted. They do
however reinforce the construction.

With the spacings shown, enough space is allowed for the
Maplin DPM module to fit between the lid and the main pcb.
The module is mounted on 10mm stand off insulators which
are glued with two-pack adhesive, such as Araldite, to the
underside of the lid.

A side view of the lid assembly showing the main PCB and
DPM module in place. SW1 can be seen protruding below the
lid and above the main PCB.

The switch mode heater pcb (figure 14), once assembled,
can be positioned inslde the case with the transformers and
C1 in order to find the best layout. Be sure to mount IC4, D12
and IG5 at the same height above the pcb to enable easier
alignment of the mounting holes in the side of the case. Note
that L1 is secured to the pcb with a wire link. Since the switch
portion of VR7 protrudes downwards into the case, allow for
this when positioning T2. (Note also that VR? is bolted to the
pcb, while VR4, 5 and 6 are soldered.) Figure 15 shows a
mechanical layout which makes for a straightforward
construction. The fitting of some nuts and washers may require
the extra dexterity afforded by a magnet or Blu-Tack on the
end of a screwdriver. Before the small transformers are finally
fitted, they must be fully wired and sleeved.

The internal layout shown in figure 15 gave the author a
front panel layout as shown in figure 9 and the photograph. A
suggested driling guide for the more critical positions is shown
in figure 12, although needless to say constructors should
check the actual positions of their components in relation to
the front panel before putting drill to metal.

The three valve sockets are available from PM Components
Ltd. {see Parts List). Chassis punches are required for their
mounting holes. The B7G is 16mm, the BYA 22.5mm and the
International Octal is one and one-sixteenth inches.

The valve socket pcb can be wired to the sockets most

-easily with single core hook-up pin

wire. Solder a short length to each of the mounted sockets.
If they are all of a slightly different length, threading them
through the pcb holes is made much easier. For the flying
leads, use 13.5cm of flexible wire, passed through the box lid,
sleeved and connected to a 2mm plug.
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Figure 9: how the author laid out the front panel

The main PCB

Assembile the main pcb, beginning with low profile components
and finishing with the large ones. Don't omit the links. Note that
two of the links take + and -12 volts to ICT. They go from pads
adjacent to C3 to pads adjacent to C34 and C35. The polarity
is obviously important.

Begin the
construction of LED4
and LDR1 by cutting a
2cm length of Maplin low
temperature heat shrink
sleeving. Add a circular
blob of Blu-Tack close to
the body and around the
leads of both LED4 and
LDR1. Push both an
equal distance into the

heat shrink sleeve until
they come into ciose
contact. A hair-dryer
directed evenly over the
heat shrink will make a
compact light proot unit.
Connect a multi-meter
on a high ohms range
to the LDR to ensure
that light is excluded. A
reading of at least 1 megohm in ambient daylight will be
adequate. Check the polarity of the LED then bend the leads
at right angles for insertion into the board. VR1, VR2, VR4,
VR5 and VR6 are soldered ciose up to the pcb while their
spindies are fitted through the lid. This will ensure that no
stress is placed on their pins and that the spindles will not
bind.

Assuming that you have fixed the position for SW1, the
rotary switch, assemble the switch to the pcb with its pillars
and install the upper wafer (sections a and b). These sections
can now be wired to the track side of the pcb with ribbon
cable. Note that the connections are numbered 1 to 6 on the
component layout and, as you view the wafers from below,
the tags are numbered in an anti-clockwise direction. Be sure
to locate the cormrect traveller for each section. The
connections between SW1d and switches SW5b and SW8b
are hard wired; SW5 and SW8 are conventionally mounted on

A view of the internal layout and
the rear of the main PCB. The
main PCB has been trimmed to
clear pillars and corner fixings in
this case, and to allow wiring to
pass the board at the lower edge.
SW1 is mounted through the land
along the bottom edge.

SWiabed

RES5 RG4
DPM - IN 2R2 910R

VIEW ON PINS.
SWs Swa

J)
7

METER RANGE

v
20V a9 g 200v

PADS ON
MAIN PCB

PADS ON
MAIN PCB

0—
—0\ g
DPCOM
Wh
1 (NOT USED)
l———- I
‘ir‘— -
Rd

9994 —L—5 1909
999 o 199.9

METER RANGE
PRECISION

PART OF
RECTIFIER

R11 Br, M2
s HEATER 2000y
AT Gm n
DPM +IN W
PRECISION
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Figure 10: the DPM switch wiring
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Resistors

R1

R2, R16,R35, R37,
R39, R53

R3, R7, R25, R25,

4,7R

1k

R27, R30, R34, R36, R38

R4, R6
R5

RY, R57
R10

R 11

R12, R15, R18
R13

R14, R20, R51
R17

R 19

R21, R28

R23

R24

R29

R31, R33, R44
R40, R56
R32, R45

R43

R46

R44, R47, R48
R49, RS0

R52

R54, R55

R58

R59

R60

R61

R62

R63

R64

R65,66

R67

LDR{

10k

6.2k

82k
220R
47k 2W
10R 0.1 percent
precision Electromall
2.2k
100k 2W
‘56K
1.8k
220R 2w
22k
270R
22R

5.6k
100k
220k
33k

1.5k
330k
39k

68k
150R
470R
3.9k

1k

8M2
870k
82k

8k2
910R
2.2R
4.7k
NS119-MS51 Electromail
596-141

Potentiometers
(Al variable pots from Electromail)

| VR1, VR2
| VR3
| VR4
| VvRs
| VRe

| VR?

220k 2W cermet

1k cermet preset 32961
47k 2W cermet

10k 2W cermet

1k 2W cermet

22k lin + dpst switch

C14, C15,
Ci7,18
€19, C20

€21,033,C34, C35

220uF 50V low ESR Maplin JL51F
2.2nF polystyrene

1uF 35V tant

10uF 16V tant

c23 10n¥ ceramic

C24,C25,C26 100nF polyester

C27,32 10uF 25V tant

C31 10nF 400V polyester BX70M

Semiconductors

IC1 MC1458N

IC2, IC8 78L15ACZ

IC3, IC9 TLE2426CLP

IC4 LT1074CYT

IC5 LM3M7T

iC6 LF353

IC7 TLE2072CP

IC10 4N25 opto-isolator

IC11 TL431C

o1 BUK454-600B

Q2,06 BC550

Q3 MJE350

Q4 BC559

Qs, Q7 BS170

D1, D10, D11 1N4005

D2, D4 6.2V zener 500mW

D3, D21 9.1V zener 500mwW

D5 J511 4.7 mA constant current diode
Electromail

D6-9, D13-20 1N4148 Maplin UK63T

D12 BYW80-150

BR1-BR5 DFO6M 600V IA bridge Electromail 183-4034

BR6 WO005G 50V 1.5A bridge

L1 150uH

Transformers

T 250V 100mA, 15V 1.5A, 6.3V 1.5A Maplin
ST29G

T2 9V 4+ 9V 1.38A Maplin DH26D

T3, T4 24V + 24V 6VA Electromail 804-931

Switches

SW1a,b,c,d 4-pole 6-way rotary switch,

SW2, SW3, SW§
sw4

SW6, SW8

SW7

SW9

break before make

dpdt 250V 2A toggle switch
spco signal switching toggle
dpco signal switching toggle
dpst switch (part of VR7)
dpst 250V 1A toggle switch

Miscellaneous hardware

VR8 50 ohm cermet preset 3296X
VRS 5k cermet present 3296X Case Die-cast box 222mm x 146mm x 106mm
VR10 1k 2W cermet Electromail 225-265
VR11 1k cermet preset 3296X - SK1 B7G valve socket
SK2 BYA valve socket
Capacitors SK3 10 International Octal socket
2,C28 220uF 35V Maplin AT60Q DPM  Maplin module GW01B

C3, C4, CS, €29, C30 10uF 16V tant

coé 33nF 250V SK1, 2 and 3 are from PM Components Ltd., Selectron
c7 {omitted) House, Springhead Road, Gravesend, Kent DA11 8HD.
C8,C9 1uF 450V Maplin VHITT
C10 10uF 100V Maost other parts are availabie from Maplin Electronics
c1i 2200uF 35V PO Box 3, Rayleigh, Essex S56 8LR tel 01792 554161, or
C12 100uF 50V low ESR

Maplin J149D Electromail, P O Box 33, Corby, Northants NN17 9EL Tel

| ©13,c16,C22 220nF polyester 01536 405555.
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LEDA AND NC SOCKETS CAN GO IN ANY CONVENIENT PLACE

Figure 12: & front panel drilling guide



THE ELECTROMAIL CD-RGM CATALGEAE

eiEGTROmAIL

87,000
PRODUCTS

PIC Microcontroller Programmers
Original - This is our original programmer for 16C5X, 16C55X,16C6X,
16C7x, 16C8x, 16F8X devices. Price : £40 for the kit, or £50 ready built.
Serial - This programmer programs the newest PIC devices in a single 40 pin
multi-width ZIF socket. Will program: 16C55X, 16C6X, 16C7X, 16C8x,
16F8X, 12C508, 12C508, PIC 14000. Also In-Circuit programming.

Price : £40 for the kit, or £60 ready built.

Introductory - Will program 8 pin and 18 pin devices 16C55X, 16C61;
16C62X, 16C71, 16CT1X, 16CBX, 16F8X, 12C508, and 12C508.

Price £22 for the kit {not avaitable ready built),

Note : All our programmers operate on a PC, using a standard R$232 serial
interface (COM1, 2, 3, or 4). No hard to handle parallel cable swapping |

All programmers are supplied with instructions, Windows programming
software, MPASM, MPSIM and PICDE (Windows based PIC assembler )

PIC or HC11 Windows Based Development:

PICDESIM and HC 11 DE allows assembly and simulation of your PiC or

HC 11 projects in one Windows program. incorporate multiple files, view help
file information directly from the code, edit within project, build and track
errors directly in the source, then simulate. Simulator allows 3 breakpoint
types, follow code in the seurce window, set breakpoints directly in code. Run

87,000 products ranging from batteries 1o b,ea(ingqs', {uses to fans,
awitches to semi-conductors, hand tocls to health™ salety.

A fuil library of dota sheets covering maony: products in our
tange. Plus .u lull selection of over 400 manuiaegturers’
datasheets.

\ Whatever your requirement, we have a range of techmical
services o pravide product ipformationsand odvice.

Place your orden anylime; we're ppen 24 hours g day
365 doys a year. And=your Qrdemis despatched the very

next working day,
The Electromail CD-ROM Catelogue «gives you more
products, more.dnformation, more service than you ever
thaught possibie.:And' for just £53.00 car your business,
your hobby ar seven your home: reolly manage

without it? p ;

When ordering by fox or phone quote
\ along with your card
| number ond expiry date.

o R
ELECTROM AN, PO, Mon 7T, oy y, Row tmsts, NN 96T,
Tel: 01556 M‘tg Frn MIEXL NSRS ‘

PIC BASIC
FED's PIC BASIC products - stralghtforward, capable, powerful,
rapid development.

Operating in a Windows Development Environment our modules need no
assembler or UV eraser to program your PIC's, and operate from a serial
link to your PC. The 16C74 module features - 8k EEPROM, up to 2000
lines of BASIC, 27 lines of programmable 110, 8 A/D inputs, Interrupt driven
serial RS232 Interface, Peripheral I°C bus interface, LCD display driver
routines, up to 178 bytes for variables and stack, extendible with optional
external RAM and all the standard 16C74 features. Ask about the 16C57
version.

Compiier - The FED PIC BASIC compller for the 16C74. It produces hex
code to program your 16C74 directly with no need for external EEPROM.
Compatible with the EEPROM versions of PIC 16C74 BASIC modules -
develop on an EEPROM based modute then compile and program your PIC
chips directly.

16C57 Module Kit (8k EEPROM, 4MHZ) €25.00, Pre-bulit £30.00

16C57 Module Kit (8k EEPROM, 10MHZ) £31.00, Pre-bulit £37.00

16C74 Module Kit (8k EEFROM, 4MHz) £35.00, Pre-bulit £42.00

16G74 Module Kit {8k EEPROM, 20MHz) £40.00, Pre-bullt £46.00

16C84 chip programmed with BASIC - £25.00

Compller - £60.00, or £50.00 when ordered with a module

programs, or single step, or step over subroutines. Track vanable values and
trace for display on the Trace Analyser, input stimuli Include clocks, direct
values and asynchronous serial data. Profile your program - examine
frequently calied routines which are timed and use the information to optimise
out bottle necks. PIC Version Simulates up to 50 times faster than MPSIM |

NEW [ - 32 bit version allows full use of Windows '95/14T4.0 facilities.

Cost £30.00, or £26.60 for existing and new purchasers of any of cur
programmers. Please specify Windows 3.1, or Windows 95 (32 bit}
and elther PIC or HC11 version

PIC and HC11 devices

PIC16CTALNY Erasable 20MHz  £24.00 PIC16C56 £2.50
PIC16C74-04POTP 4MHz €B.00  PICI6CT4-20P OTP 20MHz £11.00
PIC16CS57-04POTP 4MHz E5.00  PIC16C57-10P OTP 10MHz £6.00

PIC16C84-04P AMHz £6.00  PIC16CBA-10P t0MHz £8.00
PIC16F84-04P aMHz £7.00  PIC12C508-04P OTP 4MHz £2.20
PIC14000-04P OTP 4MHz £10.00  PIC14000/0W Erasabie £2300
PIC12C508-04P OTP 4MHz £2.70 PIC 16C558-04P oTP £5.00
Motorola MCEBHCB11E2 Ring for details  Ask about other chlps!

Forest Electronic Developments

_E 10 Holimhurst Avenue, Christchurch,
Dorset, BH23 5PQ.  hitpiwwaw.iakewood win-uk. netfed.htm

01425-270191 (Voice/Fax)

Prices are inclusive, please add £3.00 for P&P
and handling to each order.

Cheques/POs payable to Forest Electronic
Developments, or phone with credit card
details. Serial Cables - £7.50.
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me Autorouter .. EASY-PC Pro’ XM!

Flie Edfe Utew Tools Nets Settl Ouigut
e — -

D!

EASY-PC-P | PL Rel 15.595, 19 995 IN Qtr 45f(x L STUWPR . PCR

EE Product News “Products of the year”
Award Winner (USA Magazine)

“The Best Autorouter that | have seen costing
less than £10,000!”  R.H. - (Willingham, UK )

Integrated Electronics CAD

Uses the latest Shape Based,
32 Bit, Multi-pass, Shove-aside and
Rip-up and Re-try Technology
AutoRoute very large and complex
boards
User Controllable,

User Configurable

100% Completion where other
autorouters fail

100% Autorouted 140 Components
on a 210mm x 150mm board in less
than 10 minutes! (75MHz Pentium)

Could Easily Pay For Itself On The
First Project

S N ————

’::_:'—_ﬁ:g"@‘_—;—ﬁmbt%i‘ -I‘ W
|

. . s u*‘JJ-‘J
[ =1'"| Schematic Capture I )
s e

b shll (T8 B oo e et
sk A TEP e e
r o ns o vt 2 |

=== .

z| Analogue
| & Digital |
| Simulation|

whhboaonapue
Aloersugrints #

4

oo

Prices from UKE75 / US$145

Affordable Electronics CAD

EASY-PC Professional; Schematic From $275| £145
Capture and PCB CAD. Links directly to
ANALYSER I, LAYAN and PULSAR.

MultiRouter: 32bit Multi-pass Autorouter From $475|  £295
for EASY-PC Professional XM o el y |
|LAYAN: Electro-Magnetic Layout $950 £485

Simulator. Include board parasitics in |
your Analogue simulations. Links with

and requires EASY-PC Professionat XM

[and ANALYSER Ml Professional

|PULSAR: Digital Circuit Simulator ~ From $185,  fve
IANALYSER IlI: Analogue Linear Circuit | From $195 £08
' Simulator =i
FILTECH: Active and Passive Filter
-@signp_rogram Pl et i ol 4 i
STOCKIT: Comprehensive Stock control | From $275 £145
program for the small or medium sized |
business_ 3 . | S
| EASY-PC: Award Winning PCB and $145 £75
._Schematic CAD. < 3 i | ko
|Z-MATCH : Award Winning Smith-Chan | From $275 £145
‘based program for RF Engineers. -3 N

We operate a no penaity upgrade policy. US$ pricas include
_ Postand Packin_g Stgr@g [‘ric_es exciude f&P and VA T._

‘From $275  £145|

USA: Ref: ETI, 126 Smith Creek Drive, Los Gatos, CA 95030
Telephone/Fax: (408) 395-0249

For Full information and Demo’ Disk, please write, phone, email or tax:-

Number One Systems

UK/EEC: Ret: ETI, Harding Way, St.lves, Cambridgeshire, ENGLAND, PE17 4WR.

Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042 International +44 1480 461778
httpfwww.numberone.com E

¢ TECHNICAL SUPPORT FREE FOR LIFE
* PROGRAMS NOT COPY PROTECTED.
* SPECIAL PRICES FOR EDUCATION.

Email: sales@numberone.com

adadpmuy
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Figure 13: the main PCB component layout
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Figure 14: the heater regulator PCB component layout

R24

(infinite resistance). If all is well, the switch mode heater board
can be tested. Restore the case to main pcb earth
connection.

Rotate VR7 fully anti-clockwise to its “off" position. Fit a fuse
to F52 and apply power. Adjust VRS preset on the heater
board for 1.4volts output voltage. Rotate VR7 to the “on”
position and check that the output voitage can be adjusted
between 4 volts and 20 volts (fully clockwise).

Rotate VR4, VRS and VRSB fully anti-clockwise. With a
multi-meter across D11, turn VR4 and check that up to 1 volt
appears across D11. Likewise, VR5 should add up to | volt
and VR6 should add up to 50 volts.

Check the comect appearance of +12 volts and -12 volts at
IC1, 1C6 and IC7 pins 8 and 4 respectively. Remove mains
power before proceeding.

Before applying the HT voltage to the board, it is advisable
to remove the 8-pin ics from their sockets in case you have
any accidental soider bridges. In any case, inspect your work
carefully. The flying lead connections to Q1 must be sleeved
and well insulated.

Fit a 250mA fuse to FSt and apply power. A voltage of
about 350 volts should be present across C1 and, assuming
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Figure 15: a mechanical layout

that you have removed the ics, no voltage should appear at
the source of Q1. Remove mains power, insert the ics and
check that the HT voltage can be varied between about 80
volts and 300 voits when VR1 is rotated. With VR2 fully
clockwise, Vg2 should be the same as Va, and should reduce
as VRZ is rotated anti-clockwise. It should also track Va with a
constant difference between the two voltages as previously
explained. Note that LED2 will light when VR2 is fully
clockwise. This is normal.

The oscillator section

If your multi-meter will reliably measure a 7kHz signat it can be-
used to set up the oscillator section. Set VR11 on the lid to
mid-position and adjust VR9 preset for 100mV at pin 7 of IC8.
An oscilloscope can be used alternatively for 283mV pk-pk at
IC6 pin 7.

With SW4 in the READ position, adjust VR3 preset for a
reading of 0.00 on the DPM. Now switch SW4 to CAL and
adjust VR1Q for a reading of 10.00 on the DPM. If you have
access to neither a high frequency muilti-meter nor an
oscilloscope, position VR9 and VR11 half way and adjust
VR10 for a reading of 10.00 on the DPM, having first adjusted
VR3 for zero. It may be necessary to move VR9 one way or
the other while adjusting VR10,

When you are satisfied with your adjustments, the single
wire connections from the pcb heater, cathode, control grid,
screen grid, g3 and anode pads to the 2mm sockets cab be
made. Thread a ferrite bead (Maplin LB62S) on each of these
wires before soldering.

Note that in addition to the eleven electrode connections,
there are four extra 2mm sackets shown on the front panel.

These are not connected and are used for those 2mm plugs
left over when the pin assignments have been made or for
valve internal connections, sometimes referred to as IC or ic.

When double valves are tested, one cathode should be
plugged to K and the other to g3, while the two control grids
should be plugged to the two g1 sockets. The two sections
are then tested individually by means of the a'/a" switch. For
a single section valve this switch should be in the a’ position.

An addition has been made to the Valve Characteristic
Tester circuit since the schematics appeared in Part 1, due
to the author’s interesting experience with a faulty valve
under test. Two 1N4148 diodes, D22 and D23, have been
inserted between pin 7 of IC6 and the O volt rail to protect
the output of IC6a. These appear on the component layout
{Figure 13) and the PCB, which appears this month, has
been updated.

in the author's suggested tayout for the front panel (figure
9), the 0-1V pot should appear next to the panel meter and the
0.50V pot at the top of the sequence.

Reference

Suitable reference sources for valve parameters include the
‘Radio Valve Guide' compiled by the staff of Wireless World
(1949, with further editions), valve suppliers, and in some
cases the manufacturers. The Radio Valve Guide is as far as
we can ascertain out of print, but copies can sometimes be
obtained from libraries or second hand bookshops (or
borrowed - with carel). The book service of Radio Bygones
magazine (G C Arnold Partners, tel 01202 658474) can also
provide reprints of some out of print valve data, plus much
other information of interest to the real enthusiast.
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SPEED CONTROL

In Part one, David Ponting’s final circuit provided a constant drive to a DC motor
under varying loads, but only at one running speed: 7.5 inches of tape per second.
This month he goes in search of 3.75 and 15 inches per second.

n part one of this article [ET! issue 9 1997}, |
described three circuits which were designed to
control the speed of small DC motors,
specifically those which include a tachometer as
part of their construction.

My interest in this subject was aroused when 1 was given
an ancient but magnificent reel-to-reel tape recorder whose
capstan motor had burnt out. Replacing this motor with an
exact equivalent would not have been easy, and in any case
the original was intended for use in the United States and
designed to provide the necessary constant speed by being
driven synchronously with 60 Hz, the frequency of American
mains. With Europe using 50 Hz mains, an exact equivalent
motor for my tape recorder when used in England would
lock to 50 Hz, and so run at only 5/6ths of its standard
speed.

Finding a tach-fitted DC motor with suitable power and
of a size to fit into the available space in my tape recorder
was not difficult. What was far from easy was finding a way
to drive it at a speed which is not only constant, but
remains so under the varying load caused as the supply
tape spool goes from full to empty.

The final circuit described in the previous article locked
the output frequency of the motor's tachometer o a
standard frequency derived from a crystal. Even with that
solution, the problem still remained that, while the circuit
would provide a constant drive to a DC motor under varying
loads, it could not easily be adapted to provide more than
the single running speed of 7.5 inches of tape per second,
The recorder would be of greater use if | could devise a
constant drive circuit which also allowed the transport of
tape at the standard speeds of 3.75 and 15 inches per
second.

There were other minor problems tco. Comparing two
close frequencies results in "beating”, and this new fow
frequency, together with mains-induced hum, can cause the
‘motor speed to jitter somewhat.

A different tachometer

The motor | have described so far was one where the tach
was simply a small AC generator which, as the speed of the
motor varied, produced both varying frequency and peak-to-
peak voltage. Another motor | found was fitted with a
different kind of tach where a slotted disc rotates between
an LED and a photo-transistor. As the slots and “teeth”
alternately illuminate and cut off light to the transistor, pulses
are produced and the frequency of the pulse-train is a
measure of the speed of the motor. In fact, this tach outputs
two wave-trains, each producing 500 pulses every
revolution, or a frequency of 15,000 Hz at 1800 rpm, which
is the required shaft speed to drive tape at 7.5 ips. For the
other two speeds of 3.75 and 15 ips, the frequency of each
wave train would be 7,500 and 30,000 Hz respectively.

So here seemed 1o be a way to compare the frequency of
one of these trains with that from a standard crystal clock
divided down to 7,500 Hz.. At the slowest tape speed, |
thought 1 would simply lock the two frequencies directly; for
the centre speed, | would divide the 15,000 by 2 before
comparing them and at the highest speed, divide the 30,000
by 4 before comparison. But it does not work!

The problem is that at these relatively high frequencies,
the natural jitter of the motor (caused mainly by hum and
random friction) has a frequency about the same order as
7.500 Hz. In consequence, the tach and the divided clock
frequency lock together initially, but only miliseconds later,
as soon as any jitter occurs, the lock is lost, and the motor
speeds away out of control.

However, dividing the motor's 7,500 by 2 and halving the
clock speed before comparison means that jitter has to last
twice as long before lock is broken. The result will still be
very unstable, but less so than previously. Dividing both tach
and clock again improves stability even more, and repeating
this process results in the tock getting better and better.

The question then becomes: how far can you take this
divisicn?
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Using the mains
Let us look at this question when related to the other
problem that | had encountered: instability related to mains
hum. This | had had great difficulty in reducing, let alone
eliminating. So, following the maxim “if you can't beat ‘em,
join ‘em”, | reasoned that | could lose mains hum
completely If | used the mains frequency as the standard
clock. Of course that would mean | would have to find
some way to divide 7,500 down to 50. And if | could, would
there still be a good solid lock for division down as low as
this?

| also saw that even if this solution worked well, my tape
recorder would be useless in North America, where the
standard clock would be 80 Hz. Or was there some way to
divide the 7,500 from the tach down to 50 In this country
and to 60 in the United States? It all seemed as if It might
become very complicated, particularly when division by
factors other than 2 and 1Q can involve considerable logic.

But there are programmable divider chips and perhaps
one of the more interesting is the cmos 4059. This is a
divide-by-N counter where N can be any whole number
between 3 and 15,999. It has 24 pins of which 19
determine the divisor, the others being power, ground,
clock-in, divided-clock-out and enable.

Programming the 4059 can appear to be a highly
daunting prospect, but fortunately for our purposes this can
be greatly sirnplified

The first thing to decide (somewhat randomly) is what the
first divisor (called the MODE) shall be. The MODE can be 2,
4, 5, 8, or 10, and it is not a requirement that division of the
dividend by whatever MODE is chosen must leave no
remainder.

For simplicity, select a MODE which after dividing N by
your choice produces a number below 2000 (together with
a remainder, if there is one). The programming either High or
Low of pins 14, 13 and 11 determines the MODE. (See
table one).

An example may make things clearer.

For some inexplicable reason, let us suppose that we
want to divide a frequency by 7863.

First, select the MODE. Let us not choose 2, because
the result will be greater than 2000. We can choose any of
the others, so let cur MODE be 5. From table one, we see
that pins 14, 13 and 11 must be connected High, Low and
High respectlvely for this MODE.

To arrive at the connections for the other pins, we divide
7863 by our MCDE and get 1572, remainder 3.

The programming of the remaining pins for the complete
division is set out in table two.

Note that if MODE 10 is chosen, it is possibie that N/O
will result in a remainder of 8 or 9. However, the
“Remainder” column in table two is limited to numbers 7
and smaller. There are ways around this, but make life easy
and choose another MODE.

Five pins remain. The power pins are positive to 24 and

Figure 1: problems with the waveform first emerging from Pin 23

Table one ground to 12. For division, the ENABLE (Pin 2) must be held
low. Provided the signal intc Pin 1 (the clock input of the
Mode Pin 14 Pin 13 Pin 11 4059) Is free from random noise and each pulse has only a
2 M H H singte rising edge, the frequency of the output from Pin 23
4 L H H will be the clock signal divided by 7863.
5 L H Unfortunately, the shape of the divided waveform
n emerging from Pin 23 is not at all satisfactory from our point
8 L L H of view. Figure one explains the problem.
10 H H 2
Table two
First Digit Second Digit Third Digit Fourth Digit Remainder
1 5 7 2 3
Pin 6 Pins 78 9 10 Pins 15 16 17 18 Pins 19 20 21 22 Pins 543
H LHLH LHHH LLHL LHH
- ONE WAVELENGTH
‘ r‘["lr1'|"" FT nnnn L] nanpan ]
88 | 1 O
FREQUENCYF H l L‘JJL .JL.LJ ! I..J u ‘J ” I_.
: ONE WAVELENGTH
(o) OUTPUT ' n I [
OF 4058 | , (| J
meovencys | | L e T e T !
ONE WAVELENGTH
© oF 0w | ]
FREQUENCY F/ZN[ l { =
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Figure 2: the circuit
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(Win 5 powerful computer modelling package for electronics circui@

32 Spirce \/2 &
B2 Lagic &
02 [crfn(

s computers become ever more powerful, what would
have heen unthinkable a few years ago is fast

becoming the norm. Now ii an engineer wants to
design a circuit they pull down a menu and click on the
component, be it a resistor or opamp etc and drag it toa
point on the screen. Once the schematic is complete simply
connect virtual probes at the points you wish lo measure and
run the simulation.

To be of real use modelling packages have to produce
accurate, reliable results that professional engineers can rely
on. The renowned SPICE 3F5 engine from Berkeley University
is at the heart of this simulation software.

B2 Spice V2 is a professional electronics design package
for analogue electronics. It is 100% SPICE compatible
(Simulation Program with Integrated Circuil Emphasns) and
comes complete with thousands for models from major
manufacturers. It allows the user fo design a circuit and
perform a wide range for tests from AC sweep lo Fast fourier
analysis. This sophlsllcated package is used by universities,
research institutes and major corporations around the world.

B2 Logic is the digital equivalent of B2 Spice V2. After
designing the circuit on the screen it may be tested by
placing probes al various points in the design. As the
simulation progresses the signal values are displayed, both in
the probes and in a scrollable timing diagram. All the major
logic families are supported as well as ROM, RAM EEPROM
and EPROM's.

B2 Spice and B2 Logic sell for £199 + VAT each and offer
truty outstanding value for a professional software package.

B2 Spice Lite is the introduction package to the world of
computer modelling and is the lowest cost SPICE simulator
available anywhere... It does not include the more advanced
features such as Fourier analysis, distortion and noise
measurement or the extensive libraries included as standard
in the professionat version. Nevertheless it is a fully fledged
SPICE package and is ideal for designers who would like to
try computer modelling. 1t sells for an unheatable £49.95 + VAT

Fducation discounts
available

For further information
on these packages
contact RD Research on
01603 872331

Email:
rd.research@paston.co.uk
or see our web site at
www.paston.co.uk/spice

There are 5 prizes to
win

First Prize is both B2 Spice V2 for analogue simutation and
B2 Logic for digital simulation.

Second Prize is a copy of B2 Spice V2.
Third, fourth and fiith prizes are copies of B2 Spice Lite.

The first 5 correct answers drawn are the winners. To enler,
answer these three simple questions about SPICE circuil
simulation and send your entry on this coupon, or a copy of
it.

What is the latest SPICE ENGINE used in B2
Spice V21

U R e T v T e R TR

Queslion t.

| Answer 1.
| Answer 2,
| Answer 3.
|

| Name:

|
| Address:

: Telephone:

| Send to:

Spice Competition, ETI Magazine, Nexus Spedial Inferests, Nexus
| House, Boundary Way, Hemel Hempstead, Hertfordshire, HP2 7ST.

L_ﬁF-__-_-______—

e e s s v i S e v

Competition rules: Entries must arrive al Nexus House on or before 30th September 1997. Winners will be notified by post following the judging, The judges’ decision
is final and no communication will be entered into conceming the results. Emptoyees of Nexus Special Interest Lid. and RD Research, associated companies and
family members are not eligible o enter. Mullipie entries will not be accepted. The prize is as stated in the descriptian of the competition. No other goods, sennces,

expenses or cash equivalents will be supplied in connection with the competition. No communications can be entered into reganding the cormpetition.

CWin 5 powerful computer modelling package for electronics circuits)
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type of ic socket that will not allow the pins to be pushed As it happened, doubling the tach's frequency was easy

out, you can cut unwanted pins close to the body of the to achieve.
socket if you have a close-cutting pair of wire snips. Check As | mentiored above, the tach on my motor (in
that the pin stub is not shorting to anything. As this is a common with many motors having optical tachometers)
single-sided board, this should not pose a problem in this outputs two separate pulse trains, but these are arranged
case. Make any adjustments before soldering the socket, to be exactly 90 degrees out of phase. The usual purpose
and before fitting the ic.) for this is to ailow the determination of both speed and
direction-of-rotation of the motor. | was only going to use
How it works the motor rotating in one direction, so | could use both
In general terms, the circuit follows the same lines as pulse trains to control the motor's speed.
previously described circuits, but there are one or two things Figure three shows how inputting the two tach trains
that perhaps need explanation. into an excluslve-nor gate results in a 50 percent duty-
First of all, programming 1C2, the 4059. In my previous cycle pulse train with twice the frequency of the inputs.
articte | said that | might want to use my restored tape Referring back to the circuit diagram, the internal circuit
recorder in the United States. For this, | had to have some of the tach requires a 5 volt supply and this is produced by
way of dividing the input down to both 50 Hz and 60 Hz, the Rl and ZDI. R2 and R3 pull up the output pulse trains from
mains frequency in America. Of course the motor would still 5 volts to cmos level and Gate N2 “adds” them together.
output 7,500, 15,000 and 30,000 for the tape recorder's This output passes inte Pin 1 of the 4059 via the low-pass
three speeds, but two separate divislons by the 4059 would filter, R5/C2.
be required to accommodate the different mains frequencies. Now let us work out how the 4059 must be
So let us repeat the process for a mains frequency of 60 programmed for division to provide 100 for 50 Hz and 120
Hz, again working backwards. For the slowest speed the for 60 Hz.
output of the 4040 had to be 60, its input therefore needed The doubled output of the tach for the slowest tape
to be 120 Hz. Sec 7,500 had to be divided by some whole speed of 3.75 ips is 15,000. So our divisors are 150 to get
number resulting in 120. And this of course is the problem, 100, and 125 to get 120.
because that divisor turns out to be 65 5. Oh dear! However, Using the technique described above, we select a
If 1 could double the frequency of the motor's tach, so that MODE, say 4. This has to be divided first into 0150 and
the slowest output became 15,000, division in the 4059 then into 0125, considering both as 4 digit numbers. The
would be by the whote number 125 for an output of 120 into  results are 0037 remainder 2, and 0031 remainder 1. From
the 4040. table one above, MODE 4 is programmed by connecting
Pin 14 Low, and Pins 13 and 11 High.
Table Three gives the connections for the
. other pins.
oy 5 ]_ x4 ’ JoRN o % From Table 3, above, we can see that
e (4 i - E gl only the four pins, 20, 21, 4 and 3,
change in switching from division by 150
1 R N =t — to division by 125. Gate N3, R4 and the
) W ' ON/OFF switch, Si, form the simple logic
. ) b — allowing reversal of those four pins.
The output from the 4059 is connected
1 (o 480 e 11 Bt to Pin 10 of 1C3 which reshapes the
o] W | '—l_| | ' —I [ ! % | pulses to a 50 percent duty-cycle, and
-2 iy el S e makes available at pins 8, 7 and 6 the
TRUTH TABLE further division of the pulse-train
IF A AND B ARE BOTH frequency by 2, 4 and 8 respectively.
?SETS%ES%E IC4 is used here as the chip equivalent
OF FREQUENCY 2F of a one-pole, three-way switch. (The
same chip can be extended to two-pole,
four-way, if required.) SW2, which
switches the logic at Pins 9 and 10,
- - determines which of the three inputs at
Figure 3: putting two pulse trains from a tachometer into an exclusive-NOR gate Pins 12, 14 and 15 is routed to the output

Table three
Clock First Digit Second Digit Third Digit Fourth Digit Remainder Freguency
Pin 6 - Pins 789 10 Pns 15161718 Pins 19202122 Pins543
Q 0 3 i 2
50 Hz L LLLL LLHH LHHH LHL
60 Hz 0 0 3 1 1
L SE LS LLHH LLLH LLH
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RadioSport / lo”dOn

introduced their N9 0As /

all-new LONDON ——_

AMATEUR RADIO & T ﬁ’

COMPUTER CHRISTMAS RALLY, a

traditionally styled event with

bargains galore. ,
This year, by popular demand, /

the event is being expanded to

two days.

With around 100 exhibitors, special interest

groups, a huge Bring & Buy

stand disabled facilities, bars and restaurants,

_ it's the event with something to interest every

 radio and computing enthusiast.

- What’s more, you could bring the family and leave them at

" the 12 screen cinema while you look around.

As those of you who have been to Picketts Lock before

- know, there’s something about the events which take place

here that just feels good.

~If you're only going to visit one rally this Christmas, make

~ sure it’s this one.

~ RadioSport Ltd, 126 Mount Pleasant Lane, Bricket Wood, Herts AL2 3XD
 Tes: 01923 893929  Fax: 01923 678770  Presented in association with Southgate Amateur Radio Club




GREENWELD

| Greenweld has been established for 23 years specialising in buying and

| selling surplus job lots of Electronic Components and Finished Goods.

We also keep a wide range of new stock regular lines. Why not request
our 1997 Gatalogue and latest Supplement - both absolutely FREE!

W BECOME A BARGAIN LIST SUBSCRIBER TO SEE WHAT'S
| MIM U , ON OFFER BEFORE IT'S ADVERTISED GENERALLY
| Y '

Standard Bargain List Subscription

For ust £600 a year UK/BFPO (£10.00 overseas), we'll send you The Greenwsld Guardian every
month. With this newsletter comes our latest Bargain List giving details of new surplus products
available and details of new lines being stocked Each issue is supplied with a personalised Order
Form and details of exclusive offers available to Subscribers only

Our stores b o
| {over 10,000 Gold Bargain List Subscription
sq ft) ha.lve For just £12.00 a year (£2000 overseas} the GOLD Subscriber category offers the following
Y advantages:
SR 0 The Greenweld Guardian and latest Bargain List every month, together with any brochures
stocks. We or fliers from our suppliers
| are open 800 [ A REDUCED POSTAGE RATE of £1.50 {normally £300) for ali orders (UK only) and a reply
am - 5,30 pm paid envelope
Monday to 0 5% DISCOUNT on all regular Catalogue and Bargain List items on orders over £20.00
Saturday. - g L
Come and So Don’t Miss Out - Subscribe Today!
see usl

27E Park Road - Southampton - SO015 3UQ
TELEPHONE: 01703 236363 FAX: 01703 236307

INTERNET: http://www.herald.co.uk/clients/G/Greenweid/greenweld. html
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£89.95 /SMARTCARD READER /\  ¢79 95
\__ PROGRAMMER '
Read/Program 1,2,3 chip D2ZMAC, Wafer, new Digital
‘Gold’, ISO7816 (Videocrypt, GSM, Telephone, etc) cards.

This powerful unit reads and programs an amazing
varety of smartcards, Easy to use software allows you to
simply load in codes and program them to the card of
your choice. The type of card is selected by setting the
on-board jumpers. In 1SO mode (Videocrypt, GSM, etc)
you can send single or multiple bytes to the card and ‘log”
it's response. Knowledge of correct codes can result in
cards being altered (eg serial number change, revival of
dead cards, altering of unit amounts). Ideal for
‘educational’ use and ‘Imvestigation’ into smart card
technology the unit aiso allows the ‘in circuit® programming of PIC 84 chips.

Unit comes with ‘interesting” text files relating to smartcard encryption, software,
current D2ZMAC codes, connection lead detaits and full 12 months guarantee.
Note: This unil must not be used to copy Videocrypt, GSM, or Telephone cards.

(GAL PROGRAMMER )

16V8/16V8A /16V8Z / 20V8/ 20V8Z / 20V10

+ Works on IBMPC / compatible / laptops / Notebooks
¢ Plugs into Centronics printer pont.

* Fast and reliable programming using manufactures
algorithims.

* Program protection fuses - prevent unauthorised copying
= Easy to use software - load/save in JEDEC format

« Supplied with PLAN logic compiler software

« Stylish compact case with quality ZIF

+ Complete with examples, connection lead and PSU

» Full 12 months parts and labour guarantee

| (P87C51/2 PROGRAMMER ) £79.95

Programs all makes of P87CS51/2 and Amtel 89C51 Flash types
Cased as above, this unit plugs into the serial port on any [BM PC or
compatibles and is complete with software, connection lead, PSU, and 12
months guarantee

| (EPROM PROGRAMMER ) £99.95

! EPROMS / EEPROMS / FLASH EEPROMS / 12C BUS EEPROMS
‘; Covers all devices from 2K to SMEG

The Megaprom Eprom Programmer plugs into the
Centronics port on any IBM PC or compatible. The easy-to-

(EPROM EMULATOR ) £89.95

This 1s the ideal way to test / change ‘running’ code on CPU based systems. It
plugs directly to the printer lead of an [BM compatible computer. There are no

use software supports Bin, Intel Hex , Motorola 8, and ASC
file formats. Read / Edit / Verify / Reprogramme etc - very
fast programming and verification.

Requires 12-18V AC/DC PSU. The megaprom comes with
full 12 months guarantee

internal cards so it is idcal for laptops etc. The unit emulates ALL Eproms from 24
pin 2716 (2k) to 32 pin 27C010 (128k). The memory can be configured as 128k
by 8 bits or 2x64k by 8 bits. A CPU reset line is provided and the user can select
high/low or low/igh reset signals. Software supplied has full screen editing and

LEADING EDGE TECHNOLOGY LTD ==

White Rose House, Xintill street, Tarxien, PLA 11, Malta
Telephone: (00356) 678509 Fax: (00356) 667484

allows you to save and load code with offsets. Full 12 month guarantee.
- |
Internet Site: http://LET.cambs.net/

E-mail: johnmorr@email keyworld.net  No VAT payable
— |
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at Pin 13. (Pin 3 is the unused pole of the other internal
swilch, and, to prevent random switching, is tied to Pin 10.)

The position of SW2 also determines the total resistance
in the Pin 1/Earth lead of the LM 317, a variable voltage
regulator. if SW2 is at its 3 75 position, Q3 is on, and so the
total resistance is the value of P1. This is adjusted to
provide an output from the LM 317 of about 9 volts. If SW2
is at its 7 5 position, Q2 is on and Q3 is off, and so the total
resistance from Pin 1 of the LM 317 to Earth is (Pl + P2). P2
is now adjusted to give an output of about 16 volts. In the
last position of SW2, both G2 and Q3 are off and the total
resistance is (Pl + P2 + P3). P3 is now adjusted 10 give an
output of about 27 volts.

Setting the three output voltages so that the motor locks
reliably at each speed is quite critical. consequently all three
potentiometers P1, P2 and P3 should be of the multi-turn
type.

Finally, a clean mains clock signal with an exact 50
percent duty cycle is achieved by connacting the full-wave
rectified but unsmoothed output of the bridge {(at twice the
mains frequency) to IC5, an LM 741 op-amp, configured as
a comparator. The output of this chip is then divided by 2 in
1C6, another 4040.

The two frequencies from the divided tach and from the
clock are compared in Gate N4 which switches the mosfet
Q1. This in turn provides the motor with a pulse-width
modulated drive, the width of the pulse varying as the
loading on the motor changes.

Diode DI is connected directly across the motor and
protects 71 by clamping 1o the positive rail the back EMF
induced in the motor's windings every time it switches off.
Diode D2 ensures that the momentary higher voltage on a
charged C12 is blocked from the output of the LM 317 at
the moment a slower tape speed is selected.

The rest of the circuit around the motor is intended to
reduce as far as possible the switching noise that is
produced by all circuits of this type.

Full circle

In developing this final circuit | have come full-circle in my
thinking: | started with a defunct capstan motor which was
mains-locked to 60 Hz and although my original intention
was to get away from a synchronous motor, | have ended
up with its DC equivalent.

<D 15VvOLTS
Cia
-,
T R15 18 2
10k .,
4
R16 =) 3 ALTERNATIVE
220k ,,, VARIABLE CLOCK
IC6
8 4046
C15
1u:_ Ri7
1k P4
g% s i
¢ MULT-
= 3 T‘JE TURN
> C GROUND

Figure 4: the circuit of a variable clock

Figure 4a: building the variable clock on Veroboard

The maijor differences are the strong malns lock (hence a
speed constancy of a very high order) and the torque
potential of the motor in the circuit above. Both of these
are much better than those of the tape-recorder’s original
motor. In addition, three tape speeds (or indeed more) are
available with my version as against one in the original.

So having radically changed some of my early ideas, let me
offer another smalt additional circuit which | intend to
include in my tape-recorder, and which could be of interest
to experimenters who may also want to use thls circuit for
other purposes.

Figure four shows a clrcuit which can replace the mains
frequency as the standard clock.

Using the CMOS 4046 chip and a few additional
components, it is possible to make a variable standard.
The output from Pin 4 is a clean, 50 percent duty-cycle
square-wave whose frequency can be varied from about
30Hz to about 120Hz, (when the wiper of P4 will be joined
to the 15 voit rail).

When this output frequency Is initially set to about 50Hz
and is connected to Pin 12 of Gate 3 in figure two, the
motor will lock to it. Its speed will then track the varying
frequency as P4 is adjusted. This results in reasonably
stable and constant speeds from about 800 to about 1100
rpm for the speed setting of 3.75 ips. It will give
proportional speed variations at the other settings.

Such a simple clock is not really good enough for normal
use in a quality tape recorder, but it does allow the
production of some interesting sound effects and will help
in the re-recording of those irreplaceable cassettes and
tapes which were made in some other machine whose
batteries were running down.

| hope that some of the Ideas and circuits | have described
in these articles will be of use to other experimenters, and |
also hope that describing the mistakes | made in my early
experiments will save others the time | spent in pursuing
what turned out tn be blind alleys.
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WE HAVE THE WIDEST CHOICE OF USED P i L A 7"
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MUSCLE WIRES
Wires that contract approx 5% when heated
{eg 250mA current) -120 page Project book

and 3 one metre lengths of wire. £40.00

LYNX ARM

5 Axis robot arm kit; approx size 300mm.

Control from any serial comms port or Stamp.
Includes software to run from PC. KITS FROM £85.00

This & & VEAY SMALL > mﬂ K, SAE < hls:mone Eu.», Mmmm
a W tor i
ardenng. CAHFII.AGE‘U.EIG VA?mbeaddedemn!d(‘nodsnMGn

@ STEWART OF READING
; 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
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BTEC approved
TUTOR supported

If you need Valves/Tubes or RF
Power Transistors etc. ...then try us!

We have vast stocks, widespread sources
and 35 years specialist experience in meeting our
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Chelmer Valve Company. 130 New London Road, . For information contact:
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Mock
alarm
flasher

Keep thieves of balance with this handy fake alarm by Terry Balbirnie

ar owners beware! One-quarter of all crime in

the UK is directed at cars - either theft of the

vehicle itself or of articles left inside. If you own

an expensive model, or a popular one which

can be readily sold on by a thief, then fitting a
good quality alarm and immobiliser is definitely advised. If
you live in a relatively low-crime area, your car does not fit
into the above categories and you are careful not to ieave
valuable belongings lying around, this circuit could be a
useful low-cost alternative for you.

Only make believe

The Mock Aiarm Flasher circuit provides a reasonable level
of protection by making a potential thief think that you have
a car alarm fitted even when you don‘t. It does this by
making a red LED, mounted on the dashboard, flash like the
one supplied with a real alarm. Of course, by using this
device, there is no guarantee that the thief will leave your
car alone. It does seem, however, that he is more likely to
try his luck with another one where there appears to be no
alarm.

Keeping up appearances

To deceive the criminal, any anti-theft device must look
good. An LED hooked up to the cigarette lighter socket
through a tatty piece of wire is a certain give-away. Not only
does this circuit have a good appearance, but it will look
unfamiliar. This means that the experienced thief, who
knows the details of most commerciat alarms, will be
confused by this one and is more likely to leave the car
alone. He has no idea how it might operate or whether
there Is an immobiliser involved. Anyone with access to a
colour printer could enhance the deception by designing a
professional-looking warning sticker to go on one of the
windows.

The circuit is unusual because the power supply is a
single AA size alkaline cell. This avoids having to make
connections to the car electrical system. Also, because the
unit is self-contained it may be moved from one vehicle to
anocther in a matter of seconds. The unit is light enough to
be held in position under the dashboard using two Veicro
fixing pads. While driving along, the unit will be removed

and placed out of the way. This Is because, in the
prototype, it was not considered worthwhile fitting an on-off
switch on account of the extremely small operating current.
If left in place, the flashing LED would be a dangerous
distraction especially at night. Of course, such a switch
could be fitted if desired, and this might be a good idea if
the car is 1o be left standing for long periods in a locked
garage. An on-off switch would also be needed if it was
decided to mount the unit permanently in position.

The cell should last for between 4 months and 1 year
approximately depending on the circumstances of use. The
lower figure will be applicable if the unit is left operating
continuously. The higher one will apply if the circuit is used
mainly in automatic mode (more will be said about this
presently). The LED receives pulses of about 45mA which
exceeds the maximum permitted continuous current and
therefore produces maximum brightness. The LED is not
damaged because of the very short on times. In-fact, the
average current is only 300uA (0.3mA) approximately.

Selector switch

To minimise the current requirement, the circuit has an
alternative automatic mode. A switch on the side of the unit
is used to select either “automatic” or “continuous”
operation as required. In automatic mode, the LED will only
operate when the ambient light has fallen below a certain
preset level. It will therefore "arm” itself automatically at
night. While under daylight conditions, and with the LED not
flashing, the current requirement of the prototype is only
3uA which may be regarded as negligible. In areas where
much of the vehicle crime takes place during the day, the
device should be switched to “continuous” although it is
arguable whether the thief will notice the LED as he would
at night.

The light sensor used for automatic cperation is mounted
on the PCB with light reaching it through a small hole in the
side of the case. There is no need for this to face a window
1t will pick up sufficient illumination from its position under
the dashboard. The light level at which the unit operates is
adjustable and will be set at the end of construction

Readers will no doubt find alternative uses for this circuit.
It could be used to iocate any item which needs to be found
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of these were to be connected
across a 1.5V cell for a short time
then removed, the voltage of the cell
would exist across it. If the capacitor
were now connected in series with
the cell in the correct sense, double
the supply voltage (that Is, the
voltage across the capacitor plus that
of the cell) would appear across the
pair. Since this is now a 3V supply, it
would be sufficient to operate an LED
It would therefare light until the
voltage across the capacitor fell
below 0.5V {that is, the voltage
across the pair reaching 2V). This
method would work until the voitage
of the cell fell below 1V which is
usually regarded as the useful end-
point anyway.

The LED could be made to emit a
serigs of flashes by repeating the
procedure above. Obviously, it would
be impractical to do this manually but
there is an ic which is designed for

in the dark such as a hand lamp. Boat owners and anglers
will no doubt find applications for it. Anyone wanting to
reduce the size of the unit could use an “N" size cell or
possibly one of the larger silver oxide batteries, There will;
of course, be a conseguent reduction in life.

Little problem

There is a fundamental probiem in making an LED work
from a 1.5V supply. This is because it requires 2V
approximately before it will conduct! Making such a circuit
operate from a singie cell therefore seems to be
impossible. However, with a little ingenuity, an LED can be
made to flash using such a low voltage. The spin-off is
that a flashing LED will attract attention more effectively
than one which glows steadily. It also uses much less
power because it can be arranged to be off for most of
the time. The basis of such a circuit is a capacitor. If one

the purpose. This consists of an
osclllator (pulse generator) which operates by repeatedly
charging and discharging a capacitor through internal
circuitry. The internal details of this ic are actually quite
complicated and no detailed explanation will be given
here, It is sufficient to say that the capacitor used for the
oscillator is also used to provide the voltage doubling
effect. The end result is a series of short pulses of double
battery voltage which are applied to the LED

Circuit description

Figure 1 shows the complete circuit for the Mock Alarm
Flasher. The integrated circuit LED fltasher is IC2. Disregard
IC1 and associated components for the moment (this is
the light-sensing section) and imagine G2 pin 5 (supply
Input) Is at positive supply voltage (nominatly 1.5V).
Capacitor C2 connected between pins 1 and 8 on one
hand and pin 2 on the other performs the

Ic2
LM3209
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Figure 1: the circuit of the Mock Flasher
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Visible Sound Limited

are proud to announce our
“Voice Command Module”

Based on the Sensory Devices RSC neural network
speech recognition processor. 20 individual digital word
1D outpuis on IDC header. Each output with an ‘on’ word

and *off" word giving you up to 99% speaker dependent
recognition. Simply train the module with up to 40 words.

RS232 identification output of recognised word,

word lists are stored in non-volatile memory.

£60

Automatic gain control on microphone jack input.

Runs off 9-12 velt de supply via 2, 1mm plug.

H138A

Pic Programmer:

H137A £25 Programs
PIC 16C71, PIC 16C84
and the new 8 pin PIC
12€508 and PIC
12C509. Connects to
parallel port. Kit
K137A £24 PC
compatible software
F.0.C. when supplied
with programmer

ALL Prices INGLUSIVE of vat and delivery (UK only) same day despatch.

Components; - PICs

12C508/JW £13.50
12C508-04/P £2.30
12C509/JW £15
12C509-04/P £2.70
16C71/IW £25
16C71-04/P £6.99
16C84-04/P £6

We also have available a full
range of PC I/0 cards and
accessories, Call for details.

151-s. The Exchange Building. Mount Stuart Square, Cardiff, CF1 6EB.

Tel (01222) 458417 Fax {01222) 480326 http\www.vsltec.demon co.uk

Printed Circuits in Minutes
Direct From LaserPrint!

81/2"x11"
* Or Photocopy
**Use standard
houschold iron
or P-n-P Press.

a-tec)

1. LaserPrint*
2. Press On**
3. Peel Off
4. €tch

Use Standard Copper Clad Board
5 Sheets £12.50, 10 Sheets £25.00 + VAT, Add £2.50 postage
Compilete kits to manufacture your own PCB's from £40.00, or individual
items of material, chemicals, elchant etc.
PRESS-N-PEEL ETCHING SUPPLIES
18 Stapleton Road e Orton ® Southgate

Peterborou

h PE2 6TD @ Tel: 01733 233043

The TI Technical Bookshop currently stocks over 80
Data Books, Design Manuals and User’s Guides.
They cover the entire spectrum of semiconductors
from Texas Instruments - the company with one of
the world’s broadest S/C product ranges, and the
acknowledged leader in Digital Processing Solutions.
If you are a system designer or product specifier you
cannot afford to be without ready access to this
invaluable data bank.

Now, you can once again order this complete range
of reference books from a UK supplier.

Contact the T! Technical Bookshop (UK)

B. BAMBER ELECTRONICS
5 STATION ROAD, LITTLEPORT,
CAMBS. CB6 1QE.

Phane: 01353 860185 Fax: 01353 863245

British 3 pin plug top power supplies with
transformer. rectifier, smoothing capacitor and
regulator built in. The input is 230v and the
output is 6v at 100mA, The unit has @ 1.2 m

output lead 10 2.5mm power plug. £1.50 cach
Thyristor models type IRKT2612, 1200v al
25A. £1.00 cach

Stud rectifiers type MRF7535, 35v a1t 60A,
147 UNF, less nuts, £1.25 cach

Transistors Type 2N3055E 60p each.
2N6290. NPN, TO202. 65W., 40p each.
BD?240. PNP, TO 220. 30W, 30p each
BD438, PNP, TO 220, 36W, 30p each
CMOS Low Pawer Timer IC Type TLCSS55,
4Up cach.

Bridge rectificr type WOS$, 800v at 1.5A £I
for 10.

Diodes Type IN40O7, 1kv at | A, £1 for 50
Regulators LM723CN +2v 10 37v, 150mA.
I7p each.

LM317K, TO3, +1.2v 10 #37v, 1.5A, £2 each.
LM7905CT. -5v, | .3A, 36p euch.

L.M340A, 48p each.

LM7815CT, 15v. 1A, TO220, 42p each.
UAT812, 12v, 40p cach

Super Twist Graphics Blue Mode LCDs 320 x
240) Pixel Size, 132 x 103 Overall. £5 cach.

Densitron Liquid Crystal Displays, 5 Digit.
Type LSHS060RP. £] cach.

Bridge Rectifier Type WOIG, 100v at 1.5A.
£1 for 10

Power Diodes Type IN5392, 100v a1 1.5A. £1

for 30.

LTC1062CN8S, Sth Order Low Pass Filter, 8
piny, £2.25 each.

CIM040BCN CMOS IC. 20p each,

TLOS2, Dual Bi-FET Operational Amp. 8 pin,

30p each,

LM324N Quad Op-Amp, 14 pin. 20p
Zenner Diode 270v at 3W, 20p each
Proximity switches for doors and windows,
surface mount. £1 each.

- -

MAIL ORDER ONLY
DELIVERY FREE, MIN ORDER £10.
NO VAT

for the full list of books, prices
and ordering information,
or visit our web site at

http.//www.ti-techbooks.co.uk

Or write/fax to:

11 Technical Bookshop (UK)
PO Box 712

Milton Keynes MK17 8ZH
Tel: 01908 282121

Fax: 01908 585660
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The Low Cost Controller .-

That’'s Easy To Use _

The K-307 Module provides the features
required for most embedded applications
ve * 4 Channels in 1 Channel out
g * 36 Digital in or out & Timers
Sertal * RS-232 or RS-485 plus [2C
Display * LCD both text and graphics
Keyboard * Upto 8 x 8 marrix keyboard
> 2Mbytes available on board
Low Power * Many modes to choose from

é,

f

The PC Starter Pack provides the quickest method
to get your application up & running
ing System « Real Time Muld Tasking
Languages * 'C*, Modula-2 and Assembler '3
Expansion * Easy to expand to 2 wide range | §
of peripheral cards %

Real Time Calendar Clock, Battery Back Up,
Watch Dog, Power Fail Detect, STE 1/0 Bus,
8051 interface, 68000 and PC Interface

Cambridge Microprocessor
Systems Limited

3“3 Units 17 - 18 Zone D’

Chelmsford Road Ind Est
Great Dunmow Essex CM6 1XG
E-mail cms@dial. pipex.com

Phone 01 371 875 644

ACTIVE
MICRO DESIGNS

We can
design or re-design any piece of
Analog or Digital Equipment to your Spec
Software included with PC-based hardware

Tel: 01772 814646 Fax: 01772 816304

ACTIVE MICRO DESIGNS
34 Sutton Averwe - Tarleton - Preston PR4 6BB England

Minl waterproo! TV camera 40x40x15mm requires 9 io 13
volts at 120mA with composite videa outpl (10 feed into
& video or & TV with & SCART plug) it has a high
resolution of 450 TV kines Verticat and 380 TV lines
hotizontal, slectrorsc auto Mis lor nearty dark {1 LUX)
bright punhighl oparation and & small lens with & &
degree fiekd of view. it focuses down 1o & few CM. It
fited with @ 3 wirs 830 (12v In gnd and video out). Now
@is0 available with wail mount Bt and swivel casa {at tha
sama prica). £93.57 4 vat = £109.95 or 10+ £89.32 ¢ vat
= £104.95

Board cameras all with 512x582 paxets 4 4x3.3mm sensor
913 voits power supply and composile videc oul. All
need to be housed in your ewn enciosure and hava
{ragile axposed surface mount paris, 47MtA size
G0236x27mm with & inira red leds {gives the same
iBurminaton as g small foreh would) £50.00-vet = £58.75
40MP size 39x38x23mm spy camena with & fixed focus
pin hole lens for heding behing @ very smal hole. £57-vat
= £66.58 40MC sze I39x38x28mm camers tor ‘G’ mount
lers this grves & much clearer piclure Than with the smail
lansas €68.79 standard 'C' mount lens F1.8 18mm for
AOMC £26 43+vat = £31.06

High quality stepping molor kits {all ncludng slepping
motors) ‘Comstep’ Independent contral of 2 stepping
motors by PC the paraliel port) with 2 motors.
and software. Kit £67.00 ready built £99.0¢ software
SUPPOM and 4 dhgitas inputs kit £27.00 power intertace A
kit £36.00 power interface 8A kit £46.00 Stepper kit 4

o

(manuai control) includes 200 step STepping metor and
Conlsot trout £23.00

DTA30 Hand heid transistor anatyser # tells you which
lead @ the base the collecior and emitier and if ® Is NPN
or PNP or tauty (NEW VEASICH aoes not say FETE &

Protect Your Microchips
from STATIC DISCHARGE!

|| S‘SE |
Use an SSE grounding kit.
Kit includes:

- static dissipative solder resistant
= rubber mat,

- wrist strap

- ground lead
- earth plug

Mat size 70 x 30 cm - offer price £16.55 per kit + VAT - Ref: AGK1
Mat size 25 x 20 cm - offer price £12.55 per kit + VAT - Ref: AGK2

Payment by CHEQUE / ACCESS .
VISA/MASTERCARD
Catalogue available

STATIC SAFE ENVIRONMENTS
127 Hagley Road, Birmingham B16 BXU

Tel: 0121 454 8238 Fax: 0121 625 2275

SCRs are ) DTA3C £38.34

HMA20 hand beid MOSFET anatyser gale drain
arvd source and f P or N channel HMAZ0 £38.34
Speaker cabinelse? way speaker systams with Molorola
twosters

spesker da. 15 £
v raling 25WRMS 175WRMS  10OWRMS
mpedance: Bohm. Bohen Bahm
oAy Ay 4SUONCY MO0
sermbvltyl TW/M) 9748 HB P8
aizg o rom ST 450x5MNIAE  B15nERI0
weght bz AL 18.8kg Tag
prce sach for:

Dlack Wylcoping  £139.95  £99.89 £54.94
grey led coabng €5e.97¢ £NeeT* £64.99

{™ = not novmally In slock allow 1 week for delivery)
Powser armpithers. 157 rack mount with gain controls & VI

malar;

STAIOC 2x19CWrms {dohm load) 11kg  £339.00

STASD0 2x490Wrms {(dohm load) 15kg  £585.00

LED's 3mm or Smen red or green .. 7p sach yeliow 11p

each cable ties 1p each £5.95 per 18000 €49.50 par

10,000

Rechargeabis Batienes

AAHPT) SO0MAH £0.99  AA S00MAH with soider

£1.55 AAS50mAH 175 C{HPI1)1.2AH £220 C

DAM with soider tags £3.60 [XHP2) 12AHE280 O

4AH with solges tags €4.95 PPI B4V 110mAH £4.85

1/2AA. with solder 1ags £1.55 Sub C with solder tags

£2.50 AAA (HP16} 100miH £1.75 173 AA with tags

({phipaCTV) £1.95 Nickel Melal Hydrde AA colls high
with no memory. if chargad at 100ma and

discharged at 250ma or kess 1100mAH capacity (lower

capactty for high discharge rates) £3.75

Specasi offers plaase check for availabdity stick
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of 4 42 x 16mm nicad batteries 171mmoc16mm dia
with red & black isads 4 B £5.85
5 button cell 8V 280mAh battery with wires (Varta
5x2500K) £2.45
Orbitel BEE battery pack 12v 1.8AH comains 10 sub C
cells with soider lags (the size most commonty used in
cordiess screwdrvers and drilfls 22 dia X 42mm tall), It is
aasy to crack open and was manufactured in 1994,
EB.77 each or£110.50 perbox of 14
BC1 bax 190x106x50mm with siots 1o houss a peb the i
contmns an edge cannector (12 way 8mm pitch) and
SCrew lefMINBlS 10 CONNGEL 10 wires and 5 siide In cable
bisnks £2 95
7 3sgment common ancde led ceplay 12mm £0.46
GaAs FET low leakage current S8873 £12.95 sach £9.95
10+ £7.95
BCS4TA transistor 20 lor £1.00
SL552 UHF Limiting ampifiier LC. 16 surface mounting
package with data sheel £1.95
DC-DC converter Rallabdity model V12P5 12v in Sv
200Mma out 00V input 10 Isolation with dats £4.95
each ar pack of 10 £39.50 Alrpax AB2903-C large
stepping motof 14v 7.5 step 27ohMm S8mm dia body
6.3mym ahatt £3.95 or £200.00 for & bex of 30 Polyester
cADACHON DOx typa 22 Smm lead piich 0 .9ut 250vdc 18p
each 14p 100+ 9p 1000+ 1uf 250vac 20p sach.15p
100+, 10p 1000+
1ut 50v bipolar electrolyfic axiat ieads t5p each, 7.5p
1000+ 0. 22ut 250v potyester axiad leads 15p sach. 7.5p
100+ Polpropylene Yul 400vdc (Wima MKP10) 27 Smm
Jx2e)7mm case 75p each 60p 100«

ihps 123 sefes solid aluminwm axial leads 33uf 10v &
2.2ut 40v 40p sach, 25p 100+ Phikps 108 senes. long ife
220l 63v axal 30p each 15p 1000+ 500pt compression
trimmar  60p Sobo carbon resators very ow inductance
weal for AF crcuts 27ohm 2W, 68chm 2W 25p each 15p
each 100+ we have g range of 025w 0.5w tw and 2w
S0l carbon resistors send SAE for kst
PC. 400W PSU {intel pant 201035-001) with standard
motherdoard and § disk drve connectors. fan and mairs.
misi/outiet connecton on back and swieh on tha side {
10p for tower case) dims212x149x149mm exciuding
switch. £26.00 each £138.00 lor § MX180 Digita)
muttmeter 17 ranges 1000vac 750vac 2Mohm 200mA
transistor Hfe 8v and 1 5+ baftery test £9.95
Hana heid ultrasonic remole control £3.95 CV2488 6as
redgy 30 X 10w dia with 3 wire lerminals will aiso work
as a naon Hghl 20p each or £8.50 par 100 Verbatim
RIOONH Streamer Lape used on ne machines
and pressas oit. it looks fixe & normal cassafte
with @ slot cut out of 1he top £4.95 each (£3.75 100+)
Heatsmk compound fube £0.95
HV3-2405-£5 5-24v 50mA requisior i 18-264vac input 8
pin DIL package £3.49 each (100«
LM 555 fimer ic 16p, 8 pin DiL socke! 8p all products
advertisad are new and unused unless otherwise stated
wide range of CMOS TTL 74HC 74F Unesr Transistors
kity rechargeabio Daftanes capaciions Tools elc. atways in

stock
Please add £1.95 1owarts PAP (orders trom the Scoftish
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oscillator/voltage doubling functions referred to above.

L ED1 is connected between pin 6 (anode) and 1 and 8
(cathode). Note that no conventional series resistor Is
needed here since current-limiting takes place on the chip.
in the prototype it was found that much better results were
obtained by using a high brightness LED.

The light sensor section operates in the following way.
Operatlonal ampiifier IC1 is of a type chosen specially for
its extremely small current requirement. Also, it will also
work down to a supply voltage of 1V which Is important
for this application. The sensor itself consists of a
miniature light-dependent resistor, LDR1. Note that the
specified component could be replaced directly with a
standard ORP12 type but more space would be needed
inside the case. An LDR has a resistance which depends
on the amount of light falling on its sensitive surface - as
the light level rises, the resistance falls. When it is placed
in near-dark conditions, it will have a resistance of 1MW or
more. In position under the dashboard of the car and with
light reaching it through a small hole, it will have a
resistance of a few thousand ohms.

Potential divider
The LDR is connected in series with a fixed resistor, R1,
and this forms the top arm of a potential divider. The lower
arm comprises resistor R2 and preset potentiometer RV1
connected as a variable resistor. The mid-point of the
potential divider is connected to the inverting (-) Input (pin
2) of the op-amp. Thus, as the light level reaching the LDR
is reduced, the voltage at pin 2 will fall. The non-inverting
(+) input, pin 3, receives a fixed voltage equal to one-half
that of the supply (nominally 0.75V) due to the potential
divider consisting of equal-value resistors, R3 and R4.
With suitable adjustment to RV1, the voltage at the
Inverting input will be greater than that at the non-inverting
one during daylight hours but will fall below it at night.
Wwhen this happens, the op-amp switches on and its
output becomes high. This provides a power supply to 1G2
pin 5.

The exact level of illumination at which the device
switches on will be set by means of RV1 at the end of
construction. The operating point will not change as the

battery ages. This is because the voltages at both op-amp
inputs are derived from potential dividers connected
across the supply. Thus, as the supply voltage falls, both
voltages will fall in sympathy and the relative conditions
will be the same. RS, introduces a smail amount of
positive feedback which sharpens the switching action.

For reasons which will not be entered into here, the
operating current of the op-amp is programmable. By
inter-connecting pins 7 and 8, it is set to require the
minimum current - only a few microamps. Minimising the
current is desirable in the interests of long battery life.
Note also that all resistors in the potential dividers have
very high values which, again, reduces the standing
current. Even if the LDR is placed in bright light and RV1 is
adjusted to a iow value, the current will be limited by
resistors R1 and R2 to 3uA approximately.

Energy reserve

With IC2 pin 5 high, the LED flashes. Since relatively high-
current pulses are provided by pin 8, the input current will
similarly putse. To obtain this correctly using the specified
op-amp, it is necessary to provide a reserve of charge
using capacitor C1. This charges up while the LED is off
and helps to provide the current for each fiash.

With the component values used here, the flash rate is
about once per second with a frash battery but this will fail
somewhat with the voltage of the cell. With a supply of 1V,
the flash rate will be roughly once every two seconds.

When the contacts of switch SW1 are open, the circuit
will operate as described above when the light level is
sufficiently small. However, by closing the contacts it will
operates in continuous mode. This is because resistor R3
is now bypassed and this makes IC1 pin 3 {non-inverting
input) high. It will therefore exceed the voltage at the
inverting input (pin 2) whatever that voltage might be. The
op-amp will therefore switch on and a supply to IG2
established. To switch the circuit off completely, possibly
because the unit is not going to be used for several
weeks, it might be worthwhile removing the battery.
Alternatively, the negative track from the battery holder
could be broken at the PCB and a small switch connected
between the ends.

Figure 2: the component layout of the Mock Flasher
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Construction

It will be noted that everything, including the cell holder and
switch, are mounted on the PCB. Begin by drilling the
mounting hole and soldering the cell holder, switch and two ic
sockets in position. The cell holder must be mounted with the
negative end (having the spring connection) to the right. Note
that the switch is of the right-angled type, and the tags at the
corners are for mounting purposes only. Solder the resistors,
including the preset, in position. Note that resistor R5 has a
very high value, and this may not be readily available. If
necessary, use three 10M units connected in series, zigzag
fashion, instead. There is sufficient space between IC1 and the
capacitors to accommodate them. Note that both capacitors
are elactrolytics and must be connected the right way round.
The negative end is clearly marked. Solder LDR1 in position.
Be careful: this component is easily damaged by excessive
heat from the soldering iron. To avoid this, push the end wires
through the holes so that it stands about 10mm above the
PCB. Solder each lead while gripping it with fine-nose pliers
between the LDR body and the PCB. This will provide a simple
heat.shunt and prevent excessive heat conducting along the
wires to the device. Bend the leads gently so that the
“window" points tc the side. Bend the LED leads through right-
angles close to the body. Solder them so that the device
stands a few milimetres above the PCB again, taking care over
the polarity.

Making your mark

Measure the positions of the switch, LED and LDR on the
PCB. Make holes in the box to correspond with these. Aliow
for the switch lever to protrude through its hole only by a small
amount. It will spoil the appearance and the project will look
amateurish if it protrudes too far. The hole for the LDR should
be drilled to a diameter of 4mm approximately. The hole for the
LED should be large enough for the clip. By a process of trial
and error, file the switch hole to the correct size so that it can
be operated easily. Bend the LDR leads so that the body lies
about 5mm behind the hole. Insert the LED clip into its hote. In
the prototype, it was found convenient to reduce the length of
the clip stightly to provide more space. Place the PCB in its
correct position and engage the LED with the clip bending the
leads as necessary. When satisfied about the position, mark
the case through the fixing hole. Drill this hole, then mount the
PCB using a countersunk bolt with the nut on the inside of the
box. Check that the switch can be operated easily and make
adjustments as necessary. Measure the position of RV1 and
drill a hole in the lid to correspond with its centre. This shouid
be large enough to accept a small screwdriver or trimming
tool so that the operating brightness level may be adjusted
when the lid of the case is on. Adjust the preset to
approximately two-thirds of its total clockwise rotation and
switch SW1 on {for continuous operation).

Checking it out

Testing is simply a matter of checking that the circuit operates

correctly. insert a new AA cell into the holder and attach the lid
of the case. The LED should begin flashing at about once per

second.

Test the automatic feature by switching SW1 off. Providing
there is sufficient light reaching the LDR the LED will not flash.
Cover the hole with a finger and note that flashing resumes. If
this does not work, adjust RV1 and try again. it will be
necessary to adjust RV1 for correct operation when the device
has been attached in position under the dashboard. Note,

however, that it should be adjusted to at least one half of its
total clockwise rotation or “continuous” operation may be
rather dim and slow.

Chose a suitable position for the unit. The LED must be
clearly visible to any potential thief. in the prototype, Velcro
fixing pads were used to hold the box in position. Make sure
that the LDR receives some light even though this does not
need to be bright. if too much light enters the hole, the circuit
may not work property. It may then be necessary to restrict the
amount of light entering by partially covering the hole with
black pvc tape. Note that, once working, the light will need to
become a little brighter for it to switch off again - such is the
action of the positive feedback applied to the op-amp. If this
effect is too great, the value of resistor RS should be increased.
The cell should be replaced when the flashes become dim.

Semiconductors

(o] ICL7611
Ic2 LM3909 :
LED1 5mm red high brig
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efore we turn to digital circuits we look at last
month’s problems. Circuit (a) really was a bad
one, as its DC guiescent analyses made plain.
A DC voltage analysis shows Vout = 7.33V. To
aflow maximum amplification the quiescent
output must lie about midway between positive and
negative rails, around 4.5V. Vout is far too high. The next
step is to check the quiescent currents. Is any component
on the point of melting? A simulator does not produce the
‘expensive smell of burning’ which, on a real circuit, warns
us that something is amiss. Under Probe nodes, set a
probe to measure current (it does not matter which
component you select), and DC Quiescent wilt then display
branch currents instead of node voltages. The resuiting
table shows that there is no current likely to destroy the
components but a collector current of 42.8mA is
unnecessarily high. Finally, fry a Transient analysis of Vout
at, say, 1kHz (figure 1). This was a pure sine wave before it
went through the ampilifier, but now is quite different. And,
speaking of amplification, the input signal has 1V amplitude
but the amplitude of the output signal is only 0.364V.
Distortion and signal attenuation combined make this a bad
amplifier. What can we do about it?
if we decide on 2mA as a suitable collector current, and
reguire a drop of 4.5V across R1 to place the quiescent
signal midway between the power rails, the value of R1
should be about 4.5V/2mA = 2250 ohms. Replacing 39
ohms with 2.2 kilohms alters voltages elsewhere in the circuit
but the final value of R1should be somewhere in this region. If
this was a breadboarded circuit, we might put a 25k pot in

Figure 1: the output from last month’s problem amplifier. The
signal began as a pure 1kHz sine wave, amplitude 1V

Circuit simulation with software, by Owen Bishop. This month, part 4 - Going digital.

place of R1 and rotate it through its range while measuring
the collector voltage with a multimeter. In this simulator we do
a similar thing by sweeping R1 from 1k to 2.5k and plotting a
Quiescent sweep of Vout {figure 2). We are also plotting the
current through R1, but multiply the result by 1000 before
plotting, to bring it on to the same scale. The two are
proportional so the curves are parallel. The cross-hairs show
Vout = 4.5V when N=13.319. N is a hypothetical sample
number based on a total sampte of 100. In Tolerances and
Temp, to save time, we took only five samples. To convert N
to an actual resistor value, calculate:

v = Start + N/100 x Range

Here Start = 1 kilohm and range = 1.5 kilohm so, in kitohm, v
=1+ 13.319/100 ¢ 1.5 = 1.2 kitohm. This would be a
suitable value for R1 were it not for the fact that the
corresponding current is 3.8mA. Obviously the transistor is
saturated or nearly so; we must reduce the base current. The
BC548 is a high-gain transistor; gain is quoted in various
tables as ‘less than 520 at 2mA’ and 110 to 800’. Since we
are using a Spice model {supplied by Zetex Pic), we can
Explode the netlist and look for the value of BF, the forward
voltage gain, which is seen to be 400. If collector current is to
be 2mA, then base current should be 2mA/400 = SuA. If R3
= 1k and emitter current is {very close to) 2mA, emitter
voltage is 2V. Base voltage should be 2 + 0.6 = 2.6V. The
drop across R2 is to be 4.5 -2.6 = 1.9V and (with SuA of
current), R2 = 1.9/5uA = 380 kiichm, Make it 390k, then
repeat the Quiescent sweep. Now we have to increase the

Figure 2: a Quiescent sweep shows how Vout and the collector
current vary as R1 is swept from 1k to 2.5k
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,lhvels in the precision voltage regulator as Vin
 zero to 10V

range from 1k to 3k to get a collector voltage at 4.5V and,
when we do, we find that the required vaiue for R1 must be
2.66k. Make it 2.7k and try a Transient analysis to see how
well the amplifier works now. The result shows a signal gain
2.6, centred on 4.5V, but still bottoming out as in figure 1.
Better, but not good enough. Readers may have already
spotted the defiberate mistake, the omission of a by-pass
capacitor across the whole or part of R3. Feedback is limiting
the gain. After adding a 100u by-pass capacitor to the netlist
and reducing the signal amplitude to 500uV, we obtain what
looks like a pure sine wave output, amplitude 75.5mV (gain
155). A Fourier analysis checks that this is reasonably pure.

We could continue with improvements, tweaking the vaiues
and possibly by-passing only part of R3 to obtain even better
performance. Now wa must ook at the second of last rmonth’s
problems, the precision voltage regulator. It can be shown that
Vout = Vz ¢ (R2 + R3)/R3, and this is seen to be true in figure
3, in which Vin is ramped up from zero at 10V per second. We
are mainly interested to know how Vout responds to variations
in load, and in supply voltage. Set up the circuit with Vin = 8V,
a load resistor R4, sweep its value from, say, 10 ohms to 1
megohm and watch its output voltage as you do a Quiescent
sweep {see above). For such a wide sweep it is best to select
a log scale, The result shows output to be within a few
percent of the expected 7.55V if the load resistor in 1 kilohm
or more. To narrow down the lowest acceptable value, set the
range from 1k to 5k and find that Vout rises to within 1
percent of 7.55V provided the load resistor exceeds 1.4k.

To investigate the effects of supply voitage, replace B1 and
B2 by two voltage sources, ramped up from O to 30V at 10V
per second and run the simulation for 3 seconds. The graph
shows that Vout is close to Vsupply for values below 7.55V. At
supply voitages above 7.55V, Vout is steady at 7.55V up to
30V and possibly beyond. The current through the Zener
remains constant at 4.2mA, close to the recommended level
of BmA.

Logic

Now to consign the rasistors and op amps to the spares
box and get out the logic ics. Put away the oscilloscope
and switch on the logic analyser. Spice does not have logic
gates among its primitives, which is not surprising since one
of the purposes of Spice was to assist the designing of
integrated circuits, including logic circuits, from on-chip
resistors, capacitors and semiconductors, Nevertheless,
many users of computer simulators want to be able to
include logic in their circuits. Some simulators are
specialised for logic, and some use different techniques for
analysing the logical and the analogue parts of circuit. Other
simulators, including SpiceAge. have what is known as
mixed mode analysis. This allows digital and analogue
devices to be connected in all manner of combinations
(provided they are workable in the electronic sense) and the
circuit is analyses as a whole. Logical gates are treated in
the same way as analogue circuits. This approach is
essential for mixed-mode circuits but has the disadvantage
that it is not ideal for purely logical circuits. Logic circuits
tend to remain in the same state for relatively long periods
and change state rapidly at infrequent intervals. For most of
the time nothing significant is happening. It is & waste of
computing resources to process circuit states repeatedly
and get the same answer every time until something
changes. This disadvantage is offset in SpiceAge, which has
a mode of operation known as optimising, in which the
intervals between sampling times are extended when there
are no changes to voitages or currents in the circuit. The
analysis skips ahead to the next occasion on which
something interesting starts to happen. Then the sampling
Intervals are shortened to allow the changes to be
computed accurately. Even so, the analysis of a logical
circuit such as an 8-bit shift register built up from individual
gates and latches can take a long tirme.

As an example of the technique, consider an often-used
memory unit, a flip-flop built from two cross-connected
NOR gates (figure 4). The NOR gate Is already defined as a
library file and the netlist of figure 4 calis it twice:

*  NOR flip-flop

B b1 +out:pos -out:GND v=5.000000

BUS input ff1.genp1:gndp2:Vina p3:Vinb v=5.000000
> g1 NOR aVina b:g/ outiq VDD:posgnd:GND

> g2 NOR a:q  b:Vinb out:g/ VDD:posgnd:GND

V.80
(BUS b1 0) D' ey
r><
Vinbo—D}H 7

(BUS bt 1)

Figure 4: a set-reset flip-flop made from cress-connected NOR

gates

The battery (B) is needed to power the gates. The input of
logical devices can be driven by ordinary voltage generators
such as we have used already, but it is usually more
convenient to employ a BUS generator. This is programmed
to output a sequence of logical highs and lows by setting
up a .GEN file. Here is a .GEN file (called ff1.gen) suitable
for demonstrating the action of the flip-fiop:

0 #10

10n #00
10u #01
20u #00
30u #01
4C0u #00
50u #10
60u #00
<REPEAT>
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It consists simply of a 2-column list of times and logic
levels, the ‘#’ indicating that we are using binary values.
This example has only a 2-bit output (bit 1: bit 0) but BUS
generators can produce up to 8 bits. Although the file is
made to repeat, it is really intended for a single run. It
begins with a short (10ns) high pulses on bit 1. This is just a
prefiminary to the sequence, intended to kick the flip-flop to
flip or flop into one of its stable states. If we begin with #00,
the simulator can not find either state, since the gates
(unlike real an-chip gates) are identical. This is a problem
with all symmetrical oscillating circuits, especially those like
figure 4 which have feedback. The simulated components
are too pertect!

We could display the results as a set of superimposed
graphs in the usual way, but SpiceAge has a logic probe
display which plots logic levels separately instead of on one

Figure 5: putting the flip-flop through its paces

- set of co-ordinates (figure 5). Here we see the initial kick on 0 %000
. Vinb, initialising the fiip-fiop with g high and o/ (g-bar) low. 10n #010
Then follows a 10us period with both inputs low, the normal 20n #011
‘resting’ situation. At 10us a high puise on Vina sets the flip- 2u #4110
flop to make q low and g/ high. A second high pulse on the 20u #111
same line has no effect, but a high pulse on the other line 40u #110
makes the flip-flop revert to its orlginal state. 60u #111
8Cu #110
Counters 100u #111
All the elementary logic functions (NOT, AND, OR, NAND, 120u #110
exclusive-OR, ...) are available as ready-made library files. 140u #111
These in turn can be built up into more complicated D-type 160u #110
and JK-type flip-flops. Carrying this process further, these 180u #111
may be used to build counters, registers, and other 200u #110
medium-scale logic devices. Figure 6 is the circuit of a 2- 220u #111
stage binary ripple counter made from two J-K flip-flops. 240u #110
The flip-flops are library files {7472.lib) which simulate the
74HC ics with cmos circuitry: The three outputs are (R-to-L) clock (node a), clear, clear2. Fip-fiop
1 is cleared by a rising edge at 10ns, and q
* Ripple counter goes low but, since we are using ¢/ from
B bl +outipos -out:GND v=5,000000 fiip-flop 1, we need a short clock pulse to
Bus clock clock pi:gnd p2:a p3:cleart p4:clear2 v=5.000000 set q high, making g/ low. This begins at

> jk1 7472 qub kipos jpos ckia pripos ciruclearl +v:pos gnd:GND 20ns and takes until 2us, when we can

> jk2 7472 g\c kipos jpos ckib pripos cln:iclear2 +vipos gnd:GND clear fiip-flop 2 by making clear2 high. Both
fip-flops are now reset, so nodes b and ¢
Figure 7 displays the output from the counter. Once again the are low. From 20us onward, the clock altermates between high and
flip-flops do not settle to a stable state after switch-on without low, taking the system through binary counts 0 to 7, and repeating.
some prompting. In this case we need to clear the flip-flop by

making the CLEAR input low then making it high. It is the Problem

transition that clears it, not just applying a high level, and the If we want to generate a short pulse at every fourth count (when
clock input must be low when this is done. Arranging for this b=0 and c=0), we can wire a 2-input NOR gate to nodes b and ¢
requires some thought; one way of doing it is shown in the and take the cutput from that gate. Try it on a simulator or

.GEN file: breadboard. What goes wrong? What can be done to avoid it?

(POS) "_r ) 1 l
RST | RST

— e 1] Q
a o——F— ek FF1 41__ ok FF2
(BUS BIT 0) | l
K 8 — K or—o
CLR CLR
]
N b
BUS BIT BUS BIT 2

Figure 6::a binary counter built from two J-K flip-flops
ad

Figure 7: the output from figure 6
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VALVE CHARACTERISTIC TESTER: SOCKET BOARD

Calling all
Radio enthusiasts
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The magazine for amateur radio

New equipment, sconners, padket radio, construction,
dub news, views and much more.

This month in HRT;

On Test: AS| AT-201 VHF Handheld
GAHCL finds that low cost doesn’t compromise performance
and features in his test of this budget 2m rig.

MFJ-9606 6m FM/Data transceiver
HRT's Tech Ed takes a look at a simple-to-use bm rig for
voice and pacdket.

~ Pye ‘Shaver’ micophone conversion
Mike Rowe GRIVE converts the Pye "Shaver’ micophone
~ for use with Motorola/Stomo ex-PMR rigs.

PLUS

Radio Today, Scanners for listeners, great value radio
Software Offers, free readers’ ads, band reports and more.
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01442 66551

Send your requirements to:

ETI Classifled Department, Nexus, Nexus House,

Boundary Way, Hemel Hempstead, HP2 7ST

Lineage: 85p per word (+VAT) (minimum 20 words)

Semi display: {minimum 3cms)

£12.50 + VAT per single column centimetre

Ring for information on series bookings/discounts.

All advertisements in this section must be pre-paid.
Advertisernents are accepted subject to the terms and conditions
printed on the advartisemant rate card {available on request). |
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In-system 8051 Programming in a FLASH!
Now supports the AVR Microcontroller Family
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Code development for the 8051 !.amily oould‘nc)t be easier. Simply - EED3 - g?cg ec(g;" ;;yct:r g;g:ggj;absl?; stg
plug the “Socket Stealer Module” into your existing 8051 socket and Plancentre Publications, Unit 7,
then use the Micro-ISP Programmer to download code {and data) to your — CAPSTAR - gld V'\:P}grf d Industrial LEdsl;ate
i ing i mock Road, edbury,
target microcontroller without even removing it from the target socket. WE COULD BE THE ANSWER, Here fordshire, HAB 2HS.
Coxtacr Swirr DEsIGNS Lo :

EQUINOX

TECHNOLOGIES
The Embedded Solutions Company

Email: To Advertise in ETI

Designs @ SwiftDesigns.co.uk

Phone: 11 Alison on:
Sales: 01204 492010 Technical: 01204 491110 Fax: 01204 494883 01438 310133 - 01438 821811 a §

Visit our web page at: www.equinox.tech.com Web: 01442 66551
‘ www.swiftdesigns.oo.uu
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Practically Speaki

BY TERRY BALBIRNIE

This month we look at the use of light emitting diodes

his month we continue looking at
some of the calculations used when
developing and testing electronic
circuits, This part is devoted to the use
of light-emitting diodes.

Better all round

A light-emitting diode (LED) is often used as an
indicator light or status indicator. It has the
advantage of needing a smaller current than a
flament lamp, is generally smaller, remains cool in
operation and is much more refiable. Moreover, it
can be bought in various colours, shapes and
sizes.

As a rule, a light-emitting diode must not be
connected directly across the power supply. If it
was, an excessive current would flow and it would
be destroyed. A resistor must be connected in
series with it to limit the current to a safe working
value, There are one or two exceptions and these will be
explained presently.

If the LED is red, orange, yellow or green {the most
common cotours) then, while operating, there will be between
1.8V and 2.2V across it. This is called the forward voltage
drop. When calculating the value of the current-limiting resistor,
this will need to be taken into account. For ease of calculation,
it is usually taken to be 2V. You must first decide what
operating current is to be used, With most LEDs, adequate
brightness will be obtained with about 5mA to 256mA for a red
one and between 10mA and 40mA for yellow, orange and
green. The LED will be destroyed with much more current than
this.

Ohm’s Law

For the sake of the following calculation, let us assume that the
operating current is to be 15mA. You now need to know the
voltage of the supply. Suppose it is 9V. There will therefore be
(9 - 2)V or 7V appearing across the resistor. Since the resistor
and the LED are in series, the same current wiil flow through
each, Applying Ohm's Law, as discussed in our last
instailment, to find the value of the resistor, gives:

R = V/l = 7/0.015 = 467 ohms

S0, depending on the type of circuit, we round up or down td
the nearest available value, say, 470 ohms.

If the supply voltage falls, as when the battery ages, you-will
need to check that an adeguate current flows when this
reaches its usefut end point. Suppose it is 6V. The voltage
across the resistor will now be only 4V. Ohm’s Law is applied
again, but this time to find the cumrent using the resistor value
decided on above:

Measuring voltage across a resistor

I = V/R = 4/470 = 0.0085A or 8.5mA.

This would be satisfactory for a red LED but perhaps not for
other colours. In this case, the value of R would need to be re-
calculated for as current of, say, 10mA. You would then need to
check that it did not exceed 40mA when the battery was new,
It should now be clear why an LED will not operate from a
supply less than 2V - the necessary 2V could not exist across it.

The blues

Blue LEDs are now freely available although they were a very
expensive item only a few years ago. Even so, they are still
more costly than red, yellow and green types. Blue LEDs have a
much higher forward voltage drop, about 3V in practice, so the
supply voltage must exceed this. When using Ohm’s Law to
find the value of the series resistor needed, this increased
forward voltage drop must be taken into account. Blue LEDs
generally need between 20mA and 40mA to provide a goocd
fight output.

Some LEDs have a series resistor connected internally to
save the trouble of using an extemal one. This is useful for
specific purposes but these LEDs have limited experimental use
pecause the fixed value of the internal resistor makes them
suitable for only a small range of voltages. The most common
are 5V and 12V types. Some LEDs have an additional section
which limits the current over a wide range of voltages. Thus, the
correct working current flows when It is connected to any
supply between, say, 3V and 12V. Again, no series resistor is
needed. This type of device is not available from all suppliers
and is more expensive than the standard type. One of these
would be useful when the indicator needs to glow at a steady
brightness despite wide variations in supply voltage.
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Why the SuGOETT CO-ODBmten Lot yeen
business rivals who are quite good at taking
care of themselves? Today, desktop PCs are
the world’s most popular computer, and
Apple Computer has been struggling. And
Oracle's massive database business is
second only to Microsoft in the world
software development market, Mr. Ellison was
seen at one demonstration allowing a
personal computer to tumble to the fioor,
apparently to make the point that network
computers, shanng each other's resources,
not personal computers, were the future, At
least he didn't have one dropping from a
second-fioor window into a skip - yet.

But now Larry Elison and Bl Gates of
Microsoft are associating themseives with
Apple, arival but a trailing one. It's been
reported that Larry Blison befieves that Apple
software, which has led the way in deveioping
front-end graphical interfaces for software
users, is the right approach for the network
computer that he is developing,

Meanwhile, Bill Gates still does good
business providing software for Apple
customers, particularty Mac users. Apple:
may be a niche company compared to
Microsoft, but it Is a niche that has provided
some highly popular innovations over the
years, and commands strong loyatty from its

who works with
phics.
s always been one of
mputing, and even
d to admit that the
e right software and
les without too much
the adjacent PCs were
om the Macs. This was
1ser demand: Mac users tend
ers, and they know they have to
rom diverse sources.
Eanwhile, Microsoft also has a firn eye on
e network market. Already closely associated
with Internet software, Gates of all people
tnows that the isolated computer will surely
and with increasing swiftness be out-evolved
by networks, whether wired peer-to-peer
networks, the modem-linked Internet, or
platform-independent, Java-driven client/server
“intranets”. Computer will speak to computer.

We have already heard this year that the
Labour Gavernment is committed to connecting
up British schools to the Intemet at favourable
rates to prepare chiidren for the future. it iooks
as though parents of certain 15-year-olds who
want to know why the famity computer (the one
you fondly thought was yours) isn't yet on the
Internet will soon be able to argue “Don't you
get enough of that at school?”

But this is not just business, and not just a
game. The implication for everyone out there
is that ET readers, our families, our
descendants, and possibly our grannies too,
will in 10 years' time quite likely be doing a
large part of our shopping, work and
business on one machine talking to ancther
machine. And converting from one program
to another, and one format to another, is one
of the blg sticking points for computer users.
The more the current ieaders now can co-
ordinate their efforts, and their formats, into
one universal systemn, the better the chance
they have of capturing and keeping this world
market. And of out-evolving any challengers.
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MICROCONTROLLER
FAMILY

Atret - B9C, 895 Atmel FPGA Serial
[see table below) 2. 24C, 25€, 28¢, Configurators
Philips/intel - 58¢, 53C Atmel, Xilinx,
87C-51/52-Fx FLASH - 29C, 45F Altera etc,
Order Code: Qreter Cotle
. MPW-LIB MEM AT MWAB-COU
Comes as standard £75.00 £75.00

A Security Dongle is requoired for the above
libraries Order Code: MPW-LIB-SEC £24.00

The "M 8051 FLASH microcontroller family

Atmel | Bocs1  89C52 8955 | 8958252 89553 | B9C1051 89C2051
Flash Code ROM (bytes) 4 BK 20K 8K 12K 1K 2K
RAM {bytes) 128 256 256 256 256 &4 Jiz8
EEPROM - - PL3 -

In-system re-programmable [« e . YES YES

L0 Pins 32 32 32

16-bit Timer/Counters 3 3 3

Watchdog times

Inerrupt sources 8 9

Serial UART {ull duplex) YES YES

SPLinterface = - yes'

Analogue comparator

Data pointers

Package Pins (DIL}

E'u Edn Promc Bdn Qpaons  Jaools Wedow Helr
EZ@EEE@

FiAb |, PROC A1

#llprogseq SECHENT CODE

1limit EQU L ; deFine constant
extern woid extasm{vold};
RSEL progseg
main) PUBLIC  extasw : make #Xtasn accessible
rntasl:-nu P, 808

vailecd)
{

[ Error t1: synnx error near ‘B

trror 282: 'p3‘: unnﬂ-ined igentifler
dm_ 1

extasnl
3 while (!p: 138

Optimising C Compiter
Macro Assembler
Software Simulator
Device Programmer
Evaluation Modute

Atmel ATBIC2051 [) ElL
¥ Hardware/Software Documentation ZSOFTWAHE

PAUS rREE Atmel CD ROM data book

A KEIL integrated Development Environment - C compifer + Assembier output restricted to
Order code: AT-89C-2K-5T £199.00 s vy

ceabemmusa

o hHhed =

p

'@MN@L@HW@

Thesep beddw 1-:lm:ions Company

HEaHH

Visit our web page at: www.equinox-tech.com | o
AN N i ¥ ( Email: sales@equinox-tech.com
. A Order code; AD-8051-ICPP £125.00 {Reatrles-mro Pro Programmer to operate) i 223 Greenmount Lave enar S
SALES: 01204 492010 TECHNlCAL 01204 491110 Fax: 01204 494883 (lNTERNATIONAL DIALLING CODE +44 1204)
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for the
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THE GOMPLETE
GATRLOGUE FOR

ELECTRONICS

September ‘97 -
February'98

Pisit wer Web Sils
Mp:/fwww. maplin.co. uk

BRITAIN'S BEST-SELLING
ELECTRONICS CATALOGUE

Available from 1st September 1997

The 'must have' tool for DIY enthusiasts,
hobbyists and students, amateurs and
professionals in the world of electronics.

- Over 25 years experience

- 42 stores nationwide

- Same day despatch

- Order 24 hours a day

- Free technical support on 01702 556001
- Free delivery on orders over £30.00

- Over £50 worth of discount vouchers

Order now on 01702 554000

Available at: WH Smith, John Menzies or
your local Maplin Store.

(Add 50p for P&P). Orders outside the UK please send £8.45 or 21 IRCs
for Airmoil in Europe or surfoce mail outside Europe. Send £16.00 or
37 IRCs for Airmoil outside Europe fo:

Moplin MPS, PO Box 777 Royleigh, Essex, Englond $56 8LU.

When ordering please quote priority Code MA016.
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