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1. Order online.
2. Check your premium bonds.
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4. Add E -commerce to your own site.
WITH ORDER PLUS 84.00 P&P PLUS VAT.
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6. View our web camera.
7. Invest in our future.
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PIC MICRO -PROBE by Jim Main
-Erdware tool to hell) debug your PIC software

MAGNETIC FIELD DETECTOR by Robert Penfold
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Where's the attraction? Find out with our Starter Project!
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Serial Port Splitter; Elderly Person Monitor: Rechargeable PP9 Battery:
Class -D 30W Audio Amplifier; National Lottery Predictor; Tumble Dryer Alarm;
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A lofty way to keep your power bills low!
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CIRCUIT SURGERY by Alan Winstanley and Ian Bell
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Op.amps: Fusible resistors

INTERFACE by Robert Penfold

883
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A serial approach to PC add-ons

NEW TECHNOLOGY UPDATE by Ian Poole

888

Curly nanotubes could determine the nature of future transistors

I
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PRACTICAL OSCILLATOR DESIGNS - 6. Resistor/capacitor
oscillators by Raymond Haigh

891

Worked examples and circuit info for hands-on constructors

TEACH -IN 2000 - 2. Capacitors and RC Timing by John Becker

,ewelow.
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914

Essential info for the electronics novice, with breadboard experiments and
interactive computer simulations.

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley

938

Jet Scream; Help Us to Help You; Brow -beaten; Help -line
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EDITORIAL
NEWS - Barry Fox highlights technology's leading edge

869
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Plus everyday news from the world of electronics

SHOPTALK with David Barrington

882

The essential guide to component buying for EPE projects

READOUT John Becker addresses general points arising
CD-ROMS FOR ELECTRONICS
Parts Gallery - Electronic Circuits and Components; Digital Electronics;

909
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Analogue Electronics; plus PICtutor, plus Modular Circuit Design

ELECTRONICS MANUALS

924

Essential reference works for hobbyists, students and service engineers.

BACK ISSUES Did you miss these?
DIRECT BOOK SERVICE
A wide range of technical books available by mail order, plus more CD-ROMs

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE

932
934
937

PCBs for EPE projects - Plus EPE software

ELECTRONICS VIDEOS Our range of educational videos

941

ANNUAL INDEX 1999

939
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Ow January 2000 Issue will be published on Friday,
3 December 1999. Bee page 859 for details.
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NEXT MONTH
SCRATCH BLANKER
It seems that reports of the death of vinyl discs have been somewhat
exaggerated. While it is true that new vinyl records are not made in
significant numbers any more, there is a thriving second-hand
market. In fact many types of record are now hotly collected.
including some that were manufactured quite recently Interest in vinyl
records may still be quite strong, but the drawbacks that resulted in
compact discs taking over have not gone away.
Noise caused by dust getting into the grooves is one problem.
but with proper care and handling this can be minimised. Physical
damage to this very vulnerable form of recording is probably the
main problem, and there is no easy solution to this one. Most new
vinyl recordings were supplied complete with a few -clicks' and
-pops". and even when handled with due care they tend to gain
some more over the years.
This stereo circuit provides a delay of less than one millisecond
to the audio signal so that -clicks" can be detected and removed
before the listener hears them. Make listening to your old vinyl a
pleasure again.

FLASHING
SNOWMAN

If you wish to make an electronic
project popular you give it some
flashing
or you do if you believe
the in-joke that was popular in the
electronic magazine publishing
business some years ago. This joke
came about because one of the
magazines now incorporated into EPE
published a project that was basically
just a soap dish fitted with some l.e.d.s
that flashed. Apart from looking pretty.
it did not actually do anything. but that did not stop it from being
by far the most popular project ever published by that magazine'
This project is very much in the flashing soap dish tradition, it is just
a polystyrene ceding tile fitted with some l.e.d.s that flash. It is a simple
but amusing Christmas decoration that should raise a smile or two.

The tile is fashioned and painted to look like a
snowman (or snowperson?). and it has the I.e.d.s
to form the eyes. nose and mouth. The idea is to
arrange the l.e.d.s so that the snowman's
expression alternates between an internet style smile
and frown. This is just a suggestion. and there is plenty
of scope for doing your own thing. You could obviously use a
different character such as Father Christmas as the basis of the
project. and he could be made to wink, for example.

FROST
ALERT
Vehicle manufacturers strive to make
our driving experience ever more
comfortable. Such items as ride
control. power steering, electronic engine
management. and air-conditioning now appear as
standard fit on many vehicles and as a result we
become more and more detached from the outside
environment. One of the most important considerations
would seem to be the quality of the road surface. a
factor that directly affects our style of driving.
We generally notice if the road is wet, muddy, or
covered in leaves and take appropriate precautions.
but we can't see black ice. For this we need an external
temperature sensor, warning us when the likely
conditions for ice on the road are developing. A cheap
solution is the l.c.d. strip attached to the driver's wing
mirror, but despite looking very pretty (especially if you
have heated mirrors . .1. it tells us nothing about
conditions down at road level. The Frost Box gets us
right there. with a simple three colour I.e.d. indicator to
keep you informed.
.
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MANY MORE ITEMS AVAILABLE SEND LARGE SAE 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
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SURVEILLANCE
PROFESSIONAL OUALITY KITS

n

No. I for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 20 /ears
and you can be sure that all our kits are very well tried. tested and proven and come complete with full instructions. circuit
diagrams. assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters are
tuneable and can be received on an ordinary VHF FM radio.

Genuine SUMA kits avallablo gni)/ direct from Suma Designs. Beware Inferior Imitations!
UTX Ultra -miniature Room Transmitter

UTLX Ultra -miniature Telephone Transmitter

Sma:est ror.12V eye's: a

size or lororn x gommi
SraZest le ecz47e
e
k.! a. -a
Comas to tree (anywhere) and swtres on and off with phone use
Al comersaton transmed Powered from lane. 500-n range
05.95

r.:

:

- :ecttde tOrnm x 20rnm raduang rrc 3V -

:r1 ra-;e

C16.45

MTX Micro-mlnlature Room Transmitter
Best-seang rhao-mnature Roan Trans/now. 1St lirrrn a 17mm robing me 3V -

TLX 700 klIcro-miniature Telephone Transmitter

12V operaton. 1000m range

Bestsearg telephone Mrs:ratter Beng 20nrn a 20nm rt s eases to assemble raUTUC Caine.= to Ire (anywhere) and Switches on and oft with pia'* use Al ccversatcra transmtred Powered from ire 1000rn range
E13.45

C13.45

STX High-perlormence Room Transmitter
mdorrnance tansmner wth a tattered output stage ter greater stabity and
range Measures 22r-- i 22.3 no me 6V -12V wagon. 1500m range t15.45

Sze 2Orrrn a 40r

..

.

atom. 3000m range

116.45

VXT Voice -Activated Transmitter
Triggers prelim Mon sounds are detected Very low stuck owlet Varitke sersarety
and delay wet LED irckator Sze 20nrn a 67tram 9V operatort. 1COOm range [19.45

HVX400 Mains Powered Room Transmitter
Corrects drectry to 240V A.C. supply
Size 30mm x 35rnm 500rn range

!E.

119.45

SCRX Subcarrier Scrambled Room Transmitter
Sorarrtded cutout from this transmitter cannot be rrc- .:ed wtrc.: tne SCOM decoder
menaced to the receiver Sae 20rrrn 1 67rrrn 9V operaoon. 1000m rage t22.95

SCLX Subcarrier Telephone Transmitter
scramtied so
reputes SCOM ce'vlected to rmener Sae 32rrvn a 37mm. 1000m range
£23.95

SCDIA Subcarrier Decoder Unit for SCRX
Corrects to recerwr ennone socket and armies decoded aucio output to res.:
Mores Size 32mm a 70mrn 9V -12V operation

£22.95

ATR2 Micro -Sin Telephone Recording Interface
Cornetts between telephone Ire (anywhere) and cassette recorder. Switches tape

automat:calk as Mom s used M conversations recorded Sae I Earl a 32rwm
Powered from ire
t13.45

*** Specials ***
DLTX/DLRX Radio Control Switch
Remote control anything around your home or garden, outside lights.
alarms, paging system etc. System consists of a small VHF transmitter
with digital encoder and receiver unit with decoder and relay output.
momentary or alternate. 8 -way d i I. switches on both boards set your
own unique security code. TX size 45mm x 45mm. RX size 35mmx
90mm. Both 9V operation. Range up to 200m.
Complete System (2 kits)
050.95
Individual Transmitter DLTX
Individual Receiver DLRX

£19.95
C37.95

MBX-i HI -F1 Micro Broadcaster
Not technically a surveillance device but a great Idea! Connects to the
headphone output of your
tape or CD and transmits Hi -F1 quality
to a nearby radio. Listen to your favourite music anywhere around the
house, garden, in the bath or in the garage and you don't have to put
up with the DJs choice and boring wattle.
27mm a 60mm. 9V operation. 250m range
C20.95

SUMA
DESIGNS

and performance Connects to lire (anywhere) and swathes on ard off teth Mona Let
At corrverstoorts renowned Powered eon Ire.
S21 221M1 x 22flYn. 1500m range
t16.45

TKX900 SIgnallineracking Transmitter
Transtnts a comaJous stream or woo purses with vanatde tone and rate. War to ragralsorrro traOkrI3 purposes Hon power arum Tang range up to 3000mSae
II 63rnift 9V operation
022.95

CD400 Pocket Bug Detector locator
LED and gem Deem poise stet f. rate of pulse and WO of we owease as
approach scout. Gan control stows "oft"; of source
Sae 45mm a 54rnm 9V operation

f30 95

CO600 Professional Bug Detector/Locator
Macolcur readout of sCrel strength win aerobe roe bleeper and vanabe
used to dead and locate hidden trimmers Sroch to AUDIO CONFORM rOCe.s.
dstrvish between localsed b.:9 transmission and normal legitimate sgna's sus a:
pagers. ce,:.,ar. tars et: Sze
107.1-n 9V operaom
£50.95
.

Corneas to It:Mahone Ire anywhere. rewires no batteries.

DEPT.

STLX High-pertormance Telephone Transmitter
HO performance rammer yen tuffered Output stage von:kg excerent sleben

VT500 High -power Room Transmitter
Powerful 2.60mW
-; et:Cent range and pertrmarce

OTX180 Crystal Controlled Room Transmitter
Narrow band FM transim :ler for tie urate
prnacy. Operates on lEaelz
requires the use of a scanner rezenw or or ORX180 kit (see catalogue).
Sze 20rnm 67rrrn 9V operation 1000m range

£4095

OLX180 Crystal Controlled Telephone Transmitter
saes

As per OTX180 but ..._
20min x 67mm 9V opera: -on

1%0 ;5

OSX180 Line Powered Crystal Controlled Phone Transmitter
As per OLX180 tut Craws power requrer-e-s -:- -e
Sas 32rnn a 37rnm.Rarge 500m

catteres rec. red

035;5

ORX 180 Crystal Controlled FM Receiver
For monitoring any of the 0 range transmners
sense:WI oat M RF seceon
1:11.0 as cre-h. land aTed Toole ready to co.,lect On board so no erf`city sel,;

t6 95

-

A build-up service Is available on all our kits it required.
UK customers please send cheques. POs or regstered cash.
Please add £2.00 per order for P&P. Goods despatched ASAP

allowing 1dt cheque clearance. Overseas customers send
Stetting Bank Draft and add £5.00 per order for shipment
C!edo cat c..:.e's
:cmed on 01827 714476

OUR LATEST CATALOGUE CONTAINING

VISA

MANY MORE NEW SURVEILLANCE KITS NOW
AVAILABLE. SEND TWO FIRST CLASS STAMPS
OR OVERSEAS SEND TVi0 I RCS.

EE

THE WORKSHOPS, 95 MAIN ROAD,
BAXTERLEY, NEAR ATHERSTONE,

WARWICKSHIRE CV9

2LE

VISITORS STRICTLY BY APPOINTMENT ONLY
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01827 714476

£1 BARGAIN PACKS

SMART HIGH QUALITY ELECTRONIC KITS

12V 18AH RECHARGEABLE

- List No. 3

BATTERY

1 item per pack unless otherwise stated
10021A ot h» socrx.r, Oder Rt.

SOLAR CELL, s.
631

PLASTIC FAN BLADES. In clarhaNt. pon pt sortIo. pars
cl 2 6 -sr, Pe' 636
PC GAMES :1
rvr.a.....2, pack el 6 over RN 645
PlE20 NOISE MAKERS. stardust sae. pack 21 2 Oder Re
647

DITTO p_t ^res. cosy 23rron across. pick. d 2. Odor RN. 648

COVERS. 1-1 PAaA sarops. etc rood 22wn roc pacs 2!
6 Crjef RIO 651
10A IDCROSWITCHES so, scram Nrennakt. trans yoLsoo
Park 2.12 Order Rat 662

PCS MOUNTED RELAY. 5V.6V col. 2 Ma:V*0M SA con two Order RN 665
CONTROLLED 441OCK01 SWITCH 3 ot ts switches c.uvot
b. cr 'on Po Int maw Y cn. s,r4 3kW DO* roadors. Inc

is Yuasa made jelly type so
maintenance -free and usable in
any position. Brand new and
guaranteed
12
months. The
It

regular price of these is £40 but
you can buy at £15.
Order Ref: 15P78.

12V 8A D.C. POWER SUPPLY. Total.),
enclosed with its own cooling fan. Normal
mains operation. Price £11. Order Ref: 11P6.

D.C. MOTOR WITH GEARBOX. Size 60mm
long.

30mm

ON, Pe, 666
0334F 1000V CAPS. dual Id put In sere oft 1 iSv 2-4W

diameter. Very powerful,
operates off any voltage between 6V and 24V

COPPER CLAD PAWL. sae I292

d.c. Speed at 6V is 200rpm. speed controller
available. Special puce £3 each. Order Ref:

mczn car.

Oft Ref 672

chn

aptrocrcato.

masa ,o..2 cos PCB co Ts Nord onorph to act as a chassd
Order RN 663
10010 COIL OF CONNECTING WIRE- Crow RN 665

D.C. MOTOR, .ra Mart. nada MN anent so *A aces
I.E. saw corla Odor RN 687

SUS INN PUSH SWITCHES. peck al 2. Odor RN 686

CFJOIIIC BEADS. dui roulaton Non hall co ramie pack
of 100. Omar RN NO

LENGTHS OF we. DIAMETER PAXOUN TUBING,
maks Neu MN Nods. *lc pack el 3 0202. RN 691
1920 VINTAGE RESISTORS, y0.' prcOaNy new soul any
*Aft be nose. pad, al 2 Oder RN 895
440V AO. CAP. 4F. aLmns.,M cased doer RN 702.
POWER SUPPLY UNIT. oroA 9V tOD7A do Como RN
6e.

733

AMON TUNING CAPACITOR. at wafts wet von spfte

Oft Re -43

13A PLUG BARGAIN OFFER. You pet 3 to Cl. Oda RN
GR19
1111.03 ROCKER SWITCHES 22, mot" reverses/. orb. pica

2 Order Re 745
NOISE TRANSPARENT SPEAKER MESH, 12d flin . pacd

et 4 Odor All 746
LIGHTEST TOUCH CHANGEOVER IDCROSWITCHES.
mans WOMB& pock et 2

Re* 748
INSULATORS, pack of 4. 14141148 cab"

PAM

softy N: 0111.r 0111 141

CASED Pall. AC about 15v 166M rd 96V 60.7A Oft

Re 751
3 CHANGEOVER CONTACT RELAY Nth ca. uNatas err
12V A.0 cc 6V D C Odor Rat 753
LEVER -OPERATED INCROSWITCHES. Nedapnors. Dun

NON. arty taut', *cod to 1016 .d pock co IP Oda All
756

PROJECT BOX. are acsrarrivilery 100wn 75.111,6 2411vn.

Is Id I meal neat say. Ow RV 759

MOT INSTRUMENT n citaft case oft canyng manse. has
many tia*L4 putt ON. Rot 760
PIC14411, ARM err, camcrtl styus. row rd unclad Order
Re 764
RUSSIA FEET. 12 Comm 6.1 scuaro masts pack ra 20.
Coat RN 769
24V BAKELITE ENCASED A.C. OR D.C. BUZZER. Oar
RN 774
COMPONENT MOUNTING TAG STRIP, 32 ups leCt. SOO

ON. RN 776

V/ blE0 POTS each Wes datitikpolo moan paid 012 Coor
Flor 780

CO MICSOSWITCHES °NNW by a ore caned lo soft*
ads. peck 01 1 Or*, RN 705
MIL TAO RAINS PANEL, has 12 tags lo rate we. pahon
oftwOrea Otter RN. 792
REED SWITCH. eat mufti al rains so many mows can be
Nuked in small area. Order Re/ 796
VERY TIN OfILLS (03nft. pack al 12 Caw, Rel. 797.

ROCKER MICHEL sods2loadod wet Margaevat 10A

230V caucts. sack et 2 Odor RN. KO
MANS CIRCUIT BREAKER. 7k pranomon operated Order
Re 602.
P1 -LINE SWITCH rordad bar Nactsc Idarost So arm variable

haat ba obrckdry has Nror uses Order RN 605
PLUG FOR CAR LIGHTER SOCKETS, each dorm eternal
!use. pick 042. Over RN 809
SUMS TRANSFORMER, 12V-Ov1 2V. SW. Over RN III
10111 Of MAWS VOLTAGE FLEX We, union and °Or PVC
cautaton Or0Of Rot 615
13A ADAPTORS 22 each take 21644. 14414 C1 2 Oslo Pe
620

010 250V OWNS WORKING SUPPRESSOR CAPACITOR.
pack 015 Coto Re. 636
RING MAW JUNCTION BOXES, 134 230V. pack 221 3 ON,
Rat BD1

FLUSH PLATE LIGHT SWITCHES, SA, Not. per. a 2_
Ordso PO B05

OCTAL VALVE BASED. Rutin peck d 0131 Ref 12
GERAIANR111 TRANSISTORS. OCAS att. cod. at St

abscnoa Oft Re IS

MKT SENSITIVE TRANSISTORS. 1It CCP70. pea Pi 2 ON, Re. 14
LOUDSPEAKER CROSSOVER, for rafter mid -range and

mx'r Goer Rat 23

SUB -lad/ TOGGLE SWROI. soots pole clonguroc wan
pa cased nt

on cm. cam ot 3. Odor RN 1066

vans be poncanant astoro.con, mad' to BT
Narctant and cotkr coded strot cow PVC. 25,1 Crow RN
1067

Tv REMOTE CONTROLS. I does ft:4 MA Y11.1 TV. 1.1111
Loa 4 to other ocsacts
b42.
. peck a2 Oder
RN 1066
SA BRIDGE RECTIFIERS, .on toed hutunk. deal car Pat6.6616
.

Mt:T. puk oI2 Ociv Ref. 1070

YNAN° BIAS& IV OSA. cock DI 10 Coder Rat
1072

3141n. 12W SPEAKER. aurproal so swab* for room or
00400.9 Oft RN 1073
INTERSTAGE TRANSFORMER to tutsccr cotraxm
Oda Ret t RC 2

862

3P108.

MOST USEFUL POWER SUPPLY. Rated at
9V IA, this plugs into a 13A socket. Is really
nicely boxed. £1. Order Ref: 2P733.
GROWERS PLEASE NOTE: We now have a
very uselul 100W soil heater. This is essen-

tially 5V 20A power supply, completely encased and with built-in cooling fan. We supply

with it 10m of cable with instructions on how
to couple it to give the recommended 101N
per sq. ft. or 5W per sq. ft. or a very low 2.5W
per sq. ft. Price for complete
£15. Order
Ref: 15P79.
BIG 12V TRANSFORMER. It is 55VA so over

4A. Beautifully made and well insulated. Live
parts are in a plastic frame so cannot be accidentally touched. £3.50. Order Ref: 3.5P20.
BIKE RADIO. In fact. it's more than a radio.

its an alarm and a spotlight. The radio is
battery operated. of course. and needs 3 AA
cells. Only one band but this is the FM band
so will receive Radio 1 and 2. Comes com-

plete with handlebar fixing clips. Price £4.
Order Ref: 4P72.
INSULATION TESTER WITH MULTIMETER.

Internally generates voltages which enable
you to read insulation directly in megohms.
The multimeter has four ranges AC DC volts.
3 ranges DC rniiiiamps, 3 ranges resistance
and 5 amp range. Ex -British Telecom but in
very good conditon. tested and guaranteed.
probably cost at least £50 each, yours for
only £7.50 with leads. carrying case £2 each.
Order Ref: 7.5P4.

REPAIRABLE METERS. We have some of

CAT. NO.

DESCRIPTION

1005
1010

Touch 592.cr.
5 titbit {WOO rri. ac *."1 ....10.-6:0,

PRICE
C

19 31

Ou1P..1

1016
1023
1024
1025
1026
1027
1030
1039
1042
1043
1047
1048
1050
1052
1053

Dynamic head {rearm
Mat:Wont prearraNier
7 wan 11.-4.112crnet arr0124,

.

Sound Mien
Socsone thermostat
3-5.ip0 Rh Memo prearnftier

' 21

Bactrarac rnaborome

322

t054

4 -input marmot mer

1057
1059
1062
1064
1067
1068
1070

Cassette head praarrothat
Telephone amplifier

5V OSA stabliftd swag err Tn.
.12v O'SA slabesed sweaty

322

o

u/ 036 amused comer savoy

4 60
2 30

322
920
2 53

Ifofi preampWer
7 47
4-iripw seNclar
690
CANA heft sensor. ran Nam
230
Cat ',WAIN*. AAP I ci I
736
2 76
Vogeo Sgrul wrokner
DC coroner 12v to 6V Or 7-5V Co 9V 253
460
WI= 10 COIll /CI yaw Car

toll

1000
1082
1063
1065
1086
1093
1094
1098
1101
1102
1106
1107
1112
1115
1118
1122
1123
1126
1127
11283
1133

Windscreen wow controft

3 68

12 42
soma alarm system
Oval thermometer tuth I c d display 1150

polar lister

460

Stereo VU meter 11101 141 a s

6 67
6 90

Thenrconetts oft I 0 s
Electrcrocs to help ft Ine pools
Lowfteaker protection aft delay

368

Courlssy19/1

207
414
368

1 60

Y

Tame swift wth tnac 0-10 mos
TNaphOnit CO 1614
Morse cad* generator
ktorropftrie preampahor

184

460
460
253
526

Mcroprbont tone weft':
Poorer hasner 12V d c
Stereo sound to licett

BUY ONE GET ONE FREE
ULTRASONIC MOVEMENT DETECTOR.
cased free Ilan.. -.9 has invimal 341111
be Nence0 Also has COMOCtOret tor C

.

-

3114.111011 01101 Price CIO. Order P.S.10P1!J

CASED POWER SUPPUES *nen. With a fen Sr"
a .na corponanta and a PI 01 rrtddyrts. *cud p. .e
12V at 104 Ortpnaty £9.50 each. flaw 2 for C960

Otter RN 9 5P4

3 -OCTAVE KEYBOARD Nth piano sue bays. Nana

era* prerous Not £950. now 2 to Me price el
one Order Ref 9 5P5

TOROIDAL MAINS
TRANSFORMERS
Al vent 220V 240V prrnary h

224V - 24V 25VA. Nice £3 ode.
Ref 3P245

Rol 8PG2

110V - 110V 120VA
order Ref 13PG3

price

Ell

110V- 110V al 220V *cud stye 110V it 2A or 220V It
14 pax CIO Order Ref 10PG5
110V 110V at 500VA *out One 110V at SA or 220V al
newt, 3A. prce £25 0111f1 Rot 25PG8

2P459.

250W norm and normal 150W

SUPER WOOFERS

A 10n 4 ohm we, poorer noted or

RECHARGEABLE NICAD AA BATTERIES.
You can have these at a bargain price of 50p
each, but you have to buy a pack of 10 which
would give you a 12V rechargeable battery.
However, it is quite easy to divide into 2 x 6V
rechargeables or 10 x 1.2V rechargeables.

%nth full instructions for
changing gears and
calculating speeds. £6.
Order Ref: 7P26.

2 76

SWAPO VUnWiter wetlands

crocodile clips on each
end. Lead length 36cm.
£2 per set. Order Ref

motor torques. Comes

3 68
12 42

aftpul morn mow

4P112

2

assorted
insulated

able gears giving a
range of speeds and

1.70

322
529

3SV - 35V 220VA since £9 Order
Rel 9PG4
50V - SOV. prft E4 Order Ret

leads with a cm:

which has interchange-

253
460

Benoit VU meter
AF penerabsr 2501H161,14/
Lowlness Memo Imo

35V 35V al 150V CA. pace £8
Crde Ref 8PG9

Order Ref: 5P287. Made by Varta
1 -5V -6V MOTOR WITH
GEARBOX. Motor is
mounted on the gearbox

3 91

Light defter

FOR QUICK HOOK-

each of 5
colours With

2 53
4 60

Ruo wig ights
NC cad battery charger

30V 30V 120VA prate £8 Oft,

each end. You can r
a set of 10 leads.

322
250
207

Loudspeaker poolocton 0111

the above testers but faulty. not working on all
ranges, should be repairable. we supply diagrams. £3. Order Ref: 3P176.
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!! New from FED - PIC 16F877 Chips and Support !!
PIC & AVR Programmers, Development kits and C Compiler
PIC 16F877 20 MHz - £6

PIC, & AVR Programmers
P,C Senal Ha c5 SE a progra-7 ea PIC (*.Ices m a 40 on rm.:el-en:1th Zo'r
socket 16C55x. 1606x,16C7x. 16C81, 16F8X. 12C508. 12C509. PIC 14000 e!:
Also ln-Cocud programming. Price: £451i11, MAIM & tasted
PIC Introductory - Programs 8 .5 18 on devices :160505, 16C55X. 1606'
16071, 16C71)( lECEIX. 16F8X. 120508.9. 120671,2 etc. E25

m.ctccr.,ps latest EEPROM oev.ce - 40 p.n. 10 o.1 A D converters. master,slave IIC bus, full duplex USART. 8K ROM. 352 bytes
file registers. 256 bytes internal EEPROM, upwardly compatible
with 16C74,16C77. but instant erase and rewrite. Supported by
our programmers. PICDESIM and our new C Compiler.
PIC 16F877 devices, 40pIn DIP device, 4MHz - £5.50, 20MHz - U6.00

AVR - 1200.2313.4144.8515 in ZIE Prior Milt 145 built & tested.
.n operate on PC senal interlace No hard to hancee Data e
cede swapping ! Programmes Kophed with irtstrucoofts. Windows
3.19598 NT software. Upgrade Progrenvners from our wsb site I

ED PIC C

AVR, PIC, Scenix - Windows Development

mpller

AssambistamuLalor allows elavelOornenl of your AVR. PIC or &en. protects in

one Windows program. Incinerate mutes Het view help fie inlormation &way
Nom Calk sat %Whin proisoL tulddradi errors directly in source, then simian
Marry brol40111 types. 1010W code in same. set orrakparts n 02,C0 -

tingle step or step oar. Logic Analyser &spell input stimuli Includes docks,
direct values and serial data. Profiler - exam* and we fremtently called rou-

Supports all PIC 16Cxx, 12C6xx devices
Integrated Compiler Environment includes
FED's PICDE for simulation and debugging
RingWrite for details or visit our Web Site:
£100 CD-ROM, £120 with printed manuals

tines use tne mlormaton to opt Ic.se out Pone ned,s PIC Vervon Sent:ales
E-0 ! roes tasty ran 1.0Psi1.
Cost £20.00. Specify PICOESIM (includes Sewn!) or AVRDESiM .ersion
.

PIC BASIC Products - See our web site for details
16C74 version (8Kbyte EEPROM) - 20 MHz
£30.00 Kit,£35.00 Built & Tested,
Compiler Available - runs identical code

1

http: dspace.dial.pipex.com robin.abbott FED

Forest Electronic Developments

Prices ore fully inclusise. Add X3.14)
for PAP and hoodlut$ to each order.
Chci.tuesiPOs poyobk to Forest
Electronic Des elopments. or phone

oir WalLiord Raid. Chnstchurch. Dorset. H1123 5QG.
E-mail - -robinabbotorg dial.pipex.com1 Web Site - lutp:ildspocedial.pipes..con/robin abbocuFED-

to

.

VISA

ith volt card details.

..- 01425-274068 (Voice/Fax)
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Transform your PC.... Into an
oscilloscope, spectrum analyser
and multimeter...
The ADC -200 range' of PC based oscilloscopes offer
performance only previously available on the most expensive

'benchtop' scopes. By intergrating several instruments into
one unit, the ADC -200 is both flexible and cost effective.

10.4V

Connection to a PC gives the ADC -200 the edge over traditional

310kHz

oscilloscopes: the ability to print and save waveforms is just one example.
Units are supplied with PicoScope for Windows which is powerful, yet 'g -simple to use, with comprehensive on line help.

Applications

Video

Automotive
Electronics design
Production line tests
Fault finding

r- Education

All units are supplied with
software, cables and power

Features
A fraction of the cost of comparable benchtop
oscilloscopes
Up to 100 MS/s sampling
Advanced tigger modes- capture

one off events.
Up to 50 MHz spectrum analyser
Large buffer memory

supply. Prices exclude VAT.

A

"4 'e-200// 00
,4 'e-200/50
/42V-200/20

£499
£399
£299

scone at our tin erti

Once oscilloscopes were heavy and clumsy to handle, but ow cr the years they ha' e become smaller
and smaller. The latest development in this field has just arrived: a digital storage oscilloscope in a
handy slim housing, scarcely longer than a pencil and about as thick as your thumb. Despite its small
size. its performance can match that of a service oscilloscope.

Applications

V Can use PC display

On -the -spot measurements
Hobby electronics
Measurements in amplifiers

Production line tests
Prices exclude VAT

Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716

E-mail: post@plcotech.co.uk Web: www.plcotech.com

EE208 135 Hunter Street, Burton -on -Trent, Staffs. DE14 2ST
Tel 01283 565435 Fax 546932

CZ

http: 'www.magenta2000.co.uk

ELECTRONICS

L

VISA

E-mail: sales@magenta2000.co.uk
All Prices include VA.T. Add £3.00 per order pbp £6.99 next day

TD

1

t

MAIL ORDER ONLY CALLERS BY APPOINTMENT

EPE

EPE MICROCONTROLLER1 PIC PIPE DESCALEN
PI. TREASURE HUNTER SIMPLE TO BUILD
SWEPT

I Tne latest MAGENTA DESIGN -- highly

I stable b sensitive - with I.C. control
I cf all timing functions and advanced

I High stability
drift cancelling

I Easy to build

1b use

KIT 868
Detects gold.
silver, ferrous Er

1

1

1

1
1

1

oesicassan

Full

non-ferrous
metals
Efficient quartz controlled
microcontroller pulse generation.
Full kit with headphones Er all
hardware

£22.95

set

of

top quality NEW

components for this educational

coil and all components.
High coil current ensures maximum
effect. L.E.O.monitor

effect, works
in seawater

1

2000

PIG IMMIX%

Kit includes case, P.C.B. coupling

1 No ground
1

TEACH -WI

the incoming water supply with
variable frequency electromagnetic
signals. May reduce scale formation.
dissolve existing scale and improve
lathering ability by altering the way
salts in the water behave.

1 pulse separation techniques.
I

HIGH POWER OUTPUT
FREQUENCY
AUDIO Er VISUAL MONITORING
An affordable circuit which sweeps

series. All parts as siecilled by

POWER UNIT

£3.99

MICRO PEsT
SCARER

EPE. Kit includes breadboard.
wire. croc clips. pins and all

components for experiments. as
listed in Introduction to Part 1.
TA/re, es a^,1 r v s

^: -CeJ

TEACH -IN 2000 -

Our LEOS! design - The ultimate
starer for the garden. Uses
special rrucrodlo to give random
delay and pulse time. Easy to

KIT 879 £44.95
MULTIMETER £14.45

build reliable Mutt. Keeps pets'
pests away from newly sown areas.
Way areas. etc. Uses power source
Ircrn 9 ID 24 vOlIS

PORTABLE ULTRASONIC
PEsT SCARER
A powerful 23krtr ultrasound generator r,
a compact hand-held case. MOSFET output
drives a special seated transducer with intense pulses via a spacial tuned transformer
Sweeping frequency output is designed to

grve maximum output without any special
setting up

KIT 842

£22.56

I SPACEWRITER

RANDOM PULSES
HIGH POWER
DUAL OPTION

KIT 867
KIT+SLAVE UNIT
WINDICATOR

Plug-in power supply £4.99

£19.99
£32.50

A novel wind speed indicator with LED readout. Kit comes

complete with sensor cups, and weatherproof sensing
head. Mains power unit £5.99 extra.

MK. II ACOUSTIC PROBE
h.Ev. DES.0r:
lit.GH SENSITIVITY b POWER
,,orations amplifies, and drives
headphones. Sounds from engines, watches.
p res and speech through walls can be heard
cratif Useful for mechanics, instrument
eng veers and nosey parkers! Very effective
de

KIT 876

£29.95

DC Motor/Gearboxes
Our Popular and Versatile DC
motorrGearbox sets.
Ideal for Models, Robots.
Buggies etc. VS to 4.5V
rabo gearbox
. es
Jo range of speeds.

£28.00

KIT 856

* TENS UNIT *
DUAL OUTPUT TENS UNIT
As featured in March '97 issue.

MD18...Mini 48 step...n.65
MD35...Std 48 step...0 99
PAD200...200 step...E12.99

500V INSULATION

Superb new design. Regulated
output, efficient circuit. Dual meter, compact case.
Reads up to 200 Megohms.

scale
*

Kit includes wound coil, cut-out
case, meter scale. PCB Er ALL
components:

ti

MD24...Large 200 step..02.95

KIT 848

MOSFET MkII VARIABLE BENCH
POWER SUPPLY 0-25V 2'5A.

.

.

for message ksadoig

KIT 849

£32.95

A safe low cost term for up to 4 EPROMS at a time
al IOW than 20 minutes Operates from a ITV surf*
1403

Al. Used extemnely for motale work - up.

dating OWPT4.111 in the Reid etc. Ma et educa-

SUPER BAT
DETECTOR
1 WATT 0 e BUILT IN
SPEAKER, COMPACT CASE
20kHz-140kHz
NEW DESIGN WITH 40kHz MIC.
A new circuit using a 'full bridge' audio
amplifier it., internal
speaker. andheadphoneispe socket. The
latest sensitive transducer,
and 'double balanced mixer'
give a stable, high peformance
superheterodyne design.

KIT 861

Keep

pets'pests away from

and preserving
all
the
features, but now
with
switching pre -regulator for

newly
sown areas.
fruit,
vegetable and flower beds,
children's play areas, patios
etc. This project produces

much higher efficiency. Panel
meters indicate Volts and
Amps. Fully variable down to

Programmed PICs for
all' EPE Projects
16C84 16F84'16C71

which deter visiting animals.

former. Kit includes punched
and printed case and all
pans. As featured in April
1994 EPE. An essential piece
of equipment.
Kit No. 845

866

£24.99

ALSO AVAILABLE Built 6 Tested ....f39.99

PROJECT
PICs

zero. Toroidal mains trans-

£29.90

ULTRASONIC PEST SCARER

EPE

Based on our Mk1 design

£16.991
free tae tae.
free

12V EPROM ERASER

KIT 790

Set of
4 spare
e'ectrodes

TESTER

Stepping Motors

up to to dq.d1pnp Comes °'"*"

1 with 'MERRY XMAS' Kit inckdes
I PCB 3 components ft tube pus

tofied Safety intericca comma contact *eh UV

KIT 866.... Full kit including four electrodes £32.90

1000V

IA.

P agranlITUlb4 to 11010 any 11.111101.11911

tional ',wawa where mars guppies re not al-

Magenta have prepared a FULL KIT for this E6.50
excellent new project. All components, PCB,
hardware and electrodes are included.
Designed for simple assembly and testing and
providing high level dual output drive.

LARGE TYPE - MGL £6.95
SMALL - MGS - £4.77

\stk

act Wave the wand through
--eArand your message appears

intense pulses of ultrasound
KIT INCLUDES ALL
COMPONENTS, PCB B CASE

0

PU
0
ER
RA

W

PEsT
SCARER

TL

4

EFFICIENT 100V

All £5.90 each

TRANSDUCER OUTPUT
UP TO 4 METRES
RANGE
COMPLETELY INAUDIBLE
£10 inc. VAT & postage TO HUMANS
LOW CURRENT DRAIN

PIC16F877 now in stock

£64.95

(*some projects are
copyright)

KIT 812

£15.00
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SIMPLE PIC PROGRAMMER
INCREDIBLE LOW PRICE! Kit 857 £12.99
INCLUDES 1-PIC16F84 CHIP
SOFTWARE DISK, LEAD
CONNECTOR, PROFESSIONAL
PC BOARD Et INSTRUCTIONS

Power Supply £3.99
EXTRA CHIPS:

PIC 16F84 £4.84

Based on February '96 EPE. Magenta designed PCB and kit.
PCB with 'Reset' switch, Program sv itch, 5V regulator and
test L.E.D.s, and connection points for access to all A and B
port pins.

PIC16C84 LCD DISPLAY DRIVER

Kit 860 £19.99

INCLUDES 1-PIC16F84
WITH DEMO PROGRAM
SOFTWARE DISK, PCB,
INSTRUCTIONS AND
16 -CHARACTER 2 -LINE

Power Supply £3.99
FULL PROGRAM SOURCE
CODE SUPPLIED - DEVELOP
YOUR OWN APPLICATION'

LCD DISPLAY

Another super PIC project from Magenta. Supplied with PCB,
industry standard 2 -LINE x 16 -character display, data, all
components, and software to include in your own programs
Ideal develpment base for meters, terminals, calculators,
counters, timers - Just waiting for your application!

PIC16F84 MAINS POWER 4-CHANNE
CONTROLLER Et LIGHT CHASER
WITH PROGRAMMED 16F84 A
SOURCE CODE IN MPASM

ZERO VOLT SWITCHING
MULTIPLE CHASE PATTERNS

OPTO ISOLATED
5 AMP OUTPUTS

12 KEYPAD CONTROL
SPEED DIMMING POT.
HARD FIRED TRIACS

Now features full 4 -channel
chaser software on DISK
and pre-programmed
PIC16F84 chip. Easily
re -programmed for your
own applications. Software
source code is fully
be fot:owed easily.

LOTS OF OTHER APPLICATIONS

PIC TOOLKIT V1
PROGRAMS PfC16C84 and 16E84 ACCEPTS TASM AND MPASM CODE

Fuil kit includes PiC16F134 Chip, top quality p.c.b. printed with component
layout, turned pin PIC socket. all components and software'
'Needs OBASIC or QUICKBASIC

KIT 871 ... £13.99. Built and tested £21.99
ALL PARTS FOR SERIES INCLUDING PCBs.
PROGRAMMED CHIP. CD-ROM AND DISPLAYS

MAIN BOARD - FULL KIT £131.95
10 PORT KIT
I.C.D.
8.81T SWITCH, LATCH

68000

£16.99
£12.49
£7.95

DEVELOPMENT AND
TRAINING KIT

NEW PCB DESIGN
8 MH: 68000 18 -BIT BUS
MANUAL AND SOFTWARE
2 SERIAL PORTS
PIT AND I 0 PORT OPTIONS
I2C PORT OPTIONS

At Last! A Real, Practical. Hands -On Series
Learn Programming from scratch using PIC16F84

Start by lighting I.e.d.s and do 30 tutorials to Sound
Generation, Data Display, and a Security System
PIC TUTOR Board with Switches, I.e.d.s, and on board
programmer

PIC TUTOR BOARD KIT
Includes: PIC16F84 Chip, TOP Quality PCB printed with

Component Layout and all components (' not ZIF
Socket or Displays). Included with the Magenta Kit is a
disk with Test and Demonstration routines.

£27.95, Built & Tested

KIT 870

BUILT

f149.95

BUILT

£24.99

POWER SUPPLY ..£3.99

INT. MODULE £10.45

KIT 621
£99.95
ONBOARD
5V REGULATOR

PSU £6.99
SERIAL LEAD £3.99

Mini -Lab & Micro Lab
Electronics Teach -In 7
As featured in EPE and now
published as Teach -In 7. All
parts
are supplied by Magenta.
Teach -In 7 is £3.95 from us or

PIC TOOLKIT V2
SUPER UPGRADE FROM V1 18, 28 ANb 40 -PIN CHIPS
READ. WRITE. ASSEMBLE Er DISASSEMBLE PICS
SIMPLE POWER SUPPLY OPTIONS 5.20V
ALL SWITCHING UNDER SOFTWARE CONTROL
MAGENTA DESIGNED PCB HAS TERMINAL PINS AND OSCILLATOR
CONNECTIONS FOR ALL CHIPS
INCLUDES SOFTWARE AND PIC CHIP

KIT 878

.

.

£22.99 with 16F84 .

.

.

£29.99 with 16F877

SUPER PIC PROGRAMMER.
READS. PROGRAMS, AND VERIFIES

WINDOWS' SOFTWARE
PIC16C6X, 7X, AND 8X
USES ANY PC PARALLEL PORT
USES STANDARD MICROCHIP HEX FILES
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
PCB, LEAD, ALL COMPONENTS, TURNED PIN
SOCKETS FOR 18, 28. AND 40 PIN ICs.

SEND FOR DETAILED
INFORMATION - A
SUPERB PRODUCT AT AN
UNBEATABLE LOW PRICE.

DEMO PROGRAM,
SOFTWARE DISK.
INSTRUCTIONS
AND MOTOR.

Power Supply £3.99
DISASSEMBLER
SOFTWARE

£11.75

FULL SOURCE CODE SUPPLIED.
ALSO USE FOR DRIVING OTHER
POWER DEVICES e.g. SOLENOIDS.

Another NEW Magenta PIC project. Drives any 4 -phase unipolar motor - up
to 24V and 1A. Kit includes all components and 4a_gen_Fmaix Chip is
pre-programmed with demo software, then write your own, and re -program
the same chip! Circuit accepts inputs from switches etc and drives motor in
response. Also runs standard demo sequence from memory.

8 -CHANNEL DATA LOGGER
As featured in AugiSept. '99 EPE. Full kit with Magenta
redesigned PCB - LCD fits directly on board. Use as Data
Logger or as a test bed for many other 16F877 projects. Kit
includes programmed chip. 8 EEPROMs, PCB. case and at components

KIT 877 £49.95 inc. 8 x 256K EEPROMS

T

Full Mini Lab Kit - £119.95 Power supply extra - £22.55
Full Micro Lab Kit - E155.95
Built Micro Lah - £1139 95

Kit 862 £29.99

PIC STEPPING MOTOR DRIVER
INCLUDES: PCB,
Kit 863 £18.99
PIC16F84 WITH

EPE

Tel: 01283 565435

£42.95

Optional: Power Supply - £3.99, ZIF Socket - £9.99
£6.99
£7.99
LED Display
LCD Display

DISK WITH

'commented so that it can

Kit 855 £39.95

EPE PIC Tutorial

All pricesinclude VAT. Add f3.00 p&p. Next Day £6.99

Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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Constructional Project

PIC
MICRO -PROBE
JIM MAIN
A neat little too/ to help debug your
P/C microcontroller code/
IF there's one thing which irks most
when developing PIC microcontroller
software. it's that sinking feeling when
you apply power for the first time and the
thing just sits there
I apparently ) nothing.

smugly

doing

In fact, your PIC chip is probably
whining away inside some loop or other.
or resetting itself sescral thousand times a

second. You'll be none the w iser.

HUGS AND OPTIONS
There are sarious solutions to debug-

ging your code and indicating what's
going on inside your chip. You could be

software simulator, such as
MPSIM. You might have some I.e.d.s
using

a

Ads amage 2 needs sonic further explanation. Ideally, this output pin will be
something like a processor status I.e.d. pin

- or at least a pin when: a short duration
word isn't going to upset whatever is connected to it (a relay, for instance. should

ignore a word of less than 100 microseconds or so). In this way, the debug word
is transparently output on the pin.
The Micro -Probe described here is connected to the target output pin and "listens"

for any valid debug words coming Irom
that pin. There are eight possible Flag
codes. It does not matter whether the output

pin is held high or low before the word us
output - the probe will pick up the pattern
in each case.

attached to a spare port and be lighting
them up at various stages of your code to

see how far you're getting. You might.
perhaps. have a serial port in your project

it must be configured for the

at

HS crystal option prior to it being
programmed.
The ,V power supply for the PIC is connected to the circuit by means of two flying
leads with test clips on the ends. The clips

allow the power to be obtained nom the
supply of the circuit under test. Since it
would he very easy to mix up the polarity
when connecting into a target circuit, diode
DI is included to protect the PIC.
A power -on I.c.d..133. is taken across the

supply in series with ballast resistor RI.
You can then tell straight away if one of the
power clips has fallen off!
The signal front the target circuit comes
in via diode 132. This drops the incoming
signal voltage level by the same amount as
DI (so that you are not over-volting the PIC
with respect to the supply i. R2 is a pull down resistor for the PIC's input pin RA4.
All other Port A pins arc configured as outputs in the software and can he left
unconnected.

and be sending the odd character to
indicate position - you might even be
fortunate enough to have an in circuit

Four hi -colour 1.e.d.s are connected to
Port B via ballast resistors R3 to Rh. These
I.e.d.s are actually two l.c.d.s in one package. connected hack -to -back across each

emulator (you wish . .1.
All these debugging methods are well
and good. but suffer from disadsantages.
MPSIM requires time and effort to set up,
and if you're running on -chip peripherals
such as serial ports, PWM. I2C. SPI etc.,

other. Depending on the direction of the
current, the I.e.d. illuminates
either red or green. co w ith four
4Olm

I.e.d.s. eight signal indications
can be displayed.
If you prefer. you can replace

then its use becomes very limited.

Using l.c.d.s attached to a spare

the bi-colour l,c.d.s with eight

port is an excellent idea, and the

individual 1.e.d.s. remembering
to add a ballast resistor to each.
When a salid word is received

author always try to incorporate a

hank of them on a printed circuit
hoard wherever possible. This gives

by the Micro -Probe. one or

you an on -board debugger straight away

more of the I.e.d., will light.

- but only if you have the port pins to

SOFTWARE

This is chip -dependant. and
remember some of the smaller 8 -pin PICs
only have one or two input/output pins to
begin with.
spare.

SINGLE PIN SOLUTION

Note that because the PIC is to be operated

The software for the Micro -Probe is split
into two -parts - the code run by the Micro Probe itself, and the Target code you have
to add to the target application to output the
debug words.

CIRCUIT
DESCRIPTION

An answer to this situation is to use an
existing output pin to output a very short
duration Debug word (of around 6 -lust.

cuit and uses the ever -popular PIC I61784 in

within programs that are intended to be

There are two ads antages to this:

its 10MIlz version. It is such a simple cir-

assembled through N1PASM (Microchip's
own assembler sot t ware).

I. The code is held -up outputting the
Debug word for a minimum amount of

cuit, in fact, that it does not really warrant a
printed circuit board. Consequently, it has
been designed onto a piece of stripboard.
With reference to the circuit diagram in

time.

2. It may he possible to use a pin that is

currently being used for other output
duties.

870

The Micro -Probe has a very simple cir-

Fig.!, the PIC. ICI. is set up in a crystal timed configuration with a 10MHz crystal.
X1. and two ISO' capacitors. C3 and C4.

It should be noted that the Target program has been written specifically for use

The Target code cannot be used with
programs written in TASM (the Shareware
assembler language used in many EPE projects). Nor can the EPE PIC Toolkir (both
Mk I and Mkt, interpret the Include
instruction embodied in the Target
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Fig.l. Complete circuit diagram for the P/C Micro-Prooe.
program. Experienced programmers. however. should have no difficulty in re -writing
the small amount of code involved to suit
the TASMIToolkir structures.

TARGET MACROS

Looking at the Target code first. this

allows you to add macro -routines to your
program. Macros arc very powerful and
flexible batch -type commands which
consist of instructions to the compiler to

clears the selected output pin accordingly.
It then loops for a number of times accord-

When you want to add debug cosle to an
application, just put the command:

ing to the clock frequency (defined by
CLK) to time the length of the pulse.
The macro SYNCWORD mans with a I I
for the Stan bit. followed by binary 101 to
uniquely identify that this is a debug word.

It does this by calling PIN X four times
(e.g. PIN 0. PIN I. PIN 0. PIN It.

INCLUDE DEBUG.INC
below your processor -specific Include line.

and then add the CLK and DEBUGPIN
definitions.
When you want to take out or disable the
debug code generation. then just "comment -out". with a semicolon as usual. the
Include line (as well as commenting out the

generate code at compilation time. An

Macro DEBUG X is the one you call from
the body of your code with the relevant :argument, where you want to signal that the code

example of using the macros to generate
the debug words is shown in program file

has reached that particular point. DEBUG
first calls SYNCWORD, and then adds the

1OURPROG.ASM.

3 -bit code for the relevant Flag point. Finally.
a stop bit 0 is added to the end.

can safely stay in your application.

USING MICRO -PROBE

BIT -HANGING

Where you want to signal a point having
been reached in your code (say entering a
subroutine). then add the line:

The Micro -Probe works by what is
known as "Bit -Banging" - that is. it constantly samples an input pin (RA4) and

First of all. it is important to be able to generate the correct duration of pulse for a number of target clock frequencies. The macros
generate the correct duration of pulse for an
integer number of megahertz frequency I I. 2.

3 etc.). It is necessary to point out that your
target processor should be crystal or ceramic
resonator clocked - RC (resistor -capacitor)
clock generation is not really accurate or stable enough for the Micro -Probe.
In

IOURPROG.ASM it will be seen that

the clock speed (CLK 1 is defined for
16MHz:

#DEFINE CLK .16 :SPEED IN N1Hz
Note that a decimal point is placed in
front of the 16. which signifies to the com-

piler IMPASSI or compatible), that the
value is in decimal. The appropriate value
for the speed of your target circuit should
be substituted in place of the 16.

The pin of the target circuit which the
Micro -Probe is to monitor is defined in
YOURPROG.ASM as Port C pin 7:
#DEFINE DEBUGPIN PORTC.7
Any Port and any pin can be substituted
in place of PORTC.7 as required.

MACRO ROUTINES
There are three distinct Macros: PIN X.
SYNCWORD and DEBUG X.
At the lowest le% el is the macro PIN X.
This takes an argument of 0 or I and sets or

DEBUG X (where X = Ito 8)
For example:

DEBUG 1 lights the first 1.e.d. green
DEBUG 2 lights the first Le.d. red
DEBUG 7 lights the fourth I.e.d. green
If your target application makes use of
interrupts. then make sure that you disable the

global interrupt enable hit INTCON.G1E)
before canine the Macro. This is to ensure
that an interrupt does not happen halfway
through a debug word. destroying its' tinting.
Re -enable it as required afterwards (see

)'OURPROGASM).
When you want to reset and turn off all
the l.e.d.s. just remove one of the power
leads temporarily (or fit a Reset switch if
you like).

INCLUDE FILES
Keep things tidy by putting the body of
all the aforementioned macros into an

Include file. To do this. open up a blank
page within MPLAB. type in the Macros.
and sase as:

DEBUG.INC
into CAPROGRAM FILES \MPLAB1

Everyday Practical ElecironicsIETI. December 1999

various invocations of DEBUG in your
code I.

The CLK and DEBUGPIN definitions

looks for changes in its logic states. To do
this. you have to time the instructions carefully so that you are always sampling in the
correct part of the incoming bit )interrupts

arc of no use here because of the short
duration of the incoming pulse train).

When the level is unchanging. then a
sample loop occurs every ten instruction
cycles ( I cycle = 0.4us at 10MHz ). or every

40s. It compares this level with the previous sampled level by XORing them together. If the result = I. then a change in level
has occurred.
Assuming that the output started off low.

then the first sample will occur somewhere
inside the first "1" of "101" (the
Syncword).
The pin is resampled six
cycles later 12-kusi to make sure that the

sample point is not too near the leading
edge of the first pulse. Thereafter, the pin is
sampled every Bps to sample each pulse in
the same place.

It the Syncword is wrong, then

the

process is abandoned and the sampling

process stans from the top.

Once the three hits of data have been
obtained. we have a number between 0 and

7. This is multiplied by four (by performing

871

the RLF instruction twice) before being
added to the program counter (a computed
GOTO).
Using as an example the situation where
the data is 0.4 x 0 = 0, which is then added

ONULK .111Or ED08
0000000

0 0 0 0 111. 0 0 0 0
0 0 0 0 J(12.2.0.EIMI

0 0000
00 000
0 00000 000 000
000000 0 00000
0 0 0 0 0 0 impgmicri
o o o o o o 00000o
00000 x00000
0000 00 000 00
0 0 000 00 0000

tion being performed as normal. In this

5

Cm C6

CCIZI ECM CI EEMC1:1

SIGNAL
INPUT

0000000 0000000

oooo
ooso
oooo 0000000
CIEIMICI

ICCIECCIECI

0000000 0000000
0 0 0 0 0 0 0.

0000000
oooo00o

CONSTRUCTION

ooooooo

Stripboard is used for the Micro -Probe
construction. The type used in the proto-

3 0000000
000000000000
000000 0 x 000000

type is that specifically designed for
mounting integrated circuits and which has

/011

000 00
00 0 00

adding 0 to it just results in the next instruc-

the top.

0'

0000000 0000000
0000000 0000000

to the program counter (PCI.). The program counter always points to the next
instruction that is to be performed. so
case that means that bit 0 of LED_REG is
set, and hit 1 is cleared before jumping forward to the Port writing section.
In
the
Port
writing
section
(LED_EXIT). the shadow register
LED_REG is written to Port B and lights
the relevant I.e.d. before looping back to

ABC CC

0000000

oo ooooo o

GPO

o oooo

a break running up the middle. If using
ordinary stripboard. cut the tracks appropriately to keep the two sides of the PIC isolated from each other.

The component layout and underside
track view are shown in Fig.2.

is likely that the stripboard will be
larger than you need. If so. use a sharp
knife to score the stripboard where you
It

want to cut it (on the copper side). It should
crack cleanly over the score when you bend
it with a pair of pliers. File down the much
edges.

Drill two 3mm mounting holes in the positions indicatal, and make the various breaks
in the copper using the same drill hit.
Use an IS -pin d.i.l. socket (turned -pin is
best) for the PIC.

Ftg.2. Component layout and stripboard track details for the PIC Micro -Probe.
Preferably use insulating sleeve on all
the wire links to prevent shorts and then
solder in all the components. observing
polarity for the diodes and the electrolytic
capacitor. The bi-colour l.e.d.s have the red
anode denoted by the longer lead, so make

sure the short lead goes to the position
marked as Rk on the layout diagram.
You can't damage these I.c.d.s by getting

them the wrungway round. but your
colours will be reversed.

At first. only solder in

fasten using the screws supplied with the
Isos.

Solder spring loaded test clips onto the
ends of the wires now protruding from the
box and you have yourself a completed
Micro -Probe!

TESTING
Power the unit from the target board
using the power clips and attach the signal
probe to the required pin. The power -on

one lead of

that you can adjust the
height to fit the box before
soldering in the other one.

COMPONENTS

ENCLOSURE
Use a small plastic case

See

Resistors

for housing the Micro -

Rt , R3 to R6 4700
(5 off)
4k7
All 0.25W 5% carbon film
or better.
R2

Probe. Drill two holes in
the bottom of the case for
the stripboard's mounting
screws. Use a countersink

TALK
Pig*

tool so that the countersunk bolts will sit flush

Capacitors
Ct
C2

C3. C4

1001 radial elect. 16V
100n ceramic
15p ceramc 12 off)

with the surface.
Drill a 2mm hole in one

Semiconductors
DI . D2
D3

04 to 07
IC1

1N4001 lA 50V rec. cicdc:
(2 off)
red I.e.d., 3mm
bi-colour (red green) I.e.o
(4 off)
PIC16F84-10P (10MHz
versJon).

preprogrammed

Miscellaneous
xt
10MHz crystal
Shipboard, with central
strip. 26 . 15 holes (see text): ccase. 75mm
56mm . 25mm; 18
d.1.1. socket: nuts and bolts. M3

'

20mm

countersunk (2 off); spacers, M3 x 6mm
(2 off); probe clips, miniature. one each of
red, black. yellow; extra -flexible wire for
probes; connecting wire, solder etc.

Approx. Cost
Guidance Only

£19

incl. cos
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end for the signal wire.
and a 5mm hole in the
other end for the power
leads to pass through via a clamping grommet. (When you mount the stripboard. you

may need to file its top end to clear the
gronimet.)
Solder the leads directly into the board at

l.e.d. should be illuminated, if not check
your connections and circuit.

With the Debug Include file in your
default directory, put the clock and pin definitions into your code. as discussed earlier.

the positions indicated. Pass the leads

Enter a Debug command (e.g. DEBUG I

through the case and tighten the grommet
to clamp them.
The lid of the case is drilled with 3mm
holes to line up with the I.c.d.s coming up
from underneath. If you gauge the height of
the I.e.d.s correctly, then with the lid on the
box, they will protrude slightly above the
surface. Make a paper template with the
positions of the I.e.d.s on it and tape this to
the lid prior to drilling.
Put both bolts through the bottom of the
box and slip on the 5mm spacers followed
by the stripboard. Thread 3mm nuts onto
the bolts and tighten. Put the lid on the box.
guiding the ).e.d.s through the holes and

into your code.
When you run the target processor. the

first I.e.d. (D4) should light green on the
Micro -Probe. Check operation for the other
seven Debug states.

Finally, label the front panel and your
Micro -Probe is ready for action!

RESOURCES
Software for the Micro -Probe is available on 3.5 -inch disk from the EPE PCB
Senice. code EPE Disk 2 (there is a nominal handling charge). It is also available
free from the EPE FTP site. See Shoptalk
for more details of both options.
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PIC BASIC
Write your PlCmicro programs in BASIC!
Quicker and easier than "C" or assembler Expanded BASIC
Stamp compatible instruction set. True compiler provides
faster program execution and longer programs than BASIC
interpreters. 12CIN and 121COUT instructions to access

Low

0

a

baud. In -line assembler and
assembly routines). Supports

PIC12C67x, PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 92x and
PIC16F8x PIC16F8xx mlcrocontrollers. Use in DOS or

and 44- and 68 -pin PLCC PIC7nicros

c

The low-cost PicBasic Compiler (PBC) makes it easy to

93
OD

write programs for the fast Microchip PlCmicros. PBC con-

C

verts these programs into hex or binary files that can be
programmed directly into a PlCmicro microcontroller. The

0.)

With Support for 16F877 and Smart Memory Card

The PicBasic Pro Compiler runs on PC compatibles.

It

CL

assembler

Available assembled and tested or
as bare board with diskette

13

O CO
CD (1)

On
7
a)

c

PIC16C55x, 6xx. 7xx, 84, 9xx. PICI6CE62x and PIC16F8x and

(1)

<.

8008,022:

6)

co a
cw
2 to
co

-o

c6

Pic Basic - £49.95
Pic Basic Pro - £149.95

adapter

Connects to PC parallel printer port
Software upgradeable for future PlCmicros
Includes "8051" style PlCmicro macro

co

can create programs for the PIC12C67x. PIC12CE67x. PIC14Cxxx.

16F8xx microcontrollers. The PicBasic Pro Compiler instruction set
is upward compatible with the BASIC Stamp II and Pro uses BS2
syntax. Programs can be compiled and programmed directly into a
PlCmicro, eliminating the need for a BASIC Stamp module. These
:-..ograms execute much faster than their Stamp equivalents. They
ay also be protected so no one can copy your code!

Runs off two 9 -volt batteries or optional AC

0)

Windows Compatible with most PlCmicro programmers.

easy -to -use BASIC language makes PlCmicro programming
available to everyone with its English -like instruction set. No
more scary assembly language'

i

cn
cD
CD

-_a t

1.
!

afPkrs--i7-

s
1

01996 rnicrcEngneering Labs

m7:3

Supplied with full 168 -page manual
Free PIC MACRO compiler
Free program Editor
Free Windows Front End
and sample basic programs including
code to support 1M Smart memory card

"

CI)

7,3(r)

PIC PROGRAMMER KIT
Now with WINDOWS SOFTWARE DRIVER!
Programs the Popular PIC 1608.1, 16E84, 24xx series serial memory devices.
Connects to the serial port of a PC and requires NO EXTERNAL power supply.
The jilt Includes instructions for assembly, circuit diagram and component layout.

Th s handy Mlle programmer is easy to bulk,. tak.r.a
no more than 30 mnutes to assemble and test. The

Pro1essonal quatty PCB is double -sled. tnrougn
Paled *In solder resat and screen printing to ad
efficient assembly It is suppled with driver software
to run in DOS on a 386 PC upwards and under
WindcnYS 95 on 486 or Pentium and a D.sk fuJ of
interesting protects. fps and data sheets for PIC
devices, including FREE Assembler and S.mutator.

Only £15.00 including Delivery and VAT
irequres 9-pn 13 -type to 9-pn D type cable to connect to semi port of PC. CABLE £5 INC VAT AND
DELIVERY

(DO

,

02

bet bi-,-

PIC Micro CD ROMs NOW TWO CD ROMS!

Low Power, easy
serial interface

£10 Inc P&P & VAT -a "MUST BUY!"

Crownhill Associates Limited
The Old Bakery, New Barns Road. Ely. Cambridge, CB7 4PW

www.crownhill.co.uk

Fax:01353 666710

E-mail: sales@crownhill.co.uk
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EPIC Programmer £49.95
or £35 if purchased with
PIC BASIC or PIC BASIC Pro
25 -pin Parallel Cable £5.95
PIC16F84 £1.90 each
PIC 16F877 4MHz £5.75 each
PIC 16F877 20MHz £6.75 each
PIC 16F876 4MHz £5.20 each
PIC 16F874 4MHz £5.35 each
PIC 16F873 4MHz £4.75 each
PIC 120508/509 £0.65 each
24LC116 £0.75 each
24LC32 £0.75 each
25LC65 £1.50 each
PIC 16C622 £2.50 each
Call for other PIC devices
All PICs stocked!

Packed with information. PIC MICRO data sheets, Programs and Diagrams. Application notes, PDF Viewer includes PING -POND and TETRIS with video and
sound out of a PIC 84. BASIC language ASSEMBLY routines! Data sheets on
thousands of Micro -controllers and support parts categorised by manufacturer.
This must be the best value for money.

Tel: 01353 666709

PIC12Cxxx.

ZIF adapters available for 8'18- and 40'28 -pin
DIP, 8-, 18- and 28 -pin SOIL. 44 -pin MOFP

instructions to access any PlCmicro register from BASIC.
your

for

6xx, 7xx, 84, 9xx. PIC16CE62x and PIC16F8xx
microcontrollers

cT,

external serial EEPROMs. More user variables Peek and Poke
115k

programmer

cost

PIC12CExxx, PIC14Cxxx. PIC16C505. 55x,

I

Serial speeds to
Call support (call

EPIC TM

LCD DISPLAYS £7.50 each
(2 x 16 -line) Ideal for use with PIC Basic 8 Pro
Unless shown as in VAT and P&P. all prices
are exclusive of £5 P&P and 17.5% VAT
Pay via:
ACCESS, VISA or SWITCH
Secure On-line ordering

www.crownhill.co.uk

A roundup of the latest Everyday
News from the world of

News

electronics

PIRATE -PROOF CDs
Long hoped for by the music industry, uncopyable CDs are now
a reality. Barry Fox reports.
NEW 1ECHNOLOG N. spells bad news for

people who use a PC to copy music
CDs or send them over the Internet. British
company C-Dilla has found a way to let a
music CD play on a home hi -ft. but not on
a PC's CD-ROM drive.

NOTABLE PARADOX
Paradoxically C-Dilla's breakthrough
and Macrovision takeover come just as

the music industry's Secure Digital
Music Initiative group has agreed with
the electronic companies to allow own-

Computer software companies, including Microsoft and Lotus. already use CDilla's SafeDisc system to stop people

ers of CDs to "rip" copies into a PC

copying ROM data discs.

copying altogether.

SafeDisc puts the program material in
an encrypted wrapper which can only be
unwrapped when a digital key code on
the disc matches an authorisation code

entered into the PC. The key code is
pressed into the disc so that a ROM drive
can read it but a CD -recorder cannot

copy it. So only the original disc will run
the program.

UNREPEATABLE DREAMS

twww.sdmi.orgi. There had previously
seemed no foolproof way to stop
Says
Paul
Jessop.
Director of
Technology at the music industry's world
trade body. the International Federation of
the Phonographic Industry:
"Although in general the recording

industry welcomes people listening to
CDs on computers, the ability to make
discs that cannot he copied on computers
may be of considerable interest to sonic
record companies."

Chinese and Chips
NEC
Corporation and 'partner
Shanghai Hua Hong (Group) Co. Ltd..

have officially opened their joint -venture semiconductor plant. the largest
in China. Concentrating production on
Dynamic Random Access Memories
(DRAM), production capacity is
expected to expand to 20.000 wafers

per month by the end of year 2000.
Currently supplying their home market. the company proposes to eventually manufacture for world markets.
NEC pioneered the concept of C8C.
the integration of Computers and
Communications. They employ in excess of 150.000 people around the
globe.

For information, browse.

http://www.nec-globalcom.

The record industry has been dreaming

of just such an anticopy system for 30
years. since the Beatles claimed that their
LP Sergeant Pepper could be played but

MAGENTA LOGS ON

not copied. Like the many systems that
followed. Pepper was as easily copied as
played.

Peter Newman. who founded C-Dilla in
1991 and invented SafeDisc. has finally
found the answer. AudioLok takes advan-

..4j1

tage of the fact that the standard for music

CDs. known as the Red Book, was set
before the standard for CD-ROMs. known
as the Yellow Book.
The ROM standard provides more powerful error correction for data than is needed for music. ROM drives are designed to
handle either music or data discs.
AudioLok adds false error correction code

to a music disc. An ordinary music CD
player simply ignores this extra code and
plays the disc as normal. But a ROM drive
reads the false code and rejects the disc as

unplayable. This stops the owner sending
the music over the Internet or copying it
onto a blank disc.
A prototype AudioLok disc duly played
on a CD music player but refused to play
or copy on a PC. Peter Newman says he is
confident that he can also stop a consumer
music CD -recorder making a copy.
because these devices are already designed
not to copy CD-ROMs. He expects

AudioLok to be ready for commercial
launch in a year.

Macrovision of the US has now bought

C-Dilla for around 518m. Macrovision
developed the systems which film and
TV companies already use to stop people copying videos. Now the company
can offer the same option to the music
industry.
874

SPECIALIST kit and component suppliers Magenta Electronics have introduced their own superb kit version of John Becker's 8 -Channel Analogue
Data Logger (EPE Aug Sep '99).
An enhancement welcomed by the author is the direct mounting of the liquid crystal display directly onto the main p.c.b. using rigid stand-off pillars.
This makes the assembly considerably more robust than the original prototype. The inclusion of the switches on the p.c.b. is also an enhancement.
As typical of Magenta's kits. the quality of the components and of the
re -designed p.c.b. is excellent.

For more information contact Magenta Electronics Ltd.. Dept EPE,
135 Hunter Street. Burton -on -Trent. Staffs DE14 2ST. Tel: 01283 565435.
Fax:
01283 546932. E-mail: sales@magenta2000.co.uk. Web:
http: www.magenta2000.co.uk.
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GET STUFFED AT CYNTHIA'S
The worldly pleasures of this planet's First Robotic Bar and
Restaurant are sampled by John Becker.
CIT that we'd ever suggest you slop

order is keyed in and transmitted by

The walls. floor., and ceilings are cov-

M chatting up your favourite local bar
wench, but from behind her bar
Cynthia's really got what it takes to get
you drooling! Ah. Earthlings, we have a
talc to tell of sensuous cosmic delights

short range radio through to the wellequipped kitchens. All "plastic" financial transactions are via a commercial

ered in a silvered metal skin and well interlaced with great expanses of mirrors. Any
camera flash has a half-life of a thousand
years (or so it seems). So does the image of
the drinkers and diners - echoing down to
the ends of the uniserse.
Myriads of light emitting diodes enhance
the entire lengths of the "populated" areas.
Those in the bar stools appear to be in constant twinkling and ascending orbit through
the transparent stems. Cynthia's
and Rastus' dominance at the end
of their respective supra -spacial
caverns enhances the feeling of

and entertainment that you'll enjoy when

Cynthia responds to every finger -tip's
request! She's well programmed to serve
you!
"And who is Cynthia?". we hear the cry
from our valiant readers. thrusting
hot soldering irons hard into their
holders. Gather round - Cynthia's
the most amazing anthrobot you're
likely to meet this side of the

networked EPOS system.
Described as "Multi -national". the
selection. quality and competitive pricing
of the food is comparable to that served in
many good restaurants around the planet.

and there's a special menu for "minidroids"!

partner Rastus, is the star feature of

outer -worldliness: and hints at their
possible "genetic" origins. There is
the profound feeling that Cynthia is

a new theme bar and restaurant

a distant relative of Marvin. the

that's just opened in London.

CYBER CHAT

robot who, reluctantly. was
involved in "Hitch -Hiking Through
The Galaxy".

Cynthia and Rastus are two 2 metre high robots, each with their
own cavernous and glittering bar

EVOLUTIONARY
RELATIVITY

galaxy and, together with cyber-

arca from which they serve the

As to whether Cynthia is an

cocktails and other drinks you've
ordered through their 75 -option

ancestor of Marvin. or his
descendent, will probably never

keypads. Rastus is a hit of a Di as Richard Becker (Cynthia's Conceptual Parent) requests be ascertained, the space-time
well. As with any Earthly (or even Roger Gay (Cynthia's Behaviourist) to hand over the decla- chronosynclasticparafundibulurn
Earthy!) bar tender. these two ration that Cynthia will always converse in a polite and of the polyvcrsc is far too multi cyberoids respond to your orders socially acceptable manner. At the time that this reviewer temporal to ever establish who's
with varying degrees of good or departed. no such undertaking had been received (but whose relative and in what order

had grace (depending on their Cynthia

had sweetly growled -8"-r-off Human"!) from the Event Horizon, but

the state of mind of their original designers
and programmers!).

ORBITAL SPACE -WAYS
Being in the comfort cone of a vast orbit-

ly" is involved in this Cyber-venture in

Accepting your order (they do obey at
least one of Asimov's Laws of Robotics,
paraphrased as - Thou shah not harm or

ing space station, Arthur C. Clarke 2001
style: that's the futuristic atmosphere at
Cynthia's Cyberbar and Restaurant. You
forget that it's all more down to Earth. set

another way, this commentator's family, in
the shape of his brother. Richard Becker.
Those of you who recall earlier days of
electronic hobbying will probably remember that
Practical Electronics, in
November 1981, published a robotic arm,
Genesis, designed by Richard. This was

mood, and the state of their program cycle - which in turn reflects

through inactivity cause harm to occur to a
hwnan - and it would harm you to do with-

out your beverage, wouldn't it?). Cynthia
and Rastus pivot round to the vast array of

there's a family likeness there

below London Bridge. in the mass of broad
tunnels and brick -built caverns that
pervade that arca of London.

somewhere (relatively speaking)!
To drop back out of warp -time(!). "fami-

drinks on optic behind them, and fill your

very much a "first" not only for Dick but

glass to the correct measure.

also for PE, which at that time was edited

While you're at the bar, it's you who are

TRON ICS

likely to be chatted up by Cynthia and
Rastus. We'd like to say that the tone of
chat respects all
Laws of Polite
Conversation - but we can't lie to you, can

by Mike Kenward (now our Owner. MD
and Ed -in -Chief).
Through his

company

Powenran

Cybernetics, Dick built up a worldwide
market for his educational and light indus-

iStddo.cr

we? You just have to accept that the occa-

sional "questionable phraseology" might
occur! But it's all in good fun and humour.

ROBOTS

and has nothing that would not be heard in
a Carry On film.

trial robotics products, which became
increasing more sophisticated at each gen-

eration. To cut short a length of history.
Dick went on to found Cybernetic
Instruments Ltd. of which Cynthia's
Cyberbar is a division.

CULINARY CALLING

CHARTING SPACE-TIME

After you've been cajoled by others of
human persuasion to vacate your place at
the bar, you have yet more delights to pur-

Cynthia herself (though we're not really sure of her/his gender!) became a

sue - culinary ones. In other words, it's
along the glittering corridor to Cynthia's

twinkle in Dick's imaginative eye a good
ten ycars hack. Sworn to secrecy, this
author has seen great wall lengths in one
of Dick's large factory units increasingly

restaurant.

The centrally -illuminated dining tables
have call -buttons inset, offering choice

of the service required: drinks. food.
general, and bill. Hi -tech is a keyword
even in the way you are attended at table.

Attired in fetching Millennial black and
silver togas, reassuringly human staff
use handheld electronic order pads. Your

FREE!
V
PMJ

1111.. Cdatt

Genesis in various forms as published
in PE. Nov '81. Rumour has it that the
white -coated android was a working
facsimile of Mike Kenward.
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covered by hundreds of mechanical
drawings. Each represented a pan of
Cynthia Mk I. manufactured and assembled when time permitted between other
commitments.

Genesis and many more of Dick's
earlier

robotic

arms

ranges

were
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hydraulically controlled (water for
blood!). Cynthia's motion, though. is
generated by precision stepper motors
operated under tight closed -loop con-

trol. They are operated with varying
degrees of resolution. from a basic 200

steps up to around 12800 when in
micro -step mode. The various limb

and time-honoured favourite the 8051 is
the microprocessor used (well, a modem
16 -bit derivative of it anyway). "Why
change a working system?", says Dick.
having long ago optimised software -hard-

ware interfaces for all his automation
products.

In fact there arc 12 slave microproces-

motions arc on a double axis. horizontal
and vertical movement.
The sophistication of the control software ensures that movement is smooth.
with different rates of acceleration and
deceleration being applied depending on

sors, one for each of the motors. all

the position of motion. There was no need
to give Cynthia third -axis (rotational) limb
and wrist movement.

Cynthia's inner organs are a sight to
behold! Her body is packed with thoroughly populated printed circuit hoards

under control of a master processor. A
PC -compatible computer is in overall

charge of the system. including the
drinks ordering keypads and Cynthia's
speech generation.

One might expect that the entire system
would be governed by the latest in micro -

and stacked in awe-inspiring regimentation. The scene behind the drinks array
leaves one almost dumb with admiration
at how complex a system is required to

controllers. Not at all - that well -proved

select and serve the correct drink on

INNER SPACE

Young Amateur
Awards

SIXTEEN -YEAR -OLD Mark Haynes
from

Harlow.

Essex

was

recently

announced as the winner of the Radio
Communications
Agency's
Young
Amateur of the Year Award /999. Mark
received first prize of £500. a certificate
from Stephen Byers. Trade and Industry

Secretary. and will be invited to a con-

ducted tour of the RA's Monitoring
Station in Baldock. Hens.
Mark gained his Novice Licence at the age
of 12 and became the youngest radio amateur of his home town. In July he organised
and ran a special event station

ing the 175th anniversary of the RNLI.

If you would like to become involved in
Amateur Radio. contact The Radio
Society of Great Britain. Lambda House.
Cranbourrie Road. Potters Bar. Hens EN6
ME. Tel: 01707 659015.

demand. Mechanical and electronic
interfaces abound, thick neural -like
cable harnesses snaking their way
amongst them.

PLANETARY
CO-ORDINATES
Undoubtedly. 111 of you within suborbital distance of Cynthia and Rastus will
by now be utterly consumed with desire to

drink with them. and to dine with their
human entourage.

Here's how: the address is Cynthia's
Cyberbar, 4 Tooley Street. London SE I
2SY. Tel: 0171 403 6777. Fax: 0171 378
1918.

E-mail: cynthiag cynbar.co.uk.
Web: http://www.cynbar.co.uk.
Children are welcome (there's even a
dance floor, and soon there'll be ail amazingly fascinating technology -orientated
gift shop):

WECANFIXIT4U
RECENTLY faxed through to us is information about an interesting website.
wecanfixit4u.com. The site offers a free
directory of fixers, repairers, restorers and

They say: "In our proper work we build
websites and publish on CD-ROM. and

offer consultancy on the matching of
Content to End User".

conservators. The company invites readers

For more information contact David

to not only use the site to search out the
services they need, but also to have their
own skills listed as well. They aim to provide a global directory searchable by item

Hall. Chameleon 1111 Publishing Ltd..
Dept EPE. The Quarry House. East End.

and hope to bring together both Fixers and
those needing a Fixer.

Witncy, Oxon OX8 6QA. Tel: 01993
880223. Fax: 01993 880236.
E-mail: data@wecanfixit4u.com.
Web: hop://www.wecanfixit4u.com.

PICS AND L.C.D.S

Micromouse

Grand Prix

ASTONISHING - July next year will sec
the action of an exciting new challenge for
enterprising II to 18 year olds. The

Micrornouse Grand Prir 2000 is being
organised by the UK's key engineering
association Young Engineers, in collaboration with the IEE (Institution of
Electrical Engineers). Europe's largest
professional engineering society.
Teams of up to four arc being invited to
build and race their own robot. i.e. a small

sehicle capable of finding its own way
round a course at high speed. Entrants to
this challenge will have specialised support through the Young Engineers website

www.youngeng.org for chassis design.
electronics. steering control. digital and
programmable technology. There are
several classes in which you can compete.
Preliminary race days take place around

the UK in March 2000. with the Grand
Prix itself in July.

For more information contact Fiona
Hunt at Young Engineers' Press Office on

0171 823 3799 or Christina Dagnall of
IEE Media Relations on 0171 344 5445.
Mention EPE when phoning.
876

NEW from Lascar Electronics is a 5 -digit starburst liquid crystal display module with an on -board Flash PICMicro. It has been designed as the building
block for thousands of display and instrumentation applications.
Using standard software routines that can be downloaded from Lascar s

website. users can tailor the module's function to suit their own needs
Because of the Flash memory on board, users can re -program the module as
often as they like.
Readers will know that EPE has so far concentrated on PIC-controlling -intelligent" alphanumeric I.c.d.s. Here now is an opportunity to make use of the
more basic types of I.c.d. in conjunction with PIC devices.
Lascar's module features eight analogue inputs and up to 22 digital t 0 ports
capable of driving or interfacing with other systems.
For more information contact Lascar Electronics, Dept EPE, Module House
Whiteparish. Salisbury. Wilts SP5 2SJ. Tel: 01794 884567. Fax: 01794 884616
E-mail: lascar@netcomuk.co.uk. Web: htlp://www.lascarelectronics.com.
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THE NEW FORCE IN EDA
The brief was clear. To create

a next generation CAD system for electronic
engineers that used state of the art desktop integration and customisability together
with unrivaled ease of use.

QUICKROUTE

SYSTEMS

electronic
From the creators of Ouickroute. Electronic Design
Studio (EDS) is an entirely new program designed
for tokky's EDA performantm needs. Integrating
schematic and PCB design into a powerful design
studio,.EDs lets you view and edit all the files in
yourprolocts, and through OLE2, EDS irOgrates
with VOW desktop letting you drag and drop
documents into and from your favorite Office
applications.

I

-J

-1

-J J

-1

1.

EDS also includes then.
CADObjects engine with
flexibility that approaches
of desktop publishing syst
its comprehensive drawing
shaping tools, professional s
for True Type fonts (even at
stage), high resolution, lar
size, polygon fill and shaping tools.
EDS represents a genuine advance
in EDA price performance. Visit our
web site, or call now to find out how
EDS can help you.

111114411)
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State of the art multiple -document user interface offering unrivalled ease of use and customisability.
OLE 2 support including drag and drop, allows integration with your favorite Office application
Project Wizard and Project Manager make creating and navigating all the documents in your
projects easy.

New heiracial symbol browser, makes creating, editing and managing symbols a breeze!
High resolution (turn) and large design size (up to 2m x 2m) combined with IntelliSNAP makes
metric imperial design mixing easy!
WORK FASTER
Unlimited schematic sheets, with full support for data busses, power rails, etc
WORK BETTER
WORK ET SIFR
CADCheck automatically syncronises schematic and PCB designs. No more capture worries!
Unlimited Undo Redo, print preview and a wide range of importiexport options including CAD -CAM.
Up to 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or annotation layers.
New CADObjects engine supports a wide range of graphic objects including professional True Type
fonts, object shaping and property support, in -situ editing of symbols, high resolution and arbitrary
rotation scaling of objects.
Unlimited range of pad and track sizes supported.
Create flood fills and power planes quickly with the new polyfill tool.
Fast fully customisable poly -algorithmic autorouter
tu71:)01ni

tin

Electronic Design Studio
£199 5319
Electronic Design Studio Cross Grade £149 5239
Electronic Design Studio LITE
£49
579
PLUS Your first double -sided Eurosize PCB
produced FREE by BETA -LAYOUT

foillio
1- ITO' I

TRY AND BUY TODAY ONLINE
AT www ouickroute co.uk
Prices exclude P&P and VAT where applicable.
.. D!:EY BACK GUARANTEE
,

Ouickroute Systems Ltd Regent House, Heaton Lane, Stockport, SK4 1BS. UK - Tel 0161 476 0202 - Fax 0161 476 0505
http www.auickroute.co.uk Email info@quicksys.demon.co.uk
Copyright it 1999 Cluickroute Systems Ltd. All rights reserved. Prices and specifications subject to change without notice. 0 ee

distributors wanted!

88-108MHz FM Stereo
Radio Transmitters and kits
Fully enclosed and guaranteed PLL FM transmitters from 1 to 150
Watts power, prices start at under £129.95. Low cost FM kits: PLL,
crystal controlled stereo encoders, audio limiter compressors: all
available as kits, or fully built and tested: kits from as little as £13.95.
Professional link systems available, the lowest prices ANYWHERE!
RF power amplifiers from 5 to 220 -Watts power. Aerials to suit all
applications and budgets. Check out the HUGE range of products on
the VeronicaFM website: HTTP://www.veronicafm.co.uk
E-mail VeronicaFM: infoolVeronicaFM.co.uk or salesdVeronicaFM.co.uk
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To celebrate the runaway success of our PLL Pro II 1 -Watt transmitter
kit, we are offering ALL our customers this stunning deal:
When you buy a 1 - Watt high
r
,
.
R. quality PLL Pro II transmitter
Kit or Built kit : you will
receive a Pro II crystal
\IJSVA
controlled stereo encode
a

1

.

WM

FREE!

:
3

AW

Total cost for both items
build it yourself kit: £67.95 ;- -f7.."--;
ready built kit: £99.95
...:`,i
7.' -4.
We offer you stereo PLL cheaper
than many of our competitors
offer mono PLL!!!
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OR
Buy our NEW
1 to 100 Watt power amplifier

and our proven PLL Pro II transmitter kit
to drive it together for this amazing price:

£299.95

That's a 100 -Watt transmitter
for UNDER £300!!!

The high quality 100 -Watt amplifier is mains
powered, so you don't need to spend a fortune on a
power supply. The Amp also incorporates SWR protection
and many other features normally reserved for equipment costing
more than TWICE as much: see website for full spec

Call NOW
Brochureee

VeronicaFM, 18 Victoria Street, Queenshury, Bradford, West Yorks, England. BD13 1AR

Starter Project

MAGNETIC FIELD
DETECTOR
ROBERT PENFOLD
You will find the attraction with this
novel, low cost, starter project.
T'HS very simple project can detect
fixed magnetic fields or fields that are
varying at an audio frequency. Fixed
or slowly changing field strengths are registered on a centre -zero meter. which indicates the polarity in addition to the relative
field strength. Audio frequency fields, such
as those produced around mains and audio
translomiers, are detected via a crystal
earphone that can be used to monitor the
output signal.
The unit is not intended to provide accurate measurement of magnetic field
strength, and is aimed at those who like to
experiment with something a hit different.

Although quite simple the unit is reasonably sensitive. A small and not very power-

ful bar magnet can be detected by the
prototype at about 100mm from the sensor.

and drives the reading to full scale at a
range of about 30mm.

current is passed through the silicon, and
this produces a potential gradient in the
silicon. There is zero volts at the bottom of
the slice. the full supply potential at the top,
and a certain portion of the supply voltage
at intermediate points. The two electrodes
arc half way up the slice, and consequently
there is half the supply voltage at each one.

This gives zero output voltage across the
two electrodes.

It has just three terminals, which are the

supply and output terminals. An internal
differential amplifier boosts the output signal front the sensing element and produces
a single output that is at about half the supply potential under standby conditions.
Placing a north pole of a magnet close to

the surface of the sensor that carries the
type number produces a reduction in the
output voltage, and placing a south pole
close to this surface gives an increase in the

output potential (Fig.2). The frequency
response of the des ice is flat from d.c. to
23kHz. which means that it encompasses
the full audio range.

Applying a suitable magnetic field to the

device "skews" the current flow and the
potential gradient. producing an imbalance
in the output potentials. The stronger the
magnetic field, the greater the difference in
the output voltages.
Applying a magnetic field of the opposite
polarity skews the current flow in the opposite direction. giving an output signal of the
opposite polarity. The output signal therefore
indicates the strength of the magnetic field

REDUCED
CUTPUT

iNCREASED
OUTPUT

S

N

N

S

and its polarity.
It is important to
realise that a Hall effect
sensor only works if the
magnetic
field
is

applied to one side or
the other of the silicon
slice. Applying the field

.

Jr S

O
SV.SCA

Fig.2. A Hall sensor indicates the polari
ty of the field as well as its strength.

to the front. back, top,

CIRCUIT OPERATION

or bottom of the sensor
does not affect the cur-

The full circuit diagram for the Magnetic Field Detector appears in Fig.3. ICI is

rent flow in a manner
that will produce any

the Hall effect sensor and 1C2. a precision
op.amp, is used to provide some additional

imbalance at the elec-

amplification. The amplifier is an opera-

Fig.1. A Hall effect sensor is little more than a slice of silicon. trodes. Consequently it
will not produce any
(a) normal and (b) with magnetic field influence.

tional amplifier inverting mode circuit.
which has resistors RI and R4 as the

HALL EFFECT

"open loop" gain as

output voltage..

Detecting varying magnetic fields

SENSOR
is

quite easy, and requires nothing more than
an inductor to act as the sensor.
Unfortunately., static fields do not produce
any output from an inductor and require a
totally different approach.
The only common form of magnetic sensor that "fits the bill" is a linear Hall effect
device. A Hall effect sensor is a form of semiconductor. and is actually a very simple type
of component. Fig.1 helps to explain the way
in which a Hall effect device works.

The sensor is just a slice of silicon
having electrodes on opposite surfaces. A

Practical Hall effect sensors are more
than just the sensing element itself, and
they are invariably in the form of and integrated circuit containing the sensor plus
some additional circuitry. Some sensors
provide a switching action, and others provide an output voltage that is proportional
to the applied field strength.

In this application it is only devices in
the second category that are of any use, and

the device chosen for this design is the
UGM3503U. This is an inexpensive device
but it has a very useful level of performance
and is very easy to use.
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negative feedback network.

The innate voltage gain of IC2, or the
it is termed, is
extremely high at d.c. and low frequencies.
In fact, it is over 100.000 times for a typical operational amplifier.

Using negative feedback reduces the
voltage gain of the circuit as a whole to a
more usable figure. and this "closed loop"
gain is equal to resistor R4 divided by RI.
This works out at a little over 300 in this
case. Higher voltage gain would obviously
give better sensitivity, but it would also
give problems with noise and drift.
Op.amp 1C2 amplifies the voltage difference between the input voltage to resistor
RI and the voltage at its non -inverting
879

input (pin 3). This second voltage can be
adjusted via potentiometer VR I. and in
practice it is adjusted to produce a voltage
that matches the normal output potential

from ICI. This produces half the supply
potential at the output of 1C2.
The potential divider formed by resistors
R5 and R6 also produces an output of half

the supply potential. Meter MEI is connected between the output of 1C2 and this
potential divider. and it therefore responds
to the voltage difference between the two.

Under standby conditions both points
will be at the same potential, giving zero
voltage across the meter. An increase in the
output voltage from ICI produces a
decrease in the output front 1C2. and a negative deflection on the meter. A decrease in
the output potential from ICI has the oppo-

site effect, producing a positive indication
from the meter.

STRENGTH
OF CHANGE
In both cases the greater the change in
the output voltage from ICI. the higher the
reading from the meter. The meter therefore indicates the relative field strength and
the polarity of the magnetic field.
Applying a north pole close to the sun
face of the sensor that carries the type number produces a positive reading, and applying a south pole to it generates a negative
reading. This may seem to be at odds with
Fig.2. but bear in mind that IC2 inverts the
signal.

Thc value used for resistors R5 and R6
controls the sensitivity of the meter circuit.

The specified values permit MEI to be

GOOD

PERFORMANCE
In order to produce good results in
this circuit it is necessary for the operational amplifier to have good d.c. per-

formance. Otherwise there could be
major problems with drift, and d.c. offsets could make it impossible to zero
the meter under standby conditions.
The op.amp also needs to be able to
work properly with a supply potential
of just 6V. The OP077GP is reasonably
priced and gives good d.c. performance in this circuit. On the other
hand, its open loop bandwidth of
6(X)kHz equates to a closed loop bandwidth of only about 2kHz in this
design.
If audio rather than d.c. performance
is of most importance it would be

advisable to use a TL071CP for IC2.
This will give quite good d.c. performance plus a more respectable audio
bandwidth of around 10kHz. To compensate for a lack of symmetry in the
1107 ICP's output stage rcsisstor R6
should be reduced from 33kilohm to
27 kilohm.

CONSTRUCTION
The stripboard layout for the
Magnetic Field Detector is based on a piece
that measures 19 holes by 20 copper strips.

The component layout and interwiring,
together with the positions of the breaks in
the copper strips, arc shown in Fig.4.
A board of the required size must be cut

down from one of the standard sizes in
which it is sold. The holes arc very close

driven to full scale in both directions provided the battery is reasonably fresh. but
their value is high enough to prevent the
meter from suffering anything more than

together so use a hacksaw to cut along rows

very minor overloads.
Capacitor C2 couples the output of 1C2
to earphone socket SKI. This enables the
output signal to be monitored using a crys-

finish.
Next, drill the two 3mm diameter mounting holes and make the four breaks in the
copper strips. A special tool for cutting the
strips is available, but a handheld twist drill
bit of about 5mm in dia. does the job just as

tal earphone, but satisfactory results arc
unlikely to be obtained using any other type
of earphone or with headphones.
A 6V battery, supplies power to the cir-

cuit, and the current consumption is only
about 9mA. Do not use a 9V battery as
this would result in the maximum supply
soilage rating of ICI being exceeded.

Magnetic Field
Detector

of holes rather than trying to cut between
them. This inevitably produces quite rough
edges but they are easily filed to a neat

well. Make sure that the strips are cut

Magnetic Field Detector front panel
layout. The Hall effect sensor is mounted externally in a probe arrangement,

such as an old pen case, and connected to the circuit board via the
screened cable.

COMPONENTS
Resistors
RI
R2.R3
R4

R5. R6

Thc circuit board is now ready for the
components and link -wires to be added.
With a small board such as this the order in
which the components arc fitted is not

10k (2 Off)
470k

7
_

__

-

33k (2 oft) TALK

All 025W 5°'. carbon film

Potentiometer
VR1

across their full width.

1k5

1k rotary carbon. tin

Capacitors
100u radial elect 10V
C2

100n polyester. 5mm
lead spacing

Semiconductors
IC1

IC2

UGN3503U Hall effect
sensor
OP77GP precision
op amp (see text)

Miscellaneous
Si
61

SK

MEI

s p s t. min toggle
6V battery pack (4 x AA
size cells in holder)
3-5mm tack socket
1001/A 0 - 100uA
moving coil panel
meter

Medium size plastic or metal box: 01
inch matrix stripboard, size 19 holes by
20 copper strips: 8 -pin d ii holder: battery connector (PP3 type): control knob:

crystal earphone. with lead and plug;
twin -screened cable. about 0.5 metres;
muttistrand wire; solder pins: solder etc.

£1 6

Fig.3. Complete circuit diagram for the Magnetic Field Detector.

Approx. Cost
Guidance Only
excl. earphone, case & batts.
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Magnetic Field
Detector

$
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Completed Defector showing ear-
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phone socket on one side panel.
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Fig.5. Connection details for
UGN3503U Hall effect sensor.

the

Fig.4. Stripboard component layout intenviring and details for breaks required in
the underside copper tracks.

really important. but it is best to work

methodically across the board so that
nothing is overlooked.

Neither the OP077GP or TL071CP is
static -sensitive. but it is a good idea to use
a holder for any d.i.l. integrated circuit. Be
careful to fit 1C2 and electrolytic capacitor
CI the right way round.
Fit single -sided solder pins at the points
where connections will be made to poten-

tiometer \'R1. meter MEl. etc. It is one millimetre diameter pins that are required
for stripboard. "Tin" the pins with plenty of
solder so that it is easy to make reliable
connections to them.

CASING -UP

Virtually any medium size plastic or

metal case should be able to accommodate
this project. However. be careful to choose

one that has sufficient depth to take the
meter and the battery pack. The latter
consists of four AA site cells in a plastic
holder. Connections to the holder are made

using an ordinary PP3 style battery clip.
Although the circuit has a fairly high voltage gain the layout is not critical, and it is
just a matter of designing a layout that is
easy to use.

One slightly awkward aspect of construction is fitting the meter onto the case.
because this requires a large cutout to he

Layout of components inside the two halves of the case. Note the space for the
battery pack.
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required cutout. With any of these
methods it is advisable to cut just
inside the perimeter of the
required cutout, and then enlarge

ensure that the soldered joints cannot shortcircuit together. The sensor w ill he neater if
it is built into a probe, based on an old pen
for example, but this is not essential.

it to precisely the required sue
using a large round file.
Four smaller i 3mm dial mounting holes are also required. The
positions of these are easily Itx:ated

as they are at the corners of a 32
millimetre square having the same
centre as the main cutout.

IS

INTERWIRING

l

f

0//x4.1

I

.

straightforward. SKI is a 3.5mm
jack socket, and most sockets of
this type have a built-in switch

I

that is not required in this application. Accordingly. one tag of SK I
is left unconnected.
The Hall sensor (ICI) is
mounted externally and connect-

s

* J

ed to the main unit by way of a
piece

of

twin -screened cable
Completed circuit board showing the lour link about 0.5 metres
or so in length.
wires and the op. amp C2 mounted in its holder.

An entrance hole for the cable

made in the case. Most moving coil meters
require a 38mm round mounting hole and
the easiest way of making this is to use an

adjustable hole cutter (also known as a
"tank- cutter), and these are available from
many DIY superstores.
Alternatively, it can be cut using a fret -

saw. coping saw, or miniature round file

such as an "Abrafile. Another method
would be to mark out the cutout. drill a
series of small holes just inside this mark
and then "join -up" the holes to form the

SHOP ---11

must be drilled at a strategic point
in the case, and if a metal case is
used the hole should be fitted with a grommet to protect the cable. The screen is used
to carry the ground (0V) connection.
Rather confusingly, the plastic encapsulation of the UGN3503U Hall effect sensor
chip seems to be completely symmetrical.
The only way of identifying the three leads

positive or negatise. With careful adjustment of Balance control VRI it should be
possible to zero the meter. and placing the
probe near any magnetised object should
then produce a suitable response from the

The meter movement itself contains a
permanent magnet, and placing the probe
near this should produce full-scale deflection of the meter. Placing the opposite face

of the probe near the meter should then
produce full-scale deflection in the opposite direction.

As explained previously. applying the
pole of a magnet to one of the four smaller
surfaces of the sensor will not produce a
significant output signal. In use the orienta-

tion of 'the sensor should therefore be
adjtisted to maximise the meter reading.

Placing the probe against the power
cable of virtually any mains powered
device that is switched on should produce a
50117
"hum- from the earphone.

Alternating fields will not produce an indication from the meter because the meter
will register the average field strength. This
will normally be 7cro due to the opposite

is to use the type number on the body of

poles in the signal cancelling out one
another.

the device as a reference point. see Fig.5.
Connect the sensor to the screened lead

The circuit is reasonably stable, but
occasional readjustment of VRI will be

and use insulation tape or Nice% ing to

required.

TALK

with David Barrington

PIC Micro -Probe
The component listing for me PIC Mrcro-Probe calls for a piece of c.
holder' type strgboard. with a central channel, devoid of copper. running
across the copper tracks. This will cost you around £5. but for Just under £2
you can use a
rd
and cut away the copper tracks as
necessary. The rest of the components shou'd be readily available.
The PIC used in tits protect
oe Inc 10.1.Hz version For those who

want a "p'ug..n and go- preprogrammed PiC16F84 one .5 ava1able from
Magenta Electronics is 01283 565435 or MO: magenla2000.co.uln for
the inclus4.* puce of £5.90 (overseas readers add El for pos'age. For those
who wish to program their own PICs. the software is ava ,actra from the
Editorial Offices on a 3.5in PC-compatite disk. see EPE PCB Service page
937 If you a -e an Internet user. it can be downeaded Free orn our FTP she
hp: ftp.opomag.wlmborne.co.uk pubs PICS microprobe

Magnetic Field Detector - Starter Project

Just a cape of po
-g pixy- is
of components forme Magnetic
Fed Defector, this none, s sta-ter peer. The firSICOnCerhS the 100iiA 'centre
zero meter, some readers may has, difficuly in Iccatng one The meter used in
the prototype came from Sampan (it 01702 554000. code RW98G

If you have trout* tracking down the UGN3503U Hall effect sensor the
above company kat one as order code GX09K. They also supplied the OP77G
precision op amp. code ULO5F. The alternative TL071CP low -noise op amp
should be stocked by most of our component advertisers

Glnormous Stopwatch - Giant Display
Ths month we compete the Stopwatch protect with the cOnstruction of a

Gant Oval aspay module. Most of the component supply 'tugs' were
ironed out last month.
The high voltage 4N25 coo-cotow. code AV44. and the ULN2003 Darlington
array, code AD938. are listed by Maple The BD681 Darington transistor maybe
hard to find. but the suggested alternatr.e TIP141 and TIP142 shoud be readily
wahine. Nose the diffenng prions for the TIP devices (Fg 2 lag month).
Ready programmed PICs are available from the author for the sum Of £10
each (lo- either Ihe ()splay module or Slopmith) or £50 for six WI any oacrianaton, with free postage to anywhere in me world. Payments should be made out
to

When the unit is first switched on it is
likely that the meter will be driven fully

meter.

The hard sk inng is reasonably

.._

TESTING

N. Slojadnovic. HaE-mail address is: viadkningu030rionemetau or

writs b: 11k. N. Stolecilnovic. PO Box 320. Woden ACT, 2606, Australia.

A programmed PIC16C54 is also available from Magenta Electronics (it
01283 565435 of http.wmagenta2000.eckuk) for the inclusive price of £5.90
(overseas readers add CI for postage). For those who wish to program they

own PICs. the software is avadabe from the &Menai Offices on a 3:5in . PC compatible disk. see EPE PCB Sennce page If you are an Internet user, it
can be downloaded Free from our FTP site

Itptrittpapemegiwimbomcco.uk pubs PICS stopwatch
The two printed brewt boards are available from the ERE PCEI Servce.
code 247 (Digit) and 248 iPort Corn.).

Loft Guard
Most of the components catred-up for the Lob Guard protect shOuld be
readily available from your usual supplier. The only problems that are likely to
crop up may be find ng the high value resistors
The owl', 100 megohm resistor 0371 was only found listed under the 'cer-

met film' range stocked by Eliecfrontalt (19 01536 204555 or RS
http:Wswww.con). Quote code 158-222. As the ante points out. you could

use three 33 megohm resistors On series): the pcb 5 also designed to
accept mese- This resistor (33M) came from tne Moulin 'nigh voltage' metal
film range. order code V331.4

Note that to make up the 20 megohm resistor (RIO) you AA need two 10
map types Once organ. the 'MOOS' peal have been included on inepcb
The lest mentioned company also suppled the miniature ight-cleponclent resistor

dr.), code AZ83E and Me Itch power vanity banor, code FK84F.

Asmoup most el cis oxiborionts advertisers should be We to ono someew'ig
sin tar. you mulct d course. use the good old standard ORP12 I dr. if you wish
Even though the semiconductors are specific versions, they should be in
plentiful supply. The p C b is avalabe from the EPE PCB Service. code 249.

Teach -in 2000
yOU nave only lust pit-ed up on our new. Teach -In 2000 serves with this
issue. and berg a newcomer to electronics. you may feel a bit apprehensrre
about Ordering the various parts for the demonstration 'Pei -erases' Fear not.
some of advertisers have put together component and hardware packs apeciaity for the new series A few more will be added as the series progresses.
but we do not eirrect that to be until at least part seven
To date. part.cipat.ng advertsers are as follows and readers are advised to
contact trern roe more de'w's
ESR Electronic Components (ft 0191 251 4363 C web
flip: vnvw.esr.co.uln Hardwararrools and Comocre7ts Paz..

Magenta Electronics (le 01283 565435 or hap: wbvbv.magenta2000.

co.uk -

_

-

and Components Kit 879

FML Electronics IV 01677425840) - Basic Components Sets

N. R. Bardwen

0114 2552886) - Digital Multimeter special offer

PLEASE TAKE NOTE
Demister One -Shot

Nov '99

Page 844 Fig 4. On the pc.b. competent layout diagram. the 'body' °Ones
Cl capacitors Cl and C2 should be transposed - see photograph at
ot Papa
845. The eiectrolytic. sixrwri as a ord., shcaid connect to Me ICI pit 8 copper
track (*) and the common GNO track
The actual annotaDom are correct
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Regular Clinic

CIRCUIT
SURGERY
ALAN WINSTANLEY
and IAN BELL
This month our team of surgeons commences an op.amp extravaganza, lifting
the lid off these indispensable amplifying circuits. Also, fusible resistors come
under their beady eyes too!
very last Circuit
Surgery column of the 1990's. and we
hope there is something of interest to
WLI.COME to the

the loudness of the sound produced by the
amplifier. I cannot say that I have seen a formal rule for which method to use. However.
we can make a distinction between the two
approaches in that the input resistance
approach is an attenuator whereas the feedback resistance is a gain control.

but you can use a bit of common sense too.

We have had a couple of questions about

Both controls can be used together in

falls below a certain point, then an ultra

op.amps and think that many readers will

some applications. I therefore suggest that

low noise "audio spec" device is not real!)

the "input resistance control" is suitable
when the maximum input signal is at a

needed.

known reasonably fixed level. The amplifi-

using op.amps is so vast that we cannot

everybody in our monthly round -up of
readers' queries and questions.

Op.Amps 101
find a discussion of this subject useful.
Mohab Refaat writes by E-mail: "EPE
publishes many circuits that involve audio

effects or amplification. Some use "low

er

can

then

designed to give full

simple amplifier circuits to he another

When the range of
possible input levels
is very large though,
it will be necessary
to be able to change
the gain of the amplifier to a level appro-

electronics contains an op.amp. I know
how an op.amp behaves and the equations

that rule its behaviour but what I don't
know is what's inside that black box.
All that we have been taught is that it is
based on a differential pair of transistors.
but it's far from being that simple. Can you
please supply me with some information?"

would be sensible to use a low noise
op.amp and pay a bit more for a better
spec., on the other hand if you are using it
as a comparator to, say, switch on a heater
when the output of a temperature sensor

The range of circuits one can design

be

noise" op.amps. such as the LF351 or the
TL071. My first question is, how can you
select an op.amp for a particular application out of a large number of candidates?
I found the use of a "thlume" control in

aspect / found a bit baffling. Sometimes it
is achieved using a pot. ( potentiometer) as
the input resistance to the op.amp. sometimes it is used in the feedback network to
control the gain. Are there any rules related to the use of either method? Thanks for
opening up the world of electronic circuit
design to we non -electronic engineers in a
simple way!"
Also Tony Soueid from Lebanon writes:
"Almost every design involving analogue

If your application is an audio amplifier it

volume for this signal
level, and the input is

attenuated for lower
volumes.

priate for the input
being used at any one
time. Ideally. the Gain

Fig.1. Circuit to illustrate the two types of volume control.

control would be set to give maximum
undistorted (non -overloaded) output
with the maximum input in the current

give specific recommendations. The best
thing you can do is understand what all
the op.amp specs and ratings mean so

situation and then left alone, with a separate control for volume.
However as gain also affects volume.

that you can make an informed choice

the gain can be set to give the desired vol-

in all the constructional projects in EPE
probably does not necessarily follow an

ume at any instance and this, of course.
reduces the number of controls needed.
The representative circuit in Fig.l illustrates both types of volume control, the

when necessary.
Having said this, the choice of op.amps

obvious process of selection! The projects
are designed by various authors, many projects will be feasible with a wide range of
general purpose op.amps and some authors

It's best to stan with the second pan of
first question, because it deals with
something very specific which follows on
neatly from our recent discussion on the
22 -position volume control (Circuit
Surgery. Oct '991 and volume power out-

input signal shown on the diagram may be
from an external source or an earlier stage
in a larger circuit.

puts from amplifier, (Sept '99). We will

what the circuit and hence the op.amp

then move on to a more general discussion
on op.amps over the next month or so.

needs to achieve, this will give you a min-

Volume Control

purchase the cheapest op.amp which meets
all the specs!

everyone will aim for hi-fi quality - if a

Both methods of volume control obviously
work, in that they both provide control over

It may not always be all that simple to
calculate an op.amp spec. in great detail.

ed then why pay more for a special

the

Making a Choice
To select an op.amp you need to know

imum specification for the device. Then

Everyday Practical ElectroniesIETI. December 1999

will have their favourite ones that they
always tend to use.

In other hobby projects, the choice of
op.amp may well depend on what was
available at the time! (e.g. see John
Becker's comment on his choice of amplifier in the Musical Sundial - page 433 in
the June '99 issue). For audio projects, not
very high sound quality is not really needop.amp?

883

Inperfections

high-power/high current - op.amps

Having given the impression that

ith high current output stages capable
of driving low impedance loads

op.amp choice is sometimes somewhat
arbitrary, it is worth pointing out that in
some cases it can make the difference

between a circuit functioning or not.

low drift/high precision - amplifiers
with minimal offset voltage, and where

remember working on a partly developed

accuracy is preserved over
temperature range

prototype power control system for a
CO2 laser, the existing output circuit
used a general purpose op.amp which

input op.amps with very low input bias
currents for use in buffer circuits or with

I

was simply not up to the job.
The power measurement worked fine
some of the time, but on other occasions
would not do anything. The problem was
due to the high offset voltages, and more

specifically the drift in offset with time
and temperature. The circuit was

Fig.2. Op.amp circuit symbol.
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cision peak measurement chips, which
did a great job.

Understanding op.amp imperfections
will also help you understand the internal circuitry (with reference to the sec-
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Fig.3. Graph showing the relationship
between op.amp differential input voltage and its output voltage. Saturation
occurs when any increases in the magnitude of the differential input do not

result in further increases in output
voltage. The values shown are an

example for an op.amp with a gain of
100,000 and a maximum output volt-

Second, there are occasions where spe-

age of ±151/. The gain of the op amp is

best option. The above case was one
example, another good one would be a
sample and hold circuit - you can build
one using an op.amp, but you will get
better performance from a sample and
hold chip, and, of course, some extra bits

equal to the slope of the graph
between the saturation points.

supply operation, otherwise check the
data sheet. The power supply connections
arc not always shown on schematics.

The output voltage of an op.amp is

of circuitry are already included.
Comparators arc another case - all

given by Vour = A t( V2 - V1) where .4t, is
the open loop voltage gain, V:, is the non -

op.amps can be used as comparators but
it is often better to use chips optimised
for this purpose.

inverting input voltage and V1

On Spec
It is worth looking at some of the specifications found on op.amp data sheets
and in suppliers' catalogues and discussing how these may effect your choice
of op.amp for particular applications. We
will also refer to some of these specifica-

tions when we move on to look at the
internal circuitry. But, before we start, we
need to define some basic things about
the op.amp, so let's explore them in
greater detail.
The op.amp is a high -gain, direct -cou-

pled amplifier, its symbol is shown in
Fig.2. The term "direct -coupled" means

that the inputs and internal stages are
connected directly, not via coupling
capacitors. This enables the op.amp to
amplify d.c. and very low frequency
signals.

The op.amp has two inputs - the inverting (-) and non -inverting 1-1-.) inputs and an output. The Inputs and outputs are
usually referenced (applied or measured
with respect to) ground or OV.
Op.amps usually have two power sup-

plies, one at a positive voltage with
respect to ground and the other at the
same magnitude negative with respect to

ground: however many "single supply"
op.amps are also available. Suppliers'
catalogues usually indicate whether an
op.amp is intended for single or dual
884

f.e.t.

large external resistors.
Some op.amps may arguably belong to
more than one of these categories. The

specifications given on Op.amp data
sheets can be divided into: electrical ratings (maximum voltages etc.): signal
handling (noise etc.) and offsets (which

particularly effect d.c. accuracy). We'll
discuss these and other practical patters
in the next Surgery. 1M8.

Fusible Resistors

ond reader's question) because much of
the design effort arises in reducing these
imperfections.

cialist chips other than op.amps are the

wide

low bias/high impedance -

replaced with one using special high preThe above example illustrates a couple
of points. First, it is the imperfections in
"real" op.amps (as opposed to "ideal"
ones) that cause problems, so understanding these and their impact will help
you avoid devices that are unsuitable.

a

is the

inverting input voltage. This "open loop"
gain refers to the gain of the op.amp itself
without any feedback circuitry. Op.amps
arc almost always used with some form
of feedback though, which results in a
gain for the circuit that is different from
that of the op.amp itself.
Note that the op.amp amplifies the difference in voltage between its two inputs.
It is a differential amplifier. The equation VouT =
V1) always holds for
totally ideal device, but in reality is only
valid for a small range of (1'2 - V1) and
there are limits on the individual values
of V, and VI too. The op.amp's input-output relationship is illustrated in Fig. 3.
Some manufacturers group their
op.amps into types suited to different
kinds of application. Typical descriptions
may include:

general-purpose - suitable for a
wide range of applications requiring
moderate amplifier performance

low noise - guaranteed very low
noise for applications such as sensitive
measurement

and

signal

processing

where noise front the op.amp must be
within known bounds

low-polverlmicropower - suitable
for use in systems such as mobile equipment, where power consumption is
critical

widebandlhigh speed - for applications such as pulse circuits and video
where accurate reproduction of complex
high frequency signals is required

Mark Lee asks: "/ would appreciate an
explanation of fusible resistors and how to

use them. They seem to he mainly low
resistance -and low power ratings. How do
/ use them in a circuit?"

Fusible resistors arc inserted into a cir-

cuit as an ordinary resistor would be,
except that they have the special properly
that if they arc overloaded for any reason
(a circuit fault elsewhere downstream).
then instead of burning out they arc guaranteed to go open -circuit within a certain
range of conditions.
This means that they will disconnect the
circuit, rather than burning out or setting
fire to the board. They are only produced
in a limited range of values (low ohms to a

few kilohms) and would be used in e.g.
power supply or monitoring circuits.
where a combination of resistance and
overload protection is required. The main
thing is that they are a fault -tolerant, failsafe fireproof device.
Paradoxically there is even a zero ohm
resistor available! These are used by manufacturers using automated p.c.h. equipment, to apply a link between two pads - it
means that a machine which handles resis-

tors is. therefore, also able to insert the
equivalent of a wire link instead. ARIV

CIRCUIT THERAPY
Circuit Surgery is your column. II you
have any queries or comments. please
write to: Alan Winstanley. Circuit Surgery.
Wimborne Publishing Ltd.. Allen House.
East Borough. Wimborne. Dorset. BH21
I PF.
Untied
Kingdom
E-mail
alan@epemag.domon.co.uk. Please Ind, ate it your query is not for pub
A
!cation A personal reply cannot
always be

guaranteed

but we will
try to publish

representa-

-

lire answers in Mis column.
ENTER THE CHAT ZONE
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INTER] AIC
Robert Penfold

A SERIAL APPROACH TO PC ADD-ONS
I N TUE previous Interface (Oct '99)
I article we considered the subject of

A label component must be added to
the form, and its default caption should

serial port interfacing, and using, a standard RS232C serial port to send data to
a user add-on. In this month's Interface

be erased. This gives the program some-

we will look at using a serial port to

data displayed on the label should

receive serial data.

change as the mouse is moved around

where to display the data read from the
serial port. When the program is run, the

ware loop to monitor the received data
bit, and provide a hold -off until it is set to
one. This prevents the Receiver Register
from being read until a new byte of data
is ready.

The Delphi 1 program described pre-

viously is easily modified to provide

and the buttons are operated.

this hold -off. In addition to the hold -off,

applies to using a serial port to receive
data. Refer to the earlier article if you
require information on the UART registers, setting the word format and baud

Synchronisation

that shows the number of readings that
have been taken: A second label compo-

rate, etc.

obtain the latest data available. For

Much of the background information

provided in the previous article also

this listing also implements a counter

For many applications it is perfectly all

right to take this simplistic approach,
and simply read the port periodically to

With things reduced to the simplest

connected to the port. By reading the
port the latest temperature will always
be read and displayed. The fact that

ing data from the base address of the port.

missed here and there will be of no practical consequence.
This is not the case in all applications

eral times or the odd reading may be

decimal) and tzH2F8 (760 decimal).

Mouse Experiment

If your PC has a serial port mouse it is
easy to experiment with serial port reading, and the raw data from the mouse can
be read from the appropriate mouse port.

Labell.caption := S;
Counter := Counter + 1;

sending a trigger signal to the interface,
and then reading in x number of bytes.

Str(Counter, S);
Label2.caption := S;

synchronise the sending device and the

program reading the data. Otherwise

there is a risk of (say) reading four

this code could be

bytes of data twenty-five times each
instead of reading 100 bytes of data
once each.
There is no need for an external hand-

Reading := Port17601;
Str(Reading, S);

shake line to control the flow of data,
and a status bit of the Line Status register can be used instead. Bit 0 of this register is set to one when a complete byte
has been received and transferred to the
receiver Register. Writing a zero to this

Labell.caption := 5;
The value of "760" in the first line is correct if the mouse is on serial port two, but
must be changed to "1016" if it is on port
one. The two variables must be declared
in the appropriate part of the program by
adding the following two lines in the section headed "vat":

bit will reset it, but this is not normally
necessary as it is automatically cleared
when the data in the receiver register is
read.
To ensure that each byte of data is read
only once it is just a matter of using a soft-

Reading : Byte;
: String;

Reading := Portf1016);
Str(Reading, 5);

though, and in some cases it may be
necessary to operate on the basis of
It then becomes essential to properly

applied to a timer component set with an
interval of about 50 milliseconds:

-

POrtf10191:= 128;
Pcirtf 10161 := 12;
PortI10171 := 0;
Port110191:= 3;
Port[10171:= 0;
Repeat until (Port)1021) and 1) = 1;

each new piece of data may be read sev-

The base addresses for serial ports one
and two are respectively SzH3F8 (1016

1,

accommodate the counter.

example, suppose that a Thermometer is

level it is not difficult to read data from a
serial port. Using the methods outlined in
the previous Interlace article it is possible
to set the required baud rate and word
format, and is then just a matter of read-

Using Delphi

nent must be added to the form to

The port addresses used here are for
port one. For serial port two use these
addresses:
760 instead of 1016
761 instead of 1017
763 instead of 1019
765 instead of 1021

In addition to applying this program to
a timer component these three lines must
be used to declare the variables.
Reading4,Byte;
Counter : Byte;
5 : String;
A further line must be added to the listing for the form, and this sets the Counter
variable at an initial value of zero.
Counter := 0;
0
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Fig. 1. Circuit diagram for the Simple Serial Interface add-on. If operates at 9600 baud.
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Operation

In the original test program we relied

on the operating system to set up the ser-

ial port correctly, but in real world applications the program must do this. The
first four lines of the listing set the port for
9600 baud operation with a word format
of eight data bits, one stop bit, and no
parity checking.
Using the control registers to set the
baud rate and word format was covered
in the previous Interface article, and will
not be discussed again here. The fifth line
switches off interrupts, and should
ensure that the operating system does not
upset things by reading bytes of received
data.

The hold -off is provided by the
Repeat...Until loop in the next line. This
line repeatedly reads the Line Status reg-

ister, and bitwise ANDs the result with
one. This effectively strips off bits 1 to 7,
and reads only bit 0.
The program loops until the returned
value is one, which means that there is a
fresh byte of data to be read. The port is
then read and the result is displayed on

Label'. Then the Counter variable is

incremented by one and the new value is
displayed on Labe12.

Hardware
The Simple Serial Interface of Fig.1 can

be used to test this program. The 6402
UART has been covered in previous arti-

cles and will not be discussed in detail

In Control

F.1

A serial interface requires some form of
control logic circuit to trigger the UART at
the appropriate times and send a stream
of data. At its most basic the control logic

ed by 16 through ICI. UART IC2
requires a dock signal at 16 times the
required baud rate, and this gives an
output signal at 9600 baud.
The control inputs at pins 34 to 39
of IC2 are hard -wired to produce the

required word format of 8 data bits,
one stop bit, with no parity checking.
Transistor TR2 acts as a simple line
driver and inverter, but it does not
provide proper RS232C output levels.

results should still be
obtained provided the cable used to
connect the interface to the computer is no more than a few metres long.
Good

The output (SKI) connects to the

PORT READIM;

31

couNT

can consist of nothing more than an
oscillator, which is all that is used in this
case.

A low power 555 timer, IC3, is used in
the standard oscillator configuration. The
values of timing components resistors R8,
R9 and capacitor CS set a low operating

frequency of roughly 1Hz. Therefore,

Fig.3. The counter of the test program
should increment each time fresh data
is received.

about once per second the output of IC3
(pin 3) goes through a high to low transition and causes ICet to send the eight -bit
value on its inputs.
Although the test program is assigned
to a timer component that tries to take a

However, bear in mind that there are
ten bits per serial byte and with a baud

reading every 50 milliseconds, which
works out at 20 readings per second, it
will only take about one reading per second. This is due to the software hold -off
looping the program for about a second

maximum transfer rate of 960 bytes per
second. In practice the maximum achiev-

received. If everything is working proper-

Although the routines provided here
are written in Delphi 1, using the methods desaibed in previous Interface articles

until a new byte of data has been

ly, the counter should therefore increment at about one and not 20 per second.
A slightly beautified version of the program after 30 seconds of taking readings is
shown in Hg3, the count has reached 31. Of
course, data can be transferred at a greater
rate by increasing the operating frequency
of IC3 and reducing the time interval of the
timer component (or simply having a routine that continuously tests the serial port).

here.

Transistor TR I generates a
2.4576MHz dock signal that is divid-

1_'7

rate of 9600 this works out at an absolute

able transfer rate would probably be
slightly less than this.

it should be possible to use other versions

of Delphi, Visual BASIC 6, or even GIV
BASIC. It is just a matter of outputting the
correct values to the serial port registers,
and then reading the base address. If a
software hold -off is needed it might be
necessary to use a different loop structure
with some languages, but it should not be

too difficult to apply the same bitwise
ANDing and looping technique to
provide the hold -off.

OD

G

Extra Outputs

One or two readers have asked

t00000 0 0 csoc:9
800000000006

t

whether it is possible to use some of a
serial port's handshake lines as general purpose outputs. The UART data
sheet would seem to suggest that the

Data Terminal Ready (DTR) and
Request To Send (RTS) handshake
outputs are respectively controlled
by bits 0 and 1 of the Modem Control

GNO

register This is at address 764 for port

two and 1020 for port one. It would

000

6006)

Ground and Receiver Data input of
the RS232C interface. These are at

also seem to suggest that certain
handshake inputs could be read at
the Modem Status register

,

However, initial attempts at writing to and reading from handshake
lines failed totally. Possibly these

lines arc implemented via some

pins 7 and 3 respectively for a 25 -pin
other means, but using them directport, or 5 and 2 for a 9 -pin port (see Fig.2. Interface connection details for 25 -pin and 9 -pin ly seems to be something less than
fig.2).
serial ports
straightforward.
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New Technology
Update

Transistor technology is poised for some major

advances in the near future, reports Ian Poole.

Is just over fifty years since the first
(transistor was made at Bell Labs. Since
Itransistor
then many advances have been made,
enabling the performance to be improved
beyond all recognition.
Bipolar technology has improved from
the early transistors that had cut-off frequencies of only a few kilohertz and low
gains to the state where r.f. transistors are

Fortunately, it is possible to control the
way in which this curling takes place. By
rolling it in a way that gives a straight mol-

One of the problems results from the

ecular alignment the nanotubc behaves like
an ordinary conductor. However if the curl

is arranged so that molecular structure is
twisted then the nanotubc behaves like a

problems arising from impurities. Tly gate
insulation area is one where this is particularly apparent. The very thin gate insulation has lobe completely free from impu-

semiconductor.

rities as a result of its extremely small
dimensions.
Atom leakage is also a problem and inter-

ment work to devise a semiconductor

A considerable amount of experimentation was required to enable the right properties to be obtained. It was necessary to
have the right amount of curl. In fact, the
early nanotubes consisted of multiple concentric layers. However, the nanotubcs that
arc used now consist of just a single wall
comprisine of a single atomic thickness.

amplifying device was initially focussed
towards the development of a field effect

Transistors

available that can operate to frequencies of
many Gigahertz and with much higher levels of gain than were previously possible.

Not only this, but field effect transistors
(f.e.t.si are now widely available.
It is interesting to note that the develop-

device. However, they were unable to make
the effect work, and they changed the line of

the investigations which resulted in the
development of the bipolar transistor.
It took a few years before the field effect

transistor was widely available. F.E.T.s
also had a major impact on integrated cir-

cuit technology, enabling the degree of
integration to be considerably increased.

With transistor technology now very
mature it might be thought that the rate of
deselopment would slacken as fewer Joelopments were possible. However, nothing
could be further from the truth. Many new
ideas are surfacing, and these will enable
transistor technology to surge forward and
meet the demands to tomorrow's technology.
both in perfomiance and size.

minute dimensions used in these devices. It
makes them less robust and more open to

connection resistances also have to be investigated. The experimental des ices produced

so far have had problems arising from the
very high resistance between the nanotube
used for the channel and the contacts.
In current experimental devices the resis-

tance has been of the order of one
mcgohm. Clearly there will he many

Having developed the basic semiconductor the next major hurdle was to deselop a
useful device. Surprisingly. two organisa-

tions announced they had succeeded. In
1998 the IBM Thomas Watson Research
Laboratories and the Delft University in

advantages to be gained from reducing this

salue. By comparison the discreet le.t.s
that are widely used in today's circuits
have channel resistances of only a few
hundred ohms. The higher values currently

being obtained in the new devices will

Holland both claimed they had managed to
fabricate a transistor using this revolutionary new technology.

reduce the high frequency performance of
the whole circuit in which they are used.

The device consisted of a single nanotube having a thickness of one atom.

Wafer Thin

Once rolled the tube was about one nano -

that of producing suitable wafers. Those

metre in diameter. This was connected
between two electrodes that were about

that can be produced at the moment, on an

400 nanometres apart. and the whole struc-

ture was mounted on a silicon substrate
onto which a layer of silicon dioxide had
been set down to act as insulation. The

Another area that is being investigated is

industrial scale, do not have a sufficiently
fine surface to enable the minute nanometre sizes required for the new transistors to

be fabricated sufficiently accurately. A
rapid thermal oxidation process is being
developed but even when this has been per-

producing very low resistance and high current carrying capacity conductors. The nanotubes used for the transistors that arc being

nanotube then acted as the channel whose
conductivity could be controlled in the
normal way.
Although the channel length of the early
development model was relatively large it
could be made very much smaller. In fact.
some working lab models have been made
with lengths of around 40nm and it is esti-

descloped arc subtly different. forming a

mated that in future channel lengths of

gressing. It is quite possible that deselop-

semiconductor rather than an ordinary con-

only 20nni should be achievable.

ments in other areas of semiconductor

Nano -curls
The idea of nanotubes has been covered

previously within this column (December
1998 EPE), but only in the application for

ductor. Although the concept has been

As the speed of operation is primarily

known for several years. the technology is
revolutionary and until recently it has not

controlled by the length of the channel this
will result in a considerable increase in the
speed of operation. This means that con-

been possible to realise it in a physical form.
Nanotubes used for transistors have carbon walls made up from hexagonal shaped

matrices. Essentially they are vaporised
carbon that has been condensed into a
series of hexagons. To give a better view of
what they are. they can be considered as a
s cry thin strip cut out of a graphite carbon
plane which has been rolled up and sealed
at either end. The dimensions arc naturally.
%cry small, and the dimensions arc measured in atomic proportions.

The carbon hexagons that are used to
make the tubes have a natural tendency to

curl. The way in which they curl determines their electrical characteristics.
888

siderable improvements will be possible
oser the latest production f.e.t.s fabricated
using the latest 0-18 micron process which
have channel lengths of around 120nm.

Future

fected it is not expected that it will support
the sizes below about 50nm for commercial production, and this will mean that the
full capability of the new technology will
not be realised.
Whilst no obvious solution is even on the
horizon. development work is still pro-

technology may enable the requirement to
be met by the time the development of the
nanotube transistor technology has
reached a sufficiently advanced stage.
In order to introduce this new technology
onto the market new fabrication techniques
are required. This results from the fact that
the extremely small sizes mean that -quantum well effects" become an issue.

To overcome this, new materials arc

This technology is very new and still

needed and in turn this leads to the fact that

very much in its experimental stages and
much basic work is being undertaken to

new processes and lines will be required.
However with other technologies nearing

ensure that the process can be reliably
introduced into production apart from
developing the basic technology. As a
result it is likely to be several years

the end of their roadmaps. the need for new

before nanotube transistors are available.
Nevertheless. work is progressing apace.

technologies like these nanotube transistors will be required to ensure that semiconductor technology can keep up with
developments in other areas and possibly
stay one step ahead.
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CONTROL 8t. ROBOTICS
Ilford Instruments
BASIC Stamp Microcontrollers
Still the simplest and easiest way to get your project or
development work done. BASIC Stamps ore small computers that
run BASIC programmes. With either 8 or 16 Input -Output pins
they may be connected directly to push -buttons, LEDs, speakers,
potentiometers and integrated circuits such as digital
thermometers, real-time clocks and analog-digital converters.
BASIC Stamps ore programmed using on ordinary PC running
DOS or Windows. The longuoge hos
familiar, easy -to -read instructions such
as FOR...NEXT, IF.. THEN and GOTO.
PROGRAMMING
Built-in syntax make it easy to measure
CUSTOMI/ING
and generate pulses, read pushbuttons, send/receive serial data etc
BASIC STAMP COMPUTER
Stem s from £25 (single quantities).
Full development kits from £79

V.1

1111111;.

or just wanting to learn more tricks?
We stock the excellent PIC primer books
from David Benson Illisuitable for the complete beginner to the advanced user.

Low power, easy
serial interface
Full information on using BASIC
Stamps plus lots of worked

projects and practical
electronics help CD-ROM also
includes 30+ past magazine
articles and Stamp software

£29.95

I

SERIAL LCDs
Bannish the hassle of interfacing to LCD displays.
We stock a comprehensive range of alphanumeric and Graphic LCDs
all with on easy -to -use standard RS232 serial Interface. Sizes from
2x16 10 4x40 plus 128x64 graphic panels.
Prices start at £25 (single quantity)

Stamp2 based 3 -axis machine

StampBug

Stepper drive to X Y and Z cues with 0 Imre
Ixthoul resolution
Kit conains pre-modsined frame components
Compk'e
Itr d:"

Stomp I based walking insect
Fc,...ords backwards and left/right turn when
tee'ors detect abed in path Up to 2 hours

pcbs

Full kit at £249, Part kit at £189

icwing from 4sAA N,cods Chips par
c iogrommed but programme may be changed
sciftwore supplied) Body porn pre ad

Full kit £68

BigFoot
TecArrne

Stompl based walking
humanoid
Walks forwards/bodnvords
with left and right turn when

New range of robotic owns
for educational rand hobbyiu use
with super powerful servos.
Controlled from PC (Windows
freroviare provided) or ham optional
Stands about 450mm

detects obstacles Electronics
pcb pre -bush and tressed
vt!-- 1.

kg when fully extended
Kit includes dl pre-cut body
parts. servo controller board.
servos and soltsvore. Requires 9v I>: Kite sk-.et at C1189

Programme pre-lcoded bu
may be changed with
suppled soFtwore

Full kit C68

Alex Animated Head
.41 .2 re re,:cd p'7,bor/

On Screen Display
Superimpose text onto
standard CCTV from simple
RS232 serial lino.

Head kits start at £29. Controllers from £29

Ready built/tested at £59

IR Decoder Board
Coned your protect using a standard domestic

IR rend!
7 Output lines l5' 0 20rnA) may be set to
momentary or toggle action
S'frpte teaching routine. Requires 9- I NIX
ed built and tested

£29 single quantity

Milford Instruments
120 High Street, South Milford, LEEDS 1525 5AQ
Tel:

01977 683665 Fax: 01977 681465

Servo Driver Board
Control up to 8 standard hobby servos from on R5232
serial data line using this controller board Simple command
structure holds servos in position until update is received
Fully bush and tinted- requires 9vOC and servos. Supplied
Windows freieware

£29 single quantity. Optional keypad available

All prices exclude VAT and shipping.
BASIC Stamp is tile registered trademark of Parallax Inc. For further
details on the above and other interesting products, please see our web site-

www.milinst.demon.co.uk

Special Series

PRACTICAL
OSCILLATOR
DESIGNS
RAYMOND HAIGH
Most text books deal with oscillators in a theoretical way. This series, prepared with the
electronics enthusiast and experimenter very much in mind, is intensely practical. Tried and
tested circuits are fleshed out with component values, and their vices and virtues are exposed.

PART SIX- RESISTOR/CAPACITOR OSCILLATORS
0 FAR we have covered oscillators which rely on quartz crystals or inductors and capacitors to determine the operating

frequency. In this final pan of the series, circuits in which
resistors and capacitors perform this function will be considered.
Resistor/capacitor (R/C) oscillators arc widely used for the generation of specific waveforms (e.g.. sine. square. sawtooth) over the
5Hz to 50KHz range. Circuits of this kind will oscillate from well
below I Hz to above 2MHz, but a high degree of frequency stability and waveform purity becomes increasingly difficult to achieve
above 100kHz or so.
Resistors and capacitors fix the frequency of oscillation by controlling the phase of feedback. or by timing the action of switching circuits.

PHASE SHIFTING

The signal at the base (input) of a common emitter transistor
stage is 180 degrees out of phase with the amplified signal at the

collector (output). For oscillation to take place, feedback from
collector to base must be in phase, and the output signal must.
therefore, be shifted through 180 degrees.

This can be achieved by inserting a network of resistors and
capacitors in the feedback path. the component values determining
the frequency at which the desired phase shift takes place. In this
way. the RiC network fixes the frequency of oscillation.
If care is taken with the associated circuitry, phase shifting R/C oscillators can generate sinesv as eS of high purity. The Wien bridge oscillator is the classic example of circuits of this kind. Here, the R/C network
is configured to gise zero phase shift at the frequency of oscillation.

Arrangements of this kind are known as relararion oscillators.
They produce saw tooth or square waveforms which are rich in harmonics. Unijunction transistor and multivibrator oscillators operate
in this way.

PHASE SHIFT OSCILLATOR
A simple oscillator in which a network of resistors and capacitors
are used to shift the phase of the feedback is shown in Fig.l. Here.
transistor TR1 is configured as a common emitter amplifier with the
output developed across the collector (c) load resistor R2. Bias is
applied via resistor RI.
In theory, a single resistor and capacitor combination can shift
the phase of a signal through 90 degrees. This capability cannot be
utilised in practice. hov.-eser. because the signal is excessively
attenuated.

Accordingly, three R/C elements, each shifting the phase by 60
degrees, are cascaded to produce the required 180 degrees phase
inversion. Signal attenuation is reduced to acceptable limits, but the
amplifier must still provide a gain of at least 29 times for oscillation
to be maintained.
In Fig. I, the combinations of R3/CI. R4/C2, and the input resis-

tance of TRI (in parallel with RI) combined with capacitor C3,
form the three stage phase shifting network. It should be noted that
the capacitors and resistors in the network have the same value.
Increasing the amount of resistance and/or capacitance will lower
the frequency of oscillation: a reduction will raise it.

RELAXATION OSCILLATORS
Capacitors take time to become charged sk hen a d.c. voltage is
applied across them via a resistor. The larger the values of resistance
and capacitance in the series circuit. the longer the charging time.

The rising voltage
across the capacitor.
as it is being charged.
can be used to trigger
a change of state in a

transistor switching

If this also
results in the capacitor being discharged.
stage.

the cycle will

start

again. and we time a

circuit which oscil-

PHASE SHIFTERS
A srnple phase shifting oscillator suitable for generating spot frequencies is
given in Fig.). The usual formula relating
frequency to resistance and capacitance
in circuits of this kind is.
= 65000
RC

when t is in Hertz. R is in ohms, and
Cis in uF.

With this particular arrangement. the

lates at a frequency
determined by the

frequency of oscillation is usually about 20

amount of resistance

calculation.

per cent lower than the figure derived by

and capacitance.
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Fig. t. Circuit for a simple spot frequency sinewave oscillator.
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Combinations of resistors and capacitors
can be used to fix the frequency of an oscillator. They do this in two ways.
(1) By determining the phase of signals in
a positive feedback loop. Circuits of this kind
can generate high quality sinewaves.
(2) By timing the switching of the maintaining devices between on and off states.
Arrangements of this kind are known as
relaxation oscillators. They generate square.
sawtooth or pulse waveforms.

cs

A,

In

hich imparts zero phase shift at one
frequency.
Because there is no phase shifting within the

IRK network at the frequency of oscillation.
maintaining amplifiers for Wien bridge oscilla-

6,10.4. OJT

71 RYA. wrtli
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tors must have two stages. (Each stage Imparts a
shift of 180 degrees and this results in the output
being back in phase with the input). Provided the

gain of the amplifier is three times or greater.
oscillation will be maintained. With such a modLst gain requirement it is not difficult to apply
Fig.2. Circuit diagram for an adjustable spot frequency sinewave oscillator with an heavy negatise feedback in order to stabilise sigoutput buffer stage
nal amplitude and improve waveform quality.

COMPONENTS
Capacitors used for phase shifting or timing should be polystyrene, polyester, or Mylar film types. When identical capacitors
are required (see Figs.). 2 and 3) they should be of 10 per cent
tolerance or better.

Note that this only applies to the circuits given here. Some
phase shift oscillators require 1 per cent tolerance components
before they will operate reliably.
The circuit is essentially a spot frequency signal generator which
can operate from below 50Hz up to more than 50kHz.
waveform is of tolerable quality, but the impedance of the accepting
circuit must be high or oscillation may be inhibited. An impedance
of 47kilohms, which halves the signal output, should be regarded as
the acceptable lower limit for reliable oscillation.

IMPROVED PHASE SHIFT
OSCILLATOR

WI the addition of two pre-set resistors (potentiometers) and an
output buffer stage. TR2. the performance of the circuit is consider-

ably improved. The modified version of the circuit becomes an
adjustable spot frequency oscillator and is shown in Fig.2. The
upper frequency limit is around 60kHz, and the amplifier must have
a gain of at least 29 times in order to maintain oscillation.

Negative feedback developed across the unbypassed emitter
"resistor", preset VR I, reduces the gain of transistor TR I. Setting
this resistor so that the circuit will only just oscillate results in the
generation of a sinewave of high quality.
Replacing pan of one of the resistors (R3) in the phase shifting network with pre-set VR2 enables the frequency of oscillation to be adjusted slightly.. (At 10kHz it can be shifted by plus or minus 15kHz).

The f.c.t. (field effect transistor) source follower stage TR2 presents a very high impedance to the oscillator and a suitably low
impedance to the accepting circuit. Gate resistor R5 is connected to
a tapping on the source resistor formed by R6 and R7. rather than
to the negative rail.
By this means, correct gate biasing can be maintained with TR2
source (s) held at about 4V, and this greatly improves the signal
handling capability of the stage. Moreover, the gate resistor R5 is
partially bootstrapped and this increases input impedance to almost
10 megohms.

Decoupling capacitor C5 will not be needed in all cases. Variable

potentiometer VR3. connected to the source of TR2 by d.c.
blocking capacitor Ch. enables the output lesel to be adjusted.

WIDE RANGE A.F. GENERATOR
The frequency selective network at the heart of most audio signal

generators wasdevised by Wilhelm Wien. a German physicist.
about a century ago. Originally used as a measuring bridge.. the
combination of series and parallel R/C elements produces a network
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Wien bridge oscillators vary in complexity,
and a simple. inexpensive, yet very effective version of the classic

circuit is given in Fig.3; a low distortion A.F. Signal Generator.
Here, the Wien network is placed in a positive feedback loop around
a 741 operational amplifier i.c. (The feedback must be in phase, so
the non -inverting input at pin 3 is used.)
A low current filament lamp LPI shunts a negative feedback path
(between output pin 6. and inverting input pin 2) in order to stabilise
the amplitude of oscillation. Bridge capacitors; CI to C8, are selected by ganged rotary switch S la and Slb. The specified values more
than cover the entire audio frequency spectrum.
Ganged potentiometers. VR la and VR I b. form the resistive arms
of the bridge and set the frequency. Range limiter resistors RI and

R2 ensure consistent operation over the full sweep of the
potentiometers.

AMPLITUDE CONTROL
In order to obtain a high quality sinewave, signal amplitude must
be kept below the level at which the maintaining amplifier begins to
overload. (Overload causes clipping or flattening of the waveform
peaks).

Automatic control of signal amplitude in Wien bridge oscillators
is usually effected by an R5I type thermistor (temperature dependant resistor). These devices arc sensitive but expensive. and here an

ordinary low -current filament lamp is used in its place.
The resistance of a lamp filament rises dramatically when current
flows through it and raises its temperature. If the output at pin 6
increases, more current flows and its resistance rises. Lamp LPI is
connected as the lower arm of a potential divider, VR2/R3 forming
the upper section. An increase in the resistance of the lamp will,
therefore, increase the amount of gain -reducing negative feedback
and hold the signal amplitude constant.
In practice, preset VR2 is adjusted to give the highest possible
output consistent with a perfect sinusoidal waveform. If an oscilloscope is not available to display a trace, good results can be ensured
by setting VR2 so that oscillation is only just maintained. A 47 ohm
pre-set should be substituted for VR2 and R3 if a supplier can be
found.
There is some amplitude "bounce" when the frequency is

changed rapidly, and this is a feature of all Wien oscillators which
incorporate a temperature dependant resistor as a control element
(the resistance heats and cools comparatively slowly). Circuits
using f.e.t.s as voltage -variable control resistors, or diodes as ampli-

tude limiters. have been devised to overcome this "bouncing".
However. unless the design is complex, they usually exhibit higher
distortion.

OUTPUT LEVELS
The simple control circuitr) places a rather low resistance across

the amplifier output, and the signal voltage available before the
onset of distortion is limited to around I V r.m.s. A larger output is

often desirable, and the buffer stage transistor TRI, in Fig.3.
provides a modest amount of signal amplification.
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RELAXATION OSCILLATORS
Charging a capacitor, via a resistor, is the most common means

of fixing the frequency of relaxation oscillators. The larger the
capacitance and'or resistance in the series circuit, the longer the
Charging time and the lower the frequency of oscillation.
A widely used circuit of this kind is the astable multivibrator, and

a version which permits some adjustment of the operating frequency is given in Fig.4.

The frequency determining networks comprise R3,C2 and
RS'Cl. For an equal mark/space ratio (off pulses and on pulses of
equal duration). R3 arid C2 must be identical to 146 and Cl.
A very approximate formula relating frequency to resistance
and capacitance is:
f= 700000
RC
when f is in Hertz, R is in ohms, and Cis in oF.
The frequency of oscillation is very dependant upon supply voltage and, to a lesser extent, transistor types. and the formula is
inevitably approximate. The output is a square wave with a
rounded leading edge.

Emitter (e) resistor R5 is unbypassed, and the resulting negative
feedback reduces gain to the required level and improves linearity.
In theory, the gain of this stage is approximately VR3 divided by R5
(i.e., four times), but, in practice, it is rather less than this. Base bias
is provided by resistor R4. CIO is a decoupling capacitor, and Cll
blocks the flow of d.c. into the accepting circuit.

Fig.4. Circuit for an astable multivibrator, with frequency

PERFORMANCE

shifting arrangement.

Although simple and inexpensive, the A.F. Signal Generator circuit performs well when preset VR2 has been correctly adjusted.
Distortion figures as low as 01 per cent are claimed for circuits of

this kind, and a check with an oscilloscope will reveal that the
sinewave is of high quality.

Output level remains constant over fairly wide shifts in supply
voltage, and across the switched ranges. Oscillation is maintained
up to 70kHz, but performance begins to fall off a little after 30kHz
Of so.

Constructors would have to commit themselves to considerably

more expense and effort in order to realise any significant
improvement on this circuit. Note that the oscillator will not function correctly if a lamp with a higher wattage rating, or a lower
working voltage than 6V. is fitted.

RELAXATION OSCILLATORS
The most common fonn of relaxation oscillator is the astable (i.e.

beyond the thousandth). A typical circuit arrangement, with the
addition of frequency adjusting refinements, is given in Fig.4.
two common emitter transistor stages. TRI and TR2, act as
switches, and their bases and collectors are cross coupled by
capacitors CI and C2. Base biasing is supplied by R3 and R5. These

resistor and capacitor combinations, R3/C2 and R5/CI. act as the
timing networks which determine the frequency of oscillation.
The coupling capacitors alternately charge, via the bias resistors.
and discharge, via the transistors, and the rising and falling voltages
on the capacitors switch the transistors on and off, thereby maintaining the circuit action. The frequency at which the switching, or
oscillation, takes place is, of course, determined by the time constants of the R/C combinations.
Collector loads are formed by resistors R2 and R7. Capacitor C5
decouples the circuit from the supply line and C4 blocks the flow of
d.c. into the accepting circuit.

non -stable) variant of H. Abraham and E.
Bloch's multivibrator. Conceived by the two
Frenchmen in 1918, the name "multivibrator"
wasgiven to this type of circuit because the
output is rich in harmonics (they can extend

WIEN BRIDGE
A network of resistors and capacitors,
known as a Wien bridge, is used to determine
frequency in most professional audio oscillators. With this network, phase shift is zero at

one particular frequency. A typical circuit is
given in Fig.3.
The resistors and capacitors in each arm of

the bridge (VR1aVR1b and C1/C5. C2/C6.
etc..) are of equal value, and the standard for-

mula relating frequency to resistance and
capacitance is:
= 160000
RC

when f is in Hertz, R is in ohms, and C is in

pF. The actual frequency of oscillation

is

around 10 per cent lower than the figure indicated by calculation, and the ranges quoted in
Fig.3 are based on actual measurements.

The amplifier need only have a gain of
three times for oscillation to be maintained.
This modest requirement permits the use of
heavy, amplitude controlling negative feedback. and the quality of the generated
sinewave can be extremely high.
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Fig.3. Circuit diagram for a low distortion a.f. signal generator.
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ADJUSTING THE FREQUENCY

66S

The operating frequency of simple astable multivibrators is very
dependant upon supply voltage. Their frequency can also bc shifted
by applying a variable bias to the base (b) of the transistors in order
to modify the triggering action.
Potentiometer VR I, connected across the supply via range limiting
resistor RI. vanes the voltage on the bases of the transistors. Resistors
R4 and R6 isolate the signal paths and capacitor C3 decouples the bias
supply. This arrangement permits a fairly wide adjustment of the nom-

TOP VIEW

FRECUENCY RASGES
S.Tte 46641:

2. 51O41 6 Sou
3. SOU SCOPR
A2

22/212 RON/

4

5

inal operating frequency, typically plus or minus 20 per cent.

4W TO

If a basic multivibrator is all that is required, omit VR I . RI, R4.

ss

R6 and C3.

41i

RESET

OPERATING FREOUENCY

Dg1

The timing (bias) resistors R3 and R5 can range in value from
47k to 470k. and the capacitors. CI and C2. from 470; to several
microfarads. This gives an operating range extending from subaudio frequencies to 2MHz.
Small signal a.f. transistors can be used up to 100kHz. but r.f.
devices will ensure reliable oscillation at higher frequencies.
Suitable transistor types are also included in the circuit of Fig.4.

'Cl

0

cv

1

e

SSS

OWES OUTPUT

3

ORS

t=1

Si

OUTPUT
The output waveform is rectangular with a rounded leading edge.

This rounding can be eliminated by connecting 1N4148 diodes
between the transistor collectors and the coupling capacitors. CI
and C2 (cathode (k) to collector (c)). Additional one kilohm resistors must be connected between the diode anodes and the positive
supply rail to maintain the circuit action.

Fig.6. Using the renowned 555 timer i.c. to produce a 50Hz to
200kHz pulse generator.

If the timing networks. R3/C2 and R5/CI, arc identical. the

The timing capacitors. CI to C4, arc charged via RI. VR I and

mark/space ratio of the output waveform will be equal. They do not,
of course, have to be the same, and by tailoring the component values. pulses of short duration separated by comparatively long time
intervals can be generated.

R2. but they discharge more rapidly through resistor RI. The output
at IC I pin 3 is. therefore, a chain of pulses, and adjustment of VR I
will alter both the frequency and the mark/space ratio of the output.
Increasing the value of VR I to one megohm will maximise the fre-

CMOS SQUARE WAVE GENERATOR

quency sweep with a single capacitor. A sawtooth waveform is

A CMOS (complimentary metal oxide semiconductor) digital i.e. can be used as an excellent square wave generator. A typical circuit is
given in Fig.5, where the inputs to three of the
NOR gates in a 400IB i.c. are wired together
to form inverting amplifiers. A resistor/capaci-

available, at high impedance, across the timing capacitor.
14

posirrinnr-y
61

tor timing network is connected in the feedback path between gates ICla and ICIb. The

ICIa

third gate. !Cie. is used as a buffer stage.

1C1c

ox no

Kole

Capacitors CI to C6, selected by rotary
switch SI, enable the unit to cover from 10Hz
to above 250kI1z. Potentiometer. VR I , acts as
the frequency control by varying the charging
and discharging time of the capacitors. Range
limiting resistor R2 ensures consistent
performance over its full sweep.

16

C1433111
TOP YEW

10

Pt

I=E1

C?

10

OUTPUT
The loading effect of the output control
VR2 reduces the available signal level.
which is equal to the supply voltage when
the oscillator is fed into a high impedance.
Frequency is affected by changes in supply
voltage, but to a much lesser extent than the
multivibrator circuit given in Fig.4. The Fig.5. Circuit diagram for a wide range. square wave generator using a 4001B quad
mark/space ratio is almost exactly equal, and 2 -input NOR gate i.c
the square wave is of excellent quality. Output
is constant over the entire operating range.
CMOS SQUARE WAVE GENERATOR
Reducing the timing resistor R2 below 10k pushes the operating
CMOS d.gital i.c.s can be configured as relaxation oscillators in
frequency up to 2MHz and more on the highest frequency range.
but performance becomes erratic.

Most inverting CMOS gates should work well in this oscillator.
and the 4011B (quad two -input NAND gate) has the same pinout
connections as the 4001 B.

SIMPLE PULSE GENERATOR
In many cases the nature of the waveform is not important: all
that is required is a signal to test or trouble -shoot a piece of equipment, or to generate an audible tone.
A very simple and inexpensive oscillator circuit, suitable for tasks of
this kind, is shown in Fig.6. Here a 555 timer, connected as an astable
multivibrator, generates a pulsed waveform. Various ranges arc selected
by switch SI and potentiometer VR I sets the frequency of oscillation.
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order to generate square waves of excellent quality. A typical circuit is given in Fig.5, where R2 and VR1, together with a capacitor, Cl to C6. determine the frequency of oscillation.
The usual formula relating frequency to resistance and capacitance for this circuit is:
1= 450000
RC
when I is in Hertz, R is in ohms, and C in siF.
The formula gives tolerably accurate results at low frequencies
but. above 1kHz or so, the frequency of oscillation is lower than
the figure given by calculation. The ranges quoted in Fig.5 are
based on actual measurements.
The circuit delivers a square wave of excellent quality with an
equal mark space ratio.
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SIMPLE PULSE GENERATOR
The ubiquitous 555 timer i.c.. when connected as an astable
multivibrator. forms a very simple pulse generator. A typical circuit
is given in Fig.6.
An approximate formula for the calculation of frequency, with
this particular circuit, is:
1=
2800000

IR 20001C
where I is in Hertz. R is the total value of VRI and R2 in ohms.
and Cis in liF.
The formula is reasonably accurate up to 5kHz or so. then the
frequency of oscillation is lower than the figure ind:cated by calculation. Again, the ranges quoted in Fig.6 are based on measurement, not calculation.
When a very simple and inexpensive means of trouble shooting
audio equipment is required, this circuit is hard to beat. The upper
frequency limit extends a little beyond 200kHz.

The device acts as a voltage triggered switch. A typical sawtooth
generator circuit is given in Fig.7, where resistor R I and capacitor
Cl determine the frequency of oscillation and R2 and R3 stabilise
the transistor against temperature variations.
Emitter (c) impedance is high when the device is off (not conducting) and low when it is on. When the supply is first connected,
capacitor CI is discharged. the emitter is at zero potential and presents a high impedance to the capacitor. enabling it to be charged
via resistor RI.
When a critical voltage (known as the "peak" point) has been
developed across the capacitor, the unijunction triggers to the on
state and the capacitor discharges through the now low impedance
emitter circuit. The voltage falls to zero, the process is repeated. and
oscillation is maintained.
A positive going pulse is available at base 1.4 ncgatise going pulse
at base 2. and a sawtooth (strictly speaking a "shark's fin") waveform
at the emitter. The impedance of any accepting circuit presented to the
emitter must he high or the unijunction action will be impaired.

Fig. 7. Simple sawtooth generator. With

the values specified for RI and Cl the
circuit wit oscillate at 1 kHz approx.
If the simplest possible spot -frequency signal generator is required. VRI and R2 can be

replaced by a single fixed value resistor. A
capacitor can be permanently wired between
ICI pin 2 and the negative supply rail. and
VR2 can be deleted. A 100k resistor and a
100nF capacitor in the timing network should
make the circuit oscillate at around II:11z.

Fig.8. Circuit for a linear sawtooth generator.

Provided the supply voltage is held between 8V and I2V, variations have a minimal effect on the frequency of oscillation. Wider
excursions cause significant shifts.

megohm ( I NI ), and capacitor CI from Inf or more down to IOOpF.

SIMPLE SAWTOOTH GENERATOR

Connecting a one megohm potentiometer in the RI position will
provide a wide frequency coverage with a single capacitor. The

A device known as a unijunction transistor can form the basis of
a simple sawtooth generator. Used almost exclusively in relaxation
oscillator circuits, it comprises a tiny strip of n -type silicon material with non -rectifying junctions (base 1 and base 21 located at either
end. A rectifying junction (emitter) is formed in a region of p -type
material along its length.

SAWTOOTH GENERATORS
A un.junction transistor can form the basis of a very simple
relaxation oscillator, and a typical circuit is given in Fig.7.
The following formula. which relates frequency to resistance
and capacitance in the timing circuit (RI and CI). produces tolerably accurate results:
800000
f
RC

when I is in Hertz. R is in ohms. and C is in I1E A sawtooth
waveform with a peak -to -peak value equal to half the supply volts
is developed across the timing capacitor.
The output of this simple, single transistor oscillator is non-linear and at a high impedance, and an improved version is given in
Fig.8. This more complicated circuit generates an extremely linear
sawtooth wave and has a low impedance output.
Because of the way the timing capacitor is charged. it is not
possible to quote a simple formula for the calculation of frequency. The measured ranges quoted in Fig.8 should, however. form a
useful guide to component values for spot -frequency versions of
the circuit.
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The value of resistor RI can range from It) kilohm to one

peak -to -peak signal output at the emitter is approximately equal to
half the supply voltage.

LINEAR SAWTOOTH GENERATOR
Whilst the sheer simplicity of the circuit arrangement shown in
Fig.7 makes it attractive for sonic applications, the high output
impedance and non-linear waveform limit its usefulness.
In the circuit diagram shown in Fig.8, the timing capacitor iCI to
C.5) is charged via a constant current generator stage. transistor

TR I. A f.c.t. source follower buffer stage. TR3. presents a high
impedance to jhe unijunction's emitter and a suitably low impedance to the accepting circuit. By these means. the limitations of the
basic circuit arc overcome.
When a capacitor is charged via a resistor, the initial voltage rise
is rapid. gradually tailing off as it approaches a fully charged state.
Because of this, the waveform developed across the capacitor is not
linear.
In Fig.8. current flow through transistor TR I to capacitors CI to C5

(via switch SI ) is controlled solely by the setting of VRI, and the
charging rate of the timing capacitor is, therefore, constant. This
results in a linear voltage rise and a more perfect sawtooth was dorm.
The buffer stage. TR3. is identical to the one adopted for the sine

wave generator shown in Fig.2. and its operation has already been
described. Frequency of oscillation is particularly dependant upon
supply voltage, and a well regulated power supply is essential for
the correct operation of this circuit. Stray capacitance acts as the
timing capacitor on the highest frequency range.
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Circuit Selection Special
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[-INGENUITY
UNLIMITED
Our regular round -up of readers' own circuits. We pay
between £10 and £50 for all material published. depending
on length and technical merit. We're looking for novel
applications and circuit tips. not simply mechanical or
electrical ideas. Ideas must be the reader's own work and

WIN A PICO PC BASED
OSCILLOSCOPE

not have been submitted for publication elsewhere.

.5eYsPs D a Crane: S*.cage Oso'xiscope

The circuits shown have NOT been proven by us. Ingenuity
Unlimited is open to ALL abilities. but items for
consideration in this column should preferably be typed or
word -processed. with a brief circuit description (between
100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw all

25,./H: Sper.:rum Ana jser
M.; t Teter ss Frequency Meter

Sgna' Gerea..or
II yCJ

circuit schematics as clearly as possible.
Send your circuit ideas to: Alan Winstanley. Ingenuity
Unlimited, Wimborne Publishing Ltd., Allen House, East
Borough, Wimborne, Dorset BS21 1PF. (We do not accept
/U submission via E-mail.)
They could earn you some real cash and a prize!

Serial Port Splitter -

device Y is effectively disconnected from

-

,Apw.. you run out of spare serial ports on
VII your PC. the circuit shown in Fig. I may
be used to effectively add another port. The
idea is to share the PC serial port between
two external RS232 devices (device X and

TTL/CMOS Ics els

device Y in Fig. I I and the PC communicates
with them one at a time.

IC3).

.

the PC.

fur manipulating by

a data selector/multiplexer. Signals on
the two sets of inputs (AO to A3 and HO to
83) are selected and routed to the output
( YO to Y3) by the Select input (pin I of
1C3.

When Select is at logic 0. signals on 1C3
port A are routed to the output port (YU-

In the circuit diagram shown in Fig.!.
ICI and 1C2 arc the familiar MAX232 voltage level translators which convert the

In this case, the Tx of the PC serial
port is connected to Rx I: Rx to Tx I and
Rx2 is held logic I (idle condition). The PC
therefore communicates with device X. and
Y3).

RS232 signal levels from the serial port of

the PC (and also from devices X and Y) to

raie a rc..e: croit idea which viculd be

of use t.o caner reae,s men a PcdTechnoicgy
PC Cased osc cscope could be yours.
Eve',s cmonths, Pco Technology WI be
aware ng an ADC200-50 dg.tal storage
osc °scope for the best IU submission. In
two single channel ADC -40s wil be
add
presented to the runners-up.

When Select is at logic I. signals on port
B are routed to the output port instead. In
this case, Tx is connected to Rx2. Rx to
TO and Rx I is held at logic I so the PC
communicates w ith device Y.
Switching between device X and device

Y is controlled by the RTS signal from the
PC serial port. RTS can be toggled by a
piece of simple software which configures
the control registers of the UART chip in
the PC.

W. 1p, Belfast.
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Fig.1. Circuit diagram for the Serial Port Splitter. Note that pin 6 of ICI and IC2 is at -10V with respect to the OV fine.
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Elderly Person Monitor - Mae Came

Circuit Special

lazencouj

.114.5f COMPOI.E

Class -D 30W Audio _
Amplifier -

ARECM:WI TO
SWAM VOA

ATIVi3Of CI

aura
roar

PRESSURE RAD

islew$

.v

CPERATED1

mom

s,

A t Dm amplifiers arrtypically class -AB in
/operation, and whilst these produce good
quality amplification they arc also quite inefficient at 50 to 60 per cent or so. A class -D
amplifier is much more efficient. with efficiencies of between 40 per cent to almost 100

per cent being possible as it is essentially a
switching circuit.

12..CACISATTOI

10ERATIO BY
CCSSIODE OR
ILAMF.COU
DOCAIr

St

II

A suggested circuit diagram for a 30W

R5T

Class -D Audio Amplifier is shown in Fig.4.
The incoming audio signal is amplified by the

ov

2 AMIE
CARLE

inverting operational amplifier ICI, with

PESO

adjustable volume controlled by potentiome-

Fig.2. Circuit diagram for an Elderly Person Monitor.
A N ELDERLY relative who resides with us

Moccasionally falls accidentally, and has
laid there for some time in a distressed state
without being able to summon help.
Consequently, a simple independent alarm

was designed and the resulting circuit

is

shown in Fig.2.

Unless a "reset" operation is applied
before a certain time period has elapsed the
alarm will automatically sound. The principle
of operation can be adapted as required and
may inspire other ideas.
While the person is in bed a pressure pad
(SI) under the mattress is held in the closed
circuit condition. This maintains the 4040 12 Stage Ripple Counter IC2 in its reset state via
transistor TR I and so the piezo sounder WDI
is disabled.

Clock pulses of approximately 1 Hz frequency arc fed continually from the 555 timer

ICI (pin 3) to the counter input of IC2 at pin
10 (CLK I, but have no effect until the person

gets out of bed (in our case, to use a commode but it could be adapted to be reset by,
say, a bathroom door) at which point the

commode or bathroom (where a scat or door -

activated microswitch. S2. automatically
resets the counter again) is long enough for
counter output Q6 (or Q7 perhaps) to go high.

the alarm WDI sounds in a neighbouring
room so that one can investigate and check
that the person is all right.
A delay of between one and two minutes
was selected to allow the elderly person suffi
cient time and also because in practice the
microswitch S2 wasn't always operated. In
our case the switch opens when the person

leaves the commode. and so IC2 begins
counting.
If the time taken for the person returning to
bed (which resets the counter) is again long
enough for the alarm to sound. then that person is standing up. or returning to bed or has
fallen. Since an elderly person is unlikely to
remain standing for more than (say) two min-

utes and is also unlikely to take more than
two minutes to return to bed. it is probable
that the person has fallen.

The prototype operated from a safe 6V
battery. which could be rechargeable.

counter is enabled and begins counting.
If the time taken to get from the bed io the

C. Embleton.
Northullerton, N. Yorks.

ter \'R1. A PWM (pulse width modulation)
signal is produced by comparing the audio
signal with a 100kHz triangle wale.
This is achieved using the comparator
106. Resistor RI3 is used to provide positive feedback and C6 is a speed-up capacitor which improves comparator response
time. The comparator output swings
between ±7-5V. The pull-up resistor R12
pros ides .7-5V whilst -7.5V is provided
by the open emitter input of the comparator
(pin 1 of 106).
When this signal swings positive transistor
TRI acts as a current sink. which increases
the soltage drop across resistor R 16: this voltage drop is enough to turn MOSFET TR3 on.
When the signal swings negative. TR2 acts as

a current source causing the voltage drop
across R17 to increase sufficiently to turn
TR4 on. Essentially. MOSFETs TR3 and
TR4 are activated alternately. producing a
PWM signal which swings between plus and
minus 15V.
It is now necessary to restore this amplified
PWN1 signal back into a reproduction of the
incoming audio signal. This is achieved by

averaging out the PWNI signal using a 3rd
order Butterworh low-pass filter with its cutoff frequency (25kHz) much lower than the
triangle vase frequency. ensuring large attenuation at 100kHz. The resulting output is an

amplified reproduction of the input audio
signal.

The triangle wave generator

Rechargeable PP9 Battery
You
discard
exhausted PP9 layer -

)I

type batteries this can
become an expensive

about 1-6V.

An ideal integrator is formed by preset

process as these batteries cost about three
pounds each. It was

VR2. capacitor C5 and IC5 which converts a
square wave into a triangle wave. Preset control VR2 allows the frequency to be altered.

decided to pros ide an
alternative
using
Nickel Cadmium cells
together
with
an
extremely
simple

and wired across the PP9 battery terminals
and they will be charged by the constant current of ICI. The on -load voltage of a fully
charged set of six cells was measured at just
under 10V with an as erage current of 25mA

The output of 105 (pin 6) provides feedback to 1C2. and resistor R14 and preset
VR3 form an adjustable attenuator allowing
the magnitude of the triangle wave to be
adjusted. After construction. VR2 and VR3
should be adjusted in order to pros ide the
best quality output. A pair of ordinary. 741
op.amps (1C4 and IC3) are used as unity
gain buffers to provide the plus and minus
7.5V supplies.
Capacitors C3. C4. CI I. and Cl2 act as

being drawn.
A steel -cased PP9 should be prised apart

charge resersoirs. and the remaining capacitors are for decoupling. The circuit requires a

its contents carefully disposed of as

plus and minus I5\' supply rail. and it will

chemical waste. then the circuit built inside
and the case folded back together again. My
present rechargeable PP9 has undergone
about 40 charging cycles during its existence
and anticipate main more - what a saving:
D. Allen. Cheltenham.

drive a 30W 8 ohm loudspeaker from the LC

Fig.3. Rechargeable PP9 circuit. Note all components are
housed inside the discarded PP9 casing.
charging circuit which is built within the
Six 1-2V NiCad cells are placed in series
housing of an exhausted PP9 battery. The circuit diagram is shown in Fig. 3.
The power for the charging circuit is pro-

vided by an external I2V to ISV d.c. power
supply capable of providing 50mA or so.
This is hooked up via a d.c. power socket

SKI which is also fitted into the battery
housing.

In this circuit ICI is configured as a constant -current (not voltage) regulator. and the
current flowing is limited by the series resis-

tor RI. The current / is 1-25/RI. hence for a
50mA current RI is about 24 ohms (220
ohms in parallel with 27 ohms will do).
898

is based

around 1C2 and 105. whereby IC2 is effectisely a square wave generator with positive
feedback provided by R7 and R11. Diodes
DI to D5 acts as a bi-directional clamp (D3
being a Zcner diode). clamping the soltage to

and

network at capacitor CI3 and inductor L2.
Note that small heatsinks maybe required for
MOSFET transistors TR3 and TR4.
I.ee Matthews,

Kirkby -in-Ashfield, Notts.
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Fig.4. Complete circuit diagram for the Class -D 30W Audio Amplifier.
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Tumble Dryer Alarm - II4 'Man iareEze Tom

Circuit Special

61
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RST

0115

V

5

II

DI

National Lottery Predictor
Fig.6. Circuit diagram for a simple Tumble Dryer Alarm.
arRIE NEED for the simple Tumble Dryer
I Alarm circuit of Fig.6 arose because our
new tumble drier did not hale a buzzer to

A sixtPLL form of random counter is illustrated in Fig.5 which may help with the
mentally -exhausting process of selecting six
entirely random numbers for the weekly
National Lottery. The circuit consists of two
CMOS 4017 decade counters each driven by

ICI. a 4060 oscillator/counter, goes low
which starts the counter. Output 14 at pin 3.
which goes high at the end of the delay period, is fed along with the output of pin 7 into
one of the AND gates of the 4081. This provides a pulsed input to transistor TR 1 which

indicate that it had finished. My wife needed
a solution but vetoed absolutely any idea of

digging into the hack of the machine and
"fiddling with the mains"!

a 555 -based clock.

activates the sounder WDI. Pin 5 of ICI

As the machine works by sensing how dry
the clothes are, the only way of knowing that
it is nearing the end of its cycle is when one
of the neon indicators on the machine extin-

Counter IC! will display tens 10-41 whilst
IC4 will display units. Therefore. a number

between 0 and 49 will be displayed on a
series of light -emitting diodes upon the oper-

flashes the l.e.d. DI when the crease care
cycle has started.
With the values shown. the delay is about
six minutes which can be varied by adjusting
the values of capacitor and/or resistor R4. A

guishes. This indicates the start of a short
"crease care" cycle after which the machine

ation of pushsw itch S2 which enables both
counters. Separate switches for tens and units
could be used instead.
Note that sometimes. numbers may repeat
and zero may also be displayed.

suitably powerful sounder would be the

stops. Some kind of optically -isolated switch
followed by a delay seemed to be the answer.

Maplin. order code FK84F. or the Squires,
code 80-015 (takes more current - 35mA1,

In the circuit diagram of Fig.6, when the

which can be heard in all parts of the house to

machine neon indicator goes out, the
ORP12 light -dependent resistor. RI.

Edward Bibby,
Woolston. Warrington.

warn that the cycle has nearly finished. M%
wife has eel -winks found it useful!
Glyn Shaw, Staines, Middx.

ensures that the voltage on pin 12 (Reset) of
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Fig.5. National Lottery Predictor -random number" generator circuit diagram.
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Narrow Band Vision
IE SYSTEM

shown in Fig.7 illustrates a
SCMi

1 simple but fascinating electromechanical

RATE

technique for transmitting a small video
image over amateur radio hands. It consists of
a simple modulator based on a Nipkow disc.

1220C

a mechanical scanning device used in early
television systems. The Nipkow disc has a
single -revolution spiral of small holes (25 in
this case) which if rotated can be used to provide raster scanning of an object.

Si&

Aa0Tca
Tat

With the circuit shown. a basic 25 -line

. m.

C.12LE .. 7

monochrome s ideo image may be sent using
amateur radio equipment over a good quality

clear soice channel. This resolution is high
enough for facial recognition of a person in

SIA

close-up. It should not be compared to a

s,,

TR1
CA...5.E C.

slow -scan system which can only send still

PK)TO

ma SE

images. Readers may also wish to experiment

-KmiSTSTCP

TRANSMITTER

TO AOC 'PUT
SOCKET OE

with other transmission media (e.g. wire -

RAND
TRANSONTTER

based audio. intercoms etc.).
The transmitter section. which also shows
the

At

locci 26

relatise placement of the mechanical

parts, is shown in Fig.7a. A Nipkow disc may
be made from stiff card. using a plate to draw
a circle I SOmm diameter or so.

Fig.7a. Circuit mechanical arrangement of the Nipkow 25 -line Transmitter section
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Fig.7b. Circuit/mechanical set-up for Receiver section.
The object to be pictured must be brightly
lit, and it is captured through a lens and convened into a narrow -hand vision waveform
by TR I. a phototransistor placed in a plastic
box behind the scanning disc. The phototran-

sistor (c.g. a PN202. but other types may
work equally well) requires a 9V supply. A
good -quality d.c. motor (say. I2V d.c.) is
powered from a single D -cell and potentiometer VR I (rated at 2W) controls its
speed. The signal is decoupled by capacitor

CI and applied to the microphone input
socket SK I of the radio transmitter.

Receiver
In Fig.7b. the loudspeaker/ headphone output is fed to a single transistor stage consisting of TR2 and surrounding components. The
1.e.d. DI is a high -brightness green device
placed in a flashlight reflector, and a piece of
greaseproof or tracing paper is placed over it
to obtain a more uniform spread of light.
With this placed underneath the "receiver"
disc, a reasonably uniform raster is obtained.
Note that the picture requires the room to be

in near darkness if it is to be discernible by
looking through the spinning disc.
The Receiver disc is routed slightly faster
than the Transmitter disc and the image will
then be visible, although it may he "rolling- or
swirling. B.!: applying very light pressure to the
receiver disc, it can be synchronised to the point
where you can get a reasonably stable image.

A flywheel, formed from an old loudspeaker magnet. was placed on top of the prototype receiver disc to add some momentum

Fig.7c Improved Receiver add-on with Scan Sync control (VR3).
and help with synchronisation. None of the

parts arc critical and substitutes may he
made.

An experimental but worthwhile modification to the receiver is shown in Fig.7c. which
offers a form of sync. control. This provides

some pulse advancement on the rcceiser
disc's rotation which is now controlled by a
transistor Darlington pair (TR3. TR4).
It is important that a good quality smooth
d.c. motor is used. and the tsso motors should

WHY
NOT
SEND US
YOUR
CIRCUIT
IDEA

base reasonably matched characteristics.
Although the circuit is not perfect, it is well
worth the extra effort.
Michael Robertson. Chasetown. Staffs.
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Circuit Special

Time-lapse Unit for Camcorder

Squash/Badminton
Scorer _

MANY camcorder owners would like to
produce more creative videos. such as

.

ormE circuit diagram in Fig.8 will keep the
score

in both badminton and squash

games and should end all those arguments
about what the score is or whose turn it is to
>en&
The two pushbutton sw itches S I and S2 are

for Player A and Player B. The umpire simply
presses the button corresponding to the player
who won the rally. The circuit then calculates

the new score and who should be serving
next.

When a typical switch button is pressed or

released. its contacts do not make a clean
connection. instead they might open and
close (switch bounce) several times before
stabilising. A typical period of time before a
sw itch becomes steady (bounce time) is 5ms,

which in this case might add 2 or 3 points to
a player's score!
One solution to get around this problem is
to check the state of the switches say every
50ms. Hence the 555 timer ICI is an astable
multivibrator which produces a square wave

time lapse films which condense slow moving sequences into a short period.
Unfortunately. time-lapse facilities arc only
found on more expensise video cameras.
All camcorders. however. have a REM
(remoter socket, for use with a manual
stop/stan lead. The REM socket on camcorders however is not the same as the REM
socket on a cassette recorder. which is basically a simple n.o./n.c. (normal open/normal
closed) switch.

Manual control of a camcorder via the
REM socket requires "pulse operation". i.e. a
short pulse to start and a second short pulse

to stop. This overrides the "pause control".
and places the camera in its pause mode dur-

ing a break in filming.
The circuit diagram shown in hig.9 uses a

556 timer. (twin 555 timers in a 14 -pin package). whereby each timer is configured as a
one-shot monostable. The output from each
timer is used to Viggo': the input of the other
timer via an RC network.
This arrangement is commonly known as a
cascade timer. The result is a dual timer with

varying on/off times and a brief negative going pulse at either one of the trigger inputs
(pins 6 and 81 every time each monostable
times out.
During each cycle, pin 6 and pin t( are held
at logic I by pull-up resistors R2 and R3. A
pair of back-to-back I.e.d.s. DI and D2 indicate whether the circuit is paused or filming.

When the output from one timer is higl, the
other will be low.
The trigger inputs A and B arc connected to

pin 1 and pin 2 of a dual NAND peripheral
driver 4010711C3). The output is then taken

0 *Pi

of approximately 20Hz. This clocks the 0 type flip-flops IC2a and IC2b.
The output from IC2a is the debounced output from button A. and the output from IC2b is
that from button B. These debounced signals
feed a JK. flip-flop IC3 as well as the clock

Ph.A.V,

is Pei la

CI Pie Al

A'

C2 Pl1. IA

1C1 eed 1 If
C7 PM 16

C1 Pin la
CA POI 114

112I1I1S.A, EA

14

el

0

inputs to two decade counters (1C4 and IC6).

10

CORN

105

ICU
2

The counters keep track of the points that
each player has scored. and their outputs will
drive 7 -segment common cathode displays
directly. The other two counters IC5 and IC7
arc for the tens of points for each player.

4031

431/

RESET

X1

In both squash and badminton a player may

=MR0009
049RA

CARPI. OJT

only gain a point if he/she was setting. If
they were not serving but win a rally. they
then serve for the next point. In this circuit

S4.41

S

=NMI A

when a player's button is pressed the corresponding counter for that player receives a
clock pulse: the counter will only increment
if the clock inhibit input is low (i.e. the play-

C

ICI

43:0
119991

er was serving).

CLOCA

The JK flip-flops will latch to "remember"
who was serving. In this circuit one can imag-

It

ine a .1K flip-flop as a simple Set -Reset
bistablc which is updated when a positive

11

a

RS

clock pulse appears on the clock input.

The first flip-flop (IC3a) is updated with
every clock pulse from the 555 timer and it
remembers who won the last rally. The second flip-flop (IC3b) is updated once all the

22131

II

buttons have been released. It copies what is
stored in the preceding flip-flop, and its out-

or
CIOCX

put feeds the clock inhibit inputs (pin 2) of

04.11fr

the counters.

II

13

II

c

II

:ET

For example, if player B is serving, the
clock inhibit input (pin 2) for counter B(IC6)
will be low and for counter A ((C.5) high. If
player A wins the rally a clock pulse goes to
counter A. but. because its clock inhibit is
high the counter does not increment. The first

9

WOW OUT

flip-flop now "remembers" that player A
should be serving next.
Once button A is released the second flipflop is updated. The circuit is then ready - if
player A wins the next point his/her score will
increase. If player B wins the next shot however, the scores will not change but the serve

raiz

X2

ma09

011,LAv 0 Yr I

1=1
12

ce

will go back to player B.
The scores for both players are displayed on
dual 7 -segment displays. Note that the person
who is serving is indicated by the decimal point
of their display being illuminated. Pressing both
buttons at the same time resets the unit.

CI PIN

CS PIN 234.14

1

CS en Au
C:1
4.71142 C7 Rai 13 14
C4 PPILII
t CI PIS 7
Ca P1P1417.140

David Liddament.
C2% ers ham. Reading.
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Fig.8. Circuit diagram for the Squash'Badminton Scorer.
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Fig.9. Circuit diagram for the Time-lapse Unit for Camcorder:
from pin 3 and connected to pins 6 and 7 of

Audio Limiter -

the second driser. This produces a strong neg-

ative pulse whenever either of the monosta-

required

the voltage across C4 rises. The voltage on

ANwhich would accept a wide input voltage
range without introducing too much distor-

the output of IC2b (pin 71 then falls. This
voltage is inverted and attenuated by IC2c

tion when limiting. The circuit of Fig.

and its associated resistors. Audio Level control VR2 adds an offset to the output of IC2c

ALtno limiter circuit

bles changes state.

Thc resulting pulse can be used to power
the Le.d. emitter in a preferred opto-isolator
snot shown) or a solid-state relay. The use of
an opto-isolator ensures that no voltage or
current from the timer unit can interfere with
the camcorder circuitry.
The whole circuit can be powered from a
9V battery. A 6V regulator ICI ensures that
set times do not drift due to decreasing bat-

'4 as

10

achieves this as well as allowing a satiable
limit level and output loci. The circuit could
be used in many areas. particularly in limiting
the signal applied to an audio power amplifier, protecting those valuable tweeters!
The design uses the MC3341)P electronic

attenuator chip ilC1). Resistors RI and R2
attenuate the input signal to a level suitable

tery voltage.

liming components VR I with C3. and

for the MC3340. The maximum level applied
to the device should be 500mV r.m.s.
The input signal is also applied to IC2a via

VR2 with C6 should give a maximum time of
271) seconds. There is no point in increasing
this time period, as camcorders automatically
shut down if left in pause mode for more than
5 minutes. The on -time can be very short. i.e..
enough to capture two or three frames.

capacitor C2. which together with diode Dl
acts as a precision rectifier. The voltage
across capacitor C4 sits at the wiper level of
Limit control VR I until the audio level

Philip Mule.
Drake's Broughton. Pershore.

exceeds this value.

At this point diode DI begins to conduct so

which configures the attenuator in its linear
region. Thc output of IC2c is then applied to
the attenuation control pin of the MC3340.
The op.amp 1C2d forms a simple comparator
which drises an Le.d. D2 during limiting.
To set up the Audio Limiter, adjust VR2 so
that the output of IC2c is at least 4V to set the
attenuator in its linear region. A higher level

can be applied to vary the relative output
level. Next, apply the maximum level of
audio and adjust VR I until the l.e.d. illuminates. Back off VR I until the Le.d. just extinguishes. Any increase in the audio level will
now he limited to the level selected.
Duncan Boyd,

Blackburn, Scotland.

-Fe
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is
14! ap

4

earn
our

'Cl
,4=134-7.e.
5

Fig.10. Circuit diagram for an Audio Limiter.
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Pulse Modulated Inverter

Circuit Special

l6 keuiy0A
Modulated Inverter circuit

DI and 132 provide protection for the transis-

iliagram is shown in Pig. I la which can be
used to operate a series -wound motor up to
I hp in variable speed mode. from a I 2V lead acid car battery. The series motor may he an

tors whilst diode D3 and capacitor C3 help
provide isolation between the driser and the

A SINGLE -MI -SE

INGENUITY
UNLIMITED

(c-4)1ihw:-

output stage.

Transformer TI steps up the input voltage
to a maximum 200V a.c. The potentiometer
VRI can be used for varying the output voltage in the range of 50V to 220V a.c.. suitable
for many applications.
Both power MOSFETs must be mounted
on heatsinks and the main On/Off switch SI
should also be capable of carrying the full
load current. The winding details of the transformer arc also gisen. a was unable to trace
the power MOSFETs used by the writer and

electric drill or the drise motor of a small
electric vehicle or buggy for example. The
circuit waveforms of various outputs are

BE INTERACTIVE
is your forum where
you can offer other
readers the benefit of
your Ingenuity. Share
those ideas, cam some

1U

shown in Fig.l lb.
In Fig.l la ICI (a 4047B) is working as a
100Hz astable which triggers an adjustable
monostable IIC2). The period of the mono stable can be varied using VR I ethe timing

cash and possibly .1
prize!

capacitor C2 should be I nE minimum ARW).

The NAND gates of 1C3 1401IB I are used

to separate positive cycle signals for the

a substitute may be needed. e.g. the IRFPG50
or similar, offered as a suggestion only. stRW

power MOS transistor TR1 and the negative
cycle signal for TR2. The two Zcner diodes

M.T. lqbal.
Rawalpindi. Pakistan
03

iN4X1
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4
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Ulna "414
CAC CUT

13

a

+1150

0

Ca

C
Cs

ate

11

I

AS170L3

C 03 ICI
3

rte 0244

Al
14

010

NC COY

-23150424711

11E1740

114

eon IC2
4,123

Val
140E3

NT -
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Fig.11a. Circuit diagram for a
Single -Pulse Modulated Inverter.
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PICO PRIZE WINNERS

0
0

,

I

0-1

,

L

1

1

1
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The finaLchoice was difficult and, after careful consideration. EPE
Editor Mike Kenward and Ingenuity Unlimited host Alan Winstanley
jointly selected the following winners from the June-Nosember issues:

1--+

0

T,

Ifs time to decide the winners of superb PICO "Fechnologs PC -based
oscilloscopes.
once
again
generously
donated
by
PICO
twww.picolech.com) for three lucky entrants whom in our judgment submitted the hest ideas published in the past six months. As always. es cry
entry was judged on a number of criteria including the extent of "lateral
thinking- or novelty. technical merit, resourcefulness. appropriateness.
and °serail completeness. Presentation was used as a tie -breaker.

1

,

0

0

O

WINNER - recesses an impre.sise PICO ADC200.$0 Digital Storage
Oscilloscope. worth over 1450!
Lee Archer - TV Test Pattern Generator (September 1999) - illustrating
the adaptation of a teletext timing chip. this circuit was considered to be
thoroughly des eloped and complete.

RUNNERS-UP - both are lucky recipients of PICO ADC -40 Single

0Ac

.....

L_

Channel PC -based Oscilloscopes.
Res. "I hos Scarborough - Loop Aerial MW Radio (August 19991. This
was a novel radio receiver design using some traditional techniques, and
we are also happy to acknowledge the contributions made by our most
ineenious Res erend.

Z. Kaparntk - One Volt L.E.D. (November 1999). A number of intriguing and professionally presented micropower circuits optimised to operate an 1.e.d. from a single cell.

Fig. I lb. Output waveforms at various stages of the circuit.
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Constructional Project

LOFT
GUARD
TERRY de VAUX-BALBIRNIE
Has the light been /eft switched on?
HI'M., a permanently -wired mains
light in the roof space is handy.
especially if you keep a lot of useful
material up there. Unfonunately. it is all too
easy to leave it switched on as any user will
testify.

If you habitually spend long periods up
there, it would be possible to increase the
operating time and details for doing this arc
given later. Similarly, you could shorten it
if required.

CHECKOUT

Once the hatch is closed, there is no
external sign that the light is on. It could
then remain like that until the next visit possibly several weeks or even months

Before beginning construction work.
check that the loft space is reasonably

later. In the meantime, a significant amount
of electricity would have been wasted.

where light from the lamp will reach it

dark when the light is switched off. Make

sure you will he able to site the unit
and. at the same time. above some place
where the sound will readily attract atten-

SELF-CONTAINED

The Loft Guard is built as a small, batten -powered unit which is left in some
suitable position inside the loft. It protects
against leaving the light switched on by
sounding a loud warning after S minutes or

other preset time. This can be heard
through the ceiling es en with the loft hatch
closed and alerts the next person passing by
underneath it.

In the prototype model. the specified
operating time was found to be sufficient. If
you happen to be working fora long time in
the loft, a Reset pushbutton switch on top
of the unit may be operated every so often
to reset the circuit and hold the sounder oft'
for a further set time interval. This switch
may also be used after it has begun to
sound to stop it.

tion - for example. near the top of the
stairs.
Of course. the unit could he used in other

similar situations. For example. to guard
against a cupboard light being left switched

on inadvertently. You could even site the
buzzer remotely if required.
The standby current requirement of the
prototype unit is less than 101 ft( A. Using
the specified 9V battery pack, consisting of
six AA alkaline cells, a life of at least one
year may be expected.

However, this will depend on how many
times and for how long the boner sounds.
While actually operating. the current rises
to some 10mA. You could use a PP3 batten'

but the life would be correspondingly
shorter.

CIRCUIT DESCRIPTION
The Lott Guard circuit works hs sensing
the change in illumination as the loft light
is operated. Switching it on triggers a timer
which holds the sounder off for the preset

delay period. If the light is switched off
during that time, the circuit will automatically reset ready for the next time.

The complete circuit diagram for the
Lott Guard is shown in Fig.l. It will be
seen that operation depends on the action
of two integrated circuits. The first of these.

ICI. is an operational amplifier top.amp)
responsible for the light -sensing aspect
while the other. IC2. carries out the timing.

Looking at ICI first. the inserting input
i pin 21 is maintained at one-half 01 supply
voltage (nominally 4-5V) due to the potential divider action of equal -value resistors
RI and R2. The non-insening input i pin 3)
has a voltage applied to it dependent on the
values of the resistors in another potential
divider.
In this case. its top arm consists of preset

potentiometer. VR I. connected in series
with fixed resistor R3 and the lower one,
Tight -dependent resistor il.d.r.i R4.

As the illumination of the l.d.r. sensitise
"window" is reduced, the resistance of the
device increases. In total darkness the spec-

ified I.d.r. will hasc a resistance in excess
is a small
amount of light. it will exceed IMO.
In tests on the prototype in the author's
loft. the "light- resistance was found to be

of 5Mi2. Even w hen there

Fig.1 . Complete circuit diagram for the Loft Guard.
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some 101)kfl. Of course, in any particular
situation this value will depend on the relative positions of the unit and loft light. plus
also the power rating of the bulb and other
factors. The point is that there is a wide dif-

ference between the I.d.r. "dark" and
"light" resistance.

MORE OR LESS
Suppose preset VR I is set to a value of
300k0. This is added to resistor R3 to give
the resistance of the top arm of the potential divider - that is, 770 kilohms.

Under standby ("dark") conditions the
resistance of the I.d.r. will exceed this
value. This will result in a voltage greater
than 4.5V appearing across it and hence at

ICI pin 3. When the loft light is on, the
resistance of the I.d.r. will be less than 770

When the voltage at the op.amp non inverting input (ICI pin 3) exceeds that at

goes low (i.e. when the light is switched
on), a low pulse is transferred, via capacitor
CI. to IC2 trigger input (pin 2). The mono stable then begins a timing cycle.
The purpose of capacitor CI is to allow

the inverting one (that is, under "dark" con-

only a short pulse to pass. This is because if

ditions), the op.amp output, pin 6, will be
high. Whcn it is less ("light" conditions), it
will be low. At the end of construction, preset VR I will be adjusted so that this hap-

1C2 pin 2 was maintained in a low state

pens under the actual conditions prevailing
in the loft.
Note that both op.amp inverting and non inverting voltages arc derived from poten-

trigger input in a high condition and this

tial dividers connected across the power
supply. As the battery ages and the available voltage falls, the relative state of the
inputs will remain unchanged. The circuit
will therefore still work correctly. Of
course, the battery' pack will eventually
develop insufficient terminal voltage to
operate the buzzer satisfactorily and it will

The reset pin of IC2 (pin 4) needs to be
kept high to enable operation of the mono stable and this is the purpose of resistor R6.

then need to be replaced.

abled and nothing can happen. The capaci-

Capacitors

tor soon charges through resistor R6 and
allows pin 4 to go high.

CI. C2

kilohms and the voltage at pin 3 will fall
below 4-5V.

Now look at IC2. This is an i.e. timer
configured as a monostablc. It may be activated by a low puke applied to the trigger
input (pin 2) - while high there is no effect.

Once triggered, the output (pin 3) goes
high and remains like that until the circuit
limes out. The operating period depends on

the value of capacitor(s) C3 and resistor.
R7. The higher the value of either or both
of these components. the greater the timing
will be in proportion.

HIGH VALUES
Resistor R7 has a very high resistance

MO meg.) and the specified component
may not be available to all readers. It could
be made up from lower values connected in
series and more will be said about this later.

Capacitor C3 will probably consist of
two separate components connected in parallel (as shown in the Fig.1.1 to provide the
required capacitance. The suggested value

(2.2/F) will give a combined effect of
4-4,ruF.

Of course, you could use a single 4-7,(F.
two 4.7pF or even one or two ilk& capacitors providing they were small enough to
fit the

circuit board layout. Such an

continuously, the monostable would never
time out since it would remain triggered.
While on standby, resistor R5 maintains the

TOM
RI, R2
R3, R8. R9 470k (3 off)

R4

'

R5. R6

KEEP IT UP
However, to allow the circuit to settle down
when switched on and to prevent possible

false triggering,

it

is held low for a short

time using capacitor C2.

R7

R10

'miniature
Ightdependent
resistor. 5M()
resistance. (5mm dia
- see text)
IM (2 off)
100M cermet film (or 3 off
33M - see text)
10M (2 off - see text)

A 0.25W 5% carbon film..
except R4 and R7

See

Potentiometer

IM sub -min TALK

VR1

vert.

During this time the monostable is dis-

POP

the course of timing), the base (b) of

47n min. metallised
polyester. 5mm pin
spacing (2 on).
2ii2 mm. metallised
C3
polyester. 5mm pin
spacing 1 2 off or as
required - see text)
Test capacitor 100n min. metallised
(see text)
polyester. 5mm pin
spacing

Darlington transistor TR I will also be
made high (close to positive supply volt-

Semiconductors

Pushbutton (Reset) switch SI may be
operated momentarily at any time to begin
a new timing cycle and so hold the warning
buzzer off. This works by taking the trigger
input low for an instant.
While 1C2 output is high i that is, during

age) via resistor R9 and diode D2. Under
standby conditions, the I.d.r. R4 will be in
near -darkness and ICI pin 6 will be high.
This also provides a high state at TRI base
through resistor R8 and diode DI.

DI. D2

Since TR I is a pnp transistor rather than
the more usual npn type, such a high state
will maintain the base at near emitter voltage and so hold it off. No current will flow

IC2

in the collector circuit and buzzer. WDI,
will remain silent.

TR1

ICI

TR I because this state is blocked by diode
DI which is now reverse -biased. However,
TR I base will be kept high by the high con-

dition of 1C2 pin 3 and the buzzer will
remain off.
When the monostable has timed out. IC2

utes. It could be reduced by using a single
capacitor having a lower value if required.

pin 3 will go low and this state will be
blocked by diode D2. Assuming light is
still falling on the I.d.r., TRI base will no
longer be made high by either path R8/Dl
or R9/D2. This allows it to go low via resis-

tor RIO and the device

is

turned on

I N4148 signal diode
(2 off).
MPSA65 pnp Darlingtotransistor
ICL7611 micropower
op.amp.
75551PA low -power time.

Miscellaneous
Si

miniature pushbutton

ViD1

Audible warning device
103dB output at 1m
minimum. 10mA d.c

switch, push -to -make

Suppose some light reaches the I.d.r. R4.

1C2 will be triggered and a timing cycle
will begin. Op.amp ICI pin 6 will go low
but this will have no effect on transistor

Using the values shown in the circuit
diagram. the timing will be about 8 min-

906

Resistors

prevents possible false operation.

arrangement would give a correspondingly
longer time period.

When the I.d.r. is dark - that is, under
standby conditions, the op.amp output at
pin 6 will be high and there will be no
effect on IC2. However, when the output

COMPONENTS

Bi

operation maximum
9V battery pack
(6 x AA cells), with
holder

Printed circuit board available from the
PE PCB Service. code 249; plastic box,
ze 138mm x 76mm x 38mm internal; 8d.i.). i.c. socket (2 off): plastic stand-off

-sulators (3 oft): PP3-type battery con. e ctor: small fixings: multistrand connect-g wire; solder. etc.

Approx. Cost
Guidance Only

£19

excl. batteries
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(remember, it is pnp transistor!). Collector
current then flows and the buzzer operates.
The fact that TR I is a Darlington transistor results in it having an exceptionally
high current gain. Only a very small base
current (a fraction of a microamp) is therefore sufficient to operate the buzzer hence
the

11+

TTbaa

ch-EgL R7

very high value of resistor RIO.

loc211.

Remember, the flow of current is in the
opposite sense for a pnp transistor com-

1.1

h

pared with npn.

X

MN+

R 67D
tOA ten y

Is
CO

111.410. or
011-1

KEEPING IT DOWN

SEE TUT

It is essential that the continuous current
requirement of the circuit is kept very low
to minimise battery drain. This is achieved

ton

by choosing very low power integrated

r

circuits.
Also, the resistors in the potential divider
chains are made very high. If the loft is reasonably dark under standby conditions, the
resistance of the I.d.r. will also be high and
this reduces still further the current flowing
through the series arrangement of VRI. R3

0j2 41°C°: c)
cL(I cs. Q-cF2*t L--3°175.3
249 1-r0

and R4.

To be effective, the buzzer must be of a
very loud type yet have a current require-

c

ment of 10mA maximum. The specified
unit (103db at 1m) was found to work very
well.

Fig.2. Printed circuit board component layout and full size copper foil master pattern.

CONSTRUCTION
The Loft Guard circuit is constructed on
a small printed circuit board (p.c.h.) and the

topside component layout and underside
track master details are shown in Fig. 2.
This board is available from the EPE PCB

Service, code 249. All components are
mounted on this except the battery holder.
buzzer and pushbutton reset switch.
Commence board construction by

drilling the three mounting holes in the
positions indicated. Follow by soldering
the i.c. sockets in position (do not insert the
i.c.s at this stage) then all other components

%, MIL

Z.:Lk

except capacitor(s) C3, light -dependent
resistor R4. the diodes and transistor. On no

account solder the i.c.s direct to the board
- it would be very easy to damage them.
Note, resistor RIO (2OMQ) consists of

two individual IOMQ units connected in
series using the pads indicated (both positions are labelled RIO). If the IOOMQ cer-

Components mounted on the completed circuit board. Note that a single cermet film
resistor has been used for R7 (see text).

POLARITIES

idea to tape over the hole in the buzzer for

Now solder the polarity -sensitive components in place. These are the two diodes and

because it is very loud!

Darlington transistor TR I. When soldering

met film type resistor specified for R7 is

the diodes note that the cathode 00 end has a

not available, connect three 33MQ resistors
in series instead using the pads provided on
the p.c.h. - the three positions arc
labelled R7.
The photographs show the single spec-

black band. When mounting the transistor.
take care to place it as shown in the photographs with the flat face to the left.
Solder the battery connector wires to the
p.c.b. If the battery holder has tag connections instead of being the more usual PP3

ified resistor being used. This is soldered
directly between the pads connecting IC2
pins 6. 7 and 8 - they arc labelled "x" in

Fig.2. If you can find no other way of
doing it, you can connect ten IOMQ
resistors in series, zig-zag fashion. and

connect the ends of the "chain" to the
"x" pads.
Connect a IOOnF "test- capacitor to
either C3 position. This will provide an
operating period of around ten seconds
which will be more convenient for testing
purposes than the full operating time.
Solder the I.d.r. in position using the full

type. use short pieces of stranded wire
instead. Connect pieces of light -duty
stranded connecting wire for the' Reset
switch S I and solder the buzzer leads to the
WD1 pads - the red one is the positive lead.

Insert the i.c.s in their holders. with the
correct orientation. These are both CMOS
devices and could possibly be damaged by
static charge which may exist on the body.
To avoid possible problems, touch some-

thing which is earthed (such as a metal
water tap) before unpacking them and handling their pins.

length of its end leads for the moment. If
the specified miniature type of I.d.r. is not
available the larger ORPI2 type could be

TESTING

used. However, it would take up more
space and would need a certain amount of
adjustment to its position.

basic test before mounting the circuit board
in its box. This will allow any errors to be
corrected more easily. It would be a good

Most readers will wish to carry out a
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the moment to reduce the sound output

Cover the I.d.r. with a piece of black
p.v.c. tape to simulate placing it in darkness

(or be ready to work in darkness). Adjust

preset VRI to approximately mid -track
position and connect the batteries. Keep the

switch wires separated so that the bared
ends cannot touch.
Working on an insulating surface (such
as wood or plastic) to prevent short circuits
at the p.c.b. tracks, place the AA cells in the
holder and connect it up. Peel back some of
the p.v.c. tape to allow some light to reach
the I.d.r. - the buzzer may' give a momentary "chirp" which may be ignored.
After about ten seconds or thereabouts
(remember, the timing has been reduced)

the buzzer should sound. If you re-cover
the 1.d.r.. it should stop immediately..
Similarly, if you touch together the switch
wires, it should stop.

If you have problems making it work,
make sure the I.d.r. window really is cov-

ered to exclude almost all light - sonic
types of black tape are far from opaque. If
necessary, carry out the test in a dark cupboard. It is not satisfactory to cover the
I.d.r. window with a finger!
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If all is well, disconnect the battery holder and remove the i.c.s, again observing the

anti -static precautions mentioned earlier.
De -solder the buzzer wires and test capacitor C3.
With the required timing in mind. decide
on the value of the capacitor, or capacitors

needed for C3 and solder them in place.
Note that an elecrrolyric capacitor would
not be satisfactory here due to its inherent
high leakage current.

BOXING UP
You are now ready to mount the circuit
board in its box. This must be large enough

to accommodate the p.c.b., battery pack.
buzzer and pushbutton switch. You could
use a more compact case if you used a
smaller type of battery but, remember, this
will give a shorter life.
Arrange the internal components on the
bottom of the box and mark through the
p.c.b. and sounder mounting holes.
Remove everything again and drill these
holes. Drill a further hole rather larger than
that in the centre of the buzzer itself for the
sound to pass through. Note that the buzzer
will be mounted so that the sound is direct-

ed downwards (sec photograph). This will

allow the maximum amount of sound to
pass through the ceiling.
Mount 11w p.c.b. temporarily on plastic
stand-off insulators. You may wish to mark
the position of preset VR I on the side of the
box so that a hole may be drilled to allow it
to be adjusted more easily.

Measure the position of the Ur. "window" (top surface) and mark this on the lid

of the box. Drill a clearance hole for it.
With the lid in place, and the I.d.r. protruding. measure how much the end leads need
to be shortened so that the window will be
level with the face of the box.

Remove the p.c.b. and adjust the I.d.r.
soldered joints to give the correct clearance. It would be a good idea to leave the
leads a little on the long side because they

can be bent slightly at the end to make
small adjustments to the height.

Positioning of components and circuit board inside the prototype case. Note the
l.d.r. window-hole' and Reset switch position in the lid. -The space to the right of the
p.c.b. is for the battery holder.
Drill a hole in the lid for the Reset switch
and attach it. Solder the switch wires leading front the p.c.b. to its terminals. Drill the
hole for VR I adjustment if this is needed.
Shortening the buzzer wires as necessary.
solder them hack to the p.c.b. pads. Insert
the i.c.s again taking precautions against
static charge build-up.
Mount the p.c.b. and attach the buzzer
using a pair of long, thin bolls. Do not forget to remove any tape which was used to

reduce the sound output, during testing,
before attaching it. Insert the AA cells and
secure the battery holder to the base of the
box using a small bracket if necessary.
Place the lid temporarily in position but

do not secure it yet. Adjust the I.d.r. end
leads as necessary so that the window is
level with the top face of the box (see photograph). Take care that they cannot touch
one another and cause a short-circuit.

DON'T BE FROZEN OUT
rt

PLUS

Test the circuit under real conditions. Try

the unit in different positions in the loft to
find the best one. Leave preset VR I adjusted as far clockwise as you can las viewed
from the top edge of the p.c.b.) consistent
with correct operation. When satisfied with
the performance. secure the lid.

Check that the sound can be heard
below the unit when the loft hatch is
closed. You could remove a small amount
of roof insulation front around the case to
allow the sound to pass through more efficiently but this was not found necessary
with the prototype.
It is suggested that the unit be allowed to

sound every now and again to check the
efficiency. When the butter can no longer
be heard as it should. the batteries should
he replaced.
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READOUT
John Becker addresses some
of the general points readers
have raised. Have you anything
interesting to say?
Drop us a line!

WIN A DIGITAL
MULTIMETER
A 31 2 digit pocket -sized I.c.d. multimeter which measures a.c. and d.c. volt-

age. d.c current and resistance. It can
also test diodes and bipolar transistors
Every month we will give a Digital
Multimeter to the author of the best

Readout letter

DOS ERROR 76

* LETTER OF THE MONTH *
TELE BYGONES
Dear EPE.

Whilst looking for a computer magazine. I
came across EPE, glanced through. then
decided to purchase ii It brought back a lot of
memories. Many moons ago (mid 196(h). I
did a Government training course, to become a

Television and Radio Engineer, with the
promise of a jots at the end.

About half way through. Our instructor had
to go on a three-day course. lie returned, with
the biggest TV receiver imaginable. the first
colour TV any of us had seen. When it was

switched on it worked for just a short time,
when all at once, a bang, then smoke. The
cause was something to do with HT.
I remember seeing what seemed to be three

or four very large wisewound resistors burnt
out. These were the days when the transistor
was first brought about (actually invented in
1948 Ed); we had little if any training on
these. We were told "Not to bother checking
these they don't go faulty!" (I've heard that
one before). "Anyhow, they will never replace
the good old valve."
I did manage to finish the course and get a
jot) working for Granada Television, not to be

you were turning. This happened due to the
age of the set.
When you had done all the work that needed to he done, it was time to ask the quality
controllers to inspect the set. The first thing

and ECC81).

A.C. power was rectified with a valve. This
we replaced by a half -wave rectifier, using two

more such nonsense acts of violence ...
We were on piecework as well. We did have
a much better set to work on, namely the KB.
I don't know the model number, but this was a

showed that the bit reflected the correct value.

Single stepping past the IN? instruction in
TKSET06.BAS worked too. so I suspected a
timing issue. I duplicated the IN? instruction to
add a small delay and it worked OK.

This was using a 233MHz Pentium running
Win 98 (although the same problem occurred in
DOS mode).
Pete Shew, via the Net

directory. The files need to be installed in directory CAPIC. as expected by various file access.
ing commands within the suite of programs.
There is normally a test file on the
ETP,Toolkit Mk: path that explains this

(pk_loolkit_instaLtsi). although there was a
brief period during which the file "went Missing". It should be there sum - follow its instructions (if it's not, advise the Welvniater for that
site).

The ..L5.41C+.1' directory (folder) referred to
must be created as CAAS.I/C1VI'. (It should not
be created in the PIC directory. where it will not

hearing aids. This was sub -sub -miniature work.
and very rewarding. A resistor was just bigger

be found)
Incidentally.

readers with QBasic or
QuickBASIC can find out what a particular DOS

than a pinhead. Now I believe they use i.c.s.
I have now ordered a Iwo -year subscription
to EPE. and also (*else months back issues, I
shall also be sending for three CDs to help use.

Error number means by entering the m ram writing urea of these pmgraMi andlyping
command, for erample. ERROR 76 Then run
this one -line program. upon which the pm:nun
will halt and display a teat box containing the

I hate a lot of catching up to do!

Keith Barlow, Bury, Lanes

Isn't history fascinating! Welcome to the

and direct manipulation of the port registers

find that their un:ipped files are in the wrong

hard -wired set. i.e. no p.c.b. The KB had a
frame output transformer at the top left-hand
side looking from behind. The quality con-

modern world of electronics, Keith. Good luck

Dear EIT.
I would like to comment on the parallel port
interface software for the PIC Toolkit Slk.2 (May Jun '99). SETUP showed that the ACK bit was
not working. However, inspection with DEBUG

particular file or directory named by the user In
Toolkit's Setup this could occur if an attempt is
made to Install the pmgram with its :ipped files
being in the wrong directory. When the pm gram
is Installed from our 3 -5 -inch disk as available
from the Editorial Office. it seems unlikely that
this can happen.
However, readers who have downloaded the
program from our 1-7P site may inadvertently

serge of death, or noisy! There were many

replaced, we had to gently ease the CRT for-

TOOLKIT MK2 AND WIN 98

The ERROR 76 message ("path not found-) is
that generated by .11S DOS when it cannot find a

from?). This was to see if the valve was on the

diodes, and then replaced the smoothing
capacitors. If any other valves had to be
ward in order to do so. Part of the HT was
enclosed in an oil container, if the HT axed

Anthony Nlarshall. via the Net

they did was to lift the set up three to four
inches off the bench then drop it back on.
apparently to see the effect, if any, on the
semen! Then each of the salves was given a
good tap with the thick end of a screwdriver
(is this where the term bottle bashers came

I left this type of electronics to work with

ing the two valves (I think these were EC'S°

when I press enter to carry on with the Setup. I
get the message:,"Setup program untorecen MS
DOS ERROR 76". Can you please help me?

lead to replacing of i.f. can, or whatever it was

from one end And refurbish them. This meant

bias, clean the rotating channel sw itch, replac-

parallel port are checked is or. However.

to align anything one small turn - this could

had to pick up the sets (Murphy model 5?)

changing the onfoff switch (the one being
replaced was operated by lifting the
replacing the frame output salve and frame

and the first part of the Setup. where khe voltageand

user then you had to inject more oil! Never try

troller thought this was the best place to tie his
label, to tell the world that this set had passed
his inspection. All was well until the team
responsible for re -casing got their hands on it
and, yes you've guessed it. pulled the tag off
along with the transfonner w ires. Oh the good
old days!

mistaken with Granada Broadcasting station. I
was literally working on a conveyor belt. We

Dear HT,
I have built PIC Toolkit Mk2 (May -Jun '991

relevant error me, sari -

LOGGING EXCELS

with your "catching up". It's good to hear

LEAPING CALENDARS (AGAIN)

Dear LPL_
I've Just read Past 2 of the 8 -Channel Analogue
Data Logger (Aug -Sep '99) and have to say I like
it. I have always wanted to build one using a good

In several recent Readout columns
discussed calendars in relation to the
Millennium. We want to say a really Elig Thank

old Z80 CPU and a /Nast but even when I had
the chips I noel got around to it! lbw design is
made so easy with the PIC16I'1377.

You

Being able to upload the data to a PC is really
essential. and your comments on using Excel to
view the data are very good.

lions you.

to Mr WE. Ritchie. of Fraserburgh,

Aberdeenshire. who went to a lot of trouble to
send us a great deal of information on the subject. including tables of data. Sadly. it is i00
lengthy to reproduce here.

One of the many interesting points made

and abilities. using Bin 3.1 and Win 95. at
speeds up to 1203IH:. I do not have a Win 98
.

machine and so any info on that system's operation is useful in this contest.

have also downloaded version V13 of

is

to recover a program from a PIC I 6C8S that I had

that. whereas the changeover to a Gregorian calendar (in honour of Pope Gregory XIII) began in
1582. Britain did not adopt it until 1752. which
caused considerable controversy because, in that

lost the .ASM text for, it will make rewriting a

year. II days had to vanish ("Give us back our
11 days.'"). Greece was even later - it was the
last modern nation to make the change. in 1923.

lery useful comment Pete. thanks. All my software is tested on four machines of varying ages

I

Toolkit Mk? - I have used the dissemble function

31r Ritchie also says that ".4t the age of 78
years I make do with my Hewlett Packard 48GN
calculator. which ... has a built-in clock and cal-

endar covering a period from the start of the
Gregorian calendar to 31st December 9999".
Astonishing.'
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lot easier!

Mel Saunders, via the Net

les good to know that a design which too), me
so much time to research and implement is providing you and many other traders with a useful
tool. There were four "learning curves- involved

- getting to know the PIC16F877. the serial
memories, serial communication between PIC
and PC. plus Excel (to which I had previously
only had brief exposure when we produced At
CD-ROS1 for PICtutor)
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A WAVE FOR OSCILLATORS
Dear EPE.

This is the first letter I have ever written to an
electronics magazine. To establish. %cry briefly.
my background. I was brought up with the
vacuum tube starting in the early thirties.
Although I was keen to build receivers, money

was scarce, and I could only read about their
construction. Then came WWII and I tried to get
into Signals. but it was not to be. I served in the
infantry. Then came family responsibilities, and

the necessity to cam a tieing. and a move to
Canada in 1954.

Only now. in retirement. have I the time to
rt" myself from the valve to solid state.
What a fascinating subject it is! I find my main
"con

interests are receivers and test instruments and
have recently built a number of them, including

some from EPE. Now I have subscriptions to
foe electronics magazines from the USA. and
two from England. and of the seven your magazine stands head and shoulders above them all. I
can only say it is simply the BEST!

The series of articles on oscillators by
Raymond Haigh is excellent. the subject is dealt
with in depth and gives down to earth schematics. The articles give one confidence to go ahead

and build each type of oscillator, and indeed I
have already built some of them. and I intend to
construct nuny more.
I also have another request. and perhaps some

of your columnists or readers. better versed in
electronics than I, could provide a method and a
circuit for the testing and evaluation of toroids.
This component, as is well known. exists on the
surplus market in a vast array of sizes and mate-

rial composition, and they can be bought very
cheaply. But not knowing its composition. i.e.
iron dust or ferrite, and what frequency it was
designed for. one would hesitate to incorporate it
in any project.

Perhaps the circuit would take the form of a
BH curse tracer, where, instead of a 50Hz or
601Iz input, a standard signal generator could
activate the circuit. and the output displayed on
the scope.

I realize that a full and complete evaluation of
any magnetic material is a complex subject. full
of mind boggling maths! But it seems to me that

if we know its composition and designed frequency. this would gise confidence to incorporate the item in a project with reasonable chance
of success.

I look forward to perhaps seeing an ankle on
the above! Please keep the practical projects and
informational articles coming.

Second. when the parallel pon bits DA3 and
DA4 arc high, the soluge on MCLR should he

Tutorial and PICI6FS77 Mini Tutorial (and

When DA3 is high alone.

Logger of AugiSep '99 (which for the first time
introduced the PIC16F877 as part of a project)
did not significantly discuss code. that being left
to the Mini Tutorial.

OV, but I still

I get 4.5V onMM.
MM. so something is working. I
used a different npn transistor for the reset
instead of the BC549 specified because I could
not find that listed in any of my catalogues here
in the USA. Instead I used a generic npn with a
maximum collector current of 600mA.

I have just started working with PIC micros
and I really enjoy your magazine because of your

concentration on them. I purchased your PIC
Toolkit p.c.h. and put together this programmer
to see what I could learn and sase a few bucks. I
appreciate your work. Thanks very much.
Fred Ramsing.
University of Nesada, Reno, CSA

The Le d. is unlikely to be the cause of the
problem since its current is limited by resistor
R13 and does nut depend on the ted.'s actual
rating (which states the maximum current at
which the device can be safely operated not the
current at which it always works).

It seems probable that the transistor is to

to most readers 110Wel'ef. perhaps readers might

care to tell us we're wrong!
Be appreciate your praising words. With our
international readership continuing to gross-. in a
large part due to our EPE Online editions on the
Internet. it's good to learn what readers worldwide think of us.

BC109 have CBE. In reality. practically any
general purpose npn transistor should work if
correctly orientated, it's only being asked to
switch a very small current on and off
Having sent the above info direct to Fred he
subsequently E-maileil back: "Thanks a ton, it

works fine!!"

PICKING UP ON ED
Dear EPE.

In your Editorial of Nov '99. you say "It
seems that some of our readers are definitely not

interested in PICs". It'. not the PICs there not
interested in it's the endless discussions on code
that put them off!. I feel the same.
Why not steer clear of code and talk in terms
of Basic programming w ith which a vast number
of your readers must be familiar! I notice that
some companies offer PIC Basic compilers. Why

bother with the grief of learning code? Please
enlighten me.

Murray Cameron. s la the Net

Ali. Murray. you've misunderstood Editor
Mike's statement! By "some" is meant that "a
few"- a minority in fact -of our readers are not
interested. The vast majority most definitely are
interested in PICs at the programming as well as
the applications levels.
A couple of years for JO) back. I ran an experiment with one of my published PIC projects. I
discussed at length one aspect of the program
that contry:led the project. in order to see what

reader response would be to that extended
discussion.

Demand for back issues (photocopies only now)
of the series still continues. The success of the
series also prompted us to further develop the
concept and produce the PlCtutor CD -12031 and
associated hardware (see page 912).

I am only getting 8.2V Now the 781.005
power convener I used is only rated to supply
100mA and the Le.d. I chose draws 20mA.
but

Could there not be enough current going to the

MAX665 Flash memory programmer for it to
supply I2V? Should I replace both the power
converter to get more juice and the Le.d. to consume less?
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any of the other several computer -type' languages that I know and use. There are a lot of
readers who are similarly adept and Ishu delight

in PICs in particular' Projects based on PICs

have their address pins connected the same way.
However. pin 10 on IC6 is connected to ground,

has a pinout of ECB whereas the BC -19 and

I am not getting the correct voltage measurements and I believe it has to do with two of the
the voltage on PIC pin 4 is(cLa ) should be 12V.

optimum speed of sub -routine processing that
writing in "machine -code" can achiese. Writing
in PIC' is as second -nature to me us writing in

is part of my regular design stock I is the 11C109.

Another is the 2N3704. but note that this device

ran from March to May '98. It was one of the
most successful series that EPE has ever run.

First. when the parallel port hit DA4 is high,

processing speed.
For my purposes. 1 need the compactness and

have turned out to be amongst the most success-

I'm having some trouble getting my PIC'

components: the power supply and TR I.

There is usually a large overhead of extra code
that is generated when such transformations take
place. accompanied by a relative reduction in

ful projects we have published in our 28 (nearly

Toolkit 5142 t May -Jun 995 to work and hope you
can be of some help.

Dear EPE.

code directly. For myself. though. the type of
designs I create are not suited to compilation
from one language to another in this context.

ed correctly. Check the data sheet (or supplier)
for the pinout of the device and ensure that the
pin designations correspond with those shown in
Fig..: of the published article ( you may need to
-twist- the device if they are in a different order).
One alternative to the BC -19 (a device which

The result was astonishing - many readers
expressed their gratitude for the discussion. So
much so. that I felt justified in suggesting to Mike
the PIC Tutorial series, which we subsequently

TRANSISTOR PROBLEM

Regarding PIC Basic compilers. lam sure that
for short lengths of code writing they are probably an excellent asset for some readers who do
not have the inclination to delve into writing PIC

blame, perhaps because its pins are not orientat-

BJ. Maloney. Atherton. Canada
Be know that many readers have responded
favourably to Raymond's oscillator discussions.
Toroids-wise. though. we suspect that an article
relating to them would be too esoteric to appeal

Readout!). Es -en my 8 -Channel Analogue Data

But as to actually indulging in "endless discussions of code". we don't do so as a regular
part of PIC projects. By -and -large, the only discussion of code is when it is pertinent to explaining how a particular design should be operated.

Otherwise. extended discussions about code
from a programmer's point of view have been
confined to such educational features as the PIC

291 years of existence.'

CHILD GUARD QUERY
Dear EPE
In Child Guard (Sep .99). IC5 and IC6 both
whilst on 105 it is left floating. Is this a mistake,
or is the diagram correct?

Martin Male, via the Net
Be referred Martin's question to the author.
Tom Web. who replied:

There is no problem with pin 10 on IC6 being
connected to ground. This is required to make
IC6 continuously transmit a signal. On IC5 the
same pin should be left floating as shown in the
diagrams, since the pin is carrying information

which is not required in this design. In other
words the diagrams in the article are correct.
Toni V.eb and Max Horses, s la the Net

OVERCAST SUNDIALS
Dzar LPL.
John Becker's Musical Sundial (R.A. Bans.
Readout Nov '991 could well have its uses. Sun
time differs front clock time by up to a quarter of
an hour. It may be of interest to know the difference. Iluman beings can't read a sundial when
the sky is overcast thence the well known sundial
motto "I count only the sunny hours"), but elec-

tronics might. Even when the sun is hidden.
more light must on average arrive from its direc-

tion than from other parts of the sky. An integrating light detector might show where it is.
An electronic sundial could be rernote-indicat-

Mg. allowing lazy people like me to monitor it
without going out. If it measures light intensity it
might warn you to use sun lotion. Naturally. any.
such des ice should be solar pow end! Perhaps readers could suggest an appropriate high tech motto.

PS. Interested to see that Radio Bygones now
emanates from W'imbome Publishing. If you go
on absorbing other mags. your abbreviated title
w ill be as long as the original name!
George Short. Brighton. East Susses
Good to hear from you again George. Yes. I've

thought about Sundials for Dull Days and think
that it is feasible, although precautions would need

to be taken to ensure that only the sun's light
(obscured or clear) would be responded to and rot
other. brighter, sourres. Should I get the craving to

do Sundial Mkt, / might try this approach. and
attempt the use of just three sensors and a bit (?)
of triangulation through the PIC software - prob-

ably more of a problem than I appreciate at the
moment
Still. where's the fun without the challenge'? Radio Bygones will. of course. continue to
he published in its own right.
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Advertisement

Introductory 20% discount offer for the NEW: pc based 20MHz oscilloscope. spectrum analyser. data logger & voltmeter

1 channel version. normally - £183.83 Introductory price £149.00 inc vat. del & 1yr guarantee
2 channel version. normally - £233.83 Introductory price £185.00 inc vat. del & 1yr guarantee
From -

I...CR

VANN DRAPER ELECTRONICS LTD
Unit 5, Premier Works. Canal St. South Wigston. Leicester LE18 2PL
Tel 0116 2771400 Fax 0116 2773945
E-mail sales@vanndraper.co.uk
Home page www.vanndraper.co.uk
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FEATURES

20MHz bandwidth real time oscilloscope
40Msis digital oscilloscope
20MHz spectrum analyser
Signal registration rdata logger (1s-999hrs)

1

4

1

-:1 Y

.777

:

1 or 2 channels
Time window from 1 sec to 999 hours
8k sample buffer
Readout and cursors

Readout of trigger level
Auto. Normal & Single triggering
X Y mode

Spectrum analyser
20MHz bandwidth, 40Ms s
Selectable between 19.5kHz and 20MHz
1 or 2 input channels plus external trigger
Frequency resolution 2Hz
Readouts of centre frequency and markers
Readouts of amplitude

Voltmeter
1 or 2 channels
Auto manual ranging from 800mV to 200V
AC or DC ranges
General
Paste waveforms data to other packages
Save waveforms for comparison
Save instrument set ups configurations

System requirements
16 -bit. min 386, 1Mb ram (oscilloscope only)
32 -bit. min Pentium 200MHz. 32Mb ram
One free ISA expansion card
Windows 3.1.95. 98 or NT

Use this coupon for your order
or phone, tax or E-mail quoting EPE

Address
Tel No

Model

Description

SCP201-ISA
SCP202-ISA

tch scope spectrum analyser
2ch scope spectrum analyser

Quantity

Price each

Total

£149.00 inc vat & del
£185.00 inc vat & del

Cheques payable to Vann Draper Electronics Ltd. or debit my Visa. Mastercard or Switch:
Card No

Exp date
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Mow

Signal registrator/data logger

TECHNICAL SPECIFICATIONS
Oscilloscope
#
20MHz bandwidth. 40Ms s
1 or 2 input channels plus external trigger
Vertical - 20mVidiv to 50V div
Horizontal - 100ms div to 5Ons.div
Horizontal & vertical cursors
Readout of amplitude and frequency/time

Name

arid

-11. ./

Simple installation of ISA bus card
Remote control over a TCP network (LAN.
WAN/Internet) with multi client capability
DLL (32 -bit), Active X, LabWindows view

r

10 78 V
4 84 V

"'

Voltmeter
16 -bit for Windows 3.1. 32 -bit for 95. 98 or NT

4

cm:=11=11

4.1

Switch Iss No

Signature

Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONICS CD-ROMS
ANALOGUE ELECTRONICS
by Mike Tooley

DIGITAL ELECTRONICS

Analogue Electronics is a complete learning resource for
this most difficult branch of electronics. The CD-ROM
includes a host of virtual laboratories, animations,
diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre -designed

Digital Electronics builds on the knowledge of logic gates
covered in Electronic Circuits 8 Components (below). and
takes users through the subject of digital electronics up to
the operation and architecture of microprocessors. The
virtual laboratories allow users to operate many circuits on
screen.
FUNDAMENTALS

circuits.
FUNCTIONS

s.

The component values on all
circuits can be edited and the user
can use the simulation engine to
see how the value of each
component affect- Circuit
performance. You

3.

for u.

by Mike Tooley

Fundamentals introckices the basics
of d.gital electronics including binary
and hexadecimal numbering
systems. ASCII. basic logic gates
and their operation. monostabie

-e.

xe a
alter frequency an.
and Pol outputs on
oscilloscope or show ix

action and circuits. and t stapes :.
including JK and

COMBINATIONAL
LOGIC

graphs etc.

III. Imo.
"nmpiimentary output stage.

COVERAGE
Sections on the CD-ROM include

Fundamentals - Anglo°

Virtual laboratory - Flip -F ops

Signals (5 sections). Trar
sections). Waveshaping Cit..

sections): Op.Amps - 17 section:
covering everything from Symbols
and Signal Connections to
Differentiators: Amplifiers - Single
Stage Amplifiers (8 sections).

Introduces sequential logic
including clocks and clock circuitry.
counters, binary coded decimal
and shift registers.

Twin -T phase shifting network

Virtual laboratory - Traffic Lights

Includes SPICE circuit
simulator with over 50
circuits

GALLERY

Unique virtual laboratories
Editable assignments
Design parameters for circuits

A catalogue of commonly used
IC schematics taken from the
74xx and 40xx series. Also
includes photographs of
common digital integrated

included
study

DIGITAL SYSTEMS

A D and D A converters aro
their parameters. traffic light
controllers. memories and
microprocessors - architecture.
bus systems and their arithmetic
logic units.

from Audio Pre -Amplifiers to 8 -Bit
ADC plus a gallery showing
representative pc b. photos.

Complete hi -ti amplifier case

em logic
functions and specialised logic
functitins such as majority
vote. parity checker. scrambler.
half and full adders. Includes
fully interactive virtual
laboratories for all
circuits.

SEQUENTIAL LOGIC

Multi -stage Amplifiers (3 sections):

Filters - Passive Filters (10
sections). Phase Shifting Networks
(4 sections). Active Fitters (6
sections): Oscillators -6 sections
from Positive Feedback to Crystal
Oscillators: Systems - 12 sections

Mutoe gate c

Gallery -Wideband Amplifier

Prices for each of the two CD-ROMs above are:

Microprocessor

circuits and Circuit teChn0100Y.

Hobbyist Student
Institutional (Schools HE FE/industry)
Institutional 10 user (Network Licence)

£45 Inc VAT
£99 plus VAT
£199 plus VAT

(UK and EU customers add VAT at 17.5'0 to "plus VAT" prices)

ELECTRONIC CIRCUITS & COMPONENTS
+ THE PARTS GALLERY by Mike Tooley

TWO

APPLICATIONS
ON ONE
CD-ROM

rinalammig.

Electronic Circuits a Components provides an introduction to the pnnopfes and application of the most common types of
electronic components and shows how they are used to form compete circuits. The virtual laboratories. worked examples and
pre -designed orcuits allow students to learn. expenment and check their understanding as they proceed through the sections on
the CD-ROM. Sections on the disk include Fundamentals: units & multiples. electricity. electriC Circuits. alternating
orcuits.Passive Components: resstors. capacitors. inductors. transformers.
Semiconductors: diodes. transistors. op amps. logic gates. Passive Circuits. Active

Circuits

10111%

The Parts Gallery - many students have a good understanding of electronic theory but
Still have difficulty in recognising the vast number of different types of electronic
components and symbols.
The Parts Gallery helps overcome this problem: it wit help students to recognise
common electrOniC components and their corresponding symbols in circuit diagrams.

Se'ec!cns cn !re d sk ncrusee Components ,Components Quiz Symbols. Symbols
Ouiz. Circuit Technology

Virtual laboratory - sinusoids

£34 inc VAT
Hobbyist Student
£89 plus VAT
Institutional (Schools HE FE Industry)
£169 plus VAT
Institutional 10 user (Network Licence)
(UK and EU customers add VAT at 17.50. to "plus VAT" prices)
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Circuit technology screen

Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker
This highly acclaimed CD-ROM. together with the PICtutor experimental and development boar°
teach
you how to use PIC microcontrollers with special emphasis on the PIC16x84 devices. The board wise also act
as a development test bed and programmer for future projects as your programming skills develop. This
interactive presentation uses the specially developed Virtual PIC Simulator to show exactly what is
happening as you run, or step through. a program. In this way the CD provides the easiest and best ever
introduction to the subject.
Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence.
HARDWARE
Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PICtutor
Development Kit, plus the ability to program and test your own PIC16x84s, really reinforces the lessons
learned. The hardware will also be an invaluable development and programming tool for future work once you
have mastered PIC software writing.
Two levels of PICtutor hardware are available - Standard and Deluxe. The Standard unit comes with a battery
holder, a reduced number of switches and no displays. This version will allow users to complete 25 of the 39
Tutorials.
The Deluxe Development Kit is supplied with a plug -top power supply (the Export Version has a battery
holder), all switches for both PIC ports plus I.c.d. and 4 -digit 7 -segment l.e.d. displays. It allows users to
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM.
All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable

The Virtual PIC

microcontreer

PICtutor CD-ROM
Hobbyist Student
Institutional (Schools HE FE Industry)
Institutional 10 user (Network Licence)

£45 inc. VAT
£99 plus VAT
£199 plus VAT

HARDWARE
Standard PtCtutor Development Kit
£47 Inc. VAT
Deluxe PtCtutor Development Kit
£99 plus VAT
Deluxe Export Version
£96 plus VAT
(UK and EU customers add VAT at 17.5°. to "plus VAT" prices)

Deluxe PICtutor Hardware

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton
This CD-ROM contains a range of tried and tested analogue and digital circuit moat.nes.
together with the knowledge to use and interface them. Thus allowing anyone with a basic
understanding of circuit symbols to design and build their own projects.
Essential information for anyone undertaking GCSE or 'A' level electronics or technology and
for hobbyists who want to get to grips with project design. Over seventy different Input,
Processor and Output modules are illustrated and fully described, together with detailed
information on construction, fault finding and components. including circuit symbols, pinouts.
power supplies, decoupling etc

Single User Version £19.95 inc. VAT
Multiple User Version £34 plus VAT

designing your circuit
simply select cra mcckees from Me ends macs 'errata*.
read how they work aryl il>11 own up to Taikll )01 DMA
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(UK and EU customers add VAT at 17.5°. to plus VAT" prices)

A Web Browser is required for Modular Circuit Design - ore is provded on the EPE CD-ROM No l (see below) but most modem computers are suppled with one.

Minimum system requirements for these CD-ROMs: PC with 486,33MHz. VGA. -256 colours. CD-ROM drive, 8MB RAM,
8MB hard disk space. Windows 3.1/9598 NT, mouse. sound card (not required for PICtutor or Modular Circuit Design).

CD-ROM ORDER FORM
Please send me:

ORDERING

Hobbyist Student

Institutional

Electronic Circuits 8 Components +The Parts Gallery

Analogue Electronics
Digital Electronics

POSTAGE

Institutional 10 user
Note: Tr.'

PICtutor

:e^:e

PtCtutor Development Kit - Standard
PICtutor Development Kit - Deluxe

Deluxe Export

Note: The

_

-se .a.cs
CO PCY s
:re K o, :es

Modular Circuit Design - Single User
Modular Circuit Design - Multiple User

Student Single User Standard Version
price includes postage to most
countries in the world
EU residents outside the UK add £5 for
airmail postage per order

User and Deluxe
Versions - overseas readers add £5 to the basic
Institutional, Multiple

price of each order for airmail postage (do not
add VAT umess you live in an EU country, men

Full name:

add 17't. VAT er

Address'

prc.i.de

oft,cal VAT

reg s:'a:.on

Post code:

Tel. No:

Signature:

I enclose cheque/PO in sterling payable to WIMBORNE PUBLISHING LTD for
Please charge my VisaMastercard: £
Card expiry date:
Card No:
L

ALL PRICES INCLUDE UK

Send your order to:
Direct Book Service
33 Gravel Hill, Merley, Wimborne
Dorset BH21 1RW
(Mail Order Only)
Direct Book Service is a division of Wimborne
Publishing Ltd. To order by phone ring

01202 881749. Fax: 01202 841692
Please supply name and address of cardho'der if different to the delivery address

We cannot reply to overseas orders Es Far
Goods are normally sent within seven days

Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Free with the November '98 issue of Everyday Practical Electronics magazine)
send £2 for this CD-ROM if you require the demos. Minimum order for credit card payment is £5.
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EPE/ETI Tutorial Series

TEACH -IN 2000
Part Two

- Capacitors
JOHN BECKER

What we are doing during this 10 -part Teach-ln
2000 series is to lead you through the fascinating
maze of what electronics is all about! We are

Through these simple steps we nope to prove to you
that using electronic components need not be a complex

assuming that you know nothing about the subject.
and are taking individual components and concepts
in simple steps and showing you. with lots of examples. what you can achieve. and without it taxing
your brain too much!

what you are trying to create. you can actually design and
build something tnat works'
Last month we introduced'colour codes and resistors.

IN that fascinating bag of parts that you
bought. you will see a number of blue
(or black) tube -like components with

two wires sticking out of one end (see
Photo 2.1). They are some rather remarkable components called electrolytic capacitors. Find the one whose value says Ififir(F.
For this experiment consider the capacitor
to be called C1.
One wire of CI is usually longer than the
other and has a large arrow pointing at it
from the case. This wire is called the nega-

111

task and that. providing you think about each stage of

We now look at capacitors and snow you some of the
things they can acnteve when used with resistors.

%so

est

the positive power supply connection.
For the negative power supply connection
it is the author's preference to use a green

lead. although the use of black is also
common.
Note that in many circuits (including
those discussed in this Teach-lat. the battery's negative connection is taken as the

tive (-ye) wire, often shown with a "-"

common reference point against which

(minus) symbol. The other is called the
positive (+vet wire, for which a "+" (plus)
symbol may be used. This is illustrated
schematically in Fig.2.Ia. This type of construction is called radial.
A variant of electrolytic capacitor case
style is also manufactured, as in Fig.2.1b,

as shown in Fig.2.2. Clip the other power
supply lead to the board OS well. but don't
connect the other end to the batten's positive r+1 terminal .....t.
It is conventional to use a red lead for

voltage readings are taken. As such, it

is

regarded as being at zero volts (0V )

Consequently. throughout this series

Photo 2.1. A selection of electrolytic
capacitors (radial construction)

which is called axial construction and
whose +ve and -sc connections are at
either end as illustrated.

runless you arc told specifically otherwise)
the meter's CONI lead should alw ay, be
connected to the battery negative 1;onnection when taking voltage readings.
Clip your multimctcr's leads ,as shown
and set the meter to the first volts d.c. range
cs.

§
('

..n

.is

i.o

above bV. Note the
reading. WV at this
-

moment. While you
watch the meter. get a

;,t

I

friend to clip the red

I

wire to the batten's

,
.

;aw

positive 1+1 terminal.
noting the position of
the seconds hand on
his watch as he does
SO.

i)
tIF
-

Fig.2.1. Typical case styles for electrolytic capacitors.

A CURVATURE IN TIME

Ftg.2.2 and Photo 2.2. breadboard lay-

out for the first resistor capacitor tim-

4,4

111

..--

(Girls. ladies. for-

give the use of -heand "his" lofts of reference - it would be
tedious to this author's

typing linger to keep
giving the feminine

form as well the mosculine. he/she. hishers
and so on. We know that females of the

ing experiment.

species are also interested in electronics!)

breadboard with its leads orientated as indicated by the + symbol in the diagram (the symbol, although marked on the capacitor.

shown. Insert terminal pins for the power

is often not shown in layout diagrams).
Now fit a 100kS2 resistor (call it Rh as

tery's negative I -1 terminal and to the board

soon as it shows a reading of 2V. At which
point your friend should tell you the number of seconds that have passed since clipping the red lead to the battery.

Referring to Fig.2.2. plug ('I into the

914

Watch your meter and yell "NOW" as

supply connections (see Photo 2.2).

Clip one power supply lead to the bat-
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Continue watching and timing and yell

PANEL 2.1 - A.C. AND D.C. VOLTAGES

again when the meter reaches 4\' and again

at 6V (assuming you haven't run down
your battery since last month's Teach -In if you have. get a new onc!). Leave the bat
[cry fully connected vs hile you consider
your results.

What timings have you got for the 2V.
4V and 6V marks? Hopefully, about 4 seconds for the 2V, 10 secs for 4V, and. oh about 40 to 50 seconds? And what do you
make of these timings? The voltage steps
have been at 2V intervals. yet the timings
have become progressively slower for each
step.

Let's now do things backwards. Watch
the meter and tell your friend to note the
seconds hand again as he unclips the red
lead front batten' positise and clips it (do it
quickly) to the battery negatise. You now
yell out when the meter shows readings of

Alternating (a.c.) voltages arc those that
repeatedly change their magnitude above

and below a midway reference voltage
level (often taken as OV. as in mains elec-

Indeed the term voltage merely represents
a concept rather than something that actu-

tricity supplies, but may be other soh -

ally flows. As an ancient (1962) copy of

ages). Direct (d.c.) voltages are those that

the Penguin Diatonary of Electronics puts
it: "Voltage. Strictly. a difference of electric potential expressed in volts. However.

remain at any fixed voltage level, either
above OV or below it.

Strictly speaking. a.c. and d.c. actual-

ly mean alternating current and direct
current and, as such, to use the terms
a .c. voltage and d.c. voltage is incorrect.
However. for some unknown reason. the

and d.v. (which would be
more appropriate when referring to
terms a.v.

alternating and direct voltages) do not
seem to exist.

will see, too, that timings have again
become progressively slower for each 2V

across the plates as available from the source.

step.

When the soltage source is removed. the
plates will retain their charge until a conductor of sonic son is connected across them. As
soon as there is a conducting path between

Don't worry if the actual timings you get
are somewhat different to ours. for a start
you are not using an accurate timer. secondly, the actual values of a capacitor compared to its stated value can differ by es -en
as much as 50Ci (more about this in due
course).

Additionally, your battery is probably

the term is used more generally as

a

synonym for electrical potential".
Voltage is ccnainly a more convenient
term and ties in with the fact that the unit
of measurement for potential difference
(p.d.) is the volt, for which the symbol is V
Note that you may encounter another
term instead of voltage or potential difference. electmmotive force te.m.f.t.
1

the die/et-trill. and the amount of resistance
existing in the connection path (including the
capacitor's internal resistance). If the voltage
is applied for sufficient length of time. es entually there will be virtually the same voltage

4V, 2V and OV.
This time you should have found that 4V
is reached after about 4 secs. 2V at 10 secs
and (almost) OV at about 40 to 50 secs. You

It can be arcucd. !limey er. that it is not

the voltage that flows, but the crim.rir.

the two plates, the charge begins to flow
from one to the other. trying to return to the
previously uncharged state. The discharging
rate is governed by the same factors as controlled the charging rate.

not supplying exactly 6V. Furthermore, the
resistance of your meter (which you estab-

used in electrical and electronic circuits in
a variety of ways:

To simply store a voltage until

it is

needed

To smooth out fluctuations in voltage
levels

In conjunction with other components.
such as resistors for example. to determine
the rate at which voltage changes occur at a

particular point in a circuit
To shorten or extend pulse lengths

To transfer changing differences in voltage levels between one side of the capacitor and the other. in other words. to allow
alternating (a.c.) voltages to he transferred

lished last month) is forming a potential
divider with resistor RI. so fractionally
"pulling doss n" the voltage at the junction

whilst presenting direct nix., soltages

of CI and RI.

from flowing front one pan of a circuit to

What you have just demonstrated is that
when a voltage is applied to a capacitor via
a resistor, the capacitor starts to charge up

another (see also Panel 2.1)

with the soilage. commencing at quite a

The amount Of electrical charge that a
capacitor can hold is known as its capacitance VailW (surprise. surprise!). and the
unit which is used to define it is the Farad.
It is named after another electrical pioneer
in the nineteenth century, Michael Faraday.
lie was a Londoner. born 22-9-1791. died

CAPACITANCE VALUE

fast rate, but then more slowly as its charge

increases. until near the end of when the
voltage on the capacitor is close to that of
the battery', the charging rate becomes
almost imperceptible. You have also shown
that the opposite is true as well (i.e. during
discharge).

25 -S -I867.

The charge/discharge property of a

!store intimate information about Farad
satires is given in Panel 2.2.

capacitance -resistance combination has the
most profound effect upon the whole realm
of electronics technology.

But, before we examine the results of
your timed yelling, let's first have a look at
the basic nature of a capacitor.

WHAT IS A CAPACITOR?
A capacitor is a component which has

the capacity to store electrical energy
(hence its name). In this sense. capacitors
can be thought of as a type of battery, but.
unlike a battery, they do not depend on a
chemical reaction for this function to occur.
Rather, they take advantage of a convenient
fact of nature that prevails when two metal
plates are placed close to each other, but
not touching, and a voltage source is connected across them (see Fig:2.31.
At the moment that the voltage is applied.

an electrical charge

is

transferred to the

Fig.2.3. Basic construction of a simple
capacitor.

national standard used in some cases.
Gisen enough time. all of the electrical
charge stored across the plates will reduce
to zero. But, you may ask. what happens to
the electrical charge itself! Principally.. it is
cons cried into heat in the discharging conductor and capacitor's internal resistance.
although in extreme circumstances some

could be converted into light or radio

The circuit diagram for what sou have

just been doing on your breadboard is
shown in Fig.2.5. (We didn't continent on
the battery symbol in Part I. make a mental
note of it now !)
We'll say more about capacitors later. so
back to your timing results
.

you won't notice any
temperature change in

the capacitor or the
conductor.
A capacitor's ability

to be charged by a

applied, the material from which the plates

voltage and to hold the
charge (almost) indefi-

substance which lies between them (called

Those used in EPE arc the ones to the left
of each pair.

energy. In normal use.

plates at a rate depending on the soltage level

arc made, their total area, distance apart, the

There arc several symbols that can he
used to represent a capacitor, as shown in
Fig.2.4. Some represent the type of capacitor. hut there are also differences of inter-

nitely allows it to be
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Fig.2.4. Commonly used symbols for capacitors.
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With a 6V supply. the 63';',. voltage is
3.78V (6 0-63). shown alongside the CR

volts
sees

value.

DISCHARGE GRAPH

TIRE COMMIT =

So. we have illustrated the charging up
of your R -C combination. The discharge

C R = CR =

illustration is similar': but in reverse. Return

Lea

3.79/

the time scale value to T = 10 secs. then
Press <C>.

6

MCII-/
COetTROIS:

5
4

Vs

3

1 Vc =

The blue line has changed its position

seTtk

2
R

though. The reason is simple, again by con-

sention. it now represents the 63q. level

`T

1

1;tt

e

ta T IttE

seca/a I o

Photo 2.3. Capacitor charging graph displayed on the interactive computer screen.

DISPLAY GRAPH

for the charging rate. and:

software demos. From the main menu

Vc = Vs (EXP(-t / CR))

select Resistor -Capacitor Charging Graph.

for the discharging rate

On entry to this display you will see
rising graph on a grid. similar to that in

where:

Photo 2.3. This particular graph is that for a
IzIF capacitor and IMO resistor, a combi-

Vc = voltage across the capacitor
Vs = voltage across the capacitor/resistor

nation whose timings would he far to fast
for you and friend to keep pace with!
As with the resistor display examples
associated with this demo. At the top right
you should see C highlighted and its value
as IriF. Press the <'> key 'multiply) twice.
On each press the graph will redraw to suit

the changed value. You should see C =

series

Fig.2.5. Circuit diagram for the capaci
tor charge/discharge experiment.
to that 63',; voltage is termed its time -constant. which is the salue obtained when the

100z(F after the second <> press.
Press the down arrow key once to select
factor R. Press </> (divide) once to set R =
100 kilohms. Press the down arrow once to
select V. then press <-> (minus) four times

capacitance (C) and resistance (R) values are

to set V = 6 volts. Again press the down

orders of magnitude. In the example

arrow to select T. and press <*> once to set
T = 10 secs.

shown. C 11000F) is expressed in micro farads (100) and R 1100k0) is expressed in
megohms 10-1). resulting in a CR value of

TIME CONSTANT

10 seconds (100 0-1). as shown to the

In front of you now is the graph that
illustrates how an ideal (and "empty" -

right of the display.

uncharged) 100uF capacitor charges via a

100k0 resistor when a voltage of 6V is
instantaneously applied to it. The vertical
axis of the graph represents volts. and the
horizontal axis shows elapsed time in seconds. The time between each horizontal
step is the value shown times 10. because T
has been set to 10 seconds per division.
Look closely at the graph. Where it
reaches the 2V grid line, you can just about
estimate that the time taken so far is about
4 secs. It's clear to see that 4\' is reached at

about 10 sees, and that it has just about
reached 6V at around 50 sees. You can
select a "magnified" view of the 2V mark
by pressing <-> to make T = I secs (excuse
the mismatch of singular and plural!).
Why the blue horkomal line just below
41'?. you must be wondering. By convention.
the line represents the 63' level of the power
supply voltage across the resistor/capacitor

below the staning voltage or 379 above the
termination voltage, in this case 6V and OV
respectively,
The rate of change is said to be exponential. and in its calculation you ideally need
a scientific calculator (and the knowledge
of how to use it). because the formula is a
hit complex:

Vc =Vs x(1 - EXP(-4 / CR))

\'.e can illustrate a capacitor's rate of
charge and discharge using another of our

last month, you can change the values

The curve now starts high, at 6\' and
smoothly descends to OV. It crosses 4V at
about 4 secs. 2V at close to 10 secs, and
reaches OV round about 50 secs - just as
we predicted earlier, and you were probably close to it w ith your experiment.

multiplied. It is generally referred to as the
CR (or RC) value.
It is important to note that the units for C
and R must be expressed with the correct

t = elapsed time
CR = time constant
EXP = exponent

You will see these formulae shown, as
appropriate. at the top of the graph display.
We arc not going to ask you to memorise
the formulae or test your knowledge of how
to use them. Since you now have a computer program that does it for you. let it do the
brain -teasers! The answers for any values
not included in the C -R -V -T ranges provid-

ed can be estimated from the nearest
selected values.

What you can do more simply. however. is calculate the RC time constant, by
multiply, ing the salues of C and R. Do

PANEL 2.2 - CAPACITANCE UNITS
A capacitance value of one Farad is a
unit of charge which, in practical terms, is
far too large to be useful in everyday electrical and electronic circuits. For. convenience., the unit is usually divided and
expressed in sub -units. such as:

Microfarads. being one millionth of
one Farad. and usually written as pF
(Greek "mu" followed by a capital Ft.
although it is common for it to he written as "uF" or "mF". since many keyboards do not have the Greek symbol
readily available. (The use of "mF" is to
be deplored because it really means millifarad rather than microfarad.) It is also
common, where the meaning of the term
is implied, for it to be written simply as
"p". in component lists for instance.
Verbally. these abbreviations are often

pronounced as "mew" or "mull". For
example. a 10ziF capacitor might be
referred as having a value of "ten -mew"

or "ten -muff".
Nanofarads. being 1000 -millionth of a
Farad and usually written as "n1:".
although the "F" may be dropped where it
is implied in the context. Verbally, the

abbreviation might be pronounced "en-

eff" or just "en". i.e. a value of lOnF
might be pronounced as "ten -en". The use

of the term "nuff" is unlikely.
Pia -afar -ads. being one million -millionth

of a Farad and usually written as "pl,",
though again the "F" might be dropped
when it is implied. Pronunciation is usual-

ly "puff" las in "stairs puff him our- I.
although it might sometimes be hest,'
"pee". i.e. "ten -pee" for 100'.

series. The rate at which the capacitor charge-,
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Table 2.1: Capacitor varieties and their typical characteristics
Ceramic Electrolytic

Capacitor
Capacitance
range (F)

2.2p to

Typical

tolerance (%)
Typical

voltage rating
Temperature

c)

Mica

16u

to 10n

t Old

10u

iOn

t Orr

470n

±20

e1

±5

120

=1. ±2.5
and 15
50V to
630V

120

t5 to

C3V to

±20
100V to
1.5kV

22p

100n

2 to

-10 to

±80

.50

50V to

6.3V to
450V

250V to
600V

350V
typical

63V to
400V

63V to
630V

.1000

.100 to
.200

.35 to
.70

-200

.60

Fair

Excellent

Fair

Good

Good

Fair

Ityp:cal)
Fair Good

-25 to
.85

-40 to

-40 to
.100

-55 to
.100

-40 to
.70

-4010
-85

-55 to
.103

15XV

.100 to
coefficient (ppm -C) -4700

Stability
Fair
Ambient Temperature -35 to
range (`C)
.85

(typical,
Poor

-40 to
+85

±-20

note that the values must be expressed in
units of the correct magnitude to achieve

.80

PANEL 2.3

a valid answer, as we said a few paragraphs earlier.)

lust for a bit of idle illustration, the circuit diagram for the R -C series is shown at

bottom right of the screen. Note how the
arrow changes direction and value depend-

ing on the charge/discharge mode. The
capacitor symbol shown is that for a non polarised type (sec later, plus Fig.2.4). hut
in reality the symbol should more reasonably be that for an electrolytic when high
values of capacitance are used.

We suggest you experiment with different range values on the screen. and if you

think you can actually time some of the
graphs using your breadboard assembly, set
RI and Cl to the same values as displayed.
(Be sure to read Panel 2.3. however!)

Whilst this (arguably) is not so necessary
to observe with passite components such as
resistors and capacitors in a low voltage cir-

CAPACITOR SELECTION
Some concepts referred to in this section

are likely to be alien to you. Where they
arc not further discussed here, they will he
covered in later parts of Teach -In. We have
to mention them now as the) arc relevant to

this section - you should re -read it once
you have read the future parts. Should we
not cover something that you are puzzled

by, you can always ask us to clarify it
through Circuit Surgery or Readout pages.
There arc several factors to he considered when selecting a capacitor for a particular application, which include:

Capacitance value
Working voltage
Tolerance
Leakage current
Temperature coefficient

Stability
Unless you are involved with a particularly demanding design, it is principally the

first two which will concern you, but you
should be aware of the following:

When substituting capacitors, either
because they have failed in an existing
circuit, or because the precise type spec-

ified in the components list of a constructional project is not readily available from your normal supplier, it is
important to ensure that the replacement

performs to a specification which is at
least as good as that of the specified

35V

.100 to
-1000

-200

%tillages. tat greater titan 30V for evimple,

it is ESSENTIAL that you should allow
for the discharge time. To really ensure
that a capacitor -is fully discharged.
CAREFULLY touch a 'Okla resistor
across its +ve and -se connections for a

tew seconds - taking great care that YOU
do not tobch the vitro..
We also have to caution you (not as the
It also important to note that capacitors "Old Bill" but as friendly voices across the
can hold their charge for a while even after page!) - DO NO1 use a metal tool (e.g.
the power is switched off. Ideally. you screwdriver) to short out capacitor termishould allow a few seconds for them to nals for instantaneous discharge. It can be
discharge before handling them. With a damaging to both the capacitor and the
low voltage supply, such as OV. this is per- screwdriver (although it does make a nice
haps not critical. however, with higher spark and mini -thunder crack!).

cuit, active components Ito he met lawn
such as integrated circuits li.e.S1 and transistors can die in such circumstances.

PANEL 2.4 - CAPACITOR TYPES

time to discuss some more facts about
capacitors - first have a read of Panels 2.4
and 2.5. and then read on from here.

-150 to
-80

- BEWARE THE FORCE!

Do be warned that you should NEVER
insert or remove components from a circuit hoard when the power is switched on.

In the accompanying Experimental anick. we shall tell you about how to combine
two or more capacitors to achieve different
values. In this Tutorial section. though, it's

component.

Polyester Polycarbonate Polystyrene Tantalum Polypropylene
100n to
lOn to
to to
10p to
tOOp to

Metal film
In to

100n to
47000u

Capacitors are manufactured as having

two vcry basic characteristics, they are
either:

Polarised, or
Non -polarised

had occasion be concerned about this
detail. over several decades of doing
electronics.)
Capacitors arc also manufactured in a
seemingly -bewildering array of sub -types.
basically named in respect of the nature of

the dielectric matenal used between the
the latter being manufactured as fixed and
variable capacitance types.

plates.

In circuit diagrams and constructional
charts, a fixed capacitor's numerical identity is usually prefixed by
e.g. C2I. A

Electrolytic (polarised)
Tantalum (polarised)
Polypropylene non -polarised)

variable capacitor may have its number
also prefixed by "C". although it is more

Polycarbonate (non -polarised)
Polyester (non -polarised)
Polystyrene (non -polarised)

likely to be prefixed by "VC" (Variable
Capacitor). or perhaps "CV" (Capacitor
Variable).

Polarised capacitors. as their name
implies. are very particular about which
side of them is connected to a (relatively)
positive voltage. Connecting them the
wrong way round can have dire results, a
matter which is discussed in the minn test.
It

is polarised capacitors that 'you have

been using so far, sub -type "electrolytic" -

this is why we stressed earlier that you
should only connect their +ve and -ve
leads as shown.

Nletalliscd film inon-polariscdi
Ceramic (non -polarised)
Mica (non-polansed) - sometimes
called silver -mica

Trimmers - variable capacitors tnonpolarised )

Air -spaced - variable capacitors inonpolarised

Paper - now rare non -polarised)
Oil -filled - now rare (non -polarised)
There arc also sub -types of the subtypes! Have a look at a major component

Non -polarised capacitors can normally

supplier's catalogue and prepare to be

he connected into a circuit either way

astonished . . . Fortunately, until vou are
much more into the depths of serious elec-

round, although there are some circumstances where the relative position of the
output electrode foil is placed in relation to
other parts of a circuit. The coloured ends
of some polystyrene capacitors, for exam-

tronics dcsign, the subtle differences
between some types need be of little
concern.

ple, can indicate this type of polarity.

Typical physical shapes for six capacitor types arc shown in Fig.2.6. A summary

although it is not a true polarity as referred

of the characteristics for the most com-

to with regard to polarised electrolytic or

monly available types of fixed capacitor is
given in Table 2.1.

tantalum capacitors. (The author has never

Everyday Practical Electronics/ETI. December /999

917

have a lower working voltage than that stated). In normal everyday applications. however, this factor is usually irrelevant.
Capacitors should always be operated at

well below their nominal maximum working voltages. If a circuit is designed for
operation at 9V. for example. a capacitor
rated at a working voltage of 9V or 10V
should not be used, rather, one rated at I6V
or greater should be chosen. Even one rated
at 63V, for instance. would be acceptable.
provided that its size (which is likely to be

Fig.2.6. Examples of capacitor body
styles. Other styles exist.

ripple current rating. This rating refers to

supply voltage.

(sine waves) at either

B

50117. or 60Hz (Hz. or

C

permitting, of course). Similarly, a capacitor with a tolerance of 20% can always be
replaced by a similar one having a tolerance of 10%. A better tolerance rating is
always acceptable electrically.

Hen:, is a unit of frequency in cycles per

D
F

second). Performance
will not usually be sig-

nificantly affected

at

low frequencies lup to

100kHz, or so). but
above this, or when

±0.1pF
±0.25pF

G

H

±0.5%

±1.0pF
±2.0pF

±-1.0%

J

-

M

-

P

-

The majority of capacitors now have their

zeroes to be added to give the value in pF,
e.g. 103 = I 0000pF = 0.01,u F.
Which brings us to the sometimes mis-

understood use of pE nF and uF. An nF
value is 1000 times greater than pP. and
1000 times less than uF. Therefore, the
following typical conversions apply to values seen on some capacitors:

A 3 -digit coding is commonly used to
mark some ceramic capacitors. The first
two digits correspond to the first two digits of the value, whilst the third digit is a

I OnF (or lOn I = 10000pF = 0-0 Irr F

100nF (or 100n) = 10)000pF = 0.10F
However. despite all this possible coding. with many modem capacitors. their

values arc normally obvious from the
uncoded information printed on them
(although you may need a magnifying
glass in order to read them).
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2
3

10
100

uF
uF
uF

10V

16V

6

20V

7

0.1

uF

using polarised capacitors (e.g. electrolytic
and Tantalum). is that they should be connected the correct way round. The positive
side of the capacitor must always be connected to the side of the circuit which has,
or is likely to have. the highest soltage.

Across power supply lines. this °nemion of polarity will always be obvious -

tS T 13A%0

SPOT

SPOT

5T BAh0
240 BAND

6.3V

uF

WHICH WAY ROUND?

259 BAND

5

0.01

current rating should always be greater than
the ripple current expected.

instinctively obvious when the capacitor is

4

8
9

for power supply use. The chosen ripple

he positive side of the capacitor goes to the

Table 2.2. Tantalum capacitor colour coding.

0

demanded by the ensuing circuit.
Component data sheets and catalogues will
usually quote the typical ripple current rating for the large value capacitors required

positive supply line. It is not always so

Reading from the top, Bands 1 and 2 = Capacity, Spot = Multiplier, Band 3 = Voltage
Voltage
Multiplier
Colour
Figure
Black
Brown
Red
Orange
Yellow
Green
Blue
Violet
Grey
White
Pink

V

A most important consideration when

InF (or In ) = 1000pF

printed on them, the information may well
be abbreviated or allocated a letter coding.

coded as in Table 2.3.

±10%
±20%
+100%

is complicated when large currents are

values printed on them, although colour coded varieties are still to be found.

Ceramic capacitors. for example. may
have their tolerance and voltage ratings

±2.0%
±2.5%

50V d.c.
125V d.c.
160V d.c.
250V d.c.
350V d.c.
700V d.c.
1000V d.c.
250V a.c.
350V a.c.
500V a.c.

+30!-20%
+50/-20%
S
(e.g.
non -sinusoidal
Z
+80'-20%
pulsed) waveforms arc
involved, the capacitor e.g. n 47 KD = 0.47nF ±10% 250V d.c. (n = nanolarads)
must he derated in
voltage. It is the job of the following capacitor to smooth out that ripple, a task which

multiplier which gives the number of

Where capacitors have their values

A
B

2-.0.5pF

- IDENTITY CODING

Fig.2.7. As with resistors, the colours allocated to each numeral from 0 to 9 conform to the
standard colour code system.

the a.c. characteristic of the current (at the
ripple frequency. e.g. 50Hz for UK mains
operated power supplies) which remains
after the principal alternating (a.c.t voltage
has been rectified to a d.c. voltage.
Without a capacitor following the rectifier, the ripple voltage will be approximately
half that of the original a.c. peak -to -peak

Where an a.c. voltTable 2.3. Ceramic capacitor letter coding.
age rating is specified
Rated
2nd
Tolerance
Tolerance
this is normally for 1st
Voltage
C = <10pF
Suffix
C s.= 10pF
sinusoidal
operation Suffix

acceptable electronically (physical size

Examples of the colour codes which might be

Capacitors used ior smoothing and reser-

d.c. power supplies must have an adequate

even as much as four times the nominal

encountered are shown in Table 2.2 plus

RIPPLE FACTOR

As a rule of thumb. the quoted working
voltage rating should be at least 50%
greater than the voltage at which the component is required to work in the circuit,
although there are occasions, such as in
greater margin should be allowed, possibly

PANEL 2.5

the chosen capacitor's voltage rating must
take this into account.

may need to be mounted.

replace a capacitor which has a working
voltage rating of I5V by one rated at 25\',
for instance. The working voltage rating
simply states the maxitnutn voltage at
which a component should be operated in

It is also important to note that working
voltages are related to operating temperatures and at high temperatures (well above
"normal" room temperatures) all capacitors
should be significantly. derated (assumed to

quoted as an r.m.s. (root of the mean
square) value, whereas in fact its peak
salue is nearly 50% higher ( I -41i. thus

voir (substantial storage) applications in

power supply circuits. where a much

WORKING TO RULE

material which can produce internal heating and lack of stability.
You should also be aware that a sinusoidal waveform normally has its voltage

greater with increased voltage ratings) is
suitable for the circuit board on which it

However, it is quite permissible to

normal service. Generally speaking, a higher working voltage rating is nearly always

order to minimise losses in its dielectric

25V
30V
35V

3RD EU.O

3PD BAND

T.PEE

Fig.2.7. Tantalum capacitor colour
coding.
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being used to couple a.c. signals between
different pans of a circuit. If in doubt, think
about what d.c. levels are likely to exist if
the a.c. signal ceases. and face the capacitor accordingly.
There are instances, though. when the
polarity of the voltage across an electrolytic might keep reversing (as in some types

of oscillator, for example). adversely
affecting both the capacitor and the correct

operation of the circuit. In this case. two
equal value electrolytic capacitors can be
used in series. both negative ends connected together, both positive ends facing outwards. The value for each capacitor should
be twice the total capacitance required.
If a polarised capacitor is connected the

wrong way round, in extreme circumstances it can over -heat, causing damage to

itself and other components, and in a really
severe

case

the

capacitor may even

explode. At the very least, the circuit may
not operate as intended.

there are specialised situations where the

POLARITY MARKINGS

orientation in relation to the capacitor's
outer foil may be significant (as we com-

Polant) is usually clearl) marked. but
there are several ways in which it might be
done. The ends from which the connecting
wires come out may be marked with "+" or
" signs, or there might be a large arrow
pointing to the negative end or to a particular

ment about polystyrene capacitors in Panel
2.4).

Be aware that with very small polystyrene capacitors, an occasional fault can
be experienced in that the leads can become
detached internally. It is very unusual. hut it
can cause the capacitor to develop an open
circuit. or a short circuit.

wire (as we discussed at the beginning of this
Tutorial). With electrolytic capacitors having

a wire at each end (axial construction). the
positive end is likely to have a crimp around
the casing and the circular face at that end is
likely to be a plastic material, often black.
Also, where the lead connections to the

LIGHTLY CHARGED
We suggest you now move on to the
Experimental article and Just generally play

capacitor are obvious, the negative lead
will be seen to be attached to the outer
metal casing of the body. (The "opposite"
term to (aria! construction is radial, in
which both capacitor wires come out from
the same end - shown earlier in Fig.2.l.)

around as suggested there. You can even
"lighten- up the experience as well.
Next month we look at components
whose values are not rigidly fixed - variable resistors (variable capacitors will be
discussed in a later part), and sensor resistors. Herr Georg Ohm and his famous Law
also come under scrutiny.

Non -polarised capacitors can generally
be connected either way round, although
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Experimental 2

MEASURING AND CALCULATING CAPACITANCE
s the Tutorial of Pan 2. while using different RI and CI values on your breadboard to mimic the screen display, you

For

capacitors

parallel (as for
three in Fig.2.8b)

In
the
the

might have come up against a hit of a snag!
The screen has specified a C -R combination

formula is simply:

for which you don't have the component

CI + C2 + C3 + (etc).

values. Well. actually. 1311 know you can
make up the resistor value using serial or
parallel combinations, as discussed in Part
I. It's the capacitor values that are the
problem.

Fret not! Capacitors too can be combined
in series or parallel to achieve other capaci-

tance values. The rules are as simple as
those for resistors, except that they are the
opposite way round.

CAPACITOR

COMBINATIONS
W hen capacitors are in series. as arc the

three shown in Fig.2.8a. the total capacitance value (CT) is calculated as:

CI = I I((1 / CI) + (I / C2) + (I / C3) +

Computer program
Capacitors in Series
and Parallel. accessible from the main

1

CI

Cit

as.ia

ct

tri a al al al EMI

1

aI

.

el

air ea
a if

CI a C3

mate.

menu. allows you to

UVICI1111 w Matt=

set the values for two
C MIL CS a Late)
and three capacitors
NMI=
MD
and have the computC
0111C1/ 0421 (V0) 1.401
er calculate the result.
ing total series and
Ulf t =IC a
ms -tat OV017: t
parallel values (see
Photo 2.4). There is
also a Self -test option
allowing you to check Photo 2.4. Interactive computer screen for calculating serial
your understanding of and parallel capacitor combinations.
the two
formulae
V ocono3cno- N tv V us
NNNAIN
involved.
Clry

PARALLEL TEST
in parallel formula. except for the letter
change.

AI

0 =ME
14.-e,

0 so

4

(etc))

which is, of course, identical to the resistors

ale GI
rf

otorf

I

.

Set up your breadboard as shown in
Fig.2.9 (and Photo 2.5). in which three
capacitors are shown in parallel (as in
Fig.2.8b). where CI = 10(luF, C2 = 47.F

4
I

It

I

and C3 = 2'2uF. This combination is

I
I
T

.L

T
,A1

being used in place of the single capacitor (CI I in your Tutorial Part 2

J.

181

Fig.2.8. Capacitor in series (A), and
parallel (B).

charge/discharge experiment (Fig.2.2
and Fig.2.5). Resistor R I is given a value

of 100kil.
Do the charge/discharge experiment.
noting the time at the 639- and 37% voltage levels. i.e. 4V and 2V respectively.
(You will find it easier to do this experiment if you make up and use another short
lead with two crocodile clips on it.)
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N

M f0 al)

CO

al

Photo 2.5. Breadboard layout for
examining capacitors in parallel.
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To avoid this happening. it is advisable

LIGHTING UP TIME
we are again going ask you to use a light
emitting diode 0.e.d.). as we did in Pan I. We
are also asking you to use an Unwiring logic
gate (also known as a NOT gate). You'll he
told more about both devices on another occa-

sion. but you don't need to full understand
them if you use them as we now tell you.

Thc I.e.d., as you discovered in Part I. is
a neat little device that glows when a voltage is connected across it in a specific
direction via a suitable resistor.
It is important that the resistor should he
used since the I.e.d. cannot survive if more
than about 2V is connected across it. You are

about to use it with a (W supply. and the
resistor has to drop the voltage to an acceptable level. In this instance we want you to use
a 4700 resistor, as we did previously.
What we want to do is use the l.e.d. (call

it DI) to indicate when a certain voltage
has been reached on a charging or dis-

Fig.2.9. Breadboard layout for capacitors in parallel experiment.
Did you achieve timings of about 15 secs
at the voltage points? That's the time constant associated with RI = I 001.5-2 and CI =

150pF. the latter being very close to the
answer of 149.24; for CI, C2 and C3 in
parallel.

SERIES TEST
Return to your screen graph and set C
and R to 150p I' and 100k0, where you can
see the 15 seconds timing when the graph
slope crosses the percentage line.
Now calculate the total capacitance if the
same three capacitors are connected in series,

as shown in Fig .2.8a. If you don't get an
answer of approximately 2-06tt F. try again.

You won't be able to do the breadboard
check with this value, the time -constant is
too fast in this instance, but you can use the
display to show the graph for the nearest
available value of 2-24tF. i.e. 0.22 secs with

charging capacitor. The problem is. though.
that the time constant when a 470Q resistor
is used is too short for the capacitance values you can realistically select.
We need. therefore, to use a technique

(often abbreviated to i.c.$). More particularly. it is a digital logic ix.

2jtF) and R = 100kU is actually 0-2 secs.
Use your graph display to find out what
value of R is needed to achieve that value
when C = 2-2atF. We trust you'll find it to

SEMICONDUCTOR

be 91kci.

vast majority of semiconductors can only
be connected to a power supply in one
direction. Many can die if connected the
wrong way round. Even if they don't die.
they will not work correctly. This is equally true for a 74HC04.

This now brings us to an interesting
point: how do you set an exact time con-

stant without using multiple values of
capacitors and resistors? The answer's simple, and there are two ready-made components that help in this, the variable capaci-

tor, and the variable resistor more commonly known as the potentiometen The
latter we shall investigate next month.
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We shall discuss static electricity further
in a future pan of Teach -In.

INVERTER GATE
The 74110)4 device is known as a her
(six) inverter gate - in other words it has six
inverter gates within it. all usable separately. It's pinouts are shown in Fig.2.10, where
the symbols within the outline are those for
inverter gates..

to the general class called passives, of

cantly longer than 0-22 seconds is expected.)
The time constant for 2.06pF (call it

time constant should be (ideally) 1(X) times
the above 0.2 secs, i.e. 20 secs.

for all the years he has been handling i.c.s. he
cannot remember killing one ss ith static electricity. They arc very robust, especially those
manufactured over the last decade or so.

Find one marked 74HC04. There are likely
to be lots of other forms of marking as well.
but somewhere you should be able to discern the 7411C04 identity.
The 74HC04 and the I.e.d. are examples
of components that belong to the general
class known as active devices (as opposed

generally known as integrated circuits

Now do your time check routine - the

When i.c.s have been supplied in a black
plastic foam, or bag nfarked as being "static sensitive-. leave devices where they are
until needed. Then keep the handling of
their legs to a minimum.
The author reassures you, however. that

is used - as a type of amplifier. Amongst
your bag of pans you'll find some black
"caterpillars" with 14 legs. seven -a -side.

in series for which a time constant signifi-

On your breadboard, now use just one
capacitor, with a value of 2200F (100 times
the value of the above 2.2nF), and with the
breadboard assembly of Fig.2.2 modified to
suit. Testing your knowledge of resistor combinations. replace RI with a made up value
of 91132. Two resistors will do it (within 100
ohms) - what are they and how are they connected? (Refer back to Pan 1 if in doubt.)

of earthed mains powered equipment.

(call it R2 ).
This is where the logic gate wall it ICI a

your own experiment using three capacitors

SLOWER TEST

circuits. A water pipe is a suitable object, as
is the exposed bare metal work of an item

which allows a reasonably long time constant to he set. and still to provide enough
power to drive the I.e.d. via a 4700 resistor

which resistors and capacitors are examples). Like the Le.d.. the 74HC04 is another member of that enormous family of components referred to as semiconductors. It
also belongs to a sub -group of that family.

RI at 100k0. (Later on, you could set up

to touch an earthed have metal object
immediately prior to handling integrated

HANDLING

As vy ith electrolytic capacitors, by far the

Always connect semiconductors and other

active devices into a circuit in the ',winter
specified in circuit diagrams. constructional
laymas or data sheets. Always ensure that

the circuit's power supply is switched off
before inserting or removing them.

One further cautionary note: You will be
aware that you can sometimes generate
sparks when combing your hair or taking

Fig.2.10. Pinouts and typical case style
for 74HC04 hex inverter gate. Note the

inversion gate symbols tvithm the
pinout drawing.
An inverter gate, as you Y. ill be fold
when we discuss digital electronics in a
later part. has an output that is at a level
called Logic High when its input is at a
level called Logic Low, and vice versa.
So what's Logic High and Logic Low?
Well, in this instance. High refers to +6V
(the power supply voltage level) and Low is
simply OV. The two terms are respectively
also known as Logic I and Logic 0.

The logic gate, though. does not have
to have exactly OV or +6V on its input for
the output to respond. There is a range of

voltage levels below which the gate
thinks it's being provided with Logic 0.
and there's range of voltage levels above
which the gate thinks it's being provided
with Logic I. In a region somewhere
between those two levels, the gate tends

hit confused and may keep

off a sweater. This is caused by the discharge of static electricity which can build
up on some substances. including your

to get

body and that of animals. frequently by the
action of friction in a dry atmosphere. Such
discharges. if they occur when you touch
some semiconductors can kill the devices the level of voltage discharge being greater
than the device is designed to handle.

lem in a digital circuit, it's of no great

a

changing its mind about what logic level
it's being offered.
Although this dithering would be a prob-

importance for what we are going to do
here, which is to connect the gate's input to
the resistor -capacitor series you have been
charging and discharging.
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Fig.2.11 and Photo 2.6. breadboard layout for the first timing experiment using an inverter gate.

INITIAL ASSEMBL Y
Connect up your breadboard as shown in

Fig.2.11 (sec also Photo 2.61. Note two
things in particular: the position of the flat
side on the 1.e.d., and the position of the
"notch" (or dot/dimple, on some devices)

of the 74HC04. (Sec also Practically
Speaking on page 834 last month - Nov
'99.) The circuit diagram for this component configuration is shown in Fig.2.I2.

Now perform some more capacitor
charge/discharge experiments. You will see
that the l.c.d. is on when the capacitor volt-

age is fairly low and off when the voltage
is fairly high. You may find that the 1.c.d.
blinks a bit between the two levels - this is
due to ICI not being sure of its input logic
level. The effect is more likely to be seen

Fig.2.12. Circuit diagram for the experiment in Fig.2.11. plus (left) pinouts for a
typical l.e.d (light emitting diode).

fully changes from one state to the other.

plus the extra resistors tR3 to R7 - also of
47001 as shown in Fig.2.13.
Now you will find that DI and 02 alternate in their on -off states. This is due to D2
being connected to the +6V power supply.
whereas DI is connected to the OV line.

MORE L.E.D.S

the opposite of DI and D2 (as will 05 and

when the time constant is really slow.
See if you can establish what the capaci-

tor voltage is when the 1.e.d. on-offness

The action of D3 and D4 will be seen to be

Just for fun, connect up another inverter
gate (1C1b) and five more l.e.d.s (02 to 06)

D6). Which brings us to an interesting point
about inserter gates. When two are used in
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What we'd also like you to do is to make
a note of the voltage that actually occurs at
the junctions of the l.e.d.s and their respective resistors. Also note the voltages at the
outputs of the two gates - do they actually
reach (IV and +6V?
What affect do two 1.e.d.s have on the
output voltages of the gates? Compare with
the voltages produced without l.e.d.s con-

We shall discuss this in another

Tutorial. Also sec if you can draw the
circuit diagram for Fig.2.13.

FLASHY
We wonder if you realise how easy it is
now to put thc capacitor charging/discharging
under automatic control for perpetual repetition of the cycles? One way to do it. using an
additional imerter gate. !Cie. is shown in the
circuit diagram of Fig.2.15 (we'll discuss the

change of i.e. type number from 74HC04 to
74HC14 in a moment).

Using the values shown. reconstruct

ME

1

and so the final output logic level is the same
as seen by the input to the first gate.

nected.

MEMO
MEMO

A

VO4

series. as done here, a double inversion occurs

:

MINIIM11-13fig
VOUT2

SEE tExTi

your breadboard assembly as illustrated in

Fig.2.14 (deleting 05. D6. R6. R7). and
still using the 74HCO4 device. Note that a
crocodile -clipped link is made between
point Vout3 and Vin. See also Photo 2.7.
Connect up the power. What you should
see now is that all four l.e.d.s appear to be
glowing. but at a reduced brilliance level.

In fact. they are all rapidly switching on

Fig.2. 13. Breadboard assembly of Fig.2.11 modified to include five more l.e.d.s.
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and off. but too fast to differentiate between
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Fig.2. 14 and Photo 2.7. layout for the oscillator experiment. (Fig.2.15). Note the new link between ICI pins 4 and 5.
them. In the author's test model, the rate
was in excess of one million cycles per

This action, in an instant. causes Cl to
start discharging through RI. Eventually.

second 1 I MHz I!

there comes the point when the discharging
voltage falls to the Logic 0 level as seen by
the input to ICIa. It now once more switch-

The clever thing we/you have done is
to use [Cie to invert the output of ICIb.
and then to use the output of !Cie as the
power supply for the resistor -capacitor
chain.

With the correct combination of RI and
CI values, this has the effect of repeatedly

switching the voltage feeding into RI
between +se and OV. Here's why:

When power is first switched on. the
voltage at the input to ICIa and the output
of ICIb will be low (double inversion), and
the output of !Cie will be high (another
inversion). This output is now supplying
+ve to RI. and Cl starts to charge up (as it
did when you connected it directly to the
+ve voltage line).
We said earlier that inverter gates have

a threshold voltage above which an input
level of Logic 0 is assumed. Eventually.
as CI continues to charge, the voltage at

the input of ICIa will rise above the
threshold, and ICIa's output will fall to
Logic 0. As a result, the output at ICIb
will immediately go high, and the output
of !Cie go low.

es its output back to Logic I. ICIb output
switches back to Logic 0, and 1C1c switches to Logic I again.
The cycle has now been completed. and
starts all over again. Thus it continues, ad infinitum, until something stops it. such as
you disconnecting the power!
What you have created with this simple
component arrangement. is an oscillator.

For interest. try to take a voltage read-

ing at !Cie pin 6. You will find that is
probably extremely erratic, although it
may indicate a voltage at around (he 3V
mark (half -way between the 6V batten
supply and OV).

rapidly sv( itching over from one state to
another. What we ideally need is for the

circuit to switch over only at the input
levels which are guaranteed to be Logic
I and Logic 0.
To achieve this exactitude with an ordinary inverter gate such as the 7411C04
would require the use of additional circuitry.. However. there is a similar inverter type
which automatically responds only to those
input voltages which are at the guaranteed

logic levels. ignoring those input voltages
which lie between the two thresholds. Such
an inverter is known as a Schmitt trigger
ins crier.

One type of Schmitt trigger inverter is
the 7411CI4 which, like the 74HC04, has
six inverters within it and its pins are
arranged in the same order. Note the symbol within each of the inverter outlines in

Fig.2.I5 that indicate its Schmitt trigger

SCHMITT TRIGGER

status.

As the circuit stands. its frequency of
oscillation is somewhat unpredictable.
We said earlier that the 74HC04 has a

With power disconnected. find a
74HCI4 device from your bag of components and substitute it into the 74HC04

midway input voltage level range in

position on your breadboard.
When power is re -applied. you will see

which the inverter is not too sure which
logic level is being applied to it. It is at

this midway level that the circuit is

a considerable difference in the rate at
which the 1.e.d.s now flash. Indeed. you
should be able to count the flashes quite
readily. This dramatic change in the flash
rate is

entirely due to the switchover

occurring only at the guaranteed Schmitt
trigger logic levels.
Using your meter you can now track the
voltage level at the RI/C1 junction at
v( hich the logic changes occur. Also meter
the output of ICIc (pin 6 - Vout3). You will
see that it is repeatedly switching between

Logic I and Logic 0.

TIME OUT

Before Part 3. think up some timing

and capacitor value situations and sec if

you can solve them using the various
software options and a calculator. Also
sec if you can get the oscillator to run so

that its output at ICU changes at exact
intervals of your choosing, say once per
Fig.2. 15. Circuit diagram for the oscillator experiment.
922

second or once per 10 seconds. Until next
month, 'bye for now.
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GINORMOUS
STOPWATCH
Part 2 ____

NED STOJADINOVIC

Now you're "up and running", why
not add some Giant Displays to
your events Stopwatch.
Tins Large Digit Display unit v a.
originally designed for use with the
Ginormous Stopwatch module presented last month. It has 178mm (7 -inch)

characters and can use high brightness
I.c.d.s for dazzling daylight performance.

It can also be driven from a standard

computer serial port with the optional
adapter, allowing it to be used as a scoreboard, bingo number display. clock, etc.

with a protocol to address the correct
module and tell that module what number
to display. This turned out to be quite easy.
and it can be done in one byte.

First, consider the number to be displayed. In binary you need four hits to display the digits 0 to 9. like this:

1

Actually, four bits will allow you to
count front 0 to 15 (binary 1111). but we
only need to count up to 9. Let's call these

hits "n". as in "nnnn". Similarly, four bits
will allow aL to have modules numbered
Irons 0 to 15. call these bits "d".
Computers and PIC micros like to deal
in bytes. which are eight bits, so the soft-

ware makes the "nnnn" and "dddd" hits
into artificial bytes:
dddd becomes dddd0000, which is one
byte

nnnn becomes 0000nnnn. which

is

Decimal

Binary

0

0000

1

0001

The two bytes are ORcd together

2

0010

The heart of the circuit is a PICI6C54

(inclusive -OR) bit by bit to form a single

3

0011

microcontroller and this has two relatively
simple tasks. The first is to receive serial
data from the Stopwatch module or computer serial port. The data reaches the

4

0100

byte which looks like ddddnnnn. This
single byte contains both the module

CIRCUIT OVERVIEW

micro via an optoisolator (IC4), as discussed in Part I. and the individual digit

5

0101

6

0110

8

0111
1000

9

1001

another byte

number and the digit to he displayed.
For example. to make module I display
the number I. the output byte would be
(X1010001. To nuke module 2 display the
number I it M. ould he 00100001.

modules can be daisy chained together up
to a maximum of 16 modules.
The software responds to all 16 address-

CIRCUIT DIAGRAM
Referring to the circuit diagram in Fig.',
data is received via the optocoupler IC4.
The driving device (e.g. the Stopwatch)

es but the Stopwatch module only uses
seven of them. Downer, when driven from
a computer using the Serial Port Convener.
the Large Digit Display units will respond

switches an Le.d. inside the optocoupler on

and off and the light from its l.e.d. shines
onto an optotransistor. switching it on and
off in unison.
Resistor RI holds the output of IC4. pin

to all 16 addresses.

The second task is to switch on the
various segments on the display to form the
digits 0 to 9.

5, at 5V until the transistor switches on and
shorts pin 5 to ground. Pin 5 is connected

SOFTWARE

directly to the PIC microcontroller 1C2 at

In keeping with the author's stated objectise of designing without designing. he used
two pieces of software from the Parallax web
site

its pin RB7, which is set up as an input pin.

\\'hen output pin 5 of 1C4 is at OV. it
switches on transistor TR1 and. via current
limiting resistor R3. causes current to flow
through optocoupler 1C4 of the next digit
module. In this way the modules are daisy chained one to the next.
Dual -in -line switch SI to S4 is used to
set the digit's module address number by
placing the relevant code on the PIC's RAO

at wwwparallaxinc.com. These were

from application notes concerning receiving
serial data and utilising a jump table to display digits on a 7 -segment display. Readers
are referred to these notes.

It is interesting to note that it was easiest
to choose the same crystal frequency as the

Stopwatch module (3-2768MHz). This
allowed the author to play with the software's "bit_k" constant without worrying

to RA3 data pins. Pins RAO and RAI are
normally held at OV via resistors R4 and
R5: pins RA2 and RA3 arc normally held

about serial link compatibility between the
Stopwatch and Large Digit modules.
Of course. large display modules that are

at 5V via resistors R6 and R7. This method

of biasing was done simply to make the
board design easier and the software takes
it into account. When the appropriate

to be driven by a computer must comply
with the standard computer baud rates and
everything has been standardised at 9600
bits/sec.

It was necessary, though, to come up
926

Completed -7-segment- Giant Display
module. The figures measure 178mm
by 100mm approx.

switch is closed, the logic level seen by
pins RAO to RA3 is inverted
The status of the switches is read whenever a serial data byte is received by the
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PIC via its RB7 input. The 4 -bit status code
forms the -dddd" bits referred to earlier.

SERIAL INTERFACE

LARGE DIGIT

.1W CA +qv

DISPLAY

YORP3 OM R.L.0

Pins RBI) to RB6 of the PIC are used as

0 0.?
C`000
o ocio 0

the 7 -hit output to the seven sets of 10
I.e.d.s that make up the seven segments of
the display. The PICI6C54 cannot by itself

handle the current required by the I.e.d.s

4
DwiDni

and so 1C3 acts as an intermediary. buffer.

co

E

Rix2 atl

This device is a rugged little chip intend-

ed as a solenoid driver and can handle
almost 50V and 500mA, and is nice and

13

OTs

3 OM

TO COREPTER

aae:a.003

cheap as well. It is essentially seven open collector Darlington transistors that can be

TO CCM/EWER

turned on and off by the 5V and OV logic
colotrtrri SEF4

level voltages from the PIC.

POW OM AAA

The I.e.d.s are arranged in pairs in a
series/parallel arrangement, meaning that
one pair is connected in series with the next
pair. There is a voltage drop of nearly 2V
across each l.e.d. or pair of I.e.d.s in a par-

R77
112

SERN. .CRT
ONO

allel arrangement and the five pairs arc
arranged in series.

Fig.2. Circuit diagram for a simple Serial Port Converter Interface add-on. The

Thus the five pain will drop the I 2V supply by 5 x 2V. or about 10V. leaving the balto
last resistor with 2V (12V - 10V) to
Leto. The I.e.d.s run well at about 20mA and

values of resistors R18 and RI9 should be 330 ohms for 9V and 560 ohms for 12V

critical and the I.c.d.s will put out good
light from about OhnA to some 3OmA.

so a simple application of E = IR gises a

which is the maximum for most I.e.d.s. If
you need to save power. try putting in 220

value of 100 ohms for the ballast resistors.

The value of the ballast resistor is not

0741.

OTT/

09

0/3

077 =Z

or

Ca. 0 ler./

TR1

DT§

05

CRT

CRS

CO

Cl.

The digit modules can also be driven

from a computer serial port with the aid of
a converter module interface (see Fig.2).
This is simply a Darlington transistor
switch (TR2) which converts the ±I5V signals from the serial port to voltages of the
correct polarity to drive the optocouplers.
The transistor also provides the reasonably heavy current required by optocouplers connected in "star" configuration I see
the last section of this article).
The convener has its own power supply

De

Da

a

DI

;11

02

2203

OJT

RI TO a
1000

CCM

POI

Ht

Fes

110

rot

143

13/

111111 n"
OUT)
0./T2

OJT5

CAA,

0.1311

IC3

R93

1C2

7

P

resistors RI8 and RI9. The values should
be 3300 for 9V and 560Q for I2V.
The convener also has an l.e.d. on board
(D79) to indicate serial port activity and is
a great help for trouble shooting.

CONSTRUCTION

11

POO

RW

because it has to provide power to the internal I.e.d.s of the optocouplers. The battery
used can be 9V or 12V merely by changing

lAti9303

PI32

Pei

The decimal point and colon I.e.d.s are
done the same way except that the I.c.d.s
are all in series as there are not as many of
them. These I.e.d.s are not controlled in any
way and arc simply connected across the
I 2V power supply. via limit resistors RI5
and R16, constantly remaining on while the
power is on.

SERIAL PORT
CONVERTER

01170D'.

C7

ohms ballast resistors and see how the light
output looks.

PAO.

17

NL
10.

-/VV 's
157

To.

The printed circuit boards for the Large
Digit Display and optional computer Serial
Port Converter Interface board are mailable
from the EPE PCB Service page. codes 247

and 248, respectively. The component
assembly and track layout details for the
boards are shown in Fig.3 and Fig.4.
There is nothing difficult about the con-

struction but the I.e.d.s are, as may be
expected, rather tedious. It is suggested that
you test each segment as it is finished.

Start assembly of the Large Display
board (Fig.3) with the top right segment.
Insert all the I.e.d.s and make sure that they

Fig. 1. Circuit diagram for the Giant Digital Display module.
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arc all the correct way around. noting that
some high brightness I.e.d.s have different
orientations to those of ordinary I.e.d.s. If

927

j

jICVA

j1:30.3

Del

tW*.,

D71

066

De'

DM

CO

DM

Fig.3. Display module printed circuit board

topside component layout and (opposite
page) full size copper foil master pattern. The

lead-off points (1) and (2). at the bottom of
the p.c.b.. are for the Serial Port Converter
p.c.b. link -up.
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in doubt, you can check by temporarily
connecting the I.e.d. in series with a I kf2
resistor across a I 2V power supply.
Flip the board over and solder only one

No.
0

lead of each I.e.d. When you have done
that. go back and grasp both leads of each
I.c.d. and re -melt the solder while gently
pulling upwards on the leads. This will scat
each I.e.d. onto the circuit board and gener-

1

2

3
4

ally make sure it is pointing straight out
from the board. This is important as high

5

brightness l.e.d.s only appear bnght when
you look directly onto them. if they are tilted they look dull and this makes the display
look patchy.

6

Go back and solder each second lead and

10

7
8
9

give the first soldered lead a touch up with
fresh solder if necessary. Now solder in all

11

12
13
14
15

of the ballast resistors (RS to R16) and
some power leads for the I2V supply.

47012

3

4

off
off
on
on

off
on
off
on
off
on
off
on
off
on
off
on
off
off
off
on

off
off
on
on
off
off
on
on
off
off
on
on

DISPLAY TEST

See

TALK

resistor R 13 that is nearest to the bottom of
the board. The segment should light up nice
and bright.

10k (5 off)

2205 (3 off)

2

oft
off
off
off
on
on
on
on
off
off
off
off
off
on
on
on

'lb test the segment, connect the I 2V
supply and connect a flying lead to ground
((IV). Touch the flying lead to the end of

Resistors

RI
R2. R4
to R7
R3. R15.
R16

1

off
off
off
off
off
off
off
off
on
on
on
on
on
on
on
on

R8 to R14 100Q (7 off) PEW
All resistors 0.25W

Display

*

hundredth seconds
tenth seconds
seconds
ten seconds
minutes
ten minutes
hours
ten hours

*

*
*
*

* Used in computer version with the Serial Port Converter.

COMPONENTS
DIGIT MODULE

Table 1: Module Selection Switches
Switch Settings

Module

If it does not, look for I.c.d.s the wrong
way around, broken tracks, or the wrong
ballast resistor %Are. in that order.

If all is well, continue inserting I.e.d.s,
testing, inserting. testing...
If any I.e.d.s are a tight tit at their skirts.

gently tile down their sides until there is

Capacitors
C1 . C2

C3. C6
C4
C5

15pF ceramic
100n ceramic
470:i rad, al elect. 16V

471 rada' elect 10V

Semiconductors
Di to D78
TR1

ICI
IC2

IC3
IC4

rea i.e.a . 5mm. normal
or high brightness
BC558 pop transistor
78L05 +5V 100mA
voltage regulator
PIC16C54
microcontroller,
preprogrammed
ULN2003 7 x Darlington
driver. common emitter

Completed control and power supply area of the Display p.c.b.

4N25 or 4N28 optoisolatc

room for them to sit without colliding with
their neighbours.

Miscellaneous
Si to S4

4 -way

Because the colon and decimal point

ortPoff switch

I.e.d.s are intended to be permanently

3.2768MHz crystal
(see text)
Printed circuit board. available from the
EPE PCB Service. code 247; 6 -pin d.i.l
socket: 16 -pin d.1.1. socket: 18 -pin d.i.i
socket: connecting wire; solder. etc.
X1

turned on. they (and/or their ballast resistor) should be omitted if those functions arc
not required on any of the boards.
Put in all the other components and
sockets for IC2 to IC4, but do not install the

SERIAL PORT CONVERTER

i.c.s yet.

R17

1k2

R16. R19

330D for 9V. 5600 for 12,.,

TESTING

Resistors

Power up the board and at the 1C2 socket

Semiconductors
TR2

D79

080

80681 (or eqt.;.va:ent.

e.g.TIP141 or
TIP142) npn
Darlington transistor
red I.e.d.. 5mm
1N4148 signal diode

Printed circuit board. available from the
EPE PCB Service, code 248: connector
to suit serial port lead used.

930

I

TR2

GO

rho

b ,g

DATA

and will also show up any solder -splashes
or broken tracks to these pins.

V

Switch off the power and insert IC3.
the I.c.d. driver device. To now test the
operation of the various segments, take a

Iamemaxameme****

Miscellaneous

Approx. Cost
Guidance Only

1

£35
(Standard l.e.d.$)

test for 5V and ()V at pins 5 and 14. This
will test the power supply regulator ICI.

17, Z122

flying lead and connect one end to 5V,
say to the link wire immediately below
ICI. Touch the other end of the flying
lead in turn to pins I to 7 of IC3's socket
and you should see each of the segments

light accordingly.

Fig.4. Printed circuit board details for
the Serial Port converter.

If you have connected the colon or decimal point I.e.d.s, they should have turned
on when you applied the power.

Everyday Practical ElectronicsIETI. December /999

Now power down and carefully put the

PIC (pirprogrammcd, of course) into its
socket, being very careful about orientation. Remember that it is a CMOS chip and
so be sure to briefly ground yourself to discharge static electricity before handling it.
Also insert IC4.

11
(a)

Turning on the power should now give
you a nice big figure "0" and if not, immediately power down and start looking for
causes. The Stopwatch article last month
has some tips on troubleshooting this type
of circuit.
If you are using the Stopwatch module.
connect it to one digit board via a handy
length pair of leads, being careful to connect signal and ground wires the correct
way around. Select the module address
number via the d.i.l. switch (SI to S4) as
per Table I. Note that the software
-knows" that switches S3 and S4 are connected in order of RA3 and RA2 (instead of
RA2 and RA3 as might be expected).

Power up both boards and start

the

Stopwatch. This should immediately start
the digit board displaying the selected time
unit. If it just sits on "0". use a logic probe
or similar to test for a fast changing signal
on pin 5 of the optocoupler. IC4.

PORT INTERFACE
If using the Serial Port Convener. connect up the digit board and power as above.
Now run the QBASIC demo program, making sure that the module d.i.l. switches are
all off. Put in a different switch setting from
the list each time you run the program and
the module should immediately display the
correct number.

You will know if the converter is working by observing its Le.d. Whenever serial
data is being transmitted it will flash quite
noticeably.

STAR CONNECTION
The digit modules are designed to be
hooked up in "daisy chain" configuration.
see Fig.5a. and this should work well in
most cases. It is possible. especially when

Fig.5. Suggested method of connecting the Giant Display modules to the Stopwatch
(Part 1) or Serial Port Converter. (a) In -daisy chain- fashion or (b) -starconfiguration.
comments section in the source code tells
you how to do it.

If you only want to drive the modules
from a computer, a slightly different
source code for the PIC has been included (called serin4.src) which requires the

use of a 4MHz crystal instead of the
3.2768MHz one, and operates at 2400
baud. The slower baud rate is unnotice-

SOFTWARE
The software for the Large Digit module,

including the QBASIC demo program. is
available on a 3.5 -inch disk from the Editorial
office (see EPE PCB/Software Sen-ice page

for details and cost). and free via the EPE
web site.
Preprogrammed PICs for this module are

able to our slow human senses and results

available as discussed in Shoptalk.
Note that since publicaton of Part

in a design which is forgiving of long
serial cables and bit rate errors in the

software has been revised by the author.
The new version is on the EPE disk and

computer or micro.

website

I

the

many modules are used for the signal to get
a bit lost in its trip down the chain:
remember the design allows up to 16 digit
modules to be used.

In this case, use the "star" configuration in Fig.5h where the driver transistor
in the Stopwatch or Serial Port Converter
switches all of the optocouplers directly.
Note that this will put quite a strain on the

battery of the Serial Port Convener or
Stopwatch module as it now has to power
all of the optocouplers at the same time.
To select a battery size, assume that each

module uses about 15mA when running
and plan accordingly. For example, 10
modules times 15mA is 150mA and so a
batten of l-2Ah (amp hour) capacity will
drive the display for eight hours.

COMPUTER
SERIAL PORTS
While developing this project the author
came across a strange fact: not all comput-

er serial ports operate at quite the same
speed and the modules will consequently
malfunction on some computers.

For those programming their own PIC
and wanting to drive the modules from a
computer port, try varying the value of

"bit k" in the software for the PIC. The
Everyday Practical ElectronicslET1. December 1999

)

One Display module being driven by last month's Stopwatch.
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DIRECT OOK S
Ctrcaut2e, sand. Dee 0-111
ELECTRONICS PROJECTS
USING ELECTRONICS WORKBENCH
plus FREE CD-ROM

PRACTICAL REMOTE CONTROL PROJECTS

FREE
CD-ROM

M P Horsey

Tn s book offers a wde rasge of tested circuit mod-

ules which can be used as electron -Ls protects. pan or
an etectroncs course. or a, a hands-on way of grttine better acquainted w
Electron:. Workbench With

circuits ranging hom buns and batteries' to complex
systems using integrated C rec.:a the PrOISAOSS will appeal

to nOwCelk studer.ts and practtoriers Coe
ELECTRONICS TEACH -Ill No 7.
ANALOGUE AND DIGITAL
ELECTRONICS COURSE

(published by Everyday Practical Electronics'
Alan Winetsnley and Keith Dye B EnsITechIAMSEE
rn s
'cola -^ed EFE Tea:. a ter es v.h.ch included
the construct on and use of the .tai n Lit, and
Le0
teat and dert'OPrnent units has been put together -n
book form Add.tional/y, EPT Educational Software h.s.
de...loped a GCSE Electronics software program to cornoment the course and a FREE DISK co.ering the feat two
Parts of the course rs included th the book
An interest -no and thorough tutorial sent{ aimed spec,
Ica74 at the novo. or complete beginner in electronics
The we, is 0Signed to support those undertaking either
GCSE Electronics or GCE Adianced Levels, and starts
with fundamental pan.. pies
11 you are taking eleCtrOn CS or teChnOlOgr at School

or college. ths book ,s for you if you lust want to

learn the basics of electroncs or technOlogy you must
malt sure you see it Teach.ln No 7 ynii be in. al usble

if you are considering a Carter m eiectroncs or .vin
if you are *'ready training in one Tire Mini Lab and
*ohne@ enable the construct on and testing of both
dernonstraton and de.e:opment circuits These learning aids bring electronics to life in en enjoyable and
interesting way you will both see and hear the electron
in action! The Micro Lab microprocessor add-on system
will appeal to higher Intl students and those developingmdroprocessor protects
L795
POR's

lam

_

EleCtrOniS Workbench is a highli yerlacta computer
urnirtabon package whch enables the user to design. test
end modify thew onion before building them, and to plan
PCB layouts on -screen All the satiate in the book are
Prernitled es runnel:et Electronic Workbench files on the
enclosed CD-ROM. and a selection of 15 representative

trouts can be eaplored using the free demo version

the application
COnCIMS Some basic concepts. PrOtOt1 with twitches

LEDs relays and dudes

nonagon. Power Surchee.

Op amp priests. Further op /me OrCsaN. Logic gate.. Real

logos circuits. Logic gam muetnibreces. The 555 tomer.
Fbencps. counters and shift registers. Adders comparators

and mundawersi Fend Oren trarantoes Thinston trims
and dads. Constn.41.,,i yN C 'Cut. led..
127 cnes
11459
Order code NE29

R A Penfold
The purpose of 101 book s CO provide practical inform. ton to help the reader sort out the Octooldering array of
components current', on ofle An advanced SnOn'edge

e e.tron cs is net needed and the

book .1,-0! intended to be a course in electronic theory

The man a r^
to .D'a,ri the differences betneen
components of the same talc type lag carbon. carbon
metal film, and wirewound resistors) so that the
right component for a giyen application can be selected

I=1

te

Later chapters cover how to wok with

folders

and downers& hoer to carol Wedoers 95 and use the
many someone; thee card ewe, t how to use DOS pro-

1=1

grams yd. nacemaary. DOS commends and WOW to communicate wads the rest of the electronic wend

l70pVVT

EASY PC INTERFACING
R
Perdeld

Although the internal expansion slots of a PC provide
full access to the computer's buses, and are suitable for
viler add -one, nuking yOsse own expansion cards requires a fair amount of expertise end equipment. The
built-in ports provide what is often much easier and
hassle free way of interfacing your own circuits to a
PC In parader. a PC printer port plus a small amount
of esw*al hardware provides a surprtsingN weriable
04009:00SPUt port The PC -games" Pon n IOW Lellefol for

general interfacing Purposes. but it can be useful in
some applications.

This book provides a rumba of useful PC add -an
circuits including the fob -odd' Digital input:Wm:yet ports;
Analogue -lo -digital convener. Digitalio-Analogus Converter; Voltage and Current nwasuretturM circuits.

934

0.99

W D. Phillips
This is

a

...nor book about designing and making

eleCtrOn-C ClOCkl TOu sten by connecting HIGH and

LOW logic signals to logic gates You find out about
and Men build and test testable*. orystal-controtled
astables. counters. decoders and displaya All of these
subsystems ere carefully explained. with practical work
supported by mil° follow prototype board layouts.
Fuel conarsictonal details including came disowns and

114CVOcK ClOCk The circlet for the Fa Clock is nnedlied
and developed ito produce addoonel deigns winchrdude
a Big Owl Elnr Finlay Clock Linear Clock. AntInvis Clock
(with a semi -analogue deplay). and Circles Cods. Al of
these designs are unusual and disbrative

This is an ideal resource for P10001 swot in GCSE
Design and Technology Electronics Product and for
protect work in AS -Level end A-Lervel Elaavona and
Technotgy
194 pager. 44 so.ra! tcund 11=1.8111:111 116 SO

Resisierce

meter;

do-it-yoused Malar axe can protect your home. It also
gives FOS and ideas which ndl help you to maintain
improve your horn security. even d you already here
here
an Marrs Every circuit in this book is steady described

MICROCONTROLLER COOKBOOK

Mike James

The prectcal sout cris to real pc.t'trn% shown in this
cookbook provide the bass to make PIC and 13051
dences really work Capabilities of the variants are
karnined, and ways to enhance these are shown A
surrey of common interim* devices. and a description of programming models lead on to a Section on
development techn,ques The cc:stook offers an introduction that veal a"c
to make the most of r .7.t0 pages

Ea=
I'.

Cr esperanced,

A BEGINNER'S GUIDE TO TTL DIGITAL IC.
R A. Penfold
This book first covers the basics of simple logic circuits

CePeettance

Temperature

meter.

measurement interface; Biofeedback monitor. Conran
voltage model train controller: Pulsed model tea n
controllers. Position sensor (optical. IMO effect etc 1.
Stepper motor interface: Relay and LED drivers. Trim
mere notching intntace.
M.911

119Pdges

Jobe Cdsp

II you an. or soon wA be. Involved

in

erMroplocimmOrs. din practical Intro:Arbon

the use of
le

essenbal

resafing. 'Mabee& geortdes a thoroughhi readable introduc-

tion as ini roproceseors. Wang no previous
of the subject nor a Wdvacal or nwthernaocalbm..=
grovel
Illatetlie for indents. tedienons.
range engineers
sed habbiyists. rd covers the full
of redden
rnicrepeoceerlenS

Mae thorough ramaaamon to the subject dew are
devaloced progreenirdy n a well-setcesed kernel IJ
technical Unwire
iray mtroduud and subjeas *Mich
bow proved difficult. for warn& 2s corm:Ismer& we

dim

xpleined
Crisp cones the canning NWT. of
=csiwfthe popMs 4 -tat ard 9-bil deigns to
rsuper-fastIt tea rd 64 -td versions that power Ka

and engine management system etc
Contents: The world changed in 1971; Microgrooseaces
dart have ten finilere: More courant; Mathanatical

micros ifs MI a moray elle*: Registers and maikonee; A
MorTewcaremir baled Nam; A twice SAC rrinapioces.
tar: Programming. High level linguirges Micros are gewrig
bow and faster; The pentium The PcwsmPC; The NOM

21154 andOpiedeeior; Into/a:Iry Test Milionvere rd
fault hying

TEC=ZIEll

in general. and then progresses to specific TTL logic
integrated circuits The deuces covered include gates.
oscillators. timers. fi p flops dviders. and decoder ter.
Cuits Some pra:tCal circuits are used to i"ustrste the
use of TTL de. :es ,n the rill. AC,,.1
742 pages
Order code 8P332

Ea OS

ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop
This book describes over 60 modular electronic circu4s.

INTRODUCTION TO MICROPROCESSORS

EMMA,

A L Brown

192 popes

ccollitaiptlatturitg

dows95emronminy

Order code BP 13

and illuatated. end COMM* Components that are easy to
sourer. Addeo and guidance ere based On the ma/ ea.
Penanee of the author who is en alarral inataRee. and the
&eager theme/1We hers been rigorously put to use on
some OS the matt crimeridden streets in the world
The design. include all elements. including sensors.
detectors. alarms, controls. lights, video and deer entry
systems. Chapters cover nttaliat.On, testing, maintenance and irtopedin;

Note our UK postage costs just £1.50 no matter how
many books you order!

The book we. *ratan rah Me non -expert busy
mind 4 exptaine the hardware that you need in ardr to nor
Windows 95 succesindy. and how to maul and °Monde
yOar sterrillnleOurtell 11 presents an overview of the Win-

160 papas

DISCOVERING ELECTRONIC CLOCKS

This book shOws you hOw. with COMMOn sense and basic

)70 Pages

THE NEXT TWO MONTH'S ISSUES.

book for you.

remote control .,stems

DOMESTIC SECURITY SYSTEMS

FOR ANOTHER SELECTION OF BOOKS bEE

P R M Oliver and N. Kaman,
d you *o/d Ike Co get up end nannong. as soon allairtale.
weft the new Windows 95 opening entern. don " dew

application of ready-made type -approved

416M/It radio transmitter and receiver modules to

emphasis firmly on those components tent ore used a
west deal in protects for the horn* constructor

to everyone involved in electronics and computing. They are
supplied by mail order to your door. Full ordering details are
given on the last book page.

WINDOWS 95 EXPLAINED

and the

A wqtri range of components are included. with the

The books listed have been selected by Everyday Practical

3a

remote control, as ...misfired by the BASIC Stamp,

a printed brad board pattern. as gwen

A BEGINNERS GUIDE TO MODERN ELECTRONIC
COMPONENTS

of the metro

Owen Ebbed
Provides wealth of circuits and circuit modules for use
in 11117140 control Water= of MI MIDI; ultrasonic. infra.
red. Optical Rbfe. Cable WM redo. There ere Instructions
for building fourteen novel and breast* remote control
predicts But this is not an, es each of these projects
provides a model for building dorens of other related
circuits by simply mod lying parts of the design slightly
to suit your own inagicrenlenli. This book tens you how
Aro included are techniques foe connecting a PC to e
remote control system the use of a mcrocontrolier in

£1199

non they work. how to build them. and how to us*
them The modules may be wired together to nuke
hundreds of ctfteierst electronic systems. both analogue
and digital To show the reader how to begin build-

ing systems from modules, a selection of over 25
electronic systems are described in detail, covering
such widely differing applications as riming home
security. measurement. audio including a smolt rad 3
received. games and remote contro'
200 [was
Temporarily out of print
PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE

IF A. Wilson. C G IA .0 Eng .F1 EE .F1 E RE - F8 I Id
Bridges the gap between complicated technical theory,
and 'cut -and -tried- methede which may bring success

in design but leave the esperimenter urdstrdlird

A

strong practical bus - tedious and higher mathematics
have been avoided where possible and many tables
have been included.

The book is divided into as bras sections. Units and
Constants. Direct -Current Circuits. Passive Component,.
Alternating -Current Circuits. Network. and Theorems.
Measurements
256 pages
EA 99

1:=1
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71-%sorrF samad likeursutcce
Bebop To The Boolean Boogie
By Clive (call me Max)
Maxfield

ORDER CODE BEB1

ittgoprz

£24.95

ROOLSN

By Clive "Max" Maxfield
and Alvin Brown

ORDER CODE BEB2

£29.95

BOOV

470 pages. Large format

Bebop BYTES Back
An Unconventional Guide to
Computers

Over 500 pages. Large
format
Specially imported by
EPE - Excellent value
An Unconventional Guide
To Computers

Specially imported by EPEExcellent value
An Unconventional Guide to
Electronics Fundamentals.
Components and Processes
This book gives the -big picture" of
digital electronics. This in-depth, highly
readable. up-to-the-minute guide shows you

how electronic devices work and how
they're made. You'll discover how transistors operate. how printed circuit
boards are fabricated, and what the innards of memory ICs look like. You'll
also gain a working knowledge of Boolean algebra and Karnaugh maps. and
understand what Reed -Muller logic is and how it's used. And there's much.
MUCH more (including a recipe for a truly great seafood gumbo!). Hundreds
of carefully drawn illustrations clearly show the important points of each
topic. The author's tongue-in-cheek British humor makes it a delight to read.
but this is a REAL technical book. extremely detailed and accurate. A great

reference for your own shelf, and also an :deal gift for a friend or family
member who wants to understand what .1 s you do all day....
470 pages - large format
Order code lit Lit
DIGITAL ELECTRONICS - A PRACTICAL APPROACH
With FREE Software. Number One Systems - EASY -PC

224.95
FREE

SOFTWARE

Professional KM and Pulsar .Limited Functionality)
Richard Monk
Cc.ers o nary amnmetic. Boolean algebra and log.: gates, combination logic.
sequential logic including the design and Construction of aSynChrOnous and
synchronOus circuits and register circuits. Together with a considerable prawn
cal content plus the additional attraction of its close association with computer
aided design including the FREE software.
There is a 'blow-by-blow' guide to the use of EASY -PC Professional )0.1 is
schematic drawing and printed circuit board design compute' packager The
guide also conducts the reader through logic circuit simulation using Pulsar
software. Chapters on p.c b. physics and p.c.b. production techniques make
the book unique, and with its host of project ideas make it an ideal companion

for the integrative assignment and common skills components required by
BTEC and the key skills demanded by GNVO. The principal aim of the book is

to provide a straightforward approach to the understanding of digital elec.
Panics

Those who prefer the Teach -In' approach or would rather experiment with
some simple circuits should find the book's final chapters on printed circuit
board production and project ideas especially useful.
250 pages
Order code NE28

E16.99

Plus FREE CD-ROM wnich includes:
Fully Functional Internet -Ready
Virtual Computer with Interactive
Labs

This follow-on to Bebop To The

.

,

hischnei beaset4
PrIod Caspar, sa111

'

leerestes tale

Boolean Boogie if a multimedia extravaganza of information about.how
computers work. It picks up where "Bebop I" left off, guiding you through
the fascinating world of computer design
. and you'll have a few
.

.

chuckles. if not belly laughs. along the way. In addition to over 200

megabytes of mega -cool multimedia, the accompanying CD.ROM Ifor
Windows 95 machines only) contains a virtual microcomputer, simulating

the motherboard and standard computer peripherals in an extremely
realistic manner. In addition to a wealth of technical information, myriad
nuggets of trivia, and hundreds of carefully drawn illustrations, the book
Contains a set of lab experiments for the virtual microcomputer that let
you recreate the experiences of early computer pioneers. II you're the
slightest bit interested in the inner workings of computers, then don't dare
to miss this one,
Over 500 pages - large format
Order code BEB2
E29.95
NEWNES INTERACTIVE ELECTRONIC CIRCUITS CD.ROM

CDROM

Edited by Owen Bishop
An expert adviser, an encyclopedia. an analytical tool and a source of real
design data, all in one CD-ROM. Written by leading electronics experts.

the collected wisdom of the electronics world is at your fingertips. The
simple and attractive Circuits Environment
is designed to allow you to
find the circuit or advice notes of your choice quickly and easily using the
Search facility. The text is written by leading experts as if they were
explaining the points to you face to face. Over 1,000 circuit diagrams
are presented in a standardised form, and you are given the option to
analyse them by clicking on the Action icon. The circuit groups covered
are: Amplifiers. Oscillators, Power. Sensing. Signal Processing, Filters.
Measurement, Timing. Logic Circuits. Telecommunications.

DIGITAL GATES AND FLIP-FLOPS
Ian R. Sinclair

This book, intended for enthusiasts. students and technicians, seeks to establish a firm foundation in digital electronics by treating the topics of gates and
flip-flops thoroughly and from the beginning

Topics such as Boolean algebra and Karnaugh mapping are explained.
demonstrated and used extensively, and more attention is paid to the subject
of synchronous counters than to the simple but less important ripple counters.
No background other than a basic knowledge of electronics is assumed, and
the more theoretical topics are explained from the beginning, as also are many
working practices. The book concludes with an explanation of miaoproceseor
techniques as applied to digital logic.
200 Pages

FREE
CD-ROM

Bebop Bytes Back

EMS

Order code PC106

The analysis tool chosen is SpiceAge for Windows, a powerful and
intuitive application, a simple version of which automatically bursts into
action when selected.

Newnes Interactive Electronic Circuits allows you to: analyse circuits
using top simulation program SpiceAge; test your design skills on a
selection of problem circuits; clip comments to any page and define
bookmarks: modify component values within the circuits; call up and
display useful formulae which remain on screen; look up over 100
electronic terms in the glossary: print and export netlists.
System Requirements: PC running Windows 3.x. 95 or NT on a 386 or
better processor. 4MB RAM. 8MB disk space
CD-ROM
E49.99
Order code NECD1

kadlo Erad:
AN INTRODUCTION TO LOUDSPEAKERS AND
ENCLOSURE DESIGN
V Capel

Tr t t
eat ores the various features. good points
a'd snags of teaser amens It ermines the whys and
wherefores so that the reader can understand the
Princiars iniolved and so make an informed choice of
design or even design loudspeaker enclosures for him or herself Crossover units are also eiplaintd, the

PION May work, the distortions they
',reduce and how to avoid them Finally there is
cepby-step description of the construction of the
various 1O111

Kapeametre lowdscen et e ne1 plait
148 pap's
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PREAMPLIFIER AND FILTER CIRCUITS

R A Pentold
Th s boob pro- des Circuit and background informauon
for a range of preamplifiers. plus tone controls. filters.
misers. etc The use of modern low none operational
amplifiers and a specialist high performance audio
PreamPlifer i C results in circuits that have excellent

performance, but which are awl put* simple All the
circuits featured can be twat at quite lo* cost ljust
a few pounds in most cases. The preamplifier Cr.
cults featured include Microphone preamplifiers !low
impedance. high impedance. and chstall Magnetic
cartridge pick-up Presmoi Ctrs with R I A A equalisation Crystal Creme pack -up Preamplifier Guitar act -up
prearnci.fier Tape head preamplifier for use with com
pact cassette systernal

Other circuits include Audio limiter to anent over.
loading of power amplifiers Passive tone controls
Active tone controls. PA filters Itughpass and low,
petal. Scratch end rumble Mies Loudness filter Audio
mixers Volume and balance control
92 Pages

ES.te

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION

KA rentals'
Practical construction details of how to build a number of audio power amplifiers ranging from about 50
to 300700 watts r I includes MOSFET and bipolar
transistor deign,
96 pages
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Order code BP211
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ACOUSTIC FEEDBACK - HOW TO AVOID IT
V Capel

Fee:'

is the bane 01 M pudic Mama mums While
t carnet be concerti* 0.1"afocl- math' Owila can
Le clone to reduce it to a rarer at Much d e no longer a
f

Onablens

01 the trouble

is

often de hall salt not the

equipment. lx4 Ware es a swipe and prepaid w.v ol greedy

eassnaing aonnata Some metaphases it. prom to feed.
back writ others es not Carton loudspeaker systems are
muds better than ahem and the way the uses are positioned can produce a reduced feedback. 11/1 these ne.
tars we hay enpIcred as well as dictronic aids such as
couslataratrecanncy-therarsard notch Nun
The specie requerentente of kw group concerts aro con -

&dryad. and aleo the related protein d evaabily the% e
sorneirnos encountered *eh large setups We ran take a
look it some twit
will attempts to Clara Safaiatii .0 SS
to sine readers nested tone wet earl dupkatroa thins
Ale included is die orhat and layout of an inimpeerarre
but highly successful twin -notch filter and details on how
to operate it
91 P4995

Terriperaray out of print
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SCROGGIE 5 FOUNDAT101:5 OF WIRELESS
AND ELECTRONICS - ELEVENTH EDITION

to help the engine** when designing. daveleonsg. avaluel

S. W Amos and Rogow Am
Scroggjers Foundabons 4 a classic ten for anyone wut.
mg ash electron:a. who needs to know the an and craft

et the subject. la covers both the theory and primal
aspects el a huge range at topics horn rains and tube

technology. and the 'potation of cathode ray tubes
to radio. to digital tape systems and optical mowing

tcniques.

Rance Foundations of Mabee wee fret published over
60 years ego. it has helped wow Mouunds of readers to

become fernier mth the principles of radio end eieci
trona. The angina author Saivartry was succeeded by
Sammie an the 1940s. whose erne became synonymous

oat this classic primer for prectrOoners and students OW. Stan Amos one al the fathers of modern elector:a

ins fault finding and repasnng Idektnelk circuit' The
result is the handy wenk,ltale volume: a memory aid,

Ma end reference source which is recommended to all
electronics engineers students and tactinciana
Have you ever wished for a concise and canprehen
save guide to electronics concepts end rules at bomb?
Hoe you ever been unable to source a component. or
thooeit between two altemetives for a pertiorlar applies
Pon? How much time do you wand searching for basic
facts or manufacturers specifications? This book is the
answer. n corers resistors. capacitors. inductees. semicon-

ductors. logic circuits. EMC. auto. electronics and musk.
telephones. ffectroncs in ligrang. thermal considerstIOnS.
connections. rifeness' data
EU 99
NI Pleas

1=EirTEE3

'Ms and n

400 paws

,'eft version.

(17'791'1^1::34

ELECTRONICS MADE 5

119.09

Ian Iamb*

PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOOTING
Robin Pain

tips. hints. erd nese of *mitt ell a/ which wle equip U.S

Assuming no ono.
Vt.it Simple
presents Ni outline of modem electronics with an emphasis on utvdermanding how mums work rather than
on Mee al circus diagrams and celholations. 4 is ideal
for students an a range of comma in alectromics. including GCSE. C6G end GPNV4 and kir students of other

iech who will be using Means* ireinenents and

methods.

Contents. *FM and pulses. pensive corroonenti.
Baum components and Cs.
circuits Kea and

--

1=1:111ZEI
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AN INTRODUCTION TO LIGHT Ill ELECTRONICS

K A. Men

This book is not foe the expert but nether a a for

the completely uninitiated. It is assumed the reader has
some basic knowledge of electronics Alter dealing with
S kibistM

Funclarnotrests, Waves and Partici*, and The

N ears al ups such things is Emitters. Detectors and
MOWe am tlecumed. Maptar 7 details lour differerd

Lasers before coricluting with a dynast on Fare
11111.11.1111111

off

UNDERSTANDING DIGITAL TECHNOLOGY

Thu a not a back of theca. It is e book of precteal

LE

oscilloscope; IC rept.
274 pages

TEvr:09e

and the author of nn. A! -r 0.sn trots in the area.
tool crier the 'easier 7'
he. Ann his sew who r.

Moray; Binary and hexadecimal: Addressink Discrete
logic. Microprocessor ecton. 10 control. CRT control.
Dynswic RAM; Faun find r3 a c ta' stIternt. Duel trace

reader to usele any lob. You may be an engineer or tads.
nician in search of information and guidance. a college
student. hobbyist building a project From a magmas*. or

timpy a keen sad -taught amateur who is interested in
electronic faun find.ng but finds books on Us Santa too
mathematical or spec:shred

The book omen Basics - Vortege. current and resistance. Caoctarce. inductance and impedance; Diodes
and tramrstors. Op -amps and raga:, . feedback Fait
finding - Analogue Nutt f, no, ng. O.otal Nurt finding:

F. A Wilson C.GIA. C Eng .FIEE.11. Mgt
This book examines what brut technology has to offer
and then considers its arithmetic and how 4 can be er.
=dnuking Mahone In se many proems& !then
at the pert doter hesestpeacZin Pe ever
Inaninision T

In modern=

vei.a;:irtenve er=teion. It avoids geeing deeply in in enallesenetla.

Vedas cholera cover. MOUS Mimetic. Electronc
Logic. Corempalpre between Anologiso and Digital Stns.
tures. Trererniseron Systems Serena Appendices explain

son of Ms comets more Q.. And a glosillerY of tenor
is masked.
183 papas

14.N

circuit diagrams. how redo works. disc and tape recording, elements ot TV and radar d gal sigma. paling and
=Luta couribrig and correcting. microprocessors.
Ore and Ctinnngstalnii. miscellaneous s barns

Pop 1990 rg. toa°

112.99

TRANSISTOR DATA TABLES

Itans-Grinthin Steidle

ELECTRONIC PROJECT BUILDING FOR BEGINNERS
R. A. Penfield

peckaa shape. pin connections and basic electrical data
for each of ma many thousands of Parsietors Mad. The

This book is for complete beginners to electron[ prpect
building It provides a complete introduction to the peso'
cal side of the fascinating hobby. 'nesting:
Component identficaton. and buying the noht parts.
resistor colour codas. capacitor value markings etC.
advice on burying the nght tools for the job; soldenng.

Tine tsblei in ins boldcontain information aboutthe

data incliala maximum none voltage. famd current

and power dissipation. unveil gain rid fonwod Sensed entente and resistance, cusaff frequent,/ and chisels of
moclicahans.

A book of this sin 4 of nearesty reffnaed n its scope.
and the intimdual trereistor types cannot therefore be
descnbad n the son of dahl that maybe found in some
War and conlederatiN more eapensive data books How-

ever. the tat of manufscheeni addresses me make it
osier foe Me prospective know to obtain further informs.
bon. if

Lists r=rs

t different transistors. including 1 I. t s.

making easy sort d the hard wiring. construction

methods. including stripboard. custom pnnted circuit
boards. plain mans boards. surface moue boards and
wire -wrapping: frishino off. and adding panel labels:
getting -problem- projects to work. including smote
methods of fault -fa -ding

In fact
started in this

you need to know in order to get

'

OF THE MULTIMETER

R A Penfold
Thor boot
it proardy
intended as a fialmom to

R.

Contarstnir Ls-pm -build ellerlante projects mat can be
constructed, by an absolute beginner. on terminal blocks
using only a screwdriver and other erne:* hand tool. No
soldering is needed.

11,239, hes below/. end

ball also be of value
to anyone who Medy
By using the lechnithen
in Chapter

performance

of

Fc

Babbingion
zet cEl>378

Zs
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HOW TO DESIGN AND MAKE YOUR OWN PCBS
R A. Penfold
Deals with the simple methods of coprisrqmg
circuit board designs horn magazines and hrxmka and covers
all aspects of ample p c b construction including photomethods and design rig your own pales
papas
Cite
MENNIMESSIZI
Larohk

Our postage price Is the earns no matter how many books you order, just add E1.50 to
your total order for postage and packing (overseas readers add £3 for countries in the
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO,
cheque, international money order (E sterling only) made payable to Direct Book Serv-

I

row can test and anilyM

the

30 SIMPLE IC TERMINAL BLOCK PROJECTS

BOOK ORDERING DETAILS

simple component Meng
described

Corrozi-e-ts Sound and 'Inc. Entertainment. Sesta ty
De, -ices. comm., cat on Test art Wed,' ro
163 nuts
to 95
tides code BP3711

.

the Mice
rotate Ming and

understands
co

The protects included in ins book coat, a wide range
of interests under the chticter headings Connections and

14.96

46 SIMPLE ELECTRONIC TERMINAL BLOCK
PROJECTS

MORE ADVANCED USES

Pro Jot to nen broaden the ConstructOr's I noweggs

r7 re;es

end creative hobby.

135 Ot ists

2000efies

Most of the protects can be
sCrtntd together.
by folorinng the la 0,1 a warns. in a matter of minutes
and readily unscrewed if des red to matt stn circuits
A truioratical c:rcu t ckagrarn s also included with each

a

range of components with

pat a muitimeter (plus a
very few inexpensree com-

ice or credit card details, Visa or Mastercard - minimum credit card order is 15 -

ponents in some caSesl.
Some useful quick check
methods are also covered
While a mulbmeter is
.
terdatkartit The simple add-ons described in Chapter 2
amended the capistaktifis of a multirneter to make it Cie-,
more useful
Bit Ps9frs
129S

=1111MMII

to: DIRECT BOOK SERVICE, ALLEN HOUSE, EAST BOROUGH, WIMBORNE, DORSET
BH21 1PF (mail order only).

Books are normally sent within seven days of receipt of order but please allow a
maximum of 28 days for delivery - more for overseas orders. Please check price and
availability (see latest issue of Everyday Practical Electronics ETI) before ordering from
old lists.

ELECTRONIC TEST EOUIPMENT HANDBOOK

Stew Money
The principle' of operation of the venous types of test
instrument are eiptained in simple terms wide a minimum
of mathematical anthers. The book Min analogue and
digital meters. bridges. osolloscooee. signal generators.
counters. wen and frequency measurement 7/se practi-

For a further selection of books see the next two issues of EPE. ETI.
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749

Fax 01202 841692 Due to the cost we cannot reply to oversees orders or queries by Fax.
E.rnail:dbegapemag.wimbome.co.uk

cal uses of the instruments are also examined

BOOKORDER FORM

Everything from OsciNicrs tnto.:on R. C b L measurements Land much dots t. 'f, a..' .
Gentdators ni
teeing Zanies.
206 papts

IS 9S

0111114nteld0
THE MOST FROM YOUR MULUMETER

ItPe

Full name:

Address

This took is primarily aimed at beginners and Moss of
tinted espenerce of electronics Cheater I coven the

basin of analogue and tfifstal rnadbenstme. efecueWss the

relative wants asst the lentetione el the two Iyp.L In
Cheraw 2 vencan miffed' of component cFetlhg ale
described. frictions taste tot trareinas. bwriffors. resistors, capacitate and diodes Groat MMg is covered in
Chapter 3.wth subjects such es voltage. anent and ant:flair chichi being Slecuseed.

In themen FM or no imirksis knowledge or ex-

penersze is miaowed Using

simple component and

circuit test na tecimiques the reed*/ should be able to

Post code:

I enclose cheque PO payable to DIRECT BOOK SERVICE for

Please charge my Visa Mastercard C

corddently txka sersicing of most electronic protects.
96 peps
1216
1111111.11111111

Card Number

HERMES ELECTRONICS TOOUGT- SECOND EDITION

Please sand book order codes*

Geoff Mips

Telephone No:

Signature:

Card expiry date

The arbor has seed hes 30 wan eapeneres in industry to

draw together the basic information that 4 constantly
demanded Facts. formulae. data end chant are presented
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PROJECT TITLE
Twinkle Twinkle Reaction Game

PCB SERVICE

Alternative Courtesy Lg,-.I Cc --..c
Light Alarm

'

*PIC MIDI Sustain Pedal
Software only
*Wireless Monitoring System -2
F.M TransRec Adaptors
*Time and Date Generator
Auto Cupboard Light
Smoke Absorber
APR'99
ironing Board Saver
Voice Record Piayback Module
Mechanical Radio (par)
*Versatile Event Counter
*PIC Tootiut lAk 2
AM. .F M. Radio Remote Control
Transmitter

ilaial

seven days of receipt of order, please allow a maximum of 28 days for
delivery - overseas readers allow extra II ordered by surface mail.

EMI.

Back numbers or photostats of articles aro available it required - see the
Back Issues page for details.

Please check price and availability in the latest issue.

Boards can only be supplied one payment with order basis.

JULY 97

.' :-opovrer PIR Detector - 1
-a-Red Remote Control Repeater

932
159
160

- Mixer Board
-outer Dual User Interface
* =EsT Scarer

161

' liating

:-.- ante Bench Power Supply
.ersal Input Amplifier

PIR Detector -2 Controlier
. " -iitoower
___
.

_.

.:AePiCetevz- 3
OCT 97

--i

.

*

'.`iaa PeJa .V.., t c c,e..:*. PCB;

1198

162

932

146
163
164
140
157
165

168
169
170

£6.32

171

£834

172
173
175
179
174
178

£6 63

932

Kissometer
*EPE PIC Tutorial
W,Jinn;; U
The Handy Thing (Double -Sided)
LiOting-Up Reminder
*Audio System Remote Controller - PSU

161

P.1ain Board

Simple Metal Detector
(Multi -project PCB)
Single or Dual -Tracking Power Supply

Bililaia..

*R Meter

SecuntyAuto-14nt
WAAL..
Stereo Tone Control plus 20W Stereo Amp . e
Tone Control
20W Amplifier

*AT89C2051,i051 Programmer

rEiall

Main Board
Test Board

*Reaction Timer
Software only
*PIC16x84 Tocilit4
*Greenhouse Computer
Control Board
PSU Board
Float Cnarger

LgItbulb Saver

Personal Stereo Ampl.her
thluiti-prosect PCB i

*Greenhouse Redo L -...
*PIC Altimeter
Voice Processor
*Digsery RC Expander

PIIIW4rtU

WALM.A
111.-14Jaitill

amt.'

£3.00
£6.40
£6.75
£6.70
£6.60
£3.00
£6.55
£6.72
£7.02
£6.59
£6.63
£7.82
£5.72

176
177
180

EPE Mood Changer

Cost
£6.69

166
167

:uai Sc..:-.e - Cg tal a:a-a
Araogue Board iper coa,d1
*Water Wizard
.

*Mee Lott

Receiver

Trans:inter
Receiver

WM/Wig

T-Stat

PhruyB
A -PCB B -CD-ROM C-Prog Mcrocontrouer
15 -Way IR Remote Control
Switch Matrix
15 -Way Rec.-Decoder
Damp Slat
Handheld Functon Generator

*Fading Christmas Lights
FTuZzyB LO Board (4 -section)

EMU!

182
183
184
185
186

E623
£6.90

191

192

E8.58
£8.05

193

£7.75

194
195

£8 50
£8.69

196

£596

197
198

£9.08
£8.10
£6.59
£3.00
£3.00

r

203
204
205
206
207

£3.00
£3 50
£6 82

208

£4.00
£14.95
each

W

Bee lAliBi(Ci
211

212
209
213
215
216
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Waltrifi'll
-

218

Li'.

219-a
220.a

£5

£6 t-3

-

See
Feb 99

219a 220a

£7 37

221

222
223
224
225
226A&B
207

E6 36

£5 94
e5 15
£5 12
£7.40 or
£6 82
£8 95

227
228
229

E3 00
E3 20
£9 51

231

232

£8.79
£6.78
£6.72
£7.10
£3.00

233
234
235
932
236
237
238
239
240
932

£5.00

1101111(12

241

£7.51

116.011C-1

242
932

£764
£300

243
244
230
245
246

£3 50
£7 88
£6.93
£6.78
£7.82

247
248
249

£7.85
£3.96
£4.44

.

NOV'99

1111.42kAn

£888
£6.96
£6.77
£6.53
£3.00

WARE

Software programs for EPE projects marked with an asterisk * are avai.
able on 3.5 inch PC -compatible disks or free from our Internet site. Five
disks are available: PIC Tutorial (f.tar-May 58 issues): PIC Toolkit MU
(May -Jun '99 issues): PIC Disk 1 (Apr '95 -Dec '98 issues). EPE Disk 2
(Jan 99 issue to Current cover date): EPE Teach -In 2000. The disks are
obtainable from the EPE PCB Senve at £2.75 each (UK) to cover our
admin costs (the software itself is free.). Overseas teach): £3 35 surface
Mail. £4.35 each a anal; Al Wes can be dcwn'oaded free from our Internet
FTP Site: ftp: flp.epemag.wimborne.co.uk.
1

EPE PRINTED CIRCUIT
BOARD SERVICE
Order Code

Project

Quantity

Price

-

£8 32
£8.15
£7.18
£7.69

201

EPE

£829

£7.78

200

Giant D4play
Serial Pon Convener
Loh Guard

£7.00
£7.32
£7.64
£8.30
£3.00
£14.49
£7.34
£7.69
£7.67
£7.99
£6.58
£5.90
£7.05

190

199
202
932

*Ginomious Stopwatch - Pan I
*Enormous Stopwatch - Part 2

£6.61

£3.00
£7.90
£7.66
£8.10

-

(Multi -project PCB)
Ultrasonic Puncture Finder
*8 -Channel Analogue Data Logger
Buffer Amplher (Oscillators Pt 2)
Magnetic Field Detective
Sound Activated Switch
Freezer Alarm (Multi -project PCB)
Child Guard
Vanab'e Dual Power Supply
Mains Cable Locator
IMulti-pro;ect PCB)
Micro Power Supply
*Interior Lamp Delay
Vibralarrn
Demister One -Shot

£512

167
188
189

932

LED. Stroboscope

Name

Address

enclose payment of £......-.._.(cheque-PO in sterling only

Everyday
Practical Electronics

IR Remote Control

*PIC Tape Measure
Electron( Thermostat

MIMI

*Musical Sundial
PC Audio Frequency Meter
*EPE Mood PICker
12V Battery Teste
Intruder Deterrent

Yulti-prot P.C.13.)
.aoke Ec lint - Echo Board

.

152

111MIEZ

Rece... r

NOTE: While 95'. of our boards are held In stock and are dispatched within

Order Code

e

*WireleSS Monitoring System - Tra-s-r ''..:

Premed circuit boards for artair EPE coretructonal projects are availed, from the
PC8 Service. see Est These are fabricated 61 glass %re. and are turfy drilled and
roller tinned. Al prices inckide VAT and postage and padting. Add £1 per board
'or armed outside of Europe. Remittances should be sent to The PCB SerVICO,
Everyday Practical Electronics, Allen House, East Borough, 1N1mbome, Dorset
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to
overseas orders or queries by Fax); E -mall: orders@epemag.wimbome.co.uk
ce vossea and made payaVe to Everyday Pre:rca'Eecrr^..:is
(Payment in sterling only).

PROJECT TITLE

MUIR

*EPE Mind PICkler
PhizzyB 10 Board (4 -set: :-

-

Order Code
270
214
216
217

£3.00
£4.00
£4.50
£4.00
£5.16
£3.95

MasterCard or Visa No.
Minimum order for credit cards £5

Ct:

Signature
Cara Exp Date
Please supply name and /00,01* d carcroder a dtfvee: nc tne aooress

...

I

NOTE: You can order pcbs via our Internet site on a secure server:

L

I

http: www.epemag.wlmborne.co.uk
937

SURFING THE INTERNET

40,

NET WORK

-
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ALAN WINSTANLEY
JET SCREAM
SI.VERAL examples have arisen recently which illustrate how useful the Internet can be. as well as how it can also be the bane of

my life. Recently a friend asked mc if I could help with a problem
with his HP LaserJet. an old but very sturdy LaserJet 3 which was
displaying the dreaded message on its l.c.d. Call Service Error 50.
I own an U 3P as well. but my own experiences of out -of -warranty service had left a distinctly bad taste. My ScanJet 4C scanner
suddenly broke down at quite a critical time, so my first pon of call
was the HP web site. It had a list of dealers who could (reportedly)
repair scanners, and the site also had a map feature which displayed
a zoomable road map of the UK Showing my nearest dealer.

I printed that off, threw everything in the car and went off in
search of a scanner saviour. Two weeks later the HP dealer charged
the equivalent of nearly £100 nor to mend it. because after putting
in about a day's work it transpired that they can't be fixed anyway.
("There is no repair path." the official jargon explained.)
The replacement scanner, an HP 6250. has had more than its fair
share of installation difficulties, and again the Internet proved vital

in finding the patches and fixes from the HP web site. Their slow
but moderately useful scanner forum also helped explain why. when
I tried to share the scanner on my network. the host PC would
to
dial the Internet instead it still does. by the way).
Remember readers, that if you ever have hardware or software
problems, there's a chance you're not alone, and often all you need
to do is search for the answer on the Internet. The problem is usu-

ally where to start Have a look at the brand new Help web site
operated by CNET at www.help.com.

So to help my friend with his Lawrie! 3. started by typing
"laserjet" into Deja Ncws (www.deja.com) to see what other folks
have said in the past. After reading through many of the newsgroup
1

messages archived there, several web sites caught my eye.

It was not that long before I turned up Pans Now Inc.
(www.partsnowinc.com) and also All Laser Service in
California (www.all-laser.com) and - bingo - there was a page
devoted to Call Service Error 50! The problem could be a fuser.
triac. thermistor or halogen lamp. they say. Using an ohmmeter
we can now hopefully pinpoint the fault and fix this one

must say is extremely reliable and has tons of bandwidth at its disposal. The problem is that Internet users. especially newcomers. arc
progressively being spoiled by world wide web sites, to the total
exclusion of the other ways of making information readily available
over the Internet.
So when Teach -In 2000 is launched and I receive several complaints about the hopelessness of our FTP site. the weary writer
starts to feel rather exasperated. -I have described the processes of
FTP several times in the past. The first problem is that FTP is FTP,
not the hypertext transfer protocol associated with web servers.

BROW -BEATEN
Web browsers have varying degrees of success or tolerance when
accessing FTP sites, and in my own experience. Microsoft Internet
Explorer 5 is far more obliging with the process of anonymous FTP
than version 4.0 ever was. Furthermore, even instance of "extended response" server error messages (generated for %hawser reason)
arose. in my experience. due to the use of MSIE 4.0. never anyone's
favourite browser. As I state on the EPE web site. such error messages arc browser issues, not related to our server.
All such problems seem to have gone after adopting MSIE 5.0.
which deals with anonymous FTP in an orderly fashion. If some
readers are nervous about upgrading their Microsoft browser they
haze every reason to be so. Sometimes it goes smoothly. at other
times a wheel might fall off in the process, causing major headaches
for the user who has usually done nothing wrong at all.

For es idence of this, one only has to read the Microsoft or
1V95/98 newsgroups. Never -the -less. it should be accepted that a

browser upgrade will be required sooner or later - maybe every 12
to IS months or so.
Presently the ideal answer is really to use proper FTP software.
which will be second nature to seasoned users. I regret it when users
take umbrage at the suggestion that an upgrade is required. or that

we are trying to bar MSIE 4.0 users from the FTP site. Try to
upgrade from the obsolete browser if possible. Internet Explorer 3
has the honour of being the first Microsoft browser I could actually
recommend.

ourselves, if we can get the spares.

HELP -LINE

HELP US TO HELP YOU

series as Teach -In 2000 so we try to lend a hand w here we can, often

I was once quite amused by a quip made by a reader in relation
to our Chat Zone service, or more specifically, my own contributions therein. The reader wondered if my mood could be gauged
from the way I signed off my messages: perhaps a curt "ARW" signature signified a certain amount of grumpiness (never) whilst the
full moniker - usually bashed out in some haste I must say - meant
that I was feeling a tad more affable that day. %'ho. mc?
One thing that does admittedly test my patience at times is

when I'm on the receiving end of some intemperate E -mails
from users of our web or FTP site. However, acknowledging the
principle that customers arc always right. even when they are
completely wrong, and no-one ever won an argument with a customer anyway, your scribe bites his tongue and sallies forth with
an ever -helpful reply.
Following the launch of Teach -/n 2000. my E-mail has been

alive with requests for help from readers who arc new to electronics. new to computing, or new to the Internet for new to all
three). Although I'm happy to oblige, surprisingly there has been
more than one unfavourable comment about the FTP site, some

users having apparently been foiled by the process of File
Transfer Protocol.
As one reader put it. "ours is the one web site in the world which
has defeated me." actually referring to the FTP file server, which I
938

Here at EPE HQ we want all readers to enjoy such splendid
going well beyond the call of normal duty as many readers w ill confirm. When things don't seem to go right. it is very easy to dash off

an urgent or intolerant E-mail on the spur of the moment, just
because a user has experienced some frustration or other.

It's also very easy now to send an impatient "chaser" the next
day. which merely adds to our volume of work. It isn't our tault if a
user's browser is flakey, or if a beginner is frustrated with the complex techniques of operating a personal computer, or has never
heard of FTP before now.
You don't need to fetch a hefty browser upgrade from the Internet
either (another reader complaint). as brow ser upgrades are regularly included in computer magazine cover -mounted CD ROMs. and
furthermore, the upgrade is there on an indestructible CD for future
backup. You could alternatively base a look at EPE Online's web
sitc twww.epemag.comi and fetch files from our web server hosted
in the USA.
Occasionally, readers are so stuck that they ask that I send files to
them by E-mail instead, and I will of course try to oblige. although
it is always more encouraging to know that users have tried to help
themselves to begin with.

If you have any queries, comments or (whisper) complaints.
please feel free to share them w ith other readers in the EPE Char
Zone, or E-mail them to alanfir epemag.demon.co.uk.
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VIDEOS ON
ELECTRONICS
A range of videos selected by EPE and designed to provide instruction on electronics theory. F.ach video gives a sound introduction
and grounding in a specialised area of the subject. The tapes make

learning both easier and more enjoyable than pure textbook or
magazine study. They have proved particularly useful in schools,
colleges, training departments and electronics clubs as well as to
general hobbyists and those following distance learning courses etc

BASICS

VT201 to VT206 is a basic electronics course

and Is designed to be used ws a complete
series, if required.

VT201 54 minutes. Part One: D.C. Circuits.
This video is an absolute must for the beginner. Series circuits. parallel circuits. Ohms
law. how to use the digital multimeter and
much more.

Order Code VT201

VT202 62 minutes. Part Two: A.C. Circuits.
This is your next step In understanding the
basics of electronics. You will learn about how
coils. transformers. capacitors. etc are used in
common circuits.
Order Code VT202

VT203 57 minutes. Part Three: Semiconductors. Gives you an exciting look into the
world of semiconductors. With basic semiconductor theory. Plus 15 different semiconductor devices explained.
Order Code VT203

VCR MAINTENANCE

VT102 84 minutes: Introduction to VCR
Repair. Warning, not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input to

the audio video heads then from the
heads back to the output.
Order Code V1102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally cleaning the tape path and replacing many of
the belts in most VHS VCR's. The viewer
will also become familiar with the various
parts found In the tape path.
Order Code VT103

GV

will further enhance your knowledge of digital

basics. You will learn about Octal and
Hexadecimal notation groups, flip-flops.
counters. etc.

minutes.

of a.m. reception. Learn how the signal Is
detected, converted and reproduced. Also
covers the Motorola C-QUAM a.m. stereo
system.

Order Code VT401

VT402 58 minutes. F.M. Radio Part 1. F.M.
basics Including the functional blocks of a
receiver. Plus r.f. amplifier, mixer oscillator.
if. amplifier, limiter and f.m. decoder stages
of a typical f.m. receiver. Order Code VT402

DIGITAL

VT302 55 minutes. Digital Two: Flip Flops

56

mission and proceeds to the fit e majoi stages

Now for the digital series of six videos. This
series Is designed to provide a good grounding In digital and computer technology.
VT301 54 minutes. Digital One; Gates begins
with the basics as you learn about seven of
the most common gates which are used in
almost every digital circuit, plus Binary
notation
Order Code VT301

9V

VT204

RADIO

VT401 61 minute.. A.M. Radio Theory. The
most complete video ever produced on a.m.
radio. Begins with the basics of a.m. trans-

Part

Four:

Power

Order Code VT302

VT303 54 minutes. Digital Three: Registers
and Displays Is your next step In obtaining a

Supplies. Guides you step-by-step through

solid understanding of the basic circuits

different sections of a power supply.
Order Code VT204
VT205 57 minutes. Part Five: Amplifiers.
Shows you how amplifiers work as you have

found in today's digital designs. Gets into
multiplexers. registers. display devices. etc.
Order Code VT303

never seen them before. Class A. class B,

ADC shows you how the computer is able to

VT304 59 minutes. Digital Four; DAC and

VT403 58 minutes. F.M. Radio Part 2. A continuation of f.m. technology from Part I.

Begins with the detector stage output, proceeds to the 19kHz amplifier, frequency dim bier, stereo demultiplexer and audio amplifier
stages. Also covers RDS digital data encoding
and decoding.
Order Code VT403

MISCELLANEOUS

VT501 58 minutes. Fibre Optics. From the
fundamentals of fibre optic technology
through cable manufacture to connectors,
transmitters and receivers.

class C. op amps. etc.

Order Code VT205
VT206 54 minutes. Part Six: Oscillators.

communicate with the real world. You will
learn about digital -to -analogue and ana-

Order Code VT501
VT502 57 minutes. Laser Technology A basic

Oscillators are found in both linear and digi

logue -to -digital converter circuits.
Order Code VT304
VT305 56 minutes. Digital Five: Memory

uses of laser devices, plus the operation of the

1.11 circuits. Gives a good basic background in

ll)l IllatOr circuits.

Order Code VT206

Devices introduces you to the technology

£34.95

used in many of today's memory devices. You

will learn all about ROM devices and then
proceed into PROM. EPROM. EEPROM.

each

Ruby Rod laser. HeNe laser. CO2 gas laser
and semiconductor laser devices. Also covers
the basics of CD and bar code scanning.
Order Code VT502

SRAM. DRAM. and MBM devices.
Order Code VT305

inc. VAT & postage

Order 8 or more get one extra FREE
Order 16 get two extra FREE

introduction covering sonic of the common

VT306 56 minutes. Digital Six: The CPU
gives you a thorough understanding in the

I

basics of the central processing unit and the
input output circuits used to make the ss stem
work.
Order Code VT306

ORDERING: Price Includes postage to anywhere in the world.
OVERSEAS ORDERS: We use the VAT portion of the price to pay for airmail postage
and packing. wherever you live in the world. Just send £34.95 per tape. All payments
in £ sterling only (send cheque or money order drawn on a UK bank).
Visa and Mastercard orders accepted - please give card number, card expiry date and
cardholder's address if different horn the delivery address.
Orders are normally sent within seven days but please allow a maximum of 28 days.
longer for overseas orders.
Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset
BH21 1RW (Mail Order Only)
Direct Book Service is a division of llimborne Publishing Ltd., Publishers of EPE
Tel: 01202 881749. Fax: 01202 841692
Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail: editorial u epemag.wimborne.co.uk
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Each video uses a mixture of animated cunent

flow in circuits plus text plus cartoon instruction etc.. and a very full commentary to get the
points across. The tapes are imported by us and

originate from lCR Educational Products Co.
an American supplier. We are the worldwide
distributors of the PAL and SECAM versions of
these tapes. IAII videos are to the UK PAL stan-

dard on VHS tapes unless you specifically
request SECAM versions.)
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Everyday Practical Electronics ETI reaches twice as
many UK readers as any other independent monthly

hobby electronics magazine, our audited sales
prove it. We have been the leading

figures

independent monthly magazine in this market for the
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NOW AVAILABLE WITH

128K AND 512K - 024

ALSO SPECTRUM
AND QL PARTS

Miscellaneous
PRINTED CIRCUIT BOARDS - QUICK

GOLDEN GOOSE SERIAL EEPROM

SERVICE. Prototype and Production. Anwork
raised from magazines or draft designs at low

COPIERS. copies to irom 24C16. 241...C1613.

cost. PCBs also designed from schematics.
Production assembly' also undertaken. For
details send to P. Agar. Unit 5. East Belfast

358209 after 6 prn. or visit www.golden-

Enterprise Park. 308 Albenbridge Road. Belfast.
BT5 4GX, or phone/fax 01232 738897.
VALVE ENTHUSIASTS: Capacitors and other
parts in stock. For free advice/lists please ring.
Geoff Davies (Radio). Tel. 01788 574774.

R. Boardman. 4 Chapel Close. Ellesmere Port.

PROTOTYPE
PRINTED
CIRCUIT
BOARDS one offs and quantities. for details
send s.a.e. to B. M. Ansbro. 38 Poynings Drive.

Hose. Sussex BN3 SGR. or phone Brighton
- 3N71, fax 01273 706670.

W. N. RICHARDSON & CO.
..-20:E FAX 01454 871319.5
A,..8..5,..EAD. CHALFONT ST PETER
BACKS. SL9 ONS

%%ANTED: A copy of Stripboard Magic by.
Ambyr. Tel/Fax Dave Lamer. 01493 721879.

View t em n Ins

Also Robot Arms
Mobile Arms

Why tolerate when you can automate?

MICIOrtliCt
Rovers
Cybugs

X-10 products

Laser Business Systems Ltd.

J

E -Mail: info@ lasercom
http://wvvw.laser.com
Tel: (0181) 441 9788
Fax: (0181) 449 0430

VISA

BTEC ELECTRONICS
TECHNICIAN TRAINING
GNVO ADVANCED ENGINEERING
(ELECTRONIC) - PART-TIME
HND ELECTRONICS - FULL-TIME
BEng FOUNDATION - FULL-TIME
Neat course commences

Monday 10th January 2000
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU
TEL: 0171-373 8721

goose.co.uk for details.
PIC161,1177-04. f6.00 each. s.a.e. plus cheque to

South Wirral. CH65 2HP. Tel. 0151356 4588.

SECOND USER TEST EQUIPMENT for
sale: Scopes, generators. dmms. etc. 11.P..

Tektronix. Datron. Hameg. Marconi. Fluke. etc.
Low prices. Also some non -working equipment
for pans, experiments, etc. Ring or E-mail for
list. 07930 144803 or bforkii mitectelcom.com.

PROTOTYPE P.C.B. PRODUCTION from
CAD designs. Send printout of copper track lay-

out and NC drill file on disk to: Mr Belt. 5
Vclden Way. Mill Road. Market Raven. Lines
LNS 3HD. For prices and information send sae.

X-100 Home Automation
We put you in con! rol "I
and Hamlet kits ;mailable.
Uses prose Power Line Carrier technology.
no wires required.
Products Catalogue available Online.
Worldwide delis cry.

25C166, 24C32, 24LC32A. etc. Call 101245)

weave tchnolo

Robot Books

indx.cOM

FLAT C.R.T only Viih. thick. For handheld
oscilloscope probe? f38 with socket. 01455
613588.

AMPLIFIER BARGAINS: 50 watt. rugged
module plus heatsink. f8: 30 Watt. stems and
controls. f9. K.I.A.. 1 Regent Road. Ilkley LS29
9EA. Leaflet s.a.e.

G.C.S.E. ELECTRONIC KITS, at

KIT Electronics. 52 Sesem Road. Clacton.
C015 3RB.

EPE NET ADDRESSES
EPE FTP site: ftp://ftp.epemag.wimborne.co.uk
Access the FTP site by typing the above into your web browser, or by setting
up an FTP session using appropriate FTP software. then go into quoted
sub -directories:

PIC-project source code files: /pub/PICS
PIC projects each have their own folder: navigate to the correct folder and open
it. then fetch all the files contained within. Do not try to download the folder
itself!

EPE text files: /pub/docs
Basic Soldering Guide: sot dentxt
EPE TENS Unit user advice: tens.doc and tens.txt

Ingenuity Unlimited submission guidance: Ing_unit.txt
New readers and subscribers info: epe_info.txt
Newsgroups or Usenet users advice: usenet.txt

THE BRITISH AMATEUR
ELECTRONICS CLUB
e.s:s to re.o e ez:r,-.. cs enthusiasts by
personal contact and through a quarterly
Newsletter.
For membership details, write to the
Secretary:
Mr. M. P. Moses,
5 Pans View, Cwmaman,
Aberdare CF44 6PP
Space donated by

Everyday Practical Electronics

pocket

money prices. S.A.E. for FREE catalogue. SIR -

Ni-Cad discussion: nIcadfaq.zip and nicad2.zip
UK Sources FAO: uksource.zIp
Writing for EPE advice: write4us.txt

Ensure you set your FTP
software to ASCII transfer
when fetching text files, or
they may be unreadable.

Note that any file which
ends in .zip needs unzip-

On-lIne readers! Try the new EPE Chat Zone -a
virtually real-time Internet "discussion board" In
a simple to use web -based forum!
http: www.epemag.wimborne.co.uk wwwboard

Or buy

EPE Online:

www.epemag.com

ping before use. Unzip utilities can be downloaded
from:

http://www.winzip.com or
http::/wyn.v.pkware.com
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Camera PSU and Cable Kit

HIGH

RCAMERA CASING WITH SWIVEL
WALL BRACKET TO TAKE ANY OF
OUR BOARD CAMERAS

OUR PRICE r35.00
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LASER FOIN ERS

Prolessonal model fires a small red laser dot
over 250 metres. Bu il into ezeeutve ba:ipoire
pen *lb case and bans.
LIST £39.95
NOW £10.00

Dept nra MIRO

.

God -puled Key1o0 model

42M
SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

£6,

LIST £29.95
NOW
Muth Keylob with 5 bps fires a clOC).90n2Ont111
I:ne. star. arrows and circle
LIST C41.25
NOW £9.00

VLSI

OPERATING A SERVICE MANUALS

Add £3 p&p any quantity.

to,,, ford C3 schools or Talssman -ro mom Linter III

SONY COLOUR CCTV
BOARD CAMERAS
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Professional 88-108MHz FM Broadcasting Kits

£56.00 (audio add £5)
541ine

A.S.A.

"Fir
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labieleete.
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TIM SRL

0)64285125613,der

Fax

01642823173

ELECTRONIC SURPLUS CLEARANCE SALE
MAGNETIC CREDrf CARD READER: Keyboard and lap lop display sydem. part of mire
of -sal. unri Cost ovw (150. our peke C7.60. carnage 1650. too unu t25 r,d =nap
To be used br esperrewoul pt oosos chly No rib
SECURITY ALARM SYSTEM: Cordebrd of eve loco. reessure pal Pero gam
so,nder ley meth. ;rage case £.4.50. p&p 02-50
COMPONENTS METALCARBON FILM RESISTORS: 160, 3 et

Detailed Instructions win Schematics
Hph Ouality Screen Printed PCBs
Mph °wilily Components
risnuttars from 005W to 35W
FU Stereo Coders
Trn

250 b tl. p&p 75p
REGULATORS: 7805 IA SV pos. 5 te Cl post free

A-oo Compressor Limiters

MODULAR DUAL PSU: Mara rod tea 12V d c. worts at 300mA a woe 12V ti c
_ce43Les at 600mA to terrbral reo:it sae 3A 1 3e 12R [4.76. pSp 0.25

An!chnas
RF Pees, Amps

SCOOP PURCHASE - An essenta/ book. PRINCIPLES OF ELECTRONICS, ANALOGUE

Kits Are Also Aradoble

ssemberd And lewd

IE

ni rnraw.. M. 4.44... ,r. vt. Vl
Visit our Website at http: VRfnv.veronica.co.uk

WE DEuvUt PORLESSYCia AND
ACCEPT MAJOR CREDIT CARDS

Tel 01274 883434

ALL GOODS ARE BRAND NEW
AND PERFECT BULK BUYERS
PLEASE ASK FOR JOHN
PRICES INCLUDE VAT
C3 PP ANY SIZE ORDER

(Dept E) CHEVET SUPPLIES LTD

V ronlca

0 274 428665

157 Dickson Road. BLACKPOOL FYI 2EU
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Millions of quality components
at lowest ever prices!

COVERT VIDEO CAMERAS
Black and White Pin Hole Board Cameras
with Audio. Cameras in P.I.R., Radios,
Clocks, Briefcases etc. Transmitting
Cameras with Receiver (Wireless).
Cameras as above with colour.
Audio Surveillance Kits and Ready Built
Units. Bug Detector etc.

Plus anything from bankruptcy - theft recovery
- frustrated orders - over productions etc.
Send 50p stamped self-addfessed label or
envelope for clearance lists.

Brian J Reed

6 Queensmead Avenue, East Ewell,
Epsom, Surrey KT17 3E0
Tel: 07775 945386
Mall Order UK only.

A.L.
IELECTRONIC1:..,
Please phone 0181 203 6008 for free catalogue.

Lists are updated and only 40 are sent c...1 every 2 weeks. This
normally ensures that orders can be fulfilled where only a few

Fax 0181 201 5359

www.uspy.com

thousands of an item is available. (Payment is returned it sold out I do

New DTI approved Video Transmitters and Receivers (Wireless)

not deal in credit notes). This will sometimes entail a delay of up
eight weeks - but the prices will be worth the welt!

Major credit cards now taken
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B EIMLE, NORTH YORKSHIRE. DL8 2BR
TEL 01677 425840

SHERWOOD ELECTRONICS
FREE COMPONENTS

Buy 10 x Cl Special Packs and choose another one FREE
15 . Smn. Red LEDs
12 5aaws Green LEDs
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SP2
SP3
SP6
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12 a 5enm Yellow LEDS

15 3ew Red LEDs
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100 1144146 dcdes
30 1N4001 °odes

SP 10

Sett

SP 140

3 .13FY50 transidOrls
4 W005 1 5A Ordps se

2-213V Noel elsto
3 W04 I -5A enelpo rev

20

20 BC2I2 Maks:cies

SP145

S P23

20 a dC549 trarwstors

SP i 46

CMOS 4001

SP147

5 a Seaboard 9 sews

SP'S,

4

sp20
5P24
sP25

1144002 dories

SP142

20 EIC182 trwidtws

SP t 43

20 BC164 Vansistces
4
4
4

555 errors
741 Op MOs
4 z CMOS 4011
3
CMOS 4013
4
CMOS 4071

5026

SP211

SP29
SP36
SP37
SP39

Sea*
S P4 t

SO12

SP47
SF102
Se103
Stat04
Se105
SP109

Sells

SP112
SP115
Slat 16

Set 18

50120

SP 152

25 1025V MOW eew caps
10035V radial elect cape
471316V radial elect caps
15 8C237 tianDSIOel
15
10

20 likaad teamsters
200 Lewd 025W C F aesistcns
Mil. PR seicees
20 8 pn DR sockets
15 14 pal OIL sockets
15 a 16-pn OIL socaets

Set 53
SP154
SP156

SPI67
SP168

3 Sbctoard. 14 steps
10
10

L

2043904 Vans s
2913906 tra-.1

2 LF351 Op
6 13C107 traredst.-s
6.13C108trar661001

20 143V renal alect caps

SF177

10

SP182

ones
20 4.7 63V r50.11 e'en [1:1

15 s BC557 transwors

SP 183

20

15
4

SP1117

BC239ra^r.
3 CMOS 4023
3 CMOS 4066
20 BC213 transwors

4

74LSO3

A1401100 poi)sS'er Caps

$P191

CMOS 4093
3 s ?Omni Rad LEDs

Se192
SP193

3 lOrnrs Green LEDs
2 CUOS 4047
3

SP 194
SP 195

744-S93

SP197

SF.130
SP131

100 2 1A003 0-5W C F 'endless
2 a TL071 OD AK's

SP 198

311111

25 hetes
Wren Red LEDs

4 . &nrn Green LEDs
4 a /Wm Vairaw LEDs
15 BC548 tranosiors

513175

20 Assorted Cl/WM 06C caps

RPE

2

27 holes
SP160
S0161
SP165

Se124

RP3
RP7
PP10
04

J&N FACTORS

6 Met side west es

SP2 I

Sell

RESISTOR PACKS - C.Ftim
5 was vales - lott X6 025W f280

10 each AL* - wat 7300-25W E400
1000 cocoa %sues 025W

E510

5 WI Moe tstal 365 05Vi

D 75

10 son vaLse-lotai 733 05W

D535

1030 Meal, 5V*, 0"

14.14olod m spian,%on21212 the 11,91 F.x3

0310

1.14 20,19210O0k Mao

BC547 trans s -

-

15

13

944
A.L. ELECTRONICS
ANTEX
923
943
A.S.A
943
N. R. BARDWELL
Cover (iii)
B.K. ELECTRONICS
944
BRIAN J. REED
Cover iii)
BULL ELECTRICAL
943
CHEVET SUPPLIES
943
COOKE INTERNATIONAL
CROWNHILL ASSOCIATES
873
864
DAVID JOHNS
858
DISPLAY ELECTRONICS
889
ELECTROMAIL
Cover (iv)
EPT EDUCATIONAL SOFTWARE
868
ESR ELECTRONIC COMPONENTS
944
FML ELECTRONICS
863
FOREST ELECTRONIC DEVELOPMENTS

ICS

1N4004 Dceles
15 a 1/44007 0000$

20

CMOS 4017
5 Pan lbw cr00,51111C
(Rad & SAW)
6 ZTX300 tranoWers
10 1 203704 translators

30

SP 12

ADVERTISERS INDEX

C!

aliT4

1.2

4.1.11

Jad9

111011
111011

pa

4G11

:Wu

11* =-F99B1tC'49t4

CM aC VD WA:sal:A
IS. LT.o7AaA/

km.

/GIS

G.....!--2

VI REF

RR REF 0113014PT1011

943
862
864
887
889

JPG ELECTRONICS
LABCENTER ELECTRONICS
LEADING EDGE TECHNOLOGY
MAGENTA ELECTRONICS
866'867
'
890
MILFORD INSTRUMENTS
923
NATIONAL COLLEGE OF TECHNOLOGY
865
PICO TECHNOLOGY
933
QUASAR ELECTRONICS
877
QUICKROUTE SYSTEMS
864
SERVICE TRADING CO
944
SHERWOOD ELECTRONICS
SQUIRES
STEWART OF READING
SUMA DESIGNS
TELNET
VANN DRAPER ELECTRONICS
VERONICA FM
VERONICA KITS

923
863
861

860
911

878
943

0A90 csodes

3 is Were Wear LEDs
6.20 pea DR sockets

5.24 pn DiL sockets
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Sherwood Electronics,
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19 INCH STEREO AMPLIFIERS -ACTIVE CROSS/OVERS.
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OMP MOS-FET POWER AMPLIFIERS
HIGH POWER. TWO CHANNEL 19 INCH RACK
Si ELECTRONICS

*PRICES INCLUDE VAT PROMPT DELIVERIES

L ARGE 1A41 S A.E 60p STAMPED FOR CATALOGUE

new range of quality loudspeakers, designed to lake
011% FLIGHTCASED A
advantage of the latest loudspeaker technology and
1ja, LOUDSPEAKERS enclosure designs. All models falai/ e high quality sludi0
cell aluminium loudspeakers with factory filled grilles, wide dispersion constant
diTeCtrvily horns, extruded aluminium corner protection and steel ball corners,
complimented with heavy duty black covering The enclosures aro filled as standard
with top hats for optional loudspeaker stands The FC15-300 incorporates a large

16 X 6 inch horn. All cabinets are fitted with Hie latest Speakoreconnectors
Five models to choose Isom.
for your convenience and safety

1000's
SOLD
TO PRO
USERS

THE RENOWED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS MXF 20 0 t 'COW '00W I MXF4 0 0 1200W 200W)
MXF600 (300W . 300W1 MXF9 00 14 SOW . 4 501e.'
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN
An tat 13:3Cr tra-.$10,..ers Taal LED vu Meters
FEATURES 1-,up:re12-1 power
Le.el conirors siurnnatect on Ott solcri Jack ALA ,efe.ts Speason outputs Stars:WO 775mV
evists Open Ana sears crcsol proof L atosisAos Fits to stress tree poser 13ITL.Cr, alto weal, ally
Iced tAgns/e rate Very 33 Catartaen Arufet.reu-i cases UST 600 4 MXF900 lancer:Pee siinDC
le.e2spels.er anelltamalpletect CPI

PLEASE NOTE.

POWER RATIN05
OUOTED ARE IN WATTS R sA S. FOR
EACH INDIVIDUAL CABINET
ALL ENCLOSURES ARE a OHM

15.15 inch spalter
12.12 men speak.
ibl FC15 300 'NAT TS Freq flange 35Hz 20KHz. Sens totes. Size 14695 W502
1
D415rnrn

PRICE:- £299.00 per pair

USED THE WORLD OVER IN CLUBS, PUBS. CINEMAS. DISCOS ETC

MXF200 W19'
MXF400 W19'
MXF600 W19"

SIZES: -

D11'

fi3) (20)

ibl IC12-300 WATTS Freq Range 451-N20KHZ. Sens 9608. Size 11600 W405 030Ornm

D12D13"

H5-1' (30)
/-16;' 131.1)

ibl FC12.200 WATTS Freq Range 4011Z -20141z. Sens 97dB. Size H600 W405 D300mm

PRICE:- £249.00 per pair
PRICE:- 1199.00 par pair

NS!' (3U)
PRICES:- MXF200 £175.00 MXF400 £233.85
UXF600 £329.00 MXF900 £449.15
MXF900 W 19'

014:

ibl FC12-100 WATTS Freq Range 4511z-20K11z. Sens 10000. Size H546 W380 D300rnm

PRICE:- £179.00 par pair

ibl WM12 200 WATTS Frost Range 40Hz-20KH2.
Sens 9700 Sze Hille W603 0385min
.
.

SPECIALIST CARRIER DEL. £12.50 EACH

OUP X03 -S STEREO 3 -WAY ACTIVE CROSS-OYER

SWITCHABLE 2 -WAY

4111111111,1116
/11/.95

MID

BASS/MID'cTC.7

TOP

CONFIGURED 3 WAY

AS

2 WAY BASS/YID COMBINED

YID/TOP/9--.

2 WAY MID/TOP COMBINED

FEATURES:
AC.a-ze: era, Stcca A:: 0 Cols 0.e: is :3- are :e ar

1* I 'J :lie
:Pe-'
Pal !'"ea 4.1 crYc I Bats MCITOO T -e re -0.25 ..o I :Ds a a Ca" azzal .0 ''a :':2'a--ad c CL
I. Y 'et !0 saf..s. e'en ow
ens u d '25 253 5.53: z TI; ' E I 5,4: a a::4:3

ova.. T2 itry "sew sar4ces ant Aso a:ccssiclbe ra-a. -g :Pc ':-..as: 3
can be conk9,...me sLorawy. Bass Infra S tc-es re ncerporatez 0- u:r..00.1.010 wan OMP RICO A -p

PRICE:- £12500 EACH
SPECIALIST CARRIER DEL:- £12.50 per pair. Wedge Monitor £7.00 each

Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00

WAWA COLOSSUS
POWER
VERY HIGH POWER LOUDSPEAKERS
THE COLOSSUS RANGE OF LOUDSPEAKERS
ARE DESIGNED FOR USE IN SUPERIOR HIGH
POWER OUTPUT SYSTEMS. 4ii WXELSAAESPYM

COLOSSUS 1248.- 12 INCH 45OWATT R.Y.S.
900 WATTS PEAK Sent 98 a Res Freq 55 Hz
Frequency Range AD Hz 3 SKHzPRICE £129.00
COLOSSUS 1529:- 15 INCH * 600WATTS
1203 WATTS PEAK Sens 99 CB Res Freq 35 Hz

Frequency Range 30 Hz.10Kitz PRICE £159.00
COLOSSUS 111X8. 13 INCH 800WAT TS R Y.S.
Ea: s'ec0 3-1-e 1200 WATTS PEAK Sens 10005 Res Freq 30 HI
Frequency Range 27 Hz 10Kz PRICE £183.00
P. --'a T'S -

ALL MODELS ARE DELIVERED CARRIAGE FREEIUS ONLVI

and liodures

PRICE:- 1117.44 a 16.00 PIP

OMP MOS-FET POWER AMPLIFIER MODULES

SoundLAB SPM 12 AND 16 CH.MIXERS
The 12 and 16 Channel SPM Series Of Studio Quality Mixers
Are Ideal For Fixed Installation Stage And Mobile Use.

BUILT ANO TESTED

These rredAes now ene4 a worn male ieuar_on for Qualty Irla-naley 1PCIeedeePnarc at a +calyx pee FM,
nnageis are a Acesae to ma re reels ate mormseria and Mete ma:omit men y le.sure lesstraneee and
'NT. etc Vosencemoarrig prose NOTE Mal al nnecians netaele LW:all:Maw lAC:134 efeeiramear k-- WTI Era

P C B arc Sr.. EV eaan t: Crew a ccentir-ese Vu mete. Al =Oen re open are slut croat proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/LIF 100 14108-Fol Output power 110 watts

48. PHANTOM POWER

* BUILT IN POWER SUPPLY

RATS into 4 orvns. redvenc y response Hz 100KHz
3.3B.Dampng Factor >300 Se. Rate 45ViuS T HD

PEAK INPUT LEVEL LEDS
* PRE FADE LISTEN (PFI)
SUB MASTER OUTPUT

trOcal 0002%. Input Sensitivity 500mV. SNR

COMBINED %LAC...PACK

OUP/1111F 200 Moe-Fol Output power 200 watts

230V AC/50Hz

1100e3 Sq. 300 a 123 a eOrnrn

PRICE:- 242.15 £4.00 PIP

60mm FADERS CH.MUTE

2 STEREO AUX SEND/RETURNS

CONSTANT PAN CONTROL
3 BAND E0 WITH MID SWEEP
rEADRIONEICONTROL ROOM 0/P
CD/TAPE INPUTS & OUTPUTS
* BALANCED INPUTS & OUTPUTS
BUS ASSIGN SWITCH
MONITOR SEND
5P111202 WON° IIICILINE.45TEREO INPUTS £29900 FREE
PRICES: -

511111602 111.10NO 1110/LINEISTEREO INPUTS £399.00 UK PIP

RAI S into 4 ohms frequency response WU - 100101z
3013 Darrizang Factor >300 Sew Rate 60V- LaS T HD
typ cat 0 001% Input Senvtiytty 500mV SNR 11008
Sze 3001 155 .100mm

PRICE:- E88.35 £4.00 PIP
OMP/MF 900 Mos-Fes (Input power 300 watts
R M S into 4 ohms. frequency response litz 100KHz
r -306. Damping Factor >300. Sew Rate 60V, uS T HD
thrOcat 0001%. Input Sensz.z.ty 500mV S N R 11008
S-ze 330 a 175 a 100mm

STEREO DISCO MIXER UPX-7700

1,401:1111:1111:17#g11.)C
4 STEREO INPUT
CHANNELS

2 DJ MIC INPUT
CHANNELS
2X7 BAND GRAPHIC
EQUALISERS

HEADPHONE

PRICE:- E83.75 £5.00 PIP
OMP/LIF 450 Moe-Fel Output power 450 watts
nto 4 ohms frequency response liz 100KHz
3d8. Damp ng Factor >300 Slew Rate 75V,L.S
THD typ-cal 0001% Input Sensitivity 500mV S H R
11008. Fan Cooled. DC. Loudspeaker Protecton 2
R 1.1 S

Second Anti Trump Delay Size 385. 2101 105mrn

PRICE:- £135.85 *MOO PIP

MONITOR WITH PR

ASSIGNABLE
CROSSFADE

DIGITAL ECHO

C.
STEREO DISCO MIXER WITH:. 2X7 GRAPHIC EOCIAUSERS 2 MONO MC INPUTS DJ
WITH FADER, TALKOVEA AND VOICE CHANGER .4 STEREO CHANNELS MTH
FADERS AND ASSIGNABLE CROSSFADE *CHANNELS SWITCHABLE. TuRNTAELE ikroG
CARTROGEL CD. UNE. TAPE. ETC *ECHO WITH BALANCE. REPEAT ArrD GE..A,
HLTADPHONE MONITOR WITH PREFAOE LISTEN CHO:CE OF 6 SOUND EFFECTS 57EPEO
1.10%0 SWITCH 2 X LED VU METERS LIASTER FADER OUTPUT 77SetV

S ZE 482X240X115mm POWER - 230V AC 50'60Hz PRICE:- £169.00 + £5.00 1311

OMP/MF 1000 Moa-Fell Output power 1000 watts

R1.15 -ma 2 chins. 725 watts AMS into 4 ohms
100KHz -308. Damp,ng
frequency response Hz
Factor >300 Slew Rale 75)PLIS. T HD typical
0002% Input Sensitivity 500mV. SNR -110d8 Fan
Cooled. DC Loudspeaker Protection. 2 Second
Anti Thump De'. ay Size 4221 300 1 125mm

PRICE:- £281.00 £12.00 PIP

NOTE HOS PET MODULES ACE AVAIL AILE or TWO 1r EfISCSS

1%8'0 SINS 3:-.3n, BAND er.ols
of
PLC :PACITES5.0%L FOJalailiT COUPAIIILL) INPUT SEN
IANo wiDEN s:isse
ORDER STANDARD OR PLC
STANDARD

1:11DIITVIrgISTOTSIZT1 CYBERWAVE FMM 1000 '
IDEAL FOR:- UVE BANDS, PUBLIC ADDRESS & KARAOKE ETC
ON STANDBY/OFF SWITCH MOUNTED ON Ii.0 BARREL FOR EASE OF USE

300 HOURS BATTERY RUNNING TIME. 1 PP3 (NOT SUPPLIED)
SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.58MHz
MAINS ADAPTOR FOR RECEIVER SUPPLIED FR LOCK IND:CATOR

& VOL CONTROL ON RECEIVER PRICE:- £119.99 FREE UK PIP
IDELI:EAT CHARGES PLEASE INCLUDE AS ABOVE I0 A 1.1AXIAIJA:
AMOUNT flD 00 OxF.CIAL ORDERS FROM SCHOOL .CO; t EGF 5.
FVAT
GOVT BODIES PLCs ETC PRICES MCI USIVE
ALE
SANE FAX
NEER CR DIE CARD . A
AMMO BY PO1 PI

B.K. ELECTRONICS

UNIT 1 COMET WAY, SOUTHEND-ON-SEA,
ESSEX, SS2 6TR.
TEL.. 01702 527572 FAX.: 01702-420243
Web:- http://www.bkeleo.com E-mail:- Salesebkelec.com

'Electronics, Electrical &
Mathematics Principles V6
If you are looking for an easy and enjoyable way of studying or improving
your knowledge of electronics and maths then this is the software for you.
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£99.95

CD-ROM for Windows '95, '98 & NT.

NAT

Postage FREE
From Ohm's law and simple DC through AC theory to the
latest PIC16F84 and PIC16C71 micro controllers where the
architecture and complete instruction set can be explored
through the interactive graphics. Approved by Microchip.
Mathematics are developed from simple number systems
to solving linear equations and applying statistics.

EPT Electronics Lab.

i200 *VAT

Www.optson.demon.co.uk

An additional Serial Port hardware interface for all
those practical plugboard experiments and circuit

e=r-1
1,7r7,
r

"Electronics Principles is a well thought out and

21

,,

sab

comprehensive program that is also easy to
install and stable in operation. It can be
wholeheartedly recommended."
Robert Penfold. Everyday Practical Electronics
magazine October 1998.
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EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. salesaeptsoft.demon.co.uk www.eptsoft.demon.co.uk
Switch, Delta, Visa and MasterCard payments accepted - please give card number and expiry date.
Cheques & Postal Orders should be made payable to EPT Educational software.

