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= £1 BAKERS DOZEN PACKS
Price per pack Is £1.00.* Order 12 you
v may choose another free. Items
marked (sh} are not new but
guaranteed ok.

1 - 13 amp ring main junction boxes
2. - 13 amp ring main spur bokes
4. 5 - surface mounting
5 3 - electrical switches, white flush mounting
s - in flex line switches with neons
&, 2 mains transformers with 6Y IA secondaries
10. 2 - mains £ with 12V A
11. 1 - extension speaker cabinet for g
13. 12 - glass reed switches
17. 2 - ultrasonic transmitters and 2 receivers with circuit
19. 2 - light dependent resistors
25. 4 - wafer switches - 6p 2 way, 4p 3 way, 2p 8 way, 2p b way, 1p
12 way small ane hold fuang and good Jength § spindle your choice
1 - B digit counter mains voltage
30. 2 - Nicad battery chargers
31. 1 - key switch with key
33. 2 - aerosol cans of IC! Dry Lubricant
34. 96 - 1 metre lengths colour-coded connecting wire
39. 1 - long and medium wave tuner kit
41. 8 - rocker switch 10 amp mains SPST
45, 1 - 24 hour time switch mains operated (s.h.)
49. 10 - neon valves - make good night lights
50. 2- 12V DC or 24V AC, 3 CO relays
51. 1- 12V 2 CO miniature relay very sensitive
§2. 1- 12V 4 CO miniature relay
54, 10 - rows of 32 gold plated IC sockets {total 320 sockets)
55. 1 - locking mechanism with 2 keys
56. 1 - miniature uniselector with circuit for electric jigsaw puzzle
60. & - ferrite rods 4” x 5/16” diameter aerials
'61. 4 - ferrite slab aerials with L & M wave coils
63. 1 - Mullard thyristor trigger module
.1 - magnetic brake - stops itation instantly
67. 1 - low pressure 3 level switch can be mouth operated
69. 2 - 25 watt pots 8 ohm
70. 2 - 25 watt pots 1000 ohm
71. 4 - wire wound pots - 18, 33, 50 and 100 ohm your choice
77. 1 - time reminder adjustable 1-60 mins clockwork
85. 1 - mains shaded pole motor §” stack - } -shaft
89. 1 - mains motor with gear box 1 rev per 24 hours
91. 2 - mains motors with gear box 16 rpm
96. 1 - thermostat for fridge
98. 1 - motorised stud switch {s.h.)

” speaker

101. 1 - 2} hours delay switch

103. 1 - mains power supply unit ~ 6V DC

104. 1 - mains power supply unit - 43V DC

107. 1 - 5" speaker size radio cabinet with handle

. 1 - heating pad 200 watts mains

114, 1 - 1W ampiifier Mullard 1172

115. 1 - wall mounting thermostat 24v

118. 1 - teak effect extension 5" speaker cabinet

120. 2 - p.c. boards with 2 amp full wave and 17 other recs
121. 4 - push push switches for table lamps etc.,

122. 10 - murs twin screened flex white p.v.c. outer

diameter
ip on type

. 25 - clear plastic lenses 1
4 - pilot bulb lamp metal

128. 10 - very fine drills for pcbs etc.

129. 4 - extra thin screw drivers for Instruments

132. 2 - plastic boxes with windows, ideal for interrupted beam switch
134. 10 - model aircraft motor - require no on/off switch, just spin to

start
1 - 65" 4 ohm 10 watt speaker
3 BA spanners 1 end open, other end closed

. 2 - 4 reed relay kits 3V coil normally open or ¢/o it magnets added
. 20 - pilot bulbs 6.5V.3A Philips
. 1 - 12V drip proof relay - ideal for car jobs
. 3 - varicap push button tuners with knobs
. 4 - short wave air spaced trimmers 2-30f
. 10 - 12V 6W bulbs Philips m.e.s.
. 3 - oblong amber indicators with lilliputs 12V

180. 6 - round amber indicators with neons 240V

181. 100 - p.v.c. grommets 3 hole size

182. 1 - short wave tuning condenser 50 pf with 17 spindle

184. 1 - three gang tunmg condenser each section ?300 pf with trimmers

and good length }” spindie
. 15- plastic box slnpmg metal front, 16 x 95mm average depth
mm
. 6 -5 amp 3 pin flush sockets brown
. 5 - B.C. lampholders brown bakelite threaded entry
. 1 - in tlex simmerstat for electric blanket soldering iron etc.
. 2 - thermostats, spindle setting - adjustable range for ovens etc.
. 1 - mains operated solenoid with plunger 1” travel
. 1 - 10 digit switch pad for telephones etc.
. 8 - computer keyboard switches with knobs, pch or vero mounting
. 20 — mtres 80 ohm, standard type co-ax off white

211. 1 - electric clock mains driven, always right time - not cased
216. 1 - stereo pre-amp Muilard EPS001

232. 2 - 12V solenoids, small with plunger

236. 1 - mains transformer 9V 1 amp secnndary -C core construction
241, l ~ car door speaker (very tiat} 83~ 15 ohm made for Radiomobile
241.2 - speakerssﬁu x 4” 4 ghm b watt made for Radiomaobile
243. 2 - speakers 6” x 4” 18 ohm 5 watt made for Radiomobile
244. 1 - mains motor with geav box very small, toothed output 1 rpm
245. 4 - standard size pots, 3 meg with d{: switch

249. 1 - 13A switched socket on double piate with fused spur

266. 2 - mains transformers 9V J A secondary

267. 1 - mains transformers ISVIIA secondary p.c.b. mounting
291. ten turns 3 watt pot  spindle 100 ohm

296. 3 car cigar lighter socket plugs

298.2 15 amp round pin pligs brown bakelite

300.1  mains wlenmd with plunger compact type

301. 10  ceramic magnets Mullard 1” x 3/8 x 5/16

303.1 12 pole 3 way ceramic wave charge switch

305. 1 tubular dynamic microphone with desk rest

308. 1 T.V. turret tuner {black & white T.V.)

310.2  oven thermostats

313.5  sub miniature micro switched

314.1 12" 8 watt min fluorescent tube white

315.1 6" 4 wait min Huorescent tube white

316. 1 round pin kettle plug with muuided on lead

453. 2 - Z;In 80ohm loudspeakers

454. 2 - 25in. 8ohm loudspeakers

FROZEN PIPES Can be avoided by winding our heating
cable around them, 15 mtrs connected to mains cost only
about 10p per week to run. Hundreds of other uses as it is
waterproof and very flexible. Resistance 60ohms/metre. Price
28p/metre or 15m for £3.95.

CARSTARTER/CHARGER KIT

Flat Batteryt Don't worry you will start your car in a few minutes
with this unit — 250 watt transformer 20 amp rectifiers, case and all
parts with data £17.50 post £2.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats daily
automatically correcting for the
lengthening of shorteming day. An
expensive time switch but you can have it
for only £2.96 wilhout case, melal case
- £2.95, adaptor kit 10 conven this Into
a normal 24hr. time switch but with the
added advantage of up to 12 on/ofts per
24nrs, This makes an ideal controlier for
Ex-Electricity Board the immersion heater. Price of adaptor kit
Guaraniosd 12 months is £2.30.

SOUND TO LIGHT UNIT

i

Complete kit of parts of a thres channel sound to light unit
contiolling over 2000 watts of lighting. Use this at home if you
wish but it Is plenty rugged enough for disco work. The unttis
housed In an attractive two tone metai case and has controis for
each channel. and a master on/off. The audio input and output are
by " sockets and three panel mounting fuse holders provide
thyristor protection. A four pin pluiond socket facilitate ease of
connecting lamps. Special price is £14.95 in kit form.

12 volt MOTOR BY SMITHS
Made for use in Cors, otc. these are very
powerful and easily reversible. Size

34" long by 3" dia. They have a good
length of }” spindle —
1/10hp £3.46
1/8hp £5.75. 1/6 hp £7.50

25A ELECTRICAL PROGRAMMER
Learn in your sleep. Have radio playing and kettle
boiling as you wake — switch on lights to ward

off intruders — have a warm house to come home
to. You can do all these and more. By a famous
maker with 25 amp on/foff switch. A beautiful
unitat £2.50

—— THIS MONTH’S SNIP- —
BENCH ISOLATION TRANSFORMER. Turroldai wound 400
watt but very compact. Has o separate 10V winding which
can be added or subtracted to give fine veltage control.

N lly £40, owr price £10 plus £2 posy, ref 10P9.

TANGENTIAL BLOWER HEATERS

Wa can supply:

1:2KW-—quite oeninilety the smialiesi tangantial blow neate we nave avis nad,

ihgesuring approx B x 6 x 4. This could be just the tung for o smisll dedroon of to fir

under desk of table it you sutter from cod leys. In addnion to nonmal heatiog hunctions i

put into # simple enciosuie this 2ould be 8 pipe untreesmn |mm:n sates thai 8 Diow laip)

gusslbly eveis @ pBISL SIpper, nail Oryer of hand dryen Price is £5, pius £1 posi, et
P23

2-5KW-—waath appiox. 87 {pius motor), elements 1:ace up of iwo |-2iw sections, so
with switch supplied you can have 2kw, Tkw o coid biow. Over heat cui-oui eleminates
tire (isk shouid fan stop o sir How be mpeoed Fan biades are metal. Price £5 pius
£1.50 post, raf 5P62.

3KW—wndth approa. 13" plus molor, siement insoe up ot 1kw ana 2w section,
supplied with 4 section rocker switch, allowing Jw, 2kw, 1kw a0 cold diow. Price
EB 95 plm £2.00 post.

KW 0.1.Y. SPECIAL—if you wan: 2 (sally cheag, anyerial heaier, this is your
uwmunny, made for 115v mains, 10 use 1t on 230v. Simply join elements in series,
needs unly simple onjfoft switch, «s you will onty nave one hean lever Zkw and no vold:
blow. Price £2 plus £1 post, ret 2P86.

VERY LOW RUNNING COST—-only 8 300w eienient So wouid cos) only wnx 'Iip
pen hous 10 1un. Should be 2iwugh for an airing cupboard or 8 hot box for seed

gmmmllun Might aven be anuugh to keep & dainp cored ory Normal constiuction
approx. 45 plus motes wide Price £5 pius £1 post, ref 5P7)

500W- |f5v TRANSFORMER 1o isolate you of from mains 1o warth shock Tangers.
We are able 10 offer these transfoines at tess than the price of anr suto iransformer .
Ou price for the 500w enains to 115 isoiation transtormes is £10 plus £5 pos, ret

6.
RESIN CURED FILLER/BINLDER/STICKER made by ine famous Hons company. surable
for vepairs, not only to car bodwes but aisy (D SINks and wash basins, wate: tanks, drain
pipes and yutters, tiles, roofs, M'my noles in walls and colicrets, vepairing cracks in
gates, window trames, eic. otc. 1l Is weathe: iesistant and adheres well to metals,
wood, Conirele and some piastics. Speciat Dargain price 2 laye wbes for £, ref 80484,
STEPPER MOTOR. By American Phullips corpuration. Step sigle 7-5°. Cail iesistance 27
ohms Uperating votts 10-14. Sue eppiux. 2% dia by 17 dewy 0n 8 squars mounting
plaa. Thus is in fact two di-Oirecuonal motors with P M. rotors. Appiying Sortect putse
couses 8 15" step angle of spindle Number of steps through which 0 (otates and 8
speed a1 which it fotates is detarmined by the applied inpulses Properly used this
provides an 10eal method of speec and pusition control. Brand New end uiiused price £5,
ref 5PBY.
BIG GLASS FIBRE SHEETS. Virualty unoreaxadie, size 4° x 3’ appioa. Flay, approx.
/187 thick Intenced for ped’s but weal tor 100t cepairs, car pon, yreeonouss etc £2
a;gcn Mimmuny quantity we can desparch is 10. Cartisye cost £6.50 pei 10. £8.50 for

IONISER KIT

Refresh your home, office, shop, work roori, etc. witha
negative ION generator. Makas you feel better ana work
harder — a compiete malns operated kit, case included.
£11.95 plus £2.00 post.

TELEPHONE BITS

Master socket {has surge arrestor — ringing condenser atc) and

takes B.T. plog..

Extension socket.............

Dual adaptors (2 from one socket)

Cord terminating with B.T. plug 3 metres. £

Kit for converting old entry terminal box to new B.1. master socke(

complate with 4 core cable, cable clips and 2 BT extension 2
.£11.50

. £8.50

ots
100 mtrs 4 core telephone cable.

MINI MONO AMP onp.cb. size 4 x 27 {app.}
Fitted volume control and a hole for a tone con-
trol should you require it. The amplifier
has three transistors and we estim-
aie the output 10 be 3W rms.

More technical data will be inciuded
with the amp. Brand new,

perfect condition, oftered at the very
low price of £1.15 each, or 13 for £12.00

£2 POUNDERS*

-Wall mounting thermostat, high precision with mercury switch and
thermometer

2P3 -Vanable and reversible 8-12v psu for modet control

2P4 -24 vot psu with separate channels tor stereo made for Mullard UNILEX

2P6 -100W mains 10 115V auto-transfarmer with voltage tappings

2P8 -Mains motor with gear box and variable speed selector Senes wound so
suitable for further speed control

2P9  -Tine and set switch. Boxed, glass fronted and with knabs. Controls up to

15 amps. Ideal to program electnc heaters

2P10 -12 volt 5 amp mains transformer

2P12 -Disk o Tape precision motor - has balanced rotor and is reversible 230v
mains operated 1500 rpm

2P14 —Muy Stop kit — when thrown emits piercing squawk

2P15 ~Interrupted Beam kit for burglar alarms, counters, ‘etc

2P17 -2 rev pt wninute mains driven motar, ideal to operate mirror ball

2P18 -Liguid/gas shut off valve mains solenoid operated

2P19 -Disco swiich-motor drives 8 o more 10 amp change over micro switches
supplied ready for mains operation

2P20 -20 meires extension lead, 2 core - ideal most Black and Oecker garden
tools etc.

2P21 - 10 watt amplitier, Mullard nodule reterence 1173

2P22 -Motor driven switch 20 secs on or off atter push

2P26 -Counter resettable niains operated 3 digit

2P27 -Goodmans Speaker B inch ruund 8ohm 12 watt

2P28 -Drill Punp - always useful couples 10 any make portable deill

2P31 -4 metres 98 way nterconnecting wire easy 10 strig

2P32 -Hot Wire amp meter - 43 round surtace mounting 0-10A - old but
working and detinitely a bit of history

2P34 -Solenoid Air Valve mains operated

2P38 -200 R.P.M Geared Mains Motor 1 stack quite powerful, definitely large
snough to drive a rotating aenal of a tumbler tor pohshing stones etc

2P43 -Small type blower o extractor tan, motor inset so very compact, 230V

2P46 -0ur famous dnll control kit complete and with prepared case

2P49 -Fire Alarm break glass switch in heavy cast case

2P51 -Stereu amplifier, 3w per channel

2P55 -Mains motar, extra powerful has l%" stack and good length of spindle

2P62 -1 pair Goodmans 15 ohm speakers for Unilox

2P64 -1 five bladed fan 63 with mains motor

2P68 ~1 2Kw 1angential heater 115y easily converuble for 230V

2P67 -1 12v-0-12v 2 anip mains transtormer

2P68 -1 15v—0-15v 2 amp mains transtonner

2P69 -1 250v-0-250v 60 mA & 86.3v 5A mains transformer + 50p post

2P70 -1 EM.L. tape motor two speed and reversible

2P72 -1 115¢ Muﬂln fan 4" x 4” approx, {s.h.)

2P75 -1 2 nour timer, plugs into 13A socket

2P82 -9v-0-9v 2 amp mains uansformer

2P84 ~Modem hoard with press keys for teiephone redialler

2P85 -20v-0-20v ;A Mains transtormer

2P88 ~Samgaino Zdn time switch 20 anp (s.h.)

2P89 -120 win. lime switch with knob

2P90 -90 min time switch with edgewise engraved controlle:

2P94 —Teiephone handset for EE hone telephone circuit

2P85 - 13A socket on satin chrome plate

2P97 -mains transformer 24V 2A upright mounting

2PS8 -20m 4 core telephune cable, white outes

2P99 -500 nardened pin type staples for telephone cable

2P101 - 15V mains transformer 4A upright mounting

2P105 - capillary type thermostat for air temperature with ¢fo switch

2P108 - mains motor with gear box giving 110rpm

2P109 -5 wide black adhesive pve tape 33m, add £1 post if not collecting

OVER 400 GIFTS
YOU CAN CHOODSE FROM

There is a total of over 400 packs in
our Baker's dozem range and you
hecome entitled to a free gift with each
dozen pounds you spend on these
packs.

A classified list of these packs and our latest
“News Letter” will be enclosed with your goods, and
you will automatically receive our next news letters,

L

£5 POUNDERS*

5P1 12 voit submersible pun complete with a tap and switch, an ideal
cargvan unit.
5P2  Sound to hght kit complete in case suitable for up to 750 watts

5P3  Sileni sentinel ultra sonic transmitter and receive kit, complete.

5P6 12V alarm bell with heavy 67 gung, suitable for outside if protected from
direct «ainfall. Ex GPO but in perfect order.

5P12 Equipment cooling fan - mini snail type mains operated.

SP13  Piny pony ball blowes - o for any job that requires a puwerful stream of
ait — ex computer. Collect of add £2 pust.

SP15 -Uniselector 4 pole, 25 way 50 voit coil

5P18 —motor driven water puing as fitted to many washing machines

5P20 -2 kits, matchbox size, suiveilance transmitter and FM receiver

9P23 —ininiature {app. 23" wide) 1angential blow heater, 1-2kw

5P24 - }np motur, ex cumputer, 230V, mains operation l4501pm. it not collect
add £3 post

5P25 -special effects ignting switch. Up to 6 channels of lamps can be on or off
for vaiying time peqiods

5P27 -cantridge player 12V, has high quality stereo amplifier

5P28 -gear punp, tains motor driven with Inlet and outlet pipe connectors

5P32 -large mains operated push ar pull solenaid Heavy so add £1.50 post

5P34 -24V 5A toroidal mains transformer

5P35 -inoden: board from talephone auto daller, complete with keypad and ail

ICs

SP37 -24 hou time switch, 2 onfoffs and clockwork reserve, ex Elec Board
loading up to 50A. Add £1 post

5P41 -5” extractor fan, very quiet wnner (s.h.), gntd 12 mths.

5P48 -telephune extension bell in black case, ex-GPO

5P51 -200W auto transtormer 230V to 115V torroidal

5P52 -inains transtormer 26V 10A uprght mounting, ade £2 post

5P54 -inains ot with gear box, final speed Srpm

5P58 -Amstiad stereo tuner FM and LM and S. AM

5PB0 -0OC Muftin type fan 18 10 27V, only 3W

5P61 -drill puinp mounted on trame, coupled to mains motor

5P82 -23kw tangential blow heater, add £1.50 post if not coliecting

SP73C nigh pressure mains operated gas o water valve with tube connection

suitable soldering

Bipm BOW mains motor and yearbox with instant stop

30rpns 80 watt mains driven motor with gaarbox

1 25pm mains 60w motor with gearbox

5P84 1 delay time switch, adjusi 0-20 seconds

TP1 1 instam heat solder gui—inains with renewabie tip and job hght

10P10 1 9~ exuactor fan 115V so supphed with adaptor

P74
5P19
5P82

J & N BULL ELECTRICAL
Dept. E.E., 260 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 50T

MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders
under £20 add £1 service charge. Monthly account orders accepted
from sc!mols and public companies. Access & Bfcard orders

Brighton 0273 734648. Bulk orders: write for quote

LIGHT CHASER KIT motor driven switch
bank with connection diagram, used in
connection with 4 sets of xmas lights
makes a very eye catching display for
home, shop or disco, only £5 ref 5P56.
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Designed to produce a
high intensity light pulse
at a variable frequency of
1 to 15Hz this kit slso
includes circuitry to trig-
ger the light from an ex-
ternal voltage source (eg. a loudspeaker) via
an opto isolator. Instructions are also sup-
plied on modifying the unit for manual
triggering, as a slave flash in photographic
applications or as a_warning beacon in
security applications. The kit includes a high
quality pcb, components, connectors, 5Ws
strobe tube and full assembly instructions.
Supply: 240V ac. Size: 75 x 50 x

XK124 STROBOSCOPE KiT

£12.50

Comprises a compact 9V (PP3) powered single
channei uncoded Infra-red transmitter and a
mains powered recsiver, this kit is ideal for
switching table lamps, radios, etc. on and off
remotely. Range 20ft. Max. load 500W (240V
a.c. only). Size—Transmitter; 7 x 5 x 3cm
{including box). Receiver: 7 x 3-6 x 3cm.

MK6 TRANSMITTER £4.95
MK7 RECEIVER £11.50

e TN The INVADER is a Passive

— ) Infra Red Detector with 12

metre range and 110 angle

of detection and a memory.

Its 9-18V operation and at-

tractive styling make it easy

| to install and use with virty-

ally any control panel in a

l domestic alarm system.
Size: 105 x 65 x S50mm.

950 136 £33.00

_—  AUTOLITE—replaces a stan-

¥ dard wall switch and saves

energy by switching lights

when movement is detected within its 4m range.

includes & dimmer and dayhght sensor. 250W
max.

950 137

ELECTRONIC SIREN KIT
Produces an extremely

loud piercing swept fre- ﬁ%
Mini Siren

As above, but with a small speaker (instead of

quency tone from a 9- 15V
supply. Enable input for

horn speaker) for internal use.
Complete with box.

£34.50

easy connection to alarm
circuits. Includes 5in.
Horn Speaker.

XK116 £8.65

XK117

£4.70

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses “‘burst fire™”
technique to maintain
.temperature to within
0-5°C. Ideal for pho-
tography, Incubators
wine-makin elc
Max. load 3k\2 240
a.c.). Temp. range up
10 90°C. Suze 7 x4 x 2-5¢cms.

MK4 £7.10

50p* & SAE
for CATALOGUE

ORDERS: RING (01) 567 8910 — 24 HRS.

i B3 lock mechanism (701 150)
this kit will operate from a

e 9V to 15V supply drawing

a standby current of only

REMOTE CONTRDL SWITCH KIT

- PCB, all components, connectors, high power piezo

PASSIVE INFRA-RED DETECTORS

* component identrfication and function is included,

] Designed for use with our

50pA. There are over 5000 possible 4-digit combina-
tions and the sequence can be easily changed To
make things even more difficult for an unauthorised
user an alarm can be sounded after 3 to 3 incorrect
entries—selectable by means of a link. The alarm can
sound for a few seconds to over 3 minutes during
which time the keyhoard is disabled pruvennng
turther entries. A latched or momentary output is
available malung the unit ideal for douv Iocks buvglav
alarms, car imobilisers, etc. A b

pushbutton switches may be used and a heep sounds
when a key is depressed. Kit includes high guality

buzzer and full assembly and user instructions.

XK121 LOCK KIT £15.95
350 118 Set of Keyboard Switches £4.00
701 150  Electric Lock Mechanism

12 volt £16.50

TEN EXCITING PROJECTS
FOR BEGINNERS

This Kt has been specially designed for the beginner
and contains a SOLOERLESS BREADBOARD, COM-
PONENTS, and a BOOKLET with instructions to
enable the absolute novice to build TEN fascinating
projects including a light operated switch, intercom,
burglar alarm, and electronic lock. Each project
includes a circuit diagram, description of opemmn
and an easy to follow layout diagram. A section on

enabling the beginner to build the circuits with
confidence. |

ORDER NO XK1)8

XK102 3-NOTE DOOR CHIME

Based on the SABO600 1C the kit Is
supplied with all components, including
loudspeaker, printed circuit board, a pre-
dnlledpbox {95 x 71 x 35mm) and full
instructions. Requires only a PP3 9V
battery and push-switch to compiete.
AN IDEAL PROJECT FOR
BEGINNERS

£13.75

£6.00

HOME LIGHTING KITS

These kits contain all necessary com-
ponents and full instructions & are de-
signed to replace a standard wall switch
and control up to 300W of lighting.

TDR300K Remote Control /
Dimmer £16.45 3
MK6 Transmitter for -
above £4.95
TD300K Touchdimmer £8.50
TS300K Touchswitch £8.50
TDE/K  Extension kit for 2-wa

switching for TD300K £2.70
LD 300K tight Dimmer £4.35

[
pd

Y -

ELECTRONICS
13 BOSTON RD
LONDON W7 3SJ
Tel: 01-567 8910
ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20 (UK only), otherwise add i Ef
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere H
£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 529314002.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

SEND 9"x6” S.A.E.&
50p FOR CATALOGUE
OR CALL AT SHOP
MON-FRI 9—5pm
SATURDAY 10-4pm

The K5000 Metal Detector Kit combines the
challenge of DIY Electronics assembly with the
reward and excitement of discovering Britain’s buried

past.

THE KIT — simplified assembly techniques require little
technical knowledge and no complex electronic test
equipment. All stages of assembly covered in a detailed 36

page manual,

THE DETECTOR - features Analytical Discrimination
& Ground Exclusion, backed by the proven pedigree of
C-Scope, Europe’s teading detector manufacturer.

Ask at your local Hobby/Electronics shop or contact:—

CSCorE

C-Scope International Ltd., Dept. EE88,
Wotton Road, Ashford, Kent TN23 2LN.

Telephone: 0233 29181.

OSCILLOSCOPES
TEKTRONIX 2215. Dual Trace 60MHz. Uela
Sweep, With Manual .............cccooivneiinns
TElE UIPMENT D75 QOual Trace 50MH: D;;a‘
COSSOR CDU150. Dual Trace 35MHz Solid State
Portable 8 x 10cm display with manual ...... £200
TELE[]UIPMENT D61A Dual Trace 10MHz. With

£175
TELE[]}JIPMENT ‘D43, Oual Trace 15MHz. anh

1
PHILIPS PM3230. Dual Beam 10MHz Solid
Stat .£100

TELEGUPMENT S54A. Single Trace 10MHz Solid
State. With manual...............ccocoveilecrinin £110

S

MULTIMETERS
AVO 8 Mk4 (ldentical to AVO 8 Mk4 but scaled
tf ﬂerentl ). Complete with Batteries & Leads. £55
k2 Complete with Batteries & Leads £45
Abnve Items in GOOD WORKING ORDER—
appearance not A1 hence the price.

AVO TEST SET No 1 (Military version of AVO 8)
Complete with batteries, leads & carrying case£6%
AVO Modef 7x. Cnmplete with batteries, leads &
carrying case 4

COMMUNICATION RECEIVERS
RACAL RA17L 500kHz-30MHz.
onlg £140 each with manual
EDDYSTONE 730/4. 480kHz-30MHz

only £110 each with manual

DISK DRIVE PSU. 240V in 5V 1-6A &12V 1-5A Out.
Size W125mm. H75mm. D180mm. Cased. Un-
OnIJ £10 ea (p&p £2)

NX MICRO)

Push to make. Cased
LYNX MICRO—128| ywer. Supply avatlable.
Therefore. ..Only £58 aa {p&p £5)

ADVANCE/GOULD DVMS. Auto ranging. max read-
ing 20,000. AC/DC Volts-resistance... ...E50
AVD AM Smnal Generator type 133
135KHz-230M| £60
AVO AM Signal Generator type 135,
100-240MHI......cooooevvevccoce s £75
ADVANCE AM Signal Generator type 828
150KHZ-220MHZ ........oooovccecinniiernncn

SPECIAL OFFERS
B+K PRECISION CRT restorer/analyser Model 467.
glip 5|Ied with 2 bases and manual {p&p £7) ONLY
each

AVO Model 73. Pocket
ranges. Complete with batteries & leads..

RACAL 32MHz Universal counter timer. Type 836
with manual ... Only £50 ea

LABGEAR COLOUR BAR GENERATOR KG1 8 Test
Patterns (p&p £4) ...ONLY £40 each

STEPPING MOTORS

T e 1,200 Steps per rev. 4 Phase {5 wire)
12/24V. Tnmue 250z inch {will run on 5V with
reduced tonau 15 ea
Type 2 Sél Steps per rev. 3 Phase. 12/24 {will
work on .£2 ea. 5 off £7.50
Type 3. NORTH AMERICAN PHILIPS 24 Steps per
rev 4 wire 5V 3-3Amps 0-250 rpm0-200PPS£6 ea
gpe 4-200 Steps per rev. 120V {3 wire) Torque

0z inch . fa
Type 7. WARNE et rev. 3
wire). 28V. Holding Torque 450z inch...

@
&

Phase {6
H a

AVO TRANSISTOR TESTER TT169
Handheld GO NOGO for in situ testing Complete
with batteries, leads & instructions. p&p £3
onty £12

'INSUlATlNG TRANSFORMERS 240
SO0 16 0 pho £6 100VA £8 p&p £2

I~ NEW EQUIPMENT
| HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz.
Oelas 8 Component Tester ..... ....£567
HAMEG 0SCILLDSCOPE 203.6. Du:
Component Tester & 2 Probes.
All other models available.

BLACK STAR FRE[]UENCY COUNTERS pép £4
Meteor 100-100MHz .£99
Meteor 600-600MHz ..
Meteor 1000-1GHz .£175
BLACK STAR JUPITOR 500 FUNCTION GENERA
}’ER Sine/Square/Triangle. 0-1H2-500KHz.

£11
| BLACK STAR ORION. Pal TV/Video Colour P:tlem
G 199

HUNG CHANG DMM 7030. 3; digit. Hand held 28
nges including 10 Amp AC/DC 0-1%. Complete
wn batteries & leads, p&p £4 ............... £39.50

0SCILLOSCOPES PROBES. Switched x 1; x10. p&p
£2.. . y _..gﬂ

USED EQUIPMENT—WITH 30 DAYS GUARANTEE.

MANUALS SUPPLIED IF

POSSIBLE. This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists.
Please check availability before ordering. CARRIAGE all units £ 16. VAT to be added

!O Total Goods & Carriage.

| STEWART OF READING

Telephone: 0734 68041

%= 110 WYKEHAM ROAD, READING, BERKS RG6 1PL 5y

Callers welcome 9 a.m. 10 5.30 p.m.

Mon-Fri {untit 8pm Thurs)
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The EE APEX PREAMP

Build this superb preamp for only £192.50 incl. p&p.

Complete kit as described in EE including, case, transformer,
and alf components.

Or build it with the very best components available including
IAR Wonder caps, Bulk Foit resistors, Holco Resistors, silver
plated switches, gold plated phono sockets and Kimber cable
for internal wiring. £380 incl. p&p

All components including PCBs available separately

For full parts price SEE YOU AT

list of the Apex

preamp and details of
AUDIOKITS audiophile
components and kits,

please send 9” x 4” SAE to:

AUDIOKITS Precision Components
6 MILL CLOSE, BORROWASH, DERBY DE7 3GU. Tel: 0332 674929

TOTAL ENERGY DISCHARGE

ELECTRONIC
| IGNITION

IS YOUR CAR AS GOOD AS IT COULD BE ?

s it EASY TO START in the cold and damp? Total Energy Discharge will give
the most powerful spark and maintain full output even with a near flat battery.

Is it ECONOMICAL or does it "go off* between services as the ignition
rformance deteriates? Total Energy Discharge gives much more output lo

ire lean fuel mixtures.

Has it PEAK PERFORMANCE or is it flat at high and low revs. where ignition

outputis marginal?Total Energy Discharge gives a more powerul spark from

idle to the engines maximum ?even with g cylinders).

Is the PERFORMANCE SMOOTH ? The more powerful spark of Total Energy

Discharge elimenates the near "missfires” whilst an electronic filter smoothes

out the effects of contact bounce etc.

Do the PLUGS AND POINTS aiways need changing to bring the engine back

loits best? Total Energy Discharge elimenates contact arcing and erosion by

removing the heavy electricl load. The timing stays "spot on""and the contact
condition does not affect the performance either. Larger plug gaps can be

i used, even we! or badly fouled plugs can be fired with this system.

X TOTAL ENERGY DISCHARGE is a unique system and the most powerful on

the market - 3.5 times the Fower ol induclive systems - 3 times the energK
and :lil times the duration of ordinary capacitive systems.Send for full technical
details

% ALSO FEATURES
EASY FITTING, STANDARD/ELECTRONIC CHANGEQVER SWITCH,
STATIC TIMING LIGHTand DESIGNED IN RELIABILITY (14 years experlence
and a 3 year guarantee)

% InKIT FORM it provides a top performance system at less than half the price
of a comparable ready built unit. The kit includes: pre-drifled fibreglass PCB,
pre-wound and varnished ferrite transformer,high quality 2uf discharge

[ capacitor, case, easy fo follow instructions, solder and everything you need o
build and fit fo your car.All you need is a soidering iron and a few basic tools.

l TOTAL ENERGY DISCHARGE KIT £17.95 { Prices include VAT
ASSEMBLED READY TO FIT £23.90 | Add£1.00 P&P

ALSO AVAILABLE: Other Ignition systems and electronle car alarms

Order now or send for further details:

‘ ELECTRONIZE DESIGN tel 021308 5877

2 Hillside Road Four Oaks, Sutton Coldfie!d B74 4DQ

L

ADD 60p P&P + 15% V.A.T. TO ALL ORDERS.

ALL YOUR COMPONENTS FROM ONE SOURCE. BY MAIL
ORDER. This list contains only a FRACTION OF OUR STOCK.
QUANTITY DISCOUNTS ON REQUEST. ALL IN-STOCK ITEMS
DESPATCHED SAME DAY. PRICES ARE SUBJECT TO
CHANGE WITHOUT NOTICE. EXPORT ENQUIRIES WELCOME.
OVERSEAS ORDERS ADD £1.00 P&P. NO VAT. OTHERWISE

OMEGA ELECTRONICS

ELECTRONIC COMPONENTS DEPT, P.O. BOX 135,
EDGWARE, MIDDX. HA8 5NA.
TEL: 01-951 5526 {24 HOURS)

ORDERS FROM GOVERNMENT DEPTS: TRAINING ESTABLISHMENTS: SCHOOLS: COLLEGES: UNIVERSITIES, ETC. WELCOME
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AFFORDABLE ACCURACY

Quality Multimeters from

Ci k'f
Cirki
> = - —
@ .. | comprehensive e -
=~ |} rangeof

*1 Analogue and ‘:“
(Pushbutton or -1~

o Rotary Sw1tched)f_——

- Digital Models ":.‘

HC-7030

HB-102BZ L
ANALOGUE DIGITAL
HM-102BZ — [llustrated above. 20k{}/V HC-7030
DC. DC voltage range, 2-56-1000V; AC volts 0-1% Accuracy. Standard Model........... §39.60
10-1000V; resistance, 10k{3-1MQ; DC HC-8010
current, 5-500mA + 10A; battery test and 0-26% Accuracy. Standard Model.......... £33.60
continuity buzzer...........ccooooiniiinn £12.60 HC-5010T
HM-1015 — Rugged, Pocket sized meter, 0-26% Accuracy. TR Test Facility ........£39.60
for general purpose use .87, DM-106
16 measuring ranges 0-5% Accuracy. Pocketable.... ...521.50

Battery, Test Leads and Manual included
with each model.

All models have full functions and ranges and
feature: 3§ digit 0-6” LCD display — low
battery indication — auto zero & auto polarity

Please add 16% — ABS plastic casing — DC AC 10amp range
for VAT and (not DM-106) ~— Overhead protection on all
70p for p&p ranges — battery, spare fuse. test leads and

manual.

Full details and specification from:

| Cirkit Distribution Ltd

/ Park Lane, Broxbourne, Herts, EN10 7NQ
% Telephone (0992) 444111 Telex 22478 W

TRADE ENQUIRIES WELCOME

£1 BARGAIN PACKS

PK 1. 350 Assorted resistors. Ful! length leads. PX 20. 2 PaxsD.C. plugs & sockets c/w leads & PP3 clip

PK 2. 400 Assorted resistors Pre-formed leads PX 21, 26 Assorted transistors ANl new & coded

PK3. 60 Assorted resistors. Wire wound PX 22. 1§ Assorted 1.C's. All new & coded.

PK 4. 200 Assorted capacitors PX 23. 50 Assorted unmarked & untested L.C's.

PK 5. 200 Ceram caparitors PK 24. 100 Assorted drodes

PX 6. 60 Electrotyc capacitors PX 25 20 EM.T. diodes

PX 7. 2 2200uf 300 volt capachtors. PX 28 3  Large power-fin heatsinks 703

PK8 2 4700t 30 volt capacitors. PX 27. 1 4 section 7 segment J.0.d. clock display.

PK @ 12 Assorted rotary potentiometers Single. PX 28, 20 Assorted neons Panel mounting & wire ended
PK 10. B  Assorted ratary patentiometers. Dual, PK 29. 1 Mucrophone ¢/w lsad, switch, plugs & stand
PK 11. 12 Assorted shder potentiometers. PK 30. 3 Microphone inserts

PK 12. 40 Assorted pre-set patentiometers. PK 31. 3  Oynamic earpieces c/w lead & 3.5mm plug.
P 13. 5 100K hin.multiturn potentiometers PK32 2 Telescopic aeriais

PK14. 5 1 mey im multrturn potentiometers PX 33. +  Stereo cassetts tape head

PX15. 12 Assorted switches. PK 34, 2 Small cassette motors

PK168. 1 hank 4-way push button switches ¢/w knobs PK35% 1 Large cassette motor.

PK12. 1 4 pole 5-way wafer swrich PK36 1 Wire pack Mains cable

PK 18. 15 Assorted contral knobs, PX37. 1 Wire pack Screened signal cable

PK 19. 20 Assorted plugs and sockets PX 38. 1 Wire pack. Connecting wire. Assorted

Postal order or cheque with order. Please add £1 postage & packing per order. Shop open
9.30-6.00 Mon to Sat. Closed all day Thursday.

MJR WHOLESALE, 238 Waterside,

Chesham, Bucks HPS 1PG. Tel: 0494 771033

OMNI ELECTRONICS

We stock a wide range of components:

transformers, switches, pots, ICs, capacitors, resistors,
diodes, boxes, triacs, LEDs, cable, connectors, PCBs—

in fact, all you need for your projects.

NEW CATALOGUE NOW AVAILABLE

— send 20p + 13p or 18p stamp or call at our shop
Mon—Fri 9am—6pm, Sat Sam—5pm.

174 Dalkeith Road
EDINBURGH EH16 5DX
031-667 2611

KIT'S SO EASY
WHEN YOU CARE

I CARE BY DESIGNING WELL
—WITH YOUR CARE IN ASSEMBLY,
YOU’LL LOVE THE RESULTS FROM
MY PUBLISHED* KITS
(" JOHN BECKER IS A REGULAR CONTRIBUTOR
OF AUTHORITATIVE CONSTRUCTIONAL

ARTICLES FOR EE and PE)

uiﬁ‘}
BECKER'S TOP DOZEN—PLUS! \

CHIP TESTER (PE AUG B6) COMPUTER‘ CONTROLLED LOGIC AND CHIP ANALYSER (UP
TO 24 PINS). SET 258F £39.3

CHORUS-FLANGER {PE JAN 84) MONO-STEREO. SUPERB DUAL-MODE MUSIC
ENHANCEMENT. SET 235 £59.99

CYBERVOX (EE APR 85} AMAZING ROBOT TYPE VOICE UNIT, WITH RING-MODULATOR
AND REVERB. SET 228 £44.76

DIGITAL 64K DELAY {PE JUN 85)

UP TO 65 SECS DELAY, ECHO, REVERB, RE-PITCH, MULTI &REVERSE TRACK, LOOP, ETC.
PLUS MICRO-INTERFACE®, 19 INCH RACK. SET 234-RK £19

DISCO-LIGHT CONTROL (PE NOV 85) 3 CHAN SOUND TO LIGHT CHASERS, AUTO
LEVEL. PLUS MICRO INTERFACE’. SET 245F £62.50

ECHO-REVERS (PE SEP 84) MONO-STEREQ. 200MS ECHO (EXTENDABLE), LENGTHY
REVERB, SWITCHABLE MULTITRACKING. SET 218 £57,66

p&?’%SCOPE (PE DEC 85) TURNS A COMPUTER® INTO AN OSCILLOSCOPE. SET 247

%/IICRO -TUNER (EE AUG B6) COMPUTER® CONTROLLED MUSIC TUNING AID. SET 259

MIXEgg(PECJAN 86) 4 CHANS, SEPARATE GAINS, LEVELS, FILTERS, TWIN QUTPUTS.
SET 229M £44.4.

MORSE DECODER (EE JAN 87) COMPUTER® CONTROLLED MORSE CODER-DECODER,
WITH VARIABLE RATE AND LEVEL CONTROLS. SET 269 £22.16

PHAZSZEGR!(ZPE%CT 84) EXCELLENT PHASING ENHANCED WITH MODULATED FILTERING.
SET 4

25\7/!53%8 {(EE OCT 85) MONO, WITH REVERB TO 4 SECS, ECHO TO 60MS. SET 232
RING MODULATOR (PE NOV 84) FABULOUS EFFECTS GENERATION, WITH ALC AND
MULTIWAVEFORM VCO. SET 231 £45.58

TEMPESTUOUS STORMS (PE JUN 86) RAW NATURE UNDER PANEL CONTROL! WIND
& RAIN—SET 250W £29.50 THUNDER & LIGHTNING—SET 250T £29.50

* COMPUTER PROGS AVAILABLE FOR BBC, C64 AND PET.

MANY MORE KITS IN CATALOGUE—OVER 70 OF THEM!

PCB SERVICE PCB'S FOR ALL PROJECTS DESIGNED BY JOHN BECKER AND PUBLISHED
IN PE & EE ARE AVAILABLE SEPARATELY AS IN CATALOGUI

CATALOGUE AND ENQUIRIES SEND 9 x 4 S.A. E FOR FREE CATALOGUE, AND WITH
ALL ENQUIRIES. (OVERSEAS SEND £1.00 OR 5 LLR.C’S).

ORDERS AND POST MAIL ORDER, CWO, CHQ, PO, ACCESS, VISA. ADD 15% VAT. ADD
P&P—SET 234RK £3.50, UNIT T2-272 £2.50, OTHERS £1.50. EACH. INSURANCE 50P
PER £50. OVERSEAS P&P IN CATALOGUE.

TEXT PHOTOCOPIES—DDL £1.50, T2-272 & 274 UNITS £1.00, OTHERS 50P EACH, SEND
LARGE STAMPED ENVELOPE.

I ALSO CARE BY PROVIDING A KIT MAINTENANCE SERVICE—MY KITS ONLY.

GEIGER
COUNTERS

. SINCE CHERNOBYL, OWNING A NUCLEAR RADIATION DE-
TECTOR HAS TAKEN ON A NEW SIGNIFICANCE. ACCI-
.DENTS SHOULD NOT HAPPEN—BUT THEY DO! YOU
WOULD BE AMAZED AT THE GEIGER QUANTITIES SOLD
SINCE CHERNOBYL. INSURANCE {S PRUDENT,

IF YOU DO NOT ALREADY OWN A GEIGER, WITH TODAY'S DEBATABLY UNCERTAIN
NUCLEAR SECURITY, | BELIEVE THAT YOU SHOULD SERIOUSLY CONSIDER BUYING ONE.
MINE, BELOW, HAVE BEEN DESIGNED FOR THE NON-PROFESSIONAL USER, UNSURE
ABOUT THE ENVIRONMENT, BUT UNWILLING TO PAY SEVERAL HUNDRED POUNDS FOR
STRICT COMMERCIAL UNITS. JOHN BECKER.

READY-BUILT & KIT FORM
TECHNOLOGICALLY FURTHER DEVELOPED VERSIONS OF THE RADIATION DETECTORS
PUBLISHED IN PE & EE DURING JULY 1986, WITH PARTICULAR EMPHASIS ON LOW
POWER CONSUMPTION AND FUNCTIONAL ABILITY. THEY ARE EQUALLY SUITED TO
BACKGROUND AND CLOSE UP MONITORING. GEIGER TUBE ZP 1310 1S SUPPLIED AS THE
SENSITIVE STANDARD DETECTOR, BUT OTHERS MORE COSTLY ARE AVAILABLE.

CASE_ MATERIAL (EXCEPT GEIGER-MITE)—MILD STEEL COVERED IN HARD WEARING
PLASTIC. WHITE PANEL, LIGHT BLUE TOP AND SIDES. BATTERY OPERATED (9V
RECHARGEABLE OR DISPOSABLE). ALL UNITS HAVE SEPARATE OUTPUTS FOR MONI-
TORING BY COMPUTER OR OTHER DIGITAL ANALYSER.

AUDIO-VISUAL GEIGER {PE)
WITH EXTENDABLE PROBE MOUNTED ON REAR OF UNIT, INTERNAL LOUDSPEAKER,
METER FOR COUNTS RATE DISPLAY, COMPUTER OUTPUT, BATTERY AND AUDIO TEST
SWITCH, CAN BE USED WITH HIGH IMPEDANCE (CRYSTAL) HEADPHONES. NORMAL
POWER CONSUMPTION ONLY 1MA. MAY ALSO BE USED WITH EXTERNAL 9V POWER
SUPPLY. CASE SIZE 197 x 108 x SOMM.

READY-BUILT UNIT = TZ-272 £75.50
KIT-FORM UNIT = SET 264MK2 £59.50

AUDIQ GEIGER (EE}
WITH FIXED PROBE MOUNTED ON FRONT PANEL, INTERNAL LOUDSPEAKER, COMPUTER
OUTPUT, AUDIO TEST SWITCH. MAY ALSO BE USED WITH EXTERNAL SPEAKER OR
HEADPHONES FROM 8 OHMS UPW ARDS. NORMAL POWER CONSUMPTION LESS THAN
4MA. CASE SIZE 150 x 83 x 67MM.

READY-BUILT UNIT = TZ-274 £65.00
KIT-FORM UNIT = SET 265MK2 £49.50

GEIGER-MITE 3
A POCKET-SIZED GEIGER (PLASTIC CASE 85 x 56 x 40MM) THAT USES A LIGHT
EMITTING DIODE (LED) TO DISPLAY RADIATION IMPACT COUNTS. ALSO HAS AN
OUTPUT SOCKET FOR MONITORING BY COMPUTER OR BY HIGH IMPED ANCE (CRYSTAL)
HEADPHONES. KiT-FORM ONLY = SET 271 £39.50

ALL KITS INCL. PCBS, PARTS, BLACK STEEL & ALl BOXES UNLESS STATED, INSTRUC-
TIONS, FREE WIRE AND SOLDER. FURTHER DETAILS IN CATALOGUE.

lclll

GEIGER
11-212

o @

BECKER-PHONOSONICS, DEPT EE73, 8 FINUCANE DRIVE, ORPINGTON, KENT BR5 4ED. TEL: 0689 37821
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Full details on Bargain List 27

CB MICROPHONE. Hand held with
push to talk switch. Curly lead. 600R
Dynamic £2.95
CIRCUIT TESTER. DC continuity tes-
ter. Needs 2 x AA cells. 90cm long
lead has croc clip 50p
MINI DRILL. Precision geared plastic.
Brass chuck takes up to 1.2mm bit.
Storage in handle. 115mm long £1.69
TELEPHONE. Non-BT approved single
plece. Push button with auto redial.
lvory. Wall bracket. 4m lead (half is
coiled)} £5.99
CRAFT KNIVES. Miniature type has
12 snap off sections. 9mm wide blade
is fully retractable and can be locked In
position. Supplied with spare blade.
125mm long. . 50p
Heavy duty version of above—18mm
wide blade, 7 sections, 150mm
long. 95p
LOGIC PROBE. For TTL, CMOS etc.
LED and sound indication. Pulse en-
largement capability allows pulse direc-
tion down to 25nsec. Max f = 20MHz
4-16V. /P Z:1M £9.99
STEREO TUNER. 2497 AM/FM STE-

chassis with push button selection for
LW/MW /FM and ON/OFF. Ferrite rod
for LW & MW selection, co-ax socket
for FM aerial. Supplied with mains
transformer and rectifier /smoothing
cap, and wiring details. PCB is 333 x
90mm £12.95

KEYBOARDS

TATUNG VT1400 Video Terminal
Keyboard. Brand new cased unit 445 x
225 x 65/25mm 71 Alpha-numeric
and function keys, + separate 14 key
numeric keypad. ASCIl output via curly
cord and 6 way plug. Data and connec-
tion sheet supplied. Now only£17.50
CAMPUTERS LYNX keyboard 58 full
travel keys. Size 334 x 112mm. Brand
new. Reduced to £5.95
Z470 COMPONENT UNIT. Panel 130
x 165mm with 10 x 74 series IC's, allin
sockets, R's, C’s, etc. Inc. 100uF 16V
Tant. Also 5A DPCO relay and 6 brass
pillars 60mm long supporting a steel
panel upon which is mounted a mains
transformer giving 5V and 12V output;
7805KC regulator and a screened box
110 x 80 x 30mm with phono input
containing 76131 stereo pre-amp IC +
associated components. Various plugs
and sockets. Amazing value—compo-
nents must be worth over £50.

Yours for just £4.50

‘NEWBRAIN’ PANELS

Z494 Motherboard microprocessor
panel 265 x 1565mm. Complete PCB for
computer. Z80, char EPROM, etc. 68
chips altogether + other associated
components, plugs, skts, etc. £5.50
2495 RAM panel. PCB 230 x 78mm
with 14 x MM5290-2 {(4116) (2 miss-
ing) giving 28k of memory. Also 8 LS
chips. These panels have not been
soldered, so chips can easily be re-
moved if required. £5.00

‘NEWBRAIN’ PSU 2467

BRAND NEW Stabilized Supply in
heavy duty ABS case with rubber feet.
Input 220/240V ac to heavy duty
transformer via suppressor filter. Regu-
lated DC outputs: 6-5V @ 1-2A; 13-5V
@ 0-3A; -12V @ 0-05A. All compon-
ents readily accessible for mods etc.
Chunky heatsink has 2.x TIP31A.
Mains lead (fitted with 2 pin continental
plug) is 2m long. 4 core output lead
1-6m long fitted with 6 pole skt on 0-1”
pitch. Overall size 165 x 75 x 72 mm.

£5.95 ea 10 for £40

REO TUNER PANEL. Complete radio.

1987 CATALOGUE
OUT NOW
BIGGER & BETTER THAN EVER.

—80pp packed with components &
equipment. Bargain List, order forms &
£1.50 discount vouchers all included
for just £1 inc. post.

+ FREE! KIT-CAT

24 page illustrated catalogue with over
100 kits from simple amplifiers to
complex EPROM programmers—also
computer interface kits enabling many
popular computers to be linked with the

breadboards for beginners.

outside world. PLUS kits utilizing

Greenweld- are No. 1 in component
packs—No. 1 for value and No. 1 for
varletyl We sell thousands of packs
containing millions of components
every yearl They all offer incredible
value for money—order some now and
see how much you save over buying
individual partsi

Fult details in catalogue.

K547 ZENER . DIODES. Glass and
plastic, 250mW to 5W ranging from
3V to 180V. All readily indentifia-
ble. 100 for £4.50

K548 TANTALUM CAPACITORS.
Wide range of values from 0-1 to 68uF,
3V to 50V. Includes both bead and
valuable solid types. 100 for £6.50

K544 MULLARD POLYESTER
CAPS. Cosmetic imperfections, elec-
trically OK. Wide range of values from
0-01 to 0-47pF in 100, 250 and 400V
working. 200 for £4.75

K555 FUSES. Big selection of quick
blow and antisurge types and sizes
including 15mm, 20mm, 1”and 32mm,
60mA to 50A¢ 100 for £3.95

K539 LED PACK. Not only round but
many shaped leds in this pack in red,
yellow, green, orange and clear. Fan-
tastic mix. 100 £5.95 250 £13.50

K517 TRANSISTOR PACK. 50 as-
sorted full spec. marked plastic devices
PNP NPN RF AF. Type numbers include
BC114 117 172 182 183 198 239
251 214 255 320 BF198 255 394
2N3904 etc., etc.

Retail cost £7+ Special low price

5

K554 THERMISTORS. Mostly disc,
rod and some valuable bead types.
Identification/data sheet included. Big
variety up to 40mm dial Catalogue
value over £50.00. 100 for £8.00

K540 RESISTOR PACK. Mosly §, §
and }W, also some 1 and 2W in
carbon, film, oxide etc. All have full
length leads. Tolerances from 5 to
20%. Excellent range of values. 500
£2.50 2500 £11.00

K531 PRECISION RESISTOR
PACK. High quality, close tolerance R’s
with an extremely varied selection of
values mostly { and }W tolerances
from 0-1% to 2%—ideal for meters,
test gear etc. 250 £3 1000 £10

10W RMS O/P with 30V supply. Popu-
lar audio amp module—these are ex-
equip but believed to be
working. £2.50
Z475 TRIAC PANEL—240 x 165mm.
14 trlacs 2N6346, TXAL116B or sim.
200V 6-8A; 16 SCR's C106A1 4A
30V; 6 x 4099 in skts; 15 suppres-
sors; 37 ZTX450; min 12V relay; R's,
C’s plugs, etc. Only £4.50

FLASH UNIT
Z488 complete apart from case. Xe-
non tube, neon indicator, on/off
switch, trigger wires. Requires 3V sup-
ply. 50 x 55 x 30mm. Brand new, with
data.

COMPONENT PACKS

Z469 AL30A amp. Panel 90 x 64mm.

=
GREENWEL

ELECTRONIC
COMPONENTS shop

etc.

All prices include VAT; just add 60p P&P
Min Access order £5. Of- T

ficial orders from schools
welcome—min in-
voice charge £10. Our

{es)

has enormous

stock of components and is open 9-5.30

Mon-Sat. Come and see usl|

443D Millbrook Road, Southampton, SO1 OHX.
Tel. (0703) 772501/783740
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JOIN UP WITH LITESOLD

Professional Soldering Equipment at Special Mail- Order Prices.

proportional electronic temperature
control inside the handle. Adjustable

280° to 400°C. Burn-proof 3-wire

mains fead. Fitted 3.2mm Long-Life

bit. 1.6, 2.4 and 4.7mm available. 240v a.c.

EC50 Mains Electronic Iron.
316 e
A LiTesolP

Features spike-free, solid state

SK18 Soldering Kit. £16.70
Build or repair any electronic project.
LC18 240v 18w iron with 3.2, 2.4,
and 1.6mm bits. Pack of 18 swg
flux-cored 60/40 solder. Tweezers.

3 soldering aids. Reel of De-Solder
braid. In PVC presentation wallet.

ADAMIN Miniature Iron £7.67

nylon handie with finger grip.
Interchangeable bits available 1.2,
1.6, 2.4, 3.4 and 4.7mm. Fitted with
2.4mm. 240v 12w (12v available).
Presentation wallet.

Possibly smallest mains iron in the
world. Ideal for fine work. Slim

‘L Series Lightweight Irons. 12w £7.68
High efficiency irons for all |
electronic hobby work. Non-rol
handles with finger guards. 18w £7.74
Stainless steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model,
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std - 12y
available from 1.6 to 4.7mm. LA12 available. Presentation wallet.

Soldering Iron . Designed specially for LITESOLD irons.

Stands 3&4 B\ Heavy, solid-plastic base with non-slip pads.
£5.99 X Won't tip over, holds iron safely. With wiping
No.§ sponge and location for spare (hot} bits.
£6i22 No 5 stand for EC50 iron No 4 stand

R 2 for ADAMIN miniature Iron No 3 stand
B for LAI2 and LC18 Irons.

Replacement Bits Pre-tinned face {Long Life}. State tip
For all above irons. Non-stick size.iron and type.

designs, machined from special Copper UL
copper alloy, with Inconel retaining EC50 =—— - f£t.74
rings. Two types — Chromium plated  Adamin 12 and

with copper face (for economy and LA12 ==—= £1.00 £1.71
ease of use) and Iron plated with LC18 o———— f112 £1.90

Yellow £1.33 Green £1.39 For simple, safe and effective

de-soldering of all types of joint,
@@

using a standard soldering iron.
Blue £1.44 per Reel

Handy colour-coded packs of 1.5
metres in 3 widths: Yellow — 1.5mm,
Green — 2mm, Blue — 3mm.

[
De-Solder Pumps £7.28 i f — 11 'E
High Quality version of increasingly :ﬂj N—G
popular type of tool. Precision made  thumb operation. Automatic solder
anodised aluminium body, plunger ejection. Conductive PTFE nozzle -
guard and highseal}p\iston. Easy no static problems.

Top quality Japanese metric hardened and tempered
tools. Swivel-top chrome plated brass handles.
Fitted plastic cases. 113 set — 6 miniature
screwdrivers 0.9 to 3.5mm £3.92
227 sat 5 socket spanners 3 to 5Smm £2.98
305 set 2 crosspoint and 3 hex wrenches

1.5t0 2.5mm £2.86

228 set 20 piece combination:

5 open, 5 skt spanners, 2 crosspoint, 3 hex
and 3 plain drivers, scriber, handle/holder £6.42

—

Microcutters. £5.39 Light weight hardened and
precision ground. Flush cutting. Screw joint, return
spring, cushion-grip handles. Safety wire-retaining clip.

Soldering Aids. Set of 3 £4.45
A e » Scraper/Knife, Hook/Probe,
———— . Brush/Fork. 3 useful double-ended
o 2 —— aids to soldering/desoldering/

assembly. In plastic wallet.

‘ ADAMIN Electric Stylus. £16.71
\ Writes like a ballpoint in Gold, Silver, Copper or 6
colours, on card, plastics, leather etc. Personalise
wallets, bags, albums, books, e
models . . . Operates at 4.5v from its own plug/
transformer — totally safe. Supplied with coloured foils.

SEND FOR OUR ORDER FORM TODAY e
AND JOIN UP WITH THE PROFESSIONALS ey
"““ LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. EM
J/7-33 DUCES R ROAL ROYUU RO 20 01 689 (0574




E.E. PROJECT KITS

Full Kits inc. PCBs, or veroboard, hardware,
electronics, cases (unless stated). Less
batteries.

# you do not have the issue of E.E. which
includes the project — you will need to order the
instruction ceprim as an extra — 70p each.
Reprints available
70p each + p&p £1.00.

THIS MONTH’S KITS
SAE or ‘phone for prices

separately

VIDEO GUARD Feb 87 £1.99
MINI-AMP Feb 87 £14.99
CAR VOLTAGE MONITOR Feb 87 £11.98
SPECTRUM SPEECH SYNTH. {no cass) Feb
87 £19.92
SPECTRUM i/0 PORT less case. feb 87  £8.99

STEPPING MOTOR BOOSTER (for lbovl) Feb
5.19

87

STEPPING MOTOR MD200 Feb 87 (15 80

RANDOM LIGHT UNIT Jan 87 £58.00

HANDS-OFF INTERCOM (per station) inc ulchsn;
i

87 H
HAND LAMP CHARGER (mains) Jan 87 £1.70
CAR ALARM Dec 86 £10.97

DUAL READING THERMOMETER Dec 86 £39.98

RANODOM NUMBER GENERATOR Oec 86  £14.97

8 CHANNEL A-D (SPECTRUM) CONVERTER Oec
6

8 £34.29
BBC 16K SIDEWAYS RAM Dec 86 £12.36
MOOEM TONE DECODER Nov 86 £18.99
OPTICALLY ISOLATED SWITCH Nov 86 £11.99
CAR FLASHER WARNING Nov 86 £7.92
200MH; 01G. FREQUENCY METER Nov 86 £59. 98
10 WATT AUDIO AMPLIFIER Oct 86 £34.9

LIGHT RIDER LAPEL BAOGE Oct 86 £9. 11
LIGHT RIOER 01SCO VERSION £18.69
LIGHY RIDER 16 LED VERSION £12.99
SCRATCH BLANKER Sept 86 £53.17
SIMPLE PRINTER BUFFER Sept 86 less PCB and
EPROM £47.89
INFRA-REO BEAM ALARM Sept 86 £26.99
FREEZER FAILURE ALARM Sept 86 £14.76
CAR TIMER Sept 86 £8.30
BATTERY TESTER Aug 86 £6.85
TILT ALARM July 86 £7.45
HEADPHONE MIXER July 86 27.69
CARAVAN BATTERY MONITOR July 86  £16.35
SQUEEKIE CONTINUITY TESTER July 86 £3.35
ELECTRONIC SCARECROWY July 86 8.45
VOX BOX AMP July 86 £12.73
PERCUSSION SYNTH June 86 £28,98
LIGHT PEN {less case) June 86 £5.80
PERSONAL RADIO Jure 86 £10.98
WATCHOOG June 86 £7.35
MINI STROBE May 88 £13.11
PA AMPLIFIER May 86 £24.95
LOGIC SWITCH May 86 £14.93
AUTD FIRING JOYSTICK May B6 £11.86
STERED REVERB Apr 86 £25.18
VERSATILE PSU Apr 86 £23.51
CIRCLE CHASER Apr 86 £20.98
FREELOADER Apr 86 £8.08
STEPPER MOTOR ORIVER Apr 86 £4.89
BBC MIDI INTERFACE Mar 86 £26.61
INTERVAL TIMER Mar 86 £17.97
STEREO Hi-FI PRE-AMP £46.85
MAINS TESTER & FUSE FINDER Mar 86 £8.40
FUNCTION GENERATOR Feb 86 23.66
POWER SUPPLY FOR ABOVE £1.62
TOUCH CONTROLLER Feb 86 £12.25
pH TRANSOUCER (less Probe) Feb B6 £23.11
LIGHT EFFECTS/GAMES UNIT Feb 86 £10.89
SPECTRUM OUTPUT PORT Feb 86 £10.72
HEADLIGHT ONE SHOT Feb 86 £11.22
OPORT Jan 86 £7.14
TACHOMETER Jan 86 £24.57
MAIN DELAY SWITCH less case Jan 86  £18.83
ONE CHIP-ALARM Jan 86 £8.29
MUSICAL DODR BELL Jan 86 £17.83
TTL LOGIC PROBE Dec 85 £9.45
OIGITAL CAPACITANCE METER Dec 85 £39.57
FLUX OENSITY TRANSDUCER Nov 85 £28.72
FLASHING PUMPKIN less case Nov 85 £4.20
SOUEAKING BAT less case Nov 85 £9.49
SCREAMING MASK less case Nov 85 £10.97
STRAIN GAUGE AMPLIFIER Oct 85 £28.00
SIMPLE AUOIO GENERATOR Oct 85 £2.85
SOLDERING IRON POWER CONTROLLER Oct
85 £5.21
VOLTAGE REGULATOR Sent 85 £7.46
PERSONAL STEREO P.S.U. Sept 85 £9.89
R.LA.A. PRE-AMP Sept 85 £15.94
CARAVAN ALARM Sept 85 £10.30
FRIDGE ALARM Sept 85 1.

£1.50
SEMI-CONDUCTOR TEMP. SENSOR Sept 85 £20.82
RESISTANCE THERMOMETER Sept 85 Less
Probe £20.71
PLATINUM PROBE Extra £24.20
LOW COST POWER SUPPLY UNIT Aug 85 £18.38
TRI-STATE THERMOMETER {Batt) Aug 85 £6.| 65
TREMOLO/VIBRATO Aug 85 £
STEPPER MOTOR INTERFACE FOR THE BBG
COMPUTER less case Aug 85 £13

1035 STEPPER MOTOR EXTRA £14. 50
OPTIONAL POWER SUPPLY PARTS £5.14
CONTINUITY TESTER July 85 £5.90
TRAIN SIGNAL CONTROLLER July 85 £9.66
AMSTRAD USER PORT July 85 £16.83
ACROSS THE RIVER June 85 £19.77
ELECTRONIC DOORBELL June 85 £7.20
GRAPHIC EQUALISER June 85 £25.66
AUTO PHASE May 85 £17.98
INSULATION TESTER Apr 85 £18.65
LOAD SIMPLIFIER Feb 85 £18.68
SOLID STATE REVERB Feb 85 £43.97
GAMES TIMER Jan 85 £8.39
SPECTRUM AMPLIFIER Jan 85 £6.58

TV AERIAL PRE- AMP Dec 84

Optional PSU 12V £2. 240V t!l ﬂ.’i
MINI WORKSHOP POWER SUPPLY Dec 84 £41.98
DOOR CHIME Dec £17.89
BBC MICRO AUDIO STORAGE SCOPE INTE[RFAgE

Nov 84

PROXIMITY ALARM Nov 84 £21 58
MAINS CABLE DETECTOR Oct 84 £6.27
MICRO MEMORY SYNTHESISER Oct 84  £57.57

ORILL SPEED CONTROLLER Oct 84 £8.27

GUITAR HEAD PHONE AMPLIFIER Sept 84 £7.66
SOUND OPERATED FLASH iess lead Sept 84 £6.98
TEMPERATURE INTERFACE FOR BB‘I:Z Agg

84 3,

CAR RADID BOOSTER Aug 84 £16.64
CAR LIGHTS WARNING July 84 £9.58
VARICAP AM RADIO May 84 £12.52
EXPERIMENTAL POWER SUPPlY May 84 £22.46
SIMPLE LOOP BURGLAR ALARM May 84 £16.34
MASTERMIND TIMER May 84 £6.52
FUSE/DIODE CHECKER Aaf fa.14
QUASI STERED ADAPTOR Apr 84 £13.08

BIGIYA[ MULTIMETER add on for BBC Micro Mar
.98

NI CAD BATTERY CHARGER Mar 84
REVERSING BLEEPER Mar 84 £8.14

PIPE FINDER Mar 84 £4.32
IDNISER Feb 84 £28.78
2X81 EPROM PROGRAMMER Feh 84 £17.38
SIGNAL TRACER Feb 84 17.88
CAR LIGHT WARNING Feb 84 £4.51
GUITAR TUNER Jan 84 £21.28
BIOLOGICAL AMPLIFIER Jan 84 £22.99
CONTINUITY TESTER Oec 83 £11.99
CHILDREN'S 01SCO LIGHTS Oec 83 [8.41

NOVEL EGG TIMER Dec 83 inc. £12.
SPEECH SYNTHESIZER FOR THE BBC MICRO Nnv
83 less cable + sockets £26.38
MULTIMOD Nov 83 £20.38
LONG RANGE CAMERA/FLASHGUN TRIGGE:‘ Nzuuv

83

HOME INTERCOM Jess link wire Dct 83 £17.26

OIGITAL TO ANALOGUE BOARD Oct 83 less cable,

case & connector £23.95

HIGH POWER DAI’.‘ DRIVER BOARD Oct 83 les;
49

£1
HIGH SPEED A TO D CONVERTER Sept 83 less cable
& connectar £33.57
S'I’UHAGE *SCOPE INTERFACE FOR BBC MICRO
883 less software £18.42
IGH POWER INTERFACE BOARD Aug [8‘.'41 no

45

USEN PORTY 1/0 BOARD iess cable + plug £12.59
USEN PORT ONTROL BOARD July 83 less cgtble +
plug 16
GUI\'AR HEAOPHONE AMPLIFIER Msy 83 £9.50
MW/ PERSONAL RADIO less case, May 83  £9.14
MOISTURE DETECTOR May 83 £6.55

CAR RADIO POWER BOOSTER April 83  £14.39
JFUNCTION GENERATOR April 83 £55.17
FLANGER SOUND EFFECT il 83 £29.00
NOVELTY EGG TIMER April 83 less case £6.58
DUAL POWER SUPPLY March 83 £69.48
BUZZ OFF March 83 £5.41
PUSH BIKE ALARM Feb 83 £14.07
ZX TAPE CONTROL Nov 82 £8.55
CONTINUITY CHECKER Sept 82 £6.56
2-WAY INTERCOM July 82 no case £5.42
ELECTRONIC PITCH PIPE July 82 £6.48
REFLEX TESTER July 82 £9.32
SEAT BELT REMINDER Jun 82 £4.92
EGG TIMER June 82 £6.53
CAR LED VOLTMETER less case, May 82 £3.81

V.C.0. SOUND EFFECTS UNIT Apr 82 £15.28
CAMERA OR FLASH GUN TRIGGER Mar
82 less tripod bushes £16.38

(4 SZ

POCKET TIMER. Mar 82
GUITAR TUNER Mar 82

S;MPLE STABILISED POWER SUPPlY z:laaﬂ
MINI EGG TIMER .Jan 82 (5 28
S:MPLE INFRA RED REMOTE CONTRO[!. Nov
8 22.

CAPACITANCE METER Oct 81 £30. 98
SUSTAIN UNIT Oct 81 £15.79
TAPE NOISE LIMITER Oct 81 £5.97
HEADS AND TAILS GAME Oct 81 £3.30
CONTINUITY TESTER Oct 81 £5.38
PHOTO FLASH SLAVE Oct 81 £4.56
FUZZ BOX Oct 81 £9.57
SOIL MOISTURE UNIT Dct 81 £7.66
0-12V POWER SUPPLY Sept 81 £23.38
COMBINATION LOCK July 81 less case £25.89
SOIL MOISTURE INDICATOR E.E. May 81  £5.39

PHONE BELL REPEATER/BABY ALARM Ma
81 U.ZI‘

INTERCOM April 81 £29.31
MODULATED TONE DDORBELL Mar 81 [3.31
2 NOTE DOOR CHIME Dec 80 [13

LIVE WIRE GAME Dec 80 £15.

GUITAR PRACTICE AMPLIFIER Nov 80 £14.10 Icss

case. Standard case extra £6.98
£28.08

SOUND TO LIGHT Nov. 80 3 channel
TRANSISTOR TESTER Nov 80 £15.36
AUDIO EFFECTS UNIT FOR WEIRO SOUN?S %ﬂ

1
MICRO MUSIL‘ BOX Feb 80 £21.43
Cas £4.32
SPR!NG lINE REVERB UNIT Jan 80 £32.64

UNIBOARO BURGLAR ALARM Dec 79 £7.98

OARKROOM TIMER July 79 £3.84
MICROCHIME DOORBELL Feb 79 £20.93
SOUND TO LIGHT S £10,

pt 7 .98
?ﬂAﬂ BATTERY STATE INDICATOR LESS CASE Sapl
£2.75
A.F. SIGNAL GENERATOR Sept 78 £37.44
N SITU TRANSISTOR TESTER Jun 78 £9.00
WEIRD SOUNO EFFECTS GENERATOR Mar
£144

18
ELECTRONIC DICE Mar 77 £5.97

MAGENTA

X as o 0, %

ch‘ks weusslr‘\:lll beae(‘./ol4
s‘henz:;’:':’;"ng:.ac“;::’; &‘% NEW
pans servnce or (hls new ssnss o BOOKS

Our excellent technical back-up ser-
vice helps to ensure that your projects
succeed evel

PART 1 BEN H POWER SUPPLY—Full
kit £24.98.

Plus a FREE copy of
catalogue.

LOGIC PROBE—£7 58 Including case.
LOGIC PULSER—E£ 7.48 including case.
VERSATILE PULSE GENERA-

our NEW

TOR—£29.98 including case.
EXPLORING
ELECTRONICS

A full set of parts including the Verobloc
breadboard to follow the series right up to
Nov. issue. £14.87. Dec parts £4.99. Jan
parts £4.99. Feb parts £4.29.

7, 4,0

Mid Projects Penfald £2.95
Getting The Most Fram

Your Printer. Penfald  £2.95
More Advanced

Electronic Music Projects.
Pentold f

BOOKS
How ta Get Your Electronic Projects
Working. Penfold £2.15
A practical Introduction ta Micropracessors.
Penfold f£2.10

Basic Electronics Hodder & Stoughtan £8.98
Beginners Guide to Building Electronic Projects.
Penfold £2.25
DIY Robatics & Sensors Billingstey. BBC £7.95
Commodore 64 £7.99
Etementary Electranics. Sladdin £5.98

INTRODUCTION

TO ELECTRONICS

An introduction to the basic principles of
electronics. With lots of simple experi-
ments. Uses soldering. Lots of full colour
illustrations and simple explanations. A
lovely book. Ideal for all ages.
INTRODUCTION TO ELECTRONICS
COMPONENT PACK

BOOK EXTRA

Book slso available saparately.

£10.99
£2.45

tester buzzer and fuse and diode protection. 10A dc
Complete with leads, battery and manual.

VEROBLOC BREADBDARD, DESIGN PAD, MOUNTING PANEL AND 10 CROCODILE CLIP

CONNECTING LEADS.

REGULATDR UNIT FOR SAFE POWER SUPPLY. All components including the specified case. Also the
plugs, fuse and fuseholders to suit the EE mains adaptor.
CDMPONENTS FOR PRACTICAL ASSIGNMENTS. Parts 1 and 2 {6ct & Nov) £1.94. Part 3 (Dec) £1.37.
Part 4 {Jan) £2.48. Part 5.{Feb) £2.22. Part B (Mar} £6.31. Parts 7, 8 & 3 {combined} £2.55.

TEACH IN 86

MULTIMETER TYPE M102BZ as specified. Guaranteed. Top quality. 20k/V, with battery check, continuity

Science Experiments with Your Computer £2.43
How to Design & Make Your Own PCBs. BP121£2.15
How to Make Computer Cantrolled Robots. Potterf 3.20
How 1o Make Camputer Model Controllers. Potterf 3.19
Interfacing to Microprocessors & Microcomputerst 6.50
Machine Code for Beginners. Usborne £2.45
Micro Intertacing Circuits Book 1
Micropracessors for Hobbyists Coles
Practical Computer Experiments. Pars
Practicel Things to do With a Microcomputer,
Ushorne £2.19
Questions & Answers — Electronics. Hickman £3.45
Understanding the Micro. Ushorne £1.95

® JUST A SMALL SELECTION. LOTS MORE IN
OUR PRICE LIST ®

£2.45
£4.98
£1.95

range
£14.98

£6.98
£16.78

TEACH IN 86 PROJECTS

UNIVERSAL LCR BRIDGE Nov 85 £25.83

DIDDE/TRANSISTOR TESTER Dec 85 £16.89

USEFUL AUDID SIGNAL TRACER

Jan 86 £16.75

AUDIO SIGNAL GENERATOR Feb 86 £26.21

R.F. SIGNAL GENERATOR March 86 £24.48

FET VOLTMETER Apr 86 £21.48

DIGITAL PULSE GENERATOR May 86 £16.68
NEW

MINI MODEL MOTORS

14-3v, 2 TYPES. MM1—59p MM2—61p

LEGO Technic Sets

TEACHERS WE ARE STOCKISTS OF THE
WHOLE RANGE. CONTACT US FOR
BROCHURES. VERY COMPETITIVE PRICES

AND QUICK OELIVERIES.

STEPPING MOTORS 12 VOLT

48 STEPS | 200 STEPS
I35 { MD200 L@ 1)
& £14.50 | £16.80 <.

MOTOR — GEARBOX ASSEMBLIES

Miniature precision made. Complete with quality electric motor. Variable reduction ratios
achieved by fitting from 1-8 gearwheels (supplied) as required. Operates from 1.5V to 4.5V.
Small unit type MGS speed range 3rmp-2200rpm depending on voltage & gear ratio. Large
unit type MGL (higher torque motor} 2rpm-1150rpm. Long 3mm dia outpbut shafts. Ideal for

robots and buggies.

Small Unit (MGS) £3.49. Large Unit {(MGL) £3.98.

Pulley wheels 3mm bore. Metal flange with
brass hub. 10mm dia. £1.75. 20mm dia.
£1.84. 30mm dia. £1.99.

Metal collar with fixing screw, 3mm bore
24p. Flexible spring coupling Smm. Length
31mm 68p.

Flexible metal coupling (universal) 3mm
£2.98; 2mm £3.34.

1987 CATALOGUE

Brief details of each kit, our books, &
ilustrations of our range of tools & com-
ponents. Aiso stepper motor, interface kit
& simple robotics. Plus circuit ideas for you
to build. if you read Everyday Electronics
then you need a copy of the MAGENTA
catalogue.

CATALOGUE & PRICE LIST — Send £1 in stamps
otc. or add £1 to your order. Price list — 9x8 sse.

Catslogue FREE TO SCHOOLS/COLLEGES RE-
QUESTEO ON OFFICIAL LETTERHEAD.

ADVENTURES
WITH
ELECTRONICS

An easy to follow book suitable for all ages Ideal for
beginners No soldering, uses an S-Oec Breadhoard
Gives clear instructions with lots of pictures. 16 projects
—~ including three radios, siren, metronome, organ,
intercom, timer, etc. Helps you learn about efectronic
components and how circuits work. Component pack
includes an S-Dec breadboard and all the components for
the projects
Adventures with Electronics £3. 58 Component pack
£20.98 less battery.

MAGENTA ELECTRONICS LTD.
EES50, 135 HUNTER ST.,
BURTON-ON-TRENT,

STAFFS, DE14 2ST,

0283 65435, Mon-Fyi 9-5.
Access/Barclaycard (Visa) by

phane or post.

24 hr Answerphone for credit card orders.
Our prices include VAT.

OFFICIAl OROERS WELCO"E
RSEAS Paymer

IRISH REPUBLIC and BFPO: UK PRICES

EUROPE: UK PRICES plus 10%

ELSEWHERE: write for quote

SHOP HOURS: 9-5 MON-FRI.

=
B

nt must be steri

PRICE LIST—FREE WITH ORDERS OR SEND SAE
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TOOLS
ANTEX MOOEL C IRON £6.92
ANTEX X5 SOLDERING IRON 26W £7.25
STA STAND FOR IRONS f2.88

HEAT SINK TWEEZERS 45p
SOLDER HANOY SIZE §
SGLDER CARTON
SOLDER REEL SIZE 10
LOW COST PLIERS
LOW COST CUTTERS

BENT NOSE PLIERS
MiINI DRILL 12V (Mﬂl)

CIRCUIT TESTER
HELPING HANDS JIG & MAGNIFIER.
MINIATURE VICE {PLASTIC)
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See notes on Readers’ Enquiries below—we
regret that lengthy technical enquiries cannot be
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EVERYDAY ELECTRONICS ADVERTISEMENTS
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PROJECT BUILDING

MANY of the letters and telephone calls we receive in the EE editorial office
are from readers who have built one of our projects that has failed to

work. Sometimes we can help with specific problems but more often than not

we have to ask readers to check their construction carefully, to make sure the

correct value components have been used, that component polarities are

correct and that the assembly and soldering has been carried out correctly.

It is sad but true that some readers give up electronics because their first pro-
Ject fails to operate. If only they would take the trouble to practise some solder-
ing, to learn a little about components and methods of construction, we are
sure they would stay with our fascinating hobby. After all, nobody expects to
be able to play golf the first time they pick up a club, or to be able to cook a
beautiful meal the first time they try, so why should they be able to build elec-
tronic equipment—or even solder at the first attempt. It may seem a simple
task but, like most things, it requires practice to perfect.

I well remember building models from tinned copper wire as an apprentice
—great fun it was too. We had all sorts of cars, boats, planes and animals on
display after a few days. Each apprentice had also made a few hundred
soldered joints——many of them joining three or four wires to one point—with-
out ever finding it boring. Try it, it’s a great way to learn to solder!

KNOWLEDGE

To acquire the knowledge required to build projects, keep reading. Read our
pages, read catalogues, buy some books (see our book service) or borrow some
from the library. Like most other hobbies, it takes time to fully absorb the
knowledge required. In short, don’t expect to buy one copy of EE, purchase
some components and become an expert in electronics. Our hobby is
fascinating and worthwhile but to gain satisfaction from it requires patience,
practice and perseverance.

Just to help you on your way, this issue and the next issue carry free booklets
which have been written by a regular contributor who not only sees a number
of readers’ non working projects but also is mainly self taught in electronics.
His experience of the problems encountered by readers has helped to
formulate these two guides for project builders. We are sure the information

they contain will be of value to all readers.

BACK ISSUES & BINDERS
EVERYDAY

Certain back issues of EVERYDAY

I.EC'I"RDHI ELECTRONICS and ELECTRONICS
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MONTHLY are available price £1.50
(£2.00 overseas surface mail) inclusive of
postage and packing per copy. Enquiries
with remittance, made payable to Every-
day Electronics, should be sent to Post
Sales Department, Everyday Electronics, 6
Church Street, Wimborne, Dorset BH21
1JH. In the event of non-availability remit-
tances will be returned. Please allow 28
days for delivery. (We have sold out of
Oct. and Nov. 85, April and May 86.)

Binders to hold one volume (12 issues)
are available from the above address for
£4.95 (£9.00 overseas surface mail) inclu-
sive of p&p. Please allow 28 days for
delivery.

Payment in £ sterling only please.
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READERS’ ENQUIRIES

We are unable to offer any advice on the
use, purchase, repair or modification of
commercial equipment or the incorpora-
tion or modification of designs published in
the magazine. We regret that we cannot
provide data or answer queries on articles
or projects that are more than five years
old. Letters requiring a personal reply
must be accompanied by a stamped
self-addressed envelope or a self-
addressed envelope and inter-
national reply coupons.

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

COMPONENT SUPPLIES

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

OLD PROJECTS

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

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

ADVERTISEMENTS

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

The Publishers regret that under no
circumstances will the magazine accept
liability for non-receipt of goods ordered,
or for |ate delivery, or for faults in manufac-
ture. Legal remedies are available in re-
spect of some of these circumstances,
and readers who have complaints should
address them to the advertiser or should
consult a local trading standards office, or
a Citizen’s Advice Bureau, or a solicitor.

SUBSCRIPTIONS

Annual subscription for delivery direct to
any address in the UK: £14.00. Overseas:
£17.00 (£33 airmail). Cheques or bank
drafts (in £ sterling only) payable to
Everyday Electronics and sent to EE Sub-
scription Dept., 6 Church Street, Wim-
borne, Dorset BH21 1JH. Subscriptions
can only start with the next available
issue. For back numbers see the note on
the left.
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INFR4 RED ALARIY

MARK STUART [ -

Multipurpose
detector that uses
the power of an
invisible beam

THIS circuit was designed as a multi-
purpose movement detector able to
form the basis of all sorts of burglar alarms
and automatic controllers. It will work
either as a single interrupted beam alarm
over substantial distances, or will directly
detect moving objects or persons by mea-
suring changes in the level of reflected infra
red over shorter distances. The output of
the device is a set of mains-rated change-
over relay contacts which operate as soon as
an object is detected, and remain operated
for a pre-settable time between one second
and ‘one hour.

As the relay contacts are mains voltage
rated and are capable of carrying up to 6A
they can be used to control a wide variety of
things such as automatic garage door open-
ing mechanisms, central heating systems,
room lighting, extractor fans, alarm bells,
tape-recorders, and cameras. There must be
hundreds of other applications in agricul-
ture, industry and commerce for this versa-
tile detector.

PRINCIPLES OF OPERATION

.A block diagram of the system is shown in
.Fig. 1. A pulsed beam of infra red radiation
is produced by feeding a high efficiency
led. (TX1) with 500mA pulses from a
pulse generator circuit with a 1:100 mark
—space ratio.

This radiation is detected by an infra red
photodiode (RX1) which produces a very
small pulse output which is amplified by a
high gain pulse amplifier and passed to a
synchronous detector circuit. The synchro-
nous detector produces a d.c. output voltage
which is proportional to the incoming pulse
level and hence proportional to the level of
infra red radiation received.

This level is capacitively coupled to the
next stage which is a “window compara-
tor”. Provided the input level is steady or
varies only slightly the output of the win-
dow comparator remains low (at logic 0). If
the level increases or decreases beyond the
set limits (or window) the output changes
state from low to high level.

The following stage is a latch circuit
which detects the low to high transition on
its input and starts the timer circuit. As the
timer starts it operates the relay driver and
so energises the relay. The timer now
operates for the set time regardiess of what
happens to the beam. '

At the end of the set time the timer
releases the relay and resets the latch circuit.
The circuit then resumes its original stable
state until a disturbance of the infra red
beam is again detected.

The time delay is produced by a low
frequency clock oscillator followed by a 12-
stage binary divider. Any of these outputs
can be used to provide the reset pulse so
that the time delay can be pre-set to be 2, 4,
8, etc up to 2048 clock cycles. With a clock
frequency of 0-SHz this gives a maximum
delay of approximately | hour.

CIRCUIT DESCRIPTION

The project is constructed in two separate
parts. A power supply and relay unit which
carries mains voltage circuits, and the de-
tector head unit which is connected to the
other unit via a three-core cable and carries
only low voltage circuits.

This arrangement ensures complete safe-
ty 'in those applications where the detector
head is to be mounted outside and exposed
to weather, because the separate mains
circuits can be installed indoors. It is also
possible to use more than one detector head
with a single power supply unit to extend
the area covered.

The circuit diagram of the detector sec-
tion of the Infra Red Alarm is shown in Fig.
2.IClais a standard Schmitt-trigger oscilla-

tor-in which capacitor C2 is repeatedly
charged through diode D! and resistor R2
and discharged via R1.

As resistor R2 is 100 times smaller than
R1 the capacitor charge time is 100 times
less than the discharge time and so a pulse
waveform with a mark-space ratio of | to
100 is produced at the output of ICla (pin
3). The pulses are approximately five milli-
seconds apart and 50 microseconds long.

Transistor TR6 is turned on during each
pulse by a base current of I0mA from ICla
through resistor R3. A minimum current
gain of 50 ensures that SO0mA pulses are
available to drive the infra red emitting
diode TX1 wvia series limiting resistor R4.
As the pulses are very short the average
supply current is only SmA.

Decoupling capacitors Cl, C8 and C11
and careful p.c.b. track routeing ensure that
the high pulse currents can be handled
without producing supply voltage “spikes™.
Poor layout and inadequate decoupling can
cause severe circuit interaction problems in
circuits of this type and it is recommended
that the layout shown is adhered to as'it is
completely trouble free.

The pulse output from ICla is also
connected to the gating input (pin 5) of
IC2. This forms part of the synchronous
detector circuit which will be described
later.

The reflected infra red beam is detected
by photodiode RX1. This is a large area
device with a lensed front and a built in
visible light filter. This prevents pulsing
light sources such as fluorescent tubes,
discharge lamps, and television screens
from causing interference.

Ordinary tungsten filament bulbs emit a
considerable amount of infra red radiation
but the thermal inertia of the filament is
such that only a low level of pulsing occurs
as the filament heats and cools during each
half cycle of the mains. This is not generally
a problem but it is advisable to keep such
lamps out of the direct field of view of the
photodiode.

TXt
I/R EMITTER

REFLECTOR,
PERSON

oR
0BJECT 7

/.
4
P4 \ FORWARD

Fig. 1. Block diagram of the Infra Red Burglar Alarm/Automatic Porch
Light System.
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COMPONENTS
See

410V

Resistors page 135 g

v
]
- 4
g
-
=
£
-
R1,R23,R24 100k (3 off) e
R2,R3,R13, 1k (5 off) (=
R19,R27 2
R4 15 °
R5,7 47k (2 off) @
R6 2M2 28 T
R8,R11,R14, 10k (5 off) 1 2
R22,R26 5
R9 680 & -
R10 470k "'ﬂ':h o
R12,R15, 1M {4 off) ;E %
R18,R25 ©
R16,R17 470 (2 off) B
R20 3k3 v
R21 220k 8
All 0-25W 5% carbon £
[
Capacitors >
C1 100y radiat 16V S
Cc2,C14a 470n polyester -
{small 100V type) E]
€280 £
C3.C8 10p radial 16V =
C4,C5 10n polyester 2
C6 220n polyester ) 4:_
100V s £
Cc? 0-47u tantalum N\~ o
35V ‘ S
9 47y radial 16V ~ E
C10 1p radial 16V os
c 220y radial 16V u g
C12 4u7 axial 16V
C13 2200y radial 16V
Semiconductors ———
IC1 4093 Quad 2-input Sec
NAND Schmitt .
Ic2 4016 4-pole 1-way £ 2z
analogue switch °E 8 |
IC3 LM324 Quad op. - g
amp 253
IC4 4040 12-stage i
binary counter D02
IC5 78L05 voltage o e
regulator . E E >
D1,03,04, IN4148 signal 9852
D5,06 diode (5 off) _ ko<gr
D2,010 BZY88 C4Vv7 =
Zener diode {2 off) ¥
D7,08,D9 IN4OO1 1A 50V = P
diode (3 off) J 7
TR1,TR3,  BC184 npn silicon =
TR4 (3 off) ey
TR2 BC212 npn silicon s I8
TR5,TR6 BFY5 1 npn silicon =5 S
(2 off) &= 4 o
™1 CQW13R.IR. FA- 3
le.d. S 3
RX 1 MIR 10L pin A m *""
photodiode AN S o 3
Miscellaneous " LN
T1,0-9V 0-9V p.c.b. BVA trans- B o
former; i.c. sockets, 14-pin (3 off} Tl o
*16-pin {1 off); 3-way p.c.b. termi- _{]Hs -
nal block {3 off); RLA1 12V relay
s.p.d.t; cable entry clamp; screws
and nuts; cable; wire and cases; § s
printed circuit boards, available ai b -
from the EE PCB Service: code g . R
EE560 and EE56 1. ot s m
H ¢°¢c

Approx. cost £35

Guidance only
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PULSE AMPLIFIER

The output from the photodiode is a low
level pulse waveform which is coupled via
capacitor C4 to the three-stage pulse ampli-
fier made up from transistor TR 1, TR2 and
TR3. Transistors TR1 and TR3 are stan-
dard common emitter amplifier stages with
bias and negative feedback via resistors R6
‘and R10 respectively.

Each stage provides a substantial voltage
gain. Transistor TR2 is an emitter-follower
stage which has a high impedance input and
low impedance output but no voltage gain.
Its function is to match the output of TR 1 to
the input of TR 3 and so optimize the gain of
each.

The power supply to the sensitive pulse
amplifier stages is decoupled by resistor R9
and capacitor C3 to ensure a very clean
supply rail. At the collector of TR3 the
output waveform is in the form of positive
pulses. The amplitude of which is propor-
tional to the strength of the received beam.

To detect changes in the received beam
level it is first necessary to convert the pulse
level into a steady voltage which represents
the received pulse level. There are a number
of ways of doing this. The simplest way is to
use a diode to rectify the pulses and charge a
smoothing capacitor.

This method would work but has the
drawback that the voltage output will only
fall slowly even if the beam level falls
quickly. This is because the smoothing
capacitor (C) charges via the diode (D) but
discharges via a parallel resistor (R).

Using a lower value resistor for R im-
proves the speed at which the voltage can
fall but as the voltage also falls further
between pulses the result is a large amount
of ripple in the output and a lower average
signal level.

SYNCHRONOUS DETECTOR

The synchronous detector circuit over-
comes all of these problems by using a
switch in place of the diode. The switch is
closed during each pulse and the capacitor
charges almost instantly to the peak pulse
voltage. As the switch is bi-directional the
capacitor can also discharge instantly to a
new lower peak pulse level as the signal level
drops. In between pulses the switch is open
circuit and so the capacitor level remains
constant and there is no output ripple at all.

T

ﬂ n ﬂ INPUT WAVEFORM

]

TPy
4 e IN R ¢ out
RECTIFIER
ﬂ ﬂ R ¢
FALLING OUTPUT DOES NOT FOLLOW PULSES
GMEo—-—-]
==
(o ma®) O
SYNCHRONOUS
DETECTOR
ouTPUT ™ ot
FALLING OUTPUT ACCURATELY FOLLOWS PULSES

Fig. 4. The comparison of the two types of detection circuits, rectifier and synchronous,

with idealised waveforms.

The comparison of the two types of
detection with idealised circuit waveforms
is shown in Fig. 4. The synchronous detec-
tor is so called because the switch must
operate in synchronism with the pulse
waveform. In this circuit the switch is part
of a 4016 CMOS bi-directional switch i.c.
and is turned on and off by a *‘gating” pulse
derived from ICla. As ICla s the oscillator
that drives the infra red emitter circuit the
gating pulses are automatically in synchro-
nism with the received pulses.

The output of the synchronous detector is
a steady d.c. voltage across capacitor C6.
Any fluctuation in this voltage is a result of
the infra red beam being disturbed and is
passed, via coupling capacitor C7, to the
inputs of IC3a and IC3b. IC3a and IC3b are
standard op-amp i.c.s which amplify the
difference in voltage between their two
inputs. As their gain is very high only a few
millivolts difference between the inputs is
sufficient to make the output “‘swing” from
OV to the positive supply voltage.
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The inputs of the op-amps that are not
connected to the signal are connected to
constant voltage bias points on the resistive
potential divider chain consisting of resis-
tors R14, R16, R17 and R19. This divider
chain is fed from a 4-7V stabilised supply
provided by resistor R13 and Zener diode
D2.

WINDOW COMPARATOR

The voltages on pin 13 of IC3a and pin 3
of IC3b are 800mV and 400mV respective-
ly. At the junction of resistors R16 and R17
the voltage is 600mV and this is used to
provide the d.c. bias via R12 for the other
inputs of IC3a and IC3b.

These d.c. conditions are such that the
non-inverting (+) input of IC3b is at 400mV
which is 200mV lower than the 600mV at
its inverting input. This means that the
output of IC3b will be held at or very close
to OV.

The d.c. conditions of IC3a are also such
that the non-inverting input is 200mV
lower than its inverting input as these are at
600mV and 800mV respectively. The out-
put of IC3a is therefore also close to OV.

Fluctuations in the voltage across capaci-
tor C6 are passed via C7 and are added to
the 600mV d.c. bias. Provided the fluctua-

.tions are less than 200mV in either direc-

tion nothing happens. Once this level is
exceeded however pin 12 of 1C3a may rise
above 800mV or pin 2 of IC3b may fall
below 400mV.

In each case the effect is to reverse the
polarity of the voltage between the inverting
and non-inverting inputs of the amplifiers
so that the non-inverting input is at a higher
voltage than the inverting input. The result
of this is that the output swings positive
from OV up to almost the full positive
supply voltage.

This type of circuit is known as a “Win-
dow Comparator”. The *‘window” is the
gap between 400mV and 800mV within
which the input signal may be, without
changing the state of the output. If the input
signal falls outside the *“window” below
400mYV or above 800mYV the output changes
state.

Diodes D3 and D4 are connected to
couple a positive output voltage from either
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of the outputs of IC3a and IC3b through
resistor R20 to the bi-stable latch circuit
made up from IC3c and IC3d. These are a
pair of cross-coupled amplifiers which work
in a similar way to cross-coupled logic gates.

The non-inverting inputs of both ampli-
fiers are connected to 4-7V at the junction
of resistors R13, R14 and diode D2. The
inverting outputs are cross-coupled via re-
sistors R23 and R24. The circuit can rest in
two stable states with either the output of
IC3c high (positive) or output of IC3d high.

Normally the circuit resets with the out-
put of IC3c held high. This holds the Reset
pin of IC4 high which sets all the outputs
low. When the beam is disturbed a positive
output signal from the ‘““window” compara-
tor passes to pin 6 of IC3c. This forces the
output of IC3c to change from high to low.

Pin 9 of IC3d is pulled low via R24
forcing its output to change from low to
high. Feedback through resistor R23 now
completes the latching operation of the
¢ircuit by holding pin 6 of IC3c high even
after the original positive signal from the
window comparator is removed.

BINARY COUNTER

The circuit is now stable in this state until
pin 9 of IC3d is pulled high via diode D6.
This happens when the selected output of
the binary counter 1C4 changes state. The
speed at which this happens is determined
by the low frequency clock oscillator con-
sisting of IC1d, R25 and C12. This is a
standard Schmitt trigger oscillator (similar
to IC1a) producing an output of approxima-
tely 0-5Hz.

There are twelve stages in IC4 which
change state in a binary sequence after 1, 2,
4, 8, 16, 32, 64, 128, 256, 512, 10242048
clock cycles respectively. These are lettered
O-Z in ascending order.

Whichever of these pins-is used its vol-
tage level changes from low to high after the
appropriate number of clock cycles. When
this happens, pin 9 of IC3d is pulled high
via D6 and the bi-stable latch circuit returns
to its original state with IC3c output held
high and IC4 reset so that all its outputs are
forced low.

Drive to the ouput relay is provided by
ICIc which inverts the level from IC3c so
that terminal B is pulled positive for the full
time period whenever the circuit is
triggered.

The remaining components of the detec-
tion circuit are to ensure that the circuit
does not trigger when first switched on.
Transistor TR4 is turned on by IClb for
approximately 10 seconds after switch-on,
whilst capacitor C9 charges from zero up to
approximately half of the supply voltage.
This effectively short-circuits capacitor C10
and sets the bi-stable circuit in the correct
state.

After 10 seconds the voltage across C9
exceeds half of the supply voltage and the
output of IC1d falls from high to low, TR4
is turned off, and these components play no
further part.

POWER SUPPLY

The.power supply and relay driver circuit
is shown in Fig. 3. A small centre tapped
mains transformer T1 provides approxima-
tely 12V via rectifier diodes D7 and D8
across smoothing capacitor C13. A 5V
regulator IC5 is used along with a 4.7V
Zener diode to give a regulated 10V supply
for the detector circuit. Connections to the
detector are via a three-core lead linking the
three points A, B, and C.
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The relay RLA is driven from terminal B
on the sensor head via transistor TR which
provides the necessary current gain. A set of
changeover mains rated 6A contacts on the

relay are terminated by a three-way termi-
nal block on the circuit board.

These contacts can be wired directly to
mains lighting or motor control circuits or
may be fitted into a burglar alarm loop
systems etc.

ILR. ALARM

Fig. 6. Fuli size printed circuit master pattern for the Infra Red Alarm—Detection Head.
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Fig. 6. Full size printed circuit master pattern for the Infra Red Alarm—Power Supply /Relay

Driver.

The above boards are available from the EE PCB Service, code EE561/2.
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Fig. 7. Printed circuit board component layout for the
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and relay driver.

Fig. 8. Printed circuit board component layout for the p.s.u.

CONSTRUCTION

The detector circuit and the power supply
are built on separate printed circuit boards.
These boards are available from the EE
PCB Service: code EES60 and EES61. Full
size foil patterns and component layouts for
the boards are shown in Figs. 5, 7 and Figs.
6, 8. Except for the infra red emitter TX1 all
of the components are board mounted.

Begin construction by referring to Fig. 7
and assembling the detector head. After
inspecting the printed circuit board drill out
the two fixing holes to 3mm and if necessary
cut the corner notches. The board can then
be used as a template to drill the holes for
the fixing screws in the case.

The prototype board was mounted on the
case lid with the corners notched for the
case and mounting screws and pillars. Alter-
native arrangement may be used if desired.
It is possible to mount the emitter at some
distance from the board by the use. of
screened cable. With simple lenses, up to 50
metres’ separation is possible.

Fit the short wire links, resistors, and the
diodes to the board first, followed by i.c.
sockets, transistors and capacitors. Check
carefully that diode, transistor, and capaci-
tor polarities and types are correctly identi-
fied and fitted. The photodiode should be
fitted flush with the board and of course the
right way round as indicated by the small
tab.

The long wire link from terminal B to the
hole near resistor R2 should be made using
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solid core insulated wire. A further link
from near capacitor C11 to one of the timer
output pins should be made with similar
wire and it is recommended that this is set
to the Q position at first so that testing does
not take too long.

Two holes are required in the case, one
for the emitter and the other for a window
for the detector. In the prototype an 8mm
diameter hole was drilled exactly opposite
the detector and a thin clear plastic window
was glued to the inside. The emitter has a
lens and bezel which enables it to be
mounted in the panel about 20 millimetres
away from the detector window and con-
nected to the board using a twisted pair of

multi strand wire. Ensure that the polarity
of the emitter is correct; the anode (a) is the
short lead.

The power supply board should be assem-
bled next. First inspect the board and drill
out the two 3mm mounting holes. As with
the detector head use the board as a tem-
plate to drill the bottom of the power supply
case with mounting holes. (See Figs. 6, 8.)

Fit all the components, small ones first,
and take care to correctly identify their type
and polarity. Most mains transformers are
varnish impregnated and their tags are
frequently covered with the stuff. It not only
smokes and smells when soldering but also
makes it difficult to make good connec-
tions. A careful scrape of each transformer
pin before assembly will eliminate these
problems and save time in the long run.

Once the board is complete it should be
assembled into a suitable case and fitted
with a mains lead via a proper mains cable
retaining clamp or bush. The specified case
has internal p.c.b. guide slots which can be
removed with a sharp wood chisel if they
are in the way. Fitting the lids and the
interconnecting cable is all that remains of
construction and should be completed after
testing.

TESTING

The mains power supply unit should be
tested first. Fit three wires to the output
terminals A, B and C and bring these out of
the case through a suitable grommet.
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Fit the case lid and connect up the mains
supply. If all is well it should be possible to
make the relay click in and out by connect-
ing terminals A and B, and there should be a
voltage between 9-5V and 10-5V between
terminals A and C. If not, switch off,
remove the mains plug, inspect the board
again and correct any faults.

It may be necessary to check voltage
whilst the mains is on. If so, keep the board
fastened in the box, use a multimeter with
well insulated probes and keep clear of the
mains end of the board. Voltage readings can
be taken across the various component
leads on top of the board.

Once the power supply is working cor-
rectly, switch off, connect the three wires to
the detector head, and insert the four i.c.s.
Switch on again and check that the relay is
not operating and that the supply voltage is
still correct.

By moving a hand between or in front of
the emitter and sensor it should be possible
to operate the relay. Once the relay is
operated move away and wait for 10 se-
conds or so for the relay to release. If this
happens—well done—everything is working
OK. If not, check and double check.

It is possible to check for correct voltages
around IC3 and IC4, IC1b and IClc and to
check that IC1d pin 11 is pulsing up and
down about every two seconds by using a
simple multimeter on the 10V d.c. range.
Check also for 4-7V across Zener diode D2
and approximately 9V across C3. The col-
lector of TR6 should read almost +10V and
the collector of TR3 +1-5V to 2V measured
with respect to OV (terminal C).

It is hard to go much further without
more sophisticated equipment but bear in

The completed detector board mounted on the case lid.

mind that 99 per cent of circuit problems
are due to connections, soldering, and in-
correctly fitted components. Faulty com-
ponents and correctly wired circuits that
don’t work are rare so check your work very
carefully.

APPLICATIONS

As mentioned earlier there are endless
ways in which this circuit can be used. The
infra red emitter can be removed from the
detector head case and mounted opposite to
form a broken-beam type alarm. Consider-
able range should be achieved in this way
which could be extended even further by the
use of cheap plastic lenses carefully
positioned.

Various forms of reflector can be used if
the standard arrangement is used with the
emitter and detector side by side. Reflective
tapes, discs and adhesive pads are fairly
easy to obtain from motor cycle or car
accessory shops.

If the detector head is to be used outside it
should be protected from direct sunlight
and rain and sealed with a strip of adhesive
tape around the join between the case and
the lid. As mentioned earlier, more detector
heads can be used with a single power
supply and relay unit by wiring them in
parallel to terminals A, B and C.

The time delay is set by making the
appropriate link to IC4. Intermediate times
if required can be obtained by altering the
values of resistor R25 and capacitor C12. If
the unit is to be used as a burglar alarm
sensor then a short time delay should be
selected.

With the emitter and sensor mounted
side by side the circuit works extremely well
as a proximity detector just by measuring
the increased amount of infra red reflected
from the object or person. This mode of
operation is extremely effective for porch
light operation and as an indoor intruder
detector. ]
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. . . Timers and Frequency Counters ...

N PREVIOUS articles in this series we

have considered several aspects of the
BBC computer’s user port, but one facet
that has been ignored so far is the timer/
counter capability. In fact, port B of the
6522 device which is used to provide the
user port has two 16-bit timer/counters, and
these can be used in more than one way.
They are primarily intended to count the
system clock pulses, and provide interrupts
to the microprocessor at regular intervals to
act as the basis of a simple timer function.

There is another mode of operation, and
one which is perhaps of more use from the
point of view of the add-on enthusiast,
where the counters are used to count clock
pulses and effectively give a divider action
so that an output signal at some subdivision
of the clock frequency can be provided. The
output signal is at normal logic levels, and is
proably of more use in logic checking
applications than for audio testing, but with
little or no additional hardware the BBC
computers can act as a useful signal source.

A third mode of operation enables pulses
applied to the appropriate pin of the user
port to be counted, and this permits the
computer to be used in simple frequency
counter type applications.

Counting On It

To make full use of some aspects of the
counter/timers it is necessary to resort to
assembly language routines in order to get
the software to function fast enough. How-
ever, this is not necessary in the mode where
the counters are used to divide the clock
signal to provide an output signal, and we
will concentrate on this facility initially.

The six main registers associated with the
counter/timers are at addresses from
&FE64 to &FE69, which is where the
counter registers themselves are located.
There are three other registers associated
with the timer/counters, and the most im-
portant of these is the auxiliary control
register at &FE6B which is used to set the
desired mode of operation.

As the counters can generate interrupts
they also interact with the interrupt flag
register and the interrupt enable register at
addresses & FE6D and &FEGE respectively,
but interrupts is not a subject we will pursue
further at present. Note though, that the
interrupt flag register can be used to detect
when a count has been completed, and it is
not solely for use with interrupt driven
software.

Details of the function of each of the six
main counter/timer addresses are given
below:-

7&FE64 TIMER | COUNTER
LOW.BYTE
7&FE65 TIMER | COUNTER
HIGH BYTE
& FE66 TIMER | LATCH LOW
BYTE
134

1&FE67 TIMER | LATCH HIGH
BYTE
7&FE68 TIMER 2 COUNTER
LOW BYTE
7&FE69 TIMER 2 COUNTER
HIGH BYTE

The timer/counters are both 16-bit binary
down counters, and this gives a problem in
that the BBC computer only has a 8-bit data
bus. The counters are therefore divided into
two 8-bit types for loading and reading
purposes, the low byte having bits 0 to 7,
and the high byte containing bits 8 to 15. Of
course, the range of the counter (in decimal)
15 65535 10 0.

Timer/counter 1 is the most simple of the
two counters in that it can only be fed from
the ‘system clock and not from external
pulse signals. Although the BBC computer
has a 2MHz clock frequency, this is divided
by two to give a IMHz clock to the
input/output devices, including the 6522
VIA that provides the user port.

Timer 1 therefore counts down in micro-
seconds, and can consequently be used for
accurate timing as well as simple counting
applications. Because Timer 1 is always fed
with the clock signal it counts down contin-
uously, and if you try reading either of the
counters at addresses & FE64 or &FE65 you
should get a different answer each time.

Loading

The counter addresses are used for read-
ing the timer, and they can be used for
writing values to the timer, but the latches
are often used for writing values to the
counter. This may seem like an unnecessary
complication, but the idea is to ensure that
both halves of the counter are loaded
simultaneously. Loading the counters se-
parately would result in one byte having
commenced the down count by the time the
other one was loaded, which in some appli-
cations could compromise accuracy.

A sixteen bit load can be achieved by
writing the low byte to the appropriate latch
at address &FE66, and then writing the high
byte to the appropriate counter at &FE65.
The low byte is stored in the latch until the
high byte is written to the counter, when
both bytes are loaded simultaneously.

From this description the high byte latch
might seem to be superfluous, as it is never
seems to be needed for loading or for
reading purposes. In fact, it is required in
the “*free running” mode of the counter.

So far we have only considered it as a
straightforward down counter where it op-
erates in the “one shot” mode, with a
number being loaded into the counter and a
flag being set or an interrupt being generat-
ed when it reaches zero. In the free running
mode the counter is automatically reloaded
from the latches after the count has reached
zero, and the down count then commences
again. In this way the counter can be made

to set a flag or generate an interrupt at a
regular and preset interval.

Counted Out

A very useful feature of Timer 1 is its
ability to provide an output signal on line
PB7 of the user port. The original design
intention was probably to permit the device
to be used as a baud rate generator for a
serial interface chip, but as line PB7 is
available on the user port this capability
opens up a host of possibilities for the
hardware add-on enthusiast.

In the one shot mode the output goes low
when the counter is loaded (or when
2&FEG65 is loaded to be precise), and high
again when a count of zero is reached. In
other words, it acts rather like a program-
mable monostable multivibrator having a
negative output pulse.

The free running mode is perhaps of
‘greater interest, and in this mode we effec-
tively have the arrangement shown in the
block diagram of Fig. 1. The 1MHz clock
signal is fed to the input of the counter
which operates as a divide by ‘N’ type,
where ‘N’ is any integer from | to 65535
(obviously both a divide by 0 and an output
period of O are nonsensical and the counter
would not be loaded with zero in practice).

The output changes state each time the
count reaches zero, and the effect is much
the same as if the output of the counter was
fed to a divide by two flip/flop circuit. This
is a point which has to be borne in mind
when selecting the counter value for the
required output frequency, as the actual
output frequency is half the figure obtained
by dividing the IMHz clock frequency by
the division rate through the counter.

A point to keep in mind when using the
timers and latches is that the current value
in a counter can only be read at one of the
counter addresses; reading one of the
latches simply returns the last value written
to that address.

Setting The Mode

As mentioned previously, the counters
are controlled by the auxiliary control regis-
ter at ?&FE6B, or to be more precise, they
are controlled by three bits of this regiser. It
is essential to set up this register for the
desired function before writing values to the
counter/latch registers and attempting to
use the counters if the desired result is to be
obtained. In this article we are only con-
cerned with Timer 1, and so the only two
bits of the auxiliary control register that we
need to consider are bits 6 and 7.

Bit 6 is used to select either the one shot
or the free running mode, and to select these
functions it is set to 0 and | respectively. In
terms of -decimal numbers written to the
register this works out as 0 to select the one
shot mode or 64 to obtain the free running
mode.
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SQUAREWAVE

DIVIDE
BY "N’

OUTPUT

FLIP/FLOP
(PB7)

Fig. 1. The effective arangement when timer 1 is used to generate a squarewave output on

PB7.

Bit 7 is used to enable or disable output
on PB7,and itissetto | (128 in decimal) in
order to enable output on PB7. To try out
Timer 1 as a programmable squarewave
generator a value of 192 (i.e. bits 6 and 7
both set high) must be written to address
&FE6B, or for the monostable mode a value
of 128 is needed (i.e. bit 6 set low and bit 7
set high).

This simple program is useful as an initial
test of Timer 1, and it simply sets it up as a
squarewave generator and then lets you try
out various counter values.

10 REM TIMER 1 TEST PROG

20 72&FE6B = 192

30 INPUT “LOW BYTE” L
40 7&FE66 = L

50 INPUT “HIGH BYTE” H
60 ?&FE65 = H

70 GOTO 30

The values must be between 0 and 255,
and the low byte provides fine adjustment
while the high byte gives coarse frequency
control. The larger the number the greater
the division rate, and the lower the frequen-
cy. With any frequency synthesiser of this
type, quite precise control is possible at the
low frequency end of the range, while the

output frequency changes in large steps
towards the high frequency end of range.
The overall division rate varies from 2 to
131070 in increments of 2, which with a
1MHz clock represents a frequency range of
500kHz to about 7-6Hz.

The high byte is written to the counter at
7&FE65 rather than to the latch at ?& FE67
as this seems to be necessary in order to
initiate the counting and output action.
Thereafter the values can be written to
either the counter registers or the latches, as
values sent to the counters seem to be fed to
the latches as well. For write operations
7&FE67 would appear to be unnecessary,
but if you wish to read the value in the high
byte latch this can only be read from this
address as ?&FE65 will return the current
value in the counter. °

Next month: We continue looking at the
operation and applications of the timers,
including a detailed description of Timer 2.

SHOP
TALK

For our southern readers, it is encourag-
ing news to see a new components shop
inHove, Sussex, offering a comprehensive
range of electronic components at com-
petitive prices. Although it is early days;
this promising young business looks set
fair to provide a useful source of compon-
ents either direct sale to customers at the
shop or through their new "‘mail order’”
service.

SCS Components is open six full days a
week and they claim that they are able to
offer kits for most of the projects pub-
lished in EE. They are also stockists of
Velleman kits.

For those readers looking for someone
to undertake the task of troubleshooting
their “‘shell shocked’* home micro, SCS
run a busy computer repair workshop. For
more information contact SCS Compon-
ents by phone on 0273 770191.

East of Watford

With the increasing upward spiral of the
Japanese Yen against the pound and other
world currencies, the ‘‘economical ex-
perts’ have been predicting heavy price
increases in all electrical and electronic
goods throughout 1987. It is claimed that
particular sectors that will feel the
*‘crunch’ are likely to be the audio/video
field and the computer peripheral market.

However, some good news for BBC
Micro owners, thanks to a £1M pius
shopping spree in the Far East by Watford
Electronics MD, Nazir- Jessa, customers
wanting disc drives and other peripherals
for the Beeb micro should find prices fairly
stable for the early part of the year.

Realising the likely unsettling impact on
trade that a continuing pricing adjustment
would have on customers, Jessa headed
for Japan. There he was able to negotiate
a deal which will ensure that there will be
no significant price .rise in the months
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ahead.

Commenting on the trip Nazir said, **/
was in a position to order in sufficient
quantity to ensure a good price. But more
important, | was able to persuade them to fix
the price in Sterling. *

Another outcome of the trip was the
signing of an agreement to the exclusive
rights to a number of peripherals which will
carry the company’s name. The first pro-
duct is to be a dot matrix printer.

Power Plug

Ideal for housing battery eliminator com-
ponents, West Hyde Developments have
introduced a plastic enclosure incorporat-
ing a three-pin 13A plug which meets
BS 1363 safety requirements.

The live and neutral pins are part sleeved
to prevent accidental contact should the
“‘case’”” be partially withdrawn from the
socket. A separate internal moulding

forms a mounting plate for transformers
and other components. For nearest stock-
ist contact: West Hyde Developments,
9—10 Park Street Industrial Estate, Ayles-
bury, Bucks, HP20 1ET.

CONSTRUCTIONAL PROJECTS
EE Apex Hi Fi Amplifier

If readers are to obain the very high
performance expected from the EE Apex Hi
Fi Amplifier then we strongly advise con-
structors to adhere to the components
specified.

A complete kit of parts, including printed
circuit boards, for the “‘standard’’ or ‘‘en-
hanced’ version may be purchased from
Audiokits Precision Components. Also,
separate individual circuit stage kits, to
enable the constructor to spread the costs
over several months, are available.

For a complete listing and prices write
to: Audiokits Precision Components,
Dept EE. 6 Mill Close, Borrowash,
Derby DE7 3GU.

Computer Buffer/Interface

The 20-way IDC cable and socket used
in the Computer Buffer/Interface are fairly
common items now and should be
stocked by most good component
suppliers.

The series buffer/driver i.c.s. are cur-
rently held by Omega, Omni, Cirkit, SCS
Components and TK Electronics.

Exploring Electronics

The TIL78 phototransistor specified in
the Exploring Electronics projects this
month could prove troublesome to locate.
This device is currently stocked by Ome-
ga, Cricklewood and Magenta Electronics.

All other components for the two pro-
jects are readily available “'off-the-shelf”
items.

Infra Red Alarm

Most of the parts required for the /nfra
Red Alarm appear to be standard compon-
ents and should be available from most of
our advertisers. However, the infra red
emitter and sensor may prove difficult to
locate. The high efficiency infra red l.e.d.,
type CQW13R, and the sensor photo-
diode, type MIR10L, used in the prototype
model were purchased from Magenta
Electronics.

The relay used is from the Omron p.c.b.
range and the coil is rated at 12V d.c., with
10A 250V a.c. contacts. This relay was
also purchased from the above firm al-
though other types may be used provided
they have similar characteristics. The
printed circuit boards are obtainable
through the EE PCB Service—see
page 172.°

A complete kit (£33.95), including a set
of printed circuit boards, is available from
Magenta Electronics, Dept EE, 135
Hunter Street, Burton-on-Trent, Staffs
DE14 2ST. Add £1 for p&p per order.

Looking through the components list for
the Digital /.C. Tester—this month’s Djgital
Troubleshooting project—we cannot fore-
see any component buying problems.
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Fly-by-wire
planes with pro-
pellers are the
transport of the
future

|T is not an exaggeration to say that
electronics is revolutionising avia-
tion. Of course, most of the leading
edge research is devoted to military
aircraft, but civil aircraft, too, are
experiencing rapid advancements.

As you board your aircraft in ten
years time, will it be a sleek supersonic
dart? Probably not. It’s more likely to
be a subsonic aircraft with propellers
(yes, propellers!) and a remarkable new
control system. Within ten years, air-
craft will begin to lose the familiar
control column that has been a feature
of the flight deck since the first planes
took to the air at the beginning of the
century. The control column, or *joys-
tick”, is designed and built the way it
is, because the pilot needs the extra
leverage of the column height to help

him physically pull the plane’s control
surfaces (rudder, tail-plane, etc.) into
position. The column is linked to the
control surfaces by a network of cables,
pulleys and other mechanical and hy-
draulic linkages. But that arrangement
will certainly change dramatically as a
result of implementing a system called
“fly-by-wire” that has already been
used by military plane-makers for the
past decade.

FLY-BY-WIRE

To survive in the air, modern fight-
ers have to be very nimble indeed.
Very stable aircraft, aircraft that will
return to straight, level flight if the
pilot takes his hands off the controls,
tend to be very sluggish to manoeuvre,
because they’re always trying to return
to their stable attitude. Aircraft de-
signed for aerobatic displays achieve
increased manoeuvrability by having a

degree of in-built instability. The less:

stable they are, the more quickly and
easily they respond to the controls,
because they’re not continually trying
1o return to stable flight.

Fighter aircraft use this reduction of
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stability for increased agility. But there
comes a point where the plane can be
made so unstable that a human pilot
cannot possibly fly it. But a computer
can. A computer can monitor the
plane’s attitude perhaps 50 times a
second and apply'tiny adjustments to
maintain good trim. The computer sits
between the pilot and his plane. The
pilot moves the controls, but all he is
doing is signalling the computer what
he wants the plane to do. It is the
computer that decides how best to do
what the pilot wants. Planes like Bri-
tish Aerospace’s EAP (Experimental
Aircraft Programme) and the French
Dassault-Breguet Rafale, forerunners
of the next generation of European
fighters, could not fly without this “fIy-
by-wire” technology.

SAFETY

Compared to modern fighter air-
craft, civil airliners are aerodynamic-
ally very stable indeed. Some designers
plan to incorporate fly-by-wire into the
next generation of civil airliners for a
different. reason. At the last Farnbor-
ough Air Show, Airbus Industrie dem-
onstrated an A300 Airbus with a differ-
ence. In a very impressive demon-
stration of the capabilities of fly-by-
wire, the pilot flew the A300 along the
runway very low, very slow and with its
nose pitched up. It was dangerously
close to the point where it would stall
and fall out of the sky. An aircraft of
that size would normally need several
hundred feet of space underneath it to
recover from a stall. If this aircraft had
stalled, it would certainly have had a
close (and expensive) encounter with
the runway. But whether the pilot had
inadvertently allowed his plane to
reach the beginning of a stall or delib-
erately decided to fly it into the"
ground, the plane would not have done
so! '

A300 Airbus fly-by-wire demonstrator
shown during its flying display at
Farnborough.
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This plane was equipped with fly-by-
wire. Its computer could sense condi-
tions like an imminent stall, ground
proximity or wind shear (potentially
lethal wind conditions near the ground
that can cut the lift from an aircraft as
it comes in to land). If the computer
system detected a dangerous situation,
it could take over control of the aircraft
and fly it out to safety.

As if to drive this point home, the
pilot flew the plane slowly along the
runway and then pulled the stick back.
Any normal aircraft would have
stalled, but the computer system auto-
matically brought up the engine power
and modified the nose-up attitude so
that the plane could climb away from
the ground safely. Fly-by-wire prom-
ises to make a positive contribution to
air safety.

FAILURE

Of course, its advantages are all lost
if the system fails or if all channels of
the system suffer from an identical
fault. The designers have naturally
given all the systems back-ups. For
example, there are at least four power
generation systems, driven from a
number of different power plants. If
one fails, another trips in
automatically.

Primary systems and their back-ups
are not only run by different computer
programs, but the hardware in the
primary systems and their back-ups is
also different. Different companies
supply different computers, using dif-
ferent microprocessors to guarantee
that the same fault cannot possibly
exist in more than one channel of the
system. Cables are run along different
routes, so that minor physical damage
to the aircraft should not knock out
any more than one channel.

But what if all the electronics do fail?
Just as computers occasionally issue
gas bills for millions of pounds or
signal the Pentagon that the Third
World War is imminent, aircraft sys-
tems aren’t perfect and never will be. If
the Airbus loses -all electrical power
from its control system, an emergency
mechanical system can be engaged,
giving the crew just enough control to
fly the plane.

As the crew is normally only sending
electrical signals to a computer system,
the control column can be dispensed
with altogether and be replaced by a
tiny hand controller resembling a com-
puter games joystick.

Of course, the move away' from
“needle and dial” instruments to
multi-purpose cathode ray tubes (tele-
vision screens) linked to computerised
flight management systems has already

Computer-generated images on cathode
ray tubes provide air crew with a much
more flexible way of monitoring the condi-
tion of their aircraft.
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British Aerospace EAP technology demonstrator aircraft.

begun and the Airbus was also “instru-
mental” (awful pun) in implementing
this leap in technology. The trend now,
with the computerisation of more and
more systems on the aircraft, is to

gradually integrate these individual

systems into one super-system.

FUEL-EFFICIENT

As aircraft become increasingly
computerised “space-age” machines
why should propellers be making a
come-back? They’re old hat, aren’t
they? They disappeared from large
passenger aircraft in the 1960s when
suitable jet engines were developed.
Twenty years ago, fuel was a fraction of
today’s prices and so it made sense to
move away from noisy propellers to
quieter (inside the passenger cabin)

and faster jet power. Now, though, fuel
economy is a critical factor in airline
economics and designers are looking
again at the more fuel-efficient propel-
ler. The new high speed designs have
curious curling swept-back blades. The
first experimental *‘prop-fan™ engines
(also called UnDucted Fans or UDF)
have been run up to speed on test beds
and in flying trials and appear to be
capable of the same order of power
outputs as current jet engines.

New materials and improved con-
trol of the propeller blades by a tech-
nique called synchrophasing all help to
reduce the propeller’s noise problem.
Inside the cabin, wall panels may be
vibrated like flat loudspeakers out of
phase with the engine vibrations in
order to “‘cancel” them out and dra-




matically reduce the noise and vibra-
tion levels experienced by passengers.
The technique is also known as active
anti-sound.

1990s

Boeing has already enlisted the sup-
port of several Japanese aerospace
companies to build. a new aircraft,
code-named the 737, which will be
powered by prop-fans. The 7J7 is
expected to fly in 1991 and to enter
service in the world’s airways in 1992.
McDonnel-Douglas has also unveilled
plans to build a prop-fan-powered air-
craft. Code-name the MD-91X. All the
major engine and aircraft manufac-
turers are involved in the development
of prop-fan engines and the aircraft
that will carry them, so propellers are
certain to reappear in the 1990s.

So, the plane that whisks you off for
your holidays in the 1990s will pro-
bably have exotic curling, swept-back
propellers, have a “‘Buck Rogers” flight
deck bristling with computer screens
and hand controllers, be eerily quiet
inside the cabin as the engine noise
is *“‘cancelled out” and it will actu-
ally be flown by a computer system
“managed” and supervised by the
aircrews. O

This engine, developed in America by General Electric and NASA, or something very like
it, will become much more familiar to air travellers in the 1990s. The Prop-fan or
UnDucted Fan {UDF), as it is known, promises greater fuel efficiency than today’s jet en-
gines. Photo: General Electric.

INSTALL YOUR
OWN SYSTEM
AND SAVE

“PASSIVE
INFRA-RED
INTRUDER
DETECTOR RP33”

* 12 metre detection
range.
¢ Size only
80 x 60 x 40mm.
® 24 Detection 20nes
* Wide 85° coverage.
» Switchable LED
indicator.

This advanced new intrusion
detector operates by detecting
the body heat of an intruder
moving within the detection fieid
The use of a dual element pyroetectric
sensor means that changes in ambient
temperatures are ignored, thus providing a
stabie and retiable performance. Easily installed in a room
or hallway, the unit witl provide effective detection of any
intrusion. Qperating from a 12V supply and consuming onty
15mA, it is Ideal for use with the CA 1382, CA 1250 or any
equvalent high quality control unit, Supplied with full
instructions, its performance compares with detectors costing
more than twice the price

ONLY
£23.95 +var

RiISCOMP LiMITED

Dept. EE73,

51 Poppy Road,
Princes Risborough,
Bucks HP17 9DB.
Tel: (084 44} 6326

=
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CA 1382

An advanced control
unit with automatic
loop testing.

® Fully automatic siren re-set

® Audibie entry/exit waming.

® Alarm Sounded memory.

® 2 separate [oop inputs + 24hr circuits.
« Built-in electronic siren.

® Easily instaled, full instructions supplied

This (atest control panel provides etfective
and reliable control for all types of security
installations. Its advanced circuitry checks
the loop circuits every time It Is switched on,
preventing incorrect operation. Using a
simpie ‘on/off key switch. 1 is easily
aperated by all members of the family. In
addition it provides 24 hr. personal aftack
protection. Housed in a steel case, it is
supphed with full operating instructions.

Only £44.95 +VaT

Available in kit form with tuily-built
electronics, £39.9 V.A.T.

Order by ‘phone or mail
or call at our showroom
and see

UNITS ON DEMONSTRATION

Monday to Friday 9.00-5.00 p.m.

9.00-1.00p.m.

Please sdd 15% VAT and 75p P&P to all UK orders
Expart no VAT - postage at cost

SECURIT

Digital Ultrasonic
Detector US 5063
only £13.95

+ VAT

& 3fevels of dischminahon
againsi false atarms

& Crystat coptrol for greater
stabibty

& Adjustabte range upto 25H

o Buill-in delays

e 12V operateon

This advanced module uses

dignal signal processing ta

provide the highest level of

sensilivity whilst discriminating

agansi potential false alarm

qor_vdmons
Individual Enclosure SC 5063
only £2.95 +var

Sustable metal enclosuie for
housing the ulirasonic module
type US 5063 Supplied with the
necessary mounting pllars and
Screws etc

Control Unit CA 1250
Price £19. 95

+ VAT

This 1ried and lesied control umit
represents the finest value for.
maoney in control systems,
providing the following features
® Built-in electronic siren drives
2 loud speakers
® Provides exit and entrance
delays 1ogether with fixed
alarm hme
Battery back-up with trickle
charge facility
Operates with magnetic
switches, pressure pads,
ultrasonic or L R units
Anti-tamper and patuc tacility
Stabilised oulput voltage
2 operating modes tull
alarm anti tamper and panic
faciay
Screw connections for ease of
installation
Separate relay contacts for
external loads
Test loop faciity

MODULES

ACCESSORIES

500W Quartz Halogen
Floodlight FL 500

only £14.95 +var

Whiist intended for secuntn
ighting apphications, this umit s
sutable for hghting patios.
pathways and gardens etc
Supphed complete with 500VV
lamp. priced only £14 95 VAT
Protective grill, £195 -

Lighting ContmllerQ
DP 3570 -
only \\\ﬁ".' .

£13.95 + var

This versabie module provides
tmed switching of 1oads up 10 3A
for pre set imes between 10 secs
and’S mins, the imed pernod
being tnggered by the opemng or
closing of an externat loop or
switch The built in 12V 250mA
power supply s available tor
operating external sensors
Pricedonly 13 95 - VAT Suttable
plastic enclosure £2 85 - VAT

HW 1250 -
Enclosure &
fixings for

CA 1250

only £9.50 +var

This attractive case 1s designedio
house the control umit CA 1250,
together with the appropriale LED
indicators and key switch.
Supphed with the necessary
mounting pillars and punched
front panel, the unitis given a
professtonal appearance by an
adhesive silk screened label.

Size 200 -*1B0 » 700mm.

KITS
Infra-red System IR 1470

ne

only £25.61 +vat

Consnshng of separate
transimitter ard receiver both of
which are housed in attractivé
moulded cases the svslem

an bt

neam over distances of up to 50
aperating a retay when the beam
's broken Intended for use in
secunily systems. but aiso ideal
for photographic and
measurement apphcalions
Size BO « 50 - 35m
SAMPLE OF
OUR WIDE RANGE

OF ACCESSORIES

AL 243 — Automate Light Swich
Swiiches 3A at 240V — £4.30.
@ VS 39 — Vibraton Contact ~
ES
1S 128 — Miniature 12V Swan
prowdes 100db output — £6.95

@ SL 157 — Sren Module — £2 95.

The above pnces are plus VAT,
Complete
systems
from only

£39.95

+ VAT

For lull information of systems and
accessories, send or call for details.

HS 538 — 5% Hom Speaker for
use wih control unt, sren module.
elc — 0625
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16 PAGE
BOOKLET

i p.c.b.s are just a jumbled mass of connections to you,
if you have no idea of component layout, producing
artwork or etching the board then cry no more, our
booklet will solve your problems! There is also a siren

effects unit to build—police cars, star wars, machine
guns etc.
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Experimental Speech
Recognition Unit

While speech recognition is a complicated process, it is possible
for your computer to recognise your speech—or, at least, some
words—with the aid of a little electronics. Our experimental unit

will provide insight into the recognition processes and hours of
enjoyment.
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Part 9 Light-triggered circuits

HE FIRST circuit described this
.1 month is a Slave Flash Unit. This
fires a photographic flash-bulb when it
senses the flash from the bulb on the
camera. ‘
If you use this unit for indoor photo-
graphy, you can fire one or more extra
flash-bulbs and so arrange for lighting
effects that are much more interesting
than the rather flat lighting obtained
from a single bulb mounted on the
camera. A similar circuit is described
for robot or model railway control and
like purposes.

Shining light on the phototransistor
turns it on. When it is turned on,
‘current passes through resistor R1. The
effect of this is that a p.d. is generated
across R1 and the voltage at point A
rises. A base current then flows to TR2
turning it on and setting off the flash-
bulb.

The reasons for using a phototransis-
tor in this circuit instead of using an
LDR (light dependant resistor) is that
the phototransistor responds to
changes in light levels much more
quickly than an LDR does. This fea-
ture is essential for a slave flash unit.

SLAVE FLASH UNIT

The circuit diagram for a simple
Slave Flash Unit is shown in Fig. 9.1.
The circuit shows the flash-bulb as a
filament lamp, LP1, for this is what it
.is. The filament is a thin one which
burns away immediately a current is
passed through the lamp. In doing this
it ignites the foil in the lamp and the
brilliant flash is emitted.

The flash-bulb is fired by turning on
TR2 which is a power transistor cap-
able of carrying the large current re-
quired. The other transistor in the
circuit, TR1, is a phototransistor.

This type of phototransistor has no
wire to its base. Instead of supplying it
with a base current, we shine a light on
it and this causes additional electrons
to be set free from the atoms of the
base material. These additional elec-
trons have the same effect as a base

current.
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Fig. 9.1. Circuit diagram for the simple
Slave Flash Unit.

Fig. 9.2 (right). Breadboard demonstration
layout for the Slave Flash.

From the moment the shutter release
of the camera is pressed the following
sequence occurs; the mechanisms in
the camera open the shutter; then they
fire the camera flash; TR1 senses the
light from the flash; TR1 is turned on,
TR2 is turned on; the Slave Flash is
fired.

All this must happen in less that 1/30
second if the Slave Flash is to be
completely burned out before the shut-
ter of the camera closes. Thus the rapid
action of the phototransistor is essen-
tial to reliable exposure.

CONSTRUCTION

The demonstration breadboard lay-
out for the Slave Flash Unit is shown in

This series is de-
signed to explain the
workings of electronic
components and circuits
by involving the reader
in experimenting with
them. There will not be
masses of theory or for-
mulae but straightfor-
ward explanations and
circuits to build and ex-
periment with.

Fig.9.2. Wiring up the circuit presents
little trouble, but care must be taken
not to fire the flash unintentionally.

The circuit may be tested by first
wiring an ordinary 6V 0-6A lamp in a
lampholder in place of the flash bulb,
LP1. Expose the phototransistor to
bright light, for example a 100W lamp
a metre away, and the low voltage lamp
should light.

Note that this unit can be fired by
bright room lighting. Avoid directing
bright’ lamps at the phototransistor
when you are setting up the circuit
ready for taking a photograph. Keep
the switch S1 turned off until you are
ready to take the photograph. To avoid
the risk of accidentally burning your
fingers, make sure that the switch is off
at all times when you are connecting a
flash-bulb into the circuit.

.
|
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The circuit should be set up so that
the flash-bulb lights the appropriate
part of the scene. If possible, the
phototransistor should be placed so it
can receive light direct from the
camera flash, though this is not
essential.

The unit will operate on receiving
flash-light reflected from light-col-
oured walls, or the ceiling. If you have
several such units, it is possible to
trigger them all from a single camera-
flash and to take pictures of scenes and
large interiors that would be quite
impossible with a single flash-bulb.

An alternative is to connect a relay
coil in place of the flash bulb. The
contacts of the coil are connected
across the “shoe” contacts of an elec-
tronic flash-gun. When the circuit is
triggered the relay contacts close and
fire the flash-gun.

MODEL RAILWAY
CONTROLLER

The circuit diagram for a Model
Railway Controller is shown in Fig.
9.3. This circuit uses a phototransistor
to sense the approach of a model train
and to set the points to allow it to pass.
It can also be adapted to switch on a
lamp or a low voltage motor whenever
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Fig. 9.3. Circuit diagram for a basic Model
Railway Controller.

Fig. 9.4 (below). Demonstration com-
ponent layout for Fig. 9.3.
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SLAVE FLASH

Resistor

R1 1k carbon,
0:25W 5%
carbon

Semiconductors

TR1 TIL78
phototransistor
TR2 BD 131 medium

power npn transistor

Miscellaneous
S1 on/off switch; flashbulbs;
breadboard; connecting wire and

6V battery.
MODEL RAILWAY
CONTROLLER
Resistors See
R1,R3 1k
R2 1k5
All 0-25W,
5% carbon a
Semiconductors  Page 135
TR1 TIL78
phototransistor
TR2 ZTX300 npn
transistor
TR3 BD13 1 npn medium
power transistor
D1 1N4 148 silicon
diode

Miscellaneous
B1 6V battery box with
cells, or 6-12V d.c.
power supply unit

LP1 6V 60mA lamp
{optional)

RLA1 6V relay with single
make or  break
contact

Connecting wire; on/off switch;

breadboard.

a light beam is broken. It could have a
similar application in robot control.

HOW IT WORKS

For a description of the action of a
phototransistor, see the Slave Flash
section. When a train breaks the light
beam, as it approaches the junction
along line P (Fig. 9.5), TR1 is turned
off. The voltage at its emitter falls to
zero, turning TR2 off. The voltage at
the emitter of TR2 therefore goes high
providing base current to TR3, turning
it on.

Transistor TR3 is a power transistor
with the magnetic coil of the railway
points in its collector circuit. The coil
is energised, pulling the points across
50 as to allow the train to proceed to Q.

The diode, D1, is an important part
of this circuit. As the circuit goes back
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to its original state and TR3 is turned
off, the magnetic field in the coil is
suddenly removed. The effect of this is
to generate a high voltage in the coil
—perhaps a hundred or more volts.
This is in the reverse direction to the
voltage of the circuit, and could des-
troy the transistor. The current pro-
duced by this voltage is safely conduct-
ed by D1, so protecting the transistor.

CONSTRUCTION

The demonstration breadboard lay-
out for a simple Model Railway Con-
troller circuit is shown in Fig. 9.4.
Make sure that the diode D1 is con-
nected the correct way round, or it will
not protect the circuit. Note that this
circuit can be run from the model

1

MODEL CONTROL 2

POINTS
SWITCHING

MOGEL CONTROL ¥

Fig. 9.5. Using two control units for auto-
matic points switching.

railway power supply, provided this
operates between 6V and 12V d.c.

In the diagram, Fig. 9.5, a small
lamp is shown producing a beam
across the track. This is not essen-
tial—a room light or window in a
suitable position can be used instead.
Fig. 9.5 also shows a detector on track
R. This can be made to change the
points over in the opposite direction,
so that a train approaching along track
R can pass over the junction.

A train approaching from Q will be
routed along track P or R, depending
upon which one was used last. With
several sensors and sets of points it is
possible to devise more elaborate sys-
tems of automatic points switching. [

Next Month: Timer circuits, incl_ud'
ing a simple Metronome project
based on the 555 Timeri.c.

—
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DISCOUNT SCHEME

Readers—you can obtain a 5% discount on goods from the
advertisers listed using coupons cut from EE, provided you
follow the rules below:

CROTECH's complete range of single and
dual trace oscilloscopes along with acces-
sories is eligible for the discount scheme.
For orders below £250.00 then one
voucher is required, on orders above
£250.00 only two vouchers are required.
This could mean a saving of over £14.00
on our 3132 Dual Trace 20MHz scope.

CPL ELECTRONICS

Kits for Everyday Electronics and Electronics
Monthly and Practical Wireless projects
including kits for the ‘““Teach /n’’ series.
Plus a wide range of competitively priced
components, hardware, test equipment
and tools. We can also supply, in many
cases, ‘one off’ kits for specific projects.
Free price lists on request.

GREENWELD ELECTRONICS LTD.

A full range of components at our shop in
Southampton; open 9-5.30 Mon—Sat, as
well as many surplus lines, all available by
mail order. Bargain List free with our
Catalogue. Send for your copy today, only
£1 inc. post. Now even better value with
EE Discount Vouchers!

OMNI ELECTRONICS are wiliing to give
a 5% discount on all orders over £10.00,
excluding VAT, if a valid voucher is en-
closed. We stock a wide range of com-
ponents—ideal for the hobbyist. Goods
listed in our catalogue are generally in
stock, orders will be sent by return post.
Why wait?

EE BOOK SERVICE, a 5% discount will be
given on the total cost—including post-
age—of all orders that are sent with a
valid voucher. Our complete list of books
appears in each issue together with order-
ing details.
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E.S.R. ELECTRONIC COMPONENTS
supplies the full range of Velleman kits
which include amplifiers, light controliers,
power supplies, timers and computer in-
terfaces. To complement these kits E.S.R.
can offer connectors, switches, control
knobs and project cases. A range of small
handtools, soldering irons, test equipment
and service aids is also available.

BECKER-PHONOSONICS, established
1972. Designers and suppliers of a wide
range of kits for projects published in
Everyday Electronics and other leading
periodicals. Range includes musical and
audio effects, computer controlled circuits
and Geiger counters. EE discount scheme
applies to all full kits over £30 goods value,
excluding Geiger counters.

RADIO COMPONENT SPECIALISTS
Amplifiers—(PA, disco, music), audio
leads all types, components, capacitors,
potentiometers, resistors, disco lighting,
sound to light units, disco decks, disco
consoles, disco mixers, echo chambers,
fuzz lights. Multimeters, mains transfor-
mers, microphones, stands, leads, goose
necks, speakers with or without cabinets,
tweeters, mid range units, 100V line
matching audio transformers, etc.

TK ELECTRONICS stock a wide range of
components including triacs, ICs & opto
together with other accessories {(switches,
tools, multimeters, buzzers, crystals, An-
tex, Velleman and Vero products, etc.).
We specialise in kits for timers, disco and
home lighting, remote control kits for
beginners. Send s.a.e. and 50p (refun-
dable on first order) for catalogue.

RULES

1. Discounts are available from adver-
tisers listed on this page.

2. Unless otherwise stated by the adver-
tiser, discounts are only available on
orders over £20 in value.

3. Unless otherwise stated by the adver-
tiser, one voucher is required for each
£50 value of the order placed (i.e. for
orders between £20 and £50 send one
voucher, between £50 and £100 send
two vouchers, etc.)

4. Cut out vouchers {not photostats})
must be sent when claiming the discount.
5. Each voucher sent must be valid on the
day of posting (i.e. it cannot be used after
its expiry date).

6. Discount is not available on “‘sale’” or
"‘special offer’” items.

7. You must indicate on your order that
the 5% EE Readers Discount has been
deducted from the payment sent.

8. All advertisers reserve the right to
refuse this discount on any.item supplied.
Discounts will not be given or coupons
returned if these rules are broken.
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STRATEGY

People’s expectations about the abilities
of robots have caused a recent entrant into
the market to rethink its strategy. Spectra-
video launched a low-cost arm in the
autumn intending to sell it through retail
outlets. However, despite advertising the
arm’s capabilities no retailers have come
forward willing to sell it.

A spokesman for the company said the
arm was thought to be too cheap for the
serious market and was perceived as a
toy: But it was too expensive for the toy
market.

It is a common problem among the
lower-cost machines. People do not be-
lieve that any robot which has a low price
can do anything useful whereas, at the
same time, they think that because many
items of new technology have come down
sharply in price during the last few years
that high technology toys should be
cheaper and capable of more complex
activities.

It always will be a problem until people
can be educated in the real responsibilities
and limitations of robots, or until the
technology makes some advances to re-
duce the limitations.

The main problem is in the area of
artificial intelligence. There are plenty of
sensors which can tell a machine about its
environment and plenty of actions they
can take in response. The difficulty occurs
when requiring the machine to react rea-
sonably quickly so that it can do some-
thing simple such as make its way across a
room without having previous knowledge
of the room’s geography.

Spectravideo will not, however, be re-
moving the arm from the market. It has
found that it can sell it to schools and will
be concentrating on education. Interfaces
exist for the MSX and Commodore ranges
and others are being developed.

The articulated arm is a 4-axis model
with three clip-on end effectors, a forceps
gripper, shovel and magnet. It is intended
as a computer peripheral but can stand
alone being powered by four batteries. It
can be controlled by two joysticks.

The arm is made of plastic and powered
by d.c. motors without feedback and,
claim the makers, it is strong enough to lift
something like the weight of a coffee cup.
The price, excluding the joysticks, is in the
region of £50.

POLAR

Feedback Instruments has developed a
new high-level language for its IV AX Scara
arm, called IVAX-Polar. The makers say
that the language features the general
purpose capabilities of Basic combined
with commands for robot movements and
input/output. There are also specialised
robot move files and a built-in post-pro-
cessor for downloading commands for
stand alone operation. [

The language has been created to work
with the Apple |l series and is said to be a
fully-integrated version of Applesoft. Pro-
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grams can accept input from and give
output to 1/O devices for the Apple Il
series.

As with other robot control languages it
allows the usual creation, storage and
editing of move sequences. The se-
quences can be inputted from the key-
board by specifying points within the
IVAX's working envelope or from the
teach pendant with which it is supplied.
The language is supplied on floppy disc
and comes with two demonstration pro-
grams to illustrate its use.

IVAX

The IVAX has four axes plus a gripper,
with three rotational axes, shoulder, elbow
and wrist, moving up and down a central
pillar. Each rotational axis moves through
270 degrees with the vertical axis having a
range of 40mm.

Power is provided by d.c. servos with
feedback by optical encoders. It comes
with its own work cell, including a parts
distributor and conveyors. The arm com-
municates ~ with other parts of the cell
through its 16 inputs and 16 outputs.

The price of about £3,000 puts it in the
higher education bracket and. the makers
say that it is capable of light industrial use.

Feedback also makes the PW800 robo-
tic system for an up market price of about

NIGEL CLARK
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£7.000. Originally named the Pedro when
early prototypes were seen at the last
Automan in 1985, the full system has only
recently become available. The name was
changed in the process because of the
possibility of causing offence in North
America. .

The system contains a Scara arm and a
workcell.

The arm has two rotational axes, a wrist,
vertical movement on a pillar and a gripper.
All the axes are driven by d.c. motors with
feedback except for the wrist which has a
stepper. It has a load capacity of 2kg and a
claimed repeatability of about 0-25mm.

It comes with a control unit and informa-
tion can be entered via a teach pendant or
microcomputer. Software is available for
IBM PC and Apricots. Move sequences
can be developed off-line or by lead-
through using the pendant.

The gripper has interchangeable jaws.
The workcell contains all the usual pieces
such as conveyors, hoppers, workpieces
and an integrated circuit handiing kit. Feed-
back says that it can perform realistic
tasks such as the insertion of i.c.s into a
standard p.c.b.

The documentation contains a robotics
tutorial text, a manual of hardware and
software exercises and a maintenance
manual.

The modestly priced “Quick-Shot” robot arm from Spectravideo
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EE/CROTECH OSCILLOSCOPE OFFER

| (UK READERS ONLY) i

| Quantity Total Value |
| 3132 @ £291 |f

Please supply »

|'n {Prices.include VAT | 3036 @ £219 | £ |
< and delivery} 3031 @£199 |£
= Probes @ £10 | £ |
@ The EE Readers Discount Scheme does NOT apply to this '
o offer.

© Access/Visa/American Express No. ... . . I
=4 Signature

£ | enclose cheque No.

a Name ...................o... ... |
=)

£ Please allow 28 days for delivery

=2 OFFER CLOSES Friday, May 8th 1987

Post to: Crotech Instruments Ltd., 2 Stephenson Road, St.
I Ives, Huntingdon, Cambridgeshire PE17 4WJ. l
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SPECIAL OFFER...
Lirotech 05GILLOSGOPES

Type 3132

Dual Trace 20MHz

£291

% 2mV/division to 10V /division (12 steps} calibrated
sensitivity (+ 3%)

w DC-20MHz bandwidth {(-3dB). Rise time 17ns

% X-Y operation

Y 130mm cathode ray tube

% 40ns/division to 0-2s/division {18 steps) timebase {+ 5%)

% 14 trigger functions

% Triggering to 40MHz

% Z modulation

% 10 x 8 division display

% Component comparator

% DC source outputs; +5V at 1A and = 12V at 200mA

% Measures 210H x 280W x 450D (mm), weight 8kg (approx)

EVERYDAY ELECTRONICS is pleased to be able
to offer these quality CROTECH oscilloscopes to
readers at special discount prices which include
VAT and delivery. The 'scopes can be purchased
using Access/Visa/American Express to spread
the load.

Any of these three items could be an invaluable
addition to the test gear used by an amateur or
professional engineer. Each unit is supplied with
an input lead, instruction manual and a free copy
of ““Getting The Best From Your Scope*’ (36 page
booklet.) Additional probes and accessories are
also available including type 307 switched
probes at £10 each if ordered with an
oscilloscope.

The 'scopes have the additional facility of a built-
in component comparator or tester which allows
in-circuit testing of both passive and active
devices and, on the 3132, direct comparison of
the components. Each ‘scope employs regulated
internal supplies and features a 1kHz, 200mV
P-P calibration output.

ALLCROTECH PRODUCTS ARE COVERED BY A
TWELVE MONTH GUARANTEE.

Unfortunately we can only make this offer to UK
readers, overseas readers write for quote on
delivery.

Post to: Crotech Instruments Ltd., 2 Stephenson Road, St. lves,
Huntingdon, Cambridgeshire PE17 4WJ. Tel: 0480 301818.

Everyday Electronics, March 1987
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¥ AMPLIFIER

Type 3036

Single Trace 20MHz

£219

% 2mV/division to 10V/division (12 steps) calibrated sensitivity
{+3%) '

w DC-20MHz bandwidth (-3dB). Rise time 18ns

% X-Y operation

% 130mm cathode ray tube

% 40ns/division to 0-2s/division (18 steps) timebase (x5%)

% Manual/automatic triggering

% Triggering to 25MHz

% 10 x 8 division display

% Component tester

% Calibrator output

* Measures 160H x 265W x 317D (mm); weight 6kg (approx)

>

Type 3031

Single Trace 20MHz

<« £199

* 2mV/divisionto 10V/division (12 steps) calibrated sensitivity
(+3%)

% DC-20MHz bandwidth (-3dB). Rise time 17ns

* 400V (d.c. + pk a.c.) max i/p voltage

% 95mm P31 cathode ray tube

% 40ns/division to 0-2s/division (18 steps) timebase (+ 5%)

% Various trigger functions '

% Triggering to 25MHz

% 10 x 8 division display

% Component tester

% Probe test output

% Measures 125H x 240W x 317D (mm), weight 6kg {approx)
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PLEAT
TAKE NOTE

PRINTER BUFFER (Feb 1987)

Unfortunately we cut too
much out of the Simple Printer
Buffer modified p.c.b. shown
in the February 87 issue. The
lower half of the p.cb. is
shown again here.

MINI ACTIVE SPEAKER (Dec
1986)

The Electromail p.c.b. order
code for the Mini Active
Speaker amplifier boards
should be' 434-576 and the
Electromail data should be ’
used when constructing these
boards. The Veroboard was
shown incorrectly—compon-
ents C4, C5 and R6 should go
to strip L and not K and RS
and C1 should go to strip K
and not L. We apologise for
the problems with this design.

Everyday Electronics, March 1987
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Based on the very
latest research
this amplifieris
capable of the
very best sound
quality. The
component
quality of the
standard kit is
higher than most
manufactured
units costing up to
three times as
much.

IF You really enjoy your music, this is the
amplifier for you. It has been designed
with just one end in view—to enable you to
build for yourself a really good hi fi amplifi-
er at a fraction of the cost of buying it. The
design is based on the very latest research
into circuits and components, but the expla-
nations given will be simple and easy to
understand.

One of the problems of building elec-
tronic equipment is in obtaining decent
cases 10 house it. Plain aluminium boxes
maybe fine for test instruments in your
workshop, but your hi fi system is usually
prominently displayed in your lounge. Even
if you are skilled at metalwork and artwork,
it is difficult (or very expensive) to finish
your amplifier case so that it does not look
“homemade” alongside your cassette deck
and C.D. player. For this reason the Apex
kit is available with a couple of specially
designed cases that you will be proud to
display in your home.

There must be many people who would
like to build their own amplifier, but who
are discouraged by the lack of professionally
finished cases to house it. The cases for the
Apex have been professionally manufac-
tured and finished to a standard higher than
would be used for manufactured amplifiers.

SOUND QUALITY

The really important feature of an ampli-
fier is sound quality. If you are building
your own amplifier you want to be reas-
sured that its sound quality is as good as the
units you can afford to buy. When you buy a
ready built amplifier you can listen to the
sound of different amplifiers in a system in
a shop (most good hi fi specialists will also
let you try an amplifier in your home) in
order to make your choice. If you are
building your own amplifier, you cannot
usually hear a sample before you start to
build it, but you can always change the
sound by changing different components
and you can almost invariably improve the
sound by changing to better (usually more
expensive) components.

You cannot predict how an amplifier will
sound without actually hearing it, but you
can make valued judgements from observa-
tion of features. Many amplifiers have
detailed published specifications of their
performance. Whilst the rated power output
figures give you some guide as to how loud
the amplifier will go, published measure-
ments of steady state distortion are useless.
If one amplifier has lower distortion figures
this is no guide that it will sound better. In
fact it is quite possible that the second
amplifier with higher measured *‘distor-
tion” figures sounds better because its de-
signer has improved the sound by listening
in such a way that measured distortion has
risen.

But you can make reasonable predictions
on the sound quality of an amplifier from
other features. The size of the power supply,
the quality of passive components, switches
and connectors all affect the sound quality
of an amplifier in a greater way than most
people would imagine. Many hi fi enthusi-
asts are learning that simply by replacing
critical components or wiring in their am-
plifier or speakers with a similar component
of much higher quality of manufacture, that
sound quality is audibly improved, often
quite considerably.

The excellence of the sound quality of the
Apex is guaranteed by the use of large power
supplies (much larger than that needed to
power the circuits and drive the loud speak-
ers) and very high quality components. For
the benefit of readers who want to build
their amplifiers to sound even better than
the standard hi fi, I have made space on the
p.c.b. for capacitors of the highest quality
which are quite large in size and I have
specified on the components list even high-
er grade (and sometimes quite expensive)
parts which further improve the sound
quality. But the component quality of the
standard kit is much higher than most
manufactured preamps and power amps at up
to three times the cost.

PASSIVE COMPONENTS

You may find it hard to believe that
passive components can have a significant
(i.e. a very large) affect on the sound quality.
However, if we look at almost any amplifier
circuit (except some single stage f.e.t.s) we
see that the gain can be fairly accurately
defined by the ratio of resistors (Fig. 1a and
1b). When we look at the detailed specifica-
tion of a resistor we notice a figure for the
temperature coefficient. Table | shows typi-
cal figures for different types of resistors.

When we pass an audio signal through a
resistor the amount of heat generated will
vary with the signal level. If we increase the
signal level, the heat generated will cause
the temperature of the resistor to rise. After
the signal has ceased the temperature of the
resistor will slowly return to its equilibrium
position. But during the time that the
resistor was at the higher temperature, its
resistance had changed.

In an amplifier where the gain is defined
by a pair of resistors, the effect of the change
in temperature in the resistors is to modu-
late the output. Because the temperature of
the resistor at any time is dependent on the
amount of energy previously generated but
not dissipated, rather than the actual signal
level, this modulation is a form of distortion
which is audible.



TABLE 1
Temperature coefficient
of Resistors

Type Temp. coeff.
Carbon 1000 ppm/:C.
Metal Oxide 250 ppm/°C.
Metal Film 50-100
ppm/°C.
Precision Metal Film 15-50 ppm/°C.
Bulk Foil 1-8 ppm/°C.

When we investigate the sound quality of
resistors used in an amplifier, we find
amazingly large differences. Metal film re-
sistors generally sound better than metal
oxide or carbon resistors. The price of close
tolerance metal film resistors is so low
(typically Sp each) that there can be no
justification at all for using carbon resistors
in any audio circuits. Precision metal film
resistors such as the Holco range which are
very popular with audio enthusiasts cost up
to 10 times the price of mass produced
metal film resistors, but when applied to the
critical parts of an amplifier significantly
improve the sound quality.

One experience which really amazed me
was the affect of changing the cartridge
loading resistors for a magnetic cartridge
from a metal oxide to a Holco H8. The
effect was as if the tracking ability of the
cartridge had been significantly improved
on a difficult track. I can’t explain it to
convince myself—yet. But this is one of
many strange effects which influence the
final sound.

But the Holco resistors are not the last
word in sound quality. Bulk foil resistors
can be made with temperature coefficients
as low as 1ppm/degree C by controlling two
opposing physical phenomena to cancel
each other’s affect on the resistance. By
these properties and special techniques to
minimise capacitance and inductance, the
sound quality gained from using bulk foil
resistors in critical positions takes a big step
forward.

Much has been written about the effect of
capacitors on an amplifier’s sound quality.

Fig. 1a and 1b. The gain of an ampiifier can
be defined by the ratio of two resistors.

J— oureur .
INFUYH Gain: AL
ug GAIN=R3I+R4
R4

Everyday Electronics, March 1987

TABLE 2
Dielectric loss
of Capacitors

Dielectric Power Factor
Aluminium Electrolyte  0-1-0-2
Tantalum Electrolyte 0-06-0-1
Polyester 0-01

Polycarbonate 0-003

Polypropylene 0-001

Polystyrene 0-0003-
0-0005

To cut a long story short, the more natural
accurate sound can be enjoyed by using
capacitors with the lower dielectric loss.
Table 2 shows some typical figures for
different types of capacitor. As a general
rule changing a capacitor to a lower loss
type results in quite worthwhile improve-
ments in sound quality.

Other properties of capacitors which are
likely to affect its sound quality are mechan-
ical and electrical resonance and dielectric
absorption, Dielectric absorption is the
ability of a capacitor to retain its charge
after it has been discharged. It’s measured
by the amount the voltage at its terminals
rises after being disconnected from the
resistor into which it has been discharging.

TRANSISTORS

Research which I have carried out on
transistors shows that different types of
transistors actually sound different in the

V SUPPLY

ER T
+VaC (RIPPLE}

Fig. 2. Base to coliector capacitance of a

transistor.

same part of the circuit. Listening tests I
have conducted have shown that high
power transistors, despite poor gain and
high frequency measurements, actually
sound better than small signal transistors.
The reason for this is that as the level of the
audio signal varies any transistor handling
that signal is subject to instantaneous
changes in power dissipation at the
junction.

Transistors with low thermal resistance
around the junction (i.e. they can get rid of
the heat quicker) experience much smaller
temperature changes at the semi-conductor
junction. It can be easily shown from
manufacturers’ published performance
curves of transistors that the gain will vary
with temperature. Changes in gain will give
rise to audible distortion so the transistor
which experiences the lowest variation in
junction temperature as the level varies,
will give the best sound. This distortion is
best described as temperature generated
distortion.

POWER SUPPLY

In past years audio designers have ap-
plied most of their efforts towards reducing
harmonic “distortion” and more recently
avoiding slew induced distortion. But un-
less an amplifier has a ridiculously poor
slew rate (and many popular i.c. op. amps
are in this category), these matters have
comparatively little relevance to sound
quality.

However good the power supply of an
amplifier, it will sound better if the power
supply ripple rejection of the circuit is
improved. One of the most effective ways to
improve power supply ripple rejection is by
cascode circuitry.

Cascode circuitry was first developed in
the days of valve amplifiers as a means of
extending the high frequency response of a
circuit. But its principles apply equally well
to transistor circuits and 1 shall explain it in
transistor terms.

Any transistor will exhibit the properties
of a capacitor between its terminals and this
applies in the case of the transistor in Fig. 2.
if a high frequency signal is applied to its
base, the signal will be amplified and at 180

Photograph of the Apex pre-amplifier and
power amplifier.
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degrees out of phase at the collector. The
higher the frequency the more the amount
of the amplified signal will be fed back to
the base via the ‘collector to base”
capacitance.

We can reduce the effect of the capaci-
tanée between the transistor’s leads quite
significantly by holding the collector at a
near constant voltage. The circuit of Fig. 3-

V SUPPLY =¥p ¢+ VAC(RIPPLE)

V BIAS

ov

Fig. 3. Cascode configuration.

shows two transistors on a cascode confi-
guration. The base of the cascode transistor
is held at a fixed d.c. potential above ground
by its bias voltage Vpias. So long as this
transistor conducts, its emitter voltage will
stay constant at around 0-6V below Vp;as.
The amplified a.c. voltage is now at the
collector of the cascode transistor. Capaci-
tance between the leads of this transistor
will have little effect as the base voltage is
kept constant by the circuitry which pro-
duces Vpias.

The main amplifying transistor will still
have the same capacitance between collec-
tor and base, but because its collector
voltage is kept almost constant, the current
feedback to the base is greatly reduced and
the high frequency response of the circuit is
greatly extended. This property of cascode
circuitry was used extensively in the past in
valve circuits and is used these days in
video recorder amplifiers and v.h.f. radio
receiver r.f. mixer/oscillators with bipolar
and field effect transistors.

The cascode circuit also has the effect of
isolating the transistor which amplifies the
signal, from ripple on the power supply. If
we look again at Fig. 2 the supply voltage
will contain the d.c. voltage (V4..) required
to power the circuit and a.c. voltage fluctua-
tions (Vac)

Va.c. contains two components:

a) 100Hz continuous ripple from the
rectifiers.

b) Audio frequency voltages caused as a
-direct result of current drawn from the
supply as an audio frequency signal is
being amplified. Such voltages are
quite large at the output stage of a
power amplifier where peak currents
may reach several amps.

In the circuit of Fig. 2, almost all of the
ripple voltage V, ¢ is present at the collector
of the transistor. In Fig. 3, the supply has
‘the same ripple voltage V... The bias
voltage to the cascode transistor will con-
tain the d.c. voltage V(pias) d.c. + ripple Vvias)
a.c.. If that bias voltage is obtained from the
resistor diode network of Fig. 4, the ripple
voltage is greatly reduced and

Vibias) a.c. = (typically) 1/30 Va..
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Tone and input switching board

Resistors

Standard kit Improved version

R32,38,39,132,138,139 10k 1% metal film (6 off) 10k Holco H8

R33,34,35,42,133,134,
135,142
R36,44,136,144
R37,40,41,43,137,140,
141,143

R45,145
R30,31,130,131
R60,61

VR1

VR2

VR3

VR4

Capacitors
C12,112

C13,113
C15,16,145,116

C17,18,117,118

C20,120
C21,121
C27,37
C28

Semiconductors
TR16,18,30,116,118
TR17,19,117,119
D17,18,29,30,31,
129,130

Miscellaneous
S1,2,3,4
S5,6

47k 1% metal film (8 off) 47k5 Holco H8
4k7 1% metal film (4 off) 4k75 Holco H8

1k 1% metal film (8 off) 1k Hoico H8
330k 1% metal film {2 off} 332k Holco H8
2k2 1% metal film (4 off) 2k2 1 Holco H8
33k carbon (2 off)

100k MN balance

50k log dual

100k linear dual

10k linear dual

470n polyester 470nF
polypropylene

100p polystyrene

10n 5% polyester 8nF 1% LCR

' EXFS/RP

47n 5% polyester 56n 1% LCR
EXFS/RP

220n polyester 220n polypropylene

220n polyester 220n polycarbonate

4p7 elect. 35V
220y elect. 16V

BC184C (5 off)
BC184C (4 off) BD243C
1N4 148 (7 off)

2 pole C/O (4 off) 2P C/OITT FOX N
4 pole C/O (2 off) 4P C/O ITT FOX N

24 p.c.b. pins 1mm dia. double sided; 6 black knobs for push button switches.

Power supplies and assembly hardware

Resistors
R62,64,66,68,162,164,
166,168
R63,65,67,69,163,
165,167,169
R70
R71

Capacitors
C29,30,31,32,129,130,
131,132
C33,34,35,36,133,134,
135,136

Semiconductors
D19,20,21,22,23,24,
25,26,27,28,119,120,
121,122,123,124,125,
126,127,128
1C4,5,6,7,104,105,
106,107

Miscellaneous

Standard kit Improved version

201 Holco H8 (8 off}
3k32 Holco H8

4k7 carbon
VDR 26j VDR 61j

10u elect. 40V (8 off)

1000y elect. 35V (8 off)

1N4002 (20 a
(220 page 135.

LM317T (8 off)

T Toroidal transformer 0-18, 0—18 secondaries 120VA .
Mains fuseholder; 2-5A quick blow fuse; 2 pole mains switch rotary; 5 knobs
6mm internal dia.; 14 6BA x 3" threaded spacers; 6BA nuts, bolts, washers and

solder tags.
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Disc and output amps

Resistors
R1
R2
R3,11,17,18,22,24,
46,50,53,55
R4,21
R5,8
R6
R7,10
R9
R12,19,25,47,57
R13,20,49,51,56
R14,48,52,54
R15
R16
R23
R26,28,58
R27,29,59

Capacitors
C
C1
c2
C3,10
C4,11,26
C5

Cé
c7

C8,23
C9,24

Semiconductors
TR1
TR2
TR3,9,11,15,22,24,28
TR4
TRS
TR6,8,12,14,21,25,27
TR7,13,20,26
TR10,23
TR29
D1,2,3,4,5,6,7,8,9,10,
11,12,13,14,15,16,32
IC1,2,3

Miscellaneous

Standard kit

68k 1 Holco H8
33R2 Holco H8

47k 2% metal film (10 off)

22k 1% metal film (2 off)
100 1% metal film (2 off)

22 1% metal film

10k 2% metal film (2 off)

470 1% metal film

220k 2% metal film (5 off)

1k 1% metal film (5 off)
3k3 1% metal film (4 off)

27k 1% metal film
1k5 1% metal film
4k7 1% metal film
221 Holco H8
2k74 Holco H8

4n7 polystyrene
4p7polyester

1y polyester

470n polyester (2 off)
220n polyester (3 off)
33n 5% polyester

100p polystyrene
100n 5% polyester

220n polyester (2 off)
4n7 polyester (2 off)

2SD786
2SD786
BC214C (7 off)
28B737
2SB737
BC184C/(7 off)
BC184C (4 off)
BC214C (2 off)
J112

1N4148 (17 off)

LM317T {(Motorola) (3 off)

Improved versibn

68k Bulk foil
33 Bulk Foil

47k5 Holco H8
22k 1 Holco H8
100 Holco H8
22R1 Holco H8
10k Holco H8
475 Holco H8
22 1k Holco H8
1k Holco H8
3k32 Holco H8
27k4 Holco H8
1k5 Holco H8
4k75 Holco H8

8n extended foil PS
10y Wonder cap

1y Wonder cap
470n polypropylene
220n polypropylene
33n 1} % LCR type
EXFS/RP

100p silver mica
100n 11 % LCR
EXFS/RP

250n LCR EXFS/RP
4y Wonder cap

BD243C
BD244C

BD244C
BD243C

14 double sided p.c.b. pins 1Tmm dia.; 6 p.c.b. mounting sockets, gold plated
contacts; 2 p.c.b. selector plugs.

All the above components are duplicated for the other channel

If the bias voltage was obtained by two
equal value resistors then Vipias)ac. = § Vac.

Y SUPPLY

v BIAS

Fig. 4. Reducing ripple voltage.
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Fig. 5. Transistor characteristics.
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Fig. 6. The advantage of cascode is lost.

As the cascode transistor is conducting,
its emitter voltage will be 0-6V below the
bias voltage. Because almost the full ripple
voltage appears at the collector of the
cascode transistor, a small additional ripple
voltage will be present at its emitter. This
additional ripple is usually small compared
to the ripple voltage component of the bias
voltage but not always (i.e. if the ripple
voltage at the bias point is very very low due
to improved circuitry).

The transistor output characteristics
shown in Fig. 5 show how the ripple voltage
at the collector changes its gain. Consider
the case of a transistor operating with base
current Iy3 with Ve and I¢ defined by point
A. If the collector voltage is increased to
point B, the collector current I will rise by a
small amount. As Ip is constant, the current
gain of the transistor will change. The effect
of a.c. ripple on the collector of a transistor
is to vary its gain, and such variations in
gain give rise to audible distortion of a
music signal. Whilst such distortion can be
reduced by negative feedback, it cannot be
eliminated.

The effect of cascode circuitry is to
reduce the ripple voltage seen at the collec-
tor of an amplifying transistor and as a
result reduces distortion and improves
sound quality.

The current through collector load resis-
tor in the cascode circuitry has a very low
a.c.. ripple, but its voltage is referenced to
the supply voltage. If we feed that circuit
into an emitter follower (Fig. 6), the full
supply ripple V, ¢ is seen at the output and
we have lost the advantage of cascode. The
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Fig. 7. This circuit overcomes the problems of Fig. 6.

Fig. 8. The basis of the circuit used in the
Apex.

v SUPPLY

|__oun>u1
INPUT_|

Fig. 9. This circuit has poor ripple
rejection.
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Fig. 10. This reduces the maximum vol-
tage swing.

circuit of Fig. 7 corrects this and the output
voltage at the collector resistor in the
second stage has a very low ripple content.

A special point to note is that the bias
voltages are referenced to the supply on the
emitter side of the cascode transistor. Re-
search which I have carried out shows that
measured power supply ripple rejection is
greatest (1.e. ripple voltages are lowest) if the
dynamic impedance across Vpias is very low
and the dynamic impedance to the other
supply is as high as possible.

CIRCUITRY

The active circuitry for the disc and
output amplifiers is based on using part or
whole of the Fig. 8 circuit. The bias voltage
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COMPONENTS

Power amplifier

Standard kit Improved version
Resistors
R1 100k 2% metal film 100k Holco H8
R2 3k3 2% metal film 3k32 Holco H8
R3 220k 2% metal film 221k Holco H8
R4 1k 2% metal film 1k Holco H8
R5 330 2% metal film 332 Holco H8
R6 1k 2% metal film 1k Holco H8
R?7 4k75 Holco H8 4k7 Bulk foil
R8 47k 2% metal film 47k5 Holco H8
R9 47k 2% metal film 47k5 Holco H8
R10 221k Holco H8 220k Bulk foil
R11 68 2% metal film 68R1 Holco H8
R12 22k 2% metal film 22k 1 Holco H8
R13 22k 2% metal film 22k 1 Holco H8
R14 4k75 Holco H8
R15 2k74 Holco H8
R16 100 Holco H2
R17 10 1W metal oxide 10 Holco H2
R18,19 2R2 metal film 1 W (2 off) 2R2 Holco H2
R20,21 OR15 43 W/W (2 off) (see text)
R32 33 2% metal film 33R2 Holco H8
Capacitors
C1 470n polyester 470n polypropylene
Cc2 470p polystyrene 470p LCR EXRS/RP
C3 4u7 polycarbonate 3:3u polypropylene or
4y Wonder cap
C4 47p polystyrene 47p Silver mica
C5,6 470n polyester (2 off) 470n polypropylene
C7 10n polycarbonate 8n LCR EXFS/RP
C8,9 10p elect. 40V axial (2 off)
C10 100n polycarbonate 100n polypropylene
Semiconductors
TR1,2 BC184C (2 off) MATO1
TR3,4 BC547C (2 off) MATO1
TR5 BC547C BD243C
TR6,7 BC.184C (2 off) See
TR8,11 BD243C (2 off)
TR9 BC214C
TR10 B8D244C
TR12 BDT63A, BDW93B a
TR13 BDT62A, BDW94B
TR14 2N3716 page 135
TR15 2N3792
D1,23,4 1N4148 (4 off)
D5.6 1N4002 (2 off)

Miscellaneous
3 1” blade connectors; 6 1mm dia. double sided terminal pins; heat sink bracket
for driver transistors TR8 and TR 10; heat sink bracket for TR11-TR15; 4 mica
or silicone insulators for TO—220; 2 mica or silicone insulators for TO-3—TR14
and TR15; 6BA nuts, bolts, washers and solder tags for mounting power
transistors; 2 p.c.b. fuse clips; 20mm fuse XXA.

All the above components are located on the power amp p.c.b. and
are duplicated for the second channel
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All Holco H2 resistors are 100ppm/°C 1%

Holco H8 resistors are 0:-5% 50ppm/°C specification l

Power amp power supply

Standard kit Improved version
Resistors
R23,26,123,126 200 Holco H8
R24,25,124,125 4k75 Holco H8
R27,28 10k metal film
R29 VDR 60;j VDR 1104
R30,31 47 4W W/W
Capacitors
C11,12,111,112 1000u elect. 40V (4 off)
C13,14,113,114 470n polyester (4 off) 470n polycarbonate
C15,16,115,116 10p elect. 40V (4 off)
C17,18 10,0004F elect. 40V (2 off)
Semiconductors
D7,8,9,10,107,108
109,110 1N4002 (8 off)
BR1 25A 200V bridge Motorola BY W62
IC1,101 LM317T Motorola (2 off)
1C2,102 LM337T Motorola (2 off)

Miscellaneous

S1 2 pole mains switch; T2 }-240V primary, 0-25, 0-25 secondaries at
300V A, mains transformer; Mains fuseholder 20mm; 2 low voltage fuseholder
—chassis type 20mm; fuse 20mm 5A; 2 Fuses 20mm 6-3A; 14 6BA x 2”
spacers; 2 red loudspeaker socket terminals 4mm; 2 black loudspeaker socket
terminals 4mm; (use Michell amplifier terminals for loudspeakers for improved
version); 2 chassis phono sockets (use gold plated for improved version); 1
stereo headphone }” jack socket; mains cable (use Kimber cable mains lead for
improved version); 1Tmm dia. p.v.c. covered cable for high current leads (use
Kimber cable forimproved version); 0-63mm dia polythene insulated cable for all
other leads; 2” dia grommet at mains cable entry; cable clamp 4-75mm dia x
9-5mm width; knob for mains switch.

Fig. 11. Block diagram of the pre-amplifier.

is derived from the emitter of TR1 and is
raised 1-2 volts by the base emitter junction
of the transistor and forward voltage drive
of the diodes. This has advantages over
alternative circuits of Figs. 9 and 10.

The circuit of Fig. 9 has much poorer
power supply ripple rejection (which can be
verified by measurement) due to the higher
impedance to ground at the base. The
circuitry of Fig. 10 reduces the maximum
available voltage swing. Also the collector to
emitter voltage of TR1 varies to the same
magnitude as the input signal increasing
temperature generated distortion. The
unique advantage of Fig. 8 is that TR1 is
kept at near constant collector to emitter
voltage enabling high gain small signal
transistors to be used without temperature
generated distortion. At the same time TR2
and TR3 can be low gain high power
transistors which exhibit far lower tempera-
ture generated distortion than small signal

types.
PRE-AMPLIFIER

A block diagram of the pre-amplifier is
shown in Fig. 11. Each stage of amplifica-
tion is fed from a separate rectifier and
regulator and each channel is powered from
separate windings of the mains transformer.

The moving coil amplifier, which is the
equivalent of the old fashioned moving coil
“head amp™ has a gain of 20 and raises the
signal level from the typical 100mV of
moving coil cartridges to 2mV, which is
about the same as the typical magnetic
cartridges. Inputs from the magnetic car-
tridges are switched directly to this point by
means of p.c.b. selector plugs on the p.c.b.
This has the disadvantage that you cannot
change your cartridge without removing the

The construction of the two units of the Apex.
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cover to the case, but it makes building the
amplifier a lot easier.
Noise levels on the moving coil amplifier

. are kept very low by use of two ultra low

noise transistors (Fig. 12) 2SD786 (npn)
and 2SB737 (pnp). These are specially de-
signed for moving coil input circuits and
their noise levels are extremely low (typical-
ly 0-55nV v/Hz at 10Hz).

The RIAA amplifier is broken into two
stages to increase its gain. Equalisation is
carried out by two resistors and two capaci-
tors in the collector load of the first stage.
After equalisation the output level from the
RIAA is typically 100mV at 1kHz. The tone

'_.(\"
I
! !
§ == "1] l |' E amp is broken into two stages. As the tone
L)_Q__ [_,ﬂr ; control stage is an inverting amplifier, the
= | i input buffer amplifier also inverts and has
R}‘% A ! near unity gain. As a result, the tone
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|15, i — H 10 final part is the output amp which raises the
—-—-f.”’_ i ! ! EE { CONTROS signal level from 100mV to about 1V.
! i ; ! —— ' Rl Output muting is carried out by a f.e.t. with
: L E : R a slow turn on—fast turn off control circuit.
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dard”* components for the Apex
Preamp is £150 and for the
o]
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Fig. 14. Circuit of the pre-amplifier power supply.
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000

by Mike Tooley BA

'I‘Hls month' sees On Spec reaching its
quarier century and, in this our
twenty-fifth instalment, we shall be taking a
look at Hisoft BASIC (the last of our three
compilers) and describing some novel
LOGO routines for driving our Speech
Synthesiser. For good measure, we have
thrown-in a number of useful hints supplied
by readers. We begin, however, with a few
general points.

Points Arising

Several readers have taken me to task
concerning the choice of the AD7581 in the
Multi-Channel ADC described in the
December '86 issue. Yes, | know that this
chip is expensive (I, too, have to “fork out”
for components out of my own pocket!),
but, when one considers what this chip does
and the cost and complexity of alternative
methods of implementing an 8-Channel
ADC, it really does not work out all that
costly!

Provided that the circuit board wiring is
carefully checked before switching off and
connecting the ADC module to the Spec-
trum, no harm should come to the device.
In common with all On Spec projects I do,
however, strongly recommend the fitting of
i.c. sockets. The marginal saving in cost in
not fitting sockets is far outweighed by the
ease of removal and replacement of the
chip.

Another comment regularly received
from readers is that | should be including
full wiring layout for each On Spec project.
Whilst I recognise the desirability of this, it
would certainly have to be at the expense of
something else. Ultimately it would mean
that less projects could be covered.

At the present, I aim to include a hard-
ware project every other month (our latest
On Spec Update has a full list of them).
Adding full constructional information
would probably stretch this to one project
every three or four months. It could then be
some time before the project of one’s dream
actually appears in print (by which time,
dare 1 say it, readers may well have moved
onto a BBC Master, Atari-ST, or even a
Commodore Amiga').

Whilst on the subject of projects, the
Escape Interface continues to generate a
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great deal of interest amongst readers. Any
mlsglvmgs I had about the likely popularity
of this piece of hardware seem now to be
totally unfounded. Indeed, it seems that the
advantage of having an “Escape” key is
recognised by every serious Spectrum
owner!

Many readers have reported satisfactorily
working interfaces though it appears, from
one letter at least, that there may be prob-
lems with certain “Issue 4” boards. I cannot
suggest any reasons for this and have tested
the interface with my own Issue 2, 3 and 6A
(Spectrum Plus) machines. If anyone out
there can throw any light on this (or can
confirm that the Escape Interface does work
correctly with an Issue 4 board!) please drop
me a line!

Whilst on the topic of correspondence
from readers, | do attempt to answer every
query received provided, of course, that it is
accompanied by a stamped addressed enve-
lope. If you just require an Update, the
response should be fairly quick (usually
within a fortnight). If, however, you have
requested assistance with a number of prob-
lems, please be prepared to wait a little
longer. All letters are dealt with in strict
order of receipt. On occasions, my “in-tray”
gets a little full so please be patient!

Finally, for the benefit of overseas
readers, please do NOT, as many readers
have done, send envelopes with stamps
in your own currency—they will just be
wasted! Just enclose the relevant number of
International Reply Coupons (IRC). Bear-
ing in mind that it costs several pounds to
mail a complete set of Update sheets by Air
Mail to the other side of the globe, if you do
not enclose adequate postage [ shall simply
send you as much as I can up to the limit of
the postage which you supply!

Hints and Tips '

One of the nice things about On Spec is
that readers often supply me with some
quite novel and unusual hints and tips
derived from their own experience of the
Spectrum. Whilst only a few of these could
be expanded to form a complete project,
taken collectively they represent a most
useful collection of ideas. Here are just a
few of the crop:

Getting Overheated?

Overheaung was a regular problem wnth
early issues of the Spectrum and resulted
from a lack of ventilation coupled with
inadequate heatsinking. Unni Krishnan
writes from Kerala, India, with a simple and
very effective dodge to provide more effec-
tive cooling of the Spectrum’s innards.

Remove all of the case securing screws
and substitute longer screws with small
plastic spacers between the case halves (glue
the same spacers onto the leg springs to
maintain their action). Also, fix a small U-
shaped copper or aluminium heat sink onto
the ULA chip using epoxy resin based
adhesive.

Sound Aid!

Andrew Stephens writes from Harlow
with a tip for those who find the Spectrum’s
sound output a little limited. The reason for
this, says Andrew, is that the “puny” trans-
ducer fitted to the Spectrum is wasting most
of its effort directing the sound downwards
into the table or workbench.

Andrew recommends removing the trans-
ducer completely, fititng a 2.5mm (or
3.5mm) miniature jack socket to the rear of
the bottom case half and wiring this to the
pads previously occupied by the transducer.

A small 40 ohm (or higher impedance)
loudspeaker mounted in a plastic box or
enclosure, may then be connected in place
of the internal transducer and plugged into
the jack socket as, and when, sound is
required. The difference in sound level
provided by this modification has to be
heard to be believed, says Andrew.

Under Strain?

David Williams, from Cardiff, writes on a
topic which is bound to affect most Spec-
trum owners sooner or later. The problem is
associated with the need to remove and
reconnect the power lead in order to reset
the machine (Spectrum Plus, 128, and Plus
Two models excluded). This causes prema-
ture failure of both the power lead (usually
within the last few mm) and the p.c.b.
mounted connector (which often becomes
detached from the p.c.b. due to an inor-
dinate amount of flexing).

Both of these problems can be eliminated
by wiring a reset button to the edge connec-
tor. All that is required is a miniature
(normally open) push-button switch fitted
in a suitable position (i.e. not vulnerable to
accidental operation!). The switch should
then be wired between pins 6B and 20B of
the Spectrum’s edge connector (our Update
contains the pin-connecting information).

Short of Memory?

M. Tucker writes from Coventry with a
handy tip for anyone who needs to know
how much of the Spectrum’s memory
remains available at any particular time.
Mr. Tucker recommends a short machine
code routine which can be conveniently
tucked away (forgive the pun!) in the area of
-memory normally reserved for User De-
fined Graphics (UDG).

The machine code can be loaded from
BASIC and (the BASIC loader removed)
alternatively, the routine can be incorporat-
ed as part of any BASIC program’s initiali-
sation. The routine is as follows: '

10 fori=0 TO 15

20 READ x

30 POKE USR*“t"'+i,x

40 NEXT i

50 DATA 33,0,0,57,237,91,101,92

60 DATA 167,237,82,229,193,201,0,0

Thereafter, if you need to know how
much memory is available you need only
include the- following line within your
program:

190 PRINT USR*“t”; “‘bytes free”.

Alternatively, you can simply type the
command directly from the keyboard omit-
ting the line number.

HELP!

Finally, two pleas for help! The first
comes from Professor J. King of York who
needs to interface a Spectrum 128 (in 48K
mode) with a Serial 8056 printer driven
from the 9-pin D-type socket on Interface 1.
If anyone out there can offer some advice
on making up an adaptor lead to convert
from the 9-pin D-lype connector at Inter-
face 1 to the 6-way BT-style connector at the
8056 printer please let me know!

Secondly, Kim O’Kane from Portrush in
Northern Ireland requires information on
using FORTH (preferably on the Jupiter
Ace rather than the Spectrum) to control a
u.h.f. aerial when tracking an amateur
satellite. If any reader can suggest a source
of software for this particular application,
or is already using FORTH in a similar
situation, please drop me aline so that I can
pass the message on!
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HiSoft BASIC

Like Mecga BASIC, Beta BASIC, and
Laser BASIC, one might be forgiven for
thinking that HiSoft BASIC is yet another
enhanced BASIC interpreter. This is not so;
Hisoft BASIC is, in fact a compiler. Just
why Hisoft chose a somewhat misleading
name for their latest Spectrum utility is
open to speculation!

Hisoft BASIC has much to commend it.
Firstly it is a full floating point compiler

(unlike most other compilers available for

the Spectrum) and secondly, dare I say it, it
is fast. In fact, it is as fast, if not faster, in
operation than ANY of the integer com-
pilers which I have tested.

Again, unlike most other Spectrum com-
pilers, Hisoft BASIC is also able to handle
numeric and string arrays (of up to two
dimensions) and generates extremely com-
pact code. The compiler is compatible with
ALL versions of the Spectrum and there are
a number of additonal features available for
those lucky enough to own a Spectrum 128
or Spectrum Plus Two.

Hisoft BASIC is about 11K in length and
can compile a BASIC program of up to

about 30K without requiring microdrive
storage or any cumbersome tape swapping
(a feature which mitigates heavily against
compilers such as the ill-fated BLAST com-
piler produced by OCP Software). The A5
format manual supplied with the program
comprises 49 pages and is both neatly
presented and extremely thorough.

The introductory section is particularly
pleasing and “talks” the beginner through
the initial stages of using the compiler in a
friendly yet informative manner. Full in-
structions are provided for tape backup or
copying to microdrive.

As with the previous compilers tested, |
put the program through its paces by giving
it the task of compiling our TV/Monitors
Test Program (see Update for a listing). The
program compiled without any modifica-
tion whatever (unlike the other two com-
pilers) in a matter of seconds. The length of
the machine code generated by Hisoft
BASIC was 2598 bytes plus 317 bytes for
variable storage. This compared with 2170
bytes for the BASIC program.

The machine code was then tested using:

RANDOMISE USR 62543

Execution Speed

As with other compiled programs this
produced somewhat variable results in
terms of speed of execution. There was
little, if any, increase in speed for the Cross
Hatch routines. Colour Bars were produced
in about half the time taken by the BASIC
program, whilst the Dot display was virtual-
ly instantaneous (as compared with about
two seconds for the BASIC program).

At this point, [ felt that it was worthwhile
saving the machine code program for future
“stand alone” use. This was easily achieved
by NEWing the BASIC program and creat-
ing a short, auto-running BASIC loader.
This was then SAVEd to tape before also
SAVEing the machine code program using:

SAVE “‘tvcode” COD 62543,2598

Hisoft BASIC is a joy to use and can be
unreservedly recommended to anyone re-
quiring the services of a compiler. It un-
doubtedly represents the very best of Spec-
trum compilers and must be yet another
winner for Hisoft!

Hisoft is at Dept. EE, The Old School,
Greenfield, Bedford MK45 SDE. Tel: (0525)
718181.

Speech Synthesiser

Regular readers will know that last
month’s constructional project featured A.
J. Harper’s Simple Speech Synthesiser. This
month we shall deal with the operation of
the interface.

From BASIC, two short machine code
routines are required to drive the SP0256
voice synthesiser chip via the Z80-PIO
(interface controller). The first routine ini-
tialises the Z80-PIO whilst the second out-
puts allophone data to the SP0256:

INIT LDA255 , SeptPortA
OUT (95),A ; to Mode 3
LD A,128 ;Set AOto Ab6as
OUT (95),A outputs and A7 as
input
RET , Get back to BASIC.
STARTIN A,(31) ; Read Port A
BIT 7,A ; Check if READY is
high
JR Z START; Go back if READY
is low
LD A, (nn) ; Get allophone code
from nn
RES 6,A ; Set ALD low
OUT (31),A ;
SET 6,A ; Set ALD high
OUT (31),A ;
RET ; Get back to BASIC

For those not in possession of an assem-
bler, both of these routines are short enough
to be easily *‘hand-assembled” and then
POKEd from BASIC. Alternatively, readers
may wish to make use of the Hex Code
Loader contained within the On Spec
Update.

A BASIC program for driving the Speech
Synthesiser would include lines of the fol-
lowing form (where INIT and START are
the symbolic addresses of the machine code
routines previously placed in protected
memory):

10 RANDOMIZE USR INIT: REM Calls
the PIO initialisation routine etc

200 POKE nn,code: REM Place the allo-
phone code in address nn

210 RANDOMIZE USR START: REM
Call the routine to output the code, etc.

Lines 200 and 210 (or whatever) would
simply be executed repeatedly with differ-
ent codes to produce complete words. Com-
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plete programs can be developed in BASIC
which will generate quite complex sen-
tences, however, as Mr. Harper points out,
LOGO contains many procedures which
offer powerful word/list handling capability
and thus is better suited as a software
environment from which to drive the allo-
phone generator chip.

Mr. Harper has provided four LOGO
procedures (fully documented in our latest
Update). Anyone unfamiliar with the lan-
guage is, however, advised to refer to the

If you have any comments or suggestions
or would just like a copy of our Update,
please drop me a line at the following
address and enclose a large (A4 size)
stamped addressed envelope:

Mike Tooley, Dept of Tech, Brooklands
Technical College, Heath Road, Weybridge,
Surrey, KT13 8TT.

Next month, by popular request (and for
those of you who may be still struggling with
a recalcitrant Plus Two!), we shall be dealing
with cassette storage problems.

Spectrum LOGO

manual for further
information. Thg
first procedure,
START, loads the
machine into an ar-
ray L then calls
MCODE which

(Tick one box only!)

MAKE YOUR INTERESTS PAY!

More than 8 million students throughout the world have found it worth thelr while! An
ICS home-study course can help you get a better job, make more money and have more
fun out of life! ICS has over 90 years experience in home-study courses and is the largest
correspondence school In the world. You learn at your own pace, when and where you
want under the guidance of expert ‘personal’ tutors. Find out how we can help YOU.
Post or phone today for your FREE INFORMATION PACK on the course of your choice.
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MIKE TOOLEY ea

Our nine part series on Digital Troubleshooting aims to provide readers
with a practically biased introduction to the diagnosis of faults within
digital equipment. The series should also be of interest to anyone wishing
to update their knowledge of modern digital devices and circuitry.

|N PART four of our Digital Troubleshooting we introduced some
common i.c. timers and showed how these versatile devices can be
used as monostable and astable pulse generators. This month, we
turn to another new topic—microprocessors. We will describe the
basic characteristics of four of the most commonly used 8-bit
microprocessors as well as giving a number of pointers to fault-
finding in systems based on such devices.

For the benefit of those who have not yet got to grips with the new
technology, we shall begin with a general introduction to micro-
processors and microprocessor based systems. Our companion
Digital Test Gear project involves the construction of an integrated
circuit tester which can be used to carry out simple “go”/*no-go”
testing of the majority of common TTL and CMOS devices.

MICROPROCESSORS

Microprocessors are VLSI'and SLSI integrated circuit devices
which are capable of accepting, decoding and executing instructions
presented to them in binary coded form. Microprocessors form the
“heart” of all microcomputer systems. However, they are not, in
themselves, “computers™ since they require a certain amount of
external hardware and other support devices, not the least impor-
tant of which is those which provide a ““‘memory” for the sequence
of software instructions (i.e. “programs”) and transient informa-
tion (i.e. “‘data”) used during processing.

Some specialised microprocessors incorporate their own internal
memory (for data and program storage), and input/output ports.
These devices require a minimum of external support circuitry and
are ideal for use in low-cost control systems. They are rather aptly
known as “single-chip microcomputers™.

Microprocessors can be divided into two categories depending
upon the size of the binary number on which they fundamentally
perform operations. Most modern microprocessors perform opera-
tions on groups of either eight or sixteen binary digits (bits). Clearly,
16-bit microprocessors will tend to be more powerful than their
8-bit counterparts. However, for many purposes there is little to
choose between the two. Indeed, the relative cost and complexity of
16-bit microprocessors make them generally unsuitable for control
applications. Hence, for the purpose of this series, we shall
concentrate on 8 rather than 16-bit devices.

An 8-bit microprocessor fetches and outputs data in groups of
8-bits (known as “‘bytes™). This data is moved around on eight
separate lines (labelled DO to D7) known as a ‘“data bus™.
Microprocessors determine the source of data (when it is being
*“read”) and the destination of data (when it is being “written’’) by
outputing the location of the data in the form of a unique “address”.
This process involves placing a binary pattern on an *““address bus”.
In the case of 8-bit microprocessors, the address bus invariably
comprises sixteen separate lines, labelled A0 to A15.

The address at which the data is to be placed or from which it is to
be fetched can either constitute part of the “memory” of the system
(e.e. RAM or ROM) or can be considered to be “input/output”™
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(1/0). The allocation of the 64K memory address range of an 8-bit
microprocessor can usefully be described using a ‘““memory map”™
(see later).

A further bus is used for determining the direction of data
movement (i.e. whether a *“‘read™ or *“write” operation is being
performed) and for other general housekeeping functions, such as
“reset”. This bus is known as the “‘control bus” and often has
between five and thirteen lines depending upon the microprocessor.

HISTORY

The first generation of 8-bit microprocessors appeared a little
over fourteen years ago in the shape of an Intel device, the 8008. At
the time, this was something of a minor miracle—a device which
could replace countless other chips and which could address a
staggering 16K of memory! By modern standards, the 8008 is
extremely crude but it was not long before Intel introduced another
device, the 8080. This time NMOS technology was employed
instead of the PMOS technology which was used in the 8008. The
8080 had sixteen address lines (thus being able to address 64K of
memory) and 78 software instructions for the programmer to use.
The 8080 was an instant success and led the way to enhanced
devices such as'the 8085 and “all-singing-all-dancing” Z80.

Other manufacturers were also developing microprocessor chips
hard on the heels of Intel. These included Motorola (with the 6300)
and MOS Technology (with the 6502). In subsequent years industry
has not been content to stand still and much effort has been devoted
into huge advances into 16 and 32-bit technology. Despite this, all
of these simple 8-bit-microprocessors (and their various enhance-
ments and derivatives) are still in common use today. Costs have
fallen very significantly and it is eminently possible to put together
a microprocessor system (comprising CPU and a handful of support
chips) at a very moderate cost. Hence, if one had the task of
designing, for example, an environmental control system, one
would almost certainly use a microprocessor (or single-chip
microcomputer) to form the basis of the controller.

Not only would such a system be capable of fulfilling all of the
functions of its conventional counterpart but it would also provide
us with a far more sophisticated means of processing our data
coupled with the ability to store it and examine it at a later date or
even transmit it to a remote supervisory computer installation. The
vast saving in hardware development can usefully be devoted to the
software aspects of a project and future modifications can simply
involve the substitution of “firmware” (ROM based software).

INTERNAL ARCHITECTURE

The principal internal elements of a microprocessor are as
follows:
(a) registers for temporary storage of instructions, data, and
addresses
(b) an arithmetic logic unit (ALU) able to perform a variety of
arithmetic and logic functions
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(c) control logic which accepts and generates external control
signals (such as “read” and *‘write) and provides timing
signals for the entire system.

The internal arrangement (or “architecture”) of a microprocessor
tends to vary from one family to another. There are, however, a
number of common themes. The major microprocessor families,
for example, tend to retain a high degree of upward compatability
both in terms of internal architecture and the software “instruction
set” and this is clearly an‘important consideration in making a new
product attractive to the equipment manufacturer.

Internal registers are simply arrangements of bistable latches (see
Part Three) into which data (in binary form) can be placed during
processing. Some registers are directly accessible to the programmer
(i.e. he can set or read their contents at will) whilst others are
reserved for the machine’s own use. Registers may also be classified
as “dedicated” (i.e. they have a specific purpose such as pointing to
a memory location or holding the results of an ALU operation)
whilst others are described as *“general purpose”.

The following registers are particularly important:

Program Counter (PC) or
Instruction Pointer (IP)

The program counter (or instruction pointer) of an 8-bit
microprocessor is invariably a 16-bit register which contains the
address of the next instruction byte to be executed. The contents of
the program counter (or instruction register) is automatically
incremented each time an instruction byte is fetched.

Accumulator (A)

The accumulator functions both as a source and destination
register; not only is it the source of one of
the data bytes required for an ALU opera-

EXTERNAL CONTROL LINES

We will now briefly discuss the function of each of the more
important external control lines provided by some common
MiCroprocessors:

Read/Write (R/W)

This line is taken low when the microprocessor is performing a
*“write” operation or high when the microprocessor is performing a
*“read” operation. Some microprocessors (e.g. Z80) have separate
READ and WRITE tlines.

Interrupt request (IRQ, INT)

This line serves as an input to the microprocessor and is taken
low by an external device wishing to signal the fact that it requires
attention. Provided the “interrupt flag” is reset (i.e. logic 0) this
request will be honoured and the microprocessor will cease normal
processing and execute the required “interrupt service routine”.

Non-maskable interrupt (NMiI)

The response to an ordinary interrupt (IRQ or INT) is deter-
mined by the interrupt status flag and thus the interrupt may be
*“masked”. Instructions may be placed within the program which
“set” or “reset” the interrupt flag hence disabling or enabling
interrupts. This technique provides us with a flexible method of
responding to interrupts; we can accept them or reject them at will!
There are, however, some situations in which it is desirable that an
interrupt should be serviced regardless of what else is going on.
Hence a separate “non-maskable interrupt” line is provided. When
this line is taken low, normal program execution is interrupted

tion but it is also the location in which the
result of an ALU operation is placed. In the
case of 8-bit microprocessors, the accumu-
lator is naturally an 8-bit register!

Flag Register (F),

Status Register (S), —
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operation. It is important to note that the
flag register is not a register in the conven-
tional sense; it is simply a collection of
bistable latches which can be ‘‘set” or
“reset” depending upon the result of an
ALU operation. The output of each bistable
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can be considered to act as a “flag”. Com-
monly available flags are; zero (Z), overflow
(V), negative (N), and carry (C).

Stack Pointer (SP)

Most microprocessor needs to have access to an external area of
read/write memory (RAM) which permits temporary storage of
data. This area of memory is known as a ‘“‘stack”™ and it may
typically occupy between 16 and 256 bytes of memory. (Note,
however, that the stack is a dynamic structure and its size varies
continuously during processing).

The stack operates on a “last-in first-out” (LIFO) basis; data is
“pushed” onto the stack and later “pulled” off it. The *stack
pointer” keeps track of the extent of the stack by holding the
address of the last used stack location. Some popular microproces-
sors {(e.g. 6809) have two independent stack pointers; a ‘“system
stack pointer” (SSP) and a “user stack pointer”, (USP).

Instruction register

The instruction register is not directly accessible to the program-
mer but is used to contain the current instruction byte so that it can
be decoded by an arrangement of logic gates known as an
“instruction decoder”. The outputs from the instruction decoder
are passed to the microprocessor’s control logic which, amongst
other things, determines the direction of data transfers and
responds to external signals which arrive on the control bus.

The simplified internal architecture of a typical 8-bit micro-
processor is shown in Fig. 5.1. Note that the external bus lines are
isolated from the internal bus lines by means of ““buffers™ and that a
high-speed internal bus is used to link the principal internal
elements.
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Fig. 5.1. Simplified internal architecture of a representative 8-bit microprocessor.

regardless of the state of the interrupt flag (i.e. regardless of whether
interrupts are currently enabled or disabled).

Reset (RES)

This active low input to the microprocessor is used to initialise
the system into a known state prior to normal execution of the
program. When the reset line is taken low, the program counter
(PC) is placed in a defined state (either by loading it with zero or by
placing a pre-defined address *“vector” in it) and interrupts are
disabled. Various other internal operations are performed which
tend to vary from processor to processor.

CLOCKS

In order that data flow within a microprocessor is orderly, it is
necessary to synchronise all data transfers using a clock signal. This
signal may be generated by an external oscillator (see Fig. 5.2) or
equivalent circuitry may be provided inside the microprocessor
chip. For accuracy and stability, microprocessor clocks are invari-
ably crystal controlled and usually function within the range {MHz
to 8MHz.

A clock cycle (known as a T-state) is the fundamental timing
interval used by the microprocessor. A “machine cycle” (M-cycle) is
the smallest indivisible unit of microprocessor activity and usually

" comprises between three and five T-states. An instruction cycle (i.e.

that associated with fetching an instruction, decoding and executing
it) normally requires between one and five M-cycles.
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Fig. 6.2. Typical microprocessor clock circuit.

To put this into context it is worth considering what sort of time
interval we are talking about. Suppose that we are dealing with a
Z80 microprocessor operating at 4MHz. The fundamental clock
cycle (T-state) will be 250ns. A machine cycle (M-cycle) will then
occupy from 0-75us to 1-25us whereas an instruction cycle will
require some 1-:25us to 6:25us depending upon its complexity. To
put this another way, the microprocessor is capable of executing
between 160,000 and 800,000 instructions every second!

MICROPROCESSOR SYSTEMS

Even the most sophisticated microprocessor is of little use unless
supported by a number of other devices. These can be divided into

decoding logic with inputs driven from the address bus. The address
decoder effectively divides the available memory into blocks which
each correspond to a particular support device. Hence, where the
processor is reading and writing to RAM, for example, the address
decoding logic will ensure that only the RAM is selected and the in-
ternal buffers in the ROM and I/0 chips are kept in the tri-state out-
put condition.

The allocation of memory space within a microprocessor system
can be usefully illustrated by means of a “memory map”. An 8-bit
microprocessor having 16 address lines can address any one of
65536 (2'¢) different memory locations and thus the memory map
will range from O to 65535 (the highest address possible). Fig. 4
shows a typical memory map in which addresses are given both in
decimal and hexadecimal. A block of 24K of RAM is provided as
are two adjacent 8K blocks of ROM (each contained within a
different memory chip). A further 8K block is assigned to I/0. The
two remaining 8K blocks are “unpopulated” and are thus available
for “expansion™. :

MICROPROCESSOR FAULT FINDING

Fault-finding on microprocessor systems can be a daunting task,
particularly when one is a relative newcomer! There is, however, no
need to despair since many fauilts are quite trivial and can be
detected with basic test gear. Wherever possible, it is useful to
obtain a circuit diagram and service information on the equipment
before starting work as this will often point the way to “stock faults”
which may be prevalent on a particular item of equipment.

three main groups:
ADDRESS BUS J

cPy koM RaM 16

K > PARALLEL 170
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CONTROL BUS

A good starting point after gaining
access to the circuit board is to identify all
the major devices, including the micro-
processor and support chips. Semiconduc-
tor memory is usually grouped together
and should be fairly easy to spot (see next
-month for more information) whilst the
1/0 devices tend to be grouped near to
their respective connectors. The clock
circuit should be easily recognised by
looking for the crystal whilst the address
decoding will either be provided by means
of LS-TTL logic or by custom logic arrays
(PLA or ULA chips).

Having found one’s way around and
identified the principal chips, the general
procedure involves answering the follow-

Fig. 5.3 Basic elements of a microprocessor system.

Random access memory (RAM)

As explained earlier, all microprocessors require access to
read/write memory and, whilst single-chip microcomputers contain
their own low-capacity area of read/write memory, this is invariably
provided by means of a number of semiconductor random access
memories. (These will be explained more fully next month).

Read-only memory (ROM)

Microprocessors generally also require more permanent storage
for their control programs and, where appropriate, operating
systems and high-level language interpreters. This is invariably
provided by means of semiconductor read-only memories. (These
will also be examined next month).

Input/output devices (1/0)

To fulfil any useful function, the microprocessor needs to have
links with the outside world. These are usually supplied by means of
one, or more, VLSI devices which may be configured under
software control and are thus said to be “programmable”. I/O
devices fall into two general categories, “parallel” (a byte is
transferred at a time) or ““serial” (one bit is transferred after another
along a single line).

The basic configuration of a microprocessor system is shown in
Fig 5.3, the principal elements shown are; microprocessor (CPU),
ROM, RAM, and I/0. Note that the three bus systems; address,
data, and control are used to link the elements and thus an essential
requirement of a support device is that it should have “tri-state”
outputs. It can thus be disconnected from the bus when it is not
required.

Support devices (such as ROM, RAM etc) are invariably
“enabled” or “selected” by taking their active-low enable (EN) or
chip select (CS) lines low. These lines are usually driven by address
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ing questions:

(a) What state is the sytem in—is there any display produced or does
the system appear to be totally “dead”? If the latter is the case,
check the power supply first starting, of course, with the main
+5V supply rail. If this is low (or zero) disconnect the supply from
the system p.c.b. and establish whether the absence of power is
due to failure of the power supply or excessive loading due to
short-circuit failure within the system itself.

(b) Press the “‘reset” button and see if there are any changes. If a
“partial” reset occurs (i.e. if a copyright message is displayed or if
some initial prompt appears) the fault is unlikely to be within the
microprocessor itself and is likely to be attributable to failure of a
support device (e.g. RAM).

Fig. 5.4. Typical memory map for an 8-bit microprocessor control
system.

DECIMAL ADDRESS HEXADECIMAL ADDRESS
65535 FFFF
8K ROM 1
57344 €000
57343 DFFF
8K ROM 0
49152 cooo
49151 BFFF
EXPANSION
40960 A0CO
40959 9FFF
110 64K
32768 8000 .
32767 7FFF
EXPANSION
2576 6000
24575 ) 5FFF
2Lk RAM
o} 0000
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Fig. 5.6. Pin connec-
tions for the 6800
microprocessor.

Fig. 5.5. Pin connec-
tions for the 6502
microprocessor.
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Fig. 5.7. Pin connec-
tions for the 6809
microprocessor.

. N @ﬂm AHE. ~ E]MO

[35] x7aL a2 [2 3] a9

B3]
B
E
S
F3

[#] [g]
ElllF G LB ) S
ToT

Fig. 5.8. Pin connec-
tions for the Z80
microprocessor.

(c) If the fault is intermittent (the system runs for a timé before
“locking up” at an unpredictable point) check all “off-board™
connectors. Indirect edge connectors are very prone to poor
connections and should be regularly cleaned to prevent problems
such as this. If the principal chips are socketed these, too, can
cause problems. Gently press each of the larger chips into its
socket to see if normal operation can be restored. In some cases it
may be necessary to carefully remove the chips before replacing
them; the action of removal and replacement can be instrumental
in wiping the contacts clean!

(d) If the microprocessor appears to be running and the fault is not
intermittent in nature, the next stage involves a few simple
checks of the control signals present at the microprocessor
itself. Figs. 5.5 to 5.8 show the pin connections for four
popular 8-bit microprocessors. In each case, use a logic
probe (see Part Two) to confirm that:

(1) The clock input is active (i.c. a puise is indicated). If this is not
the case, check the clock circuitry.

(i1) The reset line is not held permanently low (also check that the
line goes low for a short period when the reset button is
depressed). If this is not the case, check the reset circuitry.

(ii1) The non-maskable interrupt is not permanently held low. If
the line is permanently low try disconnecting external
devices until it clears. Also check the I/0 chip (this can be
temporarily removed from its socket after disconnecting
power, of course) to see if the fault clears.

(iv) The read and write (or read/write) lines are active. If the
microprocessor is fetching instructions and executing them,
these lines should be pulsing continuously. If this is not the
case, depress the reset button to see whether there is any
brief activity on the read line. If the line is static and reset is
occurring the problem is likely to be attributable to the
microprocessor itself.

(e) If the previous stage fails to pinpoint the problem, apply the logic
probe to each of the data and address lines in turn (if you have ac-
cess to an oscilloscope this may be usefully employed at this
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stage). Examine the signal present on each line and, if any line is

permanently “low” or “high™ (i.e. “‘stuck™) or permanently “‘tri-

state” (i.e. “floating™) disconnect the power and remove each
support device in turn until the fault clears. If it does not clear,
the fault may be attributable to the failure of one of the
microprocessor’s internal buffers. It will then be necessary to
remove and replace the microprocessor itself.

(f) Finally, and if all else fails, the following “less scientific” (but
nevertheless effective!) measures should be tried:

(i) Leave the sytem running for some time. Then touch the centre
of each chip in turn in order to ascertain its working
temperature. If a chip is running distinctly hot (i.e. very
warm or too hot to comfortably touch) it should be
considered a prime suspect. (If possible, compare with the
heat produced by a similar chip fitted in the same unit or in
another functional unit). P

(ii) Where the larger chips have been fitted in sockets, carefully
remove and replace each one in turn (disconnecting the
power, of course, during the process). Replace with known
functional devices.

Next month we shall be dealing with semiconductor
memories and our companion Digital Test Gear
Project involves the construction of

a Current Tracer
which can be inva-
luable in detecting
failed chips and
components.

159



DIGITAL IC TESTER W

MIKE TOOLEY e

Is it Go?

Is it No-Go?
Remove the guess-
work with this

low cost Tester

UR fifth Digital Test Gear Project deals
with the construction of a Digital 1.C.
Tester. This unit provides a means of
testing many of the most commonly used
TTL and CMOS logic gates without having
to remove them from the circuit in which
they are connected. The instrument des-
cribed has been designed for 14-pin d.i.l.
devices having “standard” supply connec-
tions (i.e. pins 7 and 14 respectively con-
nected to OV and +5V). If desired, the
design may be readily modified for other
supply conventions or for 16-pin devices.
In order to test a given i.c., all that is
required is a functional device of the same
type and a knowledge of the pin-connec-
tions of the chip in question. In common
with our other Digital Test Gear Projects,

the Digital I.C. Tester uses low-cost readily
available components and is based on a
standard Verobox and Veroboard.

CIRCUIT-DESCRIPTION

Before describing the circuit of the digital
i.c. tester it is worth spending a little time
explaining the principle upon which the
device operates. Happily, this is quite sim-
ple; by duplicating the logical function of
the device on test (using a known functional
device of the same type) and then compar-
ing the output produced by the suspect
device with that produced by the functional
device, we can establish whether, or not, the
device is faulty.

The comparison may be carried out using
nothing more than an exclusive-OR gate
(see Part Two for details). When the inputs
of an exclusive-OR gate are similar (i.e.
both low or both high) the output of the gate
will be low. Conversely, where there is a
difference in the logical states of the gate’s
inputs the output of the gate will go high.

The complete circuit of the Digital I.C.
Tester is shown in Fig. 1. Inputs from the
suspect device are obtained by placing an
i.C. test clip or *“‘glomper” onto the chip in

question. The test chip is connected to the
tester by means of a short length of ribbon
cable which terminates at a 15-pin D-type
connector, SK2. The pins on which logical
signals may be found (i.e. pins 1 to 6 and 8
to 13) are connected to a bank of single-pole
switches (S1 to S13 excluding S$7). Note that
these switches have been numbered to
correspond with the pin numbers in
question,

Switches S1 to S13 (excluding S7) facili-
tate direct connection of the pins of the
suspect device with the corresponding pins
of the known device which is inserted into a
14-pin d.i.l. socket, SK2. It is important to
note that, in normal use ONLY THE IN-
PUT pins are linked by means of the
“connect” switches. When testing a 7400
quad two-input NAND gate, for example,
the following *‘connect” switches should be
placed in the “‘on” position; 1, 2, 4, 5, 9, 10,
12 and 13.

The pins used for comparison purposes
are selected by means of S14 (“external’)
and S15 (“internal’’). When testing a 7400
device, for example, these should both be
switched, in turn, to; 3, 6, 8 and t1. The
result of the comparison is indicated by
means of DI1. This.led. is illuminated

Fig. 1. Complete circuit diagram for the Digital IC Tester. The numbers inside the *"squares’’ around switches S14 and S15 refer to the front
panel labels and pin selection of the test socket SK1.
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COMPONENTS S5

Approx. cost
Guidance only

Resistors See 2
R1 470 " —COMPARE —
R2 470 ‘ INTERNAL EXTERNAL g
Both 0-26W 5% carbon 2 Q- @
Capacitor .
o 10p p.c. elect. 16V Page 135 ‘0"
‘Semiconductors
ICt 74L586
D1 red |.e.d. (fitted with bezel) ]
D2 green l.e.d. (fitted with bezel)
Miscellaneous il
S1toS6and ) miniature s.p.d.t. t