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ONE POUND PACKS

All packs are £1 each. Note the figure on the extreme left of the
pack ref number and the next figure is the quantity of items in
the pack, finally a short description.

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

BD9 2 6V 1A mains transformers upricht mounting with
fixing clamps.

Bb1 1 6%in speaker cabinet ideal for extensions, takes

our speaker. Ref BD137.

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

BD22 2 25 watt loudspeaker two unit crossovers.

B8D30 2 Nicad constant current chargers adapt to charge
almost any nicad battery.

BD32 2 Humidity switches, as the air becomes damper the
membrane stretches and operates a microswitch.

BD42 5 13A rocker switch three tags so on/off, or change
aver with centre off.

BD45 1 24hr time switch, ex-Electricity Board, automati-
cally adjust for lengthening and shorening day.
original cost £40 each.

BD43 5 Neon valves, with series resistor, these make good
night lights

BDS6 1 Mini uniselector, one use is for an electric jigsaw
puzzle, we give circuit diagram for this. One pulse
into motor, moves switch through one pole.

BO67 1 Suck or blow operated pressure switch, or it can
be operated by any low pressure variation such as
water level in water tanks.

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

BD120 2 Stripper boards, each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well
as dozens of condensers, etc.

BD128 10 Very fine drills for pcb boards etc. Normal cost
about 80p each.

BD132 2 Plastic boxes approx 3in rube with square hole
through top so ideal for interrupted beam switch.

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

8D139 6 Microphone inserts—magnetic 400 ohm also act
as speakers.

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

BD149 6 Safety cover for 13A sockets—prevent those Inqui-
sitive little fingers getting nasty shocks.

BD180 6 Neon indicators in panel mounting holders with
lens.

BD193 6 5 amp 3 pin flush mounting sockets make a low
cost disco panel.

BD19% 1 Mains solenoid, very powerful, has 1in pull or could
push if modified.

B8D201 8 Keyboard switches—made for computers but have
many other applications.

BD211 1 Electric clock, mains operated, put this in a box and
you need never be late.

B8D221 5 12V alarms, make a noise about as loud as 3 car
horn. Slightly soiled but OK.

BD242 2 Bin x 4in speakers, 4 ohm made from Radiomobile
so very good quality.

BD252 1 Panostat, controls output of boiling ring from sim:
mer up boil.

BD259 50 Leads with push-on Yin tags—a must for hook-
ups—mains connections etc.

80263 2 Oblong push switches for bell or chimes, these can
mains up to 5 amps so could be foot switch if fitted
into pattress.

BD268 1 Mini 1 watt amp for record player. Will also change
speed of record player motor.

BD283 3 Mild steel boxes approx 3in x 3in x tin deep—stan-
dard electrical.

BD305 1 Tubular dynamic mic with optional table rest.

BD400 4 Books, useful for beginners, describes amplifiers
equipment and kit sets.

BD653 2 Miniature driver transformers. Ref. LT44. 20k to 1k
centre tapped.

BD548 2 35V relays each with 2 pairs changeover contacts.

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

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

TOASTERS 2 slice toasters — may need slight attention. Only £3.00 each.
Ref 3P84.

PERSONAL STEREOQS Again customer returns but complete and with
stereo head phones. A bargain at only £3.00 each. Our ref 3P83.
MICROWAVE CONTROL PANEL Mains operated, with touch switches.
This unit has a 4 digit display with a built in clock and 2 relay outputs —
one for power and one for pulsed power level. Could be used for all sorts
of timer contro! applications. Only £6.00. Qur ref 6P18.

EQUIPMENT WALL MOUNT Multi adjustable metal bracket ideal for
speakers, lights, etc. 2 for £5.00. Qur ref 5P152. J
NEW MAINS MOTORS 25 watt 3000 rpm made by Framco. Approx 6"
X 3 x 4 Priced at oniy £4.00 each. Our ref 4P54.

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

SUB-MIN TOGGLE SWITCH Body size 8mm x 4mm x 7mm
SBDT with chrome dolly fixing nuts. 3 for £3. Order ref BD649.
COPPER CLAD PANEL for making PCB. Size approx 12in
longx8'%in wide. Double-sided on fibreglass middle which is quite
thick (about 1/16in} so this would support quite heavy components and
could even form a chassis to hold a mains transformer, etc. Price £1
each. Our ref BD683.

POWERFUL IONISER

Generates approx. 10 times more IONS than the ETi and similar
circuits. Will refresh your home, office, workroom etc. Makes you
feel better and work harder — a complete mains operated kit, case
included. £92.50. Our ref 12P5/1,

REAL POWER AMPUFIER for your car, it has 150 watts output.
Frequency response 20hz to 20Khz and signal to noise ratio better than
60dB. Has built in short circuit protection and adjustable input level to suit
your existing car stereo, so needs no pre-amp. Works into speakers ref.
30P7 described below. A real bargain at only £57.00. Order ref: 57P1.

REAL POWER CAR SPEAKERS. Stereo palr output 100W each. 4-
Ohm impedance and consisting of 6% woofer, 2 mid range and 1"
tweeter. Each set in a compact purpose bullt shelf mounting unit. Ideal to
work with the amplifier described above. Price per palr £30.00. Order ref;
30P7.

STEREO CAR SPEAKERS. Not quite so powerful - 70w per channel.
3" woofer, 2" mid range and 1" tweeter. Again, in a super purpose built
sheif mounting unit. Price per pair £30.00. Order ref: 28P1.

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

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

COMPUTER KEYBOARDS Brand new, uncased.£3 00 each. ref 3P8S.
12" HIGH RESOLUTION MONITOR Amber screen,

beautifully cased for free standing, needs only a 12v 1.5 amp
supply. Technical data is on its way but we understand these
are TTL input. Brand new in makers’ cartons, Price: £22.00.
Order ref: 22P2.

POPULAR ITEMS — MANY NEW THIS MONTH
MAINS FANS Snail type construction. Approx. 5" X 4° mountea on &
metal plate for easy fixing. New. £5.00 each. Qur ref 5P166.
MICROWAVE TURNTABLE MOTOR Compiete with weight sensing
electronics that would have varied the cooking time. Ideal for window
displays, etc. Only £6.00. Qur ref SP165.
JOYSTICKS for BBC Atari, Dragon Commodore, etc. All £5.00 each. All
brand new, state which required
TELEPHONE TYPE KEYPAD. Reatly first class rear mounting unit. White
lettering on black buttons. Has conductive rubber contacts with soft click
operation. Circuit arranged in telephone type array. Requires 70mm by
55mm cutout and has a 10 IDC connector. Price £2.00. Ref. 2P251.
SUB-MIN PUSH SWITCHES Not much bigger than a plastic transistor
but double pote PCB mounting. 3 for £1.00. OQur ref BD68S.
AA CELLS Probably the most popular of the rechargeable NICAD types. 4
for £4.00. Qur ref. 4P44.
20 WATT 4 OHM SPEAKER With built in tweeter. Really well made unit
which has the power and the quality for hifi 6% dia. Price £5.00. Qur ref.
5P155 or 10 for £40.00 ref. 40P7.

MINI RADIO MODULE Only 2in square with ferrite aerial and solid dia.
tuner with own knob. It is superhet and operates from a PP3 battery and
would drive a crystal headphone. Price £1.00. Qur ref. BD716. )
BULGIN MAINS PLUG AND SOCKET The old and faithful 3 pin with
screw terminals. The piug is panet mounted and the socket is cable
mounted. 2 pairs for £1.00 or 4 plugs or 4 sockets for £1.00. Our ref. BD715,
BD715P, or BD715S.

MICROPHONE Low cost hand held dynamic microphone with on/off
switch in handle. Lead terminates in 1 3.5mm and 1 25mm plug. Only
£1.00. Ref. BD711.

MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT DE-
VICES 140v 100watt pair made by Hitachi. Ref 25K413 and its comple-
ment 25J118. Only £4.00 a pair. Our Ref. 4P42.

SINCLAIR C5 WHEELS
Including inner tubes and tyres. 13" and 16" diameter spoked poly
carhonate wheels. Finished in black. Only £6.00 each.
13" Ref 6P10, 16” Ref 6P11

COMPOSITE VIDEQ KITS These convert composite video into separate
H sync, V sync and video. Price £8.00. Our ref 8P38.

BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex system,
using a full range 4in driver of 4ohms impedance. Mounted in very nicely
made biack fronted walnut finish cabinets. Cabinet size approx 8%in wide,
14in high and 3'%in deep. Fitted with a good length of speaker flex and
terminating with a normal audio plug. Price £5 the pair. Our ref 5P141.
3%in FLOPPY DRIVES We still have two models in stock: Single
sided, 80 track, by Chinon. This is in the manufacturers metal case with
leads and IDC connectors. Price £40, reference 40P1. Also a double
sided, 80 track, by NEC. This is uncased. Price £69.50, reference 60P2.
Both are brand new.

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

REMOTE CONTROL FOR YOUR COMPUTER With this outfit you
can be as much as 20 feet away as you will have 3 joystick that can
transmit and a receiver to plug into and operate your computer and TV.
This is also just right if you want to use it with a big screen TV. The joystick
has two fire buttons and is of a really superior quality, with four suction
cups for additional control and one handed play. Price £15 for the radio
controlled pair. Our ref 15P27.

ASTEC PSU. Mains operated swilch mode, so very compact. Qutputs +
12y 2.5A, +5v 6A, +5v 5A, +12v 5A. Size: 7%in long X 4%in wide X 2%in
high. Cased ready for use. Brand new. Normal price £30+, our price only
£13.00. Order ref 13P2.

VERY POWERFUL 12 VOLT MOTORS. trd Horsepower. Made to
drive the Sinclair C5 electric car but adaptable to power a go-kart, a
mower, a rail car, model raitway, etc. Brand new. Price £20. Our ref 20P22,

PHILIPS LASER
This is hefium-neon and has a power rating of 2mW. Completely
safe as long as you do not look directly into the beam when eye
damage could result. Brand new, full spec. £35. Our ref. 35P1.
Mains operated power supply for this tube gives 8kv striking and
1.25kv at 5mA running. Complete kit with case £15. As above for 12V
battery. Also £15. Qur ref 15P22.

PANEL METERS 270 deg movement. New. £3.00 each. Qur ref 3P89.

SURFACE MOUNT KIT Makes a super high gain snooping amplifier on a
PCB less than an inch square! £7.00. Qur ref 7P15.

CB CONVERTERS Converts a car radio into an AM CB receiver. £4.00.
Our ref 4P48.

GEIGER COUNTER KIT Includes PCB, tube, loudspeaker, and all
components to build a 9v battery operated geiger counter. Only £39.
Our ref 29P1.

12V TO 220V INVERTER KIT This kit will convert 12v DC to 220v AC
It will supply up to 130 watts by using a larger transformer. As supplied it
will handle about 15 watts. Price is £12. Qur ref 12P17.

FULL RANGE OF COMPONENTS at very keen prices
are available from our associate company SCS COMPONENTS.
You may already have their catalogue, if not request one and we
will send it FOC with your goods.

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

12 VOLT BRUSHLESS FAN. Japanese made. The popuiar
square shape {4'%2inx4%inx1%ain). The electronically run fans not
only consume very little current but aiso they do not cause interference
as the brush type motors do. ldeal for cooling computers, etc., or for a
caravan. £8 each. Our ref 8P26.

MINI MONO AMP on p.c.b. size 4" x 2* {app.}
Fitted Volume control. The amplifier has three
transistors and we estimate the output
to be 2W rms. More technical data
will be included with the amp.

Brand new, perfect condition,

offered at the very low price of £1.15 each,
or 13 for £12.00.

J & N BULL ELECTRICAL
Dept. EE 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL ORDER TERMS: Cash, PO or cheque with order. Monthly account
orders accepted from schools and public companies. Please add £2.50
postage to orders. Access and B/Card orders accepted - minimum £5.
Phone {0273) 734648 or 203500. Fax No. {0273) 23077.

W

Also available in H pack Ref 25J99 and 25K343 £4.00 a pair. Ref. 4PS1.
TIME AND TEMPERATURE LCD MODULE A 12 hour clock a Celsius
and Fahrenheit thermometer a too hot alarm and a too cold alarm. Approx
50x20mm with 12.7mm digits. Requires 1AA battery and a few switches.
Comes with full data and diagram. Price £6.00. Our ref. 6P12.

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Qur ref. 3P60.
A REAL AIR MOVER Circular axial fan moves 205 cubic foot per min
which is about twice as much as our standard 4% fans. Low noise mains
operated 6'2" dia, brand new. Regular price over £30.00. Qur price only
£10.00. Qur ref 10P71.

600 WATT AIR OR LIQUID MAINS HEATER Smail coil heater made for
heating air or liquids. Will not corrode, lasts for years. Coil size 3* x 2
mounted on a metal plate for easy fixing. 4 dia. Price £3.00. Ref. 3P78 or 4
for £10.00. Our ref. 10P76.

EX-EQUIPMENT SWITCHED MODE POWER SUPPLIES Various

* makes and specs but generally +-5, +-12v ideal bench supply. Only

£8.00. Our ref. 8P36.

ACORN DATA RECORDER Made for the Electron or BBC computer but
suitable for others. Includes mains adaptor, leads and book. £12.00. Ref.

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

will carry upto 30A and is virtually indestructible. Available in red or black.

Re?ular price is over £120 per reel. Qur price only £20.00 for 100m reel.

Ref. 20P21 or 1 of each for £35.00. Ref 35P2. Makes absolutely superb

speaker cable!

NEW PIR SENSORS Infra red movement.sensors will switch up to 500w

mains, UK made, 12 month manufacturers warranty, 15-20m range with a

0-10min timer, adjustable wall bracket. Onty £20.00. Ref. 20P24.

MITSUBISHI 3'%" DISC DRIVES Brand new drives, % height double

sided, double density warranted. Qur price £60.00. Ref. 60P5.

NON-MEMORY PUSHBUTTON TELEPHONES. Same condition as 10

Memory with redial £3.00. Our ref. 3P79. BT approved.

SPECTRUM PRINTER INTERFACE Add a centranics interface to your

Spectrum complete with printer cable for onty £4.00, Our ref. 4PS2.

SPECTRUM SOUND BOX Add sound to your Spectrum with this

device. Just plug in. Complete with speaker, volume control and nicely

boxed. A snip at only £4.00. Qur ref. 4P53.

BBC JOYSTICK INTERFACE Converts a BBC joystick port to an Atari

type port. Price £2.00. Qur ref. 2P261.

TELEPHONE EXTENSION LEAD 5m phone extension lead with plug on

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

for only £19.00! Ref. 19P2.

LCD DISPLAY 4% digits supplied with connection data £3.00. Ref. 3P77

or 5 for £10. Ref. 10P78.

CROSS OVER NETWORK 8 Ohm 3 way for tweeter midrange and

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

or 10 for £15.00. Ref. 15P32.

BASE STATION MICROPHONE Top quality uni-directional electret

condenser mic 600r impedence sensitivity 16-18KHz - 68db built in chime

complete with mic stand bracket. £15.00. Ref. 15P28.

MICROPHONE STAND Very heavy chromed mic stand, magnetic base

4" high. £3.00 if ordered with above mic. Qur ref. 3P80.

SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger.

Charges 4 batteries in 8 hours, Price £6.00. Qur ref. 6P3.

MAINS SOLDERING IRON Price £3.00. Qur ref. 3P65,

SOLDERING IRON STAND Price £3.00. Our ref. 3P66.

MAINS SOLDERING IRON Price £3.00. Our ref. 3P65.

SOLDERING IRON STAND Price £3.00. Our ref. 3P65.

PR SENSORS Suhtable for alarm systems stc. Nicely boxed. Priced at

only £10.00. Our ref. 10P79.

SHARP PLOTTER PRINTER New 4 colour printer originally intsnded for

Sharp but may be adaptabie for other hi Compiete

with pens, paper etc. Prica £16.00. Our ref. 16P3

CENTRONICS ADAPTER KIT Converts the above piotter/printer to

Centronics compatible. Price £4.00. Our ref. 4P57.

CAR IONIZER KIT Improve the air in your car, clears smoke and helps

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

NEW FM BUG KIT New design with PCB embedded coil 3v operation.

Priced at £5.00. Qur ref. 5P158.

NEW PANEL METERS 50UA movement with three different scales that

are brought into view with a lever. Price only £3.00. Ref, 3P81,

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

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

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

ELECTRONIC SPEED CONTROL KIT Suitabte for controling our

powerful 12v motors. Price £17.00. Ref. 17P3 (heatsink required).

EXTENSION CABLE WITH A DIFFERENCE |t is flat on one side making

it easy to fix and look tidy. 4 core, suitable for alarms, phones etc. Qur

price only £5.00 for 50m reei. Ref. 5P153.

METAL PROJECT BOX Ideal for battery charger, power supply etc.

gg;ayed grey size 8" x 4" x 4%". Louvred for ventilation, Price £3.00. Ref.
5.
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RESISTORS

Carbon Film 0.25W E12 or
E24 series 1p each (min
quantity 10 per value), 80p per
100, £6.00 per 1000.

L 42 *w

Mixed Pack, of 1000 Carbon
Film resistors, 1R to 10M, 100
different values all separately
packed and labeled only £5.90

Metal Film 0.25/0.5 W E96
series 10R to 1MO 4p each (
min quantity 10 per value),
£3.00 per 100.

Ceramic/wirewound

4W OR1-10K 35p each

7W 0R33-12K 37p each
11W OR68-10K 40p each
17W 1R-10K 44p each

5% discount on 10+, 10% on
25+, 20% on 100+

Skeleton Pre-Sets
E3 series 100R-1M 20%
Horizontal or vertical 18p each.
5% discount on 10+, 10% on
25+, 20% on 100+

Enclosed Pre-Sets
100R-10M 20% Horizontal or
Vertical 24p each. 5% discount
on 10+, 10% on 25+, 20% on
100+

20 Tumn 3/4° Cormet Pots
10% tolerance 10R-2M 90p
each, 5% discounton 10+, 10%
on 25+, 20% on 100+

R | S
BC107B 20p
BC108B 20p
BC109C 22p
BC184C 6p
BC212B 6p
BC239C 4p
BC307C 4p
BC548C 4p
BC558C 4p
ZTX300 17p

The above are a few ex—
amples from the 1000's of
transistor types we have. We
cover all ranges & types
including JFET, SIPMOS,
TMOS, TIP plastic & metal,
FET & Darlingtons.

CAPACITORS CAPACITORS CMOS DIODES
Radlal Aluminium Disc Ceramic 5% 4000 :;: P | :"3\; 1N914 Sp
tolerance 150Volt 1N4148 4p
| 4002 17p #4161 40p
Electrolytic 20% tolerance [Pttt i e i 1N4001 3p
4007  17p 4163 40
10/16/25/35 Volt 15,22,33,47,68, 4p e 3;: o 37; 1N4002/3/4/5/6 4p
) 330,470 ,330, 012 17p 4194 42p
fggg‘ao'no ggp Pl Lo Zop 401 2P
2200 1o | 10%tolerancevaiveinpF| lois o7 iss o7 |  ZenerDiodes
3300 65p 220,330,470,680, 6p 4016  28p 4504  120p 500 mW
4700 85 1000,1500,2200 GO iy SCEIR R 242733330A7515662
P 4018 37p 4508 0%p 68,82110111213151618
3300,4700,6800  8p| 4«20 37p 410 37 0224210V
50/63/ Voit 4021 37p 4511 37p 75,8201
22 3Tp 4512 37
0.47,1.2.2.3.3.4.7.10 12 +80%-20% tol. value pF 4023 17p 4513 OQg All above voltages
,1,2.2,3.3,4.7, P
22,33,47 20 4700,10000 6p] 4024 35p 4514  85p at 5p each
e aop | 22000.47000 I B R
) P
470 S0p X 4028  37p 4517 99p 13w
1000 80p Tant. Bead resin dipped § 4020 s7p 4518 a7p ;iﬁﬁgﬁﬂﬁéﬁ‘?ﬁg
20% tolerancevalue in uF % gﬁp 45462.13 g;lp BN ZT DR
5p P
i o wl B e 21 e
0.47,1,2.2,4.7 12p Pl Ae ggg P 4:;
10,22 20p 47 25p 4042 37p 4827 B at 16p each
- 3% 1 1ovon o s | 2swoowa
100 S0p 4530 :
4048 47 A 75W versions
:13&? '1‘;7'6'8 ;?’ o o A e e
Ultra minlature Aluminum h Pl w50 27p 452 6%
olectrolytic radial 20% | 223347 35p) wer o 42 2
tolerance - Ta e B o
4V 4060 37 45p
. 18p | 22334768  15p) lee e o wp
4087 99p 4543 S54p
10,15 25p
63 Volt 4544 130p
22,100 18p | 23 Bl Do s 1
k 070 17p SN 400p
16 Volt 4551 85p
25 Volt 4071 17p
10,22,47 18p 4072 17p 488 1209
25 Voit 1,223.3 15p} ors 17p 4534 32
10,22,33 1 47,68 25p| 078 17p 9% S
Vo 8 10,15 asp| e amp (0 P
35 Voit h PN tor7 e g :2288
4.7,10,22 18 4078 17p
. 4 35 Volt w081 q7p 490 o
el 0.1,0.22,033,0.47 1sp| «8&2 1 % 1o OB
01022030047 1% | 06812233  20p| 7P LCodsenes Linear 1.C.s |
1,2.23.3,4.7.10 -68,1,2.2,3. Pl aes 4o .
Col W . 4.7,6.8,10 30p| 07 oo SOVE4SER0 call for price [
4000 46p i

BREGULATORS
7805 5V @1.5A
7812 12V @1.5A
7815 15V @ 1.5A
7905 -5V @ 1.5A
7912 -12V @ 1.5A
7915 -15V @ 1.5A

30p
30p
30p
30p
30p
30p

SOLDER ETC. CASE NOT SUPPLIED BUT AVAILABLE

CONSTANT CURRENT NI-CAD CHARGER Charge your Ni-Cads safely, can

KITS KITS KITS

ALL KITS ARE SUPPLIED WITH MAINS TRANSFORMER, HIGH QUALITY
GLASS FIBRE SILK SCREENED PCB, FULL INSTRUCTIONS, HEATSINK,

£7.50

be left on indefinitely without damage, batteries fully charged from flat in approx. 18 hours. Charge
up to 12 batteries in series (except PP3).

FAST NI-CAD CHARGER Rapidly charge your Ni-Cad racing pack from mains or £10.50
12Volts. Charger guarantees a full charge every time, making maximum use of your pack.

BENCH POWER SUPPLY 2.5 - 35 Volt @ 2 Amps The following spec £8.00
ensures excellent value for money for this most essential of workshop equipment. Line Reg.

0.03%, Load Reg. 0.1% Ripple Rejection 70 dB, Output Res. 1.5 milliOhm, Output Noise 80uV.

10 Amp BENCH POWER SUPPLY 5 - 33 Volt Use for powering C.B./ Ham £32.00

Radios, or a very high powered bench power supply. Spec as 2A version above.

HUNDREDS OF KITS AVAILABLE - SEND FOR LIST

1990 CATALOGUE

OUR NEW CATALOGUE LISTS THOUSANDS OF

COMPONENTS,

SWITCHES,

RELAYS, BUZZERS,

SOUNDERS, FIXINGS, CHEMICALS, PCB MATERIAL,
CABLE, MODULES, METERS, SOLDER, CONNECTORS,

PLUGS, SOCKETS, TRANSFORMERS,

INDUCTORS,

ADVANCED ELECTRONIC PRODUCTS LTD
P.O. BOX 10, Newton Abbot, Devon. TQ12 1JP
Tel: (0626) 332091 Fax:(0626) 332381

MAIL ORDER TERMS:POSTAL ORDER OR CHEQUE WITH ORDER.

PLASTIC & METAL BOXES,AND LOTS, LOTS MORE
- INFACT EVERYTHING YOU NEED
£2.50 (INCLUDING 5 £1 DISCOUNT VOUCHERS)

PLEASE ADD 75p POST & PACKING TO ORDER VALUE AND THEN 15%
VAT. ACCESS & VISA HOLDERS PLEASE PHONE ORDER BEFORE
4.45PM FOR SAME DAY DESPATCH.ALL ORDERS UNDER 750 Grms
SENT BY FIRST CLASS POST. OVERNIGHT CARRIER £9
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MAINS
APPLIANCE
REMOTE
CONTROL

The dream of controlling any appliance
from your armchair comes much closer
with our Mains Appliance Remote Control.
It employs an infra-red remote control and
the standard house mains wiring to switch
most mains appliances or fo adjust a digital

room thermostat. Is uses are limited by
your imagination and ingenuity!

DIRECT
CONVERS/ION
RECEIVER

Designed for the 80 metre amateur band this
set has a performance that is not far short of a
full superhet circuit. The receiver and the
chosen frequency band provide an excellent
introduction to amateur radio for those with
some constructional experience.

MINI BRIDGE
AMPLIFIER

lts design was prompted by a reader’s request for a
small but reasonably powerful amplifier suitable for

suitable for operation with a guitar pick-up or as a
general purpose test amplifier. It is powered by four
HFP7 size batteries.

This simple audio power amplifier is a general purpose
type which could be used in a number of applications.

use with video equipment. The unit should be equally

CHOOSING AND USING

TEST EQUIPMENT

This is the first part of a short series of self contained
articles looking at the various ftems of test gear
available, giving consideration to how useful they are,
how to use them and what to look for when buying them.

Unless you own all the test gear you could ever need
these articles are for you.

ELECTRONICS

JUNE ISSUE ON SALE FRIDAY MAY 41990
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AAY32

TRANSISTORS

MJES20
MJE2955K
MP8111
MP8112
MP8113

MP8512
MPS65781

2N.3442 85p
2N.3583 90p
2N.3585 120p
2N.3702 9p
2N.3703 9p
N 3704 9p
2N.3705 9p
2N.3706 9p
2N.3707 9p
2N.3708 9p
2N.3710 12p
2N.3711 12p
2N.3771 86p
2N.3772 90p
2N.3773 110p
2N.3799 18p
29p

2N 4401 12p
2N 4403 12p
2N.4443 76p
2N.5061 20p
2N.5088 20p
2N5163 a5p
2N.5192 50p
2N5241  500p
2N5245 45p
2N 6294 30p
2N.5296 30p
2N 5320 90p
2N 5321 60p
2N5366 25p
2N.5401 12

40p
2N.6384  120p
2N.6385  120p
2N.6403  160p
DIODES
RECTIFIER
DIODES
BY100 40p
8Y103 32p
BY126 6p
BY127 8p
BY133 8p
BY164 40p
BY179 35p

BY207 1p
BY208 18p
BY210 22p
BY225 120p
BY226 18p
B8Y227 19p
8Y228 32p
BY296 20p
BY298 26p
BY299 28p
BYX10 15p
BYX55/350  30p
BYX55/600  30p
BYX70/500 32p
BYX70/800  36p
OA91 8p
0A200 e
0A202 70
IN.914 2p
IN.4001 ap
IN.4002 ap
IN.4003 4p
IN.4004 ap
IN.4005 4p
IN.4006 ap
IN.4007 Sp
IN.4148 2p
IN.5400 9p
IN.5401 10p
IN.5402 10p
IN.5403 11p
IN.5404 11p
IN.5405 12p
IN.5406 13p
IN.5407 13p
iN.5408 13p
SKE4F2/06  50p
SKE4F2/08  70p
SKE4F2/10  90p
1.C. SOCKETS
8PIN 6p
14 PIN 8p
16 PIN 9
18PIN 12p
20 PIN 14p
22 PIN 16p
24 PIN 18p
28PIN 20p
40 PIN 25p
ZENER
400 MV
BZY88 RANGE

2v7 TO 39V 6p
1.3W
B2X61 RANGE

V77039V 12p
VOLTAGE
REGULATORS
7805 35p
7806 35p
7808 36p
7812 35p
7815 35p
7818 35p
7824 350
7905 35p
7906 a0p
7908 a0p
7912 a0p
7915 a0p
7918 a0p

78L05 28p
78L08 28p
78L12 28p
78L15 28p
78L18 28p
78L24 28p
79L05 40p
79L08 40p
79L12 40p
791156 40p
7818KC 100p
7824KC 100p
LM309K 100p
LM317K 220p
LM317T 180p
LM323K 420p
LM723 40p

79HGKC

LED 3MM RED 5p

LED 3MM
YELLOW 10p
LED 3MM

REEN 10p
LED 5MM RED 5p
LED 5MM
YELLOW 10p
LED 5MM
GREEN 10p
RECTANGULAR

LED.S

RED 10p
GREEN 15p
YELLOW 15p

LINEAR IC’s

110p

LF-361 45p
LF-353 48p
LF-355 60p
LF-356 60p
LF-357 70p
LF-398 300p
LM-301 26p
LM-307 42p
LM-308CN 70p
LM-311 35p
LM-318 120p
LM-319 165p
LM-324 35p
LM-334Z  115p
LM-335Z 120p
250p

37p

55p
LM-358 45p
LM-377 220p
LM-380 100p
LM-381 150p
LM-382 130p
LM-384 130p
LM-386 85p
LM-387 100p
LM-392 100p
LM-393 §5p
LM-709DIL  30p
LM-710 4a5p
LM-711 85p
LM-723 40p
LM-733 60p
LM-741DIL  18p
LM741MET  48p
LM-747 58p
LM-748 35p

LM-1458 33p

MC-3302 T0p
MC-3401 45p
MC-3403 60p
MC-3423 75p
NE-531 115p
NE-544 170p
NE-585 20p
NE-556 40p
NE-565 110p
NE-566 130p
NE-567 115p
NE-670 360p
NE-571 290p
NE-592 85p
NE-5532P  140p
NE-5534P 110p
74 SERIES

7400
7401 16p
7402 18p

7408 25p
7409 20p
7413 30p
7414 45p
7416 40p
7417 32p
7420 22p
7421 25p
7425 15p
7430 25p
7437 28p
7438 32p
7442 38p
7447 60p
7450 22p

7475 25p
7481 90p
7482 60p
7485 28p
7486 28p
7489 75p
7490 35p
7492 45p
7493 35p
7495 - 48p
7497 80p
74107 30p
74111 62p
74116 85p
74119 85p
74122 40p

74132 a2p
74141 55p
74145 70p
74153 45p
74155 45p
741567 a5p
74160 50p
74164 50p
74167 35p
74173 50p
74174 60p
74175 65p
74176 a5p
74180 50p
74182 45p
74192 40p
74196 40p
74197 45p
74393 70p

LM-1889 400p 74LS SERIES
LM-3900 40p Low
LM-3909 80p POWER
LM-3911 160p SCHOTTKY
LM-3914 250p ATET 1
LM-3915 255p
LM-3916 290p 741500 12p
MB-3515 240p 74L801 12p
MB-3614 180p 74LS02 12p
MB-3712 140p 74103 12p
MB-3713 130p 74LS04 12p
MB-3714 270p 74L505 12p
MB-3715 250p 74L508 12p
MB-3722 310p 74LS09 14p
MB-3730 200p 74L810 12p
MB-3731 300p 74LSN 12p
MB-3756 230p 74L812 12p
MB-3759 200p 74L813 20p
MB-8719 360p 74LS14 24p
74L816 14p
MC-1310P  130p 74L820 14p
MC-1455 45p 74L821 14p
MC-1458 33p 74L822 14p
MC-1469 290p 74L824 35p
MC-1488 65p 74LS26 14p
MC-1489 65p 74L527 14p
MC-1496 65p 74L828 14p

74L530
74L$32
74L833
74LS31
741538
74L840
74L542
741547
74L548
74L551
74L564
74L555
74L873
74LS74
74LS75
74LS76
74LS78
741583

7415390
74L5393
7418399
74LS629
74L8641
7415642
74L5644
7415645
74LS670
7415674
74L5687

COMPUTERIC'S

2114 200p
2532 330p
2716 200p
2732 280p
2732A 300p
2764 240p
27C64 550p
27128 310p
27256-25  400p
41256-15 240p
4116 75p
4164-15 150p
6116 160p
6264-12 300p

502 300p

6803 800p
6808 500p
6809 600p
6810 150p
6818 380p
6820 140p
6821 140p
6840 310p
6845 620p
6850 110p
8080A 400p
8085A 300p
8086 500p
8088 500p
B155 360p

8224 240p
8226 240p
8243 250p
8250 850p

61 270p
8263 230p
8256 200p
8256 1200p
8257 220p
8269 280p
8271 3400p
8279 270p
8284 440p
8288 650p
8748 1100p
8755 1400p

Z80BCPU 400p
ZBOADMA  500p
ZBOAP10 220p
'Z80BP10 340p
ZBOACTC 200p
Z80BCTC 320p
ZBOAS10 460p
Z80AS10-1 580p
Z80AS10-2 580p
ZBOADART 500p
SPECIAL OFFER
DRAMS
4164-15 150p
4164-12 175p
41256-10 260p
41256-12 240p
41256-16  220p
41464-12 360p
41464-10 430p
256KX4 1000p

1MBRAM-8 1080p
1MBRAM-101000p

SIPP

256KX9-10 3000p
256KX9-8 3800p
256KX9-7 5200p
256KX9-6  6500p

SRAMS
6264LP16
6264LP12
6264LP10
32KXB-12
62256-12
27512

SIMMS
1TMX8-10

4MX9-80 78000p

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

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

GRANDATALTD

DEPT NS. K.P. HOUSE, UNIT 15
POPIN COMMERCIAL CENTRE,
SOUTHWAY, WEMBLEY,
MIDDLESEX HA90HB, ENGLAND

Telephone: 01-900 2329
Telex No: 932 885 (Sunmit) )

Fax: 01-903 6126

Access & Visa Card acceppted.
Open Monday to Saturday.
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MARCO TRADING
THE MALTINGS, HIGH STREET, WEM. NEW CATALOGUE
SHROPSHIRE SY4 5EN DEPT 5 o
Tel: {0939) 3(2763 Telex: 356565 cf),&;gsgﬁféigmgzl&
Fax: {0939) 33800
ELECTRICAL & ELECTRONIC  /auyrvwmsuny (INCLUDING DISCOUNT
VISA COMPONENT SUPPLIERS i TICKETS) SEND £1.00
N k

BRANCHES: SUPERTRONICS, 65 HURST STREET, BIRMINGHAM. 021 6666504
WALTONS, 55A WORCESTER STREET, WOLVERHAMPTON. 0902 22039

CAD CHARGER
Charges AAA, AA_C, D & PP3 Ni-Cads. Please add £1.50 P&P

A\ \SPECIAL OFFER GVAC [ o et unless stated.

[icied

| |12V CHARGER |
BOTH : £4.99 - - - 12V CHARGER
———————

Juvita o Ssai egie (1 OB

CAD RECHARGEABLE
BATTERIES
PRICE EACH
1+ 10+
£1.50
95p
£1.95
(TOTAL CATALOGUE PRICE - £17.74) £2.00 i Order

£3.90 Code: SO/135

Price — . |

Super-directive sound callecting microphone. High | RANGE C-15W IRON 12V RECHARGEABLE
sensitivity super cardioid electret condenser. cs-17wm0Nm UNITS
Tubular element with foam windshieid. Built-in OF :

e XS-25W IRON ..
amplifier and earphones XS KIT 25W 10 x ‘D’ size ni-cads {4ah) encap-

S K £, sulated in a black plastic case. Fuse
BABAM GG n hoider. Gives 12V output when
e BOOKS ALL BITS FOR IRONS — £1.60 fhonged o oadiBment. ity

A5

' ELEMENTS £3.95 STANDS £2.99 imensions: 245x75x75mm
#* This unit is supplied, depending on availabiiity.
ORYX PORTASOL GAS Either in 4-pin version or §-pin version. The price is the
STOCK SOLDERING IRON same for either version.

Uni-directional. Electret condenser

Impedance 2K°hT‘s £1875 TIPS £550
R 200-15000l
Sensitivity: Mie-orrrie O edb 4-WAY - WITH LEAD & PLUG

Headphones... ....—5dB = —
A 4-way 13A socket, fused and with neon indicator.
ORDER CODE MICRIFLE PRICE £34.95 Fitted with 3 meters of cable terminating in a 13A
fused plug. White. = .

PERSONAL CASSETTES L2 L | S EE " Order Code: S0/132
£85 * SPECIAL OFFER * £5.75 each - St :;fg:g:(:::;m . 10)
Plus £5.00 AIWA - HS-P12 i bl

carriage. Features: Auto-Stop, Metal Selector. Our Price £8.99 4-WAY EX SOCKET 12V TWIN FLUORESCENT LAMP

5 speed single AIWA — HS'G35 Mk Il -
W i "

phase, % hp Features: Auto-Reverse, 3-Band Graphic Equalizer, ilicutiabove 12" DOUBLE TUBES
rrice £3.99

motor drives
3 chuck belt CrO,/Metal Selector. Our Price £16.99 or 2 for £30.00 ONLY £5.99

TEI:“:&Q;;O BABANI Books on TV/RADIO/
ELECTRET MICROPHONE INSERT I JRCRU- IO |y ey

. A-BUY

10mm dlam. 6.5mm thick 3V-10V O @B | Crrctonsipenes ™ "y | DATAVOLMEZ-scobovecZ

{8V typ) 600chm. 20-1200H2 T, ‘ Full range of WIREWOUND RESISTORS now in Setof4 £42100

OrderCode: AUDMICI  B5p ¥ stock — 2 5W/AW/TWN 1WA TW25WE0W - see DATA VOLUME 4—2SA & on . ATTRACTIVE WHITE FITTING, RIBBED PERSPEX
¢ P our atalogue DIODESVOLUME 1 v DIFFUSER, ON/OFF SWITCH, 3FT CABLE,

- DIODES VOLUME 2
Also AUD/MIC/2 T Both Volumes ! TRANSISTORISED CIRCUITRY, KEYHOLE FIXING

KTRONIX D795 — 50 meg. Solid e 1.C.CMOS
12V DC 8W TUBES. DIMENSIONS: 368 x 67 X 43MM.
HOME ALARM PACKAGE | Price ms.oosnelva?Cammm,oo :%Hﬁ e !
1.C. LIN VOLUME 2 X IDEAL FOR BOATS, CARAVANS, VANS ETC.
includes: POWER AMPLIFIER LBAVEHIes N 1

i TRANSISTORS AtoZ : .
* Optima Alarm Control Panel High power stereo in-car amplifier, 2 X 75W stereo mANSlSToRszN?aN L QUARTZ HALOGEN

# External Red Bell Box or mono (switchable). Input selector switch permits | BothVolumes : SPOT-LIGHT
i i m i Wi r stereo B o
#* 2 x 1Internal Passive |.R. connections to normal and high power ca Hand-held or hanging. 12ft. Cufly cable, 5

players. Power will ON/OFF automatically from H 1 f 1
* 2 x Door Contacts remote connection to car stereo power lead. Input Full fange of Tran5|stors, 74Ls' times normal headlamp intensity. Or/off

* Siren for bell box sensitivity selector. CMOS, Meters, TOOLS, Boxes, Vero, mcgéasjfgggeg‘“gs

gy Pl e Valves, PCB, Audio, Aerials, etc., etc. | societ
* Full fitting instructions fitting instructions. U y y ’ -t 3

ONLY £115 + £2.50 CARRIAGE 2205“ CODE <DK <|':Z SEE OUR CATALOGUE 589

R/PA
Ph for turth il
(Phone for turther details) PRICE £39.99 TR IR 0
. SURVEILLANCE EQUIPMENT ‘_D_I}k: SONY SL-C5/6/7/3
ICLOSED'CIRCU'T" TYPE 1: Camera, Monitor, Camera bracket, 40m = N :E:gﬂggnl‘mgﬁg;m:ggz

lead - read . Price: £149.99 Cat : £15.00
TELEVISION SYSTEM TBVaPE ;?aldye:\%é‘:latgm above cam’;‘;g:)ut with (ﬁ:ﬂcu: > & LL £8.00 EACH

buift-ln intercom. Price: £199.00 Carriage: £15.00 Usetul set of X1 and X10 probes

1 x CAMERA 1 x MONITOR 1 x CAMERA O ESOIDERING PUNIP g»:nxz:.mm I8 switchable, BNC
Price £14.95

| USED ) e Ceramic 50V ({125) ............. £3.99

s £2799 | dors comh SRy Electrolytics Rad. {100) ... £8.50

! oo Uy MAINS ADAPTOR ‘ Fuse 20mm Q B (80) ......... £4.75

oy ] - L oy Fuse 20mm A 5 {80} .. £8.50
1/ W 2 )

34,587, 5912V Pre-set Pots. Horiz. {120} .. £7.75
300 = A

Pre-set Pots. Vert. {120) .... £2.75

PRICE: £175 Pius £12.00 carriage — £3.50 o = RESISTORS

2SWG RESIN SOLDER [£3.00 oa 104 0.25W Poputar {1000) ..... . £6.99

2
e i T

Very High Quality 'MINI-BUG" - ideal for Baby Alarm etc.!!

0.5W Popular {1000) £10.75
Avery good range is abtainable = we have obtained aver v2mile, but £4.99 £4.75 £3.99 g:w ?oog':?gg:n. . :‘:.;g
it does depend an conditions. Simply remove cover - insert battery — . .. £8.
and you're ready to go- Reception can be obtained on any FM radlc;. ALSO 18SWG at £4.95 5009m. m: :z :;gg; g: ::
Frequency: 105-103MHz FM. Power: PP3 9V battery {not included). Orders of 5lorimoretraslsiplease add a Hirthe . T5p.P 8P L S T .
Dimensions: 4.25"x2.26"X0.75". Order Code ~ S0.004. Price: £9.99 B B Zener Diodes § oft (55) ..... £3.99
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Technik fiir Kenner - Made in Germany

ELV-

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

ULTRASONIC CAR ALARM

Ultra Sonic Car Alarm

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

PC Radi0 (iektor Erectronics Febuary 1990)

veLunt

Complete kit including case
44.367BKL ............... £ 3040
In addition the system has a voltage
sensing device i.e. the alarm is also
triggered if appliances are switched on
by an unauthorised person (e.g. the
mtg;lor lighting when the door is ope-
ned).

DIGITAL PROFESSIONAL ECHO 1000

(Elektor Electronics June 89)

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

ocket.

orking on the delta modulation prin-

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

Complete kit

44 255BKL ....... 5o £ 9950
Ready assembled module
44.255F.......cu..veeen. 134.50

Specification

Input sensitivity:
Inputt: 2mv
Input 2 : 200 mV
Dealy Time:
variable from 60 msto 1s

Bandwidth :
100 Hz to 12 kHz

Additional features:

inputs mixable

single and multipie echo

adjustable delay level

switchable vibrator )
switch-controlled noise suppression

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

Complete kit Ready assembled module
44544BKL ............... £ 8275 44544F.................... £ 137.30
VM 1000 Video-Modulator (sektor Erectronics March 99) RFK 700 computer delivers a vertical sync. of

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

Complete kit
44.546BKL ............... £

Ordering and payment:

® gealer inquiries weicome

Satt prices exctuding V.A.T. (french customers add 18.6%T.V.A.)

® sond Euro-cheque, Bank Draft or Visa card number with order.
Please add £ 3.00 for p & p (up to 2 kg total weight)

e postage carged at cost at heigher weight Air/Surface -

® e deliver worldwide except USA and Canada

RGB-CVBS Converter

(Eiektor Electronics October 89)

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

FRK 7000
CVBS-RGB Converter

With the help of the FRK 7000 e.g. it is
possible to use a cheap clour monitor
with RGB input on a video recorder.

The voltage supplr is gained from a
12V/300mA-DCvoltage mains adaptor.

aO)Hz and a horizontal sync. of 15.625
2).
The voltage supply is gained from a
12V/300mA-DC voltage mains adap-
tor.

Complete kit

44.525BKL ............... £ 66.50
Ready assembled module

44,525F .................... 119.50
Complete kit

44.509BKL ............... £ 66.50
Ready assembled module
44509F.................... 119.50

FRK 7000 ’

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




Technik fiir Kenner - Made in Germany ———————————

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

LPS 8000 /LC 7000 Low Cost Show Laser ( Efectronics The Maplin Magazine Dec 88 + Feb-Mar 90)

LPS 80060 Laser Power Supply, complete kit
Version 240 Volts AC

44.4288KL220 ......... £ 86.90
Version 220 Volts AC
44.4288KL240 ......... £ 86.90

LC 7000 Laser Controlier, complete kit
Version 12 Volts DC

44.427BKL ............... £ 60.80
H-N Laser Tube 2 mW
44 428IR ................. £ 60.80

An almost infinite number of
circular patterns can be pro-

¢ P!
= jected onto a wall or ceiling
SSSS " with this super laser show
.\\‘\/ equipment. -

The complete project inclu-
des a laser tube and accom-
panying power supply, hou-
sed in a metal case, and a
faser controller, LC 7090. The
Iaser controller drives the ac-

J)anymg deflection unit,
ﬁxe onto the laser power
supply case, which produces
the numerous configura-

ons.
Naturall¥| the laser tube, toge-
ther with the power suppty
can produce beams without
the laser controller and the
controller can be used with
other, similar lasers.

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

44.428F240.............. £ 156.50
Version 220 Vo'ts AC
44.428F220.............. £ 156.50

LC 7000 Laser Controller, ready assembled module
Version 12 Volts DC
44.427F.................... £ 104.30

Laser Motor-Mirror Set, complete kit
44 506M .................. £

el

VIDEO RECORDING
AMPLIFIER

(Elektor Electronics Aprit 89)

Losses can easily occur when copying
video tapes resulting in a distinct re-
duction tn quality. By using this video
recording amplifier, with no less than
four (1) outputs, the modulation range
is enlarged and the contrast range of
the copy increases.

Two level controllers for edge definition
(contour) and amplification (contrast
range) allow individua! and precise
adaptation.

Complete Kit
(includin Box PCB and all parts
44.324BKL ............... 14.7

IBM PC Service Card

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

(Elektor Electronics May 1990)

Complete kit
44.517BKL ............... £ 71195

Ready assembled module
44517F. ..o venveannnnnnn £ 137.95

TA 1000 Tﬂephone Answering Unlt (Eiektor Electronics January 1990)

This automatical telephone answering
unit uses a 256-kbit voice recording
circuit to store and replay your spoken
message ofuo to 15seconds. Notewor-

thy features are that it is available asa ~ Complete kit
complete kit, providesd a battery back- ~ 44.433BKL ............... £ 45.65

up facility and does not require align-

ment. No provision is made, however, ~ Ready assembled module
to record incoming calls, 44.4

° ® ° ® 'Y l \l
Ein Ein  Aus Start Aulnahme
[Telelon-Anrufbeantworter TAB 1000
BEm.. 2. .., £ 87.25 J

With the ELV IC tester logic function
fests can be carried out on nearly all
CMOS and TTL standard components,
accommodated in DIL packages up to
20 pin. The tester is designed as an
insertion card for IBM-PC-XT/AT and
compatibles. A small ZIF test socket
PCB is connected via a flat band cable.
Over 500 standard components can be
tested using the accompanying com-
prehensive test software.

IC TESTER for IBM-PC-XT/AT

( Electronics The Maplin Magazine Jun-Ju 88 +
Eleitor Electronics December 889)
Complete Kit including Yextool sok-

ket, connectors, sockets, Flat band
cable, PCB, Software

44 474BKL ............... £ 6085
Ready Assembied Module
4474F...................... £ 113.00

Software, single

ag 44.474SW ... £ 17.8

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

(33) 82.83.72.13 - Fax: (33) 82.83.81.80




MAIL ORDER AND SHOP:
EES8 135 Hunter Street,
Burton-on-Trent,
Staffs. DE14 28T
Tel: 0283 65435
Fax: 0283 46932

GE

ELECTRONICS & LTD

All prices include VAT . MICRO IN CONTROL
Shop open 9-5 Mon-Fri; et . NEW SERIES STARTED EE DEC’89
e .o WSupplying Electronics W ™ sy agrer kit £21.95
Official orders welcome ) -
for Educa tion, ALL PARTS LISTED IN TABLE 1
3 . . INCLUDING 5V 250mA SUPPLY
[ SUPERHET BROADCAST RECEIVER | Robotics, Music, AND K12 840 PIN BREADBOARD
EE MAR '%0 Computing and much, i
At last, an easy to build SUPERHET A M. radio / EDUCATIONAL BOOKS &
e ol g 1 much more| BOOK PROJECTS
sensitivity and selectivity provided by ceramic LF. en or our
filter. Simple alignment and tuning without illustra ADVENTURES WITH ELECTRONICS
special equipment. Kit available less case, or with [Hstie The classic Easy to Follow book suitable for all ages. Ideal
pre-cut and drilled transparent plastic panels and C AT A LOG U E for beginners. No soldering, uses an S-DEC breadboard.
dial for a striking see-through effect. Gives clear instructions with lots of pictures. 16 projects —
KIT REF 835 Only £1 00' including three radios, siren, metronome, organ, intercom,
>y timer, etc. Helps you learn about electronic components
[D.C. MOTOR GEARBOXES | A st snd s oo o s,
l STEPPING MOTORS ADVENTURES WITH ELECTRONICS £4.75

£22.35

COMPONENT PACK {less baok)

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

D35 PERMANENT MAGNET MOTOR — 48 steps
per rev. £1 6.§0
MD200 HYBRID MOTOR — 200 steps per rev.

FUN WITH ELECTRONICS
Fromthe USBORNE Pocket Scientist sefies — An enjoyable
introduction to electronics. Full of very clear full colour
pictures accompanied by easy to follow text. Ideal for all
beginners — children and adults. Only basic tools are
needed. 64 full colour pages cover all aspects — soldering
— fault finding — components (identification & how they

Idealfor Robots and Buggies. A miniature plastic
I reduction gearbox coupled with a 1-5-4-5 Volt
_mini motor. Variable gearbox reduction ratios
" are obtained by fitting from 1 to 6 gearwheels

{supplied). Two types available: £16.80 work). Also full details of how to build 6 projects — burglar
SMALL UNIT TYPE MGS ; £3.99 MD35 Vs PERMANENT MAGNET MOTOR — 48 alarm, radio, game, etc. Requires soldering — 4 pages
Speed range 3-2200 rpm. Size 37x43X25mm steps per rev. 7 clearly show you how.

LARGE UNIT TYPE MGL £455 MD38 PERMANENT MAGNET MOTOR — 48 The components suppliedin our pack allows all the projects

to be built and kept. The book is available separately.
FUN WITH ELECTRONICS Book
COMPONENT PACK {(less book)

" Speed range 2-1150 rpm. Size 57x43%29mm steps per rev. 4 £2.25

£17.55

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

[EVERYDAY ELECTRONICS KIT PROJECTS ]

"ALLKITS HERE HAVE BEEN FEATURED IN EE. IF YOU DO NOT HAVE THE MAGAZINE WITH THE ORIGINAL ARTICLE, YOU
WILL NEED TO ORDER THE REPRINT FOR 80p EXTRA. REPRINTS ALSO AVAILABLE SEPARATELY.
KITS INCLUDE CASES, PCB's, HARDWARE AND ALL COMPONENTS (UNLESS STATED OTHERWISE) CASES ARE NOT

DRILLED, LABELS ARE NOT SUPPLIED.

. Ref Price circuitcan be dismantled and rebuilt several times using the
Ret Price 578 SPECTRUM I/0 PORT less case Feb 87 £10.05 same components. The component pack allows all projects
835 SUPERHET BROADCAST RECEIVER Mar %0 569 CAR ALARM Dec 86 £13.24 Sl L T it oo e
With drilied panels and dial £15.99 563 200MHzDIG. FREQUENCY METER Nov86  £67.98 - T
Without above £12.99 561 LIGHT RIDER LAPEL BADGE Oct 86 £10.86 : ! . plifiers, light actuated switches,
834 QUICK CAP TESTER Feb 90 £9.69 560 LIGHT RIDER DISCO VERSION £20.89 e s siteriom e, touch sWitch seRnd utivated Swilcty
833 EE 4 CHANNEL LIGHT CHASER Jan 90 £29.95 559 LIGHT RIDER 16 LED VERSION £1452 moisture detector, M.W. Radio, Fuzz unit, etc.
815 EE TREASURE HUNTER Aug 89 Full Kit £39.95 556 INFRA-RED BEAM ALARM Sept 86 £30.19 il 30 SOLDERLESS BREADBOARD
814 BAT DETECTOR Jun 89 £19.98 544 TILT ALARM July 86 £8.33 il PROJECTS Book 1 £2.95
812 ULTRASONIC PET SCARER May 89 £13.80 542 PERSONAL RADIO June 86 £12.28 COMPONENT PACK £21.15
807 MINIPSU Feb 89 £22.71 528 PA AMPLIFIER May 86 £28.70 VEROBLOC £7.43
806 CONTINUITY TESTER Feb 89 £10.28 523 STEREO REVERB Apr86 £28.16
803 REACTION TIMER Dec 88 £31.93 513 BBC MIDI INTERFACE Mar 86 £29.76 ENJOYING ELECTRONICS
800 SPECTRUM EPROM PROGRAMMER Dec88  £28.72 512 MAINS TESTER & FUSE FINDER Mar 86 £9.39 A more advanced book which introduces some arithmetic
796 SEASHELL SYNTHESISER Nov 88 £26.61 497 MUSICAL DOOR BELL Jan 86 £19.95 and calculations to electronic circuits. 48 chapters covering
790 EPROM ERASER Oct 88 £2657 493 DIGITAL CAPACITANCE METER Dec 85 £44.25 elements of electronics such as current, transistor switches,
785 UNIVERSAL NICAD CHARGER July 83 £7.44 481 SOLDERING JRON CONTROLLER Oct 85 L flip-flops, oscillators, charge, pulses, etc. An excellent
780 CABLE & PIPE LOCATOR April 88 £16.35 454 STEPPERMOTOR INTERFACE FOR THE BBC VlE iite W8 chebor Dy other of our seried, Eirerly
769 VARIABLE 25V-2A BENCH POWER SUPPLY Feb 88 COMPUTER less case Aug 85 £8.95 [ " plained by Owen Bis"hop who has witien many
£52.95 1D35 STEPPER MOTOR EXTRA £8.95 b s - = -
763 AUDIO SIGNAL GENERATOR Dec 87 £14.53 OPTIGNAL POWER SUPPLY PARTS £5.47 fr"‘:;'a';’r‘;zeg'""‘”s SR e TSt virenits
739 ACCENTED BEAT METRONOME Nov 87 £2231 451 CONTINUITY TESTER July 85 £6.60 g
740 ACCOUSTIC PROBE Nov87 (less bolt& probe) £18.65 455 ELECTRONIC DOORBELL June 85 £8.05 [l ENJOYING ELECTRONICS Book i
744 VIDEO CONTROLLER Oct 87 £31.03 453 GRAPHIC EQUALISER June 85 £26.89 JJll COMPONENT PACK £1431
734 AUTOMATIC PORCH LIGHT Oct 87 £18.29 444 INSULATION TESTER Apr 85 £20.85 il VEROBLOC — £7.49
728 PERSONAL STEREO AMP Sept 87 £1524 430 SPECTRUM AMPLIFIER Jan 85 £1.36 Note - A simple multimeter is needed to fully follow this
730 BURST-FIRE MAINS CONTROLLER Sept87  £14.45 392 BBC MICRO AUDIO STORAGE SCOPE INTERFACE book. The M102BZ is ideal. £13.98
724 SUPER SOUND ADAPTOR Aug 87 £40.89 Nov 84 £38.61
718 3BAND 1.6-300MHz RADIO Aug 87 £28.25 387 MAINS CABLE DETECTOR Oct 84 £5.89 A FIRST ELECTRONICS COURSE
719 BUCCANEER LB. METAL DETECTOR inc. coils and 386 DRILL SPEED CONTROLLER Oct 84 £9.24 A copiously illustrated book th at explains the principles of
case, less handle and hardware July 87 £28.17 362 VARICAP AM RADIO May 84 £14.00 electronics by relating them to everyday objects, At the end
720 DIGITAL COUNTER/FREQ METER (10MHz) 337 BIOLOGICAL AMPLIFIER Jan 84 £25.1 of each chapter a set of questions and word puzzles allow
inc. case July 87 £7143 263 BUZZ OFF Mar 83 £6.05 progress to be checked in an entertaining way. An S-DEC
722 FERMOSTAT July 87 £12.93 242 INTERCOM no case July 82 £6.06 breadboard is used for this series - soldering is not required.
715 MINIDISCO LIGHT Jun 87 £1341 240 EGG TIMER June 82 £1.31 A FIRST ELECTRONIC COURSE BOOK £375
707 EQUALIZER (IONISER) May 87 £1654 205 SUSTAIN UNIT Oct 81 £18.78 [ o5 ok o
700 ACTIVE /R BURGULAR ALARM Mar 87 £37.97 108 IN SITU TRANSISTOR TESTER June 78 £10.03 :
581 VIDEO GUARD Feb 87 £8.94 106 WEIRD SOUND EFFECTS GEN Mar 78 £8.33
584 SPECTRUM SPEECH SYNTH. (no case) Feb87 £2228 101 ELECTRONIC DICE Mr 77 £5.67
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INSULATION
TESTER

EE APRIL 85 ,

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

KIT REF 444
rd N
Ve RN
{1181 | il AUA LY
ALY g 1 1
NRALLE | 77N 7:%}

3BAND 5
SHORT WAVE RADIO

EE AUG 87

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

build.

KIT REF 718

MINI STROBE

EE MAY ‘86

A hand held stroboscope which uses 6 “ultra
bright” LEDs as the light source. Designed to
demonstrate the principles of stroboscope
examination, the unit is also suitable for
measuring the speed of moving shafts etc.

The flash rate control covers 170-20,000 RPM in

two ranges.

KIT REF 529 @
Sy

EE - :

EQUALISER

EE MAY ‘87

A mains powered loniser with an output of
negative ions that give a refreshing feeling tothe
surrounding atmosphere. Negligible current
consumption and all-insulated construction
ensure that the unit is safe and economical in
use. Easy to build on a simple PCB.

KIT REF 707

LIGHT RIDERS

EE OCT '86

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

KIT REF 558 CHASER LIGHT £14.52
KIT REF 560 DISCO LIGHTS £20.89
KIT REF 561 LAPEL BADGE £10.86

Everyday Electronics, May 1990

DIGITAL
CAPACITANCE
METER

EE DEC 85

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

KIT REF 493 @

MOSFET -
VARIABLE
BENCH 25V 2.5A 8 =
POWER SUPPLY

EE FEB 88

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

PET
SCARER

EE MAY 89
Produces high power ultrasound pulses. L.E.D.

flashes to indicate power output and level.
Battery powered (9V-12V or via Mains Adaptor).

KIT REF 812 @

Mains Adaptor £1.98

DIGITAL FREQUENCY
200 MHz METER

EE NOV 86

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

frequencies.
£62.98

KIT REF 563

performance.

3 KIT REF 769

s
ACOUSTIC : 4 CHANNEL
PROBE LIGHT
EE NOV '87 '
A very popular project C‘ CHASER
which picks up vibrations by ¢
means of a contact probe - =3 EE Jan '90
and passesthem ontoa pair =1 A 1000W per channel chaser with zero volt
of headphones or an =4 switching, hard drive, inductive load capability,

mic sound sensor and sophisticated ‘beat’
detector. Chase steps to music or auto when
quiet. Variable speed and mic. sens. LED mimic
on front panel. Switchable for 3 or 4 channels.
P552 output. Ideal for rope lights, pin spots, disco
and display lighting.

KIT REF 833

amplifier. Sounds from engines, watches and
speechtravelling through walls can be amplified
and heard clearly. Useful for mechanics,
instrument engineers and nosey parkers!

KIT REF 740 0

MUSICAL DOORBELL

EE JAN '86

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

KIT REF 497

EPROM
ERASER

EE OCT '88

Safe low-cost unit capable of erasing up to four
EPROM’s simultaneously in less than twenty

minutes. Operates from a 12V supply. Safety
interlock. Convenient and simple to build and
use

£26.5

KIT REF 790

EETREASURE -

HUNTER

EE AUG 89

STEPPING MOTOR
A sensitive pulse induction B IN TERFA CE

Metal Detector. Picks up o EE AUG ‘85

coins and rings etc., upto P ‘f Thisinterface enables 4 phase unipolar stepping
20cms deep, Low ground 9‘2‘ 7o motors to be driven from four output lines of any
effect”. Can be used with ph computer user port. The circuit is especially
search-head underwater. o suitable for the D35 motor and our MD200 which

Easy to use and build, kit are commonl f i
. y used in buggies and robot arms.
includes search-head, handle, case, PCB and all Supplied complete with ribbon cable and

S

parts as shown. connector for the BBC user port.
KIT REF 815 £39.95 i FET )’
Headphones £1 99




TK FOR KITS

GUARD DOG KIT

PROGRAMMABLE ELECTRONIC LOCK KIT SUPER-SENSITIVE

MICROBUG
Keys could be a thing of s I
the past with this new high seaitve N peirigsion

security lock. Secure
doors to sheds, garages,
even your home or pre-
ventthe unauthorised use
of computers, burglar
alarms or cars. One
4—digit sequence will op-

PROGRAMMABLE
One of the best burglar deterrents is a e
guard dog and this kit provides the
barking without the bite! Can be con-
nected to a doorbell, pressure mat or
any other intruder detector and pro-

duces random threatening barks. P a
| Includes mains supply and horn erate the lock while incor

speaker rect entries will sound an
XK125 ) alarm. The number of in- alarm etc. XK128
Ty 1 correct entries allowed __——:—:*?—:::r-j
before the alarm is triggered is selected by you. Further entries will — BN N
be ignored for a time also set by you. Only the correct sequence will | 1 I
open the lock and switch off the alarm. The sequence may easily be " | VERSATILE REMOTE
changed by entering a special number and code on the supplied
keyboard. Kit includes; keyboard, alarm buzzer, high quality PGB and
all electronic components. Supply 5-15V DC. Will drive our Latch
Mechanism (701 150 @ £18.98) or relay directly.
XK131 £19.95

SCLDEM RESIST (30 » A0mm}
Only 45x25x15mm, including bullt- I
-in mic. 88-100MHz (standard FM I
radio). Range approx. 300m depend-
ing on terrain. Powered by 9V PP3 |
(7mA). Ideai for surveillance,igagg

ERROR COUNTER

DL8000K 8-way sequencer kit with
built-in opto-isolated sound to

light input. Only requires a box and
%{f{(&%t&ngb to corrppleli....ESQ.QS SIMPLE KITS FOR BEGINNERS
—-way chaser features Eenebi ) . ! )
i_diracti specially aimed at the beginner. Have fun with your project even after you
B spotiongneq e 404 have built it and also learn a little from building it. These kits include high

dimming kW per channel .. £23.95 quality solder resist printed circuit boards, all electronic components

DLZ1000K Uni~directional version ; - - A
fhr (including speaker where used) and full construction instructions with
of the above, Zero switching to circuit description.

reduce interference............ £13.95

Includes all components (+ trans-
former) for a sensitive IR receiver
with 16 logic outputs (0-15V) which
with suitable interface circuitry (re-
lays, triacs, etc details supplied) can
switch up to 16 items of equipment
DLA/1(for DL & DLZ1000K) ' on or oft remotely. Qutputs may be
Optional op-to input allowing audio , ’ (ia latched to the last received code or
‘beat/light response .............. a5p T s " U e momentary {on during transmission)
DL3000K 3—channel sound to light . 5 3 CP- ¥ by specifying the decoder IC and a
kit, zero voltage switching, A ’ 15V stabilised supply is available to
automatic level control and bullt-in ) power external circuits. Supply: 240V
mic. 1kW per channef ........ £19.55 SK1DOOR CHIME playsatunewhen XK118 TEN EXCITING PROJECTS FOR AC or 15-24V DC at 10mA. Size: (exc.

POWER STROBE KIT activated by a pushbutton ~ £4.50 BEGINNERS this kit contains a solder- transformer) 9x4x2 cms. Companion

. less breadboard, components and a transmitter is the MK18 which oper-
Produces an intense / SK2 WHISTLE SWITCH switches a  booklet with instructions to enable the ated from a 9V PP3 battery and gives
light pulse at a relay onand offin responseto whistle  absolute novice to build ten fascinating a range of up to 60ft. Two keyboards
variable frequency ol command £4.50 projectsincludingalightoperated switch, are available -MK9 (4-way) and MK10
of 1to15Hz, > intercom, burglar alarm and electronic 16-way).
Includes high quality SK3 SOUND GENERATOR produces jock Each project includes a circuit dia- K12 IR Receiver
PCB, components, FOUR different sounds, including gram “description of operation and an inc. transformer) .
connectors, 5Ws strobe tube and police/ambulance/fire-engine siren  gagy o follow layout diagram. A section K18 Transmitter .
assembly instructions. Supply: and machine gun 4.50  component identification and function is MK9 4-way Keyboard .....
240V ac. Size: 80x50x45. included, enabling the beginner to build MK10 16-way Keyboard ......
XK124 STROBOSCOPE KIT. £17.25 the circuits with confidence ..... £17.25 601133 Box for Transmitter .

ELECTRONIC WEIGHING VOICE RECORD/
e PLAYBACK KIT

This simple to construct and even sim-
pler to operate kit will record and play-
back short messages or tunes. it has
many uses — seatbelt o light reminder
—— {n thetc:r, welcortne m:ssagef to visi-
. . B . 07$ at home or at work, warning mes- HIGH QUALITY PCB

Kit contalns a single chip microproc- sages In factories and public pla?:es. In

essor. PCB, displays and afl electron- fact anywhere where a spoken message

ics to produce a digfital LED readout Is announced and which needs to be changed from time to time. Also suitable for toys - why
of weight in Kgs or Sts/Lbs. A PCB not convert your daugher's £8 doll to an £80 taking dolit!

link selects the scale-bathroom/two S i 76 x 60 x 15mm

igieél ?lei:%%%':dsz‘:las%%eArr:g& cost M ge time ............ - 1-5 secs normal speed, 2-10 secs siow speed
ES1

£8.25 XK129 £25.95

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

VOICE PROCESSOR
128K MEMORY

RECORD LED
MICROPHONE

Uses "burst fire*
technique to
maintain
temperature to
within 0.5°C.
Ideal for
photography,
incubators, wine

making, etc.

Maximum load 3kW (240V AC).
Temperature range up to 90°C.
Size: 7x4x2.5cms. MK4 ...... £8.95

2w
asstum

ORDERING INFORMATION All prices INCLUDE

TK ELECTRONICS VAT. Free P & P on orders over £60 (UK only),
13 Boston Road oth?rwi&se %dd £1.15. Ovedrgepas (':Duséomersgivide
total order by 1.15 then a & P: Europe £3.50,

London W7 3SJ elsewhere £10.00. Send cheque/PO/Visa/Access
Tel: 01-567 8910 No. wiéh order. Giro|No. 529314002. Local /}uthor-
. ity and educational institutions orders welcome.
Fax: 01-566 1916 Shop Open: Tuesday-Thursday 10 am — 5 pm.

TR ORDERS: 01-5675910 24 HOURS
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EVERYDAY

EI.EC'I'RONICS

L INCORPORATING ELECTRONICS MONTHLY

Editorial Offices
EVERYDAY ELECTRONICS EDITORIAL,
6 CHURCH STREET, WIMBORNE,
DORSET BH21 1JH
Phone: Wimborne (0202) 881749
FAX: (0202) 841692
See notes on Readers’ Enquiries below—we re-
gret that lengthy technical enquiries cannot be
answered over the telephone

Advertisement Offices

The Magazine for Electronic & Computer Projects

EVERYDAY ELECTRONICS ADVERTISEMENTS

HOLLAND WOOD HOUSE, CHURCH LANE,

VOL.19No.5 May '90

GREAT HOLLAND, ESSEX CO13 0JS.
Frinton (0255) 850596

MISSING MIORSE

This issue has been bumped up in size with the inclusion of the Amateur
Radio Supplement. Amateur radio is a fascinating hobby, closely allied to
electronics and of course totally dependent on electronics.

Before I go on about radio I must make an apology — we have been
unable to publish the Morse Tutor announced last month, due to cir-
cumstances beyond our control — will Mr D. Virden (the designer) please
contact us with regard to this project! Providing we can re-establish con-
tact and sort out some minor technical points we hope to publish the
design in a few months’ time - as they say, watch this space.

As far as we can tell this is the first time in the history of EE that we have
been unable to publish an *“advertised” project. I hope we can put this
right in due course.

Getting back to radio I must say that it was listening to short wave
transmissions that originally got me interested in electronics. Building
and using your own receiver adds that extra something which makes the
hobby even more interesting. Please let us know of your experiences and
interest in this subject. It is not an area that we cover in any depth but
should there be a high level of interest among readers we will consider
more amateur radio projects.

B.A.E.C. FOUNDER

It is with regret that we must report the death of Cyril Bogod. Well
known to many readers, Cyril was the founder of the British Amateur
Electronics Club, an organisation which has helped many hobbyists over
the years. Cyril was always interested in helping anyone with their hobby
and no doubt there are many readers who have much to thank him for.

His organisational abilities and enthusiasm ensured that the B.A.E.C.
survived through many years. His generosity has insured it will continue.
A short obituary appears on page 347. The last time I spoke to Cyril he
was *phoning from his hospital bed to see if I could help find someone to

assist with the B.A.E.C. in future years, such was his dedication.

RIS

SUBSCRIPTIONS

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

Everyday Electronics, May 1990

BH21 1JH. Subscriptions can only start with
the next available Issue. For back numbers
see below.

BACK ISSUES

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

BINDERS

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

Editor MIKE KENWARD
Secretary PAMELA BROWN
Deputy Editor

DAVID BARRINGTON
Business Manager

DAVID J. LEAVER

Editorial: WIMBORNE {0202) 881749

Advertisement Manager
PETER J. MEW Frinton {0255) 850596.

Classified Advertisements
Wimborne {0202) 881749
READERS' ENQUIRIES

We are unable to offer any advice on the
use, purchase, repair or modification of
commercial equipment or the 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.

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 late 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.
TRANSMITTERS/BUGS/
TELEPHONE EQUIPMENT

We would like to advise readers that
certain items of radio transmitting and
telephone equipment which may be
advertised in our pages cannot be leg-
ally used in the U.K. Readers should
check the law before using any trans-
mitting or telephone equipment as a
fine, confiscation of equipment and/or
imprisonment can result from illegal
use. The laws vary from country to
country; overseas readers should check
local laws.
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Constructional Project

AMSTRAD CP.

SPEECH
SYNTHESISEI

ROBERT PENFOLD

Low-cost voicing for your
Amstrad. Based on the popular
SPO256 “speech” chip.

popular computer ranges, the num-

ber of published add-on projects for
the Amstrad CPCs seems to be relatively
small. Possibly this is due to the fact that
Amstrad launched these computers after
the main home computer boom, when
interest in computer projects had waned
somewhat. Anyway, this article describes
an add-on speech synthesiser for any com-
puter in the CPC range, and helps to rectify
the lack of projects for these machines.

The unit fits onto the CPC expansion
port, and provides its speech output via the
computer’s built-in loudspeaker. The cir-
cuit is based on the popular SPO256 speech
synthesiser chip. This is a relatively cheap
speech chip, but is one which gives an un-
limited vocabulary.

Unlike some methods of speech syn-
thesis, the one used by the SPO256
does not require large amounts of the
computer’s memory in order to store a few
words. In fact a dozen long sentences
would probably require no more than
about 1K of memory. The speech quality is

B LtHouGH they rank as one of the most

Fig. 1. The Amstrad CPC Speech Synthesiser

block aragram.

not as good as some systems, but is quite
acceptable. Considering the simplicity of
the system used in this method of speech
synthesis, the speech quality is remarkably
good.

ALLOPHONES

There is a slight drawback in using the
SP0O256 speech chip, and this is simply
that it is relatively difficult to program
well. It produces words by stringing to-
gether a number of “allophones”, which
are the basic sounds of speech. For ex-
ample, “shhhh”, “arrr”, and “ow’” are the
sort of simple sounds that can be fitted
together to make up the more complex
sounds of complete words. These words,
separated by pauses where necessary, can
then be put together to make complete
sentences, or even a number of sentences if
required.

For this system to be successful you
must have at your disposal all the sounds
needed to make up all the words in the
language. Apparently the sounds required
vary significantly from one language to
another, and the sounds for
a particular language are called
“phonemes”. The SPO256 con-

SOUND &

tains sixty four phonemes (in-

cluding pauses) that permit any

English word to be produced.
For this system to work well

ADDRESS ADDRESS
BUS D OECODER ||

AMPLIFIER

the allophones need to be chosen
very carefully, and the obvious
ones are not necessarily the ones

——

that give the best results. How-
ever, with a little experience

CONTROL
BUS D DECODER

LOWPASS
FILTER

it is possible to put together
some intelligible sentences in
a reasonably short space of

time, perhaps with a little “fine
tuning” being needed in order to

T0 CPC EXPANSION PORT
"

68IT =

TRISTATE
BUFFER

07 Omm——il

SPEECH
SYNTHESISER

cHIP SYSTEM

get things just right.

OPERATION

The block diagram of Fig.]
shows the basic arrangement

used in this speech synthesiser.
The speech synthesiser chip is at
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the heart of the unit, and this includes a 2K
by 8 ROM that contains all the allophones.
It has provision for operation with up to
three external ROMs, giving a maximum
capacity of 256 allophones. However, in
most circuits (including this one) no
external ROMs are used. There are 64
allophones available to the user, and these
are selected via six address inputs.

Rather than a true audio output, the
SPO256 provides a pulse width modulated
output signal. In other words, the output
signal is a high frequency pulse signal, with
the pulse width being varied to give the
required audio output voltage. A high
mark-space ratio gives a high average
output voltage, a low mark-space ratio
gives a low average output potential, and a
1 to 1 ratio gives an intermediate average
output level.

By varying the pulse width the average
output voltage can therefore be made equal
to the required audio output potential. In
order to decode this type of signal it is
merely necessary to pass it through a
lowpass filter. This filters out the pulses and
leaves a potential equal to the average
voltage of the pulse signal. The output
signal from the lowpass filter is too low
to drive the audio input of the CPC
computers properly, and so the signal is
boosted by an amplifier before being fed to
the computer.

INTERFACING

Interfacing the SPO256 to the buses of a
computer is reasonably straightforward. In
order to produce a series of allophones
from the chip it must first be fed with a 6-
bit allophone address. Then, in order to
get the chip to produce the selected al-
lophone, a pulse must be applied to the
chip’s “ALD?” (allophone load) input.

It is important that the next allophone is
not sent to the SPO256 until it has com-
pleted the current one. Otherwise, each al-
lophone, apart from the final one, is cut
short to make way for the subsequent one,
giving what is just a brief burst of noise
from the loudspeaker.

The SPO256 provides a sort of “hand-
shake” output in the form of its “LRQ”
(load request) output. This is normally low,
but it goes high when the chip is producing
an allophone.

The flow of data can be correctly con-
trolled by using a software routine to send
an allophone address to the SPO256, wait
until “LRQ” goes low, send another al-
lophone address, monitor “LRQ” again,
and so on, until all the allophones have
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been produced. Timing loops are not really
a viable alternative as the allophones have
various durations from 10ms to 420ms. An
accurately timed flow of data is essential if
a good quality output is to be achieved.

In my experience at any rate, feeding the
address inputs of the SPO256 direct from
one of the computer’s buses is not likely
to be successful. More reliable results are
usually obtained if it is fed from a latching
output port. In this case it is driven from
a 6-bit latching output derived from data
lines DO to D5.

The “ALD” input of the speech chip
is driven from the “write” output of the
address/control bus decoder circuit. Conse-
quently, writing an allophone address to
the SPO256 results in that allophone being
automatically produced by the device.
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Fig. 2. Complete circuit diagram for she Amstrad CPC Speech Synthesiser.

The “LRQ” output of the SPO256 is fed
to D7 of the data bus via a tristate buffer.
Note that data line D6 is not required by
the speech synthesiser, and that this line of
the computer’s expansion port is left un-
connected.

DECODING

With an unexpanded CPC464 it is pos-
sible to utilize a very simple form of
address and control bus decoding, which
more or less consists of activating the
interface when A 10, IORQ, and either RD
or WR are all low. With expanded or disk
based CPCs the situation is a little more
tricky, and much more precise decoding is
required if interactions between the user
add-on and other hardware (particularly
the disk drivers) are to be avoided.

In this circuit all the address lines from
A4 to Al5 are decoded so that the speech
synthesiser is placed in the input/output
map at address &F8F0. In fact is appears
at ‘“‘echoes” from &F8F0 to &F8FF, and
can be accessed by way of any address in
this range.
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This range of addresses is specified as
being free for user add-ons in the Amstrad
CPC manuals, and there should be no
danger of any conflicts between the speech
synthesiser and any official Amstrad add-
ons or the computer’s internal hardware.
However, other add-ons might use the
same address range, and might not be
compatible with this unit.

The address/control bus decoder
provides separate ‘“read” and ‘“‘write”
outputs. Address &F8FO is therefore used
for sending allophone addresses to the
SP0O256, and for monitoring its “LRQ"”
output.

CcIRCUIT
OPERATION

Refer to Fig.2 for the full circuit
diagram of the Amstrad CPC Speech
Synthesiser. 1C6 is the SPO256 speech chip,
and this has a built-in clock oscillator.
It requires a discrete crystal and two
capacitors (X1, Cl, and C2), and the clock
frequency recommended by the speech chip
manufacturer is 3.12MHz.

Crystals having this operating frequency
do not seem to be very easily obtained, and
1 opted for a 3.2768MHz component. This
is a readily available and inexpensive type
intended for use in “quartz” clocks.

The increased clock.frequency merely
results in a slight increase in the pitch of the
‘audio output, and a marginal increase in
the speed with which words are “spoken”
by the unit. Perfectly satisfactory results
should be obtained using any crystal fre-
quency from about 3MHz to 3.3MHz.

The SPO256 reqires a negative reset
pulse at switch-on, and this is provided by
R6 and C7. The pulse code modulated
output is filtered by R1/C3 and R2/C4 to
leave the decoded audio frequency signal
which is fed to a common emitter amplifier
based on TR1. This has a large amount of
local negative feedback provided by RS,
and this reduces its voltage gain to about
20dB (10 times). This gives an audio output
of more than adequate strength to drive the
CPC’s audio input. C8 provides some
additional lowpass filtering which helps to
give a low ripple output signal.

ADDRESS

DECODING

Address decoding is provided by IC1
and IC2. ICl is an eight input NAND gate,
and it decodes A4 to A7 and Al2 to AlS.
The output of IC1 only goes low when all
eight of these address lines are high, which
is when an address which has “F” (hex) as
the first and third digits is accessed.

IC2 decodes address lines A8 to All.
IC2 is a three-to-eight line decoder, but in
this case omly output “0” of the device
is utilized. A8 is connected to its positive
enable input, while A9 to All are coupled
to its three address inputs.

Output 0 to IC2 goes low when an ad-
dress having “8” (hex) as its second digit
is accessed. However, the output of ICI
couples to one of the negative enable inputs
of IC2, so that output 0 of IC2 only goes
low when an address in the range &F8F0
to &F8FF is accessed. -

This almost gives all the required decod-
ing, but there are a couple of mild com-
plications. One is simply that the Z80A
microprocessor used in the CPC machines
has separate input/output and memory
maps.

The microprocessor indicates to the rest
of the system that it is undertaking an
input/output instruction by taking the
IORQ line low. Thus, the speech syn-
thesiser must ignore addresses in the
relevant range unless IORQ is low. This is
achieved by connecting IORQ to a second
negative enable input of IC2.

305



SND <——@
A5 -———

R
A13 —— @

A2 ——— @)
A1) e

A0 e )
A —t—ee(y)

Af ——r——)
Y ——

A6 4————-—@
AS tpre—————i®)

Al il

- b7 )

LR —]
DL<——@

D3 B
D2 @)

D ~——t @)
D0 b @)

+5V el

RD‘————@
(L e ——

VRt @)
GND -t ————(8)

vy

Fig. 3. (above) Printed circuit board component layout and wiring details. (below) Full size printed circuit copper forl master

The second complication is that we re-
quire separate outputs for read and write
operations. This is achieved by gating the
output of IC2 with the RD (read) and WR
(write) lines of the CPC expansion bus,
using a separate OR gate for each of these
two lines. This gives a negative read pulse
from IC4b, and a negative write pulse from
IC4a.

A positive pulse is needed for the ALD
input of the speech chip, and this is derived
from the write output via inverter IC7. The
six bit latching output for IC6 is provided
by IC3, which is actually an octal D
type ﬁlp/ﬂop In this case only snx of the
flip/flops are used, with the two “spares”
just being ignored. IC4a provxdes a nega-
tive pulse to the “clock pulse” input of
IC3 during write operations to the inter-
face, and this latches the outputs of the
flip/flops.

At switch-on a negative reset pulse is
supplied to IC3 by Cl1. This ensures that
IC3 commences with all its outputs low,
and that the speech chip does not produce
any output until the user activates it. R7
ensures that Cl1 is rapidly discharged
when the computer is switched off, so that
a fresh reset pulse is produced when it is
switched on again.

ICS is a quad tri-state buffer, but in this
circuit only one buffer is used and no con-
nections are made to the other three. It in-
terfaces the LRQ output of IC6 to D7 of
the CPC expansion bus, and it is set to the
active state by the output pulses from IC4b
during read operations to the speech syn-
thesiser.

Power for the speech synthesiser is ob-
tained from the +5 volt supply output
of the CPC expansion port. C9 provides
smoothing which helps to give a low noise
level on the audio output of the unit.
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pattern.

CONSTRUCTION

Details of the printed circuit board are
provided in Fig.3. Crystal X1 must be a
miniature wire-ended type with 0.2 inch

lead spacing if it is to fit easily onto the
board. Try to complete the soldered joints
reasonably rapidy when fitting this com-
ponent as some crystals are relatively easily
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Fig. 4. Connection details for the
2 x 25 way edge connector.

damaged by heat. IC6 is a MOS integrated
circuit, and as such it is vulnerable to
damage by static charges.

Leave this component in its anti-static
packaging until, in all other respects, the
unit is finished. Then fit this component
onto the board, handling it as little as pos-
sible, avoiding touching the pins and fitting
it into a holder already fitted to the board
so that there is no need to make any direct
soldered connections to this chip.

With a fairly large integrated circuit of
this type, IC6 can be a bit difficult to fit a
into its socket. Usually the pins have to be
carefully bent inwards slightly. Be careful
not to buckle any of its pins when fitting
IC6 into its socket. Although none of the
other integrated circuits are static sensitive
types, it is recommended that they should
be fitted in holders.

There should be no difficulties in fit-
ting the other components onto the board
provided the correct types of capacitor are
used. In particular, the polyester types
should have a lead spacing of 7.5 mil-
limetres (0.3 inches). Be careful to fit
the electrolytic capacitors with the cor-
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rect polarity. A number of link wires are
required, and these can be made from
22s.w.g. tinned copper wire, or the leads
trimmed from the resistors and capacitors
might be sufficient.

CONNECTIONS

The board is connected to the computer
via a 25-way ribbon cable which is fitted
with a 2 by 25-way 0.1 inch pitch edge
connector at the computer end. At the
other end it is either connected directly to
the board, or via pins if preferred.

Both ends of the cable should be pre-
pared by separating all the wires, stripping
a few millimetres of insulation from each
one, and tinning them all with solder. The
terminals of the edge connector (or the
twenty five that are used anyway) should
be tinned with solder, as should the pins on
the board if this method of connection is
adopted.

In my experience the CPC computers are
not tolerant of long connecting leads on
their expansion bus. It is therefore recom-
mended that the connecting cable should
be no more than about 0.6 metres long.

The edge connector connection details
are given in Fig.4. The board has been
designed so that the order of the connec-
tions on the board matches up well with
that of those on the edge connector. There-
is no need for any crossing over of wires,
but you still need to be very careful to get
each lead connected to the right terminal of
the edge connector.

The multi-coloured *“rainbow” ribbon
cable is better for this sort of thing, but
grey ribbon cable is usable if you take
extra care. If you are using a connector
fitted with the appropriate polarising key,
make quite sure that you have the connec-
tor the right way up before making the
connectio ns to it.

If the connector is not fitted with a
polarising key, clearly mark the top and
bottom edges such as to minimise the risk
of fitting it to the expansion port up-side-
down. Once this wiring has been com-
pleted, check it very thoroughly at least
once before connecting the unit to the
computer and trying it out.

Projects of this type are often left as
uncased boards, as was the prototype.
However, it should not be difficult to fit the
unit into a small plastic case if preferred.
This does have the advantages of being a
bit neater, and keeping dust etc. off the
circuit board.

Resistors
R1,R2 27k (2 off)
R3 Y
R4 ak7 a
RS 470
R6, R7 10k (2 off) See
page 319
All 0.25W 5% carbon
Capacitors
C1 12p ceramic plate
C2 10p ceramic plate
C3 22n polyester (7.5mm pitchg
C4,C8 10n polyester (7.5mm pitch
2 off)
C5 1u radial elect. 63V
C6 212 radial elect. 63V
C7,C11 220uradial elect. 10V (2 off)
Cc9 330u axial elect. 10V

C10 100n disc ceramic

Semiconductors

IC1 74LS30 8-input NAND gate
1C2 74L5138 3-to-8line
decoder

IC3 74LS273 octal flip/flop
1C4 74LS32 quad 2-input OR

gate
IC5 7415125 quad tristate buffer
1C6 SP0256 speech synthesiser
1C7 74L514 hex inverting trigger
TR1 BC549 silicon npn
Miscellaneous
X1 3.2768MHz miniature
wire-ended crystal (see
text)

Printed circuit board availablie from the
EE PCB Service, order code EE689; case
(see text); 2 x 25 way 0.1 inch pitch edge
connector; 25 way ribbon cable; 14 pin
d.i.l.i.c. holder (4 off); 16 pind.i.l.i.c.
holder; 20 pin d.i.l. i.c. holder; 28 pin d.i.l.
i.c. holder; connecting wire; etc.

£20

Approx cost.

Guidance only

307



INUSE

With any add-on project that connects
to a computer’s buses it is essential to con-
nect it to the computer prior to switch-
on. Otherwise the computer is likely to
crash when the add-on is connected, and
the computer and (or) add-on could be
damaged. Once switched on, the computer
should go through its start-up routine in
the normal way. Switch off at once and
recheck all the wiring if there is any hint of
anything out of the ordinary at switch-on.

To test the unit you can try this example
program, which should result in the speech
unit saying a couple of words that will be
familiar to all readers!

5 REM SPEECH ROUTINE

10 READ a

20 OUT &F8F0,a

30IF a = 64 THEN END

40 WHILE INP(&F8F0) > 127

50 WEND

60 GOTO 10

70 DATA 7,7, 35, 52,19, 0, 33, 20, 3, 19,
45,7,42,17,39,24,11, 12,41, 55, 64

Line 10 reads data from line 70, and at
line 20 each read value is sent to the speech
synthesiser. Line 30 is used to detect the
end of the speech data, and terminate the
routine.

This is achieved by using a number of 64
as the last allophone value. This value is
sent to the speech unit, but as it does not
respond to the two most significant bits,
the value it is sent is effectively zero. This is
important, because most of the allophones
do not cut off after the appropriate length
of time, but will continue indefinitely if
allowed to do so. Using 0 as the last al-
‘lophone address finishes the sequence of
allophones with a short pause, and ensures
that there is then silence from the speech
unit until it is activated again.

A WHILE... WEND loop at lines 40 and
50 halts the progress of the program until

the current allophone has been completed.
The test used is whether or not the value
returned from the speech unit is greater
than 127. It must be more than 127 while
an allophone is being produced, since D7
will be taken high by the status output of
the SPO256, giving a returned value of
at least 128. However, once an allophone
has been completed, and D7 is taken low,
the returned value can be no more than
127. Logic ANDing could be used to mask
DO to D6, but the method used in the
demonstration program is probably faster
and easier.

The allophone values used in the ex-
ample program are the obvious ones, and
they give reasonable results. In some cases
the obvious allophones give something far
removed from the desired resuit, but a little
experimentation will often resolve matters.

Sometimes what may seem like a sound
that requires just one allophone needs to
be put together from two or even three
allophones. The accompanying list of al-
lophones, addresses (in hex and decimal),

TABLE. 1: List of Allophones, their addresses and sample words

Dec Hex Allo- Example
Address Address phone Word

0 0 PA1*  10ms pause
1 1 PA2°  30ms pause
2 2 PA3°  50ms pause
3 3 PA4*  100ms pause
4 4 PAB®  200ms pause
5 5 (00 4 bOY

6 6 AY frY

7 7 EH* End

8 8 KK3 Come

¢ 9 17 Poster

10 A JH dodGe

1 B NN1  tiN

12 E IH® pht

13 D T2  Top

14 E RR1 Rattle

15 F AX®  sUcceed

16 10 MM Mint

17 11 TTH porT

18 12 DH1 THem

19 13 1Y sEA

20 14 EY cAge

21 15 DD1  shoulD

22 16 Uw1l w0

23 17 AO® tAUght

24 18 AA* 10t

25 19 YY2 YEs

26 1A AE*  tAp

27 1B HH1 Hat

28 1C BB BUsy

29 1D TH* THen

30 1E UH* bOOk

31 1F Uuw2 bpooOt

Dec Hex Allo- Example
Address Address phone Word
32 20 AW OUr
33 21 DD2 Down
34 22 GG3 fIG

35 23 v Verticat
36 24 EG1 GUest
37 25 SH SHone
38 26 ZH aZure
39 27 RR2 tRain
40 28 FF* Find
41 29 KK2  sKy

42 2A KK1 Can

43 2B Y74 Zoo

44 2C NG bANk
45 2D LL Love
46 2E ww Wood
47 2F XR Rain
48 30 WH WHere
49 31 YY1 Yell

50 32 CH CHoose
51 33 ER1 fIR

52 34 ER2 buRR
53 35 oW  bOwW
54 36 DH2 THey
55 37 SS*  veSt
56 38 NN2 Now
57 39 HH2 How
58 3A OR sORe
59 3B AR alARm
60 3C YR reaR

61 3D EG2 Got

62 3E EL saddLE
63 3F BB2 Bottle

. R, o 3
Where allophones are marked with a it is possible to use the same one two or
more times in a row in order to give an elongated version of the sound.

308

plus example words to clarify the sounds
they produce, should aid the selection of
likely allophones for your own phrases.

ALLOPHONE
ALTERATION
AND USE

Note that in most cases you cannot
produce elongated versions of allophones
simply by using the same one two or three
times in succession. In most cases this just
gives a sort of echo effect. It is possible with
some though, as indicated in the list.

With a few of these it is acceptable to
duplicate them at the beginning of a word,
but not if they are used at the end or
in the middle. However, I am only giving
guidelines rather than nigid rules here. It
does no harm to experiment a little, and the
invalid use of allophones sometimes gives
the best results.

In a number of instances there are what
seems to be duplications of allophones.
This is where the lengths of the sounds and
the empbhasis is different. In general, it is
the longer and ““harder” versions of sounds
that are used at the beginnings of words,
with shorter and “milder” versions being
used at the end or in the middle.

The example words indicate the normal
position in a word that each allophone
should occupy, although I must again
emphasise that there are no hard and fast
rules here. Where there are alternative
sounds, it is worthwhile trying them all to
determine which one sounds best.

Some of the shorter and ‘‘sharper”
sounds work best if they are preceded by
silence. As many of these are often used at
the beginnings of words, this preceding
silence will be provided anyway. However,
where necessary a strategically placed brief
pause (allophone 0 or 1) will improve
results. The sounds which benefit from this
are the B, D, and G ones (which only need
short pauses), and the P, T, and K ones
(which require longer pauses, possibly even
allophone 2 instead of 1).

Pauses in general tend to be problemati-
cal. There is a natural tendency to assume
that there are short pauses between words,
longer ones between sentences, and no
pauses anywhere else. In fact there are
often few pauses between words, and some
in between syllables of the words that do
not easily trip of the tongue. When select-
ing pauses, or any allophones come to that,
you should think in terms of what the
phrase sounds like, rather than how it
appears in written form. O
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A selection of products from
our BARGAIN LISTS: Ring or
write for a free copy of our
latest list 32 page Spring
Supplement.

Z4295 Error Correction Card, made by Tulse-

1990 CATALOGUE

128 PAGES OF ELECTRONIC COMPONENTS AND

EQUIPMENT. HUGE RANGE!

AMAZING VALUE!

DON'T MISS OUT — GET YOUR COPY NOW.— ONLY
£1.50 POST FREE!!!

data Ltd, this 130 X86mm board contains a
BOC85A microprocessor, 82C51x3, 5864-15,
2764-15, + 9 other chips, a 10 way DIL switch
R'sC's etc .. . There’'s a 14 way ribbon cable to
a small PCB with 2x 1489. Originally cost over
£70.00. Our low price £10.00

24300 Nice panel 330x 170mm with 3 chunky
heatsinks 47x36x32mm, each with T0220
voltage reg. Also 56X 74 series IC’s including
L+LS. 3x40W IDC plugs, few tants etc ...
Attached to the board are 2x 0.5 metre long
twisted and flat ribbon cables terminated in 50
way IDC sockets. £4.00

K575 Plastic Power Pack, mainly TO126 &
T0220 transistors, SCR's, Triacs etc. All new
full spec marked devices offering fantastic
value. Lots of TIP & BD types. 50 for £7.50

24299 Hourmeter. This has a 12-24V quartz
movement and measures to 99999.99 hours
{11 and a half yearsi). Face 52x52mm, depth
50mm. £4.60

28884 Acoustic coupler for use with Liberator.
Made by Sendata, 700F series. One end has
PCB with lots of chips plus 4xAA Nicads to
power. Other end has socket to take mains
power supply (supplied). Also included is a
communications cartridge and a comprehen-
sive 46 page manual. New. £20.00

Z4279 Interesting little panel (76mm x 40mm)
with 16 position BCD channel switch (24 pins),
two dual green seven seg diplays, two min
keyboard switches, and a short a 4093.
Attached by a short length of ribbon cable is a
second panel (same size) with 4518, 4019
and two X 5068 chips. Supplied with circuit.
Only £2.20

KEYBOARDS
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28852 Keyboard: Superb brand new
keyboard 392 x 181 with LCD displaying 1 line
of 10 characters and a further line with various
symbols. 100 keys, inc. separate numeric
keypad. Chips on board are 2 x 74HCO5,
80C48. LCD + driver chips are easily remov-
ablefromboard. ..o, £15.00

28857 High quality Alphanumeric keyboard
on aluminium frame 314 x 150mm. Contact-
less keys good for 20 million operations.
Originally sold at over £100 each, they were
used in a ‘Printcom’ portable terminal. Fully
ASCIt encoded output. Power supply + 5V and
—12V @ 356mA. Supplied with comprehensive
datai e . ... ol

. 28856 Cherry computer keyboard. Very slim
model 340 x 130 by only 14mm deep, in-
cluding keys. Matrix output. 67 keys in pate/
dark brown. £4.00

Z8863 Keyboard. High quality unit made by
Micro Switch. 69 pale grey and blue keys. 6 red
5mm LED’s, 15 various LS chips and socketed
D8048 by Intel. Output via 7 way plug and
there is a 4 way edge connector too. Keyboard
frame is 317 x 128mm. PCB on which it's
mounted is 285 x 170mm.

....................... «.... Excellent value at £12.00

DISPLAYS
24243 Display panel 162 X 112mm with NEC
8 digit display (21731); 8279-5, MC146818, 3 x
uPABOC, & a couple of LS chips, crystal, etc.
£2.90

Z1731 NEC Vacuum Fluorescent Display
FIP8BII. 8 digit multiplexed output 10mm high.
Heater voltage 2V, grid/anode voltage 24V.
£2.00

Z4115 8 digit 12.7mm high LCD and holder.
These are 14 segment devices aliowing alpha-
numeric display. Normally costmg over £15 00
we are offering these for just...

Z4148 LCD as 24115 but 6 digit, 50 pins. lee
RS 588-601. Their price 10.86. ........cccccee £3.0

21732 Epson LCD4 digit8Bmm high. ........ £2.00

21637 LCD Display — Direct drive 3% digit
similar to RS 588-572. 12.7mm high digits. Op

HIGH QUALITY TEST EQUIPMENT

HITACHI OSCILLOSCOPES
FOR QUALITY AND VALUE

i@t
‘,‘n'.“

-- ret b0
.

V223 DC-20MHz, dual Channel, single time-
base delayed sweep, DC offset, alternate mag-
nifier, 6in screen, 5mV/div vert. sensitivity
0.2us/div-0.2s/div sweep time. Complete with
2 probes, manual, mains lead. ... £4
Other models from £339 - full details in
catalogue. Ask for colour brochure.

METEX METERS

8 different models in our cataloguel |
* 4Y; digit 12mm LCD

display
* 30 ranges incl

20A ac/dc

* Frequency
counter

* Capacitance test
with zero adjust

Data hold switch
Diode test

*

*

* Transistor test
* Continuity test
*
*
*

= =
M4650
£94.00

Test leads with 4mm plugs
Rugged yeltow case
Carrying case

Battery and instruction manual included.
AC volts 0-200m-2-20-200-750Vac +0.5%
DC volts 0-200m-2-20-200-1000vdc £0.5%
AC current 0-2m-200m-20Aac +1.0%

DC current 0-200x-2m-200m-20Adc 1£0.5%
Resist 0-200-2k-20k-200k-2M-20MQ +0.15%
Capacitance 0-20p-200n-20pF +2.0%
Frequency 0-20k-200kHz +2.0%

Transistor hFE 0-1000 NPN/PNP

Dims 1768 x 90 X 36mm

FREQUENCY COUNTER

|
NE oy iy
-y 1 o

...1"“*"'“1

FC5250 7 digit frequency counter for frequen-
cies between 10Hz and 150MHz. Power on/off,
X 1/x10 gate time and VHF/HF switches. Inputs
via BNC sockets. Supplied complete with in-
struction manual and test lead. Requlres an
external 9Vdc nom 200mA power supply.

i £

DIGITAL

§ Outputcontrol...

AF GENERATOR/COUNTER

' LTS "i-

AG2603AD A combined audio frequency sig-
nal generator and frequency counter. A six
character LED display allows direct reading of
internally generated signal or signals from an
external source. The frequency generator has
a range of 10Hz to 1MHz with either square or
sine waveforms and adjustable output level.
The frequency counter has a range of 10Hz to
150MHz. Frequency range controlled by a 5-
step selector and fine control. Adjustable
ouput level with 0/20/40dB attenuator.

AUDIO GENERATOR

Frequency range 10Hz 10 1MHz
Outputimpedance 0082 unbalanced
..0-20-40dB and fine adjuster

.8V rms max
10V p-p max
FREQUENCY COUNTER
Frequency range
inputvoliage ..
Max input voltag
Input impedance:
High frequency
VHF

. 10Hzto 150MHz
. Less than 50mV
3l

240Vac 50Hz
215 x 150 X 200mm
£175.00

Power
Dims ..
Price

RF GENERATOR/COUNTER
Similar in appearance to above with same
frequency counter. Spec:

Frequency range
RFOutput .
Outputcon
Modulation.....

100kHzto 150 MHz

.100mV rms (up to 35MHz)
.0/20dB and fine adj.

<oeee. Internal 1kHz,
external 50kHz-20kHz
atlessthan 1V rms

Price £179.00

AMSTRAD
SPEECH SYNTHESISER

As featured in this
month’s issue!

All components inc. PCB,
edge conn., etc., for just
£10.95!

+ FREE! An extra SP0256
chip with every kit!!
Suitable Case £3.00
SP0256 Speech Chip
£2.50

MSDOS PACK
24305 Epson PCe disk pack
Contents:

1)364 page MSDOS 3.20 reference manual
showing all commands, etc.

2} 100 page book “Everyday with MS-DOS" -
an excellent introduction, starting from
basics.

395 page book “Setting up and getting
started"”.

4) 61 page book “Diagnostics Users Guide”.

5)Pack of 3 5.25" disks - 2 MSDOS 3.20
system/utilities disks and a system depen-
dent utilities disk.

All books are spiral bound. Everything brand new

in original carton. £ 1 0 . 00

Cost new £55.
Qur price

POWER SUPPLIES

{a) SWITCH MODE

ASTEC Model AA12531

I/P: 115/230V ac 50/60Hz. O/P: V1 + 5V BA;
V2 + 12V 0.15A. Size: 160 X 104 X 45mm.
Partially enclosed panel with fixing holes in
steel case on 120 x 125mm centres. Inputs
and Qutputs are on colour coded leads; there
is also an EEC socketon aflying lead. ....... £6.95

Z660 Astec switched
mode PSU

This small PCB,

just 50 x 50mm will

accept 8-24V input and

give a stable 5V DC at up to 2A output. The
6 transistor circuit provides current overload
protection, thermal cut-out and excellent filtter-
ing. Offered at the remarkably low price of
just £5.00

{b) CONVENTIONAL

Z4215 Siliconix mains input, 4.5V DC 150mA
output to 3.5mm jack plug on 2m lead. Built-in
continental 2-pin plug. Size 62 x 46 X
35mm £1.50
Z4170 Plug in power supply. Built in 13A plug.
Output 6V DC 300mA on 2m long lead termin-
ated in a 3mm power plug. British made to
BS415 £1.50
24208 Oric Power Supply. Moulded plastic
case with built in 13A plug. Output 9Vdc at
600mA delivered to 2m lead with 2.5mm
powerplug £3.50

BREADBOARDS

FREE, if requested, with every breadboard
sold this month{ K574 wire link pack with
about 250 links for use with breadboard or
PCB’s!

PROTOBLOC 1

G708 Pi 1 has a total of 400 tie points

CAPACITANCE
METER

CM3300 High accuracy AUTORANGING
3 digit capacitance meter. High resolution
measurement in the range 0.1pF to 39900uF
with 10 auto ranges. Range hold switch for
batch testing capacitors. Range zero control.
Inputs via spring terminals or test leads (sup-
plied). Complete with leads and instruction
manual.

Price £65.00

SIGNAL TRACER/INJECTOR

Y133 For fault finding on Audio & RF Equip,
VU meter and speaker. Level controls, 0-60dB
atten. switch. I/P, O/P, ext spkr, and injector
skts on Front panel. Size 200x140x936mm.
UsesPP3. £55.00

voltage 4-12 RMS @ 32Hz typ. Supplied with
data. £2.00; 10+/
£1.75; 25+/£1,50; 100+/£1.00

21560 7 seg display, 20mm high. Common
anode. ...Only 70p! 25+ /50p; 100+/42p

DL1416 Alphanumeric 4 character intelligent
display 0.16" . £7.00

DL3416 4 digit intelligent alphanumeric dis-
play with built-in drive and memory. ASCH
ROM and multiplexing circuitry. TTL com-
patible inputs. +5V. Supplied with data.

Listprice £41.50. ..o £8.00
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NE———
GREENWELD

ELECTRONIC
COMPONENTS

AII %lces include VAT, P&P £2.00 per order. Min Credit Card
o CWO min. Official Orders from Education welcome &

mm invoice ch;a‘dge £10.00. Our shop has enormous stocks of

componenls a

and see us!

HOW TO CONTACT GREENWELD:

below: By Phone: (0703} 772501/7

business hours): By

MAG36026: By Telex: 94081101

is open from 9-5.30 from Mon-Sat. Come

By Post: Use the address
740 {ansaphone uutﬂu’
EM

Fax: (0703) 787555 By

Payment is accepted by cheque pustal order, cash inc.
foreign currency bank notes/book tokens/Access/Visal

Connect.

443D MILLBROOK ROAD, SOUTHAMPTON, SO1 0HX. IEY 25

consisting of two sets of 30 rows of 5 intercon-
nected sockets plus 4 rows of interconnected
sockets running alongside, suitable for use as
power supply rails. All contact positions are
clearly defined on an alphanumeric grid. ABS
polymer board mounted on an adhesive foam
base. Will accommodate up to three 16 pin
devices. An ideal introduction to solderless
circuit development systems. Size 80 X 60mm.
. £2.50

PROTOBLOC 2

G711 Protobloc 2 has a total of 840 tie points.
Will accommodate up to seven 16 pin devices.
Size 172 x 64mm y
PROTOBLOC 2A

G712 As above, but mounted onto a rigid
base piate complete with three 4mm terminals
for power connections. A mounting bracket
which clips into the base is also provided to
accept a variety of components including
switches and potentiometers, etc.

Price
PROJECT BOARD GlL24

G724 2 of type G711 mounted onto a figid
baseplate with 3 coloured terminals, for power
connections. Overall size 225 x 150mm.

Price £13.95
PROJECT BOARD GL36

G736 3 of type G711 and an additional strip of
100 tie points mounted onto a rigid base plate
with 4 coloured terminals. Overall size 242 x
195mm.

Price

£8.95

£19.95
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Constructional Project

ELECTRONIC
BAROMETER

OWEN N. BISHOP

How to become your local lan
McCaskill and confound the

experts.

HIS article describes how to build
Tan instrument for measuring atmos-

pheric pressure and how to use it for
making forecasts of local weather condi-
tions. It is based on the cheapest of the
electronic pressure sensors currently avail-
able.

Readings are in millibars, over the range
950mb to 1050mb; with a precision of
2-3mb. This covers the whole normal range
of atmospheric pressure. The Electronic
Barometer has a memory circuit to retain
the value of the previous pressure reading.

MEASURING
PRESSURE

There are several units that are used
for expressing atmospheric pressure. The
oldest reliable technique for determining
atmospheric pressure is to measure the
height of the column of mercury in a
mercury barometer. The height is usually
expressed in inches, centimetres or mil-
limetres. On these scales, atmospheric pres-
sure is in the region of 30 inches or 76cm of
mercury. Barometers of the aneroid pat-
tern are often graduated on these scales,
even though they work on entirely dif-
ferent principles and they have no mercury
column.

Pressure may also be measured in pounds
per square inch. This unit was more of-
ten used in engincering than in everyday

life, though you may occasionally find a
pressure-cooker with a gauge graduated in
this unit. Average atmospheric pressure is
about 14.71b/in2-

Nowdays all these units have been largely
replaced by the scientific unit of pressure,
the Pascal (Pa). A Pascal is a pressure
of one Newton per square metre. On
this scale, average atmospheric pressure is
about 100000Pa, or 100kPa.

However, in meterology, the Pascal has
not replaced an earlier pressure unit, the
Bar. A pressure of one bar is equivalent to
a pressure of 100kPa. Average atmospheric
pressure is thus about one bar.

For convenience, atmospheric pressure is
usually expressed in thousandths of a bar,
or millibars. This is the unit used on the
daily weather maps in the newspapers and
on TV. This is the unit shown on the dis-
play of the Electronic Barometer.

Atmospheric pressure at a given loca-
tion varies continuously, and this vana-
tion is usually associated with changes in
the weather. At sea level, the pressure is
unlikely to fall below 950mb. Pressure
can fall lower than this during severe
hurricanes but, with buildings collapsing
around them, nobody is likely to be inter-
ested in reading barometers at such a time.
Similarly, there is an upper limit of pres-
sure at sea level which is about 1050mb.

If you live on a hill or a mountain, pres-
sures are lower than those at sea level. This

is because, as we go higher, there is less at-
mosphere above us. In addition, the den-
sity of the atmosphere decreases with al-
titude.

The reduction of pressure with altitude
is therefore a complicated relationship. At
lower altitudes, pressure falls by approxi-
mately 0.12mb for every metre above sea
level. Thus pressures are 30mb lower at
250m above sea level.

You may need to take this into ac-
count when comparing readings taken with
the barometer against pressures shown on
weather maps, since the latter are usually
corrected to what they would be at sea
level. If you need to, it is easy to set the
barometer to operate over a slightly lower
range of pressures to allow it to be used at
altitudes above sea level.

For weather-forecasting, the most impor-
tant information a barometer provides is
whether the pressure is relatively high or
low, whether it is rising or falling, and
whether it is changing rapidly or slowly.
The exact level is not so important. If you
intend to use the Electronic Barometer
for local forecasting, it is unnecessary to
calibrate it precisely or to allow for your
height above sea level.

PRESSURE
SENSOR

The pressure sensor used in this instru-
ment is the Motorola MPX100A. Its ac-
tion depends on a piezo-electric transducer,
with a reference vacuum on one side of it
and atmospheric (or other) pressure on the
opposite side. Differences of pressure on
either side of the transducer cause strain,
resulting in a difference of potential across
the transducer.

This potential difference appears across
the two output terminals of the device
(V+ and V—) and is referred to as the

output(V_ ) of the transducer. The dif-
ference of potential (or output) is linearly
related to-the difference in pressure. Typi-
cally, a pressure difference of 1000mb gives
an output of 60mV.

Unfortunately there are some complica-
tions that must be overcome before this
output can be used as an indicator of pres-
sure. When the pressure difference is zero
(0Omb on both sides of the transducer) the
output is about 10mV. This offset voltage,
has to be subtracted from the output volt-
age before the pressure can be calculated.

Another complication is that the output
voltage is dependent not only on pressure
but on temperature. Typically the output
drops by 0.19 per cent for every degree Cel-
sius rise in temperature.
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This may not sound much but it must be
remembered that, when measuring atmos-
pheric pressure, we are concerned only with
relatively small variations of pressure. A
temperature rise of, say, 10°C causes a drop
of output of 1.9 per cent. In terms of pres-
sure, this is equivalent to an error of 19mb
in 1000mb.

As we are concerned with measuring
pressure over a range of 950mb to 1050mb,
a range of 100mb. Over this relatively small
range an error of 19mb is very serious. A
change of temperature due to a change of
weather conditions could easily swamp any
corresponding change in pressure render-
ing the readings of the instrument useless.

Temperature-compensated sensors are
available but these are far more expensive
than the MPXI100A. One method of
compensating for temperature with the
MPXI100A is by using suitable circuits
incorporating a temperature sensor. This is
not as easy to do, since the offset voltage is
also temperature-dependent. Adjusting the
circuit using this method becomes compli-
cated.

The output from the sensor (Vou) is
passed to a chain of three operational
amplifiers which perform the calculations
necessary to convert it into a voltage (V)
suitable to drive the meter. The prototype
uses a SO0puA f.s.d. meter, with a series
resistor to convert it toa 1V f.s.d. (approx.)
voltmeter. The calculation performed by
the circuit must therefore have three stages:

1) Find V,,, using an amplifier as
a subtractor, to subtract V—from V+.
The result is ¥, which is very close to
Vour» but may include small errors due
to tolerances in components and the in-
put offset voltage of the amplifier. The
circuit compensates for these error at the
next stage.

2) Add an offset voltage to compensate
for the offset output of the pressure sen-
sor at zero pressure (about 10mV), and
for any small offset errors in the opera-
tional amplifiers. We also need a large
offset voltage to allow for the fact that,
when the pressure is 950mb, the output
to the meter is to be zero. The total offset
required is in the region of —67mV,

The following table shows the voltages at
the two ends of the pressure range:

Low High Dif-
end end ference

950 1050 100

Pressure (mb)

Va(typicalmv) 7 73 6
e =l -6

Vs (mV) 0 1000 1000

V¢ (mV)

To sum up, the equation that these
amplifiers have to solve is:

Vc = 167 (V5 —0.067) volts

Individual sensors vary to the extent that
Va may increase only 4.5mV or as much
as 9ImYV for pressure increase of 100mb, so
it must be possible to adjust the gain any-
where between 111 and 222.

MEMORY

As already mentioned, it is important to
know whether and how fast the pressure is
rising or falling. The old-fashioned aneroid
barometer usually has a pointer mounted
on its front glass, that can be turned

I . SET
= ahn C MEMORY *
RE
SENSOR ——
X1 IC3
r R
PRESSURE Yout RACTOR
( HEAT SeRcod SUBTRACTO SELECT i
SWITCH ( S ]
L PANEL METER
e -==} HEATERS
OVEN
-_ - SET OFFSET SET GAIN

Fig. 1. System block diagram for the Electronic Barometer

In our instrument we adopt a much
simpler technique. The sensor is enclosed in
a “oven” in which it is held at constant
temperature by a simple thermostat circuit.
This eliminates the need for temperature
compensation.

A third source of error is hysteresis. The
effect of this is that, if pressure is increas-
ing, the output for a given pressure is
higher than it would be if pressure was
decreasing.

Fortunately, this effect is manifest only
for relatively large changes of pressure.
When measuring atmospheric pressure we
are dealing with only small pressure
changes and hysteresis can be ignored.

Another factor that must be taken into
account is that the magnitude of the output
depends on supply voltage. In this circuit
we regulate the supply voltage at + 5V.

HOWIT WORKS

The system block diagram, Fig.1, shows
the pressure sensor enclosed in its oven.
There it is held at a constant temperature
of about 35°C. The exact temperature does
not matter provided that it is constant and
that it is slightly higher than any tempera-
ture that the instrument may become ex-
posed to during normal operation.

Owing to the heat generated by the trans-
former and circuit components, the tem-
perature inside the instrument case will be a
few degrees above room temperature. The
temperature in the oven must be a few
degrees above that.
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though we must be able to allow for
manufacturing tolerances when setting
up the circuit.

Addition is performed using an opera-
tional amplifier connected as an adder,
with output Vp. Since the adder also in-
verts the sum, the output of the second
amplifier is a negative voltage.

3) Amplify Vg so that while Vg changes
from OV to —6mV, the input to the
panel meter increases from 0 to 1V. For
this we need a operational amplifier con-
nected as an inverting amplifier with a
gain of 167. The output of this amplifier
is referred to as V¢.

manually to set it to the present pressure.
On returning a few hours later, it can be
seen what pressure change has occurred
since the pointer was last set.

We have a similar facility in the
Electronic Barometer. A variable potential
divider is connected to the panel meter in
place of the operational amplifier chain.
The potential divider receives a stabilised
voltage of 1.26V from a band-gap voltage
reference.

The potential divider is adjusted
manually until the meter shows the same
reading as is currently being obtained from
the amplifiers. The potential divider thus
acts as a memory. When the barometer is
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- PRESSURE : SUBTRACTOR ; ADDER 1 INVERTING : MEMORY : DISPLAY
SENSOR : } : AMPLIFIER 1 f
(Ei75338)
Fig. 2. Pressure-sensing and amplifying circuit diagram for the Electronic Barometer
next used, the reading from the potential output of ICS5 rises every time the tempera- CONSTRUCTION

divider will not have altered and may be
compared with the new reading obtained
from the amplifiers.

C/IRCUIT DETAILS

The pressure-sensing and amplifying cir-
cuit for the Electronic Barometer is shown
in Fig.2. IC1 calculates V5. IC2 adds this
to the voltage at the W|per of potentiometer
VRI. This preset resistor is adjusted so
that the voltage at its wiper is —67mV, or
whatever value is needed to produce the
required offset. A multiturn present poten-
tiometer is used for VR, so as to allow this
voltage to be set precisely.

The output Vg from IC2 is the invert
of the sum, — (¥4 —0.067). IC3 amplifies
and inverts V. For a “typical” sensor,

VR2 is set so as to make the total of VR2'
and resistor R13 equal to 1.67M, giving a

gain of 167. Thus the output V¢ is 167(Va
—0.067).

The output from IC3 passes through
switch S1, and resistor R15 to the positive
terminal of the panel meter. Since all
voltages are referenced to the 2.5V line
(Fig.2) the negative terminal of the meter is
connected to this line.

The meter used in the prototype was a
microammeter with S0uA full scale deflec-
tion (f.s.d.). Resistor R15 converts it to
a voltmeter with a f.s.d. of approximately
1v.

When 1V is applied, the current through
the combined resistance of R15 and the
meter coil (1.5k) is 42uA. Thus the voltage
required for f.s.d. is a little more than 1V in
practice. This discrepancy is taken care of
by slightly increasing the gain of the invert-
ing amplifier (IC3). Thus there is no need
to use an expensive precision resistor for
RI5.

If you have a ready-made 1V f.s.d.
voltmeter, use this instead and omit R15. If
you have a microammeter with a different
f.s.d., calculate the value of R15 from:

R = 1/(fs.d.) —resistance of meter coil.

ANCILLARY
CIRCUITS

The thermostat circuit for the oven ap-
pears in Fig. 3. The sensor gives an output
voltage of 0.01V for each degree Celsius,
above 0°C. ICS5 compares this with a stan-
dard voltage set by preset VR4.

For a temperature of 35°C, the voltage at
the sensor output is 0.35V. If the wiper of
VR4 is set to produce the same voltage, the

312

ture falls below 35°C. This turns on tran-
sistor TR1 and current flows through R18
and R19.

These resistors are rated at 0.5W and act
as the heater elements. Note that the resis-
tor current comes from a 12V source, so
increasing the heating effect. This circuit
maintains the temperature of the oven con-
stant to less than half a degree Celsius.

+5v O
v+
IC4 o
LM35CZ
GND
VR4
100k 2N 3053
VO
0P bo
V+ GND
. e c
LMJSCZ 2N3053

Fig. 3. Thermostat circuit diagram for
the “oven”.

The suggested power supply circuit is
a conventional SV regulated supply and is
shown in Fig.4. It also supplies an unregu-
lated 12V to the heater resistors.

The main circuit and display take about
S0mA and the heaters take about 170mA.
Other supply circuits giving similar output
may be used instead. A heatsink is needed
for the 5V regulator, IC6.

If you do not have a suitable bench power
pack, begin by building the power supply
circuit. Fig. 5 shows a suitable stripboard
component layout and details of under-
side breaks in the copper strips. Alterna-
tively, purchase a ready-made p.c.b. and
the necessary components. The completed
power supply must be safely enclosed to
prevent the danger of accidentally touching
parts at mains potential while building and
testing the remainder of the circuit.

Begin the main circuit construction by
building the sensor board, Fig. 6. This
holds the thermostat circuit, the pressure
sensor and the first of the op amps, IC1.

The oven consists of a cubical box made
from stiff cardboard, Fig. 7. It has no bot-
tom as it rests on the stripboard. Note that
the oven must NOT be made air-tight! A flap
along the bottom of the left side of the box
has a hole in it so that the box can be
secured by a bolt passing through the hole
at I24.

Three pinholes are made in the left side
near the top of the box. The three terminal
wires of IC4 are threaded through these
and bent as shown, so as to hold the body
of the i.c. just above the heater resistor
R18. Using a heatshunt, flexible leads are
soldered to the three terminal wires of 1C4
to connect it to the board at the points
shown in Fig.6.

Test the heater circuit by switching on
both the +5V and + 12V supplies. The
oven and temperature sensor should be in
place over the pressure sensor and heater
resistors. Adjust VR4 so that the voltage at
its wiper is 0.35V.

Fig. 4. Suggested power supply circuit using a 5V regulator i.c.

+12v
- UNREGUL ATED
3 Tt f2v
O _ind 1c6  four REGULATED
: 7805 +5v
i com > os
! TiL209
H k
i D1-06 H-
i 1N4L005 POWER
i Cct €2 c3 ON
240V AL ! 1000p 2207 1
i
i R20
O 180
0 0V
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Fig. 6. Component layout and breaks in the underside copper tracks of the pressure

sensing/amplifier board.

Use a voltmeter to monitor the output of
IC4 (at pin C11 on the sensor board). This
rises steadily until it reaches about 0.35V
and then remains virtually constant. It may
take five minutes or more to reach this
state.

The functioning of the heaters can be
checked by measuring the p.d. across them.
Connect a voltmeter between the 12V sup-
ply and the collector of TR1. When the
circuit is first switched on, the p.d. should
be about 11V, indicating a current of just
over 150mA. When the required tempera-
ture is reached, the p.d. falls and, from then
on, ranges slowly between OV and 11V.

The output from the pressure sensor X1
may now be checked. There was little point
in checking it before because, even under
constant temperature, it takes about five
minutes after power is applied to reach a
steady output state.

OVEN

APPROX
L0mm

Fig. 7. Mounting the temperature sen-
sorin the “oven”

Fig. 5. Stripboard component layout for the power supply. There are no breaks in
the copper tracks. A small heatsink is required for IC6.
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A voltmeter connected between the resis-
tor lead at H22 (positive) and the resistor
lead at F21 shows a voltage difference of
about 50mV to 120mV, depending upon
the characteristics of the individual sen-
sor. A voltage equal to this voltage dif-
ference appears at the output (pin 6) of
IC1, measured relative to the +2.5V line
(pin F2).

COMPONENTS

Resistors

R1-R4, R9-R12 10k 0.6W metal film
1% (8 off)

R5, R6 330 0.6W metal
film (2 off)

R7, R8 5k6 (2 off)

R13 1M2

R14 12k

R15 22k

R16 820k

R17 1k

R18, R19 150 0.5W carbon
5% (2 off)

R20 180

All 0.25W 5% carbon,
except where stated

See
. page 319
Potentiometers

VR1 500 multiturn cermet
preset

VR2 1M sub-min. skeleton
preset, horiz.

VR3 100k rotary

VR4 100k sub-min. skeleton

preset, horiz.

Capacitors
C1 1000y elec. 16V

C2 220n polyester
C3 1p polyester
Semiconductors
D1-D4 1N4005 rect diode
(4off)
D5 TiL209 l.e.d. (or similar)
D6 TSC04BJ 1.2V band-gap

voltage reference

TR1 2N3053 n.p.n. silicon
IC1-1C3, 7611 CMOS op. amp
IC5 (4 off)
iC4 LM35CZ temp. sensor
IC6 pA7805UC +5V1A
voltage regulator
X1 MPX100A pressure

sensor

Misceilaneous
12V 6VA mains

transformer

ME1 50uA f.s.d. moving coil
panel meter

S1 DPDT mains toggle
switch

S2 2-pole 6-way rotary or

s.p.d.t. toggle switch

Stripboard, 0.1 in. matrix 41 holes x 14
strips, 25 holes x 17 strips and 23 holes x
19 strips; 8-pin d.i.l. sockets (4 off); 1mm
solder pins (20 off); metal diecast case,
size 220mm x 150mm x 65mm:; stick-on
feet (4 off) knobs (2 off); card for making
oven; nuts and bolts for mounting T1 and
circuit boards; connecting wire; mains
lead and plug; heatsink; solder etc.

Approx cost.
Guidance only

£52
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ADDER/ |
INVERTING
BOARD

The other two amplifiers are built on
a separate board (Fig.8) which is later
mounted on the back panel of the instru-
ment case. Holes bored in the back panel
allow screwdriver access to VR1 and VR2
so that the circuit may be adjusted while
the case is closed.

After mounting the components on this
board, make the necessary inter-board con-

o
<

+
~
<
w

rxt'—-—:nﬂmﬂﬂ.b

. B
©.\ T0 2

\_TESf POINT

nections. (+5V supply, OV line, +2.5V TO ME1 — et
line, ¥V a). Switch on the power and wait five :
minutes for the sensor to stabilise. Check
the value of V4 at pin B3 (on the amplifier
board), relative to the +2.5V line. Ad-
just VRI until the voltage at its wiper is
—0.067V (relative to the +2.5V line). The

o vo0 zx

output of IC2 now shows the value of Vg, ) 5 L 1 z (i)
. . - ¢l0 0 000 0000000000000 00O0O0O0O0 0
WhIChleetweenomvand 6mv‘ PI00O 0000000000 JOOOO OODODOOOOO
0‘0000000000000000000000000
TESTING k[0 O OOCO0O®0000eIOOOO0O0000O0O0 O
K o . . L] 0O O ® 0 O ® 000 00 0O 000000 0Ce®O0O0
Toponvmceyourselfthatthec:r.cunls e O e o T il s et m——
working, remove the oven temporarily and x[0®00e®0000000000O00000000S0
attach a length of plastic tubing (e.g. 1880000 0000000000000000000
aquarium air-tubing) to the vent of the oS o8 o o000 0000600000000
HIO O 0 O ® O&3 O O 0O0®e
pressure sensor. Connect a voltrqeter to e a ik R
measure V5 and then blow gently into the tfCoesvelo 060
tube. EJO O O C O o &) O O O OO
A small but appreciable increase of volt- p———soss —
age should be indicated. Conversely, sucl;- e P
ing gently on the tube causes a decrease in sf00o 00 e o

Va. Repeat this, measuring Vg, which

should show a decrease with increased (eezs395)
pressure and an increase with decreased
pressure.

Now connect the voltmeter to measure
Ve (pin G25). Adjust VR2 so that the
output is about 0.5V, to give a mid-scale
reading. Blowing and sucking now causes
the needle to swing rapidly across the
voltmeter scale.

CASE
Bore holes in the rear of the case for the [
bolts supporting the amplifier board and to
allow access to VR1 and VR2. For the type
of panel meter specified, cut a circular aper-
ture in the front panel for the body of the -
meter and four holes for the fixing bolts. ve I 4 SN
Drill holes in the front panel for the (
switch S2, the potentiometer VR3, and
l.e.d. DS. Mount S2, VR3 and DS on the
front panel. Mount the panel meter and
complete the off-board wiring connections
as shown in Fig. 9. Azt o
Remove the graduated scale from the
meter and paint out the numerals and
the legend “microamperers”, using Tippex ] i
typewriter fluid or other “liquid paper”. e T e 1
Re-number the scale from 950 to 1050,
using rub-down lettering. Add the legend

Fig. 8. Component layout and details of breaks in the underside copper tracks of the
adder/inverter board.

Fig. 9. Interwiring to the three boards and off-board components.

+12v +5v  ov

|_MAINS
0 LEAD

““Millibars”. Replace the scale in the meter. r
L
BENCH TEST
Switch on, select ““Pressure”, and allow at
least 20 minutes for the heaters to warm the e
oven and for the pressure sensor to stabi- MNEL\

lize. Set VR2 to the centre of its track. If
you have access to a reliable Barometer,
read the pressure in millibars. Calculate
what V4 should be:

1013mb = 760mm of mercury = 29.9in ‘@
of mercury
Ve = (pressure — 950)/100 volts &9

Adjust VRI1 until V¢ (relative to the
=2.5V line) equals this value.

If you do not have access to a barometer,
estimate your local pressure from a
weather map (on TV). The display shows
the pressure you have just set in millibars.
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ATLANTIC -
AIR

~
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POLAR AIR

~
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{SOBARImb)
= WIND DIRECTION

Fig. 10 (left). Example
“Weather map”* show-
ing low pressure or
depression region.

Fig. 11 (right). Ex-
ample of high pressure
or anticyclone region.

FE25430

forecast, we need to take wind
direction into account. There
are two types of weather
system in the region of the
British Isles, the depression

Turn switch S2 to “Memory”. As you
turn preset VR4 it is possible to make the
display change over the full scale from
950mb to 1050mb.

Keep the barometer switched on per-
manently for the next few days. Make
records of its readings at given times and
compare these with those you obtain from
another barometer or from weather maps.

You will probably find that the gain
setting is too high or too low. The ef-
fect of this is that, for example, pres-
sure increases by 20mb, as shown by
the other barometer, but the readings of
the Electronic Barometer increase by only
16mb. The gain is too low: adjust VR2
accordingly, turning it slightly clockwise.
Or maybe the barometer shows an increase
of 27mb; in this case the gain is too high
and VR2 must be turned anti-clockwise.

At this point you may find that, with
VR2 turned fully one way or the other, it
is mot possible to set the gain to the re-
quired amount. This is due to manufactur-
ing variations between individual sensors.
If so, remove resistor R13 and replace it
with a resistor of higher or lower value.

After these adjustments, the barometer
may now be showing the right amount of
change, but its readings may be overall
too high or too low. Adjust VRI to off-
set the readings by the right amount. you
may need to adjust VR2 and possibly VR1
again slightly over the next few days but,
after that, the barometer will have been
calibrated sufficiently closely for normal
use.

LOCAL WEATHER
FORECASTING

Although one can not hope to compete
with the vast technological resources of
the official meterologists, a barometer can
provide a remarkably reliable forecast of
local weather in the short term. As men-
tioned before, it is the changes in pressure
that count most.

First of all, here are some simple
forecasts:

Pressure falling — expect cloud, rain
(snow or sleet in winter).
Pressure rising — expect fine weather

. (possibly clear weather with frosty nights
in winter)
Slowly changing pressure (or no change)
— weather continuing as at present, light
winds or calm.

Rapid change in pressure (rise or fall)
~forecasts strong winds and rapid
changes from the existing weather.

The rules above do not apply in all
circumstances and, for a more reliable
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and the anticyclone.

DEPRESSION

A depression is a region of low pressure
and is associated with a region of warm
moist Atlantic air being partly surrounded
by cold dry Polar air (Fig 10). The borders
between the two air masses are referred to
as a warm front and a cold front. Depres-
sions vary in size — a large one is more-
or-less the same size as the British Isles.
Normally they move across the country
from south-west to north-east. On occa-
sions, though, they may change direction,
halt, or even move in the opposite direc-
tion, which unpredictability may result in
somewhat red faces among the weather-
people.

Assuming normal behaviour, if you are at
a point A (Fig 11) you may expect the
following weather sequence over the next
several hours as the depression passes by
(the diagram shows you travelling SW
through the depression - which gives the
same sequence):

A Pressure falling, becoming cloudier,
clouds becoming lower, wind becoming
stronger and veering (i.e. changing di-
rection clockwise) from SE or SW to
westerly.

B The warm front arrives, warmer but
“muggy”, pressure still falling, winds
veer abruptly, rain (snow or sleet in
winter).

C Pressure reaches a minimum and starts
to rise again. Clouds may clear but then

reappear.
D The cold front arrives, cooler but less

“muggy”’, winds stronger and veering
again, to NW or N, rain, though pos-
sibly less than before.

E Pressure rising, clouds clearing, dry fine
weather.

With a little guidance from recent
weather maps, you should be able to work
out where you are in relation to the next
depression and to forecast what weather to
expect next. One of the big problems of the
weather forecasters is that depressions
behave erratically and do not always reach
the predicted location at the expected time.

This is why rain often comes before or
after it is officially forecast. Using your
barometer you are able to watch the actual
progress of the depression and to know
more exactly when the predicted weather
changes will occur, if at all.

ANTICYCLONE

An anticyclone is a region of high pres-
sure (Fig 11). Weather is usually good in
such conditions. Clear skies, and bright
sunny days in summer — with cold frosty
nights in winter. Winds are usually none or
light.

Anticyclones often stay around for
several days at a time before they finally
move away and the weather changes. The
winds circulate in a clockwise direction so,
by observing your local wind direction and
the changes in pressure, you will be able to
work out your position within the system
and which way the anticyclone is moving.
This will tell you if the good weather is
likely to continue and for how long.

The description above is over-simplified
but it will help you to get started with the
fascinating hobby of predicting your local
weather. There are several popular books
available that will take you further in this
direction. 0
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Special Series

MICRO IN
CONTROL

JOHN HUGHES =

— Part Six

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

Oow we are starting to get close to

the real microprocessor area — let’s

look at counting circuits and control
logic.

EXERCISE 13

Dividers and Counters

Look carefully at the relationship be-
tween INPUT and OUTPUT pulses for
the 7476 flip-flop. Each input pulse only
causes HALF an output pulse, in our case
DOWN, then UP. Because of this, a flip-
flop like this is sometimes called a BI-
NARY DIVIDER circuit, because it takes
two input pulses to produce each output
pulse (Fig. 6.1).

That’s why we need binary arithmetic.

Right again. We work in steps of two
because the chips do so. Most of you are
probably familiar with binary numbers,
but just in case, we’ll write them down as
we go along. We've already seen that there
are only the two DIGITS 0 and 1 that we
can use. They can represent 0 volts and 5
volts respectively, also OFF and ON. They
could be made to represent any TWO-
STATE system, couldn’t they?

Let’s get on with our exercise, and bring
the second 7476 flip-flop into use. We’ll just
take the output of the first one to the clock
input of the second (leave the indicator
connected and add an extra indicator to the
new output. Let’s label the outputs QA and
QB. OK?

5v

INPUT SIGNAL =~ - vm :
°.V..._| [' [
THIS STEP
{GNDRED
EAR p—___
CORRESPONDING
OUTPUT SIGNAL
0y o r—

RESPONDS T
NEGATIVE
PULSE ONLY

J

And ignore “NOT QA" and “NOT
B2

For now, yes. Now wire it up and
send it some pulses as before from the
de-bouncer (Fig. 6.2)
It’s dividing by two again | by four now.

That’s right. Our two indicators
(remove the one from the 7400 now) are
counting “nought . . one . . two . .three
nought™ if you watch them, thus (writes
table):

Counting Pulses
) o_rd;n_a-r;' (xieljlary BINARY
numbers numbers
QB QA
0 0 0
1 0 1
2 1 0
3 1 1
4 (same as 0) 0 0

It makes sense now to start with
column A on the RIGHT as this is how we
normally deal with numbers. Then the
right-hand column is UNITS, the next (B)
is TWOs, and so on.

EJ They keep going round and round.

Yes. Could we go beyond 3?

B Only with more flip-flops.

Right. If you wish you could add
another 7476 and link it in to count up
to...?

(eventually) 16. No, 15.

Right again. However, guess what? The
chip makers got there before us and made
chips with four or more stages in them.
We’ll now look at a “four bit counter” the
7493.

This will give Fours and Eights | C and
D columns.

Exactly. Let’s see the pin-out for the
7493 (Fig. 6.3). Having spotted the power
pins 5 and 10, notice that there are four
output pins, as expected, but only two in-

DEBOUNCER

———

e

INDICATORS

......

—_—
INPUT PULSES

L EE

CK

Fig. 6.1. Behaviour of binary divider
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Fig. 6.2. Adding the second J-K.

Everyday Electronics, May 1990



ALSO 7490
[EXCEPT PINS 6.7}

PIN FUNCTION

1 |INPUT TO FIF B

2.3 | ENABLING GATE INPUTS
{LOGIC 1 ON BOTH STOPS COUNTING)

5 |[+5v suPPLY

6.7 [17490 ONLY} SECOND GATE INPUTS
8 | OUTPUT C

9 | OUTPUT B

0 | OV (SUPPLY

11 | OUTPUT O

12 | OUTPUT &

16 [ INPUT TO FIE A ONLY

Fig. 6.3. The 4-bit binary counter.

put pins. There are also a couple of “gate”

pins (2 and 3).

The chip is labelled as “divide-by-two
and divide-by- eight”, which means that, to
increase its usefulness, the makers have put
into it a single binary divider (input pin 14,
output 12), and three more dividers linked
internally together, so that only the first in-
put, B, is needed (pin 1). The outputs B,
C and D are marked as pins 9, 8 and 11
respectively.

B Does “NC” stand for “no connection’'?
Yes, there are some unused pins.

Now insert the chip carefully as usual in
the space I hope you left in the middle of
your board (Fig. 6.4) and add the links
as shown. Thus we take our pulse input
from our debounced switch to pin 14. (A
“biased” switch, one which springs back
when released, or a push-button, is easier
to use here).

What about input B? Does this go to the
output of A?

Yes. It can also be taken to indicator A,
and you can link outputs B, Cand D to their
indicators.

Inputs C and D are presumably con-
nected already, inside the chip.

Right. Don’t forget power links, by the
way.

Do we need to connect the ‘“gates” you
mentioned?

They are alternatives, so we’ll need to
connect either one of them in order to
“enable” the chip. They provide a valuable
facility in that we can stop the chip by
means of these gates if we need to. For
now, link one of them to logic 0 (the OV
line, as shown).

Now we’re ready to switch on and go.
Try a few pulses to see what happens. Is it
as you’d expect?

(mostly) Yes, it seems to be counting in
binary.

We’d better write down the patterns to
make sure:

Number of Qutput pattern

input pulses DCBA
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
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S 40 o—
ke
74 00
. - o
m@sﬂ % r[‘_;mk ‘IOR‘;]TO ov” 2 TNDICATORS
{OR M-V — o
OSCILLATOR)
)
Fig. 6.4. Checking the binary counter.
. - B Now, if we were designing a pocket
Number of Output pattern calculator, for example, we would need
input pulses DCBA counters for each digit which stop at nine,
e _ — wouldn’t we?
6 0110 Yes. Could we use the gates to stop it at
7 0111 that point?
8 1000 Exactly. In fact, let’s try. Add the links
9 1 0 01 shown in Fig. 6.5. Can you see what they
10 1010 do (we hope)?
11 1 011 (after some thought) They remove the
12 1100 logic 0 on both gates when the counter
13 1101 reaches ten, and stop it moving on beyond
14 1110 nine.
15 1 111 (another), Because of the logic 1 on pins
16 (sameas0) 0 0 O 0..andsoon Band D.

It goes round as before. We could add
more stages to count further, I suppose.
Quite. Practical circuits would clearly
need to do this, wouldn’t they? However,
there are a few points worth noting at this
stage.

The first is that, in order to represent
ALL the common digits (0 to 9) of our
familiar denary system, we MUST have
all four columns A, B, C and D. Three
columns would only getusupto...?

Seven (I nearly said eight).

Yes. Of course, nought to seven is eight
numbers, if we count zero, as we must.

4~ BIT OUTPUTS ————————

Spot on. I see some of you have it
working now. This kind of counter is called
a BCD counter. It stands for “binary-
coded-denary” (or decimal) and is widely
used.

B3 1 suppose there’s a chip for this, too.

B} (another) I've found one in the data
sheet, 7490. They call it a decade counter.
OK. There’s also a divide by twelve
counter. But let’s proceed. In computers,
there’s no need to limit the chip in this way
(at least, not until it needs to talk to us
humans) and the full counter is quicker for
long calculations. This brings us to HEX
notation.

PR
' jpm 9
PNt ] 3 ; A P
_____ I [p— -l !
e .
-t
e EXTRA LINKS 2 :
{OTHERWISE F N\ ke e b b g
AS FIG 64 j S | 1% b
ol COUNTER DISABLED
PINS 2,3  Gate  [RESET)WHEN 1010 AR e B
{TEN] IS REACHED

g —e T &
FROM PIN2 :

Fig. 6.5. Using the built-in NAND gate to count in TENS.
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Sounds like witchcraft.

Behaves like it, too, at times! The point
is, we have a four bit chip available, and
the idea of this new and useful notation is
to keep all its possible output values in a
single “column”, by introducing extra sym-
bols for the last six values (the ten, eleven,
etc., which get two columns in ordinary
notation).

I could suggest some smashing new sym-
bols.

1 bet. Unfortunately, the mathe-
maticians who work in this area got there
first, and just used the first six letters of the
alphabet. Thus A represents ten, B eleven,
and so on.

) Up to Ffor fifteen, then?

il You might like to write them down.
You could fill in an extra column in the
earlier table, reading *1,2,3,4,5,6,7,8,9 . . .
then?

“ten,el..,NO. A,.B,C,D,EF”

Good. We may find HEXADECIMAL

ex for short) arithmetic useful from time
to time. Don’t forget it.
Are there any more special counter
chips?
Many. It’s easy to make a counter
count backwards. By linking the NOT Q
outputs instead of the Q outputs to the next
stages, for example. A “down counter” has
many uses in calculating circuits. Switching
by gates between up and down counting is
also useful. And they can have more than
four bits, of course.
Some computers use 16 or 32 bits
nowadays.
Sure. For control purposes we won’t
need so many. In fact we’ll probably find
an eight-bit micro is plenty to cope with.
Can we connect our clock to the counter?
Why not, indeed. You could spend
some time now re-checking some of the
circuits we’ve just discussed, and perhaps
trying some of the other counter chips we
mentioned.

EXERCISE 14

Logic Control Examples

It’s time we tried to apply our grasp
of logic to a control system example. Let’s
start with an easy one. Do you still have
the small motor and battery that we used to
test the relay circuit?
B} Yes, and mine still works. Look.
Good. Now what I'd like you to con-
sider is this: Can you make the motor run
only after a number of buttons or switches
have been pressed in the right order?
I could do the first part (without the
“right order’’) by using AND gates. | or
NANDs
‘B (another) With a bistable, to keep it ON
when the buttons have been released.
That sounds OK to me. I assume you
could draw a diagram of your system.
Yes, but I'd need to have more details,
such as:
— How many buttons, and in what or-
der?
— Does the motor run on logic 0 or logic
12
(another) That second one doesn’t mat-
ter. It's up to you, isn'’t it. You choose in
your design.
Well. you both seem to be clear about
starting. Perhaps we should set ourselves a
specific task as a starter. Let’s say THREE
buttons or switches (and don’t forget you
can “dab” a wire to logic 0 for testing), and
let’s say A has to be pressed first, then B
and C TOGETHER, to start the motor.
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PULSE OUTPUT

F F PUSH BUTTONS

SUGGESTED CIRCUIT FOR
A.8.C.& RESET INPUT PULSES

=y

INPUTS "U"

[oJ— pt- QUTPUT
8 (LOGIC 1 TO
2 RUN MOTOR)
A .
RESET =y

Fig. 6.6. Motor control example. To start the motor, A must be pressed first,

then B and C together.

The letters don’t matter. We could re-
label them.

Quite, though in a real system, the same
buttons might be used for many functions.
Ed Like a telphone dialling pad.

Just so. Let’s suppose, too, that our
motor drive circuit (the one with the relay
in it, OK?) switches the motor ON when it
receives an input at logic 1 (at 5V).

Then we could start as we did with the
electronic lock, by drawing a box and seek-
ing to work out what to put in it (Fig. 6.6).
Bl Will the inputs be normally at 0 or 1?

As one of you said, it’s up to us. I
suggest we adopt a widely-used method of
having them all at logic I, with a but-
ton to pulse each to logic 0 when pressed
(momentarily, that is).

K] We'll need debouncers, then.

It’s possible, though a simple bistable,
as we’ve seen, does its own debouncing.
It’s only when actually counting (using the
clock pin) that we need “clean” pulses. I'll
leave it to you for now.

We'll need an AND (or NAND) for B
and C.

(another) and a flip-flop to hold the out-
put ON.

(another) What about a *reset” button
to stop it?

That sounds like something we should
add to our specification, doesn’t it? Right,
we'll have a fourth one. Can you try filling
in the box, now? I’ll add my version, and
we can compare them (Fig. 6.7).

Now I think we could try it out.

We don’t really have to use the motor.
One of the l.e.d. indicators would do.
(others) A motor’s more fun [ lazy so-
and-so [ etc.

You’re probably right, and most sys-
tems are tried out using bread-board tech-

niques at first. But there does come a
time when the system has to work in.
the real world. Then we MAY find ex-
tra difficulties, such as unexpected pulses
from interference sources, mechanical time
delays, and other snags.

I agree with those who think it’s fun to
use a real motor if you have one handy,
but most of the time we may be stuck with
indicators only. Either way, carry on and
check it now.

(later) Can we discuss how it works?

I agree, we should. Anyone start us off?
I started by realising that a bistable is
needed to keep the motor on . . . and off.
(another) Yes, and it has to be SET by a
logic 0 pulse, and this has to be controlled by
a gate. It took me some time to see which
kind, though.

Yes. You will have realised that, in a
sense, an OR gate behaves like an AND for
logic 0, doesn’t it? You ONLY get logic 0
out when both A AND B inputs are also 0.
Some designers use such “inverse logic” a
great deal.

(others) Then we need a second bis-
table to make it necessary to follow the
correct sequence. | and another OR gate. [
the RESET button puts the motor flip-flop
OFF.

And the second flip-flop needs resetting,
using the pulse from buttons B and C | the
one that starts the motor.

You seem to have it well sorted out.
Bear in mind that all the pulses are to logic
0, and notice that the Q output gives logic
1, so we use the complementary output of
the second bistable.

I used the other output, but swopped the
SET and RESET signals.

Again, there are more ways .
done.

.. Well

c =ty
INPUT 8 3
PULSES s

RESET

SET

OUTPUT TO
MOTOR DRIVER

c’s
- 1X 7476
CLR %X 7432

[PIN NUMBERS SHOWN ]

(TD STOP MOTOR)

Fig. 6.7. Suggested logic system for motor exercise. It may be preferable to use
reset signal to clear both bistables. (Remember power supply links to i.c.s.).
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EXERCISE 15

Going up? (or down?)

The control of a lift provides an excel-
lent example for us. It can be more complex
than might at first appear, and we may
wish to go back to the days of the lift
operator! However, let’s see how far we can
get.

As before, we need an exact specifica-
tion, then we must agree on details of in-
put and output signals. Both these, in prac-
tice, would naturally reflect the “state-of-
the-art” in both electronic and mechanical
design, including the vital considerations of
safety and of cost.

And appearance, noise, and so on.

Yes, and even whether the stairs would
be-better for our physical well-being! For-
tunately, we can limit our design features
to keep life fairly simple today. Let’s start
with the lift spec.

Specification; It should work between
two floors to start with, but provide for a
third (or more) afterwards. Each floor will
have a CALL BUTTON, and, of course,
the lift must not move unless ail doors are
closed.

Do we need buttons inside the lift?

(another, after thought) No, because
they only do what the external buttons do
and could have the same circuits.

I agree. Perhaps, on our model, we can
also do without internal doors. In fact, the
model lifts we have knocked up to give you

something to work on are virtually** two-
dimensional” as you'll see.

Because we don’t need to carry a real
load?

Quite. But we shall need call buttons.
Anything else?

We'll need some sort of sensors to detect
when the lift reaches each floor. | and if the
doors are closed [ and if the lift goes tob high
or too low [ or too quickly for safety [ signal
lights [ etc.

Good points, all of them. Duly noted.
Our next task (next month) will be to list
the INPUT and OUTPUT SIGNALS re-
quired. And, if some of you wish to build
you own lift model (a challenging and
worthwhile project), I'll describe some of
the features of our version (and how it
might be improved).

SHOP

Amstrad CPC Speech Synthesiser

No -matter what permutation we tried
when pricing up the parts for the Amstrad
CPC Speech Synthesiser we were un-
able to come anywhere near the price
being offered by Greenweld (@ 0703
772501) for a complete kit (including
p.c.b. but excluding case). We think that
at £10.95 (plus £2 p&p) it's got to be a
bargain. This price includes an extra Free
speech chip!

A suitable case will only cost £3 and the
SP0256-AL speech chip £2.50 when
purchased separately. (The nearest
price for the speech ic. we found
was £5). Greenweld Electronics,
Dept EE, 443D Millbrook Road,
Southampton, SO1 OHX.

The 3.2768MHz crystal is to be found
in most catalogues under the “Timing”
Crystals” section for timekeeping or use
in quartz clocks. Satisfactory results
should be obtainable from crystals using
a frequency from 3MHz to 3.3MHz.

The printed circuit board for the
Amstrad CPC Speech Synthesiser is
available through the EE PCB Service,
code EE689 (see page 356).

Electronic Barometer

Quite a few of the components used in
the Electronic Barometer can be classed
as special items, and therefore most likely
to cause purchasing problems locally.

The only source to date that we have
been able to find for the TC04JB
band-gap voltage reference is from
Electromail (e 0536 204555), code
283-564. If constructors experience any
difficulty in locating the ICL7611 CMQOS
i.c.s, the same company carry stocks.
Also Grandata are able to supply this
CMOQOS op. amp.

The heart of the barometer circuit is the
“pressure sensor”’ and this device was
purchased from Maplin, code UH37S
(MPX100AP). The MPX100AP sensor
cost £13.95 so care should be exercised
when handling and soldering this device
on the stripboard. Double check that it is
the correct way round before finally sol-
dering it in position.
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with David Barrington
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When ordering the LM35CZ tempera-
ture sensor i.c. it is important to ask for
the Centigrade version, designated with
the letters CZ. The one in the prototype
was obtained from Maplin, code UF51
(LM35CZ) £5.25.

Provided the meter movement is rated at
B0uA full scale deflection (f.s.d.), practi-
cally any moving coil meter will do here.
It is, of course, better to use as large a
meter as possible for ease of reading and
the 4in. movement, code RX54J (50pA
Lrge Pan Meter) £8.25 from Maplin was
used in our model.

TRF Receiver

The main items that push up the cost
of the TRF Receiver (Amateur Radio
Supplement) are the variable capacitors.
However, although a value of 300p is
quoted for the capacitor VC1, in practice
you can, if you wish, choose any value
between 250p and 500p and it should.
work satisfactory.

But try to avoid inexpensive tuning
capacitors which have miniature
spindles. It could prove difficult to locate
a suitable control knob for these types.

The Jackson series “0” quality tuning
capacitors are currently stocked by Cirkit
(M 0992 444777). They are also the
main distributor for Toko coils and stock
a good range of r.f. chokes.

For maximum output, loudspeaker LS1
should have an impedance of 8 ohms,
however speakers having an impedance
up to about 80 ohms should give a
reasonable performance in this circuit.
When purchasing potentiometer VR2 be
sure to ask for a “log”* law type.

If constructing the simple “crystal set”,
keep in mind that germanium diodes are
more susceptible to heat damage than
silicon types. So take extra care when
soldering this device in circuit.

Quizmaster

Looking down the list of components
for the Quizmaster project, we cannot
foresee any component purchasing dif-
ficulties.

For those readers who do experience
troubles, Robinswood Electronics are
selling a complete kit, including case, for
the sum of £25.95 plus £1 post and
packing.

They also claim that if any constructor
runs into troubles and cannot get their kit
to work they will repair it Free of charge.

The offer only applies provided the
kit is returned within 30 days of pur-
chase. They will, of course, charge for
return postage and replacement parts.
Robinswood Electronics, Dept EE,
33 Cotteswood Road, Glouscester-
shire, GL4 9RQ. (Mail Order Only).

The printed circuit board is available
from the ££ PCB Service, code EE690
(see page 356).

Auto Memo

All the components called up in the
Auto Memo parts list appear to be off-
the-shelf items and should not cause lo-
cal sourcing problems.
| The p.cb. type warning device
(Electromail (No. 249-794) 4 0536
204555) used in the model seems fairly
expensive for this simple circuit and one
of the many cheaper piezo transducers on
the market should work here. Most are
rated at about 4V to 12V plus and range
in price from approximately 70p to £2.

The “click switch” or a suitable alterna-
tive, such as a microswitch, should be
available from most component adver-
tisers. The one used in the prototype
is the Maplin non-locking click-effect
switch, code FF87K (Click Switch).

Azimuth Adjustment Aid

We do not expect any component
buying problems for readers undertaking
the Azimuth Adjustment Aid. The dual,
p.c.b. mounting potentiometer is a stan-
dard line and should be stocked by most
component suppliers.

If you do find that you require a new
tape head for your machine, we can
recommend the excellent range stocked
by Hart Electronic Kits (4 0697
652894). They will be only too pleased
to advise you on your requirements.

PLEASE MENTION
EVERYDAY ELECTRONICS
WHEN REPLYING TO
ADVERTISEMENTS
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ENTERTAINMENT

‘BY BARRY FOX

Lap-top Rambo

Recently the Dell Computer Corp. of
Texas launched a new computer, a high
specification lap-top with a 386 proces-
sor, hard disk and back lit l.c.d. screen.
It's a nice piece of kit at a good price
(under £3,000). They boast its weight as
“under fifteen pounds’’.

Whatever that looks like on paper, |
can tell you it's darned heavy when
you actually lift it. What's more, the big
and heavy re-chargeable nickel-cadmium
battery only runs for two hours. “Com-
puting time for the Dell portable is limited
only by the number of spare battery packs
the user can carry”’, says Dell. To work on
the move you need to carry several spare
batteries, and end up looking like Rambo
with a bandelier of heavy hardware.

""Why call it a lap-top?”, | asked the Dell
people. "Have any of you ever actually
tried using it on a long plane journey?*’.

Their answer is that computers like this
are not intended to be used for steady
work on long plane journeys. They are
intended to be dumped in the back of a
car and moved between home, office and
hotel room.

“Why not call it transportable then?"'.

Because, says Dell, people think that a
“transportable’”’ needs to be plugged into
the mains. The trade term for a computer
that works on batteries as well as mains is
“lap-top’’. Toshiba started it, says Dell.

The common sense fact that people
don’t use heavy computers on their laps
does not, it seems, count for anything.

Back-up

What for many people will be a real
benefit of a “lap- top’’ isn‘t even men-
tioned in the publicity material.

Anyone who has suffered a power cut
while working with a desk top PC, and
either lost data from memory or had disks
corrupted, ends up wanting a UIPS, or
Uninterruptible Power Supply. A UIPS
has low voltage batteries which are con-
tinually charged by the mains. At the
same time the battery voltage is stepped
up to mains voltage to run the computer.

The power supply for the computer thus
floats independently of the mains. If there
is a short failure, the batteries just bridge
the gap; if the failure is long term the
batteries keep the computer running for a
few minutes, which is long enough to
save all data from memory onto disk.

But add-on UIPS units cost several
hundred pounds.

A lap-top that can run on either mains
or battery power has the equivalent of a
“free”” UIPS built-in. In most designs, if
the mains supply fails the computer just
goes on running off its batteries.

But even the normally smart Dell people
haven’t spelled this obvious benefit out
in their publicity material. Instead they
make much of a long-life lithium battery
buried inside the lap top which keeps
the memory powered up for two minutes
while the roving user changes batteries.

How long, | wonder, before a computer
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firm cottons on to the value of free UIPS
as a selling feature for lap tops? And how
long, | wonder, before firms making port-
able computers, and video camcorders,
start selling what many users would wel-
come — a battery pack that takes expen-
dible cells.

Camcorders, like portable computers,
rely on rechargeable NiCads. If one thing
in life .is certain, it is that a NiCad will
always go flat when you most need
power. Working on a long journey, or
shooting video in deep country, you
cannot charge flat batteries. The simple
answer is a battery pack, the same size as

the NiCad pack, but with slots inside to
take standard alkaline batteries. Alkaline
cells can be bought virtually anywhere in
the world.

Of course, it's far more expensive to use
alkaline cells than rechargeable batteries,
but if you are stuck with no mains supply,
wanting either to work on a computer or
shoot video, £10 on alkaline cells for a
couple of hours power will seem cheap
at the price. In any case business people
who work on the move, can claim back
the price of batteries. But so far | know
of no dummy NiCad packs, which take
alkaline cells.

R ot Tip

This may save a lot of people a lot of
wasted time.

Over the years, |'ve many times cursed
battery-powered soldering irons, which
always seem to run down just before you
have finished the last joint. And they are
next to useless in cold weather, for in-
stance working outside on a car.

So | jumped at the chance of buying
one of the Flame Master hot gas sol-
dering tools widely advertised in the
electronics press by Maplin Electronics.
After a few muddles over the order | got
the iron — but couldn’t use it because it
comes empty, and without a source of
gas to fill it. The instruction manual
simply says “‘powered by butane gas”,
with no identification of what kind of
butane can or cylinder to use, and where
to buy them.

The butane cylinders sold in hardware
stores have a wide range of proprietory
nozzle fittings. So | carried the Maplin
too! round several shops and finally
found a cylinder, made by Braun, which
seemed to fit. But | had great difficulty
getting enough gas from the cylinder into
the tool to Keep it running for anything
like the claimed “up to two hours
continuous use’’.

So | wrote to Maplin asking what
make of gas cylinder they recommended.
Maplin replied that their service depart-
ment tested the tools with “Newport
purified butane gas”. This, said Maplin, is
available from branches of Woolworths
or direct from the suppliers, Keenn World
Marketing, of Ridgeway, lver Bucks.

| then tramped round every Woolworths
| couid find. But not one stocked, or had
even heard of, Newport cylinders. So

| wrote to Keen, who said that Maplin
were wrong, and they do not offer a mail
order service.

But at last the trail was getting as warm
as the soldering tool should be. Keen say
that Newport is "“available from most
independent retail confectioner, tobac-
conist and newsagents in the UK"".

The key point is that the Newport
cylinder is intended to refill cigarette
lighters, and it comes with a cap which
has eight different nozzle fittings loosely
mounted as a push fit. This, says Keen,
provides a safe fit with any of the 2,000
or more different brands of re-fillable gas
lighters available worldwide. You need a
good fit to get the gas into the tool,
without spillage -— which is an obvious
fire risk.

By trial and error | found that several
nozzles, e.g. the white one, would do the
trick of filling the Maplin iron.

Hopefully this piece of information will
help any readers who have bought what
is actually a very neat little tool. But
surely it would make sense for Maplin
now to add a note to the instructions that
go with the soldering iron, naming the
Newport cylinder, explaining where it can
be bought and saying which of the eight
coloured nozzles Maplin’s service depart-
ment have found best able to load gas
without risk of leaks around the nozzle.

Maplin tell us that a variety of different
types of butane refill can be used with
the iron. They are generally avaifable from
tobacconist and many other retailers who
sell cigarettes.

Maplin do not sell the gas due to the
problems of supplying it by mail order.
(Ed).

s DA Ts VMusic m

A music journalist told recently how
he often gets music from new bands sent
to him on DAT Ccassette. Small independ-
ent record companies find it far cheaper
to produce small runs of DAT real-time
copies, than to press CDs.

Apart from producing a CD master
tape (at around £350 a time), a master
disc for pressing (another £350) and then

paying between £1 and £2 each for pressed
discs (depending on volume), most press-
ing plants won’t press less than 500 CDs.
So it’s far easier and cheaper for a record
company to send out DAT cassettes of
new bands to the press.

There is only one snag. Many of the
magazines receiving these cassettes, do not
have DAT players.

Everyday Electronics, May 1990



THE RTC MONITOR Ii

100 WATT SPEAKER KIT £60.00 +£3.50 P&P (pair)
RESPONSE: 55Hz-20kHz

BASS POLYMER CONE D: 22cm
DOME TWEETER: 14mm

MAIL ORDER
£1 BARGAIN PACKS

BUY 20 GET 1 FREE

Please state pack(s) required

30+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

single P.C.B. which is already punched and

backprinted.

& 30Wx2 (DIN 4 ohm)

m CD/Aux, tape |, tape i,
inputs.

& Separate treble and bass

@ Headphone jack

Size (H.W.D.) 75x400X% 195mm

Kit enclosed: case, P.C.B., all components, scale

and knobs £36.80. post £3.50

(Featured project in Everyday Electronics April

1989 issue). Reprint Free with kit.

tuner and phono

OVERALL SIZE
{HWD): 382,252,204mm
RECOMMENDED AMP POWER: No. Qty. per pack )
10-100 watts per channel BPO15B 1 30W dome tweeter. Size 90x66mil JAPAN made
The performance stan- BPO16 6 2200uf can type Electrolytic 25V d.c. computer
dard achieved in this o grade, madajin] UK by PHILIES] :
compactdesignis distinc- 3 ggomogfj‘é:%‘:a%g' 5}?“[::;‘;“ high quality
tively superior to any- BPO19 20 20 ceramic trimmers
thing else avalla_ble at t!’\e BP020 4 Tuning capacitors, 2 gang dielectric a.m. type
price. The drive units BP021 10 3 position, 8 tag slide switch 3 amp rated
used are of sophisticated 125V a.c. made in USA
design and have been BP022 § Push-button switches, push on push off, 2 pote
carefully integrated with a changeioyar ks motpih U iR
Y g BPO23 6 2 pole 2 way rotary switch
Complex Cross_over. ) . BP024 2 Right angle, PCB mounting rotary switch,
Stereo performanceis exceptionally good with a 4 pole, 3 way rotary switch UK made by LORLIN
well focussed sound stage and sharp resolution] BP025 4 3 x::ole, 3 way m'i;\(iatu'e ;otarv ;\x;ﬁle\ ,‘,”i"' O)ne
of detail. Distortion throughout the frequency extra position off fopen frame type
range is low even at quite high power input and g;g;g 33 :Aﬁﬂg'cﬁmgl'fgggsw"c" UK made by LORLIN
this gives a great sense of dynamic range and| gpoz9 6 Stereo rotary potentiometers
openness especially when used in bi-wired] BP030 2 10k wire wound double precision
mode. potentiometers UK made
Supplied with:— 2 READY CUT BAFFLES, ALL} BPo31 6 Single 100k multitune pots, ideal for varicap
CROSSOVER COMPONENTS, 2 BASS MID- BP032 4 ﬁﬂ:r:a‘;jifam‘ladﬁeemsgégpsnbox d and
RANGE, 2 DOME TWEETERS, HOOK UP WIRE, antested UK made by PEILIPS
GRILLE CLOTH, SCREW TERMINALS AND| Bp033 2 FM stereo decoder modules with diagram
SCREWS. UK made by PHILIPS
BPOIZA 4 6"x%" High grade Ferrite rod. UK made
GOODMANS 60W CAR GRAPHIC 7934 3 AMIF modules with diagram PHILIPS UK made
BPU34A 2 AM-FM tuner head modules. UK made by Mullard
BP034B 1 Hi-Fi stereo pre-amp module inputs for CD, tuner
tape, magnetic canrld%e with diagram.
= - - UK made by MULLARI
As new condition but have been returned by customers | gpo3s 6 All metal co-axial aerial plugs
or shops, so they may need some attention. Hence the BPO3§ 6 Fuse holders, panel mounting 20mm type
price of only £8.00 each. Order six of these units and you 8P037 6 In line fuse holders 20mm type
get the seventh one free. Postage £2.90 UK made by BULGIN
BP038 20 5 pin din, 180° chassis socket
LCD DIGITAL MULT!I TEST METER aAc pc| BPo33 6 Double phono sockets, Paxolin mounted
Volts resistance and DC Amps. Most of these units are | BP041 3 2.8m langths of 3 core 5 amp mains flex
new but have been returned or rejected by the store| BP042 2 Large VU meters JAPAN made
and sold with all faults at £11.00 each. Postage £1.00.{ BP043 30 4V minlature bulbs, wire ended, new untested
{Made by Ross Electronics). BP044 2 Sonotone stereo crystal cartridge with 78 and
LP styli JAPAN made
BPO45A 2 Mono Cassette Record and piay heads
M Rdoss PUSH BUJTSNh RA?IO v F/FM BPO46 4 6-0-6 4VA mains transformers, PC mount UK made
ains and battery operate gn qua "y BP047 1 24V 0.3VA mains power supply. Brand new boxed
Medium and Long Wave reception,, -~ UK made by MULLARD
6 pushbutton selected i \ BP0O49 10 OCA44 transistors. Remove paint from top and it
e stations. ; ¥ becomes a photo-elecmc cell (ORP 12)
ull_ylre!ractable telescopic UK made by MULLA
aerial. BPOS0 30 Low signal translstors n.p.n., p.n.p. types
He:dph?(ne/earphone g BP051 6 14 watt output transistors. 3
jack socket. ,I k complimentary pairs in T066 case
_ ] E 4 {ldeal replacement for AD161 and 162s)
Size 230H x 150W x §5D. L BP052A 1 Tape deck pre-amp IC with record/replay
Ref RE-5500. L switching No LM181B with dia gram
Brand new. | BPO53 5 B watt audio ICs. No TBAB0O (ATEZ)
Listed price over £30.00. BP0S54 10 Motor speed control ICs, as used with mast
1 : cassette and record player motors
Price £14.95 J 8P055 1 DlgnlaIle\’/M T';I‘,:tlsb ;IA(I:? m{ahdz by PLESSEY
3 g as used by with diaaram
+ £2.80 P&P \_ il BPO56 4 7 segment 0.3 LED display (red)
— BPO57 8 Bridge rectifiers, 1 amp, 24V
SHURE HIFI STEREO MAGNETIC CAR-| BP0SS 200 Assorted carbon resistors
TRIDGE Fi BP059 1 Power supply PCB with 30V 4V/A transformer.
itted with an elliptical diamond stylus - A
MC7818CT IC & bridge rectifier: Slze 4"x 2%
supplled with fitting kit and instructions. A good quality 8PO61 5 6.35mm Mono jack plugs
unit made to sell for well over twenty pounds due to BPOG3 5 6.35mm stereo switched jack sockets
scoop pur;:hase we are able to offer thesg at adfracnon oJ BPOS4 12 Coax chassis mount sockets
the manufacturers price. All units are brand new an iy 5 B
boxed. £7.20 each. If you order in multiples of five you R SmiriEdromainsilesd WithichgEsieleceret
ge}‘ol\gﬁee Postage £1.30 (Made in U. SA_)
KOSS STEREO HEADPHONES High quality MULTIBAND RADIO
light weight stereo headphones fitted 3.5mm jack with 1 VHF 5@'176 MHz + AM CB BANDS 1-80
adaptor to 6.4mm jack. ldeal use Hifi or personal stereos- ‘i Listen to: AIR TRAFFIC CONTROL,
made to sell for nine pounds. Our price for this unit £4.25. - AIRCRAFT, RADAR
Postage 60p. PUBLIC UTILITIES
= = - £17 95 RADIO AMATEURS AND
TV SOUND TUNER KIT | £17. MANY MANY MORE
! POSTAGE I
‘ £2.85 SQUELCH CONTROL
4 “RUBBER DUCK AERIAL"
In the cut-throat world of consumer electronics, Lcie“avlmfgsr sé%?lﬁnc::ral?%t::r:d::é
one of the questions designers apparently pon- separate volume control. Range
der over is “Wil[anyone notice if we save money e 49MHi crys?al
by chopping this out?" In the domestic TV set, control superhet circuit with built-
one of the first casualties seems to be the sound S s e o i R et
quality. Small speakers and no tone controls are Unisunpiiedssith vinyl cgrryin §
quite common and that really is quite sad, as the o angp areonallear yhone 9
TV companies do their best to transmit the high- P . 1 ’
est quality sound. Given this background a com- £32.90 a pair
pact independent TV tuner that connect direct + £2.60 P&P
to your Hi-Fi is a must for quality reproduction. :

The unit is mains operated. This TV SOUND
TUNER offers full UHF coverage with 4 pre-
selected tuning controls. All parts including
Varicap tuner, mains transformer, PCB with IC’s,
capacitors and coils etc., to build the unit
illustrated above; without case and scale.
£11.50 + £2.30 P&P

Case as illustrated £6.90 + £2.00 P&P
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+125 POWER AMPLIFIER

125 watt per channel stereo power amplifier
with independent volume controls, professional
19" rack mount and silent running cooling fan for
extra reliability.

Output power ...

125W RMS max. per channel

Outputimpedance .........cccoeveeeneene 4to 16 ohms

{max. power into 4 ohms}
Sensitivity ... 450V at 22K ohms
Protection .... Electronic short-circuit and fuses

. 220-240V a.c. 50Hz
.. 435x 125x280mm

£142 +£7.00 p&p
STEREC DISCO MIXER ™MX7770

Power ...
Chassis dim

AR L

= e =

4-channel stereo disco mixer with built-in 5-band
graphic equallzer capable of mixing a totat of 8 line,
phono or mic inputs, switchable on the front panet.
Controls include cross fade between channels 1 and 2,
headphone cue, DJ mic talkover, channel level markers
and stereo/mono switch. Twin 12 LED bargraph dis-
play. Output to amp, tape and headphones.

Input sensitivity......Mic. 0.3mV, Phono 3mV, Line 150mV
Inputimpedance . Mic. 600{2, Phono 47k(}, Line 47k()
Max. input level... Mic.30mV, Phono 140mV, Line 5V

Output |mpedance 600Q
Rated output Amp 800mV
Hum and noise >3mV
Frequency response: Mic. ...... ... 50-20000Hz
Phono 60-20000Hz
Line.... ...20-30000Hz

Equalizer section:

Control frequencies
Control range
Power
Dims ...

60Hz, 250Hz 1kHz 3.5kHz, 12kHz
+12d8B, boost or cut
240Vac
.. 380 X 270 X 96mm

£86 95 + £5 80 p&p

RADIO AND TV COMPONENTS ACTON LTD

21 HIGH STREET, ACTON, LONDON W3 6NG
MAIL ORDER TERMS, POSTAL ORDERS and or CHEQUES with orders
Orders under £20 add £3 00 service charge Nett monthly actounts to
Schools, Collegesand P.L C only ACCESS VISA. Phone orders between
9.30 & 12pm please Overseas readers write for quote on delvery.
Phone: 01-723 8432 or 01-992 8430,
Callers 323 Edgware Road London W2 Closed Sun.
21 High St, Acton, London W3 closed Sun, Mon & Wed

BELT-DRIVE
QUICKSTART VARISPEED
DISCO TURNTABLE

* Quick start ideal for scratching

* Pitch control

* Pop-up target lamp

* Strobe lamp

* Counterweighted tubular tone arm with plug-in
headshell

* Full manual control

* Remote start/stop

* 7.5kg

/
\
\
\.

£112.00
+ £7.00 P&P
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Constructional Project

AZIMUTH

L.R. de VAUX-BALBIRNIE

“As new” performance from
ageing cassette players.

ostT Homes have at least one cas-
M sette player. As well as the family
stereo unit, there may be others in
children’s bedrooms, cars, and perhaps for
computer data storage. Personal stereos of

the “Walkman” variety and cassette play-

cs
R2
%ua I—" ®
R1 c6 OUTPUTS

1n
ers combined with portable radios and L2, S L-l
televisions add to the list. ) - J
It is wrong to assume that these will - AE O
continue to work at peak performance - "3 n
without servicing. Regular cleaning of the i g & E
) . y -y 100y e
heads and tape transport mechanism is ! v

essential. This can be done using a e 7 &
cleaning cassette in accordance with the 10k 10k
manufacturer’s instructions. =5
If this is not done, deposits of oxide At
rubbed from the tape surface will build u;; 1
on the record/playback head and spoi
high-frequency performance. The sound
will then be muffled and there may be
incomplete “wiping off”” when the erase
head is involved.
In severe cases, ordinary cleaning will be

Fig. 1. Complete circuit diagram for the Azimuth Adjustment Aid.

inadequate and more extensive manual
cleaning required. Further servicing re-
quires head demagnetising and the most

822

convenient way of doing this to to use an
electronic demagnetising cassette. This is
necessary since, over a period of time, the

-

- sk G2
A0 AR § TR0
e I w00

record/playback head can become mag-
netised - again, resulting in poor high-
frequency response.

REPLACEMENT

Unfortunately, even with regular servic-
ing, there will come a time when the heads
become excessively worn and reach the end
of their useful life. The above measures will
then fail to restore sound quality.

Many a cassette player is discarded for
this reason when there are still years of
life left in it. It is a relatively inexpensive
job to replace worn out heads and restore
‘“as new” performance. Advertisers in this
magazine supply replacement heads which
will fit virtually all machines.

However, the new record/playback head
will need to be adjusted so that the gap,
over which the tape passes, is accurately
aligned to be at right angles to the direc-
tion of tape travel —this is called “azimuth
adjustment’.

Adjustment is simply a matter of turning
one small screw. However, if this is not
done properly, high-frequency response
will, once again, suffer.

Accurate adjustment needs a tape on
which is recorded a high frequency tone.
This is listened to as the azimuth adjust-
ment is made. When playback reaches
maximum volume, the adjustment is cor-

Everyday Electronics, May 1990
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Fig. 2. Waveforms showing phase-shift differences in the circuit.

rect. It often happens that azimuth adjust-
ment will give a new lease of life to the
machine even when the record/replay head
is slightly worn.

~ The present project is a sine-wave oscil-
lator which produces a tone of approxi-
mately 8kHz which is a very high pitched
whistle. The unit is plugged into the input
socket of a tape recorder known to be in
good condition and a recording made. The
recording is then preserved and used as a
master tape in making the azimuth adjust-
ment on other machines.

CIRCUIT DESCRIPTION

The complete circuit for the Azimuth
Adjustment Aid is shown in Fig. 1. This is
a phase-shift oscillator and works in the
following way.

Consider for a moment an a.c. signal
at transistor TR1 collector (c). Further-
more, imagine that a complete wave oc-
cupies 360 degrees (see Fig. 2a). Each of
circuit elements C2 and R3/VR1a, C3 and

R4/VR1b together with capacitor C4 intro-
duce a change of phase to this signal.

This means that the wave falls out of
step with the original. The amount by
which it is out of phase is specified as a
number of degrees (remembering that
a complete wave occupies 360 degrees).
Thus, the wave would be totally out of step
if the phase difference were 180 degrees -
that is, one half of a wave (see Fig. 2b).

With any particular component values
in the circuit elements above, there will be
one particular frequency where the phase
change is exactly 60 degrees per stage. The
effect of the three circuit elements in cas-
cade, is therefore to produce a phase dif-
ference of 180 degrees.

The output from capacitor C4 is directly
coupled to TR1 base (b) which amplifies
it and introduces a further phase change
of 180 degrees due to its own action. The
overall effect is that the new signal arrives
at the collector with a phase diference of
360 degrees compared with the original
- that js, the waves are in step with one
another (see Fig. 2¢).
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Fig. 3. Stripboard component layout and details of breaks in the un-
derside copper tracks. The holes for the potentiometer will need to be
enlarged to take this component.

Everyday Electronics, May 1990

The new signal now matches the original
and re-inforces it. Each circuit element in-
troduces quite a lot of signal loss so TRI
needs to be a high-gain transistor to give
sufficient “boost” and maintain oscillation.

The output appears as a sine wave
between TR1 collector and emitter (e). At
first sight, there seems no reason why the
circuit should begin oscillating in the
absence of an initial signal on which the
transistor can operate. However, in prac-
tice, stray noise and pick-up provide
sufficient input for the process to begin.
The circuit then works selectively on the
frequency which gives the necessary 360
degree phase change. By altering the setting
of potentiometer VRI, the required fre-
quency may be selected. VR1a and VRI1b
comprise both sections of a dual poten-
tiometer so adjustment of one automati-
cally adjusts the other. In the prototype
unit, this provides adjustment between
limits of 3 kHz and 14 kHz approximately.
At the end of contruction it will be set to
deliver a frequency of 8kHz approximately.
Resistor R1 applies base bias and R2 acts
as a load resistor for TR1. Capacitors C5
and C6 allow the a.c. signal from TRI
collector to pass to each channel of the
stereo output.

CONSTRUCTION

Construction is based on a circuit panel
made from a piece of 0.1 in. matrix strip-
board size 11 strips x 29 holes (see Fig. 3).
Cut this to size and file it carefully to fit the
slots of the specified plastic box.

Make the inter-strip link and track
breaks as indicated then solder the on-
board components into position as shown
in Fig. 3, except for VRI1. Before fitting the
dual-ganged potentiometer VRI, cut the
spindle to a length of 3mm and make a
cross cut using a hacksaw - this will enable
it to be adjusted with a screwdriver at the
end of construction,

Note that VR fits the stripboard matrix
but the holes occupied by the tags will need
to be drilled slightly larger. When doing
: 1

CONPONENTS

Resistors
R1 470k
R2 3k3
R3,R4 1k (20ff) a
See
All 0.25W 5% carbon page 319

Potentiometer
VR1 10k dual-track p.c.b.
mounting, lin.
Capacitors
Cc

C2,C3,C4
C5, C6

100y axial elec. 16V
2n2 ceramic (3 off)
1n polystyrene (2 off)

Semiconductor
TR1 BC108 npnsilicon

Miscellaneous

Stripboard 0.1in. matrix, size 11
strips x 29 holes; plastic case, size
76mm x 58mm x 38.5mm internal;
B1 PP3 battery and connector to
suit; miniature twin screened wire,
approx. 50cm; connectors to suit
tape recorder input; adhesive fixing
pad; connecting wire; solder etc.

Approx cost.
Guidance only

£8
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this, take care to avoid breaking any tracks
- if you do, solder a short bridging wire
across any gap. Solder a 10cm piece of
light-duty stranded connecting wire to cop-
per strip4 and a 2cm piece of similar wire
to Strip H. .

Drill a hole in the rear of the box for the
output lead to pass through. With the cir-
cuit panel in place, measure the position of
VRI1 spindle and mark this on the inside of
the box. Remove the circuit panel and drill
the marked position with a hole 4mm in
diameter through which VR1 may be ad-
justed with a small screwdriver.

Mount remaining components and,
referring to Fig. 4, complete the internal
wiring. Use a piece of light-duty twin
screened wire for the output lead - 50 cm.
will probably be found sufficient. Solder
the inner conductors to copper strips I and
J. Twist the screening, sleeve 2cm of it and
trim off any excess. Solder this and the
negative battery connector wire to the
“free” end of the wire already soldered to
strip H. Insulate the bare ends with p.v.c.
tape (see photograph).

Pass the signal wire through the hole in
the case already drilled for the purpose and
tie a a piece of string tightly around it on
the inside so that it cannot pull free in use.
Adjust VRI1 to approximately mid-track
position and replace the circuit panel. Con-
nect the battery and secure it to the side
of the box using a double-sided adhesive
fixing pad.

SCREENING

%PUT@

Fig. 5. Test set-up using a pair of stereo
headphones.

TESTING

Make a basic test by connecting a pair
of stereo headphones to the output lead as
shown in Fig.5. Twisted connections are in
order here since short circuits will cause no
harm.

When the unit is switched on, a whistle
should be heard whose pitch depends on
VRI1 adjustment — clockwise rotation in-
creases the frequency. Adjust VRI so that
the whistle is very high-pitched - about
1/16th turn of VR1 anticlockwise from the
highest pitch which can be heard.

The exact frequency is unimportant but
should lie in the range 7kHz to 10kHz.
Readers having access to an oscilloscope
can use this to adjust frequency.

The master tape is made on a tape
machine known to be in good condition. A
high-quality recorder will give best results.
Attach connector(s) to the ends of the
output wires to suit the recorder input. The
microphone input will be found most con-
venient to use because this is easily acces-
sible.

If there are manual recording level con-
trols set them to zero. Before switching the
amplifier on, turn the volume control to
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Fig. 4. Interwiring from the circuit battery board to the screened output lead and

battery.

zero — this is very important. Switch off any
noise reduction system.

Start recording and advance the level
controls until the VU meters show the cor-
rect signal strength. This will be found with
the controls only slightly advanced.

With automatic machines, try a test
recording. Turn the amplifier volume con-
trol up gently to listen to the test signal. If
the recording level is too high, use a less
sensitive input— the phono input, for ex-
ample.

On playback the high pitched whistle
should be clearly heard although quite a lot
of background noise (tape hiss) is to be
expected. If no signal is heard, perhaps the
frequency has been set too high for the
recorder to handle. Try reducing it a little
by anti-clockwise adjustment to VR 1.

AZIMUTH
ADJUSTMENT

With all adjustments made, make a
recording lasting for at least two minutes.
Now, working on the suspect machine,
locate the azimuth adjustment screw on
the record/playback head (the one with
the spring under it). In many machines
this screw is easily accessible — sometimes
through a small hole. A mirror may be
needed and in some case limited disman-
tling is necessary.

Clean the tape heads before proceed-
ing. If there are any stubborn deposits on

the heads and transport mechanism, clean

them off gently using a cotton bud and
proprietary cleaning fiuid. If a demagnetis-
ing cassette is available, use this too.

Now play the test tape and listen care-
fully. Adjust the azimuth adjustment screw
very slowly one way and the other until
the whistle is as loud as possible. Even in
severe cases, only very small adjustments
are needed. With luck, performance will
now be restored.

If results are poor and further cleaning
does not improve the sound, the fault is

likely to be a worn record-playback head.
Usually replacement is simply a matter of
fitting a new one after any necessary dis-
mantling. Obviously, this is a job which
needs patience and care. Be sure to use a
head of at least as good a quality as the one
being replaced or results will be disappoint-
ing.

Solder the wires to the new head
cautiously, avoiding excessive heat. Make
sure the connections do not touch one
another or the surrounding metalwork.
The head must then be aligned as
previously described. After re-assembling,
the tape recorder should sound brand new
again!

Note that no on-off switch has been in-
cluded. It is therefore necessary to discon-
nect the battery after use. A switch could
be placed in the battery positive wire but
this was not thought worthwhile in the
prototype. O

The complated circuit board. The battery negative
lead, signal lead screen and negative board lead are
Jfoined together under the insulating tape on the right.
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NART KITS give you the opportunity to build the

Pt t there is,

by lhe Isaders in men field, usmn the best components rhat are
available.

With & HART KIT you have direct access to the friendly HART service, you are
not dealin; g‘rthmugh or paying for, any middlemen.

Every HART KIT is not Just a new equipment acquisition but & valuable
investment in knowledge, giving you guided hands-on experience of
modern slectronic techniques.

Telephone or write for our FREE LISTS giving full details of ail our Kits,
components and special offers. Here are a few selected stems.

AUDIO DESIGN 80 WATT POWER AMPLIFIER

This fantastic amplifier is the flagship of our range, and the ideal
powerhouse for your ultimate hifi systern. Feamred on the front cover of the
May issue of E Today stereo power
amptifier offers World Class performance with !he option of a stereo LED
power meter and & versatile passive front end giving switched jnputs,
volume and balance controls. Tape, CD players, os indeed any ‘flat’ input
may therafore be directly connected to bypass tone controls or give a ‘stand-
alone’ facility. The amplifier can also be supplied in ‘stave’ and ‘monobloc’
versions without the passive input stage and power meter.
Al versions fit within the standard 420X 260x m case to match our 400
Series Tuner range ALL power supplies are stabilised, the heavy current
supphes using the same mosfet devices as the amplifier. The power supply,
using a torovdal transformer, is in fact a complete module contained within 8
heavy gauge aluminium chassis/heatsink and fitted with IEC mains input and
output sockets. All the circuitry is on a proper printed circult with low-
s for the six i DC outputs. HART KITS

don‘t teave you to fasten a few capacitors to the floor of the main chassis and
wire the power supply the hard way| Remember with a HART KIT you get the
performance you want at the pnce quoted through proper engineering
design and the right components. We do not insult your inteliigence by
offering a kit at what seems a fair price and then tell you that you have to
spend three times as much to get an uogvaded model|
K1100 Compiete Sterso Amplifier Kit with LED Power Meter and 3-input
Passive Stage. Total cost of all parts is £418.88

r Discount Price for the Completa Kit £365.98

.. £309.43
. £224.15

K 1100S Stareo Slave Version. with piain Front Plate.........
K1100M ‘Monobloc’ mono version, with plain Front Plate .
RLH10 Reprints of latest ‘Audio Design Amplifier articles 270
K1100CM HART Construction Manuat with full parts lists .. ~£4.50
Reprints and construction manusl can be purchased seperstely and their
cost credited against subsequent kit purchase.

All versions are supplied with dual primary mains transformers for use on
220/240v or 110/115v mains. Monobloc price does not include the construc-
tion manual.

SPECIAL OFFER until the end of February the K1100 kit will be suppfied with
the new ALPS low noise precision pots at NO EXTRA CHARGE.

HART AUDIO KITS —

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

Th. is the ideal companion tunet to the 80W Audio Design Amplifier in any
ultimate hi fi system with case size, front plate layout and even control
prtches unified for stacking. Like the 80W Audio Design Amplifier this is your
route to £K + performance for a few tenths of the costl Two dasngn: n John
Linsley Hood make up this comblnatlon of his ultra high quality FM tuner
and stereo dacoder described in “Electronics Today International” and the
Synchrodyne AM receiver described in “Wireless World®. Novel circuit
features in the FM section include ready bwilt pre-aligned front end, phase
locked loop demodulator with a response down to DC and advanced sample
and hold stereo decoder together making a tuner which sounds better than
the best of the high-priced exotica but, thanks to HART engineering, remains
very aasy to build and set up. The Synchrodyne section with its selectable
band width provides the best possible resuhts from Long and Medium wave
channels. S0 nece: in these days of soln programming. i you want the
very best in real Mifi listening then this is the tuner for you. Since all
components are seiected by the designer to give the very best sound this
tuner is not cheap, but in terms of its sheer sound quality, t is incredible
value for moneY To cater for all needs AM only and FM only versions are
available as wetl as the full AM/FM model, with any unit being upgradable at
any time. For further details see our fully illustrated lists.

K400 FM Only version, total cost of all pans is £211.90,

Our special discount price for Idt ondy

K400 AM/FM version, Dku)um Price for mmp‘ﬂl“

STUART TAPE RECORDER CIRCUITS

Complete stereo record, replsy and bias circuit system for reel-to-reel
recorders. These circuits will gve studio quality with a good tape deck.
Separate sections for record and replay give optimum performance and
aliow a third head monitoring system to be used where the deck has this

. Standard 250mV input and output levels. These circuits are ideal for
bringing that oid valve tape recorder back to life. Suitable stereo heads sre
available at very reasonable prices.

X900W Starec Kit with Wound Coils and Twin Meter Dnve......
RJS1 Reprints of Onginal Descriptive Articles

..£90.68
£2.60

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complete recard and replay cireuits for very high quality low noise stereo
cassente recorder. Circufts are suitable for use with any high quality cassette
deck. Switched bias and equalisation o cater for chrome and ferric tapes
Very versatile and easy o assemble on plug-in PCBs. Complete with full
instructions.

it..
RLH1 & 2 Reprints 01 Onglnal Arnticles

Qur latest lists also ive details of our ranges of specialist high quality AUDIO
CONNECTORS , cassefte decks and seasonal special offers. Write
or telephona lor your FREE copy. {Overseas 2 IRCs Pleass, or 5 for Alrmail).

The New

Summer
Catalogue

@ 100s new products
B £10 worth discount vouchers
@ Latest books
B Low cost multimeters
B 184 pages
B Only £1.60 availabie from larger
newsagents or directly from Cirkit

Cirkit Distribution Ltd.
Park Lane, Broxboume, Herts EN10 7NQ
Telephone (0992) 444111

w!

HIGH QUALITY REPLACEMENT CASSETTE HEADS

YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-FI_ ,gn ._

Do your tapes lack treble? A worn head could be the problem. Fitting
one of our replacement heads could restoreperformanceto better than
new! Standard inductances and mountings make fitting easy on nearly
all machines and our TC1 Test Cassette helps you set tge azimuth spot
on. As we are the actual importers you get prime parts at lower prices,
compare our prices with other suppliers and see! All our heads are
suitable for use with any Dolby system and are normally available ex,
stock. We also stock a wide range of special heads for home
construction and industrial users.

HS16 Sendust Alloy Stereo Head. High quality head with excellent
frequency response and hyberbolic face for good tape contact . £17.86
HC40 NEW RANGE High Beta-Permalloy Stereo head. Modern space
saver design gives excellent high-frequency response with easy fitting
and lower cost. Suitable for chrome, metal and ferric tapes, truly a
universal replacement head, with ample quality for Hi Fi decks and
cheap enough for car players| ... £6.
HX100 Special Offer Stereo Permalloy Hea
HRP373 Downstream Monitor Stereo Combination Head
HQ551 4-Track Record & Play Permalloy Head for auto-reverse car
players or guadraphonic recording .. . £16.73
H524 Standard Erase Head
SM166 2/2 AC Erase Head, Standard Mount
HS9510 2/4 Stereo DC Erase Head ..........
HQ751E 4/4 AC Erase Head, tracks compatible with HQ551
We can supply card reader haads for OEMs at very keen prices.

REEL TO REEL HEADS
999R 2/4 Record/Play 110mH. Suits Stuart tape Circuits ..
998E 2/4 Erase Head 1mH. Universal Mount. Suits Stuart

TAPE RECORDER CARE PRODUCTS
HART TC1 TEST CASSETTE Our famous triple purpose test cassette.
Sets tape azimuth, VU leve! and tape speed ............. « £5.36
DEM1 Mains Powered Tape Head Demagnetlzer prevenls noise on
playback due to residual head magnetisation .. . £4.08
DEM115 Electronic, Cassette Type, demagnetizer . £8.61
Qur new Winter ‘89 price list is FREE. Send for your copy now.
Overseas customers welcome, please send 2 IRCs to cover surface
post, or & for Airmail.

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

Please add part cost of carriage and insurance as follows:
INLAND: Orders up to £20 —£1; Orders over £20 —

£2.50; Next day — £9. OVERSEAS Please
| Yes )|

see the ordering information with
our lists.

M QUALITY AUDIO KITS [ (dgs1) 652894

Everyday Electronics, May 1990

I ALL PRICES INCLUDE VAT
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Z/Robot Ro

NIGEL CLARK P

ROBOT OLYMPICS

Wednesday and Thursday, September 26
and 27 should be kept free in the diaries
of all robotophiles. The Turing Institute
in Glasgow is holding a Robot Olympics
which it is hoped will attract all the latest
creations of schools, colleges, companies
and individuals throughout the world.

Dr Peter Mowforth, who is organising
the event, said the idea behind it was to
provide a physical forum for the latest
robot developments.

At the moment the only way for research-
ers to find out what other roboticists are
doing is to read the journals or speak to
each other at conferences. They exchange
notes and plans and if they are lucky they
might be able to see a video.

But as Mowforth said the video might
have taken weeks to prepare and what the
researchers want is to see the mistakes as
well as the successes. He added that at a
recent conference in Japan one of the most
popular events had been a collection of
video *“out-takes” of robot mistakes.

The best way of assessing a robot was
to see it operating. Mowforth said that
robotics was going through a very interest-
ing phase at the moment. In the last five
years, and particularly the last two, there
had been a change in thinking about what
makes a robot.

Before that most developments con-
cerned the expansion of uses of industrial
arms, such as adding sensors and improv-
ing software. But now there was a greater
concern about the behaviour of robots with
a search for intelligent connections between
perceptions and actions or inputs and
outputs.

There had also been a fall in the cost
of components which meant that much
worthwhile work was being done outside
the traditional academic areas.

Mowforth hoped the event would attract
more worldwide interest in the work being
done in this country, which 20 years ago
led the world in robotics, and in particular
the work at the Turing. Finally he wanted
it to be fun.

COMPETITION

There will be a competitive element with a
prize for the best robot overall. The judg-
ing will be based on the quality and
precision of the building of the device, the
sophistication of its behaviour and its
novelty.

If there are a number of similar robots,
hexapods for example, it is intended to
have a competition between them.

Anyone is welcome to enter provided
their machines conform to the definition of
being an autonomous device showing an
intelligent link between perception and
action. They also had to agree with most
people’s general prejudices about what
constitutes a robot. Automatic washing
machines do not qualify.

The interest which had already been gen-
erated can be judged from the fact that the
event has had to be put back. Originally it
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was intended to be held in April for only
one day but many potential entrants said
that they would be unable to have their
projects ready by then.

Anyone interested in participating can
contact Dr. Peter Mowforth at: Turing
Institute, 36 North Hanover Street, Glasgow
G12AD. (Fax: 041 552 6400)

TREKKER

An attempt to gauge the value of Clwyd
Technics’ move into the primary school
market with an extension pack for its
Trekker mobile resulted in more questions
than answers. I asked teachers at my local
infants and junior schools in St. Albans to
assess how useful the two-wheeled vehicle
would be in trying to meet the criteria laid
down in the craft and technology section of
the National Curriculum.

It was quickly apparent that the infants,
aged between five and seven, would not
benefit from Trekker. It was too complex
and sophisticated. Young small hands need
something that is simple and robust.

Lights, sensors and fancy dancing are not
needed. An ability to show off what the
computer is capable of without having
components broken off the control board
are.

The teachers said that the children found
Trekker exciting while running through its
demonstration programs and many made
suggestions for ways in which the various
sensors could be used. It was thought that
the use of heat sensors and the magnet
might be possible with the infants.

However, there were a number of draw-
backs which severely limited its use by
children of that age. The switches were too
small for their fingers, they could not see
the end of the pen, which on the Trekker is
held in a holder in the centre of the mobile,
so that they had difficulty estimating line
length and angle size. It was also thought
to be too fragile.

Perhaps it was a little unfair to test Trek-
ker on infants as the extension pack was
not intended for children so young. How-
ever, it did point to areas which needed to
be kept in mind when providing equipment
for infants particularly in relation to its
ability to withstand a large amount of less-
than-careful use.

el
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Shirley Harwood at the junior school was
more positive about its possible assistance
in the teaching of technology to the older
children. She was able to see areas in
which Trekker could be used in developing
projects to increase the children’s under-
standing of various technical problems.

However, she did not feel she had been
able to give it a thorough testing, not
because of any difficulties with the equip-
ment or its acompanying documentation,
but because of organisational arrange-
ments which had already been made.

Preparing projects for the children to
undertake takes time and must be based
around the facilities and equipment avail-
able at the time. It is difficult to incorporate
new unexpected pieces of equipment, par-
ticularly ones which need to be worked on
without the children so that the teacher can
assess how they can be incorporated into
the classroom work.

Time is the great enemy in achieving an
understanding of a new piece of equip-
ment. Harwood felt that she would need to
be able to work with Trekker through the
summer holidays to be able to assess how
best to use it.

TEACHER SUPPORT

This raises a number of questions about
how to ensure that children have the
best resources available to help them in
their learning about and understanding of
the subject. For once money is not the
problem, directly anyway.

If teachers do not have time to assess all
the equipment available and how it can
best be used, all the money in the council’s
budget would not make any difference.

It is here that the teacher support,
provided by the local authority, is impor-
tant in providing the necessary advice and
training. But even this cannot guarantee
success if teachers do not have time to go
on courses or properly assimilate the
information given. We are now back to
money and staffing.

It will be some time before the craft and
technology section of the National Cur-
riculum is functioning properly. Today’s
schoolchildren will be the guinea pigs.
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In this supplement we will consider some of the basic principles
of short wave radio, together with two practical projects for you
to build. The projects range from the most basic of sets suitable
for the absolute beginner, through to a Direct Conversion
Receiver (to be published next month) more appropriate for
constructors with a reasonable amount of experience at
electronics construction. We start with the most basic possible
recelver, the crystal set.

Short Wave Reception

by Robert Penfold

Radio Signals

In order to understand the principles of
radio you need to know what is meant by
a radio signal. A radio signal is just an
ordinary a.c. (altemating current) type,
very much like the mains supply or an
audio signal. The voltage rises from zero
in a positive direction, reaches a peak and
then falls back to zero again. The voltage
then rises and falls again, but is negative
in value.

Each pair of positive and negative ex-
cursions constitutes one complete cycle.
A repetitive a.c. signal has a frequency,
which was once expressed as soO many
cycles per second. These days the term
“Hertz”’ (often just abbreviated to “Hz"")
is used instead. One cycle per second is
the same as one Hertz (1Hz).

The mains frequency is 50 Hertz,
which is quite low, at something
approaching the lower limit of the audio
range (20Hz to 20kHz). High audio
frequencies are often expressed in
kilohertz (kHz) incidentally, and one
kilohertz equals one thousand Hertz.
Radio signals are at frequencies above
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the audio range, and more or less carry on
where the audio spectrum leaves off. The
short wave bands lie within the range
1.6MHz to 30MHz. A megahertz (MHz)
is equal to one million Hertz, or one
thousand kilohertz, and so we are talking
here about frequencies that are well
beyond the audio range.

Exactly why a high frequency signal
fed into a length of wire acting as an
aerial results in a radio signal being
radiated is one of those things for which
there is no easy answer. At this stage
it is best just to accept it as a fact.
Radio signals are a form of electro-
magnetic radiation, and they will induce
corresponding voltages into any aerial
wires that they reach. The strength of
these voltages is not likely to be very
great in practice.

As the radio signals move outwards
from the transmitting aerial they cover
an ever wider area, but become weaker.
This is just like the light from a bulb or
candle becoming weaker further from the
light source. Each doubling of distance
reduces the signal by a factor of four.

Aerials

It is possible to focus the radio signals
into a beam to limit the spreading ef-
fect, and enable the energy to be con-
centrated in one particular direction, like
a torch focuses the light from its bulb into
a narrow beam. Aerials of this type can
be very effective for reception as well.
Interference from unwanted stations is
reduced as they are mostly out of the
aerials field of “view".

Directional aerials almost invariably
provide so-called gain, giving stronger
signals. Rather than true gain, what they
are actually doing is gathering up signals
over a relatively large area and con-
centrating them onto the main receiving
element. This gives greater pick-up than
the unaided main element can provide.

With short wave signals, especially on
the lower frequency bands, it requires
some pretty massive aerial arrays in or-
der to achieve even a moderate amount
of directivity and gain. Unless you get
deeply into short wave radio a simple
wire antenna is the order of the day, and
the receivers described in this series will



amplitude by the audio signal.

Fig 1. (a) Audio input signal, (b) r.f. signal varied in

Fig. 2. The rectified r.f signal (a), after lowpass filter-
ing, gives the demodulated audio signal (b).

give good results when used with simple
aerials.

Modulation

Transmitting a signal from point
A to point B is one thing — getting
the signal to convey some useful in-
formation is another. The most simple
method of putting useful information
onto a radio signal is simple on/off
switching, which is the system used
to send messages using Morse code.
For communications on the short wave
bands the other forms of modulation
used are mostly forms of amplitude mod-
ulation (a.m.). Frequency modulation of
various types is used to a significant
extent, but mainly for specialised types of
communications such as FAX and tele-
type.

In this article we will only be con-
cerned with ordinary a.m. signals, which
are the only type used to a significant
extent by short wave broadcast stations.
It is in fact the same form of modulation
that is used by medium and long wave
broadcast stations.

| suppose that Morse code sent via
radio could be regarded as a very basic
form of amplitude modulation. In order to
send audio frequency signals a con-
siderably refined form of amplitude mod-
ulation is needed. Instead of just on and
off switching, proper amplitude modula-
tion has the ability to vary the strength of
the signal to any level between these
two extremes. The strength of the radio
signal is varied in sympathy with the
audio input signal. The waveform dia-
grams of Fig.1 explain this process far
better than any words from me. The
modulated radio signal is usually termed
the “carrier wave' (or just “‘carrier’)
incidentally.

Demodulation

With the transmitter having placed the
audio signal onto the carrier wave as
variations in strength, the receiver must
demodulate the signal to recover the
original audio signal. A simple filtering
process to produce a signal equal to the
average signal level might seem like a
viable method of demodulation, but mat-
ters are not quite as simple as this. The
signal is an a.c. type, and the negative
half cycles exactly match the positive
ones, giving an average signal level of
zero regardless of the modulation level.

in order to recover the audio mod-

ulation the radio frequency signal must
be rectified (Fig.2(a)) and then filtéred
using a simple C — R lowpass filter. The
effect of rectification is to give a signal that
is always of the same polarity. It does not
matter whether it is the positive or nega-
tive half cycles that are removed. In either
case, the two sets of haif cycles will no
longer be there to cancel each other out,
and the average signal strength will vary
in sympathy with the ampiitude of the
carrier wave.

The lowpass filter has the effect of
smoothing out the rectified carrier signal
to give an output signal equal to the
average carrier level. This is the required
audio signal (Fig.2(b})).

Crystal Set

A crystal set is the most simple of radic
receivers, and is actually devoid of any
active devices. It does not need a battery

- it is the received signal that directly
drives the earphone. Obviously this ap-
proach does not give very good perfor-
mance, and | would noi suggest that a
crystal set is suitable for those wishing to
seek out rare and difficult radio stations
{or “DXing"” as it is known in short wave
radio terminology).

On the other hand, a short wave crystal
set represents a very simple, inexpensive,
but interesting constructional project for
beginners and more advanced construc-
tors. It is one of those things that every
electronics enthusiast should give a try
some time.

It is a real achievement if you manage
to pick up a few distant stations from
time to time, and it reveals to you just

‘how strong some signals can get. This

is an important point, as with any short
wave receiver the problem is often not so
much one of achieving high enough sen-
sitivity, but one of sorting out the very
weak signals from amongst a plethora of
strong ones. This is another respect in
which a crystal set is not very good. If
there are two strong transmissions only
a few kilohertz apart, a crystal set will
receive them simultaneously. It is up to
your hearing mechanisms to sort out one
from the other!

Crystal Set Circuit
This crystal set design is entirely con-
ventional, and has the circuit shown in
Fig.3. The first task the circuit must-per-
form is to sort out the required signal
from the mass of signals at various fre-
quencies that will be picked up by the

aerial. This is achieved using a paraliel
tuned circuit which is comprised of VC1
and L1. These provide a low impedance
at most frequencies, and effectively short
circuit input signals to earth. However, at
and around a certain frequency the tuned
circuit is at resonance, and will have an
extremely high impedance.

Signals at or close to the resonant
frequency can pass through to the next
stage; while signals at other frequencies
are filtered out. VC1 enables the resonant
frequency of the tuned circuit to be
varied, and it is an ordinary tuning con-
trol.

A single tuned circuit does not provide
particularly sharp filtering, and this gives
a crystal set the poor selectivity men-
tioned earlier. The Q of an inductor is a
measure of its efficiency, and in theory
using a high Q coil for L1 will give im-
proved selectivity. In practice matters are
not as simple as this.

In order to make optimum use of the
limited signal level from the aerial it must
be directly coupled to the tuned circuit.
Similarly, the detector stage must take the
signal direct from the tuned circuit if it is
to give a usable output level. Both these
factors result in damping of the tuned cir-
cuit and an effective lessening of L1's Q
value. A high Q coil will optimise results,
but in practice, is not likely to provide
a degree of selectivity that is noticeably
higher than a component having a more
modest Q value.

Diode D1 is the demodulator rectifier
which in this case passes the positive
half cycles and blocks the negative ones.
Connecting D1 round the other way so
that it is the negative half cycles that are
passed will result in the unit still work-

SK1
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Fig. 3. The circuit diagram of the crystal
set. It is purely passive — no battery is
needed.
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Table 1
BAND FREQUENCY
RANGE (MHz)
120 Metres 2.3 -2.498
90 Metres 32-34
— 75 Metres 3.95-4.0
o 60 Metres  4.75 - 5.06
¢,b 49 Metres 595:-6.2
41 Metres 71-73
® 9 31Mewes 95-99
25 Metres 11.65-12.05
22 Metres 13.6-13.8
19 Metres 151-156
16 Metres 1755-179
13 Metres 21.45-21.85
25.67 - 26.1

11 Metres

ing exactly the same. D1 is a germanium
diode and not a modern silicon type.

The problem with a silicon diode is
that it does not begin to conduct until the
forward voltage reaches about 0.5 volts
or so. In many cases the input voltage to
the detector will not reach this level, and
a silicon diode would give no output at
all in such cases. Germanium diodes are
well suited to this application as they
operate reasonably efficiently at low in-
put voltages. C1 is the filter capacitor
which smooths out the rectified radio fre-
quency signal to leave the audio modula-
tion.

Headphones

Traditionally a crystal set is used with a
pair of high impedance (about 4k) mag-
netic headphones of good sensitivity.
Headphones of this type are little used
these days, and you would probably find
it difficult to obtain a pair. Those that are
available tend to be rather expensive.
Such headphones represent the best op-
tion as far as performance considerations
are concerned, but a crystal earphone is
much cheaper, readily available, and will
provide good results.

COMPONENTS

Resistor _

R1 100k 5% carbon film
Capacitors

Ci1 10n polyester

vCi 300p variable (see text)
Semiconductors

D1 0A91 germanium diode
Miscellaneous

L1 2u2 rf. choke (see text)

SK1 red 4mm socket

SK2 black 4mm socket
SK3 3.5mm jack socket

Control knob; crystal or high im-
pedance earphone; case approx 130 x 68
x 40mm; plugs and wire for aerial and
earth connections — see text; connect-
ing wire; 100p capacltor — optional, see
text.

Approx cost.
Guidance only

£6
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Electrically, a crystal earphone appears
to be a capacitor of a few nanofarads in
value. There is no discharge path for C1
through the earphone, and as a result
of this C1 tends to charge up to the
peak input voltage and hold that charge.
Resistor R1 provides a discharge path for
C1 so that the required demodulator
action is obtained. R1 is not required if
the output of the unit will only be fed to
high impedance magnetic headphones.
These do have a fairly low resistance that
will provide the necessary discharge path
for C1. The set is unlikely to work at all
using any low or medium impedance
earphone or headphone.

Construction

With a unit as simple as this there is
little point in bothering with a circuit
board. It is an easy matter to hard-wire
the project. Virtually any small metal

or plastic case should suffice for this-

unit. | used a plastic type having an
aluminium front panel and approximate
outside dimensions of 130 by 68 by 40
millimetres. The layout of the front panel
is not too important, but try to choose
one that will avoid any long wires.

Variable capacitor VC1 can be an air
spaced component, but | found that
using an inexpensive plastic dielectric
type gave results that were not noticeably
different to those obtained using a high
quality component. A Jackson “Type O”
365p air spaced component requires three
short 4BA countersunk mounting screws
which fit into the threaded holes in
the front plate of the component. These
screws must be quite short (no more than
about 6 millimetres in length) or they
might protrude too far into the capacitor
and damage its plates.

If you use an inexpensive plastic
dielectric component it might be supplied
with suitable fixing screws. Often the
easiest way of mounting these com-
ponents is to glue them in place using a
good quality adhesive such as an epoxy
type. Although a value of 300p is quoted
for VC1 in the components list, in
practice any value of between about 250
and 500p should be suitable. Try to avoid
inexpensive variable capacitors which
have miniature spindles. It could prove
difficult to locate a control knob to fit one
of thesel

Coverage
For L1 the prototype has an ordi-

nary rf. choke having a value of 2.2
microhenries. This gives coverage from
about 5.5Mhz to 16MHz, which includes
several of the popular short wave broad-
cast bands (see Table 1). Using a com-
ponent of suitable value for L1 the unit
can be made to cover any band from the
long wave band through to the uppér
end of the short wave spectrum.

The bands covered with the specified
value are those which are most likely
to furnish some interesting stations. Al-
though the receiver can be made to cover
other bands it might not receive any
signals at a strength which will provide
an audible output. You might like to
experiment with other values though.

You can try winding your own induc-
tors. Half a dozen turns of 22 sw.g.
enamelled copper wire on a piece of 10
millimetre diameter ferrite rod will provide
good results. Use fewer turns to move the
coverage higher in frequency, or more
turns in order to shift the coverage in
the low frequency direction. Even coils
wound on wooden or plastic formers
with no ferrite core seem to give quite
good results.

Wiring

Details of the crystal set wiring are
shown in Fig.4. This is mostly straightfor-
ward, but there are a couple of points to
bear in mind. D1 is a germanium diode,
and as such it is more vulnerable to heat
damage than the more familiar silicon
devices. The risk of damaging this device
when soldering it in place is not severe
since its leadout wires will probably be
left quite long. However, try to complete
the soldered joints to this component
reasonably quickly.

Probably the best way of fitting R1 and
C1 is to first twist the leads of C1 around
those of R1, then solder C1 onto R1,
and finally fit this little assembly onto
SK3. Making connections to VC1 and the
sockets should be easy provided you tin
all the tags and the ends of wires prior to
attempting to complete any joints.

A Suitable Aerial

At one extreme, the aerial can simply
consist of some ordinary p.v.c. connect-
ing wire dangled out of an upstairs win-
dow, strung around a picture rail or loft,
or something of this type. At the opposite
exireme, it can be made from proper aerial
wire, strung outside between two trees,
aerial masts, or whatever, with an overall
length of 40 metres or more. About 5
metres or so of wire mounted as high
as possible indoors will provide better
results than you might expect. When in-
itially testing the prototype | received the
English service of Helsinki Radio using
an aerial of this type. Obviously an out-
door aerial will give better results, espe-
cially when propagation conditions are
poor.

The main point to note if you are using
an outdoor aerial are that the antenna is
installed as high as possible, and as far
away from buildings as possible. The
wire needs to be insulated from any
earthed objects, which means any
building, tree, mast, etc. For a receiving

aerial there is no real need to resort to

anything particularly elaborate though:
Use some plastic twine to connect the far
end of the aerial to its support for in-
stance. Protect the insulation on the
aerial wire with some added sleeving at

3



any points where there is a risk of it
chafing and wearing through.

When using a long aerial with any very
simple receiver there is a risk that loading
effects will reduce selectivity to an un-
usable level, with a jumble of stations
being received simultaneously. If you use
a long aerial with this receiver, you might
find that under most conditions results
are better if the aerial is connected to SK1
by way of a capacitor of around 100p
in value. This will give reduced signal
strengths, but the volume should still be
quite good, and selectivity will be much
improved.

Earth

An earth connection merely consists of

a piece of metal which is buried in the
ground and connected to the receiver via
a piece of wire that should be kept as
short as possible. The most popular form
of earth connection is a piece of metal
pipe pushed into the ground.

The benefit of an earth connection
depends to a large extent on the fre-
quency in use. On the lower frequency
bands it can substantially boost signal
strengths, whereas it is likely to make no
noticeable difference at all on the high
frequency bands.

Using the set is very easy, since there is
only the tuning control to contend with.
The bandwidth of the receiver is wide
enough to make slow motion tuning
drives unnecessary. The main require-

ment is patience on the part of the user.
Interesting stations will appear, often to
fade out again soon after, then reappear,
and so on.

If you have the patience you can
usually identify a station, since most
short wave broadcast stations put out
frequent station identification messages.
This station fading is not due to
deficiencies in the receiver, but is caused
by the vagaries of the atmosphere and the
propagation of radio signals. Even if you
have the best short wave radio in the
world, fading will still be a problem, and
you will still need to exercise patience in
order to find and identify weak DX
stations. ]

DIY Aerials

by George Hylton

HE sunspot cycle is now near its

maximum. Short-wave broadcasts

from distant lands can be picked
up. Ideally, a nice long outdoor aerial
should be used, but if like me you live in a
flat with no garden this may not be pos-
sible. Here are some hints and tips which
can often help to improve reception at
little cost.

Because receivers differ in design, and
no two receiving locations are identical it
will pay to experiment. Remember too,
that even in the best conditions short-
wave reception is usually worse than
reception on long and medium waves,
and much worse than v.h.f./fm. But you
may still find the effort rewarding, be-
cause short waves provide a window on
a range of human activities which runs
from political propaganda and religious
exhortation, to exotic music, information
about little known places, and even spe-
cial programmes for listeners with some
knowledge of electronics.

Interference
There are two sorts of interference;

local electrical noise from the mains and
from appliances inside the house, and
interference from more distant sources
that arrives through the air along with the
radio broadcasts. Inside-the-house inter-
ference can obviously be reduced by
fitting an outside aerial, that is, by remov-
ing the aerial, or at least part of it, from
the interference.

For the flat-dweller or similarly
restricted listener probably the most that
can be done in the way of an external
aerial is to mount a whip aerial (Fig.1a)
on the wall by a window, or on the
window sill, or simply to hang a
wire from the window. The lead-in
(“downlead”) can pass through a
(slightly open) window, or through a
hole in the window frame or in some
cases the wall.

If drilling holes is forbidden and the
window must be firmly closed it is
possible to couple the aerial through the
glass by sticking one metal pad to the
outside and another to the inside.
The glass pane in between forms the
dielectric of a capacitor and the metal

pads the plates. A cheap and easy metal
pad is a piece of aluminium cooking foil.
For a single-glazed window it can be
quite small (say the size of a small saucer
or the top of a teacup). Wires can't be
soldered to aluminium (at least not with
ordinary solder) but a line-contact con-
nection formed by laying a few cen-
timetres of bared wire across the foil and
sticking it down with tape will serve.

A wall-mounting bracket for a whip
can be made by bending a piece of metal
pipe, or stout plastic pipe, and fixing it
with nails or screws (Fig.1b). (Masonary
nails if it must be fixed to the wall). If the
whip is a push-fit into the pipe the bared
end of the downlead can be wedged in as
shown to form a connection.

If you have a TV aerial on the roof
you might try using its downlead as a
short-wave aerial. With the usual co-axial
cable a connection to the “‘outer” only
should suffice, so that the normal use of
the aerial for TV is not affected. It must
be remembered, however, that TVs them-
selves create interference in the form of
line-timebase harmonics. You may only
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Fig. 1(a). External whip aerial with capacitive coupling through the window glass.

(b) Simple mounting bracket.

be able to use the downlead when the TV
is off.

Aerial-to-Receiver

Connections

The more expensive types of commer-
cial receiver have special aerial (antenna)
terminals. The cheaper ones usually
don‘t. They have a pull-out whip for a
SW aerial, and no earth terminal. Don’t
despairl Connections are easily im-
provised, without doing any modifica-
tions to the receiver circuitry.

The SW performance can often be im-
proved significantly simply by standing
the receiver on a metal surface. This in-
creases the efficiency of the whip aerial.
If you have no ready-made metal sur-
faces, use a metal tray, or a large piece of
aluminium foil. It may work better if the
receiver is laid on its back on the foil.

The foil acts as a sort of r.f. earth, even
though it isn’t physically earthed. For an
aerial connection, the simplest arrange-
ment is to wrap the insulated downlead a
few times round the base of the buiit-
in whip (Fig.2). Note that the insula-
tion is not removed. The connection is a
capacitive one, using the insulation as a
dielectric. The capacitance so formed is
small, and this is important.

In the cheaper sort of receiver the whip
is connected directly (Fig.3) to the aerial
tuned circuit L1/C1. Here C1 is the
tuning capacitor and the capacitance to
“earth” of the whip adds to it. Making a

TO EXTERNAL AERIAL

o

SHEET OF METAL OR FOIL

Fig. 2. Where no aerial terminals ex-
ist an external aerial can be coupled by
wrapping its insulated downlead round
the built-in whip aerial. Note that no
direct connection is made. Placing the
recejver on a sheet of metal often im-
proves reception.
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direct connection to an external whip can
easily throw enough extra capacitance
across C1 to upset the tuning. This is
likely to wipe out any advantage gained
from increased signal strength.

Indoor Aerials

The trouble with indoor aerials is that
they are guaranteed to pick up the
maximum amount of mains-borne inter-
ference. Also, since most buildings
attenuate the incoming radio signals to
some extent (steel-framed blocks of flats
worst of all) the signal-to-noise ratio is
degraded. Nevertheless, indoor aerials
can work.

It nearly always pays to experiment to
find the best position for the aerial, but
near an outside wall is a good bet, and

so is in front of a window. If you know;

where electrical wiring runs in the walls,
keep your aerial well clear.

For a receiver with no special aerial
terminals practically the only simple in-
door aerial worth trying is just a few
metres of insulated wire, coupled capaci-
tively to the built-in whip as already
described (Fig.2).

The trouble with this type of aerial,
however, is that it has a relatively high
impedance. This makes it rather good at
picking up local interference by capaci-
tive coupling to the mains wiring of the
house. If you are greatly troubled by this
sort of interference (usually generated by
anything that arcs or sparks, such as

Fig. 3. In many receivers the built-in
whip is connected directly to the live
side of the signal-frequency tuned cir-
cuit L1/C1.

the brushes of motors in domestic ap-
pliances, aiso fluorescent lamps) you
may find it worthwhile to use a low-
impedance loop aerial.

Mains Leads

Before describing the loop aerial a
point about battery versus mains opera-
tion is worthwhile. The mains circuits
are apt to be full of interference of
the type just described. The mains con-
necting lead brings this to the receiver.
Purpose-built short-wave receivers may
have mains filters to reduce this. Ordi-
nary receivers don‘t. Their mains leads
are a pathway which brings interference
straight into the heart of the receiver.

Mains leads also act as aerials, bring-
ing to the receiver signals picked up by
the house wiring. For this reason they
have occasionally been deliberately used
(taking precautions against shock) as
aerials. The results, in general, are poor,
and the practice has died a natural death.

It will be clear that interference may be
reduced by dispensing with the mains
lead and operating the receiver from in-
ternal batteries.

Short-Wave Loops

The ferrite rod aerials now almost
universally used for medium and long
wave reception are a special form of loop
aerial. The “loop” in this case is the little
coil of wire wound round the ferrite rod.
The function of the rod is to concentrate
the magnetic field of the incoming radio
wave so that the amount of signal voltage
induced in the loop is increased.

There is no reason, in principle, why
ferrite rod aerials should not be used
for short-wave reception. Unfortunately,
practical considerations get in the way.
The amount of voltage induced in a loop
depends on the number of turns: a
short-wave coil needs to have a low
inductance, so it has few turns. Ferrite
material has losses (i.e. it dissipates
energy) which increase with frequency.
Special high-frequency ferrite can be
made, but it is less good at concentrating
the field than the lower-frequency kind.
The result is that in practice ferrite
short-wave loop aerials are less efficient
than another sort of loop.

One-Turn Loops

The single-turn tuned loop (Fig.4) is
the better alternative. As mentioned pre-
viously the amount of signal voltage in-
creases with the number of turns. On this

METAL SHEET

Fig. 4. Coupling arrangements for a
tuned loop aerial.



basis a one-turn loop seems a poor bet.
Fortunately, pickup is also proportional
to the area of the loop, and this compen-
sates for the reduction in turns.

Practical indoor loops can. have
diameters up to about a metre, which
gives about 10,000 times the area of one
turn on a ferrite rod. Loops of any shape
(e.g. square) may be used, but long thin
shapes are inefficient.

If you have a receiver with built-
in terminals for an external aerial con-
nection you can try an untuned one-
turn loop as an indoor aerial. For ordi-
nary receivers (and often for special SW
receivers too), a tuned loop gives better
results. Fig.4 shows one method of cou-
pling to an ordinary receiver, using the
capacitive wrap-around coupling to the
whip for one leg and a taped-down direct
connection to the metal or foil base
sheet as the other. Variable capacitor VC1
(which can be a “medium-wave” type
salvaged from an old receiver) is used for
tuning. Tuning is fairly broad and should
hold good over any one SW broadcast
band.

A circular loop of one metre diameter
made from any sort of wire (hookup wire,
mains flex, etc.) has an inductance in
the region of 4uH. A tuning capacitor
of 2560pF maximum (typical for a mini-
ature foil-dielectric type as used in MW
receivers) gives a lowest tuned frequency
of about 5MHz,

The highest tunable frequency
depends on the minimum value of the
tuning capacitance. This depends on the
setting of the trimming capacitor (which
is normally part of the tuning capacitor
assembly), plus the input capacitance of
the receiver (which depends on the
number of turns wrapped round the
whip) plus the stray capacitance
between the two downleads (which can
be minimised by keeping them short and
well apart). In practice it is generally
possible to achieve a 2:1 tuning ratio
(e.g. 5 to 10MHz) and by minimising the
strays, setting the trimmer to minimum,
and using fewer coupling turns you
might get a 3:1 ratio (e.g. 5to 15MHz).

Tuning capacitors from radios are
normally two-gang capacitors, so the
capacitance can be increased by con-
necting the two sections in paral-
lel. Air-spaced tuning capacitors from
old valve radios usually have higher
capdcitance, such as 365 + 365pF or
450 + 450pF. these high values give a
greater tuning ratio, but may need a
smaller loop, which is less efficient as an
aerial. They are, however, good for use
with our next kind of aerial.

Low-Impedance
Loops

Although wire loops often work well
indoors they do have fairly high im-
pedance. This can be reduced by reduc-
ing the inductance and increasing the

capacitance. With wire as a construc- -

tional material the only simple way of
reducing the inductance is to reduce the
loop area, but this reduces sensitivity.
The answer is to abandon wire in favour
of broad strips of metal. these act in effect
as if they were several wires in parallel
and the inductance falls even though the
loop diameter is unchanged or even in-
creased, within reason.

Metal strip is expensive, but for loop
materials use can be made of the fact
that at high frequencies the currents flow
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Fig. 5. Box loop. This is tuned by
rolling the loose end of the foil over the
plastic film.

only on the outer skin of a conductor. So
very thin strip can be used, and this is
available in handy rolls in the form of
aluminium kitchen foil. (At the time of
writing this article | bought a roll, 330mm
wide and 50m long for £1.80.)

Box Loop

The simplest and cheapest broad-strip
loop aerial doesn’t even require a tuning
capacitor. It's made (Fig.5) by taping the
end of a roll of foil to the top of a large
cardboard box, and unrolling the foil
round the box and back to where it
started. To prevent the loose end from
shorting to the taped-down end a sheet
of thin plastic film (e.g. from a shopping
bag) is placed over the foil as shown.
When the loose end is rolled over this foil
the resulting sandwich forms a capacitor.
Tuning is carried out by rolling or unroll-
ing the foil to vary the overlap.

The receiver can be coupled by stand-
ing it inside the box and extending the
whip to touch the underside near the gap
in the top foil. Coupling capacitance can
if necessary be increased by giving the
top of the whip a “hat” of foil to increase
its area.

Tuning is sharp, but unstable. Stability
can be increased, once the approximate
tuning point is found, by placing a book
on either side of the roll. The roll can be
inched along by sliding the books.

The box loop is very effective in reduc-
ing breakthrough by powerful local sig-
nals (e.g. the local TV transmitter) as well
as giving good sensitivity to the wanted
signals. Clearly, a large box is desirable,
and indeed necessary if the lowest short-
wave bands are to be tunable. The box
can be of any non-conducting material
(wood, plastic) and structures such as
wooden cupboards and bookshelves can
be used. Avoid having large areas or
loops of metal (saucepans etc) in the
field of the loop; these reduce sensitivity.

Foil of almost any width can be used
with roller tuning, because the reduction
in inductance caused by using a wider
foil is offset by the increased capacitance
due to the greater overlap area.

Loop Orientation

So far nothing has been said about the
positioning of a loop, though it will be
obvious that the best position should
be found by trial and error. It is well
known that loops are directional. They
give maximum response to signals arriv-

Fig. 6. Horizontal foil loop. The whip
aerial must not make contact with the
foil but should be extended over it as
shown.

ing edge-on and minimum to signals
arriving broadside on. This directional
property can be used to reduce inter-
ference from strong local transmitters.
But when a distant transmission is tuned
in it is found that rotating the loop often
makes little difference to signal strength.
The reason is that the same signal of-
ten arrives simultaneously from several
slightly different directions, having been
reflected from different parts of the iono-
sphere. ‘
For the same reason, the original
polarization of the waves is blurred.
A vertical aerial radiates a vertically
polarized signal and this calls for
a vertically orientated receiving aerial.
However, reflection by the ionosphere
usually results in some of the signal
arriving with horizontal polarization.

Table-Top Loop

The table-top loop is useful to the
short-wave listener because it enables a
flat, horizontal loop to be used if this is
more convenient. This leads to the ar-
rangement shown in Fig.6. The table
must be of a non-conducting material
and must embody no large loops of metal
such as an all-round-the-edge metal trim
or a metal frame,

Unobtrusive Loops

Loops in general are not compatible
with domestic elegance. Having con-
vinced yourself by experiment that a loop
aerial is worth having you may well want
to hide it from view. It is often quite easy
to hide the loop itself.

For example, a wire loop might be run
round (or behind) a picture frame. It still
has to be coupled to the receiver, how-
ever, and this can make its presence ob-
vious.

One trick which can help makes use of
the fact that if a second, smaller loop is
placed in the field of the loop aerial signal
from the aerial is coupled to the smaller
loop. A small loop (Fig. 7) can take the
form of one or two turns of insulated wire
run round the cabinet of the receiver or
taped to the back. A wrap-around cou-
pling to a whip aerial can be made as
before.

In the absence of a metal-plate base
the “earth” connection can be made to a
sheet of foil taped to the base of the
cabinet or to battery negative. This gives
a completely indirect form of coupling,
enabling the receiver, when not being
used with a loop, to be picked up and
carried about the house. The presence of
the coupling loop does not interfere with
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Y- BACK OF
. RECEIVER

BARE ENDS OF COUPLING LOOP TAPED T0
SHEET OF FOIL GLUED TO BASE OF CABINET

Fig. 7. How to attach a coupling
loop to the receiver.

normal reception of medium and long
wave and V.H.F. transmissions.

The tuning capacitor (or roll) of the
main loop can be hard to hide. One
possibility is to run a horizontal loop
round the underside of a table top. A
conventional tuning capacitor may be
fixed where it is accessible but hidden by
the table-top.

This is difficult when a rolling-foil tuner
is used. One possible way out (Fig.8a) is
to lay a gapped foil loop on the table then
cover it with a thin tablecloth, not shown,
(preferably of a low-loss material such
as nylon). A metal tray (or wooden tray
with foil stuck to its bottom) is placed
on the cloth so as to straddie the hid-
den gap. there are now two capacitances
from foil to tray, in series across the gap
(Fig.8b). Moving the tray changes the
overlaps and so tunes the loop.

The receiver is fitted with a coupling
coil round its base, capacitively coupled

FOILIUNDER TABLE CLOTH)

—— TS —————
| Rx
w—
AL
{b)

Fig. 8(a). Concealed table-top loop.
A thin table cloth (not shown) con-
ceals the foil, and provides a dielectric.
A metal tray moved over the gap in the
forl tunes the loop. (b) Equivalent loop
circuit plus receiver coupling coil.

to the whip in the usual way. the “earth”
connection can be either to a foil pad on
the back of the set or a direct connection
to battery negative (or, in some cases, to
the loudspeaker grille if this is metal).
With this arrangement you can amaze
your friends by boosting short wave
signals by moving the tea-tray about!

Setting Up

When experimenting with aerials you
need some way of find out whether
signals are really being boosted by your
aerial as opposed to being just picked up
directly by the receiver itself. It is essential
to use battery operation so as to eliminate
pickup by the mains lead. The built-in
whip aerial should be retracted into the

TRF Receiver

by Robert Penfold

HESE days t.r.f. (tuned radio fre-

quency) receivers seem to be out of

fashion, and few designs for them
appear in the electronics press. This con-
trasts with the situation ten or twenty
years ago when simple t.r.f. designs for
the home constructor appeared quite fre-
quently.

Technology may have moved on, but
sets of this type surely remain as much
fun to build and use as they ever were.
Their performance may not equal that
of a good superheterodyne (superhet)
receiver, but they can still provide some
good results. They have the advantage of
being simple, relatively inexpensive, and
once constructed require no alignment
(and hence require no test gear to aid
with their alignment). Their main disad-
vantage is that they are relatively difficult
to use, and require a lot of careful adjust-
ment of the feedback control if they are to
provide good results.
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set as far as possible. When your aerial is
working efficiently it should make no
difference to the received signal strength
when you touch the top of the whip
with your finger. Use weak signals when
making tests.

It is quite likely, when a tuned loop is
being set up, that you will find a percep-
tible lift in signal as the loop is tuned in
but that you still get a louder signal when
you touch the whip. This indicates that
the coupling between the loop and the
receiver is incorrect. probably too weak.
Try increasing it by wrapping more turns
of insulated wire round the whip or put-
ting more turns on the coupling coil. You
can also increase coupling by using a
larger coupling coil.

With some receivers, tuning the loop
may affect the tuning of the receiver it-
self. This can happen in two ways. First,
the coupling of the loop may be strong
enough to pull the receiver off tune in
some way. You may still be able to find a
loop tuning setting which boosts the sig-
nal without too much pulling. If not, the
only way out is to slacken off the cou-
pling.

The other tuning effect has quite
a different cause. You may well find
that some weak signals, often associated
with whistles which change pitch as
the tuning is adjusted, disappear when
the loop is tuned in. These are in fact
spurious signals which occur at “image’”
frequencies.

An image frequency differs from the
true tuned frequency by twice the
intermediate frequency of a superhet
receiver. A strong signal on an image
frequency may get through the receiver's
own built-in aerial tuning, which is not
very selective on short waves. A tuned
aerial provides some extra selectivity and
so attentuates image frequencies. a




Regeneration

A t.r.f. or “straight” receiver as it is also
known, amplifies the incoming radio sig-
nal and then demodulates it without any
conversion to an intermediate frequency
(as used in a superhet receiver). The
problem with this approach is that it is
difficult to obtain high gain and selec-
tivity at the high frequencies involved in
short wave reception. In order to com-
bat this virtually all t.r.f. receivers use a
process called “‘regeneration”, usually in
the form of a regenerative detector.

Regeneration is a form of feedback,
and is in fact just ordinary positive feed-
back. In other words, some of the output
signal of an r.f. amplifier is fed back to the
input, and the circuit is arranged so that
the feedback signal is in-phase with the
input signal. It therefore tends to rein-
force it, and give increased gain.

There is a limit to the amount of
feedback that can be used successfully. If
this threshold is exceeded, the result is a
signal being continuously fed around the
amplifier, giving oscillation at the fre-
quency where the amplifier has peak
gain. The boost in gain just below this
threshold level is quite substantial, and in
order to obtain good results the feedback
level must be set quite accurately just
below the oscillation point.

Unfortunately, even fairly small
changes to the setting of the tuning
control can necessitate minor adjust-
ments to the regeneration level in order to
maintain optimum results. This can be a
bit irksome when you first start using a
t.r.f. receiver, but you soon get used to
this way of doing things.

Selectivity

A more than slightly useful side effect of
regeneration is that it vastly improves
selectivity. The reason this occurs is that
there is relatively little feedback away
from the frequency where the amplifier
has its peak response. The more feedback
that is applied to the circuit, the greater
the disparity between the feedback level

at-the centre of the passband and just a
little offset from it.

Compared to a superhet receiver
having an expensive crystal or mechani-
cal filter the selectivity of a t.r.f. receiver is
still relatively poor, but it is vastly better
than a crystal set (such as the one
described earlier). The improvement in
selectivity obtained by using optimum
feedback is much greater than one might
expect.

Many receivers which utilize posi-
tive feedback do not have a diode
demodulator. Instead they use some form
of regenerative detector. These mostly
make use of what is normally an
undesirable characteristic of transistors.
This is their variations in gain with
changes in collector current (or drain
current in the case of field effect devices).
in general, the gain of a transistor
increases with rises in collector current,
and decreases with reductions in collec-
tor current. This gives what is a rather
crude and ineffective form of rectifica-
tion.

Using regeneration over an amplifier
tends to heighten the difference in the
amount of amplification on positive and
negative half cycles. With the regenera-
tion level optimised, the difference be-
tween the peak negative and positive
levels is very large, giving very effective
rectification of the signal. Simply apply-
ing lowpass filtering to the output of
the amplifier therefore gives a demodu-
lated signal of good strength. The audio
quality is likely to be something less
than hi-fi, but is more than adequate for
present purposes.

Coverage

This t.r.f. receiver has been designed
primarily for simplicity and cheapness,
but it nevertheless provides a useful
level of performance. It covers three
wavebands, giving coverage from about
1.4MHz to 25MHz. The ranges covered
are as follows:

Range1 1.4 - 4MHz

Range2 4 -12MHz

Range3 8 -25MHz

The unit does not quite cover up to the
30MHz limit of the short wave range,
although it can be adjusted to do so if the
wiring to the coil units is kept short
enough. This slight lack of coverage is
not of any great importance though,
since the 13 metre broadcast band is
covered by the unit, and is the highest
frequency band that is likely to prove
worthwhile with a receiver of this type.

In order to avoid the complications of
waveband switching the unit uses the
alternative of plug-in coils for waveband
selection. The Denco plug-in coils that
were once the standard choice for a
receiver of this type would seem to be no
longer available. The coils are therefore
ordinary Japanese metal canned types
for printed circuit mounting, but fitted
onto DIN plugs to facilitate plug-in band
changing.

Circuit

The circuit (Fig. 1) is based on the
amplifier formed by TR1 and TR2. These
operate as common source and common
base stages respectively. This unusual
configuration is a form of cascode circuit,
and is one which gives good high fre-
quency performance. As the amplifier
operates both as an r.f. amplifier and as
the detector it must handle both r.f. and
a.f. signals. Consequently, it has both a.f.
and r.f. bypass capacitors in its source
circuit (C3 and C4 respectively).

On the face of it, C3 should operate
properly at both audio and radio fre-
quencies. In practice it is better to include
C4 as many electrolytic capacitors are
not designed for operation at high fre-
quencies, and do not perform properly at
these frequencies.

An advantage of using a field effect
transistor at the input of the circuit is that
it has an extremely high input impedance.
This helps to minimise loading on the
tuned winding of T1, which aids good
selectivity. The tuned winding of T1 acts
as the gate bias resistor for TRT —
Resistor R1 ensures that TR1's gate is
not left floating during coil changes.
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Fig 1. Full circuit diagram of the T.R.F receiver
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Variable Capacitor

VC1 is the main tuning control, and
VC2 is the bandspread control. Due to
its low value VC2 only covers a small
part of each tuning range. It is used for
fine tuning, and it avoids the complica-
tion of fitting a slow motion drive to the
main tuning control. The aerial signal is
coupled into the tuned circuit via trimmer
VC3. This trimmer must be set at a com-
promise value that gives a good signal
transfer, but does not load the tuned cir-
cuit to the point where selectivity be-
comes inadequate.

The positive feedback is, obtained by
tapping off some of the output signal
via C2 and VR1. The latter is connected
as a volume control style attenuator and
enables the amount of regeneration to be
controlled. The input and output of the
amplifier are out-of-phase, but T1 is con-
nected to give signal inversion so that the
feedback is of the positive variety.

For a regenerative receiver to give good
results it is important that the feedback
level can be accurately controlled. With
some circuits there is a tendency for them

COMPONENTS

Resistors

R1 2M2

R2,R3 1k (2 off

R4, R5 10k (2 off)

R6 10 See
Potentiometers page 319

VR1 4k7 lin. )
VR2 22k log., with switch (S1)
Capacitors

C1 100y axial elect. 10V

C2 150p ceramic plate

C3 10p radiat elect. 25V

Cc4 10n polyester

C5,C6  22n polyester (2 off)

C7 470n polyester

C8 4u7 radial elect. 63V

C9 417 axial elect. 63V

Cc10 100y radial elect. 10V

Ci 100n ceramic

vCi1 365p air spaced Jackson
type 0" (see text)

vC2 50p air spaced (Jackson

C804) _
VC3 60p plastic foil trimmer

Semiconductors

IC1 LM386N audio power amp

TR1 BF244B Jfet

TR2 BC549 silicon n.p.n.
Miscellaneous

LS1 8ohm loudspeaker

SK1 red 4mm socket

SK2 black 4mm socket

SK3 3.5mm switched jack

socket
L1 1mH rf. choke

T1 (range 1) Toko KANK3333R
grange 2) Toko KANK3334R
(range 3) Toko KANK3335R

B1 9 volt (6 x HP7 in holder)

Case about 180 x 65 x 120mm; control

knob (4 off); 0.1 inch stripboard 41 holes

by 17 strips; 3-way DIN socket; 3-way DIN
plug (3 off); battery connector (PP3 type);

8 pin d.i.l. holder; Veroplns; wire; etc.

Approx cost.
Guidance only

£29
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Fig. 2. Stripboard layout details

to snap into oscillation with the feed-
back level only moderately advanced.
This makes it impossible to set the feed-
back level just fractionally short of the
oscillation level. Quite good control of
the regeneration level is possible with
this circuit, and good results can be
obtained if VR1 is adjusted carefully.

Choke

L1 acts as the load for r.f. signals, while
R2 is the load for demodulated audio
signals. C6 is the rf. filter capacitor.-C7
couples the demodulated audio signal to
volume control VR2. From here the sig-
nal is coupled to a small audio power
amplifier built around IC1.

By connecting C8 directly across pins 1
and 8 the amplifier is used with a mini-
mum of negative feedback, and therefore
provides maximum gain. This gives suffi-
cient output to drive the loudspeaker at
good volume on any reasonably strong
station. For maximum output power LS1
should have an impedance of 8 ohms,
but loudspeakers having an impedance
of up to 80 ohms will work quite well in
the circuit.

For DXing the use of headphones is
strongly recommended. For reasons | do
not pretend to understand, comprehend-
ing speech or Morse code signals
through a lot of noise seems to be
noticeably easier when using head-
phones rather than listening via a
loudspeaker. Headphone socket SK3 has
a pair of break contacts that automatically
switch out the internal loudspeaker when
the headphones are in use.

The current consumption of the circuit
is about seven milliamps under quiescent

conditions. As IC1 has a class B output
stage the current drain can be several
times higher than this at high output
levels. A medium capacity battery such as
six HP7 size cells in a plastic holder
represent 3 good choice as the power
source.

Construction

Most of the components are fitted on a
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