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This new style cours2 will enable
‘ anyone to have a real understanding
. by a modern, practical and visual
‘ method. No previous knowledge is

required, no maths, and an absolute
, minimum of theory.
‘ You learn the practical way in
Here s how easy steps mastering all the essentials
of your hobby or to further your
career in electronics or as a self-

y o u master employed electronics engineer.

All the training can be carried out
in the comfort of your own home

I t e and at your own pace. A tutor is

e ec ron ICSQ available to whom you zan write, at
any time, for advice or help during
your work. A Certificate is given at

co oo fhe praCtical wqy. the end of every course

1. Build an oscilloscope. =———— g _\.

As the first stage of your training, you actually build
your own Cathode ray oscilloscope! This is no toy,
but a test instrument that you will need not only for
the course’s practical experiments, but also later if
you decide to develop your knowledge and enter the
profession. It remains your property and represents
a very large saving over buying a similar piece of
essential equipment.

2.Read, draw and understand
circurt diagrams.

In a short time you will be able to read and draw
circuit diagrams, understand the very fundamentals
of television, ragio, computers and countless other
electronic devices and their servicing procedures.

3.Carry out over 40 experiments
on basic circuits.

We show you how to conduct experiments on a wide
variety of different circuits and turn the information
gained into a working knowledge of testing, servicing
and maintaining all types of electronic equipment,
radio, t.v, etc.

4. Free Gift.

All students enrolling in our courses receive a free
circuit board originating from a computer and
containing many different components that can be
used in experiments and provide an excellent example
of current electronic practice.
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ost now, without obligation, to

BRITISH NATIONAL RADIO & |
ELECTRONICS SCHOOL

4, Cleveland Road, St. Helier, Jersey, Channel Islands. '
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If you've never built a kit before,
Heathkit have some very pleasant
® surprises for you. Their kits are easy
. . to build. Simple, but detailed

Rechargeable Light instructions tgke you through every
stage. Everything is included. Even the solder you
need is there.

Follow thesteps
and you'll end up
withahand-crafted,
well designed piece
of equipment. Much
better than shiop
bought, mass-
produced. Because >
you built it yourself. Digital Clock

There’s a great range of kits to start you off. Froma
buzzer alarm to a digital electronic
clock, or a portable rechargeable
fluorescent light to a portable VOM.

With all this going for you, you
can count yourself very lucky you
started off with Heathkit. Because
all first time kit builders will get a
free solderingiron and 10%discount
off ten selected kits, -

Buzzer Alarm

To: Heath Electronics (UK) Limited,
Dept ( EE 10), Bristol Road,
Gloucester GL2 6EE.

To start me off, please send me a copy P
of the Heathkit catalogue. I enclose 28p I

in stamps.
Name %
Address =

578

AUTUMN SALE!!

ANOTHER CLEARANCE OF BARGAINS FROM
OUR OVERFLOWING WAREHOUSE. MAKE
YOUR CHOICE—CUT OUT WHOLE COUPON
—MARK NO. OF PACKS.

TWO-WAY INTERCOMS =]
Complete—slight repairs needed £2-00
STEREO HEADPHONES ]
Mail Order Rejects, Minor Faults £2-60
12 ASSORTED POTENTIOMETERS O
£1:00
25 ASSORTED PRESETS ]
£1-00
400 (Approx.—by weight) MIXED &
RESISTORS £1-00
150 (Approx.—by weight) MIXED NUTS, =l
BOLTS, SELF TAPPERS £1-00
30 ASSORTED FUSES 1{” 20mm, etc. O
£1-00
150 (Approx.—by weight) MIXED [l
CAPACITORS £1-00
T.V. GAMES CHIPS (Last few hundred— ]
as previously advertised) £1:00
JUMBO PACK OF MIXED TELEVISION O
SPARES incl. Stick Rectifiers, Delay Lines,
Switches, etc. etc. £1:50
10 BC108 TRANSISTORS ]
Good make. Not junk. £1-00
10 7400 SERIES TTL IC's O
£1-00
2 MAINS ADAPTORS (For T.V. Games, O
Calculators, etc.) Minor taults £1-50
2 RELAYS—MISCELLANEOUS (]
VOLTAGES/TYPES—NEW £1:00
20 ASSORTED PLASTIC NPN/PNP O
TRANSISTORS including at least 5 low
noise 2N3707's £1-00
15 MISCELLANEOUS RECTIFIER O
DIODES incl. at least 5 IN4000 Series £1-00
10 MISCELLANEOUS SWITCHES— [
SLIDE-PUSH BUTTON—TOGGLE £1-00
1 SUPER SOLDER SUCKER (PLUNGER 0
TYPE) WITH SHIELD £4-90

FREE OFFER Resistor and capacitor colour [J
code calculator for all orders over £5
OFFER LIMITED TO UK MAINLAND ONLY.

(Prices include Post & Packing & VAT)
Allow 21 days for delivery.

Arrow Electronlcs Ltd., Leader House, Coptfold Rd., Brentwood, Essex CM14 4BN
= ¥y r ¥ ¥ ¥ ¥ ¥ ¥ ¥ J J [ J |

Please print clearly and give your postcode and post
with cheque, postal order or cash to:—

ARROW ELEGTRONIGS LTD.

LEADER HOUSE, COPTFOLD ROAD,
BRENTWOOD, ESSEX CM14 4BN.

OR you may collect at our shop (open 9-5 Mon.-
Sat. Closed Thursday).

NAME: .......... PR SR AR SR, 500 00 c o

..................................................
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TOTAL ENERGY DISCHARGE electronic

ignition gives all the well known advantages of the best capacitive
discharge systems.

PEAK PERFORMANCE
conditions.

IMPROVED ECONOMY
between services.

FIRES FOULED SPARK PLUGS no other system can better the
capacitive discharge system’s ability to fire fouled plugs.

ACCURATE TIMING prevents contact wear and arcing
by reducing load to a few volts and a fraction of an amp.

SMOOTH PERFORMANCE immune to contact bounce and
similar effects which can cause loss of power and roughness.

PLUS
SUPER POWER SPARK 3% times the energy of ordinary
capacitive systems — 3% times the power of inductive systems.

OPTIMUM SPARK DURATION 3 times the duration of ordinary
capacitive systems — essential for use on modern cars with weak fuel
mixtures.

BETTER STARTING
battery.

CORRECT SPARK POLARITY unlike most ordinary C.D. systems
the correct output polarity is maintained to avoid increased stress on the
H.T. system and operate all voltage triggered tachometers.

higher output voltage under all.

no loss of ignition performance

full:spark power even with low

L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's
most important adjustment.

LOW RADIO INTERFERENCE fully suppressed supply and absence
of inverter ‘spikes’ on the output reduces interference to a minimal level.

DESIGNED IN RELIABILITY an inherently more reliable circuit
combined with top quality components — plus the ‘ultimate insurance’
of a changeover switch to revert instantly back to standard ignition.

IN K IT FOR M it provides a top performance

electronic ignition system at less than half the price of competing ready-
built systems. The kit includes everything needed, even a length of solder
and a tiny tube of heatsink compound. Detailed easy-to-follow instructions,
complete with circuit diagram, are provided — all you need is a small
soldering iron and a few basic tools.

AS REVIEWED IN ELECTRONICS TODAY MAGAZINE
JUNE ‘81 ISSUE
Quote ‘‘the kit is very impressive’’
“well written instructions and a good performance”.
“Exellent value for money. Highly recommended”’.

FITS ALL VEHICLES, 6 0or 12 volt, with or without ballast
NEGATIVE EARTH ONLY

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS
Some older current impulse types (Smiths pre ‘74) require an adaptor -
PRICE £2.95

STANDARD CAR KIT £14.85 rLus £1
TWIN OUTPUT KIT £22.94 ux. rar.

For MOTOR CYCLES and CARS with twin ignition systems
Prices include V.A.T

VISA ELECTRONIZE DESIGN

I 2 Hillside Road, Four Oaks,

Sutton Coldfield, West Midlands, B74 4DQ
Phone 0827-281000 021-308-5877
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DIMENSIONS: Length 125cm
Width 8.9cm
Height 43cm

Lead length 100.0 cm

TECHNICAL DETAILS

The basic function of a spark ignition system is often lost among claims

for longer ‘burn times’ and other marketing fantasies. It is only necessary
to consider that, even in a small engine, the burning fuel releases over

5000 times the energy of the spark, to realise that the spark is only a

trigger for the combustion. Once the fuel is ignited the spark is insignificant
and has no effect on the rate of combustion. The essential function of the
spark is to start that combustion as quickly as possible and that requires

a high power spark.

The traditional capacitive discharge system has this high power spark

but, due to it’s very short spark duration and consequential low spark
energy, is incompatible with the weak air/fuel mixtures used in modern
cars. Because of this most manufacturers have abandoned capacitive
discharge in favour of the cheaper inductive system with it’s low power
but very long duration spark which guarantees that sooner or later the fuel
will ignite. However, a spark lasting 2000pS at 2000 rev/min. spans 24
degrees and ‘later’ could mean the actual fuel ignition point is retarded

by this amount.

The solution is a very high power, medium duration, spark generated by
the TOTAL ENERGY DISCHARGE system. This givesignition o
weakest mixtures with the minimum-of timing delay and variation for a
smooth efficient engine.

SUPER POWER DISCHARGE CIRCUIT A brand new technique
prevents energy being reflected back to the storage capacitor, giving 3%
times the spark energy and 3 times the spark duration of ordinary C.D.
systems, generating a spark powerful enough to cause rapid ignition of
even the weakest fuel mixtures without the ignition delay associated with
lower power ‘long burn’ inductive systems.

HIGH EFFICIENCY INVERTER A high power, regulated inverter
provides a 370 volt energy source — powerful enough to store twice the
energy of other designs and regulated to provide sufficient output even
with a battery down to 4 volts.

PRECISION SPARK TIMING CIRCUIT This circuit removes all
unwanted signals caused by contact volt drop, contact shuffle, contact
bounce, and external transients which, in many designs, can cause timing
errors or damaging un-timed sparks. Only at the correct and precise
contact opening is a spark produced. Contact wear is-almost eliminated
by reducing the contact breaker current to a low level - just sufficient to
keep the contacts clean.

TYPICAL SPECIFICATION

TOTAL ORDINARY

ENERGY CAPACITIVE
DISCHARGE DISCHARGE

140W 90 W

36 md 10 mJ
136 mJ 65 mJ

500 pS 160 PS

SPARK POWER (PEAK)

SPARK ENERGY
(STORED ENERGY)

SPARK DURATION

OUTPUT VOLTAGE (LOAD 50pF
EQUIVALENT TO CLEAN PLUGS)
OUTPUT VOLTAGE (LOAD 50pF + 500 KN
EQUIVALENT TO DIRTY PLUGS)

VOLTAGE RISE TIME TO 20 KV
{Load 50pF) 258 30ps

TOTAL ENERGY DISCHARGE should not be confused with low power
inductive systems or hybrid so called reactive systems.

38 KV 26 KV

26 KV 17 KV
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BUY BRITISH—BUY DOUGLAS TRANSFORMERS

MAIL ORDER FROM TITAN TRANSFORMERS & COMPONENTS

CENTRAL HALL CHAMBERS, DUNCOMBE STREET, GRIMSBY, SOUTH HUMBERSIDE DN32 7EG
PRICES INCLUDE 15% V.A.T. SEND FOR OUR CATALOGUE

12/24¥ RANGE PRI 220/240V 15/30v AANGE PRI 220/240V 25/50VRANGE PR!120/220/240V 30/60V RANGE PRI 120/220/240V
SEC: YYUSOURY (UUSIUOR SEC: STOVTUSTY  (WUTUTTY SEC SEC
] 12V OV 2y OV 12V 15V 0OV 5V 9V 15V oV 20V 25V OV BV 15V 25V OV 24V 30V OV W 8V 30V
VOLTS AVAILABLE 3==)15—0--15 VOLTS QUT 5 = -0—25 VOLTS 6 =230 —0-—30
TYPE lszHPzS“ PR‘I:CE P'/:P TYPE AMPS PRICE P/P TYPE AMPS pmcg PIP TYPE AMPS PRICE P/P
213 | 050 265 087 e 30X £ £ 24v  50v € € 0V 60v € £
70 2 1 27 10 Q2gRs W00 SR fifto 102 I 05 329 143 124 1 05 330 143
% A ide 1.43 g 29 e 3-29 0iko 103 2 10 409 1-43 126 2| 636 143
8 3 15 3ae -4 2 [ e B 04 a4 2 765 1-73 127 a4 2 786 173
B 2 O e 143 20 6 | 13 ‘19 173 105 6 13 9-09 1:90 125 6 3 11-78 1-90
& 5, 2 e B 2| 8 4 8:52 1-73 106 8 4 12-24 1-90 123 g8 4 14:72 2:20
108 8 4 8-03 )-43 o1 e HtH o8 [/ 13 ) pe 0 .20 tocall B I 1%
o8 o 2D % Iaa :2 6 11-94 2-05 s 1 8 2246 2-55 120 12 6 19:44 2-35
i I2 5 e s 6 8 16-14 2-20 19 20 10 27-05 255 121 16 8 27-70 2-65
89 20 10 18-54 2-35 109 24 12 32-44 4-50 122 20 10 3205 4:00
17 8 1146 2-05 90 24 12 20-57 2-55 189 24 12 37.02 5-00
187 30 15 19-23 2:35 91 30 IS5 2163 2-65
232 40 20 2761 4:50 92 40 20 3321 4-50
48/96VRANGE PRI 120/220/240¥ AUTOTRANSFORMERS 240/220— 115V CASED AUTOTRANSFORMERS LINE ADJUSTMENT AUTOTRANSFORMERS
SEC ‘Fﬂ'gﬂhﬂ 65VA — 10 KVA 240V LEAD IN 115V 2PIN SOCKET QUT
e R g2V oV WMsv 220V 240v 0 200 210 220 230 240 250
R - AMP9% PRI{CE Pé’ TYPE VA Paécs PéP TYPE VA PRI‘CE PéP TYPE VA PRI‘CE PéP
v v 25 65 3-90 1-10 56W 20 6-60 0-87
:g? 5 0-5 ;'69 1-43 64 80 4-82 110 64W 80 8-43 1-43 :lsc 20 2:31 0-87
a2 ) -84 1-73 4 150 6-21 1-43 4w 150 10-86 1-73 16C 100 3-46 0-87
45l 4 2 12-94 2-05 69 250 7-54 1-43 69W 250 1317 190 417C 200 4.00 i-10
e o {4-62 2-20 53 350 9.73 1-90 67TW 500 20-46 2:20 418F 350 6-26 1-43
RS 2°j°4 2-45 67 500 11-70 2:20 84w 1000 3024 2:55 419F 500 6-74 1-73
ae Mok 875 2:65 83 750 13-51 2-05 9BW 2000 54-83 5-00 420E 750
€ 36-16 4-00 84 1000 18-31 2:35 73W 3000 78-67 6-50 ey [
437 16 8 39-47 5-00 95 2KVA 34-36 5-00 421F 1000 11-64 2-05
73 3 64-74 5-00
ST l5 97-85 6-50
10! 10 179-05  10-00
MAINS ISOLATORS (SAFETY SCREEN | MAINS ISOLATORS (SAFETY SCREEN) 'NVERTER P.C.B* I20!220[240V
P 12012201280v SEC 600, AW OV S9v S0 sav. Shv oL 53 sov | eni s80/anmsacoy seC sov 3hv 01 She sov cov W ov 3t eov | INV. |. CASED 0-12-0-12V PRICE P/P
03 : 6VA—467 PCB 1-89 0:58
TYPE VA PRICE P/P TYPE VA PRICE P/P amp 3 pin £49-95 p&p £26°5 9VA—468 PCB 224 0-58
of & £ € INV. 2. OPEN £30-9S p&p £2-65 12VA—470 PCB 2-39 0-58
149F 60 8-40 1-73 243F 60 8-40 )-43 25VA—47| PCB 1-52 0-87
150F 100 971 173 244F 100 976 1-73 SOVA—472 PCB 1:43
I51F 200 13-84 205 245F 200 13-93 208 EXAMPLES FROM oun AANGE
33 s o9 239 | 3oE 30 kg B2
I54e %0 o A 25 3aor E EFH{ANE S Bl SEND TODAY 50p (REFUNDABLE WITH FIRST ORDER) FOR CATALOGUE
F 750 3675 5-00 249F 750 3675 -
EAC A S T N A 2 B B TITAN TRANSFORMERS AND COMPONENTS
CENTRAL HALLCHAMBERS GRIMSBY DN32 7EG HUMBERSIDE
MAIL ORDER ONLY - PRICES INCLUDE 15%VAT EE8

[EHJ@D@

The firm for Speakers

MILLCROFT HOUSE, STATION ROAD, EYNSFORD, KENT. Just will bring you the latest Wilmslow Audio

l!??% 25 | #BC182L. 8 | BD140 35 il!l!1 15| LM3go 80 |NES56 85

AC1T6 25| ABCI84L 7| ZTX300 14 | CA3046 60|LM381 120 |RC4136 90
AD161 40 ON2646 45 | CA3080 70(LM382 120 [SN78477150
AD162 40 2N3053 23 | KX CA313075/LM1458 40 (TLOS1 40
BC107 40 | BCS4T 90| 5o 0 o | CA3140 45|LM3g00 50 |TLO0SA 110
*BC108 8| BD131 35 F ICM755580 | % 1.M3914 200 | XR2206 300
%BC108C10 | BD132 35 | %2N3702 6 LF351  45|%LM3915200 ZNa14_ 100
BC109 10 | BD139 35 | %2N3704 & | LF356 90 |LM13600 120 |ZN425E 390

. ———"—————| XLM3z4 40(NESSS 17 |TBASCO 80
CAPACITORS] T

80 page catalogue packed with pictures and specifications
of HiFi and PA Speaker Drive Units, Speaker Kits,
Cabinet Kits . . ..

1000 itemns for the constructor.
CROSSOVER NETWORKS AND COMPONENTS.

oeser adlal leads. C280 type, 0-01, __

oS0 0% v 0:r 010t GO o puge. GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
Erechalptc Baaialoads: 0 e $imm 100 55 | 36k 12 vep DISCO CABINETS - PLUS MICROPHONES -
o, Y st thonsy S, | xSunatiptas | Sain P AMPLIFIERS — MIXERS — COMBOS — EFFECTS -

14p; 470/250V 20p; 1000/25V, lD

[COMPONENT KITS|

$W Resistor kit. Contains 10 of each Q"' All_items marked % are our
value from 4-7Q to 1M (650 resistors). @ Summer Savers for '81. Send 28p
480p each. in stamps for catalogue (free with
Caramlc capacitor kit. Contains 5 of orders over £5), Prices exclude VAT.
;_?ch val:e 22pF to 0-01uF (135 caps.). Please add 50p carriage. :
0p eac — e

Polyester Capacitor kit. 5 of each vaiue
1rom 0-01 to 1uF (65 capacltors). §75p giﬁ 2 | JERO

SPEAKER STANDS AND BRACKETS - IN-CAR
SPEAKERS AND BOOSTERS ETC. ETC.
* Lowest prices — Largest stocks *

* Expert staff — Sound advice
* Choose your DIY HiFi Speakers in the comfort %

ach. Y 3dmm red g q
Nut and Bolt Kit. Total 300 items. 140p ~3Av3mm oreen ::p | Size 0 tin. Malrzi; of our listening lounge.
h. mm yellow p | 2:5 x 17 P .
25 6BA Jobots | 248a 47 bole immed 85 ESX 3 {Customer operated demonstration facilities)
25 6BA {” bolts 4 " bolts Smm green 12p | 2-5 x §” p 2
50 6BA waghers | S504BA washers Smmyellow 14p | 3-75 x 57  85p * Ample parking *
50 6BA nuts 50 4BA nuts ltégorHSmm + ;ierorlnr;dp%r 10500 % A V A . E t d o
- ¢lips 1] ngle side p " .
SWITCHES *FND500 70p | Double sided 60p ccess 1Sa merican Express accepte
Subminlature toggle e e
SPSI SZD ?PDT 60p K DPDT sop iﬁrs [ @
0
i(;r;‘;{ 2908 DPDT 48p %8 pin Tp | Aluminium, With lid + G
Sllde switchel DPDT 14 pin 9p | screws, .
+Miniature 10p Standard 16p %16 pin  10p 37 % 2" X - 70p ﬂlﬂ 8
ST 4W, or 4P3W 55p ea. 1?23"““3‘;: :” : g" : ;’*’ 133:: 0625 529593
1P12W, 2P6W, 3P4W, or p e p % 3 x 2"
Push to make 35p. Push to break 22p. | 6” x 4" x 2 120p The firm for Speakers

35/39 Church Street, Wilmisow, Cheshire SK9 1AS

B Lightning service on telephoned credit card orders!
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* Same daydespatch * Competitive prices
* Top quality components * In-depth stock




DIY MUSIC & EFFECTS KITS

AUTOWAH UNIT
Automatically gives Wah or Swell sounds with each guitar

note played.
Kit order code SET 58  £16:-04

GUITAR EFFECTS UNIT

Modulates the attack, decay and fliter characteristics of a
signal from most audio sources, producing 8 different switch-
able sounds that can be further modlified by manual con-

trols.
Kit order code SET 42 £14-11

GUITAR FREQUENCY DOUBLER

Produces an output one octave higher than the input. Inputs

and outputs may be mixed to glve greater depth.
Kit order code SET98  £10-55

GUITAR MULTIPROCESSOR
An extremely versatile sound processing unit capable of
producing, for example, flanging, vibrato, reverb, fuzz and
tremolo as well as other fascinating sounds. May be used
with most electronic Instruments. Some SW’s not incl. in
kit—see lIst for selectlon,

Kit order code SET 85  £72-90

GUITAR OVERDRIVE
Sophisticated versatlle fuzz unit incl. variable controls
affecting the fuzz quality whilst retaining the attack and decay,
and also providing filtering.

Kit order code SET 56 £19:60

GUITAR PRACTISE AMPLIFIER
A 3 watt mains powered ampilfier suitable for instrument
practise or as a test gear monltor. Drives 8 or 15 ohm speakers

{not incl, In kit).
Kit order code SET 106 £18:72

GUITAR SUSTAIN

Maintains the natural attack whilst extending note duration,
Kit order code SET 75 £11-77

PHASER

An aytomatically controlled 6 stage phasing unit with in-

ternal oscillator. Depth can be increased with extension.
Maln kit code SET88 £13-34
Extenslon kit EXT 88 £7-0

PHASING & VIBRATO

Includes manual and automatic control over the rate of
phasing & vibrato. Capable of superb full sounds. A separate
power supply I8 Included.

Kit order code SET 70  £42-35
SMOOTH FUzz
As the name impliesl Order code SET 91  £11-68

SPLIT-PHASE TREMOLO

The output of the Internal generator Is phase-split and modu-

lated by an [nput signal. Output amplitudes, depth & rate are

panel controlled. The effect is simllar to a rotary cabinet.
Kit order code SET 102 £27-55

SWITCHED TONE TREBLE BOOST
Provides switched selection of 4 preset tonal responses.
Kit order code SET 83 £10-51

AUDIO EFFECTS UNIT

A variable slren generator that can produce British & Ameri-
can police sirens, Star-Trek red alert, heart beat monitor

sounds, etc.
Kit order code SET 105 £12-¢

FUNNY TALKER
Incorporates a ring modulator, &f
to produce fascinating sounds when used with speech &

s dulat.

music,

Kit order code SET 99 £15-43
WIND & RAIN EFFECTS
As the name says| Order code SET 28 £9-94

DISCOSTROBE
A 4-channel 200-watt light controller giving a choice of
sequentla!, random or full strobe mode of operation.

Kit order code SET 57 £36-52

LIST

Send stamped addressed envel with all U.K. requests for
free list giving fuller details of PCBS kits and other com-
ponents. Overseas enquiries for tist—Europe send 50p,

other countries send £1-00.

TERMS: C.W.0O., Mall Order or Collaction by appoint-
ment. Tal. 01-302-6184 (Mon-Fri).

KIMBER-ALLEN KEYBOARDS

Claimed by the manufacturers to be the finest moulded plastic
keyboards available, All octaves are C-C, the keys are plastic,
slope fronted, spring loaded, fitted with actuators and mount-
ed on a robust aluminjum frame.

3-Octave £25-50, 4-Oct £32:25, 5-Oct £39-50. Gold-clad
contacts (1 needed for each note) type GJ (SPCO) 33p each.
Type GB (2-PR n/o) 38p each.

CHOROSYNTH

A standard keyboard version of the published Elektor 30-note
chorus synthesiser with an amazing variety of sounds ranging
from violin to cello and flute to ¢clarinet amongst many others.

Kit plus keyboard & contacts SET 100 £114-12

FORMANT SYNTHESISER

For the more advanced constructor who puts performance

first, this is a very sophisticated 3-octave synthesiser with a

wealth of facillties, Including 6 osclllators, 3 waveform con-

verters, voltage controlled filter, 2 envelope shapers and

voltage controlled amplifier. Case and hardware not In-

cluded—see our lists for further details.
Kit plus keyboard & contacts

SET 66 £323-35

P.E. MINISONIC SYNTHESISER

A very versatlle 3-octave portable mains operated synthesiser,
with 2 osciliators, voltage controlled filter, 2 envelope
shapers, ring modulator, noise generator, mixer, power
supply and sub-min toggle switches to select the functions.
A case is exciuded, but the text gives comprehensive con-
structional details.

Kit plus keyboard & contacts SET 38 £169-69

PRICES INCLUDE
VAT @ 15% & U.K. P. & P.

RHYTHM GENERATORS
Two differentkits—The control units are designed around the
M252 and M253 rhythm-gen chlps which produce pre-pro-
grammed switch-selectable rhythms driving 10 effects instru-
ment generators feeding into a mixer.

SET 103-253 £64-10

12-Rhythm unit
15-Rhythm unit SET 103-252 £57-26

6—CHANNEL MIXER

A high specification stereo mixer with varlable input im-
pedances. Specs given in our lists. The kit excludes some
SW’'s—see lists for selectlon. The extension glves two extra

channels.
SET 90 £88-99

Main kit code
Extension kit EXT 90 £11-74

3—CHANNEL STEREO MIXER

Full level control on lett and right or each channel, and with
master output control and headphone monitor.
Kit order code SET 107 £18-68

3—MICROPHONE STEREO MIXER

Enables stereo live recordings to be made without the *hole
in the micdle' effect. Independent control of each micro-

phone.
Kit order code SET 108  £12-31

HEADPHONE AMPLIFIER
For use with magnetic, ceramlc or crystal pick-ups tapedeck,
or tuner, and for most headphonea. Designed with RIAA

equalisation.
Kit order code SET 104  £18-10

VOICE OPERATED FADER

For automatlcally reducing music volume during disco talk-

ovel
Kll order code SET 30 £7-30

DYNAMIC NOISE LIMITER

Very effective stereo clrcuit for reducing noise found in
most tape recordings.

NEW KIT MAKE-UP
—SEE BELOW

128—NOTE SEQUENCER

Enables a vollage controlled synthesiser, such as the P.E.
Minisonle, to automatically play pre-programmed tunes of
up to 32 pitches and 128 notes long. Programs are initlated
from the 4-octave keyboard and note length and rhythmic
patter are externally varlable.
Kit plus keyboard & contacts SET76 £114-09

16—NOTE SEQUENCER

Sequences of up to 16 notes long may be pre-programmed by

the panel controis and fed Into most voltage controlled syn-

thesisers. The notes and rhythms may be changed whliist

playing, making It more versatilethan the name would suggest.
Kit order code SET 86 £60-13

DIGITAL REVERB UNIT
A very advanced unlt using sophlsticated 1.C. techniques
instead of nolse-prone mechanical spring lines. The basle
delay range of 24 to 90MS can be extended up to 450MS using
the extension unit. Further delays can be obtained using more
extensions.
Maln kit order code SET 78 £87-22
Extension kit EXT 78 £45-94

RING MODULATOR
Compatible with the Formant and most other synthe sisers.
Kit order code SET 87 £11-69

WAVEFORM CONVERTER
Converts tooth form into si , mark-space
sawtooth, regular trlangie, or squarewave with varlable mark-
space. Ideally one shouid be used with each synthesiser

osclllator.
Kit order code SET 67 £20°13

BASIC COMPONENT SETS

Inciude specially designed drllled & tinned fibreglass printed
circult boards, all necessary resistors, capacitors, seml-
conductors, potentlometers, and transformers. They also
include basic hardware such as knobs, sockets, switches, a
nominal amount of wire and solder, a photocopy of the
original published text, and unless otherwise stated, a
robust aluminlum box. Most parts may be bought separately.
For fuller kit and component details see our current |ists.

Kits originate from projects published in PE, EE, and Elektor.

Kit order code SET97 £12-67

DYNAMIC RANGE LIMITER
Ily controls sound output levels.

Kll order code SET 62 £9-51
TUNING FORK
Produces 84 switch-selectable frequer te tones with
led monlitor displaylng beat-note ad]ustmenl§

Kit order code SET 46  £34-58

TUNING INDICATOR

A simple octave frequency comparltor for use with syn-

theslsers where the full versatillty of KIT46 I8 not needed.
Kit order code SET 69 £14-41

PULSE GENERATOR
Produces controllable pulse widths from 100NS to 2Sec.
Varlable frequency range of 0-1Hz to 100KHz.

Kit order code SET 115 £21-45

SIGNAL TRACER & GENERATOR
Allows audio signals to be Imected into circults under test,
and for tracing their freq & level

controls,
Kit order code SET 109 £15-3

WAVEFORM GENERATOR

Provides sine, square and triangular wave outputs varlable
between 1Hz & 100KHz up to 10V P-P
Kit order code SET 112 £21-58

SPEECH PROCESSOR

Improves the inteliglbility of noisy or fluctuating speech
slgnals, and ideal for inserting into P.A. or C.B. radio sys-

tems.
Kit order code SET 110 £9-21

FREQUENCY COUNTER

A 4-digit counter for 1Hz to 99KHz with 1Hz samp!ing rate.
Kit order code SET 7 £43-30

EXPOSURE TIMER
Controls up to 750 watts In 0-5sec steps up to 10 minutes,
with butlt-in audio alarm.

Kit order code SET 93 £36-44

EXPORT ORDERS ARE WELCOME

Postage rates are shown in our lists, All payments must be
cash-with-order, In sterling by international money oraer or
through an english bank. We do not offer a C.0.D. service.
To obtain llst—Europe send 50p, other countries send £1-00.

MORE KITS AND
COMPONENTS
ARE ON OUR LISTS

Prices are correct at time of press. E. & O.E. subject to
avallability.

PHONOSONIGS e DEPT EE16 o 22 HIGH STREET o SIDCUP e KENT DA14 6EH
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E.E. PROJECT KITS

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS
for E.E. Projects. We supply carefully selected sets of parts to
enable you to construct E.E. projects. Kits inciude ALL THE
ELECTRONICS AND HARDWARE NEEDED. Printed circuit
boards (fully etched, drilled and roller tinned) or veroboard
are, of course, included as specified in the original article, we
even include nuts, screws and I.C. sockets. PRICES INCLUDE
CASES unless otherwise stated. BATTERIES ARE NOT
INCLUDED. COMPONENT SHEET INCLUDED. Iif you do not
have the issue of E.E. which includes the project—you will need
to order the Instruction reprint at an extra 45p each.

Reprints available separately 45p each + p. & p. 40p.

COMBINATION LOCK. July Bl Less case ......ccooovvviinnninrininin £16-70
BURGLAR ALARM SYSTEM. june 8| Less bell, loop switches, &
microphones £34-82
TAPE AUTO START. June 8| . £10-88
TREMELO. June 81 Less case ................ . £9-51
LOOP AERIAL CRYSTAL SET june 81 £4-98
LIGHTS REMINDER AND IGNITION LOCATOR E.E. May 8I £4-81
SOIL MOISTURE INDICATOR E.E. May Bl........ooooceceiiiiniins £3-49
T. V. INTERFERENCE FILTERS E.E. May 81. LOW PASS less tin-
plate £2-62. HIGH PASS £1-42
GUITAR HEADPHONE AMPLIFIER E.E. May 81.
PHONE BELL REPEATER/BABY ALARM E.E. May 81
Rectangular cases.
AUDIO TEST SET E.E. May 81, £40-84 .Less case, Case extra £6-95
DIGITAL RULE (ultrasonic) April Bl .......oooiiiiiiiiiiiiin £27-46
INTERCOM Apriti8l .............
FREEZER ALARM April 81 ...
SIMPLE TRANSISTOR & DIODE TESTERS. Mar. 81
Ohmeter version .... £1-72 Led version.
MINI SIREN. Mar. 8
LED DICE. Mar. 81. ...... .. £7-18
LED FLASHER. Mar. 81 ... .. £3-70
MODULATED TONE DOORBELL. Mar. 8t
BENCH POWER SUPPLY. Mar. 81 ...
TREBLE BOOST. Mar. 81. ...............
CAR ACTUATED DRIVEWAY LIGHT. Feb. 81 less socket.........
THREE CHANNEL STEREO MIXER. Feb. 81 ............ooeeninn £15-89
SIGNAL TRACER. Feb. 81 ............. £6-95 less probe
FOUR BAND RADIO. Feb. 81 . .. £39-98
Ni-Cd BATTERY CHARGER. Feb. 8i
ULTRASONICINTRUDER DETECTO 3
AUTO SLIDE CHANGER. Jan. 8] ...... .. £8-44
PHASER SOUND EFFECTS. Jan. 81
LOGIC PULSE GENERATOR. Jan. 8}
2 NOTE DOOR CHIME. Dec. 80....
LIVE WIRE GAME. Dec. 80.................
SOUND TO LIGHT. Nov. 80. 3 channel
GUITAR PRACTICE AMPLIFIER. Nov. 80 ............... £10- 96 less case
Standard case £3-58. High quality case £8-33.
SOIL MOISTURE MONITOR. Nov. 80..
TRANSISTOR TESTER. Nov. 80

£4-94 inc. probes
..£9-89 inc. test leads

AUDIO EFFECTS UNIT FOR WEIRD SOUNDS. Oct. 80...... £11-15
PHONE CALL CHARGE JOGGER. Oct. 80 .......cccoovvvnnininnnnnnn £6-19
BICYCLE ALARM. Oct. 80 .........ooveniininn, £8-80 less mounting brackets
IRON HEAT CONTROL. Oct. 80 .......ccooooiiiiiiiiiiiiiniiiiiiriininns £4-99

DARKROOM CONTROLLER. O
BEDSIDE RADIO. Sept. 80 .
TTL LOGIC PROBE. Sept. 8 ............... £4-41
TTL POWER SUPPLY UNIT. Sept. 80 .

CRICKET GAME. Aug. 80.............cceeinnenn
WEATHER GAME. Aug. 80 (less case £39-98) .
AUDIO MILLIVOLTMETER: Aug. 80.....
AUTOPHASE. June 80. Rectangular Case..

ct. B £21-65 case differs
£15-98

COURTESY LIGHT DELAY. June 80... . £6-09
A.F. SIGNAL GENERATOR. June 80 £22-54
AUTOWAA. June 80. Rectangular Case

G.P. AMPLIFIER. June 80 ..
SIGNAL TRACER. june 80 ..
ZENER DIODE TESTER. june 80.
4 STATION RADIO. May 80 ....
AUTOFADE. May 80

ADVENTURES WITH &2

£13- 94 I;ss case
£9-96

MICROELECTRONICS

An easy to follow book suitable for all ages. ldeal for beginners.
No soldering. Uses a Bimboard 1 breadboard, gives clear instruc-
tions with lots of pictures. 11 projects based on integrated circuits
—includes dice, two-tone doorbell, electronic organ, MW/LW
radio, reaction timer, etc. Component pack includes a Bimboard 1
breadboard and all the components for the projects.

Adventures with Microelectronics £2-35. Component pack £26-95
less battery.

ADVENTURES WITH ELECTRONICS ..

An easy to follow book suitable for all ages. ldeal for beginners.
No soldering, uses an S-Dec breadboard. Gives clear instructions
with lots of pictures. 16 projects—including three radios, siren,
metronome, organ, intercom, timer, etc. Helps you learn about
electronic components and how circuits work. Component pack
Includes an S-Dec breadboard and all the components for the
projects.

Adventures with Electronics £1-90. Component pack £16:72 less
battery.
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LIGHTS WARNING SYSTEM. May 80 ......... -
BATTERY VOLTAGE MONITOR. May 80
AUDIO TONE GENERATOR. May 80 ..
GAS SENTINEL. April 80.....................
AUTO LEVEL CONTROL. April 80
CABLE & PIPE LOCATOR. Mar. 80
KITCHEN TIMER. Mar. 80
STEREO HEADPHONE AMPLIFIER. Mar. 80....
5 RANGE CURRENT LIMITER. Mar. 80 ..
MICRO MUSIC BOX. Feb. 80 £13-82 ......

SIMPLE SHORT WAVE RECEIVER. Feb. 80 ........................ £21-98
Headphones £2-98.

SLIDE/TAPE SYNCHRONISER. Feb. 80...........ccccoviiiinicicnnnnn. £10-46
MORSE PRACTICE OSCILLATOR. Feb. 80.. .
SPRING LINE REVERB. UNIT. Jan. 80..
UNIBOARD BURGLAR ALARM. Dec. 79..
BABY ALARM. Nov. 79 .....
OPTO ALARM. Nov. 79..
MW/LW RADIO TUNER. Nov. 79
ONE ARMED BANDIT. Oct. 79 ......
HIGH IMPEDANCE VOLTMETER. Oct. 79.. L,
CHASER LIGHTS. Sept. 79 ....ccoiviiiviiiinninnnns .. £19-98
VARICAP M.W. RADIO. Sept. 79.............. .
SIMPLE TRANSISTOR TESTER. Sept. 79.. 1
ELECTRONIC TUNING FORK. Aug. 79 .....ccooeunimnniiniiniionecnnn, £9-15
Suitable microphone & ptug £1-59 extra,
WARBLING TIMER. Aug. 79
9V POWER SUPPLY. Aug. 79.
SWANEE WHISTLER. Aug. 79 .
DARKROOM TIMER. july 79 .
TREMOLO UNIT. June 79 ....
ELECTRONIC CANARY. june 7
LOW COST METAL LOCATOR. June
Handle & coll former parts extra £5-55.
QUAD SIMULATOR. June 79
INTRUDER ALARM. May 1979 ...
Less Ext. Buzzer & Lamp and Loop Components.
THERMOSTAT. ‘PHOTO’ SOLUTIONS. May 79. ............... £16-02
Less socket, tube and grease.
TRANSISTOR TESTER. April 79
TOUCH BLEEPER. April 79.
ONE TRANSISTOR RADIO. Mar.
MICROCHIME DOORBELL. Feb. 79 £13-48
AUDIO MODULATOR. Feb. 79 . £l Iess case and pins
THYRISTOR TESTER. Feb. 79 . ...cooiiiiiiiiiiiiiiiiiiiiiieiiieeiiieeennns £3-22
ADJUSTABLE PSU. Feb. 79.........
HEADPHONE ENHANCER. Jan. 79 ... £2-60
FUZZ BOX. Dec. 78 ........ .. £6-20
MIC. AMP. Dec. 78 . . £2-80
AUDIBLE FLASHER 3 < . £1-20
VEHICLE IMMOBILISER. |nc PCB ec. 78. .. £5-74
AUDIO EFFECTS OSCILLATOR. Nov. 78 . . board
PASSIVE MIXER. Oct. 78................ . £3 T2
FUSE CHECKER. Oct. 78.. -
TREASURE HUNTER. Oc: 78
GUITAR TONE BOOSTER. Sept. 78
SOUND TO LIGHT. Sept, 78.
FILTER
CAR BATTERY STATE INDIC OR
R.F. SIGNAL GENERATOR. Sep! 78..
SLAVE FLASH. Aug. 78.
LOGIC PROBE. July 78.................. .
IN SITU TRANSISTOR TESTER. ]une 78.
FLASHMETER. May 78 ......
POCKET TIMER. April 7 !
WEIRD SOUND EFFECTS GENERATOR Mar 78
CHASER LIGHT DISPLAY. Feb. 78.............
AUDIO VISUAL METRONOME. Jan. 78.
ELECTRONIC TOUCH SWITCH. Jan. 78 .
RAPID DIODE CHECK. Jan. 78..............
AUTOMATIC PHASE BOX. Dec. 77..
VHF RADIO. Nov. 77....c.ccoeviiniiiniinnnn.
ULTRASONIC REMOTE CONTROL. Nov./Dec.
ADD-ON CAPACITANCE UNIT. Sept. 77 ....
PHONE/DOORBELL REPEATER. July 77.
ELECTRONIC DICE. March 77

E5-TT inc. opm;.nal ports
... £15-50 dess dial
SR, &7 7 101/

£6-93

. £1-97
"£17-86 less handle & coil former
£4-99 in. p.c.b.

.£9-55 inc. p.c.b.

.. £14-36
£16-09
.. £5-99
£6-38
. £4-83

MEMORY BANK 3 BAND S.W. RADIO
sYNTHEs'sER Simple T.R.F. Design. Covering
Miniature synthesiser featuring %‘;ﬁl“';féﬁﬂég?"%&aﬁgi splt:re‘

vibrato, envelope, tempo, volume

+ pltch controls, Uses 24 push %‘;’;ga:,’,;. B’G\}’;v";'chg,?g‘e”‘":,‘.g
button switches In a keyboard Attenuator. Coll section Is by
style layout. Based on a custom Wavechange Switch, Use with
designed l.c. The accessible Headphones or a Crystal ear-
memory stores a 32 beat length piece. Kit contalns all the com-

sequence of notes + spaces.
Can be played 'llve’. Fitted with 3‘_’3?",';,,’,‘3,““3';3" é::l:dlna it

Instruc-
an Internal spoaker. Jack socket tlons are Included with this kit
allows the use of an external i 3
amplifier if wished. Memory KIIT”‘:'“ #7, HeadpHon eIt

Bank Synthesiser £33-85.

MAGENTA ELECTRONICS LTD.

EM31, 135 HUNTER ST. BURTON-ON-TRENT, STAFFS,,
DE14 2ST. 0283 65435. MON.-FRI. 9-4. MAIL ORDER ONLY.
ADD 40p P. & P. TO ALL ORDERS.

ALL PRICES INCLUDE 15% V.A.T. OFFICIAL ORDERS WELCOME.

IRISH REPUBLIC & B.F.P.0. EUROPE:
il
BANCLAYCARD
L ===

Deduct 10% from prices shown Payment,

must be In Sterling
ACCESS and BARCLAYCARD {VISA)
gggERS ACCEPTED BY PHONE OR
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CTRONICS LTD.

I.Cs educatlonal courses.

1981 ELECTRONICS CATALOGUE

KITS Hundreds of Illustrations, product data, | TOOLS
clrcults, and detalls of all our kits and
RESISTORS

TRANSISTORS | Uptodatepricellstincluded. All products | HARDWARE

are stock lines for fast delivery. Send 70p

pr s and their functi

CAPACITORS in stamps or add 70p to order.. CASES
( The INStructor \
A FULLY CONSTRUCTIONAL PROJECT

INCORPORATING AN INS8060
MICROPROCESSOR CHIP
The Instructoris a low cost assembly which provides a practical introduction to mlcro-
.t is not a computer but it Is a working circult which
allows mlcroprocessor worklng to be followed, one program step ¢t a time, Build the
Instructor and you will gain microprocessor exper!ence The serles is based on the
INS8060 microprocessor IC, also known as the SC/MP Mk, 2. Circuits are bullt on a
plug in Eurobreadboard Kit Is avallable with or without the breadboard. INSTRUCTOR
4 COMPONENT PACK: With Eurobreadboard £27-85; or without £21-65 INSTRUC-

LOR COURSE NOTES AND OPERATING INSTRUCTIONS £2-96 extra

m—— — —
C106D 56p} 2N5457 58p | BFY51 24p | LINEAR ).C.s | LM29UIN £2-27
TIC46 48p | 2N5484 63p | BFY52 23p | 555 32p| LM3900W  85p
QA4T 11p} 40673 98p | BFX88 32p | 556 79p | LM3909N 19p
QA9 spl AC128 29p | BRY39 43p | 741 28pf LM391IN £1:55
OA202 16pf AC141 38p{ MPSA65 38p | 748 S5p| LM3914N £2-39
WO05 33p| AC142 p]RPY58A £1-16 | CA3080 £1-21| LM3915N £2-98
wWoe 4Ip| AC176 I7p| TIP31A 52p [ CA3085A £1:32| MC3340 £2:15
Z5) £2-92)1BC182 #1p]TIP32A 83p | CA3130T £1:12{ TBAB20 £1:05
IN4001 Sip|BC182L 11pJ TIP33A 94p | CA3140E 57p] TLOG4 £2:59
IN4005 6p| BC183 11p | TIP34A 99 HA1338 EZ'lS u23re £1:69
IN4148 Sp|BCta4 11p|TiP121 £1:92 ]| ICL7611  £1:04] ULN2283B £1-47
INS404 18p| BC184L 11p | TIP2955 69p | ICL80ISCCEI- 92 IN1034E £2:19
IN5408 19p|BC212 11p | TIP3055 69p | ICM7555 £1-19] ZN414 £1-09
BF244B 87p|BC212L 11p]TIS43 38p | LF351 58p| ZN419CE £2-58
MPF102 69p | BC213 11p] TPSA13 35p | LF353 9pJ ZN424E  £2-14
TiS88 57p|BC214 11p | 2N3053 25p § LF356 98p | ZN425E  £5-99
VNB67AF £1-211BC214L 11p | 2N3055 58p | LM301AN 38p| CMOS
2N3as19 28p] BD131 48p | 2N3702 11p 9K £2:99] 4001 27p
2N3820 78p| BFYS0 25p | 2N3704 11p | LM317K  £3-56] 4011 28p
LM317T  £2-55] 4013 55
iW CARBON FILM RESISTORS LM324N T9p| 4017 95p
E12 SERIES. 1R-10M . ........... 1}p each LM330N 99p | 4020 £1-20
MIN. HORIZ. PRESET R-4M7  12p each LM3BIN  £4-98] 4024 6p
MIDGET POTS. LINEAR. 470R-4M7 37p each LM382N  £1-62] 4068 Mp
LOG. 4K7-2M3 38p each LM386N  £1-04] 4081 29p

SWITCHED PO N. 75p. LOG T8p

POLYESTER (C230) CAPACITORS, 250V
10nF; 15nF; 22nF; 33nF; 4InF Tp each. 68nF;
100nF 8p. 150nF; 220nF 12p. 330nF 15p. 470nF 20p.
680nF 28p. 1uF 33p. 1-5uF 48p. 2-2uF 65p.

LM387TN  £1-39] 4093
LM389N  £1-29] 4522 £1:79
LM1830 £2-32] 40174 £1:50

SUB MINIATURE PLATE CERAMICS, 63V
Values In pF: 2-2; 3:3; 4°7; 5:6; 6-8; 8:2; 10; 15;
22; 33; 47 & 56pF 7p each. 68pF; 100pF 7p each.
150pF; 220pF, 330pF 11p each. 380pF, 470pF,
1000pF 5p each. 2200pF 6p each. 3300pF, 4700pF
Tp each. 10nF 13p. 100nF 22p. 47nF 14p.

ELECTROLYTIC CAPACITORS
AXIAL Leads: 1u4F/18V 11p; 12F/63V, 1uF/100V
12p; 2-2uF;63V, 3:34F,63V, 4-TuF/63V 12p;
10uF/16V 11p; 10uF/25V, 10uF/63V 12p; 22uF;10V,
22uF[25V 12p; 22uF/63V 15p; 33uF/40V, 41uF/25V
12p; 47uF/40V 15p; 47uF/63V 1 lp'100 F/18V 12p;
1004F/25V 15p; 100F/40V 18p; 1004 F/63V 28
220uF{10V 15p; 220uF/25V ﬂp. 470uF/16V 29,
470uF/25V 368p; 470uF/40v 55p; 680uF/16V 32
1000uF/10v 30p; 1000:F/16V 33p; 1000uF/25V 46p

MAINS PANEL. Neon

ZENER DIODES. 400mwW,
BZY88. Range 2V7 to 33V,
12p each.

L.C. SOCKETS
8 pin. 16p 18 pin..

1000uF/40V 58p ; 1000uF/63V T8p ; 2200uF/10V 39p.: 14 pin. 17p 24 pin
2200uF/25V 64p ; 2200uF/63V £1-10. 16 pin...... 18p 28 pin
SWITCHE JACKSON

MIN. TOGGLE spst 59p; spdt 69p; dpdt 78p.

MIN. PUSH ON. 18p. PUSH OFF. 22p,

FOOTSWITCH & ALT ACTION spco £1 39'
o £1-88,

ROTARY SWITCHES 1p 12 way, 2p Svg, 3p 4w,

p 3w 9p each
12V 135R DPCO RELAY..

300pF dilecon
500pF dilecon
C804 Ver. Capac £2-
25pF £2:46, 50pF £2 46 100pF
£2-83. 150pF £

01’ 365pF £3- 4! '02 365pF £4-49.
'02' 208 + 176pF £3-98.

£2-98
SPEAKERS. Minlature. 8 ohm......... 81p
CRYSTAL EARPIECE " .. 85
MONO HEADPHONES............ ‘EZ-SI

TELEPHONE PICK.UP COIL ...
MIN. BUZZERS. 6V. 50p. 9V, £1: 10
ANTEX X25 SOLDERING IRON—25W
SOLDERING IRON STAN "
SPARE BITS (for X25), Small standnrd. Iarne
HOW TO SOLDER SHE

SOLDER BOBBIN ......
DESOLDER PUMP.
DESOLDER BRAID ..
SOLDER. Handy size ..
HEAT SINK TWEEZERS ...
LOW COST CUTTERS ...

LOW COST LONG NOSE PLIERS .
WIRE STRIPPERS + CUTTERS .
PCB ASSEMBLY JIG ... .
PCB ETCHING KIT ...
PLASTIC TWEEZERS ..
EUROBREADBOARD

84-75 ohm

BRICLIPS iiiesisisnasiss . 1op PP9 CLIPS .. - .1ip
PANEL METERS. 60 x 45mm . SOMA 100uA 1A, 1A, 25V - L Eatey each
VEROBOARD 01" COPPER. 10 slrlps, 24 holes.. = ... £1:20 per5
245 37H. 18p, 24S 50H. 89p. 38S 37H. 89p. 365 50H. 99p.

DR P NIERISIPIINIGE. . . Sissmnecisnsoduanoss s dasersvensanins sssicias o stiisaste s smgioesstoses 48p/100
PIN INSERTION TOOL SPOT FACE CUTTER .. £1:23

MULTIMETER TYPE 1. 1,000 opv with probes. 27 x 3}” x 17 .. ... K668
MULTIMETER TYPE 2. 20,000 opv with transistor tester. . 3

Everyday Electronics, September 1981

Allthese
advantages...

® Instant all-weather starting

® Smoother running

® Continual peak performance

® Longer battery & plug life

® Improved fuel consumption

® Improved acceleration/top speed
©® Extended energy storage

.In kit form

SPARKRITE X51s a high performance top guah ty mductive
discharge electromc igmition system designed for the edectr onics
D 1Y world [t has been tried tested nd proven to be utterly
rehable Assembly only takes 1 2hkours and instaliat
even less due to the patented ‘chip on” vasy fithing
The superb techiical design of the
Sparkritecircunt ehnunates problems of the
contact breaker There s no nusfire che t
contact breaker bounce whichhiselinumated
electromically by a pulse suppression
circuit which prevents the unt firmg 1l
points bounce openatiuigh R P M
Contact breaker burnis einunated by,
reducing the current by 9%, of the rorm
Thq-u 15 also a tmgue extended shwe

;)Nm(l()f lnn«-lnslnu-llsmu-r(;y lw'n iz
chscharging to the plugs The umt mehades
built mstatic tmmg gt systems fu

bt and security changeover switc )

Will work alt rev conntin s

Fits all 12 v negative-earth vehicles
with coil/distributor ignition up to 8 cylinders.

THE KIT COMPRISESEVERYTHING NEEDED

Die pressed case Ready drilied alunsinum extruded

base and heat sink coll mounting chps and accessones AN kit

components are: quaranteed far a perad of 2 years from date of

purchase Fully llustrated assembly and mstallation mstructions are

ncluded Roger Clark the world famous rally driver
says ‘Sparkrite electronicignitionsystems
are the best youcan buy’’

Sparkrine

HIGH PERFORMANCE
ELECTRONIC IGNITION

Electronics Design Assoc.
82 Bath Street, Walsall WS1 3DE

Electronics Design Associates, Dept. EE 9
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 614791

Name
Address

Phone your order with Access or Barclaycard

| enclose ¢l PO's I
Inc VAT and PP QUANTITY REQ'D. hequeiPO's for

X5KIT £1695 t

Cheque No.
ACCESS OR BARCLAY CARD No.

Send SAE if brochure only requwed
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Projects... Theory...

and Popular Features ...

BEST BUY
Your EveErypay ELECTRONICS will cost
70p as from next month’s issue. Much
as we regret the need for this
increase we believe the contents are
worth every penny of this by current
values.

A good variety of projects, fully
described in word and diagram, in-
depth articles and series on com-
ponents and other technical matters
of direct interest to the constructor,
special features for those making
their very first cautious approach to
electronics; all well leavened with
news features plus entertaining and
enlightening comments from seasoned
and authoritative writers,

Such is the makeup of EVERYDAY
ELEcTRONICS and the reason it is the
best buy for the constructor and
general electronics enthusiast.

CURTAIN RAISER

Next month’s issue is a real curtain
raiser to the autumn season. For one,
there is the first part of Teach-In 82.
If you have recently come under the
spell of electronics and are looking for
a good course of instruction into the
fundamentals of this subject, then
Teach-In 82 is just tailored for you.
It will be a sound refresher course for
those more experienced, as well.

All readers will receive a piece of
Veroboard with their copy, and inside
will be found a coupon that will save

you £1 on the normal price of another
Vero product.

All this—and a good variety of pro-
jects to keep you all busy. Don’t
leave the October issue to chance, but
place an order with your supplier
now,

F. G. RAYER

We were deeply dismayed to be
informed of the death of F. G. Rayer
which occurred last July. This was
indeed a shock to me, for only the
week previous I had been in com-
munication with Frank concerning
future projects.

Long accustomed to seeing his
name in our pages, readers are bound
to miss him, as will the staff of EE.

In the months ahead a number of
previously completed articles of
Frank’s will be published in EE. But
it is difficult to realise this well known
author has now laid down his solder
ing iron and pen, has completed his

final project and written his last

article (see page 629).

Py .

Our October issue will be published on Friday, September 18. See page 607 for details.

Readers’ Enquiries

We cannot undertake to answer readers’ letters requesting modifications,
designs or information on commercial equipment or subjects not published
by us. All letters requiring a personal reply should be accompanied by a

stamped seif-addressed envelope.

We cannot undertake to engage in discussions on the telephone.

Component Supplies

Readers should note that we do not supply electronic components for
building the projects featured in EVERYDAY ELECTRONICS, but these
requirements can be met by our advertisers.

All reasonable precautions are taken to ensure that the advice and data given to
rea.d_ers are relial?le. We cannot however guarantee it, and we cannot accept legal respon-
sibility for it. Prices quoted are those current as we go to press.
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BY EM.TERRELL

-/ MODEL RAILWAY -

- SPEED -

N CONTROLLER /-

THE DESIGN for an easy to operate
model train speed controller be-
came apparent while watching a
youngster find difficulty in selecting
speed and direction of his model train
on the track when using the controller
supplied with the set-up.

This was a mains derived switch-
able type controller where a small red
lever had three positions either side
of central off. The train travelled pro-

586

gressively faster with its position from
centre, forwards or backwards (ac-
cording to lever direction).

The problem was that the lever
could not always be re-positioned
quickly and accurately, and a fast
forwards to fast backwards would
often result. What was needed was a
continuous control of speed with
minimum of effort, and a separate re-
versing switch.

CONTROL FUNCTIONS

The end product is the subject of
this article. It is based on a pulse sys-
tem and has the following features:
(1) a single knob operated speed
control, anticlockwise fully off, clock-
wise rotation increases speed up to
maximum when fully clockwise (2) a
FORWARD/REVERSE direction toggle
switch (3) AuTo sTART and sToP for
more realistic starting and stopping
(4) BRAKE for slowing down on bends
and steep gradients (5) Speed BOOST
for extra momentum when meeting
steep inclines (6) EMERGENCY STOP for
immediate power cut.

With the prototype, the resident
controller was not discarded but was
used as the mains derived low voltage
supply for the new Model Train Speed
Controller. The resident controller
output is full-wave rectified peaking
at 20V (no load) in the fast position.
Besides powering the locomotive, this
is also used to derive the supply for
the electronic control circuitry.

PRINCIPLE OF OPERATION

The operating principle is described
with reference to the block diagram
of Fig. 1.

The pulsing d.c. from the controller
is smoothed to appear at the power
switch. This smooth voltage level is
stepped down and stabilised to pro-
vide a supply to the control circuitry.

The reference oscillator produces
short duration negative going pulses
at a constant time interval which are
fed to the trigger input of a mono-
stable multivibrator.

The periodic time of the oscillator
must always be less than the mono-
stable on-time. This on-time is con-
trolled by the voltage appearing at its

. control input which is linked directly

to the speed control knob and “auto”
circuitry.

The monostable output operates an
electronic switch which passes power
to the track/train in sympathy. Thus
the model train motor receives rect-
angular voltage pulses of maximum
amplitude.

The mark-to-space ratio (on to off
time) in a cycle is a measure of the
“average” voltage seen by the train
motor whose rotational speed is volt-
age dependent. Thus the mark/space
ratio sets the train speed and since
the former is variable over an exten-
sive range, so is the train speed.

The advantage of a pulse system
over variable voltage types is the
smoothness obtained at slow speeds
and its reduced dependence on load-
ing.

CIRCUIT DESCRIPTION

The complete circuit diagram of
the Model Train Speed Controller is
seen in Fig. 2. In the prototype the
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input voltage was taken from the out-
put of the resident switchable con-
troller which supplies a full-wave
rectified voltage. In its fastest posi-
tion, the voltage appearing across C1
is about 15 volts when the train is
running.

This particular arrangement limits
the number of trains running simul-
taneously to that allowed by the resi-
dent controller. However, the output
stage is capable of passing current
pulses of several amperes and this
can be realised by simply hooking up
a d.c. voltage source of suitable cur-
rent capability to the input of the
unit, smoothed or pulsed d.c. (full-
wave rectified preferably).

A Zener stabiliser composed of R1
and D2 provides a 5-1 volt supply

w5 -

O envERGENCY AUTO START @
Ga -

STOP AUTO STOP

FOR\?OARD

a7

REVERSE

STOF’ r\./le. SPEED

— AR T T2
MODEL TRAIN SPEED CONTROLLER
O_,/‘T*S.\C&R?J ¥ )

10
ELECTRONIC | TRACK
SMOOTHING P POWER
I SWITCH
STABILISATION @
mscen
VOLTAGE
o 4y =iom CONTROLLED
RESIDENT MONOSTABLE
CONTROLLER
AUTO/MANUAL
Fig. 1. Block diagram illustrating principle of operation.

o A SR a1

for IC1,2 and TR2. This allows a range
of input supplies to be used from
about 6 volts to 20 volts d.c. limited
only by the rating of the train motor.

IC1 is wired as a standard 555 timer
astable multivibrator having a high
mark/space ratio. Frequency is set
by the values of R2, R3 and C2 and
related by the formula.

f= 0-7
(R2+2R3)C2
where C2 is in farads and the resist-
ances in ohms.

Components C4 and R4 differentiate
the pulses produced at IC1 output to
produce negative going spikes. This
ensures that each trigger pulse only
remains in the trigger region for a
very short time and therefore in no
way restricts the operation of IC2.

The latter is connected in the usual
manner to realise a monostable multi-
vibrator from a 555 timer i.c. Each

Hz

time IC2 trigger input, pin 2 re-
ceives a low voltage from IC1 pin 3,
IC2 output pin 3 goes high for a
period determined by VR1 R5 and C5
together with the voltage on its modu-
lation input pin 5, before returning
to OV.

With the values determined for
VRI1, RS and C5, the mark/space ratio
of the waveform from IC2 output can
be varied continuously from about
1:10 to 10:1 by turning VR2 clock-
wise from fully anticlockwise position,
which varies the voltage on 1C2 con-
trol pin, pin 5. That is what would
happen normally for a 555 mono-
stable, but here the voltage level on
IC2 pin 5 is also coupled to the reset,
pin 4 of ICl. When this pin falls
below a certain level, IC1 output
assumes a low (0V) state. The result
of this is that no trigger pulses are
being produced so the monostable
output stays at OV.

Fig. 2. The complete circuit diagram of the Model Train Speed Controller.
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In fact the mark/space ratio never
reaches as low as 1:10 since IC1 reset
is activated before this level is
reached. This has been done deliber-
ately to eliminate armature buzz in
the train motor for this short dura-
tion pulse.

Thus with VR2 fully (or nearly
fully) anticlockwise no voltage is
being fed to the train track. Clockwise
rotation of VR2 increases the average
voltage fed to the train and so the
speed increases.

AUTO START AND STOP

The control voltage reaching IC2
pin 5 is determined by the voltages
at VR2 wiper and TR2 collector. With
S5 closed, TR2 is off so the constitu-
ent from TR2 collector is constant. If
now S5 is opened, then C5 will
charge up through R13 towards +5V.
This will gradually turn on TR2 and
its collector voltage will begin to fall
resulting in the train slowing down.
This is progressive and continues
until the train finally comes to rest.

If now S5 is closed again, C5 will
begin to discharge through R15
causing the potential of TR2 collector,
and hence IC2 pin 5, to rise slowly.
This results in a gradual increase in
speed of the train up to that set by
VR2.

The FORWARD/REVERSE switch S3
merely swops over the two supply
lines to the track.

BRAKE AND BOOST

The BRAKE switch, S4 when made
completes a lower resistance charge
path for C5 and causes it to slowly
charge towards the potential set
across the supply rail by the resistor
chain R14 and R15. This causes TR2
to slowly turn on and reduce the
train speed as the voltage to pin 5§
reduces. Holding down S4 for 35
seconds or more will result in the train
coming to a standstill,

The speed BoosT switch S2 gives an
instant increase in speed by effectively
raising the potential on pin 5 by the
shunting effect of R7 across the upper
half of VR2. The effect of this switch
will be reduced with clockwise ad-
vancement of VR2 and will have no
effect whatsoever for full speed con-
ditions.

Finally the EMERGENCY SToP button,
S1 grounds the normally high reset
pin of IC2 causing the output to stay
at OV for as long as Sl is actuated.

Transistor TR1 acts as a voltage
amplifying power switch. It is either
fully on or off so power dissipation in
TR1 is minimised. The train motor
forms the collector load. When the
output of IC2 is high (+5V), TR1 is
turned on and its collector falls to
near OV. When the output from IC2
is 0V, TR1 collector is at the same

588

potential as the most +ve supply rail
(C1 +ve plate). So 0V to 5V pulses
on the base of TR1 cause 0OV to 15V
pulses to be placed across the motor.

D3 is included to protect TR1 from
the back e.m.f. generated by the
rotating motor and R11 acts as a
dummy load useful when setting up.

LI 1 “'- g

CIRCUIT BOARD

The prototype circuitry was assem-
bled on a piece of fibreglass printed
circuit board, size 85 x 85mm with
cut-outs to suit assembly in the speci-
fied case. The layout of the compon-
ents on the topside of this board is
seen in Fig. 3 which also shows the
full-size master pattern of the copper
tracks (black regions) to be etched
on the underside. This board was
mounted in a sloping panel metal/

plastic case with removable lid and
measures 140 x 105 x 55mm. All con-
trols are mounted on the lid with the
board and input and output sockets
secured to the lower section of the
case.

ASSEMBLY

Use of low profile sockets or
soldercon pins are advised for IC1 and
IC2. Mount these sockets followed by
the resistors, preset, capacitors and
finally the semiconductor devices.
Attach sufficient lengths of flying
leads to reach the case mounted
switches and potentiometer. Light-
weight stranded wire is recommended
for this. For the power in and out
leads heavier duty p.v.c. wire is
advised, especially if the controller is
to supply power for more than one
train.

The connectors used in the proto-
type were convenient for the author’s
use, but some constructors may wish
to wire in directly. If direct wiring is
decided upon, a suitable sized hole
fitted with a grommet needs to be
made in the case.

The case is the next item to prepare.
There is no need to exactly follow the
layout of the switches on the top
panel as shown in photographs and
Fig. 4, and constructors have complete

COMPONENTS 5%t

Resistors
R1 470Q W R6  1kQ
R2 470k R7  150Q
R3 4-7kQ R8 1kQ
R4 10kQ R9  10kQ
R5 3-9kQ R10 10kQ

Capacitors
C1  2200uF 25V elect.
C2 0-047uF polyester
C3 0-01uF polyester
C4 15nF ceramic plate
C5 0-1uF polyester
C6 150uF 6V elect.

Semiconductors

D3 1N4148 small signal silicon
TR2 BC107 silicon npn

Switches

All $W carbon 4+ 5% except where stated otherwise

D1 1N4001 1A 50V silicon rectifier
D2  BZY88C5V15-1V 400mW Zener

TR1  2N3055 silicon npn plastic power package TO-3P
ICI, 2 555 timer i.c. 8-pin d.i.l. (2 off)

R11 1kQ

R12 100kQ
R13 470kQ
R14 270kQ
R15 - 100kQ

£10

See

S1  push-to-make momentary action miniature
S2 push-to-make momentary action miniature OR

S3 d.p.d.t. miniature toggle Sh
S4 push-to-make momentary action miniature Tal
S5 miniature toggle s.p. on/off
page 598

Miscellaneous

VR1 47kQ miniature horizontal preset
VR2 47kQ carbon lin. shafted type potentiometer
SK1-SK4  4mm insulated sockets (red, black, blue, yellow, 1 off each colour).

Printed circuit board size 85 X 85mm; case BIM 6005 or similar; lightweight
insulated connecting wire; control knob for VR2; 8-pin low profile d.i.l. sockets
(2 off); 4mm banana plugs (red, black, blue, yellow, 1 off each colour)

Everyday Electronics, September 1981



|

|

|
—.

i 11}

UL SK2

o i
= .“. | | | SK1
— o a 0

+,_ b /@@ 3a R lILE
/ LN q =0 @% K3
© i ] lr||2| l <) HEATSINK
O Ng NN
Rz m N\
@ Ri3

e
il Fo==0 2). B o m
@ ® T @ { SK4

Fig. 3. The layout of the components on the topside of the
p.c.b. mounted in specified case. Below shows the full-size
master p.c.b. pattern to be etched. Right shows dimensions of
heatsink suitable for single train systems,

Close-up view of the fully assembled prototype p.c.b.
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Fig. 4. Position of the controls on the lid of the case and wiring information to p.c.b.

freedom of choice for their position.
Similarly with the speed control pot.

When wiring up the controls, allow
enough flying lead so that the lid
holding the controls can be placed
alongside the circuit board to allow
access to the preset and controls on
the lid when setting up. Fix the
chosen in/output connectors to the
case followed by the completed p.c.b.
with flying leads attached. The two
mounting pillars in the specified case
were drilled through the case and
6BA fixings fed from beneath were
used to securely hold the p.cb. in
place. Lay the assembled lid alongside
the case and wire up according to
Fig. 4.

SETTING UP

Position VR1 fully anticlockwise
and VR2 fully clockwise. Connect a
suitable supply at the input and check
that the supply pin on each i.c. socket
(pin 8) is at 5-1 volts. If so switch off
and insert the two i.c.s. paying atten-
tion to their orientation. Check with
Fig. 3. Connect a meter set at 20V d.c.
across the output terminals and make

Rear view of the finished unit which shows
input and output sockets clearly labelled.

« MR

+ IMPUT i
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4OUTPUT _
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The finished prototype unit with control functions

labelled.

sure that S5 is in the AUTO START
position. Switch on and a low reading
should be seen on the meter. Now
turn VR1 slowly clockwise to maxi-
mise this reading. Turning too far
will be indicated by the reading
sharply falling low. Now turn VR2,
the speed control anticlockwise. This
should reduce the reading and at or
near fully anticlockwise the reading
should fall to OV.

TESTING

The output can now be connected
to the track and a train placed on the

lines. With the speed control fully off

the train should be stationary. Ensure
S5 is in the AuTo START position. There
should be no buzz heard from the
motor. Rotate VR2 and the train
should start moving and increase its
speed as VR2 is further advanced
until maximum speed is reached for
full rotation. If there is a reduction
in speed at any time during clockwise
rotation of VR2, then VR1 will need
to be rotated anticlockwise slightly.
Now put S5 to auro stop. The train
speed should start to decrease and
after about 5 seconds or so come to a
halt. The halt may be too sudden in
which case VR1 needs to be backed
off a little. If the train takes too long
to stop, this will probably be accom-
panied by buzzing from the train
motor, VRl should be advanced
enough to remove this buzzing. A too
sudden stop will mean also a sudden
start whereas a too slow stop will most
likely be accompanied by buzzing.
Buzz will then be evident at start and
may prevent starting altogether. Find
the best compromise position for VR1.
With the train stationary due to S5
being at Auto sTop, set the speed con-
trol first at a quarter, then at half

and then three-quarters speed, and
for each setting check that operation
of Auto sTART causes the speed to
increase up to this setting, and also
that VR2 can override the auto speed
changes.

Now with the train running at three-
quarter speed check the operation of
the BRAKE and BoosT controls. The
resistors associated with these con-
trols may be tailored to your in-
dividual requirements if their effect
is not entirely satisfactory.

At the instant of operating the
EMERGENCY STOP control, the train
should halt and remain in this con-
dition for as long as the control is
operated. Some users may wish to
replace this switch with a latching
type or miniature toggle. Finally check
the operation of FORWARD/REVERSE
switch which should cause the train
to change direction and travel at the
same speed when operated.

HEATSINK

It is important to fit a heatsink on
TR1 especially if a high current is
expected to be supplied through it,
if used to control several trains for
example, in which case a larger heat-
sink than that shown must be fitted.
This may require the circuitry to be
housed in a larger case. No insulating
washer/bush will be required if
mounted as shown in the prototype
where the heatsink was not in danger
of touching any other part of the
circuitry.

After all the tests have been carried
out successfully, the control panel
components may be removed and con-
trol functions labelled. In the proto-
type Letraset was used and a coat of
clear laquer applied for protection of
these. hu
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A DIE is described in the dictionary
as a small cube with each face
containing one of the numbers between
1 and 6. Two or more of these (dice)
can be used to play the game of dice
but perhaps they are more commonly
found in use with board games such
as Monopoly, Snakes and Ladders,
Backgammon and many others.

With each of these games a space
needs to be found to roll the die in
a position easily visible to all players.
This problem is overcome with the
CMOS Die described here. It can be
left in a central position and because
of its display format, is easily read
from all angles around the board.

The CMOS Die has a very low
current consumption and battery life
is maximised by an automatic turn off
facility, which effectively disconnects
the battery 10 seconds after the
“score” is first displayed,

CIRCUIT DESCRIPTION

The complete circuit diagram of the
CMOS Die is shown in Fig. 1. TR1 and
TR2 form an astable multivibrator
which provides a source of pulses to
IC1, a decade counter. When S1 is
pressed the multivibrator circuit is
completed as base bias for TR1 is ap-
plied by R2 via D1. At the same time
C2 is charged up and so when S1 is
released, the multivibrator still
operates with the charge on C2 pro-
viding the supply voltage.

As the voltage on C2 falls the pulse
frequency rate decreases until a
threshold value is reached whereupon
the pulses cease to be produced. The
time for this condition to be reached
is dependent on the value of C2.

Also, when S1 is pressed, C4 charges
up through D2 and this turns on TR3
and its collector therefore falls to

BY 0.J.FOLDOY

near 0V. This provides the negative
supply line to both i.c.s and allows
them to function.

C4 discharges through R5 and the
base/emitter junction of TR3 and
eventually reaches a level that is in-
sufficient to maintain conduction in
TR3 and it turns off. Consequently the
negative supply line to both i.c.s is
removed and they cease to operate.
The l.e.d.s are thus extinguished and
no power is being supplied by the
battery. This is the automatic turn
off switch of the system.

The pulses reach the clock enable
input on IC1 with the clock input held
high. These two pins are readily inter-
changeable and have been connected
in this mode to facilitate ease of p.c.b.
design.

The input pulses are counted by
IC1 and the corresponding output
turns on. There are ten outputs from

R1

R3
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the 4017 and which output is “high”
(with remainder “low’) is determined
by the number of pulses inputted to
pin 13. The count sequence can be
from 0 to 9 and repeat, but in this
circuit it has been made to count up
to six and repeat to be in accordance
with the six numbers appearing on
a die.

This is accomplished by the seventh
count output (“6”) being coupled to
the reset pin of ICl. The reset pin
is normally held low (inactive) by R4,
resetting to zeroeth count output
when taken high. When the seventh
count is made, the voltage step on
pin 5 (OV to 9V) is differentiated by

C5, R4 to produce a short duration
positive spike which immediately
resets the counter.

Thus pressing S1 will cause IC1 to
count, and display the count at its
output. This will be fast at first slow-
ing down in time (about 3 seconds)
before the pulse supply is cut off. The
count is held at ICI output for another
7 seconds or so due to the auto-switch
circuitry.

The count position is decoded by
the Nor gates in IC2 and diodes D3
to D6 to provide suitable outputs to
the four diode groups which have
been formatted to be in accordance
with the dot positions to be found
on a conventional die.

The unit does not count 1-2-3-4-5-6
but in the sequence 5-4-1-3-2-6. This
has been done to make the design of
the p.c.b. easier and does not affect
the chance factor.

Current consumption when the
auto-switch circuitry is on is in the
range 4-5 to 9mA depending on the
number of le.ds on at the time.
After the time out of TR3 no current
is consumed.

Completed prototype board with the i.c.s plugged into i.c. sockets.

the lid by self-adhesive board mounts.

The finished Die showing the p.c.b. held in position on
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PRINTED CIRCUIT BOARD

To make construction simple a
printed circuit board has been de-
signed to accommodate nearly all the
components. The full-size master p.c.b.
pattern is shown in Fig. 2. The layout
of the components on the topside of
the board is shown in Fig. 4. The lat-
ter has been drawn larger for clarity.

Make or obtain the etched p.c.b. and
assemble the components according to
Fig. 4. Begin with the i.c. sockets (do
not 1nsert the i.c.s at this stage)
followed by resistors, capacitors, suit-
able lengths of flying lead and finally
the semiconductors. Care should be
exercised when soldering in the diodes
since these have very short leads. Do
not keep the soldering iron on their
leads for too long otherwise they may
be permantly damaged. Use of a heat-
shunt is advised.

DISPLAY MATRIX

The next stage is to prepare the
case to accommodate the le.d.s and
switch. "Plastic clips are recommended
to hold the leds in place. With
reference to Fig. 3, the l.e.d.s should
be pushed into their clips and orien-
tated as shown. The leads should then
be cut short and interwired according
to Fig. 3 using p.v.c. covered light-
weight stranded wire.

The board was fitted to the lid of
the case using self adhesive board
mounts. If these are not used, fixing
holes be drilled in the board.

The completed board should be
fitted in place and wired up to the
le.d. cluster and switch. A self-
adhesive foam pad was used to hold
the battery in position alongside the
board. The assembly was a fairly
close fit inside the case and the speci-
fied case should be regarded as the
minimum suitable size.

When completely satisfied with your
wiring the i.c.s. may be inserted in
their sockets paying special attention
to orientation, see Fig. 4. Finally fit
the battery clip to Bl.

All le.d.s should be off at this stage.
Press S1 and all le.d.s should light
up for a second or two, due to the
initial high frequency of the multi-
vibrator and then slow up and stop
at one number, and this is displayed
for about a further seven seconds or
so before extinguishing whereupon
the unit is turned off. It is not
necessary to wait for this condition
before pressing THRow again. h{
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COMPONENTS

Resistors
4-7k$2 R9 1.5k
100k R10 1-5k
100k R11 2-2kQ
1MQ R12 1kQ2
27k
4-7k2
1M

R8 1MQ
All § watt T '
carbon £+ 5% a

page 598

Capacitors

C1 47nF polyester C280 series

C2 4-7uF 10V elect. radial leads
or miniature axial type or
tantalum bead

C3 47nF polyester C280 series

C4 100uf 10V elect. miniature
axial leads

C5 100nF polyester C280 series

9

Semiconductors
D1-D6 1N4148 small signal
silicon (6 off)
D7-D13  TIL220 red l.e.d.s
(7 off)
TR1-TR3 BC108 silicon npn

(3 off)

IC1 CD4017 CMQOS decade
counter

IC2 CD4001 CMOS quad
2-input NOR gates

Miscellaneous
S1  push-to-make, release-to
break miniature
Bt 9V type PP3
Single sided p.c.b. size 95 X
45mm; d.i.l. i.c. sockets 14-pin,
16-pin (1 off each); PP3 battery
clip; TIL220 plastic clips/bushes
(7 off); lightweight p.v.c. covered
stranded wire; case, Vero General Fig. 3 (right). Wiring de-
Purpose Plastic Box type 202- tails for the l.e.d. display
21390D size 120 x 80 x 35mm or matrix. The letters at the
similar. ends of the lead-off wires
- go to identical points on
the circuit board.
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THIS project has been designed to
fulfil the needs of shop owners
and others requiring small scale pro-
tection of expensive equipment. It is
not supposed to be a replacement for
larger burglar alarm systems which
serve a different purpose. Being
battery operated, it may equally well
be used in locations where a mains
supply is not available.

SYSTEM OPERATION

In use, a continuous loop of wire is
threaded through suitable parts—
handles, and so on—of the goods to
be protected. The ends of the loop are
connected to two terminals on the
unit. An alarm will sound if the wire
loop is broken. It should be impossible
for a person to remove an item with-
out setting off the alarm.

This system has the advantage that
goods are displayed to maximum
advantage and they may be handled
and operated quite freely. Readers
may have seen similar commercially
made systems used in discount hi-fi
shops, department stores and other
similar places.

In the present circuit the wire loop
may be as long as required and thin,
cheap wire may be used. It is essential,
however, to use stranded wire rather
than the single-core type. The latter
would quickly fail (fracture) in ser-
vice. It must also be strong enough
to withstand the wear and tear of
everyday use.

It is necessary to provide plugs and
sockets at intervals along the wire so
that items may be removed or added
to the system conveniently—with the
alarm switched off, of course! The

Fig. 1. Complete circuit diagram for the Anti-Theft Link Device.
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alarm unit itself must be positioned
in a place inaccessible to the public
yet clearly within earshot of wherever
the owner is likely to be.

WARNING DEVICE

The warning tone is given by an
“audible warning device” in the unit.
This alarm is not so much loud as
penetrating. Being of a high fre-
quency, the sound carries well above
everyday noise. The author tested the
prototype in a large room where
people were talking loudly. The
audible warning device could be
heard quite clearly at a distance of
10 yards at least.

Once the alarm has been triggered
on, it will not silence even if the wire
loop is remade. It can only be switched
off by pressing the caNcEL button on
the unit—after the loop has been re-
connected of course—or by turning
off the power supply.

Particular care in design was taken
to achieve very low current con-
sumption during standby conditions.
In the prototype this was just over
4 microamps. This is so low that the
batteries should last for almost as
long as their shelf life providing, of
course, the alarm is not sounded ex-
cessively. When actually operating,
the power consumption is only about
60mA which is still very modest.

CIRCUIT DESCRIPTION

The circuit diagram is shown in Fig.
1 and operates in the following way.
TR1 and TR2 are transistors connected
together in a Darlington pair arrange-
ment. As the transistors specified are
high gain fypes anyway, the gain of
the final arrangement is exceptionally
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high. The transistors are kept norm-
ally off by the grounding of the base
of TR1 by the wire loop connected
between the terminals SK1 and SK2.
Under these conditions, a very small
current flows from the battery positive
through R1 to negative. Ohm’s Law
predicts that this current will be 1-2
microamps with a 12 volt supply.

TRIGGER ACTION

When the loop is broken, this minute
current flows in the base circuit of
TRI1. The current is amplified by TR1
and again by TR2 giving sufficient
current in the emitter of TR2 to
trigger the gate of the thyristor CSR1.

This current is limited to a safe
value by R2. If an “out of spec.” thy-
ristor is used or a different one than
that specified, it might be necessary
to reduce the value of R2 to permit
sufficient gate current to flow. In fact,
the thyristor specified should trigger
with a gate current of 5mA and R2
allows about 12mA to flow.

Once triggered in this way, current
flows between anode and cathode
through the audible warning device. It
is necessary to connect R3 across the
terminals of the latter so that a cur-
rent flows through CSR1 continuously
—in action WD1 switches on and off
and this would interfere with the
correct operation of the circuit. If the
wire loop is re-made, the transistors
switch off but a thyristor, once trig-
gered will continue to conduct and
the alarm continue to sound, until its
current flow is interrupted or the
supply voltage is removed. S2 is used
to interrupt the current through CSR1
and silence the system.

Experimenting with the value of R1
showed that if it is too high, insuf-
ficient base current will low in TR1 to
switch the arrangement on. If the
value is too low then drain on the
batteries will be high.

Front panel layout of the completed prototype.
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With first grade components, it was
found that the circuit would operate
reliably with well over 20MQ for R1.
It was thought to be a waste of time
finding the highest value for Rl in an
effort to minimise the current through
it when “leakage” through the other
components in the circuit amounts to
some 3xA. Although some readers
may wish to experiment with the
value of R1, the value of 10MQ used
in the prototype worked well in
practice.

The push-to-break switch, S1, may
be used to test the system at any
time. Its action is to effectively break
the loop. The really devious owner
will label S1 and S2 in the opposite
sense to foil the really clever would-be
thief. S3 is the on-off switch connected
in the main battery positive line. A
miniature slide or rocker switch is
suggested. It is probably not a good
idea to label S3 on-off for security
reasons.

COMPONENTS

The audible warning device speci-
fied is rated at 12 volts and although
it will work from a 9 volt supply the
volume will be greatly reduced. For
the prototype, three substantial 4-5
volt batteries were connected in series
giving a 13-5 volt supply. This voltage
is about right allowing for the voltage
drop of about 1 volt across CSR1 and
a further loss across the battery itself.

Bell batteries with contact strips
(type 1289 or equivalent) seemed a
good choice. Although these are rather
bulky they may be arranged in a
number of ways to fit the case avail-
able. These batteries should give a very
good life unlike miniature batteries
whose shelf life is short anyway. It is
important to remember that it is the
batteries which determine the final
size of the project. The two terminals
SK1 and SK2 are standard 4mm

i |
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sockets mounted on the front panel,
but smaller sockets may also be used,
for example 2mm types. A hole may
be cut in the panel to accommodate
the front part of WD1. This may then
be pushed through from the rear, so
that about 13mm protrudes. It may
be secured with glue and a collar may
be fitted around it for heavier service.
This is neater than mounting the
device on the front panel as it is
rather large and clumsy. The hole
normally used for mounting the device
was used in the prototype to secure
the circuit panel in position.

WIRE LOOP

The wire loop consists of several
yards of stranded wire with a pair of
4mm plugs every yard or so along
its length; 4mm line connectors are
then used to join all the plugs to-
gether. Constructors may use other
types of connector as available—even
coaxial plugs and line sockets may be
used. Twisted connections are not a
good idea except for testing.

- . Tifai

e

ASSEMBLY

The prototype circuit panel con-
sisted of a piece of 0-1 inch pitch
stripboard size 9 strips by 18 holes.

The layout of the components on
the topside of the board and the
breaks to be made on the underside
to isolate the fixing screw are seen
in Fig. 2, together with the position

Finished circuit board mounted on the sound transducer.
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Resistors
R1 10MQ
R2 1kQ
R3 1kQ
All $W carbon £5%

Semiconductors page 598
TR1,2 BC108 silicon npn
CSR1 BTX18-400 or other 1A

low voltage thyristor
(TO-5 case)

Miscellaneous
WD1 12Vaudible warning device
(Type RS248-808 or simi-
lar)
S1,2 push-to-break, release to
make miniature
S3 s.p. on/off miniature slide
switch
SK1,24mm insulated panel v/
mounting socket (2 off) % /
B1 13-5 volt (type 1289 or il 4
similar) 4-5V battery, (3 off) .
Stripboard: 0-1 inch matrix size 9 | = A
strips x 18 holes; plugs to suit
SK1 and SK2; case; plugs and
in-line sockets for loop—see
text, quantity as required.

excluding case
£5 and in-line
connectors

O ®©€ 0O @ OO0 O ® OO0 0000 O @O0 O

0O 0000000000 O0O0

Components mounted on the cir-
cuit board. The bolt shown in the
top right secures the board to the Fig. 2. The interwiring of the Anti-Theft Link Device, with details of component
sound transducer. layout and breaks to be made on the copper tracks on the underside of the board.




and wiring of the panel mounted com-
ponents.

First position and solder all the
components on the prepared board
including sufficient lengths of flying
leads. Great care is required when
bending the transistor leads. Care
must also be taken during the solder-
ing stage to avoid excessive heat at
the connections of the tramsistors and
CSR1. Another point is that “bridging”
between adjacent copper tracks must
be avoided. Run a screwdriver be-
tween all tracks after completing
soldering to dislodge any bridges that
may have occurred.

Prepare the front panel and fix the
components in position. Use a small
bolt, nut and washer to hold the

LETTERS

CB Renegades

May | please use your letters page to
reply to the criticism' of my letter (see
May issue) concerning CB made by “The
Prophet' in the July edition.

"“Got yer ears on prophet cos | got a
10-44 for you."

To start with, the 10-42 that you were
referring to was obviously reported by a
breaker who was old enough to drive a
car and therefore is totally irrelevent to
our indifference.

But let me agree with you that CB has
its advantages which | have found by
using “The Grumbleweed's"’ (my
brother's) rig. Talking to the natives of
strange towns can inform us of 10-43's
and 10-13's as'you mention.

Let me get to the point that you are
most concerned with. The ankle-biters
who were causing the trouble were a

circuit board in place on WDI, see
Fig. 2, and wire up as shown.

It is necessary to observe the polarity
of WD1—it is marked ‘+’ and ‘—’ on
the body. R3 and other leads may be
soldered direct to the terminals if
care is taken or suitable push-on con-
nectors may be used.

TESTING

When the circuit is tested it is a
good idea to check that it works with
a 9 volt battery (two of the 4-5 volt
batteries in series) to make sure that
it will work when the batteries are
run down (near exhausted).

Connect the batteries and turn on
at S3. The alarm should sound and

renegade bunch who were, among other
things, using obscene language (much to
our disgust), button-pushing (not just
SWR'ing) and broad-banding just about
every hi fi and radio in the neighbourhood.

Before |1 go 10-10 you were right assum-
ing that | was Mr Courtney but how did
you know that | wasn't a lady reader or
even a lady breaker? or don't you have
them in Manchester? Quits?

This is the Windhover going down.

Breaker-Break.
S. A. Courtney (Mr)
Chipping Campden,
Gloucestershire

Musical Calculator

| enclose the following idea which |
thought that you might like to pass on to
your readers.

It is for a musical calculator. All that is
required is a calculator of the l.e.d. type,
and a medium wave radio.

The radio is tuned to a position with no
signal. The calculator is placed on the
radio as near to the ferrite rod aerial as
possible.

When the calculator is switched on a
tone will be heard from the radio. | have
found that the more keys that are pressed
the lower the tone becomes.

| am not sure what causes this, but |

be muted by pressing CANCEL, switch
$2. The alarm should, of course, sound
when S2 is released. Turn off and con-
nect a lead between SK1 and SK2.
Turn on—the alarm should not sound.
Remove one end of the wire linking
SK1 and SK2. The alarm should sound.
Replacing the wire should have no
effect. Press CANCEL to mute the alarm.
On releasing S2 the alarm should now
remain silent. Finally, press S1, the
TEST button to cause the alarm to
sound. If all the above results are
obtained, the unit is ready for instal-
lation in its chosen case.

The cost of this project may be
recovered quite quickly by not losing
stock into the hands of the oppor-
tunist thief. x|

think that it is due to the multiplexer
circuits inside the calculator, switching
minute currents on and off. The more
digits alight, the more time between each
digit being lit, and so the lower tone is

heard.
|. Davies (15)
Tupsley,
Hereford

Missing Pins?
| have just started to build a project from
your magazine and it has a 555 timer i.c.
with 7 connections and the timer | have
has 4 connections on each side. Which
is right?
L. Creer
Altrincham, Cheshire
As with many projects that use i.c.s we do
not use every pin on the i.c. so in this case
some pins will be unconnected. This can
be for one of two reasons. Either we are not
using all the facilities that the i.c. can offer
on that particular project or there is no
internal connection to that pin. This often
happens because i.c.s are packaged in
standard casings, usually with 8, 14, 16, 20,
28 and 40 pins depending on the complexity
of the device. If there are only, say 6 con-
nections to the internal workings of the i.c.
it may be still made in an 8-pin package
although only 6 pins will actually be used.

BOOK REVIEWS

AMATEUR RADIO

Authors Gordon Stokes, G4HWD and Peter
Bubb, G3UW7

Price £8-95 hard covers

Size 220 x 140mm, 192 pages, 11 photographs
and 74 line drawings

Publisher Lutterworth Press—''Practical
Handbook Series”

ISBN 0-7188-2477-6

THE intention behind this new book is a good one. It is
to provide those without any previous understanding
of electricity and electronics with the relevant background
information that will help them prepare for the Radio
Amateurs’ Examination. No suggestion is made by the
publishers that this book alone would be sufficient to see
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a candidate safely through the exam—G. L. Benbow’s
“Radio Amateurs’ Examination Manual” (RSGB) comes
closer to meeting this requirement at significantly less
cost but is perhaps a little more difficult going for the
beginner.

Unfortunately, though easy to read, the later chapters
on transmitters, antennas, transmission lines and safety
appear to this reviewer to be much over-simplified and to
contain a surprisingly large number of technically incorrect
and/or misleading statements. In fact the book serves to
draw attention to the unsatisfactory nature of the objec-
tives and syllabus of the RAE. For even though a book
like this may help candidates pass the exam it will in-
evitably leave them with a number of important miscon-
ceptions about modern radio communication technology
and fundamentals.

It is disturbing to find so many misconceptions set out in
a book where one of the authors is an RAE lecturer and
coach, If there is a second edition let us hope that the
opportunity is taken to revise thoroughly the later chap-
ters: it would then becdome a worthwhile addition to the
Amateur Radio literature. P.H.
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By Dave Barrmgton

Loudspeakers

Sometime ago now we published two
designs for hi fi speaker enclosures, these
have been very popular and one advertiser
is now supplying the cabinets in kit form.

Apart from the EE20 and EE70, to make
life easier for the constructor Wilmslow
Audio are now offering flat-pack cabinet
kits for many popular designs, including
the Wharfedale E50, E70 and ESO.

All panels are cut to size and baffle
boards have the necessary speaker apera-
tures cut and rebated where required. The
cabinets when assembled may be painted
or stained, or finished with iron-on veneer.

The company claims to be one of the
countries largest stockists of loud-
speakers and at their new premises callers
can, through touch controls, listen to and
put their prospective purchase through its
paces before making a final selection.

More information can be obtained from
Wilmsiow Audio Ltd., Dept EE, 35/39
ngrch Street, Wilmslow, Cheshire, SK9
1 ]

There used to be a time when readers of
hi fi journals, otherwise known as hi fi
*buffs', found it both economical and
stimulating to build their own loudspeaker
enclosures and install one of the many
speakers available on the market. But for
one reason or another this once popular
pastime seems to have gone out of fashion

Now thanks to, believe it or not, the dis-
cerning motorist a new company called
DiY-HiFi have taken the Pioneer TS107
speaker originally intended for in-car use
and produced design plans and full size
blueprint for a 50Hz to 20kHz bookshelf
unit capable of handling a peak power of
20 watts.

Itis claimed that the Cecilia can be built
in a weekend for around a total of £35 per
pair, subject to finish and cost of raw
materials which the constructor obtains
from his local timber merchant. The
Pioneer TS107 speakers can be pur-
chased from most car radio <entres
throughout the country and prices seem
to vary from one centre to another.

The complete design sheets, including
step by step instructions, for the Cecilia
cost £2:50 and are available from DiY-
HiFi, Dept EE, York House, Swan Street,
West Malling, Kent.
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Incidently, if you are looking for a suit-
able loudspeaker network, we have heard
some very good reports of statisfied
customers who have purchased the latest
offering from BK Electronics.

Consisting of a matching set of three
loudspeakers, for high, medium and low
frequency response, and a three-way
crossover module it enables the con-
structor to build a 60W system. Each
loudspeaker is fitted with cast aluminium
fixing escutcheons and a black domed
protective mesh front.

The escutcheons/mesh fronts are
removable to enable a choice of baffle
board construction., For example, they can
be mounted directly on to a veneered
board or with the protective mesh removed
mounted and covered with fabric in the
conventional manner.

All speakers are 8 ohm impedance. The
frequency response for the units are as
follows: 3in ‘tweeter', 2500 to 1900Hz;
5in ""mid-range'’, 600 to 8000Hz; and 10in
"woofer”, 35 to 4500Hz. The crossover
frequency is at 1300Hz and 6000Hz.

The complete kit including VAT cost
£19-95 plus £2-50 p&p. For further infor-
mation contact BK Electronics, Dept EE,
37 Whitehouse Meadows, Eastwood,
Leigh-on-Sea, Essex SS35TY.

Matching loudspeakers and crossover
from BK Electronics.

In Brief

We have just been informed that once
present stocks of 0-15in pitch Veroboard,
both plain and copper strip types, have
been exhausted it will no longer be
produced.

Because the cost of black Paxolin has
become so high, Home Radio are now
substituting this with black Formica in all
future orders.

Experimenters may be interested to
know that Electronic Products (Coventry)
Ltd., are now running a mains transformer
winding service. Further details® can be
obtained from Electronic  Products
(Coventry) Ltd., Dept EE, 20 Duke Street,
Chapelfields, Coventry CV5 8BU.

A new 6-page leaflet has been published
this month by CeKe Works, manufac-
turers of quality hand tools. Their range
of tools includes side cutters, pliers and
tweezers. Copies of the leaflet are avail-
able from CeKe Works Ltd., Dept EE,
Pmlheli, Gwynedd, North Wales LL53
5LH,.

Probably new to some readers, Rapid
Electronics have just released a new
edition of their components catalogue.
The range of components in this 24-page
catalogue has been extended and includes
a larger selection of transistors, linear
i.c.s. plus the addition of Low Power
Schottky devices.

For coples of the Rapid Electronics
Component catalogue send two 14p
stamps to Rapid Electronics Ltd., Dept
EE, Hillcroft House, Station Road, Eyns-
ford, Kent.

Whilst checking component prices for
some of this months projects with Watford
Electronics, we were surprised .to learn
that they were claiming they had recently
dropped, yes dropped|, their prices by as
much as 40 per cent for TTL, 74LS series -
and CMOS range of devices.

When comparing prices in our July and
August issues we find their claim fully
justified.

Please Note

We have been asked to point out that
the name '‘FuelStretcher' (see our article
in the July 1981 issue) is a registered
trade name of EnviroSystems Ltd.

CONSTRUCTIONAL PROJECTS

Audio Compressor/Mixer

The mains transformer used in the
prototype model of the Audio Compressor/
Mixer is the RS 196-296. This has two 6V
secondary windings and these are wired
in series. Another suitable type is the
MT280 from Bi-Pak, this also has two 6V
secondary windings which will have to be
wired in series.

The type numbers quoted for the bridge
rectifier and the rectangular diode D6 are
RS order numbers and available from any
RS Components supplier. The rectangular
diode D6 can be substituted by most
general purpose l.e.d.s, such as the
TIL220.

It is quite in order to replace the
tantalum capacitors which make up C9
and C10 with single tantalum capacitors
of 22uF and 33uF respectively.

Model Railway Speed Controller

A ready made printed circuit board for
the Model Railway Speed Controller is
available from Proto Design, Dept EE,
14 Downham Road, Ramsden Heath,
Billericay, Essex, at a cost of £1:58
plus 35p postage and packing.

We understand that Proto Design are
also able to supply a p.c.b. for the CMOS
Die project for the sum of £1-13 plus 35p
postage and packing.

We have been told that readers only
need to send one amount of postage
monies (35p) on any complete order.

The attractive plastics case with slop-
ping metal front is the Bimbox 6005 from
Boss Industrial Mouldings Ltd., Dept. EE,
2 Herne Hill Road, London SE24 0AU.

CMOS Car Security Alarm

Almost any 12V relay with a coil rating
greater than 180 ohms can be used in the
CMOS Car Security Alarm. However, it is
most important that the contact ratings of
the relay can handle the car horn current.

We do not expect any buying problems
with the remaining constructional projects
in this issue.
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PART FOUR

EXPLAINED

BY J.B

PTOELECTRONIC semiconductor de-
vices detect or emit visible light,
infra-red or ultra-violet radiation.

A simple pn junction in a single
crystal of silicon or germanium can
be used for the detection of visible
and infrared radiation. Other rather
different forms of light detector
employ a polycrystalline layer of cad-
mium sulphide or cadmium selenide
which changes its resistance with
changes in the light level.

Suitably biased gallium phosphide
pn junctions will emit visible light,
whilst galliumm arsenide junctions
emit in the infra-red. The electrical
energy of the applied bias voltage
and current is converted into radiant
energy.

PHOTONS

Due to the wave-particle duality
theory, light may be considered to
behave as a large number of particles
moving extremely rapidly. These par-
ticles of light are known as photons

VISIBLE REGION

and are effectively “packets of
energy.”

The energy of a photon is related to
the colour of the light concerned in
the same order as the colours of the
spectrum as shown in Fig. 4.1.

When photons of a sufficient energy
strike a semiconductor material, they
will form charge carriers (that is,
electrons and holes) in the material.
It is the subsequent movement of
these charge carriers under the in-
fluence of an electric field that
enables the incident photons to be
detected. This process is depicted in
Fig. 4.2

In a given semiconductor material,
a photon must have a certain mini-
mum energy if it is to be capable of
producing charge carriers. A single
photon of adequate energy will pro-
duce only one electron and one hole.

PN JUNCTION DETECTORS

Let us now consider the case of the
pn junction shown in Fig. 4.3. As in

| ULTRA-VIOLET | VIOLET | BLUE | GREEN

YELLOW

ORANGE | RED

INFRA-RED f

__ INCREASING PHOTON ENERGY

NCREASING WAVELENGTH o

Fig. 4.1, The infra-red, visible and ulta-violet parts of the spectrum.
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Fig. 4.2. Photons can create charge |
carriers in a semiconductor material. J
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Fig. 4.3. A pn junction without bias.

previous articles, the encircled
charges are fixed in position, whilst
the others are mobile and can carry
a current.

If the junction has no bias applied
to it from an external source, the
p-type material becomes negative
with respect to the n-type material.
A potential of the same polarity is
present if the junction is reverse
biased, but the voltage across the
junction is greater and the depletion
region is wider.

If light strikes the semiconductor
material in the depletion region, the
holes and electrons formed move
under the influence of the electric
field. The holes are swept into the
negatively charged p-type material
and the electrons into the positive
n-type.

This movement of charge carriers
results in a flow of a reverse photo-
current through the device. The
reverse photo-current should be far
greater in value than the reverse
leakage current which passes through
a dark junction. The photo-current is
closely proportional to the intensity
of the light at the junction.

GERMANIUM PHOTODIODES
The characteristics of a germanium
photodiode are shown in Fig. 4.4. The
reverse current which passes through
the diode increases with the level of

KT
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Fig. 4.4. Characteristics of a germanium
- photodiode.
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illumination of the junction area, but
is not very dependent on the applied
reverse voltage.

The unit used to measure the inten-
sity of illumination is the lux (abbre-
viated 1x). One lux is the illumination
level produced by a lamp of intensity
one candela at a distance of 1 metre.

SILICON PHOTODIODES

The characteristics of a silicon
photodiode are shown in Fig. 4.5, It
can be seen that when no light falls
on the device, the current is zero
when the voltage across it is zero.

However, when the device is illu-
minated, a current will flow even
when no voltage is applied to the
device. In this case, the energy of the
incident light is used to produce the
electric current.

It can also be seen from Fig. 4.5
that if the current passing through
the diode is zero (for example, at
point A), a voltage appears across
the device if it is illuminated. The
production of a voltage when a
device is illuminated is known as the
photovoltaic effect.

Either the change in current or
the change in the voltage across the
diode when it is illuminated can be
used as a measure of the light level.
The change in current is very sensi-
tive to a change in the level of
illumination, but the change in volt-
age can be used to measure a very
wide level of illumination, since the
voltage is a logarithmic function of
the incident light intensity at the
junction.

Silicon cells are widely used for
various industrial purposes, such as
electronic counting and in computer
tape and card readers. They may be
used as photovoltaic cells with no
applied bias or they may have a
reverse bias applied to them.

SPEED OF RESPONSE

The common types of silicon photo-
diode can respond to a change in the
level of illumination in a few micro-
seconds. If the light level changes
more quickly than this, the photo-
diode current will change a few
microseconds later.

Special types of silicon planar
photodiodes are available which can
respond to a change of light level
in about one nanosecond (one thous-
and millionth of a second). They are
often used to detect light pulses from
lasers.

SOLAR CELLS

Silicon solar cells convert the
energy of the light from the sun into
electricity for use where there is no
convenient power supply. They may,
for example, be used aboard space
vehicles, in navigational devices in
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Fig. 4.5. Characteristics of a siticonl
! photodiode.

remote places, for operating a radio
receiver.

The devices are similar to silicon
photodiodes, but have a far larger
surface area so that they can absorb
enough light to produce an appre-
ciable output power. The overall
efficiency is a little over 10 per cent.

Solar cells may be connected in a
series-parallel arrangement in order
to obtain any reasonable value of out-
put voltage or current. The maximum
voltage obtainable from a single
silicon solar cell is 0-55V in full sun-
light when no current is being taken
from it. Maximum power is obtained
when such a current is taken that
the voltage falls to about 0:45V per
cell.

SPECTRAL RESPONSE

The type of semiconductor material
used in a device determines the part
of the spectrum to which the device
responds most strongly.

The responses of selenium, silicon
and germanium is shown in Fig. 4.6.
The most commonly used material,
silicon, has a good response from the
yellowish-green region throughorange
and red into the near infra-red. The
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Fig. 4.6. The colour sensitivity of
_selenium, silicon and germanium.

response of silicon reaches a maxi-
mum at a point just beyond the
visible in the infrared region.

Germanium devices have a good
response to orange, red and near
infra-red radiation. The peak response
is further in the infra-red than in the
case of silicon devices.

Silicon and germanium devices are
both very sensitive to the radiation
from tungsten filament lamps, since
this radiation consists of near infra-
red radiation as well as visible light.

Selenium has a peak response in
the blue-green region. These devices
are often used when a response
similar to that of the human eye is
required. If an optical filter is used
to reduce the amount of blue and
ultra-violet radiation reaching a
selenium cell, a response still closer
to that of the eye can be obtained.

Selenium cells are often used in
colourimeters and densitometers. A
selenium cell may be connected
directly to a milliammeter to make
a photographic exposure meter.
Although selenium cells have been
used to power small radio receivers,
their efficiency is considerably under

An example of a smail solar cell for
converting light into electricity.

-
up of lig emitting diodes

(l.e.d's). Left to right: green, red and
clear 0-2in types; red triangular, with
holder; red rectangular and a miniature
yellow type in the foreground.
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1 per cent, so silicon solar cells are
now preferred for this purpose.

Other materials are also used in
junction photodetectors, but their
applications are more specialised.
For example, indium antimonide pn-
junctions can be used to detect infra-
red radiation.

The symbol for a photodiode is
shown in Fig. 4.7. It is exactly the
same as that of a normal diode,
except that several arrows may be
drawn as shown to indicate that
radiation is incident upon the device.
The circle is sometimes omitted.

PHOTOTRANSISTORS

A phototransistor is similar to a
normal transistor, but is constructed
so that light or infrared radiation
can fall onto the base-collector
junction.

The charge carriers created in this
reverse biased junction behave as in
a junction photodiode, but they form

the base current which is amplified
by the normal transistor action. The
collector current of a phototransistor
therefore changes much more than
the current passing through a photo-
diode for the same change in the light
level.

The symbol for an npn phototran-
sistor is shown in Fig. 4.8. It behaves
as if it were the circuit of Fig. 4.9,
namely a reverse biased photodiode
connected between the base and col-
lector of the transistor. The current
passed by the photodiode acts as the
transistor base current.

The early phototransistors were
mainly pnp alloy junction types, such
as the OCP71. However, modern
silicon planar phototransistors (nor-
mally npn devices) have now replaced
the germanium types.

Some of the older types of photo-
transistor were filled with silicon
grease to diffuse the light onto the
junction and hence to provide reason-
able sensitivity for light from any
direction. (Indeed, if the black paint
is removed from some of the older
types of glass.encapsulated transistor,
they can be used as phototransistors.)

Modern silicon devices are often
encapsulated in a TO-5 case which
has a flat window in the top for
making optical contact or alterna-
tively a lens in the top for focusing
the incident light onto the junction.

The leakage current of a silicon
phototransistor is far smaller than
that of a germanium device. As the
leakage current is very temperature
dependent, silicon devices are much
less affected by changes of tempera-
ture than germanium devices.

FREQUENCY RESPONSE

In a phototransistor the charge car-
riers are formed at various distances
from the base-collector junction and
therefore take different times to
reach the collector. The frequency
response and the speed of operation

A photodiode and the OCPT1 pnp
phototransistor.

ve cell. The
lighter shaded area is the electrodes.
The dark area is the photoconductive
material.

Fig. 4.11. A photoco
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of a phototransistor are therefore
much inferior to that of a similar
photodiode.

Germanium phototransistors have a
cut-off frequency which is usually a
few kHz, whereas germanium photo-
diodes can normally be used at
frequencies of up to about S50kHz.
Modern silicon planar phototransis-
tors may operate at over 100kHz.

PHOTOFETS AND OTHER
JUNCTION PHOTO-DEVICES

Light controlled silicon junction
field effect transistors or photofets
are available, although they are not
very commonly used. The circuit
symbol is shown in Fig. 4.10.

Incident light strikes the region of
the gate-channel junction and pro-
duces charge carriers. The latter
form the gate current. the flow of
which through a gate resistor causes
a change of gate voltage. The value
of the gate resistor determines the
sensitivity of the device.

Photofets have some advantages
over phototransistors, including
adjustable sensitivity and a greater
gain-bandwidth product.

Various other types of junction
photodetectors are available. In par-
ticular, one may mention the LASCR
or-Light Activated Silicon Controlled
Rectifier which is switched from the
non-conducting to the conducting
state by a pulsed beam of light. The
LASCR is a pnpn device and is always
either fully conducting or switched
off.

During the last few years integ-
rated circuit photodetectors have
become available in which the detect-
ing device (usually one or more
silicon photodiodes) is fabricated on
the same silicon chip as a number
of transistors and/or MosrFeTs. The
latter amplify the signal or process
it in some way.

JUNCTIONLESS
PHOTODETECTORS

One type of photodetector which is
very widely used contains no junc-
tion. It employs a layer of a semi-
conductor material which has a lower
resistance when light falls onto it
than it has in darkness. The material
is known as a photoconductor because
it conducts in the presence of light.

The construction of a typical photo-
conductive cell is shown in Fig. 4.11.
The photoconductive material is cad-
mium sulphide or cadmium selenide
which is deposited as a polycrystal-
line layer (that is, the layer consists
of many small crystals).

The electrodes extend into the
material so that, when the cell is
illuminated, the resistance between
the electrodes falls to quite a low
value—typically a few hundred ohms.
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The semiconductor material is
sealed behind a glass window through
which one can see the type of struc-
ture shown in Fig. 4.11.

AMPLIFICATION

In cadmium sulphide and cadmium
selenide materials, a photon of the
incident radiation will form an
electron and a hole and the electron
will move to the positive electrode.
However, the hole will almost cer-
tainly be trapped in the semiconduc-
tor material before it has moved very
far towards the cathode.

When the electron has reached the
anode, the trapped positive charge
will remain in the semiconductor
material and will attract an electron
from out of the cathode. There is a
high probability that this electron
will move through the material
directly to the anode, after which a
further electron will be attracted out
of the cathode by the trapped hole.

This electron will also probably
reach the anode. A current will there-
fore continue to flow until eventually
one of the electrons neutralises the
trapped hole.

This process results in the flow of
a far larger current through the cell
for a given number of incident
photons than if only the electrons
and holes formed directly by the
photons reached the electrodes.

LIGHT

EMITTING
MICROPHONE DIODE

X1 cj ot

BATTERY TiL220
By 9v
__i“.---‘

Fig. 4.12. A gallium arsenide infra-red
_transmitter circuit. |

The effect of this charge amplifica-
tion process is to increase the current
(that is, to lower the resistance) by a
large factor. A current amplification
of 10,000 times is easily obtained.

RESPONSE TIME

Unfortunately a price has to be paid
for  the current amplification obtained
in a simple cell of this type. The price
one pays is in a reduction in the
speed of response of the device.

If a photoconductive cell is sud-
denly illuminated, there is a time lag
before the resistance of the cell falls
to its final value. Similarly, if a cell
is suddenly placed in darkness, a
short time lag occurs before the re-
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sistance of the cell reaches its final
value.

The time taken for a cell to respond
to a change in the light level depends
on the type of cell and on the two
levels of illumination concerned. In
a typical cadmium sulphide cell, the
time for the resistance to reach two
thirds of its final value may be about
one tenth of a second. Cadmium
selenide devices are about ten times
faster than cadmium sulphide devices.

The main disadvantage of cadmium
selenide devices is that their resist-
ance is very temperature dependent.
Cadmium sulphide detectors are more
commonly used. Photoconductive cells
are also available which employ both
cadmium sulphide and cadmium
selenide. They have a fairly short
response time and a better tempera-
ture stability than cadmium selenide.

drated form which is a pale pink. The
blue dot therefore almost disappears.

RATINGS

All types of photoconductive cell
have maximum power, voltage and
current ratings.

The power dissipation is generally
a maximum when only a moderate
amount of light is falling on the cell.
At very low levels of illumination the
cell resistance is very high and there-
fore the current passing is small and
the power dissipation low. At high
levels of illumination the cell resist-
ance is relatively low and therefore
the voltage appearing across it in
most circuits is fairly small, so again
the power dissipation is low.

It should be noted that the cell is
slightly more sensitive when a con-
stant voltage is applied to it than

+42v ‘1

R4 RS
68K1 1-2K0) 1
TR3 QuUTPUT ‘

BC108
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CADMIUM SULPHIDE

Cadmium sulphide (Cds) cells have
a response somewhat similar to that
of the human eye. The peak response
occurs at about 550 nm in the yellow-
green region of the spectrum, but the
spectral response varies somewhat
with the impurities present in the
semiconductor material.

A typical cadmium sulphide photo-
conductive cell may have a resistance
of over 10 megohms when it has been
in darkness for some time. However,
when the cell is placed in normal
daylight, its resistance may fall to a
few hundred ohms. The actual re-
sistance values depend on the con-
struction of the particular cell being
considered.

Photoconductive cells are adversely
affected if moisture enters them
and reaches the semiconductor
material. The Sylvania Company in-
corporate a small amount of a blue
anhydrous cobalt compound in their
cells in the form of a blue dot. If
moist air enters the cell, the cobalt
compound is converted into its hy-

Fig. 4.13. An infra-red receiver circuit. i

1
..... ]

when the supply is an alternating
one. This effect can be explained by
the release of some of the trapped
holes during periods when the instan-
taneous value of the alternating volt-
age is relatively small.

The maximum temperature at
which photoconductive cells should
be operated is usually about S0 to 60
degrees Celsius.

APPLICATIONS

Cadmium sulphide and cadmium
selenide photoconductive cells have
the advantage that they can pass a
much larger current than other types
of photosensitive device, but they are
much slower than other types. They
can be used for the direct operation
of relays without any amplifying
device.

The response of photoconductive
cells to light is less linear than that
of most other types of photosensitive
device; they are therefore more suit-
able for detecting changes in light
intensity than for making measure-
ments of light levels.
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Fig. 4.14. A seven-segment light emitting
diode digital indicator with decimal point.

In general, photoconductive cells
are cheap, compact and rugged de-
vices which are very suitable for use
in industrial automation systems for
the direct operation of relays. One
of their great advantages is the sim-
plicity of the circuits with which they
can be used.

Photoconductive devices are also
used in certain lamp-photocell en-
closures. When the lamp is illumi-
nated, the photocell resistance falls.
Thus one has a very low noise vari-
able resistor with excellent isolation
between the input and output. The
lamp may be at a very high potential
relative to the photocell.

JUNCTION PHOTOEMITTERS

Gallium arsenide diodes emit
infrared radiation when Lthey are
forward biased, the amount of radia-
tion emitted being proportional to
the current flowing. Little current
flows until the applied voltage ex-
ceeds about 1-2V.

Gallium arsenide diodes convert the
electrical energy into infra-red radia-
tion with very high efficiency, but un-
fortunately the proportion of the
photons which escape from the semi-
conductor crystal is rather small. The
overall efficiency is usually between
0-3 and 10 per cent.

A common application of gallium
arsenide emitters is in small, portable
infra-red communication systems for
use over short line-of-sight distances.
A circuit for an extremely simple
transmitter is shown in Fig. 4.12 and
that for a receiver in Fig. 4.13.

The current passing through the
emitting diode is modulated by means
of the microphone and the infra-red
output radiation is therefore modu-
lated with the speech signal. A suit-
able lens is used to produce a parallel
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beam which is directed towards the
receiver. In the receiver the beam is
focused onto a silicon photodiode and
the resulting audio signal is amplified
and fed to an earphone.

Such speech communication sys-
tems are convenijent for use in places
such as building sites where one
would not require wires to be dang-
ling about. The emitting diodes have
a very fast response and can be
modulated at frequencies up to about
1000MHz. They can therefore be used
for the short range transmission of
television signals and in optical fibre
telephone links.

PHOSPHIDES

Gallium phosphide diodes emit vis-
ible light when forward biased. One
type of diode produces green light
and others yellow, orange and red
light, the difference being the im-
purities present in the semiconductor
material. The efficiency is less than
that of gallium arsenide diodes.

Red and green emitting diodes can
be used as indicator lamps as warn-
ing indicators, and so on. They are
also used for placing information at
the side of aerial reconnaissance
photographs and in other film mark-
ing applications.

Another type of gallium phosphide
diode emits a weak orange light when
it is reverse biased in the avalanche
mode. Such diodes are used in the
testing of photomultiplier tubes, since
the rise time of the light pulse can
be extremely rapid.

Diodes which employ single crystals
of gallium arseno-phosphide can be
made which emit red light with high
efficiency. They are used in various
types of information display, includ-
ing the familar type of seven-segment
display shown in Fig. 4.14. Seven of
the emitting diodes are employed in
this display (each providing light to
one of the segments a to g) and an
extra emitting diode illuminates the
decimal point, d.p.

LASERS

Certain forward biased semiconduc-
tor junction diodes will operate as
lasers when the current passing
through them is great enough. Gal-
lium arsenide is most commonly used,
but gallium phosphide will not
operate as a laser.

Gallium arsenide lasers can oper-
ate continuously at liquid air tem-
peratures, but if the device is kept at
room temperature, it can be used as
a laser only in the pulsed mode of
operation. Continuous operation at
room temperature would involve too
much power dissipation.

The diodes must be specially con-
structed to operate as lasers, but gal-
lium arsenide lasers can produce
infra-red radiation with a very high
efficiency.

It appears that the main fields of
application of diode lasers will be in
communication, for example, in outer
space where the radiation will not be
absorbed by fog or smoke. They can
also be used in aircraft altimeters
and in fibre optic telephone links.

E TEACH-IN

LAT VEHSY
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Piano Roll

Sometimes the full significance of new
technotogy doesn't at first appear. In the
1920's, before audio recording reproduc-
tion reached high standards, families used
piano rolls to reproduce music in their
homes.

A roll of paper with punched holes ran
through a mechanical piano machine to
control air valves which operated the keys.
In this way George Gershwin could play
in your living room.

Piano music was killed off by the advent
of electronic amplification and higher
fidelity reproduction of recorded music
from discs. But recently interest has been
revived by the Californian firm Marantz-
Superscope who have taken, what, with
the benefit of hindsight, seems the logical
step of converting the old punched hole
paper roll into digital code on magnetic
tape.

This move is logical because punched
hole piano rolls were nothing more or less
than digital recordings. Each hole or ab-
sence of hole signified a key function, just
as a recorded pulse or absence of pulse
(one or zero) signifies a coded function on
a modern digital recording.

Pianocorder

The Marantz system is called the Piano-
corder and although the company has run
into financial difficulties over recent years
(and been taken over by Philips) the Piano-
corder still lives on and is being marketed
around the world. The idea is to provide
the ultimate in hi fi reproduction of a piano
recording.

The instrument is a mechanical piano
with an in-built cassette player which re-
plays the pulses from tape and controls
the piano keys through relays.

To make a recording for the system a
concert or jazz planist goes into a record-
ing studio and performs on a Pianocorder
piano equipped to record his or her key-
board fingerings in digital code. Cassette
copies of the master recording are then
sold so that purchasers can hear the exact
equivalent of the studio performance re-
produced in their own front room on a
Pianocorder player piano.

Marantz-Superscope have made avail-
able digital transcriptions of old paper
piano rolls as well as modern studio "'re-
cordings''. But the really clever idea,
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mooted by engineers inside the firm and
never yet publicly aired, is to transmit the
digital code over the radio.

The idea is that a famous pianist per-
forms, say at the Royal Festival Hall, and
in addition to the usual “live"' sound and
pictures the BBC transmits digital coded
signals derived from a Pianocorder
attachment fixed to the concert piano.

These signals convey an exact digital code
replica of all the keyboard movements
made during the concert.

The coded signal is received in a:
listener's home from f.m. radio, or even
a.m. radio because the digital bit rate is
comparatively low. The radio receiver out-
put is plugged into a Pianocorder player
so as the pianist performs in the Festival
Hall, an exact replica of the performance
is_reproduced in the listener's home.

Taken a stage further the idea would
enable composers to communicate musi-
cal ideas across the world by data link. In
fact, the Pianocorder transmission bit rate
is slow enough to be carried over most
conventional telphone links so the com-
poser of a song just plugs into a telephone
attachment, plays a tune and sends the
signal of digital pulses down the phone
line to a lyricist in some far-off city.

The lyricist plugs the incoming phone
signals into a Pianocorder player and
listens to the melody arriving down the
phone from the composer. The incoming
digital signals can easily be recorded onto
cassette tape for repeated reproduction.

Currently composers must either play
low quality audio signals down a telephone
line-or travel in person to work with their
lyricists. The Pianocorder system could
provide a near equivalent to personal con-
tact for the price of a telephone call.

Energy Saver

The Lighting division of Thorn claims to
have developed ‘‘the lamp of the future”. It’s
a miniature gas discharge, or fluorescent
lamp which has the light output of a con-
ventional 100 watt bulb but consumes only
21 watts of electricity. It also has five times
the life.

The Thorn 2D Lamp doesn’t look like an
ordinary fluorescent bulb, it’s a thin tube
formed into a double-D shape to save
space. The current limiting ballast is
hidden in a one piece adaptor so that the
lamp can be plugged into an existing
lighting socket.

The ballast consumes 5 watts and the
lamp 16 watts. So electricity running costs
are a fifth that of normal filament lighting.
Guaranteed life of the 2D is 5,000 hours,
against 1,000 for a household filament bulb.

Thorn estimate that if every one of the
20 million homes in England had just one,
the saving in energy cost to the country
would be £120 million a year. So what are
the snags? Why don’t we all go out and
buy one today?

Well, for a start you can’t buy one.
There aren’t even any lamps available for
press review. After generating considerable
publicity for the 2D, with a press launch.in
February, Thorn now admits that the
company isn’t even in production yet and
is only “aiming” to launch ‘‘around
September”.

Also not everyone likes fluorescent light.
And resistance isn’t due just to an emotional
dislike of the traditional tube shape.

Although Thorn say they are ‘‘not
actually aware” of it, there is no doubt that
some people do have a physical aversion to

gas discharge lighting. Especially when a
tube is getting old the flicker can be very
irritating. It can even trigger migraines in
those who are prone.

The human eye is very sensitive to any
movement on the periphery of vision. It
all dates back to the days when we lived in
caves and hunted for survival. We needed
to watch for danger coming up from
behind or the side. So our peripheral vision
is more aware of motion than detail.

If you are looking at a gas discharge lamp
through the corner of your eye any flicker
will be immediately noticeable. And in a
confined space it can be very disturbing.

In offices and public places lamps are
replaced immediately they show any signs
of flicker. But will people be prepared to do
the same in their homes, especially as one
of Thorn’s strong selling points is long life
and the new lamps are by no means cheap.

It is estimated that the ballast fitting will
cost around £5 and the lamp around £3-50.
Forgetting for the moment the £5 invest-
ment in the ballast fitting, and assuming a
full 5,000 hour working life, this puts the
capital cost of a Thorn 2D lamp at around
twice the capital cost of a filament bulb
that lasts 1,000 hours.

Of course anyone who also takes
electricity running costs into comparison
will opt for the Thorn lamp. The 80 per
cent saving of energy means that one
pennyworth of electricity will give you
around 2 hours of illumination from a
100 watt filament bulb and 10 hours from
a 2D lamp. But Thorn will have a hard
time getting this message across and
persuading householders to invest £8-50 a
time (ballast fitting and lamp) to replace
the literally dozens of lamps in a home.
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FOR
BEGINNERS

A Three different forms of variable
capacitor. The device top right is a single-
gang air dielectric type. The capacity is
changed by varying the amount by which
the fixed and moving plates are inter-
meshed. This changes the effective area
of the plates and hence the capacity.

The device top left is a twin-gang air
dielectric type. Like a stereo potentiometer
we have two variable capacitors on the
same spindle. This is necessary because
in many radio receivers there are two
tuned circuits in the r.f. stages and the
resonant frequency of each one needs
changing in step with the other.

In dual-gang types you often find that
one connection is common to both stages
with a separate connection for the other
end of each gang. Another common
feature of these types is a built in trimmer
for each gang wired across the main
stage.

At the bottom of the photo is a solid
dielectric type. By using this form of
dielectric instead of air, these can be made
more compact although they do not offer
quite the same electrical performance.

Unlike a potentiometer, the variable
capacitor has only two connections. This
is because, by its very nature, a variable
capacitor cannot be connected to give
maximum capacitance between two tags
while the wiper is connected to a third.
Instead capacitance simply changes from
around zero up to the nominal value.

HAVING loocked at the nonpolarised
and polarised capacitor we now
move on to the various variable types
available to the home constructor. As
with variable resistors, they fall into
two main classes: the sort used for
major control purposes and presets
or trimmers as they are usually called.

Unlike variable resistors, variable
capacitors do not come in the same
range of values as fixed types. This is
due mainly to the fact that techniques
used to make high value fixed capa-
citors cannot be adapted for variable
types.

The main control use for variable
capacitors is as the tuning control in
a radio receiver. Here the variable

capacitor is used to vary the resonant
frequency of a tuned circuit in the
input stage of the receiver. As only
low values are required here it is
unusual to find a variable capacitor
with a value much above 500pF.

Trimmers, as their name suggests,
are designed to be used in much the
same situation as preset potentio-
meters, that is to be used in a situa-
tion where adjustment may be needed
from time to time but not continually.

A low value trimmer may also be
used 'in parallel with a large value
variable capacitor to make fine adjust-
ments or to “trim” the final value of
the big variable, hence the term
“trimmer”.

B Presets or trimmers. Uppermost in this picture are two views of
a compression trimmer, /eft—underside; right—topside. Another

changes.
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similar but smaller device is shown in the bottom left corner.

Compression trimmers consist of two brass plates with a sheet of
mica separating them and acting as a dielectric. The value of the
trimmer is changed by turning the screw. This allows the top plate
to move either towards or away from the bottom fixed brass plate
and because capacitance depends on the distance between the
plates as well as their area, so the capacitance of the trimmer

Although both these components are compression types,
the device at bottom left is obviously much lower in value than the
other. In fact it has a nominal value of 40pF whilst the one above has
a nominal value of 500pF. The base material in both cases is ceramic.

The trimmer at the bottom right of the picture is more sophisti-
cated than the other two in that it is really a subminiature version of
the solid dielectric variable capacitor mentioned above.

It has p.c.b. mounting pins arranged on a 0-1 inch matrix and a
polypropylene dielectric for high insulation resistance with a low
temperature coefficient. Because of its small physical size, this type
of trimmer is only available in nominal values of 10, 22, and 65pF.
The value is indicated by the colour of the polypropylene moulding.
This type of trimmer is only suitable for low voltage circuits.
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GERALD’S calculator had stopped
working. “I checked the
battery with the multimeter and
there are still 9 volts in it!” he
told me. I reprimanded him for
his lack of knowledge then asked
him' to remove the battery cover
again, :

Without disconnecting the cal-
culator, I managed to press the
pointed probes of the multimeter

on to the battery terminals. With
the calculator switched off the
meter read 9 volts. When it was
switched on the reading was only
S volts.

I explained that, with no load
connected, the multimeter indi-
cated the e.n.f. of the battery and
that this stays fairly constant
whatever the condition of the
battery. When a load is connected,
current flows not only through
this but also through the internal
resistance of the battery.

As the battery ages the interna}
resistance rises and leads to less

READING=8V

INTERNAL
RESISTANCE =122

o -— =

12V, 240 L !

LAMP 12VOLT BATTERY

Fig.1.

“available voltage” at the
terminals of the load. Eventually,
the internal resistance rises to the
point where the battery is no
longer fit for service.

1 illustrated this with a diagram
showing a 12 volt lamp, resistance
24 ohms, connected to a 12 volt
battery with an internal resist-
ance of 12 ohms. The internal
resistance is shown in series with
the battery within the dotted box,
see Fig. 1.

Ohms Law

Gerald understood that the
total resistance of the circuit
was 36 ohms and, using Ohm’s
Law, he was able to «cal
culate the current flowing:
I=V/R=12/36=1/3 Amp. 1 then
asked him to apply Ohm’s Law
again to find the “useful voltage”
across the terminals of the lamp:
V=IXR=1/3X24=8 volts. The
lamp would be lit only dimly. The
other 4 volts or “lost voltage”
appears across the internal resist-
ance of the battery.

“So, it was the fault of the
battery after all”, sighed Gerald
and, on replacing it, continued
with his calculation.

Purchasing Knowledge

Contacting my network of Component
Suppliers recently and asking how they
were faring, confirmed the data on my
charts that June is the Nadir of the
Electronics hobby year. It is the time when
our readers pack away their soldering
irons and get out their buckets and spades,
or sailing gear, according to their age
group.

If the truth be told, none of us are idle
even if we are not overburdened with
customers, it is always a good time to
take stock and see what improvements
we can make in our service. We can also
use it to make good any gaps in our own
technical knowledge, especially going
back over basics. It is strange, but unless
you have an extraordinary retentive
memory, in your efforts to keep up to date,
you will find basic principles are for-
gotten.
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Today, advancement in technology is
so rapid that it is more important to know
where to find the information than to try
to assimilate it all. My remarks on know-
ledge also apply today on stock, with the
proliferation of different types of items,
particularly transistors and i.c.s, it is out
of the question for each of us to stock
more than a fraction of what is available,
so to help our customers it is far more
important and practical to know where it
can be purchased.

I am sure many of our readers will
ultimately wish to take up Electronics
professionally and it is interesting to
speculate on their chances of success. |
would certainly rate it higher than most
other hobbies and according to their
degree of skill, they may finish up as
designers, technical writers, teachers,
trouble shooters, or if they are very

much below par they could finish up as
component retailers. Let us hope they are
spared that fate! However, as | have
stressed so often we are going to end
up with more leisure time and this is
where an enduring hobby is all important.

| wonder how many of you read the
story of John Patrick recently. A Univer-
sity Professor was offering £375 to
couples who would give up watching
television for two months. So the Patricks
agreed to have their television collected
and for two weeks all went well and then
rows started breaking out, which finished
up with the husband and wife splitting up
and are now llving apart each with separate
TV sets.

They didn't win the £375 and John was
fined £100 for breaking the peace and
had to pay £300 in lawyers fees. One
thing | am certain of, it would never happen
to one of our readers for reasons which |
needn't go into.

A Word For It

Finally, something to exercise your
minds. In the good old days before
Electronics, we talked about Electricity
and an expert in this field, that is, an
Electrical Engineer was called an “Elec-
trician'’. Can any of our readers think up
a word (it must be one word) that would
describe an Electronics Engineer? Make
up a word if need be.

| will make known the best effort in a
later article.
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PART 3

S Lald

SWITCHES IN PARALLEL
Consider the circuit in Fig. 5.1:

e I
A
RELAY
colL
]
i
| NO RELAY
" CONTACT
LAY
cou.
N 0. RELAY
LOGIC!
o A CONTACT
OUTPUT S

Fig. 5.1. To obtain an output either relay A or B (or both) must
be energised. A 2-input OR gate.

To get an output at S relays 4 orR B must be energised. In
Boolean this is written as:
A+B=S
A plus B in Boolean means 4 or B.
Therefore A+B=S means an input (logic 1) at 4, or an
input (logic 1) at B will give an output (logic 1) at S, and
represents two normally open switches in parallel

RELAY
COIL

NO. RELAY
/ " CONTACT

RELAY
COiL

N.O.RELAY

I
CONTACT
/ A—‘ b

RELAY
COoIL
I
NO.RELAY

LOGIC 1
Logte $ /A CONTACT

OUTPUT S

Fig. 5.2. Energising relay A, B or C (or any combmat:on) will
produce a logic 1 output. A three-input OR gate.

SERIES/PARALLEL COMBINATIONS
example |

In the circuit shown in Fig. 5.3 an output will be obtained if:
in the top branch,
A AND B are energised, the equation being: AB=S

or

in the bottom branch,
if C were energised, the equation being: C=S§.

Combining the two conditions, the equation for the whole
circuit becomes:

AB+C=S

which means a logic | at 4 AND B, or a logic 1 at C will give an
output (logic 1) at S, and represents 4 and B in serics, in parallel
with C.

RELAY RELAY
COIL COIL

|
I
|
I _NO.RELAY

o 2CONTACT

|
|
I _,N.O.RELAY

:r)/,\CONTACT

|
Similary Logic " SONTACT )
& C=S means to get an output we must have A, OR OUTPUT §
B, or C, and is represented in Fig. 5.2.
Also:
A+ B+ C=S5 means to getan output we must have 4, or NOT Fig. 5.3. A logic 1 appears at the output when both A and 8
B, or C, and it represents three relays in parallel, with relay B relays are energised or when relay C alone is energised (or all
a normally closed type. three).
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examnple 2

To get an output in Fig. 5.4 we must have A4, and either B
or C energised.

In Boolean this is written as: 4 (B+C)=S. which means a
logic 1 at A AND, B or C will give an output (logic 1) at S.

If we multiply this equation out we get:

AB+AC=S
8
RELAY
colL

1
A 5
‘

RELAY ! L N.O.RELAY

coit CONTACT
|
: c
LoGIC 1
INPUT 4 —e Foie.
N.O.RELAY

CONTACT |
|
|

!, NO.RELAY

” CONTACT
OUTPUT §
]

Fig. 5.4. This combination will transmit the logic 1 input only
when relay A and either relays B or C (or both) are energised.

This is of the same form as the equation for example 1 which
represents the following switch arrangement Fig. 5,5, where
A is a ganged switch with two sets of contacts.

1

I

I

' NO.RELAY NO. RELAY

¥~ nCONTACT ACONTAC

I

I

! c

i

: RELAY

i colL

B i

1 |

| i

I I

| NO.RELAY | NO.RELAY
LOGIC1 :/l/ACONTAcr ://ACONTACT
- OUTPUT S

Fig. 5.5. To obtain a logic 1 output, relay A must be energised
together with relay B or C (or both).

It can be seen that this circuit will give the same result as the
circuit shown in example 2, therefore in Boolean Algebra:
A (B+C)=S is equivalent to AB+AC=S
This shows that ordinary algebra multiplication and addition
rules also apply to Boolean algebra without altering the result.
Designers use this and other rules in order to simplify equations
and cut down the number of switches required.

BOOLEAN ALGEBRA RULES
1) A means a pulse present (logic 1).
A means NOT A4, or no pulse present (logic 0).
2) AB means A AND B, and represents switches in series.
A+ B means A OrR B, and represents switches in parallel.
3) Only multiplication and addition rules apply.

example
A(B+C)=AB+AC
4) Transposition of formulae is not allowed.
5) Bars may be added to both sides of an equation, or trans-
ferred from one side to the other, providing they cover the
whole expression.

example _
A+-B=S is the same as: A+B=S
AB=S is the same as :AB=3S
6) Double bars of the same length cancel.

example _ -
A=A or AB=AB
Note
The bars must be the same length.

AB does not equal AB.
7) DEMORGAN’S THEOREM

If a bar is joined, or split, the sign must be changed where the
split or join occurs.

example I
A+B=A.Bor A+B=AB
AB+C=AB.Cor A+B+C=A4 (B+0C)
8) If a symbol appears by itself, any other term containing that
symbol cancels.

example
A+AB+AC=A

AB+ABC+CD=AB+CD

LOGIC GATES
There are four generations of logic gates:

1) First Generation (Valves). 1940 to 1953.

2) Second Generation (Transistors). 1953 to 1962.

3) Third Generation (Integrated Circuits: small scale integra-
tion, complete circuits or gate in one chip). 1962 to 1973.

4) Fourth Generation. (Medium and large scale integration:
medium scale, 10 tc 100 circuits in one i.c.
large scale, over 100 circuits in one i.c.). 1973 onwards.

Properties of Logic Gates

(a) An output S (logic 1) is obtained if the inputs satisfy the
combination of the switches inside the gate. This combina-
tion can be expressed by a Boolean Equation.

(b) The number of inputs can vary from two to thirteen with
one input as a special case.

(c) Inputs should be isolated so that no interaction or feedback
occurs between them.

(d) The inputs may be connected to each other, or to the input of
another gate.

(e) The outputs are not usually connected, but they may be
connected to the input of another gate.

(f) Gates may be given a power gain so that one output can
drive many inputs.

(g) Gates require power supplies, but unlike circuit diagrams
these are not shown on Logic Diagrams.

- T0 BE GONTINUED —
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BACK  BASICS

Electromagnetism

THE fact that a magnetic compass can be
used to detect an electric current was
mentioned in the first part of this series.
The compass is placed with its needle
aligned with a current-carrying wire, as
close to the wire as possible (Fig. 4.1a).
When the current is switched on the needle
is deflected. It works only for d.c. and
unless the current is large (a few amperes)
the deflection may be too small to see.
When this effect was first discovered,
early in the 19th century, nobody could
have realised that the first step had been
taken towards a goal for which physicists
are today striving—the unification of the
forces of nature by linking them together.
Many of these forces had yet to be dis-
covered. But here was a link between two
which had: electricity and magnetism.

CURRENT METERS

It was soon realised that the effect on
the compass can be intensified by a simple
trick. All you do is wrap the wire round and
round to form a coil. Then the same
current passes the compass at every turn.
Better still, put the compass in the centre
of the coil (Fig. 4.1b). The magnetic field
made by the current flowing in the upper
wires now aids the field round the lower
wires.

This arrangement was the basis of an
early type of current measuring instru-
ment, called the Tangent Galvanometer.,
You may still find these in physics labs,
though engineers long ago replaced them
with more convenient forms of meter.

This article is not about meters, how-
ever, but rather about coils of wire.

Coils turned out to be versatile tools for
electrical and electronic engineers. You’ll
find them in transformers, solenoids, induc-
tors, chokes, deflection assemblies in TV

4-1a

WIRE CARRYING
CURRENT.

COMPASS
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sets, relays and many other applications.
Some of these ‘‘wound components’’

contain much more than a coil of wire,

but it is the coil that makes them work.

INDUCTION

Why does d.c. in a wire deflect a com-
pass needle? Evidently the current creates
a magnetic field. It follows that a coil fed
with d.c. must behave like a magnet, and
it does. Even today, the most powerful
magnets are electromagnets, that means
they have coils wound around them.

But if electric current makes magnetism,
is the reverse true? Can a magnetic field
produce a current in a nearby wire?

In exploring this possibility, Michael
Faraday made one of his key discoveries.
He found that in a static situation, with
nothing moving, magnetic fields have no
power to make currents flow in nearby
wires. But when there is movement, they
do. A magnet lying by a wire has no effect,
but move either the magnet or the wire and
while that movement is going on current is
produced.

WIRELESS

In time, this discovery led to an exciting
possibility: radio. To see how, let’s look at
the situation a bit more closely.

A current in a wire is able to deflect a
nearby compass needle. But a compass is

not a very sensitive indicator. Is the field

really concentrated near the wire or does it
extend further, though more weakly?

Faraday’s insight suggested that the
field must extend for ever, spreading out
to fill the entire universe.

In that case, if a current were turned on
at one place, the magnetic effect could in
principle be detected at a distant place.

COMPASS

SOFT IRON
RING

In other words, signals could be sent by
turning the current on and off. The signals
would travel through the air, needing no
telegraph wires.

Hence the early term for radio, wireless
telegraphy.

Faraday seems to have had some ideas
on the subject, but he was too busy doing
other things to follow them up. It was his
younger contemporary, Maxwell, who
worked out the mathematics of electro-
magnetic fields and proved that radio
communication was possible. The German
physicist Hertz clinched the matter by
communicating by radio over a few metres,
after which engineers moved in and
developed practical systems.

ENTER ELECTRONICS

Electronics was born out of attempts to
improve radio. Early detectors of radio
signals were insensitive. Some means of
amplifying signals was needed. The radio
valve provided this and sparked off elec-
tronics, which later developed enormously
when transistors and integrated circuits
came along. But that’s another story. Let’s
get back to coils.

TRANSFORMERS

In radio transmission, every effort is
made to encourage the electromagnetic
field to spread out into space. But in elec-
tronic circuits it is usually desirable to
concentrate as much of the field as possible
at the spot where it is wanted.

We’ve seen that a coil intensifies the field
locally. It can be intensified and localised
still more by filling the centre of the coil
with the right sort of magnetic material.
Magnetic fields “prefer” to go through
these “‘soft” magnetic materials than air
or a non-magnetic substance.
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A FOUR-PART INITIATION COURSE FOR NEWCOMERS

In the course of his attempts to make
magnetic fields produce electricity, Faraday
made a ring of magnetically soft iron and
wound a coil round part of it (Fig. 4.2).
With the battery switched on, this coil (4)
acted as an electromagnet. The magnetic
field was conducted by the iron ring through
a second coil (B) which was connected, not
to the battery, but to a meter which de-
tected any current flowing in it.

With a steady current in A4 there is no
current in B. But as Faraday observed, the
meter gives a momentary kick when the
battery is turned on and another (in the
opposite direction) when it is turned off.

The explanation was that when current
was switched on, the field made by coil 4
built up from nothing. This is movement
of a sort, and so current flowed in B. But
once the build-up was complete, and the
field steady, no current was produced in B.

On switching off, the field collapsed to
nothing, producing a current impulse in
the opposite direction.

By switching the battery on and off
rapidly, the successive rise and fall of field
in the primary coil A could be made to
produce a rapid succession of kicks of
current in the secondary coil B. This
secondary current, flowing first one way
then the other is a.c.

This sort of arrangement of coils is a
transformer. It can obviously be used for
separating a.c. from d.c. since only the a.c.
has any effect at the secondary coil. But
if you stay with electronics you’ll find that
transformers have many other uses as well.

INDUCTORS

Now forget about the “secondary” (B)
and think only of the “primary”, (4). This
coil must feel the effects of its own magnetic
field. Now, we have seen that a changing

field tries to drive a current through any
wire which feels its influence. This implies
that the changing field sets up some sort of
driving force.

The driving force for a current is of
course an electric force such as the “volt-
age” of a battery. (The preferred term for
this sort of driving voltage is electro-
motive force or e.m.f. for short).

When the battery in Fig. 4.2 is switched
on, a sequence of events takes place. Some
current flows, and this sets up a magnetic
field in the primary A. This field must
start from zero and increase so 4 must feel
the effect of this increase. The effect, of
course, is to set up an e.m.f. in A itself.

INDUCED E.M.F.

On the face of things, this e.m.f. could
either help the battery and push more
current through the coil or oppose the
battery and reduce the current.

In practice, the induced e.m.f., as it is
called, always opposes the battery voltage
and reduces the current. But the current
cannot be stopped because if there’s no
current there’s no field and no induced
e.m.f.

What happens in practice is that the
induced voltage (also called the back e.m.f.)
slows down the rise of current when the
battery is turned on. During this slowed-
down rise of current the back e.m.f. grad-
ually diminishes and in the end disappears,
leaving just a steady current which de-
pends only on the battery voltage and the
resistance of the wire in the coif.

INDUCTANCE

This tendency of coils to oppose a
change in current is called inductance. As
a matter of fact, all circuits show some
inductance, whether they contain coils or

Fig. 4. 1a. The needle of a compass will be de-
flected by current flowing through a nearby wire.

Fig. 4. 1b. If the same wire as in (a) is looped to
form a coil encircling the compass, the deflection

effect will be more pronounced.

Fig. 4.2. A transformer.

the secondary coil B.

Fig. 4.3. A crystal radio receiver. L1 and C2 form
the tuned circuit which selects the required

A changing current
flowing in the primary coil A induces a currentin

*‘i

EL-—» ]

5 .
ton

not, because even a straight wire is in its
own field. But in electronics relatively
large amounts of inductance are often
needed and coils are used.

At low frequencies, cores of magnetic
metal are often used to increase the induc-
tance. The best shape of core is Faraday’s
ring or toroid and mains transformers with
toroidal cores are coming into widespread
use because they are efficient and produce
very little outside field.

With the core materials used in mains
transformers the inductance increases tens
of thousands of times. At radio frequencies,
these materials cannot be used but dust-
iron and ferrite cores can, and useful
though much smaller increases in the
inductance result.

THE HENRY

To give a measure of the inductance of a
coil a unit has been devised. It works in
terms of the power of an inductor to
create a back e.m.f.

The back e.m.f. depends also on the
speed at which the coil current changes.

To define the unit of inductance the
current is supposed to change at the rate
of one ampere per second. If the back
e.m.f. is then one volt the coil has one unit
of inductance, or one henry to give it the
right name. (Henry was an American
engineer).

Practical ' coils can have inductances
ranging from about a thousand henries
down to less than a millionth of a henry.

In combination with a capacitance, a
inductance forms a tuned circuit which
responds more to some frequencies than
others hence is much used in radio to
separate the wanted station from others on
different frequencies. The simplest form of
radio receiver is shown in Fig. 4.3. D

CRYSTAL
EARPHONE

station. D1 is a crystal diode which detects the

radio signal.
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Everyday News

. .. NEW OPEN UNIVERSITY INVENTION COULD MEAN JOBS FOR REDUNDANT TUTORS .

S | cveLops

It’s not the “eye” of Orwell’s “big brother”, Cyclops is
a new development from the Open University with an
eye to future learning that is being funded by British
Telecom and marketed by Aregon International.

Cyclops is a two-way picture and sound system enabling
diagrams and handwriting to be transmitted down an
ordinary telephone line and displayed on a TV monitor.
Two-way speech communication goes over a second phone
link. In its final form it is hoped to transmit both sound
and pictures down a single link.

The open university is trying out 'the system, under a
two-year study contract, as an electronic “blackboard” for
teaching students in remote locations who would otherwise
not be able to attend centres. A tutor using Cyclops at one
centre can simultaneously instruct students assembled in as
many as nine other centres in the region.

The tutor communicates with his students by voice and
through drawings created by moving a light-sensitive pen
over a television screen. Light pens connected to the students
sets enable them to add to the picture, or alter them by
erasing and redrawing, This two-way “sight and sound”
communication creates an effective lecture room environment.

The Cyclops project started
in 1977 as the fusion of two
earlier projects, one storing
pictures on cassette tape,
and the other using a light
pen to send pictures down
ordinary telephone lines.
Shortly afterwards, the
viewdatz terminal was added
to the system.

The university encouraged
the project, because it was
looking for ways of adapting
its original education
methods to the changed con-
ditions it was likely to face
in the early 1980s. Primary
amongst these was the need
to change from a small
number of courses with a
high average student popula-
tion to a large number of
courses with a smaller aver-
age student population.

This switch to more, but

How It Works

Each study centre will
have five pieces of equip-
ment: a Cyclops box, which
controls the system; a tele-
vision set, to display the
pictures; a light pen to create
and modify drawings and a
modem, which transmits the
picture information down the

ELECTRONIC
BLACKBOARD

In addition

telephone link.
the students and tutor will
be linked by voice through

loudspeaking telephones.
Using a *“conference bridge”
up to nine study centres can
be linked together with a
common picture display.

The television screen will
show a white picture area
and a “menu” of commands,
draw, line, rub out and wipe.
The tutor or student first
touches the tip of the light
pen against a command on
the screen and then draws
on the picture area.

After the “draw” com-
mand, for instance, the pen

smaller classes and more
“personal” student contact
will certainly offer more ex-

citing job - prospects for
tutors.

- £ LOUDSPEAKING
— TELEPHONE -

will leave a black trail on
the picture area. Thus, the
tutor can write a message or
create a line drawing, which
is transmitted by phone, to
each student’s TV screen. A
student can add to the
picture, perhaps by writing
in the answer to an equation
or ‘correcting” the tutors
drawing.

At any point during the
tutorial, the tutor may re-
play a tape prepared in the
Cyclops studio. An ordinary
cassette tape holds both a
sound track and pictures
which can be shown during
the tutorial.

Block diagram of the system at present undergoing trials in the Nottingham area.

—0OC)
-STUDY—A
“CENTRE —

J:l— STUDY*——*

N = _CENTRE__|

— sTUDY — ‘j) =1
CENTRE

S —

'C'—_:

‘CYCLOPS' READY~ TOUCH DRAWING ON

DISPLAY SCREEN COMMAND PICTURE AREA
— / r— S T b

R FREQUENCY (RC)
|
| -t
|
DRAW | LINE [ RUBOUT WIPE LINE [RUBOUT |WIPE

|
L=

Everyday Electronics, September 1981



. . . from the World of Electronics

GOOD HEALTH

Whatever may be happen-
ing elsewhere in industry
electronics continues to shine.
The big four of Ferranti,
GEC, Racal and Plessey have
all recently reported record
turnover and profits for

==ANALYSIS

1980/81 and substantial for-
ward order books.

In the computer field, ICL
is struggling against the
recession but with new man-
agement and a new product
line in small computers is
by no means terminally ill
but clearly needs time for
recovery.

Million and a Half Amateurs

More than a million and  a half people throughout
the world now hold amateur radio transmitting licences,
not to be confused with CB operators who legally or
illegally number many millions.

A small but increasing number of CB enthusiasts
in the UK, already sickened by increasing abuse of the
bands and phoney pop culture, are preparing to take
the Radio Amateur Examination to qualify for an
amateur licence.

THE BODY-BEAUTIFUL

In less than half a century applied electronics has helped
us to learn more about the way our bodies work and how
they act and react to outside stimuli than all the previous
accumulated knowledge of centuries.

The electron microscope is infinitely more powerful than
optical models. Similarly the electronic body scanner allied
with computing techniques reveals far more of our “insides"”
than earlier X-ray machines. We can measure and display
heart rhythms and brain waves, track irregularities in the
alimentary tract with a radio pill, stimulate weak hearts with
implanted electronic pacemakers, and electronically monitor
all the critical functions of a patient under intensive care.

Thus, in bodily ills we see electronics in action as a
powerful tool in diagnosis, treatment and after-care. But
the normally healthy body, beautiful in construction, more
versatile than any man-made robot, and with a brain far
more powerful in intelligence than its electronic computing
counterpart, has also been studied and we have learned how
to exploit both its strengths and weaknesses, particularly in
communications.

The human eye and brain are magnificent organs. Yet the
eye-brain combination has the defect of persistence of vision,
a weakness first exploited by the cinema and later by tele-
vision to give us the illusion of seeing motion pictures instead
of the reality of individual still pictures presented in rapid
succession, or a mere fast-moving spot of light.

The ear, another wonderful organ can be exploited in
quite a different way. Hearing, a function of ear plus brain,
is a “smart’’ system. At a noisy cocktail party it will filter
out our own conversation from the background babble of
other voices.

It can also understand and even recognise voices whose
waveforms are severely degraded. This fact is used to great
commercial advantage in line and radio communications
where the voice frequency range is compressed and otherwise
tailored to provide the most efficient use of the available
bandwidth of the transmission medium. The voice we hear
on the telephone is not precisely the voice of the caller but
hearing adaptation makes it sound so.

The hi-fi enthusiast, on the other hand, demands a full
frequency range, fidelity and, if possible, the illusion of
depth and direction of sound. Stereo was the breakthrough
which allowed us to sit in a small living room and almost
believe we had a seat in the concert hall.

Further realism, it was thought, would be achieved through
Quadraphonics. It seemed logical but was a flop which
revealed how little we really know of the hearing process
and human responses. Ambisonics is the latest attempt at
“surround’ realism and it has emerged only after some
ten years of research and experimental work at Reading
University and elsewhere, reinforced by valuable new theory
originated by Oxford mathematician Michael Gerzon.

It is remarkable that something as comparatively trivial as
a refinement in home entertainment can stimulate deep
investigation into body and brain functions. But it is all part
of the ceaseless search. for truth and scientific knowledge
which (who. knows?) may one day unravel the mysteries of
telepathy and water divining.

Brian G. Peck
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One of Plessey’s more unusual jobs is modernising Soviet
radar installations in Third World countries. A recent con-
tract in this field involved up-date of all the displays and
communications at a cost of over £3 million.

Electric Eels

Water temperature in the
Bristol Channel near the two
nuclear power stations at
Hinkley Point is being moni-
tored every ten minutes in a
research programme on the
water environment.

Cooling water for the
power stations is taken from
the channel and returned at
the rate of 55 million gallons
an hour. The warmer water
near the outlet pipe has
attracted eels and eel farm-
ing is -increasing as a locdl
industry, the farmers paying
rent to CEGB for the spent
energy.

Prestel registered custo-
mers passed the 10,000 mark
last June and with some
customers using more than
one set the total number of
sets in use had passed 11,000.
Nearly 9,000 of the sets are
installed in business
premises.

Of the 22 million viewing
households in West Germany
over half are using com-
munal aerials, thus greatly
relieving the more common
ugly forest of roof-top masts
and aerials.

A century for Monarch

With the 100th installation
of the Monarch 120 elec-
tronic = telephone exchange,
British Telecom have
announced that it can now be
supplied on demand in those
areas of the country where
it is available.

The Monarch 120 is the
world’s most advanced

business telephone exchange.

It employs digital electronics
throughout and, offering up
to 120 extensions, harnesses
the power of its micropro-
cessor control to offer small
to medium businesses a wide
range of facilities normally
available only on much
larger tailor made installa-
tions.

Monarch should be avail-
able all over the country by
November.
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By £ C.Judd

COMPRESSOR-MIXER

THERE are various ways of obtaining
audio signal compression and one
commonly used, especially in radio
transmission, is the limiting system
which allows all modulating signals
to reach a pre-determined but finite
level. Whilst more or less constant
high levels can be obtained this way,
all limiting or clipping methods in-
troduce excessive distortion.

An alternative, but one which pre-
vents distortion to some extent, in-
volves controlling the negative feed-
back in an audio amplifier circuit and
hence the gain of the amplifier.
Although with this arrangement the
compression range is not very great

All speech and music consists of
complex waveforms with amplitude in
the waveforms varying over a wide
range. In radio transmission for ex-
ample, it is often desirable to com-
press the highest peaks of audio
signals but at the same time allowing
all the weaker components to reach
a much higher amplitude than normal,
the result being more efficient use of
the transmission media.

There are in fact systems that
operate the other way round, which
expand the weaker signal components
and which are known as expanders.
There are also circuit combinations
that provide both compression and

expansion and which are known as
companders.

AUTOMATIC GAIN CONTROL

The compression circuit described
here, however, operates on the prin-
ciple of automatic gain control of an
amplifier stage and aside from the fact
that little or no distortion is generated
it also has the advantage of a wide
compression range of around 30dB.
This circuit can also be used either
for instantaneous short term compres-
sion or for automatic level control in
tape recording.

The automatic gain function is ob-
tained by a special i.c. known as an
“electronic attenuator” and although
there are similar i.c.’s available for
this function, the RS type 306-803 (or
MC3340P) is probably the most simple
one to use.

ADVANTAGES

Of course one may ask what ad-
vantage is there in having audio com-
pression. Aside from providing a more
consistent level of speech or music,
in transmission, a compressor can be
used very effectively to reduce high
ambient background noise whilst
speech is being recorded.

It also has application in suppres-
sing the level of music whilst speech
announcements are superimposed, a
method commonly used in broadcast-
ing when announcements are made
during the playing of music. The
music appears to be faded down when
speech occurs.

With careful adjustment, the circuit
described here can be made to per-
form the same function and it can of
course be used for overall automatic
recording level as will be dealt with
later.

CIRCUIT DESCRIPTION

Aside from its use as a speech com-
pression system and automatic level
control the Audio Compressor/Mixer
as shown in Fig. 1, has provision for

and distortion mixing microphone
could occur once and high level
the point of maxi- PERFORMANCE SPECIFICATION (music) ~ signals,
mum negative With a properly constructed unit the following figures should be obtained. The hence the use of a
feedback 1s performance of the unit is therefore compatible with that of reasonably high microphone pre-
reached. quality cassette or reel to reel recorders. amplifier IC1. This

COMPRESSION

Input sensitivity with compression off

i Vv
Use of the term rb:ince (5)(.);“,“\/
compression might Signal/Noise.  Mic 50dB
seem a little con- Line 60dB
fusing, when in Total Harmonic distortion
fact the normal Compression Range

purpose of com-

ression is to ob- :
P Auto gain level

Compression Response to ON
Duration of Compression or

Depending on values of C8
C9 or C10 as in text.

il 775m(\1/it$gtput mately 0-2mV for

Less than 0-5%
Approx. 30dB max
Approx. 20mS

has an input sen-
sitivity of approxi-

a maximum output
from the unit of
0-775V or 775mV
(reference level
of 0dB commonly
used in recording
and audio applica-

tions).

tain the highest
continuous levels
of speech.
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This pre-amplifier stage has an input
impedance suitable for all dynamic
microphones of 200 to 10,000 ohms
impedance or very low impedance
microphones with suitable low to high
matching transformers. The input is
not suitable for crystal microphones.
Signals from IC1 are taken via the
passive mixing network VR1/R5 to
the “electronic attenuator” IC2. Line
In or high level signals of 100mV or
more, are coupled into the passive
mixing network VR2/RT7.

Both microphone and line input
signals can be independently mixed
and faded and are taken through the
electronic attenuator IC2 which also
operates as a normal amplifier but
with its gain being automatically con-
trolled by the audio signals them-
selves.

COMPRESSION AMPLIFIER

To achieve this the signals from
1C2 output are taken to a separate
amplifier IC3 and thence to the diode
D1 rectifier network R11, VR3 and the
capacitors C8, C9, C10 with S1.

Audio signals from IC3 are recti-
fied by D1 to provide a negative d.c.
voltage across VR3 and the capacitors
C8 or C% or Cl10. This voltage is
applied to the gate of the f.e.t. tran-
sistor TR1 so as to control the resis-
tance between the source and drain.
Thus the resistance of TR1 can be
made to vary between zero and maxi-
mum as the negative voltage at the
gate is varied. )

TR1 is connected between the con-
trol pin of IC2 and ground. The higher
the resistance between these points

the lower will be
the gain provid-
ed by IC2. Any
audio signals that
produce a nega-
tive voltage
higher than that
determined by the
setting of VR3
will immediately
reduce the gain
of IC2 and thus
the level of out-
put signal avail-
able at the base
of TR2 which is
simply an isola-
ting amplifier
from which the
audio signals out
are obtained.

This amplifier
has a limited gain
because of the
negative feed-
back introduced by the omission of a
by-pass capacitor across the emitter
resistor R19. The gain required by
IC3 is set by the pre-set VR4 which
controls the negative feedback be-
tween its output and input.

POWER SUPPLY

The supply rail for the circuit is
obtained from T1, the bridge rectifier
D2D5 and the smoothing network
Cl15, R22 and C16. An le.d. in series
with R21 does duty as a power “on”
indicator.

Further details about operation and
function of the compressor circuit
will be given later.

CIRCUIT BOARD

Details of the box used for the
prototype are included in the com-
ponents list and the lid of this box
is used as the control panel and for

Fig. 1. Complete circuit diagram for the Audio Compressor-Mixer.

MIC./LINE ELECTRONIC COMPRESSION NEG. FEEDBACK  ISOLATING AMP |
MIC. PREAMPLIFIER MIXER Re . ATTENUATOR RECTIFIER  AMPUFIER (O/P)
12k
,:13 R16
8 111
:!Pc‘ 3 y  +f% e

I 22uF 5-6k2
%2 COMPRESSION
OanF [ Mcsuor |

VR3

BC103

Everyday Electronics, September 1981

3
Re RS ’;;7“ ??m
o 2 i)
SK2 SK3 L})
8 AUT)
d
TR1
N3819
(& 12v
S SWITCH POSITIONS
1 COMPRESSION OFF R2t
27K
2 SHORT TIME ON
3 MEDIUM TIME ON I:EV | [ fcvs
' 4 LONG TIME ON MAINS 2oy 0o0F |
D6

615



R12

TR1
TR2
D1
D2-5
D6
I1C1
1C2

S2

SK1-3
™

Resistors
R1 1MQ R13  1MQ
R2  1MQ R14 1MQ
R3  10kQ R15  10kQ
R4 2:2MQ R16 100kQ
R5  10kQ R17  10kQ
R6  1-2kQ R18 10kQ
R7  10kQ R19 1:2kQ
R8  2-2kQ R20 1:-2kQ
RO 1MQ R21  4-7kQ
R10  5-6kQ R22 25002 (see
R11  2:2kQ text)

100kQ

All W carbon See

meor Sho

Potentiometers T l
10kQ log. a

VR1

VR2 10kQ log. page 598

VR3 1MQ linear

VR4 1MQ linear skeleton preset

Capacitors

1 0-22uF met. polycarbonate
film

C2  2:2uF 83V elect. Small
single-ended

C3  2-2uF 63V elect. small
single-ended

C4  100uF 16V elect. small
single-ended

C5  0-47uF met. polycarbonate
film

C6  320pF disc ceramic or sil-
vered mica

C7  2-2uF 63V elect. small
single-ended

C8  10uF tantalum

C9  20uF tantalum (2 off 10uF)

C10  30uF tantalum (3 off 10uF)

C11  0-474F met. polycarbonate
film

C12 0-47uF met. polycarbonate
film

C13  2-2uF 63V elect. small
single-ended

C14  2-2uF 63V elect. small
single-ended

C15  1,000uF 25V elect. small
single-ended

C16 1,000u4F 16V elect. double-

ended

Semiconductors

2N3819 f.e.t.

BC109 npn silicon

1N418

Bridge rectifier 50V 1 A
L.E.D. red RS type 587-125
741 op-amp

MC3340P audio attenuator
amp

Miscellaneous

single pole, 4 way
miniature rotary

on/off single pole
miniature toggle
phono socket (3 off)
mains transformer 12V
100mA secondary

Aluminium box 7 X 5 x 2%in (Bi-
Pack type BA7). Three control
knobs: 2 calibrated; 1 plain; 1
pointer, Perforated s.r.b.p. 85mm
X 150mm, 0-1 matrix. Two 6B A X
1in screws, four 6BA nuts, two
# metal sleeves (circuit board
mounting pillars). Three i.c. sock-
ets. Grommet for mains lead.

10 10
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Fig.d2. Drilling details for the front panel. Final size of holes will depend on components
used.
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Fig. 4. Front panel wiring details. The letters at the ends of the wires
correspond to those on the circuit board.

£12

excluding
cabinet
mounting the circuit board. Details
T g SRR for drilling are given in Fig. 2
— \ 1 The perforated s.r.b.p. circuit board
| will comfortably fit within the area
of the box lid and the layout for com-

SPACER PILLARS

—J~ CIRCUIT BOARD

Fig. 5. Method of mounting circuit board on front panel. ponents and wiring on the board are
as shown in Fig. 3.
v Note here that the compression time

capacitors C8, C9 and C10 must be
tantalum types. Do not use ordinary
electrolytics as the leakage current in
such will seriously effect performance.

With the values given C8 and C9
will provide compression decay times
of approximately 3 and 5 seconds
respectively. For the value of C10 as
given, the compression time will be
about 6 to 8 seconds. For automatic
level control in tape recording CI0
should be at least 100pF to provide
a longer compression on-time.

INTERWIRING

Wiring of the panel components
controls and sockets is given in Fig. 4.
The interconnections between the
circuit board and the panel compon-
ents are best made by putting long
enough leads on the panel components
and then wiring these to the board
when the latter has been mounted in
position on stand-off pillars as in
Fig. 5.

The completed circuit board mounted on the rear of the front panel.
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“The completed circuit board lifted clear of the mounting pillars.

SETTING UP

First check the supply rail voltage
at the junction of R22 and C16. This
should be 12V+1V. If not decrease
the value of R22 to 220 ohms to raise
the voltage or, increase to 270 ohms
to lower the voltage.

MIXER

Set the pre-set VR4 to approximate-
ly half-way and the switch S1 to the
“off”” position which takes the com-
pression action out of operation. The
mixer will now function the normal
way with signals at either the mic or
LINE input.

If an audio signal generator and
audio voltmeter are available a more
accurate check can be made. With a
signal into the line input of about
SOmV (1,000Hz) and the LINE-IN GAIN
at maximum, the signal at the output
socket should be between 700 and
800mV. A signal of 0-2mV at the
Mic INPUT should also produce the
same output level, that is with the
MIC GAIN control at maximum.

.

COMPRESSOR

Setting or checking the compression
circuit is quite easy with an audio
signal generator. Ensure that VR4 is
about half-way. Set the line input gain
at maximum and the Mic GaIN at zero.
Feed a signal of 70mV at 1,000Hz to
the line input and with S1 set at
position 2, advance the COMPRESSION
CONTROL VR3 until the output signal
is reduced to about 500mV.

If the setting of VR3 is about half-
way no adjustment of VR4 will be
necessary. If VR3 is well toward its
maximum then the value of VR4 will
need to be increased. In practice the
amount of compression needed will be
somewhat less than obtained by this
check.

If no signal generator is available
connect the unit to a tape recorder
line input (do not use a tape recorder
mic input).

Set the recording level control on
on the recorder to about half to
three-quarters. Set S1 on the compres-
sor unit to the “off’ position and
advance the mic GAIN until just over

Fig. 6. Frequency response for microphone and line inputs and total compression range.
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full recording level is obtained, that
is the recording meter reading just
above 0dB on speech peaks. Now set
S1 to position “2” and whilst speaking
adjust compression control until peaks
on speech reach about half-way on the
record level meter. Make some test
recordings with slightly different
settings of the compression control.
This will give a good idea of the
optimum amount of compression to
use. If too much compression is used
the electronic attenuator will simply
cut off all signals.

Once the right amount has been
obtained, the recording level control
can be increased a little to obtain
normal full level recording. Note that
the “compression-on” time is almost
instantaneous but the time for it to
return to zero depends on the position
of S1 and the values of C8, C9 or C10.
Tests with different switch positions
and compression levels will give a
good idea of how the system functions.

CONTINUOUS AUTO
RECORDING LEVEL

If continuous automatic recording
level is required then C10 should, as
already mentioned, be about 100uF
so that the compression “on” time
extends to 10 seconds or more. The
setting up procedure is the same but
instead of compression coming off
after 2 or 3 seconds, the automatic
level function of IC2 will remain in
operation for much longer: that
means the set level will be main-
tained until C10 is well discharged
and the resistance of TR1 is returned
to a low value. As soon as speech or
music is resumed compression, - or
autogain, will immediately return to
the level set by VR3.

SPEECH OVER MUSIC

Speech control over music can be
achieved by careful balance of the
level of microphone signals to those
of music signals. The compression
control should be set so that music
signals do not quite produce com-
pression but when the microphone is
used the signals from this are high
enough to start fairly deep compres-
sion so that music signals will appear
to be reduced when speaking into the
microphone.

Remember that all the adjustments
for various degrees of compression
and/or automatic level, have to be
made with regard to recording level
so a certain amount of initial testing
may be necessary to achieve the right
combination of control settings.

For those who have audio test
equipment the performance specifica-
tion will be wuseful. The overall
frequency responses for microphone
and line inputs and also the total
compression range are shown in
Fig. 6. hu(
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FEW people fit any security device

to their car, often arguing that the .

determined thief will defeat any type
of alarm. It is likely, however, that
most car thefts are of a casual nature,
by opportunists, and an alarm will
deter this type of thief.

If the car is parked outside its
owner's house at night an alarm is
especially beneficial, and if it sounds
like an alarm, and not just the car
horn switched on continuously, it will
almost certainly attract attention
wherever the car is parked.

The features of the alarm to be
described are:

1. Inexpensive.

2. Easy to install.

3.Easy to set, switch, off, and de-
activate—when the forgetful car
driver (speaking for myself) forgets
to switch off upon returning to car.

4. Provide time delays to enable the
main operating switch to be mounted
inside the car.

5. Produce a pulsed output, so that
even if wired to the cars own horn,
it does not sound as though the
horn has merely ‘“shorted on”.

6. Suitable for negative earth cars.

TRIGGERING

The alarm is triggered by a negative
pulse which may be achieved with any
type of switch, or most conveniently,
the courtesy light switches already
fitted in most cars. Providing the
switch connects the alarm circuit to
negative when the door opens, the
courtesy light itself may be left
switched on or off without affecting
the alarm.

CIRCUIT DESCRIPTION

The circuit is shown in Fig. 1
and is best understood by starting at
the output stage and working back-
wards.

OUTPUT STAGE

CMOS gates IC2c and I1C2d are wired
as simple inverters and (assuming the
potential from D4 is at zero volts),
these gates will oscillate at about 1Hz,
the exact rate ‘depending upon the
values of C7 and R8. Hence the output
at pin 11 will oscillate, and transistor
TR1 will switch on and off, as will
relay RLAl. This will pulse the car
horn, or any other warning device as
required.

Diode D5 prevents back e.m.f. from
the relay damaging TR1 and R10 limits
the current into the base of TRI.

The oscillator may be switched off
by holding input pins 12 and 13
“high”, (i.e. logic 1). Resistor R6 limits
the current draining into gate ¢, in
this situation.

Thus the alarm only operates if the
output from gate IC2b is “low” (logic
0). Since gate b is a two-input NAND
type, both inputs must be “high” to
activate the alarm.

Fig. 1. Circuit diagram of the CMOS Car Security Alarm.
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ALARM LOGIC STAGE

Assuming the alarm is switched off,
pin 2 of gate ICla will be high, and
since it is a NoR gate, output pin 3
will remain low, regardless of the
state of pin 1.

When S1 is switched on, C5 will
slowly discharge via R3 and R1, taking
about 30 seconds to reduce pin 2 to
logic 0. During this time, the driver
will have left the car, and locked up.
Pin 1 of gate ICla will be “high”, due
to R4, and pin 3 will remain at zero.

Resistor R2 will maintain a positive
charge on C4, whether or not the
courtesy lamp is connected. If the car
door is opened, a negative pulse will
pass via C4 to pin 1, causing a positive
pulse at pin 3.

This pulse will flow via R5 to pin 5
of gate IClb. Gates IClb and IC2a
are wired to form a simple monostable
circuit. Pin 4 will go low, as will pins
1 and 2 of gate IC2a. The logic 1 out-
put from this gate feeds back into
gate IClb thus maintaining this con-
dition for a time determined by R7
and C6. The output from gate b is
also connected to pin 6 of gate IC2b
and since it is now low, the alarm
cannot sound.

MEMORY

Gates IClc and d form a simple
memory and the positive ouput from
gate IC2a will cause a similar output
from gate IC1d, which both maintains
¢ and d in this state, and holds pin 5
of gate IC2b at logic 1.

The potential on pins 1 and 2 of
gate 1C2a slowly rises, and after about
15 seconds gates IClb and IC2a both
change state, with the output of IC1b
going high. As both inputs to gate
IC2b are now high, the alarm is
activated.

Should the car door be opened
again, further pulses from gate ICla
are conducted via D3 into pin 4 of
gate 1C2b, which is now at zero volts.
This prevents the monostable re-
triggering.

If S1 is turned off at this stage, pin
13 of gate IC1d will go “high”, causing
its output, and hence pin 9 of gate
IClc and pin 5 of gate IC2b to go low.
The alarm will therefore de-activate.
Capacitor C5 now rapidly charges via
R1 and D1, and the circuit returns to
its initial state.

Under normal circumstances the
alarm will be switched off before the
monostable gates IC1b and IC2a have
changed state, and the horn will not
sound at all.

Diodes D2 and D1 ensure that the
circuit is returned to its “off con-
dition” very quickly as S1 is switched
off. This prevents confusion should
the owner return to the car after set-
ting the alarm—and then wish to
leave and re-set the circuit a few

- seconds later.

620

Capacitors Cl1, C2, C3 and C8, to-
gether with resistor R9 help to provide
smooth electrical conditions for the
circuit, bearing in mind its noisy work-
ing environment.

DELAYS

When setting the alarm, a delay
time of about 30 seconds is provided
by R3 and C5. Increasing the value
of either component will increase the
delay time and vice versa.

When returning to the car, about
10 to 15 seconds is allowed before the
horn is activated. This time is control-
led by R7 and C6, and increasing the
value of either component will like-
wise increase the time allowed.

MAIN SWITCH

It will be clear at this stage, that
the main switch S1 sets the alarm,
switches it off, and de-activates it when
triggered. At first sight this may seem
unwise, since a thief may be able to
find the switch after activating the
alarm. It is debatable, however,
whether anybody would hunt for a
concealed switch when most car
alarms can be silenced by disconnect-
ing the battery, or cutting the wires
to the audio device.

The advantage in having a simple
means of de-activating the alarm
should not be underestimated since
forgetful owners (and there are many
of us about) will often fail to switch
off the alarm upon entering the car.
The personal embarrassment this
causes in a crowded area has to be
experienced to be believed!

RELAY

The relay RLA must be carefully
selected to ensure that the contacts
will carry the current required by the
car horn or other audio device used.
Two or more sets of contacts may be

wired in parallel to help achieve this.
(As a guide, the current required by
the horn on a Ford Cortina Mk. 4
was found to be 3-5 amp). The relay
should have a coil resistance of 180
ohms or more, and be designed for
12 volts operation.

£

CIRCUIT BOARD

A piece of stripboard measuring at
least 32 holes by 23 strips is required,
though in practice a slightly larger
board 80mm by 70mm ensures an

-exact fit in the plastic case specified.

Number and letter the board care-
fully according to Fig. 2 and mark
the positions of the breaks in the
tracks (14 breaks between the ic pins,
plus four extra breaks).

Holders are recommended for the
i.c.s, and these should be inserted
and soldered at this stage, checking
and double checking their positions
relative to the numbers and letters,
and breaks in the tracks.

Insert the wire links, pulling them
tight and straight. This 1s a very
simple operation if a very long piece
of bare wire is used, one end soldered
into position, and the wire threaded
through the appropriate hole, pulled
tight, soldered and cut off. A total of
17 links are required; carefully check
their positions in relation to the i.c.,
holders and numbers/letters as mis-
takes are easily made at this stage.

Solder in the resistors and diodes,
checking that the latter are the cor-
rect way round. It is good practice
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COMPONENT BOARO

Resistors
R1 4-7kQ
R2 100kQ
Fig. 3. Inter-unit connections between the circuit board, terminal R3  2:2MQ
block, relay and external connections to the car electrical system, R4  1MQ
12,4456 78910 12 1 % 8 220 2 24 2% 28 30 R5 mmaQ
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e E - RS  10MQ
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£lo \ ‘ o R10  10kQ
Flo | g R1 k <] All W carbon 4+5% or +10%
6lo Ja s o
H{D2 v o Capacitors
1813 p® [k of ™ C1  0-1uF polyester
C2  10uF 25V elect.
iy e o T C3  0-1uF polyester
18Y/2>"1 o H aofl C4  0-022uF polyester
“he k < C5  22uF 25V elect.
1o ™ @[ am B g C6  10uF 25V elect.
:o ||w II I g C7  0-1uF polyester
olo A & C8  100uF 25V elect.
Z;’ 1 ol ;6 3 Semiconductors
rlo ' ? ° TR1 BC184L npn silicon
Ul0DO0O0ODOOOO0OO0OO®COOOSOS0O00O00O0O0O0OO IDC1-5 IN41(488)smcodngiOdet(sNogl)?
1 4001 quad 2-inpu
gate
IC2  4011(B) guad 2-input
NAND gate
Y0000 0000000O0O®O0OO0O0O0Oe®0 0000000000 .
1000000080000 OeRIO® 0O ® 00800000000 Miscellaneous
s[00® 0800000000 GEKRO ©0O® 00000000000 F31 fuse,lm-llnecartype;value
ROOO 0000000 ®OO PO € 0O0O 00000000 OO0 to suit horn etc.*
0000 00000COOOCS®SEEI0OS 0000 5.0 0} RLA relay, 12V 180 ohms or
PIDO0 0000000000 ORRO © o 0 O more; contacts to suit*
0000000000000 S®OEEC®0O®8000000O0O0O00 St single pole, two-way toggle
NO®0OO®0000®00®efI0O® 0000800000800 TB1 terminal block 7-way
MOOOOOOOOOO®O0O0O0O00OO0O0®O0O00000O0O00O0 Stripboard 01 matrix 32 holes by
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6000000000008 O ® 0080000000000 carry a larger current than value
FOO®OO0O0OO00OO0O0OOOKRO ®0O® 000000000 0O of fuse. Seven terminal pins.
F[000000000000eeRIO 6 OO 0000000000 * See text
DIOO O OCOC®O0O00 8 e O O O ® 00000000000 X
8/0 8000 CO0O0O®® 8000000 ®00000000O0O0oOol Guidance only
A(@0O®® 8000000000000 0O0OO0O0000000O0O0O0 Approx. cost £5

Fig. 2. Topside and underside of the circuit board.
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to fit resistors all the same way round
as well, even though their direction
is irrelevant—electrically speaking.
This practice saves time if their
values have to be checked later, it
also looks neater, and forms a good
habit on the part of the constructor
who may easily forget to check the
direction of the diodes and electro-
lytic capacitors.

Next, solder the polyester capacitors
(either way round), electrolytic capa-
citors (with “plus” as shown) and
transistor, ensuring it is the correct
way round and a type BC184L, as the
leads on a BC184 are in a different
order.

Place terminal pins where indicated
on the stripboard, and connect the
relay and connecting terminal block
with wire of sufficient rating to handle
the current required to blow the fuse
(FS1) chosen.

It will be noted that some parts of
the circuit namely C8 and TR1 are
not well protected by the fuse indi-
cated in the components list, and a
second in-line fuse, rated at about
500mA could be included if desired
in the negative lead connected to
track J.

Thin connecting wires may be used
to connect the alarm input and S1
inputs to their respective terminal
blocks.

Carefully check the stripboard for
solder bridges, and dry joints, and if
all is well, insert the i.c.s the correct
way round, taking great care not to
touch the pins, in case you are
charged with static electricity. Connect
switch S1 temporarily so that the cir-
cuit may be tested.

TESTING

Connect a 12 volt supply as indi-
cated on Fig. 3. The relay output need
not be connected to an audio device
since the contacts changing over
create sufficent sound for testing
purposes.

Switch S1 off and check that the
relay remains off. Turn S1 on and
again check that the relay remains
off. Wait for at least 45 seconds then
touch the input lead (track A) to
“negative” briefly After about 10 to
15 seconds the relay should click on
and off repeatedly.

Switch S1 off; the relay should
come to rest in the off position.

Switch S1 on again, and within 20
seconds touch the input lead to nega-
tive. This time the relay should not
activate. When the circuit has had
time to set, touch the input to nega-
tive, allow the relay to activate, then
check that it remains active, even if
more negative pulses are fed to the
input.

These tests should establish that all
parts of the circuit are working cor-
reotly.
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FAULT FINDING

If problems occur
with this circuit,
some simple volt-
age checks should
quickly  establish
the fauilt.

With the nega-
tive of a voltmeter
connected to the
negative of the
supply check that A
the reading on pin -
14 of both i.cs is
about 12 volts, with
S1 on or off.

Next check that
the voltage where
R1 joins track 1 is
12 volts with S1
off, and zero with
S1 on.

If further volt-

tage checks are
neoessary, prob-
lems may occur

with certain gates

changing state

when touched with

the voltmeter

probe, To reduce

this possibility, a

lkilohm resistor should be connected
to the positive probe, and the spare
lead on the resistor used to touch the
i.c. pins. The resistor should not affect
the readings obtained.

GATE OUTPUTS

The gate outputs may now be
checked in the following manner:

1. Switch S1 off. Gate outputs ICla,
IC1d, IC2a, IC2c and 1C2d should be
“low”. Gate outputs IClb, IClc and
I1C2b should be “high”.

2. Switch S1 on and wait for 45
seconds. Gate outputs should all be as
before. Briefly touch the input to
negative. Gate IC2a output should
change state to ‘“high” for 10 to 15
seconds. If this does not happen,
briefly connect pin 5 of IC1 to pin
14 (positive). Gate IC2a output should
now change to ‘“high”. If so, the
circuitry around gate ICla is at fault.
If gate IC2a output still failed to
change state, the circuitry around
gates IC1b and IC2a check.

3. When the IC2a output is ‘“high”
gates IC1d and IC2b should be “high”
as well, and gates IClb, IClc, IC2c
and IC2d “low”. This situation should
last for only 10 to 15 seconds, after
which gate IC2a should change state
to “low”, but IC1ld output should re-
main high. Gate IClb output should
now be “high” as well.

With both inputs to gate IC2b
“high”, its output should fall to near
zero volts, and the outputs from gates
IC2¢ and IC2d should change state
about once per second. Each time
gate IC2d output goes ‘“high”, the
collector of TR1 should fall to near
zero volts and switch on RLAI.

THE CASE

Any type of case may be used for
this project—even an old tobacco tin
—since it will not be visible when
installed. The prototype was mounted
in a plastic case measuring 4-5 by
3 inches (115 by 80mm).

Begin by drilling two holes for the
leads, and holes to secure the terminal
block, unless this is glued in position.
Having fixed the terminal block,
fasten the stripboard and relay with
glue and rubber pads, or self ad-
hesive feet.

Label the terminal block and con-
nect it with the circuit board and relay
as indicated in Fig. 3.

FINAL INSTALLATION

A suitable location must be found
for the darcuit, possibly behind the
dash board, or inside the engine com-
partment. The main switch S1 should
be concealed, but be reasonably acces-
sible to the driver.

The connection to the courtesy light
switch may be made at either door
switch, or at the courtesy light itself
if more convenient, ensuring that the
selected connection is “negative’” with
the door open, and ‘“‘positive” or ‘“open
circuit” with the door closed.

The positive supply should be taken
from the positive lead connecting the
horn switch, either at the fuse box, or
horn switch end; and the alarm out-
put may be connected to the horn at
any point from the horn switch to the
horn itself. The negative connection
may terminate at any point on the car
bare metal.

Finally, connect S1 with the circuit,
and test the alarm in situ.
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NEW KITS THIS MONTH

116 WATT AMPLIFIER

Complete kit for making this up in module form. Unique
design makes frequency response S5hz to 25Khz, which puts
this well into the hi-fi category, £13.50.

SUPPLY KIT, MAINS OPERATED large enough to
operate two 115v watt amplifiers in stereo or paratiel.
£14.50 + £3.00 post.

3-30v VARIABLE VOLTAGE POWER SUPPLY UNIT
with ¥ amp OC output, for use on the bench, students,
inventors, service engineers, etc. Probably the most
important piece of equipment you can own, (after a multi-
range test meter). Gives variable output from 3 - 30 voits
and has an automatic short circuit and overload protect-
ion. In case with volt meter on the front panel. Price for
the full kit, compiete with instructions is £13.80.

IONISER KIT

Retresh your home, office, shop, work room, etc. with
our negative ION generator. Makes you feel better and
work harder — complete mains operated kit, without
case £9.95, Case £4.00.

STROBE LIGHT

Intended for use at discos or in window displays etc. Gives a bright
flash of white light at a speed which you can vary between app-
roximately 1 flash per second up to 20 flashes per second. Another
useful applications of a strobe is

for looking at rotating wheels,

c0gs, etc. By turning the speed

adjustment you can get the light

to synchronise with the wheet

and cause It to appear stationary,

You can thus look at 8 rotating

device for its faults, you can see

a broken cog for instance. It uses

a Xenon tube and is housed in a

neat wooden case with the variable

control at the back. Works off

normal 230/240V mains

£12.50 + £1 post.

SPOT LAMPS
In neat plastic case is a 60 watt reflector
type screw in lamp size approximately
5" x 5" x 6" deep. Case made from
heavy duty plastic and designed so that
any number of these may be joined
together 10 make a running light or
other display.
£4.80 + 50p each post.

ROPE LIGHT

4 sets of coloured lamps in translucent piastic tube arranged to
give the appearance of a running or travelling light. With variable
speed contro! box, ideal tor disco or shop window display.
Complete, made up, ready to plug Into mains. £36.00 + £2 post.

COMPUTER KEY SWITCHES (make your own keyboard)
These are for making up on a p.c.b. and consist of a vertical mount-
ing computer type reed switch, which makes circuit when amagnet
passes over it. The magnet is located in
the piastic plunger which in turn is
depressed by a push rod, to
which the legended top is
fixed. These are made
up in banks of
-~ 6, price £2.30
~ "J’ per bank of 6

v

OUR CAR STARTER ANO CHARGER KIT has no doubt saved
many motorists from embarrassment in an emergency you can start
car off mains or bring your battery up to full charge in a couple of
hours. The kit comprises: 250w mains transtormer, two 10 amp
bridge rectifiers, start/charge switch and futl Instructions. You can
assemble this in the evening, box it up or leave it on the shelf in the
garage, whichever suits you best. Price £11.50 + £2.50 post.

GPO HIGH GAIN AMP/SIGNAL TRACER. tn case measuring
only 5%in x 3%In x 1%in is an extremely high gain (70dB)} solid

state amplifier designed for use as a signal tracer on GPO cables, etc.

With a radio it functions very well as a signal tracer. By connecting
a simple coil to the Input socket a uselul malns cable tracer can be
made. Runs on standard 4%v battery and has input, output sockets
and on-off volume-control, mounted flush on the top. Many other
uses include general purpose amp, cueing amp, etc. An absolute
bargain at only £1.85. Suitahle 80ohm earpiece 69p.

COIN SWITCH

Mounted in sheet metal case with

removable coin tray and Yale type lock.

Switches on for one hour per 10p coin.
£4.60 + £1 post.

12 V CAR IGNITION COIL
Suitable for most cars, aiso for
where a high voltage from LT is
required, £11.50.

J.BULL (Electrical) Ltd.

6 AMERICA LANE,

(Dept. EE), 34 -

{including tops}-

SUPER HI-FI SPEAKER
CABINETS

Made for an expensive Hi-Fi outlit
will suit any decor. Resonance
free cut-outs for 8~ woofer andl
4" tweeter. The front material is
carved Dacron, which is thick and
does not need to be stuck in and
the completed unit is most pleas-
ing. Colour black. Supplied in palrs,
price £6.90 per pair (this is prob-
ably less than the original cost of
one cahinet} carriage £3.50 the pair

LOUDSPEAKERS
8" wooter and 4" tweeter, 4 ohms 35
watts power rating £6.90 per pair,
Ditto but 8 ohms, £11.50
per pair. Post £2.00.

MOTORISED DISCO SWITCH

With 10 amp changeover switches. Multi-
adjustabie switches all rated at 10 amps,
this would provide a magnificent display.
For mains operated 8 swiich model
£6.25, 10 switch model £6.75, 12 switch

model £7.25.

3 CHANNEL SOUND TO LIGHT KIT

Complete kit of
parts for a
threechannel
sound to light
unit controll-
ing over 2000
watts of light-
ing. Use this

at home it

vou wish but it
is plenty rugged enough for disco work. The unit is housed in an
attractive two-tone metal case and has-controls for each channel,
and a master on/off. The audio input and output are by %"
sockets and three panel mounting fuse holders provide thyristor
protection. A four-pin plug and socket facilitate ease of connect-
ing lamps. Special snip price is £14.95 in kit form or'£19,95
assembled and tested.

THIS MONTH’S SNIP

IN FLIGHT STEREO UNIT {for breaking down)
Ex BOAC, hand held unit contains two very well made
moving coil transducers, these can be used, elther as
loudspeakers or microphones, 8 ohm. Other useful parts
— 12 position single pole switch, special feature being
that its only just over %" diameter and %’* deep. Unique
stereo pot, edgewise control twin 5K, 5 transistors and
2x 7418i.c.’s. 1 x 220 uf 12v, and 1 x 100 uf 25v, 1
rocker switch. 1 push switch, many other parts. Break
up value probably over £12, our price £2,30.

STACKABLE MICROSWITCHES
Snap action changeover type with 3 amp
contacts. These are so designed that they
can be mounted in a long line and hetd
together by s length of studding or they

could be mounted in a cradle.
Approximate size: 30 x 21 x 4mm thick. Price 28p each,

100uA PANEL METER

Japanese made {Shinohara Electrical} so
very good quatity, these have a full vision
front, are approx. 2'' square and come
complete with mounting studs and nuts. A
thoroughly reliable instrument usually ret-
ailed 8t over £4, offered at a snip price
this month of £2.85 or 10 for £25.00.

12v MOTOR BY SMITHS

Made for use in cers, these are series

wound and they become more power-(

ful as load increases. Size 3%’ long

by 3 dia. These have a good length

of %' spindle — price £3.45,

Oitto, but double ended £4.25. =

EXTRA POWERFUL 12v MOTOR
Made to work battery lawnmower, this probably develops up to
% hp., so it could be used 10 power a go-kart or to drive a
compressor, etc. etc. £6.90 + £1.50 post.

MINI-MULTI TESTER Deluxe pocket size precision mov-
ing coil instrument, Jewelied beagings - 2000 o.p.v. mirrored scale.
14 instant range measures: OC volts 10, 50, 250, 1000.
AC volts 10, 50, 250, 1000.
OC amps 0 — 100 mA,
Continuity and resistance 0 - 1 meg ohms in
two ranges. Complete with test prods and in-
struction book showing how to measure cap-
acity and ind as well, U ievable
value at only £6.75 + 50p post and insurance.

FREE Amps range kit 10 enble you to read
DC current from 0 - 10 amps, directly
\\ on the 0 - 10 scate. it's free if you
purchase quickly, but of you already

own a Mini-Tester and would like
one, send £2.50.

HAYWARDS HEATH, SUSSEX RH16 3QU
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FRE OUR CURRENT BARGAIN LISTWILL
BE ENCLOSED WITH ALL ORDERS.
T

TRANSMITTER SURVEILLANCE *

Tiny, easily hidden but which will enable conversation to be picked
up with FM radio. Can be made in a matchbox — ali electronic
parts and circuit. £2.30.

RAOIO MIKE *

Ideal for discos and garden parties, allows complete freedom of
movement. Play through FM radio or tuner amp. £6.90 comp. kit.

FM RECEIVER

Made up and working, complete with scale and pointer needs only
a speaker, ideal for use with our surveillance transmitter or radio
mike. £5.85.

' CB RADIO —

Listen in with our 40-channel monitor. Unique design ensures that
you do not miss sender or caller. Complete kit with case, speaker
and instructions onty £5.99.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats daily
automatically correcting for the lengthen-
ing or shortening day. An expensive time
switch but you can have it for only £2.95.
These are new but without case, but we
can supply plastlc cases {base and cover}
£1.75 or metal case with window £2.95,
& Also available is adaptor kit to convert
this into 3 normal 24hr. time switch but
9 with the added advantage of up to 12 on/
. offs per 24hrs. This makes an ideal con-
trolier for the immersion heater. Price of
adaptor kit is £2.30.

STEREO HEADPHONES
Japanese made so very good quality.
8 ohm impedance. padded, term-
inating with standard %'’ jack«

plug. £2.99 Post 60p.

TIME SWITCH BARGAIN

Large clear mains frequency controlled
clock, which will always show you the
correct time + start and stop switches

with the dials. Comes complete with knobs.
£2.50.

SAFE BLOCK

Mains quick connector will save you valuable time. Features include
quick spring connectors, heavy plastic case and auto on and off
switch. Complete kit. £1.95.

6 WAVEBANO SHORTWAVE RADIO KIT

Bandspread covering 13.5 to 32 metres. Based on circuit which
appeared in a recent issue of Radio Constructor. Complete kit in-
cludes case materials, six transistors, and diodes, condensers, resist-
ors, inductors, switches, etc. Nothiny else to buy if you have an
amplifier to connect it to or a pair of high resistance headphones.
Price £11.95.

SHORT WAVE CRYSTAL RAOIO

All the parts to make up the beginner’s model. Price £2.30. Crystal
earpiece 65p. High resistance headphones (gives best results) £3.75.
Kit includes chassis and front but not case.

RADIO STETHOSCOPE

Easy to fault find — start at the arial and work towards the speaker
— when signal stops you have found the fault. Complete kit £4.9_5.
INTERRUPTED BEAM »

This kit enables you to make a switch that will trigger when a
steady beam of infra-red or ordinary light is broken. Main compon-
ents — relay, photo transistor, resistors and caps etc. Circuit diagram
but no case. Price £2.30

UNUSUAL MOTORISED PUMP
The motor is a normal %' stack induction motor, mains operated.
To the spindie is fitted a nylon worm drive,
this considerably reduces speed and
turns a nyton cog wheel to which
is coupled a link operating a
small bellows pump. The outlet
and iniet to and from this pump
are nylon pipes to which flex-
ible tubing can be connected.
Obviously, there will not be a
big flow of Qir from this pump
but quite considerable pressures
can be developed.
Price £4.60 + 50p.

SOLENOID AIR VALVE

made to work with the above pump.
This mains operated valve will stop the
flow of air or gas when mains is
applied to it. 220v - 230v model
£3.45. 100v model — £2.30.

*{Not licenceable in the U.K.}

J. BULL (Electrical) Ltd —Established 30 years. MAIL ORDER: Cash, p.o

or cheque with order — please add 60p to all orders under £10, to offset pack-
ing, etc. ACCESS & BARCLAYCARD welcomed. Our shop is open to callers
BULK ENQUIRIES INVITED. Telephone: Haywards Heath (0444) 54563.
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o oS on aluminium frames
s, sg”o{‘% %‘iy‘td\\\ ;
PRI X e @ Burst proof toggle locks with keys
M, b 1y Cog,
Seer e (/49\9,0' "la,,% @ Moulded adjustable tray in base
Yo, My W Oy e,
C‘o:’"’e‘ eg, "or, St @ Heat sink for hot soldering iron
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e " 1y s By Dimensions  TL 99 17 x 12" x 6” split (shown)
MRepts o €29 1@, also available TL100 19" x 14 x 6" split
e Tools NOT included. British made. .
el 1 Sy Y85, Money back guarantee. Allow 7-21 days for delivery.
EE9 Yo, Fag Ped Cap sl 5 “Ch, Teleman Products Ltd. Ermine House, Post St, Godmanchester, Cambs. PE 18 8BA

A PROFESSIONA
TOOLCASE FOR

UNDER £40

Designed for the professional Electronics, T.V or
Instrument Technician who needs to carry a large
number of specialist tools.

The T L99 sets a standard as a low cost alternative
to more expensive cases.

It offers strength with a practical use of space
and many other features.

Features

| @ 2 sided Reversible Multi-purpose
tool pallet

@ Document area
@ 90° opening lock back stays
@ 3” deep ABS lid and base

@ Twin handles with 8 fixing points

ANNDIUNCING
A NIEW SIET
DIF IBASIC
EILECTIRONNCS

INTERESTED IN

ELEGTRONIGS ?

TRY A ZEDPACK!
COMPONENTS AT A PRICE
EVYERYONE CAN AFFORD

Z1 300 mixed { and § watt resistors £1-95
Z2 150 mixed 1 and 2 watt st
Z3 300 mixed capacitors.
Z4 100 mixed electrolytics £2-20
Z5 100 mixed polystyrene caps £2-20
X6 300 mlxed‘ printed circuit 15

This 5 volume set contains over 500 pages.
Bound in stiff linen. Cover size 8%in x 5in.

Price £10.00 per.set (we pay the postage).

=

Book 1. Introducing Electronics

Book 4. Meters/V oltage-dividers

27 300 mixed printed circult resistors
29 100 mixed minlature ceramlc and

plate caps £1-20
Z10 25 assorted pots. £1-50
Z11 25 assorted presets, skeleton etc. £1

10,000uf. 35v Tag ended. 20” x 10" diam.
with fixing stud and nut. High quality.
£1 each, 3 for £2-50,

SMALL MAGNETS
With hole in § for £1

P/B SWITCH BANKS
These cost a fortunel Were made for
varlous muslc centres. Includes indepen-
dent and Interdependent latching typas
multi pole c/fo etc. Can be modlfled.
Can't be repeated. 3 Banks for £1.
KNOBS for Switch Banks 10 for £1.
Chrome or spun aiuminlum finish.
MINIATURE MAINS TRANSFORMERS
Top quallty. Split bobbin construction
wil) glve 4-5V-0-4-5V at 250MA. 13" x 1}*
x 13”, all sorts of uses. ONLY £1
3 for £2-80,

PP3 Battery Connectors 10 for 50p.
Miniature Press to Make Switches, Red
inob, 3 for 50p.
Submini e S.P.C.0. Slide Switches.

Z12 20 assorted vdr's and ther

3 : P . o 3 § for 50p.
gool': :2; r:‘egns::)ors//cg%e:;:nors Book 5. Transistor Project Circuitry Z13 1l mixed hardware. Nuts. bois M":"'sg:’" D.P.C.0. Slide Switches.
ook 3. uctors/Diodes Y . - ]
self-tappers, sleeving, otc Sper.  Standard 2P. 3 Position Sllde Switch.

The manuals are unquestionaby the finest and most up-to-date available
and represent exceptional value.

This series has been written in a fascinating, absorbing and exciting
way, providing an approach to acquiring knowledge that is a very
enjoyable experience. Suitable for industrial trainees, City and Guilds

Z14 Ioo'mlxed, new nnfl vrzazked. full spec.

tr Pack 3

BF154, BF274, BC212L, BC238, BC184L,

PBC108 and, or lots of simllar ly‘p:;
£4-

215 160 mixed diodes Including:—zener,
power, bridge, signal, germanjum,
sllicon etc. All full spec. £4-95

for S0p.
Loudspeaker, 2}” Round 8. 60p ea. 3
for £1-50.
Assorted Fuse Holders Including 20mm,
P.C., Panel and chassis types.. Pack of 7
for 50p.
3:5mm Jack Sockets, switched. En-

students, DIY enthusiasts and readers of electronic journals. 16 20 1N4148 £1 3"[?""'&::!::& :AS’;E&' ”::'“:w""nm
Each part explains electronics in an easy-to-follow way, and contains A O D oo el TYNBIS colion Chrons aiBrE kT SR S
numerous diagrams and half tone blocks with construction details and 19 12 -125” TIL 209 RED. LED'S £1 Aeriaf. Plugs into any 3-5mm socket.

circuit diagrams for making the following transistor projects: Lamp
Flasher, Metronome, Wailer, Photographic/Monostable Timer, Metal
Locator, Geiger Counter, Radio Receiver, Intercom., Intruder Alarm,
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch,
Light and Water-operated Switches, Pressure-operated Switches, Light

20 10 Assorted switches, including push
button, slide, multipole, minlature etc.
Fantastic value. £1-20.
UHF MODULATORS
Video In UHF out. Caljbrated to channel 36
(625 line UHF) housed in metal box 2§”
2" x §” with 9’ coaxlal lead, TV plug and

Approx 25” extended £1 each. 3 for £2-50.
HI Power infra Red Transmitter Smm
LED. TIL 38 60p ea. 3 for £1-50.

Crystal Clear 3mm LEDS very pretty
Red, Green, Yellow. 10 of one colour £1.
10 of each £2-50.

ALTERNA'I_’OR RE_CTIFIERS

BRIV e Mo (06 Hlang, z'&rr‘nelcn‘f:; dl\ar'i?;h s/ldefz)(rsrg:sa. :r:%:}‘é Make lovely 60 amp bridges. Ideal for
fitting, 10 for £1 High Power Battery Chargers.
20uA Minlature level/batt. meters, as Type 4AFl. Set of 4 (2 neg. case +
Order now: s I:'ﬂllted to ey cis;gtga reclortdeer i golp 2 pos. case) £2.
e e —— S eluxe FIBREG printed circuit = = —
Salray. BookiCompany, OUR 100% GUARANTEE ; stching kits. | Special Purchase enables us to offer

11, Aspen Copse,
Bromfey,
Kent. BR1 2NZ.

Should you decide to return the set atter 10 days exam- 3
ination, your money will be refunded by return of post

includes 100 sq Ins. of copperclad F/G
board. 11b ferrl¢ chloride, (made for U.S,
army to MIL, SPEC.), 1 dalo etch'resistpen,
abrasive cleaner, tweezers, etch resistdish

Mullard C280 Polyester Capacitors
{Liquorice Allsorts) at the unbeatable
price of £2 for 100 mixed. These
consist of tactory clearance lots i.e.

and Instructions, OUR PRICE £5-95 spiliages, floor sweeplngs, cosmetic |
11;2 ‘;"':fuc':"rf"'r’.’:é Hitches ool r:jectg etc. Also Mlu"."::zmln'“u" |
J Amount enclosed: £ ] r BT Colis o L efectrotytics 200 mixen £2. |
1 Name: I To: “GEMINI ELECTRONIC COMPONENTS" DEPT EE
| “THE WAREHOUSE" SPEEDWELL ST. LONDPN%§.E1:8.
Address: EEY Where shown. Send Cheque® or Postal Order, Pius 80p P&P. and 15 3
I . Piease Quote ZED Coge. *Schools etc. SEND OFFiCIAL ORDER
l I ZED PACKS now avallable for Callers at 50 Deptford Broadway, London, S.E.8.
T T T T I T Y T T T I T T T T T
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RADIO WORLD

Showers of Meteors

A perennial problem in radio com-
munications is to provide an absolutely
reliable means of keeping in contact with
stations some 500 to about 1000 miles
away, regardless of time of day, state of
the ionosphere or any of the other varia-
ables that plague h.f. and v.h.f. systems.
Satellites provide one solution but tend
to be costly for many applications, while
ionospheric scatter systems involve high
powers and very large aerials.

Perhaps one of the oddest solutions is
to take advantage of the literally billions
of meteors that daily plunge into the
upper atmosphere from space and then
@l but the largest) rapidly burn up. In
doing so, they generate trails of highly
ionized plasma that often last less than a
second, although occasionally persist for
several seconds. For many years, some
radio amateurs have used these meteor
trials to snatch brief contacts on 28, 50,
70 or 144MHz with fellow enthusiasts up
to about 1200 miles away, using an agreed
procedure that enables callsigns and
reports to be exchanged but seldom any-
thing more.

For well equipped amateur stations
“meteor scatter'' is good fun and ad-
vantage is taken of the regular meteor
showers that follow a regular pattern:
the “Perseids’ is a popular period early
in August; the “Taurids” in November
and the “Germinids’ in December. But
few amateurs would expect to send real
message traffic by this system: not many
even know that for over a decade the
military, including NATO services, have
been using this technique, following work
by the Canadian Defence Research
Board in the 1950s.

The trick is to send the traffic in a series
of high-speed bursts, triggered off only
when a suitable trail is present, as indi-
cated by an incoming signal. By this
means it is possible to make use of trails
lasting perhaps only a fifth of a second or
S0.

Although such communication is inter-
mittent, it is possible to achieve an
average rate of transmission about one
tenth that of the burst rate. For example,
if messages are transmitted in bursts at
say 600 words per minute, the circuit can
yield a traffic capacity of about 60 words
per minute, or the equivalent of a con-
tinuously open teleprinter channel. Of
course, you could not use such a system
for a “4-minute warning"” message since
the breaks in transmission may last
several minutes, but for many purposes
such brief delays can be tolerated, pro-
vided that communication is possible
throughout the 24 hours.

Professional interest in this type of
system has been growing. The American
Department of Agriculture hasa *‘Snonet"
meteorological meteor-burst system that
uses the system automatically to collect
data on snow and rain, for example,
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from remote unattended sensors. The
American firm of Telecom Inc has recently
set up a demonstration link between
Virginia and Tennessee over a distance of
about 450 miles, sending data in bursts at
a rate of 4800 bits/second, using 1kW
iransmitters and 5-element Yagi aerials on
frequencies in the 30 to 50MHz range.

High-speed “burst' data transmission
at very many times this rate is, of course,
already part of the domestic scene in the
UK. The Ceefax and Oracle teletext
transmissions provide information at an
average rate of almost 50,000 words per
minute, in 50 microsecond bursts some
100 times a second, at a data rate of
almost 7Mbit/s. But, of course, even the
high power television transmitters do not
provide a reliable range of a thousand
milesl

Intransigent Valve

Some years ago the entire subject of
thermionic valves was taken out of the
syllabus for the Radio Amateur's Exam-
ination, presumably in the expectation
that thermionic devices would soon be-
come as little used in radio communica-
tions equipment as they have become in
so many other branches of electronics.
But it has not happened yet—and indeed
may not happen for many years to come,
if ever.

Transistors are tricky devices to use in
medium or high power r.f. amplifiers and
can easily be destroyed—particularly
during thunderstorms. Admittedly there
are quite a lot of all-solid-state trans-
ceivers available to amateurs at powers
up to about 100 watts and to professionals
to beyond 1kW. But valves still show

significant advantages in certain cir-
cumstances.

It even seems possible that the valve
may show something of a comeback,
particularly for military communications
and other electronics systems that need
to be “hardened’ in order to have some
chance of surviving the sharp-edged
electromagnetic pulse (EMP) or '"radio
flash' that follows a nuclear explosion in
the upper atmosphere. Transistors can be
a million times more vulnerable to such
pulses than miniature valves, even when
protected with the various surge sup-
pression devices that currently provide a
degree of protection against lightning
strikes.

According to some reports, Russian
designers have been very active in harden-
ing their military communications and
control systems, even using miniature
valves and special screening cages fo
airborne computers. It has been calculated
that a single nuclear explosion in the
upper atmosphere could knock out a host
of systems depending on electronics
throughout haif a Continent. Let us hope
there is never a practical te st of the theory.

Amateur News from Holland

One of the most ambitious services of
amateur radio news broadcasts in Euiope
is that run by the Dutch society VERON
from its headquarters station PAOAA,
These go out simultaneously, every
Friday evening, on 1827kHz, 3600kHz,
14-1MHz, 144-8MHz and 433-7656MHz,
starting at 19.00GMT.

The 3600kHz transmissions, in par-
ticular, are well received in the UK. From
19.00 to 19.30 therg is news in Dutch and
then English. At 19.30 there are Morse
code practice sessions; at 20.30 a radio-
teleprinter (RTTY) bulletin at a speed of
45 baud, and then between 21.00 and 21.30
the Dutch-and English news bulletins are
repeated.

On the last Friday of each month, at
2130 VERON transmits Morse code
proficiency runs at various speeds and
issues certificates to those who achieve
perfect copy without the aid of tape
recorders or other mechanical devices.

e S (P I e T N N T A T 0]

CB and Interference

The long-drawn-out saga of Citizens
Band took another turn recently with
the Home Office hinting that, after
all, channels in the “international”
part of 2TMHz may become available
in the UK at some “later” unspecified
time, giving eventually a choice of
some 62 channels in this band. There
have even been rumours that am.
may be permitted after all, but this
seems unlikely in view of the strong
comments made in the official Home
Office annual report on interference
to radio and television reception,
covering 1980.

This is full of dire warnings that CB
interference may soon become “the
largest single source of complaints”
and is “the most significant factor in

the interference field in recent years’.
The interference investigating teams
would certainly not be happy to see
legal use of a.m. on 27MHz.

It has also become clear that the
draft technical specifications for CB
equipment (Radioc World, July) are
even tougher than most of us thought.
Manufacturers, to meet the specifica-
tion fully, would need to reduce out-
of-band spurious and wideband noise
emission to even lower levels than
expected from professional land-
mobile equipment.

Many people believe that it will
prove impossible to achieve the re-
quired standard with low-cost equip-
ment. But equally it would be
extremely difficult effectively to en-
force such a specification.

R S A ST A e SR U e B, MR e rh B SR B
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0-12U POWER SUPPLY

CURRENT

VOLTAGE

with Overload Blarm

BY R.A. PENFOLD

WHEN assembling an electronics
workshop, even if only of a very
basic type, an almost essential item
of equipment to include is a power
supply of some kind. This will prob-
ably be one of the most frequently
used items of equipment, taking
second place only to the soldering
iron in this respect.

The inexpensive power supply des-
cribed in this article has a well
smoothed and regulated output which
is adjustable from zero to about 12
volts or so. The maximum output cur-
rent is 400mA, and the output volt-
age does not vary by more than about
100mV between no load and maxi-
mum output current. The output noise
level is only a fraction of a millivolt
at all output currents and voltages.

CURRENT LIMITING FEATURES
Current limiting is incorporated in
the circuit to protect the unit against

damage due to the inevitable acci-
dental short circuits of the output.
Apart from the 400mA current limit
level for the protection of the supply
itself, two alternative current limit
levels of 40mA and 100mA are also
available. These can be used when
experimenting with delicate low cur-
rent circuitry which would not be
given effective protection by the rela-
tively high 400mA limit current.

An additional and unusual feature
is an audio alarm which sounds when
the current limiting comes into action.
This gives a much more effective
overload warning than the more usual
output current meter or le.d. indi-
cator, either of which are easily over-
looked.

THE CIRCUIT

The full circuit diagram of the
power supply is shown in Fig. 1. The
mains supply is connected to the

Fig. 1. The complete circuit diagram for the O-12V Power Supply with Overload Alarm.

primary winding of step-down and
isolation transformer T1 via the on/
off switch, S1. Mains neon LP1 is
merely the on/off indicator light. The
output from T1 secondary is given
fullwave rectification by the bridge
rectifier which is comprised of D1 to
D4, and the resultant pulsating d.c. is
smoothed by Cl1.

Components R4 and D5 form a
straightforward Zener stabiliser
circuit which gives a stable 13 volt
source. C2 smoothes out any noise
spikes generated by D5, and also re-
duces any mains hum introduced by
way of R4 from the unregulated
supply. Potentiometer VR1 is fed
from the Zener stabilised source, and
so a regulated voltage which is vari-
able from about 0 to 13 volts is avail-
able at its wiper.

Only a very limited current is avail-
able from VR1 slider, and so it is
necessary to interpose a unity voltage
gain buffer amplifier between this
point and the output of the supply.
The purpose of the buffer amplifier is
to give an output voltage equal to
that at VR1 wiper, but with a low
output impedance so that currents of
a few hundred milliamps can be
readily supplied. This amplifier is
based on TR1, TR3, and TR4.

These transistors are used in a
direct coupled configuration of course,
with TR1 and TR3 being connected
in the common emitter mode, and TR4
being used as an emitter follower
output stage.

Although common emitter ampli-
fiers normally have a fairly high volt-
age gain, this is not the case here as
there is a 100 per cent negative feed-
back loop between TR4 emitter and
TR1 emitter. This gives the amplifier
the required voltage gain of unity,
and so the voltage set at VR1 slider

R4
1-8k

R4
TIP3A

[3ve OuTPUT]

b SK1 )
[EARTH) 2240

< BC108

4700

—( sk2
TRZ - Ve QUTPUT

SK3

R7
1-8kM
R8

[ox}
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also appears at the output. In actual
fact there is a small voltage drop
through the amplifier, and the output
voltage is about 0-'6 volts less than
that produced by VRI1. This gives a
nominal output voltage range from 0
to 124 volts available across output
sockets SK1 and SK3.

Resistor R7 is a load resistor for
the buffer amplifier, and merely en-
sures that the amplifier always
handles a sufficiently large output
current to keep the three transistors
functioning normally.

CURRENT LIMIT

The current limiting circuit uses
TR2 and its associated components.
These include S2 and R1 to R3, which
are connected between the negative
output of the unregulated supply and
the negative input to the regulator
and buffer amplifier circuitry. Only
one of these resistors is connected
into circuit at one time, and the
appropriate resistor is selected by
means of S2. A voltage which is pro-
portional to the output current will
be generated across the selected
resistor, and this voltage will forward
bias TR2 by way of current limiting
resistor R6.

Since TR2 is a silicon device, it
requires a forward bias of about 0:6
volts before it will begin to conduct,
and then only a fractionally higher
voltage to make it fully conductive
(saturate). With S2 in the position
shown in Fig. 1, and R3 connected
into circuit, from Ohnrs law it is
apparent that an output current of
about 40mA is needed before 0:6
volts is developed across R3 and TR2
begins to conduct (I=V/R,=
0-6A/1501=0-04A or 40mA).

Therefore, with output currents up
to about 40mA TR2 will not conduct,
and will have no effect on the circuit.
At higher output currents it will turn
on to some extent, reducing the volt-
age across D5, and also reducing the
output voltage of course. The higher
the output is loaded, the more heavily
TR2 will conduct, and the lower the
output voltage becomes.

If the output is short circuited, TR2
will be biased into saturation and the
output voltage will fall to virtually
zero, limiting the output current to
little more than 40mA. With R2 and
R1 switched into circuit the output
limit currents are 100mA and 400mA
respectively, due to the lower values
of these components compared with
R3.

ALARM CIRCUITRY

The alarm circuit is based on a
simple two transistor oscillator which
uses TRS and TR6. These are used in
a complementary direct coupled com-
mon emitter configuration, with R10

Everyday FElectronics, September 1981

* HOW IT WORKS

MAINS

AR A

INEDT STEP—DOWN RECTIFICATION
TRANSFORMER AND SMOOTHING

)

VOLTAGE
STABILISER

BUFFER
AMPLIFIER

OUTPUT VOLTAGE
CONTROL

The mains is stepped down to a suitable voltage by a transformer
which also provides safety isolation. Its a.c. output is rectified to a pul-
sating d.c. and smoothed to a steady d.c. in the conventional manner.

Part of this output is fed to a voltage stabiliser. The output of this is
connected to a potentiometer which gives an adjustable potential of
about 0 to 12V. This can only give a small current, and must drive the
output via a buffer amplifier to give a high current drive capability to the

unit.

A current sensor connected in series with the output detects any
overloads, and when necessary reduces the output voltage to limit the

output current to a safe level. It also activates an audible alarm to give |

warning of the overload.

and a loudspeaker forming the col-
lector load for TR6. Positive feedback
is applied over the amplifier by C3,
and this causes the circuit to oscillate
at a frequency of a few hundred hertz,
but only when a suitable input bias
is provided for TRS.

=
i

Like TR2, TR5 only receives suffi-
cient forward biasing to produce con-
duction when the output current
reaches the limiting level. Thus the
circuit does not actually oscillate until
an overload occurs. When oscillation
does occur, LS1 emits an ‘audible tone
and gives warning of the overload.

Resistors
R1 1-5Q
R2 5-6Q
R3 15Q
R4 1-8kQ2
R5  680Q
R6  470Q

All £ watt carbon 4+ 5%

Capacitors
C1  2,200uF. 25V elect.
C2 100uF. 16V elect.
C3 100nF mylar

Semiconductors
TR1 BC109C silicon npn
TR2 BC108 silicon npn
TR3 TIiP32A silicon pnp
TR4 TIP31A silicon npn
TR5 BC109C sllicon npn
TR6 BC179 silicon pnp
D1 to D4 1N4001 (4 off)

Miscellaneous
VR1
S1  d.p.s.t. rotary mains switch
LS1 miniature 8Q impedance type

FS1
LP1

500m A 20mm
panel mounting mains neon

R7
R8 6-8k(
R9

R10
R11
R12

D5 BZY8C13V 13 volt 400mW Zener diode

22k carbon linear law shafted potentiometer

S2  4-pole 3-way rotary switch (only one pole used)
T1  standard mains primary/15 volt 400m A secondary
SK1-3 panel mounting insulated sockets, 1 red, 1 black, 1 green 0-15 inch matrix
stripboard size 12 strips x 20 holes; 20mm chassis mounting fuse holder;

control knobs (3 off); metal instrument case size 200 x 140 x 85mm approxi-
mately; mains lead; cabinet feet; 6B A fixings for circuit board.

1-8k(2
2-2kQ
120Q
8-2Q
1kQ

£10

excluding case

See

Sho
Talk

page 598
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Fig. 2. The metal chassis has been folded out flat to clarify interwiring details and show position of components
mounted on front and back panels. The component layout and breaks to be made on the underside copper strips of
the circuit board are also shown.
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ASSEMBLY

The prototype unit was built into
a metal instrument case measuring
about 203 X 140 X 63mm. The
general layout of the unit can be
seen from the photographs. The pre-
cise layout is not critical. The loud-
speaker was mounted on the rear
panel of the case due to a lack of space
on the front panel. A matrix of small
holes are drilled to form a speaker
grille, and then the speaker is glued
in place behind this using a strong
adhesive.

TR4 is mounted on an L-shaped
bracket which is made from a piece
of 18 s.w.g. aluminium having dimen-
sions of about 40 X 50mm. The
bracket is bolted to the rear panel of
the case, next to the loudspeaker. The
bracket and case then act as a heat-
sink for TR4, which under certain
loading conditions has to dissipate
several watts. TR4 is mounted with its
metal pad facing the mounting
bracket, and as this pad connects to
its collector terminal, a mica washer
and plastic insulating bush are neces-
sary to insulate it from the bracket.

The case connects to the mains
earth, and in use one of the output
rails will normally be either directly
or indirectly (via some other item of
equipment) connected to earth. Fail-
ing to insulate TR4 from the bracket

Interior view of the completed prototype. The mains transformer is mounted on the base
of the case. Note the positioning of the heatsink for TR4 and the use of a mica washer.

could therefore lead to either a vir-
tual short circuit on the unregulated
supply lines, or the regulator circuit
being bypassed, depending upon
which supply rail is earthed. It is
advisable to check the insulation of
TR4 using a continuity tester to en-
sure that it is fully effective.

CIRCUIT BOARD

with the exceptions of R1 to R3,
which are mounted on S2, the small
components are assembled on a
0-15in matrix stripboard panel having
12 copper strips by 20 holes. Details
of the component panel and all other
wiring of the unit are provided in

Fig. 2. Be careful not to omit the
single link wire from the component
panel and to use spacers to hold the
board clear of the case base to avoid
shorting.

The finished unit could be fitted
with a meter to indicate the output
voltage, but a simple and inexpensive
alternative is to mark a scale around
the control knob of VR1 calibrated in
terms of output voltage correspond-
ing to the reading obtained on a volt-
meter connected across the output
terminals SK1 and SK3. Provided this
is done properly it will be at least as
accurate as using a voltmeter. Either
rail may be earthed via a lead con-
necting to SK2. b

O 0

— O0BITUARY

The well-known writer F. G. Rayer died on July 11,

F. G. RAYER

well as electrical devices. This fuelled a large

1981 at the age of 60.

Our very first issue (November 1971) contained a
project by F. G. Rayer, and during these subsequent
10 years a steady flow of projects from this con-
tributor have appeared in our pages. For this
magazine Frank concentrated in the main on the
kind of projects that would be popular with new-
comers to electronics. His name will be well remem-
bered with gratitude by thousands of enthusiasts
who cut their teeth, electronically speaking, on
projects he devised.

Frank was, of course, active in the freelance
designing and writing business long before EE
appeared on the scene and he contributed to most
of the popular magazines in this field at sometime
or another during the past 35 years or so. He had an
enquiring mind and was fascinated by mechanical as

literary output; thousands of articles on building,
electrical and electronic subjects flowed from his
pen as well as numerous technical books.

Probably less known to readers of technical
magazines was F. G. Rayer’s work as a novelist. He
had a number of fictional works published, mainly
of a S.F. nature and the best known was “Tomorrow
Sometimes Comes” (1951, republished 1962).

It is very sad to have to report the passing of a
regular contributor of such long standing. Though
our contacts were by correspondence or telephone,
we on EE all looked upon Frank Rayer as ‘“one of
us”, and not just a business associate. He was
always ready to oblige and produce designs and
articles to meet specific needs. On behalf of our
readers and the staff of EvERYDAY ELECTRONICS. I
offer our condolences to Mrs. Rayer and sons.

F. E. BENNETT

Everyday Electronics, September 1981
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SIGNAL TRACER

I have built an inexpensive signal
tracer using relatively few compon-
ents, as shown in the circuit diagram.
The multivibrator circuit TR3 and
TR4 is used to produce a pulse train.

To use the tracer, connect probe A
to the negative rail of the circuit
under test and progress with probe B
through the circuit towards the

speaker (or output) until the signal
from the tracer stops. When it does
you know that the fault is between
the point previous and the point
where you are now.

Stephen Nourse,
Bahrain.

?1 |;'

412

A -

S/

LIGHT BEAM ALARM

This circuit is for a light beam
alarm. When the light beam is broken
the light dependent resistor PCC1 is
denied light which causes its resis-
tance to increase to about 10 kilohms.
This change is enough to cause the
transistor TR1 to switch on and the
collector current drive the alarm
circuit.

The alarm circuit is an astable
multivibrator formed by TR2 and TR3
which also drives the loudspeaker LS1.
The timing components for the multi-
vibrator are Cl, R3 and C2, R4.

The sensitivity of the “light switch”
is adjusted by the potentiometer
VR1. A reflector could be used with
the lamp LP1 to enable a certain
amount of “focusing” of the light
beam on to PCCI1.

P. Cole,
Lowestoft,
Suffolk

CMOS LOGIC PROBE

This simple logic probe design is in-
tended for use when trouble shooting
cMmos. Indication is given for “high”
and “low” logic and pulse detection,
all on a single seven segment display,
see diagram right.

Detection of logic 0 and 1 lies
around the formation of the three
NAND gates, operating under certain
logic functions. The outputs of the
NANDs are directly coupled to the dis-
play which is powered through TR1.

The pulse detector consists of a
positive triggered monostable. This
is connected to the decimal point of
the display giving constant indication
of any input pulses. The display may
also show a logic 0 or 1 when pulse
detecting.

Being a cMmos circuit, it can, there-
fore, be powered from the circuit
under test.

I. Smith,
Tewkesbury,
Gloucestershire.

630

>
o

LOGIC O LOGIC 1

+6v
L 5
. A" PNl RS =
| Wz :
iC1 o'%a i b | TRI
7 BC138

4047

CIs
220nF

PING 71213
fic2

VARIABLE TIMER

The circuit described here will give
a variable “on” time for switching
electrical appliances via a relay, see
diagram. The potentiometer VR1 is
the timing adjustment control and a
calibrated scale can be added.

The unit is operated by setting VR1
to the desired position and pressing
the start switch S1. If all is well, the
relay will be heard to close and the
appliance should switch on.

After the time set by VR1 the relay
will open, thus switching the appli-
ance off, and the circuit will now con-
sume very little current. Turning the
control VR clockwise will increase
the “on” time.

If it is desired the unit could be
fitted into a box with a standard

+9v \
700kf)< -APPLIANCE
4 o

VR g
oM 3 APPLANCE
< RLAY POWER
IC1 8  sUPPlY

H 555
6 2 1%
3 o | \
iEs _L st R
C2
TW 'quF & )

mains socket in the lid, so that any
mains appliance can be connected
and disconnected quickly. Applica-
tions include switching of a cassette,
video recorder or nightlight.

With the component values shown,
the timing range is from approxi-
mately 10 minutes to just over an
hour. If longer timing periods are
regularly needed, a suitable power
supply giving about 100mA of current
could be incorporated.

D. Parsons,
B.F.P.0.40.

CIRCUNT
BACRANGE
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Elliott Electranics Ltd.,
Leicester 0533-553293

Just wrap™ wire-wrapping tool
Why cut? Why strip? Why slit? Why not just wrap?

AWG 30 wire.

0.025" square pos’s.

Daisy chain or point to point,

No stripping.

Built-in cut off.

Eosy loading of wire.

Avoilable wire colours: Blue, white, yellow and red.

JW-1-B  Blue 50 foot rall and just wrap tool.
JW-1-W White 50 foot roll and just wrap tool.
JW-1-Y Yellow 50 foot rofl and just wrap tool.
JW-1-R Red 50 foot roll and just wrap tool.

Just wrap® kit

Contains: Just wrap tool. Roll of blue wire (50 ft). Roll of
white wire (50 fi). Roll of yellow wire (50 ft). Roll of red

Neltronic Lid., wire (50 fi). Unwrapping tool.
Dublin 510845 JWK-6  Just wrap kit
Cobbies Ltd.,

Londan. 01-699-2282
Microdigital Lid.,
Liverpool. 051-227-2535
Electranico CG Lid.,
Manchester. 061-788-0656

Spectran Electranics (Manchester) Ltd.,
Salford. 061-834-4583

Jee Distributian Ltd.,
Middlesex. 01-897-3429

F, Blokley & Sens Lid.,
Heywaad 070665087

NEW DISTRIBUTORS WANTED

W

DUTTON LANE EASTLEIGH SO54AA TEL(0703)610944/5
AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS

Waotfard Electrenics Lid.,
Watford. 0923-37774

F.P. Tools Lid.,
Motherwell 06965672

Horizan Electronics Lid.,
Glastonbury 0458-33600

Ibis Electranics Lid.,
Wokinghom 0734-791171

v Batvale Marketing Lid.,

D Ely 0353-778320
7

Just wrap Ely 0353?27‘1 gjf)

replacement rolls

R-JW-B Blue wire 50 foot rall
R-JW-W White wire 50 foot roll
R-JW-Y Yellaw wire 50 foof roll
R-JW-R Red wire 50 foot rall

% A DIVISION OF OK MACHINE & TOOL UK [LIMITED

Transam,
Londan. 01 405 5240

A. Marshall (Londan) Ltd.,
Londan. 01-624-0805
Interface Companents Lid.,
Amersham. 02403-22307

New Bear Camputing Stare Ltd.,
Newbury. 0635-30505

Technomatic Ltd.,
Landon. 01-452-1500

SOUND INVESTMENT

Replacement tape heads from-Monolith could mean a big
improvement in sound quelity from your tape recorder. A full
catalogue is available, price 50p, which features a wide
range of heads for cassetts and reel to reel machines. as
well as replacement motors. tape transports, etc

Universal cassette heads to EIAJ standard, hole centres
17mm apart. 12mm from head face:

B12.02 Mono record/playback € 4.62
B24-01 Stereo playback £ 4.62
B24.02 Stereo rip € 7.66
B24.07 Stereo rip tor Dolby systems £ 9.05
C42RPH20  Stereo r/p sendust head. suitable for chirome &

metal tapes £10.67
C42RPHO4  Stereo rip glass ferrite. the ultimate long life

high performance head £13.34
C42RPS18  Stereo twin gap rip long life head for record

monitoring £28.99
C21ES18 Mono/Stereo erase head £ 213
C44RPHO3  Four channelitrack r/'p £15.15
C22Es504 Twin half track erase € 5.43

Ex stock deliveries. all prices include VAT. Post and packing 40p.

MONOLITH

electronic products

The Monolith Electronics Co. Ltd.. 5/7 Church Street
Crewkerne. Somerset TA18 7HR. Tel: 0460 74321. Telex
46306 MONLTH G
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BEST SELLERS . ..

RECHARGEABLE CELLS by SANY0 CAONICA Swe AA 99p.C 2.27.D 3.76, PP3 2.10

ALU

BEST
SERVICE

*
KEEN BYYERS!

wilh 1ags: AA 1.06.C 2.43.03 99

CHARGERS PP3 4.75, AR 4.95. 4 C. 0 7.60 A SAE. BRINGS
PLASTIC BOXES PB1 116 2 77 1 35mm 625, COMPREHENSIVE
Breadboards Eura 5.7ON, Veroblock 3.3 PRICE LIST
Binboaid 8.03, Buzzer 6-15V B0p, {Valid 3 mths.}
CAPACITORS polysyiens 41 47009F o2 Tp. C280 01 6p..1 7p. 22 9 {fall range]. COVERING

Pabrester (PCM 7.5mml 001 6p. 0047 7p, .056 Bp. .1 9p, PCM 10mm} 1ol 26p
{Many more values in this range)

Vavisble Ditecon 100pF 2 08, S00pF 321 ACCESS AND
ELICTROLYTICSMI range. BARCLAYCARDS
CONNECTDRS | |acl plug 32p. skt 12p. 3.5mm jack plug 17p. ski 14p, 2.5mm 12p ACCEPT

DIP header 14 pin 389, 16 pin 43p CCEPTED

CATALOGUE ‘81

Qu ck test mains block 5.25 EVERYTHING

Fuze holders 20mm panel 22p, chassis 6p BRAND NEW &
HALL-EFFECT devices from 1.89N.

Heat sinks Pawer 1.25¢ C/W 2.85. finger type T03 25p. T0220 25p GUARANTEED
INTEGRATED CIRCUITS — hundreds of types: 741 18p, 555 23p. CA3140E 40p. HARD TO FIND

LM380N 99p. LM3914N 2.68, S5668 2.14. TCA965 1.20 ITEMS
1C 1olders 8 pin 9p. 14-40 pin 1p per pin
KNOBS, screw fittings }* from 16p KEEN PRICES &

Lowdspeakers 2.1/2'" 8 or 64 ohms 93p DISCOUNTS
Magnero resistors lrom 1.60N

Meters, panel 60 x 45mm 50uA-14 ea 4.80 SPECIAL

Op o LEDS red Tp. yellow 9p. green 11p: ultrabright 21p all cotours. QUANTITY
LED drivers UAA170/UAAYBO ea 152 DISCOUNTS
PCTENTIOMETERS carbon 20mm dia. 100R-2M2 lin, 220R-4M7 log single 29p, 1K-

2M2 lin, 4K7-22M2 fog duals. ea B1p. Add 51p d required with switch SPEEDY
Stiders mono 72p. sterec 1.18, tezel 34p T N
Wrewound 25R-10K, 3 watt ea 1.50 g’?%;ggnsu
PFINTED CIRCUIT MATERIALS. 300 x 150mm §/S SR8P 1.25, /gt 1.30. 500gm

feric chloride lab grade 3.40. Positw 20 phato resist 75ml 1.65. Eich resist pen 1 05, NO-P/P CHARGES
sitver paint 3g 4.14N. Relays 12v coil 3P2W 10A contacts 2.90. Resistors jW. W, }W ON UK. CWO
5% ea 2p. Metal oxide TR5 2% 5p, titm MR25 5p. OROERS UVE.R.

SEMICONOUCTORS 1N4007 6p, IN414B 3p. RCA2N3055 70p. BC107-8 lamily
Vap. BC182/2172 tamily Sp. BFR34A 63p, BFTE5 1.19, C1OGD1 45p, TIP3TA/324 ea £5.75. (Add
A4p, TIP41A/42A ea 45p, TIP2955/TIP3055 ea 55p. handiing charge
So.der 500gm 60/40 20SWG 7.30N of 40p if under)
IRDNS Antex C, CCN. CX or X25 ea 4.40N. Dryx 50 temperature controlled 11.50N *
{SO-TIP cordless with charger 24 00N

SWITCHES sider DPOT mun 18p. sid 20p. Wavechange 1P12W. 2PBW, 3P4W, 4P3W
€a 40p. Time switch 13A 3 on/3 oft per day 14.68N. Min toggles silver contacts SPOT VAT TD TOTAL
57%. DPOT 80p. 3PDT 1.64, 4POT 2.75. DIL gold plated 4PST gsn_ 10PST 2.10 VALUE OF ALL
Mmiature drills, 12V dc TITAN 10.28N. TITAN kit 17.06N, Stand 12.00N ORDERS
Tosls CK pliers 4.70. cutters 6.10. strippers 4.95 *
Ve o wiring system kit 4.42, wire 1.17
Computers Nascom 3 built £140.00N, Shop Hours
NASCOM 2 kit £29500 complete {less B x 4118's £225.00N), P/S kit, 3 amp 9-5.30:
32.50N, 16K RAM kit 110.00N Sats. 9-1 pm.

PLEASE ADD 15°

ELECTROVALUE LTD. 0€PT. EE9, 28 St. Judes Road, Englefield Green, Egham, Surrey TW20 GHB.
Phone Egham 33603 (STD 0784 . London 87). Telex 264475
No thern Branch {Personat Shoppers anly) 680 Burnage Lane, Burnage, Manchester M3 INA Phone {061} 432 4945,
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ICS have
helped thousands
of ambitious people
to move up into higher paid
more secure jobs in the field of
electronics—now it can be your turn.
Whether you are a newcomer to the field
or already working in the industry. ICS can
provide you with the specialised training so
essential to success.

Personal Tuition and Guaranteed Success

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful, is the key to our outstanding record in the
technical training field. You study at the time and
pace that suits you best and in your own home. In the
words of one of our many successful students: **Since
starting my course, my salary has trebled and | am
expecting a further increase when my course is
completed.”

City and Guilds Certificates

Excellent job prospects await those who hold one
of these recognised certificates.
ICS can coach you for:

City & Guilds/ICS Basic Electronics
Telecommunications Technicians
Radio Amateurs

Electrical Installation Work

Certificate Courses

Colour T.V. Servicing
CCTV Engineering
Electronic Engineering & Maintenance

Computer Engineering & Programming

Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional
courses are available including GCE.

Post this coupon today or ‘phone
for free ICS careers guide in
Electronics

Address

cs London SW8 4UJ or
telephone 01-622 9911 (all hours) J

To ICS, Dept 268L, Intertext House,

632

GREENWELD

443D MILLBROOK ROAD, SOUTHAMPTON SO1 0HX
All prices include VAT—just add 40p post. Tel (0703) 772501

THE SPEGTACULAR
1981 GREENWELD

Component Catalogue
Bigger and better than ever!|!

@ 60p discount vouchers

@ First Class reply paid envelope
@ Free Bargain List

@ Priority Order Form

@ VAT inclusive prices

@ Quantity prices for bulk buyers
SEND 75p FOR YOUR COPY
NOW!]!

VEROBLOC BREADBOARD
New from Vero, thls versatile aid for
bullding and testing clrcults can accom-
modate any size of IC. Blocs and be jolned
together. Bus strlps on X & X axls—total
360 connexlon points for just £4-15,
(Photo shows 2 blocs)

TTL AND REED PANEL
Z529 74 Serles ICs—Gates and complex
logic. 20 asstd. ICs on panels £1; 100 ICs

2527 2 x 6V reed relays, 6 x 25030 or
25230 6 x 400V rects, + R's. Only 50p.

IN4006 DIODES
Special purchase of 1A rects, Russlan
made. Packed In boxes of 300, £8-50 per
box; 4 boxes £30-00; 10 boxes £75-00.

DISC CERAMICS
0-22uF 12V 9mm dia. Ideal for decoupling.
100 for £2-75; 1000 £20-00.
0-84F 12V 15mm dla. 100 £1:50; 1000
£12-00.

TRANSISTOR PACK K516
Take advantage of this unbellevable offer!|
Small slgnal NPN/PNP transistors In
plastic package at an Incredibly low, low
pricell Almost all are marked with type
number—almost all are full spec devices,
some have bent leads, Over 30 different
types have been found by us, Including
BC184/212/238/307/328; BF196/7; ZTX107
8/9/342/450/550 etc. Only avallabie as a
mixed pack at £3/100; £7/250; £25/1000.

CALC CHIPS 60p!!!
New full spec, suppiled with data. Type
MKS0321—full functlion Inc memory. Only
60p.

COMPONENT PACKS
K503 150 wirewound resistors from 1W to
12W, with a good range of values. £1-75,
K505 20 assorted potentlometers, all types
Including single, ganged, rotary and
sllder. £1-70.

K811 200 small value poly, mica, ceramic
caps from a few pF to -02uF. Excellent
varlety, £1-20.

K514 100 silver mica caps from 5pF to a
tew thousand pF. Tolerances from 1% to
10%. £2-00.

K516 Transistor Pack. Smail signal NPN/
PNP transistors in plastic package.
Almost all are marked, fuil spec devices,
but some have bentieads, Over 30 different
types have been found by us, Inc.
BC184/212/238/307/328; BF196/7; ZTX107/
8/9/342/450/550 etc. Look at the low pricel
100 for £3-00; 250 for £7-00; 1000 for £25.
K520 Switch pack—20 different, rocker,
sllde, rotary, toggle, push, micro, etc.
Only £2-00.

K521 Heats|
200mm. 50p

2708 FULL SPEC £2
REGULATED PSU PANEL

Exclusive Greenweld deslgn, fully varlable
0-28V & 20mA-2A, Board contalns ali
components except pots and transformer.
Only £7-75. Suitable transformer and pots
£6-00, Send SAE for fuller detalls,

TRANSFORMERS
Mains primary, 50V 20A sec. £20. Mains
primary, 110V 15A sec. £30; 20A £40.

ALFAC PCB TRANSFERS
Lines, curves. dots, pads, DIL pads, etc.
Pack of 13 different sheets. £6-15.

BARGAIN LIST 13
10 page A4 ilst with 800 different Items,
many unusual, all at cut-prlce—switches,
relays, pots, R's, C's, connectors, hard-
ware, semiconductors, meters, displays,
packs, panels, motors etc. etc. And lts
FREE(—Just send 8 x 4 stamped SAE.

hrink pack—5 diff, slzes, each

Starts October—We can supply
full sets of parts for this new
series. As usual, our price will
be extremely competitive.

AMAZING! COMPUTER
GAMES PCB's FOR PEA-
NUTS!

A bulk purchase of PCB's from several
well known computer games including
Battleships, Simon, Logic 5, Starbird,
Blg Trak etc., enable us to offer these at
tncredibly low prices. Too late to include
detalls in this Ad—Send SAE for prices
ete.

4 TERMINAL REGS
#AT8MG In power min|-dip case 5-30V at
A, £1-00,
w‘ngG Negative version of above.
£1-20.

Only 4 extra components required (50p
extra) to make a fully varlable supply!!
Data supplied.

1iW AMP PANELS
A011 Compact audio amp intended for
record player on panel 95 x 65mm Includ-
ing vol. control and switch, complete
with knobs. Apart from amp clrcultry bulit
around LM38ON or TBAS20M, there Is a
speed conltrol circuit qslnnds hanslss?ri.

NP
VU METERS

V006 Very attractlve 55 x 48mm scaled
—20 to +5dB. 250u.A movement. Only
£1-75, or £3-00 palr,

OP-AMP PSU KIT
A198 All parts 4 Instructlons to make a
50mA +15, 0, —15V supply from mains
Input. Only £1-95.

COPPER CLAD BOARD
K522 All pieces too small for our etching
kits. Mostly double sided fibreglass.
250g9m (approx. 110 sq Ins) for just £1-00.

JOB LOT OF

COMPONENTS
9500 1N4006; 10000 -033/50: 22000 10pF/50;
15000 -22/12; 11000 270pF/50; 15000 68pF/50.
30000 various reslstors. Total 112,500
components for £400 Inc. VAT & carr.

12 VOLT INDICATORS
ideal for light chasers, etc. Minlature
12V 75mA wire ended lamps In yellow,
red, green, blue and ciear. 10p each.
20 each coiour, total 100 for £5:50.

PANELS
2521 Panel with 16236 (2N3442) on small
heat sink, 2N2223 dual transistor, 2 BC108,
diodes, caps, resistors, etc. 60p.
2482 Potted Oscillator Module works
from 1-20V, can be used as LED flasher
(3V min). Supplled with connection data,
suitable R, C & LED. £1-00.
Z527 Reed relay panel—contalns 2 x 6V
reeds, 6 x 25030 or 25230, 6 x 400V
rects 4+ Rs, 50p.
2529 Pack of ex-computer panels contaln-
Ing 74 series ICs, Lots of different gates
and complex logic. All ICs are marked
with type no. or code for which an
Identification sheet is supplied. 20 ICs
£1:00; 100 ICs £4-00.
AS504 Black case 50 x 50 x 78mm with
octal base. PCB Inside has 24V reed
relay, 200V 7A SCR, 4 x SA 200V rects,
etc. 60p.

ODDS & ENDS

Transformer, mains In, 1770V 10mA out.
£2-50

W3847 PC8B mntg. relay 11 x 33 x 20mm.
37R 5-10v SPCO 3A. 95p.

901A5 Pickering DIL relay 500R, SP make,
3-7-10V, ex-equip on PCB. 75p.

X905 140 x 10mm ferrite rod with LW &
MW windings. 45p.

10M W 5% CF Reslstors—pack of 200 £1,
40W amp PCB + cct + fayout. £1-00. All
parts to make. £3-50,

1% +W R's—111k, 333k, 500k, 900k, 950k.
All 10 25p,

FNAS220 2 digit {” 7-seg display on PCB,
CC. WIth data £1-50.

7-seg displays: FND360, 367, 501, all 50p;
530, 847, 850, all £1-50.

Regs, TO3 case: 7924 120p; 7885 100p;
7808 100p; 7912 100p; 78CB 230p. Others
on B/L 13 Op-Amps: 1 A4136 130p; u AT76
145p; 4 A777 300p ; 1s A318 245p, 1
Isolators: FCD831, IL15, TiL118, all 60p.

P.C. ETCHING KIT Mk V
The best vatue In etching kits on the
market—contains 100 sq Ins copper clad
board, Ferric Chloride, Etch resist pen,
abrasive cleaner, two mintature drlll bits,
Zt‘chging dish and instructlons. All for

- 95,
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ELECTRONIC GAMES

OLOUR CARTRIDGE

W e, W
SEMI-PROGRAMMABLE T.v. GAME
+ 4 Cartridges + Mains

Adaptor £39
Normal Price £73 50
NOW REDUCED TO: inc vatr

CHESS COMPUTERS

DATABASE T.V. GAME

The most popular T.V. Game on
the market with a range of over
40 cartridges including SPACE
INVADERS with over 112
games on one cartridge. e VAT

TELETEXT

FULLY PROGRAMMABLE
CARTRIDGE T.V. GAME
14 Cartridges available
Normal Price £87.86
NOW REDUCED TO:

£59

inc. VAT

We carry a range of over 15
different Chess computers:

Electronic Chess
Chess Traveller

Chess Challenger 7

Sensory 8
Sensory-Voice

£29.95
£39.95
£79.00
£119.00
£259.00

Hand-hetd Invaders Games available £19.95

« invaders Cartridges available to fit
ATARI/RADOFIN/ ACETRONIC / PHILIPS G7000
+ Cartridges also available for
MATTEL/ TELENG/ROWIRON/
DATABASE /INTERTON

ADD-ON
ADAPTOR £1 29

THE RADOFIN TELETEXT ADD-ON
D

ADAPTOR

Plug the adaptor into the aerial socket of your

colour T.V.

and receive the CEEFAX and

ORACLE television information services.

THIS NEW MODEL INCORPORATES:
* Double height character facility

ARE COVERED BY
THE EXCLUSIVE

Normal Price £49.95

NOW REDUCED TO:

£39.5o VAT

Teach your chiid to
spell properdy with
this unigue lzarning
aid, Fully automatic
features ard scoring.
Additional word
modutes availabie to
extend the range of
words.

HAND HELD GAMES

EART INVADERS

These invaders are a breed of creature hitherto
unknown t0 man. They cannot be killed by
traditional methods — they must be butied The
battle s conducted in 8 maze where squads of
aliens chase home troops. The oniy way of

ehiminating them is by £23 95 5

digging holes and ine

burying them. O VA
HAND HELD GAMES

GALAXY

The 2nd generation Galaxy Invader. The invaders
have re-grouped and have a seemingly endiess
supply of spacecraft whilst the player s asenal is
hirmited 10 just 250 myssiles to be launched from 3
mussile sialions You have 1o prevent the invaders.

landing or from
St 5 619 98
defences L VAT,

A

MAIN -
70
- CINEMA! !"“‘f,u ELTHAM
|
ouAE Q | sTAT

W.
STREET

Tion RO

NOTE: The top of Hatheriey Rosd
1 one way anly. Please enter from
Sedcup High Straer.

TN

SPECIAL OFFERS:

VOICE CHESS CHALLENGER

Normal Price £245 NOW £135.00
SARGON 2.5/BORIS 2.5

Normal Price £273.70 NOW £199.96
All prices include V AT

ADDING MACHINE
OLYMPIA HHP 1010

ormal Price £67.21
NOW REDUCED TD:

24 TUNE
ELECTRONIC DOOR
BELL

Normal Price £19.70
inc, NOW REDUCED TO:
VAT
Uses ordinary paper!
No need to buy expensive
thermal paper!
Fast add listing PRINTER
CALCULATOR. 2 tines per
second, 10 digit capacity.
Uses normal adding
machine rolls Battery or
mains operated.
Size 9%"x4%"x2%"
IMuins adapior extre}

70nc. VAT
Plays 24 different tunes
with separate speed
control and volume
control. Select the most
appropriate tune for your
wisitor, with appropriate
tunes for different times ot

the year!

THE—OTYMPIA — POST OFFICE APPROVED
TELEPHONE ANSWERING MACHINE

WITH REMOTE CALL-IN BLEEPER

This p answering is manufactured by Olropia Business Machines, one of the
iargest Office Equipment manufacturers in'the U.K. it Is fully POST OFFICE APPROVED and will
answer and record messages for 24 hours a day. With your remote call-in bieeper you can receive
these messages by telephone wherever you'are inthe world. The remote call-in bleeper activates the
Answer/Record Unit, which will at your command repeat messages, keep or erase them, and is
activated from anywhere in the world, or on your return to your home or office. The machine can also
be used for message referral, if you have an urgent appointment, but are @xpecting an important call,
simply record the ‘phone number’ and iocation where you can be reached. With optional extra
bleepers {£13 each) this facility can be
extended to colleagues and members of
tha tamily. Using a C90 standard cassette
you can record as many as 45 messages.
Tre announcement can be up to 16
seconds long and the incoming message
uf 1o 30 seconds long.
TFe machine is easy to (nstall and comes
with full instructions. It is easily wired to
your junction box with the spade connec-
tors provided or alternatively a jack plug
can be provided 10 plug into a jack socket
Most important, of course, is the fact that
it is fully POST OFFICE APPROVED
The price of £136 {(inc. VAT) includes the
machine, an extra-light remote call-in
Bleeper. the microphone message tape,
A 'C mains adaptor. The unit 1s
9%”x6"x2%" and is fully guaranteed for
12 months. The telephone can be placed
directly on the unit — no additional desk
space 1s required.

£135 .

01-301 1111

For Iree dlusirated brochure and reviews on our fange of electronic games please felephone 01
3011111 Free delivery service available To arder by eelephorne please quote your name, sddress
and ACCESSSBARCLAYCARD aumber, and leave the -est to us Post and packing Free of Chaige
Express 48ty delvery service avaiable
CALLER 0 Demonstrations daily al our Sidcup shop, open from am 6pm,
Monday-Saturaay (Eariy Closing Thursday 1pm. ate Qpeming Friday Bpm)
* 2 VEAR GUARANTEE - All goods are covered by 2 full year § guaranige and many are further
covered by our exclusive Sihca Shop 2 year Guaraniee
MONEY BACK UNDERTAKING — I you are unsatished wilh your purchase and return i within
7 days we vt give you a full refund
AFTER SALES SERVICE — Avastabie on all machurms oul of guaraniee
COMPETITIVE PRICES ~ We are never hnowingly undersold
* HELPFUL ADVICE - Avavable on the suitability of each machine
* CREDIT FACILITIES - Full credit Jacsiies availabie over 12, 24 or 26 months a1 compeliive
fates of interesy
PART EXCHANGE SCHEME  available on second hand machines
CREDIT CARDS WELCOME  Access Baiciaycard Diners Club American Express

SILICA SHOP LIMITED =00 e

1-4 The Mews, Hatherley Road. Sidcup, Kent DA14 4DX
Telephone: 01-301 1111 or 01-309 11113
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* True PAL Colour

* Meets latest BBC & IBA broadcast speaifications

* Push button channel change

* Unnecessary 10 remove the unit 10 watch normal
TV programmes

* Gold-plated circuit board for reliability

* New SUPERIMPOSE News Flash facility

The most advanced TV. gamé in the world 20
cartridges availabie. Add-

on KEYBOARD coming ne

.95 var

soon to convert the
MATYEL 10 8 home computer with 16K RAM. fully

and prog “ Basic
Other accessories will be availabie later i the year

“OBSite s aroat
TRALEL 6 TRANEPORY
BYORTES

oveveUsuN-
) 1

Prestel

The ACE TELCOM VDX1000 Prestel - View-
data adaptor simply plugs into the aerial
socket of your television and enables you to
receive the Prestel/Viewdata service in
colour or black & white.
Features
Simpiified controls for quick, easy operatior
Special graphics feature for high resolution
State-of-the-ar microprocessor controller
Standard remore telephone keypad with Prestel
keys “ #
Auto  dialler
acquisition
True PAL colour encoder using rehable iC
chroma filter and dela line incorporated for
minimum picture interference/maximum
fidelity
Includes TV~ Prestel
Easily connected to standard home or office
telephone lines
~ Fully Post Oflice approved

price. £228.85 U

incorporated for easy Prestel

w |
'~m"| b l'

I
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B.K. ELECTRONICS—A SOUND CHOICE

STEREO CASSETTE TAPE DECK MODULE

Full record and play-back facilities. Supplied as one complete unit for horizontal
installation into cabinet or console of own choice. Brand new, ready built and
tested. Smart silver and black finish. Features: Three digit tape counter, Auto
stop, Six piano type keys, Record, Rewind, Fast Forward, Play, Stop and Eject.
Automatic record level control. Main inputs plus secondary inputs for stereo
microphones. Input sensitivity 100mV to 2V. Output level 400mV nominal.
Wow and flutter 0-1%. ldeal for hi-fi, disco and computer applications etc.
Easily connected. Dimensions—top panel 54” X 114”. Supplied complete with
circuit and connecting diagrams. Power supply required—I8Y DC at 300mA.
PRICE £26-70 + £2:-50 post and packing. Power supply kit (including trans-
former) £3:00.

G.E.C. TUNER AMPLIFIER CHASSIS—AM/FM

Originally designed for installation into a music centre. Supplied as two separate
fully built and tested units which are easily wired together. Circuit diagram
and inter-connecting wiring diagram supplied. Rotary controls—tuning,
volume, balance, treble and bass. Push button controls—mono, tape, disc,
A.F.C,, F.M. (VHF), L.W., M.W., S.W. Power output—7 watts RMS per channel
into 8 ohms. Tape sensitivity Output typically 150mV. Input 300mV. Disc
sensitivity |00mV (Ceramic cartridge). Stereo Beacon indicator LED or
bulb. Dimensions—Tuner 2}” X |57 X 74”. Power amp. 2” X 74" X 44”7,
PRICE £23-50 + £2-50 post and packing.

NEW RANGE QUALITY POWER
LOUDSPEAKERS (157, 12” and 8").
These loudspeakers are ideal for both
hi-fi and disco applications. Both the [2”
and |5” units have heavy duty die-cast
chassis and aluminium centre domes. All
three units have white speaker cones and
are fitted with attractive cast aluminium
(ground finish) fixing escutcheons.

157 100 watt R.M.S. Impedance 8 ohm,
2” aluminium voice coil. Resonant Fre-
quency 20Hz. Frequency Response to
2-5KHz, Price £32 each. £2:50 Packing
and Carriage each.

127 100 watt R.M.S. Impedance 8 ohm,
2” aluminium voice coil. Resonant Fre-
quency 25Hz. Frequency Response to
4KHz. Price £23-70 each. £2-50 Packing
and Carriage each.

8” 50 watt R.M.S. Impedance 8 ohm, |” aluminium voice coil. Resonant Fre-
quency 40Hz. Frequency Response to 6KHz. Price £8-90 each. £]:25 Packing
and Carriage each. Other units available.

PIEZO ELECTRIC TWEETERS—MOTOROLA

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

Type ‘A’ 3in round with protective
wire mesh. Ideal for bookshelf hi-fi
speakers. Price (Type ‘A°’) £3-45 each.
Type ‘B’ 34in super horn. For general
purpose speakers disco and PA systems,
etc. Price £4-35 each.

Type ‘C’ 2in X 5in wide dispersion horn.
For hi-fi systems and quality disco etc.
Price £5-45 each.

Type ‘D’ 2in X 6in wide dispersion horn.
Frequency response extending down to
mid-range (2000 c/s) suitable for hi-fi
systems and quality disco. Price £6-90

each.
Type ‘A’ Type ‘C' Type 'D' Post and Packing, all types, 15p each (or
SAE for Piezo leaflets).

m— B.K. ELECTRONICS

WSS Dept. EE, 37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY E

* SAE for current lists. J Official orders welcome. ¥ Ali prices include VAT. % Mail order only. ¥ All items packed
(where applicable) in special energy absorbing PU foam. Callers welcome by prior appointment. Please phone 0702-527572

CONCISE PARTS CATALOGUE

OUT NOW!

AMBIT’S NEW CATALOGUE

In an attempt to collate and organize our burgeoning ranges
of ‘stock’ components (now over 7000 line items), we have
at last produced a ‘concise’ 80 page parts catalogue to
supplement the popular ‘Tecknowledgey’ series of ‘wordy’
applications catalogues, which now lists a wide range of basic
components - as well as our unique RF and Communications
components. The World of Radio and Electronics contains
everything the informed electronics user needs, at prices
which we guarantee will match the lowest on the market for
equivalent product.

Prices appear on the page alongside the part numbers, and
the catalogue is now updated quarterly - available either
direct from here (60p all inc) or at most newsagents and
bookstalls where you can find electronics publications. So
as well as all the ‘run-of-mill’ items like resistor, capacitors,
hardware, solder etc - you now have the first genuinely
complete parts source for the radio, communication, elec-
tronics, computer user.

Ambit International
200, North Service Road,

Brentwood,
Essex CM14 4SG
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BECOME AN INSTANT MUSICIAN
NO EXPERIENCE NECESSARY

The success story of 1981. Hundreds sold already!
As featured on ‘‘Tomorrow’s World”’

Create your own music with a VL-TONE. You
combine the sound, rhythm and tempo and the VL-1
plays it back . . . beautifully!

CASIO VL-TONE (VL-1)

Electronic Musical Instrument -
and Calculator

(R.RP. £39-95)
ONLY £3595

VL-i records and plays back up to 100 notes as a
melody. One Key Play or Auto Play of Piano, Violin,
Flute, Guitar and Fantasy, or create your own
unique sounds with A.D.S.R. 10 built-in Auto
Rhythms and Tempo control. LCD digital readout
of notes and tempo. Also a calculator. Battery
powered with memory and program retention.
Integral amplifier/speaker. Output jack. With Song
Book. Dims: 1§ x 113 x 3".

CASIOTONE POLYPHONIC
KEYBOARDS
With built-in amplifier and loudspeaker

MT-30

R.R.P. £115)
NLY £95

22 instruments over 3 octaves, 4-position sound
memory. Battery or mains. O/P jack. Dims: 24 x
22% x 61”. 6lb.

%% NEW k% CASIOTONE CT-202

“Son of success . . . The two harpsichords demon-
strate the Casiotone’s talent for sparkling, crystal
clear tones . . . Even more impressive is the
clav . . .”” (Melody Maker)

N\ (R.R.P. £325)
t ONLY £275

4-voice memory
3 vibrato
O/P jacks.

49 instruments over 4 octaves.
function with push button selection.
settings and sustain. Pitch control.
AC only. 3§ x 34% x 114" 15 8lbs.

CT-301

(R.R.P. £285)
ONLY £245

14 instruments over 4 octaves. 8 % 2 rhythm accom-
paniments. Vibrato and delayed vibrato. Start/stop,
synchro start, tempo control, tempo indicator, and
rhythm volume. Pitch control. AC only. O/P jacks.
4§ x 31%# x 123", 27Ibs.

CT-401

(R.R.P. £345)
ONLY £295
As 301 plus following: 16 rhythm accompaniments,
with fill-in, Casio Auto Chord for one finger or auto
accompaniment. Plays major, minor and 7th chords
with bass. Balance control, C.A.C. lever, chord lever,
memory lever and octave switch. Dims as 301.
Weight 28 - 2Ibs.

PRICE includes VAT and P&P. Send

cheques, P.O. or phone your ACCESS
or BARCLAYCARD number to:

CUBE MANIA—FREE OF CHARGE!

With purchases totalling over £17-50.
Only on request, at time of ordering.
Offer closes 31/8/81. Subject to availability.

CASIO FX-602P PROGRAMMABLE
Y¢ 88 memories, up to 512 functional steps

Y Up to 10 programs, of exclusive com-
mands

Y A variety of ““Jump”’ commands
Y Up to 9 subroutines, up to 9-levels

Y 86 character dot matrix scrolling dis-
play with upper and lower case alphabet.

¢ A variable range of input capacity from
32 program steps with 88 independent
memories, to 512 steps with 22 memories.
The data memory expands as required,
1 data memory=8 steps.

yc The most powerful programmabile in its
class, since 1-step equals l-function in
principle.

Y Memory and program retention when
switched off.

v Up to 10 pairs of unconditional jumps
(GOTO).

¢ Conditional jumps and count jumps.

% Up to 9 subroutines, nesting up to 9
levels.

% Password function to protect stored
programs.

Y¢ Ultra high speed calculations, 5 to 11
times faster than the opposition.
(Decomposition of 379721 into prime
numbers in 37 seconds).

Y PAM (Perfect Algebraic Method) judges
priority with 33 parentheses nestable up
to 11 levels.

THE LAST WORD IN POCKET
PROGRAMMABLE CALCULATORS
Ultra-high speed ultra-capacity calculator with “Computer Talk’’ programming via
upper and lower case dot matrix scrolling display

Y 50 built-in functions, all usable in
programs.

Yr An almost infinite number of programs
can be stored on standard cassette tape
using the optional FA-1 adaptor.
(Price £19-95).

* Cori’lpatible with FX-502P and FX-
501P.

Y Two lithium batteries give approx. 660
hours continuous use, with battery
saving Auto Power Off after approx. 6
minutes non-use.

v Thin and lightweight—easy to carry
around. Dims: 9:6 X 71 X 141-2mm
(2 X 2% X 53").

Y Program manual, batteries and wallet
included.

ONLY £74.95

(R.R.P. £84-95)

CASIO LCD SCIENTIFICS

ONLY
£19-95

FX5 Junior scientific (R.R.P, £10-95) ONLY £8-95
FX7 Junior scientific with trigs  (£12-95) £10-95
FX81 30 scientific functions AA batteries

(£14-95) £12-95
FX100 10 digits, 44 sci. funct, AA  (£18-95) £16-95
FX550 10d. 50f. Wallet size. Lithium. (£21 '95) £19-95
With clock, alarm, countdown alarm and stopwatch
FX6100 39 scientific functions, AA (£22-95) £17-95
FX810 46f, Calendar. Wallet size  (£27-95) £24-95

Programmables with Integrals and Regressional
Analysis
FX180P 10d. 38 steps. 7 memories. 55f.

(£22-95) £19:95
FX3500P Wallet version with Hyps. 61f,
(£25-95) £22-95

SPECIAL SUMMERTIME OFFERS |

FX601P. Alpha/numeric dot matrix scrolling display.

50f. 11 memories. 128 steps. FREE MASTERPACK

+ 3 Cubiks. £54-95.

MASTERPACK Software for FX50iP, FXS502P.
£7-50 to clear.

[ TWO FOR THE PRICE OF ONE |

MGB880. The very successful basic calculator with
?ligit;; Space Invader Game plus CUBIK for ONLY
i All items subject to availability

TEMPUS

THESE SPACE INVADERS WILL
ALARM YOU—

THE NEW REDUCED PRICE WON'T

Casio’s most amazing watches ever!
CA-90 (left)
NOW ONLY
£19-95
CA-901 (right)

R.R.P. £34:95
£29-95

Time and auto calendar, calculator, alarm, hourly
chimes, stopwatch, dual time. DIGITAL SPACE
INVADER GAME.

There is still time to buy one of these watches for
MERTIME SPORTS AND LEISURE
100m. water resistant with alarm and stopwatch

W100 (resin) W150C (s/s) W150B (s/s)
£19-95 £25-95 £32-50
Time and auto calendar, alarm, hourly chimes,
countdown alarm timer with repeat memory func-
tifqn, s:lopwatch, Time is always on display, regardless

of mode.

Dept. EE, FREEPOST, 164-167 East
Road, Cambridge CB1 1DB
Tel: 0223 312866.
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NEW RIDICULOUSLY LOW PRICE
FOR DVM THERMOMETER KIT

Based on ICL7106 DVM chip and a 34 digit
liquld crystal display. This kit will form
the basis of a digltal multimeter—onty a
few additional switches and resistors
required (details supplied) or make a
sensltive digital thermometer (—50° to
150°C) reading to 0°1°C. The basic kit has
a sensitivity for full scale of 200mV,
automatic polarity and runs from a v
PP3 battery,

D.I.L. 1.C. SOCKETS
18 pin
28 pin
40 pin

EVERY DOOR

%’8' “SHOULD HAVE ONE

Whatever kind of door you have, our New Electronic Combination Lock will enable you to
open |t easily but make things very difficult for unweicome visitors, The unit, which comes
complete with a 10-way keypad, requires an easily remembered 8 digit code to be entered
betore the door can be opened, while the intruder has over 5,000 combinations to choose
from, The code can be easily changed by means of a pre-wired plug and a momentary or
latched output verslon can be made. The kit has even more uses In a car where it may be
used to disable the ignitlon. Another useful feature is the Save Button, This stores the
combination number, enabling the car to be used
by authorised persons such as garage personnel
without disclosing the code. The compiete kit
measures 7 X 6 x 3 c¢ms. deep and consumes a
mere 40u A when not tn use and will drive a 5V to
15V (750mA) solenoid or relay coil (not suppiied)
directty. So why not treat your door to a new lock
for DNLY £10:50 and think about all the keys you
can lose or forget without ever locking yourself out.

Atthis price you can use this kit in place of mov-
ing coil meters in virtually any application from
bathroom scales to bicycle speedometers—the
possibilities are endless.

8 pin
14 pin
16 pin
Soidercon Pins

YMOS POWER FETS

¥ N10OKM 0 5A/60V (T092) 52p
VN66AF 2A/60V (T 0220) 88p

5§55 Timer
741 Op'Amp
AY-5-1224 Clock
AY 5-1230 Clock/Timer
AY-3-1270 Thermometer
CA3080 Transconductance Op. Amp.
CA3130 CMOS Op. Amp.
CA3140 CMOS Op. Amp,
ICL7106 DVM (LCD Drive)
LM377 Dual 2W Amp,
LM379S Dual 6W Amp.
LM380 2W Audio Amp.
LM382 Dual low noise pre amp.
LM386 250mW low voltage amp.

DISCO LIGHTING KITS

Each unlt has 4 channels (rated at 1KW at
240V per channel) which switch lamps to
provide sequencing eftects, controlled manu-
ally or by an optional opto-isolated audlo input.
OL1000K

This kit features a bi-
directional sequence, speed of
sequence and frequency of
direction change being
variable by means of poten-

ALL COMPONENTS ARE BRAND NEW ANO TO SPECIFICATION. ADD 50p P& P and
:SXPVQT TO TOTAL. OVERSEAS CUSTOMERS ADD £1-50 (Europe) £4 (elsewhere)
or PAP.

Send sae for price list and with all enquiries. Callers weleome

9.30-5.00 (Mon-Fri) 10-00-4:00 (S at.)

TK Electronics
LONDON W7 3SJ. TEL. 01-579 9794

(EE), 11 BOSTON ROAD,

ttometers. Incorporates LM1830 Fluid level Detector
{nalste r dimming fﬂ%& LM2917 F/V Converter (14 pin)
DEENR : ARE YOU SITTING COMFORTABLY ? Mo TaL e s DarlosEll ety
A lower cost version of the .

Our new TDR300K Touch Dimmer
Kit will ensure that you are. Based on
our highty successful TD300K touch /
controlled dimmer kit, the TDR300K

LM3914 Dot/Bar Driver (linear)

LM3915 Dot/Bar Driver (log)

MM74C911 4-digit Display Contioller

MM74C926 4-digit counter with
segment output

$566B Touchdimmer

SL440 AC Power Controi

SN76477 Complex Sound Generator

TBAB0OO 5W Audio Amp.

TBAB10AS 7W Audio Amp.

TCM7555 CMOS 555 Timer 79p

TDA 1024 Zero Voltage Switch

N The complete kit, which
‘.\ =" includes easy to follow

instructions, will fit into a

— plaster depth box and the

incorporates an infra red receiver, ~ plastic front plate has no
enabling the lamp brightness to be f metal pads to touch, en-
varied and switched on or off by suring complete safety.
touch or remotely by means Even a neon is included to
of a small hand held trans- help you locate the switch
mitter. in the dark,

In years to come everyone witt be

above, featuring unidirectional
channei sequence with speed
varlable by means of a preset
pot. Outputs switched only at
malns zero crossing points to
reduce radio interference to
minimum, £8.00
Optional Opto Input
DLA1

60p

o

setling remo(: control %Ig\m.v:‘, ‘TI'DA2°20 20w éudio AmnP 21215
V Plasti e but you can have your R300 DA4290 D.C. Controlled Pre-amp. ‘98
Bh oA a cuselexas) ap kitnow 1or ONLY £14-30 for the dimmer unit J| TLOSI J-FET Op, Amp, 37p
8A TIC226D 58p and for £4:20 for the transmitter. TLO84 Quad J-FET Op, Amp. £1-00
BA TIC225D Sensitive gate 66p For the more athletic of you, the TO300K § TL082 Duyal J-FET Op. Amp. 60p
12A TIC236D 85p Touchdimmer kit is still avaitable at £6-50 TMS1121 Clock/7 day timer £8-50
16A TIC246D 95p and the TOE/K Extension kit, for 2-way | TMS1121 Data 50
25A TIC2630 190p switching etc., is £2-00. ZN1034E Timer £1:30
6A with trlgger Q406L.T sop 3 . DONT FORGET to add 50p P&P and 15% § ZN414 AM Radio 95p
8A Isolated tab TXAL226B 65p 252~ VAT to your total purchase. At ICs supplied with Data Sheets
Dlac 18p Data Sheets only—per device 10p
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MIGHTY NINETY PACKS LED’S 4P| CB components
SUPER VALUE PACKS ALL AT 9p EACH I . AN214 £33
POSTAGE 20p PER PACK UP TO FOUR PACKS P23 &n2i ROBNO LCT130 £3.98
FIVE OR MORE POST FREE Red % | weanz £220
BUY SIX PACKS AND GET A SEVENTH PACK FREE] Yellow, Green, Amber e |} 17205 £2:38
2" White illuminate Red o TA310 £2-40
— 1 TAT30 £2:30
£1-66
MN1. 300 i-watt ReslIstors pre-formed for MN23. 1ib asstd. screws, nuts, washers, Rectangular Red i B 23?)773 £2-52
P&C Mtg. self-tappers etc. Yeilow, Green 11p 2sC1
MNZ2, 200 {, AND }-watt Resistors. MN24. 100 asstd. smali springs. ! 28C1957 99p
MN3. 100 1 & 2-watt Reslstors. MN25. 50 asstd. pop rivets. —_— —— | 25C1969 £2-85
MN4. 50 Wirewound Reslstors. MNZ26. 50 assted. insulated crimps.
MNS. 100 metal oxlde Resistors. 1%, 2% MN27. 200 items, grommets, spacers, Triangular, large Red L]
and 5%. cable markers, plastic screws, sleeving,
'P‘NG. 1§ aastg. potentiometers. :I“euwraps etc. e ————— 5 il cmos
N7. 25 asstd. skeleton pre-set Resistors. 28. 20 asstd. fuses. 14” 20mm etc. 1 B
MNB. 50 asstd, Eletrolytic Capacitors. MN29." 75m equipment wire, asstd. Clips, round only 3p | 4000 15p 4016 30p 4086 32p
MN?9. 100 asstd, Ceramic Capacitors. Plte, colours and sizes. 4001 15p 4017  S0p 4073 20p
t'ivl‘suc{ tut: and rlnozolytic etc. o M:g? .’1! X 2m length, 3 core, mains cabie, 4007 21p 4019 33p 4081 25p
0. 100 mixed capacitors. Polyester. M . 12 asstd. trimmer capacitors, com- . .
Polystyrene. Metallised, Radial and Axial pression film. Alr-spaced etc. Carbon Resistors LD 401 e o ]
types. MN32. 15 30pt Beehive trimmers. Carbon Potentiometers 25p 4013  27p 4027 37p 4093  60p
MN19. 20 asstd. Silver Mica Capacitors. MN33. 20 coil formers, ceramic, plastic, d (state Log or Lin 45,
MIN12.)B Tantalum Bead Capacltors (useful reed rel"’ay etc. SHitchediGtatelto ) ?
values). MN34. 25 mIn. giass reed switch. - :
MN{3. 20 asstd. Transistors, BC, 2N MN35. 10 asstd. switches, toggle, siide, C106D Thyristors 35p
Serles 4 Power etc. micro, etc, DIL Sockets 8 pin Sp BZY88 Zeners 6p
MN14. 40 IN4148 Diodes. MN37. 10 asstd. audio connectors. Din 14 pin 11p LM380 e
MN15. 5 Light Sensitive Devices. phono etc. 0A90/91 5,
MN16. 20 min. wire-ended Neons. MN38. 1 PCB with-triac control IC data inc. 16pin e Ag0/ o
MN17. 2 12-volt Relays. Ex nearly new MN39. 1 oscillator PCB loads of com-
equl;;. - \ A N ponents (nPo Fala). c 1N4001  4p
MN18, ncapsulated Reed Relays. 9-12v, MMN40. 50 Polystyrene Capacitors. IN4148 2
goll, d-pole and t.pole. : MN4z. 10 BCIOT Transistors. BURGLAR ALARM DEVICES s
MN19. 2 24-volt Relays. Ex nearly new MN43. 10 BC108 Transistors, i
equip. MN44. 10 screw fix S.P. C.0. min. slide RassivelinizaiRedidetactors! Plckku" e TRANSISTORS
MNZ20. 1 240-110 to 12-volt, 100ma Trans-  switch. heat, not affected by falling stock, mains AT a5 BCa27 .
former. MN45. 5 1-35V, 1,000 mA/H, Mercury interference, swinging curtains, fluores- (2
MN21. 1 240-110 to 24-volt 100ma Trans-  batteries §in diameter x In high, cents, etc. We also supply Alarm Equip- | AD161 3%p BCS47 7p
former. MNS8. 2 x CA 723 voltage reguiator. p AD162 39p BD131 39p
MN22. 8 -2” Led's with cllps. 4 red, 2 MNG64. 5 press-to-make min. switches. ment (Retail and Trade) F239 49 BDY32 a4p
yellow, 2 green, MNG6S. 3 BF 245-FETS, *I £40 Ly g
SAE for leaflet. BC107 10p BD139 30p
BC108 op ‘BD140 R2p
3
PLEASE QUOTE NO. OF PACKS WHEN ORDERING P.E. Beams. Range 20 metres. Small :g:g ;;: ;:::;: 3::
:li:tsumls ideal for residential installa- RGN P TIP41A sp
. BC184L 10p  TIPs2A 44p
CHORDGATE LTD ZT T . | L W
5 SHOP HOURS 9.30-6 pm (5 pm Sat.). P&P 60p VAT Add 15%
75 FARINGDON ROAD, SWINDON, WILTS. E 5=
Tel. Swindon (0793) 33877. Retail shop at above address. E WEBB ELECTRON 'cs
41 WINWICK STREET, WARRINGTON, CHESHIRE. Tel. 54174
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Wheel of Fortune ZB164 Aug. 81 £27-50
Simple P.H. Meter ZB165 Aug. 81 £22-00
LED Sand Glass ZB162 Aug. 81 £5-00
Morse Practice Oscillator ZB163 Aug. 81 £10-95
Door Alarm ZB166 Aug. 81 £6-00
CMOS Metronome ZB167 Aug. 81 £6-25
Xenon Strobe Lamp ZB161 July 81 £18-50
Combination Lock ZB160 July 81 £13-75
Electronic Multimeter ZB159 July 81 £32-50
*Tremolo Unit ZB157 June 81 £8:25
Loop Aerial Crystal Set ZB158 June 81 £5-25
Darkroom Timer ZB155 June 81 £4:00
Tape Auto Start ZB156 June 81 £10-25
Audio Test Set ZB152 May 81 £46-00
Soil Moisture Indicator ZB154 May 81 £3-95
Phone Bell Repeater or Bdby Alarm ZB153 May 81 £5-25
Guitar Headphone Amplifier ZB151 May 81 £4-00
Lights Reminder or Ignition Locatof ZB150 May 81 £5-20
Intercom ZB149 April 81 £19-25
Digital Rule ZB148 April 81 £28-00
Freezer Alarm ZB147 April 81 £11-75
LED Dice ZB146 March 81 £7-50
Mini Siren ZB145 March 81 £7-25
Modulated Tone Doorbell ZB144 March 81 £6-25
Bench Power Supply ZB143 March 81 £48-50
Car Actuated Driveway Light ZB142 March 81 £22-00
3 Channel Stereo Mixer ZB141 Feb. 81 £16-25
Signal Tracer ZB140 Feb. 81 £7-50
Nicad Battery Charger ZB139 Feb. 81 £12:00
Auto Slide Charger ZB138 Jan. 81 £9-00
Ice Alarm ZB137 Jan. 81 £7-25
Phaser Sound Effects ZB136 Jan. 81 £23-30
Mini I.C. Radio ZB126 Nov. 80 £10-35
Sound to Light ZB127 Nov. 80 £19:00
Guitar Practice Amplifier ZB128 Nov. 80 £16-85
Transistor Tester ZB131 Nov. 80 £9-00
Soil Moisture Monitor ZB132 Nov. 80 £5:00
Audio Effects Unit ZB122 Oct. 80 £12-25
Phone Call Charge Jogger ZB121 Oct. 80 £6-00
Darkroom Controller ZB123 Oct. 80 £18-25
Bicycle Alarm ZB124 Oct. 80 £9-25
TTL Power Supply Unit ZB78 Sept. 80 £9-50
*TTL Logic Probe ZB76 Sept. 80 £3-75
Bedside Radio ZB74 Sept. 80 £14-75
Signal Tracer ZB80 July 80 £5-50
Autowaa ZB83 July 80 £19-75
A.F. Signal Generator ZB84 July 80 £20-50
Auto Phase ZB86 July 80 £19-75
Lights Warning System ZB63 May 80 £4-00
Autofade ZB66 May 80 £10-25
Cable and Pipe Locator ZB54 March 80 £4-00
Micro Music Box ZB45 Feb. 80 £17-50
Simple Short Wave Receiver ZB44 Feb. 80 £19°50
Morse Practice Oscillator’ ZB43 Feb. 80 £6-00
Slide/Tape Synchroniser ZB42 Feb. 80 £11-50
Burglar Alarm ZB51 Dec. 79 £5-50
Baby Alarm ZB40 Nov. 79 £8-50
Chaser Light ZB4 Sept. 79 £18-50
Simple Transistor Tester ZB2 Sept. 79 £6-00
Varicap MW Radio ZB1 Sept. 79 £8-50
Electronic Tuning Fork ZB7 Aug. 79 £9-50
Warbling Timer ZB5 Aug. 79 £6-30
Electronic Canary ZB19 June 79 £5-00
Tremolo Unit ZB18 June 79 £10-50
One Transistor Radio MW/LW ZB104 March 79 £7-25
Micro Chime ZB96 Feb. 79 £13:00
Lights Reminder for Car ZB32 Jan. 79 £5-00
Fuzz Box ZB106 Dec. 78 £6-75
Sound to Light ZB112 Sept. 78 £7-00
Weird Sounds Effect Generator ZB113 March 78 £6-00

TEACH-IN 80

* A very popular 1-12 part E.E. Constructional Series for beginners.
Kit inclugdes all parts—Euroboard, etc. etc. etc. List A, B and C £23-50.
12 monthly reprints of articles £4-50 extra. List C only £2-50.

* Less case.

If you do not have issue of E.E. which contains project we can supply
a reprint for the constructional kit at 40p extra (+ S.A.E. if no kit
required).
All Prices include Post & VAT
Callers Please Ring To Check Availability Of Kits

Get'a greal deal from

arshalls

TRANSISTORS—JUST SOME OF OUR LARGE RANGE

2N929  £0-20 2N3706  £0-12 2N4903  £1-50 BC147  £0-12 BD121  £0-50
ON1131  £0-20 2N3708  £0-12 2N4907  £1-75 BC148  £0-12 BD138  £0-40
2N1507  £0-12 2N3709  £0-12 2N5033  £0-35 BC149  £0-12 BD181  £0-75
ON1637  £0-18 2N3711  £0-12 2N5220  £0-12 BCI58  £0-14 BD182  £0-20
2N1538  £0-25 2N3714  £1-00 2N5222  £0-15 BC160  £0-3¢ BD201  £0:70
ON1991  £0-35 2N3716  £1-30 2N5246  £0-15 BC167  £0-12 BD203  £0-70
ON2060  £3-00 2N3732  £1-50 2N6109  £0-30 BC168  £0-12 Bpgo4  £0-70
2N2195  £0-50 2N37711  £1°65 2N6124  £0-50 BC169  £0-12 BD235  £0-35
ON2217  £0-25 2N3772  £1-90 2N6126  £0-64 BC170  £0-15 BD240  £0-36
2N2221  £0-22 2N3789  £0-90 40254 £0-50 BCI71  £0-11 BD242  £0-42
2N2368  £0-24 2N3790  £1-50 40312 £0-50 BC172  £0-11 BD244  £0-60
ON2646  £0-45 2N3791  £1:50 40318 £0-50 BC173  £0-15 gposs  £0-65
ON2714  £0-12 2N3794  £0-12 40363 £0-20 BC182  £0-12 Spsas  £0.45
2N2904  £0-28 2N3819  £0-22 40389 £0-20 BC183  £0-12 gpsag  £0.45

2N3705 £0-12 2N4901 £1-25 BC136 £0-12 BD116 £0-75 ZTX501 £0-14

LINEAR INTEGRATED CIRCUITS DIGITAL CIRCUITS

AY2513 £3-95  SAA5040 £15-14 CD4000  £0-18  CD4099B £1:40
DP8212 £2-05 SAAS5050  £8'51 CD4001B  £0-20 CD4510B  £0-60
e s sase s | Coun @R SR R
! zo-
LF13741H  £0-54  SAS570 £1:45 CD40088 £0-75  CD4520B £0-90
LM137K  £11:52  SAS590 £1:80 CD4009 £0-40  CD4522 £1:10
Ty i gl CDiois 020  SNial  £019
° : ; A :
tmllT 223 e e CD4012  £0°20  SN7403 . £0-19
SFF96821A  £4-25 CD40138 £0-40  SN7404  £0°10
LM38ON14  £0-70  gL701C £2-50 CD4014  £0'78  SN7410  £0-19
LM381N £1-44  SN76003N  £2:40 gg:g}g 28:33 SN7412  £0-24
Limeh s  Stmewmi, &8 CDiIT8 £072  SN74Z0 0.1
LM340T5 £0-25 SN76110N  £1-85 CD40188  £0-75 SN7423  £0-26
i SNT6115N  £1:65 CD4019B £0'42  SN7426  £0-35
LM723CH £0-85 CD4020B £0-90 SN7432 £0-24
LM723C14  £0-60  SN76226N  £1-75 CD4022B £0-78  gn7440  £0-16
LM741C14  £0.57  SN76228N  £1-75 CD4024B  £0-84  gnjaa1  £0:65
Lme23 £0-44  SN76H16N  £1-75 EB:%S% 22:(7)3 SN7442  £0-49
LM1303 £1.25  SN76666  £0-70 CD4034B £2.10 gnu:g £0-91
LM1801 £2-04 TAA263  £1:00 CD403SB £1-09  Sniets  £0.49
LM1874 £3-75 TAAS52Y £0-75 CD4040  £0-85 SN7448  £0-45
LM1872 £3.75  TAAT00  £1:50 GDdoatB £0'88  SN7aso  £0-19
LM3914 £2:20  TBAI120 £0°65 CD4047B  £1-02 gm:gi 20 :g
NE543K £1-55  TBAS70Q  £2:20 CD4049  £0:34 ol Lo
NES544 £1-60  TBAB10S  £0-90 gg:gg?g f;g:gg SN7472  £0-28
NES5S5 £0-25  TBA9OQ  £2'95 ¢ : SN7484  £0-95
D4052B  £0-75 e
fESE £0:60  1Ca2708  £3-15 CDaosoB £1-28  SNT4%0  £0-33
NE558 £312  1la70  £2-85 CDeo63  £1.40  SN7491  £0
NES565 £1:05 CD4066B £0-45  ON7492  £0-31
Nk Tis3 TCABS £1:25 |  CDdoer £e-25  3N7493  £033
R c4p5  TDAI00S  £3-60 Cp4oss £0-30  SNT4sE, £0:4
o TDA2540  £3-85 CD4069  £0-22 ~ SN7410 Y

SAAAS000 £3:04 CD4071B  £0-22 SN74121  £0-26

SAA50{0  £7-11  TDA2611  £1-40 CD#072 £0-24 SN;:}QQ 28'32
As012  £7-11  TLOBICP  £0-32 CD4073B  £0-24 N .
2:;\5020 £5-23  TLO82CP  £0:72 CD40758 £0-22  SN74157 £0-59

CD4081B £0-24  SN74164  £0-91
SAAS5030 £8-26  TLOBACN  £1-20 - CDiot® E024  Snrates £4-15

CD4086  £0-88 SN74182 £0-80
CD4095 £1-35. SN74190 £0-85
CD4086  £1-35 SN74192 £0-80

PRESENSITISED POSITIVE FOTO RESIST PC JUST A TINY
BOARDS 1-6mm THICK FRACTION OF OUR
BOARDS 1 6mm =

SIZE SINGLE SIDE DOUBLE SIDE RANGE.
100 x 160mm £1-40 £1-65 ALL KINDS OF
100 x 220mm Ze 228 COMPONENTS AND
203 x 114mm £1-70 -
233-4 X 220mm £3-75 £4-50 ALSO TESTGEAR.

MAINS IONISER KIT ZD13

This negatlve ion generator glves you T POWELL

power to saturate your home or office .

with millions of refreshing ions. With- ADVANCE WORKS,

out fans or moving parts It puts out a 44 WALLACE ROAD, LONDON N1
pleasant breeze. A pure flow of ions Tel: 01-226 1489

pours out like water from a fountain, § HOURS:Mon-Fri9-5.30p.m. Sat9-4.30p.m.
filling your room. The result? Your alr
{eels lke fresh ocean air, pure crisp and ——1
wonderfuliy refreshing, Atll parts PCB z

and full Instructions £12-50. A suitable
case including front panel, neon switch, Minimum Telephone Orders £5-00
etc. Available at £10-50. Minimum Mail Order £1-00

PLEASE ADD POSTAGE/PACKING 60p UNLESS STATED, ALSO
15% VAT ON TOTAL—ALL ITEMS ON THIS ADVERTISEMENT
SPECIALLY SELECTED FOR EX-STOCK DELIVERY.

A. Marshall (London) Ltd.,
Kingsgate House, Kingsgate Place, London NW6 4TA
Industrial Sales: 01-328 1009  Mail Order: 01-624 8582 24hr service

Also retail shops: 325 Edgware Road, London W2,
40 Crlcklewood Broadway, London NW2,
85 West Regent Street, Giasgow & 108A Stokes Crofit, Bristol.
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CLASSIFIED

The prepaid rate for classified

advertisementsis 28 pence per word
{minimum 12 words), box number

60p extra. Semi-display setting
£7-24 per single column centimetre
{minimum 2 -+5cm). All cheques,
postal orders, etc., to be made pay-
able to Everyday Electronics and
crossed '’'Lloyds Bank Ltd.”” Treasury

notes should always be sent
registered ' post. Advertisements,
together with remittance, should be
sent to the Classified Advertisement
Manager, Everyday Electronics,
Room 2337, IPC Magazines Limited,
King’s Reach Tower, Stamford St.,

London SE1
01-261 5918).

9LS. (Telephone

Receivers and Components

TURN YOUR SURPLUS capacitors, tran-
sistors etc., into cash. Contact Coles Harding
& Co., 103 South Brink, Wisbech, Cambs.
0945 4188. Immediate settlement.

300 SMALL COMPONENTS. Transistors,
diodes £1-60. 7LBS ASSORTED COM-
PONENTS £3-95. 10lbs £5:25. FORTY 74
series ICs on panel £1:60. 500 capacitors
£3-00. List 20p refundable. Post 50p optional
insurance 20p. J. W. B. Radio, 2 Barnfield
Crescent, Sale, Cheshire M33 INL.
VEROBOARD. (-1 stripboards average size
312in x 5in, 25p each. Orders to Alco Elec-
tronics, 5 Sharon Road, Westend, South-
ampton.

SILICON CELLAR

CA3140E MOS Op Amp. Works with Vin=VY— 45p
LF35IN FET Op Amp. Works with Vin=V+ 4lp
LM324N QUAD Op Amp. 14-DIP. 3-32V Rail 48p
LM334Z 3-Lead Constant Current Source

1A to 10mA Range. | to 30V drop. 95p

4 page DATA + our circuit suggestions 40p
LMI1458N Dual 74!. 8-DIP. Common Rails 45p
ZN404 Precision 2-45Y Bandgap Reference 80p

Full DATA + our circuit suggestions 20p
DIODES IN4148 3p, 25p per 10. IN4003 5p
8-pin DIL IC SOCKETS 12p, 10 for 110p.
Conductive FOAM for MOS ICs 3 x 3 inch 36p

Prices INCLUDE VAT. Post 30p.
Send PO or Cheque to

SILICON CELLAR
(Dept 5)
2] West View Road, St. Albans, Herts

100 MIXED DIODES £1:00; 50 mixed ICs
£1-00. 1920s onward valves, wireless. Lists
25p. Sole Electronics, EE. 37 Stanley Street,
Ormskirk, Lancs L39 2DH,

For Sale

SECONDHAND ELECTRONIC TEST equip-
ment including oscilloscopes, generators,
psu’s. NORFAB PLANT AND MACHINERY.
Telephone Potter Heigham (069-27) 721.

NEW BACK ISSUES OF “EVERYDAY
ELECTRONICS”, Available 85p each Post
Free, cheque or uncrossed PO returned if
not in  stock. BELL'S TELEVISION
SERVICES, 190 Kings Road, Harrogate,
Yorkshire. Tel: (0423) 55885.

REDUNDANT STQOCK CLEARANCE, Give-
away prices, 0-2 LEDs, TTLs, CMOS,
Diodes, Micros, Memories. SAE for price
list. V. McCulloch, 76 Rowan Street, Black-
burn, Scotland.

SILICON SOLAR CELLS 4in diaméter, 1-5A
at 0-45V £10-18 inc VAT. We also stock
other sizes of cells and batteries also Solar
Panels, Science Kits, Fresnel Lenses, Stir-
ling ]ingines, Cardboard Computer Kits,
Energy Books, Space Blankets. Send 50p
for lists. Edencombe Ltd, 34 Nathans Road,
North Wembley, Middlesex HA0 3RX.

Service Sheets

BELL’S TELEVISION SERVICE for service
sheets on Radio, TV etc. £1 plus SAE.
Colour TV Service Manuals on request.
SAE with enquiries to BTS, 100 King's
Rd, Harrogate, N. Yorkshire. Tel: 0423 55888.

SERVICE SHEETS from 50p and SAE.
Catalogue 25p and SAE, Hamilton Radio,
47 Bohemia Road, St, Leonards, Sussex.

OSCILLOSCOPE repair and calibration.
Quick service, competitive rates. W. 1. R.
Electronics, 01-367 6816.

SIXTY ZX80/81 PROGRAMS. Specify which,
listings only £4-95. Barclaycard accepted.
Includes many games, utility programs,
home finance, maths, chequebook, plus
more in our “ZX80/81 Programs”. Includes
Hints/N/Tips, from Sussex Software, Wall-
send House, Pevensey Bay, Sussex,

Veteran & Vintage

“SOUNDS VINTAGE”
The only magazine for all vintage sound
enthusiasts, packed with articles by top
writers, covering gramophones, phono-

graphs, 718s, wireless, news, history, reviews,
ete.
Bi-monthly.
(airmail extra). Send 75p for sample copy.
28 Chestwood Close, Billericay, Essex

Annual subscription £6-60

Educational

COURSES—RADIO AMATEURS EXAMI-
NATION. City & Guilds. Pass this important
examination and obtain your G8 licence,
with an RRC home study course., For details
of this, and other courses (GCE profes-
sional examinations etc), write or phone:
THE RAPID RESULTS COLLEGE, Dept
JR1), Tuition House, London SWI19 4DS.
Tel: 01-947 7272 (Careers Advisory Service).

Books and Publications

OUT OF PRINT Book Service. 17 Fairwater
Grove(E), Cardiff. Send S.A.E. for details.

Software

CARDBOARD COMPUTER: Learn Assembly
Language Programming and Computer
Architecture. £8-97 inc VAT. Also Solar
Cells, Science Kits, Energy Books, Stirling
Engines, Space Blankets etc. etc. Send 25p
for lists. Edencombe Ltd.,, Dept PM. 34
Nathans Road, North Wembley, Middlesex
HAO0 3RX.

BOOKS. By Newnes and other publishers.
Electronics, radio etc. SPECIAL OFFER
0% off catalogue price. Limited stocks.
SAE for details. ZL Communications, Cant-
ley, Nr Norwich, Norfolk NR13 3RT.

MUSIC MAKER. Typewriter keyboard re-
places piano type. Amateur organ builders
send £1.00 for our copy—post free—
“QWERTONIC MUSICAL KEYBOARD”, a
new book by P. G. Roche to 71 Elmfield
Avenue. Teddington. Middlesex TW11 8BX.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next available issue of Everyday Electronics for ...

insertions. | enclose Cheque/P.O. for £

{Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Everyday Electronics)

Company registered in England. Registered No. 53626. Rggistered Office: King’s Reach Tower, Stamford Street, London SE1 9LS,

Send to: Classified Advertisement Manager

EVERYDAY ELECTRONICS

Classified Advertisements Dept., Room 2337,

King's Reach Tower, Stamford Street, London SE1 SLS.
Telephone 01-261 5918

Rate
28p per word, minimum 12 words. Box No, 60p extra.

638

Everyday Electronics, September 1981



PARAPHYSICS JOURNAL (Russian trans- BALLARD’S OF TUNBRIDGE WELLS have PRINTED CIRCUITS. Make your own
lations): Psychotronic Generators, Kirliano- moved to 54 Grosvenor Road, No lists. SAE. simply, cheaply and quickly! Golden
graphy, gravity lasers, telekinesis. Details: All enquiries phone T/Wells 31803. Fotoka Light Sensitive Lacquer—now

greatly improved and very much faster.
Aerosol cans with full instructions. £2-25.
Developer 35p. Ferric Chloride 55p. Clear
Acetate sheet for master 14p. Copper-clad
Fibre-glass Board approx. lmm thick £1-70
sq.ft. Post/packing 75p. WHITE HOUSE

SAE 4in x 9in: Paralab, Downton, Wilts.

“DIGITAL WATCH BATTERY |
REPLACEMENT KIT

These watches all require
battery (power cell) replace-

Miscellaneous

ENAMELLED COPPER WIRE ment at regular intervals. ELECTRONICS, PO Box 19, Castle Drive,
SWG b +lb b This kit provides the means. Penzance, Cornwall.
10to 19 260 1-40 0-70 We supply eyeglass, non-
20 to 29 2:65 1-45 0-75 magnetic tweezers, watch
30 to 34 3-10 1-70 0-85 screwdriver, case knife and PROFESSIONAL
35 to 39 3-30 1:90 105 screwback case opener, Also DIGITAL STOPWATCH
40 to 43 4-75 2.55 1-90 one doz, assort. push-pieces,
44 to 47 5.80 3.65 2.20 full instructions and battery 1/100 sec quartz accuracy—lap & total

identification chart. We then
supply replacement batteries
—you fit them. Begin now.
Send £9 for complete kit
and get into a fast growing
business. Prompt despatch.

times

BIG #” Liquid Crystal Display
PLUS—clock/calendar—month; date;
day; hrs; mins; secs

Approx 3” x 234" x 3"

Consult the clock/calendar at any time
without disturbing the stopwatch timing

FREE WIRE TABLES WITH EACH ORDER
INDUSTRIAL SUPPLIES
102 Parrswood Road, Withington,
Manchester 20
Prices fully inclusive in U.K.

BOLSTER INSTRUMENT CO. (EE30)
Il Percy Avenue, Ashford, Middx., TW15 2PB

LEARN

ELECTRONICS

PRE-PACKED. Screws, nuts, washers, solder
tags, studding. Send for price list. Al

SALES (EE), PO Box 402, London SW6 6LU. [ BT st pael

H.-M. WHEELER &'CO.

WITHOUT

SOLDER

Build electronic THE SC|EN TIFIC WIRE 15 Hawthorn Crescent,
circults without soider | COMPANY Bewdley, Worcs. DY12 2JE
on a Roden S-Dec. N .
This has built-in S PO Box 30. London E.4. 01 531 1548, =
holesinto Y CABINETS chassis panels etc to your re-
contacts and holes into ENAMELLED COPPER WIRE quirements. Send drawing for quote, en-
which you plug your components. SWG 1lb 8oz 4oz 2oz thusiast or trade. 8 Park Vale Close, Castle
Suitable for all ages. Can be used 8 to 29 2:76 1:50 080 0-80 Hedingham, Halstead, Essex.
time after time. Ideal gift for gg :g 3 gfg 180 ggg g:;g
students or experimenters. 0 1o 43 475 260 2.00 1.42 - ,
Full instructions and 2 circuit 44tod47 590 340 239 200 Any single service sheet £1/L.S.A.E.
iagrams with each S-Dec. \ . ' . ] ousands differen epair/Service
di ith each S-D 48049 1596 958 638 369 Th ds diff t R ir/Servl
Send cheque or P.0. to:- N SILVER PLATED COPPER WIRE Manuals/{Sheets in stock. Repair data
:‘;g;g,:*,g*’h"g;;ggf“£3 85 ﬁ}f: 1030 650 375 220 140 your named T.V. £6 (with circuits £8).
Northants, NN 11 4QE. a plus 40p p.&p. each TINNED COPPER WIRE S.A.E. Newsletter, Price Lists. Quota-
14 10 30 385 2:36 1:3¢ 090 tions.
- x Prices incl. P & P vat. Orders under £2 add 20p. SAE AUSEE, 76 CHURCHES,
SUPER BUY Hilki 25W Soldering Iron £3-90 for List of Copper/Resistance wire. Dealer enquirles
plus 30p P&P. Orders with cheque P.O. sicome: LARKHALL, LANARKSHIRE
McDonald, M.O. Dept 72, Strawfrank Road, Registered Office 22 Coningsby Gardens. (0698 883334).
Carstairs Junction, Lanarks ML11 8RE.

e DR CatotuG PM COMPONENTS LTD
you I UST VALVE & COMPONENT SPECIALISTS
have! CONINGSBY HOUSE, WROTHAM RD.,
@ About 2,000 items clearly listed. MEORHANTAKENT LDapt EE
@ Profusely illustrated throughout. VALVES PLS08 1-43 0 4-20 | BC214 0-09 | BU205 1-30
Bt bmIFE  jE[me fhIEGw ih(am. 12
-4 si 2 0-60 | PL8o: 2-50 | 7025 -50 - .
@)I3-0erAZisize pages; Eimr 525 | Pyas 0-74 | 7360 150 8Czw 08| MIESD 040
- A 0-56 500A  1-35 | 7591 2-35 307 - 71 -22
@ Bargain list, order form and 2 EBF8§ 0-70 | PY801 065 - 8C327 0-10 [ R2008B  1-70
L G g ECSm 035 | OOVossoa | DUCTORS  |BSisr 030 |Rms. s
b e I o] 1 L B
i i . 0A AC1 . . .
Price £1, plus 50p for post, packing CCes.  0-¢5 13-95 | AC128 028 | BC548  0-10 | TIP30C  0-43
and insurance. ECC807  1-30| QV03-12 350 | ACI41K  0-34 | BCS49A  0-08 | TIP3IC  0-42
ECF80 9:65 | TY2:125A 45-00 | AC176 0-22 | BCSS7 0-07 | TIP32C  .0-42
Send cheque or P.O. for £1-50. ECF82 660 | U19 11-95 | AC176K  0-31 | B@558 0-07 | TIP41C 0-45
[ pEbcm  tmlemo onBM pEITme ol
2 -58 | UCL82 0-76 | AC187 . . .
Darse ot nmnmans | | [fR D8IBRT PRIAGE Rl feee R
1 .0. 3 ' ; 70 4 1 v ;
Mitcham, Surrey. DI=SA335659) EF37A 3-50 | 2759 9-00 [ AD161 0-39 | BD136 0-30 | TiS91 0-20
EF80 0-48 | 2D21 095 | AD161/2  1-04 { BD137 0-28 | 2N3054 059
EF86 070 | 2K25 10-00 | AD162 0-39 | BD138 0-30 | 2N3055 0-59
EF89 0-75 | 4CX2508 26-60 | AF127 0-32 | BD139 0-32 | 2N3702 012
EF91 1-22 | 5U4G 0-85 | AF139 0-42 | BD140 0-30 | 2N3703 012
EF93 0-65 | 6CD6GA  4-00 | AF239 0-42 | BD144 1-20 | 2N3704 012
B SRIC T ppiBom. tdeh  fdimem  on
i 0-65 | BC107 -10 . .
RADIO//'I'APS/ES BARGI_-\INS AA‘E|RIAL|'?MPLIFIE(5usce E:m °'§ 6JS6C 2-55 Bcwsc o-:o g:}m 8.;; 2N3708 °'§§
LW/MW/Mains/Battery Radios erial amplifiers can pr 184 0 6KD6 3-95 | BC108 0-10 80 . 2N5294 0
e 05 sach (bar £100) remarkable mprovement on he | | | 83" I fige IR IBEES G4 eR  th MM td
LW/MW Car Radios with speaker picture and sound in fringe or dif- EMB4 0-70 [ 6SN7GT  0-89 | BC141 0-25 | BF195 011 [ 25C1306  1-25
£€9.00 each (P&P £1.00} ficult areas. E% :-g g;gsr 090 BE:4§ g:i‘ g:}gg :»:: 2SC1367  1-85
d piv: L . 2-00 | BCY4 . ;
Small VH;/;A(\;\(/) Bat.t‘e(rg&F;asd(l)os) B45 — For Mono or Colour this is cza 085 | 12ATr 0S5 BClT 009 BF1oB 010l ¢
.00 eac P! tunable over complete UHF | AU7 0-60 | BC148 0-0 A4 L8130 1400
; f S GZ34 2-00 | 12AX7 0-55 | BC149 0-09 | BF200 0-30 :
8-C60 High gain Cassettes ‘television band. KT6t 350 (12BA6 0.0 |BCIS7 010 BF257  0-28| MSISS0 1700
£2.00 (P&P 50p) g11 _ For stereo or standard rires G3]nzBEe 1-GpBerss oo BEess 0-25 | SN76003N  1-65
-C90 High gain Cassettes ; KT77 5-00 | 12BH7 095 | BC159 0-09 | BF259 0:26 | Joocno 38
5 ghg d SN76023N 1
£2.00 (P&P 50p) VHF/FM radio. KT88 6500 | 12HG? 3-25 | BC160 0-28 | BF336 0234 SN veoon 1105
-00 B12 - for VHF television band 1 & 3 N78 8-90 | 30FL2 0-95 | BC170B  0-10 | BFX29 0-30 | 2N7Y3IN 1-30
Stereo Headphones with lead and e 0A2 9-60 [ 85A2 1-20 | BC1T 0-08 | BFX84 026 4
All amplifiers are complete and ready { { . SN76227N  1-05
Jack Plug £4.50 (P&P 50p) PCF80 0-70 | 90C1 1-69 | BC172 0:09 | BFX85 0-28 | 2UC0EEON 0460
) y to use Battery type PP3 or 8V to 18"’ PCF802 0-72 | 807 1-09 | BC173B 0-10 | BFX86 0-30 | T472054P 1-95
Maximum Postage Charge £1.00.  pc next to the set type fitting. PELse. 074 M1 1130 |BGBs  0.03|BFys  0.21 | TAAGEIS 120
Money refunded if not satisfied. PRICES £6-70 each. ) PCLB4 076 | B33A  47-85 | BCIBALA 0-09 [ BFYs1 o021 [ TBAIS 679
Signal Injectors with (pre-set) variable AF, which emits RF harmonics ggue g:;: wA ;gs ggg}gL g:gg g;;gg g:;g TBAS500 155
into the UHF band. Protected up to 300 volts DC. Complete with leads PFL200 1-13 | 5763 3.20 | BE213 $-09 | BU10S 1.22 Egé;w g:gg
£5.70 each. L504 120 | 5814A 2-75 | BC213L  0-09 | BU108 1169 [ DACRIEsE s
AJl Prices Include VAT at 15%. P & P per Order 30p. S A.E. for Leaflets: Access Cards. P. & P. 50p per order. Many.other types available. TEABWS ;S(;
N A ORDER LTD Prices exclude VAT. Please add Full price list available. UPCSGGH :
ELECTRONIC M _|L ’ 15%. Cailers welcome, ﬂpg:%“ Sas
62 Bridge St, Ramsbottom, via Bury, Lancs. BLO 9AGE Phone 0474 813225 Monday to Friday 930530 | JREI028  2°230
Tel Rams (070 682) 3036. 24 hour Ansaphone service Saturday 9.30-12.00 UPC13635C 3-95
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FAMOUS LOUDSPEAKERS Post£2

Make Model Slze Watts Ohms Price

Seas Tweeter 4ln 50 8 £7-5

Goodmans  Tweeter 3%in 25 8 £4-00
Audax Tweeter 3ln 60 8 £10-50
Seas Mid-Range  4in 50 8 £7-50
Seas Mld-Range Sln 80 8 £12:00
Seas Mid-Range  4iin 100 8 £12-50
Goodmans Full-Range  5}in 15 8 £6-50
Goodmans Full-Range 8In 30 8 £12-50
Seas Woofer 8in 30 8 £14-00
Rigonda Full-Range 10in 15 8 £5-50
Goodmans Audiom 12PG 60 8 £20-00
Goodmans 12 12In 90 8/15 £27-50
Goodmans Audiom 12P 50 8/15 £20-00
Baker Disco 12In 100 8/18 £24-00
Baker Disco 15in 100 8/16 £34-00

BATTERY ELIMINATOR MAINS to9 VOLT
Stabillsed output, 9 volt 400 m.a. UK made with terminals.
Overload cut out. 5 x 3} x 2}in. Transformer Rectifler Unit.
Suitable Radlos. Cassettes, models, £4-50 post 50p.

E.M.l. 13} x8in Speaker Sale! /] <
With tweeter. And crossover. £9-95 |

10W. State 3 or 8 ohm. i
SUITABLE BOOKSHELF PostLl]
CABINETS. Teak finish, £10-50

size 16 x 10 x 8in Post £2

GOODMANS 20 Watt Woofer
Size 8in. 4 ohms £6-00
Rubber cone surround. Post £1

MATCHING TWEETER 7/
4In square 4 ohm £3-25 Pglzt
p

R.C.S. MINI MODULE
KIT 3-way
Loudspeaker System, EMI S5in
Bass, 5in Middle, 3in Tweeter,
with 3-way Crossover and Ready
Cut Baffle. 15 x 8{in. =

Fuil assembly Instructions.

Response — 60 to 20,000 cps 12 |
watt RMS. 8 ohm. £10 each. [

£18:50 palr. Postage £1-50.

R.C.S. LOUDSPEAKER BARGAINS
3ohm,5in.6 x 4in. 7 x 4in. £1-50;8 x 5in. 64in. £3;8in.£3:50
8 ohm, 2in. 2}in. 3in. 5in. £1-50; 8In. £4-50; 10in. £5; 12in. £6.
15 ohm. 3}in. 5 x 3in. 6 x 4in. 7 x 4In, £1-50.

25 ohm, 3in. 5 x 3in. 7 x 4in. £1-50; 120 ohm, 3%in dla. £1-50.

LOW VOLTAGE ELECTROLYTICS
1,2, 4,5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p. S00mF 12V 15p;
25V'20p ; 50V 30p : 1000mF 12V 20p 25V 35p; S0V 50p ; 1200mF/
76V 80p; 2200mF 6V 25p; 3000mF 25V 50p; 50V 65p; 3300mF
63V £1-20; 4700mF 63V £1-20; 2700mF/76V £1. 4700mF 40V
85p; 50V 95p ; S600mF 76V £1-75,

HIGH VOLTAGE ELECTROLYTICS

8/450V 45p 8+48/450V 15p 50+ 50/300V 50p
16/350V 45p 8+16/450V  75p 32432+432/325vV  75p
32/350V 75p 20+ 20/450V  75p 100+ 100/275V 65p
50/350V 80p 32+4-32/350V  50p 150+-200/275V Top

50/500V £1-20 32+432/500V £1-80 220/450V 95p
MANY OTHER ELECTROLYTICS IN STOCK
TRIMMERS 10pF, 30pF, 50pF, 5p. 100pF, 150pF, 15p.
CONDENSERS VARIOUS, 1pF to 0-01mF, 3p.
PAPER350V-0-17p; 0-513p; imF 150V 20p; 2mF 150V 20p
400V-0-001to 0-055p; 0-115p; 0-25 25p; 0- 47 I5p.

MICRO SWITCH SINGLE POLE CHANGEOVER 30p.
SUB-MIN MICRO SWITCH, 30p. Single polechange over.
TWIN GANGS 120pF 50p; 500pF £1.

GEARED TWIN GANGS 25pF 95p; 365pF £1;

365 + 365 + 25 + 25pF £1.

NEON PANEL INDICATORS 250V. Red 11 x § 45p.
ILLUMINATED ROCKER SWITCH. Single pole. Red 65p
RESISTORS. 100 to 10M. 1 W 20% 2p; 2W, 10p.

HIGH STABILITY. $W 2% 10 ohms to 1 meg. 8p.

DItto 5%. Preferred values 10 ohms to 10 meg. 3p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 15p.
CASSETTE MOTOR. 6 volt£1-00.

ALUMINIUM CHASSIS 18 s.w.g. Undrilled, 4 sides, riveted
corners; 6 x 4 x 24in.—£1:20;8 x 6 x 2}in.—£41:50;10 x 7 x
2}in.—£1-90; 14 x 9 x 23in.—£2:50; 16 x 6 x 2;In.—£2-40;
12 x 3 x 24In.—£1-50; 12 x 8 x 2}in.—£2-20; 16 x 10 % 2}In
—£2-70. ANGLE BRACKET 6 x ? x 3In.—25p.
ALUMINIUM PANELS 18 s.w.g. 12 x 12in.—£1-30; 14 x
9in.—£1-20; 6 x 4in.—36p; 12 x 8in.—90p; 10 x 7In.—80p;
8 x 6in.—60p; 14x 3in,—60p; 12 x 5in.—60p; 16 x 10In.—
£1-40; 16 x 6in.—%0p.

BLACK PLASTIC construction box with brushed aluminlum
facia slze 65 x 43 x 27 £1-50. Many other sizes.

BRIDGE RECTIFIER 200V PIV { amp 50p. 2 amp £1-00.
4amp £1-50, 6 amp £2-50, 3 amp dlodes 30p.

TOGGLE SWITCHES SP 30p, DPST 40p. DPDT 50p.
MINI TOGGLES SP 40p. DPDT 60p.

=
BSR 170/2 BUDGET SINGLE PLAYER ideal for disco
or HI-Fi system; stereoc cartridge cueing device
and bias compensator; 3 speeds Post £2

BSR STEREQO CARTRIDGES SC7 medlum output £2.
Sonotone9TA-HC £2-50. V.100 Magnetic £7.

MAINS TRANSFORMERS
Post Post

B8V, 500mA ... £2-00 80p 6-0-6V 100mA ...£1-80 80p
9-0-9V 50mA .£1-50 80p

e &2 | 12v,3 .£3-50 £1

10-0-10V 2a ...... £3-00 £1 10V a£3-50 £1
30V, 5 amp and 20V, 1 amp £3-00 £1
17V-0-17V, 2a..£4:00 £2 | 20V-0-20V, 1a <50 £1

0,5,8,10,16V, ja£2-50 £1
Vv £3-50

0
.. £3- £1 SV diamplis —iae £1-50 80p
35V,2a........ £3-50 £1 28V, 1a +28V 1a £5-00 £2
300V, 12a...... £3-30 £1 32-0-32Vv B-5A.. £11-00 £2
20V,40V,60V, 18 £4:00 £% 12V 2 amp...... £3-00 £1

Radio Component Specialists
337, WHITEHORSE ROAD
CROYDON, SURREY, U.K. TEL: 01-684 1665
Post 65p MInimum, Callers Welcome.
Access-Barclay-Visa. Closed Wed. Lists 30p.

MAINS INTERCOM [
S )

NO WIRES
ONLY

£317.99

+P&P£1-95
The modern way of i 2-way Cc ications
Just plug into power socket. Ready to use. Crystal
clear communications from room to room. Range
4-mile on the same mains phase. On/off switch.
Volume control, with ‘buzzer’ call and light indicator.
Useful as inter-office intercom. between office and
warchouse, in surgery and in homes.

Also F.M. 2 channel *'touch’” model £55-95 per pair
+ VAT £8-40 - P&P £2-15.

NEW AMERICAN TYPE CRADLE
TELEPHONE AMPLIFIER
-+ & £18.95

+ VAT £2-85
+ P&P £1:65

Latest transistorised Telephone Amplifier, with
detached plug-in speaker. Placing the receiver on to
the cradle activates a swilch for immediate two-way
conversation without holding the handset. Many
people can listen at a time. Increase efficiency in
office, shop, workshop. Perfect for *‘conference’
calls: leaves the user’s hands free to make notes,
consult files. No long waiting, saves time with long-
distance calls. On/off switch, volume control, Con-
versation recording, model at £20-95 + VAT £3-15.
P&P £1-65.

DOOR ENTRY SYSTEM

No house / business / surgery should be without a
DOOR ENTRY SYSTEM in this day and age. The
modern way to answer the door in safety to un-
wanted callers. Talk to the caller and admit him
only if satisfied by pressing a remote control button
which will open the door electronically. A boon for
the invalid, the aged, and busy housewifc. Supplied
complete d.i.y. kit with one internal Telephone,
outside Speaker panel, electric door lock release (for
Yale type surface latch lock): mains power unit,
cable (4 pairs) 50ft and wiring diagram. Price
£59-95 + VAT £9:00 + P&P £2-25. Kit with two
phones £69-95 + VAT £10:50 + P&P £2-45.
10-day price refund guarantee on all items
Access and Barclaycard welcome.

WEST LONDON DIRECT SUPPLIES EE?

LONDON, W8 Tel: 01-937 5548

lﬁm KENSINGTON HIGH STREET,

E. R. BOOKS

WEST HAVEN,
MARIDON VILLAGE,
PAIGNTON, DEVON TQ3 1TE

359, OFF

rec. retail price

Texas Instrument Data Books
for UK sales only

9900 Microprocessor Data Book
£6-00
TTLDataBook.............. £5-00
Interface Circuits Data Book £3-30
Linear Control Data Book....£2-00
MOS Memory Data Book....£2-50

Please add £1-00 for P. & P.
Memory and Micro Data Pack..70p

Linear Circuits Guide.......... 50p

Switching Regulator Applications
80p

BIFET Design Manual ...... £1-30

There is no connection between E. R.
Books and ITT Components as printed
previously incorrectly.
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PRACTICAL ELECTRONICS

STEREO
TUNER
KIT

This easy to build 3 band stereo AM/FM tuner kit is designed in
conjunction with Practical Electronics (July Issue]

For ease of construction and alignment it incorporates three Mullard
modules and an L.C IF. System

INTRODUCTORY
/122/££ -OMLY

£17.95

plus £250 p&p

Features

VHF - MW._ - LW Bands Interstation muting and A F.C. an VHF

Tuning Meter. Two back printed P.C B's. Ready made chassis and scale.
Aerial: AM - Ferrite Rod, FM - 75 or 300 ohms.

Stabilized power supply with “C" core mains fransfomer.

All components supplied are to P E_ strict specification

Front scale size 10%" x 2" approx

Complete with circuit diagrams and instructions

PRACTICAL ELECTRONICS |
CAR RAD'O KIT (Constructors pack 7)

£14 95

2WAVE BAND MW (W plus £2.90 p&p

* Easy to-build * 5 push button tumnq

* Modern styling design * All new unused :omponenrs
* 6 watt output * Ready etched & punched P.C.B.
*Incorporates suppression circuits * Now with tape input socket

10+10 WATT
STEREO AMPLIFIER KIT

® Featuring latesl SGS/ATES TOA 2006 10 watt output [.C's
with in-buiit thermal and short circuit protection.
® Mullard Stereo Preamplifier module
® Attractive black vinyl fimish cabinet. Size 97 x 8% x 3%” approx
@ Converts to a 20 watt Disco amplifier

All the electronic components to build the tadio, you supply only
the wire and solder as featured in the Practical Electronics March
issue. features: Pre-set tuning with five push button options,
black Hlluminated tuning scale, with matching rotary contral knabs,
one, combining on/off volume and tone-control. the other for
manual tuning, each set on wood simulated fascia

The P.E Traveller has a 6 watts output. neg ground and incor
porates an integrated circuit output stage, a Mullard tF module
LP1181 ceramic filter type, pre-aligned and assembled and a Bird
pre-aligned push button tuning unit. The radio fits easily in or

under dashboards £1 0 5 0
a

Comptete with instructions
plus £2.00 p&p

CONSTRUCTORS PACK 7A
Suitable stainless steel fully retractable locking aenal and

speaker {approx. 6 x 4} is per pack.
available as a kit complete £1 -95 p&p £1.15

To complete you just supply connecting wire and solder. Features
include din input sockets for ceramic cartridge, microphone, tape or
tuner. Dutputs—tape, speakers and headphones. By the press of a
button it transtorms into 2 20 watt mono disc amplifier with twin deck
mixing. The kit incorporates a Mullard LP1183 pre-amp module, plus
power amplitier assembly kit and mains power supply. Also featured

4 shder level controls, rotary bass and treble controls and 6 push button
switches. Sitver finish fascia panet with matching knobs and contrasting
ready made black vinyl finish cabinet and ready made metal work. For
further information instructions are avatlable price 50p. Free with kit

SPECIFICATIONS

Suitable for 4 10 8 ohms speakers
Frequency responce  40Hz — 20KHz
Input Sensitivity P.U. 150mV Aux. 200mV Mic. T.5mV
Tone controls Bass * 12db @ 60Hz
Treble + 12db @ 10KH:z

Distortion 1% typically @ 4 watts =

Mains supply 220-250 volts 50Hz Yﬁi .
2 -

BSR chassis record deck with manual set i

down and return. complete with stereo ceramic ®

cantridge. . £8.50 plus £3.15 pbp uwr

when purchased with amplitier

30 + 30 WATT STEREO AMPLI FlER Available separately £10.50 plus £3.16 p&p

BUILT AND TESTED

Viscount IV unit in teak stmulate cabinet silver finished rotary controls
and pushbuttons with matching fascta, red mains indicatar and stereo
jack socket. Functions switch for mic magnetic and crystal pickups, tape
and auxiliary. Rear panel features tuse holder. DIN speaker and input
socket 30 + 30 watts. RMS 60 + 60 watts peak for use with 4 10 8 ohm
speakers. Size 14%" x 10" approx

reany 1o pLay £32.90
HI FI STEREO

8~ SPEAKER KIT 2 8- approx. hwvin cone domestic use

speakers £4.75 per stereo pair plus £1.70 p&p when purchased with
amplifier. Available separatety £6.75 plus £1.70 p&p.

STEREO MAGNETIC PRE-AMP
CONVERSION K'T AH components including P.C.B to

convert your ceramic input on the 10+10 amp to magnetic. £2.00 when
purchased with kit featured above. £4.00 separately inc. p&p

RATAVAC

plus
£3.80 p&p

HIGH POWER

MODULE KITS
125 WATT MODEL £10.50

plus £1.15 p&p {(llius)

200 WATT MODEL £14.95

plus £1.15 p&p

SPECIFICATIONS

Max. Qutput power 125 watt RMS

Operating voltage {OC) 50-80 Max
Loads 4-16 ohms
Frequency response measured at 100 watts 25Hz-20KHz
Sensitivity for 100 watts 400mV @ 47K
Typical TH.D. @ 50 watts 4 chms load 01%

Oimensions 205x 90 and 190 x 36 mm
The power amp kit is a module for high power applications—
disco units, geitar amplifiers, public address systems and even
high power domestic systems. The unitis protected against short
circuiting of the load and is sate in an open circuit condition. A
large safety margin exists by use of generously rated components
result, a high powered rugged unit. The PC Board is backprinted.
etched and ready to drill for ease of construction, and the
aluminium chasis is preformed and ready to use. Supplied with all
parts, circuit diagrams and instructions.

ACCESSORIES

Suitable LS coupling electrolytic for

£1.00

125W model

plus 250 p&p
Suitable LS coupling electrotytic for £ 1 25
200W model 0

pius 25p p&p

Suitable Mains Power Supply Unit
for 125W mode!

£7.50

plus £3.15 p&p

£13.95

plus £4.00 pép

, ]
(4

P

50 WATT MONO MIXER AMPLIFIER

Six individualty mixed inputs for two pick ups {Cer. or Mag.), two moving
coil microphones and two auxiliary for tape, tuner, organs etc. Eight slider
controls - six for level and twa for master bass and treble, four extra trehle
controls for mic and aux. inputs.

Power output 50 watt RM.S. {continuous) for use with 4 to 8 ohms
speakers. Finish: Attractively styled black vinyl case, with matching

fascia and knobs Complete

and ready for use E

£39.95

plus £370 p&p

Suitable Twin Transformer Power
Supply for 200W-model

MULLARD LP1183
STEREO PREAMP

Onginal listed price over £5.00. Suitable
for ceramic and auxihary inputs, when'you
purchase 2 power module kits.

323 EDGWARE ROAD, LONDON W2
21 AHIGH STREET, ACTON W3 6NG

ACTON. Mai Order only, No callers
ALL PRICES INCLUDE VAT AT 15%
All items subject to availability. Price correct af

AMPLIFIER |
MODULES

® Mullard LP1183 built preamplitier suitable for ceramic and
auxitiary inputs. £1.95 plus 70p p&p.

® Mullard LP1184 built presmplifier suitable for magnetic/ceramic
and auxiliary inputs. £4.95 plus 80p p&p

® Matching L.C. 10 + 10 Stereo Power amplifier kit. £3.95
plus £1.15 p&p

® Matching power supply kit with transformer. £3.00 plus £1.96 p&p

® Matching set of 4 slider controls complete with knobs for bass,
treble and volumes £1.70 plus 80p p&p

® Complete with application notes.

NOTE:
Persons under 16 years not served without parent’s authorisation.

1/7[81 and subject to change without notice.
For further information send for instructions
20p plus stamped addressed envelope.
Goods despatched to mainland and N. treland only.

RTVC LTD. reserve the right to alter, update
or improve their products without notice.

100 WATT =
MONO DISCO '
AMPLIFIER ¥~ "

Brushed aluminium fascia and rotary conirols
4" x 10%. Five vertical slide
controls, master volume, tape tever), mic level, deck

level, PLUS INTER DECK FADER for perfect graduated change
from record deck No. 1 to No. 2, or vice versa. Pre fade level

controls (PRL) lets YOU hear next disc before £7 6 00
L]

tading it in. VU meter monitors output level
plus £4.60 p&p

Size approx 14" x

Output 100 warts RMS 200 watts peak.

Parsonal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432. 9.30am-5.30pm. Closed all day Thursday

ACTON: Mail Order only. No callers GooDs DESPATCHED TO MAINLAND AND M. IRELAND ONLY
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For personal service visit one of our stores.
Our new store at Hammersmith is conveniently situated near the end
of the M4 and the North and South Circular Roads.
There is excellent street parking on meters a few steps away and
Hammersmith Underground Station is nearby. Call in and see-trs soon.

‘ in our
® camocuE @

b 320 big pages packed with
data and pictyres of .

@ er550iems @
4

' ®000® -

| Over 100,000 copies sold already! s Same day service on in-stock lines
Don't miss out on your copy. = Very large percentage of our stock lines in stock
On sale now in all branches 3 All prices include VAT
WH Smith l%{ price £1. % Large range of all the most useful components
In case of difficulty check the coupon below. # First class reply paid envelope with every order

s« Quality components—no rejects—no re-marks

n!akg It easyl E Competitive prices

* Your money is safe with a reputable company

o o i On price. service, stock, quality and 0 7% ok
o e UWIEIN MIAPLIN | oot sy i

first choice for components every time!

® “\%Q\\“ \“%\ng.‘a“ ®

WO Post this coupon now. ]

© . Easy to build l Please send me a copy of your 320 page catalogue. | enclose £1.25
. . . ! y' . U' ; l (incl. 25p p&p). If | am not completely satisfied | may return the .
S.uDerb speuﬂ;atnon. | catalogue to you and have my money refunded. If you live outside the U
Comparable with organs selling for U.K. send £1.68 or 12 International Reply Coupons. ]
up to £1,000. Full construction detaifs | ; i
in Electronics & Music Maker commencing | govme i
March, 1981 issue. Back numbers available. = Address -
RRPLIM e
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All mail to: - P.0. Box 3, Rayleigh, Essex $S6 8LR.  Tel: Southend (0702) 554155  Sales: (0702) 552911



