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NOW -just when you/need it most!
,

BI -PRE PAK'S
ONCE -IN -A
LIFETIME SAL

MANY ITEMS AT'FIALF PRICE AND\ LESS

PAKS DOWN FROM 60p TO 30p EACH
 TESTED PAKS all at 30p each
Pak No. Contents
TP10 2 Light dependent resistors. 400 ohms light,

1 megohm dark. 4" dia.
TP11 10 Transistors XB102 & X13112 equiv. to

AC126 AC156, 0081/2. 0072, etc.
TP13 5 OCP71 Light sensitive transistors.
TPI4 20 0071 germanium PNP audio pre amp

transistor, black glass type
TP15 20 0081 germanium PNP audio output tran-

sistor, white glass type*
TP17 201 watt zener diodes, mixed 6.8 to 43 volts*
TP20 10 Mullard 0C45 transistors. I.F. amp PNP

germanium
TP21 30 Short lead (4" approa) transistors, NPN

silicon planar types Ex radio manufacturer,
all good but production line changes.

TP22 6 Integrated circuits. 4 gates BMC962 and 2
flip flops BMC945

TP27 5 Germanium PNP high frequency transis-
tors, unmarked similar to 0C170/171. AF115/
6/7 3 lead TO -1.

TP28 52N818 UHF/VHF silicon transistors. NPN
4 lead TO -18 uncoded.

TP35 4 3819E transistors, N channel FET5 these
are 2N6819s in plastic cases*.

TP38 8 Integrated circuits. DTL data supplied.
Mixed types flip flops.

TP40 15 Transistors, these are brand new manu-
facturers surplus items.

BUMPER I.C. PACK 50p50 I.C.s at one penny each!
50 assorted integrated circuits including many
brand new marked devices.

 UNTESTED PAKS all at 30p each
Pak No Contents
UT2 150 Germanium diodes. miniature glass

type*
UT3 100 Silicon diodes miniature glass type,

similar to 1N4148*
UT4 100 Silicon diodes. miniature glass type,

similar to 1N914/6.*
UT5 40 Zener diodes, 250mW OAZ240 range,

average 50% good*
UT6 25 Zener diodes. 1.1} watt top hat type,

mined voltages.*
UT7 30 Silicon rectifiers. 750mA BY 100 type,

top hat, mixed voltages.
UT10 15 Power transistors, PNP germanium and

NPN silicon, mostly TO -3 but some plastic
and some marked.

UT11 30 0A47 gold bonded diodes, polarity
marked.

UT12 10 2N3819 10 -channel FET5 plastic case
type.*

UT13 15 integrated circuits.eaperimenters pak, dual
in line 10-5, TTL, DTL, marked and unmar-
ked, some definitely good but old types.

UTI4 15 AC128 transistors PNP germanium
audio output.

FIRST EVER: QUARTZ CRYSTAL

Containing ten quartz crystals. 2 -pin plug-in
types. Easily dismantled from housing for re-
grinding to different frequencies.
Add 10p per pack to postage charge. 50p

CP2

CP5

CP7

SEE
BELOW

 COMPONENT PAKS all at 30p each
CP1 150 Capacitors, mixed bag of paper, sliver

mica electrolytics, etc. Approx No. counted
by weight.
200 Resistors, mixed types and wattages.
including Hi -stability Approx No. counted
by weight.
5 Earphones, single low impedance for
transistor radios, cassettes, etc. No plugs*
25 Heat sinks, to fit SO -2 (0072) and TO -1
(AC128) etc.

CP8 500 Cable clips for G.P.O. 4" dia cable.
Nylon with hardened steel pin (probably
tungsten) sealed boa of 500,

CP12 10 Reed relay inserts, 1" long 4" dia. will
operate from external magnet or coil. For
magnets see PAK CP13.

CP13 10 Magnets various sizes for operating
reedswitches in PAK. CP12. Ideal for
burglar alarms on doors and windows, etc.

CP16 5 P.C. boards each containing a BF180 UHF
amplifier transistor. A good basis for
building a TV aerial pre -amp.

CP17 25 Electrolytic Capacitors, various values
and voltages, many useful types, from T.V.
to transistor radio & HI-Fi.

CP18 1 Light activated SCR, 50 volts 1.6 A type
L9F. Ready mounted on PCB with gate resis-
tor a leads fitted. Full data & circuits for 14
projects. inc. slave photo flash unit, burglar
alarm, etc.

CP19 3 Micro switches 1 pole change over, stan-
dard model 1i" I".

CP21 200 Square inches copper laminate P.C.
board in approx. 8 pieces.

CP23 4 switches, miniature,push to make, single
pole.

MISCELLANEOUS-Your chance to save pounds
PRINTED CIRCUIT PANELS
(Ex Equipment)
TYPE L4 EX cash register board. Equipped with 8 x SN7490Ndecode
counters. 11 x SN15846N quad 2 input NAND/NOR gate. 1 x SN7413
dual schmidt trigger £1 50.
TYPE L5. A stabilised power supply board for I.C.S Equipped with
4 x SN7413N dual schmidt triggers 1 x TVR2001 tenor I.C., 1 x 2N3738
power trans. various resistors & capacitors. 750

UHF TUNER UNITS
We have sold thousands of these
units brand new and made by a
world famous manufacturer.
Covers -625 line T.V. channels 21
to 65 Standard T.V. IF frequency
output ideal for making a HI Fl
television sound receiver. £1.50

HIGH VOLTAGE
(12KV) DIODES
Replacements for colour
TV triplers, only 5 for 50P
ON -OFF ROCKER
SWITCHES
2 pole 1 way mains push
c:t 7 for hole size '"
1;" each 15p

9U.D.C. MOTORS
Stabilised speed regu-
lated. Ideal for portable
record or cassette
players. Size II" dia.
a 14" plus spindle.
Brand new and boxed
75 p

SUNDRY POST OFFICE (G.P.O.)
ITEMS
EX G.P.O. telephone dials, as used in 700
and 300 type phones. Complete 35p
EX G.P.O. telephone handsets with lead,
black. (Additional P & P. 25p) 40p
EX G.P.O. buzzers, 12/24 volt operation,
clean condition 20p
EX G.P.O. push button key switches, 2 pole
change over. Brand new. 15p
EX G.P.O. counter units 0000-9999. 10 per
second (24-48v. operation) 20p

INSTRUMENT CASES
Beautifully finished in stove enamelled grey
crackle, in heavy gauge aluminium with internal
racking and heavy gauge panels (suitable as
heatsinks). Ideal for P.A. systems. bench
power supplies, oscilloscopes, metered
instruments, etc. BRAND NEW AND BOXED.
SIZE "A" 14"x 15"x 6" deep £5 50 + additional
25p for P/P.
SIZE "B" 17"x 16"x 12" deep £6 50 + additional
£1 for P/P.

A FASCINATING & UNUSUAL OFFER
VARIABLE PRE-SET VOICE DECODERS
Brand new, but sold essentially for component value
4 stages. 7 position control knobs. On 10" x 12" P.C.B. in plastic tray
Contains 35 I.C.S. viz. 8 a 7493, 5 x 7420, 7 x 7400, 4 x 7404, 2 a 7430,
2 x 7410. 2 x 7442. 2 x 7401. 1 x 7413, 1 x 7474 and 1 x 7490 (total 35) plus
35 transistors, 4 miniature rotary switches, voltage stabilizer and
various other components. £4.00 + additional 50p for P/P

PUSH BUTTON SELECTOR ASSEMBLIES
for varicap tuning systems as used in VHF/FM radio re- :1.25*
ceivers of UHF/TV tuners. With indicators oneach stage. 10-

4 button assemblies. £2.00*
7 button assemblies with A.F.C. switch

STEREO DECODERS (FM) £1.95*I.C. operated units for use in negative earth systems
Transistor operated unit for use in positive earth systems. £1 75*L,E.D.s can be added to the above

12 RELAYS £1 ONLY
Ex GPO and others; various voltages and coil impedances, non -
specified but extremely useful to keep for when wanted.
Add 35p per pack to postage charge.

CALLERS WELCOME-ORDER WITHOUT DELAY-OFFERS CANNOT BE REPEATED
Originators of and first with com-
ponent paks in U.K. and still leading

TECHNICAL

BOOKS
Dozens and dozens of
titles of NEWNES-BUT-
TERWORTH. BABANI
PRESS, BERNARD PUB-
LISHERS All at

25%
OFF PUBLISHERS

PRICES
S.A.E. brings lull list

VAT 8%
ON EVERYTHING
EXCEPT ITEMS
MARKED * AT 124%
Please add appropriate
amount to total value of your
order.
MINIMUM ORDER
for items sent by post £3
excluding VAT and postage.
POSTAGE
Please add 50p for P/P to all
orders unless stated other-
wise. Where additional
postage and packing is
quoted this is to be added
to the basic 50p charge.

BI-PRE-PAK LTD Dept EE,
220-224 WEST ROAD, WESTCLIFF-ON-SEA
ESSEX SSO 913F Telephone Southend (0702) 46344



R.C.S. 100 watt VALVE AMPLIFIER

Four inputs. Four way mixing, master volume, treble and
bass controls. Suits all speakers. This professional quality
amplifier chassis is suitable for all groups, disco, P.A., where
high quality power is required. 5 speaker outputs. AIC mains
operated. Slave output. Produced by demand for a quality
valve amplifier. Send for details
Suitable carrying cabinet 114. Price L85 carr. 52'50

ANOTHER R.S.C. BARGAIN !
ELAC 9 + Sin. H141 SPEAKER TYPE 59RM

This famous unit now available, 10 watts, 8 Ohm.

Pries L3.25 Post 40p

10in round E495.

8" ELAC
HI-FI SPEAKER

Dual cone plasticised roll sur-
round. Large ceramic magnet.
50-18,000 cps. Bass resonance
65 cps. 8 ohm impedance.
10 watts. 83.95Post4Op

TEAK VENEER HI-FI SPEAKER CABINETS
MODEL "A". 20 x 13 x 121n.

mss.
tli

speakera.. Wil350 P°"96o
Illustrated

MODEL "B".
For 13 81°' or Lls. s 7  50 Fytpeaker.

MODEL "C". 80 20 121n.
Reflex cabinet will accept 1.121x.
bass unit, 1-81n. mid range, 1 81n.
tweeter. Teak finish. Grooved
!root £21 .50 Careti

LOUDSPEAKER CABINET
WADDING 181a. wide, SOp ft.

GOODMANS CONE TWEETER
311n. &am. 18,000 C.P.S. 25 WATTS 8(1 £3.25
8 inch woofer 15 watts 28 75.

BARGAIN 4 CHANNEL TRAN-
SISTOR MONO MIXER. Add
musical highlights and sound
effects to recordings. Will mix
Microphone, records, tape and
tuner with separate controls into
single output. 9 volt £5.20battery operated.
STEREO VERSION OF ABOVE 48 85.

BARGAIN 3 WATT AMPLIFIER. 4 Transistor /3.95
Push -Pull Ready built with volume, treble and
bass controls. 18 volt battery operated. Mains Supply 22 95.

THE "INSTANT" BULK TAPE
ERASER & HEAD DEMAGNETISER.
suitable for cassettes, and all sizes of
tape reels. A.C. mains 2001240V.
Leaflet S.A.E. £3.95 Pat

WAFER HEATING ELEMENTSTHIN
OFFERING 1001 USES for every type of heating and
drying applications in the home, garage, greenhouse.
factory /available in manufacturing quantities. Approx.
Me 10; 81 a A in. Operating voltage 200250V. a.c.
250 watts approx. Printed circuit element enclosed in
asbestos fitted with connecting wires. Completely flexible
providing safe Black heat. British -made for use in photo-
copiers and print drying equipment.
Ideal for home handymen and experimenters. Suitable
for Heating Pads. Food Warmers, Convector Heaters, etc.
Must be clamped between two sheets of metal or asbestos.
etc.. to make efficient clothes dryers, towel rails- ideal for
airing cupboards. Ideal for anti -frost device for the garage
-preventing frozen radiators or acting as oil sump heater.
Use in greenhouse for seed raising and plant protection.
Invaluable aid for bird bout's. Incubators, etc., etc. Can
be used in series for lower heat. Or In parallel for higher
hest applications.

ONLY 40p EACH (FOUR FOR 11.501
ALL POST PAID - Discounts for quantity.

RETURN OF POST MAIL-ORDER SERVICE
JUST RELEASED I BAKER DISCO SPEAKERS

HIGH QUALITY -BRITISH MADEBAKER MAJOR 12" 10.353
- Post 80p

30-14,500 cis, 12in. double
4N.f cone, woofer and tweeter cone

together with a BAKER
ceramic magnet assembly
having a flux density of
19,000 gauss and a total flux
of 145,000 Maxwells. Bass
resonance 40 cis rated 25
watts. NOTE: 3 or 8 or
15 ohms must be stated.

Module kit, 30-17,000 cis
with tweeter, crossover, bate
and inetructious. LI3

Please state 3 or 6 or 15 ohms. Post 50p

BAKER SPEAKERS
"BIG SOUND"
Robustly constructed to stand up to
long periods of electronic power.
As used by leading groups.
Useful response 30-13.000 cps.
Bass resonance 55 cps.

GROUP "25"
12in 30 watt
3, 8 or 15 ohms.

GROUP "35"
12in 40 watt
3, 8 or 15 ohms.

£8.95
Post 50p

£10.50
Post 50p

GROUP "50 12" 14.50
12in 60 watt professional
model. 8 ohms or 15 ohms. Post 80p
With aluminium presence dome.

GROUP "50 15"
161n 75 watt EI9.50
8 or 15 ohms.

post SOp

BAKER 150 WATT
QUALITY
TRANSISTOR
MIXER/AMPLIFIER
Proleulonal amplifier using advanced circuit design. ea
for disco, groups, P.A. or musical instruments. 4 inputs
4 way mixing. Master treble, bass and volume controls.
speaker output sockets to suit various combinations of
speakers. 4 to 16 ohm. Slave output. A/C mains. Guaranteed.
Details S.A.E.

aLatest 50 watt Model [49 £68 .rcirii

100 WATT DISCO AMPLIFIER CHASSIS
MADE BY JENNINGS MUSICAL INSTRUMENTS £524 speaker outputs, vol., treble, bass controls
CAN BE USED AS 100WATT SLAVE Carr. 11

QUALITY LOUDSPEAKER
ENCLOSURE
Teak veneered tin thick wood cabinet.
Site 181in Iftiln x 841n. Weight
231b. This cabinet features a wide
mesh Sliver Grill covering a separate
compartment for mounting Tweeters
or Mid -Range Horn. The fully sealed
bass compartment is cut out for
Sun Woofer. £7 SO. Carr. 85p. Rosewood Version 12 50.
Carr. 85p. Bate could be cut for larger speaker.

P.W. SOUND TO LIGHT DISPLAY
Complete kit of parts with R.C.S. printed circuit. Three
channels. 800 to 1,000 watt each. As featured in
Practical Wireless.

Price L12.50Cabinet extra M.

8 inch PHILIPS LOUDSPEAKER
4 ohm. 4 watt. ceramic magnet £ 1.95General purpose replacement unit.

MAINS TRANSFORMERS 57
6 VOLT 1 AMP. 11.00 8 AMP. 11.40

18 VOLT 800 MA. 41.00 750 MA. 11.80
80 VOLT 5AMP. AND 84 VOLT 2AMP C.T. 113.45

20 VOLT } AMP% £1.75 1 AMP. 12.00 8 AMP. 12 20
20-0-20 VOLT lAMP. 162 80 VOLT 14. AMP. 11.76

0-20-40-60 VOLT 1 ASP. 1860
1 AMP 8. 8, 10, 12, 16, 18, 20, 24, 80, 86, 40, 48, 60 84'60
2 AMP DITTO 8720
3 AMP DITTO 18/0
5 ASSP DITTO 11110

E.M I. TAPE MOTOR
4 pole, 240 v. Size 31 21in.
1200 rpm. Spindle Ain. dia-
meter. 120 version £1.
E.M.I. GRAM MOTOR
2401/ a.c. 2,400 rpm
2 -pole. Else 21 x 2/in.
Collar° gram motor 1110v. 16p.

L 1 8 5
Post 45o

£1.25
Post 35D

RADIO COMPONENT SPECIALISTS

2 x 12" CABINETS
for Disco or PA all fitted with carrying handles and corners.
Black finish. Other cabinets in stock. SAE For leaflet

50
WATT
R.M.S.

£43
Carr. £3

70
WATT
R.M.S.

£46
Carr. £3

100

WATT
R.M.S.

£59
Can. 64

Ix IS" + 1 x 12" 100 WATT CABINET
Size 36" x 24" x IS" £65.00. Carr. £5
Ideal for Disco, Ogran or PA work.
High quality. Full range.

SUPERB HI-FI
I2in 25 watts

A high quality loudspeaker,
its remarkable low com
resonance ensures clear
reproduction of the deepest
bass. Fitted with a special
copper drive and concentric
tweeter cone resulting in full
range reproduction with
remarkable efficiency In the
upper register.
Bass Resonance 26cps
FlugDensity 16,600 gauss
Useful response 20-17,000cps
8 or 15 ohms models.

L 16.30 Poet

AUDITORIUM
I2in. 35 watts

A lull range reproducer for
high power, Electric Guitar.,
public address, multi -speaker
systems, electric organs.
Ideal for Hi-FI and
Discotheques.
Bass Resonance 35,25
Flux Density 15,000 MISS
Useful response 25-18,000cps
8 or 15 ohms models.

L15.50 aopt

AUDITORIUM
I5in. 45 watts
A high wattage loudspeaker
of exceptional quality with a
level response to above
8,000 cps. Ideal for Public
Address. Discotheques, Elec-
tronic instruments and the
home
Bass Resonance 35cps
Flux Density 15.000 gauss
Useful response 20-14,000cps
S or 15 ohms models.

L 19.50 SODt

HI -Fl Enclosure Manual containing plans, designs,
crossover data and cubic tables, 68p

337 WHITEHORSE ROAD, CROYDON
Open 9-6 Wed. 9-I Sat. 9-S (Closed for lunch 1.15-2.30)

Minimum post 30p. Components Lists 10p. Cash price includes VAT

Everyday Electronics, Novara t) o' .1976

Access & Barclay card welcome. Rail Sthorst. Tel. 01.414 1665
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SUNINFita IA]
Capacitive discharge

electronic ignition kit

Smoother running
Instant all-weather starting
Continual peak performance
Longer coil/battery/plug life

* Improved acceleration/top speeds
 Up to 20% better fuel consumption
Sparkrite Mk. 2 is a high performance, high quality capacitive discharge
electronic ignition system in kit form. Tried, tested, proven, reliable
and complete. It can be assembled in two or three hours and fitted in
15/30 mins.
Because of the superb design of the Sparkrite circuit it completely
eliminates problems of the contact breaker. There is no misfire due to
contact breaker bounce which is eliminated electronically by a pulse
suppression circuit which prevents the unit firing if the pointS bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of
blowing the transistors or the SCR. (Most capacitive discharge ignitions
are not completely foolproof in this respect). All kits fit vehicles with
Coil/distributor ignition and up to 8 cylinders.
THE KIT COMPRISES EVERYTHING NEEDED
Ready drilled pressed steel case coated in matt black epoxy resin. ready
drilled base and heat.sink, top quality 5 year guaranteed transformer
and components, cables, coil connectors, printed circuit board, nuts.
bolts, silicon grease, full instructions to make the kit negative or
positive earth, and 10 page installation instructions.

OPTIONAL EXTRAS
Electronic/conventional ignition switch.
Gives instant changeover from "Sparkrite- ignition to conventional
ignition for performance comparisons, static timing etc., and will
also switch the ignition off completely as a security device. Includes
switch connectors, mounting bracket and instructions. Cables excluded
A !so av ailable;RPM fimiting control for dashboard mounting
(fitted in case on ready built unit).

CALLERS WELCOME. For Crypton tuning and fitting service --
'phone 109221 33008

PRICES INCLUDE VAT, POST AND PACKING.

Improve performance &economy NOW

Tooposi
'Quick installation

No engine modification

Electronics Design Associates, DEPT ErEedred 1
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33652
Name

Address

Mk. 2 DIY An. Kit  CI guatoraf's

Mk. 2 Reedy Built Negative Earth  £14.91

Mk. 2 Reedy Built Positive Earth  C14.97

Ignition Changeover switches  C4.30

R.P.M. Limit systems in above units el C2.42

I enclose cheque/PO'sfort
Cheque No,

Send SAE if brochure
only required.

I.65*
BUYS THIS

WIDE BAND
SIGNAL INJECTOR

MADE IN ENGLAND

OUR HANDY LITTLE POCKET SIGNAL INJECTOR,
RADIATES OVER MOST OF THE AUDIO/RADIO
SPECTRUM WITH A 'RICH IN HARMONIC' SIGNAL.
LOOK AT THE SPEC.

* I.C. Design with LED 'on' Indicator
 Complete with Probe, Earth Lead and

Instructions.
* Also Batteries and 1 Year Guarantee.
* 10 -Day Money -back Offer.

* All for only E1 65 p&p at 15p to:

LRS Electronics
3, CLIVESWAY, HINCKLEY, LEICESTERSHIRE
Mail order only - Trade enquiries welcome.

Become
a radio
amateur.
Learn how to become a radio -
amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence.

Brochure. without obligation to:

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL,

P.0.Box 156, Jersey, Channel Islands.

NAME

ADDRESS

WAA

E E K 1.1.611

I cck cap. p4
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Here's the remarkable new

Superscore Home TV Game
Get it together for only £24.95

Available to you in kit form at the same moment
as its national launch, the brilliant new Videomaster
Superscore contains the latest product of MOS
technology: a TV game chip.

The logic contained in it had previously to be
generated by 100 TTL devices. Now it is condensed
into one 28 -pin chip.

This all -new Videomaster plugs into your 625 -line
UHF TV set (for overseas customers having VHF sets
we can supply the necessary VHF modulator) to give
you four exciting games (including tennis and football)
and two future game options. It features on -screen
digital scoring, realistic hit sounds, two bat sizes, two

POST TODAY TO:

ball speeds, automatic serving and much more. It runs
on six 14- volt SP1 1 type batteries (not supplied).

The Videomaster Superscore kit costs only
£24.95 including VAT (recommended retail price of the
ready built model is over £40.00) and comes complete
with ready -tuned UHF or VHF modulator, circuit board
with printed legend, all resistors, transistors and diodes,
built-in loudspeaker, socket for mains adaptor, and, of
course, the TV game chip itself.

Easy to put together the Superscore has full
assembly instructions, circuit diagram and circuit
description. Don't miss this chance to own the newest
electronic game at such low cost.

VicJeomoster Ltd 14/20 Headfort Place, London SW1X 7HN

Please send me (insert No. requ'd) Videomaster Superscore Kits at £24.95 (inc. VAT & P&P in UK)
or £23.10±£4.00 for P&P overseas)
I enclose my cheque/money order* for £ VHF modulator required YES/NO*

NAME

EE72

011110 IMO 11111=1

<M>
I
I
I
I

 delete as necessary
GE. .11 MID ami

ADDRESS

ALLOW 21 DAYS FOR DELIVERY
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An cxciting NEW serics frorr

Each of the books in this series is written by an expert in his own particular field. The books are
authoratative yet easily understood by those with no technical knowledge whatsoever, and the texts
are supplemented by many highly informative illustrations.

MASTER ELECTRONICS
IN MUSIC
T. D. Towers
Contents: Creating Musical Sounds
by Electricity - Making Musical
Instruments Louder - Musical
Special Effects by Electronics -
Electronic Keyboard Instruments -
Electric Guitars - Magnetic Tape
Music - The Robot Drummer -
Music Synthesisers - Music by Com-
puter - Index.
130 pages 0 408 00262 X £2.50

MASTER HI -Fl
INSTALLATION
Gordon J. King
Contents: How it Works - The Amp-
lifier - Programme Signal Sources -
Importance of a Good F.M. Signal -
The Loudspeaker - Mono, Stereo
and Quadrophonic Sound - Four -
channel Techniques - Room Effects
- Best Use of Controls - Termin-
ology - Index.

150 pages 0 408 00237 9 £2.50

MASTER STEREO
CASSETTE RECORDING
I. R. Sinclair
Contents: Stereo Systems - Signal
Sources - Controls and Facilities -
Making the Recording - Replaying
and Monitoring - Essential Main-
tenance - Aids to Better Recording
- Noise Reduction Systems - Cas-
sette Recorder and Hi-Fi.

140 pages 0 408 00238 7 £2.50

NEWNES TECHNICAL BOOKS, Newnes-Butterworths, Borough Green, Sevenoaks, Kent

Veroboard, D.I.P. board, pins,
tools, plastic boxes, Veropak
metal case, Veroboxes, D.I.P.
and transistor sockets, etc.
New catalogue available (price
10p + S.A.E. 7" x 9") Vero

::1.1411504-1.

I

TO START AND FINISH
Vero Electronics Ltd. have products to suit your
requirements.

Vero Electronics Limited, Retail Dept.,
Industrial Estate, Chandler's Ford, Hants., S05 3ZR
Telephone: Chandler's Ford 2956 (STD 04215)

QUALITY' STEREO SOUND_
SOLENT AUDIO SYSTEM

amc'sT I PRICE OFFER!

down
£54°

MADE TME
PLAICE

Solent Mark II Stereo Tuner Amplifier chassis with AM/FM
radio covering long medium short and Stereo FM wavebands.
Separate Bass and Treble controls. 30 watts total power
output (frequency response 25-20,000 Hz) AFC Switching
Tape record and playback facilities. Dimensions 181" x 9"x 34".
The very latest BSR automatic record deck with cue and
pause control. Two matching elliptical speaker units.
Order early limited stocks available cash price £6995.
Credit Sale £5 00 deposit 9 monthly payments of £8 30
(Total Credit price £7970). P. & P. £4 00. Send £9 00
today.

Chassis only available for cash at £4900 -r p. & p. £300.

Full 12 months Guarantee.
CALLERS WELCOME.

Access and Barclaycard Orders Accepted by Telephone

FREE! Stereo headphones supplied with every complete order

'WM radio EE II 76 100 CHASE SIDE SOUTHGATE
LONDON N14 SPL Telephones: 01-882-1644

556 Everyday Electronics, November 1976



ROOM THERMOSTAT
Famous Satchwell, elegant design.
intended for all mounting. Will
switch up to 20 amps at mains volt-
age, covers the range 0-30°C. Special
snip this month 2290, post and
VAT paid.

NUMICATOR TUBES
For digital Instruments. counters.
timers. clock,. etc. HI -vac X NI1
Price 81-U each. Post and VAT paid.

RADIO STETHOSCOPE
Easiest way to fault find, traces

signal from aerial to speaker, when
signal stops you've found the
fault lee it on Radio, TV,
amplifier, anything. Complete kit
commiess two special transistors

and all parts in-
cluding probe tube
and crystal ear-
piece. 2845. twin
..tethouset Instead of
earpiece n  00
Extra. VAT and
postage incl.

MAINS TRANSISTOR PACK
Designed to operate transistor sets and emptier..
Adjustable output 6v., 9v.. 12 volts for up to
600mA (class B working). Take: the place of any
of the following batteries: PP1, PP3, PP4, PPS.
PP7, PPO and others. Kit comprises: main
transformer rectifier, smoothing and load resistor
condensers and instructions. Real snip at only
21.90 including post and VAT.

MOTORISED DISCO SWITCHES
With six 10 amp changeover switches. Multi
adjustable switches are rated at 10 amp each
so a total of 2000w's can be controlled and thin
would provide a magnificent display. For main.
operating 24.25 post & VAT Paid. Ditto 9 switch
6445 Post & VAT Paid. DITTO BUT 18 NWPTOH
2515 POET AND VAT PAID.

MAINS MOTOR
Precision made -as used in
record decks and tape record-
ers -Ideal also for extractor
fans, blower, heaters. etc. New
And perfect. Snip at no +
VAT & restage 35p.
1" stackmotor 1111.511 + VAT &
portage 35p. 11. stackmoior.
12+ VAT and Postage 40p.

WINDSCREEN
WIPER
CONTROL
Vary speed of your
wiper to suit conditions.
AU parte and Instructions
to make. 2815 Post
and VAT paid.

EXTRACTOR FAN
Cleans the air at the rate of
10,000 cubic feet per hour.
Aultable for kitchen., bath-
room., factories, changing
rooms, etc. It's so quiet it can
hardly be heard. Compact.
5frff casing comprises motor,
fan blades, sheet steel casing,
pull switch, mains connector
and Axing brackets. ONE
INCLUDING POST & VAT
Monthly lint available free;
Bend long stamped envelope.

21 RPM GEARED MAINS MOTOR
This is a substantial motor (1" stack induction
type) quite powerful definitely large enough to
drive a rotating display or a tumbler for polishing
stone etc. Approximate overall Mae 4" x sr x
21" theee are ezomused equipment. carrying
our normal ex -equipment guarantee,. PRICE
22.96 POST and VAT PAID.

SOUND TO LIGHT UNIT
Add colour or white light
to your amplifier. Will
operate 1, 2 or 3 lamp.
(maximum 460sr). Unit in
box all ready to work
27-96 plus 95p VAT and
postage.

.........,...0".""TELESCOPIC AERIALS
for portable car radio or

transmitter. Chrome plated -
six sections, extending from 71 to
47In. 609 + 15p. Poet & VAT.

KNUCKLED MODEL FOR F.M. 80p + 17p
Poet and VAT.

NEED A SPECIAL SWITCH
Double lead contact. Very slight pressure closes

both contacts 12p each.
Plastic puelirod ecitable
for operating. 10p each.
10 for 68p.

MULLARD UNILEX
A mains operated 4 + 4 stereo system. Rated one
of the finest performer. in the stereo field this
would make a wonderful gift for almost any one In
easy -to -assemble modular form and complete
with a pair of Goodman, speakers this should sell
at about L30 -but due to a special bulk buy and
as an incentive for you to buy this month we offer
the system complete at only 114-00 including
VAT and postage.

PP3/PP9 BATTERY ELIMINATOR
Made in Japan for Bush Radio. TIM Is very neat little
transformer driven full wave unit totally enclosed with
input mains and output leads. This power supply unit
which was originally marketed by Bush at over £6 is offered
as this months snip. PRICE 2E60 INCLUDING POST
V AT.

THIS MONTH'S SNIP
This is a Satchwell thermostat. it is highly sensitive and can be art to
oontrol temperature within 1°C. Like most other very sensitive them -motets
it is of low current rating so if you require it to switch heaters or similar
then you will have to use a thermostat to switch a relay, the relay will switch
the heaters. (We have supply suitable relays 2100 + Bp each. These have
three 10 amp changeover contacts so that with this the thernmetat can
oontrol up to 6kW'e of heating). This la wall mounting thermostat with
white ventilator cover, regular price of this is probably £3 or £4. We are
offering this month at 11.50 + 12p. Our total stock is over 1.000 and
anyone wishing to make an offer, bulk quantities up to E1,000. are invited
to do so.

TWIN OUTPUT POWER PACKS
These have two separate R.C. smoothed outputs
so can operate two battery radios or a stereo amp
without cross modulation (they will of course
operate one radio/tape caasette/calculator. in fact
any battery appliance, and will save their emit in
a few months). Specs. Fail wave rectificatiou.
double imitated maim transformer -total
enclosed in a hard P.V.C. case -three core mains
lead terminal output -when ordering please state
output voltage 41v. Or. 71v, 9v. 12v, or 24v.
Price 23-95. Post and VAT included.

INFRA RED BINOCULARS
Made for military purpose during and
immediately after the but war to enable
snipers, vehicle driver., etc. to see in the
dark. The binoculars have to be fed
from a high voltage source (5KV
approx.) and providing the object., are
in the rays of an infra -red beam then the
binoculars will enable these oblects to be

seen. Each binocular eye tube contain.  complete optical lens system as well
as the infra -red cell, technical data on which is available. The binoculars are
unused, believed to be in good working ureter. In fact they were never issued and
are still In original eases. but since they were made a long time ago they can
hardly be called new. Sold without guarantee. Price 117-60 per set + 11 carriage.

CLEAR SKY INDICATOR
SCRATCH AND RUMBLE FILTER
ENLARGER TIMER
To receive parte for the projects festered this month. send the estimated
price 40p post. Any cash adjustment can be made later.

MICRO SWITCH BARGAINS
Rated at 5 amps 250 volts. Ideal to make a switch panel
for  calculator and for downs of other applications. Parcel
of 10 for 1110 VAT AND POST PAID.
HONEYWELL PUSH BUTTON PANEL
MOUNTING MICRO SWITCH

1 -2.3 -Bank. each bank consisting of the changeover micro
switch rated at 10 amps 250 volta. Through panel fixing by
2 lock nuts complete with black 1" diameter knob. Prices: -
1 bank 40p-2 bank 55p-3 bank 70p.

SMITHS CENTRAL HEATING CONTROLLER
Push button gives 10 variations m follows: (1) continuous
hot water and continuous central heating (2) continuous
hot water but central heating off at night (9) continuous
hot water but central heating on only for 2 periods during
the day (4) hot water and central heating both on but day
time only GS) hot water all day but central heating only for
two period. during the ley (6) hot water and central heating
on for 2 periods during the day time only -then for summer

time use with central heating off (7) hot water continuous (8) hot water day
time only (9) hot water twice daily (10) everything off. A handsome looking
unit with 24 hour movement and the switches and other parte necessary to
select the desired programme of heating. Supplied complete with wiring diagram.
Originally sold we believe at over 815. We offer these while docks last at 1790
each INCLUDING VAT and Postage.

SHORTWAVE CRYSTAL SET
Although this uses no battery It gives really massing
results. You will receive an amazing assortment of
stamina over the 19, 28, 31, 29 metre bande-Kit contains
ch.-, trout panel and all the parts 11 -50 -crystal

- "Alen., VAT and Postage.
ONLY 11.50 FOR SEVEN
ELECTRIC MOTORS
7 powerful bait. motors as used in racing can and
power modele. Output and types vary for use In
hundreds of projects -Tools, toys, models. etc. All
brand new reversible and for 11-12v belts. Wiring
dim. inc. VAT, Post PAID.

TERM/1: When order is under U Own aid 402 Ourflimin to offset Puking
5505 anis

J. BULL (ELECTRICAL) LTD
(Dept. E.E.), 103 TAMWORTH ROAD,

CROYDON CR9 1SG.

ITS FREE!
Our monthly Advance Advertising
Bargains List gives details of bargains
arriving or just arrived -often bargains
which sell out before our advertisement
can appear -Its na interesting list and
its free -just send S.A.E. Below are a
few of the Bargains still available from
previous lists.
Remember 7,029? (again available). Electricians of
the old school most certainly will, and most will
agree how much better this is than Its modern
replacement 2.15tnni. It has greater current
carrying capacity (20 Amps against 13 amps) and
being stranded it will not break so easily and
being larger it Is easier to use. A fortunate buy
enables us to offer 9 core 7-029 cheaper than we
could offer 3 core 25inile. namely 19.50 against
£1159. If you are contemplating installing a ring
main, an immersion heater, storage heaters or
fires, then you should definitely buy some of this
cable. It is p.v.c. covered, correctly colour coded
and up to all British standards; in fact, was made
by one of our moat famous cable companies.
Peke 21160p + 76p per 100 metre coil. Carriage
82.50 + 20p.
Remember 8.029? This would not be much good
Inlay me most installations call for a trailing
earth wire m well es L. & N., however a special
offer this month is 3 core lAnun at only 15.60p +
44p per 100 metres. Poet 21.50p + 12p.
NCR Accounting Computer. This we understand
was in working order immediately before being
dismantled and delivered to us, but as we have
no meow, of testing it and as also we dor' t have
any spares for it, we cannot give any guarantee.
If you buy it then you will have to take a chance.
The computer is American made. It weighs over 1
ton, has an alphabetical numerical keyboard. We
cannot see any type number on it but the numbers
that do appear are sew follows: Close 390.590.1.
It comprises three main units with interconnecting
leads, the first unit is a 10kw isolating same as the
416 amp described below. This is a very heavy
transformer and new would coed at least Lv00.
The second major unit is the computer control
panel, this weighs nearly a ton and is full of
componenta and hardware. The third unit is the
desk with the alphabetical and numerical key-
boards. The price we are asking for this computer
is 2875 and we feel certain that even if it could not
be got going again it would realise a lot more than
this if broken ,.own and sold for its component
parts. Important Note: Owing to Its sloe this
computer la not at our Croydon address. If you
wish to view this pleats be prepared to travel Into
Sussex just off the Brighton Rowland telephone us
for the address and so that a mutually convenient
time can be arranged. Tele No. 688 1833.
7k, BHT Trandormar. This Pe made by Parmeko,
this in a "c" core construction totally enclosed In
black enamelled sheet steel case. The primary
consists of two separate windings each 125 volts
tapped with two 10 volt steps so It could he used
on 115 voila or 230/240 volt.. The secondary le
centre tapped and has further tapping to give
voltages as follows 25kv-0.25kv, 3kv-0-
3kv, 35kv-0-3-131tv. The current rating of the
secondary is 248 ma ,m.s. Price 280 + 112-40p.
Carriage £2 + 16P.
/Notation Transformer. Very high current 416
amps, primary 0.260 volts, last 60 volts in 10 volt
steps so this transformer can be used to step up
voltages for instance at the end of  long cable
run. Secondary. centre tapped 190v -0-120v so
this transformer will Isolate and step down or will
isolate at normal mains in and normal mains out
or finally It will isolate and step up. A big trans-
former completely enclosed in sheet steel box
weighing about 300 lbs. Price 1100 + 28. Carriage
at cost but wewould prefer you to collect this.
(This is at Croydon).
5 Bank Snitch Panel. This is a Government Sur-
plus item so it is very well made and contains
switches which will break 15 amps DC. The 6
switches are completely separate so may be used
to control seperate circuits or they may be
ganged together to bring in 11 heaters in parallel
suitable for mains or battery work. Sire of the
switch is approximately II x 11 x it and operation
le by nickel plated toggles. Price 799 each + OP
Poet 20p + 2p.
Cooling Thermostat. The thermostat switches
off as the temperature in the room rises. It la,
therefore, suitable for controlling electric room
heating. We have a similar stet but with con.
tacta which switch on as the tempeniture rises.
These are for air conditioning or cooling circuits.
Contacts agate rated at 20 amps and these
have changeable contacts so they can be used
for cooling or heating or both but esthete original
function was intented for cooling they are set
and calibrated for 12.40°F. Price 68-50p + Sip.
Simmerstats. Often confused with thernirotats
the function of aimmerstat is to pulse the supply
Into a heater or cooker. The longer the pulse b
the greater will be the amount of heat diasipated
and vice versa. The length of the pulse Is determin-
ed by a control knob which In the case of a cooker
is usually engraved -simmer, boll, try. We have
Sunvic finnmerstat as used in many high grade
cookers as well an industrial heaters. Current
rating is 15 amps 200/250 volts AC. Print 51.759+
149. Post 20p + 2p.
Plash Ernie Is the name we have given to our
latext disco light display because it is a random
fisher and is very effective especially with
coloured bulbs. Kit consists of motorised stud
switch, master control switch, anti spark caps.
9 lamp holders, connecting wire and wiring die-
geom. Price U + 40p. Poet 60P + 6p.
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YES SIR lot class post TONIGHT!
We specialise in high spec components
with express service for phone customers

Technical
Training in
Radio,
Television and
Electronics
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 are 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 I am
expecting a further increase when my course is
completed."

City and Guilds Certificates
Excellent job prospects await those who hold one of
the recognised certificates. ICS can coach you for :
Telecommunications Technicians
Radio, TV Electronics Technicians
Technical Communications
Radio Servicing Theory
Radio Amateurs
Electrical Installation Work
Also MPT Radio Communications Certificate

Diploma Courses
Colour TV Servicing
Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV and Audio, Engineering and Servicing
Electrical Engineering, Installations and Contracting

Qualify for a New Career
Home study courses for leading professional exam-
inations and diploma courses for business and
technical subjects :-
G.C.E.
60 subjects
at "0" &
"A" levels
Accountancy
Air

Conditioning
Building

Engineering
Farming
Heating
Industrial

Management
Mechanical

Purchasing
Sales
Storekeeping
Work Study

POST OR PHONE TODAY FOR FREE BOOKLET.

ice To: International Correspondence
MB Schools

tSINCE
O P -t 1 17D / Intertext House. London

SW8 4UJ of telephone 622 9911

Subject of Interest

Name

Address

Telephone Number

" " "HIGH SPEC components FAST!
Agents for VERO - ANTEX -
BIB MULTICORE SOLDER
 OPEN 9am-5pm, 6 days-Phone orders gam-4pm.
 S.A.E. for stock list including pots, presets, I.C.'s 7400 & CMOS
 capacitors, plugs, sockets, switches, cable, etc.
 Post free envelope included for your next order.
 SUPER EXPRESS phone service-ask for details.
 Shop at keen prices 6 days per week. Late night-Fri. 7-10pm.
TRANSISTORS + 200 OTHER TYPES IN STOCK
AC125 20p BC109 11p BC262A 15p BFX29 Up

126 20p 1098 12p 287 209 np8422p
127 20p 109C 13p 300 27,3
128 20p 117 111p 301 Up BFYt13 17p
151 35p 142 Up 303 30p tip
153 35p 143 24p 338 16p 52 18p
176 20p 147A Sp. 557 Op BYI 84 40p
187 0p 1476 10p BCY71 lip ME0401 18p
188 20p 148 Sp' 72 14p 0411 181)*

A0149 Up 1488 BD123 Up ME4001 10p
181 42p 1498 11p 124 Up 4101 11p
182 42p 149C 11p 131 36p MPF102 32p
MCH/PR 154 18p 132 asp 0A47 OP

1 04 157B 12p' 139 54p 90 Sp
AF116 Up 177 17p 155 75p 91 4p

117 Up 1788 18p 13E158 20p 200 Op
124 30p 17913 10p 184 25p 0C28 110p
239 37p 1848 12p 185 28p 29 50

AU113 1.50 184L 11 194 10p 35 80p
8C107 11p 187 20p 196 I2p' 44 30p

107A 12p 212A 13p 197 12p 71 25p
108 10p 212L 15p 199 15p ORP12 85p

CIL108 Op 2138 128. 200 38p TIP29A 47p'
BC1088 11p 214 15p 338 34p 30A Up

108C 12p 214L 17p BFW11 Up 31A 57p

DIODES BRIDGES
50V 3A 13p 100V 1A Up

100V 3A 15p 200V 1A 25p
200V 3A 18p 400V 1A Up
400V 3A 21p

THYRISTORS
60V IA 20p

600V 1A 1109 TAG 1 600 LED TII 20/9125 9 r TBA800 1. SS'
700V 1A 1'208T106 Red Up 209. T B ABIOS 1.49'
400V 4A 5Ip C10601 Grn 28p 210 ,TBA820 1,y
500V e.jA 1 25 BT109 Clips for above 1p. ZN414 1-35'
Post 8 Packing 25p per order. VAT please add to total  121%. rest 0%

RESISTORS lip each
+ WATT E12 (530
1 ohm - 10m ohm
ZENERS(400mw) BZX 83
3V, 3V3, 5V1, 5V6, 7V5,
OW, 10V, 12V, 111y, 22V,
30V. All at 12peach.

TIP41A Sip
42A Sip

TIS43 35p
ZTX300 13p

302 111p*
500 15p
502 lip'

1N014 Sp
1N4001 Sp

4002 Op
4005 9p
4006 I0p
4148 Sp

2N2219 20p
2646 40p
29260 I3p
2926G 15p
3053 18p
3055 60p
3702 11p
3703 10p
3704 13p.
3705 10p
3707 12
3819E 25p

LINEAR If C's
741 33p
LM380 SL607451'211
LM3900N Sip
NE555 Sip
SN76013ND 1.811*
SN76013N 1.75'
SN76023N 1.75

ORCHARD ELECTRONICS
FLINT HOUSE, HIGH STREET, WALLINGFORD, OXON, OX1O ODE
Telephone 0491 35520.

11 El IN NI NO - NO

I

U

* Safe Battery Power
* No Tools or Soldering
* With SCR, Zener

Diode
Exciting, easy -to -use. Build 65
projects, incl. alarms, radios,

intercoms, computer and
test circuits, etc. Safe,

solderless spring clip
connection. Parts

incl. solar battery,
transformer, code

key, photo cell,
meter, earphone,

speaker. Attractive
wooden case.

Full instructions. Two AA
and one 9v battery required.

65-in-IcElectronicProject Kit
adwri escd,

Film
your e and

I 4a1"*address and
take Pus voucher
to any Tandy store
It's worth E2 50 OFF1
a 65 -in- I Electronic
Project Kit
I per customer.
Offer ends 30 11 76

Av,ulahlc floor any of our

Nationwide
supermarket of soun
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DORAM
KITS

CONTAIN
EVERYTHING

DOWN TO
THE LAST

NUT!

* IIlum.
tunin

* Mute contro/
and MPX

* Mono/afc
controls

g scale
and sig. meter.

req.

* 5 pre-set
tune and

scan tune* no all

91,1? 0-30V and 0-1A
'.111,1,11 with a variablewyyll current limit

Designed to
facilitate

contact
breaker

adjustments
Without

the use
of a feeler

gaugNNorn
contact

breaker
points may

be adjusted
accurately,

a task otherwise

almost
impossible.

New 16 page brochure contains complete
details of kit range.

*Big range of kits to interest Radio, Electronic
and Hi-Fi enthusiasts.

* Kits sent by return -of -post.
*Each kit designed by specialists, only reliable
and highest quality components included.

SEND FOR YOUR NEW
KIT BROCHURE TODAY

Only 25p inc. post and packaging
S = 8% VAT. H = 121% VAT.

I

I

I

I

'INTERNATIONAL
ZS'y -t Build yourself a'I* BIG SOUND amp

at a budgetprice

,111

pre -amplifier

ll,ETowl'eOccDt.a705i

FEATURES

ngedtoltniosn'

 Modern styling
 25W per channel

into 8 ohms.

DORAM ELECTRONICS LTD
P.O.Box TR8,
Leeds LS12 2U F.

I enclose 25p. please send me by return my
new Doram kit brochure. Overseas orders
except for N. Ireland, please add 10p for
post and packing, surface only.
Customers who order this kit brochure
together with Doram's new edition 3
component catalogue can save 15p, combined
price 70p on the individual purchase
price for both, and obtain two 25p vouchers.

PLEASE PRINT IN BLOCK CAPITALS

Name

Address

Post Code

An Electrocomponents Group Company.
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9er'arzardealitost
A. Marshall (London) Ltd Dept: EE
40-42 Cricklewood Broadway London NW23ET Tel: 01-4520181/2 Telex : 21492
& 85 West Regent St Glasgow G2 2QD Tel: 041-332 4133
& 1 Straits Parade Fishponds Bristol BS18 2LX Tel: 0272-654201/2

27

Call see us Mon -Fri

Paris 92

Catalogue price 40p
(30p to callers)

Trade and export enquiries welcome

Our range covers over 7,000 items. The largest selection In Britain

Top 200 IC's TTL, CMOS & Linears
CA3020A LI  45 CD4050 56p NE556 LI '30 SN7448
CA3028A 115p CD4510 LI  54 NE560 L4 -413 SN7450
CA3035 LI  35 CD45 I 1 II 70 NE565 LI 30 SN745 I
CA3046 pCD4516 LI  54 SL4I4A £2 .35 SN7453
CA3048 a -15 CD4518 LI -38 SL6 IOC [2 355N7454
CA3052 LI .62 CD4520 LI '38 SL6 I IC £2 -35 SN7460
CA3089E L200 LM301AH 47p SL6 I 2C 12 - 35 SN7470
CA3090Q 14  21 LM308N LI  17 SL620C L3.50 SN7472
CD4000 20p LM3050K LI -SO SL62 I C LI 50 5N7473
CD400 I 20p LM3130 91Ip SL623C L5  75 5N7474
CD4002 2.0p LM38 I AN 12-07 SL640C L4.00 SN7475
CD4006 LI  16 LM702C 75p SN7400 16p SN7476
C D4007 lOp LM709 SN7401 16p SN7480
C D4008 97p TO99 40p SN7402 16p SN748 I
CD4009 57p 8DIL 40p SN7403 16p SN7482
CD4010 57p, 14DIL 40p SN7404 18p5N17483
C04011 109 LM7 I 0 45p SN7405 18p,SN7484
CD4012 10p LM723C 60p SN7406 5IpiSN7485
CD4013 59p LM741C SN7407 18pSN7486
CD4014 II .01 TO99 389 SN7408 113p5N7490
CD4015 LI-01 SOIL 38p SN7409 18pSN749 I
CD4016 511p 14DIL 40p SN7410 16p5N7492
CD4017 61.01 LM747C 78p SN7412 25p5N7493
CD4018 61.431 LM748 SN7413 409SN7494
C040 I 9 570 BOIL 44p SN7416 43p5N7495
CD4020 LI  11 I 4DIL 4Ip SN7417 43p5N7496
CD4021 LI -01 LM3900N 55p SN7420 16p5N74 100
CD402.2 97p LM780SP LI  39 SN7423 26p SN74 I 07
CD4023 20p LM78 I 2P LI .395N7425 27p SN74118
CD4024 79p LM7815P LI -39 Sh17427 27p SN74119
CD4025 209 LM7824P II -390N7430 16p SN74121
CD4027 56p MC I 303L 61.44 SN7432 17p SN74122
CD4028 91p MC1310P LI  91 SN7437 35p SN74123
C114029 LI  17 MC1330P 35p5N7438 35p 5N74141
CD4030 57p MC I 351P 117p SN7440 16p SN74145
C0403 I 6246 MC14553 14.07.SN7441 76p SN74 I 50
CD4037 97p MCI4,56L £3 1155N7442 35p SN74151
CD4041 ISp MC144.519 C1.505N7446 84p SN741 53
C D4049 56p NE555V 411195N7447 61 p 5N74154

85p SN74157 68p
16p SN74160 11.20
16p,SN74161 £120
16p SN74162 LI 20
16p SN74I63 LI 20
16p SN74164 93p
32.p SN74 I 65 93p
26p 5N74 I 67 70p
30p 5N74174 LI .06
30p SN74175 94p
40p 5N74176 86p
36p SN74180 LI 23
45p SN7418 I £258

11-10SN74190 LI 33
67p SN74191 L1-33
112p SN74192 LI -13

SN74193 LI  13
61.2.3 SN74196 81p

21Ip SN74 I 97 SIP
43p SN74198 L2  04
alp SN74199 £204
43p 5N76003N
43p
74p SN76013N£236
59p LI 30
71Ip SN76023N 1 -50

LI-IS SN76033N 2'50
30p TAA263 LI -25
90p TAA300 t1  67

(I -SO TAA350A L1  48
34p TAA550 40p
459 TAA6 I IC 11.15
409 TAA62 I O. 15
71p TAA66 IB LI  31
74p,T13A6410 1250

LI .10 713A65 I LI 80
77p TBA800 LI  19
739 TBA810 e1.18

61.29 TBA820 LI 01

DOING IT DIGITALLY KIT -AVAILABLE NOW -PRICE (I1 75
INCLUDING POSTAGE, PACKING AND VATIIXCL. SATTORISS ADD VAT. P. & P. 30p

POPULAR SEMICONDUCTORS
2N696 25p 2N3906 22p AFI39 69p B0139 42p MP5A56 20p
2N697 16p 2N4058 20p AF239 74p 8E115 36p 0C28 L2.00
2N699 55p 2N4062 18p AF279 80p 8E117 70p 0C42 50p
2N706 lip 2N4921 60p AF280 85p 8E154 25p TIP29A 50p
2N708 21p 2N4923 70p AL102 LI 50 BF180 36p TIP3 IA 62p
2N916 43p 2N5245 29p BC107 4p BF181 36p TIP32A 75p
2N918 34p 2N5294 35p BC109 5p BF184 35p TIP34A II 20
2N1302 37p 2N5296 36p BCI47 Op BF I 94 12p TIP35A [2.50
2NI306 45p 2N5458 26p BC149 1p BFI96 13p TIP36A [3  55
2N1308 60p 2N5459 19p BCI57 2p 8E197 14p TIP41A 70p
2N1711 27p 2N6027 45p BC158 1913E198 15p T1P42A 70p
2N2102 60p 3N12.8 110p BCI67 2p BF244 33p TIP2955 LI  00
2N2148 LI-653N140 LI -00 BCI68 1p BF258 49p TIP3055 50p
2N2218A 47p 3N141 135p BCI69 1p 8E259 49p TIS43 30p
2N22 19A 52p 3N200 Li 60 BCI82 I p 8E598 27p ZTX300 15p
2N2220 35p 40361 45p BC 182L 4p BER39 24p ZTX301 15p
2N2221 22p 40362 48p BC 183 1p BFR79 24p ZTX501 15p
2N2222 25p40406 48p BC 183L 4p BFX29 36p ZTX502 18p
2N2369 2.3p 40407 30p BC 184 2p BFXB4 38p I N9I4/916 7p
2N2646 55p 40408 50p BCI84L 4p BFX85 4Ip I N4007 18p
2N2905 379 40409 35p BC212 4p BFX88 32p I N4 148 7p
2N2906 28p 40410 55p 13C212L 4p BFY50 30p I N5404 18p
2N2907 219 40411 £2.' 30 BC213L 6p BFY5 I 389 I N5408 40p
2N2926G 13p 40594 75p BC2 1 4L Op BFY52 36p AA119 14p
2N3053 2.5p 40595 11111p BC237 4p BRY39 50p BA 102 ISp
2N3054 50p40636 LI '15 BC239 6p ME0412 20p BA 145 19p
2N3055 65p 40673 73p BC257 7p ME4 102 10p BAI55 12p
2N3391 29p ACI26 37p BC259 8p MJ480 LI 05 B810313 20p
2N3393 15p AC127 44p BC301 45p M1481 LI  30 BBIO4B 34p
2N3440 57p AC128 37p BC307 20p MJ490 LI .05 BY126 27p
1.N3442 L 1.20 ACI52 50p BC309 259 MJ491 II .55 BY211 70p
2N3638 16p ACI53 40p BC327 20p MJ2955 LI -21 BYZI2 70p
2N3702 179 AC176 40p BC328 19p M1E370 68p 0A47 10p
2N3703 15p ACIE17K 40p BCY70 25p MjE371 Illp 0A90 6p
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Bring tcopeito your interest.
'There's only one way
to master electronics...

1Build an oscilloscope.
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 profeision. It
remains your property and represents a
very large saving over buying a similar
piece of essential equipment.

to see what is going
on and learn by doing'.

This new style course will enable anyone to
have a real understanding of electronics 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 easy steps
mastering all the essentials of your hobby or to
further your career in electronics or as a self-
employed electronics engineer.

All the training can be carried out in the
comfort of your own home and at your own
pace. A tutor is available to whom you can
write, at any time, for advice or help during
your work. A Certificate is given at the end of
every course.

-t-

Read,draw and
understand circuit
diagrams.
In a short time you will be able to

read and draw circuit diagrams, under-
stand the very fundamentals of television,
radio, computors and countless other
electronic devices and their servicing
procedures.

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 experi
ments and provide an
excellent example of current ADD AESS
.electronic practice.

I 4 5 6+ ."

1Carry out over 40
wexperlments 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.

To find out more about how to learn electronics in a new, exciting and absorb,
Way. lust clip the coupon for a free colour brochure and full detaileof enrolment.,

!Write to:- British National Radio & Electronics School, I
P.O. Box 156, Jersey, Channel Islands.

INAME
I
I

EEB 11j
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SOMETHING IN THE AIR
Change is the keynote for this time of year.

Autumn is not however just trees turning
beautiful hues, or television broadcasters launch-
ing new programmes. For those who have a
really keen nose, there is a whiff of hot solder -
flux in the air as irons warm up in their
thousands throughout the land.

There are other tell -tale signs for the per-
ceptive onlooker to note. Like the eager
rummaging of junk boxes-those nondescript
containers of components which will have
miraculously reappeared from their summer
hiding places. And the cleaning up of work-
benches or, just as likely, the determined pres-
sing of claims for a corner of the kitchen table.

In short, for thousands of constructors the
word is go man, go! The most fruitful months
lie immediately ahead.

The EVERYDAY ELECTRONICS reader is likely to
be in the fore of all this bustle. He or she will
by now have tackled the hors d'oeuvre presented
last month and be eagerly seeking out the main
course. Something fairly substantial to get the
teeth into. The problem is deciding which pro-
ject to go for first.

A CLEAR VIEW
No such problem arises if one is an astronomer.

This month's Clear Sky Indicator is tailor-made

Our December issue will be published on Friday, November 19
See page S87 for details.

PROJECTS
THEORY...

for star gazers. Of general interest will be the
fact that this project is actually the second of
our specially commissioned designs instigated
by a reader's request. So far as we are aware,
the Clear Sky Indicator is an entirely new device.
It is another excellent example of what can be
achieved by the circuit designer once he is given
a challenge.

Incidentally, our previous allusion to the joint
enterprise between readers and EVERYDAY
ELECTRONICS designers brought forth a further
selection of thought -provoking ideas. All are
being investigated, and designs will be appear-
ing in our pages from time to time. (Like next
month, to drop a hint.)

We are naturally delighted with this feedback
and for the very positive and enthusiastic
endorsement of our theme "Together We'll
Make It". Make no mistake, this two-way
exchange is great. It encourages-inspires is
more accurate-our designers. It makes our
function all the more rewarding. And we are
sure the results are most warmly received by
constructors.

EDITOR F. E. Bennett ASSISTANT EDITOR M. Kenward TECHNICAL EDITOR B. W. Terrell B.Sc.
ART EDITOR J. D. Pountney P. A. Loates K. A. Woodruff

ADVERTISEMENT MANAGER D. W. B. Tilleard P. Mew

IPC Magazines Limited 1976. Copyright in all drawings, photographs, and articles published in EVERYDAY ELECTRONICS is fullyprotected, and reproduction or imitations in whole or part are expressly forbidden.
All reasonable precautions are taken by EVERYDAY ELECTRONICS to ensure that the advice and data given to readers are reliable.We cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go to press.
Editorial Department: Everyday Electronics, Fleetway House, Farringdon Street, London EC4 4AD. Phone 01-634 4452.Advertisement Departments: Everyday Electronics Advertisements, Fleetway House, Farringdon Street, London EC4 4AD.Phone 01-634 4504. Everyday Electronics Classified Advertisements, Kings Reach Tower, Stamford St., London SE I 9LS.
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CLEAR SKY.
:INDICATOR:.  By A. J. BASSETT.

I N the field of practical
astronomy, one of the most

irksome and frustrating occupa-
tions must surely be that of
repeatedly checking the weather
in the hope of conditions suitable
for the making of clear observa-
tions.

TIME SAVER

An automatic clear sky detector
with remote indication facilities
would obviously save the student
of the skies many a frustrated
journey to the telescope-only to
find that cloud or haze is making
observation difficult or impossible.
Such a device could indicate the
degree of obscurity on a meter
which could be placed in a con-
venient position for easy observa-
tion.

The astronomer could then see
at a glance whether conditions
were right, and save a lot of time
and wasted journeying. Just in
case, at the time when weather
conditions were favourable, the
observer omitted to notice this
either directly or on the meter,
an electronic bleep signaller, or a
flashing lamp, could be arranged
to draw his attention so that such
favourable conditions might not
be wasted. Of course, the really
keen astronomer might arrange
to have an electronically con-
trolled alarm by his bedside!

DIFFERENTIAL THERMOMETER
The author has considered a

number of methods by which a
clear sky might be detected and
indicated using electronic means.

One suggested method would
have utilised a differential ther-
mometer circuit to monitor the
difference between air -tempera-
ture and ground surface -tempera-
ture, since it is known that
during conditions of heavy cloud

cover the temperature of the
ground surface tends to come
closer to the temperature of the
air.

An "artificial ground" of low
thermal capacity could be con-
structed to give rapid indication
of changes, as, when the sky
becomes clear, the temperature
differential between air and
ground increases markedly. This
is because the ground can, in
clear conditions, lose heat rapidly
by means of infra -red radiation.
In cloudy conditions this radiation
is confined by reflection from the
clouds, and other effects, and
losses are not rapid.

However, this temperature -
differential method suffers a
number of drawbacks. One is in-
accuracy. Because certain types
of haze and cloud are virtually
transparent to infra -red rays, but
not to visible light, a clear sky
detector based on infra -red radia-
tion might only be of use to an
infra -red astronomer, as it would
give an indication of a clear sky,
at times when mist or haze might
impede viewing by the visible
wavelengths.

Another problem is that, even
with temperature -sensors of low
thermal capacity, there would be

a time-lag during which valuable
observation -time might be lost
before the detector gave an
indication of favourable con-
ditions.

REFLECTED LIGHT
Obviously it would be better to

have a clear sky detector which
uses as its operating -medium the
same wavelengths we wish to use
for observation purposes-or at
least some wavelength within the
visible spectrum. It would also be
useful to have a detector which
gives an instant indication, with
no significant delay, and the
instrument to be described by the

THE VERY IDEA

The idea for a Clear Sky
Indicator was proposed by
Mr. N. James of Weston-
Super-Mare who receives
our special award.
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Fig. I. Block diagram of the Clear Sky Indicator.

MAINS LAMP

__AiIt

GIVING MODULATED
LIGHT

\

OPAUQE
SCREEN

II

LIGHT
SENSOR

REFLECTED RAYS OF
MODULATED LIGHT

TRANSPARENT
SCREEN

Ind BIAS
CIRCUIT

TUNED
AMPLIFIER

author does this by detecting
light which has been scattered
or reflected by particles in the
atmosphere.

The fewer the particles of dust,
mist, fog, rain, hail, snow, atmos-
pheric pollution and smoke, the
less the light will be scattered
and reflected and the clearer the
sky for observational purposes.

There are a number of possible
ways in which instruments might
be built for the purpose of dis-
tinguishing between light which
has been scattered by atmos-
pheric particles, and light which
has not been so scattered, and
some of these are both costly and
complex.

A simple and effective method,
requiring only a modest financial
outlay has been found, and should
prove to be a worthwhile invest-
ment for both individual astrono-
mers, and astronomical clubs in
most circumstances.

This method relies on the
detection of light from street
lamps, or any other suitably
modulated and powerful artificial
light source. Light from street
lamps and most artificial light

FOR
GUIDANCEONLY  
ESTIMATED COST
OF COMPONENTS

excluding MAT.
£11.00

excluding case and
coax
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sources can be easily dis-
tinguished and detected by elec-
tronic means. This is because it
is modulated at a multiple of the
supply frequency, and in the
British Isles, where the supply
frequency is 50Hz, the modulation
frequencies which usually pre-
dominate are 100Hz and 300Hz.

BASIC SYSTEM
If a light sensor connected to

a circuit timed to 100Hz is pointed
at the sky, the output from the
tuned circuit will depend upon
the amount of artificial light
reflected back from atmospheric
impurities, and particles. Fig. 1

shows a block diagram of the
system.

The light sensor, which may be
a cadmium sulphide cell, a cad-
mium selenide cell or a suitable
photosensitive transistor or diode,
is protected from the direct rays
of artificial lighting by a black -
painted screen or surround.

It receives light from the sky,
including any artificial light
which may be reflected by
atmospheric particles or cloud.

The sensor is likely to be
situated in the open, on the
observatory roof or in a garden,
and is connected by means of a
length of screened wire or coaxial
cable to the 100Hz tuned circuit,
which may be situated comfort-
ably indoors together with the
remainder of the electronic
circuitry. The 100Hz tuned circuit
also acts as a sensitive amplifier.
This function is to separate the
100Hz signal both from the d.c
level produced by ambient light-
ing and from other frequencies
and to boost it to a level sufficient
to operate the meter and the
bleep indicator circuits.

OBSCURITY
METER

BLEEP
GENERATOR

SPEAKER

SENSOR MOUNTING
A method of mounting the

light -sensor in a black -painted
metal container such as a tin -can
is shown in Fig. 2. The container
is first well cleaned and any
hazardous sharp edges removed.
A hole is made near the bottom
of the container for cable entry
using a P.V.C. or rubber grommet,
and then it is painted inside and
out, all over first with Kurust
rust -preventive paint, then with
blackboard or matt black paint.
If the black is insufficiently bound
to withstand the weather, a coat
of tough outdoor quality varnish
may be used finally.

In areas where there is plenty
of outdoor artificial lighting, as
from a nearby town or major
road, an inexpensive cadmium
sulphide photosensitive resistor,
(a type ORP-12), may be used.

It is mounted in place by
soldering to a length of tagstrip
or connecting block screwed to
the base of the container. One
terminal is connected to the in-
ner wire, which is also connected
to the metal of the container. The
container then serves three pur-
poses: Protection of the photo-
cell from direct artificial lighting;
electrical screening; partial pro-
tection against weather.

The cable is secured inside the
container by means of a cable -
clamp, and the point of entry
through the grommet, and the
area around the grommet pro-
tected by an application of black
outdoor -grade sealing compound
such as Black Bostik.

WEATHER PROTECTION
An additional piece of hard -
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BLOCK CONNECTOR CABLE CLAMP
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GROMMET

COAXIAL CABLE
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Fig. 2. Mounting arrangements for the photocell.

ware designed to slip over the
top of the photocell -container for
protection against dust and rain
can be made from a metal con-
tainer of slightly larger diameter
than that containing the photo-
cell, and open at both ends. A

disc of clear glass or plastic is
fitted over one end of the photo-
cell housing. This disc is surroun-
ded by the further cylindrical
piece of metal to prevent entry
of light from the sides. This
piece may be fastened to the

metal tube which carries the
disc, by means of three screws
or brackets, and all metal parts
painted in the same way as the
photocell container.

This method of protection
against rain has a number of
advantages. If a polythene sheet
were tied over the container, as
protection against rain, or a plain
flat piece of glass rested on top,
artificial light would be likely to
enter by scattering from the
glass or polythene, and also there
is greater danger that water
might leak back in.

In most areas a disc of glass
or clear plastic should be satis-
factory, but in difficult areas
where there is not much outdoor
artificial lighting a disc of clear
quartz would be better as this
transmits a wider spectrum. Also
in difficult areas, improvement
may be made by using, instead
of the cadmium sulphide cell, a
photo -sensitive cell of cadmium

Fig. 3. Circuit diagram of the Clear Sky Indicator.
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selenide, or else a photo -sensitive
transistor or diode.

CIRCUIT
Now to consider what goes on

at the other end of the screened
cable, Fig. 3, is the circuit
diagram depicting a practical
realisation of the block diagram
of Fig. 1, in terms of readily
available electronic components.

Transistors TR1, TR2 are parts
of a bias circuit which controls
the bias necessary to use the
photocell, in a way in which will
ensure good sensitivity to 100Hz
modulated light under a wide
range of lighting conditions.

Transistor TR3, together with
Zener reference diode D1 pro-
vides a steady reference voltage
for the photocell bias circuit, and
also for the pre -amplifier and
tuned circuit, with resistor R4
limiting the current through TR3
to prevent damage when C4
charges.

Transistors TR4, 5, 6, 7, to-
gether with associated com-
ponents, from a tuned circuit
which may be readily tuned to
100Hz. Although this circuit may
appear to be fairly complicated,
and much simpler circuits can be
built which will readily be tunable
to 100Hz, the author found that
in practice this circuit gives good
results.

From the tuned circuit the
signal passes via sensitivity con-
trol VR3 to a pre -amplifier TR8, 9
which raises level sufficiently to
feed the meter driver circuit
TRIO, 11, 12.

The output of the meter driver
feeds a smoothing capacitor C17
which not only helps to prevent
the meter movement from under-
going vibration at 100Hz but also
provides a smoothly varying vol-
tage whose level is monitored by
the audio generator circuit TRI3,
TR14.

The voltage across C17 is
dependent upon the signal
received by the photocell, and as
this voltage drops below a certain
level the alarm tone will sound.
It is possible to set the level at
which the alarm sounds by means
of VR5, to give an audible indi-
cation of clear sky conditions.

CONSTRUCTION
Most of the circuit is con-

structed on three similar pieces
of 0.15 inch matrix Veroboard

each measuring 10 strips by 25
holes as depicted in Figs. 4, 5,
and 6. The more skilled con-
structor who seeks miniaturisa-
tion may use 0.1 inch matrix
Veroboard and following the

same diagrams.
Assembling of the components

on the three boards is fairly
straight forward and should
present few problems, however, a
couple of points may be worth

Components ,an 14

Resistors
RI 47kfl
R2 2200
R3 4700
R4 47011
R5 lkfl
R6 22k11
R7 220kf1 oxide
R8 47011
R9 47k11
RIO 47011
RI 133k1
R12 33k11
R13 15kil
R14 IOW
RI5 1001d1
All }W ± 10% carbon except R7

Capacitors
CI 10µF elect. 10V
C2 2.2µF 35V tantalum
C3 100µF elect. 10V
C4 100µF elect. 10V
C5 1,000µF elect. 10V
C6 2.2µF 35V tantalum
C7 0- IµF 35V tantalum
C8 0.1µF 35V tantalum
C9 0.1µF 35V tantalum

Potentiometers
VRI 10ki2 skeleton preset
VR2 10k11 skeleton preset
VR3 5k0 log. carbon
VR4 220kf1 skeleton preset
VR5 501d2 lin. carbon
VR6 25011 wirewound
VR7 251d1 lin. carbon

RI6
RI7
RIB
R19
R20
R2I
R22
R23
R24
R25
R26
R27
R28
R29
R30

CIO
CI I
C12
C13
C14
C15
CI6
CI7
CI8

470f1
47kil
100k0
470
4.7kfl
100W
47011
47kfl

33kil
100kfl
22011
22kfl
4711

0.22µF 35V tantalum
4.7µF 35V tantalum
O. IµF 35V tantalum
30µF elect. I5V
470pF ceramic disc
4.7µF 35V tantalum
30µF elect. I5V
30µF elect. 15V
0- IµF 35V tantalum

Semiconductors
TRI BC478 silicon pnp
TR2 2N2926G silicon npn
TR3 BC108 silicon npn
TR4, 5 BC109 silicon npn
TR6 BC478 silicon pnp
TR7, 8 BC109 silicon npn
TR9 BC479 silicon pnp
TRIO, II BCIO9 silicon npn
TRI2 BC478 silicon pnp
TRI3 BC108 silicon npn
TR14 2N2646 unijunction
PCC I ORPI2 photocell (see text)
DI BZY88 6V8 (6.8V 400mW Zener diode)
D2 0A202

See
halo

page 571

Miscellaneous
MEI ImA moving coil meter
LSI 800 miniature moving coil loudspeaker.
BI 9V alkaline manganese battery and connecting clip
SI s.p.s.t. slide switch
S2 s.p.d.t. slide switch
SKI coaxial socket and plug to suit (PL I)
Veroboard 10 strips by 25 holes 0.15 inch matrix (3 off)
Chassis approx. 200 x 150 x 60mm, screened lead approx 500mm, connecting
wire, knobs (4 off), 6BA fixings. TV type coax length as required, materials
for photocell mounting.
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B1 -ve BOARD 2

mentioning. One is in the use of
the Vero spot face cutter or a
drill bit to remove copper con-
ductor at the points indicated. As
there are three similarly sized
boards, each with a different
pattern for removal of the con-
ductor, it is important to be sure
cuts are made in the correct
places. Check that the connec-
tions of each board do in fact
correspond with the circuit.

The circuitry may be assembled
in an aluminium box or chassis
measuring approximately 200 x
150 x 60 mm, which should be
readily available commercially.
This size box will accommodate
the three 0.15 inch matrix circuit
boards, meter and controls, to-
gether with a 9 volt alkaline -
manganese battery as shown in
Fig. 7, or alternatively three 0.1
inch matrix boards together with
a mains power -supply and voltage
regulator circuit may be fitted.

MAINS SUPPLY
If a mains power supply is used

be sure to keep mains wiring
away from the inputs to the three
circuit boards, as this would in-
duce 50Hz hum; also keep the
mains transformer away from the
panel meter as the magnetic field
from the transformer could upset
the meter if the two are adjacent
to one another.

SCREENING
Use screened audio wire for

connections to the inputs of the
three circuit boards, to the
sensitivity control VR1 and to the
photocell input socket. Television
v.h.f. coaxial cable may be used
to connect from the unit to the
photocell.

Stranded connecting wire may
be used for the remainder of the
circuit.

Once the circuit boards have
been wired and checked to
ensure that they do provide the
correct circuit they may be
mounted in place using 6BA nuts
and bolts, together with insulating
spacers to keep the copperstrips
away from the metal. Before
mounting board 3, however,
ensure that the negative wire of
C15 can easily be disconnected
and re -joined from the top of the
board. This may be done by
soldering this end of the capacitor
to a terminal join or pin inserted
in the board.

D14-

VRS

S2

BOARDS
183

LS1

TR13 TRII 00
VRI R20

4\400
1110R19

4P RI5
TRIO t CI3

4).R -27
C12

+ C11
b1 CIS 0

18

tb
e

TR12 +

C11 TR8

b2 ca.b F222
TA A

0601KAC:\ONe00411040Y1111190 0
i C18 0 0

R2E.R 21R 30 ....."..R 23 R17

Fig. 4 Layout and wiring of board I.
 0 0 .  0  0  0  0 .  0 0  0 . 0 
0 o 1. cp 00
0 ff 0
0 00
0 a   0
0  a   0 a  a  
0 C CI  cl oo000000000000000

0
00
0 C) 411C2 TR1

R6 RS 11000 000 --. 00 +06000000
BO D3 Fig. 5. Layout and wiring of board 2.AR

VR3

 0 0 0  0 0 0 5M. ea1:::Ma  EMMUMECi....13
 111.1111L71.1

 MICCAMIIIIIMINCI

0

Dz. OMLrnmsz, RE4E. 43/2Am qrmoix 1

O 0  000 0R10
4. C9

CIO

TR5 ++0
C6

0

R9

T R

Re

R7

C o
0 0 0 0 0 00140 0000000

Fig. 6. Layout and wiring of board 3.

Cs

0 0 0 0 0  0 0 0 0 0 0 0 0  0 000000000 00
0 oo 0
0 13   0
0 CD 0a 6 13  10

0  CI  000 (DO 0 0 0 0 0 0 0. 0 0 0 0 0 0. 0 0 0 0 0 0. 0

BOARD 3

VR3

BOARD 2

SI

568 Everyday Electronics, November 1976



Y



SETTING UP
When the assembly has been

completed, the preset potentio-
meters VR1, 2, 4, must be set
to their correct positions. To set
VR4 proceed as follows: Dis-
connect the negative end of C15
set the wiper of VR4 to its
negative end, and switch on the
unit. (The photocell need not be
plugged in). Observe the meter,
and gradually adjust VR4 until
the needle, which initially is at
zero, begins to move over. (If it
does not respond, operate S2 and
start again).

Now a point must be found
where the meter will return to
zero, but VR4 is set as closely as
possible to the region where the
meter reading begins to increase,
as this will give the detector high
sensitivity.

However, C16 has a delaying
effect, so it will be necessary to
wait a short while after each
small adjustment of VR4 in order
to find the best spot. Then switch
off the unit, use a 100 ohm
resistor to discharge CS, and re-
connect C15.

To set VR1, 2 it is best to use
an oscilloscope connected to the
output of the tuned circuit, in
order to time the circuit to 100Hz.
Disconnect the photocell.

Connect the X input of the
oscilloscope to the wiper of VR3
(if it is a d.c. coupled oscilloscope
connection should be made using
an 0.1/AF capacitor).

Connect the Y input of the
oscilloscope to a 50Hz signal
(which may be obtained from a
low -voltage isolating transformer
such as a bell transformer).

Set VR2 to minimum resistance.
This should cause the tuned cir-
cuit to oscillate, and by adjusting
VR3 and the gain -controls of the
oscilloscope you should see a mov-
ing pattern on the screen.

If the circuit does not oscillate,
adjust VR1 or reduce the value
of R13 to 10 Icilohms or less if
necessary.

By adjusting VR1 you should
be able to get a figure 8 on the
screen, lying on its side, and this
is a sign that the circuit is cor-
rectly tuned. As VR1 is adjusted
the figure will rotate in one direc-
tion or the other. By increasing
the resistance of VR2, it should
be possible to stop the oscillation,
and the trace will then collapse
to give a horizontal line, and re-
appear as VR2 is once again de-
creased. Set VR2 to the point
570

where the circuit only just ceases
to oscillate.

OSCILLATION
Wire one end of a 100 kilohm

resistor to the circuit negative,
and tap the input terminal of the
photocell socket momentarily with
the other end of this resistor.
Each time this is done the trace
should appear and collapse
slowly.

Adjust VR2 so that it takes
about two seconds or maybe more
to collapse. Adjust VR1 so that
any rotation of the figure is as
slow as possible. When these
adjustments are complete, the cir-
cuit will be found to be timed to
100Hz, and on the verge of oscil-
lation. In this condition it is very
sensitive to any input at 100Hz,
and this sensitivity will enable the
instrument to detect very small
inputs at this frequency.

If no oscilloscope is available
then VR1 and VR2 can be set to
give the best results. Do this
with the photocell connected and
with a remote artificial light
source, e.g. internal lighting in
another building. It is important
that there is no source of artificial
lighting near the cell. Set VR2 to
mid resistance and adjust VR1 to
give the highest possible reading
on MEI (backing off the sensi-
tivity control to achieve this).

Next disconnect the photocell
and adjust VR2 in the manner
described above. Indication of
oscillation can be achieved by
setting the sensitivity control
about 13 up and watching ME1 for
full scale deflection. As oscilla-
tion dies away MEI will return to
zero.

Having achieved oscillation die-
ing away in about two seconds
readjust VR1 as above.

Switch S2 to the position enab-
ling the meter needle to be moved
across the scale by means of VR7,
and set a reading of 0.5mA (half
full scale deflection). Turn up
volume control VR6. Now by
adjusting, VR5, you should be
able to cause the audio tone to
sound. By adjustment of VR5 and
VR6, you should be able to cause
the audio tone to sound at any
chosen position of the meter
needle. Leave VR5 set at the
chosen position and switch back
S2.

Allow a few seconds for the
unit to "settle down", and the
meter reading should move back
to give a low reading, but its be-

haviour depends upon the set-
ting of sensitivity control VR3. If
VR3 is set high, noise from the
components in the oscillator cir-
cuit may be expected to cause the
needle to waver a little and may
modulate the audio tone.

USE

Arrange the photocell to face
towards any chosen part of the
sky, but to be shielded from any
direct rays from an artificial light.
Now the photocell can only pick
up 100Hz modulated light by re-
flection from cloud etc. in the sky.

Set VR3 to about half way, plug
in the photocell and switch on.
After a few preliminary excur-
sions of the meter needle, lasting
a few seconds, the unit should
settle down and, as clouds pass
over, reflected artificial light from
them should be received by the
photocell, causing the meter
needle to swing over to a high
current reading, and extinguish-
ing the audio tone.

When the sky is clear, the
meter reading should fall to a
lower value and the audio tone
should sound.

Whenever VR3 is adjusted, the
unit will be upset for a few
seconds, and then return to nor-
mal operation very quickly.

If you are using the detector in
an area where there is a lot of
artificial lighting, such as airport
landing lights, it may be useful to
reduce the sensitivity by increas-
ing the value of R19 to 220 ohms
or more.

If you find that it is necessary
to increase the sensitivity beyond
that which is provided with VR3
at its full setting, this may be
done by reducing R19 to 10 ohms;
however, it may result in a prob-
lem from increased "noise" and
wavering of the meter needle.

This problem may be overcome
by selecting lower -noise compo-
nents for the oscillator board,
especially R7, TR1, TR2, TR3 and
the input capacitors.

REMOTE INDICATION
The audio signal may be heard

in another room by switching
over to another speaker, or if it
is desired to leave the speaker in
the unit connected and have
simultaneous remote indication at
more than one location, the
speaker output of the unit may be
connected to the input of a low -
sensitivity audio amplifier. TT
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CTRONIC SUPPLIES

By Mike Kenward
New products and component

buying for constructional projects.

FROM the response we get whenever
we publish anything remotely con-

cerned with the pop music field we are
sure many of our readers would be very
interested in the Sound Design publica-
tion now available from our sister
magazine Practical Electronics.

In addition to a couple bf heavy-
weight articles-a synthesiser and
electronic piano --there are six guitar
and organ effects units (one which

eight which
should be within the scope of many of
our readers, plus the Orion hi fl
amplifier design. The circuits used in
the bigger items will no doubt find
other applications and would be of
interest to anyone who dabbles in this
field.

The book costs £1.20 post paid and
full ordering details are given on page
577.

Whilst on the subject of publications
we have had two catalogues for some
time now but have not had the space
to bring them to your attention. The
first one is from Vero Electronics and
gives details of their range of boards,
cases and tools, many of which will be
familiar to regular constructors. The
"catalogue" is worth having even if
only for reference and is available direct
from Vero Electronics Ltd., Industrial
Estate, Chandler's Ford, Hampshire
SO5 3ZR for 10p including postage and
package, etc.

The second catalogue is one that
looks very good but which we felt
needed more than just a brief men-
tion. This one comes from Marshall's.
If you want semiconductors or i.c.s
Marshall's probably carry more types
in stock than any other supplier and
their catalogue bears this out. In Mr.
Marshall's introduction he states "we
have tried to include some essential
information which previously had been
missing" by this we presume he means
transistor and i.c. leadouts, data and
Japanese equivalents.

Taking the above items in order the
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transistor types are each given a code
number and a page of pin connection
drawings are shown although originally
this was almost useless, an amendment
has now been printed which makes the
information very worthwhile. The i.c.
data and connections in most cases are
good, but in some cases are pointless
without a relevant circuit.

As far as the Japanese transistor
equivalents go we feel this is a rather
misleading title since the equivalent
numbers given are all Marshall's own
code numbers. Although this would
enable one to buy a suitable replace-
ment from Marshall's the information is
otherwise useless and we see no point
in its publication-they might as well
simply say they can supply equivalents
of the Japanese 25 type transistors. Or
publish the type numbers with prices
and say that equivalents will be
supplied.

Well, as Mr. Marshall said, they
"tried" and for doing that they get our
praise, but if they can sort out the re-
maining points then at 30p this cata-
logue would become even more
worthwhile. It also gives details of a
good range of items for constructors
other than semiconductors. Send 40p
(including 10p postage) to A. Marshall,
42 Cricklewood Broadway, London
NW2 3ET.

New Products
News of two burglar alarm systems

intended for d.i.y. installation has
recently come our way, both systems
are interesting but it would take up
far too much space to list all their
points.

The first system is the simplest and
contains everything for home installa-
tion in one of two kits. The ABIO-
door and window alarm-and the
AFB 15 burglar/fire alarm. These two
come from Eagle International, are
backed by a two year guarantee and
cost £14.06 and £28.68 respectively,
including VAT. The kits should be
available from most electrical retailers
but a list of your local stockists and a
free catalogue can be obtained by

writing to Eagle International, Heather
Park Drive, Wembley, Middlesex
HAO I SU.

The second alarm is rather more
comprehensive and in fact provides
three basic systems with many options
on alarms; shut down timers; magnetic,
inertia and pressure contacts; window
foil and personal attack buttons. The
systems also incorporate facilities for
heat detection and installation packs
are available. Prices for the basic
control units start at about £40
including VAT but to that must be
added the cost of contacts, sounder
etc. The simplest complete system costs
C61.88 and an installation kit £9.72.

More details of the full range, which
includes such items as a micro -wave
radar detector and an ultrasonic motion
detector, together with prices are
available from Harley Security Systems
Limited, 87 High Street, Alton, Hants
GU34 1LG. Harley also run a free
technical advice service for those
fitting or considering fitting one of
their systems.

P.C. Kit
Final new product this month is a

d.i.y. printed circuit kit from Comp -
stock Ltd. The kit has been aimed at
development engineers but is equally
suited to the home constructor because
all chemicals are kept inside a sealed
polythene bag while being used, thus
reducing any risk of accidents. The kit
comes with a p.c. etch resist pen, 10
strips of etch resist transfers, an
abrasive block for cleaning boards and
the etching system. Also included is a
special neutraliser which, when mixed
with the acid turns it into a semi -hard
neutral mass which may be safely and
easily disposed of.

Compstock say that the kit should
etch about 10 average size boards
(10 x 16 cm)-you would get many
more smaller size boards. The cost
is E8.25 including VAT post and
packaging, but during the Internepcon
Exhibition at Brighton (October 19,
20, 21) they are doing a special intro-
ductory offer of £5 per kit. Compstock
Ltd., are at 42/44 Bowlers Croft,
Basildon, Essex.

Constructional Projects
Although three of our projects this month contain a fair number of components.

having looked through the lists carefully we doubt if any of them will provide any
undue buying problems.

The semiconductors and i.c.s used should be available from the larger stockists,
the most expensive being the LM3900N used in the Enlarger Exposure Timer and
even that should only be about 60p.

One thing is worth mentioning; when buying a large number of items i.e. for the
Clear Sky Indicator, it is as well to make sure your supplier's prices are reasonable
because a small difference on a large number of items soon adds up.

D.I.D.
Doing It Digitally, or DID as we have come to know it, uses a fair number of parts

for the construction of the wiring board this month and a components list for this,
and for the other components used in the first few parts of the series, was given
last month. We hope that a number of firms will be advertising kits of parts in
this issue. If so, it should make buying that much more simple. Price-we estimate
about El 1.50 including the Vero case, on/off switch etc.
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Try these for
3 AUDIO OSCILLATOR

THE
circuit shown in Fig. 1 is

an oscillator, using only one
active component-a PUT; or pro-
grammable unijunction transistor.

USES

There are several uses for
audio oscillators. One is a prac-
tice oscillator for Morse Code.
Another is as a "buzzer" for any
unit or system requiring an audio
output. An advantage of this type
of oscillator as an alarm buzzer
is that, by using separate switches
from the positive supply to the
anode of the PUT, each with a
different amount of resistance in
series, each alarm condition in a
multiple system will give a
different note-so you can easily
tell which parameter should be
checked.

While the oscillator will pro-
duce audible output from a 15 or
33 ohm loudspeaker, headphones
(8 ohm hi-fi types) are preferred
because of their high sensitivity.
A further advantage in using
headphones for Morse practice is
that the dots and dashes will only
be heard by you-maybe you
think that hours of Morse sounds
fine, but we doubt if your family
would agree!

ESTIMATED COST

OF COMPONENTS

excluding VAT.

£0.85

For use as an alarm or door
buzzer, the sound level into a
speaker may not suffice, so an
additional amplifier may be neces-
sary.

CIRCUIT
The circuit is a conventional

one, the PUT being connected as
a relaxation oscillator. A de-
tailed explanation of how it works
is not within the scope of this
article. Suffice to say that a relax-
ation oscillator operates by charg-
ing a capacitor to some critical
voltage the PUT then "triggers",
discharging the capacitor, and the
cycle is then repeated.

The frequency produced by the
oscillator can be varied by means
of a potentiometer included in
the capacitor charging circuit. If
a switch pot is used, this will

Fig. I. Circuit diagram of the oscillator.

Fig. 2. Layout and wiring of the
oscillator.

DIRECTION OF
COPPER STRIPS

0000 0000111-
VIRI

R3 0
0

(

RI
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C2

R4 YCRI1 0 OUTPUT

0 0 60000

'FREQUENCY]

Components

Resistors
RI 10041
R2 220S2
R3 18k12
R4 271<12

All IN,Al + 10% carbon

Potentiometer
VR I 470k0 antilog carbon (see

text)

Capacitors
Cl 3,300pF
C2 0- IµF

Transistor
TR I 2N6027 PUT

Miscellaneous
Veroboard 0- I inch matrix
10 strips by 1 I holes (half
piece presented free with last
months issue), connecting wire

save the expense of buying a
separate switch for on/off.

The pot should ideally be an
"anti -log" type-that is the oppo-
site relationship to a conventional
logarithmic type. Alternatively,
you can use a log. pot. with con-
nections reversed, the only dis-
advantage being that at minimum
rotation, the frequency will be
maximum. If you are not worried
about linearity, an ordinary
linear pot. will be quite accept-
able.

As with other circuits in this
series, the oscillator operates
from a 9V supply. However, volt-
age is not critical, and other volt-
ages, up to 18V, will be satis-
factory. Fig. 2 shows construction
details of the unit.
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Starters...

4 CRYSTAL SET AMPLIFIER
THIS one stage audio amplifier

should be of particular in-
terest to those who have a simple
crystal set and wish to hear
stations with increased volume
in the headphones.

ADVANTAGES
There are two advantages in

adding an audio stage to a crystal
set. The first, and most obvious,
is the amplification of signals to
a more comfortable listening
level. The second, although not
so obvious, is an improvement in
selectivity; this may be obtained
by reducing the aerial coupling,
achieved by tapping the aerial
further toward the earthy end of
the coil.

This reduces the load on the
tuning coil, enabling it to achieve
a higher "Q", the major factor
governing selectivity. Since the
headphones also load the coil, a
further improvement should
result by reason of the higher in-
put impedance of the amplifier,
compared with most headphones,
particularly the low impedance
types.

The circuit uses a single BC108
or any similar small signal npn
transistor. Output from the collec-
tor circuit may be into a set of
"high impedance" headphones

Cl

0-I

INPUT

111

TR1
BC108

R3
Ik12

[ESTIMATED COST

OF COMPONENTS

excluding V.AT.

£0.50 plus phones

(2,000-5,000 ohms), or small valve -
type output transformer. The
transformer idea is useful, as it
side-steps a supply problem with
old -type 4,000 ohm headphones. It
enables a set of modern "hi-fi"
type phones to be used, with an
added advantage of high sensi-
tivity and better comfort.

CIRCUIT
Signal to the amplifier is

applied to the input capacitor and
earth. In exceptional signal areas,
a 10 kilohm volume control could
also be used. The transistor is
biased by the two resistors con-
nected to the base and by the by-
pass emitter resistor R3.

The input capacitor is shown on
the circuit as a 0.1/IF type, mainly
in the interests of economy. The
circuit will work as it stands, but

+9V Fig. I. Circuit diagram of the amplifier.

DIRECTION OF
COPPER STRIPS

0 0 0 0

0
9V

0
0

TR1
0

O
C1:1

0 0 0 0 0.1-
li440.10 PHONES

Components
Resistors

R I 681(i/
R2 15k0
R3 I kit
All }W ± 10% carbon

Capacitors
Cl 0. 1µFC2

30µF elect. 12V

Transistor
TR1 BC108 silicon npn

Miscellaneous
TLI 2000-4000 ohm headphones
(see text)
Veroboard 0-1 inch matrix
10 strips by II holes (half piece
presented free with last months
issue), connecting wire

a higher value capacitor will give
better low frequency response-
particularly if good quality
phones are used. A small tan-
talum capacitor, say 1/AF IOV
working, could be used, with its
"positive" lead connected to the
base of the transistor. )11

RI 0
0
0
0O

INPUT 0 R3

0 0 0 0 0 0 Fig. 2. Layout and wiring of the Crystal
Set Amplifier.
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VAC
By A.P. STEPHENSON

Part Fourteen
14.1 THE BISTABLE

An interesting example of a switching circuit is
the bistable (which was invented many years ago
when it was known as the Eccles-Jorden). The black -
box is shown in Fig. 14.1a. It has two outputs, one
called (by computer people) "Q" and the other 0,
called "not Q". These outputs are always in the
opposite state to each other; when Q is high, 0 is
low and vice versa.

When the circuit is first connected the actual
state is unpredictable but quite stable. The state can
be changed over by a narrow trigger pulse to one of
the bottom terminals. For example, the terminal
marked set will cause Q to be high and 0 low (if it
is triggered); the reset terminal will cause a to be
high and Q low when triggered.

The title bistable is therefore very apt because the
box rests in either one of two stable states called
set and reset. Fig. 14.1b shows the circuit details-
not a pretty sight.

Let us assume that on switching on, TR2 conducts
first and is in deep saturation which of course makes
the Q output voltage low. Because the base of TR1
is fed from Q there is no base current and therefore

BISTABLE

RESET SET

(a)

Fig. 14.1 (a) Black box
multivibrator.

574

RESET

(b)

SET

bistable (b) Circuit of a bistable

no collector current and a is high. But because a is
high it pulls the base of TR2 upwards, which is why
it is in saturation.

This very confusing chain of events can be easily
summarised by stating that TR2 is held in saturation
because TR1 is off. If TR1 happened to have con-
ducted first, then it would have been held in saturation
by TR2 being off.

Changing the State
Inspection of the circuit will reveal that a double

positive -feedback loop exists. A change of voltage
at one of the bases is inverted at the collector,
passed to the opposite base, inverted for the second
time and therefore arrives back at the original base
in phase after being amplified twice. The circuit is
therefore only stable if it is not disturbed, like a
sleeping tiger. If we apply either, a negative going
trigger to the transistor which is conducting, or a
positive going trigger to the transistor which is off,
a rapid change over action (called an avalanche)
occurs, leaving the circuit stable again in the opposite
state.

The set state is assured by a negative going trigger
to the "set" terminal, (if the state was already set,
nothing would have happened). Reset state can be
assured by a negative trigger to the "reset" terminal.
Such pulses can readily be obtained either elec-
tronically from other circuits or by switching manually
from trigger terminal to ground. Bistables are in
wide use in control circuitry and computers because
they act as memory cells, i.e. they remain in
(memorise) the state they were ordered to be in by
a sudden pulse which could have been given months
ago! They have infallible memories, providing the
power is left on.
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14.2 THE SCHMITT TRIGGER

The "black -box" shown in Fig. 14.2a shows a
Schmitt trigger which is a device which converts
any shape waveform to a straight -sided rectangular
waveform at the output. For example if we have a
sinewave and we wish to change to a rectangular
wave then Schmitt is the chap for the job.

Seen in Fig. 14.2b is a typical Schmitt trigger
circuit where in the resting state (no input) TR2 is
conducting heavily so Vout is low; TR1 is non-
conducting because the voltage drop across RE is
causing the emitter to be more positive than the
base. Its collector is therefore high which holds
TR2 on.

For example, if RE is 2 kilohm and TR2 is drawing
2mA, both emitters are at 4 volts positive with respect
to ground. The base of TR1 could be held by R1 and
R2 at say 3 volts positive with respect to ground
which means 1 volt reverse bias on the base.

Arrival of input
When the input waveform reaches a positive

voltage sufficient to turn on TR1, a violent avalanche
action causes the transistors to change state, i.e.
TR1 turns on and TR2 turns off. The output therefore
jumps almost instantaneously from a low voltage
to + Vcc. This state is maintained until the input
waveform falls again sufficient to cut-off TR1. A
reverse avalanche then restores the Schmitt to its
normal resting state.

To understand why an avalanche occurs, assume
TR1 base rises, then its collector falls taking the
base of TR2 with it. Thus the current in TR2 falls
which causes TR1 to conduct harder still, which
reinforces the original change. In other words we
have another double amplified positive feedback loop.

SCHMITT
TRIGGER

ANY SHAPE
WAVEFORM IN

(a)

(b)

vcc

0
RECTANGULAR WAVE OUT

-f-vcc

Fig. 14.2 (a) Schmitt black box (b) circuit diagram of a
Schmitt trigger.

Hysterisis
The point on the input waveform which starts the

avalanche, point A in Fig. 14.2b, and the point at
which the reverse avalanche starts, point B, are
never quite the same; the difference between these
two voltages is called the hysterisis and can be
decided by the designer.

14.3 THE ASTABLE MULTIVIBRATOR

Fig. 14.3a shows a "black box" which, you will
notice, has two separate outputs available but
requires no input and must therefore be an oscillator.
The outputs are rectangular (but not quite so perfect
as shown) and are opposite in phase to each other.
A circuit capable of producing such an oscillation
is shown in Fig. 14.3b and is obviously a kind of
second cousin to the bistable. In fact the main
difference is the capacitive coupling instead of
resistive coupling between the stages.

To understand the theory of the astable we must
delve a little deeper into the behaviour of capacitors
to sudden changes of voltage on one of the plates.
The rule is that capacitors cannot instantaneously
change the voltage across their plates.

If for example, one side of a capacitor drops
suddenly from plus 5 volts to zero volts then equally

If one side of a capacitor
suddenly changes voltage, the
other side must instantaneously
change in the same direction.

OUTPUT 1

ASTABLE
MULTIVIBRATOR

OUTPUT 2

(a)

Fig. 14.3a. Black box of mu/tivibrator and wave forms
of the two outputs available.

suddenly the other side must drop 5 volts downwards.
i.e. if zero volts before, it will drop to minus 5 volts,

A simple circuit and waveforms which illustrate
this example are shown in Fig. 14.3c.

Resting conditions (switch open): Left hand
plate of Cl is +5 volts to ground. Base/emitter is
in forward conduction which holds right hand plate
of C1 at about 0.6V to ground.

Switch suddenly closed : Left hand plate of Cl
falls to ground, which must cause a corresponding
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+5V

Fig. 14.3b. Circuit diagram of an astable multivibrator,

drop of 5 volts on the right hand plate, i.e. a drop to
minus 4.4 volts. Thus closing the switch immediately
cuts -off the transistor! How long will it remain
cut-off? For as long as it takes the right hand plate
of Cl to reach its former resting state at +0.6V with
respect to ground.

The time constant involved is Cl times Rb and it
will be seen from the waveform that the capacitor

-4-5V +5V

has to climb about half -way up the total "aiming"
point of +5 volts. Since it takes one CR to reach
two-thirds of the total, it must take a bit less to
reach half the total; in fact the actual time is about
0.7 Cl Rb seconds-(according to rather abstruse
mathematics which we shall skip). The term for this
exponential return to cut -on is called relaxation.

Returning now to the astable multivibrator circuit
in Fig. 14.2b, we notice that two relaxation circuits
are in operation, Cl R4 and C2 R3 with transistor
"switches" instead of real ones. When one transistor
is on, the other one is relaxing towards cut-on-as
soon as it does, the positive feedback action immedi-
ately cuts off the other. The circuit continuously
oscillates backwards and forwards from TR1 to TR2.

The period of oscillation is T - (0.7C1R4
0.7C2R3) so the frequency is given by

1

0-7(C1R4+C2R3)
or if C1 C2 - C and R3 R4 R, then:

+0 6V
RESTING

-4.4V --

f -4CR
1

miNG TOWARDS +5V
z

/ RESTING

Fig. 14.3c. Circuit diagram to show relaxation principle and relaxation waveforms.

TEACH -IN '76 EXPERIMENTS
By now, you should be able to translate the
theoretical circuit diagram onto the Circuit Deck
yourselves, and therefore no physical layout is
provided.

EXPERIMENT 14A
To demonstrate the Astable Multivibrator

PROCEDURE
Assemble the Components on the Circuit Deck

according to the circuit diagram shown in Fig. 14A.1.
1. Measure the voltage across either transistor. If
everything is in order, the meter needle should be
rhythmically jerking up and down between 4.5 volts
and nearly zero. The time of one complete up/down
cycle should be about 1.4 CRD = 1.2 x 100/4F x
2.2k0 = 0.3 seconds, although component toler-
ances will produce the usual errors.
2. Change the base resistors from 2.2 kilohms to
10 kilohms and note that the period increases to 1.4
seconds.
3. Replace the two 100 ohm resistors by 6 volt, 0.04
amp lamps. The two lamps should be winking on
and off alternately indicating the antiphase relation-
ship between the two outputs.
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Fig. 14A.1. An astable multivibrator.

4. Change the base resistors so that one stage has
10 kilohms and the other has 2.2 kilohms. The lamp
circuit with the larger base resistor should now be
off for a longer period of time than the other. The
circuit is now asymmetrical and has a "Mark to Space
Ratio", "On -Off Ratio" or "Duty Cycle", larger than
unity-actually about 4 to 1.
5. Repeat all these experiments with 1000 microfarad
capacitors instead of 100 microfarad, and note that
all times are increased by a factor of 10.
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6. Modify the base circuit using the 25 kilohm
potentiometer as shown in Fig. 14A.2. With VR1 set
in the middle, the MIS ratio should be 1 : 1 and can
be varied by the control to about an upper limit of
10 : 1 at either end.

4 4.5V

TR1 TR2

Fig. 14A.2. Circuit addition to obtain variable on/off
ratio.

EXPERIMENT 14B
To demonstrate Bistable trigger action.

PROCEDURE
Assemble the components on the Circuit Deck

according to Fig. 14B.1.
1. Measure the voltages across collector and emitter
of both transistors in turn. You will find that one of
them reads about 4.5 volts and the other nearly
zero volts. This indicates that one is hard on in
saturation and the other is off, although which way
round is unpredictable.
2. Leave the voltmeter connected across the one
which is reading 4.5 volts, i.e. the one which is off.
3. Perform the following trigger actions on points A
or B. Momentarily touch either A or B with the probe
which is at ground level. The voltmeter should
instantly flick over from +4.5 to zero volts when your
probe grounded the particular base which was
conducting.

For example, if your meter was across TR2 and
was initially reading 4.5 volts, then the point A would
be vulnerable to the probe.
4. Touching point A then B then A again and so on
will cause voltage to flick over to the other state each
time.
5. Repeat the experiments using the other probe
which is connected via the 4.7 kilohm resistor to
the +4.5V line. The same effects can be produced as
before but since the probe is "pulling" a base up-
wards this time, the change over takes place when
the off transistor is touched.
6. Replace the 100 ohm resistors (or one of them) by
6V, 0.04A lamps. Repeat the experiments over again,
using visual indication of state instead of the voltage
readings. Continued on page 578

4 4.5w

Fig. 14E1. A simple bistable circuit showing trigger
points.
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Continued from page 577.

EXPERIMENT 14C
To demonstrate the triggering action and the

hysterisis effect of a Schmitt circuit.

PROCEDURE
1. Assemble the components on the Circuit Deck
according to circuit diagram Fig. 14C.1, leaving the
slide control of VR1 down at the bottom end. The
lamp should be on and TR1 off. Leave a voltmeter
connected between point A and ground.
". Slowly advance VR1 and observe the voltage
rising. At some point the lamp will suddenly go out,
indicating the circuit has flashed over. Note carefully
the voltage at this point (which will probably be a
little above 4 volts).
3. Now slowly reduce VR1 again towards the zero
volts end. The lamp should remain off until the
voltage nears 2 volts when the circuit should flash
back to the lamp on state.

The difference in the on and off voltage points is
the hysterisis-about 2 volts or so.

Fig. 14C.1. Circuit diagram of a
Schmitt trigger.

When preparing printed circuit
boards for etching, I find that Dalo
etch resist pens are very expensive,
and do not contain enough etch resist
for filling in large areas.

Because of this I use an etch resist
pen for the intricate areas, and I use
pieces of PVC insulating tape, for
covering the large areas of copper to
be retained. Insulating tape is a very
good etch resist, and can be just peeled
off after etching.

D. J. Barfoot,
Bournemouth.

I, like many other readers like to
construct my own printed circuit
boards, from published designs, and
make up my own for the more complex
Veroboard projects. Often, after pro-
ducing a shiny surface on copper clad

The Teach -In '76 series will terminate next month in
Part 15.

TR1
BC107

board, one is frequently left with
surplus material which is not going to
be used for some time. The copper
quickly tarnishes, and finger marks
appear after a few days.

A very effective way of reducing this
oxidation is to wrap the whole board
in a very thin plastic sheet known as
"cling film". This is available from
supermarkets and grocers, and is sold to
produce airtight coverings for food-
stuffs.

It is very easily obtainable, and
preferable to the use of sticky -backed
plastic, which is an expensive alterna-
tive.

When covering the board, press and
pull it tightly and firmly over the
copper surface to ensure as much air as
possible is expelled, and then fold over
the edges so all four sides meet at the
back with plenty of overlap. The
adhesive properties of the plastic will
be between the overlapping layers.

Care is needed to avoid puncturing
of the plastic by the sharp corners
and any rough edges, but if these are
sanded smooth, the material is quite
strong enough to be stretched over
these edges gently.

The material provides an almost
perfect airtight enclosure for the
copper and even after some months
there is very little tarnishing.

Certainly there is no need for any
abrasive cleaning after the board has

+ 9V

been in storage for some time-just
a light dab once over with a spot of
organic solvent is all that is required-
this will also keep a thick layer of
copper on the board, there is no
chance of cleaning it all away!

This method could apply equally well
to Veroboard and double sided copper
board, and provides a copper surface
which is always ready for soldering.

Timothy C. Sheridan,
Bishop's Stortford.

"I expect the crystal set is vastly Un-
proved now to what it used to be."
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Electronics
FOR a change, I am devoting all

my space this month not to
specific career opportunities but
to an overview of the structure
and importance of the aerospace
industry to electronics and how
electronics makes its contribution
while also enjoying enormous
spin-off in new technology.

CONTROVERSY
Today the aerospace industry is

the subject of great controversy.
Plenty of people think that great
projects like Concorde are a waste
of money, that landing men on
the moon, however brilliant an
achievement, was a rather silly
exercise. That atmospheric pollu-
tion by jet aircraft is affecting
the climate, that the noise
nuisance is a hardly tolerable
affront to civilisation, and that the
heavy involvement by most aero-
space companies in the design and
supply of military aircraft and
weapons systems is an even
greater affront.

Nearly all these critics fly to
overseas holiday resorts, enjoy TV
programmes relayed to them by
communications satellites, and
sleep well in the knowledge that
their homeland is reasonably well
protected against aggression. In
fact, despite all the loud noises
they make, deprive them of the
benefits of aerospace develop-
ments and they would be among
the first to squeal.
Everyday Electronics, November 1976

By Peter Verwig

On the other side of the coin
there are folk who live and
breathe aerospace as a complete
end in itself. Nobody can deny
that this young science which has
prolificated into a huge industry
in the course of a single lifetime
is fascinating and appeals to the
imagination. But, like all human
activities, it can be used for both
good and evil.

And, putting the military argu-
ment to one side, it cannot be
denied that the bad effects of
aerospace such as noise and
atmospheric pollution are now
well recognised, that huge sums
of money are being spent on re-
search to abate nuisance and that,
on balance, aerospace has been of
benefit to mankind.

If we look at the military argu-
ment, sensible and peace -loving
people naturally prefer not to be
involved in an arms race and even
less in a possible future holocaust.
Most accept that in an imperfect
world they would prefer to be
defended rather than defenceless,
and even ardent pacifists,
although perhaps unknowingly,
daily enjoy amenities whose de-
velopment, in the first instance,
was stimulated by urgent military
needs.

PROGRESS

It is no wonder that the general
public remains bemused and un-
certain on aerospace. First, the

rate of progress has been so great
that it numbs the senses. We have
moved from mans first fumbling
effort to fly a powered heavier-
than-air machine (as distinct from
airships and balloons) to pas-
senger carrying supersonic flight
on regular service in a mere 73
years.

Man -on -the -moon, already "old
hat" has to be viewed within the
context that the first ever manned
space -flight took place only 15
years ago. Today we are getting
pictures of Mars and the results
of scientific experiments there, all
remotely controlled at a distance
of over 200,000 miles, an achieve-
ment considered by many to easily
surpass the moon landings in tech-
nical excellence and even this,
but for the excitement of finding
out if there was life on the planet,
would hardly have raised more
than a riple of interest.

Incidentally, the tiny biological
laboratory, occupying only one
cubic foot of space in the Viking
project, as well as its complement
of mechanical engineering com-
ponents, has the microelectronic
equivalent of 22,000 transistors
and 18,000 other electronic com-
ponents and this is only one of the
on -board electronic systems.

COST
Secondly, we all tend to become

overwhelmed, not only with the
spectacular nature of great
achievement in aerospace, but
also with its cost. Big passenger
transports such as the long-range
1011-500 TriStars recently ordered
by British Airways now cost some
£20 million e a c h. Aerospace
people talk in millions all the
time, while lesser mortals imagine
they are on a big and useful deal
when talking in tens of thousands.

Electronics and aerospace are
now completely interdependent.
One cannot get along without the
other. You can't fly a TriStar or
go to the Moon without elec-
tronics. And electronics could
never have made such rapid pro-
gress had it not been for the
ever-increasing demand for
advanced technology products
from the aerospace industry and
the money to pay for their
development. Aerospace has been,
and still is, the forcing ground for
electronic developments and,
whether we like it or not, the
primary source of cash funding
comes from defence budgets.

It was a defence requirement
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that spurred Britain into develop-
ing the world's first practical
radar system in the 1930s, and the
Americans into advanced micro-
circuit technology in the 1960s.
But for heavy investment in
defence, the general progress of
electronics industry would have
been much slower and we should
all be the poorer for that in
many other ways.

How is the aerospace industry
organised and how does it work?
The backbone is the airframe
manufacturer who designs and
builds the aircraft, the missile, the
satellite and its launcher.

There used to be dozens of air-
frame manufacturers in the days
when you could buy a large pas-
senger aircraft for a few hundred
thousand pounds. But as aircraft
became faster, higher flying, more
comfortable to travel in as well as
safer, costs rose to such a degree
that the weaker companies were
forced to join the strong so that
there are just a few companies of
world class left. In Britain the
two remaining airframe com-
panies, British Aircraft Corpora-
tion and Hawker Siddeley are
about to come under public owner-
ship and will eventually merge
their activities.

The cost of high technology
projects has now become so astro-
nomically high that few single
companies, however strong, can
afford their full development costs
and, indeed, this is also true of
nations.

JOINT VENTURES
The days have long since passed

when a small nation could afford
a major aerospace development.
Britain, with the largest aerospace
industry in Europe and second in
the Western world only to the

United States, can now only
afford joint ventures with
partners overseas to share the
cost and the risk of new develop-
ment.

Thus we have in the military
field joint projects like the Anglo-
French Jaguar strike aircraft now
in service with the French and
British air forces, and the Tornado
multi -role combat aircraft de-
veloped and built on a co-opera-
tive basis with partners in
Germany and Italy. In civil avia-
tion there is the European Airbus
for which British Hawker Siddeley
build the wings, and many more
international projects too
numerous to list here.

Even the mighty giants of
Boeing, Lockheed and Douglas in
the United States are seeking
international partners for future
projects. The trend is towards
multinational participation, at
least for the really big jobs.

The airframe manufacturers,
however large, depend on
hundreds of sub -contractors for
the supply of component parts,
sub -systems and systems. Principal
subcontractors are specialist com-
panies who make aircraft engines,
landing gear and other major
mechanical components and sys-
tems suppliers for items like auto-
matic pilots, navigation systems or
radio communications. In their
turn, these subcontractors buy in
component parts from specialist
component manufacturers.

You can't put any old rubbish
into aircraft. Every piece of alloy,
every rivet, every electronic com-
ponent, even the humble cable
has to be "released" from the
manufacturer to stringent
approved specification. Otherwise
the aircraft will not get a certifi-
cate of airworthiness and will not
be allowed to fly.

Flight deck of a Trident civil transport, the first commercial
aircraft to be equipped for automatic landing using Smiths
autopilot and autoland system, controls of which are on the
central pedestal.

It is difficult to arrive at exact
figures for any particular aircraft
but it might be typical that a
large passenger aircraft will
involve several hundred sub -con-
tractors and that the supply of
materials and other products from
outside suppliers will account for
at least half the cost.

An interesting statistic is that
if you melted down an aircraft
into its basic raw materials these
account for only five per cent of
the selling price. The other 95
per cent is nearly all in human
skills, in designing, in machin-
ing and fabricating components,
in assembly, in inspection, in test-
ing.

In modern passenger aircraft
the electronics equipment can
account for one third of the total
aircraft cost and, in military air-
craft like the Tornado, which is
stuffed full of advanced elec-
tronics, the electronics content is
even higher, approaching 50 per
cent.

We can now begin to see why
aerospace is so important to the
electronics industry. It is not only
the volume of trade that is
important. It is the quality of the
trade, too. The ability to build
equipment to the most exacting
standards and the opportunity to
work on the very frontiers of tech-
nology, as all the major sub-
contractors are called in at the
earliest design stages of every
new project.

ATC

The aerospace industry, how-
ever, has ramifications far beyond
those already discussed. However
wonderful the flying machines
they cannot operate in isolation.
True, they have their basic naviga-
tion equipment and, in emergency,

Latest air traffic control radar display by Marconi Radar. The
control computer for distributing the radar data is centre
background.



This large DC 10-40 flight simulator under final test at Redifon's
Crawley factory helps Britain pay for Japanese imports.

can find their way around and
make a safe landfall. But air
traffic is now so dense that except
in the remotest parts of the world
it is rigidly controlled from the
ground by air traffic controllers
who direct aircraft to land or take
off, or to "stack" while waiting
clearance to land.

En route, aircraft fly in well
defined "lanes" guided by radio
navigation beacons. Here we find
an enormous sector of aerospace
electronics involving radio com-
munication, radar and navigation
beacons. All major airports are
fitted with instrument landing sys-
tems, especially important in bad
visibility, which guide the air-
craft down to the threshold of the
runway. With suitably equipped
aircraft and the highest quality
ILS systems it is possible to land
entirely under automatic control,
the pilot merely monitoring his
instrument panel to check for
abnormalities.

OTHER SYSTEMS
Air forces also have air traffic

control at their airfields and, in
addition, an air defence system
which monitors airspace by radar
to detect intruders and to direct
interceptors on to targets. A com-
plete integrated air defence
system will have a number of
radars at strategic points. Com-
puters are used to evaluate
threats and direct the activities
of the defence forces by air inter-
ception, anti-aircraft guns or
surface-to-air missiles.

An idea of the complexity of
modern civil air traffic control

Hand -mode mop mounted vertically is scanned by colour TV
camera on the movable gantry. All part of the great illusion of
flying in Redifon flight simulators.

systems can be gained from a
recent order for modernisation of
the existing system in Saudi
Arabia. The contract is worth
over £250 million, a large slice
coming to Marconi Radar in
Britain. This is additional to the
£300 million up -date of Saudi
Arabia's air defence system by
British contractors.

We have dealt briefly and with-
out any detail on the operational
aspects of aircraft which involve
huge quantities of electronic
equipment in aircraft and on the
ground. We have to remember,
too, that aircraft and engine
manufacturers are huge users of
computers for design and for
routine stock -control, production
scheduling, pay -roll etc.

The manufacturers are also
among the largest users of
numerically controlled machine
tools. The airlines who operate
the aircraft are also dependent
on computers for passenger seat
reservation and similar tasks.

FLIGHT SIMULATORS
Nobody can now afford to fly

big commercial jets or expensive
military aircraft just for training
so another important sector of
aerospace electronics is concerned
with flight simulators in which
pilots on initial or conversion
training can gain experience with-
out ever leaving the ground. The
best of these, costing over
£1 million each, are completely
realistic with the flight deck bank-
ing and pitching in response to
the controls, with the outside
world "moving" in vivid detail.

The beauty of flight simulation
is that the instructor can intro-
duce any flight hazard such as
fire or engine failure at will to
check trainee pilot reaction, and
all in perfect safety. Last July,
Britain imported over 17,000
monochrome TV sets from Japan
at a landed cost of £570,000. The
reaction was "ban these imports".
But a single flight simulator built
in Britain for Japan Air Lines
pays for these sets more than
twice over. Similarly our huge
aerospace business with oil pro-
ducing countries helps pay for
imported oil.

The importance of aerospace is
that we export high technology in
exchange for goods we need and
because aerospace means high
technology, our engineers and
designers are fully stretched on
the newest developments.

I have hardly touched on the
importance of defence equipment
and its export potential. BAC's
order book for the Rapier low-
level surface-to-air missile is about
£500 million, most of it for export,
and this figure includes millions
of pounds flowing in to the elec-
tronics industry.

FUTURE ARTICLES
In future articles I shall be

returning from time to time to the
aerospace industry and the par-
ticipation of electronics com-
panies. This area is perhaps the
most exciting of all to work in.
It is also among the most exact-
ing, absorbing large numbers of
graduate and technician en-
gineers. I=1
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HAVING looked at various
methods of noise reduction

we now move on to actual sys-
tems.

SIMPLE COMPANDOR
So far I have deliberately

omitted to mention any one brand
of noise reduction system by
name. We shall soon see
how the various noise reduction
systems available on the profes-
sional and amateur market rely
on one or more of the basic prin-
ciples described above, warts and
all, and have refined them as far
as possible to eliminate the warts.

First, however, it is instructive
to look at the simplest practical
form of compandor.

Figs. 2.1a and b. Wiring for a simple
compandor system.

AMPLIFIER
OUTPUT

AMPLIFIER
OUTPUT
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LOUDSPEAKER

LOUDSPEAKER

Compression and expansion
may in theory, most simply be
achieved by incorporating a resis-
tance into an audio circuit which
varies its characteristic in depen-
dence on the signal passing
through it; Fig. 2.1a shows such
a resistor R across an audio con-
nection between the output of an
amplifier and a loudspeaker, and
Fig. 2.1b shows a similar resist-
ance R in series with such a con-
nection. In each case the resist-
ance R has a relatively low value
when it is passing small currents
and a relatively high value when
it is passing high currents.

In the first case, therefore, a
relatively high proportion of a
low power signal from an ampli-
fier output will be shunted
through the resistance R and thus
a relatively low proportion of the
signal will reach the loudspeaker.
However, because the resistance
value increases as the signal
strength increases, a relatively
small amount of the signal will
be shunted through R as the level
of the amplifier output increases.
Thus there will be an unnaturally
wide range of power handled by
the loudspeaker, starting from an
unnaturally low level. In other
words, in the circuit of Fig. 2.1a
there will be expansion of the
dynamic range of the signal fed
out from the amplifier to the loud-
speaker.

In the second circuit the re-
verse operation will take place.

When the amplifier is supplying
low power to the loudspeaker the
resistance R in series will have
little or no effect on the circuit,
because it is of low value. When
the power level increases, how-
ever, the resistance R will in-
crease in value and thus place
an unnatural limit on the power
passing to the loudspeaker. It
follows that the loudspeaker will
handle an unnaturally reduced
dynamic range, with an un-
naturally low maximum power
leveL In other words, there will
be compression in the circuit of
Fig. 2.1b.

TORCH BULBS
By a happy coincidence, non -

constant resistances are readily
and cheaply available in the form
of low voltage torch bulbs. When
the filament of the torch bulb is
cold (emitting no light) its resist-
ance is low and when its filament
is hot (emitting light) its resist-
ance increases. This convenient
phenomenon has been relied on
over the years at various levels of
sophistication.

Pre-war radio listeners some-
times strung a torch bulb in
parallel with their loudspeaker to
expand the sound signal, or in
series, to compress it. But modern
amplifiers with low impedance
outputs will simply feed more
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power out as the load changes
and there will be no audible
effect

Various simple circuits have
been devised over the years to
remedy this. Six years ago, the
so-called Null-a-tron was briefly
marketed by Audione and Co. The
Null-a-tron used a stereo pair of
resistance bridges incorporating
both fixed value resistors and
torch bulbs, the bridges being
wired between the amplifier out-
put and the loudspeakers. When
the amplifier output was low, the
torch bulb was cold and the
bridge in balance, with a null or
low output to the associated loud-
speaker; when the power output
from the amplifier increased, the
torch bulb lit, the bridge went out
of balance, and a disproportionate
amount of power was fed to the
loudspeakers.

Thus the signal was expanded
with low levels pushed right down
to zero and residual noise lost in
the process. Although relatively
cheap, the Null-a-tron was un-
favourably reviewed, the expan-
sion action of the various control
settings being either inadequate
or over -blown and intrusively
audible. Such failings are virtu-
ally inevitable with light bulb
expanders and compressors.

Thus, although sophisticated
photoelectric sensor circuits have
recently been proposed which
detect the amount of light pro-
duced by a bulb and control an
amplifier gain circuit accordingly,
the use of a light bulb as a noise
reduction tool, however cheap
and convenient, is in many re-
spects a non-starter.

MAIN NAMES
The current main names in noise
reduction are Philips (with the
Dynamic Noise Limiter or DNL),
JVC (with the Automatic Noise
Reduction System or ANRS) and
Burwen, dbx and Dolby.

Most are available in both pro-
fessional and domestic versions,
but Burwen is so far available
only to the professional user and
DNL only to the amateur or
domestic enthusiast. The avail-
ability of both professional and
domestic versions of the other
systems is a logical result of the
fact that they started life profes-
sionally but were made available
in domestic version as a market
for them appeared, largely due to
the advent of cassette tape.

Remember that, until the idea
of cassettes as a hi-fi medium

started to be taken seriously,
there was little or no need for a
noise reduction system on the
domestic market. But as the
frontiers of cassette quality were
pushed further and further for-
ward, the need for a good noise
reduction system to cut down on
lowspeed tape hiss was generated.
Then, once a domestic system was
available for cassette use, eyes
were opened to the possibility of
using the system also for
domestic reel-to-reel recording
and for receiving radio transmis-
sions.

BURWEN SYSTEM
It is convenient to start with

the Burwen 2000 compandor sys-
tem from the USA.

Burwen sought to encode with
compression on "record" and de-
code with expansion on "play-
back", using a constant or
straight slope (sometimes confus-
ingly called a linear slope) corn-
pandor and a cubic or 3:1 ratio.
Thus an audio signal fed into the
Burwen processor at the record
stage emerged compressed in
amplitude range by the ratio 3:1.

To be more specific a 3dB
change is recorded as 1dB and an
input signal range of 90dB will
be compressed into a 30dB range
by the compressor. This 30dB
range will then be mirror -ex-
panded again by the processor
on playback, to restore it to its
full 90dB range. Simple subtrac-
tion shows that there can, in
theory, be a 600dB improvement
in signal to noise ratio, with con-
sequent virtual elimination of
process noise such as hiss.

Unfortunately, nothing in this
world is for nothing, and the very
substantial compression and ex-
pansion adopted to achieve such
dramatic noise reductions lays the
system wide open to the problems
of modulation, overshoot and
tendency to exaggerate frequency
response errors discussed in
general terms last month. In an
effort to avoid these problems,

Fig. 2.2. Basic overall processing system.

Burwen's system incorporated
equalisation techniques, to boost
and cut different frequencies by
different amounts, and the pros
and cons of the resulting com-
promise were argued in the pages
of erudite technical journals a
few years ago. But almost inevit-
ably the very high price tag (even
in 1974 it would have cost
£27,000 to equip a 16 -track re-
cording studio) wrote the system
off in the eyes of most European
studios.

Burwen equipment, of modified
form, was briefly handled in this
country by Ampex (the tape and
tape recorder firm) but currently
there is no UK agent or avail-
ability. The new Burwen range in -
dudes a "noise gate" which can
be described as a highly sophisti-
cated professional version of the
Philips DNL, to be discussed
later.
dbx SYSTEM

Another system of American
origin is dbx, and closely re-
sembles the original Burwen corn-
pandor system in that both sys-
tems process substantially the
whole of the audio signal, rather
than part of it. The basic idea
behind such overall processing as
practised by Burwen and dbx is
shown schematically in Fig. 2.2.
In each case the signal level is
sensed and used to control the
compressor or expander accord-
ingly.

But dbx differs from Burwen in
that, whereas Burwen used a 3:1
or cubic compression and expan-
sion ratio, the basic dbx systems
use a 2:1 or square law for com-
pression and expansion. Thus a
2dB programme change is re-
corded as 1dB and an input signal
having a 90dB range fed into a
dbx compressor emerges with a
45dB range. When it is restored
to its 90dB range by the expander
on playback there is in theory a
45dB improvement in signal to
noise ratio. In practice the
theoretical levels of noise reduc-
tion are not sought in full by

COMPRESSOR EXPANDER
ISIGNAL RECORD OR FINAL

TO BE TRANSMIT OUTPUTtPROCESSED GAIN
w CONTROL

SIGNAL -I
GAIN

CONT ROL LEVEL L&EL
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The Dolby A professional 16 channel system.

either Burwen or dbx. But clearly
dbx offers relatively less potential
noise reduction than Burwen. By
the same token, however, dbx is
less susceptible to the basic prob-
lems inherent in compandors.

As with Burwen, the signals fed
into the dbx system are equalised,
with high and low frequencies
relatively boosted or cut (pre- and
de -emphasis) to minimise those
problems that do exist. But with
dbx the signal level is sensed in
r.m.s., rather than peak, values.
It is incidentally important to
note for future context that
neither Burwen nor dbx needs
elaborate calibration to ensure
that the signal level encoded
exactly matches the signal level
decoded. But at a somewhat ele-
vated technical level, arguments
on this point persist, and critics
of dbx point to the problems
which can arise if dbx tapes re-
corded at different levels are
spliced together.

The range of dbx equipment
commercially available is some-
what confusing and is also best
discussed in a later context.

DOLBY
The Dolby system is another

compandor-based system which
offers less noise reduction (10dB
or 12dB) than Burwen (in prac-
tice up to 50dB) or dbx (in prac-
tice up to 30dB), but is less prone
to the modulation, overshoot and
accentuation of frequency non -
linearity problems previously
mentioned. On the debit side
(along with the comparatively low

584

degree of noise reduction avail-
able) the Dolby system requires
accurate calibration of the input
and output levels for correct
working results.

The main difference between
Dolby, on the one hand and
Burwen and dbx on the other, is
that, whereas the latter two sys-
tems process substantially the
whole of the signal according to
a generally constant slope, the
Dolby system processes only a
part of the signal. As shown in
Fig. 2.3 the signal to be processed
is split by Dolby between a main
and a side chain, the main chain
handling all high level signals
and the side chain handling only
low level signals.

The main chain (handling the
high level or loud signals) does
not affect them or process them in
any way. The side chain (handling
the low level or quiet signals) is
the active compandor link. It thus
follows that if only a loud signal
is passed through a Dolby pro-
cessor it remains unprocessed.

This is in practice perfectly
acceptable because noise (such as
hiss or hum) is only noticeable if
it is of sufficient level to stand

SIGNAL
TO BE
PROCESSED

out above the programme. Put
another way, if the programme
(eg. the music being recorded
and played back) is quiet, any
hum and hiss present will be
noticeable; but if the programme
music is loud it will drown out the
hum and hiss. In fact, the pre-
ceding sentence is over -simplifi-
cation, because a high pitched
note will not mask a softer low-
pitched note, or vice -versa. In-
deed, the whole philosophy of the
Dolby system centres around the
fact that the human ear will not
hear or be disturbed by a low
level sound at around the same
frequency as a high level sound.

DOLBY A
To pursue the previous musical

analogy, reasonably loud violins
(with plenty of meaty high fre-
quency content) will mask the
sound of tape hiss (with quiet high
frequency content), and a string
bass (plenty of low frequency
content) will mask the presence of
quiet mains hum (also of low fre-
quency content). But the violins
will not mask hum, and the bass
will not mask hiss.

Accordingly, in the professional
(A) Dolby system the low level
side chain is divided into four
separate parallel channels each of
which handles a separate fre-
quency band (see Fig. 2.4). What
is more, each of these channels
works independently of the
others, so that a low level, high
pitched signal (such as quiet
violins) will be routed through
only the high frequency side
chain channel and low level, low
frequency signals (such as quiet
basses) will be routed through
only the low frequency channel
of the side chain.

Each of the side chain channels
acts on the signal passing through
it, in manner generally similar to
that in which the dbx system acts
on the whole frequency range. In
other words, in each of the Dolby
A side chain channels there will

Fig. 2.3. The Dolby system processes only part of the signal.
P
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be over some of the slope 2:1 or
square law compression on encod-
ing and expansion on playback.

Thus the Dolby A system senses
in which frequency area there are
low level (quiet) signals and in
that area and that area only
boosts them on "record" and re-
duces them on "playback". If
there are low level signals in
only one frequency band, then
there is processing in only that
channel of the side chain; if there
are low level signals in more or
all of the bands, then there is pro-
cessing in the appropriate side
chain channels; if there no low
level signals, and all the pro-
gramme being fed to the com-
pressor is at high level (loud).
then there is no processing and
no boosting on "record" and re-
duction on "playback".

However, no compression or
expansion is effected on the
lowest levels. This avoids the risk
of the expander on playback mis-
taking noise for quiet useful sig-
nal and boosting it. Two import-
ant points follow from all this.
First, the deliberate failure to
process loud signals means that
there is less risk of overshoot.
In practice, the fact that only low
level signals are boosted means
that only around 1dB overshoot
is obtained on a correctly set up
compressor. This is small enough
not to overload the recording or
transmission medium. The other
advantage of the band splitting
technique is that there is less risk
of noise modulation.

Clearly, if the presence, or
absence of low frequencies only
affects the low frequency per-
formance of the processor, then
there is no risk of high frequency
breathing sounds.

But all this follows from the
fact that the system is level -
conscious. Whereas Burwen and
dbx treat all signals according to
the same law, in the Dolby system
all the high level signals remain
unaffected. Obviously therefore
the system must have a point of
Everyday Electronics, November 1976
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level reference to decide what is
low and what is high (soft or
loud). It is for this reason that
the Dolby circuitry must be set
up using a fixed level set tone as
its point of reference. Indeed, cor-
rect calibration is essential to
successful use of Dolby.

Later in the series we shall
examine the calibration technique
and how it can present practical
pitfalls, especially for the user
who does not realise that even the
use of different tape types can
throw out the calibration of his
Dolby circuitry.

DOLBY B
So far the description of Dolby

has related to the professional (A)
system. The B system, for
domestic use, resembles the A
system in all respects except one.
Instead of side chain being divided
into four sub -channels, each with
its own frequency of operation, in
the domestic, B system, there is
only one side chain. This simpli-
fied procedure can be adopted in
the interests of economy be-
cause, in domestic low speed tape
recording, the most troublesome
noise is always hiss.

Although at first sight it would
seem sufficient simply to provide
a side chain acting only in the
upper frequency range (where
the hiss makes its presence felt)
this single band approach has
been found satisfactory in prac-
tice only if the width of the band
is automatically varied in re -

sponse to the amplitude and fre-
quency content of the signal
being treated.

The Dolby B circuit is shown
schematically in Fig. 2.5. When
loud signals are fed to the pro-
cessor the cut-off frequency of
the side chain is pushed upwards,
so that it becomes able to act on
an increasingly narrow band of
high frequencies. As the signals
quieten, so the cut-off frequency
of the side chain band comes
downwards again, enabling it to
treat not only high frequencies
but also some lower frequencies
as well.

The result of this automatic
adjustment of the side chain is
that there is processing over a
fairly wide range of frequencies
(but always above 500Hz) for
most of the time, because most
programme material is not loud
enough to push the filter cut-off
up too high. But for some of the
time the processor works over a
much narrower band. At no time
is there any audible change in
that portion of the noise which
remains unmasked.

Over the years, there have
been various authorities who have
claimed to be able to hear both
Dolby A and B systems "work-
ing", but usually this has been
the result of a wrongly calibrated
system.

dbx RANGE
Before discussing the JVC-

ANRS system, which in many re-
spects resembles the Dolby B sys-
tem, it is opportune first to
return as promised and look
more closely at the dbx range of
equipment which is now commer-
cially available. Like Dolby, dbx
started as a professional system
for use with tape in recording
studios, but (again like Dolby)
has spread to other professional
areas, such as film and broadcast-
ing technology, and in a modified
form, to the semi-professional

Fig. 2.5. Basic operation of Dolby B system.
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The Dolby B chip showing relative size to a cassette.

and domestic markets. However,
unlike Dolby, dbx has also moved
into the area of disc recording,
and it is now possible (although
not easy) to buy a dbx-encoded
disc for playback on domestic
equipment linked to a dbx de-
coder.

Although the dbx and Dolby
systems are in all respects in-
compatible (dbx encoded tape
cannot be decoded on Dolby
equipment and vice versa), the
marketing philosophy adopted by
the two firms is very similar.

Dolby Laboratories manufacture
all their own professional (A
type) equipment and sell it to
studios and radio stations around
the world. But Dolby Labs do not
produce any domestic Dolby
equipment (B type) and instead
license the manufacturers around
the world to produce it for them-
selves. Thus professional Dolby A
equipment never finds its way
into the consumer shops, and the
only Dolby equipment that you
are ever likely even to see, is
domestic, Dolby B equipment.

It does not, therefore, matter
that Dolby B equipment is incom-
patible with Dolby A equipment
-the normal consumer will never
have the opportunity of making
the mistake of trying to decode
an A tape on B equipment or vice
versa.

By exactly the same token, dbx
market their professional equip-
ment through one distributor
(Scenic Sounds Equipment) and
their domestic equipment through
an entirely separate agent

(Acoustic Research Inter-
national). Thus, just as with
Dolby, the domestic consumer
never has an opportunity to see,
let alone buy professional dbx
equipment, so again there is no
risk that the incompatibility be-
tween the professional and
domestic types will trap a con-
sumer into using the wrong
equipment for the job in hand.

BASIC FORMATS
However, whereas there is only

one Dolby A format and one
Dolby B format (for use on
domestic cassette and reel-to-reel
recorders or broadcast receivers),
there are more than two basic
dbx formats. And not only are
there more dbx formats, there
has also so far been less success-
ful education of the audio

fraternity in the UK over the
differences between the different
formats. It is important therefore
to set the matter straight, and
the situation is as follows:

In the professional and semi-
professional area (handled by
Scenic Sounds Equipment) there
are four different professional
and semi - professional units,
which are compatible with each
other. (216; 177; 187; 150.) These
are all used for recording on tape
in professional or semi-profes-
sional recording studios.

Also falling into the profes-
sional and semi-professional area
is the 140 broadcast series, which
can also be used to produce dbx-
encoded discs (and tapes) of the
type which are gradually becom-
ing available on the domestic
market. These can be reproduced
using some (but not all) domestic
dbx equipment. However, tapes
made on the other professional
equipment (216; 177; 187; 150)
cannot be replayed on domestic
equipment, and for this reason
will never be made available on
the domestic market.

Anyone wishing to replay dbx
encoded discs (or tapes) produced
for domestic use on the profes-
sional 140 equipment will need
to use a 120 series domestic dbx
unit. As well as decoding profes-
sionally made discs and tapes,
the 120 series can also be used
as a compandor for amateur re-
cordings (just like Dolby B). A
recording made on a reel-to-reel
or cassette machine, using a 120
series unit to encode the record-
ing, and decode on playback pro-
duces more dramatic loss of pro-
cess noise than Dolby. However,
the dbx 120 series units cost more
than Dolby B.

The dbx I 24 four -channel system.

Continued next month

586 Everyday Electronics, November 1976



Meld Month...
Pa/reet rime Ploiezed

/MINI ORG
A simple musical instrument which can
provide hours of amusement for all the
family.

S
1

C
3

R,

0'

A, B3 B3

T

L
1,

Another reader's suggested
idea: this timer takes the wait-
ing out of Scrabble and has a
"panic" facility to add a new
dimension to the game.

E

iv( E R,

Lees figure outw

Take the STING If

out of Maths!

First at a series
. of short articles

on maths. used
in electronics.

Ti

Pead ladex 01 Volume 5

everyday
electronics

December
issue on sale :

Friday,
November 19

Everyday Electronics, November 1976 587



PROBABLY the main limiting fac-
tor on the reproduction

quality of most modern record
playing systems is the mechani-
cal part of the equipment. For
instance, the noise level of most
amplifiers is negligible, with most
of the noise in the system coming
from the record deck and from
the record itself.

Noise from the record deck is
mainly in the form of a very low
frequency sound, or "rumble" as
it is usually termed. Much of this
signal is below the lower limits
of human hearing, but it can still
produce audible effects as the
result of intermodulation distor-
tion between this noise and the
desired signal. Some record decks
produce a noticeable amount of
rumble just within the lower
limits of human hearing, and this
can be especially annoying.

Rumble is sometimes present
on records to a significant de-
gree, but surface noise is the
most usual cause of trouble here.
Even well cared for records will
eventually show signs of wear
in the form of a continuous
crackle of small scratches.

It is possible to incorporate
circuits in the amplifier which
will minimise the inconvenience
caused by rumble and small sur-
face scratches, and a number of
amplifiers incorporate scratch
and rumble filters. This article
describes a simple scratch and
rumble filter which can be used
as an add-on unit to a system
which does not already have
these features.

Basic Operation
As the signals produced by
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Figs. la and lb. Basic high and low pass
filters.

rumble are at very low frequen-
cies, if one rolls off the low fre-
quency response of the amplifier,
the rumble will be greatly re-
duced. Similarly, rolling off the
high frequency response of the
amplifier will reduce the level
at which the scratches are re-
produced. This is simply because
most of the signals produced by
small scratches are at very high
audio frequencies.

It should be borne in mind
that deep scratches have a large
middle and even bass frequency
content. These cannot usually be
effectively reduced by simple fil-
tering. Also some of the cheaper
record decks produce a significant
level of rumble at comparatively
high frequencies, and again only
a limited improvement in repro-
duction quality can be made by
the use of a filter.

Simple Filters
The circuit of a basic passive

high pass filter is shown in Fig.

la and Fig. lb shows the circuit
of a basic low pass filter. These
work by virtue of the fact that
the impedance of a capacitor (its
resistance to an alternating cur-
rent flow) varies with frequency.

In fact the impedance of a
capacitor rises with decreasing
frequency. Halving the frequency
doubles the impedance of a capa-
citor.

The two circuits shown in Fig.
1 are forms of potential divider.
In Fig. la the capacitor is chosen
to have a value which has a neg-
ligible impedance at high and
middle frequencies, compared to
the value of the resistor. Signals
at these frequencies can pass
through the filter virtually un-
hindered. At bass frequencies the
capacitor will have a high enough
impedance to cause severe losses
through the circuit.

In the circuit of Fig. lb the
capacitor has a value which will
only cause small circuit losses at
bass and middle frequencies. At
higher frequencies where the
capacitor has a lower impedance,

FOR
GUIDANCE
ONLY  ter

0.0
ESTIMATED COST
OF COMPONENTS

excluding VAT.

£7.00
excluding case
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the potential divider action will
result in severe losses in the
circuit.

Active Filters
These simple passive circuits

provide only a gradual roll off
of the high and low frequencies,
with some of the desired middle
frequencies being somewhat at-
tenuated as a result. The extent
of the roll off is about 6dB per
octave (doubling the frequency
causing a reduction by half of
the output amplitude), and this
can usually be obtained using the
amplifier's tone controls. A roll
off of about double this rate is
desirable, and can easily be ob-
tained using an active filter; Figs.
2a and b show the circuits of a
basic active high pass filter and
low pass filter respectively.

The amplifier has 100 per cent
negative feedback between its out-
put and inverting (-) input, and
it therefore has a voltage gain of
only unity.

The combined capacitance of
C. and Cb together with R. form
a high pass filter. Thus at high
and middle frequencies the
overall gain of the circuit is about
unity.

Resistor Rb thus has no effect
on the circuit as any variation in
the potential at the junction of
C. and Cb will be exactly matched
by an equal change at the output.

(a)

Figs. 2a and 2b. Basic active high and low pass filters.

The voltage across Rb remains
constant, and so none of the input
current will flow through it; Rb
has an apparent infinite
impedance at high and middle
frequencies.

At bass frequencies losses
through C. and Cb give the circuit
less than unity gain, and changes
in the potential at the input end
of Rb will not be fully matched
by similar changes at the other
end. Some of the input current
will thus flow through Rb, and the
level of this current increases as
frequency decreases, because the
gain of the circuit is less at low
frequencies. This gives the circuit
a roll off rate of about 12dB per
octave with Ca and Rb forming
a second high pass filter network.

Note that this is not simply two
high pass filters connected in
series, and that a combination of
the first filter network and the

(b)

positive feedback via Rb (known
as bootstrapping) is used to give
the second filter a fast roll off
rate. The circuit as a whole thus
has a very fast roll off rate.

The low pass circuit operates in
a similar manner: R., Rd, and Ce
form a passive low pass filter, and
Cd will appear to have an infinite
impedance at bass and middle
frequencies, but not at treble
ones. This again provides a 12dB
per octave roll off with R. and Cd

forming a second filter network.

Practical Circuit
A practical scratch and rumble

filter circuit appears in Fig. 3.
This only shows one channel, the
two channels being identical. Four
inexpensive 741C operational
amplifier I.C.s provide the basis
of the unit. When used as unity
gain buffers, as they are here,

Fig. 3. One channel of the Scratch and Rumble Filter circuit.
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Fig. 4 (right). Response curve of the
filter.

these devices have insignificant
levels of noise and distortion. The
similarities between the skeleton
and practical circuits should be
obvious, and only the differences
will be discussed.

Components C3 and Si can be
used to bypass Cl and C2, and
thus cut the rumble filtering out
of circuit; C3 maintains d.c. block-
ing at the input and S2 provides
"in" and "out" switching for the
scratch filter.

Resistors R3 and R4 form a
potential divider which reduces
the gain of the feedback circuit
of the rumble filter, as otherwise
an undesirable excessive peak
appears in the frequency response
of the unit; R7 and R8 provide a
similar function in the scratch
filter. Capacitor C6 provides d.c.
blocking at the output, and C11
and CI 2 are supply decoupling
capacitors.

With Si and S2 in the "out"
positions the unit has a flat re-
sponse over the audio frequency
spectrum. With these switched
in, the response shown in the
graph (Fig. 4) is obtained.

Power Supply
The prototype filter is powered

from a simple conventional mains
p.s.u., as can be seen in Fig. 5.
This provides dual loaded outputs
of about plus and minus 7 volts,
and has a smoothed output.

Components Panel
A 0.1 inch piece of stripboard

having 34 strips by 27 holes con-
tains all the filter components
except for SI and S2. Details of
this are shown in Fig. 6.

Commence construction by cut-
ting out a board of the correct
size and then drill the two 6BA
clearance mounting holes using

S3a rCiFFI
T1

240V
AC.

MAINS

275

250

225

200

ot 175

zi 150
X

125
a -

S 100

75

50

25

0

INPUT SIGNAL
200 MILLIVOLTS

I I I 1111 I 11 11111 I I I I 1111
20 100 1000

FREQUENCY Hz
10,000 20,000

1Components

DI

wit
it in 13)

Resistors
RI, 101 3901d2 (2 off)
R2, 102 271d1 (2 off)
R3, 103 4700 (2 off)
R4, 104 4.7k11 (2 off)
R5, 105 4.71d1 (2 off)

Capacitors
C I , 101 22nF type C280 (2 off)
C2, 102 22nF type C280 (2 off)
C3, 103 470nF type C280 (2 off)
C4, 104 2.2nF polystyrene (2 off)
C5, 105 22nF type C280 (2 off)
C6, 106 100nF type C280 (2 off)

R6, 106 4.71d1 (2 off)
R7, 107 2200 (2 off)
R8, 108 4.7k0 (2 off)
R9 560
RIO 5611
All iNN carbon ±5%

C7
C8
C9
CIO
C11,
C12,

See
Sho
Tali(

Page 571

400µF 16V elect.
400µF 16V elect.
220,uF 10V elect.
220/.4F 10V elect.
100nF type C280
100nF Type C280

Semiconductors
ICI, 101 741 operational amplifier 8 pin d.i.l. (2 off)
IC2, 102 741 operational amplifier 8 pin d.i.l. (2 off)
DI -D4 1N4001 or similar silicon diode (4 off)

Miscellaneous
TI mains primary 6-0-6V 100mA secondary transformer
SI, 2 d.p.d.t. toggle switch (2 off)
S3 d.p.s.t. rotary mains type switch
SKI, 2 3 pin DIN socket (2 off)
0.1 inch stripboard: 34 strips x 27 holes; 17 strips x 30 holes; solder pins;
aluminium chassis with baseplate size 178 x 102 x 63 mm x 16 s.w.g., materials
for case (see text); control knob: cabinet feet; solder, wire 6BA fixings.

NOTE
The above components are those required for a stereo set-up. Components
for L.H. channel are R.H. channel numbers prefixed by 100.

1N4001
R9

560

C7 C97 C9

1
400pF T220pF

4
C8 C10
400pF T220NF

RIO
5611

4v

OV

-VI

Fig. 5. Circuit diagram of the mains
power supply for the filter.
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a 3.2mm twist drill. Then make
the numerous breaks in the
copper strips on the underside as
indicated. The board is then wired
up, starting with the link wires,
and then progressing to the re-
sistors and capacitors, and finally
in the i.c.s. At the points where
leads from Si, etc. will eventually
connect to the panel, use of solder
pins is recommended.

The small power supply com-
ponents are wired up on a second
0.1 inch matrix strip board panel,
and details of this are shown in
Fig. 7. The panel has 17 strips
by 30 holes, and is constructed
along the same lines as the main
panel.

Case Layout
It is important that the com-

ponents are sensibly layed out
inside the case, otherwise prob-
lems with pick-up of mains hum
may result. It is strongly recom-
mended that the general layout
used by the author is adhered to.

0
0

FIXING HOLES 0

Al
0000000000000
18 20 22 24 26 25 30

The prototype was housed in a
178 x 102 x 63mm 16 s.w.g.
aluminium chassis. This is fitted
with a baseplate which in this
particular application becomes the
lid of the case.

Two 6BA self tapping screws
are used to hold the lid in place,
and these pass through the rear
panel of the case and into the
rear flange of the lid. Drill the
holes in the panel using a No. 31
drill, and those in the flange
using a No. 42 drill.

An attractive finish can be given
to the case by cutting out two
110 x 145 x 18mm pieces of chip-
board, and finishing these with
a woodgrain patterned self
adhesive plastic material. These
are glued to the ends of the
case to produce a bookends type
cabinet. Extra nuts or short
spacers are used to hold the com-
ponent panels clear of the bottom
of the case. A notch is filed in the
rear flange of the lid so that SK1
does not prevent the lid from
being pushed into position.

When the components and
panels have been mounted, the
unit should be wired up as shown
in Fig. 6, using insulated connect-
ing wire. Keep all leads as short
as possible.

Using the Filter
If the unit is used in conjunc-

tion with a record deck fitted
with a crystal or ceramic
cartridge, it is interposed between
the deck and the amplifier. The
filter has been designed to have
a high input impedance (250
kilohms) so that it will match such
a cartridge satisfactorily.

If a magnetic cartridge is used,
it will be best if the unit is fitted
between the preamplifier and the
power amplifier, but this will not
always be feasible. It could be
used between the deck and the
amplifier, but to do this it will
be necessary to connect at 47
kilohm resistor across each input
in order to obtain the correct
input impedance for a magnetic
cartridge.

Due to the lower output from
a magnetic cartridge, problems
with excessive mains hum may
result unless the main circuitry
is screened from the power supply
components. A better alternative
would be to simply power the unit
from a couple of 9 volt batteries
(type PP6 for example).

Input and output leads must
both use screened cables.

When using the rumble filter
results will probably be best if
the amplifiers tone controls are
adjusted to give a small amount
of bass cut. Similarly, a small
amount of treble cut should be
used when the scratch filter is
used. 1=1

OdoBRIGHTr

A simple but effective way of making
test probes is to make a hole in the
back of an empty cartridge pen refill
case and push a piece of wire through
it to the front. Next join the wire on
tothe head of a pop rivet, pull back slack

592

wire, and push the end of the rivet
back into refill case. You will find that
it makes a tight fit and makes an ideal
test probe.

Mr. L. A. Marks,
Dagenham.

I am sending you the following
construction idea as it may be of
interest to your readers.

It is often useful when testing the
output capability of amplifiers, power
supplies etc., to use a low value re-
sistor with high power rating as a
dummy load. Unfortunately, these
resistors are quite expensive even at
power ratings of 5 watts, and in experi-
mental work, one invariably ends up

wanting to use a different value resistor
from the ones purchased.

A useful way out of this problem is
to use a replacement spiral element
for an electric fire. This is a 35 ohm
resistor when cold rising to 60 ohm
when red hot and dissipating 1,000
watts. This can easily be cut into
lengths to give any required resistance
(the resistance being proportional to
length) and the last few turns straight-
ened out for connection into bread-
boards, printed circuits etc.

The above information was dis-
covered using a Wellco 230/250 volt
1,000 watt spiral element costing 32p,
but other makes of replacement ele-
ment should yield similar results.

F. Harris,
Whitland, Dyfed.
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Physics
is FUN! By DERRICK DAINES

Induction Coil
THE induction coil also has the name of

spark coil and with its aid one may
manufacture fat sparks across a ter-
minal gap. This in turn can lead us to
study the phenomena of radio waves
and related subjects, so a spark coil is
well worth constructing.

First make a spark -gap support out of
wood as shown in Fig. I. It is very
simply made by glueing together, and
the banana plugs that form the actual
spark gap are a tight fit in drilled holes.

For the induction coil itself we can
use a small bell transformer. These are
made with the intention that the
primary is to be connected to the
mains, giving a step-down on the
secondary of 3 volts, but we will use
the transformer the other way round.

SPARK GAP

WOODEN BLOCKS

Fig. I. Making a spark gap with
banana plugs.

Connect the high-tension leads so
that the current flows through a neon
lamp (optional) and across the spark
gap, as in the diagram of Fig. 2.

If we now connect a battery to the
low-tension primary, nothing will
happen because the battery supplies
direct current and the transformer will
work only on alternating current. We
need some method of chopping up the
d.c. from the battery and this can be
done in either of two very simple ways.
The usual way is to remove the bell
from a low -voltage door bell such as
we have made earlier in this series
(July '76). The action of the clapper arm
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BELL MECHANISM
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Fig. 2. The circuit diagram of an induction coil.

switches the d.c. on and off very
rapidly, see Fig. 3.

The other way is to use a small
electric motor, as was pointed out by a
young reader earlier this year. The
very high speed of a motor will make
the switch on and off by the brushes
and commutator ring that much faster,
and the overall effect will be to make
the sparking more efficient. The battery
supply should suit the motor, but with
the very high voltages produced at the
high-tension side of the transformer, I

would recommend a battery of not
more than 9 volts.

Fig. 3. Using a simple bell clapper
mechanism to chop up the d.c.

The arrangement is shown in Fig. 2.
Connect up the battery with the ends
of the banana plugs touching. The neon
lamp will glow, showing that high
voltage is being produced. Now slowly
move one plug backwards so that a
tiny gap appears between them with a

90V
NEON

stream of sparks leaping across it.
This gap can slowly be increased with
the sparks getting longer and longer
until they finally cease and the neon
lamp goes out indicating a break in the
circuit.

Depending upon the battery supply
voltage, general efficiency and so on,
this gap can be anything up to 5mm
across with a bell transformer.

Radio Interference
While the sparking is taking place,

switch on a nearby television or radio
and observe the interference, particu-
larly on long wave. This noisy inter-
ference can be broadcast by the spark
over quite a surprising distance. For
this reason creating such a nuisance is
(strictly) illegal and if one has a social
conscience, one will keep it to a
minimum-perhaps by conducting such
experiments outside normal broad-
casting hours. Placing a large tin over
the spark equipment will reduce this
interference or remove it altogether,
recalling our experiments with shield-
ing earlier (September, '74). Be careful
not to short out anything when
positioning this tin.

It will be obvious that induction
coils can be used to produce very high
voltages indeed. Industry finds a ready
application for them in radio trans-
mitters and in X-ray equipment, while
smaller coils are used in the treatment
of some nervous disorders. As proof
of this, one has only to touch the
terminals producing the spark to
observe that the high -voltage low -
amperage current stimulates the nerves
of the handl
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By S. R. LEWIS B.Sc.

To MAKE consistently good en-
largements, it is necessary to

have accurately timed exposures.
It is relatively easy to count the
ticks of a clock for short exposure
times but for anything over about
ten seconds it becomes tedious,
time -wasting and liable to error.

The Enlarger Exposure Timer
described here controls the en-
larger lamp directly and will pro-
duce exposure times of one second
to 99 seconds, the time being con-
tinuously variable by means of a
ten -way switch and a poten-
tiometer. A focus switch is pro-
vided so that the enlarger can be
adjusted before the actual ex-
posure is carried out.

THE SYSTEM
A block diagram of the En-

larger Exposure Timer is shown in
Fig. 1. It will be seen to consist
of three main blocks: a bistable;
a constant current sink; and a
comparator.

The heart of the timer is the
large electrolytic capacitor, CA.
When the unit is first switched on
the bistable will be in its reset
state-output Q will be at a low
voltage and output Q will be at a
high voltage.

Capacitor CA will charge up to
a high voltage via D5. Since the
Q output is low the buffer will not

switch on the relay and the en-
larger lamp will be unlit.

When the TIME button is
pressed momentarily, the bistable
will change state-Q will be high
and Q low. This means that now
the relay will be energised and the
lamp will be on.

Both diodes DA and DH are re-
verse biased, so the only way that
charge can leak away is through
the constant current sink, which
is an electronic circuit which
allows current to flow to ground
at a rate determined by the value
of the resistor VRA. No matter
what the voltage across the con-
stant current sink, the current

tire= 5'5V

through it will always be the
same.

As charge leaks away from CA
the voltage across it falls linearly.
The voltage comparator detects
when the voltage has fallen to
about 5.5 volts. As soon as this
happens its output V0 goes high
and immediately resets the bi-
stable thus extinguishing the
lamp.

It can be seen that varying the
rate of discharge of the capacitor
varies the time it will take to
reach the threshold voltage. If
Vc is the initial voltage across
CA, Vr, f the threshold voltage of
the comparator, I the current into
the constant current sink and CA
the value of the capacitor then
the time it will take to discharge
from Vc to Vref is given by:

T-
CA X V,,.r)

where T is in seconds, CA in
farads, Ve and Vo., in volts and
/ in amps.

Large capacitors are bulky and
expensive so it is wise to keep
them as small as is practicable. In
the actual unit a 150 microfarad
capacitor has been used; Vc and
Vrer are limited by the supply volt-
ages. In the circuit used there is
also the limitation that the con-
stant current source will not func-
tion if the voltage across it falls
below 5 volts so V ref was set at
5.5 volts to allow a good margin
of safety and Vc at the supply
voltage minus a diode voltage
drop giving about 14.5 volts.

We require T to be between
one and 99 seconds so we can now
calculate the value of I in these
limiting cases.
For T=1 second

1/= 150 X 10-6X (14.5-5-5)
=I 3mA

Fig.l. Block diagram of the timer.
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Fig. 2. Complete circuit diagram of the Enlarger Exposure Tuner

For T =100 seconds
150 X 10-6X(14-5-55)

1= 100
=13µA

This gives us all the design para-
meters for the unit.

CIRCUIT DESCRIPTION
The complete circuit of the En-

larger Exposure Timer is shown
in Fig. 2. The three main blocks
of Fig. 1 have been translated into
actual circuitry using a single
four - amplifier package type
LM3900. The blocks may be
identified thus: ICla and IC1b
form the bistable; 'Mc is the com-
parator; ICId is the constant cur-
rent sink.

Transformer T1 is a 12-0-12 volt
100mA type which is used to give
24 volts a.c. This is rectified and
smoothed by DI to 4 and C2 to
give about 30 volts with quite a
bit of ripple. This is used to sup-
ply the relay RLA.

The 30 volts is then dropped to
15 volts by RI and stabilised by
C3 and D6. This 15 volt line is
used to power the actual timer
circuit.

The relay controlled lamp sup-
ply is fed to an output socket SKI
into which the enlarger is
plugged.
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THE 3900 INTEGRATED
CIRCUIT

The 3900 is probably not a
familiar device to most readers
so a short summary of its capa-
bilities may be useful.

The LM3900 (or its equivalents
the CA3900 or the MC1314) con-
tains four identical current
differencing amplifiers. Current
differencing or Norton amplifiers
are different from ordinary opera-
tional amplifiers such as the 741
in quite a number of ways.

The voltage at the inputs of a
741 can vary over a range of
several volts but the voltage at
both the inputs of the Norton
amplifier is clamped by diodes to
approximately 0.5 volt. In order
to use the Norton amplifier in
conventional op amp applications
it is necessary to convert input
voltages to currents by means of
input resistors.

The output voltage of the Nor-
ton amplifier depends on the
difference between the currents
entering its non -inverting (+) and
inverting ( -) inputs.

Only a single power supply line
is required for the 3900 unlike the
741 which requires both negative
and positive supply lines.

The symbol for the Norton
amplifier can be seen in Fig. 2. The

R13 -21
7'5,7

arrow between the two inputs
current flows be-

tween the inputs-a fact which
can be put to use in some novel
circuits.

The 3900 is extremely cheap
making it ideal for use in low cost
systems.

THE BISTABLE
Now we have looked briefly at

the properties of the 3900 we
can return to the circuit diagram
to see how the various sections
operate.

The bistable consists of two
cross -coupled amplifiers ICla and
IC1b. Before the TIME button is

FOR
GUIDANCE
ONLY  

0110
ESTIMATED COST
OF COMPONENTS *

excluding VAT.

£7.40
excluding case
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pressed the output of ICla will be
high (nearly 15 volts) and the out-
put of IC1b will be low (about
zero volts). Thus about 15rA will
be flowing into pin 3 of IC1b. No
current will flow into pin 2 at this
stage.

When S2 is closed one end of
C6 is immediately taken to the
supply voltage. Since the charge
on a capacitor cannot change in-
stantly its other end rises by 15
volts as well. A high current now
flows into pin 2 which causes the
output (pin 4) to rise towards the
supply voltage. About 15µA now
flows into pin 6 which causes pin
5 to fall to zero volts. No current
now flows through R3 and so even
when C6 has recharged thus re-
moving the current into pin 2, the
bistable will be latched in this
state.

Capacitors C4 and C5 speed up
the switching action of the bi-
stable.

The circuitry associated with S2
is necessary in order to produce
only a short pulse even if the
button is held down.

THE COMPARATOR
The comparator consists of

IC1c, R8, R9, R10 and D10.
If we imagine D10 as an open

circuit for the moment we can
see that current will be flowing
into both inputs of the amplifier.

About 11µA will be flowing into
pin 8 via R8 and R9 and about
10µA into pin 13 via R10. Since
more current is flowing into the
inverting input (pin 8) the output
(pin 9) will be at zero volts.

The voltage at the junction of
R8 and R9 will be approximately
6-3 volts. Now in calculating these
figures we assumed that DIO was
an open circuit and, in fact, unless
the voltage on the capacitor is one
diode voltage drop (i.e. 0.6 volts)
less than 6.3 volts DIO will be
reversed biased and will be vir-
tually an open circuit.

As soon as the voltage on C7
reaches this threshold of 5.7 volts,
DIO will be forward biased and
current that was flowing into pin
8 will be diverted into C7. Soon
this current will become less than
the 10µA flowing into pin 13 and
the output of the amplifier will
rise to the supply voltage thus
applying a reset pulse to ICla via
R5.

As soon as the bistable is reset
C7 will charge up and the output
of IC1c will fall back to zero
volts, thus preparing the circuit
for another timing period.

THE CONSTANT
CURRENT SINK

The constant current sink con-
sists of IC1d, TR2 and all the
associated resistors.

The chain of R22, VR2 and R23
act as a potential divider pro-
ducing a voltage of about 3 volts
at the wiper of VR2. This is con-
verted into a current of 0.3,uA by
R11.

Transistor TR2 is connected as
an emitter follower to the output
of the amplifier. The emitter resis-
tor consists of the potentiometer
VR1, and the resistors selected by
S3, in series.

The voltage at the emitter of
TRI is converted into a current
by R12. Since we are applying
negative feedback, the amplifier
will adjust itself until the two
currents entering its inputs are
equal. Since R11 and R12 have
the same value, this means that
the voltage at TR2 emitter must
be equal to the voltage at the
wiper of VR2, i.e. 3 volts.

The emitter current of TR2 de-
pends on the emitter resistor
which depends on the setting of
S3 and VR1. If RE is the value of
this resistance then the emitter
current will be 3/RE milliamps if
RE is in kilohms. Now a high gain
transistor such as the BC108 has
virtually equal collector and emit-
ter currents so the collector (i.e.
the value of the current sink) is
also given by 3/RE.

We saw earlier that we need
currents of from 13k(A to 1-3mA.
This gives values of RE of 230
kilohm and 2.3 kilohm. The
nearest preferred value to 2.3
kilohm is 2.7 kilohm so it was
decided to use this value as the
basic step as the difference could
always be adjusted out using VR2.

Switch S3 is used to give 10
second steps, each resistor being
27 kilohm. The 25 kilohm poten-
tiometer VR1 gives one to nine
seconds on top of the setting of
S3.

It should be noted that timing
periods of less than a second are

Components
Resistors

ttla. 11)

RI 2.2kfl. R9 5601d1
R2 IOW RIO I -5Mf1
R3 lila RI I 1011f1
R4 I MO RI2 10Mil
R5 330kfl R13 to R21 27kf1 ± 2 per cent (10 off)
R6 1201(11 R22 100k0
R7 10kfl R23 'Oka
R8 820k0 All ±5% IW unless otherwise stated

Capacitors
CI 0. IµF polyester
C2 47OµF 63V elect.
C3 25µF 25V elect.
C4 1000pF polystyrene
CS 1000pF polystyrene
C6 0.1µF polyester
C7 150µF 25V elect.

Semiconductors
DI -D4 50V IA bridge rectifier
D5 IN4148 or similar silicon diode
D6 BZY88 C I5V 15V 400mW Zener diode
D7 -D10 IN4148 (4 off) or similar silicon diode
TRI BFY 50 npn silicon
TR2 BC108 npn silicon
ICI CA3900 (or LM3900)

Miscellaneous
VR I 251d1 linear potentiometer
VR2 47kf1 subminiature horizontal skeleton preset
SI on/off toggle switch
S2 on/off pushbutton switch
S3 I pole 10 way rotary switch (see text)
TI mains primary, 24V 100mA secondary
FS I IA fuse and panel mounted holder
RLA 24V 2500 relay with at least one make contact (see text)
SKI, PLI Mains plug and socket
0.1 inch matrix stripboard, 33 strips x 44 holes; solder pins; mains cable;
pointer knobs (2 off); connecting wire.

see

Tall(
page 571
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not feasible as the current re-
quired is too high for the circuit
to cope.

Potentiometer VR2 allows the
voltage to be varied from about
0.9 volts to about 5.5 volts. This
variation is necessary in order to
allow for all possible values of C7.
A capacitor which is marked
"150µF" may in fact have any
value between 75/1F and 300µF.

Thus the voltage at the wiper
of VR2 must be variable over a
similar four to one range to com-
pensate for these variations.

There must always be a voltage
between the collector and emitter
of TR2 for it to operate properly;
with VR2 at maximum the voltage
on the emitter will be 5.5 volts
so the threshold voltage of the
comparator must be higher.

Although there is no "lower
end stop" on the potentiometer,
it is not possible to time for
periods of less than a second as
the constant current sink will not
operate if the emitter resistor of
TR2 is reduced to a low value.

RELAY OUTPUT
One side of the main bistable is

used to drive transistor TR1
through the base resistor R2. The
relay is connected between the
collector of the transistor and the
30 volt line. The relay used in the
prototype was a 24 volt 2500 ohm
type. In fact any relay with a
voltage rating of less than 30
volts and a current requirement
of less than 50 milliamps can be
used providing an appropriate re-
sistor is placed in series.

A 24 volt or 30 volt relay will
need no series resistor but if the
voltage rating is Vr and the cur-
rent /, then the series resistor
R. should have a value given by

R._30-V,
Ir

If only the resistance of the re-
lay Rr and its voltage ratings are
known, then use

R.= (30 - Vr) X 11,
V,

Two "make" contacts of the re-
lay are used to switch the en-
larger lamp current so these con-
tacts must be capable of carrying
the required current. A capacitor
Cl is placed across the contacts
to absorb some of the energy of
the spark thus extending contact
life.

A FOCUS switch S1 is placed in
parallel with the relay contacts
so that the enlarger lamp can be
switched on for adjustments.
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DISCHARGE PATH
The only component not de-

scribed so far is the diode D9
from the positive plate of C7 to
the 15 volt supply line. The pur-
pose of this diode is to provide a
discharge path for C7 when the
power supply is switched off.

If this diode were not provided
then C7 would retain its charge
for a very long time since D7,
D10 and TR2 would all be reverse
biased.

The reason that it is necessary
to discharge C7 is to make sure
that on applying power to the cir-
cuit, the bistable is in its reset
state. If this were not ensured
then it is possible that the en-
larger lamp would come on when
power was applied.

T1

Sec

To see how discharging C7 en-
sures that the bistable resets,
note that with zero volts across CT
the comparator output (pin 9) will
be high. This will cause pin 1 of
ICla to be high which resets the
bistable. Of course, as soon as the
bistable is reset C7 will charge up
to nearly supply voltage, thus
sending the output of the com-
parator low, but this will not
change the state of the bistable
as it will be latched as described
earlier.

CONSTRUCTION
Most of the components are

mounted on a piece of strip
board as shown in Fig. 3. A socket
was used for the i.c. and, while

Fig. 3. Components mounted and wired up.
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ErlaRGER
EXPOSURE TIMER

COMPONENT
BOARD

Fig. 4. Layout and wiring of the complete unit.

Photograph showing the prototype component board.

Inside the prototype unit.
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this is not essential, it does make
testing easier.

Pins have been used to carry
wires which leave the board. Two
pins have also been used to mount
the relay which is held quite
firmly by soldering its coil con-
tacts to these pins.

Bridge rectifiers vary in pack-
aging and the contact arrange-
ment may not be as shown. Check
carefully and make any changes
necessary to accommodate the
type used. Four 1 amp diodes
could be used if required.

The whole unit was built into
a sloping front case with a re-
movable back. This back was used
to mount all the mains com-
ponents so as to keep them
separate from the low voltage
board (see Fig. 4).

Switch S3 and potentiometer
VR1 are mounted on the sloping
panel together with S1 and S2. All
the resistors should be attached
to S3 before mounting it in the
box. In the prototype a one -pole
12 -way switch with an adjustable
end stop was used to give a 10 -way
switch.

Before mounting the board in
the box it is necessary to test it
and to set VR2 to give the correct
timing periods.

SETTING UP
Connect the secondary of T1

to the board and connect S3 and

VR1 in series to the pins on the
board and also S2 to its pins.
There is no need to connect any-
thing to the relay at this stage.
Apply power.

Check the voltage of the power
line before inserting the i.c. It
should be very close to 15 volts.
If not check the power supply
wiring. Insert the i.c. (correctly
oriented) into the socket.

Press S2 with VR1 at minimum
setting and S3 at the 10 second
position. The relay should click
in immediately and click open
again after about 5 to 15 seconds.
If this does not happen the opera-
tion of the circuit can be checked
by connecting a high impedance
meter across C7.

Before S2 is pressed it should
have about 14.4 volts across it-
if it does not then check the
wiring of the bistable. Monitor
pin 5 then pin 4 of the i.c. these
should go from high to low, and
low to high respectively as S2
is pressed.

Assuming the bistable is work-
ing, check that the voltage across
the capacitor is falling when S2
is pressed. If it stays at 14.4 volts
suspect the wiring of the constant
current sink. There should be a
voltage of about 3 volts at the
emitter of TR2. Do not try to
measure the voltage at the in-
puts to the i.e. as these will
always be about 0.5 volt.

Assuming these sections are not

at fault check the wiring of the
comparator.

When the unit is working satis-
factorily it may be calibrated. Set
both S3 and VR1 to their maxi-
mum settings i.e. 99 seconds and
press S2. Measure the time
against a clock with a second
hand and adjust VR2 to give
exactly 99 seconds. This is all the
calibration that is needed because
all other ranges are now set up.

Mount the board in the bottom
of the case and then fix the
switches and potentiometer to the
front panel. Finally affix the back
panel into the case.

Two paper scales are then
glued to the front panel. The ten
positions of S3 are marker 0, 10,
20, etc. up to 90. The scale of
VR1 is divided into nine equal
segments and these are marked
1, 2, 3, etc. up to 9.

The unit is now ready for use. LI

COUNTER

I FREQUENTLY get customers who
say, "Oh! you remember that

amplifier that appeared in EVERYDAY
ELECTRONICS in 1974, might have
been May or June, have you got the
parts for it?" At one time we kept
every copy of every magazine and even
had them bound. In the end we were
defeated by space and pace. The space
to store them, and the pace of business
which gives us no time forsuch niceties.

It was while I was pondering over
this situation that the following idea
occurred to me. If only all the con-
structional articles published in the
last three years were grouped to -
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NTERIGENCE

By PAUL YOUNG

gether in similar types, for example,
amplifiers, radios, test gear, burglar
alarms. Each one could be published
as a separate book, or if there were not
enough to make a reasonable sized
publication, several groups, together.

I would like to see not only EVERY
DAY ELECTRONICS and Practical
Electronics, but Practical Wireless come
in on it as well. However, this might be
treasonable talk.

Everyone I have mentioned the idea
to has been most enthusiastic. If you
like the sound of it, please drop a line
to the editor or myself.

By the time this appears in print an
old friend of mine Mr. Fred Chaston a
Director of Jackson Bros. will have
retired after 50 years of service with
his firm. Of course you all know what
they make, variable capacitors. I asked
Mr. Chaston how business was and he
told me it was booming. I told him not
many firms could say that today, but
added that they have almost a monopoly
in their product. I went on to say that
their only danger might be from the
Japanese, and he surprised me by saying
that they export large quantities to
Japan. Bravo!

I was even more astonished to learn
that Mr. Chaston has driven every day
from Palmers Green (which is North
London) to Croydon (which is South
London) a dreadful journey at any time.
When he told me, I said, "You must
leave at about 6.30 a.m. to miss the
traffic?"

He said, "No I am at my desk by
6.30 a.m." I gave an incredulous gasp
and replied, "What ever time do you
finish for mercy's sake?" Back came
the reply "6.30 p.m.!"

Well it all goes to show how hard
we component chaps work on your
behalf! Meanwhile a long and happy
retirement Fred.
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A new series pro-
viding intro-

duction
revision of, digital
techniques.
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WE CONTINUE this month with
two more gates, the IN-

VERTER and NOR.
Details are given for making

the i.c. board and experiments
described.

THE INVERTER
The output of the circuit shown

in Fig. 1.5 is the same as the
input so this is not a useful logic
circuit on its own. What happens
if it is slightly altered to the cir-
cuit of Fig. 2.1?

When the 10 kilohm resistor is
touched to negative the lamp
lights but when to positive the
lamp goes out-the output is now
the opposite of the input.

This is easily explained. When
the transistor is off (10 kilohm
to negative or disconnected) cur-
rent can easily flow through the
560 ohm resistor and 1.e.d. so the
l.e.d. lights.

When the transistor is on (10
kilohm to positive) the current
flows more easily through the
transistor than the l.e.d. so less
current goes through the 1.e.d.
which does not light.

This could be a useful circuit
for solving problems for its out-

Fig. 2.1. Connecting the 1.e.d. across
the transistor rather than its collector
lead produces an inverter.

By O.N. Bishop
put is opposite to its input-it is
called an INVERT gate or simply
an INVERTER.

It could be used to solve the
following problem: "a person
goes to the cinema if it is not
raining. It is raining, what does
he do?"

Connect the resistor to positive
(high) whenever it is raining and
the lamp will indicate what he
should do.

Rather a simple problem on its
own, but used in connection with
other gates, the INVERTER can
help sort things out.

Try connecting the INVERTER to
the OR gate of Fig. 1.5. The circuit
is shown in Fig. 2.2.

Try connecting no diodes, one
diode, the other diode, and both
diodes to the positive terminal
and record the results in a truth
table. A connected diode is re-
corded as high (H) and a discon-
nected diode which has the same
effect as a diode connected to
negative is recorded as low (L).
If the 1.e.d. lights record this out-
put as H, if not record as L.

The completed table is shown
in Table 1.4. On comparing this
with Table 2.1, it will be found
that the circuit has behaved just
as expected. The input columns
are the same, but each entry in
the output column is inverted (H
instead of L and vice versa).

This inverted OR (sometimes
called negative OR or NOR for
short) is used fairly often in com-
puter circuits and is used later
in the series. It is used to solve
problems involving a negative
such as: "A person will NOT go
to the cinema if it is raining OR
if a western is showing".
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Fig. 2.2. Connecting an OR gate and
an INVERTER in series produces a

NOR gate.

Fig. 2.3. A different type of gate is
produced if the inverter is placed in
one of the OR gate input heads.

RI

ANOTHER GATE
The OR and the INVERTER can

be put together another way as
shown in Fig. 2.3.

By now the reader should be
getting used to wiring up gates
and simply wants to know which
gates to connect to which, rather
than every single component.
Symbols are used for the various
gates, some of which are shown
in Fig. 2.4. Fig. 2.4e shows the
symbolic form of Fig. 2.3.

The symbolic form shows that
one of the inputs to the OR gate
goes through the INVERTER first,
the other goes directly to the OR
gate.

The reader might like to try
predicting the truth table for this
circuit before building it.

The solution is shown in Table
2.2.

Problems which can be solved

Ell

6V

B1
6V

using this circuit are: (a) "A per-
son goes to the cinema if there is
a western showing OR if it is NOT
raining. A western is showing and
it is raining, does he go?" (Make
sure to use the correct inputs for
western and raining.) (b) "We will
beat the enemy if they delay their
attack OR if we do NOT get caught
by the rainy season. The rainy
season is not due for a long time,
but the enemy is attacking. Shall
we win?"

These problems are still pretty
simple once the method of con-
verting them into circuits becomes
familiar. To solve complex prob-
lems a lot of gates are needed

Table 2.1. Truth Table for Fig. 2.2

Inputs Output

L

L

H
H

L
H
L
H

(a) (b) (c)

Fig. 2.4. Symbols for some typical gates:
(a) Shows a 2 -input OR gate (b) a 4 -input OR gate (c) an inverter (d) the circuit
of Fig. 2.2. (e) the circuit of Fig. 2.3.
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L

L

L

which means a lot of components
and complicated wiring which
leads to potential errors.

INTEGRATED CIRCUITS
Fortunately it is not necessary

to wire up hundreds of resistors,
transistors and diodes-electronic
engineers have invented special
components in which dozens of
components are already wired
together to make gates. A gate
can be taken as a unit and
plugged in ready for use.

It might be expected that these
complicated components (or inte-
grated circuits) would be very
expensive but this is far from
true. The mass manufacture
makes many of them no more
than the price of a single tran-
sistor, so both time and money
can be saved by using i.c.s.

MAKING AN I.C. BOARD
The layout of the board which

is to be used for the construction
of experiments is shown in Fig.
2.5. In fact, there is no need to
make up the whole board at once
-only one "i.c. socket" and one
lamp can be used and the addi-
tional components added at a
later date.

The board, when complete, has
enough space for all the experi-
ments in this series and for many
other projects which can be
thought up.

COMPONENTS
When obtaining the parts for

the board it would be wise to also
purchase the integrated circuits
necessary for the first experi-
ments. Those used are from the
widely advertised "7400" series of
transistor transistor logic (TTL)
i.c.s. Be careful not to buy the low

Table 2.2. Truth Table of Fig. 2.3

Inputs Output
2

L

L

H
H

L
H
L

H

H
H

H

Id) (e)

power (e.g. 74L00) types or high
speed (e.g. 74H00) versions as
these are not suitable for the
beginner and are much more
expensive.

The construction of the board
is quite straightforward. Start by
cutting the board to size and
make the cuts in the copper
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Fig. 2.5. The i.c. breadboard showing the layout of the components and pins on the
top side and the breaks to be made on the underside of the strip board.

strips. Insert the four resistors,
cut the leads short and solder.

Insert the Soldercon pins; these
are used to hold the i.c.s and make
connections to the i.c.s.

Next the l.e.d.s must be fitted.
Spread the leads carefully and
make sure that the leads are the
correct way round-cathode to
the lower ground rail. Do not
overheat when soldering.

Finally connect the two wires
for connection to the battery and
mount the board on two wooden
blocks. If required the complete
board can be fixed in a suitable
case and an on/off switch inserted
as shown in the photographs.

After thoroughly checking the
back of the board all is ready
for the first experiment with an
integrated circuit.

WORKING WITH AN
INTEGRATED CIRCUIT

The first i.c. to be used is the
7402. This is described as a "quad-
ruple two -input NOR gate" which

CUT OUT
OR DOT

11 137-1
POSITIVE

means that the device contains
not just one two -input NOR gate
like the one constructed in part
1, but four of them.

Actually, the circuit of each
gate is not the same as the circuit
of the gate in part 1. In fact, it
is a lot more complicated in order
to make it more reliable, faster
switching and to improve its per-
formance in other ways.

The function of each of the i.c.
pins is shown in Fig. 2.6. The
diagram is drawn with the i.c.
viewed from above-just as the
i.c. is viewed when it is in its
socket.

Only the pin connections are
shown in the diagram-the gates
are really all together on a tiny
chip of silicon about lmm square.

The power supply is connected
to pins 7 ("ground" or negative)
and 14 (positive) and these con-
nections run to all four gates.
Apart from these, each gate has
its own pins for its two inputs and
one output.

Carefully insert the i.c. into the
top 14 -pin "socket". Make sure
that none of the pins gets bent
so avoiding contact with the
socket pins. If any are bent re-
move the i.c., straighten the pin
and re-insert.

Using short pieces of insulated
wire, make connections from pin
7 to the ground or negative rail
at the lower edge of the board
and from pin 14 to the positive
rail.

Connect the output of one of the
gates (pin 1) to a lamp pin. Attach
a wire to each of the inputs to
the gate (pins 2 and 3) but leave
these free. The board should
appear as shown in Fig. 2.7.

Re -check for correct orienta-
tion of the i.c. (cut-out groove
or semi circle or dot towards the
top). If the battery is connected
when the i.c. is the wrong way
round the i.c. may be damaged
and at the very least some odd
results will be obtained from the
experiments.

12 11 10r-I

oard should
appear as shown in Fig. 2.7.

Re -check for correct orienta-
tion of the i.c. (cut-out groove
or semi circle or dot towards the
top). If the battery is connected
when the i.c. is the wrong way
round the i.c. may be damaged
and at the very least some odd
results will be obtained from the
experiments.
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Fig. 2.6. The internal connections of the 7402 integrated circuit.
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Fig. 2.6. The internal connections of the 7402 integrated circuit.
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Fig. 2.7. Wiring up of the gates of the 7402.

Remember that the 7400 series
work at between five and six
volts-the absolute maximum is
seven volts. Never connect to a
nine volt supply or anything
greater.

The battery leads can now be
connected, again making sure
positive goes to the positive rail
and negative to the negative rail.

Try touching the wires from
pins 2 and 3 against the pins
on the positive and negative
rails. Work through the usual
sequence: Both to negative, one
to negative one to positive; then
the other way round; finally both
to positive. Make out a truth
table to show what happens to the
lamp with each input.

Check the results against
Table 2.3. Now compare this with
Table 2.2. This was the table
for an OR gate followed by an
INVERTER, which we later said was
called NOR for short. Usually
there is a simpler way of drawing
it too as shown in Fig. 2.8 (and,
incidentally in Fig. 2.6).

Check the other NOR gates in
the i.c. using the truth table
method to see if they are working

Table 2.3 Truth Table
for one 7402 NOR gate

Inputs Output
Pin I Pin 2

L
L

H
H

L

H
L

H

L

L

L

OR

(a)

INVERT

(b)

NOR

Fig. 2.8. Shows a 2 -input OR gate
followed by an inverter. These symbols
are usually combined into the NOR
gate symbol at (b).

properly. Try not to leave the
battery connected when not
actually testing the gates as un-
used gates take more power than
used ones and this might overheat
the i.c. This can be overcome by
connecting unused inputs to
ground but the extra wiring is
hardly worth while for the short
time that testing requires.

Table 2.4. Truth Table for Fig. 2.9.

Input Output

L
H

H
L

USING SEVERAL GATES
Now that so many NOR gates

are available, with only two wires
going into each and one wire
coming out, it is easy to try wiring
several gates together to see
what can be built from them.

In part 1 gates were built from
resistors, diodes and transistors:
now whole gates are used as
building blocks and complicated
circuits can be made from them.

Some suggestions are given in
Figs. 2.9 to 2.12. Connect them
up and work out the truth tables.
Check against those given.
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Table 2.5. Truth Table for Fig. 2.10 Table 2.7. Truth Table for Fig. 2.12

Inputs
2

Output

L

L
H
H

L

H
L

H

L

H
H
H

Table 2.6. Truth Table for Fig. 2.11

Inputs
2 3

Output

L
L
L
H
L
H
H
H

L
L
H
L
H
L
H
H

L
H
L
L
H
H
L
H

L
L
H
H
L
L
H
L

INPUT

(a)

INPUT TO GROUND
OR POSITIVE

FIG. 2.9

0

IN PUTS

FIG. 2.11 (b)

TO GROUND
RAIL

(b)

OUTPUT
TO L.E.D.

TO POSITIVE
RAIL

006 00 0 0 0 0 0 0 0 0 0 00 0 00 00 0 000
0
0
0
0
0 740204, 

TO GROUND
RAIL

OUTPUT
TO L.E.D.

    
TO POSITIVE

RAIL

Fig. 2.9. Connecting two inputs together on one gate pro-
duces a type of gate we have met before. Check its truth
table and name it.

Fig. 2.11. This gate has three Inputs. Check the truth table.
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Inputs Output
2 3 4

L

L

L

L

H
L

L
H
L

H
H
L
H
H
H
H

L

L

L

H
L
L

H
L

H
L
H
H
L
H
H
H

L

L
H
L

L
H
L

L

H
H
L

H
H
L
H
H

L

H
L

L

L
H
L

H
L

L

L

H
H
H
L
H

L

L
L

L

L
L

L

H
H
H
L
H
H
H
H
H

There are plenty more combinations of NOR gates
that can be tried. Work out some more, find their
truth tables and try to write out some problems that
the circuits would solve.

5

INPUT

( a )

CD
INPUTS TO GROUND OUTPUT

RAIL TO L.E.D.

FIG. 2.10 (b)

/D OUTPUT

0

0
INPUTS

INPUTS

FIG 2.I2 (b)

(a)

OUTPUT

TO GROUND OUTPUT
RAIL TO L.E.D.

To be continued

IN PUTS

0....
TO POSITIVE

RAIL

Fig. 2.10. Here two gates are used in this experiment and
again they produce thesame truth table as a gate discussed
earlier.
Fig. 2.12. Here a four input gate has been made from three
NOR gates.
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Retirement Hobby
First, may I say how much I am

enjoying your present series of "Teach
In" but have now reached the point
where I can only follow the practical
side, the theoretical part is now beyond
my mathematical learning. However,
this does not deter me as I can follow
the workings if not the whole of the
reason why.

I appreciate this opportunity to learn
because although I have always had a
leaning towards radio, but never had
the time to follow it through due to
my employment etc., I have decided to
make it a hobby for my retirement
years and it may surprise you that I

am now 60 years old and played about
with crystal sets and cats whiskers.

I recently completed your Matchbox
Receiver but reception in these multi
story flats was not too good due I

suppose to the steel reinforced con-
crete; however, I put the set into a
slightly larger box and fitted a tele-
scopic aerial and am pleased to say it
works well. In the evening I can get
numerous foreign stations plus one I

have not heard for some time,
Radio Caroline.

T. E. Flint,
Liverpool

Helping Hand
My main reason for writing is to tell

you that last September, I began a
course in Radio, T.V. and Electronics
(City & Guilds) at Bradford College.
In that same month I bought my second
copy of E.E. and found to my delight,
part one of a series for beginners which
was to become a useful aid to my course.

I have recently obtained the results
and found that I have passed both the
Mechanics & Technicians exams with
credit. I would therefore like to thank
you and Mr. A. P. Stephenson for
Teach In 76. I am not saying I couldn't
have passed without your aid, but it
most certainly was a great help.

Malcolm P. Crann.
Bradford,

Objection
I have just read For Your Entertain-

ment in the August '76 issue of EE and
I feel I ought to point out to Adrian
Hope that the 27MHz band is already

being used for radio controlled model-
ling and is not in fact "spare" as he
appears to assume and I am sure that
most radio modellers would object
to being turfed out of our allotted
band.

Graham Thomas,
Fife.

We are not amused
Adrian Hope's remarks (For Your

Entertainment August 1976) concerning
the Citizens band on 27MHz deserves
some comment as he completely
ignores the existing users of the band,
and in particular the many thousands
of modellers, legally using this band for
the purposes of remote control of
vehicles, boats, and aircraft.

The radio control of models is a fast
growing hobby and its governing
bodies were instrumental in making
illegal the use of this band for CB
purposes. To suggest that 27MHz
should be used for CB on the American
style would create many safety hazards
especially those operating flying aircraft
where injury and loss of life could and
would result through interference.

American modellers have foresaken
their 27MHz band due to CB Inter-
ference in favour of 72MHz, which is
not available to modellers in the U.K.
The only alternative is 458MHz which
at this time is completely impractical
for the purpose due to transmitter
power limitations, complexity, reflec-
tion problems and high costs.

Mr. Hope should consult the CB
association who know our problems
are lobbying for a v.h.f. frequency
modulated allocation. It would how-
ever seem likely that f.m. will be used
increasingly by modellers to resolve
existing interference problems on
27MHz.

In our modelling club we have about
140 members and about 110 of these
are remote control flyers. We can fly
six models only at one time on six
frequencies. Can you imagine six
models weighing 8 lbs a piece travelling
at speed between 40 and 150 m.p.h.
careering round the sky due to
interference.

John and Peter Pearson.
Peterlee. Co. Durham.

Simple Root!
I should like to correct an error in

the construction article C -L Resonance
Tester in EVERYDAY ELECTRONICS.
September, 1976, which otherwise may
confuse some of your readers. On
page 482, item (7) dealing with the
calibration of the variable capacitor
it is stated that if 100pF resonated
with the coil at 6.IMHz then 110pF
will resonate at 100 x 6.IMHz =

110
5.81MHz. This should of course be

100 x 6.1=5.81 MHz.just above this
110

the error is compounded with the
statement C original x original fre-

C unknown
quency= new resonant frequency.
Here again the square root sign is

omitted. It might help some readers
with their calibrations if they remem-
ber that for small additions of capaci-
tance the frequency decreases by half
the amount of the change. This should
be sufficiently accurate as a rough and
ready guide.

i.e. 10 per cent increase of
capacitance = approx 5 per cent
decrease in frequency. The same rule
applies to inductance.

PLEAT
TAKE NOTE

A. Ferriman
Wimbledon

In Fig. 1.3 of Doing it Digitally (October 76) dioges DI to D4 are shown with
the incorrect polarity. They should be reversed for correct operation.

We apologise to students of Teach -In '76 for an error in part 13. In Fig. 13. 2a.
a resistor Rb should be connected between TRI base and t- Vcc. Also, capacitor
C2 should be labelled C3 and a capacitor C2 inserted in series with TRI base.
Consequently, section 13.2, column 2, line 21 should read the time
constant C2 r Rb.
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The Extra
ordinar

Experi-
ments

of
Prams
Ernes

Evemure
by

THE Prof's discourse on the use
of transistors to reduce the

current flowing through delicate
sets of contacts was interrupted
by the arrival of two more visitors,
both young men in their teens,
who appeared to be having a
peaceful but vigorous argument.

"The tall one is Tom," Bob in-
formed the Prof., "From one of
the upper forms at my school."

"Yes, and his companion is
Maurice, another of my friends;
Hello, Maurice!" the Prof. con-
tinued, "what seems to be the
problem today?" "Well, Prof." be-
gan Maurice, "it is a problem
which is usually solved for us by
a local public address engineer.
But this time-and the last time
also, he has been unable to help
us."

"Yes", said Tom, "I wish I
knew enough about electronics to
be a public address engineer-it is
a terrific job-really great! This
chap has been hired by a famous
band to supervise their sound
system during a tour of the
States. So he's getting a tour of
the States and being paid a for-
tune for it!

This is the second time he's
done it, and unfortunately each
time has coincided with an event
when we really need his help. The
last time, we tried to do without
him it was nearly disastrous, and
Maurice and I have been racking

phony John Bassett
our brains for the last few days
to try to solve the problem-so
we've decided to consult you.

CHARITY EVENT
The problem is this, Prof.:

We've been asked once again to
help organise a charity event,
with stalls, sideshows and amuse-
ments and a dance.

Now our friend usually helps
out by loaning his equipment, as
we need a sound system during
the afternoon for announcements,
background music, knockout com-
petitions and performances by
local folk singers, and during the

TAPE RECORDER

DISCO

evening we need it for the dance.
Last time, when he wasn't avail-

able to help, we used a 50 watt
per channel stereo amplifier with
8 ohm output, and to each
channel we connected two 8 ohm
20 watt hi fi speakers in parallel.
Now, Maurice advised at the time
that this was not a wise way to
do it, as it would result in a 4 ohm
load on the amplifier, which is
designed for 8 ohms, and this
might damage the amplifier. Also,
the speakers were only capable
of handling 40 watts and the out-
put of the amplifier might be too
much for them if the volume were
too high.

Fig. I. Sketch of the sound system used by the boys. This
resulted in damage to the amplifier and speakers.

50 WATTS PER
CHANNEL

TWO 8 -OHM
20 -WATT SPEAKERS
ON EACH CHANNEL
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simple construction: moreover, the units can be
easily interchanged.

The mixer amplifier illustrated is built up of
eleven kits; the front panel contains 16 slide
controls, 10 rotary controls and 2 large VU -meters.
If a simple layout is required, one central tone
control unit can be incorporated between the
mixer and the feeder amplifier instead of three
separate units. In any event, it is usually a good
idea to block out your requirements initially in
diagram form so that you can see how easily they
can be engineered.

Whatever your choice, however, you can be
assured that the complete mixer amplifier will
amply exceed true hi-fi standards with distortion
andsignal-to-noise ratio on a professional level.

For the first time in Britain!

PHILIPS MIXER
AMPLIFIER KITS

* Uniquely flexible -you build exactly what you need
* Totally reliable -every component made to the highest Philips standards

* Amazingly inexpensive * Available now from SST Distributors
Part of the overall range of Philips Electronic Kits,
now available for the first time in Britain, Philips
Mixer Amplifier Kits enable you to construct the
kind of mixer amplifier you need -easily,
confidently, to the highest professional standards.

Unusually flexible, the Philips range is built up
in such a way that you can choose from a number of
combinations certain that the end result will always
be a complete unit - in function and appearance.

Individual Kits cover the following functions -
mixer unit, separate input amplifiers (for micro-
phone, record player, tape recorder or tuner),
tone -control unit, level -meter unit with two
VU -meters, and a feeder amplifier. In every case,
the dimensions of the chassis and the front panel
have been standardised to allow for smooth and

EASY

ARTLSO AV
AILABLE.E0A

ROME
CONSTRUCTION

A COMPLETE
RANGE

OF

14.1-11RITS,
IN CLUDIN

G

LOI3D
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-OVER

FILTER
ITS ,

AUDIO
KITS, CABINET

KITS

lloi lowispeaketsr,
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RITS 

Your skills. Philips quality. An unbeatable combination.

PHILIPS rend today for fully
illustrated catalogue

I and pnce list

1
To: SST Distributors
(Electronic Components) Ltd

Name

Address

West Road, Tottenham, County/Postal Code
1 London N17 ORN.

PHILIPS

ILST Distributors is a member of the Philips Group of Companies.
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Order yowl NOW!

on1977 ILLUSTRATED CATALOGUE
The most comprehensive range of products and technical information ever, including OVER 800
ADDITIONS to our list of Semiconductors and Electronic Components. Fully illustrated and
designed to be updated as we increase our range. This is A MUST FOR ALL: ORDER NOW...

P300
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Vcbo 100V. VON) 110V, IC 1114,
replacement for 2743065. BIDY11

1-24 55 -NI
*MI
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All 0611 elevicee. No .Pen sad
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1.100 ler .614.
WhM wOorl,o oleo** stale NOM or e

APPROX. 1151
Assorted fall -out Intel/sided thy
Logic, 74 settee. Linear, Audi
Many coded devices but earns u
to identify.

OUR SPECIAL PRI

P&P
POitafie and Packing add 450 u
otherwise shown. Add extra
airmail. Minimum order 41

* /
31115F Minitron 7 Segment Indicator St 1

L.E.D. DISPLAYS
01.757 Common anode 0.3. Us. 01.747
common anode 0 r at 75, OM David
Shipley, common anode 0 5. 42.111
L.E.D.'s
Available In 0 155 and 04" die lenttes
RED Up. GREEN 17p. YELLOW 17p.

* 7f Serie

DIODE EQUIVALENT 11"...... -DE 74 144 Pao..
Mulvelr-

fry
sEmicoNDucur

BI.PAK STILL LOWEST IN PRICE. FULL SP ION GUARANTEED. ALL
FAMOUS MANUFACTURES

Typo 1 25 100+ Type 1 25 100+ TYPO 1 25 11(10+

7400 1 IN 4-55 OS 7444 I M 7$ 176 74122 5 54 III 44
7401 ISO I'19 0 OS 7450 0 12 11 74123 1 58 II 54 541

7402  11 II 19 S 55 7431 4 12 11 5.14 74141 414 9 54 0 54
7403 I.11 I III UN 7453 9.12 11 1.11 74145 1 NI 5 14 II 52
7404 013 1 It 611 7454 II12 11 011 74150 11.31 01 25 01 25
7405 1.13 0 12 II 11 7410 1'12 11 5.15 74151 1 70 5 74 971
7406 I 15 0 24 123 7470 11 25 24 IS23 74153 I Si 153 0 51
7407 II 21  24 1 23 7472 1.22 21 4.20 74154 11 5401 4511 44
7401 115  14 1 13 7473  211 24 5-n 74155 I N 1 78 4 76
7401 0 11  14 913 7474 127 15 I.23 74156 5 N 1 71 0 74
7410 I 04 IN  OS 7475  411 MI 1.44 74157 I 115  13 I21
7411 123 I 22  21 7476 1 25 24 CM 74160 Lt N 9 OS 1 96
7412 5211 1115 124 7480 IN 48 5.44 74161 LI N 111118 194
7413 021 926 I 15 7481 LI 112 L M ION 74162 L1611 0 N I 911
7416 9 21 9 27 FN 7482 II 83 111 5.71 74163 LI 09 I 98 0 96
7417 0 SI 9 17 6 IS 7483 I N N 1.54 74164 LI 25 LI 26 LI 15
7420 9i2 511 10 7434 6 91/ 88 11.811 74165 1.1. 15 01 25 01 15
7422 la 211 9 27 9 NI 7485 11 MI 241115 741N £1 48 01 44 01 39
7423 OM 628 0211 7486 131 NI UN 74174 01 N  13 1104
7425 0 30 1 28 11 PI 7489 L2 NI 01 M 1.2.71 74175 1 95 9 93 III
7426 131 5 21 1.21 7400 1 37 36 133 74176 11 16 01 11 01 M
7427 1M 124 1211 7491 h1111 51 OM 74177 £1 16 01 11 01 NI
7428 041 632 OM 7492 143 42 611 74160 L1 16 01 11 11 NI
7430 0 12 11 11 119 7493 143 42 641 74131 L2 N L1 N LI N
1432 OM 521 0 SS 7494 943 42 141 74182 4 74  BS 0 II
7433 11 31 0 37 5 35 7495 9 71 14 6 44 741114 11 57 11 62 01. 51
7431 1.3I 921 1 MI 7496 II II N 1.64 74190 Cl 31101.45 01.41
7434 139 121 1 26 74100 LI M 118 5.98 74191 11.5501 4511.46
7440 1 12 III 110 74104 I 46 NI 11-34 74112 LI 15 01 15 01 OS
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. . . EVERY COPY
CARRIES A SPECIAL
DISCOUNT ORDER FORM

'?ANSISTORSIV
ND NEW FULLY GUARANTEED
I. Type P

S F117
S F118
SF119
10152
OF153
S 6164
8F156
IlF156
S F157
!WIN
S F159
BF173
SF176
S F119
S F'S°
15E111
11F194
11F195

FIN
F197
F101
F1119
517

5/

70
71

72
3

ce Type Pets*
4111 BFY53 .613
71 asyt 5111
71 BSX20 .1.111
N SSY25 .416
N BSY24 4.11
04 1121727 411
71 SIIY211 *CIS
49 113Y29 11.14
94 1111Y311 .11.10
N Broil 4.19
11 1131,40 4.29
11 1121Y41 91-29
34 1131.95 4-13
31 113Y14A 11-13
31 BU105 1N
31 MJE521 11.11
11 MJE2455
11 MJE305.5 4-57
51 MJE34443 81
12 MPF102 91-1111
11 MPF104 4.11
12 MPF106 .01111
N Odle -as

0C20 ISN
0C22 4.41

SI 0C23 .11-40
14 0C2. 42

0C25 4
31 0C24 .1-111
81 0C21 MANI
31 0C29
36 0C31 4.44
25 0C31 4.51II 0C41 4-14

0C42 1-N
0C44 4.15
0C45 4.13
0070 4 II
OC71 '1 II
OC72 5 IS
0014 I 19

When

JUMBO SEMICONDUCTOR PAK
TrnsIstorsGorm. and Silicon.
Rectiflers-Dlodes. TrlaceThyrIstors-1.C.'s and
Zners. ALL NEW AND CODED.
Approx. 100 plecm Only .1.0$0

ZENER DIODES tA.71105/L121 5V
70.3 PIstic EncapsulstIon

(equiv. to MVR5V) L1 25
FULL RANGE its STOCK. 2.33 volts 414.7812/L130 12V

400,w Sp 1 5W 17p 10W 30p (equiv. to INVRI2V) LI -25

Typo Prise
0027765 .$1 1161

0077 12s
0C111 5111
0011 0 I
0°C.112C820 :se

OCI3 *1 20

0°CC114039

0

23

°C97069 ell 21
OC171 15 74

00CC200
I

20 ns
0C202 I
00203 M
OC204
00209 .1 NI
OCP71 .1 44
ONsRLP419,3241

ORPIO 4.41
ORP$I 141
TIP21 .1 N
TIP30 *1-45
TIP314 SI
TIP324 1N
TIP41 A 9118
TIP414 11 71
TIS43 I1n
uT42 ...n
271(107 1 07
ZTX1011 197
ZTX10111 1 57
SIX= 1 97
ZTX5013
2N6116 115
2N617 I 11
2N606 II
2N699 *1 34

Please add 12Ict
to prices marked".
Remainder add 8%

I %V Vt.; 1%.41 I VI 3

P.O. BOX 6, WARE  HERTS
SHOP 18, BALDOCK ST, WARE, HERTS.

AT OPEN 9 to 5.30 Mon/Sat. Tel: 61593

Everyday Electronics, November 1976



Fig. 2. The block diagram and circuit of an impedance converter
drawn by Bob.

8 -OHM 0/P
50 WATT
AMPLIFIER

DAMAGE

B -OHM TO 4 -OHM
CONVERTER
CIRCUIT

Someone advised us that it
would be O.K. to use the 20 watt
speakers, and to run the amplifier
with 4 ohms instead of 8, as long
as we kept the volume control
setting low, and this is what we
did. It was O.K. all through the
afternoon and for most of the
evening, but just near the end of
the evening someone got a little
over excited and put on some very
loud music.

The loudspeakers on one
channel suddenly began to sound
distorted - but before anyone
could do anything about it, one
channel of the amplifier blew
with a loud hum and a crackle,
and the whole sound system be-
came silent.

We got the amplifier mended,
and we had to buy two replace.
ment speakers. Now if we want to
use that amplifier again, we
would like to know how to do it
properly. This time I've managed
to get two 50 watt 8 ohm
speakers.

"So have I," broke in Maurice,
"which means that the speakers
we now have at our disposal have
sufficient power handling capa-
bility not to be damaged by the
power of the amplifier, and we

4 -OHM LOAD

TWO 8 -OHM 50 -WATT
SPEAKERS

also have four speakers, which is
the minimum number we need to
cover the event.

But if we connect two of these
in parallel to each channel of the
amplifier, this will once again
mean a mismatch, because the
two 8 ohm speakers in parallel
would give 4 ohms, which is
wrong as the amplifier needs an
8 ohm load. So, Prof., we still
need your help, it seems."

Maurice fished a much -used
notebook from his duffel -bag and
thumbing through it he showed a
diagram to Bob and the Prof.
(Fig. 1).

"This is a sketch of the sound
system we used last time, Prof."
he said, "and eventually it caused
damage to both amplifier and
speakers. Now, if we used 50 watt
speakers instead of 20 watt ones,
the speakers would be safe-but
not the amplifier."

IMPEDANCE
CONVERTER

"I've got an idea!" exclaimed
Bob. Maurice, too deep in thought
to speak, offered Bob his pencil
and, indicated that Bob should go
ahead and use his notepad.

Maurice had drawn a sketch of

an amplifier (8 ohm output) and
two 8 ohm speakers in parallel
(4 ohm load). Now Bob drew, in
between these, a box which he
labelled '8 ohm to 4 ohm con-
verter' (Fig. 2), and next to this
he drew a circuit diagram of an
impedance converter.

"Prof.," he asked, "I have been
reading about impedance con-
verters which convert a signal to
a lower impedance without the
problems of using an audio trans-
former. Can a circuit like this be
used for matching loudspeakers
to power amplifiers?"

HIGH POWER
"Yes", replied the Prof.

"Though the circuit which you
have drawn is not suitable for
use with high -power amplifiers
and loudspeakers. It is a very
handy circuit for use with low
level signals of a few millivolts.
But what Tom and Maurice need
for matching these speakers to
the amplifier, is a special kind of
impedance converter, It is a very
simple and effective circuit, by
means of which you can match a
larger number of loudspeakers to
one audio amplifier."

To be continued

J/CK PLUG & FAMILY...
HE SAYS IT'S HIS CLUNK -CLICK
JOGGER, SIR. A DEVICE THAT
REMINDS HIM TO BELT -UP
BEFORE DRIVING OFF._

ollv \v,

laic III/
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ALL VERY COMMENDABLE

SURE. BUT IF YOU
DON'T MIND A LITTLE

CONSTRUCTIVE CRITICISM..

0
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GEORGE HYLTON
brings it

own

IMPEDANCE
MATCHING

THE literature of electronics
abounds with references to

impedance matching. One reads
about matching a loudspeaker to
an amplifier, for instance. What
does it mean?

Matching, in these cases, is
about the transfer of signals from
one place to another; e.g. the
transfer of audio signals from
amplifier to speaker, or of the
output of a radio transmitter to
its aerial.

Often the object of matching is
to transfer as much power as
possible from a source of power
to a load. But sometimes (this is
especially true of amplifiers with
class B output stages) it is more
a question of drawing the correct
amount of power rather than the
maximum possible, The maximum
might overload the amplifier.

Most signal sources can be
represented accurately, for the
purpose of studying matching, by
a voltage generator in series with
a resistance. In Fig. 1 these are
labelled V, and R ("s" for
source). The load is R and the
voltage across it VL. The current,
I, being the same for source and
load, needs no other letter to
identify it.

In practical cases you are
usually stuck with a particular

610

value of R. but you can vary RL.
The condition for maximising I
is then obvious from the circuit.
Reduce RL as much as possible. In
the limit, when RL = 0, I is as
large as it can be.

Looking now at the voltage,
with an unalterable R., the way to
maximise VL is to increase R1.
(This is why, in general, voltage -
driven amplifiers are designed to
have a high input impedance: it
maximises the transfer of voltage
from the source to the amplifier.)

Power, however, is voltage
times current. The power in RL
is I X VL. So in cases where .the
amount of power transferred
from source to load has to be
maximised, we must somehow
maximise I times VL. Maximising
I alone (by reducing RL) doesn't
help, because as RL is reduced, VL
is reduced, until finally RL is
a short circuit, with maximum
current through it, but no voltage
across it. The power is zero, so
that's no good. Maximising RL
raises VL, but in the limit, when
RL is infinite, VL is maximum
(equal to V.) but I is zero. No
power again.

SOURCE I LOAD

Fig. I. Signal source and lead.

MICROPHONE

Where is the happy medium be-
tween these extremes? There
must be some value of RL which
allows, simultaneously, enough I
and VL to maximise the power.
(That is the load power, the
power in RL itself.)

The solution is to make RL =R..
Then half the voltage appears
across RL and the current I is
half its maximum (short circuit
load) value. Under these circum-
stances the greatest possible
amount of power is transferred
from source to load.

EFFICIENCY
There is however a penalty.

Just as much power is now spent
in R. as in RL. So, although the

load power is maximised, the
efficiency is not. The efficiency is
only 50 per cent. In many cases,
it is just not possible to operate
a power source at 50 per cent
efficiency, because the waste of
power inside the source itself (in
R.) raises the temperature of the
source to a dangerous level. It
"burns out". For this reason, the
"optimum load" for many power
sources is not the value of RL
which maximises the power but
the one which just raises the in-
ternal temperature of the source
to its safe limit.

In cases like this, RL is greater
than R. and the efficiency is
greater than 50 per cent. So,
although you get less power, you
also waste less. As a general
rule, it is safe to operate a power
source into a load resistance
greater than the optimum load.

EXAMPLE
If, for example, an audio ampli-

fier is rated to deliver 100 watts
into 4 ohms, it is generally safe to

TURNS RATIO 1:N I
AMPLIFIER

R, (1001,10

substitute a load of 8 ohms. The
power output will be reduced but
the dissipation inside the ampli-
fier will probably also be reduced
and certainly won't be increased.
(But be careful with multiple
speakers drive through crossover
networks. Both the network and
the speaker impedances must be
changed.)

Using a load resistance less
than the rated 4 ohms may in-
crease the dissipation inside the
amplifier and damage it. You can
see from Fig. 1 why a short-cir-
cuit can damage an amplifier. If
you make RL =0, all the power is
then spent in R.. Class B ampli-
fiers are very vulnerable to this
kind of overload, class A much
less so.
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I. Understand
electronics.
Step by step, we take you through
all the fundamentals of electronics
and show you how easily the sub-

ject can be mastered using our
unique Lerna-Kit course.

2. Become a
radio amateur.
Learn how to become a radio -
amateur in contact with the whole
world. We give skilled preparation
for.the G.P.O. licence.

Build an oscilloscope.
Read, draw and understand
circuit diagrams.
Carry out over 40 experi-
ments on basic electronic
circuits and see how
they work.

si LE No so lie. dim mil Of ill NI SI oil MI all all IN 1110 NM MI MB IIIII
Brochure, without obligation to:
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL,
P.O. Box 156, Jersey, Channel Islands.

NAME

EEC I I

I
I

ADDRESS Block caps please I
No EN gm ================= no rto EN ----- No in No - mi.

Ave you only
4,11b HALF

a Constructor?
For a year or two / was only half a constructor-struggling along trying to
find the right components by tramping from shop to shop. Then I

discovered Home Radio and their marvellous Components Catalogue!
It's made life so much simpler for me-I can soon locate just what I need
and then order by phone. I really feel that now I can claim to be a complete
constructor.

The Home Radio Components Catalogue consists of
200 pages containing some 5,000 items, nearly 2,000 of
them illustrated. Everything is set out so clearly the
catalogue is a pleasure to use. When you buy one you
also receive free a mini catalogue filled with super
bargains. The saving on some of your purchases from
this bargain list alone can more than pay for your
catalogue. The catalogue costs £1 plus 40p for
postage and packing. Why hesitate? Send oft your
cheque or P.O. for L1.40 now, and discover the satis-
faction of being a complete constructor.

Pau verde stow Alarm an/ Ae/dee.s bkxa capitals

NAME

I ADDRESS

I HOME RADIO (Components) LTD. Dept EE
2.14.240 London Road. Momoam

IL

Suttee CP4 MID

4at
(Re on No I

London 9,29661.1

HOME RADIO (Components) LTD Dept EE, 234-240 London Road. Mitcham,CR4 3HD Phone 01-648 8422
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B. BAMBER ELECTRONICS
Dept EE,5 STATION ROAD. LITTLEPORT, CAMBS.. CB6 10E
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED
FREE WELLER 2SW (SP20) SOLDERING IRON
(worth 23 24 Inc. VAT) with ell order* over 220
Limited period only. Send now
VARIABLE STABILISED POWER SUPPLY.
main* input 0-240 output. stabilised and current
limiting at 900mA  32V St 50mA Brand new by
British manufacturer Size approx. 7} k 2} k Sin
complete with external 5k n 3 -turn pot for voltage
control Connection dela supplied U.
5001 (25-..-25uAl EDGEWISE METERS, modern
type by Sangemo Western display area k lfin
with 2 mounting lugs (Can be mood left or right
nand.. t1.50 each while stock. last
MAINS ISOLATION TRANSFORMERS. Tapped
mains input 2400 at 3A  12V at 500mA output
New boxed made by Gardners, 212.
FLEXIBLE HEATER STRIP. 2400 a c 150W
two,. 1 metre long (insulated with fibreglass)
with mains connector block. Many. many .6.
110p each

HEAVY DUTY RELAYS, 24V 010 Operated
(will work on 18V1 3 heavy duty Make contacts
(around 10A rating) 4 change over contact*

1 break contact New, complete with
mounting bracket (ideal for switching HT on
Linear. ) Many uses for this nigh quality
unit 01.50 each
Good °veto, Pressure Guag. 2fin dia.
flange mounting 3 models avail 040 lb/sq in.
0-100 lb so in 0-200 lb.W2 in stale which 21.2S
aCh

2143055 type Transistor. 0 K . but unmarked.
5 for

110V NEON*, SCREW -IN -TYPE, 4 for Sip.
SLOW MOTION MOTORS (suitable for pro-
grammers displays etc 1 230-240V  c input.
rotation between 1 and 2 revs per minute.
01.25 each

MINIATURE PLIERS High quality Crescent".
made in USA 14.25 . VAT (31p).
SIDE CUTTERS, high quality 'Crescent- made
in USA (4.4S  VAT (44p).
MIXED COMPONENT PACKS, containing testa-
tors capacitors. twitcher, pots. wc All new
(random sample bag revealed *pew. 700
items) £2 per pack. while stocks lest
TUNED COILS, 1 section coils. around 11611.12
with a black smart tuning knob. which moves
en .nternal core to vary team nductance many
uses easily rewound, 3 for 50p.

HIGH OUALITY , Min Sin elliptical
only 2in deep. inverse mgnat. 4 ohmerated up
lO 10W E1.50 each or 2 for 12.78 (qty discount
available - 123% VAT.

TO3 transistor insulator sets 10 for Sep.

MINIATURE 2 PIN PLUGS AND SOCKETS
(fit into }in hole, pins enclosed. with covers for
chasm. mounting. or n be used for In -line
connectors) Bargain pack of 3 plugs  3 sockets

covers. SIM.
PROGRAMMERS (magnetic devotes) Contain
9 microswitchee (suitable for mains operattOn)
war 9 rotating cams. all in adjustable.
ideal for switching disco light., displays. etc
or industrial machine programming (Need
slow motion motor to drive cams, not supplied)
9 switch version (1-10.
HEAVY DUTY HEATSINK FLOCKS d Iced
base rea ifin k 2in with 6 fins total height

SOp each
SPERRY 7 -SEGMENT P.G.D. DISPLAYS, digit
height 0 Sin red with decimal points. 150V to
2000 (nominal 180V) operation These are high -
volt industrial type and therefore brighter than
normal displays All brand new AT THE
BARGAIN PRICE OF SOp PER DIGIT TYPE 332
Itwo digits in one mount) 21 each. TYPE 333
(three digits on one mount) £1.50. (Sorry. no
single digit available Data Supplied

85020 (VHF OsmMult). 3 for 50p.
BC1013 (metal can) 4 for Sap.
PBC 108 (plastic BC1081. 5 for Sap.
EIFY51 Translators. 4 for Ns
BCY72 Transistors 4 for SOp.
PNP audio type TOO Transistors 12 for 25p.
6E152 (UHF arnprniker). 3 for Sap.
2N3819 Fat 3 for 10p.
BA121 Varicap Diodes. 4 for SOp.
1N914 diodes. 10 tot 2SP.

SMALL MAINS SUPPRESSORS (Small chokes
ideal tOr radio 1-11-F1 input.. tC I approx }in k

tin. 3 tor Mp.
TUNER PANELS (for FM Band 2

tuner.) marked 88-108 MHz and Channels 0-70.
clear numbers. rest blacked out. smart modern
appearance aiz approx fir 2 for Sip.
Lead suppressors (10kohrt) for mobile plug
leads. 4 for SOp.

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED
ALU-SOL ALUMINIUM SOLDER (made by Multi -
core) Solders aluminium to OW copper.
brass steel. nickel or tinplate 16 a wig with
rnvIticore flux with instruction. APP.. t matte
coil 309 pack Large reel (approx 12 metnes)
EISS.

Ijin polythene chassis mounting fuseholders
6 for Mp.
I C s some coded 14 DtL type. untested
mixed 10 for 2Sp.

Mobile Convertors 24V DC input 13 IV at
vents 3 4A DC output, fully stabilised. C3 -SO
each (ideal for running 12V car radio from 24V
lorry battery)
RS Midget 3 pole 4 way rotary ewttchet
Op each

We now stock Spinal. Tools for the electronic
enthusiast. Screwdrivers. Nut Spanners. BA end
Metric saw pop rivet gun. etc SAE for het

I F Cans. fin square suitable for rewind. 6
for Ms  123% VAT
Miniature earphone* with mm. lack plug. 2 for
Sap . 123% VAT

TWIN I.F. CANS, appro. lin k fin k 1in high
around 3 5-5MH2 2 separate I...Wormers in
1 can, internally screened 5 for Plp - 123% VAT

Dubilier Electrolytics. 50uF. 4.500. 2 for 50p.
Dubilier Electrolytic.. 100uF. 275V. 2 for SOp.
Plessey Electrolytic.. 470uF. 630 3 for 50p.
TCC Electrolytic.. 1000uF. 300. 3 for 60p.
Ple.ey Electrolytic.. 1000uF. 1800. Op each
(3 for Li).
Dubllier Electrolytics. 5000uF 35V. 50p each
Dubilier Electrolytic. 5003.F 50V SOD each.
ITT Electrolytic.. 6800uF 25V, high grede screw
terminals. with mounting clips. 50p each
Plessey Electrolytics. 10 000µF at 630. 7Sp each
Plessey Cathodray Capacitors 6-0 4oF at 12 5kV
DC Screw terminals 21 -50 each
PLEASE ADD 123% VAT TO ALL CAPACITORS

A LARGE RANGE OF CAPACITORS AVAILABLE
AT BARGAIN PRICES, S.A.E. FOR LIST.

TV PLUGS AND SOCKETS
TV Plugs (motel type) 5 for S..
TV Sockets (metal type) 4 for SOp.
TV Line Connectors (back-to-back socket!. 4

for SOp. Plea. add 123% VAT.

PLUGS AND SOCKETS
N -Type Plugs 50 ohm 60p each. 3 for El SS
N -Type Sockets (*.hole chassis mounting). 50
Ohm* (a small coax lead type) SOp each.
PL259 Plugs (PIPE) brand new. packed with
reducers Op or 5 for £2.
S0236 Sockets (PTFE), brand new (4 -hole luting
We). Sop each or 5 for CISS.
25 -way ISEP Plugs and Sockets 40p set (1 plug
. lam)
Plugs end socket...old separately et 2Ip each
Bulgin Round Free Skte 3 pin for mein. input
on teat equipment, etc.. Shp each.

WELLER SOLDERING IRONS
EXPERT. Built -in -spotlight illuminates work
Pielol grip with fingertip trigger High efficiency
copper toldering tip
EXPERT SOLDER OUR. (I80  VAT (64,1
EXPERT SOLDER GUN KIT (spare bits case
etc I. 111160 - VAT (71p)
SPARE SITS, PAIR 313p VAT (Sp)
MARKSMAN SOLDERING IRONS
SP150 15W E.3 VAT (um
SP250 25W E3  VAT (24p)
SP7501( 25W - bits etc kit 03.1115 - VAT (31p)
SP40D 40W £3.44 - VAT alp)
BENCH STAND with spring for Marksman irons.
L2.22  VAT (18p)
SPARE SITS
LIT8 for 15W Sap - VAT (49).
MT4 for 25W. Sep - VAT (30)
1.1T10 for 40W 42p . VAT (3p)
TCP1 TEMPERATURE CONTROLLED IRON.
Temperature controlled iron 8 PSU, 120 . VAT
(11.111

TIPS
Type CC single flat. Type I( double flat fine tip
Type P very fine tip. El each - VAT (89).
ALL SPARES AVAILABLE

MULTICORE SOLDER
Size 5 Sayst 18 s w g in alloy dispenser. 329
. VAT (39).
Sin C1SAV18 Savbit 16a w g Sip - VAT (4p).
Size 12 SAVBIT 18e w g on plutte reel t1.13

VAT (1Sp)

Terms of Business: CASH WITH ORDER. MINIMUM ORDER ft ALL PRICES INCLUDE POST 8 PACKING (UK ONLY) SAE with ALL ENQUIRIES Please.
PLEASE ADD VAT AS SHOWN. ALL GOODS IN STOCK DESPATCHED BY RETURN. CALLERS SATURDAYS ONLY 9.30-12.00. 1.30-5.00.

110 Electronic Alarm Projects

for the Home Constructor
R. M. Marston

This is the latest addition to the author's
popular series of electronic project books. It
brings together 110 useful alarm circuits of a
variety of types to intrigue the amateur the
student and the engineer.

Contents: Contact -operated alarm circuits;
Burglar alarm circuits; Temperature -operated
alarm circuits; Light-sensitive alarm circuits;
Miscellaneous alarm circuits; Automobile
alarm circuits; Instrumentation alarm circuits;
Appendix; Index.

120 pages 0 408 00269 7 £2 95

Order from

NEWNES-BUTTERWORTHS
Borough Green, Sevenoaks, Kent TN158PH

CRESCENT RADIO Ltd.
164-166 HIGH ROAD LONDON N22 6EJ
(also) 13 SOUTH MALL, Edmonton, N.9

MAIL ORDER DEPT. 1 St M chaels Terrace Wood Green
London N22 4SJ Phone 888 3206 & MAIL ORDER 888-4474

POWER PACKS
PP1 Switched 3. 44, 6, 74, 9 and 12

volt @ 500 min, with on/off
witch and pilot light.
Size - 130 mm x 55 nun x 75 torn

ONLY = 1440 + 8%
CASSETTE MICROPHONE

On/Off switch for Remote Control. Split
Lead with 2.5mrn and 3.5mm plugs.
Standard Cassette Mice to Dolt all
types. Complete with Desk Rest.
Please state which Impedance required
200ohm/50K.ohm.

PRICE 11.80 - 121%VAT.

P.C. ETCHING KIT
This kit contains all that the constructor
will need to etch the circulte of his own
design.
Contente-Plastic etching dish. Sample
copper clad board. Laminate Cutter.
1 lb Ferric Chloride. Large Plastic
Spoon. Etch Resist Pen. Full Etching
Instructions.
Complete and Big Kit Value at 53-7510
+ 8% VAT.

FERRIC CHLORIDE
Anhydrous ferric chloride in double
sealed one pound Poly packs.
OUR PRICE - Up + PP + 8% per lb.

2in. PANEL METERS
Size 59mm x 40mm

0-50NA ME6
0 100NA -M E7
0.500µA -MEI;
0 lniA -1,1E9
0 5mA -ME10
0 10mA-MEll
0 50mA-ME12
63.50 + 8%

0 100raA-ME13
0 500mA-ME14
0 -IA -MEI6

OGOV -ME16
0-300V a.e.-ME17
S meter -ME18
V.U. meter -31E19

Cahleleu soldermg iron wahl "uo-GP"
* Completely Portable
* Solders up to 150 Joints per charge
* Re -charges in Ito own stand
* Fine Up for all types of soldering
* Only 8" long and weighs Just 6 ors.
Our Price 19 75. Plue 8% VAT
(Spare bits are available)

"0100" 100WATT AMPLIFIER
All built and tested, mounted on a
plain aluminium chaesis which mesa -
urea 18" a sr x 4' and which you can
mount into a cabinet of your choice.
Four Controlled Inputs, Master Vol-
ume, Treble, Middle and Bass Controls.
SIC protected output. 100 watts Clean
into Bohm L/S. Ideal for Disco, Mueic
Groups. PA and Clubs.
A Barpaln at 142 + tl cur. -4- 8% VAT.

Ti MULTI -METER
Ideal tester for everybody interested In
electronic,. Weighing less than 100
grammes and only flOmm x 24mm x
90nim.
Rangee: AC volts: 010v, 50v, 250v,

1,000v.
DC volts: 0-10v. 50v, 250v,
1.000v.
DC current: 0-1m/a. 0-100m/a.
Resistance: 0.150K ohm.

PRICE 114.75 + VAT 8%

MINI LOUDSPEAKERS
24' 80 ohm 1109

24. 40 ohm 60p
24. 8 ohm 60p

+121%

GOODMANS CROSSOVER
3 way 8 ohm Crossover
manufactured by Goodman.
Bargain at LI + 124%.

U.K. CARR.
50p unless otherwise

stated

All prices are excluding VAT. Please
add to each item the VAT rate in-

dicated to all orders
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GREENWELD
443 Millbrook Road Southampton
SO1 OHX Tel: (07031 772501

OPEN 4 DAYS A WEEK, 0 to 6. Callers Welcome.
VAT INCLUSIVE PRICES -NO
EXTRAS TO PAY, JUST ADD
209 POST.
VEROBOARD
100 se ins asstd size ofIcuts (no tiny
bits). All 01 or noised E1 '211. 17 a

31" a 0 1 sheets M.N.
CAPACITORS
Miniature ceramic plate. 50V 2%.
22pF to 1000pF 2p; 1500F to 047uF 4p.
Polystyrene. 180V 24%. 10pF to
1000pF 4p; 1200pF-10.000pF 6p:
Polyester 250V Mullard 0200 01 to
0.1uF 4p:  15. 225p; 334p; 471p;88
111p; 1 uF 12p: 2 2uF 16p; 3 3uF63V 24p.
Electrolytic, 0'47. 1. 2 2. 4'7, 10. 22,
47uF 25V all 6p; 100uF 25V 7p; 100uF
63V Op; 220uF 16V 7p; 220uF 25V 00:
220uF 50V 11p: 470uF 16V Sp; 470uF
25V 11p; 470uF 63V lip. 1000uF 16V
15p: 1000uF 25V 111p; 1000uF 50y 32p:
2200uF 16V 4p: 2200uF 25V 27p;
2200uF 40V 4Ip; 4700uF 16V 43p.
All are wire ended horizontal
mounting types.

1STORS AND IC's
AC127 15p 80131 36p.2N2369 22P
AC128 15p BD132 40p' 2N26413 42p
AC176 Illp'BD138 Np 2N2926G
ACIBI lip 80139 449 12p
AC168 1111p'BD140 44p 2N3053 lip
AD161 40p BF181 Zip 2N3054 44p
AD162 40p BF194 14p 2N3055
0C107 10p BFX29 22p 2N2440 54p
SC108 10p BFX84 211p 2N3442
BC109 10p BFY50 15p 12111p

BMOC I5p BFYS1 159.2N3702 tip
BC182 129 BFY52 lip 2N3703 10p
BC183 129 TIP4IA 1111p 2N3704 141,
BC184 12p TIP42A 75p12N3705 10p
BC212 140 TIP295594p12N2708 lap
BC213 14p T1P3055 42p .2N3819 22p
BC214 14pBcy7o isp 2N706 13p 2N4418 101/
BCY71 159 2N1613 Sip 2N5294 300
BCY72 lip 2N2219 24p 40673 RIP
741 8 pin oil 25p: 555 Timer 441,
8 pin sockets I20i

44 Page Illustrated Catalogue only
lip + large SAE. FREE with orders
over £2.
DIODES IL LED's
1N4001. 2 5p; 1N4003. 4 1p: 1N4005 7p;
1N4006 Sp; IN4007 fp; 1N4148 4p.
0A81 Op. 0A91 Sp. 8Y127 12p,
100V3A 12p. 400V 3A 15p. Bridges:
SOV 1A 22p: 800V 1A abp: 250V 24 A
0p; 250V 5A 70p. TIL209 Red LED
15p; 0-2" Red 22p, green or yellow 24p.

RESISTORS
Miniature 4W Carbon Film Hi -stabs.
All values from 1 ohm to 10 Megohm
5% (Over IN 10%) Ifp each.
1W Metal film 5%. All values from
27 ohms to 101A. 29p each.
WIRE
Enamelled copper wire on 2oz reels.
SWG/Price: 10/32p; 18134p; 20/36p;
22134p: 24/40p; 211/42p: 28/44p: 30/41p:
32/4p: 34130p: 36152p; 38154p; 40/111p.
Connecting wire. 40 a 2 metre lengths
solid core asstd colours Et 5 a Syd
coils flea 25P.
TRANSFORMERS
6-0-6V 100mA 1111p: 9-0-9V 100mA 45p:
12-0-12V 100mA E1; I2 -0-12V SOmA
119p; 12-0-12V 1A £2.115; 6-0-8V If A
1210: 6 3V 11A £1.75. 24V If A
E2111; Bell transformer In white case.
gives 4. 8, or 12V at IA CURD.
DEVELOPMENT PACKS
Save ELL4's by buying a lull range
of components at one got All lull
spec marked devices, no rejects or
old stock.
SOV Ceramic Plate Capacitors 5%.
10 of each value from 22pF to 10000F.
Total 210. £270. Sane £1.501
Carbon Film min. resistors, ;W 5%.
10 each value from 10 ohms to 1M,
total 610. 01. Save £3151
Eloctrolytics. 10 each value 1, 2-2.
4 7. 10, 22. 47 100uF. All 25V.
Total 70 for 43-20. Says £1'10!

SINE WAVE OSCILLATOR
FROM THIS
S-DeC

MAKE THIS -!i-/-7-400P'
VA 41 -as

Simplify circuit design. Use S-DeC. Sockets in plastic block are connected in
prearranged pattern. To build circuit. simply plug in components.
Afterwards, unplug components ready to build more circuits. Use same
components again and again.

Every S-DeC comes complete with step-by-step Instructions, tree control
panel. and booklet with nine circuits you can build. Sine wave oscillator.
radio receiver, binary counter, VHF radio microphone -they're all easy with
S-DeC Noe free booklet for circuits and instructions).

Send cheque/P.O. now and start designing the easy way, with S -Dec. Each
S-DeC costs Only MN plus 37p poet, packaging and VAT.

Phase rush rng &Deco so goat 1 can start daiiiintng circutte the
(May way. I endow  CaCIUWP.O. for 2

Name

Adaraill

IL

PB Electronics (Scotland) Ltd
57 High Street, Saffron Walden, Essex CB10 IAA

Telephone Saffron Walden (0799) 22876 PEI

Complete the
coupon and

we'll sendyou
ourcomplete,

newcatalogue.

The new Heathkit catalogue is now out. Full as ever with
exciting, new models. To make building a Heathkit even
more interesting and satisfying.

Clip the coupon now (enclosing a 10p stamp for postage)
and well send you your copy to browse through.

With the world's largest range of electronic kits to
choose from, there really is something for everyone.

Including our full range of test equipment, amateur radio
gear, hi-fi equipment and many general interest kits.

And, if you happen to be in London or Gloucester, call in
and see us.The London Heathkit Centre is at 233 Tottenham
Court Road.The Gloucester showroom is next to our factory
in Bristol Road.

Heath (Gloucester) Limited. Dept. EE -106 Bristol Road.
Gloucester, GL2 6EETe1: Gloucester (0452) 29451

The new Heathkit catalogue. Out now FREE1
I To: Heath (Gloucester) Limited Dept. EE -106 , Gloucest er, I
I GL2 6EE Please send me a Heathkit
I catalogue. I enclose a 10p stamp fo- postag(

IName
IAddress

neafol

Schluriii
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NOTICE TO READERS
Whilst prices of goods shown in classified
advertisements are correct at the time of
closing for press, readers are advised to
check with the advertiser both prices and
availability of goods before ordering from
no n -current issues of the magazine.

RECEIVERS and COMPONENTS
500 COMPONENTS. Resistors, capa-
citors, Diodes, Transistors, Pots, coils,
etc. Identified, formed leads, fall -out,
& surplus. Good value at £1.75. All
inclusive. (UK postal rates only). CWO
please to L. PENSENEY, E. Bankhead
Farm, South Queensferry, West
Lothian.

VALVES
Radio -TV Industrial Transmitting

2,200 Types. 1930 to 1975, many obsolete. List 2113
S.a.e. for Quotation. Postal export service. We
wish to purchase all types of new and boxed
valves. Wholesaler's. Dealer's, etc. stocks
Purchased.

COX RADIO (SUSSEX) LTD.,
The Parade, East WitierIng, Sussex.

TO. Wiest WitterIng 2023.

FLOATLESS SWITCH. Contains 2.00 relay,
mains transformer, 24 and 8 volt, bridge rectifier,
2 transistor control circuit, neon, paradox cover,
E225 (30p). NEONS 20-1.41p (20p). COPPER
CLAD P.C. BOARDS, 5L" x 51" 6-85p, 12;"x9"
70p, 13i" a 9;" 3-E1 35. All C.P. PANEL WITH
10 AMP SCR on heat sink. 11 silicon transistors
BC108. BCY72 etc. panel neon. 2 trImpots etc.
Sep (25p). C210 POLYESTER CAPS 100-C1
(20p). List 150 refund on purchase.
71bs assorted components E2 60 C.P.

MB RADIO
2 Barnflisld Crescent, Sale, Cheshire M33 1NL
Postage in brackets Mall order only

SERVICE SHEETS

BELL'S TELEVISION SERVICE forservice sheets of Radio, TV etc. 75p
plus SAE. Colour TV Service Manuals
on request. SAE with enquiries to
BTS, 190 King's Road, Harrogate,
N. Yorkshire. Tel: 0423 55885.

SERVICE SHEETS, Radio, TV, etc.,
50p and SAE. Catalogue 20p and SAE.
Hamilton Radio, 47 Bohemia Road, St.
Leonards, Sussex.

WANTED
WANTED BACK ISSUES dated
November, December 1971, January,
March, May 1972, March, April, May
1973 and March 1976. Please write to
Box No. 6.

SMALL ADS
The prepaid rate for classified advertisements is 14
pence per word (minimum 12 words), box number
40p extra. Semi -display setting £9.00 per single
column inch (2.5cm). All cheques, postal orders, etc.,
to be made payable 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 Elec-
tronics, Room 2337, I PC Magazines Limited, King's
Reach Tower, Stamford St., London, SE1 9LS.
(Telephone 01-261 5918).

CONDITIONS OF ACCEPTANCE

OF CLASSIRED ADVERTISEMENTS

1. Advertisements are accepted subject
to the conditions appearing on our current
advertisement rate card and on the express
understanding that the Advertiser
warrants that the advertisement does not
contravene any Act of Parliament nor is it
an infringement of the British Code of
Advertising Practice.
2. The publishers reserve the right to
refuse or withdraw any advertisement.
3. Although every care is taken, the
Publishers shall not be liable for clerical
or printers' errors or their consequences.

BOOKS and PUBLICATIONS

BOOKS FOR THE CONSTRUCTOR
Practical Electronic Projects 75p+ lOp P&P.
Practical Test Equipment 75p -1-10p P&P.
Short Wave Receivers for The Beginner.

60p+ 10p P&P.

CALVERTON
PUBLICATIONS LTD (El)

8 Redgates Court, Calverton, Notts.

Start your own business
printing pound notes

Printing pound notes? Well not quite -but "Start
your own business rewinding electric motors"
could easily be your licence to make money In
1970.

Lavishly illustrated, this unique Instruction
manual shows step by step how to rewind motors,
working pert or full time, without experience.
Everything you need to know easily explained,
including where to obtain materials, how to get
all the work you need, etc, etc.
A goidmine of information and knowledge.
Only £3.911 plus 20p P & P from:

MAGNUM PUBLICATIONS, Dept EES,
Brinkway Trading Estate, Brinkswsy,
Stockport SK3 OBZ.

MISCELLANEOUS

RECHARGEABLE NICAD BATTERIES
Pencell, AA -94p; Sub 'C'-£116; 'C'
-£1.92; 'D'-£2.59: PP3-£448. Char-
gers £448, £4:98, £4:98, £3.98, respec-
tively. Others. Al prices include VAT,
add 10% post and package. SAE for
price list plus 25p for information
booklet. Sandwell Plant Limited, 1

Denholm Road, Sutton Coldfield,
West Midlands 021-354 9764.

MINI ACCUMULATORS
2 volt MULTI -USE
Sealed Lead Acid Re-

chargeable Calls.
Sias L450 -I .4" I  I"
x 0.44% 3 for [2.65
Size GA2-I 7" I 3"

0 5". 3 for £3.95
'add 2.5p P. & P. any qty"

Suits Fi-Cord
GARFIELDS. 295 Rye Lan, London SETS

ENAMELLED COPPER WIRE
swg 1 lb 4oz 2oz
14-19 2 40 69 so
20-29 2 45 82 59
30-34 260 89 64
35-40 2 85 1 04 75

inclusive of p&p and VAT.
SAE brings Catalogue of copper and resistance
wires in all coverings.

THE SCIENTIFIC WIRE COMPANY
PO Box 30, London E4 98W

LOUDSPEAKERS
Speakers, kite and
cabinets for 0.1.Y.,

HI FI, P.A., Disco,
etc. by EMI, Fano,
Goodmn.

Baker, Kef, Elac,
Richard Allan,
Wharfedale, etc.
Send stamp for

free booklet "Choos-
ing a speaker"

WILMSLOW AUDIO
Dept. EL Swan Works, Bank Sabers,

Wilmslow, Cheshire SK9 UHF
Tel. Wilmslow 2909

STYLI. CARTRIDGES & AUDIO
LEADS ETC. For the best at keenest
prices send SAE for free illustrated
list to: FELSTEAD ELECTRONICS,
(EE), Longley Lane, Gatley, Cheadle,
Cheshire SK8 4EE.

NEW! From H.M. ELECTRONICS
A BASIC D.I.Y. CASE

* One piece aluminium chassis.
* Whitewood Ply end cheeks, that

can be painted, stained, etc.
* Simulated black leathergrain lid.

REAL VALUE
FOR MONEY

GB1 14" x 0" x 2" E2 IS) Post and
GB1a 9" 0 6" x 2- £2 OS Packing
GB2 14" a 7" a 3" E3 25 90o
GB3 14"  9" a 4" E.395 Plus
Mini-Bec 7" a 5" x 3" E1 75 V.A.T.
Other Types and Styles. Dry Transfer lettering.
Send 16p for leaflets to: -
275a Fulwood Road, Broomh111, Sheffield,

S10 3BD

Ak TREASURE TRACER
MK III Metal Locator
 Vricap tuning
 Britain's best selling metal

locator kit; 4,000 sold
 Weighs only 22oz. Fitted with

Faraday shield
 Speaker and earphone operation
 Knocks down to only 17In
 Prebuilt search coil assembly
 Thoroughly professional finish As seen on BBC1 and BBC2 TV
 You only need soldering iron,

screwdriver, pliers and snips
 Five transistor circuit

Send stamped add r d
envelope for leaflet

krplete 212.50 Built & tested £17.50
Post 850-1.1 00 VAT 18',) Post 85p -£I.90 VAT (8%)

MINIKITS ELECTRONICS
61, CLEVELAND ROAD,

LONDON. Ell SAN (Mail order only)
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T La electronics
From Denco Coils, through TTL, C Mo , Quartz Crystals, Vero. DVM Chips. Clock chips.
LED's; LCD's Displays. Tran formers. Boxes. cases, Knobs and millions of R's and C's Tran-
sistors and Diodes.
It's all in our BRAND NEW illustrated CATALOGUE. FREE with every copy are 36p worth
of vouchers.
Send 35p inc. Free p & p to
Dept 3 Chromasonic Electronics, 56, Fortis Green Road, London NIO 3H N.

ELEETRallKii
BUILD, DISMANTLE
AND REBUILD OVER
100 DIFFERENT
PROJECTS AND
DESIGN NEW
CIRCUITS TOO
Radio Receivers and Transmitters,
Telephone Amplifiers, Time Buzzers,
Battery Checkers, Computer Circuits,
Amplifiers, Directional Transmitters.
Metal Detectors, Continuity Testers.
Electronics Birds, Guns. Metronomes,
Sirens, Roulette, Etc . Etc. ALL IN ONE
KIT

". . . educational kits of
exceptional quality"

(AUDIO mag.)
". . worthwhile . . . good
value for money"

(EVERYDAY
ELECTRONICS mag.)

Educational manuals included
with each kit. No previous
experience required. Suitable for
beginners and experts too.

100 project kit E1960
45 project kit £15.60
25 project kit L12.10

(Add-on kits available too)

Prices include Manuals,
Batteries, VAT and p and p
Cheque/P.O. (or 11p for Illustrated litera-
ture) to DEPT. El

ELECTRONIC KIT LTD. 408 St. John's Street.
London, EC1 .101.278 4579

DENCO
(CLACTON)

LIMITED
Dept. E.E.

357-8-9 OLD RD.,
CLACTON -ON -SEA

ESSEX C015 3RH
Our components are
chosen by technical
authors and con-
structors throughout
the world for their
performance and re-
liability, every coil
being inspected twice
plus a final test and

near spot-on alignment.
General Catalogue showing full
product range 32p. Overseas Cus-
tomers 70p, Air -Mail Post Paid.

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS

ENQUIRIES WELCOME

Australian Readers Please Note-
Our Complete Range of Coils are
available from Hobipak, Box 224,
South Carlton, 3053, Victoria,
Australia and Watkin Wynne Pty.
Ltd., 32, Falcon Street, CROWS
NEST, 2065, AUSTRALIA. P.O.
Box 392.

PLEASE MENTION EVERYDAY ELECTRONICS
WHEN REPLYING TO ADVERTISEMENTS

OVER2,000 ELECTRONIC COMPONENTS INA

DIf7&VFW :1111
100 PAGE CATALOGUE

TAN

wI

Address

EE 3 I,
Tandy Corporation (Branch MO. Baston Road.

Nationwide supermarket of sound!
s Wednesbury. W Midlands WSIO 7JN

Everyday Electronics, November 1976

Please send me
the 100 page
Tandy catalogue

Name

GIRO NO. 331 7056. Access and
Barclaycard accepted.

C.W.O. only. Terms of business as
in our Catalogue.

Export Order enquiries welcome
(£5 min.)

Official Orders accepted from Educa-
tional and Government Departments.
ALL PRICES include VAT & P 6 P

E. & O.E.SHOP HOURS 9-12.30, 1.30-5.00 5 days.
CLOSED WEDNESDAY.

977 ISSUE

04.s

66 PAGES -3 000 ITEMS
FULLY ILLUSTRATED
20p CREDIT
VOUCHERS

ALL NEW STOCK
SATISFACTION
GUARANTEED

DISCOUNTS
Boxes - Cases

Kits - PC
Materials - Tools -

Resistors - Test
Meters - Capacitors -

Hardware - Semi-
conductors - Books -

Pots - Coils - Audio
Accessories - Screws -

Connectors - Audio -

Modules - Veroboard -
Transformers - Knob, -

Calculators - Audio Leads -
Batteries - S dec Storage

Units - Heatsinks, etc.. etc.

/44.43

SPECIAL
CAPACITOR KITS

C280 Kit-PC Mounting polyester 250V 5 of each
value: 0.01, 0.022, 0.047, 0.1, 0.22pF, 2 of 0 47,
1uF, £1 98 net
0296 Kit-Tubular polyester, 400V. 5 of each value
0.01, 0022, 0.047, 0.1, 022uF, 2 o10 47uF, £2.67
net.

"DIGITAL MULTIMETER KIT"
AS IN E.T.I. SAE FOR LIST

SPECIAL RESISTOR KITS (CARBON FILM
5%) (Prices include post & packing) 10E12 -W or
IW KIT: 10 of each E12 value. 22 ohms -1 M, a total
of 570 E5 29 net. 25E12 1W or IW KIT: 25 of each
E12 value, 22ohms-IM, a total of 1425 E12 64 net.

B. H. COMPONENT FACTORS LTD.

MULTIMETER U4323
22 Ranges plus AF/IF Oscillator 20,00001Volt.
Vdc-0. 5-1000V In 7 ranges
Vac -2.5-1000V in 5 ranges
Irk-0.05-500mA In 5 ranges
Resistance -50-1M0 In 4
ranges.
Accuracy -5% of F.S.D.
OSCILLATOR-I KHz and
465KHz (A.M.) at approx. 1 Volt.
Size -160 x 97 x 40mm.
Supplied complete with carrying
case, test leads and battery.
PRICE £10.95 U4323

"DOING IT DIGITALLY"
DIGITAL TEACHING KIT TKI

Complete Parts as specified in October E.E.
(including case).

E11 35 Inc. V.A.T. 6 P.P.
(Deduct £2 231f case not required)

MULTIMETER U43I3
33 ranges. Knife edge with mirror scale.
20,0000/Volt. High accuracy, mVdc-75rtiV
Vdc-1. 5-600V in 9 ranges.
Vac -1.5-600V In 9 ranges.
)dc -60-120 microamps in 2.
Irk-0-6-1500mA in 6 ranges.
lac-013-1500mA in 6 ranges.
Resistance -1K 0-tM0 in 4 ranges
db scale -10 to + 12db.
Accuracy-dc-11.%, ac -25%.
Size -115 x 215 x 90mm.
Complete with carrying case.
test leads and battery.
PRICE £1709 net U4313

(E.E.), LEIGHTON
ELECTRONICS CENTRE
59 North Street, Leighton Buzzard, LU7 76G.
Tel.: Leighton Buzzard 2316 (Std. Code 05253
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JC12 AMPLIFIER
6N IC audio amp
with free data and
printed circuit
[2.25.
DELUXE KIT FOR JC12
Contains extra parts for the pcb and volume and tone
controls. Mono version E2 33. Stereo £4.9S.

JC12 POWER KIT
Supplies 25V 1Amp E3 55.

JC12 PREAMP KITS
Type 1 for magnetic pickups. mice and tuners.
Mono E1 -N. Stereo £3 00 Type 2 for ceramic or
crystal pickups. Mono Up. Stereo Et 76.

LOUDSPEAKERS FOR JC12
8 it Sin 8 ohms 5W £2 U.
SEND SAE FOR FREE LEAFLET ON KITS.

SINCLAIR 1C20
IC20 IOW + IOW stereo integrated circuit amplifier

kit with free printed circuit + data E495.
PZ20 Power supply kit for above E3.95.
VP20 Volume, tone -control and prisamp kit E7.95.
SPED IOW 4 ohm speaker for 1C20 82114.
C320 11 a 6 a 3 In attractive case for IC20 E2 95'.
SEND SAE FOR FREE LEAFLET.

FERRANTI ZN414
IC radio chip Et 44. Extra parts and pcb for radio
£3.65. Case 911p. Send sae for free data.

SINCLAIR PROJECT 80 AUDIO
MODULES
PZ5 E4 95. PZ6 ES 70. Z40 £5 75. Stereo 80£1 1 95.
Project 8050 £10 95.

8I-PAK AUDIO MODULES
$450 Tuner E111 95. AL60 LC 33. PA100 E13 45. MK60
audio kit £27 20. Teak 60 E10 IS. Stereo 30 E1595.
TC30 EA 60. AL250 £11 IS, Send sae for free data.

SAXON ENTERTAINMENTS
AUDIO MODULES
SA1208 EIS 115. SA1204 £13 30. SA608 EH 95. SA604
110 30. PM1201/8 £11 45. PM1202/8 £14 95. PM1202 4
E14 05. PM1201/4 L11 45. PM601,13 Ell 95. PM301 8
L11.70. Send sae for free leaflet.

JC40 AMPLIFIER
New integrated circuit 20W amplifier kit complete
with chip, printed circuit and data. 44 45.
Send sae for free leaflet.

PRINTED CIRCUIT KIT £3.95*
Make your own printed circuits. Contains etching
dish, 100 so ins of pc board, 1 lb ferric chloride,
etch resist pen, small drill bit, laminate cutter.

SINCLAIR GREY WATCH
Fully assembled
with free
stainless steel
bracelet £1045

S-DECS AND T-DECS
S-DeC L2'24. T-DeC ES 05.
u-DeCA £445. u-DeCB E7 65
IC carriers: -
16 dil: with socket E2 21.
10705: with socket Et 95.

P

SINCLAIR CALCULATORS'
Cam. Drily. Ell N. Cambridge Scientific £11 41.
Oxford 300 1113.311. Programmable Scientific with free
mains unit E.24.95. Mains adaptors are available for
all models (state model) £3 20.

CBM CALCULATORS"
897D 8 dig11/%/4 function memory £4 95. SR79I9D
8 digit or 5 + 2/memory/trig/log/Pi/Powers E10.95.
SRI80010 digit scientific E1745, Mains adaptors ES 20.

MAINS TRANSFORMERS
6-0-6V 100mA El. 9-0-9V 100mA £1. 18V IA £1 95
0/12115/20/24130V 1A E3 N. 12-0-12V SOmA Et.
0/12/15/20/24/30V 2A £4.9S. 20V 21isk E2 25.
6-0-6V 1ZA El 10.9-0-9V 1A E2-45. 12-0-12V IA E2 65
1.i -0-15V 1A G IS. 30-0-30V 1A E3
6 3V 1}A EI N. 0-24V twice 100mA Et 65.

BATTERY ELIMINATOR BARGAINS
STABILISED POWER UNITS"
Millenla series. Switched 1 to 30V in 0 IV steps.
1A output: Kit EH  45. Kit + case E14 40. Built E19 40.
2A output: Kit £13.95. Kit + case £10 90. Built E20 05.

6 -WAY SPECIAL £520
Switched output
of 3, 41. 6, 74,
0, 12V at 503mA

6 -WAY DOUBLE
RADIO MODEL £620
Switched output
3 + 3/4} + 4}/6 + 6/
7} + 7)/9 + 9/12+ 12V at 250mA Also 15/18/24V single

3 -WAY MODEL
Switched output of 6/7}/9V at 250mA with 4 -way
multi -jack plug E2

RADIO MODELS
SOmA with press -stud battery connectors. IV E3.25.
8V £345.9 + 9V E4 95.6 + 6V E4 95. + 4}V E4-95.
Also 9V 300mA £3 95.

CASSETTE MAINS UNITS
7)V output with 5 pin DIN plug. SOmA E3.65, 300mA
63.01.

CAR CONVERTORS
Input 12V DC. Output 6,7), 9V DC IA regulated E510..

to

BATTERY ELIMINATOR KITS
Send sae for free leaflet on range.
100mA radio types with press -stud battery terminals.
4}V £1 95. 6V EI IS. 9V E1145. + 4}V E2-611.
6V + 6V E2 SO. 9V + 9V E2 N.
100mAcassette type with 5 pin DIN plug. 7}V £1 IS.
Transistor stabilized 0 -way type for low hum. 3/4}1
6/7)10/12/15,18V. SOmA £3 15.14 ES N.
Heavy duty 13 -way types 4}/6/7/8}/11/13114/17/21/25/
28,34/42V. 1 Amp model E4 40. 2 Amp model E0.93.
Car convertor kit. Input 12V DC. Output 8/71/9V DC
IA regulated Et 95.

SWANLEY ELECTRONICS
Dept. EE, PO BOX 68,
SWANLEY, KENT.

Post 30p on orders under E2, otherwise free. Prices
Include VAT. (Overseas customers deduct 7% on
items marked , otherwise 11%). Official orders
welcome.

, JOIN

r4*
TREASE

EIR
NOW! MONEY SAVING
BPO NEAL oerEcroR tor

Enjoy the world's most exciting hobby with
this high quality metal detector. Search for
old silver, coins, jewellery, antiques and
many more valuable articles. Simple to make,
the detector embodies the latest circuitry
and design features and its performance is
comparable to detectors costing twice as
much.

Circuit incorporates varicap tuning.
Loudspeaker, Faraday Screen gives excellent
sensitivity and stability.

Complete kit includes all parts, com-
ponents, printed CCT Board, aluminium
frame, incorporating search head, all

hardwear and full instructions.
Circuit diagram and instruc-

tions available separately, price
CI -refunded with kit.

COMPLETE KIT

£11.95 :
BUILT & TESTED

£15.75 P+PP.

ACCESS & BARCLAYCARD
ORDERS ACCEPTED

Silhill Products Dept. EE I
226 Mary Street, Birmingham. 812 911J Tel: 021-440 3600.

616

VALVE
BARGAINS

Any 5.54p, 1041 00, 5044:50.
Your choice from the list
below.
ECC82, EF80, EF 183, EF184,
EH90, PCF80, PCF802, PCL82,
PCL84, PCL85, PCL86, PCL805,
PL504, PY81/800, PY88, 30P1-14,
6F28.

Large stock of older types of
TV Valves. Brand new 35p each.

Colour Valves-PL508, PL509,
PL519, PY500/A. All tested.
30p each.

AERIAL
BOOSTERS

Aerial boosters can produce
remarkable improvements
on the picture and sound,
in fringe or difficult
811 -For TH stereo and stand-

ard VHF,'FM radio.
B 12 -For the older VHF

television --Please state chan-
nel numbers.

B 45 -For Mono or colour this
covers the complete UHF
Television band.

All boosters are complete with
battery with Co -ax plugs &
sockets. Next to the sec fitting.

[3.60

Press Button UHF
made -n.50 each.

Tuners -4 Button Transistor -British

50p BARGAIN PACKS
All Packs Un-used Parts-PKI-40-C280 (Mullard) Axial Lead
Capacitor mixed values from 01/1F to 47jAF (250V/VV). PK2-30-
C281 (Mullard) Radial Lead Capacitors mixed values from 015,AF to
I .5uF (250V/W). PK3-6 Co -ax. plugs. PIC4-6 Co -ax connectors,
PK5-8-5mim formers with slugs, PK6-25-AC128 Transistors. PIC7-3
BF200 (VHF) Transistors. PK8.2 BF182 (UHF) Transistors, PK9
Any 6 Transistors-BCI08. BC 113, BC 135, BC 153, BCI71B, CI72,
BF 194, BF 195, BF 196, BE 197. PK10 8-1 amp 400 volts rectifiers.
PIM 4-5 pin din plugs (180°), PK12-5 PP3 Battery Connectors.

All prices include VAT. P&P 20p per order. Please send uncrossed
P.O. or Cheques for returning if we are out of stock of Bargain
Packs or older types of new valves.

ELECTRONIC MAILORDER LTD.
62 BRIDGE STREET, RAMSBOTTOM, BURY, LANCS.:

Tel. Rams. (070 682) 3036

Published approximately the third Friday of each month by I PC Magazine. Ltd., Fleetway House. Farringdon 13t., London EC4 4AD. Printed in England by Index Printer. Ltd., Dunsta Me
Beds. Sole Ageate for Australia and New Zealand -Gordon sod Gotcb A 8 la 1 Ltd. Bouth Africa -Central News Agency Ltd. Everyday Electronics is sold subject to the following conditions
namely that It shall not, without the written consent of the Publishers first given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling
price shown on cover, excluding Hire where the selling price Is subject to V.A.T., and that It shall not be lent, reeold, or hired out or otherwise disposed of in a mutilated condition or in
ny unauthorised cover by way of Triads, or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.



BULK PURCHASE -
EXCLUSIVE TO HENRY'S

LLOWS US TO SELL AT SUCH
FANTASTIC PRICES!

AS,ViA1:4!Foiclin

QUALITYwith
units

ITEMS Compare
performance and specification

units costing 3 times as much!

DIGITAL HOUR CLOCKWITH OMIT -IN\ALARM
NORMALLY
E24 WITH CASE SILENT RUNNING

 LARGE ILLUMINATED
NUMERALS

 M MAINS  SIZE Si x21 xn
MECHANISM ONLY

MECHANISM inc. rsientli
AND CASE Instruc,ont COMPLETE UNIT

CALCULATOR

DISPLAYS

£6.00
F-,}-8, VP A2i5 p48p 23.99 ,,,A2T5p64p £8.99 Fta 5F, 5215 )72

THREE FOR E16.50 THREE FOR E22.00 THREE FOR E25.00
+VAT 11.32 POST FREE +VAT 11.16 POST FREE + VAT 12 00 POST FRE

2" dig t height. bright red LED 7
segment displays for calculators.
digital watches, miniature
clocks, DVMs, timers etc.
* Fairchild FND-10, single digit
common cathode MAIO (+vat Bp) 6
for £5.00 (+vat 40P)
*, HP 7414 4 digit, common cathode
12 pin d.j.'. pin out IMp-Hvat 8p) 6
for 14.60(4 -vat 40p) Bowmar digit, common
cathode with pc connector, and red
bezel E1.85 (+vat 15p) 6 for E10
(+vat 80p)
* Texas 3 digit common cathode 12
pin pin out Up (+vat 7p) 6 for
E.4.00 (+vat 32p)

Texas 4+5 digit, common
cathode 2 x 14 pin d.i.l. £1.85 pair
(+vat 15p)
* 30 pin termination board for all
types except END -10211p( -1 -vat 2P)
Texas calculator keyboards. 19 gold
plated 'snap' type key contacts on
gold plated pcb. 75p (+vat 60)
p p on all the above 25p.

BX12E343 TRACK ERASE
HEAD -1E1.25 (+vat 15p)
BX12RP63 WITH BX12E343
£2.95 (+vat 380)
STEREO CASSETTE RIRP
HEAD (200 ohm) -&2.25
(4 -vat 28o)

EXIT E388 ERASE 675 ohms
2 mA -£.0.88(+vat 11p)
GX12 E387 ERASE675 ohms
2 mA £11.1111(+vat 11p)
GX20 E382 ERASE 90 ohms
90 mA -LOAM (+vat 11p)
R/RP113 TAPE HEAD
TRACK -F.6.151 -1 -vat 8p)
XRPS17 I TRACK -&3.25
(+vat 409)
XRPS18 I TRACK RED -
E3.25 (+vat 40p)
XRPS36 1 TRACK -E0.75
(-I-vat 79p)
XES11 1 TRACK ERASE -
E1.25 (+vat 150
BX/RP/63 1 TRACK -£2.25
(+vat 28p)

30.000 ALREADY
SOLI),

EVAN
MPURER hearse
PRACTICAL WIRELESS
die Mat saIi lap is the UK

DESIGNED BY

TEXAS

8.wes...ar
£29.95 74
Built £39.95

'

4.,
VAT £4.93

* Can be
built Stage by stage.
As* Far halter f.

* Everything
supplied. Full alter sales
service and aaaaa meet

TAPE

HEADS

MULLARD TUNER MODULES
LP1171 combined AMIFM IF
strip - £4.21 (+vat 53p) * LPI179
FM front end with AM tuning
gang, used with LP1171 - E4.29
(+vat 53p) * LP1171 & 79 pair -
LIAO (+rat E1.00) LP1157
complete AM strip - £2.15 (+vat
26p) 4- Ferrite Aerial - 95p (+vat
7040 p a pall modules 250 each

Build the Texan stereo amplifier, and be
doubly proud! You'll own a superb home
entertainment unit. And the pleasure of doing
it yourself. Look at the Texan specification Fully
integrated stereo preamp and power amp, 6
IC's, 10 transistors, 6 rectifiers and zener
diodes. Plus stabilised, protected circuitry,
glass fibre pcb; Gardeners low -field low -line
mains transformer; all facilities and controls.
Slim design, chassis 10" x fl" 2" overall.

20 watts per channel RMS.
Th. natural follow on

TEXAN FM £20 95
£2.62
VAT

TUNER KIT

Built and
tested £25.95
+VAT £3.24

Build the matching Texan stereo tuner Features
advanced varicap tuning. Phase lock loop
decoder. Professionally designed circuit.
EVerything you need is in the kit. From the glass
fibre pcb to the cabinet Itself. Excellent spec:
2.5 uV aerial sensitivity. 500 mV output (adjust).
Tuning range 87-102 MHz. Mains powered.

HENRYS
GREAT NEVV

CATALOGUE
* OVER
5,000
ITEMS

*OvER
200 PAGES
* DISCOUNT
VOUCHERS
* QUANTITY
DISCOUNTS

ON MOST

ITEMS

IT'S
THE
VEST

EVER I

FREE -to educational estabhs
'Intents and manufacturers when

ordered on official headed noteoadb

HENELEC

^ Mallard
AM/FM TUNER

in%+V AT£ £2.

1.0074
MODULEp&p

MAY BE ASSEMBLED IN AN EVENING.
FEATURES - Built-in AM Ferrite aerial

LW coverage 150104.-2501(11. MW
coverage 530104.-1.6MHz FM coverage
97-104Mlit 75E1 aerial for FM 150mV
output - Size III(L) z 61(W2 x MR)

We will be pleased to Quote
for parts for circuits in this
magazine. Send your list for

Quotation in S.A.E.

85e.
ENELEC RADIO CONTROL

SYSTEM
PROPORTIONALLY
CONTROLLED SWITCH
* FEATURING COSMOS
DIGITAL LOGIC to minimise
power consumption and extend
battery life.

Special y designed to provide aircraft and boat
modelmakers with a low-cost, easy -to -use radio
control, the Henelec system gives you everything
from single channel, up to sophisticated
7 -channel Digital Proportional System! Buy the
components you want. Ideal for any radio control
application. * Simple transmitter - £11.75(+vat
47.47p1 * Single-ch. add-on f or receiver -E2.95
(+vat 37p ) * PC board for above -75p(4- vat
604- Case for transmitter -£1.25 (+vat 16o)

- Basic receiver - £6.115 (+vat 87p) Send now for
eaflet No. 8 (35p) for full details. Post etc .50peach.

Ask for FREE leaflets and lists on our kits projects.

This new AMIFM tuner kit incorporates 2
Willard modules. Supplied as a pre -aligned and
tested printed circuit, the constructor only Has to
build the PCB into the chassis, connect the
power, aerial and output loads. Styled to match the
Texan amp, mains operated. Easily adapted for
stereo, using the Henelec IC stereo decoder kit,
high performance modular design, phase lock
loop principle. Low pass filters for opt parlor.
PriceEt.75-i-VAT £1.02 p&p 50p.

Neapys
RA 10

LONDON W2:
404/6 Edgware Road.
Tel 01-402 8381
LONDON WI
231 Tcttenham Ct Rd sxmo,
Tel: 01-636 6681

All milts:
Nary% Nadi*

SW Edgware Rd
Leann 82

O

ENGINEERS

IRE
YOURSELF FOR A

This 44 page
FREE book
Shows how!

BETTER JOB WITH MORE PAY!
Do you want promotion, a better

lob, higher pay? "New oppor-
tunities" shows you how to get
them through a low-cost. Home
Study Course. There are no books
to buy and you can pay as you
learn.

This easy to follow GUIDE TO
SUCCESS should be read by every
ambitious engineer. Send for this
helpful -2-1 1`.1,.2, free book NOW!
No obligation, nobody will call on
you. It could be the best thing you
ever did.

CHOOSE A BRAND NEW FUTURE HERE
",.- NI CUT OUT THIS COUPON U II= I= Ill

ELECTRICAL and
ELECTRONICS

AUTO and AERO MECHANICAL
Motor Mechanics 0 A.M.S.E. (Mech.)0 I

Practical Radio & C. & G. Motor V. General Mech.
Electronics Mechanics D Eng.i vsith KIT) II
Electronic
Engineering
Certificate
General Elect. Eng.
Certificate
C. & G. Elect.
Installations
Elect. Install. &
Work
C. & G. Elect.
Technicians

 M.A.A./I.M.I. Dip.

1 CONSTRUC-
TIONAL

RADIO and
TELECOM-
MUNICATIONS
Colour TV
Sep. icing
C. & G. Telecoms.
Technician's Cert.0
C. & G. Radio.
TV & Electronics
Mech. Cert. 0
Radio & TV
Engineering
Course
Radio, Servicing &
Repairs
Radio Amateur's
Exam.

General Auto Inst. Engineers &
E

Engineering 0 Technicians
A.M.I.M.I.
Air Registration
Board Certs.

Heating, Ventilating
& Air
Conditioning 0
Architectural
Draughtsmanship
& Design 0
L.I.O.B. 0 DRAUGHTS -

Carpentry & MANSHIP and
Joinery 0 DESIGN
Plumbing General
Technology 0 Draughtsmanship 0

A.M.I.E.D. E 
Electrical

0 Draughtsmanship [-1

General Building p
Painting &
Decorating

Maintenance
Engineering

Welding

MANAGEMENT
and PRODUCTION

Computer
Programming

Inst. of Cost &
Managements
Accts.

LI

-58 '0' & 'A' Level Subjects
-over 10,000 Group Passes!

Aldermaston College
Dept. TEE22 Reading RG7 4PF.

also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y SEJ. Tel. 01-628 2721.

NAME (Block Capitals)

ADDRESS

Ocher subjects of interest

Postcode

Accredited by C.A. C.C. Member of A.B. C.C.

Age

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY



Make it with
MAPLIK
ELECTRONIC COMPONENT?

WIDE PAN6EHIG1101141111-bI57SOlei

BUILD IT YOURSELF ...
IN STAGES

Get started with a 49 note instru
mint - features tremulant end
reverberation. Ides' to learn on.
Leaflet MES 51. Pnce 15p gives
full details to build this complete
instrument.
Extend the range of MES 51 by
adding another keyboard and
sever -al now tone colours Leaflet
MES 52. Price 15p also d'one how
to use 61 note keyboards.

Fully controllable attack and
decay controls (normally found
only on the most expensive
organs), up to seven footeges
on each keyboard, up to 70
controls including drawbars,
and a 13 note pedalboard,
make up the additions des-
cribed in the step-by-step 32
page instruction leaflet MES
53. Price 35p.

I
 Automatic voice operated fader
 Belt drive turntables
 Monitor facilities

(Headphones and VU meters)
Full construction details to be Sound operated light show - published in Electronics Today

plus many other advantages International on sale August.
Sand to our iearit MES 41 9.0,9 toil oIo to. conntyctu00
P.C. 20o Soon you tie ins 0 eeay ever vane wants at the., partvi

4=16

We stock all the parts for this brilliantly
designed synthesiser, including all the
PCB's, metalwork and a drilled and

printed front panel, giving a superb professional finish. Opinions of
authority agree the ETI International Synthesiser is technically superior
to most of todays models. Complete construction details in our booklet
now available price £1.50, or send SAE for specification.

A really superior high. quality
stereo graphic equalizer featuring
9 octaves per channel. We stock

all the parts (except woodwork) including the metalwork
drilled and printed. 15p brings you a reprint of the article.

. .. .......

This is a fully constructed and tested
electronic clock module as illustrated.
Data sheet supplied. Simple to connect

to alarm and your battery/mains radio. Smart case available.
Data sheet available separately. Please send SAE.
 Bright 4 Digit 0 5- Display  Sleep Timer
 Flashing Colon I lHzl  Snooze Timer
 Switch for Display Seconds  Time can be set accurately to

Alarm Set Indicator within one second
 P M Indicator  Leading Zero Blanking
 Power Failure Indicator
SIMPLE ALARM KIT - f938 AL.eiM CLOCK KIT - E10.99.
ALARM CLOCK 8 RADIO CONTROLLER KIT - £11.51.
SMART PLASTIC CASE with fully punched chassis - £2.49

elem. send SAE 1oi our Clock data sheet

Get our Mgt/ZOOS'
NEW/971/78 CATALOG1/E
PUBLICATION BATE OCT. 28 1976 ON APPROVAL

All new . Completely re -written . Hundreds of new lines.
Lots of exciting new projects to build - PRICE 50p.
SEND NO MONEY NOW. Overseas send 8 International reply coupons

10IN OUR MAILING LIST NOW!
Publisned every two months our Newsletter
gives full details oT our latest guaranteed prices.
Send just 30p and we'll send you the next six
news letters as they are published.

"MOW
 SAVE ft's ON SPECIAL

OFFERS!
 DETAILS OF NEVVPROJECTS

AND NEW LINES

Ir&M MAPLIN ELECTRONIC SUPPLIES
An mail to P 0 non 3, Reyiision, Essex SSE 8LR
Shop 284 London Road, Westchtt on Sea, Essex
ICiosed on Monday) Tel Southend 107021 44101

aim MN 1111111 NMI NMI NMI

Please rush me a copy of your brand new 1977 78
catalogue the instant it is published (October 28th,
1976). Only if I am completely satisfied that it
is worth every penny will I send 50p within
14 days of receipt. If I am not satisfied I may
return the catalogue to you within 14 days
without obligation. I understand that I need
not purchase anything from 'your catalogue
should I choose to keep it

I NAME

I ADDRESS

In INII MI MI Mil Mill
you oo not *co to cut rnemps,n write yout

tC1011ft to. Ct11,00011 on IGlatitt11,01111t


