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RETURN OF POST MAIL ORDER SERVICE

R.C.S. 10 WATT
AMPLIFIER KIT

Thig kit is suitable for record players, tape play back,
guitars, electronicinstruments or small P. A, systems
Two versions are available A mono kit ot a stereo
kit. The wono kit uses 13 semiconductors. The
stereo kit uses P sericonductors with printed front
panel and volume, basg and treble controls.  Spec

10W output into 8 vhms, 7W into 15 chms Res

ponse 20c/s to 30kefs, input 100M.V_ high imp
Size 93in - 3in - 2in A/C mains vperated

oo £41:25 e £18 5

Easy to build.  Fullinstructions supplied

ELAC 10 inch

Ribbed cune. Large ceramic
magnet. 50-16,000 c/s Bass
resonance 55 cfs. 10w,

15 obm impedance. £4 50

MAINS TRANSFORMERS ~L% rost

a0p each,

250-0-250V T0mA, 63, 24

300-0-300 1200
220V 45mnA, 63V
HEATER TRANS, 6-3\ 34, £1.45 H .uup 86p
GENERAL PURPOSE LO\\ \ OL’l AGE

Tapped outputs at 24 3, 4, . 9,10, 1’ 15, 1s,
24 and 30V

£4-60
1A 6,8, 10, l.’,ll) 18,20 0, 36, 40, 48, 60 £4.80

o 5
.40,Jb 30,48, 650£11.25
A £2. SV 00N fl 9V 14 £1
12V '400((1\ 51 12V 500mA £1 02V 750mA £1.
40V 24 tapped 10V or 30\ £2.95 20V 34 £9.
40V 24 £2:95 SOV 5N + 34V 24 ct. £3°75.
20-0-20V 14 £2. 30V LiA £1-75. 20V 1A £1°80.
60V, 40V, 20\ or 20-0-20V, 1A £3°50.
AUTO TR A‘\SFORMLRS 115V to 230V or 2300
to 115V 150W £5; L 400W £7:500W £8
CHARGER R 5 Input 200,
for 6 or 1UV 11
FULLWAVEL D ( 1 \R( E R RECTIFIERS.
6 or 12V outputs 11 A 40p; 24 55p, 44 85p.

R.C.S. STABILISED POWER PACK KIT

Allpartsincluding printed circuit .uulm%ruununsln
build this unit. Veltages available: 6V, 7-3V.

12V, Up to 100mA eutput. I’uut
Please state voltage required £2 95 45p.

R.C.S. STEREO FM TUNER

g

o

This completels cased mains powered Hi-Fi
Tuner with brushed aluminiumfaciais British £27‘50
made using the latest circuitry  Bargain Post $op

Kuba Stereo Tuner/Amplifier Chassis. Brand new £33-50.

BARGAIN 3W AMPLIFIER. 4 Transistor

Push-Pull Ready built with velume, treble and £3.95
bass controls. 18 volt battery operated.

WAFER HEATING ELEMENTS

Size 107 » 8} - j%in. Operating voltage 200/250V
a.c.250W approx. Suitable for Heating Pads, Food
Warmers, Convector Heaters, ctc  Must be elamped
between two sheets of metal or asbestos.

oNLY 40p tacH (FOUR FOR £1-58)
ALL POST PAID—Diseounts for quaatity

EM.L 131 x 8in .,
SPEAKER SALE! '

BAKER MAJOR 12 £14-95

Post £1:00

30-14,500 c/s. 12in double
cone, woofer and tweeter cone
tegether with a BAKER
eceramic magnet assembly
having a flux density of
14,000 gauss and a total flux
of 145,000 Maxwells. Bass
resonance 40 ¢/s. Rated U5W
NOTE: 4 or & o1 16 ohms
must be stated.

Module kit. 30-17,000 ¢fs
s with tweeter, crossover, baffle
\ T and instructions.

L= Asillustrated. £ I 8-95
Please state 4 or § or 16 ohms. Post £1-60

“BIG SOUND”
BAKER SPEAKERS

Robustly constructed to stand up to
long periods of electronic power. /
As used by leading groups and discos
Useful response 30-13,000 c/s.

Bass Resonance 55 ¢/s.

o B L1495

4, 8 or 16 ohms.
Post £1

e > £13°95

4. 8 or 16 obms.
Post £1

GROUP 50/12in

S0W 8 or 16 ohms

with aluminium

presence dome. Post £1-60

o >0 £24°95

8 or 16 china.
Post £1-60

Disco. Group+PA Cabinets in stock.
Send for Leaflet.  Cabinet Fittings,
Handles, Corners, Feet, Covering
Material all in stock.

BAKER 150 WATT haker w
ALL PURPOSE x
TRANSISTOR

MIXER AMPLIFIER

Ideal for Groups, Disco, P.A. and Musical Instruments,
4 inputs speech and music. 4 way

nuxing. Output 4/8/16 ohni.a.c. Mains 68 e
Separate treble and bass controls. £1.50
50 watt model £49.

NEW ‘DISCO 100 WATT’ £§2
ALL TRANSISTOR AMPLIFIER CHASSIS

Cinputs. 4 outputs separate vulume treble Carr. £1

and bass controls. ILdeal disco or stave amphfier chassis.
BLACK CARRYING CABINET AVAILABLE £9.

PW SOUND TO LIGHT DISPLAY
Complete kit of parts with R.(.8. printed eircuit.
Three 1,000W  channels. As  featured in
Practical Wireless. £ I 4-00 CABINET extra 1

GOODMANS CONE TWEETER

18,000 ¢/s.  23W 8 ohmi.  Price .
E.M.L Din. wid range 256W £4'05. £3 25
E.M.1.13 x 8in. 25W Bass Unit  £8'50

R.C.S. 100 WATT VALVE"
AMPLIFIER CHASSIS

Prefessional medel. Four inputs. Treble, Bass, Master
Volume Controls. Ideal disco, P.A. or groups. £85
8.A.E. for details. 5 speaker outputs.

3 or 8 ur 13 ohm. 100V line to order. plus £2:30 earr.
Suitable carrying case £16+50.

LOW VOLTAGE ELECTROLYTICS
1,2, 4,5, 8. 16, 25, 30, 50, 100, 200m¥ 15V 10p.

BSR HI-FI AUTOCHANGER

Plays 12in, 10in or 7in records
Auto or Manual. A high
quality unit backed by BSR
reliability with 12 months’
guarantee. A.c.200/250V.
Size 13} - 114in.

Above motor board 3{in.
Below motor board 24in.

With STEREO/MONC o
CARTRIDGE. £I I 95
Single Player version £13-50. All Post 75p

DE-LUXE AUTOCHANGER Balanced Arm £17-60
GARRARD MINTICHANGER 8ize J2 x 8in £8'05

BSR P12% with Magnetic Cartridge £24'50
PORTABLE PLAYER CABINET £4-50
Pest 50p.

Modsrn design. Size 16in  15in. 7in rexine
covered. Largefront grille. Hinged lid. Chrome
fittings. Motor board eut for Garrard or BSR deck.

R.C.S. DISCO DECK
SINGLE RECORD PLAYER

Fitted with auto step, stereofcompat. cartridge.
Baseplate. Size 11in %< 84in. Turntable. Size Tin
diameter. A.c. mains. 220250V

3 speeds plays all size records. £6.95 e
Two fer £13, Post 75p. 45p

HEAVY METAL PLINTHS

With P.V.C.Cover. Cutoutformost
B.S.R.or Garrard decks. £ O
Sitver grey finish,
-A". Size 12} ~ 14] - Thin. ]
. Size 16 - 183 » 7in. £7.50. ~ Lost£1-30

Extra Large Plinth and Cover, For transcription decks,
8ize 20 x 17} x 9in. uncut board. Callers only £18°50,

TINTED PLASTIC COVERS ONLY

Sizes : ‘A’—14}in - 12}in - 4}in, £3. ‘B'—20jia ~
12%in -« -lgm £3.75. *C'—173in < 132in < 31in, £3+75 ,
‘D'—16%in - 14in  4in, £4.

“B’'—19in x 14§in x 4}in, £4. 15in X 13%in X 3in £3-50.
ldeal for record decks, tape decks, ete.  Post 75p.

BAKER HI-FI SPEAKERS

HIGH QUALITY—BRITISH MADE

SUPERB

i2in 25 watts

A high quality loudspeaker,
its remarkable low come
resonance  ensures  clear
reproduction of the deepest
bass. TFitted with a special
copper drive and cuncentric
tweeter cone resulting in full
range reproduction with
remarkable efficiency in the
upper register.

Bass Resonance 25 ¢fs
Flux Density 16,500 gauss
Vseful response 20-17,000 c/e
8 or 16 obms models.

£21-95 i,
AUDITORIUM
12in 35 watts

A full range reproducer for
bigh power. Electric Guitars,
public address, multi-speaker
systems. electric organs.
Ideal for Hi-Fi and Disco-

theques.

Bass Resonance 33 cfs
Flux Density 15,000 gauss
1seful response 2 #.000 cfs

8 or 16 ohms models.

£20°95 @,

15in model 45 watts £24'95, Post £1-60

With iweeter. A ; N "
crossover. 10W . s £5-95 B00mH 12V 15p; 25V 209, 50 30p. BLANK ALUMINIUM CHASSIS, 1S s.w.g. 2lin sides.

10001:F 12V |7p ; 100V 70p. Sin  4in, 70p; S Gin, 90p; 10in - Tin. £1.15:

State 3 or 8 ohm. . 2000mF 6V 25p l4in x 9in, £1.50; I16in  hin, £1.45: 12in - 3in, 87p;
Asillustrated. Post dap 25001 F 50V 62p; 3000mF 25V 47p; 50V 65p. 16in - 10in, £1:70, [I2in x &in, £1'35.

. 3900mF 100V £1.60, 4700mF 63V £1-20. ALUMINIUM PANELS, 1~ s.w.g. 6in - 4in, 15p; 8in » 6in,
I5W model £,8 50 S000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p. 25p; 10in - 7in, 80p; L - Gin, 80p; 1%in - Sin, 40p;
8 ohms. PPost 6op RCS STEREO PRE-AMP KIT 16in  6in. 45p; 14in - Sin, 50p; 12in x 12in, 55p;
2ow model £9.50 Complete kit includes all cotuponents, volume control 16in  10m. 75p.

o and P.C. board. High, medium and low inputs per channel ALUMINIUM ANGLE BRACKET, 6:n X iin « lin, 15p.

4 or 8 or 15 ohms. Post 63p can be ganged to make Multiway Mixers £2-95. ALUMINIUM BOXES, MANY SIZES IN STOCK.

RADIO GﬂMPﬂNENT SPECIALISTS 7 WHITEHORSE ROAD, CROYDON

Open 9—6 Wed. 9—I| Sat. 9—5 (Closed for lunch 1.15—2.38)
Minimum post 30p. Access and Barclaycard Welcome. Radio Beoks and Components Lists 20p. Rail Selhurst. Tel. 01-684 1665
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CONSTRUCTIONAL PROJECTS

EARTH LEAKAGE CIRCUIT BREAKER by K. A. Smith
An electronic, current-operated protection unit for photographic darkroom, workshop or

garden safety 488
TWIN TRACE DOUBLER by R. A. Penfold

Four trace display for a double beam oscilloscope 496
POCKET STOPWATCH by M. W. Headington

A state of the art digital stopwatch for sporting events 508
SYNTHESISER TUNING INDICATOR by C. Yallop

Silent tuning aid for synthesisers and organs 522

GENERAL FEATURES
SEMICONDUCTOR UPDATE by R. W. Coles

A look at some recently released devices 495
MICROPROCESSORS EXPLAINED—5 by R. W. Coles

Peripheral Chips: Input/Output Devices 515
INGENUITY UNLIMITED

Solar Panel Controller—Touch Switch—Side-Light Controller—Sequential Timer 531

NEWS AND COMMENT

EDITORIAL—Time Is The Essence 487
D2 KIT REVIEWED by D. B. Johnson-Davies

A report on the new Motorola D2 microprocessor pack 500
MICROPROCESSOR COMPETITION

A list of prize winners 507
INDUSTRY NOTEBOOK by Nexus ;
What's happening inside industry 514
NEWS BRIEFS

Video Disc '77—Teach-in—Pilot's Eyes 524
PATENTS REVIEW

Thought provoking ideas on file at the British Patents Office 527
MARKET PLACE

Interesting new products 528

Our August issue will be on sale Friday, July 8, 1977
(for details of contents, see page 521)

© IPC Magazines Limited 1977. Copyright in all drawings, photographs and articies published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. Alireasonable
precautions are taken by PRACTICAL 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.
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The Famous DENSHI kits
—now even better value

The kits are suitable both for the beginner to gain a wide practical
understanding of electronics and for the more experianced to carry out
many advanced expariments not avatlable eisewhere

lllustreted 15 the SR-4ADX kit—over 150 different actual working
projects can be built. dismantled and rebuilt any number of times, plus
any circuits of your own design

Each component s beautifully encapsutated in transparent plastic
engraved with its electronic symbol. No soldering s involved with any
kit and yet this fantastic versatility 1s provided The kits are complete in
every respect, including educational manuais and batteries. NOTHING
ELSE NEEDED.

This Is the most practical and effective way to learn about
electronics—the kits are also first-class testing kits for laying-out and
(estm%new circuits quickly. There 1s no danger whatsoever in the use of
these kis

Add-on kits and spares are available t00. to Increase the scope of each
kit if required

SR-3A—over 100 experiments—radio receivers. transmitters, ampii-
fiers, microphones, alarms, morse code. electronic birds, cats, sirens
organs, intercoms, metronomes. photoelactric cell. high voltage
generator. circuits demonstrating Amps, Ohms. Watts. etc..
£26-45 COMPLETE

SR-3ADX—over 105 experiments—similar to SR-3A plus sophisticated
control panel and solar cell circuits. etc . etc £33-45 COMPLETE

SR lADX—ouv 150 -xporlmonlo—slrmlav to SR-3ADX plus Relay and
. resistance meter. water
purity —, on concentration —, volume —. output — fiald intensity
meter, Iltuminometer. oic., etc £41-45 COMPLETE

PRICES INCLUDE VAT, P. & P., MANUALS, BATTERIES, etc.
NOTHING ELSE TO PAY-_FANTASTIC VALUE for MONEY

Educational and Trade enquiries welcomed
Personal callers welcome

CHEQUE/P.O. (or 11p for illustrated literature) to: DE PT . PE

ELECTRONI-KIT LTD.

20 Bride Lane, Ludgate Circus, London EC4Y 8DX
Tel. 353 6430.

AITKEN BROS.

35 High Bridge, Newcastie upon Tyne
Tel. 0632 26729

TRANSISTORS INTEGRATED CIRCUITS
*AC125 €026 8U205 £2:00 | +CA3080 £0-68 “LM710/14  £0-85
*AC126 £0-20 MEQ401 €018 | +CA080A  £1-88 *LMT23TOS8 £0-85
*AC127 £0-20 ME0402 £0-15 | +CA3085 £€0-51 SLM723/14  £0-75
*AC128 £0-28 MEQ404 £0-15 | +CA3088 £1-59 *LM74%/8  £0-40
*AC141 £0-30 MPF102 £0-32 | ~CA3089 £2-52 “LM741/14  £0-50
*ACM2 £0-32 28565 €121 | +CA309 £3-90 *LM741/TOS8 £0-85
*AC176 £0-30 MJEZ955  £1-40 CA3130 £0-34 *LM747 £0-90
*AC187 0.2 MJE30S5  £0-90 | «Lm3018  £0-a4 *LM748/8 £0-50
*AC188 £0-25 oc2 £1:50 | L M301/TOSS £0-65 *LM743/14  £0-30
AD140 £0-65 ocas €010 | Lm £1-82 *LM748/TO89 £9-50
AD148 €0-79 TIP29A €0-47 | +LM308TO £1-17 *LM3900 £0-07
AD181 £0-70 TIP30A £0-58 | <+ M309 -0
AD162 £0-70 TIP31A €0-57 | - mM380/8  £0-80 TTL + CMOS
AL102 £1-50 TIP29! £0-97 | « M380/14  £0-98 always 1n stock
AL103 £1.50 TIP3055 -8 | - M7098  £0-50 NES55 £0-53
8c107 £0-14 2 £0-30 | <+ M709/14  £0-50 NE £1-05
8C108 £0-12 2N897 €0-3 | | M700/TOS £0-85 *ZNAT4 £1-5%0
BC109 £0-14 2N706 £0-20 | +LM710/TO9 £0-85 *MC1310 £1-01
-agm £0-12 2N1613 £0-32
+BC148 £0-10 2N1711 £0-32
8¢ £0-10 MN280 £1-00 THYRISTORS
*BC167 £0-13 2N2219A €032
“BC168 £0-13 W20 02 | gsa 20 foom  a g lE
‘8C188 £0-14 2221 0-2 | g.5a 50V £0-2 4A 200V £0-51
*BC182 £0-12 aN2221A £0-22 | g.5a 100v  £0.32 4A 300V £0-82
*8C183 £0-1 2N2222 020 | gsaz00v  £o0-48 4A 400V -5
*BC184 £0-12 22224 1022
'ng £0-13 2N2648 £0-50 108
*BC213 £0-12 2N2904 £0-30 1A 100V €0-58 BA 50V £0-54
*BC214 £0-15 2N2904A  £0-33 1A 200V £0-62 BA 200V £0-57
Bm B8 Mem BE |amY =0 Hay 53
. 2 . . v .
2313 e ZNa%es e 1A 800V £0-68 8A 600 £0-80
-40 2N2906A  £0-25
BFW10 £0.88 2N2907 £0.23 TRIACS 400V flat plastic
BFW11 £0-68 2N2907TA  £0-28 .
BFX84 £0-2 2N2926 o3 | g4 2 R 3
BFX85 €0-28 2N3083 £0-30
BFX88 g-:n 13054 £0-60 s
BFY50 -28 2N3055 £0-70
BFY51 £0-28 2N3702 £0-11 RIODE
i BAX13 £0-08 IN4003 £0-08
BFY52 £0-28 2N3703 £0-14 BT eotas IN40OS 018
8U105 £1-50 2N3704 £0.14 AL o) IN400S 012
AS €075 IN4006 012
SOLDERLESS BREADBOARDS 8,“0 £0-55 IN4QO7 £0-14
DECs OAS0 £0-10 IN5400 0-12
3-DEC £1-90 U-DEC " A" £3-99 ( OA91 £0-10 INS401 £0-14
T.DEC £3-63 U-DEC ‘B’ £6-99 | OA%5 £0-10 Ix% E: ::
A200 . I
Pots, capacitors, boxes. inst cases, Oin gqu g.:g INS404 £0-18
ck plugs, resistors always in stock IN914 £0-07 INS40S5 0-18
ls send 40p for cur 100-page cata- IN4148 £0- IN5406 £0-10
logue. 30p 10 callers. Prices less VAT, Please IN4001 £0-08 INS407 £0-20
add 124% to items marked * Al rest add 8% IN400Z £0-08 IN5408 £0-22
Postage 20p extra

G8CZW Digital Frequency Meter

Complete 50MHz
kit £54-00 inc.
VAT, post free
(U.K)

mu;}

£ £
2ZN1040E Count/Display I.C. 8-10 Hardware and Wire Pack 1-45
Integrated Circuit Pack 9-25 Case, Two-tone p.v.c.-faced
Displays and Filter Pack 7-78 steel, punched and lettered .
Semiconductor and Diode Pack 2-38 (+95pP.&P) 5-75
Resistor and Capacitor Pack 2-98 Min BNC Sockets (50 ohm) 0-65
Logic and Display P.C.8.s 4-84 Min BNC Plugs (50 ohm) 0-70
5MHz Crystal 345 500MHz Prescaler Kit 1-78
Transtormer 8-0-0V §-5A SP86318 500MHz 1.C. 8-9%
(+75p P. & P} 2-4@ NE592 Wideband Video Amp 1-43
Switches, Knob, BNC's etc. 415 Hi-Z Buffer Kit 3-62
D.F.M. Reprint {post free) 0-50

G8CZW Digital Voltmeter

Complete kit
£44-30 inc. VAT,
post free (U.K.)

s
. ~y”

LI £

£ Hardware and Wire Pack 12
ZNA116E 3} Digit 1.C. 6-48 Case, Two-tone p.v.c.-faced
Integrated Circuit Pack 5-24 steel, punched and lettered
Displays and Filter Pack 7-78 (+95p P. & P) 5-75
Semiconductor and Diode Pack 2:60 1.C. Sockets Pack 1-08
Resistor Pack inc. cermets 4-64 Transtormer (+75p P. & P.) 2-48
Capacitor Pack 1-58 5V Reg., 2 Rect., 2,000uF
Logic and Display P.C.8.s 2-05 Cap., Mains SW., Fuse and
Voltage Attenuator Pack 0-68

Holder 375
Range Switch 6P. 4-way D.V.M. Reprint {post free) 0
Al prices inc. VAT at the standard rate. Please add
20p P. & P. for packs. S.A.E for full lists.
Overseas—Deduct 8% off these prices.

ELECTRONICS (OLDHAM) LTD.
abc)

e
8

83 Lees Road, Oidham OL4 1w
Tel. 061-624 8812

Practical Electronics  July 1977



Stirlin

POWER AMPLIFIERS PAY THE PRICE YOU READ
at stated o/p powers *1dB All prices shown
$5.103 3W r.m.s. Short-circuit protected include VAT and

One I.C. 2.3 post and packing

§6.103-3 Stereo version using two |.C.s  £4:33 charges so as to
$S.105 5W r.m.s. into 3 ohms, using 12V £3.49 i
$S.110 10W r.m.s. 4 ohms using 24V £4.05 make Whorder/ng
$S.120 20W r.m.s. 4 ohms, using 34V £4-61 easy: en you
$S.140 40W r.m.s. into 4 ohms using 45 buy in person from
gl 3L our shop, cost of
P. & P. is de-
ducted.
$$.100 Active toned control. stereo. 15dB
on bass and on treble : £3-00 A
$8.101 Pre-amp, ceramic Stereo with .33
passive tone control details 0
§5.102 Stereo pre-amp for magnetic PUs. 0
R.IAA. corrgc(ad 9 £4.04 100 WATT A 70 V LT
UNIT ONE Combined stereo pre-amp
active tone control. +15dB treble and S 0 A S C o
bass. Stereo. Vol./balance/treble/bass  £9-00 R- M " . P WER 3 PE IAL P WER
UNIT TWO as above but for mag.
input. R.I.A.A. corrected £12-43 AM PLlFIER SUPPLY UNlT
$S.201 Front end tuner, slow geared I 0 R ON LY £24. 2 0 .
drive. two gang. A.F.C. facility. Tunes
88-108 MHz. NG £5-90
§§.202 I.F. amp. Metering and AF.C.
I ‘ 2w AND NO EXTRA FOR V.A.T. AND P &P
§5.203 Phase Lock Loop Stereo At Stirling Sound we design and make our @ POWER OUTPUT
Bl (3 (U Gy B e £a-1e famous Q.V. (Quality/Value) Modules 100 watts R.M.S. into 4
st??g'l‘gQ"-'Pe’PEeﬂf‘“(gg 290301?“5“ c3.08 ourselves in our own factory. With over 25 ohms
| L. Tor . - - M . N .

Transistor for pos. earth (S8.203-2) £2-50 years of continuous selling direct to the @ FREQUENCY RANGE
public we know how to give value second to 10Hz to 50kHz + 1dB
none. Was there ever better value than this? @® SENSITIVITY
Look at this 100 watt R.M.S. amplifier with 500mV for full output

POWER SUPPLY UNITS full size heatsink (SS.1100H) and 70 volt/2A @ DISTORTION
) power unit with special low volt take off point 0-01% at half power

A“wiet)r(\cleg\:« Sv%|?1(21aa-r1‘gV)s?§ioeo J?ep'é‘.'ne& (13-15 volts) for pre-amp, etc. The assembly ® S/N RATIO

for pre-amps, tuners etc. makes an ideal basis for a disco or high Better than 75dB
§5.312 12V/1A £6-35 quality P.A. system or domestic hi-fi system ® POWER REQUIRE-
§S.318 18V/1A £6-54 where low conversion factor loudspeakers MENTS
e 2unA &:21 | are used. 70 volts (i.e. $S5.370)
2233; v RN Bought separately, $S.1100 costs £10-43, @ SIZE (SS.1100)
$$.350 50V/2A £10-38 large heat sink £1-39, SS.370 £14-63. 5 x 3} x 1iin without
$8.370 70V/2A £14-63 Total—£26 - 45. full size heatsink
$5.310/50 Stabilised power supplé,‘ vari- Ordered together the cost is £24-20. @ Built-in protection

able output, 10V 1o 50V/2A. Built-in R R

protection against shortingV £16-69 2 ' against shorting
§6.300 Stabilising unit 10-50V adjustable S S O

for adding to unstabitised supplies. AVE Y U £2 * 5 .

Built-in protection against short:ng £5-02
WHEN ORDERI NG g’ﬂake cheques/money orders crossed, payable to Bi-Pre-

- ak Ltd. Use separate sheet of paper if you prefer not
i i _ to cut out coupon but quote Dept PE 777.
Spec1a| terms for quantity buye_rg Every effort is made to ensure correctness of information
U.K. and overseas trade enquiries at time of going to press. Prices subject to alteration with-
invited. out notice. S.A.E. please with enquiries needing an
answer.

USE COUPON TO AVOID DELAY

TO STIRLING SOUND, 37 VANGUARD WAY, SHOEBURYNESS, ESSEX

y IPLEASE SUPPLY NAME . ..., |
57 n d W

Shosburyness, Essex I ,,,,,,,,,,,,,,,,,,,,,,,,,,,, ADDRESS ... ..o, |
Telephone, Shoeburyness

(0702-28) 5543
SHOP (open all day Saturdays) i
220-224 West Road, lf:r which | enclose cheque/money

Westcliff-on-Sea, Essex SS0 9DF order £
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Handy size Reels & Dispensers

OF THE WORLD’S FINEST CORED SOLDER TO DO
A PROFESSIONAL JOB AT HOME

Ersin Multicore Solder contains 5 cores of non-corrosive flux that instantly cleans heavily
oxidised surfaces and makes fast, reliable soldering easy. No extra flux is required.

. handy size reels of SAVBIT [ BIB WIRE )
P @ 40/60, 60/40 & STRIPPER
S asq ALU-SOL 5% & CUTTER

] Fitted with unique
These latest Multicore solder reels are 8-gauge selector and
ideal for the toolbox. Popular specifications

SAVBIT

handy solder
dispenser

Contains 2.3metres
approx. of 1.22 mm
Ersin Multicore
Savbit Solder.
Savbitincreases

handle locking device.

ife of er bits . PP A i
It')yi% (Ll cover all general and electrical applications, plus a major advance gg;ﬁ?ﬁ;_"s’taﬂ”;gﬁ‘::'c
Size 5 49p in soquring aluminium. Ask for a free copy of ‘Hints on Soldering' A and cable in seconds.
containing clear instructions to make everyjobe_asi B 13439’3:-3 Model 88 BGPJ
For soldering [ Ref. Alloy Diam. Lentgth Use ( Price | -
e metres N
finejoints ! mm | approx. SOLDER-
Two more dispensers to Si 40/60 1.6 100 | For economical enerafHL—£1 79
simplify those smaller jobs. f ze | : 5 OIeLo -al g . <
PC 115 provides 6.4 metres Sialin/Cead \ pl\erttjse gepaltrs ang wi CK
N electricat joints.
?p‘e"°if'e§'££||mcg‘nf°éﬁrr:§' Size | ALU-SOL| 16 85 | Foraluminium repairs. £2.42
alzdwrint'ed nall com p 4 | Also solders aluminium Absorbssolder
PC1p‘I5 ik L | tocopper, brass efc. instantlyfrom
] P Size | 60/40 | 07 39.6 For fine wires, small £1.79 tags, printed
Orsize 13{?\;0' kit wiring or 10 | Tin/Lead components and printed circuitsetc. Onlyneeds
radioand TV repairs, ‘ ‘ circuits. 40-50Wattsolderingiron. Quick
.1 metres approx. o Size | SAVBIT 13.7 | Forradio, TVand £1.79 | andeasytouse.Non-corrosive.
1.22mmsolder. 12 similar work. Increases | .
| Size 194 53p copper-bit life tenfold. 1L Size 18 97p |

Sole UK Sales Concessionairc_as: 5o Prices shown are recommended retail,inc. V.AT. From Electrical
Bib Hi-Fi Accessories Limited, and Hardware Shops. In difficuity send direct, plus 20p P&P.
Kelsey House, Wood Lane End, Hemel Heméstead, Herts 'HP2 4RQ. Prices and specifications subject tochange without notice.

42 x 42mm meters | mA, 500mA,

~17000F WV W EeBCIROL Y TIGEsre-1; XW "‘\ . £2:92. [6pP. & P
20 ASSORTED PHOT O TRANSISTOR ALINGTONS, L £ ? Vit
0 NSIS ? S and : L.I ON unlesled;t‘ " 2 ,/' 60 x 45mm meters S0uA, 100uA,
50 AC128 TRANSISTORS BRANDED BUT UNTESTED, §7p. N .
VHF DUAL GATE MOS FETs LIKE aosn 33p, 4 for £1-10. Npemorosmrens 500uA and ImA VU meter, £4°14.
SOLAR CELLS 0-5 VOLT 5mA, 35p 11pP. &P

250pF SOLID DILECTRIC VARIABLE CAPACITORS 33p. ° i
{ 10:A3:WR nm_sns N 7%%.20 ogS7Ry Edgewise meters 30mm x 34mm,
n 5p.

SYO‘ FFNCYION DRIVES 55p. S00rA. and ImA, €340, 1D
AR 4fin » 33in METER.  30uA, | p. ap.

B-OHM- EAKERS 75p.
" 8.C. l amp, Type 100 PtV 25p; 400 PIV 58p7 P\ SOuA or 100uA, €4.75. t6p P. & P. i
ZN414 RADIO I.C., with data. £1.

5Ted. 57p.
MINIATURE SILICON DI ODES %snso?(ed PIy_JpO ﬂlrﬁp/_._ — MICROPHONES FOR MULTI-
fYRANSFORMER'S"‘{ng ¢ t T 7, 22v 1A 88p; Type 2, 22V 300mA,
A o Maleeedl I I e meise ool AL
m' ohm wit "
BRANDED TOMBLASTIC TRANEGISTOR! BC108 or BC212, 10 tor 60 . 5 Model T2
T D TANioTe -‘ur or 60p. and 25 mm Jack Plugs £1°30 }
.. BD207 PLASTIC $0W POWER mmsnsvons 55p each? DM229R 50K with 3-5 and 20,000 ohm/
Lo -\ ‘buzzer. transistors and |.C.. 2'5 mm Jack Plugs £1-60 10'05
rkin 5P . *05.
q Mmmg:lbigs 50k(1 log or 100k lin. 25p each. ™) , ?";”33‘3 Zg?n ?;:‘:;s with § 175 ;:'('Pt& p
7. size 2} x 1in, 20, + 30 n m " p P. o
2Z5\L W GTZ 2 T, 32 +.32uF_350V.W., 2§ x 1in. 20f; 50 + 50 i
VW, sizo zixhn%meur.wv STl R U 47@ FEm en abﬂve [iciophones
\«za_! er 1}|n 15p.) P
4A NPN TRANSI YPE 8D 187,
100 ASSORTED POLYSTYRENE CAPACITORS 's7p.
SMALL JAR OF HEAT SINK COMPOUND, 75p. . CARDIOID
QUAD OP-AMPS TYPE LM3900, with data, 60p.
10uF A BLE)APAC”OﬂS‘_wlaﬂg_’M -eressayer DYNAMIC
rks, 6 for -
Mﬁ?ﬁu BEAD pemewoks’EmF 35V.W., 0-150F 35V.W.. 1uF 38V.W., ‘\ MICROPHONE
T S R L < i A epley e e
3BY.W.. 10 W, p W, b b . -
S7UF 6V.W. al 9p each 5 . . o biesldl) CIRRlER, Fs';_ 3 WATT STEREO (14 + 14)
TO3% 5W NPN DARLIN TRANSISTORS, 20 each. quency response PER CHA EL
TRAN N R P, or 35p pair 15,000¢/s. Impedance NN
Please add 20p for post and packing on orders under £2. Overseas ordgs at ‘cost Dual 50K and 600 ohms, AMPLIFIER
£7.50. 26p P. & P. £430. 16p P. & P.
J. BIRKETT °
« AH above prices include V.AT. LARGE S.A.E. for New List.
RAD'O COMPONENT SU PPLI ERS Special prices for quantity quoted on request.
25 The Strait, Lincoln LN2 1JF M. DZIUBAS
el el I58 Bradshawgate « Bolton « Lancs. BL2 IBA
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DIODES SUPER UNTESTED PAKS |, LINEAR PAKS
Type  Price  Type  Price Type Price Type Price Pak Order F::culigf\ahl":gz par:Fu?\gusonaYljzits‘m'fh:s:
AA129 £0-08 BY100 £0-22 BYZi1 £0-45 OA91 £0-07 No. Qty No Price are classed as ‘out-of-spec’ from the
AAY30 £0-09  BY107 ‘g'g BYZ12 £0-45 0QA95  £0-07 | (50 100 Germ. gold bonded OA47 diode 16130 £0-60 | maker's very rigid specifications. but are
x%}; gg:g gngf gu:zz g‘y’gg 53:2‘,’ 8:;35 gg“)g U5t 150 Germ. OA70/81 diode 16131 £0-60 | ideal for learning about ICs and experimental
BA100 £0-10  BY124 “£0-22 BYZ17 £0-36 OA202 £0-08 ggg :Osg 'cs)'“f:o" ?QOG:%?:(:T@A Az 12:::3 gg'gg U?z': 30 Assorted L Types 709, 741, 747
- — n
BA102 £0-32 BY126 '€0-15 BYZI8 £0-35 SO10 £0:05 | Uss 30 Sl rect top hat 750mA 16134 £0.60 | 748 710, 508, eic oo o AT
BA148  £0-15  BY127 *£0-16  BYZ19 £0-36 SD19  £0-08 | (55 20 Sil rect stud type 3 amp 16135 £0-60 ORDER No. 16227 *£1-50
BA154 £0-12  BY128 €0-16 OQA10 £0-35 N34  €0-07 | (56 50 400mW zeners DO7 case 16136 £0-60
g:}gg gg:: gugg ’ég;: 8:;(7) Eg'gg :zgﬁ Eg‘g; U57 30 NPN trans BC107/8 plastic 16137 «c0-60 | U76SD FM STEREO DECODER
: R0 £0- : Us8 30 PNP trans BC177/178 plastic 16138 *£0-60 | 51Cs 76110 equivalent to MC1310P-MAT767
BA173 £0-15 BY164 £0-51 OA79 £0-13 (N916  £0-06 | (59 25 NPN TO39 2N697/2N1711 silicon 16139 £0-60 | Baia suppriog wih aak o Ot
8B8104 £0-15  BY176 *€0-75 OAB1 £0-13 (N4148 £0-06 | ygp 25 PNP TOS59 2N2905 silicon 16140 £0-60 ORDER No. 16228 “£1.50
BAX13 £0-07  BY206 £0-30 OA85 £0-13 IS44  £0-05 [ gy 30 NPN TO18 2N706 silicon 16141 £0-60 il
IBAX16 £0-08 BYZ10 £045 OA30 £0-07 1S920 £0-06 | (g2 25 NPN BFY50/51 - 16142 €060 | U76A AUDTO POWER OUTPUT
C us3 30 NPN plastic 2N3906 silicon 16143 *£0-60 .A'MP
N R E Tl FI E R US4 30 PNP plastic 2N3905 silicon 16144 “£0-60 f
71 PNP 1614 £0-60 8 assorted typesA SL403. 76013, 76003. etc.
Type  Price  Type Price Type Price Type  Price Sgg ?g Slears'ncop(x}ower 2N3055 NPN 12142 £1-20 Daéansouepnp'p'fd \;Vé;gepak w100
15920 £0-06  IN4003 £0-08 (S020 £0-10  IN5400 €0-14| U67 10 TO3 metal 2N30551['4;N3 121:; ;::‘1)«:3 o o
18921 £0-07 IN40D4 £0-09 15021 £0-11 IN5401 £0-1S uses 20 Unijunction trans TIS4 1 .
1S922 £0-08  IN4QD5 £0-10 (S023 £0-13  iN5402 £0-16| U9 10 1amp SCR TO39 16149 £1-20 \h SERIES PAKS
15923 £0-09  IN4006 £0-11  iS025 €0-14  IN5404 €0-17{ U70 8 3 amp SCR TOB6 case 16150 £1-20 | Manufatteseris. Fall Outs _wktth nclude
18924  £0-10 IN40O7 £0-12 15027 €£0-16 IN5406  £0-21 Code Nos. mentioned above are given as a guide 10 the type of device Functional and pafl*FunctiShal Units. These
IN4001 £0-05;  ISO15  €£0-09  S029  £0-20  IN5407 - £0-251 1 '4he pak. The devices themselves are normally unmarked are classed as out-of-spec’’ from the
IN4002 £0-07 18031 £0-25 IN5408 £0-30 maker's very rigid specifications, but are
ideal for earning about ICs and experimental
TRIACS MPONENT PA "
Pak Order ;:CG—HJO Gates assorted 7400-01-04-10-50-60,
2 AMP TO5 CASE 10 AMP TOA3 CASE No. Qty. No Price ORDER No. 16224
Volts 0. Price | Volts No. Price €1 200 Resistor mixed value approx 16164 £0-60 74F—50 Flip-Flops assorted 7470-72- 7374 76
100 TR12A 100 £0-31 | 100 TR110A 100 £0-77 (count by weight) . 104-109, etc.
200 TR12A 200 €0-51 | 200 TR110A200 £o.92 | C2 150 Cz:zgﬁ:?rgyvm;%ah;auue approx 16165 £0-60 ORDER No. 16225
400 TR12A 400 €071 | 400 TRITOA400 €192 | 0 (count by weight) ced G oven ;424 -30 MSt Assorted Types. 7441-47- 90 154
values 3
N Grerd [o2] B0 }W resistors mixed preterred 16167 *£0- 60 ORDER No. 16226 £1520
6 AMP TO66 CASE 10 AMP TO220 CAS values
Volts No Price Volts No Price c5 5 Pieces assorted ferrite rods 16168 *£0-60 5 VEROBOARDS PAKS
100 TR16A 100 £0-51 400 TR110A 400P  £1-12 cé 2 Tuning gangs. MW/tW VHF 16169 *£0-60 VB1—Approx 30sq.in various sizes. All 0 1in
200 TR16A 200 £0-61 DIACS c? 1 Pack wire 50 metres assorted 16170 £0-60 | matrix
400 TR16A 400 £0-77 BR100 £0-23 032 f0-23 colours single strand ORDER No. 16199 &0p
cs 10 Reed switches 16171 “£0-60 VB2—Approx. 3sq.in various sizes. 0 15in
c9 3 Micro switches 16172 *£0-60 matrix
C10 15 Assorted pots 16173 *£0-60 ORDER No. 16200 60p
cn 5 Metal jack sockets 3x3 5mm 16174 *£0-60 ELECTROLYTlC PAKS
2 » standard switch 'ypes
OmA 8 CASE 7 AMP TO48 CASE C12 30 Paper condensers preferred 16175 “£0-60
60 TO1 S| A range of paks each containing 18 first
Volts  No Price | Volts  No. Price types mixed values quahity. mixed value mniature electrolytics
10 THYS00/10 £0-15 50 THY7A/50 £0-48 C13 20 Eectrolytics trans. types 16176 *£0-60 EC1-—Values from 0-47mF to 10mF Y
20 THYE00 20 £0-16 100 THY7A/100 £0-51 C14 1 Pak assorted hardware— 16177 £0-60 ORDER No. 16201 ~60p
30 THY600/30 £0:20 200 THY7A 200 £0-57 nuts bolts. gromets, etc EC2—val t
5  THYB00'S0  £0.22 | 400 THY7A400  £0.62 | C15 5 Mains side switches ass 16178 *£0-60 Bt S (Ual7 (O T g6
100 THY600/100 £0.25 600 THY7A 600 £0-78 C16 20 Assorted tag strips and panels 16179 £0-60 3 t
w0 Thvesosse sz | eeo THY7A800  £0-82 | G17 15 Assorted control knobs 16180 *£0-60 A T s RltoledmE o
400 THYS00/400  £0-45 C18 4 Rotary wave change switches 16181 *£0-60 2
E c19 2 Relays 6-24V operating 16182 *£0-60
Voltsw A,':: EoSCES Price c20 1 Pak. copper laminate approx 16183 £0-60 C280 CAPAC|T0R PAK
1 AMP TO5 CASE 50 THWOASO £0- 51 200 sg.in 75 Mullard C280 capacitors, mixed values
Volts No Price 100 THY10A 100 £0-57 c21 15 Assorted fuses 100mA-5 amp 16184 £0-60 ranging from 0:01LF to 2 2uF complete with
50 THY1A 50 £0.26 200 THY10A 200 £0-62 c22 50 Metres PVC sleeving assorted 16185 £0-60 identification sheet
100 THY1A 100 £0-28 | 400 THY10A 400  £0-71 size and colour ORDERINOIG204 REL;20
200 THY1A/200 £0-32 500 THY 10A 600 £0-99 C23 60 § watt resistors mixed preferred 16188 *£0-60
400 THY1A 400  £0-38 | 800 THY10A 800  £1-22 values CARBON RESISTOR PAKS
600 THY1A/600 £0-45 C24 25 Presets assorted type and value 16186 *£0-60
800 THY'A/800  £0.58 C25 30 Metres stranded wire assorted 16187 €060 | These paks contain a range of Carbon
16 AMP TO48 CASE colours Resistors. assorted into the following groups
vs?ous ?::WSA 5 :o”csi A1—60 mixed '/yW 100-820 ohms
: ORDER No. 16213 *50p
SLIDER PAKS R T
5% B Ta'vsA 0 0.98 200 THY16A 200  £0-62 ORDER No 16214 *60p
oo B Avi00 fo.30 | %0 THY16A 400  £0-77 Pak Order R3--60 mixed /,W 10-82kN.
o B bos 0.3 | 800 THY16A 600  £0-90 No.  Qty ) _ No Price ORDER No. 16215 “60p
’ 800 THY16A 800  £1-39 st 6 Slider potentiometers. mixed 16130 *€0-60 | R4—60 mixed ' ,W 100-820kN
400 L e values ORDER No. 16216 *50p
600 LR BE 30 AMP TO94 CASE 52 6 Siider potentiometers. all 470 ohms 16191 2060 | Rs -40 mixed ' ,W 100-82001
800 HY3A; ) Volis No. Price S3 6 Shder potentiometers. al! 10kt in 16192 *£0-60 ORDER No 16217 *60p
50 THY30A 50 £1-18 sS4 6 Slider potentiometers. all 22k{1 lin 16193 *£0-60 R6—40 mixed '/,W 1-8-2kN
5 AMP TO66 CASE 100 THY30A 100 £1.43 S5 6 Stider potentiometers, all 47k{} lin 16194 “£0-60 ORDER No. 16218 *50p
Volts No Price 200 THY30A 200  £1-63 S6 6 Slider potentiometers, all 47kl log 16185 *£0-60 R7—40 mixed '/, W 10-82k (.
50 THYSA 50 £0-36 400 THY30A/ 400 £1:79 ORDER No 16219 “60p
100 THYS5A 100 t0-46 | 600 THY30A 600  £3-50 C E R A M I C PA K R840 mixed '/,W 100-820kM.
200 THY5A 200 €050 ORDER No. 16220 “60p
400 THY5A/400 £0-57 o Price Containing a range of first quality miniature ceramic capacitors | R3—60 mixed ;W 1-10MQ
600 THY5A/600  £0-69 | BT101/500R £0-80 | Unrepeatable value ORDER No. 1¢ "60p
800 THYSA 800  £0-81 | BT102500R €080 | Pak. Order R10-—40 mixed '/,W 1-10MN
87106 £1-25 No. Qty No. Price ORDER No. 16231 *60p
SH% gg:: MC1 24 ml:;na’ture ceramic capacitors 16160 *£0-60
- of each value—22pF, 27pF
5 AMP T0220 CASE Bos] o R e Il WORLD SCOOP!
Volts No Price P P P P
400 THYSA400P  £0-57 | 2N3525 oG 82pF JUMBO
600 THY5A 600P £0-69 BTX30/50L £0-33 MC2 24 miniature ceramic capacitors, 16161 *£0-60
o0 Thveneooe 8% | srxaonacoL £0.46 3 of each value—100pF, 120pF SEMICONDUCTOR PAK
C106/4 £0-60 150pF. 180pF. 120pF, 270pF
330pF and 390pF Transistors, Germ. and Silicon Rectifiers
o R D E R I N G MC3 24 mI:;‘L;“::cﬁev':lr::j%%:%"?e%pF 16162 *£0-60 Diodes. Triacs. Thynstors. ICs and Zeners
680pF, 820pF, 1,000pF . 1.500pF .
2,200pF and 3.300pF Approx 10A0L;|eNcEe? th:gr(i:nooite)' amateur a
PLEASE WORD YOUR ORDERS EXACTLY AS PRINTED MC4 21 miniature ceramic capacitors, 16163 *£0-60 fantastic bargain PAK andg an enormous
NOT FORGETTING TO INCLUDE QUR PART NUMBER 83’1::63‘/05121:;—370%‘:; 6.800pF saving—identification and data sheet in every
. . . pak.
VA 0033uF and 0-047uF ORDER No. 16222 £2.25
T Just a selection from our
huge stocks'
ADD 124% TO PRICES MARKED *. ADD 8% TO OTHERS 9 -~
EXCEPTING THOSE MARKEDt. THESE ARE ZERO SEE OUR .
RATED 1977 CATALOGUE
126 pages packed with
POSTAGE AND PACKING valuable information
) ORDER NOW
Add 25p for postage and packing unless otherwise ONLY 587 Dept. P. E. 7 P o Box 6 Ware Herts
shown. Add extra for airmaii. Min. order £1 plus 15p p. & e ’ ’

SHOP 18 BALDOCK ST., WARE. HERTS.

OPEN 9 to 5.30 Mon/Sat.
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THE ‘NUTS & BOLTS’ OF THOSE PROJECTS

TRANSFORMERS NUTS AND BOLTS SWITCHES
MINIATURE MAINS Primary 240V :cArewBSOLIT?( dpaﬁks o!h BA threaded cadmium-plated Description No Price
with two independent secondary windings S0 Iledsl?\ ; If ‘I’ese, ?&? DPDT miniature slide 1973 £0-10*
No. Type Price Rl e DPDT standard slide 1974 £0-12*
2024 MT280 0-6V. 0-6V AMS £1.30* “Y(‘PEBA B:’% 1nce Type No Price | Toggle switch SPST
2025 MT150 0-12V_ 0-12V AMS £1-30* N & io':g lvn :3: gig igg; : A ) ZEOXS;DT 1975 £0-33*
T ) in . oggle switc
MINIATURE MAINS Primary 240V U gg: 842 £0-69 Hn 4BA 847 £0-3 1 amp 250V a.c 1976 £0-36°
No Secondary Price iin 5 843 £0-54 1in 6BA 848  £0-50 Rotary on-off mains switch 1977 £0-42°
2021 6V-0-6V 100mMA 90p* fn 2BA 844 £0-63 1in 6BA 849  £0-30 Push switch—Push to make 1978 £0-13*
2022 9V-0-9V 100mA 90p* +in 6BA 850 £0-33 Push switch—Push to break 1979 £0-18*
2023 12V-0-12V 100mA a5p*
BA NUTS—packs of cadmium-plated full nuts in multiples ROCKER SWITCH Colour No. Price
1 AMP MAINS Primary 240 V of 100 A range of rocker RED 1980  £0-22*
No. Secondary Price Type No Price Type No Price switches SPST- BLACK 1981 £0-22*
2026 6V-0-6V 1amp £2-70* P &P 30p 0BA 855 £0-90 4BA 857 £0- 42 moulded in high insula- WHITE 1982 £0-22*
2027 V-0-9V 1amp £2-20* P &P 30p 2BA 856 £0-60 6BA 858 £0-36 tion. Material available in BLUE 1983 £0-22*
2028 12V-0-12V 1 amp £2-60* P &P 30p a choice of colours ideal YELLOW 1984 £0-22*
2029 15V-0-15V 1 amp £2-75¢ P &P 30p BA washers—fiat cadmium plated piain stamped washers tor small apparatus LUMINOUS 1985 £0-22*
2030 30V-0-30V 1 amp £3.45° &P j0p | Supplied B A . N - Description — O
Uéi 858 20-(;3 éﬁe B& \‘.0”‘:: Minmature SPST toggle. 2 amp
STANDARD MAINS Primary 240V 2BA 860 £0-15 6BA 862 £0-12 250V a.c 1958 £0-50*
Multi-tapped secondary mains transformers available in Minature SPST toggle. 2 amp
amp. 1 amp and 2 amp current rating. Secondary taps SOLDER TAGS hot tinned supplied in muiltipies of 100 S0V a.c 1959 £0-55*
are 0-19-25-33-40-50V Type No Price Type No. Price Miniature DPDT toggle. 2 amp
Volitages available by use of taps 0BA 851 £0-42 4BA 853 £0-30 250V a.c 1960 £0-65*
4, 7.8, 10. 14, 15, 17,19, 25, 31, 33. 40. 50, 25-0-25 V 2BA 852 £0-36 6BA 854 £0-30 Miniature DPDT toggle. centre
No Rating Price oft. 2 amp 250V a.c 1961 £0-85*
gg; # ::g Sg. g g g :gg INSTRUMENT CASES. In two sections vinyl covered top Pu:;&v t;uélon S & aun 1962 £0-65*
2033 2amp £5-45* P &P 85p ':_“.’:":"":"" e e '“‘n:f;:'- price | PUSh bution SPST. 2 amp
o 250V a.c -68*
AUDIO OUTPUT Primary 1 2k(), Secondary 5 ohms 8in 5tin an £1:40" | pysn putton DPOT. 2 amp 1963 £
200mW Dimensions 20 x 16 x 15mm Hin 6in 3in £1-80° 250V a.c 1964 £0-80*
Order No. 2037 £0-25° g:: ;;'2 ;im g:g
1 i -
MINIATURE INTER/DRIVER nn MIDGETQWARERISWITCHES
Primary 20k, Secondary 1k Ratio 5 1 ALUMINIUM BOXES. Made from bright ali., folded Single-bank water type—suitable tor switching at 250Va.c
Order No 2038 Y " £0-23* construction each box complete with haif inch deep lid 100mA or 150V d.c in non-reactiver loads make-before
and screws. break contacts These switches have a spindle G- 25in dia
LT716 MIN. INPUT No. Length Width Helght Price and 30° indexing
Primary 100k0, Secondary k(. 15 x 13 x 13mm 159 5tin 24n 1iin 62p* | Description Order No Price
a2 160 4in 4in 14in 62p* | 1pole 12 way 1965 £0-48°
Ly (0, £ R 161 4in 2 1 62p* | 2pole 6 way 1966 £0 48"
i in yn p* -
LT711 MIN. DRIVER 162 5tin 4in 1}in 74p" | 3 pole 4 way 1967 £0-48°
Primary 10k}, Secondary 2kf}, C.T.. 15 x 13 x 13mm 163 4in 24in 2in 64p* | 4 pole 3 way 1968 £0-48*
Order No. 2040 €0-35* 164 3in 2in 1in 44p*
165 7in 5in 2;in £1-04" MICRO SWITCHES Order No. Price
LT712 MIN. OUTPUT 166 8in 6in 3in £€1-32* | Plastic button gives simple
Primary 500 ohm. Secondary 8 ohms. 100mw. 15 x 13 167 6in 4in 2in 86p* on-off action
13mm EP Rating 10 amp 250V a.c. 1969 £0-20
Order No. 2041 . Button glves 1 pole change
BRIDGE RECTIFIERS over action
LT717 MIN. INPUT Rating 10 amp 250V e.c. 1970 £0-25
Primary 150k(), Secondary 1k, 20 x 15 x 15mm SILICON 1 amp
Order No 2042 £0-52* Yggi . (B);‘der No Price
150 £0-28
LT719 MIN. INPUT 100V AMS BR1/100 £0-30
Primary 20k Secondary 1k, 20 x 15 x 15mm fggx :mg 821 200 £0-32 DISPLAYS
Order No. 2043 £0-32 BR1/400 £0-36 EYDPCHV " I O"‘;:S No. :5‘%:
LT722 MIN. DRIVER SILICON 2 amp in single ! .
Primary 10k, Secondary 2k(1, C.T., 20 x 15 x 15mm. S0V AMS BR2/50 £0-45 SDL?Z 0 gm ng[lﬁ ‘21; S::g
S B e | oy oot o | e
4 £0-52
LT724 MIN. OUTPUT 400V RMS BR2/400 £0-58 COLD CATHODE ITT 5087 ST 9 ,
Primary 1-2kQ C.T . Secondary 32 and 8 ohm. 200mw, | 1000V AMS BR2/1000 co.65 | side viewing indicator tubes Displays 0-9 and decima
Dimansions 20 x 15 x 15mm ~ points. Wide viewing angle—operates from 180V with 16k
Order No. 2045 £0.38* series anode resistors-—character height 16 Smm pin
FUSE HOLDERS AND FUSES | conneciions suppliod
Order no 1513 Price £0-60
LT726 MIN. QUTPUT Description Order No. Price
Primary 500 ohm, Secondary 3 2 and 8 ohm. 200mW. 20mm ~ 5mm chassis mounting 506 £0-07*
gl'rgg(n:‘lgn;oa%x 15 15mm £0-38* 1;1n % ;in chassis mounting 507 £0-12*
: 1}in car inline type 508 £0-15*
LT728 MIN. DRIVER Panel mounting 20mm 509 £0-20 VOLTAGE HEGULATORS
Primary 1k} C.T, Secondary 500 ohm C.T. Dimensions (RESGH) () T S £0-30 ;v:l;g.g:.?\;".g’t;s‘rom case MVR 7815 15V £1.26
5 > 20 x 20mm aae QUICK BLOW 20mm MVRA 7812 12V £1-25 MVRA 7824 24V £1-25
Order No 2047 £0-43 Type No Type No Type No
150mA 611 1A 615 3A 19
() CIL (TR 250mA 12 1:5A 616 4A & W 7505 o0 Toes O Cae v ars 18y €
Primary 200 ohm C.T.. Secondary 3 2 and 8 ohm. 400mW. 550mA 613 2A 617 5A 621 MVA 79‘5 g n‘! A ; B ;5 1-85
Dimensions 25 x 20 x 20mm 0 800mA 614 2:5A 618 All Sp each LS ERAWEIEN G
QOrder No. 2048 £0-39*
ANTI-SURGE 20mm
LT730 MIN. QUTPUT Type ‘No Type No Type No o R D E R I N G
Primary 500 onm C.T., Secondary 3-2 and 8 ohm. 500 mW., 100mA 622 1A 625 2 5A 626
Dimensions 25 x 20 x 20mm 250mA 623 2A 626 3 15a 629 PLEASE WORD YOUR ORDERS EXACTLY AS
Order No. 2049 £0-42° | 500mA 624 1 6A 627 5A 630 PRINTED. NOT FORGETTING TO INCLUDE OQUR
Anzeleech PART NUMBER
QUICK BLOW 1}In
L.E.D.s Type No Type No Type No .
Type Size Order No. Colour Price 250mA 631 500mA 632 800MA 634 ADD 12:% TO PRICES MARKED* ADD 8% TO
e 0125 0T =0 12 ALUEE D OTHERS EXCEPTING THOSE MARKED+t THESE
TIL211 0-1251n 1502 GREEN 25p | Type No Type No Type No ARE ZERO RATED
TiL213 012510 1503 YELLOW 25p 1A6A ggg §A5A ggg g: g:;
FLV115 0-2in 1504 RED 12p
Fvaio SEn 1205 GReen 259 637 All 6p oach POSTAGE AND PACKING
FLV410 0-2in 1506 YELLOW 25p Add 25p for postage and packing uniess other-
Just a selection from wise shown. Add extra for airmail. Min order £1

2nd Grade L.E.D.s

A pack of standard sizes and colours which tail to perform
to their very ridged specification. but which are ideal for
experiments

our huge stocks'

SEE OUR
977 CATALOGUE

BI-PAK

OrdegNoly 507 S8 126 pages packed with
L.E.D. CLIPS valuable ‘nformation
S-lze o Order No. Price ORDER Now
Bodr i@l BP0 W ONLY 50p Dept. P.E.7, P.O. Box 6, Ware, Herts

plus 15p P & P

COMPONENTS SHOP:
18 BALDOCK STREET, WARE, HERTS
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TRANSFORMERS

ALL EX-STOCK-SAME DAY DESPATCH. VAT 8%

complete digital clock kits
REAL TEAK CASE

COMPONENT PACKS DC-1000V. AC-1000V. DC-100mA

200 Mixed value resistors (count by weight) ?;5'3(:50'(” FO0ORLAL Belgai
150 Mixed value capacitors {count by weight) 8

30 Mixed value precision resistors W 2% VAT 8% P.&P.€2p
15 Assorted pots and pre-sets

10 Reed switches STEREO FM TUNER WITH

15 Wire wound resistors—mixed wattage PHASE-LOCK LOOP

1 Pack wire 50 metres, assorted colours 4 Pre-selected stations supply 20
Please state pack required. 80p per pack 35V. S0MA Max £20-45.

VAT 12{% P & P. 40p VAT 124% P. & P 40p

PLEASE ADD VAT AFTER P. & P.
Prices correct at 9th May 1877
Audio Accessories and Electrosil Resistors
SEMICONDUCTOR STOCKISTS
Callers welcome (Mon.-Fri.) or send 15p stamp for lists.

Barrie Electronics Ltd
3 THE MINORIES,LONDON EC3N18J

TELEPHONE 014488 3316 7 8

3

NCAREST TUBE STATIONS ALDGATE % LIVERPOOL S

480

MAINS 1SOLATING (SCREENED) AUTO TRANSFORMERS
PRIM 120/240 SEC. 120/240 CT Ref VA y R LGE NON ALARM
No (Watts) ‘olts
Ret VA . .
61 | (warts) n pap |18 0 0-15210-20 24 07 £1 O . 65
64 75 0115210240 395 0% + 850 VAT
07 20 440 079 4 150 0152002040 535 0% P
149 60 €-20 0 9% 6 30 0-115-200-20-240 775 114 ALARM
150 100 713 114 67 500 0-115200-220-260 1099 164
151 200 116 150 B4 1000 0-115-200-220-260 1876 208 £1 3 . 43
152 % z-: } g: 9 1500 0-115-200-220-240 2338 OA 66 DE LTA’ 2 +¢1.07 VAT
183 : : 95 2000 O15200-20-20 382 OA .
= ?‘5’8 b 25 000 0115200220240 400 0A Teak or Perspex case 6 x 2 x 3in (including free mains plug)
:gg 1000 37-20 0A CASED AUTO TRANSFORMERS FEATURES: 4 red jin high LEDs. 12-hour display with a.m./p.m. ingication
157 1500 45-80 0A 240V cable in & 115V USA Power failure indicated by flashing display. Precise accuracy trom mains
158 2000 54-80 0A 2 pin outlet frequency. Beautiful Burma Teak case or stylish Parspex (state first and second
159 3000 79-05 0A VA £ P &P colour choice: white, red, blue, green, black)
20 4.9 0 9 nw NON ALARM: Complete Kit (including Teak case) £11.50 incl Module Kit
12 AND OR 24 VOLT OR 12-0-12V 150 8-48 114 aw {excluding case) £9 inc!
PRIMARY 220-240 VOLTS 10% g;: Lg‘ gza ALARM EXTRAS: Pulsed alarm tone. Tilt operated 'Snooze period. Automatic
Raf Amps p | 2000 37-85 A0 95w brightness control. Simple setting
rﬁ (;2! 242\'5 2‘20 g“g‘ O VOUTIR ALARM: Complete Kit {inciuding Teak case) £14-50 incl = Module Kit (excluding
. : T RANGE case) £12:50 incl.
213 10 05 264 078 ¥
12 1 1.4 078 Cg{;‘s 9252‘;"12;3;’6'85:67 31302?35'1?:?'5?9\1 PERSPEX CASES: 50p less than Teak.
18 4 2 4-03 0-96 25 310 33, 40, 50V or‘ 25’_0;25\) LT READY BUILT: Extra £2 on compiete Clocks; extra 50p on Modules
70 6 3 5-35 0-98 S T TIMER FACILITY: Count in seconds up to 9 min 59 sec, extra 50p.
I ST B S AL R N U
. . 1 . . ‘e ’ H
"6 12 6 8.99 12 lp2 98 iy o ALPHA £11 incl.
17 16 8 10-39 132 |ygs 29 §.98 114
:;? :218 :(5) :3;: ;% 105 3.0 8-45 1.32 Ready Bullt. Non Alarm. White. black, blue. red
; : 106 40 10-70 1-50 green.
226 NRCONNN aHY 0 ;?g gg :;gg ;(6)3 4 digits phosphorescent green. fin high, 12- or
20 VOLT RANGE 119 100 2170 0A 24-hour display
Prim. 220/240V Sec. 0-12-15-20-24-30V
Voltages available 3, 4, 5.6.8. 9, 10,12, 15 60 VOLT RANGE
18, 20. 24, 30V AR 15-0-15V I8 IPvlm 220.'2|4%\|/ Sgcbo-fs—%wiga-?gvm Olscount on orders over § clacks or kits
Ref Quagesyavaiab BIo BIRISHIS RIS Overseas Add £2-50 surface or air postage
No  Amps [ P. &P (24 30. 36. 40, 48. 60V or 24-0-24V or
1m2 05 2-64 078 |0-0-30V
79 +0 3-57 09 |Ref f
B =5 4 % N Amps I P ap Send payment with order. S.A.E. for details
20 30 82 1 14 124 05 3-88 0-96
21 40 744 114|126 10 5-58 09 B A R 0 N
Bog tmo Mmoo gm Gy
117 60 9-92 1-45 a ; .
8 80 11.73 16 |1 4o un 18 (PE2) Southview House, 6 Gower Road
89 100 13.33 1-84 . : .
120 60 1566 184 Royston, Hertfordshire
SCREENED MINIATURES 121 80 2095 A0
Ref  mA Voits t PaP 122 100 24.03 AO Telephone. Royston (0763) 43695
28 A0 3.0.3 199 055 189 12:0 27.13 AOQ
a7 Ui 303 2,3 ROgTE HIGH VOLTAGE MAINS ISOLATING
] 9-0-9 24 0B A
25 330,330 09,09 199 03 rim. 200/220V or 400/440V
A7 500,500 089, 089 259 071 S eC 007120401200 250
28 1A 1A 089089 353 078 | YA Rel £ <
momRmEL R S am o w TECHNICAL TRAINING
@l oEe atsen - 0 (L i ﬁg
06 1A 1A 0152001520 38 0-%
2 A Bl A o IN ELECTRONICS AND
M4 1A A 0-15-270-1527 539 0% p L U S
S s Vimsw  2s 0% TELECOMMUNICATIONS
BRIDGE RECTIFIERS CARTRIDGES BOWERJUNITS ICS can provide the technical knowledge that is so essential to
P &P | ATSS R EERT, CABE MR (LI our success: knowledge that will enabl ke ad
200V 24 £0-45 029 | SONOTONE Stabilised 3-6-7-5-9V at 400mA b4 : ge that will enable you (o take advantage
400V 2A £0-55 029 | yio0 £4.95 £5-95 of the many opportunities open to trained people. You study
200V 4A £0-65 0:29| gTAHC £2.63 | 3300 fits into 13A socket 6-7-5-9V in your own home. in your own time and at your own pace and
400V 4A £0-80 02| acOs 300mA £3-30 if you are studying for an examination ICS guarantee coaching
40V 6A  £1:00  0:28| Gpga1 g2.18 | VAT 124% P &P. 75 until you are successful.
500V 10A*  £2-35 029 | Gpeg1  £2.40 .
VAT 124% *VAT 8% BSS(F;M 228 DECS s°§3§25.‘$§ BREAD- City & Guilds Certificates:
[IESTAMETERS SC12M  £2-92 | S Dec 70 contacts £1-98 Telecommunications Technicians
AVO 8 MKS £68-95 A T Dec 208 contacts £3-68 A q ;s
AVO 71 c2mo0] [ COL ORI G [ D S e et ooy Radio, TV, Electronics Technicians
AE Srea|_G80  ge0s| UDec B forICs et 63 Technical Communications
Avo TTIy Incircut | SKIREL cypgp [ o 8P 4P Radio Servicing Theory
L} 1 ester . :
U315 e cast £14.95 VA'??E, j T ANTEX SOLOERING IRONS Radio Amateurs
VAT 8% P &P €11 : - i i
AVOac;ses and ac‘i:esssones P.&P. 35 25\% f|3‘2°| « Stand £1-45 le};"i‘tgc(ail Incstauahon' Work
olderless iron kit £4-93 adi i i
ELECTRONIC CONSTRUCTION KIT VAT 8% P.&P. 46p © Communications Certificate
10 projects (including electronic organ). No solder- .
ing needed £7-29. VAT 8% P. & P. 70p TI MINI-MULTIMETER Diploma Courses:

Colour TV Servicing
Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV, Audio Engineering and Servicing
Electrical Engineering, Installation
and Contracting

POST OR PHONE TODAY FOR FREE,BOOKLET.
To: International Correspondence
Schools

lﬂ Dept. 772H Intertext House, London
SW8 4UJ or telephone 01-622 9911
Subject of Interest

Name

Address
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DORAM KI(TS CONTAIN
EVERYTHING DOWN TO
THE L AST NUT!

NOW AVAILABLE IN MADE-UP FORM
PRICE £29.95 + S VAT (Buiit, Tested &
Guaranteed - order code 997-162)

v

|Crosshatch & |

Pattern
Generator

Kit
Order code
$97-033
Completely self-contained unit requiring only connection
to mains and TV UHF aenat socket. Incorporates its own
pulse generatar giving fully interlaced scan and has
unique frequency adjustment control, cahibrated using
visual display on TV screen to ensure correct field
frequency.
Choice of outputs  blank raster dots crosshatch and
greyscale plus set frequency position. Facilitates setting
of static and dynamic convergence, purity, black level,
linearity, focus.

QO'seas orders—add 15% for P+P. All items offered for sale subject
to the Terms of Business set out in Doram Edition 3 catalogue, ‘price
60p. The Doram Kit brochure is also available, price 25p. Combined
price only 70p which also entitles you to 2x25p vouchers, each one
usable on any order placed to the value of £5 00 or more (ex. VAT)
DORAM ELECTRONICS LTD
P.O. BOX TR8. WELLINGTON RD.IND. EST. LEEDS LS12 2UF

An Electrocomponents Group Company
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NEWS FROM JOSTY |/

JOSTYKIT—a product from Denmark
HF 61-2 DIODE MEDIUM WAVE RECEIVER

By means of a very simple technique
a reasonable reception Is attained.
HF 61-2 is bullt on a small circuit
board of the same size as the general
purpose amplifier AF 380. The two
i assemblies should be connected to
produce power for a loudspeaker.
HF 61-2 is especially useful for
beginners, who have not tried to
assemble electronic kits before.

€4-30

HF 305 VHF RADIO-CONVERTER

Extend the range ot your transistor
radio. Listen to Amateurs (2
metre band), Aircraft,
Trawlers, elc. Two
transistor circuit with
printed circuit coils, varactor diodes and
superior circuit design. Converts radio
signals in the 100-200MHz
range to output signal at
100MHz. Pipe this into your
VHF receiver and you're in a
new dimension.

AT 365 3 CHANNEL DISCO LIGHT

A new concept in psyche-
delic lighting. Uses built-in
microphone. Avoids awkward
connections to amplifiers.
Position light-show to best
advantage without long tralling
leads—just plug in to nearest
power point. Clrcuit combines
latest integrated circuit tech-
niques with solid-state power control. Quad op. amp. makes selection of
dass, midrange and treble frequencies easy. Three thyristors (SCRs)
gontrol three separate lampbanks. Kit includes fused dc
power supply and FET zaro light adjustment. WARNING
Only experienced persons should attempt the intercon-
nection of mains equipment

£6-70

£17-00

A quality, printed circuit, no
trimming. aerial amplifier
Fantastic frequency range
due to use of printed coils,
21dB amplification at
400MHz. Two  separate
inputs for UHF and VHF. No
loss of signal or intercom-
munication problems.

NT 410 AERIAL AMPLIFIER CURRENT SUPPLY

NT 410 is a current supply. specially
built for aeral amplifiers, such as
HF 385-2, but can aiso be used for
other aerial amplifiers. NT 410 is
supptlied with input and output clamps
for 75 ohm or 50 ohm aerlal cables.
it is thersfore not necessary to solder
—just cut and strip the aerial cable
and attach to NT 410. The aerial signal
tfrom the aerial amplitier to the
recelver passes without complications
and the current to the aerial amplifier
passes through the same cable. NT 410 describes how to use NT 410
together with HF 395 and HF 385-2. £4.50

o JOSTY | (LK) LTD

MAIL ORDER DIVISION
P.O. BOX 68, MIDDLESBROUGH,

CLEVELAND, ENGLAND B15CQ
SEND FOR OUR FREE CATALOGUE
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SYNTHESISER AND SOUND EFFECT KITS

PRINTED CIRCUIT BOARDS,
COMPONENTS T0 A
MARKET.

PHONOSONICS

MAIL ORDER SUPPLIERS OF QUALITY
KITS AND
WORLD-WIDE

COMPONENTS SETS include all necessary
resistors. i potent
meters and transformers Hardware such as
cases. sockets. knobs. et¢c are not included but
most of these may be bought separately Fuller
details of kits. PC8s and parts are shown In our
lists.

CIRCUIT AND LAYOUT DIAGRAMS are supplied
free with all PCBs designed by Phonosontcs

PHOTOCOPIES of the P £ texts for most of the
kits are available—prices in our lists

P.E. SYNTHESISER (P.E. Feb 73 to Feb. 74)

The well acclaimed and highly versatile large-scale
mains-operated Sound Synthesiser complete with
keyboard circuits Other circuits in our lists may be used
with the Synthesiser to good advantage. notably P E
Minisonic, Phasing Unit, Wind and Rain. Rhythm
Generator. Sound Bender. Voitage Controlled Filter.
Guitar Effects Pedal and Overdrive, Fuzz. Tremolo and
Wah-Wah units

The Main Synthesiser: PSU. 2 linear VCOs. 2 ramp
generators, 2 Input amps. sample hold. noise generator
reverb amp. nng modulator. peak level circuit. envelope
shaper, voltage controlled amp Fuil details 1n lists.

Set of basic component kits £83-03

Sat of printed circuit boards £11-45
The Synthesiser Keyboard Circults {can be used without
the Main Synthesiser to make an independant musical
nstrument) 2 logarithmic VCOs. divider. 2 hoid circuits, 2

modulation amps. mixer. 2 envelope shapers and
additional PSU Full details in our hsts
Set of basic component kits £48-18
Set of printed circuit boards £7-66

P.E. MINISONIC M. 2 SYNTHESISER
A portable mains-operated Miniature Sound Synthesiser,
with keyboard circuits Although having shightly fewer
factities than the large P.E Synthesiser the tunctions
oftered by this design give 1t great scope and versatihty
Conasists of 2 log VCOs. VCF, 2 envelope shapers. 2 voltage
controlled amps. keyboard hold and control circuits. HF
oscitlator and detector. nng modulator. notse generator,
output amp and mixer. power supply.

Set of basic component kits

Set of printed circuit boards

ELEKTOR  "FORMANT"  SYNTHESISER
Magazine 1977)

Details of component kits and PCBs are in our iists

GUITAR EFFECTS PEDAL (P.E July 75)

Modulates the attack. decay and filter characteristics of an
audio signal not only from a gurtar but from any audio
source. producing 8 different switchable effects that can
be further modified by manual controls Possibly the most
interesting of all the low-priced sound etfects units (n our
range Circuit does not duphcate effects from the Guitar
Overdrive Unit

trom £64-25
£8-71

(Elektor

Component set with special foot operated
switches £7-58

Alternative component set with panel mounting
switches £4-96

Printed circuit board

SOUND BENDER (P £. May 74)
A multi-purpose sound controller. the functions of which
include envelope shaper. tremolo. voice-operated fader,
automatic fader and frequency-doubler

Component set for above functions texcl SWs) £7-84

Printed circuit board £f1-3
Optional extra—additional Audio Modulator, the use of
which. in conjunction with the above component set. can
produce jungle-drum rhythms

Component set (incl PCB)

PHASING UNIT (P.E. Sept. 73)
A simple but effective manually controlled unit for
introducing the phasing sound nto hive or recorded
music

Component set (incl PCB)

PHASING CONTROL UNIT (P E Oct. 74)

For use with the above Phasing Unit to automaticaily

control the rate of phasin
Component set (incl PCB)

WAH-WAH UNIT (P.E Apr 76)
The Wah-Wah eftect produced by

£1-43

£2-88

£2-87

£4-48

this umt can be

controlled manually or by the Integral automatc
controlier

Component set {inc] PCB) £3-55
AUTOWAH UNIT (P.£. Mar 77)

Automatically produces Wah-pedal and Swell-pedal

sounds each time a new note 1s piayed.
Component set. PCB. special foot switches
Component set and PCB. with panel switches

£7-27
£4-83

P.E. JOANNA (P.E. May/Sept 75)

A five-octave electronic piano that has switchable
alternative voicing of Honky-Tonk piano. ordinary piano.
harpsichord. or a mixture of any of the three, together with
tacilities including tast and siow tremolo. loud and soft
pedal switching. and sustain pedal switching. The power
amplifier typically delvers 24 waits into 8 ohms. The PCBs
have been redesigned by ourselves making improved use
of the space available

Main power supply. tone generator. 61 envelope shapers.
voicing and pre-amp circuits

Set of basic component kits for above £75-29
Set of printed circuit boards for above £20-35
Power amplifier £15-97
Prinied circuit board for power amp 95p

RHYTHM GENERATOR (P E. Mar. Apr. 74)

Programmable for 64,000 rhythm patterns from 8 etfects
circuits {high and low bongos. bass and snare drums, long
and short brushes, blocks and soft cymbal)., and with

variable time signatures and rhythm rates. Really
fascinating and useful.
Tempo, Timing. Logic, 8 Effects circuits. PSU.
Set of basic component kits for above £36-14
Set of printed circuit boards for above £7-03

SEE OUR OTHER ADVERT FOR KEYBOARDS,

AND OUR LISTS FOR OTHER COMPONENTS

AND ACCESSORIES STOCKED—ALSO SOME
NEW KITS!

REVERBERATION UNIT (P.W. Nov./Dec. 72)

A Mgh quahty unit having microphone and line input
pre-amps. and providing full control over reverberation
level

Component set (excl. spring unit) £9-73
Printed circuit board £1-96
9in spring unit £6-50
Panel meter (50uA) (optronal) £5-70

WIND AND RAIN UNIT
A manually controlled umit for producing the above-named
sounds

Component set (incl PCB)

GUITAR OVERDRIVE UNIT (P.E. Aug. 76)

Sophisticated. versatile Fuzz unit, including varnable and
switchable controls affecting the fuzz quaility whiist
retaining the attack and decay. and also providing filtering
Does not duplicate the effects from the Guitar Effects Pedal
and can be used with it and with other electronic
nstruments.

£3-72

Component set using dual stider pot £6-86
Component set using dual rotary pot £6-20
Printed circuit board £1-82
FUZZ UNIT
Simple Fuzz unit based upon P.E Sound Design
circuit
Component set (incl PCB) £2-03
TREMOLO UNIT
Based upon P.E  Sound Design circuit
Component set (incl PCB) £3-64

TREBLE BOOST UNIT (P.E Apr 76)
Gives a much shriller quahty to audio signals fed through
It The depth of boost is manually adjustable

Component set (incl PCB) £2-40

DYNAMIC RANGE LIMITER (P.E. Apr. 77)
Automatically controls sound output to within a preset
level.

Component set (incl. PCB)

ENVELOPE SHAPERS

Both of the kits below have manual control over thew
Attack, Decay. Sustain and Release functions. Kits include
PCB (VCA means Voltage Controlied Amplitier)

£4-58

Envelope Shaper and VCA (P.E. Apr 76) £6-68
Envelope shaper (without VCA) (P.E. Oct. 75} £4-86
nt generator (P.E. Apr. 77} £6-34

VOICE OPERATED FADER (P.E. Dec. 73}

For automatically reducin music volume during
talk-over’ —particularly useful for Disco work or for

home-movie shows
Component set (incl. PCB)

VOLTAGE CONTROLLED FILTER (P.E. Oct. 74)

An independantly designed VCF that can be used with the

P E Synthesiser
Component set
Printed circuit board

£31-97

£3-80
£1-38

SOUND-TO-LIGHT (P.E Aurora) (P.E. Apr.-Aug. 71)

Four channels each responding to a differant sound
frequency and controlling its own hight. Can be used with
most audio systems and lamp intensities

Basic component set (excl thyristors) £15.92
Printed circuit board for above £3-90
Power supply £5-78
PCB for power supply f1-79

3-CHANNEL SOUND-TO-LIGHT (P.E Apr. 76)

A simple but effective sound-to-light controiler capable of

operating 3 Jamps each of approximately 700 watts

Includes power supply. thyristors. and by-pass switches
Component set {inci PCB) £11.95

DISCOSTROBE (P.E. Nov. 76)

d4-channel light-show controller giving a choice of

sequential, random, or full strobe mode of operation.
Basic component set £18-19
Printed circuit board £3-45

P.E. TUNING FORK (P.E. Nov. 75)
Produces 84 switch-selected frequency-accurate tones An
LED monitor clearly displays all beat note adjustments

ideal for tunming acoustic and electromc musical
nstruments alike.
Main component set {incl PCB) £15-59
Power supply set (incl PCB) £7-03

P.E. SYNCHRONOME (P.E. Mar. 76}

An accented-beat electronic metronomae. providing duple.

triple and quadrupte times with full control over the beat

rate Can also be used as a simple drum-beat rhythm

generator. Includes power supply
Component set (incl. loudspeaker)
Printed circuit board

PEAK LEVEL INDICATOR (P.E. Mar. 76)
A twin-channel visual display unit for monitoring the peak
level of audio signals Well suited for use when
inter-coupling our many sound producing kits to heip
avoid signal over-loading

Component set (incl PCB) (as published)

BIOLOGICAL AMPLIFIER (P.E Jan.’Feb. 73)
Multi-function circuits that. with the use of other external
equipment. can serve as lie-detector. alphaphone,
cardiophone etc

£11-62,
£2-04

£3-88

Pre-Amp Module Component set (incl PCB) £4-22
Basic Output Circults—combined component
set with PCBs. for alphaphone. cardiophone.
frequency meter and wvisual feed-back lamp-
driver circuits £6-59
Audio Amplitler Module Type PC7 £7-35

TAPE NOISE LIMITER
Very effective circuit for reducing the hiss found in most
tape recordings. All kits inciude SCBs

Standard tolerance set of components £2-96
Superior tolerance set of components £3-76
Reguiated power supply (will drive 2 sets) £4-89

SEMI CONDUCTOR TESTER (P.€. Oct. 73)
Essential test equipment for the enterprising home
constructor. Whiie stocks last.

Set of resistors. capacitors, semiconductors,

potentiometers, makaswitches and PCB £9-63

Panel meter (500uA) £5-70
MICROPHONE PRE-AMP (PE Apr. 77)

Component set {incl PCB) £€3-78

POST AND HANDLING

U K orders—under £15 add 25p plus VAT. over £15 add 50p
plus VAT Keyboards £1 50 plus VAT

Optional Insurance for compensation against loss or
damage n post. add 35p in addition to above post and
handiing

Ewe. C!. BF PO . and other countries are subject to
Export postage rates

LIST—Send Stamped Addressed Envelope with all UK.
requasts tor tree list giving fuller details of PCBs. kits. and
other components

QVERSEAS enquines for list send 40p

DON'T FORGET VAT!
Add 12{°% (or current rate if changed) to full total ot goods.
post and handling (Does not apply to export orders).

Prices are correct at time of press, E. & O.E. delivary
subject to availability.

EXPORT ORDERS are welcome. though we advise that a
current copy of our list should be obtained before ordering
as it also shows Export postage rates All payments must
be cash-with-arder. in Sterhng and preferably by
International Money Order or through an English Bank To
obtain list send 40p.

PHONOSONICS - DEPT. PES7

- 22 HIGH STREET - SIDCUP - KENT DA146EH

MAIL ORDER AND C.W.0. ONLY
SORRY BUT NO CALLERS PLEASE
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The Finest . . .

The 'S.K.A."" Plastic Keyboard was developed by Kimber Allen Lid. in
co-operation with a Swedish company and the manufacturers state that in their
opinion it is the finest moulded plastic keyboard made and is not to be confused
with cheaper keyboards avallable.

The keys are moutded in Acrylic plastic. a material chosen for its hard wearing
properties and ideal feel to the touch. They are mouided in two parts. the key
tace, which has to be perfect in appearance and finish, and the action. which
has to be strong and carry the mechanism. The strong section of aluminium
extrusion upon which they are mounted is specially designed to take all the
pressures of playing Springs, felts, and contact actuators are supplied
ready-fitted

The contact assemblies are constructed of laminated bakelite, thus giving
smooth slot walls and completely free movement of the gold-clad contact wires
Types available as follows (Contact pairs normally open)

GJ—SPCO 24p each GH—5 pairs S7p each
GB—-2 pairs 27p each  4PS—SPCO and 3 pairs 53p each
GC—13 pairs 36p each Palladium Wire Bus Bars, 1 octave
GE—4 pairs 45p each lengths 50p each

SEE QUR OTHER ADVERT FOR SYNTHESISER AND SOUND EFFECT KITS AND
SEE OUR LISTS FOR OTHER COMPONENTS AND ACCESSORIES STOCKED
SEND S.A.E. FOR FULL LIST (OVERSEAS SEND 40p)

PHONOSONIGS

DEPT. PES7, 22 HIGH STREET
SIDCUP, KENT DA14 6EH

Contacts: orders under £15 25p;

KEYBOARDS
ULLALS

37 Note C-C Keyboard
£25-50

49 Note C-C Keyboard
£32:25

61 Note C-C Keyboard

orders over £15. 50p £39.75

U.K. Post and Handling:

Keyboards: £1+50 each

VAT: Add 124% to final total on all U.K. orders

EXPORY ORDERS ARE WELCOME but please see our price list
for Export Postage Rates. N.B. Eire, Channel Isles and B.F.P.O.
classify as export.

Maii Order and C.W.0. only—Sorry but no callers plesse

Prices are correct at time of Press. E. & O.E. Dellvery subject to aveilability

» [ 4
THE : 5 %‘zl‘a
CAPACITIVE DISCHARGE ELECTRONIC
IGNITION UNIT

THE NEW, HIGHER RELIABILITY VERSION OF THE P.E.
“SCORPIO MK i IS NOW AVAILABLE IN KIT FORM!' Our
thousands of satisfied customers report:

More miles per gallon {customers reports give 10%-25% saving
—letters availabis)

An increase in overall performance—your 4 cylinder car feels like
a 6 cylinder

No more cold morning splutters—saves you even more petro!
through much Iess use of choke.

The price? A snip at only £16-50, fully inclusive of all parts,
instructions, postage/packing and V.A.T. (ready bullt unit

A available—£19-85 fully inclusive)
Il parts to high specification, first gquality and brand new

Construct this invaluable accessory, following our easy step by step
instructions (also available separately, price 30p post paid). Send
tor our free interesting six page brochure— 'Electronic Ignition—
How it Works’’ (S.A.E. Pleass) to.

ELECTRO SPARES

Dept. P.E., 187a Sheffield Road, Chesterfield, Derbyshire
$41 7JQ. Telephone: Chesterflield (0246) 36638

CHINAGLIA DINO—ELECTRICAL AND ELECTRONIC TEST
EQUIPMENT MANUFACTURERS

PRESENT THE CORTINA MINOR

/
[ T
o

One of a range of professional quality instruments now
available to U.K. users

® SENSITIVITY 20,000 @/ VOLT (D.C ), 4,000 0/VOLT(A.C) @ ROBUSY
DIODE PROTECTED PRECISION MOVEMENT @ 33 RANGES D.C
VOLTS 0-100mV, 1.5V, 5V, i5v, SOV. 150V, 500V, 1.500V. D.C.
CURRENT 0-50/:A, SmA, SOmA, SOOmA, 2:SA A.C. VOLTS, 0-7-5\,
25V. 7SV. 250V, 750V, 1.500V. A.C. CURRENT 0-25mA, 250mZ,
2°5A, [2:5A. dB RANGES, —10 to -+ 69. RESISTANCE RANGES
10k0, 10MQ F.5.0. CAPACITANCE RANGES 100uF, IF F.S.D. @ AC-
CURACY—RESISTANCE, D.C. VOLTAGE AND CURRENT 2:5° .
A.C. VOLTAGE AND CURRENT 35°% @ OHMS RANGES POWERED
BY INTERNAL BATTERIES @ COMPACT SIZE: 150 x 85  40mm 350gr
® CLEARLY CALIBRATED DIAL WITH ANTI.PARALLAX MIRR03
@ PROFESSIONAL QUALITY COMPONENTS EMPLOYED THROUGH-
OUT ® FULLY GUARANTEED FOR 12 MONTHS @ AFTER SALES
SERVICE AND SPARES FACILITIES @ SUPPLIED WITH ADDITIONAL
SHOCKPROOF PLASTICS CARRYING CASE, TWO HIiGHLY INSULATED
TEST LEADS AND INSTRUCTION BOOKLET @ SPECIAL 30kV PROBE
FOR D.C. MEASUREMENT AVAILABLE AS AN OPTIONAL EXTRA.

PRICE £35'10 (p & p £1) PROBE £12'85 inc, of VAT
For details of this and the many other exciting instfruments in the Chinaglia range,

including multi-meters, component measuring. automotive and electronic
instruments please write or telephone

@@@ INnstruments Ltd.

19 MULBERRY WALK, LONDON SW3 6DZ TEL. 01-352 1897
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BEFORE YOU BUY AN AMPLIFIER MODULE—CHECK:

30A t ist Gl fibre P.C.B
DOES IT HAVE : 3A d':i(:/‘gfs: (;g:&lsuzirts; : |ntae$gsrall éﬁtput capacitor

Then compare with the Tamba range—excellent value—25, 50 and 100W R.M.S

ALL PURPOSE

TAM1000 100W 4 ohms 65V £9-80
TAMS00 50W 4 ohms 45V £7.50 MIXER/PRE-AMP.
TAM250 25W 8 ohms 45V £4-75 . ‘
(with 60mm slider volume)
POWER SUPPLIES
For 1 or 2 TAM250/500 £7-50 Suitable for multiple input systems
For 1 or 2 TAM1000 £9-80 High and low impedance inputs

(Carrjage 50p on supplies)

[ ]

]

B High sensitivity

B Buiit-in supply smoothing
B 20-20,000 Hz +1dB
|
|
[ ]

B Suits ioads 4-16 ohms

B 20-20,000 Hz +1dB

B Silicon circuitry throughout
B Glass fibre P.C.B.

—80dB noise level
Accepts a wide variety of inputs
Wide range bass and treble controls

: i 8 Low distortion (0-1%) Use up to 10 PRE-AMPS with 1 power
L Ciief Semelfiits) (o 2oy B Low profile (1in high 34in x 3in)
B 75% efficient Printed circuit board assembly with
High grade components used through- B Accepts most mixer/pre-amplifiers treble and bass controls plus slider
out: Texas, Mullard, R.C.A.. Plessey, etc. 8l Four simple connections volume control .

Hours, 9.3C a.m.~5 p.m.
Monday — Saturday.
Callers welcome.
Tel: (01) 684 0098

TAMBA ELECTRONICS

Bensham Manor Road Passage, Bensham Manor Road, Thornton Heath, Surrey.

You may order as follows: C.W.O. (crossed cheques, P.O.s, M.O.s etc)—C.0.D. (60p
extra). We accept Access and Barclaycard—send or telephone your number—do not
send your card. Add VAT at 8% to orders for 50 and 100W units and at 124 % for 25W units.

HoME RADIO....

How could | ever
foryel‘ them?

Yes, | remember it well—Home Radio supplied all
the parts for me to make this little project. It's an
8-transistor radio you know. Mind you, this was some
time ago, and when a certain doggie gotin on the act| %
rather lost interest.

However, we elephants never forget, and when |
returned to the hobby. why bless me. there was good , ¥
old Home Radio busier than ever dishing out = _°
components. And today? Well, have you seen their .
fabulous catalogue? It's Jumbo sized—and | should
know! It's crammed with all the things the amateur -
constructor is bound to need. With each catalogue '——— e e as E e e e an Ee e g
they give a bargain list of unrepeatable offers.

Another thing—they have a wonderful credit|
scheme, simple to join, and it enables members to _ name
order by phone. Now, when | need components | just
put through a trunk call {(get it?) and they're sent off
without delay. Why not join the club? You'll need a
catalogue first. It has over 200 pages, lists over 5,000 |
items, with nearly 2,000 illustrations. The cost? A
modest £1 plus 40p for packing and postage. J HOME RADIO (Components) LTD Dept PE g N

Send the coupon today—now, before you forget! N 234-240 London Road. Mitcham. Surrey CR4 3HD 9129 Lordoen

Piease write your Name and Address :n block capitals '

ADDRESS

HOME RADIO (Components) LTD Dept. £ 234-240 London Road. Mitcham CR4 3HD Phone 01-648 8422
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INTERNATIONAL ELECTRONICS UNLIMITED

MEMORIES A ; SHIPMENT MADE VIA AIR-POSTAGE PAID
. “‘-‘*;J LARGE RED 2 DAYS FROM RECEIPT OF ORDER
D A NR et T iy A LED 1 CENTRAL PROCESSING UNIT

1702A 2048 bit PROM-STATIC | 2048 bit static PROM elect. -

fleci. Programmable, UV Erasable 24 pin .95 prog. UV ears. 24 pin 8008 £12-95

5203 2048 bit PROM-STATIC - /' £5.0 8080 A £12-95
Elecl. Programmable, UV Erasable 23 pin 5 -00

5260 1024 bit RAM MOS Dynamic 16 pin .:2 /] 2 1 02 ::4-5::):":‘: D.ql,«,d [ =

5261 1024 bil RAM MOS Dynamic 16 pin K 0 channel device provedes

5262 1024 bit RAM MOS Dynamic 22 pin 89 12/99p L028bitlstaticlRAMAYEIpin alfogic for 41 gt voh meier. g

7389 64 bit ROM TTL 16 pin L 137 £-89 with dats

745200 sz bit RAM Tri-State 16 pin \ 279 e
52527 256 PROM-Schutthy 16 pin \ﬂ\g — KEYBOARD K DL747£ 425
SHIFT REGISTERS tAC ﬁEEOUTATOR et 99p ¢ JZE55 | RED,7 SEGMENT DISPLAY

SR

2502 1024 bil MULTIPLEXED DYNAMIC 16 pin £2.59

CIORAE

4 UNIVERSAL SREADSOARD
2504 1024 bit MULTIPLEXED DYNAMIC 8 pin 259 #d (Oppet cicun board £2 o
2511 Tri-State Dual 50-100-200 bit STATIC 14 pin 206 % N s., p Y I; 2rows ot 17
251 Hex 32:bit STATIC 16 pin e oo Ao
2519 Hex 30-bit STATIC 16 pin 206 Versatile and ymple lor beead
2527 Dual 256 bit STATIC 8 pin 2| woiomws  gg vourding 1 ooy 79 1 X 8K EROM
2532 Quad 80 bit STATIC 16 pin 279§ 10220 P a3 HOTTRY
313 1024 bit accum. Dynamic 8 pin 1.20 MEMORIES R WS e N R
5016 500 /512 bit Dynamic 8 pin 1.10 1101 256 bit static RAM -89 : :

S P! ! A
TS LINEAR i 653 s 703 1103 1024 bl'l dynfmlc RAM -79
40004 1 4018A 89 J06bA 7 01 n e 106 . 1 2102 1024 :u ;lall( RA:A 1-75: ]
40014 21 4020A 111 406BA 1 02 @ 130n 148 5 - $261 1024 bit dynamic RAM e
WA 11 @A 111 40e9A W 104 P 07w ": F93410 256 bit bi-polar RAM 119 110% OFF WITH £15 ORDER
006A 110 40224 W M071A n w5 0 -y $1 » 1- ROM — character o,
worA 21 MDA N @A B w0 “ ] n B13 m"nm‘ actel o) 15% OFF WITHES0 ORDER
SO0BA T4 4024 T WTIA 1 08 69 e n T 24 8 THESE DISCOUNTS APPLY TO TOTAL
40094 47 M025A 21 4TSA ] Wk 125 g a0 51 82523 256 bit PROM 2-50 OF ORDER — SPECIALS INCLUDED
40104 “ W02TA 48 40TBA [} 1o 75 wo.g 102 7 75
WUIA 22 40I8A BT J081A B m AT 113 o &) Satistaction guaranteed. Shipment will be made postage prepaid within 3.days from
PPITS 0 WA i ASIBA 1-69 :‘1:! Y ST (] _:. ]‘: receipl ol order. Payment may be made with personal check. charge card (include
x::: : :1 zz: : :Z::: : n‘ o :;; ': f"": T o number and ep. date}, international money order (include receipt) or bank cheque
I5A  1-22  S042A  1-11 4903A n 1w 89 s 102 75492 63 made payable nUS.$
0164 S LT @ e SOCKETS Add 50p 10 cover shipping and handling it order is less than £5.
40174 98 00A < Solder tail - low profile The above prices do not incluce any taxes leviabie by a purchasers country of residence.
24 2
o e oo fOEL S0 G0 e | INTERNATIONAL ELECTRONICS UNLIMITED
74004 ] TaC6 107 RIS " i 0 po 4
TeCor 47 caer w0 ceCss 2o §oehe W e VILLAGE SQUARE, P.O. BOX 449
ZecosiRORD ek e B CARMEL VALLEY, CA 93924 USA
74010 40 TeCiSa 201 a1 1w wire wrap  gold phlr
740157 Ve pn %0 BARCLAYCARD PHONE (408) 659-3171 ACCESS

TIMEBAND TC441 LCD
5+ 4 functions Constant
display Battery Haitch.
Voucher for fres replace-
ment battery. Chrome case.
approx. §in. x 14in
Alsoc available with battery hatch and free
voucher: 5 + 4 functions—round watch on strap
TC411 chrome £24-95. TC410 Gold £27-85.
Oval face on integral bracelet
TC413 chrome £29-95. TC412 Gold £32-95

TIMEBAND C500 .
DIGITAL ALARM
CLOCK (lllustrated)

saman, L1 , BELT DRIVE TURNTABLE
si b E CONSTRUCTION KIT

cated  foatures. Black or white. Complete with SAU2 arm, template and easy-tp-follow
PN X n x + . B . .

B0, Mare sopnisibated. Sauare instructions. Ready for operation in a shorttime,
£15-90. C590 (Elevating reading

lamp) £23-50. .v A FEW OF THE BRAND NEW
. MANY BIG FEATURES | !N SEALED CARTONS
£1 1 95 NEw SUPERBLY STYLED SIX \ @ Wow Flutter 0 15°, peak |12 MONTHS GUARANTEE

THREE FUNCTION LED @Rumble -60dB weighted
Metal case. stainless steel back @®Removeable headshell OUTSTHARNPDI/&G VALUE
and s/s adjustable bracelet @V scouse damped ¥31 50
At the touch of a button—Hours, minutes and

seconds Push twice for day, date and month \ cueing device OUR( PRICE
Automatic 28, 30, 31 day calendar adjustment. ® Easily adjusted tracking
This watch has the styling and finish of a watch 1 force and bias setting .

costing twice or three times more. We are so A .Two speed. 16 pole

impressed that we will return your money in full, N\ h
it not delighted, it returned unmarked within 7 days synchronous motor
.D}q\ensnons 37.8x28 3cms

Caslo CQ-1. Clock, Alarm, Stopwatch, calculator £29-85. With a.c. L&h CON.Er andja"(dge available, P.O.A.
adaptor £32-95. Ibico quartz analogue (stepping motor) £34-50. Send 10p Callinorsend a théque, P.O, M.O, or Access, Barclaycard

tor our lllustrated Catalogue of over 50 watches, TV games etc. Prices
include V.A.T., P. & P. Credit cards, C.O.D. welcome or send cheque. American Express or Diners Club numbe’
P.O. to

TEMPUS 25005 mmo s nome LlOﬂ F)Ollﬁ( C%;

227 Tottenham Court Road, London W.1. Tel 01-580 3 3

£1.50p/p & ins)
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ring 'scope’to your interest.

"There’s only one way
fo master electronics...
fo 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.

X

BRILL.ON|OFF

Y SHIFT

X SHIFT

T/8 RANGE

'|Bul|d anoscilloscope. 9)Read draw and 3Carry out over40
T S ORI, (o understand circuit experiments on basic
strirmen that you will mees ot ooy diagrams. circuits.

for the counse’s practical experiments, but
aiso later if you decide to develop your
knowiedge and enter the profession. It
remains your property and represents a
very large saving over buying a similar
piece of essential equipment.

486

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 g ADDRESS
electronic practice. l

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.

INAME
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experiments on a wide variety of different
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TIME IS THE ESSENCE

ONE striking phenomenon of modern life is the individual’s

increasing subservience to time. Not just as periods to
occupy some tasks, but as precise moments in the day when
personal plans have to be synchronised in accordance with the
inevitable programme of happenings we all become invoived
in some way or another each day.

As ancient clocks bear witness, in the leisurely past sometimes
an hour hand alone was sufficient to mark the progress of the day.
Now the pace of life has quickened so that a minute hand is often
less than adequate and means for measuring the passage of
seconds, even submultiples of seconds, have become of impor-
tance in many quite ordinary routine activities.

And what has been chiefly responsible for making all of us
clock watchers, virtual slaves of time? The principal culprit,
without a doubt, is electronics. The modern obsession with
time could be reckoned to have begun with radio, for broad-
casting introduced the time signal into homes big and small, in
places near and far. So this standard measure of time entered
our lives and, together with programme schedules, soon became
a dominant influence in determining .our daily affairs. Time
insinuated its way further into our personal affairs when the
transistor radio came along and made reception simple at all
times in practically all places. We now live by the clock as no
previous generation ever did.

From a scientific standpoint electronic developments have
brought about a greater precision in the marking and recording
of time, commonly to the thousandth or millionth part of a
second. One of the biggest growth areas in electronics has been
in timer i.c. devices, closely matched by the complementary
technology of readout devices. These developments manifest
themselves most dramatically on the consumer market in the
form of the digital watch. Another very useful application of
electronic timer devices is the digital stopwatch. The Pocket
Stopwatch design featured in this issue has considerable
advantages over its clockwork counterparts and should enjoy
widespread popularity.

Electronic computers and the more recently introduced micro-
processors will be influencing our lives more and more in
various ways in the future. Computing systems are nothing if
not time conscious. They are geared to a Lilliputian time
scale of micro- or nano-seconds. Clock—not oscillator, it
might be noted, has long been the accepted term for the time
controlling device employed in the computing world.

So whichever way one looks at it, electronics seems to be
inexorably tied up with the question of time/speed. The
constant urge and aim of microelectronics designers and manu-
facturers is to increase the speed of their devices; to permit more
functions to be carried out per millisecond. It's an ever-
accelerating pacemaker that is moulding our destinies, however
subtle some of its effects may be. Shades of the Sorcerer’s
Apprentice! Would we ever be able to cry halt, supposing we
wished to?

F.E.B.
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farth Leakag

GIRGUIT
BREAKER

By K.A. SMITH

VERY day more and more electrical equipment goes
E into service, much of it having metal parts
exposed. Regulations demand that the equipment has
satisfactory insulation and that the case of the equip-
ment, or the body of, say, a drill should be earthed.

This sounds fine in theory but consider some possible
faults. A drill has been in use for some time with all
too typical ill-treatment. After much flexing and
tension of the cable in use and in storage, the earth
conductor finally breaks while the drill is being lowered
down a ladder by its cable. Over the last few months a
carbon build-up has occurred around the brush gear,
and when the drill is switched on at the bottom of the
ladder by a person standing on the damp ground, a
leakage current of many milliamps passes. The
current may have two effects, first a stra‘ghtforward
shock, and secondly a fall due to the muscular con-
tractions and the jerking away of the drill. Either
could be injurious, if not fatal.

Table 1: The effect of electric shock (60Hz)
on humans

Current

intensity

(One second

contact) Effect

1mA .. .. Threshold of perception

5SmA .. .. Accepted as maximum harmless
current intensity

10-20mA "“Let go" current before sustained
muscular contraction

50mA .. Pain, possible fainting, exhaustion,
mechanical injury. (Heart and
respiratory functions continue)

100-300mA .. Ventricular fibrillation will start but

respiratory centre remains intact

A .. .. Sustained myocardial contraction
followed by normal heart rhythm.
Temporary respiratory paralysis.
Burns if current density is high
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EFFECTS OF SHOCK

Table 1 shown gives the figures determined by John
M. R. Bruner and presented in ““Hazards of Electrical
Apparatus”, Anesthesiology, Mar-Apr 1967. This table
was reproduced in this form by Messrs Hewlett-
Packard in Application Note AN7]8.

Normally the skin resistance lies between about
50 kilohms and 250 kilohms for people with a fairly
dry skin, thus a 250 volt supply would normally give
a shock from ImA to 5SmA, but this cannot be relied
upon as area of contact and damage to the skin cause
differences. Any more than a fleeting contact may
produce damage destined to increase the current flow.

Having discussed some of the dangers, what now are
the answers? Obviously nothing can be done about a
shock between the live and neutral of a mains supply,
but it is surprisingly difficult to get such a shock.
Probably the only way would be to lean on the live
terminations of a transformer or similar unit and get
a shock confined to one hand.

LEAKAGE

It is however very easy to handle equipment without
an earth connection (e.g. portable lamps) and find a
leakage current perceptible to the touch. This leakage
may never increase to a dangerous level, but a frayed
wire into a metal lampholder of the type used on
some older optical apparatus could result in a direct
connection. Standing on a wooden floor even such a
direct connection may not be felt, but if at the same
time another piece of apparatus is touched which may
have a sound earth then a severe shock will result.
Cases have been known of shock when two photo-
graphic lamps have been picked up together.

The answer is in part in an acquired discipline; i.e.
touch one piece of apparatus at a time, with the other
hand behind the back or in a convenient pocket, and
wear insulated soles on shoes. (Rubber or non-
porous p.v.c.) There comes a time, however, when
certain actions cannot be avoided, and several pieces of
mains driven equipment are used together. In this
case the only safe way to operate the equipment is to
have some means of detecting the fault currents running
to earth.
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FUSING

If a direct connection occurs then a fuse may be
blown if the ratings are correctly chosen. Wiring can
arc and cut itself through if the contact is gentle and
the fuse an old type 15 amp wired pattern, thus the
fusing of equipment should match the duty. Internal
fuses will not help here since the faults are cable faults
and will not be protected unless the plug or the circuit
is fused to a low level.

Obviously faults which could be dangerous can
happen inside a unit—when filter capacitors break
down, a wire is trapped under a component and
eventually plastic flow of the insulator allows contact,
or switches arc across. It should be mandatory for
suitable fuses to be fitted, but even in this respect
difficulties arise, since some transformers have very
large magnetising currents, and may require con-
siderabiy heavier fuses than the normal full load rating
would suggest. The use of delay fuses is one solution,
lower flux densities in transtormer designs another
way to reduce inrush and lower the working tempera-
ture, but economics seem to be against the latter.

When the neutral line makes contact with earth there
will be a slight current flow. 1t is possible to find
several volts from neutral to earth due to the voltage
drop in the neutral line when carrying current, a figure
of two volts being quite common. It is unlikely that
any effect would be noticed unless there happened to
be neutral fuses in the system, and even then only if
the earth line impedance is much lower than the
acceptance figure of one ohm. With a good earth
return, having a figure of, say, 0'1 ohm then 20 amps
would be possible provided that a much greater current
than this was being drawn via the ncutral to support
this earth return current.

Under normal circumstances an earth fault between
neutral and earth is not dangerous. Certain areas of
premises having gas mixtures or spray booths, etc.
could be in danger if any apparatus having a neutral
to earth fault touched an earthed cubicle, since there
would be a slight spark, but in domestic situations
there would be no danger.

EARTH LEAKAGE DETECTOR

The earth leakage unit described is an answer to the
problems, and was originally designed to meet the
demand for safety in a colour processing darkroom.
The stainless steel top of the processing bench in close
proximity to the sensor and heater of the thyristor
operated temperature control unit, an accessible en-
larger. thyristor lamp controller, enlarger timer,
process timer and clock all pointed to the need for an
earth leakage unit. E

At this point the intention was to fit a commercial
model, but the frustration of trying to buy such an
article for private use made me determined to make
one for myself. Voltage operated relays were offered
but I did not relish the idea of holding a piece of equip-
ment with the live supply attached. waiting for the
voltage to rise high enough to operate the relay.
Should a fault occur then the earth line to the plug
is lifted in voltage until the relay trips, Fig. |. Theoretic-
ally this is at a relatively low voltage, say about 30 volts,
and someone holding the case of a portable tool and
touching an carthed pipe should not even realise that a
voltage has appeared. Ultimately the realisation will
dawn that the supply has switched off. However,
suppose that the earth wire has broken as in the example
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of the man on the ladder, then the fault current will pass
directly from the tool via the person holding it to earth,
and the relay will still be waiting for a signal it will
never get (at least not by that route).

FURTHER
SOCKETS

SEPARATE
EARTH
N L
Fig 1.
system

A voltage-operated earth leakaqe trip

Fig. 2. A current-balance earth leakage detector
‘system

Fig. 3. Effect ot leakage from the neutral to

- earth ;
10000

——
-

Fig 4. Effect of lcakage-from ive to earth
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An alternative method, which overcomes this prob-
lem, is the current balance trip system, illustrated in
Fig. 2. The current to the load is carried in and out by
a pair of conductors. Since a build up of current
cannot occur, whatever arrives via one wire must
leave by the other if the insulation is perfect. The sum
output of the current transformers is zero.

Should a leak develop from either conductor to
earth, as in Figs. 3 and 4, the currents in the two wires
will not be equal, and the net output of the current
transformers will not be zero.

The current transformers if tron cored and having
about 2,000 turns could produce an e.m.f. of at least
10mV under the conditions of Fig. 3, whilst if the
leakage were from the live conductor, then the current
would be 249mA to earth as shown in Fig. 4. With
the same current transformers the output could be
expected to produce about 2:5V summation.

An output of, say, 100mV which can be considered
a safe figure, clear of noise and the residual a.c. left
at null balance, would mean a minimum detectable
neutral leakage resistance of about 100 ohms and a
live conductor leakage resistance of about 25 kilohms,
that is a 10mA leakage from either neutral or the live
lead. These figures are of course examples to indicate
the order of current and voltage readings expected.
Any transformer destined for such duty would have
to be tested to assess its performance. The use of a
low inertia core material such as Radiometal would
improve the low current performance.

PRACTICAL SYSTEM

In practice the system does not have two transformers.
Both go and return cables are passed through one core
to balance out the load current, and leakage currents
as low as 2mA can be detected with a load current of
5 amps passing using a modified valve-type loudspeaker
transformer. .

The advantage of this systeny is that the monitor is
capable of detecting leakage at all times and does not
necessarily have to wait for catastrophic failure or a
person touching a live case. In the quoted case of a
broken earth wire on a drill then this would be the
case, but had the earth wire broken by pulling or
tripping over the cable of a hedge trimmer lying on the
damp lawn prior to use then the earth leakage unit
would sense this and trip the supply before the appara-
tus was touched. Any tendency for leakage to develop
even though the earth wire is still intact will trip the
earth leakage unit, the apparatus still being intrinsically
safe. Any trip of an earth leakage unit should be
investigated and not just reset.

CIRCUIT OPERATION

The circuit of the unit is shown in Fig. 5. The output
from current transformer T1 is fed to ICI, a standard
741 operational amplifier, which has back-to-back
diodes D1, D2 across the input to protect the amplifier
from damage due to transients. The input circuit is
returned to the centre point of resistors R6, R7 to give
an artificial OV line, so that effectively the amplifier
is supplied with +6V and —6V. The exact figures will
depend upon the type of 12 volt transformer used and
its regulation. Possibly a little more than the r.m.s.
value should be found even at 100mA drain when
using a 220xF smoothing capacitor.
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COMPONENTS . . .

Resistors
R1, R3, R4 10kQ (3 off)
R2, R6, R7, R3-R12 1kQ (7 off)
R5 1.8MQ (see text)
R8 4.7kQ
R13 3-6kQ
R14 22Q
All 5% +W

Potentiometer
VR1 10kQ min. horizontal preset

Capacitors
C1 22uF 25V elect.
C2 10uF 25V elect.
C3 220uF 25V elect.

Semiconductors
IC1 741 (8-pin d.i.l.)
TR1 BFY50 TR2 2N3055
D1, D2, D4-D7 1N4003 (6 off)
D3 High-brightness l.e.d.

Miscellaneous
T1 See text
T2 12V-0-12V 250mA secondary
RLA 3-pole changeover, 110Q 12V coil
(Electrovalue)
FS1 5A 20mm with panel-mounting holder
S1, S3 S.P. push to make, 250V (2 off)
S2 D.P.D.T. slide switch (used as s.p.s.t.)
PL1/SK1 Mains plug and socket, type as required
Printed circuit board. Terminal pins. 8-pin d.i.l.
socket.

Mounting pillars. Case (see text)

The voltage gain of the amplifier as shown is 180,
but this is a starting point and the gain should be
lowered to meet the level of sensitivity required. In
the final prototype unit, a value of 680 kilohms was
used as the feedback resistor RS, giving a gain of 68.
Provision should be miade for easy changing of the
feedback resistor, so that gain levels can be adjusted
as the parameters of the circuit become known,

The output at pin 6 of the 741 is a sine wave varying
in amplitude with the signal from the differential trans-
former. Since this signal depends upon the leakage,
the output from the amplifier is in proportion to the
leakage, though the relationship is not linear.

TRIGGER CIRCUIT

The 'relay is driven by a standard form of Schmitt
trigger circuit. A slightly unusual feature is the use
of dissimilar transistors. Normally two small-signal
transistors, or an i.c. followed by a power stage are
used as the trigger. In this case the signals are large
enough to use direct coupling of the trigger circuit to a
relay coil requiring about 100mA for operation.

At switch on, the normally closed relay contact
RLA3 holds TR1 in a conducting state by returning
its base via Rll to the positive supply. The TRIP
indicator l.e.d. D3 is also fed from this contact via R8.
While TR1 is in a conducting state the collector
potential is low and no significant current flows to the
base of TR2. The relay RLA is thus de-energised.
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This state can be reversed by operating the RESET
button S3. The drive to TR1 base is diverted to earth,
the collector voltage now rises and current flows via
R12 and R13 to the base of TR2, with the result that
the relay is energised. As the relay operates, contact
RLA3 opens so that even when the RESET button is
released there is no drive to the base of TRI and the
relay remains in the energised state.

The rate at which this happens is accelerated by the
change in voltage across R4, causing a rapid snap
action. The same action in reverse causes a rapid
decrease in energising current in the relay when the base
of TR1 is taken to a critical positive level. The action
should occur at about 2V to switch on and [-5V to
switch off, with the full supply voltage on the coliector
of TR2 in the de-energised condition, and under 1V
in the energised condition. The relay should snap on
and off without hesitation as the limits of input backlash
are reached.

When the circuit is operating correctly, the relay
should appear to de-energise faster than it energises,
which is contrary to normal operation. Should the
voltage at TR2 collector during energisation of the
relay exceed one volt, then the value of RI3 can be
reduced or a transistor with higher gain fitted.

RESET

It should be noted that the RESET button takes priority
over an incoming signal, but of course it should not be
operated after a trip without investigating the fault.
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If required, a large value capacitor with a high value
leak resistor could be wired in series with the contacts
of S3 to make the reset impulse-operated.

Having reset the trigger circuit and closed the main
contacts RLA1 and RLA2, the system is ready to
operate on a leakage signal. The output from the
amplifier is fed via C1 to D4 and charges capacitor
C2 across the input to the trigger circuit.  This provides
damping and prevents erratic operation.

Assume the input to ICl is a positive-going half
cycle, then the output will swing negative, C1 will
discharge slightly from its quiescent mid-voltage state,
and as the signal voltage reverses so the still basically
negative-going output waveform will give a positive
trigger to TR1. A negative-going input half-cycle will
trigger almost immediately. In both cases the relay
will release, and will be maintained in that condition
by the closing of RLA3. The Trip indicator D3 will
show that a trip has occurred. D3 has no effect on
the triggering potential, the voltage at pin D on the
circuit board only reaching a sufficiently high value to
operate the indicator after RLA3 has closed.

CONSTRUCTION

The prototype unit was housed in a home-made
plywood case 258 x 140 x 108mm. The amplifier and
trigger circuitry were built on matrix board. Figs. 6 and
7 show a p.c.b. developed from this. The transformers,
relay and input terminal block were mounted on a 16
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Fig. 6. Layout of components on the printed board

s.w.g. aluminium plate. Board and plate were stood
off the 10 s.w.g. aluminium front panel on pillars, as
shown in the photograph.

Some of the components used in the prototype differ
in style from those shown in the components list and
drawings, particularly VR1 and IC]. Those in the
prototype were simply to hand at the time.

THE TRANSFORMER

The heart of the system is the differential transformer.
As mentioned above, this can be made from an old
valve-type loudspeaker transformer which has had the
secondary winding removed. A transformer with a
layered winding, and which has the primary winding
terminated with- p.v.c.-covered flexible cable should
preferably be used. If the only type available brings
out the fine primary winding wire for connections, then
a sound mechanical attachment should be devised. As
an alternative a mains filament transformer can be used,
this having the advantage of a good primary connection.

Whichever type of transformer is used the secondary
must be removed. In the case of the mains trans-
former judicious unwinding and cutting should remove
the secondary winding without damage to the primary
and without the need to open the core, which if var-
nished could prove almost impossible. The speaker
type of transformer should be opened, the secondary
(usually about 22 s.w.g.) removed and the core re-
assembled with the laminations interleaved instead of
in the stacked form with paper gap normally employed.
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Whilst the size of transformer is not critical, too
small a unit may make winding of the current circuit
difficult, and too large a unit will have a large core
loss making the sensing of small currents impossible. A
good practical size is the type rated in mains versions
as 6VA with about 12VA taken as the upper limit.

With the secondary windings removed there will be a
gap between the outer part of the primary and the
core. Into this gap the current windings must be
wound by taking two lengths of 32/0-2mm or 40/0-0076in
250V grade wire and feeding them into the slots. The
windings should be five turns with the two conductors
fed in together and kept flat and symmetrical (Fig. 8).

The prototype current sensing transformer
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Fig. 7. Printed board track layout, shown full size

This bifilar winding serves to keep the leakage induc-
tance to a minimum, and make a nearly zero null
balance possible. The wires should be left long
enough to reach the relay and the output socket.

The transformer used in the prototype unit had been
wound previously for tests on a current limit circuit
and had one winding of 1,500 turns of 38 s.w.g. wire.
To achieve the desired 2mA sensitivity, five turns were
found necessary for the new winding, now to be
called the primary. Since a gap had been allowed for
in the original design there was plenty of room to fit
the new primary, whereas in some designs of trans-
former, even with the old secondary removed some
difficulty may be experienced.

ORIGINAL
PRIMARY

\PV ¢
INSULATED

CABLE

Fig. 8. Adding the new primary winding to the cur-
rent sensing transformer

Practical Electronics  July 1977

The current limit set for the unit was five amps and
was determined by the safe breaking current of the
relay. Since only darkroom equipment and the
occasional use of portable tools such as a drill or hedge
trimmer were envisaged, this was adequate. More
could be handled by increasing the relay rating or by
a staged system involving a light duty trip controlling
a heavy duty breaker.

Naturally all of the current of the protected items
must pass through the bifilar windings, but this does
not really pose such a problem as many transformers
of the 10VA class are wound with current densities
of 3,000A/inz or more. In this case the heating effect
of five double turns of cable on the outside of what is
really quite a large heat sink is minimal.

Much more current could be carried by the cable
specified if required, or for easier winding the cable
size for this current could go down to 16/0-2mm.
Using the axiom that one test is worth a thousand
opinions then the answer to the problem is simply to
try it with a load, preferably a low voltage high current
transformer supplying the test current, but even at
mains voltage this does not pose a serious problem.

RELAY

The relay used is a standard 3-pole type having a
nominal coil resistance of 110 ohms for operation
from 12V d.c. This should be a good quality com-
ponent since it must break the full load of the unit,
but the fault level of the supply need not be of any
concern as the included five amp fuse will clear line to
line faults without harm to the relay.
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Layout of components on the
front panel and chassis plate.
Wiring between the two should
be made into a cableform as
shown, to allow access for con-
struction and servicing

The release time of the relay is given as 20ms, and the
half-wave time is 10ms. The total release time is of
the order of 30ms or 1} cycles of 50Hz mains. The
current rating is six amps for a resistive load falling to
two amps for an inductive load, but it is unlikely that
a true inductive load would be switched as transformers
would have a secondary load, and power tools have not
a particularly large inductance.

TRIP CURRENT SETTING

Although great emphasis has been placed upon the
achievement of 2mA trip current, this was partly an
academic exercise and the final unit has a desensitise
switch to lower the sensitivity. For all of the darkroom
equipment, including the [kW kettle element used
with the thyristor controlled water bath controller for
the colour developer, the 2mA setting is ideal, but for
some power tools a less sensitive setting may be
required. An American made drill which has die-cast

Interior view of the prototype unit, showing mech-
anical arrangement
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bearings and a cable fitted directly into the handle
without any sleeve or clamp, works perfectly on the
2mA setting, whereas a British made drill requires
above 10mA setting, and-a hedge trimmer made by an
equally famous maker requires about 18mA setting.
Because of this resistor R2 was fitted across the secon-
dary of the differential transformer, and gave 18mA
trip current when switched in by S2. An alternative
to this would have been to reduce the gain of the 741
by switching in a parallel resistor acrouss the feedback
resistor RS.

The only problem met with the unit was when
switching off the colour matching fluorescent lamp.
Sometimes the unit would trip on the 2mA setting.
This was cured by replacing the rocker type switch
by an old tumbler type. Possibly some filtering of
the lamp circuit should have been done, but the simple
expedient was effective and has been accepted.

CONCLUSIONS

In this article an attempt has been made to give some
of the design thinking in order to illustrate how avail-
able material has been used. This is felt to be impor-
tant to enable the constructor to appreciate the snags
and overcome them, thus allowing ‘‘tailoring™ of the
finished article to meet requirements.

The finished unit is intended to be a portable device
terminating a short extension lead. For this reason
great care should be taken to ensure continuity of the
earth lead to the unit, unless the double insulated
technique is used with all plastics constructional
materials.

In all cases the earth to the outlet socket should be
sound as this will give the “‘early warning™ protection
against equipment which is gradually becoming leaky,
as well as giving the same safeguard as is normally
afforded should a fault develop in the unit. The test
button shouid be used to check the operation each
time that the unit is used, or if the unit is to be left
switched on then a weekly test should be given. ¢
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SEMIGONDUCTOR
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THERMOMETER CHIP

If you wanted to build an electronic
thermometer, then until recently you
would have had to choose either a
thermocouple, athermistor, or a semi-
conductor diode as your sensor.
Now, thermocouples are expensive
and require an expensive ‘‘cold
junction" reference and considerable
amplification, while thermistors are
fragile and have non-linear charac-
teristics. Using a silicon diode as a
sensor may seem attractive, but
changing that 2mV per degree C into
a usable output may cause a few
headaches, and will certainly require
an op. amp. or two.

Enter the LM3911 and all your
problems are over! The LM3911 is an
integrated circuit temperature sensor
and controller which comes in a
choice of either a four lead TO5 can,
a four lead TO46 can, or an eight pin
epoxy Mini-dip package. For the
money, you get a highly accurate
temperature measurement sensor
which handles a minus 25 degrees C
to a plus 85 degrees C range, a
stable voltage reference supply, and
an operational amplifier.

Temperature measurement  is
achieved by comparing the emitter
base voltages of two identical transis-
tors operating at different current
densities giving a scale factor of
10mV per degree C. The output of the
sensor section is connected to the
non-inverting input of the internal
op. amp. but the inverting input is
brought out so that the gain can be
programmed externally to give any
required output scale factor.

An internal shunt regulator Zener
diode provides a stable 6:8V supply
for the sensor and op. amp., and by
appropriate choice of external series
resistor, any voltage greater than this
can be used for a supply.

Versatility and ease of use are the
keynotes of the LM3911 design,
making it suitable for use in a multi-
tude of different applications. The
internal op. amp. can be hooked up as
a comparator so that its output is
switched as the temperature passes
a set point, giving, in effect, athermo-
static switch which is useful for on-
off heating control applications.
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The nominal operating current
drain is 1mA, although if used as a
switch, the op. amp. output can sink
5mA in comfort. Thermal coupling is
neatly achieved in the case of the
8-pin epoxy package by using the four
unused pins on one side of the
package as a thermal input. With
the metal can versions the base of the
can is the most sensitive region. In
still air a thermal time constant of
several minutes is achieved.

BUCKET BRIGADE

If you are turned on by such audio
effects as echo, chorus, reverbera-
tion and tremolo you can now throw
away your tape loops, springlines
and other bulky gadgets and replace
them all with a tiddly 16-pin DIL
integrated circuit called, believe it or
not, a bucket brigade delay line!
(more commonly known as a Charge
Coupled Device).

Actually “bucket brigade' is a very
apt name for this i.c. since its opera-
tion is analogous to that of fire
fighters passing buckets of water
down a human chain from a water
supply to the fire. Varying amounts of
water may be put into each bucket,
and assuming no spillage, the water
output emerges from the end of the
line in precisely the same discrete
amounts as it entered it.

A bucket brigade delay line is a
sort of shift register, but don’t con-
fuse it with the digital variety which
can only handle “full'’ and “empty"

LM3911
SAD-1024

buckets, because the novelty of the
bucket brigadeisthatit shifts analogue
quantities.

To my knowledge, the SAD-1024
device made by Reticon and now
available in this country, is the first
example of a bucket brigade delay
line to be produced at a low price
with the audio market in mind, even
though the principle has been used
in other areas for a number of years.

The SAD-1024 is an n-channel
MOS chip which uses gate capaci-
tances to act as ‘buckets’, and
charge to act as “'water'’. The device
has two separate bucket brigade shift
registers, each with 512 buckets, and
these may be used in series or parallel
to produce signal delays ranging from
less than a millisecond to more than
one second as determined by the
clock frequency.

The output at the end of the delay
line is a faithful reproduction of the
input with a signal to noise ratio of
75dB, and a bandwidth of 0 to 200kHz.
Insertion loss is quoted as 0dB and
to top it all off the chip consumes only
5mW from a single 15V power supply!

This device is certain to find very
wide application in the audio "‘special
effects’’ department and can also be
used for speaker system equalisation
in auditoria, and in such high techno-
logy areas as speech compression
and voice scrambling.

The sole UK distributors for the
SAD-1024 is Herbert Controls & In-
struments Ltd., Spring Road, Letch-
worth, Herts.

!V?

+15v

75K

;mm
O1pF l 3

OF GOES NEG
WITH TEMP RISE

Fig. 1. The internal arrangement of the LM3911 and an application as a

temperature controller
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Four trace display for a double heam ’scope

HE twin trace doubler described in this article

enables four traces to be obtained on a double
beam oscilloscope. and thus the phase relationships
of up to four signals can be directly displayed on
the scope. The only active devices used in this useful
piece of gear are a couple of inexpensive integrated
circuits.

Two inputs of the unit have gain controls and
switched a.c./d.c. coupling. The input impedance
at these inputs is about 40 kilohms. The other two
inputs are a.c. coupled and have an input impe-
dance of about 130 kilohms. When an a.c./d.c.
switch is in the d.c. position, the relevant beam will
respond to d.c. inputs whether the ’scope is a d.c.
coupled type or not. The unit is suitable for use at
both a.f. and r.f.. and the —6dB point on all inputs
is in excess of 12MHz.

BASIC PRINCIPLES

Basically the unit consists of a couple of disabling
gates controlled by a multivibrator, as shown in
Fig. 1. Actually four gates are used in the unit, one
for each input. These are used 4in pairs, one pair
feeding each input of the ’scope. Both gate circuits
are identical and fed from the same multivibrator.
For the sake of clarity only one set is shown in
Fig. 1.

When one output of the multivibrator is high the
other is low, and thus when one gate is on the other
one is off. Only one input signal is present at the
oscilloscope input at any one time, and in fact the
two input signals are presented to the scope alter-
nately as the multivibrator chops from one state to
the other.

A d.c. potential is applied to one input from a
potentiometer, and this d.c. voltage has the effect
of separating the two traces on the oscilloscope
screen.

If the frequency of the timebase waveform is a
factor of the multivibrator’s operating frequency, or
nearly so. the resulting display will be something
like that shown in the first oscillogram. Here the
chopping action of the circuit can be clearly seen (a).
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Fig. 1. Block diagram showing the basic

operation of the circuit

However, if the multivibrator is adjusted away
from one of these frequencies, successive sweeps of
the screen will far from properly overlap, and due
to the eye's incapacity to perceive fast action, the
display will appear as in the second oscillograph.
Much the same result will be obtained if the fre-
quency of the multivibrator is adjusted to below
the frequency of the timebase. The spot of the
c.r.t. will complete one or more sweeps of the screen
on each trace. but again this will be happening too
fast for the eye to see this action. The eye therefore
sees both traces displayed on the screen simul-
taneously (b).

If a trace doubler for a single beam ’scope is
required. it is merely necessary to omit the second
set of gates and their associated circuitry.

THE CIRCUIT

A couple of cMmos integrated circuits form the
basis of the circuit, one being used as a multivibra-
tor and the other containing the four disabling gates.
These i.c.s will operate from any supply voltage from
5 to 15 volts, and unlike conventional TT1. i.c.s, they
have a very low current consumption. The actual
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VR1

C1
>—I 1C2 PINS 12/13

I1C2 PINS 5/6

Fig.2. The astable configuration for IC1. Gates
G3/G4 shap= the antiphase outputs of G1/G2

current drawn by the complete circuit is only about
400 microamps from a 9 volt PP3 battery, and so
running costs are minimal. The complete circuit dia-
gram of the unit is shown in Fig. 3.

IC1 is a 4001AE quad two input NOR gate, but
here each set of two inputs are paralleled and each
gate is used as an inverter (Fig. 2). The output of
gate G2 is direct coupled to the input of gate GI,
and positive feedback is supplied between the output
of gate G1 and the input of gate G2 by way of Cl
and R2. VR varies the time constant of the feed-
back circuit and permits the frequency of oscillation
to be varied from less than 100Hz to above 2kHz.

Doubler oscillographs showing (a) chopping
action when timebase frequency is a factor
of the astable; (b) the astable adjusted to
display four traces

(b)
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COMPONENTS . . .

Resistors
R1 5:6kQ
R2 18kQ2
R3-R4  470kQ
All $W carbon
Potentiometers
VR1 100k Q

VR2/VR4 47kQ lin carbon (2 off)
VR3/VRS 500kQ lin carbon (2 off)

Capacitors
C1

47nF
Cc2 2:2uF polyester
c3 0-47uF
C4 2.2uF polyester
C5 0-47uF
Cé 100uF elect 10V
Semiconductors

IC1 CD4001 AE
1C2 CD4016AE

Switches
S1, S2, and S3 s.p.s.t. toggle (3 off)

Miscellaneous
Verobox type 75-1410J or similar size case (205 x
140 x 40mm)
Materials for p.c.b.
Six 3:5mm jack sockets (SK1-SK6)
Five small control knobs
PP3 battery and clips to suit
Two 14 pin i.c. sockets
Wire, solder, etc

The output waveform from gate G2 is rather poor,
so this is fed to two of 1C2 control gates via gate
G3, which is used to considerably reduce the risetime
of the waveform. The output of gate GI is fed to
gate G4 in order to maintain the correct phase
relationship (antiphase) between the two outputs.
This signal then operates the other two control
gates.

CONTROL GATES

A 4016AE ic. contains the four control gates.
When the control voltage is high, these gates present
a series resistance of only about 300 ohms, but with
a low control voltage this rises to many megohms.
In the “on” state the gates give a low level of
distortion and they are perfectly suitable for linear
applications.

The shift voltages are provided by VR3 and VR3S,
Resistors R3 and R4 are included as these two inputs
would otherwise be short circuited to earth with
VR3 and VRS adjusted for zero shift. C3 and CS
provide d.c. blocking at these inputs.

VR2 and VR4 are the gain controls tor the other
two inputs. C2 and C4 provide d.c. blocking at
these inputs, and S2 and S3 respectively can short
circuit these in order to provide d.c. coupling.

Inputs 2 and 4 will handle signal amplitudes of
up to several volts peak to peak without the wave-
form being clipped. the actual maximum level before
clipping depending upon the setting of VR3 or VRS,
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as appropriate. With VR2 and VR4 adjusted for
maximum sensitivity, inputs 1 and 3 will handle up
to about 2 volts peak to peak before clipping of the
negative waveform commences. Higher amplitude
signals can be accommodated by turning back the
sensitivity controls.

It is advisable to keep the leads connecting the
doubler to the 'scope as short as possible. There
will then be a minimum of additional input capaci-
tance when the doubler is in use. Of course, these
leads must be screened.

If only a single trace doubler is required, R4,
VR4, VRS, C4, C5, and S3 are omitted from the
circuit.

A convenient feature of the circuit is that it has
unity voltage gain at middle frequencies (VR2 and
VR4 adjusted for maximum sensitivity) and any
calibration devices fitted to the ’scope can be used
in the normal fashion.

Disposition of components
external to the p.c.b.

CONSTRUCTION

A small p.c.b. measuring 89 X 54mm contains
most of the small components. only C2 and C4 being
absent. These are wired directly across the tags of
S2 and S3 respectively. Full details of the p.c.b. are
reproduced actual size in Fig. 4.

The board is produced in the normal way and is
a relatively simple affair. The two mounting holes
are drilled for 6BA clearance using a 3-2mm twist
drill. The i.cs are each mounted in a 14 pin ic.
socket.

A Verobox having dimensions of 205 X 240 X
40mm makes an attractive housing for the project,
but any case of about this size could probably be
used.

The p.c.b. is mounted in the centre of the bottom
of the case using a couple of short 6BA bolts with
nuts. It is a good idea to use a 3mm spacer over
the mounting bolts, between the panel and the case,

/O—‘+QV
1 g
K1 * 500k 0 €6 == 100pF
i VR3 I
Z o |—]2‘2}JF VR2 - r3 Su70k0 7 [Gurrur1]
SK3 | B 3-Csx2
ELL RISV
1 14 1 14
7 '« |
{] = H ’
IC1 — I IC2 R
VRS
CD4001 AE \/\/\’—\/\{\/— CD4016AE “70k0 - <00 INPUT Z
R1 5:6k0 VR1
I 100k0 IL 3-C5Ks
= vV\VA—¢ 1 C5 G47uF] j\
R2 18k !
q O sk
%] LTnF
- VR4
INPUT 3 =IL L7k0
SKL O-¢ OUTPUT 2
s3 ’
N | PP -VE

%

Fig. 3. The complete circuit diagram
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Fig. 4.

as otherwise the board could be distorted and pos-
sibly even damaged as the mounting nuts are
tightened. The panel is not finally mounted until it
has been wired up to the rest of the unit.

CHECKING AND USE

If the outputs of the unit are connected to an
oscilloscope, it should be found that upon switching
on, a squarewave is produced from each output.

Check that VRI permits the frequency of these
to be varied from about 100Hz to 2kHz, and that
VR3 and VRS allow the amplitudes of the outputs to
be varied from zero to a few volts peak to peak.
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VR3 SLIDER

INPUT 2

Showing p.c.b. layout and component assembly details

1t is then simply a matter of connecting some in-
puts to the doubler to check that it is working
properly in other respects. It is not possible to use
the internal sync. of the ’scope as this would tend
to synchronise the timebase to the chopping fre-
quency of the doubler, rather than to one of the
input signals. External sync. or triggered sweep must
therefore be used.

VR is adjusted to the frequency that gives the
clearest trace. With fairly low frequency input sig-
nals it will probably be best to adjust VR1 for maxi-
mum chopping frequency. The traces will then be
built up from a series of dots (a quite conven-
tional method of trace doubling).
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ICROPROCESSORS are being
hailed as the new way of solving
design problems in electronics, and
the Motorola M6800 family is at
present leading the market, both here
and in Europe. This article reviews
the new D2 development kit based on
the M6800, which may provide the
answer for those who feel left behind
by microprocessors and are looking
for a practical way of finding out
about them.
it might first be worth considering
what requirements should be satisfied
if a development kitis to be of any use
in developing programs. In the
author's opinion these are:

1) Hexadecimal keyboard entry. Enter-
ing data by a row of switches, one
for each bit, is too slow and error
prone though by far the cheapest
method. Most kit manufacturers have
chosen to provide an interface to a
Teletype, assuming perhaps that
their customers would already be in
an environment where one was
readily available; unfortunately even
reconditioned Teletypes cost
around £500 and this puts them
outside the amateur's price range.
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By D.B. JOHNSON-DAVIES

2) Some way of permanently storing
programs. Floppy disc is the most
attractive solution as it enables large
amounts of data to be stored very
rapidly, but they are very expensive.
A PROM would provide a lower-cost
solution; the program being de-
veloped would he loaded into it
before switching off the power. A
CcMOs low power consumption RAM
with a backup battery would be an
alternative.

In the D2 kit the first problem is
overcome, as in some other Kkits,
by having data and addresses entered
from a keyboard coded in hexa-
decimal, and displayed on standard
seven-segment light-emitting diode
displays. The keyboard supplied has
a very positive feel about it and in
fact this keyboard/display combina-
tion is in many ways preferable to a
Teletype; the latter is noisy, con-
sumes paper at a high rate, and is
slower to respond.

The second requirementis satisfied
in the D2 kit by the provision of a
cassette interface circuit which en-
ables one to store programs to and
load programs from a standard tape
recorder. The storage capacity is

high (a full 64K words of memory
would fit on one cassette) and the
cost of building up a library of
programs is obviously just the cost of
additional cassettes.

COMPONENTS OF THE KIT

The D2 kit consists of two double-
sided printed-circuit boards linked
by a large ribbon cable. The larger
of the two—the main microcomputer
board—houses the MPU ana all the
parts directly associated with it: a
thick-film crystal-controlled clock
package (which replaces the TTL
oscillator circuitry used in the earlier
D1 kit); the ROM containing the
“Jbug" monitor program which con-
trols all the debugging facilities of the
kit; the 128-word RAM used for the
stack and for the monitor’s variables;
the two user RAMs giving 256 words
of memoryin which to write programs;
the PIA (peripheral interface adapter)
with parallel outputs used to connect
with the keyboard and display, and a
second PIA for one's own use; an
ACIA (asynchronous communications
interface adapter) providing a serial
output for the cassette interface
circuitry; and lastly, some gates and
buffers for address decoding.

There are also sockets provided
fortwo more RAM chips bringing the
total on-board capacity to +K words
of memory, and for two further
ROMs or PROMs. A clear area in the
top right-hand corner of the board,
drilled with a matrix of holes, can be
used for assembling smalli circuits to
interface with the PIA,

The second board holds the key-
board, the six seven-segment dis-
plays, and all the circuitry to interface
with the cassette recorder. In ad-
dition to the 16 hexadecimal keys
there are eight function keys, and
these control the diagnostic and
debugging facilities of the kit without
which programming would be a
fairly hit and miss operation.

FUNCTION KEYS

In common with most development
kits, memory can be examined and
altered. The “M" and “'G'" keys are
used for this. For example, to examine
location 002E the sequence of keys
002EM is entered and the displays
will show the address and present
contents: 002E A/ for example. The
new data is now entered if required;
entering 73 for example will update
that location and the displays will
now read 002E 73. The “G" key will
increment the address to the next
location and display the contents
there, and so on. Thus to enter a
program from scratch takes only
three keystrokes per instruction.

The "R' key puts the monitor
program into ‘register examine'
mode. Repeatedly pressing the
“G" key now cycles through the
registers one by one, displaying
their contents in sequence. The “G"
key is also used to begin execution
of one's own program at any location.
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5-240 WATTS!

The HY5 is a mono hybrid amplifier ideally suited for all applications. All common

input functions (mag Cartridge, tuner. etc.) are catered for internally, the desired

function is achieved either by a multi-way switch or direct connection to the
Pream llfler appropiate pins. The internal volume and tone circuits merely require connecting

p to external potentiometers (not included). The HYS is compatible with all I.L.P.

power amplifiers and power supplies. To ease construction and mounting a P.C.

connector is supplied with each pre-amplifier.

FEATURES: complete pre-amplifier in single pack, multi-function equalisation. low noise. low

distortion, high overioad. two simply combined for stereo.

APPLICATIONS: hi-fi, mixers disco. guitar and organ, public address

SPECIFICATION: Inputs-magnetic pick-up 3mV: ceramic pick-up 30mV: tuner 100mV. microphone

10mV. auxihary 3-100mV input impedance 47k} at 1kHz. Outputs—tape 100mV. main output 500mV

R.M.S Active Tone Controls—treble =12dB at 10kHz. bass =12dB at 100Hz Distortion—0 1%

at 1kHz; signal/noise ratio 68dB Overload—38dB on magnetic pick-up Supply Voltage— = 16-50V

Price £5-22 + 65p VAT. P. & P. free

HYS mounting board B.1. 48p + 6p VAT. P. & P. free

The HY30 is an exciting New kit from LL.P. it features a virtually indestructible
).C. with short circuit and thermal protection. The kit consists of: I.C.. heatsink.
P.C. board. 4 resistors. 6 capacitors, mounting kit. together with easy to follow AVAI A
15W into 8Q construction and operating instructions. This amplifier is ideally suited to the
beginner in audio who wishes to use the most up to date technology available.
FEATURES: complete kit, low distortion. short. open and thermal protection. easy to build EX STOC K
APPLICATIONS: updating audio equipment. guitar practice phtier, test plitier audio
SPECIFICATION: Output Power—15W R M S into 811 Distortion—0 1% at 15W Input Sensitivity—

500mV. Frequency Response— 10Hz-16kHz —3dB.
Price £5-22 + 65p VAT. P. & P. free

The HYS50 leads I.L.P. s total integration approach to power amplifier design.
H 5 The amplifier features an integral heatsink together with the simplicity of no external
components During the past three years the amplifier has been refined to the extent
25W into BQ that it must be one of the most reliable and robust High Fidelity modules in the World.

FEATURES: low distortion, integral heatsink only five connections. 7 amp output transistors, no
external components

APPLICATIONS: medium power hi-fi systems. iow power disco, guitar amplifier

SPECIFICATION: Input Sensitivity—500mV OQutput Power—25W A.M S. into 8. Load Impedance—
41601 Distortion—0 04% at 25W at 1kHz Signal/Noise Ratio—75dB Frequency Response—10Hz-
45kHz —3dB Supply Voltage— = 25V. Size—105 x 50 x 25mm

Price £6-82 + 85p VAT. P. & P. free

The HY120 is the baby of I.L.P.’s new high power range. designed to meet the most
exacting requirements including load line and thermal protection this amplifier sets
a new standard in modular design.

60W q t BQ FEATURES: very low distortion integral heatsink. load hne protection thermal protection five
1Nto connections, No external components,
APPLICATIONS: hi-fi; high quality disco. public address, monitor amplifier guitar and organ.
SPECIFICATION: Input Sensitivity—500mV Qutput Power—§0W R M S into B8N Load Impedance—
4-160. Distortion—0 04% at 60W at 1kHz Signal‘Noise Ratio—90dB Frequency Response—10Hz-
45kHz —3dB. Supply Voltage— =35V Size—114 x 50 x 85mm

Price £15-84 + £1-27 VAT. P. & P. free

The HY200 (now improved to give an output of 120 watts) has been designed to
0 stand the most rugged conditions such as disco or group while still retaining true
hi-fi performance.
. FEATURES: thermal shutdown, very low distortion load line protection, integral heatsink no external
120W into 80  components.
APPLICATIONS: hi-fi; disco, monitor. power slave, industnial. public address
SPECIFICATION: Input Sensitivity—500mV. Qutput Power—120W A.M S.into 81 Load Impedance—
4-160. Distortion—0 05% at 100W at 1kHz. Signal Noise Ratio—96dB Frequency Response—10HzZ-
45kHz —3dB Supply Voltage— =45V Size—114 x 100 x 85mm

Price £23-32 + £1-87 VAT. P. 4 P. free

The HY400 is I.L.P.’s 'Big Daddy ' of the range producing 240W into 40! It has been
H designed for high power disco or public address applications. If the amplifier is to

be used at continuous high power levels a cooling fan is recommended. The amplifier
240W into 4Q includes all the qualities of the rest of the family to lead the market as a true high

power hi-fidelity power module.

FEATURES: thermal shutdown, very iow distortion. load line protection. no external components

APPLICATIONS: public address disco. power slave, industrial

SPECIFICATION: Output Power—240W R M S into 411 Load Impedance—4-1601. Distortion—0 1%

at 240W at 1kHz. Signal/Noise Ratio—34dB. Frequency Response—10Hz-45kHz —3dB. Supply Voltage

— =45V, Input Sensitivity—500mV Size—114 x 100 x 85mm.

Price £32-17 + £2-75 VAT. P. & P. free

POWER SUPPLIES: PSU3$—suitable for two HY30s £5-22 + §5p VAT. P. & P. free. PSUSO—suitable for two HY50s £6-82 +
85p VAT. P. & P. free. P8UT0—suitable for two HY120s £13-75 + 1-10 VAT. P. & P. free. PSUS0—suitable for one HY200
£12-85 + £1.01 VAT. P. & P. free. P8U180—suitable for two HY200s or one HY400 £23-10 + £1:85 VAT, P. & P. free.

I.L.P. Electronics Ltd., Crossland House, Nackington, Canterbury, Kent CT4 7AD “

TWO YEARS’ GUARANTEE ON ALL OUR PRODUCT
PIEASE SUPPIY - o ve e et

lLP EIeCtronlcs Ltd Total Purchase price ................. ... .. Orger D ...........
| Enclose: Cheque O Postal Orders O Money Order
CI'OSSIand House; Please debit my Access account O Barclaycard account ]

Nackington, Canterbury ACCOUNT MUMDEE - oottt et et e

Kent CT4 7AD Name and Address .. ... oot
Tel (0227) B3218 e

Registered office No. 1032630 ) Signature............ .. e
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Personal
Computing
from
Cramer
_ Electronics

esesrenges

Cramer offer a complete range of
micropiocessors  for the home
computer market

Products from AMD (8080). Zilog

{Z80), T 1 (9900) Motorola
{6800)
a Single board computers
MEK6800 DI. Kit £103.27
L M6EBADS complete with
Keyboard and Display £841.00
Zilog. MCB £395.00
TMS9800. Micro 99 Assembled
£400.00
L,_L__ JL , Books
3 6800 Appl Manual £10.00
6800 Software £5.00
9900 Software £6.00
MOTOROLA MEK6800 D2 KIT

Plus many more
A build-it-yourself microcomputer designed around the Motorola M6800 Family

Kit contains CPU (MC6800) 256 x 8 RAM (2 x MCMB810 AP) 2 xP | A (MC6820)
1 x ACIA (MC6850), Hex-Keyboard Hex-display. interface to audio cassette plus all
additional components Easily expanded Single 5v.supply needed

Only £192.00

Cramer, 01-579 3001
16 Uxbridge Road, Ealing
w5 28pP

including VAT postage
and Full documentation

@ TRATMIPLS
EB= ELEGTRODMGS i
FAST SERVICE TOP DISCOUNTS .

INTEGRATED CIRCUITS

ADD 8% VAT TO PRICES MARKED *
ADD 12%% TO ALL OTHER PRICES.
OR AS CURRENT VAT LEGISLATION
SEND C.W.0.(EXCEPT GOV'T DEPT)
POST & PACKING 20P FOR THE U.K.
BARCLAYCARD & ACCESS BY POST
OR €5 MIN ON TELEPHONE ORDERS.
NEW CATALOGUE LIST FREE S.A.E.
MONEY BACK IF NOT SATISFIED.

58-60 GROVE RD.
WINDSOR,BERKS.
SL4 1HS.

TEL. 54525

Full spec devices

NEW LOW PRICES.

TRANSISTORS AND DIOQDES

ngﬂ‘ﬂog:‘ Aa 555 TIMER 34p*  LM380(60745) £1 INS BUSH SET 5p ea* TIP31/32 50p* DA I_D
556 2 x 555  90p*  LM381 Preamp £2 MATCHING ~ 20p Pr* TIP31¢32¢68p*
703 RF/IF AMP 20p  LM3900 4xOPA 53p*  AC127/8 176 15p* TIP41/4%ea 66p* pen
] 709 T099 or DIL26p*  MC1303 2xPre £2 AD161/162 ea36p* TIP4lcd2¢"¢1.50¢ p
| 710 DIL14 35p*  MC1310 stereof2 BC107 8p*  TIP2955  69p- .
723 Regulator 44p* MC1312P SQ ¢1.70 BC107B 13p*  TIP3055 65p¢ PCB ETCIl KIT 3 ITEMS t2+
/ D 741 DIL 8pin  21p*  MC1330 75p  BC108 8p*  TIS43 UJT 26p  ETCH RESIST PEN 2TIPS 75p+
741 DIL 14pin 31p* MC1339 Preampt2 BC108B or C 13p*  1IN911/4148 d4p  FEC ETCH PAK TUB 600gm £1*
u 741 T099 33p*  MFC40008 % 72p  BC109 9p*  1N4001/2  d4p* 6x4" SRBP 45p*NYLON F/Gfl*
747 DUAL 741  69p*  MFC6030 I3 BC109B or C 12p*  1N4004 5p*
748 DIL 8 pin 32p* NE536 FETOPA £2+ BC147/8/9  8p  1N4007 7oA CRRANDINTR EAGSRBRTO0N2 S o)
7805 5V1A+regfl.35*  NE540 or 550 {2+ BC157/878  1lp 2N706/8 14p* 'f:g {,";00‘,' g‘l’gséf‘gg% 528 J
7812 & 7815ea?l.40*  NE555 TIMER 34p*  BC167/8/9 12p ZN2646 UJT 40p* mgcs-;gu}en 10A400V0I1‘P
76013 6% AF £1.50  NE556 25535 90p*  BC177/8/9 16p  2N2904/5pnp29p* s Py
SEVEN SEGMENT LED DISPLAYS AY51224 CLOCK £4 *  NE560/1/2/5/6/7¢3  BC182/3/4a/110p  2N2926 ory 7p+ DI A
BRIGHT DL707 COM ANODE & CA3016 5ip*  SN72741 as 741 BC212/3/4a/112p  2N3053 17p*  AUDIBLE WARNING BLEEPER
DL704 COM CATH, 0.3" g1+ ICL8038 Sigen €4 *  SN76660 IF  74p 'BCY70/1/2  15p*  2N3055 90W 33p*  12V35mA £1.20410 off £1°
DL747 0.6"JUMBO CA £1.25% LM300H £1 *  SN76611 IF €1 BDI31/132ea 36p*  2N3055 115w4Sp*  CAPACITORS 22pf ~ .ol 5p
. R LM301A Dil 8  33p+  TBABOO 5W AF 84p  BFY50/51 15p*  2N3614 T03 £1*  ErpeTolyric IN 10 g 25v
B et e R B LUI00K 5V reg 2 v TBASIO 7W AF 9ip  BFY52/53  18p*  2N3702/3/4 10P  1/2/10750/100 Tp. s0v ron

RAED LEDS 1GR.

LM309H TO5 can £1#*
LM318 70VusOPA €£3*

ZN414 Radio £1.19
NEW 1466/69 £1

BSX 19/20/2119p*
BZY88 ZENER 10p

2N3705/6/7 9p
2N3708/9 9p

200/500 10p.1000/25 20p

C106D SCR  54p*  2N3710/11 15p ggggg’;éogfﬂ‘fggﬂg?s%ggog
MJ2955 TO3 99p*  2N3819 &23el7 p P
RED LEDS 209 STYLE 0.125" B mD S TTL m MIE2955 gggt 2N3820 PFET40§ HEATSINKS T05 or 18 7p
OR 0.2' DIA. NO CLIP 10p* iy MIE3055 65p*  2N3904/5/6 15p  TO3 16p.T03 4"finned 50p
4000 14p* 7400 12p* 7190 39p* ; DIN:PLUGS all 15p.Sock 10
TIL209 RED LED & CLIP 12p* 2001 15p* 7401 13p+ 7481 75ps  OA81/91 5p 2N5457 FET 32p p.So p
DICHOL2gRE DNLE DN Iy 15 4 3002 16pt 7402  1spr  7492/03 4spr P20 & 30 40p+  PRIDGELASO Z0p+ SWITCHES SPST 20p Dpat 20p
GREEN OR ORANGE LEDS 29p* 4007 16p* 7404 19p*  7495/96 72p* . GAS DETECTOR TGS 308etcr4+*
ORP12 54p*2N5777/0CP71 34p* 1009 50p*  7408/10 18p* 74100 £1,25+ BARGAIN PAKS FuLL SPEC ¢lea,
4011 16p* 7413 29p* 74107  32p*  paK A: 11 RED LEDS full spec £1° ‘/e rO
TRAMPUS 40:2 é?p: ;;1? lélip: _7,;}% ggp: PAK B:Z 741C 8 PIN OP AMP £1%
4049  50p 4 71p P*  PAK C:4 2N3055 £1* D 12 BC109 £1% m
gng?@EAT 4069 20p* 7142 72p* 74141 74p* pAK E: 11 BC182 €1 F 11 2N3704 1 255259'101’131';?5,(2?”?;(:’:”
DISTRIBUTOR 4501 26p* 7147 79p* 74145 B5p*  pak G: 7 BFY51 £1* H 8 2N3819 ¢l 23"x33"36p* 31"x31" 4og.
4511£1.65%  7470/72 27p* 74147 £2.50° pAK J. 6 2N3053 £1% K 40xIN914 £1 33x17" czPFACE CUTTER 65p*
4528 €1+ 7173/71 31p* 74151  7Sp*  pPAK M: 3 TO99 3055 ¢1#N 25 OA91fl DIL BREADBOARD 2"x4" ¢1 gr
INDUSTRIAL,EDUCATIONAL, TRADE 4543 €2+ 7475/36 35p* 74154 £1.40*  pag p. 20 PLASTIC BC109 TYPEnpntl 6"x4" £2.VERO PINS 36 30p*
& EXPORT SUPPLIED, SEND FOR 1553 £5% 7486 35p* 74196 £1.50° . P

OUR FREE CATALOGUE LIST SAE
YANUFACTURERS EXCESS STOCKS
PURCHASED .DISCOUNTS 10% OFF
100 up. 15% OFF 1000 up....

DIL SOCKETS PROFESSIONAL QUALITY
8pin,l4pin & 16pin ALL 12p ea *

SOLDERCONS 100 19p* 1000 £3.95+

10~365PF TUNER.SINGLE GANG FOR
MED /SHORT WAVE,XTAL SET etc £1%
SET3/IF CANS 455/470KHZ TOKO £1*

BILLACK PLASTIC CASES 42mmx
80x60 50p*100x75 60p*99x
120 70p,DESOLDER BRAID 50p
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For example, entering 0032G will
start at 0032. Return to the monitor
program is achieved by executing a
swi (software interrupt) instruction
which stores all the registers on the
stack in memory, and jumps to an
address within the ROM. Alternatively
pressing the "E" key generates a
non-maskable interrupt which will
cause an exit from the user program.

On return to the monitor the pro-
gram is in register-examine mode, so
the values of the registers just before
the interrupt can be discovered. The
values displayed are not of course the
actual contents of the registers at
that moment—which would be diffi-
cult, not to say useless—but the
values which were stored on the
stack on exiting from one's program.
The monitor returns control to one's
own program by an RTI (return from
interrupt) instruction which then
reloads all the registers from the
stack. The program counter, which
was stacked on first, gets replaced
last and so causes the program to
jump back and continue execution
at the instruction just after the Swi
as intended.

To change the contents of a
register from the monitor program
one just needs to use the memory-
change function on the stack location
corresponding to that register’s
previous contents. It is a pity that
it is not possible to change registers
directly while in register-examine
mode.

TRACING FACILITIES

So far the facilities described are
shared by most development kits,
such as the SC/MP kit with keyboard.
However, in addition to these there
are four functions which make this
kit an efficient tool for developing
even fairly large programs: as an
example, it took the author a week of
evenings to write and debug a "Bull
and Cow'' (better known these days
as “Mastermind'’) playing program
which needed the full $K of memory.

The single-step key “N'' makes it
possible to step through the program
executing one instruction at a time
and then returning to the monitor so
the registers can be examined and
the effect of the instruction ascer-
tained. With the help of this facility
even the most reluctant of programs
can be got working; it is immediately
obvious, for example, if branch
instructions go to the wrong location,
as the address and contents are
displayed after each step with the
"N key.

The swi instruction, as already
mentioned, is used in the kit to
interrupt a program and give control
to the monitor. Thus if one is en-
counteredin one's program, execution
effectively stops at that point and the
contents of the registers just before
that point are on the stack. The "V"
key enables up to five locations to be
specified as breakpoints simply by
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entering its address; 0025V for
example. Before going to the user's
program the monitor will replace the
instruction at 0025 by the code for
swi. On return to the monitor it puts
back the original instructions where
they belonged.

PUNCH AND LOAD

Finally the “P" and "L keys
control the cassette interface part of
the kit, respectively recording onto
or reading from a standard audio
tape. The start and end addresses
of the block of data to be recorded
are entered in before pressing the
““P'' key, and only this part of memory
is then transferred. The start address
and length are inciuded in the format
on the tape, so operating the "L"
key when replaying the cassette puts
the data back into the correct area of
memory. It is therefore possible to
punch out different parts of a program
(subroutines, data, etc.) onto different
tapes and then load them indepen-
dently only when needed.

Unfortunately there is no facility
for relocating programs in memory,
and if one suddenly realises that one
needs a three-word instruction where
there was a two-word one, it is
necessary to shuffle up all the
subsequent instructions and correct
all the branch instructions accord-
ingly.

After spending some time trying to
get a program working, one soon
realises how useful the cassette
interface is compared to the alterna-
tive of non-velatiie memory (or
leaving the supply switched on day
and night). A wrong instruction
often causes parts of the program
itself to be overwritten, giving exceed-
ingly puzzling results. It is therefore

good practice to dump the program
being developed onto tape as a
safety measure each time a sub-
stantial change is made to it. Thus if
the program in memory gets cor-
rupted, the most recent version can
be reloaded from the cassette.

The recording format chosen by
Motorola for the interface was the
Kansas City Standard, decided on
during a symposium in Kansas City,
Missouri, in the USA, and this
standard seems to be gaining wide
acceptance; some computer firms
are selling software in this format on
cassette as an alternative to paper
tape. The ones and zeros are coded
as 8 cycles at 2,400Hz and 4 cycles at
1,200Hz respectively. Since the load
circuit decodes frequencies above
and below 1,800Hz as ones and zeros,
the circuit will tolerate speed varia-
tions of up to +25 per cent.

Each word consists of a zero as
start bit, eight data bits (LsB first)
and two or more ones as stop bits,
and this serial formatting is performed
by the AclA, The data rate is 30
words per second, and since there
is a leader of about 40 seconds of
ones at the start of the data, it takes a
minute to punch or load the %
memory used with this kit. The
circuit has repeatedly loaded without
error even though the recorder being
used was the cheapest available. A
program given at the end of this
article was used to test the interface.

CONSTRUCTION

The only constructional details
given in the kit's manual were a page
of rather daunting and perplexing
warnings for handling MOs devices
(e.g. “Cold chambers using CO, for
cooling should be equipped with

The assembled Motorola D2 kit. The cassette, recorder and PSU
are extra items. An additional chip (D/A convertor) is included
which the author used to intertace the D2 with an audio amplifier.
The memory has been extended to 0-5K by two extra memory

packages
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DUAL-OPERAND INSTRUCTIONS
0

[ 2 Y0 CO I —

/‘_,_,—,__,

00= IMMEDIATE
0= DIRECT
10= INDEXED
1= EXTENDED

ADDRESSING MODE

0=ACC A
1=ACCH

OPERATION

REGISTER

SINGLE-OPERAND INSTRUCTIONS
L 3 2 1 0

LT 1 =

—_—

(b

00= ACC A

01= ACC.B

10= INDEXED
11s EXTENDED

OPERATION

BRANCH INSTRUCTIONS

[ c Y Ea o

OPERATION

Fig. 1. Format of the first word of
the instructions in the three main
groups of operations available in
the M6800 microprocessor: (a)
Dual-operand instructions, (b)
Single-operand instructions, (c)
Branch instructions.

baffles . .."). The only precaution
taken by the author was to wear a
cotton shirt, and no harm came to any
of the devices. However, considering
the high cost of replacing some of the
chips (the MPU is about £22) it /s
worth being over-cautious.

When soldering parts into the
board it is a good idea to solder in all
the passive components first, leaving
until last the integrated circuits. This
way it is less likely that the delicate
inputs will be left floating and prone
to static charges. Sockets are sup-
plied for the main integrated circuits,
butitmight be worth the extra expense
to buy sockets for the smaller i.c.s
too, as they would be tricky to un-
solder from the double-sided boards.

The kit is very well designed and
construction was straightforward.
The most frustrating part was insert-
ing the 40-pin i.c.s into their sockets
at the risk of breaking off a leg in the
struggle. The best method is to rock
them gently down, inserting the pins
at one end of the socket first to
reduce the force needed. The pins
on the plastic packaged chips need to
be pressed against a flat surface to
bend them inwards to the correct
spacing for the sockets.

Although the main board is ter-
minated by a 43 plus 43-way edge-
connector, the only connections
needed for using the kit as it stands
are the supply inputs, and these can
be provided by wires to the tracks
instead. The other connections are
the data and address lines for use
with external memory boards. A 5V
power supply is needed, and this
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should be regulated and capable of
giving about 1:5A. Only one supply
rail is required.

FAULT FINDING

The kit should work immediately,
and on switching on and pressing
reset the '-" prompt should be
displayed. However, the author’s kit
contained an elusive fault and so
some general advice on trouble-
shooting in microprocessor circuits
may be helpful. An oscilloscope is
probably essential, but a multimeter
is better than nothing.

The most common fault seems to
be the bridging of adjacent tracks on
the circuit boards. In the author's kit
an almost invisible unetched copper
bridge proved to be shorting an
address and data line together,
causing incorrect locations to be
addressed;the displays weuld just go
blank on pressing reset. In retrospect
it might have been worth  while
examining the boards carefully and
testing for isolation between adjacent
tracks with an ohmmeter before
soldering in any of the parts.

With only the MPU in the board the
memory area will be empty and the
program counter should cycle re-
peatedly through all the addresses
looking unsuccessfully for an instruc-
tion. As a result, all the address
lines should be oscillating, A, with
the highest frequency and each one
with half the frequency of the one
below it. The data lines will stay low,
and R/W high (read cycle).

Putting the ROM in will now cause
the MPU to write to the data lines,
and these should have waveforms on
them. If two data or address lines
look the same, a short between them
can be suspected. With the stack
RAM and the PIA which "interfaces
with the keyboard/display both re-
placed in the main board the kit
shaould function properly and display
the prompt.

If the keyboard/display board is
suspected and the main board is
working correctly one should see the
multiplexing of the display lines as
the PIA selects each of them in turn.

Finally it must be admitted that
getting a microprocessor circuit
working might prove to be a very
time-consuming and  frustrating
task. Building a kit like the D2 mini-
mises, but does not eliminate, the
possibilities for error.

WRITING PROGRAMS

Out of the 256 possible codes for
instructions, 197 are assigned to
legal machine codes and so at first
sight it might look discouragingly
as if it would be necessary to learn
the op-codes for all of these in order
to be able to write a program. This is
untrue for two reasons. Firstly, the
allocation of codes to the instructions
is not random, but ordered due to the
way the MPU decodes the instruction.

Itis informative to look at how the op-
codes for some of the instructions
are made up.

The largest group of instructions
can loosely be called “*dual-operand”
as each of them operates on a register
(A or B) and a memory location; for
example ADD A 6 will add the con-
tents of location 0006 to the A register.
These codes all have the format
shown in Fig. 1a. Thus once one
remembers that ADD has "B as the
second hex digit one can work out
the code for any of the eight address-
ing mode and register combinations:
ADD A 6is 9B 06 (direct addressing);
ADD A £6 is 8B 06 (immediate
addressing) .. .etc. |

The second largest group of
instructions contains the single-
operand ones; these can operate
either on a register or on a memaory
location, enabling one to manipulate
memory locations directly while
leaving the registers undisturbed.
This aspect of the design of the
M6800 greatly reduces the amount of
loading and storing of variables
needed in programs. The code
format is shown in Fig. 1b.

BRANCHES

The M6800 provides a wide range
of branch instructions—15 in all (see
Fig. 1c). The branches are really add
immediate to PC instructions, whereas
the jumps are /oad extended to PC
instructions. The conditional
branches depend on the states of
certain of the condition codes, which
are set or cleared by selected in-
structions. This makes for very
concise programs; often there is no
need to test explicitly the value of a
memory location after an operation.

The second reason for not learning
all the op-codes off by heart is that it
is far easier and clearer to write
programs in ‘“assembler language"
which uses mnemonics to stand for
the instructions. The program is
then *‘hand assembled’’ by looking up
the code for each mnemonic and
writing it down beside the statement,
This is fairly rapid, and by choosing
suitable names for variables and
labels the program is self-
documented and its operation is
clear. The assembly listing of the
“Jbug' monitor provided in the kit
manual is a useful program to refer
to, and it contains some useful
subroutines which can be jumped to
from one's own programs.

EXAMPLE PROGRAMS

The following two programs were
used to test the cassette interface
and the memory. The first writes 01,
02,03 ...FFintosuccessive locations
after START—these are 0011 to 010F
as the program stands.

Location: Contents:
0000 4F
0001 CE 0010
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SAXON ENTERTAINMENTS LTD

A FULL RANGE OF MODULES & READY-TO-USE EQUIPMENT TO PROFESSIONAL STANDARDS FOR THE PROFESSIONAL

MODULES AND INDIVIDUAL UNITS

SYSTE M 7000 COMPLETE & READY-FOR-USE EQUIPMENT

POWER AMPLIFIER MODULES 30—240 WATTS

8 Fully tested & guaranteed.

@8 Full RMS Sine Wave output.
B Distortion typlcally 0-2%
W 10 Transistors, 4 Diodes,
*fy M Response 30MZ-30KHZ
ig B Fully short & open circult proof
B Sensitivity sults most mixers.
b B Built-in surge suppression & compensation
@ Twin D.C. & output fuses.
M Top-grade components throughout.
30 Watts rms | 60 Watts rms | 120 Watts rms |240W ms
S A308 SA604 SA608 SA1204 SA1208 SA2404
30W rms/ B60W rms/ 60W rms/ 120W rms/ | 120W rms/ 240W rms/
8 ohms 4 ohms 8 ohms 4 ohms 8 ohms 4 ohms
£9-50 £12-50 £13-50 £14:50 £21-00 £25-50

POWER SUPPLIES FOR THE ABOVE MODULES—READY WIRED & FUSED ON
GLASS FIBRE PCB

CENTAUR-—-THE 100W RMS STEREO DISCO
COMPLETE WITH SOUND-TO-LIGHT SEQUENCER & LIGHTS

ONLY £225 (+ £4 50 carr) or Low interest terms Deposit £27-86
12 months at £21-18 or 24 months at £12-01
@ 100W RMS stereo output

@ Twin heavy duty loudspeaker

@l Four channel sound lite—
sequencer complete
with dispiay

M Separate mic., music bass
& treble controls

@ Sturdy vynide cabinets with

all leads
B Twin BSR decks with liftarm

NOW AVAILABLE
SUPER CENTAUR

PM M601 PM601 PM120 1202, PM1202, M2404/1
For ‘%" F;:o,s?/é‘ Fo,“,’,{,a‘ For 1 14 PM1201/8 PM 2 “’ ol 12 /8 F;of: ! 200W Stereo output—other details as above £275 (carr. 4-50)
SA308 SA604 | SA608 I SA1204 $A1 208 $A1204 SA1208 |.SA2404 or Deposit £31-06 12 months at £25:03 or24 months at £14-20
£9-90 £12:50 | £12:50 £12-50 £12-50 £19-50 | £19-50 £19-50 Cut-price condenser mic & headphones £15-00 (only with complete discos)

SYSTEM 7000 COMPLETE DISCO MIXERS (With Autofade)

Mono or Stereo
8 Automatic Mlc override

2 ¢ ) " B Two tone panel
0 o Q Q Q Q 0 o G O G G . Twin deck & mic & tape Inputs

B Left/Right deck fader
The choice ot the professional D.J. B 20Mz-20kHz Noise —77dB
Controls: Mic volume, Bass, Treble, A/Fade Depth, Tape, L/Deck, R/Deck volumes,
Bass, Treble Master Headphone volume, Selector & OnlO

Mono 18v £37-50 Mains £43-50 Stereo 18v £53+50 Mains 59:50
IN MODULAR FORM— All you require Is front panel (see below) knobs

sockets etc. All electronics are assembled &
tPsted
@ Specification as for complete mixer B All Potentiometers suppiied & fitted
M Low costdo it yourself with step by step easy to follow instructions.

Mono £19-50 Stereo £29-50 Panel £3-50 Supplyunit £8-50

l Ready to plug in & use

SYSTEM 7000 LIGHTING CONTROL UNIT MK H (Four channeh

Has your light unit got ?

i B 4,000 W handling ® Integral dimmers
O o O O/ B Sequence facility B Automatic audio level
/4 2 /4 @ Smart 2 tone panel OURS HAS|
B Advanced IC circuitry
g 0 L =”Top grad%c?mponents ONLY

[ A your needs in .

roe S N one superbly deslgned unit £42 50
IN MODULAR FORM—THE QUADRAFECT £29-50
As with the mixers the Mk Il L.C. unit may be (Panel £2-50)

purchased in module form with all controls, requiring only a panet,
case & knobs etc. There are 13 simple connections
8 1-240w Audio @B BA RCA triacs B 0-5-20Hz Sequence W Fully suppressed

CUSTOM MIXER MODULES (Complete or In printed circuit form only)

Make your own mixer, mono or stereo, up to 2 channels, with fuli monitoring tacilities,
and provlsion for echosend/return etc.

B Inputs for low and high 2 mic, ceramic & magnetic ~ g

cartridge etc. S L
W Upto20input modules persingle mixing module . 6 ?‘“”’
8 Feed mosttypes of amplifler—accepts all inputs P, g% g
B Professional Iow nolse circuitry 20 Hz-SOKHz *qk;
M Infinitely ad Extremely ec
COMPLETE MODULES wiih facia panel .

' 0'5W head

Knobs & sockets, Monitor buttons, Ready wired & tested L c"cuftﬂ Ehens
Mono input  £8-50 Mono mixing stage £8:50 B Full range bass/

treble controls
M Noise—30dB

PRINTED CIRCUIT MODULES With controls  fitted,
sockets, facia & knobs
Mono Input £5-50 Mono mixing stage £5:50
Stereo Input £9:00 Stereo mixing stage £9-00
Power supply for up to 20 channels—PPM18—£8-50.

Stereo Input £12:00 Stereo mixing stage £12:00

requires only

SYSTEM 7000 SOUND—LITE (3-CHANNEL)
IN COMPLETE OR MODULAR FORM ;

(Modular form iilustrated) R N

@ Complete unit simiiar to Mk Il unit above e by oy

% Long established & proven design PA 1 ‘
B 3 Channels—100W per channel PV R
B RCA B8A Triacs—individual channel fuses -
B 1-240 W input—master audio level plus Bass/Middie/Treble

COMPLETE UNIT—Fully MODULAR FORM Facla & knobs etc.

cased with rear terminations—just Needs only 11 simple connections
plug in & gol
£24-75 £16:50 (Panel £2-50)
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SAXON MINI-DISCO sowRms £139-50

B C/W Heavy duty loudspeaker 100w RMS  £159 5_0

B 100W version has twin speakers

@ Incliudes mic input & headphone monitor
circuit

B Twin BSR decks with liftarm

B Tremendous value—just plug In & go

@l Wide range bass & treble controls

Cut-price condenser mic & headphones £15-00 (only with complete discos)

(carr. £2-50)

10% DEPOSIT. LOW INTEREST CREDIT ON ORDERS OVER £150

SYSTEM 7000
MINOTAUR 100—All Purpose Wide Range Ampliﬂer

& 100W rms — 1dB

; @ Standard 8 ohm output

@ Twin mixed Inputs accept
a wide range of signals

B 30HZ-30KHZ +2dB

. B 23dB bass/treble

A tour

input, high

power amplifier

which will deliver up
to 150 watts output. An
absofute must where multiple
mixing & power are requlred

8 Four individually mixed inputs
B Wide range bass/trebls+ master

An extremely compact and
versatile amplifier with -
full protection and a clean,
attractive appearance,
Ideal for all groups,
disco's & clubs

o

i

i
B Vynide covered case ;’ﬁ Gt
@ Fully short proot %
8 Superb vaiue for money

SAXON 150 HEAVY DUTY AMPLIFIER £59-00

£49-50

STROBES & PROJECTORS (We stock the full Pluto
range) Send for details

SUPERSTROBE £19-75
@ 2-3 Joules

8 80W Tube for long lite
W Compact4” x4” x4”

PRO.STROBE £32-50
W 5-8 Joules
@ External trigger
@l Long Life tube timer
clreuit

150 WATT LIQUID
WHEEL
PROJECTOR

B Accepts all accessorles

B C/w with wheel & motor
plate

B Sturdy steel construction

Remarkabie value—

Sold elsewhere at

£39-50. Our price

Is only: £33.00

Condenser mlca ECM77600 ohm £13-50
ACCESSORIES ECM 81 Dual impedance £14-85 Crown headphones £6-7%
Heuvy duty boomstand £14-50

All prices subject to VAT @ 8% except SA308/PM30t, mics. & headphonol (12§%)
Add 50p post & packing on all orders except where already show
Ordering: By Telephone —Access, Barclay Card or COD Ring (01) 684 6385/0008
By post —Send cheque orcrossed P.O's or69p for COD
or send in your Access/Barclay card NUMBER ONLY
MAIL ORDERS & CALLERS TO: CROY
327-333 Whitchorse Road, Croydon Surrey CRO2HS
24 Hour Ansafone service (01) 684 6385

PIEZO HORNS! &3 Teaured 175 each

Exporters to 17 countries—enquirles welcomed
Ring Sue Abegg on (01) 684 6385 for U.K, trade enquiries
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LYNX ELECTRONICS (LONDON) LTD | Reruas OSWABETLTD _Zorsviimin:

92 SERVICE 3a CT £4-24; 6A CT t8; 15 CT £4.28, 249
Broad Street, Chesham, Bucks. Tel. (02405) 75154 | oo 154" CT £4.25 A GT 8 A 0.75; 84 £18; 128
P. & P. 30p—Overseas 90p—Matching 20p per pair T EZ;.AM:I|;\?V17 A SEE RS RN o R
VAT 8% except * which are 12}4%. Prices correct at 30 April 1977 Price list 20p WELCOME 0-5A + 18V 0- 55: S : ::z ;:: :2\\‘ :: g o

Away QA E8.80; T2V A 12V A o7 50; BN
THYRISTORS CLOCK CHIPS QPTOELECTRONICS LT TRANSFORMENS TAPPED 8EC, Prim. 200/240V
PV 1A 3 3A " 6A 8A 10A wA 1 | MMSSH 863, ) BETA A reshy on Er g0 "u;»‘igimo-ooa; A i
109 (STUD) (OfE) (TOR0 (OO (TO20) (TO20 (TOM) (TOZ0) oo Sy 0% AR O T el (I TEXecs
20 03 50 0-45 ) 058 060 06 1M — 51248 385 | 707 09 MIDGET RECTIFIER TRANSFORMERS
400 040 060 0-50 045 087 0.8 0-8% 1.4 = AAY-54007D 995 | 727 195 For FW recs., 200/240V a.c.: 606V 1-5A or 8-0-9V
800 085 [EH [ B4 — 109 119 1-28 180 — - 78 1-95 1A £2-25 each: 12-0-12V 1A or 20-0-20V 0-75A, or
BT106 ¢1:00, BT107€1-60, BT108£1:60, BT109£1-00, BT116£1:00, 2N3525 £0-50 1.C. SOCKETS “ 130 9-0-9V 0:3A, or 12-0-12V 0-25A. or 20-0-20V 0-15A
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888; 2g Location:
0006 A7 00 9000
0008 26 FA
F 0004
000A 3 0005
0006
Assembler statements: 0008
WRITE  CLR A oS
LDX £START
LOOP INX
INC A CHECK
STA A X
BNE LOOP LOOP

SWI

By making two modifications it is
possible to make the program verify
that the correct data is stored at each
location, and return at the first
disparity. If all is well it will return
with the X register containing 0110 (at
least) showing that it reached the
end of the block of data written to
without an error.

expensive, its

Assembler statements:

Contents : compare well with other kits available.
4F The integrated circuits alone would
CE 0010 cost over £100 to buy, and it is
08 difficult to put a value to the two
4C excellent printed circuit boards and
Al 00 the “'Jdbug’ monitor ROM.

27 FA An evaluation system of this order
3F of complexity can actually be recom-

mended to anyone involved in design-
ing with-microprocessors even if they
intend to progress to a much more

CLR A extensive set-up with an operating
%1\1?}? £START systgm. assemblers.and editors, as it
INC A provides a sort of intimacy with the
CMP A X workings of the MPU which forces
BEQ LOOP one to think abput and understand
SWi what is really going on.

COST OF THE KIT

The Motorola D2 kit is currently
available from Cramer Electronics for
£175-87 plus 8 per cent VAT plus
£1.20 p/p. Although this may seem
facilities

NQOTE: The Intersil microprocessor
development and tutorial system
Intercept Junior reviewed /ast month
is available from Rapid Recall Ltd.,
9 Betterton St., London W.C.2. Price
£184-06 plus 8 per cent VAT. (Part

N THE January issue we published an exacting competition
in which readers were invited to assess microprocessor

attributes as being important to the average Practical

Electronics reader. Having carefully considered ali
entries the judges decided that the best received were two
identical attempts submitted by Mr. Andrew Challinor of
Stoke-on-Trent and Alastair  Mackintosh of Brighton.
Both had marked:

w0

Ist-D 2nd-A; 3rd-F°°’ 4th“G Stgv
- 6th-C; 7th-H 8th- :

2

A

i

ty

These readers both wina SC/MP Introkit plus Keyboard
Kit worth well over £120. But there were three Ist
prizes and to find the 3rd we had to stage a postal eliminat-
ing contest among a number of tying competitors who had
submitted the next best attempt. When this second
contest had been judged. the winner emerged as Mr.
Stephen P. Kenny of Londvn, SES, who also receives an
Introkit and Keyboard Kit.

Twenty-five runners-up, each received a single-chip 8-bit
microprocessor worth around £12 each.
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FIRST PRIZE WINNERS

Mr. A. Challinor
Mr. S. P. Kenny
Mr. A. Mackintosh

25 Runners-up

Mr. M. J. Bird, Southampton; Mr. N. R. Canham,
Hatfield; Mr. D. Chambers, Blackpool; Mr. D. Coates,
Oxford; Mr. B. Collins, Mansfield; Mr. T. J. Conroy,
Glasgow; Mr. J. H. Cooke, Paisley; Mr. J. Duncan,
Glasgow; Mr. J. C. Hamilton, Glasgow; Mr. P. K.
Hewitt, Bristol; Mr. A. P. Holden, Braintree; Mr. M.
Lord, Basildon; Mr. L. G. Marini, Hassocks; Mr. S. B.
Morrison, Tynemouth; Mr. J. Pledge, Exeter; Mr.
J. D. Riley, Cambridge; Mr. D. Rivlin, Gosnall, Staffs.
Mr. S. J. Roberts, Sleaford; Mr. E. A. Roche, Wigston;

Mr. L. Sakowicz, Manchester; Dr. P. J. Skolar,
London N2; Mr. D. Trueman, Wallasey; Mr. J. E.
Wheeler, Walsall; Mr. K. J. Whit~, Dymchurch;

Mr. N. Williams, London SW6.

The competition was presented in association with A.
Marshall (London) Ltd. and National Semiconductor
(UK) Ltd. who with Practical Electronics sponsored the
highly successful microprocessor forum held at Berners
Hotel, London on February 26th. Ist prize winners
Andrew Challinor and Alastair Mackintosh were presented
with their prizes at the forum bui, because the eliminating
contest had not then been resolved, it was not possible
to make a similar presentation to Stephen Kenny.

A. Marshall (London) Ltd. and National Semiconductor
(UK) Ltd. join with Practical Electronics in warmly con-
gratulating all winners, and express thanks to all who
participated in this competition.
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ECHANICAL stopwatches capable of split timing
M are of the more expensive kind, but an electronic
version can be built using simple wiring and construc-
tion techniques, and yet give even greater accuracy.
The design described here gives the user both Taylor
and split timing, in addition to the convenience of
digital readout, all in a compact pocket-size case.

FUNCTIONS

There are three modes of use with this device: (a)
normal start-stop-reset, (b) Taylor, or sequential
timing, and (c) split, or cumulative timing.

To time the individual laps of a competitor in a race,
for example, the user would switch on, select TAYLOR
mode, and press the sTART/sTOP button (S5) at the start
of the race. After one lap, pressing S5 again would
lock the display to give the lap time: whilst *‘off
display’ the counter would have already begun timing
the next lap. On completion of the second lap,
pressing S5 once more would now lock the display to
the new lap time. This process would repeat itself
for every lap timed.

In spLiT mode, the user can time the first lap in
exactly the same way. So, when pressing S5, the
display would lock at the first lap time, but the counter
(off display) would continue to count on from rhat
number. Hence, when the competitor passed the post

DIGITAL

the next time, pressing S5 would now lock the display
at the total time fron the very start—each lap timed
being added to the last!

[n either mode, pressing DISPLAY UNLOCK will clear
the displayed number, allowing the readout to dynamic-
ally follow the counter.

THE CIRCUIT

Intersil have made the job easy in terms of design
and construction; they have done it all! Apart from
a few discrete components, switches, and of course the
display, everything is contained within the ICM7205
package.

Fig. | shows the basic block diagram of the i.c,
and briefly, the high frequency oscillator signal is
divided down, gated, counted and displayed via
multiplex circuitry. Gating is controtled externally,
and in the design shown in Fig. 2, this is done using
the operating push-buttons.

Fig. 1. Block diagram showing the relevant functions of the ICM7205

2 HIGH 6
LINES ~»—{ OSCILLATOR FREQUENCY DIGIT OUTPUTS LINES
DIVIDER
! MULTIPLEX
’ GENERATOR
LOwW
| FREQUENCY DECODER SE?’;E’% —— LNes
1 DIVIDER
R - COUNTERS
. Low 1
LINES CONTROL LOGIC IBATTERY LINE
1
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By M.W.HEADINGTON

MINUTES SECONDS 100th SECONDS
’ X1 x2 x3 . 7 x X6
f o —
————— b [-} -
—— 9
————— ¢ ———
e C d
} o o = ¢ ? o ®
10 DISPLAY ] A A
ANODES
—> DP 10 X6
ONLY
(LOW BATTERY)
K1
~~~~— 10 R1 <1000
= a y s2
1 b DD X /
9] [ c Ci
] 55 ON/OFF
d L (k COM) -
5 6 32768 MHz R
X106 10-80pF N s) SPLIT/TAYLOR  , B) '
./ -
B START/STOP
ol 2
O . O
RESET
STt
Ict DISPLAY —F=UNLOCK
5,0
ICM 7205 3
12 13

Fig. 2. Complete circuit diagram of the Pocket Stopwatch
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BOARD FIXING

Direct l.e.d. drive is one i.c. feature, and another
is switch bounce protection circuitry on the START/STOP
input, but the RESET and DISPLAY UNLOCK inputs
require no protection. A low batrery indicator circuit
is incorporated, and is arranged here so that the extreme
right-hand decimal point begins to glow when the
supply voltage is low. Accuracy is not affected until
about 15 minutes after the indicator has illuminated.

ACKNOWLEDGEMENT

[t should be mentioned at this stage that the basic
circuit of the stopwatch is that recommended by Intersil.

CONSTRUCTION

A fine tipped soldering iron should be used for the
board assembly, as the p.c.b. copper pattern (Fig. 3)
is rather delicate. Prolonged heating will lift the track
away from the board. The 100Q resistor and the
links should be soldered in position first, the resistor
being mounted flush on the board. Mount the displays
with their orientation marks at the top of the board as
in Fig. 4. The trimmer capacitor should be mounted
next. Care is necessary to avoid blocking adjacent
holes with solder.

Working on a sheet of earthed aluminium foil, place
the p.c.b. and the i.c. (still on its conductive foam) on
the foil. Occasionally touch the foil to ensure no
static build-up takes place on yourself. Carefully
remove the i.c. from the conductive foam, and insert
it into the p.c.b. Check that the i.c. is correctly
orientated, that is, with the displays upright, the notch
on the ICM7205 should be on the left side of the
p.c.b., see Fig. 4.

The crystal can now be inserted by bending the leads
through 90 degrees, thus enabling its case to rest on
top of the i.c.

510

STARY/STOP  RESET($4)
(85)

DISPLAY /.
UNLOCK
($3)

SPLIT/
TAYLOR
(S

Wire up the switches, charger socket, push-buttons
and p.c.b. as shown in Fig. 5. The wire lengths are
indicated, so that the whole loom can be completed
prior to insertion into the Verobox.

CASE

The plastics box can now be marked out and drilled
as specified in Fig. 6. The slide switch holes, and
display aperture will have to be drilled and then filed
to shape. Care should be taken when working the
plastic, as the heat generated may distort the holes.
Finally glue a piece of display filter material over the
inside of the aperture.

The three Ni-Cad cells can now be taped together
and connected in series as in the loom of Fig. 5. Mount
the charger socket and push-buttons on the case. It
can be seen from the photographs that the relative
positions of the loom components in Fig. 5 are correct
for dropping directly into the box.

Check nothing can short out and locate the battery
assembly in the base of the box, with the negative
terminal at the top left-hand side. Place a 35mm
square of soft foam rubber not more than 10mm thick,
over the battery pack: carefully locate the push-button
wires across the foam, and place the p.c.b. assembly
over the top. The push-button wires now run under
the p.c.b. around the lower end, and into their respective
connections.

Four stand-off spacers made from 3mm bore
p.v.c. sleeving, each 17mm long, can now be positioned
between the p.c.b. and the Verobox mounting bushes.
Four 6BA cheesehead screws are used to fasten the
board. Since the mounting bushes are blind holes,
the screws will automatically tighten the assembly,
whilst slightly compressing the spacers.
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Fig. 3. Printed circuit board

(Full size)
(G
Fig. 4. Component layout
shown at twice full size. XL1
The crystal leads should
not be bent closer than
2mm from the can
(o
L~

1
|
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)
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COMPONENTS . . .

Resistors

O

T O

R1 100Q LW

Capacitors
C1  10-60pF Piher type CADsA1 (Doram)

Semiconductors
IC1 ICM7205 IPG Intersil
X1-X6 FND357 Fairchild

Miscellaneous

XL1 3-2768MHz in HC33/U package
S$1-S2 Eagle SS3271 slide switch, or similar
S3-S5 Eagle SW5 pushbutton, or similar
JK1 3-5mm jack socket

Printed circuit board, 3 x Ni-Cad AA size cells,
Verobox 100 x 50 x 40mm (type 65-2516G),
display filter, screws, and p.v.c. sleeving.

CONSTRUCTOR'S NOTE

In this compact design, it is important that suitable l.e.d.
displays are used. The specified FND357 units are avail-
able from: Eurocom, Blenheim Road, High Wycombe,
Bucks, HP12 3RS. They may also be obtained from
Comway Electronics Ltd., of Bracknell, Berks.

The ICM7205 i.c. is available from Rapid Recall, 9
Betterton Street, Drury Lane, London WC2 9BS, for
approximately £12-:00 4+ VAT, etc.

The crystal XL1 and also IC1 are available from Watford
Electronics, 33-35 Cardiff Road, Watford, Herts.

Practical Electronics

July 1977

J

511



DISPLAY
UNLOCK

JK1
BATTERY CHARGE

ALL LEAD LENGTHS SHOWN
ARE IN mm

Fig.5. Physical arrange-
ment of wiring, to be
carried out before
mounting the com-
ponents in the box.
The switches, etc. are
laid out in their relative
positions °
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7805

s L
“T1

033uF

Fig. 7. Suggested charger circuit

USE THE ABOVE
DIMENSIONS FOR HOLES
ON COPPOSITE FACE

16

ALL DIMENSIONS ARE
IN mm, & MEASURED
FROM THE OUTSIDE
OF BOX

Fig. 6. Details of holes to be cut in the box to
accommodate switches, etc.
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The switches are mounted so that in the completed
arrangement, the ON/OFF switch is to the right of the
display. The wire between the two slide switches
should be wrapped around the two top piliars in the
box, and pushed neatly down. This should be done
before one of the switches has been fitted. The
remaining wires should also be wrapped around the
lid pillars, which will keep them clear of the display
when the lid is screwed down.

Please note that the p.c.b. layout detailed in this
article has been improved over the original prototype
featured in the incidental photographs, where the 100¢)
resistor was mounted on the underside of the com-
ponent board.

Owing to the nature of the application of this device,
operation will probably need to be instinctive, therefore
there is little merit in labelling the switches, although
this can be done with dry letter transfers if felt necessary.

NI-CAD CELL CHARGER

The cells will need to be constant current charged,
which for the recommended battery should be about
65mA. A circuit is shown in Fig. 7 which would
perform this function, and also behave as a powcer
supply for normal use, provided the cells are still in
circuit. The 3-5mm jack socket (JK1) is used for this
purpose, with the tip wired positive.

ELECTRONIC CONTROL

At the expense of portability, this unit can be hooked
up to a photo-electric, or some other type sensor, to
give completely electronic timing. This would of
course give greater timing accuracy and repeatability.
but would require a suitable multiway connector for the
control inputs. Y
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MEMORIES

Seventeen years ago when ITT

Semiconductors at Foots Cray, Kent, .

were just about getting going on a
semiconductor programme, few of us
imagined that Foots Cray would one
day be the leading memory house in
ITT world-wide. How could we? We
used to call the company STC in
those days and memories were
magnetic core stores.

This points up the big problem of
keeping abreast of events in elec-
tronics. Not only who is making what,
but very often who owns whom?
Anyway, ITT have plunged £1-6
million on production and test
facilities at Foots Cray in a major bid
to capture a big chunk of the 4K RAM
market with a 4027 emulator of the
Mostek device.

The ITT strategy is based on a
sales prediction that the 4027 is
potentially the biggest seller. By next
year ITT expect to be pumping 4027s
out of Foots Cray at a rate of about
three million a year.

Samples went out to industry at the
tail end of 1976 and have been well
received. If all comes true for the
crystal-gazers at Foots Cray, about 80
per cent of the output will go to com-
puter manufacturers in the USA and
mainland Europe.

There was a crash development
programme in which it is said that
Foots Cray used Computer-Aided-
Design (CAD) through the trans-
atlantic cable to a powerful processor
in the United States.

The business stakes are high and
well worth a gamble. ITT forecasters
suggest a world market for 4K RAMs
peaking at £90 million in the early 80s.

But bubble memories are still a
long way off according to data
storage specialists BASF whose
computer interests lie mainly in
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magnetic discs and tape. Head of
BASF's data processing sales organi-
sation, Dieter Heuer, reckons that
bubbles won't make much impact
until the mid-80s.

THE GAME’'S THE
THING

Those who are engaged in the
sober professional side of electronics
tend to scorn the gimmicks of elec-
tronics as almost beneath contempt.
How wrong they are, at least from the
business point of view. This came to
me very forcibly when | heard that
General Instrument Microelectronics
had sold eight million chips for TV
electronic games in a year. And next
year could see the sale of up to 15
million electronic games. Quite a
nice sideline while the market for new
TV is still trying to recover.

The GIM 8500 chip provides facili-
ties for half a dozen games and is
probably the most successful dedica-
ted chip for games ever produced.
Details of the 8500 were described in
the TV Sportcentre published last
month.

But this is only a beginning. The
microprocessor is due in the games
business soon and will broaden the
scope considerably, not only for more
types of game from one piece of
equipment but more complicated
games, many of which will be not only
fun to play but educational as well.

The big fear of the chip manufac-
turers is that the novelty of TV games
will soon wear off. This could well be
so, but the semiconductor fraternity
are well skilled in business games-
manship and will no doubt think up a
few more ideas to keep us all
spending our money, :

A TESTING PROBLEM

With millions, even billions, of i.c.s
pouring out of the factories the test
gear manufacturers are doing well. |
refer to that branch of the test and
measurement industry which makes
Automatic Test Equipment (ATE).

Next November at Brighton we shall
see the biggest collection of ATE
ever assembled in one place and have
the opportunity of attending the most
comprehensive ever conference on
the subject.

Like every other market sector, the
nature of ATE business is changing.
At one time the only people who
bought semiconductor ATE were
the semiconductor manufacturers.
Today less than half the total sales
go to the manufacturers and far more
is bought by semiconductor users.
On the face of it this seems ridiculous
because the user is only doing again
what his supplier has already done
once.

The user's problem is that if there
is a bad apple in the barrel from his
supplier and it gets assembled among

a cluster of other i.c.s on a printed
circuit board, it's quite a probiem to
find out where the fault is and quite
a job to get an i.c. out from the board
without damage. And a complex
board can cost a lot of money, not to
mention the cost per hour in trouble-
shooting and repairs, and delay in
production.

So better safe than sorry! Many
companies are now doing 100 per
cent checks on semiconductor
devices at goods-inwards—it's
cheaper that way. Not that devices
are not tested well at the semicon-
ductor plant—they are. But there can
be transit and handling damage and
it's not unknown for devices to be
wrongly marked or for poorly marked
devices to be stored in the wrong
bins.

QUEEN’'S AWARDS

Quite a lot of people have been
questioning whether the Queen's
Awards to industry have outlived
their usefulness. Perhaps it's churlish
to say so in Jubilee Year, but more
often these days it's not so much
patriotic fervour that spurs a com-
pany into bigger exports as the
sheer need to survive. And so far as
technological innovations are con-
cerned, electronics companies live on
them and so it's almost routine that

a few should emerge every year.

This year GEC-Marconi brought
their grand total up to 18 in 11 years
since the scheme was started.
Marconi Instruments won two of the
four that went to GEC-Marconi, one
for a 40 per cent jump in exports, the
other for the TF2370 spectrum
analyser, a technological develop-
ment that was tipped by me as a
world-beater when it was first
announced in 1974 and has been
mentioned before in this column.

Marconi Space and Defence Sys-
tems won theirtechnological achieve-
ment award for the ‘Blindfire"
tracking radar for the Rapier missile
system. This is not only a fine radar
but it has enormously improved the
export potential of the Rapier system,
already one of Britain's biggest
export earners. And Marconi Marine
got theirs for exporting 70 per cent of
annual sales.

But- when it comes to exports
nobody can touch Racal. A fraction
of the size of GEC-Marconi, the
Racal Group has scored eight
Queen's Awards. Now Racal-
Tacticon has scored again with 86
per cent of production exported and
it is this vigorous sub-group of
companies which has now won six
of Racal Group's eight Awards.

Congratulations to all the Award-
winners this year and let's all hope
that the losers will try that littie bit
harder. After all, it's a lot more fun to
be successful as well as more profit-
able for everyone concerned.
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Part 5 — PERIPHERAL CHIPS: INPUT/OUTPUT DEVICES

]
explained . ...

A microprocessor is a sociable animal, destined by its makeup and its programmed
inclinations to establish friendly relationships with hardware external to its own
immediate and cosy environment of warm 5 volt power supplies and chatty RAMs

and PROMs.

To follow its sociable inclinations the microprocessor requires communication

channels through which it can establish

a dialogue with an often hostile outside

world inhabited by thirsty l.e.d.s, bouncy switches, impatient printers, punchy tape

perforators and a host of other "wierdos

are not to become offended.

" who all require careful handling if they

Of course, hardly any of these cranky gadgets speak a word of binary. Some
gabble away in ASCII, others need it spelled out for them in' terms of "‘motor on"
or "“lamp off’”’, and still other uncouth layabouts require, of all things, a couple of
hundred volts or a few amps before they'll play ball.

Now the microprocessor is a pretty smart cookie, and by and large it can handle
all of these with ease as long as a thoughtful hardware designer provides some
kind of interface circuitry so that the MPU chip doesn’t have to get its delicate

digits dirty.

The channels of communication are termed ports, and from the inside a port
looks quite similar to a memory location, making communication kid’s stuff as far
as the MPU chip is concerned. On the outside can be hung all the switches, gates,
transistors and thyristors apparently so necessary to all those peasants beyond the

system boundary!

Without a complement of ports, a microprocessor is really nothing more than a

fiendishly clever and expensive waste of time, and so this month we'll be looking

at how these simple hard working appen

dages operate, and how the practical

microprocessor fulfills its external obligations

PORTS can be input only, output only, or bidirectional
in nature, and they can be arranged to transfer
data a bit at a time (serial) or a word at a time (parallel),
to suit the requirements of the external hardware.

SERIAL PORTS

Data transfers on a bit-by-bit basis are useful because
only a single pair of wires is necessary to carry out the
transfer, and this is important where sender and
receiver are separated by sizeable distances. Of course
speed of data transfer will be limited, but this isn’t
always important and in fact a whole family of com-
puter peripherals, typified by the Teletype, do operate
in this serial mode.

Teletypes and their derivatives operate asynchro-
nously, a character at a time, and MICroprocessors ¢an

Practical Electronics  July 1977

be programmed to send or receive information in the
Teletype code (usually Asci) via a serial port. Some
mpU chips have a special serial output port actually on
the chip, while with other systems to establish a serial
port it is normal to simply use a small part of what is
really a parallel port.

The fact that a parallel port can be considered as
consisting of a collection of separate serial ports makes
it unnecessary for us to consider serial ports in great
detail since if parallel ports are available it will always
be possible to write programs which treat the port as a
serial interface.

For the special case of the asynchronous serial com-
munications link mentioned above, we will see later
that a special class of peripheral chip called variously
UARTS and ACIas can be used to implement this more
efficiently than the mpu alone can.
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PARALLEL PORTS

The mpu chip sends data to or reads data from a port
via the same data bus that it uses for memory data
transfers. This means that the parallel ports have the
same word length or number of bits as the micro-
processor itself, and in an eight-bit MpU system for
example, the ports will be cight bits wide. The micro-
processor can therefore change the logic state on eight
output wires simultaneously by loading an eight-bit
word from its accumulator to a selected output port,
or it can load its accumulator with the logic state
existing on eight input wires by reversing the procedure.

The number of input and output lines required in any
particular application can range from just one of each,
to perhaps hundreds of each in all sorts of combina-
tions. This means that even 16-bit Mpu systems will
often require more than one input or output port, and
this in turn means that some method of selecting, or
addressing, the appropriate port is required. Different
meu chips tackle the problem of 1/O port selection in
different ways, but there are two main methods.

DEDICATED I/O INSTRUCTIONS

The instruction sets of some MpU chips contain
special instructions which can be used to select a port
and read data from it or write data to it. A good
example of this simple 1/O format is provided by the
Intel 8080 microprocessor which has two instructions
called /N and OUT which are used to transfer data
between the accumulator register and selected ports.
These instructions are of the two-byte variety, the first
byte specifying the operation and the second specifying
which of the possible 256 input or 256 output ports is
being addressed. The eight-bit port address is sent out
on the address bus like a memory reference address,
but the port address is made unique by its association
with an INPUT READ or OUTPUT WRITE signal on
the Mpu control bus.

MEMORY MAPPED 1/O

An often used alternative to ports controlled by
dedicated 1/O instructions are memory mapped input/
output ports which share the same address range as
program and data memory. With memory mapping
no special 1/O instructions are required because input
and output ports are treated as though they are memory
locations which are written to and read from by means
of the standard memory reference instructions provided
in the instruction set.

Being able to use these standard memory reference
instructions makes memory mapped 1/O more versatile
and sometimes more efficient, but because the ports
are indistinguishable from memory locations as far
as the MpuU is concerned, the useable memory area is
reduced and program debugging can be more difficult.

Memory mapped 1/O can really be used with any
microprocessor, although some like the Motorola
M6800 and the SC/MP rely on it exclusively. We feel
that an MpuU chip which has the special 1/O instructions
is a better bet, because it leaves you free to choose the
right type of port addressing for your particular
application.

PORT HARDWARE

An output port consists, in its basic form, of a
number of bistable latches with their inputs connected
to the mMpu data bus and their outputs available as

516

~ o— D op——>0 )
—qcx
o [ ] S S)
MPY —] K
DATA % ouTPUT
BUS LINES
o— D [
ok
L o— b« -
cK
b
QUAD LATCH
PORT o op—
SELECT o—= "—
ADDRESS O—1 21—
= 70 OTHER
b — PORTS
OUT STROBE 0 s—
p{ —
10F 8 DECODER

Fig. 5.1. A simple four-bit output port which can be
built using standard TTL or CMOS components
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Fig. 5.2. A simple four-bit input port

output wires. The latches are loaded in parallel by a
common write strobe which is generated at the appro-
priate time by the Mpu itself. Selection logic can consist
of a few simple gates or alternatively, 771 decoders such
as the 7442 can be used to provide address decoding
for a number of separate ports. See Fig. 5.1.

Input ports are normally three-state devices because
their outputs have to drive the multiplexed mpu data
bus only during the correct time slot in the mpu control
cycle.

Normally the outputs of several input ports are
connected together along with memory outputs from
rRaM and rom and so it is essential that only one of
these possible drivers is allowed to control the bus at
any given instant. All other potential bus drivers must
be in their third. high impedance, stage while the
selected device is sending its data to the mpu chip.

Three-state logic is now freely available in the
standard 7171 and cmos families, and an input port need
consist of little more than a collection of three-state
buffers with their “output disable™ pins controlled by
the MpU “read strobe™. Selection of a particular input
port is achieved in the same way as for output ports.
See Fig. 5.2.

Practical Electronics  July 1977



LTERRLFT
STATLS
CLnTROL &

le——— 55 A2
NTRIL
28 16TIR A
oo e
01 32—
SATA U HECT ON
02 31 3 SEgLTE A
l [T
D3 30 e Zata 3¢
BUFFERS
0L 29 w—f 1088 QUTPUT BUS
05 26 lL
D6 27 - le—— 2 Pa0
07 % ——f “NTELT le——> 3 =
RED STER 4 >
[ e )
S E o AL - > 5 P
S IEmRACE
- le——— & P
le——— 7 "
B S INPUT
= — fe————
KEGISTER — 3 6 P
I = le——— 5 7
£
z
e = PIN 20 =
Vgs = PIN 1
le—— 0 PO
gt le—— " PBt
SiCTER Y
:> TSR y fe——— 2 2
o 22
PFR PHERAL je————» 13 P83
TERAE
€51 2% i B le——— 1 P
23— .
= s le— 5 Fas
— SE.ECT
RSO 36 s le———» 6 F8e
—d R/ s
RSt 3 JONTRPOL le——3» 17 PB7
RIw 21— ﬁ
—_—
ENABLE 25 .
RESET 30 ——»4 Vv
TATA D RESTIGH
ONTHO SLAILTER o
N "
REC LTEF B JoskEil

INTERRUPT

ATU
NTROL B ¢ CB2

Fig.5.3. The Motorola MC6820 Peripheral Interface Adapter (PI1A) for use with the M6800 MPU. Two Program-
mable eight-bit ports are provided and comprehensive control and interrupt facilities are available. The
MC6820 provides the universal means of interfacing peripheral equipment to the MC6800 MPU through two
eight-bit bidirectional peripheral data buses and four control lines. No external logic is required for inter-
facing to most peripheral devices. The functional configuration of the PiA is programmed by the MPU
during system initialisation. Each of the peripheral data lines can be programmed to act as an input or
output, and each of the four control/interrupt lines may be programmed for one of several control modes.
This allows a high degree of flexibility in the over-all operation of the interface

PROGRAMMABLE PERIPHERAL INTERFACE
CHIPS

While it is fairly simple to put together your own
input and output ports using TTL Or CMOS components,
this is not always the best solution since MPU manu-
facturers have designed some very versatile pro-
grammable inputjoutput chips for use with their
particular miroprocessors which can save you a lot of
board space and add flexibility to your design.

The chips to which we refer are mos Lst devices
containing several 1/O ports which can be individually
configured as inputs or outputs under program control.

Devices of this type allow the ‘*Deferred Design™
concept discussed in Part 1 to be extended into the };O
area, because decisions regarding the number of input
and output lines required for a particular job can be
sidestepped at the hardware design level and not
defined absolutely until the software design is under-
taken. Examples are:

{. The Intel 8255 which consists of three eight-bit
ports in a 40-pin package. The three ports can be
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programmed during system initialisation into_one
of three possible modes under the control of the
8080 program. .

2. The Motorola MC 6820 which consists of two
eight-bit ports in a 40-pin package configureable
as input or output ports under the control of the
M6800 MPU to which it is connected. See Fig. 5.3.

PROGRAM CONTROLLED 1/O

The simplest way of controlling inputjoutput transfers
is to keep the whole business under the rigid control
of a program, but this can raise problems when complex
or high speed peripheral devices have to be dealt with.

In program contrel of. say, a keyboard array, the
mpu must spend a great deal of its time examining the
keyboard input ports to see if any keys have been
pressed. The program must incorporate a “wait loop™
through which the mpu cycles continuously until a
key is pressed, and when it finds a key depression it
must deal with it quickly to ensure that it does not miss
any subsequent depressions. If the mpu does not have
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Fig. 5.4. The 8216 four-bit Parallel Bi-Directional Bus
Driver/Receiver. All inputs are low power TTL com-
patible. For driving MOS, the DO outputs provide
Vou (3-65V), and for high capacitance terminated
bus structures, the DB outputs provide a higher loL
(50mA) capability. All outputs may be tri-stated. The
8216 is ideal as the data bus buffer/driver for the 8080
CPU. It may also be used with other MCS CPUs. By
using a device such as this the fan-out of the bi-
directional MPU data bus can be increased and bi-
directional ports can be implemented

much else to do, this is not really a problem. but if it
also has a printer. a tape cassette, and a lawn sprinkler
to look after, it would not be able to cope adequately
and recourse to a more sophisticated type of 1/O control
is necessary.

INTERRUPT DRIVEN I/O

You may have noticed that most microprocessor
chips have one or more INTERRUPT inputs, and by
making use of these it is possible to make our over-
worked mMpuU chip much more efficient in its dealings
with the outside world, and well able to deal with a
large number of peripheral devices all clamouring for
attention. :

The interrupt line, when asserted, causes the mpu
chip to finish off the instruction it is currently engaged
on and to jump to a special address called the ““interrupt
vector’™ where our trusty programmer has located a
special program called an “interrupt handler’”. In our
keyboard example for instance, the “*wait loop™ is no
longer necessary if the keyboard array produces a
common output which means “‘key pressed”. and this
is connected to the mpu interrupt line. In between key
presses the Mpu chip can tend the rest of its flock
without fear of missing anything. The interrupt handler
program is written rather like a subroutine (see Part 2)
and when it has done its job (in the keyboard case it
would read the code representing the depressed key
into memory, for example) a BRANCH BACK is
carried out to put the program counter back to where
it was before it was interrupted.

INTERRUPT EXPANSION

The basic single-line interrupt facility can be expanded
to handle any number of separate interrupt inputs if
required, and as you might expect, a great deal of hard-
ware and software ingenuity is often employed to make
the interrupt system as efficient as possible.
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When there are a number of possible interrupt
sources it is advantageous to allocate a priority status
to each of them so that a definite “pecking-order” is
established. With a priority-ranked interrupt scheme,
interrupt service routines already running can them-
selves be interrupted by interrupt sources with a higher
priority, although sources with a lower priority have to
wait until the current service routine is completed.

This concept of interruptable interrupts is similar in
many ways to the concept of nested SUBROUTINES dis-
cussed in Part 2, and the Mpu chip keeps track of its
hectic input/output operations with the aid of the
STACK which is used to store program counter values
for orderly returns to lower priority interrupt routines
and eventually to the main program.

DETERMINING PRIORITY

The criteria used to decide which devices should have
the highest priority can be complicated, but a good rule
of thumb is that the faster a device is, the higher the
interrupt priority it should be allotted. Of course such
signals as “"power fail” must be right at the top of the
priority tree, so that the MpU can make a rapid response
to this potentially damaging event by saving valuable

BECAUSE LOOP TIME
MUST BE SHORT S0

LN AS NOT 1O MISS KEY
BEOGRAN DEPRESSIONS, THE
MAIN PROGRAM
| RESTRICTED IN LENGTH

EXAMINE
KEYBOARD

ANY
KEYS
PRESSED 2

READ IN
KEY COGE

e

Fig. 5.5. Keyboard interface using program-controlled
input/output
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Fig. 5.6. Keyboard interface using interrupts
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data in non-volatile storage and carrying out other
important housekeeping jobs in the few milliseconds it
has left before it gets the chop!

Prioritisation can be established by software with the
use of such aids as the **Skip-chain™ (Part 3), where once
interrupted, the apu goes off to ask each ol the possible
devices in turn whether i1 was responsible for the inter-
rupt, with the highest priority devices being asked first,
a technique known as “‘polling”. A more powerful
alternative is to establish a priority interrupt structure
with fhardware, and there are a variety of possible
circuit techniques available to do this, the fastest requir-
ing a lot of circuitry external to the apu chip with others
using less but requiring a certain amount of software
support.

SINGLE-CHIP SUB-SYSTEMS

Interrupts arc a little scary at first, but the mpu
manufacturers are doing their best to make the use of
this powerful technique as simple as possible, and one
way in which they have improved matters is by intro-
ducing complete interrupt hardware sub-systems on a
single chip.

An example of this interrupt hardware is given in
Fig. 5.7, which shows the Intel 8259 “Programmable
Interrupt Controller” for use with the 8080 mpu. This
device handles eight priority-ranked interrupt inputs
and produces a single interrupt output to the mru along
with an address vector to one ot eight possible service
routines. The 8259 can be cascaded to give extra inter-
rupt levels, and the priority allocations can be changed
while « program is running to provide a flexible response
to the system environment.

OTHER PERIPHERAL CHIPS

In addition to input/output ports and associated
interrupt circuitry, there is now a wide selection of
“special” peripheral chips which are designed to take
some of the load ofl the mpu chip and the poor over-
worked programmer! These chips really represent a
reversal of the trend away from hardware and towards
software in the interests of making the larger systems
more eflicient and easier to program.

As an example, Lsi chips can now be obtained which
perform all the “‘refreshing” required by the dynamic

Glossary of Terms

ACIA-—Asynchronous Communications {nterface
Adapter. A peripheral chip which can control the
transmission and reception of data to and from
a seriel asynchronous peripheral such as a Tele-
type or a vpu. The ACiA converts the raw Mpt
data into a required peripheral format and
transmits it at the correct speed. On reception of
a data word from a peripheral, the acta latches
it and tells the mpu of its availability via an
interrupt or other control line. (Also see UART).

ASCH—American Standard Code for Information [nter-

change. A binary type code for communications
purposes. The code includes upper and lower case
alphabets, numerals, punctuation, and special

control characters.

BAUD RATE—Refers to the rate of data transmission in
serial communication links. More particularly
it describes the number of message elements
transmitted each second. For comparison, Telex
machines operate at 50 bauds whereas normal
ascii Teletypes (often used with microprocessor
systems) operate at 110 bauds.

FSK-—Frequency Shift Keying. A commonly used modu-
lation technique for sending serial binary data over
communication links (e.g. telephone lines). Binary
I's and O's are represented by separate audio
frequency tones to produce a sort of keyed f.m.
signal which is compatible with any channel
normally used for speech transmission. Also
useful for recording binary data on standard audio
tapes or cassettes.

INTERRUPT—A hardware based facility which allows
the suspension of a current program while an
alternative “‘Interrupt Handler” program is exe-
cuted. At the end of the interrupt sequence the
original processor status is restored and the pre-
viously executing program is allowed to continue
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from the point at which it was interrupted. Inter-
rupts are a powerful and widely used tool for the
handling of peripheral input/output transfers.

INTERRUPT LINE—An asynchronous input to the
microprocessor chip which when asserted causes
the MpPuU to enter the interrupt state. Some micro-
processor systems have a number of interrupt
lines, and each of these is assigned a priority so
}iha-t the one with the highest priority is serviced

rst.

INTERRUPT VECTOR—This is the address at which
the start of an “‘Interrupt Handler” program will
be found. Some microprocessors used fixed inter-
rupt vectors set by the chip manufacturers, while
more sophisticated systems with many possible
interrupt sources allow the interrupting device to
provide its own vector via an input port.

MODEM-—MODulator/DEModulator. A widely used
data communication terminal which allows a two-
way (transmit/receive) serial data link to be estab-
lished over standard telephone lines. These
terminals use rsk modulation and demodulation
techniques. A complete “Modem on a chip” is
available as part of the Motorola M6800 micro-
processor family.

SCRATCH PAD-A general name for a read/write
random access memory which is used by an mpu
chip as a “‘jotter” for immediate results or con-
stants. The main requirement is for easy addressing
and fast access, and many mpu chips have scratch
pads, in the form of a register array, actually on
the chip.

UART—Universal Asynchronous Receiver/Transmitter.
UART is an alternative (and more popular) name
for the ACia.

USART—Universal  Synchronous/Asynchronous  Re-
ceiver/transmitter. This is an improvement on the
UART Or ACia in that it may be programmed to
operate as a synchronous communication link,
making it a truly universal microprocessor com-
munication peripheral chip.
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Fig. 5.8. The “innards’’ of the Motorola MC6850 Asynchronous Communications Interface Adapter (ACIA).
Note the eight-bit data bus for communication with the MC6800 microprocessor, and the single-line TX

and RX data paths for communication with serial peripherals
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raM chips often used for data storage in microprocessor
systems. Chips like these make the refreshing operation
completely “transparent’” to the programmer. who
would otherwise have to control it himself via software.

Another valuable peripheral chip relieves the seu of
the tedious job of providing time delay functions,
normally produced by making the stet chip sitin a loop
incrementing cascaded storage locations until some
pre-programmed terminal count is reached. This waste-
ful exercise is analogous 10 the seeker in a game of hide
and seek who has to count to a hundred before setting
off.

If the sceker has a stop-watch which “buzzes™ after
a hundred seconds. he or she could perhaps be better
occupied reading a book during the waiting period, and
similarly the microprocessor can be better occupied
doing arithmetic or responding to interrupts!

The delay time chip referred to contains a number of
independent binary counters which can be incremented
by the system clock and are preset and started under
MpuU control. When a terminal count is reached an
interrupt is generatcd to inform the set, that the time
period has expired.

SERIAL INTERFACE

One other important class of peripheral chips is
commonly used to provide communication channels to
serial peripheral devices like Teletypes and vbus. These
chips have names such as vart (Universal Asynchro-
nous Receiver Transmitter). usart (Universal Synchro-
nous Asvinchronous Receiver Transmitter) and  Acta
(Asynchronous Communications Interface Adapter)
and are produced by most major Microprocessor
companics. See Fig. 5.8

The chips relieve the mpu of a lot of the housekeeping
and timing operations which are necessitated by the
strict format and protocol demanded by serial peri-
pherals, and enable the mpu to treat such serial 1O
transfers as simple parallel word transfers to or from
the UART, USART or ACla chips themsehes.

Apart trom parallel-to-serial, and serial-to-parallel
conversion, the chips add start and stop bits to the trans-
mitted data. and can also provide and test a parity
(error check) bit when this is desirable. The actual speed
of transmission (or baud rate as it is usually called) can
be programmed by use of an external clock oscillator
over the range of d.c. to several thousand bits per
second, so that a wide range of terminal equipnment ¢an
be handled.

As if that wasn't enough, Motorola have introduced
a complete “modem™ on a chip (the MC6860L) so that
the output of their acia can be converted into an rsK
(Frequency Shift Keying) signal for transmission over
telephone lines!

NOT ESSENTIAL

Ir1 the midst of this proliferation of special peripheral
hardware it is important to remember that most of it is
not essential and that it can be economically replaced
with software in many small to medium sized systems.
After all, replacing hardware with software is supposed
to be the name of the game!

NEXT MONTH : Choosing a microprocessor. This is
the concluding articie of the present introductory
series.

A constructional project will be featured in a new
series starting in September 1977.
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THE infinitely variable tuning capability of the
synthesiser oscillator, presents problems with
accurate tuning for multi-tracking and live performance
applications. However, since relative tuning of the
keyboard is set with the span control, the problem can
be overcome by providing a tone of fixed pitch at
several octaves range. A visual indication of frequency
difference from this reference will then allow rapid
and easy tuning, which can be carried out silently.
The circuit described provides these facilities, and with
a three octave keyboard, allows tuning over the range
16-35 to 8,372Hz directly.

CIRCUIT DESCRIPTION

Fig. 2 shows the complete circuit. The reference
note is generated by IC1 connected as a stable relaxa-
tion oscillator, the frequency of which is set by VRI.
Fig. 1| shows the basic oscillator format and the law
governing the frequency of oscillation. Metal oxide
resistors are used to promote stability.

In the ofFf position, Sla disables the oscillator to
eliminate audio and beat frequency break-through
when not in use (for the benefit of those who build the
device permanently into their synthesiser). The output
of ICI is a high amplitude square wave, and this is
buffered by TRI to be TTL compatible. A 4-stage
octave divider is formed by [C2, and the outputs are
selected by S2, and fed to the reference input of the
indicator circuit.

The indicator circuit is basically that used in the
Tuning Fork of PE November 1975, but since a high
level continuous signal is available from the v.c.o.s,
only one stage of preamplification is necessary. A
further modification at the sAMPLE INPUT, is a switched
low pass filter. This attenuates higher octave signals
than those of the reference, so that indicator D4
only provides a beat indication when the sample and
reference pitches approach unison.

522

CONSTRUCTION

The unit is primarily intended to be built into the
synthesiser, and operated from its supply. The circuit
will operate from +9 to + 15 volts, with RS and R15
selected to match the supply voltage used. The circuit
can be assembled on O-lin strip-board. When using
the layout shown in Fig. 3, C4 through to C7 are
wired directly on switch S2b. The SAMPLE INPUTS
are taken from the v.c.o. outputs, before their level
controls. The reference signal can be taken from S2a
common, to an audio amplifier for audio tuning. The

arrangement shown was wused in the Minisonic
Synthesiser.
-
FrREQUENCY= RY TRz
Ry 4CRyR7

Fig. 1. Basic oscillator, and equation governing the
frequency of operation
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Fig. 2. Circuit diagram of the synthesiser tuning reference.

COMPONENTS . . .

/i/;

Beat frequencies are indicated by D4

Resistors
R1 33k 2% m.o.
R2 10k Q2 2% m.o.
R3 4.7k 2% m.o.
R4 10kQ2
R5 220Q2 (tor +9 volt rails)
470Q (for --15 volt rails)

R6 2:2k Q2
R7 120k Q2
R8 120k Q2
R9 1kQ
R10  1kQ
R11 10kQ
R12 3.3k
R13 12k
R14 10k

R15  220Q2 (for + 9 volt rails)
470Q (for =15 volt rails)

R16 100k

R17  100kQ

All 5% 4W unless otherwise stated

Potentiometers
VR1  10kQ multiturn preset
(min cermet)
VR2 2:2MQ min horizontal preset

Capacitors
C1 10nF poly
Cc2 4.7:F 16 volt
Cc3 0:0681.F ceramic
C4 20nF 2% poly*

(can be 10 |1 10nF)

C5 10nF 2% poly*
Cé 4.7nF 2% poly*
Cc1 2:2nF 2% poly*
cs 10nF 2% poly*
Cc9 220pF 2% poly*
C10  0-1uF ceramic

* Available from
Doram Electronics Ltd

Transistors

TR1 BC108

TR2 2N3823 f.e.t.

TR3 BC214

TR4 BC108
Diodes

D1 BZY88 4.7 volt Zener

D2 1N914

D3 1Ng14

D4 TIL209
Integrated Circuits

IC1 741C

1C2 7493

1C3 741C

IC4 741C

Miscellaneous
S1,S2  2-pole 4-way rotary switch
S3 1 pole push-to-make
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Fig. 3. Component layout and circuit board copper strip cutting details

SETTING UP

Where 4 C to C keyboard is used, the reference
oscillator is best tuned to C at 2,093Hz. The exact
frequency can be chosen to suit the application. For
example, where the synthesiser is used with a fixed
pitch instrument, the reference can be tuned to this,
using the EXTERNAL SAMPLE INPUT.

The gain of the sSAMPLE INPUT stage is set by VR2, so
that with the v.c.o. input one octave above the refer-

ence, D4 does not quite light. Check this at all
positions of S2. With the v.c.0. and reference approach-
ing unison, a good beat indication should be given
by D4.

To tune the v.c.0.s, their frequency is adjusted until
D4 lights, and then further adjusted to give the
slowest beat frequency indication obtainable. Audible
tuning will facilitate initial coarse tuning. *

NEWS BRIEFS

Video Disc "77

Ht tirst public UK demonstration of the Philips and
MCA optical video disc system will be given at this
year's Video Disc "77 Conference. Until now . the systent has
only been seen by invited audiences in Japan, USA and in
Europe: Berlin and Cannes.
The Video Disc "77 Conference is to be held on November
% and 9 in the Princess Anne Theatre at the British Academy
of Film & Television Arts in Piccadilly, London. This
auditorium was chosen because of the ceiling suspended
colour monitors. ideal for video presentation to large
audiences.

Teach-in

pivk day course with tutorials on the subject of ~Logic,

Interfaces and Microprocessors™ is to be conducted
by Prot. D). Zissos at the Southgate Technical College,
London. N.14.

Approvimately three days will be devoted to the design
of logic circuits, design of procedures for instrument and
minicomputer intertaces. The last two days will examine in
depth microprocessors and therr use in digital systems.

Details and reservations can be obtained from the
organisers Interprojects Ltd.. 29 Church Street, Edmonton,
London. N9 9DY.

tn

24

Pilots Eyes

THL Special Components Department of Ferranti at Gem
Mill are hoping to help American Army helicopter
pilots to overcome visibility problems when in action.

They have supplied several of their 1in CRTs to Hughes
Aircraft Co. for incorporation in experimental helmet-
mounted head-up displays. In the display, the tube is
attached to the helmet and an image is projected through
optics onto the pitot’s visor. with focus at infinity. Thus,
he sees the CRT image superimposed on whatever outside
scene he is looking at.
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IN3439  0.88 | 2NS4B4  0-3a |BC141  0.45BCY33  1.00 |BF258  0-45 |TIP35A  2-50 [LM723C  0-85) 76620N  1-10 DIL MA1002H4 24nr 5in display 1120
IN3440  0.64 | 2N5486  0.38 |[BC142  0.30 | BCY34  1.20 [BF253  0-49 |TIP36A  3-35 [LM723N  0-75(76650N 110 | SOCKETS MA1010E 12hr B4in display 17 00
ON3441 .85 | 2N6027  0.53 |BC143 030 | BCY38  2.00 |BFASO 045 |TIP41A  0-70 [LM741C  0-65[76660N 060 | 8PIN  0-15 il MA1010G 24hr B4in display 1700
aNsee2 136 | NetDT O §5(BC147  0-12|BCva2  0.60 [BFR3Y 0 28 |TIPAIC  0-85 [LM74IN 050 76666N  0-92 |14 PIN  0-16 Transformers £1-50
ON3638  0-16 | 2N§107  0.42 |BC1:8 012 | BCYSS 025 |BFS21A  2:60 [TIP42A  0-80 {LM741-8  0-40| TAA310A 1:50 |16PIN  0-18
IN338BA 0.6 | NE10S  0-42|BCi4g  0.13[BCY53 025 |BFS28  1.04 [TIP$2C 0 95 |[LM747N  0-90| TAA320A 1-15 [22PIN  0-30 CAR CLOCK MODULE
2N339 030 | 2N6121  0-38|8C1s3 027 [BCYZ0  0-25 | BFS6)  0-30 [TIP2955 065 |LM748-8 0 50| TAA350A 2:48 [24 PIN 035 !
2N3641  0-20 | 2N6122  0-a1]BC154 027 |[BCYZ1  0-26 {BFS9B  0-27 [TIP3055 0 55 [LM748N  0-50| TAAS21  1-00 [2BPIN 045 AR Tg'-“edl L2V e o=
a0z 07| nsizs  oaalecis? oz |BCv2 028 |eexzs  os[Tisss 030 |UMieoo  1.76iTAAszz 180 foPIN 055 [l 10Ut MGl SR BON RE

MICROPROCESSOR SUPPORT

TTL FROM NATIONAL, ITT, TEXAS, SIGNETICS, ETC.  |w 1u| pbarn Wi o

7400 0-2007412  0.21| 7438 0-56| 7460  0.21| 7485  1:85 [ 74118  0.90 | 74160  1.43 | 74184  2:46 POWER B oD 20
7401 0-21]7413  0.51| 7440 0-21| 7470  0-48 | 7486 0-41| 74119 1.80 | 74161 1.41 | 74185 2.6 |SCHOTTKY W 51401 So6 145 21119N D
7402 0-21 7414 1-80 | 7449 1.03( 7472 0-38 | 7490 0-61 1 74121 0-49 | 74162 1-41 | 74188 2:00 iN STOCK DMB1LSSe7 1-45  2112:2N 3.00
7403 0-21| 7416  0-61| 7842 078 | 7473 0-43] 7491 0-98 74122 0-45{ 74163  1.41 | 74189  3-99 DMB1LS98 145 74C920D 1257
7404 0-26 7417  0-61| 7445  1.35| 7474  0-43| 7492  0-61| 74123  0.58 | 74164  1.23 | 74190  1.91 UNIVERSAL oMS

7405 0.26 | 7420 0.2%| 7446 1.23 | 7475  0.58| 7493  0-61 (74141 103 [ 74165  1.23 | 74191 191} 24 MG DS8833 1-99 ' MMB214 26.95
7406 0-74 17423 0.39 | 7447 1.17 | 7476 0-51| 7434 0-74 | 74145  1.06 | 74167 3-70 | 74192 1-62 DS8835 1-99  PROMS

ey 0.74{7425 0.30| 7448  1.17| 7480  o.a5|7495  0.78 | 74151 1417417 152 |74193 162) RANGE 7418173 2.9 743287 533
7408  0-29 7427 0.39( 7450 0-29 | 7481 1-10 | 7496 1-03 | 74153 1.11 | 74175 1-35 | 74196 117 & 74LS174 1-41  MMS204Q 32-30
7409 0-29 {7430  0-21| 7451  0.21| 7482  0-67 (7497 4.60 | 74154 1.85 | 74176 1.23 | 74197 1.7 MANY 7408175 138 170280 o¥a0
7410 0217432 0-39| 7453 0-21] 7483  1.33| 74100  1-15 | 74155 1.11 | 74180 1:77 | 74198 2.93 2

7211 0.29 17437  0.55| 7458 g.21| 7481  0.85| 74107  0-43 | 74157  0-98 ) 74181 370 | 74199 293 MORE 3

(o

E?Cd/MP INTROKIT c £68-61 exc VAT

udget introduction to SC/MP  microprocessing—

Board. CPU, Memories. Crystal. etc. Built-in debugging NEW FROM MOTOROLA M E K680 0
Compiete with explanatory data and appiications- A build-it-yourself microcomputer designed around

National Semiconductors. the Motoroia MEB00 Famly

KEYBOARD KIT £65-84 exc. VAT, 15 neprnon ony 1150 Kit contains CPU (MCB800), 256 x 8 RAM (2 x MCM6810

Budget VOU for Tetetype substitute. The calculalor type g ristate bus.1/0 QP)‘ 2-PLA (MC6820). 1x ACIA (MC6850), Hex

keyboard provides manual /0 commands to Introkit. 12 bit tristate address eyboard. Hex-dispiay intertace to audio cassette. plus

Fult instruction and data supplied with each kit. Com- 512 bytes rom all additional components. Easily expanded Single 5V ONLY £190 + VAT
piete kit easily mates with cassette recorder 256 bytes ram supply needed. 72 basic intructions
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B. BAMBER ELECTRONICS  fobui. &0 a3 680155 T2 e restor i Satriy

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED PLEASE ADD 8% VAT UNLESS OTHERWISE STATED
RED LEDe . o) fr 75 WASHNETIC DEVICES FROGRAMMERS Cor. PERSPEX TUNCR CANELS 7,209 2 & Lance mamae or caracons aan-

VIOICON SCAN COILS (Transistor type, but no data) SWI‘ChﬂstlEd approx. 1A at 240VAC). Needs slow- clear numbers, rest blacked out. smart modem
compiete with vidicon base £6-50 sach. Brand New. motion motor to drive {not supplied). ideal for disco  appearance. size approx. 84in. x 14In., 2 for 36p.

. hah':s sequence switching. etc. ex equip £1.80 MIXED COMPONENT PACKS, containing
FULL RANGE OF BERNARDS/BABANI ELEC- ©ac PLUGS AND SOCKETS resistors, capacitors, pots, etc. All new. Hundreds
TRONICS BOOKS IN STOCK. SAE. FOR LIST. .?-A"%A‘go sg‘éogcﬂpMINu“jRE MOTORS, N-Type Plugs 5?;“},",, 80p each, 3 for £1.50. of items, £2 per pack, while stocks last.
ype M 'M governed. sire approx. P1269 Plugs FE) brana new, packed with "
NEW FOR THE VHF CONSTRUCTOR. A ango of  13in. dlu X 1jin. nigh, wit 2mm spindle. Brand reducers, B5p or 5 fol ";”)'S%Lm““”:"“.’?“ eyl
Tuned Gireults on ormers with slugs and screaning cans. Mo or 2 or £1. $0239 Sockers (G’E’T:E),cgr;nd new {4-hole fixing  [Ofe) SOKers @ U iste. 16 sw.g it
quoted are sndrange canbe o oo I GH VOLTAGE RECTIFIER STICKS, typel. 50p each or S for multicore flux, with instructions. Approx. | matre
greatly extended by ullnq vlrvmg capacitors in paraliel. T . i N | £2.75
Tys S (in. square, dumpy type). BY1B5 (new) 35kV 2.5mA £1 each, BY140 TR [ = coil 40p pack. Large reel £2.75.
{ex-equip} 12kV 2 6mA 45p each. SOLDER KE unger Type).

Type SA20 ‘030mﬂl(whan 33pf fitted in paraliel). Modsl, £4.50. Skited Model, £4-95. Spare VARICAP TUNERS Mullard Type ELC1043/05.
A VARIABLE STABILISED POWER SUPPLY, Nozzles 60p each. Brand New, £4.40 + 12{% VAT

ol T S T, nd"f’-) mains inpuf, 0-24V output, stabilised and current R

Tree S0 13510 2 (wieh ik wincing T o S 00maA '+ 325 5t Soma Brand rew by WELLER SOLDERING IRONS BARGAIN PACK OF LOW VOLTAGE
T e Dot ot fitted in paralle),  BiliSh manufacturer. Size approx. 74 x 24 x 4in.  EXPERT. Built-in-spotiight illuminates work. Pistol ELECTROLYTIC CAPACITORS. Up to 50V
TVDO R o 2 n 33pf fitted in paratist). complete with sxternal 5kQ 3-turn pot for voltage grip with fingertip trigger. High efficiency copper working. Seatronic Manufecture. Approx. 100. £1.80
Voo 1 32MHz (when 33pf fitted in paralleil.  coriror Gonaction data supplied. £, kel per pack + 12§% VAT.

Type MC 26 to 35MHz (when 33pf fitted in paraliel). ering tlp

Type MD 38 to 50MHz {when 33pf fitted in paraliel). 14 DIL REED RELAYS, 5 to 12V DC, 450 ohm EXPERT SOLDER GUN 8100D £9.90. Mobile Converters, 24V DC input 13.8V at
Typs ME 45 to BOMHz {when 33pf fitted in parsllell.  coil. Designed to work directly from TTL Logic, EXPERT SOLDER QUN KIT {spere bits, case. etc.) approx. 3-4A DC output. fully sub:lnS:d £3350 asch
Type MF 100 to 200MHz (without siug) when 0 to 30pt  Single PoF Change over. Contact ratings 28v A £12.90. . {ideal for running 12V car radlo from 24V lorry
Z."n.:ue ﬁ:: in parallel. tabie | 3W. £1-76 each. Spare Bits 36p peir battery).
the above coils available In packs of five only ===
{same at 5Oy pack of 8. SPECIAL OFFER . .. We now stock Spiratux Too|| for the electronic
GLUGDE STARPMONE HIGH BAND RF PC BOARDS, (A EGIERLY] CECTER G eXETLILTS enihusa 8A and
; with converslon data for making Imo 8 good Y J etric sizes, pop rivet quns etc SAE. for list.
;l‘;?:ll'!‘sz):v“hg"bf-i'x:g::' preas il Converter. (All that Is needed: 1 7 GID! S:;gg ;gw %:8& gg %
TYPE NB3 x. 43in. x 34in. x 1}in. 80p 2 resistors, and 9V DC.) PCB contains 2 Dual $S140D 40W 240V £4.20. TWIN LF. CANS, approx. 1in. x §in. x Tin. high,
8pprox. 43in. x 3¢in. x 1in. 80p sech. Mos Fet RF stages (3N140). Diode ring mi o S1250K 25W 240V 1 bits etc.. KIT £4.90 around 3.5 5MHZ, 2 separate ianstormars i
{OTHER SIZES AVAILABLE SHORTLY) 3 “stage Osc/Multiplier. All on one PCB, approx. 8126 SpECIAL 12V version S1265-12 26W 12V £3.80. | can. intemally scroened, 5 for 50p + 12§% VAT.
- x 1§, ext connections. 9V DC supply, AGC BENCH S8TAND with spring and sponge for Marks-
MULLARD S6A2 85V STABILISER VALVES (can be left fixed bias, or RF gain control) Ant. i S 50 3g Dubilier Electroiytics. S0uF. 450V, 2 for S0p.
(Brand New) 70p sach or 2 for £1:20. input, IF outout (works from o fow MHz 10 over  Sparo Bits MTA lfor 15W) 50p, MTS ffor 25W) 4Bp, Oubilier Electroiytics. 1004F. 276V, 2 for 80p.
). All Brand New. £8.50 each. while pi710 (for 40W) 80p. ’ olytics, 47, 3 f
TO3 transistor insulator sets. 10 for 50p. stocks nst. ALLPRICES + 8% VAT. T e el R T A
NUT SPINNER SETS — SPIRALUX BSX20/YHEOsc/MuTIl f°’ sop. TCP2 TEMPERATURE CONTROLLED IRON. 3 for £1 . i 0] s
Model 2210 BA 0123 4.5 6.8 c420, DE198 (metal can), 4 Temperaturs controlied iron and PSU. £27 + VAT actrolytics, BUBOLF, 35V, BOp each.
ol sizes. PBC108 (plastic sc1os) 5 Tor 50p. €216 Dubilier Electoid '
Model 2230 Metric sizes 4, 4°6,5.5.5,6.7.8.9.  BFY51 Transistors, 4 for 60p. ! An" . ubilier Electroiytics, 50004F 50V, 60p each.
10mm: £4-80- Eﬁ‘é’.ﬁi’:?"s“%'é's‘r'r‘i'nﬁ&a,s 12 for 26p Type CC singlo flat, Type K doutle fat fins . TorminalS-wtrrrounting Clps, 505 %
110V NEONS. SCREW-IN-TYPE, 4 for 50p. BF152 (UN¥nmp/mllsr) 3 for 50p. . Type P, very fine tip. £1 each + VAT (8p). Plessay E:a‘homY 5. 10, ooo F at 63V, 75p eac
2N3819 Fet.. 3 fo MOST SPARES AVAILABLE.
BC148 NPN SILICON ¥ for 50p. : OC Scrow terminals £1.50'
m.!‘:a’n‘l ?p'im co':rs sgg:laiosrs\oo"nt:g ;:‘:If’::iw 98" BC158 PNP SILICON, 4 for 50p. PLEASE ADD 12}% VAT To "RLL CAPACITORS.
. . BAY31 Signal Diodes. 10 for 35p. MULTICORE SOLDER TV PLUGS AND SOCKETS
MINIATURE PLIERS. Hi uality “Crescent”, BA121 Varicap Diodes, 4 for 50p. Snxa 5 Savbit 18 s.w.g. in alloy dispenser. 320 1y iy (metal type), & for S0p.
made in USA, £4-35 +VAT { %ss

SMALL MAINS SUPPRESSORS {small chokes, TV Sockets {metal typal, 4 for
- idesl for radio, Hi-Fl inputs. etc.), approx. in. x Sire 26 C19KV18 Savoit 18 3. §.56p + VAT (4p1. TV Do Commaciors laack-10.oeck sockatsl, 4 for 50p.
SIDE CUTTERS. High quality, £3.70 + VAT 30p.  1}in.. 3 for 50p. § Xg-{1-11b) 60 x 40. 20 s.w.g. on plastic resl £3.  Please add 12¢% vn

Terms of Business: CASH WITH ORDER. MINIMUM ORDER £2. ALL PRICES INCLUDE POST & PACKING (UK ONLY). SAE with ALL ENQUIRIES Please.
PLEASE ADD VAT AS SHOWN. ALL GOODS IN STOCK-DESPATCHED BY RETURN. CALLERS WELCOME BY APPOINTMENT ONLY.

AUDIBLY SUPERIOR POWER AMPLIFIER MODULES ELECTRONIC PIANO

e o e e rabeces coul T ey o1 by e 51 S0t e 4 ALL PARTS CAN BE
SUPPLIED

. s no 'orry wlt 'o limh of 18V/ua {only 3¥/ue Is raquired for
Keyboard, Keyswitch, P.C.B.s,

e p width of 008). Settling tim, * S/N > 110dB # 120 x 80 x 25mm * Fully
pvolactsd « TTSmV/56k(01 % 12Hz-35kHzZ, -3dB « 14 Tn 401
Hardware Semiconductors.
Resistors, Capacitors, Cabinets

Compiete kits or easy stages

Power Supplies: Festuring high quelity To'oldll transformers with 120—

CPS1 For 2 x CEB08 or 1 x CE1004 1208 240V primary and screen;
CPS2 For 2 « CE1004 or 2 or 4 x CE608 £14-55 2 large i
CPS3 For 2 x CE1008 £15-85

Powsr amp. modules:

CEGO8 60W r m.s ‘801, =35V £16-30
CE1004 100W ¢ m 8 /40 =35V e
CE1008 100W r m.s ‘80, =45V £23-22
Hsinks 50mm 90p; Hrduty 100mm £1-80

All prices inClusive CR'MSON ELEKTRIK clef Prod ucts
3,.?..5’_1;:"2;;;.:;::;:1‘- 74 STATION ROAD 31 Mountfield Road
RATBY, LEICESTER  CE1008 + Domestic heatsink (stmm} Bramhall, StOCprft, Cheshire SK7 1LY

Send S.A E. for details

1S BLACK & N ;
WHITE as well as new switches and items from advanced opto-

electronics to humble (but essential} washers. Many
things listed are very difficult to obtain elsewhere. The 40p
company's own computer is programmed to expedite

4th ISSUE INCLUDES NEW METERS 144 pages

delivery and maintain customer satisfaction. Attractive post paid
discounts continue on many purchases, inc. refund

Access and Barclaycard orders are accepted. h
SEMI-CONDUCTORS ® COMPONENTS @ ACCESSORIES, ETC. MoLCcher

% FREE POSTAGE on all C.W.O. mail orders over £2 list value (excluding worth 40p
VAT) in UK. If under, add 15p handling charge.
All communications to Head Office, Depl. PE5. # 8T. JUDES ROAD,
ENGLEFIELD GQGREEN, EGHAM, SURREY TW20 OMB. Pnone Egham 3603
Telex 284475, Hours 9-5.30 daily. 1 pm Sats
NORTHEAN BRANCH: 880 Burnsge Lane, Burnege, Msnchester Mi3 INA.
Phone 061-432 4945. Hours $-5.30 pm. 1 pm Sals.
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BATENTSEREY

UNDERWATER SAFETY

A modification of calculator tech-
nology to make underwater diving
safer is proposed in BP 1 461 277, by
E. T. Skinner & Co. Ltd. of Barnes,
London.

As shown in Fig. 1, a pressure
transducer has a diaphragm which is
subjected to prevailing water pres-
sure and backed by a stiff spring so
that large pressure variations cause
only a small linear movement of the
diaphragm, e.g. 10-50 thousandths of
an inch.

The small movement of the dia-
phragm causes relative movement
between two crossed diffraction
gratings of Moiré type. Such relative
movement causes magnified move-
ment of Moiré fringes produced by
illumination from the lamp.

These fringe movements are de-
tected by photocells D1, D2, of which
the output is fed to a counter. so that
a pulse train from photocell D1
creates an increment on the counter
and a train from D2 creates a decre-
ment. The accumulated count is fed
via the logic circuits to the register,
which supplies display logic and
l.e.d. readout information to indicate
pressure or depth. All the logic
components are integrated in one
chip, which is fed also with signals
from a timer oscillator.

Thus, under the control of the
keyboard the diver may display either
depth or time under water or the
product of time and depth, the result-
ing figure being representative of the
air consumed by the diver and the
available safe time left at the sensed
depth. By computing the product of
time and depth to a chosen power,

a decompression product can be
displayed, to advise the diver on a
safe rate of ascent.

Integration should allow the unit to
be worn as a wrist calculator, with an
alarm function signalling divergence
from the safe decompression product
and consequent risk of ‘'the bends'".

HEAT WARNING ~ BP 1 462 461

In BP 1 462 461, Robert Parker
Research Inc., of California, USA,
patents an electro-chemical device
for warning users of equipment, such
as irons, whether they are hot and can
cause a burn. The object is to provide
a heat danger indicator device which
need not necessarily be in thermal
contact with the appliance.

A thin transparent Mylar or similar
plastics film is masked to denote
appropriate warning symbols.

A thin coating of liquid crystal
composition is then applied with a
dark backing of ink or paint. A heating
element, for instance of carbon im-
pregnated paper, heater sheet film or
foil, is applied to this backing, and
the whole aggregation sealed in a
protective casing. The heating ele-
ment is connected in parallel with the
power source for the appliance.

When the appliance is switched
on the subsidiary element generates
heat which warms the liquid crystal
layer and causes it to change from
its transparent to visible and coloured
state. This transformation in turn
makes the symbols masked in the
Mylar film legible.

By using strips of different liquid
crystal composition with different
transition temperatures, or spacing

aoaq

the heating element asymmetrically
so that a heat gradient is created over
the crystal material, the device can
provide a tell-tale readout of the
transition between cold, warm, hot
and very hot. This is representative of
the temperature and condition of the
remote appliance.

Details are given of suitable crystal
compositions for a range of tempera-
ture differentials and ambient con-
ditions.

IN BRIEF

BP 1 464 744—H. P. Vinet: Automatic
Workshop Installation. A complicated
electronics ‘‘overseer't system, in-
tended to allow members of the
public to service their own cars, TV,
radio, etc. using specialised work-
shop facilities on a hire basis.

Separate service areas are elec-
tronically unlocked by payment of a
fee, and free access for a limited time
is then given to hand and power tools.
At the end of the service period, elec-
tronic sensing devices (e.g. magnets
and reed switches) sound an alarm
if any tool has not been returned to
its proper place. Power tools are con-
nected to the power supply via leads
which sound an alarm if cut.

BP 1464 037—C. B. Richmond: Auto-
matic Cross Feed Device. Voltage con-
trolted amplifiers in adjacent sound
channels are governed in up-and-
down gain directions by exponential
ramp voltage generators and inverters
connected to the v.c.a. inputs. This
provides automatic cross-pan be-
tween sound channels, with one
channel coming up while the other
goes down.

BP 1 461271

BP 1 465 0%34—H. Peiker: Dynamic

LAMP DIFFRACTION nar

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - GRATINGS Loudspeaker for Speech Transmission.

A PRESSURE A heavy duty speech band trans-

"~ TRANSDUCER ducer, e.g. loudspeaking telephone

DIRIE or speech address type, capable of

SPRING B L D2 w4l 4 KEYBOARD tong periods of use without break-
SENSOR T OSCILLATOR I/ | down.

TESEEIRT e S Commonly such heavy duty use

["couNTER results in ‘‘open-circuit'’ voice coil

connections due to I.f. excursions of

the diaphragm. To cure this, the dia-
phragm is rear-loaded by a cavity
which is vented to the atmosphere
via apertures, selected in size and
number, to tune the rear enclosure as
a low pass filter to curtail unneces-
sary |.f. excursions.

!
e
|
|

LOGIC CHIP
s

Copies of Patents can be obtained from the Patent Office Salzs, St. MaryCray. Orpington, Kent Price 95p each
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Items mentioned in this feature are usually
available from electronic equipment and com-
ponent retailers advertising in this magazine.

However, where a full address is given,
enquiries and orders should then be made direct
to the firm concerned. All quoted prices are
those at the time of going to press.

TELETEXT DECODER

A Teletext decoder at less than
half the cost of any comparable
decoder currently available is an-
nounced by Videocraft. It is sup-
plied as a kit comprising an
assembled and tested Texas Tifax
Teletext decoding module, power
supply and interface module kit,
and an assembled and tested cable-
connected remote control.- The
interface module and installation
instructions vary according to your
TV receiver type.

The decoder output feeds directly
into the receiver video circuitry,
and in most cases the unit can be
fitted inside the receiver cabinet.
Facilities include seven colours,
upper and lower case characters,
graphics, time coded display, and
newsflash and subtitle inserted in
the TV picture. The complete kit
costs £180 plus 8% VAT.

Full details of this and other
decoders are available from Video-
craft, Assetts House, Elverton
Street, London SWIP 2QR.

R

DIP Switches from Contravés

528

AMPLIFIER MODULE

Intended for use in ‘'personal”
record players, tape recorders, stereo
amplifiers and cassette/cartridge
players Bi-Pak Semiconductors
have just introduced the AL-30A low
power audio amplifier module.

Capable of delivering 5-10W r.m.s,
into 8 to 16 ohm loads, the module
has a sensitivity of 90mV for full
output and a claimed frequency
response of 60Hz to 25kHz - 2dB. The
input impedance is 50kQ and the
claimed total harmonic distortion is
less than 0-5 per cent; typically 0-3 per
cent.

The required power supply for the
module is 22 to 30V. The circuit for
the module uses a complementary
symmetry output stage and the
specification of the output devices
ensures good performance and re-
liability. The particular choice of the
power transistors used determine the
supply and output conditions. It is
recommended that a heatsink should
be used with this module.

The cost of the AL-30A is £3:60 and
further particulars, including a suit-
able power supply and preamplifier
module, can be obtained from Bi-Pak
Semiconductors, The Maltings,
63A High Street, Ware, Herts.

For the bargain hunter Bi-Pak list
several semiconductor and compo-
nent pack offers in their new 127 page
Components Catalogue. The cata-
logue also lists individual items
ranging from CMOS integrated
circuits to ordinary wire.

A separate price list is issued with
each catalogue and is updated when
necessary. The charge for the
catalogue is 50p plus 15p pp.

MULTI-POLE SWITCGHES

Miniature on/off switches con-
forming to standard dual-in-line
package dimensions have been intro-
duced by Contraves Industrial Pro-
ducts.

The new d.i.p. switches are designed
for use on printed circuit boards. Up
to 10 single pole switches can be
specified on a single module, and the
switch contacts are rated at 100mA at
S0V d.c.

The pole positions are numbered
on the body of the switch to facilitate
easy setting. Dust covers and locking
mechanisms prevent accidental op-
eration. The switches can be used
with sockets or soldered directly to
the printed circuit board.

A range of different configurations
is available including switch toggles
arranged vertically instead of horizon-
tally, changeover contacts instead of
standard single pole single throw
contacts and low profile designs.

Further information on the com-
plete range of switches available can
be obtained from Contraves Industrial
Products Ltd., Times House, Station
Approach, Ruislip, Middlesex.

CATALOGUES

At jong last we have had the
pleasure of receiving and looking at
the new Maplin Electronic Supplies
component catalogue.

With over 4,000 items and over
1,000 photographs and drawings it
has been well worth the wait and
must figure in our ‘‘musts” for
readers-to-collect list,

Containing 216 pages it gives
details for several ‘‘build-it-yourself”’
kits including a professional 4 to 16
channel audio mixer; organists/
guitarists 13-note bass foot pedal;
light show with a.v.c. and an elec-
tronic ignition system.

Also, there are 30 pages of i.c.
information together with complete
circuits,

The catalogue costs 50p and prices
are guaranteed for two-monthly
periods. A bi-monthly newsletter/
price list is issued and customers can
receive a years supply for 30p.

Copies of the Maplin Components
Catalogue can be obtained from
Maplin Electronic Supplies, P.O. Box
3, Rayleigh, Essex, SS6 S8LR.

Another new components cata-
logue we have received is the 28 page
Orchard  Electronics components
catalogue. The charge for this is 50p
but includes two vouchers value 25p
each, refundable with an order over
£3-25 or 25p off 2 orders value £1-50p.

Copies are available from Orchard
Electronics, Flint House, High Street,
Wallingford, OX10 0DE.

NOTE

A number of past PE projects have
specified panel meters made by
SEW (Shinohara) which were formerly
sold by G. W. Smith and Laskys.

These instruments are now avail-
able from ITT Instrument Services,
Edinburgh Way, Harlow, Essex
CM20 2DF, who will accept small
orders on a cash with order basis.
There is no minimum order charge
but 75p is added to cover post and
packing. A price list is available on
request.

We have been informed that the
Neosid A6 assemblies called up in the
P.E. Orion articles are not available
direct from Neosid Ltd.

However, orders for one-offs
should be placed with Potters Market
Ltd., of 35 Hydeway, Welwyn Garden
City, Herts.,, who have agreed to
handle small orders for Neosid Ltd.
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‘At Home
Soldering ?

You will be with the Litesold
Conqueror 18w iron designed with
your requirements in mind. R

N

4
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e
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® Lightweight, superb handling

® Bits fit over element for efficiency

® Wide range of bits for wide
variety of work

® Stainless steel enclosed heating
element, fully earthed and flash-
tested for safety.

Conqueror Iron Only £3.82
Specify If suspension hook
required.

Conqueror lron c/w Spring
Stand

Conqueror Iron c/w Spring
Stand & four spare copper
bits £9.09
Prices are inclusive of V.A.T.

{8%) and p.p.

LIGHT SOLDERING DEVELOPMENTS LTD

T 97/99 Gloucester Road, Croydon, Surrey. Tel: 01-689 0574 Telex: 8811945 LS rvtJ

® Non-seize bit fitting

® Safety spring stand available to £6.91

hold iron, spare bits and sponge.

Send Cheque/P.O. with order.

CHINAGLIA DINO—ELECTRICAL AND ELECTRONIC TEST
EQUIPMENT MANUFACTURERS

CRESCENT RADIO LTD.

164-166 HIGH ROAD, WOOD GREEN, N22 888-3206
(also) 13 SOUTH MALL, EDMONTON, N,9 803-1685

MAIL ORDER DEPT.
| ST. MICHAELS TERRACE, WOOD GREEN, LONDON N22 45)
! Phone: 888.4474

**C100” 100 WATT AMPLIFIER
All built and tested. mounted on a plain aluminium
chaagis which measures 18 X 9§ X 4in, and which
you can mount into a cabinet of your cholce.
Tour controlled inputs, master volunwe, treble,
middle and bass controls, 8/C protected output.
100W clean into 8 ohm L/8. Ideal for disco,
music groups, PA, and eigbs.

A bargain ab€48 +°£1 catr. + 8% VAT.

3 KILOWATTS PSYCHEDELIC
LIGHT CONTROL UNIT

Three Channel: Bass, Middle,
I'reble. Each channel has its
own sensitivity control. Just
connect the input of this unit to
the loudspeaker terminals of
an amplifier, and connect three
250V up to 1000W lamps to
the output terminals oi the
unit, and youn produce a fasci-
nating  sound-light  display.
(All guaranteed.)

PRESENT THE

DOLOMITH

20KV a.¢. and d.c.

—

=
<
EX]

GOODMARS 8in.
LOUDSPEAKER 0)
£|8'50plua T5p. P.&T.+8%. Goodmans '*Audiom Htand:\rg l{endsgt
&PA' Bass Ljspeaker, | Type 1105, imped-
FERRIC CHLORIDE q . impedance 8 ohm, | ance 2,000 ohms each
Anhydrous ferric chltfude in power handling 15W | earphone. Price £1'50
double scaled 11H r:ol} packs. \frominal. Our price | + 121% VAT vper
:’t“é,}’rp'gflg"’l’ + PIP + VAT Yeq20 + 124% VAT, | pair.
/o .
BARGAIN PROJECT BOX
A plastic box with moulded ex-
trusion raits for PC or Chassis
panels with metal front plate
fitted with four screws (all
supplied). 8ize (internal) 8lmm
51mm 28mm. Our Price
50p + 8%

HEADPHONES
M

A NEW HIGH SENSI-
TIVITY MULTIMETER
WITH ALL THE FEA-
TURES YOU WIiLL
EVER NEED

Veoooe.

PPI POWER SUPPLY UNIT Accuracy: D.C ranges. = 2 0%, A.C & ranges = 2:5%
Switchied 3, 44, 6, 74, 9 and 12V at 500 mA. 39 ranges: d.c. V. 0-150mV, 500mV, 1-5V. 5V, 15V, 50V, 150V. 500V, 1 5kv. d.c.l,
With onfoff switch and 0 SOpA. SOOMA. 5mA, SOmA. 0-5A. SA. ac V. 5V, 15V, 50V, 150V,
3 pilot light. 500V. 1-5kV. a.c.l. 5mA, 50mA. 0-5A. 5A. dB - 10 to + 65 in 6 ranges
3 Hize: 130 X 55 X 750 mm. N0 05kN, 5k, 50k, 500k, SMN. SOMM. pF 50kpF. 500kpF
Only £5'50 + B%, VAT.

Automatic overioad protection and high current range tusing.
Scale mirror and fine pointer for accuracy of reading Sing'e knob main range

EFFECTS PROJECTOR *150”
No diseo should be without our
new effects projector, we believe
that this is the niost versatile
machine for projecting coloured
immages to supplement your
music. Spec.: Yolta—220/240,
ae, 50 Hz, Lamp—Al/167
150W, Standard Lens—60 mm,
A sturdy metal construction and
takes a range of lenses and acces-

sories. Comes

complete with 6in

5 wheel and ready

to use. A bargain

g at £27 + VAT
89%,.

AUDIO LEADS + 12}% VAT
Good quality audio connecting leads at moderate
prices: L1 5-pin DIN plug 180° to 5-pin DIN
plug 180°, length approx. 1-2m, 80p; L12 5-pin
DIN plug 180° te open end, length approx. 1-2m,
65p; L14 2-pin DIN plug to 2-pin DIXN line
socket, length approx. 3m, 60p; L16 2-pin DIN
plug to 2-pin DIN line socket, length approx.
7m, 75p; L1l 5-pin DIN plag 180 to four phono
plugs, length approx, 1.2m, £1:10p; L1¢ 5-pin
DIX plug 180° to four phono line sockets, length
approx, |-2m, £1'20; L21 stereo headphone
extension d (curly type), length approx. 20 ft.,
£1°50; L2 guitar lead (curly type), length
approx. 20 ft., £1'80, Various other eombinations

stocked. Prices on request.

ACCESS AND BARCLAYCARD ACCEPTED
U.K. CARRIAGE 50p UNLESS QTHERWISE STATED .
VAT—AIl prices are excluding VAT. Please add to each item the VAT rate indicated.

switching and al! panel controts. CE.l
bearings. Extended 92mm scale length for extra clarity. Compact ABS case 125
x 131 x 37mm. Weight 750g with batteries. Supplied complete with carrying case,
luseld :eads. handbook and full 12-month guarantee. Optional 30kV d.c. probe
available

Meter £45-90 incl. VAT (€1 P. & P))
30kV Probe £12-85 incl. VAT

For details of this and the many other exciting instruments in the Chinagha range
including multi-meters. component measuring. automotve and electronic instruments

piease write or telephone

@‘E@nsbruments Ltd.

19 MULBERRY WALK. LONDON SW3 6DZ TEL. 01-352 1897

Class t movement with sprung jewel

Practical Elcctronics

July 1977

529



VALVE MAIL ORDER CO.

Climax House
Fallsbrook Road, London SW16 6ED

SPECIAL EXPRESS MAIL ORDER SERVICE

AAllY
AAY30
AAY32
AAZI3
AAZIS
AAZIT
AC107
ACL2S
ACL26
ACI127
AC12
ACl41

BCY42
BCY43
BCY58
BCY70
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BCZI11
BDL1S
BDI12t
BDI123
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BD131
BDI132
*BD135
*BD136
*BDI137
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*BDI139
*BD140
BD144
BDI181
BDI182
BD237
BD238
BDX10
BDX32
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BDY60
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BF1a4
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Plugs in socket

—low profile

8 pin DIL 0°15

14 pin DIL
015

16 pin DIL
017

Open daily to callers: Mon.-Fri. 9 a.m.-5 p.m,
Valves, Tubes and Transistors « Closed Saturday
Terms C.W.O. only » Tel. 01-677 2424-7
Quotations for any types not listed.
Post and Packing 25p per order,

V.A.T. to be added.

Items marked * 12}9%,.

Prices correct
when going
to press.
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GREENWELD

443 Milibrook Road Southampton
SO1 OHX Tell(0O703) 772501

£1-50 BARGAIN PACKS

Pack
No.
K101
K102
K103
K104
K105
L106
K107
K108
K109
K110
K111
K112
K113
K114
K115
K116
K117
K118
K119
K120
K121
K122
K123
K124
K125
K126
K127
K128
K129
K130
K131

K132
K133
K134
K135
K136
K137
K138
K139

1977 Catalogue available very soon—much bigger and better
than the '76 edition, 30p + 15p post,

vouchers.

Contents
16 BC107
17 BC108
15BC109
35 IN4002
30 IN4004
25 IN4007
50 IN4148
12 AC127
12 AC128
11 AC176
2 AD161/2
20 BC147
20 BC148
20 BC149
20 BC157
20 BC158
20 BC159
20 BC348
16 BCX33
12 BCYN
4 BD1N
4 BD132
16 BF194
16 BF195
16 BF196
14 BF197
12 BFY51
20 2N2926
8 2N3053
4 2N3055
20 400mW Zener
voltage required)
14 8-pin i.c. holders
12 14-pin i.c. holders
10 16-pin i.c. holders
7741
4 555
25 1 ohm 2W resistors
25 13 ohm 2W resistors
30 1uF 25V capacitors

(state

ALL PACKS £1-50 EACH
(including VAT and postage)

Buy 10 packs—get 1 (your choice) FREE! All goods in
stock—no walting, sent by return! All devices listed are
new, full spec., and marked. Money back guarantee. The
Greenweld Dragon Is your Guardian of good value!

Pack
No.

K140
K141
K142
K143
K144
K145
K146
K147
K148
K149
K150

K151
K152
K153
K154
K155

K156
K157
K158
K159
K160
K161
K162
K163
K164
K165
K166

K167

K168

K169

K170

K171

Practical Electronics

Contents
30 2-2uF 25V capacitors
30 4-7uF 25V capacitors
28 10uF 25V capacitors
26 22uF 25V capacitors
24 33uF 25V capacitors
22 47uF 25V capacitors
20 100uF 25V capacitors
18 220uF 25V capacitors
10 1000uF 25V capacitors
24 1500uF 18V PC
30 Red and black croc.
clips
11 {in mono jack plugs
8 1in stereo jack plugs
152-5mm jack plugs
15 3-5mm jack plugs
18 Red and black banana
plugs
18 coax. plug, plastic
13 coax. plug, metal
10 5-pin DIN plug
15 2-pin DIN plug
11 tin mono jack socket
8 1in stereo jack socket
15 2:5mm socket
15 3-5mm socket
10 push-to-make switch
8 push-to-break switch
10 sub-min DPCO slide
switch
12 assorted colours,
sulating tape
100 sq.in Vero off-cuts
{0 tin)
100 sq.in Vero off-cuts
(0-15in)
100 sq.in Vero off-cuts,
mixed
100 sq.in Vero off-cuts,
plain {0-1in)

in-

includes discount

July 1977



A selection of readers’
original circuit ideas. It
should be emphasised
that these designs have
not been proven by us.
They will at any rate
stimulate further thought.

Why not submit your
idea? Any idea published
will be awarded payment
according to its merits.

Articies submitted for
publication should con-
form to the usual prac-
tices of this journal, e.g.
with regard to abbrevia-
tions and circuit symbols.
Diagrams should be on
separate sheets, not in-
serted in the text.

Each idea submitted
must be accompanied by
a declaration to the effect
that it is the original work
of the undersigned, and

that it has not been
accepted for publication
elsewhere.

R1 R2
2700 > 270k
I évm 4
5000
—-=Cl A LIN
oWF |55V

I

»
»

oS A A06
INLOOU INLODT T N
12v

o
gm C5 2407

22004F
—O

12y

om

THIS simple circuit
originally designed to control
the 240 volt water pump in a solar
panel heating system, where water in
a heat absorbing rooftop panel is
heated by the sun’s radiation. The
pump cycles the water through a heat
exchanger (immersed in the house-
hold hot water tank), only when the
panel temperature is at a preset
level above the tank temperature.
Diodes D2 and D3 are the tempera-
ture sensors, which should be a
matched pair, since their forward

c2 Yoz XMoo c3
0-047uF [IN9YL INGIL  |0-047uF
R3 l
Fig. 1
(Fig. 1) was conducting voltage is compared by before switching

the circuit. Considering VRI1 to be
short-circuit, when the temperature
of D2 (panel sensor) exceeds that of
D3 (tank sensor), the voltage at pin
3 of ICI will be more positive than
that of pin 2. therefore pin 6 will
swing positive, turning the triac on
via TR, and hence energising the
pump.

Potentiometer VR1 allows the off-
set to be introduced whereby the
temperaturce of the pane!l can be set
x degrees C above that of the tank,

takes place. The
maximum temperature difference ob-
tainable is 5 degrees C. If a linear
pot is used, it can be calibrated
linearly from 0 to 5 degrees C. The
resistors R4 and RS5 provide a small
amount of positive feedback to give
a hysteresis of about 4-0-5 degrees C.
which will prevent erratic operation.

No doubt other ternperature com-
parison applications could be found
for this circuit.

P. R. Williams,
Stevenage, Herts.
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ASTABLE TIMER

SEQUENTIAL TIMER

DECADE COUNTER

SWITCHED MULTIVIBRATOR

RS gy

560

.
L Flgo I

IN'this circuit (Fig. 1), the MCI1455P
Is set to run in the astable mode of
operation. The frequency is controlled
by VRI and C1. The pulses from the
astable are fed directly to a BcD
decade counter. The output lines
A B ¢ D, give multiples of the input
pulse period in the ratios: I, ¥, 1,
and 4. Thus a two minute period,
when passed through the counter,
becomes: 2, 4, 8, and 16 minutes,
depending upon which output is

|
o )
| |
Rl { 2528 Dt : CSRI
i , | R Sy
13
= > : S4
VR) 3 Wl i s2d 4 |
ma B ! Ic2 i~ ST
e 5 M i
=g MC1L55 P 24 7480 S2b D2
FE '“ | 6 ] B>~ 1
7 | F A C o [
| S2c 03 {
samCl S1 T |
BSDuF | |
| c2 | |
oomT |
s3
. !
I

selected by the switches Sla, b, c,
and d. When the selected output is
raised to logic 1, the thyristor is
triggered. This in turn causes the
multivibrator to oscillate, creating an
audible note via the output stage.
The audio output may be can-
celled by disabling the counter output
and briefly opening S4. The other
reset buttons, S| and S3, are operated
when it is required to reset the
counter or discharge C1. These reset

buttons enable one to reproduce a
preset series of time intervals as
often as is required. The multi-
vibrator may be replaced by an
external load, such as a bell or relay.
The device could prove useful in
many fields where sequential timing
is required. For example, the ¢
output would give a *“‘half-time”
facility when timing games.
P. R. G. Reynolds,
Benfleet, Essex.

HIS switch will change to the

complement of its previous state
(“‘on” or “off”’) each time the touch
plate is touched.

When the plate is touched the
Darlington triple TR1, TR2, TR3
turn on so that the input of Al goes
higher than zero logic; this will occur
at a frequency of 50Hz, so therefore a

TOUGH SWITCH

100«F capacitor s connected from
ground to the input of Al to smooth
the signal.

The signal is now transmitted to
A3via A2. So therefore, the output of
A3 will change from a high level to a
low level every time the touch plate is
touched. Hence the signal is taken to
the flip flop made up of A5 and A4

and the state of this transmitted to
TR4 via A6.

Transistors TR1 to TR3 can be
any low power silicon devices such as
BC157; all the diodes are silicon
types, such as 1N4001.

N. Nazo a-Ruiz,
Wimbledon, SW20.

[ A

Al- AB= IC1= %40
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SPEAKERS

Baker Group 25, 3, 8 or 15 ohm
Baker Group 35, 3, 8 or 15 ohm
Baker Group 50/12 8 or 15 ohm
Baker Group 50/15 8 or 15 ohm
Baker Deluxe 124, 8 or 15 ohm
Baker Major 3, 8 or 15 ohm

Baker Superb 8 or 15 ohm

Baker Regent 12in 8 or 15 ohm
Baker Auditorium 12in 8 or 15 ohm
Baker Auditorium 15in 8 or 15 ohm

Castle 8RS/DD 4 or 8 ohm
Celastion G12M 8 or 15 ohm
Celestion G12H 8 or 15 ohm
Celestion G12/50 8 or 15 ohm
Celestion G12/507C 8 or 15 ohm
Celestion G12/50 2236 s/cone
Celestion G12/50 2239 s/cone, alum. dome
Celestion G15C 8 or 15 ohm
Celestion G18C 8 or 15 ohm
Celestion HF1300 8 or 15 ohm
Celestion HF2000 8 ohm
Celestion MH1000 8 or 15 ochm
Coles 4001G

Coles 4001K

Decca London ribbon horn

Decca London CO/1000/8 crossover
Decca DK30 ribbon horn

Decca CO/1/8 crossover (DK30)

EMI 14 x in bass 8 ochms, 14A770
EMI 8 x 5in. 10W, d/cone, roll surr.
EMI 64in d/cone, roll surr.. 8 ohm
EMI 8in roli surr. bass

EMI 5in mid range

Elac 59RM 109 (15 ohm). 59RM114 (8 ohm)
Elac 64in d/cone, roll surr . 8 ohm
Elac 10in 10RM239. 8 ohm

Eagle FR4

Eagle FR&5

Eagle FR8

Eagle FR10

Eagle HT15

Eagle HT2t

Eagle MHT10

Eagle FF28 Multicell horn

Fane Pop 15, 16 ohm

Fane Pop 337, 8 or 16 ohm

Fane Pop 50, 8 or 16 ohm

Fane Pop 55, 8 or 16 ohm

Fane Pop 60, 8 or 16 ohm

Fane Pop 70, 8 or 16 ohm

Fane Pop 100, 8 or 16 ohm

Fane Crescendo 12, 8 or 16 ohm
Fane Crescendo 12BL. 8 or 16 ohm
Fane Crescendo 15/100A. 8 or 16 ohm
Fane Crescendo 15/125. 8 or 16 ohm

£13-
£14.-
£21-
£25-
Q7
-00
-50
- 50
-00
75
-95
95
-95
-00
-00
-00
-50
-95
-95

00
50
00
75
50

-55
-50
-90
-90
-50
-95
-50
75
-95
-95
-95
75
- 50
-50
-95
-95

-95
-95
-50
-50

25

75
-95
-50
-95
-95
£21.
£33
£42-
€44
£54-
£64-

75
95
95
95
95
95

HE Firm for sp

SPEAKERS

Fane Crescendo 18, 8 or 16 ohm
Fane 910 Mk Il horn

Fane 920 Mk Il horn

Fane HPX1 crossover 200W
Fane 13 x 8in, 15W dual cone
Fane B01T 8in d/c. roll surr.
Gauss 12in

Gauss 15in

Gauss 18in

Goodmans Axent 100

Goodmans Audiom 200 8 ohm
Goodmans Axiom 402 8 or 15 ohm
Goodmans Twinaxiom 8. 8 or 15 ohm
Goodmans 8P 8 or 15 ohm
Goodmans 10P 8 or 15 ohm
Goodmans 12P 8 or 15 ohm
Goodmans 12PG 8 or 15 ohm
Goodmans 12PD 8 or 15 ohm
Goodmans 12AX 8 or 15 ohm
Goodmans 15AX 8 or 15 ohm
Goodmans 15P 8 or 15 ohm
Goodmans 18P 8 or 15 ohm
Goodmans Hitax 750P

Goodmans 5in midrange 8 ohm
Jordan Watts Module, 4, 8 or 15 ochm

Kef T27

Kef T15

Kef B110

Kef B200

Kef B139

Kef DNB

Kef DN12

Kef DN13 SP1015 or SP1017

Lowther PM6

Lowther PM6 Mk 1

Lowther PM7

Peerless KO10DT 4 or 8 ohm
Peerless DT10HFC 8 ohm
Peerless KO4OMRF 8 ohm
Pearless MT225HCF 8 ohm

Richard Allan HP8B

Richard Allan LP8B

Richard Allan DT20

Richard Allan CN8280

Richard Allan CN820

Richard Allan Super Disco 60W 12in
Richard Allan CG15 t5in bass

Richard Allan Super Disco 10in 50 watt
Richard Allan Super Disco 8in 50 watt
Radford BD25

Radford MD9

Radford MDé

Radford TD3

Radtord Cross Over Network

Tannoy 10in Monitor HPD

£75-
£15-
£45.
£2-
€5
£9-
£115-
£139-
£165-
£8-
€14
£22-
£10-
£6-
£6-
£16-
g7
€18
£a4.
£49-
€24
£39-
£16-
4.
€16
£8-
£10-
£10-
-95
£24-
75
-25
+95

-00

£16-

ILMSLOW AUDIO

eakers! A

95
75
95
50
50
50

00
00
00
50
95
00
60
50
95
50
75
75
00
]
]
95
95
25

50
75
95

95

-00

95

Baker Major Module 3. 8 or 15 ohm sach £18-00
Fane Mode One Mk Il 15W each £10-35
Fane D40 Disco Kit each £19-95
Goodmans DIN 20 4 or 8 ohm each £15-75
Goodmans Mezzo Twin Kit pair £51-95
Helme XLK 30 pair £21-95
Helme XLK 35 pair £28-75
Helme XLK 40. patr £38-50
Kefkit 1 patr £5%-50
Kefkit It each £56-00
Peerless 1060 pair £61-50
Peerless 1070 each £54-95
Peerless 1120 each £61-50
Peerless 2050 pair £43-95
Peerless 2060 pair £58-50
Richard Allan Twin assembly each £13-95
Richard Allan Triple 8 each £20-75
Richard Allan Triple 12 each £25-95
Richard Allan Super Triple each £29-50
" Richard Allan RAB Kit pair £37-80
Richard Allan RAB2 Kit pair £59-40
Richard Allan RAB2L Kit pair £65-70
Whartedale Denton 2XP kit pair £23-28%
Whartedale Linton 3XP kit pair £34-25
Whartedale Glendale 3XP kit pair £49-50

Complete kits in stock for Radford Studio 90, Radford
Monitor 180, Radford Studio 270, Radford Studio 360,

Hi-Fi Answers Monitor (Rogers),

promise (Frisby),

World Transmission Line (Bailey),

Hi-Fi News No Com-
Hi-Fi News State of the Art, Wireless
Practical Hi-Fi and

Audio Monitor (Giles), Practical Hi-Fi and Audio Triangle
(Giles), Popular Hi-Fi (Colloms), etc.

On dem. Answers Monitor, State of Art, etc.
Construction leaflets for Radford, Kef, Jordan Watts,
Tannoy, Hi-Fi Answers Monitor, free on request.

P.A. amplifiers, microphones, etc.,

Eagle, Beyer, AKG, etc.
FREE with orders over

Enclosures’' book.

£10—""Hi-Fi

by Shure, Linear,

Loudspeaker

Tannoy 12in Monitor HPD £85-00
Tannoy 15in Monitor HPD £99-00

SPEAKER KITS

HI-FI
ON DEMONSTRATION
in our showrooms:

Akai, Armstrong. Bowers & Wilking. Castle. Celestion,
Chartwell, Dalestord, Dual. IMF RAM. J.R. Formula 4,
Kef. Leak, Linn Sondek. Neal, Ortofon. Pickering,
Pioneaer, Radtord. Richard Allan, Rotel, Sansui,
Stanton. Tandberg, Trio, Videotone, Wharfedale.
etc.—ask for our Hi-F1 disccunt price hst

THIS MONTH'S SPECIALS! (Carr £2-50)

Rotel RA312 £66-00
Sansur 331 £109-00
Trio KR2600 £109-00
Videotone Minimax Il £46-95
Sansui $C2000.2002 £145-00
Pioneer CTF2121 £136-00

Rotel RX 15211 £91-00
We stock the complete Radford range of amplhifiers.
preampiifiers, power amphtiers, tuners. etc., and
also Radford Audio Laboratory equipment. low
distortion osciliator. distortion measuring set. audio
noise meter etc

ALL PRICES INCLUDE VAT

{PRICES CORRECT AT 9,3,77)
Send stamp for free 38 page booklet Choosing a

Speaker
ALL UNITS GUARANTEED NEW AND PERFECT

Carniage and mnsurance Speakers up to 12in 60p.
12in £1 15n £1 75 18in £2 50 Kits £1 each (£2 per
pair). Tweeters and Crossovers 33p each

WILMSLOW
AUDIO

Dept PE

Loudspeakers, mail order and export:
Swan Works, Bank Square, Wilmslow.

Hi-Fi, Radio and TV: Swift of Wilmsiow,
5 Swan Street, Wilmslow, Cheshire.

PA, Hi-Fi and Accessories: Wilmslow
Audio, 10 Swan Street, Wilmslow,
Cheshire.

Telephone: Loudspeakers, mail order and
export—Wilmslow 29599; Hi-Fi, Radio,
etc.—Wilmslow 26213.

Access and Barclaycard orders accepted by phone
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Spsrhriiz mh2
Capacitive discharge
electronic ignit

Smoother running
Instant all-weather starting

Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds

* Optimum 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
16/30 mins.

Because of the superb design of the Sparkrite circuit it compietely
eliminates problems of the contact breaker. There is no misfire due to
contact breaker bounce which is eliminated electronically by a puise
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. [t will perform equalily well with
new, old, or even bad!y 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 foolproot in this respect). All kits fit vehicles with
coil/distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED

Ready drilied 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 connectars, printed circuit board, nuts
bolts, silicon grease, fult instructions to make the kit negative or
positive earth, and 10 page instaliation 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 completety as a security device, includes
switch connectors, mounting bracket and instructions. Cables exciuded.
Also available RPM limiting control for dashboard mounting

(fitted in case on ready built unit).

CALLERS WELCOME. For Crypton tuning and titting service
‘phone (0922} 33008.

PRICES INCLUDE VAT, POST AND PACKING.
Improve performance & economy NOW

NOTE—Vehicles with current impulse tachometers {Smiths code on digl RV1)
will require a tachometer pulse stave unit. Price £3-35 inc. VAT, post & packing
ELECTRONICS DESIGN ASSOCIATES, 82 Bath St.. Walsall. WS1 3DE

, Sy :
pos1 10042 Ppbidagoiid

required
— —
Electronics Design Associates, Dept. pe7
82 Bath Street, Walsall, WS1 3DE. Phone 10922) 33652

Name ..
Address ..

* x & X %

etz
Qu,
Mk.2 DIY Ass. Kit @ :n.soLi"L'“% 1 s

Mk. 2 Ready Built Nagative Earth @ £14.97

£

Cheque No.

Mk. 2 Ready Buiit Positive Earth @ £14.97

Send SAE if brochure
only reqguired.

ignitlon Changeaver switches @ £4.30

R.P.M. Limit systermns in above units @ £2.42

THE METAC DIGITAL CLOCK

* COMPLETE KIT

§ i ; 3
mm A L s
Pleasant green display 12724 Hour readout

Sitent Synchronous Accuracy Fully electroni
Pulsating colon Push-button setting

Building time 1 hr Attractive acrylic case

Easy to follow instructions Size 105 x5 7 x 8 cm
Ready dnlled PCB to accept components

KIT PRICE £9.60 . 76, var

SAME DAY DESPATCH: ORDERS RECEIVED BEFORE 2.00
P.M. ARE POSTED ON THE SAME DAY

SEND YOUR ORDER TO

| UXBRIDGE |

[DAVENTRY [0
METAC ELECTRONIC AND TIME

67 HIGH STREET CENTR E 3 THE NEW ARCADE

“ DAVENTRY HIGH STREET
* NORTHANTS n:“:)BoRLIEsGEEx
TEL. (032 72) 76545 J
¢ ! TEL. UXBRIDGE (0895) 56961
Cash., Cheque or Postal Order or it ycu wish to use

Barclaycard or Access, simply quote name, address and card
number when ordering. Shops open 9-5 30 daily

fault finding-
no fiddle

With the AVO TT 169 in-circuit transistor tester.
Go/No Go tests almost any transistor, diode or
thyristor without de-soldering, without damage.
Find out how it can save you time, save you
money.

You'll find the price is no fiddle either

Contact your local wholesaler, or us:

AVO Limited, Dover, Kent CT17 9EN
Telephone: Dover (0304) 202620

&

Thorn Measurement & Components Division

1 1§ 1 1 /

AS FEATURED IN
SOUND DESIGN’

The
Amazing Mk. 2

MINISONIC

IS HERE
TO STAY

A sound investment
and a pleasure to build,
avallable as a complete kKit,
module kits, pre-finished metal-
work kit or complete instruments. We
supplied components for the original P.E
Minisonics, now let us supply yours.
Send S.A.E. for full price structure.

Klts for the P.E. Sound Synthesiser are still available.

BUY FROM THE SPECIALISTS ...
TERMS. MAIL ORDER ONLY. C.W.0.
EATON AUDIO

MINIMUM ORDER £1. VAT. Please add
124% to value of orger inc. P. & P, uniess

P.O. Box 3 (6 Jutland Rise)

St. NEOTS, CAMBS. PE19 3J8B

otherwise stated. Cheqques or P.O.s pay-
able to Eaton Audio. Orders over £5 tree
ot P. & P otherwise please agd 10p in
the £1
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GENUITY
LIMITED

LIGHTS
RLAI

o

SUPPLY IRRESPECTIVEJ
OF POLARITY

1C1:CD4001

TV GAMES CHIP

AY-3-8500 £11-50. Printed circuit and kit of extra parts
£7-95. Add-on coiour kit PO A Send S A E for free
data

NEW COMPONENTS SERVICE

Resistors 5% carbon £12 2 702 to 10M ;W 1p, 1W 2p.
Preset pots submimature 0 1W E3 1000} to 4M7,
vertical 9p, horizontal 9p. Potentlometers 0-25W E3
4K7 to 2M2 log or hn, single 24p, dual 75p. Poly-
styrene capacltors E12 63V 22pF to 8.200pF 3ip.
Ceramic capacitors vert 50V £6 22pF to 47.000pF 3p.
Mylar capacitors 100V 0 001. 0 002. 0 005 4p, 0 01,
0 02, 0 025 4}p. Polyester capacitors 250V £6 0 01 to
0 tmF Sip, 0 15, 0 22mF 7p, 0 47mF 11p. Electro-
lytics 50V 0 47. 1 2mF Sp, 25V 5. 10mF 5p. 16V 22,
47mF 6p. 100mF 7p, 220mF 9p, 470mF 11p, 1,000mF
18p. Zener diodes 400mwW E24 3V3 to 33V 84p.

MAINS TRANSFORMERS

6-0-6V 100mA 94p. 9-0-9V 75mA 34p. 18V 1A £1-95.
012/1520 24'30V 1A £3-65. 12-0-12V 50mA 94p.
0:12 15,20,24 30V 2A £4-95. 6 3V 14A £2-10. 6-0-6V 11A
£2-55. 9-0-9V 1A £2-19. 12-0-12V 1A £2-49. 15-0-15V
1A £2-69. 30-0-30V 1A £3-39.

PRINTED CIRCUIT KITS etc.”

Contains etching dish, 100 sqin of pc board, tib
ferric chlonde, etch resist pen, drili bit and laminate
cutter £3-65. 100 sq in pc board 75p. 1b FeCl 95p.
Etch resist pen 75p.

S-DECS AND T-DECS*

5-DeC £1-94.

T-DeC £3-61.

u-DeCA £3-97.

u-DeCB £6-97.

IC carriers

with sockets 16 d £1 81. 10TO5 €1-79.

SINCLAIR CALCULATORS, WATCHES AND
POCKET TV~

Sinclair pocket TV £1685. Cambridge Scientific £8-45.
Cambridge Programmable Sci £13-95. Oxtord
Scientific £10-60. Mains adaptors (State model} £3-20.

BATTERY ELIMINATOR BARGAINS

3-WAY MODELS

with switched output and 4 way multi-jack connector
Type 1| 3,4} 6V at 100mA £2-30. Type 2 6/74/9V at
300mA £2-90.

100mA RADIO MODELS

With press-stud connectors 9V £3-45. 6V £3-45.
9V + 9V £5-45. 6V + 6V £5-45, 44V « 43V £5-45.
CASSETTE MAINS UNIT

74V with 5 pin din plug 150mA £3-65.

-VE
© FULLY STABILIZED MODEL £5-45
. Switched output of 3/6 74/9V 400mA stabilised
Flg I CAR CONVERTORS 12V INPUT
d Qutput 3V 300mA £1-80. Output 73V 300mA £1-80.
BATTERY ELIMINATOR KITS
Send S A E for free jeafiet on
Table 1 Table 2 200m: radio types with pve;)s-s'taundgganery tarminals
1V £2-10. 6V £2:10. 9V £2-10. 44V + 4V £2.50.
g ann . . 8V + 6V E£2-50 9V + 9V £2-50
Step lgnl_hon I'ght |OgIC gate OUtPUts Relay A B J Cassette type 74V 100mA with 5 pin din plug £2-10.
switch switch Gla G1b Gic Gid Trans! 8-way type for low hum
0 0 1 awe 7;2 12/15123v 100mA £3-20. 16A7z:-50.
eavy ut way types 4 184/11 131417/
1 off off 1 0 0 0 off 0 1 0 21252 34 By 1A model 24-95.;2»\ ntog,ei £7.95.
ar convertor kit Input 12V d ¢ tput 6:/74/9V d c.
2 Oﬁ on 1 0 0 1 on 1 0 0 1A transistor slabnlwxedut1~95. HIE A ¢
3 on on 0 1 0 1 on 1 1 0 Stabilized Laboratory power kit. Switched 1 to 30V
4 Oﬁ on 0 1 1 0 Oﬁ N0 1V steps 1A £12-45. 2A £14-95.
5 off off 1 0 0 0 off SINCLAIR PROJECT 80 AUDIO MODULES
PZ5 £4-95. 240 £5-75.
BI-PAK AUDIO MODULES
S450 tuner £21-95. AL60 £4-86. PA100 £14-95. MK&0
audio kit £36-45. Stereo 30 £17-95. SPMB80 £3-75.
BMT80 £4-25. Send S A E for free data
iTH dark mornings and bad Table 1 shows the logic output of SINCLAIR 1C20
visibility, drivers are prone to each gate and relay condition, step IC20 10W + 10W stereo integrated Circuit amplifier
i o g g A . o kit with free printed circuit and data £4-95.
forget to switch their side-lights off, by step. The logic behaviour of the PZ20 Power supply kit for above £3-65.

P Tue P , hi . . . R VP20 Volume tone-control and preamp kit £8-95.
on arrival at work, which can of CD4001 quad Nor gate () A - B) T o s e e T e e rore
course result in a discharged battery is given in the truth table 2. Gates JC12 AND JC40 AMPLIFIERS
before returning to go home. ] Gla and Gl1b form a latch, and when JC12 6W IC audio

The novel little circuit in Fig. | is S2 is switched off the relay is always amelalihltesles
not an alarm: in fact it goes one de-energised. Transistors TR1 and Gircutt £1.85.
better by cancelling the lights auto- TR2 are in a Darlington pair con- e
matically! Whenever the side-lights figuration to produce high enough D295 Send SAE for free ieaflel on both models
¢ . . ; h g n v
are on at the time of turning off the gain to drive the relay. Potentially o e 7 O (R Tl DL
ignition, they too will go off, other- destructive back e.m.f. from the ;Egg"‘:' zt':““‘E
. . . . . 10 N .
wise everything else remains the relay coil is shunted by DI. The IR (e et AL (LD CC) (9 (7 (LT
same. original wires to the light switch
When the lights have been auro- should go to the contacts of KLAT. SWANLEY ELECTRONlCS
matically turned off, the side-light Some vehicles already have relays to Dept. PE, PO BOX 68, 32 Goldsel Rd., Swanley, Kent
switch will be left in the o~ position, operate the tights: if so, the relay Mail order only. No callers. Send S.A.E. for
and therefore, should it be desired to shown can be left out, and the ori- fgf“ezodata;hon kltS-’Pos! %Op on c:_‘rdlerds UC:?
B . ., . . B L , otherwise free. rices incluge .
keep the side-lights on, they can be ginal relay driven direct from TR2. Official orders welcome. Overseas custo-
reset by turning the light switch to J. W. Willis, mers deduct 7% on items marked * and 11%
orf and then oN again. Mickleover, Derby. on others.
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JointheDigital
Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation. . .

Each of the 6 volumes of this self-instruction course measures
13 8:" and contains 60 pages packed with information.

diagrams and questions designed to lead you step-by-step through
number systems and Boolean algebra. to memories. counters and
simple arithmetic circuits, and on to a complete understanding of
the design and operation of calculators and computers

Design of Digital Systems

£6-20

plus 80p packing and
surface post anywhere in
the world

Payments may be made in
foreign currencies

Quantity discounts available
on request.

VAT zero rated

Also available—a more elementary course assuming no prior
knowledge except simple arithmetic
Digital Computer Logic and Electronics

In 4 volumes
1. Basic Computer Logtc £4 - 20
2. Logical Circuit Elements plus 80p P. & P

3. Designing Circuits to Carry

Out Logical Functions Offer Order both courses for the

bargain price £9-70, plus 80p
&P

r

|
I
I
I
I
|
[
I

L

4. Flipflops and Registers P.

Designer These courses were written so that you
Manager could teach yourself the theory and applica-
. tion of digital logic. Learning by self instruc-
En_'hus.'as' tion has the advantages of being quicker and
Scientist more thorough than classroom learning. You
f work at your own speed and must respond by
Engmeer answering questions on each new piece of

Student information before proceeding to the next.

Guarantee—no risk to you

If you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions asked.
Cambridge Learning Enterprises (Dept. ENG)

Rivermill House, St. lves, Huntingdon, Cambs. PE17 4BR

To Cambridge Learning Enterprises (Dept. ENG) 1
FREEPOST. Rivermill House, St. lves, Huntingdon, Cambs. PE17 4BR I

*Please send me set(s) of Design of Digitat Systems at £7-00 I
each, p & p included

*or set(s) of Digital Computer Logic and Electronics at £5-00 l
each. p & p included

*or combined set(s) at £10 50 each. p & p included
Name

I

|

Address I
-

|

*delete as applicable
No need to use a stamp—just print FREEPOST on the envelope PE7_I

DORAM KITS CONTAIN
EVERYTHING DOWN TO

THE LAST NUT!

ELECTRONIC
CAR
IGNITION

§%)

N
£9-95 ~ 8% VAT
(Order code 997-005)

Avoid difficulty in starting your car on cold mornings with the Doram
C.D. Ignition Unit. The complete kit incorporates features such as
single switch reversion to the standard ignition system for servicing
etc. and also an immobilisation facility. Improved performance and
fuel consumption,along with reduced points erosion and longer plug
life makes this unit a must for any 12V neg. earth car.

e’

o avarlsbility

Subgect

O'seas orders--add 15% tor P+P All items offered for sale subject

to the Terms of Business set out in Doram Edition 3 catalogue. price

60p The Doram Kit brochure is also available. price 25p Combined

price only 70p which also entitles you to 2x25p vouchers. each one

usable on any order placed to the value of £5 00 or more (ex VAT})
DOR ELEC N D

> O BOX TR8., WELLINGTON RD. IN EEDSLS122
K An Electrocompornients Group Company

536

INTRODUCING
THE NEW
CROFTON C1
CCTV CAMERA

The C1 Camera 1s a completely new design offering a
high specification CCTV camera suttable for both
professional and amateur use

The design offers high sensitivity with good signal
to noise ratio by incorporating an F.E.T. front end
Wide range and stable automatic sensitivity control
circuit allows camera to be operated in a wide range
of lighting conditions. All controls are internal and
once set remain stable over long time periods.

Small size and weight make this a most versatile
camera for general usage. Special one off retail price
including Vidicon (less lens) £140-59 inclusive. Kits
also available.

Send S.A E. for information.

CROFTON ELECTRONICS LTD
Dept. E, 35 Grosvenor Road, Twickenham, Middx. Tel. 01-891 1923
Secondhand cameras and monitors always available
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HONEYWELLPUSHBUTTON
PANELMOUNTING MICRO
SWITCH

Bank, each Bank con-
sisting of the changeover wicro
switch rated at 10 amps 250
volts. Through panel fixing by
2 tock nuts complete with black
17 diameter knob. Prices:

1 bank 40p 2 bank §5p —
3 bank 70p.

UNISELECTORS

These are pulse operated
switches as used in
automatic telephone
switchboards etc. A 24v
Jrulse moves the switch
through one switch way

PP3/BATTERY ELIMINATOR

Made in Japan for 8inclair Radio. This is very neat little
r driven full wave unit totally enclosed with
ns and output leads. This power supply unit
which was originally marketed by Bush uat over £6 Is
PRICE £2-60 INCLUDING

offered as this months snip.
POST & VAT

all we have are of the
25 switch  full  wiper
type, the following sizes
are in stuck:

12y

light
and

12v AUTOMATIC SWITCH

It can sometimes he a problmn te
find your car or caravan in a hig
car park or caravan site after d;
20 why not fit a light that will coine
an antomatically when it gets dark.
We are offering a kit for this.
comprises:
bulb
tubular casing with coloured lens.
with wiring diagram.
Price £3-00 + 374p
available £3-95.

k, ¢

o, ,,gm‘/f
J .w"wn

» el

a ‘»-v-""
Sa

sensitive switch,
bulb holider in

o e »"
B

20p -+ 2p. Main operation ewiteh

3 bank £4-80 + 37p 3 bank & Homer £540
4 bank £5-04 + 5 bank £7-02
& bank £8-72 + 10 bank £10-80
12 bank  £1298 +

BLOWER FAN

Centrifugal type blower/

LOW R.P.M. MOTORS

Made by Crouzet — Siuiths

SAIWA — Venner and similar
famous companies—all supplied
ready for 230/240v 50hz mains
working at £2-75 each. Following
speeds in stock when preparing

this advert.

1 rev per day
1 rev per hour
4 rev per min

g SN

TAPE HEADS ETC.

2 track record/playback 75p.

{ track recorilfplayback £1-10,
Krase head 2 track 50p, 4 track 90p.
Mu metal shields and holders 85p each.

2 track rfp head and 2 track crase head
schedule and fixed on mounting plate

ready for tape £1-85.

26- 50—large (overall size
127 x 127 x 10” approx)
£13-50.

CENTRAL HEATING
HEARTS

funs  with rectangular 85y

, 5 9 25

outlets designeld to fit 5 rpm 15 rpin 20 rp U5 rpm

into trunking for heat

blowing ete. will also § REMEMBER 7-029

function as extractors § We ure atill able to offer the electrical

main  voltage rotors- equivalent of this 1 100 metre coils at a

three sizes il very speclal price of £10-26p, carris

small (overili size « £250p. Our re-

37 X 47 x 47) £4-50 maining  stock of ~

mledmm" (melrl(\ll 51z¢ @ this is 3 core and ha
x 87 x 3" approx) § earth, this ia a little -

larger
than

physically

twin and earth but

socket box.

FREE Telephone line. If you sre using the above cable for
taking a supply to i shed or remote point then the third
core can be used as a telephone line. For lighting we can
offer 1-5mu. Three core at £8-50 carrizge £1-60.

Randai (illustrated) £6-75.
HORTSMAN £6-30.

Tape recorder-
(as illustrated) £1-35,  stack £1-75. 17 stuck £2-25

INDUCTION MOTORS

230v mains operated-
record players.

precision maide ax unsed in fans
-heiters ete. etc. § stack

SMITHS Controller 19/100 .
complete in wall mounting '\
case £7-50, '

over

provide
display.

switches.

adjustuble switches
rated at 10 amp each so
i total of 200w's can he
controiled and this woull
L magnificer
For mains oper-
ating £4-25 post & VAT
Paiil Ditto b switeh £4-95
V.

Post & AT P u(l
DITTO BUT
SWITCH £5-75 POST A

VAT PAID.

MOTORISED DISCO SWITCH

With aix 10 amp change-

Multi
are

MULLARD UNILEX

A mains operated 4 4
stereo system. Ruteil one
of the finest perforiners
in the stereo field this
would make a wonder{ul gift
for alinost any one in easy-tn-
assemnble modular form xnd
complete with a pair of

14

Goodmans apeakers this should =ell at about £30 -~ but ue
to a special bulk buy and as an incentive for you to buy
this month we offer the system complete at only £14:00

including VAT and postage.

Stereo 5 watts per
channel. Russian made
but guaranteed re-
pairable. Travel dam-
agedd  or test line
rejects, in need of
attention, consist of

IT’S FREE!

?ur monthly Advance Advertising Bargains
ist gives details of bargains arriving or just

rived—often bargains which sell out before
our advert:sement can appear—Iit’s an inter-
edting list and it’s free—just send S.A.E. Below
are a few of the Bargains still available from

a }ecent list.

mains operated record
deck mounted in
fnodﬂn vlinth with super 10 watt amplifier. Countrols

ifre. “onfoff’, ““Tape/phone”, ‘‘mono/stereo’”, *"Base’,
‘ITreble”, 'Balance’’. "Volume'. We are offering these

DELAY
SWITCH

Mains operated-—delay can be
accurately set with pointers
knob for periods of up to
2% hrs. 2 contacts suitable to
switch 10 amps—second
contact opens minules
after 1st contact 85p.

few

a price of record deck only 8o are a hargain not to be
nijssed only £8-75p. post £2:00p, Note cartridge and a
fAylares are availible at low prices.

SHORTWAVE CRYSTAL SET

Although this uses no battery it

ves really amazing results. You
vill receive an amazing assortment
of stations over the 19, 5, 31, 29
metre bands, Kit coutains chassis
front panel and all the parta £1-90
—erystal earphone 55p including
VAT and postage.

MAINS TRANSFORMER
BARGAINS

ROTARY PUMP

Seli priming, portuble fits
driil or electrie motor. pumps
up to 200 galtons per hour
depending upon reva. Virtu-
ally uncorrodable, use to suck
water, oil, petrol, fertilizer,
chemicals, anything liquid.
Hose conuectors each end.
£2-00 Post Paid.

5 pole
A pole
4 pole
3 pole
2 pole
2 pole
1 pole
1 pold

W AFER
SWITCHES

way
way
way
way
way
way
way
wily

all £1:32 each
Multi bank awitches up to 72 pole 2 way—to 12 pole 13
way quickly tnile to special order.

12 pote 2 wuy 18 pole 2 way

10 pole 3 way 15 poie 3 way
8 pole 4 way 12 pole 4 way
£ pole 5§ way 9 pole 5 way
4 pote § wax 6 pole f
4 pole wiay 8 pole
4 pole 9 way 6 pole

3 pole 10 way
ull £3-12 each

2 pole 10 way
all £2 41 each

MULLARD AUDIO AMPLIFIERS

Al in module form. each ready built complete with heat
sinks amd connection tags, data supplied. Model 1133
power output £1-50 i

500mw

20v } amp £1-25
18v 1 amp £1-56
6:3v 2 amp £1-38
25v 14 amp 2176 <
24y 2 amp £2:00
50v 2 amp £4-50
9v 1 amp £1-25
8:5y-0-8-5v § amp £1-25 -
10v 20v 30v 40v
250 watt loading 2550
20 watt auto 116y 21-25
100 watt auto 113y £175
THERMOSTATS

Refrigeration as illustrated with 36"

capillary £1-62.
Limpet Stat must be imounted in close
contact calibrated 90°-190°F 15 amp
contacts £1-82,

Model 1172 1W,
Model
output £2:90

stereo pre-amp.
Post & VAT.

>

Appiiance Stat fix Jike « \olumc control
15 amnp contact 30°-80°F 85p.
ditto but for high temnps £1-25
Over Stat—with Serson and capillary 85p

:

TERMS:

Cash with order—lespatched same day us order received
prices includes VAT and carriage unless stated but orders
under £8 must add 50p to offset packing etec.

Practical Elcctronics

24 HOUR TIMERS

SMITHS

Timer heart similar to Autoset etc
2 13 amp onfoff per 24 hrs. £4-15.
TIMAC

Module really miniature (approx 2"

cube) but with 2 15 amp onfoff per

24 hrs. £4-50.

July 1977

BULK ENQUIRIES WELCOMED. Phone; 01-688 1833.

SOUND TO LIGHT UNIT

Add colour or white light to your
amplifier. Will operate 1, 2 or 3
Intps (maximum  450W). Unit in
box all reaiy to work. £7-95 plus
95p VAT & Postage.

MICRO SWITCHBARGAINS

Rated at 8 amps 250 volts. ideal to make
a switch panel for a caleulutor andd for
dozeus of other applicationa.

J. BULL (ELECTRICAL) LTD

(Dept. PE), 103 TAMWORTH RD.
CROYDON CR9 1SG

Parcel of 10 for £1-00, VAT and post paid,

il spuce linited then just
remove the unwanted core before taking cable into amall

cluding Post & VAT.

£1-86 including Post & VAT.
EPS000 4 watt
including
VAT. EP 9001 twin channel or

ROOM THERMOSTAT

["famious  Sutchwell,

paid.

elegant design, intended
for wall mounting. Will switch up to 20 amps
« mains voltage. covers the range 0-30°C.
Npecial snip this month £2-50, post and VAT




CONOITIONS OF ACCEPTANCE
OF CLASSIAED ADVERTISEMENTS

1. Advertisements are accepted subject to the
conditions appearing on our current advertise-
ment rate card and on the express understand-
ing that the Advertiser warrants that the
sdverti does not any Act of
Pactisment nor is it an infringement of the
British Code of Advertising Practice.

2. The publishers reserve the right to refuse or
withdraw eny advertisement,

3. Aithough every care is taken, the Publishers
shall not be lisbie for clerica! or printers’
efrors of their consequences.

SMALL ADS

The prepaid rate for classified advertisements is 15
pence per word (minimum 12 words), box number
40p extra. Semi-display setting £12.00 per single
cotumn inch (2.5cm). All cheques, postal orders
etc., to be made payable to Practical Electronics and
crossed “Lloyds Bank Ltd.” Treasury notes should
always be sent registered post. Advertisements,
togethér with remittance, should be sent to the
Classified Advertissment Manager, Practical Elec-
tronics, Room 2337, IPC Magazines Limited,
King's Reach Tower, Stamford St., London,
SE1 9LS. (Telephone 01-261 5918).

CARBON FILM RESISTORS. 5,
1W, 1W, 3W.

E12 Series,

ision Polycarbonate Capaci
Mixed to your choice, 100 for Precisio S S0 SISO

All High Stability—extremely Low Leakage

90p. Microprocessorz SC/MP £15, introkit £77, 440 V A.C. RANGE 83V D.C. RANGE
keyboard kit £74, MM6800 £27. P. & P. 15p. Value Dimen- Price| Lot Lo e oo
Mail order only. CANDAR, 8 Almond Drive, (uF) sions (mm)each g 4 O
Caversham Park, Readin T SO AL SO SL; 22 a8
5, Keading. 01 27 1278184 | 029-047 £1.82 £1.24  90p
01 £2:08 £1-38 £1-00
EASE NOTE TOUCH CONTROLLED i o nil e
[} £2-80 £1.94 351.42
When replying to Classified Advertisements LIGHT'NG KITS 0 £3.42 £2.30 2£1.84
please ensure: . 0 £4.00 £2.72 £2.24
(A) That you have clearly stated your require- These KITS replace conventional light switches 0- £4.88 £3.38 £2.66
ments. | and control 300W of lighting. No mains re- 1- £6.94 £4.68 £3.56
(B) Thatyou have enclosed the right remittance. wiring required. Insulated Touch Plates. All 1- £9.92 £6.48 £4-36
(C) ;;2::( Z’:oulr(ar'\:r:edand address is written in ‘ e ithlezsytcollallom]inet, usticrsy o : R 1sisoleotoslasin
ap! e NEW! TSD300K—TOUCHSWITCH and TANTALUM BEAD CAPACITORS 01, 0-15, 0-22, 0-33,
(D) That your letter is correctly addressed to DIMMER combined. ONE touch plate to 047, 068 LOuT at 25/35V-—1007; - e
. A A o g q . itch ligh ff. Brigh - ul‘/ﬁu\— 2p*; ./.AF/‘ —13p*; 4 7uF/35V—13p*;
L e sroich bt o0 or o "Blaigrer cor SaLA TR S eyt
. T5300K—TOUCHSWITCH, TWO touch plates L3ik/20V; 92,F/15V5 33K]10V 47uF/63V at 21p*;

N and 8 NLY—£3-67. 58;&F3\'~I7p‘;100“F/3\’~21p‘
SN ) Sl O TRANSISTORS & 1.C.’s

TSA300K — AUTOMATIC. One touch plate.

; ACI2R 28p | BCTT2 18p
RECEIVERS AND COMPONENTS Light turns off ‘r“'; e delay. ONLY— ACH7e 35p [ BD131/132  alp
- . : _ums» 68p | BFi13 42p
LD300K LIGHT DIMMER KIT £2.45 AF ;gp ggg; ggp
= P a D
SPECIAL OFFER i
3-555 TIMER ICs for ONLY £1. 100 for £29. ﬁti(ﬂ/{‘“ }%: %iié‘i/m; fgﬁ
Semiconductors CMOS (Motorola) BC147/8/8  10p Bl’?mi/lw 15p
[ p p 4000 l6p 4013 51p 4040 97p mersa o 16p | BE200 - 38p | p
ACI26/7/18  14[BEI94/5  11[2NI711 18 4001 ¥6p 4015 9lp 4049  48p TUED  TR||EEEEE QD | B brid
ADI6I/2  35|BFI96/7  13|2N2219 18 4002 16p 4016 51p 4077  45p LT, o /31/52 29F MPUI3L 35
BC107/8/9  8|BFY50/5] 15/2N2904/5/6 15 4007 16p 4017 9lp 4501 20p (vlgsln 3 12| BFX84/5 200 | NE3S 81p
BCi47/8/9  8|BFX29  25(2N2926(R) 7 4011 16p 4023 17p 4519 56p B S SISl L1 FaC /S 31D 4189"191143%
BCIS7/8/9 10|BFX84 20|2N2926(G) 7 4012 §7p 4025 17p 4566 155p Re2l 18p | BRIOL | 4lp 14 £1-65
BCI67/B/9 10| M]2955 96 |2N3053 14 —— e . 17p | GET872  15p SV40<'13\0
11| MPFI02 33|2N3054 42 TRIACS 400V T0220 NESSS 8 pin dil  36p 25p | 0C44/0C45 40D £1.55
BCI78/ 12| IN4001/2 ~3|2N3055 38 Case [solated Tab 741 8 pin dil 24p 12p [ 0CTT2 45p | SN76023NO
BCI182/3/4L 10|1N4003/4 4|2N5459 36 6:5A 80p 8.5A 85p | 2N6027 (PUT) 34p 35 12p | TIP31A 55p £1-55
BC212/3/4L 11| IN4005/6 lNEss 37 __ Diac 2Ip 2N3055 36p POPULAR DIODES: B.A145—18p; BA148—18p; BALGS
BCY70/71/72 §3|IN4148 puA741 DIL 20 QUANTITY DISCOUNTS ON REQUEST ; BR100—28p; BY126—15p; BY127
BDI39 35/2N697  12(LM380 98 Add 8% VAT + 25p, P. & P. y PO Ll S7 IO SOLENO L =T RN O 1Y
i T o St e e e
Electrolytic Capacitors T. K. ELECTRONICS (PE) 04— 7ip g(}a—/Sp p(;OF—Bp 0704&1011‘.;11*569—25_9 i
25V 25V 25V S0V S0V 50v 106 Studley Grange Road, London W72LX LOW PRICE ZENER DIODES—400mW. Tol. 4+ 59, at
0 }72 100 zlg ?07 3% oma 3V BVE; BVE; 4VT; GV1; SV 6VE; 6V8; TVS:
Mo 5p ) 4o s P COMPLETE COMPONENT SERVICE. Seccond N Rk o et L N e
to mnone, suppliers to D.OE., AERE, 95, 50 for 24-50, 100 for £800 (valves may be mixed).
Polyester Capacitors. 250V PC inounting. T.K.AKA, Government (10par(mcms, RESISTORS—High stabihty. low noise carbon film 5°,
001, 0:022, 0033, 0.047, 3ip; 0:068, 0-l, universities, schools and equipment manu- LW at 40°C, }W at 70°C. E)2 series only—from
4p; '0-15, 0'22, Sp; 0-33, 0-47, 8p; 0-68, llp; facturers, All orders are despatched on day of 2-M Q. All at 2p* cach, 15p* for 10 of any one value,
1-0, 13p; 1S, l9p, 2-2,F, 22p. | . N K} ] . . 85p* for 100 of any one valu:. SPECIAL PACK: 10 of
reeeipt. Are you being served? Join the pro each value 290 & 20M @ (730 tesictors) £6« 50°.
Carbon Film Resistors.0-33W 59 Hi-stability, { fvssimmls and get this best service at t]lc right SUBMIN: A’I‘ﬁRE VERTICAT, PREs TS
El2series 47Q-1M. Any selection. 0'9p each, prices, Rtock list free, send S.AE. Big cata- 503 2205 4705 680 ohm: 1k;
0'8p 100+, 0°75p 1000 +. ‘ lngue 50p (includes 2 vouchers worth 50p). %-‘xl‘(: i 47K; 100k 320k; 650K; 1M
5 5 5 Discounts e big 3 'r, its all here! Yor p*each: 10 for 80p; 100 for £5.00
Return of post service. Prices include VAT. e fonthelbienendor Y PLEASE ADD 25p POST AND PACKING ON ALL
Allow 15p for carriage Mail order onl w fastest  friendly  service — ORCH s . A g TS
[ K7, ge. v ELECTRONICS, Flint 1T TMigh Street ORDERS. EXPORT—ADD COST OF SEA/ATRMAIL.
Expontienauizicsivelcone; ala R Add 8% VAT to all items except those marked with *

Wallingford, Oxon (0491-35529),

which are 1219
Send 8.A.E. for additional stock lists.

C. N. Stevenson (PE)

304 AVEI’Y HI" Road London SE9 le | FULL SPEC, TTL (Prices includa VAT) Wholesale price lists available to bona fide companies
’ MARCO TRADING (Dept, P.3)
Special offers: 7413 25p, 7492/3 39p, 74100 70p 5 - G
The Old School, Edstaston, Wemn, Shropshire
7400 14p 7450/3/4 I5p 74122  43p el W L
) . 7401/2/3 14 7480 15 74123 59 Tel: Whixall 464/465 (STD 094 872)
TURN YOUR SURPLUS capacitors, transistors, 12/ P P 4 4 (Proprs Minicost Trading Ltd.)
5 ong 7404/5 16p 22p 74141 66p
ete., into cash. Contact COLES-HARDING & 7406 36p 7473/4/6 29p 74145  T2p
co., ]()3 South ]inn]\ Wisbech, Cambs, Tel, 7408 18p 7475 46p 74150 £1°10 LED's Mixed bags of 4 different sizes and 4
0940 4 xmhwt.' ~. 7410/20 14p 7480 44p 74153 65p different colours, 50, £5¢ 25; 100, £925, includ-
\ ;:Hn %gp ;:gi ;{;p ;::gg £|6'9l0 m;iz VAT and post and  packing.  C.W.0.
p p P MICITAEL WIL A b S,
Power Electrolytncs. 800uF, 450V (value not | 7417 30p 7485 £1-03 74157 68p Viecarage _\\\QIIJ\LI(\] L 111 L]l[( iI‘RO\(lh(J hi &7
stamped on can). Single end Connections with 7422 18p 7486  29p 74160 99 SKg kD AR GHIEANE ATIING, (SRR,
screw terminals, 21in dia. < 4lin high includin 7425/7  28p 7489 £2:40 74164 £1-10 SR8 TP,
STUAS Mim-grder 4 for £2 inc. VAT. (A 3 7430/40 14p 7490 43p  74i74  97p - -
P. & P.). Sub-Min. s—TFPraniTormers, 7432 28p 7491 60p 74175 85p P.C.Bs Paxolin 5}in X 5%in, 6 for £1. I2m X 9in
12-0-12V, 50 m/a. 28mmW, 20mmH, 26mmD 7437 29p 7495 60p 74181 £1.40 70p. I7hn X 9tin, £1, Fibre glass 15}in X 6iin,
82p. Bridge Rectifiers. 2A/100V. 34mm x 7441 66p 7496 69p 74190 £1.25 £1:35, 154in % |3in, £2-40. D.S. 7in X 8in, 80p.
34mm 40p. Phono Leads. Phono plug to Phono 7442 59p 74109 45p 74193 £1-08 Bank of 10 Neons with 10 x C407 transistors
plug, single screened grey cable, length 2 yds. 7445/7/8 18p 74121 3lp 74195 88p £1.Five figure Resettable Counter 18/22V works
16p. Op. Amps. Motorola MC 1530G 65p. DL707E 03 Srenl rm TNal78 3 on 12V £3:10, P.,S.U. panel 2 x 2N3702, 2 X
(ltems 2, 3, 4 and S, prices include VAT, add Y] 2A|n 58] ayle R £2° ap- ACIS3, bridge rect. electrolytics, etc. 55p.
20p P. &P 3. H:e”ar% 8C28 (eiézo?j) Biz0 MSe/g‘OoneSs()MB 5 Three assorted meters £2:10. 7 Ib assorted
LINWAY ELECTRONICS, 843 Uxbridge Road, Hayes SAAE for full liste. P& P. {15t class) 200, C.W.O gomponents £2:95, List | 5p. Refund on purchase.
End, Mddx. UB4 8HZ. Tel. 01-573 3677. 1. C JONES (PE2S) o cgeestleaid Turdesleddiz0eiinsurance
Offers of compény surpluses always welcomed. * "Mail order onl P J. W, B. RADIO
ash settlement. 46 Buratellars, St. ves, Cambs., PEI7 4X X 2 B 1 Bale, M33 1XL
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SPECIAL OFFER. 74H0O0 22p, 7490A 30p,
T474A 28p, 75450 50p, MJE3055 50p. ITT 5
70ST nixi + data 50p, 555 45p, Sperry S1425-
09 9 digit 7 seg + data £1, SKT' 50p, BYX49
1200V 2-5A4 35p, R5 Fuse holder 1lin panel
mnt 20p, TIL209 4 clip 15p, 741 20p, IN41458
3p, BCIOSC 10p. P. & 1. 10p, List S.A. 1.
L.B. ELECTRONICS, 43 Westacott, layes,
Middx. UB4 8AH (PE).

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 18V, 25V, 50V —0:47, 1-0,
2-2,4-7 and 10m1¥ Bp; 22, 47 54p (50V 8p); 100 7p
(50V 8p); 220 8p (50V 10p); 470 11p (50V 16p);
1,000 (16V) 15p, 1,000 (25V) 18p, 1.000 (50V) 22p.
Subminiature Bead Tantalum Electrolytics—0-1,
0-22, 0-47, 1-0, 2-2 at 35V, 4:7/25V 11p; 10/25V
13p, 22/16V, 47/6V and 100/3V 15p.

Mullard Min. Ceramic E12 Series 63V 2°,—10pF to
47pF—38p: 56 pF to 330 pF 4p.

Vertical Mounting Ceramic Plate 50V—E12 series
22-1,000pF and E6 series 1,500~47,000p¥F 2p.
Polystyrene E12 Series 63V Horizontal Mounting—
10~-1.000pF 3p; 1,200-10,000pF 4p.

Mullard Polyester 250V Vertical Mounting E6
Beries—0-01-0-1 4p; 0-15, 0-22 §p; 0-33. 0-47 8p;
0:68 11p: 1-013p; 1-520p; 2-2 22p.
Mylar (Polyester) Film 100V Vertical! M.

RESISTORS: AEL2 type carbon film high
stab. 5% (E12 range). Sold in units of 10. }W
(+E7 to 2M2), 8p per 10; W (10E to 10M), 9p
per 10. Also trausistors BC108/9, 75p per 10.
LEDs red, 12p; green and yellow, 20p. Type
TIL209/1'L,V117 0-2in: potentiometers ( Phillips/
Egen) 1k, 4k7, 10k, 100k, 220k, 470k, 1M, 2M2.
Lin/Log at 21p each 4- VAT (high rate) 1249,
plus 20p postage. 8.A.13. for more details to: CW
LLECTRONICS, Dept. PL, 10 Kingsley Path,
Britwell Estate, Slough, Berkshire. We also
have a trade and export dept.

MIXED LOTS COMPONENTS. Approx. quain.
50 tagstrips 28p; 100 ceramices 50p; 100 resistors,
JW 30p; 50 silv. miicas 25p; 30 paper and poly
vaps. 60p; 20 cleetrotytics 76p; 25 W.W, res,
50p; 25 germn. transistors 50p; U1 1. pre-
amyp, mains, £9°50; U 1.1, diplexer £1-20;
5 ¢ 5 yd. wires 25p, two 24p, three 30p max.
charge, . for list. GLADSTONE RAD!O,
66 Lhins . Aldershot, GU11 1L,

FOR SALE

0-001, 0-002, 0-005 3p; 0-01,0-02 4p; 0-04,0-05 41p.
Miniature Resistors Highstab E12 Series 5%,
Carbon Film 0-25W 1Q to 10MQ. (10% over 1M)
1p. Metal Film 0-125W, 0-25W and 0-5W 10Q
to 2M2Q 1ip, Metal Film 1W 27Q to 10MQ 2p.
1N4148 3p; 1N4002 5p; 1N4006 7p; 1N4007 8p;
BC107/8/9, BC147/8/9, BF157/8/9, BF194, 197 8p.
Fuses 20mm glass, 1}in glass, lin ceramic 21p.
Post 10p (tree over £4), Pricesinclusive of VAT.
THE C.R, SUPPLY CO.
127 Chesterfield Road, Sheffield $8 ORN

VHF POCKET PORTABLE RADIO, tuning 108
to 138MHz, Very sensitive, easily adjusted to
tune 144MHz band, £16°50 (inc. post and VAT).
ROMAK LTD., 10 Hibel Road, Macclesfleld,
Cheshire,

LEDs Red Green YeHow Orange | (NFRA RED

0-125"  15p 270 270 2Tp  |6mwW £1.58
02 19p 33p 3p Bp  (orp1z ssp
OPTO-ISOLATOR TILI11 £1 LED + ciip « 1p | OCP71  40p

AC125/6/7/8 15p | SCRs 50V 100V 400V | 400V TRIACS
AD161/162  40p | TOS1A 25 27p Mp | 24705  60p
AF117 20p [ TOS634 27p 8R100D1ac 21p
:gg;;%gﬂ 3‘39 Stud7A S0p  S5p  63p | 10ATO220 £1-50
BC07/89  9p | N3OS 41p | VOLTAGE REGS.
BC108C 12p | 2N370234  12p | 5V 7805 Plastc
BCUTAns  0p | 2NX034EE 16p | 12v7812  1Amp
BCIsTIal  11p | 2N2646 45p | 15V 7815 all
BCIs7BS  1p | 1S4 2% [ 18V7818  £1-5%0
BC166C 129 | BF244 35p | 24 7824
BCt77as  17p | MPF102 Wp | 723DIP14 s0p
wte B2k [
3 p
BC2123/4L  12p | 2459 49 | 54 100v ap
BCYIOT1T2 13p | NOT4 2: 2A 200V T
Bouste | NAT | o o
L AT
BFYS051  1gp | IN40067 ARt g
BFX20/85  30p | IN4148 4 | ToEen B
BFX84 24p | SASOV Mo | e e
BT 1‘9 3A 100V 15p | LM301 705  s0p
MoE2955 % | 3weoov 2p [S55Timer 69
MIES0SS  gsp | BAIOD 9p | 5562 x 555 £1.10
oem 10p | BAIS 12p | NESES £1-75
Neor 15 | BAXT6 9p | LmM3so £1-00
Fivedd 105 | BYZ7 16p | LM38Y £1-65
oNITAT 25 | 0AW7 LM3900 10p
2N2219 20p | QATOOATS 8 [T goCKETS
N2904/5/67 s | QABIOAD  7p | g i i 6o
2N2904/5/64 18p | OAST OA9S  bp | “pp ian gyp
2N2926(R) 7p | QA200 8 | Mica + bushes
12p | OA202 7o | 103 Tos6 5p
2N%053 15p [ ZENERS 2733V | Dalo Pen  70p
2N3054 45p | BZY88 or sim  9p | Avdelbond 2gm 85p

ISLAND DEVICES, P.0. Box 11 (19 Carroways Place.)
Margate, Kent. Miorder only Prices inc +15p P. & P

VALVES8—Radio, TV, industrial, transmitting.
We dispatch to any part of the world by return
of post, Air or Sea Mail, 2,700 types in stock.
1930 to 1976 obsolete types a speciality. List
20p. Quotation S.A.E, Open to callers. Mon.
to Sat. 9.30-5.00, closed Wed. 1.00. We pur-
chase all types of new and boxed valves. C0OX
RADIO (Sussex) Ltd., Dept. P.E., The Parade,
East Wittering, Susscx, PO20 &BN, West
Wittering 2023, (STD code 024366).

300W Electronic Touch Switch kit inc. PCB/

frontplate, triac, IC, etc, £3°20
Soldercon I.C. mounting pins/100 60p
16 pin DIL IC test clip £2°95
DL707 full spec. common anode £1-20
Silicon, photo transistors TOI8 18p

7489 16 x 4 scratch pad memory fully
functional—speed failures p
ZN1040E count display IC £6°90
P.& P.|5p, free on orders over £5.
Data sheets |0p each (mail order only).
GJD ELECTRONICS, 105 Harper Fold
Road, Radcliffe, Manchester M26 ORQ
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LIGHTING CONTROL, 6kW channels, 12 pre-
sets, master, changeover, TLittle used, £90,
W. JARVIS, Salewheel Iouse, Ribehester,
PR3 ZXC,

PRACTICAL ELECTRONICS 1st iszite 1964-1974
complete. Offers, WILLIS, 6 Inglehy Gardens,
Chigwell Row, Essex,

P.E. Scorpio Electronic ignition semiconductors,
capacitors. cheap, New, Top-tirade components,
S ALE, for list to: 66 Abberley Avenue, Stour-
port, Woreestershire,

EX MUSIC CENTRE 'Tuper-\mp Chassis, for
your owndesign A M -F AL A F.CLStereo Radio,
Slide  controls with good Dass and treble
response.  Push button selection for Gram,
Tape, AM., "M, ete,, with indicator Jamps.
Complete with knobs and faseia panel. Simple
conncetions, mains and speakers (3 ohm), few
only, £33 inc. VAT and P, & P. Remittance
with order to: M. M., Market Street, Shipdham,
Norfolk, 1P25 7LZ,

BACK IS8VES of I E., W, II.T.1., 1966 on-
wards, 30p. 8.\ B, stating requirements, . P,
LUNDEGAARD, 33 King bEdwards Avenue,
(eloucester.

AMERICAN “TAB"” Books half price. S A E.
list. 63 Oundle Road, Thrapston, Northants,

FOR 8ALE: 1950x Amecrican Juke Box. Faulty
wiring, worth a fortune in the hands of an
electronic genius—needs a lot of time spent on
it, £40. Tel. Dunsfold 233,

NEW IS8S8UES of “Practical Electronles” avail-
able from April 1974 edition up to date. Price
55p each—BELI'S TELEVISION SERVICES,
180 Kings Road, Harrogate, N. Yorkshire.
Tel. (0423) 55885,

WANTED

WANTED, NEW VALVES, TRANSISTORS,
top prices, popular types—KENSINGTON
SUPPLIES (B), 367 IKensington Street,
Bradford 8, Yorkshire.

WANTED PRACTICAL ELECTRONICS October
and/or December 1974, Tel, Blackmore (1ssex)
822601,

OSCILLOSCOPE. Turtable ignition tester reqd.
Pref, 12V, Powered. Other Auto. Equipment
considered, Tel, 061-480 5262 (evenings).
TURN YOUR =urplus components into cash,
Tel. 0491-35529 (Oxoun).

ELECTRICAL
8TYLI, CARTRIDGES AND AUDIO LEADS,
ete. For the best at keenest prices send 3,A.E.
for free illustrated list to: FLELSTEAD
ELECTRONICS (PE), Longley Lane, Gatley,
Cheadle, Cheshire, SK3 4E1,

SERVICE SHEETS

SERVICE SHEETS, Ladio, TV, etc., 50p and
SALE. Catalogue 20p and S.A 5. HAMILTON
RADIO, 47 Bohemia Road, St. Leonards,
Sussex.

BELL'S TELEVISION SERVICES for service
sheets on radio, TV, ete., 75p plus S.A.1.
Colour I'V service manuals on request, S.A. 13
with enruiri to B.T.5.. 180 Kings Road,
Harrogate, N, Yorkshire. Tel. 0423 55835,

SERVICE SHEETS, radio, 1'V, cte. 10,000
models.  Catalogue 24p plus  S.A 1. with
orders-enquiries. TELIIAY, 154 Brook Street,
Preston, PR1 7111,

EDUCATIONAL

COLOUR TV SERVICING

Learn the techniques of servicing Colour
TV sets through new homestudy course
approved by leading manufacturers.
Covers principles, practice and align-
ment with numerous illustrations and
diagrams. Other courses for radio and
audio servicing. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 771H, Intertext House, London
SW8 4U3
Tel. 01-622 9911 (all hours)

TELEVISION

TRAINING

12 MONTHS’ full-time course

in Radio and TV for beginners

(GCE—or equivalent—in Maths and
English).

26 WEEKS’ full-time course

in Mono and Colour TV (basic
electronics knowledge essential).

13 WEEKS’ full-time course
in Colour TV (Mono TV knowledge
essential).

These courses incorporate a high
percentage of practical training.

Next session starts on September | 2th.

Prospectus from London Elec-
tronics College, Dept. A7, 20
Penywern Road, London SWS5
9Su. Telephone 01-373 8721

TECHNICAL TRAINING
Get the training you need to move up
into a higher paid job. Take the first
step now—write or phone ICS for details
of ICS specialist homestudy courses on
Radio, TV, Audio Eng. and Servicing,
Electronics, Computers; also self-
build radio kits. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 771H, Intertext House, London
SW8 4UJ
Tel. 01-622 9911 (all hours)

CITY & GUILDS EXAMS

Study for success with ICS. An ICS
homestudy course will ensure that you
pass your C. & G. exams. Special
courses for: Telecoms. Technicians,
Electrical Installations, Radio, TV &
Electronics Technicians, Radio
Amateurs. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 771H, Intertext House, London
SW8 4UJ
Tel. 01-622 9911 (all hours)




SITUATIONS VACANT

Intensive course on

LOGIC, INTERFAGES AND MICROPROCESSORS

4 to 8 July, 1977
at the Southgate Technical College, London N4

A five day course with tutorials:
conducted by Prof. D. Zissos
The aim of the course is to enable designers and users of digital control and
computer systems to work out and implement designs to their own
requirements, and attain control over the behaviour of their systems. The

course, with an independent assessment of the state of the art should be of
value to people in a wide variety of Technical disciplines and experience.

Details and reservations from the organizers

INTERPROJECTS LTD.
Technical Services

29 Church Street, Edmonton, London N9 9DY
Tel: 01-803 6896

RADIO TECHNICIANS

Government Communications Headquarters has vacancies for Radio
Technicians. Applicants should be 19 or over.

Standards required call for a sound knowledge of the principles of elec-
tricity and radio, together with 2 years experience of using and maintaining
radio and electronic test gear.

Duties cover highly skilled telecommunications/electronic work, including
the construction, installation, maintenance and testing of radio and radar
telecommunications equipment and advanced computer and analytic
machinery.

Qualifications: Candidates must hold either the City and Guilds Tele-
communications Part | (Intermediate) Certificate or equivalent HM Forces
qualifications.

Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on entry) rising
to £3,385 with opportunity for advancement to higher grades up to £3,780
with a few posts carrying still higher salaries. Pay supplement of £313-20
per annum.

Annual leave allowance is 4 weeks rising to 6 weeks after 27 years service,

Opportunities for service overseas.
Candidates must be UK residents,

Further particulars and application forms available from:
Recruitment Officer, Government Communications Headquarters
Oakley, Priors Road, Cheltenham, Glos. GL52 5AJ
Tel.: Cheltenham (0242) 21491 (Ext. 2270)

FAULT
FERRETERS
WANTED

If you have a good knowledge of basic
electronics and can ferret our circuit faults
down to component level, then we'd like
to meet you. If you also have experience
of working on operational amplifiers or
integrated logic circuits, you'll be even
more welcome here at Marconi-Elliott
Avionic Systems in Rochester,

For it’s here that we're looking for
Electronic Test Technicians, men or
women, to join teams working on
calibration and fault finding on both
analogue and digital solid state systems.

It’s interesting work on highly advanced
avionics equipment for fligit control,
navigation and surveillance systems on
such aircraft as Nimrod, Harrier and
Tornado.

So if you have the experience we're after,
possibly gained as a TV Engineer or in
the Forces as an Electronics Technician,
you could be in line for a well paid career
with the world leader in avionic systems,
If necessary, we'll assist you with
relocation expenses.

Write now with details of your
experience and qualifications (we would
expect you to have City and Guilds,
ONC or equivalent), to: Mr. T. Jones,
Marconi-Elljott Avionic Systems Limited,
Airport Works, Rochester, Kent,

Tel.: Medway (0634) 44400.

VACANCY FOR SCHOOL LEAVER

in ESSEX area

whose interests are in Electronics. Oppor-

CAREER IN ELECTRONICS

APPOINTMENTS
IN
ELECTRONICS

Take your pick of the
permanent posts in

MISSILES ~ — MEDICAL
COMPUTERS — COMMS
MICROWAVE — MARINE
HARDWARE — SOFTWARE

For expert advice and immed)-
ate action on career improve-
ment, ‘phone, or write to,
Mike Gernat BSc

“lechnomar:

Enginvering and Tochnical Recruitment

11 Westbourne Grove

Melico, a small progressive Company
manufacturing photographic elec-
tronic instruments, has vacancies for
the following:

1. Development engineers

2. Testers and assemblers

The Company is situated near Chalk
Farm Station in N.W.l. Applicants
should have an interest in and a
knowledge of electronics. Good
salary commensurate with age, ability
and qualifications. Ring 01-586 5144/5
for an appointment.

Melico, Unit 5, Spencer Court, 7
Chalcot Rd., London NWI 8LH

540

tunity for apprenticeship with old established
Company. All replies will be answered.

APPLICANTS MUST GIVE DETAILS OF
THEIR INTERESTS. Write to Box No. 69.

TECHNICAL AUTHORS. Progressive documen-
tation company requires full time/part time
persons able to write functional English text
froni notes and drawings on a variety of digital
cquipment, Write to INTERPROJECTS LTD,,
24 Chureh Street, lidmonton, London, N9 9DY,

LADDERS

LADDERS, varnished, 25} ft. extd., £30.41.
Carr. £1-80. Leaflet. Immed, despatch., THE
LADDER CENTRE (PEE3), Halesfleld (1),
Telford, Salop. Tel. 586644.

LondonW2 012299239

MISCELLANEOUS

DO-IT-YOURSELF LOUDSPEAKERS for hi-fi
are our, speciality, Full range of components
and accessories including chassis speakers,
cross-overs, sound absorbent, grille fabrics,
ete., always available, We stock the fabulous
value ITeline speaker kits (complete with full
and easy instructions), also Peerless and
Wharfedale Kkits, Just about the lowest
prices anywhere! Send 84p stamp for bargain
list to; AUDIOSCAN, Dept. PE-777, 4
Princes Square, Harrogate, North Yorkshire,
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ENAD?ELLED COPPER WIRE
b

G | 8oz 40z 20z

£ £ £ £
14-19 240 1-20 060 0'50
20-29 2:45 160 082 0°59
30-34 260 I'70 0°8% 0°64
35-40 285 i-90 1-04 075

Inclusive of P, & P. and VAT,
S.A.E, brings catalogue of copper and resistance
wires in all coverings.
THE SCIENTI. iC WIRE COMPANY
P.O, Box 30, London, E4 9BW
Reg. Office: 11 Comng:by Gardens

GLASS FIBRE BREAD BOARDS (hcavy type)
size 6in X 4in, takes 16 I.C.s, total 970 Tmm
holes, roller tin finish. Price ‘inel. VAT £1-90
+ P& P o30p. PHOTOTECHNIQUES (Ref.
JW), 11 O1d Witney Road, Eynsham, Oxtord.

Miracles !
by Dewtron ®

Build your own synthesiser or musical effects
using some of the huge range of DEWTRON
modules. Or, build fuzz or waa-waa at budget
Pprices using special kits.

8end 25p for Catalogue from:

D.E.W. Ltd., 254 Ringwood Road, Ferndown,
Dorset 8522 8AR.

NOW AVAILABLE for D,I.Y. Burglar Alarm
Systems, The Lawrence Electronics bolld State
Control Module, £6:50 inc, VAT, & P. or
S.A.E. for full details on secunty equlpment
available. LAWRENCE ELECTRONICS, 78
Manningham Lane, Bradford, Yorkshire,

CABINET FITTINGS

FOR
Stage Loudspeakers and Amplifier Cabs
Fretcloths, Coverings, Recess Handles, Strap
Handles, Feet, Castors, Locks and Hinges,
Corners, Trim, Speaker Bolts, etc., etc.
Send 2 x aip Stamps for samples and list.

ADAM HALL (P.E. SUPPLIES)

Unit @, Starline Works, Grainger Road
Southend-on-Sea, Essex.

RECHARGEABLE BATTERIES. “AA" pencell
(11P7) £1°26; Sub “C” £1-29; “C” (HPII)
£2:38; ““‘hH” (llP 2) £2:92; PP3 £4-98. Matching
rhargcrs £5-91 each e\u'pt PP3 charger £4-99.
Charging holders for 2, 8, 4, 5 or 6 pencells 35p,
“C7 and D size holders, 4-cell only 50p.
Prices include VAT, Add 1()% post, package
(md insurance orders under £20, 59, over

SAE, for full details plus 50p for “Ni
(admlun Power” booklet. AMail orders to
SANDWELL PLANT LTD,, 1 Denholm I(oa(l.
Sutton Coldfield, West l\[idldnds Tel. 021-354
9764, Callers to T.L.C., 32 Craven Street,
Charing Cross, London, \\ .2

From your own tape, film or ink master.
Send S.A.E. for quotation,
PRACTICAL ELECTRONICS P.C.B.'s
in glass fibre, tinned and drilled.

May, June 76 Digital Frequency Meter
(G8CZW). Complete set of 4 boards £4-85,
June 76 Transmitter 98p, Coder 94p,

July 76 Receiver 98p, Decoder 79p,
Interface $8p, August 76 Servodrive 74p,

Servo Amp 58p, Relay Drive 68p.
Complete set of above boards £5:80.
Sept. 76 Tone Generator 71p, Tone Decoder
78p. _Cross-Hatch Generator £2:85.
Nov, 76 Hazard Warning Flasher 68p.
Dec. 76 Orion Tuner £2:48. Feb. 77 Decoder
(1302-1) £1:32. April 77 Digital Volt Meter
(GBCZW) Complete set of two boards
(1304-3/4) £2-55. May 77 Burglar Alarm
(130S-1) £1-68. Send S.A.E. for information
on current boards. C.W.O, please,

R.S. Components. All of this well known
supplier’s components available.

PROTO DESIGN
4 Highcliffe Way, Wickford, Essex SS11 8LA

< MAKE YOUR OWN

e ! PRINTED CIRCUITS

iv

RUB-ON TRANSFERS—STARTER PACK £1°30
(5 sheets, lines, pads, 1.c. pads), SPARE SHEETS
27p. FERRIC CHLORIDE—I1b bags 70p (P. & P.
30p)*. LOW-COST I.C. MOUNTING—I100
Soldercon sockets 65p. 7 or 8 hole plastic
supports 6p/pair. TRANSISTOR TESTER—Easy
to use. Indicaces gain. ldencifies NPN or PNP,
Cannot damage transistor £7 (P. & P, 30p)*.
S.A.E. lists and samples (P. & P. |Sp/order
except *).

Professional Finish

P.K.6. Electronics Sar.-emss oesser
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100 Resistors 75p
W 5% c/FILM 2-20N-2 2MN {E12)
10 each of any value
C60 CASSETTES 30p Al Cassettes in Plastic

ith |
C30 CASSETTES 45p  Gove wilh Index: and
All prices include VAT. Add Postage 10p in £1
Quantity Discounts SALOP ELECTRONICS
10 Units 5% 23 WYLE COP,
50 Units 7% SHREWSDURV
100 Units 10%

GLASS FIBRE P.CB.'s [

H6-8%

suLoTHE TREASURE TRACER
\8 MK ”I Metal Locator

® Varicap tuning
Britain 1 be
Fitted with ay shield

Speaker and earphone operation
4,000 dy sold

Prebulit seerch cod sssembly

Five traneistor circutt

Tharoughly professonal finmh

You only need soldering 1ron screw.
driver pliers and snips

@ As seen on BBC-1 end BBC-2 TV

ng metal locatar kit

Send siamped sddressed envelope
Built and

£14-75 sunane  £19.75
Post £1 + £1:58 VAT

Post £1 + £1-18 VAT
MINIKITS ELECTRONICS. 6g CLEVELAND ROAD
LONDON E18 2AN (Mail Order Only)

SUPERB INSTRUMENT CASES by Bazelli,
manufactured from heavy-duty pvc faced
steel. Huudreds of people and industrial users
are choosing the cases they require from our
vast range. Uompetitive prices start at a low
82p. Pmmple . width, depth, height, 8in. X
5in x 3in, £1.70; 10in x Ginx 3in, £2-42; 10in x
Sinx3in, £3.02: 12inx10inx3in, £3.96;
8in x 4in X 4in, £1.98; 10in X 6in X 4in, £2.97;
12in X &in X 4in, £3.96; 7in X 7in X 3in, £2.91;
Sinx 10in X 6in, £3.96; 12in X 8inx 7in, £4'40;
12inX 12in X 7in, £4-84. Plus 85p carriage and
8% VAT. Over 400 models to choose from.
l’mmpt despateh. Iree literature (stamp would
be appreciated): BAZELLI, Dept. No. 23, St.
Wilfrid’s, Foundry Lane, l{alton, Lnncaster
LA2 6LT

Complete
Kit

NO LICENCE
EXAMS NEEDED

solid-state
Only

To operate this miniature,
TRANSMITTER RECEIVER kit
£8°25 plus 20p P. & P,
‘Brain-freeze’ ’em with a MINI-STROBE
kit, pocket-sized 'lightning flashes’, vari-
speed, for disco’s and parties. A mere £3°80
plus 20p P, & P.
Experiment with a psychedelic DREAM
LAB, or pick up faint speech/sounds with
the BIG EAR sound-catcher: ready-made
multi-function modules, £5 plus 20p P. & P.
LOTS MORE! Send 20p for lists.
(Prices include VAT).
(Mail Order U.K, only).
BOFFIN PROJECTS
4 Cunliffe Road
Stoneleigh, Ewell, Surrey (P.E.)

7

OUTSTANDING HI- FI/;M TUNER, Comprises
7 transistor superhet design with varieap tuning,
AFC. Tatest silicon cireuitry, full coverage
88-102MIfz. Supplies built and tested with
metal front pancl and instruction sheet, (mlx
£9:95 + 30p P. & P, GREGG ELECTRONICN
Parchmore  Road, Thornton Heath,
surrey.

A UNIQUE OPPORTUNITY

We can show you how to earn a lot of
money working part or full time from
home., We are the ONLY company in the
U.K. offering this unique information.
A basic interest in electrical engineering is
necessary, Government Departments are
making use of our system, why don't you!?
For complete return of post details send a
large stamped addressed envelope to:
MAGNUM
Dept. PE
Brinksway Trading Estate
Brinksway, Stockport SK3 0BZ

CLEARING LABORATORY, scopes, recorders,
testmeters, bridges, audio, R.F. generators,
turntables, tapeheads, stabilised P.S.U. 8, sweep
generators, test equipment, etc. Lower Beed-
ing 236.

BURGLAR ALARMS

A
SUPPLIES AND '
cquipMeNT 2|

S.A.E. FOR FREE CATALOGUE

LARGE SIZE PRESSURE MATS
28 in. IS5 in. £1°20
MAGNETIC SWITCHES

with magnets from 75p

SIRENS ALARM-UNITS CABLE
- WINDOW FOIL - VIBRATION
CONTACTS ULTRASONIC AND INFRA-RED

DETECTORS INTERTIA SWITCHES.

A. D. ELECTRONICS
217 Warbreck Moor, Aintree
Liverpool LY 0OHU. Tel. 051- 525 3440

BELLS
BELL COVERS

MORSE CODRE TUITION AIDS
Cassette 3-1-12 w.p.m. for amateur radio
examination.

Cassette 5.12-24 w.p.m. for professional
examination Dl’EDﬂI’a(IOn
Morse by light system available. Morse Key
and Buzzer Unit for sending practice,
Prices: Cassettes {including booklets) £4;
Morse Key and Buzzer £4. Prices include
VAT, postage, etc., overseas £ extra.
MHEL ELECTRONICS (PE)

12 Longshore Way, Milton, Portsmouth
PO4 aLS

TREASURE SEEKER, scnsitive 2-microcircuit
design, shielded, ]’ulsv/umtmuulh Plans £1-20,
Kits from £15. U.F.0, Newsletter, Righting
Rucorder, Daily Pattern, I’rull(tl(m Pattern,
Mil'rocir('lllt l)(t(-(tors 80p each chart, R. & K,
PUBLICATIONS, Highlands, Needham Mar-
ket, Suffolk.

JUST RELEASED
The

Odik In-circuit

Junction Tester

Tests all silicon transistors and
diodes (INc power types) with-
out desoldering from the circuit.

@ Simple to use
@ Go-No-go indication
@ Overvolt protection
@ Fuliinstructions for use
@ Robust.
@ Comes ready for use with battery fitted
Direct from the manufacturers so only £5:50
(inc P &P)

ODIK ELECTRONICS

100 Lower Ford Street, Coventry, Warwlicks.
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AUDIO TEST OSCILLATOR

VERY LOW DISTORTION (0-02%5) £22 +,72*

8%

Based on a Linsley Hood design it provides
both SINE and SQUARE wave signals over
range |OHz-100kHz in four steps. Qutput
over | volt fully attenuated. Self powered
with 9V battery. In Kit form £17.

S.A.E. for leaflets. Also available T.H.D.
Analyser. MVMT. F.M. Sig. Gen. 0/60V |A.
P.S.U.

ORION F.M. TUNER

Kit of parts for this system. Price £38
VAT (p.p. £1-50).

S.A.E. for decails to:

TELERADIO ELECTRONICS
325 Fore Street, Edmonton N9 OPE
Tel. 01-807 3719

H.M. ELECTRONICS
275a Fulwood Road, Broombhill, Sheffield. S10 3BD
Give your project that

professional looking
finish Buiid itina BEC.

Dry transfer lettering
now available . .

;

BEC

CABINETS

ORION cabinet stii available punched or unpunched
Send 15p (refundable) for leaflets

PRINTED GIRGUITS
and HARDWARE

Readily available supplies of Con-
structors’ hardware, Aluminium
sheet and sections. Printed circuit
boards, top quality for individual
or published designs.

Prompt service.
Send |5p for catalogue.
RAMAR CONSTRUCTOR SERVICES

Masons Road, Stratford on Avon
Warwicks. Tel. 4879

DATA WITHOUT DELAY

For all Semiconductors, Integrated Circuits,
Opto devices, etc. Technical data, UK.
supplier and approx. cost, where poss:ble.
sent by return of post. Send 54p per device
and S.A.E. Money refunded if data not avail-
able.

TANGENT ELECTRONICS
136 Whitehall Rd., Norwich, Norfolk NR2 3EW

ARMATURE AND COIL WINDING
ENAMELLED COPPER WIRE
Only top quality materials supplied.

All orders despatched within 24 hours.

S.W.G. b reel 3ib reel
10to 19 £2'95 £1.60
20 to 29 £3°15 £1'80
30to 34 £3:45 £1-90
35 to 40 £365 £2°10

All prices inclusive of P. & P. in U.K,
COPPER SUPPLIES
102 Parrswood Road, Withington,
Manchester 20 Telephone 061-445 8753

ABS PLASTIC boxes with lids and potting
boxes, 3 sizes of each, low cost. Ideal for pro-
jects. S.A.E. for price list and specifications.
Trade cnquiries  welcome, IARROGATE
ELECTRONIC SUPPLIES AND SERVICES,
25 Regent Parade, Harrogate, Yorkshire.

WIRE THREADING KIT
WIRE DISTRIBUTION SYSTEM INTRO-KIT
£5-95 inc. of VAT and P. & P. (Mail order only)
KIT CONSISTS: WIRE DISTRIBUTION
PENCIL, W-D BOARD, W.D STRIPS, SPARE
SPOOL  OF WIRE, IC LEG DEFORMER,
COMPREHENSIVE INSTRUCTIONS.

Or for further details please send a S.ALE. ! !
Trade and overseas enquiries welcome. e

115 Lion Lane, Haslemere,

ZARTRONIX ''* 5500 "5 edas™ior

BURGLAR ALARM COMPONENTS. White
oblong reed and magnet 70p (minimum 5).
Flagh cirenlar and magnet 65p (minimum 5).
12V sirens -£4'99. Key pass switches £2°40.
S.ALL for price list, All prices inclusive,
AN WHITELEY, 11 Denbrook Walk,
Bradford, W, Yorkshire BD4 0QS8. Bradford
632674,

BOOKS AND PUBLICATIONS

SIMPLIFIED TV REPAIRS. T ull repair instrue-
tions, individual British sets, £4°50; request
free circuit diagram, Stamp brings details
unique TV Publications. AUSLETL, 76 Church
Street, Larkhall, Lanarkshire.

HOW TO START A BUSINESS. By popular
demand a fnlly iHustrated manual has now
been produced, showing, in casy, step by step
stages, how to rewind ARMATURES "AND
FIELD COILN as used in Vacuum Cleaners,
brills and Portable Toolz, Chapters on taking
data, materials required, test instruments re-

quired, rewind instructions, charts, ete. Ilow
to cost jobs and where to obtain work. NO
PREVIOUS KNOWLEDGE REQUIRED.

Complete  instructions manual £4 plus 30p
P.& Po W0, COPPER SUPPLIES, 102
Parrswood Road, Withington, Manchester 20,
Dept. PEAL

INVERTORS

w Porr & o ¥
R %
- o
“ .
- k-4

240v-50Hz from your 12v car battery.

25 watt—£4.75 300 watt (24v)—£26-45
40 watt—£8-27 400 watt (12v)—£39-05
75 watt—g£12-03 500 watt (24v)—£48-18
150 watt—g21-27 1kW (50v)—£127-00
300watt{12v)—£33-03 1 5kW (110v)—£140-80
All above invertors are (n kit form but may
be purchased built up in metal case 8 ready
for use Price hst sent on receipt of sae
Prices include post & packing

P.W. AUTOMATIC EMERGENCY
SUPPLY
240v-50Hz-150 watt invertor with built in
battery charger. In event of power failure
switches over automatically from battery
charging to invertor operation. Cct. as
appeared in Oec. 72 P.W Complete kit of
parts (excluding meter) £24-50 + £1-70p. & p.

DIGITAL WATCH
LE O display giving hours, minutes,
seconds and date. Design based on
American technzlogy. and fantastic value
at€16 + 30pp. & p
QOne year guarantes.

TRANSFORMERS & COILS
Both high volume & small order capacity
" available
Special offer Miniature mains transformer
6-0-6v-6V.A —85p plus 10pp & p

TRADE & EXPORT ENQUIRIES WELCOMED

P.E. ORION STEREO
AMPLIFIER

kS 2 ’
v Wy

20 + 20 Watts r.m.s. into 8 ohm load. Distor-
tion lessthan 0-01% 100Hz-10kHz. Frequency
response = 1dB 20 Hz to 20 kHz. Hum level
virtually nil with volume full on.

This is a power amplifier of superb guality
incorporating the very latest design features.
Professional hi-fi enthusiasts have classed it
as fantastic and real value for money. The
CCT incorporates a low flux transformer and
inputs for disc. tape, tuner, etc.

Complete kit of parts inciuding slim line
bookend case, silk screened front panel &
knobs. £47-30 incl. VAT & p. & p.

The bookend case, |.C.s & semiconductors, P.C.

board, Transformer, etc. may be purchased separ-
ately if desired. Send S.A.E. for further information

P.E. ORION TUNER
Full kit of parts for this superb tuner unit to compli-
ment the now well established amplifier. Parts
may also be purchased separately. Send S.A.E.

ASTRO IGNITION

v

sr

a0 & »
ASTRO IGNITION SYSTEM

Complete kit of parts for this
proven and tested system £10-45
incl. VAT. Ready built withonly two
connections to alter £13-75 incl.
VAT. Thousands have used this
system both home and abroad.
Consider these advantages more
power, faster acceleration, fuel
economy. exceilent cold starting.
smoother running, no contact
breaker burning. Also because of
the high energy spark, the fuel
mixture can be made weaker giving
further economy and fewer plug
problems. Fitting time when built
5 minutes approx. Please state
whether positive or negative earth.
Trade and export enquiries wel-
comed.

ASTRO ELECTRONICS
Spring Bank Road, West Park
Chesterfield.

w
R
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A MINIATURE POWER TOOL

to speed your building

Super 30 Kit (30 Tools) (incl.
drill without stand)
£19-39 pius P. & P. 85p

PIS Drill Stand
£513 plus P. & P. 35p

Pl Drill only
£9-67 plus P. & P. 35p

Flexible Drive Shaft
£5:94 plus P. & P. 25p

Transformer 240V a.c./12V d.c.
£7°56 plus P. & P. 70p

Variable Speed Transformer
£9°50 plus P. & P. 70p

Replacement drills, stones, burrs,
etc. 40p each. Circular saw blades,
set of 4 with arbor £2:50.
P. & P. any quantity 20p.

All VAT inclusive

PRECISION PETITE LTD.

119a High Street, Teddington, Middlesex TW11 8HG
Tel. 01-977 0878 (24-hour answering service)

9" %X 4” S.A.E. please for leaflet and order form

4-STATION INTERCOM

+ VAT £1+52

Solve your communica-

tion problems with this

4-8tation Transistor Intercom system (1 master and

3 Subs), in robust plastic cabinets for desk or wall

mounting. Callftalk/listen from Master to Subs and

Subs to Master, Ideally suitable for Business, Sur-

gery, Schools, liospitals, Otfice and Home. Operates

on one 9V battery. On/joff switch. Volume control.

Complete with 3 comnecting wires cach 66ft and
other accessories. P. & P. 90p.

MAINS INTERCOM NEW MODEL

No batteries—no wires, Just plug in the mains
for instant two-way, loud and clear communication.
On off switch and volume control. Price £33-74
per pair. P, & P. 90p.

NEW'! AMERICAN TYPE CRADLE

TELEPHONE AMPLIFIER

£14-95

+ VAT £1-20

Latest tiansstorised Telephone Amplifier with
" dctached plug-in speaker. Placing the receiver on
to the cradle aetivates onfoff switch for immediate
two-way conversation without holding the handset.
Many people can listen at a time. Increase efficiency
in office, shop, workshop. Perfect for '’ conference’’
calls: leaves the user’s hands free o make notes,
consult filles. No long waiting, saves time with
long-distance calls. Volume. Direct tape recording
model at £18-85 + VAT £1-36 P, & P.75p. 10-day
-price refund guarantee.

WEST LONDON DIRECT SUPPLIES (PE7)
169 KENSINGTON HIGH STREET, LONDON, W.8
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Towers’ International

Transistor Selector
by T. D. Towers Price £5-00

WORLD RADIO TV HANDBOOK
by J. M, Frost Price £5°50

THE RADIO AMATEUR'S HAND-
BOOK 1977 by A.R.R.L Price £6'50

THE MEMORY & MICROPROCES-
SOR DATA BOOK FOR DESIGN
ENGINEERS by Texas Price £3°50

UNDERSTANDING MICROPROCES-
SORS by Motorola Price £3°75

THE OSCILLOSCOPE IN USE by
I. R, Sinclair Price £2:85

ELECTRONIC CLOCKS & WATCHES
by M. S. Robbins Price £5:10

OP-AMP CIRCUIT DESIGN & APPLI-

CATIONS by J. Carr Price £4°00
TTL COOKBOOK

by D. Lancaster Price £6°65
MICROELECTRONICS

by C. L. Hallmark Price £3°90

% ALL PRICES INCLUDE POSTAGE 4

THE MODERN BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET
LONDON W2 INP
Phone 01-723 4185
Closed Saturday | p.m.

onic

HI-F1 DISCOUNT CENTRES

DISCOUNT
SPEAKERS

1m0, 80 or 150 as app.
Guarant

TITAN 5 y.
FANE 2 y
OTHERS 1 year
ALL PRICES
INC. VAT
Prices correct at 23.5.77  gonic
HI-FI TYPES Listvatue  Price
Sin FANE 501 Mid or Full range Sp Prnice £4-95
8in x 5in 15W Various makes Sp. Price  £3-3§
8in A F Model 80 Dual Cone Sp. Price  £5-95
8in A F. Model 83 Dual Cone Sp Price £6-95
FANE 805 Sp Price £5-95
FANE 804 Sp Price  £4-95
FANE 801 Dual Cone Sp. Price £7-95
FANE Bin BOBT Dual Cone Sp Price £3:95
FANE 8in 807TP Sp Price £4-75

WHARFEDALE LINTON 3XP KIT Pair £52-84 £34-95
10in DENTON 2XP KIT Pair £35-93 £23-95

10in GLENDALE 3XP KIT £75:-62 £52-95
8in FANE MODE ONE KIT Sp. Price Pair £19-99
10in ELAC Model 10AM Sp. Price  £3-85
12in FANE 121/15LR 20W Sp Price  £7-95
12in FANE 122,10 25W Sp Price £9-95
GROUP/DISCO TYPES

12in FANE PQP 15 Sp. Price  £4-99
12in FANE POP 25T 25-30W Sp. Price  £9-95
12in TITAN T12/45 45W £15-80 £10-95
12in TITAN T12/60A 60W £22 50 £12-95
12in TITAN T12/100A 100W £36 00 £22-95
12in CELESTION G12M Sp. Price £12-99
12in CELESTION G12H 30w Sp. Price £15-95
12in CELESTION G12/50 50W Sp Price £17-50
12in CELESTION G12/'50TC Sp. Price £17-95
12in GOODMANS 12 PD Sp Price £18-95
12in GOODMANS 12 PG Sp. Price £17-95
12in FANE SPECIALIST P A 80 £25-95 £16-95
12in FANE SPECIALIST' DISCO 80 £27 95 £17-95

12in FANE SPECIALIST GUITAR B0L €25 75 £16-95
12in FANE SPECIALIST GUITAR 80B  £26 95 €£17-95

12in FANE CRESCENDO 12A £57 35 £39-95
12in FANE CRESCENDO 12L £59.95 £41-95
12in FANE CRESCENDO 12 BASS £56 70 £39-95
15in TITAN T15/60 60W £26 00 £18-95
15in TITAN T15/70 70W £28 00 £19-95
1510 TITAN T15/100 100W £41.00 £28-95
156in FANE SPECIALIST BASS 85 £39 95 £29-95
15in FANE SPECIALIST BASS 100 £42 00 £31-50
15in GOODMANS 15P Sp Price £23.95
15in CELESTION G15C Sp Price £26-95
15in FANE CRESCENDO 15, 100A £72 95 £49-95
15in FANE CRESCENDO BASS £76 00 £49-95
15in FANE CRESCENDO 15,100LT £74 69 £49.95
15in FANE CRESCENDO COLOSSUS

200W £108 00 £69-95
18in TITAN T18/100 100W €47 00 £35-95
18in GOODMANS 18P Sp. Price £39.95
18in CELESTION G18C Sp. Price £39-95
18in FANE CRESCENDO 18A £101 95 £69-95
18in FANE CRESCENDO BASS £89-95 £59-95
18in FANE 'COLOSSUS 200w £115 00 £69-95
HIGH FREQUENCY HORN UNITS (Carr 75p)
CELESTION MH1000 30w Sp Price £13-75
FANE 910 MK It 50W €17 75 £10-99
FANE 920 100W £59-95 £39-95
FANE J44 30-50W €7 95 £5-95
FANE J73 50w £11.75 £8-95
FANE J104 50-70W £16 95 £12-95
HIGH POWER "CROSS OVERS
FANE HPX1 or HPX2 Carr 35p £299 £1-99
‘ADD-ON' HIGH FREQUENCY UNITS Carr €1
F AL Add-on Twin Horn 1501 £51 84 £35-95
TITAN T1H 70W. 8 ohms Sp. Price £25-85

TITAN TS2H 100W Twin Horn 150 Sp Price £25-95
HI-FI SPEAKER SYSTEMS Carr £1 50 Parr

LEAK 3020 Pair £128 56 £84.95
LEAK 3030 Pair  £175 84 £114-95
LEAK 3050 Pair  £245 80 £162-95
WHARFEDALE

DENTON 2XP Pair  £65 45 £42.95
LINTON 3XP Pair  £91 71 £59 95
CHEVIN XP Pair  £42 55 £28-95
GLENDALE 3XP Pair £126 67 £87.95
DOVEDALE SP Pair €217 44 £151-95

Also for personal shoppers only
AMPS, T'TABLES, JINGLE MACHINES,
DISCO CONSOLES, LIGHTING, CABINETS,
CREDIT TERMS AVAILABLE orders £20

Phone orders mccepted trom Access and Barclay
card holders. Branches at

e et pones " NEWCASTLE
" Roso " MIDDLESBROUGH
Tel. 0642 217402

403 SAUCHIEHALL STREET GLASGOW

Tel. 141 332 0700

Mail Order & Export enquines to
Newcastle Branch. Add 55p on Hi-Fi Spkrs. or Kits

Otherwise add 85p (12in spkr.), £1:25 (15in). £2 (18in}
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GEARED MOTORS

RELAYS SIEMENS, PLESSEY, Etc.
MINIATURE RELAYS
RELAYS. WIDE RANGE OF A.C. and D.C.

RELAYS AVAILABLE from stock, phone or 200 watt (i amp) inc AC \ch.llt-?oe[er

rit
write in your enguiries. 05 KVA (2. amp) (MAX) £14.00
I KVA (5 amp) (MAX) £18.00

INPUT 230/240V a.c.5

100 r.p.m. 1I5ib.in. 110V,
VARIABLE 0-260V All Types SOHZ'T p?.r'rB‘A, single plkr:zse, split
SHROUDED TYPE capacitor _ motor. Immense

power. Continuously rated.

Totaliy enclosed. Fan cooled in-line gearbox.
Length 250 mm. Dia. 135 mm. Spindle dia. 155 mm
Length 145 mm. Ex-equipment tested £12. Post

FT3 NE 2 KVA (10 amp) (MAX) £30.00 £150. Suitable cransformer 230/240V operation
ON FLASH TUBE 3 KVA (15 amp) (MAX) £38.00 £8. Post 75p.
High intensity multi turn, high voltage, 4 KVA (20 amp) (MAX) £60-00
neon glow, discharge flash tube. Design % CARRIAGE AND PACKING EXTRA " CITENCO
for ignition ciming, erc £1°50. P. & P - FHP motor type C 7333/15 220/240 volts AC 19RPM
25p. 3 for £3:00. P. & P. 50p. L.T. TRANSFORMERS reversibie motor, torque 145 ke gear ratio 1441
brand new incl. capacitor, our price £14'25.
0-12V/24V at | amp, €2:50 (P. & P. 50p). R 5.
NI-CAD BATTERIES OPIZVP“S(I) amp + 0-15V ac | amp (30V | amp), £2:50 o
Height Widih Lengen | 956 55090, w450 @, & P. 75) BODINE TYPE N.C.l. &-
{6AH 12V Metal €3 (mm) - (mm) (mm) - § 0212V/24Y 10 amp, £12:35 (P & P. £1:50) (Type 4) 71 r.p.m. torque 10 Ib.n.
23AH 12V Plastic Case £4 214 X 2 0-4V/6V/24V 32V ac 12 amp, £13 (P & P £1.50). Reversible |/70th h.o 50Hz.
35AH [ 2V Metal £6-50 219 75 %9 0-12V at 20 amp or 0-24V at 10 amp, £12°40(P. & P. § The above precision made U.S.A. motor is
40AH | 2V Plastic Casc £8 275 80 3 Fio 0 offered in "as new’ condition. Input voltage of motor
B 0-6V/12V/17V,/18V/20V at 20 amp. ‘M(P &P.£1:50) [15V A.C. Supplied complete with transformer for
0-6V/12V at 20 amp, £11°85 (P. & P. £1) 230/240V A.C.input.
2{ WAY SELECTOR SWITCH WITH RESET Other types in stock—phone your enquiries. Price, either type £6.25. Post 75p or less transe
COIL. The ingenious etectro mechanical device can formcr £3.75. Post 65p.
be switched up to 21 positions and can be reset from (Type3) 7l r.p.m. 41b.ins. 230V a.c. Continuously

any position by energising the reses coll. 230240V KR EIYOY- AN STROBE" - § (YA W rated. Reversible. £6:50. Post 75p.
a.c. operation. Unit is mounted on strong chasss, e s = .
complete with cover. Price £5'50, P. & P. 75p

15 R.P.M.

N HY-LIGHT STROBE KIT MK IV Type SD48 80 Ib. in. Input 100/200 vole A.C. Lengch

EW HEAVY DUTY Latest type Xenon white light flash tube. Solid incl. gearbox 270 mm. Height 135 mm. Width 150
SOLENOI_D. mfg. by Mag- state timing and triggering circuit.  230/240V mm. drive shaft 16 mm. Weight 85 Kilos. BRAND
netic Devices. 240V  ac a.c.operation. NEW. Price £10. Carr. £1.
operation approx. 201b pul! Designed for larger roems, halls, etc. Speed Sujtable transformer for use on 220/240 volt A.C.
at l-}len. Price £7.P. & P. 75p. adjustable [-20 f.p.s. Light output greater £3'85. Post 50p.
Similar to above approx. |0lb than many (so called 4 Joule) strobes £18.

pull £3+50 P. & P. 60p. Post 75p.  Specially designed case and reflector

—— e e e G S St v e w— for Hy-Light £8°25. P &P .£1| A.E.G. WATER PUMP
UNISELECTOR SWITCHES = 200/240V A.C. motor. 2,850

4 bank, 25 way 75 ohm. XENON FLASHGUN Bel‘wﬁg“gognsﬁ?‘:s;' ;:‘mpp
with 1! inlet and outlet de- -
livering approx. 40 gallons #& -4

Coil, 36-48V d.c. operation TUBES
per min. at 10 ft. head. {deal

Ex New equipment £425, -
P. & P. 75p. Tota! price Range available from stock.
E. for details : e
for pumping or circulating

inc. VAT £5:40.

MINIATURE UleELECTOR any non corrosive light
12 voit 11~ , 4 banl (3 .1 viscosity liquid. Dozens of
£136, p.p 35y ¢ 2Nl @ non-bridging. | homing). ULTRA VIOLET BLACK LIGHT Gees inlinduserTal labs, eces Note
FLUORESCENT TUBES this pump is not self priming. Price
41t 40 wate, £7°00 (caliers only) G, [ose

repeat facilities. A precision motorised
timer ideal for process timing, photo-
graphy, welding, mixing, etc. Price £6
P. & P. 60p.

operation, £3°50 plus P. & P. 40p Also available for 50Y operanbn Prices as above.

RODENE UNISET 2t 50 watt, cs) 00. Posc 60p  (For use in
s standard bi-pin). MINI. 12in 8 watt, £1.75.
TYPE 71 TIMER . (I = Post 25p. 9in 6 watt, £1.40. Post 25p PROGRAMME TIMERS
0-60 sec. 230V a.c. operation. Incor- 6in 4 watt, £1 40. Post 25p. Complete ballast ‘ 230V operationa.c. i50r 20 r.p.m.
porating a lapsed time indicator and I unit and holders for 6in, 9in and {2in tube, 6 cam model £5. Post 60p.
€3.50. Post 40p. Also available for 12V d.c z 12 cam model £7-50. Post 60p
)

GALVANOMETER METERS NEW-——-90 mm Diameter PN
50 micro mirror galvo. Calibraced Type: 65CSD.C. M/C2,5, 10,20,50amp. (La B
MICRO SWITCH 50-0-50 and 0-100. Mfg. by Griffin & €3, 100 amp £325, 20p
Sub miniacure Burgess Button Type George Ltd. Offered ac a fraction of Type: 62T2 A.C ™M/I i, 10, 50 amp. £3. Post 20p.
V.4.T.1. 10 for£2°50. 50 for £10. Post LD P, [ eriiml auamieny 0188 et AT M1 £3'25 and 300 volt A.C. RIM/C.
paid. Sub min Honeywell roller m s packing. £12.P. & P. 60p £3.P. & P. 300,
B TEVER OPERATEDS 2620 ROst Pt WIDE RANGE OF DISCO LIGHTIN
RATED 20amp. C/Q. Mfg. by Unimax TING 21
USA, 10 for £4, P. & P. 50p (min. order 10}, EQUIPMENT WHY PAY MORE?!
MULTI RANGE METER. A.C. volts
tmmm | S.AE. (Fooiscap) for details. 2:5-500. D.C. voles 2-5-500 (Sensitivity
20000/V D.C.and A.C) D.C. current
24 VOLT Dc SOLENOIDS 2 Pt 0/1/10/100 mA. Ohms range. Sturdy

compact moving coil instrument with

UNIT containing | heavy duty solenoid approx. 25ib
S 2l ranges, dimensions 120 X 80 X 44 mm.

pull | inch travel. Two » approx. Ilb pull + inch CONTACTOR

travel. 6 approx. 4oz. pull £ inch travel. One fg by Hend Rel Weight 0-32 kg. SERVICE TRADING
%; 68“ zi,c . i heavy duty single make relay. Price 82%3937_0520':{: opesé)gor:g/apce[ CO. Price £5°50. Incl. |=ads arfTba“d o . 48)
ost £1. ABSOLUTE BARGAIN. 4C,O at 20 amp at 440 volts AC Post 50p. (Total price incl. V. and Post

price £6.00, P & P. 75p.

TIME SWITCH

*Horstmann ' Type V Mk. Il Time

YORTEX BLOWER AND VACUUM UNIT

Dynamically balanced totally AT, switch. 200/250 volt A.C. Two on/two
enciosed 9in rocor with max off every 24 hours, atany manua}llyhpre-
air delivery of 15 cubic Y. set time. 30 amp contacts. 6 hour
metres per min. Max. static » RESET COUNTER spring reserve in case of power failure.

Day omitting device. Fitted in heavy
high impact case, with glass observa-
tion window. Buiitto highest Electricity
Board Spec. individually tested. Price
£7-75. Post 50p. (Total inc. VAT £8:91)

pressure 600mm W.G. Suc-
tion or blow from 2 side-by-
side 37mm I.D. circular
apertures fitted to base of
unit. Powerful continuously

rated |15V a.c. motor mounted — BIG INCH { &
I

230volt AC 3 digits mfg Veeder Root
type LL/144]1 £1°'75.P. & P. 25p

on alloy base with fixing facilities.
Dimensions: length 22cm X width 25cm X height Tiny precision built 3RPM USA motor
25cm. These units are ex equipment but have had size only | X1 100 volt AC op supplied b perior Qu;'.(’y Précision Made
minimum use Fully tested prior to despatch. Price with resistor for 230 volt AC price £2:00. P. & P.

£12 +£1 50P. &P 20p. 4 for £5:00 post paid. NEW POWER RHEOSTATS

Suitabletransformerfor 230/240Va.c £6 +£1P. & P { New ceramic construction, vitreous
enamel embedded winding, heavly
¥ duty brush assembly, continuously

INSULATION TESTERS NEW! VAT ]

25 WATT 10/25/50/100/150/250/500/11c/}-5k ohm.

Test to I.E.E. Spec. Rugged metal Q_ AT-CURRENT RATE MUST BE ADDED  EREENIETA

construction, suitable for bench or 5 51 3 .

T T el st > TO ALL ORDERS FOR THE TOTAL ISR iy R e
ize L .8in in, H.6in, weight 6Ib. VALUE OF GOODS 3-5k/5k ohm £3.70. Post 35p.

f°°V 500 megohms, £40. Post 80p Ll POSTAGE - Blac/k Silver, Skirted knob calibrated in Nos. [~9
000V, 1,000M 0, £46. Post 80p. e UNLESS OTHERWIS I5in. dia brass bush. ‘deal for above 22p each.
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ELECTRONIC ORGAN

The oniy organ you can buiid in stages and
tallor to your requirements as you go along
—and at each stage you'lt have a fully
working instrument! We haven't got the
gimmicks (yet-—they re coming soon). but
we have got the most beautiful sounds—
you won't find them on any organ less than
twice our price. so get our MES50 series
leaftets now! 65p buys the three available so
tar

This high quality Graphic Equaliser will enhance even
the most sophisticated system at a fraction of the cost
of a ready-made equaliser of equal quality You can get
all the parts from us (except woodwork) including drilled
and printed metaiwork Construction detai!s in our E
leaflet 15p.

TV. GAME

Play tascinating games NOW on

We stock an excelient range of
tools especially for the electronics
enthysiast. From miniature
wiring tools to multimeters
including soldering rons and
desoldering tools. screwdrivers.
cutters. pliers. strippers.
miniature electric drills for
p.c.b.s, transisior testers, etc.
Full details on catalogue pages
167 to 176

A completely seif-contained
pedal unit. 13-note, 2-octave
range._ 4 organ stops. It can be
added to any organ! A really
unusual extra is the bass guitar
stop which uses four envelope
shapers to give a real bass
guitar sound A must tor the
solc guitanist. Full construction
detzils (n our catalogue —post
the coupon bselow now!

your own TV in your own living
room. The kids will think it's
magic when the scores pop up
on the screen Lay your bets—
anyone could win—with Maphn's
prices everyone can win.
Complete kit to play four games
only £24-50. Add 35p for copy of
construction detals. See our
June newsietter for details of rifte

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE
PRICE 60p

Please rush me a copy of your 216 page catalogue by return of post
I'enclose 60p. but understand that it | am not compietely satisfied | may
return the catalogue to you within 14 days and have my 60p refunded
immediately

NAME

ADDRESS




