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stirling

SAVE £1-95 ON THIS 100 WATT

R.M.S. AMPLIFIER WITH
POWER SUPPLY UNIT

$S.1100

mounting bracket. 5in x 34in x 1iin.

§S.370

outlet (P. & P. £1)

POWER AMP. Delivers 100 watts R.M.S. into 4 ohms using a
70 voit/2A supply. input sensitivity: 500mV for full output.
Response 10Hz to 50kHz + 1dB. S/N ratio better than 75dB.
Distortion at halt power typically 0-1%. With heatsink

A new heavy duty power supply unit to deliver 70 volts/
2 amps. complete with mains transformer and low-volt

%

£9.45+
heatsine £1%

£12-50*

YOU PAY ONLY £21* FOR THE TWO TOGETHER

There 1s real power and reliability in this assembly By buying them together you save nearly £2 on these aiready
competitively priced units. IDEAL FOR DISCO. P.A. and such like applications. Send only £21 (plus £1 P & P.) for

SS 1100H (with tull size heatsink) and Power Unit SS.370.

MODULES

$5.370

T0V Power
Supply Unit

POWER AMPLIFIERS
3 TO 40 WATTS R.M.S.

$8.103 3 watt r.m.s. mono. Uses an

I.C. Protected against short circurt £1-75
$8.103-3 Stereo version of above, using

two [.C.s £3-25
$8.105 4 watts r.m.s. into 3 ohms.

using 12V £2-25
$8.110 10 watts r.m.s. using 24V and

4 ohm load £2.75
$8.120 20 wads r.m.s. into 4 ohms,

using 34V £€3-25
$8.140 40 watts r.m.s. into 4 ohms,

using 45V supply. Ideal small disco or

P.A. unit £3.95*

VAT on power units ordered with amplifiers
55.103-85.120 becomes 12§%.

TONE CONTROLS/
PRE-AMPS

$8.100 Active tone control. Stereo

=+ 15dB on bass and on treble £1-60
8$8.101 Pre-amp for ceramic cartridges,

etc. Stereo. Passive tone control

details supplied
$8.102 Stereo pre-amp for low output
magnetic P U.s. R.I.A.A. corrected

(MORE Q.V.MODULES FOR COST-CONSCIOUS CONSTRUCTORS )

UNIT ONE

Combined pre-amp with active tone-
control circuits. = 15dB at 10kHz treble
and 30Hz bass. Stereo Vol./balance/
treble/bass. 200mV out for 50mV in.

Takes 10-16V £7-80
UNIT TWO As above, but with input

for magnetic cartridges and 1 to 5mV,

R.I.LA.A. corrected £€10-85
$8.201 Front end tuner, slow geared

drive, two gang. A.F.C. facility. Tunes

88-108MHz £5-00
§8202 |.F. amplitier. Metering and

A.F.C. facilities £2-65
$S8.203 Phase lock-loop. Stereo

Decoder for use with the above or

other FM mono tuners. A LED may

be fitted £3-85
$8.203/1 Coll type stereo decoder:

Neg. earth, with I.C. £2-50

Pos. earth, with I.C. £2-00

QUICKER DELIVERY

WE MAKE DELIVERY QUICKER by saving time
in turning round your orders. Now when ordering
you send direct to our factory where QV
(Quality and Value) modules are made. Our
shop and showroom continue as usual for
those calling personally.

WATCH HOW THE STIRLING SOUND RANGE
GROWS!

POWER SUPPLY UNITS

WITH LOW-vOLT L
TAKE-OFF
POINTS

8

To choose
from

UNBEATABLE VALUE

A range of units to meet constructors’ almost
every requirement. Made in our own factory.
Complete with mains transtormers and low-volt
take-off points (except $S.312). All at 8% VAT

rate.
Add for
P. &P
§8.312 12VA1A £3-75* S0p
$5.318 18V/1A £4.15* S0p
$8.324 24V/1A £4-60* S0p
§5.334 34V/2A £5-20* S0p
§§.345 45V/2A £6-25* Sop
$§.350 50V/2A £6-75* S0p
$8.370 70V/2A £12-50* £1.00
$8.310/50 COMPLETE STABILISED
POWER SUPPLY with variable output
from 10 to 50V/2A. (P. & P. add 50p) £11-95*

$5.300 STABILISING UNIT  10-50V
adjustable. For adding to unstabilised
supplies. Built-in protection against
shorting (P. & P. 35p)

€3 25)

A GOOD START FOR MOTORISTS!

and unbeatable value, too!
with a STIALING SOUND

SUPER SPARK™

WHEN ORDERING add 35p for P. & P. unless stated otherwise.
VAT add 121% to total value of order unless ptice is shown* when
the rate 1s 8%. Make cheques, etc., payable to Bi-Pre-Pak Ltd.
Every effort is made to ensure correctness of information at time

of going to press. Prices subject to alteration without notice.

Stirling Sound

A member compeny of the Bi-Pra-Pak group, Est. 1959
Mail orders to
Dept. PES, 37 Vanguard Way, Shoeburyness, Essex
Telephone Shoeburyness (0702-28) 5543

Mk. 5 Electronic Ignition Unit Made in our own
tactory from tested heavy duty components. QOver
1,300 Super Spark Units have been soid by us.
Adjustable for + or - earth. simple rev. limiting
control, on-off imobilising switch, switch for
instant revert to car’'s own gnition; neon indicator,
In strong enclosed metal box 6} x 4} x 43in. Inc.
transformer. (P. & P. 50p etther model + 8% VAT.)

(57 £8-95%  EGRY  £10-95*

BUILT

2
Shop & Showroom: 220/24 West Road, Westcliff-on-Sea. Phone Southend (0702) 46344




PRACTICAL

LECTRONICS

VOLUME 13 No.5 MAY 1977

CONSTRUCTIONAL PROJECTS
ORGAN TREMOLO UNIT by L. F. Reeve

A solid state phase modulator for electronic organs 338
BURGLAR ALARM by P. J. Fasoli

A sensitive amplified bridge design 342
ONE ARM BANDIT by K. Amor

A scaled down version of the popular gaming machine 359
DARKROOM TIMER by A. Koltai & G. S. Brimble

An accurate, reliable timer with digital readout 366

GENERAL FEATURES
MICROPROCESSORS EXPLAINED—3 by R. W. Coles

The instruction set and programming techniques 346
SEMICONDUCTOR UPDATE by R. W. Coles

A look at some recently released devices 355
MOBILE DISCO TECHNIQUES—2 by N. McLeod

Equipment and operating techniques for the disco enthusiast 372

INGENUITY UNLIMITED
TV Tennis Score—Motor Driver—Programmable Melody Generator—
Joanna Modification 376

NEWS AND COMMENT

EDITORIAL—New Voice for Components Industry 337

NEWS BRIEFS
DIY Computing Conference—All Electronics Show—Sound '77 Exhibition—

Microprocessor Forum ) 345
SPACEWATCH by Frank W. Hyde ’
Venus—Infra Red Telescope—Landsat 352
MICROPROCESSOR REPORT

Products discussed at a Cambridge Seminar 356
MARKET PLACE )

Interesting new products 370
STRICTLY INSTRUMENTAL by K. Lenton-Smith

Electronic music matters 3N

POINTS ARISING
Digital Voltmeter—Putting It Together—Solar Heating Controller—

Hazard Warning Flasher—pH Meter 382
INDUSTRY NOTEBOOK by Nexus

What's happening inside industry 385
PATENTS REVIEW

Thought provoking ideas on file at the British Patents Office 386

Our June issue will be on sale Friday, May 13, 1977
(for details of contents see page 365)

© IPC Magazines Limited 1977. Copyright in all drawings, photographs and articles published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or partare expressly forbidden. All reasonable
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.

Practical Electronics  May 1977 321




GREENWELD

443 Millbrook Road Southampton
SO1 0OHX Tel(0O703) 772501

All mail orders and callers to this address please——callers onty to 21 Deptford
Broadway. SE8 (Tel 01-692 2009) and 38 Lower Addiscombe Road. Croydon

44 PAGE CATALOGUE
10P ~ LARGE S.A.E.
Free with orders over £3

DIGITALI.C.s

7400 12p 7450 15p 7495 7T3p
7401 14p 7451 14p 7496 85p
7402 14p 7453 14p 74107 37p
7404 17p 7454 14p 74121 Mp
7405 23p 7460 14p 74122 S1p
7406 28p 7472 29p 74123 up
7408 4p 7473 299 74132

7410 13p 7474 29p msonap
7413 28p 7475 51p 74154 144p
7414 82p 7476 28p 74155 73p
7420 14p 7483 91p 74157 66p
7430 14p 7486  40p 74159 200p
7432 18p 7490 46p 74174110p
7437 18p 7491 T5p 74179120p
7440 15p 7492 S2p 74180 120p
7447  84p 7433 S2p 74367 120p

SLD2|ZE dual 128 bit static shift register

DIL Sockets—8 pin 12p: 14 pin 13p;
16 pin 14p. 100 + less 25°

LINEAR I.C.s

741 25p; 555 40p; 723 (TO99) 50p

Plastic Voltage Regulators:

TO126 case 5V 600mA 80p, 12V 500mA
80p

TRANSISTORS

AC127 15p  BC183 12p  2N2646 52p
AC128 15p BC184 12p  2N2926G 12p
AC176 16p  BC212 t4p  2N30S3 1gp
AC187 18p  BC213 14p  2N3054 49p

AC188 18p BC214 14p  2N3055 38p
AD'61  35p  BCY70 15p  2N3440 Sdp
AD162 35p  BCY7T1 15p  2N3442€1-20

BC107 10p  BCY72 15p  2N3702 10p
BC108 10p BDI31 38p  2N3703 10p
BC109 10p BD132 40p  2N3704 10p
BC108C 15p  BFYS0 15p  2N3705 10p
BC147  10p  BFYS1 15p  2N3708 10p
BC148 10p BFY52 15p  2N38i9 22p
BC149  10p TIP41A 60p  2N4059 10p
BC157 10p TIP42A T5p  2Ni418 10p
BC158 10p  TIP2955 96p  2N5234 30p
BC1S9  10p  TIP3055 42p 40673 60p
BC161  18p  2N2219 28p

BC182 12p  2N2369 22p

VERQBOARD

Good size offcuts: all packs contain 100
sq. in. (About 8 pieces) All packs £1-20.
Pack A, alt 0 1in pitch.

Pack B. alt 0-15in pitch,

Pack C. mixed 0 1 and 0 15

Pack D, all 0 1in plain

Also available by- weight: 1lb £3-45;
101bs £30.

17x 33 x 0-1in sheets £1-90; 015 £1-60.
0-1in or 0 15in pins. single or double
sided 35p/100

DIODES AND LEDs AND SCR's

500V 5A SCR 45p; 400V 2A Triac 80p;
Diac BR100 25p; 400V 15A Triac £1-50;
ORP12 60p; MRD450 40p; TIL209 Red
LED 15p; 0-2in LED Red 22p; green
yellow or amber 24p

IN4002 5p; 1N4004 6p: 1N4007 9p;
1N4148 4p; BY127 12p; 100V 3A 12p;
400V 3A 15p; QAB1 5p; CA9) 5p: OA4T 10p
50V 1A bridge 22p; 800V 1A 40p;
250V 24A 40p; 200V 5A 70p.
Zeners—400mwW BZYB8. All voltages
from 3V to 30V 10p

1:3W plastic from 3V to 200V 20p

RESISTORS

Carbon film 5% W miniature. Ali values
in E12 sertes from 10 to 10MN (over
1M 10%) 14p each

Metal Film 5% 1W All values n E12
series from 2701 to 10MN 24p.

Sub-min presets. vert or hornz. all
values trom 200 to 4M70). 7p.

Standard pots. tin or log. 22p.
Wirewound 2¢4W 025, 0 33, 0 47 1N 8p.
Wirewound 5W alt values from 10 to
47K 10p each

TRANSFORMERS

6-0-6V 100mA 90p; 9 0-9V 100mA 95p;
12 012V 50mA 80p; 12-0 12V 100mA £1;
12-0-12V 1A £2-80; 20V 55mA 80p; 22V
100mA £1; 28V 50mA 85p; 6 3V 1;A £1-95;
6~0-6V 1;A £2-30; 30-0-30V 1A £3-70.

REEDS
1in Inserts, 5p; 10/l0p, 100/£3-50. DIL
relay, 3-7-10V. £2-6

WIRE

Enamelled copper wire on 20z reels
SWG/price.  16/36p, 18/38p,  20/40p,
22/42p, 24/44p, 26/46p, 28/48p, 30/50p,
32/52p, 34/54p, 36/56p, 38/58p, 40/60p.

RF CHOKES

075, 2-95 6:8.10. 22. all 10p each 1 5
25 50 75 10mH. all 30p each

CAPACITORS

Ceramic plate. 22pF to 1,000pF 2p;
potyester 1,000 to 6800pF Sp; 001,
0015, 0-022. 0-033, 0-047, 0-068, 0-1mF
4p; 0-15 0 22mF Sp; 0 33 6p; 0-47 8p;
0-68 10p; 1mF 12p; 2 2mF 16p; 3-3mF
24p. 1,000pF feedthrough $p.

1% . 1,000pF. 10.000pF 15p; 0 1uF, 0-2uF.
0-25uF 30p; 2-2uF 55p.

Polystyrene 10pfF to 1 OOOpF 4p; 1.200pF
to 10.000pF 6p. All 2}%

Elsctrolytics:

All 25V 0-47, 1,22, 47,10, 22, 33, 47uF
Tp. 100uF, 150uF 8p. 220uF 10p; 330uF
12p; 470uF 15p; 1,000uF 23p; 2.200uF 33p;
3.300uF 45p; 4.700uF 58p. 40V 10, 22,
47uF 8p; 100uF 9p; 220uF 12p; 330uF 14p;
470uF 17p; 1,000uF 30p; 2,200uF 56p;
4,700uF (can) 72p.

Tantalum Bead: wF/V 0.1, 0-22, 033,
0-47, 068, 1 15 22 3-335V 4-7/25,
6 8,35,10/25,15/10, 22 16, 33 10. 47/6. 68/8,
100 3. 12p each

BREADBOARDS

S-DEC Breadboard £2-10;
T-DEC Breadboard £3-75.
Special price to colleges etc. for
quantities-—ring for quote.

ORGAN TREMOLO UNIT

All parts required to bulld this project
featured in this 1ssue of P.E. obtainable
from us either individually or as a com-
plete kit. Send S.A.E tor indwidual part
prices. Complete kit only £6 inc. VAT
and post

VEROBOXES AND CASES

Professional 2 part boxes made of dark
and light grey high impact polystyrene
2518 120 x 65 x 40mm £2.05

2520 150 x 80 r S0mm £2-40
2522 188 x 110 x 60mm £3-15
Sloping front version. ideal for mixers
2523 220 < 174 x 100:52mm £5-75

Cases. white plastic top and bottom
front and back aluminium panels that

siot in Type

1410 205 x 140 » 40mm £3-20
1411 205 % 140 ¥ 75mm £3-60
1412 205~ 140 ¥ 110mm £4.55
1237 154 - 85 40mm £2-00
1238 154 x 85 x 60mm £2-50
1239 154 < 85 x 80mm £3-00
Small genera! purpose plastic boxes
1413 714 x40 x 24;mm 36p
PB1 1152 75> 36mm 52p

DEVELOPMENT PACKS

Save [£ffs by buying a full range of
components at one go' All full spec
marked devices. no rejects or old stock
S50V ceramic plate capacitors 5% 10 of
each value. 22pF to 1 000pF Total 210
capacitors £2 70.
CR25 carbon film resistors. y watt 5%
10 of each value 1002 to 1M total
610 £6-00.
Extended range | ohm to 10M 850
resistors £8-30.
Electrolytics wire ended 25V working
10 each of 1t 2.4 10. 22. 47 and
100mF 70 capacitors for £3-20.
Zeners. 400mW 5% BZY88 10 each
3V to 30V total 260 £14-00.

pack 5 of each value £8-20.
Tantaium Bead caps 14 values from
0135 to 1003. 10 of each total 140
l caps £12-00.

FROM

A New Miniature
Soldering Iron

220 -240 Volts with
16 - 18 Watts = Tk

Insulation tested at 1500 Vac .FEATUBES
* Lightweight
BITTYPE

Y Shm, easy to hold
19 1:5mm . * Four tip sizes
20 3-0mm / % / * Complies with )
21 45mm 7 Consumer Protection
Regulations BS N2 3456 2/14

* All parts easily replaced
* New bit securing method

% Built in suspension hook

PRICES: IRONS £3-70 each

BITS 41p each
Trade enquiries welcome. (Inc.VATand P& P)
Cheques & Posta! Orders to Manufacturers & Distributors
S. & R. BREWSTER LIMITED

86-88 UNION STREET, PLYMOUTH, PL1 3HG
Telephone: 075265011

As
Advertised
onTV

See Practical Wireless for details of packs of components. surplus goods, etc

All prices quoted include VAT at 8 or 124%. Add 20p postage on orders under

£3. Minimum order £1. Most orders despatched on day of receipt. SAE with

enguiries. Send 10p for Multimeter catalogue—free on request on orders over

£3. Official Orders accepted from Schools. etc. Export wholesale enquiries
welcome. Surplus components always wanted.

NOW AVAILABLE IN THE U.K!

CHINAGLIA

ONE OF iTALY'S LEADING TEST EQUIPMENT MAKERS
PRESENT THE CORTINA MINOR

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

® SENSITIVITY 20,000 ¢ VOLT (D'C.), 4,000 9/VOLT (A.C.) @ ROBUST
DIODE PROTECTED PRECISION MOVEMENT [ ] 33 RANGES D.C.
YOLTS 0-100mV, |:5V. 5V, 15V, S0V, 150V, S00V. [.500V. D.C.
CURRENT 0- SOuA SmA, S0mA. 500mA, 2:5A. A.C. VOLTS, 0-7:5V,
25V, 75V. 250V, 750V, |,500V. A.C CURRENT 0-25mA. 250mA.
2°5A, 12°5A. dB RANGES, 10 to + 69. RESISTANCE RANGES
10kQ, 10MQ F.S.D. CAPACITANGCE RANGES I00uF, IF F.S.D. @ AC.
CURACY— RESISTANCE, D.C. VOLTAGE AND CURRENT 2:5°,

A.C. VOLTAGE AND CURRENT 3'5°, @ OHMS RANGES POWERED
BY INTERNAL BATTER|ES @ COMPACT SIZE: 150 x 85  40mm 350gr
® CLEARLY CALIBRATED DIAL WITH ANTI-PARALLAX MIRROR
® PROFESSIONAL QUALITY COMPONENTS EMPLOYED THROUGH-
OUT @ FULLY GUARANTEED FOR |2 MONTHS @ AFTER SALES
SERVICE AND SPARES FACILITIES @ SUPPLIED WITH ADDITIONAL
SHOCKPROOF PLASTICS CARRYING CASE, TWO HIGHLY INSULATED
TEST LEADS AND INSTRUCTION BOOKLET @ SPECIAL 30kV PROBE
FOR D.C. MEASUREMENT AVAILABLE AS AN OPTIONAL EXT

PRICE £35'10 (p & p £1) PROBE £12'85 inc. of VAT
For full details of the Chinaglia range contact

@&L@@N Imstruments Ltd.

19 MULBERRY WALK, LONDON SW36DZ TEL. 01-352 1897
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CASIO
fx-201P (us)

127 step
programmable
10 diglt or 8 digit, 2 Exp.
127 Steps. 10 Inde.
mems, cos, sin, tan.
All log functlons
Degree Rad. Un-
conditional jump
and manual jump
as well as indirect
address, subroutine
etc. The programme
function aliows you
to handle any type
of calc. under any
condition

*£49-95

= The world’s first fractional
fx 102' calculator. 10 diglts or 8
plus 2 Exp. sin, cos, tan, Deg. rad. (exp.
1099, Trig. Inverse common & Natural

logs. Reclprocals. Sexagesimal, Pi
entry. Statistical calcs. incl. 2 kinds of
Standard devlation and other appli-
cations. *£49-95
8 dlgits or 6 plus 2 Exp. as
£x-19. 362°Ths, inverse trig. All
jog functlons. Sar roots, Reclprocals.
Sexagesimal/Decimal conversions.
Fractions. 2 kinds of Standard Deviation
and other applications. £16-95
8 digits 2 exponents. 21

fx-21. Sclentific functions.
£15-95
Liquid crystal Sci. 1000 hr.
fx-100. &3 £19-95
AL10 As AL8S but with 10 digits!

SRSG {Iltus.)

= 100 Step
programmable

10 diglt, 2 Exp.

10 Inde memories,

all log trig

and Stat functions.
Can be programmed
for maths, elec-
tronic engineering,
statistical, financial
and navigation.

£54-95(R)
SRSZ 224 programme steps. 20

* Independent memories. 9
level parenthesls. Card programmable.
Supplied with 20 blank magnetic cards

and prog. manual, (R)£19440
Any of the following pre-programme
manuals: 1. Statistics, 2. Efectrical

Englneering. 3. Mathematics. 4. Finance.
NLY £25 each

SR51 " 10 digit, 2 Exp Recharge-
= able. Ali log. and trigs,

Hyperbolic x to the root of y. Rad & Deg.
Factorial. Mem. 3 Inde. mems. Linear
regression. Mean, variance, standard
deviation. Generation + 7 basic con-
verts., and their Inverse Engineering
Notatlon. )£44.95
T|30 48 functions plus Algebraic
= pperating system. 15 seats
parenthesls. Constant, roots, powers,

reciprocals. Scl notation. Log, trig, deg
rad, mem, step function.

£15:95. RK2 Nic Charger Kit £7-95

- TECHNOLOGICAL

0000608 FRECISION PRODUCTS

The 7Y CON

L.CD.
KLC3A

Constant display. Hrs,
Mins & pulsating secs.
Chrome with Stainless

bracelet.

K LC Stop Watch

Constantly shows hrs, mins
& Pulsating secs. Press
command button for mth
& date, press again for
mins & secs. May be set
to alternate hr & mins to
mth & date every 2 secs.
resets to time. 4 yr cal.
‘Nite Lite’. PLUS STOP
WATCH FACILITIES
Thinnest on the market.

£39°50 Gold Plate £42-50
FREE matching bracelets

KLCQ with each.

Continuous hrs, mins &
pulsating secs, Press
command button for mth
& date. Press again for
secs readout. Setting for
alternating hrs & mins to
mth & date every 2 secs.
Auto-time reset. 4 yr
calendar. 'Nite-lite'.
FREE matching S/Steel

bracelet £36-95

LADIES DIGITAL

THE IDEAL PRESENT!

An elegant 6-function
watch, Shows Hrs,
e A Mins, Secs, Mth,
Date, Dayl She'll love
this piece of
miniaturised elec-
tronic wizardry! Gold
Plate or with stylised
Chrome Bezel, each
with matching
bracelet.

GOLD PLATE

New range of Quality

> CBM
Electronic Watches

5190R (litus.)
10-digit,
2 Exp. 90 function
pre-programmed. Metrlc
conversions. Extra
functions to the 4148R:
Perms and combina-
tions. Gamma. Pois-
son and Binomial
distributions, fac-
torlal, complex num-
bers, hyperbolic
tunctions, linear
regresslon and Inte-
gratiop of Y f(x).

7949D

KED1A

Ideal present! This styllsh
3-function L.E.D. shows
Hours, Minutes, Seconds,
Beautlfully finished with
S/steel back & FREE
stylised leatherette strap
or M\%chirr\‘g S/steel Brace-
let. Watch & bracelet in gold
plate £13-95 onLy £11-95

KED5B

6-Functs. Shows Hrs, Mins,
Secs, Mth & Date and Day. J
4-Yr calendar. Beautifully
finished with S/steel back
& FREE Matching Stainless {
Steel Bracelet

£18-95

(R)£29-95
50 functions. 10+2 mems.
Means & standard devs. All
logs & trigs. etc. Polar rec coford.

£11-75

414 10-dlgit + 2 Exp. Full log and
* trig funct. X%, Reciprocal, 7.
x root of y. Polar rectanguiar co-ord-
inates, 2-store mem. Mean and Standard

Gold Plate £20-95 - deviation. (R)£21-95

KEDBC A fantastic 6-Functions— 1800 As 4148 but Green dlsplay and
window display shows = Bat operation.

Hrs, Mins, Secs, Mth & £19-95*

Date. Day of week in
tetters. Single butfon.
Auto-hold & Fade-out.
4 Yr calendar. Case in
solid S/steel with
scratch proof mineral
glass. FREE

matching S/steel
adjustable bracelet. 2
£29-95 Gold Plate £33-90

This is a superb jewellery piece.

KED6D

Month & Day of the Week
in Letters! Shows Hrs,
Mins, Secs, Date, Mth &
Date, Day of Week, Auto
4-Yr calendar, A.M./P.M.
Set/Indicate. One of the
most sophisticated
watches at this price.
Accurate to within a few
secs a year. FInished in D&\
Satin Stainless Steel with T3

£42-95

PR100 New Prog. Sclentific
£12-95

' N60 (Navlgator)

ROCKWELL
IHus.

64RD s

or 8-digit + 2 Exp.

Additional to the

44RD. Polar rec.,

co-ordinates, Log
Trig, rad or grad.

£24-50*
44RD. 28 3 2 v

Gree]n Display. Shz_(re,
Similar to the 63

less factorial. £19-50*
24K. Stainless Steel Slimline. Green
display. In beautiful leatherette wallet
to hold pen, note pad and credit cards

FREE matching Steel l\—-:é:_: Lal{ Inclu'gedr)]. Fu|l:I memory. Click
bracelet. = uttons. echargeable.
Including recharger. (R)£21 95

£33-90 ONLY Gold Plate £36 %0

£26-90
Sk s/Steel £24-90 l

HP25R Prog. £105-30
HPS5 Prog. + Sci. + Time £239-76

DECIMO DIGITAL

HEWLETT PACKARD

HP81 (Sci. Printer) £321-58
HP67 Fully Prog, £369:09
HPA7 Fully Prog. with printer £624-79

CLOCK RADIO

PNEW ZYTRONIC TELE-GAME

Tennis, Footbali, Squash. Score marker.
Ball sound effects—2 plngs. Player
identification. Red light point winner

indicator. £39 . 90

T|40 Sci-47 figures funct. slide
PC1(.)0mAIe eoam—, fg;;ssg These games are easy to play and a joy for all the family!
rint unit for Fr
. ALL ITEMS CARRY 1 YR GUAR. PRICES INCLUDE VAT
£175-50 * FREE B.S | adaptor. (R) FREE Charger

T LARGE
3 PIGITAL
TS READOUT

DE LUXE ==
THIS DELUXE MODEL This is the most unique clock/radlo In
S Tenni Football the country today having a soft, 1}” high
HA G, ootbal orange-glow digital readout which Is
Sguash, Solo. 2 bat slzes, fompl;tely fs”ent Tng norI\-puIsat ng.
n a beautifully styled enclosure with
2 Ball speeds. 3 distinct} ;45 gate VHF/MW radlo. You can

awake to soft music or alarm. Auto-
matic 80 minute ‘sleep’ button in case
you drop off while the radio Is onl

OUR PRICE £33-95

Plus £1 P&P

pings—one for point score, one for bat
strike ball, one for bail strike boundary

and automatic scoring. £48 o 90

NOVUS

4640 (Ilus.)

10 diglt, 2 Exp. 54 functions.
4-leve! roll stack. 3 Fully addressable
memories. Logs, Trigs, Stat and Metric

converslons etc. (R)£42-95

4650 8 digit, 2 Exp, Algebraic logic
» 2-level parenthesis. Full mem.
Addressabie. Trig, sin, cos, fan and
inverse trig functions. Deg rad. Re-
ciprocal, Sq root. Powers and Pi entry.

4525 8+ 2 Exp. 100 step prog. R.P.N.
= Full log and trig. XY Exchange.
Mem. 4 roll stack, skip, delete. Ad-
ditional progs within the 100 step

(R)£34-50
4515, 12001 o

601 0.. Me(rlc'.

£15-95*

Mem Ex and Reglister Ex (R)£2']50

(R)£23-80

6035 100-step programmable Statis-
* tician. Rec' argeable.

— ORDER FORM |

(R)£34-95 ¢
16025. R,"’C“""ge?g‘e;na';‘l":”‘”"" 100- | pHONE CALLS AND PERSONAL CALLERS WELCOME MONS to i
) (R THURS BETWEEN 2 & 5 p.m. 01-458 4755. SUNDAYS 10a.m.to1p.m.
i (R)£34-95 | To: BARCLAY ELECTRONICS Dopt. SPE 1115 FINCHLEY ROAD,
4510 8 digits. 3 level stack. All trig & l TEMPLE FORTUNE, LONDON N.W.11 (Near the M1} l
i h'ﬂlog 1un¢t:lions. v 11'2R6§l; Please send me '
arocal Memory, etc. o
6030 Statistician £15-95* l with/without optional malins adaptor. | enclose cheoue/money order total |
’ | value £....ooooomrmrnrinniaurienaennannd Please add 55p to all Iltems to cover p. & p. |
4520 Sci. 8 Dig. + 2 Exp. 4 Figure
= roll stat. etc. . | NAME |
| Aobress -3
CAMBRIDGE SCIENTIFIC alt mgé‘u;g l |
& deg. rads etc. .
OXFORD SCIENTIFIC larger version of ‘ COMPANY, GOVT. DEPT. AND 20000 l
above. Green display £12-95* HOSPITAL ORDERS. BARCLAY/ rc 494
PARENTHESIS. 12-95 ACCESS A BY PHORE J

o S e S G G SN SN SN D ST S S G R e e
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Handysize Reels & Dispensers

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

Ersin Multicore Soider 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 )

| 40/60, 60/40 & STRIPPER
¥9 ALU-SOL iy & CUTTER

Fitted with unique,

SAVBIT |

handy solder
dispenser
Contains 2.3 metres

approx. of 1.22 mm
Ersin Multicore

Savbit Solder. ©  These latest Multicore solder reels are 8-gauge selector and
IS,""‘be"C'QC'ZarSt:tSS ideal for the toolbox. Popular specifications ga?ﬂe '&Cr':l’]?o‘::a"t'i‘;e-
t‘,ﬁ%ﬁm‘;‘s). cover all general and electrical applications, plus a major advance ogenigg_ Strips flox
Size 5 49p in solqe_ring aluminium. Askforafree copy of "Hints on Soldering’ o 1 and cable in seconds.
containing clear instructions to make every job easy. 12‘439?-3 Model 8B 86p
For soldering Ref. | Alloy | Diam. Ler;gth Use Price | “——— ;
R A~A metres

fine joints mm | approx. rSOLDER-

fwolmoredispensarsito Size | 40/60 | 16 | 100 | Foreconomicalgeneral | £1.79

implify those smaller jobs. EL | a b o : WICK :
ISDC 115 provides 6.4 metres 3 | Tin/Lead p::rpﬁse |I'§p_a|trs an
- electrical joints.

approx of 0.71mm solderfor | | g q { ALu-SOL| 1.6 8.5 | Foraluminiumrepairs.  |£2.42

hnewnfets. Zrna ct_)tmpon s 4 Also solders aluminium Absorbs solder

andprinted circuits. to copper, brass etc. instantly from

PC115 57p o Size | 60/40 0.7 39.6 | Forfinewires, small £1.79| | tags, printed

Or size 19A for kit wiring or 10. | Tin/Lead components and printed circuitsetc. Onlyneeds

radio and TV repairs. circuits.

40-50Wattsolderingiron. Quick

2.1 metres approx. of Size | SAVBIT 1.2 13.7 | Forradio, TVand £1.79 | andeasytouse. Non-corrosive.
1.22 mm solder. 12 similar work. Increases Size 18 97
| Size 19A 53p copper-bit life tenfold. 1ze p

Sole UK Sales Concessionaires: = Prices shown are recommended retail, inc.V.A T. From Electrical
Bib Hi-Fi Accessories LIMIted, and Hardware Shops. In difficulty send direct, plus20p P&P.
Kelsey House, Wood Lane End, Hemel Hempstead, Herts. HP2 4RQ. Prices and specifications subject to change without notice.

THE ‘METAC’ DIGITAL N 9\
ALARM CLOCK i SYNTHESISERS'

The P.E. Mini-
sonlc Mk. 2 and the
P.E. Sound Synthesiser
are still available as complete
kits, module kits, and as complete pro-
fessionally built units, all at competitive
prices—our kits are all designer approved
using top quality components and incorparating
the latest modifications.

We feel that the Minisonic 2 still represents the best value for money
in synthesisers today, but if you require even greater flexibility, why
not add a second P.C.B. with an extra oscillator, an extra envelope
shaper/V.C.A. or even an extra filter.

& Some examples of our prices are listed below for the Minisonic 2,
but for full details of price breakdown and kit contents, including

@® Choice of Bright Orange 12 Hour Display, or 'c"':.'s:"':'”(kt‘“fd:""g Litsgsend R B, l -
. abin mc, ayboard, loIse generator .

@ Soft Green 24 Hour Display @ 24 Hour Alarm ote) i £211-90 Outputampiihars £7-52

H iti Keyboard controlier £9-54 Controt it Tt £0-90

. 10 M'nUte. Repe.tltlon . A'arm .S.et Indl.cator V:lyllgc' cozlrollod osclliator sﬁ-nﬁ%&"émsﬂsgw"r £9-90
@ Accurate Silent Timekeeping @ British Designed (2 required) £18:66  Converslon kits. Pack contain-
A tainin 1 off ancillan
and Built Sync. kit: luncmg)ns kit. 2 off oscll\{
B Envel h, N.C.A. (2 lator conversion kit (2

SAME DAY DISPATCH orders received before WL LT ma ,.,;u..,ed v T
- H.F. illator/detect 1-03 lectronic  component t

2 pm are posted same day Hold sofator o " £3-56 (complete) £106-68

£8.59

R Voitage controlled filter . Maln P.C.B. (separately) £4.20
212 * 99 + £1-04 VAT Ring modulator £4-13 P.S.U. P.C.B. {separately) £2-05

Cash, Cheque or Postal Order or if you wish to use Barclaycard or

Access. simply quote name, address and card number when ordering

Metac-Electronics and Time Centre

1 67 High St., Daventry, Northants (— P.0. BOX 3 JEAMS MAIL ORDER ONLY. C.W.0 MINIMUM

== Tel. Daventry (032 72) 76545, S| | | SJUTLANDRISE DRV X e e e

= %er\llebvxgrr?;g:.( orggsr; St Uxbridge, Middx Q\MBESOPEQ B 855;%“;3%5?25J’:-’.“E’Z..'ZME?‘W‘T; plaass
o a p in the £1
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AUTO TRANSFORMERS 12 and or 26 Vo
Ref VA (Watt T 3
5 ™ s e 3.0 I RA N S Fo R M E R S MAINSTISOLATING PRIMARY 220-240 VOLTS
64 75 0-115-210-240 465 ggln 51535?)v Ry
4150 0-115200220-240 651 ALL EX-STOCK—SAME DAY DESPATCH 2 Ref. 12V v 0
5 300 0115200220240 8.62 SEC. 120/240V C.T 11 05 025 2-44
67 500 0-115-200220240 1310 | o0 vOLT RANGE SCREENED MINIATURES Ref  VAWatts) ¢ g8 40 06 &p
84 1000  0-115-200-220-240 20-75 Prim. 220240V Ref mA Voits or+ 20 496 7 2 1 1-88
93 1500  0-115200-220-240 23-82t | .00 24 30 40-48-60V 238 200 3-0-3 2:65 | 149 6-93 68 g = 5-26
95 2000  0-115-200-220-240 34-17+ Ref. Amps ¢ 21214, 1A 0-6. 06 327 | 159 100 765 18 4 2 490
73 3000 0-115-200-220-240 47-83t 28 0 5 13 100 9-0-9 2:39 [ 15 200 12-32 85 5 N 5-62
126 1.0 584 235 330, 330 09, 0-9 249 | 45 250 1447 70 s 3 €58
CASED AUTO TRANSFORMERS 3 LA 207 500, 500 089, 0-8-9 396 | g3 330 o) 108 8 4 7-83
240V cable in & 115V U.S.A. 2 pin outlet 12 2:0 s 208 1A, 1A 0-8-9. 0-8-9 st | 434 500 St 72 10 5 837
.50 Ref 113w | 125 ig 1;'59 236 200, 200 015 0-15 248 | o8 750  amar | 116 12 6 9.86
150VA £9-09 Ref 4W ‘fg = e 214 300, 300 0-20. 0-20 322 | 136 500 7.971 17 16 8 112
200VA £11:72 Ref 65W 221 700 (DC) 20-12-0-12-20 3.90 : 15 20 10 15-42
120 60 17-53 157 1500 45-51%
300VA £14:10 Ref 66W e o " 206 1A, 1A 0-15-20, 01520 537 | 139 2000 5320 | 187 015 19-50
S00VA £16-62 Ref 67W T | 203 500, 500 0-15-27 0-15-27 477 | 226 6 2478+
. Rof B4W 122 100 24-091 4 g 159 3000 80-781
1000VA £22-841 of 84 189 120 26.57¢ | 2047A 1A 0-15-27, 0-15-27  6:00 | +115v or 240V Sec. only
2000VA £37-821 Ref 95W S112 500 12,15, 20, 24. 30 3-30 5 VOLT RANGE
30 VOLT RANGE Prim. 200-240V
Prim. 220-240V I\E/?)TB“MEJ;” c67-33 DECS SOLDERLESS BREAD- HIGH VOLTAGE Sec. 0-19-25-33-40-50V.
Sec. 0-12-15-20-24-30V AVO 71 £27.97 BOARDING Mains Isolating Ref Amps £
Ref. Amps £ AVO TT 169 in circuit 8 Dec 70 contacts £2-41 (screened) 102 0 417
12 05 330 Transistor Tester £28-94 T Dec 208 contacts £3-92 | Prim. 200,220 or 4007440 103 1-0 53
79 1.0 420 AVO MM5 £23-48 UDec "A''forl.C.s,etc. £4:58 Sec. 100/120 or 200/240 104 20 7-61
3 2.0 604 U4315 inc steel case £16-52 UDec B 'forl.C.s etc. £7-82 VA Ref. £ 105 30 962
20 3.0 7-30 60 243 6-62 :gt; ;g :;n
4 . T.l. MINI-MULTIMETER 350 47 16-25 . N
21 0 840 D.C—1.000v g e 1 000V ELECTRONIC CONSTRUCTION KIT 130 24 oot | 11 %o e
51 50 9-75 D.C.1—100mA, Res — 150k 10 projects (including Electranic Organ). 119 100
" 60 112 < ARG TR ey Ideal gift at £8-63 (no soldering needed) 000 252 54-80 : 2.0
88 80 14-15
89 10-0 1452 AUDIO KIT 25W COMPONENT PACKS
2+ 25W e, 1+ Pre-Amp 200 Mixed value resistors (count by weight) HIGH QUALITY MODULES ETAS'ZTRIWE&.N
BRIDGE RECTIFIERS ¢ 1+ Powar ~ aupply. 1+ Transtormer | 150 Mixed valus capacitors (count by weight) 5 Watt RMS AMPLIFIER £3-59 | SONOTONE
200V 2A 0-67 | 1+ Front Panei 30 Mixed value precision resistors W 2 % 10 Watt RMS AMPLIFIER £3-93 V100 £5-79
400V 2A 0-78 1+ Kit of parts to include or/off switch, 15 Assorted pots and pre-sets 25 Watt RMS AMPLIFIER £5-18 9TAHC £3-18
200V 4A 0-89 | neon Ind. Stereo headphons socket. 10 Reed switches 125W RMS AMPLIFIER £1-21 :
400V 4A 1-08 Ptua Instructiona book £32-34. 3 Micro switches PRE-AMP for 5-10W £7-81 267
400V 6A 1-29 15 Wire wound 1 d watt PRE-AMP for 25W €15.74 .
500V 10A 2570) [ETSRAT EAXJAUOIO U TTZE W 1 Pack wire 50 motres. sdsorted colours POWER SUPPLIES 5-10w £1.73 =
Aluminium chassis, heat sink and front STATE PACK REQUIRED 90p PER PACK EOWERISUREL 1ESIZSW L1g4 £2.75
POWER UNITS panel brackets plus back panel and TEANSEORMERIS.10W £3589 SC12M  £3.50
CC12-05. 34567 5-9-12v | S000, PUERES Bt STEREO %0 TRANSFORMER 25W €604 | -OUDRING
at 500mA £5-18 C Stereo Chassis inc G800 £8-55
STABILISED 3-6-7-5-9V at STEREO FM TUNER WITH 7+ TW RMS, Amp. Pre-amp. Power Supply. ANTEX SOLDERING IRONS G850 f4-70
400mA . £68:98 PHASE-LOCK LOOP Front Panel, Knobs (only needs Malns Trans.) 15W £4-08 18W €4-08 25W £3-80 SHURE
3300 fits into 13A socket 6- | 4 Pre-selectsd stations supply 20-35V. Stereo 30 £18:99 Mains Trans £3-89. Teak SOLDERING IRON KIT £5-87 M75-6S £12-50
7-5-9V 300mA (fused) £4-14 | S0mA Max. £23-41 veneered cab. £5 91, STAND FOR ABOVE £1-84 MS5E  £14-18
Prices Include VAT and P. & P. except 1 where carriage wili be according B H H
to weight and distance. Save postage—We are open 9 a.m.-§ p.m. al’l’le ElectronICS Ltd-
Mon.-Fri
3, THE MINORIES, LONDON EC3N 18J
Electrosil Resistors, Semiconductors, Multi-meters TELEPHONE: 01-488 3316/7
Wide range of panel meters, audio accessories. Send stamp for lists el /7/8
Prices correct at 18th March 1977 NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST

Designer approved

Complete set of semiconductors

Mullard LP1186 tuner head £7-75 ELECTRONIC
High quality glass fibre P.C.B. £2-45 CAR

ORION STEREO AMPLIFIER
Complete set of semiconductors £9-40 IGNITIDN

High quality glass fibre P.C.B. £2-99 ; /p

Both the above PCBs are printed with component locations I

'@ N DORAM KITS CONTAIN

STEREO e

TUNER -
£4-99 = ’

a’

ZNA116 £6-00* with circuits and data
Ci | set of ductors for the P.E. DVM
including all 1.C.s. transistors. displays. etc £20-50 (- & vam f
Set of two professional grade glass fibre PCB.s
printed with component locations £3 . 40 (+ 8% VAT)
ZN424 £1, ZN423* £1, ZNTAAT* £1-75, TOMOS* rag. 65p
SEVEN SEGMENT DISPLAYS. DL701* (+/— 1) £1-75, DLT07* (0-9) £1-75 £9.95+ S VAT
FERRANTI SEMICONDUCTORS—WE ARE THE EXPERTS! (Order code 997-005) suncct 10 avarabiny
Eﬁ\(y“;’e':"s 19 an%?xs' t1‘<‘3§ g;:g; ‘;: g))g’gg ::: :gs;g?ouu«u Avoid difficulty in starting your car on cold mornings with the Doram
S(F:;Ji(sjp :;p ZS170  13p  ZTX109 1p  ZTX384 1:,, BD700* £1.28 C.D. ignition Unit. The complete kit incorporates features such as

P ZS178  S4p  ZTX212 15p  ZTX450 18p  MCI310P £1.80 single switch reversion to the standard ignition system for servicing
BESE1IISH ZS211° 2p  ZTX213 15p  ZTXSS0 16p  MCI3STPQ £1-65 etc. and also an immobilisation facility. Improved performance and

BFS97T  15p ZTXA20 10p ZTX214 17p ZTX4403 18p R N A "
fuel consumption,along with reduced points erosion and longer plug

We can su:guy any FERRANTI semiconductor device to order S.A.E for quotation . . :
FERRANTI CDI INTEGRATED CIRCUITS. Alt with circuits and data life makes this unit a must for any 12V negq. earth car.
ZN414 radio microclreuit £1 ZNA25E* D to A convertor £3-50
ZN424E low noise audio |.C. £1 ZN1034E* precision timer 1.C £1-80
A Y - . .
ZNA103E* TV generator 21 ZN1040E* universal countdisplay I.C. £7-50 O'seas orders——add 15% for P+P. All items offered for sale subject
PE TV SOUND SEPARATOR to the Terms of Business set out in Doram Edition 3 catalogue. price

Comp set of lcol ors £2-30, High quality glass fibre p.c.b. £1 60p. The Doram Kit brochure 1s also available, price 25p. Combined
POSTAGE AND PACKING 15p per order. Orders ovar £5 post free. Ail devices are top price only 70p which also entitles you to 2x25p vouchers, each one

g:'\%sls,bfg.d'gf:u?nddat‘g ;:ger?:ﬁ:'gfi':ﬁ:; R (00 € () ] SR (o e usable on any order placed to the value of £5.00 or more {ex. VAT)
Prices do not Include VAT—add 8% to Iteme marked*, and 12{% to all others DORAM ELECTRONICS LTD

DAV'AN ELECTRONICS (MAIL ORDER ONLY) P.O BOXTR8. WELLINGTON RD IND. EST.. LEEDS LS12 2UF
13 Deepdale Avenue, Royton, Oldham OL2 6XD K An Electrocomponents Group Company
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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
Celestion G12M 8 or 15 ohm
Celestion G12H 8 or 15 ohm
Celestion G12/50 8 or 15 ohm
Celestion G12/50TC 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 ohm
Cotles 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 8in bass 8 ohms. 14A770
EMI 8 x 5in, 10W, d/cone, roll surr.
EMI 64in d/cone, roll surr., 8 ohm
EMI 8in roll surr. bass

EMI 5in mid range

Elac 59RM 109 (15 ohm), 59RM114 (8 ohm)
Elac 6}in d/cone, rolt surr.. 8 ohm
Elac 10in 10RM239. 8 ohm

Eagle FR4

Eagle FR65

Eagle FR8

Eagle FR10

Eagle HT15

Eagle HT21

Eagle MHT10

Eagle FF28 Multicell horn

Fane Pop 15, 16 ohm

Fane Pop 33T, 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.

[']

<75
-95
-95
-95
-75
-50

-95
-85
75
-95
-85

-50
-50
-25
-50
15

-95
-95
75
<95
-95
-9§
-95
-95

SPEAKERS

Fane Crescendo 18, 8 or 16 ohm
Fane 910 Mk 1l horn

Fane 920 Mk Il horn

Fane HPX1 crossover 200W
Fane 13¢ x 8in, 15W dual cone
Fane 801T 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 Hifax 750P

Goodmans 5in midrange 8 ohm
Jordan Watts Module, 4, 8 or 15 ohm
Kef T27
Kef T15
Kef B110
Ket B200
Kef B139
Kef DN8
Kef DN12
Kef DN13 SP1015 or SP1017

Lowther PM6
Lowther PM6 Mk 1
Lowther PM7

Peerless KO10DT 4 or 8 ohm
Peerless DT1O0HFC 8 ohm
Peeriess KO4OMRF 8 ohm
Peerless 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 15in bass

Richard Allan Super Disco 10in 50 watt
Richard Allan Super Disco 8in 50 watt
Radford BD25

Radford MD9

Radford MD6

Radtord TD3

Radford Cross Over Network

Tannoy 10in Monitor HPD

WILMSLOW AUDIO

eakers!

£16-

-28

-78
-95
-95
-9§
15
-25
-95
-00
-00
-00
-25

75
-50

25
-95

-95
-50
-25
-95
-9§
-95
£17-
-25
£16-

£78-

95

95
75

promise (Frisby),

Enclosures’’ book.

World Transmission Line (Bailey),
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., by Shure, Linear,
Eagle, Beyer, AKG, etc.
FREE with orders over

£10—""Hi-Fi

Complete kits in stock for Radford Studio 90, Radford
Monitor 180, Radford Studio 270, Radford Studio 360,
Hi-Fi Answers Monitor (Rogers), Hi-Fi News No Com-
Hi-Fi News State of the Art, Wireless
Practical Hi-Fi and

Loudspeaker

Tannoy 12in Monitor HPD £85-00
Tannoy 15in Monitor HPD £99-00
SPEAKER KITS

Baker Major Module 3, 8 or 15 ohm each £18-00
Fane Mode One Mk Il 15W each £10-3§
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
Heime XLK 35 pair £26-75
Helme XLK 40. pair £38-50
Keflut 1 pair £59-50
Ketkit I each £56-00
Peerless 1060 pair £81-50
Peerless 1070 gach £54-95
Peerless 1120 sach £81-50
Peerless 2050 pair £43-95
Peerless 2060 pair £58-50
Richard Allan Twin assembly each E£13-95
Richard Allan Triple 8 each £20-75
Richard Alian Triple 12 each £25-95
Richard Allan Super Triple gach £29-50
Richard Allan RAS Kit pair £37-80
Richard Allan RA82 Kit pair £59-40
Richard Allan RA82L Kit pair £65-70
Wharfedale Denton 2XP kit pair £23-25
Wharfedale Linton 3XP kit pair £34-25
Wharfedale Glendale 3XP kit pair £49-50

HI-Fl
ON DEMONSTRATION
in our showrooms:

Akai, Armstrong. Bowers & Wilkins, Castle, Celestion,
Chartwell, Dalesford, Dual, IMF RAM, J.R. Formula 4,
Kef. Leak, Linn Sondek. Neal, Ortofon, Pickering.
Pioneer. Radford, Richard Allan, Rotel, Sansui,
Stanton, Tandberg, Trio, Videotone, Wharfedaie.
etc.—ask for our Hi-Fi discount price list.

THIS MONTH'S SPECIALS! (Carr £2 50)

Rotel RA312 £66-00
Sansui 331 £108-00
Trio KR2600 N £109-00
Videotone Minimax Il £46-95
Sansui $C2000/2002 £145-00
Pioneer CTF2121 £136-00
Rotel RX15211 £91-00

We stock the complete Radford range of amplifiers,
preamplifiers. power amplifiers. tuners. etc . and
also Radford Audio Laboratory equipment. low
distortion ascillator. distortion measuring set. audio
noise meter, eiC.
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
Carnage and insurance Speakers up to 12in 60p.
12in €1, 150 £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, Wilmsiow.

Hi-Fi, Radio and TV: Swift of Wilmslow,
5 Swan Street, Wilmsiow, 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.

Acceas and Barclaycard orders accepted by phone
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Sparhritz 2

CMOS WITH DISCOUNTS!

Any mix; 105 for 25+. 25%:- for 100¢. 33:°. for 1.000

vl' - Quanz Crystals
c 't H d H c h a r e = / /2 = 100kHz, MHz, 2-097152MHz, 3-2768MHz
a p a c I |V e I 5 g 7 ] //& 4 194304MHz.  all  same price £3-75.
- p e A0 32-768kHz TOS5 can. £4-50.
- - [ PR . ~ } 7goo0 ST 50Hz time base kit for clocks, etc. £5-91
e e c ro n Ic Ig n I nl o n I hw TALT seavc, ‘Dalo’ pen. 75p.
4] ; b P ~
2000 020 4037 106 4075  0-24 14175 104 14528 1-22 | 'E' LED DISPLAYS
4001 020 438 120 476 1-T) 14194 117 1459 172 | DLTGEQ 3 100
4002 020 W) 309 077 065 14410 570 1450 095 | DLIOTEQ ¥ 09
4006 1:31 4040 119 078 0-24 14431 954 145)1 174 | DL-728E 26xQ°5 £t
4007 0-20 4041 .93 4081  0-24 14412 1707 45X 134 | DLIE 2.0 00
4008 107 4042 093 4082 024 14415 7.35 14534 815 | DL-7S0E0 6 €150
4009 050 4043 112 40B5 080 14419 267 14535 4.00 | DLT4TEQ 6 £150
A0 060 044 104 A0BG 08D 14422 498 1453 1397 pep | eps
| Q11020 4045 156 4083 1T 1435 793 14530 124 | o 150
412 020 46 140 4033 D89 14440 1150 SAT 162 | oo 15p
4013 060 4047 101 4094  2.08 14450 2-67 14543 1-82
401 112 4048 0-80 4095  1-16 14451 287 14548 410 | CLOCK CHIPS
4015 112 4049 8-60 4096 196 14400 6-51 14552 1050 | AY-5-1224A €50
4016 0-60 4050  0-80 4097 493 1501 0-20 14553 A-66 | MK 50253 €550
4017 112 4051 104 4098 122 14502 138 14554 1-67 | MK 50362 t-oe
4018 i z 4052 104 4099 2.03 14503 075 14585 1-01 | (MK 50366 coming)
4019 060 4053 1-04 40101 1.76 14505 4-38 14556 101
Z ;i 4020 124 4054 12 40102 2:16 506 0-57 14557 4.65 fo‘éLDERCON PINS o
- ; - 4021 112 4055  1.46 40103 216 WS07 0 60 14558 1-25 P
Smoother ru nning €022 107 4056 146 40106 2.26 14508 3.08 14555 410 | 1000 £-00
R 4023 0-20 4057 2981 40107 066 14510 151 14560 2-17 1705330 N t:.;S
Instant aII-weather startmg 4024 087 4059  6-20 40108 898 14511 174 14561 070 price)
| mg n<2g W60 124 40%09 221 1S12 103 B2 559 | o SOCKETS 811416 PIN 15p
g 4026 192 4061 25-60 40181 4-30 S14 3 &7 14566 1-67
Continual peak performance 2 4027 0-60 4062 1010 AD182 1-73 WSS .47 14568 315 l TIMER I.C.
A o v 4028 1-00 4063 122 40194 226 14516 1-51 14563 3.72 | NESSS 450
Longer coil/battery/plug life P I R S | susgurones
. SW! 15
4031 246 4068 0.2 7083  4.25 14599 0-57 1s5gy 430 | VVP€
lmprOVed acceleratlon/top speeds | 402 113 4069 026 14160 148 150 139 1456 184 | OP-AMPS
o 4033 155 4070 0-65 14161 118 14521 2.77 14583 0-84 { CA 3130 (COS MOS) .00
* 0,
Up to 20% better fuel consumption | 0% 201 471 020 2 148 14522 295 1ssd  Tip | CA 3140 (BMOS s5p
| 4035 131 4072 026 163 118 14526 215 14585 1-10 | 741 mmidip 250
Sparkrite Mk 2 is a high performance, high quality capacitive discharge, 4036 309 4073 04 T4 108 14527 176
electronic ignition system in kit form. Tried, tested. proven, reliable
and complete. It can be assembled in two or three hours and fitted in Terms: C.W.0. Add VAT to all prices at 8% Post. etc. U K 25p (+ 2p — 27p) per
15/30 mins ) ) order. All orders processed same day. Official Govt., Varsity, Poly.. etc. orders
Because of the superb design of the Sparkrite circuit it completely (written or telephoned) welcome
eliminates probiems 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 fining if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR Jock on and. therefore, eliminates the possibitity of

blowing the transistors or the SCR. (Most capacitive discharge ignitions — °
are not completely fooiproof in this respect). All kits fit vehicles with . ‘
coil/distributor ignition up to 8 cylinders. *

THE KIT COMPRISES EVERYTHING NEEDED

GREENBANK ELECTRONICS (Dept. W5P)

94 New Chester‘Roag. New Ferry, Wirral, Merseyside, L62 5AG, England.
Tel: 051-645 3381

Ready drilled pressed steel case coated in matt black epoxy resin, ready
drilled base and heat-sink, top quality 5 year guaranteed transformer

and companents, cables, coil connectars, printed circuit board, nuts .

bolts, stlicon grease, full instructions to make the kit negative or Bhlltlrl mS

positive earth, and 10 page instatiation nstructions s ¢

OPTIONAL EXTRAS The Eagle range of multimeters

Electronic/conventional ignition switch. I covers every possible need of the

Gives instant changeover from “Sparkrite’' tgnition to conventiona N 5 .

ignition for performance comparisons, static timing etc., and will eIeCtr'ca' or electronlc engineer,
They cost from about £6 to £58

also switch the ignition off compietely as a security device, includes
switch connectors, mounting bracket and instructions. Cables excluded (inc VAT) There’s at least one
which suits your job precisely.

Also available RPM limiting control for dashboard mounting
(fitted in case on ready built unit).
CALLERS WELCOME. For Crypton tuning and fitting service We have a lot of other tes’t equipment too.
‘phone (0922} 33008 Send the coupon and we’ll send you our
PRICES INCLUDE VAT, POST AND PACKING. complete catalogue.
Improve performance & economy NOW D S B B NS S SN s S S S e

NOTE—Vehicles with current impulse tachometers (Smiths code on dial RV1) Please send me details of all your test equipment.
| will require atachometer pulse slave unit. Price £3-35 inc. VAT, post & packing l

ELECTRONICS DESIGN ASSOCIATES, 82 Bath St.. Walssil. W81 3089

l NAME

Po sr romy.' a‘llc" installation | Daooress

Electronics Design Associates, Dept. PES
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33652

INBITVBL. i o Bmum e £+ s S o it e P s o

>

Eagle International, Precision Centre. Heather Park Drive,
Wembley HAQ 1SU Tel: (01)-902 8832

l Mk. 2 DIY Ass. Kit@ £11.80

[W"_‘ | anciose cheque/PO's
Ty

Bt
| Mk, 2 Ready Built Negative Earth @ £14.97 _ -}
Mk. 2 Raady Built Positive Earth @ €14 97 Cheque No. |

lgnition Changeover switches @ £4.30 S — =
— Send SAE if brochure
only required.

I 1T 1 T 1 [ Ay
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ring 'scopeto your interest.

"There’s only one way
to master electronics...
to see what is going
onand learn by doing:

Sy 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
; PR . an absolute minimum of theory.
5 Bl s 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.

BRILL.ONJOFF

X SHIFT

+

'|Bu||d anoscilioscope. ©)Read,draw and 3Curry out over40

As the first stage of your training, you i
el et i understand circuit experiments on basic
oscilloscope! This is no toy, but a test
instrument that you will need not only dlagrams- c"cu'ts-
for the course's practical ex periments, but In a short time you will be able to We show you how to conduct
also later if you decide to develop your read and draw circuit diagrams, under- experiments on a wide variety of different
knowledge and enter the profession. It stand the very fundamentals of television, circuits and turn the information gained
remains your property and represents a radio, computors and countless other into a working knowledge of testing,
very large saving over buying a similar electronic devices and their servicing servicing and maintaining all ty pes of
piece of essential equipment. procedures. electronic eauipment, radio, t.v. etc.

. N S N S S I S I S S S
All students enrolling in our lTo find out more about how to learn electronics in a new, exciting and absorbing
courses receive a free circuit way, just clip the coupon for afree colour brochure and full details'of enrolment.

board originating from a Write to:- British National Radio & Electronics School,

¢omputer and containing I P.O. Box 156, Jersey, Channel Islands.
ifferent c ent

many different components NAME

that can be used in experi-
ments and provide an .
excellent example of current gADDRESS
electronic practice. l

PEB 5/7
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VALVE MAIL ORDER CO.

Climax H
o
159 Fallsbrook Road Lounsg S C
SPECIAL EXPRESS MAIL o"?’g W16 6ED RESCENT ] I
% ER SERVIC 164- ADIO LTD
M e o0 | wyais ol T 5 I84-166 HIGH ROAD, WOOD GREEN .
- 186 1. Y213 025 | O 2
IN85  o.88 | AFZLD 190 | nyzio 045 04z204  0:68 | XB121 o8 H MALL, EDMONTON N22  888-3206
IN AFZ1z BY 5 0-45 | 29170 | N, N.9
iNass 080 LI 550 BYZLl 048 0AZ206 0.8 | 28271 010 S M HAELS TERRREE. QRDER DEFT 803-1685
56 080 | Aovas 90 Z12 040 | OAZ v | 2T ; E, WOO :
ASY Y . o 207 0.85 | 2121 i D GREEN
ING4G  0-18 As“: 345 ll;\’u..s 042 | 0AZ208 o-gg 7713 8.32 AFRILOWATES Phone: 888-4474 ., LONDON N22 4S)
IN76A 020 | A8V oss | BYZIs 148 oAza0s oo | ZTX10T 010 D IGRTONTE b S SELIC .
NO14 008 | ASYSL  0.40 l“;Zlﬁ 080 | 0AZ210 065 gTXIOB 010 Three Channel: Bas oG +0100” 100 WATT AMPL]
154007 o1 | ASYS3 020 Ul]‘ges gég OAZ211 0-65 Z;;{(ggg 3.12 é‘rveble. Each .Channsevl ?f;gd]:, ;h&s;;sll:"l:]rild]tested.mountedona.plg}.nman
1313 0.0 | ABY5s 020 .85 | 04Z222 0. -22 n wensitlvity ity ich measures 18 X uminjum
6o CR81/05 202 0-46 | 2TX500 0-1 connect t 5 control. Just |¥oU can mount int 3 x 9} X 4in, and wh
18202 0.3 | ABY62 028 5 0.45 | 0AZ223 0.4 | 2 2 he input of th ¥ into a cabinet of ich
. R CRS1 & | ZTX503 0-18 the loud: is unit to our controlted i your choice.
2G371  1.00 ASY66  0.33 /40 0-60 [ OAZ241 0O ZTX speaker terminal middl nputs, master vol
) ASZ21 o | cs4n 25 531 0.26 an amplifier nals of e and bass controls, ume, treble
26381 099 | ASZ24 1-00 1.90 | 0AZ242 016 R L Kconnectitl 100W clean i . BJC protected !
. . g t. ) ree i an into 8 ed output,
26414 030 Ny ﬁsi)loo(:; g.bo 0AZ243 095 | NABIRATED the P (e LD 10 music groups, FA. 6 Goen s T (o dlaco,
2G417 .. 15 | OAZ2 : unit, ai o ain at 24 d
St G0 Al AR 8 e b0 01e STRm R PO o o x:lrwf 8 + £1 carr. + 8% VAT.
g L d . -88 | 7 (Al q dlspla;
aNepr 047 | BSi08 014 DDoOT 26| oc16 125 | yios 016 guaranteed.) ¥ 400D
4 BC109 0 007 0-40 | o161 -85 | 7402 . £18- MANS 8in.
;gﬁﬂs 080 | bo11s o1t | ops™  oae OSTo 0 7403 s 1850 p1ue 750, 2. 6P +5%. | Goodmans. - au BER DFEONES
Rl R ottt | s e
18 0-20 | GDS 10 | (24 .25 | 7405 022 ydrous ferric chlorid imped peaker, | Type | G110, imped
aN708 0.5 | BE1164  0-28 | GDI. 0-25 | OC2 2:25 | 7406 048 double sealed 1 1b loride i | pos ance & ohm. | ance 2,0 5. imped-
aN709  0.40 | BC118 020 61312 O30 |oces  0-85 ) TA0T 0-43 Our Price 85 poly packs. er handling  15W | e 000 ohms each
3 ET102 0 0C26 0- 7d t 89, p + P/P + VAT nominal. O 4 arphone. Pri g
aN1081  0.85 | BC121 020 | GE 050 | 028 60 | 7408 0-28 at 8%, per lb. 2420 ur price | + 1219 rice 2150
Apsl 0B INCE o oumics o8| 0Gn  oag| T pie TARGAIN PROTERT BOX Faags T e T T
i 3 26 | GET '89 | 0C30 7 plastic b
2N a0 | BC 114 0 L 0-40 | 7411 : h 0x with m: "
aNla2 080 | SIS 035 | GEtire 150 | oG2 07T 030 D e |Switahed 5. 45, 6. 75, D and 13V a
2N1804 0.45 | BCMT 0101 G L50 | oC 75 | 7413 0-38 panels with metal front plate . 44, 6, 7%, 9 and 12V
g IET120 0 0C41 0. 7416 ed with four y 5 at 500 mA.
anisos s | RIS 00| EPTOT2 a0 och oo | re g Sungled). Sig hucrgah 1 Wiln, onfoft ewitch' and
g BC157 012 GiTeso 100 | 9SH bis T 018 50p + 8%, 28mm. Our Frice S N e
aN2147 2:33 ﬂtigs 010 | GETSS1 028 OCHbI 017 7423 o3 \EFFEGTS PROJECTOR -150" ¥ £5'60 + 8% VAT. |
2N2148 A > 0-68 $T882  1.00 0-45 | 7420 X No disco should i
(o AuDIO LEADS + 1215 vAT
aN2219  0.85 | BCY8! 080 008 | o¢ .97 | 7428 0-40 2 is Is the most versati prices: L1 5 connecting leads at mod;
2N2369a 0.8 | BCYS2 100 GEX45/1 0.56 R 0-60 | 7480 018 machine for projecting versatile | plug 180°, | pin DIN plug 180° to 5-pir prate
. H 743 ' . . DIN
INgacor 080 ) pcyss o0 | QEXS41 045 T e 7432 037 inages  to supplement oured | DIN plu ) DI, T, LK 112 5.pi
aN2613 Lo | BCY34 075 [ GISM 0,59 0.60 | 7433 087 mnusic. Spee.: pplement your | 6p; Ighaupen end, length ap 2 5-pin
2N%648 0.0 | BCYSS alle 0-85 | OC66 0.50 | 7437 0.3 ae, 50 Hz La - 240, | gock 2-pin DIN plug to 2 pprox. 1-2m,
4 o J4M . 0CT7 i 733 150W . mp—A1/167 et, length approx. i pin DIN lin
2N2004 0.g5 | BCY¥3Y 180 065 | o¢ 0.85 | 7438 0-37 . Standard Lens—60 plug to 2-pi prox. 3m, 60p; L16 2-pi @
2N3508 0.9 | BCY40 128 GIoM  0-85 OC71 0.8 | 7440 022 A sturdy metal constructi w7 “75p; il DIN line socket, lengthp n DIN
2N2007 0.5 | BCY42 080 SR 00 || 0.45 | 7441AN 092 @f'ﬂm’amngeoglemm‘“,"“*""l plugs, le 1 5-pin DIN plug 150° ¢5 four phons
aN292. i BCYT70 . H N ‘7.1 075 ’_442 t i acces- . length ?Ppl‘ox_ 1.2m, £1° lour PhOI}o
:gg"g ods | B&yn 018 | LCi0n a0 | OCTD ods | 1430 o8 complete with Bin oo ‘glf,ggrp*i?l:olfxlxelffck:{io.:l{;’{ﬁ
926  0:15 Z10  0-80 | MJ y o¢ 4 0 016 wheel and read extension lead ; L21 stereo head
aN8064 0-56 | BD12l  1-B5 B340 042 | 9518 08 7453 0.16 . e iy | 21°50; ead (curly type), length ead phong
B S > C77 " 7454 . A bargain ; L22 guitar 1 . length approx. 20 ft.
2NS055  0.60 | BD128  1.50 MJEG20 060 | 0 076 | 122 0.16 at 227 + V. Approx ead (curly t ,
2N B MJIE2955 C78  0.45 | 7460 h VAT . 20 ft., £1'80. Vari ype), length
avior 018 | Bpyi s s L8 | bon oy |12 0:36 S% ket Prices tnzooss R
2N370 . BF115 " Sasaibg 0.50 | 7472 0- ACCESS Al
29700 018 | ppigy 030 | MPFI02 040 gl 080\THS ol T P ACORSSTANDIBARCLAYOARDFACCEPTED
INS107 043 | Bryv 080 | 2PF103 040 ocaIDy ¢-18 7474 042 T o e e C BT ATED
INsilo  o1g | BEISL 0380 MPF10i 040 | G35~ 078 41 069 . Please add to each item the VAT rate indi
INSTIL 0dg BRiS 00 MPF105 0.40 | OCBSD 0488 HE ralindishied
2N3819  0-87 185 0-30 | NESO6 0 OC8: A & 0-60
INiass 057 |priss oo | NKT 42| 9C83 085 7482 0.87
aNsoz; 0.8 | BE1% 010 NK 129 0-30 o(i“ 0-45 | 74838 1-10
aNoozr 088 iBFIc 012N T2l 048 | OCLls o038 | T84 109
et 3% prier o [T 0;28 001285 7486 047 @
39901 0T8I Brec) 025 | narers oy oclzs  Ls8 7400 0.55 @
28501  0.75 | BFS98 025 NKT216 0-80 | 0C140 110 | 7491AN 1.00
28501 075 | BFx1z o5 | NKT218 045 | 0GIL0 150 7492 070
200 05 BFX13 035 | NKT219 0.38 | 95189 oing Tt ok ra
41 BF . 6 90 | 7 f .
varseBiRoa B§§§g g'gg NIz 050 oco 000 409 080 di nge of light
AAZI2 O .28 | NKT224 0 650 | 7 .
H G o ol o o i immers and lighting
17 ge | BEX63 050 NKT271 00204 ' b 1.89
ACi07 075 | BFX84 0. 090 | OC202 Lo | 7107 045 contr
i B oo e oG8 L G | S B
7 02 3 i 76 0.5 0C204  1.50 | 7 -88 lust .
Aclas i gggg ggg NKTZT 080 0C205 132 ey T PMSD|0053,§,efdu|'e‘ ‘,{‘e popular
K S| 0| NED IR aGe )M ot concrl drmer. eriernce sun
ACY1 N BFY d -00 2 0-70 ssed, 60mm sli up-
ACyis  osb B NKTaod 100 | OEI%0 02D 74123 100 442 | §in elice lians cisize
ACYI9  0.55 1 o0 | NKTi03s 100 | OS50 930 74141 080 scage and di eal for low cost
Ny fyl|aadd O TeRn ST 74145 1.26 school isco lighting. Used b
Acya  oss DEYIE 080 | NKTOTS 030 orelz 080\ 7450 10 e ey & oS el
vo2 o.g5 | BEY1Y 050 NKT713 - o 186 | £ 100 with scale plai D S35
ACY27  0.36 | BFY2d 714 080 | ORPOT 068 74164 2:00 screws and full i plate, fixing
oxan g‘gg BFX:QI 0.45 | NKT777 0.38 | 8X68 160 74166 1.00 inc. VAT and instructions. £9.06
caes e Bl 045 o075 | 9X631 125 74156 1.00 postage and packing
ACY40  0.55 BFYGS0  0-21 | OA6 056 | 8X635 065 741567 0-95 Complete compact i . .
ACY4l 08 DE I 0A47 0.0 | BX640  1.50 gnn OF systems for  stage B aci o <
T gg: Bl-‘\'gﬁ 0-23 | 0370 015 SXo41 075 | 74178 i-’l’a ighting, etc. and disco
ot oo || T 0.23 | 0A7T1 o020 | X042 1.50 74176 1.26 DD6IM (il
ADIGT 048 DEVG 048 | 0470 018 Gon on|5hE B T o Sreerech. s 1599
62  0-45 .81 | 0AT4 0.15 | 9X645 0 2:00 trol H t sockets, m
AF106 N BRI100 . o o -85 | 74192 2.0 ol, mains on/off swi $, master con-
ARDS 388 msxe e & B S 419 500 A I B G Gh Ae G S
AF 2 ; - 301 1.50 | 14194 ; . & P.
e g.gg Bg’;gg 093 | 0ABs  0.1g | V30/201P 123 74195 Hg P DD61-B.  Six tkwW
AFLI7 05 | B3v20 g~;g 3,\55 o8| veormor o050 710 120 MSD 1000, lowest cost Syst:'::nr;’ells. using module
18 076 P A90  0.07 | V60/201P 1.5 107120 . Price £66:50 inc. V
AFLIS 076 fnsver 0| 0402 g \ihaonp 280 | T8 277 ALL PRICES REDUC nc. VAT and P. & P
ATlal  o2g|Bsyst 00| 0A%% 007 | e e 74199 2.52 The Dimmi ED FOR A LIMITED :
AF125 0.0 | BSY95s 0.20 0A200 0-08 Alo2 018 sound 2 Dimmit range include PERIOD
AF126 0 o ; 10 | XA131  0.15 | Dlugin socket d to light co s rotary and sli !
AF17 080 g?‘{f;‘; i oNn 00 {:1-: o8 ;l?“grom:’ applications. Ratinnvgesrtliv\/‘%rk\r/‘\?mer enter:;?:;\:ﬁ?t;":,d'"‘"‘e"s and
2 g b - ) N it 5 0 n .
:;}33 822 g¥{28 9-45 8"{%},0 832 QA%S; ggg 145 [I)IflLo as and Alllproducts are guaranteed l sz- professions
AF179  0.85 | BY12 012 | 0AZ201 0 XB10l  0-48 01 applications. Ful ed and are suppli A
Yier o 7201 0-85 | X102 16 pi . Full after-sal . pplied with full i .
AF180 1.50 | BY [ 012 | 0AzZ202 XB102  0-30 pin DIL F . sales service. T q ull instructio
1o HH|RREE G o 0.1 or full informati . Technical advice gi LES
= 7203 0.85 3 -35 7 for o ation on all m R ce given,
Open daily co callers: M . XB113  0.30 shoer” FREE illustrated camlog..u.;o‘h:;es and lighting control
Valves, Tubes and Transi on.-Fri. 9 a.m.-5 p.m — 930 oom for a demonstration of and price list. Callers systems send
Terms C.W.0O ransistors « Closed Saturda) 30t06.0p.m. Sat.b of any of the modul welcome, visit our
Quoém&ns‘fg"" ¢« Tel. 01-677 2424U;day Pri - Dy arrangemen:. es or systems. Mon.-Fri
r any type A N rices correct '
Post and A pes not listed. o .
V.A.T. to be add:“""‘x 15p per order when goi YouNG
Maetal Can Tra“liuog" ao/P"ltIC Transistors 124¢ to L 184 Ro c Tn oNIcs
. . m
5. Integrated Circuitlsma?.,, L1 e Street, Lond NWI1 9N I.TD .
N Tel. 01-267 0201
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Join the Digital
Revolution

Understand the latest
developments in calculators,

computers, watches, telephones,

television, automotive instrumentation. . .

Each of the 6 volumes of this self-instruction course measures
113" x 8" and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step through
number systems and Boolean aigebra, 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 avaitable—a more elementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics

In 4 volumes:
1” Basic Computer Logic £4 - 20
2. Logical Circuit Elements plus 80p P. & P.

3. Designing Circuits to Carry
Out Logical Functions

4. Flipflops and Registers

Offer Order both courses for the
bargain price £9-70, plus 80p
P. &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-
Enthusiast tion has the advantages of being quicker and

Scientist more thorough than classroom learning.

You work at your own speed and must respond
Engineer by answering questions on each new piece
Student of 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.

FREEPOST, Rivermill House, St. lves, Huntingdon, Cambs. PE174BR |

*Please send me... sel(s) of Design of Digital Systems at £7-00 l
each, p & p included

|
I *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 l
Name ........ ........ l
Address ... e

| nioie e .a.p.[;l.ic.:abllé .....................................
L No need to use a stamp—just print FREEPOST on the envelope. PES_I

Practical Electronics  May 1977

NEWS FROM JOSTY 1/

JOSTYKIT—a product from Denmark

HF 61-2 DIODE MEDIUM WAVE RECEIVER

By means of a very simple technique
ble r onllis ined

g a r :
. HF 61-2 is built on a small circuit
board of the same size as the general
: purpose amplifier AF 380. The two
assemblies should be connected to
produce power for a loudspeaker
HF 61-2 s especially useful for
i beginners, who have not tried to
¢ assemble electronic kits before

£4-30

HF 305 VHF RADIO-CONVERTER

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

£6-70

O LIGHT

A new concept in psyche-
delic lighting. Uses bulit-in
microphone. Avoids awkward
cC ions to plitiers.
Position Hght-show to best
advantage without long trailing
leads—ijust plug In to nearest
power point. Circuit combines
latest integrated circult tech-
niques with solid-state power control. Quad op. amp. makes selection of
bass, midrange and treble frequencies easy. Three thyristors {SCRs)
control three separate iampbanks. Kit includes fused dc
power supply and FET zero light adjustment. WARNING
Only experienced persons should attempt the intercon-
nection of mains equipment.

£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, speclally

built for aerial amplifiers, such as

HF 385-2, but can also be used for

other aerial amplifiers. NT 410 is

supplied with input and output clamps

for 75 ohm or 50 ohm aerial cables.

It is therefore not necessary to solder

—just cut and strip the aerlal cable

and attach to NT 410. The aerial signal

from the aerial amplifier to the

receiver passes without complications

B and the current to the aerial amolifier

passes through the same cable. NT 410 describes how to use NT 410
together with HF 395 and HF 385-2 £4-50

e JOSTY (L (LK LTD

MAIL ORDER DIVISION
P.0. BOX 68, MIDDLESBROUGH,
CLEVELAND, ENGLAND B15CQ

SEND FOR OUR FREE CATALOGUE
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SYNTHESISER AND SOUND EFFECT KITS

PHONOSONICS

MAIL ORDER SUPPLIERS OF QUALITY
KITS AND
WORLD-WIDE

PRINTED CIRCUIT BOARDS,
COMPONENTS TO A
MARKET.

COMPONENTS SETS include all
resistors, . ors pot
meters and transformers Hardware such as
cases sockets. knobs. etc are not included but
most of these may be bought separately Fuller
details of kits PCBs and parfs are shown in our
lists

necessary

CIRCUIT AND LAYOUT OIAGRAMS are supplied
free with all PCBs designed by Phonosonics

PHOTOCOPIES of the P E texts tor 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. Voltage Controlled Fiiter.
Guitar Effects Pedal and Overdrive. Fuzz. Tremolo and
Wah-Wah units.

The Maln Synthesiser: PSU. 2 linear VCOs. 2 ramp
generators. 2 input amps. sample hold. noise generator,
reverb amp. nng modulator. peak tevel circuit. envelope
shaper. voltage controlled amp Full details in lists

Set of basic component kits £83-03

Set of printed circuit boards £11-45
The Synthesiser Keyboard Circults (can be used without
the Main Synthesiser to make an independent musical
instrument) 2 logarithmic VCOs. divider. 2 hold circuits, 2
modulation amps. mixer. 2 envelope shapers and
additional PSU. Full details in our lists

Set of basic component kits £48-18

Set of printed circuit boards £7-66

P.E. MINISONIC Mk. 1 SYNTHESISER (P.E. Nov. 74 to
Mar. 75)

A portabie. battery or mains-operated Miniature Sound
Synthesiser, with keyboard circuits  Aithough having
slightly fewer facilities than the large P E Synthesiser the
tunctions offered by this design give 1t great scope and
versatility Consists of 2 log VSOS. VCF. 2 envelope
shapers. 2 voltage controlled amps, keyboard hold and
control circuits, HF oscillator and detector. ring
modulator. noise generator. output amp and mixer.
temperature stabiliser. power supply

Set of basic component kits

Set of printed circuit boards. While stocks last

P.E.MINISONIC Mk. 2

A more sophisticated version of the Mk. 1.
Set of basic component kits
Set of printed circuit boards

ELEKTOR  “FORMANT"
Magazine 1977}
Details of component kits and PCBs are 1n our lists

GUITAR EFFECTS PEDAL (P.E. July 75)

Modulates the attack. decay and filter characteristics of an
audio signal not only from a guitar 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 effects units in our
range. Circuit does not duplicate effects from the Guitar
Overdrive Unit

£44-51
£8-05
from £64-25
£89-7M

SYNTHESISER  (Elektor

Component set with special foot operated
switches £7-59

Alternative component set with panel mounting
switches £4.96

Printed circuit board
SOUND BENDER (P.E. 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 (excl Sws)
Printed circuit board

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 into live or recorded
music.

Component set (incl PCB)

PHASING CONTROL UNIT (P.E. Oct. 74)

For use with the above Phasing Unit to automatically

control the rate of phasin
Component set (incl B)

WAH-WAH UNIT (P.E Apr 76)
The Wah-Wah effect produced by this unit can be

£1-43

£7-84
£1-81

£2-88

£2-87

£4-48

controlled manually or by the integral automatic
controlier
Component set (incl PCB) £3-55

AUTOWAH UNIT (P E Mar 77)
Automatically produces Wah-pedal
sounds each time a new note I1s played
Component set and PCB. with special foo!
switches
Component set and PCB. with panel switches

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

A five-octave electronic piano that has switchable
alternative voicing of Honky-Tonk piano. ordinary plano,
harpsichard. or a mixture of any of the three. together with
facilities including fast and slow tremolo. loud and soft
pedal switching. and sustain pedal switching. The power
amplifier typically delivers 24 watts 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

and Swell-pedal

£7-27
£4-83

Set of basic component kits for above £75-29
Set of printed circunt boards for above £20-35
Power ampilifier £15-97
Printed circunt board for power amp 95p

RHYTHM GENERATOR (P.E. Mar Apr. 74
Programmable for 64,000 rhythm patterns from 8 effects
circuits thigh and low, 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
Set of printed circuit boards for above

£36-14
£7-03

SEE OUR OTHER ADVERT FOR KEYBOARDS,

OUR LISTS FOR OTHER COMPONENTS

AND ACCESSORIES STOCKED—ALSO SOME
NEW KITS!

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

A high quality 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) (optional) £5-70

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

Component set (inc! PCB)

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

Sophisticated. versatile Fuzz unit. including vanable and
switchable controls affecting the fuzz quaity whilst
retaning the attack and decay. and also providing hitering
Does not duplicate the effects from the Guitar Effects Pedal
and can be used with 1t and with other electronic
instruments

£3-72

Component set using dual slider pot £6-86
Component set using dual rotary pot £6-20
Printed circuit board £1-62

FUZZ UNIT
Simple Fuzz umt based upon PE  Sound Design
circunt -

Component set (incl PCB) £2-03
TREMOLO UNIT
Based upon PE  Sound Design circuit

Component set (incl PCB) £3-64

TREBLE BOOST UNIT (P.E. Apr 76)

Gives a much shrilter quaiity to audio signals fed through

it The depth of boos! 1s manually adjustable
Component set (incl PCB)

ENVELOPE SHAPERS

Both of the kits below have manual control over their

Attack. Decay. Sustain and Release functions Both kits

include PCB (VCA means Voltage Controlled Amplifier)
Envelope Shaper and VCA (P E Apr 76} 6-68
Envelope shaper {without VCA} (P E Oct 75) £4.66

£2-40

VOICE OPERATED FADER (P.E. Dec. 73)
For automatically reducing music volume during
talk-over’ —particularly useful for Disco work or for
home-movie shows
Component set (inct PCB)

VOLTAGE CONTROLLED FILTER (P.E Oct. 74)

An independently designed VCF that can be used with the

P E Synthesiser
Component set
Printed circutt board

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

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

£€3-97

£3-80
€138

Basic component set (excl thyristors) £15.82
Printed circuit board for above £3-90
Power supply £5-78
PCB for power supply £1-79

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

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

operating 3 lamps each of approximately 700 watts

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

DISCOSTROBE (P.E. Nov. 76)
4.channel hght-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 tch: frequency- tones. An
LED monitor clearly displays all beat note adjustments
Ideal for tuning acoustic and electronic musicat
instruments alike
Main component set (incl PCB) £15-59
Power supply set inci PCB) £7-03

P.E. SYNCHRONOME (P.E. Mar. 76)

An accented-beat electronic metronome. providing duple.

triple and quadruple times with fuli control over the beat

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

generator Includes power supply
Comp: set (in¢l loud: k
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 sutted for use when
nter-coupling our many sound producing kits to help
avord signal over-loadin

Component set (incl PCB) (as published)

BIOLOGICAL AMPLIFIER (P E Jan. Feb. 73)
Multi-tunction 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
Baslc Output Circuits—combined component
set with PCBs. for alphaphone. cardiophone.
frequency meter and wvisual feed-back lamp-
dniver circuits £6-59
Audio Ampiifler Module Type PC7 £7-35

TAPE NOISE LIMITER
Very eftective circuit for reducmg the miss found 1n most
tape recordings All kits include PCBs

Standard tolerance set of components £2-96
Superior tolerance set of components £3-76
Regulated power supply (will drive 2 sets) £4-69
SEMI CONDUCTOR TESTER (P E. Oct. 73)
Essential test equipment lor the enterprising home
constructor While stocks last
Set of resistors. capacitors. semiconductors,
potentiometers, makaswitches and PCB £9-63
Panel meter (500uA) £5-70

&INPUT MIXER

A simple mixer having 8 inputs each of which has a preset
level control and which are combined into one output
channel having a preset over-all level controi and a master
output volume controt Designed for inter-coupling our
various sound effects and synthesiser kits

Component set incl PCB) £3.95

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 in post, add 35p n addition to above post and
handling.

Ewre. C1. BF PO. and other countries are subject to
Export postage rates

LIST—Send Stamped Addressed Envelope with all UK
requests for free list giving fuller details of PCBs. kits and
other components

OVERSEAS enquines for st send 40p

DON'T FORGET VAT!
Add 124°6 (or current rate if changed) to tull total ot goods,
post and handling (Does not apply to export orders)

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

EXPORT ORDERS are welcome. though we advise that a
current copy of our list should be obtained before ordering
as 1t also shows Export postage rates All payments must
be cash-with-order. in Sterling and preferably by
international Money Order or through an English Bank To
obtain list send 40p

PHONOSONICS -

DEPT. PES5 - 22 HIGH STREET - SIDCUP - KENT DA146EH

MAIiL ORDER AND C.W.0. ONLY
SORRY BUT NO CALLERS PLEASE
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The 'S.K.A.' Plastic Keyboard was developed by Kimber Allen Ltd. in R N Y \ .
co-operation with a Swedish company and the manutacturers state thatin therr . Kk W \
opinion it is the finest moulded plastic keyboard made and is not to be confused 7 ! \
\ \ i
1y i

with cheaper keyboards available

The keys are moulded in Acrylic plastic. a material chosen for its hard wearing A =

properties and ideal feel to the touch. They are moulded in two parts, the key

e
face, 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, feits. and contact actuators are supplied
ready-fitted.

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

-
,’y

GJ—SPCO 24p each
GB—2 pairs 27p each
GC—3 pawrs 36p each
GE—4 pairs 45p each

GH-—5 pairs 57p each
4PS—SPCO and 3 pairs 53p each
Palladium Wire Bus Bars. 1 octave
lengths 50p each 37 Note C-C Keyboard
£25-50
SEE OUR OTHER ADVERT FOR SYNTHESISER AND SOUND EFFECT KITS AND Keyboards: £1-50 each 49 Note C-C Keyboard
SEE OUR LISTS FOR OTHER COMPONENTS AND ACCESSORIES STOCKED £32-25
SEND S.A.E. FOR FULL LIST (OVERSEAS SEND 40p) Contacts: orders under £15° 25p 61 Note C-C Keyboard
orders over £15 50p £39.75

PHONOSONIGS

DEPT. PE5S5, 22 HIGH STREET
SIDCUP, KENT DA14 6EH

U.K. Post and Handling:

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

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

Mall Order and C.W.0. only—Sorry but no callers please

Prices afe correct at time ot Press. € & O.E. Delivery subject to avaltability

complete oiTAL CLOCK KITS
TEAK CASES

promp! order despatch
NON-ALARM
£10-65

+ 85p VAT

ALARM

£13-43

+£1:07 VAT
(Prices include P. & P )

58

“DELTA”

GENUINE TEAK OR PERSPEX CASE

DELTA DATA: 4 Radlant Red {in high LEDs. 12hr display with a.m./p.m.
indication. Beautiful Burma Teak Case or Pretty Perspex in white, black,
blue. red, green. Power failure is indicated by flashing display.

MODULES: Kits can be bought without case—Non-Alarm £9; Alarm £12-50
inclusive.

READY BUILT: Buy a working tested moduie and fit your own case—Non-

N Alarm £9-50; Alarm £13; Complete clock ready built. 2yr guarantee—Non-

o Outputs serial ASCH Alarm £13-50; Alarm £16-50.

code to a"_y Telety_pe ALARM FEATURES: Pulsed tone. Tilt operated 10 minute 'Snooze’  period
-compatlble device Single switch setting. Optional extra mercury switch (45p) sllows alarm
20 mA |OOD or 33232 mode reset by tilting clock. Digit brightness is automaticaily controlied to suit

36 keys giving full 64 MR T
character alphanumerics “ALPHA” ‘

The GR Electronics
Pocket TTY offers

the keyboard facilities

of a teletype - at a fraction
of the cost.

4 Glowing Green
$in high digits

12 or 24 hour. Non-Atarm Perspex Case incl.

¢ 9 digit LED display of
characters entered
o All solid-state with
optical coupling for reliability
Pocket TTY can be used for microprocessor programming.
production data entry, warehousing, mobile data collection
training and education.

Z‘;:a'#g':%c. G.R.ELECTRONICS LTD.

80 Church Road. Newport NPT 7EH. Gwent, England.

Telephone: Newport (0633) 67426
. Telex 28604 Ref: 1796

Practical Electronics  May 1977

g | G

CLOCK CHIP: AYS-1202, Only £2-70 incl.

DISCOUNT on orders over 5 kits or clocks.
Overseas airmail: Add £2-50

Send payment with order S.A.E. for complete range

Pulse Electronics Ltd

Dept. PE11, 202 Shefford Road,
Clitton Sheftord, Beds.
Telephon.e’ Hitchin (0462) 814477
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PAKS—PARTS—AUDIO MODULES

PANEL TRANSISTORS NEWNES
METERS BRAND NEW—FULLY GUARANTEED TECHNICAL

Type Price | Type Price T)ge Price | Type Price | Type Price | Type Price BOOKS
. AC126  £0-16 | BCI09B £0-08 | BCS49 *£0-12 | BFYS! £0-14 | TIP2955 £0-95 | 2M3708 *£0-07
din RANGE AC127  £0-14 | BC109C £0-08 | BCS50 *£0-1¢ | BFY52 £0.14 | TIP3055 £0-75 | 2N37OBA *£0-07
AClz8 012 | BCT47 '£0-09 | BCSS 'f0-1 | BiP19  £0.38 | TIS& 02 | aN70s +60-07 | No. 229 Beginners
Size 41 x 3} x 13in AC128K £0-26 | BC148 *£0-09 | BCS57 *£0-13 | BIP20  £0.38 | TISS0 *E0-18 | 2N3710 *£0-07 ;
. AC132  £0-15 [ BC149 *£0-09 | BC558 *£0-12 | BIP19/20MP UT46 £0-20 | 2N3711 *£0-07 Guide to
Value No. Price AC134  £0-15 | BC157 *£0-12 | BCS59  *£0-14 £0-80 | ZTX107 “£0-10 | 2N3819 £0-20 Electronics
0-50uA 1302 £4.50 | AC137  £0-15 | BC158 *£0-92 | BD115 £0-50 | BRY39 £0.45 | ZTX108 "£0-10 | ON3820  £0.40 -
AC141 ~ £0-18 | BC159 *£0-12 | BD116  £0-80 | BU10S £1-90 | 2TX109 *£0-10 | 2N3821 «g0-60 | Price £2-25¢
0-100uA 1303 €4:50 | AC141K £0-30 | BC167 *£0-12 | BOD121  £0-65 | BU105/02 £1.95 | 2TX300 *§0-12 | 5N3823  £0.40 ,
0-500pA 1304 £4-50 | AC142  £0.18 | BC188 *£0-12 | BD123  £0-65 | BU204 £1-70 | 2TX500 °£0-14 | 2N4058 +*c0-12 | No. 230 Beginners
1mA 1308 £6-00 | AC176 £0-12 | BC169 *£0-12 | BD124  £0-70 | BU205 ©1-70 | 2N1613  £0-20 | 2N40S9 *£0.14 Guide to
0-1m 0 ACI76K £0-26 | BC169C *£0-12 | BD131 £0-35 | BU208 £2.40 | 2N1711 £0-20 | 2N40B0 *£0.14
0-50V 1306 €6-00 | AC178  £0-25 | BC170 =*£0-10 | BDI32 £0-38 | BU208/02 £2-95 | 2N1883 £0-45 | 2N40B1 *£0.12 Television
AC179  £0.25 [ BC171 *£0-10 | BD131/132MP E1222  £0-38 | 2N1890 £0-45 | 2N40B2 *R0-12 :
AC180  £0-20 agnz *£0-10 5 D80 | MUEZSSS f0-80 | N183 030 | ZNe2Bd 'ro-18 Price £2-251
. ACI80K £0-30 | BC173 *£0-12 | BD1 £0-60 | MJE30S5 £0-60 | 2N2147 £0-75 | 2N4285 *£0.18 .
2in RANGE AC181 ~ £0-20 | BC177  £0-16 | BD135 £0-36 | MJE3440 £0-45 | 2N2148 £0-70 | 2N4286 +g0.18 | NO. 231 Beginners
) R ) AC181K £€0-30 { BC178  £0-16 | BD136 £0-35 | MPB113 £0-45 | 2N2160 £0-80 | 2N4287 *£0.18 Guide to
Size 2} x 13 x 14in AC187  £0-16 | BC179  £0-16 | BD137  £0-38 | MPF102 £0-35 | 2N2192 £0-38 | 2N4288 *£0-98 -
Vaiue No. Price | AC187K £0-26 Bgmo £0-25 Bmgg tg~4s MPF104 £0-39 2N2;93 ggu 2N4289 *£0-18 Transistors
. AC188  £0-16 | BC18t *£0-25 { BOI £0-54 | MPF105 £0-39 | 2N2194 £0-38 | 2N4290 *£0-18 . ;
0-50uA 1307 £3-50 1 JCIB8K 026 | BGIa2L +£0.70 | BDMO  £0.60 | MpGACs o oy | naply e | ANz -g0.13 | Price £2-25¢t
0-100uA 1308 £3-50 | AD140 £0-50 | BC183 *£0-10 | BD139/140MP MPSACE *£0-20 | 2N2218  £0-22 | 2NA292 *f0-18 | \ o 233 Beginners
0-500uA 1309 £3-50 | AD142  £0-85 | BC183L *£0-10 £1-20 | MPSASS *£0-20 | 2N2218A £0-20 | 2N4293 *£0.18 a (el
1 £3.50 | AD143  £0.75 | BC184 *£0-10 | BDIS5  £0-80 | MPSAS6 *f0-20 | 2N2219 £0-20 | 3N4S21 °50.55 Guide to Radio
0-1mA 1310 AD148  £0-60 | BC184L -£0-10 | BD175 £0-60 | OC22  £1-50 | N2219A £0-24 | 2N4923 *£0.85 ;
0-50V 1311 €3-50 | AD161  £0-36 | BC207 *£0-11 | BDI76 £0-60 | OC23  £1-50 | 2N2904 £0-18 | 2Ns135 *g0-10 | Price £2-25+
AD162  £0-36 | BC208 *£0-11 [ BD177  £0-68 | OC24  £1-40 | 2N2904A £0-21 | 2N5136 *£0-10 )
AD161/162MP | BC209 *£0-12 | BD178  £0-68 | OC25  £0-60 | 2N2905 £0-18 | 2N5138 -fo.10 | NO. 234 Beginners

MR2P TYPE £0-75 | BC212 *£0-11 | BD179  £0-75 | OC26  £0-60 | 2N2905A £0-21 | 2N5194  £0-56 Guide to Colour
AF114  £0-20 | BC212L *£0-11 | BD201/202MP OC28  £0-90 | 2N2906 €0-16 | 2N5245 *£0-28 =
Size 42 x 42 x 30mm AF115  £0-20 | BC213  *£0-11 £1-70 | OC29  £1-00 | 2N2906A £0-19 | 2N5294 £0.34 Television
: AETIE 8020 | BC2ISL 16011 | BD203 €080 | OC35  £0-90 | N2007 €020 | NS296 5035 | prioen ae
Value No. Price | AF117 0.2 Bgzu *£0-12 BD%; €0-80 | OC36  £0-90 | 2N2907A £0-22 | 2NS457 £0-32 t
0-50uA 1313 £4-80 | AF118  fo-40 | BC214L *£0-12 | BD20¥204MP OC70  £0-15 | 2N2926G *€0-09 | 2N5458 £0-32 7
01 UA 1315 £3.20 | AF124  £0.30 | BCZ37 *t0-16 ©1-70 | OC7T1  £0-15 | 2N2926Y +c0-08 | onsas9 go.33 | NO. 235 Electronic
- AF125  £0-30 | BC238 “C0-16 | BDY20 £0-80 | TICad *£0-29 | 2N29260 *0-08 | ONS531 *£0.30 Diagrams
AF126  £0-30 | BC251 *€0-15 | BDX77 £0-90 | TICAS *€0-28 | 2N2926R *£0-08 | oN§027 £0.32 :
AF127 €032 | BC251A *£0-16 | BF4S?  £0-37 | TIP29A £0-44 | 2N2926B *£0-08 | 2NB121 fo-70 | Price £1-80+
EDGEWISE AF139  £0-58 | BC301 £0-30 | BF458 £0-37 | TIP29B £0-52 | 2N3053 £0-16 | 2N§122  £0.70 £ )
} . AF180  £0-58 | BC302 £0-28 | BF459  £0-38 | TIP2oC £0-62 | 2N3054 £0-40 | 40311  go-36 | NO. 236 Eiectronic
Size 33 x 1§ x 2}in AF180  £0-58 | BC303  £0-32 | BF594 *£0-15 | TIP30A £0-50 | 2N3055 £0-40 | 40313  £0-35 Components
Cut out 24 x 11in AF181  £0-58 | BCI04 £0-38 | BF596 *£0-17 | TIP30B £0-60 | 2N3414 -£0-16 | 40316  £0.53 -
¢ : P AF186  £0-38 | BC327 *£0-16 | BFR39  £0-25 | TIP3OC £0-70 | 2N3415 *€0-16 | 40317  £0-36 | Price £1-80t
Value No MCe | AF239 £0.38 | BC328 *£0-15 | BFR40 *£0-25 | TIP31A £0-54 | 2N3416 *€0.29 | 40308  £0.38 )
0-1mA 1316 £4-05 | AL102  £0-95 | BC337 *£0-15 | BFR79 *£0-28 TIP31g £0-66 | 2N3417 +£0-29 | 40327  go-45 | No. 237 Printed
. AL103  £0-95 | BC338 ~£0-15 | BFRB0 *f0-28 | TIP3IC £0-68 | 2N3614 £0-85 | 0346  £0-42 Ay
0-500uA 1317 £4:05 1 Q0108 £1.00 | BGMO  £0.30 | BFxos  80.28 TIP32A  £0-64 | 2N3615 £0-90 | 40347  £0.55 Circuit Assembly
AUTI0 €100 | BCAT  £0-30 | BFX30  £0-30 | TIP32B £0-76 ( 2N38I6 £0-90 | 40348  £0-70 | Price £1-80+
AUN3  £1.00 | BCA6O £0-38 | BFXB4 £0-23 | TiP32C £0-80 | 2N3646 °€0-09 | 40360  £0.38
MINIATURE BALANCE/ | BCiora 008 | BG4t £0-3 | BFxas £0.34 | Tipgs £0-66  2N3702 0-08 | 40361  £0-38 | No. 238 Transistor
BC107B £0-08 | BC477 £0-20 | BFX86 £0-25 | TIP41B £0-70 | 2N3703 *£0-08 | 40362  £0.38
TUNING METER BCIO7C £0-08 | BCa7  £0-19 | BEXEY 022 | TIPAIC £0-80 | N304 00-07 | 40405 £0-40 Pocket Book
) BC108A £0-08 | BC479  £0-20 . TIP€A  £0-72 | 2N3705 *£0-07 | 40407  £0-28 3 .
Size 23 x 22 x 26mm BC108B £0.08 | BC547 *c0-12 | BFX90 *€0-55 | TIP428 £0-78 | 2N3706 *x0.0 | 40a08  co.ag | [ //c€ £3-90t
Sensitivity 100/0/100mAP BC108C £0-08 | BC548 *£0-12 | BFYS0  £0-94 | TIP42C £0-95 | 2N3707 *£0-08 | 40409 £0-52 | No. 225 110 Thyristor
No rice Projects using
74 SERIES TTL ICs Sk ana T
BALANCE/TUNING FULL SPECIFICATION GUARANTEED. ALL FAMOUS MANUFACTURERS | ”'czgf‘:g cos
Size 45 x 22 x 34mm Type Price | Type Price | Type Price | Type Price | Type Price | Type Price o. U
Sensitivity 100/0/100uA 7400 £0-14 | 7400 £0-15 | 7441  £0-64 | 7482  £0-85 | 7493  £0-40 | 74122  £0-50 MOS Digital IC
5 ! o 7401 €0-14 | 7410 £0-14 | 7442  £0-64 | 7483  £0-95 | 7494  £0-88 | 74123  £0.70 Projects for the
o rice 7402 £0-15 | 7411 £0-23 | 7445 20-90 | 7484 £0-98 | 7495 £0-75 | 74141 £0-80
1319 £2-00 7403 €0-15 | 7412 £0-23 | 7446  £0-90 | 7485  £1-20 | 7496  £0-80 | 74154  £1.30 Home Constructor
7404 £0-15 | 7413 £0-27 | 7447 £0-78 | 7486  £0-30 | 74100  £1-00 | 74180  £1.10 Price £2+25
N. LEVEL METER s 08 7414 2058 | 748 080 | 7a@D  £290 | 74110 €050 | 74181  £2.00 € t
7 . 74 ‘28| 7475 £0-48 | 7490 €042 | 74118 £0-90 | 74190  £1.50
M.I L 7407 £0-30 | 7417 £0-28 | 7480 £0-50 | 7491 €075 | 74119 c1.85 | 74198 g2.00 | NO. 226 110 Opera-
Size 23 x 22 x 26mm 7408 £0-15 | 7440 £0-15 | 7481 £0-95 | 7492 £0-45 | 74121 £0-30 | 74195 £1-90 tional Amplifier
Sensitivity 200uA Projects for the
N Price
13°20 08 CMOS Ics Home Constructor
Price £2-50t
Type Price | Type Price Type Price Type Price | Type Price Type Price H
Vu METER CD400 £0-14 | CDA0T2 £0-18 | CDa022 £0-95 | CD4031 £2.20 | CO4046 £1-30 | Codort ro-28 | 'NO- 242 Electronics
: CD4001  £0-18 | CD4013  £0-50 | CD4023 £0-18 | CD4035 £1.05 | CD4047 £1-90 | CD4072 £0.28 Pocket Book
Size 40 x 40 x 29mm CD4002  £0-18 | CD4015 £0-90 | CD4024 £0-72 | CD4037 £0-95 | CD4049 £0-55 | CD4081 £0-18 Price £3-75¢
Sensitivity 130uA CD4006  £0-98 | CD4016 £0-50 | CD4025 £0-18 | CD4040 £0-95 | CD4050 £0-55 | CD40s2 £0.28
N Price CD4007  £0-18 | CD4017  £0-90 | CD4026 £0-98 | CD4041 £0-82 | CD4054 £1.20 | CD4510 £1.30 No. 239 30 Phot
o. CD4008  £0-95 | CD4018 £1:00 | CD4027 £0-60 | CD4042 £0-82 | CD4055 £1-20 | GD4511  £1-60 (@ oto-
1321 £2-00 CD4009  £0-55 | CD4019  £0-52 | CD4028 £0-85 | CD4043 £0-98 | CD4056 £1-40 | CD4516 £1.40 electric Circuits
CD4010  £0-55 | CD4020 £1-10 | CD4028 £1-15 | CD40ss £0-54 | CD4069 £0-40 | GD45I8  £1.08
CD4011  £0-18 | CDA021 £0-98 | CD4030 £0-55 | CD4045 g£1.40 | OD4070 £0-40 | CD4520 £9.25 and Systems

MINI Price £1-801
MULTI'METER LI N EAR |CS Just a selection from our

Size 60 x 24 x 90mm huge stocks!

- i Price P i Type Price Type Price Type Price Type Price
Sensitivity 1000 ohms/V ke wea | e s | Thea  -wa SEE OUR
A.C. VOLTS 0-10, 50, 250, 1000 1211 *£0-32 72748P 0038 TAABG1A  *€1-50
UATZIC 1050 | SNZGOIBN  'C1-40 | TADI0D 0130
D.C. VOLTS 0-10, 50, 250. 1000 e B | S e | o un | 1977 CATALOGUE
D.C. CURRENT 0-1 100mA I7J2A71l‘1C '[0-;: smeng {180 | TBAGIB 0225 | 126 pages packed with
: €0 SNB115 (1.9 | TBABDD  *00-80 : ;
HQS’;'a"CG 0-150k 02 price P e | s 075 | TBAnos foos valuable information
o AMIC (2070 | SL4G3D 0175 | TBASW  roesg
1322 £5-95 7747 “0-79 | SLiA 6175 | TBA®0Q 5340 ORDER NOW

UAT48 03 | TAmsss 03 | TCAZS  t30 | ONLY 80p plus 15p p. & p.

2 50| NESss :

P&P # | veea o :

Postage and Packing add 25p : : .
unless otherwise shown. Add extra d . i
for airmail. Minimum order £1 1095 | MC1486L - :

PO BOX 6, WARE, HERTS
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THE ‘NUTS & BOLTS’ OF THOSE PROJECTS

2nd Grade L.E.D.s

A pack ot standard sizes and colours which tall to pertorm
to their very ridged specification. but which are ideat tor
axpefiments

Order No. 1507 £0-90
L.E.D. CLIPS

Size Order No. Price

Pack of 5 0 125in 1508/0 - 125 15p

Pack of § 0-2in 1508 0-2 30p

Practical Electronics

May 1977

TRANSFORMERS NUTS AND BOLTS SWITCHES
MINIATURE MAINS Primary 240V BA BOLTS packs of BA threaded cadmium-piated Description No. Price
with two independent secondary windings screws, slotted cheese head. DOPDT miniature slide 1973 £0-10*
No. Type Price Supplied in muitiples of 100 DPDT standard slide 1974 £0-12*
2024 MT280 06V, 0-6V AMS £1-30* Type No Price Type No Price Toggle switch SPST
2025 MT150 0-12V. 012V RMS £1-30° 1in 0BA 839 £1-12 1in 4BA 845 £0-5% 1} amp 250V a.c 1975 £0-33*
#n 0BA 840 £0-83 n 4BA 846 £0-38 Toggle switch DPDT
MINIATURE MAINS Primary 240V 1in 2BA 842 £0-69 'n 4BA 847 £¢-33 1amp 250V a ¢ 1976 £0-36*
No Secondary Price Hin 2BA 843 £0-54 1in 6BA 848 £0-50 Rotary on-oft mains switch 1977 £0-42*
2021 6V-0-6V 100mA £1-30° iin 2BA 844 £0-63 $in 6BA 849 £0-30 Push switch—Push to make 1978 £0-13*
2022 GV-0-9V 100mA £0-85* 1in 6BA 850 £0-33 Push switch—Push to break 1979 £0-18*
2023 4 12v-0-12V 100mA £1-30*
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 6vV-0-6V 1 amp £2-70* P &P 30p 0BA 855 £0-90 4BA 857 £0-42 moulded in high nsula- WHITE 1982 £0-22*
2027 9V-0-9V 1 amp £2-20* P &P 3p 2BA 856 £0-60 6BA 858 £0.36 tion. Maler'ml 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 £2-90° P &P p BA washers—flat cadmium piated plain stamped wasnhers for small apparatus LUMINOUS 1985 £0-22*
o suppiied in multiples of 100
2030 30V-0-30V 1 amp £3-80 P. & P. 30p Type No Price Type No Price Dn_crlpllon No. Price
. DBA 859 £0-19 4BA 861 £0-15 Miniature SPST toggle, 2 amp
STANDARD MAINS Primary 240V 2BA 860 €0-15 6B, 86 £0-12 250V a.c. 1958 £0-50*
Multi-tapped secondary mains transformers available in 2 2 ’ Miniature SPST toggle, 2 amp
+ amp, 1 amp and 2 amp current rating. Secondary taps | SOLDER TAGS-—hot tinned supphed in multiples of 100 250V a.c 1959 £0-55¢
are 0-19 Z&QG—AO—SOV Type No Price Type No. Price Miniature DPDT toggle, 2 amp
Voltages available by use of taps: 0BA 851 £0-62 4BA 853 £0-30 250V ac 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
20031 Rating ':;'c‘er 260 6 oft. 2 amp 250V a.c 1961 £0-85°
ey T (4 INSTRUMENT CASES. In two sections vinyl covered top Push button SPST. 2 amp
2032 1 amp £4-40 P & P S0p 250V a.c. 1962 £0-65*
45" p P and sides, aluminlum bottom, front and back.
2033 2amp £5 & 85p Push button SPST. 2 amp
No. Length WI_dlh Helght Price 250V a.c 1963 £0-68*
AUDIO OUTPUT Primary 1-2k(, Secondary 5 onms 185 8in 53in 2in £1-40% | o 8 button DPDT. 2 am,
200mwW Dimensions 20 x 16 x 15mm 156 ihin] 6in an £1-80% Va.c : g 1964 £0-80*
Order No. 2037 £0-25* :gg gm ‘;*'" 13in :1-2:' :
n i . *
MINIATURE INTER/DRIVER ' " K £ MIDGET WAFER SWITCHES
Primary 20k, Secondary 1k(1, Ratio 5 1 ALUMINIUM BOXES. Made from bright all., folded Single-bank wafer type—-suitable for switching at 250vVa.c.
Order No. 2038 £0-23* conatruction each box complete with haif inch deep lid 100mA or 150V d c. in non-reactiver joads make-before-
and screws. break contacts These switches have a spindle 0-25in dia.
LT710 MIN. INPUT No. Length Width Height Price and 30" indexing
Primary 100k0, Secondary 1k, 15 x 13 x 13mm 159 5Lin 2iin 14in 62p* | Description Order No. Price
Order No_ 3051 £0.42* 160 4in 4in 1}in 62p* | 1pole 12 way 1965 £0-48*
161 4in 24in 1}in 62p* | 2pole 6 way 1966 £0 - 48*
LT711 MIN. DRIVER 162 5}in 4in 15in 74p* | 3 pole 4 way 1967 £0-48*
Primary 10kQl, Secondary 2k, C.T. 15x13x 13mm 163 4in 24in 2in 64p* | 4 pole 3 way 1968 £0-48*
Order No. 2040 £0- 35~ 164 din 2in 1in 44p*
165 7in 5in 24n £1-04* MICRO SWITCHES Order No. Price
LT712 MIN. OUTPUT 166 8in 6in 3in £1.32* | Ptastic button glves simpte
Primary 500 ohm. Secondary 8 ohms. 100mwW, 15 x 13 167 6in 4in 2in 86p* on-off action
13mm Rating 10 amp 250V a.c. 1969 £0-20
Order No 2041 £0-28* Button gives 1 pole change
BRIDGE RECTIFIERS over action ’
LT717 MIN. INPUT Rating 10 amp 250V a.c. 1970 £0-25
Primary 150k(1, Secondary 1k(1, 20 x 15 x 15mm SILICON 1 amp
Order No 2042 £0-52* | Type Order No Price
S0V AMS BR1/50 £0-25
LT719 MIN. INPUT 100V RMS BR1/100 £0-28
Primary 20k, Secondary 1k, 20 x 15 x 15mm 200V RMS BR1/200 £0-30 DISPLAYS
Order No. 2043 €0-32* 400V RMS BR1/400 £0-35
Type Order No. Price
LT722 MIN. DRIVER SILICON 2 amp BOL707 0-3in single 1510 £0-80
Primary 10k(), Secondary 2k, C T.. 20 = 15 x 15mm 50V RMS BR2/50 £0-40 BDL747 0 -6ir single 1511 £1-50
Order No 2044 £0-32* 100V RMS BA2 100 £0-45 BOL727 0 5in double 1512 £1-80
200V RMS BR2 200 £0-50
LT724 MIN. QUTPUT 400V AMS BR2:400 £0-585 COLD CATHODE ITT 5087 ST
Primary 1-2kQ C.T.. Secondary 3-2 and 8 ohm. 200mW, 1000V RMS BR2:1000 £0-65 side viewing indicator tubes Displays 0-9 and decimal
Dimensions 20 = 15 x 15mm - points Wldz viewing angIs:operaleshlrgT‘ ‘B%I ;mn 16k
Ord: 204 £0-38* series anode resistors—character height mm pin
R LD S 0 FUSE HOLDERS AND FUSES connections supplied
LT726 MIN. QUTPUT Description Order No. Price Order no. 1513 Price £0-60
Primary 500 ohm, Secondary 3 2 and 8 ohm, 200mw 20mm x 5mm chassis mounting 506 £0-07*
(D).r:anzongoz‘%x 15 x 15mm P 1jin x yin chassis mounting 507 £0-10*
rder No N 1}in car inline type 508 £0-20"
LT726 MIN. DRIVER Panel mounting 20mm 509 £0-22 VOLTAGE REGULATORS
b Panel 1 b -
Primary 1k C.T. Secondary 500 ohm C T. Dimensions ) (i) G50 S £0u28 Positive Regulators TO220 case
25 5 20 x 20mm QUICK BLOW 20 MVR 7805 5V £1-35 MVR 7815 15V £1-2§
mm . .
Order No. 2047 £0-43* Type No Type N Type % MVR 7812 12V £1-35 MVR 7824 24V £1-25
150mA 611 1A 615 3A 619 Negative Regulators T0220 case
LT729 MIN. QUTPUT 250mA 612 1-5A 616 4A 620 B Y *
A 7905 5V £2-00 MVA 7915 15V £2-00
Primary 200 ohm C.T.. Secondary 3-2 and 8 ohm. 400mW. | 550mA 613 2A MY,
Dimansions 25 x 20 x 20mm B o o g:g 5;" - “::1 MVR 7912 12V £2.-00 MVR 7924 24V £2-00
Order No 2048 £0-39*
ANTI-SURGE 20mm
LT730 MIN. OUTPUT Type No Type No Type No
Primary 500 ohm C.T.. Secondary 3 2 and 8 ohm. 500 mW 100mA 622 1A 625 2754 628 OR E
Dimensions 25 x 20 x 20mm 250mA 623 2A 626 3 15A 629 D RI NG
Order No. 2049 £0-42° 500mA 624 1.6A 627 SA 630
All 7p each PLEASE WORD YOUR ORDERS
et I G EXACTLY AS PRINTED, NOT
olSol 2k ype o Type  No Type  No FORGETTING TO INCLUDE
Type Size Order No. Colour Price 250mA 631 S00mA 632 800mA 634 OUR PART NUMBER.
TiL209 Q 125in 1501 RED 12p All 7p each
T2 0 125in 1502 GREEN 25p Type No Type No Type No
TIL213 0-125ln 1503 YELLOW 25p ‘AGA ggg §A5A ggg gﬁ 641 VAT
FLVH15 0-2in 1504 RED 12p 642 19/ *
FLV310 0 2in 1505 GREEN 25p | 2A 637 All 6p each o)y 1027 > TO PRICES MARKED
FLV410 0 2in 1506 YELLOW 25p ADD 8% TO OTHERS EXCEPTING

Just & selection from
our huge stocks®

SEE OUR
1977 CATALOGUE

126 pages packed with
valuable ‘nformation

ORDER NOW
ONLY 50p

plus 15p P & P

THOSE MARKEDt. THESE ARE ZERO

BI-PAK

Dept. P.E.5, P.O. Box 6, Ware, Herts

COMPONENTS
STREET, WARE, HERTS

SHOP: 18, BALDOCK
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/ THE BD2/A

Based on the popular BD2. the new BD2/A offers the hi-ti enthusiast all the
features usually associated with Connoisseur turntables. such as low rumble.
wow and flutter. plus the addition ot an automatic pick-up arm lift-off at the
end of the record. This is achieved by an ingenious. though simple. electro-
magnetic system. which avoids having any physical contact with the pick-up
arm. It is possible, therefore. to use top quality cartridges. tracking at less
than one gram. without putting any extra side pressure on the stylus

The BD2/A comes either as a chassis madel. or mounted on a slimline plinth.
standing on rubber anti-vibration feet. finished in genuine American walnut.
and fitted with a bronze. hinged dust cover. For those with restricted space.
a compact plinth measuring only 13}” x 15}" x 5;” is still available
Specification

Rumble - 65dB when measured in accordance with DIN 45539 using

weighting network. referred to 7cm/sec. at 330Hz.

Wow and flutter - Less than 0-1%

Hum leve!-80d8.

Ask your local hi-fi dealer. or write to the factory. for further detaits.

Manufactured by: A. R. Sugden & Co (Engineers) Ltd., Atlas Mill Road. Brighouse, West Yorkshire, HD6 1ES.
‘Telephone: Brighouse (0484) 7121421. Telegrams & Cables: Connoiseur, Brighouse.

‘S 4 w6 .

F |">|ng

= Wired ready for us’e” . “‘-__ <o _.1 ‘
“7‘" : : ” ?gg::"°c:3:::a lamgs i‘as_s \ ‘* ﬁi’ - ) egzgs
that flash mdeoel"ad:dor:\ QES
THE e at - Fiting £10-35
CAPACITIVE DISCHARGE ELECTRONIC ound to L. £103
s MASTER UNTT ~55 | TYPE SPOT

THE NEW, HIGHER RELIABILITY VERSION OF THE P.E. CHANNEL less lamp)
“SCORPIO MK II'" IS NOW AVAILABLE IN KIT FORM! Our g ~ £3u 95 m———

thousands of satisfied customers report:
INCLUDWG CHAY

M _ VTPUT PuGs AuD’L
ore miles per gallon (customers reports give 10%-25% saving all3
—letters availabie) —
BC Fiting | €5 Frerme
Fite;
An increase in overall performance—your 4 cylinder car feels like BANK UNIT £].955hl ong
a 6 cylinder (Less Lamps) £2.‘,2m

No more coid morning splutters—saves you even more petrol
through much less use of choke.

The price? A snip at only £16-50, fully inclusive of all parts,
instructions, postage/packing and V.A.T. (ready built unit
A available-—£19-85 fully inclusive)
]

parts to high specification, first quality and brand new

Construct this invaluable accessory, following our easy step by step b 4 3‘|‘l‘m-:s

;nstructi'ons (also available separ%tely, price 30p post paid). Send c . '£3-90 lless lamps)

or our free interesting six page brochure—''Electronic Ignition— o

How it Works'" (S.A.E. Please) to: B.L. o £, Fiivey ?.ﬁ.,,gﬂflsﬂ E,(s"ngslz‘cnn
- Al — o —

ELECTRO SPARES - .
: ALBEN ENGINEERING CO.LTD,
Dept. P.E., 187a Sheffield Road, Chesterfleld, Derbyshire DEPT PE THE CRESCE WORSTHORNE

$41 7JQ. Telephone: Chesterfield (0246) 36638

BURNLEY. LANCS. Tel Burnley 20940
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NEW VOICE FOR COMPONENT INDUSTRY

e formation of the Electronic Components Industry
Federation (ECIF) by a marriage between the Radio and
Electronic Component Manufacturers’ Federation and the
Electronic Components Board provides the UK components
industry with a single and powerful voice to represent its
interests. ;

The creation of this new body coincides with the recognition
by the Government of the component industry’s importance to
our economic affairs. For the electronic component industry is
one of five selected industries from an original list of 40, that have
been deemed of strategic importance for the future. With this
recognition comes the establishment of a Department of
Industry support scheme for British-based component makers,
with an initial sum of £20m to be made available. The new
streamlined association ECIF will be working in very close co-
operation with the NEDO Sector Working Party on components.

The ECIF is important in that it represents about 90 per cent
of the entire component manufacturing business in the United
Kingdom. The list of 145 member companies embraces the smaller
firms, many of these producing the less exalted components
without which the glamorous components like semiconductor
devices would be deprived of their chance to shine, as well as
the big companies with household names. Included amongst
the latter are well-known American semiconductor makers who
have established factories in the UK.

But the exclusion of ether well-known names in the semi-
conductor field is equally notable. General Instrument Micro-
electronics, for one, has a manufacturing establishment in
Scotland and many of their current i.c. devices have been
designed and developed here. Yet this multi-national company
has declined the invitation to join ECIF. Apparently GIM are
rather sore at being treated as ‘‘foreigners” whenever there is
any Government hand-out to help finance research and develop-
ment work by UK firms. So they feel reluctant to chip-in for the
common cause by contributing to an organisation such as
ECIF.

Wholly British owned firms such as Ferranti, GEC and
Plessey have, from time to time, received financial backing from
the Government. This is part of a determined‘effort to strengthen
the indigenous semiconductor industry. But facts of life con-
cerning the semiconductor industry in general suggest that
those US firms that have set up development and manufacturing
facilities in the UK should be equally encouraged in their
efforts, which do of course contribute directly to our economy.
On the very important technological plane, these companies
keep the UK in the main stream of big developments originating
in their home bases across the Atlantic. How better to encourage
them develop their roots over here than by making them eligible
for consideration for financial backing? There are signs that the
Government is beginning to think this way; if so, any coolness
towards the ECIF will no doubt disappear and that body will
become all the more relevant to the component situation in the
UK and thus be better able to fulfil its intended purpose: to
help maintain a thriving and forward looking components
industry in this country.
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ELECTRONIC organ fans will be familiar with the
pleasant sound produced by a Leslie rotating
type loudspeaker unit, and most would probably agree
that what gives rise to this pleasing effect, is the
mechanically induced phase modulation of the sound.

E

Organ

-MOLIO

By L. F. Reeve

It may seem sacrilegious to suggest that there are other,
more flexible and less clumsy ways of achieving phase
modulation of audio signals, but an organ which has
enjoyed almost legendary popularity over the years,
does produce its modulation at the electrical signal
stage. The Hammond AI00 employs an electro-
mechanical device consisting of a short period delay
line, which is mechanically scanned in such a way as
to induce undulating phase changes in the signal,
controllable at the keyboard.

The circuit described in this article goes one stage
further, producing an aural appeal virtually equal to
the ‘“‘true Leslie effect”, by a completely electronic
process.

QUTPUT
T0 PA/LS
PHA 1)
SING STAGES 7 EXTENSION LED ORWE OSCILLATOR
E > o
n7% CS o
W 0 WF
PUT R19
N u €3 18102
FROM = PROO022F
ORGAN 1 I._
221
R12
Rt
B TR3
L
c? R22 n2o
BC108 0pF |0uF’ 22l 18It

R11
68001

1

I

|

10K1 |
1

1

KEYB0ARD TREMOLO CONTROL

Fig. 1. Circuit diagram of Organ Tremolo Unit. LED1 is optically coupled to R23, and likewise LED2

with R24
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Fig. 2. (a) Vector diagram of inductive stage. (b) Capacitive stage. (c) Phase shift versus frequency

TREMOLO EFFECTS

The unit was specifically designed for injecting
phase modulation into the electrical signal available at
the organ's auxiliary output socket; this signal then
being fed to a conventional power amplifier loud-
speaker extension. The tremolo speed is approxi-
mately SHz, which will blend acoustically with the
tremolo from the organ’s Leslie speaker system, regard-
less of the latter’s precise speed. With both tremolos on,
the effect is similar to theatre organ tremolo, and a
modified effect can also be obtained by running the
organ’s unit at “chorus’ speed (about one cycle in 15
seconds), with full external tremolo. If the control of
the external tremolo is now eased back to a low level,
a very reasonable ‘‘straight’ organ sound is obtained.

Although the author disliked the idea of having both
the internal and external units running at chorus speed,
there is no reason why an experimental oscillator,
running at the slower speed, should not be added to
this unit in conjunction with suitable changeover
switching.

Obviously the electronic tremolo unit can be used
on its own, with an organ not fitted with its own system.
In this case the tremolo unit and the PA/LS extension
can be regarded as a relatively inexpensive alternative
to a rotation loudspeaker type extension, with consider-
able improvement in tone ambience as a whole.
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CIRCUIT DESCRIPTION

Referring to the diagram in Fig. 1, the organ signal
passes through two phasing stages, and then a con-
ventional output stage. The first stage contains an
inductance/resistance combination and the second
stage, a capacitance/resistance combination, the latter
being subjected to a 180 degree phase inversion by the
second transistor.

The resistance element in each case is a light depen-
dent resistor coupled to a light emitting diode, and
mounted in a light-proof container.

The oscillator section (TR6 and TR7) drives the two
transistors TR4 and TRS through the tremolo control
potentiometer VR4. Because TR4 is npn and TRS is
pnp the two led.s are driven in antiphase. This
causes the respective resistances of R23 and R24 to
swing alternately between the arbitrary limits of 5kQ
and 20kQ.

The phase changes imposed on the signal by the two
stages are shown in Figs. 2a and 2b, and as can be seen,
the inductive stage creates the phase lag 0,, and the
capacitive stage produces a phase lead of «,. The
maximum total phase variation for any given frequency
can be read from the graph in Fig. 2c, and this is
0, + o, degrees. The plots were produced mathemati-
cally with formulae derived from the vector diagrams.
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ORGAN TREMOLO BOARD
COMPONENTS . . .

Resistors

R1  33kQ R13 47kQ

R2  47kQ R14 47kQ

R3 100k R15 1kQ

R4 1.5k€) R16 330Q

R5 1.5kQ R17 1.5kQ

R6 27k R18 1.2kQ

R7 1kQ R19 18kQ

R8 1kQ R20 18kQ

R9  27kQ R21  150Q

R10 2:2kQ R22 2:2kQ*

R11 680Q R23 ORP12 l.d.r.
R12 1kQ R24 ORP12 i.d.r.
All $W carbon 5% min

Potentiometers
VR1 4.7kQ
VR2 100k
VR3 100kQ
VR4 10k linear slider
VR5 2202
VR6 10kQ
All miniature horizontal presets
unless otherwise stated

10-5mm

Smm

PLASTIC
CABINET
FoQr

ORP12

-12v ov L 3
©)

L ] Ld * * RY *
SUPPLY OUTPUT

Capacitors
C1  4.7uF tantalum bead
C2 100u.F 16V Teletron
C3  0-022uF polyester
C4  470uF 16V Teletron
C5 0-1uF or 4. 7uF*
C6 10uF 16V elect
C7 10uF 16V elect
C8 470u4F 16V Teletron
C9 1uF 25V elect. or tantalum
C10 1uF 25V elect. or tantalum

Inductors
L1 800 turns of 40 s.w.g.
enamelled copper wire
on FX2239 ferrite pot
core assembly*

Semiconductors
TR1-TR4 BC108
TR5 BCYT70
TR6-TR7 BC108
D1-D2 02 inch dia. red
(must be clear encapsulation)*

RS :b TR 82 8
<, e C, e
AL B + "é

Miscellaneous
0-1 inch Veroboard (127 x 95mm)
Veropins
2 X rubber bushes for l.e.d./l.d.r.
subassembly*
* see text

CONSTRUCTOR'S NOTE
The following components:
Clear encapsulated red /.e.d.

Suitable plastic cabinet feet for
optical couplers

Ferrite pot core assembly, and
suitable wire,
are available from:
Fig. 3. Component layout on 01 inch Veroboard. Greenweld Electronics, 443
The arrangement of the optical couplings using Milibrook Road, Southampton
cabinet feet is shown SO1 0HX.
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From the trigonometrical ratios applicable to a
right-angle triangle:

ol .
Tan 0, = — ..... equation (1}
It can be shown that @/, —= 2/, degrces.
Since ¢/, = 90 — /), degrees
180 — 0,

and also /; = 3

degrees.

180 — 1/,

Therefore 90 —0/, = =
Multiplying by 2: 180 — 2/, = 180 —0,

0y =20,..... equation (2)
Combining equations (1) and (2) we get
ol
01 = /) tan"l(i)

orfly =2 tan—‘(277 fL)

Similar rules define %, as being 2 tan=! (27 fCR).

The graphical plots of these formulae correspond
closely to measurements taken with the unit in opera-
tion.

Most electronic organs have a high signal level at
their extension output sockets, and for this reason the
value of 33k€ has been chosen for RI, to give an
audio output signal which is about — 10dB with respect
to the input level. This attenuation can be reduced if
required, by lowering the value of R1. '

The purpose of R22 is to regulate the maximum
depth of tremolo available at VR4, The value of 22k Q
found suitable in the prototype, can be changed up or
down in value, to cover tolerances in l.e.d. performance.

Capacitor CS should be 0-1xF for a 200k output,
or 4 7uF for a 10k Q impedance output.

If the second oscillator is required for the chorus
effect, it can be constructed using the same circuit as the
oscillator section of Fig. 1, and making R19—22kQ,
R20—12kQ, C9—10uF||4-7uF (14-7uF), and CI10
—50uF. The decoupling components R21 and C4
may be omitted in this instance. The period of oscilla-
tion is about 1 to 15 seconds.

CONSTRUCTION

The two lLe.d./l.d.r. sub assemblies need no explana-
tion, being put together as indicated in Fig. 3. It
should be borne in mind that the l.e.d.s are required to
be withdrawn from their housings, to carry out the
adjustments detailed later.

The winding of the inductor coil can be done using
a handbrace held in a bench vice. The bobbin is
lightly clamped between two oversize washers on a
50mm long 2BA screw, and secured with a nut, the
end of the screw being held in the handbrace chuck.
The nut is lightly tightened, after the bobbin has been

/centred to rotate concentrically. It is advisable to clean
the end of the wire and anchor it to the chuck with
adhesive tape, before starting to wind.

Have a piece of sticky tape cut to size and ready to
wrap around the coil after the 800 turns of 40 s.w.g.
enamelled copper wire have been wound on. There is
plenty of room on the bobbin, and ordinary ‘“pile”
winding is satisfactory.

The coil ends should be brought out of diametrically
opposite slots, which after assembly of the inductor,
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are soldered to the pins as shown on the circuit board
layout. An carth connection is soldered between the
fifth pin, and the adjacent clip.

Components are mounted on Veroboard, the
layout of which is shown in Fig. 3. It is recommended
that the complete panel should be mounted in a vacant
space inside the organ’s housing, to allow the audio and
tremolo control connections to be made more readily.
The only outgoing signal will then be the phase processed
output lead.

POWER SUPPLY

The total current consumption of this 12 volt
positive earth system is 25mA, and may be available
from the organ’s supply. If this is not possible, and a
mains power pack is not desired, then two PJ996 or
similar batteries would provide a generous source of

supply.

ADJUSTMENTS

(1) Before switching on, VR2 and VR3 should both
be turned to an almost fully clockwise position, thus
cutting off TR4 and TR5.

(2) After switching on, VRS and VR6 should be
adjusted to obtain a sinusoidal waveform from the
oscillator. This is best done by connecting an oscillo-
scope across VR4, but it can also be done by ear, as a
non-sinusoidal waveform will produce audible har-
monics if connected to the P.A./L.s. extension. This of
course would be done after installation,

(3) With zero drive from the oscillator, and with the
le.d.s removed from their housings, turn VR2 anti-
clockwise until LED! begins to glow. Similarly turn
VR3 anticlockwise until LED2 begins to glow. Replace
the two l.e.d.s in their housings.

(4) Adjust VR1 to the point where the unit accepts
full organ signal without overloading.

This completes the adjustments, and the unit should
now be ready for use.




Tl-us alarm is suitable for all types of security
application, in a house, shop or any other place
that needs to be protected from an intruder.

It can be used with open and closed circuit sensors,
and is of bridge design to give the maximum protection.
Entry and exit delays are provided, allowing one to
enter and leave the building without need for a key
switch at the door.

The alarm is run from internal batteries, an HPI
was used in the prototype. This battery will give up to
six amperes. Since tbe unit consumes only 10mA in the
Guard condition, the cost of providing a mains power
supply unit was hardly felt to be justified.

THE CIRCUIT

As will be seen from Fig. 1, the alarm is built around a
741 operational amplifier, operating in the open loop
mode as a voltage comparator. The alarm voltage V,
is set by the divider chain comprising resistors Ry and
Ry. The voltage at the junction is applied to the inverting
input (pin 2) of ICI. A similar voltage V, is set on the
non-inverting input (pin 3) by the potential divider
formed by R1, VRI and R2.

Providing that V, remains more positive than V,, the
output of the 741 (pin 6) will stay at about two volts.

COMPONENTS . . .

Resistors
R1, R2 3.9kQ
R3, R4 39kQ
R5 12kQ2
R6 22k Q2
R7 560€
R8 47Q
R9 220Q21W
All unspecified resistors +W

Potentiometers
VR1  50k€ lin. VR2 1MQ min. preset

Capacitor
C1 470uF 16V electrolytic

Semiconductors
TR1 BFY51 TR2 TIS43
IC1 741 D1 1N4148
CSR1 BTY79-400R (400V 6A thyristor)

Miscellaneous

St Push-on, delay switch (see text)

S2 3-pole, 4-way key-operated switch*

S3 S.P.C.0. microswitch

RLA D.P.C.O. relay, 185Q 12V coil, continental
type

WD1  Audible warning device, 12V (RS Compo-
nets 248-808)

LP1 12V lamp with holder, green lens

LP2 12V lamp with holder, red lens

B1 HP1 battery

Plug for B1; heat sink for CSR1 (see Fig. 2);
socket for IC1 (if required); 12-way
terminal strip; aluminium box (see text);
alarm bell, 12V; Ry, Ry and sensors (see
text)

*The key-operated switch is available from F & G

Electronics (Manchester), 28 Middleham Street,

Manchester M14 7ING
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In this condition, the forward bias on TRI is not
sufficient for RLA to be energised. If, however, the
resistance of line A increases or line B decreases,
the balance will be upset, changing the state of the
input stage and making the output rise to about 10
volts. As soon as this happens, transistor TR1 will
saturate and energise relay RLA/2. When the unit is in
the Guard condition, the relay will latch when set off,
thus keeping the bell powered. The only way to stop it
is by means of the key-operated switch S2.

When the alarm is triggered, power will be applied
via RLA2 and S2c to the timer, based on the unijunction
TR2. The delay, set by the charging rate of Cl via
R6/VR2, will allow up to eight minutes to enter and

_switch off the alarm. Power will also be applied to an
audible warning device WDI, to indicate that the
timer has started. The bell will not ring until the timer
has completed its cycle and fired thyristor CSRI.

A microswitch S3 fitted to the case operates if the
lid is opened. The switch contacts place a short circuit
across the gate and anode of the thyristor, causing the
bell to ring if the unit is tampered with.

EXIT DELAY

The exit delay is simply a push-to-make, delay
switch S| connected across the base emitter junction
of TR1 to hold off the alarm until the exit door has
been closed. This type of switch is intended for use on
the stairways of blocks of flats, etc. turning the
lights on when pushed, but turning them off again
after a period of a couple of minutes or so, depending

upon its setting, to save power. Such switches are
available from most good electrical shops.

If an intruder enters he will not be able to silence
the alarm by pushing S, as the relay will have latched
on via its contact RLA1. Lamps LPi and LP2 are for
setting the unit, and for indicating the state of the
alarm loops when switching the unit on. If the alarm
loops are upset, RLA will be energised, illuminating the
red lamp instead of the green when S2 is turned to the
Set Balance position, The doors and windows should
then be checked before turning S2 to Guard, otherwise
the bell will ring.

Resistor R9 maintains a holding current of about
30mA through the thyristor, which would otherwise
switch off when the bell trembler contacts open.

CONSTRUCTION

The prototype unit was built in an aluminium box
180 x 205 % 75mm, large enough to accommodate
the battery and all the electronics. Most of the com-
ponents are mounted on a printed board, as shown in
Fig. 2. Of the remainder, VRI, LPI, LP2, SI and S2
are mounted on the lid, and the audible warning
device is mounted at the top of the box, with a hole to
let out the sound. All external connections are made
via a 12-way terminal strip.

SETTING UP

To set up the alarm, fit Rx and Ry, which can be any
value from 10kQ to 56k£. In the prototype system,
33kQ and 27kQ were used. Place the key in S2 and

o

by

©] ING1LB

Ll ]

VR1
50k

EXIT
DELAY

Fig. 1. Circuit diagram of the complete burglar alarm. The values of Rx and Ry are
discussed in the text. Circled numbers identify connections to the 12-way terminal block
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Burglar Alarm Board

25
HEATSINK FOR CSR1
(16 SWG ALUMINIUM)
VIEWED FROM
COMPONENT SIDE

RLA GLUED TO BOARD.
PINS UPWARDS s2c(4)

S2b 2b S2c
[WPER) (3&44) [WIPER) P2 P B+

e— e J
@
8 I 3
o R1 v
- S - X D
®
b 2
|—a » g
'\ HEATSINK
t—a ry —C—0—
e
®
— - ®
l =
ol bo J '
CHASSIS s20(21380)

Fig. 2. Printed board pattern shown full size and component layout. The thyristor
heat sink is in contact with the mounting stud (anode) and is therefore live. Keep clear

of earthed metalwork or wiring )
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turn to Set Balance. Adjust the balance potentio-
meter VRI to the point where the green lamp just comes
on, then remove Rx and short out Ry in turn. In each
case the green should go out and the red come on.
This indicates that all is well.

Next turn S2 to Test, and as before open and short
circuit the resistors. The relay should latch and not
reset until S2 is returned to Set Balance.

To set the timer, connect two links, one from No. 7
on the terminal strip to battery positive, and one from
No. 8 to battery negative. Disconnect the audible
warning device to stop the noise while setting up.
Connect a 12 volt lamp to terminals 9 and 10 to
indicate when the thyristor has fired, and adjust preset
VR2 to give the required delay.

The only remaining item to be tested is the tamper
switch. To do this remove all the links and reconnect
the audible warning device. Remove the temporary
lamp from terminals 9 and 10 and wire in the bell.
Turn S2 to Guard, i.e. alarm on, and remove the lid,
whereupon the bell should ring.

The setting of VRI should be checked when the
unit is installed with the externa! sensors connected to
lines A and B. These sensors may be reed switches.
microswitches, pressure mats, etc. as required.

To make the alarm more difficult for an intruder to
bypass, line A and line B can be run in one four-core
cable. The intruder will then not know the correct
ones to cut or join.

NEWS BRIEFS

First UK Conference on DIY Gomputing

A ONE-DAY conference entitled *‘Build Your Own

Computer” is being staged by Online Conferences at
the Institution of Electrical Engineers, Savoy Place,
London WC2, on Saturday, 14 May.

Designed to cater for the home computer builder and
for companies considering building their own micro-
computer system from scratch, the conference will deal
with the principles of computer construction, availability
of components, costs, use of domestic TV and audio
equipment as peripherals, programming, and the effect of
microelectronics on consumer goods.

Tickets are £8 in advance, or £9 at the door. Further
details from Online, Cleveland Road, Uxbridge, Middlesex.

See Us at the All Electronics Show

HE All Electronics Show is being held from 19-21
April at Grosvenor House, Park Lane, London W1.
Among the 200 or so exhibitors will be PRacTiCAL ELEC-
TRONICS (Stand 127, Great Room) showing a selection of
recent and future projects.
The show is open from 10am to 6pm daily, admission 50p.

Sound "77 Exhibition

He Sound '77 Exhibition, organised by the Association

of Sound and Communication Engineers, will take
place at the new Wembley Conference Centre from
April 19-21.

On display will be a wide range of alarm systems,
amplifiers, microphones, loudspeakers, sport event timing
equipment, music systems and public address and audio
equipment. The exhibition is open daily from 10am to
6pm (5pm on the last day) and admission is free.

The organisers were formerly the Association of Public
Address Engineers. Their new name is intended to acknow-
ledge the ever-widening scope of sound communications,
in industry, commerce, public services, and entertainment.

London Meeting a Great Success

PRACTICAL ELECTRONICS joined forces with a large semi-
conductor manufacturer and a component retailer to
present a Microprocessor Forum for Constructors.

The first date, Saturday, 26 February, was soon over-
subscribed, and a repeat of the Forum was organised for
the following Saturday, 6 March. PE’s associates-in this
unique presentation were National Semiconductor (UK)
Ltd., one of the world’s foremost microelectronics manu-
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Competition winners A. Mackintosh and A. Challinor
receiving their Introkit prizes from Mrs. J. L. Marshall

facturers, and A. Marshall (London) Ltd., one of the
largest distributors of electronic components.

Audiences of about 200 attended each staging of the
Forum at Berners Hotel, London W1, listening attentively
to two National Semiconductor engineers, Dave Brown
and Stewart May, who spoke on different aspects of micro-
processors and answered guestions from the audience.

A feature of the first Forum was the presentation by
Mrs J. L. Marshall of prizes to the first two winners of
the PE Microprocessor Competition, A. Mackintosh of
Brighton, and A Challinor of Stoke-on-Trent.

An eliminati. - competition is under way to find the

third main priz« winner, and we hope to publish a full
list of winners in our June issue.




Part 3 - THE INSTRUCTION SET AND

Jjudge.

PROGRAMMING TECHNIQUES

i MICROPROCESSORS

— .
explalnEd By R.W.Coles

A "Miss World" contest for microprocessor chips would be difficult to
There would be those who liked their MPUs well stacked (see

Part 2), the bipolar brigade who preferred speed to comfort, and of
course the '‘leg men'' hooked on long graceful instruction sets! At the
end of the day, though, the vital statistic which would receive the
most scrutiny, and receive the most admiration and wolf-whistles,
would undoubtedly be the instruction set. It is the very existence of
the instruction set which sets MPU chips apart from standard LS/, and
as far as we are concerned, ''Vive la difference!”

¢ THE instruction set is, in effect, a rudimentary

“language’ through which we earthlings can com-
municate our desires to the inner recesses of the semi-
conductor chip, a language which is designed by the
chip makers in most cases. Of course the ideal language
for microprocessor programming would be English,
or if you happen to be French, French, but micro-
processors are far removed from our intellectual level
(thank goodness!) and require us to “talk down” to
them using a basic language with a very limited vocabu-
lary, namely, the instruction set.

With larger computer systems much effort has been
expended in writing special programs called COMPILERS
which translate instructions written in “almost English™
into the currency of the computer instruction set, but
while this is a universally practised technique for large
systems, it is a newcomer to microprocessors and can
only be used on MpPu systems with a lot of memory
space available.

It seems unlikely that we will see microprocessor
systems in our price range which are capable of running
compilers for some time yet, which means that when we
do use microprocessors we have to think in terms of the
basic instruction set that the Mpu is born with, and be
familiar with the way the MPu chip operates in a
hardware sense. This fact of life is not unpalatable
since it gives the whole subject a distinct “hardware”

r “‘gates and wire”” flavour which should make using
microprocessors a natural and exciting experience for
most electronics enthusiasts.
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INSTRUCTION CODING

Fig. 3.1 gives some examples from an MPU instruction
set, and as you can see, there is an English sentence or
two to describe the effect of the instruction to us
mortals, and a binary code word which specifies the
instruction to the MPu. Now the MPU can’t read English,
and we find it very difficult to remember and use
patterns of I’s and 0’s, and so to write a program we
would use a list of instructions like the one in Fig. 3.1
to “look-up”’ the binary code for a specific operation so
that we can use it in our program.

To make it a little easier for us to remember the
binary patterns of MACHINE CODE as it is called, most
people find it best to use a notation called HEXADECIMAL
which represents groups of four binary bits as a single
character from the set 0 to 9 and A to F which provide
the necessary 16 possibilities.

Using hexadecimal the eight-bit instruction 11101000
becomes E8, which is both easier for us to use and
straightforward for a program to convert into binary
if required.

An alternative to hexadecimal is 0CTAL code where
the binary is split into groups of three bits, each rep-
resented by a decimal digit from the set 0-7, so that the
binary instruction above would be coded as 350 in this
notation.

Octal is losing a lot of ground these days to hexa-
decimal which is undoubtedly a more powerful and
easy-to-use technique for microprocessor use, especi-
ally since it has the added protection that in a list of
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4040 MICROPROCESSOR

INSTRUCTION SET

Summary of Processor Instructions

*Two Cycle Instructions
tnstruction Code

Mnemonic Description OPR oPA
03 D 0y Op D3 02 0y D
MACHINE GROUP
NOP No Operation 0 0 0 O 0 0 0 0
HLT Halt 0 0 0 0 o 0 0 1
BBS Branch Back and SRC 00 0 0 00 1 0
LCR o d Register to A I 0 0 0 0 00 1
0OR4 Logical OR, index Register 4 and 0 o 0 O 01 0 90
Accumulator
OR5 Logical OR, Index Register 5 and 0 0 0 0O 0 1 0 1
Accumulator
ANG Logical AND, Index Register 6 and 0 0 0 O 01 1 0
Accumulator
AN7 Logical AND, Index Register 7 and 0 0 0 0 [ I S |
Accumulator
DBO Designate ROM Bank 0 0 0 0 O 1 0 0 0
081 Designate ROM Bank 1 00 0 o0 10 0 1t
SB0 Select Index Register Bank 0 0 0 0 0 t 0 1 0
SB1 Setect Index Register Bank 1 0 0 0 0 1 0 1 1
EIN Enable Interrupt 0 0 0 0 1 1 0 0
DIN Disable interrupt 00 0 0 1 1 0 1
RPM Read Program Memory, 00 0 0 1 1 1 0
Half-Byte per Instruction
“JCN Jump Conditional to Address 0 0 0 €y C; C3 C4
ApAgA2A2A A A A, Ay Az Ag Ay Ay Ay Ay Ay
Condition Code, C1C2C3C4
*FIM Fetch Immediate, ROM Data D;04 00 1 0 R R R 0
to Index Register Pair RRR 0, Dy 0, D2 D, Dy Dy Dy
SRC Send Register Control 0 0 t 0 R R R 1
FIN Fetch Indirect, Data from ROM to 00 1 R R R 0
Index Register Par RRR
JIN Jump Indirect to Address in Register 0 0 1 1 R R R 1
Pair RRR
"JUN Jump Unconditional to Address o0 1 0 0O Az A3z A3 A3
AzA2A, Ay Az Az A Ay Ay Ay Ay
" IMS Jump to Subroutine at Address 0 1 0 1 A3 A3 A3z A3
AzAzA, Az Az Az Az Ay Ay Ay A
INC Increment Register RRAR 01 1 0 R R R R
*isZ Increment Register RRRR. Go 10 01 1 1 R R R R
Address AoA, if resultisnotzera, Az Az Az Ay Ay Ay Ay Ay
otherwise go to next instruction
ADD Add Register RRRR to Accumufator 1 0 0 0 R R R R
with Carry -
sus Subtract Register RRRR from 10 0 1 R R R R
Accumulator with Borrow
Lo Load Contents of Register RARR to 1 0 1 0 R R R R
Accumulator
XCH Exchange Contents of Register 10 11 R R R R
RARR and Accumulator
BBL Branch Back and Load Data DDDOD 11 0 0 D DDO
to Accumulator
LOM Load Data 000D to Accumulater Tt 1 0 1 0 0 D O

Fig.3.1. The complete instruction set of the Intel 4040.
Note that although the 4040 is a 4 bit MPU, it uses
an 8 bit instruction code

“hex’’ code there are always a few letters to remind you
that this is “hex’ whereas a list of “octal” can look
very like a list of decimal numbers which of course it is
not, since, for example, 77 octal equals 63 decimal when
interpreted as a numerical value. See Fig. 3.2 and
Fig. 3.3.

INSTRUCTIONS AND NUMBERS

' This last point concerning octal code raises the
interesting question of just how the mpu differentiates
between 11101000 the instruction which means (say)
“subtract from memory’, and 11101000 the number
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Instruction Code

Mnemonic Description OPR OPA
D3 D; Dy Dg D3 D; Dy Og
/0 and RAM GROUP
WRM Accumulator to Selected RAM Main 1 1 10 0 0 0 O
Memory Character
WMP Accumulator to Selected RAM 11 1 0 0 0 0 1
Output Port
WRR Accumulator to Selected ROM LI B B 1} 0 0 1 0
Output Port
wPM Accumulator to Selected Half-Byte 11 1 0 0 0 1 1
in Read/Write Program Memory
WRQ Accumulator to Selected RAM 11 10 o1 0 o0
Status Character 0
WR1 Accumulator to Selected RAM 1110 0 1 0 1
Status Character 1
WR2 Accumuiator to Selected RAM 11 1 0 01 1 0
Status Character 2
WR3 Accumulator to Selected RAM 11 1 0 0 1 1t 1
Status Character 3
SBM Subtract Selécted RAM Main 1t 1 1.0 10 00
Memary Character from
Accumulator with Berrow
ROM Selected RAM Main Memory A S B 1 0 0 1
Character to Accumulator
ROR Selected ROM Input Port 1 1 1 0 1 0 1 0
to Accumulator
ADM Add Selected RAM Main Memory R B B 1} 1 0 1 1
Character to Accumulator with Carry
RDO Selected RAM Status Character 0 1t 1 0 1 1 0 0
to Accumulator
RD} Selected RAM Status Character 1 11 10 11 0
to Accumulator hd
RD2 Selected RAM Status Character 2 11 1 0 Tt 1 10
to Accumulator
RD3 Selected RAM Status Character 3 11 10 111
to Accumulator
ACCUMULATOR GROUP
cL8 Clear Accumulator and Carry 1 1 1 1 0 0 0 0
cLC Clear Carry 1 1 11 0 0 0 1
IAC Increment Accumulator 11 1 0 0 1 0
CMC Complement Carry 11 11 00 1 1
CMA Complement Accumulator LU S | 01 0 0
RAL Rotate Left, Accumulator and Carry 11 11 0 1 0 1
RAR Rotate Right, Accumulator and Carry 11 1 0 1 1 0
TCC Transmit Carry ta Accumulator, 11 11 0 1 1 1
Clear Carry
DAC Decrement Accumulator A N B | 1 0 0 0
TCS Transfer Carry Subtract and 11 1 1 0 0 1
Clear Carry
STC Set Carry LU B | 10 1 0
DAA Oecimal Adjust Accumulator 1T 1.1 1 10 1
KBP Keyboard Process 11 1 11 0 0
DCL Designat Command Line 11 11 11 0
NOTES:
1) The condition code is assigned as follows:
Ci=1t Invert jump condition
Cy=0 Not invert jump condition
Cy=1 Jump it accumulator s 2ero
C3= Jump if carry/link isa 1
Cq= Jump if test signal isa 0
{2) RRR is the addréss of 1 of 8 index register pairs in the
CPU,
(3) RRRR is the address of 1 of 16 index registers in the
CPU.

{4} Each RAM chip has 4 registers, each with twenty 4-bit
characters subdivided into 16 main memory characters
and 4 status characters. Chip number, RAM register
and main memory character are addressed by an SRC
instruction. For the selected chip and register, how-
ever, status character locations are selected by the
instruction code (OPA).

which has a value of 232 in decimal. .

The answer is that the Mpu cannor differentiate
between these two possibilities at all; it interprets
anything that is placed in its instruction register as an
instruction, and it will interpret any part of the store
content (including instructions) as data if told to do so
by the program.

This means in practice that if, for example, a pro-
grammer inadvertently jumped the program counter
into a table of data in store, the MpPU would endeavour
to use the data as a program sequence, probably with
bizarre results!
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INSTRUCTION TYPES

Even small, four-bit mru chips have a repertoire of
about fifty distinct instructions, and powerful ecight-
and sixteen-bit devices may boast one hundred or
more. At first reading, the instruction repertoire of a
microprocessor can be a bit bewildering, and it’s not
easy to sce the potential usefulness of such instruction
names as RAR, POP, PSW, JCN, Or ¢ven BRA!

Rather than examine each instruction in isolation it is
better to group instructions which perform similar
operations under common headings, and very often the
manufacturers do this for us in their handbooks.

Unfortunately, no two manufacturers have the same
ideas as to what the group titles should be. and so we
have picked four general headings into which it shoutd
be possible to place any of the instructions of any
microprocessor currently available. (You might like to
examine the instruction set of Fig. 3.1 and decide which
group each instruction belongs to.)

(a) DATA TRANSFER INSTRUCTIONS

Data transfer instructions are used to move data about
in the microprocessor system, either word by word
(parallel transfers) or bit by bit (serial transfers). Data
is the raw material upon which the mpu chip operates,
and it is important that the Mpu chip should be able to
fetch data from input ports, store data in RAM, move
data from register to register and manipulate the
position of individual bits in the accumulator. and so on.

Examples are.

sTA — Store accumulator in memory (Intel 8080)

TsX — Transfer stack pointer to index register
(Motorola MC6800)

LD Load data from memory into the accumulator

(National SC/MP)

RAR — Rotate accumulator and carry to the right
(Intel 4040)

BINARY HEX CiMAL

EXAMPLE i 1 1] BINARY

T

Fig. 3.2. Binary to hexadecimal conver-
sion table

BINARY CTAL CIMA

Fig. 3.3. Binary to octal conversion table

Glossary of Terms

ASSEMBLERS—Sottware programs which translate
instructions in Assembly Code (e.g. mnemonics)
into Machine Code instructions which can be
recognised by an mpu chip.

COMPILERS—Software programs which are used to
translate instructions written in a High Level
Language into Machine Code instructions which
can be recognised by an Mpu chip

DIRECT ADDRESSING—An addressing mode where
the address of the operand is contained in the
instruction.

HEXADECIMAL —A base-16 number system using the
character set 0 to 9 and A to F which can be used
interchangeably with binary. This coding system is
easier to use and remember than binary, and is
widely used in microprocessor literature.

HIGH LEVEL LANGUAGE—A computer language
which is easy to use and understand but which
requires extensive transtation (compiling) into
Machine Code before it can be used 1o control an
MPU chip.

IMMEDIATE ADDRESSING-—An addressing mode
which uses part of the instruction itself as the
operand data.
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INDEXED ADDRESSING—A form of Indirect
Addressing which uses a special location known as
an Index register to hold the address of the operand.
Index registers can be incremented or decremented
under program control.

INDIRECT ADDRESSING—An addressing mode
where the address of the location where the address
of the operand is located is contained in the
mstruction.

LANGUAGE—A systematic means of communicating
instructions and data to a microprocessor (or
computer) system.

MACHINE CODE-—A ‘“low-Level” language under-
stood directly by a microprocessor chip and using
binary notation.

MULTI-WORD (BYTE) INSTRUCTIONS—Instruc-
tions which require more than one line or location,
in program memory.

OCTAL-—A base-8 number system using the character
set 0 to 7 which can be used interchangeably with
binary. Not as popular as Hexadecimal.

OPERANDS—Data used in machine operations (e.g.
Addends, Subtrahends, Dividends, etc.).

RELATIVE ADDRESSING—An addressing mode
where the address of the operand is built up by
combining the current program count with a
displacement value which is part of the instruction.
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(b) ARITHMETIC AND LOGICAL INSTRUCTIONS

Arithmetic and logical instructions generally operate
on a pair of data words, one of which is resident in the
accumulator. The result of the instruction is generally
a single word which is stored back into the accumulator.
The execution of this group of instructions requires the
arithmetic and logic unit (aLu) described last month.

Examples are:

orR 4 — Logical or the accumulator
register 4 (Intel 4040)

with index

ADC — Add with carry (Motorola MC6800)

sUBr — Subtract register from accumulator (Intel
8080)

paD — Decimal add to accumulator (National
SC/MP)

(¢) BRANCH INSTRUCTIONS

Branch instructions are used to modify the sequence in
which the instructions in a program are carried out.
Without these instructions program operation would
start at address zero and continue by incrementing the
address counter after each instruction until address N
was reached and the counter recycled to zero.

Branch instructions allow the contents of the program
counter to be replaced by some address which may be
unrelated to its previous contents, so that program flow
continues by incrementing from the new start address.

This group contains a sub-group which may be
termed the ‘‘conditional-branch group, which is
especially important because it allows a microprocessor
to make decisions on the basis of the nature of data
with which it is provided. Conditional branch instruc-
tions replace the program counter content only if some
specified conditions are true; if these conditions are
false, program flow continues unchanged, by counter
increment.

Examples are:

JNZ — Jump if accumulator content is not zero
(National SC/MP)

JUN — Jump unconditionally (Intel 4040)

SR — Jump to subroutine (Motorola MC 6800)

RET — Return (e.g. from subroutine) (Intel 8080)

(d) CONTROL AND MISCELLANEOUS
The group control and miscellaneous contains a bit

of a hotch-potch of instruction types, and is included

really to provide a home for those instructions which

do not fit into the other three groups!

Examples are .

HALT — Halt processor and do not carry out any
further instructions (National SC/MP)

Nop — No operation. Do nothing but move on to
next instruction (Intel 8080)

EIN — Enable interrupt detection logic (Intel 4040)

cLR — Clear (Motorola MC 6800)

INSTRUCTION FORMAT

By now you should be getting a feel for the sort of
things we can tell the MpU chip to do when we write an
instruction in a program, but you may be wondering
how the microprocessor knows which memory locations
it must use as OPERANDS when carrying out instructions
such as LOAD, or ADD.
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Taking an ADD instruction as an example, just what
does the microprocessor need to be told, or to assume,
in order to carry out the addition in the required way ?
Well, it needs to know . . .

(i) The operation to be performed (In this case ADD)

(ii) Where the first operand is

(iii) Where the second operand is

(iv) Where it must put the result

(v) Where the next instruction is

An instruction word could be imagined where all these.
facts are specified by certain sections of the instruction
code, but a moment’s thought reveals that this would
demand a very long word length, say four bits to
specify ADD, eight bits for the first operand address,
eight bits for the second, and so on.

An MpU chip using explicit instructions like this would
be extremely versatile and powerful, but impossibly
clumsy and difficult to work with, and so unsuited to the
low cost applications microprocessors are intended for.
A less versatile but much more compact instruction
word format is generally used for MU chips where most
of the required information is assumed by micro-
processor rather than being explicitly stated when the
instruction is written into the program.

(i) The operation to be performed remains explicit
(e.g. ADD)

(ii) The first operand remains explicit and is coded

as a memory or register address

(iii) The second operand address is assumed to be the

accumulator

(iv) The result is automatically stored back into the

accumulator

(v) The next instruction address is assumed to be the

next in numerical sequence (unless a branch
instruction is involved) and so is found by in-
crementing the program counter.

Even with this more compact instruction format it is
often necessary to use more than one instruction word
to store the necessary code, giving rise to what are
termed “multi-word”’ or ‘‘multi-byte”” instructions,
which of course carry with them the necessity to incre-
ment the program counter by more than | to find the
next separate instruction in sequence.

ADDRESSING MODES

We saw above that most microprocessor instruction
words contain a single address, the address of the first
operand, but we now have to examine the way in which
the address is specified because there are a variety of
addressing modes which can be employed, and using
them wisely can make our programs more efficient.
As an example, the Motorola MC 6800 has no fewer
than seven addressing modes, which puts it ahead of the
SC/MP and 8080 with four, and the 4040 with three,
unless you happen to be of the opinion that seven
modes are excessive and tend to leave you *‘spoilt for
choice”.

MpU chip manufacturers all have their own ideas
about what their addressing modes should be called,
and how they should operate, and it will be necessary
to study these in the handbooks when the use of a
particular chip is contemplated.

For the purposes of this introductory series we have
chosen to describe four modes which can be considered
fundamental, and from which the others have evolved.
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You may find it useful to compare the addressing modes
of a particular Mpu chip with the modes described here,
trying to spot the similarities and the differences,
where there are any.

IMMEDIATE ADDRESSING

The most straightforward mode of the lot is IMME-
DIATE ADDRESSING because the instruction does not
actually contain an address: it contains the data itself
which may be part of the first instruction word or
contained in a subsequent word.

This mode is vseful for fetching constantsiwhich do
not change once the program has been written; this
“‘unchanging™ quality is vital because instructions, and
therefore immediate data, are often stored in ROM.

DIRECT ADDRESSING

DIRECT ADDRESSING is the mode which one would
instantly recognise as being a necessary part of any
processing system. In this mode the instruction con-
tains the address in an explicit form, so that for an ApD
instruction for example, the MPU chip is told precisely
where to go in store to find the number to be added to
the accumulator.

INDIRECT ADDRESSING

INDIRECT ADDRESSING 1s a very useful but at first
rather tricky-to-understand mode where the instruction
contains the address of the address of the data (now
read that again!). That is to say that the address con-
tained in the instruction does not point to the data
itself but to a location (which may be a location in store
or a register) which contains the address where the data
is to be found. A particularly common form of in-
direct addressing is called INDEXED ADDRESSING where
the instruction points to a special register called the
index register which contains the required address.

The strength of indirect addressing lies in the fact
that it is not necessary to know precisely what the final
address is when the program is being written, it can be
computed in, say, the index register so that it is in effect
data dependent rather than program dependent.

RELATIVE ADDRESSING

In RELATIVE ADDRESSING the instruction contains
not the address of the data, but a displacement value
which is added to the program counter contents to
make the effective address. This addressing mode is
used only with branch type instructions where it allows
looping backwards or forwards through a program
without the need to specify absolute addresses. Looping
backwards is possible because the displacement can be
a negative number in ‘‘twos-complement’ binary
notation.

PROGRAMMING TECHNIQUES

Programming a microprocessor is a fascinating and
rewarding experience and well worth the investment
in time required 10 learn the necessary fundamentals.
The best way to learn is by actually doing, and to get
to the stage where you are ready to try your hand at
simple programs, you should start by studying examples
of the type which Mpu manufacturers often provide in
their literature. The Intel *“MCS-40 USERS
MANUAL™ is particularly rich in programming tips

8¢

and examples, although of course these are restricted to
the particular case of the 4040 chip.

Even if you are quite used to writing programs for a
large computer in a high level language like Fortran,
you will find the strict format of microprocessor
machine code a challenge at first, but by becoming
familiar with the hardware and instruction set of your
choice of MpU you will soon become adept at the art!

HARDWARE/SOFTWARE TRADE OFF
The success of the microprocessor is due to the fact

that it enables a large amount of hardware to be re-

placed by changeable software in the form of programs.
When an Mmpu is applied to a particular application,
however, the designer has to decide just how to create a
balance between the amount of hardware and the
amount of software employed, so as to suit his par-
ticular circumstances.

Take the case of a decimal keyboard connected to an
MPU system. Should the designer provide a series of
gating functions to turn each of the “one out of ten”

.key closures into a corresponding four bit BcD code,

or should he read all ten lines into the Mpu and provide
a program which does the job? Should he provide a
TTL monostable key-debounce circuit, or should he
incorporate some timing routines into his program
which achieve the same result ?

READ ROM
PORT No 4

Y wpg | o A

ROTATE FIRST
BIT INTO
CARRY FLIP/FLOP

GO TO
ROUTINE
No 1

ROTATE SECOND
BIT INTO
CARRY FLIP/FLOP

G0 TO
ROUTINE
No 2

ROTATE THIRO
BIT INTO
CARRY FLIP}FLOP

ROTATE FOURTH
BIT INTO
CARRY FLIPIFLIP

GO TO
ROUTINE
No &

JUMP BACK
TO READ SWITCHES
AGAIN

SO | 4

e o v W%

Fig. 3.4 Switch Check flow chart
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These are questions which can only be answered
in context, depending as they do on how much program
space is available and how much it costs, and how
much room there is for extra hardware, and how much
it, in turn, costs.

A PROGRAMMING EXAMPLE

We do not have sufficient space here for a compre-
hensive programming course, but in order to at least
set the scene, we can trace through the evolution of a
particular program example.

The job is to examine four toggle switches and
depending on which one of them is set (if any) to jump
to a particular segment of a program. The micro-
processor to be used is the Intel 4040, and the switches
are connected to RoM input port number four.

The first step in writing the program is to draw up a
flow chart which describes in an easy to understand,
graphical form the operations necessary to complete

s < o
S . S ¢ - «
5o Mﬁ? § 5 £
&5
g | £ %o
bt . . ACCUMBLATOR ¢ CARRY < ou
- %%«“f . RESTER vl FLIP-FLOP

Fig. 3.5. Action of RAR instruction

the task. Flow charts can be of a very general form
which can be understood by everyone and could be
adapted for use with any microprocessor, or they can be
detailed, and suited only to a particular chip archi-
tecture and instruction set. We find it helpful to let flow
charts evolve from the general to the detailed form as
ideas are added and the constraints of the chip are
taken into account. Our final flow charts usually
detail the actual instructions we intend to use.

SWITCH CHECK

Fig. 3.4 shows the flow chart for our Switch Check
program in an “Inbetween’” stage which is flavoured
by the 4040 but nevertheless easy to follow for those
new to the concept.

The flow chart already shows that a strategy has
been chosen to achieve the goals set down, but it should
be remembered that there are several other ways to
achieve the same ends, and this one is not necessarily
the best. The strategy used is that of a “skip chain”, a
simple but effective technique for examining the state
of input lines, which in this case also incorporates a
“wait loop”’.

When the Switch Check routine is entered (from the
larger program of which it is a part) it begins by
reading the state of the four switches into the accumu-
lator by first addressing port 4 (FiM, SRC) and then
reading it (RDR). The switch states can be examined by
shifting each bit in turn into the carry flip-flop and
using the Jcn (jump on condition) instruction to either
vector the program to the appropriate routine if a
switch is ST, or to continue round the loop if it is not.

Once “Switch Check” has been entered there is no
way of leaving it until a switch is closed, hence the
“wait loop” tag, although this feature could be dis-
pensed with, if appropriate, by leaving out the JUN
instruction and allowing a further exit from the bottom
of the routine if no switches are set.
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Table 3.1
“SWITCH CHECK"” PROGRAM SEGMENT

LABEL | MNEMONIC OPERAND COMMENT
LOOP FIM RPO, 40 Hex Load port ad-
dress code to
register pair 0.
SRC RPO Select port.
RDR Read port into
accumulator.
RAR Rotate switch 1
into CARRY.
JCN CARRY SET, | Jump to ad-
“ROUTINE 1" | dress "“Routine
"1" if CARRY is
set.
RAR Switch 2 to
CARRY.
JCN CARRY SET, | Test switch 2.
“ROUTINE 2"
RAR Switch 3 to
: CARRY.
JCN CARRY SET, | Test switch 3.
“ROUTINE 3"
RAR Switch 4 to
CARRY.
JCN CARRY SET, | Test switch 4.
“ROUTINE 4"
JUN “LOOP" Jump to LOOP
e since no
switches set.

RP=Register Pair Hex=Hexadecimal

Notice that the switches are ranked into a priority
order by the fact that switch one is checked first and
so on. If the routine is entered with more than one
switch set, the lowest number switch will be the only
one recognised.

The JCN instruction can be used to test for a variety
of different conditions such as jump if carry is O,
jump if carry is |, jump if accumulator contains all
zeros, etc. In our case we wish to test bits individually
and so we rotate them into the carry flip-flop one at a
time using RAR which rotates the accumulator and the
carry data one bit at a time as shown in Fig. 3.5.

The complete program, using mnemonic instruction
codes is shown in Table 3.1. Before this could be entered
into a PrRoM and used, the mnemonics would have to be
replaced by their hex and binary equivalents and the
addresses which here are represented by names such as
LOOP or ROUTINE No | would have to be specified
absolutely.

ASSEMBLERS

If an asseMBLER facility was available on a larger
computer or a development system it would be possible
to enter the mnemonic codes as shown in Fig. 3.6,
complete with address names, or labels as they are
called. In this case the assembler program would
convert the mnemonics into the required machine
code and insert absolute addresses where necessary, a
facility which helps the programmer a great deal but
which of course is expensive in storage space and not
available for use with the cheaper prototyping and
development systems.

NEXT MONTH: Peripheral Chips and Hardware.




VENUS

The Russians have tackied the
problem of the brilliant but hostile
planet Venus with great vigour.

Mythology would have us believe
that Venus represented love and
happiness in the form of a goddess
and that Mars was the warlord and
the mark of aggression. In the event
it is clear that the roles are reversed.
However, in spite of the millenia
of observations it is only in the last
few years, the space years, that
knowledge of the planet and its
puzzles has been brought to the stage
of acceptance in some detail.

Before the advent of the Marjner
and Venera spacecraft the cloud
cover was all but completely opaque.
Many enterprising amateurs spent
countless hours observing the planet.
The members of a section of the
British  Astronomical Association
devoted to observations of Venus
produced drawings which were built
up into a conjectured picture of the
surface features. As it turned out
these pictures and the drawings
were remarkable for their anticipa-
tion of the real surface. These
features were first confirmed by
radar measurements.

CHANGES

The rotation period of the planet
had undergone many changes and
the figures varied from a few days
to hundreds of days. Finally it was
found to be 243 days, and that its
direction was opposite to that of the
Earth. Thus the Sun would rise in
the west and set in the east. Its year
is shorter than that of the Earth, just
over 224 days. The poles are only
tilted by 3 degrees and therefore the
planet does not experience seasonal
changes like the Earth.

CLOUDS

The cloud cover rotates very
rapidly and the tops of these clouds
have a rotation period of about four
days. Their velocity is therefore very
high reaching as much as 100 metres
a second.

The white clouds of the Earth
consist of drops of water but Venus
is very different. The quantity of
water vapour is very small being
only 5 parts in 104 This was estab-
lished spectrographically. The nature
of the spectogram showed that there
were liquid drops in the clouds. Such
a condition at the temperature of
233K indicated that the liquid
could not be water.

The surprise that awaited the -

investigators was that it could only
be due to sulphuric acid. It was
found that these liquid drops were
75 per cent concentrated sulphuric
acid. This was finaliy resolved in
1973.

Between the years 1967 and 1975
the Russians launched seven vehicles
of the Venera class and in addition
there were probes which entered the
atmosphere. In 1967 Venera 4
indicated that there was at least 97
per cent of carbon dioxide in the
atmosphere.

Though liquid water cannot exist
on the surface of Venus, a reaction
between the surface and the carbon
dioxide of the atmosphere takes
place. On Earth this reaction is a
slow one. On Venus, with a tempera-
ture of the order of 750K, such a
reaction is very rapid. The other
similar reactions that take place
include hydrochloric and other
acids. The whole chemical effect in
the atmosphere contrasts with that
of the Earth,

There is little or no magnetic
field on Venus but an ionosphere
does exist. This does fit in with current
thinking. that the intensity of a
dipole field depends on the angular
velocity. A great deal of data is now
available about the Venusian atmos-
phere and the ionosphere. One
interesting fact that emerges is that
short wave radio signals would be
limited to the daylight hours for
global communication.

There are few signs of mountains
though some radio-astronomy tele-
scopes have shown 2km high hills.
It is possible that as a result of the
high surface temperature, the crust
is more malleable and that the
possibility of mountain formations
is remote. There is no sign of impact
modification of the surface and this
could mean that almost all the effects
will have been by volcanic action.

Much still remains to be done
before a conclusive picture of Venus
can be drawn. The effect of the
solar wind shows quite a different
picture as compared with the Earth.
The density of the corona is directly
dependent on solar activity.

HAWAIIAN INFRA-RED TELE-
SCOPE

A new development is possible in
connection with the Hawaiian tele-
scope. The £2:5 million telescope is
being built by Grubb Parsons and is
to be put into service next year. The
mirror is 3-8 metres in diameter and
is the largest of its kind in the
world.

Designed for infra-red operation
the tolerances can be much wider than
for optical work. This is reflected also
in the guidance systems. The original
tolerance was set at 2-3 arc seconds,
but Grubb Parsons have indicated
that the mirror now in the polishing
stage is so good that a little extra
polishing could bring the tolerance to
1-0 arc second.

This would effectively halve the
time for observations. This will not
be to the standard for optical work
except for very short exposures. In
spite of this there would be a gain for
optical astronomers. The improve-
ment for the infra-red application is
very great.

The cost of doing this extra
polishing is £12,000. Surely this is a
small price to pay for such an improve-
ment. Since this means that the instru-
ment will carry out a programme in
half the time originally scheduled it
is the same as saying that for an extra
£12,000 the astronomers will have the
equivalent of two telescopes at a
cost of £2-5 million each. This is a
bargain too tempting to be ignored.
No doubt the SRC will see it this
way.

LANDSAT

The value of the services that can
be offered by Landsar has been so
much in evidence that the Soviet
Union is pursuing plans to build a
terminal for themselves. So far
applications have come from a
number of countries. These include
Australia, Norway and Sweden,
India, Japan and at least one Arab
State.

For over a year a new 13-channel
scanning system has been the subject
of a cleaning up process. Interference
has been very considerably reduced
and the false colour reproduction
developed to a specialised degree.
This enables colour to indicate
differing conditions of surfaces,
leaves and plants as well as tree
growth.

Extensive research has shown that
water, because of its changed state
when taken up in plants, can be an
indicator of great value. It is certainly
the case that the value of the pictures
for countries which have plans for
long term development in agriculture
and forestry will be considerable.
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Still so

You may be that rare person who gets his
circuit designs right first time, everytime.

But it's much more likely that you
experiment to see what works, and what doesn't.

In which case you ought to know about
Bandridge Decs.

Bandridge Decs enable you to try almost
any number of possible circuits, without having to
use your soldering iron.

You simply push the wires of your circuit
components into the holes in the Dec to make a
perfect solderless contact.

‘Which means that you can use the
components over and over again.

And, of course, we don't have to
tell you how much time it will save you.

There are four Decs available

S-DEC: for use with discrete : /
components cnly. (70 contacts) /: b /y

T-DEC: for discrere work, ‘
or linecr 1Cs. (208 contacts)

Bandridge

d U-DEC ‘B': As DEC A but
includes two 16 lead IC

dering on?

to suit every possible circuitry requirement.

From simple discrete work to 2xDIL or
4xTO5 Station work.

And for larger or more complex circuits
you can use any number of Decs linked together.

Eventudlly of course, you'll need that
soldering iron to make up the permanent version
of your circuit design.

And when you do you'll probably want
to use one of the matching Bandridge Blob
boards, to make your job that much easier.

But until then we suggest you put your
soldering iron aside and get yourself a
Bandridge Dec.

Bandridge Decs - Available at all good
component stockists, where you see the
Bandridge sign.

Stations but also takes discrete
components. (208 contacts)

sockets. (208 contacts)

A free circuit design booklet is supplied with every Dec.
For ycur nearest stockist contact Bandridge Ltd., 80a Battersea Rise, London SW11 1EH. Tel: 01-228 9227.

, U-DEC ‘A’": allows 2xDiL or 4xTO5



‘: Sory.

Yes, they have got a funny name: they'll work for as long as you want them to.
Blob Boards. You'll find a Bandridge Blob Board for

And if you've never heard of them, every circuit you'll ever want to make, from
you might wonder what on earth they're for. the simplest to the most complex.

After all they sound more like sci fi And if you're using Bandridge
than practical electronics. solderless DEC's for your prototypes you'll be

But in fact there is a good reason for pleased to learn that there's a Blob Board that
the name. exactly matches every DEC.

It actually describes the way these So when you're looking for a circuit
printed circuit boards work. You just put atiny  board itll be worth your while remembering
blob of solder onto circuit board and Blob Boards.
component and you've made a perfect As if you'd ever forget a name like that.
contact.

Every time.
There are of course a few other
printed circuit boards around.

But we thinkthe prices are abitshocking. BLOB BOARDS

Our prices, we think you'll agree, are 5

more down to earth. 7 " i l T_'L A\

These Blob Boards are about half the ‘I \\\\\
price of the few comparable alternatives. ) : AL\

And unlike those alternatives, on most ' LN\ \ %
Bandridge Blob Boarlds you won'thaveto 4 'rr' ‘ \'\' I " AR RNNNN
break the contact rails to make your circuit. & ’ ' ' l ' I 0 WA Y

! k

So you'll be able to use them again and again.

The roller tinned copper on Blob Board  ~v-range -asytouse
1" or 15" matrix board. “IC"Range - For

makes soldering easy, and it won't corrode, so integrated circuitwark:

Bandridge

“D"Range - For discrete work,
but willtake IC package.,
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HI-Z PRE. AMP

Are you bored with analogue
integrated circuits which do every-
thing but polish your shoes, and
digital integrated circuits which
boast so many gates and functions
that it sometimes seems that their
1.Q. is higher than yours? Do you
yearn tor the simple life again, a
return to the days when an individual
transistor was treated as something
to be revered, rather than as a sort of
plastic giveaway ? You do? Well then
perhaps | can interest you in the
T100 and T300-devices from Siliconix,
which do not boast kilo-transistors or
mega-gates, but simply a well de-
signed single j.t.et. stage which,
with the aid of a simple four-pin
package, forms a useful and capable
high-Z preamplifier stage for use
with microphones and other trans-
ducers.

Inside the TO72 can there lives
just the j.f.e.t., a source load resistor,
and back-to-back Schottky diodes
which form the high impedance gate
bias resistance. The devices feature
an input impedance of at least 200
megohms, and an output resistance
of between 500 and 1,300 ohms, to-
gether with a very low noise voltage
output of less than 4.0 microvolts in
a 10kHz audio bandwidth.

These integrated circuits are, of
course, high-to-low impedance con-
verters, and can be used wherever
such a tunction is required. The T100
is intended specifically for low power
applications such as hearing aid
input stages, where its 50 microamp
supply drain is important, while the
T300 is a general purpose device
drawing 350 microamps. Both can
operate from supplies of from 1.3
volts to 30 volts, and are ideal for
matching to ceramic, electret-capaci-
tor, air-capacitor, and piezo-electric
microphones.

GOODBYE ZENERS

If you could design your own ideal
Zener regulator diode what would you
list as desirable characteristics?
/ would want low impedance, a sharp
knee, temperature compensation, low
noise, high dissipation, and a really
easy to use package. !f you added to
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that list a programmable voltage
rating, so that only one type of
component has to be purchased to
provide any voltage between three
and thirty volts, you would have
designed yourself a Texas Instru-
ments’ TL430 which must surely
replace standard Zeners in most
applications.

The manutfacturers call it a “‘preci-
sion three terminal shunt regulator”
but it is aimost as easy to use as a
standard Zener, and nowhere near as
pricey as it sounds. “Zener" voltage
is normally programmed with the aid
of two fixed resistors, but it you like,
you could use a skeleton pot, and
hence build yourself a *Variable-
Zener'" which could be very useful
in a wide variety of applications which
at present require numerous resistors
and an op. amp., in addition to a
conventional reference diode.

Performance of the TL430 is better
than its predecessor in every respect,
slope impedance is only 1.5 ohms,
over the current range 600 microamps
to 100 milliamps, as compared with
5 ohms to 100 ohms tfor standard
Zeners over a more restricted current
range. Temperature stability is 0-005
per cent per degree Celcius, which is
as good as the most expensive Zener
devices, which are themselves re-
stricted to a voltage ot around 5 to 6
volts to achieve that sort of perfor-
mance. Noise output is low, and the
three-lead TO92 or eight-pin Minidip
package will dissipate a creditable
775 milliwatts to make the TL430
almost twice the regulator that the
standar