- PRACTICAL

ELECTRONICS

APRIL 1977 40p

¢

Transient Generator

Day Indicator s




Stirlin

Q.V. MODULES FOR COST CONSCIOUS CONSTRUCTORS

NEW THIS MONTH

UNIT TWO MAGNETIC g i
PRE-AMP WITHACTIVE it
TONE CONTROLS

ncarporates
vaiuable
additions!
features
Here's another real money saver from
Stirling Sound' Wire this unit into your
system and style it how you wish. Full
instructions make this  completely
straight-forward. Use Surling Sound
power amps for choice but Unit Two will
work superbly in any system Active tone control
circuits give bass and treble rise and cut of = 15d8
each accepts inputs from 1 to 5mV. RIAA corrected
adaptable also input for ceramics. etc. §/N ratio 60dB
channel separation typicaily 56dB. frequency range
30-20,000kHz +1dB. Tested before despatch (ready
built} and guaranteed For 10-20V operation

£10-85

MADE IN OUR OWN U.K. FACTORY

100 Watt R.M.S. POWER AMP and

matching 70V POWER SUPPLY
Your chance to save £1-95

Today s best 100 watt value now made even
greater for disco. P A guitar use etc Normal
selling price for items bought

separately is £22-95*

§8.370

70V/2A power *
supply with low £1 2 ° 50
volt take-off

§5.1100H

(with large heat
sink) and SS.370

£21*
$5.1100

100 watt A M.S . *
power amp with Eg 45
heatsink type

mounting flange

Full size heat- *

sink £1

S5 1100

$5.370

A reat

as well as other makes

and 30Hz bass.
treble/bass

POWER AMPLIFIERS

rMOF(E STIRLING SOUND Q.V. MODULES TO SAVE YOU MONEY

UNIT ONE TONE
CONTROL PRE-AMP

money saver this.
with all relevant Stirling sound modules

Combined pre-amp with active
control circuits. +15dB at 10kHz treble

— POINTS
Except
Stereo. Vol /balance §8.312

200mV  out

3 TO 40 WATTS R.M.S. Takes 10-16V free LIS
§5.103 3 watt rms. mono 1.C with FM TUN'NG MODULES 8
short circult protection £1-75 §8.201 Front end tuner, siow geared MODELS
§5.103-3 Stereo version of above. using drive, two gang. A F.C. facility. Tunes
two I.Cs £3-25  88-10BMHz £5-00 TO CHOOSE FROM
§§.105 5 wats rms into 3 ohms §5.202 I.F amphfier. Metering and Complete with mains transformers and low-volt
using 12V £2-25 AF.C facilities £2:65 5 e-0ff points (except SS312) All at 8% VAT
$5.110 10 watts rm.s using 24V and $§.203 Phase lock loop Stereo rate. Add 50p for P. & P any model (except
4 ohm load £2-75 Decoder for use with the above or $S.300 at 35p and SS.370 at £1)
§§8.120 20 watts rms into 4 ohms other FM mono tuners. A LED may be
using 34V £3-25 fitted £3-85 §5.312 12V/1A £3-75*
§5.140 40 watts rm.s into 4 ohms §5.203-1 Coil-type stereo decoder tor use $5.318 18V/1A £4-15*
using 45V supply Ideat small disco with §S5.201 and SS.202. recommended $5.324 24V/1A £4.60"
or P.A unit £3-95* where economy is called for $5.334 34V/2A £5-20"
VAT on power units ordered with amplifiers  $§8.203-1N with |.C for neg earth £2-50 $5.345 45V/2A £6-25~
SS 103-S8S.120 becomes 124 % §6.203-1P transistor type for pos earth £2 $6.350 50V/2A £6-75*
§8.370 70V/2A £12-50

~

POWER SUPPLY UNITS

WITH 13-15V
TAKE-OFF

Compatible

for 50mV in

TONE CONTROLS/
PRE-AMPS

§5.1006 Active tone control
~ 15dB on bass and on treble

Stereo

¢£1.60 They are all

WHAT Q.V. MEANS TO YOU

It means Stirling Sound QUALITY and VALUE
from modules made in our own Essex factory
tested, guaranteed and offer

§8.101 Pre-amp for ceramic cartridges unbeatable value. Designed by highly specialised
T 5 . w TABILISING NIT
etc Stereo Passive tone controi electronic engineers with wide experience of the SS1(?—°5°0V/P2?8AE::1|ugtablelLFir add,,‘fg to
details supplied £1-60 constructor and experimenter market unstabilised supplies Built-in
§8.102 Stereo pre-amp for tow oulput WATCH HOW THE STIRLING SOUND protection against shorting (P & P
magnetic P.U.s. R1A A corrected £2-65 HANGE GROWS!' 35p) £3-25*
\\ Large 12p S.A.E. brings iatest Stirling Sound 16 large page equipment and components price list )

$5.3106/50 STABILISED POWER SUPPLY
with variable output from 10 to 50V/2A
Protected against shorting
(P. & P 50p) £11-95-

WHEN ORDERING add 35p tor P & P unless stated otherwise
VAT add 124% to total value of order unless price is shown* when
the rate is 8% . Make cheques. etc., payable to Bi-Pre-Pak Ltd.
Every effort is made to ensure correctness ot information at time
of going to press. Prices subject to alteration without notice.l

‘st i I i s d
A member company of the Bi-Pre-Pak group, Est. 1959

Dept. PS4, 220-224 West Road, Westcliff-on-Sea, Essex
SS0 9DF Phone Southend (0702) 46344

Personal callers welcome

De-luxe 25 watt hi-fi amp bargain
Made to sell at £7-25

LIMITED NUMBER AVAILABLE AT
This is the Bi-Pre-Pak $S5.125, designed and
made for the connoisseur market of hi-fi and
technical specialists. 25W r.m.s. into 8 ohms
using 50V; 22W r.m.s. into 4 ohms from 33V
Input sensitivity—150mV for full output; distor-

SS5.125

tion less than 0-05% at all powers. With full De-luxe
instructions. Tested and guaranteed. Limited
number only available. Power Amp
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CONSTRUCTIONAL PROJECTS .
DIGITAL VOLTMETER by A. J. Buxion

A mains powered 33-digit d.c. digital voitmeter using the Ferranti ZNA116 i.c. 258
DAY INDICATOR bhy M. H. George
This unit uses CMOS logic and displays the day of the week on a row of l.e.d.s. 266

pH METER-—2 by K. E. Langford
Constructional details, calibration, and f.e.t. alternative input stage. How to use the meter
and where to get the electrodes ' 288

TRANSIENT GENERATOR by R. Gwinn
An envelope shaper circuit giving keyboard triggered transient profiles for driving v.c.a.s
and v.c.f.s 296

GENERAL FEATURES
SEMICONDUCTOR UPDATE Ay R. W. Coles

A look at some recently released devices 265
MOBILE DISCO TECHNIQUES—1 by N. Mcleod

Equipment and operating techniques for the disco enthusiast 270
INGENUITY UNLIMITED

Bistable Touch Switch—D.C. Motor Speed Controller—Initial Reset 279
MICROPROCESSORS EXPLAINED—2 by R. W. Coles i

A vital introductory series dealing with the newest technology 280
PROGRAMMING A MICROPROCESSOR by D. B. Johnson-Davies

Step by step instructions, based on the SC/MP kit 299

NEWS AND COMMENT

EDITORIAL—The Essence of Constructing 257
SPACEWATCH by Frank W. Hyde

Faster and Faster—Space Spying—Russian Activities 269
INDUSTRY NOTEBOOK by Nexus

What's happening inside industry 286
NEWS BRIEFS

Microprocessors at Seminex '77—Alex Marshall 298, 306

POINTS ARISING
Cine/Tape Synchroniser—Games Machine—
Car Exhaust Monitor—Solar Heating System Controller 306

SPECIAL 8-PAGE SUPPLEMENT
PUTTING IT TOGETHER
A practical guide for constructors 1-8

Our May issue will be on sale on Thursday, April 7, 1977
(for details of special free booklet and other téntents, see page 287)

© IPC Magazines Limited 1977. Copyright in ali drawings, photographs and articles published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressiy 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. ’
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TAMBA ELECTRONICS #&c...

AMPLIFIER AND MIXER MODULES 25 WATTS-100 WATTS RMS

_— _ , ALL PURPOSE
TSI anme sy B0 MIXER/PRE-AMP.

£4.75
TAM250 25W 8 ohms 45V (with 60mm slider volume)

POWER SUPPLIES
For 1 or 2 TAM250/500 £7-50
For 1 or 2 TAM1000 £9-80
(Carrlage 50p on supplies)

B Suitable for multiple input systems
B High and low impedance inputs
8 High sensitivity

B Built-in supply smoothing
W 20-20,000 Hz =1dB
[ ]
B
[ ]

B Suits loads 4-16 ohms

B 20-20,000 Hz =1dB

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

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

) P B Low distortion (0-1%) Use up to 10 PRE-AMPS with 1 power
L (il comesiii (el ViLs) B Low profile (fin high 3fin x 3in)
B 75% efficient Printed circuit board assembly with
High grade components used through- M Accepts most mixer/pre-amplifiers treble and bass controls plus slider
out: Texas, Mullard, R.C.A., Plessey, etc B Four simple connections volume control £6-50

You may order as follows: C.W.O. (crossed cheques, P.O.s, M.O.s etc)—C.0.D. (60p Ki/'%l:‘rgé)?ﬁoﬁa.rgé—tir%_gj

extra). We accept Access and Barclaycard—send or telephone your number—do not Callers welcome
send your card. Add VAT at8% to orders for 50 and 100W units and at 121 % for 25W units. [ Tel: (01) 684 0098 ’

TAMBA ELECTRONICS

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

17 Turnham Green Terrace, Chiswick, London, W.4. Tel: 01-994 2784
* NEW * FULLY GUARANTEED COMPONENT PACKS # FULL SPEC. SEMI DORAM KITS CONTAIN
CONDUCTORS % AVAILABLE IN LOW COST PACKS OF TEN # ALL PRICES INCLUDE EVERNT NCIDONAYC
VAT AND U.K. POSTAGE * NO HIDDEN EXTRAS # TEN PACKS LESS 15% LUEIEES U
Price per 10 Price per 10 Price per 10 Price ger |o Price per 10
C1 £1-50 131 £3-00  OA202 £0-80 TIP35A  £1 2N2906 €250
AC128 £1-20  BD132 £3-50  QA211 £2-50 npasa tu-so 2N2907  £2-00
ngg g-g BF194 £3:00 OC71 €9.00 TIPISC  £15-30 2N2926  £1-20
1 . BF195 £9:00 TIP29A  £4-50 TIP36A  £30.00 2N053  12-20 .
BC108 £1.00  BFYS0 £2-20 TIP298  £5-50 TIP36B  £32.00 2N3054  £4-50 I 5 NOW AVAILABLE IN MADE-UP FORM
BT £10 BEvi2 @260 TRAC  fh TPNC £ NG 6500 T V PRICE £29.95 + S VAT (Built, Tested &
o BFY90  £10-00 TIPIA  £5.40 TIP41A 6:30 2N3B4I  £2-80
BCl7 A BRXas  f2® TIPXG ek TIPAA R0 NGOz 6380 / Guaranteed - order code 99716‘)
o BFX84 £3:00 TIPRC  £7-80 TXAL228B 3A 2N3703 40
BC168  £1-20 @FXB7  £3.00 TIPIIA  £5.50 40OV Triac £9-50 2N3706  £1.20 CrOSShatCh & l
8C182 £1-20 BFX88  £2-50 TIP31B  £8.90 ING14 80 2NITD7 €150 \ l
8C183 £1-20  BY27 £1:20  TIP3IC  £7-80 1N4003  £0-80 2N3819  £2-20 H
BCl64  £1:20 BzYsy  £1.00 TIP3R2A  £6:80 1N4D04  £0.70 2N3820  £€2-50 | attern S
8C212 £4-20  C1068 €500 TIP32B  £8.50 TN400S  £0-75  2N3904  £1.80
8C213 £1:20 D30 Diac €150 TIP32C £9-00  IN4006 £0-90  2N3905 £1-80 Ge t
8C214 £1-20  MFCA000 £6:00 TIP33A  £9-00 IN4148  £0-70  2N3906 -00 nerator
BC237 £1-20  MPF103  £3-80 TIPI3B  E11-90 2N706 £1-20 40360 £4:00
BCY38  £10-00 MPF104 £3-80 TIP3IC  £13-00 2N708 £1-50 40361 £4-00 (85
BCY?0  £2:20 NKT135  £2-00 TIP34A  £13.50 2N930 £2-00 40362 £4-00 —
BCY?T1  £2:00 QA0 €2:00 TIP34B  £14.00 2N2219  £2-20
BCY72 €200 OA200 €0-80 TIP34C  £15-30 2N2904 €260
SUB-MINIATURE PRESET POTS (horiz. or vert. P.C. Mounting) 10 for 50p.
§0. 100. 250. 500, 1K, 2K, 5K, 10K, 25K. 50K, 100K, 250K. 500K. 1M, ohms « \
it
THERMAL GAS SENSOR. Figaro TGS105 €2-25 each. As used in Sept. 76 P E. Order code
Gas; Smoke Detector 997-033
Organ Constructors
13-NOTE BASS PEDAL BOARD Completely seif-contained unit requiring only connection
M plastic_covered steel levers. Change-over contacts on each note. 1o mains and TV UHF aerial socket. Incorporates its own
/»- lightly shoB-soiled therefore 1§83 than half price £12-50 each \ puise generator giving fuily interlaced scan and has
r"'“'2“'5‘\’/'3“6‘2;67'1'2’:/"1%':‘“1"0 for £5.75. unique frequency adjustment control, calibrated using
\ visual display on TV screen to ensure correct field
ELESTION 2in-and Jin Twesters. Sultable for sys(sms up to 20W. frequency
% |Gr":1 ‘( 8. r‘ks oh:‘a%,ql\r‘nped;nce‘t‘l 5'0 88&“ 520 for £2-90, 10 for £12-50. Subject to availability  Choice of outputs: blank raster dots,crosshatch and
0ssoxer-rieiworkisHIINIEa gL anovaitweeters Order Code greyscale plus set frequency position. Facilitates setting
WIRE ENDED ELECT) 997-033 of static and dynamic convergence, purity, black level
(Multard, Sprague, LOUDSPEAKERS linearity, focus.
:nF Vol& :raF Sinx 2in 3N celestion £1-00 each .
10 for £8-00
47 63
5 2 HEHn (‘:%‘;":?n — O'seas orders—add 15% for P+P All items offered for sale subject
13 8 :g g i0in Elac 80 10W ® JJ. o €4-75 to the Terms of Business set out in Doram Edition 3 catalogue. price
10 %5 B 60p. The Doram Kit brochure is also available, price 25p Combined
BLANK CASSETTES price only 70p which also entities you to 2x25p vouchers. each one
H.C. “AUDIO MAGNETICS usable on any order placed 10 the value of £5 00 or more {ex. VAT)
Professlonal Standard Super X.H.E. DORAM ELECTRONICS LTD
1 1 1 0 10 1 10 p IN
c60 0.70 6-50 060 550 0.6 890 1.3 11.00 O. BOXTRB8. WELLINGTON RD.IND. EST. LEEDS LS12 2Uf
€90 0-95 8-50 0-82 7-50 1-33 12:20 187 15-50 G @
c120 124 11-50 100 920 164 15.00 2.24  18-50 An Electrocomponents Group Company
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00000 FRECISION PRODUCTS

New range of Quality

Electronic Watches
= L.ED.

KED1A

Ideal presentl This stylish
3-function L.E.D. shows
Hours, Minutes, Seconds.
Beautifully finished with
S/steel back & FREE
stylised leatherette strap

CBM

51 90 R (lilus.)
10-digit,
2 Exp. 90 function
pre-programmed. Metric
conversions. Extra
tunctions to the4148R :
Perms and combina-
tions. Gamma, Pois-
son and Binomial
distributions, fac-
torial, complex num-
bers, hyperbolle
tunctions, linear

The .Y CON
L.C.D.
KLC3A

Constant display. Hrs,
ins & pulsating sees.
Chrome with Stainless
Steel back. Square face
with back light. FREE
Adjustable S/Steel

$x-201P (lus)

127 step
programmable
10 digit or 8 digit, 2 Exp.
127 Steps. 10 Inde.
mems, cos, sln, tan.
All log functions
Degree Rad. Un-
condltional jump
and manual jump
as well as Indirect
address, subroutine
etc. The programme

bracelet. £22- 50 or Matching S/steel Brace-
function allows you regression and inte-
to handle any type Gold Plate £24-50 'p",:,mﬁ'f"‘g;" Dricelet 8e £11-95 | orationof Y = f(x).
of calc. n o
co:dncmxn 7 Lig *£49-95 Stop Watch (R)£29 95

50 functions. 10+2 mems.

7949D Means & standard devs. All

logs & trigs. ete. Polar rec co/ford.
£11-75
4148 10-digit + 2 Exp. Full log and
= trig funct. X2, Reclprocal,
x root of y. Polar rectanaular CO- ord-
Inates. 2-store mem. Mean and Standard

The world’s first fractional
fx 10 * calculator. 10 digits or 8
plus 2 Exp. sin, cos, tan, Deg. rad. (exp.
10X, Trig. Inverse common & Natural
logs. Reciprocats. Sexagesimal, Pi
entry. Statistical calcs. incl. 2 kinds of
Standard deviatlon and other appli-
catlons. *£19-95

Constantly shows hrs, fins
& 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.

KEDSB

8-Functs. Shows Hrs, Mins,
Secs, Mth & Date and Day.
4-Yr calendar. Beautlfully
finished with S/steel back

& FREE Matching Stainless
Steel Bracelet

‘Nite Lite'. PLUS STOP

diglt 6 plus 2 Exp. as o

FX=19. P00 heree i AN WATCHIERCILITIES §1|8d PQIS' P Cre: (R)£21-95

log functions. Sar roots, Reciprocals Inneston the market. of ate v 18 0 As 4148 but Green display and

Sexagesimal'{chim'aé 4 c%nsersl(:ns, £39'50 Gold Plate £42:50 0 + Bat operation.

Fractions. 2 kinds of Standar. eviation FREE matching bracelets _oc*

and other appiications. £16-95 Kch with each. KEDG algzrg;ssllis':;izﬁgar;s— £19-95

f 21 8 diglts 2 exponents. 21 Hrs, Mins, Secs, Mth & ., zR‘!OONNew Prog. Scientific 2:2:95
X-&1. Scientific functions. Continuous hrs, mins & Date. Day of week In 50 (Navigator) 295

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-llte’,
FREE matching S/Steel

bracelet £36-95

LADIES DIGITAL

THE IDEAL PRESENT!

An elegant 6-function
watch. Shows Hrs,
Mins, Secs, Mth

letters. Single button.
Auto-hold & Fade-out.

4 Yr calendar. Case In

Heavy Rhodium on Brass

+ S/steel back. FREE
matching S/steel

adjustable bracelet.

£2995 Gold Plate £33-90 4

£15-95

Fractional Calcs.

AL8 8'dig- standard devla-

tions remainder from division. Time

calcs 2 mem, facs. £13-95
As AL8 but with 10 digits!
AL10. R

ROCKWELL
64RD .z

or 8-digit + 2 Exp.
Additional to the
44RD. Polar rec.,
co-ordinates. Log
Trig, rad or grad.

£24-50*
44RD g g:g!: :nd 2 Exp.

Green Display. Store.

KED6D

Month & Day of the Week,
tn Letters! Shows Hrs,
Mins, Secs, Date, Mth &

TEXAS

(ilus.)
100 Step

SR56.

rogrammable .
o gt 2 Exp. Date, Day! She'illove ~ Date, Day of Week, Auto Similar to the e3R

10 Inde memories, this plece oé . s-;h::lli;?:r.of:.:ﬁolfnn P g £19-50*
all log trig miniaturisedjelocs most sophisticated 24K. Stalnless Steel Slimline. Green

' tronic wizardryl Gold

and Stat functions.
Plate or with stylised

Can be programmed In beautlful leatherette wallet

display.
to hold pen, note pad and credit cards

watches at this price.
Accurate to within a few

for maths, elec- Chrome Bezel, each s

3 ecs a year. Finlshed in (all included). Full memory. Click
trtoalc"engllneeﬂr:]ng. ial valgréer‘z?lchlng Satin Stainless Steel with buttons. Rechargeable.
Siates °|“ o 2ncl GOLD PLATE FREE matching Steel including recharger. (R)£21-95
and navigatlon. bracelet. Luxury scratch-proot glass—a
£57-95(R) £26-90  jewellery plecel £36- ECIMO oIT

S/Steel £24-90 £33-90 ONLY Gold Plate £36-90

HEWLETT PACKARD

SR52 224 programme steps. 20
* tndependent memories. 9
level parenthesis. Card programmable.
Supplied with 20 blank magnetic cards

HP25R £105-30
SCI Printer 91R  £344-50
£552 96

CLOCK RADIO

and prog. manuai. (R)£194.40 Fully Prog. Printer ™
5 ] LARGE
Any ‘of the following pre-programme ON C _ l}
manuals: 1. Statistics. 2. Electrical W ZYTR I TELE GA ME v 4 DIGITAL
Engineering. 3. Mathematics. 4. Finance. ——— READOUT
NLY £25 each DE LUXE =
SRS 11, 5200 fegrree
* able. 0g. an rigs.
Hyperbolic x to the root of y. Rad & Deg,, THIS DELUXE MODEL | This Is the most unigue clock/radlo In
Factorial. Mem. 3 Inde. mems. Linear HAS T — Footbal | the country today having a soft, 13" high
regresslon. Mean, variance, standard o orange-glow dlgital readout which |5
deviatlon. Generation + 7 basic con- Squash, Solo. 2 bat sizes, ::omplbetele'sllllent' Tnéj nor'1 pu|la(|'|\ﬂh
. Engt i n a beautifully styled enclosure wit
verts., end their Inverse R;aﬁ_;fgg 2 Ball speeds. 3 distinct | ) o gate VHE/MW radlo. You can
( Tenmis, Footbalf;, Squash. Slcore m;lrker. pings—one for point score, one for bat awake to soft music or alarm. Auto-
48 functlons plus Algebraic | Ball sound eflects—2 pings. Player matlc 80 minute ‘sleep’ button In case
T130' operating system. 15 seats | identification. Red light polnt winner SirikelbatiJonelicrballlstiikelboundaly you drop oft while the radlo Is onl ¥
parenthesis. Constant, roots, powers, | indicator. £3(. and automatlc scoring. £48-90
reciprocals. Sci notation. Log, trig, deg i ) OUR PRICE £33:95
rad, mem, step function. These games are easy to play and a joy for all the family! Plus £1 PaP
£15:95. Nickel Charger it £7-95 ALL ITEMS CARRY 1 YR GUAR. PRICES INCLUDE VAT

(R) FREE Charger
—

(4

* FREE B.S.i. adaptor.

NOVUS

g

l

ORDER FORM

4640 (Mlus.)

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

conversions etc. (R)£42-95

4650 8 digit, 2 Exp, Algebralc logic.
® 2-fevel parenthesis. Full mem.
Addressable. Trig, sin, cos, fan and
inverse trig functions. Deg rad. Re-
ciprocal, $q root. Powers and Pi entry.
Mem Ex and Reglster Ex (R)£21.50
4525 8 + 2 Exp. 100 step prog. R.P.N.

= Full log and trig. XY Exchange.
Mem. 4 roll stack, skip, deiete. Ad-
ditlonal progs within the 100 step

100 step prog

(R)£26-80
451 5' version

(R)£23-80
6010.Me(rlc. £15-95%

6035 100-step programmable Statis-
i giicianfechaigeable] PHONE CALLS AND PERSONAL

SINCLAIR

CAMBRIDGE SCIENTIFIC all trlg, log
& deg. rads etc. £8-95
OXFORD SCIENTIFIC larger version of
above. Green display
PARENTHESIS.

COMPANY. GOVT. DEPT, AND
HOSPITAL' ORDERS. BARCLAY/

£12-95* ACCESS ACCEPTED BY PHONE

Practical Electronics  April 1977

CALLERS WELCOME MONS to

| (R)£34-95 & THURS BETWEEN 2 & 5 p.m. 01-458 4755. SUNDAYS 10a.m to 1 p.m. |}
Rechargeable. Flnancier 100- l To: BARCLAY ELECTRONICS Dept. 4PE. 1115 FINCHLEY ROAD,

6025. step programmable l TEMPLE FORTUNE, LONDON N.W.11 (Near the M1) l

)£3495 Please 8end Me........c..oooiiiiiiiiiiiiii e e I

4510' tlio%lg}:‘sngllg:/‘? st/ack. ﬁ.“ 'R'L"Cf_' ' with/without optlonal mains adaptor. | enclose cheque/money order total l
procal Memory, etc. £12-95* l value £.o o Le e Please add 55p to all Iltems to cover p. & p.

6030 Statisticlan. £15-95* l T
I ADDRESS ......ocooiiiii e

barclay:::::

ESt. -]
D S D D S I I D G G S S D GIED GNED SN SN



MINI CONSOLES

. ldeal for small desk control
»

panels and consoles.
Mouided in orange, biue,
black and grey ABS.

Incorporates stots for holding

1.5mm thick pcb’s

Aluminium panel sits recessed into front of console
and held by screws running into integral brass bushes.

MC 161 x 96 x 58mm  £1

MC 215 x 130 x 75mm £2.20

Add 25p per £1 order

.63 (1-9) £1.50 (10+)
(1-9) £2.17 {(10+)

value for Post & Packing

ECONOMY QUALITY LED's

50 for only £5

100 for only £9

Mixed bags. all sizes, various colours

125
lens

—w

Full specification L

Stop wasting time soldering
The NEW MW BREADBOARD accepts
Transistars, LED's, Diodes, Resistors, Capacitors
and all DIL packages with 6 to 40 pins

Includes slot-in Component Support Bracket and has over
400 individual sockets, plus Vcc and Ground Bus Strips
Price £9.72 (includes VAT & P.P )

SC BOXES (square corners)
Easily drilled or punched,
orange, blue, black and grey
ABS. Incorporate slots for
holding 1.5mm thick pcb's.
Aluminium panel sits recessed
into front of the box and
held by screws running into
integral brass bushes.

SC 85 x 56 x 36mm 80p (1-9) i77p (10+)
SC 111 x 71 x 48mm £1.07 (1-9) £1.04 (10+)
SC 161 x 96 x 59mm  £1.49 (1-9) £1.46 (10+)

Add 25p per £1 order value for Post & Packing

ED’s also available

Red {specify size) 75p per pack
Green, Yellow, Orange (specify size) £1.20 per pack
Packs contain 5 LED’s, mounting clips and data

TYPE MP NEON INDICATOR

Supptlied with resistor for 240 Volts operation
150mm leads, held in 6.4mm hole by nut

Red, Amber, Clear, Opal 20p each

TYPE A NEON

INDICATORS

Supplied with resistor for 240 Volts aperation

Held in 8mm hole
150mm w

by plastic bezel
ire leads

=P 70

Red, Amber, Clear,
Green

AA  AG AH
19p each
28p each

Opal

SEVEN SEGMENT DISPLAYS

Economy quality

Red, yellow and green

Only 45p each

Common Anode —0.3*-Left Decimal
Full specification displays

also available as above

Red @ 98p each

Green and Yellow @ £1.35 each.
Data supplied with full spec.

240 VOLTS MINI HAND DRILLS
Ideal for dritling pcb’s, chassis
etc as well as model making.
Supplied with 3 collets that
accept tools and drills with
1mm, 2mm and 1/8" dia
shanks.

£9.72 (includes VAT & P P}
Accessory tools... 5 Burrs. imm, 2mm, 1/8th Drills,
3/32" Collet Price £1.75 (Includes VAT & P.P.}

RC BOXES {round corners)

Easily driiled or punched,
orange, blue, biack and grey
ABS. Incorporate slots for
holding 1.5mm thick pcb’s.
Close fitting flanged lids
held by screws running into
integral brass bushes.

displays only.

RC 100 x 50 x 25mm 51p (1-9) 49p (10+)
12 VOLTS MINU HAND DRILL Quantity quotations on request RC 112 x 62 x 31mm 59 (1-9) 520 {10+
Ideal for drilling pcb, chassis \ RC 120 x 65 x 40mm 68p (1-9) 62p (10+)
etc as well as model making. | P.P. Note Unless included in price add 25p Post & Packing | RC 150 x 80 x 50mm 77p (1-9) 74p (10+)
Supplied with 2 collets that for orders totalling under £10. All prices include VAT and | RC 190 x 110 x 60mm  £1.33 {1-9) £1.30 (104)

accept tools and drills with
3/32" and 0.50" dia shanks.
£7.56 (Includes VAT & P.P)

are valid in UK only for 2 months from journal issue date Polystyrene version

in grey only with no slots, no integral brass bushes
RC{P} 112x 61 x31mm  35p (1-9) 32p {10+)
Add 25p per £1 order value for Post & Packing )

Michoel Willioms Electranics
47 Vicarage Av. Cheadle Hulme, Cheshire SK8 7JP

\ -

AUTO TRANSFORMERS MAINS 12 and or 24 Voit
e B . I RA N S F R M E RS ISOLATING PRIMARY 220-240 VOLTS
& atts, uto Taps Amps
-115-210-240 2-81 PRI 220/240v
U8 - 8B ey ALL EX-STOCK—SAME DAY DESPATCH SEC. 1207240V o wEn. B
4 150 0-115-200-220-240 624 CENTRE  TAP  WITH © 545 10 65 301
6 300 0-115200-220240 862 | 60 VOLT RANGE SCRECREDIVINIATURES . SCREEN 7 2 1 369
67 500 0-115-200-220-240  13-10 Prim. 220240V of m. olts U :
84 1000 0-115-200 220240 19-70 | ol 0 24 3040 48-60V 238 200 0-3 250 | Aot VAwans) £ 2 8 3 Hp -
93 1500  0-115-200-220-240 23621 | Rer Amps £ | A21AA 06, 0-6 297 | 07 o b 85 5 - 561
85 2000 0-115-200-220-240 31-56% | 124 05 3.94 13 100 95080 228 | 100 765 70 6 3 63
73 3000 0-115-200-220-240  45-76% | 126 10 5.43 | 235330 330 0-9. 0-9 2.39 Rrges g 3 o
121 20 7-65 | 207 500. 500 HEED R0 R e . 2 10 5 7-86
CASED AUTO TRANSFORMERS 125 3.0 1100 | 20817 1A B0 es1| 12 oS (A T S 539
240V cable in and U.S.A. 2 pin outiet 123 40 13-07 | 236 200.200 i ik B e 500 1973 718 8w
20VA £4.95 Ref 113w | 40 5.0 14-20 | 214 300. 300 0:20%0.20 ] 15 20 10 1542
150VA £8.94 Ref 4W 120 60 16.64 | 221700 (DC) 2012:0212;20 366 | 1% moEE e %o 19-50
500VA £15-11 Rof 7w | 121 80 19-561 | 20614 1A 0152000520 537 | 16 008 AT e g0 a0 2194
B OOVA AOh St lA 122 10-0 24091 | 203500, 500 01527, 01527 477 | 18T ;0583 ::m
: 204 1A, 15-27, 0-15-27 600 :
2000VA £35 86 Ref osw | 189 2o et | B o e 0 ve 308 | 199 76:361 | 50 VOLT RANGE
=== *115V or 240V Sec. only Prim. 200-240V
pronmce | e S 0 0 53 0508
Sec. 0-12-15-20-24-20V AVO T2 £26-86 ARDIN HIGH VOLTAGE No Amps £
Ref Amps £ AVO TT 169 £28-94 $ Dec 70 contacts £2:41 | Maing Isolating 102 ‘5 4-07
Hre 05 a1 AVO MMS £23-48 T Dec 208 contacts £3-92 1 prim. 200/220 or 400,440 103 10 5-27
79 10 4-00 U4315 (USSR} inc steel Uggc ,322:0':-55-"'0- £4:58 | gec 100 120 or 200/240 104 20 717
3 20 5-55 carry case £16-52 U Dec orl.C.s etc. £7:82 | yp Ret £ 105 30 877
o 60 243 662 | 106 40 11.26
2 230 4 MINI MULTIMETER ELECTRONIC CONSTRUCTION KIT 350 247 1523 | 107 60 1729
51 5.0 9.55 gg | ‘1%00" :C 00{‘1/- 1.0000vV 10 projects (including Electronic Organ). 1000 250 32-681 | 118 80 1862
17 6.0 10-69 b OE:RGKISN_A:TS%:-N ideal gitt at £8-63 (no soldering) 2000 252 54-801 | 119 100 22-081
b 0o e 5 AUDIO KIT 25W A CARTRIDGES
200 Mixed value resistors (count by weight)
2 + 25W Amplifiers. 1 + Pre-Amp 150 Mixed value capacitors (count by weight HIGH QUALITY MOOULES ATS5 £3-93
52%'065 “ECT'F‘ERS SU 1+ Power  suppiy. 1+ Transtormor | 30 Mixed value p,e"msion pcoual *waz S ) 5 Watt RMS AMPLIFIER €3:59 | SONOTONE
¢ Front Panel ) 2 e ) 10 Watt RMS AMPLIFIER £3-98 V100 €487
400V ZA 0-72 | 1+ Kit of parts to include on/oft switch sorted pots and pre-sets 25 Watt RMS AMPLIFIER £4.8
200V 4A 0-89 | neon ind. Stereo headphone socket | 10 Reed switches 125W AMS AMPLIFIER T (EX0
500V 10A 2-70 | Pius Instructions book £32-18. 3 Micro switches . PRE.AMP for 3.5.10W 809
SOWERIUNIS 15 Wire wound resistors—mixed wattage PRE.AMP for 25W AT g;’g
1P - : .
0C1205 34567 5-9-12¢ TEAK AUDIO KIT 25W D R R, G el POWER SUPPLIES 35-10W  £1.72
Teak venaared cabinet SE § CK REQUIRED 90p PER
at 500m, £5 Aluminium chassis. heat sink and front PACK POWER SUPPLIES 25W £4-43 £2:75
sTABlLIsED 367 5—9v at panel brackets plus back panel and TRANSFORMER 5-10W £3-88 £3-50
400m 6-98 | sockets etc. £11-21. NEW STEREO 3 TRANSFORMER 25W €574
3300 ms into 13A sockel Stereo Chassis inc.
6-7-5-9V 300mA £3-59 STEREO FM TUNER WITH 7 + TW RMS, Amp. Pre-amp, Power Supply. ANTEX SOLDERING IRONS
Plugs direct into 13A 3-pin PHASE-LOCK LOOP Front Panel, Knobs (only needs Mains Trans.). 15W £4-08 18W £4-08 25w
socket, 6-7-5-9V 300mA | 4 Pre-selected stations supply 20-35V Stereo 30 £18-99 Mains Trans £3-89. Teak SOLDERING IRON KIT £5-66
with multl-plug £3-59 | 90MA Max. £24-21 veneered cab. £4-54. STAND FOR ABOVE £1-84 M5SE  £14-19

Prices include VAT and P. & P. except + where carriage will be according
to weight and distance

Electrosil Resistors, Semiconductors, Multi-meters

Wide range of panel meters audio accessories. Send stamp for lists
Prices correct at 21st January 1877

Barrie Electronics Ltd.

3. THE MINORIES; LONDON EC3N 184
TELEPHONE: 01-488 3316/7/8
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST
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FROM THE BIGGEST RANGE OF GOOD QUALITY MULTIMETERS

CHINAGLIA ...

DOLOMITI

20k)/V a.c. and d.c.

A NEW HIGH SENSITIVITY MULTIMETER
WITH ALL THE FEATURES YOU WILL EVER NEED

Accuracy: d.c. ranges, =2-0%, a.c. and (X ranges +2-5%.

39 ranges: d.c. V, 0-150mv, 500mv. 1-5V, 5V, 15V, 50V, 150V, S00V. 1-5kV.
d.c. 1. 0-50uA, 500uA. SmA, 50mA, 500mA. 5A, a.c. V, 5V, 15V, 50v,
150V, 500V, 1-5kV, a.c. 1. 5mA, 50mA, 500mA, 5A: dB -10 to
+65 in 6 ranges, 1 0-0 5k, 5k, 50k, S00kN, SMN. S50MN.
pF50kpF, 500kpF.

Automatic overload protection and high current range fusing

Scale mirror and fine pointer for accuracy of reading. Single knob main range
switching and all panel controls. C.E.l. Class 1 movement with sprung jewel
bearings. Extended 92mm scale length for extra clarity. Compact ABS case
125 x 131 x 37mm. Weight 650g with batteries. Supplied complete with carrying
case, fused leads, hand-book and full 12-month guarantee. Optional 30kV d.c.
probe available.

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

For details of this and the many other exciting QQL!'@‘@Q ‘
instruments in the Chinaglia range, including muiti- \ |mStr’U emtS Ltd

meters, component measuring, automotive and

electronic instruments, please write or telephone. 19 MULBERRY WALK LONDON SwW36DZ TEL 01-352 1897
Y
= . : R
London College of Furniture Y -

Electronics for
Musical Instrument M anta
Tec h nology | :;A':I;::C;LIYJENﬁ!SCHARGE ELECTRONIC

. THE NEW, HIGHER RELIABILITY VERSION OF THE P.E.
A full-time three yéar course is offered in those ;;‘SCORF;IO 'MK,'f'," IS NOW AVAILABLE IN KIT FORM!! Our
aspects of electronics related to the design, building CRECIER @ EEIEIES) BIERUOD [CErIE g

and repair of all types of equipment associated with M )
e ore miles per gallon (customers reports give 10%~25% saving
~—letters available)

Students will be encouraged to m,VOIVC themselv§§ in An increase in overall performance—your 4 cylinder car feels like
project work in the fields of acoustics, group amplifica- a 6 cylinder

tion, electronics organs, synthesizer design, etc.
’ No more cold morning splutters—saves you even more petrol

Prospective students should have some knowledge of RICLE MU (EESTED Gl el O

electronics or some basic science and mathematics at The price? A snip at only £16-50, fully inclusive of all parts,

‘O’ level GCE or the equivalent. instructions, postage/packing and V.A.T. (ready built unit
A available—£19- 85 fully inctusive)
1

parts to high specitication, first quality and brand new

3 Construct this invaluable accessory, folowing our easy step by ste|
For Qetaxls apply to: Department of instructions (also available separately, price 30p pos¥ pai%).ySeng
Musical Instrument Technology, for our free interesting six page brochure—"Electronic Ignition—

[ |
Ilea London College of Furniture, How it Works™ (S.A.E. Please) to:

41-71 Commercial Road, London

E1 1LA. Telephone: 01-247 1953 ELECTRO SPARES
Dept. P.E., 187a Sheffield Road, Chesterfield, Derbyshire
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Bring 'scope’to your interest.

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

This new style course will enable anyone to
have a real understanding of electronics by a
modern, practical and visual method. No
previous knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in easy steps
mastering all the essentials of your hobby or to
further your career in electronics or as a self-
employed electronics engineer.

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

FOCus

Y SHIFT

T8 FINE

- ‘
INPUT

¥ GAIN WIDTH

@-
w0 Tis ouT
EARTH

1
7

v 45 6°

'| Build anoscilloscope. #)Read,draw and 3cGrry out over 40

As the first stage of vour raining, vou &= yderstand circuit experiments on basic

actually build your own Cathcde ray

oscilloscope! This is no toy, but a test d'

instrument that you will need not only Iograms- c"cu"s'

for the ccurse'’s practical experiments, 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 regresents a radio, computors and countless other into a working k nowledge 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 equipment, radio, t.v. etc.

Yy y ¥ 5 ¥ _r ¥ ¥ ¥ ]
All students enrolling in our ITo find out more about how to learn electronicsin a new, exciting alnd 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,
¢computer and containing P.O. Box 156, Jersey, Channel Islands.
many different components
that can be used in experi-
ments and provide an .
excellent example of current gADDRESS
electronic practice. I

|NAME

L_ L ———————_PE_B“J
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PANEL
METERS

4in RANGE
Size 4! x 33 x 1iin
Value No Price
0-50pA 1302 £4-50
0-100uA 1303 £4-50
0-500pA 1304 £4.50
0-1mA 1305 £6-00
0-50V 1306 £6-00
2in RANGE
Size 2¢ x 14 x 1}in
Value No. Price
0-50pA 1307 £3-50
0-100pA 1308 £3-50
0-500uA 1309 £3-50
0-1mA 1310 £3-50
0-50V 131 £3-50
MR2P TYPE
Size 42 x 42 x 30mm
Value No Price
0-50uA 1313 £4-80
0-1mA 1315 £3-20
EDGEWISE
Size 3 x 1} x 2{in
Cut out 22 x 13in
Value No Price
0-1mA 1316 £4-05
0-500pA 1317 £4-05
MINIATURE BALANCE/
TUNING METER
Size 23 x 22 x 26mm
Sensitivity 100/0/100mA
No Price
1318 £1-95
BALANCE/TUNING
Size 45 x 22 x 34mm
Sensitivity 100/0/100uA
No. Price
1319 £2-00

MIN. LEVEL METER
Size 23 x 22 x 26mm
Sensitivity 200pA

No. Price
1320 £1-95
Vu METER
Size 40 x 40 x 29mm
Sensitivity 130pA
No. Price
1321 £2-00

TRANSISTORS
BRAND NEW—FULLY GUARANTEED

PAKS—PARTS—AUDIO MODULES

MINI
MULTI-METER

Size 60 x 24 x 90mm
Sensitivity 1000 ohms/V
A.C. VOLTS 0-10. 50, 250, 1000
D.C. VOLTS 0-10, 50. 250, 1000
D.C. CURRENT 0-1 100mA
Resistance 0-150k
No
1322

Price
£5-95

Type Price | Type Price Tycpe Pnce Type Price | Type Price | Type Price
AC126 £0-16 | BC109B £0-08 BC54 0-12 BFY$5) £0- 14 TIP2955 £0-95 | 2N3708 *£0-07
AC127 £0-14 | BC109C EO-OB BCS50 'EO-“ BFYS2 £0-14 TIP3055 £0-75 | 2N3708A *£0-07
AC128 £0-12 | BC147 *£0-09 | BCS56 *£0-14 BIP19 £0-38 TIS43 £0-22 | 2N3708 *£0-07
AC128K £0-26 | BC148 'EO 09 BCS57  *£0-13 BIP20 £0-38 TIS90 - *£0-18 | 2N3710 *£0-07
AC132 £0-15 | BC149 *£0-09 BC558 *£0-12 BIP18/20MP UT46 £0-20 | 2N3711 *£0-07
AC134 £0-15 | BC157 *£0-12 BC559 *£0-14 £0-80 ZTX107 *£0-10 | 2N3819  £0-20
AC137 £0-15 | BC158 *€0-12 BDt15  £0-50 BRY33 £0-45 ZTX108 “£0-10 | 2N3820 £0-40
AC141 £0-18 | BC159 *£0-12 BD116  £0-80 BU10S £1-90 ZTX109 *£0-10 | 2N3821 £0-60
AC141K £0-30 | BC167 *£0-12 | BD121 £0-65 BU105,/02 £1-95 ZTX300 *£0-12 | 2N3823 £0-40
AC142 £0-18 | BC168 *£0-12 BD123  £0-65 BU204 £1-70 ZTX500 *£0-14 | 2N4058 °£0-12
AC176 £0-12 | BC169 *£0-12 BD124 £0-70 BU205 £1-70 2N1613  £0-20 | 2N4059 °£0-14
AC176K £0-26 | BC169C *£0-12 BD131 E(J o 35 BU208  £2-40 2N1711  £0-20 | 2N4060 *£0-14
AC178 £0-25 | BC170 *£0-10 BD132 BU208/02 £2-95 2N1889  £0-45 | 2N4061 *£0-12
AC179 £0-25 | BC171  *£0-10 BD131 132MP E1222 £0-38 2N1890 £0-45 | 2N4062 *£0-12
AC180 £0-20 | BC172 *£0-10 80 MJE2955 £0-88 2N1893  £0-30 | 2N4284 "£0-18
AC180K £0-30 | BC173 *£0-12 BD133 £0 60 MJE3055 £0-60 2N2147  £0-75 | 2N4285 *£0-18
AC181 £0-20 | BC177 £0-16 BD135  £0-36 MJE3440 £0-45 2N2148  £0-70 | 2N4286 *£0-18
AC181K £0-30 | BC178  £0-16 BD136  £0-36 MP8113  £0-45 2N2160  £0-80 | 2N4287 *£0-18
AC187 £0-16 | BC179 £0-16 | BD137  £0-38 MPF102 £0-35 2N2192 £0-38 | 2N4288 *£0-18
AC187K £0-26 | BC180  £0-25 | BD138 £0-45 MPF104 £0-39 2N2193  £0-38 | 2N4289 *£0-18
AC188 £0-16 | BC181 *£0-25 BD139  £0-54 MPF105 £0-39 2N2184  £0-38 | 2N4290 *£0-18
AC188K £0-26 BC182L *£0-10 BD140 £0-60 MPSAD5 *£0-20 N2217  f0-22 2N4291 *£0-18
AD140 £0-60 | BC183 *£0-10 BD139/140MP MPSAD6 *£0-20 2N2218  £0-22 | 2N4292 °£0-18
AD142 £0-85 | BC183L *£0-10 £1-20 MPSAS5 *£0-20 2N221BA £0-20 | 2N4293 *£0-18
AD143 £0-75 | BC184 *£0-10 BD155  £0-80 MPSAS56 *£0-20 2N2219  £0-20 | 2N4921 *£0-55
AD149 £0-60 | BC184L *£0-10 | BD175  £0-60 oc22 £1-50 2N2219A £0-24 | 2N4923 °£0-65
AD161 £0-36 | BC207 *£0-11 BD176  £0-60 0c23 £1-50 2N2904  £0-18 | 2N5135 °*£0-10
0162 £0-36 | 8C208 *£0-11 BD177  £0-68 0C24 £1-40 2N2904A £0-21 | 2N5136 "£J-10
AD‘|61/ 162MP 8C209 *£0-12 | BD178  £0-68 0C25 £0-60 2N2905 £0-18 [ 2N5138 *£0-10
0-75 | BC212 *£0-11 BD179  £0-75 0C26 £0-60 2N2905A £0-21 | 2N5194  £0-56
AF114 £0A20 BC212L *£0-11 | BD201/202MP QCc28 £0-90 2N2906  £0-16 | 2N5245 *£0-28
AF115 £0-20 BC213 *£0-11 £1:70 0Cc29 £1-00 2N2906A £0-19 2N5294  £0-34
AF116 £0-20 | BC213L *£0-1 BD203  £0-80 0C35 £0-90 2N2907 £0-20 | 2N5296 £0-35
AF117 £0-20 | BC214 *£0-12 | BD204  £0-80 0C36 £0-90 2N2907A £0-22 | 2N5457 £0-32
AF118 £0-40 | BC214L *£0-12 | BD203/20aMP 0C70 £0-15 2N2926G *£0-09 | 2N5458 €£0-32
AF124 £0-30 | BC237 *£0-16 £1-70 ocn £0-15 2N2926Y “£0-08 | 2N5458 £0-38
AF125 £0-30 | BC238 *£0-16 | BDY20  £0-80 TIC44  *£0-29 2N29260 "£0-08 | 2N5551 *£0-30
AF126 £0-30 | BC251 *£0-15 | BDX77 £0-90 TIC45 *£0-28 2N2926R *£0-08 | 2N6027  £0-32
AF127 £0-32 | BC251A. *£0-16 | BF457 £0-37 TIP2SA  £0-44 2N2926B "£0-08 | 2N6121  £0-70
AF139 £0-58 | BC301 £0-30 | BF458 £0-37 TIP2B  £0-52 2N3053  £0-16 | 2N6122  £0-70
AF 180 £0-58 | BC302 £0-28 | BF459 £0-38 TIP29C  £0-62 2N3054  £0-40 | 40311 £0-36
AF180 £0-58 | BC303 £0-32 | BF594 *£0-15 TIP30A  £0-50 2N3055 £0-40 | 40313 £0-95
AF181 £0-58 | BC304 £0-38 BF596  *£0-17 TIP30B  £0-60 2N3414  "£0-16 | 40316 £0-58
AF186 £0-58 | BC327 *£0-16 | BFR39 £0-25 TIPIOC £0-70 2N3415 *£0-16 | 40317 £0-36
AF239 £0-38 | BC328 *£0-15 | BFR40 *£0-25 TIP31A  £0-54 2N3416 *£0-29 | 40326 £0-36
AL102 £0-95 | BC337 ~*£0-15 | BFR79 *£0-28 TIP31B  £0-66 2N3417  *£0-29 | 40327 £0-45
AL103 £0-95 | BC338 *t0-15 | BFR80 *£0-28 TIP31C £0-68 2N3614  £0-85 | 40346 £0-42
AU104 £1-00 | BC440 £0-30 | BFX29 £0-25 TIP32A  £0-64 2N3615 £0-90 | 40347 £0-55
AU110 £1-00 | BCa4d1 €0-30 | BFX30 £0-30 TIP328  £0-76 2N3616  £0-90 | 40348 £0-70
AU113 £1-00 BC460 £0-38 BFX84 £0-23 TIP32C  £0-80 2N3646 "£0-09 | 40360 £0-38
BC107A £0-08 | BC461 £0-33 | BFX85 £0-24 TIP41A  £0-66 2N3702 *£0-08 | 40361 £0-38
BC107B £0-08 | BC477  £0-20 | BFX86  £0-25 TIP41B  £0-70 2N3703 *£0-08 | 40362 £0-38
BC107C £0-08 | BC478 £0-19 | BFX87  £0-22 TIP41C  £0-80 2N3704  *£0-07 | 40406 £0-40
BC108A £0-08 | BC479 £0-20 | BFX88 £0-22 TIP42A  £0-72 2N3705 *£0-07 | 40407 £0-28
BC108B £0-08 | BC547 *£0-12 | BFX90 <£0-55 TIP42B £0-78 2N3706 *£0-08 | 40408 £0-48
BC108C £0-08 | BCS48 ~£0-12 | BFY50  £0-14 TiP42C  £0-95 2N3707 *£0-08 | 40409 £0-52
FULL SPECIFICATION GUARANTEED. ALL FAMOUS MANUFACTURERS
Type Price Type Price Type Price Type Price Type Price Type Price
7400 £0-14 | 7409 €0-15 | 7441 £0-64 7482 £0-85 7493 £0-40 | 74122 £0-50
7401 £0-14 7410 £0-14 7442 £0-64 7483 £0-95 7494 £0-88 74123 £0-70
7402 £0-15 | 7411 £0-23 7445 £0-90 7484 £0-98 7495 £0-75 | 74141 £0-80
7403 £0-15 7412 €0-23 7446 £0-90 7485 ©  €£1-20 7496 £0-80 74154 £1-30
7404 £0-15 7413 £0-27 7447 €0-78 7486 £0-30 74100 £1.00 74180 £1-10
7405 £0-15 7414 £0-58 7448 £0-80 7489 £2-90 74110 £0-50 74181 £2:00
7406 £0-30 7416 £0-28 7475 £0-48 7490 £0-42 74118 £0-90 74190 £1-50
7407 £0-30 7417 £0-28 7480 £0-50 7491 £0-75 74119 £1-85 74198 £2:00
7408 £0-15 7440 £0-15 7481 £0-95 7492 £0-45 74121 £6-30 74199 £1-90
Type Price ype Price | Type Price | Type Price | Type Price { Type Price
CD4000 £0-14 | CD4012 -18 CD4022 £0-95 CD4031  £2-20 CD4046  £1:30 CD4071  £0-28
CD4001 £0-18 | CD4013  £0-50 CD4023 £0-18 CD4035 £1-05 | CD4047 £1-10 CD4072 £0-28
CD4002 £0-18 | CD4015 £0-90 CD4024 £0-72 CD4037 £0-95 | CD4049 £0-55 CcD4081  £0-18
CD4006 £0-98 | CD4016 £0-50 | CD4025 £0-18 | CD4040 £0-95 | CD4050 £0-55 | CD4082 £0-28
CD4007 £0-18 | CD4017 £0-90 | CD4026 £0-98 | CD4041 £0-82 | CD4054 £1-20 | CD4510 £1-30
CD4008 £0-95 | CD4018 £1-00 | CD4027 £0-60 | CD4042 £0-82 | CD4055 £1-20 | CD4511 £1-60
CD4008 £0-55 | CD4019 £0-52 | CD4028 £0-85 CD4043 £0-98 CD4056 £1-40 CD4516 £1-40
CD4010 £0-55 | CD4020 £1-10 | CD4029 £1-15 CD4044 £0-94 CD4069 £0-40 CD4518 £1-08
CD4011  £0-18 | CD4021 £0-98 | CD4030 £0-55 | CD4045 £1-40 | CD4070 £0-40 | CD4520 £1-25
Type Price ype Price Type Price | Type Price
LM309K €2-50 UATIIC ‘1032 72748 *£6-35 TAAGIA  *12-00
LM320-5v *£0-90 72m "£0-32 72748P *£0-35 TAABGTA  *£1-50
LM320 1?V {200 UA723C £0-50 SN76013N  *£1-40 TAD100 *£1-30
LM3I20-15V 72123 £0-50 SN7602IN  "1-40 TBAS4Q  “f2-50
LM320-24V UA74IC “£0-20 SN76110  *£1-50 TBAB4IB  “£2-25
LM380N 72144 ‘2020 SN76115 "£1-5¢ TBAB0D *£0-80
LM3BIAN 741P 0N SN76660  *£0-75 | TBAG10S 095
LM3900N UAT4IC 1070 SL403D €1-15 TBA820 £0-90
MC724P 72147 8079 SL414A “£1-75 TBAS20Q £3-4
MC1303L UAT48 *£0-35 TAAS508 £0-35 TCAZN0S  *13-90

P&P

Postage and Packing add 25p
unless otherwise shown. Add extra
for airmail, Minilmum order £1.
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MC1304P
MC1310P
MC1312PQ
MC1330P
MC1339
MC1350
MC1351P
MC1352P
MC1456G
MC1466L

I-PAK

PO BOX 6, WARE, HERTS

Practical Electronics

NEWNES
TECHNICAL
BOOKS

No. 229 Beginners
Guide to
Electronics

Price £2-251

No. 230 Beginners
Guide to
Television

Price £2-251

No. 231 Beginners
Guide to
Transistors

Price £2-251

No. 233 Beginners
Guide to Radio
Price £2-251

No. 234 Beginners
Guide to Colour
Television

Price £2-25,

No. 235 Electronic
Diagrams

Price £1-801

No. 236 Electronic
Components

Price £1-801

No. 237 Printed
Circuit Assembly

Price £1-801

No. 238 Transistor
Pocket Book

Price £3-901

No. 225 110 Thyristor
Projects using
SCRs and Triacs

Price £2-501

No. 227 110 COS
MOS Digital IC
Projects for the
Home Constructor

Price £2-251

No. 226 110 Opera-
tional Amplifier
Projects for the
Home Constructor

Price £2-501

No. 242 Electronics
Pocket Book

Price £3-751

No. 239 30 Photo-
electric Circuits
and Systems

Price £1-801

Just a selection from our
huge stocks!
SEE OUR
1977 CATALOGUE

126 pages packed with
valuable information

ORDER NOW
ONLY 50p plus 15pp. & p.

April 1977



SEMICONDUCTORS—COMPONENTS

DIODES

Type Price  Type Price Type Price  Type Price
AAT29 £0-08 BY100 £0-16 BYZ11 £0-31 OAg1 £0-07
AAY30 £0-09 B8Y107 £0-12 BYZ12 £0-31 OAg5  £0-07
AAZ13 £0-10  BY105 £0-18 BYZ13 £0-26 OA182 £0.07
AAZ17 £0-10 BY114 £0-12 BYZ16 £0-41 OA200 £0-08
BA100 £0-10 BY124 *£0-12 BYZ17 £0-36 OA202 £0-08
BA102 £0-32 BY126 *£0-15 BYZ18 £0-2¢ SD10 £0-06
BA148 £0-15 BY127 *£0-16 BYZ19 £0-28 SD19 £0-06
BA154  £0-12 BY128 £0-16 OA10  £0-35 IN34 £0-07
BA1S5  £0-14 BY130 *£0-17  QA47 £0-07 IN34A £0-07
BA1S56  £0-14 BY133 *£0-21 OA70  £0-07  IN914  £0-06
BA173  £0-15 BY164 £0-51 OA79  f0-07 IN916  £0-06
BB104 £0-15 BY176 *£0-75 0AB1 £0-07 IN4148 £0-06
BAX13 £0-07 BY206 £0000 QA85 £0-09 1S44 £0-05
BAX16 £0-08 BYZ10 £0-3§ OQA90 f0-07 1S90 £0-06

Type Price Type Price Type Price Type Price
15920  £0-06  IN4003 £0-07 15020 £0-10 1803t £0-25
18921 £0-07 IN4D04  £0-08 15021 £0-11 IN5400 £0-13
15922  £0-08  IN4QOS £0-09 S023 £0-13  INS5401 £0-15
15923  £0-09  IN4JO6 £0-10 |S025 £0-14  IN5402 £0-16
1S924  £0-10  IN4007 £0-11  |S027 E£0-16  IN5404 £0.17
IN4001 £0-05 1S015  £0-09 (S029 £0-20 IN5S406 £0-21
IN4002  £0-06 IN5407 £0-25

Pak Order

No. Qty No. Price
Usy 100 Germ. gold bonded OA47 diode 16130 £0:60
Us1t 150 Germ. OA70/81 diode 16131 £0-60
Us2 100 Silicon diodes 200mA OA200 16132 £0-60
U53 150 Diodes 75mA 1N4148 16133 £0-60
Us4 50 Sil rect top hat 750mA 16134 £6-50
uss 20 Sil rect stud type 3 amp 16135 £0-50
US6 50 400mW zeners DO7 case 16136 £0-60
US7 30 NPN trans BC107/8 plastic 16137 *£0-60
us8 30 PNP trans BC177/178 plastic 16138 ~£0-60
uUs9 25 NPN TQO39 2N697/2N 1711 silicon 16139 £0-60
Uea 25 PNP TOS59 2N2905 silicon 16140 £0-690
U1 30 NPN TO18 2N706 silicon 16141 £0-60
ue2 25 NPN BFYS0/51 16142 £0-60
U63 30 NPN plastic 2N3906 silicon 16143 *£0-60
U4 30 PNP plastic 2N3905 silicon 16144 "£0-80
ues 30 Germ. 0071 PNP 16145 £0-60
usé 15 Plastic power 2N3055 NPN 16145 £1-20
ue7 10 TO3 metal 2N3055 NPN 16147 £1-20
uss 20 Unijunction trans TiS43 16148 £0-60
(V] 10 1 amp SCR TO39 16149 £1-20
uro 8 3 amp SCR TO66 case 16150 £1-20
Code Nos. mentioned above are given as a guide to the type of device
in the pak. The devices themselves are normally unmarked

SUPER UNTESTED PAKS

LINEAR PAKS

Manufacturer's 'Fall Outs’ which include
Functional and part-Functional Units. These
are classed as out-of-spec from the
maker's very rigid speciffications, but are
ideal for learning about ICs and experimental
work
U721--30 Assorted Linear Types 709, 741, 747,
748, 710, 588, etc
ORDER No. 16227

U76SD FM STEREO DECODER

51Cs 76110 equivalent to MC1310P-MA767 ﬂ
Data supplied with pak.

*£1-50

ORDER No. 16229_ *£1-50
U76A A OWER OUTPUT
AMPLIFIE

)’assoned types. SL403, 76013. 76003, etc
‘Data supplied with pak

ORDER No. 16228

TRIACS

COMPONENT PAKS

74 SERIES PAKS

Manufacturer s Fall Quts’~ which include
Functional and part-Functional Units. These
are classed as out-of-spec from the
maker's very rigid specifications. but are
ideal for learning about ICs and experimental
work

746—100 Gates assorted 7400-01-04-10-50-60.

ORDER No. 16224
74F—50 Flip-Flops assorted 7470-72- 73—74—75~
104-109. etc.

ORDER No. 16225
74M~30 MS]. Assorted Types. 7441-47- 90 154

ORDER No. 16226 £1-20

VEROBOARDS PAKS

VBi1—Approx 30sq.in'various sizes. All 0 hn
matrix

ORDER No. 16199 80p
VB2—Approx. 308q.in various sizes. 0 15in
matrix.

ORDER No. 16200 60p

ELECTROLYTIC PAKS

A range of paks each contaning 18 first
quality, mixed value miniature electrolytics
ECt—Values from 0-47mF to 10mF

ORDER No. 16201 *60p
EC2—Values from 10mF to 100mF

ORDER No. 16202 “80p
EC3—Values from 100mF to 680mF

ORDER No. 16203 “60p

C280 CAPACITOR PAK

75 Mullard C280 capacitors, mixed vaiues
ranging from 0-01uF to 2-2uF complete with
identification sheet

ORDER No 16204 *£1-20

CARBON RESISTOR PAKS

These paks contain a range of Carbon
Resistors, assorted into the following groups

PLEASE WORD YOUR ORDERS
EXACTLY AS PRINTED, NOT
FORGETTING TO INCLUDE
OUR PART NUMBER

VAT

ADD 12}% TO PRICES MARKED *
ADD 8% TO OTHERS EXCEPTING
THOSE MARKED 1. THESE ARE
ZERO RATED

Practical Electronics  April 1977

3 of each value—4.700pF. 6.800pF.

0-01uF, 0-015uF. 0-022uF,
0-033uF and 0-047uF

Pak Order
No. Qty Price

Volts : A:l‘op TOS CASE Price Voltsw Am: Tou CASEF’rlce c1 200 Resistor mixed value approx 15‘54 REOLE0
100 TR12A/100 0-31 | 100 TR110A 100 £0-77 (count by weight)

200 TR12A/200 £0-51 200 TR110A/200 £0-92 C2 150 Ca(pacll?'; mlxedh:)alue approx 16165 *£0-60

. . count by wegl
40 TRi2A/400 w0 400 LRI 02 [o%] 50 Precision resistors. Mixed 16166 £0-60
values
C4 80 (W resistors mixed preferred 16167 *£0-60
6 AMP T066 CASE 10 AMP TO220 CASE values

Volts No. Price Volts No. Price C5 5 Pieces assorted ferrite rods 16168 *£0-60
100 TR16A/100 £0-51 400 TR110A/400P  £1-12 C6 2 Tuning gangs. MW/1W VHF 16169 *£0-80
200 TR16A 200 £0-61 DIACS c7 1 Pack wire 50 metres assorted 16170 £0-60
400 TR16A/400 £0-77 BR100 £0-23 D32 £0-23 colours single strand

c8 10 Reed switches 16171 *£0-60
(o] 3 Micro switches 16172 *£0-60
c10 15 Assorted pots 16173 *£0-60
T H Y R I T c1 5 Metal jack sockets 3x 3 5mm 16174 *£0-60
2 x standard switch types
600mA TO18 CASE 7 AMP TO48 CASE c12 30 Paper condensers preferred 16175 *£0-60
Volts No. Price Volts No. Price types mixed values

10 THY600:10 £0-13 50 THY7A 50 £0-48 C13 20 Electrolytics trans. types 16176 *£0-60

20 THYE00/20 £0-13 100 THY7A, 100 £0-51 C14 1 Pak assorted hardware— 16177 £0-60

30 THY600/3C £0-1% 200 THY7A 200 £0-57 nuts/bolts. gromets, etc.

50 THY6E00 50 £0-22 400 THYTA 400 £0:62 C15 5 Mains slide switches ass 16178 *£0-60
100 THY600 100 £0-25 600 THY7A/600 £0.78 C16 20 Assorted tag strips and panels 16179 £0-60
200 THY600 200 £0-38 800 THYTA 800 £0-92 c17 15 Assorted controt knobs 16180 *£0-80
400 THY600 400 £0-45 Cc18 4 Rotary wave change switches 16181 *£0-60

10 AMP TO48 CASE c19 2 Relays 6-24V operating 16182 *£0-80
Volts No Price c20 1 Pak, copper laminate approx 16183 £0-80
1 AMP TOS5 CASE 50 THY10A/50 £0-51 200 sg.in
Volts No. Price 100 THY10A 100 £0-57 c21 15 Assorted fuses 100mA-5 amp 16184 £0-60
50 1”3& ?go gg.g 200 THY10A 200 €062 | C22 50 Mzz;:s;\éccz:gﬁ:mg assorted 16185 £0-60
H - .
;83 ¥HY:A‘2&O) Eg: g)g ¥:z:“g: ;gg g:;; C23 &0 ¢ »c;l\:erseslsrors mixed preferred 16188 *£0-60
HY 1A/ - a
ggg THY1A/600 £0-45 800 THY10A/800 L2 C24 25 Presets assorted type and value 16186 *£0-60
800 THY 1A/800 £0-58 C2s 30 Metres stranded wire assorted 16187 £0-60
16 AMP TO48 CASE colours
Volts No. Price
50 THY16A 50 £0-54

M 100 THYI6A 100  £0-58 SL'DER PAKS

OUSRNOS el THY16A 200  £0-62

50 THY SA/SOREIE0: 258 Rang THY16A/400  £0-77 | pak Qrder
100 THYSAI00  £0-27 | 600 THY16A/00  £0-90 | No. Q Pr
200 THY3A 200 £0-33 0 Ly R (=3
400 THY3A 400 £0-42 800 THY16A, 800 £1-39 s 6 Slider potentiometers. mixed 15190 *£0-60
600 THY3A/600  £0-50 N | 470 ohms 16191 €060
800 THY3A/B00 £0-65 30 AMP TO94 CASE S2 6 Slider potentiometers. al ohms P

Volts No Price S3 6 Shder potentiometers, all 10k in 16192 £0:60
50 THY30A/50 £1-18 S4 6 Slider potentiometers, all 22k lin 16193 *£0-60
5 AMP TO66 CASE 100 THY30A/100 £1-43 S5 6 Slider potentiometers, all 47kl in 16194 *£0-60

Voits . No price | 200 THY30A200 £1.63 | S8 6 Slider potentiometers. ali 47k fog 16135 “£0-60

50 THYSA 50 £0-36 | 400 THY30A 400  £1-79
R T e CERAMIC PAK
200 THYSA 200  £0-50
400 THY5A 400 £0-57 No. Price Containing a range of first quality miniature ceramic capacitors.
600 THY5A 600 £0-69 BT101/500R £0-80 Unrepeatable value
800 THYSA 800 £0-81 BT102/500R £0-80 Pak. Order

BT106 £1-25 No. Qty No Price
gl:gg gg;: MC1 24 miniature ceramic capacitors. 16160 *£0-60
M 3 of each value—22pF, 27pF,

Volts5 An::).rom CASEPnce 2N3228 £€0-70 33pF. 39pF. 47pF, 68pF and
400 THY5A400P  £0-57 | 2N3525 0g7 82pF )

600 THY5A 600P  £0-69 BTX30/50L £0-33 MC2 24 miniature ceramic capacitors, 16161 *60-60
800 THYSA/B00P  £0-81 BTX30/400L £0-46 3 of each vaiue—100pF. 120pF,

C106 4 £0-60 150pF. 180pF. 120pF, 270pF.
330pF and 390pF
MC3 24 miniature ceramc capacitors, 16162 “£0-60
3 of each value—470pF, 560pF,
ORDERING 680pF 8205 1000pF. 1 500PF
2.200pF and 3,300pF
MC4 21 muniature ceramic capacitors, 16163 *£0-60

R1—60 mixed '/;W 100-820 ohms

ORDER No. 16213 *60p
RA2--60 mixed /(W 1-8 -2k

ORDER No 16214 *80p
R3—60 mixed /W 10-82kN

ORDER No. 16215 “60p
R4—860 mixed /(W 100-820kN

ORDER No. 162 *60p
R5—40 mixed '/,W 100-82000

ORDER No. 16217 “60p
R6—40 mixed '/,W 1-8 -2k

ORDER No. 16218 *60p
RA7T—40 mixed '/,W 10-82kN

ORDER No. 16219 “60p
R8—40 mixed '/,W 100-820kN

ORDER No. 16220 *60p
R9—60 mixed '/,W 1-10MN

ORDER No. 16230 *60p

_ R10—40 mixed '/,W 1-10MN
ORDER No 16231 “60p

WORLD SCOOP!
JUMBO
SEMICONDUCTOR PAK

Transistors, Germ and Silicon Rectifiers,
Diodes, Triacs. Thyristors. ICs and Zeners

ALL NEW AND CODED.
Approx. 100 pieces Offering the amateur a
fantastic bargain PAK and an enormous
saving—identification and data sheet in every

pak.
ORDER No. 16222 £2-25

Just a selection from our
huge stocks!

SEE OUR

1977 CATALOGUE
126 pages packed with
valuabie information
ORDER NOW
ONLY 50p
plus 15p p. & p.

AT OPEN 9 to 5.30 Mon/Sat.

P.O. BOX 6, WARE, HERTS

SHOP 18 BALDOCK ST., WARE, HERTS.

Tel. 61593
249



TRHTIELS

ELEGTRDMGS o

WINDSOR,BERKS.
SL4 1HS.
TEL.54525

98-60 GROVE RD.

ADD 8% VAT TO PRICES MARKED *
ADD 123% TO ALL OTHER PRICES,
OR AS CURRENT VAT LEGISLATION
SEND C.W.0, (EXCEPT GOV'T DEPT)
POST & PACKING 20P FOR THE U.K
BARCLAYCARD & ACCESS BY POST
OR £5 MIN ON TELEPHONE ORDERS.
NEW CATALOGUE LIST FREE S.A.E.
MONEY BACK IF NOT SATISFIED,

TOP DISCOUNTS .

NEW LOW PRICES,

Full spec devices

FAST SERVICE

INTEGRATED CIRCUITS
ON EX-STOCK  ITEMS 555 TIMER 34p*  LM380(60745) £1
(LMY & CRIE 556 2 x 555  90p* LM381 DPreamp £2
703 RF/IF AMP  29p  LM3900 4xOPA 53p*
709 T099 or DIL26p*  MC1303 2xPre 2
0 DIL14 35p*  MC1310 stereof2
723 Regulator 41p®  MC1312P SQ £1.70
! 741 DIL 8pin  21p*  MC1330 75p
741 DIL 1dpin 31p*  MC1338 Preampt2
741 T099 33p*  MFC4000B i 72p
! 747 DUAL 741  69p*  MFC6030 €1
748 DIL 8 pin 32p* NE536 FETOPA g2+
7805 5V1A+regfl.35+  NE510 or 550 £2*
7812 & 7815eaf1.40%  NE555 TIMER 34p
76013 68 AF ¢1.50  NE556 2x555 00p*
SEVEN SEGMUNT LED DISPLAYS AY51224 CLOCK £4 %  NES560/1/2/5/6/753
BRIGHT DL707 COM ANODE & CA3046 S4p*  SN72741 as 741
DL704 COM CATH. 0.3 g1+ ICLB038 Sigen €4 *  SN76660 IF  7dp
DL747 0.6"JUMBO CA £1.25+ L3001 €1 ¢« SN76611 IF  ¢1
- LM301A DI1 8  3Gp+  TBABOO 5K AF Bip
P B T o, 25 LV309K 5V reg £2 TBABLO 7¥ AF 94p
LM309H TO5 can £1*  ZNi14 Radio £1.19
LM318 70VusOPA £3*  NEW 1466/69 €4

RED LEDS iOR.

RED LEDS 209 STYLE 0.125"

CM0S 7T7L

rlﬁ"J

OR 0.2" DIA. NO CLIP 10p-
* 4 12p* 0 39p*
TIL209 RED LED & CLIP 12p* OO DA 100 2 DR 10 b
1001  15p 7401 13p 7491 75p
BIG 0.2" RED LED & 14p* . & 0 o
1002 16p 7402 15p* 7192/93 45p
GREEN OR ORANGE LEDS 29p* 1007 16p* 7404 19p¥ 7495/96 72p*

¢

ORP12 54p*2N5777/0CP71 34p* 1009 50p*  7408/10 18p* 71100 £1.25¢
4011  16p* 7413 29p* 74107 32p*
TRAMPUS 4012 17p* 7440 16p* 74121 29p*
THE GREAT 1049 30p* 7441 71p* 74123  69p*
BRITISH 4069 20p* 7142 72p* 74141 T4ip*
DISTRIBUTOR 4501 26p* 7447 79ps 74115  85p*
4511¢£1.85% 7470/72 27p* 74147 €2.50"
1528 ¢1° 7473/74 31p* 74151  75p*
INDUSTRIAL, EDUCATIONAL, TRADE 4543 £2* 7475/36 35p* 741541 £1.40*
& EXPORT SUPPLIED.SEND FOR 4553 £5% 7186 35p* 74196 €1.50%

OUR FREE CATALOGUE LIST SAE

TRANSTSTORS AND DIODES

INS BUSH SET 5p ea* TIP31/32 50p*
MATCHING 20p Pr* TIP31c32c68p*
AC127/8 176 15p* TIP41/42ea 66p*
AD161/162 eal3bp* TIP41c42c ¢f1.50%

BC107 8p* TIP2955 69p*
BC107B 13p* TIP3055 65p*
BC108 8p* TLS43 UJT 26p
BC108B or C 13p+* 1N914/4148 4p
BC109 9p* 1N4001/2 4p=
BC10SB or C 12p* 1N4004 5p*
BC147/8/9 8p 1N4007 7p*
BC157/8/9 11p 2N706/8 l4p*

BC167/8/9 12p
BC177/8/9  16p
BC182/3/4a/110p
BC212/3/4a/112p

2ZN2646 UJT 40p*
2N2904/5pnp29p*
2N2926 ory T7p*
2N3053 17p*

BCY70/1/2 15p* 2N3055 90W 33p*
BD131/132ea 36p* 2N3055 115w45p+*
BFY50/51 15p* 2N3614 TO3 €1+
BFY52/53 16p* 2N3702/3/41 10p

BSX 19/20/2119p*
BZY88 ZENER 10p
C106D SCR  5d4p*
MJ2955 T03 99p*

2N3705/6/7 9p
2N3708/9 9p
2N3710/11 15p
2N3819 &23el7p

MJE2955 99p* 2N3820 PFET40p
MJE3055 65p* 2N3904/5/6 15p
0481/91 5p 2N5457 FET 32p
TIP20 & 30 40p+ BRIDGE1AS50 20p*

BARGAI PAKS FuLL SPEC tlea.

PAK A: 11 RED LEDS full spec ¢1%
PAK B:5 711C 8 PIN OP AMP £1*
PAK C:4 2N3055 €1*¢# D 12 BC109 £1*
PAK E: 11 BC182 ¢1 F 11 2N3704 €1
PAK G 7 BFY51 €1~ H 8 2N3819 &1
PAK J: 6 2N3053 £1*¢ K 40xIN911 €1
PAK M: 3 1099 3055 €1’N 25 0A91f1
PAK P: 20 PLASTIC BC1 TYPEnpn¢1

10~-365PF TUNER.SINGLE GANG FOR

DAL O

PCB ETCH KIT 3 ITEMS £2*

ETCH RESIST PEN 2TIPS 75p*
FEC ETCH PAK TUB 600gm £1¢
6x4'" SRBP 45p*NYLON F/GEl*

SCR AND TRIACS BR100O 25p*
TAG 1A400V 50p*1A600V 69p*
1AS0V 37p*.C106D 4A400 60p*
TRIACS:SC116D 104400V €1°*
DISCO TRIAC 15A400V €2¢

AUDIBLE WARNING BLEEPER
12V35mA £1.20%10 off £1+*
CAPACITORS 22pf - .ol 5p
ELECTHOLYTIC IN 10 & 25V
/100 7p 50V 10p
200/500 10p 1000/25 20p
POTENTIOMETERS AB etc20p
PRESETS 6p AWRESISTORS 2p
HEATSINKS T05 or 18 7p
TO3 16p.T03 4"“finned 50p
DIN:PLUGS all 15p.Sock 10p
SWITCHES SPST 20p Dpdt 29p

GAS DETECTOR TGS 308etcf4*

vero

VERO 0.1" PITCH COPPERCLAD
23"x5" 10p* 3{"'x5" 45p*
23"x3%"36p* 31"x31" 10p*
3ix17" £2 FACE CUTTER 65p-*
DIL BREADBOARD 2"x4" €1 or
6"x4" {2 VERO PINS 36 30p*

BLACK PLASTIC CASES 12mmx

“ANUFACTURERS EXCESS STOCKS
PURCHASED .DISCOUNTS 10% OFF
100 up. 157

DIL SOCKETS PROFLSSIONAL. QUALITY
8pin,14pin & 16pin ALL 12p ea *

OFF 1000 up.... SOLDERCONS 100 19p* 1000 £3.95%

MED/SHORT WAVE.XTAL SET etc €1+ 80x60 50p*100x75 60p*99x
SET3/IF CANS 155/470KHZ TOKO £1* 120 70p.DESOLDER BRAID 50p

INTRODUCING
3 /n\

FROM

A New Miniature
Soldering Iron

220-240 Volts

-18 Watt *
16718 watts FEATURES
Insulation tested at 1500 V ac . )
* Lightweight
BITTYPE

* Slim, easy to hold

19 1:5mm * Four tip sizes
20 30mm * Complies with
21 45mm Consumer Protection

Regulations BS N°3456 2/i4
* 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 & Postal Orders to Manufacturers & Distributors
S. & R. BREWSTER LIMITED

86-88 UNION STREET, PLYMOUTH, PL1 3HG
Telephone: O752-65011

22 GOmm o

As
Advertised
onTV

Dimmit
range of light
dimmers and lighting
control systems

litustrated is the popular

PMSDI000 module. A I1kW slider
control dimmer, interference sup-

pressed, 60mm slider range size
$> 2 Igin. Ideal for low cost
stage and disco lighting. Used by
schools, theatres, studios, etc.
Complete with scale plate, fixing
screws and full instructions.  £9-06
inc. VAT and postage and packing.

Comiplete compact light dimmer

systems for stage, club and disco
lighting, etc.

DDé!M (illustrated). Six  1kW
channels, six outlet sockets, master con-

trol, mains on/off switch, size 23 8§ 5in.
Price £131 inc. VAT and P. & P

DD61-B.  Six kW channels, using module
PMSDI1000, lowest cost system. Price £66'50 inc. VAT and P. & P.

ALL PRICES REDUCED FOR A LIMITED PERIOD

The Dimmit range includes rotary and slider control dimmers and
sound to light converters for home, entertainment and professional

applications. Ratings 1kW, 2kW, 3kW.

All products are guaranteed and are supplied with full instructions

and applications. Full after-sales service. Technical advice given.

For full information on all modules and lighting controf systems send
Callers welcome, visit our

for our FREE illustrated catalague and price list.
showroom for a demonstration of any of the modules or systems. Man -Fri.
9.30ta 6.0 p.m. Sat. by arrangemen:.

YOUNG ELECTRONICS LTD.

184 Royal College Street, London NW1 9NN

Tel, 01-267 0201

Practical Electronics

April 1977



15-240 WATTS!

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

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

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

p to external potentiometers (not included}. The RY5 is compatible with ail [.L.P.

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

connector is supplied with each pre-amplifier.

FEATURES: compliete pre-amplifier in single pack. mult-function equalisation: low noise, low

distortion, high overload. two simply combined for stereo.

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

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

10mV. auxiliary 3-100mV: input impedance 47k at 1kHz Outputs—tape 100mV, main output 500mV

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

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

Price £5-22 + 65p VAT. P. & P. free

HY5 mounting board B.1. 48p + 6p VAT. P. & P. free

The HY30 is an exciting New kit from |.L.P. It features a virtually indestructible

I.C. with short circuit and thermal protection. The kit consists of: I.C.. heatsink,

P.C. board, 4 resistors, 6 capacitors, mounting kit, together with easy to follow AVAI LABLE
15W into 80 construction and operating instructions. This amplifier is ideally suited to the

beginner in audio who wishes to use the most up to date technology available.

FEATURES: complete kit. low distortion, short, open and thermal protection, easy to build Ex STOC K

APPLICATIONS: updating audio equipment, guitar practice amplfier, test itier. audio i

SPECIFICATION: Output Power—15W R M S. into BN. Distortion—0 1% at 15W Irlpul Sensitivity—

S00mV Frequency Response—10Hz-16kHz —~3dB
Price £5-22 + 65p VAT. P. & P. free

The HY50 leads I.L.P.'s total integration approach to power amplifier design.
H 5 The amplifier features an integral heatsink together with the simplicity of no external
components. During the past three years the amplifier has been refined to the extent
25W | ntO 80 that it must be one of the most reliable and robust High Fidelity modules in the World.

FEATURES: low distortion integrai heatsink only five connactions. 7 amp output transistors. no
external components

APPLICATIONS: medium power hi-fi systems: low power disco. guitar amplitier.

SPECIFICATION: Input Sensitivity—500mV Output Power—25W R.M S into 8. Load impedance—
4-16N Distortion—0-04% at 25W at 1kHz. Signal/Noise Ratio—75dB Frequency Response—10Hz-
45kHz —3dB Supply Voltage— =25V Size—105 x 50 x 25mm

Price £6-82 + 85p VAT. P. & P. free

The HY120 is the baby of |.L.P s new high power range. designed to meet the most
exacting requirements including load line and thermal protection this amplifier sets
a new standard in modular design.
. FEATURES: very low distortion integral heatsink, load line protection. thermal protection five
60W lntO 8 n ions, no external ts.

APPLICATIONS: hi-h high quality disco. public address. monitor amphfier. guitar and organ.
SPECIFICATION: Input Sensitivity—500mV. Output Power—60W R.M S into 8. Load impedance—
4-1601 Distortion—0 04% at 60W at 1kHz Signal/Noise Ratio—90dB. Frequency Response—10Hz-
45kHz —3dB Supply Voltage— = 35V. Size—114 x 50 x 85mm

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

The HY200 (now improved to give an output of 120 watts) has been designed to
stand the most rugged conditions such as disco or group while still retaining true
hi-fi performance.
. FEATURES: thermal shutdown very low distortion, load line protection, integral heatsink no external
120W lntO 80 components
APPLICATIONS: hi-fi disco: monitor. power slave, industrial, public address.
SPECIFICATION: Input Sensitivity—500mV. Output Power—120W R.M.S. into 8N. Load Impedance—
4-160. Distortion—0 05% at 100W at tkHz Signal/Noise Ratio—96dB Fraquency Response—10Hz-
45kHz —3dB. Supply Voitage— = 45V Size—114 x 100 x 85mm

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

The HY400 is I.L.P.’'s 'Big Daddy of the range producing 240W into 401! It has been

designed for high power disco or public address applications. if the amplifier is to

be used at continuous high power levels a cooling fan is recommended. The amplifier
240W i'"lto 40 inciudes all the qualities of the rest of the family to lead the market as a true high

! power hi-fidelity power module.

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

APPLICATIONS: public address. disco. power siave. industrial

SPECIFICATION: Output Power—240W R M S into 4N, Load impedance—4-160. Distortion—0 1%

at 240W at 1kHz Signai/Noise Ratio—94dB. Frequency Response—10Hz-45kHz —:kiB Supply Voltage

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

Price £32-17 + £2:75 VAT. P. & P. free
POWER SUPPLIES: P8U38-—suitable for two HY30s £5-22 + 65p VAT. P. & P. free. PBUS0—suitable for two HY50s £6-82 +

85p VAT. P. & P. free. PBUT0—suitable for two HY120s £13-75 + 1-10 VAT, P. & P. free. PSU90—suitabie for one HY200
£12-65 + £1-01 VAT. P. & P. free. PSU180—suitable for two HY200s or one HY400 £23-10 + £1-85 VAT. P. & P. free.

TWO YEARS' GUARANTEE ON ALL OUR PRODUCTS
Please supply ... ..... ... ... .

I'L'P' EIeCtrorncs Ltd- Total Purchase price ........................... oS
| Enclose: Cheque O Postal Orders O Money Order O
Crossland Housea Please debit my Access account O Barclaycard account O

NaCkington, CanterbUfy ACCOUNT NUMDET . o oo

Kent CT4 7AD Name and Address ... e
Tel (0227) P 2°7°9999550000500000000000000000000005000GEA0LEEAEAEEAEaEaEANNA0 o

Registered office No. 1032630 Signature. . ... ... . i
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VALVE MAIL ORDER CO.

Climax House
159 Fallsbrook Road, London SW16 6ED
SPECIAL EXPRESS MAIL ORDER SERVICE

£p £p £p £p
1IN21 0:-50 | BY213 025 | VAZ204, 085 | XB121 048
1N23 160 | nyzio  g.45 | OAZ205  0.45 | 28170 018
N85 250 | o "ax | 0AZ206 0-65 | Z8271  0:20
2.50 | BYZI1  0-45 ZT21 025
IN253 0.40 | BYZ12 0,40 | UAZ207T  0-85 | 5y 0.95
IN256 245 | BYZ13  0.42 | OAZ208 0440 171y 197 0.0
IN846 025 | BYZ15 1.85 | 0AZ209 0-40 | ZTX108 0.10
INT264 030 | BYZ16 0-60 | 0AZ210 0-65 | ZTX300 0-12
INGIY 040 | 3ZY8s  0-12 | 0AZ211 0.85 | ZTX304 0-22
1N4007 0-20 | 111 0.55 | 0AZ222 0-45 | ZTX000 012
! 020 | cpsljos 0.46 | 0AZ223  0-45 | ZTX503 0-18
18113 H N 0 ZTX531 0-25
- 025 | (psija0 0.0 | OAZ241 0-25
L8202 033 | . 042242 015
26371 100 | €848 190 - INTEGRATED
2G381 0.75 | Cs1ol 350 | OAZ244  0-25 | CIRCUITS
A 1-00 | D000 015 | 02246 0-1B | 7400 0:16
26417 1.50 | D003 015 | 0OAZ290 0-88 | 7401 016
N ! 0-14 | D006 0-26 | OCl6 125 | 7402 0-16
2N404 014 | DD00T  0-40 | oCl6T  1.00 | 7403 0-18
2N697 015 | DDO0S  0-38 | OC22 2.00 | 7404 0-26
aN698  0:80 ; 0:15 | D3 0-38 | 0Co3 2.25 | 7405 0-22
2N706 012 | BC110  0-20 | GDy 010 | oc24 2.5 | 7406 0-42
aN706A 01 | BC118 020 | GDs 025 | 0C25 0-85 | 7407 0-42
aN708  0.16 BCL6A 023 ) (D12 0:10 | OC26 060 | 7408 0-28
X709 0.0 BCILE  0-20 | GETIO2 050 | 0Ces 0.75 | 7409 0-28
Ni0ol 085 BC121  0-20 | GET103 0-85 | oC29 0-75 | 7410 0.16
gNllal oioa Be122 0-20 [ GET113 -85 | OC30 0.40 | 7411 0-25
N1182 0'% BCI260 025 | GET114 085 | 0C36 075 | 7412 0-80
2;‘1902 0'80 uqma 0-25 1 GET115  1.60 | 0C36 0-75 | 7413 0-36
e o0 |Belu 0B | GLTIIC L50|0Ci1 046 | 7416 0-86
2N1508  0-45 BCl47 010 | GET120 050 | 0C42 0.50 | 7417 0-868
aN1306  0-48 BC148  0-08 | GET872 0-30 | 0C43 1.00 | 7420 0-16
2N1506  0.50 BCl49  0:10 | GETB76 1.00 | 0C44 0.45 | 7422 0.85
oS 050 |Bew7 012 | GETEB0 1.0 | oC4em 017 | 7423 0-87
3N1308 0-50 | BClos  0:10 | GETE81 0:25 | 0C4b 0-46 | 7420 0-87
iN2id7  1eo | BCléo  0.68 | GET882 100} oCasM  0-18 7427 0-8?
INol4s 180 | BClso  o.1p | GETSSS 096 0Cis o7 | 7428 049
2N2218 0126 e : GEX44 0-08 | 0Co7 0-80 | 7430 0.18
aNa219 0.8 uqx.u 0-80 | GEX45/1 0-56 | OCH8 0.60 | 7432 0-87
INasgea 0.95 | DGYS2 1:00 | GEX941 0-45 | 0C60  0.80 | 7433 0.87
N236oA 026 | BoYEd 070 Gyin 086 | ococ  0.60 7437 087
2N2444 189 | BCY34 076 | GJ4M  0.86 | oc70  0.85 | 7438 0.37

$ 100 | BCY38 126 | GIsM 066 | 0C71 9.85 | 7440 0-28

2N2646  0-50 | BCY3Y  1-80 | gJ7M 085 | 0C72 045 | 7441AN  0-98
0

2N2906 0-22 [ BCY42  0-80 | HB100A

0

g
aN2024 018 [ BCY71  0-22 1

2N2626 0-16 | BCZ10  0-60 g‘}g:}fo 3

aN2026  0-15 | BD121  1-55 | MJEG20 0

2N3064 065 | D123  1.50 | 3JE2950 1

2N80566 0'80 | BD124 075 | MTKIOH5 0O

0

0

0

0

aN3707 0:13 | pF173 025 | MPF105

4 026 | BCY40  1-25 | HG1006
7 026 | BCY70  0-18 | MAT120

2 018 | gpy11 1.46 | MPF102

NEgss 04z |oCsv 028|790 8
1 018 | Briss 0.0 | NKT120 080 3 H 7483 1.10
9 087 [prios oo | NKT2IL 046 | OC8S 048 50gf 100

aN4289 080 | prioy o0 | NKT213 026 | SSUS 93817 g
355327 g'ga Bri96  0-12 | NKT214 050 | oc1as  1.55 | 7490 0-66
aooc® 083 BRIeT 02| NKTelc 060 ocisk 10 | 1431aN 100

AA129  Q-15 | BFX30 3
AAZ12  0-76 | BFX35 .98 | NKT271 0.20 | 0C201
AAZI3 018 | DFX63 0-50 | NKT272 0.20 oczo
7 018 | pr¥es .4 | NKT273 0.20 | OC203 160|751 0.86

AC126  0.95 | BFX85
AC128 0-22 | BFX87 0.25 | NKT278

0-76 | BFR61 0.2 7492 170

" 218 0- 0 1 2

438 | prass s | NKTS 0881 0L 10

160 | jrX13  0.35 | NKT222 050 | oci70  g.50 | 7499 0-80

033 | prx2y o.28 | NKT224 025 |oc171  g.50 | 7496 098
0.28 | NKT261 024 | 0C200  1.00 | 7497~ 387

0.8 | NKT27s 0.5 | 0C204  1.50 ) 74118 0-90
028 | Brxss 0.9p | NKT277 0.9 | OC206 175 74119 168

AC187 025 | ppXes 0.p5 | NKT301 1.25'| 9C207 74123 1.00
: 0C460 .20
ACIsS O | BFYl0 00 | NKTS04 1.00 ocie 080 |7anal om0

ACY1&  0.55 | BFY1!

0-50 | NKT403 1.00 | ocP71 1.5 | 74140 1:28

ACY19  0.56 | BFY17 0.40 | NKT404 125 | ORP12 74151 1.00
ACY? 0-55 | DFY18  0.50 | NKT678 030 | ORP60 085 | ~415 .0
S ORP61 0.g5 | 4104 £:00
ACY21  0-85 | ppylg  0.50 | NKT713 0-30 74155 1.00
ACY22 038 | jpyo  o.45 | NKT737 038 8X68 1:50 | 74156 1.00
ACY27  0-35 9X631 125 | 74157 0
ACY28  0-g6 | DFY44  1.00 | OAG 075 ) b N ok
ACY39  1.00 | BFYs0 0.21 | OA6 055 | 8X635 055 7
] ; g - 10 | 9X640 150 | 74174 157
ACY40 055 | BFys1  0.21 | 0447 010 74175 110
oy iiiRoies v : ‘s | 8Xe41 075 | 7317
DFYse 023 | OAT0 015 | BX041 74176 1.28
ACYSL 082 | nryps s | 0AT) 020 | SXM4 o L8010 a4190 200
AD145  0.68 | BFYes 045 [0a73 05| SXOH DB ITUS] 200
ADIS1 045 | Bryso o8l |OA74 015 | X6 085 TG 200
AD162 045 | Brioo g40 | 0A79 01z | TIGH 0801 Sl T30
AF106 035 | DSx27 0.8 | 0a8l 015 | V19300 150 | 2Gign 379
AF114 0.25 , . V30/201F 1:50 | 74106 .
ARlg 025 psxeo 099 | OAS> 08| 3 FA10C R, 20
ARl 088 | DU 00| 0Ase s | VOO/201 060|717 180
AFllS 095 | IR0 s | Odoe .07 Ne0/01l 150 | 74108 27

AFils 075 | psyzr 023 | oand
F119 020 | paysi 050 | OA9
AF1ps 030 | povel 050 oeny

0.07 | XAl01 010 74199 2.52

018 Plug in sockets
0-15 | _jow profile
0:15 | g ;)in DIL 015

0A202

95 0. o
AF126  0.30 | BSYSS 020 | oA2y0  0.20 [ XA16) €25 | 14 pin DIL

0-30 | BTY42  0-82 | 0A%11  0-35 | XAl62  0-25

AF139  0-40 | BY100  9.45 | 042200 0-85 | XB101  0-48 1.;,,“,1)”?'15
0-

AF178 0-55 | BY126 012 | 0AZ201 0.85 | XB102  0-30
AF179 0-65 | BY127 012 | OAZ202 0.85 | XB103  0-35
AF180 150 | BY182  0-85 | 0AZ203 085 | XB113  0.30

Open daily to callers: Mon.-Fri, 9 a.m.-5 p.m.

Val

ves, Tubes and Transistors « Closed Saturday

Terms C.W.O. only « Tel. 01-677 2424-7 Prices correct

Quotations for any types not listed. when going
Post and Packing I5p per order, to press.
V.A.T. to be added. Plastic Transistors 12}9%. ! press.

Metal Can Transistors 8%.

Integrated Circuits 8%.
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IS IT?

IT'S A QUARTZ DIGITAL CLOCK. Shows Hours, Minutes,
Second Dot. AM/PM, Date, Day of Week.

IT'S AN ALARM. Can be set to sound 4 times a day. AM or PM
every day until reset.

IT'S A STOPWATCH. Hours, Minutes, Seconds to 9 hrs, 53 mins,
59-9 secs.

IT'S A CALCULATOR. Computerigsed for Time and Date calculations.

IT'S ANOTHER WORLD FIRST FROM CAS10O—The CQ-1.

IT'S ONLY 1x 2} x5} inches and costs only £29-95 (R.R.P. £35-95).

THE SECOND BEST
WATCH IN THE WORLD?

8 Functions and Backlight
STOPWATCH.

DUAL TIME ZONES.

Stainless Steel, Mineral Glass.
The Casio CASIOTRON R18B
R.R.P. £75-95. Our price £58-50.
Full range of new 1977

Casio watches from £38-50. ..

NEW National Semiconductor LCDs from £23-90.

Fairchild Timeband low cost LCD. Many others.

SEND 10p FOR OUR ILLUSTRATED CATALOGUE.

The WIDEST range of the BEST watches at the LOWEST prices.

Prices include VAT and P. & P. Free battery(s). 1 year Guarantee.
Access and Barclaycard welcome. C.0.D., or send cheque or P.O.
to.—

TEMPUS

A lot of Time for the Money

Talk of The Town
19/21 Fitzroy Street
CAMBRIDGE CBt 1EH
Tel. 0223 312866
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RABSTRA ELECTRONICS LTD.
x R- 2 2 o 6 KA K 275-281 King Street - Hammersmith - London W6 9NF
Tel.01-7483143/2960 Telex 24443
FUNCTION GENERATOR KIT .
FEATURES New Low Price!
Low sinewave distortion (THD 0-5%)— ONLY £10-96, complete

insensitive to signal sweep .
Excellent stability (20 ppm/°C, typ) BY RETURN POSTAL SERVICE in-

L

Wide sweep range (2000:1, typ) cludes: postage, packing, insurance
TRy R and VAT
Adjustable duty-cycle (1% to 99%) ® IMMEDIATE EX-STOCK DELIVERY
TTL compatible FSK controls @& CALL-COLLECT SERVICE ALSO
Sine, triangle and square wave
Total harmonic distortion ’ e XR-2206KA APPLICATIONS
(THD), 0-5% typ. . Wavef tion—sine,
lren e g

Frequency range: 1Hz to 100kHz >
Sweep generation

XR-2206KA 4 AM/FM generation

Includes monolithic function generator FSK and PSK generation

IC, PC board, assembly instruction manual and Augat IC VOIFage-to—frequency conver-
socket. sion

Note: The kit requires some additional parts and hardware Tone generation

for complete assembly in a laboratory equipment form. Phase-locked loops

We also supply a wide range of discrete semiconductors, linear and digital ICs (including clock and
communication circuits), breadboarding equipment, accessories, and the entire range of Augat IC sockets,
plugs, wirewrap boards and systems. Callers welcome.

e

ah— its e/ectromc'

Although the gear worn by today's electronic enthusiasts
may differ somewhat from that sported by our friends in
the photo, conversations similar to that above can be heard
any day of the week in this fair land of ours. Of course, the
subjects under discussion are by no means limited to musical
instruments—they are as varied as the skill and ingenuity of
modern man can devise. The components incorporated in
them are of course even more varied, and thousands of
them are to be found in the famous Home Radio Components
catalogue. No matter what project you wish to tackle it will
pay you to purchase this superb catalogue and then, for
quick and helpful service, to order your actual components
from Home Radio.

.r—————————————-

Plosse write your Name and Address in biock capitals '

The Home Radio Components catalogue has 200 = wame
pages filled with over 5,000 items, well over a thousand
of them illustrated. With every catalogue comes a free
bargain list showing many items at such give-away
prices that the savings can pay for the catalogue
several times over. The catalogue costs just £1 plus MOME RADIO (Components) LTD Dept PE

. o~ Regd No
40p for post and packing. Send for one today! 234-240 London Road. Mitcham. Surrey CR4 3HD 7% Lorcon
t G aup GEp GEs TEn 2 TS R b Gy G s T

234 -240 London Road Mitcham CR4 3HD' Phone 01-648 8422

ADDRESS

HOME RADIO (Components) LTD, Dept: PE
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| SYNTHESISERS, SOUND EFFECTS AND

COMPONENTS SETS include all
necessary resistors, capacitors, semi-
conductors, potentiometers and trans-

formers, Hardware such as cases, sockets,
knobs, etc. are not included but most of
these may be bought separately. Fuller
details of kits, PCBs and parts are shown
in our lists.

CIRCUIT AND LAYOUT DIA-

GRAMS are supplied free with all
PCBs designed by Phonosonics.

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

PHONOSONICS

MAIL ORDER SUPPLIERS OF QUALITY
PRINTED CIRCUIT BOARDS,
COMPONENTS
MARKET.

KITS AND
TO A WORLD-WIDE

P.E. SYNTHESISER

{P.E. Feb, 73 to Feb. 74)
The well acclaimed and highly versatile large-scale
mains-operated Sound Synthesiser complete with key-
board circuits. All function circuits may be used
independently, or interconnected. The greater the
number of circuits, the greater the versatility. 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, Volt-
age Controlled Filter, Guitar Effects Pedal}.
THE MAIN SYNTHESISER

Stabilised power suppl

: ply £14-36
Two Linear Voltage Controlled Oscillators

and one Inverter—all 3 circuits £18-32
PCB (2 are required) each £1-63
Two Ramp Generators and Two Input
Amplifiers
all 4 circuits £5.99
PCB (holds all 4 circuits) £1-51
Sample-Ho!d and Noise Generator £8-32
PCB (holds both circuits) £1.87
Tone Control £2.71
CB . 88p
Reverberation Amplifier £7-27
Sprine Line unit for Reverb. Amp. £5-95
Ring Modulator . £4-46
Peak Level Meter Circuit £1.50
100pA Panel Meter £5.20
PCB to hold Reverb, Ring Mod and Meter
Circuits £2-14
Envelope Shaper £6:17
PCB £1.60
Voltage Controlled Amplifier and Differential
Amplifier £8-69
PCB (holds both circuits) £1-45

THE SYNTHESISER KEYBOARD CIRCUITS

{Can be used without the Main Synthesiser to maka an
independent musical instrument)
Two Logarithmic Voltage
Oscillators

Controlled

Component set £15:38
PCB (holds both circuits) £2-86
Divider, 2 Hold Circuits, 2 Modulation

Amplifiers, Mixer and 2 Envelope Shapers £22-88
PCB (holds the first 6 circuits) £1.98
PCB for both Envelope Shapers £1.70
Keyboard Stabilised Power Supply £7-61
Printed Circuit Board £1-04

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.
Component Set with special

foot operated

switches £7-20
Alternative component set with panel mounting

switches £4.96
Printed Circuit Board £1-43

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) £7-59
Printed circuit board £1-74
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) £2.81
PHASING UNIT (P.E, Sept. 73)

A simple but effective manually controiled unit for
introducing the ''phasing” sound into live or recorded

music.
Component Set (incl, PCB) £2-87

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

For use with the above Phasing Unit to automatically
control the rate of phasing.

Component Set (incl. PCB) £4.36
WAH.-WAH UNIT (P.E. Apr. 76)

The Wah-wah effect produced by this unit can be con-
trolled manually or by the integral automatic controller.
Component Set incl. PCB

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

A five-octave electronic piano that has switchable
alternative voicing of Honky-Tonk piano, ordinary piano,
harpsichord, or a mixture of any of the three, toke(her
with facilities including fast and slow tremolo, loud and
soft pedal switching, and sustain pedal swntchlng The
power amplifier typically delivers 24 watts into B ohms.
The PCBs have been redesigned by ourselves making
improved use of the space available.

Main Power Supply £11.68
Tone Generator and Top € Envelope

Shaper £10:90
PCB for Main PSU, Tone Gen & Top C E.S. £2-31

Envelope Shapers for all notes (except Top C) £38:28
?::t of PCBs for Envelope Shapers (except Top

£11.88
Voicing and Pre-Amp Circuits £10-93
PCB for Voicing and Pre-amp £2:80

Power Amplifier (inc). separate Powaer Supply) £15-09
PCB for Power Amp and PSU 95p

RHYTHM GENERATOR (P.E. Mar./Apr. 74)
Programmable for 64,000 rhythm patterns from 8 effects
circuits (high and low bongos, bass and snare drums,
long and short brushes, blocks and soft cymbal), and with
variable time signatures and rhythm rates. Really fascina-
ting and useful.

Tempo, Timing and Logic circuits £12:70
PCB for above circuits (double-sided) £3-24
Component set for all 8 effects circuits £13-88
PCB for all 8 effects £3-74
Simple mixer {our design) incl. PCB £3.95
Alternative mixer with external volums controls,

incl. PCB £10-94
Power Supply for T, T and L, and Effects, incl.

PCB £€7-86

(See our list for Power Supplies for Mixers)

REVERBERATION UNIT (P.W. Nov./Dec. 72)
A high quality unit having microphone and line input
pre-amps, and providing full control over reverberation

fevel.

Component Set (excl. spring unit) £8-95
Printed C;rcu:z Bo:rd £1.96
9 in. Spring Un £5-95
Panel Meter (50pA) (optional) £5-20

WIND AND RAIN UNIT

A manually controlled unit for producing the above-
named sounds.
Component set incl. PCB £3:59

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

Sophisticated, versatile Fuzz unit, including variable and
switchable controls affecting the fuzz quality whilst
retamlng the attack and decay, and also providing filter~
ing. Does not duplicate the effects from the Guitar
Effects Pedal and can be used with it and with other
electronic instruments.

Component set using dual slider pot £6-68
Component set using dual rotary pot £6-02
Printed circuit board £1-37

FUZZ UNIT
Simple Fuzz unit based upon P.E. ‘Sound Design’ circuit.
Component set incl. PCB £2-01

TREMOLO UNIT .
Based upon P.E. 'Sound Design’ circuit.
Component setincl. PCB

TREBLE BOOST UNIT (P.E. Apr. 76)

Gives a much shriller quahty to audio signalsfed through
it. The depth of boost is manually adjustable.
Component Set incl. PCB £2:36

25 WATT MONO AMPLIFIER (P.E. Sept. 75)

A good general purpose integrated circuit power
amplifier typically delivering 25 watts into 8 ohms.
Power bandwidth 20Hz to 20kHz, 3dB, input impedance
20k m. Distortion 0-2%,. Suitable for use with any of
our sound producing kits.

Component Set incl. power supply £15.09
Printed Circuit Board 9Sp
For stereo use two sets and PCBs are required.

£3-24

P.E. MINISONIC MK |

(P.E. Nov. 1974 to March 1975)

A portable, battery or mains operated, miniature sound
synthesiser, with keyboard circuits. Although having
slightly fewer facilities than the large P.E. Synthesiser,
the functions offered by this design give it great scope
and versatility. Like the large Synthesiser it too may
be advantageously used with other circuits in our lists.

Basic component set £42°71
Set of PCBs £7°71
Full details in our list. o

P.E. MINISONIC MK 2

More sophisticated version of the MK 1.
Basic component set

Set of PCBs

Full details in our list.

From £52°91
£9°10

DISCOSTROBE (P.E. Nov. 76)

4-channel light-show controller giving a choice of
sequential, random, or full strobe mode of operation.

Basic component set £17°62
Printed circuit board £2°85

ENVELOPE SHAPERS

Both of the kits betow have manual control over their
Attack, Decay, Sustain and Release functions. Both kits
include PCB (VCA means Voltage Controlled Amplifier)

Envealope Shaper and VCA (P.E, Apr. 76) £6-51
Envelope Shaper (without VCA) (P.E. Oct. 75) £4:63
YOICE OPERATED FADER (P.E. Dec. 73)

For automancally reducing music volume during *‘talk-

over’—particularly useful for Disco work or for home-
movie shows.

Component Set incl, PCB £3.78

YOLTAGE CONTROLLED FILTER (P.E. Oct. 74)
An independently designed VCF that can be used with
the P.E. Synthesiser.
Component Set
Printed Circuit Board

£372
£1:38

P.E. TUNING FORK (P.E. Nov. 75)

Produces 84 switch-selected frequency-accurate tones.
An LED monitor clearly displays all beat note adjust-
ments. ldeal for tuning acoustic and electronic musical
instruments alike.

Main Component Set incl. PCB £14.94
Power Supply set incl. PCB £6-95
P.E. SYNCHRONOME (P.E. Mar. 76)

An accented-beat electronic metronome, providing

duple, triple and quadruple times with full control over
the beat rate. Can also be used as a simple drum-beat
rhythm generator. Includes power supply.

Comp! t Set incl. loud £10-95
Printed Circuit Board £1.87

PEAK LEVEL INDICATOR (P.E. Mar. 76)

A twin-channel visual display unit for monitoring the
peak level of audio signals. Well suited for use when
inter-coupling our many sound producing kits to help
avoid signal over-loading.

Component Set incl. PCB (as published) £3-84

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 in addition to above post and
handling.

Eire, C.l., B.F.P.O., and other countries are subject to

DON'T FORGET VAT!

Add 121% (or current rate if changed) to full total of
goods, post and handling. (Does not apply to export
orders).

EXPORT ORDERS are welcome, though we advise
that a current copy of our list should be obtained before
ordering as it also shows Export postage rates. All pay-
ments must be cash-with-order, in Sterting and preferably
by International Money Order or through an English
Bank. To obtain ftist for Europe send 20p, for other
countries send 40p,

Export postage rates.
PHONOSONICS + DEPT. PE54 . 22

HIGH STREET « SIDCUP .

KENT DAl4 6EH

MAIL ORDER AND C.W.O. ONLY
SORRY BUT NO CALLERS PLEASE
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OTHER PROJECTS

PHOTOGRAPHS in this advertise-
ment show two of our units containing
some of the P.E. projects built from our
kits and PCBs. The cases were built by
ourselves and are not for sale, though a
small selection of other cases is available .

LIST -Send Stamped Addressed En-
velope with all U.K. requests for free
list giving fuller details of PCBs, kits, and
other components.

OVERSEAS enquiries for list: Europe—
send 20p; Other Countries—send 40p.

KEYBOARDS AND CONTACTS

Kimber-Atlen Keyboards as required for many published circuits, including the
P.E. Joanna, P.E. Minisonic, and P.E. Synthesiser. The manufacturers clzim that
these are the finest moulded plastic keyboards available. All octavesare Cto C. The
keys are plastic, spring-lozded and mounted on a robust aluminium frame.

3 Octave (37 notes) £24-85. 4 Oct (49 notes) £29-50. 5 Oct (61 notes) £34:50.
Contact Assemblies for use with above keyboards: Single-pole change-over (type
SP) as for P.E. Joanna and P.E. Minisonic. T pole normally op: ke-break (type
DP) as for P.E. Synthesiser. Special contact assembly (type 4PS) having 4 poles, 3 of
which are normally-open make-breal contacts and the fourth is a change-over contact
—this special assembly enables THE SAME KEYBOARD to be used with the P.E
Synthesiser, P.E. Minisonic and the P.E. Joanna simultaneously thus avoiding the cost
of more than one keyboard.

Contoct Each 3 Octove Set 4 Octove Set 5 Octove Set
SP 24p £8.88 £11-76 £14-64
2P 27p £9-99 £13.23 £16.47

4PS 53p £19:61 £25-97 £32-33
PRINTED CIRCUIT BOARDS for use with the above contacts and thus eliminating
most of the inter-wiring required, are available. Details in our lists.

SOUND-TO-LIGHT (P.E. Apr./Aug. 71) TRANSISTORS
The ever-popular Aurora-—4 or 8 channels each responding ACIl28 20p
to a different sound frequency and controlling its own light. ACI76 20p
Can be used with most audio systems and lamp intensities. BC07 i4p
A MUST for any Disco, and a fascinating visual display for the BCIl08 t4p
home. BC109 14p
4 Channel Component Set (excl. thyristors) £15-13 BC147 12p
8 Channel Component Set (excl. thyristors) £27.01 BCl48 12p
Power Supply Component Set £5.95 BCI149 i2p
PCB for 4 frequency channels £3.65 BCI57 13p
PCB for power supply and 8 lamp drivers £1-70 BCI58 13p
[A 400V thyristors (I per chan. req.} each 75p BCI59 13p
Panel meter (1uA) (optional) £5.20 gg:g%L :%p
P
3-CHANNEL SOUND-TO-LIGHT (P.E. Apr. 76) By e
A simple but effective sound-to-light controller capable of BC209C I4p
operating 3 famps each of approximately 700 watts, Includes BC212L ',p
power supply, thyristors, and by-pass switches, BC2I3 IS:
Component Set incl. PCB £11-59 BC478 28p
BCY7I 22p
BIOLOGICAL AMPLIFIER (P.E. Jan./Feb. 73) BRI 44p
Multi-function circuits that, with the use of other extarnal BDI132 S4p
equipment, can serve as lie-detector, alphaphone, cardio- 8FYS50 22p
phone etc. BEYS| 2p
Pre-Amp Module Component Setincl. PCB £4.19 gg;gg 2;9
Basic Qutput Circuits—combined component set MJE29:5 lfop
with PCBs. for alphaphone, cardiophone, frequency ocis 6 (4
meter and visual feed-back lamp-driver circuits £6-37 OCTI ”:
Audio Amplifler Module Type PC7 £6-75 oC72 25p
QCs4 25p
TAPE NOISE LIMITER QRPI2 66p
Very effective circuit for reducing the hiss found in most ZTX107 i2p
tape recordings. All kits include PCBs. ZTX108 9p
Standard Tolerance Set of Components £2-88 ZTXSs01 t3p
Superior Tolerance Set of Components £3.13 ZTX503 15p
Regulated Power Supply (will drive 2 sets) £4.69 %l:lr;%séal f;:
SINE AND SQUARE WAVE GENERATOR (P.E. July 75) ERHA 2
Suitable for audio, digital, or general purpose. Controllable 2N2219 27p
through 4 decade ranges 10Hz to 100kHz, switched attenu- 2N2905 35p
ation through 10 ranges from 10V to ImV peak-to-peak. 2N2905A I6p
Component Set. While stocks last £10:38 2IN2907 22p
PCB for above components £1:76  2N3053 18p
Power Supply £6:25  IN3054 66p
PCB for Power Supply £1-06 2N3055 48p
2N3702 i2p
SEMI CONDUCTOR TESTER (P.E. Oct. 73) 2N3703 i2p
Essential test equipment for the enterprising home construc- 2N3704 i2p
tor. While stocks last. %mgg{g :ip
Set of resistors, capacitors, semiconductors, L4
potentiometers, makaswitches and PCB £9:11 2N3823E %p

Panel meter (500uA) £5.20 2N4060 12p

SEE OUR LIST
FOR COMPONENTS | !Mrecsare crs
AND ACCESSORIES 102 g ol o

P
741 B-pin DIL 32p
[}

STOCKED 738 Sonoi &b

8-INPUT MIXER uA7812 T0220 205p
A simple mixer having 8 inputs each of which has a preset uA7815 T0220 205p
level control and which are combined into one output uAT8i8 T0220 205p

channel having a preset over-all level control and a AY-1-0212 622p
master output volume control. Designed for inter- AY-1-6721/6 188p
coupling our various sound efiects and synthesiser kits. CA304 80p
Component set incl. PCB £3.95 _ SG3402N 242p

PRICES ARE CORRECT AT TIME OF PRESS, E. & O.E.
DELIVERY SUBJECT TO AVAILABILITY. PHONOSONICS

JointheDigital
Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation. . .

Each of the 6 volumes of this self-instruction course measures

113" x 87" and contains 60 pages packed with information.
diagrams and questions designed to lead you step-by-step through
number systems and Boolean algebra. to memories, counters and
simple arithmetic circuits. and on to a complete understanding of
the design and operation of calculators and computers.

Design of Digital Systems.

£6-20

plus 80p packing and
surface post anywhere in
the world.

Payments may be made in
forergn currencies.

Quantity discounts availabte
on request.

VAT zero rated.

Also available—a more elementary course assuming no prior
knowledge except simple anthmetic
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

. Fliptiops and Registers

Offer Order both courses for the
bargain price £9-70, plus 80p
P &P

FS

Designer These courses were written so that you

could teach yourself the theory and applica-
Manager 00 Sigital logre. Learning by self instruc-
Enthusiast tion has the advantages of being quicker and

Scientist more thorough than classroom learning.
E A Youwork atyour own speed and must respond

ngineer 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.

To Cambridge Learning Enterprises (Dept. ENG)
FREEPOST, Rivermill House, St. Ives, Huntingdon, Cambs. PE17 4BR 1

r
|
I *Please send me set(s) of Design of Digital Systems at £7-00 I
I each, p & p included

I

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
Name

|
l
Address AU Lo . o l

*delete as ;appliéable .
L No need to use a stamp—just print FREEPOST on the envelope. PEEJ
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RELAYS NXiATone nevavs

RELAYS. WIDE RANGE OF A.C. and D.C.
RELAYS AVAILABLE from stock, phone or

write in your enquiries.

HONEYWELL PUSH BUTTON PANEL
MOUNTING MICRO SWITCH ASSEMBLY.
Each bank comprises of
changeover rated at 10 Amp.
250V a.c. Black knob lin dia.
fixing hole $in. Prices: One
bank 40p. Two bank 50p.
Three bank 60p, Min. order
5 pieces. P. & P. SO0p.

GENTS’ 4in ALARM BELL.
3-41V d.c. Price £4'S0, P. & P. S0p.

2l WAY SELECTOR SWITCH WITH RESET
COIL, The ingenious electro mechanical device can
be switched up to 21 positions and can be reset from
any position, energising the reset coil. 230/240V
a.c. operation. Unit is mounted on strong chassis,
complete with cover. Price £5°50. P. & P. 75p.

NEW HEAVY oDuUTY

SOLENOID, mfg. by Mag-

netic Devices. 240V a.c.

operation approx. 20lb pull

9,15 1:25in. Price £7. P. & P.
P.

UNISELECTOR SWITCHES
4 bank, 25 way 75 ohm,
Coil, 36-48V d.c. operation,
Ex. New equipment £4-25,
P. & P. 75p. Total price
inc. VAT £5-40.

MINIATURE UNISELECTOR
12 volt 1l-way, 4 bank (3 non-bridging, | homing),
£2'50, p.p. 35p.

VARIABLE YOLTAGE TRANSFORMERS

INPUT 230/240V a.c. 50/60 OUTPUT
VARIABLE 0-260V All Types
SHROUDED TYPE

200 wate (! amp) inc, AC voltmeter
£11-50

0-5 KVA (21 amp) (MAX) £14.00

1 KVA (5 amp) (MAX) £18-00

2 KVA (10 amp) (MAX} £30:00

3 KVA (15 amp) (MAX) £38-00

4 KVA (20 amp) (MAX) £60-00
CARRIAGE AND PACKING EXTRA

L.T. TRANSFORMERS

0-12V/24V at | amp, £2°50 (P. & P. 50p). 0-15V at
| amp + 0-15V at | amp (30V | amp), £2'50 (P. & P.
50p). 25-0-25V at 24 amp, £4'50 (P. & P.75p). 0-12V/
24V 10 amp, £12:35 (P. & P. £1-50). 0-4V/6V/24V/32V
at 12 amp, £13 (P. & P_£1-50). 0-12V at 20 amp_or
0-24V at 10 amp, £12°40 (P. & P. £1-50). 0-6V/12V/17V/
18V/20V at 20 amp, £14 (P. & P. £1-50). 0-6V/12V at
20 amp, £11+85 (P. & P. £1). .

Other types in stock—phone your enquiries.

AUTO TRANSFORMERS

Step up, step down, 0-115-200-220-240V ; 75 watt
£3'50 (P. & P. 60p); 150 wate £5 (P. & P. 80p);
300 watt £7 (P. & P. 95p;; S00 watt £1075 (P. & P.
£1-25); 1,000 watt £16 (P. & P. £1:50).

STROBE! ROBE! STROBE!

HY-LIGHT STROBE MK IV
Build a Strobe Unit, using the latest type Xenon
white light flash tube. Solid state timing 2nd
triggering circuit. 230/250V a.c. operation.
For use in large rooms, halls and utilises a silica
tube, printedcircuit. Speed adjustable 0-20f.p.s.
Light output greater than many (so called 4
Joule) strobes £15'40, Post 75p. Specially de-
signed case and reflector £8'25. P. & P. £!
Super high light approx. 4 times more output.
S.A.E. for leaflet.

RODENE UNISET
TYPE 71 TIMER

0-60 sec. 230V a.c. operation. Incor-
porating a lapsed time indicator and
repeat facilities. A precision motorised
timer ideal for process timing, photo-
graphy, welding, mixing, etc. Price £6
P. & P. 60p.

MINIATURE C/O0 ROLLER MICRO SWITCH
OMRON Type VIS FL22/IC. 10 for

£2. Post SOp. (Min. order 10). g{
Sub miniature Burgess Button Type

V.4.T.1. 10 for £2°50, 50 for £10, Post paid.

BF LEVER OPERATED 20 amp. C/Q. Mfg. by Unimax
USA, [0 for £4, P. & P. 50p (min. order 10)

XENON FLASHGUN
TUBES

Range available from stock. < |
S.A.E. for details. ~

ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

4t 40 watt, £6°00 (callers only).

2t 20 watt, €4-60. Post 60p. (For use in
standard bi-pin). MINI. (2in 8 watt, £1.75,
Post 25p. 9in 6 watt, £1:40. Post 25p.
6in 4 watt, £1-40. Post 25p. Complete ballast
unrit and holders for 6in, 9in and 12in tube,
£3.50, Post 40p. Also available for 12V d.c.
operation, £3°50 plus P. & P. 40p.

24 VOLT DC SOLENOIDS

UNIT containing | heavy duty solenoid approx. 25ib

pull | inch travel. Two » approx. Ilb pull + inch
travel. 6 approx. 4oz. pull £ inch trave!. One
24 volt d.c., | heavy duty single make relay. Price

£3.00. Post £/. ABSOLUTE BARGAIN,

BIG BLACK LIGHT

400W Mercury Vapor Ultra Violet Lamp. Powerful
source of UV P.F. ballast unit is essential with this
lamp. Price of bulb and matched ballast unit. £28,
Post £2. Spare bulb onty £10. Post 80p.

600 WATT DIMMER SWITCH
Easily fitted. Fully guaranteed by makers.
Will control up to 600W of lighting

except fluorescent at mains voltage.
Complete with simple instructions.
£3.65. Post 25p.

1,000 watt model, £5:60. Post 25p.
2,000 watt model, £9°75, Post 40p.

CENTRIFUGAL BLOWER E
Mfg by Smiths Industries. 230/240V §
a.c. Miniature Model. Series SE/200.

Size 95mm 82mm 82mm.
Aperture 38mm 3imm. 12
c.f.m., £2-.75. Post 50p. Mfg. by

Fracmo 115/230V a.c. 2800/3400 r.p.m. Fan type
aperture 3" x 21" VBL4 25/L. Price £12, Post £1. Also
available extremely powerful blower mfg. by Fracmo.

INSULATION TESTERS
Test to L.LE.E. Spec. Rugged metal
construction, suitable for bench or
field work, constant speed clutch.
Size L.8in, W.4in, H.6in, weight 6lb.
S00V, 500 megohms, £40. Post 80p. -
1,000V, 1,000MQ, £46. Post 80p.

BLOWER UNIT
200/240V a.c. precision German
built. Dynamically balanced, quiet,
con rated, reversible. Consumption
60mA . Size 120mmdia, x 60mmdeep
Price £3.50, Post 50p.

GALVANOMETER

50 micro mirror galvo. Calibrated
50-0-50and 0-100. Mfg. by Griffin &
George Ltd, Offered at a fraction of
maker's price, in original ministry
packing. £12,P. & P. 60p.

WIDE RANGE OF DISCO LIGHTING
EQUIPMENT
S.A.E. (Foolscap) for details.

COLOUR WHEEL PROJECTOR
TYPE PI50 INTACHANGE
200/240V a.c. 50Hz | 50W lamp.
complete with oil filled colour
wheel and motor plate. Takes
intachange accessories and full
range of lenses. £29-95, Post
£1-35. (Tota! inc. VAT
Post, £33-70.)

T CURRENT RATE MUST BE ADDED
TO ALL ORDERS FOR THE TOTAL
VALUE OF GOODS INCLUDING
POSTAGE  UNLESS - OTHERWISE

STATED

All Mail Orders—Callers—Ample Parking
Dept. PEI1, 57 BRIDGMAN ROAD
CHISWICK, LONDON W4 5BB
Phone 01-995 1560

Showroom open Mon.-Fri.

SERVICE

TRADING CO.
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GEARED MOTORS

100 r.p.m. 1I51b.in. 110V,

50Hz. 2-8A, single phase, split

capacitor _ motor Immense

power. Continuously rated.

Totally enclosed. Fan cooled in-line gearbox.
Length 250 mm. Dia. 135 mm. Spindle dia. 155 mm.
Length 145 mm. Ex-equipment tested £12. Post
£1:50. Suitable transformer 230/240V operation
£8. Post 75p.

DRAYTON MOTOR
Type RQR

230/250V 50c. Continuously rated
I r.p.m.901b.in. Reversible Motor.
Twin spindle size 100mm by
140mm by 125mm. Shaft SO0mm
by 8mm. Weight 2 kg.

New Price £16:50, P. & P. £1.
BODINE TYPE N.C.I.

(Type J) 7i r.p.m. torque [0 lb.in.
Reversible 1/70th h.p. 50Hz. 4
The above precision made U.S.A. motor is
offered in ‘as new’ condition. Input voltage of motor
115V A.C. Supplied complete with transformer for
230/240V A.C, input.
Price, either type £6-25.
former £3-75. Post 65p.
(Type 3) 71 r.p.m. 4 |b.ins. 230V a.c. Continuously
rated. Non-reversible. £6-50. Post 75p.

15 R.P.M.

Type SD48 80 Ib. in. Input 100/200 volt A.C. Length
incl. gearbox 270 mm. Height 135 mm. Width 150
mm. drive shaft 16 mm. Weight 8:5 Kilos. BRAND
NEW. Price £10, Carr. £1.

Suitable transformer for use on 220/240 velt A.C.
£3'85. Post 50p.

24 R.P.M, 230V a.c. Continuously rated. Mfg. My-
calex. Ex-equip. Fully tested. £3-85. Post 75p.

Post 75p or less trans-

| R.P.M. 230/240V A.C. SYNCHRONOUS!
Ex-equipment. Thoroughly tested and guaranteed.
ONLY £1.50. Post 20p.

20 R.P.M, 230/240 volt a.c. miniature motor. Price
£1. Post 20p.

PROGRAMME TIMERS

230V operationa.c. 1Sor 20 r.p.m.

6 cam model £5. Post 60p.

9 cam model £6-50, Post 60p.

12 cam model £7-50. Post 60p.

Also available for SOV operation. Prices as above.
METERS NEW —90 mm Diameter

Type: 6565 D.C. M/C2,5, 10,20, 50amp. [l
£2'75, Post 20p. 100 amp £3°25. Post W
20p.

Type: 62T2 A.C. M/i |, 20, 50 amp. £2°50, Post 20p.
0-300 volt. A.C. M/l £2°75 and 300 volt A.C. R/M/C.
£3, Post 30p.

WHY PAY MORE?!

MULTI RANGE METER. A.C. volts

2-5-500. D.C. volts 2-5-500 (Sensitivity

20000 /V D.C. and A.C.) D.C. current

0/1/10/100 mA. Ohms range. Sturdy

compact moving coil instrument with

21 ranges, dimensions 120 x 80 x 44 mm.

Weight 0-32 kg. SERVICE TRADING

CO. Price £5°50. Incl. ieads and battery.

Post 50p. (Total price incl. VAT and Post £6°48).
TIME SWITCH

'Horstmann® Type V Mk, Il Time

switch, 200/250 velt A.C. Two on/two

off every 24 hours, at any manually pre-

set time. 30 amp contacts. 36 hour

spring reserve in case of power failure.

Day omitting device. Fitted in heavy

high impact case, with glass observa-

tion window. Built to highest Electricity

Board Spec. individually tested. Price

£7°75. Post 50p. (Total inc. VAT £8°91)

Superior Quality Precision Made,

NEW POWER RHEOSTATS

New ceramic construction, vitreous
enamel embedded winding, heavy
duty brush assembly, continuously
rated,

25 WATT 10/25/50/100/150/250/500/I/1-:Sk ohm.
£1-90, Post 20p.

50 WATT  1/5/10/25/50/100/250/500/ |k
£2-40, Post 25p.

100 WATT [/5/10/25/50/100/250/500/ Ik/1-5k/2-5k/
3:5Kk/5k ohm £3-70. Post 35p.

Black Silver, Skirted knob calibrated in Nos. 1-9
iin. dia. brass bush. Ideal for above 22p each.

ohm.

Personal callers only. Open Sat.

9 LITTLE NEWPORT STREET
LONDON WC2H 7JJ
Phone 01-437 0576
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THE ESSENCE OF CONSTRUCTING

NE dare hardly take one’s eyes off the semiconductor
O industry these days. Blink, and the arrival upon the
clectronics scene of some fabulous new chip or discrete might
well be missed.  So it is not at all surprising that other important
matters, less exciting or glamorous maybe but still essential for
our purposes as constructors of electronic equipment, are rather
neglected or taken for granted.

Purting It Together is the title of our special supplement this
month and the phrase describes in plain unadorned language
what it’s really all about. The practical realisation of a circuit
is the central activity for constructors, and everything else is
subservient to this end. The skills and techniques involved in
building electronic equipment have no particular mystic attached
to them and they are readily acquired and applied. This is not to
suggest that in contrast to circuit developments, the mechanics
of assembly and wiring of components are standardised, and
unaffected by changes in electronic technology. The reverse is
of course true.

We have all learnt to appreciate the blessings of solid state,
for the lightening of labours concerned with assembly operations.
Nowadays assembly work is performed on a miniature scale
approaching that of the instrument maker. And present indica-
tions are that the nature of this work will become further refined.
Some traditional methods may be replaced. For example, the
soldering iron may have to give way to the wire wrapping tool
in certain applications, notably where microprocessor chips are
involved.

Another thing we have become accustomed to is the higher
standard of appearance of projects now possible thanks to the
wide range of housings available on the market. Plastics has
come into its own here, providing wide choice in small cases and
cabinets which are natural homes for many self-contained elec-
tronic gadgets and instruments. Metal cases are also offered in
variety and meet the requirements of larger equipments or for
applications where a metal enclosure is an advantage if not an
actual necessity. Ready made cases and cabinets make the
constructor’s task easier and give his handiwork an attractive
and acceptable appearance for all manner of environments.

Though ‘“‘metal bashing’ has largely disappeared from the
scene, along with the valve, some experience in working with
sheet metal remains a valuable attribute for any electronics
constructor. There is always the possibility of special or unusual
requirements arising that cannot be met by using ready-made
items. Even if not for fabricating in the entire, some elementary
knowledge and skill appertaining to metal working in general is
desirable, if only for modifying existing articles or making
accessories such as special brackets and the like.

The essence of constructing will be found in this month’s
supplement: from the mounting of components and their wiring
up, to the enclosure of the completed circuit assembly within an
appropriate housing and the final embellishing of its outer
surface. Newcomers to electronics and also those many
regular followers of P.E. who enjoy reading about electronics
but have yet to become practically involved should find Putting
It Together of especial interest and value.

F.E.B.

Editor
F. E. BENNETT
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G. C. ARNOLD Assistant Editor

D. BARRINGTON Production Editor
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By A. J. Buxton

THlS article describes the operation and construction -

of a 3}-digit digital volt meter using an integrated 4

circuit made by Ferranti. The ZNA116 is a standard e b ——
product application of the Ferranti Uncommitted y @l o

Logic Array (ULA) and provides all the logic functions e L E

necessary for a +1999 range DVM. The dual siope -

integration technique of measurement is used, thus
eliminating the need for a high stability capacitor and
oscillator. The circuit is contained in an attractive steel

cabinet, which provides a degree of r.f. protection. , D
Most of the components are mounted on two printed L4 YoLirs : V s 4 oy
circuit boards, the power supply and input attenuator = ;;f“zw Dy e L
being the only free mounted parts. B ey &... 7

The construction and calibration of this instrument T e, 'ﬁ
is very simple. The only test instrument required for E ;

fault finding is a multimeter. Providing reliable com-
ponents are used, no problems should be experienced,
the only difficulty may be in obtaining an accurate

standard.
Leading zero suppression.
THE ZNA116 INTEGRATED CIRCUIT Overload indication.
The ZNAI116 is a 24-lead DVM logic circuit. The Multiplexed BCD outputs.
system diagram is shown in Fig. 1. This integrated External input to blank display.
circuit features: Internal adjustable oscillator.
3} decade drivers (4 1999 maximum reading). Single five volt rail operation with a supply current
Automatic polarity detection and indication. of only 10mA.

SPECIFICATION . . .——

s 2 Maximum Display
*SDI/GPN? ? ° ?‘ o-SIoN D?V +vee 0 Readlng H —+1999
QUERLOAD [ l l Y geadindgs Per . :
oureu CONTROL - I._l N cLocx econd: 24 typica
INPUT o—j LOGIC 20 - 2000 O 1neur z typ
FROM

COMPARAT ) Typical Accuracy: 019 per C
(1 volt range)

&n%%ggg_ l— DATA LATCHES Input Impedance: 100k{2 for 1 volt
range
_I—— 200k2 for 10 volt
i range
ANK
IBhLiPUT O——>1 SUPZREEE[S)ION MULTIPLEXER GATING :i s?ﬂ?g 2MQ for 100 volt
‘XDNF:’UT T ol e range
t K 1 ) 20M(2 for 1,000
— $ O}J el volt range
Y O outruTs
Total Supply 200m A typical
Current:

(all segments on)

Fig. 1. System diagram of the ZNA116 DVM chip
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Table 1 gives all the pin details and operational
functions of the ZNA116.

The dual slope integration method can be described
best by referring to Fig. 2. At a time T1, S2, S3 and S4
are open and S1 closes to apply an input voltage, Vin to
the integrator. The integrator capacitor C charges up
linearly until time T2 which is 4,000 clock pulses after
T1. The voltage at the integrator output, Vx at time T2
is proportional to Vin.

Attime T2, S1 is opened and either S2 or S3 is closed,
to apply a reference voltage of opposite polarity to Vin,
to the integrator. Thus C is made to discharge at a
constant rate and at time T3 the output voltage of the
integrator will again be zero. This is detected by the
comparator and the reference voltage is now switched
off and the number of clock pulses corresponding to Tx
will be transferred to latches and displayed. This number
is proportional to Vx and hence is proportional to Vin.
If Tx exceeds 2,000 clock pulses, an overload condition
is indicated.

At a time T4, which is 3,000 clock pulses after T2,
S4 closes to completely discharge the capacitor. At
time T5, which is 4,000 clock periods after T2, S4 opens
and the cycle is repeated.

Table 1: PINNING AND FUNCTIONAL
DETAILS—ZNA116

Pin Name Function
1 Earth Supply 0 volts
2 /100 output Output at 1/100 of clock
frequency
3 Clock input External clock input, or link to
pin 14 for internal clock
4 M1 Digit drive output, M.S.D. -
5 M2 Digit drive output, 2nd M.S.D.
6 M3 Digit drive output, 3rd M.S.D.
7 M4 Digit drive output, L.S.D.
8 Blank input Hold at logic 1 to blank
display
9 D.P.input Hold at logic 1 to blank lead-
ing zeros
10 A 20 BCD data output
1 B 2! BCD data output
12 C 22 BCD data output
13 D 2% BCD data output
14 Oscillator Link to pin 3 for internal clock
output
15 Oscillator External components, con-
input nected to this pin, control
clock frequency
16 + VE reference When at logic 1, connects

switch output

+ ve reference voltage to the
integrator

17 —VE reference When at logic 1, connects
switch output - ve reference voltage to the
integrator
18 —Sign output Goes tologic 1 when measur-
ing —ve input
19 +Sign output Goes to logic 1 when
measuring +ve input
20 Comparator Signal from the external
input comparator
21 Signal switch  When at logic 1, connects
output voltage to be measured into
the integrator
22 Vo Supply +5 volts
23 Reset switch When at logic 1, turns on
output switch to completely dis-
charge integrator capacitor
24 Qverload Goes to logic 1 if count
output exceeds 2,000
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+VE REF
Vin
—ve REF -0
INTEGRATOR COMPARATOR
(@)
CLOSED ] ! :
S1 I i r
OPEN =t b
ov — —
0/P OF INTEGRATOR i / !
Vin>0v vy : ' :
+Vx ; =a I : - ;
Vin<QVv RS = .
OV == wa‘r‘:dilﬁs?ﬁw:‘:‘ =y sana
+ec - o) s —
e L= e = =
O/P OF COMPARATOR | = Tl AL :L: EL I
N>V oy ’I%ﬁrﬂﬁﬂ =5 =R
CLOSED — 4}, -= ‘M% v = =
IS =y I =
S3 Vin>0v | - fﬂ@ LEE b
- R T
- . SR e -
LY S 11 = il
: kL | jo .,
I STy
I ' qug] Tzw‘mn??é‘ﬁ]ew 5
(b)

Fig. 2. Dual slope integration technique.
(a) Basic circuit diagram
(b) Waveforms produced during measurement cycle

If St is closed for a time which is a multiple of 20ms,
any 50Hz mains ripple superimposed on Vin will be
integrated to zero and thus good mains rejection is
obtained. The integrating capacitor, C, and oscillator
only need good short term stability to achieve high
accuracy.

THE PRACTICAL DVM

The explanation of the dual slope system can be
related to the practical circuit of Fig. 3. The integrator
and comparator are ZN424 linear amplifiers which only
need a single five volt power rail. The reference voltages
are derived from the ZN423 precision voltage reference
source. The switches are transistors operated by outputs
from the ZNA16.

The measuring sequence is as follows:

A. Pin 23 goes to logic 0, the capacitor C7 has been fully
discharged and is ready for integration.

B. Pin 21 goes to logic 1, the input signal is connected
to the integrator for 4,000 clock periods.

C. Pin 21 goes to logic 0, disconnecting the input signal.
Pin 16 or 17 goes to logic 1. This connects either the
positive or negative reference to the integrator. The
output from the comparator during (B) determines
which one. Clock pulses are counted until the compara-

tor changes state when pin 16 or pin 17 returns to logic
0.
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TO CONNECTIONS TO PINS
OF 1C1
_ R3110kK N
36 TR13 .I.
’ c9 L70pF
R30 -=
——> ARN
TR1S VR2 Skl Stk
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+ R36 0 0WF
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100k
TRS
R32
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Fig. 3. Circuit diagram of the complete instrument, excluding input attenuator and power supply
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COMPONENTS . . .

Resistors
R1 16k Q2 29 hi-stab.
R2, R33 68k Q2 2% hi-stab.
R3-R9 150€) (7 off)
R10-R12 1.5k (3 off)
R13, R18, R19, R20 3:3k(2
R14 33k
R15, R26 15kQ
R16, R17 680 Q2
R21 10082
R22, R23 100k 2
R24, R25, R31 10kQ
R27 27k Q)
R28 1M Q 2% hi-stab.
R29, R30, R36 51kQ 2% hi-stab.
R32 4700
R34 10k€2 2% hi-stab.
R35 560
R37 240k €2 2% hi-stab.
R38 180Q2
R39, R40 10M Q 2% hi-stab.
R41 2MQ 29, hi-stab.
R42 180k Q2 2% hi-stab.
R43 22k Q2 29 hi-stab.

All resistors 10% +W carbon except where indicated

Potentiometers
VR1 100k Q2 Bourns 3009P Y 0-75in
VR2, VR3 5k Bourns 3009P [ Helica! Trim
VR4, VR5, VR6 4.7kQ Carbon Pre-Set

Capacitors
2,200pF +2:5%;

Ce, C4 0-033uF +20%

C3, C5 68u.F 10VW elect,
C6, C10, C11, C12, C14 0-1uF 1-20%

C7 2:2uF 109

C8 0-01F +-20%

C9 470pF -1-20%

C13 2,200uF 25VW elect.

Transistors and Diodes
TR1, TR2, TR3, TR4
TR5-TR11, TR13-TR16

ZTX4403 (4 off)
ZTX108 (11 off)

TR12 ZTX213

D1, D2 ZN423

D3, D4 Z3170
Integrated Circuits

1C1 ZNA116

1C2 ZN7447

IC3, IC4 ZN424 (2 off)

1C5 78M05 5V 500mA regulator
Displays

LED1 DL701

LEDZ2, 3,4 DL707

Miscellaneous
S1 4-way 4-pole wafer switch
S2 d.p.s.t. mains switch
T1 8-0-8V 500mA mains transformer
SK1, SK2 4mm sockets (2 off)
FS1 2A 20mm fuse and holder
8-way tag strip, i.c. sockets (soldercon pins used for
IC1), printed circuit boards, case, nuts, bolts,
washers, standoffs, brackets (Electrovalue R4002),
insulator and mica washer for regulator IC5, circularly
polarised filter for display
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D. On the next negative edge of the clock pulse, the
count is transferred to the latches. The display is
multiplexed at one fortieth of the clock frequency.

E. 7,000 clock periods ufter the sequence start pin 21
goes to logic | for 1,000 clock periods. This discharges
the capacitor and the sequence starts again.

The output from the ZNA116 is in Bcp format. This
is converted to seven-segment code by a 7447 which
also drives the display. The display is multiplexed which
means that only one of the seven-segment displays is
driven at a time. The display to be driven is determined
by the state of pins 4, 5, 6 and 7 of IC1. For instance if
pin S is at logic 0, TR3 is turned on. This allows current
to flow through any driven segment of the second
display, LED2. Pin 5 will then go high and pin 6 low,
which will allow the third display to be driven. This
sequence is carried out at 500 times a second so the
human eye sees all the displays constantly lit.

The DVM has leading zero suppression which is
accomplished by connecting logic levels to pin 9 of the
ZNAT116. On the | volt range, pin 5 is connected to pin
9 of the ZNA116 and will cause +-000 to be displayed.
On the 10 volt range, pin 6 is connected to pin 9 which
will cause +00 to be displayed with no input. On the
100 volt range and 1,000 volt range, only the last zero
will be displayed. The decimal point is selected by the
range switch.

The input attenuator is shown in Fig. 4. This is hard-
wired on the range switch which is a four-way, four-pole
rotary switch. The 5k{2 variable resistors are miniature
skeleton presets. The input impedance is 100k on the
i volt range and 20k per volt on the other ranges.

oMn oMn
R
V'Y VRG VRS VRG
2Mn Sk {5k [SkN
R&2 l
180k L 8) l(u 1
Std

(A} (D)

SK1 | O ce— o (&
e, __c‘. ————
2 ] £
%
! i

1 QUTPUT
VOLTAGE TO BE MEASURED TO DVM

| iz S (FIGD)
22k |

SK 2

O -0

Fig. 4. Circuit of input attenuator
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® Fig. 5. A flashing
‘‘over-range’’
@

indication can

\\ be incorporated
by adding this

PIN NOS circuit

ON 103 _@>

IFIG 3) 77X 108

®

If the instrument is trying to measure a voltage that
is greater than the range limit an overioad condition is
seen. Pin 24 will go to logic |. This instrument has the
overload indicator output wired to the blank display
input (pin 24 to pin 8). This will blank the display on
overload. The display can be made to flash if a diode is
connected from pin 8/pin 24 to pin 21, as shown in
Fig. 5.

The ZNA116 has an internal oscillator, the frequency
of which is set by R1, R2 and CI. This instrument has an
oscillator frequency of 20kHz, giving 2-5 readings per
second and an integration time of 200ms. As 200ms is a
multiple of mains frequency, any mains ripple on the
input during measurements is cancelled out.

The power supply shown in Fig. 6 consists of an
8-0-8 volts, 500mA transformer, a full wave rectifier
and an integrated circuit regulator. The 78M05 pro-
vides a stable 5 volt rail to enhance the linear circuit
performance.

ASSEMBLY

The boards used in the DVM are shown in Figs. 7, 8,
9 and 10. The assembly should be carried out in the
following order: wirc links, i.c. sockets, resistors,
capacitors, transistors and finaily diodes. Do this on
both boards, then wire the interconnecting leads,
power supply leads and decimal point leads. When this
is finished, check the soldering and then insert the i.c.s
and displays in their sockets. The Analogue board is
kept clear of the case floor by 12mm spacers on the
fixing bolts. The Digital board is secured by means of
two small angle brackets. The range switch is better
wired before mounting on the box. Cut the leads to it
to the correct length and then solder to the switch lugs.
The attenuator resistors can be mounted directly onto

the switch tags.
[o]

S
o
‘

w

N ——

(=]
o}

N
&5
<
>
)
=TTt
|
2
=
<
O
b 4
B £
15}
~

Jd 1cs |5 +5V
TBMOS

c13 Cie
o 2200,:F 0F
0o—0 I8 Lt
25170
E ov
ol
% NOT FITTED %
ON UNIT SHOWN ”
Fig. 6. Power supply circuit. Note that the d.c.
supply is isolated from chassis
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Internal view of author’s prototype DVM, showing
power supply components mounted on bottom of
case

The cabinet used for the DVM is a standard instru-

ment case drilled as shown in the photographs. After
drilling remove all burrs, especially around the regulator
fixing hole.
_ Before mounting the boards in the box, mount the
input_sockets, mains switch and fuse and the power
supply components, NOTE: THE REGULATOR
MUST BE ISOLATED FROM EARTH. The power
supply is isolated from earth so that a full positive and
negative range can be realised. Wire up the power
supply and test for 5V +0-2V output. If the supply
leads are made long the boards may be tested outside
the box. This may make checking and correcting mis-
takes a little easier.

When all connections are made check the wiring
carefully including the external links on the two boards.
There should be five on the analogue board and 12 on
the digital board.
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Front view of the Digital and Display board

Practical Electronics  April 1977



ANALOGUE BOARD

H —— |l -
- o« e »
R21 R20
TRIE RS oF
O R O R I {
R35 m3 i |
ortT——"% ic3 TCe
TRH
— i e %
C ) b2 R29
" TR13 S ity 7 P
R0 |
o . ) oy — R22 ™Y TRE
—C—="r»
/31 | c9 }-‘)
G ::3 RE! i
L

RN

4 v
VR R27 R2S

L2

R26

[ S

[

Fig. 8. Component layout and external connections

TO DIGITAL
BOARD

Practical Electronics

April 1977

263



DIGITAL AND DISPLAY BOARD

Fig. 9. Printed circuit board track layout, shown full size
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Fig. 10. Component layout and external connections,
Links and connections shown in broken line are made
on the copper side of the board

continued on page 276
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FUN AND GAMES

By now everyone must be familiar
with the new generation of TV games
units on sale as kits, ready made units
and even advertised on the back of
the breakfast cereal package! Unlike
previous games which had limited
tacilities and used large numbers of
TTL i.c.s the new games all used
that great equaliser, an MOS LSt chip
which provides an interesting variety
of games at a low cost!

You may have been thinking that
the manufacturers of these new
games units must have developed
their own chip design and are prob-
ably sitting on it very tightly, but this
is not so, and in fact of the various
games available, most use a common
chip made by General Instrument
Microelectronics (G.l.M.) and coded
the AY-3-8500.

As far as | can see, there is no
reason why these chips should not
be freely available to amateurs apart
from the fact that the games manu-
facturers are gobbling up all that
G.1.M. can produce, making them as
rare as the proverbial rocking-horse
droppings for the moment at least!
If you can't wait (by the time this
appears you may not need to) it /s
possible to obtain a chip at a price of
£10 from Videomaster who offer
them as spare parts for their own
series of "Superscore’’ games, but |
rather suspect that the open-market
price will be less than this if you can
hang on for a while.

Making a games unit with the
AY-3-8500 is not difficult since all the
clever bits occur inside the portals
ot the 24-pin plastic package, the only
other major component required
being a v.h.f. or u.h.f. modulator,
which is available ready built at a
reasonable price if you do not want
to build one.

Just to whet your appetite, the
AY-3-8500 provides six game types,
three for two people, i.e. football,
tennis and squash, and three for one
person, i.e. solo and rifle shooting 1
and 2 which requires a photo-cell
type rifle attachment.

The ball games have a variety of
switchable options including ball
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YMP2

Fig. 1. An efficient lamp dimmer
using the VMP2

speed and bat size, and all games
feature on screen numerical scoring
and an audio output to drive a speaker
for realistic "'Hit"’ sounds. The control
of bat position can be achieved with
a couple of slider pots, and the whole
unit will run from a 9V battery.

MORE VMOS

Recently, | featured the VMP1 from
Siliconix, a breakthrough which
brings power handling capability to
the other well known advantages
of Mos technology. The VMP1 was
packaged in a TO3 can and could
switch 1 amp in just 4 nanoseconds,
without risk from the usual bipolar
nasties of second breakdown, ther-
mal runaway or minority carrier
storage.

The VMP1 just had to be the fore-
runner of whatwill become a standard
power device family and already
Siliconix have announced ''Son of
VMP1"', and some variation on the
theme,

“Son of VMP1" is the VMP2 which
comes in a TO39 can but can still
switch currents of 1 amp or so in a
few nanoseconds making it just
about perfect for the interface of
cMOs logic to the real world of
hefty relays, thirsty lamps and strident
speakers!

Variations on the theme are pro-
vided by the VMP11 and VMP12,

AY-3-8500
VMP2

4151

which have higher drain to source

. voltages (60V and 90V respectively)

than the VMP1, and the VMP21 and
VMP22 which have the same attri-
butes but in the smaller VMP2 type
package.

Siliconix have produced an appli-
cation note (AN76-3) titled "VMOS—
A Breakthrough in Power Mosfet
Technology'' which describes the
unique vertical channel construction
of the VMP devices and is stuffed
with interesting applications ranging
from the simple cMos driven switch
to a 40W hi-fi amplifier and a 144 to
146MHz linear 5W r.f. amplifier. The
wide application spectrum and the
simplicity of the supporting circuitry
necessary when using VMOS devices
gets it my vote for the technology
most likely to succeed in 1977, and |
feel that this is an area to keep an eye
on!

REAL PROSPECT

Well it had to happen | suppose.
Raytheon have gone and put a voltage
to frequency converter into an 8-pin
mini-dip package making those
recently exotic devices a real prospect
for a multitude of amateur projects.

The diddy V to F, coded Raytheon
4151, is no mini when it comes to
performance though it offers up to
40.05% linearity and 100ppm/°C
temperature coefficient, and can be
wired as a frequency to voltage
converter too.

If you can settle for 1 per cent
linearity it is possibie to use the 4151
with a single supply but for the 0-05
per cent specification you will need
an extra op. amp. and split supplies.

The V to F's can be used with
counters as analogue to digital con-
verters, used to record d.c. signals on
to audio tape recorders, with a com-
panion F to V as an analogue data
transmission channel or for all kinds
of electronic music applications
which set the mind a boggling.

The 4151 can be programmed for a
wide range of scale factors (volis in
versus frequency out) from 1Hz to
100kHz pervolt, and its output is open
collector to simplify interface to
TTL or CMOS.

265



LTHOUGH one might find various odd applications
for this device, the main intention in its design was
to help an elderly person, as it is often more important
for such a person to know the day of the week, than the
exact date. The routine of a senior citizen’s life often
SUNDAY revolves on a weekly basis, with, for example, a regular
visit to a day centre, or a call from the home help. An
elderly person can be very absent minded, and may
forget what has been said within minutes, and so it is
MONDAY hoped that this device will provide a graphic visual
stimulus more easily remembered, and also be around to
prompt the memory when necessary.

The mechanical design of the unit is specifically
TUESDAY intended to give an easy action, with a microswitch
pushbutton, and a clear l.e.d. display against large
lettering. For safety, the unit is powered by a battery of
manganese-alkaline cells rather than mains. This gives
a life of at least one year, although it may be possible
to improve on this, using mercury hearing aid cells.

THURSDAY LOGIC

The device makes use of cMos integrated circuit logic
to achieve extremely low power consumption, the
display being enabled only by the pushbutton when
viewing is required. The generation of one pulse per

SATURDAY
&

WEDNESDAY

= % A N
+
o A ' 1
CD4L093: —VE - PIN 14 0.01uF | i
R ~VE -PIN 7 SET p p p
oourl DAY 70, o £ 4
X SEE TEXT .
IC1a D9
1 g CDL093 > | i
L C1 820 1 !
3
l—' 7 LED CIRCUITS
2 o1 ICb IClc IC1d 16
5 2 9 13 2
. - - —— SR
o L MONDAY) TR2TO
o - — [TUESOAY TR8
¢ 182, H-weoneson s>
R6 coe022  f1 >
bl [THURGDAY] RIOTOR16
22M DIuFL 15 ’L— _____
2 [SATURDAY]
0-47pF p2 % 8
- >
i INGILB
R2 R7 RS RO
M0 <6 8Mn MO M =3
I
N5777 DAY i

Fig. 1. Day indicator circuit diagram. No on/off switch is used, as the
low current unit remains on permanent standby
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A=32mm DIA
B=13mm DA
C=10mm DA

[o o oo o o o 0]
MON SUN TUES FRI SAT WED THUR COMMON
NODES

. TR3 A
C
- Rt is

R13

E —(—)
R17
o«T—e b b
T0e y
READ DAY TRg TRE

SWITCP@

R,

O

‘+VE |

70
LIGHT
SE)‘SOR

[
T0
SET DAY
SWITCH

R2 RL

« 0D

COMPONENTS . . .

Resistors
R1 820k (* R7 6-8M Q
R2 1IMQ R8 1MQ
R3 1.5MQ R9 1MQ
R4 2.2MQ R10-R16 18k (7 off)
RS 82kQ R17-R23 4704 (7 off)
R6 2.2MQ
All resistors §W 10%. *see text.
Capacitors
C1 0-1uF C5 0:01uF*
C2 047uF
C3 0-1pF
C4 0-01uF disc type
Semiconductors
TR1 2N5777
TR2-TR8 BC108 (or equivalent) (7 off)
D1-D2 1N4148
D3-D9 TIL209 f.e.d. (7 off)
*D10 1N4148

Fig. 2. Printed circuit and component layout of prototype. Note that on
the prototype, resistors R18 to R23 have been eliminated by placing R17
in series with the Read Day switch.

tntegrated Circuits
IC1  CD4093
IC2 CD4022

Miscellaneous
Metal box 164 x 74 X 50mm.
Microswitch pushbutton
Microswitch (to mount internally)
Battery holder
4x MN 1500 (HP 7 size) cells
Printed circuit board
Eight way printed circuit connector, or Veropins
14 way d.i.l. socket
16 way d.i.l. socket
Two way connector (for sensor)*

*see text

/
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day is effected by observing the dark to light transition

at dawn. Phototransistor TRI forms a potential
divider with RI, and the switching level is set by a
Schmitt trigger. This in turn feeds a monostable which
provides a short pulse output during the dark to light
transition. This pulse advances a ring of seven counter,
as can be seen in Fig. 1. Provision is also made for pre-
setting the day, with an internal pushbutton.

Because of the exceptionally high input resistance of
CMOs devices, a small capacitor, isolated by a diode at
the Schmitt trigger input, immunises. the input from
transient phenomena such as lightning flashes. On the
prototype, the use of a 0-01xF capacitor gave an input
time delay of 15 seconds.

D10

FROM ICta
SENSOR PIN 1
cs5

CONSTRUCTION

All the components except the l.e.d.s are mounted
on a fibreglass printed circuit board, the layout of which
is shown in Fig. 2. The cmos integrated circuits should
be fitted last, preferably in sockets, observing all the
usual precautions when handling these devices. The
eight way printed circuit connector is a convenient way
of coupling to the front panel display, but may well be
replaced by Veropins. It is preferable that the case be
isolated from the circuit, although not essential. Practi-
cally any connector can be used to plug in the light
sensor unit, but some will automatically earth the box,
as in the case of the prototype, which used a phono
plug and socket. The press 1o display pushbutton should
be an easy action microswitch with a large button, and
the press 1o set day switch is a microswitch which should
be mounted where it cannot be operated accidentally.
The general layout of the prototype is shown in the
photograph.
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Fig. 3. Light sensor unit construction

In the prototype, the light sensor (2N5777) had two
flying leads soldered to it, and was cast in clear epoxy
resin. This was then cast into an opaque body filler
such as Plastic Padding, to complete the assembly. As
can be seen in Fig. 3. for maximum sensitivity, the
sensor transistor had to be mounted at a slight angle to
expose the sensitive area to incident light.

SETTING UP

The main problem concerns the value of resistor R1.
This will depend upon the location of the sensor, its
encapsulation, and the transfer voltage of the cmos
gate. Initial tests with the 2N5777 showed that it might
be too sensitive, and the original method of encapsula-
tion was to reduce this sensitivity. But under freak
weather conditions when the sun rose early in the
morning, followed by a thick cloud build-up, and then
the day finally brightening up once more, the gadget
recorded two days, indicating a lack of sensitivity. In
the prototype, this was cured by increasing Rl to
5-6MQ, but a more satisfactory method is to tilt the
sensor in its casting, so that the sensitive area ‘‘looks
out” at an oblique angle (as in Fig. 3). Rl should
not be reduced below 680k{) in order to minimise
battery drain. Care should also be taken to see that the
device does not respond to bright moonlight.

The [ay Indicator has been in successful use for
some months, and even on dark mornings the reading
was found to advance at about 8.30 a.m. A good
direction to aim the sensor is East, but it certainly
should be pointed well away from artificial sources of
light.

Once the device has been preset to the correct day,
operation simply consists of pressing the pushbutton
and observing which l.e.d. lights up.

w‘pNE'DAY |

THURSDAY
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FASTER AND FASTER

The Sun has been turning faster
and faster on its axis. Since 1967 its
rotational speed has increased by
about 5 per cent. According to
Dr R. Howard of Hale Observatory
the acceleration is greatest at about
15 degrees on each side of the equator
getting less toward the poles. He is
suggesting that the changes are only
affecting the photosphere and not the
lower levels of the Sun.

Since the Sun is a gaseous body
the different sectors rotate at different
speeds. It could be the magnetic
fields cause the energy differentials
needed to accelerate the surface gas.
If the speeding up is part of the
sunspot cycle process it may be that
there will be a slowing period to
follow. It so happens that the quiet
period of the sunspot cycle has lasted
much longer with fewer events and
it may be that this cycle will exceed
the normal 11 years.

[t is during these special lulls in
the cycle that other effects have been
noted. Some of these involve
changes in the solar atmosphere and
a greater number of particles pene-
trating the solar system.

The method used by Dr Howard
to determine the speeding up, was
that of the frequency shift of spectral
lines due to the Doppler shift as one
edge of the Sun recedes and the
other approaches the observer.

SPACE SPYING

It is not the custom to use Space-
watch as a political news medium.
However, the techniques of space
spying are of interest per se and some
details are now given. The opera-
tions have been going on for some
5 years though very little information
has been made public.

The satellites used for these
activities have extremely sophis-
ticated cameras. These cameras
built by Perkin-Elmer have excep-
tional resolution. It is claimed that
from a height of 160km individuals
can be revealed to a degree which
allows discrimination in dress. In
other words military personnel can
be distinguished from civilians. This
is, of course, dependent on the air
conditions being still and the cameras
directed vertically downwards.

Some thirteen of these Big Bird
missions have been operated. The
launching used Tiran IIIB’s from the
site at ‘Vandenberg. The satellites
have a diameter of 3 metres and a
length of 15 metres and the weight at
launching is between 12,000 and
13,000 kilograms. The orbits have a
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perigee of 160km and an apogee of
270km. The orbital period is initially
88:8 minutes. The inclination of the
orbit is 96 degrees.

PICTURES

As the orbits are sychronous with
the Sun the satellites pass over the
surface of the Earth at the same time,
that is local time, each day. The
lighting conditions are therefore
reasonably constant and repeat pic-
tures can be obtained. Thus any
changes during the time between
revolutions can be determined. This
enables much easier interpretation
of these changes. The progress of
building or marshalling can be
observed on an hourly basis.

The use of the low perigee is
necessary to obtain the high resolu-
tion but brings some disadvantages.
This is shown in the greatly increased
drag and consequently rapid decay
of the orbit. Very frequent use is
therefore necessary of the manceuvr-
ing engines to maintain the correct
levels, Enough fuel is carried by the
satellites for an operational mission
of 150 days. These satellites are not
permitted to enter and burn up in the
atmosphere but are destroyed at
command from the ground.

The field of view of the cameras
is a very narrow one. Films are
normally stored in small canisters
and these are ejected into the
atmosphere periodically. They des-
cend by parachute toward the Pacific

and are ‘“‘snatched” by trapeze-carry-
ing Hercules aircraft. If they are
missed recovery is possible by
frogmen.

Since these satellites have such
narrow fields another type of satellite
is required to take the “wide angle”
view. These satellites are low
resolution search and find craft.
They carry video equipment for
transmission direct to Earth. Because
of their primary ‘‘search” and ‘‘find”
facility they are also used for back
up missions. They are about 4,000
kilogram payload vehicles with an
operational life of something of the
order of two months.

Another back up system par-
ticularly for meteorological informa-
tion is the Defence Meteorological
Satellite System (DMSS).

RUSSIAN READY FOR
MORE EVA

It would seem that the failure of
the Soyuz/Salyut mission in 1975
resulted in a change of plan in
respect of EVA (Extra Vehicular
Activity). There was to have been an
attempt at EVA after a long break
during the 1975 mission.

The first ever space walk was
carried out in 1965. The Soviet
cosmonauts have not attempted one
since 1969 though America has
walked space and the Moon since
then. That this was to have restarted
with the 1975 mission of Soyuz/
Salyut was revealed by a Russian
cosmonaut.

There has been some information
about the Soviet attempts to acquire
space suits of the American type
but the order was blocked from a
high level. Since 1971 an emergency
garment has been worn at critical
phases of a mission.

This suit is a very simple one and is
pressure sealed by a thin rubber
layer. This is fastened to the wrists
and ankles by twisting the rubber up
in the hand and taping off. These
knots are then sealed off under an
outer garment. There is no sanitary
system and such a suit would hardly
do for normal EVA.

It is clear from the programmes of
speciail training that have gone on
recently in the Soviet Union and the
personnel involved (one is a naval
officer with four years as a com-
mander of deep water divers in the
Baltic) that something may be
imminent.*

*Since the copy was received the Russians
have announced the launching of a two man
Soyuz space vehicle. Speculation is that they
will link-up with their space laboratory for a
prolonged stay.—Ed.

Practical Electronics  April 1977

269




UNDAMENTALLY, a2 mobile discotheque consists of a

light show and a sound system. The light show
may consist of various medium powered spot-bulbs,
controlled sequentially, flashing randomly or made to
pulse with the music, and possibly strobe lights or
ultra-violet bulbs for extra effect.

The sound system will comprise two turntables with
cartridges, some form of mixer, a microphone, a power
amplifier or two, and a number (usually two) of loud-
speaker cabinets. (The use of two loudspeakers, in
addition to spreading the source of sound, is sufficient
to convince most of the listeners that the music is
stereophonic, whether it actually is or not, and is
therefore to be recommended!) Let us examine all
these items in turn, starting with the sound system.

TURNTABLES

You need two turntables to produce a continuous
flow of music. As one record finishes, the next one
bursts forth, bang on time, at exactly the right level.

It is essential to be able to control the turntable in
order to achieve this; anything else is a secondary
consideration. For example, singles are recorded at
such high modulation levels as to make most rumble
relatively inaudible. Delicate arms, with pretty little
weights dangling on nylon cords, are going to be
wrecked. Automatic lift-off is tiresome and quite
unnecessary, since it takes the deck out of your control
while it performs its function. Cueing arms, which
lift and lower the pickup onto the record are just a
joke, unless you don’t mind your records arriving in
a rather haphazard manner. Besides, if you have a
shaky hand, disco work is not really for you. All you
want is a basic turntable that will revolve your records
at the desired speed, and that will start and stop
quickly without causing the stylus to jump grooves.
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MOUNTING

Normally record decks are supplied with springy
clips to absorb the vibrations caused by movement near
to the player. However, when they are used in a disco
console this springy suspension, unless it is very stiff,
can be more of a hindrance than a help, as any attempt
to touch the deck causes the stylus to bounce merrily
over the grooves.

The best idea is to bolt the decks down securely;
provided the console rests on a solid table, and the
hall in which you are playing doesn’'t have a bouncy
wooden floor, you should have few problems with
records jumping unless someone actually collides with
you.

CUEING

Before you play a record on your disco you must
cue it. To do this you will need a pair of headphones
and some means of switching them to the output from
either turntable regardless of whether it is turned up
on the control panel. Check the speed, start the turn-
table and place the stylus at the beginning of the record.
As soon as you hear the first few notes, stop the turn-
table and wind back to the beginning, plus a further
quarter of a turn to give the turntable time to run up
to speed when you start it again.

Should you miss the start by a few grooves, go back
and start again. Winding a record backwards under
a stylus does neither much good, but as a necessary
evil it should be kept to a minimum. Note that when
this operation is completed, the whole mechanism
should be at rest. [t should just wait there until it is
needed. Nor should you have to sit there holding
anything; your hands should be completely free.
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Fig. 1. Representative quality disco console

THE SLIP MAT

Many operators use the slip-mat technique, which is
very useful within its limitations. The slip-mat is a
piece of felt slightly larger than an LP, with a hole in
the middle to fit the centre spindle of the record deck.
It is placed (not glued) on the turntable between the
platter and the record, allowing the record to be
wound back over the felt while the platter is braked.
When the record is about to be played, the turntable
is started and run up to speed while the operator holds
the mat (not the record!). At the appropriate moment
he releases the mat and off it goes.

This can be a very effective technique, particularly
suited to heavy transcription turntables such as the
Garrard 401. It does have the disadvantage, however,
that you still have to hold something, namely the mat,
until the instant when the record is due to go.

“QUICK-START'" MODIFICATIONS

A method which works very well with cheaper idler-
driven decks such as the Garrard SP25 is the modifica-
tion of the mechanism for ‘“quick-start” operation.
First the motor switch operated by the on-off lever
is shorted out so that the motor is running all the time.
Then the notch on the “Off-Man’* section of the opera-
ting lever should be filed smooth to prevent possible
jarring of the turntable as the switch lever is operated.

Finally, any automatic mechanisms should be
removed and discarded, as they are of little value in a
disco system, leaving a lever which engages and
disengages the rubber wheel coupling the motor shaft
to the turntable platter, and, of course, the original
speed-change arrangements. An idler deck modified
in this manner will generally start up to full speed in
less than a second. requiring only about a quarter of a
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turn of ““back-cueing’. A switch may be fitted to the
front panel to rest the motor when the deck is not in
use, if required.

CARTRIDGES

Unfortunately, both for the records and the sound
quality, many ready-made units come equipped with
ceramic cartridges better suited to highly budget
conscious stereo systems than to equipment with any
pretensions to quality sound. Ceramic cartridges
have the advantage of being cheap to buy, and cheap
to keep in stylii. They have the advantage, too, of
requiring very little circuitry before the pre-fade and
mixer circuits, but they require a heavy tracking weight,
generally around four to five grams, with consequent
record wear,

Magnetic cartridges are only a littie more expensive,
certainly compared to the cost of a total system.
They track at less than half the stylus pressure and with
a suitable RIAA preamplifier provide greatly superior
sound quality. Something like the Shure M75-B or
a Goldring G800 would suit systems using a deck of
the calibre of the Garrard SP25, McDonald MP60
or similar.

Choose a cartridge for which you can obtain spare
stylii easily and cheaply, and always take one with
you.

INDIVIDUAL TONE CONTROLS

After the preamplifier you will have a signal which
is “flat’’, that is with all the frequencies of the original
recording in their correct proportions. You may,
however, wish to equalise it by boosting or attenuating
the bass, treble, or a selected part of the frequency
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Fig. 2. (a) Impedance converter for ceramic cart-
ridges. (b) * crossfade '’ control, typical arrangement

range to compensate for deficiencies either in your
reproducing equipment or in the record itself. This
will require tone controls or filters, of a complexity
largely determined by the contents of your wallet.

Generally speaking, though, it should not be
necessary to equalise each channel independently.
Any records which are of really atrocious quality
should not be played, and those with minor short-
comings, together with the limitations of your speakers,
can be adequately taken care of by one set of tone
controls after the mixing stage.

THE MIXER i

The mixer is shown in block form in Fig. 1. There
are, of course, many variations, but [ have tried to
show most of the facilities that can be usefully employed.
The RIAA pre-amps are more usually contained
within the mixer circuitry itself. A ceramic cartridge
requires less of a pre-amp, but an impedance con-
verter (Fig. 2a) is most useful to enable it to be used
with the usual values of faders. Note that I have
shown each record deck as having its own fader,
capable of being independently controlled from
maximum gain to zero. I prefer this arrangement to
the other, common technique of using a single control
with signals fed in at each end, the output being taken
from the slider, the so-called ‘“‘crossfade” control
(Fig. 2b).

The trouble with the crossfade arrangement is that
you can only do just that; it may not be what you want
to do. You cannot compensate for differing modula-
tion levels on your discs with a crossfade control
without introducing crosstalk from the other deck.
Doing it with the master control is abusing its purpose,
as will be explained later, and the only other way is
to have a separate ‘“‘Grams Gain’’ control, or whatever
you decide to call it.

Now if you're going to have two controls for the
record decks you may as well have them working like
all the other inputs or life is going to get very confusing,
and it’s bad enough already!

Both record deck faders are taken via mixing
resistors to the mixing amplifier. Also feeding the
mixing amplifier | have shown a line input, which can
be driven by a tape recorder to supply jingles or
records you do not personally possess. The use of a
tape recorder in this latter manner is even more illegal
than using it to tape the records in the first place, and

272

of course I am not encouraging you to do this. Far
better to use it for jingles and announcements to
expand the entertainment.

THE MICROPHONE

I have been to a large number of discos where the
records are recognisable for their tunes, but the
intervening announcements have consisted of a totally
unintelligible squawking noise. Do not use a micro-
phone at a disco unless it is clearly audible. With the
GPO telephone lines the frequency response is limited
to between 300 and 3,000Hz, yet speech is usually
quite intelligible even in the presence of interference.
These, then, are the frequencies that count. An
extension of the bass response gives fullness to the
voice, but if overdone makes the sound muddy, and
greatly increases the noise produced by handling or

touching the microphone.

Extending the treble response makes the voice
crisper and sharper unless taken to the extent where it
is impossible to increase the gain above a very low
level without a squeal of feedback. Generally, with a
good microphone, the pre-amp should have a flat
response from 300Hz upwards and a steady bass roll-off
below that frequency.

It is vital to use the microphone properly. Do not
let other people make their own announcements;
either they will nearly swallow the microphone while
shouting at the top of their voice or they will hold it at
waist level and murmur to themselves, both being
equally disastrous. If you can obtain a “pop-shield”
which fits over the top of the microphone, buy one and
use it so that you can speak right up against it without
introducing the characteristic ‘“popping’’ sound.
Failing that, speak directly into the mike from about
three inches away, clearly and distinctly. You should
not have to shout; if you do, you have the wrong
microphone.

CHOOSING A MICROPHONE

There is a vast number of obscure oriental micro-
phones around whose quality is not reflected by their
appearance or price. If it was, they would be held
together with string and exchanged for goldfish and
plastic windmills at the fair.

Do not buy a microphone you have never heard of
before until you have actually tried it in operation.
Failing that, buy from a maker with a proven reputa-
tion for good microphones, like Shure or AKG. The
AKG D190 is an excellent, though pricey, microphone
for disco use with its smooth uncoloured sound and
robust construction, while the Sony range of electret
microphones produce a clear, crisp sound that is hard
to beat at the price. :

One warning about electret microphones; do remem-
ber to take the battery out when not in use. It doesn’t
last for ever, and when it leaks it makes a horrible mess.
It is advisable to mount your microphone on a flexible
*‘gooseneck’ attached to your console so that you can
adjust it to a position convenient for use, while leaving
your hands free to work the controls.

THE MICROPHONE PREAMPLIFIER

The most important characteristics of a microphone
pre-amp are a good overload margin and a reasonable
noise level. A versatile design, which uses negative
feedback to adjust the gain over a wide range, is shown
in Fig. 3. It includes a switch to roll-off the bass
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SAXON ENTERTAINMENTS LTD

A FULL RANGE OF PRINTED CIRCUIT
MODULES FOR ALL P.A. & DISCO &
GROUP APPLICATIONS

SYSTEM 7000
HAS

A COMPLETE SELECTION OF READY
TO USE PROFESSIONAL QUALITY
IT ! AUDIO & LIGHTING EQUIPMENT

POWER AMPLIFIER MODULES 30—240 WATTS

M Fully tested & guaranteed.

M Fuli RMS Sine Wave output.

B Distortion typically 0-2%

B 10 Transistors, 4 Diodes.

W Response 30HZ-30KHZ

B Fully short & open circuit proof

B Sensitivity suits most mixers.

B Built-in surge suppression & compensation

M Twin D.C. & output fuses.

| Top-grade components throughout.
30 Watts rms J 60 Watts rms | 120 Watts rms ‘240W ms

| N

SA308 SAB04 SA608 SA1204 SA1208 | S5A2404
30W rms/ 80W rms/ 80W rms/ 120W rms/| 120W rms/ 240W rms/
8 ohms 4 ohms 8 ohms 4 ohms 18 ohms l 4 ohms
£9-50 £12-50 £13-50 £14-50 £21-00 £25-50

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

PM301 PM601/4 | PM601/8 ; PM1201/4 , PM1201/8 | PM1202/4 | PM1202/8 | PM2404/1
For 1/2 For1/2 | For1/2 | Fort For 1 For 2 [ or 2 For 1
SA308 SA604 SA608 | SA1204 SA1208 | SA1204 SA1208 | SA2404
£9-90 £12:50 | £12:50  £12-50 £12 50 £19-50 £19-50 £19-50

DISCO MIXER MODULES Mono or Stereo
(with Auto Fade)

W Mixes two decks, tape and mic.
B Wide-range bass & treble controls on
mic. & music channels.

B Variable autofade (mic. override)
H Ample headphone power.

Printed circuit module assembled & @ Needs only front panel* knobs and
]
u
]
L]

tested with all components ready selector switch.
mounted. Push-pull monitor circuit.
Mono . Stereo . 20HZ-20KHZ—Noise —77dB
£1 9 50 £29 50 Comprehensive wiring details provided
* Front panel to suit £3-50 Perfect for incorporation in your system

ALL PURPOSE CUSTOM—MIXER MODULES
(Mono or Stereo)

B Using these modules, mixers may be built to your
\“ }\ y specification up to 20 Channels, mono or stereo, or a
¥ combination of both. System 7000 custom-mixer

modules have monitoring facilities too!

MIXING MODULES

M Only one required per mixer track

INPUT MODULES

B Accept low/hlgh 2 mics, ceramic &
magnetic cartridges, all musical whether mono or stereo
instruments & line signals @ Feeds up to ten power modules

B Low-noise circuitry—high grade B Complete with W monitor amplifier

components B Accepts up to 20 input modules
| (\;\/;:Be;range bass & treble controls B Will match any Dother make of
amplifier
B 20HZ-30KHZ Noise —80dB
B Echo sound/return etc easily fltted g&?:,:m}-?g&% £9-00

Mono— M
sfé’?So_'m ?&1’1 s £5 50

Power supply for up to 20 modules—PPM18 £8 50

QUADRAFECT
FOUR CHANNEL 4KW SEQUENCER
WITH DIMMERS

A COMPLETE THE ONLY MODULA
LIGHT

R
SOUND TO LIGHT UNIT WiTH:
SHOW!! B - * Four integral dimmers.
o W * Two + Two sequencer * Automatic audio level

~ ,?'f?‘ B RCA BA Triacs W Audio trigger 1-240W
~ & Sequence 0-5-20HZ B Fully suppressed
a
a

£2950 B I.C. circuitry Indlvidual fuses

B Needs only front panel* Complete with speed
* PANEL £2-50 Slider control

THREE CHANNEL 3KW SOUND/LITE—Low Cost—
Superb Value

M Long-established Saxon design
B individual level controls + master
B RCA 8A Triacs

W 1W-240W input

W Individual channel fuses

B Needs only front panel*

* Panel £2:50

SYSTEM 7000
MINOTAUR 100—All Purpose Wide Range Amplifier

B 100W rms — 10B A four
| Standard 8 ohm output input, high
M| Twin mixed inputs accept power amplifier
a wide range of signals which will deliver up

B 30HZ-30KHZ +2dB8 to 150 watts output. An
W 23dB bass/treble absolute must where multiple
mixing & power are required

W Four individually mixed inputs

@l Wide range bass/treble+master

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

T i
B Vynide covered case

W Fully short proot

B Superb value for money

SAXON 150 HEAVY DUTY AMPLIFIER £59-00

£49-50

SYSTEM 7000
COMPLETE DISCO MIXERS
(with Auto Fade)

*Ready to plug in & use
* Mono or Stereo

Automatic mic. override
Mixes two decks, tape & mic
Facilities as for modular
version opposite
Mute positions on headphone
selector for ease of monitoring
Two tone stainless steel panel
Sockets on front & rear panels
Left/right deck fader
Controls: Mic. volume, bass, treble, A/fade May be operated from any
de%llh, Lanes, L/de;:k r/r::lec; r\:ols., power supply or from mains
treble, bass, master, headphones Stereo 18V £53-50
vol., selector, left/right fader. Stereo Malins £59-50

MONO 18V £37-50 MONO MAINS £43 50

5950006000000
R e I

The choice of the professional D.J.

SYSTEM 7000 COMPLETE CUSTOM MIXERS
(Mono or Stereo)
M M Similarto the modules cpposite these mixing modules

9 o are complete with front panels, sockets, knobs,
® 0 monitor switch etc. Up to 20 channels (mono or
-4 : stereo} may be Incorporated in one system with any
Q0 number of output tracks.

EX

Ideal for the economical & quick assembly of a purpose bullt mixer with individual
channel monitoring, and optional extra facilities—consult our technical dept. to
discuss your needs.

@l Stalniess steel panels

W Bullt-in monitoring Mono input module £8-50
8 Will feed all amplifiers Stereo input module £12-00
B Professional appearance Mono mixing module £8-50
W Accepts all types of signais Sterec mixing module £12-00
| Infinitely adaptable Power supply £8-50

SYSTEM 7000 LIGHTING CONTROL MK I
Ut Ty HAS YOUR ND T
P W B B R AT o
9,0 o O W 4000W Handling
s 4 7 / > H Integral individual dimmers
@ B Automatic audio level control
. o B Two + Two sequence facllity
== © S - * OURS HAS!| — PLUS:
ALL YOUR ELECTRONIC B Stainless steel panel B Bondene case

LIGHTING NEEDS IN ONE B Heavy duty terminations B Matches System 7000
SUPERBLY DESIGNED mixers

UNT T £42°50

SAXON SOUND-LITE—AnN old design with improved
appearance

@ Scintillating performance

M| Similar to Mk il lighting control in appearance
M 3KW power handling

@ Individual bass, treble, middle & master controls
B 1-240W input

M Fully fused & isolated

Complete with heavy
duty terminations

£24-75

EXPORTERS TO 17 COUNTRIES — ENQUIRIES WELCOMED — NATIONWIDE DISTRIBUTION BY NORMAN
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)

-NTER LOCK-I-N-G
PLASTIC SIORA!SE DRI_\WERS

Newest. neates:
system ever
devised for storing small
parts and components
resistors, capacitors, diodes, transistors.
etc. Rigid plastic units interlock together in
vertical and horizontal combinations. Trans-
parent plastic drawers have label slots. 10
and 2D have space dividers. Build up any
size cabinet for wall. bench or table top.

As supplied to Post Office,
Industry and Government Depts.

SINGLE UNITS (1D} (5in x 2}in x 2{in).

£2-90 DOZEN.

DOUBLE UNITS

£4.90 DOZEN

TREBLE (3D) £4-90 for 8

DOUBLE TREBLE 2 drawers, in one outer

case (6D2), £7-25 for 8.

EXTRA LARGE SIZE (6D1) £6-25 for 8.
PLUS QUANTITY DISCOUNTS

Orders over £20, less 5%
Orders over £60, less 71%.
PACKING/POSTAGE/CARRIAGE: Add 75p to
all orders under £10. Orders £10 and over,
please add 10% carriage
QUOTATIONS FOR LARGER QUANTITIES
Please add 8% V.A.T. to total remittance
All prices correct at time of going to press

FLAIRLINE SUPPLIES
(Dept. PE4)
124 Cricklewood Broadway, London NW2
Tol. 01-450 4844

(2D} (5in X 4}in x 2%in).

LYNX ELECTRONICS (LONDON) LTD RETURN
POST
92 Broad Street, Chesham, Bucks. Tel. (02405) 75151 ig’é‘é‘scsf
P. & P. 30p—Overseas 90p—Matching 20p per pair WELCOME
VAT 8% except * which are 12§%. Prices correct at 31 Jan. 1877
THYRISTORS CLOCK CHIPS OPTOELECTRONICS
MM5314 425 | DISPLAYS
pv A 3 3 " BA 84 10A A 1A | AR el 00
(TOS)  (STUD) (C106)  (TO220) (TO220) (T0220) (TOZ20) (TOe) (TO220) ; 18
20 035 0% 045 040 D5 080 068 1 — | AAY-S224A 9 0%
s e 08 050 045 087 o8 08 14— |AvSssae 988 )7y 195
500 065 085 0T — W 119 1% 1R — 78 1-95
BT106 £1-00, BT107£1-80, BT108€1-60, BT109£1-00, BT116£1-00, 2N3525 £0-50 1.C. SOCKETS " 1.8
45 | 750 180
8PN 016
. 14 PIN 016 | LED
TRIACS—Plastic T0-220 Package Isolated Tab 16 PIN o018 | 2RED 0-13
A 6:5A 8 5A 10A 15A 2% PIN 0-45 | 2GREEN (%]
{8 (o) @ b 8 (b @ (b @ ) |gpn 080 | 2CLEAR (BN
100V 08 0 070 070 078 0718 08 08 IR
20V 064 0 075 075 087 087 081 087 A7
0w ST 00 08 087 101 143 119 170 1.4 | REGULATORS  7gsp 150
300V 09 0 047 101 121 1% 142 150 [ZIRERIN B 045 (M3K-5 13
%.B. Column (a) without interna! trigger: (b] with internal trigger 7805 150 LM34012 135
7812 150 LM340-15 13
7815 50 LM340-18 135
TTL 7400 SERIES LINEAR I.Cs
7400 0-16 7480  0-55 DIODES BZX61 SERIES 0-20
7401 0-16 7482  0-75 | 301A 0-40* BANS 0-14*  BZX83 SERIES 011
7402 0.6 7486  0-32 | %7 055 BAIQ 0-13*  BZY8§ SERIES 0.1
280 0-90* BA1SS 013 OAS 0-50"
7403 0-16 7480 2-92 | S oo BA1S6 012 OAI0 0-40
7404 0-18 7490AN 0-49 ) 3909 0.70% S:}é; g:g 8:33 ::;:
7405 0-18 7491AN 0-65 | 709 0-27 BAISS 025 OAS1 008
7408 0-18 7492  0-57 ;:; g:: BY206 015 0A200 0-09
. . : BY207 0200 IN9Y4 0-04*
303 018 7493 045 | \poee s NEW BYX6-00 012 INKOY [
7410 0-16 7494 0-85 | neses  2-00° BYXWSH 015 INAQ2 0.08°
7412 0-25 7495 0-67 | NESss  1-50¢ BYX36-900 018 INAGO3 006"
7413 0-25 7496  0-82 | NES67T  2.00" CATALOGUE gmr;ggﬂ :g :mg; g;gj
7414 0-72 74100 1-07 | SRS 2% BYKWS0 055 INADDS 009"
7417 0-43 74107 0-35 . 20 BYx38-900 060 IN4oO7 o1
CA3130)  0-79 BYXRH1200 065  INet4D 004
7420 0-16 74121  0-34 | MC1303L 0-55*
. . MC1304P 1-60°
7425 030 74122 047 [ MO0 IS | gppcyaL OFFER SECTION
7427 0-48 74123 0-40 | < ti0p 1.18+ | SGI0IK 1A TO-35v £1-25
7430 0-16 74141 0-78 | pmcrastp o-75* r:p:q 103 PdOWER TRANSISTORS
7432 0-37 74145 0-68 MO1352P 0-75% BL\AIIgEéesleso‘bul unmarked. Similar to 2N3055 except
7437 0:35 74154 1-62 | MC1353P 0-75 HSFE (gain) - 20+ at 3A, VCE SAT <1:3V at 3A
MC1458P 0-77 pcs £1-00 25pcs  £4-00
TAIAN 076 74164 0.93 | MR DL GBS e7'so 100 bes £13.00
7442 065 74165 093 | TAA300 161 | 1,200 RED LED o
7445 1-50 74174 1-00 | TaA3f0A 1‘-38\ ITT BRANDED TRANSISTORS '
7447TAN  0-81 74175 0-94 | JAASSE 0.45° zdﬁsdium voltage high gain type BSY6S5 similar to BC107/8/9
TAAB11B12 pCs - 100 pcs £3-50
7448 0-81 74180 1-06 . 1.25+ | \TO-3 HARDWARE. Mica, washers, solder tag, nuts. boits, 50
7470 0-32 74181 320 [“yanger o.gs | /oetS for 650,
7472 0-26 74191 1-33 | TBASI— 185" £1-15
7473 0-30 74192 1-35 | TBAS530Q 1-90* | RECTIFIERS DO-4 PACKAGE
7474 0-32 74193 1.3 | TBASSD 2807 100 BV 048 oy
7475 0-47 74194 1-20 10A 200V 0-50 Stud Cathode or
476 D I TCA210SQ | 1pa 400V 0-60 Stud Anode
7 . -6 195 Ideal for Power Supplles. nverters etc
TRANSISTORS TIPRA 0520 2NISA 015
AC126 045 BCIT7 619" BC2MAL 0-15* BD13%  0-39* BF197 0.1 BSX77 03  TIPIA  0-54 NS 050
ACT2? 016 BCI9 025 BC27 0-16* BDI37 040 BFX0 040  BSK?E  0-35  TIPRA 064 NUB 030
AC125 013 BC125 09 BC2® 0-16* BDI3® 0.4 BF28 G-  BSYR 0.3 TPUA OB ONNIM 0N
ACI28K 0-25 BC126 0-20* BC0 0-34 BD138 0-58° BF1g 0-0  BSYSE 039 TIPAA 072 N7 110
ACH4t 022 BCWO 032 BC31 032 BDI4 220 BF20 028 BSYSH 0-M  2NAL 040 NMMD 056
ACHIK 0-34 BCWI 0.28 BC302 040 BDIST 060 BF24 018 BSYSS 074 ONG% 0N N2 12
ACH2 018 BCWZ 023 BC33 046 BDIS1 086 BF24 097 BSYSS 030 NG 092 N30 0N
ACHM2K 0-28 BCW3 023 BCH7 0-15* BDW2 092 BFS7 0.0  BSYZ6 02  N706 010 2N3T02 010t
ACI76  0-16 BC14 0:30 BC38 016 BDIB3 097 BFS8 035 BSYZB 075 NTIB 0.2 N3 010
ACYIEK 0-25 BC7  0-09" BC09 0-18* BD184 120 BF9 0.4  BSYSSA 012 N9 O-W  NITO4 010
ACWT 018 BC® 009" BCHO  0-20° BD232 0-60 BFIE 0.3 BUIS 180" N3 095 N3OS 010t
ACWIK 025 BCMS 008 BC37 012 BD2W 0.4 BF37  0-32* BUIS02 1-90* 2N11R 096 N6 0107
AC188  0-18  BC152 0-25* BC31§  0-13* BO237 055 BF38 0.4 BUKOS 300 ONI02 025 N7 p-1e
ACIB8K 0-25 BC153 018 BC320 0-18* BD28 0-60 BFWX 0.6 BUI03 250" 2N1M3  0.27  2N308  0-09"
ADWY 045 BC1S7  0:09" BC31 018" BDAW 060 BFWS9 0-16  BUT6  1-60* 2N1304 045 2NIT09 0.0
ADI61  0.35 BCYS8  0.09° BC323 0.60' BDX32 230 BFWR) 017 BUI3  1-60° 2N130S  0-74  2N3TIO 0-10°
ADI62  0-35 BC15  0:09° BC327 0-98* BDYIQ 1-50 BFX29 0.2  BU24 160" N1X6  0-35  2NSTIL 0-10°
AF11¢  0.20 BCI60 032 BC3%8 016" BOYM 200 BFX% 0-3%  BU2S  1-90° 2NIX7 0:35  2NITI5 115
AF115  0-20 BCt! 03  BC37 017+ BOY2 080 BFXB4 023 BUA6 24 ONI3E 045 N3TIE 125
AF16 020 BC168 009" B8C338 0-17* BDY® 0-60 BFXBS 025 BUXS  2.60' 2N1X9 045 NITT1 160
AFM7 0.0 BC189  0-12* BCA? 0-2° BDYS) 170 BFX86 025 MU0  0-80 2NI71T 018 2N3TT2 960
AF118 0-50 BCISSC 0-14° BC4S 0.2 BDYG! 1-65 BFXE? 0-20  MJ4B1 105 ON2102  0-4 2N37TT3 210
AF124  0:25 BCI70B 0-12* BCY30 0:55 BDYE2 1-15 BFX8S 0:20 MJS0  0-50 ON217  0-30  2N3EIS 0
AF125  0-25 BC171  012* BCY31 0:55  BDYSS 20 BFXBI  0-30  MJ491 115 2N2369 0.t 2N3GO4  0-16°
AF16 025 BCI2B 012 BCYRZ 060 BRIt 050 BFY1D 190 MJEMD 0-40" ON2MGOA 014 ONN0E 011t
AF130 035 BC182 011 BCYR 055 BF123  0-50  BFYI  0-50  MJES0 045 N8 020 2N4123 0w
AF239  0-37  BCI82L 012 BCYM 055 BF127  0-50 BFYA 050 MJES2L 055  2N2B4 016 2NAT24 014"
AL102  0-95 BCi83 0:40° 8CY® 050 BF1S7  0-50 BFY4l 060 OCA 095 N6 0-50 N0 0w
AL103  0-93  BCW83L 0.10* BCY 115 BF77  0-25 BFYS0 02 OCH 032 NIt 00 2N91 0w
AU07  3-30° BCIB4 0.1 BCYA 075 BF78 0.8 BFYSt 018 OCAS 032 N2TI2 015 2NA2S2 O-me
AUTY)  1-75" BC1BAL 0-12¢ BCY4? 0-X  BFUS 030 BFYS2 019 OCH 020 2N90MA 020 NGT 110
AUM3  1-60* BC186  0-20° BCYS4 160 BFS0 0.0 BFYSS 025 OCT0 030 QN2KS 098 NBE 1
BCI07 0-09 BCW7 6.2 BCYZD 012 BFBT 00 BFY84 035 OCTT  0-35  N2WSA 0.2 2N4TD  0.35°
BCH78 0-08 BCA78 012" BCY71 018 BFB2 030 BFYS 065 OCT2  0-2  2N206 0% 2N4ETI 035
BC18  0-09 BC22 0-1* BCY]2Z 042 BFIB3 03  BLYISA 0000 OCB4 040 2N2025 01 2NAYIS  0-60°
BCWSE 0-09 BC212L 012° BDNS 015 BFB4 020 BSX)9 016 OCH  1-30  2N260 0090 2NO1S  0-70*
BC109  0-09 BC213 012 BDI3 0% BFIES 020 BSXaD 018 OCHO 130 ONZER 0.10% N4 0500
BC109B 0-09 BC213L 0-t4* BD132 040  BF196  0.10* BSX21 02 OCI70 023  2N2026Y 0-09¢ 2NSZ2  0-58°
BCH9C 0.2 BC2M4  0-M* BD135 036 BFI%  0.12° BSXTE  0-30  TIPNA  0-Mt NG 0-100 NS 0-46°
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G8CZW DIGITAL
FREQUENCY METER

O IR -
y, o o
- % DiCUAL FEQUINGY WETER @ o

COMPLETE 50MHz KIT €54 inc. VAT and Post (U.K.}
3

2ZN 1040E Count/Display |.C
Integrated Circuit Pack
Disptays and Filter
Semiconductor and Diode Pack

Resistor and Capacttor Pack

Logic and Display P.C.B.'s

5 MHz Crystal

Transformer 8-0-8V (+ 60p P & P.)

1.C Sockets Pack

Switches. Knob. BNC Sockets. etc

Hardware and Wire Pack

Case—Two-tone PVC-faced steel punched

10
.25
28

SANNGAENN D ®
%
=

and iettered (+ 75p P. & P) 575
Spare min. BNC Sockets (50 ohm) 0-65
Spare min. BNC Plugs (50 ohm) 0T
Complete kit of parts for High Impedance

Butfer (includes PCB) 3.62
High tmpedance Butfer P.C.B. only 0-80

Complete kit for VHF pre-scaler (includes PCB
but less 1.C

VHF Pre-scaler printed circuit board only

SP8631B 500MHz Pre-scaler 1.C.

ZN1034E Pracision Timer |.C

ZNA116E 34 digit digi-voitmeter | C

Digitat Voltmeter P.C B's and Circuits

NES92 Wideband video amplifier 1.C.

Reprint of full GBCZW article (post free)

All pricea Inc. VAT at the standard rate. Please add
20p P. & P. for packs. S.A.E. for full lists.

Ovarseas—Deduct 8% off these prices

ELECTRONICS
(OLDHAM) LTD.

83 Lees Road, Oldham OL4 1JW
Tel. 061-624 8812

SaweN®DO
©
<L
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- Fig. 3. Circuit of versatile microphone preamplifier for disco use. It requires +-15V at not more than 25mA.

The i_nput and output impedances are unaffected by the settings of the controls. YR1 should be set for
sufficient output from the circuit with VR3 in mid-position, and VR2 should be adjusted for the best tonal

balance at the output of the whole system

response and an adjustment to improve the treble
gain. It also includes a preset gain control to match
the sensitivity of almost any microphone.

Note that the output is switched on and off, so that
the panel gain control can be preset at a level just below
that which causes feedback and then forgotten about,
with the switch used to turn the microphone on and
off when required.

GROUPING AND AUTOMATIC “DUCKING"

All the inputs, from records, microphone or tape
recorder are fed into the mixing amplifier. This is just
a fairly straightforward amplifier with enough gain to
allow for the losses in the fader circuits with a bit to
spare, a low input impedance and a low noise level,
since any noise it generates will pass into the rest of the
system.

If you want to have one of those arrangements
where the music ‘““‘ducks” down automatically when-
ever you speak, then the music inputs must be grouped
together and then the output from the microphone pre-
amp used to control the gain of that group and to feed the
output separately. When tone controls are used, it is
also a good idea to have the microphone feeding the
output separately to avoid it being affected by the
settings of the tone controls when they are used to
correct deficient recordings (see Fig. 1).

LIMITER

Of all the circuits devised for use with my disco
set-up the limiter is far and away the most useful. Its
purpose is to control the output in such a way that it
will never exceed a certain level, however large the
input. Used properly it will eliminate most of the
dynamic range of any material played. Why is this a
good idea?

In Fig. 4 the vertical axis is scaled in sound level,
the further up you go, the louder the environment.
The slightly wavy line near the bottom of the graph is
intended to show the residual noise produced in the
hall by people talking and dancing, together with any
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Fig. 4. Running a disco without compression (a) may

resuit in the system running into distortion, or in the
outpqt from a very soft part of a recording being lost
in noise.

Compressing the dynamic range (b) makes it easier
to keep the equipment and the audience happy. A
long, but not untypical evening’s entertainment is
shown in (c). Note that at no time is the disco short
of power
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Fig. 5. Limiter circuit to reduce dynamic range.

limiting threshold set by. VR1.

other sources of background noise. The straight line
above it shows the maximuin sound level produced by
your equipment when it is working at the maximum
volume it can produce without undue distortion.

Between, and in the first instance occasionally
crossing the two, is a jagged line indicating the level
actually produced by your equipment; in the first
diagram without the limiter/compressor, in the second
one with it connected in circuit. When the line
crosses the top one, your equipment is running into
distortion, and if it crosses the bottom one you are no
longer properly audible.

Now although modern records contain a good deal
of compression already, it is very advantageous to
compress them still further for disco work to ensure
that your amplifiers and speakers are always working

L]

Output around 250mV r.m.s. maximum for inputs above
Requires + 15V at less than 50mA

well within their power limits, and that excessive
settings of the input controls do not really matter very
much. The less discriminating of disco DJs quite
often manage to obtain a limiting effect by driving their
power amplifiers into clipping, but because this
produces enormous amounts of distortion in addition
to threatening the life of the output transistors this
method is definitely out for anyone who cares in the
least about his sound quality.

The construction of the limiter (Fig. 5) is not
critical; 0-lin matrix Veroboard is most suitable.
For stereo use, link together the gain control lines
(pin 2 of IC1) in the two channels.

Next month: More on choosing and using disco
equipment

DIGITAL VOLTMETER

continued from page 264
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CALIBRATION

Set the range switch in the 1 vOLT position (A) and
short together the input terminals. The SET ZERO preset
VR1 should be adjusted until the display just flickers
between +0 and —0. (If this won't work swap the
ZN424s and try again. If still no success, see the section
on testing.)

A known positive voltage between one and two volts
should now be connected to the input terminals and
VR3 adjusted until this voltage is displayed. The input
voltage should be reversed and VR2 adjusted until the
display is again correct. VRI1, VR2 and VR3 are now
correctly set and should not need altering again. The
three input attenuators are set up with an appropriate
voltage in their range. The accuracy of the calibration
depends on the reference instrument used, this shouid
preferably be another DVM. The calibration is now
complete and the instrument can be used.

TESTING AND FAULT FINDING

Every fault on a piece of electrical equipment is an
individual case. It is not possible to anticipate every
condition and cause of faults. Experience gained from
previous articles show that most faults are caused by
missing components and interconnections or by mount-
ing components the wrong way round.

As an aid to fauit finding the circuit diagram shows
voltages at certain nodes, measured using a standard
AVO 8. These voltages are measured with respect to
0 voits. Y
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Unique full-function

8-digit wrist calculator...
available only as a kit.

A wrist calculator is the ultimate in common-sense portable Assembling the Sinclair Instrument
calculating power. Even a pocket calculator goes where your wrist calculator

pocket goes —take your jacket off, and you're iost! The wrist calculator kit comes to you :&/
Buta wrist-calculator is only worth having if it offers a complete and ready for assembly. All ™
genuinely comprehensive range of functions, with a full-size you needis a reasonable degree of

8-digitdisplay.

Thisone does. What's more, because it isakit, supplied direct
from the manufacturer, it costsonly avery reasonable £9.95
(plus 8% VAT, P&P). And for that, you get notonly a high-
calibrecalculator, but the fascination of building it yourself.

How to make 10 keys do the work of 27 want you to enjoy
The Sinclair Instrument wrist calculator offers the full range of assembling the kit,
anthmetic functions. It uses normal algebraic logic {‘enter it as and toend up with a
you write it'). Butin addition, it offers a % key; plus the valuable and useful

convenience functions

All this, from just 10 keys! The secret? An ingenious, simple
three-position switch. It works like this.

Dimensions

1%¢ (46 mm) wide.
1%¢ (37 mm} deep
Weight
lessthan10z(28g)

1/x, x2; plus a full 5-function memory. calcutator.

/SA

skill with a fine-point soldering iron.
It takes about three hours to
assemble. If anything goes
wrong, Sinclair Instrument
will replace any damaged

components free: we

1. The switch inits normal, central
position. With the switch centred,

numbers — which make up the vast
majority of key-strokes - are
tapped in the normal way

2. Hold the switch to the
left to use the functions to
the left above the keys . ..

3.and hold it to the right to
use the functions to the
rightabove the keys.

The display uses 8 full-size
red LED digits, and the
calculator runs on readily-
available hearing-aid
batteries to give weeks
of normal use.

Contents

Case and display
window.

Strap.

Printed circuit board.
Switches.

Special direct-drive chip
(no interface chip needed).

Display.

Batteries.

Everything.is packaged in a neat plastic
box, and is accompanied by full instructions.
The only thing you need is a fine-point soldering iron.

All components are fully guaranteed, and any which are
damaged during assembly will be replaced free.

The wrist-calculatorkit is available only direct from
Sinclair Instrument. Take advantage of this 10-day money-
back undertaking.

Send the coupon today.

6 Kings Parade, Cambridge, Cambs., CB2 1SN.

* Please send me .. . {qty} Sinclair Instrument wrist-calculator
kits at £9.95 plus 80p VAT plus 25p P&P (Total £11).

L
ONLY

£9.95

PLUS VAT,
P&P

“lenclose cheque/PO/moneyorderforf. .. ... ...

l * Complete as applicable.

Name I

Address
Sinclair Instrument Ltd,
6 Kings Parade, Cambridge, (Please print)
Cambs., CB2 1SN. lunderstand that you will refund my money in full if | return the
Tel: Cambridge (0223) 311488. kitundamaged within 10 days of receipt. PE 4
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B. BAMBER ELECTRONICS

Dept. PE, 5 STATION ROAD, LITTLEPORT, CAMBS., CB6 1QE
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday

PLEASE ADD 8% VAT UNLESS

OTHERWISE STATED

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED

SPECIALOFFER -

STARPHONE HIGH BAND RF PC BOARDS,
with conversion data for making into a good 2M
Converter. (Al that is needed: 1 xtal, 7 caps.
2 resistors, and 9V DC) PCB contains 2 Dual gate
Mos Fet RF stages (3N140), Diode ring mixer,
3 stage Osc/Multiplier. All on one PCB, approx. size
6" x 1}". ext. connections, 9V DC supply, AGC
(can be left fixed bias, or RF gain control) Ant.
input, tF output (works from a few MHz to over
30MHz). All Brand New. £6.50 each, while
stocks last.

MAINS ISOLATION TRANSFO . Tapped

T03

mains input. 240V at 3A + 12V at 500mA output
New, boxed, made by Gardners, £12.
4MHz XTAI. PACKS (10 assorted xtals between
4MH1 and 5MHMz), our selection only. £1 Pack.

MINIATURE PLIERS. High uehty_Crescam
made in USA £4.35 +VAT (35 %

insulator sets, 10 for 50p.

MIXED COMPONENT PACKS containing

A LARGE RANGE OF CAPACITORS AVAIL-
ABLE AT BARGAIN PRICES, S.AE. FOR LIST.

resistors, capacitors, pots, etc. All n
of items. £2 per pack, while stocks Iast

ALU-SOL ALUMINIUM SOLDER (made by Muit-
core). Solders alummium to itself or copper,
brass, steel, nickel or tinplate. 16 s.w.g. with
flux, with instructions. Approx. 1 metre

;IDE CUTTERS. High quality, £3.70 + VAT 309.
SPERRY 7-SEGMENT P.G.D. DISPLAYS, diglt

TELEPHONE HANDSETS with "PRESS-TO-
TALK" buttons, on curly iead, brand new. £3.50
{few only).

Type 31BM. 3200 RPM governed, size approx.
13in. dia x 13inhigh. with 2mm spinde. Brand
New. 60p each or 2 for £1.

SILICON HIGH VOLTAGE RECTIFIER STICKS,
BY185 (new) 35kvV 2 5mA £1 each, BY140
{ex-equip) 12kV 2-6mA 45p each.

VARIABLE STABILISED POWER SUPPLY,
mains input, 0-24V output, stabilised and current
limiting at 500mA + 32V at 50mA_Brand new by
British manufacturer. Size approx. 74 x 24 x 4in,
complete with external 5k0) 3-turn pot for voltage
control. Connection data supplied. £7.

14 DIL REED RELAYS, 5 to 12V DC, 450 ohm
coil. DQSI?ned to work difectty from TTL Logic.
Single Pole Char\ge over. Contact ratings 28V A
3IW £1.75 each.

GARRARD 9V DC MINIATURE MOTORS,

height 0-3in. red, with decimal points, 150V to

V (nominal 180V} operation These are high-
volt industrial type and therefore brighter than
normal displays. All brand new. AT THE BARGAIN
PRICE OF 50p PER DIGIT TYPE 332 (two digits
in one mount) £1 each. {Sorry, no single digit
avaitable | Data supplied.

BSX2Q (VHF Osc/Mutt), 3 for 50p.
BC108 {metal can). 4 for 50p.
PBC108 (ptastic BC108), 5 for 50p.
BFY51 Transistors, 4 for 60p
BCY72 Transistors, 4 for 50

PNP audio type 705 Transmors 12 tor 25p.
BF152 (UHF amp/mixer). 3 for 50p.
2N3819 Fet., 3 for 60p.

BC148 NPN SILICON. 4 for SOp.
BC158 PNP SILICON. 4 for 50p.
BAY31 Signal Diodes, 10 for 35p.
BA121 Varicap Diodes, 4 for 50p.
1N914 Diodes, 10 for 25p.

SMALL MAINS SUPPRESSORS (small chokes,
ideal for radio, Hi-Fi inputs. etc.). approx. 4in. x

PLASTIC BOXES 3} square. 13" deep (wall-
mounting type) with 5pin din piug on front panel,
50p ea

2_N305‘5 type Transistors
5for £1.

PROGRAMMERS {magnetic devices). Contain
9 microswitches (suitable for mains operation)
with 9 rotating cams, all individually adjustable.
Ideal for switching disco lights, displays. etc..
or industrial machine programming. (Need slow
motion motor to drive cams, not supplied.) 9 switch
version £1.

Terms' of Business: CASH WITH ORDER. MINIMUM ORDER £2. ALl -PRICES INCLUDE POST & PACKING (UK ONL

O.K.. but unmarked.

'I'IOV NEQNS, SCREW-IN-TYPE, 4 for 50p.

1in., 3 for 50p.

PERSPEX TUNER PANELS (for FM Band 2
tuners) marked 88-108MHz and Channels 0-70.
clear numbers, rest blacked out, smart modern
appearance, size approx. 84in. x 1}in., 2 for 35p.

coil 40p pack. Large reel £2.75.

PLUGS AND SOCKETS

N-Type Plugs 50 ohm, 60p each, 3 for £1.50.
PL259 Plugs (PTFE), brand new. packed with
reducers, 65p or 5 for £3.

$0239 Sockets {PTFE) brand nqw {4-hole fixing
type), 50p sach or 5 for £2-2!

VARICAP TUNERS Mullard Type ELC1043/05
Brand New, £4.40 + 124% VAT

IC s some coded. 14 DiL type, untested, mixed.
sorry sold out.

Mobile Converters, 24V DC input 13.8V at
approx. 3:-4A DC output, fully stabilised. £3.50 each
tideal for running 12V car radio from 24V lorry
battery}

We naw stock Spiralux Tools for the electronic
enthusiast Screwdrivers, Nut Spanners, BA and
Metric sizes, pop rivet guns, etc. S.A.E. for list
Miniature earphones with min jack plug, 2 for 50p
+ 123% VAT,

TWIN LLF. CANS, approx. 1in. x in. x 1in. high,
around 3 5-5MHz, 2 separate transformers in
1 can, internally screened, 5 for S0p + 124% VAT

Dubilier Etectrotytics, 50uF. 450V, 2 for 50p.
Dubilier Electrolytics, 100uF, 275V, 2 for 50p.
Plessey Electrolytics, 470uF, 83V, 3 for 50p.

TCC Electrolytics, 1000uF, 30V, 3 for 80p.

F\essey )Elec(rolvncs 1000uF, 180V. 40p each
{3 for £1

Dubitier Electrolytics, 5000uF, 35V, 50p each.
Oubilier Electrolytics. SOOOuF. 50V, 60p each

ITT Electrolytics. 6800uF. 25V, high grade. screw
terminals, with mounting chps 50p sach.

Lead suppressors {10kohm} for mobile piug leads.
4 for 5¢

HEAVY DUTY RELAYS, 24V d.c. operated {will
work on \8\/) 3 heavy duty make contacts (around
10A rating} + 4 change over contacts « 1 break
contact. ew compiete with mounting bracket.
{Ideal for swllchmg HT on Linears.) Many uses for
this high quality unit. £1-60 each.

Plesse: uF at 63V, 76p each.
Plessey Cathodray Capacnors 0-0-3yF at 125/
OC. Screw terminals £1.50 e;

PLEASE ADD 12}% VAT $&°ALL capaciToRs.

TV PLUGS AND SOCKETS

TV Plugs {metal type}. 5 for 50p.

TV Sockets {metal type), 4 for 50p.

TV Line Connectors {back-to-back sockets), 4 for 50p.
Piease add 123% VAT.

PLEASE ADD VAT AS SHOWN. ALL GOODS'IN STOCK DESPATCHED BY RETURN. CALLERS WELCOME BY APPOINTMENT ONLY.

SOLDER SUCKERS (Plunger Type). Standard
Model, £4.50. Skirted Model. £4.85. Spare
Nozzles 60p each

WELLER SOLDERING IRONS

EXPERT. Built-in-spotlight illuminates work. Pistol
grip with fingertip trigger. High efficiency copper
soldering tip.

EXPERT SOLDER GUN. £6-80 + VAT (54p).
EXPERT SOLDER GUN KIT (spare bits case.
etc.). £9.80 + VAT (78,

SPARE BITS, PAIR, 30p + VAT {2p).
MARKSMAN SOLDERING IRONS

SP15D 15W £3 + VAT {24p).

SP25D 25W £3 + VAT (24p}.

SP25DK 25W + bits, etc., ku £3.85 + VAT (31p).
SP40D 40W £3.44 + VAT (28p).

BENCH STAND with spring Marksman irons,
£2.22 + VAT (139)

SPARE

MT8 for 15W 46p + VAT (4p).

MT4 for 25W, 38p + VAT (3p)

MT10 for 40W. 42p + VAT {3p).

TCP1 TEMPERATURE CONTROLLED TRON.
Temperature controlled iron and PSU. £20 + VAT
(£1-60).

SPARE TIPS

Type CC single fiat, Type K double Ilat fine tip,
Type P, very fine tip. £1 each + VAT (8p

MOST SPARES AVAILABLE.

MULTICORE SOLDER
Size § Savbit 1B sw.g. in alioy dispenser, 32p

+ VAT (3p).

Size C15AV 18 Savbit 18 s.w.g., 56p + VAT {: ).
Size 12 Savbu( 18 s.w.g. on plastic reel £

+ VAT (15p).

} K. (1 1|m 60 x 40, 20 s.w.g. on plastic ree! £3.

SAE with ALL ENOUIRIES Please.

Used Video Equipment
If we do not have what you want, we enter your
requirements on our register and advise you

when it

is available.

CROFTON

FOR

USED VIDEO
EQUIPMENT

bought and sold daily.

U.H.F. Modulators

supplied for connecting a camera directly to a
domestic TV or Phillips V.C.R. Camera Kits

for the enthusiast also
Fujinon Lens available.

in stock.

Repairs of all types of Video equipment under-

taken.

WHATEVER YOUR VIDEO REQUIREMENTS
FIRST CONTACT CROFTON

CROFTON ELECTRONICS LTD

Dept. E, 35 Grosvenor Road, Twickenham, Middx. Tel. 01-891 1923
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(5-pin DIN) LED tuning indicator
Frequency meter

TU sound oly TUE

At last you can enjoy the benefit of high quality TV sound. This unit
offers a high fidelity alternative to the audio stage of a TV set and is
completely independent. The 4-channel push-button Varicap tuner
picks up a UHF signal direct from the aerial, the output being
suitable for feeding through most hi-fi systems.

SPEC. INPUT: 10uV. Typ. for 26dB quieting OUTPUT: 100mV.

£36.95 + H VAT {Order code 991-928)

OORAM KITS CONTAIN
EVERYTHING OOWN 70
THE LAST NUT!

Overseas orders—add 15% for P. & P. All items offered for sale
subject to the terms of business as appears in Doram’s Edition
3 catalogue. price 60p. The Doram Kit brochure Is also
available, price 25p. Combined price only 70p, which also
entitles you to 2 x 25p vouchers, each one usable on any
order placed to the value of £5 or more (ex. VAT)

OORAM ELECTRONICSLTO PO BOX TR8LEEOS LS12 2UF
An Electrocomponents Group Company
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. k3 - . v e -

46V 10 +15V
{250mA}

D.C. MOTOR GONTROLLER

THE circuit in Fig. [ gives precise
control of the speed of a miniature
d.c. motor.

Ignoring inductive effects, the d.c.
motor equation is:

Vm = IaRa + Eb
Where the ' back e.m.f.
proportional to speed.

A dummy resistor (R3) equal to
the armature resistance is used to

-6V 10 -15v
(10mA)

is exactly

find [aRa. The operational amplifier
and TRI! produce an output of
2(IaRa) — Ve.
Therefore the voltage across the H
) motor is: & Flgo I DUMMY
Vm = IaRa — V¢ REsisioR
The control voltage is then equal . Yo

in magnitude to the back e.m.f., and
is proportional to motor running
speed.

A control range of —0-1 volts up
to —5-0 volts gives a typical speed

range of 40 to 2,000 r.p.m. inde-
pendent of supply voltage and load
variations.

J. Lidster, Darlington, Co. Durham.

UNLIMITED

INITIAL RESET

Master-slave flip-flops are shown
as an example in Fig. 1, where the
initial state will occur when all flip-
flop outputs are at logical zero. The
initial reset network consists of TR
i EROM and its associated discrete compo-
10D 3 | cReumry nents. Resistors R2 and VRI are
L arranged as a potential divider, the
d latter being shunted by non linear
load TR1. whose value depends on
the voltage developed across RI.
Only during the switch-on transient
of the supply will ClI produce a
voltage across R, and turn on the
reset transistor. The resistor VR
was chosen to be variable to make
the design less critical.

+4i 5V
—0

—_0

~ [—

%73 s| »n

o |
@

™

tion which would otherwise
rather improbable, due to
switch-on transient.

Fig. 1

Tms network operates a self-clear
_ for logic systems when initially

switched on, thus inducing a condi-

be
the

E. V. Dias,
Lisbon,
Portugal.

BISTABLE TOUCH
SWITCH

THE circuit of Fig. 1 can be used to
control mains equipment and is
not prone to spurious triggering from
too light a touch or a double touch.
The device works off the induced
a.c. mains field which surrounds the
human body when in a building
containing a.c. mains wiring. When
the touch plate is touched, the stray
voltage is applied to the gate of TR1,
which acts as an impedance buffer.
The a.c. voltage on the drain is
half-wave rectified by DI and applied
to capacitor Cl. The value of Cl is

+ Vee
(4-5T05-5)

CK

1
78

|————oor10
" BUFFER

LIS OR 106IC

{IMAL

?100[1

The voltage across Cl is applied to  Qutput Q at pin 14 of IC1 is fed to a

selected so that there is a slight delay
between the plate being touched and

a Schmitt trigger formed by TR2 and
TR3. When the trigger threshold is

buffer stage driving a suitable relay.
P. S. Robinson,

the bistable changing state, so pre- reached the collector of TR3 will go Tyldesley,
venting false triggering. high, triggering the bistable ICl. Lancs.
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Part 2 — THE MPU CHIP

¢ \
|

: |
explained . ...

The focal point of a microprocessor system is the MPU chip itself, and this is
reflected in the way complete microprocessor systems are often referred to by the
MPU chip name or number, regardless of the fact that numerous other chips are
involved and are quite essential for system operation.

The MPU chip is of course in charge of the overall system and spends its time
reading instructions from program memory, interpreting them, and then manipu-
lating the system buses so as to carry out the wishes of the programmer. The
MPU chip is in effect the "'Foreman” of the system, reading the ""Plans’ provided
by the "Architect” or programmer and making sure the “"Workforce” in the form of
peripheral chips like I/O ports, do as they are required by the “"Plan" or program.

We must not take an analogy of this sort too far, because some of the "'Workforce”
are actually embodied in the MPU chip itself, but perhaps this could be explained
by assuming that the *'Foreman” has a "'Calculator” and ““Notebook'' in his pocket
for use where appropriate when following the "Plan".

One thing is certain, and that is that the '"Foreman” will never act on his own
initiative, and will always follow his instructions to the letter, even if they are wrong,
a fact which puts a heavy burden on the programmer. The "Foreman” will be quite
happy to start building operations in a ""Bog’* or to put doors on the 10th storey
which lead out into "mid air’'—if instructed to do so by an incompetent " Architect’ !

THE MpU chip is a collection of system components
which exist inside a single package, and the decisions
as to which components should be included and which
not, have to be taken by the semiconductor manufac-
turers themselves, and, needless to say, they do not
always agree on where the boundary should be drawn.
Fortunately for us, there is a large measure of agreement
on the main Mpu components, and this makes it possible
to consider a “Typical” chip and the building blocks
within.

A TYPICAL MPU

Fig. 2.1 shows a block diagram of a typical MpU chip.
This will be used to examine the function of each of the
most important internal building blocks in a dynamic,
rather than a functionally static, way.

We can start with the assumption that the Mpu chip
has just been “reset’” by means of a signal applied to
its RESET input either manually (from a switch) or auto-
matically, from a power-on reset circuit. The reset
causes the internal MPU REGISTERS to be cleared of
information so that they contain all zeros, and the par-
ticular register of initial importance is the PROGRAM

280

COUNTER because this is connected to the ADDRESS BUS
which in turn is connected to an external program store
such as the PRoM mentioned last month.

With the address input to the prRoM being all zeros,
the very first instruction word is accessed, and this
PROM output data is connected back to the MPU via the
DATA BUS. What this first instruction word actually is,
has of course been determined by the programmer who
is happy in the knowledge that when the MpPU “‘wakes
up’’ it always starts in the right place, as required.

INSTRUCTION REGISTER

The first (and subsequent) instruction words is (are)
latched by the MPU in the INSTRUCTION REGISTER, the
outputs of which are decoded by the INSTRUCTION
DECODER into a series of control signals which configure
the Mpu to perform the operation specified by opening
and closing gates and generating clock or shift pulses
via the TIMING and CONTROL circuits.

Let us assume that the first instruction was a LOAD
IMMEDIATE—which means that a constant stored
in PROM in close association with the instruction itself
is to be loaded into the MPU ACCUMULATOR register.

Practical Electronics  April 1977




DATA BUS TO
MEMORY 4 {/0 PORTS

ADDRESS BUS TO
MEMORY & 1/0 PORTS

|
|
ke i Einid e o e 8 P |

MPU CHIP BOUNDARY

CLOCK
05CILLATOR
iMAY BE IN
MPU CHIPj

Uit

Fig. 2.1.

The accumulator is a very important part of the Mpu.
Most instructions use the storage and manipulative
functions it provides and it is always used to store the
result of an arithmetic or logical operation.

Working data which is stored in, or retrieved from,
external RAM memory is always routed through the
accumulator, as is data intended for Qutput Ports or
read from Input Ports. The number of binary bits which
can be stored by this register is determined by the word-
length of the particular MmpuU chip in use, and so for
example, an eight-bit MPU can store eight bits in its
accumulator.

A simptlified block diagram of a ‘“‘typical”’ MPU chip

Once the LOAD IMMEDIATE instruction has been
completed the program counter is incremented to
address the next instruction in the PrRoM which is inter-
preted as before by the instruction decoder. Let us
assume that the programmer intends to perform an
addition sum with the data loaded in step one and some
other word to be loaded later.

REGISTERS

To make way for the second data word it is necessary
to store the first word away somewhere, and to make
this easy mpus are provided with a set of internal

Glossary of Terms

ACCUMULATOR-—-A  storage register, where
arithmetic and logical results are held. A majority
of MPU instructions operate on, or test. the
accumulator content.

ADDRESS BUS—A parallel group of connections
used to carry binary addresses from the mpu
chip re memory.

ALU—Arithmetic and Logic Unit. An essential part
of a microprocessor where arithmetic and logical
operations are performed.

CLOCK—An oscillator which provides the basic
timing reference for the mpu chip. The clock is
often crystal controlled.

DATA BUS--A general purpose bus, or group of
parallel connections, used to cairy instructions
and data to and from the mMpU chip.

HARDWARE—AIlI the elecironic components,
including the mpu chip, which go to make up a
microprocessor system (contrast with Sofrware).

INSTRUCTION DECODER—A logic gating array or
small rRoM iuternal to the mpu chip used to
interpret instructions fetched from memory.

INSTRUCTION REGISTER-—A register in the MpuU
chip used to hold instructions fetched from
memory.
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JUMP—A class of mpu instruction which causes the
program to leap forwards (or backwards), either
by a specified amount; or to a specified location.

LINK—A single-bit register used primarily to hold the
carry out of the accumulator register during
arithmetic operations.

MICROPROGRAM—A program, usually stored
inside the mpu chip which controls the Mpu
during the basic fetch/execute sequence.

PROGRAM COUNTER—A special register which
holds the current memory address. The register
can be incremented or have its contents replaced
during jump instructions.

REGISTER—A general purpose storage
which will hold one mpu “Word™.

SOFTWARE—wmpu programs stored on any media:
even handbooks (and this article) came under this
broad heading. Programs in ROM are sometimes
called “Firmware”.

STACK—A last-in-first-out store made up of registers

or main memory locations and used to store, for
example, subroutine return addresses.

SUBROUTINE—A sequence of instructions which
perform an often required function, coded so that
it can be called from any location in the main
program.

location
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registers which vary in number, in name, and in the
facilities provided depending upon the type of MPU; but
in every case they can be used for temporary data
storage.

The second instruction in our program, then, would
be an EXCHANGE instruction which exchanges the
contents of the accumulator with a chosen register,
effectively storing away the data loaded by instruction
number one for future reference.

At this point the program counter is incremented
once more, and the third instruction is placed in the
instruction register, ready for execution. The third
instruction might be another LOAD IMMEDIATE
which loads a constant associated with the instruction
into the accumulator, after which the program counter
is again incremented and the fourth instruction read
into the Mpu.

Let’s say the fourth instruction is an ADD instruction
which will add the first data word (in the register) to the
second data word (in the accumulator) to produce an
answer which is stored back into the accumulator.

ARITHMETIC LOGIC UNIT

To perform the addition we need another MpU com-
ponent termed the ARITHMETIC LOGIC UNIT (or ALU) and
using our **Building Site™” analogy the ALu is the calcu-
lator in the “*Foreman’s’ pocket, which can be used to
solve problems of an arithmetic, or logical nature.

The operation of the aLu is parallel in nature, which
is to say that it is presented with two parallel binary
words on which it performs an addition, subtraction,
logical anD, logical OR, or one of a number of special
“party tricks’” which particular Mpus usually boast, as
commanded by the decoded instruction.

In arithmetic operations it is necessary to produce a
CARRY or a BORROW output to allow arithmetic
operations to be cascaded to give a longer effective word
length and hence greater precision in the result.

For example. an eight-bit Mpu can carry out 32 bit
arithmetic by using four, eight-bit operations in series
in the program with the CARRY or BORROW acting
as the link between the cascaded program steps to ensure
continuity. The CARRY/BORROW bit is stored in a
flip-flop or register stage which is closely associated with
the accumulator and which is often termed the LINK
for obvious reasons.

NO MULTIPLY OR DIVIDE

A thing to notice about the aLu is that multiplication
and division are not normally included in its capabili-
ties, and these operations have to be provided by a
program sequence which controls the mpu in an ADD
and SHIFT or SUBTRACT and SHIFT routine to
produce the product or dividend after a number of
repetitive operations.

This is a good example of HARDWARE versus SOFT-
WARE. Addition and subtraction are relatively simple
and so can be easily performed by hardware (the aLu),
but although multiplication and division can be per-
formed by hardware, a large logic array is necessary and
it becomes much more economic to use a software
program to achieve the required result, even though it
takes longer.

CLOCK OSCILLATOR

Our four-step program has now finished the simple
addition and has used all the major mpu building blocks,
though by no means all the facilities available of course.
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It is now time to consider the way the Mpu coordinated
its actions so that it was able to control the input of
instructions and output of data on its internal and
external data bus and yet avoid conflict.

The MPU keeps in step in true military fashion, and
with a precision which would bring tears to the cyes of
any nostalgic Sergeant Major, not by using the regular
beat of a military band but by using the regular beat of
a crystal controlled clock oscillator which may be
entirely external to the Mmpu chip or may have only the
crystal itself external.

The mMpu uses the cLock input as a reference to syn-
chronise the sending of address information to the
memory, the reading of the instruction from the
memory, and any subsequent use of the data bus and
address bus called for during the execution of the
instruction itself.

THE FETCH-EXECUTE CYCLE

The Mpu, you may have noticed, has to carry out
some operations in the absence of specific instructions
from memory, and in fact it has its own internal MICRO-
PROGRAM through which it continuously cycles when
power is applied, and which is intended to instruct the
MPU to read user programs from memory and carry
them out in an orderly fashion.

The sequence of operations controlled by this micro-
program is called the FETCH-EXECUTE CYCLE
and this cycle is carried out at least once for each
instruction in the user program. We say at least once,
because most MPU instruction sets include multiple-
word instructions which have to be read, or “‘fetched”
from memory one word at a time.

In eight-bit MpU systems a word is termed a BYTE, and
the LOAD IMMEDIATE instruction used in our four-
step example would normally be a “two-byte’’ instruc-
tion requiring two loops of the FETCH-EXECUTE
CYCLE microprogram for operation. The first byte
would inform the mpu that it was a LOAD IMME-
DIATE and that it required a further memory read to
fetch the data byte from the next PrROM location in
sequence. Note that this also requires the program
counter to be incremented twice, a point ignored in the
earlier example because in some Mpus a LOAD
IMMEDIATE can be achieved with only one instruction
word.

The Prompt 80, a new microcomputer design aid from
Intel incorporating a complete microcomouter with
input keyboard and switches, output displays, a
powerful 3k byte monitor and a complete EPROM
programmer
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ADDRESS INSTRUCTION
o X X
2| sURbutne | e erooRam
3 X X
5
FOLLOW

ARROWS FOR

COUNTER FLOW 2
22 x X
23 X X ‘SUBROUTINE
b X X
25 BRANCH BACK

Fig. 2.2, Single level subroutine operation

PROGRAM JUMPS

In our treatment of the MPU chip so far, it has been
implicitly assumed that after reset the MPU starts exe-
cuting instructions at address zero, and then continues
on through the program by incrementing the program
counter until it runs out of instructions to execute or is
reset, or.comes to a HALT instruction.

This treatment is adequate to get a “feel” for the way
an MpU goes about its business, but there is a big
improvement to be made, and all practical devices
incorporate this useful facility which is the ability to
change the program counter address not just by incre-
menting it but also by direct substitution of a new
address word under program control.

Changing the program counter contents causes the
program to continue at an address which may be quite
unrelated to the step-by-step sequence followed up to
that point, and is not unnaturally called a JUMP.

The ways in which various Mpu chips execute JUMPS
and the internal MPU hardware provided to facilitate the
operation is different in each case, but every MpU has a
complement of JUMP or TRANSFER instructions in
its instruction set and they can be used to make deci-
sions (JUMP IF POSITIVE, JUMP IF CARRY SET)
or to avoid repeated coding of often used program
sequences (JUMP TO SUBROUTINE). See Fig. 2.2.

JUMP TO SUBROUTINE

The JUMP TO SUBROUTINE instruction type is
particularly worthy of note because it has interesting
hardware and software implications and is a very
powerful tool in the hands of the programmer.

It was mentioned earlier that multiplication had to be
achieved by means of a program sequence of ADD.S and
SHIFTS, and let’s face it, this ends up as quite a lengthy
and cumbersome section of program which you
wouldn’t want to write out in full each time a multi-
plication was necessary. With the aid of a JUMP TO
SUBROUTINE it is possible to write the sequence just
once and put it in a set of locations which can be
accessed as a SUBROUTINE whenever necessary.

The SUBROUTINE can be *‘called” from any loca-
tion in memory by putting its start address in the
program counter with a JUMP TO SUBROUTINE
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ADDRESS INSTRUCTION
0 x x
1 X x
MAIN PROGRAM
2 JUMP TO
SUBROUTINE 1
3 X X
% X x
17 X X
e 10 susrout
® [ sisrourine 2 L3d
19 X X
20 BRANCH BACK
-1 % XX
97 | x  x  fsusmoumne 2
98 BRANCH BACK

Fig. 23. A two level “nested’’ subroutine operation

instruction and then letting it perform the multiplication
before returning to the main program where it left off
by restoring the original contents of the program
counter + 1.

The action of returning to the main program
“undoes’ the subroutine jump in effect, and most
MPUS have special instructions to achieve this, typically
RETURN FROM SUBROUTINE or BRANCH
BACK. Notice that it is necessary to store the current
contents of the program counter before a JUMP TO
SUBROUTINE so that the subroutine can be called
from anywhere in the main program and on completion
a return to the correct instruction can be achieved even
though the subroutine may be called many times in a
particular program.

PAUSE FOR BREATH

If you are a newcomer to microprocessors you will
probably have found the previous paragraphs on sub-
routine jumps quite hard going, and in this case you
should, for the moment anyway, skip the next section
which is intended for those who feel a reasonable fami-
liarity with the aims of programming an MpU and can
see the usefulness of subroutines and visualise what
takes place when they are called.

NESTED SUBROUTINES

Subroutines are such a useful programming tool that
they are used a great deal, and many programs are
written with a short main program consisting almost
entirely of subroutine calls, and backed by a *““Library”’
made up of the subroutines themselves.

Sometimes a subroutine itself may call another sub-
routine, and this is where a problem can arise if the
implications are not carefully examined. See Fig. 2.3.

When the main program calls the first subroutine a
new address is loaded into the program counter and the
original content of the counter is stored in (say) a
register within the Mpu so that it can be used by the
subroutine to return to the main program. If the sub-
routine calls a further subroutine then the contents of
the program counter must be changed again, and again
its original contents must be saved so that the second
subroutine knows how to get back to subroutine one.
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If the program counter were to be saved in some fixed
area in the Mpu, like a register, then calling the second
subroutine would overwrite the return address for sub-
routine one in this register and the net result would be
that the program would get lost, probably ending its
days in an infinite loop from which it could never exit.

What is required is some kind of storage area which
could be used to store a number of these return address
words, and some mechanism which takes the last
address stored as the first return address, the last but
one as the second return address and so on, so that
without going to any special trouble in writing the
program, nested subroutines are easily possible and do
not require a lot of mental gymnastics in their pre-
paration.

THE STACK

The type of store just described is termed a STACK
in microprocessor parlance and most MPU chips have,
or can use, a store of this type to save subroutine return
addresses. See Fig. 2.4. The Intel 4040 mpu, for example,
has a ‘““Hardware’ stack which can store seven return
addresses without the direct involvement of the pro-
grammer, and without the need for external RAM
memory. '

JUMP TO SUBROUTINE

BRANCH BACK

Fig. 2.4. Nested subroutines and
the ‘‘stack’’. The ‘'stack’” s
rather like a stack of plates in a
canteen. A JUMP to subroutine
puts a “plate’’ on the stack, and a
BRANCH BACK takes a ‘‘plate”
off. The ‘“plates’ are, of course,
Memory Addresses. If many sub-
routines are nested, the stack
grows upwards

Fig. 2.5. The SC/MP MPU chip organisation or flow chart
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Fig. 2.6. The 4040 MPU chip organisation

An internal stack of this type is simple and effective
but is limited in its extent so in larger systems such as
the Intel 8080 a stack is created in RaM and the address
of the top of the stack is indicated by a register in the
mpuU called a stack pointer. With this arrangement a

CHIP FAMILY :

SRR A

N e

The RCA CDP 1802 single chip CMOS micropro-
cessor and some of the input/output and memory
support circuits
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return address is stored in external Ram at the location
pointed to by the stack pointer which is then incre-
mented to point to the next available stack level ready
for further subroutine calls. A RETURN FROM
SUBROUTINE causes the stack pointer to be decre-
mented and the data last stored to be retrieved and put
in the program counter.

The SC/MP microprocessor falls into a unique
category because as it comes it can only run sub-
routines to one level, having no register stack and no
automatic stack manipulations for making a subroutine
call or return. With a few instructions, however, it is
possible to create one’s own stack in RaM which will
provide all the facilities of the 8080 system for the outlay
of a little extra software.

This type of stack is called a SOFTWARE sTACK and
because it is created by the programmer, it can be used
for other jobs too, which makes it a very versatile tool
indeed when writing programs of the “*Data-Processing”
variety,

HEAVY GOING

This Part of ““Microprocessors Explained’” has, in all
probability, bzen rather heavy going for some readers,
but don’t despair! If one can get a working familiarity
with the major concepts introduced this month the rest
of this Series should be fairly easy to digest, and let’s
face it, before long microprocessors will be a part of
all our lives and so an early start will pay dividends!

If you now feel at home with the **Simplified MPU™
(Fig. 2.1) you might like to have a go at finding your
way around two ‘“real” Mpu chips, the National
SC/MP (Fig. 2.5) and the Intel 4040 (Fig. 2.6).

NEXT MONTH: The Instruction Set and how to use
it. Programming Techniques.
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WHAT'S IT WORTH?

Pricing policy is the jungle in
which many a marketing manager
has perished. The golden rule is
to charge what the market will
bear which broadly speaking is
what the customer is prepared to
pay.

When a unique product is
brought to the market it can com-
mand a good price. Later, when a
competitive product appears, the
original product is no longer
unique and in order to maintain
sales the downward price spiral
starts. When lots of competitive
products appear, prices can drop
dramatically. Lowering of prices is
often assisted by an increase in
production giving lower unit costs
as the product gains wider public
acceptance.

The supreme example is elec-
tronic calculators which, since
being manufactured by the million
and with intense competition, have
dropped in price for the simpler
types by a factor of ten or more
times since their introduction to
the market. The same thing is hap-
pening with digital watches.

UNCONTROLLED

Unhappily, the system can easily
get out of hand and we find manu-
facturers doubling production for
halt the profit and then doubling
again for no profit and then mak-
ing thumping losses. Then, when
every tenth of a penny has been
shaved off component prices and
there are no more savings to be
made on materials, the only thing
left to be shaved is labour costs
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and production moves overseas to
the Far East.

The horrors of the downward
price spiral are vividly illustrated
in the balance sheets of Sinclair
Radionics. In 1973 there was a
pre-tax profit of £306,200 on £1.8
million turnover. In 1974 with a
more than doubled turnover the
profit declined to £240,500. In 1975
with £6-2 million turnover profits
dwindled to £45,000 and in 1976
with £5.6 million turnover there was
a loss of over £350,000.

The losses last year were mainly
attributable, says Sinclair, to the
Black Watch, launched in Novem-
ber 1975. Having spent £200,000 on
publicity there were technical prob-
lems with the watch and crippling
delays in the supply of compo-
nents from sub-contractors. The
downward price spiral on calcu-
lators was already hurting badly
and the Black Watch shows how
costly bad luck or bad manage-
ment, or both, can be.

Clive Sinclair remains irrepres-
sible. As recently noted in this
column, he went up-market with a
nicely packaged calculator in
rolled gold selling at £60 which did
rather well. | have since discovered
that he went further up-market with
a solid gold model at £2,750 inclu-
sive of VAT. Half a dozen were
bought by a buyer from the Middle
East. A gold ingot with a built-in
calculator gives the buyer the
advantage that he can instantly
calculate the day-to-day value of
his investment by reference to the
daily gold prices.

UP-MARKET

There is a lot to be said for
going for the high qualitv end of
the market, providing you can find
customers. | was interested to see
that with watch prices tumbling as
the digital craze develops, one real
old-fashioned clockwork watch has
appeared on the market with a
price tag of £4,255. And not in
solid gold or: platinum. It hasn't
even got a face, only a trans-
parency through which you can
see in motion a wonderfully deli-
cate movement of great beauty. It
tells the time, too.

The new Sinclair Microvision TV,
launched with enormous publicity
is also up-market. At 300 US
dollars (£170 in the UK) it's not
cheap but while unique it could
hold the price. Meantime, Sinclair
is staying in the mass market with
calculators and watches although
he has dropped out of hi-i.

The popular Oxford range of cal-
culators is made in a Sinclair-con-
trolled plant in Hong Kong but the
Cambridge range, digital watches
(an upgraded model) and the
Microvision are now being built
in-house at St Ives. Sinclair is also

staying in instruments with a 43}
digit multimeter scheduled for pro-
duction later this year.

WHICH YEAR FOR
MICROPROCESSORS?

The year 1975 was to have been
the year for microprocessors. Then
everybody was saying 1976 was
the year of the microprocessor.
Perhaps it could be 1977, but
more likely 1978 before the big
take-off. And vyet the downward
price spiral is already taking place.

The Managing Director of Warren
Point Ltd., Geoff Evans, sees
enormous activity but very little
real action in applying microproces-
sor power to a staggering number
of applications, over 20,000 in
fact, which have been identified.
But the expected stampede to use
the device has turned out to be a
mere doddle so far.

He thinks one of the reasons for
slower acceptance than anticipated
is the multiplicity of devices avail-
able and the mountain of literature
supporting them. While lots of
people are experimenting, few
want to commit themselves in a
big way on a microprocessor type
which may, in the end, be only a
half-way house or to a standard
less than or possibly different
from the final industry standard
whenever that emerges.

The very fecundity of ideas in
the business is, in fact, 'its own
worst enemy. The situation should
improve, says Evans, when one
manufacturer achieves such domin-
ance in the market that his device
automatically becomes the industry
standard. Meantime, the ding-dong
continues with each contender
claiming his device is best and
with prices sinking as one way of
establishing a market share which
could lead to domination.

Eventually, the market leader,
whoever it may be, will make a
fortune. When, is a different ques-
tion. But this could be a good year
for specialist consultants, helping
clients to thread their way through
the maze of claims and counter-
claims on specifications.

MORE CUTS

Apropos my opening paragraphs
I note that Commodore Business
Machines have slashed the price of
the CBM 5000 5-function digital
watch from £17.50 to £11.95 as a
result of “mass production and de-
creased overheads”. Models with
fancy cases (gilt, chrome, etc.)
get lesser reduction, suggesting
that the jewellery on the outside
already costs more than the works
inside. The £5 digital watch will
not be long coming.
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uis final part deals with the construction, standard-
ising, and use of the pH meter.,

CONSTRUCTION

An early decision will have to be made as to which
glass and calomel electrodes shall be used, by checking
designs from manufacturers’ drawings, since appropriate
sockets will need to be fitted to the unit quite early on.
Purchase the electrometer valve (if the valve version is
to be built), and also the special ceramic or nylon rotary
switch S1. Decide between using batteries or power
pack for the supply, and then obtain a die cast box of
suitable size. The much cheaper aluminium boxes with
open corners are less satisfactory since screening is
incomplete. The prototype instrument is housed in a
die cast box 875in x 575in % 2:25in (222mm X
146mm X 57mm). Doram Standard Switch Kits (type
327428, 327440, plus spacers) are suitable for Si.

INPUT TERMINAL

Near the top left-hand corner of the lid, make a
circular hole of 1 to 1-5in (25-38mm) in diameter,

. using an Abrafile or chassis punch. Clean the internal

edges with a half-round file, finishing with emery paper.
This will take input terminal 11, the assembly of which
is shown in Fig. 5.

Obtain some new clean Perspex sheet -4&in (1-6mm)
minimum thickness, and leaving the backing paper
intact, cut out a circular hole of diameter half an inch

¢ greater than the diameter of the hole in the box lid.

This will give a quarter of an inch (6:3mm) all around
when the Perspex is placed concentrically over the hole.
Drill three equally spaced (120°) holes around the Per-
spex, and three coincident holes around the lid hole, so
that the Perspex can be mounted above or beneath the
lid like a window. Size 6BA nuts and bolts (nylon is
ideal) complete the fitting. Avoid leaving scratches
in the Perspex, as these fill with impurities and make
excellent conducting paths which ruin the input
characteristics.
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METER

By K. E. LANGFORD

Next, centrally drill the Perspex to accept the socket
appropriate to the glass electrode, and fix it in place.
Having finished, strip off the backing paper, wash the
“window” in tepid soapy water, swill thoroughly, dry
in warm air, and store in a clean dry box with the valve
and zero/read switch. These items comprise the input,
and need not be fitted until all the rough work is com-
pleted, neither should they be fingered or contaminated,
particularly the switch wafer. :

A little below the lid window, drill the lid and mount
the positive input socket for the calomel electrode lead.
An ordinary four millimetre insulated terminal socket
is satisfactory, and no special precautions are necessary
apart from cleanliness. To the right of the input, an
uninsulated earth terminal or socket is mounted in
direct contact with the lid. Other items to be earthed
will be connected to the underside of this.

7T
2

QUTER PERSPEX
|/'/ COLLAR

| 3NYLON SCREWS
y

L. DIECAST LID

i INNER PERSPEX

COLLAR
&

i~ ALL DIMS IN mm
Fig. 5. High insulation assembly used for terminal
11 in the prototype instrument. A simplified version is
described in the text
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VALVE SCREENING

Next make a can for the electrometer valve, using a
length of half inch diameter domestic copper hot water
pipe. Cut off a 2:25in length (57mm), and to one end
solder a disc made from copper foil. A piece of flattened
copper tube, or even a small bronze coin will do. Clean
up the edges with a file, wash to remove swarf and flux,
and dry thoroughly.

The valve is located in the can either by wrapping it
round with two inch wide clean polythene sheet to
take up the slack between the inner diameter of the
tube and the outside diameter of the valve, or by cutting
two washers from foam nylon packing material. The
outside diameter of the washer must be an easy push
fit into the copper tube, while the centre hole takes the
valve. Locate a washer at each end of the valve, and to
prevent the glass contacting the cap end, insert a foam
nylon disc or a few circles of polythene sheet cut to size.
Using tweezers, carefully introduce the valve into its
“snuggery”’ and store with the rest of the input com-
ponents.

METER MOVEMENT

The meter ME! should be a 0-100 micro-amp
movement as any other range will make calibration
exceedingly difficult. Shape or size is immaterial, pro-
viding the case will accept it, the resistance is about
1k, and the accuracy is better than 3%,.

Mount the meter on the lid a little above centre, and
equidistant from each end. Leave space below for
switch S1, the zero setting pot, the on/off switch S3, and
the range switch S2. Make the holes for the meter and
all the latter components, and work on the lid is almost
complete. If a power pack is to be used, holes for a
panel type mains switch and possibly a neon indicator
will be required.

The power pack may be located at the top right-hand.
corner of the box itself. The transformer is fixed to the
base of the box by 6BA countersunk screws from
beneath. Other holes will be needed for the mains lead
grommet and a brass saddle to anchor the lead, and for
a three way barrier strip to terminate the mains. Mains
earth is taken from the barrier strip to a solder lug
fastened to one of the transformer bolts by an extra nut.
The rest of the power pack components can be squeezed
into the same corner, by mounting them on a piece of
plain matrix board, and attaching to the side or base of
the box with stand-off pillars. Extra flexible flying leads
take the 18 volts d.c. from the power pack to the main
circuit board rails.

CIRCUIT BOARD

Components for the main circuit are mounted on
matrix board supported by the meter terminals. The
valve assembly is mounted as near as possible to S1 and
the input terminal, and arranged if possible so that no
other leads cross the input to the grid. The valve may
be located on the matrix board by making a copper or
brass saddle to take the can, and drilling 6BA clearance
holes at each end, then bolting to the board. To one end
of the saddle, solder an earth wire, and take the other
end of this to a solder lug fixed to the underside of the
earth terminal. At some convenient point, take the
negative supply rail down to the same connection. Sound
earthing is essential to prevent inexplicable drift
sometimes encountered when measuring pH at the
alkaline end of the range.

No special component layout is called for on the
main board, but arrange for resistors R8 to R12 to be
readily accessible, as their values will have to be selected
during calibration. The prototype layout is shown in
Fig. 6.

TO VRI

Fig. 6. Simplified board layout
for the pH meter circuit, using
0:25in unclad matrix board
secured by the meter
terminals

+VE BUS
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When soldering the valve lead, use a heat shunt or
pliers behind the joint. Never solder less than 15mm
from the seal, and do not bend nearer than 2mm from
this. Any extension to the grid lead is made with un-
insulated stiff copper wire. The valve lead marked
N.C. can be cut off at about 2mm from the seal, but
be sure the correct one is cut.

CONTROLS

Dials for the various controls are left to individual
choice. The prototype was labelled with paper scales
marked in ink and covered by discs of Perspex fastened
to the lid with three 8BA bolts, equally spaced arcund
the centre hole, and concealed by the boss of the knobs.
For S1, S2 and S3, pointer knobs were used, and a
circular one for the zero setting pot VR1.

Before final assembly, remove all blobs of solder,
finger marks, and any extraneous material from the

F.E.T. ALTERNATIVE

It was decided to give the constructor an alternative,
solid state front-end to the author’s original design, and
this is shown in Fig. 8. The input circuit is very simple,
and would conveniently replace the valve at a later
stage if required.

The i.c. is more expensive than the valve, but does
give slightly improved linearity, and is available from
Doram Electronics Ltd. (order code 305-456).

With the f.e.t. amplifier the input reference level is
taken from the centre voltage of VR1, by means of the
two 82k resistors. This ensures that balancing the
bridge to zero should automatically be near the centre
of VR1. The input resistance of the i.c. and consequently
the instrument as a whole, is 10* ohms. The base of
TR1 is driven directly from the amplifier output, and as

box, lid, and matrix toard, and thoroughly dry in warm
air. Leave any painting of the box until calibration is
complete, and the meter is seen to be functioning with
satisfaction, then completely strip down and apply the
final finish.

ACKNOWLEDGEMENT

The basic circuit of this instrument was published
some years ago by Mullard Ltd., as a low voltage
electrometer, and was modified by the author for use as
a pH meter.

If a different type of indicating meter is fitted, it
should be remembered that the current flow between
X1 and X2 should not exceed one milliamp, to prevent
overloading of the bridge.

The electrometer valve version has an input resistance
of 101°Q per volt, a maximum input voltage of 2 volts,

INPUT STAGE by M. Abbott

can be seen, there is no voltage gain, as the circuit is a
voltage follower. However, unlike the valve input stage,
there is no 180° phase inversion, therefore the meter
connections must be reversed. As expected, there is no
warm up time with the f.e.t. version (not to be confused
with the electrode equilibrium time), and the function
of S3 can be reduced to simply “on” or *“off”. With the
mains built unit, S3 can be eliminated altogether, leaving
the on/off function to the mains switch alone.

CONSTRUCTION OF F.E.T. UNIT

Veroboard and other conventional component boards
are unsuitable for mounting the f.e.t. device, as their
surface resistance and conductor spacing would shunt

AN

IC1 6
4 [NES3T

+ 0

% SEE TEXT | e

Fig. 8. Meter circuit with f.e.t. front end. The shaded area remains the same.

Note the polarity reversal of ME1

290

Practical Electronics ~ April 1977



#
a,}%

and the minimum readable input is 0-5SmV. A change of

at least 0:02pH should be detectable.

THE ELECTRODES

Both the pH sensitive glass electrode, and the calomel
reference electrode will have to be purchased, and will
constitute the most expensive single items. An ex-
perienced laboratory technician could fabricate a
calomel electrode, but the purchasing and handling of
scheduled poisons like mercury and calomel is not
recommended for amateurs; furthermore, certain items
would be difficult to obtain retail. Making a glass
electrode is quite outside the scope of anyone except
a scientific glass worker, even if the special glass and
other materials were at hand.

The most suitable glass electrode for our use is the
general purpose type, which works well in the range
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% >
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the input resistance of the amplifier. However, if a

piece of Perspex is cut and drilled as detailed in Fig. 9a,
the i.c. can be mounted on it, as shown in Fig. 9b, and
the whole assembly could then be mounted at some
convenient point.

Once the Perspex tablet has been constructed, it
should be thoroughly cleaned with methylated spirit
and wiped with clean dry tissue paper, before mounting
the i.c. The integrated circuit should of course not be
fingered too much around the lead-out area, to avoid
contamination, and should not be cleaned with methy-
lated spirit.

Location of the f.e.t. assembly should be as close to
the input switch S1 as is practicable, so that all input
leads can-be short. In the prototype it was mounted on
the end of one of the threaded retaining pillars of S1.

The only special points relating to wiring, are that
solder joints te the i.c. should be relatively swift, a heat
shunt being placed between the joint and the device. A
pair of pliers with an elastic band around the handle
can be used for this purpose. Stiff wire should be used
for the input signal leads, as this can be encouraged to
stay clear of other wires and objects more readily, which
is a good idea even if it is insulated.

}_
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0-13pH, but is not recommended for use at low
temperatures. Since measurements will be taken at 25°C
(explained later) this constitutes no hardship. The most
convenient plug termination is either « 4mm plug or
spade lug. Avoid fittings which will only enter a special
adapter in the maker’s own pH meter.

This type of electrode can be purchased as a separate
unit, and also combined with a calomel reference as a
dual electrode showing a price advantage, but it
requires a special socket to take the two leads and earth.
It also lacks versatility, and can turn out to be more
expensive in cases of breakage, since the complete unit
has to be replaced. Separate eleetrodes are preferable
as the calomel standard can always be obtained with
either spade or 4mm connections, and therefore easily
adapted to the constructed meter.

If the glass electrode purchased calls for a double
socket for lead and earth, then a 4mm plug can be
substituted for the electrode lead, and earth taken

o

3R @ x5 T %
€=

xamn WIRES AS SHOWN

& SOLDER TO FORM TAG

pmssmm SHUNT  HEAT HERE
WHEN SOLDERING

PERSPEX 2 THICK

ALL DIMENSIONS IN mm

Fig. 9. Physical construction of the optional f.e.t. module
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ELECTRODE SUPPLIERS

Electronic Instruments Ltd.,
Hanworth Lane, Chertsey,
Surrey, KT16 9LF.

The E.I.L. ''Laboratory Electrodes™ catalogue can be
obtained from the above address, and the most suitable
electrodes are:

Series 1070 all-purpose glass electrode, 0-14pH
STANDARD (1070-1)

For banana termination to suit the PE pH Meter order
No 1070-120.

Refillable, ceramic junction calomel reference elec-
trode. For spade terminal type, suitable for above, order
No 1370-710.

E.l.L. are also suppliers of buffer solutions and
powders.

A. Gailenkamp & Co. Ltd.,

PO box 290, Technico House, London, EC2P 2ER.
Glass Electrode EJ-704 (0-12pH only)
Calomel electrode EJ-710

from the screening of the co-axial cable, with a clip
wired for the meter earth terminal. Remember that the
electrode plug must be a good insulator such as nylon or
polythene, in order to preserve the high input resistance
of the meter, by preventing a leak path between the
electrode lead and earth sheath.

Glass electrodes need conditioning prior to use;
usually by a twenty-four hour immersion in very dilute
hydrochloric acid. Follow the maker’s instructions.
When not in use, the electrodes should be kept covered
with clean distilled water to a depth of half an inch
above the glass bulb. A small plastics container such as
a 50 c.c. polythene beaker is ideal for this purpose.
Repeated drying out and wetting of the electrode will
drastically reduce its accurate working life.

Bulbs are very fragile, and if cleaning is needed to
remove greasy films, immerse in tepid soapy water, and
use an old tooth brush to assist the operation. Do not
. use household detergent, as this may temporarily upset
the ion exchange characteristics and lead to inaccuracy.
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After purchase, the calomel electrode will need
filling with either distilled water, or saturated potassium
chloride solution. The latter is made up from the
analytical quality salt. This salt is a completely innocuous
substance with no hazards attending its use. The salt
bridge is represented by the porous plug at the end of
the electrode, which allows a slight bleed of potassium
chloride solution. During storage, this can be stopped
by fitting the rubber cap usually supplied with the
electrode. However, remember it must be removed
before use, in order to achieve electrical continuity
within the combined electrode system.

Maintenance consists of keeping the glass tube
charged with potassium chloride solution, and an
occasional wash down on the outside using distilled
water. For pH work in general a worthwhile investment
is a small three-hundred cubic centimetre polythene
squeeze-type wash bottle, from which distilled water
is quickly and conveniently delivered.

ELECTRODE STAND

An easily constructed electrode stand can be made
as follows: A piece of flat board 152mm x 76mm X
19mm (floorboard) is centrally drilled to accommodate
a length of 12mm dowelling, which is then glued into
place. This centre rod can be 200mm long. An adjustable
cross piece is cut from wood 127mm X 13mm X 6émm,
into the flat side of which is screwed centrally a Terry
clip giving a good sliding fit on the dowel.

A further two smaller clips, preferably polythene
coated, to clasp the electrodes, are attached near one
end of the cross piece 25mm apart. With this simple
stand the electrodes are held conveniently side by side,
and can be easily immersed in, or removed from the
distilled water in which they are stored. The sample
whose pH is required can then be introduced into the
beaker, and the electrodes re-immersed. The stand may
be rendered comparatively waterproof by two coats of
polyurethane varnish.

STANDARDISING THE METER

To carry out the standardisation, an accurate source
of potential is required. The classical approach is a
Weston Standard Cell which in its commonest form
consists of an H shaped glass tube, each limb of which
houses a reference electrode, one positive and one
negative, while the cross piece of the H forms a salt
bridge connecting the two electrolytes. Connections are
made by platinum wires sealed into the glass, the whole
cell being sealed from the atmosphere. Its potential at
20°C is 1-01834 0-0001 volts, and it has a negligible
temperature coefficient. In the form described it is
fragile and expensive.

A much smaller version exists, shaped like a large
cartridge fuse which can be housed in a special holder,
connections being made by the end caps. This cell is
much less expensive than its glass counterpart, produces
an identical voltage, and delivers a current which must
not exceed ten micro-amps. One or other of these cells
is often incorporated in commercial pH meters for
carrying out standardisation.

For anyone seeking results of the highest possible
accuracy, its use is recommended, but for our own
purpose a cheaper alternative exists. The Mallory
mercury cell will, after a short initial period of discharge,
lgiv<(:ia potential steady to within 0-01 volts on very light
oad.
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Fig. 7. Voltage reference source for standardising,
using a Mallory PX1 cell

Type PX1 has a capacity of 1,000mA/hours, and a
p.d. of 1:35 volts. When brand new the voltage is
slightly above this figure, but on discharging it for
twenty-four hours through a 1k Q load, it steadies off at
135 volts.

This partially discharged cell, when connected into the
potential divider illustrated in Fig. 7, serves admirably
as a standard source of potentials for calibration
purposes. The various voltages obtainable are accurate
as long as the drain on the cell never exceeds about 12xA.

Table 1: METER CALIBRATION RESISTORS
(100¢A,1kQ movement) used on valve prototype

Range Exact resistance
0-1 volt 13,750 Q
0-2 volt 28,8002
0-14pH 11,270
0-10pH 7,420Q
0-5pH 3,000
RANGES

The prototype instrument was constructed with
different ranges, partly as a challenge to ingenuity, and
partly to exploit all the positions on the two-pole six-
way rotary switch. The ranges are as follows: 0 to SpH
(or 5 to 10pH), 0 to 10pH, 0 to 13pH, orFr, 0 to 2 volts,
0 to 1 volt. This order was chosen to offer some sort of
overload protection, since the two coarsest ranges are
adjacent to the OFF position. By using one of the second
set of poles on S2, the meter is arranged to be shorted
out in the ofrF position, which greatly reduces needle
oscillation when the meter is moved. An alternative
would be to bring out the meter leads to exterior
terminals on the box, so that ME1 could be used as a
simple micro-ammeter. When not in use the terminals
could be linked across.

Since the current gain varies with components, no
accurate values can be given for R8 through R12 since
the exact resistance of MEI is unknown. As a guide, the
multiplier resistors used in the prototype using a Ferranti
0-100#A meter movement with 1kQ resistance, are
given in Table 1.
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MILLIVOLT RANGES

For calibration of these ranges, across the appro-
priate contacts of S2 for the range concerned, place a
preset potentiometer of approximately twice the re-
sistance given for that range in Table 1. Move S1 to
ZERO position and switch on the mains (power pack
type). Then rotate S3 to the fully oN position, and allow
five minutes for the instrument to warm up and stabilise.
Set the preset to maximum resistance, and turn S2 to the
2,000mYV range. Rotate VR until the meter reads zero,
which ideally should be at centre position. If zero is
found at an extreme setting, the relative values of R6
and R7 can be altered to correct this, but their sum
value must remain the same.

Next connect the voltage source of Fig. 7 to inputs
Il and 12, observing polarity. Select — 1-35 volts (output
G), and switch S2 to the 2,000mV range. Zero ME1
again, then shift S1 to the read position. Adjust the
preset in series with MEI until the latter reads 675
micro-amps (i.e. 1/20th of 1,350mV). Return S1 to zero,
and change the voltage source to —675mV (output D).
With S1 back to read, check that MEI reads 33-75
micro-amps. Slight divergence from this is most likely
due to inaccuracies within the meter.

Now zero all switches, remove and measure the
resistance of the preset, and using a series or parallel
combination of standard fixed resistors, insert that
resistance in place of the preset. That range will then be
calibrated to the scale factor: micro-amps x 20 = milli-
volts.

Leaving R6 and R7 untouched, repeat the same steps
to calibrate the 1,000mV range. Consult Table 1 for the
preset value to be used, and set up uwsing the voltage
source outputs C, D, and E, reiating these to the scale
factor: micro-amps x 10 = mV.,

With the instrument warmed up, drift should be
small, but always zero the meter between operations.

pH RANGES

From the Nernst equation, the following data can be
calculated:

At 25°C
IpH unit = 59-1mV
2pH ,, = 1182mV
3pH ,, =1773mV
10pH ,, = 591-0mV

It is apparent that the relationship between electro-
lytic solution pressure (E.S.P. in mV) and pH is linear,
all the E.S.P. voltages being direct multiples of 59-1mV.

Cm v €
G %
PG

R SO RS
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The value of IpH is temperature dependent; at 0°C
it drops to 54:-1mV, and at 30°C it rises to 60-ImV.
Consequently pH measurement should be made at the
original calibration temperature, which in our case is
the above set of figures (25°C). Lower temperature
values could be used, but the resistance of the glass
electrode would increase sharply. More sophisticated
commercial meters often have temperature compen-
sation built in, but for this simple device the problem is
resolved by always working at the convenient tempera-
ture of 25°C.

None of the exact pH voltages are obtainable from
the reference voltage source, but since 10pH on the
10pH range should be 16C micro-amps for f.s.d., the
equation:

225
591

shows that outpui B (225mV) from the voltage source
should read 381 micro-amps on the meter, which would

< 100 = 38 1xA

be 3-81pH.
Similarly, for output C (450mV) of th= voltage source:
450
591 © 160 = 76' 1A (7-610H)

These two positions are nicely spaced for calibration,
and it is only necessary to carry out the previously
described procedure tc find a suitable multiplier re-
sistor to fix the scaie at these two points.

Because of meter non-linearities, finding a series
resistor giving the closest average result from two points
on the scale, should minimise the chance of fixing
calibration against a particularly bac deviation from
ideal within the meter.

The range 0-14pH is rarely required by amateurs, but
can be included as it is useful to quickly find the approxi-
mate pH of a sample before switching to a more
convenient range. To utilise the maximum deflection
of the meter on this range, assume that 98 micro-amps
is f.s.d. instead of 100. This is divisible by 14 to give 7,
so that 7 micro-amps is equal to 1pH unit, followed by
multiples up to 98 micro-amps (14pH units).

As before, using voltage source B:

225mV must read 52—92—51 X 7 = 26-6uA (3-8pH)
For the 0-5pH range, and by an artifice, the 5-10pH
scale, proceed as for the 0-10pH scale, substituting
5pH units instead of 10pH, and modify the equation
accordingly. For working between 5 and 10pH, the
zero point has to be artificially offset to zero with a SpH
input level.
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USING THE METER

The recommended basic operational procedure is as
follows:

(1) Check that S1 is at zero, and S2 is off, along with S3.

(2) Earth the instrument (battery type), or plug in
mains.

(3) Switch on mains (power pack type).

(4) Rotate S3 to fully on position (valve type).

(5) Allow five minutes to warm up (valve type).

(6) Observing polarity, connect in the source of
potential to be measured. '

(7) Select S2 range, or commence on highest range.

(8) Set meter to zero using VRI.

(9) Alter S1 to ““Read”.

(10) Take measurement.

When a different range is required always move St to
zero, set S2 to the new range, zero meter, and finally
move Sl to “Read” again.

To shut down:

(1) Set St to zero.

(2) Switch S2 off.

(3) Switch S3 off.

(4) Turn mains switch off.

(5) Remove source of potential.

For pH measurements, the glass and calomel
electrodes are now used for the first time. The potential
delivered by the glass electrode is produced by three
separate elements: (a) the pH dependent voltage gener-
ated by the glass bulb, (b) the difference in potential
generated where the silver chloride coated silver wire
dips into the hydrochloric acid within the glass bulb and
(c), a peculiar variable not fully understood, called the
“asymmetric potential” which is of a few millivolts.
The voltage generated by the inner wire is constant, but
the asymmetric potential slowly varies, though it may
be considered stable over the short period involved in
taking measurements. Its origin is rather obscure, but
may be related to discontinuities in the special glass
where alkalis were removed during flame working,
or to strains remaining after annealing. Although of
small value, it is usual to allow for it if accurate work is
contemplated.

PRECISION WORK

For precision work then, only the pH dependent
voltage should be measured, and this is done using
substances of known pH value, called **buffer solutions’.
Two such buffer solutions are used for most routine pH
measurements, one to cover the range 0 to 7pH, and the
other for the range 7 to 14pH. The acid range buffer
(0-7) is a solution of potassium hydrogen phthalate,
containing 10-12 grams per litre of the salt. At 25°C its
pH is 4-01. The second buffer is a solution of sodium
tetra-borate deca-hydrate (borax) used at a concentra-
tion of 3-8 grams per litre, and has a pH of 918 at 25°C.
A litre bottle of each solution, togather with saturated
potassium chloride, make up part of the essenticl
equipment for readers.wishing to carry out pH measure-
ments. The recommended technigue for pH measure-
ment is therefore as follows:

Carry out steps one o five of the operational pro-
cedure.

Immerse the glass and calomel electrodes in a suitable
volume of the selected buffer, by raising the stand,
remeving the distilled water, and replacing by buffer
solution.

Connect the electrodes to the input (glass negative
and calomel positive).
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Allow a minute or so for the glass electrode to come
into equilibrium with the buffer.

Select a suitable pH range to cover the sample (not
buffer) to be tested. ‘

Set switch S2 accordingly.

Move SI1 to ““Read”.

Using VR, adjust the meter needle to the value of the
buffer (not to zero).

Alter S1 to zero.

Remove the buffer solution and wash both electrodes
with distilled water, and then immerse them in the
sample whose pH is to be measured.

Follow steps nine and ten, after allowing a short time
for the glass electrode to reach equilibrium.

After use, wash the electrodes and put them back in
the distilled water in which they are kept. The small
amount of buffer may be used again during a measuring
session if it is not diluted by wash water, but do not pour
it back into the stock bottle.

NOTE

Note that when measuring pH, the meter is never
zeroed, and with SI at zero, there is always a positive
reading on the scale. Take note of this value, as it is the
non pH dependent voltage, and may be restored if VR1
is accidentally moved during a session.

Buffer solutions left open will absorb atmospheric
CO, (particularty borax) and alter slightly in value.
Buffers should be sealed from air and stored in the dark.

POWER PACK

The circuit in Fig. 4 (last month) will provide 17 to 18
volts at about SOmA, and is recommended, as failing
batteries when not checked will give rise to inaccurate
results. The values of R1 and R2 are selected to main-
tain regulation during mains voltage variations, and
produce a Zener diode current of four to five milliamps
at nominal 240 volts a.c. input. On the prototype, the
values of R1 and R2 were 20Q and 290} respectively,
and the output potential was 17-2 volts over mains
variations from 215 to 255 volts.

SOIL

For soil pH measurement, accurate and comparable
results are only obtained under certain prescribed
conditions. For the official Ministry method, see
Bulletin No. 209 “Fertilizer requirements” Appendix:
Ministry of Agriculture, Food & Fisheries, available
from H.M. Stationery Office.

Before testing, the soil is dried in an air oven at a
fixed temperature. Then a definite amount is weighed
out and mixed with the correct quantity of distilled
water, and the electrodes inserted into the fine slurry
obtained.

For field work, a mixture is made of 24 volumes
of soil to 1 volume of distilted water, and well stirred to
produce a similar slurry. Results between the two
methods vary by as much as +=0-2pH unit (sufficient to
seriously affect the yield from a crop of barley!).

AQUARIUM WATERS

Measurement is best made by immersing the electrodes
directly in the tank, avoiding air bubbles from the
aerator. The pH of the water can then be adjusted while
watching the meter. The small amount of KCl diffusing
out of the calomel electrode during a test is insignificant.
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The temperature of the water will not be 25°C, but
provided tests are carried out at the same temperature
each time, results will be comparable.

Similar remarks apply to measurements made on
nutrient solutions used in the water culture of plants
(hydroponics), where acidity is very important.

PURE WATER AND BUFFERS

Wherever reference has been made to distilled water,
the use of de-ionised water is equally good. Melted ice
taken from the sides of a domestic deep freezer can be
used, and is free from soluble salts, if not'perhaps
CO,. If a large clean plastics container is filled with
mains water, placed in a freezer, and occasionally
stirred, the ice produced will be practically pure,
provided some of the water remains unfrozen at the
bottom. The product 1s quite suitable for making up
buffer solutions.

Both phthalate and borate buffers can be purchased in
the form of tablets and sachets containing definite
weights of the chemical, which when dissolved in the
correct quantity of water, will make a buffer solution.

AGEING

A glass electrode nearing the end of its life becomes
sluggish, and often reads low at high pH levels. Check
by buffering at 4-01 and 9-18. A very slow response, or a
low reading at the second point suggests that a new
electrode is needed.

Inorganic films on a glass electrode are best removed
with hydrochloric acid (509 by volume), while grease
is dealt with by clean soft tissue. Dehydrating solvents
such as alcohol or acetone are not recommended,
neither are household detergents or abrasives. Avoid
using the glass electrode at temperatures above 50°C in
solutions of high pH, since attack on the glass is
accelerated.

OTHER USES FOR THE METER

Very small currents can be measured (down to 10~
amp), by finding the voltage drop across a high
resistance such as 1 megohm, through which the current
is passing.

Potentials between dissimilar metals, a fertile source
of corrosion, can be measured by connecting a lead to
each metal, and moistening with water or weak brine.

Leaking capacitors can be detected or compared with
a satisfactory component, by connecting them across
the input, charging to, say, 1-5 volts, and finding the
time required for the voltage to drop to half its initial
value. Using a capacitor of low ieakage characteristics
will likewise give a check on the input resistance of the
meter,

Another possibility is a pH controlled alarm, giving
audible warning of pH rise or fall from some preset
value. The use of a 741 i.c. as a voltage comparator is a
method of doing this, and could give either blind
control, or measurement and control together.

During the last ten years, new electrodes have been
developed which are sensitive to ions other than
hydrogen. These are fluoride, nitrate, sulphide, sodium
and calcium. Using a specially adapted meter, these
ions, some of which are difficult to determine chemically,
could be measured using electrochemical methods.

However the instrument is employed, the inputs
should be shorted together when not in use, to prevent
any static charge accumulating. %
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Al.AR(jE number of :acoustic musical instruments

have an amplitude envelope which decays dur-
ing the note, and it is the Transient Generator which
synthesises this characteristic electronically. The basic
envelope is illustrated in Fig. 1, and shows which
components of the profile can be varied. As can
be seen, first there is an attack up to a peak, then
a decay down to a fixed sustain level, and then when
the key is released there is a further decay to zero.
The variable parameters are: Artack time, initial
decay time, sustain level, and final decay time.

CIRCUIT DETAILS

The transient generator needs a TTL compatible
input which is logical *“I”” when a key is depressed,
and logical *‘0” when it is released. Referring to Fig.
2, ICIc and ICId form an edge-triggered latch,
which is set via C1 and can be reset via either C2 or
TR 1. When a key is pressed, the latch is set, and the
output of ICic goes high. TR2 and TR3 turn on,
and C3 begins to charge via R6 and VRI1, which
controls the artack rate. The voltage on C3 goes to
the emitter follower TR7, which provides a low im-
pedance at the output on VRS.

This rising voltage is fed back via R3 to TRI,
and when it gets to its peak of about 5 volts, TR1
passes enough current to reset the latch. This turns
off the attack part of the circuit, and IC1b output
goes to logical “0”. TR6 turns off and TRS turns on,
causing C3 to discharge via R9 and VR3, the initial
decay time control. This continues until C3 is at the
same voltage as the wiper of VR4, setting the sustain
level. The circuit remains stable in this state until the
key is released. The output of ICla goes high caus-
ing TR4 to turn on. Then C3 discharges to earth
via R8 and VR2, the final decay control.

If the key is released before the attack and initial
decay cycle has finished, the latch is reset by C2, and
the circuit goes straight into the decay part of the
envelope.

A Veroboard layout suitable for this circuit is
shown in Fig. 3, which also includes the Keyboard
Trigger circuitry of Fig. 5, overleaf.
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By R. Gwinn

COMPONENTS . ..

Resistors
R1 39kQ R8 100Q
R2 15kQ RO 100Q
R3 100kQ R10 18kQ2
R4 220Q R11  10kQ
R5 3:3kQ R12 10kQ
R6 100Q R13 1-8kQ
R7 10kQ R14 470Q W

All resistors are §W 5% unless otherwise stated

Potentiometers
VR1 1MQlog
VR2 1MQ log
VR3 100k( log

VR4 1kQ lin
VR5 10kQ lin

Capacitors
C1 0.047uF
C2 0.047uF
C3 10uF 15V elect.

Semiconductors
TR1, TR2, TR4, TR5, TR6 and TR7 BC108
TR3 BC158

IC1  SN7400 D1 51V 400mW Zener

AMPLITUDE

SUSTAIN
LEVEL ~

ATTACK ] iMTIAL DECAY [ sustan T pecar |
[ TIME

e —

KEY DEPRESSED

Fig. 1. The Transient Generator amplitude envelope
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+15v

KEY SWITCH
TRIGGER CIRCUIT

c1

+15v
ri. S o700 ;
R12 R13
10k 0 1:8kN
$——» TO ICI PIN1L INITIAL DECAY
TR3 TR7
o1 % SV BC1S8 BC108
R9
N e TOICIPINT 100K L0G
R
1000
TRS
—
8C108 W
ICt 7400
. ict ia4en VR
1 c
J1L0— 3 Cl 12 VRS —QouT
- R wn
2 10k (™ rGuTPUT
1 00UF MO LOG L LIN
39k0
R8
poohl TR6
C3 10pF TR4
8C108
4 2 0 0L7uF
Ic1b p 1C1g o
N . ¥
U TR1 BC108
R2 1Skl R7 10kN R10 18k0
R3
| 100k0
1
Fig. 2. Circuit diagram of the Transient Generator
T0 VRS
ov

TO KEY SWITCHES

TO VRL

Fig. 3. Veroboard layout suitable for the Transient
Generator and also the Key Switch Trigger circuit
shown in Fig. 5
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TRIGGER CIRCUIT

If the transient generator is being interfaced with
an existing synthesiser. a trigger circuit such as the
one shown in Fig. 4 should be used. The preset
should be set 1o u voltage in between the voltages
corresponding to “key up” and “key down”, so that
the comparator changes state to follow the input.

This circuit is wired for an input which has the
“key down™ voltage higher than the “key up”. If
the reverse is true. the inputs (pins 2 and 3) to the
operational amplifier should be swopped over.

DIRECT KEYBOARD TRIGGERING

Keybourd switches can give considerable contact
bounce problems, and a circuit giving immunity to
this is shown in Fig. 5. R2 and CIl form a low-pass
filter which reduces the switch-bounce voltages, and
feeds the signal to 1C1 which is wired as a Schmitt
Trigger with u hysteresis of 28 volts. Using this cir-
cuit therefore, the transient generator could be run
directly from a keyboard.

REPEAT EFFECT )

The digital signat from either of these trigger
circuits need not go straight to the transient generator.
If it is put through an anD gate with an oscillator
providing the other input. a repeat effect can be pro-
duced. A string of envelopes repeating at the fre-
quency of the oscillator can be gated in by the key-
board. In imitating a mandolin for example. a short
decay down to zero sustain level would be set up on
the transient generator. and an oscillator frequency
of about SHz would be used. A suitable repeat oscil-
lator is shown in Fig. 6.

APPLICATION

The transient generator provides a voltage which is
used to alter various parameters in a synthesiser.
It was decided that this was more versatile than
including a V.C.A. in the module. In its quiescent
state, the output is at zero volts, and goes positive
when triggered. The envelope generated during its
operational cycle is then used to patch into a V.C.A.
or V.C.F.

One transient generator, with a filter and, say,
two oscillators. is perfectly adequate for a simple

ouT M
—Oro 17U NPUT

Lad ]

+15

100k0 %
7.
'.
9. 4

-15

49 KEY SWITCHES
IN PARALLEL

R3
——TTL OUT
L7k}
R -
12k0 A0

18k
10k0
3
Y7400
100
7
10pF oot
—\sv——lpr a 9
100k LOG kA
SPEED

IN
'. 6
|g.

synthesiser. A bank of these units, however. with
each set to control a different aspect of the note,
would be extremely useful in a large system. *

NEWS BRIEFS

Mex Marshall

ALEXANDER Marshall, founder of A. Marshall (London)
Ltd. died on Saturday, February 5, following a short
iliness. The new owner of this retail and trade component
business is the wife of the deceased, Mrs J. L. Marshall.
The existing managenient team remain.

The sad news of Alex Marshall’s death (received just as
this issue was going to press) was a shock, more especially
because of the amicable relationship that had grown up
between his firm and this magazine over the past 10 years.

The firm was established in Cricklewood, London in the
late 50%s. Alex’s business acumen was shown in the subse-
quent expansion of his business as evidenced by the increase
in size of advertisements in P.E. from [ column inch in
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F;bruary 1967 to whole pages in later years, reflecting the
w1d¢_range of components stocked. The opening of
additional shops in Glasgow, Bristol and Paris was part of
this success story in the component supply business.
Constructors have cause to be grateful to Alex for the
high standard of service he instituted.

Recently Marshall’s had been closely associated with
P.E. in organising the Microprocessor Competition and
Forum. Alex’s tremendous personal enthusiasm for both
projects and his bountiful gesture in providing prizes set
an example and gave great encouragement to his co-
sponsors, National Semiconductor and P.E. That he would
not be there on February 26 to present the prizes was some-
thing we have never of course contemplated. Somehow it
seems most unfair.

Our commiserations go to Mrs Marshall and family
and to all members of the staff of their company in their
tragic loss.

The genial countenance and radiating charm of this
friendly Glaswegian will be greatly missed.

—F.E.B.
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With the arrival of low-cost development kits, the microprocessor is no longer just a ;'Jipe

dream as far as the amateur is concerned.

complex circuits of discrete components.

program for a millisecond reaction timer.

HE heart of the microcomputer is the Central Process-

ing Unit—CPU. In the SC/MP kit this is in a single
40-pin package, and costs on its own as little as £5 in
quantity. The CPU has been called a "“Highly Obedient
Moron"—it slavishly fetches instructions, interprets them,
and obeys them; this three-stage process being repeated
over and over again. The CPU is in no sense intelligent,
and it takes an intelligent programmer to make it appear
to behave intelligently.

BINARY NOTATION

The instructions tell the CPU to perform certain opera-
tions on numbers, or data. Since the CPU is built out of
logic circuits operating only with binary numbers it
requires instructions and data to be presented in this form:
therefore it is important to understand the concept of
binary notation.

In decimal notation we seem to get by with using just the
ten digits 0—9 for representing numbers as large as we
please. This is achieved by giving the digits different values
according to the column in which they occur; a 9 in the
third column from the right in fact means 9x 102,

Similarly in binary notation the two digits 0 and 1 can be
used to represent any number, each bit (short for Binary
Digit) denoting the absence or presence of a different
power of two. Thus 1100, (the suffix 2 denoting binary
notation) represents from right to left:

0X204+0x214+1Xx224+1%2%3=12,,
However strange binary may seem, reflect that 12;, cannot
be said to be any nearer to reality (e.g. twelve objects)
than can 1100,; they are each just notations.

HEXADECIMAL

Binary numbers are so awkward to remember and use
that it is often more convenient to put them into hex (short
for hexadecimal) notation in which sixteen digits are used:
Decimal: 0 1 2 3 4 5§ 6 7 8 9101112131415
Hex: 0123456 78 9ABCDTEF

By grouping the digits of a binary number into fours
(from the right) and converting each group into a single
hex digit, the hex equivalent is instantly obtained. For
example 11000100,=C4,,. Do not be put off by numbers
such as DEAD! Unless otherwise stated, all numbers in
this article will be in hex notation. Remember though that
however the programmer chooses to represent them, the
CPU deals only in bits.

Thus instructions and data are each just one or more
8-bit (2 hex digit) binary numbers. Each instruction
corresponds to a different number; for example C4

Practical Electronics  April 1977

§Mln

Programmin

By D. B. Johnson-Davies

Last month the construction of one such kit
was described: the National Semiconductor SC|MP Kit, and the following article explains
in detail how to write and run simple programs which do what would otherwise require
The principles covered apply fo any micro-
processor, but the examples are specifically for the SC/MP and the article concludes with a

OPCODE INDEX OF INSTRUCTIONS

Assembler
Opcode | Mnemonic | Format Operation
00 HALT Pulse H-flag
01 XAE Exchange AC and Extension
02 CCL Clear Carry/tink
03 SCL Set Carry/Link
04 DINT Disable Interrupts
05 IEN Enable Interrupts
06 CSA Copy Status to AC
07 cAs " Copy AC 10 Status
08 NQOP No Operation
19 S10 Senal Input/Qutput
1c SR Shift Right $
10 SRL Shift Right with CY/L
1E RR Rotate Right
1F RRL Rotate Right with CY/L
30 XPAL ptr Exchange Pointer Low
34 XPAH ptr Exchange Pointer High
3C XPPC ptr Exchange Pointer with PC
40 LDE Load from Extension
50 ANE AND Extension
58 ORE OR Extension
60 XRE Exclusive-OR Extension
68 DAE Decimal Add Extension
70 ADE Add Extension
78 CAE Complement and Add Extension
8F DLY disp Delay
a0 JMP disp{ptr} [Jump
94 JP dispi{ptr) [Jump If Positive
98 Jz dispi{ptr}) [ Jump If Zero
9C INZ disp{ptr) [ Jump It Not Zero
AB ILD disp{ptr) |Increment and Load
B8 DLD disp{ptr) | Decrement and Load
co LD @disp{ptr) | Load
ca LD! data Load Immediate
C8 ST @disp{ptr) | Store
DO AND @disp{ptr) | AND
D4 ANI data AND Immediate
D8 OR @disp(ptr) |OR
bC ORI data OR Immedsate
€0 XOR @chisplptr) | Exclusive OR
€4 XRi data Exclusive-OR Immediate
E8 DAD @disp{ptr) | Decimal Add
EC DAl data Decimal Add immediate
FO ADD @disp{ptr) | Add
Fa ADI data Add Immedhate
Fg CAD @chispiptr) | Complement and Add
FC CAl data Complement and Add Immediate

g a
ROPROGESSOR
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» |
Qo
HH
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Fig. 1. Conceptual
| block-diagram of the
main parts of the SC/MP
| Kit. Each memory loca-

E : e
0000 | 0 | 8 0000 | x | x tion holds 2 hex digits
and is specified by an
0001 | 9| o A= PC 0001 | x | x address of 4 hex digits.
The RAM can beloaded
0002 | 1] 0D 0F00 | X | X 0002 | x | x with any values, denot-
— P1 ed by X", but the ROM
L. OFOT | X | X 0003 | x | x | has fixed contents. The
‘ AT I -... | seven registers are for
‘ 1T F % 7 IR T (K [ 0D04 | X | X temporarily hoiding
o1F0 | 3| ¢ e RS ooos | x | x | data and addresses in
4t ? the CPU. The key-
o1Fe | 3| 3 oFFE | x | x o006 | x | x board and display are
| interfaced as if they
O1FF | 3 | F oFFF | x | x SR 0007 | x | x | were 8 memory loca-
| tions

ROM RAM REGISTERS KE YBOARD |

IN e |

DISPLAY |

| MEMORY CPU

means "load the accumulator’, the accumulator being a
register for temporarily storing one 8-bit number. The data
to be loaded is taken as the next 8-bit number; thus the
instruction C4, 8F will load the accumulator with 10001111,.

In the SC/MP CPU all instructions are either one or two
8-bit numbers long. Encountered in a different context
though, 8F might be interpreted differently; for example
as the instruction, it represents ‘‘delay'. /nstructions and
data are indistinguishable so the only way the CPU knows
what to do is by the context.

The CPU is no use without a memory to contain the
sequence of instructions tc be obeyed—the program and
the data.

The OPCODE INDEX OF INSTRUCTIONS (previous
page) is reproduced from the SC/MP Instruction Guide.

MEMORY

The memory can be thought of as containing a number
of Jocations, each capable of holding two hex digits (8 bits).
The size of binary number around which the memory of a
particular computer is organized is termed the word,
and the SC/MP resembles most other microcomputers in
having an 8-bit word (large computers commonly have
32-bit words). Each location of memory can be specified
by a unique address, which is four hex digits; i.e. it can lie
between 0000 and FFFF. The CPU can therefore address
up to 65536,, words of memory. The word contained in a
particular location is called the contents of that address.

Two types of memory are provided in the SC/MP kit:
a ROM (Read Only Memory), and a Read/Write memory
commonly called RAM (Random Access Memory) though
strictly this is a misnomer. The ROM provided has 0200
locations (=512,,) with addresses 0000 to 01FF; see Fig. 1.
This has fixed contents—the Keyboard Kit Program, which
enables the user to modify the contents of any address in
the RAM or to begin execution of a program there. The
RAM provided occupies locations 0F00 to OFFF, a
total of 0100 (=256,,), and these can be both written to and
read from by the CPU. The RAM is used for one's own
programs and data.

WRITING A PROGRAM

Having constructed a microprocessor kit, the owner may
feel rather helpless since it is difficult to see whatis going
on inside it. Most instructions give unremarkable results,
and it is necessary to go back and examine the memory or a
register to see the effect. One instruction in the SC/MP
Instruction Set is, however, ideal for experimentation; the
delay instruction 8F.

All thé other instructions take from 5 to 22 microcycles
to be executed, where a microcycle is 2 microseconds with
the 1MHz crystal supplied in the kit. The delay instruction
can be programmed to take from 13 to 131593 microcycles
depending on the value in the secord word and, to a
lesser extent, the contents of the accumulator. The longest
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delay is obtained when the second word and the accumu-
lator both contain FF. Here is a sample program:

Address: Contents: Comment:
0F20 C4 Load AC with:
0F21 FF +255,,
0F22 8F Delay with:
0F23 FF + 255,
0F24 3F Exchange P3 and PC

The last instruction, 3F, causes a jump back into the
Keyboard Kit Program. The above program is executed
by pressing GO, entering the start address 0F20, then
pressing TERM to execute. The display will go blank for
the duration of the delay; about one third ot a second.

THE REGISTERS

The SC/MP CPU contains seven different registers
which can be used by the programmer, four of these
holding two words and the other three holding a single
word; see Fig. 1. These registers can be loaded with
numbers by the relevant instructions, and each has a
different roie to play in the operation of the CPU. Most
other makes of microprocessor have at least these
registers, or close equivalents.

The most important register is the accumulator, or AC,
which holds one word. In all, 37 of the 46 instructions
of the SC/MP use the AC. Instructions are avaitabte to
perform the following operations where the data can either
be /mmediate (i.e. given in the second word), or else
contained in a location specified in some way by the
second word (see below):

Load AC with data

AND AC with data

OR AC with data

Exclusive-OR with data

Add AC to data

Decimal add AC to data

Add AC to complement of data
Instructions are also provided to exchange the AC with
other registers, shift the contents of AC, and so on.

The extension register also holds one word, but is less
versatile than the AC. It can be specified as the data for
the instructions listed above. The status register contains
the carry bit, and five bits controlled by or controlling the
logic levels or corresponding pins on the microprocessor
package.

Result in AC

THE PROGRAM COUNTER

The program counter or PC contains the two-word
address of the instruction currently being or about to be
executed. This automatically gets incremented after
each instruction so that the instructions are read and
executed in serial order. Sometimes it may be necessary
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SUPERSOUND 13 HI-FI MONO
AMPLIFIER A superb solid state audio

amnpliGer. Brand  new

S components throughout.

‘ 5 Silicon transistors

v == 4 plus 2 power out-put

. transistorsin push-pull.

Full  wave rectifica-
OQutput approx.
watts r.ms. into
ohmns.  Frequency
response 12Hz, 306Kz
+3db. Fully integrated
pre-amplifier  stage  with
separate Volume, Bass boost and
‘Lreble cut controls. Suitable for 8-15 ghm speakers.
Input for ceramic or crystal cattridge. Senaitivity
approx. 40m\ for full output. Supplied ready built and
tested, with knobs, escutcheon panel, input and output
plugs.  Overall size 3" high X 67 wide X deep
AC 200/250v. PRICE £13.75. I'. & P. £]00.

DE LUXE STEREO AMPLIFIER
A A.C. muains

200-240 v
Teing
heavy duly
fully isola-
ted mains
trausform -
er with full
wave recti-
fication
5 giving ade-
’ quate
L\/ smoothing with negiigible hum.
Valveline-up:- ZC1.86 Triode Pentodes. 1 x LEZ80
as rectifier, Two dual potentiorneters are provided for
bass and treble control, giving bass and treble boost und
cutl. A dualvolumecontrolis used. Balance of the [eft and
right hand channels can be adjusted by means of a sepa-
rate ‘Balance’ control fitted at the rear of the chassis.
Input sensitivity is approximately 300m/v for full peal
output of 4 watts per channel (8 watts mono), into 3 ohrn
speakers. [ulinegative feedback in a carefully calculated
cireuit, altows high volume leveisto beused with negligible
distortion. Supplied complete with knobs, chassis size
I1"w x 4"d. Overall height including valves 5" Ready
built and tested to a high standard. £12.40. P. & P. £1 30.

NIC STEREO 44

A solid  state
stereoamnplifier
chassis, withan
output of 3-4
watts perchan-
nel into 8 ohm
speakers. Us-
i the latest
high  techno-
logy integrated cireuit amplifiers with built in short term
thermal overload protection All components inciuding
rectifier smoothing capacitor, fuse, tone control. volume
controls, 2 pin din speaker sockets and & pin «in tape
rec./play socket are inounted on the printed circuil
panel, size approx. 94" x 22”x 1”7 nax depth. Supplied
brand new and tested, with knobs, brushed anodised
ajuminium 2 way escutclicon (to allow the amplifier to be
mounted horizontally or vertically), at nly £9°00 plus
50p P. & P. Mains transformer with an output of 17V
afc at 500 m/a can be supplied at £1°50 plus 40p P. & P.
if required. Full connection details supplied,

BRAND NEW MULTI-RATIO MAINS TRANSFOR-
MERS, Giving 13 alternatives, Primary: 0-210-240v,
Becondary combinations0-5-10-15-20-25-30-35-40-60+ .
half wave at | amp. or 10-0-]0, 20-0-20, 30-0-30v. at
2 amps full wave. Size 3in. long X 3lin. wide x 3in
deep. I'rice £2.90. . & P. 90p.

MAINS TRANSFORMER. For power supplies.

Pri. 200/240v. Sec. 9-0-9 at 500 mA. £1.50, P. & P. 60p.
Pri.200/240v. Sec. 12-0-12at 1 amp £1-65. I'. & P. 60p,
Pri.200/240v. Sec. 10-0-10 at 2 amp. £2:35. P. & P. 90p.
Pri. 200/240v. Sec. 23v. at 1.5 amp, 6v at -6amp, 8v. at
50 mA. £200 + G5p P. & I

ALL PURPOSE POWER SUPPLY UNIT 200/240v. A.C.
input. Four switched fully smoothed D.C. outputs giving
6v. and 7Tiv.and 9v.and 12v. at 1 amp on load.

Fitted insulated output terminals and pilotlampindicator.
Hammer finish metal case overall size 6" X 31 x 23

Ready built and Price £675 P. & p' BSP

tested

STEREO-DECODER SIZE 2" 3" [~
Ready built. Pre-aligned and tested. —
Sens. 20-560mV  for 9-16V neg
earth operation. Can be fitted to
almost any FM VHF radio or tuner ‘i

HARVERS

Stereo beacon light can be fitted if
required. TFull  detalls and in-
structions (inclusive of hintsand tips
supplied. £5°62 plus 20p P. & P

‘e
Bterec beacon light if required 40p ls -

extra 9

2

MAINS OPERATED SOLID STATE
AM/FM STEREO TUNER

200/240V Mains operated Solid State A/M I'/M Sterea
Tuner. Covering M.W. A, 510-1605 KHZ, VHIFM
88-108 MHZ. Built-in Ferrite rod aerial for M.W, Full
AFC and AGC on AM and FM. Stereo Beacon Lamp
Indicator, Built-in Pre-amps with variable output volt-
age adjustable by pre-set control.  Max ofp Voltage 600
m/v RMS into 20K, Simulated teak finish cabinet. Will
match almost any amplifier, Size 81" w., 7 h. x 927 d.
approx. LIMITED NUMBER ONLY at £28 + £1-30
P. &

HARVERSONIC SUPER SOUND
10 + 10 STEREO AMPLIFIER KIT

A really first-class 1i-Fi Stereo Amplitier Kit, Uses 14
transistors including Silicon Transistors in the first five
stages on each channel resulting in even lower noise
level with improved sensitivity. Integrated pre-amp with
Bass, Treble and two Volume Controls. Suitable tor use
with Ceramic or Crystal cartridges. \ery siple lo
modify to suit iagnetic cartridge— instiuctions included.
Outputstageforany speakersfrom8to1d ohms. Compact
design, all parts supplied including drilled metal work,
high «uality ready drilled printed circuit board with
component identification ¢learly nariced, smart brushed

lised alnininm front panel with matching knobs,

SPECIAL OFFERS

Mullard LP1i58 RI-1I' Double Tuned Amplifier Module
for nominal 470kHz. Size approx 23" x 117 x1”
76\ + earth. Brandnew pre-aligned. I'ullspecification
and connection details supplied. £2:25 + . & P. 12p.

Pye VHI/FM Tuner lead
covering 88-108M/1lz
10-7M/Nz I output 7-8V +
earth. Supplied pre-aligned,
with full circuit diagram
Connection details supplied.
Beautifully made with pre-
cision-geared FM Gang and
323 Pf 4+ 323 I'i AM Tuning
Gangonly £3.154+ P. & P. 33p

PRECISION MADE

Push Button Switch bank. 8 Buttons giving 16 S/ C/0
interlocked switches plus I Cancel Button Plus 3 dfp ¢fo.
Overall size - 1 Rupplied complete with
chrome timished switch buttons 2 for £1.50 + 20p, P'. & P.

HI-FI LOUDSPEAKER SYSTEM Mkl |

Beautifuliy made simulated teak finish enclosure now
with most attractive slatted front. Size 164* high x
10} wiude x 97 deep (approx.). Fitted with E.M.I
Ceramic Magnet 13" x 8" bass unit. H.F. tweeler
unit and crossover. AVAILABLE IN NOMINAL
4 ohmi, 8 olim or 16 ohm impedance (state which).
Handling power 10 watts R.M.8

OURPRICE £12-80each. Cary. £1-90
Cabinet Available Separately £7-60 cach. Carr. £1.40
Also available in 8 ohms with EMI 13" x 8% bass
speaker with parasitic tweeter £11-10 each. Carr
£1-90.

LOUDSPEAKER BARGAINS
5in 3ohm£2.00,P. & P.35p. 7 X 4in.3 ohm £2-85, P. &
A8p. 10 X 6in. 3 or 15 ohm £3-20. I’. & P. 70
8 X 5in. 3 ohm with high flux magnet £3-00, P. & I. 50y
Tweeler, Approx. 3i”. Available 3 or 8 or 15 ohms|
£2-00 + 25p, P& 1.

VYNAIR & REXINE SPEAKERS & CABINET FABRICS|
app. 54 in. wide. Our price £1-50 vd.length. P & P, 50p
per yd. (min. 1 yd.). S.A.E. for samples.

“POLY PLANAR” WAFER-TYPE, WIDE RANG
ELECTRO-DYNAMIC SPEAKER

8ize 113" x 144~ I L” deep. Weight 190z. P'owed
handling 20W r.m.s. (40W peak). Impedance 8 obm only
tesponse 4011z-20kHz. Can be mounted on ceilings, walls,
ete. and used with or without baffle. Send S.A.E. for
details. Only £8-40 each. P. & P. 75p for one, 90p for
two,

Now aiso available 87-8 ohrn. 10 watts r.m.s. 20 watt peak
40 12-20,000 Hz. Overail depth 1”. Tdeal for Hi-Fi or for
use in care. £65'10 + P. & P. (one 35p, two 63p)

LATEST ACOS GP81/1SC mono compatible cartridge with
tfo stylus for LP/EP/78. Universal mounting bracket.
£1-60. P. & P.18p.
CERAMIC STEREO CARTRIDGE. Universal mounting
brackets and turnover stylus. 70V per chaunel output
ONLY £1-90. P. & P. )8,

SONOTONE STAHC COMPATIBLE STEREO CARTRIDGE
T/O stylus Diamond Sterco LP and Sapphirc 78.
ONLY £2:36. P. & P. 10p. Also available fitted with twin

QUALITY RECORD PLAYER AMPLIFIER MK. II
A top quality record player amphiier employing heavy
duty double wound mains transformer. KCC83, EL&J,
and rectifier. Separate Bass, Treble and Volume controls
Complete with output transformer matched for & ohm
speaker. 8ize Tin wide X 3in deep X 6in high. Ready
built and tested. PRICE £7.00. P. & P. 90p.
ALSO AVAILABLE mounted on board with outpus
transformer and speaker. PRICE £8:00. P. & V. £1-00.

Dia 1 T/0 stylus for Stereo L. £2.86. I'. & P. 18p

LATEST CRYSTAL T/0 STEREO/COMPATIBLE

CARTRIDGE for EP/LP/Storco 78. £1.80. P. & P. 18p.

LATEST T/O MONO COMPA RIDGE for

playing EP/LY/78 mono or“sterco records? N\ mono
T4 TTTBY.

equipment. Only £L.68-P &

b3
QUMK PRIGES INCLWT
CURRENT_RATES

wire, solder, nuts, bolts-—no extras to buy. Simple step
by step instructions enable any constructor te build an
amplifier to be proud of. Briei specifications: Power
output. 14 watts r.m.s. per channel into 5 otuns. re-
quency response - 3d3 12-30,000 Hz Sensitivity: better
than 80mV into IMQ. Iull power bandwidth: -1 341
12-15,000 Hz. Bass, boost approx. to = 12dB. Treble
eut approx. to 16dB. Negative feedback 18d13 over
main amp. Power requirements 35v. at 1:0 amp.
Overall Size 127w. X X 21"h

Fully detailed 7 page construction manual and paits
list free with kit or send 23p plualarge S.A.10.
AMPLITFIER KI'T £13-50 . & P. 66p
(Magnetic input components 33p extra)
POWER PACK KIT £5-50 P. & . 85p
CABINET 2550 P. & P. 86p

Special offer—only £23-75 if all 3 units ordered at
one time plus £1'00 P. & P,

Full after sales service
Alsoavaitableready built and tested £31-25. . & I'. £1-00.

3-VALVE AUDIO

AMPLIFIER HA34 MK II.
Designed for HBI-TFireproduc-
tion of 1ecords. A.C. Mains
operatiun. Ready built on
plated heavy gauge metal
chassis, s1ze 7§"w. X 4"d. X

Incurporales JiCC83,
. K780 valves. Heavy
duty, double wound mains
transformerand outpul trans-
former niatched for 3 ohm
speaker. Separate s vlume controland now with improved
wide range tone contiols giving bass and (reble lift and
cut. Negative feedback line. Output 1! watls. Front
panel can be detached and leads extended for remote
mounting of controls. Complete with knobs, valves, etc.,
wired and tested for only £8-20, . & P. £
HSL “FOUR” AMPLIFIER KIT. $inilar in appearance
to HA34 above but employs entirely diffevent and

advanced WMM of parts, ete.. £7:60,
| Pt \

10/14 WATT HI-FI \
AMPLIFIER  KIT
A stylishly finished
monaural amphfier
with an output of
14 watts from

LEL84s in push-pull
Super reproduction
of hoth music and
speech, with negli-
gible hum. Separate
inputs for mike and
grain allow records
and announcements
to follow each other
Fully shrouded sectiun wound cutput transfottuer to
mateh 3-15Q speaker and 2 independent volurie controls,
and separate bass and treble controls are provided

EF86 and FEZ80 rectificr. Simple instruction booklet
25p X SALE (Free with narts). All parts sold separately.!
ONLY £12-00. . & 1. 21 Also availablg ready built
and tested £16-50.

IAL LIN

Limited nwinber of British Manufacturer’'s Surpins
professiohal 100 watt RMs Slave ampliiers. Specha!
features: 2 separate power modules, 1 for Bass responde,
and 1 for mid. range/tweeter. 5 siige LED display fhr
Dower o, ndieation. Afcmains ifp switchable for 150
or 240V, Can easily be converted to stereg, /
VAILABLE TO PERSONAL CALLERS ONLY—PLEASE
ONE TO CONFIRM AVAILABILITY.

1d new and tested only £33-75.

OFFERED SURJECT €0

state power auspttfier module, Fre.

- H Tequirements 40 volts at
1:5 amps ull ¢/d and connection details supplied.
£6:20 4+ 30p P & P

5

Open 9.30-5.30 Monday to
Friday. 9.30-5 Sasurday
Closed Wednesday.

Prices and specifications correct
at time of press. Subject to
alterotion without notice

| HARVERSON SURPLUS CO. LTD.

(Dept. P.E.) 170 HIGH ST., MERTON, LONDON, S.W.19 Tel.: 01-540 3985

A jew minwuies from South Wimbledon Tube Station

SEND STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES

(Please write clearly)

PLEASE NOTE:P. & P. CHARGES
QUOTED APPLY TO U.K. OKLY,
P. & P. ON OVERSEAS ORDERS
CHARGED EXTRA.

ziving good lift and cut. Vaive line-up 2 EL84s, ECCBS,'

B
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Fig. 2. Flowchart illustrating how a loop can extend
the delay provided by the ‘‘delay’ instruction. By

convention, in flowcharts squares denote operations
and diamonds decisions

to overrule this and jump to a different address. This is
achieved by adding a number to the PC; for example:

Address: Contents: Comment:
0F24 90 Y\ Jump by:
0F25 FE § -2

The jump instruction 90 adds the number in the next word,
the displacement or disp., to the PC. Since it is useful to
be able to have negative jumps (as in this example) as
well as positive ones, the disp. is interpreted by the CPU
as what is called a twos-complement binary number.
In this notation the leftmost bit is interpreted as a sign bit;
i 1" the number is negative; if 0" it is positive. The
8 bits can then be used to represent the numbers from
—128,, to +127,, as follows:

Binary: Hex: Decimal:
10000000 80 —128
1111111 FF 1
00000000 00 0
00000001 01 +1
01111111 7F Y121

One way of looking at it is that FE is —2 in this notation
since FE4+2=00 (ignoring the carry). Thus in the above
program the instruction executed after 0F25 is not OF26
but OF26 —2 =0F24 again. The program thus loops
interminably and as such is fairly useless. The most
useful jump instructions are those which only cause a
j;}m% if a certain condition is satisfied, such as “jump
if AC=0".

KEYBOARD KIT PROGRAM

The ROM supplied with the SC/MP kit interprets which
key has been pressed, displays the address and contents
entered, and loads new data into the RAM. Italso enables
one to jump to a location and begin execution there.
Without this program there would be no way of writing
programs into the memory; but it also serves other
useful functions. When the Keyboard Kit Program is first
entered, say by executing the ‘exchange P3 with PC"
-instruction at the end of a program, it conveniently saves
the contents of the registers in the top 7 words of the
RAM before using the registers itself. Similarly before
executing one's own program following the GO command
it loads the registers with the values from these locations.
The locations are assigned as follows:

Address: Contents:
OFF9 P1H Higher word of P1
OFFA P1L Lower word of P1
OFFB P2H Higher word of P2
OFFC P2L Lower word of P2
OFFD AC Accumulator
OFFE E Extension register
OFFF SR Status register
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Note that P3 is not included since this contains the return
address to the Keyboard Kit Program, and so will not be
used by one's own programs. The instruction “exchange
P3 with PC'’ can be used to force a jump to the Keyboard
Kit Program from the middle of one's own program by
exchanging it temporarily for one of the instructions. The
contents of the registers just before that point can then be
discovered by examining the relevant memory locations.

ADDRESSING MEMORY

Suppose that a certain program needs to add 07 to a
number at a certain address, say 0F60. There is no way
of doing this in a single instruction; instead the AC must
be loaded with the contents of 0F60, 07 added, and the
AC stored back to OF60—three instructions. How then
can one specify the location required? The obvious way
would be to give the full address in the two words after the
instruction: YZ, OF, 60, where YZ stands for the assumed
"load" instruction.

Unfortunately Direct Memory Addressing, as this is
called, is not available on the SC/MP (unlike the intel
8080 or Motorola 6800). Instead /ndexed Addressing is
used; the address is specified relative to the PC or one
of the three two-word pointer registers P1, P2, and P3
(see Fig. 1). The second word of the instruction is treated
as a displacement to be interpreted as a twos-complement
binary number.and added to the pointer register specified
in the instruction, giving the effective address ot the data.
Using the PC this program can be written:

Address: Contents: Comment:
0F20 Co Load AC from PC+
0F21 3F Disp.
0F22 Fé4 Add to AC:
0F23 07 Data
0F24 Cc8 Store from AC to PC+
0F25 3B Disp.

0F26 3F Exchange P3 with PC
Notice that 0F21-+3F=0F60 and 0F25+3B=0F60 so the
load and store instructions both address the required
location.

By using instead one of the three pointer registers,
addresses at greater displacements from the current
instruction than —128,, to +127,, can be specified. If all
the data for'a program were stored from OF50 to OF70,
one of the pointer registers—say P2—could be loaded with
0F50 and these !ocations referred to as P2+4-0, P2+1, etc.
P2 is said to point to the area of memory containing the
data. Using P2 the program becomes:

Address: Contents: Comment:
0F20 Cc2 Load AC from P2+
oF21 10 Disp.
0F22 F4 Add to AC:
0F23 07 Data
OF24 CA | Store from AC to P2+
0F25 10 [ Disp.
0F26 3F Exchange P3 with PC
OFFB OF Sets P2H
OFFC 50 Sets P2L

The contents of OFFB and OFFC will, as explained earlier,
be loaded into P2 by the Keyboard Kit Program. In this
example the displacement is the same since the contents
of P2 do not change.

LOOPS

The delay instruction has already been used to give a
short delay, and several such instructions placed in series
will of course give proportionately longer delays. A better
way is to use a loop as shown in the flowchart of Fig. 2.
This will multiply the delay by 10 (=16,,) giving just over
4 seconds. Location OF29 is used to count the number of
iterations, and a conditional jump causes a return to the
Keyboard Kit Program when this reaches 00. This must
be set to 10 before re-running the program:

Address: Contents: Comment:
0F20 C4 Load AC with:
oF21 FF Data
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. .
54 Montagu Street, Kettering, Northants. Phone Kettering 83922
shop open Monday to Saturday 9.00 to 6.00; early closing Thursday 1.00 p.m.
’
ELEKTOR KITS '
TRANSISTORS AND DIODES . CMOS
AATIT 15 £430 120 Kits include all the components detailed in the original article together with any additional items specified in
AAT1S 15* ERSGO 3% subsequent Missing Link columns. . . 4000 21 4013 60 4040 108
195 Kits come compiete with the EPS printad circuit board{s) where published and suitable power suppltes can 4001 21 4015 83 4049 55
ARZ17, 2 L 110 also be provided on the request if not included In the original design aadl o o050 b
AC128 & Wm. o VERSATILE DIGITAL CLOCK (E§) Unlike many “single Chip’ ciocks this design allows the user o extract ff 4902 2Igtis 3 A e
AcT2 15 MJE340 45 from the clock iming pulses which may be used to control other appiiances . 4008 35 4020 120 4069 25
AC128 1’ MJE341 68 TV SOUND The sudio oulput stage of many domestic TV receivers ia rarsly Hi Fi. This project allows the 4008 70 4023 21 4081 21
:‘:”5 R E2955040 high quality transmitted F.M_sound signa! to be fed into a domestic Hi Fi system ssap> 1000 0 B S By
Ag}g; Hp s U ‘v.srsml LOGIC PROBE (E13) A seven segment display indicates the logic states of the TTL circuits snger 1 3000 o liozs A o
AD143 o O TGRS0 LED LIGHT SHOW (E14) A sound lo light moduiator using light smitting diodes. which could however be [4012 21 gn102e Mpg200
AD181 b 8‘90 0 replaced with 1L74 opto isolators to fire triac controlled filment bulbs 220,
20182 A91 0 UNIVERSAL OTA PLL (E7) A versatile phase locked ioop Uit asp Ics
(AR W QA o SIMPLE MW RECEIVERS (E3) A atraight torward receiver design with no allgnment problems T10p°
A m SnE 0 DIGIBELL (E14) A novel electronic doorbell which produces the Westminster Chims M50t B av.0202 master generator  16.dil 8307
ARIIE 0 Qce 78 POLAROID TIMER (E12) The timer incorporates @ sensor to compensale for temperature induced W CA3080 ~  OTA 08 %
AFTIT :g, 8(:35 £ variations in the development times of Polarolg fiims 430p* CA3086 transistor array 14 dit 70
QAD ca 10 LOUD MOUTH (13} The loud mouth enables outputs of up to 40W fo be achleved from & 12V vehicie [ GA0%0AQ decuder 1 g s
AF233 145 OCas 18 : At L
BA127 % ocn 15 supply CAI0T  regulator 05 120
oA s 8 SENSITIVE METAL DETECTOR (E1f) A fresh approach to an old problem which allows rapid and N 1az405  Guag opamp i 1800
e B oo X accurate lacation of even small articles 000 B (70388 clock fime base sl 470
A 24 ALBAR (E19) This movement detector can be utilised as an intruder alarm 1520p° 1129 5V regutator TO220 128
e gp Wl I SIGNAL HORN (E19) Although utihsing this unit an intense sound 53p* 12V reguiator Y0220 125
BB103 30° TIPRIA  5e* 15V regulator 10226 125
BB104 30" TIP32A 55+ opamp adil 85
BB105 35*  TIP41A 60 ELEKTOR SPECIALS :eﬂmb - gg:‘;‘ :23
BB106 35* TIPa2A 70 ABM Fuel Fiow Meter 20 Iihr requlator T8
BB109 35 TIP4D 330 Murata Ultrasonic transducer MA 40 LIR !d,ll-lsl reg e “5
B8110 30 TIP141 385 Telephone pick up coil voitage comparator i 5 , u:
BB113 45 TIP142 435 oo-;np " " gll us
B8C107 10° TIP145 380 quad opamp. iilonjgaes
BC107b lo, Tieus 415 CAPACITORS ELECTROLYTIC 12V routatar = =
- 4
8C 108 o Ten % uF 6 3v 1ov 16v v sV 5 12V requiator TS 340
BC108 12 2TX107 10 047 audio amp 14 all 1‘0'
10 dual audio pre amp 14 qil 220
8C103c 13 2TX18 10 ¢ hd 2
BC13 30 2TX108 10 22 "“GI"_ b ‘I’ 1 o
BC140 32 ZTX300 18 33 dual timer By 8
8C141 I ZTXs00 15 o7 veo a
BC142 30 IN9T4 H 0 o amp TO5 8d 100
B8C143 30 1N40O1 5 2 8" opamp adi 50
BC147 30 IN4DO2 5 33 P voltage reguiator TO5 55
BC148 40 1N4003 6 47 Iy voltage reg. 14 il 75
BC149 57 1NeDO4 6 100 10+ fet Input opamp TO5 620
BC157 35 1N4005 6 150 . . opamp g :” X
BC158 40 INGOS 7 220 1 27 opamp
BC159 28 1N40O7 7 320 17 33 uitrasonic transcewver 800
B8CI160 28 IN4148 5 470 " - quad norton amp 14 gl 20
BC161 U0 IN5401 13 1000 2 72¢ ied flasher 8 dll %
BC177 45 INS404 16 “- 1220 temperature
8C17s 27 N 23 @ 4700 sav 150+ transducer TO#6 410
BC179 27 2N1613 20 rhythm generstor  16.dil  950%
8C82L 27 2N2218 48 rhythm generator 24 d!l ‘Jw:
BC1BIL 8 aN2213 30 RESISTORS T 20
SS:Z;L :; ;:gai gi potentiometers: single gang have nylon shatft. vea SQ 16 dit 400
logic controt SQ 16 dil 580
I B EED 8 TR | SK | 10K | 25K | 50K | 100K | 250K | 500K | 1M | 1M dual opamp wdil %0
B8C213L 2N2926R  10° S0 dual reguiator 1adil 420
: gie gang 109 and lin == watch 1250
P Ny 10 MC1453CP  LCD driver 275
ngz 1 gzggg :g- Single Qang and DPST log ] fog and tin iog 50p* MC14553P 3 digit counter 640
BC233 22053 16 Tandem oTeli i 1l G Ldosee. time base san 15
BC261 2N3054 45 log and lin log 90p clocl 24 dil
BC262 2N3055 50 MMS5316N  clock 40 dil 550
8C307 23391 s Tandem and DPSY | NA [ oa [wa 9sp* @ MM5318  clock 80
BC317 2N3702 14 MM5841N TV dispiay driver 28 dit 1200*
BCx? 2N3704 30 FIXED MM?4C14  hex trigger Wit 200
BC338 290° N3705 18 Carbon Fitm 0 5W 5% E12  2R2to 10 M 2+ ¥ AGINYC  dual regulator 70
B3 e Wire Wound  25W 5% E24 022 Rto270R 20 $G3501T  dual regulator 105 575
B e & Metal Film 04W 1% E9 4R99to 100 K 25 SN76013N  audio 16 il 150°
Bosid R Mewi Oxide 0 5W 2% E24 10Rto1M () SN7613IN  audio Jadi 195t
BC517 IN3823 40 Wire Wound  17W 5% EG 1ROt 470R 30 SQ41P mixer il 198
BC546 2N3905 15§ Resistance wire 5 ohma/matre, rated at 2 A. for low inductance high watiags resistors siem SO Rl T
80547 2N5397 Nagative temp. i at 25°C opamp 40
BCS47D 2N5458 130 B 150R 20 K 5 TAAS50A  regulator TO18 55
4 4K7 10K 33 TAA861 opamp TO5 185
BC548 2N5461 50 n
BC549 2NB027 32 22K 33 47K kY TBA120 mixer 14 ail 120
BC556 40603 80 TBA231  duai‘audio pre amp W il 200
. 1 . M TBA800SW audio amp W qui 208
BBSS7 15 E420 140 40673 a5 Sub miniature preset 0 1W E1247 R 10 2-2M fts 0 1 pitchboard " U age 205
Zener diode 1W 3 3V to 220V E24 Series 30 AT CCfotine 490
0 o Sciasi0p TCA740  OC tone 50
Zener diode 400 MW 27V 1o 47V E12 series 12p* TTL THYRISTORS AND TRIACS TOAS4  aare .
L SN74 Series TTL Integrated Clrcults
arge Stock of Japanese Transistors 7400 16 7447 72 74132 - THYRISTORS TDA1022  bucket bridge 935
7401 18 7448 75 74136 18 1A 400V TOS 75 IO v sound Aok
7402 16 7450 18 74137 80 BA 400V TO220 125 U128 tnac control 14 dil 0
AGTES CISA 2 R R B R erene™ W
)
RECTANGULAR MODERN STYLE PANEL § 149¢ B o 19 Uy DIAC led driver 1Bdl 230
METERS. Norma! size 60 » 45 mm, mounting § 7407 38 7470 0 1 g H ER 900 28 32V Y regulator TO220 235
depth 40 mm . 7408 18 7472 2 ;“21 = BR 100 2 regulator TO3 250
S o= 7409 22 7473 28 74153 80
- 7410 18 7471 28 74154 138 TRIACS 400V insulated tab T0220
%50 sour g 4 23S 47 74155 #0 4amp 50p  Bamp 0p ORDERING DETAILS
30
{00RORIO0UA 0...100mA 7413 30 740 B B 8 amp LD Vp DATA availabla for most items at 10p per device
0 500uA 0...500mA 7414 70 7481 100 74160 100 Free with ICs on request. Discount to mall order
Large size: 110 x 82 mm. mounting depth 43 mm 7415 34 7482 85 74161 100 cust mers Deduct 10% on nett. order value it
530 § 7416 32 7483 100 over £15 excluding buik offers, or KITS. VAT
0 30uA 0. 50uA 7417 30 7484 120 ;2}2?, :g: TRANSFORMERS add high rate 1o * items, standerd rate to ail
0. 100uA 0. 200pA 7420 16 7485 120 74164 120 PRIMARY—240V a.c. (110V avaiable on others Remember to add VAT to postage.
0. .500uA 7421 40 7486 34 74185 120 request) P‘(’)"S;Owgavan orders over €5, otherwise please
7422 20 7489 290 74166 120 NDARY-— 4 . a p. Overseas please add freight costs and
' 7423 36 7490 39 74174 120 SE(::'SG “?ond:::u'"w;’l’::"'::' ';lym;z_ state method of despatch required. BPFO and
CRYSTALS AND FILTERS 7424 30 7491 10 74175 80 b y overseas customers do not add VAT
7425 30 7492 a5 74177 90 nected in saries of paraitel e.g. 6V 20VA DELIVERY. All orders processed on day of re-
32-768kHz MTQ 32-12 600 8 7426 24 7493 s Jiee 90 transtormer can give sither 6V at 3 24 or ceipt Express delivery avallable by City Link or
1-0MHz HC 33U 200 B 7427 28 7494 80 74181 300 12V (6-0-6) at 1-6A securlcor if required. Phone for detalls.
3-2768MHz HC 33/U 3.00 7428 40 7495 70 74182 84 BVA 235 20VA 435 PAYMENT cash. Cheque or Poatal order with
4-194304MHz HC 33 U 3-00 7430 18 7496 75 74185 140 order. Access. Eurocard. Masterchange or
4 TMHz HC 33/U 300 § 7432 27 74100 100 74189 320 Secondary Berclaycard number by phone or letter for
8 364068MHz HC 33/U 300 7437 27 74 35 rders over
27MHz HC 25.U 215 7438 27 ;4185 85 ;:}g? ::3 voits Gvieg’yr;:!w C;J\'IBA"'S' o GUARANTEE All devices are brand new and fuli
33MHz HC 25/U 215 7439 27 74110 50 74192 110 2% 4.5V 2% 0.6A 2% Z-yZA spec. uniess otherwise stated. Any faulty item
CERAMIC FILTERS 7440 16 74118 85 74193 110 2% BY 2% 054 2% 1 6A ‘V;Xumaﬁ and in good condition within seven
SFE 6.0 MA 80 7441 68 74121 32 74195 100 ays will be exchanged or refunded
SFE 107 b 7442 88 74122 50 74198 180 2x 12v 2% 0-25A 2 x08A Back copies of Elektor eng
CFT 455B 70 7443 100 74123 70 74197 160 2x 15V .~ 2x0-2Aa 2x 0 6A Elektor EPS circull boards
SFD 4558 78 f 7444 100 74125 40 74198 250 2% 20V 2% 015 2% 0-5A available at pubilshed prices
7445 100 74126 70 74199 210 Subministure transformers ,Pg"f," valld to 31st March BARCLAYCARD
. 7446 100 74128 a5 2
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Capacitive discharge
electronic ignition kit

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

* Up to 20% better fuel consumption

Sparkrite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit torm. Tried. tested, proven, reliable
and complete. 11 can be assembled in two or three hours and fitted in
15/30 mins.

Because of the superb design of the Sparkrite circuit it completely
eliminates probiems of the contact breaker. There is no misfire due to
contact breaker bounce which is eliminated etectronically by a puise
suppression circuit which prevents the unit firing if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/560th of the norm. 1t will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of Yhe.contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of
blowing the transistors or the SCR. (Most capacitive discharge ignitions
are not completely foolproof In this respect). All kits fit vehicles with
coil/distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED

Ready drilled pressed steel case coated in matt black epoxy resin, ready
dritled base and heat-sink, top quality 5 year guaranteed transformer
and components, cables, coil connectors, printed circuit board, nuts,
boits, silicon grease, full Instructions to make the kit negative or
positive earth, and 10 page installation instructions.

OPTIONAL EXTRAS

Electronic/conventional ignition switch.

Gives instant changeover from “Sparkrite” ignition to conventiona!
ignition for performance comparisons, static timing etc., and will

also switch the ignition off completely as a security device, inciudes
switch connectors, mounting bracket and instructions. Cables excluded
Also available RPM limiting control for dashboard mounting

{fitted in case on ready built unit).

CALLERS WELCOME. For Crypton tuning and fitting service
‘phone {0922) 33008

PRICES INCLUDE VAT, POST AND PACKING.
Improve performance & economy NOW

NOTE—Vehicles with current impuise tachometers (Smiths code on dial RV1)
will require atachometer pulse slave unit. Price £3-35 inc VAT, post & packing |

Electronics Design Associates, Dept.| PE4
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33652

Name ..
Address

Totanrm ek
MKk, 2 DIY Ass. Kit@ :11.30%

Mk. 2 Ready Built Negative Earth @ £14.97

| enclose cheque/PO’s

for£

Cheque No.

Mk, 2 Ready Built Positive Earth @ £14.97

Ignition Chengeover switches @ £4.30 —
Send SAE if brochure
only required.

L A,P.M. Limit systems in above units @ £2.42
= == e . ol
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CMOS WITH DISCOUNTS!

Any “mix- 10 for 25.. 25 - for 100+ 33 for 1.000

Quartz Crystals
100kHz, MHz, 2-087152MHz, 3-2768MHz,
4-194304MHz, all same price £3-75.
32:768kHz TO5 can, £4-50.
S0Hz time base kit for clocks. etc. £5-91
‘Dalo’” pen, 75p.
000  0:20 4037 1- 0.24 14175 1-04 14528 1-22 | 'E' LED DISPLAYS
001 0% @3 1 17t 14194 197 14529 1.72 | DL-TO4EQ-Y 09
4002 ©-20 4039 2 0.85 14410 5.70 14530 0-9% | OL-7O7E 03 Top
4006 1311 w0 1 Q.24 14411 954 14531 1-74 | OL-TZBE 2x05 -0
4007 020 404 0 024 14412 17-07 14532 1.39 | DL-727E 2£20°5" £1-80
4008 107 4042 0 0-24 14415 7.35 14534 615 | DL-7S0E 06 5
003 080 (43 1 080 14419 2-67 1453 4:00 | DL-747E 06 -5
Q10 0 D 1 0-88 14422 4. 14537 0T
01 020 445 - 174 14435 7-93 14538 1.4 | REDLEDS
€12 0-20 4046 1 0-89 14440 11-58 14541 V.82 B 159
13 080 4047 1 2.08 14450 2-07 14543 162 | 02 e
4014 192 4048 0 1-16 14451 2:07 14549 410
4015 112 06 0 116 14450 6-51 14552 10-50 | CLOCK CHIPS
4016 080 4050 L] 493 14501 020 14553 488 | AY-5-1224A £3-50
017 112 451 ) 1.2 14502 1-38 14554 187 | MK 50253 €550
18 192 4052 1- 2:03 14503 0-7% 14555 1.01
@19 0-80 4053 1 1:76 14505 4-30 14556 1-0% SOLDERCON PINS
020 124 4054 9 298 14506 0-57 14557 4.65 100 80p
4021 112 4055 1 2:18 14507 0.8 14558 128 1000 £4-00
Q2 1.0 4% + 2:26 500 308 14559 410 2500 %75
@ 0-20 457 2 §-66 14510 151 14560 217
24 0-67 4059 (B 810 14511 474 14561 .70 | DIL SOCKETS 81416 PIN 15p
4025 0-20 4060 1 -1 14512 101 14562 S-S0
4026 192 4061 25 430 14514 347 14566 147 | TIMER 1.C.
027 080 462 10- 173 14515 347 14568 3-15 | NESSS 45p
4028 1:00 4083 9 226 14516 1-51 14569 372
4929 121 4066 0 2. 14517 4-02 14572 0-27 | PUSH SWITCHES
QX 080 4067 4 175 4S18 1M 14580 4:35 | Type SW9 15
431 246 4068 0 4.25 14519 0-§7 14581 420
oR 116 4063 O 418 14520 139 14582 164 | QP-AMPS
4033 1-55 4070 & 118 14521 277 14583 0-84 | CA 3130 (COS/MOS) -0
4034 1 4m L3 118 14522 215 14584 T1p | CA 3140 (BIMOS) 9%
403 1N 072 0 110 1526 215 14585 110 | 741 Minidlp
4036 308 073 0 1-08 14527 178
Terms: C W.Q. Add VAT to all prices at 8%. Post, etc U.K. 25p (+ 2p = 27p) per
order. Ali orders processed same day. Official Govt.. "Varsity, Poly.. etc. orders
(written or telephoned) welcome

GREENBANK ELECTRONICS (Dept. W4P)

91 New Chester Road New Ferry. Wirral Merseyside L62 5AG England
Tel 051.645 3391

DORAM KITS CONTAIN
EVERYTHING DOWN TO
THE LAST NUT!

A, 50W PA/Guitar
| ' AMP

Especially designed for general purpose
use with guitars, PA systems etc. This
amp will provide 50 Watts RMS into
8 ohms with harmonic distortion
level as low as 0.15%, Robust case
and load fault protection contribute
’ to the rugged design, which
# incorporates an IC mixer/pre-amp
{giving 2 separate inpuls} and a
thermally compensated power amplifier
£29.95 + H VAT Overall freq. response (—3dB) is 15Hz to
{Order code 997-011 ) 100K Hz with sensitivity 30mV for full

Subect o avalability output and 52dB sig. to noise ratio.

O'seas orders—add 15% for P+P. All items offered for sale subject
to the Terms of Business set out in Doram Edition 3 catalogue, price
60p. The Doram Kit brochure is also available, price 25p. Combined
price only 70p which also entitles you to 2x25p vouchers, each one
usable on any order placed to the value of £5.00 or more (ex VAT).
DORAM ELECTRONICS LTD
P.O BOX TR8, WELLINGTON RD IND. EST. LEEDS LS12 2UF

An Electrocomponents Group Company
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0F22 8F | Delay with:

0F23 FF Data

0F24 B8 Decrement & load AC
OF25 04 [ from PC +Disp.

0F26 9C | Jumpif AC#0 by:
oF27 F& [ -8

0F28 3F Exchange P3 with PC
0F29 10 Loop counter

The instruction at 0F24, B8, decrements the number at the
specified location and loads the AC with the result. By
changing the loop counter initial value delays of up to
67 seconds can be obtained.

SOUNDS

Unlikely as it may sound, an ordinary transistor radio is a
useful tool for the microprocessor programmer. Consider
what happens on running the following program:

Address: Contents: Comment:
0F30 8F Delay with:
OF31 FF Data
0F32 90 Jump by:
0F33 FC [ —4

The program can never exit from the loop, each time
jumping back to 0F30. On beginning execution at 0F30
the keyboard display will go blank and nothing ostensibly
happens. Now place the transistor radio near to the
circuit board and turn it on. A click of about 3Hz will be
heard corresponding to each jump, due to radiation by
the circuit's power supply lines. By decreasing the delay
parameter at 0F31 a higher pitch may be obtained; for
example, 06 gives a note near middle C. More complex
programs have been devised to play tunes, and below is a
program that generates a note which rises in pitch more
and more rapidly; it is left to the reader to work out how!

Address: Contents: Comment:
0F20 C4 Load AC with:
0F21 00 0
0F22 8F Delay with:
0F23 o1 1
0F24 B8 Decrement & load AC from PC+
0F25 0B +0B
0F26 9C Jump if AC#0 by:
0F27 F8 —8
OF28 B8 Decrement & load AC from PC +
0F29 F8 —8
0F2A 9C Jump if AC#0 by:
0F2B F6 —0A
O0F2C B8 Decrement & load AC from PC +
0F2D F6 —0A
OF2E 90 Jump by:
OF2F Fo [ —10
0F30 00 Loop counter

Although crude, this method of listening to a computeris a
useful one; infactin the early days of computers the radio
was a standard piece of fault-tracing gear. For more
serious music synthesis the flag outputs on the micro-
processor can be fed to the input of an audio amplifier;
these outputs are controlled by loading the status register
with suitable numbers.

DISPLAY INTERFACE

The keyboard and display look to the CPU just like a row
of eight consecutive memory locations, 0D00 0D07; see
Fig. 1. To illuminate a digit, a binary number is stored in
the location corresponding to that digit (0D00 is the right-
most digit). Each ofthe lower seven bits of the number con-
trols the illumination of one of the segments of the display
digit; when set to 1" the segment is lit, "0"" not lit. The
Jowest bit controls the “a'' segment through to the highest
but one which controls the "'g'' segment.

In this way any combination of the seven segments, not
only the numerals, may be formed. Only one display is
iluminated at a time. The following program illustrates
how this works by generating a character moving along
the displays and changing as it goes:

Practical Electronics  April 1977

BEGIN
AT OFt4
NEW TRIAL

LOAD AC
FROM OF0S

EXCHANGE
ACSE

DELAY
LEAVING AC=FF

' STORE 00
T0 OFOC

STORE 00
T0 OFQE

DELAY TO MAKE
LOOP 70 1 mSEC

KEYBOARD KIT PROGRAM

DISPLAY (ONTENTS
OF OFOC & OFOE

DECIMAL ADD 1
T0 OFOC

ADD CARRY
T0 OFOE

LOAD AL FROM
KEY LINE 0D03

Fig. 3. Flowchart for the millisecond reaction timer
program, which consists of three basic parts: the
random delay, the millisecond counter, and the dis-
play section

Address: Contents: Comment:
0F20 8F Delay with:
0F21 40 Data
0F22 A8 Increment & load AC from PC +
0F23 02 +2
0F24 Cc9 Store AC to P1 +
0F25 00 Counter
0F26 90 Jump by:
0F27 F8 —
OFF9 oD Sets P1H
OFFA 00 Sets P1L

On entering the program the Keyboard Kit Program puts
0D00, the first display address, into P1. The displace-
ment at 0F25 selects one of the eight displays, and the
character is illuminated by the store instruction at 0F24.

THE DISPLAY ROUTINE

One part of the Keyboard Kit Program, the Display
Routine, reads the data in locations 0F00 to O0F07 of the
RAM and uses these to light up the eight display digits
in the way just described. This routine cycles repeatedly
through the eight displays, giving an apparently con-
tinuous display, until a key-press is detected. Then the
routine jumps either to the address in P3 (if a command
key was pressed) orto P3+2 (if a number key was pressed).

Since this part of the ROM is written as a subroutine,
one's own programs can use it to display the results of
calculations, interpret key-presses etc. It assumes that
P2 points to the first digit code, normally 0F00, and it
takes the eight words as the eight digit codes. By altering
the value in the P2 register before entering the Display
Routine, eight codes stored at a different starting address
can be displayed.

The exercise in the SC/MP Keyboard Kit Users' Manual
demonstrates this; on jumping to 0185 (the start of the
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Display Routine) the codes previously entered in locations
OF20 to 0F27 cause ‘did good'' to be displayed.

Another useful part of the Keyboard Kit Program,
Address to Segments, takes the two words in P2+ 0C and
P2+ 0E and generates the four segment codes for the four
hex digits in them. The final program given below uses
this, which starts at 015A, to display the reaction time.

REACTION TIMER

The following program measures reaction times to the
nearest millisecond, using one of the keys on the keyboard
as the response button. After an unpredictable delay of
between 2 and 30 seconds a segment lights up on the
display. At this instant the program starts counting in
milliseconds until the subject presses the “MEM" key.
Then the reaction time is displayed (in decimal) as four
digits on the display. Pressing the "0 key resets the
program for another attempt. The flowchart of Fig. 3
should make the operation clear.

Reaction Timer Program
Address: Contents: Comment:
OF14 Cc2 Load AC from P2 +
0F15 05 Disp.
OF16 01 Exchange AC and E
OF17 8F | Delay with:
OF18 A0 [ Data
0F19 02 Clear carry bit
OF1A 70 Add Eto AC
0F1B 9E } Jump if AC#0 to P2 +
0F1C 15 Disp.
0F1D Ca } Load AC with:
OF1E 00 Data
OF1F CA | Store AC to P2+
0F20 0C [ Disp.
OF21 CA } Store AC to P2 +
OF22 OE Data
0F23 C4 | Load AC with:
OF24 A5 [ Data
0F25 8F 1 Delay with:
0F26 00 f Data
0F27 02 Clear carry bit
OF28 C2 1| Load AC from P2 +
0F29 0C f Displ.
OF2A EC )| Decimal add to AC:
0F2B 01 [ Data
0F2C CA | Store ACto P2+
0F2D 0C [ Disp.
OF2E C2 1 Load AC from P2 +
OF2F OE [ Disp.
0F30 EC | Decimal add to AC:
0F31 00 [ 0 (and carry bit)
0F32 CA Store AC to P2 +
0F33 OE Disp.
0F34 C1 Load AC from P1 +
0F35 03 Disp.
0F36 F4 | Addto AC:
0F37 o1 [ +1
OF38 9A | Jump it AC#0to P2 +
0F39 22 Disp.
OF3A C4 { Load AC with:
0F3B 01 [ Data
O0F3C 37 Exchange AC and P3H
0F3D C4 | Load AC with:
OF3E 59 [ Data
OF3F 33 Exchange AC and P3L
OF40 3F Exchange P3 and PC
O0F41 92 } Jump to P2 +
OF42 39 Disp.
0F43 92 | Jumpto P2+
OF44 13 [ Disp.
OFF9 0D Sets P1H
Display & keyboard
OFFA 00 Sets P1L
OFFB Sets P2H
RAM
O0FFC 00 Sets P2L

306

NEWS BRIEFS

Microprocessors at Seminex '77

A1 THIS year's Seminex London symposium, from
April 18 to 22, special attention is being given to the
developments in microprocessors.

Held in the main theatre of the Imperial College, three
of the five days symposium will be devoted to six sessions
(two cach day) on various aspects of microprocessors.
These sessions have been composed in association with
SERT and are designed to attract delegates on a one. two
or three day basis.

The microprocessor programme runs from April 19 to
21 and its contents are as follows:

Day  One—Introduction, Some  Microprocessor
Svstems:  Day Two—Svstem  Development  and
Design Aids, Latest Developments in Design. Day
Three—High Performance Applications. Using the
Microprocessor.

Other subjects being covered during the symposium are:
Digital 1.C.s (7 papers), Linear 1.C.s (& papers), Hybrids
and Optoelectronics (6 papers) and Power Semiconductors
(7 papers).

Further details and procedure for obtaining tickets to
the Seminex 77 London Symposium can be obtained from
Seminex Ltd., 2 Old Stone Link, Ship Street, East Grin-
stead, Sussex, RH19 4EF.

POINTS ARISING

CINE/TAPE SYNCHRONISER (October 1976)

It has been brought to our attention that the

motors fitted to some types of cine projector are

- not capable of being started on load. Constructors

should therefore check that their projectors are
suitable before using the Auto Start circuit.

GAMES MACHINE {December 1976)

In Fig. 3, page 971, the pin connections for the
plastics encapsulated uA7805 are shown incorrectly,
Pins 2 and 3 should be transposed. Pin 1 is correct
as shown.

CAR EXHAUST MONITOR (January 1977)

We understand that some readers have been
experiencing difficulty in obtaining the gas detector
type TGS 308. This device can be obtained from
Trampus Electronics Ltd., 58-60 Grove Road,
Windsor, Berks. SL4 1HS. (See advertisement on
page 70 of the same issue),

SOLAR HEATING SYSTEM CONTROLLER
(February 1977)

The system shown in Fig. 1 is intended only to
show the general principles of solar water heating.
A practical system requires a number of additional
features, such as expansion and header tanks.

A list of solar heating manufacturers and install-
ation consultants is published by the International
Solar Energy Society (UK Division), Royal Institution,
21 Albemarle Street, London W1.

In Fig, 4, the track fourth from the top of the
board should be deleted, and the three tracks above
it (and their connections) moved down by one space.
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SN7406  0-59 | SN7425  0-30 |[SN7448  0-89 | SN7476 ©0-39 | SN7493  0-49 [SN74141 0-80 [ SN74167 4-20 | SN74199 2-28 POTENTIOMETERS 1k-2MN
SN7407  0-59 [ SN7427  0-30 [[SN7450  0-21 | SN7480  0-55 | SN7494  0-85 [SN74145 0-83 [ SN74174 0-98 | SN76003N 2-28 Lin of Log (E3 Single  Double
SN740B  0-22 | SN7430  0-29 | SN7451  0-21 | SN7481  1-25 | SN7495  0-61 [SN74150 1-66 | SN74175 0-98 | SN76013N 1-90 Rotary Pou(no 1K Log) 250 7
SN7409  0-22 | SN7432  0-20 [ SN7453  0-21 | SN7482  0-77 | SN7496  0-88 [SN74151 0-85| SN74176  0-98 | SN76023N 1-91 Rotary Switched ssp -
SN7410 0-21 | SN7437 0-43 | SN7454 0-21 'SN7483 1-04 | SN74100 1-23 |SN74153 0-85 | SN74180  2-96 | SN76033N 2-50 Sliders asp 50

v Preseta Hor. of Ver. 01wep 0-3W12p

MICROPROCESSOR SYSTEM cowroNEnTs Fon " EE

SC/MP INTROKIT £68-61 oxc. VAT SC M P KEYBOARD KIT ) £65-84 exc. VAT * PROJ ECTS *
Budget VDU lor Teletype substitute. The calculator type Y:

Budget introduction to SC MP microprocessing— 3 i QUR NEW CATALOGUE LISTS AN EXTENSIVE
Boarg, CPU, Memories. Crystal, etc. Built-in dobuggmg keybord provides manual VO commands to Introxit RANGE OF COMPONENTS AND ACCESSORIES
Complete with y data and Fuli instruction and data supplied with each kit. Com- (NVALUABLE INFO ON PIN CONNECTIONS ETC

National Semlconduc!crs DATA PACK £1-50 plete kit easily mates with cassette recorder. CRYSTALS CASES TRANSFORMERS
cPU RAMS ROMS Low CROKES  BODKS  INOICATORS
CHIPS ) S
ISPBA/500D0  15-50 2101-2 16 21112 414 MM5204 32-30 2513 8-00 POWER éﬁg&ss gf}f"s HAROWARE
INISB080A 23-45 2102-2 2:3¢  2112-2 414 MMS5214 26-85 1702AQ 10-80 SCHOTTKY B :(cisE REMEMBER TO ADD VAT TO OROER

ALL PRODUCTS FULLY GUARANTEED TO MANUFACTURER'S SPECIFICATIONS IN STOCK POST AND PACKING CHARGE 20p
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Strong. rigid brackets
“Click” in at any height _

Cables goinside the

uprights.

Lamps and

switches

wherever

YOU e
need them

shelving system. .

Buy Click at Habitat*. Or post this ad with your name
and address for our new FREE colour leaflet.

Click Systems Ltd.,
Low Moor Road, Kirkby-in-Ashfield, Notts NG17 7LH
I *and other stockists — hist with leaflet. In Eire. from Stock shops. l

SOLDERLESS BREADBOARDING — DECS

The famous DEC System of Solderless Brsadboardmg 18 deal for both the young and
more mature students of E! ing as it circuits to be tried and
tested without the use of soldering and because of the specially designed contacts
allows components to be used over and Over again It is atao extremely useful for the
Circuit Designer who wishes to experiment with and perfect his circuit quickly yet
economically.

S-DEC (Model PB11)

This. the most popular Board, 1s designed solely tor the use of
discrato components and is particuiarly usetul for basic educational
PUIPOS:

(No. of Con(scls m 1 off £1-98
501 £1.76

_T-DEC (Model PB21)

This Board allows 2 TOS or 1 DIL IC Station 10 be used and so i1s
primarily ntended for discrete work or for hinear iIC application

where considerable of dis D may be

reguired

(No of Contacts 208) 1 oft £3-82
5off £3-21

M -DEC ‘A’ (Model PB31)

The u-DEC 'A’ is specially designed for ease of use with IC s and
allows 2 DIL or 4 TO5 stations to be used but will accommodate
discrete components with equal facility
(No. of Contacts 208) 1 oft £3.-97
5 off £3-53

U .
M-DEC ‘B’ (Model PB41) -
The u-DEC B’ 1s for similar uses as u-DEC A  but has two 16 lead ‘
IC sockets as part of the Board | ott 6.7 N
SO

No of Contacts 208) =
‘ soft£6-19 g
DEC ACCESSORIES
16 DIL adaptor {with socket) PB062 £1-92
10 TOS adaptor (with socket) PB072 £1-80
Single ended leads (set of ten} PB10t £0-90
Double ended leads (set of ten} PB102 £0-99
1mm plugs (set of ten) PB103 £0-45
All prices include 8% VAT, P &P 25p

Qur retail counter 18 now open stocking a large vanety of audio and electronic parts
d accessories, branded and surplus
WE ARE SITUATED 2 MIN. WATFORD JUNCTION STATION
\E

THE COMPONENTS CENT!
7 Langley Roagélyvv?;tf'grfzsggrts., wD1 3PS.

A MINIATURE POWER TOOL

to speed your bu:ldlng

Super 30 Kit (30 Tools) (incl.
dritl without stand)
£17-62 plus P. & P. 85p

Mk. It Drill Stand
£4:40 plus P. & P. 35p

Mk. Il Drill only
£8:79 plus P. & P. 35p

Flexible Drive Shaft
£546 plus P. & P. 25p

Transformer 240V a.c./12V d.c.
£€6 plus P. & P. 70p

Variable Speed Transformer

£8:25 plus P. & P. 70p
Replacement drills, stones, burrs,
etc. 40p each. Circular saw blades
50p each. £2 per set of 4 sizes.
P. & P. any quantity 20p.

All VAT inclusive

PREGISION PETITE

308

LTD.

119a High Street, Teddington, Middlesex TW11 8HG
Tel. 01-977 0878 (24-hour answering service)

9” x 4” S.A.E. please for leaflet and order form

* TELEPHONES-—Modern style 706 Black or two-
tone grey £4-50 each Older black style £9-50 each,
P. & P. 75p. All with bells and dial.
* SEMICONDUCTORS—AIl at 8p each*. P. & P.
extra. Guaranteed all tull spec. devices. Manufac-
turer’'s markings-
BC147; BC158; 2N3707, BC107, BF197, BC327; 2N4403;
BC172B, BC2618, 802518 BCMB BC171A/B.
2N3055RCA 50p each. P. & P
2N5879 with 2N5881 Mo(orola 150 watt. Comp. pair
£2 par, P. & P. 15p.
“* Linsar amp 709 25p each, P. & P. 8p.
* BEEHIVE TRIMMERS Y30pF. Brand new. 10 off
40p, P.
* TRIMMER PACKS As previously advertised. 25p
each, P. & P. 15p.
* Meter PACKS—3 difterent meters £2, P & P. £1.
DON'T FORGET YOUR MANUALS., S.AE. with
requirements.
GRATICULES 12 x 14 cm high quality plastic 15p
each. P. & P. 10p.
* CAPACITOR Pack 50 Brand New components only
50p, P & P 48
* b Elecnonlc Goodies £1-80, post paid.
* High Value Printed Board Pack—hundreds of
components, transistors, etc.—no flat to the board
transistors £1-65 post paid.
* 1000f Feed thru Capacitors 10 for 30p. P. & P. 15p.
HIVAC Min Neons. Approx 60V Brand New. 10 off 20p,
P. & P extra.
% POT PACK. All Brand New Modem qula and
Ganged. Our choice. 7 for 25p. P. & P.
FIBREGLASS BOARD PACK. Mora board—tm
monepy Lavger pieces. Not less than 2-5 sq ft for
95p,
DON'T FORGET YOUR MANUALS—S.A.E. with your
requirements.
TRANSFORMERS—AII 240V 50HZ
inputs
Type A 17-0-17V 250mA 7-5-0-7-5V 250mA 0-20V
5 amps; 04V 5 amps, 0-1-1-5V 5 amps. £2 each,
P &P.£1:25
Type B 17-0-17V 250mA, 8-0-8V 250mA; 0-12-5-13-5V
5 amps, 0-1-5-2V 5 amps. £1-50 each, P. & P. £1.
Type C 19-0-19V 250mA. 8-0-8V 250mA. 0—7 5V
5 amps, 0-1 4V 5 amps, £1-25 each, P. & P. £1-25
* VAT 12{%. otherwise 8%
Mimimum order £2 E£xcess postage retunded

ILTMEAD L TO
7/9 ARTHUR ROAD, READING, BERKS.

{rear Tech College) Tel. Reading 582605

Access

N
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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
Coles 4001G

Coles 4001K

Decca London ribbon horn

Decca London CO/1000/8 crossover
Decca DK30 ribbon horn

Decca CO/1/8 crossover (DK30)

EMI 14 x in bass 8 ohms. 14A770
EM! 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, roll surr., 8 chm
Elac 10in 10RM239, 8 ochm

Eagle FR4

Eagle FR65

Eagle FR8

Eagle FR10

Eagle HT15

Eagle HT21

Eagle MHT10

Eagle FF28 Muiticell 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-
£14.
£21.
£25-
£17-
-00

£15

£22-
£12-
£21-
£25-

£9-
£12-
£15-
£18-
£20-
£18-
£18-
£26-
£39-

£7-

£13-
£5-
£5-

£31-

£20-
£4.

£14.

£3-
€6
£3-
£3-

£3.
£6-
£11.
£14.
£18-
.
£5-
£5-
£7-
£5-
£9-
£12-
£16-
£19.
£21-
£33
£42-
£44-
£54-
£64-

00

00
75
50

50
50
00
75

95

75
95
50
95
95
75
95
95
95
95
95

SPEAKERS :

Fane Crescendo 18, 8 or 16 ohm
Fane 910 Mk H horn

Fane 920 Mk tl horn

Fane HPX1 crossover 200W
Fane 13£ x 8in, 15W dual cone
Fane 801T 8in d/c. roll surr.

Gauss 12in
Gauss 15in
Gauss 181n

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

Kef B200

Ket B139

Kef DN8

Kef DN12

Kef DN13 SP1015 or SP1017

Lowther PM6

Lowther PM6 Mk 1

Lowther PM7

Peerless KO10DT 4 or 8 ohm
Peertess DT10HFC 8 ohm
Peerless 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 Altan CG15 15in bass
Richard Allan Super Disco 10in 5¢ watt
Richard Allan Super Disco 8in 50 watt
Radford BD25

Radford MD9

Radford MD&

Radford TD3

Radford Cross Over Network

Tannoy 10in Monitor HPD

£75-
£15-
£45-
£2.
£5-
£9-
£132-
£139-
£140-
-50
-95
-00
-60
-50
-95
-50
-75
-75
-00
-00
-00
-95
-95
-25
-25
-50
-75
-95
-95
-95
-15
-25
-95
-00
-00
-60
-25

£16-
25

WILMSLOW AUDIO

HE Firm for speakers!

95
75
95
50
50
50
00
00
00

-50
75

-50

-25
-95
15
-95
-50
-25
-95
-95
-95
-95

95

Enciosures’ book.

£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-
promise (Frisby), Hi-Fi News State of the Art, Wireless
World Transmission Line (Bailey), Practical Hi-Fi and
Audio Monitor (Giles), Practical Hi-Fi and Audio Triangle
(Giles), Popular Hi-Fi (Colloms), etc.

On dem. Answers Monitor, State of Art, etc.
Construction leafiets 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 Loudspeaker

Tannoy 12in Monitor HPD £87-00
Tannoy 15in Monitor HPD £103-00
SPEAKER KITS

Baker Major Module 3, 8 or 15 ohm each £18-00
Fane Mode One Mk Il 15W each £10-35
Fane D40 Disco Kit each £19-95
Goodmans DIN 20 4 or 8 ohm each £15-75
Goodmans Mezzo Twin Kit pair £51-95
Helma XLK 30 pair £21.-95
Helme XLK 35 pair £26-75
Helme XLK 40. pair £38-50
Kefkit 1 parr £59-50
Kefkit 11§ each £56-00
Peertess 1060 pair £61-50
Peerless 1070 each £54-95
Peerless 1120 each £61-50
Peerless 2050 pair £43-95
Peerless 2060 pair £58-50
Richard Allan Twin assembly each £13-95
Richard Allan Triple 8 each £20-75
Richard Allan Triple 12 each €25-95
Richard Allan Super Triple each £29-50
Richard Allan RA8 Kit pair £37-80
Richard Allan RA82 Kit pair £59-40
Richard Allan RAB2L 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-FI
ON DEMONSTRATION
in our showrooms:

Akai. Armstrong. Bowers & Wilkins, Castle, Celestion.
Dual. Goodmans. Kef. Leak, Pioneer. Radford.
Richard Allan, Rotel. Tandberg. Tno. Videotone.
Wharfedale, et¢c —ask for our Hi-Fi discount price
list.

THIS MONTH'S SPECIALS! (Carr £2 50)

Videotone Minimax i £43-00
Sansui 331 £114-00
Pioneer 7070 a £198-00
Trio KR 2600 £109-00
Sugden A21 £130-00
Minimax Mk Il £46-95
Sansu) SC2000/2002 £160-00

We stock the complete Radford range of amplitfiers.
preamplitiers, power amplifiers. tuners. etc., and
also Radford Audio Laboratory eguipment. low
distortion ascillator. distortion measuring set, audio
noise meter. etc.
ALL PRICES INCLUDE VAT
(PRICES CORRECT AT 9/2/77)
Send stamp for free 38 page booklet ‘Choosing a
Speaker'”

ALL UNITS GUARANTEED NEW AND PERFECT
Carriage and insurance. Speakers up to 12in 60p.
12in €1, 15n £1 75, 18in £2 50 Kits £1 each (£2 per
pair) Tweeters and Crossovers 33p each.

WILMSLOW
AUDIO

Dept PE

Loudspeakers, mail order and export:
Swan Works, Bank Square, Wilmslow.

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

PA, Hi-Fi and Accessories: Wilmsiow
Audio, 10 Swan Street, Wilmslow,
Cheshire.

Telephone: Loudspeakers, mail order and
export—Wiimslow 29599; Hi-Fi, Radio,
etc. —Wilmslow 26213.

Access and Barclaycard orders accepted by phone
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GREENWELD

443 Millbrook Road Southampton
SO1 OHX Tel(O703) 772501

All mail orders and callers 1o this address please—,

llers only to 21 Deptford

;MW 0
Pack D. all 0 tin plmnz

V1A g
250V 24A wp 2oov SA 70p.
ZY88

Broadway. SE8 (Tel 01-692 2009) and 3i ddisbgmbe Road, Croydon

44 PAGE CATALOGUE :i_EElDS o, 5/ 1040p: 100:83-50. OIL
in Inserts, Sp 3 +50.

10P + LARGE S.A.E. rotay. 3 7 T0y2- 80, d

Free with orders over £3
DIGITAL I.C.s

7400 12p 7450 15p 7495 73p
7601 14p 7451 14p 7496 8Sp
7402 14p 7453 14p 74107 37p
7404 17p 7454 14p 74121 3p
7405 23p 7460 14p 74122 S1p
7406 28p 7472 29p 14123 S4p
7408 V4p 7473 29p 74132 S6p
7410 13p 7474 29p  74150173p
7413 2p 7475 Sip 74154 144p
7414 62p 7476 Mp 74155 73p
7420 14p 7483 91p 74157 68p
7430 14p . 7486 40p  74150200p
7432 18p 7490 48p  74174110p
7437 18p 7491 75p  74179120p
7440 15p 7492 S2p  74180120p
7447 84p 7493 S52p  74367120p

SLDZ‘ZB dual 128 bit static shift register

DIL Sockets—8 pin 12p; 14 pin 1
16 pin 14p. 100 + less 25% e

LINEAR I.C.s

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

Plastic Voltage Regulators:

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

TRANSISTORS

AC127 15p BC183 12p 2N2646 52p
AC128 15p BC184 12p  2N2826G 12p
AC176 16p BC212 14p  2N30S3 18p
AC187 18p BC213 tap

AC188 18p BC2t4 tp

AD161  35p  BCY?0 15p

AD162 35 BCY!1 15

BC107 10p BCY72 15p

B8C108 10p BD131 38p

BC109 1W0p BD!32 40p

BC109C 15p BFY50 15p

BC147 10p BFY51 15p

B8C148 10p BFYS2 15p

BC143 10p  TIPA1A 60p

BC157 10p TIP42A 75

B8C158 10p  TIP2955 96p

B8C159 10p  VIP3055 42p

B8Ci81  18p 2N2213 28p

BC182 12p 2N2369 22p -
VEROBOARD ™.

Good sizg"offcuts, all packs contain 1
~in. (About 8 pieces) All packs £1-20.
kA, all 0 hin pitcl

15

ight  11b £3-45;
7 sheels t‘-DO; 0 15 £1-607

0-1in or' @ 15N pins, single or double

sided 35p/100

DIODES'AND LEDs AND SCR's

500V SA 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,
yallow or amber 24

1N4002 Sp; 1N4004 6p;

10Ibs £30.

1N4007 9p;

1N4148 4p BY127 128A9}050V 03:471‘209
p: P
40p;

400V 3A 15p; OA81 5p;

Zeners. B All

Carbon film 5% W miniature. Afl values
in E12 senes from 101 to 10M1 (over
1M0 10%) 13p each.

Metal Film 5% 1W. All values in E12
series from 270 to 10MN 24p.
Sub-min  presets, vert. or
values from 20(1 to 4M70}, 7p.
Standard pots, lin or log, 22p.
Wirewound 24W 0-25, 0 33, 0 47 101 8p.
Wirewound SW all values from 10l to
47K 10p each

TRANSFORMERS

6-0-6V 100mA 90p: 3-0-9V 100mA 95p;
12-0-12V 50mA 90p; 12-0-12V 100mA £1;-
12-0-12V 1A £2-80; 20V 55mA 80p; 22V
100mA £1; 29V 50mA 85p; 6 3V 13A £1-95;
6-0-6V 1}A £2-30; 12V 150mA B0p; 17V 1A
£1-80; 25V 1}A £2-30; 30~0-30V 1A £3-70.

horiz. all

WIR

RF CHOKES

0 75, 2 95, 6 8. 10, 22, all 10p each, 1 5.
25.50.7 5 10mH. all 30p each

CAPACITORS
Ceramic plate, 22pF to 1.000pF 2p;
polyester 1.000 1o 6.800pF Sp: 0-01

4p; 015, 0-22mF Sp; 0 33 6p; 0-4

0- SG 10p; 1mF 12p; 2-2mF 16p; 3- 3mF
. 1,000pF feedthrough Sp.

1% 1,000pF, 10,000pF 15p; 0-1uF, 0 2uF,

0 25uF 30p; 2 2uF 58p.

Polystyrene 10pF to 1.000pF 4p; 1.200pF

to 10.000pF 6p. All 2;%

Electrolytics:

All 25V:0-47, 1, 2-2, 4-7. 10, 22, 33, 47uF

7p. 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 8p; 220uF 12p; 330uF 14p;

470uF 17p; 1.000uF 30p; 2,200uF 58p;

4,700uF {can) 72p

Tantalum Bead: ufF/V 0-1, 0 22, 033,
0-47, 0'68, 1, 1-5, 2 2. 3-335V 4-7/25,
6 8/35,10/25,15/10. 22/16. 33/10, 47/6. 68/6.
10073, 129 esc T e

-
BREADBOARD !
S-DEC Breadboard
-DEC Breadboard £3-75.
Special price to colleges etc. for

quantities—ring for quote.

CALCULATORS—£2-75!

There has 'o be a catch—these Rapid-
man 1208 machings are a mains-
powered desk top calculator with 0-9
and dec point. and 7 function keys inc
%, but the lquid crystal display s
missing However, apart from this they
are complete with PSU, 3 ICs + discrete
components. Overall size 11 A th :g_’ain
Qaly £2-75. - ]
KEYBGARDS ™
Front half of calculator. really Case
130 ~ 75mm has dispiay window. 2 shde
switches and 25 keys. Only £1.
DISPLAYS

Brand new 7-segment LEDs. § MAN3M
on PCB with muitiplexed output £1-35.
VEROBOXES AND CASES

Professional 2 part boxes made of dark
and light grey high impact polystyrene.
£2-05

2518 120 x 65 x 40mm
2520 150 = 80 x 50mm £2-40
2522 188 x 110 x 60mm £3-15

Sloping front varsion, ideal tor mixers
2523 220 x 174 x 100/52mm £5-75
Cases, white plastic top and bottom,
front and back aluminium panels that
slot in Type,

1410 205 x 140 = 40mm £3-20
1411 205 x 140 x 76mm £3-60
1412 205 x 140 x 110mm £4-55
1237 154 x 85 x 40mm £2-00
1238 154 x 85 x 60mm £2-50
1233 154 x 85 x 80mm £3-00

Small general purpose plastic boxes
1413 71§ x40 x 24mm 36p
PB1  115x75x 36mm 52p

DEVELOPMENT PACKS

Save £££fs by buying a full range of
components at one go' Al full spec
marked devices no rejects or old stock
S0V ceramic plate capacitors 5% 10 of
each value. 22pF to 1000pF Total 210
capacitors £2-70.

CR25 carbon fiim reststors. 3 watt 5%
10 of each value 10{2 to 1M{! total
610 £6-00.

Extended range 1
resistors £8-30.
Electrolytics. wire ended 25V working
10 each of 1.2 2 47.10. 22. 47 and
100mF 70 capacitors for £3-20.
Zeners 400mW 5° BZY88
3V to 30V totai 260 £14-00.

3 pack 5 of each vaiue £8-20.
Tantalum Bead caps 14 vatues from
0135 to 1003 10 of each total 140
caps £12:00.

ohm to 10M 850

10 each

ORIO

stereo
tuner

R ]
s

LOCAL
6w

e

Complete set of semiconductors £4-99

ZN414 radio microcircunl
ZN424E low noise audio | ¢
ZN425E* O 1o A converter

Mullard LP1186 tuner head
High quality glass fibre P.C.B.

ORION AMPLIFIER

Complete set of semiconductors £9-40
High quality glass fibre P.C.B.

Both the above PCB's are screen printed with component locations.
FERRANTI ZNA116E DVM L.C. only £6 +8% VAT with circuits
and data. Send S.A.E. for our list for the P.E. D.V.M.

BZV zeners BFS98 18p ZTX107

all types  10p  MS4A*  £1-38  ZTX108
BC415P 179 25170 13p  ZTX109
BFS60 159 28178 s4p  ZTX212
BFS81 189 28271 23p  ZTX213
BFSST 15p  ZTXA20 10p  ZTX214

E‘ 00
£3-50

PE TV SOUND SEPARATOR
Complete set of semiconductors £2-30. High quaiity glass libre pc b £1.

PHASE LOCKED STEREO DECODER

To Motorola lpoclﬂcatlon COMPLETE KIT ONLY £3-50, including MC1310P, glass fibre p.c b all

£775
£2:45

£2-99

Mp  ZTX239 0p  MOTOROLA
% ZTX320 16p  BDEYI*  £1-14
1P ZTX384 \’p  BD700°  £1-28
15p  ZTX450 180 MCI1310P £1-80
18P ZTX550 18p  MC1357PQ £1-88
1P 2N3055° 70p

‘We can supply any FERRANT! semiconductor device to order S AE for st
FERRANTI CDI INTEGRATED CIRCUITS AH with circults and data

ZN1034E* precision timer i ¢
ZN1OA0E* yniversal count display 1 ¢

£1-80
£7-50
ZNAT03E £21-00

resistors and

naw and to full manufacturer's spec.
sheet and price liat,

DAVIAN

and tull

POSTAGE AND PACKING ‘Sp per order. Ofdin over £5 pol! free. All devices are top grade. brand
We do not sell seconds or rejects. Send S A.E for data

. PRICES DO NOT INCLUDE VAT—ADD 8% TO ITEMS MAAKED * AND 12{% TO ALL OTHERS

ELECTRONICS

|_ 13 Deepdale Avenue, Royton, Oldham, OL2 6XD. {Mail order only) e

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

All prices quoted include VAT at 8 or 12}%. Add 20p postage on orders under

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

enquiries. 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.

CRESCENT RADIO LTD.

164-166 HIGH ROAD,

WOOD GREEN, N22 888-3206

(also) 13 SOUTH MALL, EDMONTON, N.9 803-1685
MAIL ORDER DEP

| ST. MICHAELS TERRACE, WOOD GREEN

LONDON_ N22 45J

P hone 888-4474

3 KILOWATTS PSYCHEDELIC
LIGHT CONTROL UNIT

Three Channel: Bass, Middle,

connect the input of this unit to

*C100™ 100 WATT AMPLIFIER

Al built and tested, mounted on a plain aluminium

. ] chassis which mcasures 18 X 45 X 4in, and which
3‘:?]2‘6"5{3‘?;:‘Fh'_’;"‘("rl‘l]‘“‘:I ’t' you can mount into a cabinet of vour choice.
EIRCONTRG SRS Four controlled inputs, master volume. treble,

Our Price 85p + PP + VAT

£3'44 + 12}°, VAT.

| N middle and basws controls,  ®/C protectedd output.
the loudspcaker terminals of | 1008 clean ity 8 ohun 15 deal for - disco,
2501 up to 1000W lamps {o | 7USiC groups PA. andcluls .
the output terminals of the A bargain at £48 4 £ varr. + 8% VAT,
\m:t. and you produce a fasci-
nating  sound-light  display. GOODMANS 8in HEADPHONES
(Al guaranteed.) LOUDSPEAKER MONO
£18 50 plus 73p. PL& P4 Yy Goodmans  ‘‘Audiom | Stapdard Headset
8PA’ Bass L speuker, | Type G1103. imped-
- | FERRIC CHLORIDE impedance 5 ohmi. | ance 2,000 obmes ¢ach
Anhydrous ferric chloride in §power handling 15W | earphone. Price £1'50
doublc sealed one pound paly nominal NDur  price | 4+ 12t%, VAT per

pair

at 8% per 1b.

BARGAIR PROJECT BOX

A plastic box with moulded ex
trusion rails for PC or (hassu
panels with metal front plate
fitted with four serews (all
supplied). Our Pricc §0p +8%

Switched 3

PPI POWER SUPPLY UNIT
4! Ty O and 12V at 500 mA.

With onjoff  switeh and
pifot light
R Size: 130 X 50 X i3 mm

“only £5°50 4 8% VAT

EFFECTS PROJECTOR “*150"
No disco should be without our

a,c 50
laD\V Htandard Lens 60 1,

o

Tm, 7

AUDIO LEADS + 12!°, VAT

Good quality audio connecting leads at woderate

new effects projector, we helivve prives: L1 5-pin NIN plug 1807 ta 5-pin DIN
that this i« the mo=t versatile plug I8 length approx. {-2m. 80p; L12 5-pin
machine for projecting coloured I HIN plug 150t open end, dength approx. 1-2m,
images to supplement your @5p; LI4 2-pin DIN plug to 2-pin DIN line
musk Spec.: Volls—2 0 <ocket. length approx. dui, 80p; L16 2-pin DIN

Uz, Lamp -A1ji67 plug Lo 2-pin DIN line socket, length approx.

2 L11 Sepin DIN plug 1807 to four phono

A sturd\ metal construction and plugs, length appros. 1-2m, £1° 10p: L1i0 5-pin
takes a range of lensesand acces- | DIN plue 180 o four phono line cockets, length
soties Com approx. 12, £1°20; L2101 stereo headphone
complete with i1 | oxfension tead (curly type), fength approx. 204t
:‘;yh:i?zle an\n: ;f;;!i\- £1°50; L22 puitar lead (curly type). length
se. A hargain approx. 2 £1-60. Various other combinations

a"o £27 4 VAT '(pO‘:'kell. Prices on reqaest

VAT—AI prices

ACCESS AND BARCLAYCARD ACCEPTED
U.K. CARRIAGE 50p UNLESS OTHERWISE STATED
e excluding VAT. Please add to each item the VAT rate indicated,

310

Y

—
e
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AC125  20p | BF200  4op [LiRS2Cvp 2N3904/5 VOLTAGE RE
TTLs by TEXAS C-MOS iCs | OP AMPS e £5 || s o8 || s o8 Zp | VOLTAGE REGULATORS
oo e o | us 130 | AC128 Br2snie wp | TS 4t | ovew o> | (Plastic) Fixed
74HOO  30p  TABS %9 4001 21p e e 20p Tes % 2N4080  12p 1Amp +ve 1Amp ~ve
7ALSO0 32p 7496 0p 4002 21p 3130 1o AC1412 20p BFR39/40 34p S P N41234 22p SV 7805  130p 5V 7905  200p
74500  48p 7497 Mep 4006 120p 3140 1000 ACI76  20p BFR41  34p ZTX108  12p MN4125/6 22p 12v 7812 130p 12V 7912 200p
Ho o Tone we | o e | 3 g | ACleTs mp | BFATIE Mp | ZTXNO R | onuous sep | oy 7ols  Jsen  1bv je16  aoeh
7403 W 7405 eop 4011 21p ool ";: ACISTK  28p | BFRE)  3p | ZTXS00 20 | ,yyp;  g7p | 20V 7824 s0p 24V 7024 200p
o dp e o | wn s | 74 B | Ao e e e an | e e | avan e | 309709 SV 1A, 1800 LMz (TO)
AHO4 41 3 B H
Tt e Tan W | w1 i W ADuD s | XIS Mp | N M | gy g | 534 TR TRARSS (T05) i2V o SA shei
7406 asp T4l Bop 4015 776 sp | ACYVZ Np | BEXBASS 3p | NGB 2 | anguse agp | 016 pin DIL, 300p; LM3ZIN Dual Polarity
7407 45p 7mg %p m?’ ‘::: AF114/5 22p | BFX86/7/8 30p MNg18 43p NS5 4op ;sv o 12;;31?2'";\ 1[4)'Em oiL ‘:p

ariable n
Mo mp T ey | @i 12 { AFVIGT mp | BEYSD e | 2SN 1% | oNear  sop | ‘M7 1A 2v-37V T0200 s40p
7410 18p 74121 a2p 4019 54p Linear ICs AF124 ep BFYS51 18p 2N1131/2 2% 2N6107  70p
74H10  30p 74122 sip 20 :g: 10212 AF127 38 | BFYS2 1ap N130ws e | oy oo OPTO DEVICES
7411 74123 73 - Sop P70 T Red 18
oy g: i 700 4023 21p CA3028A 11zp | AF18 43 | BAYX  4sp INET 48P | aneass  v40p 88,,1 ,g 7,5?? e na
7413 74126 T6p 4024 [ CA3046  85p | AF239  48p | BSX19.20 20p N3 AP | ynergr  70p ORP12  TBp  TIL32 Intrared  T5p -
7414 ssp 74128 90p o u’;: B TR | BcwmB wp | Butos  wrsp | Nt zp | gt o Qisk 17%e  0-2n.Red LED  21p,
2Rt S I 11 BCIAE Mp | BUS e | S 3 | gnuo s | DLTOT e b am aen LoD A
7420 1p » 4025 S 320 CAJ089E 250p | BC109/C 11p | MJ2955 130p 2N2160 - 9P [ iy gyp DL747  280p  Mounting chips  2p
7421 P _-: “gg ‘a: CA309AC  580p | peia7is  9p | MJE3MO  4Sp N2 2p | e gy | ==
;
T3 S s M| o e | GMsen. ey | BOMIC 1op | MUEXSSS 10p | 22 2 | e 4sp | SCR-THYRISTORS ' |, Low
7425 33 aas 17 4042 90p LM380N 115p | BC1S?  11p | MJE30SS 97p NZBS 150 | 0040 ssp | 1 50V TOS wp Profile
7427 W omso e | 08 0P LseIN :::: BOM&9 12p | MPFI02340p | N2 mp | LT R ] ik ooy 108 @p DIL SKTS
7430 18, 1A 400V T
7432 4 A ;;: W4T 10p M252 050y | BCIGSC 165 | MPFI045 a0p WIS Mp | e, ggy | 1AAOVTOE i | byTeras
7437 Mo s ey | 04 s&p MC1310p&==-200p | BCI72B 12p | MPSAGS 37p | 2NZSOWA 2D | ,00  g7; | 15A 400V Plastic 19sp | 8Bpin 12p
7438 3 74155 97p oy ‘:;: mg;ig;" p | BC1778 200 | MPSAZ 81p M5A 20 | gern g 164 s00v s;:,%s‘}vcs 20 Jepn 13
7 3 p 2006 106 1A tug
ﬁ tg 33{?? :IZ o) 1% MC1496 nsp | BC1S - p | MPSASE arp ol B C106D 4A 400V Plastic u: 16pn 14p
7442 TSP 74158 160p 4056 145p MC3340P W0p | BC18Z3 12p | MPSUDE 7ep 2N2926RB  #p TRIACS MCR101 0 54 15V T092 30p 18 pin  32p
7443 10p 74189 220 4060 120p MFC40008 %¥p | BCiae  14p | MPSUSE s8p 2N29260YG 2N3525 5A 400V TOS6  130p | 24pin  Sep
744 1P 74180 130 4069 40 | NESeOL 175 " Plastic 2N4444 8A 60OV Plastic 2000 | 2
7465 108 jeen  sab | 4om 2P | NESSS 4p | BC17  32p | OC2H  Tep D 2N5060 0 BA 30V TO92  Mp pn 60p
7466 W08 uig2  1%0p o a | Ness 9p | BC212  1p | OC3536 79p | 2N3S3  20p | Amp V°"’. 2NS064 0 8A 200v TO92 450 | 4pn 75
7447 WP Ta163  120p w082 ® | Nes 2% | Bcais  azp | oCT1  2sp | NS4 skp 3 400 8% BRIDGE | 6A100v 1o8p [ ot 45
;:;g :: 74164  130p 4093 35p NESES m,: BC214  18p | R2008B 225 NS5 Sdp 6 400 107p RECTI 6A 400V 120p | tN40OY 8
7451 2 rhee  wob | a0 12 | NEses 200p | BCA78  32p | R2010B 228 | 2N3M42 15%p | 6 500 130p iy DIODES | N2 e
7453 20 74167 340p oy :3’; NES67 20p | BCY70 200 | TIP2OA  SOp 23700 31l IO ECORRIS0P 1;\1 5055 20| BYI00  3p iNao? ::
Tae ;:: LA1T0R 2500 4518 180p Fo Lo wse | BCY 20 | TIPC  s2p N3704/5 vp | 10 500 VI0p | Ly 7R | BYY26  12p | INa14E  ap
7470 32p mﬁ :::: 4528 130p SN72710N S4p | BDI131  4p | TIP0A  60p 2N3706/7 14p 15 400 2009 | 1p400v  30p [ BY127  12p | IN5401  15p
7472 320 74175 s2p 4553 ST5p SN72733N 130 | o132 a3 | TIPC  72p 2N37089 14p | 15 500 220p ;:osgev & g:g 1: INS404 20
o g;: TALTS 100 g:;sooa ;;ss: BD135  S4p | TIP3IA  Sep M3 320p | 40430 130 | SUS dop| OASS 1 N N
7475 wp ey 1 | MEMORY SN76013N  175p | BO136  Ssp | TIP3IC  eap WG 27p | 40659 1M0p | A j00v  dap | -OA%0 pI| S Ay
7476 370 74181 321: SN76018 275 | BD139  S6p | TIP32A  83p 2N3820 50 SAB00V  70p | OA91 )
7480 S40 74182 88 RAM SN76028N  175p TPRC 8 va23  s4p | DIAC <A 100V %0p | OA95 OTHER
7481 1080 74185 1aah 2102 270p SN7603IN  275p | SD140  60p =4 Sp 4A 400V 96p | OA200  9p
7482 885 Tiee  sesy | 2112 50p SN76660N asp | BOYSs 228p | TIPa3A  s7p | 243866 F%p | 32p | sasov  sep| 0A202  wp | 280 128p
7483 90 74190 158p TAAB21A 5 | BF115  24p | TIPB4A 124p
;m :g:: ;::g; ::gp ;gg‘ 250p IQ:?%B;— 132 BF167 , 2%p TIP35A  243p VAT INCLUSIVE PRICES Add 209 P. &P.
M e s 1208 Taasis e | oEiet 2 Texc mep Govt., Colleges orders accepted
7490 u: %133 '2 Branded devices TBAB0O 100p BF180  &p | Tip3sC uo:
m A ogese e | wemRckTew | ToM0 e | g | 1ot | TECHNOMATIC LIMITED
74197 130F | Motorole, E

7493 a3p 74198 214p d TDA2020 400p BF1945 12p TIPIC  s4p Tel. 01-204 4333
e v M BE | wukerd, e ZN414 o | oriser 1 | meoa 1w | 04 Sandhurst Road, London NW9, 1g). 0120443

TECHNICAL TRAINING . The MINISONIC 2 )

IN ELECTRONICS AND pro!lrllZIIy r'apuuntll thul best vaiue for moncly In electronic muelc today. Kits are
TELECOMMUNICHTIONS ;:‘M:. 10 for compl l(:o r';.:ruzm.n(o of Indlv d:‘:‘.l sections, :‘r.'lclr.r :’::pliolr': Sen

X X . Audio P.C.B.s, but may be adapted to sult others.
ICS can provide the technical knowledge that is so essential to In order to ensure that of the instrument ite
your success: knowledge that will enable you to take advantage I P Q a fully finishedblack
of the many opportunities open to trained people. You study with matching back and base, and solid
in your own home. in your own time and at your own pace and ail

, knobs,
and contact assemblies are

screws and panel

il you are studying for an examination ICS guarantee coaching also In stock. : v
until you are successful Kbd. Control MS2/3 £9-54  Qutput Amspzs/.‘MS?JH 3-::
. . . V C O (single) MS2/4 £18-66 Inverter M 2 .
City & Guilds Certificates: Eny Shaper D msas e Power Supply MS2/13 £9-90
1 1 ici H.F Osc + Det. MS2/6 £2-13 onversion Kits
Tele'communlcahox.ts Technu'n?ns Hold Isolator MS2'7 £3.56 V.C.O (single) MS2/15C £12-15
Radio, TV, Electronics Technicians v.C. Fitter msze o -2 ;‘4"°"'%'Yc';“";285‘,’;”5“‘c £2-8
i g : Rin: latol a ain P b .
Tecl'mlcal gqmmunlcatlons Novee Gen MS2/10 £2-80 P.S.U P C.B. EADD15 £2:05
Radio Servicing Theory COMPONENTS .
: 741 £0-27
Radio 'Amateurs . LM318 £2.86 MFC 40008 £0-70
Electrical Installation Work FET-MOPA £3-63 CA 3046 £0-60
MPT Radio Communications Certificate ke £0-53 g ot
. SILVER MICA CAPACITORS—Mired bags of 10
Dlploma Courses: z;gp:_ mp: OUR SELECTION gg;g
H pF- 820p OF VALVES .
Colour TY Serv'lcmg' . 1000pF _36000F £1% or * 1pF £1-50
Electronic Engineering and Maintenance LAST FEW TO CLEAR
Computer Engineering and Programming Minimix-6 4 in 1 composite P.C.B. N
1 1 i 1 ici McMurdo RS8 Sockets (sorry no plugs) only £0-
Radlo,' TV, Au@lo En'gmeenng an'd Servicing B e e S TIEOCR So¥as
Electrical Engineering, Installation i Rereo Jack Socket £0-20
Pair—Plug and Socket as above £0-55

and Contracting
POST OR PHONE TODAY FOR FREE BOOKLET.

m To:International Correspondence
Schools

Dept. 771D Intertext House, London
SW8 4UJ or telephone 01-622 9911

Subject of interest

We also stock E24 Series Resistors in metal oxide and carbon film. all types of
i i oft the shelf at very reasonable prices.

pots, , etc., al
Please send S.A.E. with all correspondence.

EXAMPLE (All E24 Valves ex stock): Metal Oxide Resistors, high stability, 2%. 4p
each; Carbon Film Resistors, high stabiiity, 5%. 2p each.

Name TERMS MAIL ORDER ONLY. C.W.0. MINIMUM
DEPT PE’ P.0. BOX 3 ORDER £1 VAT Please add 124% to value of
Address ST. NEOTS, CAMBS order inc. P. & P. unless otherwise stated.
Cheques or P.O.s payable to Eaton Audio.
PE19 3JB Orders over €5 free of P & P, otherwise please
I add 10p in the £1.
ENERERRRERERRRER 2 J
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Protect your family from fire and gas-
leak hazards by making our PW Gas/
Smoke Sensor Alarm ! Run from
battery or mains, it has a sensor unit
that reacts to smoke, and also to many
different gases, at preset sensitivity
levels.

PW vhf STEREO
TOUCH-TUNER

FM, 8 channels, automatic frequency
control that can be overriden. Constructors,
remember you get Part 2 of this special
projectin this month's issue !

DUAL REGULATED
POWER SUPPLY

An imaginatively designed double output,
continuously variable, fully stabilised and
regulated bench power supply.

[

Tuneinto

PRACTICAL

WIRELESS

April issye on sale Friday 4 March 40p

312

TRANSFORMERS

Type A.C. Range D.C. Range
240V Prim Volts Amps Type Volts Amps Price
10 6 1-0 100 5 0:-65  (including
11 9 0-8 101 6 0-55 P.&PY
1% 12 835 102 12 8-3
24 . 103 24 15 .
14 12-0-12 0-25 104 12-0-12 0-15 £1 52
15 15-0-15 0-2 105 15-0-15 0-11 each
20 - 6 2-0 200 5
21 9 1-25 201 6
22 12 (1)-0 282 12
23 24 -5 203 24 .
24 12-0-15 0-5 204 12-0-12 £1 92
25 15-0-15 0-4 205 15-0-15 each
50 6 8-0 500 5 6-0
21 9 5-8 501 8 gg
2 12 4 502 12 -
53 24 2-0 503 2 125 £9. 94
54 12-0-12 2-0 504 12-0-12 1-25
55 15-0-15 15 505  15-0-15 1-0 each
CASED TRANSFORMERS DIODE BRIDGES

110V C.T. to earth, fitted with

1A 50V 32p; -2-5A 50V 48p;
plugs and socket to BS4343 CEE
1

6-0A 50V £1-28 (prices include
P.&P).

CAPACITORS

1,000mF 6V 30p; P.C.B. 10V 35p;
Mounpting 16V 37p (prices include
P.&P).

SUB-MINIATURE TRANSFORMERS

7
500VA £28; 1000VA £34; 1500VA
£42 plus £6 P. & P.

TIMERS

240V in or 110V. A1 0-5 seconds;
A2 0-10 seconds; A3 0-100 1-2VA with E/S. Secondaries:
seconds £14-50 each. With Octal B1: 3-0-3; B2: 60-6. or B3:
plug-in base. 12-0-12. £1-68 each.

All Prices +8% VAT

DELTIC SYSTEMS

507 Burnley Road
Rossendale, Lancs. BB4 8L.Z

DORAM KITS CONTAIN
EVERYTHING DOWN TO
THE LAST NUT!

GUT-0UT THE
GUESSWORK !

The Doram Transistor Tester
measures hFE and leakage for PNP

or NPN transistors; Silicon or
Germanium. TOS5 socket, TO18 socket,
flying leads and battery check facility inc

COMPLETE WITH CASE AND BATTERY
{Order code 991-990)

Subject to avadabiiity

O'seas orders—add 15% for P+P. All items offered for sale subject

to the Terms of Business set out in Doram Edition 3 catalogue, price

60p The Doram Kit brochure is also available, price 25p Combined

price only 70p which also entitles you to 2x25p vouchers, each one

usable on any order placed to the value of £6.00 or more {ex. VAT}
DORAM ELECTRONICS LTD

k PO BOXTR8. WELLINGTON RD IND EST. LEEDS LS12 2UF

An Electrocomponents Group Company

Practical Electronics ™ April 1977




SINTEL ror KITS-CASES-DISPLAYS-MEMORIES-BOOKS-MICROPROCESSOR

Componenis
trom leading
manuitacturers only

HIGH QUALITY CMOS anD OTHER COMPONENTS
e e el T COAO00 07 COM23  0-24  COAM2 0.9  CDAOST 4 CDW% 120
CD4001  0-18 CD4024 0.8 CD4043  1-16 CD40g8 024 CD4097  4-28
K I T ceK GCK CD4002 017 CD4025 04 CDAQ4s  1-07  CD4OSS 024 CD4098 12§
1-35 CD4026 198 CD4045  1-61 CD4070  0-67 CD40%  2-11
CRYSTAL CONTROLLED ¢ DIGIT CAR CLOCK WITH INDEPENDENT JOURNEY-TIMER CD4007 018 CD4027  0:64  CD046 153 CD4OT1 D24 CDAS02 143
) o ) CD4008 111 CDAOZE 103 CDAO4T 104  CD4O7Z 04 CD4STO 157
Shows time or elapsed time in hrs.. mins., secs. @ Runs off car 12V supply ® Nine CoO 064 Coa0 131 Coies 064 CD&T 024 CD4511 180
push buttons for Start-Stop-Reset. selecting display to show time or elapsed time €D 0-64 COHX  0-54 €044 064 COHTS 024 CD4St4  3-15
8 All controls tunctional irrespective of display mode @ Kit complete w"htc!u:d Cott 0 Coad 255 CDi0s0 054 CO4T6 161 CD4S1S  3-60
rder as CCK . o o 3 D4 0-60 CD4516 156
ACK+BBK+XTK 6x0-5in red digit alarm clock with XTK and battery . gg:g:g ga gg:ggg ::3 gg:gg; ::; gmg;; 024 CDlg’a 1.25
backup " . b 9 a 24 CD4s: 1.4
AUT-CK 4 x0-5in red digit car clock with 12V negative earth £17-85 gg:g:; ::: ggg% f;: gg:g§ :g; gg:gg; 324 CDlsgg 192
GCK 4x0-5in green digit mantlepiece clock £14- 40 Co4016 064 Co0% 365 Couss 151 CD4085  0-82 CD4532 16§
XTK 50Hz crystal timebase kit £06,28 CDOI 1% COMOST 109 DM 1-51  CDAOB6  0-82  CDas35 104
ACK 6x0-5in red digit alarm clock £28-80 Co4018 116 Cow® 124 o405 548 CD40BY 178 CD4556  1-04
CD4019 084 CD4033  3-55  CDaOFO 1.8 CD4093 092 MCIS2E 1-22
- CD4020  1-28 Co44 120 CD4063  1-26 CD4034 295 MC14553  4.88
USEFUL I;VITED CIRCUIT BOARDS COMZI 116 D41 0%  CDMSS 079 CDMS 120 MBS A0
? S o402 1h
Order as Description
COUNTER PCB SETS 5 a1 the 10n for buidine 5.6 a4 g FOR FULL RANGE send for FREE CATALOGUE
Sets of PCBs to hold displays and all the ICs for building & igit. igit or
2 digit COUNTER MODULE WITH LATCH USING TTL. The PCBs hold one O AL=JNSE DISELALS T - T
each per digit of TIL321, 7447, 7475 and 7490 as well as Rs and Cs. Each set 75 ) 3' THAM 13 100 0-50 6080 (2uS) 3225
consists of one vertical PCB which holds the displays and is fastened to a 51411 77 TIC322 120 000 oS MCSB(); ! ey
horizontal board. which holds the remaining components (TIL 321s only, ;5:2%1 z;g XaAvgEs 2:‘5 o i
available from us—please order separately). 7:1;393 is‘ XANG54 2.45 g
610-950 6 digit Set. Size h. 30mm, w. 173mm, d. 109mm £5-50 sy SLT0Y 500 MEMORIES SCMP
246-950 4 digit Set. Size h 0mm, w. 126mm. d. 109mm £3.95 “eeamtes . S e, WK a0 0TS
915-950 2 digit Set Size h. 30mm, w. 80mm. d. 10Smm £2-30 610-950¢ CLOCK CHIPS 290246 38 250 2100
AY51202 2.09  TRANSFORMERS T s
DISPLAY HOLDING PCBs NON-MULTIPLEXED AY51224 350 LEDTAF 19 005
876-001 6 digit counter format for FND500, TIL321/TIL322 £0-75 MK50253 s-60  SLTRF 195 MPU KITS
£75-001 4 digit counter format for FND500, TIL321/TIL322 £0-55 SUNDRIES MEKSB00DI 13700
472-001 2 digit counter format for FND500: TIL321/TIL322 £0-29 | 246-950 CRYSTALS FLAT CABLE CAMR 114 INTRO KIT
DISPLAY PCBs WIRED FOR MULTIPLEXING s v ] 32 768kHz 450 20W 1m 108 WATH 9-35  ISPBK/200E 93-55
D500-6 6 digit clock format for FND500; TIL321/TIL322 £1-35 >y 5-12MHz 360 10m for 800 78LI2WC 0-77 MCS-80 176-85
D652-6 6 digit clock format for XAN652/ XANE54 £1-35 MA
05004 4 digit clock format for FND500/TIL321/TIL322 £0-30 NEW DATA FROM SINTEL  See Catalogue for ather tities
D500-8 8 digit counter format for FND500/TIL321/TIL322 £1-35 915-950 Motorola CMOS Databook Vol 5 Series B 3-50
TMSBO0B0 Microprocessor Datasheet 075
COUNTER KIT TMS5501 {Muttifunction VO Controller tor 8080) Datasheet 0-75
142-269 A complete kit for building e 2 digit, single PCB, CMOS Counter Module with

latch. Includes PCB 912-950, 2 x TIL322 or FND500, 2x 4511, 1 x 4518, R's. sockel
£8-60

pins, etc. Size h. 67mm, w. 7Imm, d. 18mm
912-950  Single PCB only as used in 142-269 COUNTER KIT above

ORDERS add VAT at 8% + 25p P. & P.

For Telephone Orders and Export charges see Catalogue or last month's

advertisement. All prices valid until 318t March. 1977.

£1-05

Our offices are at Link Property, 209 Cowley Road, Oxford, but please

do not use this as a postal address.

SINTEL
SEND YOUR
ORDER TO PO BOX 758, OXFORD

Tel. 0865 49791

INTERNATIONAL ELECTRONICS UNLIMITED

L z:'ni" 3 o O oo m SHIPMENT MADE VIA AIR-POSTAGE PAID
;:2“’ m“: ;:i; m:; 7S48 B woia 1 woa 122 soees % | AYS FROM RECEIPT OF ORDER
74155 75 40024 21 A 1) 4069A »
7402 1 7453 0 74156 71 [ e0eA 100 w2A % A 1 1702A CENTAALIERCCESSINGIUNIT
7403 M 7160 1 74157 71 4007A 12 4013A 2 w724 » 20486 bit static PROM elect. 8008 £12-.95
7404 13 7464 7n 74161 95 4008A 146 4024A 7! a073A i}l prog. UV ears. 24 pin
- WOO9A 47 4025A It w75A 3 2-
;:gz ;; Z“;; g; 73163 90 B oA W wnA 8 a1 £5-00 8080 £12-93
iy ol SR IITIE ! A TR T OVM CHIP 4% DIGIT
7307 2 7473 26 74165 1-25 w0124 It 4030A 3 451BA 169 2 1 02 MM 5330 — P channel device provides
7408 M7E 2% 74166 1415 40134 ¥ e0ISA 104 4s28A 13 1024 bit static RAM 186 pin all logic for 4v: digit volt meter. 16 pin
7309 14 7475 37 74173 95 WHA  1-22 40804 P 45854 178 OIP with data £ 4-80
741 0 7 Pt W015A 122 042A B2 qegiA 3 £1-00
0 7476 7175 95 ot B 054 “ MM5314 6 digit multiplexed 12-24 Hr,
741 16 7483 70 74176 95 3 g o M LED DISPLAYS DISCRETELED'S 50-60Hz 24 pin £3-07
741329 7485 80 74177 a5 Wil N MAN1 £1-39 ME¢ £-20
7416 22 7486 24 74180 80 MAN 2 2-79 MV10B -18 Crystal 3.58 MHZ Color TV £1-09
;:1‘7) ﬁ ;:g; "45: 74181 2': MAN 5 1-57 MV 50 .09 MM5369 Divider mDIP 1-79
7422 22 7393 n 7:"“ 55 MANY, 1:04 NsL100 .09 ;
n 71 74183 155 @ RED,7 SEGMENT DISPLAY MANS  1-57 TV GAME CHIP
7423 n 7492 74185 1-30 § SOLID BAR,LEFT DEC.,18 PIN MAN G868 1-37 Mys020 AY-3-8500-1
7425 7933 7m0 95 B 837 COMMON ANODE FND 359 .63 ReD 128 N q
746 23 7491 4% 7491 95 FND 500 1.33 CLEAR .g2 § SiX 8ames with scoring
47 22 7495 49 74192 9% : !5 FND 507 .75 )
: . and sound =
7430 12 749 55 74193 85 £1- DL10A 1.39 £1 5
7412 22 70100 7Y 74194 95 [ SCHDTTKY
7437 25 74105 60 74195 72 33 MEMORIES 74500 38 tasos 52 7e22 @
O8N 74107 27 70196 1-00 - low protile 1101 256 bt stalic RAM 8 Brusoz a5 oz w veum m
700N an 28 7097 75 Gm  fow “l I M0 w02 bitdynamic RAM 79 By e vam s rent
741 60 74122 S0 74198 170 a1 :,,, 42 2102 1024 t::it static RAM 1-50 W 7400 a5
7442 55 74123 55 74199 1-70 19 5261 1024 bit dynamic RAM 79 £ - e
74155 7055 S0 74200 390 oo F93410 256 bit bi-polar RAM  1-19 §10% OFF WITH £15 ORDER
7444 60 74126 50 wie wisp - gold plate 2513 ROM — character 0, £50
705 75 say e e s | tvem o o o0 J15% OFF WITH£50 ORDER
7446 85 74145 75 LINEAR 124 1:23 se0 213 s THESE DISCOUNTS APPLY TO TOTAL
- 82823 256 bit PROM 2-
7 73t s - now % % 50 OF ORDER — SPECIALS INCLUDED
7448 8 7u51 60 z: % S0y ‘,2 6 1-38 Satisfaction guaranteed. Shipment will be made postage prepaid within 3.days from
7450 12 74151 s Ws w0 ;;g [T TS ) receipt of order. Payment may be made with personal check, charge card (include
A 5 07 “ 73 35 709 3t number and exp. dale), international money order {include receipt) or bank cheque
?,:!CI‘AL,_?, 5‘:,',:7)“,( tor DIP 208§ 08 LSS 3 ;:‘: :: made payable inU.S.§
46 AM Radio Receiver Subsysten Dip_-53 m‘ ';: 280 ‘;: m 7s Add 50p 1o cover shipping and handling if order is tess than €5.
1310 FM Stereo Demodulator DIP 25 m (34 ::” 193 » The above prices do not include any taxes leviabie by a purchasers country of residence.
14%  Balanced Modulalor-Demodulator -;0 o) 02 3 e P
UiN1208 M G Bk 4db gy mor 4 91 1 1 2w e » FINTERNATIONAL ELECTRONICS UNLIMITED
UINE109 124 Care Blach 4a0h oy m o sw 1w s S ILLAGE SQUARE, P.O. BOX 449
ULN2209 FM Gain Block 48db {typ) mDIP i . = B \% Q , P.O.
319 Characier Generator 642815 DIF-2¢  7-M4 S5bA ARMEL VAI_I_[Y CA 93924 USA
046 Transistor Array DIP-14 -52 Date sheels on request. ea it C 4
8038 Volt. controlled osc. 2958 item is priced below 50p each. BARCLAYCARD PHONE (408) 659-3171 ACCESS
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INVERTORS

o
L] o
iy & v
z??ay
{0 3

240v-50Hz trom your 12v car battery

25 watt—L4.75 300 watt (24v)—£26-45
40 watt—£8-27 400 watt (12v)—£39-05
75 watt—£12-03 500 watt (24v)—£48-18
150 watt—£21-27 1kW (50v)—£127-00
300watt(12v)—E£33-03 1 S5kW (110v)—£140-80
All above invertors are in kit form but may
be purchased built up In metal case & ready
for use Price list sant on receipt of s.a.e.
Prices include post & packing.

P.W. AUTOMATIC EMERGENCY
suPP

240v-50Hz-150 watt invertor with buift in
battery charger In event of power failure
switches over automatically from battery
charging to invertor operation. Cct. as
appeared in Dec. 72 P W. Complete kit of
parts {(excluding meter)£24-50 + £1 70p. &p

DIGITAL WATCH
L.E.D. display giving hours, minutes,
seconds and date. Design based on
American technology. and fantastic value
at£16 + 30pp. & p
One year guarantee.

TRANSFORMERS & COILS
Both high volume & small order capacity
available
Special offer Miniature mains transformer
6-0-6v—6V.A.—85p plus 10p p. & p.

TRADE & EXPORT ENOUIRIES WELCOMED

P.E. ORION STEREO ASTRO IGNITION

AMPLIFIER

1 T JE L UL P &‘g
-

20 + 20 Watts r.m.s. into 8 ohm load. Distor-
tion less than 0-01% 100Hz-10kHz. Frequency
response + 1dB 20 Hz to 20 kHz. Hum level
virtually nil with volume full on.

This is a power amplifier of superb quality
incorporating the very latest design features.
Professional hi-fi enthusiasts have classed it
as fantastic and real value for money. The
CCT incorporates a low flux transformer and
inputs for disc. tape, tuner, etc.

Complete kit of parts including slim line
bookend case, silk screened front panel &
knobs. £47-30 incl. VAT & p. & p.

The bookend case, |.C.s & semiconductors, P.C.

board, Transformer, etc. may be purchased separ-

ately if desired. Send S.A.E. for further information
P.E. ORION TUNER

Full kit of parts for this superb tuner unit to compli-

ment the now well established amplifier. Parts

may also be purchased separately. Send S.AE.

TRy

s B e éﬂ‘
Ll e L5 Mv‘-@f? - s
i Cage i
L 2 T ron BN

W, '

7

e

i
B g

S

ASTRO IGNITION SYSTEM
Complete kit of parts for
proven and tested system £10-45
incl. VAT. Ready builtwith only two
connections to alter £13-75 incl.
VAT. Thousands have used this

this

Consider these advantages more
power, faster acceleration, fuel
economy, excellent cold starting,
smoother running, no contact
breaker burning. Also because of
Yhe high energy spark, the fuel
mixture can be made weaker giving
further economy and fewer plug
problems. Fitting time when built
5 minutes approx. Please state
whether positive or negative earth.
Trade and export enquiries wel-
comed.

ASTRO ELECTRONICS
Spring Bank Road, West Park
Chesterfield.

[ ]
[ ]
[ ]
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]
a
]
a
]
]
[ ]
[ ]
]

system both home and abroad. |H
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[ ]
[ ]
]
[ ]
]
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]
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Careers and
Hobbies in
Electronics.

Enrol in the BNR & E School and you'll have an entertaining
and fascinating hobby. Stick with it and the opportunities
and the big money await you, if qualified, in every field of
Electronics today. We offer the finest home study training
for all subjects in radio, television, etc., especially for the
CITY AND GUILDS EXAMS (Technicians’ Certificates); the
Grad. Brit. |.E.R. Exam; the RADIO AMATEUR'S LI-
CENCE: P.M.G. Certificates; the R.T.E.B. Servicing Certi-
ficates: etc. Also courses in Television; Transistors; Radar;
Computers; Servo-mechanisms; Mathematics and Practical
Transistor Radio course with equipment. We have OVER 20
YEARS’ experience in teaching radio subjects and an un-
broken record of exam successes. We are the only privately
run British home study College specialising in electronics sub-
jects only. Fullest details will be gladly sent without any
obligation.

Become a
Radio Amateur.

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

Y T TS PR L YTl
Brochure without obligation to: PE
BRITISH NATIONAL RADIO & Lo ]
ELECTRONICS SCHOOL,

P.0.BOX 156, JERSEY. CHANNEL ISLANDS. (]
I namve |
Woaocoress___ .}
1

L BLOCK CAPS PLEASE
-----------------J S
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complete oiGiaL cLock KiTs

woucrs | NEWS FROM JOSTY 1

e JOSTYKIT—a product from Denmark

£10-65 ¥ HF 61-2 DIODE MEDIUM WAVE RECEIVER

+85p VAT : By means of a very simple technique
ALARM 1 1 i& a reasonable reception is attained
N . HF 61-2 is built on a small circuit
£1 3 - 43 ' .7 board of the same size as the general
%3 1 Y P & purpose amplifier AF 380. The two
DELTA +£1-07 VAT : 2 2 lss:mblles shoul'd be clonnecled t0
i “age s s roduce power for a loudspeaker
GENUINE TEAK OR PERSPEX CASE  (Prices include P. & P) , B CF 612 D espoecially userl for
. . % beginners, who have not tried to
DELTA DATA: 4 Radiant Red }in high LEDs. 12hr display with a.m./p.m. 4 ¢ i
indication. Beautiful Burma Teak Case or Pratty Perapex in white, black, 4 . 1 assemble electronic kits before.
blue, red, green. Power fallure is indicated by flashing display. y b o3 £4-30
MODULES: Kits can be bought without case—Non-Alarm £9; Alarm £12-50 =
inclusive.
READY BUILT: Buy a working tested module and fit your own case—Non- HF 305 VHF RAD'O-CONVERTER
Alarm £8-50; Alarm £13; Complete clock ready bullt. 2yr guarantee—Non- Extend the range of your transistor
Alarm £13-50. Alarm £18-50. radio. Listen to Amateurs {2
ALARM FEATURES: Pulsed tone. Tilt operated 10 minute **Snooze'" period. metre band) Aircraft,
Single switch setting. Optional extra mercury switch (45p) allows alarm Trawlers, otc Two
reset by tilting ciock. Digit brightness is automatically controiled to suit transistor circuit with .
tighting level. printed circuit coils, varactor diodes ard
. superior circuit design. Corverts radio
§ ‘ALPHA” 4 Glowing Green Built and Tested £11 signais in the 100-200MHz r
$1n high digits Module plus : range to output signal at
12 or 24 hour. Non-Alarm Perspex Case incl. 100MHz. Pipe this into your £6-70

VHF receiver and you're in a

CLOCK CHiP: AYS-1202, Oniy £2-70 incl.
new dimension

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

Send payment with order S.A.E. for complete range NEL Dlsco LIGHT ,
Pulse Electronics Ltd o grie o Sl

delic lighting. Uses built-in
microphone. Avoids awkward
connections to  amplifiers
Dept. PE10, 202 Shefford Road,
Clifton Shefford, Beds.
Telephone: Hitchin (0462) 814477

Position light-show to best
advantage without long trailing
FLN leads—just plug in to nearest
‘5% power point. Circuit combines
- latest integrated circuit 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 lampbanks. Kit includes fused dc
power supply and FET zero light adjustment. WARNING
Only experienced persons should attempt the intercon- £17.00
nection of mains equipment

BRANDED PLASTIC TO92 TRANSISTORS. BC108 or BC212 types. 10 for 60p.
EMI HUGHES TRANSITRON GOLD BONDED DIODES, 50 for 40p.
1.000uF 40V.W. ELECTROLYTICS, size 1} x jin, 3 for 35p.

g TRANSISTOR NPN PAIR 8 LEAD TO5 CAN, untested. with data. 4 for 57p. — §~
WIRE ENDED-CHAYSTALS, 28kMz, 28-5kHz. both 50p each. ~ -,
200 ASSORTED CARBON FILM RESISTORS, jW. ;W, 0dd valugs, T5p.

MULEARD €280 CAPACITORS, aséorted, for 57p. A quality, printed circuit. no
TEXAS R.F. TRANSISTORS, 2G 106, 20 for 57p. trimming, aerial amplifier.
PLASTIC POWER NPN BD187, 40p each or 4 for £1. Fantastic frequency range
5 MHz 10X CRYSTAL, 50p, 600kHz 10XAJ, 50p. due to use of printed coils,
UNMARKED 2N3866 VHF TRANSISTORS, 3 tor 75p. 21dB amplification at
DUAL GATE MOS FETs like 40673, 33p, or 4 for £1-10. 400MHz. Two  separate

.~ TEXAS 800V NPN 2A PLASTIC TRANSISTORS, 50p each. 3 for £1-10. inputs for UHF and VHF. No
SOLDER-IN FEED THROs, 300pF or 1,000pF, 15p doz. loss of signal or intercom-

TUB! i i RS, 10pF. 30pF. 50pF. 150pF, 750pF. 1,000pF. all 6p sach. munication problems

RE.3 Gy ELECTROLYTICS, 10 fur 57p— ==
ROCKER SWITCHES, 240V SA,.18p, 4Tor S0p.
10,000uF 16V. W, ELECTROLYTICS, size 33 x 14In. 15p each. 4 for S0p.
“ PLASTIC TRIACS, 50 P1V. 64, 15p: 400 P 1V "6A. p. g NT 410 AERIAL AMPLIFIER CURRENT SUPPLY
|20 VARI-CAP DIODES, untested. 45p."~
PLASTIC S.C.R.8, 50 P L.V., 8A, 15p; 400 P.1.V. 6A. 40p.
200 + 200 + 100uF 300V.W. ELECTROLYTICS, size 2} x 1in, 25p, 10 foy £1-80.
30 ASSORTED 10XAJ CRYSTALS, 5,100 to 7.900kHz, £1-10.
BOOKS: “"Practical Test Equipment’", 75p; ""Simple Short Wave Receivers\ . 60p;
"Practical Electronic Projects’". 75p. The three tor £1-60.
MINIATURE SILICON DIODES, assorted 100 for 57p.
600MHz A.F. TRANSISTORS, Texas BF224, 10 for 57p. o
SILICON PHOTO TRANSISTOR, 15p. SILICON PHOTO DARLINGT! , 22p.
SUB-MINIATURE LOUDSPEAKERS, 8 ohm. size 1}in dia.; 75p. ,"
AC128 TRANSISTORS, branded but untested. for 57p. 4
J20S 1.C.s, untested, with data, 6 for 60p.
ICRO ALLOY PNP TRANSISTORS, unmarked. 10 for 57p.” ?
/ F 450V.W. ELECTROLYTICS, size 3 x 1in. 10p,.7 for 57p. AN
= o

Please add 20p post and packing on orders under £2. Overseas orders at cost

J. BIRKETT e JOSTY (1 (UK LTD

RADIO COMPONENT SUPPLIERS MAIL ORDER DIVISION

25 The Strait, Lincoln LN2 1JF et e
Tel. 20767 )

SEND FOR OUR FREE CATALOGUE

NT 410 is a current supply. specially
built for aerial amptifiers, 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 aerial cable
and attach to NT 410. The aerial signal
from the aerial amplifier to the
receiver passes without complications
and the current to the aerial amplifier
passes through the same cable. NT 410 describes how to use NT 410
together with HF 395 and HF 385-2 £4-50
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NOTICE TO READERS

When replying to Classified Advertisements

please ensure:

(A) That you have clearly stated your
requirements,

(B) That you have enclosed the
remittance.

(C) That your name and address is written
in block capitals, and

(D) That your letter is correctly addressed
to the advertiser.

This will assist advertisers in processing and

despatching orders with the minimun of

delay.

right

RECEIVERS AND COMPONENTS

s 0-125 0-2 |INFRA RED
550uwW
L RED | 15p 19p  |Axial lead 48p
6mw £1-55
panel G/Y 27p 33p Data free
clip 1p OR 27p 33p ORP12 55p
SCR's S0V 100V 400V Diac
T a0 o o |TOSTA Bo 2y o BRI
. TOB63A 2Tp 3Sp Sp 2p
Avdelbond 2gm s~/ 650 | 400V TRIACS 2A 60p 10A £1-50
AC125/6/7/8 15p VOLTAGEREGS.

g:gggg(e) g: §V 7805 Plastc

AD161/162 40p
asg 12V 7812 1 Amp

AF117 20p | 2N3054
AF124/5/6/7 34p | 2N3055 ap | 18V 7815 all
BC/107/8/9  9p | 2N3702/34 12p | 18V 7818 £1-50
BC109C 12p | 2N390%/4/5/6 16p | 723 DIP14  50p

BC147/8/9  10p | 2N2646 45p | BRIDGERECTS.
BC157/8/9 1p| TIS43 25p | 2A 50V 0p
BC167/8/9  11p| MPF102 40p | 2A 100V p
BC169C 12p | 2N3819 25p | 2A 200V 41p
BC177/8/9 1::: 2N3823 30p | 2A 400V 48p
BClB/v4/L 11p IN914 3p | 555 Timer 8dp
BC1BE7  0p
BO212AL 12p| 'N40OT 5p | 556 2 x 555 £1-10
BOY70/71/72 13p | IN400Z3  6p | LM3B0  £1:00
INAO04/5 7P | 7400 16p
BFIg4/5  12p| [0SO 1
BF196/7 14p I P —ﬁ—“_ MPS
IN4148 4
BFY50/51  18p > 2
Hagd 25| BA1D op | 709 all p
BFX84 24p| BY127 wp | 7418pin  2p
BSx1020 18p| OAY gp | 7480LL. p
ocr1 10p| QA700A79 8 | p L. SOCKETS

2N706 10p| OA81 OASC  7p | g.pin 12p
2N1711 20p

OA91 OASS 6P | 1opin —13p
20p 0 }{6-pin

6p

N2219 QA2 i

2N2904/5/6/7 18 °m5\~§ s : bushel
2N2904/5/6A 1fp [ ZENERS 2 7-33v 1| T3~ TOes
2N2926(R) p| BZY88 or sim 9g7| Dalo Pen 70,

ISLAND DEVI 19 Garoways Pl
MAIL M‘

Margate, Kent CT9 10X
PRICES INCLUSIVE + 15p P. & P. (ist class)

AMPLIFIERS
New, boxed, guaranteed, working. 1 watt
awdio amplifier panels with 2-speed motor
controller incorporated. uses i type
LM330N aud runs from 9V power supply,
only £1 eachi ine. VAT, Po & P, ete. Draw-
ings and iL.c. data add extra 6up to order.
From: INDUSTRIAL RF SERVICES
51 Deptford Broadway, London SE8 4PH
Tel. 01-692 4284

SMALL ADS

The prepaid rate for classified advertisements is 15
pence per word (minimum 12 words), box number
40p extra. Semi-display setting £12.00 per single
column inch (2.5cm). All cheques, postal orders
etc., to be made payable to Practical Electronics and
crossed “Lloyds Bank Ltd.” Treasury notes should
always be sent registered post. Advertisements,
together with remittance, should be sent to the
Classified Advertisement Manager, Practical Elec-
IPC Magazines Limited,
London,

tronics, Room 2337,
King’s Reach Tower, Stamford St.,
SE1 9LS. (Telephone 01-261 5918).

CONDITIONS OF ACCEPTANCE
OF CLASSIRED

1. Advertisements are sccepted subject to the
conditions appearing on our current advertise-
ment rate card and on the express understend-
ing that the Advertiser warrants that the
adverti does not any Act of
Parlisment nor is it an infringement of the
British Code of Advertising Pra: b
2. The publishers reserve the right to refuse or
withdraw any advertisement.

3. Although every care is taken, the Publishers
shall not be liable for clerical or printers’
etrors or their censequences.

Brand New Components

Electrolytic Capacitors.
25v 25V 25V 50V 50v 50V
10

22 100 1-0 47 22
47 22 10 47
4ip 5p ép 4ip sp 6p

Polyester Capacitors. 250Y PC mounting.
001, 0-015, 0-022, 0-033, 0:047, 3ip; 0:068,0-1,
4p; 0-15,0-22, 44p; 0-33, 0-47, 7{p; 068, 10p;
1-0, 12p; 15, 19p; 2-2F, 22p.

Carbon Film Resistors.0-33W 59 Hi-stability,
El12 series 47Q-1M. Any selection. 0'9p each,
0'8p 100+, 0°75p 1000 +.

Return of post service. Prices include §2§%
VAT. Allow I5p for carriage. Mail order only.
Export enquiries welcome.

C. N. Stevenson (PE)
304 Avery Hill Road, London SE9 2JN

ITT 58708T NIXI plus data. 50p; Sperry 8P-
425-09 (9-digit display) plus data, £1; 5K 50p;
747 (Class 11) £1-36; MM5314 plus data, £3-25;
SKT 95p; T11.200 10p; BUI0S10p; IN11483p;
1X7001 (CT7001) £5'60; 741 DIL 18p; TOW
20p; miniature 5-position toggle, £1, 1. & P.
10p. LB, 43 Westacott, 1Tayes, Middx. UB4
sAll.

ZNI040€E 4-digit count display I.C. £6°90

7489 16 by 4 scratch pad memory, fully
functional—speed failures 65p

Soldercon I.C. mounting pins/ 100 65p

300W illuminated touch switch with data:
single kit £€3°20; dual £5'50; two-way £4'70
DL707 7segment display, full spec. £1'35
Silicon, photo transistor with integrallens 20p
P. & P. 20p on orders under £5.
Data sheets 10p each, S.A.E. (mail order only).
GJD ELECTRONICS
105 Harper Fold Road, Radcliffe,
Manchester M26 ORG

VALVES—Radio, TV, industrial, transmitting.
We dispatch to any part of the world by return
of post, Air or Sea Mail. 2,700 types in stock.
1930 to 1976 obsolete types a speciality. List
20p. Quotation $S.A.E. Open to callers. Mon.
to Sat. 9.30-5.00, closed Wed. 1.00. We pur-
chase all types of new and boxed valves. COX
RADIO (Sussex) Ltd., Dept. P.E., The Parade,

Tast Wittering, Sussex, PO20 8BN. West
Wittering 2023. (STD code 024366).
FULL SPEC. TTL
7400 14p  7445/7/8 78p 74121 31p

7401/2/3 l4p
7404/5/8 16p

14p 74122 43p

7450/3/4
72 22p 74123 59

7410/20 14p 7473/4/6 29p 7414 66p
7413 30p 75 47p 74145 T2p
7414 67p 7480 44p 74150 £1-05
7417 30p 7483 73p 74153 65p
7422 16p 7484 97p 74154 £1'10
74257 28p 7485 £1.03 74155 69p
7430 14p 7486 29p 74157 68p
7432 26p 7490 43p 74164 £1:10
7437 27p 7491 64p 74174 97p
7440/60 14p 7492/3 46p 74175 92

7441 66p 7496 69p 74181 £2.19
7442 59p 74100 97p 74193 £1.08
7411,2  20p 74107 29p 74195 97p

DL704E, DL707E 0-3in. displays 69p. | N4148 2p.
Intel 2102A-6 (650ns) 1K Memories £3. }W 5°,
E12 series Piher resistors Ip each, 90p/100.

Al prices include VAT
S.AE. for full list. P. & P. (Istclass) 20p. C.W.O.

J. C. JONES (PE22)

Mail order only

46 Burstellars, St. Ives, Cambs., PEI7 4XX

Precision Polycarbonate Capacitors
All High stlbility-sexlremely Low Leakage
6

4v|0 V A.C. RANGE V D.C. RANGE

alue Dimed- Price | .. o , -

(uF) sions (mm)each | ‘AUeHF 1%  £2% £5%
L D 0-01-0-2 £1-28 75p 50p

01 27 127 88p i 51p

0-22-0-47 £1-32
0-15 27 12:7 80p | 0-68 £1-
3 d

HERPREPR99D

NTALUM BEAD CAPACITORS—Value available:
01, 0-22, 0-33, 047, 0-68, 1-0, 2 3, 47, 6-8uF at
15V/25V or 35 Q-0 at 16V/20V or 20V ; 22-0uF at
6V/10V or 16V -Opel at 6V or 10V; 47-0u1" at 3V or
647; 100-0x¢F at 3V. All at 12p* each, 10 for £1.10%, 50
for £5°*, 100 for £9°.

TRANSISTORS & I.C.’s

BCLOT/RD 9p 2N 3055 50p
*BC114 12p 0CT1/2 20p
*BCI47/8/9 10p ENLEHS5Timer6lp

1355

—
o
o

*741C 8pin DIi,
32

i

ZN414 £1-15
SNT6013ND
£

.
*BC154/7/8/9 12p
*1BC182/182L 11p
*BC183/183L 11p
*1BC184/184L 12p 02,

POPULAR DIODES—1XN914 6p, 8 for 45p, 18 for 80p;
INOLG 8p, 6 for 45p, 14 for 90p; 1844 5p, 11 for 50p,
; IN40D1

26 for £1-00,
54p; 002 8p; 003 B4p; 004 7p; 005 74p; 0
LOW PRICE ZENER DIODES—400mW, I
SmA. 3V 3V3; 3V6; 4V7; 5V 5V6; 2

H v 8

: P12 315V 16V :
20V ;22V; 24V; 27V; 30V; 33V. All at 7p each, 5 for 33p,
10 for 85p, 50 for £3-12. SPECIAL OFI'ER: 100 Zeners
{may be mixed) for £8:00.
RESISTORS—Iigh stabili low noise carbon film 59,
W at 40°C, 3W at 70°C. L12 series only—from 220
to2-2M . ALL at 1p* each, 8p* for 10 of any one value,
70p* for 100 of any one value SPECTIAL PACIK; 10 of
each value 2-20 to 2-2) 0 (730 resistors) £5°
SILICON PLASTIC RECTIFIERS—1-3 awmp, wirc-ended
DO27: 100 P.LV. 7p (4 for 26p); 400 P.L.V. 8p (4 for 30p).
BRIDGE RECTIFIERS—2} amp: 200V 40p; 350V 45p;
GO0V 55p.
SUBMINIATURE VERTICAL PRESETS—0-1W only:
All at 5p* cacl 0 3 470; 68O olim; 1k 2k,
4k7; 6kB; 10k; ; 100k; 320k; 680k; 13
M.

23
PLEARE ADD 20p POST AND PACKING ON ALL
ORDERY., EXPORT—ADD COST OF 8EA/ATRMALL.

Add 805 VAT to all itema except those marked with *
which are 1219
Send 8.A.L. for additional stock lists.
Wholesale price lists available to bona fide companies.
MARCO TRADING (Dept. P.3)
The Old School, Edstaston, Wem, Shropshire
Tel: Whixall 464/465 (STD 004 872)
(Proprs. Minicost Trading Ltd.)

TURN YOUR SURPLUS capacitors, transistors,
etc., into cash. Contact COLES-TIARDING &
CO., 103 Nouth Brink, Wixbeeh, Cambs. Tel.
0945 4135,

R. T. SERVICES
(MAIL ORDER ONLY)

75 Hayfield Rd., Salford 6, Lancs.

PANEL with 6 2N3055 transistorsplus 6 N.P.N.
and 6 P.N.P. transistors £1°75 inc.
FM TUNER with R.F. Stage and A.G.C.
3' transistors, neg. earth 2f X 2 X liin with
circuit, £1-75.
MAINS INPUT TRANSFORMERS 20V-0-
20V at 2 amp, £3'95, New. 6V at | amp, £1°45,
New. IZV at + amp, £1°45. New.
Mixed Pack of C280 series Mullard capacitors,
I_OO for £1:15 inc., P. & P, Send S.A.E. for our
fist prices.

Tel. 061-236 1541

All prices include VAT and P. & P.
x
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IAL RESISTOR OFFER

150 mixed 5 watt A ca N FILM—
150 mixed { wats,/| GERDON B
150 mixed § of any one yaluain

Postage: | pack 25p\ 2 packs 30p;

4 packs or over 50p. Tk of each of the

above for £3'50, post 50p. S.A.E. for lists of

cables, crystals, etc., or samples of resistors.
WESTLAKE

Clawto;\ H‘olsworthy. Devon

CARBON FILM RESISTORS. 5% K12 Series,

EW, IW, }W, Mixed to your choice, 100 for
90p. Electrolytics 50/15V, 7p. Microprocessors
SC/MP £18. MM6800 £33.
order only.
Caversham Park, Reading.

P. & P. 15p. Mail
CANDAR, 8 Almond Drive,

L

LN
BC107/8/9, 7 o 47/8/9, BF194, 197 8p.
Fuses 20 glass, 11in glass, nic £p.
Post J0p (free over £4). Prices inclusive O?T.
ORN

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 18V, 25V, 50V — 047, 1-0,
2-2, 4-7 and 10mF bp; 22, 47 55p (50V 8p); 100 7p
{50V 8p); 220 8p (50V 10p); 470 11lp (50V 18p);
1,000 (16V) 15p, 1,000 (25V) 18p, 1.000 (50V) 28p.
Subminiature Bead Tantalum Electrolytics—0-1,
0-22, 047, 1-0, 2:2 at 35V, 4-7/25V 11p; 10/25V
13p; 22/16V, 47/6V and 100/3V 15p.

Mullard Min. Ceramic E12 Series 63V 2°,—10pF to
47pF—3p; 56 pF to 330 pF 4p.
Vertical Mounting Ceramic Plate 50V—E12 series
22-1,000pF and E6 series 1,500-47,000pF 2p.
Polystyrene E12 Series 83V Horizontal Mouniing—
10-1,000pF 3p; 1,200-10,000pF 4p.
Mullard Polyester 250V Vertical Mounting E6
Series—0-01-0-1 4p; 0-15, 0-22 5p; 0-33. 0-47 8p;
0-68 11p; 1-018p; 1-520p; 2-2 22p.
Mylar (Polyester) Film 100V Vertical Mounting—
0-001,0-002, 9-005 3p;..0:01,0-02 4p; 0-04, 0-05 43p.
jriture— Resistors Highstab E12 Series 5%.
arbon Film 0:33W 1Q to 10M (10, over 1M)
1p, Metal Film 0-125W, 0-25W-and 0-5W 100
to 2M20 1:4p, Metat-Film 1W. 220 to 10MQ 2p.
4148-9p; 1N4002 5p; 1N4006 7p; 1N4007 8p;

THE C.R. SUPPLY CO.
Chesterfield Road, Sheffw

SILICON SOLAR POWER CELLS
500mA £1-25, 5mA 20p.

Photo-switches 40p; 3 for £1,

Blue response cells TETonkl.
Bargain packs. TAND GTD 50p each, 8 off 50V
8A rect.; 8 off 100V 8A ;.6 off 200V-8A
rect.; 20 off 50V |'5A metal rect.; 7 off photo-
trans.; 5 off photo-darl; 7 off I/R LEDS.

C.W.O. P.&P.250." VAT inclusive.

P.A. ELECTRONICS
2] Kendal Drive. Shaw, Oldham, Lancs.

SITUATIONS VACANT

RADIO TECHNICIANS

Government Communications Headquarters has vacancies for Radio
Applicants should be 19 or over.

Standards required call for a sound knowledge of the principles of elec-
tricity and radio, together with 2 years experience of using and maintaining
radio and electronic test gear.

Duties cover highly skilled telecommunications/electronic work, including
the construction, installation, maintenance and testing of radio and radar
telecommunications equipment and advanced computer and analytic

. machinery.

Qualifications: Candidates must hold either the City and Guilds Tele-
communications Part | (Intermediate) Certificate or equivalent HM Forces
qualifications,

Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on entry) rising
to £3,385 with opportunity for advancement te higher grades up to £3,780
with a few posts carrying still higher salaries, Pay supplement of £313-20

per annum, .
Annual leave allowance is 4 weeks rising to 6 weeks after 27 years service.
Opportunities for service overseas.
Candidates must be UK residents.

Further particulars and application forms available from :.

Recruitment Officer, Government Communications Headquarters
Oakley, Priors Road, Cheltenham, Glos. GL52 5AJ

Technicians.

EDUCATIONAL

Tel.: Cheltenham (0242) 21491 (Ext. 2270)

TECHNICAL TRAINING
Get the training you need to move up
into a higher paid job. Take the first
step now—write or phone ICS for details
of ICS specialist homestudy courses on
Radio, TV, Audio Eng. and Servicing,
Electronics, Computers; also self-
build radio kits. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 772D, Intertext House, London
SW8 4UJ
Tel. 01-622 9911 (all hours)

GLASS FIBRE P.C.B.'s

From your own tape, film or ink master,
Send 5.A.E. for quotation,
PRACTICAL ELECTRONICS P.C.B.’s
in glass fibre, tinned and drilled.

June 76 Transmitter 98p, Coder 91p.

July 76 Receiver 98p, Decoder 79,
interface 58p. August 76 Servodrive 74p,
Servo Amp 58p, Relay Driver 68p.
Complete set of above boards £5:80,
Sept. 76 Tone Generator 71p, Tone Decoder
78p. Sept. 76 Cross-Hatch Generator £2-85.
Nov, 76 Hazard Warning Flasher 68p.
Dec. 76 FM Stereo Tuner £2-58.

Feb. 77 Decoder 1302.1 £1-32. Send S.A.E.
for information on current boards.
C.W.0, please.

R.S. Components. All of this well known
supplier's components available.

PROTO DESIGN
4 Highcliffe Way, Wickford, Essex SS11 8LA

RESISTORS: Type AEL II Carbon Film 59
E24 range (4E7 to 2M2-[0M*). Sold in units of
10; 3W Tp, $W 8p. Also transistors BC108/9

70p per 10. Min. Order £2. Postage 15p plus
VAT at 1249 (high rate). Large 8.A.E. for
more details to—C.W. ELECTRONICS, Dept.
PE, 10 Kingslcy Path, Britwell, Slough, Berk-
shire. We can also supply to the trade, schools,

colleges and export.

P.C.Bs Paxolin, 5}in x!5}in, 6 for 85p, 12in X
9in 60p, [7{in X 93in, 90p, Fibre Glass, 13in X
5iin, 80p, 13in X ilin, £1-50. D.S. 7in X Bin,
70p. Neons, 20 for £i1. 5 Figure Resettable
Counter 18/22V works on 12V, £3, Assorted
74 Series 1.Cs on panel(s), 10 for 90p. 3
Assorted Meters £2-10. 100 Assorted S/Mica
Caps 75p. Silicon Diodes 650V (1A, 10 for 60p.
List 15p. Refund on purchase.
7 Ib Assorted Components, £2'75.
J. W. B, RADIO
2 Barnfield Crescent, Sale, Cheshire, M33 INL
All items post paijd. Mail order only,
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CITY & GUILDS EXAMS

Study for success with ICS. An ICS
homestudy course will ensure that you
pass your C. & G. exams. Special
courses for: Telecoms. Technicians,
Electrical Installations, Radio, TV &
Electronics Technicians, Radio
Amateurs. Full details from:
1CS SCHOOL OF ELECTRONICS
Dept. 772D, Intertext House, London
SWS8 4UJ
Tel. 01-622 9911 (all hours)

COLOUR TV SERVICING

Learn the techniques of servicing Colour
TV sets through new homestudy course
approved by leading manufacturers.
Covers principles, practice and align-
ment with numerous illustrations and
diagrams. Other courses for radio and
audio servicing. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 772D, Intertext House, London
SW8 4UJ)

Tel. 01-622 9911 (all hours)

SERVICE SHEETS, radio, TV, etc.
models. Catalogue 28p plus S.AE. with

SERVICE SHEETS

10,000

orders-enquiries. TELRAY, 154 Brook Street,
Preston, PR1 7HP.

S8ERVICE SHEETS, Radio, TV, etc., 50p and
S.A K. (atalogue 20p and S.A.15. ITAMLILTON
RADIO, 47 Diohemia Road, Xt. Leonards,
Sussex.

BELL'S TELEVISION SERVICES for service
sheets on radio, TV, ctc., 75p plus SAE.
Colour TV service manuals on request., .A.E
with enquiries to B.T.S.. 100 Kings Road,
Harrogate, N. Yorkshire. Tel. 0423 55885,

BOOKS AND PUBLICATIONS

START YOUR OWN BUSINESS
REWINDING ELECTRIC MOTORS

This unique instruction manual shows step by
step how to rewind motors, working part or
full time, without previous experience.
Everything you need to know easily ex-
plained, including where to obtain materials,
how to get all the work you need, etc., etc.
A goldmine of information and knowledge.
Only £3'90 plus 26p P. & P. From:
MAGNUM PUBLICATIONS, Dept. PE5
Brinksway Trading Estate, Brinksway
Stockport SK3 0BZ

Overseas Distributors wanted.

" FOR SALE

6 DEWTRON SYNTHESISER MODULES, a-
new, 2 x V(O0-2,1 x SHE-1, 1 x OFT-2,
13X R.M.-1, 1 X SA-1, £100. Mr. M. FARRANCE,
142a Kirkleatham Lane, Redcar, Cleveland.

NEW [IS8UES of “‘Practical Electronics' avail-
able from April 1974 up to date. Cover price
plus  17p  postage  per copy — BELL'S
TELEVISION SERVICES, 190 Kings Road,
Harrogate, N. Yorkshire. Tel. (0423) 55885.

RONDO 8Q QUADRAPHONIC amplifier and
Henry’s Stereo KM Tuner built, tested, less
cabinets.  Will separate. Offers. Biggleswade

BOUND VOLUMES P.E., P.W., TV. S.A.E. for
details. ROSS, 32 Woodheys, Mersey Road,
Heaton Mersey, Stockport, Cheshire.

P.E. MINISONIC with integral $ octave key-
board. P.K. Synthesiser main unit £240. For
further details write—49a Manor Park Road,
Glossop, Derbyshire.

DEWTRON MODULES, worth £220, casc, key-
board, controls, panels, ete., £180: CROM PTON,
12 Everett Road, Withington, Manchester.

WANTED

WANTED, NEW VALVES, TRANSISTORS,
top prices, popular types—KENSINGTOMN
SUPPLIES (B), 367 Kensington Street,
Bradford &, Yorkshire,
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MISCELLANEOUS

CHEADPEST POSSIBLE— BEST QUALITY
pRINTED cl RcuITs 5 Pin din plug 19p. 2 Pin din plug 12p. 2 Pin din
in-line skt. 12p. Standard jack plug 22p,Stereo O
jack plug 30p. 3:5mm jack plug 10p. Phonp plug
and HARDWARE 12p. Stereo jack chassis socket 30p., Standard u Slca
jack chassis socket 25p. 3-5mm jack skt. 10p.
D.P.D.T. toggle switch 48p. S.P.S.T. 35p. 3A

. . . L]

Readily a'va|lable supplies of Con- %ggv(’coll-'oeukrlsa).mker switeh. 5.P.ST. 24 240 er cles I

structors’ hardware, Aluminium :’r-EcesAilnclude P. & P. Cheques and P.O.s to .

sheet and.sections. Printed circuit 1 G PATCORN, 29 ROSEBURN DRIVE,

boar‘dls).l'thogzi gua.lity for individual EDINBURGH (same day despatch). by Dewtron ®

or published designs. e

P g WANTED PRACTICAL ELECTRONICS March

Prom pt service. 1967, offers: Practical Electronics Dec. 1963, Build your own synthesiser or musical effects
1969 three missing, Jan. 1972, Feb. 1973, Fch. using some of the huge range of DEWTRON

Send |5p for catalogue, 1974, March 1974, July 1976. F. MONEY, 45 modules. Or, build fuzz or waa-waa at budget

Templer Road, Paignton, Devon. prices using epecial kits.
RAMAR CONSTRUCTOR SERVICES
Masons Road, Stratford on Avon BUILY THE TR EASU RE TRAC E H

Warwicks. Tel. 4879
r . . @ MKol” Metal Locator

PRINTED CIRCUIT BOARDS supplied in glass
fibre drilled, tinned or varnished from your
own or published designs. Send S.A.E. for D Ly WIRE THREADING KIT

quotations. R. ¥. DARLISON, 1 Valentine e e WIRE DISTRIBUTION SYSTEM INTRO-KIT

Send 25p for Catalogue from:

D.E.W. Ltd., 254 Ringwood Road, Ferndown,
Dorset BH22 9AR.

-
-
Drive, Oadby, Leicester. 8 Spescersn sarpnons cpsraton £5-95 inc. of VAT and P, & P. (Mail order only)
4, siready s0|
KIT CONSISTS: WIRE_ DISTRIBUTION
ENAMELLED COFPER WIRE = PENCIL, W-D BOARD, W-D STRIPS, SPARE
SWG 116 8oz 40z ® Thoroughiy professions! finieh SPOOL' OF WIRE, IC LEG DEFORMER,
£ ® vou M,g ,,Y“d solganing ron acrew COMPREHENSIVE INSTRUCTIONS.
Ig"g 1'.40 lzg 0:62 g;g driver pynm and snips Or for further details please send a S.A.E.
§°34 %23 ||_7° 839 o4 ® As seen on BBC-1 and BBC-2 TV Trade and overseas enquiries welcome.
35-40 2°85 1-90 1-04 0-75 Se: d addressed 1 115 Lion Lane, Haslemere
inclusive of P. & P, and VAT. i s ZARTRONIX ''® by euwar e ™™
S.A.E. brings catalogue of copper and resistance z
wires in all coverings, &omplete £14 . 75 Built and £19 A 75
THE SCIENTIFIC WIRE COMPANY it tested wa A
£.O. Box 30, London, E4 9BW Post £1 + £1-18 VAT Post £1 + £1-58 VAT :‘HE&;")AEE%‘B%&"'c(?nalgTE%'“(Hf,fl)
Reg. Office: 22 Coningsby Gardens MINIKITS ELECTRONICS. 6g CLEVELAND ROAD 22,33;'..])., (]{'1,2) 5'2_92: PP3 la'QB. Matching
LONDON E18 2AN (Mail Order, Only) chargers, respectively, £4-48, £4:48, £5:24,
NO LICENSE 25-24, £3'98. All prices include VAT. Add 10%
EXAMS NEEDED P. & P. 8.A.E. for full list, plus, if wanted, 50p
1.C. EXPERIMENTER’S KITS for *Nickel Cadmium Power” booklet.
To operate this miniature, solid-state Learn about modern electronics with our new SANDWELL PLANT LTD., 1 Denholm Road,
TRANSMITTER RECEIVER kit. Only j(e.rtwso"ft Kasion 4'5'“'e'f’g'feée?hc"'f"ﬁ’]f:c“ Sutton Coldfield, West Midlands, B73 6PP.
5 1t contal specially selec s, o rs, .5 Ld
"Bar:?n?(]::ei:?':;n&\»:;h a2 MINI-STROBE Veroboard, L.E.D.s, and Instructions. Tel. 021-354 8764,
kit, pocket-sized 'lightning flashes’, vari A";?‘?IS 2 ‘4(‘302 cach ("(n'ih'ﬁ,‘,nz P[i“& F;:l)o s
1 = ’ R i ne—~Gates i o—Flip-Flop
spe’ed, for disco's and parties. A mere £3-80 —_ KitCThr“—SthBeEi“ersD' i H o M . ELECTRO N I CS
plus 20p P. & P. I3 LRI E— SR HSRCACIEIETA) 275a Fulwood Road. Broomhill, Sheffield $10 3BD
Experiment with a psychedelic DREAM S.A.E. for further details to: ) ' $
LAB, or pick up faint speech/sounds with 69 High QUT??‘;A(TEDCHOMESCVB IF) pr Give your project that
the BIG EAR sound-catcher: ready-made e "e(eM'aiI ’6:&} o°r:'|;;‘"y H p_ro]ession:\al(lqoking
modules. £5 plus 20p P. & P. 1 tinish. Build itin a BEC
LOTS MORE| Send 20p for lists. ¢ Dry transter lettering
(Prices include VAT). CLEARING LABORATORY, scopes, recorders, CEC i now available
(Mail Order U.K. only). testmeters, bridges, audio, R.F. generators, CABINETS 1
BOFFIN PROIJECTS turntables, tapehead's, stabilised P.8.U.s, sweep ORION cabinet stili availabte punched or unpunched
4 Cunliffe Rozd gent;réxstors, test equipnent, etc. Lower Beed- Send 15p (retundable) for leatlets
ing .

Stoneleigh, Ewell, Surrey (P.E.)

M! / g —
SUPERB INSTRUMENT CASES by Bazell B“RGMR AI'AR A MAKE YﬂUR GWN
v m y Bazelli, AL
manufactured from heavy-duty pve faced SUPPI_IES AND / I PG. BGARDS—EASILY
steel. Hundreds of people and indust{_ial users EQU'PMENT /
are choosing the cases they require from our L w
vtzist range. Competitive prices start at a low —_— 2 :n, = Rub-on Transfers
82p. Examples: width, depth, height, 8in. X i ini
5in x 3in, £1.70; 10in X 6in X 3in, £2.42; 1&1!;;( SAE FﬂR FREE GATAwGUE For Professional Finish
$inx 3in, £3.02; 12inx 10inx 3in, -98 LARGE SIZE PRESSURE MATS A .
8in x 4in X 4in, £1-98; 10in X 6in X 4in, £2-97; 28 in. % IS in. £1-20 STARTER PACK containing 5 sheets (lines,
12in X 8in x 4in, £3.96; 7in X 7in X 5in, £2-91; vo—— pads, i.c. pads) £1°30 (P. & P, etc, 15p.)
ginx 10in X 6in, £3-96; 12in x 8in X 7in, £4:40; MAGNETIC SWITCHES SPARE SHEETS 27p. Easy to use. S.AE
12inx 12inx 7in, £4-84. Plus 85p carriagtg and with magnets from 75p details and sample. o
8% VAT. Over 400 models to choose from. BELLS - SIRENS . ALARM-UNITS - CABLE g
Prompt despatch. Free literature (stamp would BELL COVERS . WINDOW FOIL - VIBRATION LD?YV';guorlanl'c]goosgmleG forkany:suze
gxg.aippr.eciated): BAZELLI, Dept. N{. 23, St. CONTACTS - ULTRASONIC AND INFRA-RED 7 or 8 hole plza.stic support;c5°;/;:§re(:’s. & llg
L\:orgi 5} Foundry Lane, Halton, Lancaster DETECTORS - INTERTIA SWITCHES. etc. |0pjorder). Quantity rates. S.AE. for
- i A. D. ELECTRONICS details and samples. oak Lod .
217 Warbreck Moor, Aintree H ak Lodge * Tansley
CABINET FITTINGS Live i7 Warbreck Moo, A5 30 P.X.G. ElectronicS oerbyshive ves 5Pt
FOR
Stage Loudspeakers and Amplifier Cabs =
Eretcloths, Coverings, Recess Handles, St .
Hr:nglzs. sF:e:,veEI:sgt::rs. e‘I:.Q::scks a:nd“Hin;:: AR%‘;‘R‘#REELLAE%DC%?::LE:VVI“ngNG 100 Resistors 75p
Corners, Trim, Speaker Bolts, etc., etc. P ial i . % c/FILM a MO (E12]
Send 2 X Bip Stamps for samples and list. Aﬁ"" top quality materials supplied. W 5% o 2:20-2-2M0 (E12)
orders despatched within 24 hours. 10 each of any value
ADAM HALL (P.E. SUPPLIES) WG T1p ree! b ree! 080 cASSETTES Rp Al Cosseties in_ Plastic
Unit @, Starline Works, Grai Road o A g hs Case with Ind d
M B S thand.on-Sea, Exsex. 0029 s £l O CASSETTES 4P Scrowed Assomoly
35 to 40 £3'65 £2:10 All #s include VAT. Add i
METER REPAIRS. Ammeters, . voltmeters, % A0 prices inclusive of P. & P. in U.K. s e ALon s oThomics
multi-meters, etc., contact: METER RE- e S_'OPI:E’RR?aJdP';';liE'fi"““ 10 Units 5% 23 WYLE COP,
WO s I} EWSS!
]SE’SA7111L}§,A.21 Mount Road, Benfleet, Easex, Manchester 20 Telephone 06I-445'8753 1& ﬂ::}: :3‘% ;r,.m 2L
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MAIL ORDER ACCESSORIES !
* AL PRICES TOTALLY INCLUSIVEE =
Magnetic earpiece with 3:-5mm or 2:5mm
plug ...
PLI2 universal lead assembly with movable
pins, Will fit most 8-track and cassette car
stereo units. Complete with fuse and
fuse holder ... ... cee e ... 80p
FM radio aerial, Folded dipole of 300 ohm
ribbon twin feeder fitted with spade

18p

terminals ... ... 80p
5-pin din plug to 5-pin din plug recording
lead connected by 4-core screened cable ... 95p

2-pin din speaker plug to in-line socket con-
nected by 5 metres of 2-core coded speaker

cable ... ... 95p
Guitar lead standard angled jack plug to
standard straight jack plug. ém coiled
screened cable oo . £2
Headphone extension lead stereo jack plug
to stereo in-line socket 6m coiled screened
cable ... .. £2
. Chassis Skt.
5-pin din 180 14p
2-pin din speaker 12p
3-5mm jack 10p 12p 10p
%in standard jack 22p 25p 15p

4in stereo jack 30p 30p 30p
Phono plug, 12p; chassis skt., single, 10p; dble.,
14p; 4W, 22p; DPDT toggle switch, 48p; SPST
toggle switch, 34p. AM 2-pin aerial plug, 18p; FM
2-pin aerial plug, 18p.

L. E. ALCO
29 Roseburn Drive, Edinburgh, Scotland

Al WELD

o A P
T2

NG

WELDS BRAZES
SOLDERS. g
wea  £19°25 ,
FLAME TIPS ¢ 5" '
- N
Precision tool
using cambination
of butane and compressed
oxygen or micronox. A
pencil lead thin flame size. Ad-
justable to 5,000 F.  Cuts metals, welds, brazes
and solders gold, silver. Ideal electricians.
clockmakers, electronic and computer servicing.
Up to 40 minutes use on fuel supplied. Replace-
ment set of 2 microncx, | butane cylinder,
£1-98extraincluding post. £1925 + 95p P. & P.
Send £20-20.
JOHN DUDLEY & CO. LTD.
Dept. PE 14, 30) Cricklewood Lane

Finchley Rd., London, NW2. Tel. 01-458 5917
Callers welcome, Access accepted

All prices inc. P. & P. Cheques and P.O.s to:
b ‘l

» THE RADIO

AMATEUR’S
HANDBOOK 1977

by A.R.R.L. Price £6°55

MAKING YOUR-OWN ELECTRONIC
GADGETS. A BEGINNER’S GUIDE by
R. H. Warring Price £2°80

THE CATHODE-RAY OSCILLOSCOPE
& ITS USE by G. N. Patchett Price £4°0%
ELECTRONIC CALCULATOR USERS
HANDBOQOK by M. H.Babani Price £1°20

COLOUR T.V. WITH PARTICULAR
REFERENCE TO THE PAL SYSTEM by
G. N. Patchett Price £5°50

I1C OP-AMP COOKBOOK by W. G. Jung
Price £8°70

TRANSISTOR ELECTRONIC ORGANS
FOR THE AMATEUR by A. Douglas

Price £4°80
VIDEOTAPE RECORDING by |. F.Robinson
Price £7:00
TRANSISTOR AUDIO & RADIO
CIRCUITS by Mullard Price £3°00

RADIO COMMUNICATION HAND-
BOOK YOL1 by RSGB Price £8°'00

% ALL PRICES INCLUDE POSTAGE %

THE MODERN BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET

LONDON W2 INP
Phone 01-723 4185
Closed Saturday | p.m.

PRINTED CIRCUIT KIT £4-95
Make your own printed circuits. Contains etching
dish, copper clad board, ferric chloride, etch
resist pen, drilf bit and instructions.

JC12 AMPLIFIER
6W IC audio amp
with free data and
printed circult.
£2-25

DELUXE KIT FOR JC12

Contains extra parts except JC12 needed to complete
the amp including balance, volume, bass and treble
controls. Mono £2-39. Stereo £5-25.

JC12 POWER KIT

Supplies 25V 1A £3-95.

JC12 PREAMP KITS

Type 1 tor magnetic pickups, mics and tuners. Mono

£1-50. Stereo £3. Type 2 for ceramic or crystal
pickups. Mono 86p. Stereo £1-76.

SINCLAIR IC20

IC20 10W + 10W stereo integrated circuil amplifier
kit with tree printed circuit and data £4-95.

P220 Power supply kit for above £3-95.

VP20 Volume, tone-control and preamp kit £8-95.

JC40 AMPLIFIER

New integrated circuit 20W amplifier kit complete with
chip, printed circuit and data £4-45.

FERRANTI ZN414

IC radio chip £1-44. Extra parts and pcb for radio
£3-85. Case £2. Send S.A.E. for free data.

BATTERY ELIMINATOR BARGAINS

RADIO MODELS

S0mA with press-stud battery connectors. 9V £3.76. 6V
£3-75. 9V + 0OV £5-45. 6V +6V £5-45. 43V + 44V £5-45,
CASSETTE MAINS UNITS

74V with 5 pin din plug. 150mA £3-95.

3-WAY MODELS

With switched output and 4-way multi-jack connector
Type 1: 3/44/6V at 100mA £3-20. Type 2. 6/74/9V at
150mA £3-30.

FULLY STABILIZED MODEL £5-45
Switched output of 3/6/74/9V stabilised at 400mA

CAR CONVERTORS £5:10
input 12V d.c Output 6/74/9V d.c. 1A stabilized.

TELEPHONE
PICK-UP LEADS

Phone sucker in either 3 DIN 4 Jack.
3-5 Jack Phono or Philips EL3581/
3582/84 or other Philips models. Please
state which one.

ONLY £1:99 NS

POST FREE

barclay:::

Dept. PE, 1115 Finchley Road,
Temple Fortune, London
NW11. Tel: 01-458 4755

— %
ELECTRICAL °

8TYLI, CARTRIDGES AND AUDIO LEADS,

ete. For the best at keenest prices send S.A.E.
FELSTEAD

for free illustrated list to:

ELECTRONICS (PE), Longley Lane, Gatley,

Cheadle, Cheshire, SK8 4EE.
LADDERS

LADDERS, vamished, 25} ft. extd., £30-41.

Carr. £1-90. Leaflet. Immed. despatch. THE

LADDER CENTRE (PEE3), Halesfleld (1),

Telford, Salop. Tel. 586644,
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OSMABET LTD We make transformers
amongst other things

LOW VYOLTAGE TRANSFORMERS

Prim 200/240V ac . 5V 1A 80p; 6 3V 1 5A £1-65; 3A
£2:10; 6A CT £3-75; 12V 1 SA £2-10; 3A £3-75; 6A CT
£5:25: 18V 1 5A CT £3-45; 24V 1 5A CT £€3-75; 3A CT
£5:25; 5A £8; BA £11-25; 12A £18-50; 40V 3A CT £7-50;
50V 6A CT £18-75: 25V 2A + 25V 2A £7; 12V 4A + 12V
4A €7,

LT TAANSFORMERS TAPPED SEC, Prim 200/240V
0-10-12-14-16-18V 2A, £4; 4A, £5-25. 0-12-15-20-24-
30V 2A. £4-50; 4A, £6-75. 0-5-20-30-40-60V 1A, £4-85;
2A, £6-75. 0-40-50-60-80-100-110V 1A, £7.

MIDGET RECTIFIER TRANSFORMERS

For FW rect 200/240V a.c . 6-0-6V 1-5A or 5-0-9V 1A
£2:25 each, 12-0-12V 1A, of 20 0 20V 0 75A, or 8-0-9V
G 3A. or 12-0-12V 0 25A, or 20-0-20V 0 15A. or BV
0 5A + 6V 0 5A or GV 0 35A + 9V 0 35A, or 12V 0 25A
+ 12V0 25A.0r20V0 15A + 20V0 15A. ali a1€2-856ach

DSPEA! o
20 80, 24in 8 or 2501 3N 3, 380, 3Pn 150,
£1 each, B x5n 3. 8 or 25N, KV-78; _GO

BN twin cone, hi-fi, 402, £2-50; 7 x 4i

pr2sn. £1-50.

N SETTE ERASER

Instant erasure any drameter tape spool or cassette,
ses tape heads. ac. £3.75

SYNCHAONOUS GEARED MOTORS 200/240V a.c.

Brand new Smiths. built 1n gearbox. 6 rph, £1:25

each .

PAPER TUBULAR CONDENSERS

4-7mF, 160V, 30 x 20mm. 20p (100 for £10)

SPEAKER MATCHING AUTO TRANSFORMER

12W, 3 to 8 or 15N up or down. £1-85.

G.E.C. MANUAL OF POWER AMPLIFIER COVERING

VALVE AMPLIFIERS OF 30W TO 400W 50p.

CABLES — CABLES — CABLES

MICROPHONE TWiN H/OUTY, BRAIDED SCREEN
Professional cable for stage. studio, outdoor. PVC
covered, grey, 20p per metre.
MULTI WAY SBCREENED, PYC COVERED
38 way £1; 25 way 75p; 14 way 50p; 6 way 25p; 4 way 20p;
2 way 10p; 1 way 8p per metre.
LOW LOSS CO-AXIAL CABLE 75N
UHF, while, 18p per metrs; VHF, white, 9p per metre.
BALANCED TWIN FLAT FEEDER 300}
40p per 10 metres
FLEXIBLE PYC MIN| 3-CORE CABLE, 19/0- 10MM
100 metres £3-50. Ideal for speakers, (ntarcoms, etc
TWIN FIG. 8 CABLE
Potarised. €£3/100m  Screened stereo  £1/15m.
ALL TYPES DOMESTIC AND COMMERCIAL CABLES.
ALL SIZES AND COLOURS CONNECTING WIRES,
MULT!I SCREENED AND UNSCREENED CABLE
TRADE ENQUIRIES INVITED

Carriage and VAT extra on all orders

S.A.E. ENQUIRIES. LISTS. MAIL ORDER ONLY

46 Kenilworth Road, Edgware, Middx. HA8 8YG
Tel 01-958 9314

BATTERY ELIMINATOR KITS

Send $.A.E. for fres leaflet on range.

100mA radio types with press-stud battery terminals.
4V £2:10. 6V £2-10. 9V £2-10. 4V + 44V £2-80.
6V + 6V £2-80. 9V + 9V £2-80,

100mA cassette type 74V with 5 pin din plug £2-10.
Transistor stabllized 8-way type for low hum.
3/44/6/74/9/12:15/18V. 100mA £3-50. 1A £6-50.

Hesvy duty 13-way types 44/6/7/84/11/13/14/17/
21/25/28/34/42¥. 1A model £4-95. 2A model £7-95.
Car convertor kit Input 12V d.c. Output 6/74/8Vd.c 1A
transistor stabilized £1-95.

MILLEN!IA XITS

5 transistor highly i power units.
1-30V in 0-1V steps. Send S.A.E. for free leaflet. 1 amp
kit £12-45. 2 amp kit £14-85. Case £2-985 extra.

.

MAINS TRANSFORMERS

6-0-6V 100mA £1. 9-0-9V 75mA £1. 18V 1A £1.95.
0/12/15/20/24/30V 1A £4-30. 12-0-12V  50mA £1.
0/12/15/20/24/30V 2A £5-95. 6-0-6V 14A £2-85. 9-0-9V
JA £2-55, 12-0-12V 1A £2-95. 15-0-15V 1A £3-20.
30-0-30V 1A £4-10.

S-DECS AND T-DECS

T-DeC £3-88.

u-DeCA £4-21.

u-0eCB £7-21.

iC carriers

with sockets' 16 dil £1-91. 10TO5 £1.79.

SINCLAIR CALCULATORS AND WATCHES
Cambridge Memory £5-95. Cambridge Scientific
£8-95. Oxford Sci. £13-30. New Sinclair Pocket TV
£165. Mains adaptors for other models (state type)
£3:20. Assembled Grey Watch with free stainless steel
bracelet £16-45. White watch £13-95,

SINCLAIR PROJECT 80 AUDIO MODULES
PZ5 £4-95. Z40 £5-75. Project 805Q £20-95.

BI-PAK AUDIO MODULES

S450 tuner £20-95. ALED £4-60. PA100 £14-95. MK6D
audio kit £31-95. Teak 60 £12-95. Stereo 30 £16-95.
SPME0 £3-95. BMT80 £3-62. Send S.A.E. for free data.

SAXON ENTERTAINMENTS MODULES
SA1208 £20-50. SA1204 £14. SAG08 £13. SA604 £12.

PM1201/8 £12. PM1202/8 £19. PM1201/4 £12. PM1202/4
£19. PMB01/6 £12. PM801/4 £12.

SWANLEY ELECTRONICS

Dept. PE, PO BOX 68, 32 Goldsel Rd., Swanley, Kent

Mail order only. We will not serve callers
under any circumstances. Post 30p on orders
under £2-23, otherwise free. Prices include
VAT. Official orders welcome. Overseas
customers please deduct VAT. Send S.A.E.
for free leaflets on kits.
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4th ISSUE INCLUDES NEW METERS

as well as new switches and items from advanced opto-
electronics to humble (but essential) washers. Many
things listed are very difficult to obtain elsewhere. The
company's own computer is programmed to expedite
delivery and maintain customer satisfaction. Attractive
discounts are allowed on many purchases; Access and
Barclaycard orders are accepted.

SEMI-CONDUCTORS @ COMPONENTS @ ACCESSORIES, ETC.

« FREE POSTAGE on all C.W.0. mail orders over £2 list value (excluding
VAT) in U.K. If under, add 15p handling charge
All commumications to Head Office, Dept PETI/12 20 $T. JUDES ROAD,

ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB. Phons Egham 3603
Telex 284475 Hours 9-5 30 daily. 1 pm Sats

NORTHEAN BRANCH: 680 Burnage Lane, Burnage, Manchealer M13 INA
Phone 061-432 4345 Hours 9-530 pm 1 pm Sats.

144 pages
40p

post paid

inc. refund
voucher
worth 40p

)

ELECTROVALUE LTD
PLAIN PAK STRIP P.E. JOANNA

Patents applied for
ELECTRONIC PIANO
ALL PARTS CAN BE

The easiest way to make p/c  boards
without etching. Plain PAK STRIP is a very thin,
flexible p/c board with a self adhesive backing. Cut

out shapes with scissors or—lay a sheet on to
paxolin—mark out design with a pencil—cut and lift
unwanted copper sections with a scalpel or sharp
model knife. It's so easy you can make a p/c board
in minutes. 6in x 4in sheet of plain Paxolin, 10p.
6in % 4n PAK strip 39p inc. VAT. postage and
instructions. S.A.E. for details or ask your local
retailer.

Print-A-Kit Electronic Supplies

SUPPLIED

Keyboard, Keyswitch, P.C.B.s,
Hardware, Semiconductors,
Resistors, Capacitors, Cabinets
Complete kits or easy stages

Send S.A.E. for details

Clef Products

31 Mountfield Road

408 Sharrowvale Road, Sheffield, S11 8ZP

Bramhall, Stockport, Cheshire SK7 1LY

A.B.C. Electronics .... . 274 Electronic Supplies . 320 Osmabet . 319
Adam Hall (P.E. Supplies) 318 Electrospares .. .246
A.D. Electronics oo g;’g Electrovalue .... . . 320 P.A. Electronics a7
Alben Engineering * Phonosonics ENENES 254, 255
Alcon Ins?éumems Lid. 218 g:g Flairline Supplies .274 P.K.G. Electronics .. ..318
Alcorn, . E. . . Precision Petite Ltd. . 308
Astro Electronics . 314 G.J.D. Electronics ...... ... .316 Proto Design . . o317
Automated Homes 318 Government Communications Pulse Electronics . . 315
Headquarters . .. ... ... . 317
Bamber, B , Electronics TL 278 Greenbank Electronics . 304 Radio Component Specialists cover iii
Barclay Electronics 243, 319 Greenweld Electronics .. . 310 Ramar Constructor Services ..318
Barrie Electronics e Rastra Electronics .. ..... . . ... 253
Bi-Pak : 248, 249 Harverson Surplus Co. Ltd. ... .. . . 301 RST Valve Mail Order Co. . . 252
Bi-Pre-Pak cover il H.B. Electronics [, 303 R.T. Services . .. . 318
Birkett. J. <315 H-M. Electronics 318
gomntPrOJsect&sR L . g;g Home Radio -253 Salop Electronics .. .318
R adia R Saxon Entertainments 273
British National Radio & Electronics - I.L.P. Electronics Ltd. 251 Scientific Wire Co. . . .. © 318
School s 247,31 Industrial RF Services o 316 Service Trading Co. . .256
Camb L 265 International Electronics Unlimited .313 Sinclair Instruments Co. ..en
ambridge Learning : Intertext ICS .. ... i e 311,317 sintel a3
Chiltmead Ltd. 308 Island Devices . 316 Stevenson C. N. ... . 316
Clef Products . .320 Swanley Electronics 319
Click Shelving {(Nexus) gga Jones. J. C 316
83?&","53;2,?&""9' The '_313 Josty Kit (UK Ltd. .....oon ot 315 Tamba Electronics . ... ...242
Crescent Radio 310 JWB.Radio..... . .. ... 317 Technomatic Ltd. LN
i . .278 Tempus . S . 252
8.’3'.'2'.155?'&27"“ ) 317 Lektropacks . ... .. ... ... .. ....282 Trampus Electronics Ltd. .550
London College of Furniture . .. ..... g;i TUAC ... . ... . .245
Davian Electronics ..310 Lynx Etectronics . . . . .. ....eeee
Deitic Systems . BB L0312 Wgs_tlake WM . gn
D.E.W. Ltd. . L ...318 Magnum Publications L X _317 Williams, Michael . . . .. ...
Doram . . ..242, 278, 304, 312 Maplin Electronic Supplies .. ... . .cover iv Wilmslow Audio ......... .. .309
Dudley. John, & Co. Lid. ... 319 Marco Trading ... ....... Lo 316 )
Marshall, A., & Sons  ......... ..307 Young Electronics . 250
Eaton Audio . . 311 Minikits Electronics ..318 ]
Electronic Design Assoc. 304 Modern Book CO. ... ..iiei e e 319 Zartronix .. .. ... . 318
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RETURN OF POST MAIL ORDER SERVICE

R.C.S. 10 WATT BAKER MAJOR 12 £1495 BSR HI-I_‘I A__UTOCHANGER
AMPLIFIER KIT DR 00000 e 1 deune e e

g N quality unit backed by BSR
iy fg;‘:t-h:;"";’i:]’;d ‘a‘"ﬁf"lg‘g’; retiability with 12 months’

AL, 200/250V.
ceramic magnet assembly g;l;r;;g;ele]”\i; 00/25

baving a ftlux density of . iR
14,000 gauss and a total flux o jaiotoriboandis i

o Below motor board 21in G,
s arelis MiDang With STEREO/MONO £11:95
respnance 40 ¢/s ated 25W, CARTRIDGE.

Ihis kit 13 suitable for record players, tape play back, NOTL: 4 or ® or 16 ohms Single Player version £13°50, All Post 7op
guitars, electronicinstruments or small P A systems inugt be stated. . GARRARD AUTGCHANGER Model 6300 £14.95
Two versions are available. A mono kit or a stereo ———— e N GARRARD MINICHANGER Size 12 x 8in £8'95
kit. The mono kit uses 13 semiconductors. The e 7000 ! B3R P1ux with Cartridge £19:50
stereo kit uses 22 semiconductors with printed front  ?}“ M l"' 30-17,000 cfs

panel and volume, bass and treble controls. Spec DN with tweeter, crossaver, baflte PORTABLE PLAYER CABINET £4-50
10W output into 8 ohms, 7W into 15 ohms. Res and instructions. £ 1 8.9 h
ponse 20¢/s to 30kc/s, input HOM.V  high g { Asillustrated . Pust50p.
Size 94in - 3in - 2in Please sbate 4 or 8'qr 16 ohtus Pout £1-60 Modern design  Size 16in - 15in - 7in  rexine

covered. Largefront grille. Hinged lid. Chrome
fittings  Motor board cut for Garrard or BSR deek.

e £11-25 w £18 u “BIG SOUND”
Easy to bulld.  Full instructions supplied BAKE R SPEAKE Rs
— Robustly c. tructed to stand t
S % . loxolgu;:er?oti‘:n;{ Llllecc:ronki)csp?:verup °
\ ELAC Io Inch As used by leading groups and discos
\

Usetul response 30-13,000 c/s
) Ribbed cone.  lLarge ceramic Bass Resonance 55 ¢/a

magnet. 50——16,000 efs. Base GROUP “5”
resonance 55 cfs. 1OW, . L4
" Y e ey A e £IPIH95 . R.C.S. DISCO DECK
vt £

W

T SINGLE RECORD PLAYER
MAINS TRANSFORMERS L rosT oo 3 £13°95

X l) Fitted with auto stop, stereo/compat. cartridge
30p each. 4 B or 16 ohms ] Baseplate. Size Ilin 84m. Turntable. Size 7in
! 2 diameter. A.c mams. 220/230}

3 speeds plays all a1ze records £6 .95 -
Two for £13. Post 75p 45p

A
VL 6:8% LA or 5y 24
L6 FA o1 5V 24

230-0-200V 70mA4, 6-3
250-0-250 80m A, 6-3V

350-0-350 8Yin A
300-0-300 120m
220V 45mA, 633
HEATER T

Post £1

ctow 1206 70-95

£
\ 34, £1445 Yamp 95p presence dome Post £1 60
{ LOW VOLTAGL.

: A e \ HEAVY METAL PLINTHS
Tapped autputs at YA 8,4, 3, 6, %, 9, 10, 12, 14, 18, ° - 9 9 q
24 and 30V £4.60 15in 75W With P.V C.Cover. Cutout for most O
1A 6,8, 10, 12, 16, 18,20, 24, 30, 56, 40, 48, 60 £4.80 8 or 16 ohms 1.8 k. or Garrard decks. £6 50
24,6,8,12,12, 16, 1¥, 20, 24, 30, 36, 40, 48’ 60 £7.00 Post £1:60 ST, “é‘il:h'm MR T
3A,6,8, 10, 11, 16,18, 20, 24. 30, 36, 40, 48, 60 £8.70 Disco, Group+PA Cabinets in stock. O ivn® e o B ol [T Pout 7hp.
BAI6.810, 12,16, 18,20, 24, 30, 36, 10, 18, 60 £11.95 Send for Leafier  Gedingt Futings, ¢ AoJ B s CHlE ) e
5,8, 10, 16V 1A £2. V500014 £1. 6V 14 €1 Handles, Corners, Peet, Covering Extra Large Plinth end Cover, els-
12V 300mA £1. 10V 500mA £1 19V 750ma §1. Material ali in stock. Rize 20 x 171 x 9in allers only £18-50.
A tapped 10V or 30V £2.85. <0V 3A £ TINTED PLASTIC COVERS ONLY
10 -30’\!? Iei £.éo\ ;OA\ n‘m\lfs ot £ 7& ts0 BAKER 150 WATT Suzes: A L 1240 i, £2:50. 1 0gn
60V, 40¥, 203 or 20-0-20V, 1A £3'50 ) ALL PURPOSE D s gagg, o Stin 8%,
AUTO TRANSFORMERS. 115V to 230V or 230V P f]“’,n'x 14:::: =2 Ui £3'50
to 115V 150W £5; 250W £6. 400W £7: 500W 8. TRANSISTOR - Tdeal for record decks, tape decks, ete.  Post 7op
CHARGER TRANSFORMERS Iuput 300/250V MIXER AMPLIFIER . . L :
for 6 or 12} 144 £2:75; 44 £4.60. ; 1 P 1 Musieal | 5 BAKER HI-FI SPEAKERS
FULLWAVEBRIDGECHARGER RECTIFIERS :";ﬂj{;’:';suﬁ'z o T
ior 17V out 0 By 14 R ! [XS1 IS LTI & -
6§ or outputs 1.4 40p: 24 55p: 44 85p mixing. Output 4/8/16 ohm a.c Mains £68 Cair HIGH QUALITY=BRITISH MADE
R.C.S. STAB'L'SED POWER PACK KIT Separate treble and bass controls £1 50 SU PERB
X A 50 watt model £49.
Allpartsincluding printed eircuit and instructions to
build this unit. Voltages available: 6\, 7 5V, 9V, NEW ‘DISCO 100 WATT’ £52 I2in 25 watts
12V, Up to 100mA output 2- Port carsm A ) ]
d R £2:95 ALL TRANSISTOK AMPLIFI LR C1TASSIS \lngh quality loudspeaker.
Please state voltage required 43p. : . ngh q 3 2
2mputs. 4 outputs separate volume treble Carr £/ 1ts  remarkable lew  cone
and bass controle. Ideal disco o1 alave amplifier chaseis resonance enslren clear
R.C.S. STEREO FM TUNER BLACK CARRYING CABINET A\ AILABLE £9 reproduction of the deepest
) base  Fitted with a special
PW SOUND T0 LIGHT DISPLAY copper drive and coacentric
Cowplete kit of parts with R.C.5 printed erremit tweeter cone resulting in full
Three [,000W  channels Az featured n range  reproduction  with
Practical Wireless £|4ooo CABINET extra £3 remarkable eflicieney in the
upper register.

HBass Resonance U5 efs
GOODMANS CONE TWEETER Plux Density 16,500 gancs
R Usetul responge 20-17,000 /s
Tuner with brushed alumamniun faciass British BaaE fRe b s £325 s or 16 ohius moilvls.
made using the latest eiccuitry  Bargau. Post 4dp AL nud range 25 85.

Kuba Stereo Tuner/Amplifier Chassis. Brand new £33°50. c;{“}l;‘ ,:l(ld”]’{"‘miz‘:v,'m““sg%‘s £8'50 £2 I '95 Post
- £1 60
BARGAIN 3W AMPLIFIER 4 T t
Push-Bull Ready buill with volume, roble and £3-95 R.C.S. 100 WATT VALVE AUDITORIUM
bass controls. b valt battery operated AMPLIF'ER CHASS|S
12in 35 watts
T‘NHAIZIER HEATING ELEMENTS e e A full range repruducer for
i v 7 high Electric Guitara,
S.l:.e'.‘ég\:v.aiin:o)‘?.mSui(;:iilr:;':nnrgu‘c::::gep:g:,/:‘igti ! pLgbliI;o;rdel;ress. ?xcmll'.i-Speaker

/ > tenis electric  organs
Warmers, Convector Heaters.ete  Must be elamped gL ' i isco-
between two sheets of inetal or asbestos. Idea! for Hi-Fi1 and Disco

Thie completely cased mains powered Hi-I) £27.50

40 theques B
. B Resona 0 oc/s
ONLY p EACH (FOUR FOR £1'50) ”:::: D:':s;:;nce By

o _ Professional model. I'our inputs  Treble, Bass. Master B a5l 0
ALL POST PAID ~ Liscounts for quantity . Volume Controls  Ideal disca, I A. or groups. £85 Useful response 25~16,000 ¢/s
E.M.l. 13! x 8in o

3 A fordetaile. 3 speaker outputs, S or 16 obras models.
SPEAKER SALE! 7

Sor ¥or 15 ohm. [00V line tv order plus £2 50 carr . Post
Suitable carrying case £16:50, £1-60

E.M.i. GRAM MOTOR £|.25 I5in model 45 watts £24'95. Post £1-6¢

With tweeter.  And . P20V or 240V a ¢ 2400 1 pan 2-pole LAN R ¢ g, 01 n
crossover 10W £5.95 N TOmA. Sice 27 2] uim a_¥ Post 30p (liamA 5”:;\[‘_?01:[{1{%61‘]"31 Cg.ﬁssslgi;] 15i.v:'g' 7-|I-|tn ;ll:legé
State 3 or 8 ohm E.M.I. TAPE MOTOR A L4in x 9in. £1450; 16in 6, £1.45: lun  Sin, 87p:
As iltustrated Post 40p 4 pole, 240V a.c 185 A 16in 100, £1:70. 1210 x sin, £1-35.

wW . 1,400 1.p.n Spindle 3 in dia i ALUMINIUM PANELS, |5 <.w.g. 616 4in, 15p: 5 Gio,
15 ~ model £8-50 75V version £1. (Hlnstrated i £2-00 25p; 10m 7, 30p: 12in  Siu. 30p: I2in  Sin. 40p:
8 or 15 ohms. Post 65p Size 30 vl ohm : Post 30p 16 6in. 45p; 14in  9in, 50p: I2in x 12in. 55p;

COLLARO GRAM MOTOR 120V 16m Lo, 75p.
o

ZOV_V model £9:50 GEAR BOX 25:1 95p, 75p ALUMINIUM ANGLE BRACKET, v xim  Zin, 15p.
8 or 15 obms. Post 63p PHILIPS GRAM MOTOR 6 VOLT A.C. £1'50 ALUMINIUM BOXES, MANY SIZES IN STOCK.

RADIO GOMPONENT SPEG|AL|STS 337 WHITEHORSE ROAD, CROYDON

- Open 9—6 Wed. 9—1| Sat. 9—5 {Closed for lunch 1.15--2,30)
Minimum post 30p. Access and Barclaycard Welcome. Radio Books and Components Lists 10p. Rail Selhurst. Tel. 01-684 (665

Published approximately on the 15th of each month by IPC Magazines Ltd., Fleetway House, Farnngdon Street, London EC4. Printed in England by Chapel River Press. Andover,
Hants  Sole Agents for Austraha and New Zealand-—Gordon & Gotch (Asia) Ltd  South Africa—Centra) News Agency Ltd

Subscriptions not available at home or overseas

Pracucal Electronics s sold subject to the following conditions, namely, that 1t shall not, without the written consent of the Publishers first ven, be lent, resold, hired out or otherwise
disposed of by way of Trade al more than the recommended selling price shown on the cover, excluding Eire where the selling price is subject to V.A T., and that it shall ot be lent, resold
or hired out or otherwise dispsed of in a ilated or mn any horised cover by way of Trade, or affixed to or as part of any publication or advertising, lterary or pictorial
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The new Maplin Catalogue
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Catalogue includes a very wide range of
compaonents: hundreds of different capacitors;
resistors: transistors, |.C's, diodes; wires and
cables; discotheque equipment; organ components;
musical effects units, microphanes; turntables;
cartridges; styli; test equipment; boxes and
instrument cases; knabs, plugs and sockets;

audio leads; switches; loudspeakers; books; tools —
AND MANY MANY MORE.

Our bi-monthly newsletter keeps you up to date with latest
guaranteed prices — our latest special offers (they save you
pounds) - details of new projects and new lines. Send 30p
for the next six issues (5p discount voucher with each copy).

NAPLIN

ELECTRONIC SUPPLIES
P.O.BOX 3,RAYLEIGH, ESSEX SSE BLR

Telephone Southend (0702) 715155
Call at our shop: 284 London Road, Westcliff-on-Sea. Essex
(Closed all ¢day Monday) Telephone: Southend (0702) 47379



