




New for Project 60 
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Active Filter Unit 

The Sinclair Active Filter Unit is a new addition to our Project 60 
range of high fidelity modules and is designed to complement the other 
modules in the range. Its performance is such, however, that users of 
other amplifier systems might well consider adding it to their assemblies. 
The purpose of a filter unit is to reject frequencies above (scratch) or 
below (rumble) a specific cut off frequency when these frequencies 
contain unwanted interference. The Sinclair A.F.U. is unique in that the 
cut off frequency is continuously variable for both the scratch and 
rumble units and, as the attenuation in the rejection band is rapid 
(12dB per octave), the removal of interference can be achieved with less 
loss of the wanted signal than has previously been possible. 
Each channel of the A.F.U. has an overall gain of unity and, as the imput 
impedance is high and the output impedance is low, it may be connected 
between the pre-amplifier and power amplifier sections of any amplifier. 
Both amplitude and phase distortion have been made quite negligible by 
the careful design and the large amount of negative feedback employed. 

Specifica ions 
Designed for connection between the Stereo 60 pre-amplifier and 
two Z-30orZ-50 power amplifiers. 
Employs two Satten & Key type active filter stages, the first being a 
rumble (high pass) fitter and the second a scratch (low pass) filter. 
The two stages use complementary transistors to minimise distortion. 
Supply voltage 15 to 35V Current 3mA max. 
6ainat1kHz,fi(tersf(3t0.98 (—0,2dB) 
H.F.cutoff (—3dB) variable from 28kHz to 5kHz 
H.F. filter slope 12dB/octave 
L.F. cutoff (—3d6) variable from 25Hz to 100Hz 
t.F. filter slope 12dB/octave 
Distortion at 1 kHz (35v supply) 0.02% at rated output (250mV R.M.S.) 
Frequency response, fiat position, 35 Hz to 20kHz—1dB 

25Hz to 28kHz—3dB 

Circuit 
Diagram of 
Sinclair 
Active 
Filter 
Unit 

Built tested and guaranteed £5.19.6 

ZC FORTY WATT R.M.S. (80 WATT PEAK) 
~ V/ \J HIGH FIDELITY POWER AMPLIFIER 

The Z-50 has been designed for applications requiring higher output power than the 
Z-30. The maximum supply voltage is raised to 50 Volts and the output power is 
40 watts continuous R.M.S. in to 3 or 4 ohms and 30 watts continuous into 
8 ohms. The Z-50 is otherwise identical to the Z-30 in design and specification, the 
increased power being obtained by using much higher current power transistors used 
welt within their rated limits. 
The Z-50 is, of course, compatible with the other Project 60 modules, such as the 
Stereo 60, and since the price is only 20/- higher than that of the Z-30, customers may 
like to consider the advantages of buying two Z-50's for their systems now in case 
higher power is required later. 
Where the full output power is not required the Z-50 may be used with the PZ-5 or 
PZ-6 but for the full output power the PZ-8 should be used. This unit is a stabilised 
power supply providing 45 volts at up to 3 amps. It is supplied without mains trans- 
former as it is designed for use with a readily available "Radiospares" unit. SINCLAIR 

Z-50 

Z-50 built, tested and guaranteed £5.9.6 PZ-8 

indaii— 
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SINCLAIR RADIONICS LIMITED 
22 NEWMARKET ROAD * CAMBRIDGE 

Tel. 0223 52731 
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Project 60 an exciting alternative 

It is not likely that anyone purchasing an amplifier today would 
have difficulty in finding one that met all his requirements, although 
the price might not be as low as could be wished. But one's needs 
can change, also the technically correct amplifier may be physically 
inconvenient. If there is an amplifier available, of the right size and 
price, to meet all your needs for the foreseeable future, then that is 
your best buy. If not, we offer a possibility which we believe to be 
an exciting alternative approach. That alternative is Project 60. 

Project 60 now comprises a range of modules which connect 
together simply to form a complete stereo amplifier with really 
excellent performance. So good, in fact, that only 2 or 3 amplifiers 
in the world can compare in overall performance. Now with the 
addition of three new modules to the range, the constructor has 
choice of assemblies with either 20 or 40 watts output per channel, 
with or without filtetfacilitles. 

The modules now are: 1. The Z-30 and Z-50 high gain power 
amplifiers, each of which is an immensely flexible unit in its own 
right. 2. The Stereo 60 pre-amplifter and control unit, 3. The Active 
Filter unit with both high and low audio frequency cut-offs. 4. 
The PZ-5 and PZ-6 power supplies. A complete system could 
comprise, for example, two Z-30's, one Stereo-60, and a PZ-5. 
The P-Z6 is stabilised and should be used where the highest 
possible continuous sine wave rating is required. An A.F.U. may 

be added later. In a normal domestic application, there will be no 
significant difference between using PZ-5 or PZ-6 unless, loud- 
speakers, of very low efficiency are being used, in which case the 
PZ-6 will be required. For assemblies using two Z-50's.there is the 
new PZ-8 stabilised supply unit to ensure maximum performance 
from these amplifiers. * 

All you need to assemble your Project 60 system is a_screwdriver 
and soldering iron. No technical skill or knowledge whatsoever 
is required and, in the unlikely event of you hitting a problem, our 
customer service and advice department will put the' matter right 
promptly and willingly. Project 60 modules have been carefully 
designed to fit into virtually all modern plinth or cabinets a/id only 
holes need be drilled into the wood of the plinth to*mount the 
control unit. Any slight slip here will be covered by the aluminium 
front panel of the Stereo 60. The Project 60 manual gives all the 
buildings and operating instructions you can possibly; want, 
clearly and concisely. Perhaps the greatest beauty pf the system 
is that it is not oniy flexible now but will remain so in the future as 
the latest additions to the range.show. A stereo F.M. tuner is next 
to come. These #nd all other modules we introduce will be com- 
patible with those already available and may be added to your 
system at any time. And because Sinclair are the largest producers 
of constructor modules in Europe, Project 60 prices are remarkably 
low. 

indair- 
SINCLAIR RADIONICS LTD 22 NEWMARKET ROAD • CAMBRIDGE 

Talephons: 0223 62731 
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Zo A TWENTY WATT R.M.S. (40 WATT PEAK) HIGH 

■ 0\/ FIDELITY POWER AMPLIFIER 

Tha 2-30 is a complete power amplifier of very advanced design employing 9 
silicon epitaxial planar transistors. Total harmonic distortion is incredibly low 
being only 0,(J2% at full output and all lower outputs. As far as we know, no 
other high fidelity amplifier made can match this specification, no matter what 
the price. Thus you can be utterly certain that your Project 60 system will do 
full justice to your other equipment however good it may be. The Z.30 is unique 
in that it will operate perfectly, without adjustment from any power supply 
from 8 to 35 volts. It also has sufficient gain to operate.directly from a crystal 
pickup. So in addition to its use in a high fidelity system you can use a 2-30 to 
advantage in your car or a battery operated gramophone for your children, for 
example. These, and many other applications of the 2,30 are covered in the 
manual of circuits and instructions supplied with every 2.30 high fidelity 
power amplifier. 

SPECIFICATIONS 
Power output—15 watts R.M.S. into B ohms using a 35 volt supply; 20 watts fi.M.S. 
Into 3 ohms using a 30 volt supply. 
Output—Class AB. . 
Frequency rasponae: 30 to 300,000 Ht± 1 dB. 
Distortion: # 0.02% total harmonic distortion at loll output into 8 ohms 

. and at all lower output levels. Slgnal-to-noisa ratio: batter than 70dB unweighted. 
Input sensitivity: 250mV into 10OKohms. Damping factor: >500. 
Loudspeaker impedances; 3 to 15 ohms- 
Power requirements: From 8 to 35 V, d.c.fThe 2.30 will operate ideally from bal- 

, teries if required.) 
SUe: 3} x2ix finches. 

STEREO 60 
PRE-AWIPLIFIER AND 
CONTROL UNIT . 

The Stereo 60 is a stereo preamplifier and control unit designed for the 
Project 60 range but suitable tor use with any high qoamy power amplifier. 
Ageing silicon epitaxial ptanar transistors are used throughout and great 
attention has been paid to achieving a really high signai-to-noise ratio and 
excellent tracking between the two channels. Input selection is by means of 
push buttons and accurate equalisation is provided for all the usual inputs. The 
lone controls are also very carefully designed and tested.. 

SPECIFICATIONS 
• Input sensitivities—Radio—up to 3mV 
Magnetic Pickup — 3mV: correct to 
B.I. A A curve i IdB: 20 to 25,000 Hz. 
Ceramic Pickup—up to 3mV: Auxiliary— 
up to 3niV. 
• Output—2MmV 

• Channel matching—within 1 dB. 
• ToneControls—TREBLE -M51o—15dB. 
at 10 KHz: BASS +15 to — ISdB at 
too Hz. 
• Power consumption 5mA. 
• Front panel—brushed aluminium with 
black knobs and controls. • Signal.to*noise ratio—bettar than 70dS. • Size 8i x 1 i x 4 ins. 

SINCLAIR 
MAINS POWER • 
SUPPLY UNITS 

PZ-5 30 volts unstabih'sed—suffi- ^ cient to drive two Z.30's and 
a Stereo 60 for the majority _ . , _ _ 
of domestic applications. £4.13.6 

PZ-6 35 volts "stabilised—ideal for driving two Z.30's and a 
Stereo 60 when very low efficiency 
speakers are employed. . £7.19.6 

PZ-8 45 volts power supply unit for use with Z.50 amplifiers (less 
mains transformer) £5.19.6 

GUARANTEE 
If at any time within 3 months of purchasing Project 60 
modules from us, you are dissatisfied with them, we will 
refund your money at once. Each module is guaranteed to 
work perfectly and should any defect arise in normal use 
we will service it at once and without any cost to you 
whatsoever provided that It is returned to us within' 2 
years of purchase'date. There will be a small charge for 
service thereafter.. No charge for postage by surface 
mail. Air-mail charged at cost, i 

APPLICATIONS 
Hi-fi amplifier; car ladic amplifier; record player amplifiar fad directly from 
pick-up; inteicom; electronic music and instrument*; PA.; labors lory work, 
etc. Full detail* lor these and many other applications are given in the manual 
supplied with the 2.30. 

Powat versos distortion curve 
of Sinclair Z.30 amplifier. 

2.30 
Built, tested and suaremeed. with 
circuits and instructions manual 89/6 

Treble and bass cul 
and boost corves ol 
Sinclair Stereo Sixty 

/' \ 

7 I 

Beady for immediate JpQ <|Q_ ft *4 
Installation Z-27 > I %7o> OU ■ 

BUILDING>A PROJECT 60 ASSEMBLY 

The illustration here shows 
quite clearly how easily 
Project 60 can be con- 
tained in one of today's 
slim, modern plinths. Very 
little space is required to 
house these Sinclair units, 
and within the space of the 
motor plinth, you can in- 
stallastereoamplifierofthe 
very highest quality. If, for 
example you have already 
put together an assembly 
as illustrated here, adding 
the Active Filter Unit 
would be very easy. 

IC.10 M1CROMATIC AND Q.16. 

fro: SINCLAIR RADIONICS LTD. 
I Phase send 

Please see next page 

, 22 NEWMA^ET RoTcANTBmDGFf 

ADOfiPSS 

P E 6/70 I j for which I enclose cashlcheque monev o'dei * —      .*..',..1^...  
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SINCLAIR IC.10 

MONOLITHIC INTEGRATED CIRCUIT 
HI-FI AMPLIFIER COMBINED WITH PRE-AMP 

The Sinclair IC-10 is the world's first monolithic integrated circuit 
high fidelity power amplifier and pre-amplifier. The circuit itself, a 
chip of silicon only a twentieth of an inch square by one hundredth 
of an inch thick, has 5 watts R.M.S. output (lOw. peak). It 
contains 13 transistors (including two power types), 2 diodes, 
1 zener diode and 18 resistors, formed simuitaneousfy in the 
silicon by a series of diffusions. The chip is encapsulated in a solid 
plastic package which holds the metal heat sink and connecting 
pins. This device is more rugged and reliable than any previous 
amplifier and has considerable performance advantages. The most 
important are complete freedom from thermal runaway and very 
low level of distortion. 
The 1C-10 is primarily intended as a full performance high fidelity 
power and pre-amplifier, for which application it only requires the 
addition tone and volume control network and a battery or mains 
power supply. The IC-10 may be used simply in many other 
applications including car radios, electronic organs, servo 
amplifiers (it is d.c. coupled throughout). Stabilised power 
supply, oscillator, etc. The pre-amp section can be used as R.F. or 
I.F. amplifier. We give a full guarantee on every IC-10 knowing 
that every unit will work as perfectly as the original and do so 
for a lifetime. 

SINCLAIR MICROMATIC 

A powerful high quality 

radio smaller than a 

matchbox 

Considerably smaller than an ordinary box of 
matches, this is a multi-stage A.M. receiver 
with remarkable standards of selectivity, power 
and quality. Powerful A.G.C. counteract fading 
from distant stations: bandspread at higher 
frequencies makes reception of Radio 1 easy at 
all times. Venier type tuning and self-contained 
special ferrite rod aerial makes station separa- 
tion easy. The plug-in matching high quality 
magnetic earpiece ensure wonderful reproduc- 
tion of speech and music. Everything including 
the batteries is contained within the attractively 
designed black and aluminium case. Whether 
you build your Micromatic or buy it ready built 
and tested, you will find it as easy to take with 
you as your wristwatch, and dependable under 
the severest listening conditions. 

In kit complete with 
earpiece, case, instruc- 
tions and solder in 
fitted pack. 

49/6 
Ready built, tested and 
guaranteed, with ear- 
piece. 

59/6 
Mallory Mercury Cell. 
RM675 (Two needed) 
2/9 each. 

r L 
A 

3 I ■ " y J'"5' _ r 

SPECIFICATIONS 

Output: 10 Watts peak. 5 Watts R.M.S. continuous 
Frequency response: 5 Hz to 100 kHz i IdB 
Total harmonic distortion: Less than 1 % at full output. 
Load impedance: 3 to 15 ohms. 
Power gain; 110d B (100,000,000,000 times) total. 
Supply voltage: 8 to 18 volts. 
Size: 1 x 0,4 x 0.2 inches. 
Sensitivity: 5mV. 
Input impedance; Adjustable externaliy up to 2.5 M ohms. 
3 transistors are used in the pre-amp and 10 in the power 
amplifier. Class AB output with closely controlled quiescent 
current which is independent of temperature. Generous negative 
feedback round both sections, completely free from cross-over 
distortion at all supply voltages, making battery operation 
emioentlv satisfactory. 

With comprehensive manual 
of circuits (t instructions 
Post free. 59/6 

2?—r. 

an outstandingly 

fine loudspeaker 

Developed on entirely original design principles, this 
compact, beautifully styled shelf-speaker accepts up to 
14 watts R.M.S. loading at 812, Frequency response 
60—16,000 Hz. Size 95" square x 41" deep, on plinth. 
Teak surround, with all-over cellular foam front and 
special seamless sealed sound chamber. 

Sinclair Project 60—see previous three pages 

pro: SINCLAIR RADIONICS LTD., 22 NEWMARKET RD.,CAMBRIDGE | 

£8.19.6 

ADDRESS   

| for which I enclose cash! cheque!money order _—   

SINCLAIR RADIONICS LIMITED 
22 NEWMARKET ROAD, CAMBRIDGE 

Telephone 0223 52731 
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No soldering 

-circuits work first time.Build 

and learn about electronics 

with these exciting kits 
Build a radio set in an evening with a Radionic radio kit. Construct a digital 
computer that adds, subtracts, divides and multiplies- Make electronic music 
with the simple yet highly effective electronic 
organ. 
Special 'Radionic mounted' components require 
no soldering and can be used time and time again. 
You can build 26 circuits with just one kit./int/ 
you can learn as you buiid. 
Suitable for study towards G.C.E., Cityand'Guilds, 
National Certificate, or even higher qualifications. 
Write to the address below for free details of Radionic radio and electronics 
construction kits. 

Radionic Products Ltd 
St. Lawrence House, Broad Street, Bristol BS1 2HF. 

fHtn 

KZ7 

? 

The New PlCtlire-Book way of learning 

DA ELECTRICITY(5VOLS) 
P#%0 IW ELECTRON ICS (Gvota) 
You'll find it easy to leam with this out- 
standingly successful NEW PICTORIAL 
METHOD—the essential facts are explained 
in the simplest language, one at a time, and 
each Is illustrated by 'an accurate, cartoon- 
type drawing. The books are based on 

the latest research into simplified learning 
techniques. This, has proved that the 
PICTORIAL APPROACH to learning is the 
quickest and soundest way of gaining mastery 
over these subjects. 

TO TRY IT, IS TO PROVE IT 

The series will be of 
exceptional value in 

training mechanics and 
technicians In Elec- tricity, Radio and 

Elcctronici. 

WHAT READERS SAY 
. carefully written . . .' 

... I am very satisfied with these carefully written and well 
expressed manuals ... A.W., Shanktin. 

. . valuable assistance . . 
... Your valuable assistance has enabled me to find a good 
position as a Radio and TV Engineer ... D.S., Bristol. 

. they are invaluable . . .' 
... 1 find that as a base for a course in Electronics they are 
invaluable and 1 have yet to find anything even to approach the same standard . . . M.N., Rotherham. 

A TECH-PRESS PUBLICATION 

To The SEIRAY BOOK CO., 60 HAYES HIIL, HAYES, BROMLEY, KENT BR2 7HP 
Please send me WITHOUT OBLIGATION TO PURCHASE,-one of the 
above sets on 7 DAYS FREE TRIAL, -! will either return set, carriage pai<L in good condition within 7 days or send the following amounts. BASIC 
ELECTRICITY 75/-. Cash Price or Down Payment of 30/- followed by 3 
fortnightly payments of 20- each. BASIC ELECTRONICS 90/-. Cash 
Price or Down Payment of 20/- followed by 4 fortnightly payments of 30/- 
each, This offer applies to UNITED KINGDOM ONLY. Overseas 
customers cash with order, prices as above. 
Tick Set required {Only one set allowed on free trial) 
BASIC ELECTRICITY Q BASIC ELECTRONICS □ 

Prices include Postage and Packing. 
Signature 

{If under 18 signature required of parent or guardian) 

iznzzizznin&L 

NAME  
BLOCK LETTERS 
FULL POSTAL 
ADDRESS   
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SCOOP 

1 

3000 

CUSTOM UNIT 
BY FAMOUS 
BRITISH MANUFACTURER 

A deluxe ctuUini styled and built record player unit made by world famona Brltleh mnDulacturer, The unit fneorporfltea the renowned Garrard 3000 lour speed nutochanger with lightweight tubular ptck-up arm FITTED WITH SOHOTOKE OTA STEREO CARTEIDQE with ditmood ityluj. The beautifully made plinth Is ftnlshed in richly figured UaK veneer with tinted perftpex paoela in the lid and with attractive charcoal grey "mirror'' Snaert panel on Iront. All metal trim parte are satin chrome. Black leather grain base. The Hd allowa the player to operate fully auto/natically when closed and haa snap action "sUy" when raised. Mains socket and DIN audio output socket are at rear. Overall size 161 x 7J * I4in. 

LASKYS SPECIAL PRICE £16.15.0 Post 15/- 

TTCC- 1051 METER FAN1 FAVO IX 
A completely new design SO ,000 O.r.V. pocket multimeter with mittor sciUeend built-in thermal protection. Exceptionally large easy to read meter with D'Araonval movement. Colour coded scales. Single positive cllck-Jn, recessed selec- tion switch lor all ranges. Ohms zero adioelnient. Range spec. A.C. volts: 0-6-30-300-1,200V at lOK/ohms/V. D.C. volts: 0-3-15-ia0-300-l-2KV at SOK/obms/V, Resistance: 0-60K-6mega. D.C, current: 0-60nA~30flmA. Decibels: —20dB to + I7dB. Extremely high standard of aceuracy   on all ranges. Uses one 1{V penlighl battery, Strong Impact resisiant plastic cabinet —sire only 41 y 31 Uin. Two colour buff/green finish. Complete with test leails and battery. 
LASKY'S PRICE 75/- Po«*6 

Hj TTCC I METER 
A really tiny 1,000 O.R.V, pocket multi-tester with "big" meter performanee. Precision 2 Jewel meter movement. -t3% accu- racy on full scale of D.C. ranges, 4% on A.C. ranges. 21m sgnare meter. SPBCXFICATIOS'S: A.C./V ranges; 0-10. 50, 250, 1,000V at 1K/O.P.V. A.C./V ranges: 0-10, 60, 2SO, 1,000V at 1K/O.P.V. D.O. current: 0-l-100mA. .Reelslanoe: O-lSOK/ohma (3,000 ohms centra scale). Decibels;—10 to+2208. Operated on one penllght cell. Two* colour buff/green case—size only 3; . 2} x lin. Click stop range eoledion switch. Ohme zero artjuali,.ei)l. Complete with test leads, battery and ln9t.post 

LASKY'S PRICE ONLY 39/6 

TMK 100,000 OPV 

"LAB" Model 
A highly accurate yet rugged Multiteslcr using a lOfrA meter band calibrated to a D.O. accuracy of- ±3% of lull scale. Special features—ultra large meter scale 6J x 3JIn incorporating an entirely new- type of range selection panel which gives Instant range identification without taking your eyes from the meter. An audible buzzer is provided for easy short testing. SPEC: D.C./V ranges: OS, 2-S. I0, 56. 250. 800, I.000V at 100K/O.P.V. A.C./V ranges; 3, 10. 60, 250, 600, 1,000V at 5K/O.P,V. D.C, current: 0-10, lOOfiA. O-iO, 100mA, 0-2-6, 10A. Besietancc: 0-1K, 10K, 100K. I0M, lOOM/ohms. Decibels: —10 to 49-4dB. Continuity tost: Audible buzzer. Operates on X11-6V U2 and 1 x I5V B, 154 type batteries. Cabinet size "i 63 ;; SJin. Weight 4lb. 

LASKY'S PRICE £19.10.0 

TPC-2 
SOLID STATE COM- 
PACT CASSETTE 
RECORDER 

"A Lasky'a STAR BAROA1S this beautifully made compact cassette recorder and play back machine offers tremendous performance and value. BRIEF SPEC: 6 transistor and 1 thermister circuit. .Constant speed capstan , drive system. A.C. bias recording. PM magnet erase. 2ilii PM Dynamic speaker. Economical operation on 4 x X-5V (U-2 type) batteries. SPECXAD FEATCTRES: Absolutely foolproof operation. Piano key controls. Poworlul volume with recessed control. Handsome impact resistant cabinet finished In black with satin alomlnium and Ivory trim. SizeDl x6| x2iia. Jacksockcla for remote control microphone, ear- piece and external 6V battery pack (or A.C. adaptor). COMPLETE WITH Remote control Dynanilo microphone, earpiece, removable carrying strap, batteries, full Inst mot Sons 

LASKY'S PRICE £17.10.0 

CASSETTES 

SAIMSEI 
SE-700 MINI 
POWER SUPPLY 
Idea! as power supply for bench works or a« A.C. adaptor for transistor radios, cassette tape-recorders, etc. «Power source: 117 220/240V A.C.. 69/60HI. • Output voltage: 3V, 5V, 9V, 12V. • Output current: 0-6A. • Fuse: 0-8A. » Output voltage regulation: Within 6%. • Output terminal: Banana Jack (front) and battery adaptor terminni (rear). Strong metal cabinet. Size 34 x 25 x 4iim 

Post 

& a*® 

Post 3/6 

AT LASKY'S BUDGET PRICES 
5 85/-post 2/- .4 67/6 post 2/- J ■ ■ 85/-post 2'- I 

CSO 7/8 each post Jh C90 12,'B each post I/— C120 17/8 each post 1/- 
68/- post 31- 1161- post 31- 166!- post 3/- 

THE AMAZING 

Astrad ORION 
THE WORLD'S SMALLEST 6 TRANSISTOR 
TWO WAVEBAND, RADIO 
OVER 50,000 SOLD 
Made to the highest space-age standards—this remarkable micro- size set measures only 1JJ x 1A x -ft In yet it contains 6 transistors and other componenta combined in a photo etched circuit, only f X jln tuning capacitor, ferrite rod aerial, battery, wave band eeleotlon awitch etc. Output to a high Impedance crystal earpiece, giving ample volume (automatically adjusted) and dear tone. Brief tech. spec.; Waveband coverage—Medium wave 626 to 160kHz. Bong ware ISBkUz to 480kHz. Hensltlvity: 8SMV max. Selectivity — KMB (at SOkHz de-tuning). Power source: 1 ;< 1-4V Mercury battery. The Orion la supplied fully built and tested complete with battery, left and right fitting earphone supports and attractive block and Ivory plastic presentation/carrying case (matching the Orion). Never miss your favourite innaic, sport, news—the Orion Is an Ideal gift for all, providing a constant source ol enjoyment without disturbing others. 
LASKTS 
PRICE 

LASKY'S PRICE 

£6.S.O 

ONLY 39/6 
Post 3/6 Extra rechargeable battery 3/6 

• HOTE: The battery we aopply with the Orion J« * rechargeable type. Charger nnila are available enabling you to re-charge the battery from A.C. Halu 220/240? znpply, 
Post free with radio-otherwise 2/- PRICE 19/6 extra* 
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v 
The 1970 edition of Lasky's famous Audio-Tronks 
catalogue is now available -FREE on request. The 
28 tabloid pages—many in full colour are packed with 
1000's of items from the largest stocks in Great 
Britain of everything for the Radio and 
Hi-Fi enthusiast, Electronics Hobbyist, 
Servicemen • and Communications 
Ham. Over half the pages are 
devoted exclusively 
every aspect of Hi-f 
(including Lasky's 
budget Stereo 
Systems and Package 
Deals). Tape recording 
and Audio accessaries 
plus Lasky's amazing 
money saving vou- 
chers worth over £25. 
SEND TODAY 
Send Your name, 
address and II- for the 
post only and inclusion 
of your name on our 
regufar mailing list, 
THIS MONTH'S 

IUNIC; 

VOUCHER WORTH 40/-! 

TMK METER KITS 

MODEL 200 

These two lueter kits by TMK. offer the unique oppoHuully »( building u really first- ctass preeiaion multimeter at a worlhwhlfe eaving In cost. The cabinets are supplied ■with the meter scale and movement mounted In poaitlon; the Model 200 also has the range selector In position. The highest quality eomponenta and 1% tolerance mletora are used throughout. Supplied complete with full ounslructionaJ, circuit and operating Instructioiu. aO.COO O.P.V. Multimeter, features -24 meaaorement ranges with mirror scale. Large 3 -Jin meter, full scale accuracy; DCV and current; ±2%, ACV; ±8%, resistance ±8%. Special 0-9V DC range (or transistor circuit measureinenta. 
SPECIF1CATI0K • DCV: <M»«-0-30-120-fl<»-l ,200V at 20K/OPV. • ACV: 0-6-30-120-600-i ,200V at 10K/OPV. • DO Current: O-O-S-S-fiOOmA. • Resistance; 0-10-K lOOK-lM-lOM/obins t53-580-6-dK-B8K at mid-scale). • Capacitance; 0 00-*-0-2(iF (AC 8V range). • Decibels —20 to -i-ti3dB. • Output: OOOpF blocking capacitor. Vaes two 1-5V (C7 type) batteries. Black baketlte cabinet —Sire 6i • 32 ) Jiu. Complete with test leads. 

, 

KIT PRICE ONLY 85/- PoiC 3/6 

MODEL 5025 
SO,OOO O.P.V. FEATURING 
57 MEASUREMENT RANGES 

L'sea nil entirely new range selection mechanlem which penults the uae ol a really large meter la a more compact cabinet. The range aelected is Indicated on the meter lace. High speed rotary range selection knob; polarity reversal switch, shielded meter movement with overload protection circuit; Special /uA nod mA measurement ranges. 
SPECIFICATI05 DCV: 0-0-25-2-6-10-50- 280-1,000V at 2SK/0PV. 0-0-12e-l-25- 6-0-25-125-600 V at SOK/OTV. ACV: 0-3- 10-60-260-1,000\' at 2 6K/OPV. 0-l-fi-6- 25-126-600V at SK/OPV. DCjiA: 0-25^A at 126mA: 0-S0jiA at 260mA. DCniA: 0- a-3-25-2S0raA «t J25mV; 0-6-BO-800raA at 860mV. DC Ampa: 0-8A at 126niV; O-10A at aaomv. Keatstancei O-lOM/ohme. Out- put: Capacitor (O JjiF, 400Vw) In scries with ACT ranges. Declbela: —20 to +81-6dB- Operates ou two 1-5V batU, Black bakellte cabinet, sire Bi 01 : 2{Sn. Complete with teat leads. 

KIT £IO.IO Post H- 
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DIGITAL CLOCK 

SCOOP! 
• HADE ESPECIALLY FOR 

LASKY'S BY FAMOUS 
MAKER i MAIMS OPERATIOM 

i Il'HOUR AURM 
i AUTO "SLEEP" SWITCH 
i HOURS, MINUTES AND 

SECONDS READ-OFF 
t FORWARD AND BACK- 

WARD TIME 
ADJUSTMENT 

i SHOCK AND VIBRATION 
PROOF 

i BUILT IN ALARM 
BUZZER 

i SILENT OPERATION 
SYNCHRONOUS MOTOR 

This unique DIGITAL CLOCK fa now available MCL08ITELT FROM LASKTt in chaaals form (or you to mount In any housing that you choose. All settings are achieved by two dual-concentric controls at the (rent including: OX-OFF-AUTO and AUTO ALARM, "sleep" switch, 10 minute division "cliek" set alarm (up to 12 hour delay), time adjustment. Ultra simple roecbanlein and high quality manufacture guarantee reliable operation and long life. The steep switch will automatically turn off any appliance—radio. TV, light etc. at any pre-set time up to 60 mio. and In conjunction with the AUTO setting will switch on the appliance again next morning. The clock tneasurea 4|W x 1JH x 3|D (overall from (ronl o( drum to back of switch). SPEC: 21Q/240V AC. 6t)Ht operation: switch rating 260V, 3A. Complete with luatruction'. BUTDBEOl OF APPUCATIOX8 FOE THE ELECTEOBICB HOBBYIST. 

LASKY'S PRICE £5.19.6 
SPECIAL QUOTATIONS FOR QUANTITIES 

'LASKY'S 

FIRST AGAIN! 

POST 3/6 

AUDIO DEVELOPMENT 

AD-309K 
PRECISION PICK-UP ARM 
COMPLETE WITH AD-7AK 

MAGNETIC 
  _ _ CARTRIDGE The u e w AUDIO DE- VELOFMENT preelilon counter- balanced pick- np arm—ready   fitted with the outatending AD-76K magnetic cnrfrldge Is constructed of brass throughout, heavily chrome-plated; uses needle and miniature balirace bearings; both coarse and fine balance adjustment Is provided. The fixed head has standard |ln mouullog centres and is finished in black enamel with chrome lining spur. Completely wired, with all fixing nuts and washers- Am rest »!«> supplied. Tech. details: Overall length 285mi»i: needle to pivot length 223mm: offset angle 24'; overhang 10mm. Requires single 7/16in dla. mounting hole. 

POST J;6 LASKY'S PRICE £9.19.6 

inTERnnnonni 
MAGNETIC RECORDING TAPE FROM THE U.S.A. 
AT LASKY'S RECORD LOW PRICES 
Sin Message tape, 160(t  2 t Sin Message tape, aaBft  1 g Sin Meteage tape, 300ft   7 (I aim Triple play, SOOft Mylar ... XO • 6in Double play. l.SOOlt Mylar 16 0 6to Long play. 900(e Acetate... 10 0 6In Standard play 800lt  8 8 6|in Double play, l.SOOlt Mylar 22 8 SJin Long play l,200(t Acetate 16 4 

61 in Long pUy, 1,200(1 Mylar 5 fin Triple plsy, 2,400(1  "In Standard play. 1,20011 Acetate  Tin Standard play, i.20011 Mylar   7ln Long play, 1,80011 Mylar... 7ln Double play. a,400(t Mylar 7iii Long play 1,800ft Acetate 
Al orb airan amir oEarvv i>i.» v aa.n -pwr-rwr. olio Standard play 90011 Acetate Is B 7ln Triple play 3,6001t Mylar... 60 0 ALSO AVAILABLE READY BUILT AND TESTED £13,104). Pose 5.'- H F. 4t P. If- extra per reel, « reels and ovsr Post Free. Special qootse lor qeanUtlss 

16 0 16 D 
12 8 
It • 18 « U 0 16 6 

207 EDGWARE ROAD. LONDON, WZ let 01-723 3271 HIGH FIDELITY AUDIO CENTRES 
33 TOTTENHAM CT.RD. LONDON, W1P 9RB. Tet 01-636 2605 42-45 TOTTENHAM CT. RD, LONDON. W1P 9RD. Tel;01-5802573 \ a ^ . \ Openylld^Y.9hjtu-*pm.MondevtoSaturday Op«rialld«v.fip.m Monday to Saturil»v \ 
1D9 FLEET STREET, LONDON. E.C.4. Tel: 01 -353 5812 flB EDGWARE R0AD. 10NOON, W.2. TeE 01-723 9789 \ 1"JJs ^ \ 
152/3 FLEET STREET, LONDON, E.C.4. Tel; 01-353 2833 Openad day Saturday e«rl*olos(H9lo m-ThUf«l»y \ ^ \ Open aUday Tfiursdoy. «arlv clotlnQ T p-m. Saturdav 
ALL MAIL ORDERS AND CORRESPONDENCE TO: 3-15 CAVELL STREET, TOWER HAMLETS, LONDON. El 2BN Tel; 01-790 4821 

OB EDGWARE ROAD. LONDON. W.2. Open all day Saiurday early efoanp I c m- Thursday TeE 01-723 9789 
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EL€CTROMIC COMPONENTS AND EQUIPMENT 
303 EDGWARE ROAD LONDON W 7 01 723 1008 9 
Open Monday to SaTurday 93m to 6pin (Thinv 1pm 

I Open all day Saturday (JE) 

* EXPERIMENTERS MODULE 
Brand new STC time dela/ electronic units. Relay output. Adjust- able 3-! 5 sees. 9-UV operated. Supplied com- plete with uses and circuits STC Module Price 35/-, or 3 for 901- 

FREE 

16 PAGE BROCNURF COVERING LOW COST TEST EQUIPMENT 
FULLY DETAILED AND ILLUSTRATED. OVER 50 UNITS DETAILED 
ASK FOR PUBLICATION T - REMEMBER IT S FREE t 

* MULTIMETERi 
Return of a popular model. 2,000 ohms/V O/IO/SO/SOO/I.OOOV a.c./ d.c. O/SO/iA. 0/l0/2$0mA d.c: 0/10/ 100k Ci/fM fi resistance^ dB and capaci- tance scales. Size Sjn. >' SJ-in. x tilrie Robust and easy to use. Com- plete with leads, batteries and instructions. T H L33a. Price 62/6. p.p. 2/6. Leather case. Price 22/6 

* GRID DIP METER 
All transistor grid dip meter, absorption and osc. detector. Frequency range-MO kc/stoIBOMe.'s in 6 coils. Uses 3 transis- tors plus diode with SOO/iA meter. Internal battery. TEI5 Price £11.10.0. p.p. 3/6. 

Of 

+ RF SIGNAL 
GENERATOR 

Accurate wide range signal generator covering iJOKc/s-SOOMc/s on 6 bands. Directly calibrated. Variable RF attenuator, audio output. Xtal socket for calibration. 220/240V. f.c. Brand new with instructions. Size 140 > 215 x- 170mm. TE20D Price £IS p.p. 7/6 

m 
& 

♦ * 

^ MULTIMETER 20n/V 
Popular model but with extra scaie range 20,000 ohms per volt. 0:5/25/50/ ■25O/500/2.SO0V d.c. 0/10/ 50/100/500/1,000V a.c. 0/ /S0/iA, 0/2i/2S0mA. Resis- tance 0-6Kfi and $Mfi. Also dB scales and capaci- tance. 

lOOH, Price 77/6 p.p. 2/-. Leather case. Price 15/— 

* SINE/SQUARE WAVE AUDIO 
GENERATOR 

Provides audio output on 4 bands. Sine wave 20e/s to 200ke/s, output up to 7Vi square wave 60c/s to 30kc/s, 7V p—p. Distortion under 2%. Output impedance I k O._ Variable output amplitude control. Supplied with leads and instructions, A.C, mains operated. TE22,Priee£i6.IO.O. Carriage,etc., 10/- Alio TB22D (Matching TE20D) Price £17, p.p. 10/- 

<D 
s * 

it LOW COST VACUUM TUBE VALVE VOLTMETER 
New model Multi-Range and easy to usc; d.c. and a.c. Volts 0/1i/S/15/50/150/500/ 1,500. a.c. p-p 0/4-2/14/42/140/420/1,400/ 4,200. Resistance O'i ohm to 1,000 Meg-' ohm—7 ranges. _ dBm scales —20 to +2Sd8m. Input impedance; d.c. II Meg, a.c. ±5 Meg, Response: ±ldB 20c/f to 5Mc/s. Complete with probe and hand- book, Siie I Win, x 5{in. x 4,', in. VT«» Price £17.0.0. p.p. 7/6 

O — 

New printed circuit design with BUILD full power output. Fully tuneable _ on both MW/LW bands. 7 YOURSeLF Mullard transistors. Fitted Sin. » speaker. Room filling power. ** ^ b  Easy to build with terrific results. QUALITY Two colour leachercloth cabinet oaniA with silvered front. All local and KAU1U continental stations. Complete detailed instructions. Total coat £6.19.6. p.p. 4/6. Ask for Leaflet No. I. 

SCOOP! STAAR RECORD PLAYER 
Deck plays 33, 45, 70, r.p.m. records. 9V operated, with mono cartridge. BRAND NEW ... as illustrated. Price 59/6 

lc«r leaflet No. 2. HEABPHOHES Quality Stereo Phones DH02S 45/-, p.p. 3/-. 

n 

MULLARD 1 WATT AHPLIFIH 
Portable Transistor Unit— Ideal for Intercoms, Baby Alarms. Telephone, Record Players or Guitar Practice. 9V 5 transistors with volume control, output 3 ohms. Ideal for use with Staar Record Deck. Price 45/-. p.p. 2/6 

it 50,000 OHMS PER V0LI 
Recommended quality instru- ment with mirror scale and overload protection. 0/0-3/3/ 12/60/120/300/600/1,200V d.c. 50k 0 /V; 0/6/30/120/300/600/ 1.200V a.c. lOka/V: 0/30/tA/ 6/60/300mA, 0/I2A; resist- ance 0/I0k fi/l/IO/IOOM !2. Meter movement 20iiA, Polarity reversing switch. Complete with batteries, leads and instructions. AFI0S, p.p. 2/6. Leather case 28/6 

m 

ETER 

★ 
FIELD 
STRENGTH 
METERS 
S-ranges l-250Mc/i. Earphone output, scales. FL30HA 

Fitted 200A motor. Calibrated tuning 
Price 72/6 p.p. 21- 

Also non calibrated type peaking F/S Meter. FSI Price 45/-p.p. 2/6 
LOUDSPEAKERS. Brand new special low cost bargains. 'EMI TYPE 450 10 watt with 2 tweeters and crossover IJL-inXBiin. 3, 8 or IS ohms (state which) Price 63/- p.p. 4/-. Polished cabinets 18 x 11 x7in 90/- p.p. 5/-. 'EMI 350 20 watt version of above 8 or 15 ohms (state which) £6.19.6, p.p. 5/-. '8 watt a ohm system. Sin heavy EMI bass unit, 24in tweeter and crossover (made to sell for £5.10.0) price 59/6, p.p. 5/—. •EMI 13i xBV_6 watt units 3, 8 or IS ohms vhic"' (state lich) 39/6, p.p. 3/6. 
 ^ 

nsm     r 
it SIGNAL INJECTOR AND TRACER 

Pocket size models for checking all audio and RF up to VHF. Simple to use. Battery operated. Output approx. Ikc/s, I-4V Harmonics up to VHF. SE250B INJECTOR. Price35/-p.p. 1/6 Matching Signal Tracer SE500 Price 27/6 p.p. I/- 

• AII parts in stock to build the integrated 
Circuits and other designs appearing in 
Practical Wireless and Electronics. Ask for 
quotations—see latest catalogue editions. 

it QUALITY PANEL METERS 
(D.C. RANGES) 

38 Series. Face size 42mm x 42mm (Itin. x liin.). SOuA, 3716; lOOftA, 15/-: 200uA, 32/6; SOOuA, 27/6; ImA, 5mA, IOmA, SOmA, 100mA. SOOmA. IS/- each; 10V, 20V, S0V, lOOV, 300V. and SOOV, 25/- each; 1A and SA, 25/- each, "S" meter, IroA, 29/6 VUmeter, 37/6, 65 Series. Face size 86mm X 78mm (3iin. X 3iin.). 50(jA. 6216; IOOtiA. 52/6; 20QPLA, 47/6; S0O(iA. 45/-; ImA, SmA. ICmA, SOOmA, 37/6 each. "5" meter, ImA, 42/6. Other ranges and sizes In stock. Ask for list, ref. no, 33. 

it 10 In I TEST UNIT 
A new design tests most circuits. Model 5 £400 .1 Price £9.10.0. 75 

0/15/50/ 150/500. *- ' —^ ★Resistance 0/1 OK/tOOK/1 Meg. ★Five values resistance and capaci- tance substitution. ★ RF F/S Meter I to I40Mc/i. ★4SS/700kc/5 RF,Generator Size T^in. x 3|in. X liin. ★D.c, Ammeter O/SOOmA. ★400c/s Audio Generator. 

Price £8.10.0. COMPONENTS UK's LARGEST STOCKISTS — ASK FOR QUOTES 
SEE LATEST CATALOGUE—350 PAGES—PRICE 7/6, p.p. I/-. 

HENRYiS FAMOUS CATALOGUES-SEE BACK COVER FOR DETAILS 

GARRARD TURNTABLES 

GOLDRING—BSR—GARRARD 
ALWAYS EXTRA BARGAINS FOR CALLERS AT OUR 309 EDGWARE ROAD STORE 

CREDIT SALE (callers only). For purchases from the 309 store from £30. 

•, 9TAHC 3000 LM I D1AM Model 50 f Ceramic 3500 J Stereo Deccadec Deram 

it NOTE THESE SPECIAL PRICES WITH DIAMOND STYLUS CARTRIDGES 

£9 5 0 £8 0 0 £2 9 6 £18 0 0 

Cartridge Less 9TAHC AT2I or AT66 AT33 J2203 CSS IE Model Cartridge Diam. M3DM AT2IX' Deram* G800 S00SE* Ceramic 
£ ■ d £ . d £ s d £ s d £ a d dad £ s d £ » d SP25 Mk II 119 6 II 12 6 19 0 0 10 IS 0 16 10 0* 21 0 0 15 10 0 19 0 0 

AP75 17 IS 0 19 15 0 05 10 0 21 0 0 27 0 0 27 0 0 21 17 6 25 10 0 GL75P 46 0 0 51 10 0 60 O 0' 55 10 0 SI 0 0 70 0 0* 53 10 0 GL69P 35 0 0 37 *0 0 42 10 0 40 0 0 44 10 0 42 0 0 59 0 0° 41 10 0 MA70 12 10 0 14 10 0 20 0 0 17 12 6 16 10 0 20 0 0 AT60 Mk II 13 10 0 15 15 0 21 7 6 19 0 0 IS O 0' 17 12 6 21 10 0 GL7S 33 0 0 35 0 0 40 10 0 47 0 0' 41 10 0 40 0 0 57 0 0' 40 10 0 SL72B 25 0 0 27 0 0 31 10 0 30 10 0 34 10 0 14 0 0 29 0 0 32 10 0 SL75B 31 0 0 II 0 0 33 10 0 36 10 0 40 10 0 40 0 O 35 0 0 38 10 0 SU95B 39 0 0 41 0 0 46 10 0 53 10 0* 48 10 0 48 0 0 43 0 0 46 10 0 SL6SB 15 19 6 18 0 0 23 10 0 31 10 0 20 10 0' 25 0 0 19 15 0 23 10 O GU69 23 0 0 25 0 0 30 10 0 28 0 0 12 10 0* 30 0 0 47 0 0* 30 10 0 
Plinth/covers Model SO. 2025.3000,3500, SP25 99/6, p.p. 61— (Note GL69Pand GL75P complete with plinth/cover). 2025, 3000. 3500, SP25, SL65B, SL72E, SUTSB. $L95B Deluxe type— (state model) £8.10.0. p.p. 7/6, 

DISCOTHEQUE and Public Address Equipment. Complete range in stock. 100 watt Ditcoamp/preamp £85, 35 watt £35. 70 watt £50. Also separate 
70 watt power amplifier £35, preamplifier £21 Alt with 4 inputs-full mixing, etc. 
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Brand New Fully Guaranteed 
TRANSISTORS & DEVICES 

1X4001 ti- 2X3711 3/6 AF118 u 12/8 1N4002 nt 2X3730 10/- AF124 0/- 1N4003 2/8 2X3731 12/8 AF125 6/- 1X4004 ti- 2X3819 8/- AF12fi 4/- 1X4005 tle 2X3820 lfi'6 AF127 41- 1X4006 41- 2X3823 17/8 AFJ39 61- 1X4007 ti- 2X4068 8/8 AF178 9/6 8(6 1X4009 1/8 2X4081 tl- ,VF1S1 1X4148 1/9 2X4286 tl- AF18S 91- 1X4786 10/- 2X4288 tl- AF239 61- 20210 12/6 2X4289 a:e APYI9 22/6 20240 49/6 2X4290 8/- AFZll 61- 2G301 ti- 2X4291 3/- AFZI9 191- 90302 tle 2X4282 8.'- A3Y28 8/8 20303 61- 40361 12/- ASYST 7/6 20306 7/6 40362 18,8 A8Y28 8/6 2G368 7/6 2S001 10/- ASY29 6/- 20309 8/- 28002 10/8 A8Y3G 61- 20339A »l- 28003 9/6 A8YS0 ■ 3/6 20371 4/8 28004 8/8 A8Y61 8/- 20374 6/6 25006 161- A8Y67 9/6 90381 6h 28012 26/- ASY83 61- 20382 «/- 23012A 22/8 ASY86 916 2Q378A 4/6 28013 20/- A8Z21 616 20383 ti- 28013A 26/- ASZ23 20/- 2G304 tle 23017 16/- AITYIO 19/8 20306 ti- 2S01S 17/8 AU101 30/- 2X404 ne 28020 60/- B3M ' 19/8 2X468 Ul- 28024 60/- BAUO 61- 2X468 20/- 28026 eo/~ BAYai 2/- 9X603 9/8 2S026 100/- BC107 8/- 2X699 12/8 28034 12/6 BC108 2/9 2X601 3/6 28036 26/- BC109 3/- 2X696 4/6 28102 10/- BC113 6/- 2X697 th 28103 12/8 BC116 8'- 2X898 8/6 28104 12/6 Bens 7/0 2X706 l/« 28131 7/8 BC134 7/8 aX706A 2.'8 2330X #/- 7/e BC136 8/- 2X707 12/8 28302 BC136 7/- 2X708 8/- 28303 10/- BC137 8/- 2X711 7/8 28304 12/8 BC138 8/- 2X711A 7/8 28306 15/- bcyso 8/6 2X721 11/- 28320 91- BCYSl 8/8 2X743 41- 28321 61- BCY32 10/- 2X744 ei- 28322 7/8 30*33 8/- 2X763 28323 10/- BCY34 61- 2X866 12/6 29324 12/8 BCY38 71- 2X914 4/8 28601 8/8 BCY39 8/8 2X916 4/6 28602 8/6 BCY40 10/- 2X918 7/8 28603 9/8 BCY49 61- 2X919 41- 28612 9/8 BCY43 61- 2X920 61- 23701 8/8 BCY70 41- 2X922 8/8 28702 11/- DCZll 7/8 2X930 7/8 28724 691- BC147 a/9 2X1090 ei- 28731 8/8 BC148 2/9 2X1091 8/8 2S732 8/6 BC149 41- 2X1131 6/- 23733 8/8 BF152 61- 2X1132 8/- 2S743 60/- BP192 6/6 2X929 4/8 2S745A 30/- BF194 3/8 2X1303 4/9 AA129 4/- BF19S 8/- 2X1304 61- AA178 8/6 BTYTS/IOOR 2X1306 61- AAY11 91- 18/- 2X1308 61- AAT12 61- BT102,'6O0R 2X1307 61- AAZ12 *h 161- 2X1308 61- AAZ13 2/6 BD119 12/6 2X1309 61- AAZ1T 8/- BDI24 12/6 2X1420 18'B AC126 6/- BES3000 6/- 2X1463 9/8 AC127 5/8 BF115 6/- 2X1813 ti- AC127Z 12/0 BF164 8/- 2X2147 me AC128 6/- BF16S 61- 2X2180 16/- AC164 8'- BF169 12/- SX2287 £6/- AC169 3/- BF163 61- 2X2297 9/8 AC 183 4!- BP167 61- 2X2484 716 AC 176 8/- BP173 61- 2X2648 10/8 AC187 8/- BF180 716 2X2784 10/- ACiaa 61- BF181 716 2X2904 8/0 ACY17 9!- BFX30 61- 2X2905 10/- ACY18 tl- EFX68 61- 2X2926 41- ACYlfl 61- EFY17 61- 2X2928 2/8 ACY20 41- BFY18 61- 2X3011 7/8 ACY21 4/8 BFY19 61- 2X3053 ti- ACY22 8/6 BFY'20 12/8 2X3064 me ACY28 3/6 BFY50 5/- 2X3066 18/- ACy34 41- BFY6X 4/6 2X8133 6/- ACY36 5/- BFY62 6/- 2X3186 91- ACYSS 96 BFY63 41- 2X3142 7/8 ACY40 8/_ BFY64 8/6 2X3232 16/- AD140 11/- BBYIO 20/- 
2X3233 16/- AD149 12/6 BEY 11 22/8 
2X3236 30/- AD161 7;B BPYI0 19/8 2X3228 10/- AD162 7/8 B9S20 4/- 2X3628 0/6 ADT140 10/- BSX21 61- 2X3702 3/8 ADZ11 24/6 B3X76 41- 2X3703 3/8 ADZ12 29/8 B8Y27 41- 2X3704 ti- AEY11 10/- B8Y28 61- 2X3706 tle AEY12 12/8 •B8Y29 61- 2X3707 ti- AF102 18/- B3V50 61- 2X3709 tle AF114. 8/6 B8Y51 61- 2X3710 si- AF1XS 8/- BSY63 61- 2X3136 ei~ AF11S 0/8 BSY64 61- 2X3794 2/0 AF117 8/- BSY66 6/~ 

is/e 16/- 13.® 18/6 3/6 4/6 8/- 6/- 

»/- 8/- 6/- 20/- 12/e 

( BMYOfi 8/ BSY9T 6/- i BBY96A 4,'8 | BSY96 8.'- BTV«'i 18 8 BTY79/10OH 86/- 
BTYB4 BXYSS BIV10 BUYll BYIOO BY 103 BY1I4 BY 128 
BYXUL'/OOO 8/3 BVZtO 10/- BYZ11 BYZ12 BYZ13 BYZ16 BYZIS BZYS8C3V3 

' 4/- BZY88C4V" 4/- BZYgSCSVfi 4/- BZY88C8V1 
4/- 1 BZY8BC6V8 4/- BZY88C7V5 
*1- 

HZY88C3V2 
*1- BZVBacgVl • 4/- BZV883V0 41- BZY886V2 4/- BZY94CI0 41- BZY94C1X 4/- 

BZY94C12 4/- BZY94CX6 41- BZY81GI8 4,'- 
CP404 12/8 ; CR81/05 CRS1/10 , CE91/20 i CRSI/30 ; CK81/35 ' CK81/40 

I CBSS/05 1 CR83/10 J CR83/20 CR83/30 CB83/40 10/- CR 9400/40 39/6 CRK8/02S AF 6- CR 926/026 16/- 1111000 DD05S DD100 DD226A DD282A J5K110 DT3200 F8T1/1 F8T2/0 FST2/1 F8T3/0 FST3/1 F3T3/S 

3/8 6/- iB/e 7/8 3,9 1/8 7/8 8/- 3/8 8/- 8/- 4/- 6/- FST3/03 A I' 
GET 102 C.BT103 MPF102 MPF103 MPF104 MPFI03 
OAS OA- OAS OAIO OA47 OATO OA" 1 OA73 OA74 OA" 9 OA81 OA86 OA86 OA90 OA91 

OA95 1/6 OA20U 1/9 OA202 2/- OA2IO 8/- OA211 9/6 OAZ200 11/- OAZ201 10/- 
OAZ202 8/6 OAZ203 8/6 OAZ204 8/8 OAZ206 8/8 OAZ20fl 8/6 OAZ207 9/8 OAZ208 6/0 OAZ209 6/8 OA2210 6/8 OAZ211 6/6 OAZ212 8/8 OAZ213 9/8 0AZ222 8/6 OAZ223 7/6 OAZ224 7/8 OA2226 7/8 OAZ228 7/6 OAZ229 9/8 OAZ231 9/8 OAZ234 7/8 OAZ238 8.8 
OAZ241 4/6 OAZ242 4/8 OAZa44 4/6 OAZ248 4/8 OAZ246 4/8 OAZ247 4/6 OAZ272 4/8 OAZ290 7/8 OAZ291 7/8 OAZ292 7/6 
OCIO 10/- OC1H 7/6 OC20 Te OC22 OC23 12/8 OC24 12/8 
OC26 7/6 OC26 61- OC28 12/6 OC20 12/8 OC36 10/- OC36 12/6 OC41 «/- OC42 61- OC43 61- OC44 4h 
OC44M th OC4S 8/0 OC46M 8/6 OC46 6/8 OC67 12/- OC68 12/- OC69 13/- OC70 61- OCVl 61- OC72 n- OC73 61- 0C74 61- OC7S 6'- OCT6 61- OC77 OC7b t 00780 OC79 
OC81 61- OC8I0 41- OCfllM 6!- OC81DM 91- OC812 716 OC82 61- OC82D 6!- 0083 61- OC84 th OC122 191- OC123 191- 
OC139 61- OC140 7/8 OC141 16/- OC169 6h OC170 61- 00171 

t- OC200 OC201 9/6 OC202 12/6 OC203 7/8 OC204 8/- OC206 12/8 OC206 18/- OC207 16/- OCF71 19/6 OEPI2 9/8 ORP60 8/- 
Send for Free Copy ot 1970 Transistor List (36) of a 1,000 Types Today 1 
DIBCOONTS: 10% on 12 +. INTEGRATED CIBGOm 15% on 26 + any one type. GDAmrr pricks: 100 Phone: 01-723 0401. Ei. 4. 
your ordet. 

H 

CA3014 29/6; i PA237 37/6 1 TAD10O 
TAA263 CA3018 22/8 PA424 69/8 CA3020 29/0 PA436 79/0 , OA3028A 28/8 PA246 68/6 81,403 

IC10 69/6 MC1301 66/-i U1914 

S RADIO 

16/- 
49/6 
12/8 

303 fDGWARE ROAD 
LONDON, W.2 
(01) 723 1008/9 
OPEN MOM-SATOem-fipw IHUfiS 9im-fpm 

^ li 

New Book Releases 

POWER ENGINEERING 

USING THYRISTORS 

Part 1. Techniques of 
Thyristor Power Control 

A new book to bridge the gap between electrical 
power engineering and electronics. 
Including postage 32/- 

Data Book 1970 
Gives Mullard abridged data on valves, picture 
tubes, semiconductors and components used in 
consumer electronics. 
Paper bound. Including postage 4/9 

Transistor Audio & 

Radio Circuits 
For radio receivers, radiograms, record players, 
tape recorders, hi-fi equipment. 
Over 200 pages packed with the most up to date 
information. 
Bound in cloth. Including postage 32/- 

Also available: 

COLOUR TELEVISION 
A background to Colour- 

Tube adjustments for the 
Service Engineer 

Correct adjustment of colour purity and conver- 
gence is essential for a high quality colour picture. 
Bound in paper boards. Illustrations in colour. 
Including postage 19/-. 

ELECTRONIC COUNTING: 
Circuits • Techniques - Devices 

The increasing use of mechanization and auto- 
mation in factories has given rise to an increased 
interest in counting. This present book is intended 
to help engineers to use electronics to solve their 
counting problems as simply or as cheaply as 
possible. 
220 pages fully illustrated. With diagrams. 
Including postage 29/-. 

Mullard 

TECHNICAL BOOKS 

Post now to: Dept. M 

SELRAY BOOK COMPANY 
GOHayesHill Bromley BR27HP 
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DIOIRAN 

SALES 
P.O. BOX 5 
WARE. HERTS 
TEL: WARE 3442 

SIL. G.P. DIODES 300mW 30  40PIV (Min.) (00   Sub-Min. 500   Fully Tejt«d 1,000    Ideal for Organ fluildcrt. 

10/- M/- 
Ppst and Packing eosti are continually riling. Pleaie add I/- towards tame. CASH WITH ORDER PLEASE, GIRO No. 30-102 
OVERSEAS QUOTATIONS BY RETORN SHIPMENTS TO ANYWHERE IN THE WORLD 

OVER 2 MILLION SILICON ALLOY t GERM. TRANSISTORS IMMEDIATE DELIVERY AVAILABLE FOR 
TRANSISTORS Type and Centcruction A I Germ. A.F. NPN T0-I A 2 Germ. A.F. PNP TO-S A 3 Germ, A.F. PNP T0-1 A 4 Germ- R.F. PNP T0-I A 5 Germ- R.F, PNP T0-S 

= AC 127, NKT773. AC157, ASYB6 £3.10 "ACY17-21, NKT237-24S -AClia, NKT27I. 2G30I "OC44-45. NK.T72/I25. ASY54 2NI303, NKT(64-7. 2G30I-3 A 6 Germ. V.H.F. PNP TO-I =AFI (6-7. KNT667. 2G417 
A 8 Germ- A.F. SO-2 PNP A 9 Sil. Alloy PNP T0-S AI0 Sil, Alloy PNP SO-2 

«2G37l-89. ACY27-3I, OC7I-7S =2S30l-5. BCYI7-29. 8CY30-34 =25321-325, OC200-205 

Qty. Qty. Price Price 100 500 1.000 £15 £25 £200 £3 £5 £40 £1 £3. £1.10 £4.10 £7.10 £1.10 £4.10 £7.10 £3.10 £15 £25 £200 £2,10 £2 £7.10 £12.10 £2 £7.10 £12,10 £7.10 £12.10 £100 Al to A7 Guaranteed 80% Good usable Triftiiscort ideal for low cost production work and experimental use. A8 to AI0 are all perfect devices, factory tested, no open or short eircutcTransistors in these lots 
BRAND NEW FULLY TESTED EPOXY CASE UNIJUNCTION TRANSISTORS. Type TIS43 and BEN 3000 and replacement for 2N2646. Full data available. LOWEST PRICE AVAILABLE ANYWHERE. 100 off 4/. each =£20; 500 off 3/d each -£87,10; I.OOOoff 3'-each = £150, Sample devices 7;- each on request. 
HIGH QUALITY SILICON PLANAR DIODES. SUB-MINIATURE DO-7 Glass Type, suitable replacemenu for OA200, OA202. BAY38. IS 130, IS940. 200.000 to clear at £4 per 1,000 pieces. GUARANTEED 80% GOOD. 
SILICON PLANAR PLASTIC TRANSISTORS. 2N 3708A VcB30 Hfe 20-60. AM marked, fully tested, and guaranteed, t off 1/6 each; 100 off lOd. each; 500 off 9d. each; 1,000 off 7J-d, each. 
OA90'GERM. DIODES 30PW 45MA 00-7 GLASS. 30,000 Available New and Coded. Price £3 per 100. £11 per 500. £17 per 1,000 pieces. Once sold cannot be repeated, 

FULLY TESTED DEVICES AND QUALITY GUARANTEED—SURPLUS TO REQUIREMENTS OA202 Silicon Diode. Fully Coded. ISO PlV2S0mA Qcy. Price £30 per 1.000 pieces. 
02AOO Silicon Diode. Fully Coded, S0PIV 2S0mA. Qty, Price £25 per 1,000. 
BY 100 SIL. RECT'S 800 PIV SSOmA. (-49 2/6 each; 50-99 2/3 each; 100-999 2,- each; 1,000 op j/IO each. Fully Coded. 1st Qlty. 

PLASTIC PNP SILICON TRANSIS- TORS, Manufacturers' seconds from 2N3702-3 family. Ideal cheap tram, for manufacturing, etc. £8,0,0.—500. £13.10,0  1,000 pieces. 

PLASTIC NPN SILICON TRANSIS- TORS. Manufacturers' seconds from 2N3707-3711 family. Ideal cheap trans, for manufacturing, etc. £7.10.0—500, £12.0.0 —1,000 pieces. 

TO-t8 METAL CAN PNP SILICON PLANAR TRANS. High quality. 99% good. Typesimiliar to 2N2906-7, BCI86-7 BCY70-1-2, £9 per 500. £15 per 1,000 pieces' 

TOP WAT RECTIFIERS. All good. No short or open circuit devices. Voltage range 25--400P1V. 750mA. £3 per 100, £12,10.0 per 500. 

S.C.H.'s I6AMP (unpUted) 1-24 25-99 100 op I00PIV. 9/6 7/6 6/- 400PIV, 14/- 12/- 10/- . All tested perfect functional devices guaranteed. 

1/6 TESTED TRANSISTORS 1/6 
each onerice only pnp^npn. each 

BCI0B BCI09 BFYS0 BFYS1 BFX84 BFX86 BFX88 

SILICON -PLANAR 1/6 EACH 2N696 2NII32 2N2220 25733 2N697 2NI6I3 2N3707 2N339I 2N706 2NI7II 2N3711 TIS44 2N70B 2N2904 2S102 2N2906 2N929 2 N 2905 25103 2 N 2907 2N930 2N2924 25104 2N2696 2NII3I 2N2926 25732 2N3702 2N3703 From Manufacturers' Over-runs—Unmarked Plastic and Metal cases. Devices similar to above Nos. 
GERM. PNP AND NPN TRANSISTORS FULLY TESTED. UNMARKED SIMILAR TO 1/6 EACH AC 125 ACY22 ACY36 NKT677 OC8I 2G38I AC 126 ACY27 NKTI4I NKT7I3 OCB2 AC 127 ACY2e NKTI42 NKT773 2G30I AC 128 ACY29 NKT2I2 OC44 2G302 ACi30 ACY30 NKT2I3 OC45 2G303 ACYI9 ACY3I NKT2I4 OC71 2G308 ACY20 ACY34 NKT2IS OC72 2G37I ACY2I ACY35 NKT27I OC7S 2G374 

2G382 2G399A 

1/6 
each 

POWER TRANSISTORS 
OC25 OC3S NKT403 ASZI7 OC26 AD 130 NKT404 TI3027 5/- OC28 'AO 140 NKT405 T13028 oarh OC29 AD 149 NKT452 T13029 Manufacturers' Surplus Germ. A.F. All simitar to above. 

TRANSISTOR EQVT. BOOK 
2,500 cross references of transistors—British, European. American and Japanese. A must for every transistor user. Distributed by DIOTRAN SALES. 15/- EACH- 
TEXAS 2G37I A/B Eqvt. OC7I Germ. Gon. Purpose Trans. Each 1-99 100-499 500-999 1000 up 

,.1/6 .1/3 ■ • 1/ ..9d. AM Brand New and Coded. 

Vast mixed lot of tubminiature glass diodes. Comprising of Silicon, Germ., Point Contact and Cold Bended types plut some Zeners. 500,000 available at Lowest of Low Price. 1,000 pieces £3.0,0. 5,000 pieces £13.10,0. 10,000 pieces £23. 

PEERLESS FABRIKKERNE A/S 
COPENHAGEN • DENMARK 

High Fidelity 

Loudspeaker Kit 

Systems for the 

Home Constructor 

Peerlesi Fabrikkerne A/S have over 35 years of experience in acoustics and they are today the largest loudspeaker factory in Scandinavia. 

BD 

KIT 2 S 
Max. Power Input: 10 watts. Frequency Range; SO-IS.OOOHi in 0-57 eu.ft cabinet. Woofer: B65 W, Tweeter: MT 25 HFC. Cross-over Frequency: 4,OOOHa. Delivered with components for dividing network and drawing for cabinet. 

- Price: £6.14.0 inel. tax. 
KIT 3 IS 
Max, Power Input: i5 watts. Frequency Range; 4O-IB,0O0Hz in 3i eu.ft cabinet. Woofer: CM 120 W, Mid-range: G SO MAC. Tweeter: MT 20 HFC, Cross-over Frequencies: 750Hx and 4,000Ha. Delivered with ready-s5ired cross-over network and cabinet leaflet. Price: £15.17.6 inel. tax. 
KIT 3 25 
Max. Power Input; IS watts. Frequency Range: 4S-I8.000HI in 1-06 eu.ft cabinet. Woofer: P 825 W. Mid-range: GT 50 MRC. Tweeter: MT 20 HFC. Kit 2-8 
Cross-over Frequencies: 750Hx and 4.000Hz. ' — — —   — — — — — —   Delivered with components for dividing network and cabinet leaflet. I— o c • a d c; ■ r« , - ... ,, „ , | Price* £12 9 5 inel tax ' ' Hclme, Dept. PE6, Summerbrtdge, Marrogate, Yorks. I 
KIT 20 -2 (sole U.K. distributors) I Please send me details on the Peerless kit system   I Max. Power Input: 30 watts. I ■ Frequency Range; 40-20,0<X)Ha in 0-7 eu.ft cabinet. I Name & Address  i   •.   I Woofer: L 825 WG, Tweeter: MT 225 HFC. |      I Cross-over Frequency: 2.500Hi. ' Delivered with ready-wired cross-over network and cabinet handbook. I      ■ 

Price: £12.12.6 inel. tax. I _ ^^          ^ I 
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LIMITED 

FULLY TESTED AND MARKED 
AC 107 Acia* AC 127 AC 128 AC 176 ACYI7 AFII4 AFHS AFI 16 AFIt7 AF239 AF1B6 AFI39 BFY50 8SY25 BSY26 B$Y27 BSY28 flSY29 BSY9SA OC4I OC44 OC4S OC7I OC72 OC73 OC8I OCBID OC93 OCI39 OCI« 

3/- OCI70 31- 2'6 OCI7I 4/- 3/6 OC200 1/6 2/6 OC20I 71- 5!- 2G30I 2/6 H- 2G303 2/6 41- 2N7I 1 10/- 1/6 2N1302-3 41- 1/6 2N1304-5 31- 1/6 2N1306-7 *1- 12/4 2N1308-9 •/- 10/- 2N3844A H- 10/- Power 41- Tranaietort 7/6 OC20 10,- 31- OC23 T- 31- OC2S 31- OC26 31- 31- OC2e 71* 31- OC3S 31- 21* OC36 71* 2/6 AD 149 10/- 21* AUYIO 30 f- 31* 2S034 10'- 21* 2N305S IJ, 31* Dledei 21* AAY42 21- 21* OA95 21- 41- OA79 H9 21* OA8I 1/9 3/6 IN9I4 1/6 

FREE! 
PACKS OF YOUR OWN CHOICE UPTO 
THE VALUE OF 10/- WITH ORDERS 

OVER £4 

SURPLUS INTEGRATED CIRCUITS 
These are brand new genuine surplus stoekf, marked and guaranteed to full makers' specification and not re-marked rejects. . Price 

Dual 4 l/P Expander TTL 7/- Single B l/P Nand Gate TTL 7/- Dual 4 l/P Hand Gate TTL  7/- ——" 17/6 
NE$06A NEBOBA NE0I6A NE61SA NEB40A NEBSSA NE870A NEBBOA SP6I6A SP63IA SP670A SP606A SPB08A SP0I6A SP815A SP84<JA SP85SA SP07OA SP8S0A NE500K NE501K NEB06J NEBOBJ NE8I6J NE81SJ NE840J NE055J NE870J NESBOJ .ST620A ST6S9A ST60OA 
Suffix A = pack. 

D.C. Clocked J-K Flip-Flop TTL Dual 4 l/P Exclusive OR Gate TTL 7/- Dual 4 Power Gate TTL 7/- Triple 3 l/P Nand TTL 7/- Quad 2 Nand TTL 7/- Dual 4 Nand Gate DTL 7/- Quad 2 l/P Gate Expander DTL 7/- Triple 3 Nand Gate DTL 7/- Dual t/p Expander TTL 7/- Single 8 l/P Nand Gate TTL 7/- Dual 4 l/P Nand Gate TTL 7)- D.C. Clocked J-K Flip-Flop TTL 17/6 Dual 4 t/P Exclusive OR Gate TTL 7/- 

I 40/. 
71- 7/- 71- 17/6 

Dual 4 Power Gate TTL Triple 3 l/P Nand TTL Quad 2 l/P Nand TTL Video Amplifier Video Amplifier 40MHa Dual 4 l/P Expander TTL Single 8 l/P Nand Gate TTL Dual 4 l/P Nand Gate TTL D.C. Clocked J-K Flip-Flop TTL Dual 4 l/P Exclusive OR Gate TTL 71- Dual 4 Power Driver TTL 71- Triple 3 l/P Nand TTL 7/- Quad 2 l/P Nand TTL 71- J-K Flip-Flop DTL 17/6 Dual 4 Buffer/Driver DTL 71- Quad 2 Nand DTL 7/4 
■ DIP 14 lead; K«I0 lead TOS: 3=Flat 

NEW TESTED AND GUARANTEED PAKS 

LOOK ! TRANSISTORS ONLY 6d EACH 
TYPE E 

PNP GERMANIUM FULLY 
MARKED AND TESTED. 

TYPE A 
PNP SILICON ALLOY TO-5 CAN 
SPEC:— 
ICER AT VCE=20v 

1mA MAX, 
HFE IS-100 
THESE ARE OF THE 2S300 
TYPE WHICH IS A DIRECT EQUIVALENT TO THE 
OC200/20S RANGE 

B TYPE 
PNP SILICON PLASTIC 

ENCAPSULATION 
SPEC:— 
ICER AT VCE-lOv 

ImA MAX 
HFE 10-200 
THESE ARE OF THE 
2N3702/3 AND 2N4059/62 
RANGE 

AF. or RF. 
PLEASE STATE 

ON ORDER 

NEW UNMARKED UNTESTED PAKS 

B7B )2 Intergraced Circuits, Data and Circuits of types, supplied with orders 
10/- 

880 8 Dual Trans. Matched O/P pairs NPN. Sil. in TO-Scan W- 
B82 10 OC45. OC81D and OC81 Trans. Milliard glass type 

10/- 

B83 "200" Trans, manufacturer's rejects I ft/- all types NPN. PNP. Sil. and 1 w/ Germ. 
084 100 Silicon Diodes DO-7 glass cquiv. to OA200, OA202 (0/- 
B66 (50 High quality Germ. Diodes. Min. glass type 10/. 
B86 50 Sil. Diodes sub. min. tN9l4 and IN9I$ types 10/- 
887 100 Germ. PNP Trans, equiv, to OC44. OC45, OCBI. etc, 10/- 
688 50 Sil. Trans. NPN. PNP, equiv. to OC200/1, 2N706A, BSY95A, etc. 

10/. 

B60 "To" 7 Watt Zener Diodes Mixed Voltages w- 
H5~ " 16 1 Amp. Plastic Diodes 50-1000 Volts 10/- 
H6 40 250mW. Zener Diodes OO-T Min. Class Type 10/- 

ARANTEE WITH ALL OUR 

82 4 Photo Cells, Sun Batteries, 0-3 to 0-SV, 0*5 to 2mA. 10/- 
B77 2 AD16I-AOI62 NPN/PNP Trans. Comp. Output. Pair 10/- 
BB1 10 Reed Switches, mixed types large and small 10/- 
869 2 SSPS Light Sensitive Cells. Light Res. 400 0 Dark IMO 10/- 
B91 8 NKTI63/I64 PNP Germ. TO-5 equivalent to OC44. OC45 10/- 
892 4 NPN. Sil. Trans. A06- BSX20. 2N2369 500 MHs^ 360mW 

10/- 
B93 5 GETI13 Trans, equiv. to ACY17-21 PNP Germ. 10/- 
B94 6 NPN Sil. Planar Epitaxial Trans. CS4 similar to BSY30 or BCI08 

10/- 
B96 S 2N3I36 PNP Sil, Trans. TO-18, HFE 100-300 I.C. 600mA. 200 MHt 

10/- 
B9S 

B99" 

in XBIIl and XBI02 equiv.'to m/_ '" AC126, AC 156, OCS1/2. 'Vl OC7I/2. NKT27I. etc. 
Tflfl Capacitors. Eleccrolytics 1 ft/, J-W paper, silver mica. etc. Post and ' "1 packing, this Pak 2/6 

H4 TCft Mixed Resistors. Post and A3W Packing2/- 10/- 
H7 40 Wl rewound Resistors. Mixed types and values. Postage 1/6 10/- 

RETURN OF THE UNBEATABLE P.I PAK. 
NOW GREATER VALUE THAN EVER 

FULL OF SHORT LEAD SEMICONDUCTORS 
AND ELECTRONIC COMPONENTS. APPROX. 
170. WE GUARANTEE AT LEAST 30 REALLY 
HIGH QUAUTY FACTORY MARKED TRAN- 
SISTORS PNP AND NPN, AND A HOST OF 
DIODES AND RECTIFIERS MOUNTED ON PRINTED CIRCUIT PANELS. IDENTIFICATION 
CHART SUPPLIED TO GIVE SOME INFORMA- 

TION ON THE TRANSISTORS. 
PLEASE ASK FOR PAK P. I ONLY 10/- 

21- P. & P. on this Pak. 

M«k« a Rev. Counter for your Car. The 
'TACHO BLOCK'. This encapsulated block 
will turn any 0-1 mA meter into a linear 
and accurate rev. 
counter for any car. 

20A each 

FREE CATALOGUE AND LISTS 
for: — 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE-PAK LISTS 
& SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post end packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL. 

P.O. RELAYS 8 FOR Various Contacts and Coil i 
Resistances. No individual *J 11 / 
selection. Post & Packing 5/- Aw/ 

BI-PRE-RAK LTD 
DEPT. A, 222-224 WEST ROAD, WESTCUFF-ON SEA, ESSEX 
TELEPHONE SQUTHENO (0702) 46344 
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CA_R LIGHT FLASHERS Heavy duty llgbt fiaeher employe a coodenjcc discharge principle operating 
CD electro rnecbanl- eal relay, (As inset.) Housed in strong plastic case- Flash- ing rate between TO-ISO per minute. _ IIS volt 1>0 opera- tion. Maaanutii load Samps. Size'-! 11/16' tfia. e 4*. (tupplied brand new at a (faction o( original coat. 8/8 each. 1'. « r. '2IS. (3 tor 17'6. 1', A r. 4(6.) 

CLASS D WAVEMETERS A crystal controlled hetero- dyne trequency meter covering J-7-8 Mc.'s. Operation on 6V <l.c. Idea! tor amateur use. Available in good used con- dition. i5.lfl.fl. Carr. T,«. or brand new with acces- r"tries. 17,13.8. Carr. 7/6. 
CLASS D WAVEMETERS No. 2 f.'pyetal controlled. 1-2-]9 Mc.'s. Mains or 1UV d.c. operation. Complete with calibration charts. Excellent condltiOD. 112.10.0. Carr. SO/-. 

*209 MK II COHMUNICATiON RECEIVER 11 valve high grade communication receiver suitable for tropical use. I-tlCt Mc/s on 4 bands. AM/CW/FM operation. Incorpor- ates precistou vernier driver, BKO. Aerial 
Irlmmer, inter- nal speaker and 12 V d.c. in- ternnl power supply.. Sup- plied In exeel- leot condition, (ally tested and checked. 

£15 C'urr. 211/-. 

TYPE 13A DOUBLE BEAM 
OSCILLOSCOPES An excellent general pur- pose I)/B oscilloscope. T.B. 2 c>-7M Kc/s. Bandwidth 5-6 Mc/s. Sensitivity 33 raV/CM. Operating voltage 0/110/ 200/250 V. n.Ci Supplied in excellent working con- dition. 12S.10.0 or com- piete with all accessories, probe, leads, lid, etc.' *25. Carriage 30/-. 

MARCONI CT44/ 
TF956 AF 
ABSORPTION 
WATTMETER 
I /i, watt to 6 watts. 
i£0. Carr. 20,-, 

SOLAKTROIT CD. 71188 DOUBLE BEAK OSCILLOSCOPES. D.C. to 0 Ms/s. Perfect order. I«5. Carr. 60/-. Few available less C.R.T- *25. Carr. 80/-. 

T0-2 PORTABLE 
OSCILLOSCOPE A general purpose tow cost economy oscillo- scope tor everyday nse. Y amp. Bandwidth 2 CPS^l MH2. Input imp. 2 megQ 26 F.F. Uluminated scale. 2io. tube. US x 180 230ram. Weight 81b. 220/210 V a.c. Supplied brand new with hand- hook. *22.10.0. Carr. 10/-. 

TRANSISTORISED L.C.R. A.C. 
MEASURING BRIDGE 

A new portable bridge ofierfng ex- cellent range and accuracy at low cost. Eanges; K. 10-ll-l megD 6 Ranges a:l%. L.l fzH - X X 1 HESRVS 6 San- gee -2%. C. lOpF irlllOmFd. 6 Ranges -2«.. TCRSS RATIO 1;1/1000- 1:11100. 8 Ranges mjoj,. Bridge voltage at 1,000 cp«. Operated from 9 volts. lOOftA. Meter Indication. Attractive 2 tone metal ease. Size 7|: 6:;2in. *20. P. A F. 6/-, 

- - 

a™ 

UNR-30 4-8AND COMMUNICATION 
RECEIVER Covering 560 Ke/e-30 Mc/s, incorpdratee BKO. Built-in speaker and phone jack. Metal cahlnet. Operation 220; 240V. a,c. .Supplied brand new, guaranteed with Instroctlons. Carr. 7;6 13 gns. " 
TRIO JR-4I0 HEW AMATEUR BAKU 10-80 METRE RECEIVER. In stuck. *77.10.0. 

UFAYETTE SOLID STATE HA6O0 RECEIVER 5 BAUD AM CW/8SB AMATEUR AKD SHORT WAVE 150 ko/a 400 kc/i and 550 kc/s 30 Mc/i F E T frost end • I mechanical filters • Huge dial • Product detector • Variable BFO • Holse limltsr • S meter • 24ia Bandsprsad • 230V a.oJ12V d.c, neg, earth opetsllon • RF gain Control. Size 15in : SI in 8iin, Weight 181b. EXCBPnORAL VALUE. *45. Carr, 10/-. S.A.E. lot lull details. 

B o. 

JOin. With instruct ion munual alid TRIO COMMimCATIOH TYPE HEADPH0KES Ol'R PRICE *3.15,0 it purchased with above receiver. 

TRIO COMMUNICATION 
RECEIVER MODEL 3R-590E 4 band receiver covering OMKc/s to SOMc/s. coutlnnona and electrical bandsptead on 10,16,20, 40 and 80 metres. 8 valve plus 7 diode circuit. 4/8 ohm output and phone jack. 88B-CW • ASL • Variable BFO • ti meter • Sep. bandeprcad dial • IP 44SK0/S • Audio output 16W. • Variable RF and AF gain controis. 118/260V A.C. Mains. Beautifully designed. Size'7 IS X rice data. *42 Corrlage paid. Soroially *5.18.0. 

TRIO JR-5M8E 10-80 Heirs AMATEUR RECEIVER *05 TRIO TS 510 AMATEUR TRAKSCETVER with speaker »nd mains P.S.U. *180 

0R-1A SOLID STATE COMMUIDCATION RECEIVER 
4 bands loverlug 550 Kc/s-30 me/s con- tinuous, Special leaturee arc use of PET transistors. B meter, built In speaker end telescopic aerial, variable BFO for 88B recep- tion, noiso limltcr, band spread control, sensl- tlvlty control. Output tor low Impedance headphones. Operation 220/240 volt A.C. or 12 volt D.C. Size 12J'*4J"x7". Excellent value. ONLY *24, Carr, 7/6. 

| LAFAYETTE HA,BOO B-BAKD AMATEUR " I RECEIVEB. 257.10.0. Qtrr. Paid.   
RCA COMMUNICATION 
RECEIVER AR88D Latest release by ministry BRAND NEW In original cases. 110-250V a.c. operation. Fre- quency in 6 Bands. 5S5Kc/s-32Mc/s continuous. Output impedance 2-6-800 ohms. Incorporating crystai filter, noise llmlter, variable BFO, variable selectivity, etc. Price *86. Carr. *2. 

LAFAYETTE PF-60 SOLID STATE VHF FM RECEIVER 
A coinpIeU'ly new Irnneietorised receiver covering 162-174 Mc/s. Fully tuneable or crystal controlled (not supplied) fur fixed frequency operation. In- corporates 4 INTEGRATED CIRCUITS. Built in speaker and iliuiiilnnted dial. Squelch and vol- ume controls. Tape recorder output. 75 n ncrlal loput. Headphone Jack. Operation 230%', A.C./ 1'JV. D.C. Seg. earth. *37.10.0. Carr; 10/-. 

TELETON MODEL CR 10T AM/FM STEREO TUNER AMPLIFIER .V new model from Teleton. 31 solid state devices. 4 4 watt output. Inputs for eeramic/cryetal cartridge. Frequency range AM 540-1800 KH«FM 88-108 MHz. Auto- matic FM stereo receptkm. Stereo Indicator. Controis: Tuning, function selector, Tone and R 4 L volume controls. AFC switch.' Stereo headphone socket. Hize: 191* xS J* ■r 91" opptox. Price *34. Carr. 7/6. B" ~ 

60f«A  -.40,- eO-0-80<iA .,,,, ...37/8 lOO^A     ...17/9 IM-O-lOOuA... ...86/- 200fiA  -..86/- BOOiiA  

CLEAR PLASTIC PANEL METERS First grade quality Moving Col! panel meters. Type ME 381". I'V-jla square fronts. OOO-O-TOOfiA 27/9 60mA 27/6 lOOmA   27/8 150mA 27,-'B 200mA 27/6 300mA ......27/8 300mA 87,'6 
3V. D.C. 27, 6 
I0%*. D.C'.....27/6 
20V. D.C 27/6 

.27/8 100V. D.C... .27/6 

ImA........87/6 1-0-lmA . :,.27/8 2mA ..27/6 5mA .27/6 10mA ,27/8 750mA 27,'fl lamp.......27/6 2 amp 27/8 

180V. B.C....27,6 300V. D.C...27/9 B00V. D.C....27/6 "SOV. D.O. - - .27/8 16V. A.C. 27/9 60V. A.C.--. 27/9 150V. A,C....27,9 300V. A.C....27/9 600V. A C... .27/8 A meter 1mA.82.'- VC meter. ,..42/- Fult range of other sizes in stock. Bend s.ti.e, lor leaflet. 

POWER RHEOSTATS 
High quality ceramic construction. Windings embedded in vitreous enamel. Heavy duty brush wiper. Continuous rating. Wide range ex-stock Single hole fixing, Jin. dia. shafts. Built quantities available, 26 WATT. 10/25/60/100/260/600/1,000/1,500/2.500 or 6,000 ohms, 14,8. I'. A P. 1.6. 60 WATT. 30/26/80/100/260/600/1,000/2,600 or 5.000 obms, 21'-. P. A P. 1/6. 100 WATT. 1 /5/10/25/60/100/250/600/3,000 or S,5Q0 Ohms, 87/8. P A P. 3/0. 

CRYSTAL CALIBRATORS No. 10 Small portable crystal controlled wavemoter. Size 7" .x7j' ;;4*. Fre- quency range 500 Kc/s. 10 Mc/a (up to 30 Mc/s on .harmonics). Cali- brated dial. Power re* qulremente 300 VJJ.C. 15mA and 12 V.D.C. 0.3A. Excellent con- dition. 86/6. Carr. 7/6. 
T.E.W 

HIGH SENSITIVITY 
A.C. VOLTMETER 30 meg. Input 10 ranges: -01 / '003 / -1 / -3 / i 3 / 10 / 30 / 300 / 300V. R.M.9. 4c/s.-l-2Mc/s. Decibels —40 to +60dB. Supplied brand new complete with leads and iustroctions. Operation •.'30V a.c* *17,10.0. Carr. 6/-. 

LELAND MODEL 17 BEAT 
FREOUENCY OSCILLATORS Frequency 0-20 Kc/s on 2 ranges. Output 6000 or 5kO. Operation 200/260V. A.C. Supplied in perfect ordei. *12.10.0. Carr. 10/--  

TE-65 VALVE VOLTMETER High quality Instrument with 28 ranges. D.c. volts 1-5-1,600V. A.C. volte t-5-1,600V. Resistance 
up to 1,000 megobmt. 220/240V ax:, operation. 
Complete with probe and instructions. *17.10.0. P. A P. 6/-. Additlooal Probes available: R.F 36/-. H.V. 42/6. 

COSSOR 1049 DOUBLE BEAM 
OSCILLOSCOPES 

D.c. coupled. Band width Ikc/s. Perfect order. *26. Carr. 30/-. 
AM/FM SIGNAL GENERATORS Oscillator Teat Ko. 2. A high quality precision instru. meat made lor the „, mlnietry by Alrmec. & Frequency cover- * age 20-80MC/8. AM. C,W./FM. Incor- 

porates iitecision dial, level meter, precision attennatop IiiV-IOOmV, Operation from 12V d.c- or 0/110/200/260V a.c. Size 32x64 xDlu. Supplied In brand new condition complete with all connectors fully tested. *46. Carr. 20,'.-. 
PLESSEY SL 403A 3 wntl Integrated Amplifier Circuit 40:9 POST PAID 

EDBYSTOSE VHF RE0EITER8 MODEL 770E. 19-165Mc/s. Excellent condition. *160 
TE-lflA Tramiitoilsti Signal Se oerator. 6 ranges 400 kHz-30 mHz. An inexpensive instrument tor the handyman. Oper- ates on 9v battery. %Vldo, easy to read scale. 600 kHz modulation, Si-xSJ i<31J. Complete with Instructions and leads. *7.19.8. P.AP. 4/-. 

H0SIDEH DH-0IS STEREO HEADPHONES 
Wonderful value and cxccUent perfor- mance combined. Adjustable head- band. 3 obm impedance. 20-12,000 cpe. Complete with lead and stereo Jack plug ONLY 47/6, P.l-P. 2/0. 

AUTO TRANSFORMERS 0.'115/330v. Step up or step down. Fully shrouded. 160 V. *2.2.9. F. A F. 3,'6 300 %V. *2.19.6, P. A P. 4/6 600 V. *4.10.0, P, A P. 6/6 3,000 W. 18.10.0, P. A P. 7/6 1,600 W. *7,19.8, P. A P. 8/6 7,800 W. *16.10.0, P. A P. 20/- 

G. W. SMITH 
& CO (RADIO) LTD. 
Also see oppos. page 
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ARF-100 COMBINED AF-RF 
SIGNAL GENERATOR 

A.r. SIKE WAVE -fr- J 50-200.000 c/8.   ; . J Square vavo ' 20- 
n tk i j 1 30.000 c/a.-. O/P. \V w// ~ V HIGH IMP. 21V. ^ « P/P600n S-8 V; P/P. TF 100 kc,'»-300   Me/a. Variable R.P. atteouatiun int/eit. luotlolation. Incwrpor- atee dual purpose meter to monitor AV oat- puO and % rood, on R.F 220/240 V '.i.c. 132.10.0, Corr.7,'6,  

TE-20D RF SIGNAL GENERATOR 
AuuUrate wide rimge dgnaJ generator cover- ing imc/s to 500Mc/a on 8 bands. Directly calibrated. Variable KF attenualor, nodio output. Xtal socket lor calibrolloD, 220/ •_'J0V U.c. SlzC 140 215 X UOlum. BrHntl new with instructions. tl6. Can'. 7/8. 

TY75 AUDIO SIGNAL GENERATOR 
Sine Wave 20c's lo ■JOOkc/g. Square Wave dOci's lo S0kc/«. High and low Inipedance output. Output variable up to ti volte. 220/240 volts n.c. Size 210 x ISO X 120liini. Brand new with iaslrtictione.    flfl. Cotr. 7/0. 

MAKCOHI XF142E DIST0STI0R FACTOR METERS. Kvcelleut uoudltlon. Fully tested. tBO. Cnrr. IB'-.   
LAFAYETTE TE46 RESISTANCE 

CAPACITY ANALYSER 2pF-2.000 mid 2 ohms-'-'OO mcgobniB. Alto checks luipe- Uaucc, turim ratio, hiautu' tion, 200/250V 

♦ 

5 
m 

ADVANCE TEST EQUIPMENT 
Btaud new end hotel tn otlylnal sealed carionj, 
JIB. AHDIOSIGHAI. OEM ERA TOE. 15 e/a to 60. Ko/s. Sine wave. Output 600 ohfna or fi ohms. <30.0.0. 
TK70. DBF MILLIVOLT METER. 100 Kc/e to 1.000 Mc/a. a.c. 10 mV to 3V. D-c. 10 mV to 3V, Current 0-01 (zA to 0-3 raA, Eeslstaocc I ohm to 10 megohm. <125.0.0. 
TUB. TRA58IST0R TESTER. Full range or tadUties lor testing PHP or JfPH tronsfetors In or out ol circuit. <87.10.0. Carriage 10/- pet Item. 

TO.3 PORTABLE OSCILLOSCOPE ■ 3io. tobe. Y amp..Sensiti- vity OTv p-p/CM. Bond- width 1'B cp»-l-5 MHz. Input imp. 2 meg O 25pF X amp. sensitivity 0-9v. p-p/CM. Bandwidth 1-6 cpa -800 KHz. Input Imp. 3 meg O 20pF. Time base. 5 ranges 10 cpa-SOO KHz. Synchronization. Internal/ external, Illuminated scale 140 x 318 x 830 mm. Weight 101 lb- 220/240V. A.C. Supplied brand new with handbook. <37.10.0. Carr. 10/- 

it 
& 

ZX111. DECADE RESISTAKCE ATTMDATOR Variable range O-llldB. Con- nections. On- balanced T nnd Bridge 1, Impedance soon range (0-ldB x 10) + (IdH x 10) + 10 + SO + SO + 40dB. Frequency: d.c. to 200kHz (—3dB>. Accuracy! 0 06dB. + Indication dB x 0 01. Mail- raum Input teas than 4W <60V). Built in 800 O lead tea la tan c« with Internai/extenml awltcb. Brand new 1E7.10.0. P. A F. SI-. 
AVOMETER MOVEMENTS 

atip 

The latesi edrtion. giving foil details of b comprehensive range of HI Fl EQUIPMENT, COMPONENTS. TEST EQUIP- MENT and COMMUNICATIONS EQUIPMENT  Over 230 
pages, fully iilus- trawd and detail- log ihonsands of items — many . at bargain prices. FREE DISCOUNT COUPONS VALUE 10/-. 

SEND NOW-ONLY7(6 P&P}}- 

4th Edition now nndy—Bond for your copy nowl 

GARRARD 
FULL CDRRMT RANGE OFFERED, BRAND NEW AND OOAEAATEED AT FANTASTIC SAVDfQS 
1025 stereo <7.19.8 2025T;C stereo <9,17.6 8000 stereo SP25 MK11 BL66 8L65B SL7SB APTo 

<6.19.6 <11. 9.6 <11.12.8 114.19.8 128. 0.0 118.19.6 

HL7& 8Ti76B 8L95B A70.T1 401 

125.19.6 <48. 0.0 135. 0.0 111.19.8 125. 0.0 m 
m 

Carriage 7/6 extra each Hem. 
TEAK PLINTHS AND PERSPBX COVERS 1. For SP26. SL65. SL66, 3000, 202ST/C. 2028, 1000. 14.10,0 2. For AP75. SL75. SL95. 15,19.6 3. For 8P2fi etc. to operate with lid In place 15.18-8 Carriage 7/0 extra each type. Full range of (Jorranl acceeaorles available. 

LAFAYETTE LA-224T TRANSISTOR STEREO AMPLIFIER 
19 transistors. 8 dloiles, IHP musk power. SOW at 8(1. Response 30-20,000 i yd B at IW. Dis- tortion 1% or lees. Inputs 3tnV and 2o0mV. Output 3-16a. Separate L and 11 volume con- trols. Treble nnd bass control. Stereo phone Jock. Brushed altuninlum, gold anodlsed extruded (rout panel with complementary incial ease. Size 10) v 

It 9/16 7 13/Win. Operation 115/230V. A.C. 124. Carriage 7/S.' 

MULTIMETERS forEV6purpose! 

TE-41. HEW 20,0000/ VOLT MULTIMETER with overload protection and minor scale. 0/6/60/120/ 1.200V a.c. 0/3/30,'oo/aoo; eoo/g.ooov d.c. o-eopA/iy /300mA d.c. 0/60K/6 meg. ohm. 92/6. P. 4 P- 2/8. 

MODEL - AS-100D. 100K Q /VOLT, Sin., mirror acaie. Buift- iu meter protection. 0 / 3 / 12 / 60 / 120 ,' 800 I 800 I 1.200V d.c. 0/6/30/120/300/ 600V a.c. 0/10ziA/ 6/60,'SOOM A/12 Amp. 0/2K / 200K / 2M / 200Mn. —20 to +17dB. 112.10.0. p. a p. se. 

iy 

MODEL TE-eO 50.000 O.P.V. MIRROR SCALE OVERLOAD PROTECTION 0/3/12.'60/ 300 / 600/1,200V d.c. 0/6/30/120/300,a.200V d.c, 0 03/6/60/660MA d.c. 16k a / JBOk Q / 1-0/I6M O. -20-to +Ii3<in. 17.10.0. P. i- P. 3/-. 

MODEL TE-79.30.000 O.P.V. 0/3/13/80/300/ 600/J.200V. d.c. 0/6/ 30 /120 / 600 I ) ,200V. a.c. 0/80(iA / S/30 I 300mA. 0/I6K/160K.' TOM / IGmegohm 15.10.0. P. * P. 3/-. 

TK-900 20.0000 VOLT GIANT MULTIMETER 8in full view meter, 2 olour scale, overload protection. 01201101 250/1.000/6,0001' n.e. 0 1 2S I 12'» I 10 I 00 I 250 / 1,000 I 5,000 V d.c. 0 / 50f<A / JIG / 100 / 300mA 10A d.c, 20K / 20aK / 20 M D 115. P. & P. 6/-. 
MODEL TE-10A. 20k (1/ Volt, 5/26/60/260/300/2.600 V, d.c. 10 / 60 / 100 / 600 / l.OOOV. a-C. O/SOM-A/2-S raA-/250iiiA. d.c. 0/6K/6 megohm. —20 to +22dB. 10-0. 100 mid. t 0 0-100-0 I mid. 69.8. P. A P. 2/6, 

MODEL TE 80. 20,000 O.P.V. 0 / 10 / 40 ! 100 / 600 I l.OOOV. n.c. D;5,'33/30, 250 / 500 / l.OOOV J.e. 0 3(1 A. 3/50/5 00 nl A.1 

0;6K/60/K/600K/0 Meg. 14.17.6. P. A P. »■. & 

:o; 

-vnu'r 
-v 

MODEL PT-34. 1.000 O.P.V.0/10/ 50 / 250 / 600 / l.OOOV a.c. and d.c. 0/1/100/500 mA d-c. 0/100 K O 89/6, P. A P- 1/6. 

MODEL TE12. ■ 20.000 O.P.V. 00-6,'80/I20/600/ 1.200 I 3.000 / 6.000V d.c. 1/6/30/120/600/1.200Y ax. 0 / OOjzA 8 I 00 / 60031 A. O / 6K 008K I 6niec./60. Mcgoltm 50 PP. 2 MFD 15.19.6. P. 4 P. 3;6, 
LAFAYETTE 67 Range Super 60,000 O.P.V. Multinteter. D.c. Volts 123V-I.&00V Ax. Volts 1-SV- 1.000V D.c. Current 23(1.4-10 Amp, Ohms. 013 MegO dB.—20 to + SldE, Overload Protection. <12.10.0. Carr. 3,'6. 

★ TRANSISTORISED FMTUNER * 0 TRANSISTOR HIGH QUALITY TUNER, SIZE ONLY 6x4x2)10, 3 I.F, stages. Double tuned dis- criminator. Ample- output to feed most amplifiers. Oper- 
ates on 9V battery. Coverage 88-108 Mc/s. Ready built ready lor use. Fantastic value (or money. <6.7.6. P. M P. 2/8. Stereo muUiple* adaptors 99/6. 

TRANSISTORISED 
TWO-WAY TELEPHONE 
INTERCOM Operative over amaziugiy long distances. Separate call and press to talk buttons. 2-wlre connection. lOM's ol appllcatlona. Beautifully fin- ished in ebony. Supplied complete with batteries and wall brackets. 
<6.19.8. P. & F. s/e. 
SINCLAIR EQUIPMENT 
Project 60 range o( new models now in stock -  - 230 Amplifier 89/8 PV i ^ Stereo 90 
VrwufcsiCi Control Unit 19.19.6 TZS Power Supply <4.19,8 

V pza Power Supply 17.19.8 Q18 Speakers 18,19,8 - oanaaxv. All Post Paid. 
SPECIAL PACKAGE OFFER I 

2 x ZS0 Amplifiers. Stereo 60 and PZS Power Supply 119 Carr. 7/6 or with 2 . Q16 Speakers <35 Carr. 7/(1 MlcromaSic Radio Kit 49/6 Built 69.8 
SINCLAIR IC/I0 IX STOCK 69/6 2000 Amplifier <23.10,0. Carr. 7/6 Neoteric Amplifier £42.10.0, Carr..7/6 

PEAK SOUND PRODUCTS Full rango ol Amplifiers, Kits, Speakers lo slock. 
ECHO HS-606 STEREO 

HEADPHONES 
Womterfnlty com- fortnble. light- weight adjustable vinyl headlmnd. 61t. cable and stereo jack (dug. 23-17.000 rps. 8 ohm Imp. 67/8 P. 5! P. 2/6. 

H0SIDEN DH04S 2-WAY STEREO HEADSETS Each headphone con- tains » 25IU . woofer and a iin tweeter. Built in indivlduai level controls- 811 imp. 2SOS,600c/s. with cable and stereo plug. 18-19.8, P. ± P. 2/6. 
RECORDING HEADS 

COSMOCOED J-track heads. High Inip. recurd.'playbark 65/-. Low Imp. erfiKe 20/-. MARRIOTT {-track beads. High imp. record/playback 65,'-. Low Imp, erase 20/-. Post extra.  
EACAL MA.168 TRANSISTORISED DIYER- BITV SWITCH. Brand New Condition <18. Carr. 10/-. 

AMERICAN TAPE 
First grailc quality American tapes. Ilrand new Discount on quantities. 3in. 223ft. L.P. acetate   . 3. 6 3) in. 800«, T P. mylar   10/- 51n. 800(1. Aid. plastic   8 8 5in. OOOft. L.P. acetate  10, - Sln. 1.20011. D.P. mylar    15/- 6jln, 1,200ft. L.P. acetate  12/6 SJIn. 1.20011. L.P. mylar  16/- 6!ln. I.SOOtt. D.P. mylar    22,6 SJtu. 2,400ft. L.P. mylar  39.8 "in. 1,200(1. std. acetate  12;8 Tin. 1.800ft. L. P- accfate  15/- "In. l.SOOft. L.P. mylar  20,'- 7tn. 2.400ft. D.P. mylar   23/- 7In. 3.600ft. T.P. mylar     45;- Postage 2/-. Over 13 post paid. 

TAPE CASSETTES 
Top quality In plastic library boxes. C80 60 ntin 8/8 3 («r 24/8 C90 80 mln 12/8 S for 36/- CJ20 120 mln IS/- 3 for 43/6 Cassette Head Cleaner 11/3. All Post Extra. 

60/iA L 20 k n/v. 
Sparc movements (or Model 8 or 0. (Fitted with Model 9 scale) or basis for any multi- meter. Brand New and Boxed 69/8. P.4P.3/0. 

0.W.SHITH A ■iOAM/Dll®) I .9 
3. LISLE STREET. LONDON. W.C.2 Tel; 01-437 8204 

34. LISLE STREET. LONDON. W.C,2 Tefc 01-437 9155 
311, EDGWARE ROAD, LONDON, W.2 Tel; 01-2620387 
OWN 9-6 MONDAY TO SATURDAV lEDGWARf ROAD 16 DAY THURSDAY I 

All Mail Ordars to— 447. Church Slraat. London, W.2 
Tat 01-2112 6562 
{Trade auppltad J 
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PRACficALI 

visuali | Jfa*. J)in~ 

^&ZlNG! 

a new 4-way method of mastering 

by doing — end seeing 

OWN and 

HANDLE a 

complete range of present- 
day ELECTRONIC PARTS 
and COMPONENTS 

:•:)! q 

BUILD 

and USE 

a modern and profes- 
sional CATHODE RAY 
OSCILLOSCOPE 

READ and 

DRAW and 

U NDERSTAND 
CIRCUIT DIAGRAMS 

cio r SOOfil 

L6A 
Vsa L7A C^a 

A-'WW*— I sop 

4 ^ CARRY OUT OVER 40 EXPERIMENTS ON BASIC ELECTRONIC 
  CIRCUITS AND SEE HOW THEY WORK . . . INCLUDING . . . 

t VALVE EXPERIMENTS 
TRANSISTOR EXPERIMENTS 
AMPLIFIERS 
OSCILLATORS 
SIGNAL TRACER 

PHOTO ELECTRIC CIRCUIT 
COMPUTER CIRCUIT 
BASIC RADIO RECEIVER 
ELECTRONIC SWITCH 
SIMPLE TRANSMITTER 

A.C. EXPERIMENTS 
D.C EXPERIMENTS 
SIMPLE COUNTER 
TIME DELAY CIRCUIT 
SERVICING PROCEDURES 

This new style course will enable anyone to really understand electronics by a modern, practical and visual method- 
no maths, and a minimum of theory—no previous knowledge required. It will also enable anyone to understand how 
to test, service and maintain all types of Electronic equipment, Radio and TV receivers, etc. 

[RFF pos™ow 

I I1LL BROCHURE 
or write if you prefer not to cut page 

, To: BRITISH NATIONAL RADIO SCHOOL, READING, BERKS. Please ! 
send your free Brochure, without obligation, to: we do not employ represenutives ^ 

I NAME     BLOCK CAPS I 

ADDRESS   PLEASE P-E. 6 
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A HOBBY FOR ALL 

While electronic design and construction is an absorb- 
ing and stimulating hobby in itself, the end product 

can be the means for widening the scope of other leisure 
activities and making these even more attractive and 
rewarding than before. 

There are indeed good ■ grounds for suggesting that 
electronics is destined to become a hobby for all hobbyists. 
Already it penetrates into a multitude of other pastimes 
and casts its influence upon various areas of recreation that 
would not ordinarily be considered as having any natural 
affinity with this technology. In fact it is difficult to think 
of a pastime which cannot in some way or another make 
use of electronics. 

The list of electronic gadgets employed as 
ancillary, if not essential, aids to other hobbies is already 
large. And further additions will continue to be made to 
this list—not least in relation to outdoor activities, which 
loom large in our thoughts this time of the year. 
Outdoor recreative pursuits as varied and diverse as, for 
example, motoring, boating, camping, photography, 
archaeology, rifle shooting, fishing, and model control all 
stand to gain from the exploitation of modern electronic 
developments. 

The compact size of many electronic units and their 
capability of operating from small dry batteries, or car 
batteries, endow them with characteristics especially 
favourable for the "outdoor life". (Those who believe the 
transistor radio receiver to be the principal contribution 
made by semiconductor technology to the happiness and 
enjoyment of the citizen-at-Iarge need to be corrected on 
this point!) In a quiet unobtrusive manner electronics 
can perform many useful functions in outdoor activities 
without despoiling in any way the natural scene. 

It is hardly necessary to mention that opportunities for 
innovation in the application of circuitry are limitless. 
When spurred along by the special requirements of some 
other hobby or interest, the mind is likely to be exceedingly 
productive in ideas. 

This is a two-way traffic. Electronics is constantly 
being explored in the search for solutions to novel 
problems. The solution of one problem.generally leads to 
further ideas concerning applications in other fields and so 
the total overall effect arising from some humble require- 
ment is never predictable. The general utility of electronics 
is thereby expanded, while countless different recreative 
pursuits are enlivened or enhanced in some manner by 
contributions electronics alone can provide. In terms of 
the individual constructor, the satisfaction derived from 
his own handiwork is twofold, and lasting.. 

F.E.B. 
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PHOTO-FLASH 448 
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DEMONSTRATION SWITCHING 
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Monday, June 15 
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FROM the response to earlier articles on electronic 
aids for the amateur photographer, it is obvious that a 

large number of readers are interested in both subjects. This 
is not surprising as the photographer of today relies largely 
on mechanical and electronic skills for the high standard of 
his end product. 

Impact photography, as shown in photographs in this 
article^ relies very much on electronic circuitry to get the 
striking effects required. 

Find out now how you can make a . .. 

A few years ago the problem of recording impact 
phenomena was considered to be a laboratory 

project using specialised equipment, but thanks to the 
availability of thyristors and inexpensive silicon planar 
transistors, this is no longer the case. 

This easily constructed self-contained synchroniser 
unit can be built for about £3 and enables the photo- 
grapher to fire his electronic photo flash by the sound 
emitted at the instant of impact. To obtain this 
synchronisation, the positive side of the electronic flash 
trigger lead is connected to the anode of a thyristor and 
the negative side to its cathode. The impact sound is 
picked up by a miniature crystal microphone insert, 
amplified by the multistage silicon planar amplifier, 
converted to a rectified pulse which in turn fires the 
thyristor and operates the flash gun. 

SOUND TRIGGERING 
The low priced resin encapsulated silicon planar 

transistor type 2N2926 is chosen for the synchroniser as 
it possesses a low noise factor and is obtainable in the 
high /ji-e ratings desirable for the early stages. The 
first three stages provide a high voltage gain at a total 
supply current of less than one milliamp. 

It is possible to couple the base of a silicon transistor 
directly to the collector of the previous stage as the 
working base-emitter voltage ( ^be) of a silicon transis- 
tor is of the order of 0-6V. These devices will function 
with a base voltage equivalent to, or even higher than, 
their collector voltage. 

The amplifier is quite stable with the components 
specified, d.c. feedback being effected over R2 and VR1. 
The simplest form of gain control is to bi-pass the a.c. 
component via C1 to the negative rail. This also 
ensures that no d.c. changes occur if adjustments are 
made in sensitivity with the equipment switched on, 
which could result in spurious operation of the flash 
unit. 

The amplified signal across the collector load of 
TR3 is applied via C2 to the unbiased transistor TR4 
where rectification takes place and feeds a pulse of 
current via the gate and cathode of the thyristor SCR1. 
Provided correct polarity exists across this device 
from the photo flash, it switches on and the flash is 
fired. The thyristor is automatically reset after firing 
as, during conduction, the trigger coil voltage is reduced 
to zero, 

CONSTRUCTION 
The circuit is constructed on a 2im x lin 0*15in 

matrix Veroboard. Fig, 2 shows the underside of this 
board and it will be seen that six breaks have to be made 
in the copper foil strips in the positions shown. This 
can readily be undertaken with the aid of a spotface 
cutter or iin drill, A sharp knife can be used but care 
must be taken not to damage the adjacent copper strips. 

448 
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Fig. I. Circuit diagram of the trigger unit 
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fig. 2. Underside of the board showing 
breaks In the copper strips 
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It will be seen that each hole in the board is code 
numbered and the ones used for a soldered connection 
have been blacked in. 

After preparing the board, it is turned over and the 
components are mounted on its face as illustrated by 
Fig. 3. It may be necessary to solder wires on to the 
tags of the pre-set skeleton potentiometer VR1 if they do 
not coincide with the holes specified for its fixing. A 
short jumper lead is connected from its slider tag to 
hole 9D. The strap between holes 16D and I6G 
completes the negative rail connection of CI. 

It is advisable to fit a short length of thin sleeving on 
the centre (collector) leads of the transistors, especially 
in the case of TR2 and TR4 where the sequence of lead 
connections' is different from the e—c~—b sequence 
from the transistor. 

External connections can be made after the com- 
ponents have been mounted and soldered on the board. 
Usually one lead of the crystal microphone insert 
is connected to its metal case (black on the type 
specified). This should joe soldered to the negative rail, 
i.e. strip G. The battery connections are self explana- 
tory, the positive on A and negative on G, wired via the 
on-off switch. 

CONNECTION TO FLASH GUN 
The seven-feet long flash extension lead calls for 

comment, as this must be correctly connected 
polarity wise. First, trim off the connector not 
required for coupling to the flash unit, a few inches from 
the end of the cable and bare the two centre con- 
ductors. Connect the other end of the lead to the 
electronic flash unit and switch on. 

COMPONENTS... 

Resistors 
Rl tSOka R3 ISOkH 
R2 ma R4 l2kQ 
Alt 5%, % watt carbon 

Potentiometer 
VRI 250kQ carbon skeleton preset 

Capacitors 
CI, C2 O-l/iF polyester (2 off) 

Transistors 
TR I. TR2 2N2926 (Green) (2 off) 
TR3, TR4 2N2926 (Yellow) (2 off) 

Thyristor 
SCR I CRS 1/40 

Switch 
St Double pole, on-off, slide switch 

Microphone 
XI fin crystal insert 

Battery 
BY I 9V (type PP3) 

Miscellaneous 
Veroboard 0-1 Sin, matrix 2jin X I'm 
Battery connector 
Flash extension lead 7 feet 
Plastics Box 4|in x 3in x I fin 

Fig. 3. Components ossemfa/ed on the top of the boord 
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With the aid of a voltmeter switched to the 250 volt 
range ascertain the polarity of the bared conductors. 
Be prepared to disconnect the meter quickly if reverse 
polarity is indicated. The measured voltage will vary 
with different flash units, but the object of the exercise is 
only to check polarity. The positive lead must be 
connected to foil strip 16C (anode of thyristor) and 
negative lead to I6E. 

Most modern flash units have the positive side of the 
trigger coil primary wired to the centre of the connector 
but it is as well to check. Actually a reversed connection 
will not damage the semiconductors in the synchroniser, 
but of course the thyristor would fail to conduct. 

On completion of the wiring, the unit should be 
checked for any obvious errors, dry joints, or bridging 
contacts between the foil strips. If all is well, VR1 
should be set to mid-position and a milliameter con- 
nected in series with one of the battery leads before 
connecting to the 9V battery. 

Battery compartnunt 
(Build up with polystyrene 
to ncare hattery) 

Expanded polystyrene 
fwide X1/? thick 

/A 
<3* 

m Crystal 
insert 

Leads to 
flash onrt Vedia 

Component 
Board 

hoitin 
box side 

on-off switch and crystal microphone insert together 
with the completed unit board. The simplest method 
of securing the various items is with strips of fin 
expanded polystyrene ceiling tile as shown. 

A iin hole is drilled in the end of the plastics box to 
coincide with the aperture in the face of the crystal 
microphone insert. The miniature slide switch is 
secured at the opposite end by two 8B.A. countersunk 
screws, after a slot has been filed for the knob. 

SEQUENCE OF OPERATION 
The photographs must be taken in the dark using the 

open shutter flash technique- If a slow speed film is 
used, a dark room safe light may be utilised to assist 
the operator. This technique is recommended as the 
use of say a 50 A.S.A. film facilitates the production of 
needle sharp enlargements and allows a normal powered 
flash gun to be placed reasonably close to the subject. 

Fig. 4. Layout and wiring of complete trigger unit Three examples of triggered photoflash photograph 

TESTING AND SETTING UP 
The unit should now be switched on; the meter 

should indicate a battery drain of between 0.75mA and 
1mA. A sharp whistle a foot or so from the micro- 
phone should result in a perceptable increase in supply 
current. If these tests are satisfactory the meter may be 
withdrawn and battery connected in the normal 
manner. 

The switched-on photo flash may now be connected 
to'the synchroniser via the extension cord and con- 
nector. If the hands are now clapped, or fingers 
snapped within a few feet of the microphone the flash 
unit should fire. 

Adjustment of the preset control VR1 will produce a 
wide range of sensitivity and on maximum gain the 
trigger unit can be set to fire the flash at the drop of a 
pin. The completed unit can now be suitably housed 
in a container of the constructor's choice. 

A .4|in x 3in x Ifin plastics box as specified in the 
components list would be quite suitable and easily 
obtainable. Fig. 4 illustrates the position of the 

The sequence of operations is as follows: 
1. Set up camera (on "bulb" position) and subject, 

together with flash gun as for a normal flash 
exposure. 

2. Connect synchroniser to flash gun, switch on 
synchroniser and then the flash unit. 

3. Turn off main lights leaving only the "safe" light 
on. 

4. Open camera shutter, preferably with cable 
release and hold open. 

5. Commence action which will create impact sound. 
Flash will operate on impact. 

6. Close camera shutter. 
7. Turn on main lights.- 
The synchroniser is very sensitive to sound and its 

gain can be preset to reduce to a minimum false firing 
by extraneous noise but respond reliably to the impact 
sound. Sound travels at approximately 1,100 feet per 
second thus the delay in firing the photo flash can be 
adjusted by placing the unit one foot away from the 
subject for every oW second delay required. 
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For more ambitious results, two or more flash units 
can be fired by separate synchronisers placed at pre- 
determined distances from the subject to give a super- 
imposed sequence of events or stroboscopic effect. 

SPURIOUS FLASH 
If it is desired to avoid spurious flashes when setting 

up the equipment the following sequence should be 
followed: 

1. Switch on synchroniser unit, 
2. Connect to flash gun. 
3. Switch on flash gun. 
The reason being that the surge current that occurs on 

switching on the synchroniser is sufficient to fire the 
thyristor. Also, if the photo flash is switched on before 
connection to the synchroniser, the depletion capaci- 
tance of the thyristor may be sufficient to draw a pulse of 
current from the trigger circuit large enough to fire the 
flash. After connection, however, the equipment may 

reduce the flash duration to as little as scW 
second, but at a very much reduced power output. 

A revised guide number can easily be obtained for 
this reduced output, by making a test film and recording 
a range of apertures and distances. The distance in 
feet between the flash gun and object, multiplied by the 
stop setting that produced the best negative, is the new 
guide number. 

It is emphasised that the above modification is only 
required for exceptional use and the photographs 
submitted by the author were all taken with an un- 
modified commercial flash gun. 

A typical example of speed of operation is shown in 
the "striking match" photograph. As soon as the 
match starts to move, the flash gun fires. The con- 
tinued motion of the flame is registered even though the 
match appears to be still on the box, because the 
aperture is still open and light from the match photo- 
graphed on the film. 

V 

lowing a burst balloon (loft), striking match (centre), smoshed bulb (right) 

be recycled as many times as desired and the flash will 
only be fired on receipt of sound pick-up of sufficient 
amplitude. 

VARYING FLASH TIME 
The average duration of flash from a modern general 

purpose electronic flash unit is of the order of 
-ukv second or a little less, according to the operating 
voltage used to charge its main electrolytic storage 
capacitor and power output of the flash unit in joules. 

The larger the capacitance' of this electrolytic the 
larger will be the output (-Jr CP"2) in joules, but at a cost 
of increased duration of flash. If the same output is 
maintained by using a lower capacitance operating.at a 
higher voltage, then the duration of flash is reduced. 

If a real "freezer" flash is required for "stopping" 
very high speed phenomena, we can use these principles 
to modify an existing flash unit. The simplest approach 
is to replace temporarily the existing main storage 
capacitor with an ordinary smoothing capacitor of 
16/iF or 32juF of correct working voltage. This will 

The "burst balloon" also shows some movement of 
the balloon during collapse. 

Several other examples of application can be tried 
with some success. Any form of impact, crash, or 
explosion can be photographed using this technique in 
dark conditions. ^ 
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This, the second and last part, will describe special 
1 editing techniques and effects used in the BBC 

Radiophone Workshop. 

EDITING TECHNIQUES 
Tape, being such a flexible medium, contributes the 

major facility to the manipulation and treatment of 
sound. Even the most simple and most basic operation, 
editing, can be applied in other ways than just stickipg 
pieces of recorded tape together. 

Let us take an example: Suppose a note from an 
electronic organ has been recorded; It can be 
represented as in Fig. 3a. .It can be joined up to the 
leader tape as in Fig. 3b but, due to the usual oblique 
splicing, there will be a momentary tape hiss before the 
note sounds. This is due to the unrecorded piece of 
tape marked x, If the splice cuts into the sound to 
prevent this a false "attack" is put on to the note, and it 
sounds as if it has been rapidly faded in Fig. 3c. 

To make sure of obtaining the true sound the tape 
must be spliced to approximate to the" original note 
attack, i.e. by making almost a right-angle cut. Perfect 
right-angle cuts in the tape are liable to produce a click 
on replay with a perfectly aligned replay head azimuth, 

" iS=\ leader 
■V (fl) (s) S 

- \^ LEADER | LEADER 

(c) U) 

^2^ 
- f f.) 

f/g. 3. Special editing to avoid hiss and artificial' 
"attack" 

so it is practicable to use a near vertical cut to achieve 
the effect required without too much risk of this 
occurring (Fig. 3d). 

Many different musical instruments sound almost 
identical when their characteristic starting transients, 
which-in fact identify the instrument to us, are removed 
intentionally or otherwise. 

With the use of an exaggerated angle of-cut, spread 
over two editing blocks (Fig. 3e), the cut in the tape is 
much nearer to being parallel to the tape edge, so that a 
very long cross fade of sounds can be achieved without 
mixing. It takes plenty of patience and care to make 
these cuts well, but is shows how editing can be creative 
as well as remedial. 

TAPE LOOPS 
Remaining with tape for a moment, a valuable asset 

used to study sounds, and to aid investigation of their 
properties, is the tape loop. 

Many signature tunes made in the Radtophonic 
Workshop are constructed from a single sound source. 
For example, suppose an empty wine bottle is struck 
with the palm of the hand over the mouth of the bottle, 
and the sound recorded. . Then suppose a tape loop 
is made from this recording. This basic sound tone 
can be replayed at different speeds to make up a musical 
scale of "notes", without constantly rewinding the tape 
for each note selection. 

Similarly, having a constant running loop enables 
filtering to be selected at leisure. This useful dodge 
makes it easier to construct or compose background 
music from two or three running loops. Each loop can 
be brought in at any time and made synchronous, or 
otherwise, by adjusting loop lengths or starting times. 

MUSIC CONSTRUCTION 
Signature tunes are usually constructed in a standard 

manner. A melody line, a bass line and harmony, and 
decorations are patiently built up separately. Then all 
three tracks are played in synchronism, using the three 
standard tape machines while the mixture is recorded 
on a fourth. 
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Each music line is built up note by note, and the 
tempo, in terms of crotchets to a bar, is transposed to 
read 1 crotchet = x inches" of tape. Each note must be 
recorded at precisely the right level and carefully given 
the right attack by editing, as described earlier; any 
timed leaders are also inserted. 

Before playing with the other two similarly con- 
structed sound tracks, each track may be treated with 
filters or echo,- to give it the desired sound quality and 
aural perspective. Sometimes it is preferable to add 
echo when all tracks are heard together; the degree of 
treatment on one of the tracks may have been misjudged 
and perhaps quite inaudible against the other two. 

It may be thought that this Is a long-winded way of 
doing things, when perhaps multi-track tapes could be 
used? However, the Radiophonic Workshop have 
found that it is easier to keep sound tracks separate, 
both physically and electronically. In this way, each 
component sound can be fully controlled. If the result 
is not satisfactory after a final mix, it is easier to correct 
individual faults on a separate tape, than on one track 
out of four, or even eight, on a single wide tape. 

PROBLEMS WITH PURE TONES 
Throughout the Workshop's history of sound 

manipulation, of all the sounds handled the most 
difficult to process were those from the signal 
generators, particularly the sine waveforms. These are 
practically unmixable, using the conventional stud 
faders, as each step is immediately noticeable on the 
pure tones. With more complex waveforms, the effect 
is not so apparent. i 

This problem was overcome by the development of a 
noiseless fader, which worked by means of a photo- 
electric cell arrangement. Figs. 4a and 4b show how 
these operate. 

Opening or closing the fader alters the brilliance of a 
lamp, which in turn alters the resistance of a photo-cell 
in the programme circuit. Any "steps" due to the stud 
fader are absorbed by the filament of the lamp, and not 
noticed in the sound output. To achieve some sort of 
standard, the lamp voltage is adjusted so that, with the 
fader closed, the lamp filament just glows. 

This principle has been extended, and provides a 
means by which one sound can amplitude modulate 
another; the modulating sound is used to vary the lamp 
brilliance. 

Another problem, also encountered when using 
tones, is that it is very difficult to edit or switch the 
tones without getting a click. Therefore, to get a. 
uniform start to oscillator notes, a small keying unit is 
employed; depressing a note on the keyboard, results in 
a rapid fade up of the oscillator output, in about 10ms. 

A further development provided networks to vary 
this "attack" time, and also the decay time, so that 
"shape" could be given to the output of the signal 
generator. This hides the fact that the signal generators 
do not all start from the same part of the frequency 
cycle when initially switched on. Synchronised wave- 
forms are achieved by using a single oscillator with 
multiplying or dividing networks. 

Let us now continue into the treatment of sound by 
means of more sophisticated equipment. 

NON-STANDARD EQUIPMENT 
At first sight the jackfields associated with the control 

desk seem quite unmanageable, but it must be 
remembered that each programme chain is similar, i.e. 
sound source-^-amplifier (if necessary)~>filter->fader, 
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DC SOURCE LAMP 

PROGRAMME LINE 

PHOTO-ELECTRIC CELL 0RP70 
(50011 TO SMAl 

(a) Simple theoretical circuit using a photocell 

OUTPUT 

0RP7O 

2Hu 

2MA. 

INPUT 
2MXL 

2MD1. 

0RP7O THE 2Mft RESISTORS ARE 
USED TO BALANCE THE 
BRIDGE AND ARE ADJUSTED 
FOR MINIMUM OUTPUT 

(b) Bridge circuit used in the Radiophonic 
Workshop, The lamp and photocell are 
housed in a light proof fader body 

Fig. 4. Noise/ess fader circuits 

The Jackfield rack where equipment Is linked up 
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and most of the connecting cord arrangements are 
merely repetitions for different channels. 

The reason for not tidying up on these arrangements 
is that access to every point in each programme chain is 
very desirable, from the creative point of view, as well 
as the maintenance one. For instance, a tape delay 
system can be inserted into an echo circuit, and various 
filters, especially the non-standard types which are used 
as and when the occasion demands, are plugged into 
various positions in the chain. 

A point worth making here: whilst not upsetting the 
programme and effects set-up, any part of it can be 
checked, and usually is. However, the creator's ear is 
the final judge of performance—not the programme 
meter. 

The special filters are used in isolated cases, and, 
because they are limited in number, are used in con- 
junction with "group switching". Every sound source 
on arrival at the control desk, has a choice of routes: 
independent, group 2 or group 3, In the independent 
mode, only filters normally associated with particular 
sound source are operable. Groups 2 and 3 may well 
have a different filter associated with each, although 
when switched to a group, the sound source retains its 
original filter. 

For instance, the filter normally associated with one 
particular source, may not be capable of giving the 
desired effect. By selecting another group, another 
filter may be tried. Furthermore, a large number of 
sources all requiring similar filter settings can all be' 
switched to one group, and one filter will suffice. 

Most of the foregoing has been normal studio 
practice, but a number of special devices have evolved, 
to assist the sound manipulator. 

TAPE LOOP STAND 
Starting with the simplest, the tape loop stand 

enables loops of any length to be played, and has a 
spring tensioned guide to maintain tape tension. It is 
usually placed in front of the associated tape machine, 
whilst there is a miniature version that is used on the 
tape deck itself when playing very small loops. 

For very long loops, it can be advantageous to use 
another tape machine to help pull the loop round. In 
some cases, it can divert the tape path to avoid obstruc- 
tions such as room pillars and equipment. 

It often occurs that an interrupted signal is required. 
One way of achieving this effect is to make up a tape 
loop made up of alternate tape and leader sections; the 
sound is recorded on to, and simultaneously played 
back from this loop. The length and frequency of 
interruption depends upon the size of the segments of 
tape and leader, and on tape speed. 

Another method of interrupting a sound is by means 
of a relay unit, to switch sound on and off. Refine- 
ments on this principle include a control to vary the 
operating speed of the relay, and the length of the pause. 
An additional input is provided to enable other sounds 
to be injected into the pause. 

INPUT 1 

% 

H 

N 

OUTPUT 

-o INPUT 2 o 

Fig. 5. Basic ring modulator principle 

An ingenious, but rather clumsy, form of vibrato, has 
been achieved by means of a separate replay head 
moving to and fro against the tape. It is moved by a 
system of cranks linked to an old gramophone motor. 
A more sophisticated method used today is a rotary 
scanner with an associated delay line. It is also 
possible, using this device, to feed the stators of the 
scanner with a number of different sounds; the rotating 
pick-up samples each in turn, producing a pattern of 

• sounds. 

HOWL ROUND STABILISER 
A piece of equipment used to stabilise public address 

systems and prevent "howl round" between microphone 
and speakers, has proved to be very useful to the sound 
creator. The stabiliser raises or lowers the frequency 
of sounds fed to it by a few hertz. When the output is 
mixed with the original sound a low beat frequency is 
heard, being the difference in frequency between the 
two sounds. 

This stabiliser can be inserted into a feedback circuit, 
so that any sound subjected to the treatment will get 
higher and higher, or lower and lower, in pitch, depend- 
ing on the setting of the system. 

Phasing or "skying", another technique in fashion in 
pop music, can be achieved using two tape machines 
recording, and simultaneously replaying, the same 
sound. (The machines must not be connected to their 
own inputs). If one of the machines is made to run 
slightly slower than the other, by simply keeping a 
thumb on the left hand spool, the slight speed difference 
causes a slight difference in time between the outputs, 
and frequency cancellation occurs. This effect can also 
be achieved with two pre-recordings of the same sound. 

There is nothing especially created in the line of 
apparatus to give the Radiophonic Workshop any extra 
special techniques. It is fair to say that most of the 
equipment is standard to normal professional sound 
studios, the only difference is in the imaginative way, 
unorthodox if you like, that the equipment is used. 

RING MODULATOR 
Still on the subject of interruptions, a device much 

heard of these days in electronic music concerts, is the 
ring modulator. This consists of a network of rectifiers 
and two cqptre tapped transformers (Fig. 5). 

Any sound fed into input 1 can be modulated by 
another sound applied at input 2. A certain amount of 
breakthrough of the modulating frequency can be 
experienced, but, by using a field effect transistor, this 
problem has been overcome. 

FILM EQUIPMENT 
A large part of the Workshop's output is for tele- 

vision, and of this a good proportion is for films. The 
latest additions to the equipment list are, a film viewing 
desk, a 16mm magnetic recorder and a synchronising 
machine. This means that a sound sequence can be 
tailor made to fit the film sequences, as ail the sounds> 
can be transferred to sprocketed tape and laid against 
the film to ensure accurate synchronisation. 

continued on page 479 
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VARIABLE VOLTAGE TRANSFORMERS 
LIGHT SENSITIVE SWITCH 
Kit of parts, including ORPI2 Cad- 
mium Sulphide Photocell. Relay. 
Transistor and Circuit, etc., 6-12 
volt D.C, op. price 25/- plus 2/6 
P. & P. ORP 12 including circuit, I I 
12/6 each. Post Paid. 
A.C. MAINS MODEL. Incorporates 
Maim Transformer, Rectifier and special 
relay with 2x5 amp mains e/o contacts. 
Price inc. circuit 47/6 plus 2/6 P. & P. 

LIGHT SOURCE AND PHOTo" 
CELL MOUNTING! 
Precision engineered 
light source with adjustable i, 
lens assembly and ventilated' 
lamp housing, to take MBC bulb. Separate ! 
photo cell mounting assembiy for ORP, 12 I or similar ceil. Both units are single hole I 
fixing. Price per pair £2.15.0. P. & P. 3/6. I 
UNISELECTO R~ SWITCH is 1 
NEW 

4 Bank 25 Way 24Y d.c, 
operation £5,17.6, P. & P. 2/6.* 
6 Bank 25 Way 24V d.c. £6.10.0, p.p. 2/6. | — ^ | 

50 
AMPS 

AMP 

RPI AY<* New SIEMENS. ,VC,-Av " 3 PLESSEY, etc. minia- ture relays at COMPETITIVE PRICES 
Coil Working Contacts Price U d.c. Volts 9-12 4 do H.D.. 14/6 3c/o + l H.D.c/o 12/6 170 170 9-12 230 6-12 2c a 12 6 280 6-12 2 e'd I.B 14/6 700 12-24 2 c/o I.B 12/6 700 16-24 4 e/o I.B 15/6 700 16-24 4M 2B I.B 12/6 2500 30-50 2 c/o H.O. I.B 12/6 9000 40-70 2 e/o I.B 10/- H,D. Heavy Duty. POSTPAID i.B, = Including Base 

MINIATURE RELAYS 
9-12 vott d.c. 2 c/o 500 M.A. contacts. Size I | :^in. Price 11/6 post paid. 24-36 v d.c. 2 c/o S00 M.A. contacts. 3,200 ohm coil. Size I . |;in. 8/6. Post paid. 

INPUT 230.'240v. A.C. 50/60— 
OUTPUT VARIABLE 0-260v. 
BRAND NEW 
Keenest prices in the country. 
All Types (and Spares) from j to 50 amp. from stock. 
SHROUDED TYPE 
I amp, £5. (0. 0. 2.5 amps, 
£6, IS. 0. 5 amps, £9, 15. 0. 
8 amps, £14. 10. 0. 10 amps, 
£18. (0. 0. 12 amps, £21. 0. 0. 
15 amps, £25. 0. 0. 20 amps, 
£37. 0. 0. 37,5 amps, £72. 0. 0. 
50 'amps, £92. 0. 0. 
OPEN TYPE (Panel Mounting) 
i amp. £3.10.6. 1 amp, £5,10.0. 2J amps, £6.12.6, 
Carriage extra on open types. 

STROBE! STROBE! STROBE! 
Build a Strobe Unit, using the latest type Xenon 
white light flash tube, Solid state liming and trigger- 
ing circuit. 230/250v. A.C. operation. 
EXPERIMENTERS' ECONOMY KIT 
! to,?® ^'ash Per see- All electronic components includ- ing Veroboard S.C.R, Unijunction Xenon Tube and in- structions £5.5.0 plus 5,'- P, & P. 
NEW INDUSTRIAL KIT 
Ideally suitable for schools, laboratories, etc. Roller tin printed circuit. New trigger coil, plastic thyristor. Speed adjustable I-B0 f.p.s. Price 9 gns. 7/6 P. S P. 
HY-LYGHT STROBE 
This strobe has been designed and produced in response to wide public demand, for use in large rooms, halls and the photographic field, and utilizes a silica piug-in tube lor longer life expectancy, printed circuit for easy 
assembly, also a special trigger coil and output capacitor. Speed adjustable 0-30 f.p.s. Light output approx. 4 joules. Price £10.17.6. P, & P. 7/6. 
7-incb POLISHED REPLECTOR 
Ideally suited for above Strobe kits. Price 10.6. P. & P. 2:6 or Post Paid with kits. 

100 WAIT POWER RMTAIS (NEWl 

12-24V. D.C. RELAY*" j 
2 c/o 3 amp. contacts 400 ohm coil. NEW 9/6. P. & P. 1,6 or 4 for 30/- post paid. | 
230 YOLT"AC* RELAY* londe^I "C/O 1 
3«mp contacts. 18/6 inc. base, post paid. 
BURGESS MICRO SWITCH 
Lever operated c/o con- tacts. Price 41- plus 9d. P. & P. 
10 in makers' carton 35/- post paid. 
FOOT SWlTcn""" Suitable for Motors, Drills, etc. 5 amp 250V Price 17/6 plus 2/6 P. & P. 
34V 30 amp, a.c. or tf.e. 
VARIABLE L.T. SUPPLY UNIT 
INPUT 
220/240V a.c. 
OUTPUT 
CONTINUOUSLY 
VARIABLE 0-36V. 
Fully isolated. Fitted in robust metal case with Voltmeter, Ammeter, Panel Indicator and handles. Input and output fully fused. Ideally suited for Lab. or Industrial use. £58 plus 40/- P. & p. 

AVAILABLE IN THE fOLLDWIHO VALUES: 
I ohm, (Oa.; 5 ohm, 4,7 a.; 10 ohm, 3 a.; Ti KUS'- 
25 ohm, 2 a.; 50 ohm, 1.4 a; 100 ohm, I a,: (N' 
250 ohm, .7 a.; 500 ohm, .45 a.; I Kohm, 
2S0 mA; l«S Kohm, 230 mA;2'5 Kohm, .2 a.; 5 Kohm. 140 
mA. Diameter 3jin. Shaft length Jin., dia, Min. All at 27/6 
each. P. & P. 1/6. 
50 WATT. i/5/l0/2S/50/l03/250.'S00/l/l-S/2-5/SKohm 
All at 21/. each. P. & P. 1/6. 
25 WATT. 10/25/50/100/250/500/1/1-5/2-5 Kohm. All 
at_l4/^eiach.P. & P. 1/6. 
VEEDER ROOT, 230V a.c. 50 cycle, 5-figure 
counter (non-resettable). 18/6, P. & P. 1/6. 
MOTORIZED SWITCHING DNITIeX.VTD") Powerful precision made Ex-.W.D. t2V D.C. reversible motor, drives multiple gear train with output approx. 4 r.p.m. and S r.p.m. Price 25/-. Pius 4/6 P. & P. 
SOLID* STATE* INTERVATTIMER 
24-30V D.C. operation. Stabilised unijunction Timer and S.C.R. (30y I amp.), encapsulated in metal core. Timing interval adjustable from a fraction of a second to several minutes by means of external resistor or pot. By adding a 24V Relay many other complex timing Functions arc possible. Price: 16.6.ncl-eircuic. P. & P. 2 6. Suitable re lay 10.'- post paid. 
PARVALUX TYPE SDI9 230/250 VOLTS*-AX. 
REVERSIBLE GEARED MOTOR 30 r.p.m. 401b. in». Position of drive spindle adjustable to 3 different angles. Mounted on substantial east alumi- nium base. Ex-epuipmenc. Tested and in fi rst class running order. A real ly powerful motor offered at a fraction of makers* price. 6 GNS. P. & P. 10/-. 

& 

plus 40/- P. & p. | & P- 101— ^ —' 
I INSULATED TERMINALS Available in red, white, yellow, black, blue and green. New Price 2/- each, 
| PANEL METERS AT BARGAIN PRICES*" 
| A.c. AMMETERS 0-1, 0-5, 0-10,0-15,0-20 amp. F.R. 2+in 1 dia. ALL AT 21/-EACH. 

DOUBLE WOUND 
VARIABLE TRANSFORMER 
fully isolated, low tension Secondary winding. Input 230V a.c. OUTPUT CONTINUUOSLY VARIABLE 0-36V a.c. 
0—36V at S amp. £9.12.6. P. & P. 0/6 

"rm™ P- & P' ,5/~- , i A-C- VOLTMETERS 0-24V. O-SOV, 0-.S0 M.l. 2f in. Flush These fully shrouded Transformers, are ideally | round. ALL AT 21/- EACH. P. & P. extra. suited for Educational, Industrial and Lab- "   ~ oratory I 0-300V a.c. Recc. M-Coil 2i in. 39/- 0-300V a.c. Rect. M-Coil 3$ in. Type VV23 45/- 

SERVICE TRADING CO 
All Mail Orders—Also Callers—Ample Parking Space 

Dept. P.E. 57 BRIOGMAN ROAD, LONDON. W.4 
Phone 995 1560 SHOWROOM NOW OPEN CLOSED SATURDAY 

456 

Personal callers only 
9 LITTLE NEWPORT ST. 

LONDON, W.C.2. Tel. GER 0576 

AUDIO EFFECTS 
5 SHAW LANE, HALIFAX, YORKS. 

Buy with confidence and obtain the right retulis. Refunds without question If any of our products fall to give 100% eatlstactlon. 
AMATOTB BARDS ALL TRAHSISTOR gDPEEHET KECBIVKR KIT. No fuss, no drilling. Just fit the coroponente on our printed otrcult. Slow Motion tuning. Simple IP alignment. Petspex front panel. Push pull AK amp drives your 8 -16 ohm speaker. Amp can be used separately. Designed to accept a BFO slgiusl. Uses Deneo plug in colls 2T. 0-6 to 1-64 Mhz 3T. 1-157 to 5-3 Mhz 4T. 5-0 to IB Mha ST. 10-6 to 31-6 Mhz Range 3T normally supplied with kit. Uses 9 Volt battery. Easy step by step Instructions. Complete Kit. 58.19,0 plus 6/6 P.P. A Ins. Extra ranges 18/. per range. 
POWER COKTHOL1EE, Power at your finger tips. Not merely half wave control but full wave. A single variable control gives zero to full power. Uses latest 16 amp 3kW triao and speolot triggering device. Ideal lot all types of lighting, fires, motors, drills, etc. Complete with box. power socket, cables, etc. In kit form with easy to follow instruc- Oona 58.9.8. Ready built 59.4.0 plus 6/fl P. P. S Ins, 
SEVE8HKEATI0H AMPLIFIER. Self contained transistorised, battery operated. An entirely different approach to sound reproducllon. Normally, sound reprodnctloD from » single source, has a flat one dimeosional effect. With this unit, proper sound delay through revorberatimi, tones, are created with a truly third dimension for concert hall originality- Two controls adjust volume and reverberation. Simply plug microphone, guitar, etc., In, and the output Into your amplifier. Supplied In a beautiful walnut cabinet 7iin x 31n x tlln. 510.4.0. P. P. A Ins, 6/-. 
VOX SWITCH. This sound operated switch Is ideal for mobile TX -work, tape recorder switching, etc. You speak, it switches. High and medium imp. inputs. AP take off point. Drives yoar 12 volt relay. In kit form with lull Instructions 48/0. Ready built, tested and guaranteed, 88/8, plus 2/9 P.P. 
MEXROHOME OTXT. Variable beat. Listen while you play and keep to time. Easily built, pocket size with personal mini earphone. In kit form 87/9. post paid. Ready built in an attractive black and white polythene case, 87/0 post paid. 
MORSE OSCILLATOR. PC board, transistors, high stab, componente, battery carrier, ear piece. Adjust- able tone. Just attach yonr key. Drives phones or speaker. In kit form 17/6 post paid. Ready built In simJIar caae as above 85/- post paid. 
STRAIGHT PROM THE PRESS. Latest Milliard manual: Audio Amps, FX toners. Stereo decoder. Receiver circuits, HI FI, Tape, etc., etc. 38/8 post paid. 
JUST ARRIVED IS BTOCK Texas transistors. Complementary symmetry. Driver, NPN, PNP output. The set of three ONLY 6/8 post paid. 
Free Uele wllh ecery order. For title only rend 1/8 Ideduelikle from firtl order). 

BATTERY ELIMINATORS 
The ideal way of running your TRANSISTOR RADIO, RECORD PLAYER,TAPE RECORDER, AMPLIFIER, etc. Types available: 6v. 9v. I2v. I0v (tingle output) 39/6 each, P. & P. 2/9. 9v + 9v; 6v + 6v; or djy + 41v (two separate outputs) 42/6 each. P. & P. 2/9. Please state output required. All the above units are completely isolated from mains by double wound transformer ensuring 100?/, safety. 

R.C.S. PRODUCTS (RADIO) LTD. (Dept. P.E.), 31 Oliver Road, London. E.I7 
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BINARY DIVIDER By B. Pounder 7 

Continuing the discussion on dividers, this month's 
article (the last) looks into the use of binary dividers 

for decimal counting. 

BINARY CODED DECIMAL COUNTER 
It is frequently necessary for a counter to work to a 

base of 10. This can be achieved by means of feedback 
loops included in the binary chain. See Fig. 7.1. 

Immediately after receipt of the eighth^ input pulse, 
the Q outputs are 0 0 0 1. Further, the Q4 output has 
changed to the "1" state from a "0" state; that is, the 
collector voltage on TR1 of binary 4 has dropped from 
Fee to almost zero. Because this change is negative- 
going, it can be made to switch other binaries in the 
chain. _ 

Suppose Q4 output is fed back tojnputs T2 and T3, 
then the negative-going change on Q4 causes binaries 
2 and 3 to switch so the outputs of these two change 

-Q? 

fig. 7.\. Application of feedback to a binary chain to give 
a decimal counting system 

Table 7.1. BIN ARY CODED DECIMAL LOGIC 
OUTPUTS 

Input; Qj -Oj Q3 ; Qt ®1 

7 1 1 1 1 o
 

o
 

o 

/ 8 ooo ¥U./ 1 i' 1 f i • 0\ 
\ 0 111 \ \o; \o/ oj 

9 1 1 1 1 0 0 0 0 
10 0 0 0 0 III) 
11 10 0 0 oil! 
12 0 1 0 0 (011 

state. In so doing, Q3 changes from "1" to "0" so it 
has no effect on binary 4. These changes are illustrated 
in Table 7.1 which shows a state 8' immediately follow- 
ing state 8. 

On receipt of the trigger pulse number 9, all the Q 
outputs are "0"s and all the Q outputs are 'T"s, so the 
system is returned to its initial state by trigger pulse 10 
and ready to repeat its output sequence over the receipt 
of another ten pulses. Because the circuit reverts to its 
initial state every ten trigger pulses, it can be used as a 
decade divider. Two such cascades divide by 100, 
three by 1,000, and so on. 

Note that in order for the decade dividers to operate 
satisfactorily, there must be a time delay built into the 
feedback loops in order that state 8 is set up before the 
feedback pulses arrive at T2 and T3 to cause switching 
to state 8'. 

IF ID IB IE 1H 20A 
+9V 

3G9 
O10E 06r 

HI D3 0A8t 
-M- 

0 OABi 300 pF 
6H9 O10D 

11 I0B 
I PI O-OOtyr 

10H 
O-OOtur m 

MM MG 0'06A 
300pF 

oc 015H 
33*" 33 ka 

Q10G 015G 4* 

TR3 TR2 

5611 

R5 %R6 
39011 <120 kfl. 

R7 
120kft 

32A 
15H 13 F 13 E 150 I3G 

Fig. 7.2. Circuit of two stage binary counter with T-Dec 
connections. Two of these can be built on one board 
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Dl? 

Fig. 7.3. Block diagram of a decade divider Fig, 7.5. NAND gating circuit used in 
the decade divider 

BINARY DEMONSTRATION CIRCUIT 
A circuit for a 9V emitter-coupled two-stage binary 

counter with lamp bulb indication is shown in Fig, 7.2. 
This can be built on half a T-Dec as shown, with the 
similar layout to that in Fig. 6.4. Two circuits can 
then be built on one T-Dec. Component values are 
calculated according to the design procedure given 
previously. 

If the bulb driver transistors are TOS-canned types 
capable of dissipating a few hundred milliwatts, the 
base current resistors can be made large enough to 
under-run the bulbs. If necessary, a 56 ohm resistor 
could be included in series with each of the bulbs. 

DECADE DIVIDER* 
As can be seen from the block diagram of Fig, 7.3, 

the decade divider is a complex system and would need 
about six S-Decs for a neat assembly. However, it can 
easily be accommodated on two /f-Decs. A /t-Dec 
layout is shown in Fig. 7.4 on the previous page. 

Referring to Fig. 7.4, the relaxation oscillator output 
from TRIO is indicated by means of a 6V bulb and is 
fed into four binaries in cascade. The oscillator, lamp 
driver, the first two binaries and feedback amplifiers 
TR13 and TR14 are assembled on one of the/e-Decs. 
The other two binaries are assembled in exactly the 
same way, proceeding from left to right across the board 
and using corresponding socket connections. 

The second Dec takes the third and fourth binaries 
and the decimal indicator lamp driver TR15. 

On receipt of the eighth input pulse, stage Q4 turns 
from on to off so its collector voltage rises as a "step", 
which is differentiated by the CR coupling between Q4 
and the • feedback amplifiers. Thus negative-going 
spikes appear at the collectors of these stages^ The 
spikes are fed-back directly to the collectors of Q2 and 
Q3 in order to switch off stages Q2 and Q3, and achieve 
the 8' state shown in Table 7.1. 

The nand circiut is used to provide a visual indication 
whenever all the Q outputs are at the supply voltage, so 
operates at a frequency of one tenth that of the relaxa- 
tion oscillator. The operation is as follows. 

If any one or more of the input diodes Dl, D5, 
D9, and D13 shown in Fig. 7.5 is at zero potential, it 
or they will conduct through Jib so that the potential at 
point X will be Vt, the diode forward bias voltage drop. 
Now X is connected to the bottom rail.via DJ9 and the 
base-emitter junction of the transistor. Hence the base 
current will be negligible and the transistor essentially 
cut-off. 

However, when all the input diodes are at the 
supply voltage, none will conduct since they are all 
reverse biased. - Hence D19 will conduct through Kb 
and the transistor turns on. The system should be 
assembled in stages and each stage tested before 
proceeding to the next. 

First, the operation of the relaxation oscillator can be 
checked by means of its bulb driver circuit. The same 
bulb circuit can be coupled to the output of each 
binary as they are assembled in turn to check their 
operation by seeking an indication of successive 
division by two of the train of input pulses. 

Note that this and other circuits, which consist of a 
cascade of binaries, will not operate satisfactorily unless 
a very low impedance power supply is used, A half 
exhausted battery will not be good enough! ★ 

PDinis HBismc 

MINIATURE CONVERTER (April 1970) 
The Mullard pot core used in the minature converter 
consists of the following parts; . j 

FX2-243 Feffoxcubepot cores (2 off) 
- DT2206 single section coil former (1 off) 
The above numbers and quantities must be quoted 
when ordering, not fust FX2243 as given in the 
components list. * • 
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TRANSISTOR By W.CLELAND 

©□©□ [MlOJJUirDOMDCFOTlDS 

A valve voltmeter, or a transistorised version, such 
as the multimeter described here, has an increased 

power sensitivity that gives it a useful role in circuit 
testing. 

In the transistorised d.c. multimeter, the sensitivity of 
a moving-coil milliammeter is increased up to 100,000 
limes by preceding it with a solid-state amplifier, and at 
the same time the moving-coil meter is protected 
against overload. The amplifier uses silicon planar 
transistors throughout, and has an input current of 
picoamps. 

Silicon planar transistors are less affected by tempera- 
ture than field-effect transistors—the nearest solid-state 
counterpart to valves—and are more uniformly matched 
in their temperature variation. The completed instru- 
ment has a temperature drift of something like 15 micro- 
volts, per degree centigrade, making measurement 
possible in the millivolt and nanoampere region. 

RANGES 
One advantage of the large number of ranges (as 

listed in Table 1) is that most readings can be taken on 

niA 

'On 
orr 

1,1 s 

9 

i.e. A CM O.C. + DC, 

% 

the upper half of the scale, and this enables measure- 
ments to be made with a more consistent accuracy. 
Only a single scale is available for all ranges, but the 
basic ranges increase in powers of ten, and the multiply- 
ing factors are 0-2,0-5, 1, 2 and 5, so thai only doubling 
or halving the reading is required on ranges where the 
factor is not unity. 

The scale of the meter is marked in even digits only, 
and these become consecutive when halved. Separate 
scales would be better, but it is not too awkward to 
halve or double the readings. 

Direct currents and voltages can be measured on a 
total of 40 different ranges. There are also 18 super- 
fluous ranges, shown in white panels in Table I, differ- 
ing only in impedance, that are not included in the 
total of 40. On ranges of from 0-2 volt to 500 volts 
f.s.d., an input impedance of 20 megohms is obtainable; 
sufficiently high not to disturb conditions in almost all 
circuits. On lower ranges, the input impedance reduces 
to 2 megohms, and on the millivolt ranges to 
200 kilohms. 

Ranges of current are also included, and extend down 
to 10 nanoamperes f.s.d., using the 2 millivolt range for 
the purpose. 

VARIATIONS AND APPLICATIONS 
The analogue testmeter is intended as a d.c. instru- 

ment, but an external adaptor for a.c. measurement 
could be added, using diodes or a thermocouple; a 
calibration curve might then be required. 

Resistances can be measured over a very wide range 
using an external battery and potentiometer. Although 
there is no ohmmeter scale, the input resistance increases 
in steps of ten times on the current ranges from O-l ohm 
to 10 kilohms, and then on the voltage ranges from 
200 kilohms to 20 megohms. Mid-scale readings of 
from 0-1 ohm to 20 megohms should therefore be 
obtainable, and insulation resistance could be measured 
with suitable circuit arrangements. 

As a high-impedance millivoltmeter, the analogue 
testmeter can- be used as a null detector to compare 
resistances accurately in a bridge circuit, and this 
method was used in making the 0T ohm resistance for 
the 100 mA range (R27). 

INPUT/OUTPUT RATIO 
A meter amplifier must include some form of feed- 

back loop. Precision amplification depends upon 
feedback and is closely equal to the feedback ratio. 
The amplification without feedback is much greater, 
and is utilised in reducing the error margin. Feedback, 
applied over the amplifier is thus able to establish a 
definite ratio between input and output. The accuracy 
of this relationship can be tested by switching the milli- 
ammeter between the output and input circuits, with 
resistances included to keep the loading on the input 
source unchanged. 
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Table I. MULTIMETER RANGES 
RANGE 

SWITCHES 
0-2 

FULL SCALE DEFLECTION 
( Accu racy—wi th in 

ON EACH RANGE 

05 I 

20V 
2V 

200mV 
20mV 

T 2mV\ 
\ lOnA / 

0-2/aA 
2^A 

aOfiA 
200^A 

2mA 
20mA 

50V 
5V 

500mV 
50mV 

SmV 

O'-S/xA 
SfxA 

50/xA 
SOO/xA 

SmA 
50mA 

iOOV 
10V 

iV 
lOOmV 
/ IOmV\ 
\50nA,/ 

!/xA 
lOfiA 

iOO/xA 
ImA 

10mA 
100mA 

INPUT 
IMPEDANCE 

2 5 

200V 500V 20-2Mn 
20V 50V 20Mn 

2V 5V 20MQ 
200mV SOOmV 2Ma 
20mV\ 50mV 200kQ 

lOO nA / 

2#xA 5m A * I0ki2 
20fiA SOfiA ika 

lOOfiA SOO/xA 100 a 
2mA 5mA ion 

20mA 50mA ja 
200mA 500mA oi a 

BASIC ARRANGEMENT 
A simplified diagram, Fig. la, shows the basic feed- 

back arrangement. Actually the differential arrange- 
ment of Fig. 1 b is used in the analogue testmeter. This 
is completely symmetrical, and if only half is considered, 
the action is similar to Fig. la. 

Corresponding to the large current amplification in 
the feedback loop, the input current to the amplifier is 
extremely small, and most of the current from the input 
terminal, through Ri, will flow past the input of the 
amplifier to become feedback current in the feedback 
resistor, Rt- This is equivalent to subtracting the feed- 
back current from the input current to leave a small 
amplifier input. The output current in /?l is a multiple 
of the current from the input terminal, nearly equal to 
Ri/RL- 

In terms of voltages, the action is like lipping a 
balance; as one end goes up, the other end comes 
down, and similarly a voltage at the input produces a 
voltage of opposite polarity at the output. The 
amplifier input voltage is automatically reduced to bring 
it nearly to the fulcrum or zero position, although 
always short of zero by a small residual that is amplified 
to give the output. The input and output voltages will 
be in the ratio R\!Rt, and the input impedance will be -Ri. 

In Fig. lb, two of the Fig. la systems are, in effect, 
combined in a push-pull version, and the action is like 
two balances tipping equally in opposite directions at 
the same time. 

CIRCUIT DESIGN 
In the version of Fig. lb, with a direct-coupled 

amplifier, feedback is applied symmetrically. There is 
a doubled input impedance, and both terminals are 
floating. To fix the potential of one terminal would 
unbalance the feedback and considerably increase drift. 
Offset is much less of a problem when the system is 
completely symmetrical, both terminals tending to 
remain at the same zero-signal potential. 'The effects 
of stray capacitances also tend to cancel. 

A differential output stage overcomes any uncertainty 
about the value of Rj.. Intermediate stages of this type 
also have advantages, and a differential input stage is 
essential to overcome offset and temperature drift. 

Each stage in the amplifier thus consists of a pair of 
transistors, and by making the impe4ance in the emitter 

circuit as large as, or preferably much larger than, the 
collector load impedances, amplification of common- 
mode inputs can be avoided. A third transistor can be 
added in the emitter circuit of a differential stage to act 
as a high effective impedance, or constant current 
generator, keeping the total collector current constant. 
This gives a high common mode rejection* ratio and 
makes the stage largely independent of voltage levels 
elsewhere in the amplifier, although still sensitive to 
differential inputs. 

AMPLIFIER OPERATION 
The amplifier is formed of three differential stages, 

together with emitter-followers. A configuration of 
five npn transistors is repeated, and between these two 

W 

21 . i ■ 
^5) 

-A 

I 
Vv* 

R'Jl 
o—V/1 

—A 
w o-r^AV" 

R'ff. 

w 

Fig. I. Principle of the transistorised d.c. multimeter, 
(a) Basic arrangement of an Inverting d.c. amplifier as a 
current or voltage follower, (b) Differential system 
incorporating o fu//y <fifferentiol d.c. amplifier 
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Completed amplifier board with connecting wires attached 

sections, a pnp stage is included (see Fig, 2) to reverse 
the stage by stage increase in voltage levels that usually 
occurs in a direct coupled amplifier, enabling d.c. feed- 
back to be more readily applied between the output and 
input. In the npn configurations, the small amplification 
round the minor stabilising loop, helps to fix the voltage 
levels, and improves the symmetrical response to signals. 

Amplification is only required at a low frequency, 
making it easier to achieve a very high amplification. 
The bandwidth is restricted to exclude mains frequency 
by including capacitors in the feedback network. 
Phase shift in the rest of the amplifier could produce 
oscillation, and to prevent this, two networks, each 
consisting of a IOO ohm resistor in series with 1,000 pF 
capacitor, are connected from the emitters of the 
output stage to the bases of the preceding stage. These 
effectively suppress oscillation at a low radio frequency, 
but v.h.f. oscillation can still occur, and must be 
prevented by connecting an additional capacitor of 
10,000 pF between the collectors of the pnp stage. 

VOLTAGE LEVEL VARIATION 
Some variation in voltage levels is to be expected 

every time an amplifier is constructed because of 
component tolerances. The ratios of resistances 
associated with the constant-current stages will have the 
main effect, but the variations will not be amplified in 
successive stages because of the high common-mode 
rejection in the amplifier stages. 

A diode in the second constant-current stage is for 
temperature compensation, to avoid a small shift in 
voltage level with temperature which would be passed 
back to the input of the amplifier. The diode adds 
slightly to the tolerance spreads in the amplifier. 

A transistorised voltmeter will not check voltage 
levels in its own amplifier because of feedback effects. 
A simple form of high-impedance voltmeter will enable 
approximate checks to be made on amplifier conditions. 

AMPLIFIER PANEL 
The amplifier panel is shown in Fig. 3, and consists of 

0-15 inch pitch veroboard. 
An insulated backing sheet of thin material is fitted 

behind the amplifier panel, separated from it by the 
thickness of the 2 B.A. nuts on the milliammeter 
terminals. This is intended to provide some additional 
insulation between the amplifier and the neon mains 
indicator situated under the amplifier board. 

The holes for the 2 B.A. meter terminals are carefully 
positioned as shown in Fig. 3. Two of the perforations 

' on the Veroboard are drilled to take the 8 B.A. bolts 
that hold the small heat sink in position. 

The positions of the breaks in the copper strips are 
shown in Fig. 3. Additional links are of 24 s.w.g. 
tinned copper wire,this gauge is thin enough to enable 
two links to be inserted in the same hole when 
necessary; the longer links should preferably be 
.^sleeved. 

Veropins inserted into the amplifier board serve as 
soldering points for external connections. Those for 

•the O-IS inch pitch Veroboard are of larger diameter 
than those for the 0T inch pitch Veroboard that is 
incorpprated in the range-switching assembly detailed 
later. The veropins are put in on the component side, 
soldered to the copper strips on the other side, and 
clipped short so that they do not project into the 
backing sheet. 

TRANSISTORS 
There are altogether a dozen transistors on the 

amplifier board, all of TOIS construction. Two of the 
transistors, TR5 and TR6, are pnp types (BCI79) and 
should be kept carefully separate from the others which 
are all of the npn type (BC109). 

The two pnp transistors form the intermediate voltage 
amplifying stage, and provide a convenient means of 
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AMPLIFIER BOARD 
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COMPONENTS... 

Pin numbers on the lead-ouc wires will be explained in the 
final wiring diagram 
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AMPLIFIER 

£ Resistors 
F R28 220k a 
G R29 220k a 
H R30 330ka 
J R3I 330kn 
J 
K 

R32 75n 
R33 l20kQ 
R34 ioka 

L R35 22k £1 
M R36 22k n 
N R37 ioka 
O R3e IBkQ 
P R39 18k 11 
Q R40 6-8ka M' 
r> R4I 6-8kll H R42 680a s R43 lOOil 
r R44 loon 
u R4S l-2ka 
V R46 3-3ka 
w R47 3-3kn 
X R48 47011 

AH ±5% carbon film 

Capacitors 
Cl 0-1fiF polyester 
C2 0-1polyester 
C3 1,000pF ceramic 
C4 l0,000pF polyester 
C5 I,OOOpF ceramic 
C6 1,000pF ceramic 

Semiconductors 
DI-3 IN4I48 (3 off) 
TRi-4 BCI09 (4 off) 
TR5-6 BC 179 (2 off) 
TR7-I2 BC 109 (6 off) 

Miscellaneous 
Veroboard 4|in X 3Jin, 

0-1 Sin matrix 
Veroplns 
Heatsinlc 2xTOlS 

(Redpoint I8DC/HA) 
S.R.B.P. 4fin x 3|in 

(backing panel) 

Fig. 3. Amplifier panel layout and wiring 
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MOTORS 

HIGH PRECISION MAINS MOTOR 230V 6OK2 i h.p, TOnllnuoUBly rstftd. 3,000 r.p.m. -Made by Ctoydon Engineer- ing Model KA 60 JFB. Suitable lor capstan motor. Size Sin long. 4Ita dia- meter with 6In diameter flange and 4 Using boles. These motors are Capacitor Start, Capacitor Run, supplied lees Capacitor. 64.10.0. each. £1.8.0. T. & P. 

SHADED POLE MOTORS 120V SOHi Precision made ss used to record decks and tope recordete. Soil able many other applications. V>h each. P. « P. SI— 

PRECISION MOTORS by PULLIN 23V, 3,000 r.p.m., 00016 h.p.t 28V, 5.000 r.p.m., 0 0014 tup.; each £4.14.0. P. a- P. a/-. 

HIGH QUALITY D.C. MOTORS VACTRIC. 6-3V with 40/1 ratio gearbox, torque 2 lb/to; 6-3V with 800/1 ratio gearbox, torque 2 lb/fa; 28V 5,000 r.p.m. £8.10.0. each. P. 4 P. 61- 

HYSTERESIS REVERSIBLE MOTOR 
Incorporating two coile. Each coil when energised will produce opposite rotation of output abalt. 120V 6t)Hz. 1/10 r.pjn. 30/- each. P. 4 P. 31— 

LOW TORQUE HYSTERESIS 
MOTOR MA23 Ideal (or instnunenl chart drives. Extreme- ly quiet, useful to in cos where ambient nolaa levels are low. High starting torque enables relative high inertia loads to be driven np to 60Z/to. Available in the following speeds and ranges: 240V 60Hr, 4 r.p.m., 2 r.p.m., 11 r.p.m., 1 r.p.m., J r.p.m., i r.p.m., i r.p.m.. t r.p.ro. 1/10 r.p.m., 1/12 r.p.m., 1/20 r.p.m. 1/46 r.p.m,, 1/60 r.p.m., 1/380 r.p.m 86/- each. P. 4 P. 8/-. 

HYSTERESIS CLUTCH MOTOR With Integral clntch allow. !ng the motor to drop out ol engagement with the gear train, thereby facilitat- ing easy resetting when used in timers or In con Junction with a light spring. 6 oz torque at 240V SOU®. 1/12 r.p.m., 1/10 r.p.m. 1 r.p.m.. J r.p.m., i r.p.m., i r.p.m 15 r.p.m. 120V 50Hz, 1/12 r.p.m. 1/10 r.p.m., | r.p.m., 5/12 r.p.m., 4/11 r.p.m., 2 r.p.m. 120V 60Bz. I r.p.m. 1 r.p.m. 24V 60Hz. 1/20 r.p.m., 4 r.p.m 88/- each. P. 4 P. SI— 

D.C MOTORS Similar to above type MD 83. 28V 1/20 r-p-nu. 1/60 r.p.m., 1 r.p.m. 12V 1120 r.p.m. 24V 1/16 r.p.m. 30V 1/12 r.p.m. ev 2 r.p.m. 80/-. P. & P. 31- 
SYNCHRONOUS MOTORS 200/25t)V MHz. Slew condition, ex. eqnlp ment. S-l HPH. Sell starting, complete with gearing shaft Jin dla., fin long. 301- P. A V. Sh, 

SINGLE SPEED TAPE DECK 

Jin tape, takes 71n spools, lito per sec. 8 motors, facility for remote control operation. Record/replay heada with separate eraeo head plna fast erase facility. Ex equipment. Lees spools. Price *4.18.6. P. 4 P. 10/-. 

LOW COST ELECTRONIC & SCIENTIFIC 
EQUIPMENT AND COMPONENTS 

New complete telephone dial aaaemblles. Cleat perspex dial — no markings 80/- each. P/4P..5/-. 

TEST EQUIPMENT 
NEW—AV0 ELECTRONIC METER 

lb- 
* % 

• -r-'OTn «! 

A quality instrument capable of meaauriug A.C. and D.C. voltage and current, resistance plus power output, Ranges 1 D.C. voltage 2BOniV-10,OOOV. D.O. current IOOUA-88A. A.C. voltage 100mT-260V. A.C. current 10a-A-26AJRe«i8 lance O-IOOM O. Power output SOfiW -5 W. Sop ply voltage 110/200/26 60Hz. Complete with lend and probe for RP nieaaurement up to 250MHz *86.P. A P.£l 
MULTI-RANGE TRANSISTORISED 
VOLTMETER 1063 
Employing silicon planar F.E.T.S. Wide (reqnency band O-SOOMBz using HPV 1083. Voltage Range 0-30KV. Centra Zero on D.C. ranges for dUferentlal circuit application. Input Eesistaooe 1 Mohm/Volt on ail D.C. Ranges. Accuracy ± 3% P.S.D. Special Price £42.10.0 each. Carriage £1.10.0. 
METERS Mllllammetcr. A-C-/D C. 100MA and 200MA F8D Cambridge 47626/4 Elcctro- dynamie £86 precision Voltmeter- A.C./D.C. 0-76V: 0-160V: 0-S00V Sangomo Woston 8,92.1-6 *35 Precision Multimeter. V.I.R.W. E.I.L. Model 44  £15. 0.0 Watt Absorption Meter. Marconi CT44 200 DW-6W   £35. 0.0 A.F Micro Voltmeter. Dymor 703, as new  £45. 0.0 V.H.F. ■"Q" Meter—Marconi TF086B  £45, 0.0 Wide Band MIUI voltmeter- Marconi TIU371   £35.10.0 

SET OF MEASURING INSTRUMENTS 

SpcciScation Type: Moving Coll D.C. Ranges: 0-76inV, 0-3V, 3-15-186V 2-I60-460V. O-a-O-TBA, l-5-7'6A. i6-30A Scale Lecgth: 62mm- Accuracy: 1 Shunts; 1.0-3-0-75 amps. 2, l-B-7-5 ampa. 3. 15-30 amps. Case; Moulded plaatle- Carrytog Caae: Stove emunelled metal. List price £30. Our price £6.19.6. P. 4 P. SON. MIRROR SCALED. These new Instru- ments are "offered complete as above or SINGLY @ £8.10,0, 
HIGH VALUE DECADE RESISTANCE 
BOX 

& & & g, 

Ranges from 0 01MD to mua. Accuracy 0 05% Maximum Power Rating OTW per step Price £££.10.0, P. & P. £1.0.0. 
PORTABLE WHEATSTONE BRIDGE Speciflcation. Type: Moving CollGalvano meter. Ranges: 1. 0-06 to 5 ohms 2. 0-6 to SO ohms- S. 8 to 600 ohms 4. SO to 6.000 ohma. 6.600 to 60,000 ohms Scales; Switched. Blldevlre: 0-6 to 60 Galvanometer Scale: 10-0-10. Case Moulded plastic. Internal Source: 4V Dry battery. Dlmenalona: 200 x 110 x 65mm. Weight: 0-9kg. List price £85. 
Our price £9.19.6. 

OSCILLOSCOPES 
Cossor 1035   £85.0.0 Coasor 1049   £85.0,0 Mullard L101/8  £80.10.9 Poize H1U 0100   MS.O.O Furze Bill 01X0     £26,0,0 Furze Hill 1834B   £26.0,0 Airmeo 249    *86.0.0 Alnneo 723  £19.10.0 Sotertron CD61S £49.10.0 Solartron CD711    £66.0.0 
HIGH GRADE COMPONENTS 
TACHOMETERS Portable hand precision Instrumenta by Smiths. Incor- porating 4 raechanicfllly selected ranges of 500, 1,000, 5,000 and 50,000 r.p.m. "Within 9% accuracy, snpplled with accessories and carrying caae. A neat and compact Instrument. Bargain at £19.10.0. P. 4 P. Sh. 
MINIATURE DIGITAL DISPLAY Operates on a tear projection 6-3 pilot lamp. The lamp , projects the corres MflMH ponding digit 01 ^■73 the condensing lent t J through a projector ^|sb3 lens, on to the   vlewtog screen at the front ol the unit, 
.to Width. 3 A to deep. Iftin high. Weight 3loz. Character size (In high, 0-9 with 8 right hand decimal point and degree. List price 8 gns. Our price 49/6. P. A P. 61— 
EAC DIGIVISOR Mk. II DIGITAL READ-OUT DISPLAY 
Ideally suitable (or use In eonjunctlon with tran- sistorised decade count- ing devieei. The DIGI- VISOR incorporates a moving coil movement which moves a trans- lucent scale through an optical system and the resultant single plane Image is projected on a screen. The translueent scale is made to repre- sent digits 0-9. Specifl cat Ions: 6-3V 280 microamp. Image height lln. Bfze 4 9/18 x 2 39/64 x llta. Our price 31 gns. List price 8J gns, P. & P. D/-. 
MINIATURE MOVING COIL RELAY ST IS 

a By Sangomo Weston ■ suitable for D.C. cirontt, A high sensitivity relay more senaltive than the eleetro magnetic type. Single Coil Resistance ,,-p' 310 micro amps. 316Q 
List price £4.10. Our price 20/-. P. 4 P.' 
ELECTRO MAGNETIC 
COUNTER Slow Impulse counter of 10 Impulses per second. 4/6. P. 4 P. 3/-. 
6 DIGIT ELECTRICAL IMPULSE COUNTER with electrical and mechanical 
reset counler driven by 110 V DC 4400 ohms coil. Reset 110 V DC 800 ohms coll, Soused In pUstic-alloy case. The nnlts can 1 to tor locked with each other to give vertical or horizontal displays. Price 79/8. P. 4 P. 5/-. 
UNEAR THYRISTOR CONTROLLED 
UGHT DIMMER These dimmers Incor- potatod a fall wave bridge circuit and SCR. Bated at 600W they are ideal for speed control of electric drills, a.c./d.c. commutator motors, lights, etc. Fits into standard 21n conduit box. Price 69/8 each. P. 4 P. 2/6. 

VEEDER ROOT 6 DIGIT COUNTER 
Suitable for counting all kinds of pro- duction runs, busioesa machine operation. Mechanicall y driven. Reset type K A1337, manual knob. Ex-cquipt. but new con- dition. Special price 86/- pltu 6/- P. * P. 

POCKET CALCULATOR 
Save lime and solve all your multiplication, divi- sion. percentage, cube and square root problems. Easy to use pocket calcu- lator with no errors. 1 n- valuable dally aid, should lael a lifetime, offered complete to black wallet with foil instruc- tkmfl. SJln dlam. 12/6 each, P. * P. 1/6. 

NUMICATORS 

Cold cathode gas filled In line 0-9 digital display tubes. Long life expect- ancy. Minimum striking voltage 180V. Side reading Type XS 13. Price 18/8 each. P. 4 P. 2/6. Type SI 1. End readiog. Price £1 each, P. 4 P. 2/8. 
"4^, 

DOUBLE FAOERS 1,000 ohm each bank wire • wound, parallel connection to give 500 ohm. 3W. Ideal for audio and control ■^Tv^-circulto- Independent tracks. Ex equipment but in abnoet new condition. 
^ £3.19.8. each. P. 4 P. 7/6. 

TELEPHONE DIALS 
Brand new 19/8 each. P. 4 P- 2/6. 

NEW INFRA RED TUBULAR QUARTZ 
LAMPS 

250V. 1.44<1W. Length l2to,ltodiB. 16/-. P. 4 P. Sh. Soitable for heat applications such as baking ovens and Indirect beating. 

RIGHT ANGLED GEAR BOXES 

3 

Gear boxes give a drive ratio ol 2-S : 1 at right angles to the Input. Driveable through the 1/p shaft oniy. Dimensions 4in wide x Slto deep x 4Ito high. Robust eonstrncthm In cast iron. Price 74/-. "With pulley and ball race shaft mountings. Price 99/8. Carriage 16/-. 

SOLENOIDS High quality solidly couslroctod solenoids. Actuated by 48V 300 Q call. Overall length 3" X1" square with a |* travel of the 1' dia. shaft. 8/6. P. 4 P. 3/-. 

INDICATOR LAMPS Pane 1-mount tog. Various colours and types. Press to tost facility. Prices from 6/-each. P. 4 P. 1/6. 

ELECTRONIC BROKERS LTD.,49-S3 PANCRAS RD., LONDON, N.W.I Tel. 0I-B37 7781/2 Cables: SELELECTRO 
CARRIAGE EXTRA 
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TECHNICAL 

TRAINING 

in radio television 

and electronics 

Whether you area newcomer to radio and elec- 
tronics, or are engaged in the industry and wish 
to prepare for a recognized examination, ICS 
can further your technical knowledge and 
provide the specialized training so essential 
to success. ICS have helped thousands of 
ambitious men to move up into higher paid 
jobs—they can help you too! Why not fill in 
the coupon below and find out how? 

Many diploma and examination courses available, 
including expert coaching for: 

• C. & G. Telecommunication Techns1. Certs. 
• C. & G. Electronic Servicing 
• R.T.E.B. Radio/T.V, Servicing Certificate 
# Radio Amateurs' Examination 
# P.M.G. Certs, in Radiotelegraphy 
* General Certificate of Education, etc. 

Examination Students coached until successful 

NEW SELF-BUILD RADIO COURSES 

Uearn as you build. You can learn both the theory and 
practice of valve and transistor circuits, and "servicing 
work while building your own 5-valve receiver, transistor 
portable, and high-grade test Instruments, inci. pro- 
fessionai-type valve volt meter—all under expert tuition. 
Transistor Portable available as separate course. 

POST THIS COUPON TODAY 
for full details of ICS courses in Radio, T. V. and Electronics 

INTERNATIONAL 

est. iB9t CORRESPONDENCE SCHOOLS 
Dept. I Si. Intertext House, Stewarts Rd., London, S.W.8 
Please send me the ICS prospectus—free and without 
obtigation, 
{state Subject or Exam,)  _      

NAME  

ADDRESS „ 

<5/70 

1NTERNATI0NAI CORRESPONDENCE SCHOOLS 

PLESSEY SL403 INTEGRATED CIRCUIT 
AMPLIFIERS 46/- each 

PLESSEY SL702C INTEGRATED CIRCUIT 
AMPLIFIERS 21/- each 

CARBON FILM RESISTORS 
19/- per 100; 1/4 per 5 

MuKard & Erie components at competitive prices. All 
components brand new and guaranteed. Return of post 
service. Complete list of components free with each order. 
For list only send I/- in stamps. 

SPECIALIST ELECTRONICS CO. 
24 York Road, Crosby, Liverpool L23 5TS 

KinvEr for Components 
SttfCOH 

BC107 8/8 BC108 BC109 BC1E6 BC182X- BC183X. BClSil. BC2121 BC213L B08HI. BCV70 BCS71 BCV72 BD121 

8/- S/S 7/9 8/2 2,'5 3« a/e 8/8 4/~ 8/4 10/4 4/9 17/8 

THAJfSISTORjl FOR 
BD123 £4/8 BDY20 £4/8 BF184 7/6 BF194 71- BFX29 10/4 BFX84 6/8 BFX85 BFSM BFY61 BFY62 BSV96A 8/11 SU4B1 £7/3 MJ491 82/11 T1F31A 17/- 

eise atrALrr? ewiphesi 
2N30S6 TrP32A 23/- TIS44 1/9 

8/8 «/- 4/8 6/- 

TIS49 TI3S0 2N698 2X697 2X706 2X1132 2X2906 2X2924 2X292S 2X2926 2X8053 

2/8 3/9 4/9 6/- 3/3 10/9 13/- 4/4 5/3 8/- 9/8 

2X3702 2X3703 2X3704 2X3705 2X3707 2X3708 2X3819 2X3820 2X8820 2X4068 2X4069 2X8467 

15/9 3/6 8/3 a/9 8/4 4/- m 61- 18/9 8/11 4/9 a/s 9/9 

1 WATT AMPLIFIER MODULE TYPE PCMl 
This amplifier unit!» a printed circuit module IncorpoiatfDg the popular and well bled PA234 I.e. ampliecr. The unit ie a complete AUDIO AMPLIFIER and requires no external components, you simply connect an 18 volt power supply and a 18 or 16 ohm speaker or head phone, even the supply smoothing capacitor and the output capacitor are Included! The overall dimensions, including capacitors are 2| x 3 * fin. The input lor 1 watt output at IKHz la typically 300mV into 100 kohme. This tmlt Is available at only 89/- net complete with descriptive leafiel or 70/- net per pair. Send for fcec leaflet, 

ELECTSOHIC COMPONEKTS IK THE WEST JODLATOfl 
A wide range of compononls are available from stock for CALLER?, including the following: » 

RESISTORS (includes 6% 4 watt. High stabs at only £d. each in 100+ quantities of MIXED values of your choice in the E12 aeries from 10 ohm to 10 Mobm). CAPACITORS (includes Polyesters, polyalytene, metallised film, miniature electrolytlcs, silver micas). SEMICONDOOTOES (Includes Integrated circuits, transistors, diodes, rectifiers). PLUS ALL the usual components such as plugs and sockets, pots, Veroboard. etc. 
WE ARE AS IHTERHATIOHAL EECTIFZEH SEMICOHDUCTOE CENTRE 

Mai! order, 1/6 P. A P. per order inland. Overseas at cost, min. JO/-. Open 9.00 a.m. to 12.50 p.m. 2.00 p.m. to 6,00 p.m. Weekdays. 9.00 p.m. to 12.50 p.m. Saturdays. Please note, we will be closed for annual holiday from June 1 to June 6 .Inclusive- A 

fi 
STONF LANE KINVER 
STOUBBRIDGE WORCS 
Tclenhurw KiNVER 2099 

Mini 

r 

AMAZING MINI-DRILL 

Fan 
PRECISIOIM 
MaOEL 
WORK 

+ B TOOLS 

Indispensable for precision 
drilling, grinding, polishing, etching, gouging, shaping. 
Precision power for the 
enthusiast. Shockproof. 
Completely portable power 
from 4^ volt external 
battery. So much more 
scope with MINI-DRILL. 
Super Kit (extra power, in- 
terchangeable chuck) 79/6 
p.p. 2/6. 
De Luxe Professional Kit with 17 tools 130/- p.p. 
4/6. 
Money Ref. Guarantee. 

MERUN SUPPLY CO. 
Dept. PESO, Naitsea, Bristol BSI9 2LP 
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STABILISER BOARD 

A.C. INPUT FROM T1 
12V— OV —12V 
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Fig. 4. Stabiliser board layout and wiring 

COMPONENTS... 

STABILISER 

Resistors 
R49 2-2kfl R52 8-2kQ 
RS0 6*8kn RS3 lOkfi 
R51 l-Skft R54 1000 

All ±5% iW carbon film 

Capacitors 
C7 80mF elect. 2SV 
C8 80mF elect. 2SV 

Semiconductors 
TRI3, 14 BC 109 (2 off) 
TR15 BC 107 
D4 ZF9-I 
D5, 6 IN 4003 (2 off) 

Miscellaneous 
Veroboard 3 Jin X 2iin, 0-1 Sin matrix 
Veroplns 
S.R.B.P. board 3Jm x 2^in (backing board) 

bringing down the output to the same voltage level as 
the input, without introducing potential dividers or 
zener diodes. 

In a feedback amplifier, temperature variation in the 
base-emitter potential of the input transistors is likely to 
be the only significant temperature variation causing 
drift, and its effect can easily be reduced by making the 
input circuit of high impedance, and by using a 
differential pair of transistors. There is considerable 
uniformity as regards the base-emitter temperature 
characteristic, so unmatched transistors can be used in 
differential stages. It is probably worthwhile, however, 
to sort out the BC109 transistors into pairs, and to use 
the best matched pair for the input stage. The transis- 
tors should be from the same production batch, and 
can be matched in ^ at a current of about iO/fA. 
Transistors matched at 1 mA may not be so well matched 
at a lower current. 

HEAT SINK 
Very constant conditions are maintained in the input 

stage, and the completed instrument has a sufficiently 
stable zero even on the 2 millivolt range. If the 
temperature characteristics of TR1 and TR2 are not 
alike, a rise in junction temperature will produce 
unequal effects, and drift will occur from switching on. 
However, the dissipation is very small, as the collector 
current is only 10 microamperes, and this should help to 
reduce the initial drift. Short term drift 5s very un- 
desirable, as it can occur during a measurement. Long 
term drift takes place through changes in room tempera- 
ture, and will be about 15/tV per degree Centigrade. 

If the two transistors were mounted separately, a 
slight difference in heating would cause a shift of zero 

position on the meter. It is necessary, therefore, to 
equalise the temperatures by mounting them close 
together in a heat sink. 

Before insertion, the transistors should be turned so 
that the leads are in the correct position to pass through 
the perforations on the amplifier board. Both transis- 
tors require the same orientation, with the small jugs 
parallel, and with the base lead of each transistor 
on the centre line of the heat sink. 

The heat sink is raised sufficiently from the amplifier 
board to allow for the spread of the transistor leads. 
A small piece of insulating material serves as a spacer. 

STABILISER 
It is just as necessary to overcome drift due to mains 

voltage variation, and this can be done by stabilising 
.the 12 volt supply with a three transistor circuit (TR13 
to 15 in Fig. 2). A high degree of stabilisation can 
easily be achieved, since the amplifier requires only a 
few milliamperes of current. 

Positions of the components on the stabiliser board is 
shown in Fig. 4, this also shows the breaks in the 
copper strips. The two electrolytic capacitors are 
mounted centrally. 

The finished board is mounted vertically at the side of 
the amplifier nearest to the miniature mains transformer 
Tl, by means of an aluminium bracket to which it is 
fastened by 6 B.A. bolts. These also pass through the 
insulated backing piece from which it is spaced by 
insulating washers, case details and board positioning 
will be given later. 

Next month; Further construction details 

Practical Electronics June 1970 467 



The ancestry of many electronic circuits in common 
use today can be traced back to the invention of 

the thermionic triode by Lee de Forest in 1907. For 
example, Eccles and Jordan published the circuit of a 
"two-state" or bistable electronic switch in 1919, 
which was based on the triode, and this circuit later 
became the building brick of modern digital com- 
puters. The important thing about de Forest's 
invention was that it introduced for the first time the 
active principle of amplification to circuit design. 

When transistors began to appear in quantity after 
1950, they were initially regarded merely as substitutes 
for the thermionic triode, and old circuits were adapted 
to accommodate them. However, increasing knowledge 
of semiconductor principles soon led to the development 
of new devices and circuits, which bear little 
resemblance to "those of the triode. 

THERMIONIC TRIODE 
A basic triode consists of a thin wire filament 

(cathode), a wire grid, and a metal plate (anode), all 
contained in a vacuum, see Fig. 3.1. "Electrons are 
thrown off by the vibrating atoms of the heated filament 
and travel across the vacuum space towards the 
positively charged anode, thus forming an electric 
current. There can be no flow in the other direction 
because the anode does not emit electrons, and there 
are no other current carriers present in the vacuum. 

The function of the grid is to control the electron 
flow to the anode, and it exerts a large influence on the 
electrons because it is close to the filament. Thus, a 
small voltage change on the grid results in a large 
current change at the anode, 

A resistor placed externally, in series with the anode 
connection, will convert a change of anode current 
into a change of anode voltage. Thus a small change 
in grid input voltage results in an amplified change in 
anode voltage. The valve acts as an amplifier. 
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Fig. 3.1b, Physical construction of a triode valve 

materials, if a "sandwich" is made with two n type 
materials on the outside and a p type filling or central 
layer, this will obviously give two diodes back to back, 
as shown in Fig. 3.2a. Similarly when the materials 
are arranged in a sandwich of pnp, but the diodes will 
then be the opposite way round, as in Fig. 3.2b. 

Both devices of Fig. 3.2 are incapable of conducting a 
significant current between the terminals marked emitter 
and collector when the base terminal is unconnected 
because one of the diodes will always be reverse biased, 
and act as an insulator. 

Suppose now that the central semiconductor layer is 
made very thin, typically less than one thousandth of an 
inch, and the sandwich layers are doped with differing 
amounts of impurity atoms. 

The diode junctions will be physically so close that 
they will tend to interact with each other, and variation 
of doping levels will cause an unbalance in the com- 
bining of electrons with holes. This is the basis of 
transistor action, where the current passed, through one 
diode influences the current flowing through the other. 

BIASING 
Fig. 3.3a shows the three layers of an npn transistor, 

an n-type collector material with a normal doping of 
free electrons, a thin p-type central layer forming the 
base which is lightly doped with just a few holes, and a 
heavily doped n-type emitter containing a large number 
of free electrons. 
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When the three layers are merged, free electrons and 
holes combine to form two insulator or depletion 
regions; one at the junction between base and collector, 
the other at the base-emitter junction (Fig. 3.3b). 

If a base bias battery is now connected across the base 
and emitter, as, in Fig. 3.3c, with a variable resistor in 
series to adjust the level of base current, the emitter 
diode will be forward biased. The emitter insulator 
region therefore disappears, and electrons will flow by 
the mechanism of filling and leaving holes. 

However, the emitter has many free electrons, while 
the base material has only a few holes. So, while some 
electrons from the emitter are kept busy filling holes, 
others will be swept along by the current to find no 
holes vacant. These uncommitted electrons tend to 
repel each other, and quickly diffuse throughout the 
base material, into the region of the collector junction 
insulator. 

It will be remembered that a diode insulator can only 
exist as such when there are holes on one side of the 
junction and free electrons on the other. The presence 
of free electrons instead of holes in the vicinity of the 
collector junction tends to "spoil" the diode insulator, 
and thus converts the junction into a conductor. 

AMPLIFICATION 
When a battery is coupled to the collector and 

emitter terminals (Fig. 3.3d) the uncommitted electrons 
from the emitter proceed to flow across the collector 
junction, under the influence of a positive charge, thus 
creating a collector current. 

Any increase of base bias current will cause a 
corresponding increase of collector current, but because 
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the base material is very thin, more electrons tend to 
find, their way to the collector material than are "used 
up" by the base bias. This is called current gain or 
amplification. If 50 electrons cross the collector 
junction for every one taken by the base current, the 
gain of the transistor will be 50. 

A pnp transistor functions in much the same way, 
except that the role of free electrons and holes is 
exchanged, and base and collector supply polarities are 
reversed. The arrowheads in the transistor symbols of 
Fig. 3.2 indicate the direction of "conventional" 
flow, not electron flow. (See Part 1 for explanations.) 

THREE CONFIGURATIONS 
A transistor is primarily a current amplifying device, 

but a current flowing through a resistance will give rise 
to a voltage drop across that resistance (F = / x i?). 
Therefore, a transistor can be considered as a voltage 
amplifier when the internal resistances of the device, 
and the values of external resistors connected to it, are 
taken into account. 

There are three main ways in which a transistor can be 
employed to amplify small currents or voltages, in 
circuits termed "common emitter", "common 
collector", and "common base". Table 3.1 lists the 
main features of each configuration, and the circuits 
appear in Fig. 3.4 under the headings current and 
voltage amplifiers. For the sake of clarity, base 
biasing has been omitted and will be dealt with later. 

IMPEDANCE MATCHING 
Although an amplifier is energised by a d.c. supply, 

it is used to increase the voltage or current from a 
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Table 3.1. >R1 
TRANSISTOR AMPLIFIER 

CHARACTERISTICS 

Configuration 
Common Common Common 
emitter collector base 

Current gain 
Voltage gain 
Power gain 
Input impedance Zt 
Output 

Impedance Zo 

medium 
high 
high 
low 

medium 

medium 
unity 
low 
high 

very low 

unity 
high 

medium 
very low 
very high 

-cc J 
 L 

INPUT VOtTAGE 

O-.V- .v_- 
OUTPUT VOLTAGE 

fig, 3,5a. Common emitter o.c. amplifier without 
base bias. The transistor only amplifies alternate 
positive half-cycles and Inverts the woveform 

, Table 3.2. 
ABBREVIATIONS USED IN THIS ARTICLE 

Vcc Collector bias battery voltage 
Vi Input signal voltage 
Vo Output signal voltage 
Zi Input impedance of transistor circuit 
Zl 1 m ped ance of I oad ap p I led to ou tput te r m i nal s 
Zo Output impedance of transistor circuit 
Zs Impedance of signal source or generator 

O.C. resistance of applied load 
Rs D.C. resistance of signal source 
V Voltage 
I Current 
R Resistance 

*4 GO, BASE II   
|CUR 

-HI "CO ' 

0J-I-f- 
OUTPUT VOLTAGE 

INPUT VOLTAGE 

Fig. 3.5b. Common emitter o.c. omp/ifier with base 
bias and coupling copricitors. The tronsistor 
amplifies the complete sine wave and inverts it 

separate a.c. or d.c. source which is connected to its 
input terminals. Such a source will have a certain 
known internal resistance. 

If the source is d.c., its resistance is of value Jist if 
the source is a.c., its resistive effect has to take into 
account variations according to the inductive and/or 
capacitive components of the source. In this case, the 
combined resistive effect is called impedance and is 
denoted by to the symbol Zs. 

Similarly, the load applied to the output can be a pure 
resistance and is termed /?l, or in the case of inductive 
and/or capacitive loads applied to a.c. is termed Zl. 

For simplification, the source and load are considered 
in Fig. 3.4 as impedances Zs and Zl so that they can 
apply to d.c. or a.c. If a d.c. source is applied, then 
Zs = -Ra and Zl = i?L. 

It would be natural to assume that the input and 
output impedances of the amplifier itself would be the 
same as the internal resistances of the transistor, plus 
the values of any external resistors, but this is not so. 
The existence of amplification in a transistor circuit has 
the effect of modifying real resistive values to give an 
"apparent" value of input and output impedance 
denoted by dotted lines in the circuits of Fig. 3.4 and 
marked Zi and Zo respectively. If-the amplifier is to 
work efficiently it should be "matched" to the source 
and load impedance, i.e. Zs should be nearly the same 
as Zi, and Zl should be approximately equal to Zo. 

With the exception of the common emitter amplifier 
of Fig. 3.4b, all the circuits in Fig. 3,4 will give an 
output which increases as the input increases. In the 
case of the common emitter voltage amplifier, however, 
the output voltage is at maximum when the input 

voltage is at minimum, and decreases as the input 
voltage increases. The term for this is "phase 
inversion". 

UNBIASED BASE 
If the circuits in Fig. 3.4 are made up without base 

biasing, they will be found to amplify only input 
currents or voltages of single polarity. For example, 
the common emitter circuit of Fig. 3.4b will accept and 
amplify positive input voltages, but will ignore negative 
input voltages. 

When the input voltage is zero or negative there will 
be no collector current, therefore the output voltage will 
be maximum and equal to almost the full battery volt- 
age, Fee. It follows that the output can only vary 
between Fee and zero In response to a positive input 
voltage. 

Fig. 3.5a shows what happens when an unbiased 
common emitter amplifier handles an a.c. signal. 
Positive half-cycles are amplified and appear at the 
output upside-down (phase inversion), but negative 
half-cycles at the input produce no change of output. 
How then can a complete a.c. cycle be amplified? 

BASE BIAS 
The following measures are taken to convert the 

unbiased amplifier into an a.c. amplifier. Firstly, the 
transistor base is supplied with d.c. bias from the battery 
positive terminal via Rl, see Fig. 3.5b. 

This base current is amplified by the transistor to 
yield a collector current (since the emitter is common to 
both circuits) which causes about half the total battery 
voltage to appear across R2 and the other half across 
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the output terminals. So, on receipt of a signal, the 
output voltage can now either increase or decrease 
about the mean value of ^Vcc. 

Having established d.c. bias values, it is important to 
ensure that they will not be disturbed when an external 
circuit is connected to the amplifier input or output. A 
capacitor has the property of preventing a flow of d.c., 
but will "pass" an a.c. signal. 

Capacitors C1 and C2 are therefore placed in series 
with the input and output terminals, and the amplifier 
will now respond to a.c. signals, with positive and 
negative half cycles appearing at the output, as depicted 
in Fig. 3.5b, 

D.C. STABILITY 
A single resistor R1 is used to set the d.c. operating 

conditions of the amplifier in Fig. 3.5b, but this simple 
method of biasing has two disadvantages. The value 
of RI must be altered to suit individual transistors of 
slightly different current gain. The circuit is also 
sensitive to changes of temperature. It will be 
remembered from Part 2 that the resistance of a semi- 
conductor decreases with rising temperature, and tiny 
changes of base current are, of course, amplified. 

PHASE 
INVERSION SECOND PHASE 

INVERSION PHASE SHIFT J\P- NETWORK 
^HHI 

I 

I OUTPUT 
I   I 

I 
POSITIVE FEEDBACK 

Fig. 3.7. Transistor phase shift oscillator, fre- 
quency of oscillation Is approximately 80,000/RC 
where R Is In ohms and C Is In microfarads 
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If RI is connected to the collector terminal, instead of 
the positive battery terminal, as shown in Fig. 3.6a, d.c. 
stability is improved. As ambient temperature 
increases so does base and collector currents, but the 
voltage at the collector falls, thus counteracting an 
increase of base current and nullifying the effects of 
temperature. 

The circuit will now accept transistors of differing 
gain without the need for adjusting the value of Rl. 
Unfortunately, these improvements are obtained at the 
expense of amplification. The phase inverted output 
at the collector is fed back via RI to the base, and is 
subtracted from the input; this is called negative 
feedback. 

VOLTAGE DIVIDER 
A prefered method of biasing is where two resistors, 

Rl and R2 (Fig. 3.6b) form a voltage divider across the 
battery, from which the base of the transistor is supplied 
with a voltage bias. The d.c. operating conditions- of 
the circuit in Fig. 3.6b are moderately stable, but can be 
much improved if a small amount of amplification is 
sacrificed in the form of negative feedback. 

Instead of taking feedback from the collector, a 
similar result can be achieved if a low value resistor R4 
is inserted in series with the emitter, as in Fig. 3.6c. 

To avoid loss of amplification of an a.c. signal 
(Fig. 3.6c is shown as an a.c. amplifier) R4 can be 
bypassed by a capacitor C3, without affecting the d.c. 
stability of the circuit. Thus, R4 limits the d.c. 
current for stability, while C3 acts as a short for a.c. and 
infinitely high parallel resistance path to d.c. 

TRANSISTOR OSCILLATOR 
An amplifier can be made to oscillate by the applica- 

tion of positive feedback. In the circuit in Fig, 3.7, the 
common emitter amplifier feeds a phase inverted signal 
to a network of resistors and capacitors. The network 
has the property of causing a phase inversion only at one 
particular a.c. frequency. Two successive phase 
inversions cancel out to leave a non-inverted or in-phase 
signal, which, when fed back to the amplifier input, 
reinforces the input signal and causes a build-up of 
oscillations. The output from the oscillator is 
sinusoidal, with the same waveform as mains supplies, 
and is derived from the laws of circular motion. 

Next month we shall be looking at more oscillators, 
and will go on to pulse and switching circuits. 
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MARS PROGRAMME FOR 
THE I970's 

In 1971 two spacecraft will be 
launched towards Mars and go into 
orbit around the planet. The orbiting 
vehicles will each weigh about a ton 
and will be equipped with special 
survey cameras and other instru- 
ments. They will map about 70 per 
cent of the surface of Mars and record 
the changes that appear to be of a 
seasonal nature. It is expected that 
continuous information will be 
relayed back to earth during the 
three month operational period for 
which these vehicles have been 
designed. 

Though identical instrumentation, 
will be carried by these two space- 
craft, their missions will differ. 
Both will carry television cameras in 
pairs, one camera will have a 50rnm 
lens for wide angle coverage and the 
second will have a telephotd lens of 
500mm for detailed survey. 

The first of the vehicles to arrive 
in the vicinity of the planet will be 
Mariner 8. Its mission is the overall 
reconnaisance and systematic photo- 
graphing of the surface. The area 
covered will be from 60 degrees 
south latitude to 40 degrees north 
latitude during a 90 day period. The 
spacecraft will orbit the planet every 
12 hours in an elliptical orbit 
which will range from 1,000 to 
10,500 miles. 

Mariner 9 will follow and will be 
inserted in a much more elongated 
orbit, with a perigee of 1,000 miles 
and an apogee of 27,000 miles. It 
will pass over the same area of the 
planet's surface every fourth day. 

The cameras on the Mariner 9 
craft will record the darkening of the 
surface which has been observed to 
coincide with seasonal changes. The 
latest opinions among planetary 
astronomers do not favour the theory 
that these changes are due to vegeta- 
tion, though no specific suggestions 
have been made as to what the 
changes might be. 

MARS ENVIRONMENT 
However, opinion is unanimous 

that the environment is hostile to 
man, being frigid and desolate. No 
water, or life sustaining oxygen has 
been detected on the surface. The ice 
caps are composed mainly of carbon 
dioxide frost. The atmosphere is 
mostly very thin carbon dioxide gas 
with perhaps a trace of water 
present. 

Mars resembles the Moon and the 
Earth yet has its own particular 
character. The surface is marked 
with thousands of craters large and 
small like the moon, but it also 
shows large features like the con- 
tinents on the earth. The altitude 
variations of various features are of 
the order of 40,000 feet. There are 
other features which show folds of 
jumbled and jagged rock formations 
unlike the moon or the earth. 

KEWliH 

The two spacecraft will continue 
to orbit Mars for about 17 years 
after their scheduled mission is 
completed. 

VIKING EXPLORERS 
The dual mission of Mariners 8 and 

9 will be followed in 1975 by the 
Viking series of spacecraft. They will 
also orbit Mars but will release 
landing craft to the surface which will 
make observations and relay the 
information back to earth via the 
orbiting mother craft. It is hoped 
that these experiments will settle 
once and for all the question of the 
existence of life in any form on Mars. 

The next step after this will be the 
landing of men on the surface of the 
planet, marking the second major 
step in the exploration of the solar 
system. 

MOONGLOW 
The moon is bathed in the solar 

wind and as there is no atmosphere 
there is a constant blizzard of 
particles from the sun. These are 
thought to be the cause of moonglow, 
as the actual surface of the moon is 
dark and it is not possible for the 
moon light to be due to mere 
reflection from the surface. 

The Apollo II crew exposed a thin - 
sheet of aluminium for 77 minutes 
while they were on the moon's 
surface and it now seems that the 
moon ts being bombarded by some- 
thing of the order of 63 million atoms 
of helium per square metre per 
second. This enormous flux forms a 
kind of haze and reflects the sun- 
light. The particles do not seem to be 
affected by any electromagnetic 
forces, if such should exist on the 

NATO-ONE SATELLITE 
The first North Atlantic Treaty 

Organisation satellite was put into 
orbit in March and is being financed 
by the participating members of 
NATO. The satellite is in a geo- 
synchronous orbit (22,000 miles 
plus) over the Eastern Atlantic. 

The satellite project costing some 
50 million dollars consists of two 
satellites and 12 terminal stations. 
The satellites arc built in the USA 
but the terminals are being con- 
structed by the member countries. 
Extensive tests on the satellites prior 
to handing over to NATO was 

carried out by the Research Establish- 
ment at Christchurch, England. 

All operations are controlled from 
the satellite communications centre 
(SATCOM) at the NATO head- 
quarters in Belgium. When the net- 
work is completed in 1971 it will be 
used exclusively by NATO. This will 
facilitate communications by voice 
and telegraphy between member 
governments, and between their 
representatives at Brussels and leaders 
at home. 

Eight of the terminals will be 
ready by the end of 1970, two more in 
early 1971 and the last two by the 
middle of 1971. 

France, Luxembourg and Iceland 
will not have terminals but will have 
facilities for "tying in" to the 
network. 

SKYNET CONSCRIPTED 
The Royal Navy has its own wave- 

band on the Skynei system and has 
found that its value to them justifies 
a call for their own satellite in phase 
two of the project. 

The Navy operate with the smallest 
transmitting and receiving terminal 
in service, using 2 metre dishes (two 
to each ship), and consequently the 
power from the satellite has to be 
stepped up to obtain adequate signal 
strength. In order to avoid swamping 
by the large dishes with a bandwidth 
of 20MHz the small dishes have a 
bandwidth of 2MHz and the power is 
split equally between the pathways. 

The modulation system used by 
Skynei is wideband digital and 
therefore speech has to be digitised. 
This must then be put through a 
teleprinter or de-modulated and 
transformed into speech again. 

There are three possible modula- 
tion systems using Pulse Code, 
Delta and Vocoder techniques. Pulse 
Code Modulation (PCM) s>stems 
give high quality speech reproduction 
but is expensive and complex because 
the required digitation is 64,000 bits 
per second. The second possible 
method, Delta Modulation has the 
advantage of being simple and can 
give medium speech quality with 16 to 
20 bits per second. The third system 
is also expensive and complicated, 
but gives acceptable speech quality 
using Vocoder-synthesiser techniques. 
There is also the advantage that it 
may be possible to link this with 
computers. 
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HFie switching circuit consists of four rectifiers in 
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A thyristor is basically a silicon rectifier which only 
conducts in the forward direction when a small voltage 
in the order of a few voltr is applied to a third terminal 
called the gate or trigger. Once the thyristor is con- 
ducting, the gate voltagecan be removed and the thyristor 
will hold itself on until the current is stopped. The 
reverse characteristic of the device is the same as for a 
normal silicon rectifier. 

It can be seen that when the thyristor is turned off, 
the switched circuit is in effect open circuit between 
A and B. However, Mien the thyristor is triggered 
(turned on) the circuit becomes, in effect, a short circuit 
between A and B. 

It should be pointed out that if an a.c. signal is applied 
to the circuit, as is of c iurse the case, then the trigger 
pulse has to be re-applf^d with every half cycle, as the 
current through the thynstor drops down to zero between 
each half cycle. 

Hence, by connecting ihe switch circuit In series with 
a mains bulb, it can turn the bulb on and off by means 
of a small trigger voltag. . it is, however, more con- 
venient, as will be seen later, to put the mains bulbs in 
series with the thyristor it: elf as in Fig. 2. 

This has no effect on t^e light output of the bulbs 
as it simply means they are receiving a full wave 
rectified mains supply instead of an a.c. mains supply. 
TRIGGERING 

According to the type ol thyristor used, a trigger 
voltage in the order of 3 volts, at 20mA, relative to the 
cathode, is required. It was found that the thyristor 
used could be triggered directly by connecting it across 
a loudspeaker. However, the lights only stayed on for 
the duration of each loud sound and they tended to be 
rather erratic when the music contained loud vocal 

Fig. I. Thyristor 
switching circuit 

Tfiootr 

SCR 

work. Also the gate current drawn by the thyristor was 
sufficient to cause a slight crackling sound from the 
loudspeaker as the device switched on and off. Further- 
more, the continuous switching caused slight radio 
interference and rather reduced the life of the bulbs. 

It was therefore decided to incorporate a monostable 
between the signal source and the thyristor in order 
to hold the lights on for a certain period before letting 
them turn off again. This has the effect of making the 
lights switch on and off more rythmically, and it 
is also more kind to the bulbs and suppresses radio 
interference. 

MONOSTABLE 
The overall circuit diagram is shown in Fig. 2. 
When the monostable is in its stable state, TR2 is 

on and TR1 off. A negative trigger pulse of sufficient 
magnitude applied to the base of TR1 will turn it on 
and its collector voltage will drop towards zero volts. 
This voltage change is transmitted via C2 to the base 
of TR2, turning TR2 off. Transistor TR2 then re- 
mains off until C2 has charged up, via R5/VR2, to a 
voltage sufficient to turn it on again; when this happens 
the circuit reverts back to its stable state. 

TRIGGER TRANSISTOR 
An output is taken from the collector of TR2 and 

fed via the trigger transistor TR3 to the gate of the 
thyristor. The purpose of TR3 is to act as a power 
amplifier to switch the thyristor, which otherwise may 
upset the working of the monostable. 

When the monostable is in its stable state with TR2 
on, TR3 is turned off and hence the gate of the thyristor 
is at the same potential as the cathode. When the 
monostable changes state TR3 is turned on and^ the 
gate of the thyristor is connected via R8 to the positive 
supply thus triggering it and turning the lamps on. 

CONTROLS 
It has already been pointed out that the ''on time" 

of the monostable and hence that of the lights is decided 
by the time constant C2(/?5 + Rvrz). By making 

E 

R2 
4-7kfV 560A 

R6 
56011 

560a ikn 
*3 

470tcn VR2 2ka 
IHOODj Tkn 

,C3 
n p 

200uF 
D S2 

. ? 
isia 2-2ka H 

C2 
200uF SCR 

200uF TR3 
0C75 TR1 

0C76 
5K2 /M)5* 

\ 
ouxpbi 
TO LAMPS 

DO 
TR2 
0C76 <n,: 1-5kfl SR9 

lOOfi 
SKI o 

INPUT <= 
0A91 + 8V 

\ 
VRI 5kO LOS 
|SENSmVITY| 

P'i MAINS 
INPUT haoh * SEE COMPONENTS LIST SPOT 

mm RIO 
4*7kfl. pel NEUTRAL 0C76 CONNECTIONS 

L NE 

Fig. 2. Circuit diagram of the flashing light show ["earth 
mW 

Pradical Elcctromcs June 1970 475 



, 

y '-if. mm 
' ^ 

: 

it should be noted that 
the flashing light display 
described in this article 
could produce an effect, 
on » f®w people, that 
miiy cause fainting. This 
usMalty only occurs when 
hijjh power flashing 
lights are used for long 
periods in conditions of 
lo v ambient light. 

C2 — 200fxF, — 560 ohms and R\m ~ 2 kiiohms 
the on time of the lights can be varied between 0112 
and 0-512 seconds which has been found to be an 
adequate range. Potentiometer VR2 is called the 
"mood" control as it determines the length of the flashes 
and is adjusted to suit the mood of the music. 

It is also very easy to convert the monostable into 
an astable multivibrator and this is achieved by SI. 
When SJ is closed the circuit is free running and hence 
the lights are continuously switched on and off like a 
slow running stroboscope. With St in this position, 
Rll is replaced by a 200^ capacitor (C3) and also 
R! is taken to the 0V supply line instead of the + 8V 
supply line, thus converting the circuit to a multi- 
vibrator. When SI is in the trigger position, the mono- 
stable operates normally, being triggered from the 
audio signal. 

A test button S2 is provided to apply'a trigger pulse 
to the monostable in order to test the unit. This is 
not essential and can be left out. 

The other controls are the on/off switch (S3) and the 
sensitivity control (VRI), both of which are self- 
explanatory. The best way to set the sensitivity control 
is described later in the article. > 

TRANSFORMER DETAILS 
It should be realised that the whole of the circuit is 

at approximately 240 volts d.c. below earth due to the 
action of the rectifier circuit, and hence the circuit must 
be connected to the signal source via an Isolating trans- 
former. The transformer used should have a winding 
ratio of about 1:1, and the breakdown voltage between 
windings must be greater than 500 volts. 

Probably the best transformer to use would 
be a speaker isolating transformer which is made for 
just this type of job. However, speaker transformers 
tend to be unnecessarily bulky and expensive due to the 
power and frequency requirements. If a transformer 
of this type is used the case would have to be enlarged 
to accommodate it. A mains isolation transformer 
could also be used but may also be rather large and 
possibly expensive. 

The prototype unit used a government surplus 
transformer that measured l^in x lin y lin having a 
winding to winding and winding to case insulation of 
500 megohms, measured at 1,000 volts. The trans- 
former has a winding ratio of 2 to 1 and.is a miniature 
valve interstage transformer; it is housed in a metal case 
and has insulated ceramic stand off terminals. 
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If a transformer with a slight step-up ratio is used, it 
should be connected so that it steps up the signal 
coming into the circuit. ' 

The output from the transformer is passed via VRI 
and a diode to the base of TRI, The diode ensures 
that only negative pulser are applied to the base of 
TRI, otherwise the monostable would be switched 
back to its stable state pi ematurely by positive pulses. 
POWER SUPPLY 

It was decided to derive the power supply for the' 
monostable and trigger transistor from the mains supply 
rather than from bat eries for two reasons. Firstly, 
because the transistr- s require a fairly large current, 
and secondly because a rectified mains supply was 
already present in the circuit. This brings us to the 
reason for putting the mains bulbs in series with the 
thyristor. By doing this the voltage appearing between 
the points X and Y in Fig. 2 is always the full wave 
rectified mains voltage irrespective of whether the 
thyristor is on or off. If the bulbs were put in series 
with the complete switch then when the thyristor was on 
the rectified voltage would drop to almost zero. 

The rectified voltage is applied via a 4-7 kilohm 10 
watt dropping resistor to an 8 volt Zener diode giving 
a stabilised 8 volt supply to power the transistor 
circuitry. A 200ixF capacitor is connected across the 
Zener diode and this provides adequate smoothing. 
The circuit draws approximately 15mA in the off state 
and 35rnA in the on state, the extra current in tf\e on 
state being the trigger current In the thyristor. 
VOLTAGE DROPPER 

The mean d.c. value of the rectified mains voltage 
appearing between X and Y was measured to be 210 
volts. Hence the voltage drop across R10—the 4-7 
kilohm dropping resistor—has to be 202 volts, which 
means a current of 43mA must flow through R10. 
Hence the Zener diode has to pass 28mA when the 
circuit is in the off state. A Zener diode with at least 
50mA rating should therefore be chosen, 

If a Zener diode with a current rating appreciably 
higher that 50mA is used, then some or all of the ' 
dropping resistance R10 can be replaced by a small mains 
bulb. This replacement resistance depends on the 
surge rating of the Zener, because a bulb passes a large 
surge current when it is switched on as the cold resist- 
ance of the filament is lower than the hot resistance. 
By leaving some resistance in series with the. bulb the 
surge is reduced. An example of the calculation for a 
series resistor and lamp is as follows. 
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Fig. 3. Chassis details 

The hot resistance of a 15 watt mains bulb is given by 

R —-7t,= -TT- = 3"9 kiloftms rv 13 

We want the total resistance to be approximately 
4-7 kilohms. Therefore the series resistance should be 
1 kilohm. 

A reasonable assumption for the cold resistance of 
the bulb is 1-5 kilohms (bearing in mind that the current 
will never reach the value given by the cold resistance, 
owing to the filament heating up). Hence current surge 
will be approximately 100mA. 

Thus we need a Zener diode with a surge rating of 
100mA if a 15 watt bulb in series with a 1 kilohm 
resistor (of 2-5 watts rating) is used as a voltage dropper. 
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This arrangement is convenient because one can obtain 
coloured miniature bulbs of 15 watts rating for mains 
indicator use. 
CONSTRUCTIONAL DETAILS 

The unit should be constructed in a totally enclosed, 
6inx 4in x 2iin, aluminium case. The drilling de- 
tails for the case are given in Fig. 3, These can, of 
course, be altered in order to suit particular com- 
ponents, but it is felt that the layout shown can be used 
with most parts and enables the unit to be fitted into 
the smallest box possible, yet leaves it very easy to 
work on any particular part of the circuit. 

In the prototype unit most of the electronics, includ- 
ing the thyristor and rectifiers, were fitted on two plug-in 
printed circuit boards; Veroboard can just as well be 
used and wiring details for Veroboard panels are shown 
in Figs. 4 and 5. 

It should be pointed out that if the thyristor and 
rectifiers are to be used at anything near their full 
rating, then they should be mounted on heatsinks. 
The prototype unit used 3 amp rectifiers and thyristor 
and is capable of switching 300 watts for several hours 
continuously. This, however, tends to make the 
rectifiers rather hot and it is suggested that 200 watts 
is taken as maximum if the rectifiers are mounted on a 
printed circuit board; 200 watts is ample for most 
domestic rooms. 

PLUG-IN BOARDS 
Having all the circuitry on plug-in boards makes 

construction easy, enables two layers of components to 
be fitted in the case, and facilitates easy servicing. The 
bottom board contains the monostable, and the top 
board (looking from underneath) hoifses the trigger 
and switch circuit. The transistors used can be almost 
any low power, pup switching transistor capable of 
passing 25mA. Great care should be taken in assemb- 
ling the thyristor and rectifier board as some of the 
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Fig. 4. Layout and wiring of the monostable Veroboard 
panel 
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Fig. 5. Layout and wiring of the switching and trigger 
Veroboard panel 
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COMPONENTS... 

Resistors 
Rl 2-2k D 
R2 47k Q 
R3 470k JTl 
R4 560 n 
R5 560 a 
R6 560 n 

R7 l-5kQ 
R8 Ikn 
R9 100 a 
RIO 4,7k f2 I0W wire wound 
Rll 4-7kr2 
AH±10%, carbon, except RIO 

Potentiometers 
VRI 5k a log. 
VR2 2k Q linear 

Capacitors 
Cl taF eJect. 10V 
C2 200^F elect. IOV 
C3 200p.F elect. 10V 
C4 200iaF elect. 10V 
C5 0-1 ^iF paper 450V 

Semiconductors 
Dl OAS I 
D2-5 400 p.i.v. 3 amp silicon rectifiers (4 off) 
D6 Zener diode 6 to 12V 50 mA (see text) 
TRI-3. OC76 or equivalent (3 off) 
SCRI 400 p.i.v. 3 amp thyristor 

Switches 
51 D.P.D.T. toggle 
52 S.P.S.T. pushbutton 
53 D.P.D.T. toggle 

Miscellaneous 
Tl Transformer (G. W, Smith, see text) 
LPI 6V 40mA pilot lamp and holder 
SKI jack socket St 
SK2 2 pin mains socket 
Control knobs (2 off) 
Case (see text) 
Veroboard 2^10 X 3Jin, O-ISin matrix (2 off) 
Connectors, edge type for Veroboard 16 way (2 off) 

strips carry mains voltages. The connections to the 
. studs of the thyristor and rectifiers are made by thecopper 
strips clamped under the studs. All the copper strips 
are blanked off at the end of the rectifier section of the 
board, apart from those actually carrying connections 
to the pins. This reduces the possibility of accidental 
shorts. The letters by the pins on the board correspond 
to various points of the circuit marked in Figs. 2 and 6. 

If it is decided to mount the thyristor and rectifiers 
on heatsinks then it Is suggested that the heatsinks are 
mounted on the chassis (with suitable insulation of 
course) in place of the bottom board, and the mono- 
stable and trigger stage (i.e. all the transistor circuitry) 
are mounted on the top board. 
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LAYOUT AND WIRING 
The layout and wiring details of the unit are shown 

in Fig. 6. The wires from the switches and other com- 
ponents mounted on the chassis to the Veroboard 
sockets are best soldered to the sockets before they are 
fixed inside the chassis. If the wires are laced to- 
gether to form a loom, it makes the construction much 
neater and also enables the sockets to be easily removed 
from the chassis if necessary. The sockets are in fact 
sold as Veroboard edge connectors and accept standard 
Veroboard. They can be mounted on a small 
right-angled bracket similar to that shown in Fig. 6. 

The pilot light (if a resistor is used to drop the voltage 
for the 8V supply) is a standard fiV 40mA bulb and is 
wired in series with the dropping resistor RIO. The 
size of hole required for the pilot light obviously depends 
on the type of holder used and hence no dimension has 
been put on Fig. 3. The four holes in the chassis next 
to the pilot light are ventilation holes to dissipate the 
heat from RIO. 

A three core mains lead must be used to supply the 
unit, and the chassis must be earthed by connecting 
the earth lead to a solder tag. 

ADDITIONAL LIGHTING 
By wiring one or more bulbs in parallel with the 

thyristor the unit can be made to alternate the light 
between two bulbs, or sets of bulbs, i.e. instead of 
just one set of bulbs that are either on or off, two sets 
of bulbs varying between set 1 on, set 2 off, and set 2 on, 
set 1 off are displayed. The relative brightness of the 
two sets of bulbs can be altered by varying the number 
of bulbs in each set. 

If one 60W bulb is wired in parallel with the thyristor 
and two 60W bulbs, paralleled together, are put in the 
normal position in series with the thyristor, then when 
the thyristor is off, the single bulb will be almost full 
on and the pair of bulbs almost off. When the 
thyristor is on then the single bulb will go off and the 
pair on. 

If just one 60W bulb is put in series and one in parallel 
with the thyristor, then when the thyristor is off both 
bulbs will be half on. When the thyristor is on, the 

. bulb in parallel will be off and the one in series on; 
this gives a softer effect than the previous system. 

The whole system can, of course, be made brighter 
by increasing the ratings of all the bulbs but keeping 
them in the same configuration, bearing in mind the 
limitations previously discussed. 

SETTING UP 
The idea is to set the sensitivity control so that the 

unit just triggers in the loudest peaks of the music, 
which is normally the drum beat. The mood control, 
which varies the "on" time of the lights has to be 
adjusted to suit the type of music and the effect required, 
e.g. for slower, relaxing music the most soothing light- 
ing is required and this is obtained by setting the mood 
control to give the longest "on" time which means 
the lights flash slowly. If the mood control is set for 
a shorter "on" time with'the same music, it will be 
found that the lights will flash more regularly, probably 
giving two flashes to every one before. ( ^ 

For faster music, it is necessary to decrease the "on 
time in order to get the lights to flash on each beat. 

For a really "progressive" or high impact effect the 
"on" time wants to be made a minimum and the 
sensitivity turned up a little above the triggering 
position. This makes the lights follow the notes 
rather than the beat of the music. ★ 

SOUNDS INCREDIBLE 
continued from page 454 

The Radiophonic Workshop, being a service depart- 
ment within the BBC, very rarely has time or oppor- 
tunity to create electronic music as an original, and 
complete art form. However, collaboration with 
"outside" composers have resulted in public per- 
formances, and recently the Workshop has released an 
LP of a selection of its work. (BBC Radiophonic 
Music—Radio Enterprises RFC 25M.) 

A facet recently added, is the dimension of stereo. 
Various productions have used Radiophonic sounds in 
stereo, from the total radio production "Rus" to the 
cockan'bull tale "The Shagbut, the Minikin and the 
Flemish Clackel". Another offering from the same 
stable was "The Shadow of Napoleon", 

Various innovations such as synthesisers are likely to 
be used in future. Such apparatus would provide 
more original sounds but, as has been found with 
electronic organs, constant use breeds not only con- 
tempt, but instant recognition. It may be that the 
treatments achieved by means of a synthesiser, will be 
more important than the sounds produced by it. 

IMPROVEMENTS 
As more and more new equipment becomes available, 

technical quality continues to improve. Recording 
tape has increased coercivity, this is important in 
sound manipulation, as the number of times a tape can 
be copied and recopied is limited, without the sound 
quality seriously deteriorating. With modern tape, 
higher levels can be recorded without distortion, and a 
higher signal/noise ratio is maintained. 

The only thing that seems incapable of improvement, 
is the humble razor blade (well, not in the way it is used 
in the Workshop), unless anyone can produce a plastic, 
non-magnetic one that cuts tape just as well as the steel 
ones. 

This then, is the continuing story of the BBC Radio- 
phonic Workshop,-for whilst the fertile minds of the 
programme authors continue to demand special 
sound, and music, the Workshop must continue to 
supply them. ★ 

NEWS BRIEFS 

Liquid Crystals 
The first reported multi-coloured displays using a 

material called "liquid crystal" have been produced by 
scientists at Marconi, during development work which 
promises new types of electronically controlled information 
displays and optical devices at low cost, "Liquid prystal" 
is a class of liquids wiih a regular, crystal-like structure, 
some of which change their appearance when a voltage is 
applied. They might one day be used in television screens 
thin enough to hang on a wall, but immediate practical 
uses are in data readouts for control panels, animated 
labelling for keyboard buttons, and see-through map 
displays which pilots and drivers can read "head-up" 
without losing sight of the view ahead. # . 

Practical display panels, using "liquid crystal , which 
operate at room temperature and have no moving parts, 
have already been made in the Research Division of The 
Marconi Company. These panels are normally trans- 
parent, but words or other information appear in white 
when a low voltage is applied to the panel. 
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Report from 

AUSTRALIA 

BV D. F. MOODY 

Thirty-six miles out of Canberra, and set in a 
natural depression circled by mountains, is the 

Orroral Space Tracking Station. There are three 
tracking stations situated at a similar distance from the 
National Capital'—a deep space tracking station at 
Tidbinbilla, another at Honeysuckle Creek and the 
Orroral which is the largest of the three. Orroral is 
committed to a 24-hour sky watch and it monitors 
many of the U.S. scientific space probes during their 
periods of masking from the U.S.A. 

Signals are received via four antennae, the largest one 
of which is an 85ft 260 ton steerable dish. The signal 
is recorded on tape on one of four stations, or may be 
sent live via a p.c.m. line direct to the Goddard Space 
Flight Center in the U.S.A. 

Although the Orroral is not involved in manned 
space flight missions, they handle a great variety of 
mundane scientific work. Some of the more well- 
known scientific probes with which Orroral has been 
involved are OAO (Orbital Astronomical Observatory), 
IMP and NIMBUS. 

Two antennae are used for the transmission of 
command signals to switch the satellite on and off 
before and after its scheduled relay activity. For this 
type of work a standard and accurate time system is 
absolutely important. Three G.M.T. time standards 
are maintained at Orroral and frequent cross-checks are 
made with other installations not only in Australia but 
also overseas. 

The station is staffed and run by an Australian 
Company under contract from NASA; which has a 
capital investment in Australia of over 60 million 
dollars, making Australia one of the world's leaders in 
this type of space work. 

AMATEURS OSCAR 5 
The fifth satellite in the OSCAR series, Ausfralis- 

Oscar 5, was launched by an American rocket on 
January 15 this year. These satellites have one thing in 
common—they were designed and constructed by 
enthusiasts, and in fact OSCAR stands for Orbiting 
Satellite Carrying Amateur Radio. 

Australis-Oscar 5 was the first amateur satellite 
NASA have launched and adopted an almost circular 
orbit 1,000 miles up. The rocket also put a weather 
satellite into orbit. Australis-Oscar 5 has two radio 
transmitters, one at 29-450MHz and the other at 
144,050MHz. There is also a command receiver which 
was used to operate the 29-450MHz transmitter 
while the satellite is orbiting, and gave amateur radio 
operators experience in the ground control of satellites. 

The satellite contains a bar magnet that stabilises the 
satellite by aligning it with the earth's magnetic field and 
so allow signals to be received from it free of spin. 
Three light intensity sensers sent back information so 
that the effectiveness of the stabilisation system can be 
determined. In addition to this the skin temperature, 
the inside temperature, and the battery voltage and 
current will be monitored. The signals were received at 

ground stations in Australia, New Zealand, the U.K. 
and the U.S.A. 

Australian enthusiasts hope that the experience 
gained from Australis-Oscar 5 will be invaluable for 
their next venture, which is already on the drawing 
board, and is planned for launching within one and a 
half years. The electronics in this satellite will be 
chsigned and built by Australian enthusiasts but will be 
assembled, packaged and powered by a group of 
American amateurs. This effort will result in a multi^ 
channel communications satellite which will bounce 
messages between amateur radio operators around the 
world, 

DOWN TO EARTH 
Or to be more specific "Under a Mountain". 
It is strange that many people who have not been to 

Australia think of it as a place that is completely flat, 
dusty and dry and full of flies. Well the last three items 
may be true but that it is completely flat is a falsehood. 
The vast areas of Australia are flat, but there are also 
fine mountain ranges of which the "Great Divide" is 
probably the most well known. The Snowy Mountains 
in this range boasts the highest point in Australia— 
Mt. Kosciusko at 7,300ft which manages to keep snow 
most of the year. 

It is in this area where the Snowy Mountains 
Authority undertook their Hydroelectric Scheme—the 
largest engineering project in Australia, and one of the 
largest in the world. It involves eight major dams, 
100 miles of tunnels and 10 power stations supplying 
power to Victoria and New South Wales. 

The whole scheme is almost too gigantic to envisage, 
and in fact the roads servicing the work areas take two 
to three days to explore in a car. One of the most 
impressive undertakings is the Tumut One Power 
Station. Although the power station is of modest 
output (four 80kW generators) it does have a rather 
peculiar location—1,200ft inside a mountain! That is 
1,200ft under the surface, and i, 100ft from the side. 
The entrance is a modest opening in the mountainside 
which introduces you to a half-mile long descent 
leading to the generating and control room. This huge 
hall, cut out of solid rock, houses the four generators, 
transformers and water pipes. 

Each generator swallows 6,000 gallons of water every 
second from the Tumut River to produce 80kW of 
power at 12-5kV (which is then transformed up to 
330kV for transmission). 

Being down in that hall, one experiences considerable 
excitement. The uniform but pleasant coolness, the 
hum of machinery, the banks of control lights and 
meters, and the feeling of being surrounded by millions 
of tons of rock. Also one was aware of the feeling of 
getting something for nothing. Unfortunately this 
last point is naturally not true as, apart from the 
machine maintenance, one has to pay for being so far 
undergi ound to the tune of pumping out 250,000 gallons 
of seepage water from the station every day. 
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TRANSISTOR RADIOS 

TO BUILD YOURSELF 

Backed by after sales service 

NEW! roamer eight mk 1 
WITH VARIABLE TONE CONTROL 
7 Tunable "Wavebauds: Medlura "VTavc J. Medium Waue 2, Long Wave, Q.W.I, S,W.2, S.W.3, and Trawler Band. Bunt In ferrfte rod aerial lor Medium and Long Waves, S eectton 22tn chrome plated telescopic aerial (or Short Waves can be angled and rotated lor maximum performance. Piuh-puU output using BOOMw type transistors. Socket for car aerial. Tape record socket, Selectivity •witch. Switched earpiece socket complete with earpiece for private listening, 8 tram slaters plus 3 diodes. Famotu make 7 x tin speaker. Air spaced ganged tuning condenser. On/ofl switch volnme control. Wave change switch and tuning control. Attractive case In rich chestnut shade with gold blocking. Slxa 9 x 7 x din approx. Easy to follow instractkms and diagrams make the Roamer Bight a pleasure to build. Parts price list and easy build plsns 61- (FREE with parts). 

Total building costa £6.19.6 %%p 

roamer seven 

mk IV 

7 FULLY TUNABLE WAVE BANDS—MW.l. M.W.2, L.W.. S.W.I. S.W.2, S.W.3 and Trawler Band. Extra Medium waveband provides easier toning of Bad io Luxembourg, eW. Built in ferrite rod aerial lor Medium and Long Waves. 6 Sectloo22in chrome plated telescopic aerial for Short Waves— can be angled and rotated (or peak 8.W. listening. Socket for Car Aerial. Powerful push-pull output. 7 transistors and two diodes including Micro-Alloy B.F. TraMlslots. Famous make 7 x 4in P.M. speaker. Air spaced ganged tuning condenser. Volome/on/oB control, wave change switches and timing control. Attractive ease with carrying handle. Sire 9 x 7 x din approx. Easy to follow Instructions and diagrams make the Boamer 7 a pleasure to build. Farts price list and easy build plans S/- (FREE with parts). 
Total building cosU 

£5.19.6 
P. A P. 

7/6 
Fersonal Earpiece with switched socket lor private listening, 61- extra. 

£ 

'P 

NEW! 

iranseight 
SIX WAVEBAND 
PORTABLE WITH 
Sin. SPEAKER 
Attractive case In black with red grille and cream knobs and dial with polished brass inserts. Size 9 x 6i x 2|in. approx. Tenable on Medium and Long Waves, 3 Short Waves and Trawler Band. Sensitive ferrite rod aerial for M.W. and L W. Telescopic aerial lor Short Waves. 8 Unptoved type transbtcra plus 3 dlodeo. Push-pull output. Ample power to drhe a larger speaker. Parts price liat and easy build plans B/-(PEEK with parts). 
Total building eostt 

(U i / gS P. & P. Earpiece with switched socket for private 
O 9 / W 5/6 lietening S/-extra. 

pocket five 

MEDIUM WAVE, LONG WAVE 
AND TRAWLER BAND 
PORTABLE 
WITH SPEAKER 
Attractive black and gold case. Size 6) x IJ x BJin. Tunable over both Medium and Long Wares with extended M.W. band lor easier tuning of Lmembourg. etc. 7 stages—6 transistors and 2 diodes, sunersensitlve ferrite rod aerial, fine tone moving coil speaker. Etioy "Tiuifit plans and purls price list 1/9 (FREE with parts). 

Total building costs 
P. A P. 

3/6 

I VACSf k/ U ■■ VI « M 

44/6 

transona five 
MEDIUM WAVE, LONG WAVE 
AND TRAWLER BAND 
PORTABLE 
WITH SPEAKER AND EARPIECE 
Attractive ease with red speaker grllie. Site Si x 4]to x liin. T stages—0 transistora and 2 diodes. fertile rod aerial, tuning condenser, volume control, — . fine tone moving coil epeaker aba Personal Earpiece ■ Otal OUllding Costs with switched socket lor private listening. Easy jm immt I ta • d build plans and parts price list 1/8 (FREE with rm M / r. « r parts). ' I " 3/9 

ft) 

roamer six 

SIX WAVEBAND PORTABLE 
WITH Sin. SPEAKER 
Attractive case with gilt flltlnge. filic "J x 61 x liia. Tunable on Medium and Long Waves, two Short Waves, Trawler Band plus an extra M.W, band for easier tuning of Luxembourg, etc. Sensitive ferrite tod aerial and telescopic aerial lor Short Total building COStB Waves. 8 stages—8 transistors and S diodes in- ^ , _ eluding Micro-Alloy S J. Transistors, etc. (Carrying ~W fa / P. A P. strap 1/9 extra). Easy build plans and parts price M s/g list 2/- (FREE with parts). I ' 

& 

* Caf/ers side entrance Stylo Shoe Shop 

* Open 10-1, 2.30-4.30 Mon.-Fri. 9-12 Sat. 

RADIO EXCHANGE LTD 
61a, HIGH STREET, BEDFORD. Tel. 0234 52367 
I enclose £ please send items marked 

ROAMER EIGHT □ ROAMER SEVEN □ 
TRANSEIGHT □ POCKET FIVE □ 
TRANSONA FIVE □ ROAMER SIX □ 

Parts price list and plans for  
Name  
Address       

PEI8 
-J 
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PROSPECTS for the ELECTRONICS INDUSTRY 

BACKGROUND TO THE INDUSTRY 
Because electronics is a set of industrial techniques and not 

a group of products, the industry cannot be defined precisely. 
For the purposes of this assessment, its coverage is defined as 
in the table below. 

Short title Sector 

Scientific and industrial instruments 
and systems 

Telephone and telegraph apparatus 
and equipment 

Radio and electronic components 
Other broadcast receiving and 

sound reproducing equipment 
Electronic computers 
Radio, radar and electronic capital 

goods 

Capital equipment 

Telecommunications 
equipment 

Components 
Consumer goods 

Capital equipment 
Capital equipment 

Defined in this way, the industry accounts for about four 
per cent of the output of all manufacturing industry, and 
employs about six per cent of its labour force. In the 
context of the engineering and electrical industry groups, 
electronics accounts for about one-sixth of the output, one 
fifth of the imports and one seventh of the exports of the 
group. 

The industry is concentrated in the South-East, but in 
recent years much of its growth has been in the development 
areas, particularly in Scotland. 

The U.K. electronics industry is believed to be the fourth 
largest in the World behind the U.S., Japan and West 
Germany, and is slightly larger than that of France. (Pro- 
duction in the U.S. is approximately four times as great as 
that in the other four countries combined.) A number of ■ 
smaller countries including Holland, Italy, Sweden and 
Switzerland-provide strong competition in individual product 
groups. The market for electronic products is international 
in all but a few cases, and is becoming increasingly inter- 
national in character. As a result, competition is generally 
severe. 

The above paragraphs are taken from the opening section 
of an Industrial Report by the Electronics Economic 

Development Committee. This Report, published last 
March, is an assessment of the prospects of the electronics 
industry up to 1972. 

The principal task, states the Report, is to improve the 
efficiency of industry and commerce in the U.K., by making 
and marketing the systems and devices which will enable 
higher productivity to be achieved. 'There is virtually no 
area of repetitive industrial action which cannot be 
automated through the application of electronic tech- 
nology." In this way, electronics can contribute greatly 
to the balance of payments. 

AREAS FOR GROWTH 
The Report forecasts a growth rate of nine to eleven per 

cent per year, in the period up to 1972. This represents a 
growth rate of about three times the average for manu- 
facturing as a whole. 

About a third of the U.K. market is in the public sector, 
where the emphasis is shifting away from defence, hitherto 
the industry's major pre-occupation. A further forty per 
cent of the market Is in private industry and commerce, and 
the remainder is in the consumer sector. 

The Report draws attention to certain areas of oppor- 
tunity: these include computers, industrial automation, 

telecommunications and data transmission, and micro- 
electronics. Other areas, which may well become major 
growth points of the future are medical and educational 
applications, and marine technology. 

CAPITAL AND MANPOWER 
Success in the future depends upon greater financial 

resources. Considerable sums have to be provided for 
innovation, because of the pace of technological advance. 

But while the chief limiting factor in the forecast period is 
likely to be capital, in certain areas the shortage of skilled 
labour threatens to become a major constraint after 1972. 
The electronics industry is a major user of qualified man- 
power. Its R and D effort is approximately five times as 
important in relation to capita) expenditure as the average 
for manufacturing industry. 

The main areas of manpower shortage are expected to be 
production and systems engineers and computer "soft- 
ware" personnel. This is likely to be a growing problem 
as the industry becomes more "systems orientated" 

EDUCATION AND TRAINING 
A working group has been appointed to examine 

problems bearing on the "match" between the output of the 
whole education sector and the requirements of the elec- 
tronics industry. The EDC attaches great importance to 
the promotion of a more enlightened attitude towards 
industrial training. 

The EDC welcomes the recommendations of educational 
bodies for the training of professional engineers, and waits 
with interest details of the proposals covering technician 
engineers and other technical support staff. 

Available evidence suggests that manpower is not used 
effectively; in particular, that qualified scientists, engineers 
and technologists are employed on work which should be 
delegated to other technical support staff. 

Finally, the EDC considers that the industry could do 
much more to improve its image with school leavers. 
Schools could benefit from more practical assistance from 
industry, and the importance of projects for arousing and 
maintaining children's interest in electronics is stressed. 
Industrial Reporton the Economic Assessment to 1972 by "the Electronics 
EDC, obtainable from NHDO, MUlbank Tower, London, S.W.I. 

PRACTICAL ELECTRONICS 
0 INDEX 

An index for volume five (January 1969 
to December 1969) Is now available price 
Is 6d inclusive of postage. 

Orders for copies of the Index only should be 
addressed to the Post Sales Department, IPG 
Magazines Ltd., Carlton House, 66, Gt. Queen 
Street, London, W.C,2. 

0 BINDERS 
Easi-binders with a special pocket for 
storing blueprints and data sheets, etc., are 
available price 15s Od inclusive of 
postage. 
State required volume, e.g., Vol. 1,2, 6. 

Orders for Binders and Indexes should be 
addressed to the Binding Department. 
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Mainline set the NEW standard in amplifier 

Mainline 70AB power amplifier £35.0.0. 

c 
e 

* 
r 

»€ if Mainline70ABD £64.0.0. 

Mainline 70ABD 
The 70ABD is a fully integrated Preamplifier and Power Amplifier 
to the specifications of the Pre-4 a nd 70AB. Size 63" X 15i' X 43". 

Recommended Retail Price £64.0.0. 

Mainline 70AB power amplifier 
The MAINLINE 70AB is d high fidelity power amplifier, which is in 
every respect one of the finest units available on the market today, 
regardless of price. One of the main features of this remarkable 
amplifier is its elaborate protection against short and open circuit, 
and we can guarantee that it is virtually indestructible. Allied to 
this is the very high power output (70 watts RMS) a frequency range 
that is superb, and distortion well below 1% even at full output. 
The unit is suitable for use in discotheques, groups, P.A., etc., or 
anywhere that high quality, high output is required. Coupled to our 
Pre-4 Control Unit the results are quite remarkable. The Mainline 
70AB main amplifier can be used with any other good quality 
control unit. 
Specification 
POWEB OUTPUT 70 watll RMS±I dh « 
B OHMS. 
FHEQUENCy RESPONSE 20-20,000 HZ±I db. 
SIGNAL/NOISE RATIO—70 db at full output. 
HARMONIC DISTORTION lets than 554 at 
full output 

INPUT SENSITIVITY 700 mV at 2(1-30 K 
OHMS- SIZE 7*x S'* Si", 
A.C. FUSE 1-5 amps (Siiiish Standatd). 
Recommended Retail Price £35.0.0. 

n 

Build, the MEW 

"lainline 

Audio 

Amplifier 

Xits - up to 

70 watts 

The results of the combined 
resources of SGS and RCA, these 
Universal Quasi Complementary 
Symmetry Amplifier kits use rugged 
NPN Hometaxial base output 
transistors and provide full power 
to bevond 20 KHz. 
The all silicon circuit with nine 
transistors and eleven diodes 
provides outstanding performance 
for the most stringent requirements 
of Hi-fi equipment manufacturers. 

Each kit is supplied complete with 
all semiconductors, resistors, 
capacitors, P.C. board and heat sink. 

12A £7. 0.0. 
25A £8, 5.0. 
40A £9. 0.0. 
70A £10.10.0. 
Any two will make an 
outstanding stereo equipment. 

Mainline Pro-4 mixer 
pre-atnp control unit £24.0.0. 

Mainline Pre-4 mixer pre-amp control 
unit 
The MAINLINE Pre-4 is a high quality control unit, which has been 
designed specifically for use where mixing facilities are essential, 
and features many facilities not normally found on control units of 
this type. 
The unit has four individual inputs each with its own gain control, 
plus separate bass, treble and master volume controls, for versatility 
in use. Inputs 3 and 4 are duplicated on the back panel so that if the 
unit is panel mounted the two auxiliary inputs (which are suitable 
for P-U, Tuners, Tape-recorders, etc.) may be connected from the 
rear. As the Pre-4 is self-powered it can be used with any other 
Power Amplifier, but has been designed basically as the control 
unit for our MAINLINE 70AB Amplifier Module. 
Specification 

• INPUTS VOL 1 a mV at BflK OHMS (roic). 
VOL. 2 8 mV at 50K OHMS (mie). 
VOL. 3 50 mV at 500K OHMS (aux), 
VOL. 4 50 mV at SOQK OHMS (sux). 

50 OHM and BOO OHM Mie inpuU ma* he entered at n.D.O. extra per Input. 
I of 2 meg OHM aux inputs map be ordered at 
no extra cost 
FREQUENCY RESPONSE 30-20.0011 HZ±3 db. 

SIGNAL/NOISE RATIO Better than - B5 db. 
HARMONIC DISTORTION Lepuban E% 
at 1 volt. 
BASS Continuously variable 20 db at 100 HZ, 
TREBLE CoBtinuoujly variable 30 dh at 10 KHZ, 
SIZE 121"*6*x4i*. CUT OUT REQUIRED Ili'xS". 
FUSE 89 ma internally meunled. 
Recommended Retail Price £24.0.0. 

fm stops you paying 

through the nose 

for your components 

You could be paying too much for your semiconductors and electronic 
components. One sure way of saving money is to buy RCA, i R. SGS, 
Emihus, Semitron, Keyswitch, Plessey, Morganita, Litesold devices 
(together with manufacturers' application data) direct from us. 

For example 
PLESSEY SL403A 
As described in Practical Electronics 

Integrated Circuit (Dual in Line Package) Audio Amplifier 
incorporating its own Pre-Amplifier. A Class A-B Power Amplifier 
stage capable of delivering up to 3-5 Watts RMS. The SL403A can be 
used to form the basis of a simple Audio Amplifier using a minimum of 
external components. Complete with Data Sheet. 44/—each. 

f To: MAINLINE ELECTRONICS LIMITED, 
J THAMES AVENUE, WINDSOR, BERKSHIRE. 
■ Pleasa send me Mainline Pfe-4 mixer pre-amps coniiol unit(s) □ 
S Please send me  Mainline 70AB power amp!itier(s) O 
® Plessesandmu,   Mainline 70ABD integrated pre-amp and 

power amplifiers) O 
| lam interested in Amp Mainline Audio Amplifier kits. 
■ Please send me     kilsQ Please send further data 
_ Please send me your price-list guide. I enclose 5/- □ 
■ Cash or cheques with orders please, 
I I would like further data on pre-amplif ier and power supply kits before i order, □ 
I | Name     ——   —     
I Address.          

^ A member ofthe ECS Group of Companies P.E,6/70 J| 
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MINIATURE 
WAFER SWITCHES 3 pole, 3 way- 4 pole, 3 way 5 pole, 3 way—4 pole, 3 way—3 pole, 4 way—3 pole, 4 way—2 pole 1 way—1 pole, 12 way. All at 8/# each. 26/- flozen, your aaaortment, 

WATZEPHOOF HKATWO ELEKKKT 
28 yard* length 70W. Hett-regutatlng temperature control. 10/- poet (tec. 

MICRO SWITCH 6 amp. changeover contaete, 1,0 each, 18/- dot- 16 amp. model 8/- eath or 81/- doi. 

TOGGLE SWITCH 
3 amp. 360V w itb fixing ring. 1/8 each. IS/- doe. 

CONSTRUCTORS PARCEL 1. Pleney miniature 2 gang tuning eondenaer with built-in trlmniera and wave gang owilcb. 2. Ferrlte alab aerial with colls to suit the above tuning condenser. 3. Circuit diagram giving all component values (or 6 traneiator circuit covering lull medium wave and the long wave band around radio 2. The three Itema lor only 7/8 which Is ball of the price ol the tuning condenser alone. 
10 AMP 24V BATTERY CHARGER Ideal unit for garage, boat station, etc.. 128.10.0 each plus carriage and cost, 
BEHIND THE EAR DEAF-AID Made by a very (amooa maker. Thorougbly overhauled, cleaned aiAf re-eondltioned. (luaranteed 6 montha. Regular price around *40. Our prke 810. 
ISOLATION TRANSFORMERS 200 250 MAINS A must If you work on mains equipment. Prevents accidents and shocks even In damp conditions. Input and output separately screened by con- nection block. 100 watt 18.10.0. 260 watt 88, 
SLOW MOTION DRIVES For coupling to tuning condensers, etc. One end |ln shaft, the other end fits to a 1 In shaft with grub screws. Price 4/8 each, 48/- dozen, 
LARGE PANEL MOUNTING 
MOVING COIL METERS Size 61n r 4in Centre zero 200-0-200 micro amp. made by Bangamo Weston. Regular price probably *0. Onr price 89,'8, Ditto but 100-0-100 79/8. 
A.C. AMMETER 0-6 amps. Hush mounting—moving Iron- Kx- equipment Hut guaranteed perfect B9/8. 
CIRCUIT BOARDS Heavy copper on 3/32 paxolln sheet Ideal lor making power packs, et:., as sheet Is very strong and thick enough to allow copper to be cut away with hacksaw blade. 61n • Sin 1/8 each. ISin v 4m 4/8 each. 
AkVA AUTO-TRANSFORMER 
In venlitaled sheet steel case-tapped IJ0V- 140 V-J 7CV-200V—230V- Ex-equlpment but guaranteed perfect (19.10.0 carriage at coal. 
PPJ BATTERY 
ELIMINATOR Run your small transistor radio from the mains—full wave circuit. Made up ready to wire Into your set and adjustable high or low current, 8/8 each. 

A PARCEL OF INTEGRATED CIRCUITS MADE BY 
THE FAMOUS PLES5EY COMPANY A once-in-tt-Iifelilne offer of Micro-electronic Ueviees well below cost of manu- facture. The parcel contains S ICs all new and perfect, first-grade device. definitely not sub-standard or seconds. The ICs are all single silicon chip Ueneral Purpoee Ampllfters, Regular price of which It well over gI each. Full circuit deluils til the ICs are Included and In addition you will receive a list of eU different ICs evuilalile at bargain price 6/- upwards with circuits and tech- nical data of each. Complete parcel only 81 post paid; or List and ail data 10 - post free. Credited when yon order ICs value of SO/- and upward. 

24 HOUR TIME SWITCH Mains operated. Adjustable Contacts give 3 on/ulfs Iier 24 hours. Contracts rated 16 amps, repealing mechanism so ideal for shop window control, or to switch hall tights (anti-burglar precaution) while you arc on holiday. Made by the famous fjmiths Company. This month only 89/8 with Ferspex cover, plus 3/6 postage and Insurance, a real snip which should not bo missed, 
DISTRIBUTION PANELS 
Just what you need for work bench or lab,  -4 / J3 amp sockets nod on/off switch with neon warning light in metnl box. Takes standard 13 amp fused plugs. Supplied complete with 7 feel of heavy cable. 39/8 wired up, ready to work plus 4/6 post and Insurance, 

THIS MONTH'S SNIP 
REPAIRABLE RADIOS 
7 transistor Key chain Radio In very pretlj ease, size 2| z 2} * IJIn—complete with sod leather zipped bag, Speciflcallon;— t Circuit: 7 transistor superheterodyne. | Frequency range: 630 to 1,600 Kc/s. Senaltivity: 6 mv/m. Intermediate frequency: 496KC/8. or 466Kc/s. Power output: 40mW. Antenna: (errite rod. Loudspeaker: Permanent magnet type. These radios require attention. Circuit diagram is not available. Price only 84,'8 plus 2/8 post and Insurance. Rechargeable batteries 8/8 pair. Plug in mains eharger 18/6. 

VARIAC CONTROLLERS With Ihesc vou can vary the voltage applied to your circuit from zero to lull mains without generating undue heat. One obvious application tbcrelore Is to dim ilghling. We offer a range of these, ex-equlpment but little used and In every way a® gO"d a* new. Any not so, will be exchanged or cash refunded. ...... .. ... . 2 amp 84.13.6. <i amp 89.10.0. S amp 818,10,8. 10 amp 816,16.8. .Vore.- St'"' «/ '/ie«< ar' panel momthng 'gpn 
STANDARD WAFER SWITCHES 

Standard size IJ wafer—silver-plated 6-amp contact, standard tin spindle 5ln long—with locking washer and nut. 

i 

] pole 2 poles 3 poles 4 poles 6 poles 6 poles 7 poles H poles 9 poles 10 poles 11 poles 12 poles 

2 way 3 way 4 way 4 way 6 way 8 way 10 way 12 w») 
6/8 9/6 9/9 8/8 6/6 6/8 8/9 6/8 
6/8 8/8 8/6 8/8 6/1 9:9 10/8 xo/e 
9/9 6 9 9/8 6/8 10/9 10/8 14/8 14/8 8/9 9.'9 9,9 10/8 10/6 10/6 18/6 18/8 
9/6 8/8 10/8 10/6 14/6 14/6 22/9 22/6 
9,9 10/9 10/8 10/8 14/9 14/8 26/8 28/9 

10/9 10,8 10/9 14/8 18/9 18/8 30/8 30/9 10/6 10,'8 10/8 14/6 . 18/8 18/6 84/9 84/8 10/8 10/8 14/8 14/8 28/8 22/8 SS.'B 88/8 
10 6 10 6 14.9 18/8 28/8 22/8 42/6 42/6 10.9 14,8 14,9 18,9 86/6 28/6 48/8 48/8 
10,'8 14/9 14/6 18/9 28/6 28/8 60/8 60/6 

NEED A SPECIAL SWITCH I 
Double Lenf Contect Very slight pressure closes both contacts, 1/8 each, 12/- dor. Plastic push-rod suitable for operating, 1/- each, 6/- doz. 
SO-Way Connector Block Heavy duty block, aize 24ln 2Siii I flu approximately. Each of the 40 ways has a mnlti cable* Inlet and outlet designed tor easy con- nection. Also, each Way has 2 test Bockels and a dlsconnccluig plug. Meal lor inserting ammeter or other device without breaking circuit, offered at 69/8 each, which is only a fraction nl the regular price, postage and insurance 6/6- Under-floor Heating Cable 
200ft lengths, suitable for rttasipallng 1,000 watts nt 80 volts. Join three in series to make a 240 volt mains operated element of 3kW. Price 80/- per length, 4/8 post on any quantity. 
J-Core Leads Heavy duty 23/36, average length 6fl 10/- per dozen lengths, plus 4/8 P. A I. Paptt Motors Eat. 1/401 h h.p. Wade for 110-126 volt working, but two of these work Ideally logclher off our standard 240 volt mains. A really bcautlfnl motor, extremely quiet running and reversible, 80/- each. Instrument Knobs 

Jin dia. head with Jin shank for flatted Jin spindle, M each, 8/- dozen. Ditto bat with metal disc, 1/- each, 11/- dozen, 
Midget Output Trans- 
former Ratio 140 :1. Size appro*, lin /■- jln X Jin, primary impedance 450!). Connection by flying leads, 4/6 each, 48/- doz. Midget Output Trans- 
former Ratio «0 : J. Size appro*. IJin liu :< tin. Prlmary impedance 1320. Printed circuit board connection. 6/9 each, 13 doz, 
4-Gang Air Spaced 
Tuning Condenser For AM/KM circuits. AM rf section 260 pf osc section 80 pf both with ttimmers.— FJt rf section 8'6 pf osc seclloB 11-2 pf—Integral slow-motjon drive. 9/6 each. 

Mains Connector A quick way to connect equipment to tbe mains safely and firmly—L,. jr. and E- coded to new- colour scheme; discon- nection by plugs prevents accidental switching on; has sockets which allow insertion of mcler without disconnection; cable Inlets firmly bold one hair wire on up to four 7.629 cables- 18/0 each.. DRILL 

ST®!®) 
em 

Q 5 

■ i s—r=»- REED SWITCHES 
Glass encased, twitches operated by external magnet—gold welded contacts. Wc can now offer 3 types: i Miniature. Jin long . approximately tin dia- meter. Will make and break up 10 JA up In !ll)0 volts. Price 8/8 each, 84/- dozen. t StaDdard. 2ln long ft in diameter. This will break conents of up to 1A. voltages up to 260 volts, Price 8/- each, 1$/- per dozen. Flat. Flat type, 2ln long. Just over ft In thfrk. flattened out, so that It can be fitted into a xmalter space or a larger quantity may be packed Into a square solenoid. Hating 1 amp 206 volts. Price 6/- each. 88 per dozen. Small ceramic magnets to operate these reel switches 1/9 each. 18;- dozen. 
O-OOSmFd TUNING 
CONDENSER Proved design, ideal for stridght reflex circuits 8/8 each. 24-'- dozen 
SUB-MINIATURE MOVING COIL 
MICROPHONE 
«* uted in behind the ear deaf atdt Acts also as earphone size only Jin / 'In / lln. Regular price probably £3 or more. Our price 19/6. Note these ate cx-equipment but If not in perfect working order they will be exchanged. 

THE 5-5 WATT STEREO AMPLIFIER Made by one of nur most lumous makers for a de-luxe player. This amplifier has a quality of reproduction much bctler than average. Using a total 16 transistors ami a generously sized mains power pack. Controls Include bass, treble, balance and volume, Suituble for k-lfi ohms impedance speakers with croaeovers for tweeter mld-iange And baas thus giving option of 1. 2 or 3 speskers per ehanntl. Offered «l atmul one third of Its original price only 89.18.9 plus fi/fi post and 

1 HOUR MINUTE TIMER Made by famous Smiths company, these have a large clear dial, aizc 4; 3ln. which can be set In minutes up l« I hour. After preset period the bell rings. Weal for processing, a memory Jogger or, by adding simple lever, would operate micro-switch. 82/8. 
A.C. CONDENSERS These make good voltage droppers (or working low voltiigc appliances from a.c. mains - the big advantage being I here is no heal. Also useful In power factor rorreclkm. motor starting and in d.v. circuits where reverse voltage Is encountered. 1*6 mid 4(M)V 8/0 3 ntfd 676V 8 9 2 iiifd 446V 4/6 »-24 rnfd 260V 8'6 3-4 mf-l 440V B/B «inld 2S0V 9. 6 3-5 mfd 250V 5 6 «ntfd 440V 11/6 
GRO-LUX LIGHTING special tubes give light rich In n.v. ami i.lhcr lays ncieseary lor plslits and fish kept Indoors away from natural sunlight, 12in fi watt lube 28/6—comrol kit coniprlaiog choke nml starter— tube ends and clips—starter holder ami diagnnn 18,'6- post ami Insurance 3'8 on cither or 4'fl on both IteniR. 

VARYLITE Will dim meandesceiit lighting up to 600 waits from full ItrJUiancc to out. Fittetl on U.K. flush plate, same size and fixing as standard wall switch so may be filled In place of this, or mount on surface. Price complete in heavy plastic box with control knob (3,19,9, 

'COKTROL 
DRILL 

SPEEDS. 

12 mill 240V u,6 16 rnfd 260V 18/6 26 mfd 274V 19 6 

CONTROLLER Electronically ehangee speed from approxi- mately 10 revs, to maximum. Full power at all speeds by finger- tip control- Kit includes all parts, case, everything and lull Inalrucliona. 19:6 plus E/6 post and Insurance Made up model also available, 87/8 plus 2/6 p. ® p- 
ELECTRIC CLOCK 
WITH 25 AMP 
SWITCH, Made by Kmllh'e, these units are its fitted to many top quality- cookers to control the oven. The clock Is mains driven and fre- quency controlled so It Is ex- tremely accurate. Tbe two small dials enable switch on and off t Imes to be accurately act. Weal for switching on tape recorders. Offered at only a fraction of the regular price—new and unused only 89/8. less than tbe value ol the clock alone - poet and insurance 2/9. 
MAINS TRANSISTOR POWER PACK Designed to operate transistor seta and amplifiers. Adjustable output 6V. 0V, 12 volte for up to .''(KiniA /class B working). Takes the place of any -.1 the following batteries: PP1, PP3, PP4, PP6, PI'7. FPU, and others. Kit comprises: mains transformer rectifier, smoothing and Toad resistor, condensers and SnsiTUctlone, Real snip at only 16/6, plus 3/6 postage. 

mm 

Where jiostage is not stated then orders 
over £4 ure post free. Below *S add 2/9. 
ffciuicomiuctors add 1/- post. Over *1 
post free. H.A.E. with enquiries please. 

ELECTRONICS (CROYDON) LTD 
Dept. PE, 265 London Road, Croydon CRO 2TH 

Alto 102/1 Tamworth Rood, Croydon 
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Model train, controllers of conventional design, 
using a rheostat, suffer poor performance under 

variable Toad conditions. Ideally, an electronic 
stabilised controller with overload protection must be 
used for best performance. 

The unit described in this article is simple to. operate, 
has smooth control of output, and also has some degree 
of overload protection. 

The circuit (Fig. I) follows the usual pattern for 
stabilised power supplies, but has a polarity reversing 
switch and thyristor overload cut-out circuit. 

STABILISER 
The mains transformer T1 must be anisolated double 

wouhd type for safety reasons. The secondary winding 
should supply 9V a.c. to the bridge rectifier Dl-4 to 
convert the a.c. to d.c. Smoothing is carried out by C1 
before passing to the regulation circuit. 

This section consists mainly of a voltage stabiliser 
TR1-2 and the overload detector TR3. Stabiliser 
transistors TRI and TR2 operate as a super-alpha or 
Darlington pair to reduce the output impedance of the 
circuit. The base current is supplied by the voltage 
divider chain Rl, VR1, and R2 and Is set by the control 
VR1. 

Since this current is to be varied to supply variable 
output voltage, a Zener diode should not be1 used. 
Instead a thyristor SCR1 is inserted to cut off the 
stabiliser transistors when the line is overloaded or 
accidentally short-circuited. 

OVERLOAD DETECTOR 
A heavy increase in current on the line causes the 

voltage across resistor R5 to increase to such an extent 
that TR3 will switch on. Collector current will then 
flow, part of which is picked off to trigger the thyristor. 

, In the prototype, the voltage across R5 was in excess 
of 0-6V for triggering. The resistance of R5 will be 
determined by the normal running load current, using 
Ohm's Law: — 0-6//l. This current can be 
measured by usihg the high range of a multimeter, under 
normal working conditions, in series with the output 
positive line (S3b wiper). 
. To keep thermal drift and leakage current to a 
minimum for reliable operation, TR3 should be a 
silicon transistor; a pnp type is used for convenience in 
this circuit. 

Visual warning of overload is given by the indicator 
lamp LP2 which should be rated at 12V or more. If a 
lower voltage bulb is used a series resistor must be 

SVJ -r?v 

TRI OC35 
470 Sla 

FSl 

M LP2 TR2 ACT 19 SK2 
FSL mi A 12 v OUTPUT TR3 

SW V 
Sib 

lent 240V IkU 
OAS 

SCRI 
>30 wo C RSI/05 /j i, .j 

3 n fi n Sib mtm 
F»g. t. Circuit diagram of the complete controller 



FIG. 2. CONSTRUCTIONAL DETAILS 

Mains input through 
back of &ox 

VRI 

LPi 

- 
m 

i 
% 

sink h«Qt 
D4 

-TR1 

fc!-™ 

SK2 

H mounted on^ 
thick aluminium 

Heat sink and Component 
Board both mounted 
on inside face of 
Box wait 

COMPONENTS ... 
Component Board mounted 
on 2 - 4 BA X V4 long Spacers 

Resistors 
Rl 470n 
R2 330a 
R3 ISkQ 
R4 See text 
RS Wlrewound (see text) 

Potentiometer 
VRI ik£i wirewound 

Capacitor 
C i SOO^F elect. 25V 

Transistors 
TRI OC35 
TR2 ACYI9 
TR3 OC20I 

Diodes and Thyristors 
Dl-4 IBV 2A (S.T.C type FSL I733A bridge 

selenium rectifier) 
D5 OA81 
SCR I CRS1/OS (S.T.C.) 

Transformer 
Ti Mains primary winding, 9V 3A secondary 

(S.T.C.) 

Lamps 
LP1. LP2 12V 0-75W l.e.s. (2 off) 

iZ 

, TRZ. > Tt 
o 

» I 

TRI 536 
sm. 

Switches 
51 Double poie, on/off, toggle 
52 Push to break, press button 
53 Double pole, changeover toggle 

Miscellaneous 
FSI Fuseholder and 2A fuse 
Component tag board 
Wood for case 
Aluminium or copper sheet -(ly in. or 18 s.w.g. for 

heat sink 
S.T.C. components avoilable from Electroniques (S.T.C.) Ltd. 
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STEPHENS ELECTRONICS 

VALVES 

AZ31 9/6 EF83 10/- PCC189 12/3 PY88 8/3 
DAF91 8/3 EF85 8/3 PCF80 10/3 PY500 20/- 
DAF96 8/3 EF86 13/3 PCF82 10/6 PZ30 16/- 
DF91 9/- EF89 81- PCF84 9/6 R19 13/- 
DF96 9/- EF91 8/6 PCF86 12/3 R20 15/- 
DK91 11/6 EF92 10/- PCF200/1 16/3 UABC80 10/6 
DK96 11/6 EF93 9/6 PCF801 12/3 UBF89 81- 
DL92 7/6 EF94 15/6 PCF802 • 12/3 UBC41 9/9 
DL94 7/6 EF95 12/6 PCF805 13/- UCC85 9/3 
DL96 9/3 EF183 11/3 PCF806 12/3 UCH42 13/9 
DY86/7 8/- EF184 11/3 PCF808 13/6 UCH81 • 10/9 
DY802 8/6 EH 90 10/3 PCH200 11/6 UCL8Z 10/3 
EABC80 10/6 EU34 9/9 PCL82 .10/3 UCL83 12/3 
EBC33 11/- EL41 10/- PCL83 12/3 UF41/2 11/- 
EBC41 9/6 EL81 9/6 PCL84 10/3 UF80/5 7/6 
EBC81 6/6 EL84 7/9 PCL85 10/6 UF89 8/3 
EBC90 9/6 EL95 91- PCL86 10/3 UL41 11/6 
EBF80 91- EM81 11/6 PD500 30/6 UL84 11/- 
EBF83 81- EM84/7 12/9 PFL200 14/9 UM80/4 91- 
EBF89 81- EY51 7/6 PL36 12/9 UY41 81- 
EB91 5/3 EY86/7 7/9 PL38 18/- UY85 6/9 
ECC81 81- EZ40/1 7/6 PL81 10/3 U25 15/- 
ECC82/3 8/6 EZ80 6/6 PL81A 12/6 U26 15/- 
ECC84/5 8/6 EZ81 5/9 ' PL82 7/3 U191 14/6 
ECC88 11/- GY501 14/6 PL83 10/3 um 8/3 
EB8CC 12/6 GZ30 9/6 PL84 . 8/3 U301 17/- 
ECF80/2 9/6 GZ32/4 11/9 PL500 16/6 W729 11/- 
ECF86 11/- GZ33/7 16/3 PL504 17/- Z75g 24/6 
ECH35 13/6 KT66 25/6 PL505 29/- 5Y3 8/6 
ECH42 13/3 KT88 32/6 PL508 20/- 5Z4 9/6 
ECH81 10/3 N37 15/5 PL509 30/9 6U4 15/- 
ECH83 8/- N339 25/6 PU02 17/3 6AT6 9/9 
ECH84 9/6 , PC86/8 10/3 PL805 17/3 6AU6 15/6 
ECLL800 20/- PC900 10/3 PY32 10/- 6AV6 6/6 
ECL80 81- PC9S 7/3 PY33 10/9 6BA6 9/6 
ECL82 9/9 PC97 8/3 PY81 8/3 6BE6 12/- 
ECL83 11/5 PCC84 - 9/3 PY800 8/3 6BR7 15/- 
ECL86 9/9 PCC85 8/6 PY801 B/3 6BR8 19/- 
EF39 10/6 PCC88 14/- PY82 11- 6BW6 16/6 
EF80 *1- PCC89 12/3 PY83 10/- 6BW7 13/9 

6CD6G 28/- 
6V6G 81- 
6X4 7/6 
6X5 9/6 
12AU6 15/- 
12BA6 9/6 
12BE6 12/-- 
12BH7 14/- 
35W4 9/6 ' 
50C5 12/6 
50CD6G 28/- 
6F23 15/6 
6F24/5 12/6 
6F26 8/3 
6F2B 11/6 
6/30L2 15/6 
10F1 15/- 
10F18 10/- 
10P13 16/- 
10P14 19/-/ 
20P4 20/- 
30C1 10/3 
30C15 13/9 
30C17 15/9 
30C18 13/8 
30F5 16/6 
30FL1 12/9 
30FL12 17/6 
30FL14 13/8 
30L1 9/3 
30L15 15/3 
30L17 14/8 
SOP 12 15/8 
30PL1 12/9 
30P4MR 20/-' 
30P19 12/9 
30PL13 18/6 
30PL14 18/8 
30PL15 18/6 

90% B.V.A. boxed supplied normal guarantee or our own brand with 1 year's guarantee. 
Add fid. per valve on orders under 6 otherwise free Post and Packing. 

ACOS CARTRIDGES 

BSR X3H. X3M). Z1/- Inc. P. Tax. 
GP93-1—Stereophonic Crystal, 24/9 Inc. P. Tax. 
GP94-1—Stereophonic Ceramic, 31/- Inc. P. Tax. 
GP9S-d—Stereophonic Crystal, 24/9 Inc. P. Tax. 
GP9fi-r1—Stereophonic Ceramic, 31/6 inc. P. Tax. 

CATHODE RAY TUBES 
Rebuilt—Twin Panel: 17in, £4.0.0; 19in, £4.10.0; 21in, 
£5.10.0; 23in, £6.0.0; 19in( £7,15.0; 23in, £10.19.6. 
Wew—Twin Panel: ITIn, £5.19.6; 19In, £6.19.6; 21 in. 
£7.19.6; 23(n, £9.10.0; 19in, £9.10.0; 23in1 £12.10.0. 
Panorama: 191nt £8.10.0; 23in1,£11.10,0. 

All types of tubes in stock. Carriage and insurance 15/-. 

STYLII 
TC8, GC2, GP59, GC8, DC284, Stereo 105,106. 208.2/- each 
(individually boxed): ST3/5. ST8/9, 9TA, 9TA/HC, GP91, 
8/-, Diamond. 

Post and Packing 5d. per item for order under 24. 

SEMICONDUCTORS 
Tax. BY127 2/6 > AC107 3/- AD149 7/6 
TC8M. AC127 2/6 AC128 2/6 OC4/5 2/6 

AF117 3/- BC107 5/6 OC71 2/6 
AF181 5/6 BC108 5/6 OC81 2/6 
BF181 5/6 BC109 5/6 OC81D 2/6 
BF20O 5/6 AC126 3/- 

OA79, OA81, OA91, OA95, OA200. OA202,1/6. 
Add 5d. per item for Post and Packing for orders under 

24 pieces. 

TAPES 
3in LP.. 5/6; 4in L.P.,8/6. 
Standard Play: 600ft, 5in, 8/6; 900ft. Sfin, 10/6; 1,200ft, 7in, 

12/6. 
Long Play: 90Oft, Sin. 11/-; 1,200ft. 5Jin, 13/-; 1,800ft. 7in, 

18/-. 
Double Play: 1.200ft, 5in, 16/-; 1,800ft. 5}ln, 19/-; 2.400ft, 

7in, 28/-, 
Philips type Cassetts (In plastic library pack): C60,10/6; 
C90,12/6; C120,19/6. 

Post and Packing 1/6 on all orders. 

STEPHENS ELECTRONICS 
P.O. Box 26 
Aylesbury, Bucks 

SEND S.A.E. FOR LIST 
TERMS: CASH WITH ORDER 
CHEQUES AND POSTAL ORDERS 
MADE PAYABLE TO STEPHENS 
ELECTRONICS 
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Complete stereo 

system - £29.10.0 

The new Duo general-purpose 2-wav speaker system is beauti- 
fully finished in polished teak veneer, with matching vynair 
grille. It is ideal for wall or shelf mounting either upright or 
horizontally. 
Typol SPECIFICATION!- 
Impedance 3,8 or 15 ohms (stale requirement), high flux 6'-a4 
speaker and 21' tweeter. Teak finish 12';- 61 5}". 4 guineas 
each. 7'6d. p. 4 p. Type 2 as type 1 Size 171* 101" 61*. 
Incorporating 101-61 speaker and 21' high frequency 
speaker. 3 ohms Impedance £6.8.0 plus 15 - p. 4 p 
Garrard Changers from C7.19,6d, p, &p. 7/6d 
Cover andTesk finish Plinth £4.15-0d. 7/6d p. a p. 

£9.10.0 
Integrated Transistor Stereo Amplifier , . pluj7/6d,p.&p. 

The Duetto is a good quality amplifier, attractively styled and 
finished. It gives superb reproduction previously associated with 
amplifiers costing far more. 
SPECIFICATION 
R M.S. power output: 3 watts per channel into 10 ohms speakers. 
INPUT SENSITIVITY: Suitable for medium or high, output crystal cartridges and tuners. Cross-talk better than 30dB at 1 Kefs. 
CONTROLS 4-pnsition selector switch (2 pos. mono and 2 pos. stereo) 
duel ganged volume conttol. 
TONE CONTROL Treble lift and'cut. Separate on-'oll vitch. A preset 
balance conttol. 

Die CL iaiiic 
Teak finished case 

£9 
Pius P. & P, 7/6 

SPECIFI C ATIO N : Sensitivities for 10 watt output at I KHi into 3 ohms. Tape Head: 3mV (at 31 i.p.s.) Mae. P.U.: 7 mV. Cer.P.U.t 80mV. Tuner: lOOmV. Aux, lOOmV. T»pe/Re«. Output. Equalisation for each input is correct to within +2dB (R.t.A.A.) from ZOHz to 20KHr. Tone Control Konge: Boss: l3dB at 6OH1. Treble; ±l4dB at ISKHz, Total Dis- tortion: (for 10 watt output) < t-S%. Signal Noise: < -—6040. A.C. Mains 200-250V. Size I21in long, 41in deep, lltn high. Built and tested. 
THE RELIANT Mk. If 

SOLID STATE 
GENERAL PURPOSE AMPLIFIER 

£6.16.0 Plus P,& P.7;6 
In teak finished ea» 

SPECIFICATION: Output; 10 watts into a 3 ohms speaker. Inputs: (I) for miko (iOmV). Input (2) for gram, radio (250mV) individual bass and treble control. Trontistors; 4 silicon and three germanium. Moins input: 220/250 volts. Sire; 101 x 41 x llin. Mk. I £5.15.0 plus 7/6 P. 4 P. Less teak finished case. 
THE ELEGANT SEVEN 
Mk. Ill (350mW Output) 
T-transistor fully tunable M.W.-L.W. Super- bet portable. Set of parts. Complete with all components, including ready etched and drilled printed circuit board—back printed for fool- proof construction. MAINS POWER PACK KIT: 9/6 extra. 
Price £5.5.0 
Circuit2/6. Free. 

Plus P. & P. 7/6. 
ith parts. 

THE DORSET (600mW Output) 
/•transistor fully tunable M.W.-L.W. Super- het portable with baby alarm facility. Set of parts. The latest modulated and pre-alignment tech- niques makes this simple to build. Sizes: 12 x 8 x Sin. MAINS POWER PACK KIT: 9/6 extra. o 

£5.5.0 Plus P. & P. 7;6- 
Ci rcui12/6. Free with parts. 

m 
m 

U ie i/iicount 
INTEGRATED HIGH 

FIDELITY TRANSISTOR 
STEREO AMPLIFER 

£14.5.0 
Plus P. & P. 7/6 SPECIFICATION: Output: 10 watts per channel into 3 to 4 ohms speakers (20 watts menoral). Input: 6-position rotary selector twitch (3 pos, mono and 3 pos. stereo), P.U,, Tuner, Tape and Tape ftec, out. Sensi- tivities: All inputs IDOmV into I-6M ohm. freauency Response; 40Hx-20KHz ±2dB. Tone Controls; Separate bass and treble controls, Treble OdB lift and cut [at ISKHz], Boss: ISdB lift and 25d0 cut [at 60Hz]. Volume Comro/s: Separate for each channel. A.C. Moint Input: 200-240V, SO-fiOHr. Sire: 121 x 6in x 21in ccak-finithed case. Built and tested. P. & P. 7/6. Viscount Mark li for use with magnetic pick ups specification as above. Fulty equalised for magnetic pick ups. Suitable for cartridges with minimum outputs of 4mV/cm/sec. at Ike. Input Impedance 47k. 15 gns. plus 7/6 P. 4 P. 

SPECIAL OFFER 
Complete stereo systems coraprising BALFOUR 4 speed auto player with stereo head. 2 DUO speaker systems size 12 x 61 x 51in. Plinth (less cover) and the DUETTO stereo amplifier. All above items 

£25 Plus P. & P. £2 
NEW COMPLETE HI-FI STEREO SYSTEM 

£41 
Comprising SP 25 Garrard Mk, II with diamond stereo cartridge or 2025 TC, Vis- 
countamplifler Mk. I. Two type 2 speakers. Plinth and eover. £41 plus P. S P. £2.10 

50 WATT AMPLIFIER A.C. Mains 200-250V 
An extremely reliable general purpose valve amplifier. Its rugged construction yet space age styling and design makes it by far the best value (or money. TECHNtCAL SPECIFICATIONS 3 electronically mixed channels, with 2 inputs per channel, enables the use of 6 separate instruments at the same time. The volume controls for each channel are located directly above the corres- ponding input sockets. SENSITIVIT- IES AND INPUT IMPEDANCES. Channel. I & 2 4mV at 470K. These 2 channels (4 input.) are suitable for microphone or guitars. Channels 3 & 4 300 mV at tm. Suitable for most 

w.    ■, organ etc.). Input sensitivity relative to lOw output. TONE CONTROLS ARE COMMON TO ALL INPUTS. Bass Boost +I2d6 at 60 Hz/s. Bass Cut — I3d8 at 60 Hi/s. Trablo Boost +1 IdB at 15 KH*/s, Treble Cut -IZdB at With bass and treble controls central —3dB points are 30Hz/sand 20 KHz/s. POWER OUTPUT, For speech and music 50 watts cms. 100 watts peak. For sustained music 45 watts rms. 90 watts peak. For sine wave 38'S watts rms. Nearly 80 watts peak. Total distortion at rated output 3-2% at I KHz/s. Total distortion at 20 watts 0-15% at IKHz/s. NEGATIVE FEED BACK 20dB at IKHz/s, SIGNAL TO NOISE RATIO 60dB. MAINS VOLTAGES. Adjustable from 200-2SOV. A.C- 50-60Hz/s. A protective fuse is located at the rear of unit, Output impedance 3, 8 and 15 ohms. 

'V (6.® a 

Price £28.10.0 
Plus 20,'- P. & P. 

high output instruments (gr 

RADIO & TV COMPONENTS (ACTON) LTD. 
Post orders to:—2ld High Street, Acton, London, W.3 

Also at 323 Edgware Road, London, W.2 
Goods not despatched outside U.K. Terms C.W.O. All Enquiries S.A.E. 

aw compo 

^   (P 

R TV 
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inserted to prevent the lamp from blowing. The 
current rating of the lamp should be as low as possible 
so as not to interfere with the stabiliser cut-off function. 

Once the overload is indicated, the offending load 
should be removed before resetting the circuit again for 
normal operation. Switch S2 is a push button "break" 
switch for resetting, and temporarily cuts the supply to 
TR3 and SCR1. 

POLARITY REVERSAL 
The output is taken from TR1 emitter (negative) and 

TR3 base (positive) to a double-pole changeover 
switch S3a and S3b. This provides simple polarity 
changeover facilities for train reversing. The switch 
and output terminals should be clearly labelled to show 
the polarity for forward and reverse, but it is not good 
practice to change direction at full speed. Speed 
reduction should be arranged first by careful use of 
control VR1. 

CONSTRUCTION 
Constructional details (Fig. 2) are given here for 

guidance but there is no reason why this cannot be 
altered to the constructor's choice. 

Since R5 is likely to be a very low value (about 
0-5 ohm), it is best to make this component from 
eureka or nickel chrome wire and trim the length of 
wire used according to the results of the voltage 
measurement described earlier. The thickness of the 
wire is determined by the absolute maximum load 
current likely to be encountered under normal con- 
ditions. Details of this and the length of wire required 
can be found in standard wire tables in many reference 
books. (As an approximate guide, 20in of 24 
s.w.g. Eureka wire will be one ohm); 15 yards of 
24 s.w.g, copper wire will about 1 ohm).) If the wire is 
insulated it can be wound on a plastics or cardboard 
former. 

Resistor R4 is selected to limit the current required 
to trigger the thyristor within the maker's recommenda- 
tions; this current should be at least 10mA. 

All components can be mounted on perforated 
s.r.b.p. or printed circuit board except TRI, which 
should be mounted on a heat sink. ^ 

Practical Electronics June 1970 
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P. E. MARKSMAN 
The Marksman is a completely 
safe photo electric rifle range or 
target system that can be used for 
target practice —with scoring^—or 
as an addition to children's games. 
Inexpensive, realistic, simple to 
build and use. 

★ ★★★★★★ 

UVAA-UUAA UNIT 

A novel effects unit for electronic 
guitars and organs. Provides both 
automatic and 'single-shot* fre- 
quency variation with any note 
played, producing a new dimension 
in sound colouration. 

'MAKING THE MOST 

OF LOGIC I.C's" 

PRACTICAL 

ELECTRONICS 

July Issue on sale June 15 

ORDER YOUR COPY NOW! 
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S.T.C. LTD. PART NINE LOCAL OSCILLATOR 

Having described the construction of the three 
modules that make up the Local Oscillator last 

month, we must now set them up before installing them 
in the chassis and completing the final wiring up. 

SETTING UP INSTRUCTIONS 
Equipment required 

(a) Counter having a range of 2MHz to 70MHz. 
(b) Power Supply to give 24 volts at 100mA. • 
(c) Valve voltmeter covering the range 2MHz to 

70MHz with a sensitivity of lOmV at not less than 
1 kilohm impedance. 

PROCEDURE 
Variable Oscillator Module 

Short PLl/e to PLI/f and apply a positive voltage of 
24 volts to PLl/f and the negative of the power supply 
to earth. Check all the potentials at the base, collector 
and emitter of the transistors to ensure that they 
correspond with those indicated in Table 9.1. If these 
voltages are correct adjust VC1 for maximum capacity 
(capacitor vanes fully meshed) and connect a counter to 
SKI. Adjust each coil in turn, starting with LI so that 
the output frequencies correspond with those indicated 
in Table 9.2. To do this the link between PLI/e and f 
must be removed and each pin shorted to PLI/f in 
turn. 

Crystal Oscillator Module 
Apply a positive voltage of 24V to the correct 

terminal and the negative of the power supply to the 
earth terminal. Check all the potentials at the base, 
collector and emitter of all the transistors to ensure that 
they correspond with those indicated in Table 9.1. If 
these voltages are correct replace the crystal with the 
capacitor resistor network shown in Fig. 4.4a, Con- 
nect the counter to the output socket, SK2 and adjust 
the frequency with L6 to read 34MHz as near as 

* Table 9.1. D.C. VOLTAGES 
Stage Base Collector Emitter 
TRI 3V 7-7V 2.3V 
TR2 5V 10.4 V 4.4V 
TR3 I-25 V 4.5V O-SV 
TR4 4-5V 7V 3.8V 
TR5 7V 9V 6-IV 
TR6 4-8V 15V 4.2V 
TR7 6.5V 15V S-SV 
TR8 41V 13V 3.4V 
TR9 13V S-SV o-sv 
TRIO 8.3V 16.5V . 7.5V 

possible. Reconnect the crystal, removing the resistor 
capacitor network, and check the output frequency. 
Adjust the capacitor VC2 until the output frequency is 
as near 34MHz as possible. Finally, the output voltage 
at SK2 should be checked with a valve voltmeter to 
ensure that the output is approximately 0*5 volts at 
34MHz when terminated in a 50 ohm load. 

Mixer Module and High Pass Filter 
Apply a positive voltage of 24 volts to the correct 

terminal and the negative of the power supply to the 
earth terminal. Check all the potentials at the base, 
collector and emitter of all the transistors to ensure that 
they correspond with those indicated in Table 9.1. If 
these are correct, inject a signal at 34MHz into C14 and 
adjust L7 and L8 for minimum signal at the output 
socket SK3 by connecting a valve voltmeter across the 
output. These adjustments should be carried out two 

O o 
w\ 
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BSR 4-SPEED SUPERSLIM 
MODEL UA2S RECORD CHANGER 
Pit7112*, 10' or 7' rsccrjt. 
Auto or Hbdeu], A high qniliJr unit backed by BSR 
relit biliiy w«h 12 montbi' go&rantM, Site 131 x 1111B. Above motor board 3 H Id. below 2lln. AO'ZOOiSSOv. Moiro ire iqiA stereo /a iOA PRICE ".I T.O pfijCE to. 17.0 6/6 BSR trA70 Steieo/MODO Tiunafption. / 17 I Q A Anto Changer. Calibrated Stylni Prejnre. *"• ' 
EBB Minichanger DA50 Steroo/Boao, Site 12 x 8}la. AO 20(1/260*. Pott S/O. £7.19.6 
0AEEABD PLATERS with Sonotone 9TA Carfridget. Stereo Diamond/Mono Sapphire. SPSS Mk H fH.lS.8. 
A TOO Hk D tI4.19.fl. Model 3000 tl2.19.fl. Pott 5/8. 
RECORD PLATER PORTABLE CABIRET 75/« Space for amptlfler and antoohanger. Poat 5/-. J/ ECS DE-LUZE 3 WATT AMPLIFIER. Ready made and tetted. A 2-stage nnll nticg trlode pentode valve, giving 3 watts output. Tone and volome controls. Isolated mains translonner. With knobs, londepeaker and valves ECLSB, EZSO. Frenaency teiponss 60-12,000 cpt. AO /A Sensitivitj 200inV. Pott 6/6. W7/W 
OARRABD TKAKWOOD BASE WB.l. Retdr 77/A cut ont lor mounting 1025,3000.8P25. ATflO. etc. ' » /0 

OAHHARD PLASTIC COVER SPC.l lot WB.l 
BASE^^urable^ate^aUracBvoapjetrance. 77/6 
SMI PICK-UP ABB, Complete with mono cartridge 29/8, 

EMI lUSIOR 4 SPEED RECORD PLATER Maint operated motor, turntable and pick up CO / A complete. Post8/fl. 37/O 
HI-FI PICK UP CABTEIDQES OP64 66/.; SPSS 45/-; OP91 80/-; QP67 19/0. ACOS L.P, only 10/8. AO itaadard 8ring complete with ttylui. 

CRYSTAL MIKE INSERTS If dla. 8/6. ACOS 11' dU, 12/8. BM3. 1' dla. 9/6 
PORTABLE AMPLIFIER 
Portable mini p.a.iytlem. Many ntes — Ideal lor Parties, or at a Baby Alarm, Intercom, Tele- phone or Record Player Amplifier, etc. Alhacttve rexine covered cabinet, ■lie IS x 8 x 41n.. with powerful7 x din. speaker and bar frsnslrtor one watt power wnplifler. Uset PP9 battery. Brand new (a Hakert' carton with toll tnaketl' goaraotee. World lambm make. 

(WAitA 
Mi 1 

0aiJ 75/- *B
0* 

WEYRAD P50—TRANSISTOR COILS RA2W Ferrlte Aerial .12/8 Oso. P50/1AC 6/4 I.F. P50/2CC 470 kc/e .. 6/7 Jtd LF. P60/3CC fl/- P51/1 or P61/2  6/7 

Spare Cores    fld. Driver Trent. IJFDT4 -. 6/0 Printed Circuit, PCA1 . - 8/8 J.8. Toning Oang ,,,. 10/8 Weyrad Booklet   2/- Pfil/S 0/-; Teleacoplc Aeriale Oin. to 23iD. 6/- Petttte Rod 8 x Jim 4/-. 8 x tin. S/- 
VOLUMECONTROLS 
Long spindles. Midget Sue 6 K, ohms Id 2 Meg. LOG or LIN. his 31- D.P. 61- STBREO L/8 11/-, D.P. 16/- Bdge 6K. B.P, Tranriltor, 61- 

SOohm Coax 8d. yd. 
BRIT IBS AERIAUTE 
A ER AXIAL. AIR SPACED 40 yd, 20/-; 60 yd. SO/-. 
FRINGE LOW LOSS 1 If. Ideal 926 liner '/0yd. 

WIEE-WOUND 3-WATT POTS. Small type with small knob. Values 100 to 30 K., C / Carbon SO K to 2 meg. ■'/ 
WIBE-WOUKD 3-WATT STANDARD SIZE POTS. LONG SPINDLE Q / 10 OHMS to 100 K. 0I 

ALL PURPOSE HEADPHONES H.B. HEADPHOHE3 2000 Ohme Super Sensitive.. LOW BE8ISTAKCE HEADPHONES 3-6 Ohma.... DB LUXE PADDED glEEEQ PHOHES 8 Ohms - - 
"THE INSTANT 
BULK TAPE 
ERASER AND 
RECORDINS 
HEAD 
DEMABNETISER 
200/250 ». A.C, LeaBei S.AJS. 
Minimum Post and Packing 2/6. 

★ ALL PURPOSE TRANSISTOR _1_ PEE AMPLIFIBE BRITISH MADE ^ 8-12*. and 200-300v. D.C, opertilon. Site ll'xlfxj*. Responte 25 c.p.t. to 25 Ke/t, 28 db gain. Tor ose with valve or trantllior eqnipmenL Poll initructiana. 17 / A aw r I Brand new. Qoaranteed. Details g.A.E. / mot-11 

ALL MODELS "BAKER SPEAKERS" IE STOCK 

NEW TUBULAR ELECTEOLTTICS CANTTPES 
18+18/6007 111- 50+50/350? 71- 80+100,'850? 11/8 32 +82/250? 3/fl 32 + 32/460? 8/6 82+82+82;350T. 8/6 
100 + 60 + 50/850v,8/8 

t'350V .. 2/8 100/26?.. 2/- 4/350V ..2/8 280/25?.. 2/8 8/450? .. 2/8 500/26? .. 4/- 18/450? .. 8/- 8 +8/460? 3/8 32/450? .. 4/- 8+18/460? *1- 25/25? ..SI- 18 + 18/450? 5/- 60/60? . SI- 32 + 32/3507,6,'- 
SUB-BDm. ELBOTEOLTTICS. 1,2.4, S, 8,18.26,80,60.100. 200raP 15? 2/-: 600, lOOCmF 12? 3/6; 2000inP 25? 7/-. CERAMIC, IpF to O.OlmF, Bd. Silver Mica 2 to BOOOpP, »d, PAPER 860V-01 9d. 0'8 2/8: ImF 3/-: 8inF 160? 8/-. SOOV-0-001 to 0-06 Bd; 0-1 1/-: 0-25 1/8; 0-47 5/-. X.OOO?-O OOL 0-0022,0 0047,0 01, 0-02.1/8; 0 047, O-l, 2/8. 
SILVER MICA. Clou tolerance 1%. 6-600pP 1/-; 680-2/S00pF SI-; 2,700-6,600pP 8/fl; 6,eOOpF-0-01. mid 6/.,-etch. 
TWIN OANQ, "tLO" 208pP+176pF. II/-! 805pF. mlnia- lore 11/-; SoOpP standard with trimmert, 18/-; 600pT midget leu trlmmen, 8/-; SOOpF tlow motion, standard 9/-; tmall 3-fane SOOpF 22/-. Single "O" 865pF 8/-. TWIN 11/-. 
SHORT WAVE. Single lOpP, 25pP, SOpP, 75pF. lOOpP, ISOpF. 200pF, 10/8 each. TUNIBO. Solid dielectric. lOOpP. SOOpF. 500pF, 7/- each. TRIMMERS. Compression 80, SO, 70pF, I/-; lOOpF, ISOpF, 1/0:850pF, 1/8; SOOpF. 780pF,2/-: lOOOpPA'S, 
EECTlFtBBS CONTACT COOLED Iwava 60mA 7/6; 85mA 8/0. SILICON BTZ18 8/-: BT100 10/-. Fnll wave Bridge 75mA 10/-: 160mA 19/6:1? recta. 10/-, 
NEON PANEL INDICATORS 2S0v. AC/DC Red, Amber 6/-. 
RESISTORS. Preferred vsluet, 10 ohmt to 10 meg, I w., j w., 1 w, 20% 3d.! 11 w. Sd.; 2 w. 1I-: i w. 10% Sd. 
EtOH STABILITY. 1 w. 1% 10 ohmt to 10 meg., SI- Ditto 8%, Fxelerred values 10 ohmt to 22 iBeg..9d. 
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt, 10ohms to 100K. SI- each; 24 watt. 1 ohm to 8-2 ohmt. 21- 
Q MAX CHASSIS CUTTER 

Complete: a die, a punch, an Allen ectew and key iin. 18/- tin. 17/8 Uin, 19/6 Ifln. 24/- 44/S (to. 18/. Iin. 19/6 Uin. 20/8 Uin. 29/- 2!to. 57/3 tin. 18/9 1A in. 16/8 Itto. 21/8 2to. 39/- llo. tfl. 36/8 
TRANSISTOR MAINS POWER PACKS. FULL WAVE 9 volt SOOmA. Site 4! x 2i x2ia. Metal case. 49/6 Crackle finstb. Ontpnt terminals. Oniofl switch. / Hail Wave 9 volt 50mA. Sisa 2i x lito. Snap terminals S2;6 

9 volt 500mA. TRANSFORMER ONLY. 2( xl} xljia, 10/6 

5/- each 
250-0-250 60 mA, 9.3 v. 2 amps, centre tapped 19/0 260-0-250 SO mA. 8.3 v. SB a. 6.3 v, 1 a. or 5 v. 2 a. 38/. 350-0-350 80 mA. 8.8 v. 3,8 a. 8,8 v.l a. or By. 2 a, 88'- 300-0-300 v. 120 mA., 6.3 v. 4 a. C.T.; fl,3 v. 2 a. 46/- MTNIATUEE 200 r. 20 mA., 9.3 v. 1 a. 2( x 2 ' Uta, 15/- SODQET 220 v. 46 xnA.. 6.3 v. 2 a. 2} :< 21 x 2in. .. 17/8 HEATER TRANS. 6.8 v. 1} a.. 10/6: .. 8.8 *. 4 a. 15/6 Ditto tapped aec. 1.4 v.. 2, 3.4.6, 6.8 v. 1( amp. ■. 16,'8 GENERAL PURPOSE LOW VOLTAGE. Outputs 3. 4. 8, 8, 8, 9.10,12.15,18, 24 and 30 v. at 2 a  88/- 1 amp,, 6, 8.10.12,16, 13, 20, 24. 30, 86, 40, 48, SO. 88'- AUTO TEAHSFOEMEES 9-115-230 ?. Inpnl/Outpul. 60w. 18/8; 160w. 88/-: 6O0w. 25: lOOOw. 212. CHARGER TRANSFORMERS. Input 200/250* for 6 or 12v., li amp., 24/-,- 4 amp.. 38/-. FULL WAVE BRIDGE CHARGER RECTIFIERS; 6 or 12v. ootpnts, li amp. 8/-; 2 amp. 11/-; 4 amp. 17/-. 

VER0B0ARD 0-15 MATRIX 21 x Bin. 8/8. 2t x Slin. 8/2. 2f xSfta. 8/8. 81 xSin. 6'«. EDGE CONNECTORS 18 way 6/-; 24 way 7/8. FINS 38 Per packet 8/4. FACE CUTTERS 7/6. i.RMJ?, Board 0-16 MATRIX 21 to. wide Bd, per lln„ Site, wide 8d. pet En.; Bin, wide 1/- per Iin, (up to 17ln.l. I.R.B.P. QBdriiltd /, in. Board 10 >r 8in. 3,'-.  
BLANK ALUMISIUK CHASSIS. 18 s.w.g. 2(to. sides. 7x4ta.. 6/-; llxSln., 7/S; 11 xTin. 9/fl: 1«xKo.. 10/8; 16xl4tn., 15/-; 9x7x2to.,8/6; lixllx2in., 14/6. 
ALUMINIUM PANELS 18 a.w.g. iBxlZfa. 6/9! 14 x Bin. 6/8; 12x810.4/8; 10x71n.3;6: 8x6in,2/8; ex4in,.X;6. 
11 Inch DIAMETER WAVE-CHANGE SWITCHES. 8 p. 2-way. or 2 p. 6-w»y, or S p. 4-wiy 4/8 each. 1 p. 12-wmy, or 4 p. 2-wsy. or 4 p. 3-way 4/6 each. 1 inch DIAMETER Wavechaago "MAKTTS" l 'p. 12-way, 2 p. B-way. 3 p. 4-way, 4 p. S-way, 8 p. 2-way. 1 wafer 12/-, 2 wafer 18/-. 3 wafer 24/-, 4 waler 30/-, 6 Wafer 86/-. 
TOGGLE SWITCHES, sp.2/8: sp. dl. 3/8; dp. 3/8; dp. it. 1/8 

E.M.I. 13^ x Bin. 
LOUDSPEAKERS 

35/- 39/5 79/5 

42/6 
Port 8/9 

MINI-MODULE 
LOUDSPEAKER KIT 
10 WATT 65/- CARRIAGE 5/- 

Trlple speaker intern combining on ready cut baffle, i In, chipboard 16 in. x 8] in. Separate Bass, Middle and Treble londspeakert and eronover eoodenset. The heavy duty 6 to. Bars Woofer unit has a low resonance cone. The Mid-Range unit it ipeclally designed to add drive to the middle regirter and the tweeter recreates the top end Ol the mnrtcsi speetmm. Total tesponae 20-16,000 cpi. Fnll instrsotlons for 3 0 r8 ohm. 
TEAK VENEERED BOOKSHELF ENCLOSURE. 
18 x 10 x 9 In. Modem Scaadlnariaii fC .. fluted front deslen tor Mtol-Modnk. wowo; 

BAKER 12in MAJOR £8 
30-14,500 e.p.f., IHn 
double cone, woofer and 
tweeter cone together 
with a BAKER cerunle magnet auembly having 
a flux density of 14,000 
gttus and a total flax ol 
146.000 Maiwellr. Bsu 
resonance 46 o.p.a. Bated 
20 watts. Voice coQs 
8 or 8 or IS ohms. 
Module Jdt, 80-17,600 e.p.s. 
with tweeter, crouorer, 
baffle and £|A IQ A Inrtractioaj. 

BAKER " GROUP SOUND " SPEAKERS—POST FREE 
'Group 25' 'Group 35' 'Group 50' 
25^,4 6gns. ^ Signs. A ISgns. 
TEAK HI-FI SPEAKER CABDTETS. Fluted wood [font. For 10 or 121 n round Londspeaker  29,0.0, For 18 x Sin or Sin round Loudspeaker  28.0.0. For 10 x Bin or fl(in round Loudspeaker 24.0.0. 
LOUDSPEAKER CABINET WADDINQ 181o wide. 2/6It 

Hotn Tweeters 2-lSkc/s. 10W 8 ohm 29/8. De Luxe Horn Tweetera 8-18 Kelt, X5W. 10 ohm 89/8. EMI Plastic Cone 2(fa 8 ohm 17/«: Ctoasovere 3 or 8 or 16 
SPECTAL OFFER! 80 ohm. 2ita,2}ln. dla.: 36 ohm. 3 to, 26 Ohm, 3to. dia.;9 <4to; BxSln; 8«6in.1|7/g EACH 18 ohm. 7x4io: 8x5in. 1 • fw* TYPE 8 ohm, 8ito, Sin. Sin. 6 x3to. 7x 41a. LOUDSPEAKERS P.M. 3 OHMS. 8Un 28/6; 8 x 6ta. 21/-; 8x84to 21/-: Bto 86/-: 10 x Ota 36/-. ^ . 6 In. WOOFER. 8 waifs ma*. 20-10.000 ops. 8 or ISohm, 39/8, ELA0 8 in. Do Luxe Ceramic 3 ohm or 15 ohm 60/-. Sin LOUD9FHAKER. TWIN CONE 15 Ohm 36/-. RICKARD ALLAH 10 or 12to Twin eoneS 0* 15 ohm 39/6. OUTPUT TRANS. EL84 etc. 5/-; KIKE TRANS. 50:15/-. SPEAKER COVERING MATERIALS. Samples Large S-A-g 

COAXIAL PLUG 1/3. PANEL SOCKETS 1/3. LXNB 8/8. OUTLET BOXES. SURFACE OR FLUSH 4/8. BALANCED TWXS FEEDERS II- yd. 80 ohma or 300 ohms. JACK SOCKET Bid. open-chrcuil 2/8, closed circuit 4/6; Chrome Lead Socket 7/6, Phono Pings 1/-, Phono Socket 1/-. JACK PLUGS Sid. Chrome 8/.; S-Smm Chrome 2/8. DIN SOCKETS ChtMia 3-pin 1/6; 6-pln S1-. DOT SOCKETS Lead S-pto 3/6: 6-pin SI-. DIN FLOGS S-pin S;9: 6-sin 5/-. . VALVE HOLDERS. Bd.; CERAMIC 1/-; CANS I'-. 

45/- 

With flared tweeter cone and ceramic magnet, 10 watts. Bass res. 46-80 cps. Flux 10,000 ranis. gpeeeh coll. 8 or 15 ohm.  
Also with twin tweeters. Complete with crossover. 8 or 8 or IS "TQ If. ohms. 10 watt, trjv 
Recommended Teak Cabinet fC Sixe 16 x 10 x 9in. 

THE FAMOUS "MULLARD 510" 
£16.19.6 Post 10/6 

/9 <9 9 9 
Slain power, ampllfler and 2 valve pre-amplifler. silver grey facia panel. Volume, treble, bass controls. Function switch: Radio, Tape 1. Tape 2, Mlc, Gram LP. Gram 78. Tape output socket. Valves: 2 x J5L84, 3 x EF88. I x BCC83, IxEZSL Ultra linear Pameko ontput translormer. 20 ih negatlTe feedback. 10 watts tnis. mono. 3 and 15 ohm output. Brand new. Guaranteed, 
ALL EAGLE PRODUCTS 

SUPPLIED AT LOWEST PRICES. ILLUSTRATED EAGLE CATALOGUE 8/-. Post liee. 
BARGAIN AM TUNER. Medium Wave. 79/6 Tranaittei Superhet, Perrite aerial. 9 volt. / 
BARBAtR DE LUXE TAPE SPLICER Cots, trims, loins lor editing and repairs. With 3 Wades. 
BARGAIN 4 CHANNEL TRANSISTOR MIXER. Add musical highlights and sound efleeta to reoordtagl. Will mis Hictophone, records, tape and tuner with 59/6 

22/6 

separate controls into single outpot. 6 volt. 
BARGAIN FM TUNER 88-108 Mc/s Si* Tianalitor. 9 volt. Printed Circuit. Calibrated slide dial tuning, fq I fj A Walnnf Cabinet. Sisa 7 x 5 x din. *■ '•1 

99/6 FM STEREO MULTIPLEX ADAPTOR 
BARGAIN 8 WATT AMPLIFIER. 4 Traniistos AO if. Pnrb-Pnll Ready built, with votome control. Sr. ^ " 

RADIO BOOKS ★ (Postage 9d.) 
Practical Ttanaistor Receivers     Practical Radio Inside Out      gnpersenritive Tranairtor Pocket Radio .............. Radio Valve On ids. Books 2. 3. or 4 ea. 5/- No. 5 T.T. Fault Finding 405/825 lines. ........ Shortwave Transistor Receivers.. ;  Ttanrtator Communication Seta  Bnb-Minlatote Ttansistoc Recelvera  Wlnlesa World Radio Valva Data    International Radio Stations Guide    Transistor Circuits lor Radio Controlled Models..... Valves, Transiftors and Diodes euuivalents Manual 

... 6/- ... 4/8 3/8 ea.B/- ... 8/8 .... 61- .... 61- .... SI- ...101- ... 2/8 .... 7/9 .. 10/8 
3 Inch MOVING COIU METERS BRITISH MADE Various caltlretlOBS/movemenls. 600 Mlcroamp; 37/6 

RETURN OF POST DESPATCH. HI-FI STOCKISTS. 
RADIO COMPONENT SPECIALISTS 337 

list II-. Written guarantee with every purchase. (Export: Remit cosh and extra postage.) 

Practical Electronics June 1970 

1 Mllliarop; 50-0-60 Mieroamp. etc. B.A.E. tor list. 
MAINS ELECTRIC MOTORS 
(120t, ot 240t, AO). Sise 2fx2l xl}in. Clockwise 1/2M s.p.m. oil load. Heavy duty 4 pole 60mA. Sptodle I x 3/20. BARGAIN 17/A EACH PRICE "/0 Pott2/0 S for 60/-; 0 lor 90/-. 

CUSTOMERS FREE CAR PARK. CALLERS WELCOME. 
WHITEHORSE ROAD, WEST CROYDON 

Open 7-d p.m. (Wadnaidaya »-l p.m., Saturday* 9-5 p.m.) 
Ruses 133,68 pass door. S.ft. Sm. Selharst. Tol. 01-884-1885 
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20 SOLID STATE 

PROJECTS FOR THE HOME 
by R.. M. Marston 

18/- Postage I /- 

► POWER ENGINEERING USING 
THVRISTORS VOL. I, by Mullard, 30/-. 

' Postage 1/-. 
► TRANSISTOR AUDIO AND RADIO 

CIRCUITS, by Mullard. 30/-. Postage I/-. 
► DIGITAL COMPUTER BASICS, fay 
^ Bureau of Naval Personnel. IP/-. Postage 

y PAL-D COLOUR RECEIVER 
OUESTIONS & ANSWERS, by K. J. ► Bohlman. 13/6. Postage 1/-. 

. PRACTICAL INTEGRATED 
CIRCUITS, by A. J. McEvoy and 

. McNamara. 18/-, Postage I/-. 
TRANSISTOR MANUAL, by General 

y Electric Company. 21/-. Postage 1/6- 
. RADIO COMMUNICATION HANO- 

- BOOK, by R.S.G.B. 63/-. Postage 4/6. 
y SOLID STATE HOBBY CIRCUITS 

MANUAL, by R.C.A. 17/6. Postage I/-. 
^ VHF-UHF MANUAL, by G. R. ]essop. 
, 21/-. Postage l;6. 

THE MODERN BOOK GO. 
BRITAIN'S LARGEST STOCKIST 

of British and American Technical Books 
19-21 PRAED STREET 

LONDON, W.2 
Phone; PADdingcon 4/55 
Closed Saturday I p.m. 

DIMMASWITCH 

e fO $ 

This is an attractive dimmer unit which 
fits in place of the normal wall light 
switch- The mounting plate is ivory to 
match modern fittings and the control 
knob is in bright chrome. An ON/OFF 
switch is incorporated to control up to 
500 watts at mains voltages from 
200-250 volts, 50 Hz. 
These are normally sold at £4 I?s. 6d.— 
our price is £3 S$. We also offer at 
£2 ISs. a complete kit of parts with 
simple instructions enabling you to 
build this dimmer yourself. 
The circuit uses the latest miniature 
RCA triac and new diac triggering 
device to give complete reliability. 
Radio interference suppression is 
included. 

DEXTER & COMPANY 
ULVER HOUSE. 10 KING STREET 

CHESTER CHI 2AH 
Chester 25883 

1,750 COMPONENTS 
FOR 65/- ?? 

YES, QUITE TRUE, 
READ ON 

BUMPER BARGAIN PARCEL 
We guarantee that thle parcel contains 
at least 1,750 components. Short-leaded 
on panels, including n minimum df 
350 transistors (mainly is'PX and PXP 
germanium, audio and switching types— 
data supplied). The rest of the parcel 
is made up with: Resistors 5% or better 
(including some 1%) mainly metal oxide, 
carbon mm, and composition types. 
Mainly { and J watt . . . diodes, 
miniature silicon types OAOO, OA91, 
OA95, IS130, etc.... capacitors Includ- 
ing tantalum, electrolytics, ceramics 
and polyesters .. . inductors, a selection 
of values , , . also the odd transformer, 
trimpot, etc., etc. . . . These are all 
miniature, up to date, professional, top 
quality components. Don't miss this, 
one of our best offers yet ! Price, 68/-. 
Post and packing 8/6—U.K. New 
Zealand 20/- post and packing. Limited 
stocks only. 
KEYTRONICS, P.E. 
52 Earls Court Rd.f London, W.8 
Tel. 01-478 8499 
MAIL ORDER ONLY. Retail and 
Trad* supplied. Export enquiriet 
particularly welcome, 
BY RETURN 
SERVICE 
S.A.E. FOR LIST 
OF OTHER GOODS 

the BIG one .. 

RADIO 

m r" 

} 
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The HOME RADIO CATALOGUE is the complete 
answer to the problem of tracking down com- 
ponents. This Catalogue, one of the largest ever 
compiled, is a must if you are interested in Radio 
and Electronics. With each catalogue is a Book 
Mark giving Electronic Abbreviations, an Order Form 
and Addressed Envelope. All for only 12/6 (8/6 plus 

h . w y Post» Packing and Insurance). In addition every 
■ I ■ | I I I I catalogue contains 6 vouchers, each worth 1/-when 

11 H 11111 used as in<1'cate<j 
H. .n. A 1 And for users of our catalogue. .. 

a CREDIT ACCOUNT SERVICE to 
simplify and speed up your orders 
You can now order components just by picking 
up atelephone anytime ofdayornight,Sundays 
included! No need to bother with postal orders, 
cheques, registering envelopes every time you order. 
Pre-paid envelopes and order forms are provided and 
only one payment is required each month. So 
simple—8,000 items as near to you as yoyr tele- 
phone. Write for details or 'phone 01-648 8422. 

Send the Coupon e— —— i—— —— 
cheque or Please write Nome ond-Address In block M 

P.O. for f2/6 I Name -      j 
( Address         I 

■ only to catalogues |  —...—     -  I 
P*?fZ?ib,i?n*merS I HOME RADIO (COMPONENTS) LTD. restdmg w the U.K. (tf

Dept* ^ :Z34-24<1 London Road, Hitcham CR4 3HDJ 
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1,500 
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Fig. 9.1. Local oscillator chassis details 
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Fig. 9.2. Front panel cutting and drilling details 
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COMPONENTS 

WPER Vfll 

CRYSTAL 
OSCiLLATOR 

MODULE 
p^/.'i— 

PL1/ TO SKi -  @ ®©®@®© <2) 
OSCILLATOR 

MtXER AND FILTER MODULE + E4V 

TO SK2 

o 
s SK3 

Fig. 9.3. Local oscillator inter-module wiring 

or three times as there will be some interaction between 
the two coils and each successive adjustment should 
improve the rejection. When this module is finally 
connected into the chassis assembly the following 
procedure should be carried out. 

Connect the inputs to SKI and SK2 and then reduce 
or increase C14 until the output signal, measured with a 
valve voltmeter across SK3, terminated in a 50 ohm. 
load, is IdB less than the maximum attainable. This is 
best carried out when the variable oscillator module is 
set to 30MHz. Leaving the valve voltmeter connected 
across SK3, swing the. variable oscillator over its full 
frequency range from 2MHz to 30MHz and ensure that 
the output voltage at SK3 is not less than 0;4 volts or 
more than 0-8 volts. If the level is too high introduce a 
resistor (R19) into the base circuit of TR7 until the signal 
level at 30MHz—2MHz on the dial—measured across 
the output socket SK3 is O'S volts. If the level of the 
signal across SK3 at 64MHz—30MHz on the dial—is 
less than 0;4 volts, introduce C32 and adjust the value 
until the output at 64MHz is 0-4 volts. Recheck the 
output at 36MHz to ensure that this has not increased 
to more than 0-8 volts. 

LOCAL OSCILLATOR 
VR! 100£^ wirewound potentiometer 
SI 5 way single pole wafer switch 
Eddystone dial assembly No. 898 
Insulated flexible spindle connector 
(mhoff cabinet and chassis type I690C and BC5II 
Knobs to match receiver unit (2 off) 
Coaxial plugs (3 off) 
Coaxial lead 

CHASSIS ASSEMBLY 
Details for the cutting and drilling of the chassis unit 

and front panel are shown in Figs. 9.1 and 9.2. The 
modules are arranged and wired up as shown in 
Fig. 9.3. 

The wiring to the range switch should be kept clear of 
the chassis and stiff wire should be used to ensure that 
these wires remain in position. The mixer module, on 
the underside of the chassis, is also mounted about half 
an inch away from the chassis, to avoid the introduction 
of stray capacity due to the proximity of the chassis 
acting as an earth return. As previously indicated, if it 
is found to be advantageous to use the 24 volt supply 
from the main receiver, it will be necessary to fit a two 
pin plug and socket arrangement to the receiver and the 
oscillator unit. This had not been included in. the 
diagrams as some constructors may wish to use the local 
oscillator unit as a signal generator or, if they have an 
oscillator of the required frequency range, use that as the 
signal source for the main receiver. 

MAIN. CHASSIS SETTING UP 
Having mounted all the modules and components, the 

pointer on the dial should beset to the extreme left. The 
vanes of the capacitor VC1 should be fully meshed and 
the flexible link connecting the dial assembly to the 
spindle of VC1 should be locked. It may be desirable 
to put a counter on the output of the variable oscillator 
module during this adjustment to ensure that when 
VC1 is fully meshed the frequencies on each range, with 
the dial pointer at zero, correspond to those indicated in 
Table 9.2. It must be remembered that the frequencies 
coming out of the output socket on the main chassis are 
34MHz higher than those coming out of the variable 
oscillator module or indicated on the dial, in other 
words the frequency is offset by the value of the first 
i.f. 
Next month; a.g.c. unit and dial calibration 

Table 9.2. FREQUENCIES 
CORRESPONDING TO MAXIMUM 

VALUE OF VCI 
Range Frequency 

2MHz 
3-2MHz 
S-OMHz 
8-5MHz 
16MHz 
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Never Built a Kit Before? 

Why not prove how easy it is the HEATHKIT way 

Build one of these beginner kits. 

'»■ » 

Stereo Record Player 
Exciting Sound — Budget Price 
Kit: K/SRP-I - - £27.6.0 

Carr. 11/- 

o & (9 <y .-<* O 

Economy SW Receiver 
World-wide Reception 

I to 30 MHz plus 550-1620 KHz 
Kit: K/GR-64 - - £24.16.0 

Carr. 9/- 

Automobile 
Tune-up s 

Meter 

For D.I.Y. Car Mechanics 
Kit: K/ID-29 - - £17.8.0 

Carr. 5/- 

Deluxe Car Radio 
Heathklt Value—Powerful Output 
Kit: K/CR-1 (Sp^ 

Carr. 5/- 
Speakers) 

• SEVERN ' AM/FM Radio 
Beautiful Looks — Luxury Sound 

il 

t 

Kit; K/SEVERN - £18.18.0 
Carr. 5/- 

Portable * WM' 
For Hobbyists — Householders 

<• 

Kit: K/IH-17 - 
Carr. 6/- 

£14.8.0 

108-136 
MHz 

Portable 

Aircraft Monitor 
Receiver 
Kit: K/GR-98 - - £27.12.0 

Carr. 5 - 

Technician's 

Versatile 

* VVM * 
7AC, 7DC. 
7 ohm ranges 

Kit: K/IM-I8U - £16.14.0 
Carr. 5 - 

a 

* Ambassador' 
Speaker_ 

Luxury 
Looks 
Hi-Fi 
Sound 

Kit: K/(AMB) - - £29.16.0 
Carr. 15/" 

Many more kits to choose from in the 1970 Catalogue 
Please rush me a copy of your Free Catalogue 

A. Schlumberger Company 
DAYSTROM LTD. 
GLOUCESTER GL2 6EE 

NAME  

ADDRESS. POST CODE. 
23/6 
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AC 107 14/6 AC (26 51- AC127 5/6 ACI27Z 9/6 AC 126 AC 176 AC 107 Actae ACYI7 ACYIS ACYI9 ACY20 ACY2I ACY22 ACY-tO ACY4I ACY+4 ADI40 AD 149 11/6 ADI6I 61- ADI62 61- ADTI-W 12/6 AFI02 12/6 

.It 12/- 61- 3/6 4/S 3/7 4/- 
V- 4/4 0/- 
•/- 

AF106 AFi 14 AFII5 AFI !6 AF117 AFI 18 AFI21 AFI24 AF126 AFI27 AFI 39 AFI78 AFI 79 AFI 80 AFI6I 

7/6 5/- 5/- 5/- 5/- 12/6 61- 4/6 3/6 
3/6 7/6 9/6 11/6 12/6 a/6 

«/- 10/- S/- 61- Sl- 61- 7/6 

AFIB6W 91- AFIBfiG 91- AF239 7/6 AFYI9 22/6 AF2II AFZI2 ASY26 ASY27 ASY20 ASY29 ASZ2I AUYIQ 30/- ATZIO 40/- 62 M 83 M BCI07 acioe 8CI09 6CI13 BC! 15 BCI16 BCI 10 BCI 25 BCI26 BCI 34 BCI 35 BCI 36 BCI 37 BCI 39 BCI 40 BCI 47 BCI 48 BCI 49 BCI54 BCI 67 BCI 68 BCI 69 

BDI24 BFl IS BFI52 BFl 54 BFl 59 BFI63 BFl 67 BFl 73 BFl 78 BFI79 BFl 80 BFl 81 BF184 BFI85 BFl 94 6F200 BFXI3 BFX29 BFX44 BFXB4 BFX8S BFXBS BFXBfl BFY50 BFY5I BFYS2 BFYS3 BFW57 BFW58 BFW59 BFW60 BSXI9 BSX20 BSX2I B5X76 BSX77 BSX78 BSY27 BSY29 BSY32 eSY36 BSY37 BSY3a 

12/- S/- 13/6 91- 15/- 91- 
I'r- 10/6 12/6 61- 6/6 71- 8/- 3/6 10/6 51- 61- 61- 716 91- 6/6 51- 4/6 3/9 4/6 3/2 61- 5/6 
5/.- 4/6 3/6 3/4 7/6 4/- 61- 6/6 61- 51- 51- 5!- 
51- 4/- 

12/6 15/- 2/9 2/9 219 51- 616 61- 51- Ul- II/- 51- 61- 
61- B/6 12/- 13/3 2/9 3/3 3/- 12/- 3/6 3/9 3/9 

BSY95A 3/6 BSW4I 8/6 BSW70 5/6 BTX39/600 120/- BTX40/6OO 120/- BTY87/I50R 31/- a06FI Cl I I CIIIE C400. C426 C444 DI3TI 

91- \ai- 12/- 91- 8/3 9/8 10/- 

BCie21. 3/~ BC(e3L 2/6 BC1B4L BC2I2L BCYIO BCY30 BCY3I 8CY32 8CY33 BCY34 BCY38 BCY40 10/- BCY42 41- BCY43 8CYS4 BCY70 BCY7I BCY72 BCYa7 86/9 BCZII 7/6 BD) 19 BDI2I 

GET 102 61- GETII3 4/- GETII4 41- GETI20 6/6 GET80O 91- GETe87 4/- G 6180 9 6/- GET890 6'6 GET896 4/6 GET897 4/6 GET893 6/- GEX 45/1 31- MATIOO 5/- H ATI 01 5/6 MAT 120 5/- H AT 121 5/6 MJ400 21/6 

NKTI4I 7/- NKTt42 6/~ MKT 143 5/6 NK;TI44 8/- 
NKTt6l 61- NKTI62 «/- NKT163 , 5/6 MKT 164 '5/6 
NKTI65 61- NKT2II 61- NKT2t2 61- NKT2I3 41- NKT2I4 41- 
NKT215 41- 
NKT2I6 10/- NKT2I7 13/- NKT210 5/3 NKT2I9 6/- NKT22I 5/6 NKT222 41- NKT223 3/6 NKT224 416 NK.T22S 3/6 NKT226 10/- 
NKT227 5/6 NKT228 61- NXT26I 4/3 NKT262 4/3 NKT264 4/3 NKT27I 41- NKT272 4/- NKT273 41- NKT274 41- NKT275 51- NKT276 3/6 
NKT279A 2/6 NKT2BI 51- NKT30I 16/- NKT302 II/- NKT303 10/- NKT304 9/6 NKT35I B/- NKT3S2 7/6 NKT40I 17/6 NKT402 24/- NKT403 15/- NKT404 12/6 MKT405 15/- NKT406 15/- 
NKT4SI 12/6 NKT4S2 12/6 NKT453 10/- NKT6I3F 5/- N<T674F NKT67S 5/- NKT676 51- NKT677F 51- NKT703 61- NKT7I3 "7/6 NKT773 Sl- NKT10339 6/6 NKTI04I9 61- NKTI0429 II/- NKTtOS 19 6/6 NKTI6229 II/- NKT20329 

I- 

OC84 OC123 OCt 39 OCI40 OC(70 OCI7I ocaoo OC20I OC202 OC203 OC204 OC205 OC206 OC207 OC309 12/- OCP7I 19/6 ORP12 9/6 ORP60 61- ORP61 61- ORP63 91- P346A 5/- RAS3I0AF 61- RAS508AF 15/- 

51- 71- 51- 71- 51- 61- 613 916 161- 716 61- 91- 10/6 7/6 

21*1386 12/- 2N385A/ 2N388A 15/- 2N404 4/6 2N4I0 61- 2N458A 151- 2N51 IA 49/6 2NSI3A 122/6 2N599 10/- 2N60I 25/- 2N657 20/- 2N696 41- 2N697 41- 2N69B 61- 2N706 2/6 2N706A 2/6 2N7O0 41- 2N7I1 7/6 2N7I1A 7/6 2N7I5 7/6 

5/6 4/6 
3/- 3/3 V- 

31- 

It 

SIM S4M ST 140 ST 141 ST2 TI407 

2N7I6 2Nr43 2N744 2N7S3 2N9I4 2N9IB 2N929 2N930 

T1P3IA 19/6 TIP32A 12/6 T1S34 

19/- 33/6 31- 51- -  9/9 2NI090 6/6 9/8 2NI09I 6/6 " 2NII31 6/6 2N1132 61- 

716 4/6 61- 5/6 4/6 7/6 5/6 7/6 

TIS44 TIS4S TIS46 TIS47 71548 TIS49 TISSO TIS5I T1S52 TIS53 TiS60 T1S6I 

17/6 
1/9 "3/3 3/3 3/3 313 3/6 5/6 61- 61- 6/6 6/6 
71- TSW30C 18/- 

U23AAA 51- 
V20S 20/- V405A 9/3 XAI02 61- XA702 -15/- ZH12V7 3/6 ZT22 19/- ZT86 27/6 ZT2270 19/6 40250 12/6 

31- 319 10/- 51- 5/6 10/- 61- St- 61- 

61- 716 4/6 8/- 61- 

22/6 21/6 20/6 19/6 20/6 27/- 22/6 29/6 8/6 

5/-   18/- BDI23 21/6 

MJ420 MJ42I MJ430 MJ440 1-1/480 MJ4B1 MJ490 MJ49I MPF102 MPFI03 7/6 MPFI04 7/6 MPFI05 8/- MPS3638 6/6 NKT0013 9/6 NKTI2I II/- NKTI22 8/- NKTI23 61- N XT 125 5/6 MKT 127 5/6 NKTlia 5/6 N XT 129 61- NKTI2 IS2 5 5 

OC20 OC22 OC23 OC24 OC25 OC26 OC28 OC3S OC36 OC4I OC42 OC43 OC44 OC4S OC70 OC71 OC72 0C7S OC76 OC77 ocai OC8ID OC62 oceiD OC83 

19/6 8/- 8/- 61- 7/6 6/6 .12/- 91- 12/6 4/6 4/6 4/6 31- 31- 2/6 31- 4/6 4/6 2/6 5/6 4/6 3/- S,V 31- 4/6 

40309 40310 4031 I 40312 40314 40315 40316 40317 40319 40320 40323 40324 40326 40329 40344 40347 40348 40360 40361 40362 4O370 40406 40408 40467 

9/6 13/- 10/6 13/6 10/6 10/6 
Wr. 15/- 10/6 ID/6 11/6 10/6 7/6 8/- 9/6 14/5 11/6 12/- 14/- B/6 16/- '4/- 16/6 40468A 16/6 

40602 9/9 2G30I 3/6 2G302 31- 2G30$ 8/6 2G339A S/- 2G37I 31- 2G37IB 31- 2G374 2G378 2G38I 2NI09 2NI74 N22I7 7N370 7N384 

51- 71- 51- 11/- 16/- 7/6 15/- 17/- 

2N (302 4/- 2NI303 4/- 2NI304 5/- 2NI305 51- 2NI306 51- 2NI307 51- 2NI308 71- 2NI309 71- 2NI496 34/- 2NI507 616 2N16I3 5/6 2NI671A 29/6 2NI7II 6/6 2NI893 10/- 2N2I47 17/- 2N21S2 17/6 2N2l4e 12/6 2N2160 14/9 2 N 2243 161- 2N2368 51- 2N2369 51- 2N2369A 5/6 2N2432 57/- aN24e4 61- 2N26I3 7/6 2N2614 4/- 2N2545 10/- 2N27) I 61- 
1N27I2 61- 2N27I3 5/6 2N2904 8/6 2N2904A 8/- 2N2905 10/- 2N2905A 61- 2N2923 41- 2N2924 41- 2N2925 3/6 2N2926 Green 21- 2N2926 Yellow V- 2N2926 Orange 21- 2N2926 Brown II- 2N301I 12/6 2 N 3036 39/- 2 N 3053 51- 2N3054 12/6 2N3055 15/- 2N3133 61- 2N313S 61- 2N3I36 61- 2N3235 28/6 2N3234 27/6 
2N339IA 61- 2N3392 5/- 2N3393 51- 2N3394 4/9 2N3402 5/6 2N3403 5/6 2N3404 7/6 2N34I4 5/6 2N341S 6/- 

2N3416 7/6 2N3436 15/- 2N3S25 21/9 2 N 3528 19/- 2N3606 2N 3607 2N3702 2N3703 2 N 3704 2N370S 2N3705 2/9 2N3707 31- 2 N 37 08 21- 2N3709 2N37I0 2N37II 2N3er9 2N3820 IB/9 2 N 3626 61- 2N38S4 5/6 2N3854A 5/6 2N38S5 5/6 2N38SSA 61- 2 N 3856 61- 2 N 3856A 61- 2 N 3858 51- 2N36S8A 61- 2N3859 5/6 2N3859A 6/3 2 N 3860 61- 2H3B66 25/- 2N3e77 91- 2N3877A 9/6 2 N 3900 10/6 2N3900A 11/6 2 N 3903 71- 2N3904 71- 2 N 3905 7/6 2 N 3906 7/6 2N4037 15/- 2N40S8 4/6 2 N 4059 51- 2N 4060 51- 2N 4061 2 N 4062 2N4284 2N428S 2N4266 2N4287 2N4288 2N4269 2N4290 2N4291 .. 2 N 4292 31- 2 N 4871 6/9 2N5027 10/6 2NS02e 11/6 2NS029 9/6 2N5030 8/6 2NS172 3/- 2NSI74 10/6 2NS17S 10/6 2NSI75 91- 2NS232 5/6 2N5249 13/6 2N5249A 13/6 2N530S 7/6 2N5306 61- 2N5309 12/6 2N5354 5/6 2NS35S 5/6 2N53S6 10/6 3N84 26/- 3NI28 3NI40 3NI41 3NI42 3N143 3NIS2 25001 25002 25003 1S004 
25005 25006 2S0I2 

2S306 25320 25321 2S323 25701 2S703 2S720 2S732 

15/- 9/- 61- 10/- 8/6 12/6 25/- 8/6 2S1002 10/- 

61- 
V- 31- 31- 31- 31- 

i: 

IB/6 19/6 21/6 16/6 19/6 241- 10/- 12/6 12/6 15/- 15/- 15/-  _ 251- 2S012A 22/6 2S0I7 15/- 

RECTIFIERS AAII9 21- AAYI1 21- AAZI2 61- AAZI3 2/6 BAIOO 61- BAI 10 61- BAIII 61- BAI 12 18/- BAI 15 1/6 BAI30 31- BAY3I 2/6 BAY38 31- BY 100 51- BY 125 316 BY 127 61- BY234 213 BYXIO 31- BYX36/ 150 2/6 BYX36/ 300 2/10 BYX36/ 3/9 600 BYY21 251- BYY23 26/3 BYY25 31/9 BYYI42 3/9 BYZI0 91- BYZI2 61- BYZI3 51- CG6E 61- CG63 21- CG64 2/6 CG6I 2/6 CG62 2/6 EA403 3/6 EC 401 51- EC402 4/8 HB3B3 3/6 GEX4S/I 61- GJ3M ■61- OAS 316 
OA 10 61- OA47 1/6 OA70 1/6 OA73 1/6 OA79 1/6 OA8I 1/6 OA8S 1/6 OA90 1/6 OA9I 1/6 OA9S 1/6 OA200 21- OA202 21- SD19 7d TD716 12/- IN34A 61- IN60 61- IN64 61- IN82A 9/6 IN87A 6/6 1N191 5/- IN9I4 1/9 lN400r 2/- IN4005 4/- IN4007 5/- IN4148 1/9 15113 4/6 1544 1/9 IS 130 2/- 15131 2/6 ISI32 3/- 

2SOIB 2S0I9 2S024 25104 25301 25 302 25303 25304 

17/6 19/6 251- 12/6 8/6 7/6 10/- 12/6 

UKT-fipUL 
INTO TVS 
v 70'Swit 
\LST. > 

Prices quoted are current »t lime of going to press and may be subject to variation without notice. Semiconductors offered in this advertisement bear1 the relevant manufacturers' original markings and are subject to our full replacement guarantee if not to published specifi- cations. We do not offer "re-marked" makers' rejects or similar out of specification devices. Please enclose a stamped self-addressed envelope with any query. _ , Quantity prices on application: many more types in stock and expected daily. If you buy in bulk we can save you money 1 Export enquiries particularly welcome, table address: Lestroco Breotwood. Terms of Business: Retail orders—cash with order please; Trade—please furnish references if credit account required. Postage; I/-per order inland; 4/-Europe; 12/-Commonwealth. 
ADDRESS YOUR ORDERS TO: 
US-T. LTD., 7 COPTFOLD ROAD, BRENTWOOD, ESSEX 

LOWEST I.C. PRICES YET! O 
1C10 S9/6 Sinclair IC amp. 
PA230 20/- IC Preamplifier 
PA234 20/- 1 watt audio amp. 
PA237 32/6 2 watt audio amp. 
PA246 52/6 5 watt audio amp. 
PA424 631- Zero voltage switch 
SL403A 49/6 3 watt Plessey amp. 
SL702C 29/6 Plessey linear amplifier 
TAA263 IS/- Multard linear amp. 
TAD 100 45/- IC receiver 
TAA293 20/- Multard gen. purp. amp. 
TAA3I0 30/- Record/Playback preamp. 
TAA320 13/- HOS LF amplifier 
3N84 26/- Silicon controlled switch 
Data sheets available on request—I/- per copy. 
PLEASE NOTE: grated circuits, f Only new—full specification inte- o below-specification types. 
FAIRCHILO MICRO-LOGIC 

1-6 7-11 12 + 
ul 900 9/9 91- «/- 
uf 914 9/9 ■ 9/- 51- 
ul 923 12/6 11/9 1(7- 
Pri ees for 100+ and 1000 + on application 

5 page data and circuits article—2/6 Plastic spreaders—1/6 each r i' L 

ULTRASONIC TRANSDUCERS 
;e « -^Oke/s. Oa be used for remote control syttem* without cablet or electronic links. Typo 1404 crms-ducers can uaoimic »nd 

FREEj'With each pair our complete tranamlcier and receiver circuit. PRICE £5.18.0 Pair (Sold only in pain) 

ZENER 
DIODES 

400mW 10% GLASS CASE. TEXAS Mfr. 
IS2036 3 6 volt 152039 3-9 volt IS2043 4-3 volt 152047 4-7 volt IS20S6 5*6 volt 1S2062 6-2 volt 152068 6-8 volt 152075 7-5 volt IS2002 8-2 volt 152100 10 volt 152110 11 volt 152120 12 volt 152160 16 volt 152180 IB volt 152270 27 volt 152300 30 volt 
PRICES': 1-24 1/6 25-99 1/9 100+ 2/3 

BY (27 4/- 
Milliard Plastic HV rectifier 800 piv. I amp, (similar BY 1.00, etc.) 

25 + 3/2 100-!- 3,'- 

56 CAY 29/6 
Gallium arseoide emitter 

MGA 100 35/- 
Gallium arfcnide emitter 

28/6 
Infra-red detector diode 

3IF2 

2N38I9 8/- 
Texas FET 

25 6/9 (00 + 5/9 

2N487I 6/9 
Motorola unuunction 25 + 5.9 100+ 4/9 

2N3055 15/- 
IIS watt silicon power transistor * 25 + 13/- 100 + 11/- 

BCI 07/8/9 2/9 
NPN Planar transistors BCI07 & 9 ■ 25 + 2/5 100 +2/2 BCI08 25 + 2/3 100 +2/- 

2N2926 2/- 
NPN Planar transistors 
25 !• 1/8 100+ 1/6 

ADI6I/2 10/. 
Siemens/Telefunken NPN/PNP output pair 25 + 9/- 100 + 61- 

OCP 71 19/6 
Multard _ 

phototransistor 
2S + 17/3 100 + 14/9 
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A SOECnON FROM OUR POSIRAG 

Correspondents wishing to have 2 reply must enclose a stamped addressed envelope. We 
regret we are unable to guarantee a reply on matters not relating to articles published 10 
the magazine. Technical queries cannot be dealt with on the telephone. 

There will then be management 
papers coupled with ability to show 
professional levels of responsibility 
for Corporate Membership, by which 
time he has demonstrated quite 
clearly that he is professionally 
an engineer, whether "chartered" or 
not. 

L. T. Griffith, 
Secretary, 

The Society of Engineers, 
London, S.W.I. 

First class 

Engineering image.. 
Sir—Though the divergent views 
expressed by Mr J. C. Baker and 
Mr M. A. Stewart in the "Readout" 
feature of your issue for April 1970 
throw the two sides of the argument 
into even sharper relief, they do not 
alter the plain fact that in engineering 
today the possession of authorative 
qualifications is becoming more and 
more important. 

The prospect of "putting letters 
after his name" helps to encourage a 
young man to study and train; to 
take full advantage of all the aids and 
facilities so freely available nowadays. 
The more engineers that are seen to 
be qualified the better the "image" 
engineering will gain; and this, 
surely, is of particular importance to 
electronic engineering, which has to 
compete with so many counter 
attractions in recruiting young 
people. 

The status of the non-graduate 
engineer has been elevated 
appreciably over the past five years; 
the introduction of the Composite 
Register of Chartered Engineers, 
Technician Engineers and Tech- 
nicians should raise it even higher. 

E. A. Bromfield, 
Secretary, 

The Institution of Electrical and 
Electronics Technician Engineers, 

London. W.C.2. 

... at work 
Sir—I have read with considerable 
interest your recent articles and 
correspondence on the subject of the 
non-registered engineer. It is a 
problem to which this Society has 
devoted considerable time and energy 
for many years, and it might help 
if I re-state our present objectives. 

There is first of all the position of 
the many engineers who are now 
being- excluded from professional 
level by current developments, and 
here perhaps I cannot do better than 
quote Neil Marten M.P. in The 
House on March 18, 1970 (Hansard 
Column 568). 

"There are certain precedents for 
what I want. Dentists, veterinary 

surgeons, architects, National Health 
Service medical auxiliaries and pro- 
fessions supplementary to medicine, 
such as chiropody, and so on, had, I 
believe, exactly the same problem 
when they wanted to move to a fully 

, qualified profession. In all those 
professions the people who had been 
practising for a certain period were 
allowed to continue to be employed. 
I do not see why that should not be 
so with teachers." 

Mr Marten was of course dealing 
with a similar position now arising 
within the teaching profession; it 
applies to engineers even more so 
whilst many of those "without" hold 
better qualifications than those "with- 
in". If we are therefore ultimately to 
have registration, it must be on a 
basis which is not only fair, but seen 
to be just this. 

There is then the problem of 
academic level of entry in the future, 
and here The Society has always been 
anxious to see some form of effective 
bridge which would • allow the 
engineer as well as the academic to 
reach the professional level. When 
The Robbins Report on Further 
Education was issued in 1963, The 
Society urged the then Government 
not to rely entirely on academic 
degrees alone, but to maintain a 
balance with engineering training, 
pointing out the steps which should 
be taken to bring down the costs to 
what' we can afford. This latter is 
now very apparent. It has main- 
tained these representations over the 
years, and in the one-day symposium 
on April 3, 1970, when a number of 
interesting papers were given, cul- 
minating in one dealing with the 
position in Common Market 
countries. This also showed the need 
and understanding for practically 
educated engineers of the same 
standard as the pass degree university 
educated "scientist". 

For this The Society has offered to 
use as a basis its Part II Examination 
or Design Papers which are required 
on the basic standard of Higher 
National Certificate and a minimum 
of five years experience in engineer- 
ing. This should enable the candidate 
to show an assessment at technologist 
level and is the standard of entry 
required for Associate Member of 
The Society. 

Sir—What a practical and useful 
article was that by S. J. Holmes in the 
April issue on a "Miniature Con- 
verter", but without taking up much 
more of your valuable space he could 
have been so much more helpful. 

While accepting his remarks con- 
cerning the desirability of a d.c, 
output, two classes of people come to 
mind. One who would be prepared 
to accept bigger transformers for the 
advantage of having an output of 
50 Hz (some appliances must have 
a.c,). The second, probably much 
larger, who know that the best way 
to run a fluorescent tube is at about 
10kHz. 

Information on how to vary the 
frequency, plus any modifications in 
wiring the transformer would have 
extended the usefulness of the article 
considerably. 

Nevertheless, thank you for the 
very high standard of the magazine. 

I. D. Phillips, 
Pershore, 

Worcestershire. 

Electronics club 
Sir—We feel that the following 
information will be of interest to 
readers of Practical Electronics 
and "we would be grateful if you 
could give it some coverage in your 
magazine. 

A number of radio societies in the 
North East have formed a federation 
known as The North East Amateur 
Radio Group (N.E.A.R.G.). The 
purpose of the group is to promote a 
series of bi-monthly lectures and to 
publish a newsletter approximately 
five times a year, free to members. 
The first meeting, held on March 
20th in Durham City, covered the 
subject of "Aerials". A lecture was 
given by Mr F. W. V. Ritson G5RI 
with a very good practical demonstra- 
tion. 

All readers in the North East are 
cordially invited to attend any 
meeting, but please if you are coming 
contact: 

Mr. J. Melvin G3L1V, 5 Lancashire 
Drive, Belmont, Durham, enclosing a 
stamped addressed envelope for 
further details. 

L. G. Rix G3X5W, 
N.E.A.R.G. 
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A SELECTION FROM OUR POSIRAli 

continued 

Facts of life 
Sir—May I, a tyro from the earliest 
days of the "cat whisker", put in a 
plea on behalf of newcomers in the 
field of solid-state for the home 
constructor. 

At the height of the "thermionic" 
period, it became abundantly clear to 
any rational mind, that great com- 
plexity covered any comprehensive 
list of available valves, by reason of 
the codes used for the identity of 
individual types. The virtual absence 
of a co-ordinated system has resulted 
in near impossibility for the less 
informed, intending user to make a 
ready choice. 

Since we have now entered the 
same conditions with solid state 
devices, is it to be assumed "the 
point of no return" is already past? 

If the manufacturers hold a jealous 
regard for some commercial 
advantage maintained in the present 
illogical arrangement, surely, it is not 
beyond honest imagination to retain 
two or three letters as a prefix to an 
otherwise universally recognised form 
of classification. Granting that 
comparisons are odious, consider the 
position where purchase of a 60 watt 
light bulb necessitated one's 
familiarity with the maker's exclusive 
marking. 

Returning to the "good old days"; 
enclosed in the carton containing a 

valve, there used to be a tiny slip of 
paper, bearing the relevant "facts of 
life" concerning the valve, for the 
guidance of the immature purchaser. 
—Not now brother, not any more. 

F.e.t.'s and tunnel diodes must be 
for the erudite, and of course, 
readers of P.E. I for one gained a 
ready appreciation of the enigmatic 
"holes'* in transistors from its helpful 
pages. Many thanks, 

Percy Ashdown, 
Lymm, 

Cheshire. 

Tape stop-toil 
Sir—With reference to Mr A. S. 
Henderson's letter to "Readout" 
(March P.E.) concerning Mr Price's 
Tape Stop-Foil device, might I 
suggest that Mr Henderson consults 
one or two tape recorder circuits. 1 
believe that he will find that most 
record/playback heads are wired 
'with a large resistance in series ^ith 
them before connection to coupling 
capacitors, which would make the 
current flow through the head during 
switch on/switch off insufficient to 
impart much permanent magnetism 
to the head. 

Besides which, the currents through 
the heads during switch on and 
switch off are equal and in opposite 
directions and thus the magnetisation 
during switch off would be cancelled 
out by an equal and opposite 
magnetisation produced during 
switch on. Thus, provided that the 
tape recorder is reconnected to the 
mains by the same method as it was 
disconnected, no damage to the heads 
should ensue. 

Of course, it is inevitable that after 
a considerable period of time tape 

heads subjected frequently to this 
kind of treatpient will become 
noticeably magnetised, but this does 
not prevent the use of the stop-foil 
device as regular demagnetisation of 
the heads of hi fi tape recorders is now 
considered part of standard main- 
tenance. 

M. Bolton, 
Bury St. Edmunds, 

Suffolk. 

Heavy fall 
Sir—! was very interested in your 
article for the "Electronic Rain 
Gauge" (see February issue), and 
decided to construct it for our local 
Youth Activities Centre's electronic 
metrological station. 

But there was one problem with 
which I had great difficulty in 
solving. 1 constructed the liquid 
metering module, and started to test 
it. The problem was that when the 
bucket tipped, surface tension held a 
lot of water in the bucket so resulting 
in extra weight for the other side to 
tip." 

1 have been taught at school that to 
reduce surface tension, detergent has 
to be mixed in, but knowing that it 
doesn't rain detergentised water I had 
to think of something else. I 
thought about a chrome bucket, but 
then I found that by smearing a thin 
coat of silicone grease in the bucket, it 
cured all my problems. 

1 thought other readers might have 
had this problem and would be glad 
of a solution. 

i enjoy your magazine very much 
and still continue to buy it and 
patronise your advertisers. 

J. Marsh, 
Weymbuth. 

NEWS BRIEFS 

New Leaflet on Metric Units 
Anew leaflet "Going Metric—Everyday Units" is now 

available free, from the Metrication Board. The 
leaflet sets out the more common metric units and correct 
symbols for 14 everyday quantities including length, area, 
capacity, temperature and weight. 

In the United Kingdom the basis for the metric system, 
now coming into use, is the International System of Units, 
known in all countries by the abbreviation SI. The units 
contained within this system are sufficient for all present 
needs of technology, science, industry, commerce and daily 
life. 

Copies of the leaflet can be obtained from Information 
Division, Dept. 4, Metrication Board, 22 Kingsway, 
London, W.C.2, 

Home Entertainwt in 1980 
A stainless steel console housing a colour television, 

with remote screen, a radio receiver, tape recorder and 
a record player, all with stereo reproduction has recently 
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been displayed by the British Radio Corporation, The 
console was designed by Eric Marshall Associates for 
British Radio Corporation and consists of two I Sin 
turntables at each end, one for record reproduction and one 
for radio or TV tuning. The tape recorder is housed in the 
centre of the console, has Tin reels and a facility for 
slotting in cassettes. 

The photograph shows the console, TV screen and one 
spherical speaker—a future project for Practical 
Electronics! 

* 



FOR ONLY 

GNS 
CARRIAGE 

PREMIER STEREO SYSTEM "ONE" Consists of an all transistor stereo amplifier. Garrard 
2025 T/C auto/manual record player unit fitted stereo/mono cartridge and mounted in teak finish 
plinth with perspex cover and two matching teak finish loudspeaker systems. Absolutely 
complete and supplied ready to plug in and play. The 10 transistor amplifier has an. output of 
5 watts per channel with inputs for pick-up, tape and tuner also tape output socket. Controls: 
Bass, Treble, Volume, Balance, Selector. Power on/off, steteo/mono switch. Brushed aluminium 
front panel. Black metal case with teakwood ends: Size 12 x 5I x 3Jin. high (Amplifier 
available separately if required £14.19.6. Carr. 716). 

PREMIER STEREO 
SYSTEM "TWO" 

Aa system "ONE" above but with Garrard 8P25. 
PREMIER PRICE 45 Gns. Carr. 3S/- 

TELETON SAQ203E STEREO AMPLIFIER 

« % % r 

A email but powerful amplifier designed for stereo M-ft reproduotion, 10 wntte per channel muelo power. Inpute for Oram (Magnetic and Crystal). Tuner and Amiliary- Tape Record output. Controls: Volume, Balance, Bass. Treble, Stereo/Mono slide switch. Stereo headphone socket. Atlraelive oiled walnnt cabinet with brushed aluminium front panel. I-lst Price £28,7.0. 0UR 22 Gns. p &1'- PRICE 10/- 

PREM1ER STEREO SYSTEM "FOUR" 
Teleton 8AQ203E Amplliler (as above) .. £23.2.0 Oarrard 8P25    .. 21I.1&.5 BhnreMSD  £0.19.6 Teak base and cover  £5.10.0 
Palp of Hi-Fi Enclosures fitted E.M.I. Speakers    £86.5.0 
Total cost II pox chased separately .. - - £78.18.0 

PREMIER /tC /JliC Carr. 
PRICE 35/- 

VERITAS V-t49 MIXER 
Battery operated ■1-ohannel audio mixer providing four separate inputs. Size 6 x 3 x 2in. suitable lor crystal microphone, low impedance microphone with traneformer, radio, tape, etc. Max. input 1-6V, max. output 2'6Vt gain 8dB. Standard jack plug socket inputs, phonoplugs output. Attractive teak wood grain finish case. 
"boo KQ/R Stereo gg/g Model 59/6 Model r. & p. 2/fl 

ALBA UAI00D ALL TRANSISTOR 
STEREO TUNER AMPLIFIER 

Covers Eong, Medium and Short Waves pins VHE/FM with built in stereo decoder and A.F.C. Output 16 watts r.m-s, per channel Into 8 ohms (distortion leas than 0-3%). Response -iOKz-SOkHz. Inputs for Magnetic and ceramic p.u, aud Tape. Tape oatlet souket. Tuning, Volume, Bass. Treble and Balance controls. Bush button selector. Black leatherette top, teak ends and brushed aluminium front panel. 
PREMIER PRICE £67.11.6 <%l- 

PREMIER STEREO SYSTEM "FIVE" 
Alba VA100D Tuner/Aiaptlller .. .. £87.11,8 Oarrard SP25  £11.18.8 Shure M3D  £6.19.8 Teak base and caver .. ., ,, £5.10,0 Pair o( HJ-Fi Endosutee fitted E.M.I. Speakers £28.5,0 
Total cost If purchased separately . .. £118.5.8 

PREMIER Xl in CaT. 
PRICE tllU 3s/. 

'VERITAS' V-313 TAPE HEAD DEFLUXER 
A must for *11 tape user* I Tape heads become per- manently magnetized with constant use; this leads to background noise that prevents perfect OA IC recordings- Simply applied to recording 04/0 head the V313 leaves head ftee of mag- p . p , netism. Oeans any tape head In seconds. ' 

RECORDING TAPE " VERITONE 
SPECIALLY MAHBPACTUEED IH D.B.A. PROM EXTRA STKOHO FEE-aXRETCHED MATES lAL. THE QUALITY 18 UHEQDALLBD. 
XEKSIUSEI) to ensure the most permanent base. Highly resistant to break age, moisture, heat, cold or humidity. High polished splice free finish. Smooth 
output throughout the entire audio range. Doable wrapped—attractively boxed. 

LPB 61* 1200- P.V.C, w« DM Si- ISOC POLYESTER 22/8 TTB 8|' 2400' POLYESTER 87/8 SP7 7* 1200- P.V.C. 12/6 

IPS S* 250* m 3- 450* DM gf 60O* SP5 5' 800" LPS 6' 000' 

P.V.C. POLYESTER POLYESTER P.V.C. P.V.C. 

5/8 7/8 11/8 8/8 10/- 15/- DT5 5* IZW POLYEfiTER 
TAPE SPOOLS Z' 1/-, S% 51% 5' 1/9. 
Poet aud Packing 3' 1/-, 6", 6|* 1/8, 7" 

LPT r DT7 7" TT7 7" 
1800' P.V.C. 16/- 2400' POLYESTER 25/- 3800' POLYESTER 60/- 

2/-. (3 reels and over Post Free.} 

•NOVA" 505 STEREO AMPLIFIER 

A superb stereo amplifier cffeiing every facility foe the hi-fi enthusiast. Output 6 watts pee channel. Frequency respohse 40-20,000 Hz ± 3dB. Inputs for radio, P.tT, Ceramic, P.U. Magnetic Tape. Separate bass and treble controls. Volume and Bahmce controls. Mono Stereo Switch. Also features headphone socket and tape output. Teak case with attractive iliumInnted front panel. Size 141 * 91 x 3Jin. A.C. •'00/280V. WOHDERPCL VALUE 
olTLY 18 Gas. Sp 

PREMIER STEREO SYSTEM "THREE" 
Nova 605 Amplifier (as above) .. ... Garrard SF25   Sonotone 9TAHCD   Teak base ond covet   
Pair of HI-FI Enclosures fitted E.M.I. Speakers .. ..     

£18,18.0 £11,19.8 £2,15.0 £6.10.0 
£28.5.0 

Total cost 11 purchased icparalely .. .. £86.7 
PREMIER CC flMC Carr. 

PRICE 35/- 

TWO STATIC* TRAHBISTOR IHTERCOMS Complete with battery and 50tt connecting wire. Compact size, two way call system. Ideal for home, office, factory, etc. 
65/- rP 

TAPE 
CASSETTES 

060 (LU 7/6 
THREE FOR 21/- 

C90 CL) 12/6 
THREE FOR 36/- 

CI20 (^i) 17/6 
THREE FOR 51/- 

P. A P. 1/-. 
CASSETTE HEAD CLEANER Removes unwanted deposits from delicate tape beads. Fits all cassette recorders. 
11/6 ^ 

r .# 
#/ -M 
feritoiw 

PREMIER RADIO ^ 
23,TOTTENHAM COURT ROAD LONDON VV1 Tel 01-636 3461 "H 1 ' 
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jj RADIO ITD. 

11 840 MAYES RD. I\S.22 888 3206 
WESTON MILLIAMMETER 

Modern Clear Plaelic Design. IM/A lull scale calibration 0-1OO. "Jtln •JJin 11 In. 
Plus 2/6 p. & P. 45/- 

IMPORTED PANEL METERS 
KA-S8C If in • 1| In. SO(iA, lOOfiA. EOOuA, IM/A, 6M.'A. » meter IM/A, 300V. All at 

29/6 V!Vp. . 
All modern design and made w high standards. 

KA-66C 3|ln *3iin. 30OV, !/>meter SOOflA, 1M,A. Alt at 
39/6 w?. 

INTERNATIONAL TAPE 
A now lainous brand of tape, Tin 2,40011, J» Tin 1.80011, 21/-! 71n 3.200(t, 18,'6: Cftn, 1.20011. 18,'-; 0|ln 1.80011, 22/8: 6ln OOOll 8/9; Sin 900It. 12/6! Sin 1,200ft, 18/-. Please note the postage and packing is FKEK 

A TAPE BAEOAIK 
Emllape 3In 17311 in EMI case 5/* EACH 

SOLID STATE BLOCK MODULES 
Phono pre-amp E1311! input, lOOK; gain, ■dSdb-, max. out, 3-volt; mas. In, 50M/V; power, nv. Tape pce-amp ElSl'J. as above. Mkn pre-amp £1313, as above. Power amplifier E1314; input. 1,000 ohms; rsin, 20db. 300M/W: power, 9-voit d.e. ■ Electronic nrgao, tone o»c. E1315: tone Ireii-, 200-JkhX; output. »0M/W: power, OV; current, 16M/A. Dual Sasber EI3I8; flasher time. lr4 sees; power. 6V; current, loOM-A; lamp. 6V 1S0M/A. We also stock the morse code practice modules In ibis range, 

ALL AT 25/- Plus 2:- P. A P. 

or-. i&tSi 

Ul 
TELETON TYPE NM.33 
MAGNETIC CARTRIDGE 
Stereo with diamond (rtyli. This ever popular cartridge now at economy prke: Diamond Stylus, 
•7 mil: Frequency. 20'2OkHz; Separation, 20dh at IQkHj. 

89/6 Pius 1/6 P. A P. 

SONOTONE 9TAHC 
CeraniSe cartridge diamond stylus. 

,47/6 Plus 2/6 P. A P. 

EMI LOUDSPEAKER 450 
10 watts. 13ln ■-< Bin + two 2-2jin tweeters and crossover. All wired and ready lor nse. This ever- popular 450. In 3-8-15 ohm imp. 

65/- PIUS 7/6 P. A P. 
EMI Loudspeaker Set 350 20 watts, 20-20 k/c. 8 and 15ohms. 
£6-19-6 piua 7/9 p. a r. 

• I.C. MODULE TYPE 8P1010 
8 watts r.tn.s. power amplifier and pre-amp. Complete with datasheet. Fully guaranteed. 25/- r. i P. 1/6 each 
All Sinclair products nrc in slock. Please Include postage with orders. 

SHELF UNIT 
Two teak finish shelves on a black frame (overall size: 28in x 25ln x 121a). Ideal lor hi fl equipment; amplifiers, speaker cabinets etc. The perfect answer lor housing unit audio and equipment. This unit Is wall moanttng. 

50/- 
PLKA8B NOTK P. & P. W PKEE T 

ensscrsT 
BUP 

CRESCENT CASSETTES 
Top quality cassettes at unbeatable prlcea (complete with standard storage case)! C86, 7/6; COO. 12/8; C120, 17/8. Plus I/- P. A P. 

POWER TRANSISTOR HEAT SINKS Extruded Aluminium. 51 in x 8|ln 2ln overall sizes. Few only at Ibis low price. 
Plus 1/6 P. A P. each. 7/6 

PROCESS TIMER 
TYPE P.T.A. 

Time range - 0-8 mlnotes. Flush mounting. 3.P.C.O- 250 volts B.C. or 24 volts 'I.e. 6 amp. Dia. 2in, 2Jln overall depth. 
27/6 Pius 2/8 p.: * P. each 

COMPONENTS CORNER 
Sin .. 6hi one aided printed circuit board BYlOfl type rectifier 800 p.I.v, 750M/A .. 4 pin transistor holders   211n 80 ohm loudspeaker    2iln 25 ohm loudspeaker    2lin 8 ohm loudspeaker    U2 battery holders (blue plastic) • .. Hick switches Ifln dolly malna type Model motors 9-12 volt    10 ohm W/W pot loudspeaker control OC8I dooble heal clips   8. <5- Brown 4,000 ohm phones tosed bnt In good condition) 10/- per pair Tune recorder rev counters  .. #/- each Please Include P. A P. Send 8/- lor our Component Catalogue and Hog Lisla 

8/- each 8/8 each 64 each 6/6 each 6.'8 each 8/6 each 1/- each 8/8 each 4/6 each 2/8 each 84 each 

RADIO CONSTRUCTOR 

PPFF CUT-OUT ART SUPPLEMENT 
i"*'*' of WORKSHOP PLANS 

Full Working Diagrams including 
Printed Circuit Board Layout 

SOLID-STATE 
90 

DISTORTION METER 

5Str 

/ 
t # # # 

• 9* 

Copies may also be obtained direct from the 
Publishers—4/- including postage. 
Published by: 

DATA PUBLICATIONS LTD., 
57 MAIDA VALE, LONDON, W.9. 

MAY ISSUE 

ON SALE NOW 3/6 

OTHER CONSTRUCTIONAL PROJECTS 
INCLUDE 

# CR.O. Beam Switching Unit 

# Electronic Siren Module 

# Neon-L.D.R. A.F. Oscillator 

NEW SERIES 
"UNDERSTANDING TAPE RECORDING" 

PLUS 

★ EXCLUSIVE MOTORING ★ 

OFFER 
(Maserati Air Horns, etc.) 

;:l h i M 11 
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ELEGTROVALUE 

Everything brand new and to 

specification - Large stocks Good service 

RESISTORS 
Pow«r Tolamnee jfcW _5% 1W iw iW iw IW IW 3W 7W 

lo| ±AR 
5% 

Values Range available 1 to 9 16 to 99 100 up 100(1-220k 0 E12 I8d I6d I5d 4-70-330k n E24 1-Sd 2d 1 '75d 4-7a-roMn Eia 2 Sd Id 1 75d 4-7a-lOM n £24 3d 2'5d 1 25d I8Q-IM 0 E24 »d Bd 7d 4-7a-I0M fi EI2 6d 5d 4d 
0-22 n-3-3 n EI2 I5d ail quantities 
12Q-I0kn £12 I5d all quantities . 120—tOk D £12 I5d all quantities 

ility, low noise. MO = metal oxide. Elcctrosil TRS, ultra Ic 

Coda C c c c MO C ww ww ww 
COOES: C — carbon film, high scab noise, WW ■ wire wound, Plessey, VALUES: EI2 denotes series: I, 1-2, I S. l-B, 2'2. 2-7, 3-3. 3-9, d-?, 5-6, 6 8, 8-2 and their deeades. E24 denotes scries: as EI2 plus M, 1-3, (-6. 2. l -l, 3, 3-6. d'3, 5-1,6-2. 7-S. 9-1 and their decades. Prices ore in pence each for quontities of some ohmic value and power rating, not mixed voiues. {Ignore (roc- lions of one penny on totol resistor order.) 
COLVERN 3 watt wiro-woond potantiometers: lOil. 15II, 2Sn, 50fi, lOOn, ISOQ,2SOD. SOOH, IkfJ, l'5k Oi 2-5l< 0, 5k 0, lOkn. ISk 0. 2Sk Q, 50k 11. Price only 5/6 each. 
CARBON TRACK POTENTIOMETERS; Long plastic spindles. each Single gang linear: 220(1,47011, Ik (1, etc. to 2-2M n   2/6 Single gang tog: 4ka, lOkfl, 22k(1, etc. to 2-2M Q   2/6 Any type with J- amp double pole mains switch: extra        2/3 

Double wiper ensures minimum : 

Dual gang linear; dk O, 10k R. 22k Q, etc. to 

level- 
each 
8/6 mo Dual gang log: 4kfl, lOkfl, 22kR, etc. to 2M2n    *'* Log/Anti-log: 10k Cl, 47kQ, 1M (1 only .... 8/6 Dual ansi-log: lOkd only    8/6 

FETS n.channef. Low cost general purpose 2N5I63, 25V, only 5/- each. Audio/r.L. Texas 2N3BI9 8/6. Motorola 2N5459 (MPFI05) 9/9 each. 

NEW PLESSEY INTEGRATED CIRCUIT POWER AMPLIFIER. Type SU403A. Only 48/- net. Operates with iBV power supply. Sensitivity 20MV into 20MD> 3W into 7.5-n Application data with two or more. P.E., Nov. 69, Stereo Amplifier kit less metal work £11.18.2 net complete. 
30 WATT BAILEY AMPLIFIER COMPONENTS Transistors (or one channel £7.5.6. list, with 10% discount only £6,11,0, Transistors for two channels £14,(7.6. list, with (5% discount £12.7.5. Capacitors and/resistors (or one channel list £2. Printed circuit board free with each transistor set. Complete unregulated power supply kit £4.17.6. mono or stereo, subject to discount. Complete regulated power supply kit £9.5. subject to discount. Further details on application. 

SINCLAIR ICI0 Integrated Circuit Amplifier and Pre- amplifier. This remarkable monolithic integrated circuit amplifier and prc-amp it now available from stock. The equivalenc of 13 transistor/18 resistor circuit plus 3 diodes and 
the first of its kind ever. It is d.e. coupled and applicable to an unusually wide range of uses as detailed in the manual provided with it. As advertised post free 59/6 net. Also all other products as advertised. 

CARBON SKELETON PRE- SETS. Smalt high quality, type PR: Linear only, 100 Q, 220 fl. 470 0. Ik O, Iktl. 4kn. 10k 0, 22kO. 47k fl. 100k (1. 220k R, 470k O, IM n,2M n.SH (1, 10M R vertical or boritontai mounting, I/— each. 

S-DeC's put an end to "birdsnesting". Com- Conents just plug in. Saves valuable time, se components again and again, 5-DeC only 30/6 post free. Compact T-DeC, increased capacity, may be temperature-cycled. T-OeC only 50/- post free. Full range stocked. 

LARGE CAPACITORS. All stock. High ripple current types: 2,000uF 25V 7/4; 2.000/sf 50V 11/4; S.OOOiiF 25V 12/6; S.OOOpF 50V 21/11; I.OOOuF 100V 16/3; 2.000,iF 100V 28/9; S,000,iF 70V 36/-; S.OOOfif I0QV S8/J: 1,000,i F 50V 8/2; 2,S00^F64V IS/S;2.S00^F 70V 19/6. 

MEDIUM ELECTROLVTICS- Axial leads: Values (/,F/V): SO/SO 2/-; I00/2S 2/-; 100/50 2/6; 1/25 2/6 : 250/50 J/9: 500/25 3/9; 1,000/10 1/-: 500/50 4/6: 1.000/2S 4/6; 1,000/50 6/-; 2.000/25 6/-. ail electrolytics. axial leads: 5/10, 10/10. 25/10, 50/10. I/-each; 25/25, 47/25. 100/10, 220/10, 1/3 each. 

PEAK SOUND ENGLEFIELD KITS 
Build it 12 + 12 or */ 25 + 25. Brilliant new styling and available in two forms: STEREO IS WATTS PER CHANNEL. In kit form with complete amplifier and pre-amplifior modules and power supply. Output per channel into 1511 —I2W R.M.S. Price £38.9.0. net. STEREO 25 WATTS PER CHANNEL. As above but output per channel into ISO —25W R.H.S. Price £58.15.0. net. Brief specification: Total harmonic distortion 0-1%. Inputs: Magnetic, Ceramic, Tape, Radio, Signal to noise ratios: Better than 60dB all inputs. O/Load factor 2BdB all channels. ENGLEFIELD CABINET to house either above assemblies fas illustrated) £6.0.0 net. Other peek sound products as advertised. ENCLEFIELDTUNERas advertised. 

HULLARD SUB-MIH ELEC- TROLYTICS C426 RANGE. Price 1/3 each. Axial leads. Values (uF/V): 0-64/64: 1/40; 1-6/25; 2-5/16: 2.5/64: 4/10; 4,40:5/64; 6-4/6.4;6-4/25;8/4;B/40: 10/2-5; 10/16; 10/64; 12-5/25; 16/40; 20/16: 20/64; 25/6-4; 25/25 ; 32/4: 32/10; 32/40 ; 32/64 : 40/16 : 40/2-5; 50/6-4; 50/25 ; 50/40 : 64/4 ; 64/10; 80/2-5; 80/16: 80/25: 100/6-4; 125/4; 125/10: 125/16; 160/2-5; 200/6-4 ; 200/10: 250/4; 320/2-5; 320/6-4; 400/4 ; 500/2-5. 

WAVECHANCB SWITCHES: IP I2W: 2P 6W; 3P 4Wi 4P 3W long spindles. 4/9 each. Slider switches, double pole double throw, 1/- each. 

BARGAINS 

IN NEW 

TRANSISTORS 

All power types supplied with free 

insulating sets 
2N695 5/6 , 2NSI92 25/- 
2N697 5/6 ' 2NSI95 39/3 
2N706 3/9 40361 12/6 
2NII32 9/9 403612 16/- 
2N1302 41- ACI26 6/6 
2NI303 41- AC 127 61- 
2NI304 4/6 AC 120 61- 
2NI305 4/6 AC 176 ("/- 
2NI306 6/9 ACr22 3/9 
2NI307 6/9 ACY40 41- 
2N1308 8/9 AD 140 19/- 
2N1309 8/9 ADI49 ir/6 
2NI6I3 61- ADt6l\ l6/-pr. 2NI7II 7/4 AD 162 / 
2N22I8 10/6 AFi 18 16/6 
2N2i47 18/9 AFI24 7/6 
2N 2369A 6/9 AFI 27 71- 
2N2646 10/9 BAI02 91- 
2N2924 4/3 BC107 3/9 
2N2925 S/3 BCI08 3/6 
2N2926R 1/6 SCI 09 3/9 
2N29260 2/3 BC147 4/3 
2N2926Y 2/3 BCI48 3/3 
2N2926G 3/3 BCI49 4/3 
2N305J 5/6 BC153 10/- 
2N3054 
2N30S5 

14/3 
16/6 

eCI54 
BCIS7 
SCI 58 

II/- 3/9 
3/6 2N339IA 5/6 BCIS9 3/9 

2N3702 3/6 BCI67 3/6 
2N3703 3/3 BCI6a 3/3 
2N3704 3/9 flCI69 3/6 
2N3705 3/5 BCI77 6/3 
2N3706 3/3 BCI78 5/8 
2N3707 41- BCI79 6/- 
2N3708 3/- BD 121 18/- 
2N3709 3/- 8DI23 34/3 
2N37I0 3/3 BF-178 10/6 
2N37II 3/11 BFX29 10/9 
2N3904 7/6 BFX85 8/3 
2N3905 7/6 BFX88 7/9 
2N373I 33/- BFYSO 4/6 
2N40Sa 5/3 BFYSi . 4/3 
2N3325 10/9 SSX20 3/9 
2N3794 3/3 MJ480 31/- 
2N4286 3/3 MJ48I 37/- 
2N4289 3/3 MJ49I 30/- 
2N429I 3/3 P346A 5/9 
2N4292 3/3 1N4001 4/3 
2N44I0 4/9 IN4005 «/- 

MAIN LINE AMPLIFIER KITS, as advertised. Prices net. Authorised dealer. 

COMPONENTS DISCOUNTS 10% on orders for components for £5 or more. 15% on orders for components for £(5 or more (No discount on net items.) 
POSTAGE AND PACKING Free on orders over £2. Please add 1/6 if Under. Overseas orders welcome: carriage charged at cost. 

Dept. PE6, 28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY 
Hours: 9—5.30; Sat. 1 p.m. Telephone: Egham 5533 (STD 0784-3) Telex 264475 ELEGTROVALUE 
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BI-PAK=LOW COST I.G's 

Available now! 

The new 

Milliard data 

book for 1970 

Quick! get up-to-date with the 
latest information about Mullard 
semiconductors, valves, television 
picture tubes and components. 

For easy flick-through location, 
each section of this pocket-sized 
data book is colour-coded. 

just 4/- 
(20p) 

/ 
wm 

m 

1 

Get your copy from your 
local TV retailer. Bookshop 

or cash with order, including 
p.p. 4/9 (24p). direct from 

r 

Mullard 
Muttard Limited, Mullard House, 
Torrington Place, London, WC1 

BX-PAK SenJicontluttors now offer you the largest and most popular range ol l-C'a available at these EXCLUSIVE LOW PBICES TTX, Digital 8S74S Uerlee lolly code<l, brand new to manutaeturers' eijeeifleat Ions. Dual in-line, plastle 34 and 16 pin packages. 
BI-PAK Order So. Description Price and qty. prices 1-24 26-99 lOOup 
BP00 — 8X 7400N Quad 2-Input SAND GATE 6/8 5/6 4/6 
BP01-SS7401S Quad 2-Input NASD Gate- OPES COLLECTOR 6/6 5/8 *19 
BP04 —8N7404N HEX INVERTER .. 6/8 5/8 4/0 
BP10-8X7410N Triple 3-Jnpnt NAHD GATE 6,6 5/6 4/0 
BP20-=8N7420S Dual 4-Inpot NASD GATE 8/6 5/6 *16 
BP30-SN7430N Single 8-Input SAND GATE 6/6 6/6 4/6 
BP40 ~SN7440N Dual 4-Input BUFFER GATE .. 6/8 5/6 4/8 
BP41-8X744 US BCD to decimal decoder and NIT Driver   22 8 «/- 17/6 
BPt'i '--SK7449S BCD to decimal decode (TTL 0/P).. 88/6 20/- 17/6 
BPB0=SS748t)S Dual 2-Input AND/OR/NOT QATK —expandable   6/6 5/6 4/6 
BP6S ^ SS74B3S Single 8-Xnpol AND/OR/NOT GATE—expandable 6/6 5/6 4,'6 
BF60-SN7480S Dual 4-Input—expandable,. 6/6 5/6 4/6 
BP70 .-SNTtTON Single JK pup-Flop—edge trlggeral »/- •/- 
BP72-SN7472N Single Master Slave JK Flip-fiop . - 91- 61- 7/- 
BP73 - SS7473N Dual Master Slave JK Pllp-flop 10/- 91- 8/8 
BP74 -8N7474N Dual D Flip-flop   10/- 91- 

10/- ^ 
8/6 

BP75-8N7475N Quad Bistable Latch ■. .. w- 8/6 
BP7S —8S7476S Dual Master Slave Pllp-flop with preset and clear  ii/- 10/- 9/8 
BP83--8N7483N Four Bit Binary Adder mi- 22/6 SOh 
BPS0 - 8S7490S BCD Decade Counter 28/6 80/- 17/fl 
BP92-SN7492S Divide by 12 4 Bit binary counter.. 88/6 20i- 17/6 
BP03 SN7493N Divide by J6 4 Bit binary counter.. 22/6 20/- 17/6 
BP94 = SN7494N Dual Entry 4 Bit Shift Register 22/6 20,- 17iS 
BP98 — 6N7496S 4 Bit Dp-Down Shift Register 22/6 80/- 17J6 
BP99=>SN7496N S Bit shift register,  .. 24/- 21/- is/e 

BRAND HEW. POLL TO KAJfUPACTUHERS' 8PBCOTCATI0X 1-24 Pricc each 28-99 100 up 
BP<09 Operational Aiupllfier, dual-in-line 14 pin pack- age — 8S 72709 and elmilar to M1C7Q9 and ZLD709C,. 10/6 91- 91- 
Tnin ji a high performance operational amplifier wllh high impedance differential Input* snd low Impedance output- 

INTEGRATED CIRCUITS 
Maoulactuxera' "Fall oute'1—out of spec, devices Including functional units and part functional but classed aa out of spec, from the manulsctnrers very, rigid specifications. Ideal for learning about I.C's and experimental worlc, on testing, some will be found perfect. 
PAK No. PAKHe. 
UICOO — B x 7400N - 10/- DICBO =• 0 ;t 7460 10/- 
UIC01 " 5 x 740IN .. 10/- CXCB3 = 6 x 7463.. - 161- 
TJIC10 w a r< 7410N .. 10/- 0IC72 = 8 X 7472.. . 10/- 
DIC20 = 5 X 7420N .. 10/- UlC74=e X 3474.. . 16/- 
DICSO = 5 X 7430N .. 10/- UIC7B - B K 7475., 10/- 
UTC40 = 6 X 7440N .- 10/- mce0 = 5 X 7499.. 10/- 
0041 - 6 x 7441AN .. 10/- CICX1 « 26 X asst'd. 74s.. 80/- 
Packs cannot be split but 20 assorted pieces four mix) ta available as PAK UlCXI. 
Every PAK carries our BI-PAK Salisfacllon or money back GUARANTEE. 

MOTOROLA DIGITAL I.C's 
MDTL dual in-line package. Type MCS14P expandable dual 4-luput VANI) Power Gate .. Type MC846P Clocked Hip-Hop   

FULL DATA SUPPLIED WITH US ITS 

Price 10/- each 15/- each 

Data It available for the SS74S Scries cf Integrated circuits in booklet form, price 2.'8. 
Please send all orders direct to our warehouse and despatch deparlmeut. 

Potlal niMreu! 

BI-PAK SEMICONDUCTORS 

P.O. BOX 6, WARE, HERTS. 
Postage and packing add 1/-. Overseas add extra for Airmail. Minimum order 10/-. Cash with order please- 
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VALUE ALL THE WAY 

OUALITY-TESTED PAKS 
6 MatchedTiam. OCMMO/aiiBlC .... 10/- 20 EKt Spot AF Tram. FNF  10,'- 16 White Spot RF Tram. PNP     10,'- B Silicon Recta. S A 1M-40O PIV   ID/- 2 10 A Silicon Rects. 100 PIV   10,'- 3 0C1140 Trans- HPS Switching:  10/- 1 12 A SCR 100 PIV   10,'- 3 SU. Tram. 29S03 PNP  10,'- 3 300 Mc/s 811. Trans. NPN BSY26/27 10/- 3 Zcner Diodes 1W 83V #% Tol  10/- 4 High Current Trans. OC42 Eovt  10/- 2 Power TraneUtora 1 OC28 1 OC35 ... 10/- 6 Stliccn Recte. 400 PIV 250mA  10/- 4 OCrrs TrRniistors    10/- 1 Power Trans. OC90 100V   10/- 10 OAS02 811. Diodes Sub-min.   10/- 2 Low Noise Trans. NPN 2N928:30.... 10/- 1 811. Trans, NPN VCD 100 ZT88 .. . 10/- 8 OA81 Dknles     10/- 4 0072 Transistors  10/- 4 OC77 Traneistora    10/- 4 SU. Keels. 400 PIV SOOniA   10/- 6 GET884 Trans, Eqvt. OC44  10/- 6 GE1883 Trans. Eqvt. OC45  10/- 2 2N708 SH. Trans. 300Mc/8 SPN .... 16/- 3 OT31 LF Low Noise Gem Trans. 10/- 6 1K9I1 SH. Diodes TB PIV 75mA .... 10/- 8 OA8S Germ, Diodes Sub-mln. IS69 . 18/- 3 KPN Germ. Trans. NKTT.S Eqvt  10/- 2 OC22 Power Trans. Germ  10/- 2 OC25 Power Trane, Geno. ........ 10/- 4 AC 128 Trans. PNP High Gain  10/- 4 ACI27/128 Comp. pair PNP/NPN .10/- 3 2N1807 PNP Switching Trana  10/- 7 CG82H Gem. Dlortee Eqvt. OA71 .. 10/- 3 AP116 Type Trans.     10/- 12 Assorted Qenn. Diodes Marks.)   10/- 4 AC126 Gerro. PNP Trans.      10/- 4 Silicon Rects. 100 PIV TOOm A  10/- SAF117 Trans   10/ 7 OC81 Type Trims  10/- 3 0C17X Trans-   . 10/- 6 2N2926 811. Epoxy Trans  10/. 7 OC71 Type Trans  101- 2 29701 SU. Trans. Texas  10/- 2 10 A 600 PIV SU. Reels. 1945E .... 10/- 3 BC108 SU. NPN High Gain TTtms. .. 10/- 1 2N910 NPN Sfl. Trans. VOB 100 .... 10,'- 2 1000 PIV 911. Rect. 1-6 A R53310 AF 10/. 3 B3Y95A SU. Trans. NPN 200Mc/s .. 10/- 3 OC200 811. Trans  10,'. 2 OF,T880 Low Noise Clcriii. Trans. ,., 10/. 1 AFJ39 PNP High Preq. Trans  10/- 3 NPNTraasjl 8T141 <t 2ST140 .... 10/- 4 Modt's 2 MAT100 & 2MAT120  10;. 3 Madt's 2 MAT101 « 1 MAT! 21  10,'■ 4 OC44 Germ. Trans. AP   10/. 3 AC127 NPN Germ. Trans.   10,• 1 2N8806 SU. PNP Trans. Motorola .., 10/. 2 911, Power Rects. BYZIS      15/. 1 811. Power -Trans. "NPN lOOMc/a. TK201A  IB/. 2 2S3132PNPEpUaxialPIaiKiLt.SU. 10/- 3 2N697 Epitaxial Planar Trans. Ril.... IB/- 4 Oerni. Power Trans. Eqvt. OCIG IB;. 1 VniJuncMon Trans. 2N264')  IB/- 2 SU. Trans. SOOMc.'s flOVcb 2183/84 .. IB/. 20 NKT Trans. AF. RP. VHP. Coded + Eqvt. List   10,'. 2 2S27I2 SU. Epoxy Planar HFE228.. 16/- 8 BY100 Type SU. Reels.  20/. 25 SU. and Germ. Trans. Mixed, all marked. New i     30,'- 
S EM I CONDUCTORS FOB "P.E." 50' SOAMP. 
TYPE EACH TYPE EACH 2X1813 4 8 1X914 1/- OA200 1/- 2X3703 8/- BPYS1 3/1 2S3704 3/9 BYZIS 4/f 2X3707 3.-'9 40892 14/- 2X3819 81- S2VlJWZeiict 3/6 

GIRO No. 388-7006 

BI-PAK< 

RP 

500 CHESHAM HOUSE 
150 REGENT STREET 

LONDON, W,1 

KING OF THE PAKS Unequalled Value and Quality 
NEW BI-PAK UNTESTED 

SEMICONDUCTORS 
Satlslactlon GUARANTEED In Every Pak, or money back. 
SUPER PAKS 

Pak No. 
L*1 120 Glass Sub-mio. General Purpose Germanium Diodes .... 10/- 
L'2 90 Mixed Oermanluni TranalslorB AF/RF   - -10/- 
US 75 Oermsnlum Gold Bonded Diodes slm. OA6, OA47  . Mi- 

[;6 60 200mA Sub-min. 9(1. Dlodca     . 10/- 
U« 30 Silicon Planar Transistors NPN slm. BSV95A, 2N700 . . 10/- 
C7 
Cfi 50 SU- Planar Diode* 250mA OA/200/a02   .. 10/- 
U9 20 Mixed Volts 1 watt Zener Diodes     . 10/- 
Ull 30 PNP Blllcon Planar Transistors TO-6 slm. 2X1132 .... . 10/- 
CIS 30 PNP-NPN 811. Translators OC200 A 28104   
1'14 150 Mixed SdiUcon and Germanium Dlod»   
U16 25 NPN Silicon Planar Tr&nalators TO-6 slm. 2X697  . 10/- 
CIS 10 3-Anip Silicon Rectifiers Stud Type up to 1000 PIV ... . 101- 
UIT SO Germanium PXP AF Transistors TO-8 like ACT 17-22 . 101- 
U18 8 6-Amp Silicon Rectifiers BYZJ3 Type np to 600 PIV .. . 10/- 
U19 25 silicon NPN Translatora like BC108  
t'20 12 1-S-amp Silicon Rectifiers Top-Hat up to 1,000 PIV ,.. . 10/- 
U21 30 A.F, Oenoaniom alloy Translatora 20300 Series A OC71 10/- 
U2S 30 Madt's Uke MAT Scries PNP TraBSlatora  . 10/- 
L'24 
U26 

20 Germanium l-atnp Rectifiers GJM up to 300 PIV 
25 SOOMc/i NPN Slllccn Transtetors 2N708. BaY27 

U26 30 Fast Switching Silicon Diodes Uke IN914 Mlcro-mln .. 
V28 Experimenters' AsaorUnent ol Integrated Circuits, untested. Gates. Flip-Plops. Registers, etc., 8 Assorted Pieces 
IJ29 ID lamp SCR's TO-6 can up to 600 PIV CR91/25-600. .... 
U31 20 SU. Planar NPN traoa. low noise Amp 2N3707     
U33 2?Zcner dtodea 400mW IK>7 case mixed Volts. 3-18........ 
tigs 10 Plastio case 1 amp Silicon rectifiers 1N4000 series.    
V34 30 811. PNP alloy trana. TO-5 BCY29. 28302/4   

26 SU. Planar trans. PNP TO-16 2N290S   
26 SIR Planar NPN trans. TO-6 BFY60/S1/B2 . 
30 Sll. alloy "trans. 80-2 PNP. OC200 28322   
20 Fast Switching 811. trans. NPN, 400310/8 2X3011 
30 SF Germ. PN P trans. 2S1303/8 TO-6 .......... 
10 Dual trans. 6 lead TO-5 2N2060     

1741 26 RP Germ, trans. TO-1 OC4S NKT72   
C42 10 YHF Germ- PNP trans. TO-1 NKT667 AF117 .- ■ 
Code Nos. mentioned above are given as n gnlde In the tyjie ol devl the Pak. The devices themselves are normally unmarked 
NEW LOW PRICE TESTED S.C.R.'s 

l.V SA 7A 10A 30A )TO-5 (TO-llO tTO-4k (TO-4H case) caac) case) case) PR' each each each each PIV each BO 46 Sh 9,'6 10,8 25 20/- 100 SI- S;8 lO.'B 12 8 00 28/- 200 7/— 7.8 11/6 16/- 100 28 - 400 8/8 9/6 13.-8 18:8 200 38,'- 600 16/8 11'8 16/8 24/- 400 86 - 80O 12-'8 11'- 18, - SO ' - 000 80/- 

84 POTTED BRIDGE RECTIFIERS. 206V 10/-. 600V16/-, «0OV 20/-. 

TRAKBISTOE EQVT. AND SPECIPICATIOK BOOK. <Oeniu»n Publication-) A complete cross reference and equivalent book lor European, American and Japanese Transis- tors. Exclusive to BI-PAK. IB/-each. 
PR IN TOD CtRCniTS EX-COBPDTEE Packed with semiconductors and cmn- ponents, 10 boards give a guaranteeJ 30 trans and 30 diodes. Our price 10 boards 10/-. Plus 2/- P. A P. 
PLEASE NOTE. To avoid any lorlher Increased Postal Charges to our Customers and enable us to keep our "By Hetnm Postal service'- which la second to none, we have re-organlsed and rtrcamlined our Despatch Order Department and we now request you to send all your orders together with your remittance, direct to our Warehouse and Despatch Department, postal address: BI-PAK SEMICO NDCCTOBS, DerMfeh Dept., P.O. BOX 8, WAEE, HERTS. Postage and packing still 1/- per order, Minimum order 10,'-. 

SIL RECTS. TESTED 
PIV 7o0mASA 10A 30A 50 1/- 2/9 4 8 »;«- 106 i;8 S.-'S 2061/9 41- 300 S-'B 4(8 400 2/8 5 9 000 8,'- 6-'- 600 8'8 8 9 BOO 8/9 7,'9 11/- 46/- 1006 5/- 9/3 12/6 80/- 1200 6/8 11,'9 15;- 

4/9 15/- 4/9 20/- 8/9 82;- 718 24/- 8.6 30/- 9/- 87/- 

TKLACS 
VBOM 2A 6A 10A (TO- (TO-(TO 1) 66) 48) w;- is;- 82;8 17/8 26,'- 29/- 80/- 84/- 85;- Etocking volt- 

100 200 400 VBOM age la either direction. 
LUCAS 354 SIL. SECTS. 
Branded. 400 PIV, special Price, stud type, flying lead, 22/8 each. 

trnjuifCTiOH 
OT48. Eqvt. 2X2046. Eqvt. 11943. BEN3000 8/8 each. 23-09 5/-. 100 VP 4,'-, 
KPH SHJC0X PLANAR BOIOT/S.'O, SI- each; 60-99. 1/10; 100 1/8 each; 1.000 oil. X/8 each. Fully testol and coded TO-18 case. 
8UJCOH HIGH VOL- TAGE EECnPUTES JO-Atnp 3-K.V. (3000 P.l.V.)_8tud Typo with 

AD 161 .vp.v 
AD 162 P.yp 
MATCHED COMPLE- MENTARY PAIRS OF GERM. POWER TRANSISTORS. 
For mains driven out- put stages ot Amplifiers and Hadlo receivers. 
GBR LOWEST PRICE OF IB'B PEA P-4/A 
HIGH POWER «1LI- CON PLANAR TBAN- 8I8TOB3. TO-3. 
FERR ANTI ZT1487 NPX 
VCBfitl li- 6A IT. IM/cs 
VCE40 Plot. 75W 
VEB8 hPE16-46 
PRICK IB/- EACH 

POWER NPN 
OCR PRICE 12/8 BACH 
FULL RANGE OP ZENER DIODES VOLTAGE RANGE 
8-167. 400rnV (DO-7 Case) 2/9 ex. 1}W (Top- Hat) 8/8 en. 10W (80-10 Stud) 5/- e«. All fully tested 6°, tai. and marked, ktale voltage reqnlrol. 
BRAND NEW TEXAS GERM. TRANSISTORS Coded and Oosrinleed Pak No. EQVT 8 21:37 I A 007! T2 8 90374 OC7S TV H 203744A OCR 11) T4 d 2G3R1A OC81 TB H 208821 OCS2 Til 9 20344A OC44 8 2C845A OC4a TS .4 20373 OC78 TV 8 20399.\ 2NJ302 T19 H 2C.417 .VF117 

All 10/- each pack 
8N2090 NPN SIL, DUAL TRANS. CODE D1899 TEXAS. Out price 6/- etcb. 
180 VCB NIXIE DRIVER TRANSISTOR. Rim. B8X21 & C407. 2X1893 FULLY TESTED AXD CODED >' 0110.1-24 8,'8 etch. Tn-S N.P.X. 25 «H 8;- each. 
Sll, trans, suitable far P.E. Organ. Metal TO-J8 Eqvt. ZTXflOO 1/- each. Any Qty. 

FREE 
One 10.*. Pack «l your own choice Ires with Orden valued Si or over. 
NPN DIPFL'SED SILICON PHOTO- DL'O-DIODE TYPE 18701 (2X2176) lor Tape Readout, high switching and measurement indi- cators. 60V, 260m W. OCR PRICE 10,'.EACH, 60 OR OVER 8/8 EACH, FULL DETAILS. 
FET'S 
OX 3819   10/- 9S 3820   25/- MPF105     8;'- 

LOW COST F.E.T. 
Fully Tested, Guaranteed Peraraetere equit. t. 2X3819. MPF102, 2S 6469. 1-21 7/9 each; 23-99 8,8 each; 100 up 5,8 each. (Tnleil FE19. Full data sent, TO-72 case. 

CADMIUM CELLS 
0RP12 8/8 

ORP60, ORPOl 8/-each 

INTE0RATED 
CIRCUITS 

BI-PAK MONOLITHIC AHPUnSBJ ,TG-5 8 lead) 
BP708C, Operational amp- lifier, 15/- each. BP701P, Operational amp- lifier (with- Zenrr out- put). 12 8 each. BP702C, Operational amp- lifier (with direct out- put), 18/9 each. BPS01, Wide hand ampli- fier, 18/- each. BP621, Logarithmic wide band amp,, 14/- each. BP90/C. General purpose amplifier (TO-6 8 lead), (voltage or current amp.), 12,9 each. 1.0. Operational Amplifier with Zener output. Type 701C. Ideal for P.E. Projects. 8 Lead TO-6 case. Full data. 

Our price 12/6 each 
6 off U/-each, targe Qty, Prices quoted for. 

1C AMPLIFIER 

I.lentiool encapsulation and iln configuration fn the ollowing: SL402-9, IC10 and IC409, Each circuit Incorporates a pre-anip and class A.B. Power amp stage capable ot delivering up to 3 watts RMS. Fully tested and guarvteed. Supplied complete with circultdetails 
and data, CODEDBP.IOIO. OLR LOWEST PRICE 80'-each, 10 up 26/-each. 

OTHER MONOUTKIC DEVICES 
D13D1 Silicon Vnllatera) switch 1«;- each. Silicon Planar, mono- lithic Integrated circuit having thyristor electrical characteristics, but with *n anode gate and a built-in 'Zener" dhxle between gate ami catho-le. Full data ami application cir- cuits available on request 

FAIRCH1LD (D.S.A.) RTDL MICROLOGIC INTEGRATED CIRC GITS 
Epoxy case 18-6 lead temp, range 15\'. lo 60'C. IIL900, Buffer. 9,9 each. VL914. Dual two-input gate, 9,9 each. VL923 J-K-fllp-flnp, 18/ each. Complete data and clrcnltg for the Fairchlld I.C.'a available In Itonklet form priced 1 '6. 

MDLLARD I.C. AMPLHTKEB 
TAA243, Operatkioal amp- lifier. 70,'- each. TAA263, Linear AP ampli- fier, 16/9 each. TAA293, General purpose ampHfirr, 21/- rncb. 

CA3020 RCA (U.S.A.) LINEAR ISTEORATEB CIRCUITS 
Audio Power Amplifier, 30/-each. 

BI-PAK KOHOLTTHIC DIGITAL dBCUTTS (10 lead TO-6) 
BF305A, fi-Inpnt AND gate, 8;8 each. BP314A. 7-Xmml NOR gate, 9/6 each. BE310A. Dual 3-Inpnt NOR gale, 9/9 each. BP316A. Dual 2-lnpul NOR gale (expandable), 9/9 each. BP320A. J-K-Binarj- i-le ment, 11/8 each, BP3S2A, Dual S-Input OR gate, 9/9 each. 

KING OF THE' PAKS BI-PAK GUBRftMIttSTOMNBR MONEY BACK- 
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YATES ELECTRONICS 
(FLITW1CK) LTD. 

RESISTORS 
High stability carbon film. Very low noise. 0-5 watt 5% 
4-7a to 2-2Ma 2d each. 0-5 watt 10% 4-7Q to lOMfi 
2d each. 2 watt 20% lOOQ to lOOkfl lOd each. 
DEVELOPMENT PACK 
0-5 watt 5% resistors 5 off each value 4-7^ to IMQ 
32S resistors Ell series SO/-. 
650 resistors E24 series 100/-. 
4 WATT WIRE WOUND RESISTORS 1/4 each. 
10% 1-0, 1-8, 2 7. 3-3. 3-9, 4-7, 5-6, 6 8, 8-2 ohms, 
5% 10, IS, 20, 25, 39. 50, 100, 200 ohms. 
MULLARD POLYESTER CAPACITORS ±10% 
400V: OOOJuF, 0-0015uF, O-OOll^F, 0-0033/*F. 0-0047/iF. 6d. 
0 0068>xF, 0-01 fiF, 0 01 SuF, 0-022^FP O-OSS^tF. 7d. 0 047/xF. 9d. 
0 068uF. 0-luF, lOd. 
160V; 0 01aF, O-OISuF, 0 022uF. 0 033«F, 0 047/iF, 0 068/iF, 7d. 
0-luF. 9d. O'ISuF, 0-22uF. lOd. O-33/aF. 1/3. 0-47/iF. 1/4. 
0-68/xF. 2/3. I O/xF, 2/4. 
2S0V: P.C. mounting miniature ±20%: 0*0lfiF, 0-OIS^F, 
0-022ttF, 7d. 0 033uF, 0-047^F, 0 068^F, 8d, O-ljuF, 9d. 
0-15/iF, 0-22/xF. I /-. O-33/xF, I /4. 
MYLAR FILM CAPACITORS 
I00V; O OOIuF, 0 002uF, O-OOS^tF, O OlftF, O-OT/xF, 6d. 0-05fsF, 
0-ljuF, 8d, 
CAPACITOR DEVELOPMENT PACK 
Selection of ceramic and polyester capacitors lOOpF to 
1-0/iF, Total 100 capacitors, £2.16.0. 
MINIATURE ELECTROLYTIC CAPACITORS 
(-10% +50%) 
SCuF 6V lOiif 10V ISSyF 10V 40uF l«V IOOUF 6V ISMF 10V 200MF 10V 6-4UF 25V 16UF 20011F 6V 20mF lov 10>iF t3V I0#iF 25V SOwF JJOjiF 6V 2SvF 10V I6hF (SV 25V IOaF i-4nF 10V 64^F 10V 25^F 15V 25^F 13V 2-S#iF 

I /- each 
250uF 12V, IOOuF 40V 1/4. lOOO^F 25 volt 4/-. 2500jtF 
2SV 9/-. 500ftF SO volts 5/-. JOOOftF 50 volt 8/-. 
CERAMIC DISC CAPACITORS 
lOOpF; ISOpF, 220pF, 270pF, 330pF, 470pF, S60pF, 680pF, 
lOOOpF, 2000pF, SOOOpF, lO.OOOpF, 5d each. 
O-OlfiF 800 volt 8d each. 
GANGED STEREO POTENTIOMETERS 
1 watt carbon track Skfl +5ka to IMQ +1141) log or 
linear, 8/- each. 
SKELETON PRE-SET POTENTIOMETERS 
Linear; 100, 250, 500 ohms and decades to 5M ohm ±20% 
<250kQ, ±30%, -250kfi. Horizontal or vertical P.C. 
mounting (0-1 matrix). 
Miniature 0-3 watt I/- each. 
Sub-miniature 0-1 watt lOd each. 
TRANSISTORS _ ^ 
BC107. 3/4. BCI08, 3/-. BCI09,.3/4. BFYS0, 4/4. BSY56, 
6/-. 2N30S5, 14/-. 2N3703, 3/3. 2N3705. 3/S. 2N37II. 
3/11. 2N490I, 30/-- TAA263 3 stage d.c. coupled amplifier 
d.c.—600kHz. Output IOmW 1500,15/-. TAA320 M.O.S.T. 
input followed by a bi-polar transistor, 13/-. 
DIODES—OA8S, OA9I, 1/4 each. 
SILICON RECTIFIERS 
BY236 800V 0-8 amp 3/- each. 
BY237 1250V 0-8 amp 3/4 each. 
VEROBOARD 

0-15 Matrix 
3/3 
3/9 
3/9 
5/3 

14/4 
9/4 
3/- 7/3 

40V 40V 40V 44V 44V 

01 Matrix 
3/6 
4/3 
3/9 
5/3 
9/4 
3/- 
7/3 

2i x 3} 
2i X 5 
3} x 3} 

x 5 
17 X 3i 
Pin insertion tool 
Pkt. 36 pins 
Spot face cutter 
ROTARY SWITCHES 
1PI2W, 2P6W, 3P4W, 4P3W, 4/6. 
GRADUATED DIALS 
For use with potentiometers, selector switches, etc., 3/3. 

C.W.O, piaitta, 1/6 post and paekinx on ord«r» undor 41. 
Export Ennuiri«« wolcom® 

YATES ELECTRONICS (FLITWICK) LTD. 
29 LYALL CLOSE, FLITWICK, BEDS. 

I 

sm 
«U.U 

1 

Colbert Pana-Vise work posltionere are specifically designed 
to quickly and easily achieve the most convenient, comfortable 
and time-saving work position. 

Available with vacuum clamp or screw-on base. 
They can be rotated, tipped, tilted, angled, elevated, 

lowered. 
The required work position is firmly secured with a patented 

one-knob control, a unique feature of Colbert Positioners. , 
A series of special holders is available for various types of 

work. 
Full details available on request. 

Distributors; 
SPECIAL PRODUCTS DISTRIBUTORS LTD. 
a I Piccadilly, London, W.I. Tel. 01-629 9SS6 Cables: Spedprod London (Made in U.S.A.) 

THE WILSIC Mk II 
REVERBERATION UNIT KIT 

A new, all silicon version of our self-contained, 6 transistor, 
reverberation chamber to which microphones, instruments, 
tuners or tape recorders may be connected for added dimen- 
sional effect. The output is suitable for most amplifiers and 
the unit is especially suitable for use with electronic organs. 
A ready-built spring and transducer assembly is used. <58/11 
if bought separately). 
Complete easy-to-bulld kit, with constructional notes and 
circuits: £7.10.0. Pye-drillcd and printed case 34/- extra. Ail 
parts available separately. Send !/- for circuit and construction 
details. 
THE 1MFROVED WILSIC 
SIGNAL INJECTOR. Now all- 
silicon circuit for extra high frequency- 
harmonics. Light and compact, 
measuring only li' >; 4' (excluding 
probe). Price ready for use, including 
battery 32/6 post free.   

THE WILSIC 
WAH-WAH PEDAL KIT 

SELECTIVE AMPLIFIER MODULE. The basis ol the Wah- 
Wah pedal. Kit contains all the components to build a 2-transistor 
circuit module, also the sockets, control, etc.. required for the 
constructor to assemble his own design, 35/-. 
Assembled and tested module 42/6. 
FOOT VOLUME CONTROL PEDAL. Foot pedal unit in 
very strong fawn plastic. Fitted with output lead and plug for 
connection to guitar amplifier. May be used for volume control or 
converted to Wah-Wah by adding the module. Pedal unit only £5.12.6. 
Complete kit for Wah-Wah pedal £7.0.0. All post free. 
Send 1/6 for our catalogue ol components, tescmeters, musical 
electronics and more details of the above items. Callers welcome. 

WILSIC ELECTRONICS LIMITED 
6 COPLEY ROAD. DONCASTER. YORKSHIRE 
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BRAND NEW 
SEMICONDUCTORS & COMPONENTS 

(Saturday callers only 5% Discount) GUARANTEED 

TRANSISTORS 
PANEL METERS 

3B Series—FACE SIZE 42 x 42mm. All prices 
41- 2N33W *1- 2N3393 41- 2N3394 6/4 2N3402 41- 2N3403 41- 2N3404 3/- 2N340S 4i- 2N34I4 4/4 2N34I5 4/6 2N3416 41- 2 N 3417 51- 2N3S70 17/6 40309 5/- 2N3572 17/6 40310 2/6 2N360S 5/6 40311 

2G30I 2G302 2G303 2G306 2G3O0 2G309 2GJ7I 2G374 20361 2N404 2N696 JN697 2N698 2N706 2N 706A 2/6 2N3606 
31- 2N3607 12/6 2N 3662 41- 2N3663 51- 2N3702 51- 2N3703 3/6 2N3704 3/6 2N370S 41- 2N3706 4/6 2N3707 31- 2N 370e 10/6 2N3709 6/6 2N37I0 6/6 2N37II 5/6 2N30I9 

51- 3NI40 51- 3NI4I 5/- 3NI42 5/6 3NI43 5/6 3NIS2 7/6 R.C.A.t 91- 40050 5/6 40250 6/6 40251 7/6 40253 9/6 40254 

2N708 2N709 2N7I8 2N726 2N727 2N9I4 2N916 2N9I8 2N929 2N930 2N987 IN 1090 2NI09I 2N1131 2NI132 2Nt302 2NI303 2N1304 2NI305 2NI306 aN1307 2NI308 2Nt309 2NI507 2Ni6l3 aN163l 2N1632 2N1637 2NI63S 2NI639 2NI7II 2NI889 

19/6 BCI49 21/6 80152 16/6 BCI57 19/6 BCIS8 241- BCIS9 BCI60 18/6 BCI67 12/6 80168 17/6 BC169 8/6 BCI70 10/6 BC17I 9/6 BCt72 13/- SCI 75 10/6 BCi82 13/6 BCIB3 10/6 BCI84 10/6 BC2I2L 13/- BCYIO II/- BCYI2 15/- BCY30 10/6 BCY3I 10/6 BCY32 12/6 BCY33 10/6 BCr34 7/6 BCY38 8/- BCY39 9/6 BCY40 14/6 BCY42 11/6 BCY43 11/6 BCY54 14/6 BCY58 8/6 BCY59 16/6 BCY60 

2N2218 2N22I9 2N2220 2N222I 2N2222 

2N2483 2 N 2484 2N2539 2N2540 2N26I3 2N26I4 

5/6 40312 4/6 40314 7/6 40315 81- 40316 3/6 40317 4/6 40319 4/6 40320 41- 40323 4/6 40324 41- 40326 3/6 40329 3/6 40344 41- 40347 41- 40348    91- 40360 414 2N3B23 27/6 40361 3/6 2 N 3854 S/6 40362 3/6 2N3854A 5/6 ^0370 4/6 2N3855 5/6 40467 , .. . 4/6 2N30S5A 41- 40468A 16/6 BCY70 
51- 2N3856 41- AC 107 41- BCY7I 51- 2N38S6A 71- ACI26 41- IN3858 5/- AC 127 41- 2N3858A 41- AC 128 5/6 iN 3859 5/6 AC 154 51- 2N38S9A 6/6 AC 176 8/6 2N3860 61- AC 187 8/6 2N36M 30/- AC 188 8/6 2N3877 8/- ACYI7 7/6 2N3B77A 81- ACY10 7/6 2N3900 7/6 ACY19 6/6 2N 3900A 8/- ACY20 6/6 2N390I 19/6 ACY2I 8/6 2N3903 71- ACY22   71- ACY28 7/6 ACY40 7/6 ACY4I 5/6 ACY44 51- AD 140 5/- AD 149 4/6 AD I SO 4/6 ADI6I 914 AD 162 8/6 AFI06 7/6 AFH4 3/6 AFII5 3/6 API 16 3/6 AFII7 3/6 AF1I8 3/6 AFII9 314 AFI24 3/6 Af 125 3/6 AF 126 

2NI893   2N2I47 17/6 2N3904 2N2l4e 12/6 2 N 3905 2N2160 11/6 2N3906 2N2193 S/6 aN40S8 2N2t93A 10/- 2N40S9 2N2I94A 4/6 2N4060 2N22t7 5/6 2N 406( 41- 2N4062 4h 2 N 4244 51- 2N425S 51- 2N4255   51- 2N4285 2N2267 21/6 2N42e6 2 N 2297 41- 2 N 4287 2N2303 5/- 2N4288 2N2368 5/- 2N42S9 2 N 2369 3/- 2N4290 2N2369A S/6 2N429I 2N24I0 8/6 2 N 4292 5/6 2 N 5027, 10/6 AFI27 6/6 2N5028 11/6 AFI39 4/6 2NS029 9/6 AF178 4/6 2N5030 8/6 AFI79 71- 2N5I72 3/- AFI80   61- 2N5I74 10/6 AFIBI 
2N 2646 11/6 2 N5I7S 10/6 AF239 2 N 2696 6/6 2NSI76 9,- AF279 2N27II 61- 2NS232 5/6 AF2e0 2N27I2 61- 2N5232A 61- AF2II 2/42713 5/6 2N524S 12/6 ASY26 2N27I4 61- 2NS246 12/6 ASY27 2N2865 12/6 2N5249 13/6 ASY28 2N2904 71- 2NS249A13/6 ASY29 2N2904A 8/- 2N526S 62/6 ASV36 2N2905 8/- 2NS266 57/6 ASY50 2N2905A 91- 2N5267 52/6 ASYSI 2N2906 41- 2NS305 7/6 ASYS3 2N2906A 6 6 2N5306 81- ASY54 2N1907 6/6 2NS307 7/6 ASY62 2N2923 3/6 2NS30B 7/6 ASY63 2N2924 3/6 2N5309 12/6 ASY72 1N2925 3/6 2N53I0 8/6 ASYB3 2N2926 2NS354 5/6 ASY86 „ Green 3/- 2NS35S S/6 ASZ20 „ Yellow 2/9 2NS3S6 6/6 ASZ21 

4/- BCY72 5/- BCZI0 41- BCZII 4/6 BDU6 51- BDHB 12/- BD12t 12/- BO 123 51- BDI24 51- BDYI0 51- BDYM 

41- BDY39 51- BDY60 61- BDY6I 
11/6 BFII5 15/- BFII7 7/6 BP 163 7/6 BFI67 91- BFI73 5/- BFI77 41- BFI76 51- BFI79 51- BFIBO 12/6 BF181 41- BFI84 46 BFI85 4;6 BFI94 41- BF195 3/6 BF196 7/6 BF 197 12/6 BFI98 11/6 aF200 12/6 BF224 8/6 BF22S 7/6 BF237 16/6 BF236 16/6 BFXI2 5/6 BFXI3 5/4 BFX29 8/6 BFX30 5/6 6FX43 5/6 BFX44 5/- BFX68 5/- BFX68A 13/6 M 6/6 BFX84 8/- M 51- BFX8S "" 51- BFX86 51- BFX87 3/6 BFX88 5/- BFX89 

3-6 BFY52 4/6 3/6 BFY53 S/6 41- BFYS6A II/- 3/6 BFY7S 61- 41- BFY76 81- 12/6 BFY77 11/6 3/6 BFYBS 91- 3/6 BFY90 12/6 3/6 BFW5B 5/6 3/6 BFW59 51- 3/6 fiFW60 51- 3/6 BPX2S 37/- 41- BPX29 36 416 BPYI0 291- 4/6 BSXI9 3/6 4/6 BSX20 3/6 51- BSX2I 7/6 5/6 BSX26 10/6 5/6 BSX27 10/6 5/6 BSX28 61- S/6 BSX60 19/6 7/6 BSX6I 12/4 41— 65X76 4/6 4/6 85X77 6/4 4/6 BSX78 6/6 7/6 BSYI0 5/6 6/6 BSYI 1 5/6 31- BSY24 41- 31- BSY25 41- 7/6 BSY26 41- 4/6 BSY27 41- 4/6 BSY28 41- 19/6 B$Y29 41- 4/6 BSY32 V- 8/6 8SY36 51- 41- BSY37 5h 5/6 BSY38 416 5/6 BSY39 4/6 22/6 BSY40 6/6 22/6 BSY5I B/6 17/6 BSY52 91- 21/6 BSY53 81- 12,'- BSY54 10:6 27/6 BSY56 18/- 37/6 85*78 9/6 37/6 BSY79 9/6 
49/6 BSYBl 10/6 61/6 BSY90 11/6 lie BSY95A 2/6 19/6 BSW41 8/6 
36/- BSW70 5/6 36/- DI6PI 7/6 27/6 OI6P2 8/- 51- DI6P3 7/6 916 D16P4 61- 

S00V. 25/- 

5/6 GET 113 4/- OC7S 7/6 GETII4 4/- OC76 11/6 GETII8 41- OC77 10/6 GETI19 4/- OC8I 14/6 GETI 20 6/6 OC8ID 7/6 GHT873 3/- OC83 6/6 GETB80 6/- OCB4_ 7/6 GET887 4/- OCI39 S/6 GETB89 4/6 OC 40 5/- GETS90 4/6 OCI70 5/6 GET896 4/6 OCI7I 5/6 GET897 4/6 OC200 5/6 GETB9a 4/6 OC20I 5/6 MAT 100 6/- OC202 10/6 MAT10I 41- OC203 61- MATI20 41- OC204 61- MATH I 61- OC205 6/6 MJ4O0 21/6 OC207 6/6 MJ420 5/6 MJ42t 5/6 Mi430 8/- MJ440 91- MJ4B0 8/6 MJ4ai 8/6 MJ490 13/6 MJ49I 

10/- M 8/- H 

5/6 9 61- 
7/6 

9/6 339 7/6 111 . 15/6 112 19/6 113 12/6 211 IB/6 212 18/6 213 18/6 214 18/6 •215 18/6 •216 18/6 15/- 8/- 8/- 81- 61- 6/6 10/6 15/- 81- 6/6 6/6 10/6 4/6 51- 41- 2/6 31- 31- 2/6 216 4/6 4/6 31- 5/6 41- 4:6 4/6 51- 6/6 6/6 61- 61- 6/6 7/6 10/6 6/6 6/6 8/6 7/6 10/6 12/6 10/- 10/- 416 

7/6 BFYII 
,c.,v„    ...   7/6 BFYI2 

I! Orange 2/6 2N5365 6/6 AUYIO 30/- BFYI3 2N3011 12/6 2NS366 [01- BC 07 2N30I4 6/6 2N5367 11/6 BCI OB 7/6 BCI 09 |5/_ BC113 
37/6 BC115 V/6 BCI 16 6/6 BCI 18 ... BCI2I 

K,K 60122 
5/6 BCI 25 5/6 BCI 26 
5/6 BCI 40 17/6 BCI 47 18/4 BCI 48 

2N3053 5/6 2N5457 2N3054 12/6 2SOOS 2N3D55 15/- 2S020 2N3I33 61- 2SI02 2N3I34 61- 25103 2N313S 51- as 104 2N3I36 51- j-Lj. 2N3340 19/6 2N3349 261- 25502 2N 3390 7/6 25503 2N339I 5/- 3NS3 2N339IA 61- 3N128 

22/6 OCP7I 22/6 .ORPI1 20/6 ORP60 19/6 ORP6I 20/6 P346A 27/6 TIP3IA 19/6 22/6 TIP32A 22/6 ... 29/6 T1S34 1800 41/6 TIS43 6340 15/- TIS44 E520 19/6 TIS4S . .,E521 19/6 TIS46 10/- Ml'FIOl 8/6 TIS47 51- MPFI03 7/6 TIS48   12/6 MPFI04 7/6 TIS49 51- BFX92A 12/6 MPF105 7/6 TjSSO 6/6 BFYIO 4/6 MPS3630 6/6 T1S5I 4/6 NKT0013 9/6 TIS52 4/6 NKT124 8/6 TIS53 4/6 NKT125 5/6 TIS60 4/6 NKTI26 5/6 TIS6I „ . 4/6 N XT 128 5/6 ZTX 07 3/6 4/6 NKTI35 5/6 ZTX 08 3/6 12/6 NKT137 6/6 ZTX 109 3/6 8/6 NKT2I0 61- ZTX300 4/- 91- NKT2II 61- ZTX 301 41- 51- NKT2I2 61- ZTX 302, 5 - 4/- NKT2I3 41- ZTX303 5/- 10/- NKT2I4 4/6 ZTX304 7/6 10/- NKT2I5 4/6 ZTXS00 5/- 10/- NKr2l6 7/6 ZTX 501 51- 12/6 NKT2I7 8/6 ZTX 502 41- 414 NKT2I9 41- ZTXS03 5/- 4/6 NICT223 5/6 ZTX504 12/6 

1/6 BFYI7 3/6 BFYi8 1/6 6FYI9 6/6 BFY20 416 BFY2I 12/6 BFY24 6/6 BFY1S 41- BFY26 41- BFY29 I (/- BFY30 II/- BFY4I 7/6 BFY43 3/6 BFY50 

17/6 8/6 2/6 3/6 3/6 3/6 3/6 3/6 5/6 41- 4/- 61— 6/6 6/6 

     3/6 BFY5I 
Post & Picking ptr order. Europe S/-. Commonweihh (Air) 13/-. Send 6d. stamp for price list. 

PIV 5 IA 2/ 3A 3j 6A I OA 8j I7A •5A only 

100 200 400 
, 't 3!1 I'/t — 51- 41- 11/6 13/6 16/6 IS/6 16/9 21/- IA Types are plastic 

800 1000 12000 
319 41- 4/6 — 
6/6 71- iS(-* W— 

16/6 19/6 21/- 30/- 
21/- 261- 

IN46I 4/6 IN9I4 1/6 IN916 1/6 IN4007 4/6 15010 3/- IS02I 41- 15025 51- 1544 21- 15113 " 15120 2/6 15121 2/6 IS 130 3/- 

DIODES & RECTIFIERS 
IS 132 1/6 BAI44 S/6 BYXIO 5/- OA73 1/9 ■ " BAXI3 1/6 BYZI0 71- OA79 1/6 BAXI6 1/9 BYZU 6/6 OA81 1/6 BAYIB 3/3 BYZI2 41- OA8S 1/6 BAY3I 1/6 8YZI3 51- OA90 1/6 BAY38 3/9 FST3/4 31- OA9I /6 BY 100 4/6 FST3/e 41- OA95 1/6 BY 103 4/6 OAS 2/6 OA200 2/- BYI22 7/6 OA9 2/- OA202 2/- BYt24 3/- OA 10 216 BY 126 314 OA47 1/6 BY127 4/6 OA70 1/6 

1513! 31- IS940 1/6 AAI19 2/6 AA2I3 4/6 AAZI3 2/6 AAZIS 2/6 AAZ17 2/6 BAI00 6/6 BAI02 6/6 BAI 10 .71- BAIIS 1/6 
RCA 
CA300S 30/- CA30II 20/- CA3012 251- CA30I3 30/- CA30I4 30/- CA3QI8 25/- CA30I9 25/- 

INTEGRATED CIRCUITS 
CA3020 301- CA3028A. 
CA3021 42/6 
CA3022 35/- 
CA3023 31/6 

   CA3026 27/6 
Data and application sheets 21- per type Motorola 

25/- CA3028B 35/- CA3035 35/- CA3036 201- CA3039 25/- 

MC724P MC789P MC790P MC792P MC799P Fair child L900 Buffer L9I4 Dual Gate L923 JK Flip Flop 1.709 Operational Amplifier Quantity Prices on Application General Electric PA230 

Quad 2 Input Gates Hex Inverter Dual JK Flip Flop Triple 3 Input Gates Dual Buffer 1-6 7-11 11/- 9/6 11/- 9/6 14/- 12/6 22/6 20/- 

PA234 PA237 PA246 Mullard FCH2II FCH22I FCJIOI TAA24I TAA243 TAA263 TAA300 TAA320 TAA3S0 Plessey SU402A 

Low Level Amplifier 1 watt Audio Amplifier 2 watt Audio Amplifier 
5 watt Audio Amplifier 

■ Hextuple DTL Inverter Gate Triple 3 Input DTL Line 3 Input JK Flip Flop Operational Amplifier Operational Amplifier Linear A.F. Amplifier Linear A.F. Amplifier Most L.F. Pre-Amplifter 

CA304I 32/6 CA 3042 32/6 CA3043 15/- CA3044 32/6 CA304S 32/6 CA3046 25/- CA 3048 55/- C A 3051 15/- 
17/6 17/6 1216 17/6 29/6 12 + 8/4 8/4 11/9 18/- 

27/6 26/6 49/- 57/6 
28/6 2S/6 35/- 47/6 45/- 15/6 47/6 IS/6 

Wideband Limiting differential Amplifier 361- 
Audio Amplifier 42/6 (Data and application sheets 2H 

THYRISTORS 
PIV SO 100 200 300 400 IA 51- 5/6 7/6 8/- 9/6 3A 41- 7/6 8/- 91- 10/6 5A — 8/- 9 - — 12/6 7A _ 11/- II/- 14/- 19/6 25A 27/6 301- 33/- — 3714 Also I2A. 100 PIV. 15/-; 600 PIV, 35/6  
VEROBOARDois 0 1 

Moffi* Matrix 

RESISTORS 
Carbon Film 1 watt 5%. 6d. } watt 5%. 4d, }watt 5%, Sd. watt 10%. 6d. 2 watt 10%. I/- 

3/6 4/3 4/3 5/6 16/- 

4/- 4/9 4/9 S/6 21/6 11/6 IS/6 — 
31- 

2i x 3-fin 2| x Sin 3} x 3iin 3J x Sin 3i x I7in 3i x I7in (plain) 5 x |7!n (plain) Vero Pins (bags of SO) J/- Vero Cutter, 9/-   
HEAT SINKS 4-8x4 x I in Finned for Two TO-3 Trans,, 9/6. 4 8 x 2 x (in Finned, for One TO-3 Tranl., 6/6. For SO-I, 6d. For TO-S, II— Finned, For TO-I8, I/— Finned, For TO-18, I/-Fi""«d. 
CAPACITORS 
A large and comprehensive range available: Electrolytic, Polyester, Ceramic, Poly- styrene. Silver Mica,.Tantalum, Trimmers Examples; 2.000mF 25V. 8/6 l.SOOmF SOV, 13/6 3.000m F 25V. 10/6 5,000m F 50V. 19/6  

WIRE-WOUND 
2-5 watt 5% (up to 270 oh only), 1/6 5 watt 5% (up to B-2le0 only). 
10 watt 5% (up to 25k O only) 2/6 

POTENTIOMETERS 
Carbon: Log. and Lin., less switch, 3/3- Log. and Un., with switch, 4/6, Wire-wound Pots (3W). 6/6. Twin Ganged Stereo Pots, Log. and Lin., 7/6. 

PRESETS (CARBON) 
0-1 Watt 
0-2 Witt 

I/- 
1/6 

THERMISTORS 
R53 (STC) 25/6 K151 (Ik) 2/6 Mullard Thermistors also stock. Please enquire;  

Telephone 
01-452 0161/2/3 

• A MARSHALL & SON callers welcome^ 
28 CRICKLEWOOD BROADWAY, LONDON, N.W.2 HRS. 9-5.30 Mon-Sat 
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RADIO-CONTROLLED MODELS — COMPUTERS — ELECTRONIC ORGANS — 
HI-FI ... 
Make them yourself with the help of Pitman and Museum Press 

RADIO-CONTROLLED MODELS 
R. H. Warring 
Provides complete information on radio control as applied to model aircraft, boats and 
land vehicles. " This well-documented and illustrated handbook will be of great service 
to the serious modeller." Boys Own Paper. 
18s. (90p) net 
COMPUTERS FOR THE AMATEUR CONSTRUCTOR ^ 
R. H. Warring 
How to make a simple working model computer for as little as four or five pounds. 
Once it is appreciated that the amazing performance of a computer reduces to a mere 
basic function, it becomes a subject for the amateur constructor. 
25s. (£1 25) net 
TRANSISTOR ELECTRONIC ORGANS FOR THE AMATEUR 
Second Edition by A/an Douglas 
For the first time, this book presents not only a detailed design for a full-scale organ, 
but a complete explanation of everything to do with transistorised organs. 
20s. (£1 00) net 
PICK-UPS; THE KEY TO HI-FI 
J. Walton 
A second revised edition introducing material dealing with pick-up " compatibility." 
Hi-Fi news said of the first edition, " It can be highly recommended as a first class 
introduction to the subject of high-quality record reproduction." 
t5s. (75p) net 

PITMAN PUBLISHING 
39 Parker Street, London, W.C.2 

\/Al VFQ SAME DAY SERVICE * w 1^.VJ NEW! TESTED! GUARANTEED! 
QPTC IK®. '36. 1T4. 3S4. SV4, DAF9I, DF91. DK91, IJL92. wc I set ot 4 tor 18;8. 1MF06, EF96, DK96. DL99, 4 Jot 27;- 

OU 4/8 1A7GT 7/8 IHSQT 7/3 1NSGT 7/8 IKS 8/9 18ft 4/3 1X4 2/9 384 8/9 3V4 6/3 SYSOT ft/9 SZ40 7/8 6/301.2 12/- 0ALft 2/3 6AM0 ftAQft «ATa 6AU9 6BA6 6BE6 6BJ6 6BW6 19/- SCftO 4/9 ftFIS 9F14 6F23 
9.8 61- 14/8 6P2S 13/- 6J60 4/9 6K7G SKSG 6L18 fiSNiCT 4/3 6V6O S/S 8V80T 6/8 6X4 4/3 flXftOT 8/9 10F1 14/- 10P18 7/- 10P13 12/- 19AT7 3/9 19AUS 4/9 13AU7 4/9 12AX7 4/9 19It9GT 7/3 

19DOSG17,8 20ra 13/9 20F3 11/9 20P4 18/8 2ftL8GT 8/- 2SU4CT11/6 30CJ 8/8 30C16 13/- 30C17 16/- 30C18 14/- 30F6 18/- 30FL1 14/- 30FL1214/6 30FL14 14/9 SOLI 6/6 301.16 14/- 30L17 16/8 30P4 12/- 30P12 13/9 S0P19 12/- 30PI.1 14/9 30H.13I7/8 30PX.1418/8 35L6QT 8/8 36W4 4'6 362401 6/- 607 9/- 6083 12/8 AC/VP210/- AZ31 9:8 B729 IB/8 CCH35 13/8 CL33 18/8 CY31 8/8 BAC32 7/3 DAK91 4/3 BAF98 7/8 DF33 7/9 DF91 2/9 DID® 7/3 DH77 *1- DK32 7/8 DK91 8/9 

DKM DKSfl 1)1.38 Bi-sa DL94 DL9e 0Y86 DY87 EABC80 6/8 EAFJ2 10/- EB91 2/3 EBC33 8/- EBC41 9/6 EBF80 8/9 EBF89 6/3 EOC81 3/9 ECC82 4/9 ECC83 7/- ECC85 6/- ECC91 3/- ECC80412/- ECF80 6/8 ECfaZ 6-6 ECH36 8/- ECH42 13/6 ECH81 5/9 ECH83 8/3 ECH84 7/6 ECLSO 71- ECL82 fl,'9 EC183 8/8 ECL86 8/- EF37A 8/8 EF39 4/9 EF41 10/9 EF80 4/6 EFS6 EF88 EF89 EF91 EF94 

8/3 S/S 2/9 4/9 EF183 5/9 EP184 S/6 

EH90 6 3 EL33 9/9 EL34 9/6 EL41 11/- EL84 4/9 ELQ0 4,0 EL500 12/8 EM80 7/8 EM81 ESI84 EH 87 EYftl EY86 EZ40 EZ41 EZ80 EZ81 GZ32 G234 KT61 KT68 18/9 N78 17i8 PABC80 71- PC86 10/8 PC88 10/3 PC96 8/8 FC97 8/6 PC900 7'8 PCC84 9/8 PCC83 6/- PCC88 Sl- PCC80 10/8 PCC189 11/8 PCFSO 8/8 PCF83 6/9 PCF88 10/9 PCF80O13;S PCFSO 1 6'9 FCF602 9/- PCF80614/- PCF80612,'9 PCF8O814/0 rCE82 7/3 

PCB83 12;- PCL84 7/8 PCL85 9/- PCL86 8/3 PEN A 4 12/8 PFL20011/9 
PL36 9/9 PL81 8/9 PL8IA 10/8 PD82 6/6 PL83 6(6 
PL84 6/6 PlftOO 18/- PLa04 13/6 PL608 23/8 
PM64 7/9 PX25 12;- PY32 10/- PY33 10/- PY81 5/3 PV8S 5/3 PV83 5/9 PY88 9,'8 PY800 7/6 PYSOl 7/8 R19 6/6 R20 12/8 U25 13/- C26 12/- U47 12/8 U49 is/e VT8 4/3 V191 12/8 U193 B'S 11251 14/8 11301 10,8 11329 14/8 11801 19/8 
X1ABC60 6/8 UAF42 10/3 UB41 6/6 UBC41 8/- 

CBF80 5/9 GBFSO 6/9 CC02 S;8 CCC84 7/- UCC88 7/3 UCF80 7/3 UCH42 12/6 XICHSI 0/fl KCLaa 7/- 1101,83 11/9 CF41 10.9 UF80 7/- TJF86 6/9 UF89 9/9 VIAl 12/- 111.44 20/- ULS4 71- UM84 6/8 UY41 7/6 IIY85 5/9 VP4B 10/- W77 3/9 1VI19 7/- 7.77 2/9 AC 107 3/9 AC327 2/6 AD140 7/6 AFllft 3/- AFU9 3/- AFll? *1- AF123 3/9 AP127 a/a OC26 6/- OC44 2/6 OC4a 2/6 OC71 2/8 OC72 2/8 OC78 2/9 OC81 2/6 OC8ID 2/8 OC82 8/6 OC82D 2/8 OC170 4/9 
READERS RADIO (P.E.) 

83 TORQUAY GARDENS, REDBRIDGE, ILFORO, 
ESSEX. Tel. OI-SSO 7441 

Portage on 1 r»lve 94. extra. On 2 waives or mote, postage 6d. per valve extra. Any Parcel Xruiureii against Damage in Transit 68. extra. 

BUILD YOUR CIRCUITS 

on 

VEROBOARD 
—the Universal Wiring Board—" 
obtainable from your local Retailer 
Trade enquiries to: 
NORMAN ROSE (ELECTRICAL) LTD. 
8 SL Chad's Place, Gray's Inn Road, London, W.C.I 
Technical enquiries to: 
VERO ELECTRONICS LTD. 
Industrial Estate, Chandler's Ford, Hants 

^ MULTIMETER Zr 
WITH ALL THESE FEATURES 
•k 20,009 ohm/volt ★ OvaHoad protection ★ Mirror Scale ir Free battcriet 
-k D.C. volts: 0.8, 3, 12, 30. 120, 300. ★ A.C. volts: 3. 30. 120, 600. ★ D.C. amps: SOtiA, 600/xA, 60mA, 600mA. 
ir Resistance: 10k, 100k. I meg, 10 megs. Half scale reading; 600, 6000, 60000, 600 K 
k Decibels: —20 to +46db. ★ Sixe: 6 4i ^ 2}- Money back if not delighted 
ONLY cpcriAl Thef»rnous 

nc c n ^rCCIAL '60SCUT' CUTTER & SHARER 
OFFER p. & p. 3 - The easy way to cut & shape mccals, plasttes, . hardboard, laminaces, plywood, etc. 3 blades for different uses. Mover need re-sharpening. List price 37/6 

OUR PRICE ONLY 28/6, p. a p. 3/8. 
Dept. PE6, Jl Albert Rd., Hendon. London, N.W.4 

& 
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M- -vv; 

MONO TRANSISTOR AMPLIFIER A really high UOI 7nn fidelity mon- nrl nal—IUU aural amplifier with pertot- jnanee cbarac- terlatlca to nit the moat die- crlratnatlDg lie- leiier. fl tran- ■lator circuit with integrated preamplifier auembled on apecial printed enb panel. AD161-AD162 operating iu tymroetrlcal complementary pklr- Output trans former coupled to 3 ohm and 15 ohm epeaker eockets. Standard phono Input eookete. Fall wave bridge rectifier power supply lor a.c. mains 200- 240v. Conlrole: bass, treble, volume/on/off. Function ■elector for PHI. PU2. tope, radio. The HSL.700 Is strongly constructed on rigid steel chassis bronxe hammer enamel flnlsb, size Si x 5 x4|ln. high. Sensitivity—PUl—50m/v, 86K Input Impedance. PUS—llOm/v. 1 meg Input Impedance. Tape—1 lOro/v. 1 meg input Impedance. Radio—'llOm/v. 1 meg input impedance. 
Output power measured at IKc—6-2 watts RMS Into 3 ohms, 5-8 watts RMS info IB ohm. Overall frenuency response 30c/a-18Ko/a: Continuously variable tone controls: Baas. +8db to — 12db at 100c/«. Treble, + lOdb to —TOdb at 10Kc/b- The H8Ii.7(» has been designed lor true high fidelity reproduction from radio tuner, gramophoae deck and tape recorder preamp. Supplied ready built and tested, com- plete with knobs, attractive anodised aluminium front eseutcbeon panel, long spindles (can be out to suit your housing reqnlmnents) full circuit diagram and operating iostruotlons. 
OUR 

lotions, mm/ f f\ / 
gPKOUIiPRICE £7. I 7.6. V6. 

LOUDSPEAKER BAROAIKfl 
Bin S ohm 16.'-, P. * P. 3/-. 7 x 4in 3 obm til-, P A P- if- 10 « 6ia 3 ohm r?/6. P. A P. 6/-. E.M.I. 8 x Bin 5 ohm with high flnv magnet (6/-. P. A P. 4/-. E.M.I 13} x Sin 3 ohm with high flu* ceramic magnet «/-, (16 ohm 16/->. p. * p. 6/-. E.M.I. 13 x 810.3 or 15 obm with two inbuilt tweeters and crossover network 4 gns. T. A P. 6/-. 
BSAHD KKW. 121n 16* H/B Speakers, 3 or IS ohm. Current prodnction by well-known Riitlsh maker. Sow with Hlflnx ccramlo ferrobar magnet assembly £6.10.0, T. A P. 7/6. Guitar models: 26* £8.0.0. S5w £8.0.0. 
B.M.I. 3Ha HEAVY DUTY YWJSBtKRS. Powerful ceramic magnet. Available in 3 or 8 obm IS/- each; IB ohm 18/6 each. P. A P. 2/8. 

Uln "RA" TWBt COKE LOtfMPEAKBB 10 watte peak handling, 3 or 15 obm, 87/8. P. A P. 6/-. 
86 OHM SPEAKERS 3iln 14/-. P. A P. 2/8; 7 X 41n 81/-. P. A P. *]-. 

BAUIBCED AEMATUBB EAEPH0HE Appro*. 20 ohm Impedance, Can be used ae ultra eenaltivc mike or speaker. OKLY 3/6, P. A P 1/8 CRYSTAL MIKES. High Imp. for desk or band nee. High sensitivity. X8/6. P. A P. 1/6. 
K1QH IMPED AX CE CRYSTAL STICK KIKES. OUR PRICE 81/- P. A P. 1/6. 
EIOH IKPEDAKCE DYXAM10 STICK KIKES. High sensitivity. 89/8. P. A P. 2/8. 
SPECIAL OFFER'. PLES8EY TYPE 29 TWIH 10X1X3 OAXO. 400pF + 148pF. Fitted with trlmmere and 6:1 Integral slow motion. Suitable for nomloai 470 kc/a I jr. Size appro*. SxlxlJ la. Ooly 8/9. P. A P. 2/8. 
HOXETWELt MICEOSWTTCHSS 8/P- C/0. Push-button action. Bating 280v. AC at 15 amps. Size appro* H' x I' x 1*. 6/- each. P. A P. 1/- (6 or more poet free), 
TELESCOPIC AERIALS WWH BWTVEL JOnrT. Can be 
angled and rotated In any dlrectioo. 13 section Heavy Chrome. Extends from 2* to appro*. 68*. Maximum diameter}-. 10/-each. P. A P. 1/6. 8 section Laeqoered Brase. Extends from 6' to appro*. 221*. Maximum diameter }". 6/- each. P. A P. II- 
TRANSFORMER BARGAINS I 
BBAYD HEW MULTI-RATIO MADTS TRABSFOBMKHS. Giving 13 alternatlvee. Primary: 0-210-240V- Secon- dary combinations: 0-B-10-1B-20-26-30-3B-40-60V halt wave at 1 amp or 10-0-10, 20-0-20, SO-O-SOV. at 2 amps fall wave. Size SinL x 3}lnW x SinD. Price 18(8. P. A P. 6/-. MAIffl TRABSFOBMSB. For transistor power snpplie*. Prl, 200/240V. Sec. 0-0-9 at 600mA. 11/-. P. A P. 3/8. Prl. 200/240V. Bee. 12-0-12 at 1 amp. 14/0. P. A P. 3/6. Pri. 200/240V. Sec. 10-0-10 at 2 amp. 87/8. P. A P. 3/6. Tapped Primary 200-220-240V. Sec. 21-8V at 600mA - U/8, P. A P. 2/6. 
BATTERY CHARGER IBAHSFOSMEBS. 200/240V. input. Nominal output for 6 or 12V, batteries 3 amp*. 8Ue approx. 3 x 2} x 2}ln. Brand Hew. Price 81/-. P. A P. 6/-. 

HIGH GRADE COPPER LAMINATE BOARDS 8 x 6 x A In. FIVE for 10/-. P. » P. 9/-. 

SPECIAL OFFER ! ! 
Your opportunity to acQoire a Brit «la«i HI-FI LOUD- SPEAKER SYBTEM at an extremely model lie price 1 
BeaotUolty made teak finith enclonue with moit etfrxctlTB Tygas trout. Sixe 16}* high x 101'wide x «• deep. Fitted with EJd.L Cetamio Hagaet 18* x 8' hats unit, two H.F. tweeter nnlta and uouoter. Power handling 10 watta. Available 8 or 16 ohm impedance.   
OUR PRICE WHILE LIMITED Q /trac ****?'' STOCKS LAST O VPIWe jo/. 

TRANSISTOR STEREO 8 + 8 MK II 
Now nelog SRlcon Txansistora in first five elages on each dhanuel resulting in even lower noise level with improved eeneitlvity. A really flrat-clasa Et-Fi Stereo Amplifier Kit. Usee 14 translstofB giving 8 watte pteh pull output per channel (IfiW mono). Integrated pre-arop, with Baas, Treble and Volume controls. Suitable for use with Ceramic or Crystal cartridges, Output stage for any epeakere from 3 to 16 ohma. Compact design, all parts ■applied including drilled metal work. Clr-Kit board, attractive front panel, knobs, wire, solder, nots, bolts— no extras to buy. Simple etep by etep inatructions enable any constructor to build an amplifier to be proud of. Briel specification: Freq. response ±3dB. 2J-20.900c/«. Bass boost appro*, to +12dB. Treble cot appro*, to —16dB. Negative feedback 18dB over main amp. Power requirements 26V at 0'6 amp. _ , 
PRICKS: AMPLIFIER KIT £10,10.0; POWER PACK KIT £8.0,0; CABINET £8.0.0. All Post Free. Also available STEREO 10+10. As above but 10 watts per channel. PRICES: AMPLIFIER KIT £12. POWER PACK KIT 83.10.0. . „ Circuit diagram, conetructlon details and parts list (free with kit) i/6.<9.A.E.). 

GENERAL PURPOSE HIGH STABILITY IRAN- S1STOB PRE-AMPLIFEEE. For P.U. Tape, Mike. Guitar, etc., and suitable for use with valve or transistor equipment. Can be operated irom 9- 18V, Battery supply of direct Irom H-T. ilne SOO/SOOVs Frequency response 18Bz-25KHz- Oain 26dB. Solid eocapenlation size 1| x 1} x Jin. Brand new- complete with ins tract tons. Price 17/6, P. A P. 2/9. 

O 

SPECIAL PURCHASE I E.M.I. 4-SPEED PLAYER 
Heavy SJin. metal turntable. Low flutter performance 200/ 260 V shaded motor (90 V tap). Complete with latest type lightweight pick-up arm and mono cartridge with t/o stylil lor LP/TS. ONLY 88/-, P. A P. 6/6. 

DUALITY RECORD PLATER AMPLIFIER MK U A top-quality record player amplifier employing heavy duly double wound mains translormer, ECC83, EL84, RZ80 valves. Separate Base, Treble and Volume controls. Complete with output transformer matched for 3 ohm speaker. Size 71n.w. x 3d. x 6 h. Ready built and tested. 
PRICK 78/-. P. A P. 6/-. ALSO AVAILABLE mounted on board with output transformer and epeaker ready to fit into cabinet below. PRICE 97/6. P. A P. 7/6. 
DE LUXE QUALITT PORTABLE B/P GABIBET MK H Uncut motor board size 14} x 121n.r clearance 9 in. below, 61 in. above. Will take above anipllfier nnd any B.S.R. or GARRARD changer or Single player (except AT60 and SP26). Size 18 X 16 X 81n- PRICE 79/6. P. A P. g,'" 

8-VALVE AUDIO AMPLOTEK HA34 MK H 
Designed dor Hi-Fi reproduc lion of records. A.C. Mains operation- Ready bnllt on plated heavy gauge metal chaasls. aizeS}fnw. x4ln.d.x 4}lo. h. Incorporates EC083. EL84, BZ80 valves. Heavy duty, doable wound mains tranefonner and ontpnt trans- former matched for S ohm 

epeaker. Separate volume control and now with Improved wide range tone controls giving base and treble lift and cut, Negative feedback line. Output 4} watts. Front, panel can be detached and leads extended for remote monntlng of controls. Complete with knobs, valves, etc., wired and tested lor only £4.16.8. P. A P. 6/-. 

3^ 

HSL "FOUR" AMPLIFIER KIT. Similar In appearance to BA34 above but employs entirely different and advanced circuitry. Complete set of parts, etc. 79/6, P. A P. 6/-. 

HARVERSON'S SUPER MONO AMPLIFIER 
A super quality gram ampllfiet UfilnB * double wouml mairw tranaformer, EZ80 rectffiep aod ECL82 Irlode pentode v&lve ui audio wupllfler and power outpnl rtage. Impedance 3 ohtna. Output appros. 3'fl watta. Volume and tone controli.Qiassle eUe oidy Tin. widex3ia.deep x 6iQ. high overall. AC mfthiB 200/240V. Supplied absolutely Brand New completely wired and tested with valves nuu good quality output traiwtorraers FEW ONLY, 
OUH ROCK BOTTOH BAROAIK TRICE 55/- F.RF. 6/- 

DE LUXE STEREO AMPLIFIER 
A.o. maint 300-240 volts. Using heavy dnly folly isolated maim trans- former with full wave rectification giving ade- quate smoothing with negligible bom. Valve Hoe up:—9x ECL86 Trlode Pentodes. 

1 x EZSO as full wave rectifler. Two dual potentiometers are provided for bass and treble control, giving bass and treble boost and cut. A dual volume control is used. Balance of tbe left and right hand channels can be adjoated by means of a separate "balance" control fitted- at the rear of the chassis. Input sensitivity le appro*!- mately 300m/v for foil peak output of 4 watts pet channel (8 watU mono), Into 3 ohm speakers. Full negative feedback In a rarefuily calculated circuit, allows high volume levels to be used with negligible distortion. Supplied complete with knobs, chaesla size llln.wx41n. *. 
Overall height including valves Bin. Ready bntlt and tested to a high standard. Frlee 8 gns. P. A P. 8/-. 

4-SPEED RECORD FLAYER BARQAIKS 
Mains models. AH brand new In maker's packing. LATEST B.B.B, C108/A21 4-SPEED AUTOOEANQER. With latest mono compatible cartridge £6,19,8. Catr. 6/6- With stereo cartridge £7.19.6, Carr. 6/5. 
LATEST GARRARD MODELS. All types available 1026, 8028. SP2S, 3000, AT80 etc. Send 8.A.E. lot Latest Pikes 1 
PLINTH UNITS cot out for (larrard Models 1026,2026. 2000. SOOO, AT60, BP25. With transparent plastic cover. OCR PRICE a gns. complete. F. A F. 8/0. 
LATEST AC08 0P91/1BC Mono Compatftle Cartridge with t/o Hvlus for LP/EP/78, Universal mounting bracket. 80/.. ' P. A P. 1/6. 
SOHOTOHS 8689 High output Stereo Cartridge. T/O stylus for 8iereo/LP/78. Complete with universal mounting bracket. List Price 48/7. OUR PRICE 26/-, P. A P. 1/9. 
SOHOTONE 8TAHC compatlblo Stereo Cartridge with diamond stylos 50/-. P. A P. 3/-. LATEST E0NETTE X/O Stereo GompaUbls Cartridge for EP/LP/8tereo/78. 38/6. P. A P. 2/-. . LATEST ROSETTE T/O Mono Compaflbto Cutridge lor KP/LP/T8 mono or stereo records on mono equipment. —P. A P. 2/: 
HIGH GAIN 4 TRANSISTOR PRINTED CIRCUIT AMPLIFIER KIT 
TypoTAl • Peak out- put In eicess of 1} watte. • All stan- dard British components. • Built on printed clrcolt panel size 6 x aim • Oenerons size Driver and Output Transformers. • Output transformer tapped for 3 ohm and 15 ohm speakers. • Transirtore (CETU4 or SI Mutlard AC 128D and matched pair of AC128 o/p). • 9 volt operation. • Everything supplied, wire, battery clips, solder cto. • Comprehensive easy to follow instructions and circuit diagram 2(8 (Free with Kit). Ail parts sold eeparately. SPECIAL PRICE 46/-. P. A P. 8/-. Also ready bnllt and tested, 62/6. P. A P. 3/-. 
10/14 WATT HI-FI AMPLIFIER KIT 
A stylishly finished monaural amplifier with an output of 14 watts Irom 2 EL84a in push-pull. Super reproduction of both music and speech, with negli- gible hum. Separate Inputs for mike and gram allow records and annotmcements to follow each other. ... Fully shrouded seclion" wound output transformer to match 3-15(1 speaker and 2 indopendent volume controls, and separate bass and treble controls are provided giving good Hit and cut. Valve line-up 2 EL84s. ECC83, EPSfl and EZSO rectifler. Simple instroclion booklet 8/6 (Free with parts). All parts sold separatsly. ONLY £7.9.8. P. A P. 8/6. Also available ready bniit and tested eomplelc with std. input sockets, £9.8.0. P. A P. 8/6. 
BRAND NEW TRANSISTOR BARGAINS, GET 15 (Matched Fair) 16/-; V15/10p, 10/-i OC71 S/-; OC76 6/-: API 17 8/8: 20336 (NFS) »/-. „    Bet of MnBard 6 transistora OC44, 2—OC46, AC128D. matched pair AC128 26/-; 0BP13 Cadmium Bulphlde Cell 10/8. All post free.  
YTNAIR AND REXXNK SPEAKERS AND CABINBT FABRICS spp. 64In. wide. Usually 36/- yd., our pnee 16/- yd. length. P. A P.2/6(mln. 1 yd.), 8.A.B. for samphi. 

Optn all day Saturday 
Early closing Wad. 1 p.m. 
A ftv minolti from South WlmUiAon Tub* Slallcn 

HARVERSON SURPLUS CO. LTD. 
170 HIGH ST., MERT0N, LONDON, S.W.19 T.loi.MO3TM 

SEND STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES 

CP/ease write clearly) 
PLEASE NOTE: P. fkF.CHARGES QUOTED APPLY TO U.K. ONLY. P. ft P. ON OYER8EA8 0BDEM CHARGED EXTRA. 
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Practical Electronics Classified Advertisements 
RATES: 1/6 per word (fninimum 12 words). Box No. 1/6 extra. Advertisements must be prepaid and addressed to Classified 

Advertisement Manafler, "Practical Electronics" IPG MAGAZINES LTD., Fleetway House, Farringdon Street. London, E.C.4 

MISCELLANEOUS 

BUILD IT in n DKWIJOX rjuality cabinet 
2in x 2iin x any length. WKW LTD., 
Illogwood Hoad, Ferndown, Dorset. S.A.B. 
for leaflet. Write now—right now. 

SOUND SWITCH (Feb.) printed circuit with 
data) sheet, 12/-. Rhythm Generator (JCot/ 
Dec. 68 printed circuit with full data, 29/6, 
Both inc. P.P. Send C.W.O. to ALMARY 
DESIGNS, 12 Lattimore Road, Wheathamp- 
stead, Herts. 
PARAPHY8ICAL LABORATORY, Downton, 
Wilts, Telekinesis. Magazines. Send S.A.E. fox 
list. Samples 20/-. 

 TOP TRANSISTORS— 
ACY22 1/9 OC45 1/9 ZTX300 1/9 
BCI08 1/9 OC7I 1/9 2N706 1/9 
BFYSJ 1/9 OC20I 1/9 2N2926 1/9 
BFYS2 1/9 OC202 1/9 2N3708 1/9 
All the above types are available at 16 
for £1, Brand New. Individually Tested. 

ANTEX SOLDER IRON 
Because of the lightweight construction and 
high efficiency nickel plated bit, this power- 
ful 15 watt iron takes the slog out of solder- 
ing. Special low price. Model CN240 volts. 

ACT NOW 29/11 
MONEY BACK GUARANTEE P. & P. I/- 
J. M. KING (Y), 17 Buckridge 

Portpoo! Lane, London, E.C.I 

MORE ROBOTS 
Synthetic Animals with "BRAINS" of their 
own. The LATEST range of prefects 
include: an electronic 'animal' which 
"LEARNS", and an Electro Chdmical device 
capable of "REPRODUCING" itself! 
Other projects SURE TO INTRIGUE YOU 
are a transmitter/receiver which has quite 
a useful range and RADIATES WITHOUT 
USING R.F. also TEN new projects, one 
of which is an electronic dice machine, 
HOSTS OF 6AS Y-T O-CO NST R UCT 
projects, for anyone with a basic knowledge 
of Electronics. DON'T WAIT. SEND 3/- 
for your list—NOW! 
To: 'BOFFIN PROJECTS' 

4 CUNUFFE ROAD 
STONELE1GH, EWELL. SURREY 

Designed by GERRY BROWN and 
JOHN SALMON and presented 

on T.V. 

PHOTO ELECTRIC SWITCH KIT Light cell transistor, relay etc. Elegant case in hammer blue S}'x2}*x4J' fitted with light hood, Ideal counter alarm, dawn/dusk switch, etc. 35/- post paid. 
6 OR 12 VOLT 

FLUORESCENT LIGHTS 
llins. fl Watt tuba ample light for caravan, tent. etc. Fully transistorised, low battery drain Unbeatable at CC/fi DJ/O postpaid, or in kit form 57/6 

4 WATT GRAM AMPS. 
Volume and tone controls, mains operation, 

output, new and boxed YT /A POST 
'^/0 PAID SALOP ELECTRONICS Callers welcome 23 Wyle Cop Shrewsbury, Shropshire S.A.E. for lists 

MISCELLANEOUS /continued; 

SERVICE FOR THE AMATEUR ELECTRONIC 
ENTHUSIAST. Are you buildiuK equipment 
requiring a transformer? If so send for an 
immediate quotation, or s.a.e. for our compre- hensive price list. Also available on request 
enamelled copper wire price list. BAXXEB 
TRANSFORMERS, S4 Old Lansdowne ltd., 
West Dirtsbury, Manchester, 20. 

CLEARING LABORATORY, scopes, V.T.V.Ms, 
V.O.M's, U.S. recorders, transcription 
turntables, ■ electronic testmeters, calibration units, P.S.U.'s, pulse generators, D.G, null- 
potentiometers, bridges, spectrum analysers, 
voltage regulators, sig-gens, M/C relays, 
components, etc. Lower Deeding 236. 
CASTLE LABORATORIES- Semiconductors, 
printed circuits, etc. Special offers for this 
month only. in glass fibre copper laminate 
5d per square inch/S.R.B.P. copper laminate 
2id per square inch. A stamp brings full lists. 
STAPLETOX CLOSE, Highworth, Wilts. 
P.C. BOARD, 19 x 7J X ^1". 2/9 each; 
13 x 5J x A In, 1/6 each. Heed Switches 
1A, 250V. Tested 2/- each. Miniature Type 
iA, 230V, 2/- each. All new. Post i/-. 
AULTER, 41 Bromholm Hoad, Abbey Wood, 
London, W.E.2. 

MUSICAL MIRACLES! Drum, Oymbnls, Waa- 
waa and Fuzz modules. Xew unique effects 
units, Percussion, etc. Good waa-waa kits 49/-. 
Famous "Mister Basaman" bass pedal unit. 
Also bargain components list of reed switches, 
etc. Send S.A.E. XOW! D.E.W. LTD., 254 
Ringwood Road, Ferudown, Dorset. 

SERVICE SHEETS 

LARGE SUPPLIER 
OF 

SERVICE SHEETS 
T.V., RADIO, TRAHSISTORS, TAPES, CAR RADIOS 

S/- EACH. MANUALS FROM 10'- PLUS LARGE S.A.E. 
(Uncrossed P.O.'s please, original 

relumed if service sheets not available.) 
FREE TV FAULT TRACING CHART OR TV LIST ON REQUEST WITH ORDER 

C. CARANNA 
71 BEAUFORT PARK, LONDON, N.W.I I 

MAIL OftDEfl ONLY 

SERVICE SHEETS (eontmued) 
SERVICE SHEETS, Radio, TV, etc., 8,000 
models, list 2/-. S.A.E. enquiries. TELKAY, 
II Maudland Bank. Preston. 

SERVICE SHEETS (1925-1970) for Televisions, 
Radios, Transistors, Tape Recorders, Record 
Players, etc., by return post, with free Fault- 
Flnding Guide. Prices from 1/-. Over 8,000 
models available. Catalogue 2/6. Please send 
S.A.E. with all orders/enquiries. HAMILTOX 
RADIO, 54 London Road, Bexhill, Sussex. 

RADIO TELEVISION, over 8,000 Models. JOHN GILBERT TELEVISION", lb Shep- 
herds Bush Rd., London, W.6. SUB 8441. 

ELECTRICAL 

Iffim 

BEST EVER200/240 VOLT " MAINS" SUPPLY FROM 12 VOLT CAR BATTERY 
Exclusive World Scoop Purchase. The fabulous Mk.lD American Heavy Duty Dynamntor Unit with * Maaiive 220 watt output and giving the most Brilliant 200/240 volt perfont mance of all time. Marvellous for Television. Drills, Power Tools, Mains Lighting, AC Fluorescent Lighting and all 200/240 volt Universal AC/DC mains equipment. Made at tremendous cost for U.S.A. Govt, by Delco- Remy, This magnificent machine is unobtain- able elsewhere. Brand New and Fully Tested. Only £4.19,6 + 10/6 postage. C.O.D. with fileasure, refund guarantee. Please send S.A.E. or illustrated details. 
Dept. PE, STANFORD ELECTRONICS Rear Derby Road, North Promenade BLACKPOOL, Lancashire 

HI-FI EQUIPMENT 

SHURE MAGNETIC CARTRIDGES, manu- 
facturer's pack, brand new, post free, M3DM £4.19.6; M44/6/7 £7.10,0; M44B £8.17.6; 
>155K £9.17.6; >173/6 Type 2 or M75G Type 2 
£12.5.0; M75EJ £15.15.0; M75E Type 2 
£10.10.0; Goldring G800 £7.17.6; Garrard 
SP25 £10.17.6; AP75 £16.10.0. ?. it P. 7/6. 
Complete Hi-Fi Stereo System Xormally 
57 gns. Our price 39 gut." P. & P. 27/6. 
MAYWARE it CO.. 38 Achilles Hoad, London, 
X.W.e. Mail Order Only. 

COURSES 

NEWCASTLE UPON TYNE POLYTECHNIC 
Department of Physics and Physical Electronics 

The following courses will be offered during the session 1970-71 
B.Sc. (Honours and Ordinary) in Physical Electronics 
A four year "thick sandwich" course (i.e. three years full-time in College and one year in 
Industry) leading to the above qualification is open to both college-based and industry- 
based students. Industrial sponsorship may be obtained for suitably qualified students. 
Entry qualifications include two appropriate "A" levels, or an appropriate O.N.C. or 
O.N.D. 
M.Sc. in Advanced Experimental Physics (Full-time 
or Part-time) 
A twelve month full-time or three year part-time course commencing in October, 1970. 
Optional subjects of study include Semi-conductor Device Physics and Electrical Properties 
of Thin Films. 

Further information may be.obtained from the Head of Department of Physics and 
Physical Electronics, Newcastle upon Tyne Polytechnic, Ellison Building, Ellison Place, 
Newcastle upon Tyne, NEJ SST. (Ref. AI70) 
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SITUATIONS VACANT BOOKS AND PUBLICATIONS 

TELENG 
MANUFACTURER OF COMMUNAL AERIAL 

AND TELEVISION EQUIPMENT 
Dile to reoroanisation and expansion at their new premises, vacancies 
exist for the following laboratory staff; 

WIREMEN, LABORATORY ASSISTANTS 
MECHANICAL DESIGN DRAUGHTSMEN 

JUNIOR, INTERMEDIATE & SENIOR ENGINEERS 
for interesting original work on high frequency transistor amplifiers and ♦ 
passive networks. Interest and initiative are as important as recognised 
academic quailficatlons. Training can be given to applicants without 
previous laboratory experience. 
Telephone, write or call now for an interview: Miss S. Holden, Personnel 
Officer, TELENG LTD., Arisdale Avenue, South Ockendon. 
Tel.: South Ockendon 3447. Ext. 52. Please quote ref. no. TT.2 

YOUNG ELECTRONIC TECHNICIAN required 
to fill a post In a newly established research 
workshop. Duties wllj include maintenance of 
a wide range of apparatus used in biological 
research, also design and construction of units 
ae required by the scientific staff. Salary 
depending on experience and qualifications in 
the range £l,030-£l,550 p.a. Apply to the 
Secretary, IXSTITUTE FOR RESEARCH 
OX ANIMAL DISEASES. Compton, Xr. 
Xewbury, Berks., quoting Reference No. 116 
and giving the names of two referees. 

A.M.I.E.R.E., A.M.S.E. (Blee.), City & Guilds, G.C.E., etc., on "Satisfaction or Refund 
of Fee" terms. Wide range of Home Study 
Courses in Electronics, Computers, Radio, 
T.V., etc. 132-page Guide—FREE. 1'lease 
state subject of interest. BRITISH 
INSTITUTE OF EXGIXKKRING TECH- 
NOLOGY (Dept. 124K), Aldermaston Court, 
Alderniaston Berks. 

APPOINTMENTS 

CAREERS in 

SCIENCE and 

ENGINEERING 
Exciting and rewarding opportunities 
in these fields are almost unlimited. 
Write now for details of the following 
courses offered by: 

BOURNEMOUTH COLLEGE 
OF TECHNOLOGY 

EDUCATIONAL 
ENGINEERS. A technical cerliflcate or 
qualification will bring you security and much 
better pay. Elem. and adv. private postal 
courses for C.Eng., A.M.I.A.M.S.E. 
(Mech. & Elec.), City & Guilds, A.M.I.M.I., 
A.I.O.B. and G.C.E. exams. Diploma courses 
in all branches of Engineering—Mech., Elec., 
Auto. Electronics, Radio. Computers, 
Draughts., Building, etc. For full details write 
for FREE 132-page guide. BRITISH 
IXSTITUTE OF EXGIXEERIXO TECH- 
XOLOGY (Dept. 125K), Aldermaston'Court, 
Aldermaston, Berks. 
RADIO OFFICERS see the world. Seagoing and 
shore appointments. Trainee vacancies during 
1970. Grants available. Day and Boarding 
students. Stamp for prospectus, WIRELESS 
COLLEGE, Colwyn Bay, Wales, 

SURPLUS HANDBOOKS 
19 set Circuit and Notes   71- P.P. 9d 1155 set Circuit and Notes .... 7/-P.P. 9d 
H.R.O, Technical Instructions .. 61- P.P. 9d 
38 set Technical Instructions.,.. 6/- P.P. 9d 
46 set Working Instructions.... </- P.P. 9d 
88 set Technical Instructions.... 7/4 P.P. 9d 
BC. 121 Circuit and Notes  6I~ P.P. 9d Wavemeter Class D Tech. Instr 6/- P.P. 9d 
18 set Circuit and Notes   6/- P.P. 9d BC.1000 (31 set) Circuit & Notes 4/- P.P. 9d 
CR.I00/B.28 Circuit and Notes 10/4 P.P. I/- R.107 Circuit and Notes  7/4 P.P. 9d 
A.R.8BO. Instruction Manual., 18/4 P.P. 9d 
62 set Circuit and Notes   7/- P.P. 9(1 
52 set Sender& Receiver Circuits 8/-post free 
Circuit Diagrams 5/6 each post free. 
R.I 116/A, R.I224/A. R.13SS. R.F. 24. 25, & 26. 
A.I 134. T.I 154, CR.300, BC.342. BC.3I2. 
BC.348.J.6.M.P. BC.624. 22 set. 
Colour Code Indicator 2/6 P.P. 6d. 
S.A.E. with all enquiries please 
Postage rates apply to U.K. only. 

Mail order only to: 
Instructional Handbook Supplies 
Dept. P.E., Talbot House, 28 Taibot Gardens 

Leeds 8 

EDUCATIONAL (continued) 

GET INTO ELECTRONICS —big opportunities 
for trained men. Learn the practical way with 
low-cost Postal Training, complete with equip- ment. A.M.T.R.B.E., B.X.E.B., City & Guilds, 
Radio, T/V, Telecoms., etc. For FREE 100- 
page book, write Dept. 856K, CHAMBERS 
COLLEGE, College House,- 29-31 Wrights 
Lane, Kensington, London, W.8. 

H 

Established 1891 

TECHNICAL TRAINING 

IN RADIO, TELEVISION AND 

ELECTRONIC ENGINEERING 

Firsc-dass opportunities in Radio and Electronics await the ICS trained man. 
Let I C S train YOU for a well-paid post in this expanding field. 
IC S courses offer the keen, ambitious man the opportunity to acquire, quickly and 
easily, the specialized training so essential to success. Diploma courses in Radio/ 
TV Engineering and Servicing, Electronics, Computers, etc. Expert coaching for: 
• C.atG. TELECOMMUNiCATION TECHNICIANS' CERTS. 
• C.&G. ELECTRONIC SERVICING. 
• R.T.E.B. RADIO AND TV SERVICING CERTIFICATE. 
• RADIO AMATEURS* EXAMINATION. 
• P.M.G. CERTIFICATES IN RADIOTELEGRAPHY. 
Examination Students coached until successful. 
NEW SELF-BUILD RADIO AND ELECTRONIC COURSES 
Build your own S-valve receiver, transistor portable, signal generator, multi- 
meter and valve volt meter—all under expert guidance. 
POST THIS COUPON TODAY and find out how 1 CScan help YOU in your 
career. Full details of I C S courses in Radio, Television and Electronics will be 
sent to you by return mail. 
MEMBER OF THE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES 

INTERNATIONAL 

CORRESPONDENCE 

SCHOOLS 

r Internationa! Correspondence Schools 
(Dept. 152). (ntertext House, Stewarts Read, 

London, S.W.8. 
NAME 

Block Capitals Please 

ADDRESS 

WHOLE WORLD 
OF KNOWLEDGE 

AWAITS YOU I 
6.70 
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UNIVERSITY OF LONDON 
EXTERNAL DEGREES 
B.Sc. General (Hons.)— 
Mathematics, Physics, Chemistry, 
Botany, Zoology, Statistics 
B.Sc. (Eng.) (Hons.)—Electrical 
(including Electronics) 
These courses are suitable for both 
men and women. 
Study by the sea In Britain's foremost 
international and cultural resort. 
For prospectus apply to; 
The Principal, Room i9 
College of Technology 
Lansdowne 
Bournemouth BHI 3Ji 
Tel.: Bournemouth 20844 
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RECEIVERS AND COMPONENTS 

EX COMPUTER PRINTED CIRCUIT 
PANELS 2' ~ 4* packed with . semi- 
conductors and top quality reiistors, 
capacitors, diodes, etc. Our price, 10 
boards 10/-. P. & P. 1/6. With a guaranteed 
minimum of 35 transistors. Transistor 
Data included. 
SPECIAL BARGAIN PACK. 25 boards 
for £1. P. & P. 3/6. With- a guaranteed 
minimum of 85 transistors. Transistor 
Data included. 
PANELS with 2 power transistors sim. to 
OC28 on each board plus components. 2 
boards (d x OC28) 10/-. P. & P. l/6d. 
9 OAS. 3 OA 10. 3 Pot Cores, 26 Resis- 
tors. 14 Capacitors, 3 GET872, 3 GET 872B. I GET875. All long leaded on panels 
13* X 4*. 
4 for 20/-. P. & P. 5/.. 

EX COMPUTER "MEMORY" 

CORE STORE PLANES 
160 BITS £1 P. & P. 2/- 

■4000 BITS £4 P. & P. 4/- 
10000 BITS £8 P. & P. 8/- 

mixed resistors 
^OUi&iWatt 12/6 

DIODES 
10 Amp 150 PIV 4 for 10/. 
20 Amp 150 PIV 4 for £1 
35 Amp 150 PIV 4 for 45/- 

P. & P, I/- 

EXTRACTOR/BLOWER 
FANS (Papst) 

lOOc.f.m. x 4^' x 2' 
2800 r.p.m. 
SO/- ea. P. & P. 5/- 

RELAY OFFER 
Single Pole Changeover Silver Contacts 
2' x 6* x 7*. 2-SKfl Coil Operates on 
25 to 50V. 8 for 10/- P. & P. 1/6. 

LT/STEP DOWN TRANSFORMER 
Prl. 0-200-21 S-245y, Sec. I 0-IO-25V 4A, 
Sec. 2 0-1! 5V 2A. 30/-. P. & P. 6/-. 
Quantity available. 

12V 4A 

POWER SUPPLY 
Extremely well made by Frako GmbH in 
West Germany, with constant voltage 
mains transformer, tapped Input from 
115V to 240V. Full wave rectification and 
capacitor smoothing. Size 9' X 6' X 5'. 
Weight 11 lbs. These units are brand new, 
unused and fully guaranteed. Makers' 
price believed to be around £80. 

OUR PRICE £9.10.U 
Carr. 
"O/v 

150 
High Stabs i, i and I Watt, 
5% and Better 12/6 

LARGE CAPACITY 
EUECTROUYTICS 
1.500 mfd tSOV. • 
4,000 mfd 72V J A eaCh 
5,000 mfd 36V ' l*f . 0 * 16,000 mfd 12V P. & P. l/6d 

£3.10.0 doz. P. & P. 10/- ^ 

EXTENSION 

TELEPHONES 

19/6 ea. 

35/- for 2 pioV 
These phones are- extensions and do not 
contain bells. 

KEYTR0NIGS 
MAILING ADDRESS: 51 EARLS COURT ROAD, LONDON. W.B WAREHOUSE AND DISPATCH 01-478 8499 

BRAND NEW ELECTROLYTIC8 15/X6V 0-5. 
1, 2, 5. 8, 10, 20, 30, 40, 50, 100 mJB', 8 5d. 
Kesistors 5% E12 aeries Carbon Film i watt, 
10 ohms to i megohm t-fid. \V1 rewound 5 watt 
ohms to 13,000 ohms lOd. Postage 1/- per 
order. THE O.R, SUPPLY CO., 127 Chester- 
field Boad, Sheffield, S8 0RX. 

TOP PRICES PAID 
for new valves and componants 

Write: 
KENSINGTON SUPPLIES 
(B) 367 Kensington Street 

Bradford 8, Yorks. 

AUDIO SCAN-HI-FI loudspeaker systems for 
the home constructor, cabinet kits, new range 
of Peerless speakers, speaker kit systems and 
cross-over networks. BAF wadding and all 
necessary components. Free speaker fabric 
samples on request. Send 9<l in stamps to: 
AUBIOSCAX, Dept. PE. 4 Princes Square, 
Harrogate, Yorks. 

R & R RADIO 
51 Burnley Road, RawtsnstaM 

Rotsendala, Lanes 
Tel.s Rossendale 3152 

VALVES BOXED,TESTED t, GUARANTEED 
EBF80 3/- PCC84 31- PY8I 3/6 
EBF89 3/6 PCFBO 31- PY83 '31- ECCB2 3I~ PCF82 3/6 UI9I 416 
ECL80 31- PCL82 41- 6F23 91- 
EFBO 1/6 PCL03 41- 30FS 2/6 
EF8S 3/- PL36 V- 30LI5 91- 
EY86 41- PL61 41- 30PI2 -4/6 
EZ40 4/6 PLS3 41- 30CIS 91- 
EBC4I 4/6 py33 91- S0CD6G 7/6 

POST. ONE VALVE 9d. TWO TO SIX 6d. 
OVER SIX POST PAID. 

Free and Mlustraied lists of all types of Hi-Fi equipment; Tuners, Amps, etc. Electronic equip- 
ment, components and gadgets at lowest prices, 
from: Albion Elcctronict Supplies, D;4, 16 Albion 
Road, Birchington, Kent. 

SILICON TRANSISTORS 

1,000,000 FOR SALE 

Clearance of pnp Silicon Alloy Transis- 
tors from the 2S300 (TO-5) and 2S320 
(SO-2) range and similar to the OC200-205 
and 8CY30-34 series. Available only from 
us at a fraction of the manufacturing cost. 
All these devices would normally be subject 
to re-selection for industrial use but owing 
to company policy change have been made 
available to us surplus to requirements. 
Offering these transistors in varied quantities 
make them ideal for Amateur Efeetronics, 
Radio Hams and for experimental use in 
Schools, Colleges and Industry. 
Supplied encoded (no warranty .by the 
manufacturers). But our assurance given 
that a minimum of 80% wiil be found to be 
good usable Silicon Alloy Transistors. 
Please state preference of type, i.e., TO-S 
2S300 or SO-2 2S320, 
Approximate count by weight: 

100 off—ISs. (plus p. & p, 2i,) 
300 off—£1 ISa. (plus p. & p. 3s.) 
500 off—£2 10s. (plus p. & p. 3s. 6d.) 
1,000 off—£4 (plus p. & p. 5s.) 
10.000 off—£35 (plus p. & p. I Is.) 

Large quantities quoted for on request.. 
EXPORT ENQUIRIES WELCOME 

All correspondence, eheqifes, postal orders, 
etc., to: p 

DIOTRAN SALES 
P.O. BOX 5 

63a High Street, Ware, Herts. 
Tel.: WARE 3442 

 JEF ELECTRONICS  
NEW FULL SPECIFICATION DEVICES 
Integrated Circuits complete with data: GH PA230 Audio Preamplifier 18/4 GE PA234 IW Audio Amplifier 17/6 ' GE PA237 2W Audio Amplifier 31/6 Plessey SL402A Preamp. and 2W Amp. 42/' MEL 11 Photo Darliogton Amp. 9/6 Connectors for GE t.C.s 7/- Hieh Ouality low cost transietere: GE 2NSI7I npn 200mW 1/9 ME 0412 pnp 200mW 3/9 T1 2N4059 pnp iSOmW 3/6 * MUL BFX86 npn BOOmW 6/- HUL BDI24 npn ISW U/- S 2N30SS npn I ISW 14/6 Triace for full wave power control: RCA 40669 8A 400V 24/- BCA 40583 Trigsor Diode S/3 Plaatie rectifiers for power supplies: IN 4820 I SA 400V Si Rectifier 2/6 W005 IA 50V full wave bridge Si 7/6 PD40 2A 400V full wave bridge Si IS/- 
e.W.O. P. &F. 1/- peronler. KORK HflllSE, 12 YORK DRIVE 

BRARPENHALl, WARR1K6T0N, LANSS. Hail Ordsf Only 

PRINTED CIRCUIT BOARDS for P.E. PROJECTS 
All boards drilled and roller tinned complete with layout drawing. 
EXAMPLES " . , Marine-Tachometer (May 1970) 5/-ea. Musical 
Stave (May 1970) 8/- ea, Waa-Waa pedal Vol 4 No. 7 2/9d. ea. Audio Sig. Gen. {Sine and Square on one board) Voi 5 No. 10 8/6d. ea. 
S.A.E. For List. Trade enquiries welcomed. 
P.H, ELECTRONICS, Industrial Estate, Sandwich, Kent. Tel. 3517. 
NEW MODEL V.H.F, KIT MK2 

Out latest Kit, Improved design and performance plus extra Amplifier Stage, receives Aircraft, Amateurs, Mobile. Radio 2, 3.4, etc . This novel tittle set wtt I give you endless hours of ptoasjre and can be built in one evening. Powered by 9 Volt Battery, complete wtth easy to follow Insrnicrlons and built in Jack Socket for use with Earphones oi Amplifier. 
Only 68/-. P. B, P. Pro* U.K. only 

Postal Orders, Cheques to; Dept. P.E. • Galleon Trading Co., 298A Lodge Lane Romford, Essex 
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E.M.C. Products 
22 Norwich Road, Bournemouth 

SPECIAL OFFER! 70 watts (U.S. BRAND NEW! 
"Mainline 70A"'ampHficts built and tested with power 
supply all on chassis 12J" ^ Sf xSJ* ltOv/240v. £3(1.0.0. 
Preamp for above SmV. sensitivity volume, bass, treble 
controls. An electronic parts Included. Partially assembled 
with full lostmcrtoas to fit and assemble to above ampli- 
fier. Ideal for HI-FI, Disco, P.A., Guitar, etc. £3.12.0, 
including P.P. SA.E. for further Information and 
ancillary parts, speakers, etc 
Terms: Cash with order. Post Paid. Guaranteed by 
tetum service. 

foiTsale 
NEW CATALOGUE No. 18, containing credit 
vouchers value 10/-, now available. Manu- 
facture rs' new and surplus electronic and 
mechanical components, price 4/8, post free. 
ARTHUR SALLIS RADIO CONTROL LTD., 
28 Gardner Street, Brighton, Sussex. 
TAPE RECORDER by Roberts of Los Angeles. 
Brofeasional, Type 400, Mint Condition, 
Virtually Unused, Bargain—£100. Box No. 29. 
P.E. from Nov. '64 to Apr. '70 all bar 12 issues. 
Offers ? DAVID ELLIS. The Retreat, Market 
Lane, Lltiton, Cambridge. 

MORSE ^ !! 
PACT NOT FICTION'. U yon start RIGHT yon will be readiug amateur anil commercial Morse within a month (normal progress to be expected). TJalng ecientlflcally prepared 3-»pec<l records yon •ntomntlcally learn to recognise the code RHYTHM without tranalntlDg. You can't help It, It's as easy os learalug a tone. 18 W.P.M. in 4 weeks gaaraiilecd. For details and course C.O.D, ring S-T.D. 01-660 2898 or send 8d. stamp for explanatory booklet to: 
OSHSO (Bo* 19). 4S GREES LASE, PTOLEY. SURREY 

WANTED 
CASH PAID for New Valves. Payment by 
return. WILLOW VALE ELECTRONICS, 
4 The Broadway, Hanwell. London. W.7. 
01-567 5400/2971. 

NEW RANGE U.H.F. TV AERIALS 
AH U.H.F. aerials now fitted with tilting bracket and 4 element grid reflectors. 
Loft Mounting Arrays, 7 element. 40.-; 11 element, 47 8; 14 element, 53.'-: J8 element, 82 6. Wall .Mounting with Cranked Arm. 7 element, 60 U element, 67 6; 14 element, 75,-: 18 element, 83.8. Mast Mounting with 21n. clamp. 7 element, 42 8; 11 element. 55.'-; 14 element, 63;-; 18 element, 70.'-. Chimney Mounting Arrays, Complete, 7 element, 72 6; 11 element,so;-; 14element, 87,-8; 18element, 95 -. Complete assembly instructions with every unit. Low Lost Cable, I S yd. U.H.F. Pre- amps from 75;-. State clearly channel number required on all orders. 

BBC - ITV AERIALS 
BBC (Band 1). Loft, 25-. External S.D, 30>. "H", £3,15.0. ITV (Band 3). 3 element toft anay, 36;-. 5 element, 46.-, 7 element, 50;-. Wall mounting, 3 element. 50;-. S element, 53,-. Combined BBC, ITV. Loft 1 + 3. 40/-; 1 + 5, 50/-: 1 + 7, SO/-; Wall mounting 1 + 3, M/.t 1 + 5, 70;-; Chimney 1 + 3. 76,-; 1 + S. 80 VHP transistor pre-amps, 75-. 

COMBINED BBCt—ITV—BBCJ AERIALS 1 + 3 + 9,70.". 1 + 5 + 9,80.-, 1 + 5 + 14.90'-, 1 + 7 + 14.160 Loft mounting only. 
P.M. (Band 2). Loft S D, 17 «. "H". 35,-, 3 element, 576. External units available. Co-ax. cable, M. yd. Co-ax. plugs. I 6. Outlet boxes. 5 Dlplexer Crossover Boxes, 17 8, C.W.O. or C.O.D. p. & P. 6/5. send 6d. stamps for illustrated lists. 

CALLERS WELCOME 
OPEN ALL DAY SATURDAY 

K.V.A. ELECTRONICS (Dept. p.e.) 
4(1-41 Monarch Parade 

London Road, Mitcham, Surrey 01-848 4884 

4-STATION INTERCOM 

£7/15/0 
Solve your comrannlca- Won problems with this 4-SUtian Traaijitoi Intercom eyetem (1 mailer and 3 Sain). In de-lnxo plaatic cahlneta lor deok or wall mounting. Call/tMk/Hsten from Hooter to Snbo and Bubo to Mailer. Ideally eallablo tor Buslneae, Sur- gery, Schools, Hospital. Offlcc and Home. Operates on one 9V battery. On/off switch. Volume control. Complete with 3 connecting wires each 6Sft. and other accessaries. F. & P. T/6. 

MAINS INTERCOM 
Ro blftetici—no witcl. Joel plug "m the mains for instant two-way, loud and cleat communication. On/o9 switch and volume control with lock syitcni. Prkc *11.19.6. P. A P. 9/6 extra. 

INTERCOM BABY ALARM 

3 6ns 
Bame ae 4-Station Intercom lot two-way Instant communication- Idea! as Baby Alarm and Door Phone. Complete with 66ft. coooectfog wire. Battery 2/6. P. & P. 4/6 

TransisterTeLBPHmmPLmR 
59/6 

'Why not boost bneiaeaa effi- ciency with this incredible De-Luxe Telephone AmpH- fler. Take down long telephone messages orcDaverse withont holding the handeet. A ueefnl office aid. On/ 
Off switch. Volume control. Battery 2/8 extra. P. 4: P. 9/6. Fall price tefnnded U not eatisfied In 7 days. 

WEST LOSDOR DIRECT SUPPLIES (PE.'S) 169 KEBSnaXOH HIGH STREET, LOHDOK, W.8 

Psychodelic Lighting Unit 

- 

Three channel Colour-Organ operates (rom 
output o( record player, tape recorder, amplifier, etc., requires typically 4V r.m.s. 
Input drive voltage, derived direct from 
amplifier output or across speakers. 

Converts the audio frequency signals into a 
three-coloured light display, the colour 
depending on the frequency of the signal and 
the intensity on the loudncss of the audio 
source. 

Uses latest full wave triac circuitry and incorporates signal input level and minimum 
ambient light level controls on each channel. 
Will drive up to l-SkW per channel at 240V 

Complete printed-circuit board assembly, 
built and tested. Size Bfin x 6fin x 3iin- 
I4gns plus 10/- carriage. 

SUPER "FUZZ" UNIT. Connects between 
guitar and amplifier. Operates from 9V battery. 
Complete printed-circuit board assembly, 
built and tested. Size Sf-in X l^in >: fin, 
45/- plus 2/6 carriage. 
"WAA-WAA" UNIT. Connects between 
guitar and amplifier. Operates from 9V 
battery. Complete printed-circuit board 
assembly, built and tested. Size 3iin 2iin ■< Jin. 65/- plus 2/6 carriage. 
CREATE "PHASE" on your tape record- 
ings. records, etc.. unique electronic circuitry 
enables you to create "phase" at the turn of a 
knob, lust connect between pre-amp. and 
power-amp. 

This is not waa-waa. white-noise or swish 
but genuine phase-shift created electronically. 
Input and output impedances match to 
IO-50kD. Operates from 9V battery. Com- 
plete printed-cireuic assembly, built and 
tested. 
Size 4in X 2iin X l}in. 65/- plus 2/6 
carriage. " 
"AUTO-WAA". The basic "waa-waa" 
type amplifier concept has been made more 
sophisticated by automatically generating this 
effect with an oscillator. This removes 
the need for a potentiometer or foot pedal 
and replaces this with two controls to alter the 
repetition rate and duty cycle of the oscillator. 

This unit can be connected between a guitar and an amplifier to provide continuous 
"waa-waa" effect: or between an organ 
keyboard and amplifier. To provide an effect 
similar to a "Leslie" speaker with variable 
speed from chorale to fast rate. Operates 
from 2-x 9V batteries. Complete printed- 
circuit assembly, built and tested. Size 
fiiin X 3iin X Ifin. £5 plus 2/6 carriage. 

Mail Order Only 

D A B A R 

Trade Enquiries Invited 
ELECTRON KC PRODUCTS 

98a LICHFIELD STREET, WALSALL, STAFFS. 
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R.S.T. VALVE MAIL ORDER CO. 

BLACKWOOD HALL, WELLFIELD RD., S.W.16 
SPECIAL EXPRESS MAIL ORDER SERVICE 

1N21 28308 GETJlfl 61- QET118 *1- OETll« *1- OETX20 8/9 QET687 8/8 QETB72B 61- OET87.3 31- 0ET87i 61- SBTSSO 8/9 OETS82 6/- GKT8SS 10/- GEX33 4/6 OBX44 1/6 GEX941 41- GJ3M 7/6 QJ4M 7/6 OJSM 7/6 HO 1605 10/ - MAT160 61- M AT 101 8/3 MAT 120 6/9 MAT121 61- M3420 22/- MJ421 22/- NKTJ28 «/- NKT129 61- NKT136 6/8 HKT210 61- NKT211 8/6 NKT212 6/4 NKT213 61* KKT814 4/4 KKT216 4/6 NKT216 6/4 NKT217 8/4 XKT218 22/8 NKT219 6/8 NKT221 6/8 NKT223 6/6 SKT224 4/9 NKT226 4/9 NltT227 6/6 NKT229 6/9 NKT237 7/9 KKT239 6/9 NKT240 6/6 XKT241 6/6 NKT26I 4/9 NKT291 4/6 NKT274 4/9 NKT27S 61- NKT277 4/9 J!)XT403 ft/a 

BCY64 BCY60 BCy70 BCZ11 BD121 BD123 
BD124 BDY1I BFI16 BFI17 BFie7 BE 178 BFWl BFI84 BF188 BF194 BF196 BF196 BF197 BFX12 BFX1S 
BFX29 BFX30 BFX36 BPX43 BFX44 BFX6S BFX66A BFX86 BFX86 BFX87 BPX88 BFY20 
BFTai BPY24 BFY41 BFY43 BFY60 BPY61 BFY6S BFY?? BPY90 B8X27 B8X60 B9X61 BSy28 BSY27 B8Y61 BSY78 
B8Y79 B8T82 BSY83 

1N21B 6/- 28601 19/- iN2a 4/- 28708 12/6 9 1F86 17/6 8X143 19/- 61- 1X26S 10- AI3799 4- 19/- AAI20 6/- 114266 10- AAZ22 3 6 1X646 6J 12/- AAZ13 3, 1N726A «- AC107 1X4007 AC126 4/- 19021 4 10/- AC127 6/- 19118 AC128 19130 2 6 AC129 1B13I 2 6 AC 187 "/- 20220 12/6 16 AC189 11/- 2G240 6/- Acyi7 4/6 20301 6/3 ACY18 4 - 28806 8/- 6/9 ACY19 6/- 2037IB 4/- ACY20 6/- 208B1A 4/6 ACY21 20403 10/- 6/8 ACY22 *- 2G414 6/ ACV27 6- 20417 61- 12 - ACT28 4/- 2X2 U ACY39 12/6 3X404 6/- 19/6 ACY40 4/- 2X247 9/6 ACYil 61— 2X697 4/- e /■ 2X698 ACY44 13/- AD140 B- 2X709 3/- 13/8 AD 149 12/- 2X706A 10/- AD160 16- 3X708 4/- AD161 2X709 12/8 AD162 •/— 2X711 7/8 6- AF106 10/0 2X887 10/8 12/- AF114 6- 2X1090 AF116 2X1091 6/8 9/- AF116 2X1131 AF117 4/6 2X1132 12/6 AFI18 12/- 2X1502 *- AF119 2X1303 AF124 6- 2SI304 6/6 AFI25 6/- 2X1305 «- 12/- 2X1306 AF126 6- 6- 12/6 AF127 4 8 2X1307 61- 10/- AF139 7/8 2S130B 9- 18/8 AF178 12/8 2X1309 6/- 12/- AF179 11/- 2X1420 7/3 3/9 AF180 12 - 2X1607 4/- 6/6 AFI81 2X1526 10/- AF186 11/- 2X1909 46/- AFYIO 22/8 18/6 2X2147 AFZ11 6/- 2X2148 12/- 10/- AFZ12 X21S0 14 - 11 - 
12/8 
6/- 

20/- 7/6 
3/- 2/- 116 8/- 2/- 4/- 

1/8 4/- 

2/- 2/- 
10/- 
"/- 10/ 
61- 

10/- 8/9 
9/6 9/6 
4/6 4/6 9/- 16/- 16/8 

TERMS 
c.w.o; 

noC.O.D, 

OC20 OC22 OC23 OC24 
0026 OC26 0028 OC29 1 0C30 OC 35 ocse 
0038 / OG41 OC42 OC4S 
OC44 0046 OC46 OC68 OC69 OC70 OC71 OC72 OC73 
OC74 OCTfi 0076 OC77 OC7S OC78D 0079 
OC8I OC81D OC81DM OC8IM 
OC82 OC82D 0083 
OC84 OCI14 00122 OC123 OCI39 OC140 OCX41 
00169 OC170 OC171 00172 OC260 
0C201 OC202 OC203 OC204 
OC206 OC206 OC207 00450 - 
OC470 OCP71 P9I44 819T 8AC40 BFT308 
8J062F 8T722A ST72SI 8X68 - 
axescH 8X631 
SX631UC 8X8 SOT _ 
8X634WK 
SX763 8Z33C 11- V16/10P V16/30P - vso/Mir XA122 XA124 XAX42 XA143 XA162 XA162 XB101 XB121 XKB06 XK618 Z2A82CE ZR24 Za32A ZT21 ZT43 

CE) »/J PER ORDER 

TYPES— 
NSISTORS 

OPEN DAILY TO CALLERS 
Mon.-S»t. 9a.m.-S.30 p.m. ClojedSit. I.30p.m.-130p.i 

T«l, 01-769 0199/1649 

FIVE ENCAPSULATED CIRCUITS at Jess than £1 each! 
NEWBURY ENCAPSULATED CIRCUITS 

No excorna! bias networks needed —no larze output capacitors! 
BRAND NEW FULLY GUARANTEED AND TESTED MODULES 

POWER AMPLIFIER MODULE 19/6 
Type 3TI 
Meal for Inlercomi, baby nlBrnie, recrord-playcr,, 
etc. 0-12V operation. 

500m"W majUuum outpat. 200mW lor lees than 6% distortion. Power gain 60dB Input 40ml into 400 obms. 3-16 ohine load. Freqneacy response 36-45,0CH!Hr ±2dB. 
ORGAN MODULE 17/6 
Type SIX Will make the ideal basis for either monophonic or polyphonic organs. Can be used as a divider, locking in to the correct fteftuency. Will drive a loadspeaker or can be led into tone circuits, ampllfters, etc. 

Frequency range 3o-6000Hz. Power into 80 ohms loudspeaker lOflmW. 8V operation. 
MULTI-PURPOSE PRE-AMPLIFIER 19/6 
Type 3TO 
For use with the 3TI, or as an impede nee ntalofeer, high gain pre-amp,, headphone amplifier, etc. It may be used as an oeelllator or high fidelity preamplifier using the requisite feedback loops. 

Input impedance and gain folly variable up to 600 kllohms and 40dB. Output impedartce 300 ohms. Will deliver SOmW into 36 ohms. Frequency response 20-36,OOOHz ±2dB. Supply voltage 6-24V. X level -60dB. 
DUAL-VOLTAGE PRE-AMPLIFIER 17/6 Type 1TO For increasing the input sensitivity of low gain valve or transistor amplifiers. A high smoothing (actor makes operation direct from H.T. lines possible. 

Gain '20-2MB- loput impedance 50 kliohms. Frequency reeponse 30-45,000Hz ±2dB. Supply voltages 9-24 and 200-600. 
TACHOMETER MODULE 18/9 
Type 2TX 
Foe 4 or 6 cylinder, 8 or I2V positive or negative earth vehicles. Will operate 200 rotcioamp to ImA meters on 12V and 200-600 microamp meters on 6V. Suitable meters from 67/8. This module will provide linear readings up to 10,000 r.p.m. il your car can provide the signal! 

20 WATTS (RMS) AMPLIFIER 
i 40 watts Pk.> 20Hs-40kHz±2dJB. 'sea latest B.C.A, plastic devices-   
Xotegral pre-amp—SAE details. Qfrj. + pi & p 

Please send S.A.B. with enquiries. We welcome your problems 11 All orders to:— 
HEWHTOY SOUND BSDIFIIEHT, 21 Lancarter Court, hancister Ats,, London, S,E.27 
Cash with order plus 1/- p. & p. Please cross all cheques and P.O.S. 
Quantity discounts. Trade enquiries Welcomed. Callers by appointment. 

^ SO PBOF£SSIOA/AL T/zi^ 
OM/^-SV^tX yVKW AEROSOL Hnr~ 

fiet these axey hammbr 

M/nfV/ OP BLACK WRWKce W*/ W (CRACKL£) finishes 
fuk.n Aeroiol .prjy.it costlis. IS <n. fisequ.lli- Surahls .«»iotnsi 
K™ Himm.rr i'lilible is grey, blue. .014. broaie. M^ero t,{lhell autk WonUe rCr.tklei >11« li/l 1 .'our 

J ""■"(* psr puib-buuon lell-spn, an. AUo Durable,he.t .nd wj.er resntint Black Matt lieUh (12 en. leK-tprsv am only) 13/11 arrnj. {.aid, ' SPECIAL OFFER;! us plujoptioiul tramlerable inap-on incjer hjndlt (value S/-) for IS/ll, arnage paid. Choica of 13 Icll-inra, plain colour, and primer (Motor car qualily) Una available 
Heal# encfote ehaque or craned P.O. (of total amount direct .v 
DEPT:K/4, YUKAN, 307a, EDCW4RE ROAD. LONDON, We supply man,Government Departmenu. Municipal Aulhoriilei, Inuitutei and Leadins Indvilrial Ortanitatiom—We an supply you too. 

IQpen all day Saturday. Cloteil Thunday atiernooni 

Dlhtt Ywlon A,r OAr"1/Ac/flie'j, fAoti.oi H.U tartpc-a (Delude: hnc Cbtomale Zttar 

i 

m 

Send 4d Slamp for 
Furlhsr Dolaili 

BAKER 12m. MAJOR €8 
The remarkable quality and performance 
of the "Major" makes possible truly 
brilliant and rich sound from ■ single loudspeaker. It recreates the entire 
musical spectrum from 30 to 14,509 e.p.s. 
The unit consists of the latest double 
cone, woofer and tweeter cone together 
with a special Baker CERAMIC mag- 
net assembly having a flux density of 
14,000 gauss and a total flux of 145,000 
Maxwells. Bass resonance 45 c.p.s. For Hi-Fi or P.A. Rated 20 watts. 
Voice coils available 3 or B or 15 ohms. 
Major Module 30-17,000- eps with 
tweeter, crossover, baffle XIA ID X 
19 : !2Jin. andinstructions. F'O 

Baker Reproducers Ltd 
lenrfiam Manor Road Pajsage, Thornton Heath, Surrey. 01-684-f 665 
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