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PWQOlJCT$ U.MITEDl {/*eg4. Trod* Mark) 

SOLDERING EQUIPMENT 

j^or the 

DISCRIMINATING 

ENTHUSIAST 

/UUSTRATED: 
L64 BIT INSTRUMENT IN 
L700 PROTECTIVE SHIELD 

APPLY DIRECT TO: 
SALES & SERVICE DEPT. 
ADCOLA PRODUCTS LTD. 
ADCOLA HOUSE 
GAUDEN ROAD 
LONDON, S.W.4 
TELEPHONE: MACAU LAY 0291/3 

For quick, easy 

faultless 

soldering 

Ersln Multicore 5-core solder is easy to use and economical. 
It contains 5 cores of non-corrosive flux, cleaning instantly 
heavily oxidised surfaces. No extra flux is required. 
Ersin Multicore Savbit Alloy considerably reduces the 

wear of copper soldering iron bits. 

HANDY SOLDER 
DISPENSER 

12 ft. of x8 S,W,K. SAVBIT alloy in a 
continuous coil, used 

direct from free- 
standing dispenser, 

2/6 each 

I 
LOW TEMPERATURE 

SOLDER 
Size 9 pack contains 24 ft. of 60/40 high 
tin quality 32 s.w.g. 

2/6 eacit 
Si ze to pack 212/1. 

xsl- each. 

SAVBIT 
SIZE 1. CARTON 

Contains appro*. 30 ft. 
of 18 s.w.g. SAVBIT 
alloy. Also available 
in 14 and 16 s.w.g. 

5/- each 

(D 

BIB WIRE 
STRIPPER 
AND CUTTER 

Strips insulation, 
cuts wire cleanly. 

Adjusts to any size. 
4/- each 

Available from all Electrical and Hardware shops. 
If unobtainable write to: 

MULTICORE SOLDERS LTD. 
Multicore Works, Hemcl Hcmpstead, Herts. Hemel Hempsiead 3636 

MM/B 

D.I.Y. with 

GOODMANS 

HIGH 

FIDELITY 

MANUAL 

A new, larger and more colourful edition—revised and completely 
up-to-date. It contains articles of particular interest to-the D.I.Y. 
enthusiast—including special beginners page, advice on stereo, 
stage-built systems and full cabinet drawings. Whether building or 
improving your own audio"set-up or choosing a complete speaker 
system, you'll find it useful and interesting as well as informative. 
Ask your Goodmans dealer or send coupon for your FREE copy. 

■ Please send me a free copy of the Goodmans High ■ 
| Fidelity Manual j 
| Name                   

Address, 
P.E.9 

I 
  1 

GOODMANS 

GOODMANS INDUSTRIES 
Axiom Work., Wembl»y,MiddI»««* 

Telephone: WEMbley 1200 
A Division of RMio Rentaset Product* Ltd 
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LAFAYETTE HA^3 
COMMUNICATION 
RECEIVER 
7 valve* plus Becttfler. A Band a. 6S0 ke/a- 31 He/a. "B" MeWr—BFO—ANL—Band- eprend Tuning. 200/250 v. "A.C. Brand New 84 flni, Carr. Bald. 

LAFAYETTE KT-340 
COMMUNICATION RECEIVER 
SEMI-KIT Build thla wonderful teceiver and "VC Pounde I Supplied Mml-completed, main ooraponenta ready mounted, H.F; Section already wired and aligned. Poll and preclee tnatnictioaa aupplied. BpedBcatlon; 8 Talves -f rectffler, t bands coming 640 Kali—30 Mc/s. Xncorporatee 1 K.P. and 2 I.P. stages. "Q" multiplier. B-F.O.. A.N.I^ "8" meter, bandapread, serial trimmer, etc. OperatlonTlS/aSOv. A.C. Price SB BUS. Carr. 10/- 

0 

o © 

LAFAYETTE HA-5SA AIRCRAFT RECEIVER 
108-138 M«/«. High selectivity and •ensltlvlty. Incorporatee 8 EF stages Including 6CW4 Nuvtator, 8 tubes lor II tube performance, solid state power supply, adjustable squelch control, elide rule dial, built in 4ln. speaker and front panel phone Jack. 220/240V. A.C. Supplied brand new and guaranteed. 119.7,6. Carr. 10/-, 108-176 Mc/s Ground Plane Antenna 

HAM-I COMMUNICATION 
RECEIVER 8 valve snperhet receiver covering 050 Kc/s—30 Mc/s on 4 bands. Special fea- tures include slide rule dial. Bandspread tuning. *8' meter, B-P-O. Built in 4* speaker. Operation 220/240 v. A.C. Brand Now with loetrnctions. 18 GHS. Carr, 10/- S.A.E. lor details. 

£1 

© 
MAIN LONDON 

AGENTS FOR 
CODAR 

EQUIPMENT 
All Items available na advertised 

SINCLAIR TRANSISTOR AMPLIFIERS 
ZI3 Amplifier 89/$- PZ.S. Power Pack 79/6} X10 Amplifier Built «.ie.e. Kit M.ie.#! XIO Power Pack 84/-: X2CI Amplifier Built »9,10,6. Kit 17.18.8. X20 Power Pack 
24.19,6. Micro FM Radio Kit 25.19.6. Micro 0, 89/6; Micro amp 28/6; Micro Injection S7/6. Post Paid, 

TRANSISTORISED 
TWO-WAY 
TELEPHONE 
INTERCOM. 
Operative over amsringly long distances. Separate call and press to talk bnttons. 2-wire connection. lOOO's of applications. Beautifully floiahed In ebony. Supplied complete with batteries and wall brackets. £6.10.0. pair. P. A P. 8/8. 

MAQNAVOX 363 TAPE DECKS New S-speed tape deck, sopersedes old Collaro studio deck. 2-track £10,10.0. 4-track £18,10.0, Carr. Paid. 
PCR3 RECEIVERS 

Absolutely brand new 3 wave bands 190- 850 metres and 2.2-23 mc/g with elreuit £8.19.0. Carriage 10/6. Also P.C.R.l Receivers with built-in speaker. Covering Bong Wave, Medium" Wave and Short Wave 8-18 mc/« £8.10.6. Piug-in power supply 12 volt d.c. 19/8. 280 volt a.e. 66/'. 
AMERICAN TAPE Pint grade quality American tapes. Brand new. Dleooonte (or quantities. 

Sin.. 225ft. L.P. acetate.  4/- SJIn., 600ft. T.P. mylar   10/- 
Bin.. 600(t. std, plastic    8,'8 Bin., 900ft. L.P. acetate  10/- Blm, 1.800(1. D.P. mylar  18'- Bln., l.SOOIt. T.P. mylar  36/- 611n., 1,200ft. Xi.P. acetate .... 12/6 Of in. .1,800(1, D.P. mylar  £8/8 BJin. 2,400ft. T.P. mylar 48/- 7!a., 1,200(1. std. mylar   12/8 7lo., 1.800X1, B.P. acetate   15,- 7in., 1,800ft. B.F. mylar 20/- 7iii., 2,400ft. D.P. mylar  26/- 7lo. 3.600ft. T.P. mylar  60/8 
Postage 2/-. Over £3 post paid. 
CALLERS WELCOME ! 

Open 8 a.m. to 6 p.m. ever; day Monday to Saturday. Trade (applied. 

IWSBBQ 

vM 

LAFAYETTE 
2-WAY RADIOS 

Superb quality. Brand new and guaranteed. 3 Transistor £7.10.0 pr. 6 Transistor £17.10.0 pr. 10 Transistor with range boost £22.10.0 pr. 
Post e.vtra. 
Thus cannot be operahi in »-K. 

MODE! 1QM TRANSISTOR CHECKER 
It has the fullest ca- paoity lot checking on A, B and Ico. Equally adaptable for checking diodes, etc. Spec.: A: 0-7- 0'9967,B; 6-200, Ico: 0-60 mlcroampe, 0-6 mA. Heslstance for diode 200 Q — 1 MEG. Supplied complete with Instructions, battery and leads. £6/19/8. P. A P- 2/fl. 
VARIABLE VOLTAGE TRANSFORMERS 
Brand New—Fully Shrouded. Input.OSOv. 60/60 c/s. Output 0-260 Volts. 

I Amp  £4.10,0 2.8 Amp .... £5,17.6 6 Amp   £6.0.0 8 Amp  £13a0.0 10 Atop  £17.0.0 12 Amp £19.10.0 20 Amp £32,10,0 2.6 Amp Portable— Metal Case with Meter- Fnsee, etc. £9/17/0. 
SILICON RECTIFIERS 200 v. P.I.V. 200inA  2.e 200 v. P.I.V. 6 amp  8/6 400 V. P.I.V. Samp- (S.C.K.) 10/- 400 v. PJ.V. 3 amp 7,6 1,000 v. P.I.V, 850 mA  9/9 800 v. P.I.V. OOOmA 5/6 800 v. P.I.V. 5 amp 7/6 ■ 400 v. P.I.V. 600mA.  3/8 70 v. PO-V. 1 amp.     s/B 150,v. P.I.V. 166mA    ]/. BlscouDts lor qonntltlea. Post extra. 

TEST EQUIPMENT 
PORTABLE OSCILLOSCOPE CT.52 
A compact (9'X8'X16}'> general purpnee'ecope. T/B 10 c/s-40 kc/s. Band width 1 Mo/s. Mullard DG 7/5 2}* GET. Pot operation on200/260 v. A.C. Supplied complete with metal transit case, strap, test leads, and visor hood. Brand new, £22,10.0, Carr, 10/-. Supplied complete with Instructions, 
OS/8B/U OSCILLOSCOPES 

High quality Portable American Oscilloscope. 8' c.r.t. T/B 3 c/8-80 ko/s X Amp; 0-500 ko/s Y Amp: 8-2 Me/s. Power requIramenU 105-128*. A.C- Supplied to brand new condition, fully tested. £25. Carr. 10/-. Suitable 230/1X5v. Transformer 15/6. 

ERSKINE TYPE 13 DOUBLE 
BEAM OSCILLOSCOPE 
Time base 2 c/«-789 kc/a. Callbratora at 100 kc/s and 1 Mc/a. Beparate Vl and V9 ampliflera up to 5.5 Mc/s. Operation 1X0/230 volt A.C. Supplied In perfect working order. C2E.X0.0. Carriage 20/-. 

LAFAYETTE TE-44 
RESISTANCE CAPA- 
CITY ANALYZER 
2 PP—2.000 MFD. 2 ohms— 209 Megobms. -Also checks Impedance, turns ratio, Insulation 200/260v. A.C. Brand New £15, Carr. 7/8. 

TE-20 RF SIGNAL GENERATOR 
Accurate wide range signal generator covering 120 kc/s,-260 Mc/s on 6 bands. Directly calibrated. Variable B.P. attenuator, Operation 200/240 v. A.C. Brand new with In- strnctions, £12,10,0, P. A P. 7/8. S_A,E. for details. 

LAFAYETTE NUVI5TOR 
GRID DIP METER 
Compact true one band operation. 
Frequency range 1.7-180 Mc/s- 2S0v. 
AC operation. Supplied complete 
With all coils and ins true I ions. £12.10.0, 
Carr, 5/-. 

TE22 SINE SQUARE WAVE 
AUDIO GENERATORS Sine 20 eps to200 .kc/s. on 4 bands. jSquate: 20 cps to 20 kc/s. Output impedance 6,000 |otmm. 200/240 V, A.C. operation- Supplied Brand New and Guaran- teed with Instruc- tion manual and leads. £15. Carr. 7/6. 

NOMBREX EQUIPMENT 
Tranalatorised Audio Generator 10.100,000 c/e. Sloe or square wave. £16.16.0. Transistorised Signal Generator 130 kc/s. 360 Mc/e. £10.10.0. ^ Transistorised resistance capacity bridge 111. 100 MegO, 1 pMOO/iF. £9. TranslBtorised Induction bridge IfiN-lOOH. £18. Mains operated Transistor power supply nnlt, output 1-15v. up to 100 mA. £6.10,0, All above post paid with battery. 

32,6 6O11A IOO11A 200iiA BOfluA BO-O-M/iA 

CLEAR PLASTIC PANEL METERS 
First grade quality. Moving Coll panel tneten, available ex-stock. 0.A.E. tor Ulustrated leaflet. Discounts for quantity. Available tu follows: Type MB. 38P. 1 2l/321n. square trouls. 

100-0-1 OOKA 27/6 200mA. .. BOQ-O-BOO^I A 22/6 SOOmA. 22/6 BOOmA. . 22/6 780mA  . 22/9 2mA.,;  22/6 22/6 1A D.C... . 22/8 2A D.O. . , 22/6 10mA  22/9 5A D.C. .. . 22/8 22/8 8V D.O. .. 22/8 10V D.C. 22/8 20V D.C. 
150mA  22/9 80V D.C. . 

POST EXTRA. Larger sizes avallab 

28/8 22/6 22/6 28/9 

100V D.C. .. 150 V D.C... 300V D.C... 600V D.O... 760V D.C,.. XSV A.C. .,. B0VA.C. ... 180V A.C... SOOV A.C. ., EOOVA.C. .. '■3"MeterlroA 29/8 

28/8 22/8 28/6 28/0 

TE-51 NEW 
20,0000/VOLT 
MULTIMETER 
0 / 8 / 00 / 120 / 1,200V. A.C. . 0 / 3 / 30 / 60 / 300/ 
600 / 8.000V. D.C. 0 / eoixA /12 / 3«o MA. D.C. 0 / 60K I 6 Meg-Q 85/-. P. A P. 2/6. 

MODEL PV-SB VALVE 
VOLTMETER 
11 meg. Input. 7 D.C. voit ranges. 1.5- 1,800 v. T A.C. volt ranges 1.8-1.500 v. 4.000 Peak to Peak. Best stance .2 ohm to 1,000 megohm. Deci- bels —lOdb to + 65db. Supplied brand new with instructions, leads and probe. 212/10/-. P. & P. 3/0. 

TS-76 20,000 O.P.V. PUSH 
BUTTON MULTI-TESTER 

Simple operaliou, 
D.C. volts np to 
1.000 r. A.C. volts 
.up to 1,000 v. 
Resistance op to 
10 megohm. Current 
up to 250 mA. 
Decibels —20 to 
+ 36 db. £5.5.0. 
P. h P. 2f-. 

T~1 

MODEL 690. 30,000 o.p.v. 0/.B/l/2,B/10/ 26/100 / 280 / 600/ l,000v, D.C. 0 / 2.5 / 10 / 25 / 100 / 280 / 600/ 1.000V. A.C. 
0 / 80/2A I 01 M 1 BOOmA. 12 amp. D.C. 0160K / 8 Meg. 160. Meg n. £9/17/8 Poet Paid. 

r/W' 

(RADIO) LIMITED 
Phone: CEPRARD 8204/9155 
Cables. SMITHEX LESQUARE 

3-34 LISIE STREET. LONDON. W.C.2 
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SINCLAIR MICRO fM 

The world's most remarkable 

FH tuner/receiver 

Leu than 3in. x I Jin. X Jin. and 
professional in everyway, this seven 
transistor FH superhet uses pulse 
counrinf discriminator for superb 
audio quality. Low I.F. makes alipn- 
ment unnecessary after buildiry. 
Tunes 86-106 Mc/s., and telescopic 
aerial included suffices for food 
reception In all but poorest areas. 
Signal to noise ratio —30dB at 30 
micro volts. Takes standard 9 v. bat- 
tery. One outlet feeds to amplifier 
or recorder, other for using set as 
self-contained pocket portable. 
Brushed and polished aluminium 
front, spun aluminium dial. 

Compfete kit inc. 
aerial, case, earpiece 
and instructions. 

II 

mitunRn 

£5.19.6 

SINCLAIR MICRO-6 

The world's smallest radio 
Six stage receiver (2 R.F., double diode detector, 3 A.F.) in white, gold and black 
case only I tin. x if!,in. x jin. Tunes 
over M.W., A.G.C. to counteract fading, 
Bandspread far Luxembourg. Flays anywhere with amazing power and 
quality. Complete kit of parts, inc. 
transistors, ease, earpiece and instructions. 
FULL SERVICE FACILITIES AVAILABLE 
TO ALL SINCLAIR CUSTOMERS 

59/6 

SINCLAIRZ12 

INTEGRATED 12 WATT AMPLIFIER 

AND PRE-AMPLIFIER 

THE StNCI.AmZ.12 has been developed 
to the hifhett possible standards for an 
amplifier of its site and power. _ At the 
same time Its rugged construction and its amazing adaptability make it possible 
to use just one type of amplifier in an 
exceptionally wide variety of applica- 
tions. It has the characteristics de- 
manded of any quality amplifier, irrespective of price, yet costs well 
under £S, including its own integrated pre-amplifiar stage! The Z.I2 will 
function efficiently from anything be- tween A and 20 volts, making it 
convenient to run it from a ear battery. 

for example. Where it Is required to run the Z.I2 from mains supply, the 
PZ.3 is recommended. .Detailed in- 
structions for connecting mono and 
stereo inputs are given in the manual 
supplied with every unit, which Includes 
a variety of matching control networks. The Z.I2 can be used entirety on its own, 
but those wishing to have the very finest pre-amplifier and control system can 
connect inputs via the STEREO 25, de- 
scribed opposite, and designed to 
produce the very finest hi-fi you have 
ever heard. 

• TECHNJCAL SPECIFICATfON 
The Sinclair Z.I2 uses eight H.f. transistors in an original design developed by Sinclair Radionics to ensure excep- 
tional standards of reproduction. The pre-amp incorporated 
accepts all types of inputs, for the very best possible hi-fi 
stereo, two Z.I2's should be used with the Sincioir Stereo 
25 described opposite, 
ft OUTPUT—Class B, ultra-linear, with generous 

negative feed-back # FREQUENCY RESPONSE-IS to 50,000 c/s 
± IdB 

{INPUT SENSITIVITY—2 mV into 2 K ohms 
SIGNAL TO NOISE RATIO—better than 60dB OUTPUT IMPEDANCE—suiubla for 3. 7.5 
and 15 ohm loudspeakers. Two 3 ohm speakers "may be used in parallel 

9 POWER REQUIREHENTS-A to 20 volts O.C. 
or Sinclair PZ.3 mains power supply unit 

BUILT, TESTED 
AND GUARANTEED 89/0 

SINCLAIR PZ.3 

Oesigned specially for tha very high standards of the Z.I2, this entirely NEW power_ supply unit uses ad- vanced transistonted circuitry to achieve exceptionally good smooth- ing. Ripple is a barely moasuribie 0.05V. The PZ.3 will power two Z. 12's and the Stereo 25 TO / dL with ease.  

1 
H 

Sinclair radimnics ("Td. 
es neujmarket road, Cambridge 

Telephone 52731 
n ■ 
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PU MIC Rad Treble 
Bass , Volume Balance 

mm 

siridsir- 

SINCLAIR STEREO 25 

A NEW DE-LUXE PRE-AMPLIFIER AND CONTROL UNIT 

DESIGNED TO THE BEST HIGH FIDELITY STANDARDS 
Sinclair'! newest unit, the Stereo 25 
hu been designed specially to obtain 
the very finest results used In conjunc- 
tion with the Sinclair Z. 12 for stereo re- 
production. The best quality components, individually tested before acceptance, 
are used in its construction, ganged 
control* are carefully checked for 
matching, whilst the overall appearance 
of this very compact de-luxe pre-amp 
control unit reflects the professional 
elegance which characterises all Sinclair 
designs. The front panel is in solid 
brushed and polished aluminium with 

TECHNICAL SPECIFICATION 

beautifully styled solid aluminium 
knobs. Mounting and connecting the 
unit is simple, and the generous out- 
put of the PZ.3 is more than enough 
to power the Stereo 25 together with 
two Z.ll's for stereo. Hi-fi enthusiast* 
seeking the ultimate in equipment for 
domestic listening will find all they 
want from this combination of Sinclair 
units, and with a Micro FH to provide 
the radio, their installation will com- 
pare favourably with anything costing 
up to FOUR TIMES as much. 

A complete high fidelity 
stereo assembly for £22.18.0 
All you need is one Stereo 25 Pre-amp Control Unit 
(«.I9.6), two Z.I2's (£8.19.0) and one PZ.3 Mains 
Power Supply Unit (£3,19.6) to possess the finest possible 
hi-fi stereo installation. As a very desirable optional 
extra, you could include the Micro FM (£5.19.6) 
described on. page one of our advertising. The overall saving to you in cash will be staggering, and you will 
have an installation second to none irrespective of price. 

Performance figures were obtained using theSindair Stereo 25 fed to two 
Z.IZ's and the entire assembly powered by a PZ.3 Power Supply Unit. 

.5 • SENSITIVITY for 10 watts into 
ohms load per channel 
Mic.—2 mV into SO K ohms 
Pick-up—3 mV into 50 K ohms 
Radio—20 mV into 4.7 K ohms 

• FREQUENCY RESPONSE (Mic. and 
Radio)—25 c/s to 30 kc/s ± IdB extend- 
ing to 100 kc/$ ±3dB 

P.U.— 
t RIAA 

EQUALISATION FOR Correct to within ±ldB o 
curve from SO e/s to 20 kc/s. 

• TONE CONTROLS 
Treble -(-l2dB to —iOdB at 10 kc/s 
Bass +l5dB to —l2dB at 100 c/s 

SIZE—61-x2ix2i Ins. overall, plus knobs. 
FINISH—Front panel in brushed and 
polished solid aluminium with solid alu- 
minium knobs. Black figuring on front panel, 
BUILT, 
TESTED AND 
GUARANTEED £9.19.6 

Per- 
SINCLAIR USERS WRITE 

"May I congratulate you on the Micro P.M. 
formance has amazed me." 

(Signed) O'./.B., Swozfiond. 
" 1 am extremely pleased with its (Z.I2) performance. 
Thank you for your prompt delivery." 

(Signed) B.R.L, Aucklond, N.Z. 
" 1 am using a Z,I2 in a home-made recorder. The 
results are outstanding when used with a good quality 
speaker," (Signed) P.D.S., London, £./3. 
"I am very pleased with the Micro-6," 

(Signed) /.ALW., Burnhom-on-Seo. 
" The firm of Sinclair will always rate highly in my 
esteem." (Signed) B.C. Gtosgow. 

If you prefer not to cut this page, phase mention PE.9 
when writing your order. 

|Jo«r Jlinclair (Simrantcc 
If you are not completely satisfied when you receive 
your purchase from us, your money will be refunded 
at once In full and without question. 

JTo SINCLAIR RADI0nIcsTtD.,,22 NEWMARKeTrOAoTcaMBRIDGeI 
I Please send    

I for which I enclose 
m 

inczlaii— 

ADDRESS. 

CASHICHEQUEIMONEY ORDER for 
£ ». d. .P.l.9j 

611 



FULLY GUARANTEED 
INDIVIDUALLY PACKED 

VALVES 
AC/BX 4/6 ACP4 6/- AC6PEK 61- AL80 61- AR8 ■ 61- ARP3 61- ARPlSf 6(6 ABP21 10/- ATP4 «.'a ATP7 S/S ATJ7 5S/- AZ31 91- B«H 161- BD-8 40/- BL63 10/- »S4 61- BSS 60/- BS84 47/6 B3134 16/- CC3L 61- CT23 10/8 CMS 91- CY3I D1 1/6 D41 S/S 1)61 61- 1)77 3/3 DA30 12/6 DAF9« 8/- DD41 4/- DF73 DM! Dm DF96 DH63 DK96 DL82 DB9S DL94 DB98 DM10 8/- DY86 7/8 E80F 23/- B88CC 12/- E80CC 10/~ KA50 1/- EA73 71- KABCSfl 5/9 £AC91 3/6 EAF42 61- J5B34 1/6 EB81 61- EBC33 8/- 

5/- »l- 61- 61- 61- 5/6 4/- 4/- S/9 71- 

EBC41 8/8 EBC80 61- EBP80 6/8 EBF83 7'6 KBF89 8/9 EBL31 20/- EC62 tl- EC6S 12/6 EC70 4/- EC90 91- EC91 8/- ECC81 41- KCC82 61- ECC83 6/- ECC84 5/6 ECC86 8/6 ECC91 4/- ECC189 fi/6 ECF82 71- ECH42 9/- ECH81 61- ECH83 7/8 ECL80 61- ECM2 7/8 ECM3 10/- ECM6 91- BF36 3/8 BF37A 71- EF40 81- EF41 KFSO EF52 Epa3 EFC5 BP71 EF72 EF73 BF74 BF80 EF85 EF86 EF89 EF91 EF92 BF96 EF98 EFiea 81- EP184 8/- EH90 7/8 EMS 3/9 EM4 10/- EL36 61- EL37 18/- 

EMS 17/6 EL4i 81- EL42 KUO EMI £1.83 EM 4 KM6 EL91 EMS EMSO EM81 KM84 

61- 
S'- 8/- 8/8 «/- 8/- 4/6 61- 81- 7/8 6/8 ES31 10/- E8DT4 80/- E8U2D8 8/- EY51 6/6 EYSS KYfll EZ40 EZ41 EZ80 EZ81 F/60fl7 5/- F/6061 5/- F/6063 4/- FTF4/6006/6 PW4800 8/9 01/2360 91- (5S0/2fi 61- nM4 461- r.Z32 10/- RZ34 101- HK34 22/6 HL2K 2/6 HL23 6/- MM8DD6/- HL41 4/- 

HVE2 91- K3A 80/- KT32 8h KT33C 91- KT44 6/8 Kraa ti- KT66 16/- KT67 16/- KT76 8/6 KT88 22/- KTW01 4/6 KTW6S tl- KTZ41 91- XTZ63 5 - MH4 61- 

JfM N78 NEI7 0A2. 0B2 OBS 0C3 0D3 0Z4A 
FC88 PC88 PC97 PC900 12/- PCC84 61- PCC8'.> 10/- PCF80 71- PCF83 6/8 PCF84 81- PCF89 81- PCF802 U/- PCF80611/~ PCM I 01- PCM2 71- PCI.8S 8/6 PCL84 71- PCM6 8/8 PCMS 81- PEN25 4/6 PBN46 3/- PPL20017/8 PMfi 9/- PM8 18/- PM1 71- PM2 8/8 PM3 8/- PM4 6/6 PL6C0 15/- PM24A 6/- PT15 10/- PT26H 7/8 PT26M 7/6 PX4 14/- 

H11E12 10/- UCM2 8/- 1A60T 81- S130P 16/- UCL83 81- 1B22 80/- SI30 18/0 UF41 810 iccor 01- SP2 6/8 UF89 01- IDaOT 81- SP41 1/8 UL41 7/6 XE70 7/6 SPfil 1/0 UL84 5/8 IP3 81- SP210 3/8 UUO 71- 106GT 81- T41 10/- UU9 8/6 1L4 810 TP22 6/- 1JY2I 7/6 1LA8 01- TP26 15/- IIY86 61- 11X8 71- TTU 61- VP23 01- 1LH4 41- TTIS 861- VP133 01- 1N2IB 61- TTR31 <61- VR99 61- 1X43 41- TZ20 18/- VR105/30 um *1- U8I 8h 01- 1R4 61- 1712/14 81- VR1SO/36 IR5 8/8 IT17 61- 61- 184 si- 

PX25 PV33 PYSO pysi PY82 pyea PYSOO 81- PZ1-30 9;~ PZ1-75 12/- 
QP21 91- QP25 61- DP230 5/- Q895/10 6/9 Q81202 8/- QV04/7 81- RIO 9/- BB 8/- SK72 8/- 

3Q4 8/- 3Q50T 7/8 384 41- SV4 5/9 
4C27 85/- 4D1 41- 
5A1730 81- SAI740 61- 6B/251M 40/- 
»B/253iI 16/- 3B/254M 40/- 3B/235M 881- 

TRANSISTORS 
OC16 OC22 ocaa OC36 OC44 OC46 OC7I OC72 OC73 OC81 

20/- OC81D 61- 28/- OC81M 71- 181- OC82 10/- 12/8 OC82DM 61- 61- OC83 61- 
J U OC83B 8/- 
2)1 ocm w/- 

10/- OC170 91- 61- 00200 10/8 

00201 00202 00203 OC204 
00208 
AAZ12 
AC128 
BCZI1 
BY88 

12/6X0141 10/- 18/-XC142 161- 12/6 XC155 20/- 17/8 XC166 22/8 22,8 2N247 9/8 
e, 2N412 7/8 0' 2N60S 471- - 718 2t{a85 10/fl 718 2X1090 20/8 
7/6 2X1091 29/- 

vis 81- VU33A 41- 183 4/8 6R4GY 0/~ U23 111- vir:39 01- 114 8/- 3TR 71- U2« 111- VX320S 61- 2A3 61- 0U4G 4/8 U27 01- ■W21 61- 2B26 91- 6T40 8/- TJ30 410 W118 01- 2026 71- 6X40 8/8 Uo2 4/6 W119 81- 2C26A 3/- SYSft 4/6 U191 11/8 X«8 710 2034 2/8 oYSGT 61- 17801 17/- X81M 18/- 2045 22/8 OYSWGTB UABC80 01- XI18 8/- 2C46 80/- 91- UAF42 9/- XI46 8/- 2C61 12/- 5Z4G 6/8 UBC41 01- YF 11- 2D2I 61- fiZ4CX 81- UBF80 610 Y63 61- 2X2 31- 6AB7 41- 1JBF89 e/B Y6S *1- 3A4 *1- 8AC7 81- UBL21 101- Y68 01- 3»7 61- 6AG5 810 GCC86 6/6 Z800U SOh 3B24 61- 6AG7 01- 1TCH42 81- zecn; 101- 3D6 *1- 6AH6 10/- VCB8I 01- 1A3 31- 3E29 60/- 8AJ7 31- 

P.G. RADIO LTD 
170 GOLDHAWK ROAD, W.IZ 

Shepherd'* Both 4946 
Open 9-5.30 p.m. Thursday 9-1 p.m. 

SAKfi B/- 6AKfi 81- 6AK7 8/- 6AL3 81- 6AMW 71- fiAHa 2/6 6AM6 41- 0AQ5 71- 8AQSW 91- 8AB6 41- 8AS6W 91- 8A870 20/- 6AT8 4/- 8AU6 71- 8AX4 8/- 6840 18/- 6B7 91- 
fiHSfl 6BA8 68X7 6BE6 SBJfl 6BJ7 6BR7 flBWfl SI- OCA 81- 6060 2/6 6C60T 91- 606 4/- 6C6Q 8/- 6060 81- 60116 4/8 6CM 91- BCW4 12/- 
6D6 81- «Ba 8/- fiFiO 5/8 6FS{1T 6/9 6F80 41- 6P1 6F17 6P80 BF12 flF13 6FSa BFSS 6060 6URM BJ4WA 10/- 
6J5 81- 916(1 6JB 9J6W 8J70 6J7M 

6K9GT 5/8 6X70, 81- 8K70T 4/9 6K8(; 8/- 6K80T 8/8 6K8M 8/6 6UO 81- fiLfiOA 7/9 6L7G 41- 6M4 4/6 6LD20 6/9 6X7 8/- 624741 «P26 6Q7G 9E7 98A7 

#/« 12/8 6/- 5/8 71- 9SA70T 818 68K70T 41- 9SC7 71- n8C7GT Sh fiapeor 5/e 68H7 81- 6617 61- 68J70T 6/8 68J7Y 8/8 69K7 4/8 88I.70T 5/8 88N7 3/8 B8Q7CT 8/- 6SS7 2/- 61740 T 9/8 0V8G 5/- BVflOT 7/8 6V6M 81- 6X4 8/8 8X80 5/- 6X66T 618 8YSO 8/- 8-30M 10/- ftZ4 61- 
7B7 703 7C6 7C7 VH7 7Q7 7V7 7Y4 7Z4 
8D2 
9D2 9D6 10F9 12A6 

5/1 10/- 71- 81- 718 71- Bh 81- 4/6 2/0 
3/- 3/0 01- 818 

12AH7 6/- 12AT6 01- 12AT7 41- 12AT7WA 6/0 
12AU7 61- 12AV6 8/8 I2AX7 6/- 12AY7 10/- 12BAS 6/8 12BE6 71- 12BHT 71- 1208 31- I2HB 81- 12J5GT 2/8 12J7eT «/« 12K70T 81- 12K8M 10/- 12Q7G1 8/8 12SA7 71- 12SC7 41- 12367 81- I2SH7 81- 12SJ7 61- 12SK7 61- 12SX70T6/9 129R7 61- 12y4 81- 14L7 71- 1467 191- 1&D2 01- B0P4 12/6 21B6 91- 25MOT 6/6 25Y6 8/- 26Z4G 6/6 25ZS 7/8 26Z6flT 8/8 28D7 01- 
80 61- 30C16 9/8 S0C18 llh 30F6 810 30FL1 10/8 30L16 11/- 30P12 10/- 30P19 161- 30PL1 81- 30PL13 27/6 36L6GT 7/- aaT 17/6 36W4 6/- 38Z3 ' 10/- 36Z4GT 8/- 352601 81- 

37 Al- as ih 60CD8O 27/8 
MMGT 8/- 33A 7/6 

81 82 84 85X2 307A S13C S50B SB7A 868A 898A 446A 6080 6146 703A 706A 716B 717A 724A 767 
801 803 807 808 813 816 829B 882 8S2A 868A 884 954 966 966 967 9S8A C.B. Tahei VCR97 28/- VCR61736/- VCHB17B40/- VCK617C40/- 6CP1 " 80/- 

81- 8h th 618 6h 818 61- 6/6. 
I'r- 
ir- 
j" 
% 701- 81- 181- 01- 881- 861- 301- 10/- 80/- 
16/" 18/- 6/- 22/6 81- 81- 861- 861- 601- 161- 461- 141- 101- *10. 2/8 81- 61- H- 

MAXr OTHERS JX STOCK iHrtode Culkole Rat Tubet aiid Sptelal Vtlrtt. U.K. Orders below £1 P. A P. !/•; over <1,2/-; over 23, P. A P. Itee. C.O.D. 2/6 extra. Overseas Postage extra at cost. 

Eddystone 

DIE CAST 

INSTRUMENT 

BOXES 
The largest of the range—Cat. No, 903—is illustrated above. Made 
of aluminium alloy, it has internal dimensions of Tj in, x H in. x 3 in. 
and weighs 21 oz. Details of the other boxes are as follows: 
Catalogue Number dimensions 

896 
650 
6908P 
845 
6827P 

4i in. x 2i in. x 1 in, 
44 in. x 3i in. x 2 in. 
4i in. x Si In. x 2 in. 
7i in. x 4i in. x 2 in. 
7i in. x 4i In. x 2 in. 

weight 
iij oz. 
18 OZ. 
9i oz. 
32 oz. 
16 oz. 

Cat. No, 6908P and Cat. No. 6827P are of aiuminium alloy, the others 
of Mazak alloy. All are complete with close-fitting flange lids and are 
supplied in natural metal. Data sheets on request. 

Eddystone Radio Limited 
Eddystone Works, Alvechurch Road, Birmingham 31 
Telephone; Priory 2231. Cables: Eddystone Birmingham. 
Telex: 33708 ltd/eds 

TWO-YEAR GUARANTEE 
EX-1LENTAL TELEVISIONS 

17 in. £11.10.0 
3 star Guarantee 

-jfcTube Valves -^-Components 
ILLUSTRATED FREE LIST 

Channels for all-area* 
Demonstrations daily from Large 

Selection 
Personal collection or Insured 

Carr. 30/- 

RADIOGRAM CABINETS .£9.10.0 
Superbly made and styled In 
Veneered English Walnut 
LIFT UP LID TO CHANGER 
AND RECORD STORAGE 

COMPARTMENT 
Poscion 8' X 5* Twin 

S pea kers 
Diameter): 40 x I6i x I5i 
Legs I gn. Carr. 30/- 
Other Models—Send for List 

T.V. TURRET TUNERS 2/6 New Loss Valves. Slim Model, 5/-. Press Button Models 19/6. P. & P. 2/6. 
VALVES £1 per 100. Assorted TV and Radio. Surplus ex-rental dismantled receivers. Post 4/6. Send for list. 
RECORD PLAYER CABINETS 49/6. Latest designed covered cabinets. Tafces any modern Aucochanger. 
SINGLE PLAYER CABINETS 19/6, P. & P. 5/6. 

DUKE & CO. (LONDON) LTD. 
821/3 RomTord Road, Manor Park, E.I Z 

Liverpool Street—Manor Park—-ID mins. 
Phone: ILFord 600-1-2-3. • Scamp for Free List. 

612 
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RADIO 

For the Finest Value and Service to 

HOME CONSTRUCTORS & 

ELECTRONICS ENTHUSIASTS 
Wo comtdor our conitmction patcoli to bo (ho finest value on the homo oonfltmctor mukot. If on reoelpt yoa fool not I competent to build the «(, you may return It u received within 7 day«t when tho ram paid will be wluadod poftage. 

TAPE RECORDERS 

Carriage and Pnckine Free 

JUST ARRIVED — THE 
NEW 6ARRARD STEREO 
DECK 
Sow available from slock — superb spedflcatloo, Tbrec 1 track stereo/mono heads; S speeds—11, 3f, 7{ Lp.s.; lakes 7In. spools; fast forward and rewind; tape position Indicator: pause control: separate reeord. replay and erase heads— 4 tracks: piano key controls Interlocked for all funetlons; stop/etsrt can be remotely controlled: auto,, tape-cod stop. Heavy ilqty motor, capacitor start and run, large dyiuxmicatly balanced flywheel. Deck finished In grey plastic, size: 14J x 12 K S In., depth below plinth 41n. For 110 v. 50 c.p.a. Mains operation. A a to- trans- former for 200/250 v. indoded free. 
LASKY'S PRICE 2HGNS. 

in 

my | 

MAGNAVOX-COLLARO 363 
TAPE DECKS 

Iho very latest 3 speed model—If, 3J, 7j l.p.s. available with either j track or 1 track head. Kenturee Include: pause control; digital counter: fnst forward and rewind; new 4 pole fully screened indactioa motor; Interlocking keys, dire of top plate: 13} x 11 X SJln. deep below unit plate. For 200/250 v. A.C. mains, 50 c.p.e. operation. Kew unused arid fully guaranteed. 
LASKY'S PRICESio.io.o 
LASKY'S PRICE ^£13.9.6 

Carriage and Packing 7/0 extra. 
SPECIAL FOB OVERSEAS CTJSTOMEES — the new Uagnavoxdlollaio 303 110/126 v. SO or 60 c.p.a. malna now available, prices as above. Post to of the world 35'-. 

SPECIAL INTEREST ITEMS! 

TEST METERADAPTOR 
Type P.E. S20—this is a fully trnnsisfodsed device which enables any 60 micronmp D.O. Multimeter to be used in place of a valve volt meter. On the IV. range an impedauce of 1 megohm is offered which Increases on the 1000 V. range to 100 megohms. 7 ranges: 1 to 1000 volts. Designed for Immediate connection to Avo B and aimltnr size meters bat quite eoitable for use with any other 60 roleronmp meter. Size 8 X 8 X Sin. New and boxed. List Price 7 Una. 
LASKY'S PRICE 39/6 
Post 2/6. Set of batteries 7/5 extra. 

SPECIAL PURCHASE—UHF/VHF T.V. TUNERS 
Well known British makers' surplus stocks. Smr nvnflahle tor the first time to the Home Construvtor. 
TRANSISTORISED UHF MINIATURE MODEL 
BhleWed metal case only 3} X 1} X Sin. Fully tunable—complete with two AK 139 transistors. LASKY'S PRICE 39/4 
VALVE UHF MODEL (il/wiroied) 
In metal case size 4 X 6 X lllu. Fully tunable—ciauplete wllli PCCS6 nml PCC88 vaives. LASKY'S PRICE 32/6. Witbont ."alves J9/4. 
TRANSISTORISED VMF MODEL I Miniature turret type filter! with 32 sets of colls nn.1 3 Mollnnl AFI02 ttamUtor*. metal ease size 4 x 2 X 3JI». LASKY'S PRICE 29/6 
TRANSISTORISED VHF MODEL 2 
Bob-inlniatnre. turret type fitted with 12 seU of colls and 3 Mullnni .45102 trarwletors. In molal case size a x 1} X S|ln. LASKY'S PRICE 37/4 
Add 2/6 Post and Packing ou each. 

' 

CONSTRUCTORS BARGAINS 

The 14 Sixteen " Multirange 
METER KIT 
Thia outstanding meter was featured' by Practical Wlrclat in the Jan. "84 lame, Lasky's are able to offer the com- plete kit of parts as specified by the designer. RAKOE SPECIFICATXOH: D.C. volta: 0-2.5-25-60-260-500 at 20,000n/v. A.C. volts: 0-25-30.250.500 at l.OOOfl/V. D.C.current; O-SO/ZA, (t-2,5-60.260iiiA. Rcalstance: 0-2,000 n, 0-200kn. 0-20 MQ. Basic movement; 40(ZA moving coll. With universal shunt toll ecaie deflection current la 5011A. Black plastic case—SJxSJxllin. Controls; 12 position range switch; separate slide switch for A-C. volts— D.C. ohma; ohms zero adjustment pot, meter, meter zero. Power requirements: One 16v. and one l,6v. batts. Complete with all parts and full eoBStructton details. H.P. Terms available. 
LASKY'S PRICE £5.19.6. P. A P. 5/- 

Data aud circuit avail- able separateiy, 2/6: 
refunded J1 all parts bought. Pair of batteries 2/- extra. 

NEW—LASKY'S MINIATURE TRANSISTOR 
AMPLIFIER MODULES 
Incorporating the very latest circuitry 
to provide high sensitivity and good 
quality in conjunction with extreme small 
size and compactness. High quality 
Sewmarket transistors used throughout. All designed to operate OH 8v. miniatore 
battery. Add I/-00 each lor post St packiag 
TYPE PC 1. 3 transistor. Input sens, 50 inV., output 150 raW. output imp. 40fl, size2XIX lin.  PRICE 27/6 
TYPE PC 8. 6 transistor. Input sens, Im V, output 330 mW. output imp. 15 n, size 2}XlJX2ta.... PRICE 22/6 
TYPE PC 8, 5 transistor, 'input sens, 6 mV, output 400 mV, output imp. 15 n. size 2} X 1} X Jin.    PRICE 25/- 
TYPE PC 4. 5 transistor. Input sens. 150 mV. output 339 DiV, output imp. 160, size 
2J X 1J X lln        PRICE 22/6 
TYPE PC 6. 8 traoaistor. Input sens. 8ruV, output 3W, output Imp. 3 (1, size 5} X x lin    PRICE S9/4 
TYPE PC 7. 6 transistor. Input sens. 8mV, output 1W, output Imp. 8lJ, size 3 X 
U X il"  PRICE 39/6 
SINCLAIR SUPER MINIATURES 
We stock the complete range. Write for details of package deals. 
THE M1CRO-6 miniature radio only if X X i jin  <2 19 6 
THE SLIMLINE 2-traneistor pocket radio       £2 0 8 
THE MICRO-FM. (tuner/receiver)   85 19 6 THE X-20 20 watt P.W.M. amplifier    87 It 6 
Available ready built, tested and guaranteed     £9 19 S 
THE X-10 10 wait amplifier and pre-amp         £5 19 6 
Available ready built, tested and guaranteed   £8 19 6 THE Z-12 12 watt amplifier and pre-ampllfler. Fully built and tested  £4 9 6 
\f CDORO A I? 1*3   Hflgh grade laminated board with copper strips " airvwtj VPArwA# bonded to it and pierced with boles. Boards Aocwaorief 42/1603 25 X 5 in.  3/8 Terminal pins—pkl. of 30    3/- 43/1304 21t x 2i in.  3/- Spot face cutter tool   8/8 

Pin inserting tool     9/9 Post 6d. per item extra. Orders ot 10/- and over post lr«e. 
45/1507 3} X 6 In  S/2 46/1508 8J X 33 In    3/8 44/1506 31 X 17 in  12/8 

TRANSISTORS GET 81, OBT 85, GET SO 2/8; 873A, 8T4P 3/8; OC45, OC71, OC8ID 4/8; OG 44, OO 70. 00 76, OO 81 5/6: pair (10/6); AF 117, OC 200 8/6; 00 42. OO 43, Off 73. OO 82D 7/6; OC 201. OC 204 15/-; OC 205, 00 206 M/8: OC28 84/8; OC 75 8/-. 
TRANSFILTERS By BEtTSE CRYSTAL CO. Arallable bora stock. TO—OIB 46! kc/s. ± 2 kc/8. | TO—020 470 kc/s. rfc I ke/s. JjQ g/teH 

ALL BE ARB JTEW A .YD GDARAHTEED 

TO—OlD 470 kc/s. ± 2 kc/a. 1 TF—OIB 465kc/a. ± 3 kc/s, TO—02B 403 kc/i ±1 kc/a. 1 TF—QID 470 kc/s. 2 kc/s. POM 6a. 

GORLER UT 340 FM/VHF TUNING HEART 
FermeablBly toned — covering 87 to 108 Mc/s. For use wllh one ECC85 valve, metal case, size 3 X 21 X Ijln. Circuit supplied 
LASKY'S PRICE 15/11 Boat 2/-. ECC85 valve 8/- extra 

207 EDGWARE ROAD, LONDON, W.2 Tel: PAD 3271 I 42TOTTENHAM CT. RD„ LONDON, W.I Tet: LAN 2573 
33TOTTENHAM CT. RD., LONDON, W.I Tel:MUS2605 I 152/3 FLEET STREET, LONDON, E,C.4 Tel:FLE2833 
Both open all day Saturday, Early closing Thursday. I Both open alt day Thursday. Early closing Saturday. 
Please address all Mail Orders and Correspondence to 3-15 Cavell St., Tower Hamlets, London, E.I. Tel.: STE 4821/2 
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LASKY'S FOR SPEEDY MAIL ORDER SERVICE 
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Through this ICS 

3-way Training Method: 

H 

MASTER THE THEORETICAL SIDE 
From basic principles to advanced applications, 
you'll learn the theory of electronic engineering, 
quickly and easily through ICS, That's because 
each course is set out in easy-to-understand terms. 
MASTER THE PRACTICAL SIDE 
ICS show you how to develop your practical 
abilities in electronic engineering—alongside your 
theoretical studies. It's the only sure way to 
success. All training manuals are packed with 
easy-to-follow illustrations. 
MASTER THE MATHEMATICAL SIDE 
To many this aspect is a bitter problem. Even 
more so because no electronic engineer is complete 
without a sound working knowledge of maths. 
But new ICS teaching makes mathematics easier 
to learn. 

Wide range of courses available include: 
Radio/T.V, Engineering and Servicing, Closed Circuit T.V., 
Electronics, Electronics Maintenance, Instrumentation and 
Servomechanisms, Telemetry, Computers, etc, 
NEW! Programmed Course on Electronic Fundamentals 
EXPERT COACHING FOR: 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
CITY AND GUILDS TELECOMMUNICATION TECHNICIANS 
CITY AND GUILDS SUPPLEMENTARY STUDIES 
R.T.E.B. RADIO/T.V. SERVICING CERTIFICATE 
RADIO AMATEURS' EXAMINATION 
P.M.G. CERTIFICATES IN RADIOTELECRAPHY 

And there are practical "learn as you build" radio 
courses as well. 
Member of the Association of British Correspondence Colleges 

FOR FREE HANDBOOK POST THIS COUPON TODAY 
I.C.S., Dept. 151. INTERTEXT HOUSE, 
PARKGATE ROAD, LONDON, S.W.I I 

NAME 

ADDRESS 

OCCUPATION—  AGE.    9.66 
fNTfRNATIONAL CORRESPONDENCE SCHOOLS 

614 

SAMSON'S 
ELECTRONICS LTD. 

9-10 CHAPEL STREET 
LONDON. N.W.I 

Tet: PAD 785) Tel; AMB St25 

SPECIAL OFFER OF 
PARMEKO 

H.T. TRANSFORMERS 
Primaries taped 230 and IISv. No. 1 960v. CT 500 mA R.M.S. Terminal block connect!-ns. Base mounting unshrouded. Brand new, 55/-. Carr. 7/6. 
No, 2. 9S0-0-9S9v. 30 M/A and 575- 0-575v. SO mA R.M.S. 5v. 2a. com- pletely scaled chassis mounting. Brand new, 39/6. Carr. 6/-. 
Parmefeo Chokes 4 Henries. 550 mA D.C. res. 40 n 25/-. P.P. 6/-. 

ADVANCE COMPONENTS 
CONSTANT VOLTAGE D.C. POWER SUPPLY UNITS 

TYPE D.C.8 
A.C, Input 200-250v, D.C. Output 48 volts 4 amps. Stabilised within ± 1 % ac full load, with Supply Voltage Variations up to zh 15%. The stabili- sation at half full load is generally belter than ± 1-5%- These units arc particularly suitable for use with tran- sistorised equipments. The com- ponents arc mounted on a chassis sixe 17 X 51 X 6Sins-whiqn Is suitablefor mounting on a standard I9in. Rack Panel. These units are supplied Brand New with Instruction Manual. <12/19/6, Carr. 10/-. Instruction Manual sent on a returnable 10/- deposit. 

MULTI-TAPPED TRANSFORMERS 
All Primaries 200,230.250 v. 

Type Sec. Taps Amps 
A 3-4-5-6-8-9.(0-12-15-10. 20-24-30 v  2 29/6 4/- B 3-4-5-6-8-9-10-12-15-18- 20-24-30 V  4 42/6 4/6 0 3-4-5-6-8-9-10-12-15-18- 20-24-30 v  S 49/6 5/6 D 3-4-5-6-8-9-10-12-15-18- 20-24-30 v  8 65/- 71- E 6-7-8-10-14-15-17-19-25- 

SOLARTRON POWER SUPPLY SUB-UNIT 
TYPE A5955/2 

A.C. input IOO-l2Sv. and 200-240v. Stabilised D.C. output continuously variable between 100 and 200v. ac at 200 mA. Also two 6.3v. A.C. at 6a. and one at 2 a. Supplied BRAND NEW with instruction manual. Manual sent on a returnable deposit of 10/-. £9/19/6 and Case IP/., 

F 6-7-0-10-14-15-17-19-25- 31-33-40-S0     6 97/6 7/6 G 12-18-20-24-30 v 10 77/6 7/6 

JSMITH'S 4 MINUTE TIMERS 
Single-pole switch. IS Amp,, 2S0 v. contacts. Complete with chrome bezel and control pointer knob. Size 2 in. dia., depth 34. in. 17/6, p.p. 2/6. 

FIELD TELEPHONE TYPE TELE"F" 
Perfect condition. Generator bell ringing. Complete with hand set and batteries. £4.19*6 per pair, carr. 10/6. 

VENNER ELECTRIC TIME SWITCHES 
A.C. 200-250 v.Type HDIBP. One on, one off every 24 hours. 30A A.C. 250 v. contacts. Beautifully finished in black Bakalite case, aize a* X 51* X 41' Brand new ac * fraction of maker's price. £3.19.8, p.p. 5/-. Arms for extra switching, 6/6 per pair. 

FIELD TELE CABLE 
Typo "D3" Single. 1/3 mile drums unused. 45/- per drum, p.p. 7/6. 

The SUPER 6 
LONG AND MEDIUM WAVE 
T R A N S I STO R RADIO 
ic 6 transUlors and diode. -A- 360mW. * Soperbet, Ferrile ir Component posltiom and referencee printed on back of board, cabinet, U X 7| X 3} In. ★ Vinyl covered. * B X t in, epeaker. SI-, Free with kit. ★ lilalog up service. -A- All part, nupplled Write for list. S~4.E. please. Vt9 or F.P.9. (3/9 with kit), 

COMPLETE SET OF PARTS ONLY £4, 
OK JftltbY BUILT se.7.8 To* A Can. PatH [PLUS S/- POST) 

kO.O 

AM/FM (V.H.F.) RADIO GRAM CHASSIS EIS.IS.O 

Chassis lire IS x G| x B|lo. high. Sew munafacture. Dial 141 x 41o. in cream and red. 200-200V- A.C. only. Fick-up. Ext. Speaker. Ae.. E-, and Dlpole Sockets. Five pushbuttons— L.W., SI.'W., 8.W., F.M. and Gram. Aligned and tested. Tone control. 1060-1900 SL: 200-550 M.i 83-100 Mc/s; 0-17 Mc/s. EZ.SOreet., ECH81. BFSO. EABC80. EL84, ECC85.3-ohm speaker reqnired. 9* Gin. Elliptical Speaker 35/-. TERMS; <5.6.0 down and 6 monthly psyments of (3.5,0. Total H.F. price <18.10.0. Circuit diagram 8/6. V.H.F. Dlpole 18/6. Feeder 8d. yd. Carr. to hf. Ireland 20/- extra. 
NEW 6 PUSHBUTTON STEREOGRAM CHASSIS M.W: S-TV.lj fi.W.2: VHP; Orami Stereo Gram. Two separate channels lot Stereo Gram with balanee control. Also operates with two speakers on Radio. Chased sirs 18'X7'X6|* high. Dial cream and red 15'xS*. EOC80: ECH81: EF89; 2 x ECaL86: EM84 and Sect. 190-060)4; 18-61M; 60-187M-; 88-100 tnele. Frice <19.19,0 earr. paid or <8.13,0 deposit and S monthly payments of 58/6 Total Bt.P, price <38,15,8, Carriage to N. Ireland, 20/- extra, 

GLADSTONE RADIO 
66 ELMS ROAD, ALDERSHOT, Hants. 

(2 mina. from Station nod Bntes.) Alderohot 22240 CLOSED WEDNESDAY AFTERNOON CATALOGUE «d. 
BULK ENQOIRIES INVITED FOR EXPORT 



NOT BUILD ONE OF OUR 

PORTABLE TRANSISTOR 

RADIOS... 

BACKED BY OUR SUPER AFTER SALES SERVICE 

'A wonderful range of transistor radios using first grade components for guaranteed results' 

FIRST FOR PERFORMANCE, 

QUALITY AND PRICE! 

NEW ROAMER SEVEN Mk IV 
7 WAVEBAND PORTABLE OR CAR RADIO Amazing performance and speci/icotion -fc Now with PHILCO MICRO'ALLOY R.F. TRANSISTORS 

FULLY TUNABLE ON ALL WAVEBANDS • 9 translftor. and 2diodw 
Covers Mediu m and Long Waves, Trawler Band and three Short Waves to approx. J 5 metres. 

Push-pull output for room filling volume from rich toned 7" x 4' speaker. Air spaced ganged .tuning 
condenser. Ferrite rod aerial for M & L Waves and telescopic aerial for S Waves. Real leaiher-look case 
with gilt trim and shoulder and hand straps. Size 9' 7' >: 4" approx. 

The perfect portable and the ideal car radio. (Uses PP7 batteries available anywhere.) 
★_EXTRA BAND FOR EASIER TUNING _ Total cose of parts now only 19 6 

hd- 

OF PIRATE STATIONS, etc. Parts Price List and easy build plans 
3/' (free with kit) 

NEW MELODY MAKER SIX 
3 WAVEBAND PORTABLE. # 8 stages. Six transistors and two diodes. 
Covers Medium and Long Waves and extra Band for easier tuning of Pirate Stations, etc. Top 
quality 3" Loudspeaker for quality output. Two RF stages for extra boost. High 'Q' 6* Ferrite 
Rod. Aerial. Approx. 350 Milliwatts push pull output. Handsome pocket size case with gilt 
fittings. Size-61 x 3J x IJ in. (Uses long-life PP6 battery). Carrying strap 1/6 extra. 

This amazing receiver 
may be built for only £3.9.6 p-3^- Ports Price List and easy build plans 21-. (Free with 

kit) 

NEW TRANSONA FIVE 
"Nome, Ught, A.F.S'. Lux. allalgoocl volume" 

G.P., Durham 
# 7 stages—5 transistors and 2 diodes 
Fully tunable over Medium and Long Waves 
and Trawler Band. Incorporates Ferrite rod 
aerial, tuning condenser, volume control, new type fine tone super dynamic 2J in. speaker, etc. Attractive case. Size 

65- x 45 X I Jin. with red speaker grille. (Uses 1289 battery available anywhere.) 
Total cost of all XT /A P. & P. Ports Price List and easy build parts now only ^■*7" 3/6 pfons 2/- (Free with fcrt) 

POCKET FIVE 
0 7 stages—5 transistors and 2 diode*. 
Covers Medium and Long Waves and Traw- ler Band, a feature usually found in only the 
most expensive radios. On test Home, Light, 
Luxembourg and many Continental stations 
were received loud and clear. Designed round 
supersensitive Ferrite Rod Aerial and fine 
tone 2'in. moving coil speaker, built into 
attractive black and gold case. Size 
SJ x 1J x 3Jin. (Uses 1289 battery, 
available anywhere.) 
Total cost of all 42/6 p-&p- 
parts now only 3/6 

STOP PitItSS/ 
PoC-ke I S Me<l and Lone wave wltb nilolature tiieaker 

29/6 p. & p. 
3/- 

Pdrfs Price list and easy build plans 1/6 (FREE with Kit) 

NEW ROAMER SIX 
NOW WITH PHILCO MICRO-ALLOY R.F. 
TRANSISTORS 
• 6 WAVEBAND!! 
0 8 stages'—6 transistors and 2 diodes 
Listen to stations half a world away with this 6 
waveband portable. Tunable on Medium and 
Long Waves, Trawler Band and two Short Waves. 

Sensitive Fetrite rod aerial and telescopic aerial for short waves. Top 
grade transistors. 3-inch speaker, handsome case with gilt fillings. Size 
74 X 5i x liin. (Carrying Strao t/6 extra.) ★ EXTRA BAND FOR EASIER TUNING OF LUX, ETC- 
Total cost of all Jf"! 10 A P. & P. Ports Price List and easy build K.a. I 7.U 3/6 p,ons 2/- (pfee with kit) 

TRANSONA SIX 
0 8 stages—6 transistors and 2 diodes 
This is a top performance receiver covering full 
Medium and Long Waves and Trawler Band. 
High-grade approx. 3in.'speaker makes listening 
a pleasure. Push-pull output. Ferrite rod aerial. 
Many stations listed in one evening including 
Luxembourg loud and clear. Attractive case in 
grey with red grille. Size 64 x 4i x JJin. (Uses PP4 battery available 
anywhere,) Carrying Strap I /- extra. 
Total cost of all CO/Jt P. & P Porn Price List and easy build 
parts now only 3/6 plans 1/6 (Free with kit) 

parts now only 

MELODY SIX 
0 8 stages—6 transistors and 2 diodes 
Our latest completely portable transistor 
radio covering Medium and Long Waves. 
Incorporates pre-tagged circuit board. Sin. heavy duty speaker, lop grade transistors, 
volume control, tuning condenser, wave 
change slide switch, sensitive 6in. Ferrite 
rod aerial. Push-pull output. Wonderful reception ot B.B.C. Home and Light, 208 and many Continental stations. 

Handsome leather-look pocket size case, only 65- x 3-i x 1 Jin. approx. 
with gilt speaker grille and supplied with hand and shoulder straps. 
Total cost of ill /"> OA P. & P. Ports Price List and easy build A.J.7.U 3,6 plans 2,'- (Free with kit) 

SUPER SEVEN 

parts now only 

arge speaker), 
anywhere.) 
Total cost of all 
parts now only 

Size 

0 9 stages—7 transistors and 2 diodes 
Covers Medium and Long Waves and Traw- 
ler Band. The ideal radio for home, car, or 
can be fitted with carrying strap for outdoor 
use. Completely portable—has buiit-ln 
Ferrite rod aerial for wonderful reception. 
Special circuit incorporating 2 RF Stages, 
push-pull output, 3in. speaker (will drive 

7J x 54 X I4in. (Uses 9v battery, available 

iT'S IO A P. & P. Ports Price List and easy build U.IT.D 3/6 plans 2/- (Free with kit) 

Callers side entrance 
Barraits Shoe Shop. RADIO EXCHANGE Ltd 

Open 9—Sp.m. 
Saturdays 9—12.30 p-m. 

61a HIGH STREET, BEDFORD. Phone: 52367 
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HI-FI AMPLIFIERS   TUNERS   RECORD PLAYERS 

GARRARD 20 + 20 PLAYER STEREO AT -60 AMP. 
AA-22U 

TRANSISTOR MIXER. Model TM-1. A must for the tape 
enthusiast. Four channels. Battery operated. Similar styling to 
Model AA-22U Amplifier. Kit £11.16.8 Assembled £16.17.6 
20 + 26W TRANSISTOR STEREO AMPLIFIER. Model AA- 
Z2U. Outstanding performance and appearance. Kit £39.10.0 
{fess cabinet). Attractive walnut veneered cabinet £2.5.0 extra. 

Assembled incl. cabinet, £59.16.0 
GARRARD AUTO/RECORD PLAYER. Model AT'60, less 
cartridge £13.1.7. With Decca Deram pick-up £17.16.1 Incl. P.T. 
Many other Garrard models available, ask for Lists. 
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 
5W Amplifier, with inputs for Gram., Radio. Modern functional 
appearance. Kit £11.9.6 Assembled £15.15,0 

10W 
POWER aisncv 

AMP. AMP. 
S-99 MA-12 

HI-FI MONO AMPLIFIER. Model MA-12. 10W output, wide Ireq. 
range, low distortion. Use with control unit. 

Kit £12.16.0 Assembled £16.16.0 
3 + 3W STEREO AMPLIFIER. Model S-33. An easy-to-bulld, low 
cost unit. 2 inputs per channel. Kit £13.7.6 Assembled £18.16.8 
DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of 
the S-33 with two-tone grey perspex panel, and high sensitivity neces- 
sary toacceptthe Decca Deram pick-up. Klt£15.17.6 Assembled £21.7.6 
HI-FI STEREO AMPLIFIER. Model S-69. 9+6W output. Ganged 
controls. Stereo/Mono gram, radio and tape Inputs, Push-button selec- 
tion. Printed circuit construction. Kit £28.9.6 Assembled £38.9.6 
POWER SUPPLY UNIT. Model MGP-1. Input 100/120V, 200/250V, 
40-60 c/s. Output 6-3V, 2-SA A.C. 200, 250,270V, 120mA max. D.C. 

Kit £5.12.6 Assembled £7.2.6 
nriiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiDiiiiiiiiiiiinjiiiiiiii; 

JIBIBIIl Make the most of your leisure time.. 

FOR THE INSTRUMENTALIST 
TRANSISTOR PA/GUITAR 
AMPLIFIER, PA-2. 20 Watt amp- 
lifier. Two heavy duly speakers. 
Four Inputs. Two channels. Vari- 
able tremolo. Speed and depth 
controls. Weight 511b. 
18* high x 29* wide X 10* deep. 

Kit £44.19.0 Assembled £59.10.0 

N 
PA-2 

VALVE PA/GUITAR AMPLI- 
FIER, PA-1. 50 Watt amplifier. 

Kit £44.15.0 Assembled £74.0.0 
Castors or legs available as extras. 

TRANSISTOR RECEIVERS 

Oxford 

UXR-1 
■r* 

GC-IU 

"OXFORD" LUXURY PORTABLE 
Model UXR-2. Specially designed for 
use as a domestic or persona! portable 
receiver. Many features, Including solid 
leather case. Kit £14.18,0 Incl. P.T. 
TRANSISTOR PORTABLE. Model 
UXR-1. Pre-aligned I.F, transformers, 
printed circuit. Covers L.W. and M.W. 
Has 7* x 4' loudspeaker. Real hide case. 

Kit £12,11.0 Incl. P.T. 
JUNIOR EXPERIMENTAL WORK- 
SHOP. Model EW-1. More than a toy! 
Wilt make over 20 exciting electronic 
devices, Incl.: Radios, Burglar Alarms, 
etc. 72 page Manual. The Ideal present! 

Kit £7.13.6 Incl. P.T. 
" MOHICAN " GENERAL COV. RE- 
CEIVER for Amateur or Short Wave 
listening. Send for leaflet. 

Kit £37.17.8 Assembled £45.17.6 

WELCOME TO OUR LONDON HEATHKIT CENTRE 
233 Tottenham Court Road 

We open MONDAY-SATURDAY 9 a.m.-5.30 p.m. 
THURSDAY   It a.m.-2.30 p.m. 

Telephone No: MUSEUM 7349 
WHIM YOU ARI IN TOWN, Wl HOPE YOU WIIL VISIT US THERE 

TEST INSTRUMENTS 
Our wide range includes: 
3* LOW-PRICED SERVICE OSCILLO- 
SCOPE. Model OS-2. Compact size 5* x 
7i*x12' deep. Wt. only 9ilb. "Y" bandwidth 
2 c/s-3 Mc/s ±3dB. Sensitivity lOOmV/cm 
T/B 20 c/s-200 kc/s In four ranges, fitted mu- 
metal CRT Shield. Modern functional styling. 

Kit £23.18.0 Assembled £31.18,0 
5* GEN.-PURPOSE OSCILLOSCOPE. 
Model 10-12U. An outstanding model with 
professional specification and styling. " Y " 
bandwidth 3 c/s-4-5 Mc/s ± 3dB. T/010 c/e- 
500 Kc/s. Kit £35.17.6 Assembled £45.15.0 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM-13U. Circuit and speci- 
fication based on the well-known model V-7A 
but with many worth-while refinements. 6* 
Ernest Turner meter. Unique gimbal bracket 
allows operation of instrument In many posi- 
tions. Modern styling. 

Kit £18.18.0 Assembled £26.18.0 
AUDIO SIGNAL GENERATOR. Model AG-9U. 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0-1%, 10V sine wave output metered in volts and dB's. 

Kit £23.15.6 Assembled £31.15.0 
VALVE VOLTMETER. Model V7-A. 7 voltage 
ranges d.c. volts to 1,500. A.C. to 1,500 r.m.s. and 4,000 
peak to peak. Resistance 0T o tol.OOOMn with Internal 
battery. D.C. Input resistance IIMn. dB measure- 
ment, has centre-zero scate. Complete with test prods, 
leads and standardising battery. 

Kit £13.18.6 Assembled £19.16.6. 
MULTIMETER. Model MM-IU. Ranges 0-1-SV to 
1.500V a.c. and d.c.; 1S0*<A to 15A d.c.; 02n to 20Md 
4f" SO//A meter. Kit £12.18.0 Assembled £18.11.6 
R.F. SIGNAL GENERATOR. Model RF- 
1U. Up to 100 Mc/s fundamental and 200 
Mc/s on harmonics. Up to lOOmV output. 

Kit £13.18.0 Assembled £20.8.0 
SINE/SQUARE GENERATOR. Model 
1G-82U. Freq. range 20 c/s-1 Mc/s in 5 
bands less than 0-5% sine wave dist. less 
than 0-15;< sec. sq. wave rise time. 

Kit £25.15.0 Assembled £37.15.0 

OS-2 

v.. 

VVM, IM-13U 

V-7A 

RF-1U 

TRANSISTOR POWER SUPPLY. 
Model IP-20U.,Up to 50V, 1-5A output. 
Ideal for Laboratory use. Compact size. 

Kit £35.8.0 Assembled £47.8.0 

16-82U 

Prices and specifica- 
tions subject to change 

without notice 

616 



TAPE AMPLIFIERS   TAPE DECKS   CONTROL UNITS 

FM STUDIO 
TUNER MATIC 
FM-4U DECK 

HI-FI FM TUNER. Model FM-4U. Available In two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10-7 Mc/s 
and I.F. amplifier unit, with power f upply and valves (£13.13.0). 

Total Kit £16.8.0 

STUDIO MATIC "3SS" TAPE DECK. The finest buy in its 
price range. Operating speed: li", 3i" and 7i p.s. Two tracks, 
"wow" and "flutter" not greater than 0-15% at H" p.s. £13.10.0 
With TA-1M Tape Pre-amplifier kit £31,5.8 

HI-FI AH/FM TUNER. Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-T1—£4.13.6 Incl. P.T.) and I.F. amplifier (AFM-A1— 
£22,11.6). Printed circuit board, 8 valves. Covers LAV., M.W., 
S.W., and F.M. Built-in power supply. Total Kit £27,5.0 

AM/FM 
TUNER 

TRUVOX 
DECK 

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape decks. 
D93/2, i track, £38.15.0 D93/4,1 track, £36.15.0 

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording Indicators, press-button speed compensation and Input 
selection. 
Mono Model TA-1M. Kit £10.13.0 Assembled £2S,1t.O 
Stereo Model TA-1S. Kit £25.10.0 Assembled £35.18.0 

MONO CONTROL UNIT. Model OMC-1. Designed to work with 
the MA-12 or similar amplifier requiring O-ZSV or less for full output. 
5 inputs. Baxandall type controls. Kit £9.2.6 Assembled £14,2.6 

STEREO CONTROL UNIT, Model USC-1. Push-button selection, 
accurately matched ganged controls to -tldB. Rumble and variable low 
pass filters. Printed circuit boards. Kit £19.19.0 Assembled £27.5,0 

Enjoy building a Heathkit model 

SPEAKER SYSTEMS 

Ji 
SSU-1 

; 

Berkeley 

HI-FI SPEAKER SYSTEM. Model 
SSU-1. Ducted-port bass reflex cabinet 
"in the white". Two speakers. Vertical 
horizontal models with tegs. Kit £12.12.0, 
without legs, Kit £11.17,6 incl. P.T. 

The BERKELEY SLIM-LINE 
SPEAKER SYSTEM, fully finished 
walnut veneered cabinet for faster con- 
struction. Special 12' bass unit and 
4" mid/high frequency unit. Range 
30-17,000 c/s. Size 26' IT'only 71" deep. 
Modern attractive styling. Excellent value. 

Kit £19.10.0 Assembled £24.0.0 
COTSWOLD SPEAKER SYSTEMS. 
Outstanding performance for price. 
MFS: Size 36" 164' >: 14* deep. 

Kit £25.12,0 Assemfaied £33.17.0 

STANDARD: Size 26" 23* ; 144" deep. 
Kit £25.12.0 Assembled £33.17.0 

HI-FI CABINETS 
A wide range available including 
kits, ready assembled cabinets 
or assembled and fully finished 
cabinets, for example: 
GLOUCESTER. 

Kit £18.10.0 incl. P.T. 
MALVERN. Kit £18.1,0 incl. P.T. 
CHEPSTOW. Kit £11.18.61 ncl.P.T. Malvern 

SEND FOR THE LATEST 

FREE CATALOGUE 

Deferred terms available in UK over £10 
Prices quoted are Mail Order prices 

DAYSTR0M LTD 
Dept. P.E.—8 
GLOUCESTER 

if AMATEUR" EQUIPMENT 
80-10m TRANSMITTER, DX-40U. 
Power inputs 75W. C.W., 60W peak 
CC phone. Output 40W to aerial. 
Provision for VFO. 

Kit £29.19.0 Assembled £41.8.0 
SSB ADAPTOR, SB-10U 

Kit £39.5.0 Assembled £45.18.0 
AMATEUR BANDS RECEIVER. 
Model RA-1. To cover all the Amateur 
Bands from 160-10 metres. Many special 
features, including: half-lattice crystal 
filter; 8 valves; signal strength "S" 
meter; tuned R.F, Amp. stage. 

Kit £39.6.6 Assembled £52,10.0 
160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely 
self-contained. 

Kit £81.10.0 Assembled £106.15.0 
COMMUNICATIONS TYPE RECEIVER, Model 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 
kc/s-1-5 Mc/s and 1-7 Mc/s-32 Mc/s. 

Kit £39.16.0 Assembled £53.0.0 
REFLECTED POWER METER and SWR 
BRIDGE. Model HM-HU. Indicates reliability, but 
inexpensively, whether the RF power output of your 
TX is being transferred efficiently to radiating 
antenna. Kit £8.10.0 Assembled £10.15.0 

OUTSTANDING "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ments is now available In the U.K. Why not send 
for full details of range, for example: 
FILTER TYP^ SSB TRANSCEIVERS 
Models for 80,40 or 20 metre bands. 
Model HW-12 (80M) £67.10.0 Kit. 
Model HW-22 (40M)\ £66,0.0 each kit. 
Model KW-32 (20M)/ price incl. duty, etc. 

DX-40U 

RA-1 

HM-11U 

Without obligation pleas.e send me 
FREE BRITISH HEATHKIT CATALOGUE. 
FULL DETAILS OF MODEL(S)    
{Please write In BLOCK CAPITALS) 
NAME  
ADDRESS     

BOM Transceiver 
HW-12 

(Tick here) 

DEPT. P.E.t 
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semiconductor centers 
Over 100 IR semiconductor devices are avail- 
able from your dealer, many with free 
Instruction manuals and project and experiment 
details. 
Look for the floor-standing 'Semiconductor 
Center,' or the counter-top ' Minicenter.' 

EXPERIMENTER SEMICONDUCTOR KITS 
MOUNTING KITS AND HEAT SINKS 
SILICON BRIDGE RECTIFIERS 
UNIJUNCTION TRANSISTORS 
SELENIUM PHOTO CELLS 
INSTRUMENT RECTIFIERS 
AUTOMOTIVE RECTIFIERS 
SILICON SOLAR CELLS 
SILICON RECTIFIERS 
GERMANIUM DIODES 
THYRISTORS (S.C.R.) 
ZENER DIODES 
TRANSISTORS 
SELENIUM STACKS 

Write for the free illustrated catalogue 
and price-list, also the name and address 
of your nearest IR SEMICONDUCTOR CENTER 

INTERNATIONAL RECTIFIER 
HURST GREEN ♦ OXTED • SURREY • Tel.: QXTED 3215 

Dealers—write for details of how you can start your own 
IR SEMICONDUCTOR CENTER. 

- 
■ ' 

/i 

semiconductor centers 

THE MOTORISTS' REV COUNTER 
FULLY TRANSISTORISED 

Suits 4 or 6 cyl. engine. Would cost at least £8 to 
buy. Kit contains moving coil movement and all 
parts Including transistors, a circuit diagram, maxi- 
mum reading 8,000 r.p.m.,ar.d full instructions. Send 
P.O. for 21/6, which includes 2/- postage. 

CYLDON 
U.H.F. TUNER 
complete with 
PC.88 and PC.86 
Valves. Full vari- 
able tuning. New 
and unused. Size 
AY X SY X H*. 
Complete with 
circuit diagram. 
35/- plus 2/6 
P. & P. 

a- 

3 to 4 WATT 
AMPLIFIER KIT 
 n, comprising 

chassis 8-r x 2}' X 1* 
^ Double 

wound 
mains 

transformei', output transformer, 
volume and tone controls, re- 
sistors, condensers, etc. 6V6, 
ECC8I and metal rectifier. 
Circuit 1/6 free with kit. 29/6 
plus 4/6 P. & P. The above Amp- 
lifier built and tested 10/6 extra. 

8-watt 5-vaIve PUSH-PULL 
AMPLIFIER & METAL RECTIFIER 
Size: 9x6x11* A.C. Mains 200-250v. 5 valves. 
For use with Sid. or L.P. records, musical 
instruments, all makes Of pick-ups and mikes. 
Output 8 watts at 5 per cent total distortion. 
Separate bass and treble lift controls. Two 
inputs, with controls, for gram, and mike. Output Transformer tapped for 3 and 15 ohms speech coils. Built and tested. £3,19,6, 
P. & P. 10/-. 

"MUSETTE" ^"JuperhetR 

PORTABLE RADIO 
■A" 21* Speaker. ★ 6 Transistors Superhet Output 

200 mw. 
•te Plastic Cabinet in red, size 4|* 

X 3" x li" and gold speaker 
louvre. 

★ Horizontal Tuning Scale. •k Ferrite Rod Internal Aerial. ★ IF 460 Kc/s. 
k All components F.errite Rod 

and Tuning Assembly mounted 
on printed board. 

k Operated from PP3 Battery. 
k Fully comprehensive instruc- tions and point-to-point wiring 

diagram. 

Inc. carrying strap. Circuit 
Diagram 2/6— 

P. & P. 3/6 free with parts 
k Printed Circuit Board. ' ★ Tunable over medium and long waveband. 
k Car aerial and earpiece socket. 

TRANSISTORISED SIGNAL GENERATOR 
Size 54* X 31' x I J*. For IF and RF alignment and AF output, 
700 c/s frequency coverage 460 Kc/s to 2 Mc/s in switched frequen- 
cies. Ideal for alignment to our Elegant Seven and Musette. 
Built and tested. 39/6. P. & P. 3/6. 

ELEGANT SEVEN Mk.ll 
Combined Portable and Car Radio 
The Radio with the " Slat " Fealurei 

★ 7-transistor superhet Output 360 RtW. 
Wooden cabinet, fitted 
handle with silver-coloured 
llitlngs, size 124 in. x 8f in. x 34 in. 

k Horizontal tuning scale, size 114 in. x 24 In. in silver with blaeK lettering. 
k All stations clearly marked. ★ Ferrlte-rod Internal aerial. 
k Operated from PP9 battery. ★ I.F, neutralisation on each stage 460 ke/t. 
k o.c, coupled output stage with separate A.C, negative feed back, 
★ All components,ferrite rod and tuning assembly mounted on printed board. 
k Fully comprehensive instructions and point-to-point wiring diagram. 
k Printed circuit board, back-printed with all component values. 

"""■"177, 
(tag 

1 

ONLY 

£4.4.0 
Plus 6j6Post& Packing 

POWER SUPPLY KIT to purchasers of Elegant 
Seven parts, incorporat- 
ing mains transformer, 
etc. A.C, mains 200- 
250v. Output 9v, 50mA,- 

7/6d. extra. 
k Fully tunable over medium and long waveband. 
k Car aerial socket. k Full after-salei service. 
4 in. SPEAKER. Parts list and circuit diagram 2/6. FREE with parts. 

Shop Hours 9 a.m.—-6 p.m. Early Closing Wednesday 
All enquiries stamped addressed envelope 

RADIO & T.V. COMPONENTS (ACTON) LTD. 
21D, HIGH STREET, ACTON, LONDON, W.3 
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NOT JUSTA 
RADIO BUT 

TECHNOLOGICAL 
MAGIC! 

>1 5^3 55® Sc. 

CA A" 

g/ft 

GEK WORLD WIDE RECEPTION t 

THOUSANDS OF STATIONS & TRANSMISSIONS! 

BA sea 

ft? 

<il> 

vftWEgiS 

YES, up to 295 ens. performance yet we offer at this atnail ng cash price—only £10.19.6, box and 
pott 4/6, or iend £3 dep., balance 18 fortniehtly payments of 11/11 (total credit tale price 

y 274/6) + pott. The impossible has been done! The Russians have triumphed in producing this (anustie 
' 8 wave band Radio that YOU can have for hardly more than the cost of an ordinary single wave cheap 

Transistor! Another proof of the Fantastic ability of Russia in the field of electronict! 'H & C Britain's great discount house, has secured a huge Quantity allocated to the U.K. They've just arrived! Brand spanking new and ready for use. YOU GET THIS AMAZING SET FROM US AT A PRICE THAT BEARS NO RELATION TO ITS TRUE VALUE! Y«t, 8 separate wave bands, including Standard Long, Medium and Short to cover the entire world. Unique side control wave band selection unit gives incredible ease of station tuningl Hurry and test for yourself—thousands of stations and different transmissions at your fingertips 14 hours a day, even including amateur ■Harot.' 'Pirate' radio stations, ships, etc—truly nothing is secret! The Radio enthusiast can have the world in the palm of his handl You believe it! Listen to the superb sweet tone! Control it from a whisper to a roar that will fill 
must hear it lor yourself to halll Runs economically on standard batteries—take it anywhere. 

Perfect also for use in your car—any speed, any direction! SIZE I0i"x7;"X 3!'. Made to give years of perfect service. Beautifully designed. Attractive ernal ferrlta rod aerial and'built-in'telescopic aerial extending to full 38'length. Also coloured Radio manual, contrasting colours* Complete with internal ferrlte rod aerial end'built-in'telescopi  . including simple operating instructions, and circuit diagram. Can also be used as extension amplifier for record player, radiogram, tape recorder or public address. II months' guarantee. - - . (Dept. PE.'B), 196-100 Coldharbour Lane, Loughboro. June., London, S.E.S. 
Headquarter & General Supplies (Wed. I), 37 High Holborn (Thurs. I), 167 Oxford Street (Wed. /, Thurs. 8, fri. 6), 166 North End, Creydon (Wed. I), 149 High Street, CuiWford (Jhurs. 7), 121 High Street, Colchester (TTiurs. I). Stores open 6 p.m. Saturday, Friday 7 p.m. 

pRADIONIC 

RADIO & ELECTRONIC 

CONSTRUCTION SYSTEM 

ABMHtBIXG 
AND 
EXCMTMISGI 

•RADIONIC 

Vnlqun and brilliantly slmpln. Ilundrfil* of uducatinnal vHtalillsh. montH—I'nlvfrsttlrw, TVfbnlcst CoUws, Sfhout*. th« Armed Force*— 
arc already u*lng Kadionlv for clrvtronlc Instriu-tlun. KnthuslastIt- owner* range from » to Hi yearn of age. 
Selected by the Council of Industrial Design for all Ilrltlsli Design 
Centres. Featured In Sound and Television broadcasts. 
The system Is beautifully c red we ml from top quality British romponencs. NosoUering. 
No mains. No prior knowledge needed. Simply arrange components on perforated 
transparent panel, position brass conncttlng strip underneath, fix with 6BA nuts and circuit 
works with full efficiency. You can then dismantle and build another circuit. Your results 
ate guaranteed by our Technical Department and News Letter Servke. Alt parts available 
separately for conversion or expansion of sets. 
V XmUK! Our soldering" itrlnlt-d circuit board for supcrbi'tport- 
ablf. Simply Insert coniponunta aad tighten nuts. 
.No. 1 Set £5,18.(5. 14 Circuits (Carphone) • 
Xo. 2 Set £6.19.6. 29 Circuits (Karphone) 
Xo. 3 Set £10.19.6. 22 Circuits (7 x 4ln. T.oudsireaker output) 
No. 4 Set £14.19.6. SS Circuits (include c Transistor and rellox superhets) 

Pllces (Post Free) 

full details from: 
RADIONIC PRODUCTS LIMITED 
STEPHENSON WAY, THREE BRIDGES 

CRAWLEY, SUSSEX 
Tot.: CRAWLEY 28700 Trade Enquiries Inviled 

5.x 

A Ho. 4 SET and 6-TRANS1STOR SUrSRHET 
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Theoretical Circuit Practical Layout 
Our '£' Series of bosic electronic circuits is available separately. 

Send for details of El SOS. our do-it-yourself computer. 
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CATALOGUES 
CONCEALED IN SLEEVES 
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In our office af Mitcham we have a large map of the world. We stick a pin in it to mark each new 
area to which we have despatched our famous Components Catalogue. Our world has become a pin 
cushion! Yes, it's not only from Mitcham to Morden that our Catalogue is being used, nor even only 
from Putney to Pimlico ... we know for instance that it is being used by the British Antarctic Survey 
Team at the South Pole, and as far North as the Arctic Circle. Fiji, Pekin and Budapest are just three 
more of the hundreds of places marked on oar map. It is not by chance that the demand for the Home 
Radio Catalogue is world-wide. It is due to its reputation for accuracy, clarity and comprehensiveness. 
We have always set ourselves a high standard on these matters and we ensure that each edition is better 
than its predecessors. 

Even if you don't live in Timbuktu or 
Wogga Wogga we shall be delighted 
to send you a copy of our catalogue. 
The price is still 7/6 plus 1/6 postage 
and packing. And remember—every 
copy contains five coupons, each worth 
one shilling when used as directed. Fill 
in the coupon on the right and send It 
today with your P.O. or cheque for 
nine shillings. Your catalogue will be 
sent by return post. 

Please write your Name and Address in block capitals 

Name      

Address    

Home Radio Ltd., Dept. PE, 187 London Road, Mitcham, Surrey 
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SEPTEMBER ^ Practical Electronics 

KEEPING IN TOUGH 
The need for a simple, inexpensive but reliable 

communication system to enable old people, 
particularly those who are housebound, to get in 
touch with a near neighbour, has long been recognised 
by social workers. Experiments at present being 
undertaken by the Post Office and the North Western 
Electricity Board in conjunction with Manchester 
Corporation Welfare Services Department confirm 
this genuine need and give hope that a suitable system 
will shortly be devised. 

Various ideas have been suggested from time to 
time to ensure that a handicapped or immobilised 
person could summon assistance at any lime without 
delay. One big problem is how to ensure that the 
system, which may be a simple signalling circuit, or a 
two-way speech channel, can be brought into opera- 
tion from any part of the house, since the need for 
help may arise unexpectedly and the exact where- 
abouts of the individual cannot of course be predicted. 
Perhaps the ideal system which would adequately 
cover alt foreseeable requirements would be far too 
involved an installation to be a feasible proposition. 
Relative simplicity is a basic requirement, since 
economic and practical considerations must be taken 
into account. 

It is to be hoped that the experiment at Manchester 
will resolve most of these problems, and lead in time 
to the establishment of a national service based on the 
use of a standardised device. In the meanwhile, 
enterprising and public spirited amateurs can play 
their part by devising and installing electronic devices 
for old folk in their immediate neighbourhood. 
Many amateurs have indeed been providing just such a 
"service" for Jong past, entirely of their own initiative. 
Perhaps, by drawing attention to this subject, this 
band of volunteers may grow even larger. 

Unfortunately the kind of need we have been 
discussing is rarely obvious to the passer-by and often 
not even to a close neighbour. If this has not 
already occurred to you. why not look around your 
own locality—there may be someone in such circum- 
stances requiring the kind of assistance you can quite 
easily provide. The few hours spent building and 
installing a warning system—whether this be an 
elementary bell or lamp type of alarm, or something 
rather more ambitious—will surely never be grudged. 
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RAILWAY 

ELECTRONICS 

by B.K.COOPER 
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Railways were early users of electricity for telegraphy, 
and soon applied electric locking devices to signalling 
controls. Until the large scale development of electric 
traction, however, railways tended to remain outside 
the stream of general industrial development, being 
served by their own specialised suppliers. The advent 
of the 25 kilovolt 50cfs a.c. system of traction in the 

Ai 

1950's, calling for the rapid adaptation of new techniques 
to railway operation, brought electronics into the rail' 
wayfield. 
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It is often..forgotten that railways grew up.side by side 
\yith electricity, Michael Faraday's discoveries in 

electromagnetic induction were published a year after 
the opening of the Liverpool and Manchester'Railway, 
and in 1937, when Euston Station had just been opened, 
the electric telegraph was far enough advanced for it 
to be tried out between Euston and Camden in North 
London \ 

Communications were essential to train operation 
and safety from the earliest days, and various special 
forms of telegraph were soon developed which served ■ - 
both for exchanging messages between signalmen and 
tor applying safeguards against incorrect signalling 
procedurest This situation, now infinitely more 
sophisticated, has lasted into the era of electronics. 

may be supported by automatic systems to e, 
its message cannot be ignored. V 

Both signalling and electric/tractio, 
impact of electronics in more re ears. 

ve felt the 
In the 

1930's the-pumpless-mercury-a.rc rectifier, in its glass 
bulb and ""steel tank forms, revolutionised traction 
supply practice by enabling sub-stations to bp un- 
attended and remotely controlled. It also made it 
possible, to feed railway sub-stations from the 50c/s 
d is tribut i on systems 

Previously, rotary converters had been used to 
provide direct current for the trains, but there had been 
some difficulty in designing them to operate satis- 

,.factorily onthe standard frequency supply. Railways 
had therefore built their own power stations, which 
generated at a lower frequency such as 25c/s.^*rToday 
thp'mefcury-arc rectifier for railway service is giving 

.«place to arrays of silicon diodes just as is happening 
Jrf" industry. 

Another feature of the IWO'-s was the .development 
of' 'push- button" signa 11 i ngfbased onelect romecha n ica I 
relays which controUedTsignals and points. They^iso 
ensured by theip^dontact arrangements th,at 'once a 

"been signalled, the circuits'capable of 
signal lingua confljetfng movement^ could .not be 
energised. 

m 
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SIGNALLING CONTROL 
Electric signalling greatly extended the area that 

could be controlled from a signal box compared with 
what was possible by manual methods. Electronics 
have enabled a most important further stride In this 
direction to be taken. A signal box with direct control 
of an electric signalling scheme of the type just des- 
cribed can also use an electronic link to control 

/numerous similar satellite schemes spread over many 
/route miles of. line. .x 

All railway signalling control systems must be 
"supervisory". That is to say, not only must they 
send operational commands to the remote equipment, 
but they piust also carry return information which 
provides, the signalman with a continuously updated 
picture of all signal aspects and the lie of points 
throughout his territory. Such a system can only be 
economic if all the equipment shares a common 
control and indication channel. 

Electronic remote control of signalling began 
modestly on a branch line in the Isle of Sheppey in 
1959. It has since been used in the most important 
power signalling installations on the recently electrified 
main London Midland Region line between Huston, 
Manchester and Liverpool. One of the systems on 
this route is the "Westronic" of the Westinghouse 
Brake and Signal Company. In principle this may be 
considered as providing a single circuit between the 
signal box and all the signalling equipment at the 
satellite location. Each.control switch is connected to 
the circuit in turn for a fraction of a second in a con- 
tinuously repeated cycle. 

Simultaneously, the various items of remote equip- 
ment are connected to the other end of the circuit in a 
cycle synchronised with the first, so that each switch is 
interconnected momentarily with the item it controls 
(Fig. 1). During this interconnection, an impulse 
corresponding to the position of the control switch is 
sent to the satellite, and an impulse is returned showing 
the state of the controlled equipment. Only two con- 
ditions have to be represented—a switch open or 
closed, or relay contacts "up" or "down"—and these 
requirements are met by four frequencies, two for 
controls and two for return indications. 

The sequence of interconnections is controlled by a 
master pulse generator which drives a series of 
transistor "flip-flop" circuits at each end of the system 
Pulses are supplied to all stages in parallel, but clamp- 
ing circuits ensure that only one can respond at a time. 

When the first circuit switches, it releases the second 
in readiness for the next pulse, and so on. In changing 
over, each stage sends a signal to its associated transistor 
oscillator, causing it to transmit a frequency corre- 
sponding to the state of the linked equipment. 

"Westronic" is a time division multiplex (t.d.m.) 
system. Where less information has to be handled, 
groups of different frequencies are allotted and trans- 
mitted simultaneously by frequency division multiplex 
(f.d.m.) systems. 
TRACK CIRCUITS . 

The various remote control systems for railway 
signalling are quite distinct from the safety circuits 
which prevent the signalling of conflicting train move- 
ments. If a signalman operates a control switch 
incorrectly, the "command" will travel out to the 
satellite, but the interlocking provided by the local 
relays will prevent the points and signals from respond- 
ing unless it is safe for them to do so. Interlocking is 
a form of logic, and would seem an obvious area for 
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electronics. In practice, railway signals engineers are 
proceeding cautiously in this direction. 

An experimental static interlocking system using 
ferrite cores and transistors has been in service ex- 
perimentally at, Hen!ey-oh-Thames since late 1961, 
controlling access to three terminal platforms from a 
single running line. The equipment was developed for 
British Railways by Mullard Equipment Ltd. (now 
The M.E.L. Equipment Co. Ltd.). Ferrite elements are 
also used in a small interlocking installation on the 
London Midland Region electrified main line from 
Euston at Great Bridgeford, Staffs., by the Westing- 
house Brake and Signal Company for controlling 
crossovers. 

All signalling, schemes depend on information on 
train movements derived from track circuits. In its 
simplest form a track circuit is a length of track 
insulated^lectrically from its neighbours, with a battery 
connected across the rails at one end, and a relay at 
the other. When no train is present, the battery 
current flows through the relay coil, using the rails as 
the circuit conductors. As soon as a train enters such 
a track circuit, its wheels and axles short-circuit the 
coil so that the relay is released (Fig. 2). The relay 
has multiple contacts, some open and some closed in 
the released condition, so that it performs a number of 
signalling functions. 

Main-line electrification with 25kV, 50c/s a.c. gave 
an impetus to the use of electronic track circuits. It 
was essential to separate the frequencies of traction 
and signalling currents, and when d.c. could not be 
employed for track circuits it was necessary to-resort 
to audio frequencies. 

In the system of AEI-GRS Limited the feed to the 
track is taken from a vibrating reed device driven by a 
transistor oscillator at a frequency between 363 and 
378c/s. Currents induced in the pick-up coils sur- 
rounding the reed are amplified and fed to the track. 
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Fig. 2. Principle of the track 
circuit. The vehicle has short 
circuited the oscillator output, 
causing release of the track relay 
and movement of Its contact to 
make a circuit to the red signal 
aspect 

At the relay end of the track circuit they drive a reed 
receiver tuned to the same frequency. Currents 
induced in the receiver pick-up coils are amplified and 
rectified to operate a d.c. relay. • 

The essential feature of these devices is that each 
•contains two reeds with the same natural frequency of 
vibration, mounted on a baseplate which provides 
mechanical coupling between them. When one is 
made to vibrate, the second reed follows suit due to the 
energy transmitted through the baseplate. Together 
they form a highly selective filter, permitting frequencies 

* spaced by only 3c/s to be used without risk of a receiver 
responding to currents not intended for it. 

CIRCUITING PROBLEM 
Tunnels present a track circuiting problem in that 

damp may provide sufficient leakage between the rails 
to shunt the relay when no train is present. This is a 
"fail safe" condition, but can c&use serious operating 
delays. A solution used in the 1 mile 666 yard Kilsby 
tunnel near Rugby, on the main line from Euston, is to 
feed the rails with a very low a.f. voltage, which is 
transformed up at the relay end. 

Feed frequencies of 125c/s or I75c/s are generated 
by transistor oscillators and coupled to the track 
through a step-down transformer. This low-level 
signal is raised in voltage by the relay end transformer, 
amplified and rectified for relay operation. The 
equipment was developed _ by the Compagnie de 
Signaux et d'Entreprises Electriques of Paris, and 
supplied to the London Midland Region by S.G.E. 
Railway Signals Limited. 

At junctions where one line is relatively little used, a 
poorly conducting film on the rail head may make 
normal track circuiting unreliable. Raising the voltage 
is likely to cause leakage and waste of energy. An 
alternative is to apply a high voltage to the rails in the 
form of pulses. Equipment supplied by the Lucas 
organisation to meet these conditions employs a tran- 
sistor relaxation oscillator to generate positive d.c. 
pulses with a peak amplitude of 20 or 40 volts from a 
4 volt d.c. input. At the other end of the track circuit 
the pulses pass to a conventional half-wave rectifier 
with reservoir capacitor for energising a relay. 

OVERHEATED AXLEBOXES 
Remote control of signalling by electronic systems 

has greatly reduced the number of-signal boxes needed 
on main lines. It follows, however, that trains are 
less often under observation than in the past and 
there may be delay in spotting faults. Serious attention 
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Control box of AEI speed indicating equipment for loco- 
motives 

is therefore being given to methods of detecting over- 
heated axleboxes in freight or passenger rolling stock, 
and transmitting a warning so that the train can be 
stopped, A technique used at several places on the 
French National Railways uses infra-red detectors of 
indium antimonide mounted close to the rails. 

In order to obtain high sensitivity, the indium anti- 
monide is "polarised" by being situated in the field of 
a permanent magnet, which gives it photo-emissive 
properties and results in an output of about 1 microvolt 
in the presence of infra-red radiation from an axlebox 
at 50 degrees C. This minute signal is amplified and 
applied to a piilse transmitter connected by a telephone 
cable to a monitoring point where the pulses appear on 
a chart recorder. 

Part of the control panel in Rugby signal box, from which 
remote interlocklngs are operated by an electronic super- 
visory system 
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Fig. 3. Circuit for thyrlstor control of a traction motor 

controlled rectifier, and 95 electric locomotives of the 
French National railways equipped with rectifiers of 
this type make use of their inverting property for 
braking. 

The efficacy of "regenerative braking", as this 
system is called, depends on other loads being available 
to absorb the regenerated power. Where there are 
long gradients, and the traffic pattern is such that 
descending trains are balanced by others travelling in 
the opposite direction, regeneration can at the same 
time save wear of the mechanical brake gear and 
economise in consumption of electric power. 

An unusual application of static inverters is to be 
tested in some Russian 3,000V d.c. locomotives. In 
drder to increase the power that can be transmitted 
from the sub-stations, it is proposed to connect two sub- 
stations in series and feed the overhead line at 6,000V. 
This supply will be changed into a.c. by inverters in the 
locomotives, transformed down to 3,000V and then 
rectified to feed the normal 3,000V d.c. power circuits. 

Semiconductor rectifiers, first of germanium and then 
of silicon, have been used in electric railway motive 
power since 1956. It is clear that the next step is 
to replace diodes with thyristors. At present traction 
motor voltage is controlled by resistances in d.c. 
traction, and l?y a tap-changer on the transformer in 
a.c. traction. Both forms of control "operate in a 
number of steps, which is a compromise between the 
ideal of "stepless" voltage variation and the practicable 
cost and complexity of the equipment. Thyristors 
offer an alternative to each method. 

STEPLESS CONTROL 
Experiments have been conducted with a 600V 

d.c. motor coach in which stepless control was provided 
by thyristors, no resistors or contactors being used. 
The basic circuit is shown in Fig. 3. Control is 
effected by varying the length of the "on" and "off" 
periods of thyristor SCR1, this being done auto- 
matically through the current monitoring device CMD 
in the motor circuit. While SCR I is "off", current 
continues flowing round the loop provided by diode 
DI due to the armature inductance. A second thyristor, 
SCR2, is used to switch TI off, acting in conjunction 
with the circuit components D2, LI, CI and R. 

In a.c. traction the thyristors would replace the 
normal rectifying diodes and would turn off auto- 
matically in the negative half-cycles of the supply. 

The preferred method at present is to use thyristor 
control in two steps. At starting, the traction motors 
would be connected to a half-voltage tapping on the 
transformer, and the firing of the thyristors would be 
controlled so that the motor voltage was raised smoothly 
from zero to that value. At this point the motors 
would be reconnected across the whole of the secondary, 
and the thyristors would repeat their firing cycle to 
raise the motor volts from half to full. If it were 
decided to do away with tap-changing altogether, it is 
likely that a scheme which varied the length and 
repetition frequency of the pulses would be preferred to 
simple phase-angle control of firing. 

Thyristor circuits can also be arranged to invert, so 
that current generated by the motors of a locomotive 
when coasting down a gradient can be returned to the 
overhead line as a.c., thus developing a braking effort. 
The mercury-arc equivalent of the thyristor is the grid- 

THYR1STOR INVERTERS 
Already traction engineers are looking beyond 

thyristor control of d.c. motors to the use of thyristor 

Remote control cubicle installed In the relay room at 
Watford signal bo* 
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inverters feeding a.c. at variable frequency to induction 
motors. A project of this kind is already in being, 
for the Brush Electrical Engineering Company has 
collaborated with British Railways in converting an 
existing diesel electric locomotive for this method of 
working. 

RESEARCH LOCOMOTIVE 
The locomotive, known as the "Hawk", is powered 

by a 1,000 h.p, diesel engine driving a l.OOOkW, 
!00c/s alternator. After rectification by silicon 
diodes, the alternator output passes to four thyristor 
inverters, each of which provides a variable frequency 
supply to a squirrel-cage traction motor (Fig. 4). 

A similar scheme could be used in an a.c, electric 
locomotive, the difference being that a.c. power would 
be collected from the overhead line instead of being 
generated internally. Many years' experience has 
enabled d.c. traction motors to be built which achieve 
high reliability in the severe conditions of railway 
service, but few' engineers would regret the passing of 
commutators and brushgear, and the inspection and 
maintenance they require.' 

The "Hawk" is a research project, and so far as 
locomotives in day-to-day service are concerned the 
main applications of electronics at present are to 
provide contactless switching in low-current control 
circuits rather than in power circuits. Some 750V d.c. 
locomotives on the Southern Region of British Rail- 
ways use a Ward-Leonard control system instead of 
resistance control. 

Jn one of these the usual generator field control 
contactors have been replaced by thyristors, giving 
stepless control of excitation, and hence of the traction 
motor voltage. However, a beginning has been made 
with the use of thyristors in the main power circuits, 
for a motor coach in the Eastern Region, which was 
fitted formerly as an experiment with control by a 
continuously variable transformer, has now been 
equipped with thyristor control. 

---- 
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Electronic apparatus 
compartment In the 
"Hawk" experimental 
diesel ^electric loco- 
motive with variable- 
frequency speed con- 
trol 
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THYRISTOR TAP CHANGE 
On the Continent thyristors have been used in 

conjunction with an ordinary tap-changer in an a.c. 
locomotive to relieve the tap-changer contacts of the 
duty of breaking heavy currents. This is in the 
8,000 h.p. "£03" class of the German Federal Railway, 
which during the International Transport Exhibition 
in Munich in 1965 worked demonstration trains 
between Munich and Augsburg at speeds of up to 
125 m.p.h. The basic circuit is shown in Fig. 5. 

Before a tap-change from Tap I, thyristors SCR1 
and SCR2 are switched on and conduct on alternate 
half-cycles. When the tap-change is made, the gate 
current is cut off and, as soon as the motor current 
passes through its next zero, the thyristors switch 
automatically to the blocking condition. At this 
instant contact "A" opens off-load, contact "B" closes, 
and thyristors SCR3, SCR4 are switched on. This 
occurs so rapidly that there is no interruption in the 
flow of current to the traction motors. 

In a conventional tap-changer, similar continuity of 
supply has to be achieved by allowing two tappings to 
be momentarily connected to the power circuit at the 
same instant, providing transition resistors which are 
cut in and out of circuit on each tap-change to prevent 
the flow of short-circuit current between the two 
tappings. In the German scheme the thyristors are 
only brought into circuit when a tap-change is about to' 
take place. They are thus able to handle starting 
currents of some 700A, although the nominal rating 
of each parallel circuit is only 440A, and no provision 
for forced air cooling is necessary. 

SOLID STATE SERVO 
Solid-state devices are coming into use in British 

diesel-electric locomotives to replace hydraulic or 
electric servo systems previously used to control a 
variable resistance in the generator field circuit so that 
the electrical output matches the power input from the 
diesel engine. 

In a system developed by the English Electric Com- 
pany, which will be used in fifty 2,700 h.p. locomotives 
being built for British Railways, a transistor multi- 
vibrator is used to control two thyristors which apply 
a control voltage across the generator field. A potentio- 
meter linked with the engine governor controls the 
duration of two square wave outputs from the multi- 
vibrator which trigger the "on" and "off" thyristors. 
The ratio of "on" to "off" periods determines the 
mean field current. 

Among many ancillary electronic devices now 
coming into use in electric and diesel-electric traction, 
the various forms of electronic speedometer have some 
of the most important possibilities. In addition to the 
accurate presentation of speed to the driver, their 
output can be used for controlling speed at a selected 
level. Thus they could be essential elements in auto- 
matic train operation, either in accordance with in- 
structions from the driver, or with command signals 
received through an inductive link with the track, -fc 
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During recent years there has been an increasing 
number of electrbmc ifpitibn systems offered for 

sale. This apibte sets out to enable the cxperimehter to 
build himself a system of compatible design to the 
commercial units but at a Cost more suited to his 
pocket, ::: ;v... ' 

Before entering a detailed discussion- of the retatiyf 
merits of electronic ignition systems a brief description 
of the conventional blttefy/coil ignition system as 
used in hiost cars will bb helpful. 

CONVENTIONAL FORM 
Fig. 1 shows a typical car ignition circuit. When the 

ignition switch is closed the battery is connected across 
the primary of the ignition coil while the contact 
breaker points areiin the closed position. -This allows 
the Current through the coif tp build up to a maximum 
value-:.determined by the battery voltage and primary 
coil resistance; f 

When the engine is rotated the points are opened and 
the cUrfCnt cCases The field built up aroiind the coil 
by the current through it then Collapses inducing a 
voltage ih the primary. Since the primary: Winding is 
magnetically coupled to the secondary, a voltage is also 
developed In the secbddafy winding equal to the 
primary yoltagb multiplied by the turns fatib as in any 

"normal transformer. 
Typical primary values can be between 200 and H00V 

and secondary values between Ip-OOO and 40,000V. 
The high tensrOn vpltage is then applied to each plug 
in turn by the distributor. This system however has 
sebelai disadvantages::listed bClbw;: 

(1) The high;current broken causes arcing and hence 
a high rate of wear of the points. 

(2) As engine sphed increases so the "dwell" time 
during which the points are closed decreases. 
This means that the time available for the curfent 
to rise to its final value is reduced and hence the 
output voltage is decreased. 
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(3) When the points close at high engine speeds they 
bounce due to mechanical inertia reducing 
further the time available for the Current to rise. 
The total effect of items (2) and (3) is to reduce 

I the Output vriltage dfaitically as engine speed 
increases. .f 

(4) At low speeds the system is inefficient because the 
current drawn from the battery is excessively high, 

|| since the points are allowing the current to flow 
after it has reached its maximum value, This 
wastes energy ih-heatinggip the coil. M fact it is 

S ?well. known to readers with cars that at zero 
; engine speed with the ignition left on and points 

closed the coil will eventually burn out. 
So an improved ignition system requires that current 

through fhe points1 be reduced or in fact tie points 
should be removed altogether. This is done by using 
an inductive pick-off to provide the trigger pulses for 
the electronic ignition systems of many racing ears. 
Secondly, the high voltage output should remain 
essehtiaUy; constant .over the entire speed range of the 
engine and the current drain should be reduced at low 
speeds. Electronic systems meet these needs quite well. 

ELECTRPNIC SY$TE^1 
Because most Cars already utilise points, it is difficult 

(unless designing a system from scratch) to replace 
them, so they are retained an'most available commercial 
systems. Most of these get over the Other problems 
Mentioned by using the points tp switch the base current 
Of a transistor which in turn switches the much greater 
primary cojl current by its colJector/emitter. 

The transistor has to capable of withstahding 
peak voltages of 400V or more and peak currents of 
Several amperes. In addition 'a different coil with a 
higher: turns ratio must be used to get the best results, 
enabling the primary voltage to be reduced and the 
rise time of the secondary voltage to be improved. 
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Both of these items are costly in the single transistor 
and coil system. 

A secdhd: appfoa^h, as used in this article, is the 
capaCitive discharge method. Quite simply,-a capacitor 
is charged to the required primary voltage during the 
"dwell" period of the points, and is then connected 
across the coil when the points open, thus discharging 
into the coil. 

SYSTEM DESCRIPTION 
Pig. 2 shows a schematic diagram of the capacitive 

discharge system. The d.c. supply for charging the 
capacitor is geherated By a ridfmal cbrivertef dircui't 
which charges the Capacitor to afeout 300V d.c. 

The points are connected to a trigger circuit, the 
output of which is connected td the gate of a, silicon 
controlled rectifier (s.c.r.) or thyristor. Wlien .the 
points open the trigger circuit applies a pulse to the 
thyristor causing it tb "fire" and connect the capacitor 
across the primary of the ignition coil to discharge iiito 

y;the «>il«:fe.!:' ^;r:- ' ■&■■■:■■ ■ M"' : 
When the Oscillatory current through the ignition 

cOil reverses, allowing the thyristor to turn off and the 
potver siipply to start again the capacitor recharges. 

1 
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CONVERTER 
The heart of the converter consists of two pup transis- 

tors TR1 and TR2, and the transformer TI, which 
together form an inverter oscillator (see Fig. 3). When 
the ignition switch is closed the voltage applied to the 
circuit causes bias current to flow through TR! and 
TR2 base-emitter junctions and R2. 

Due to the slight differences that usually exist even 
between matched transistors, one of the two transistors 
conducts more than the second. The one which 
conducts more current (via its collector-emitter 
junction through its relevant half of the transformer 
primary winding) induces a feedback voltage in a 
positive direction to its own base and turns itself on. 
At the same time it induces feedback voltage in a 
negative direction to the second transistor, causing 
that transistor to turn off. 

The current in the first transistor rises linearly with 
time, whilst the voltages across its half of the primary 
feedback winding and the secondary winding remain 
constant, i.e. square wave output. The primary 
voltage is derived from the 12V battery supply, whilst 
the secondary provides a stepped up voltage determined 
by the turns ratio to approximately 320V peak. 

The current eventually reaches the saturation level 
of the transformer core and/or the conducting transistor 
"bottoms". Whichever occurs first, there is no longer 
any increase in collector current of the conducting 
transistor to maintain a magnetic field about the 
transformer. 

At the instant of saturation the current in the con- 
ducting transistor rises sharply to a value limited by the 
gain of the transistor multiplied by its base current, so 
the transistors used are quite robust electrically. The 
field about the transformer collapses, reversing the 
voltages previously induced in the transistor feedback 
windings and causing the second transistor to turn on 
and the first to turn off. The process then repeats 
cyclicaliy. The transformer output voltage is fed into a 
bridge rectifier, the d.c. output of which is used to 
charge C4, 

CAPACITOR DISCHARGE 
While the contact breaker points are closed the 

thyristor presents a high resistance in its forward 
direction and C4 remains charged to the maximum 
output of diode bridge D1 ~D4. When the points open. 
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the firing circuit applies a trigger pulse to the thyristor 
gate electrode. When it fires the thyristor discharges 
C4 into the primary of the ignition coil. A high 
voltage, with a waveform like that shown in Fig. 4, is 
induced in the secondary of the ignition coii, where it is 
applied to one of the spark plugs via the distributor. 

The thyristor is turned off when C4 has fully dis- 
charged into the ignition coil. The field built up around 
the coil collapses causing the voltage on terminal SW on 
the coil to swing negative with respect to that on the CB 
terminal (point "a" in Fig. 4). At this point the 
current through the thyristor falls to zero causing the 
thyristor to be reverse biased and hence turn off. At 
the end of the negative voltage swing across the coil, 
the capacitor retains a small positive charge (point "b" 
in Fig. 4). Most of the energy in the field around the 
coil has been dissipated by this time and the converter 
starts up again quickly recharging C4. 

FIRING CIRCUIT 
The requirements of a thyristor gate firing circuit are 

that it should provide a pulse of very fast rise time, short 
duration and of amplitude great enough to fire the 
thyristor under all conditions, yet be less than the gate 
maximum ratings. The unijunction transistor (u.j.t.) 
has been developed specifically for this purpose. 

The "earthy" side of the points in most British cars is 
connected to the positive side of the battery via the 
engine and bodywork (positive "earth" car electrical 
systems) and so the trigger circuit has been designed to 
work from this type. This system will not operate on 
negative "earth" systems. When the points are closed 
the base of TR3 is held positive with respect to its 
emitter holding the transistor cut off. With TR3 off 
the emitter-base one (bi) of the u.j.t. is non-conducting 
due to the high "off" impedance between TR3 collector 
and emitter. Only the interbase (ba to bj) bias current 
of a few milliamps flows through R9 and RIO, the 
voltage across RIO thus being negligible. 

When the points open the positive bias is removed 
from TR3, which is turned hard on by its base- 
emitter current through R6 and R7. Due to the 
negative resistance characteristic of the u.j.t. emitter- 
base one (bi) junction, the voltage at the u.j.t, emitter 
rises rapidly to approximately six to eight volts before it 
conducts, producing a short pulse across RIO firing 
the thyristor. 

-Riw Uot typically 2{iSec 

COMPONENTS... 

30C 

Ojoiilolory current in 
Converter , J re-eMroes 04 «0 - 

Ceil 
Ringing 

€.?v 
PctnUopen 

SCR turns off 

OS 
HilliseeoMH-* 

Resistors 
Rl 330 
R2 
R3 
R4 
R5 

3W wire wound R6 4-30 
560O 2W carbon R7 4700 
3-30 3W wire wound R8 220kO 
3-30 3W wire wound R9 1800 
IOO RIO IOOO 

Rl I l-2kO 2W 
All resistors 10%, JW carbon except where other- 

wise quoted 
Capacitors 

Cl 25pF elect. 25V 
C2 2SfiF elect. 25V 
C3 0-25fiF paper 150V 
C4 1-0/iF polyeste r 400V 
C5 8/iF elect. 400V 

Transformer 
Tl Repanco Type TT5I 

Semiconductors 
TRI. TR2 OC20 (Mullard) (2 off) 
TR3 OC20t (Mullard) 
TR4 2N2I60 {International Rectifier, Hurst 

Green, Oxted, Surrey.) 
SCRI 2NIS99 (Davis & Whitworth Ltd.. 220-4, 

West Road, Westcliff-on-sea, Essex.) 
DI-D4 BYIOO (4 off) 

Miscellaneous 
Chassis 6m x 4in x 2in with cover plate 
Veroboard, 2in x 2iin, 0*01 Sin hole matrix 
Heat sink compound (International Rectifier) 
Terminal block strip, bushes and mica insulators 
Solder tags 

Fig. 4. Voltage induced In the coil secondary winding 

CONSTRUCTION 
The majority of the circuitry is mounted on Vero- 

board which is housed in a small aluminium box chassis 
measuring 6in ,x 4m x 2in deep along with the' 
converter transformer TI. 

The converter transistors TR1 and TR2 are chassis 
mounted; it is important that all burrs are removed 
after drilling the mounting boles as it is so easy to 
puncture the mica insulator that is used to insulate 
collector from chassis. Heat sink compound (silicon 
grease) should be applied to the undersides of the power 
transistor to effect a good heat transfer to the chassis. 
In view of the degree of vibration that the unit will 
experience, locking or shakeproof washers should be 
used under all nuts. 

There should be no difficulty with the wiring and 
component layout if Figs. 5 and 6 are followed; how- 
ever it should be noted that the silicon rectifiers DI-D4 
and the higher wattage resistors should be mounted 
about ^in away from the board to allow maximum air 
circulation. 

The simplest form of stand-off mounting for the 
board is a section of terminal block with a 4BA; ^in 
screw holding the board and block to chassis with a nut 
and lock-washer fixing. 

PRELIMINARY CHECKS 
If possible it is wise to test the various parts of the 

circuit before attempting to instal it in the car. 
To check converter output, join a wire link from the 

centre connection of the terminal block (2) to chassis; 
apply a 12 volt d.c. source to the circuit board with 
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negative to terminal block I and positive to chassis. 
The output from the d.c. side of the diode bridge D1-D4 
should be approximately 300 to 350 volts. 

Next, to check the thyristor and trigger circuit 
operation, connect a 100 kilohm resistor in series with a 
small neon indicator lamp between chassis and con- 
nection 3 of the terminal block; keep the wire link 
that was used in the first test. Switch on the 12V 
power supply and open the wire link. The neon 
should flash once at the instant of opening the link. 
Immediately afterwards turn off power supply. 

INSTALLATION 
When installing the unit it is most important to 

mount it in the coolest place possible. A cable run of 
4ft is permissible and it may be possible to use more 
according to the user's individual experiences. For 
front-engined cars the space between the front grill and 
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• ooooooa* ooooooo 
• • • • • {o 5 o • 6 0 0 • • • • • 
• •ooooooo ooooooo 
• oooooaao 6600000 
• • o •told oo o 0C_J0,030 • • 
oo ooooooo 0 0 0 0 • • 0 
• ooooooao • • • • 0 • • 
oo ooooooo 0 • 0 • 0 0 0 
• • ooooooo ooooooo 
• • o •(Ola • (o) o • 101 • • • 6 
o 66600000 0 • 0 0 0 • 0 
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Hole £44 mode to wit (Ixinj screw Undtrchossls wire to terSwl BlockZ 
Fig. 5a (above). Undenide view of the component board 
showing the copper strip breaks and connections 
Fig. 5b (right). Layout of the complete circuit in the 
chassis box. TRI and TR2 are mounted on the outside 
of the chassis; connections are as viewed underneath 

radiator can be used where the airflow is maximum. 
On rear-engined cars the unit can be mounted beneath 
the rear so that the airflow keeps it cool. 

For good heat transfer from the unit to car chassis; 
bolts or screws with generously dimensioned washers 
should be used so that the washers transfer any heat 
away from the transistors and chassis; locking washers 
under the fixing nuts will provide a shakeproof 
mounting. 

The chassis of the unit is at earth potential (i.e. + ve 
battery) so ensure a good connection exists between it 
and the car bodywork by cleaning away any paint or 
rust before tightening up the fixing nuts. 

To connect the unit into the existing system is a very 
simple operation. A cable-form of three 7/*0076 p.v.c. 
covered wires must be made up and fixed to the 
''terminal" block on the Ignition unit. The following 
steps are then carried out with reference to Fig. 6. 

(a) Remove the lead from the "CB" terminal on the 
ignition coil and connect it to terminal block 
position 2. 

(b) Connect terminal 3 to the "CB" terminal on the 
ignition coil. 

(c) Connect terminal 1 to the "SW" terminal on the 
coil. 
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PERFORMANCE 
Improvements in overall petrol consumption will 

depend upon many things: manner of driving, the size, 
condition and efficiency of the engine. But if only a 
2 m.p.g. improvement is obtained over 9,000 miles on a 
car which normally does 30 m.p.g. (he total saving 
more than covers the cost of the unit. 

Needless to say the life of the contact breaker points 
is virtually the same as that of the car and although 
financially this improvement is small, in convenience it 
is worthwhile. 

When the starter turns the engine over slowly the 
greater efficiency of the unit will provide a far better 
spark. Also the plugs will remain cleaner and last 
longer. In fact the plugs that would normally be 
rejected for use with a conventional ignition system 
should work perfectly well with this system. -jlf 
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GET A 

COLORING HI-FI 

TURNTABLE UNIT 

FOR YOUR AMPLIFIER 

GQLDRING-LENCO G.99 
Incorporates the unique Gofdrtng-Lenco 
continuously variable speed control and 
vertical drive features. Machined 8 lb. 
non-magnetic turntable. Push-button 
switching. Neon-lit stroboscope, Speed 
constant within 1% for up to 13% 
mains voltage change. £21.19.5d. 

GOLDRING-LENCO GL68 
Continuously variable speed control 
with adjustable click-in positions for 
standard speeds. Arm takes ihter-. 
changeable head-slides, and is taised 
and lowered by on/off switch. Wired 
lor mono and stereo. fl9.10.7d. 

A 

* 

„ •••- 

There's a Goldring, or Goldring-Lenco unit to match 
any amplifier—whether you build it or buy it. At the 
modest end of the scale there's the G.66 integrated 
hi-fi unit that comes complete with pick-up arm and 
cartridge for as little as 11 gns. Then there's the highly 
popular GL 68 (see left) and, for the man who wants 
the best he can get there's the GL 70 transcription unit 
with integrated transcription arm at a little under £30, 
or the sophisticated G 99 without arm, at around €22. 
Goldring hi-fi equipment includes transcription arms 
from 7 gns. upwards and a wide choice of cartridges. 
The coupon will bring you full descriptive leaflets. 

GOLDRING HI-FI EQUIPMENT 

To: GOLDRING MANUFACTURING CO. (6.B.) LTD., 486-488 High Road, Leytonstone, London, E.11, 
Please send me descriptive leaflets on 

| □ TURNTABLE UNITS □ TRANSCRiPTiON ARMS 

| □ MONO & STEREO CARTRIDGES □ HI-FI ACCESSORIES 

Name 
Address 

To: Golrfring Manufacturing Go. (G.8.) Ltd., 4BS High Ra«d. Laytonitona, 
London, E.11, Telophont; Leytonsuna 1343 
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VARIABLE VOLTAGE TRANSFORMERS 

50 AMPS 

HHP 

INPUT 230/240v. A.C. S0/<0— 
OUTPUT VARIABLE;0-260v. 
BRAND NEW Carriage Paid. 
Buy direct from the Importer, 
keenest prices in the country. 
All Types (and Spares) from 
i to SO amp. from stock, 
OPEN TYPE (Panel Mounting) 
| amp, £3. 3, 0. I amp. £4. 11. 6. 

2| amps, £5. 12. 6. 
SHROUDED TYPE 
I amp, £4. 10. 0, 2.5 amps, 
£5. 17. 0. 4 amps, £8. 7. 6. 
5 amps, £9. 0, 0. 8 amps, 
£13. 10. 0. 10 amps, £17. 0. 0. 
12 amps, £19, 10, 0, 15 amps, 
£22.0. 0. 20 amps, £32. 10. 0. 
37.5 amps, £65. 0. 0. SO amps, 

£85. 0. 0. 
PORTABLE TYPE 

2.5 amps, Portable £9. 17. 6. 

| LIGHT SENSITIVE SWITCH 
I Kit of parts, including ORPI2 Cad- 

mium Sulphide Photocell, Relay, Transistor and Circuit, etc., price 
25/-plus 2/6 P. & P. ORPIlin- 

I eluding circuit, 10/6 each, plus 
| I/-P. & P. 
A.C. MAINS MODEL 
Incorporates Mains Transformer, Rectifier • 
and special relay with 3, 5 amp mains e/o 
contacts. Price iiie. circuit 47/4 plus 2/6 
P- & p. __ 
NEW! PHOTO ELECTRONIC COWNTER 
Can be set for counts of up to 500 per 
minute. 210-250 v, A.C, powered. Kit of 
Components including photo cell. High 
speed non-resettable counter. Transfor- 
mer relay, etc., together with clear circuit 
diagram. £3.2.6, plus2/6 P. & P. 

r ■/.a 
100 WATT POWER 
RHEOSTATS (NEW) 
AVAILABLE IH THE 
fdliOWINO VALUES 
10 ohm, 3 a.; 25 ohm. 2 a.; 50 ohm, 
1.4 3.; 100 ohm, la,; 250 ohm, .7 a.; 
500 ohm, .45 a.; 1,000 ohm. 280 mA; 
1,500 ohm, 230 mA: 2.500 ohm, .2 a. 
Diameter 3iin. Shaft length Jin., 
dia. Min. All at 27/6 each. P. & P. 1/6. 
NOW ALSO AVAILABLE 
IN 25 WATT 
10 ohm, I.Sa.; 25 ohm, I a.; 50 ohm, 
.75a.: 100 ohm, .5 a,: 250 ohm, .3a; 
500 ohm. .2a; 1,000 ohm,.IS a; 1,500 
ohm, .12a.: 2,500 ohm, .1 a; all at 
14/6. P. & P. 1/6, 

MULTI-RANGE TEST 
Model B40. D.C.volc, O S v., 2-5 v. at 10,000 
ohm per volt. Ideal for 
transistor circuit test- 
ing, A.C, and D.C. 
volt, 10 v., 50 v., 250v., 
SOOv., 1,000 v. at 4,000 
ohm per volt. Resis- 
tance, 2K ohm, 200 K 
ohm, 2 meg., 20 meg. 
Repair service available Price includes Test Leads, Battery, 

Instruction book, Packing and Post (U.K.). £6.2.6. 3 additional models 
available from 54/- to £14.14.0. 
Leaflet gladly sent on request, 
5 Amp. AD/DC VARIABLE VOLTAGE I 
m (TP! IT I IMIT" —   I 

CABY 
METER 

i 

COMPACT HEAVY DUTY 6 volt DC RELAY 
6-9 volt DC operation 30 ohm coil 2 x 10 amp c/o contacts, 
will handle up to 250 volt AC. Size I}' high X IJ' X li*. 
Price 7/6 plus I/- P. & P. 3 for 20/- post paid. 
230 V. A.C MOTOR and REDUCTION GEAR BOX 

Reversible ti h.p. 1,450 r.p.m. j* 
dia. 1* long shaft. Mounted in anti- 
vibration cradle. 
Supplied complete with pre- 
cision 20—1 reduction gear box 
and pulleys. 

Hade to highest standard for computer work. Ex equip. 
First-class condition. Price £3.5.0. P. & P. 7/6. 

METERS 
2}" Flush Round 

AMMETERS 
0-1,0-5,0-10, 0-15, 
0-20 Amp. All 21/- 

S0UND POWER OPERATED 
EX-ADMIRALTY HEAD 
AND BREAST SETS 
Two such sets connected 
up will provide perfect 
intercom. No batteries 
required. Will operate 
up to J mile. Price 17/6 
each plus P. & P. 3/- or 32/6 per pair, P. & P. S/6. 

ICW - . 

n i- © *0-1.0 

& 
each, p. & p. extra, 

I A.C. VOLTMETERS 
0-05. 0-50, 0-150 V. 
All 21/- each, p. & p. , extra. 0-300 V. A.C. 

| m/c Rectifier £1.9.0. 

OUTPUT UNIT 
Input 230v. AC 
Output 0-260y. AC 
Output 0-240v. DC 
Fitted large Scale Ammeter and Volt- 
meter, Neon Indicator, Fully Fused. Strong 
attractive metal case 15' + 8i* + 6'. 
Weight 24lbs. Infinitely Variable, smooth 

UNIVERSAL DEMONSTRATION TRANSFORMER 
gjJL A complete composite apparatus, com- Stemyl Type J .JNL prising a Transformer and electro- 

magnet with removable coils and 5ole pieces. Coil tapped for 
30v, 220v, UOv, IISV-.6. 12, 

36, I lOv. A.C, These coils are 
also used for D.C. experi- 

O- _ „ ,, ments. Complete with all 
y /rm^ accessories as shown. £17 + ^ ^ 10/- carriage. Leaflet on 

request^ 
NICKEL"CADTUM BATTERY 

Sintered Cadium Type, l.2v. 7AH. Size: hejghc 31' 
width 28' X l(|'. Weight; approx. 13 ozs. Ex R.A.F., 
tested 12/6. P. & P. 2/6. 

S?r.C. SILICON POWER RECTIFIERS 
IRS300 Series, All types 1.5 amp. wire ended. RS3I0, 

100 v. P.I.V, 4/-. RS330. 300 v. P.I.V. 6/-. RS340, 400 v. iTeignt xnios. imimteiy vanaoie, smootn ocicn enn „ p I V hi BCa^n AOO v PIV 
over   I ".V. 

__ ' _ ' make 3 amp. bridge. Not Seconds. Brand New 
LATEST HIGH SPEED MAGNETIC COUNTERS 
4 figure 10 impulses per second. Type t00D,4.l ohm 
coil. 3-6 v. D.C. operation. Type I00A, 500ohm coil, 
18-24 v. D.C. operation. Type 1008,2,300 ohm coil, 
36-48 v. D.C, operation. Any type, 15/- each, plus 
1/6 P. & P. 

Stock. Post paid.   ^ 
34R 5IL1CON SOLAR CELL 
4 x .5 Volt unit series connected output up to 
2V at 16-20 mA in sunlight. 30 times the 
efficiency of selenium. As used to power Earth 
Satellites. 37/6. P. &P, I/-.   

CHANGE OF ADDRESS 
From September 1st, 1966 our new address for mail-order and 
correspondence will be: 

57 BRIDGEMAN ROAD 
ACTON, LONDON, W.4 

Phone 995 1560 
Callers welcome. Ample Parking Space. Large Showrooms. Many Bargains. CLOSED SATURDAY 

SERVICE TRADING CO 
Personal callers only: 9 LITTLE NEWPORT STREET, LONDON, W.C.2. Tel.: GERrard0576 

EVERYDAY 

ELECTRONICS 

Thomas Roddam 

This book provides a broad 
introduction., to the various 
aspects of electronics, suitable 
for 'A' Level and O.N.C. 
students and the technically- 
oriented layman. 

Line diagrams C. 22s 6d 

BRAINS ana 

COMPUTERS 

A. M. Andrew, b.Sc., Ph.D. 

One of the " Focus on 
Science" Series edited by 
Dr Tom Margerison. " Deals 
briskly with the technology 
of computers— Glasgow 
Herald. "A brief, well- 
written account" — Shell 
Magazine. Illustrated 10s 6d 

HARRAP BOOKS 

CRESCENT RADIO LTD. 
40 MAYES ROAD 

WOOD GREEN, N.22 
BOWES PARK 3206 

LONDON'S ELECTRONIC CENTRE 
BEST QUAUTY—KEEN PRICES 

EXAMPLES FROM OUR LARCE STOCK OF TRANSISTORS AC 107 5/6 OC35II/6 AFIIS 4/6 AC 127 4/6 OC20 11/6 AFI(4S/6 ACI28 4/6 OC26II/6 AF1I6 4/6 AC 176 4/6 OCI70 5/6 AFI 17 4/6 ADY23 10/- OCI7I 5/6 AFI 27^4/6 
Cadmium Sulphide Phococonductivo Cell ^ = ORP12  l0'" 

e.m.T. tweeters" 3i Inch at 3 ohm JJ/6 2i inch at 3 ohm 9/6 
exam"PL es f ro m "o u r s e l e ct i o n OF SPEAKERS -3 Inch at 25 ohm .. .. IS/6 5 inch at 3 onm .. .. 15/- 61 inch at 3 ohm .. .. 16/- 8 inch lofa stock at 3 ohm 11/6 12 Inch at 15 ohm ,. .. 30/- 6X4 inch at 3 ohm .. .. 12/6 

SPECIAL'LTNES "     SmallS k ohm Volume Controls with i inch spindle   .. 9d, each I m ohm skeleton Pre-set Controls 3d. each Low impedance Ear Pieces less plugs 1/6 each Silicon Diodes .125 volt at 250 m/a.. Printed Circuit Board 9X5 inch .. Crystal Pick-up Cartridges .. .. 
1/6 each l/lI each S/6 each 

VERO BOARD 2i X S inch 3/8 3f X 31 inch 3/8 2! X 3i inch 2/6 _ 3i X S inch 5/2 • Terminal Pins I/-per do*. 
EMPTY TAPE SPOOLS 7 inch 2/9 4 inch 2/3 51 inch 2/6 3iinch 1/6 5 inch 2/- 3 inch 1/3 Wa have large stocks of electronic components and feel that a visit to our premises would be to your advantage. Send I/- for a Catalogue showing our stocks of Mullard, Newmarket. Texas, Mazda Transistors and vast component stock. Please Include pottage with your order. 
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DRY REED 

CD 
y 

B.H. BAILY 

Few simple electro-mechanical devices lend themselves 
to such versatile applications as the dry-reed switch. 

Simple in principle and construction as the device is, 
it seems incredible that it was not dcvelQped until 
fairly recently. 

FERROUS SPRINGS 
The simplest form of dry-reed switch consists of a 

pair of ferrous spring contacts sealed into a short glass 
tube containing an inert gas. The contact ends inside 
the tube slightly overlap, but are positioned so as to be 
"normally open". 

If a magnetic field of suitable strength is created in 
the vicinity of the sealed contacts, they become mag- 
netised so that they attract one another. This attrac- 
tion causes the contacts to close and complete the 
electrical circuit into which they may be connected. 
The circuit remains closed until the magnetic field is 
weakened or removed, when the contacts quickly lose 
their magnetism, and spring apart. 

There are, of course, other variations on the simple 
version, biit the purpose of this article is to provide 
"food for thought" as to the tremendous scope offered 
by the simplest, cheapest version of this reliable switch. 
Just a few of the tremendous number of possible 
applications are listed later. Let us first consider 
some of the possible circuit configurations. 

SIMPLE SWITCH 
Fig. 1 shows a switch operated by the field of a 

simple bar-magnet. The switch contacts close when 
the magnet is brought sufficiently close to the switch, 
and open when the magnet is moved away. The 
magnet in this case has to be fairly strong. 

In Fig. 2 the magnet is replaced by a coil of wire 
wound around the glass envelope of the switch. This 
may be done by constructing a bobbin to slip over the 
switch, or, for up to about 300 turns, it may be hand- 
wound directly onto a layer of insulating tape over the 
glass. The normally-open contacts are closed by the 
passage of direct-current through the winding. Current 
may be passed in either direction to operate the con- 
tacts, but d.c. must be used or the contacts, which 
respond very quickly to current change, will chatter on 
frequencies as low as about 50c/s, The number of 
turns and wire gauge must suit the voltage and current 
capacity of the operating source, and the total ampere- 
turns musfe.be sufficient to close the contacts. 

NORMALLY CLOSED VERSION 
The above examples are of normally open contact 

types. The same type of dry-reed switch can, however, 
be used to provide the opposite effect, i.e. a normally 
closed circuit. Fig. 3 shows such an arrangement, in 

which a strong magnet is permanently fixed close to 
the switch, so that its field causes the contacts to be 
firmly held together. The contacts may then be made 
to separate by neutralising the field of this magnet 
either by bringing another magnet of opposite polarity 
close to the fixed magnet and switch, or by energising 
a coil wound around the switch and fixed magnet by 
a direct current, polarised such that its magnetic field 
neutralises that of the fixed magnet. In the absence of 
either of these influences or if they were of the wrong 
polarity, the contacts will again close. 

So far, we have dealt with configurations in which 
the switch contacts are self-restoring; that is, they 
change back to their normal position as soon as the 
influence of the externally applied "signal" is removed. 
The following examples, however, are bistable. Once 
the contacts are made to close (or open) the new stale 
is maintained automatically, even after the operating 
"signal" is removed. 

s 

Magnet brought clo»« loctost 
contort*. Removed to open 
contort* 

Fig. I. Normafly open switch, mechanical operation 

e,c- 
Dirtrt current passed through 
coil to eiosc contact* 

Fig. 2. Normally open switch, electrical operation 

is : Strong magnet holds contacts 
closed. 

Second magnet brought In 
close OPPOSITION to'Hold' 
magnet to break contacts, 
which close when second 
magnet is removed. 

Fig. 3. Normally closed switch, mechanical operation 
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Fixed wtak 'Bios' mognst 

! aiding fisld (to close) 

Bios mogntt will only hold eontoets 
ooct latter touch, hut will not , 
hrfng contacts together unoided- 

| opposing field (to >peo)l 
m 

Fig. 4. Blttable or two state switch ("toggle") in which 
the state is changed by momentary influence of aiding or 
opposing field of second strong magnet 

t-sv 
-.1 + 

Ohms 
1.5V 

+ ■- 

'Bias' mpiet 

100 Tarns of 30 SMO-enanuwire 

Push for State 1 

Push for State 2 

Fig. 5. Electrically operated bistable switch using a 
two •hotter/ supply 

BISTABLE: MECHANICAL CONTROL 
Fig. '4 shows one method of producing a "toggle" 

action, that is, a magnetic bistable switch. A small 
"bias" magnet is fixed close to the glass envelope of the 
switch. This magnet produces a magnetic field which, 
whilst being too weak to cause the contacts to come 
together unaided, is sufficiently strong to ensure that, 
once they have been brought together by some external 
influence, there is sufficient magnetic field strength to 
keep the contacts together. 

If another magnet of correct polarity is now brought 
near the switch, the "bias" field is strengthened by the 
lines of force from the second field. Hence, the 
contacts experience sufficient field strength to cause 
them to close. 

In this instance, the second magnet must be positioned 
such that its north pole and south pole align with the 
north and south poles of the bias magnet, respectively. 
Once the contacts are closed, the second magnet may 
be removed, and the contacts will remain closed. If, 
however, the second magnet is now reversed, and, again 
brought close, its reversed field will oppose that of the 
bias magnet, and the contacts will again separate due 
to the weakened field. Again, the contacts will not 
close if the magnet is once more removed, but only if 
it is brought near, in aiding polarity. 

BISTABLE: ELECTRICAL CONTROL 
Fig. 5 shows an electrically operated version of the 

bistable or "toggle" of Fig. 4. The movable magnet 
is replaced by a coil wound over the bias magnet and 
switch assembly. A pulse of current through the coil 
in one direction will close the contacts, whilst a pulse 
in the opposite direction will open them. Since only 
a short pulse of current is required to change the 
bistable from one state to the other, the switching can 
be performed quite well by using push-button switches. 

This results in extremely long battery life, because 
current is drawn only during the brief changeover 
period, when one or other of the switches is pushed. 

The 10 ohm resistor is included to protect the batteries 
from accidental surge should both buttons be pressed 
simultaneously! Even "Pen-Lite" cells can be usefully 
employed in such a circuit, since they will give good 
service when called upon to deliver short pulses inter- 
mittently, and they are easily accommodated in a 
small remote control box. 

Bioi magnet 
m \ \ \^\ 

itB 11' 
lOOTurnj 100 Turns 30 S.W G Enantiltd 

wire 

1-5V 

o— 
Push for Push for 
State Z State! 

Fig. 6. Single battery bistable switch 

Fig. 6 shows a single-battery version of Fig. 5. 
For this, the winding around the switch is doubled, 
and the centre-tap brought out as a third connection. 
Energising one half of the coil will operate the contact, 
whilst-energising the other half will separate them. 

SUGGESTED APPLICATIONS 
The following are just a few ideas to start the 

experimenter thinking:, 
Fig, I Door lock controlled by electromagnet. 

Dry-reed switch could be embedded in a wall or door 
post, and magnetic ''key" used to unlock, door 
kevblutioh counter transmitter (magnet rotates). 

Figs., 2 & 3. Limit switch : the magnet would be 
mounted on a motoiised door. Door operated 
cupbokrd light switch: magnet on dobr. 

Fig. 4. Model train points control. Switch can be 
mounted on the track With the bias rhagnet. The 
operating Magnet is carried under the train. Two 
units are mounted at the approach to and beyond fhe 
points to ensure that the points change as required. 
Limit switch for controlling motorised door action, 
by triggering contactors,,, 

Figs. 5 & 6. Any application requiring a bistable 
circuit where no "standing" current for hold-in can 
be tqieratld. Particularly suitable for battery 
powered remote cbntrol of television, tights, radio, 
or other household appliance. 
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Ct CDIAMIG cartiiiige 

FOR PROFESSIONAL QUALiTY 

Outstanding performance and dependability 
make the C1 Ceramic Cartridge the natural 
choice of the professional because, to him, 
quality is absolutely essential. You, too, 
can buy this remarkable cartridge which 
has a performance comparable with 
designs costing twice as much. 

Technical Data 

Compliance 5.2 x 10-6 cm/dyne 
Sensitivity at 1 Kc/s using 

Decca SXL 2057 record — 
1 cro/sec. . 

Stylus pressure 
Equivalent capacity . 
Loading .... 
Channel difference 
Channel separation at 1 Kc/s 

0,110 volts ± 2db 
2-3 grammes 
600 pF 
2 MQIOOpF 
less than 3 db 
20 db 

Y 

m 

\ 

C1ST3 £2.6.5 incl. tax. Stereo cartridge with double tipped sapphire stylus. 
C1ST4 £3.0.11 incl. tax. With diamond LP/S tip. 

UA15 SS 3B 4 speed 

Automatic Record Changer 

UA15 SS 38 fitted with C1ST3 £10.18.11 incl. tax. 
UA15 SS 3B fitted with C1ST4 £11.13.5 incl. tax. 

Tubular, low mass pick-up arm for 

featherweight pressure. Large 
turntable for stability. Manual play 

facilities. Wow and flutter lowest ever. 

The ultimate in quality performance 

and dependability. 

Send for details of the complete range of BSR equipment and address of your nearest BSR stockist. 

et9 
bsh BSR LIMITED/MONARCH WORKS/OLD HILL/STAFFS 

The world's largest manufacturers of Record Changers & Tape Decks. 
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TRAIN AS A 

TECHNICIAN 

If you are aged 17-25, here's 

your chance to train as one of the 

Army's top technicians in: 

ELECTRONICS AIRCRAFT 

Your 18-month technical training course will take 
you up to City and Guilds standard. Six months 
after completing the course successfully you are 
promoted to Corporal. Then it's up to you! Pro- 
motion's wide open in the technical field today! 

You'll be working on the exciting and advanced 
equipment today's Army uses when it swings into 
action: radio transmitters, dosed drcuit TV, gun- 
fire control equipment, radio transceivers, heli- 
copters. 

There are also opportunities for young men aged 
15-17 to join as Junior Entrants and train as tech- 
nidans or tradesmen. 

GOOD PAY! 

This year every soldier in the Army is better off. 
Trainee Technicians get £477 a year from age 17 
—and all your food and lodging are free! At the end 
of 18 months, your pay will go up automatically to 
^714; at the end of two years, to £805! From there, 
you'll be given every chance to work for promotion 
and still better pay. 

WANT TO KNOW MORE? 
SEND OFF THE COUPON TODAY! 

TO: ARMY CAREERS MP6(A), 
LANSDOWNE HOUSE, LONDON W,I 
Please send me full details of how to become a Technician 

NAME   

ADDRESS   

TOWM  

COUNT*     

DATE OP BIRTH  

M731401 (You must be resident in the UK) 

BI-PAK SEMICONDUCTORS 

VALUE -k 50 
TRANSISTORS 

MIXED UNTESTED 10/- 

3 OCI39 Trans. NPN Mullard  10/- 
2 Drift Trans. 2N1225 Germ. PNP IOOM/Cs'RCA  10/- 

■6 Matched Trans. I OC44. 2 OC45,-l OC8ID, 2 OC8I 10/- 
4 OA 10 Diodes Mullard 30 PIV 1 amp    10/- 

15 Red Spot AF Trans. PNP Factory Tested  10/- 
15 White Spot RF Trans. PNP Factory Tested   10/- 
4 Silicon Rect. 3 amp. 100-400 PIV Unmarked   10/- 
4 NPNSwitchingTrans. Assorted OCI39,2NI308.etc. 10/- 
2 10 amp. Silicon Rect. 50 and 100 PIV     IO/~ 
8 Germ. Diodes 4 OA70 4 OA79 Mullard  10/- 
1 12 amp Silicon Controlled Rect. 100 PIV    10/- 
3 Sil. Trans. 2S303 PNP VCB2S Ic 100 mA Texas   10/- 

10 Assorted Computer Diodes   10/— 
4 Zener Diodes 250 mW 51 6-8 10 0 12 0 vlts    10/- 
4 2G4I7 Texas Trans. Eqvt. AFl 16/117 Mulfard   10/- 
2 200 M/Cs Sil. Planar Trans. NPN BSy26/27 STC ... 10/- 
2 Bi-Directional Trans. ASY66 PNP STC   10/- 
3 Zener Diodes 400 mW 3-3 8-2 15-0 vlts. 5%  10/- 
4 Germ, Trans. High Current Mullard OC42   10/— 
2 Power Transistors 1 OC26. I OC35   10/- 
5 Sil. Rect. 400 PIV 250 mA I.R  10/- 
3 OC71 Transistors Mullard   10/- 
3 OC75 Transistors Mullard       10/- 
3 NPN Sil. Trans. 70 M/C$ 2T43 Ferranti  10/- 
1 Power Trans. OC20 100 vlts. 45 watts. Mullard  10/- 
5 OA47 Gold Bonded Diodes Mullard    10/— 
4 OA202 Sil. Diodes Subminiature Mullard   10/- 
2 Low Noise Trans. NPN NF 4 dB 2N929/30   10/-. 
1 Sil. Trans. NPN VCB 100 200 M/Cs ZT86 Ferranti 10/- 
8 OAS I Diodes Subminiature (CV448) Mullard  10/- 
3 Sil. Rect. 400 PIV. 500 mA BYI0I. BY! 14   10/- 
5 Metal Alloy Transistors Mat Type   10/- 
5 Texas 2G344A Trans. Eqvt. OC44 Mullard   10/- 

"FREE 
jf One 10/-pack from the above free /rrfirrfJ1 

with all orders valued £4 (Four rnhh 
Pounds) or over. 1 

LOW COST SILICON CONTROLLED RECTIFIERS 
50 PIV I Amp  8/6 400 PIV 7 Amp 30/- 

100 PIV 7 Amp  10/6 100 PIV 16 Amp  16/6 
Free Circuit Diagrams for Light Dimmers, Speed Con- 
trollers, AC Power Switch, etc. with SCR orders. 

SCOOP PURCHASE NEVER BEFORE OFFERED 

Logic Modules Ail Plug in units 
and, or. Gates Double and Single Modules, Memory 
Units, Power Amplifiers, Timer Units", Fanout Multi- 
pliers, 1 and 5 amp, SCR Modules, Permanent Memory 
Units, Power Supply Units 24 vlts. 
Full details on request 

Unijunction Transistors 2N2646,.  15/— 
Tunnel Diodes lN3720(TD-5)  15/- 
6 Sil. Rect. Type BY 100 800 PiV 550 m A  20/- 
40 Mixed Semiconductors Marked New  40/— 

Our vast stocks change daily with hundreds of Semi- 
conductor bargains becoming available. We will be glad 
to put you on our mailing list and rush you our latest stock 
lists, eqvt. charts, free offers, etc. Just send 2/6 to cover 
3 months, mailing. 

Minirqum order 10/- cash with order please. Add I/- 
poscage and packing per order. 
By Return Postal Service Mail only. 

BI-PAK SEMICONDUCTORS 
8 RADNOR HOUSE, 93/97 REGENT STREET 

LONDON, W.I 
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WINDING NOTES 
The coils may be wound by hand directly onto the 

glass envelope of the dry-reed switch if preferred. 
Where a fixed magnet is used, i.e. in Figs. 3 to 6, the 
magnet may be taped onto the glass and the coil 
wound directly on the whole assembly. 

When winding centre-tapped coils, wind the first 
half, then make a loop in the wire, about 3 inches 
across, flatten and twist it into a double wire connection 
for the centre-tap, and continue winding in the same 
direction until the second half is complete. 

MODEL RAILWAY IDEAS 
An interesting additional feature of the mechanically 

operated bistable of Fig. 4 is illustrated in Fig, 7, in 
which the switch operation is sensitive to the direction 
in which a passing magnet is travelling. The small bias 
magnet is again placed close to the reed switch, and 
the whole assembly is mounted on or near the train 
track. The operating magnet is mounted vertically 
on the train, so that the lower pole passes close to the 
switch assembly as the train passes. 

Now, if the train passes in a direction such that the 
active (lower) operating pole is the same polarity as 
the second pole of the bias magnet to be passed, the 
switch will be left in its closed state. If the train passes 
in the opposite direction, the latter pole of the bias 
magnet to be influenced will be opposite in polarity to 
the operating pole, and its field wilt be momentarily 
weakened, causing the switch to change and remain in 
its open state. The train can thus be made to work 
signals, points, crossing gates, and lights. 

BREAK- -MAKE 

Bios magnet 

Fig. 7. Method of using a dry reed switch for switching 
signals on a model railway system 

When two trains are used, one may be fitted with an 
operating magnet with, say, the north pole down, 
whilst the second train has a south pole pointing down- 
wards. The state to which the switch will now set 
will depend on which train passes it, and the direction 
in which this train was moving. For a given direction, 
one train will produce the opposite effect to the other. 

By using more than one switch, one train could be 
made to divert automatically to a different route from 
the other train; e.g. a goods train could be made to 
bypass a passenger platform whilst the passenger train 
would take an alternative route and perhaps stop at 
the station. 

When mounting the biased reed assemblies, care 
must be taken not to fix them too close tb any magnetic 
objects. This is particularly applicable to model 
railway track. Test the rails first with a magnet and if 
they are attracted, mount the assembly at least Jin 
away. Similar precautions must be taken when 
mounting the operating magnet; brass clamps or glue 
should be used to secure them, -fa 

Book reviews 

TRANSISTORS FOR TECHNICAL COLLEGES 
By L. Barnes 
Published by lliffe Books Ltd. 
194 pages, 8|in X SJin. Price 42s 

Students of electrical engineering often complain 
that courses do not contain enough about practical 

circuit design. The author has tried to meet this 
criticism by providing "an elementary design text", 
not very mathematical, "to bring the student up to 
the design of simple circuits quickly by graphical 
methods." The author also hopes that the book will 
serve "many industrial engineers with a limited know- 
ledge of electronics". 

In fact, only 30 pages out of some 200 are devoted 
to detailed design, and the only worked-out designs 
are of one-stage low-frequency class A amplifiers. 
No mention is made of transistor noise, or the effects 
of resistor tolerances. The rest of the book is taken 
up with transistor physics and an introduction to the 
transistor as a device (33 pages), parameters and 
equivalent circuits at low and high frequencies (34 
pages), switching circuits ,(21 pages), experiments 
(22 pages), and a liberal collection of appendices (57 
pages). There is also an index, which does not contain 
"amplifier", "oscillator", or "receiver". Apparatus 
required for the experiments includes: a 5 micro- 
amp d.c. meter, an a.c. millivoltmeter with 3mV f.s.d., 
a two-channel oscilloscope, and a 50c/s-50kc/s sine- 
wave source. In one experimental circuit a 500mV 
signal is applied to a lOOmV meter, and in another a 
10mA meter monitors the current to a transistor 
whose base can be connected directly to a 10V collector 
supply. u.w. 

BASIC ELECTRONIC CIRCUITS 
By Van Valkenburgh, Nooger and Neville 
Published by the Technical Press Ltd. 
228 pages, lOin x frjin. Price 42s 

This is one of the Common-Core series of technical 
training primers that have proved so popular in their 

pictorial and informal manner of presenting electronics. 
It is written in the mode of the preceding series of 

text book—"Basic Electronics"—where the aim is to 
group circuit families. In pulse circuitry, with which 
this book is concerned, such families abound and it is 
tn the identification of a member of the group and its 
function that makes for an easy interpretation of a 
complex circuit diagram. 

Although this book does not set out to be compre- 
hensive in its coverage of pulse techniques, it does 
explain the most recurrent and commonly encountered 
circuits in both their valve and transistor configura- 
tions. 

The book really falls into three parts; the first 
being composed of waveform definitions and pulse 
responses in passive and active circuit elements which 
provide a very necessary introduction to the pulse 
family groups which make up the second part. Here, 
each page of text is faced by a circuit, many of them 
practical, and representative waveforms which are 
analysed with reference to their forming components. 

The third part deals in the main with application and 
principles of time bases ending with a short section on 
strobe pulse generators. g.g. 
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IN THIS, feature we hope, from time to time, to be able to 

publish suggestions submitted by some of our readers on the 
possible improvement of projects previously described in 
PRACTICAL ELECTRONICS: short contributions on other subjects 
may be included. The aim is not to find fault or undermine the 
abilities or knowledge of our contributors. It may well be that the 
original article is par exellence but it could be improved or adapted 
to suit individule requirements. The views expressed by readers 
are not necessarily those of the Editor. 

"BANDSPREAD" VOLTMETER 
When an engineer designs a meter for measuring current or voltage 

he usual y attempts to make the scale of the instrument approach as 
uoseiy as possible to a linear law. 

h?WuVer many c^casi"ons when a requirement could be met 
S2mru?!fr .V

lf-
y y •neans 0.f a meter w5th a very different scale. An 

.£1 requirement is found in a meter designed to indicate the 
ab£f,H Sv IffnU n T batlery- ,Pe VQhage of a single cell varies from about 1 -8V at full discharge to 2-3V at full charge. The voltage on charge 

meter'shlf.W f VOltiS' ThuS In the Case of a 12 vo!t car battery the meter should indicate voltages between 10-5 volts and 15-5 volts. If a 
standard meter is used and adjusted to have a full scale reading of 16 volts 
men in the case of a 2m diameter meter with a scale length of l*5in each 
S1™14 of

t
I vpb will be represented by 0-1 in of scale. If on the other hand the meter is designed to operate between 10 and 16 volts then the 

voltage scale can be made much easier to read. 

di?I* WAn 0bj!? ^an ** achieved is by the use of a Zener diode. An OAZ202 Zener diode was available and was used in con- 

^ a Potentlom®ter network. The Zener voltage of course anes with the current passing through the diode and also the variation 
rom one specimen to another is quite large. It will therefore be necessary 

to vary the values of resistor used until the desired coverage is obtained. 

SOOm A t!>rC«UrL,S rTr" ,n|F'8 J- The meter used required a current of 
ok™ pr??uc! f"11 scal® deflection and the resistance of the meter was 350 ohms. Fig. 2 shows the new scale. 

hPkI!"?61" f.orrn® a useful addition to the instrumentation on a motor car 
theSX^rv W{t ei P ,t0 8ive early .war.nin8 of the impending failure of the car battery. It will also give warning if the average discharge from the 

Kiavurr 86 thus giving the driver the opportunity to rectify the trouble before he is left stranded with a flat battery. 

wput 
M K)-16 VOLTS 

Q4Z202 
0-500 

Fig. I. 

Fig. 2. 
R. L. A. Borrow, 

Newport, 
Monmouthshire 

CAR WARNING DEVICE 

I READ with considerable interest an article you 
published on an audible warning system for a 

car-, * tben decided to design a circuit which 
would sound the car's horn whenever the doors 
bonnet or boot were opened, and keep sounding 
tne horn for a pre-determined time after they 
we closed. The protection device being im- 
mobilised by a switch SI fitted to the car door. 
Use was made of the interior light switches on 
the car s doors, jf these are not fittted, micro- 
switches will have to be used for the doors, boot 
and bonnet. , 

G. R. Williams, 
Blackpool, 

Lanes. 

RLBI VRI 
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horn TRI 

©>, 
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'PRINTED 

WIRING' 

BOARD 

INSIDE NEXT MONTHS 

o 

o o 
o 

Practical Electronics 

i m 

*PHi(nEJ WIRING BO 
L Wtlh detftU ol B kttemfi PrWctj (o htftt 

OCTOBER ISSUE 
ON SALE SEPT. 15 

STRONG 
EXTRA DEMAND! 

MAKE SURE 
OF YOUR COPY! 

PLUS How-to-Build details of 

all these projects: 

LIGHT OPERATED SWITCH May be used as car park- 
ing light switch, lamp economy unit, burglar alarm, 
basis of counting unit. 

WIEN BRIDGE OSCILLATOR Instructional unit for 
apprentices, experimenters. Can be used or modified 
as fixed or variable frequency generator. 

TUNED AMPLIFIER (I kc/s) Ideal for use in receiver 
section of a radio control system. Sound-operated 
servo-mechanism. 

DIRECTION INDICATOR Car turn indicator. Sound 
"bleeper" or other device requiring repetitive auto- 
matic switching at about 1 c/s. 

TIME SWITCH Gives time delays from fraction of a 
second to few minutes. Useful for "holding-on" car or 
hall lights in the dark. 

PUSH-PULL 200 mW AMPLIFIER For use as audio 
section of radio, tape recorder, record reproducer, 
intercom, baby alarm and audio signal tracer. 
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A Commemory on Souna rieproauclng Equipmem ny ciemem Brown 

This month's selection of equipment includes a few 
items for which space could not be found in the 

July Audio Trends. 
New from the U.S.A., where it has been in use for 

upwards of a year, is the Euphonies "Miniconic" pick- 
up, which is imported by A. C. Farnell Ltd. The 
cartridge, described as a semiconductor device, employs 
tiny silicon elements, and the makers claim for it such 
characteristics as very small tip mass, wide response and 
ability to track at less than 1 gramme pressure. 

As a modulating device rather than a conventional 
voltage generator, the pick-up requires an external 
voltage supply. A unit, suitable for connection to a.c. 
mains, is available to supply this voltage; it is also 
possible to draw the supply from an audio amplifier. A 
cartridge with half-thou stylus costs £14 12s 5d and 
can be used in any good arm. Alternatively the device 
can be purchased as a plug-in head for Euphonic's own 
low-mass arm. 

Other stereo cartridges include model STS322E, 
latest in a.long tine of moving-magnet devices by Etac. 
Priced at £23 12s 6d, this model has an elliptical stylus 
tip, average output of 6mV and crosstalk rejection of 
26 dB at 1,000c/s. The same cartridge with a half-thou 
tip costs a few pounds less. 

Elac transcription player units now include the 
"Miracord 50H", which has such features as an anti- 
skating control for the arm, a means of checking arm 
trackipg geometry, and turntable characteristics 
generally of studio standard. 

Technical test records are normally of little help to 
amateurs, who may even damage their equipment 
through incorrect use. However, the Hi-Fi Stereo 
Review stereo test disc represents a new attempt to 
provide technical checks through listening tests and 
without measuring instruments. A variety of pick-up, 
loudspeaker and systems checks are provided, and one 
side of the disc contains a classical music programme. 
Of American origin, the disc is sold in the U.K. at 
3 guineas. 

New Low the r f.m. tuner 
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ACCESSORIES 
Many pick-up arms have built-in control devices 

which enable the head to be lowered gently on to the 
disc—and ensure that the shaky-handed operator does 
not damage the record when doing so. Owners of 
lightweight pick-ups lacking such devices—increasingly 
regarded as essential—can choose from a variety of 
ingenious accessories. 

A new and exceptionally well-made example is the 
Colton "Varilift" (£3 10s 6d) which has a hydraulically 
damped action and is intended for use with practically 
all designs of arm. Like many arm controls, it has 
a support rod which helps the user to select particular 
bands on the record. 

Another type of device, desirable if not essential, 
is the "bias compensator" which corrects inward 
side-thrust of the pick-up arm. 

Although no longer new, Decca's magnetic compen- 
sator demands a mention in view of the wide popularity 
of this company's pick-ups. Type A is for the simpler 
Decca arms and type B for the more costly professional 
arm; both versions are sold as accessories at 2ls each. 
Agreeably uncomplicated, the device depends on inter- 
action between a fixed yoke and a rotating magnet which 
is a push fit on the arm bearing. 

Most experimenters make up their own connecting 
cables and adaptors to suit various input and output 
sockets. Those who are feeling lazy—or bemused by 
permutations of jacks and plugs—may care to investi- 
gate the "Hi-Fi Cable Kit" made by Eagle Products. 
For 26s 3d one gets a collection of adaptors and 
screened linking leads in a wallet. 

MICROPHONES 
A.K.G. microphones are among the best known 

continental models used in the U.K. A recent addition 
is the D202 cardioid dynamic, which is unusual in that 
it has separate h.f. and l.f. capsules. This arrange- 
ment, it is claimed, gives a very smooth response and a 
cardioid characteristic independent of frequency. 
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Other new A.K.G. models are the C61 condenser 
microphone and the D109, which can be used either in 
the hand or, with boosted h,f. response, on a neck 
sling.- The D109 costs £11. 

Enthusiasts with a limited amount to spend on such 
components may like to be reminded that the Philips 
omni-directional microphone type EL7500 is sold in kit 
form at 7 guineas. It is suitable for use with most tape 
recorders and can be suspended on a neck sling or fitted 
to a desk or floor stand. 

An improved Jetlite headset, type JL26, is offered by 
Amplivox at £9 Is 6d. The Impedance is 200 ohms 
per earpiece and handling capacity is 1 watt. Alterna- 
tive connections for single channel and binaural 
listening are easily made. A communications version 
of the headset has a small boom microphone attached. 

Lowther have revised their amplifier range. The 
single-channel power amplifier chassis LIB (£25 10s) 
uses high efficiency output pentodes type EL506 to 
provide 18 watts in distributed load circuitry. A stereo 
version, essentially a pair of L!8 amplifiers on one 
chassis, is available. The firm's control units have 
modified styling and new f.m. tuners are announced. 

A new transistorised f.m. tuner by Heathkit matches 
the firm's recently introduced AA-22U stereo amplifier. 
Features include an assembled and pre-aligned r.f. 
tuning section and a four-stage i.f. amplifier. The tuner 
is mains powered and has automatic frequency control. 
Mono and stereo models are available and the main 
sub-assemblies are separately priced. Total price of a 
mono kit is £20 19s plus £2 5s for the walnut cabinet. 

TAPE EQUIPMENT 
Japanese machines continue to feature prominently 

on the tape recording scene. Model TC260 by Sony 
is a four-track stereo recorder, fully transistorised and 
with three tape speeds. At 95 guineas, including 
microphones and other accessories, it falls within 
semi-professional range of machines. Smooth and wide 
frequency response, smart modern design and ease of 
operation are notable features. 

(above) New Elac "Miracord 5CH" transcription player 

Many Japanese products are designed for the 
American market: this applies to Sony and is also true 
of Akai, whose range is now extensive, although 
concentrated in the professional category. A recent 
model Is the X-IV, one of the few high quality stereo 
machines offering genuine portability (it weighs about 
11 lb). This firm also makes a tape deck. 

The new Tandberg Series 12 is a three-speed model 
housed on a teak plinth and priced at 105 guineas. It is 
a solid-state recorder which, with the unusually high 
output of 10 watts per channel, can also be used for 
public address work. This machine is designed, for 
four-track operation and has erase and combined 
record/playback heads. 

Of somewhat similar type is the Grundig TS340, rated 
at 8 watts per channel and fitted in a walnut case with 
Perspex lid. An alternative version of this three-speed 
stereo machine is the TK340, built in transportable 
form. Features include separate recording and play- 
back amplifiers, monitoring off the tape and multiple 
synchronised recording; 

SPEAKER SYSTEMS 
Heathkit's new slimline loudspeaker system the 

"Berkeley", is housed in a walnut cabinet and costs 
£18 10s in kit form or £23 assembled. Dimensions of 
the cabinet are 26in by 17in by 7Jin, and the drive units 
are !2in for bass and 4in for mid-range and treble. 

As mentioned in July, the Rectavox "Ambi" speaker 
costs £36 10s, but it should also be noted that the 
enclosure is available separately at £15. This system, 
like the earlier "Omni", is based on K.E.F. bass an 
treble units. Literature describing "conversion 
systems"—the upgrading of simple systems to 
more elaborate ones—is obtainable from The 
Rectavox Company, Central Buildings, Wallscnd, 
Northumberland. 

Cohon "Yarilift" for pick-ups 
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The signal generator described in this article is based 
upon the well known Wien Bridge, shown schema- 

tically m Fig. 1, where the tuning components comprise 
Rl, Cl, R2, and C2. In order to promote oscillation 
a phase change of 180 degrees must occur in the 
amplifier and the overall gain must be in the order of 
three times. 

This may be occasioned by the use of two stages, 
however, the requirement of low output impedance 
and relatively high input impedance, the latter so as not 
to shunt Rl and CI, is not compatible with the output 
characteristics of a transistor in grounded emitter. 

SIMPLE WIEN BRIDGE 
A yet very effective, circuit for a practical 

Wien Bridge oscillator is shown in Fig. 2. The tuning 
components here are R3, Cl, R7, and C2. The'high 
input impedance is attained by the application of a 
considerable degree of negative feedback via R8 to the 
emitter of TR1. The low output impedance is achieved 
by the introduction of TR3 as an emitter follower, the 
output impedance being approximately equal to RsIPtjus 
where is the source impedance and /?TU3 is the 
cu£E®nt gain of TR3 in grounded emitter configuration. 

The circuit of Fig. 2 will provide an output with 
good sinusoidal characteristics which would be satis- 
factory for most applications. The frequency would 
be fixed and determined by R3, CI, R7, and C2. 

In order to introduce a continuously variable fre- 
quency coverage we could replace Cl and C2 by a 
ganged variable capacitor. As the value of these 
capacitors would be in the order of l/iF on the low 
frequency range, this would be impractical. Instead a 
ganged potentiometer replaces R3 and R7 as shown in 
Fig. 3; CI and C2 are different switched values giving 
coarse frequency selection. 

A further drawback of the circuit in Fig. 2 is that the 
output will not be of constant amplitude for changes 
m supply voltage, temperature and external loading. 

FREQUENCY RANGE 
In five steps on the 
following ranges, 
il-OdB on ranges I to 4 

SPECIFICATION 
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1. I5c/s to I50c/s 
2. I50c/s to l-5kc/s 
3. I.Skc/s to I50kc/s 
4. 15kc/s to I50kc/s 
5. I50kc/s to l-SMc/s 
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fig, 3. final complete circuit diagram of the signal generator 

DISTORTION 
OUTPUT 

OUTPUT IMPEDANCE 

RANGE OVERLAP 
POWER CONSUMPTION 

Better than 0-7 per cent r.m.s. at Ikc/s 
From ImV to IV in 20dB steps with continuously variable 
fine control. ± I OdB, relative to level at Ikc/s, on ranges I to 4 
Approximately lOQon the I volt range with VR3 at maximum 
output 
10 per cent at the upper end of each frequency range 
Approximately 13mA d.c..at 12V 
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In order to minimise these changes, R8 is replaced by 
a suitable thermistor which increases or decreases the 
negative feedback, depending upon the output voltage 
at TR3 emitter. This is due to the change in resistance 
with temperature that is inherent in these devices. 

Professional signal generators using thermionic 
valves often have an output impedance of 600 ohms 
which is considered to be sufficiently low not to be 
seriously affected by the relatively high impedance of 
valve input circuits. This preserves a high degree of 
accuracy in relation to the output voltage indicated by 
the output controls of the signal generator. 

Since the incorporation of semiconductors into most 
forms of electronic circuitry, the input impedance 
reflected by these devices is not usually more than a 
few kilohms. This effectively nullities any accurate 
indication of output voltage that may be supposed 
from reference to output level controls. 

in order to ease the task of the constructor in avoid- 
i ng the necessity for a continuously visible, check of 
the output in the form of an a.c. millivoltmeter, a 
further transistor, TR4, has been introduced as shown 
in Fig. 3. This provides an emitter follower output 
which reduces the output impedance of the circuit in 
Fig. 2 even further. The resultant output impedance 
of the circuit in Fig, 3 would then be approximately 
/2s/^tr3 x disregarding the intermediate com- 
ponents. 

This allows an external circuit with an input im- 
pedance as low as lOOfi to be connected across the 
output terminals and yet only change the indicated 
output voltage by IdB. 

FINAL CIRCUIT 
In the final circuit (Fig. 3) the d.c. action of the 

circuit is as follows: TR1 is biased by R1 and R2 via 
VR1 so that a collector current of 66/tA flows through 
TR1. The subsequent voltage drop across R3 biases 
TR2 for a collector current of approximately 75/*A. 
The voltage at TR2 collector in turn biases TR3 for 
an emitter current of 5mA. The final emitter follower 
TR4 is biased in a conventional fashion by RIO and 
R11 to promote an emitter current of 7'5mA. 

Temperature stability is maintained over the range 
10-55 degrees C by employing a low leakage silicon 
device in the position of TRJ and a relatively low 
leakage germanium transistor as TR2. Also further 
stabilising action is provided by the direct coupling 
arrangement of TR1 and TR2. As the temperature 
rises so the collector current of TRi increases thus 
making TRI collector and TR2 base more negative. 

Consequently the collector current of TR2 increases 
making TR2 collector and TRI emitter more positive. 
This increasing positive voltage at the emitter of TRI 
tends to reduce the collector current of TRI and 
restores the circuit to its original d.c. condition. TR4 
is held stable over the temperature range indicated by 
virtue of the emitter follower action. 

From an a.c. point of view TRI, TR2, and TR3 
form a directly coupled amplifier, terminating in TR3 
which acts as an emitter follower thus providing the 
required low output impedance drive to the output 
network. The high input impedance is derived by 
virtue of the negative feedback to the emitter of TRI. 

There are two feedback loops, one between TR2 
collector and TRI emitter due to the common load 
R4 and R5, and the other loop from the emitter of 
TR3 to the emitter of TRI via the thermistor R7. 
The latter feedback path, through the thermistor, 
holds the output voltage constant at TR3 emitter. 
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COMPONENTS... 

Resistors 
Rl 8-2kn RI2 220a 
R2 ikn RI3 90oa(750 + isoa 
R3 l-5kn in series) 
R4 l-2ka RI4 90Q (68 + 220 
R5 loon in series) 
R6 I2k£i RI5 9a (18 + I8n In 
R8 470£2 parallel) 
R9 ika RI6 la 3W wire- 

RIO l2kU wound 
Rll 6-8k£2 

R7 SkQ at 20CC Thermistor type R53 (S.T.C.) 

All FW, ±5% carbon high stability except where 
otherwise stated 

Potentiometers 
VRIa I0kn\ 
VRIb JOId// 
VR2 5kn 
VR3 soon 

ganged linear carbon 
linear carbon 
linear wirewound. 

Capacitors 
Cla, C2a l-O^F metallised polyester 160V3 
Clb, C2b O'ljitF metallised polyester 160V V(Wima) 
Clc, C2c 0*01/iF metallised polyester 400V 1 
Cld, C2d O-OOI/iF silver mica 350V\.R .. v 
Cle. C2e 0-000I^F silver mica 35ov/(RadlosPares) 
All ± I %, 2 off each value 
C3 400MF elect. 10V 
C4 400/iF elect. 10V 
C5 I.OOO^F elect. 16V 

Transistors 
TRI BCI08 
TR2 OC44 
TR3 2NI304 
TR4 2NI304 

(Newmarket) 
(Mullard) 
(Milliard) 
(Mullard) 

Switches 
Sla and b 
S2 

2-po!e, 5-way rotary plus spare wafer 
3-pole, 4-way rotary (only 1 pole used) 

Sockets and terminals 
SKI, SK2 Wander plug sockets, red and black 

(Radlospares) 
XI, X2 Screw terminals 4mm, red and black 

(Radios pa res) 

Miscellaneous 
Perforated board, hole matrix 0*2in or printed 

circuit board 
Dial unit 2-75in dia (Waycom) 
Aluminium panel 8-5tn x S-75ln 
Plywood for box 8-5in x 5-75in x 2>5in 
Three knobs 

m 



0 o <> o o O- 9 
D 6 <? O o ..'o o or. o TRZ^-b .O-Nr/ O- 

c R5 

C2a o o: 
C2b o-o 

VR3 51b a D .o,. -a i.__ 
HXO* 

TR5 TR^ CZc rf'-b'iQ; t>: .Ov-OXrO O 
Rll R 2 SKt 9 Y 

0 
o o :6 

■Q 

Clc VRIa, 
VRIb 

(NEAREST 
PANEL) I 

9Z 6 !c 
9^ yVv,'SK2;;.';V O: O: 

51! a Clb o, . (f ay o x» 
HHTT^lb C1 a o ."6 a 9 - -P 

H7+^0.:' 
■ y .o '.rVu -o o o ■:• 

a-o 
o- tacs on lower 
7 POTENTIOMETER ,<?, P 

dr'b A'i.O Q;,50. ••« o; 
Cr"i..b,'-,:0;''-d 

R15a 
o ANCHOR 9.0 

RUb WIRE <5 . O OQ " Q O 
a 0 

V \ P^b " Wa>o* c ©■ o O .. cr 
VR2 a o . o- o. or 

o.v.o RI4a 

n 
0. o RlSa *2 • V o o.o LJ% no o o RlSb 

1 2 5 4 5 6 7 8 9 10 11 12 15 14 i5 16 17 Ifl 19 20 21 22 23 24 25 26 27 28 29 30 51 32 33 34 35 36 37 38 

Fig. 4a. Layout of components on perforated boorrf. Wafer switch SI is furthest away from front panel. A second 
dummy wafer is mounted on the same shaft near the panel, all tags of which are wired together and taken to point "Y" 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 
V V 'i' O Q O Q oS 

. ; , .•• • , , 
■.■O-v: 

1 5hi 
!;.;5 

m 30 VR2 

m % ws 
M 

m wm m* d'.i o ■■9-Vl 5C45 
zl mmmmi 

v1:-: '■ITfl 
»ws sai m. ^•i . - 
±0 *W- M 

ii 
IBpiSlii# 

Uplift J 

•'VlX 
i *$ vM 

t- 
>P5 

Si 
m. u 

■i-iP mmm 
0 \0:% M M VR3 §: 

m mm 
m 'y* 

w m vmmu 
SiSSSS^ 

::i-. ^ o p o X.Pv •51 
« 

It ■ 1 1 i-'-Vr- 

Fig. 4b. Wiring on the 
reverse side of the board. 
Component locations are 
shown dotted for location 
purposes 

647 



iW 

i^; 

•i1/. 

-rfu 

8V2 

MATERIAL 
18 SWG ALUMINIUM 

A.-. 2 HOLES VjgDIA. 
B._6 HOLES Vfl DIA, 
C..-.5 HOLES V4'DIA. 
0 3 HOLES VOIA. ' 
E..... 1 HOLE Vj" DIA, 

2/4 

£> £> 

T 
15/16 

7% 

1 

6^- 

-V,! 

© 

«v6 

-Vi 
Vb 

3/» 

1/0 , 

53/4 

1%,- Fig. 5. Front panel drilling details 5y' •13/4 

VR3 is preset for an output of IV r.m.s. at the 
Junction of C5 and RI3, this being the maximum output 
voltage available. R13, R14, R15, and R16 form a 20dB 
per step attenuator giving respective outputs of IV, 
lOOmV, lOmV and ImV with VR2 acting as a fine 
output voltage control. 

POWER SUPPLIES 
The unit as a whole was designed to work from the 

Stabilised Power Supply to be described next month. 
A dry battery can be used (type PP4) and can be 

fixed as an internal source of supply giving ap- 
proximately 25 hours of useful service. The distortion 
with a supply of 9V may increase but should not be 
more than 1-5 per cent. 

MAKING AND SETTING UP 
The unit may be constructed using perforated board 

(hole matrix 0-2in) or a complete printed circuit card. 
Layout and wiring are shown in detail in Fig. 4 and 
should not need further description. Front panel 
dimensions are given in Fig. 5. The fine frequency 
scale unit has to be re-calibrated as shown in Fig. 6 
and care should be taken to ensure that this scale is 
reproduced accurately. The more accurate the scale 
and the closer the tolerance of CI and C2, then obviously 
the more accurate will be the final unit. If a com- 
mercial signal generator is available the calibration is 
made easier by comparing the two signals on an 
oscilloscope at set frequencies. The two signals 
should appear to be in sync. 

The capacitors listed as Cla-e and C2a-e must be 
close tolerance types. Those quoted are ± 1 per cent. 

❖ % * 
<3 

CO 

CM 

a <r 

& 

Fig, 6. Calibration of the fine frequency scale (VRIa 
and b). The frequency marks should be compared with 
another signal generator of proven oeeurocy 

the Wjma capacitors being obtainable direct from the 
U.K. agents Waycom Limited, Wokingham Road, 
Bracknell, Berkshire. 

The only setting up required is the adjustment of 
VR3 for an output at the output terminals of IV r.m.s. 
or 2-8V peak to peak with S2 in the "IV" position 
and VR2 set at maximum output. 
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by Gi.WAREHAM 

FART ONE—MANY R's MAKE LIGHT WORK 

T 
'he formula for a number of resistances in parallel is 

1//?= 1/^-f   
and so on where /? is a single resistance equivalent to 
a combination of all the others in parallel. Academi- 
cally minded people, who abhor vulgar fractions,' will 
immediately write, instead of the above, 

C « Gi + G2 + C3 -r + Gx 
where the G's are conductances. This looks better, 
but makes the arithmetic no easier. 

Fortunately there is a simple practical approach to 
the problem. This is based on the fact that if a number 
of resistances of the same value are connected in parallel, 
the arithmetic is easy. Thus, two 1,000 ohm resistances 
in parallel are equivalent to ! ,000/2 — 500 ohms, three 
in parallel to 1,000/3 = 333 ohms, four to 250 ohms, 
five to 200 ohms and so on. One simply divides the 
common value by the number of resistances. 

In practical circuits the resistances are usually of 
different sizes. The trick is to convert each one to a 
number of resistances of the same standard size. 
Then the problem can be solved simply, as above. 

Suppose, for example, that 10 kilohms and 30 
kilohms are connected in parallel; what is the equiva- 
lent? Here 10 kilohms is the same as three 30 kilohm in 
parallel. The combination of 10 kilohms and 30 
kilohms is the same as four 30 kilohm resistors in 
parallel, and the equivalent is therefore 30/4 kilohms = 
7-5 kilohms. 

Mid-band" means that we can ignore C, because 
it should have negligible impedance at mid-band 
frequencies. The equivalent circuit is then as shown 
in Fig. 1.1 b, where VI is replaced by a current generator 
in parallel with the anode resistance ra. The load is 
effectively Rl and Rg in parallel. The gain is given by 
gm. Rp, where Rp is the equivalent of all three 
resistances in parallel. , 

Since ji ~gm ><■ ra, it follows that /*„ - 100 kilohms, 
hence the netTesistance is given by 

Rp 
1 t + 

1 
100,000 ' 220,000 1,000,000 

STAGE GAIN 
In practice, circuits may not be quite so accomo- 

dating, but often yield to a little common sense. Refer- 
ringto Fig. 1.1a, which shows part of an audio amplifier, 
let us calculate the mid-band gain of VI. 

rig. 1.1 a (left), 
am plifer circuit 

Valve 

+Kt 

220 
kQ 

VI 11=100 

n wn 

I 

First attempt: 100 kilohms is the same as ten 1 meg- 
ohms in parallel, so the net effect of ra and Rg is 1 
megohm/11 = 90-9 kilohms. Unfortunately 220 kil- 
ohms is not given by any number of 1 megohm resis- 
tances in parallel. Five would give 200 kilohms (too 
low) and four 250 kilohms (too high). 

We could use both values and then take an average, 
or we could apply the formula for two resistances in 
parallel (RMKRi + R^ which- w5th our examples 
above becomes (90-9 X 220)/(90-9 + 220), which looks 
like hard work. . . 

Second attempt: A little low cunning shows that the 
whole problem can be made much easier. Trial and 
error soon provides us with the useful fact that 220 
kilohms is very nearly 2 megohms/9, or nine 2 megohm 
resistors in parallel. Since 1 megohm is the same as 
two 2MO in parallel, and 100 kilohms is the same as 
twenty 2 megohm resistors in parallel, Rp is the same 
as 2Mn/(9 + 2 + 20) = 2 x 10B/31 ohms. The slide 
rule gives this as 64-5 kilohms, but if you haven't a 
slide rule it's clearly reasonable to take 2 X I0Hi/30, 

which introduces an error of 
Part of a typical valve audio about one part in 30 or roughly 

3 per cent. This gives 66-7 
kilohms. The gain is thus 

Fig. Lib (be/ow). Equivalent circuit of Fig. i-,a gm x 66-7 — 64'5 (accurately) 
or 67 (approximately). 

Accustomed as we are to 
valve and component toler- 
ances, we would interpret either 
result as "around 65" and leave 
it at that. In other words, our 
approximate result is quite 
accurate enough, and we have 
obtained it without repeatedly 
solving formulae like R1R2KR1 
-f R2), and without using log. 
tables. 

Circuit 

I=3mVi. 

JHfl 
^ouU 
LRn 

(b) 
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HIGHLIGHTS FROM THE CONTEMPORARY SCENE 
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Light Beam Modulation 
SCIENTISTS at the National Physical, Laboratory, 

Teddington, have found a way of modulating the light 
generated by a helium-neon laser. By using a crystal of 
potassium dihydrogen phosphate (KDP), a 9,OOOMc/s 
signal from a small magnetron is "mixed" with the light 
beam. This method can have far reaching applications in 
space communications. 

The demonstration set-up shown left illustrates the 
effect more clearly by adding an audio frequency modula- 
tion to the microwave signal. The light beam is then 
double demodulated so that the audio signal is recovered 
and relayed to a loudspeaker. 

New Language Laboratory 

THE Cybervox language laboratory at the Brighton College 
' of Technology has been officially installed and is shown 

above being tried out by members of the Education 
Committee, Chamber of Commerce, and Press, who are 
listening to courses in French, Italian, German, and 
Russian. 

Print Recognition 
THE Autonomies Division of the National Physical 

Laboratory have built a machine capable of recognising 
printed numericals from a specified style at the rate of 3,000 
per second. A video signal is produced corresponding to 
the character shapes it "sees". Unknown characters are 
copied and displaced by passing the signal through tapped 
delay lines. By inserting plugs into the board shown left, 
sets of copies are compared with each other to give areas of 
match. These measures, used with a suitable decision 
logic on a similar plugboard, enable the character to be 
read. 

The equipment is now being developed by the Plessey 
Company for application to banking, postal sorting, and 
similar functions. 



Laser System May Speed lip 
Computers 
A LIGHTNING fast laser device, 
/ \ which might lead to optical com- 
puter memories in place of the slower 
magnetic core storage systems currently 
in use, has been developed by l.B.M. 

The experimental device, developed 
under contract to the U.S. Army Elec- 
tronics Command, allows a shaft of 
light to be positioned more than 100,000 
times a second on up to 131,072 distinct 
points in an area smaller than a match 
head. 

By throwing the beam through a 
mask inscribed with alphabetic charac- 
ters and other symbols it would be 
possible to provide smaller, faster and 
more accurate printers which would not 
need keys or type bars. The beam 
would then be deflected onto photo- 
sensitive paper to produce a printed 
sheet. 

Thin Film Tools 
The electron beam evaporator on page 
578 last month was developed by G. V. 
Planer Ltd. The thermocompresston 
bonder is a Ferranti-PIaner product. 
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WORKwas started in October 
1965 to design, develop and 

build a satellite tracking station 
which will be installed on the 
Ascension Island in September. 

Final checking and testing was 
completed by the manufacturers 
the Marconi Company at the 
beginning of July after only nine 
months' work. 

The station on the island will 
be linked to Andover in the 
U.S.A. via a sychronous satellite 
Intelsat II in orbit over West 

- Africa. 
The picture (left) shows the 

42ft diameter steerable parabolic 
dish aerial. Above the plat- 
forms are two identical cubicles 
(one on standby) which house 
the signal iransmitiing equip- 
ment operating in the 6,000Mc/s 
band, with final output power of 
I5kW. 

A rotating cassegrain is moun- 
ted at the focus of the dish to 
produce a conical scanning 
motion of the aerial beam. This 
produces variations in the re- 
ceived signal when the axis of the 
aerial is not pointing exactly at 
the satellite. The noise tem- 
perature of the receiving system 
is kept low by using cryogenic 
parametric amplifiers operating 
at —253 0C in a helium system. 

The dish is capable of being 
steered in azimuth and elevation 
by complex servo auto-follow 
systems designed to locate and 
lock on to the satellite. 

After installation and final 
tests on the Ascension Island the 
Marconi Company will hand 
over the station to Cable and 
Wireless Limited, who will 
operate it in conjunction with the 
APPOLLO "man-on-the-moon" 



BEGINNERS start here... 

An Instructional Series for the Newcomer to Electronics 

W 

We have already noted in passing the effects an 
amplifier has on signals in general. This can be 

summarised under three headings, (a) The signal 
amplitude is changed (usually increased), (b) The 
phase is altered. (The signal is delayed in time, and/or 
"inverted" in phase.) (c) The shape is altered (this is 
called the distortion, usually undesirable, but not 
always). 

In this month's article, we describe a transistor 
amplifier suitable for general purpose linear amplifica- 
tion, that is with little distortion, it has two sections, 
the pre-amplifier and the power output stage. A number 
of uses should occur to you. The amplifier is par- 
ticularly useful for some experiments in school labora- 
tories. 

Using the board layout, the whole unit can be 
assembled and working in an evening. Before cover- 
ing the constructional points, we will describe the 
action of the circuit, see Fig. 23.1. 

THREE STAGE AMPLIFIER 
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The first transistor TR1 amplifies the tiny currents 
from the particular transducer being used. The alter- 
nating signal appearing at the collector of TR1 is fed 
to the base of the second transistor, TR2, Further 
amplification occurs here, and the now relatively fairly 
large signal currents are fed directly to the base of the 
third stage TR3. 

TR2 and TR3 are an example of a directly coupled 
pair. The bias current for TR3 is also fed from the 
collector of TR2 together with the signal. The base 
bias current for TR2 is produced by the voltage at the 
emitter of TR3. Thus a complete d.c. path from TR3 
emitter, through TR2, back to TR3 base, exists. This 
arrangement makes for very good temperature stabilis- 
ing. The base bias for TR1 is obtained via Rl con- 
nected to its collector. 

The strong current flowing in TR3 collector passes 
through the primary of the transformer T1 and the 
changing magnetic field produced induces currents in 
the secondary which then operate the transducer (say, a 
loudspeaker, or tape head). 

TEMPERATURE STABILISATION 

Fig. 23.1. The theoretical circuit of the three stage amplifier. 
TRI Is a pre-ampllfier stage. TR2, TR3 form a d.c. coupled 
pair. TR3 delivers approximately 60mW to o 3 ohm load 

We must now mention the special precautions that 
have been taken to stabilise the amplifier against drift 
(and even destruction of the transistors) by temperature 
changes. 

It is a fact that the resistance of germanium falls 
when the temperature is raised. This means that 
more current tends to flow, which in turn tends to 
heat up the transistor, eventually destroying it in 
extreme cases. (The current is called the "leakage", 
and the destruction is termed "thermal runaway".) 

Now let us explain the methods of stabilising used 
in this amplifier. 

In the first stage, by connecting the bias resistor RI 
to the collector of the transistor, we obtain an auto- 
matic regulation of the bias current. If the temperature 
tends to increase the current through the collector- 
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resistor R2 the collector voltage falls, thus reducing the 
bias current and this tends to reduce the current through 
the transistor. 

In the case of the output pair (TR2 and TR3), the 
increasing current through TR2 lowers Its collector 
voltage, this in turn reduces the current through TR3, 
and the emitter voltage falls. This reduces the bias to 
TR2 (via R5) and the current in this stage tends to fail. 

The above is typical of the tricks we must get up to 
on occasions in order to keep the circuits operating 
correctly. 

Vrv.c covtrtd sJtwn Output thus 

rtd spot iFP'ni TR3 spot 
TRV 

INPUT 

& 

Fig. 23,2. The layout follows our normal "baseboard" 
pattern. The components follow roughly the same arrange- 
ment as In the theoreticof circuit diagram 

VR INPUT 
10 kft 

Fig. 23.3. A volume control can be added as shown. The 
potentiometer VRI can be a preset component, or pre- 
ferably a normal one with a control knob attached 

COMPONENTS ... 

Resistors 
Rl I20ka 
R2 8-2ka 
R3 5-6kn 

R4 IkQ 
R5 39kQ 
R6 100Q 

All 10%. iW carbon 

50fj,F elect. 12V 
50^F elect. 12V 

Potentiometer 
VRI lOkQ potentiometer 

Capacitors 
Cl 25^F elect. 12V C3 
C2 25/*F elect. (2V C4 

Transistors 
TR1 OC7I") 
TR2 OC7I WMullard) 
TR3 OC8IJ 

Transformer 
TI Miniature output transformer, 3il secondary 

Miscellaneous 
Wooden baseboard, 

and sleeving. 
Brass wood screws. Wire 

A ampere 
V volt 
W watt 
£1 ohm 
F farad 
H henry 

dB decibel 
in inch 
ft foot 

yd yard 
m metre 
s second 

min minute 
c/s cycle per second 

g gramme 
oz ounce 
lb pound 

CC degree Celsius 
(centigrade) 

"F degree Fahren- 
heit 

SYMBOLS OF UNITS 
Prefixes denoting multiples or 
Sub-muitiples of units 

Multiples 
G giga x 109 

M mega x lO" 
k kilo K IQ3 

Suh-mulupies 
d deci X 10-1 

c centi X 10 - 
m milli >c 10's 

p micro X lO"9 

n nano X 10~9 

p picb X 10~12 

Examples 
Mc/s megacycles per second 

kQ kilohm 
kW kilowatt 
cm centimetre 

niA milliampere 
/<V mierovqlt 
pF picbfara-d (micro- 

micrpfarad) 

SOME COMMONLY USED ABBREVIATIONS 
a.c. alternating current p.f. power factor 
a.f. audio frequency 

d.c. direct current 
p-p peak-to-peak 

CONSTRUCTION 

r.f. radio frequency 
r.m,s. rodNhean-square 

Using the baseboard method we have developed for 
earlier designs in this series, the amplifier components 
can be laid out approximately according to their 
positions in the theoretical circuit. Refer to Fig. 23.2. 

Solder the component leads to the screw heads, 
carrying out the precautions against overheating as 
mentioned in the earlier projects. Note the polarity 
of the electrolytic capacitors, it is always important to 
connect these components the correct way round in 
any circuit. 

No volume control is incorporated , in the actual 
circuit shown, but, if desired, a potentiometer can be 
positioned at the input for this purpose, as shown in 
Fig. 23.3. 

The amplifier can be used to drive a 3 ohm loud- 
speaker and the input signal can be derived from a 

-gramophone pick-up. If a crystal pick-up is used, an 
82 kilohm resistor can be wired in series with the input 
lead, to reduce the top notes slightly. 

A crystal receiver has given very good results when 
coupled to this amplifier, if you fee! like experimenting 
with a photo-transistor at the input, then that would 
make a good project—perhaps detecting a modulated 
light beam. 

By now you should have a working knowledge of 
circuits, and th'e normal methods of construction are 
open to you. Just study the other constructional 
articles in our magazine. 

Whatever your next project, remember the few 
rules of the game we have covered, and best of luck 
with your efforts.^ Next time we shall discuss briefly 
that important device the transducer. 
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First Df three 

miniature 

R/C designs 

Following ihe general trend that is apparent in other 
branches of electronics, model 'q^ntrol equipment is 

getting smaller. Relayless receivers of matchbox size 
enable model cars to be steered between chair legs in the 
living room. A simple conversiQtt job on a toy plastic 
boat will allow it to be navigated, between the lily pads 
on a fish pond, or even around t he sponge in the domes- 
tic bath tub. 

On this small scale of operations it is obviously 
inconvenient to use a transmitter of such a size that it 

.has to be supported by both hands, with weighty 
batteries capable of pushing: a signal a mile or more. 

It is possible, on the other hand, using tiny yet 
sensitive receivers, to control a model with only the 
minute output from a sigriaf generator, but walls, trees, 
even human bodies, can dp1 strange things to a low 
power transmitter's radiation pattern. Perhaps the 
most important single, factor with radio control is 
reliability and to some -extent this is influenced by 
radiated power, or rather, the lack of it. 

To meet the need for'a compatible transmitter, the 
described unit was constructed, to strike a happy 
balance between power and portability within the 
confines of a box measuring 4in x 2im I|in. Very 
small models do not^idmit, as yet, the more complex 
systems of control, 4uch as multi-tone reed or filter, and 
mark-space proportional, so such refinements are not 
included. Miniaturisation has not been so conscien- 
tiously applied to fe§Jos and other mechanisms as to 

direct them which The" purely 'electronic^ circuits 
probably because of expense. 

This transmitter was Intended' for use with a simple • 
super-regenerative receiver arranged to respond to 
plain carrier and modulated carrier, giving in effect two 
channels. With simple escapements and motorised 
actuators, the transmitter supply need only be switched 
on when a command is given. 

Even with "hold-on" of transmitter power for right 
and left manoeuvres, it is seldom that a model will be 
expected to circle for any lengthy period, and here 
consumption would be reasonable. Small transistor 
radio batteries are considered adequate for this type of 
transmitter and were therefore used. 

The unit may be held and operated by one hand, 
pulsed with the thumb, and modulated or unmodulated 
carrier selected by a finger. Its total weight, including 
batteries and aerial, is 8 ounces. With a mounted 
34in telescopic aerial extendeil, and no counterpoise, a 
reliable range of 200 yards was obtained, bearing 
in mind that a transmitter is only as good as its aerial. 

If a thin wire counterpoise is connected, and the 
transmitter held high, the range is extended to half a 
mile in open country. Further improvements to the 
aerial system were not attempted as the range was more 
than enough for the small models contemplated. A 
much longer centre-loaded whip would undoubtedly 
produce a dramatic increase in performance, if the 
wrist were strong enough to support it single-handed. 

MODEL 

CONTROL 

TRANSMITTER 



R.F. OSCILLATOR 

Starting with the r.f. oscillator section of Fig. 1, it 
will be seen that two npn silicon planar transistors are 
employed in a kalitron circuit. This oscillator is very 
tolerant to transistors with wide spread on their 
characteristics; unbalance may be corrected by adjust- 
ment of feedback capacitors (trimmers) TCI and TC2. 
Also, the loop gain of such a circuit is high, so oscillation 
is readily obtained. R4 and R5 slightly bias the 
transistors in the "on" slate, to ensure easy starting, 
although the circuit will function without them at 
normal room temperatures. 

It will be noted that no r.f. choke is used at the 
centre tap of L2. This is because the frequency of 
operation may be determined by the inductance of the 
choke rather than that of L2 under some conditions; 
this can be undesirable if strict adherence to a narrow 
permitted frequency band is essential, as is the case with 
radio control of models. The r.f. oscillator has 
inherently good frequency stability and Us maximum 
output was measured with an r.f. wattmeter at 250mW. 

Fig. t. Complete circuit of the tronjm/tter 

Obviously, this method cannot be used with standard 
transmissions of speech and music as severe distortion 
would result, but in this application such distortion is 
of little consequence, efficiency being far more 
important. 

The multivibrator is tuned by VRI, covering the 
approximate "range 300c/s to l,S00c/s. The frequency 
may be raised or lowered by altering the values of C1 
and C2. The switch S2 open-circuits the collector of 
TR1 and stops the multivibrator functioning. The r.f. 
oscillator then radiates an unmodulated carrier. TR2, 
still being in series, limits the input current to the 
oscillator, which would normally be much higher when 
unmodulated. 

Once again, the circuit is not critical and transistor 
"spreads" or substitution of different types (within 
reasonable limits) may be tolerated, provided the 
collector emitter voltage and current rating is not 
exceeded. At full power this lies in the region of 50mA 
at 18 volts, or half that when a single battery is used. 

The jack socket JK1 is included to allow an indepen- 
dant power supply to be plugged in for extended range 
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FILTER MODULATOR AND SUPPLY ft.E OSCILLATOR 

MODULATION AND FILTER 
Instead of being modulated by a sine wave the r.f. 

section is switched on by a square wave pulse. The 
purpose of the filter (LI, C3, and C4, in Fig. 1) is to 
remove unwanted harmonics and prevent them finding 
their way to the aerial. The inductor LI in the prototype 
model was a pi winding taken from a valve type i.f. 
transformer, less dust core. This was estimated to 
have an inductance around I millihenry. A standard 
1*5 millihenry choke may be utilised if space can be 
found for it, the value is not too critical. 

Close inspection of the circuit will reveal that TR2 
is in the joint collector circuit of TR3 and TR4. As TR2 
forms part of a multivibrator circuit the r.f. oscillator is 
either switched on or off, depending on which "state" 
TR2 is in. This is, in fact, a form of series modulation 
and removes the need for a bulky transformer or choke. 

When a self-excited oscillator is modulated by a sine 
wave, its supply potential is constantly varying, giving 
rise to f.m. as well as a.m. modulation. With switching, 
provided a "clean" square wave is applied, as with slow 
speed keying, the variation of voltage can only occur 
during the transition between off and on; a compara- 
tively smaller space of time. 

and trimming tests, where the transmitter needs to be 
switched on for long periods. Both internal batteries 
and keying switch SI are automatically disconnected 
by its break contact. The jack may also b6 used as an 
input from a proportional control contained in a 
separate box, thus extending the scope of the transmitter 
at a later date. 

Two PP3 batteries, connected in series, fit neatly 
into the base of the transmitter box. For short range 
working one battery alone will serve. Even with a 
3 volt supply there is still enough power for reliable room 
to room operation. The constructor would obviously 
experiment a little in this respect. 

CONSTRUCTION 
To avoid the additional complication of planning and 

preparing a printed circuit, components were mounted 
on an s.r.b.p. panel. This form of construction is 
recommended for one off units because, once the 
major components are positioned, smaller items may 
be juggled around to make the best use of limited space. 

The s.r.b.p. panel, which measures 2iin x 2in, can 
be clamped in a vice, or screwed to two wooden blocks 
on the bench. After marking with a scriber, holes are 
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Fig. 2a. Component layout on the s.r.b.p. panel 
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drilled to take the formed leads of components. These 
are soldered underneath the panel to short lengths of 
single strand connecting wire, insulated where necessary. 

To illustrate the method, TR3 is mounted, in the 
position shown in Fig. 2, with its leads inserted through 
three small holes drilled with the same spacings as the 
transistor wires. The transistor sits with its case 
almost touching the panel, below the coil L2. The 
leads of TR3 may be splayed out underneath and 
soldered at least iin from the holes, to avoid overheating 
the transistor. 

After construction is completed the underside of the 
panel should be covered with self-adhesive tape, to 
hold the wires in place. However, the assembly is 
surprisingly rigid as it stands. 

L2 is wound on a ^in diameter former; the wire ends 
are bent as shown in Fig. 3. Thick wire 14 s.w.g. is recom- 
mended to ensure .a low r.f. resistance and, as it is self 
supporting, physical stability. The coil is retained in 
the panel by solder blobs run through the mounting 
holes. For this a large soldering iron is an advantage. 

After winding the aerial coil L3 on a ^gin former it may 
be insulated by a thin cylinder of adhesive tape and 
slid inside L2. One end of L3 is soldered direct to the 
tag at the base of the aerial; the other end is connected 
to the earth counterpoise terminal by a short wire. 

When assembly of the chassis panel is completed 

COMPONENTS ... 

Fig. 2b, Wiring on the underside 
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Resistors 
Rl IkQ R4 l.SOkn 
R2 4-7kfl RS 150k a 
R3 47kn 
All 10% ^ watt carbon 

Potentiometer 
VRI lOkQ sub-miniature preset skeleton 

Capacitors 
Cl 0-IftF miniature polyester 250V 
C2 0-i/*F miniature polyester 250V 
C3 O-l/iF miniature polyester 250V 
C4 0-lfiF miniature polyester 250V 
C5 50pF silver mica 2% > 

Trimmer Capacitors 
TCI 30pF "beehive" trimmer 
TC2 30pF "beehive" trimmer 
TC3 25pF ceramic disc trimmer 

Inductors 
LI ImH (see text) 
L2, L3 wound from i4 s.w.g. tinned copper wire 
{see text) 

Transistors 
TRI ACY28 or GET103 (Mullard) 
TR2 ACY28 or GET 103 (Mullard)' 
TR3 BSY27 
TR4 BSY27 

Diodes 
Di.D2 OAS I (Mullard) (2 off) 

Switches 
51 Single pole, on/off, push button (Type MP 14, 

Buigin) 
52 Single pole, on/off, toggle 

Socket 
JKl J-Smm miniature Jack with break contact 
(Radiospares) 

Batteries 
BY I, BY2 9V type PP3 (2 off) 

Miscellaneous 
Hardboard for case, telescopic aerial 34—38in x i-in, 
coil formers, miniature screw terminal. 
Battery connectors, s.r.b.p. panel 2-5in x 2in. 



a test can be made by temporarily shorting S2 leads and 
connecting to a 9 volt supply. With TCI and TC2 
screwed half way in, and L2 tuned by trimmer TC3, a 
tone should be heard in a nearby receiver, or an indica- 
tion obtained with a field strength meter close to the 
transmitter chassis. The battery consumption should 
be about 20mA. 

The box was constructed of ^in hardboard, glued at 
the corners. A i^in diameter coil former takes the 
aerial, and is shown in Fig. 4. The base of the aerial 
was wrapped with a 2-thou shim of steel, given a coat of 
clear rubberised adhesive, then was pushed into the coil 
former and allowed to dry. 

After the box has been sanded, a covering of alumin- 
ium foil will ensure adequate screening without 
significantly adding to the weight. This may be glued 
on and bent over at the back to connect to the earth 
terminal. Afterwards, a- further covering of self- 
adhesive plastics sheet will give a clean appearance. 
VRI should be glued to the inside of the front face of 
the box. 

TESTING AND ALIGNMENT 
As the model control band has a bandwidth of only 

320kc/s, with a centre frequency of 27-I20Mc/s, an 
accurate means of determining the transmitter's 
frequency is essential, preferably to within Ar. 1 percent. 
A sensitive transistorised field strength meter, pre- 
checked against a crystal calibrator, would serve. 
Alternatively, a crystal controlled superhet receiver 
may be used to set the transmitter output to within 
close limits. 

Unscrew trimmers TCI and TC2 to their fullest 
extent, so that the concentric vanes are unmeshed, and 
open circuit switch S2. Insert a 100mA meter in series 
with an 18 volt external supply and plug the supply into 
JKl. The meter should indicate around 40mA. 

Screw down one trimmer about 1^ turns, whereupon 
the meter reading should increase, then screw down the 
companion trimmer for a "dip" in the reading. As the 
trimmer is screwed down it will be seen that consump- 
tion decreases and then begins to rise again. The 
correct point corresponds precisely to the lowest 
reading. A 6 volt 60mA bulb, connected to (he aerial and 
earth counterpoise terminal by short leads, should glow 
with reasonable brilliance. 

If the current to the transmitter falls suddenly and 
drastically, screw down TCI and TC2 just a little more, 
once again aligning for maximum dip. This time the 
bulb should glow. When S2 is closed, applying 
modulation, the meter reading should drop slightly. 

As a final check, the current can be made to increase by 
touching the aerial, thus absorbing energy. Set the 
frequency of operation by means of trimmer TC3, 
giving a final trim if necessary when the internal 
batteries are installed. The transmitter is now ready 
for use. 

When a longer range than usual is contemplated, or 
when operating in "difficult" surroundings, connect 
2 yards of thin wire to the earth terminal and hold the 
transmitter rather high, at arms length, to improve 
aerial efficiency. 

The small size of the transmitter suggests a particularly 
interesting application. It can be combined with 
existing receiving equipment in a larger model so that It 
monitors the functioning of control gear. In the event 
of a failure or fault the transmitter would proceed to 
emit a warning signal, and provide a "beacon" to home 
on, a valuable insurance against the loss of an airborne 
model. 
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LOGIC DESIGN 

by S.T. ANDREWS 

Part 3 concluded with a discussion on the logical 
shift facility. We now proceed to consider how 

this facility can be applied to the technique of multi- 
plication. 

Moving a number logically up, i.e. to the left, by 
one place multiplies the number by two, shifting it 
twice multiplies by four, and so on. This is all very 
well but the method cannot be used directly for multi- 
plying by, say, 6, since it only works for multipliers 
which are exact powers of two. To multiply by other 
numbers a somewhat more advanced system is required; 
the principle of this can now be discussed in some 
detail. (It is, naturally, possible to multiply two 
numbers x and y by adding x to itself y times or vice 
versa, however this can be extremely tedious and is. 
not the method to be used here.) 

THEORY OF MULTIPLICATION 
Multiplication in decimal is familiar enough as a 

process but it is worth doing a little theory on it as 
well. The sum 9152 x 237 means: 

(9152 X 7) + (9152 x 30) + (9152 X 200) 
which is probably rather obvious. Now, the binary 
sum J0U0 x 1011, when similarly expanded, comes 
out as; 
(10110 x 1) + (10110 x 10) -1- (10110 x 000) + 
(10110 x J000) = 19110 + 101100 + 0 + 10110000 
which is equally obvious. The answers to the indivi- 
dual sums in brackets are called partial products and 
the final answer to the calculation is formed by adding 
all the partial products together. Each partial product 
is a power of 2 and can thus be formed by a logical 
shift of x, where x = 10110 in the example. By pro- 
gressively shifting x up, one place at a time, all the 
possible partial products are formed and it is only 
necessary to find a way of deciding which ones are to 
be remembered and later added to give the final result. 
The decision depends on the other operand, y, which 
is considered one bit at a time, starting with the least 
significant digit, and has each bit tested to see if it is 
a 0 or a I. 

If, at any stage, the bit tested is a 1 then the current 
value of x is a partial product, if the bit of y is a 0 the 
partial product is ignored and x is shifted up one place. 
Then using this new shifted value of x the next bit of y 
is tested in the same way. The process is seen to be 
a repetitive loop and is repeated until fall the bits in y 
have been tested, then all the partial products are 
added and the result is obtained. 

Considering the example given before, using x = 
10110 and y = 1011, the process would be as follows; 
initially x = 10110 and the first step is to test the least 
significant bit of y. This is a 1 so the starting value of 
x, 10110, is taken as a partial product. Then x is 

shifted one place left, giving 101100 and the next bit of 
y is tested, again it is a I so 101100 is the next partial 
product. The next shift gives x = 1011000 but this 
time testing y we find a 0 so 1011000 is noi a partial 
product. A final shift of x gives 10110000 and since 
the corresponding bit of y (the left-hand bit) is a 1, 
this figure is the third, and final, partial product. 
Adding these partial products gives the answer to the 
calculation as 11110010. The whole process can be 
summarised in a flow diagram as in Fig. Ala. 

It is necessary to have a "last character" indicator 
after the final (left-hand) digit of y so that the machine 
knows when all the bits in y have been tested. When 
it comes across this last character signal it leaves the 
loop, adds the partial products, and thus ends the 
calculation, it is left to the reader to show that, in 
the above example, the same result is obtained if 
x = 1011 and y = 10110, initially. 

IMPROVED METHOD 
By taking the above method we have a simple but 

effective method of doing multiplication which consists 
of a repetitive loop: test y for 0 or 1, form, or do not 
form, partial product, then shift x up one place and 
repeat up to the "last character" signal, finally add all 
the partial products formed. This system would 
certainly work but it does have snags. The main 
objection is that the partial products are all stored as 
individuals and only added at the end, this requires 
extra storage registers and extra gates, etc. Also, 
since it is only possible to add two numbers at a time, 
the time taken to add all the partial products would be 
considerable. Finally, the adder itself would stand 
idle during most of the calculation since the repetitive 
loop does not require any additions. 

A far better system would be one in which each 
partial product was added to the sum of all the previous 
ones, i.e. as soon as the second partial product was 
formed it was added to the first and only the total was 
held in storage. The third, and successive, partial 
products are added to the accumulating total as soon 
as they are formed, so at any one time only one total 
has to be remembered instead of all the partial products. 
Since they are being added as fast as they are being 
produced, the adder is in more constant use and is not 
used in just a single burst at the end. Fig. 4.1 b shows 
the modified flow diagram. 

The overall block diagram of the multiplication 
section using this technique is shown in Fig. 4.2. It 
has one new register which, for want of a better name, 
we wiil called Q, the y operand is written into Q and 
is read, one bit at a time, when required. Each bit is 
put through a discriminator which senses if it is a I or 
a 0 and sends appropriate signals to the control unit. 
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Fig, 4.1a (above left). Basic flow diagram for first type 
of multiplication 

Fig. 4.1b (left). The modified basic flow diagram for 
multiplication. 
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SAFETY CHECK CIRCUIT 
Before going on to discuss the detailed flow diagrams 

it is worth explaining one of the safety checks in the 
circuit. When multiplying it is quite possible that the 
answer wili exceed the numerical capacity of the 
machine, for example if the adder can handle numbers 
of up to ten bits and an attempt Is made to multiply 
110111 by 110010 the answer is 101010111110 which 
contains more than ten bits. What would happen in 
practice is that during the shifting of x some I's would 
be lost and incorrect partial products would be formed 
giving a wrong answer. Clearly, it is essential to have 
some kind of check to prevent significant I's from being 
lost without the machine realising it. 

It would be possible to arrange matters so that 
whenever a 1 is lost off the top of the shifted register 
an error is signalled, but this does not necessarily 
indicate a fault condition. Suppose that x is a large 
number with many I's in it but y has I's in only the 
lowest two bits. In this case although I's will be lost 
from x during the sequence of shifts this will not 
matter because by the time it starts to happen the tests 
of y will be bringing up only 0's and no partial products 
are being produced anyway. 

Bearing this in mind, the criterion for deciding if 
numerical capacity has been exceeded is this: if a I is 
lost off the top of a shift and a subsequent test of y 
brings up a I, only then has the capacity been exceeded. 
Losing a I will not, by itself, cause an error to be 
reported if y only has 0's after this stage; similarly if y 
brings up a 1 without a 1 previously having been lost 
by the shift, again there is no error. It is only when a 
1 is lost by the shift and then a 1 is found in y that 
an error is reported. 

It Is not difficult to arrange for this to happen. 
When discussing the logical shift circuits we saw that 
the input startshift pulse was AND-gated with the 
content of the top bistable and this produced an 
output pulse if the bistable held a 1 which it would 
then lose as the shift proceeded. It is possible to use 
this pulse to set a bistable which will then remember if 
a I has been lost. By AND-gating the output from this 
bistable with the I-output from the y discriminator, 
we have the required safety check, shown in Fig, 4,3. 
The bistable remembers if a 1 is lost at any stage off 
the shifting, if this does happen and then a 1 is tbund 
in y, the and gate passes a signal which starts appro- 
priate action, for example printing an "error found" 
message. 
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FLOW DIAGRAM 
The overall flow diagram for multiplication is given 

in Fig. 4.4. The main repetitive loop is seen and also 
the circuits to prevent exceeding numerical capacity. 

Ignoring, for the moment, how y is tested, the 
sequence is as follows: with x written into the B input 
register and y written into Q, the first (right-hand) bit 
of y is tested for 0 or 1. If it is a 0 then B register, 
containing x, is shifted logically up one place, an 
automatic check being made to see if a 1 is lost. If y 
has a 1 when tested then the content of R is transferred 
back to A, this is not necessary in the first case but is 

required after this, R is then cleared and A and B are 
added. The the loop is joined at the point where it 
starts if the y bit were a 0, so A is cleared and x shifted. 

This process is repeated for each bit of y until the 
"last character" signal appears. This means that all 
the bits of y have been tested and the result of the 
calculation is in R (assuming that numerical capacity 
was not exceeded, of course). 

The reason for the sequence of events when y has a 
1-bit is quite simple. If y brings up a 1 at some 
stage this means that the number in B,. a shifted value 
of x, is one of the required partial products of the 
result. The sum of all the previously-formed partial 
products is held in R so this is transferred to A and 
added to the shifted value of x in B, thus adding this 
next partial product into the total. 

MULTIPLICATION CIRCUITS IN PRACTICE 
Converting the theoretical flow diagram into a 

practical logic diagram is not unduly difficult since it 
can be done in several stages. ■ The logical shift itself 
has been discussed already and is done by a series of 
logical elements connected directly to the B adder 
input register. The next section to be developed is the 
Q register circuit and the 0/1 discriminator. It will be 
recalled that an input "test-Q" pulse is applied each 
time the loop is used, and that this will produce an 
output on one of two wires depending on whether a 
given bit is a I or a 0; also successive tests are applied 
to different bits of the number in Q. 

Fig. 4.5 gives the basic "test-Q" logical set-up. The 
bistables marked Ql, Q2, Q4, etc, are the ones making 
up the Q register itself. Each bistable has its output 
passed through a gate (normally closed) into a common 
output line which feeds the 0/1 discriminator. The 
first test is performed by a special input pulse which 
directly opens the Ql output gate allowing the stored 
digit to leave; the same pulse also sets a bistable A. 
All successive tests of the bits in Q are made by a 
single pulse passing down the "test-Q" line. When 
this happens for the first time the pulse passes through 
the and gate which also has bistable A as an input, 
and so it thus opens the Q2 gate. It also initiates a 
delay element which, after the "test-Q" pulse has 
ended, sets bistable B and unsets A. As a result the 
next "test-Q" pulse will open the Q4 gate by being 
AND-gated with the output from B. This in turn 
operates a delay unit which unsets B and sets the 
corresponding bistable for Q8, this .is therefore the 
digit which will be read next. 
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by M. L MICHAELIS M.A. 

PART TWO 
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J * 
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The essential sections of the beam switching unit are 
built-up on four etched circuit boards. These 

constitute module 1, the Y1 (leader) attenuator, pre- 
amplifier and sync, amplifier; module 2, the Y2 
(dependant) attenuator and pre-amplifier; module 3, 
the commutation oscillator; and module 4, the com- 
bination amplifier. The respective circuit diagrams 
are shown in Figs. 2 to 5 whilst Fig. 6 depicts the 
interconnection of these modules to constitute the 
main circuit. (These diagrams were included in Part 
One of this article.) 

A few components are seen to be external to the 
circuit cards, for example the input coupling capacitors 
C74 and C76. These may be called upon to block 
d.c. voltages up to 500V and have thus been kept off 
the circuit cards to minimise dust attraction and con- 
sequent leakage track formation thereon. 

Full size drawings of the printed circuit patterns for 
these four modules are given in the following pages, 
see Fjgs. 9 to 16 inclusive. 

It is essential to treat the foil side of the etched 
circuit cards with a coat of insulating varnish (pur- 
chasable from printed circuit materials suppliers). 
This protective coating is applied with a small water- 
colour paintbrush after all other construction opera- 
tions and soldering have been completed, and it further 
helps to avoid leakage tracks due. to gradual dirt 
deposits. 

MODULE 2 

s 

PERFORMANCE DETAILS 
OPERATING MODES 

(I) 

(2) 

(3) 

DOUBLE-TRACE TWO-SIGNAL UNIT (normal 
function): maximum O-SV pp output (Sc/s to 
l-SMc/s ± 6dB) 
SQUARE WAVE SIGNAL GENERATOR FOR 
AMPLIFIER TESTING: Frequency range 20c/s 
to lOkc/s; output2*SV positive; Ri = Skilohms 
SINGLE CHANNEL PRE-AMPLIFIER FOR ONE- 
SIGNAL OSCILLOSCOPE 
Input: "Yl INPUT" 
Output: "SYNC OUTPUT" (in phase with 
Yl input) maximum 5V pp (lOc/s to 30kc/s i 
3dB) undistorted output 

Gain =. 20 in setting 
4 
2 
0-4 
0-2 

r 
5 

10 
50 

100 

ofYI attenuation 
factor 

Yl, Y2 INPUTS 
Maximum peak-to-peak a.c. signal handling without 

distortion: f 
Atfenuot/on Without With 

Foctor Probe Probe 
I SOOrnV 5V 
5 2-5V 25V 

10 5V 50V 
50 25V 250V 

100 50V S00V 
Up to 500V d.c. safely blocked in all settings 

SYNC OUTPUT 
In phase with Yl 

NOISE 
Maximum mains hum and thermal noise for pub- 

lished design, measured 50/tV r.m.s., equals better 
than 70dB down on full drive wanted signal (mains 
powered version) 

TEST SIGNAL 
Frequency: equals setting of commutation fre- 

quency f 
Waveform: symmetrical square wave. Positive 

going from chassis 2-5V 
Rise; maximum l/ISfsec 
Fall; maximum 1/I00fsec 
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COMPONENTS 
Resistors 

Rl 27k Q R22 27k ft R43 470 ft R64 lOkft 
R2 5-6Mn R23 47k ft R44 270ft R65 470k ft 
R3 S-6Ma R24 220k ft R4S 47k a R66 lOOkft 
R4 IMQ R2S 2-7kft R46 270ft R67 470 ft 
R5 IMQ R26 27k ft R47 270ft R68 470k ft 
R6 lOMn R27 S-6Mft R48 27k ft R69 270 ft 
R7 IMH R28 S-6Mft R49 27k ft R70 270 ft 
R8 47MQ R29 IMft R50 lOOkft R7I lOkft 
R9 IMfJ R30 IMft RSI JOOkft R72 5-6Mft 
RIO lOkO R31 lOMQ R52 470k ft R73 100ft IW 
Rl 1 22k O R32 IMft R53 470k ft R74 100ft IW 
RI2 l20kQ R33 4'7Mft R54 3-3Mft R75 100ft IW 
RI3 220k Q R34 IMft R55 2-2Mft R76 100ft IW 
RI4 2-2MQ R35 lOkft R56 2-7kft R77 Ikft 
RI5 2-2MQ R36 22k ft R57 lOOkft R78 Ikft 
RI6 47k ft R37 J 20k ft R58 Ikft R79 3'3Mft 
RI7 JOkft R38 220k ft R59 820ft R80 3-3Mft 
RI8 470ft R39 2-2Mft R60 5-6Mft RSI 3'3Mft 
RI9 270ft R40 2-2Mft R6I 270 ft R82 3-3Mft 
R20 47k ft R4I 47k ft R62 470k ft R83 3-3Mft 
R2I 270 ft R42 lOkft R63 lOkft R84 3-3Mft 
All ±10%. carbon unless otherwise stated. 

Potentiometers 
VRI IkO 
VR2 2Ma 
VR3 Ikft 
VR4 50k 

Capacitors 

miniature skeleton, linear 

Cl 680pF 
C2 I.OOOpF 
C3 20pF 
C4 3,300pF 
CS 20pF 
C6 I.OOOpF 
C7 680pF 
C8 330pF 
C9 20pF 
CIO 20pF 
Cll 220pF 
C)2 20pF 
CI3 IpF 
CI4 0-22^F 
CIS IOOUF 
CI6 i^F 
CI7 75pF 
CIS 330pF 
CI9. IAXF 
C20 330pF 
C21 IOO^xF 
C22 680pF 
C23 I.OOOpF 
C24 20pF 
C25 3,300pF 
C26 I.OOOpF 
C27 680pF 
C28 20pF 
C29 330pF 
C30 20pF 
C3I 20pF 
C32 220pF 
C33 20pF 
C34 lf*F 
C35 0-22/xF 
C36 lOO^tF 
C37 330pF 
C38 IpF 
C39 75pF 
C40 330pF 
C4I lOOftF 
C42 lOO^F 
C43 ISOpF 
C44 ISOpF 
C4S 0-22/xF 

tubular ceramic 
tubular ceramic 
tubular ceramic 
plastic, 500V 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
micro-foil, 60V 
micro-foil, 60V 
elect, 12V 
micro-foil, 60V 
tubular ceramic, 
cubuiar ceramic, 
micro-foil, 60V 
tubular ceramic, 
elect, 12V 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
plastic, S00V 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
micro-foil, 60V 
micro-foil, 60V 
elect. 12V 
tubular ceramic, 
micro-foil, 60V 
tubular ceramic, 
tubular ceramic, 
elect, 12V 
elect. 12V 
tubular ceramic, 
tubular ceramic, 
micro-foil, 60V 

, 500V 
,500V 

500V 

500V 
500V 
500V 
500V 
S00V 
S00V 
500V 
500V 

soov 
500V 

SOOV 

SOOV 
soov 
SOOV 

SOOV 
SOOV 
SOOV 
SOOV 
SOOV 
SOOV 
SOOV 

•SOOV 

500^ 

SOOV 
SOOV 

SOOV 
SOOV 

C46 
C47 
C48 
C49 
C50 
C5I 
C52 
C53 
C54 
CSS 
C56 
C57 
CS8 
CS9 
C60 
C6I 
C62 
C63 
C64 
C65 
C66 
C67 
C68 

imF 
lyxF 

lOOpF 
100/aF 
220pF 
330pF 
470pF 
680pF 

1,000pF 
2.200pF 
41700pF 

0-01/iF 
0-022/iF 
0-047^F 

O-lp.F 
220pF 
330pF 
470pF 
680pF 

I.OOOpF 
2.200pF 
4,700pF 

O-Oip-F 
C69 0-022/xF 
C70 0-047uF 

0-I^F 
lOO^F 
lOO^F 
O'l^F 

0<22^F 
0-lpF 
lOO^F 
lOOftF 
SOO^F 
SOO^F 
tOO^F 
IOO/xF 
500/xF 
SOO/xF 

20 pF 
20pF 

C7I 
C72 
C73 
C74 
C75 
C76 
C77 
C78 
C79 
cao 
C8I 
C82 
C83 
C84 
C85 
C86 

micro-foil, 60V 
micro-foil, 60V 
tubular ceramic, 
elect, 12V 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
tubular ceramic, 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
micro-foil, 60V 
elect, 12V 
elect. I2V 
micro-foil, SOOV 
micro-foil, SOOV 
micro-foil, SOOV 
elect, 12V 
elect. 12V 
elect, 12V 
elect, 12V 
elect, 12V 
elect. 12V 
elect. 12V 
eject, I2V 
tubular ceramic, 
tubular ceramic, 

SOOV 

SOOV 
SOOV 
SOOV 
&0V 
SOOV 

SOOV 
SOOV 
SOOV 
SOOV 
SOOV 

SOOV 
SOOV 

Trimmers 
TCI 3-ISpF 
TC2 3-1 SpF 
TC3 IO-45pF 
TC4 IO-45pF 

Transistors 
TRt BSY53 
TR2 BSY53 
TR3 BSYSI 
TR4 BSY53 
TR5 8SY53 
TR6 BSY53 

Diodes 
DI-D4 
D5 
D6 
D7 
D8 

Switches 
51 
52 
53 

TC5 6-30pF TC9 IO-45pF 
TC6 3-15pF TCIO 6-30pF 
TC7 3-1 SpF TCI I 3-l5pF 
TC8 IO-4SpF TC12 3-l5pF 

All miniature ceramic 

TR7 BSY53' 
TR8 BSYSI 
TR9 BSYSB 
TRIO 8SYS6 
TRII BSY53 
TRI2 BSYSI 

TRI 3 BSY56 
TRI 4 BSY56 
TRI 5 BSYS3 
TRI 6 BSYS3 

OA202 
22A62F 
Z2A30F 
REC50A 
REC50A 

Silicon (Mullard) 
Zener (6-2V) (S.T.C.) 
Zerer (3 0V) (S.T.C.) 
Silicon (Radiospares) 
Silicon (Radiospares; 

2-poIe, 5-way, rotary 
2-pole, 5-way, rotary 
2-pole, 11 way, rotary on two wafers. 
All low capacitance miniature types 

S4 Mains on/off S.P.S.T. toggle (panel mounting) 
Plugs and Sockets 

PL I Mains connector, 3-pin, panel mounting 
SKI-SKS Coaxial socket, panel mounting (S off) 

Miscellaneous 
Tl Small bell transformer, 8Y output 
FSI Fuse cartridge 0-5A and holder 
Four pointer knobs. Five rubber grommets. 
Material for chassis and printed wiring modules. 
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KEDOCO ADAMS-NORKEN LIMITED 

TRANSISTORISED MODULES BRING TOP-QUALITY TO HOME 

CONSTRUCTION HI-FI TAPE EQUIPMENT - AT INCREDIBLY 

LOW COST! 

KEDOCO STAR FEATURES ■ Kedoco quality control ensures high product performance — always ■ 
Transistorised modules ready-assembled for simple, speedy wiring into circuit ■ Units operate from 12 
volts — ideal for out-and-about recording ■ Miniaturization of modules permits compact packaging ■ 
Complete flexibility in design from eight basic units ■ Honey-back guarantee on all products 

CLASSIC TRANSISTORISED 
20-WATT AMPLIFIERS 
SS20/7 £9/19/6 
The now well proven model as illustrated com- 
prising pre-amplifier measuring 4-7* x Z-S* 
and main amplifier measuring 4-5' X 4* both 
mounted on base plate and supplied complete 
with bass, treble and volume on/off controls. 

SS20/8 IIGNS. 
A de luxe version complete in itself and ready to 
mount into your cabinet. Supplied with three 
controls mounted on the front of the stove enamelled chassis and has'moulded plastic and 
spun aluminium control knobs fitted as standard. 
A tag strip mounted on the back of the chassis 
in addition to facilitating the L/S and H.T. 
connections provides separate inputs for crystal, 
ceramic cartridge, magnetic pick-up. radio and 
tape recorder. The max. dimensions of the 
whole unit are 6^' >< 9i' X 2". 
SS20/9 19 GNS. 
A beautiful cable model version with its own power supply and in keeping with the modem' 
itrend to build hi-fi systems from self contained 
separate and compact units. Ready to operate 
and .to connect to tape, gram and radio via 
coax- sockets at the back of the cabinet. The amplifier and power supply are housed in an 
attractive pressed steel case finished in a sub- 
dued grey stoved enamel and embellished with a 
gilt brushed aluminium from panel engraved 
and displaying the four controls. Treble, bass, 
volume on/oft and two position input selector. 
Cabinet measurements 8* X 7" X 2-1'. 
TECHNICAL SPECIFICATION 
Ail three models employ similar circuits, have 
the same electrical specification and are fully 
transistorised. Six silicon planar transistors 
and two germanium power. Two diodes. All 
have benefits of negligible noise and distortion, 
high efficiency, low power consumption, com- 
pact design and no warm up time when switching 
on. The ampiiflers are D.C. coupled throughout 
(no distortion) and there is a transformerless 
coupled output having a very low output 
impedance. Power output, 20 watts R.M.S. into 
3 ohm speaker, input impedance, selected 
to suit input. Output impedance, 0-25 ohms. 
Bass boost, l2dB at IOOc/$ max. Treble boost, 
l2dB at l6Kc/s max. Distortion 0-!% typical. 
Frequency response, I6c/s to 20Kc/s. Noise. 80do'down on max. output. Power require- 
ments, SS20/7 and SS20/8 only. 20mA 
quiescent. 3 amps peak. 30 volts. 

TAPE EQUIPMENT 
TAPE PRE-AMP SSTR/7 
Ail silicon transistor. Zero hum. High gain 
and equalised at Ti' per see. to give flat response 
output. Simple mod, described in accompany- 
ing instructions allows equalisation at ail speeds. 
Suitable for all medium impedance heads. 
Dimensions 40 x 50 X 15mm. ASSEMBLED 
29/6. 
MINICLASSIC PRE-AMP SSPA/SO 
Tone controlled high gain preamplifier designed 
specially for application with the SS3/I0. All 
silicon transistor. Zero hum, requires 12 
volt -I- H.T. Dimensions 70 X 40 ;< 3Smm, 
Separate inputs for crystal ceramic cartridge 
and radio. ASSEMBLED 42/-. 
MINICLASSIC 12/12 AND SS3/I0 
Two high fidelity amplifiers providing adequate 
power far normal domestic listening or portable 
equipment. The 12/12 is the more powerful 
and provides a maximum of 12 watts into a 3 ohm speaker. The SS3/I0 provides 4 watts into 3 
ohms and has the advantage of working from a 
t2 volt rail. Specification; Frequency response, 
I6c/s to 30Kc/s. Input Sensitivity I volt. Both 
will operate directly from crystal pickup and 
make complete tape amplifier with SSTR/7. 
6 transistor 2 diode. HT + 12/12. SS3/I0 
12 volt. Dimensions 50 x 105 X 22mm. SS3/I0 
69/: 12/12 89/-. 
RECORD PRE-AMP SR/8 couples SSH9/3 to 
ribbon and dynamic mic. High gain all silicon 
transistor. 29/6. 
TAPE OSCILLATOR SSOt3 
Complete unit incorporating push poll silicon 
transistor oscillator giving adequate erase 
power and recording bias. The only unit on 
the market at such an economical price. Ferrite 
Got core oscillator. Frequency 50-60 Kc/s. 

'nit also provides nigh voltage D.C. rail for 
the record amplifier. A high efficiency oscil- 
lator operating from 12 volt supply at approx. 
250mA. Dimensions 90 X 54 x 35mm. 
COMPLETE 69/6, 
RECORD AMPLIFIER SSH9/3 
Fully transistorised High voltage H.T. rail 
derived from oscillator. Provides substantially 
constant current record signal. I volt input sensitivity. Input impedance 5k. Power re- 
quirements ImA 75V. derived from SSOIS and 
ImA 12V. This is a gain stabilised low dis- 
tortion circuit. Dimensions 45 : 40 X 20mm. 
ASSEMBLED 4S/-. 
LEVEL METER AMPLIFIER 
SSLA/3 43/6. 
A gain stabilised amplifier specifically designed to 
operate with our level meter but will operate 
with any 100 to 200/iA meter movement. 
TAPE 
Highest quality PVC recording tape from well- 
known British manufacturer. Longplay. 

3' 225 ft. 3/11 
S" 900 ft. 12/6 
Sf 1.200 ft. IS/9 
7' 1.800 ft. £1.1.8 

KEDOCO COMPONENTS 
A COMPLETE RANGE TO SATISFY ALL 
YOUR NEEDS 
POWER SUPPLIES 
30 volt. 3 amp. Ready built and ideal for your 
Kedoco Classic. Will power two of them. 69/-. 
FIRST ZENER STABILISED SUPPLY. 12 VOLT, 
0.5 AMP. 
Zener stabilised to ensure accurate and re- 
producible conditions during tape recording. 
A.C. mains operated and provides a steady 12 
volts D.C. supply with negtigibie ripple content 
irrespective of loading. 69/-. 
18 volt, 1,S amp. 59/-. 
RECEIVERS 
F.M. TUNER £8.19.6. SSSF 8 transistor and 
assembled ready to operate. Miniature printed 
circuit construction with integral accurately calibrated tuning dial. Covers whole B8-I00 
mc/s band and ready to mount into cabinet. 
A.M. TUNER £4.9.6- S54AM subminiature and 
assembled. A superhet A.M. tuner which will 
complete your High-Fi system. 
TV BOOSTER 
Mains operated and tunable to any band fre- 
quency. Please state band when ordering. 45/-. 

NEW BROCHURE 
SEND fid. TO COVER COST OF POSTAGE 
FOR BEAUTIFULLY ILLUSTRATED BRO- 
CHURE DESCRIBING COMPLETE RANGE 
OF KEDOCO PRODUCTS. 

MICROPHONES 
CRYSTAL MICROPHONE 
Complete with detachable desk stand; smooth 
slim round design with satin chrome finish. 
Supplied with locking on/off switch, 7 ft. cable. 
Response 60 to 10,000 cps. £1.19.0. 
O H NI-D1RECTIONAL DYNAMIC MICRO- 
PHONE 
A beautifully finished professional microphone. 
Response 30 to 13.000 cps. Supplied with desk 
stand and cable. £3.19.6. 
LAPEL DYNAMIC MICROPHONE. 
I' diameter. Very sensitive and supplied with 
long lead and plug. 12/6. 
LEVEL METER 
Miniature moving coil meter specially produced 
for level indication in tape recording. £1.4.9. 

Ail KEDOCO products are fully guaranteed. 
Should you not be completely satisfied we 
will immedidtely refund your money if pur- 
chases are returned within seven days of 
receipt. 

KEDOCO ELECTRONICS 
SUBSIDIARY. OF ADAHS-NORKEN LIMITED 
Department PE, 76 Victoria Road, Swindon. 
TELEPHONE: SWINDON (OSW3) 27660 

SHOWROOMS AND MAIL ORDER DEPARTMENT 

Personal callers welcome. o"8" ' — 6-^ tA/ . . 9 a.m. — 1.00 p.m. Wednesdays 
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Fig- 17, Underside of chassis layout and wiring 

CHASSIS ASSEMBLY 
The four modules are installed in a chassis assembly 

measuring lliin x 5iin x 2m deep. Modules 1 and 2 
occupy the underside, and modules 3 and 4 the top of 
the chassis (see Figs. 17 and 18). 

Most of the power supply circuit components are 
mounted on two group panels and these are fitted to 
the top rear portion of the chassis. All operating 
controls, plugs and sockets, and the mains fuse are 
mounted on the front pane! which measures approxi- 
mately I2in x 4Jin. 

ADJUSTMENTS 
The trimmer capacitors of both attenuator networks, 

the gain controls in the output stages of both pre- 
amplifiers (VRl and VR2), and the sync amplifier 
preset potentiometer (VR2) all require alignment. The 
following procedure should be adopted, in the order 
given. The commutation oscillator module can be 
used as signal generator for aligning the attenuator 
networks before connecting the modules together In 
the final manner. 

(1) Take the completed commutation oscillator 
module (Fig. 5) and connect two appropriate 
batteries between the + 6Vr and — 9V points 
and the chassis point 4c. Connect 4c to any 
chassis point of the YI plus sync module, and 
join the 4- 6V points of the two modules. 

Connect the track of a Skilohm potentiometer 
and a O-I/aF paper capacitor in series between 
the square wave output connections 4b, 4c of 
the oscillator module. Take the slider to the 
Vl input connection la on the YI module. 

f. 

Connect the Yl output of the Yl module, 1c, 
straight to the oscilloscope, using the shortest 
possible connection and no probe. 

(2) Switch the oscillator module to the 2 to lOkc/s 
steps, whichever one gives optimum clarity of 
the effects described immediately below. 

Set the Yl attenuator to "5" and adjust the 
output potentiometer connected to the oscillator 
and the oscilloscope gain for a convenient 
amplitude of the synchronised square wave dis- 
play. (Make sure, that the oscilloscope is not 
itself distorting the'square wave, by first feeding 
it in directly from the oscillator.) The display 
via the YI module in setting "5" will be either 
rounded' or peaked at the switching flanks. 
Adjust trirnmerTC4 with a non-metallic trimming 
tool until the flanks of the square wave are 
neither rounded nor peaked with overswing 
beyond the roof. 

If the whole roof of the square wave takes on 
a slope in the critical setting between rounding 
and peaking, the combined value of Cl and C2 
is not quite correct. Modify by experiment, 
until the square wave roof is flat at the critical 
point. Check at all frequencies between 2kc/s 
and lOkc/s with the oscillator. 

(3) Now switch to position "lO" on the Yl attenu- 
ator and suitably re-adjust the oscillator output 
potentiometer and/or the oscilloscope Y-gain. 

Adjust trimmer TC3 until the critical point 
between flank rounding and flank overswing is 
reached. If the roof of the square wave is then 
not flat at all frequencies between 2kc/s.and 
lOkc/s, slightly adjust C8 either way until the 
roof is as flat as possible at the new critical 
setting of TC3. 

(4) Same procedure in "50" setting, adjusting TC2 
for minimum rounding or overswing of the 
flanks and C6/C7 if the roof is then not flat. 

(5) Finally, repeat in "100" setting, adjusting TCI 
for dead-beat flanks and C4 for flat roof if 
necessary. The display may here be very small 
in amplitude, but if the focus of the oscilloscope 
is good it should be observable. 
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(6) Now disconnect the oscillator from la, and 
connect there the Y1 probe and its O-l/iF block- 
ing capacitor. Connect the prod of the probe 
to the oscillator. Set the attenuator to "5" and 
adjust the trimmer capacitor in the probe for 
dead-beat flank of the square wave display. If 
the previous adjustments have been carried out 
exactly, the roof of the square wave will then 
a]SO 

(7) Now finally switch to "1" and adjust TC5 until 
the flanks of the displayed square wave are once 
again dead beat. The YI attenuator network 
together with its probe is now correctly aligned. 

(8) Repeat the same procedure analogously, adjust- 
ing correspondingly positioned components at 
each stage, for the Y2 attenuator network and 
its probe. 

Note.—It is advisable to have built the Yl and 
Y2 modules into the chassis and cabinet assembly for 
these adjustments, so that the actual stray capacitances 
are taken full account of. The oscillator module should 
still be loose and the combination amplifier laid aside. 

The adjustments will converge to a correct overall 
alignment! only if carried out strictly in the order 
given. 

Wfi u h 
j ■ 

m WJtM ■a. 

It 
n.V ■'S' 

(9) Now complete the. assembly, mounting the 
oscillator and combination amplifier in their 
correct positions on the chassis and completing 
all wiring. 

(10) Feed a suitable sine wave signal of about 0-25V 
peak to peak amplitude (heater transformer and 
voltage dividing resistors) at mains frequency 
directly to the oscilloscope input and observe 
the height of the trace exactly in a convenient 
setting of the gain. 

Transfer the same signal to the Yl input 
(without probe) set to "1", and adjust VR1 until 
the height of the oscilloscope display of the 
combination output is the same as on direct 
display. 

(It) Connect the Yl and Y2 inputs together and to 
the same mains frequency sine wave signal. 
Turn the trace separation to zero. Adjust VR3 
such that the two sine waves are completely 
coincident at all points, especially at positive 
and negative peaks. 

(12) Connect the same signal once again to Yl. only, 
without probe and setting "1" of YI attenuator. 
Gradually advance the input amplitude until 
distortion commences (oscilloscope input to 
sync output of Y1 module). 

Adjust VR2 in conjunction with the input 
amplitude such that the commencement of dis- 
tortion is symmetrical on positive and negative 
peaks of the sinewave. 

The entire beam switching unit is now correctly 
aligned for all functions. 
Circuit diagram corrections 
Module I and Module 2 (fig. 2) 

Top end of R2 (R27) should go to iunction of Cl 
(C22), R1 (R26), C2 (C23) and SI A (S2A) rotor. 
Module 4 (Fig. S) 

Common side of C50-C60 should go to base of 
TR14. Common side of C61-C7I should go to base 
of TR13. 

The practical wiring given in the diagrams in this 
issue is correct. -jc 
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PRACTICAL! 

VISUAL! 4 

a new 4-way method of mastering 

by doing — and — seeing 

i ► 
OWN and 

HANDLE a 

complete range of present- 
day ELECTRONIC PARTS 
and COMPONENTS 

Q 

2^ 
BUILD 

and USE 

a modern and profes- 
sional CATHODE RAY 
OSCILLOSCOPE 

3> 
READ and 

DRAW and 

UNDERSTAND 
CIRCUIT DIAGRAMS 

.i aooof 

leop SB L7A (50t» 

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

# VALVE EXPERIMENTS 
0 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 
0 TIME DELAY CIRCUIT 
# SERVICING PROCEDUi ES 

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, ft will also enable anyone to understand how 
to test, service and maintain all types of Electronic equipment. Radio and TV receivers, etc. 

FREE 

POST NOW 
for 

BROCHURE 

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

I NAME BLOCK CAPS I 

| or write if you prefer not to cut p»ge 1 
I - L 

ADDRESS         PLEASE PE9 
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J-VALVE AUDIO AMPLIFIER 
MODEL HA34 Desiened for Hi-Fi repro- duction of records. A.C, Mains operation. Ready built on placed heavy cause metal chassis, size Tj-in, w. x 4in. d. x djin- h. Incor- porates ECCe3. ELM. EZBO valves. Heavy duty, double wound mains transformer and output transformer matched for 3 ohm speaker, separate (Bass. Treble and volume controls. Negative feedback line. Output watts. Front panel can be detached and leads extended for remote mounting of controls. The HA34 has been- tpeeially designed for us and our quantity order enables us to offer I* A C A them complete with knobs, valves, etc., wired and tested for only P. & P. 6/-. 

QUALITY RECORD PLAYER AMPLIFIER This top-quality amplifier was used In a 29 gn. player, employs heavy duty double wound mains transformer, ECC83, EL84. EZ80 valves. Separate Bass, Treble and Volume controls. Complete with output transformer matched for 3 ohm speaker. Size 7in. w, x 2iin. d. x SJ-in. h. Ready built and tested. PRICE 69/6. P. & P. 4/9. ALSO AVAILABLE mounted on board with ouc- fiut transformer and 6in. speaker ready to fit nto cabinet below. PRICE 89/6. P. & P. S/9. QUALITY PORTABLE R/P CABINET Uncut motor board. Will take above amplifier and B.S.R. or GARRARD Autochangcr or Single Record Player Unit. Size IS x 14 x 8? in, PRICE a/9/6. Carr. 7/6. 
SPECIAL OFFER! FM/AM TUNER HEAD 

Beautifully designed and precision engineered by Dormer and Wadsworth Ltd. Supplied ready fitted with twin .0005 tuning con- denser for AM connection, Frealigned FH section covers 66—102 Mc/s. I.F. output 10.7 Mc/s. Complete with ECC85 (6L12) valve and full circuit diagram of tuner head. Another special bulk purchase enables us to offer these at 27/6 each, P.&P. 3/-. Order quickly! Limited number also available with precision geared 3: I reduction drive. 30/-, P. & P. 3/-.  

STEREO AMPLIFIER 
Incorporating 2 ECLSls and I EZBO. heavy duty, double wound mains transformer,- Output 4 watts per channel. Full tone and volume controls. Abso- lutely complete, 

ONLY 
£4.19.6 
P. & P. 6/6 

Super De- luxe version with ECL86 valves, sep. 
bass & treble controls, full feed back. 8 gns. P. A P.6/6 

HSL'FOUR* AMPLIFIER KIT A.C. Mains 200/250v., 4 watt, using ECC83, EL84, EZ80 valves. Heavy duty double.wound mains transformer with electrostatic screen. Separate Bass. Treble and Volume controls, giving fully variable boost and cut with minimum Insertion loss. Heavy negative feedback loop over 2 stages ensures high output at excellent quality with very low distortion factor. Suitable for use with guitar, microphone or record player. Provision for remote mounting of controls or direct on chassis. Chassis size 7f I n. wide x din. deep. Overall height 4Jin. All components and valves brand new. Very clear and concise instructions enable even the Inexperienced amateur to construct with 100% success. Supplied complete with 3 ohm output transformer. (No extras to buy.) PRICE 79/6. P. & P. 6/-. Comprehensive circuit diagram, practical layout and parts list2/6 (free with kit). This kit is similar In abptorance to HA34 but employs entirely different «md odvonced circuitry. 
HIGH GAIN 4 TRANSISTOR PRINTED CIRCUIT AMPLIFIER KIT Type TAI. Peak output in excess of It watts. All standard British components. Built on printed circuit panel, size6x 3in. Generous size Driver and Output Transformers, Output transformer capped for 3 ohm and IS ohm speakers. Transistors (GET IMorSI HullardOCBIO and matched pair of OC8I o/p). 9 vole operation. Everything supplied, wire, battery clips, solder, etc. Comprehensive easy to follow instructions and cir- cuit diagram 1/6 (Free with Kit). All parts sold separately. SPECIAL PRICE 45/-. P. & P. 3/-. Alse ready built and tested, 52/6. P. & P. 31: A pair of TAIs are ideal for stereo.  

10/14 WATT HI-FI AMPLIFIER KIT 
A stylishly fin- ished monaural amplifier with an outpucof Idwacts from 2 EL64s in push-pull. _ Super reproduction of both music and speech, with neg- ligible hum. Sep- arate inputs for mike and gram allow recordsand announcements to follow each other. Fully shrouded section wound output transformer to match 3-15(1 speaker and 2 independent volume controls, and separate bass and treble controls are provided giving good lift and cut. Valve line-up 2 ELfl4s, eCC83, EFSS. and EZ80 rectifier. Simple instruction booklet 1/6, (Free with parts.) All parts sold separately. ONLY £7/9/6. P. & P. 8/6. Also available ready built and tested complete with std. input sockets, £9/5/-, P. & P. 8/6, Carrying Case for above 28/6, P. & P- 7/6. 

4-SPEEO PLAYER UNIT BARGAINS All brand new in maker's original packing. SINGLE PLAYERS B.S.R, TU/12   £3/9/6, Carr.S/6. GARRARD SP2S Do Luxe... £12/10/6. Carr.S/6. B.S.R. GU7 with unit mounted pickup arm, £4/18/8. Carr.S/6. AUTO. CHANGERS Latest B.S.R. UA25 Super slim   £6 2 6 GARRARD Auto-Slim  .-£5 10 0 GARRARD AT6 £9.10.0. Carr. 6/6 on each. All the above units are complete with tlo mono head and sapphire styli or can be supplied with compatible stereo head for 12/6 extra. ■ 
WELL-KNOWN MAKERS SU RPLUS I ONE TRANSISTOR PRE-AMP. Suitable for use with Medium or High Impedance mikes, guitars, gram pickups, tape docks, etc. For operation from 200/300 volt H.T. roil or 9 volt battery. Gain approx. 14:1. Fully isolated input by Mu-Metal screened transformer. Size 41'X I' X I". Ready built complete with full circuit djagram and instructions. ONLY 15/-, Post free. 

MINIATURE PRECISION AIR SPACED 2- GANG TUNING CONDENSER. 176 + l76pF. Size ll'w. X I'd. X I I'h. with vanes open. Built in trimmers. 5/-. P.&P. I/-.  
Open all day Saturday 

Early closing Wed. / p.m. 
A Jew mlnulei from South H'imbltdon Tube Station. 

HARVERSON SURPLUS CO. LTD. 
170 HIGH STREET, MERTON, S.W.19 CHEerywood 3985 SEND STAMPED ADDRESSED ENVELOPE WITH All ENQUIRIES 

(P/eose write clearly) 
PLEASE H0TE:P SiPCSABOBS QUOTED APPLY TO U.K. ONLY. P S P ON OVER- SEAS 0SDEE8 CEASGES EXTRA. 

4-STATION INTERCOM 

HAir,- 

£7 10/0 
Solve yonr comrmiBlca- tion problems with this 4-Station Transistor Intetcom nystem <1 master and g Sobs). In de-luxe plaade cabinets for desk or wall mountlug. Call/tolk/lletcn from Matter to Subs and Subs to Uostar. Ideally auilabie for Bueineee, 8ar- gery, Scboola, Koepital, Office and Home Operates on one 0V battery. On/ofl .switch. Volume control. Complete with 3 eonneoting wires each S8ft. and other aceesorlea. P. Si P. 4/6. 

* 
mm UM 

i/suolfy 
Ovrfrk* WlY 

SJ'b 
Modernize busineaa or home with this new two-way Portable Traaslitor"Intercom, conaieting of Master and Sub. in strong plastic cabinets with chromlow stands. Deajgned as a two-way Instant coromtmlca- tion eystem. Csll/talk/listen from Master to Snb and Bob to Master. Operates on one 9V battery. Complete with 60 ft. wire. Battery 2/-. P. A P. 2/6 

booat bus- iness eJH- Wf oleney 

Telephone Amplifier. Take down long telephone messages or converse wllhont holding the handset. A status symbolf Yes, but very useful one. On/off switch. Volame Control. Operates on one SV. battery (euppBed). P.4P.2/8. Pull money refunded if not satisfied In 7 days. WEST LONDON DIRECT SDPPUES (PE/9) 169 KENSIHOTON HIGH BTEEET, LONDON, W.fi 

m 

TRANSISTOR 

POCKET BOOK 
by 

R. G. Hibberd, B.Sc., M.I.E.E., 
Sen.M.I.E.E.E. 

Manager of the Research & Development 
Depactmenl of Texas Instruments Ltd. 
25/- Postage I/- 
GEC. Inter. TRANSISTOR MANUAL, 
7ch. 18/-. Postage 1/6; 
ADVANCED RADIO CONTROL, by 
E. L. Safford. 25/-. Postage!/-. 
AN ELECTRONIC ORGAN FOR THE HOME CONSTRUCTOR, by A. 
Douglas. 20/-. Postage I/-. 
EVERYDAY ELECTRONICS, by T. 
Roddam. 22/6. Postage I/-, 
NEW SKILL-BUILDING. TRANSIS- 
TOR PROJECTS i EXPERIMENTS, by 
L, H. Garner. 24/-. Postage I/-. 
TROUBLESHOOTING WITH THE 
OSCILLOSCOPE, by R. G. Middteton. 
20/-. Postage I/-. 
TRANSISTOR IGNITION SYSTEMS H'BOOK, by B. Ward. 22/6. Postage I/-. 
ELECTRONICS POCKET BOOK, by J. P. Hawker & I. A. Reddihough. 21/-. 
Postage l/-. 
MULLARD MAINTENANCE 
M A,N U A L. 16/-. Postage I/-. 

COMPLETE CATALOGUE I/-. 

THE MODERN BOOK CO'. 
BRITAIN'S LARGEST STOCKISTS 

British and American Technical Books 
19-21 PRAED STREET 

LONDON, W.2 
Phone: PADdington 4IBS 

Open 6 days 9-6 p.m. 

*0 

TheTMMH 
yapf neabi 

HOLE PUNCHE! 
Instant Type 
I' diameter   
Screw-up Type diameter Toggle switch ... 
I' " B7G i 
I" » B8A, B9A 
•sr    ■ 

i±" diameter Inc. Octal 
»r   14 
ir 
2// 

6/10 ea. 
8/6 , 
8/6 , 
9/- . 
9/6 . 10/2 , 

10/8 , 
11/8 . 13/4 , 16/2 . 
18/10 . 21/8 . 
24/4 , 
33/2 , 

B9G   
Meter   
Complete Set £9.3.6. 

No extra charge for postage and packing in the U.K. 
Now supplied by: 

TOMPKINS & LOMHAn LTD. 
237 GIPSY ROAD 

WEST NORWOOD, S.E.27 
Tel.: Gipsy Hill SOW 
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JOHN VALENCE 

NOT EVERYONE'S PAL . 

The "Choose a Colour System" 
marathon continues. 
. The art of effecting a compromise 
is supposedly a typically British 
characteristic. Unfortunately if this 
is so, then our image must be some- 
what blemished by the attitude 
adopted by our representatives at the 
conference of the International Radio 
Consultative Committee in Oslo last 
month. 

Italy and France have both been 
extremely critical of our alleged firm 
adherence to the PAL-system, despite 
the move to introduce the new 
SECAM IV as a compromise system 
for adoption throughout Europe. 

Is there truth in the suggestion that 
British television industry is already 
deeply committed to designing and 
producing receivers for the PAL 
system? 

The chances of achieving harmony 
in colour amongst the European 
countries seem as remote as ever, 
alas. 

STRANGE ALLIES 
Curiouser and curiouser are the 

uses to which modern technology is 
being applied. Even so, a-more 
unlikely association than that between 
the common bed bug and electronics 
would seem hard to imagine. As you 
will probably have read, much 
interest and amusement has been 
aroused from the proposed harnessing 
of this unsavoury insect for military 
operations by backroom boys in the 
U.S.A. 

It seems that although we have 
inorganic devices that will effectively 
detect phenomena such as light, heat, 
pressure and so on, there is no similar 
device that will respond to smell. 
There is no substitute for the nose 
apparently. 

In this day and age of micro- 
miniaturisation it is not so very 
surprising that thoughts turn to the 
employment of the sensitive nasal 
organs of tiny members of the animal 
or insect world; in particular, to the' 
Cimex lectufarius. which we are 

"Look outl here comes the enemy 

informed is highly sensitive to the 
presence of a human. Upon sensing 
a member of homo sapiens, our bug 
"transducer" reacts in a most peculiar 
way by stamping i.ts feet madly! 

Once this fact had been established, 
the rest was plain sailing .. . Catch a 
dozen or so bugs and then house 
them in a cunningly contrived 
container whose floor is actually the 
diaphragm of a microphone. This 
container provides "scent" screening 
for the operator who carries this 
strange box of tricks and directs the 
spout-like opening towards the spot 
where the concealed enemy is 
suspected to be lurking. 

Immediately the imprisoned host 
smells human blood, a real jive 
session gets under way. The tiny 
feet hammer out a frenzied rhythm on 
the diaphragm and an electronic 
amplifier raises this to a level suitable 
for human ears. 

EVERYWHERE  
As I am sure I have said on 

previous occasions, there is no 
escaping from the ubiquitious "elec- 
tronic". This term (not always 
entirely correctly applied) crops up 
here, there, and everywhere. 

For example, halting on the 
motorway, one's ablutions are 
simplified by the "electronic hand 
drier". Insertion of the hands into a 
cylindrical compartment breaks a 
light beam and so actuates the 
electric heater and blower. 

In the U.S.S.R,, I see they have 
taken this idea for automated 
ablutions a stage further. A new 
washstand for surgeons with a photo- 
electric cell controlling the faucet has 
been designed at the Moscow Institute 
of Sanitary Engineering. Just pass 
the hand under the faucet and the 
electromagnetic membrane valve 
turns on the water. (What you save 
on the water rate, you pay on the 
electricity bill—for this device I note 
consumes 50W). 

Anyhow, nice to envisage the 
Ideal, electronically run, home of the 
future. 
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A SELECTION FROM OUR POSTBAG 

War on the "bug" 
Sir—! was glad to see your con- 
demnation of "bugging"". Too 
few journals openly disapprove of 
undesirable employments of tech- 
nology: if more did, the lay 
public would regard science with 
less suspicion and hostility. 

Bugging ethically and morally 
resembles torture as a cowardly, 
lazy, stupid and inefficient way of 
obtaining information for unscru- 
pulously dishonest and greedy 
purposes. There is a case of sorts to 
be made for the use of torture and 
bugging in military activities, but all 
ethical and moral considerations 
are notoriously ignored in military 
spheres; in civilian life, bugging, 
like torture, is absolutely in- 
excusable. For my own part, if I 
were to find any bugging equip- 
ment, I would instantly smash it 
and 1 fancy the owner of the equip- 
ment would get very little sympathy 
or recompense if he took me to law 
about it. 

Again—thanks and approval for 
publicly condemning an indecent 
misuse of scientific discovery and 
of technology. 

W. H. Cazaly, 
Clayhall, 

Ilford, 
Essex. 

Nightlight relay 
In the Auto Nightlight article, 
published in the April 1966 issue of 
Practical Electronics, the relay 
suggested was the Omron Type 
2051. I have since heard from 
Messrs Keyswitch Relays Limited, 
however, that this relay is no 
longer a stock item. A relay 
suggested as an alternative by the 
firm is the "standard" 48V DC 1051 
relay, and it is further suggested 
that this can be used in conjunction 
with the Mullard RPY15 photo- 
conductive cell. This cell, however, 
is not readily available in the 
London area, but since the 1051 
relay is relatively sensitive, 
operating with a current of S-SmA 
at 48 volts, the Mullard ORP12 as 
recommended in the article can be 
used with the relay provided the 
transformer used is capable of 
producing not less than 50V d.c. 
across VR1. 

The relay has a coil resistance of 
5,800 ohms. Thus, assuming a 
maximum of 60V across VRI, the 
voltage across the cell will be 30V 
when its resistance is also about 
5,800 ohms and maximum power 
dissipation will then occur. This 
will rise to a maximum a little 
above 160mW which is still within 
the 200mW rating of the ORPI2. 

G. J. King, 
Devon. 

CAN YOU HELP? 

Letters for inclusion under this heading should 
be as brief as possible. Replies should be 
made direct to the readers concerned. 

Sir—I am starting a Radio Club in 
the school where I teach. I am in- 
tending to use the simpler articles 
from your magazine as a basis for 
instruction. 

Unfortunately I am short of the 
July 1965, September 1965 and the 
January 1966 issues. Can any of your 
readers help? 
J. Webb, 24, Beresford Cresent, 
Westla nds, Newcast le-un der- Ly me. 
Staffs. 

Sir—1 require the following issues, 
complete with blueprints and data 
booklets, of Volume I; November, 
December 1964, January, February 
and May 1965. 
M. W. Hudson, 30, Merril Way, 
Allenton, Derby. 

Sir—Can any reader supply any 
circuit for a Fletcher-Munson curves 
type volume control and/or where 
could I buy a "Compentrol" five 
terminal volume control? The extra 
two terminals are tapped off the 
control at either end. I require a 500 
kilohm or 1 megohm type. 
A. Patterson, 28, Emerson Road, 
Ilford, Essex. 

Sir—We are most anxious to obtain 
certain back copies of your magazine 
—namely the following; November 
1964; January, March and May 
1965; February and March 1966. 
Dr. M. Kropman, Bromhead & 
Denison Ltd., 310-312, Regent Street, 
London, W. I. 

Back numbers are usually very quickly ex- 
hausted. We strongly advise all our readers 
that a standing order be placed with their news- 
agent to avoid any future disappointment. 

Plastics 
semiconductors 
Sir—I have read with interest Mr. J. 
B. H. Gould's excellent article on 
Superconductivity in the July issue, 
and note that he has omitted to 
mention what may be the most 
interesting aspect of this subject, 
i.e. room-temperature supercon- 
ductivity. Whilst the latter 
phenomenon is probably not 
possible in known forms of metallic 
element or alloy, scientists have 
calculated that certain non-metallic 
substances may display supercon- 
ductivity at room temperature or 
even above 300'K. These sub- 
stances may also be amenable 
to production as plastics. Related 
plastics are known to act as 
semiconductors. 

It is well known that many 
organic substances exhibit, at room 
temperature, properties of diamag- 
netism. In some instances, might 
this not be due to supercon- 
ductivity phenomena, or some- 
thing closely related? 

Possibly an investigation of the 
diamagnetic properties of certain 
organic compounds and organic 
semiconductors, especially of 
nucleo-proteins and some of their 
derivatives or degradation pro- 
ducts, might reveal the presence of 
superconducting loops. > Supercon- 
ducting chains might be revealed 
by resonance experiments; indeed 
much detailed information might 
be obtained by an investigation of 
the various frequencies. 

A dye commonly used for photo- 
graphic purposes, diethyl-cyanine 
iodide, has been suggested as a 
basis for a highrtemperature super- 
conductor. Another compound 
which is known to induce in 
plastics saturated with it a con- 
ductivity approaching that of 
metals is; 7,7,8,8. tetracyano- 
quinodimethan; or TCNQ for 
short. The conduction mechanism 
is electronic, and appears very 
promising from the point of view 
that superconducting properties 
might be developed. 

It would appear that organic 
superconductors play an extensive 
role in biology, and that improved 
knowledge of such compounds 
could lead to much improved, and 
more effective, treatment of 
cancers, in addition to opening the 
way to "all-plastic" electronically 
active devices. 

A. J. Bassett, 
Chorley, 

Lanes. 
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TAPE RECORDER 
BARGAIN 

Capstan 
Driven, S 
Transis - 
tors 
BPECIFICA' XIOH: -mi 7.000 c.p.t— 400 mVi". out- put — double track — twin epeed (3J and 71) fa«t rewind time—6ln. spool gives on hour playing with stsndsrcl tape, weight 7 lb. Size 8 X XI x Sib. Complete with batterien, microphone— tape spool and Instruction manual. Nothing to go wrong II you use » good tape and keep heads dean. Demonstration gladly given at our Croydon shop. Special Snip Price This Month 1U;U-. post and Insurance 0/6. 

HI-FI SPEAKER BARGAIN lain. High fidelity loudspeaker. High flux permanent magnet typo with either 3 or X5 ohm speech coil. "Will handle up to 16 •watts. Brand new by lamoue maker. Price 39/6, with built-in tweeter 85/- ptua 3/8 post and Insurance, 
MAINS POWER PACK MAIS8 POWER PACK designed to operate transistor sets and ampllflers. Adjuetablc output 

0r.-9 to 13 volts for up to 080mA (class B working). Takes the place of any of the following batteries. PB1, PP3. PP4, PP8. PP7, TPS, and othets. Kit comprises: mains transfonner-reetlfler, Binaothing' and load realstor, 8,000 and 600 mfd. condensers, aenet diode and instructions. Real snip at only 14/9, plus 3/6 poet. 
ACOS GP83 TURNOVER 

PICK-UP CARTRIDGE For Stereo—LP— and 78 records, fitted with two Styli. Diamond for LPa, Sapphire for 78a. This is mounted and is standard replacement for 
most record players using Garrard—B-8.R.— Coltaro, etc., etc. The xegnlar price of this cartridge U 65/. We offer these new and perfect tor 15/- fleas than the price of styli), plus 2/ post and insurance. 
DEAC RECHARGEABLE 
BATTERIES These nickel cad- mium cells have negligible internal resistance. Will deliver current you require, reduce distortion and are completely reliable. They may be recharged Indefinitely. Eeplnce- mcnta for PP3, 37/- 117, 12/fl, U2 38/6, UU 83/8 or seod for list. 

SNIPERSCOPE 
_ Famous 

GOOD COMPANION Mk. V 
SAVES TOD WORK- 
IT'S PARTLY BUILT 
Like Its predecessors this latest Companion has full-fi performance—such as only a good wooden cabinet and hl-finx speaker can give, and due to its being partly built you will have it going in an evening, Note these features; • AUMullard Transistors includioe 3 x AFI17. • Two-tone Cabinet site llin. X Sin. X 3in. 0 All circuit lequiremsnto—Push pull output—A.V.C nod feed back etc. • Printed circuit board all wired only connections to Vol. control, WIG. Switch and Tuning Condenser. #Pre-allened IF stages. 0 Comptete with full Instructions, price only 84/12/9, plus 9/6 post and ins. 

N1M COMPUTER 
This conipnlcr will play gomes and do simple tricks and wiU provide endless amoscmeot os well as education into eompulerisation. Kit comprises oil the componeuta, the printed front panel and full instnw- tions. The box Is not included but this can be made very simply from plywood. Price 84,17/8 plus S/8 post & ins. 

ADJUSTABLE TIMER A DELAY MECHANISM 
Phis is a fine American made unit designed for preeleion. The time period Is adjusted by a knurled screw. The delay period can be set anywhere from hours or seconds. The end of the delay operates a mlcroswltch—and re- setting can be remote controlled or tnannally reset. The unit is tor wait mounting and is appro*. 4in. x Tin. x 41i5.—price 39/8 plus 3/8 poet and Ins, 

DIS-BOARDS FOR OUICK MAINS These ate 4 x IDamp sockets mounted on a metal bo* al! ready for wiring to your power plug—Intended tor mounting on bench or wall—for — use In workshops—laboratories—exhibitions—displays, etc. 
They avoid the use of dangerous bakellte multi-plugs and adaptors nud other hook-ups—price only 19/6 plus S/- poet and ins. 

CORONET PARCEL 
Here's a bargain for you—parcel com- prises: plastic case, printed circuit board, two dial knobs, volume control, earphone socket and plastic carrying case all for 8/6 plus 1/6 post. 

ELECTRICAL BARGAINS 
SWAN KETTLE 
ELEMENTS 

AUTOCHANGER 

—rwriA.«i>jr\ SENSITIVE lAVgp 
rUIOOESCENT SCBCEM 

tVVW6 WWPOW, 
«J 

war-time "cat's eye" used for seeing in the dark. This is an infta-ted image converter coll with a gliver oaeainBi screen which lights up tllke a cathode ray tube) when the cleclrous released by the infra-red strike it. A golden oppor- tunity for some Interesting experiments. 6/- each, post 3/-. Date will be supplied with cells, if xeanested. , 1] 
TWO WAY RADIOS 
(lire communicallon over 5 mile. FULLY tranalslorised—crystiil controlled, btlllt-in telescopic aerial—press button operation— FP3 batteries—pair instrnnrents complete and ready -to use 80/19/8 plus 6/- post and in- surance. Big fi-inile range model 812/X9/8 plus 0/- post 4 jus. These cannot be operated la U.K. 
MOVING COIL METER BARGAIN Fauci meters are always being needed and they are Jolly costly when.you hove to buy them In u hurry—so you should take advantage of this offer: 2in. moving ooll flush mounting meters only 5/8. These are actually R.F. meters and cost about US each but it you don't want them for R.F. then all you have to do is to remove the thermo- couple and you witi have a 2-3 in.a. meter which yon can make Into almost onylhtng by adding shunts or series resistor. These are ex-govern- mmt, of ooorse. 

BARGAIN  
GARRARD 

AUTO RECORD PLAYER 
Model 2000 

This Is one of the latest products of the World's most experienced maker of fine record reproducers—Its superior features , include—aulomatlo playing of up to 8 mixed size records—stopping and starting without re- jeeting—manual playlag—pick-up pivots to give low stylus pressures-large dlameler turn-table for max. stability—adinatmenU include pfek-op height—pick-up dropping position and stylus pressure. Size is 131lo. x ll|ln. clearancee 4|lu. above 2iin. below—fitted with latest hl-complianee cartridge for stereo—and mono-, L.F. and 78. Supplied complete with mounting template and eerricc sheet. Oflered this month at the Special Bnlp price of 16.9.6 plus 7/9 carriage and inanrftnee.   

roles 2 way 3 wuy 31 4/1 
SIX 

8/3 9/0 8/9 1X/0 11- 13/9 13/3 IS/6 18'- 18/- 17/0 i pole 24 way IS/- 

Made by famous " Beat" com- pany suitable toe most kettles—■ 1800 watta 230/ 250v—normally 30/- each—our price only 16/6 each. 

G.E.C. I3A SWITCHED SOCKETS 
suitable lor ring mains etc. like the . . i modem fused plug—surface or sunk " - ' (flush) mounting type. 4/9 each, 54/- dor. 

750V INFRA-RED WALL HEATER 

760 wait silica en- —brocket monctlng— closed element, ellip- A pull-cord switch, tieal polished reflector Made to sell at M. You can boy at only 32/6. P, 4 Ins. 8/6. -VoMSg hack s'lf. 

SPECIAL BARGAIN 
Dry Reed Switches 6/6 each Magnets 1/- each 

CIRCULAR FLUORESCENT 
Brings sunshine in' your home. 160 watte of light but uses only 40w Beautiful fittings with glass, non plast ic cen- tre, fluores- cent tube and choke control. Made by PhiUps. Regular price £4/16/0. Special Bargain Price 66/-, plus 8/6 car. 4 ins. Please state colour of glass centre, white, pink, blue, red, black, yellow or creom. Also whether plug Into )aiup holder or celling mounting model. 60 watt mdU 99/8. 

FLUORESCENT LIGHT KITS 

. 

YAXLEY SWITCHES 
.Tunthcr of TFopr or Pesifiont t way S way 8 way 8 way 11 way 12 way 3/8 8/9 8,11 4/5 S/- 6/2 4/9 5/3 8/8 6/7 7/8 8/8 6/9 7/8 8/9 10/8 11/8 6/9 8/8 8/7 Uh 13/3 14/4 9/6 10/3 18/9 18/- 18/- 9/1 10/6 11/10 16/6 18/9 20/6 11/6 IS.'- 161- 19/9 24/8 27/8 18/0 14'0 18/3 24/8 80/- 33/- 16/- 17/8 21/8 80/- 36/- 36/8 20/8 M/- 21/- 28/8 28/8 9 2 polo 24 way 85/-. 

125 watt MERCURY VAPOUR 
SPOT LAMP In addition to the nocuiat uses In photography mid lighting geoerally you will find that a spot light ahlning over your shoulder la a great boon when working on intricate and micro-circulta. This month due to a fortunate purchase we are able to offer a complete "Phllipa" outfit for about one-fifth of its proper price thus showing you a saving of 80%. The outfit ccmprisca 126 watt SPOT LAMP (gives appro*, same light aa 60O watt ordinary lamp)—Polyester filled choke starter and odiuat- able mounting bracket, with lamp holder—Usted at over £10 we offer the complete outfit in perfect order—unused butallttle store soiledonlj'87/6pIui6/6po*tainl Insurance. 

Our 80 watt kit tot 6it. fluorescent tube Is the best money can buy. it contains latest slim line (easy to hide away) choke made by one of England's largest companies—starter—tube ends —two chrome clips. All wired up ready—■ fit it in a Jiffy with Just a few screws—price only 22/0 complete plus 4/9 post and Ins.. or complete as listed but not wired up 17/0 plus 4/9. 
SEMI-CONDUCTOR 

BARGAINS 
Type Typo Type Price No. Price So. Prleo No. 
250737 16/- MAXiOl 8/8 OC7I 4/- 
2N1728100/- MAT120 7/0 OC72 6/- 2N1742 25/- MAT121 8/8 OC7S 91- 2N1747 26/- OAO •6/- OC76 61- 
2N1748 10/- OAJO 6/- OC77 7/- ACI07 9/- OA 47 3/- 0078 61- ACJ27 9/- OA70 «/- OC78D «/• ACY17 8/6 OA79 2/8 OC81 61- 
ACY18 5/6 OA81 m OC81D 61- 
ACT 19 6/6 OA 88 8/- OC82 61- 
ACV20 6/6 OA 90 2/8 OC83 61- ACY21 8/- OA91 2/8 OC84 91- 
ACY22 4/6 OA200 3/8 OCI39 8/8 
AH 14 7/- OA202 4/8 OC140 12/6 
AF115 6'6 OC22 10/- OC170 61- 
AFI16 5/- O023 17/8 OC171 61- 
AF117 6/- OC24 22/8 OC200 61- 
AF118 12/6 OC20 7/6 OC201 12/6 
AF189 17/8 OC28 16/- 002 02 13/6 
AF189 18/8 OC29 17/6 OC203 12/6 
AFZ12 15/- OC35 18/9 OCP71 19/6 A3Z21 15/- OC36 18/- ORP12 8/8 
BC107 14/8 0042 6/6 ORP60 6/- BYJOO 5/8 OC44 61- 8B078 6/6 
BYZIS 7/8 OC4B 4/- 8B305 8/8 
MAX100 7/9 OC70 4/- SB261 10/- 

Where poatage is not defimtcly staled as an extra tnen orders over 43 ace post free. Below 48 add 219. 

ELECTRONICS (CROYDON) LIIVIITED 
102/3 TAMWORTH ROAD. CROYDON, SURREY (Opp. West Croydon Station) 
post orders to: Dept. PE, SPRINGFIELD ROAD, EASTBOURNE, SUSSEX 
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Practical Electronics Classified Advertisements 

TRANSFORMERS 

TELEVISION:! 
From your OWN Gar Battery 

•PSse 

Famous DELCO TRANSFORMER trans- 
forms 12 or 24v. supply to mains Power 
for TV, i" drills, etc. . NOW /C lAn 
C.O.I). 2/6 extra. ONLY ""IW-W 
VIBRATOR POWER-PAK. SteplSv.up 
to MAINS output. For Universal AC/DO 
razors, small fluorescent fittings, If. 
radios, etc   Only J / u 

HOOVER ROTARY TRANSFORMERS. 6v. input, 250v,output. I2v. Input, "JC /_ 
490v. output. 32 watts. 
GENERATJNS SETS. Brand Xew, TINY 
TIM. 12v. 300 watts. In packing case. 
SELF STARTING. Xormal List /"JC 
Price £76. Price Delivered Send yOW—Dtiicery by return 

JAMES WALKER, ekctronics division 
School House, Wood Walton, Huntinttfon 
Phone Abbott Riplon 368. 6 am. to 10 pm. 

TAPE RECORDERS, TAPES, ETC. 

TAPES TO DISC—using finest professional 
eqnipment—45 r.p.m. 18/-. S.A.E. leaflet, 
DEHOY, 52 Host Bank Lane, I.ancaster. 

BOOKS AND PUBLICATIONS 

SURPLUS HANDBOOKS 
IF tet Circuit and Notes ...... 4/6 P.P. 6d 
11SS *et Circuit and Notes ,... 4/6 P.P. 6d 
H.R.O. Technical Instructions .. 3/6 P.P. 6d 
38 set Technical Instructions..,. 3/6 P.P. 6d 
46 set Working Instructions .. 3/6 P.P. 6d 
88 set Technical Instructions.... 5/- P.P. 6d 8C. 221 Circuit and Notes  3/6 P.P. 6d 
Wavemeter Class D Tech. Instr. 3/6 P.P. 6d 
18 set Circuit and Notes   3/6 P.P. 6d BC.I000 (31 set) Circuit & Notes 3/6 P.P. 6d 
CR.IOO/B.28 Circuit and Notes 8/6 P.P. 9d 
R.I07 Circuit and Notes   S/- P.P. fid 
A.R.SSD. Instruction Manual .. 15/- P.P. 1/6 
62 set Circuit and Notes 4/6 P.P. fid 
Circuit Diagrams 3/- each post free, 
R.lllfi/A, R.I224/A, R.t3S5, R.F. 24, 25 and 
26. A.I 134, T.t 154 (all models). BC.342. 
BC.348J, BC.348. BC.3I2, BC.624 (E.M.P.) 
Resistor colour code indicator i/6 P.P. fid, 
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 Talbot Gardens 

Leeds 8 

FOR SALE 

HEATHKIT OS-1 oscilloscope new, ail Issues 
Practical Electronics, Radio Constructor Vols. 
17, 18, 10 £16. BARKER, "Return", Chlldswlckham, Broadway, Worcs. 

FOR SALE. Oscilloscopes — Galvanometers — 
Evetshed & Yignolles Meggers. Also other 
items and components. Free list. Stamp 
please. R. & E. MART, Box S, G.P.O., 
Tunbridge Wells, Kent. 

RATES: 1/3 per word (minimum 
12 words). Box No. 1/6 extra. 
Advertisements must be pre- 

paid and addressed to 
Advertisement Managror 
"Practical Electronics" 

Tower House, Southampton St. 
London, w.C.2 

FOR SALE 
(continued) 

TERRIFIC BARGAINS in high class Hi-Fi 
Radio, Gramophone and Tape equipment 
always available. Save £££'s. Send now for latest BARGAIN LIST or call Mon-Frl 9-6, 
Sat 9-4 or phone PRIMROSE 3314. XRS 
Dept. PE., 16 King's College Road, off Adelaide 
Road, London, X.W.3. 

BSY95A TRANSISTORS Xcw; Tested 7/6. 
Also; 28302/A 6'6: 2S104 20/- AOYl? 2G302 
OC203 OC205 IS 113. Many more. Very low 
prices. Lists S.A.E. Box Xo. 5. 

TRANSISTORS UNMARKED UNTESTED. 
40 for 10/-, P. P. 1/-. 4 packets post free. Relays, thousands of types, special cataiogne 
free. Generai Catalogue of Mechanical ifc 
Electrical Gear, Tools, etc., 5.000 Items, free. 
K. R. WHISTOX (Dept. PET), Xew Mills, 
Btoekport. 

TRANSCEIVERS 
W.S. 38 A.F.V. Xcw condition. Complete 
set of valves, 17/6, p. & p. 4/-; 30/- pair, p. & p. 
7/5. G.P.O. Licence required to operate. 
Circuit Diagram 2/6. 
GOVERNMENT SURPLUS. Electrical and 
Radio Equipment, Our new catalogue Xo. 16 now ready, 2/6 Post Free, cost refunded on 
purchase of goods over £2. ARTHUR 8ALLIS, 
Radio Control Ltd.. 93, Xorth Road, Brighton. 

ADHESIVE STRIP LABELS, f embossed 
Glossv, P.V.C. various colours, ltd. letter. 
C.W.6. and S.A.E. to:— Mr. BROWN, 1 Effie 
Place, London, S.W.6. 

CRACKLE PAINT. Black or Grey, i pint tins 
4/-, post 6<J. from the component specialists. SERVIO RADIO, 156-8 Merton Road, 
Wimbledon, London, S.W.I9. 

VENNER TIME SWITCHES. Reconditioned, 
14 day clock, once on once off every 24 hours. 
Jewelled rooveiannt, fully guaranteed, 15 amp. 
37/6. P. & V. 2/6. A. R. BATCHELOR, 
(K.M. Dept.) 4 Park Road, Bromley, Kent. 

ELECTRIC 
SOLDERING IRON 

FANTASTIC 
BARGAIN OFFER 

ONLY 
Lightweight Pittol at / Crip handle. 40 lll/n watt, 240 - 2S0v. ■ *»/ A.C. detachable p^i-r coce bandlo forms cover POir fft££ 
for iron when not in use. With 4)ft. Safety 3-core flea. Indis- pensable for every home handy- man. A boon to model makers and a necessity for every electronics enthusiott. Offered to you ot this new amazing price. 

C. H. SERVICE (Dept. PE) Lusted Hall Lane, Tatsfleld, Kent. 

ajSHTl 

FOR SALE 
(continued) 

HAMMERITE 
HAMMER PATTERN 
BRUSH PAINT FOR 
PANELS AND BOXES 

* THE PATTEfiN fS IN THE TIN * ALL YOU DO IS BRUSH tT ON I 2i 01. tins 3/5 i gallon 35/-* i pint 7/6 I gallon SB/-' I pint 15/- (* sent by road) Carriage: Orders up to 5/-, 9d: up to 10/-, 1/9; over 10/-. 2/9. Coloun: Slue, Silver, Black or Bronae. Return of post service, Monday to Friday. From your component shop or direct from the manufacturer 1 P1NN1GAN SPECIALITY PAINTS (PE) Miekley Square, Scocksfieid. Northumberland Tel. Scocksfield 2280 

A.C. STANDARD.'Mains Motors Fractional 
H.P. 31in (Uax4iii long with Jin spindle. 
Many uses. Brand new, 25/- each. 1', & P. 2/6d. 
Small Battery Motors IJin diax21n long— 
41 to 9 volts. Heavy construct ion; only 7/68. 
each. P. & P. 1/-. WALTOX8 WIRELESS 
STORES, 15 Church Street, Wolverhampton. 

Something Different P 

Then Just send Stamped 
Addressed Envelope for 
our list of unusual Radio} 
Electronic Spares at 
ridiculous prices 

JACK PORTER LIMITED 
EST, 1928 

30/31 COLLEGE STREET 
WORCESTER 

EDUCATIONAL 

B.8c.(ENG.), A.M.I.Mtch.E., A.M.I.E.R.E. City 
&. Guilds, etc., on "Satisfaction or Refund of 
Pee" terms. Wide range of expert Home 
Study Courses la Electronics, Computers, 
Radio, T.V., etc. 156-page Guide — FREE. 
Please state subject of interest. BRITISH 
INSTITUTE OF EXGIXEF.RIXG TECH- 
NOLOGY, 124k College House, Wright's Lane, 
London, W.S. 

Full-time courses In RADAR and RADIO- 
TELEGRAPHY for prospective marine Radio 
Officers. Govt. approved exam, centre. 
Also courses In basic ELECTRONICS, RADIO, 
TELEVISION and COMPUTERS. 
Apply;—Director, British School ot Telegraphy, 
20 Penywtm Read, Earls Court, London, 8.W.6 

HOME STUDY COURSES in Practical Elec- 
tronics. Free Brochure without obligation 
from: BRITISH NATIONAL RADIO 

• SCHOOL. Reading, Berks. 

A.M.t.Meeh.E., A.M.f.E.R.E. City & Guilds, 
G.C.E., etc. Become a Technician or Techno- 
logist tor high pay and security. Thousands 
of passes. For details of Exams, and Coursee 
In all branches of Engineering, Building, 
Electronics, etc., write for 156-page handbook 
•—FREE. B.I.E.T. (Dept. 123k), London, W.S. 
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EDUCATIONAL 
(continued) 

STUDY RADIO, TELEVISION AND ELEC- 
TRONICS with the world's largest home study organisation. I.E.U.K., City & Onlids, 
Il.T.E.B., etc. Also Practical Courses with 
equipment. All books supplied. Write for 
FREE Prospectus stating subject to I.C.S. 
<Dept. 577), lotertext House, Parkgate Road, London, S.W.11. 

SITUATIONS VACANT 

EARN AS YOU LEARN 
A NUMBER of young men, aged 17-21, 
required with electrical or electronics 
background. 
APPLICANTS will be introduced to the 
latest transistorised equipment and will be 
trained in prototype construction, testing 
and fault linding. 
GOOD rates of pay according to experience. 
We are however, prepared to accept 
applicants with little or no experience as 
long as they want to get ahead, and would 
like to form part ol a vigorous team with 
an expanding young company operating 
in the exciting solid state field. 

Apply in writing or phone:— 

Solid State Controls Ltd. 
30-40 Dalling Road 
London, W,6 
Riverside 2437 (3 lines] 

RADIO TECHNICIANS 
A number of suitably qualified 
candidates will be required for training, 
leading to permanent and pensionable 
employment. (Normally at Cheltenham but 
with opportunities for service abroad or 
appointment to other U.K. establishments 
including London]. 
Applicants must be 19 or over and be 
familiar with the use of Test Gear and 
have had Radio/Electronic workshop 
experience. They must offer at least "O" 
level GCE passes in English Language, 
Maths and/or Physics, or hold the City 
and Guilds Telecommunications Technician 
Intermediate Certificate or equivalent 
technical quaiificalions. 
Pay according to age, e.g. at 19 £747, 
at 25 £962 (highest age pay on entry) 
rising by four annual increments lo £1,104. 
Prospects of promotion to grades in 
salary range £1,032—£1,691. There are a 
few posts carrying higher salaries. 
Annual Leave allowance of 3 weeks 
3 days, rising to 4 weeks 2 days. 
Normal Civil Service sick leave regulations 
apply. 

Apply 
Retruilment Officer (RT/54] 
Government Communicalionj Headquarters 
Oakley 
Priors Road 
CHELTENHAM, Glos. 

SITUATIONS VACANT (continued) 

PROFESSIONAL FIRM in London requires 
assistants to edit and revise, Patent Speclflea- 
tlons, In the electronic, electrical and 
mechanical fields. Applicants must be British 
subjects and should be of O.X.C. to Inter B.Sc. 
standard: Starting salary In range £800-^.950 
depending on age and qualifications. Applica- 
tions In own handwriting to Box 668 REY- 

ELL'S, 88/99 Chancery Lane, W.C.2- 

ELECTRICAL/ELECT RON ICS TECHNICIAN 
required for employment In Mechanical 
Engineering laboratories. Salary, according 
to age and qualifications, within the scale £940 
to £1,230 per annum. Apply, in writing, 
quoting reference MSX to the Secretary, 
BOROUGH POLYTECHNIC, Borough Road, 
London, S.E.I. 

Can Earn £20+ per week 

TRANSISTOR RADIO SERVICE 

ENGINEERS 

Applicants must have practical experience in all types of 
Transistor Receivers. 

Write or phone for appointment to 

Mr. H. GEE 
Perdio Products Ltd. 

Lowfher Road, Stanmore, Middlesex 
Telephone: Wordsworth 0020 

ICS 

TECHNICAL TRAINING by 

IN RADIO, TELEVISION AND 

ELECTRONIC ENGINEERING 
First-class opportunities in Radio and Electronics await the 1 C S trained man. 
Let 1 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: 
• INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
• C. A G. TELECOMMUNICATION TECHNICIANS' CERTS. 
• C.& G. SUPPLEMENTARY STUDIES. 
• 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 COURSES. 
Build your own 5-valve receiver, transistor portable, signa! generator and multi- 
test meter—all under expert tuition. 
POST THIS COUPON TODAY and find out how I C S can 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 

A WHOLE WORLD 
OF KNOWLEDGE 

AWAITS YOU ! 

International Correspondence Schools 
{Dept. 152). Intertext House, Parkgate Road, 

London, S.W.I I. 
NAME 

Block Capitals Please 

ADDRESS    

9.66 

CONTINUED OVERLEAF 
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SITUATIONS VACANT (continued) RECEIVERS AND COMPONENTS 
(continued) 

YOU TOO CAN 

MAKE A CAREER IN 

AUTOMATION... 

. . . if you grasp this opportunity to train as an IBM 
Engineer, in the Data Processing Division's Machine 
Overhaul Centre at South Ruislip, Middlesex. After 
studying at the nearby Engineering Education Centre, 
you will gain progressive experience through overhaul 
and repair of punched card machines. There will be 
further opportunities to progress to electronic com- 
puters if you show the necessary aptitude and ability. 

There are openings NOW for several men who: 

1. Have an aptitude for the repair, adjustment and 
testing of light mechanisms and electrical circuits. 

2. Are studying for or have ONC/HNC (Electrical or 
Electronics). It would be an advantage if applicants 
have radar or tele-communications experience. 

3. Think logically and clearly. 

4. Are between 18 and 30 years of age. 

Experience in this type of work would be an advantage. 
Starting salaries will be in the range of £700-£1l000 per 
annum. The Company runs non-contributory Pensions 
and Life Insurance Plans: working conditions are good 
and the prospects for able men are excellent. Write for 
Personal History form to: Miss S. A. Jones, Personnel 
Selection Dept., IBM United Kingdom Limited, 101 
Wigmore St., London, W.1. quoting reference C/PE/497 
on letter and envelope please. 

IBM 

RECEIVERS AND COMPONENTS 

ELECTRONICS ENGINEERS 
Intermediate and junior development 
and test engineers required by young 
and expanding Electronics Company. 
Some knowledge of transistor 
techniques necessary. 
Please apply to; 
Chief Engineer 
DJ.M. Production & Development Ltd. 
Winchester House 
Chertsey Road 
St. Margarets 
Twickenham 
Telephone: POPesgrove 6234 

LIGHT REACTIVE SEMICONDUCTORS 
OCP7I 19/6 (or equivilant ® 9/6) OfiPlZ 91-. Photo-power ti-ansijtors with circuits 30/- each. ONLY TYPE iN ENGLAND. 300 mc/. PLANAR 2N706 4/9 each or 2 for 8/-. BY 100 Mullard branded 5/-each. Try us for Mutlard transistors: OC75 @ 4/-, ACI2B ® 4/-. Just,two' examples, wo have many popular types. SILICON CONTROLLED RECTIFIERS 400 p.i.v. 7 amp 2716. THERMISTORS KS3IW @ I/-, CIS type 5/-, cheapest anywhere 1J We cannot print our whole catalogue hero but 6d stamp will bring you one. Nine full pages, every device you need, including;^ OUR FAMOUS 15 TRANSISTORS FOR 10/- OFFER. Thousands of packets sold: Audio types, R.F. types or Switching types, state preference. Includes postage and packing! I 

L.S.T. COMPONENTS 
23 NEW ROAD. BRENTWOOD, ESSEX 

Re & R. RADIO & TV SERVICE 
Dept. P.E. 

44 Market Street, BACUP. Tel. 465 
SALVAGE VALVES 

6FI3 *6 PCC84 41- 
6Ft5 5/- PCF60 41- 
6K25 10/- PCL83 51- 
6U4GT 5/- PL81 51- 6BW6 5/- PL82 41- 6/30L2 5/- PL83 41- EB9I • /- PY8I 3/6 
EBFSO 5/- PZ30 51- 
EFflO 1/6 U801 7/6 
EF9I 216 U301 6/- 
EF85 5/- U329 51- 
eccsi 41- I0PI3 5/6 
EY86 41- I0P14 SI- 
ECL80 41- PY800 SI- 
20P3 5/- 20D1 21- 
20P4 7/6 20PS 6/6 
30FS 51- 30FLI 6/6 
30PLI 51- 30PI2 51- 
EF37A 7/4 30P4 7/6 
PUS 216 PVSl SI- 
PY33 7/6 PYsa SI- 

Postage on valves 6d.—3 or more post free, 
■ 1 Pole 8-way switch, complete with 8 resistors 2 
® IK, 2 @ 15K, one each of 22K, 15K, I8K, 
6.8K. 3/6 inct. post. 
Fireball Tuners less cover cans otherwise O.K. 
8/6dpost paid. Speakers ex T.V. 6 X 4 inch 
3/6d. 8 inch md 7/6 post 2/3dL Meters 2 inch 
rod 1*5 ma D.C- ex equip. IS/- post 3/-. 
New Valves, 
6K8, 6R7 4/6d. 
6K7, 6F6, 6B8G 3/-d. 
S.A.E. with all enquiries. 

SPECIAL OFFER 

I Watt S.T.C. 300 MC/S N.P.N. 
S i I icon Plane r. 100 % Transi stors. 
Limited Stocks. £ I for 6, 

3/- each. OC44, OC4S, OC70, 
OC7I, oca I, OC8ID, OC200, 
Get 16. Get 20. 

4/- each. AFI14, AFI IS, API 16, 
API 17, OCI70, OCI7I. 

5/- each. OCI39. OCI40, Get 
7, Get 8, Get 9. XCI4I, BYI00, 
OAlll. 

SUN SOLAR CELL KITS 
24 Page Booklet on Experiments 
inc. 4 Solar Cells II/- Set. 

G.P.O. DIAL TELEPHONES 
20/- each. 35/- pair. 

Send 6d. for full lists: inc. S.C.R. 
Zeners. 

C u r s o n s 
78 Broad Street 
Canterbury 
Kent 
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RECEIVERS AND COMPONENTS 
(continued) 

MISCELLANEOUS 
(conlimed) 

SERVICE SHEETS 
fconfinuedj 

COMPONENTS BONANZA! S.A.E. fot big list! 
A. J. BASSETT, 23 Park Koad, Chorley, 
Lanes. 

F1BST GRADE SEMICONDUCTORS 
2N2926 0 55-110 ® 4/3 0 90-100 ® 4/6 2N2926 0 150-300 ® 4/9 0 235 470 @ 5/6 OC4S, 4/-; OC7I, 4/6! 2NI302 5/-; 2NI 303, S/-j 2N696, 10/-: 2N706, 7/6; OC36 10/6: OCB3, 5/6; DIODES BY 100, 5/- AMD 6/6 S.C.R. C22D 400 P.I.V. 7.4 smps @ 35/- U.).T. 2N 2646 to trigger S.C.R C22D ® 13/6 

MILLS ELECTRONICS 
I UII»w«tor Road. Lovento'ck Green Hemel Hempitead, Hertfordshire 

C.W.O. Post Free S.A.E. List Mail Order Only 

COMPONENTS, VALVES, TRANSISTORS, rtc. 
Call or send 6d. for list. ROGERS, 31 Xelson 
Street, Soutbport. 

A NEW DIMENSION' 
In ECONOMY and RELIABILITY 
The»e new Silicon Planar NPN ceramlc/opoxy resin transistors give extreme reliabliity at a new low cost. Electrically equivalent to the popular 2N2926, the CS2926 has a dissipation of 300m W max. (an increase of 50%) and has the standard TO-18 terminations. Prices ond selections ore os fallows: red, 055 to I 10 3/6 orange, 090 to 180 3/9 yellow, fll50 to 300 4/- green, 3235 to 470 4/9 This encapsulation is additionally useful (or model control and other applications involving severe vibratlon- S1LICON Power Transiitorf, type 40250, 50V. 29W max,, or I6W ® I00°C case. 17/- PN P planar. 2N3702.3150-300, 6/- AIso UHF. HV and ultra high gain silicons in stock Photoeonductlve cells, very sensitive, 5/3 Resistors, new, )W, 50„.4-7fl to I0M. 2/3 doz. Rectifiers, BY238.850V P|V, JA, 4/6 

ELECTROVALUE 
6 Mansfield Place • ASCOT • Berkshire 

SEMICONDUCTORS. Close equivalents: 0035 
4'9j OC'72 2 OC'I70 2 6; 0044 2/-; OC71 
1/9; BV100 4'3: OA70 fld. P. ^ P. M. 
A P. 1VISK, 19 Harbeck Rd., Bournemouth, 
Hants. 

COMPONENTS POSTAL SERVICE 
★ SWITCHES —Quality push-buttcn and 12 way rotaries made to order. Send details for quotation, 
★ SLIDER SWITCHES—Professional grade D.P.D.T. Special silver contacts. 2 off... 5/9 
★ POTENTIOMETER S—SK Preset 2 off  - -  3/3 
★ RESISTORS—S% Hi-Stab Carbon Film 750 to IMD (1 watt); 10 off, one preferred value       4/. 
★ CAPACITORS—Polyester Foil; 160 VDCf 100 VAC. 33 pF to .l#iF J off, one preferred value 3/6 .15/tF to .47/iF:S off, one value ............ 5/- 
★ ASSORTED RESISTORS—Hi-Scab. 300 off (S0a or better, worth £3)   15/- (P. & P. 1/5 per order, C.W.O.) 

ELMBRIDGE INSTRUMENTS LTD. 
36 Gsnghill, Cuildford, Surrey 

1 WATT TRANSISTOR AMPLIFIERS SI. 
Push Pull Output, Complementary Symmetry, 
Matches 15 n Speaker, Transfonuerg not 
required, British Make, Size 2|* x 1' x 1", 
9 volt battery operation. ROBERTSOX, 
38 Silverhill Dr.. Denton, Xewcastlc upon 
Tyne. 5. 

MISCELLANEOUS 

"P.E." A.C. Mitllvoltmeter. Flash Guns 
Beam Snitching Unit. Photographic Procea. 
Timer. Computer for Xim. Thyrlstor Control 
Unit and all constructional projects going back 
to Issue i. S.A.E for Itemised price lists. 
Please state lists required. AJAX ELEC- 
TRO X ICS, 18a Rumbold Road, Fulham, 
London, S.W.6. 

CONVERT ANY TV SET Into an Oscilloscope. 
Diagrams and Instructions, 12/6. REDMOND, 
42 Dean Close, Portalade, Susses. 

PRINTED CIRCUIT BOARDS only ad. sq. In. 
Component bargains. S.A.E. lists. BBBJAY 
ELECTROXICS (P.E.) 106 Reddicap Heath 
Road, Sutton Coldfleld, Warwickshire. 

■■EZ3352M 4'" ..wmMKLe 
Black »amo p'loa *• Hammor t.nlalwi tM« out main ■dvun., i>g0*l_6B0 

TRANSFORMERS Rewound. -Output or 
mains. Specials made to order. Reasonable 
prices. S.A.E. enquiries. RATCLIFFE, 27 
Station Road, Holmflrth, Yocks. 

BERNIESOUNO (AUDIO ENGINEERS) 
Design-Build-Repair-Modify 

All types of Electronic Equipment 
For estimates write to:— 

Mr, Brown, 1 Elfie Place, London, S.W.6. 

SERVICE SHEETS 

SERVICE SHEETS for all makes Radio, T/V, 
Tape Recorders, 1925-1966. Prices from 1/-. 
Catalogue 6,000 models, 2/8. Free fault- 
finding guide with all sheets. All types of 
Valves, Components, Books, S.A.E. lists. 
Please send stamped addressed envelope with 
all orders/enquiries. HAMILTOX RADIO, 
Western Roa.d, St. Leonards, Sussex. 

SERVICE SHEETS 
4/- each, plus postage. 

We have the largest supply of Ser- 
vice Sheets for all makes and types 
of Radios and Televisions, etc. In the 
country. Speedy Service. 
To obtain the Service Sheet you 
require, please complete the at- 
tached coupon: 
From: 
Name;   

Address:       

To; S.P. DISTRIBUTORS 
44 Old Bond St., London, W.I 
Please supply Service Sheets for the 
following: 
Make:     

Model No.:    Radio/TV 
Make:       

Model No.:  Radio/TV 
Make:     

Model No.:  Radio/TV 
I also require the new 1966 list of 
Service Sheets at 1/6 plus postage. 
(please delete items not applicable) 

/ enclose remittance of    
which includes peseage 

MAIL ORDERS ONLY sepe.PE 

CIRCUIT, CDMP., VALUES, Avo model 7. 2/6 
plus S.A.E. T BLR AY, MaudJand Bank, 
Preston. 

STATE MODEL NO. Radio 1/6. TY 3/-. 
S.A.E. DARWIN, It) George Street. St. 
Helens, Lanes. 

E* N.E.V., C.C.T.V. Camera and Monitor 
Circuit Diagrams. S.A.E, for list. LOWE, 62 Browns wood Road, London, X.4. 

ABC's of SILICON 

CONTROLLED RECTIFIERS 
An introduction to SCR's explaining what 
they can do and how they doit, by Lytel. 17/- 

ELECTRONIC GUITAR AMPLIFIER 
HANDBOOK, by Darr. 25/- 
ABC'a OF COMPUTERS, by Lytel. 17/- 
PROXIMITY DETECTORS AND 
METAL LOCATORS, HOW TO 
BUILD, by Shields. 21/- 
UNDERSTANDING DIGITAL COM- 
PUTERS, by Benrey. 17/- 
TRANSISTORS IN LOGICAL CIR- 
CUITS, by Altes. 17/- 
CIRCUITS FOR AUDIO AND TAPE 
RECORDING, by Judd, 8/3 
PRACTICAL OSCILLOSCOPE 
HANDBOOK, by Turner. 26/- 
FUNDAMENTALS OF DATA PRO- 
CESSING, by Lytel. 41/6 
TRANSISTOR SPECIFICATIONS 
AND SUBSTITUTION HANDBOOK, 
by Techpress. 16/. 

All prices include U.K. postage 
Where possible 24-hour service guoronteed 

UNIVERSAL BOOK GO. 
12 LITTLE NEWPORT ST., LONDON, W,C.2 

(Leicester Square Tube Station) 

10W SILICON AMPLIFIER PACKAGE: 
30/- 

The very latest! Matched set.of 5 silicon 
transistors and two stabilizing diodes, to 
make I0W transformerless audio amplifier 
with guaranteed performance. Flat 30- 
30,000 c/s. ISfiload. Sensitivity 100mA. 
Distortion under 2% at 8W. Works from 
40V, 400mA supply. Circuit and data 
supplied. Brand new transistors in makers' 
package (SGS Fairchild). Price 30/. U.K. 
post paid. 
Silicon Planar Transistors :2N2926,3 = 90- 
160, 4/-; 150-300, 4/6; 235-470, S/6. 
2N3702 (PNP Class B) 5/6; 2N3707. 3 
= 100-500 at 100mA. Low noise, </-. 
2N3704. Pc=360mW.6/-. T1407.450Mc/j 
cut-off. low noise h.f. amp. 7/-. Comple- 
mentary matched pairs 2N3702/3704 II/- U.K, post paid. C.W.O. Mail order only. 

AMATRONIX LTD. 
398 8ELSOON RD., CR0YD0N, SURREY 
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HI-FI, FJW. 

AND TAPE 

10/- BARGAIN SALE! 10/- 

10/- 20 Assorted Transistor Eiectrolytics. 
10/- 3 Television Smoothing Condensers. 200/100, 200/ 

AND REC0RDAKITS 

0^ 

20 WAH INTEGRATED 
STEREO 
ADD-ON UNIT SYSTEM 
P.M. TONER 
THE EASY WAY 
Coupcn bring: l«est lenHets 
From good Uock'att 
avrYwhore. 
Martin Electronics Ltd 
184-165 High Si, Bnntlord, 
Middltw*. ISLewarth II6II2 

MARTIN AUDIOKiTS comprise »n in- geniously designed series of fully-tren- sistorlted units by meant of which you can build op a hi-fi assembly atarting wish a simple mono amplifier system and adding to it to make a fully integrated 20-wicc stereo installation, for well under £30. This can be used with low output as we II as crystal pick-ups, radio, tape-heads, microphones, etc. Building, it pleasantly easy. Quality is outstanding. Other units include P.M. Tuner and new complete am- . plifier assembly for Magnavox 363 Tape deck. 
TO BUILD AND SAVE 

1 MAHTIN ELECTRONICS LTD. ' . 154-155 HIGH ST., BRENTFORD, MIDDXl | Martin Leaflet on Audiokiu Q 
. FM Tuner Q, NewRecordalcitt Q, please . 
j NAME    J 

ADDRESS    

10/- SO assorted \ Watt 5% Resistors. (Long leads), 
10/- 100 assorted low wattage types (including printed 

circuit). 
10/- 100 assorted £ watt to 3 watt (10 cards each of 10 

resistors). 
10/- 100 assorted Silver Mica/Ceramic Condensers (mixed). 
10/- 50 ASSORTED PAPER CONDENSERS -001 to -Suf. 

500 volt. 
10/- 100 miniature paper condensers (mixed). 
10/- 50 untested transistors, 
10/- 6 Switching Transistors NPN type. Min. 200 m/cs. 
10/- 6 Switching Transistors PNP type. 
10/- ACOS mono pick-up head. 
10/- 3 miniature earpieces. 
10/- 20 DIODES. VERY HIGH QUALITY. 
10/- Magnetic Lapel Microphone with plug and lead. 
10/- 3", 4* or 5" loudspeaker. Low impedance. 
10/- Signal Injector. Parts and Circuit to make. 
10/- Motor Car Rev. Counter. Parts and circuit (exd. 

meter). - 
10/- 12 pre-set pots. 10ohm., 50K. ohm., IK. ohm., mixed. 
10/- FREE! 10/- FREE! 10/- FREE! 10/- FREE 
10/- ANY ELEVEN ITEMS FOR £5/-/- ! 10/- FREE ! 

Rush your order now! These prices cannot be repeated! 

G. F. MILWARD 
17 Peel Close, Drayton Bassett, Nr. Tamworth, Staffs. 

Phone; TAMWORTH 2321 POST ONLY 

WENTWORTH RADIO 
GENUINE HIGH QUALITY COMPONENTS 

GENUINE LOW PRICES 
OC44 
OC72 
OCSI 
API 15 
OC26 

2/6 
2/6 
2/6 
4/6 

10/- 
MAT 100 7/9 
MAT12i 8/6 
OC45 2/6 

OC77 3/- 
OC200 3/3 
API 17 2/6 
OC35 10/- 
MATIOI 8/6 
OA9S I/- 
OC7I 2/6 
OC8ID 2/6 

ACI28 3/3 
OCI70 3/- 
GET573 12/6 
MAT 120 7/9 
BY 100 6/- 
AFII4 
AFH6 
OCI72 
OC20I 

4 PIN TRANSISTOR SOCKETS 9d. 
MINIATURE POTS. LIN. 5KCI. I0K, I0KLOG, 25K 

 We welcome enquiries for all types of components. Lifts. S.A.E. 

4/6 
4/6 
4/6 

10/6 

JACKSON "00 
TUNERS 

JOflPF- I76PF with SCREEN 
and TRIMMERS 
ONLY 7/6 
P.F. 1/3 each. 

ADI40 10/- 
250MW ZENERS 

la Wontworth Court, Alston Road, Barnet, Herts 
BAR 3087 

RETURN OF POST ORDER AND QUOTE SERVICE 
J • iW RESISTORS I0O.22M 2d. 
iVW 10% MINIATURE 100 - IM 6d. 

CERAMIC CAPACITORS 4d, 30/- 100 ' 
SILVER MICA I0PF-I000PF 6d. 

HI-STABS I % 1W I/- 
MINIATURE TRANSISTOR ELECTROLYTICS, 
FULL RANGE 1/2. MAGNETIC EARPIECES 

WITH PLUG 3/-. CRYSTAL 4/4 
50K, I00K, 250K, 500K. IM, 2M. 2/- each 
Terms, cash with order. P.P. add 94. for orders under £2 

MINIATURE 
CRYSTAL 

EARPIECES 
COMPLETE WITH 

LEAD 
1/6 each 
P.P. 6d. 

OA70 2/- 
4/- each 

DIGITAL (OMPUIER 
A simple digital Adder/Subtractor using twitches 
and lamps only. A fascinating demonstration of 
Binary Arithmetic. Full circuit, with notes on 

the Binary System 3/6, post free. 
1% WIREWOUND RESISTORS More stable than High Stability Carbon, these 

resistors are ideal for instruments. Your value 
wound to order I ohm to 5,000 ohms 1%, 3/3; 
i%, 3/6; up to 20kn 1%. 4/6; {%, 4/9. Special 
prices for quantities of one value, manufac- 
turers' enquiries welcomed. 

iW 1% HIGH STAB. CARBON 
RESISTORS 

Good stocks held, with most special multimeter 
values, 2/- each, lOQ to I0MQ. Stock list 
tor s.a.e. 

PLANET INSTRUMENT CO, 25(E), DOMINION AVENUE, LEEDS 7 

BATTERY ELIMINATORS 
The Ideal way of running your TRANSISTOR RADIO. RECORD PLAYER.TAPE RECORDER, AMPLIFIER, etc.. Types available: 9y; 6v: 4iv /single output) 39/6 each. P. & P. 3/9. 9v + 9vj 6v -f-fiv; or 41 v + 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-CsS. PRODUCTS (RADIO) LTD. (Dept.P.E.), II Oliver Road, London, e,l7 

— "PRACTICAL ELECTRONICS" — 
CONSTRUCTIONAL DESIGNS All specified 1st grade Components, compiete MeUlwork, full range of Materfafs, engraved 

Lfj. Ancillary Cquipmenc and Astern- S Si fists avoUoble for each F.E. Censtruct/onaf Article. PIcosc send 6d. in stamps for each design 
MALVYN ENGINEERING WORKS 
£Htin€ert to U* ii<UHo and Xletlronic JnduiMn 

7 CURR1E STREET. HERTFORD, HERTS 
TEIEPBONB ; BERTfOSB 2284   

BUHD THIS 27mcs 
REMOTE CONTROL TRANSMITTER 

Kif of Paris 
excl. case £8.10.0 

1 watt output. Crystal control. 
miles ground range. 

Printed Circuit 
All transistor. 
Tone modulated. 

Type 200/PE 
TCI ED A m A 325/7 Fore Street TELERADlO tendon, N.9 

Radio Control Specialists 
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YOURS FREE™7O*ys 

The New Picture-Book way of learning 

n A ELECTRICITY(5 VOLS.) 

D#\9IW ELECTRON ICS (6vols) 
You'll find it easy to learn with this outstand- 
ingly 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. 

The scries will be of 
exceptional value in 
training mechanics and 

technicians in Electricity, 
Radio and Electronics. 

WHAT THIS MONTH'S 
ENTHUSIASTIC READERS SAY 

/ have viewed a number of such books in an effort to obtain 
the necessary knowledge for the layman to understand easily, and 
find that only your own publication can do this, and does so very 
well indeed. .D. E. TROWBRtDGE 

.. I find that the new pictorial method is so easy to under- 
stand and I will undoubtedly enjoy reading the following five 
volumes, thank you for a wonderful set of books..." 

C. B., LONDON 
A TECH-PRESS PUBLICATION 

To Seiray Book Co. 
60 Hayes Hill, Hayes, Bromley, Kent 

Please send me Without Obligation to Purchase, Basic Electricity/Basic. 
Electronics on 7 Days' Free Trial. I will either return set, carriage paid, 
in good condition within 8 days or send down payment of 15/- {Basic 
Electricity) followed by 6 fortnightly payments of 10/-. Down payment 
of IS/- (Basic Electronics) followed by 6 fortnightly payments of 12/6. 
Alternatively. I will send 68/- (Basic Electricity—5 parts). 81/-(Basic Electronics—6 parts) post free. This offer applies to United Kingdom 
only. 
Tick against set required (only one set allowed on free trial). 
BASIC ELECTRICITY □ BASIC ELECTRONICS □ 
Signature.. 

(// under 21, signature of parent or guardian) 

id 

Name    
BLOCK LETTERS BELOW 
FULL POSTAL 
Address  _____ 

P.E.9 

SILICON RECTIFIERS I.R. IN2374 
lOOOv. 2S0mA d/dd. P.P. t/-. Westing- 
house S10AR2 lOOOv. eOOmA 9/6d. 
P.P. I/-. 

RESISTORS 100 well assorted values and 
types, iw. tolw., 1% to 10%, hy-stabs, 
etc. A super buy at 7/<d. P.P. l/6d. 

CAPACITORS Parcel of 100 well assor- 
ted silver micas, ceramics, papers, 
electrolytics. air spaced variables, etc. 
10/-. P.P. l/6d. 

VALVEHOLDEHS 
B9A paxolin. 2/- per dozen. P.P. l/6d. 
I/Octal low-Ioss ceramic II for 10/-. 
P.P. l/-i UX4 low-loss ceramic. 6 for 
9/-. P.P. I/-. HEADPHONES German made with 
cushioned ear pads. S and 2000 ohm 
versions. 29/-. P.P. 2/-. 

MARCONI CRYSTAL CALIBRATOR 
No. 5 MKtl. I Mc/s precision [crystal 
calibrator complete with spares and 
handbook. Brand new In transit ease. 
£7. lO.D.Carr. 10/-. 

POTENTIOMETERS 5 kilohm linear, 
I OK lin, I5K lin, 50K lln. I0OK lin, 250K 
lin, IM log. 1M tin. 2M log, 2M lin. I/- 
each. P.P. 6d. 
With double pole cwitch 500K tog, 
IM log, I -SM log, 2/- each. P.P. fid. 
With single pole switch (OK lin, 
50K lln. 2/- each. P.P. fid. 
Pre-set potentiometers 5K lin. 2S0K 
lin, 300K lin. SOOK lln, l-SM log. 2M lin. 
I/- each. P.P. fid. 

RADIO AMATEURS' EXAMINA- TION MAN UAL 5/9d. post paid. 
COMMUNICATIONS RECEIVERS 

RG-I £37.10.0, HaMicrafters S38E £15, 
Eddystone 888 £59. Marconi CR150 £35, Hallicrafters SXI40 £27.10.0, B.C.A. 
AR-88D £55, etc. A large selection 
always in stock. 

BRIAN J. AYRES & CO. 
Dept. EA, 8 Hartfield Road 

Wimbledon, London, S.W.I9 
Telephone: Wimbledon fiOfil 

NEW RANGE U.H.F. AERIALS FOR 

BBC 2 (625) line transmissions 
All U.H.F. aerials now fitted with tilting bracket and 4 element grid tefleclors, 1 
Loft Mounting Arrays, 7 element. 35,'-. U element. 4SI6. 14 element. 30'-. IB feletnent, 57/6. Wall Mounting with Cranked Ann, 7 element, 661-. 11 element, 871-. 14 element. 75/-. 18 element. Hilt. Mast Mounting with 2ln. clamp. 7 element, 42/8: U element. 55/-! 14 element, 62/-: 18 element. 70/-. Chimney Mounting Arrays, Complete, 7 element, 72/8; U element, m-i 14 element, 87/6:18 element. 85/-. Complete assembly Instructions with every unit. Low Loss Cable, 1/6 yd. U.H.F l»re- ampn from 7$-/. State clearly cbannel number required on all orders. 

BBC • ITV ■ P.M. AERIALS 
BBC (Band 1>. Telescopic loft, 21/-. External S/D, 39/-. 
"H", C2.10.9. 
ITV (Band 3). 3 element loft array, 25-/. 5 element, 35/-. Wail mounting, 3 element, 35/-. 5 element, 45/-. 
Combined BBC/ITV. Loft 1+3, 41/3: 1+5. 48/8: Wall mounting 1+3. 58/3? 1+5,63/9: Cbinraey I +3,63/9; 1 +5.71/3. 
VHF transistor pre-amps from 

P.M. (Band 2/. Loft SfO. 12/8. "H". 39/-. 3 element. 52/6. External units available.,Co-ax. cable, 8tl. yd. Co-ax. plugs, 1/3. Outlet boxes, 4,'8. Dlplexer Crossover Boxes, 12/8. C.W.O, or C.O.D. P. & P. 4/6. Send Sd. stampsjfot illustrated lists. 
Quotations for special arrays available on request 
K.V.A. ELECTRONICS (Dept. p.e.) 

27 Central Parade, New Addiogton 
Surrey 

LOD 22U 

VARt 

STAT 

thermostatic 
soldering iron 

for oontrolled temperature 

Hiniatore Motlel 50 watt 55/-" 
fitstrument Model 70 watt Hk. 1 (Micro-Switoli} 
79/6 
Instmnieflt Model 70 watt Hk. 11 (Magnetic 
Contact Breaker) 72/- 
Both Models give excellent bit and element life since the chermosut completely eliminates overheating and controls the reserve heating capacity, which makes possible concinuous soldering without chilling of the bit. The consistent temperature makes these irons Ideal for printed circuit work. 

CARDR0SS ENGINEERING 
CO. LTD., W00DYARD ROAD, 
DUMBARTON. 
Tel.: Dumbarton 2655. 
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ASTONISHING LOW PRICED RADIOS & KITS FROM CONCORD 
New RADIO Anyone Can Build 
in 2.3 Hours | A f £ 

ONLY I 7/0 
!E V E H THE 

i D E E 
fOHlLDREH Ibpiu) them: 

.. no solderiug 
J—nnly 16 connec- Uoiwt Thea bear It reach out briag- , c ^ in srailoii 

Eafter station. ■4i-X25-X Jr. Many Testimonials:—.W.W. of Brnrlford. trrltet; / hare futl mmplrlrd our of your trlt tHtmrfully. il It the Jim llmr J harr rrer fnei'led aHi/thing like a radio and / in'til afote here and woir, / am ainmed hotv e.aay it i* to a layman like «ie. Your Inalruelloni and plan hare obcioiiely'ireii wry catefnlly Ihonyhl out to thai even the moat dim ran follow them . . 19/8 plus 8/6 post, etc. 

MAKE 

DIFFERENT 
TSANSISTOi? 

RADIOS 

35- 
Aiimtliig Rmllo Construction Wet: Become B nulio exiwrtfor 35/-. A complete Home Riullo Coarse. Xo experience neeiied. Parts lucluiie Inslructlons (or-each design, Step-hy-Etep plan, all Transistors. Jnadspeaker, personal phone, knobs, screws, etc., all you need. Box size H' X10"X 2' (pnrta available separate). Originally 46. HOW 35/- plus 3/6 p. & p. 

UNIQUE NEW FULLY 
PADTARI c TRANSISTORISED rUKIAbLb ready built 
RADIO sow A PEACTION 
Ot THE HOSMAL O ft I 
PRICE. OBIAT OO/" 
WHT PAY MORE. AllthelstSBt 
reflnemenla are packed Into this 
new MXXTI STAT10X AI.I. 
transistor radio — the Internal 
aerial picks np even remote stations 
and the powerful hulltdn speaker gives room 
filling volume. Indiridoal tuning, first 
reception. Purchase with eonfldence—packed 
In original nsanuiacturers' cartons. 
IBertona! earpiece and ballery, 4/6) 
Send 35/- plus 4/6 P. & P. 

(Man Older Only) 
CONCORD ELECTRONICS LTD • (Depi.POB) 87-89 TABERNACLE 8T • E.C.2 

ASTONISHING CIGARETTE 
ONLY RADIO I 
18/6 

Yes n perfectly iirdluary packet ot cigarettes.1— but It fetches in j station utter j station, loud andi clear! Holds 10 £ Ogarettes — yet;] cleverly conceals highly sensitive, iully transiatorised circuit (lucl. tluy battery). Even o young boy can assemble It in under 2 hours- Jio BOfdcrlng. No experience necessary. Only 18 Connec- tions. Prom our bulging testimonial Ble, Mr. I), B. o£ HnddersBeld writes:—.. / Iiaae flffed i/ieporlt hi and il la worklno wonder- fully . . A LI. PARTS Including Semi- conductors, A.B.C. Plans, etc. ONLY 18/8 plus 2/8 post, etc. 

DE LUXE PLAYERS 
d-Speed Players H-tons Ctilnels 17xlBx8)in, High flux Isndspeaker tad High Quality AmpUflen ready hullt. Quality output. Volume and Bass controls. All ifenu fit together perlectly. Special Initruotiona' enable asaembly in 30 minutes, only 6 wires to join. 12 montha' fuatantee. 

TO BUILD 
YOURSELF 

Portable Cabinet 69,«. As iliortraled. To fit any standard player or auto- changer. . ECS 3 watt amplifier 69/6 Ready made and tested. Complete with tlCL82 triode pentode valve and loudspeaker. SWQLE PLAY OHITS B3R Junior 23. 9.8 BSE OUT 24.19.8 Oarrard SRPI2 24.19.8 flarrarf SP25 210.19.8 Canard A7a 219.19.8 Oarrard LAB80 224.19.8 Oaxrard 401 229.19.8 

POST 
FREE 

Superior Amplifier 89/8. Beady made and tested Guaranteed better sound! Bully isolated AC Mains Translormer 4 wait out- put. ECL98 (rlode pentode valve. Yolnme and tons controls with knobs. High Flu* Quality Load- speaker. ADTOCHASOE HHXTS BSR Monarch 24.19.8 Osnari 1000 26. 9.8 Oarrard 2000 28,19.8 Carratd 3000 28. 9.6 Oarrard AT60 with diecnat turntable 210.19.3 

NEW ELECTROLYTIGS FAMOUS MAKES 
TCTBHLAR THBDLAE CAN TYPES 2,350 v. .. 2/3 100/26*. .. 2/ 8/800*  9/- 4/3S0*. .. 2/3 250/26*. .. 2/8 16/600*  12/- 8/460*. .. 2/3! 600/16 *. 3/- 16+18/600*. 7/8 18/450 v. .. 3/- 8 + 8/460*. 3/8 32 + 32/450*. 6/- 32/450». .. 3/8* 8 + 16/4503/9 50 + 60/350 *. 7/- 86/26 v. .- 1/9 18+18/460*. 4/3 64 + 120/860 v. 11/8 60/60*. .. 2h 38 + 32/360*. 4/8 100 + 200/275 v.12/8 

PAPER TDBULAES 
860*.-0.1 Bd., 0.51/9; 1 mid. 8/-; 8 mfd. 150*. 3/-. 600t.-0.001 to 0.05 9d; 0.11/-; 0.26 1/6; 0.5 2/8. l.OOOv.-O.OOl, 0.0022.0.0047, 0.01,0.02,1/3: O.047.0.1 2/-; 0.22, 0.47,3/-; 2.000*.-0.005.0.01. 0.02 2/6; 0.05 3/B. E.H.T. CONDEKSEBS. O.OOlmld.. 7kV., 6/61 20kV.1 10/8. 
SUB-MHT. ELECTROLYTICa. 1.2. 4.5,8,16,25,30,60.100, 600.1,000 mfd. 16*. 2/6:1,000 mid. 50*. 7/6; 2,000/6011/8. CERAMIC. 600 *. 1 pP, to 0.01 m!d.. 98. DISC CERAMICS 1/-. PTTLSE CERAMICS 10 pP. to 180 pF.. IS kV., 2/6. SILVER MICA. Close tolerance (plus or minue 3 pF.l. 6 to 47 pP..l/-! ditto 1% 60 to 800 pF. 1/-! 1.000 to 5.000 pF.. 2/-. IWIKQANG. "0-0" 208 pF. + 178 pF., 10/8: 385 pP„ minia- ture 10/-: 600 pF, standard with trimmers, 8/-: midget, 7/6; midget with trimmers. 9/-; 600 pF. slow motion, standard 9/-; smaU 8-gang 600 pF. 18/8. Single "0" 885 pF. 7/6. SHORT WAVE. Single 10 pP., 25 pP.. 50 pF.. 76 pF.. 100 pP.. 160 pF,, 5/6each. Can be ganged. Couplers 9d. each. TDKIHO. Soliddielectrie. 1M pP.,300pP- 500 pP.,3/8 esch. TRXMMESS. Compression ceramic 30. 50, 70 pF.. 9d.: 100 pF., 150 pP.. 1/3; 260 pP., 1/0; 600 pF.. 760 pF.. 1/9. 

BAKER LOUDSPEAKERS 
HANDMADE BY CRAFTSMSH 

HIGH FIDELITY MODELS 
I21n. STALWART 15w. 3 or 15 ohms fS. 5.0. Ilin.STANDARD£S. 0.0. Ilin. DE-LUXE £9. 0.0. tlin. BASS £11.10.0. Ilin. SUPEHB £15.0.0. I Sin. BASS £18. 0.0. LABORATORY STANDARD MODELS llin. D.W.i.cone m.10.0. I Sin. D.W.i.cone £28.10.0. 
PXASS d CATALOOVF. FXSEf 
OEOHP MODELS FOR VOCALS BASS LEAD and RHYTHM GUITARS Preg. res. 30-10,000 cps. Voice Coils 15 ohms. Heavy duly 
♦Group 25' 'Group 35' 'Group 50' 
Isw." 5gns. ^ Signs. ^ ISgns. 

ALL POST FREE 

Q MAX CHASSIS CUTTER 
Complete; a die, a punch, an Allen screw and key 

sin. 14 6 liVin. IB/- IJin. 22 6 
lin. 14,9 liin. 18/- 2in. 34/3 lin. IS/6 ijin. 18/6 2 A in. 37,9 iin. 15/9 

18/- 
l|in. 20/- 2iin. 44/3 

lin. liin. 20/6 lin. sq. 31.6 
CRYSTAL MIKE INSERTS 

1J X lin. 6/6; BM3 1 X |ta.7/8; ACOS IJ X Jin. 8/8 
TAHirOY CAEBOS MIKE with Switch     6/8 MOVTHG COIL HEADPHONES lOOohma 12/8 (Slightly noilad but guaranteec) BARGAIN XTAL PICK UP ARM Complete with ACOS LP-78 Tutno*er Head and Styli 29/-; Btereo 80/- 

BEST BRITISH PVC RECORDING TAPES L.P, 7in. 180014....... 19/8 D.P. 7in. 2100B 29/6 L.P, Slin. 1290ft   14/8 D.P. 5!in. 1800K 24/6 L.P. Sin. 90011  11/8 P.P. Sin, IMOtt 18/6 Spare Spoola 2/6. Tape Splicer 6/-, Leader Tape 4/6. Tape Heada: Coliaro 2 track 28/8 pair. 4 track 70/- pair. 
MAINS TRANSFORMERS Post 2/- each 259-0-259, 80 mA. 6.3*. 8.6 *, Scctiflec 6.3 r. 1 ». or 5 *. 2 a. 25/-; Ditto 850-9-860.29/8! MT. 510/300-0-300 *. 120 mA., 8.3 *. 4 a.    29/8 MINIATURE 200 v. 20 mA., 8.3 *-1 a 10/8 MIDGET 220 *.45 in A.. 8.3 *.2 a   15/8 SMALL, 309-9-300 ♦. 70 mA., 6.8 *. 4 a  19/8 HEATER TRANS. 6.3 *. IJ a,, 7/8:8,3 *. 4 a 10/8 Ditto lapped see. 1.4 *., 2, 3, 4, 6, 8.3 *, IS amp. .. 10/6 GENERAL PURPOSE LOW VOLTAGE. Ontpnta 3. 4, 6. 6, 8, 9,10,12. 16,18, 84 and 30 *. at 2 a.  26/- Ditto, 1 amp.. 5,10.16. 20, 26, 30, 36. 40, 65, 80.. 29/8 Bub-Miu. Mains to 9! v. 60 mA. 1 X li X llin  7/8 AUTO TRANS. ISO w., 0,116 *.,230 26/-; 500 w. 82/6 

LOUDSPEAKERS P.M. 3 OHMS. 21in., 3in., 4in., 8in., 7in. X 4in., 15/6 each: Sin, 17/6; 6lin. 18/8: 12in. 30/-: (16 ohms 35/-): KMn. x Sin. 22/8: Sin. X 5in. 21/-: 8ia. X 8in. 21/-. E.M.I. Double Cone 13) x Sin., 3 or 15 ohm modeli, 46/.. W-B. 10ia.HF10X2. 65.10.0,; Bin. HF812.24.10.0. Crowom 35/-. Horn Tweeters 8-16 Kc/s. 10 w 29/6; 20 w 29 Ko/a. 99/B.  
T.V. REMOTECONTROLLER. For Philips lOTGlllA, 13LA, 125A. I42A, 28TG11IA, USA, 12iA. 131A. SteUa ST1033A, 39A. 43A. 63A. Coaaor CT101OA. 21A, CT2310A, 21A. 31 A. Ready to plug in, with lilt 7 way cable, dual pot Volume and Brightness, OAB1 diode, etc., etc. List 8gn». HEW, MAKERS BOXES, OUR PRICE 12J6 POST FREE. 
JACK SOCKETS Bid. open-Circuit 2/6, cloae-oircnlt 4/8. Lead Socket 6/-. Grnndig 3-pia 1/3; Lead 2/8. Phono Plugs X/-. Socket II-. Banana Plugs 1/-. Socketa 1/-. JACK PLUGS STANDARD. Screened 3/-. Grondig S-pin 3/8. WAVE-CHANGE SWITCHES WITH LONG SPINDLES. 2 p. 2-way, or 2 p. 8-way, ot S p. 4-way or 1 p. X2-wsy; at. 3/8 4 p. 2-way. or 4 p. 3-way. S/6; 8 p. 4-wsy, 2 wsier, ...... B/B WsTochange" MAKPIS " 1 p. Ifi-wa y, 2 p. 6-way, 8 p. 4-way. 4 p. S-way, 8 p. 2-way, Prlcea include cltek splndlof, adjnstable stops, spaces, etc., 1 waJet, 8/6; 8 water, 12/8; 3 waler. 10/-; 4 waler, 18/8; 6 water, 23/-; extra waleti, 3/8. TOGGLE SWITCHES, i.p., 2/-; d.P., 3/6; d.p.d.L, il- SPEAKER-FRET. Tygan various colours, 62in. wide Itom 10/-lLi SSin, wide from 6/- It. Samples, largs, S.A.E. 
EXPANDED METAL. Gold or SU*er 12 x 12ia. 8/-. 

RETURN OF POST DESPATCH Minimum P.P. Charge 1/6 per order unless otherwise stated. Full List //-, C.O.D. 216 extra. CALLERS WELCOME 
RADIO* COMPONENTS SPECIALISTS *57WHITEH0RSEROAD.WESTCR0YD0N 
Written guarantee with every purchase. (Export; Send remittance and extra postage, no C.O.D.) Buses 133, 68 pass door. S.R. Sen. Selhorst. Tel.: THO 1665 

8 

yi/K/vvL 50 professional 

SfiF'Svwga ^OIol zr, 
GET THIS AIR DRYING HAMMER FINISH 
YUKAN Aerosol spray kit contains 16 ozs. fine NOW! 
quality durable easy instant spray. No stove baking .. 
required. Available in Grey, Blue, Gold, Bronxe at 
14/11 at our counter or 15/11, carriage paid, per 
pushbutton self-spray can. SPECIAL OFFER: I can 
plus optional transferable snap-on trigger handle 
(value 5/-) for 16/11 carriage paid. 
Choice of 13 self-spray plain colours and primer (motor car quality) 

also available 
Please enclose cheque or P.O. for total amount to: 
YUKAN ■ DEPT. PE/9 ■ 307a ED6WARE ROAD • LONDON • W.3 

TECHNICAL TRADING Co. 
TAPE All items previously ad- 

vertised available, also see 
items advertised in Prac- tical Wireless. Huge Hi- 
Fi and Components stocks 
at all branches. 

KOBOPHOHB ORDERS Tour C.O.D. order exceeding il can be telephoned to BRIGHTON 680722 at any time day and night 

Standard Kay 130(t. 2/3 309ft. 4/6 600It. 7/8 ■■ BOOlt. 19/6 120911. 13/8 

Top Btllish inytar/P.V.C, 
Double Play 3' 309ft. 4/- 4' 609ft. 61- B- 1200ft. 15/. 51* 1800ft. 19/9 7' 2100ft. 27/- 

Loug Flay 22}ft. 2/9 450ft. 900ft. 1200ft. 
5/8 10/8 13/- 180011. 18/8 

Post 1/- 

4" Triplo Play 900ft. 18/- 6* 1809ft. 26/- 5J- 240011. 34/- 7* 3S09ft. 44/- 
Qaadrupia Flay 3* 600ft, 8/- 

10 TOTTENHAM COURT RD., LONDON, W.l. Tel: MUS 2639 
350/352 FRATTON RD., PORTSMOUTH. Tel: 22034 

72 EAST STREET, SOUTHAMPTON. Tel: 25851 
AU /HAIL ORDER AND RETAIL SHOP 

PARK CRESCENT PLACE, BRIGHTON 
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VALUABLE HEW HANDBOOK 

AMBITIOUS 

i 

Have you had your copy of " Engineering Opportunities " ? 

The new edition of "ENGINEERING OPPOR- 
TUNITIES" is now available—without charge- 
to all who are anxious for a worthwhile post in 
Engineering. Frank, informative and completely 
up to date, the new "ENGINEERING OPPOR- 
TUNITIES" should be in the hands of every 
person engaged in any branch of the Engineering 
industry, irrespectiveof age, experience ortraining. 

On * SATISFACTION OR 
REFUND OF FEE * terms 

This remarkable book gives details ofexaminations 
and courses in every branch of Engineering, 
Building, etc., outlines the openings available and 
describes our Special Appointments Department. 

WHICH OF THESE IS 
YOUR PET SUBJECT? 

MKCH. ENGINEERING 
Gen. Mech. Eng.~~Mabi>en- 
ancc Eng. — Diesel Eng. — 
Press Too! Design —• Sheet Met u! IVork —• We Ming 
Eng. Pntlern Milking — Inspection - Draiighlsiiiansliip 
—• Metallurgy — Production 
Eng. 
RADIO ENGINEERING 
General Radio — Radio & 
TV Servicing — TV Eng. — 
Tcle.coiiwninkatiom — Elec- 
tronics—Sound Recording—■ 
Auloniation—Practical Radio 
—Radio A ma tears' Exam. 
CIVIL ENGINEERING 
General Civil Eng. — Muni- 
cipal Eng. — Structural Eng. 
Sanitary Eng. — Road Eng. 
Hydraulics—Mining—Water 
Supply—Petrol Tech. 

ELEC. ENGINEERING 
General Electrical Eng. — 
Installations— Draughtsman- 
ship — Illuminating' Eng. — 
Refrigeration — Elem. dec. 
Science ■—• Elec. Supply —• 
Mining Elec. Eng. 

ALTO ENGINEERING 
General Auto Eng. — Auto. 
Maintenance —• Repair — 
A Mo. Diesel Maintenance — 
Auto. Electrical Equipment— 
Garage Manugenienl. 

BUILDING 
General Building — Healing 
«£ Ventilation — Plumbing 
—• Architecture — Carpentry 
— Painting — Decorating — 
Speeijicntions & Quantities 
— Surveying — Architectural 
Draughlsmansliip. 

THIS BOOK TELLS YOU 
HOW to get a better paid, more interest- 
ing lob. ■jg HOW to qualify for rapid promotion. jg HOW to Rut some fettar* after your name 
and become o key man . . . quickly and 
easily. •fg HOW to benefit from our free Advisory 
and Appointments Deptx. ■jlf HOW you con toke orfyanfage of the 
chances yon are now missing. ■Jg HOW. irrespective of your age. education 
or experience, VOU con succeed in any 
branch of Engineering. 

156 PAGES OP EXPERT 
CAREER ■ GUIDANCE 

" PRACTICAL 
EQUIPMENT 

Bask Pradkal and Theore- 
lit Counts l»r beqinncn in 
Radio, T.V,, Eleclronks.Elc., A.M.I.E.R.E. City & Guilds 

Radio Amaieurs' Exam. 
R.T.I.B. Certilicate 
P.M.C. Cettiikate 

Prailital Radio 
Radio ileltsiiion SetviiTng Piattical Eletlionio 

flcitroniis Engineering 
Aulomilion 

INCLUDING 
TOOLS 

The specialist Elec- 
tronics Division of 
B.l.E.T. 
NOW offers you a 
real laboratory train- ing at home with 
practical equipment. 
Ask for details. 

B.I.E.T. 

You are bound to benefit from reading 
"ENGINEERING OPPORTUNI- 
TIES", and if you arp earning less than 
£30 a week you should send for your 
copy now—FREE and without 
obligation. 

a 

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN- 
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- 
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC. 
Which qualification would Increase your earning power? 
A,M.I.Mech.E., A.M.S.E,, A.M.I.C.E., A.M.I.E.R.E., B.Sc., 
A.M.I,P,E.. A.M.I.M.I,, A.R.I.B.A., A.I.O.B.. A.M.I.Chem.E,, A.R.t.C.S.. 
M.R.S.H,. A.M.I.E.D.. A.M.I.Mun.E., C1TY & GUILDS, GEN. CERT. OP 
EDUCATION, ETC. 
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

316A COLLEGE HOUSE, 29-31 WRIGHTS LANE. W.8 

POST NOW 
' TO B.l.E.T., 316A COLLEGE HOUSE, XI. stamp if posted in 
129-31 WRIGHT'S LANE, W.8. an nil sealed envelope, 
m Please send me a FREE copy of "ENGINBERING 
| OPPORTUNITIES." I am itilerestcd in {slate subject, 
m exam., or career). 

NAME .... 
I ADDRESS 

WRITE IF YOU PREFER NOT TO CUT THIS PAGE 

VHE C.i E.T. IS THE LEADING INSTIT^"^ OF ITS KIND IN THE WORIL 

Published about the J5th of the month by GEORGE NEWNES LIMITED. Tower House, Southampton Street. London. W.C.2 Primed in England by 
THE CHAPEL RIVER PRESS. Andover. Hants. Sole Agents for Australia and New Zealand: GORDON & GOTCH (A sia) Ltd.: boutn 
Africa and Rhodesia: CENTRAL NEWS AGENCY LTD.: East Africa: STATIONERY & OFFICE SUPPLIES LTD. Subscription rate including 

postage for one year; To any pan of the World £1 16.0. 
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LET US QUOTE FOR COMPONENTS AND 
EQUIPMENT FOR YOUR CIRCUIT 

SILICON CONTROLLED RECTIFIERS 
•* 100 PIV. I Amp 7/6 ^ 100 Ply. 3 Amp 10/6 THYR1STORS 400 PIV. 7 Amp 25/- NEW 14-PAGE TRANSISTOR/RECTIFIER CATALOGUE NOW READY. MANY NEW DEVICES—PLENTY OF PRICE RE- DUCTIONS. Send 3d, »tamp for free copy. 

WE CAN SUPPLY FROM STOCK MOST OF THE PARTS SPECIFIED ON CIRCUITS IN THIS MAGAZINE. SEND LIST FOR QUOTATION. ASK FOR NEW 4-PAGE CATALOGUE SUPPLEMENT ALSO LIST OF SPECIAL HI-FI COMBINATIONS. 

1966- 
CATALOGUE 

Folly detailed and 
illustrated. ISO pages 
of components, 
equipment. etc. 
Over S.000 stock 
items. PRICE 6/-, 
post paid. Free dis- 
count vouchers with 
every catalogue. 

(I) GLOBEMASTER MW/UW/SW 
PORTABLE RADIO TO BUILD 
Special purchase reduces price 

Full 3-waveband toning. Pushbutton 
wavechange. Superhet printed circuit. 
Black-chromed cabinet II x 7i X 3iin, 
(SW 17-50 metres). Ear/Record sockets. 
TOTAL COST /■T ID Z P.P. 
TO BUILD 6-'*»y«V 3/6 

(5)TOURHASTER CAR RADIO 
7-Transistor MW/LW Car Radio. 12 
volt operated. 3 watt" output. Push- 
button wavechange. RF stage. Supplied 
buiit, boxed, ready to use with Speaker 
and Baffle. Car fixing kit and manufac- 
turers' current guarantee. Special 
Bargain Offer. Buy Now! 
PRICE _ P.P. 

£9.9.03/6 

10 AND 20 WATT MONO AND STEREO TRANSISTOR AMPLIFIERS 
(9) POWER AMPLIFIERS. 10 watts 
RMS output. lOOmV input. 30 c/s to 
20kc/s ± IdB. 6-Transisior Push-pull, 
Panel size 4x21 X I in. H/S4x4in. 
TPAI0/3 3-5 ohm spkr." £4.10.0, pp. 216 
TPA10/IS 12-16 ohm spkr.. 

£5.5.0, p.p. 2/6 
(Mains unit" for I or 2 amplifiers, 

59/6. p.p. 2/6) 
The Finest High Fidelity at Unbeatable Prices 

(10) PREAMPLIFIERS. 8 inbut 
selector. Treble, bass, volume, filter- 
controls. IJ/nV to 300mV inputs. 
Battery operated or from Mains Unit, 
Output up to ISOtnV RMS, 
MP2 Mono 91x21x2in. £5.10.0, p.p. 
2/6 (brown and gold front panel 8/6) 
SP4 Mono/Stereo, 9x3ixl|in., 
£10.19.6, p.p. 3/6 (front pane! plate 12/6) 
» AIL UNITS BUILT AND TESTED 

(8) BUILD A QUALITY TAPE 
RECORDER 

Three speeds—3 watts. 
Complete kits with new "363" decks. 
Supplied as preassembled sections. 
Complete with portable cabinets and Speaker—excellent quality. 7" l,200fc. 
tape and spool and Acos 45 microphone. 
2 track lOgns. 4track£l3.IO.O. P.P. 5/-. 
"363" decks with tape and Acos mic. 
A TWO TRACK 

£26 If,- 

if FOUR TRACK 

£30 p.p. 
8/6 

(3) 5 WATT AMPLIFIER 
6-Transiscor Push-pull, 3 ohms. 6mV 
into IK. 12/ISV supply. 2Jx2xliin. 
BUILT AND TESTED XQ irP-P- 
(optional mains units 54/-) O 7 O 2/- 11 watt version S9/6. New matching Preamplifier, 6 inputs, 
treble/bass/selector/volume controls. 6- 
lOmV o/put. 9-18V supply. 79/6, p.p. 2/- 

for use with any Transistor Amplifier . 
'■ DEAC charger 

To charge 3-6 volt and 9-6 volt packs. 
Fully mains isolated 41/— 
In moulded case. , .2/- 

(13) REGENT-6 MW/LW 
POCKET RADIO TO BUILD 

6-Transistor superhet. Geared 
tuning. Posh-pull output. Moulded 
cabinet 5 x3 x l^in. Phone socket. 
TOTAL COST 70/7 P.P. 
TO BUILD OrjO 21- 

Special purchase reduces price 

(15) HI-FI 
lPiVarpM

ar
Ec«' Erices. Let us ave your cn- quirles for .equipment. See catalogue for complete range. 

(4) DEAC CELLS 
RECHARGEABLE BATTERIES 

# 3-6 vote 500 mA/H, Size: 
IT X li'dia... 12/6, p.p. 1/6 
O 9-6 volt 225 mA/H. Size; 2iV' X I'dia. 20/-, p.p. 1/6 
BRAND NEW — Offered at a 
fraction of normof. retoi/ price. 

(6) 25 WATT AMPLIFIER 
New 6-Transistor design. Push-pull 
output for 71 to 16ohm speaker. ISOmV 
input. 30c/s to 20kc/s ± IdB. For use 
with, valve or transistor preamplifiers 
as item (10) above. Size 2§ x2Jx6Jin. 
PRICE BUILT /T lO Z P.P. 
AND TESTED fcF«l7.0 j/, 
(Mains unit 79/6, p.p. 2/6) 
(II) GAR R A fib DECKS 

(p.p. 5/- any type) 
1000 mono £5.19.6. stereo £6. 6.0 
2000 mono £6, 6.0. stereo £6. 6.0 ♦SP2S mono £10.10.0. stereo £10.19.6 
ATS mono' £6. 6.0, stereo £6. 6.0 ♦AT6 mono £8.19.6. stereo £9.10.0 
•AT60 mono £10.10.0. stereo £10.19.6 

3000LM stereo £8.8.0 ("Deram cartridge add 60/- to mono 
price). All autochange (except SP25), 
complete with cartridge. Brand new. 
Latest complete list on request. 
(7) VHP FH TUNER 
Supplied as 2 Preassembled" Panels, 
plus metal work Superhet design, 83-108 
Mc/s, 9 volt operated. 
Total cost to assemble £ I-. 17.6, p.p. 2/6. 

(16) VHP FM TUNER TO BUILD 
87/105 He/s Transistor Superhet. 
Geared tuning. Terrific quality and 
sensitivity. For valve or transistor 
amplifiers. 4 X 31 X 2iin. 
TOTAL COST /£ (OA P-P' 
TO BUILD tO.17.0 2/6. 

(Cabinet Assembly 20/- extra) 

(12) HULTI-HETERS 
PT34 I kV 39/6 TP5S 20kV £5.19.6 
Ml - / 2kV 49/6 EP30k 30kV £6.10.0 
TP 10 2kV 75/- HPSOk 50kV £8.15.0 EPIOk (OkV 79/6 500 30kV £8.17.6 
tTI-2 20k V 69/6 EP100k I OOk V £ 10.10.0 
EP20k lOkV 99/6 

(14) MW/LW QUALITY 
TRANSISTOR RADIO TUNER 

Fully tunable superhet with excellent 
sensitivity and selectivity, , Output up 
to 1 volt peak. Complete with front panel, etc. 9 volt operated. For use 
with any amplifier or tape recorder. TOTAL COST 71 in 7 ''•P' 
TO BUILD £3.19.6 2/6 

HENRY'S RADIO LTD. 
303 EDGWARE RD., LONDON, W.2 

PADdington 1008/9 
Open Mon. to Sat. 9-6. Thurs, I p.m. Open oil da/ Soiurdoy. 

(2) NOMBREX TEST UNITS 
*150 kc/s—350 m/cs RF Generator All Transistor £9.10.0 
*10 c/s—100 kc/s Transistor 

Audio Generator £16.15.0 
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