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ELECTRONIC 
COMPONENTS 

ONDUCTORS BRAND NEW AND FULLY GUARANTEED IN914 2/- 2N42S5 8/6 BCZII 10 4 OCI9 5/- 15113 3/- 25018 8/6 BDI2I 19/6 OC20 33/- IS 120 2/6 25024 25/- BDI23 23/6 OC22 13/- IS 130 2/6 25034 15/- BD124 17/- OC23 15/- ISI3I 2/6 ACI07 14/6 BFI52 13/6 OC24 10/- IS 132 2/6 AC 126 6/6 BF167 6/6 OC2S 6/8 2G30I 4/- AC 127 6/- BFI73 7/6 OC26 12/- 2G302 3/9 AC 128 4/- BFI81 7/6 OC28 12/- 2G339A 5/- AC 176 7/6 BFI84 7/6 OC29 15/- 2G374 5/- AC 187 12/- BFW57 7/6 OC30 7/- 2G38I s/- AC 188 12/- BFW58 7/6 OC35 9/6 2G37I 3/- ACYI7 5/8 BFW59 6/6 OC36 13/- 2N385A 15/- ACTIS 3/4 BFW60 6/6 OC4I 3/6 2N388A 15/- ACri9 4/4 BFXI3 4/8 OC42 4/- 2KI696 6/- ACr20 3/8 BFX29 8/5 OC44 3/- 2N697 L L6/- ACr2l 4/- BFY50 6/- OC45 3/- 2N698 4/6 ACY22 2/4 BFY5I 6/- OC7I 3/- 2N706 3/- AD 140 15/- BFYS2 6/- OC72 4/6 2N706A 6/6 ADI49 11/8 BFY53 6/- OC73 3/- 2N708 4/- AD 161 6/- BSX20 3/3 OC75 5/- 2N7II 7/6 ADI62 6/- BSX2I 8/- OC76 2/6 2N7IIA 7/6 ADTI40 12/6 BSY27 4/- OC77 8/8 2N929 5/6 AFI02 18/- BTX39 600 120 - OC8IO 3/- 2N930 6/6 AF1I4 4/4 BUYII 15/- OC82 4/6 2NII3I 9/6 AFII5 4/4 BSY9SA 3/4 OC82D 3/- 2NII32 7/6 AFI16 4/4 BY 100 5/- OC83 4/- 2N1302 4/6 AFI17 4/4 BYX10 4/9 OC84 4/- 2N1303 4/6 AFII8 16/6 BYZI0 9/- OCI23 7/- 2NI304 5/- AFI 24 6/- BYZI2 6/- OCI39 8/- 2N1305 5/- AFI 27 4/- BYZI3 5/- OCI4C 12/- 2NI306 6/6 AFI 39 15/- GET 102 6/- OCI69 6/- 2N1307 6/6 AFI 86 11/- GETI03 4/6 OCI7C 4/- 2NI308 8/- AF239 12/- GET1I3 5/- OCI7I 61- 2N1309 8/- AFZI2 11/9 GET573 7/6 OC200 61- 2NI6I3 6/6 ASr26 5/8 GMO290 10/- OC20I 10/- 2N2I47 17/- ASY27 5/8 GM03788 6/- OC202 16/6 2N2148 12/6 ASY28 4/4 MATI20 5/- OC203 8/- 2N2160 14/- ASr29 4/4 MATI2I 5/6 OC204 8/- 2N2368 6/6 ASZ2I "/- MPFI02 9/- OC205 9/- 2N2369 5/6 AUYI0 39/6 MPFI03 91- OC206 10/6 2N2369A 7/6 BAI15 2/8 MPFI04 9/- OC207 7/6 2N2646 10/- BAI30 3/- MPFI05 91- ORP60 8/- 2N2696 6/6 BAY3I 2/6 NKT2I6 10/5 ORP61 8/- 2N2924 5/- BAY38 3/- NKT2I7 10/5 ORP63 9/- 2N2925 5/6 BCI07 2/9 NKT261 4/3 5X631 7/4 2N2936:- BCI08 2/9 NKT262 4/3 SX636 10/8 Green 2/- BCI09 2/9 NKT264 4/3 5X638 12/- Yellow 2/- BCII3 5/- NKT27I 4/3 SZ20C 15/- Orange 2/- BCIM 18/- NKT272 4/3 SCC1 17/4 Red 2/- BC11S 13/6 NKT274 4/3 C426 8/3 2N30S3 8/- BCI18 5/- NKT275 3/6 J>346A 6/- 2N3054 15/- BCI25 14/- NKT276 2/6 V405A 9/3 1N3055 15/- BC126 14/- NKT28I 5/6 EC40I 5/- 2 N 3702 4/- BC134 5/- NKT403 15/- EC402 4/8 2N3703 4/- BC147 6/- NKT405 15/- C1IIE 18/- 2N3704 4/6 BC148 4/- NKT7I3 5/6 C400 9/- 2N3705 4/- BC149 6/- NKT773 5/4 2CI1I 45/9 2N3706 3/- BCI54 12/- NKT774 5/4 2C425 32/- 2N3707 4/- BCYSO 7/- OAS 3/8 EA403 3/6 2N3708 3/- BCY3I 9/- OA47 1/6 EB383 3/6 2N3709 3/- BOY 32 16/- OA70 1/6 MJ491 30/3 2N37I0 4/- BCY33 4/8 OA73 1/6 MJ48I 27/- 2N371I 4/- BCY34 6/4 OA79 1/6 40361 13/3 2N3819 8/- BCY38 8/- OAS I 1/6 40362 16/3 2N3820 23/6 BCY39 27/4 OA85 1/6 OAZ24I 3/6 2N4058 7/- BCY40 13/4 OA90 1/6 OAZ242 3/6 2N4059 6/- BCY54 15/3 OA9I 1/6 OAZ269 3/6 2N4060 6/- BCY70 4/4 OA9S 1/6 OAZ270 3/6 2N406I 6/- BCY71 8/8 OA200 2/- OCP7I 18/3 2N4062 6/- BCY72 6/6 OA202 2/- ST 140 3/- 2N4254 9/6 BCY87 86/9 OA210 6/4 ST 141 5/- 

CHEAPEST EVER 
SOLID-STATE SALE 

BEST VALUE IN BRITAIN -10 Silicon Planar Transistors. TO-18 case. NPN & PNP mixed Similar V405A. P346A. etc. Not tested or coded Guaranteed minimum 50 ' good 40 Silicon Planar Transistors. TO-18 case. NPN type similar 2N706. BSY95A. etc. Not tested or coded. Guaranteed mini- mum 50% good 10 PNP Silicon Planars. Similar BSX40/2N2904/A. 3 Waits. 100 Mc/s. Fully tested. Uncpded   30 Silicon Planar Transistors. TO-IS case. NPN type similar BC107/8/9 range. Not tested or coded. Guaranteed minimum 50% good   3 Silicon Power Transistors similar to BUY1I. TO-3 case. Not tested or coded. Gold plated cases 100 Germanium PNP Transistors. TO-I case. Type similar NKT 274/6. etc. Not tested or coded. Minimum SO usable 20 Germanium Transistors 2G37IB. Case SO-2. Fully tested to makers' specifications PNP. Equal to OC7I range. Not coded 30 Micro alloy diffused Transistors. (MAT type) Not tested or coded. PNP  25 Silicon NPN VHF Transistors. TO-18 case. Similar to BSY27. etc. Not tested or coded ... 20 Silicon Planar Transistors. Plastic type NPN. Similar to 2N3705/7 range. Not tested or coded. Guaranteed minimum 50 % good 20 Silicon Planar Transistors. Plastic type PNP Similar to 2N3702, Not tested or coded, Guaranteed minimum 50 good 10/- 16 Silicon Rectifiers. Top-Hat case. 750mA - fir 100 — 1000 piv Guaranteed minimum 80% good  12 Silicon Avalanche Rectifiers. Top-Hat case 1! Amp (j. up to 1200 piv. Guaranteed minimum 80% good 15 Silicon Epitaxial Planar Diodes—Sub-miniature. Type SDI9 Plessey. Exact substitute for 1N914. etc. 100% perfect. Not coded ... 30 Part made Top-Hat Rectifiers (top connection broken, but plenty room to solder) 750mA up to 800 piv. Guaranteed minimum 80?% good   2G371B and SDI9 are Manufacturers' tested devices. Other un-coded stock are given type numbers as a guide only. Money refunded if not satisfied. All above packs post free in UK. EXPORT SPECIAL: 10 of the above SALE goods are reserved for export until August 1969, 

10/- 
10/- 
10/- 

10/- 

10/- 
10/- 
10/- 
10/- 
10/- 
10/- 

SILICON RECTIFIERS^ 

m 

S'DeCs 

P 49/6 "DeCs". 117/6 
BOOKS FROM STOCK General Electric Transistor Manual. 660 pages of data & circuits 29/6 RCA Transistor Manual. 554 pages, includes SCR circuits ... 28/- Designcrs' Guide to British Transistors. Excellent data book lists over 1.000 common types plus Computer-selected substitution chart 25/- (ADD 2/6 POST & PACKING FOR ALL BOOKS) 
NEONS Signal neons for many types of circuit, type "N". Price 1/6 each or 16/-dozen. 
HEATSINKS. Suitable for 2 x OC35. etc. As used in commercial equipment. Type 10D  6/-. 
ALUMINIUM CHASSIS 6 x 4 x 25" with reinforced corners 6/9 each ( P & P. 1/6). Ally panel to fit 1/6. Paxolin panel to fit 2/-. Many other sizes in stock up to 12 x 8 x 25" (see catalogue). 

X-LIIME 
X-161 2 Watt Amplifier 35/- X-461 Siren 35/- X—471 Burglar Alarm 3S/- X-661 Metronome 30/- X-761 Morse Oscillator 20/- X-691 Lamp Flasher (Double) 30/- X-261 Mic. FM Transmitter 35/- X-271 Telephone Transmitter 35/- X-241 R/Playcr Transmitter 35/- X-291 Guitar Transmitter 3S/- X-371 Wireless Sentry 35/- Generous discounts to retailers given on all "X"-Line products. Send for details now. 

MODULES 
YOU CAN 
□ PEN 1 

THYRISTORS-SGRs 
PIV 200mA 750mA 2 Amp 10 Amp PIV IA 3A 10A 30A 100 A 

50 6d 1/- 2/3 — 50 7/6 9/- 7/6 — 20/- 
100 9d 1/6 2/3 4/6 100 — 10/- 10/- — 22/- 
200 1/3 V- 2/9 5/- 200 8/6 — 12/6 42/- 35/- 
400 V- 2/6 4/- 8/- 300 — II/- — — — 
600 — 3/- 4/6 9/6 400 9/6 12/6 15/- 60/- 45/- 
800 3/- 3/9 5/- 11/3 600 — — 20/- 84/- 120/- 

1000 — 6/- 6/6 14/- 800 — — — — — 

ZENER DIODES 

12 ALL 13 ONE 15 PRICE: 
16 3/6 

BC107/8/9 NPN 2'9 

TIS43A UNIJUNCTION 
SIMILAR 2N2646 T1S43 
BEN 3000, ETC. 
25+ 5/3 100+ 4/9 B'Q 

CRS3/40AF«ovcr12'6 

TD716 12'- 

PROGRAMMABLE. n. D1311 unijunction 10'-  TRANSISTOR  

2N3055 us watt 
POWER SILICON NPN 
25+ 13/- 100+ 11/- W- 

POPULAR 
2N2926 planar 2/- NPN 

BF180 6'- 
MULLARD UHF AMPLIFIER 

jj LOGIC 
\-6 7-11 12+ 

uL900 11/- 9/6 8/4 uL9l4 11/- 9/6 8/4 
uL923 14/- 12/6 11/9 Five Page Data and Circuits article  2/6 
Larger quantity prices (100^ and 1.000+) on application. 

LINEAR AMP. ICS 
CA3020 i Watt output 9 volt supply 30/6 (Price includes free circuit for Guitar/PA Amplifier ! !) 
TAA263 Tiny Mullard linear only 17/6 - data on request. 
CA3012 Wide band with built-in regulation 27/6 
CA3014 3 stage amp. with 
Darlington output . . 32/6 
SL701 Plessey lin. amp. for PE circuits .... 18/- 

ULTRASONIC 
TRANSDUCERS 
Operate at 40kc/s. Can be used for remote control sys- tems without cables or elec- tronic links. Type 1404 trans- ducers can transmit and receive. 
FREE: With each pair our complete transmitter and re- ceiver circuit. 
PRICE £5.18.0 Pair (Sold only in pairs) 

SOLAR CELLS B2M 0'2-0'4 volts @ 2mA Selenium type 12/6 B3M 0'2-0'4 volts lj-2TmA Selenium type ... 15/- SIM 0"3-0'4 volts @ IO-16mA Silicon  19/- S4M 0'3-0'4 volts @ 25-40mA Silicon 33/6 
SOLAR DRIVE MOTOR EP50A Runs from sunlight activity on S4M cells (above) 39/6 
PHOTOCONDUCTIVE CELL CSI20 20v 0'4 Watts Dark Res 110k ohms Min. R @ I0FC = 7-2k R @ 100 FC = 800 ohms 19/8 
SOLAR CELL KITS DD190 Contains 4 Selenium photocells and free 24-page handbook  9/11 K-421 Super assortment of 7 cells, 3 Selenium. 2 Silicon and 2 Sulphide, plus 24-page manual 58/6 
TRANSISTOR KITS DDI80 Contains 2 Audio and 1 RF Transistor plus free manual  11/4 DD184 Contains Audio. RF. and Power transistors, Silicon solar cell and germanium diode. With FREE manual . . 33/6 
SILICON RECTIFIER KITS DDI75 Contains 4 100 piv ^ amp diodes 9/11 DD176 Contains 2 200 piv L amp diodes 5/11 DDI77 Contains 2 400 piv 5 amp diodes  9/11 ALL INCLUDE FREE 24 PAGE MANUAL 
ZENER DIODES Available in the following voltages with a dissipation of 1 watt and tolerance on 10%. All supplied with free manual describing many interesting projects 3'9v. 4'7v. 5'6v, 6'8v. 8'2v, lOv. 12v. ISv. 18v,22v.27v ALL ONE PRICE 7/11 
ZENER KIT DD170 Bargain pack—contains 5 popular I Watt diodes plus free project manual  19/6 
TRANSISTOR SUBSTITUTION Our TR0I-C to TR10-C range are universal replacements for over 700 JEDEC (2N ) types. Prices in our FREE Catalogue. 

FULL SEMICONDUCTOR CENTRE LISTINGS. 
DOZENS OF INTERESTING DEVICES IN OUR CATALOGUE. 

^ COMPONENTS Hh- 
RESISTORS 5 or j Watt 5% LOW NOISE CARBON FILM 10. 12. 15. 18, 22. 27. 33. 39. 47. 56. 68. 82 ohms and decades (xlO. xlOO. x 1.000. x 10.000) 1 Meg etc. to 8 2 Megohms (10% tolerance). PRICES: 1-25 4d, 26-99 3d. 100+ 2d (your selection J and/or i Watt mixed). SKELETON PRESET POTS. 20% Tol. Linear. Low noise. Available in sub-miniature or standard size, horizontal or vertical. 100. 250, 500. Ik. 2"5k. Sk. 10k, 25k. SOk. 100k. 250k. SOOk, I Meg. 25 Meg. 5 Meg. NEW PRICE: 1/- each or any selection of 12 pieces 10/-. ELECTROLYTIC CAPACITORS (Mullard). - 10% to +50% tol. Subminiature (all values in pF) 4V 

64V Price 064 1/6 25 1/3 5 1/2 10 V- 

250 200 

20 1/1 

400 320 

32 1/2 MIN. POLYESTER CAPACITORS. Printed circuit type 250 Vdc working. 001. 0015. 0022. 7d each; 0033. 0047, 8d each; 0068, 0-10. 9d each. VEROBOARD 015" Matrix FLUX COATED 2} x 3(". 3/3. 2J x 5". 3J x 3J". 3/11. 3) x 5". 5/6. 3J x 18", 18/-. BARGAIN PACK of 36 square inches all good size pieces only 10/- pack. VEROBOARD 0 1" Matrix. 3J x 25", 3/9. VEROPINS for 015". 36 pieces 3/-. VERO-CUTTER. 9/- each plus FREE SAMPLE PIECES. 

TV+T fCK 
krCAT-f+s^ 

I o-r 7 C0PTF0LD ROAD LO I . BRENTWOOD 
ESSEX Telephone; BRENTWOOD 226470/1 

Prices quoted are current at time of going to press and may be subject to variation. Semiconductors offered bear Manufacturers' original markings and are subject to our full replacement guarantee if not to published specifica- tions. We DO NOT offer "Re-marked" semiconductors. Catalogue ( 1969) shortly available. Post & Packing (First class) I/- per order." Retail and Trade supplied. Export enquiries particularly 
Giro No. 388-3159. 



FOLLOW THE LEADERS 

■ OS ■ QUALITY-TESTED PAKS 
2 Drift Trans 2NI225 Germ PNP 100 Mc/s  10/- 6 Matched Trans. OC44/45/81/81 D. . 10/- 20 Red Spot AF Trans. PNP  10/- 16 White Spot RF Trans PNP  10/- 5 Silicon Rects. 3 A 100-400 PIV. . . ; 10/- 2 10 A Silicon Rects. 100 PIV  10/- 2 OCI40 Trans. NPN Switching... 10/- ■ I 12 A SCR 100 PIV  10/- ■ 3 Sil. Trans. 2S303 PNP  10/- 4 Zener Diodes 250mW. 3-I2V. . . . 10/— 3 200Mc/s.Sil.Trans. NPN BSY26/27 10/- 3 Zener Diodes 400mW. 33V 5%Tol 10/- 4 High Current Trans. OC42 Eqvt.. 10/- 2 Power Transistors I OC26 I OC35 10/— 5 Silicon Rects. 400 PIV 250mA  10/- 4 OC75 Transistors  10/- 1 Power Trans. OC20 100V. .    10/- 10 OA202Sil.DiodesSub-min.Marked 10/- 2 Low Noise Trans. NPN 2N929/30 10/- 1 Sil. Trans. NPN VCB 100 ZT86. . . 10/- 8 OAS I Diodes  10/- 4 OC72 Transistors  10/- 4 OC77 Transistors  10/- 4 Sil. Rects 400 PIV 500mA  10/- 5 GET884 Trans. Eqvt. OC44  10/- 5 GET883 Trans. Eqvt. OC45  10/- 2 2N708 Sil. Trans. 300Mc/s. NPN.. 10/- 5 GT4I/45 Germ. Trans. PNP.  10/- 3 GT31 LF Low Noise PNP Trans.. . 10/- 6 IN9l4Sil.Diodes 75 PIV75mA. . . 10/- 8 OA95 Germ. Diodes Sub-mi n. I N69 10/- 3 NPN Germ. Trans. NKT773  10/— 2 OC22 Power Trans. Germ.  10/- 2 OC25 Power Trans. Germ  10/- 4 ACI28 Trans. PNP High Gain  10/- 2 AC 127/128 Comp. pair PNP/NPN 10/- 3 2NI307 PNP Switching Trans. . . . 10/- 10 CG62H Germ. Diodes Eqvt. OA71 10/- 3 AFI 16 Trans. VHF  10/- 
_ _ One 10/- Pack of your own 
f l\cc choice free with order value £4 or over. 
12 Assorted Germ. Diodes Marked . 10/— 4 ACI26 Germ PNP Trans  10/— 4 Silicon Rects. 100 PIV 750mA .... 10/— 3 AFI 17 Trans. VHF  10/- 7 OC8I Type Trans  10/- 3 OC17I Trans. VHF  10/- 5 2N2926 Sil. Epoxy Trans  10/- 1 7 OC71 Type Trans   10/- I 25 Trans.HeatsinksfitTO18,SOI2,etc. 10/- 2 2S70I Sil. Trans. Texas NPN  10/- 3 12V Zener 400mW  10/- 2 I0A 600 PIV Sil. Reacts. IS45R  10/- 3 BCI08 Sil. NPN High Gain Trans.. 15/- 1 2N9I0 NPN Sil.Trans. VCB 100. . 15/- 2 1000 PIV Sil. Rect. I -SA R53310 AF 15/- 3 BSY95A Sil .Trans. NPN 200Mc/s. 15/- 3 OC200 Sil. Trans. Mullard  15/- 2 Sil. Power Rects. BYZI3  15/- I Sil. Power Trans. NPN lOOMc/s. TK20IA   15/- 6 Zener Diodes 3-15V Sub-min  15/- I 2N II 32 PNP Epitaxial Planar Sil. . 15/- 3 2N697 Epitaxial Planar Trans. Sil.. 15/- 4 Germ. Power Trans. Eqvt. OCI6 . 15/- 1 Unijunction Trans. 2N2646   15/- 2 Sil.Trans.200Mc/s. 60Vcb ZT83/84 15/- I Sil. Planar Trans. NPN lOOMc/s. BSY25  15/- 1 Uniiunction Trans. 2N2I60 TO-5 . 15/- 2 Sil. Rects. 5A 500 PIV Stud Type . . 15/- 2 Germ Power Trans. OC28/29 .... 15/- I I OA Sil. Stud React. 800 PIV  15/- 1 Tunnel Diode AEYI I 1050Mc/s. . . 15/- 2 2N27I2 Sil. Epoxy Planar HFE225. 15/- , 8 BY 100 Type Sil. Rects  20/- | 25 Sil. and Germ. Trans. Mixed, all marked, New   30/- 2 GET880 Low Noise Germ. Trans. . 10/- I AFI39 PNP High Freq. Trans  10/- 3 NPN Trans. I STI4I & 2STI40 . . . 10/- 4 Madt's 2 MAT 100 & 2 MAT 120 . . . 10/- 3 Madt's 2 MATI0I & I MATI2I ... 10/- 4 OC44 Germ. Trans. AF  10/— 3 AC 127 NPN Germ. Trans  10/- I 2N3906 Sil. PNP Trans. Motorola . 10/- 

I CADMIUM CELLS I ORP60 ORP6I   8/-each 1 ORPI2   8/6 each 
MANY NEW PAK ITEMS 
FULL RANGE OF ZENER DIODES VOLTAGE RANGE 2-I6V. 400m W (DO-7 Case)  2/6 each tl.5W (Top-Hat)   3/6 each I0W (SO-10 Stud)   5/-each All fully tested 5% tol. and marked. Please state voltage required. Full range eqvt. to OAZ Mullard Type Z. Range of STC. T.R. Texas and IN types. 
TRANSISTOR EQVT. BOOK 52 pages of cross references for trans, and Ldiodes, types include British, European, American and Japanese. Specially imported by BI-PAK 10/-each 

ANOTHER CROWNING SUCCESS— 
2N2060 NPN. SIL. DUAL TRANSISTOR CODE D1699 
TEXAS. OUR PRICE 5s. EACH. 
GERM. RECTIFIER SINGLE-PHASE BRIDGE MULLARD 
TYPE GEX541-BIPI, OUTPUT VLTS 48V, OUTPUT I.C. 
5A. LIST PRICE 58s. OUR PRICE ]2/6d. EACH. 
SILICON NPN 120V Nixie DRIVER TRANS. SIM. C407, 
BSX21 and 2N1893, TO-5 CAN. OUR PRICE 3/6d. EACH, 
25 OFF 3s. EACH. 
SILICON UNILATERAL SWITCH. A Silicon Planar mono- 
lithic integrated circuit having thyristor electrical charac- 
teristics with an anode gate and a built in Zener between 
gate and cathode. Type D13D1 10s. each. Full data and 
application circuits available. 
NPN DIFFUSED SILICON PHOTO-DUO-DIODE TYPE 
IS701 (2N2175) for Tape Readout, high switching and 
measurement indicators, 50V, 250mVV. OUR PRICE 10s. 
EACH, 50 OR OVER 8/6d. EACH, FULL DETAILS. 
KING OF THE PAKS u nequalled Value and Quality 

BRAND NEW—UNTESTED 
SEMICONDUCTORS 

Satisfaction GUARANTEED in Every Pak, or money back- 
Pak No Ul 120 Glass Sub-min General Purpose Germanium Diodes . 10/- 

SUPER PAKS 

U2 60 Mixed Germanium Transistors AF/RF  10/- 
U3 75 Germanium Gold Bonded Diodes sim OAS, PA47 . . . 10/- 
U4 40 Germanium Transistors like OC8I, ACI28  10/- 
U5 60 200mA Sub-min. Sil. Diodes  10/- 
U6 40 Silicon Planar Transistors NPN sim. BSY95A, 2N706 . 10/- 
U7 16 Silicon Rectifiers Top-Hap 750mA up to 1000V  10/- 
U8 50 Sil Planar Diodes 250mA OA/200/202   10/- 
U9 20 Mixed Volts 1 watt Zener Diodes  10/- 
UN 30 PNP Silicon Planar Transistors TO-5 sim.2N 1 1 32 ... . 10/- 
U12 12 Silicon Rectifiers EPOXY 500mA up to 800 PIV  10/- 
U13 30 PNP-NPN Sil Transistors OC200&2S 104  10/- 
U14 150 Mixed Silicon and Germanium Diodes   10/- 
U 15 30 NPN Silicon Planar Transistors TO-5 sim 2N697 .... 10/- 
U16 10 3-Amp Silicon Rectifiers Stud Type up to 1000 PIV . . . 10/- 
U 17 30 Germanium PNP AF Transistors TO-5 like ACY 17-22 10/- 
U 18 8 6-Amp Silicon Rectifiers BYZ13 Type up to 600 PIV . . 10/- 
U 19 30 Silicon NPN Transistors like BCI08  10/- 
U20 12 1 -S-amp Silicon Rectifiers Top-Hat up to 1,000 PIV . . . 10/- 
U2I 30 A.F. Germanium alloy Transistors2G300 Series & OC7I 10/- 
U22 10 l-amp Glass Min.Silicon Rectifiers High Volts  10/- 
U23 30 Madt's like MAT Series PNP Transistors  10/- 
U24 20 Germanium 1 -amp Rectifiers GJM up to 300 PIV  10/- 
U25 25 300Mc/s NPN Silicon Transistors 2N708, BSY27  10/- 
U26 30 Fast Switching Silicon Diodes like IN9I4 Micro-min.. . 10/- 
U28 Experimenters' Assortment of Integrated Circuits, untested.Gates.Flip-Flops, Registers, etc.,8 Assorted Pieces 20/- 
U29 10 1 amp SCR's TO-5 can up to 600 PIV CRS1125-600   20/- 
U30 15 Plastic Silicon Planar trans. NPN 2N2924-2N2926 . . . 10/- 
U3I 20 Sil. Planar NPN trans, low noise Amp 2N3707   10/- 
U32 25 Zener diodes 400mW Du7 case mixed Vlts. 3-18 .... 10/- 
U33 15 Plastic case 1 amp silicon rectifiers 1 N4000 series .... 10/- 

Code Nos, mentioned above are given as a guide to the type of device in the Pak.The devices themselves are normally unmarked 

AD 161 NPN AD 162 PNP 
MATCHED COMPLIMEN- ARY PAIRS OF GERM. POWER TRANSISTORS. For mains driven output stages ofAmplifiersand Radio receivers. OUR LOWEST PRICE OF 12/6 PER PAIR 

HIGH POWER SILICON PLANAR TRANSISTORS. TEXAS 2S034. NPN TO-3 
VCB 100 lc4A fT. I5M/cs 
VCEI00 Ptot. 40W 
VEB8 hFE{min.) 60 Price 15/- each 

NEW SILICON RECTIFIERS TESTED PIV 400mA 750mA 1.5A 3A I OA 30A 50 lOd H- 1/6 2/9 4/3 9/6 100 1/- 1/3 2/6 3/3 4/6 15/- 200 113 1/9 2/6 41- 4/9 20/- 300 — 2/3 3/9 4/6 6/6 22/- 400 2/- 216 41- 5/6 7/6 25/- 500 — 31- 6/- 8/6 30/- 600 2/9 3/3 413 6/9 91- 37/- 800 — 3/6 4/9 7/6 II/- 40/- 1,000 — 51- 61- 9/3 12/6 50/- 1,200 — 6/6 716 1 1/6 15/- — 

SCR1 

LOWEST LARGEST 
PIV IA 7A 25 — 7/6 - 50 7/6 8/6 100 8/6 10/- 200 12/6 15/- 300 15/- 20/- 400 17/6 25/- 500 30/- 40/- 600 — 40/- 

S 
PRICE RANGE 
I6A 30A - 30- 10/6 35/- 15/- 45/— 20/- 55/- 25/- — 35/- 80/- 45/- 95/- 50/- — 

PLEASE NOTE. To avoid any further Increased Postal Charges to our Customers and enable us to keep our "By Return Postal service" which is second to none, we have re-organized and streamlined our Despatch Order Department and we now request you to send all your orders together with your remittance, direct to our Ware- house and Despatch Department, postal address: BI-PAK SEMI- CONDUCTORS, Despatch Dept., P.O. BOX 6, WARE, HERTS. Postage and packing still I/—per order. Minimum order 10/- 

FET'S 
2N 3819  10/- 2N 3820   25/- MPFI05   8/- 
OCP7I   8/6 

UNIJUNCTION 
UT46, Eqvt. 2N2646, Eqvt. TIS43. BEN 3000 

7/6 EACH 
25-99 5/- 100 UP 4/- 

INTEGRATED 
CIRCUITS 

I.C. Operational Amplifier with Zener output. Type 701C. Ideal for P.E. Projects. 8 Lead TO-5 case. Full data 
Our price 12/6 each 

5 off 11/- each. Large Qty. Prices quoted for. 
FAIRCHILD EPOXY TO-5 8 Lead I.C. u,L900 Buffer  10/6 uL9I4 Dual Gate ... . 10/6 fiL923 J.K. Flip-Flop . 14/- I.C. Data Circuits, etc 1/6 
MULLARD I.C. AMPLI- FIERS TAA243 ORP. Amp. . 70/- TAA263 Min AF Amp. 18/6 TAA293 G.P. Amp . . 26/- RCA CA3020 Audio Amp  30/- 

PRINTED CIRCUITS 
EX-COMPUTER Packed with semiconduc- tors and components, 10 boards give a guaranteed 30 trans, and 30 diodes. Our price 10 boards 10/-. Plus 21- P. & P. 

SOLID STATE DIGITAL CLOCK Price List of Components available FREE on request. S.A.E. PLEASE. 
SIL. G.P. DIODES 

300mW 30 .. . 10/- 25PIV (Min.) 100 .. . 25/- Sub-Min. 500 ... £5 Fully Tested 1,000 .. . £9 Ideal for Organ Builders. 

BLPflK< 

i j 

500, Chesham House, 
150 Regent Street, 
LONDON, W.l. 

KING OF THE PAKS BI-PAK mHIHSADSfflCnilNDii MONEY BACK 
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When did a Hobby last save you Money ?... 

substantial savings ... up to 50% ... 
is only one of the many reasons why people build Heathkits. 

Building for relaxation and leisure enjoyment gives you as an 
individual the chance to create something of interest 
to the whole family. 

a 0 ® o 

FOR FAMILY ENTERTAINMENT 
An outstanding low-priced stereo record 
player—an ideal addition to any record 
collection. Two 8" x 5" speakers provide 
crisp, clear sound. The cabinet comes finished 
in a choice of attractive blue/grey or red/ 
grey colours or in beautifully-finished simu- 
lated Teak. Kit K/SRP-1 £27.6.0. 
Carr. i 1 /- 

FOR THE MOTORIST 
A sophisticated *go anywhere' car-radio that 
provides round-the-clock entertainment wher- 
ever you drive. Powerful output (4 watts) 
will drive up to two loudspeakers. Attractive duo-tone grey presentation. Help take away 
the dull routine of traffic jams—with a Heath- 
kit car radio. Kit/CR-1 £12.12.0 (less LS). 
Carr. 5/-. 

FOR THE SHORTWAVE LISTENER 
Listen-in around the world at low-cost with a 
Heathkit S.W. Receiver. Hear the drama of 
ship-to-shore broadcasts. Be 'on the spot' 
with events in New York, Hong Kong, Mos- 
cow, etc. Enjoy the local news, sports and 
music on the popular A.M. broadcast band. 
Kit K/GR-64 £22.8.0. Carr. 5/-. 

OVER 250 DIFFERENT MODELS 

TO CHOOSE FROM 

K S-A-TMIC XT ^  CATALOGUE 

PC 

1968/69 

0 

BUILDING HEATHKIT MODELS IS SO EASY 

The constructional manual supplied with each kit SHOWS YOU 
HOW, in simple step-by-step instructions, with large, easy-to- 
understand pictorials taking you through each easy assembly 
operation. 
Besides the fun, building your own Heathkit models is so economi- 
cal. It's like getting paid for the hours you spend enjoying your 
hobby. Because you buy direct from the manufacturer, Heathkit 
ready-built models are also available to those to whom time is 
at a premium. 
Perhaps you'd like to try your hand at electrical maintenance of 
your domestic equipment or car electrics - or maintain industrial 
electric or electronic units. Heathkit have a wide range of testers, 
valve voltmeters, generators, etc., to cover many maintenance 
requirements. 

Send for the FREE CATALOGUE 

AND MAKE YOUR SELECTION FROM A WIDE RANGE 

The Heathkit 1969 colour catalogue will 
appeal to all. It describes fully the exten- 
sive range of Heathkit electronic kits and 
equipment - Stereo Hi-Fi, Test, Educa- 
tional and Instruments as well as models 
for the hobbyist and Homeworkshop. 
There's a model for everyone and every 
interest, from Heathkit, whether you are 
electronically minded or not. Send for 
your free copy and let us help you to 
enjoy yourself. 
614 

8 
£|g| tUC-A-THICXT 

DAYSTROM LTD, 

Dept. RC5, GLOUCESTER GL2 6EE 
Please send me the FREE CATALOGUE 
Name  
Address  

D"l 

L 
(Prices and specifications subject to change without prior notice) 

THE RADIO CONSTRUCTOR 



TOP TRANSISTORS 

AD161-2 1 5/- 
(Comp. pair) 
AF239 10/- 
B5000 11/3 
BD121 18/- 
BC107B 2/8 
BC168B 2/- 
BC168C 2/- 
BC169C 2/3 
BF178 
BF225 
BFY51 
GET693 

9/- 
4/- 
4/- 
1/3 

HK041 
HK101 
HK601 
IS44 
IS557 
MEM554C 
SF115 
TIS18 
TIS60M 
TIS61M 
2N706 
2N2926G 
2N3055 

2/6 
2/- 2/6 
'//I 15/- 

2/10 
71- 4/8 

4/11 
2/7 
2/6 

16/6 

2N3707 
2N3794 
2N3983 
2N4058 
2N4285 
2N4289 
2N4291 
2N4292 
2SB187 
2SB405 
2SD72 
40468A 

4/3 
2/10 
5/8 
4/7 

2/10 
2/10 
2/10 
2/10 
2/- 
5/- 
5/- 7/6 

New Data & Circuits 
Our new list includes data on 
all our transistors and com- 
ponents, plus circuits and brief 
notes on our 'AX' kits. 
6d. FREE WITH ALL ORDERS 

INTEGRATED CIRCUITS 
PA234. Transformerless amplifier In dual-in- 
line package, by U.S. General Electric. Few 
external components needed. Our data sheet (free with PA234) gives a choice of oper- 
ating conditions: 22V (1W in 22o): 18V 
OW in I5o); 12V (0.6W in lOft); 9V 
(0.25W in 8^). Price 24/- 

MULLARD I.Cs. TAA320 (impedance con- 
verter with f.e.t. input), 15/-; TAA263. 
3-stage a.f. pre-amp, 16/8; TAB101 ring 
modulator, 21/-. 
R.C.A. CA3020 mini. a.f. push-pull amp, 
28/-, (Data sheets 1/- extra). 

AH new, first grade, guaranteed to specification 
Mail order only. Prompt service. Orders over 10/- U.K. post paid 

AMPLIFIER PACKS 
Component packages for Class B transformerless amplifiers. Low 
standby current. Reversible polarity. Simple but effective circuitry. 
No adjustments. All components are new, small, and top grade. 
AX2. 9V, 300mW in 10-20 ohms 12/6 
AX3. 9V, 800mW in 8 ohms 22/6 
AX4. 24V, 5W in 8 ohms, 4W in 15 ohms 30/- 
All these may be used with speakers of higher impedance. The 
AX4 may be operated from 18V at reduced output. 

COMPONENTS 
Ferrite Rods. BLANK: Round, 4" x 2/-; 4£" 
x f", 2/-. Oval, 2" x J" x with data, 2/6. 
Slab. 2i" x J" x J", 2/-. WOUND for MW cover- 
age with 300pF, 4" x f" or 4i" x f", 5/-. 
Tuning Capacitors (Jackson) 300pF Dilemin 
10/-. Loudspeakers. 2J" round ,75a, British 
made, 10/- 

NEW MOSFETS 
Improved, ruggedised versions of our N 
channel depletion mode mosfets. The RCA 
40468A (7/6) is an exact replacement for 
40468, with increased disipation, lower noise. 
The MEM554C is a ruggedised industrial ver- 
sion of the 3N140, at a lower price (15/-). This 
is a tetrode fet with 2 gates, for use as r.f. 
amplifier or frequency changer. 

>1 MINI 9V MAINS PACK 
Can be built to size of PP6 
battery. Nominal output 
9V. 80mA. All parts. 17/6 
MINI MAINS TRANS. 
All 1" x 1" x U". 240V 
Primaries. Osmor MT9, 
9.0.9V, 80mA, 11/-. Eagle 
MT6, 6-0-6V, 100mA, 13/6. 
Eagle MT12, 12-0-12V, 
50mA, 13/6. Our GEN. 
SHEET gives outputs, regu- 
lation curves, ripple levels 
for all these, with push- 
pull. bridge, and voltage 
doubling rectifier circuits 
giving 6-80V d.c. Price 
6d, FREE WITH TRANS- 
FORMERS. 

jk —a mm mm mmfm m ■ ■ m m m 396 SelsdOD R03d, 
AMATRONIX LTD. ®oj,hC:o

H
v,d°n

n(: Surrey. CR2 ODE 

fast /Hail Order for the Amateur Radio Enthusiast! 

AERIAL EQUIPMENT 
TWIN FEEDER. 300 ohm twin ribbon 
feeder similar K25, 8d. per yard. 75 
ohm twin feeder, 6d. per yard. Post on 
above feeders, 2/- any length. 
COPPER WIRE. 14G, H/D, 140ft. 
30/-; 70ft., 16/-. Post and packing 3/3. 
Lengths are approx. only, actually sold 
by weight. 
FEEDER SPREADERS. 6" Ceramic type 
F.S., lOd. each. Postage 2/6 up to 12. 
CERAMIC CENTRE PIECE for dipoles 
Type AT, 1/6 each. P. & P. I/-, 
AERIAL INSULATORS. Ribbed ceramic, 
2/6 each. Short stick, 1/- each. Egg, 6d. 
all plus postage. 
2 METRE BEAM, 5 ELEMENT W.S. 
YAGI. Complete in box with 1" to 
2^" masthead bracket. Price; £3 7s. 
Carriage 5/-. 
SUPER AERAXIAL, 70/80 ohm coax. 
300 watt very low loss, 2/3 per yard. 50 
ohm 300 watt 2/6 per yd. P. & P. 2/6. 
TOUGH POLYTHENE LINE, type MLI 
(1001b.), 2d. per yd. or 12/6 per 100 

"RAYMART" SUPER 

BANDCHECKER 

This instrument is an adap- 
tation of the simple Ab- 
sorption type wavemeter 
and by utilising a diode and 
a sensitive meter its applica- 
tion is considerably widened. 
In addition to the familiar 
use of checking output fre- 
quency the increased sensi- 
tivity enables it to be used 
for many other applications 
such as:- 

Checking of Multiplier stages in Multi Stage 
transmitters. 
Neutralising R.F. Amplifiers. 
Standing waves on coax Cables. 
R.F. pick up in wiring. 
R.F. pick up in microphone leads, etc. 

Price £4.4.0 (3.5-35 Mc/s) 
or, including 160 Metre Band £4.10.0 

p. & p. 3/- 

AERIAL DIPOLE KITS 
TYPE RD1 comprises : 

2 x 70ft. 14G copper or 140ft. 
stranded (as preferred) 

1—AT Centre Piece 
2—Ribbed Insulators 
70ft. 300 ohm Ribbon Feeder 

52/6 P. & P. 4/6 

TYPE RD2 as above, but with : 
12—FS 6in. Ceramic Spreaders 
140ft. Flexible Feedwire 

£3 10s. P. & P. 4/6 

TYPE RE3 comprises : 
70ft. Copper Wire (stranded or 

solid) 
1—T piece 
2—Ribbed Insulators 
50ft. of 75 ohm Balanced Twin 

35s. P. & P. 3/6 

Emrnm 
CHAS. H. YOUNG LTD. 

The Widest Range of Components in the Midlands 

D|0 * HIRE PURCHASE 

~ 7k PART EXCHANGE 
CHAS. H. YOUNG LTD. 

At your service G2AK, G3LAY, G3VFV 
Please print your address. No C.O.D. under £1. 'phone 021-236 1635 

170-172 Corporation Street, 
Birmingham 4 
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BOUND VOLUME 

No. 21 

of 

cThe Radio Constructor" 

FOR YOUR LIBRARY 

Comprising 
792 pages 
plus index 

AUGUST 1967 
to JULY 1968 

PRICE 35^- Postage 4^6 

Special discount of 10/- for regular readers 
Just cut the heading from each month's 
contents page, including title and month of 
issue, and this will be sufficient evidence of 
readership to qualify for the discount. 

Thus regular readers will still retain their 
copies for workbench use, while having a 
splendid bound volume containing issues in 
mint condition. 

PRICE 25/- Postage 4/6 

Limited Number of Volume 20 
(August 1966 to July 1967) still available 

Price 32/6 Postage 4/6 

Available only from:- 

Data Publications Ltd. 

57 Maida Vale London W9 

L, 

'J czn 

■vS 

r 

IF YOU'RE BUYING A HOUSE 

Mortgage 

Protection 

is the best Policy for you 

If you're buying your house with the help of a 
Building Society or a private loan, a "Yorkshire" 
Mortgage Protection Policy will take care of your 
outstanding payment in the event of your premature 
death. And, if you wish, you can arrange a Protection 
"Plus" Policy, which gives you a substantial cash 
return at the end of the mortgage term. It costs so 
little yet means so much to your dependants. Leave 
them a home not a mortgage! 

Please send for further details, without any 
obligation, of course. 

the YORKSHIRE insurance company ltd 
Chief Offices: Rougier Street, YORK 

and Becket House, 36-37 Old Jewry, LONDON E.C.2 

Please send me further particulars of the 
"Yorkshire" Mortgage Protection Policy 

Name             
Address ._.     .'.    

•■■■•   ' T j/b 
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Here's money-making repair data (or over 

1000 POPULAR MODELS 

right bock to 1965 . 
from c radiograms 
RADIOS * . CAR 

RECORD PLA ordERS 

RADIOS ]APE*E
loUr tV 

TV,S including^ co 

1,180 pages- ^ s, printed 
ponent layout d, g and wave- 

panel diagrams. form graphs 

RADIO & TELEVISION 

SERVICING 

This big RADIO & TELEVISION SERVICING repair library 
will help you speed up your repair work and increase your 
earnings. Packed with circuits, repair data and vital inform- 
ation it covers all the popular 1965—1969 TV's, Radios, 
Radiograms, Car Radios, Record Players and Tape Recorders 
 including the latest data on COLOUR TV. Four volumes 
handsomely bound in maroon and gold. 2,180 pages written 
by a team of expert Research Engineers—there.'s no other 
publication like it ! Speeds up repair work year after year. 
Examine this latest edition at home free for a week. Send 
no money—just post coupon below—there's absolutely no 
obligation to buy. 

COLOUR TV 
All aspects of Colour TV are covered—from installation to 
static convergence. The vital information in the colour 
section make this repair library invaluable to the Service 
Engineer. 

JUST OUT! 
New 12th Edition of 
ELECTRBCAL ENGINEER'S 
REFERENCE BOOK 
Over 2,000 pages, more than 2,400 
Diagrams, Photographs and Tables. 
A comprehensive reference work on 
modern theory, practice, equipment 
and latest developments written by 
75 leading experts. 
Main Sections include— 
Theory and Calculations. Power 
Station Practice. Cables and Wires. 
Lighting, Heating, Lifts. Motors, 
Wiring and Installation. Applied 
Electronics. Automatic Control. 
Computers. Latest I.E.E. Reg. 
requirements. Education, Training, 
City and Guilds, etc. 

/ 

SERVICING DATA ON ALL THESE MAKES 

Aiwa, Aiba, Baird, Beogram, Beolit, B.R.C., Bush, Carousel, Cossor, 
Dansette, Decca, Defiant, Dynaport, Dynatron, Eddystone, Ekco, 
Elizabethan, Ever Ready, Ferguson, Ferranti, Fidelity, G.E.C., 
Grundig, H.Wl.V., Kolster-Brandes, Hitachi, Invicta, McMichael, 
Marconiphone, Masteradio, Motorola, Murphy, National, New- 
matic, Ram, Perdio, Peto-Scott, Philips, Portadyne, Pye, Radio- 
mobile, R.G.D., Regentone, Roberts' Radio, Sanyo, Sharp, Smith's 
Radiomobiie, Sobell, S.T.C., Sony, Standard, Stella, Stereosound, 
Teletron, Thorn, Trans Arena, Ultra, Van Der Molen, World Radio. 

SENT TO YOU BY POST ON 

7 DAYS FBEE TBUL 

SfTo: Buckingham Press Ltd., 18-19 Warren Street, London, W.l. 
Please send RADIO & TV SERVICING—4 volumes, without obligation to buy if | 

I _ nere [_] zu/- oeposic ana io moncmy paymetus oi xu/-, pa/m^ »-1 / m an. | 
I □ Also send me on 7 days trial Electrical Engineer's Reference Book. Cash price E 
"   | 

I 
I 
I 

I you accept my application. 1 will return the books in 8 days or post: 
| Tick (V) □ Full cash price of £16, or 

I £6 6s. (or 12/- dep., 12 monthly payments of 10/-, paying £6 12s. 
If you are under 21 your father must fill in coupon. 

I Full Name  
| (BLOCK LETTERS PLEASE) 
■ Address  

The address on left is 'My/our property | | 

County.. 

Occupation.. 

I (Mr- I Signature  (Mrs. ■ RTV4/EERB/4000 I Miss 

Rented |—• unfurnishedl I 
Furnished accom| j 
Temporary addressQ 
// none o! the above please answer here 

I 
J 
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DENCO (CLACTON) LIMITED 

355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX 

Our components are chosen by Technical Authors and Constructors throughout 
the World for their performance and reliability, every coil being inspected twice, 
plus a final test and near spot-on alignment as a final check. 

Our General Catalogue showing full product range ... ... ... 2s. 6d. 
DTB4Transistor&Valve circuitry for D.P. Coils ... ... ... 2s. 6d. 
DTB9 Valve Type Coil Pack Application circuitry ... ... ... 2s. 6d. 
MD.1 Decoder Circuitry for Stereo Reception ... ... ... 4s. Od. 

All post paid, but please enclose S.A.E. with all other requests in the interests of 
retaining lowest possible prices to actual consumers. 

THE MODERH BOOK CO 

Radio Amateur's Handbook by A.R.R.L. 45s. 
Postage 4s. 

Television Engineer's Pocket Book by J. P. 
Hawker. 21s. Postage Is. 
TV Fault Finding. Edited by J. R. Davies. 8s. 6d. 
Postage 6d. 
Using Scopes in Transistor Circuits by Robert 
G. Middleton. 32s. Postage 1s. 
Hi-Fi in the Home by John Crabbie. 40s. 
Postage 1s. 6d. 
Transistor Transmitters for the Amateur by 
Donald L. Stoner. 21s. Postage Is. 
Tape Recording and Hi-Fi by R. Douglas 
Brown. 18s. Postage Is. 
Radio Amateur Operator's Handbook. 6s. 
Postage 6d. 
Transistor TV Training Course by Robert G 
Middleton. 35s. Postage 1s. 6d. 

Beginner's Guide to Transistors by J. A. Reddi- 
hough. 15s. Postage 1s. 

Colour Television by G. N. Patchett. 40s. 
Postage 1s. 

FET Principles, Experiments & Projects by 
Edward M. Noll. 40s. Postage 1s. 

Beginner's Guide to Television by Gordon J. 
King. 18s. Postage 1s. 

Principles of PAL Colour Television by H. V. 
Sims. 21s. Postage Is. 
World Radio-TV Handbook 1969. 35s. 
Postage 1s. 

Problems in Electronics by J. C. Higgins. 24s. 
Postage Is. 

Servicing Transistor Receivers by F. R. Pettit. 
7s. 6d. Postage 6d. 

Radio Valve Data. 9s. 6d. Postage 1s. 

We have the Finest Selection of English and American Radio Books in the Country 

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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FULLY TESTED AND MARKED 
AC 107 AC 126 AC 127 AC 128 AC Y 17 AFI 14 AFI 15 AF I 16 AFI 17 AFI 18 AFI 86 AFI 39 AF239 BFY50 BSY25 BSY26 BSY27 BSY28 BSY29 BSY95A OC41 OC44 OC45 OC71 OC72 OC73 OC81 OC81D OC83 OCI39 OCI40 

3/- 2/4 2/4 2/4 3/- 4/- 3/6 3/6 3/6 3/6 10/- 10- 12/6 4/ 
7/6 3/- 3/- 3/- 3/- 3/- 2/6 

l/l I 1/9 2/6 1/6 
3/6 2/6 2/6 4/- 2/6 
3/6 

OCI70 OCI7I OC200 OC20I 2G30I 2G303 2N71 I 2N I 302-3 2N 1304-5 2N I 306-7 2N1308-9 2N3844A Power T ransistors OC20 OC23 OC25 OC26 OC28 OC35 OC36 AD149 
AUY10 Diodes AAY42 OA95 OA70 OA79 OAS I OA73 IN9I4 

4/- 3/6 7/- 2/6 2/6 10/- 4/- 5/- 6/- 8/- 5/- 

.10/- 10/- 8/- 5/- 7/6 5/- 7/6 10/- 
30/- 
2/- 2/- 1/9 1/9 1/9 2/- 1/6 

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

OVER £4 

LIMITED 

TRY OUR X PACKS FOR 
UNEQUALLED VALUE 

XA PAK 
Germanium PNP type transistors, equiva- 
lents to a large part of the OC range, i.e. 
44. 45. 71. 72. 81. etc. 

PRICE £5 PER 1000 
POST & PACKING 4/6 U.K. 

XB PAK 
Silicon TO-18 CAN type transistors NPN/ 
PNP mixed lots, with equivalents to 
OC200-1. 2N706a. BSY27/29. BSY95A. 
PRICE £5.5.0 PER 500 £10 PER 1000 

POST & PACKING 2/6 U.K. 

XC PAK 
Silicon diodes miniature glass types, finish- 
ed black with polarity marked, equivalents 
to OA200. OA202. BAY31-39 and DK10, 
etc. 

PRICE £5 PER 1000 
POST & PACKING 2/6 U.K. 

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 75% OR MORE GOOD 
SEMI-CONDUCTORS. FREE PACKS SUS- 
PENDED WITH THESE ORDERS. ORDERS 
MUST NOT BE LESS THAN THE MINI- 
MUM AMOUNTS QUOTED PER PACK. 

m 

TRANSISTORS ONLY 1/- EACH 
SILICON • PLANAR • N.P.N. • P.N.P. 
All these types available 
2N929 2N706 28131 2S103 2N696 2N1613 28733 BFY10 
28501 2N706A 28512 28104 2N697 2N1711 2N726 28731 
BC108 2N3011 28102 2N2220 2N1507 2N1893 2N2484 28732 
All tested and guaranteed for gain and leakage—unmarked. 
Manufacturers' fall outs from the new PRE-PAK range. 

FREES 

NEW UNMARKED UNTESTED PAKS 
B78 ]2 Integrated Circuits, Data & Circuits of types, supplied 

with orders. 
10/- 

B80 Q Dual Trans. Matched O/P 
pairs NPN. Sil. in TO-5 can. 10/- 

B82 10 OC45, OC810 & OC81 Trans. Mullard glass type. 10/- 
B83 700Trans. Newmarket reject & 

other types NPN & PNP. 10/- 
B84 100Silicon Diodes DO-7 glass equiv. to OA200, OA202. 10/- 
B66 ISQHigh quality Germ. Diodes. 

Min. glass type. 10/- 
b86 50 Sil. Diodes sub. min. IN914 & IN916 types. 10/- 
B8/ 100 Germ. PNP Trans, equiv. to 

OC44, OC45, OC81. etc. 10/- 
B88 50 Sil. Trans. NPN. PNP. equivalent to OC200/1, 

2N706A, BSY95A, etc. 
10/- 

B60 10 ^ Watt Zener Diodes. Mixed voltages. 
XL 

NEW TESTED & GUARANTEED PAKS 

PRE-PAK. N.605 POWER TRANSISTOR EQUIVALENT TO NKT301 -2-3-4 
COMPLEMENTARY SET 
NPN/PNP GERM. TRANS. 

5/- each 

2/6 Pair 

B2 4 Photo Cells. Sun Batteries, 
Inc. book of instructions. 10/- 

B77 2 AD1 61-AD1 62 NPN/PNP 
Trans. Comp. outout. Pair 10/- 

B79 4 1N4007 Sil. Rec. Diodes. 
1000 Piv. 1 amp Miniature. 10/- 

B8I 10 Reed Switches comp. with 
coils and magnets. 10/- 

B85 24 Integrated Circuits on Panels. Data supplied with orders. 10/- 
B89 2 5SP5 Light Sensitive Cells. 

Light res. 400(). Dark IMth 10/- 
B90 4 Latest type Reed Switches. 

Green glass G.P.O. type. 10/- 
B91 8 NKTI 63/ I 64 PNP Germ, to — 5. Equiv. to OC44, OC45. 10/- 
B92 4 NPN Sil. Trans. A06 BSX 20. 

2N2369, 500 MHz. 360 mW. 10/- 
B93 5 GET113 Trans, equivalent to 

ACY17-21 PNP Germ. 10/- 
B94 6 NPN Sil. Planar Epitaxial 

Trans. CS4 similar to BSY38 
or BC108. 

10/- 

B96 5 2N3136 PNP Sil. Trans. TO- 
18. HFE1 00-300. IC.600mA. 
200 MHz. 

10/- 

B98 10 XB112 & XB 102 equiv. to 
AC126. ACI56. OC81/2. 
OC71/2. NKT27I. etc. 

10/- 

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

Full of short lead semiconductors and electronii 
components, approx. 170. We guarantee at 
least 30 really high quality factory marked 
Transistors PNP and NPN, and a host of 
diodes and rectifiers. Mounted on printed 
circuit panels. Identification chart supplied to 
give some information on the transistors. 
p.] PLEASE ASK FOR PAK P.l. ONLY 

2/- P & P on this Pak. 
10/- 

Make a Rev. Counter for your Car. The 
TACHO BLOCK'. This encapsulated block 
will turn any 0-1 mA meter into a perfectly 
linear and .accurate / 
counter for any car. ^1 ■/■ _^L 
State 4 or 6 cylinder. OoCli 

FREE CATALOGUE AND LISTS 
for:— 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE-PAK LISTS 
b SUBSTITUTION CHART 

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

THERE IS ONLY ONE 
BI-PRE-PAK LTD 
BEWARE OF IMITATIONS 

WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

MAY 1969 

DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE: S0UTHEND (0702) 46344 
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... you need the 

Home Radio 

CATALOGUE 

it's the finest, most comprehensive Catalogue we have ever 
produced - this latest edition. It has 330 pages, over 8,000 
items listed, over 1,500 of them illustrated. Everything for the 
keen constructor - including tools and test gear. With each 
Catalogue we supply a 30-page Price Supplement, a bookmark 
giving electronic abbreviations, and an order form. All for only 
8/6d plus 3/6 post, packing and insurance. Moreover, every 
catalogue contains 6 vouchers, each worth 1/- when used as 
directed. 

POST THIS COUPON NOW 

with cheque or P.O. for 12/- 

IfJ 

Please write your Name and Address in block capitals 

| Name   

Address . 

HOME RADIO (COMPONENTS) LTD., Dept. RC, 
234-240 London Rd., Mitcham, CR4 3HD, Surrey. 
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THE 
Radio Constructor 

Incorporating THE RADIO AMATEUR MAY 1969 

Vol. 22 No. 10 CONTENTS 

Published Monthly (1st of Month) 
First Published 1947 

Editorial and Advertising Offices 
57 MAIDA VALE LONDON W9 

Telephone 
01-286 6141 

Telegrams 
Databux, London 

© Data Publications Ltd., 1969. Contents 
may only be reproduced after obtaining 
prior permission from the Editor. Short 
abstracts or references are allowable 
provided acknowledgement of source is 
given. 

Annual Subscription 42s. (U.S.A. and 
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MAINS POWER 

FOR TRANSISTOR EQUIPMENT 

by 

G. W. SHORT 

The provision of simple mains power supplies for transistor equipment tends to 
introduce more complications than are encountered in equivalent power supplies 
for valves. Our contributor examines the pitfalls which have to be avoided, 

illustrating his remarks with two practical supply circuits. 

Making a simple unstabilised mains power 
unit to supply low-voltage d.c. to transistor 
equipment is not quite as easy as it looks. 

True, the circuitry is not at all complicated: a step- 
down transformer, a rectifier, and an electrolytic 
capacitor are the only essential circuit elements. But 
there are snags. One of them is that unless care and 
knowledge are exercised, the power pack may 
deliver an output voltage which is much higher than 
the required value, with disastrous effects on the 
equipment supplied. There are also uncertainties 
about the amount of hum which will be produced 
as a result of the ripple on the d.c. output. Again, 
the constructor may wish to use the low-voltage 
heater windings on an old transformer from a piece 
of valve equipment. Will it give the right output? 

And last, but by no means least, how can the power 
pack be made safe? Not all these points can be 
answered precisely, but the two practical designs 
given here indicate the sort of performance which 
can be expected. 

NOMINAL 9V, 100mA SUPPLY 

Equipment designed for battery operation will 
usually work quite well from somewhat less than 
the full battery voltage. This enables the 6.3V 
winding of a valve "heater transformer" to be used 
for a nominal 9V d.c. output. Conventional trans- 
formers of this type will deliver at least 300mA 
r.m.s., and their secondary windings usually yield 
rather more than the nominal 6.3V when the current 

jiN/ +o 
Tr Silicon A.C ZZZ! 18V bridge 
I 

mains rectifier 

4000pF 30V wkg 

Output 

13V at SOOmA 
" \ 

Output 
voltage iq 

30 

20 

lOO 200 300 400 SOO 
Output current (mA) 

Ca) (b) 

Fig. 1(a). A simple bridge rectifier power 
supply intended for low-current equipment 
having a nominal supply requirement of 9 volts, 
(b). Regulation curve for the supply. 

■(c). Ripple across the reservoir capacitor 
increases with output current, as shown here. 
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drawn is much less than this. When a suitable rec- 
tifier is used, together with a large reservoir capacitor, 
the d.c. output is always well above 6.3V for small 
load currents. In theory, and assuming perfect rec- 
tifiers, etc., the output across the reservoir capacitor 
for zero load current would be equal to the peak 
transformer secondary voltage, and this is a little 
under 9V for a 6.3V r.m.s. input. In practice the 
direct voltage across the reservoir capacitor is always 
a little less than the peak value but the fact that 
the transformer secondary normally offers more than 
its nominal 6.3V at low current drains offsets this, 
and will leave you with something quite close to 
9V — perhaps a little above, perhaps a little below 
— but within reasonable distance of that value. 

The curve of Fig. 1(b) shows the performance of 
a particular combination of transformer, rectifier 
and capacitor, as checked by the writer using the 
circuit of Fig. 1(a). At zero load the output is 9.5V 
but as current is drawn it falls, and at 100mA out- 
put it is only about 6.5V. Thus, the circuit of Fig. 
1(a) has its limitations so far as voltage regulation 
is concerned but is nevertheless of use provided 
these limitations are known and are acceptable for 
the equipment to be powered. 

A selenium bridge rectifier was used. The forward 
voltage drop in a bridge is higher than with, say, 
a half-wave rectifier employing a single silicon or 
germanium junction diode. But the regulation with 
a bridge rectifier is better and the ripple voltage much 
lower. The curve of Fig. 1(c) shows that the ripple 
voltage increases as load current rises. This curve 
was taken using the writer's test circuit. 

CHOICE OF RECTIFIER 

Junction rectifiers are very suitable for low voltage 
supplies. Germanium types have a low voltage drop 
when conducting, and give a little more output vol- 
tage than silicon types, but they are no longer in 
large scale production. Silicon bridges are quite 
suitable also. 

This leaves two other types to be considered, of 
which the first is the germanium point-contact diode. 
Rectifiers of this type are quite useless for power 
supplies which have to deliver more than a few 
milliamps, because their forward drop is high and 
they will not stand up to the large surge currents 
which flow during the short interval in which the 
capacitor is initially charged when switching on. 
Gold-bonded diodes are better, since they are really 
tiny junction diodes, but again they will not supply 
much current. 

The second type of rectifier is the selenium com- 
ponent. The selenium rectifier diode has about the 
same forward voltage drop as a silicon rectifier at 
low currents, but may be worse at high ones. A 
qualifying point here is that a silicon bridge uses 
only four diodes (except for very high voltages) 
whereas selenium bridges may contain four, eight, 
twelve, and so on, according to the voltage rating. 
Since every diode produces a forward voltage drop, 
in the present case a selenium bridge with only 
four elements (four plates) must be used. Readers 
who are familiar with the old-fashioned grey-painted 
selenium bridges encountered in 'surplus' gear may 
have a poor opinion of selenium, but performance 
has now been greatly improved while at the same 
time size has been reduced. The selenium bridge 
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used by the writer in the circuit of Fig. 1(a) is 
about the size of a little finger nail, yet it is rated 
at 30V, 150mA. These little selenium rectifiers are 
usually cheaper than silicon or germanium bridges. 
At higher voltages, silicon takes over. 

25V SUPPLY FOR CLASS B AMPLIFIER 

This is a much more critical requirement than the 
previous case. Designers of transistor power ampli- 
fiers nearly always operate the output transistors 
near the upper limit of permissible voltage. If more 
voltage is applied the transistors may be destroyed. 
Fuses give no protection since transistors can perish 
in microseconds, while a fuse takes much longer to 
respond. 

The constructor is faced with an apparent 
dilemma. It would seem that, if he designs a simple 
unstabilised power unit so that the off-load voltage 
is not too high, then when a signal is applied and 
the amplifier draws more current, the voltage will 
fall, drastically reducing the amplifier output power. 
A fall in voltage of 30% halves the power, and a 
fall of 50% reduces it to one quarter of the design 
value. Furthermore, the actual measured performance 
of a power unit, as shown in Fig. 2(b), seems to 
bear out these forebodings to the full. (Fig. 2(b) 
shows the output voltage/output current curve for 
a second power supply assembled and checked by 
the writer, this employing the circuit of Fig. 2(a).) 

In practice, however, a circuit like that of Fig. 
2(a) gives results which are audibly almost indis- 
tinguishable from those given by a stabilised power 
unit with a constant 25V output. The reason is that 
although an amplifier with a nominal output of 
around 5W may draw 400mA at full output with 
sine-wave drive, it draws far less with speech or 
music drive, because speech and music waveforms 
are very spiky. If the input is adjusted so that the 

AC mains Selenium 
bridge 
rectifier 

lOOOpF 
IOV wkg. 

6-5V at lOOmA 

D 

6-3V nominal 

Ca) 

"T/™0 Output 5. 
I Output voltage 

—0 O- 
O 25 SO 75 IOO 

Output current (mA) 

(b) 

10 Ripple 
voltage 

O S (peak 
-to- 

n peak) 
O 25 SO 75 IOO 

Output current CmA) 

(c) 

Fig. 2(a). A power supply intended primarily 
for 25 volt equipment. 
(b). Voltage/current regulation curve for the 
second supply unit. 
(c). Ripple amplitude against output current. 
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peaks just fail to overload the amplifier then the 
mean current drawn is quite small. The power unit 
operates for most of the time in the shaded area, 
where the voltage is still quite high. It is important 
that the supply can deliver short bursts of high 
current, and this can be ensured by using a high- 
value reservoir capacitor. 

Having disposed of a 'paper tiger' we must now 
deal with a real one. If a simple unstabilised power 
supply is to provide a nominal output of 25V the 
mains transformer must not have a secondary vol- 
tage of that figure. The quoted secondary voltage 
of a transformer is in r.m.s. figures and, as we 
have already seen, the d.c. output of the power 
supply is well in excess of the r.m.s. figure at the 
lower currents, rising to around the peak value at 
zero load current. If a 25V secondary had been 
employed in the circuit of Fig. 2(a) the peak d.c. 
output could have risen to 35V, with consequent 
risk of damage to the powered equipment. Always 
use a transformer with a secondary voltage rated at 
0.7 times the nominal d.c. output voltage of the 
power supply. (This is because the r.m.s. voltage 
of a sine wave is 0.7 times its peak value.) In our 
present example, 25 times 0.7 is equal to 17.5V, and 
the 18V secondary employed in practice is sufficiently 
close to this figure to obviate the risk of excessively 
high output voltages appearing at low load currents. 

Another point to watch here occurs when buying 
low voltage mains transformers from local shops 
dealing in electrical goods. Low voltage transformers 
are frequently associated, by electrical tradesmen, 
with the function of battery charging and what is 
described as an T8V transformer' may, in practice, 
offer as much as 25V r.m.s. The purpose of the so- 
called T8V transformer' is to charge an 18V battery, 
whereupon it may have been designed to offer an 
actual voltage considerably higher than that figure. 
If your local supplier does think in terms of charger 

transformers, it is necessary to ask for a transformer 
which really gives 18V r.m.s., whatever the nominal 
voltage is. When confronted with this problem, the 
only certain way of ascertaining the secondary vol- 
tage is to measure it. 

(This state of affairs does not arise with the 
well-known radio component mail-order houses, who 
state r.m.s. secondary voltages in their catalogues. 
—Editor.) 

SAFETY PRECAUTIONS 

It is absolutely essential, in the completed supply, 
that no conductor at mains voltage is capable of 
being touched, even by tiny fingers poked through 
small holes in the case. On the other hand ventila- 
tion is needed, or the power unit may get hotter 
and hotter and eventually break down. A generous 
area of perforated hardboard or metal is indicated, 
but if metal (e.g. expanded metal sheet) is employed 
remember to earth it reliably to the earth lead of 
the 3-core mains connector. 

Make sure that the ventilation holes cannot be 
blocked if the unit is placed against a wall. One 
good system here is to provide the unit with feet 
which hold it iin. off the surface on which it is 
placed, with ventilation holes positioned so that air 
is drawn in from below and passes out at the top 
of the side walls of the case. Ventilation holes in 
the top itself are dangerous, because liquids can get 
spilt into them. 

The mains lead should be securely anchored. It 
is best to secure this with a reliable cable clip 
inside the cabinet, ensuring that it passes through a 
grommet if the cabinet is metal. 

Fuses are advisable, and the mains should pass 
through them before it reaches the on-off switch. If 
only one leg is to be fused and/or switched, make 
it the 'live' one. 

CAN ANYONE HELP I 

Requests for information are inserted in this feature free of charge, subject to space being available. 
Users of this service undertake to acknowledge all letters, etc., received and to reimburse all reasonable 
expenses incurred by correspondents. Circuits, manuals, service sheets, etc., lent by readers must be 

returned in good condition within a reasonable period of time 

Voice Recognition.—M. Kleist, 71 Tyzack Road, 
High Wycombe, Bucks—loan of any circuits relating 
to this subject. 
Challenge Car Radio Model M66A.—H. Douglas, 7 
Ffordd Ffynnon, Prestatyn, Flints—loan or pur- 
chase of circuit. 
Model 45B Taylor Valve Tester.—M. Drohan, 13 
Dean Kananagh Place, Kilkenny, N. Ireland—loan 
or purchase of manual of switch and control settings 
for various types of valves (not the Instruction 
Manual). 
Volmar Tape Recorder Model TR236.—B. B. Rafter, 
18 South Road, Oundle, Peterborough—-loan or 

purchase of circuits or any information. Also for 
E.S.I. Aiphone Intercom (1 master, 3 slave). 

SCR522, R5019, BC624A.—D. Hannaford, 16 Alex- 
andra Villas, Brighton, BN1 3RF—loan of any in- 
formation or circuits. 

BC1147A.—M. A. Rashid, 93 Blenheim Road, North 
Harrow, Middlesex — loan or purchase of service 
manual for this receiver. 

Grundig Tape Recorder Model TK25.—J. Sandford, 
25 South Park Court, Park Road, Beckenham, Kent 
—purchase of manual or circuit diagram or any in- 
formation. 
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SUGGESTED CIRCUIT No. 222 

LIGHT OPERATED 

RADIO SWITCH 

by G. A. FRENCH 

i n 

w 

mm rn 
!UR 

Many of us like to have 
a transistor portable radio in 
the bedroom in order to pro- 

vide a late night programme before 
retiring. A slight irritation, however, 
is that it is necessary to switch off 
the receiver before finally settling 
down to sleep, and this may involve 
reaching over to an awkward posi- 
tion from the bed or, even, getting 
out of bed altogether. 

This month's "Suggested Circuit" 
offers a novel solution to this minor 
domestic problem and it presents a 
design which automatically turns off 
a 9-volt portable transistor receiver 
when the bedroom light is switched 
off. As an added bonus, the photo- 
conductive cell employed in the 
circuit can be so positioned that the 
receiver is also turned on again by 
the daylight of the following morn- 
ing. The switching action of the 
circuit is carried out by transistors, 
and no relays are employed at all. 
The only disadvantage with the 
circuit is that it draws a continual 
current from the receiver battery 
when it is in the dark condition; but 
this current is, typically, less than 
one-tenth of a milliamp. The gradu- 
ally increasing light of the following 
dawn will cause an increasing cur- 
rent flow in the receiver circuits 
until the latter commences to 
operate but, due to the high d.c. 
amplification provided in the circuit, 
this effect should be in evidence 
over a relatively short period of 
time only. The extra current drawn 
by the switching circuit in the 
illuminated state is slightly greater 
than in the dark condition, but it is 
still of the order of a third of a 
milliamp or less. 

SWITCHING SECTION 

To appreciate the operation of 
the overall circuit it will be of 
advantage to initially examine the 
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semiconductor switching section, 
which incorporates two transistors 
in an arrangement similar to that 
illustrated in Fig. 1. The "load" 
shown in this diagram is actually a 
transistor receiver, but we shall 
assume for the moment that it is a 
resistor which draws a current of 
about 50mA at 9 volts. 

TR1 is an ACY19, this being a 
small germanium p.n.p. transistor in 
a TO-5 can. It offers a reasonably 
high current gain (80 to 315 at an 
emitter current of 50mA), has a 
maximum dissipation rating of 
260mW and a peak collector current 
rating of 2A. TR2 is a very small 
n.p.n. transistor type BC168C in the 
TO-92 encapsulation, and it offers 
the extremely high gain figure of 
450 to 900 (The BC168C is available 
from Amatronix Ltd.). 

When the switch in Fig. 1 is 
closed, a current flows in the base 
of TR2. An amplified current then 
flows in the collector circuit of TR2, 
this current being drawn via the 
emitter-base junction of TR1. TR1 
functions as an emitter follower and 
a further-amplified current flows 
from its emitter to its collector. The 
two transistors function in much 

the same manner as occurs in the 
familiar Darlington pair with the 
exception that, since they are of 
opposite types, it is the collector of 
the first which is connected to the 
base of the second. The emitter-base 
current in TR1 and the collector- 
emitter current in TR2 are both 
drawn from the positive terminal of 
the battery via the load ("Conven- 
tional current"—positive to negative 
—is assumed here). If, in conse- 
quence, the two transistors are used 
as a switch between the battery and 
the load, the only extra current 
drawn from the battery, in addition 
to that flowing in the load, is the 
base current to TR2 which passes by 
way of its base resistor. The overall 
current gain for the two transistors 
is approximately equal to the pro- 
duct of their individual gains and 
something of the order of 40,000 
times or more can be anticipated. 
When, during initial experiments, 
the author used a trial circuit simi- 
lar to that of Fig. 1, both transistors 
were hard on for a current in the 
load of 50mA when the base resistor 
for TR2 was 8M£2. This corresponds 
to a base current in TR2 of slightly 
more than 1 /iA! 

TR, 
ACYly 

TO2 

BC168C 
Load 9V 

Fig. 1. The basic dual-transistor combination employed in the 
switching circuit 
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MGHT OPERATED CIRCUIT 

The full circuit of the light 
operated switching device appears 
m Fig. 2. Here, we have TR1 and 
TR2 connected as before, but the 
base of TR2 now couples, via R1 
to the slider of the preset potentio- 
meter, R2. R3 is a limiter resistor, 
whose function will be described 
later. It is intended that the circuit 
be interposed between the transistor 
receiver and its battery, the points 
,^4, kfr- the diagram designated To Receiver" connecting to the 
receiver negative and positive supply 
rails via its on-off switch. The 
cirout is brought into operation by settmg SI(a) (b) to the "In" position, 
whereupon Sl(b) connects the lower 
terminal of the photoconductive 
f- ' - to the positive supply line. The cell is an ORP12 falso 
referred to as a "light dependent 
resistor ). Its resistance changes 
from some 75 to 300R in the fully 
illuminated condition to about 10MS 
in total darkness. 

The functioning of the circuit is 
extremely simple. The slider of R2 
is set up such that, when the cell is 
illuminated, sufficient current passes 
to the base of TR2 to bring both 
transistors hard on and supply 
power to the receiver. When the 
mumination is withdrawn the photo- 
conductive cell offers increased 
resistance, the slider of R2 goes 
more negative, and both transistors 
become cut off. The receiver is thus 
turned off. 

The prototype circuit was checked 
with the photoconductive cell dir- 

?cted in the general direction of a 
100 watt lamp some eight feet away 
A receiver was coupled to the cir- 
cuit and this switched on reliably 
when the 100 watt lamp was lit and 
switched off again when the lamp 

ff'rned off. The setting required 
in R2 for this performance was not 
particularly critical. When the re- 
ceiver was switched on the voltage 
drop across TR1 was about 0 3 
volts When the receiver was turned 
off, the only current drawn from the 
battery was that flowing in R2 and 

' ■ '""Oilier with leakage current in TR1 plus amplified leakage 
current m TR2. The total of 111 
these currents was found to be less 
than 100/iA. The circuit was then 
checked for sensitivity by fully 
advancing R2 slider to the PCI end 
ox its track, whereupon it was found 
that the receiver Could be turned on 
by striking a match six feet away 
trom the photoconductive cell. All 
these tests were carried out during 
late evening, when ambient light 
was very low. No lens was used with 
the photoconductive cell but it was 
necessary for the burning match in 
the final test to be close to a line 
perpendicular to its photo-sensitive 
S? t^' With ^2 slider adjusted to 
if , end of its track. incident- ally, the total current drawn from 

the battery in the dark condition 
was still less than 100/iA. 
. When the light switching device 
"r>n+" e^U^reL

d' 81 ^ (b) is set to j t . M(a) then short-circuits TR1 
and R3 whilst SI(b) breaks the posi- 
tive connection to the photoconduc- 
tive cell. The light switching com- 

BCI68C 
Lead-outs 

To receiver 

OUT 

4-7n 
ww ACVIQ 

Lead-outs 
TR, 

ACYI9 bl o c o e o 
TR2 

BCI68C 

Ri 
2-2Mn 

r2 9V 
25l<n lin 

PC| ftli ORP(2 l>l> 

IN OUT 
slb 

R|,R3 - '/Bwatt 10% 

ponents are thus taken completely 
out of circuit, and the receiver is 
switched on and otf by its own 
on-ofc switch. 

In use, the receiver will be tuned 
to the desired station at the required 
volume level. With the photocon- 
ductive cell illuminated by the 
bedroom light, SI is then set to 

.. ' whereupon the light-operated switching circuit takes over. The 
receiver on-off switch is, of course 
maintained in the "On" position. 

A final point in the circuit is con- 
cerned with R3. The function of this 
resistor is merely that of limiting 
surge current in TR2 to a safe value 
it the receiver should be turned off 
by its own switch, then turned on 
again whilst TR1 is in circuit and 
conductive. The voltage dropped 
across R3 is slightly less than a 
quarter of a volt at a current of 
50mA. 

receiver as load 

It is of interest next to examine 
the manner in which a transistor 
portable receiver functions as a load 
tor the switching circuit, and to see 
how it may be switched by a rela- 
tively smal! transistor as is employed 
tor IRl. 

Typically, a 9-volt transistor radio 
draws some 10mA quiescent current 
this increasing at high volume 
levels to about 50mA. When draw- 
ing 50mA it may be considered as 
a 4fSlstor "av'nS a value of 180S2. Maximum dissipation in TR1 
occurs at half-voltage, when 4 5 
volts appears across both the transi- 
f°r and,the load. If the load is a Iwn resistor, this dissipation, from 
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V2, . 
is 112.5mW, which is well 

within the maximum rating specified 
for an ACY19. 

However, a transistor radio does 
not function in the same way as 
does a 180.1 resistor. To start off 
with, the radio only draws a current 
of the order of 50mA at a higher 
volume level than would normally 
be anticipated for bedside listening 
and, even then, only on audio pro- 
gramme peaks. Further, when its 
supply potential has dropped to 
around 6 volts it can be expected 
that its oscillator will stop running 
whereupon the only supply current 
drawn is that associated with quie- 
scent operation. From these last two 
points it may be seen that, so far 
as power dissipation is concerned, 
IRl suffers even less dissipation 
ioo11 an lrdtlal assumption of a 18012 load resistance would lead one 
to believe, whereupon there is a 
considerable degree of permissable 
dissipation "in hand". 

CONSTRUCTION 

Only a few small components are 
required for the switching circuit of 
Fig. 2 and it may in many instances 
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be possible to instal these in the 
case of the receiver itself. SI (a) (b) 
can be a miniature 2-pole 2-way 
slide switch, whilst R2 may be a 
skeleton preset potentiometer. 

Alternatively, the switching cir- 
cuit could be external to the 
receiver, being fitted in a small case 
having its own 9-volt battery. It may 
then be coupled to the receiver by 
some convenient means which also 
enables the receiver internal battery 
to be isolated. It is left to the 
constructor to devise a suitable sys- 
tem applicable to the particular 
receiver to be controlled. Inciden- 
tally, a jack (on the receiver) and 
jack plug (from the switching unit) 
are not attractive here, because the 
jack plug contacts can be short- 
circuited on being inserted into the 
jack socket. 

The light-sensitive surface of the 
photoconductive cell may be slightly 
recessed in the case in which it is 
fitted, but its positioning is not, in 
practice, of great importance. 

After the circuit has been made 
up it may be tried out in conjunc- 
tion with the bedroom light with 
which it is to be used. Daylight 
must be excluded if the setting-up is 
done during the daytime. Connect a 
voltmeter across the leads from the 
switch circuit to the receiver, set 
R2 slider to the negative end of its 
track and illuminate the photocon- 
ductive cell with the bedroom light. 
Then, slowly advance R2 slider to- 
wards the PCI end of its track 
until it is a little past the point 
where the receiver is turned on with 
a full 9 volts (less the small voltage 
dropped in TR1 and R3) indicated 
in the meter. Switch off the bed- 
room light and ensure that the 
receiver is turned off, with a zero 
reading in the voltmeter. Remove the 
voltmeter and, as a final check, 
insert a current-reading meter in 
series with one of the leads from 
the battery. The current drawn 

Relay 
coll 

From 
switching 
circuit 

Fig. 3. If the switch is used to control a relay, a protective diode 
should be connected across the relay coil with the polarity 

shown here 

under dark conditions should cer- 
tainly be less than a third of a 
milliamp and, under low ambient 
lighting conditions, can be expected 
to be less than )00/iA. If it is 
greater than a third of a milliamp, 
a slight readjustment of R2 is 
required. 

If it is desired that the device 
be operated by early morning day- 
light, an optimum position in the 
bedroom for the switching device 
photoconductive cell may be found 
experimentally. A little experience 
soon enables the manner in which 
the circuit operates to be evaluated. 

OTHER APPLICATIONS 

The switching circuit can be used 
as a light operated device for other 
applications. It can, for instance, 
turn on or off any other transist- 
orised equipment drawing a maxi- 
mum of 50mA at 9 volts. It may 
also be used to control a relay 
capable of energising at 9 volts and 
having a coil resistance of ! 80S2 or 
more. The relay coil should have a 
diode connected across it to prevent 
back-e.m.f. voltages being fed to the 
transistors when the relay de- 
energises, the diode being connected 
as shown in Fig. 3. The diode may 

be any silicon or germanium com- 
ponent having a p.i.v. greater than 
9 volts, and it must be connected 
with correct polarity or excessive 
current will flow when initially 
switching on. Although not essential, 
it might be of advantage to fit TR1 
with a small heat sink if the circuit 
is used with relay coils having coil 
resistances lower than, say, 25012, A 
small heat sink such as the Henry's 
Radio type H2 would be quite 
adequate. TR1 does not need a heat 
sink when the circuit is used with 
a transistor radio. 

If it is required to have the 
circuit discriminate between two 
light levels of closely similar inten- 
sity, it may prove helpful to 
experimentally reduce the value of 
Rl, the lower limit for this resistor 
being of the order of 200kt2. 
However, this modification may re- 
quire much more careful siting of 
PCI in relation to the light sources 
than is necessary for the general 
applications for which the circuit 
was originally intended. As it 
stands, the switching circuit offers 
reliable and non-critical operation 
for the transition from light to 
dark, or vice versa, where the two 
states can be clearlv differentiated. 

KNIGHT KG.795 SOLID-STATE 

STEREO P.M. RECEIVER 

Tuning the Knight KG-795 Solid State Stereo FM 
receiver tuner. This attractive set is one of many which 
can be easily assembled from the wide range of 
"Knight-Kit" construction kits now being marketed in 
the UK and Europe exclusively by Electroniques (prop 
STC Ltd.) Easily built in four hours by anyone, regard- 
less of their technical knowledge, the KG-795 utilises 
the latest electronic devices and circuit techniques 
(including silicon semiconductors and a built-in auto- 
matic multiplex decoder) and is suitable for receiving 
the stereophonic broadcasting services of the BBC. 
MAY 1969 
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NEWS . . . AND 

FOR TWO-METRE ENTHUSIASTS 

The Hallicrafter CRX 102 in use 

Now joining the Hallicrafter CRX 101 pocket-size 
solid-state aviation frequency receiver already avail- 
able from Electroniques is the companion model 
CRX 102. 

Hallicrafters' CRX 102 ranges from 144 to 174 
Mc/s (the high-band). It tunes to the two-metre 
amateur band, business radio and utilities. 

Like the CRX 101, it features a superheterodyne 
circuit with three I.E. stages and five tuned circuits. 
It receives both A.M. and P.M. An R.F. stage boosts 
sensitivity and push-pull class B amplification com- 
bines high efficiency and power with long battery 
life (standard 9 volt battery). 

Automatic gain control, telescopic aerial, provision 
for external aerial and earphones are other features 
of this typically high quality Hallicrafters' product. 

External dimensions of the CRX 101 and 102 are 
identical and either model slips easily into the pocket. 

Price of the CRX 102, like the 101, is £17 9s. 6d., 
plus 7s. 6d. postage. From: Electroniques, Edinburgh 
Way, Harlow, Essex. (Harlow 26777). 
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INTERNATIONAL DX PARLIAMENT 
1969 

June 13th-15th, Halmstad, Sweden. 
All Dx-ers and representatives from amateur radio 

stations throughout the radio world are invited to take 
part in the 1969 International Dx-Parliament. 

The Dx-Parliament originally was the annual meeting 
of Dx-Alliansen, the organisation to which the Swedish 
Dx-Clubs are affiliated. Now this is only one organisa- 
tion among many. 

The idea behind the International Dx-Parliament is 
to make it possible for Dx-ers and radio amateurs to 
meet and to discuss common problems. This year there 
will, for example, be: an International Panel, a Tech- 
nical Conference and an exhibition of equipment for 
Dx-ers. 

Halmstad Shortwave Club is this year responsible 
for the International Dx-Parliament. 

For further information please write to: Halmstad 
Shortwave Club, Box 15, S-30102 Halmstad, Sweden. 

BULGIN MINIATURE MAINS 
LEGENDED INDICATOR 

Incorporating a brilliant glow neon lamp, this 
miniature indicator offers many original features; 

Direct mains operation 200-250V, very low power 
consumption (1 watt approx.), negligible operating 
temperature rise, modern, attractive appearance. In- 
strinsically safe plastic construction, choice of colours, 
connections by 110 series push-on tags equally suit- 
able for direct soldering. Clear, easy to read legends 
carried out to individual customers requirements. Two 
styles of legend, black characters on lit amber back- 
ground, or lit amber characters on black background 
(secret until lit), even field illumination. Easy to fit 
simple rectangular panel cut-out (1.32in. x Oil Tin), 
efficient, positive, rear panel clamp, giving concealed 
fixing. Pilfer proof from front of panel. May be 
fitted to panel in groups (either horizontally or verti- 
cally) in a single rectangular panel cut-out, miniature 
size and weight. Panel area only l|in x 9/16in. Front 
of panel projection only 13/64in. Weight (17 grams 
approx.) 

m 
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COMMENT 

INTERNATIONAL 

LONDON 

ELECTRONIC 

COMPONENT SHOW 

Significant technological and eco- 
nomic expansion is pin-pointed by 
the International London Electronic 
Component Show opening at Olym- 
pia on May 20th to 23rd, 1969. 

It is the biggest show of its kind 
yet held and, the twenty-first of the 
series sponsored by the Radio and 
Electronic Component Manufac- 
turers' Federation, it has "gone in- 
ternational" for the first time. The 
Component Show is held every two 
years, and there are 436 exhibitors— 
40% up on the previous exhibition. 

The exhibition opens on a wave 
of production and export optimism. 

Although official figures are not 
yet available, estimates suggest that 
production, at around £225 million 
a year, has increased by more than 
12% in the twelve months under 
review. 

Exports are expected to reach the 
£75 million mark, some 20% greater 
than the 62.5 million of 1967. There 
has, however, been an upward 
swing in imports which is expected 
to reduce the favourable balance. 
Largest imports have been in the 
semiconductor and integrated 
circuit fields and will probably be 
reduced as British production ex- 
pands. 

The component manufacturers 
form the backbone of the elec- 
tronics industry and the Olympia 
exhibition shows that significant 
progress has been made in all sec- 
tors. Passive and active components 
have been improved in performance 
and reliability while the precision 
required by modern standards has 
in general been achieved without 
comparable cost increases. Inte- 
grated circuits are becoming more 
realistic in price as production pro- 
cesses improve and give better 
yields. 

On the instrument side, the 
greater accuracy and sensitivity to 
meet today's production and quality 
control standards have been achieved 
without undue operating complica- 
tion and, again, without outstand- 
ing cost increases. Simplification is 
the general key-note of the instru- 
ments shown; much of the highly 
sophisticated test gear is completely 
automatic. 
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FULLY SOLID-STATE A.C. SWITCH 

. . 
v 
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I —— 

Left—Plug-in URY (on an International Octal base) 
Right—Base-mounting URY 

This fully solid-state a.c. switch (URY) has a sensitive and com- 
pletely isolated gate circuit which will operate on any input potential 
from lOOmV to 250V d.c. or r.m.s. a.c. at frequencies up to lOOOc/s, 
regardless of polarity or phase angle relative to the load supply. The 
flexibility of the gate circuit gives complete freedom of choice of 
gating signals—from mains to micrologic. 

There are four basic URY models, for load currents of 2A, 5A, 10A 
and 15A, and each is available in three load-supply ratings (25V to 
60V, 40V to 120V, and 80V to 250V, all r.m.s. ac.). Also, each version 
is available as either a normally open switch or a normally closed 
switch. 

All models have very high surge-current ratings (225A for the 15A 
device, for example) and are fitted with dv/dt suppression components 
for inductive loads. The use of triac output devices gives inherent pro- 
tection against transients. 

The URY is housed in a robust resin-filled case, with screw ter- 
minals, and incorporates an electrically isolated aluminium back-plate 
which serves as both mounting-plate and heat-sink for currents up 
to 5A. 

All 2A and 5A models are also available in plug-in form (on an 
International Octal base). 

The loads switched may be resistive, or inductive with power-factors 
down to 0.006, and the high peak-current ratings of the devices enable 
them to be used to switch full rated loads of tungsten lamps. The 
isolation between input and output is greater than 20MO at 500V d.c. 

Descriptive leaflets are available from: New Products Department, 
Darpan Controls Limited, Bridge Mills, Derby Road, Long Eaton, 
Nottingham, NG10 4QA. 

629 



+3 to 9V 

LOW-NOISE 

PREAMPLIFIER 

by 

S. P. NAREY 

r2: 

C| 

Input 

TR| 
2N3707 

h 
2N3707 
Lead-outs 

Output 

Fig. 1. The circuit of the low-noise pre-ampiifier 

It is always worthwhile returning to first 
principles from time to time, and the a.f. pre- 
amplifier described here could hardly be 
simpler in circuit design. Yet it can carry out 
a number of useful functions very success- 

fully, as the author explains. 

The very simple a.f. pre-amplifier described in 
this article can be made small enough to fit inside 
the larger type of microphone, this being the 

author's initial reason for building it. In his case 
the pre-amplifier was fitted to a ribbon microphone 
amplifying the very low output available after its 
built-in transformer. The pre-amplifier, battery and 
on-off switch were all contained in the microphone 
housing. 

Other applications for the pre-amplifier have con- 
sisted of amplifying the output from a 15Q loud- 
speaker used as a microphone so that it could be 
fed to a main amplifier, amplifying the output of 
a crystal receiver used as a tuner, and amplifying the 
output from a 'search coil" about 3ft. in diameter 
used for picking up atmospheric disturbances (as 
would be given, for instance, by distant thunder- 
storms). 

The voltage gain of the prototype with 9 volts 
supply was about 80 times. Current consumption is 
very low, being much less than 0.5mA at 9 volts. 

CIRCUIT AND CONSTRUCTION 

The circuit is given in Fig. 1. The transistor speci- 
fied is a 2N3707, this being employed in the proto- 
type, but it is probable that most high gain low-noise 
silicon n.p.n. transistors would function equally well. 
The input impedance is suitable for low and medium 
impedance microphones. With the 4/xF capacitor in 
the output circuit, the pre-amplifier should not be 
fed into an impedance of less than IkO to avoid 
loss of bass. As is to be expected with a simple 
circuit configuration of this nature, the frequency 
response is flat from 40c/s to 18kc/s. 
630 

COMPONENTS 

Resistors 
(Both resistors are \ watt 10% hi-stab.) 

R1 
R2 

1.5MQ 
18kfl 

Capacitors 
C1 50/xF electrolytic, 6V wkg. 
C2 4/xF electrolytic, 9V wkg. 

T ransistor 
TR1 2N3707 

Switch 
SI s.p.s.t. on-off switch 

Construction may take up any form. Fig. 2 shows 
a layout in which all the components except the on- 
off switch are mounted on a small piece of Vero- 
board. If board with 0.15 in hole spacing is used, 
its outside dimensions are slightly less than \ by lin. 

Output 

I „ I o ' 

fl * I 

Input 

via S I -\— 
C2 

Break 
Link below board 

Fig. 2. The components mounted on a small 
piece of Veroboard. In this view the copper 

strips are underneath the board and the 
components above 
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Even small dimensions are given if Veroboard with 
an 0.1 in matrix is used. The capacitors should be 
sub-miniature types. 

Fig. 2 shows the component side of the board with 
the copper strips underneath. For ease of presenta- 
tion, Cl, C2 and R1 are shown "splayed out"; these 
components should in practice be mounted vertically. 
Copper strip 3 is broken between holes B3 and C3. 

Also, the lower ends of strips 3 and 4 are joined 
together by a bare wire link under the board. 

An alternative method of construction would con- 
sist of assembling the components on a small tagstrip. 
A tagstrip with one tag earthed and five tags insu- 
lated would take all the component connections 
required by the pre-amplifier circuit. 

JOHN|CLARRICOATS — G6CL 

A PERSONAL APPRECIATION 

Just as we went to press with our last issue, we 
heard the sad news of the death of John Clarricoats, 
G6CL, who was for over 30 years Secretary of The 
Radio Society of Great Britain. 

It was then only possible to publish a brief obituary 
notice; we therefore take this opportunity to publish 
a personal appreciation by one who knew him well 
in his great work for Amateur Radio. 

It seemed particularly appropriate that one should 
have heard of the death of John Clarricoats, G6CL, 
"over the air" as his name will surely go down in the 
history of Amateur Radio as one of its founders. Tech- 
nically, Amateur Radio no doubt owes much to earlier 
enthusiasts than John Clarricoats, but no one can deny 
that the organisation of Amateur Radio in this country, 
indeed also in Europe, was almost entirely conceived 
and carried out by G6CL over a long period of time 
stretching back, as far as the writer is concerned, to 
the very beginnings of Amateur Radio. As far back 
as he can remember, 'Clarry and his little black book' 
were the focal point of any Amateur Radio gathering 
whether convened on a national basis or at an official 
local meeting, by the Radio Society of Great Britain. 

Others will no doubt recall, whilst paying tribute to 
this great personality, the details of his activities in 
relation to the growth of the RSGB, his work during the 
war in spheres which his special knowledge of Amateur 
Radio particularly befitted him, and more recently his 
great work in building up Region 1 of the International 
Amateur Radio Union. 

Amateur Radio came early in the writer's life, and it 
was as an enthusiastic youngster that he attended his 
first official regional meeting where 'Clarry and his 
little black book' enthralled a small but devoted 
assembly with news and views of the progress of 
Amateur Radio — then quite a 'rare' hobby. It was an 
impressive performance, as indeed were all Clarry's 
public appearances, we all went away inspired and full 
of confidence in the ability of Clarry to direct our affairs 
soundly for us. 

John Clarricoats was probably at his best, and 
certainly enjoyed most, organising and running Region 
1 of the IARU. The writer, having attended several of 
the Congresses he organised in various cities of 
Europe can, from personal experience, testify to the 
exceptionally high standard of administration and 
efficiency with which he conducted these, by no means 
easy, conferences. For his initiative and organising 
ability, Amateur Radio in Europe owes a great debt of 
MAY 1969 

gratitude to John Clarricoats for these conferences, 
as they cemented together into one powerful body most 
of the national radio societies in Region 1. Individually 
these societies could have done little to protect the 
interests of Amateur Radio in the scramble for fre- 
quency allocations by the professional and commercial 
interests at these top level, worldwide, telecommunica- 
tions conferences. 

John Clarricoats will be sadly missed, not only by 
his personal friends and relations, but by many who 
found his advice of value and his great experience a 
guide in difficult circumstances. At a time when judge- 
ment based on knowledge born of wide experience 
seems so sadly lacking in international affairs, be they 
for the well being and future success of a hobby such 
as Amateur Radio, or in the wider sphere of human 
relationships between nations as a whole, John Clarri- 
coats will be missed as a great elder statesman of 
Amateur Radio. 

For the writer, John Clarricoats will be remembered 
as one of those great personalities it was a rare ex- 
perience to have known, an experience which unfor- 
tunately comes to one all to infrequently in life. 

A. C. Gee, G2UK. 

The funeral of John Clarricoats took place on Friday 
14th March in Christ Church, the large and beautiful 
Southgate Parish Church. There were representatives 
of many organisations present, including the Radio 
Society of Great Britain, and every seat was occupied. 

As we listened to the address given by the Bishop 
of Willesden, in which reference was made to the long 
years of service given by John Clarricoats to the com- 
munity, we realised afresh how fortunate the Radio 
Society had been in having at the helm for so long 
one of such acumen, energy and organisional ex- 
perience. 

The funeral service was followed by private crema- 
tion. 
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MODIF) ING THE 

"SPONTAFLEX" CIRCUIT 

FOR SILICON TRANSISTORS 

by 

SIR DOUGLAS HALL, K.C.M.G., M.A. (Oxon) 

Regular readers will recall the first "Spontaflex" design, 
which we published in 1964. In this article our contributor 
discusses modifications which enable the original receiver 
to incorporate silicon transistors and thereby offer an 
improved performance. Readers who have not seen the 
earlier article can still make up the modified receiver, 
since this is described in full and represents a construc- 
tional project in its own right. Only three low-cost transis- 
tors are required, and the set covers both the medium 

and iong wave bands. 

The author introduced his 
"Spontaflex" circuit to home 
constructors in the issue of 

this magazine for June 1964. 
It was originally described as 
the "Autoflex" until it was dis- 
covered that this name was used by 
a commercial firm for apparatus of 
their own. There must still be many 
receivers in use, built to one or 
other of the three variations describ- 
ed in the original article, and 
particularly to the basic 3-transistor 
design shown in Fig. 2 of the June 
1964 copy. Indeed, the author is still 
receiving correspondence about re- 
ceivers built round that circuit. 

At that time high frequency silicon 
transistors were not readily available 
to home constructors, but the posi- 
tion is very different now, when high 
amplification v.h.f. silicon transistors 
can be bought for a few shillings. 
It is well worth while modifying the 
original basic 3-transistor "Sponta- 
flex" and gaining the improved 
results which will follow. Improve- 
ment will be most noticeable at the 
high frequency end of the medium 
wave band. 

The modified design which will 
now be discussed may also be 
followed by readers who did not 
build the original "Spontaflex" re- 
ceiver, or who do not have access 
to the earlier issue of 1964. The 
circuit and constructional diagrams 
which are given in this article are 
for a complete receiver which may 

be built up as illustrated and 
described. 

REVERSAL OF POLARITY 

The silicon transistors now speci- 
fied are n.p.n. devices, so that 
connections to the battery, the 
electrolytic capacitors and the diode 
will all need reversing. It is also 
necessary to modify the biasing 

TR, 
2N3707 

J^VC, |LI VR|| I' 

yAM 1 
c| ?F | 

B.l3 
Of 

R2 
' \W   ( 

f m 

arrangements as silicon transistors 
need a larger voltage between base 
and emitter than do their germanium 
cousins. In the original circuit about 
one third of the voltage at the 
emitter of TR3 was taken back to 
the base of TR1. In the modified 
version virtually the whole of the 
voltage is passed back, though a 
second electrolytic capacitor and 
resistor are used for decoupling 
purposes. See Fig. 1. 

TR1 is a special type which pro- 
duces high amplification at a very 
low collector current. It is therefore 
ideal for the "Spontaflex" circuit, 
and for medium and long waves it 
allows RI to be raised to the high 
figure of 220kn, thus enabling both 
TR1 and TR2 to give increased 
amplification. For short waves, the 
value of Rl may well have to be 
lowered. 

The three transistors employed in 
the prototype were obtained from 
Amatronix, Ltd. No connection is 
made to the primary centre-tap of 
Tl. 

FRAME AERIAL 

It may be found that the increased 
sensitivity will cause trouble with 
selectivity in some areas if the rather 
large frame aerials which have pre- 
viously been described are used. The 
author has made up a receiver using 
a frame aerial with Sjin sides, made 
of four pieces of iin plywood, two 
pieces measuring 6in by 2in and 
two pieces Sin by 2in. The longer 
pieces are pinned to the ends of the 
shorter pieces such that there is an 
overlap of iin at each corner. This 
makes it possible for slots to be cut 
to keep the windings in position. 

+9V 

TR 
2N2926 
green 

3n 
TR 

2 N2926 
green-—. 

C3 

I Cs 

I sV 

Flat 
2N3707, 2N2926 

Fig. 1. Theoretical circuit of the modified Spontaflex receiver 
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The top of the frame aerial 
assembly is shown in Fig. 2. Fig. 3 
illustrates the construction of a 
prototype receiver using the new 
transistors and it will be seen 
that the controls are fitted to 
the top piece of plywood in the 
frame aerial assembly, and that the 
remaining components are mounted 
on the inside of one of the sides of 
the assembly. 

To make up the frame aerial, 6 
slots are first cut in the plywood 
edges for LI, the first slot being 
l/10in in from the edge, and each 
subsequent slot l/10in from its 
neighbour. 5 turns of 32 s.w.g. 
enamelled wire are wound in 
each slot, making a continuous 
winding of 30 turns. L2 is 
in a single slot, l/10in from LI 
and consists of 5 turns of similar 
wire. There is then a gap of about 
Jin after which 3 slots, also spaced 
at l/10in intervals, are provided for 
L3, which consists of a total of 75 
turns—25 turns per slot—of 36 or 
38 s.w.g. enamelled wire. There is 
sufficient room between L2 and L3 

Loudspeaker panel fitted to this edge 

COMPONENTS 

Resistors 
(All fixed values \ watt 10%) 

R1 220kS2 
R2 2.2kn 
R3 68n 
R4 Iktl 
VR1 5kS2 pot. linear, with 

S2 

Capacitors 
100/iF electrolytic, 6V 

wkg. 
0.0 l^F 
1,000pF 
0.1/xF 
100/xF electrolytic, 6Y 

wkg. 
500pF variable, solid 

dielectric 

'apac 
C1 

C2 
C3 
C4 
C5 

VC1 

Inductors 
LI, L2, L3 See text 
T1 Output transformer type 

LT700 (Eagle) 

Semiconductors 
TR1 2N3707 
TR2 2N2926 Green 
TR3 2N2926 Green 
D1 OA81 

Switches 
51 s.p.s.t. rotary 
52 s.p.s.t, combined with 

VR1 

Miscellaneous 
3n speaker 
9-volt battery 
3 knobs 
Wire for frame aerial (see 

text) 
Plywood, 7-way tagstrip, etc. 

- 1-1/4* 

EF-J 
3/4" 

0 
VRI VC, 

Woodscrews 

SOturns, 5 in 
Li each of 6 

slots 
L2 -5turns 

.3-75 turns, 
25 in each 
of 3 slots 

Fig. 2. Top view of the frame aerial assembly, giving details of 
the windings and control positioning 

for the spindles and locking nuts of 
VRI, VC1 and SI to be fitted so 
that these components take up the 
positions shown. 

Required in the two side pieces of 
the frame aerial assembly are holes 
to allow wire ends A to F to pass 
through. The heights of these holes 
are indicated in Fig. 3 and they 
appear vertically below the points 
indicated as A to F in Fig. 2. All 
coils are wound in the same direct- 
ion. It will be noted that LI and L2 
cannot have exactly the quantity of 

turns stipulated, as the holes for 
wire ends B and C are on the oppo- 
site side of the assembly to those for 
A and D. According to the direction 
of winding, LI may have about a 
quarter-turn in excess and L3 a 
quarter-turn too little or vice-versa. 
This slight discrepancy is not im- 
portant. The frame aerial wires 
passing through the holes may be 
held in position with small wedges 
of wood, or they may be secured 
with adhesive. 

There is plenty of room for a 

Top of frame 
aerial assembly 

VR, VC, 

a 

Frame 
aerial 
leads 

Frame Fixed vanes aerial 
Moving vane eads 

Side of frame 
aerial assy. 

TR 

b 
TRo Loudspeaker 

^4/2 

Cs 
mplate 
shroud 

PP6 

Pn 
Sec Soldered 

to shroud 

— 74 

Fig. 3. Component layout and wiring of the prototype receiver 
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Sin round loudspeaker, which is 
fitted to a panel affixed to one edge 
of the frame aerial assembly. This 
panel, requires, of course, a suitable 
aperture for the front of the 
speaker. Adequate space is available, 
also, for a PP6 battery. In fact the 
prototype uses two of these in 
parallel for economy during heavy 
use. If this is done it is important 
that both batteries should be fitted 
at the same time. It is not wise to 
connect an old and a new battery in 
parallel. As a final point, it is a good 
plan to fit the controls and other 
components before the windings are 
put on the frame as damage is then 
less likely to occur. 

Since TR1 has lower internal 

capacitances than the MAT101 
which it replaces it will be found 
that the minimum wavelength cov- 
ered is lower than before. The lower 
the self-capacitance of the frame 
aerial used, the more noticeable will 
the effect be. If an earlier receiver 
is modified it may be necessary to 
add a few turns to LI in order to 
cover the medium waveband. It will 
probably be unnecessary to modify 
the long wave band winding as its 
high self-capacitance will mask the 
effect of the lower internal capacit- 
ances of TR1. 

As already stated, Figs. 2 and 3 
show the frame arrangements and 
layout of the new prototype. There 
is a possibility of low frequency in- 

stability resulting from interaction 
between T1 and the frame aerial— 
particularly the long wave winding 
—and it is a wise precaution to 
cover Tl with a shroud of tin plate, 
soldering the edges and passing the 
leads, which should be covered with 
sleeving, through small holes. If in- 
stability or distortion persists, try 
removing C4 and replacing it with a 
smaller capacitor, of about 2,000pF, 
between TR3 collector and base. 
Reversing the connections to the 
primary of Tl may also help. 

Apart from the possibility of in- 
stability just mentioned, the receiver 
is very fool-proof and reliable, and 
will be found surprisingly sensitive. 

HOME RADIO (COMPONENTS) LTD. 1969 CATALOGUE 

The 5th edition of the Home Radio (Components) Ltd. catalogue 
is now available to readers. Many sections of this well known and 
lavishly produced catalogue have been completely revised, brought 
up to date, many new items added and additional popular items 
illustrated. Amongst the new items listed are such components 
as heavy duty wirewound potentiometers, electric light switches, 
socket and plugs. Some other items have been added at customers' 
requests. 

The price of the catalogue has been constant since 1965 (7/6d.) 
but with increasing present-day charges it has been raised to 8/6d. 
but still represents good value for money. To offset the additional 
charge, Home Radio have included one extra shilling bonus 
coupon. Additionally, cash customers with orders exceeding £10 
will receive their goods carriage (or post) free — bringing them 
into line with credit customers. The new catalogue has been in- 
creased in size by a total of 72 pages, the catalogue now com- 
prising a total of 330 pages, approximately 7i x 9Jin., printed on 
good quality paper and bound within a durable plastic-faced cover. 
A total of 8,000 items are listed and the catalogue features 1,500 
illustrations. Also included within the covers is a separate 30 page 
price supplement and useful bookmark. The whole work is exten- 
sively indexed. 

This latest edition of the Home Radio catalogue can be obtained 
from Home Radio (Components) Ltd., 234-240 London Road, 
Mitcham, CR4 2YQ and the cost, post paid, is 12/-. 
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ENGLISH ELECTRIC VALVE PUBLICATIONS 

Currently available from English Electric Valve Company are two new publications, "Voltage Stabilisers 
and Reference Tubes" and "1969 Equivalents Index". The first of these is a 4-page leaflet which gives con- 
densed data for the full range of stabilisers and reference tubes made by EEV. On the back cover is an 
equivalents list covering nearly 100 types. The "1969 Equivalents Index" is a reference booklet listing nearly 
2,000 special electronic valves and tubes for which an equivalent EEV type is made. The Index includes 
Service type numbers, and will be particularly useful to buyers and service engineers who need to quickly 
determine equivalent valve types for replacement purposes. 

A copy of either or both of these publications will be sent to any reader of The Radio Constructor 
who writes to English Electric Valve Company Ltd., Chelmsford, Essex. 
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CREATING A 

THREE-BAND TRAPPED DIPOLE 

by 

A. S. CARPENTER, G3TYJ 

Our contributor gives details of a very successful trapped dipole which offers 
an excellent performance on the 15, 20 and 40 metre bands. Particular emphasis 

is placed on the procedure employed for setting up the traps and 
aerial section lengths. 

Although intended mainly 
for transmitting enthusiasts the 
information given in this 

article can also materially assist 
SWL's who like searching for Dx 
on the hi. bands; and of course 
many SWL's will themselves have 
call-signs of their own one day! 

For the benefit of the uninitiated, 
'40', '20' and '15' are three very 
popular amateur bands. These rather 
crude designations are more closely 
defined in terms of frequency as: 

'40' = 7-7.1 Mc/s 
70' = 14-14.35 Mc/s 
'15' = 21-21.45 Mc/s 

The approximate length of a half- 
wave dipole for a particular band 
can be found from the simple 
formula: 

r .u 468 f t Length = — feet 
where f is in Mc/s. A normal half- 
wave dipole for the 40 metre 
amateur band would thus be approx- 
imately 67ft in length. 

MULTI-BAND AERIALS 

Although the use of an aerial 
designed specifically for the fre- 
quency band in use may be an 
ideal, at most locations space for 
aerial erection is limited. The aver- 
age operator is thus forced to make 
a single aerial work effectively on 
more than one band. The problem 
is by no means a new one and from 
time to time designs for multi-band 
aerials appear in print. 

The familiar 'long wire' or 'end- 
fed' wire is a popular multi-band 
aerial both widely and effectively 
employed, for it is easy to bring 
into use. Dipole aerials are also 
extremely popular and a multi-band 
MAY 1969 

type can be designed for six-band 
working; the popular 'G5RV Dipole' 
is one example.1 

Six-band dipoles however require 
something like 100ft minimum of 
garden space and when this is not 
available the smaller three-band 

dipole to be described may prove a 
more practical proposition. 

It is well known that a half-wave 

1. A description of the "G5RV Dipole" 
is given in "The Amateur Radio Hand- 
book", third edition, published by the 
Radio Society of Great Britain.—Editor. 

~1 r 
X Y 

Current amplitude 

f = 7 Mc/s 

Aerial length - 67 feet 
(a) 

Current amplitude 

n r 
X Y 

f = 21 Mc/s 

(b) 

Current amplitude 

""I ^ 
X Y 

f -14 McA 

(c) 
Fig. 1. Current distribution in a 67ft. aerial at (a) 7Mc/s, (b) 

21 Mc/s and (c) 14Mc/s. The horizontal arrows indicate 
instantaneous direction of current flow 
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dipole cut for the 40 metre band 
also works well on 15 when the top 
is cut centrally and connected 
to 75H coaxial cable. Such a dipole 
works as a half-wave element on 
'40' but in harmonic mode on '15' 
for, as is seen in Figs. 1(a) and (b), 
points 'x' and 'y' are low impedance 
on both bands. A 40 metre dipole is 
also harmonically related to the 20 
metre band but, as we see in Fig. 
1(c), the impedance at points 'x' and 
'y' is very high and 75S2 coaxial 
cable becomes an unsatisfactory 
feeder. To get over the problem, 
spaced and tuned feeders could be 
used but the more elegant method 
of incorporating frequency 'traps' 
into the top is preferred by the 
writer. Coaxial cable can then be 
used on all the three bands just 
mentioned. 

Provided that certain conditions 
are fulfilled there can be little doubt 
that a symmetrical dipole does pos- 
sess advantages over a simple end- 
fed wire and not the least of these 
is a smaller TVI risk. 

Trapped dipoles are of course no 
new thing and a great many are in 
use at amateur stations. Some trap- 
ped dipoles are perhaps beyond the 
constructional skill of the average 
amateur but simple — and very 
efficient — versions can be 'home- 
brewed' fairly easily. A considerable 
amount of time has been spent by 
the writer in this particular activity 
lately—and with very good results 
to boot! 

INSERTING 'INSULATORS' 

Reconsidering Fig. 1(c) it is soon 
seen that points 'x' and 'y' would be 
at low impedance for 20 metre work- 
ing if two insulators were inserted 
in the 67ft top, each spaced some 
16ft 6in from the centre as is shown 
in Fig. 2. Unfortunately such an 
aerial would immediately prove 
ineffective on the 15 and 40 metre 
bands for length 'L* would be no 
more than support wires for the 
central 20 metre dipole and would 
thus add nothing to the overall 
performance. Reasoning further we 
decide that what we do want is for 
the insulators to be 'in' when we 
are working on '20' but 'out' when 
we wish to operate on the other two 

-i r- 
X Y 

{=7.l4or21Mc/s 

Fig. 3. Traps resonant at 14Mc/s can replace the insulators 
of Fig. 2 

bands. This could be done: 
(1) Physically. By climbing up and 

down the pole as required or altern- 
atively by raising and lowering the 
aerial. 

(2) Mechanically. By fitting man- 
ually operated switches at points 'z'. 

(3) Electrically. By fitting suitable 
trap assemblies (i.e. parallel tuned 
circuits resonant at about 14Mc/s) 
at points 'z'. 

Obviously, the third alternative is 
the most attractive. 

TRAP FREQUENCY 

Since an L/C combination—and 
a trap assembly is just this—is a 
frequency-conscious item, use can 
be made of it as an automatic 
switch remotely tied to the trans- 
mitter. Traps tuned precisely to a 
desired portion of the 20 metre band 
and inserted in the 67ft top can be 
made to act effectively as insulators 
when this particular band is in use. 
In the test aerial—see Fig. 3—the 
traps T1 and T2 were each pre- 
resonated at 14.05Mc/s, the centre 
of the 20 metre c.w. segment (the 
writer's is a 95% c.w. station!) and 
the total wire length between the 
traps was also resonant at this 
frequency. Any signals fed to the 
aerial at 14.05Mc/s thus 'see' the 
opposition offered by the traps T1 
and T2 as being great enough to 
virtually break up the top into a 20 
metre dipole. The traps are also 
effective slightly to either side of 
their resonant frequency but may 
not be so over the complete band- 
width. Such traps can obviously be 
pre-tuned to any part of the band 
required in normal use. 

When the transmitter is radiating 
on '40' the traps become ineffective, 
since the lower frequency signals 
'see' little opposition from them; the 

33 ft 

X Y 
f =I4Mc/s 

Z - insulators 
L^see text 

Fig. 2. It insulators are fitted at 
for 14Mc/s is 

points 'z', a half-wave dipole 
provided 
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'L' sections can then contribute - to 
the radiation and allow the total 
length of wire to perform as a 
dipole. On 15 metres, too, the whole 
top radiates in harmonic mode as a 
li wave dipole. 

Clearly the inclusion of the traps 
cannot be ignored on '15'; and on 
'40' the familiar formula used to 
find the length of a half-wave dipole, 
viz: 

r o- 468 ^ Length = — ft. 
needs modification. It is thought 
simplest, however, to let '40' take 
'pot luck' and to trim the top for 
'15' where dimensions may be more 
critical. 

CONSTRUCTIONAL PROBLEMS 

It can be said straight away that it 
is a waste of good operating time 
attempting either the construction 
of trap coils or trap dipoles without 
the requisite test equipment. This 
consists of a reliable grid-dip 
oscillator, together with a simple 
impedance bridge. An easily built 
impedance bridge will be described 
later. 

Assuming that the required test 
gear is available the usual problem 
arises of where to obtain suitable 
materials for construction work. It 
must be remembered that the traps 
act as very high impedance points 
when the transmitter is radiating on 
'20' and the trap tuning capacitors 
will be subject to high r.f. voltages. 
What are described as 'high voltage 
tubular (pulse) ceramics' from the 
Radiospares range have been found 
quite suitable for use in trap assem- 
blies, and a 68pF capacitor of this 
type is employed in each trap con- 
structed by the writer. These capa- 
citors are rated at 12kV, and are 
available from Home Radio (Com- 
ponents) Ltd., under Cat. No. C85. 
The capacitors are used as coarse 
tuning devices, final fine tuning 
being achieved by distorting an end 
turn of the coil. 

Suitable coil 'formers' and con- 
tainers that will protect the coils 
against the usual summer rains can 
be obtained from modern plastic 
drain piping which is available in a 
variety of diameters. Oddments of 
such pipings are not too difficult to 
obtain and two 6in lengths that will 
fit neatly within each other will be 
more than sufficient; the coils are 
of course wound on to the smaller 
diameter pieces. 
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However, better coil 'formers' can 
be made from rectangules of |in 
thick Perspex with holes drilled 
equidistantly along the sides. The 
resulting two rows of holes can be 
made to take a pre-wound coil by 
'spiralling' it along gently; the 
windings can then be locked with 
adhesive. The width of such a 
Perspex 'former' should be such 
that it fits firmly within the pipe 
securely at each end of the containers 
Perspex cheeks can be fastened 
securely at each end of the containers 
after allowing short lengths of wire 
to pass through for external con- 
nection purposes. Final strength and 
weatherproofing of the completed 
assemblies is afforded by the use of 
Bostik No. 2 adhesive. The con- 
structional scheme is shown in Fig. 
4, where the letter 'W indicates the 
width of the Perspex. The tuning 
capacitors are located inside the coil, 
their lead-out wires being suitably 
sleeved. 

COIL WINDING 

For 14Mc/s working, trap coils 
can be wound using 18 s.w.g. tinned 
copper wire. The number of turns 
required at a diameter of Uin is 
about six, but since it is always 
easier to remove a turn than to add 
one, seven may be a better starting 
number. The turns should be spaced 
from each other by twice wire thick- 
ness and for each coil a 68pF capac- 
itor of the type mentioned earlier is 
needed. The length/diameter ratio of 
each completed coil is such that it 
will confer a high 'Q' factor. 

In the absence of sophisticated test 
equipment the 'goodness' of the coils 
can be assessed by noting the maxi- 
mum distance away at which a g.d.o. 
can be situated and still give an 
indication. The two items will need 
to be quite close together for a poor 
coil but, say, approximately 12in 
apart in more favourable cases. This 
last figure depends upon the parti- 
cular g.d.o., of course, and the con- 
structor can judge results from his 
own experience with the instrument 
used. 

The more finicky final tuning may 
be carried out by setting the station 
receiver to the required band fre- 
quency, adjusting the g.d.o. until its 
output is heard and then judiciously 
prodding each coil in turn until the 
required dip is observed in the g.d.o. 
Patience is required at this stage! If 
a coil insists on remaining 'low' in 
terms of frequency, removal of a 
turn may be required before peaking 
is possible. 

THE BRIDGE 

As was mentioned earlier, an 
impedance bridge and grid-dip 
oscillator are needed, and these 
simplify setting up considerably. The 
circuit of the 'home-brew' imped- 
ance bridge used by the writer is 
MAY 1969 

Pipe section Coirspiralled'on Perspex former 

i. \ \ \ if l/\ 
172 W 

'VV/ 
u 

' / 

End cheek - 2 required per trap, 
tuning capacitor not shown 

Fig. 4. Illustrating how a low-loss coil may be fitted to a 
Perspex 'former' 

shown in Fig. 5, this being energised 
by the grid-dip oscillator. The bridge 
is built on a section of Paxohn 
sheet. 

In constructing the device short 
wiring in conjunction with a careful 
layout must be aimed at, otherwise 
unwanted capacitances will be in- 
troduced. Carbon resistors are 
required and R2 and R3 should be 
closely matched. R1 equals the 
nominal line impedance, viz. 75J2. 

Inductor LI is a two-turn lin 
diameter pick-up coil, and this is 
mounted on an outside edge of the 
unit. In use the aerial lead-in is 
connected to socket SKT1 via a 
mating plug. When switch SI is set 
to position T' a full-scale deflection 
can be obtained in meter Ml when 
the associated grid-dip oscillator 
coil is brought close to LI. Moving 
the switch to position '2' connects 
the aerial, whereupon the bridge 
meter reading decreases by a certain 
amount. By tuning the g.d.o. greater 
changes can be observed on the 

bridge meter and when a zero read- 
ing is secured the bridge is balanced; 
inspection of the g.d.o. scale then 
reveals a resonance frequency.2 

SETTING UP PROCEDURE 

The finalised traps are each fitted 
with a 17ft 'tail' of copper wire at 
one end; these 'tails' are the outer- 
most 'L' sections. A 2-terminal metal 
connector is then fitted to each 
remaining free 'inner' wire issuing 
from the traps, as illustrated in 
Fig. 6. Provision is also made for 
raising and lowering the aerial quick- 
ly and the usual rope and pulley 
arrangement at each end is most 
satisfactory. A reclaim rope at each 
end is also required since, otherwise, 
the lifting rope cannot be retrieved 
2. R.F. chokes with a value of l.lmH, as 
shown in Fig. 5, are not generally avail- 
able, and the author states that a suitable 
alternative would be the tuned winding of 
a miniature iron-cored long wave coil. It is 
probable that a standard 1.5mH choke 
would also be suitable.—Editor. 

Probe coll 
75a 
mi 

"2 

I | "1f "3 : 1 1 47n I ww— 

47n CP --0A70 
SOOOpF 

GDO output coil RFC SKT SOOOpF 1-lmH Aerial 
test socket 

s.d. S| I - set meter 
2- test 

Fig. 5. Circuit of the home-constructed impedance bridge 
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Connector- 

' i//W"VA 

-f&nl 

Fig. 6. How the 'tail' and inner connector are fitted to each trap 

TRYING OUT THE TRAPPED 
DIPOLE 

At this stage it is interesting to 
try out the aerial and it may be 
fed, as was the test model, via the 
usual low-pass filter, s.w.r. monitor 
and Z-match tuner, with the feeder 
leaving the aerial top at right angles 
to it for about 25ft before curving 
shack-wards. 

A few preliminary QSO's soon 
pave the way for more extensive 
tests and give some indication of 
what to expect from what is after 
all a fairly simple system. With the 
writer's aerial, 'W' stations are 

from the pole top should the aerial 
wire break! 

Initially the 20 metre section is 
prepared and this can be made 35ft 
overall, cut centrally and connected 
to 62ft of good quality air-spaced 
coaxial cable. A suitable method for 
connecting the coaxial cable to the 
feeder is shown in Fig. 7, this hav- 
ing the advantage that rainwater is 
less liable to enter the feeder. The 
feeder end is, of course, taped up 
after making the connections. The 
20 metre section can be raised 
temporarily on its own—not neces- 
sarily to full height — and its 
resonant frequency found from the 
shack using the g.d.o. and impedance 
bridge arrangement just described. 
With the g.d.o. tuned around the 
14Mc/s region it should be easy to 
obtain a 'zero'. If the frequency 
indicated is low—say 13Mc/s or so 
—all is well for it is then a simple 
enough matter to gradually prune 
back each end of the dipole until 
the desired frequency—14.05 Ms/c 
for example—is indicated. 

The traps with their 'tails' are 
next fitted and the aerial again 
raised and checked from the shack. 
This time the g.d.o. should be tuned 
around the 21Mc/s region. If the 
system shows resonance lower than 
21Mc/s all is in order for, leaving 
the central section untouched, the 
'tails' may each be pruned back by 
a similar amount, an inch or so at 
a time, until the correct frequency 
is reached. It will be found that in 
this instance it is not possible to 
obtain an exact 'zero' reading in the 

Aerial wire 

r 
^.Perspex^ 
Cs'xa'teV/sl 

Cable clamp 
@J- at rear 

Connectors Coaxial line to station 
Fig. 7. A simple but effective 

cable to the 

bridge meter. This situation is cor- 
rect, since the aerial is effectively 
H waves long on '15' and its feed- 
point impedance is slightly greater 
than 75n. The lowest possible read- 
ing should be sought, and will be 
fairly close to zero. The overall 
system should also be found to 
resonate around 7Mc/s although 
slight discrepancies here can be 
taken care of by use of a suitable 
aerial matching unit. 

method of coupling the coaxial 
aerial centre 

QSO'd regularly on but SOW c.w. 
Before the aerial is finally left to 

do its duty, short drip strings may 
be fitted on the 'L' sections close to 
the traps to carry off surplus water 
in bad weather. Thereafter it is but 
a case of seeking the comfort of the 
shack to relax knowing that 'out 
there' the traps are working for you 
—and they jolly well should do after 
all that hard work on your part! 

"DEVELOPING THE 'MINIFLEX' CIRCUIT" 

We have recently been informed that the Colne Electric transformer specified for T2 
in the receiver described under the above title in the July 1968 issue is not now avail- 
able. A suitable alternative is the Repanco TT56. When the Repanco transformer is used, 
the negative terminal of C3 should be connected to the negative supply line instead of 
to the speaker, whereupon it appears directly across R1. 
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PRINCIPLES OF METAL DETECTION 

PART 1 

by F. L. THURSTON 

This is the first of a 2-part series which deals with an application of electronics 
not normally encountered in the technical press. In the present article our 
contributor introduces the main types of metal locator then carries on to the 

beat-frequency metal detector 

Metal detectors, which are best known in 
the form of military mine detectors, come in 
a whole range of different shapes and sizes 

to suit all sorts of different applications. Some types 
are specially suited to finding small objects like 
coins at shallow depths, while others are intended 
for locating large objects, like pipes and cables, at 
depths of several feet. Most types can detect both 
ferrous and non-ferrous metals as well as 'magnetic' 
minerals (iron ores, etc.), and can be made to work 
on land or under water. Some types can even detect 
the presence of non-metalic objects like rock, bone, 
wood, plastic, etc. 

Five different types of metal detector are in com- 
mon use all of them working on slightly different 
principles and offering some particular advantage 
in terms of cost or performance. 

BASIC PRINCIPLES 

The basic principle of metal detection is very 
simple. All energised air-cored coils and antennas 
radiate a field pattern which, in normal circumstances, 
is stable and predictable. The field pattern is, how- 
ever, inevitably changed when it interacts with any 
metallic or magnetic object, and may even be 

Core 
\ 

Coil 

Air gap 

Flux 

Effective 
air gap' 

Solid 
iron 
core Air 

core 

Iron-dust 
core 

CZ] 

<al (b) (c) (d) (e) 

Fig. 1 (a). If the continuous iron core shown here is laminated the coil exhibits a "very high" 
inductance, this falling to a "high" inductance if the core is solid iron 

(b). An air gap reduces the inductance offered with either type of core 
1 The effective "air gap" with the solid iron core shown here is very large, 

and the inductance becomes "ultra-low" 
(d). This air-cored coil has "very low" inductance 

(e). Inserting an iron dust core raises the inductance to "low" 

(c). 
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appreciably modified by non-metallic substances such 
as damp earth, large rocks, etc., if very high energis- 
ing frequencies are used. Thus, the basic require- 
ments for making a 'metal' detecting instrument are: 
(1), a field pattern generator or 'search head', and 
(2) a field pattern 'change' detector. 

There are several different ways of detecting the 
change in field pattern, but all methods can be 
roughly broken down into three groups in the follow- 
ing manner. 

Inductance Change. Any change in the field pattern 
of a coil due to the presence of a metallic object 
will almost inevitably result in a change in the in- 
ductance (and thus the impedance) of the coil, and 
this inductance change can be measured by direct 
or indirect methods. 

Field Pattern Change. Any change in the field 
pattern of a coil or antenna inevitably results in 
a change in signal strength at different parts of the 
pattern. These changes in field strength can be 
detected by direct or indirect methods. 

Reflected Energy. Any metal object placed in a 
field pattern absorbs energy from the field pattern 
generator and then re-radiates energy from itself. 
This re-radiated energy can be detected by direct 
means. 

Of the three basic methods outlined above, the 
Inductance Change system calls for some additional 
explanation at this stage. When an air-cored coil 
is energised from a fixed-frequency alternating vol- 
tage source of low impedance and constant mean 
amplitude, a current flows in the coil and has a 
magnitude proportional to the coil's impedance or 
inductance. An alternating field is generated in the 
vicinity of the coil. If a piece of non-ferrous metal 
(i.e. brass, copper, silver, etc.) is placed within the 
coil's field an inductive coupling is set up between 
the metal 'target' and the coil, with the result that 
alternating currents are induced in the target and 
energy is absorbed by it. This energy is drawn from 
the coil, and must in turn be replaced by the coils 
a.c. energising source, so that a net increase results 
in the power fed to the coil. Now, since the frequency 
and mean voltage amplitude of the energising source 
are constant, this increase in power can only result 
from an increase in energising current, which in turn 
can only result from a fall in the inductance of the 
coil. Thus, the inductance of a coil falls when any 
non-ferrous conductor is placed within its field. 

The case where ferrous (iron based) conductors 
appear in the field of the coil is slightly different. 
Here, currents are induced in the metal target and 
tend to result in a decrease in coil inductance, as 
with non-ferrous metals, but at the same time the 
high permeability of the ferrous target tends to 

intensify the flux density of the field and so increase 
the coil's inductance. Thus, two conflicting inductive 
reactions tend to take place. In practice, assuming 
that the target interacts with only part of the total 
field, the energy absorption factor predominates, with 
the net result that there is a decrease in coil induc- 
tance, as in the case of non-ferrous metals. 

A newcomer to electronics, remembering that the 
iron core of a normal smoothing choke results in 
a,, considerable increase in the coil's inductance, 
may find the last paragraph rather puzzling. In this 
case, the situation may be made clearer by referring 
to Fig. 1. For convenience, we shall refer to the 
relative inductance offered by each of the coils of 
Fig. 1 in terms of 'high', 'medium', 'low', and so on. 

Fig. 1(a) shows a normal iron-cored choke in 
which the core gives an uninterupted path for the 
flux; a laminated core is normally used to minimise 
eddy current losses, and choke inductance is 'very 
high.' If a solid iron core were used, losses will be 
large and the inductance will be merely 'high'. In 
Fig. 1(b) the path of the flux is broken by a small 
air gap, causing the inductance to fall to 'medium'; 
the larger the air gap, the lower the inductance. Fig. 
1(c) shows the extreme case, where the effective air 
gap is of maximum dimensions and the core is made 
of solid iron. The core thus acts as a virtual short 
circuit to eddy currents and causes a decrease in 
inductance which outweighs any small increase that 
may tend to result from high flux density; coil 
inductance is 'ultra-low.' This inductance is even 
lower than in the'case of an air cored coil (Fig. 1(d)), 
which can be described as being 'very low'. Finally, 
in Fig. 1(e) the core is of similar dimensions to that 
of Fig. 1(c), but is made of iron dust material so 
that only negligible currents can be induced in it. 
Thus there is an increase in inductance due to the 
resulting high flux density but no counteracting de- 
crease due to power losses, the net result being that 
the inductance is 'low', but still slightly higher than 
in the case of an air-cored coil. Note that magnetic 
minerals such as iron ore have characteristics similar 
to iron dust, and also cause an increase in coil 
inductance. 

Thus, the inductance of a coil inevitably decreases 
when a ferrous or non-ferrous metal conductor is 
moved into part of its field, but increases in the 
presence of a magnetic mineral. The magnitude of 
the inductance change depends on the size of the 
target and its position in the field. 

BEAT-FREQUENCY LOCATORS 

The simplest and best known type of metal 
detector is the Beat-Frequency type. Operation 

LC oscillator 
(R.F) Mixer Audio 

filter 
Search head 
(side view) 

A.F 
amplifier 

Speaker 

Reference 
oscillator 

Fig. 2. Block diagram for the beat-frequency type of metal detector 
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5-second 
delay 

Search head 
(side view) 

To varactor 
diode 

Reference 
oscillator 

Integrator 
(frequency -to- 

- voltage converter) 

LC oscillator 
Mixer Audio A.F 

(R.F) filter amplifier 
<1 

Speaker 

Fig. 3. A beat-frequency detector with automatic drift correction of the search frequency 

depends on the inductance change caused in a search 
coil by the presence of a metal or mineral target. The 
block diagram of the locator is shown in Fig. 2. A 
large diameter air-cored coil is placed in a disc- 
shaped search head and forms part of the tuned 
circuit of an LC oscillator, so that changes in in- 
ductance are accompanied by changes in the search 
oscillator frequency. The output of this oscillator 
is mixed with that of a reference oscillator to pro- 
duce an audio beat note that is fed to a speaker or 
earphones. Thus, a change in the search coil induc- 
tance causes a shift in search oscillator frequency, 
and a consequent change in the tone of the beat note. 

In use, the frequency of one or other of the two 
oscillators is adjusted to give a low beat note in the 
speaker or earphones, and the search coil is then 
moved over the search area until a sudden change 
in beat tone is noted, indicating the presence of a 
target in the ground under the search head. In the 
presence of a metal target the beat note may either 
rise or fall, depending on which side of the search 
frequency the reference oscillator frequency appears. 
If frequency relationship is such that the beat note 
rises in the presence of a metal target, the beat note 
will fall in the presence of a magnetic mineral target. 
A reverse indication will be given for the opposite 
frequency relationship. Thus, this class of instru- 
ment can discriminate between metals and minerals. 

The instrument can be built fairly easily and 
cheaply, is simple to use, and offers good target 
sensitivity (i.e., it can detect small objects, such as 
coins, at close range). On the other hand, its depth 
of penetration (maximum depth at which metal can 
be located) is usually limited to about 12in. It can 
be made to operate under water when suitably 
waterproofed. 

DESIGN PROBLEMS 

In spite of the apparent simplicity of the beat- 
frequency type of locator, a number of problems are 
involved in designing a unit to give really good 
results. Both oscillators must be very stable and free 
from Cirift, since a very small percentage drift in 
the operating frequency of either oscillator will give 
a very large change in the audio beat note. 
MAY 1969 

The mixer stage must be carefully designed to 
ensure that the two oscillators do not pull and lock 
to each other, otherwise good low frequency beat 
notes will not be obtained and operation will become 
erratic. For the same reason, good supply line 
decoupling must be used between the two oscillators. 

Another problem is that of overcoming the effects 
on operating frequency of the varying stray capaci- 
tance between the search coil and ground as the 
operator moves the search head around, possibly 
amongst long grass and under bushes. One way of 
minimising these effects is to use a very large value 
of fixed capacitance in the search oscillator tuned 
circuit. A better method is to screen the search coil 
with an electrostatic Faraday shield, which prevents 
external changes in capacitance having any effect on 
the actual capacitance of the tuned circuit (and thus 
on the operating frequency) but which still allows ex- 
ternal objects to cause changes in coil inductance. The 
Faraday shield comprises a ring of copper tubing 
which encircles the coil windings and is earthed 
to the oscillator's supply line. It is split at one point 
so as not to completely screen the search coil. A 
practical example of the Faraday shield is given 
later in this article. 

The metal detecting characteristics of the beat- 
frequency locator are primarily dictated by the 
physical dimensions of the search coil. The greater 
the coil diameter, the greater is the available depth 
of search field penetration, but the lower the unit's 
target sensitivity. It is possible to work to approxi- 
mate relationships here with reasonable expectations 
of these being realised in practice; and it may be 
assumed that depth of penetration is about equal to 
the search coil diameter, whilst sensitivity (inductance 
change caused by a target) is roughly proportional 
to the cube of the target diameter (expressed as a 
function of search coil diameter) and inversely pro- 
portional to the 6th power of distance between the 
target and coil. 

For example, using a lOin. diameter search coil 
and an operating frequency of 200kc/s, a lin. 
diameter coin (i.e. one-tenth of search coil diameter) 
buried at a depth of 3in. may, hypothetically, pro- 
duce a change in search coil inductance of one- 
thousandth part (= cube of relative target diameter). 
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Fig. 4(a). An experimental metal locator which may be home-constructed. It works in 
conjunction with a medium and long wave portable radio receiver 

(b). How the search coil is made up 

A yin. diameter target at the same depth will pro- 
duce an inductance change only | as great. If the 
lin. coin were buried at a depth of 6in., rather than 
Sin., it would cause an inductance change only one- 
sixty-fourth as great as that of the Sin. deep coin, 
since the change is inversely proportional to the 6th 
power of object depth. A 4in. diameter target at 
a depth of 6in. will give the same inductance shift 
as a lin. diameter target at Sin. depth. Objects 
buried deeper than about lOin. will be beyond the 
range of this instrument, and will produce no 
appreciable frequency change, irrespective of the 
target size. 

If search coil diameter is doubled, to 20in., depth 
of penetration will increase accordingly, but target 
sensitivity will reduce to about i of that of the lOin. 
instrument. 

This discussion assumes the use of a coil of 
circular form. In practice, a good deal of variation 
in coil shape is possible. An elliptical coil may, for 
example, result in a depth of penetration that 
approaches the maximum diameter of the coil, while 
at the same time giving a target sensitivity nearer 
that to be expected from the minimum diameter. 
Coil diameters of most practical instruments vary 
between about 6in. and 2ft. As may be gathered, 
there is field for experiment here, with experience 
on what may be achieved being obtained after 
practical observation with different coil sizes and 
shapes. 

Target sensitivity is also affected by the choice of 
operating frequency used in the search head. 
Generally speaking, the higher the search frequency 
used the better will be the instrument's sensitivity, 
since (a) the effect on the search coil frequency due 
to a given metal target increases as the frequency 
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increases, and (b) the higher the operating frequency 
used, the smaller becomes the percentage change in 
inductance needed to produce a given change in 
audio beat note. On the debit side, the higher the 
frequency used the more difficult it becomes to 
design the two oscillators with sufficient stability 
to keep beat note drift within acceptable limits, and 
also the greater becomes the effects of terrestrial 
attenuation or signal absorption. 

Usually, the terrestrial absorption factor is not so 
significant as the other effects, so the general rule is 
to use the highest frequency possible, consistent with 
low beat frequency drift. The only main exception to 
this rule is given with locators designed to operate 
under salt water where, due to the highly conductive 
nature of the medium, the terrestrial absorption fac- 
tor is important. Search frequencies here must be 
kept to a few tens of kc/s. Search frequencies of 
between 20kc/s and 2Mc/s are employed in most 
locators used on land or under fresh water. 

A fairly common practice in low cost locators is 
to use a low search frequency (between 20kc/s and 
200kc/s) but a high (500kc/s to 2Mc/s) reference 
oscillator frequency, a harmonic of the search 
oscillator then being mixed with that of the reference 
oscillator to produce the required beat note. If the 
10th harmonic of a 50kc/s search oscillator is used 
to produce a beat note with a 500kc/s reference 
oscillator, a shift of 0.1 % in search frequency (50c/s) 
will produce a change of 500c/s in the beat note, so 
good object sensitivity results and the system is of 
particular value when operating under salt water. 
The main advantage, however, is that, since a large 
number of fairly closed spaced search harmonics 
are available, the reference oscillator frequency can 
be very casually chosen, and search harmonics may 
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even be picked up at several points on a medium- 
wave receiver fitted with a b.f.o. 

A recent development in beat-frequency locator 
design is shown in block diagram form in Fig. 3. 
Here, the circuit of the metal detector is fairly con- 
ventional except that part of the output of the a.f. 
amplifier is fed to an integrator which produces a 
d.c. voltage that is proportional to the beat frequency. 
This voltage is then fed back via a 5 second delay 
circuit to a varactor diode in the search oscillator 
tuned circuit, so that any slow drift of this oscillator 
is automatically corrected, by delayed a.f.c. action, 
to produce a constant beat note. Slow changes in 
search coil inductance, due to remanent magnetism 
of different soils, are also balanced out by this 
system. Fairly rapid changes in inductance and 
frequency are not damped, however, due to the 
5 second delay circuit, so that metal detection can 
take place in the normal way. The reference oscillator 
is crystal stabilised. This technique allows search 
frequencies of a few Mc/s to be used with excellent 
stability, enabling both good depth penetration and 
very high target sensitivity to be obtained with the 
aid of a large diameter search coil. 

AN EXPERIMENTER'S METAL LOCATOR 

Readers wishing to conduct simple experiments 
with the beat-frequency type of locator may find the 
practical circuit of Fig. 4(a) of interest. Only a 
1-transistor search oscillator circuit is involved, a 
normal medium or long-wave portable receiver being 
used as a beat detector. A Faraday shield is used 
to minimise the effects of stray capacitance. Sensi- 
tivity is good enough to locate coins the size of a 
penny at depths of 4in., and the maximum depth 
of penetration is about 14in. The whole unit can be 
built at quite low cost and without any great ex- 
penditure in time. 

Fig. 4(b) shows the essential constructional details 
of the search head and the Faraday shield. Construc- 
tion should proceed as follows: Cut a section of |in 
outside diameter copper tubing to a length of 39in 
and then thread four 50in. lengths of insulated house- 
hold flex through the tube. The individual lengths of 
tiex should be identifiable, either by colour coding 
or with the aid of an ohmmeter, and will be referred 
to by the numbers 1 to 4. With equal lengths of 

flex hanging from each end of the copper tubing, 
bend this into a neat ring of approximately 12in. 
inside diameter, and then make up a wooden base 
plate roughly to the shape shown in Fig. 4(b). Secure 
the copper ring (which forms the Faraday shield) to 
it with the aid of three clamps, taking care to leave 
a gap of fin. between the ends of the ring. 

Referring to the two ends of the rings as L 
(left) and R (right) respectively, mount a 5-way tag 
strip on the base plate and indentify the tags as 
"a" to "e" from left to right. Solder wire end 1L 
to tag "a", 1R and 2L to "b", 2R and 3L to "c", 
3R and 4L to "d", and 4R to "e", trimming off 
excess wire in each case as necessary. This completes 
assembly of the 4-turn search coil. 

Next, wire up the rest of the circuit on a small 
panel according to Fig 4(a), and then secure the 
panel and a 9 volt PP3 type battery to the base 
plate. Connect the junction of R1 and R2 to tag 
"a" and connect TR1 collector to tag "e". Solder 
a connection from the negative supply line to the 
centre of the Faraday shield. Finally, secure a 
wooden handle, mounted at an angle of about 45°, 
to the centre of the base plate, and this completes 
the assembly of the unit. 

To use the metal detector, place a portable long 
or medium wave receiver within several feet of the 
search head and tune to a moderately strong broad- 

cast station. Then adjust C5 of Fig. 4(a) until a 
strong beat note is obtained. The carrier of the 
received station acts in conjunction with the signal 
from the search oscillator as a b.f.o.; if the search 
signal is sufficiently strong, the broadcast station 
modulation will be almost completely suppressed by 
a.g.c. action, and the beat note will predominate in 
the speaker. Best results are obtained on long waves, 
where the search harmonics are strong, but perform- 
ing on medium waves is still quite good. The metal 
detector is then used in the normal way, with the 
receiver held in one hand. Occasional drift correc- 
tion can be made by re-tuning C5. Drift can, if re- 
quired, be minimised by using a stabilised 9 volt 
supply in place of the PP3 battery. If a search coil 
beat cannot be observed with the first station tuned 
in on the receiver, try another station at a different 
part of the band. 

(To be concluded) 
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WATER OPERATED 

ALARM 

by 

R. M. MARSTON 

This simple little unit automatically sounds 
an alarm bell when water or a similar liquid 
makes contact with a pair of probes. The alarm 

can be activated by bath water reaching a pre-set 
level, by an overflowing cistern, by flood water in 
cellars or basements, or by rain water, etc. 

The device uses three silicon transistors in a 
relay-less circuit. One of these is a miniature power 
transistor, and gives direct operation of a domestic 
electric door bell. The circuit draws a typical standby 
current of less than IpA at normal ambient tem- 
peratures, and can thus be permanently wired to a 
small battery without the need of an on-off switch. 
1 his feature enables the alarm to be used in per- 
manently installed battery-powered applications. 

CIRCUIT OPERATION 

The circuit of the unit is shown in Fig. 1. Here, 
all three transistors are wired as simple common 
emitter amplifiers, using direct coupling between 
stages. The arrangement is such that the base of 
1R2 is effectively in series with the collector of 

■fuTif ase TR3 is effectively in series with the collector of TR2, so TR2 and TR3 are cut 

^ c ilS •CUt off' and are driven to satura- tion when TR1 is on. TR1 base bias is obtained 
from the positive supply line via the probe contacts 
which are normally open circuit. In consequence 
negligible bias is normally applied to TR1 and all 
transistors are cut off. Under this condition, total 
current consumption is typically less than luA 
644 

Using simple silicon semiconductor circuitry, 
this novel device sounds a bell to warn of 
excessive water level. No relays are incor- 
porated and current consumption in the 

stand-by condition is negligibly low 

iill? 

To bias TR1 on, a resistance of less than 1 OOk.Q 
must be connected across the probe contacts. Under 
this condition, all three transistors are driven to 
saturation, and the bell, which forms the collector 
load of miniature power transistor TR3, operates. 
D1 prevents any back e.m.f. from the bell damaging 
the transistor circuitry. R2 prevents excessive base 
currents flowing in TR1 in the event of the probes 
being short-circuited. 

Ri: 

1 n Probes 

Ra 

TR, 
2N2926(0) 

(Zh* ••n b 

2N 2926 

Fig. 1. Circuit diagram of the 
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(All resistors i watt 10%) _ 1 
Resistors c 

R1 22kfl 0 
R2 12kQ M 
R3 3.3kn P 
R4 lOkfl 0 
R5 2.2ka N 

E 
N 
T 
S 

R6 ison 
R7 470Q 

T ransistors 
TR1 2N2926 Orange 
TR2 2N3702 
TR3 MJE520 

D1 0.5A silicon diode (see text) 
Battery 

B1 4.5V battery type H30 (Exide) 
Miscellaneous 

One 3 to 4.5V electric bell 
Veroboard panel, 0.15in. matrix, 24 X 
Ifrin. (see Fig. 2) 
Probes (home constructed) 
Twin plastic covered flex, connecting 
wire, etc. 

1 

Now, although it is true that distilled water acts 
as a good insulator, it is also a fact that the im- 
purities in tap water, or in ram water in industrial 
areas, cause normal water to exhibit a very low 
resistance, typically of the order of a few hundred 
ohms. Consequently, any water coming into contact 
with the pair of probes causes TR1 to be biased 
on, and the alarm bell to operate. 

In Fig. 1, TR3 is a Motorola MJE520 power 

transistor (available from L.S.T. Components). Diode 
D1 may be any silicon rectifier rated at 0.5 amp or 
more. A suitable type is the Lucas DD000. 

CONSTRUCTION 

The major part of the electronic circuitry is wired 
up on a small piece of Veroboard panel with 0.1 Sin. 
hole spacing, as shown in Fig. 2. This panel is 
secured directly to a block of wood which also 
holds the bell and battery, as shown in the photo- 
graph. The size of the board will depend upon the 

:r6 
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Electric 
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5 
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the water-operated alarm 
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bell and battery employed. In the author's case the 
latter was an Exide batery type H30, and the board 
measured 6| by 3|- by ^in. thick. 

Before mounting the components to the Vero- 
board, cut the copper strips at the points indicated 
in the upper view of Fig. 2. Also, drill two mounting 
holes to take thin wood screws at the points marked 
'A'. After the components have been fitted to the 
board and soldered into circuit, the board assembly 
is checked. 

Connect the 4.5 volt battery in place and check 
that the circuit draws a negligible stand-by current, 
typically less than I/aA. Next, short-circuit the twin 
flex probe leads and check that the bell operates; 
the circuit should then draw a current of roughly 
0.5 amp, depending on the bell characteristics. Check 
that TR3 does not become excessively hot; if it 
does, fit it with a small heat sink. 

The Veroboard may finally be secured to the 
wooden board by passing thin wood screws through 
the two mounting holes. Fit thin rubber or pvc 
grommets over the screws between the underside of 
the Veroboard and the surface of the wooden block. 

These act as spacers and prevent the Veroboard 
soldered connections being pressed against the sur- 
face of the wood. 

USING THE UNIT 

The probes consist of two conductors placed side 
by side, but insulated from one another, and con- 
nected to the Veroboard panel via twin plastic 
covered flex. A very simple probe can be made 
by baring and tinning a fraction of an inch of the 
free end of each of the twin flex leads, the tinned 
areas then acting as the actual probes. This type of 
probe can be used in a variety of ways. It can be 
fixed at the desired level to the side of a bath or 
other water container with adhesive tape, or it can 
be secured to a rubber sucker which is pressed into 
place. In permanent installations, the probe can be 
bonded directly to a suitable surface. 

More complex probes can be made by soldering 
the ends of the twin flex to adjustable metal rods 
in a suitable holder, bracket, or stand. 

A rain detecting probe can be made by connect- 

A - mounting holes 
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F/gf. 2. The copper and component sides of the Veroboard on which the components are assembled 
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ing the twin flex to alternate copper strips on a 
piece of scrap Veroboard. Any rain that falls on the 
copper side of the Veroboard causes an effective 
short-circuit between adjacent copper strips, and so 
activates the alarm. The holes in the Veroboard 
enable the rain water to drain away fairly rapidly, 
and further larger holes could be drilled for this 
purpose, if so desired. 

When the alarm is used to detect the presence 
of water in remote points, such as cellars, basements, 
boat bilges, etc., the main alarm unit is best installed 
in an 'inhabited' area such as a living room or cabin, 
and connected to the probe head via a long piece 
of twin flex. Several probes can be wired in parallel, 
if required, so that a single alarm unit can be used 
to monitor several different points simultaneously. 

In some applications, the alarm may be inad- 
vertently activated by condensation, steam, splash, 
or by remanent moisture between the probe heads' 

and in such cases special probe units may have to be 
designed. This problem can, however, be largely 
overcome by reducing the value of Rl, by trial 
and error, to reduce the sensitivity of the unit. 

EDITOR'S NOTE 

The MJE520 has a maximum recommended col- 
lector current rating of 1.5 amps and an absolute 
maximum continuous collector current rating of 3 
amps. The current drawn by good quality electric 
bells should be well below these figures, but avoid 
using the very inexpensive bells available at the 
popular stores. These normally have a single coil 
instead of the two coils (in a horse-shoe electro- 
magnet arrangement) given in a more sensitive bell, 
and they can draw excessive values of current — 
Editor. 

HENRY'S RADIO CATALOGUE 

9th EDITION (1969) 

The 9th edition (1969) of the Henry's Radio Catalogue is now available and provides the most comprehen- 
sive listing of equipment and components yet to be presented by that company, it includes 32 pages devoted 
to semiconductor devices, valves and crystals, giving details of semiconductor lead layouts, suitable appli- 
cations and operating data. There are, also, 210 pages covering other components and equipment, together 
with a further 70 pages listing high fidelity equipment ranging from microphones to complete amplifvina 
systems. 

The professional engineer is also catered for, and many of the items in the catalogue give details of equipment 
which will be found in the laboratory or employed for industrial control. Typical instances are provided by 10 turn 
precision potentiometers (with 360° vernier dial and 1-10 indicators, and offering 0.2% linearity) and a photo- 
multiplier infra-red indicator. 

The 9th edition (1969) Catalogue is complete with 10s. worth of discount vouchers, costs 7s. 6d. (plus 2s 
post, etc.) and may be obtained from Henry's Radio Ltd., 303 Edgware Road, London W.2. 

ililiiil 

5 FREE VOUCHERS ^ 

• HEW PRODUCT . 

EEV FIBRE-OPTIC VIDICON 

English Electric Valve Co. Ltd. has introduced a new vidicon camera tube with a fibre-optic faceplate. 
Essentially the same as the EEV type P831 ruggedised vidicon, which has separate mesh construction, 

magnetic deflection and focusing; the P831F has a lin diameter faceplate constructed from 9 micron diameter 
fibres. When used with a 7735B type photosurface and 1 ft-candle (10.8 lux) illumination on the faceplate, 
a signal current of at least O.ISftA is attainable with the target voltage set to produce 0.02/xA dark current.' 

This new fibre-optic vidicon is ideal for applications involving coupling to other devices having fibre- 
optic window outputs, such as image intensifiers. By using fibre-optic windows on both devices and 
coupling them together in direct optical contact, the optical efficiency can be improved by as much as 
50 times compared to a normal lens system. 
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INTERNATIONAL AMATEUR RADIO UNION REGION 1 CONFERENCE 

MAY 1969 

tn^tho inth '■A-R-U- Region 1. Conference, will be held in Brussels, at the Hotel Metropole from the 5th 
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X 

L. SAXHAM 

(All times GMT) 

A report on the stations - both 
amateur and broadcast - that may 
be logged by the s.w.l. on the 
various short wave bands; com- 
piled by a Dx'er whose QTH is 
located near the S. Suffolk coast. 

® Topic 
From time to time, the writer has 

received several requests from read- 
ers for hints and tips on the recep- 
tion of Broadcast bands Dx stations. 
In the main, these requests are from 
relative beginners and, in one in- 
stance, from a former Amateur 
bands devotee. 

When speaking of Broadcast bands 
Dx, for most operators there are two 
regions of the globe which repre- 
sents the ultimate in Dx reception. 
These are, generally speaking, the 
Far East and South America. 

Dealing with the Eastern stations 
first, these tend to be heard best 
in this country from around October 
to April. During this period, these 
stations may be heard, if conditions 
permit, from around 1400 to 1700 
GMT. They begin their next day's 
transmission around 21-2200GMT. 

The writer has found that a useful 
pointer to Eastern reception con- 
ditions, and one that will be easy for 
beginners to tune to the spot fre- 
quency - assuming their dial cali- 
bration is correct - is 4800kc/s 
around 15-1530GMT when All India 
Radio, Flyderabad, may often be 
heard. This station has a power of 
10kW, and if conditions are such 
that it can be logged, then it may 
be taken that the reception of East- 
ern stations is possible in the con- 
ditions then prevailing. 

This station is a good 'marker' 
for Asian transmissions. Having 
logged some of the Indian local 
transmitters, the next target area is 
that of Indonesia, Vietnam, Cam- 
bodia, Chinese local stations and 
others in the Antipodes. The suc- 
cessful reception and recognition of 
many of these Far Eastern stations 
represent, to the writer's mind, the 
ultimate in Broadcast Dx. 

The South American stations also 
tend to be seasonal with respect to 
the best reception conditions in this 
country. The season for these sta- 

tions is very approximately from 
April to October. Like the Asian 
stations, the signals at the start and 
end of each season are more diffi- 
cult to receive than at the peak 
centre time period. All of this must 
only be taken as a very rough 
general guide - there are very few 
hard and fast rules with respect to 
s.w. reception. 

A good 'marker' South American 
station is that of YVNK R. Juventud, 
Venezuala, on 4900kc/s with a 
power of lOkW. The frequency 
should be easy to read from a cali- 
brated dial. Listen around 2230- 
2330 GMT. The South American sta- 
tions are best heard during the 
small hours. 

Some South American stations 
are relatively easy to log; whilst 
others, of low power, are quite diffi- 
cult. To the latter category belong 
the Peruvian stations which, with 
few exceptions, are low powered 
(0.25 to IkW). Their locations, on 
the far side of the high Andean 
mountain range, does not improve 
matters with regard to reception in 
this country. 

In the last QSX, mention was 
made of 6250kc/s (Santa Isabel, 
Equatorial Guinea). This channel is 
also used by the Peruvian OAX7A 
Radio Cuzco. If the former station 
has been logged, and the dial read- 
ing noted, then with patience and 
the right conditions, it should be 
possible to hear R.Cuzco. Listen 
around 02-0300GMT - there is no 
other station on this channel during 
this period. Frequent references are 
made to "Radio Cuzco" and the 
interval signal consists of 2 chimes. 

® Amateur Bands 
Conditions have been quite good 

on these bands of late, particularly 
for c.w. working, although s.s.b. 
also produced a crop of Dx. 
21 Mc/s 
CW: C02KG, FG7XX, HZ4KO, JA1 
AYN, VP8KF, VU2VB, ZC4BX, ZL1 
AMD, ZL4BO, ZSlRA, ZS5LB, 5Z4 
LS, 9J2MX and 9J2VB. Other JA's 
logged were-JA1CMD, 1SKX, lUV, 
1WOE, 2EMP, 2FVJ, 2JFJ, 3CZH, 
5BLF, 5GS, 7AGO, 8DLI and 8DTG. 

14Mc/s 
CW: CP1GN, FL8MB, FP8AB, 8AI, 
SAP, HK5YC, HP1LE, HZ4KL, JA1 
KYV, 6HKC, 9BE, KL7GCK, PZ1AV, 
1DD, VK2BKM, 2EO, VP8AD, ZL2 
BCW, 2BP, ZP5KA, 5Z4KO, 8P6BU, 
9J2RQ and 9Y4KK. 
SSB: CE6EZ, CP1BA, EL1G, EPS 
AM, HC1NM, 4RZ, 4WM, HK3UA, 
HS3RT, JA2BLA, KG4AA, KV4AB, 
MP4TCF, VP8KF, 8KO, XE1KV, 
YS1VST, 2RAR, ZL1IA, 3QN, ZS5D, 
6FX and 9Y4VT. 

7Mc/s 
CW: C02BB, JA1EUV, VK4HT, W4B 
W, 9RQM and 0HPW. 

3.5Mc/s 
CW: K1LWI, 3UZE, W1ETU, 2KF and 
W3DQG. 
1.8Mc/s 
CW: DL9KRA, G130QR, GM3HLQ, 
3KMR/A, 30XX/A, 3YCB, GW3UUZ, 
3WBLI, 5TO, HB9CM, 9YL, OK1AIJ, 
1ALZ, 1AES, 1AKG, 1AMA, 1AQO/P, 
1ASG, 1AVN/P, 1AWQ, 1PWC, 
1KYS, 1STU, 1WC, 1ZN, 2BMQ, 
2BOL, 2BU, 20P, 2PCN, 2GGA, 
2TBN, 2QX, 2ZU, 3CHZ, 3KJJ, 3XU, 
3ZAA and OK9AL. 

• Broadcast Bands 
3204kc/s 1900 Ibadan, Nigeria - 

with news in English. 
3396kc/s 2150 Gwelo, Rhodesia - 

ezuala - with 1 chime and station 
identification. 

3260kc/s2105 Niamey, Niger-with 
African chants and songs. 

3285kc/s 2100 Paradys, S. Africa - 
with light music, 6 'pips' and 
news in English. 

3396kc/s 2150 Gwelo. Rhodesia - 
drama programme in dialect. 

4695kc/s 2000 Unidentified Chinese 
speaking station. Opens at 2000 
GMT with slogan, orchestra and 
choir. Harangues in Chinese dia- 
lect follow, suspected QTH Mon- 
golia. 

4680kc/s 0435 HCWE1 R. Nacional 
Espejo, Ecuador - with talk in 
Spanish. 

4712kc/s 0200 Emisora Luz y Vida, 
Ecuador - announcing in Spanish. 
This station was first noted on 
this channel during December 
and listed, at that time, as un- 
identified. 

4850kc/s 2040 Nouakchott, Mauri- 
tania - with talk in Arabic. 

4907kc/s 1620 Radio Cambodia, 
Phnom-Penh - with Asian type 
songs by female trio, faded out 
rapidly after quoted time. Phnom- 
Penh, capital of Cambodia, is 
situated on the Mekong river. 
Exports are mainly rice and cot- 
ton, population 406,000. 

6065kc/s 0350 PRL8 Brasilia, Brazil 
- with programme of 'pop' records 
in Latin American style. This is 
the new capital inaugurated on 
21st April 1960. Designed for a 
population of 500,000, it is 600 
miles N.W. of Rio de Janeiro. 

6160kc/s 0355 HJKJ Bogata, Col- 
ombia - news in Spanish; bird 
song interval signal and identifi- 
cation. 

9645kc/s 2035 ZYV40 Pocos de 
Caldas, Brazil - Latin American 
music; station identification at 
2036 with echo effect. 

9912kc/s 2015 VUD Delhi, India - 
with English programme. 

Q 

by 
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HOW TO START 

by 

E. SOHAM 

The absolute beginner most start the hobby 
of radio construction and operation some- 
where. To him, the bewildering array of 
circuits and inexplicable terminology which 
appear month by month in the radio press 
only makes life more difficult. In this article, 
the author deals with some basic knowledge 
and necessities which the beginner should 
obtain before any work is undertaken. 
Specially written for the absolute beginner, 
whose first interests are most likely to be 
centred on short-wave listening, it is hoped 
that this article will enable a clearer under- 

standing of the hobby to be obtained. 

WHEN COMMENCING THE HOBBY OF RADIO AND 
electronics, the beginner should set himself a 
programme — this usually involving the build- 

ing of a simple receiver. Such designs are often 
published in the radio press and are frequently of 
the 1, 2 or 3 valve type. Probably the best type of 
circuit to select is that for a 3-valve short wave 
receiver, the first valve being a detector, the second 
an audio amplifier and the third a rectifier (power 
supply) and having a loudspeaker output. Before 
construction of such a receiver can be undertaken, 
other considerations must be taken into account. 

Generally speaking, the hobby may be divided 
into two separate compartments as far as the 
beginner is concerned — these being (a) construc- 
tional and (b) operational. 

Constructional work is usually carried out at a 
workbench whilst the operational interest is catered 
for at a different bench — both benches often being 
in the same room. The operational bench carries 
the receiver and any other ancillary equipment which 
may ^ be added at a later date — preselector, etc. 
Dealing with the constructional side of the hobby 
first, the workbench, whether in a room or garage, 
should be provided with access to an a.c. mains' 
supply (points and plugs), the required tools and an 
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aerial and earth for receiver testing purposes. If the 
workbench is in a garage having a concrete floor, 
the beginner should ensure that a substantial rubber 
mat is provided. Never stand on a concrete floor 
whilst working with electrical apparatus. It is 
assumed here that the mains installation has been 
carried out by fully qualified personnel and that it 
conforms to the required standards. 

Ideally, the workbench should be fitted with a 
suitable vice (the writer prefers a carpenter's vice) 
and a tool rack. Provision should also be made for 
adequate lighting of the bench top. 

TOOLS 

The minimum number of tools required for radio 
construction work are as follows — a pencil bit 
electric soldering iron; a pair of thin round-nosed 
pliers with side-cutters; a centre punch; a selection 
of small screwdrivers having various shaft lengths; 
a Bib wire stripper and cutter; a small hacksaw; a 
small hand-drill; a set of twist drills, sizes Vis, V®, i/8, 
Vss, 3/ie, 7/32 and V* inch; a set of chassis-cutters (for 
cutting valveholder holes in chassis) for B7G and 
B9A valveholders; a carpenter's brace; and a '/win. 
twist drill. The last two items are required for drill- 
ing chassis and front panels for the fitment of 
potentiometers and switches, etc. 

Further items required are a supply of resin cored 
solder, a metal soldering iron stand (which may be 
easily made from a piece of waste aluminium, see 
Fig. 1), a piece of waste rag for wiping the hot iron 
clean, a small pair of tweezers (for holding nuts in 
awkward places) and a small sharp penknife. Addi- 
tionally, a ruler and pencil for marking purposes 
will also be required. 

These then are the basic requirements for con- 
structional work and the beginner should obtain 
them before commencing any radio projects. As time 
progresses, other tools and equipment may be 
acquired, some of these being a pair of metal cutting 
shears; a 'Mole' wrench (this tool is self-gripping 
and virtually becomes a third hand); an Abrafile; a 
set of files of various types and sizes and perhaps 
even an electric drill with accessories! 

Whilst waiting for a suitable receiver design to be 

2* 

Fig. 1. A simple soldering iron stand made 
from a piece of L-shaped waste metal (alu- 
minium is easy to bend). The stand may be 
secured to the workbench by suitably-sized 
woodscrews through two holes drilled through 
the base. In use, the hot iron is placed such 
that the bit rests in the cut-out V-shaped slot 
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Connecting wire 

/ 

"iSS-B 

Crocodile clips ^ 

Frequency in kc/s 
(approx.) 

300,000 

Frequency in kc/s = 300,000 
15 

Fig. 2. For quick 'hookups' from one part of a 
circuit to another, two crocodile clips joined 
with a length of p.v.c. covered wire (lighting 
flex) are often of use on the workbench. 
Several sets should be made, each having 

differing lengths of connecting wire 

published, two extremely simple projects will now 
be described, each of these being useful for testing 
or trying out various circuits at the workbench. 

For quick 'hookups' from one part of a circuit 
to another, a number of crocodile clips—say 8—and 
4 lengths of p.v.c. covered wire, should be made up 
as shown in Fig. 2. The best type of wire to employ 
is ordinary lighting flex. In use, one such set may 
be employed to complete a circuit from one point to 
another merely by bridging the break with the clips 
and wire. An example would be the completion of 
the chassis connection to one end of a detector grid 
resistor, as shown in Fig. 3. A word of warning 
is required here, however. This method of com- 
pleting a circuit should not be undertaken by the 
beginner on those parts of a design which carry h.t. 
potential. 

A simple continuity tester can also be made up, 
as shown in Fig. 4. A simple device of this nature 
is often of use when testing for breaks in coils and 
when wiring up a circuit to multi-contact switches 
such as are employed for wavechange, etc. So much 
for the simple construction items, and we now come 
to the operational part of the hobby and the pre- 
paration necessary prior to the installation of the 
receiver once this has been constructed and tested. 

OPERATIONAL PREPARATION 

The frequencies in which the beginner will prob- 
ably be primarily interested are from 1.8 Mc/s to 
30 Mc/s, this range of frequencies covering the 
various short wave bands. 

Within this range are the Broadcast and Amateur 
bands and these are set out in the Table. The 
beginner is more likely to be accustomed to a station 
being referred to by its wavelength in metres and, 
whilst this is quite correct it is more usual on the 
short waves to state the frequency in kilocycles (kc/s) 
or megacycles (Mc/s) per second. A kilocycle equals 
1,000 cycles and 1 megacycle equals 1,000 kilocycles. 

To find the frequency of a station in terms of 
kilocycles per second, divide the wavelength into 
300,000 thus:— 

AMATEUR BANDS 
Frequency 

Mc/s Known as 

1.8 to 2.0 160 metres or 'Top Band' 
3.5 to 3.8 80 metre Band 
7.0 to 7.10 40 metre Band 

14.0 to 14.35 20 metre Band 
21.0 to 21.45 15 metre Band 
28.0 to 29.7 10 metre Band 

BROADCAST BANDS 
Frequency 

Mc/s Known as 

4.75 to 5.06 60 metre Band 
5.95 to 6.2 49 metre Band 
7.1 to 7.3 41 metre Band 
9.5 to 9.775 31 metre Band 

11.7 to 11.975 25 metre Band 
15.1 to 15.45 19 metre Band 
17.7 to 17.9 16 metre Band 
21.45 to 21.75 13 metre Band 
25.6 to 26.1 11 metre Band 

The terms kilohertz (kHz) and megahertz (MHz) 
are also used to define frequency. They mean the 
same as kilocycles per second and megacycles per 
second respectively. 

On the operating bench one would ideally have 
the following items —■ a pad of notepaper and pen 
or pencil, for taking notes of announced frequencies, 
times, station call-signs, etc.; a clock working to Green- 
wich Mean Time (GMT*); a calendar; a copy 

Anode 
Grid 

capacitor 
Grid 

thode 

Grid resistor : 

T. 

Clip lead of fig.2 completing 
■ the earth (chassis) return 

I 
* 

Chassis 

wavelength in metres 
For example, a station transmitting on a wave- 

length of 15 metres would have a frequency of 
20,000 kc/s, thus:— 

= 20,000 kc/s or 20 Mc/s 

Fig. 3. A practical use for the clip lead of 
Fig. 2, consisting of completing the earth 
(chassis) return to the grid resistor in a triode 
(one grid) valve detector to determine the most 
suitable resistor value to obtain smooth reac- 
tion (positive feedback from anode to grid). 
Several resistors of differing values may be 
soldered to the grid prior to clipping the device 

to the individual free ends. 

* All short wave stations, both Amateur and Broadcast, operate 
on a GMT basis—one hour earlier than BST, i.e. 11.00 GMT 
is 12.00 BST. 

MAY 1969 651 



Torch bulb 

Complete the 
circuit here " 

Connecting wire 

4-5 volt torch 
battery 

Fig. 4. Simple continuity tester. When the 
circuit is completed between the two crocodile 

clips the bulb will light up 

of Radio Amateur Operator's Handbook and a copy 
of World Radio-TV Handbook. The first of these 
two books may be obtained direct from the publisher 
of this magazine — see advertisements — and the 
second from Modern Book Company, 19 Praed 
Street, London, W.2 at 42/- plus 2/- postage. The 
first publication, as its title implies, will provide all 
the information that the beginner interested in 
Amateur communications could possibly require, these 
including Amateur Prefixes, Radio Zone Boundaries, 
Call Areas, Local Time Conversions, Mileage Table, 
Amateur Abbreviations, etc. Additionally, there are 
seven maps which will prove of great interest to 
the beginner, a Frequency/Wavelength Conversion 
abac and lists of the various Amateur Codes. The 
second publication provides all the information that 
could possibly be required when operating over the 
Broadcast bands, and gives complete station lists 
with frequencies and wavelengths on the short, 
medium and longwave bands, station callsigns, in- 
terval signals, times of operating schedules, station 
addresses and a host of further information. 

The above are the basic requirements. As time 
progresses in the hobby other, and more sophisticated 
items may be added, these consisting of a logbook 
(for a permanent record of stations heard, times, 
signal strengths etc.); a preselector unit (placed be- 
tween the aerial input and the receiver to boost the 
radio frequency signals) and, last but not least, a 
tape recorder and a supply of tapes. This last item 
is rather a luxury feature for the operating bench, 
but it is one that is becoming more and more stan- 

Insulators 

56 ft 
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Fig. 5. An Inverted L long wire type aerial 
resonating at 7 Mc/s, which represents a good 
compromise for general operation over the 
short wave bands. The 66ft. dimension includes 

the length of lead-in wire 

dard these days. It is directly coupled to the re- 
ceiver (not via the microphone by the way) for the 
recording of rare and hard-to-receive stations — both 
Amateur and Broadcast — to enable the deciphering 
of weak signals to be carried out at a later date, to 
provide a permanent record of a station's transmis- 
sion, and so on. The uses of a tape recorder in this 
respect are almost legion. 

Other later additions at the operating bench would 
be a crystal frequency standard for accurate deter- 
mination of receiver dial readings (done by pre- 
calibrating the receiver from the marker points pro- 
vided by the unit); an aerial tuning unit which pro- 
vides the maximum transference of signal from the 
aerial to the receiver; and probably a speaker unit 
containing two or more speakers, these being switch- 
able and having differing audio response charac- 
teristics. 

Much of the above will provide the beginner with 
thoughts for the future but it does give some idea 
of the ultimate to eventually aim for if the intention 
is to end up will a well-equipped listening station. 
Without the proverbial long pocket many of these 
items of equipment must await future acquisition, and 
this also applies to the eventual ownership of a high- 
performance communications receiver which is 
usually the ambition of most beginners. For the 
present, however, it is a very good idea to commence 
with a comparatively inexpensive simple-to-build 
receiver and in this way learn something of the con- 
structional side of the hobby, using the end result 
to gain experience of short wave operating — the 
latter being, in itself, a very wide subject! 

AERIAL AND EARTH SYSTEM 

Having briefly considered the inside requirements, 
those apertaining to the outside must also be dealt 
with prior to receiver operating. 

The subject of aerials for short wave reception 
is a very large one and obviously cannot be dealt 
with in any great detail here — this remark also 
applying to quite a lot of the foregoing! However, 
the best type of aerial for the beginner to erect is 
shown in Fig. 5, this being the Inverted L long wire 
end fed array. Cut to 66ft. (including lead-in), the 
aerial will resonate at 40 metres (7 Mc/s) and this 
is a compromise suitable for most general short wave 
reception. If the length shown is not possible in the 
circumstances prevailing, it may be reduced to half 
(33ft.), this resonating very approximately at 20 
metres (14 Mc/s). Alternatively, the length of 66ft. 
may be gained by taking the wire around comers in 
the garden —- it does not have to be in a straight 
line. If this is done, no angle should be sharper 
than 90° — the greater the angle the more efficient 
the system will become. The wire may consist of 
one lead of ordinary clear p.v.c. covered stranded 
wire of the type usually available from the local 
Woolworth store. Ideally, it should be of 14 gauge 
hard drawn copper wire (available from C. H. 
Young, Ltd., 170-172 Corporation Street, Birming- 
ham 4.) 

The earthing system should ideally be direct to 
ground and not to a water pipe, these often being 
of the plastic type in modern houses. Never make an 
earth connection to a gas pipe. 

The earth system should consist of a metal rod 
or pipe, copper is the best material to use if available. 

Continued on Page 658 
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Scottish Insurance Corporation Ltd 

66-67 CORNHILL • LONDON ECS 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover; 

(а) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

(б) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

Why not BE PRUDENT AND 

INSURE your installation—it is 

well worthwhile AT THE 

VERY LOW COST INVOLVED. 

If you write to the Corporation's 

Office a proposal will be 

submitted for completion. 

Write for full details, quoting reference S304, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD. 

66-67 CORNHILL, LONDON E.C.3 
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IN LAST MONTH'S ISSUE WE EXAMINED THE CIRCUITS 
employed for coupling an electron-ray tuning 
indicator to the a.g.c. or signal diode load of a 

valve superhet receiver in order that it may provide 
an indication of accuracy of tuning. We saw that the 
tuning indicator control grid can be coupled to the 
a.g.c. line when the a.g.c. diode is fed from the secon- 
dary of the last i.f. transformer instead of from the 
primary, and when there is no a.g.c. delay voltage. 
The tuning indicator grid should, on the other hand, 
be coupled to the signal diode load if the a.g.c. diode is 
fed from the primary of the last i.f. transformer or 
if the a.g.c. system has a voltage delay. We then 
went on to discuss electron-ray indicators other than 
the simple 6U5G "Magic Eye" (which we used to 
provide an introduction to the subject), these being 
the EM34, the EM84 and the DM70. 

We now carry on to circuits in which moving-coil 
meters are employed as tuning indicators. After that, 
we shall turn our attention to the beat frequency 
oscillator. 

tuned in. Correct tuning is thus indicated by a mini- 
mum reading in the meter. In practice, the meter 
could be a 0-lmA instrument with the preset 
variable resistor having a value of 100Q. 

A number of minor variations to the basic circuit 
of Fig. 1(a) are possible. For instance, the meter 
could be connected in series with the h.t. anode 
supply to more than one a.g.c. controlled valve, 
thereby enabling a less sensitive meter to be used. 
Alternatively, the meter may be inserted in the 
anode supply to a separate triode of the a.f. voltage 
amplifier type whose grid is coupled to the signal 
detector diode load, as in Fig. 1(b). The series 
grid resistor, Rl, should have a value of the order 
of 2MO or more to prevent excessive a.c. loading 
on the signal diode load, and the circuit has the 
advantage that, if the receiver is fitted with a switch 
which short-circuits the a.g.c. line to chassis when 
a.g.c. is not required, the tuning meter still func- 
tions. Also, the circuit may be used in receivers where 
the a.g.c. diode is fed from the last i.f. transformer 

UNDERSTANDING 

f ZWhC 1 | * 

■ iliilllll 
[iti 1 

by IV, G. Atorfey 

TUNING METERS 

In the article which appeared in the last March 
issue we introduced the subject of tuning indicators 
(both meter and electron-ray) by means of the very 
simple circuit which is repeated here in Fig. 1(a). In 
this diagram, the meter is connected in series with 
the h.t, supply to the anode of an a.g.c. controlled 
i.f. amplifier valve, it being assumed that the a.g.c. 
voltage is obtained from a diode which is coupled 
to the last i.f. transformer secondary and that there 
is no a.g.c. voltage delay. The preset variable re- 
sistor in parallel with the meter is set up such that, in 
the absence of signal input to the receiver, the meter 
needle gives full-scale deflection. 

Let us now briefly re-examine the manner in which 
the circuit of Fig. 1(a) functions. When the associated 
receiver is switched off there is no anode current 
and the meter gives a zero indication. If the receiver 
is then switched on without being tuned to a trans- 
mission, the meter needle indicates full-scale deflec- 
tion. Should a signal next be tuned in, the a.g.c. 
voltage applied to the grid of the controlled valve 
goes negative and the anode current of the valve 
reduces. In consequence, the meter needle gives an 
indication lower than full-scale deflection, the read- 
ing decreasing as the transmission is more accurately 
MAY 1969 

primary, or where there is an a.g.c. voltage delay. 
A suitable triode would be one section of the double 
triode type ECC82, and the meter could be a 0-lmA 
component with a 10012 preset resistor across it, as 
in Fig. 1(a). R2 may be Ikfl. 

A disadvantage resulting from having the tuning 
meter in series with an anode supply, as in Figs. 1(a) 
and (b), is that the needle of the meter (assuming 
a conventionally made instrument) moves to the 
left as the position of correct tuning is approached. 
Some receiver operators prefer to have the meter 
needle move to the right to indicate correctness of 
tuning, and meters intended specifically for tuning 
indicator purposes have been produced in which the 
movement operates in the opposite direction in order 
to satisfy this desire. A much simpler approach con- 
sists of employing a conventional meter and fitting 
it to the receiver panel upside-down! 

It is not, however, a difficult matter to devise 
circuits which allow a conventional meter mounted 
in normal fashion to give a needle deflection to the 
right as correct tuning is approached. A typical 
example is illustrated in Fig. 2(a). Here, the positive 
terminal of the meter is connected to the lower end 
of a resistor, Rl, in series with the h.t. anode 
supply to one or more a.g.c. controlled valves. The 
negative terminal of the meter couples to the slider 
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HT-f 

Tuning meter 

transformer 

Bypass 
capacitor 

I.F amplifier 
anode 

(a) 

HT+ 

\ j Tuning meter 

r 

To signal W# diode toad 

OOluF 

Fig. 1 (a). A simple tuning meter circuit. The 
meter reading falls as the associated receiver 
approaches the position of correct tuning. 
(The preset variable resistor across the meter 
should be initially set to a low resistance 
during setting up, to ensure that excessive 

current does not flow in the meter) 
(b). The same principle is employed in this 
circuit, where a separate triode is coupled to 

the signal diode load 

of a preset potentiometer, R3, which is connected 
in series with R4 across the receiver h.t. supply. A 
preset variable resistor, R2, is connected across the 
meter. 

The circuit of Fig. 2(a) is set up in the following 
way. Under no-signal conditions the anode current of 
the a.g.c. controlled valve or valves is at maximum, 
and greatest voltage is dropped across Rl. R3 is 
adjusted such that, under these conditions the meter 
reads zero. If, now, a signal is tuned in, the anode 
current of the a.g.c. controlled valve or valves de- 
creases, whereupon less voltage is dropped across Rl, 
and the lower end of this resistor goes positive. The 
meter needle is, in consequence, deflected to the 
right. Variable resistor R2 is adjusted such that the 
meter gives full-scale deflection for the maximum 
signal input strength that is anticipated. If the meter 
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has a full-scale deflection of 1mA and only one a.g.c. 
controlled valve is employed in the circuit, typical 
component values would be given by having Rl at 
about 5000, R4 at SOkn, R2 at 2500 and R3 at 
2kn. If the anode current of two a.g.c. controlled 
valves passes through Rl its value should be about 
250n, reducing proportionally for further valves. R4 
will require a wattage rating of 2 watts. 

An alternative approach, which also enables the 
meter needle to move to the right as the position of 
correct tuning is approached, is shown in Fig. 2(b). 
In this diagram the meter is coupled to the cathode 
of an a.g.c. controlled valve. As a.g.c. voltage in- 
creases the cathode current reduces whereupon, 
because less voltage is dropped across the cathode 
bias resistor Rl, the cathode goes negative. In con- 
sequence, the negative terminal of the meter is con- 
nected to this cathode. The circuit is set up by first 
adjusting R4 for a zero reading under no-signal 
conditions and then adjusting R2 for full-scale deflec- 
tion when a signal having maximum anticipated 
amplitude is tuned in. If the a.g.c. controlled valve 
is a standard i.f. amplifier and the meter a 0-1 mA 
component, typical resistor values would be given by 
R2 at 5kn, R3 at 50kO and R4 at lkI2. Rl would 
be the normal cathode bias resistor for the valve, and 
R3 would need to have a dissipation rating of 2 
watts. 

Both the circuits of Figs. 2(a) and (b) have the 
disadvantage that a fairly high current is continually 
drawn through the potentiometer (R3 and R4 in 
both diagrams) across the h.t. supply lines, and the 
circuit is, therefore, somewhat wasteful of h.t. power. 
If this point is considered of sufficient importance 
the circuits can be rearranged such that the potentio- 
meter current flows through a valve drawing a steady 
anode and cathode current, such as the receiver a.f. 
output valve. An example of this approach is given 
in Fig. 2(c). This is a modification to the circuit of 
Fig. 2(b) and it ensures that no h.t. current is wasted. 
R5 and R6 of Fig. 2(c) should offer a total resistance 
equal to the cathode bias resistance normally required 
by the output valve, R6 having a value which allows 
about 5 volts to appear across its track. The usual 
electrolytic cathode bias bypass capacitor appears 
across R5 and R6. 

In practical valve receivers, quite a number of 
variations on the basic tuning meter circuits we have 
just examined will be encountered, but they nearly 
all operate from the same principles. 

Since a tuning meter also gives an indication of 
signal strength it is frequently employed for this 
purpose, particularly in receivers intended for 
amateur reception. In amateur communication, re- 
ceived signal strength is defined by the letter "S" 
followed by a number from 1 to 9, as shown in the 
accompanying Table. Thus, if an amateur reports 
that a certain signal is being received at "S7", this 
means that the signals are "moderately strong." It 
is a common practice for tuning meters of the type 
we have been discussing to be calibrated in divisions 
from "SI" to "S9" so that an operator can quote 
a signal strength direct from the meter reading. 
The meter is then referred to as an S-meter. Unfor- 
tunately it is rather difficult for a number of reasons 
to obtain a high level of accuracy with this technique. 
Firstly, interpretation of the S-code is itself a subjec- 
tive matter, because different operators may well 
ascribe different "S" numbers to the same signal. 
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TABLE HT+ 

The signal strength S-Code 

SI Faint signals, barely perceptible 
S2 Very weak signals 
S3 Weak signals 
S4 Fair signals 
S5 Fairly good signals 
S6 Good signals 
S7 Moderately strong signals 
S8 Strong signals 
S9 Extremely strong signals 

Secondly, it is necessary for the associated receiver 
to otter the same overall gain at all received fre- 
quencies, and this is rarely achieved in practice. 
Thirdly, it may be found that the successive "S" 
numbers are closely cramped together at one end of 
the meter scale and are difficult to evaluate. Despite 
these disadvantages, calibrated S-meters are very 
popular with amateur operators, and the calibration 
is certainly helpful for making a comparison between 
two or more signal strengths at fairly close fre- 
quencies even if the "S" units marked on the meter 
scale may not have any absolute accuracy. 

As a final point, we have referred up to now to 
the setting up of the tuning meter circuit under "no- 
signal conditions". It should be mentioned that, with 
a sensitive receiver, "no-signal conditions" will 
probably not correspond to zero a.g.c. voltage but to 
a small a.g.c. voltage resulting from self-generated 
noise in the receiver itself. However, as a signal 
must have greater amplitude than receiver noise 
amplitude if it is to be reliably received, the tuning 
meter, with or without "S" calibration, still carries 
out the desired function. 

THE B.F.O. 

Before concluding this month's contribution we 
shall introduce a new subject which, like the S-meter, 
is encountered in superhet receivers intended for 
communication purposes but not in superhets em- 
ployed for domestic entertainment. 

The superhet receivers we have discussed so far 
have all been intended to provide reception of ampli- 
tude modulated signals. The amplitude modulated 
transmission is selected and amplified before detec- 
tion, after which the detected signal is further ampli- 
fied before being passed to the loudspeaker. The 
basic function of these receivers has, quite simply, 
been that of signal selection and amplification, to- 
gether with reclamation of the original a.f. modulat- 
ing signal. 

There are, however, other methods of radio trans- 
mission in addition to the amplitude modulation 
mode, and particularly important amongst these is 
the continuous wave or c.w. type of transmission. 
C.W. transmission is employed for the sending of 
messages in morse code, in which the individual 
letters of words, and figures, etc., are transmitted 
in the familiar "dot" and "dash" fashion provided 
by that code. For c.w. morse operation the trans- 
mitter is not modulated in any way at all. Instead 
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F/g. 2(a). A tuning indicator circuit in which 
meter current increases as a.g.c. voltage 
increases. (To ensure that excessive current 
is not passed through the meter, R2 should be 
adjusted to initially offer a low resistance 

when setting up) 
(b). Another circuit in which meter current 
increases with increasing a.g.c. voltage. (R2 
should be initially adjusted to insert maxi- 

mum resistance during setting up) 
(c). A modification to (b) which ensures 

that there is no waste of h.t. current 

it is effectively switched on every time the trans- 
mitting operator presses his key and is effectively 
switched off when the key is raised. The term "con- 
tinuous wave" applies, incidentally, to a radio signal 
which is constant both in amplitude and frequency, 
as is given in the present instance when the trans- 
mitting key is pressed. 

The most convenient way of "reading" a morse 
signal (i.e. translating it back to the original message) 
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Fig. 3. Block diagram lor a superhet incorporating a beat frequency oscillator 

is given by causing an a.f. tone to be produced when- 
ever the morse key is pressed. Morse training, for 
instance, is usually carried out by having the key 
actuate an a.f. oscillator coupled to headphones or a 
loudspeaker. Because it is not modulated in any 
way, a c.w. signal received by the superhets we have 
so far discussed will not produce this a.f. tone. 

The provision of an a.f. tone is carried out by 
fitting to the receiver an additional stage which is 
described as the beat frequency oscillator or b.f.o. 
stage. The b.f.o. enables an audible output to be pro- 
vided from a c.w. signal by applying to the signal 
detector a locally generated oscillation whose fre- 
quency is close to that at which the c.w. signal is 
fed to the detector. 

In Fig. 3 we have, in block form, a simple superhet 
suitable for communications work which incorporates 
an r.f. amplifier, a frequency changer, an i.f. ampli- 
fier, a detector and an a.f. amplifier. For the present 
we shall ignore the other facilities, such as an a.g.c. 
system or tuning indicator, which normally appear in 
a receiver of this class. Also shown in the diagram 
is the beat frequency oscillator, its output feeding 
into the signal detector stage. 

Let us say that the intermediate frequency of the 
superhet of Fig. 3 is 470kc/s. Then, when it is 
accurately tuned in to any c.w. transmission, that 
signal, after passing through the frequency changer 
stage, will always be applied to the signal detector 
at 470kc/s. This frequency is indicated in the dia- 
gram. The beat frequency oscillator is also assigned 
a frequency in the diagram, this being shown as 
471kc/s. Now we know from previous discussions, in- 
eluding in particular those relating to the mixer valve, 
that when two signals at different frequencies are 
fed to an a.m. detector the output of the detector 
contains four signals. Two of these output signals 
are at the same frequency as the two input fre- 
quencies, the third is at a frequency equal to the 
sum of the input frequencies, and the fourth is at a 
frequency equal to the difference between the two 
input frequencies. In our present example the first 
three output signals would all be well above the 
audible range and are, in any case, prevented from 

passing to the a.f. amplifier by the filter circuit which 
is provided in the signal detector circuit. On the 
other hand, the fourth signal has a frequency of 
Ikc/s, which is well within the audible range, and 
this passes through the a.f. amplifier in Fig. 3 to be 
fed to the loudspeaker. It is obvious that the Ikc/s 
difference frequency can only be formed when both 
the b.f.o. signal and the 470kc/s c.w. signal from the 
i.f. amplifier are applied to the detector, whereupon 
it follows that an a.f. tone is produced at the receiver 
whenever the transmitter key is pressed. In con- 
sequence, the c.w. signal has, very conveniently, been 
changed to an ^a.f. tone, and the morse transmission 
can be "read" by the receiver operator without 
difficulty. 

A Ikc/s tone will also be produced if the b.f.o. 
in Fig. 3 has an output frequency of 469kc/s because, 
once again, the difference frequency is Ikc/s. Should 
the receiver have an intermediate frequency other 
than the 470kc/s we have chosen for our example, 
it is only necessary for the b.f.o. frequency to be 
Ikc/s above or below it to produce the Ikc/s a.f. 
tone. In practice, it is usual to provide the b.f.o. 
with a panel control which enables its frequency to 
be varied over a small range on either side of the 
intermediate frequency of the associated receiver. 
The operator may then vary the frequency of the a.f. 
tone resulting from a c.w. transmission to suit his 
own requirements. 

The term "beat frequency oscillator" derives from 
the fact that a "beat frequency" (the a.f. tone) is 
produced as the result of the two signals being fed 
to the detector. (To be precise, the term really 
applies to an instrument incorporating two oscillators 
and offering a difference frequency output — such 
an instrument being very commonly employed as an 
a.f. tone generator in the earlier days of radio.) 

Next Month 
In next month's issue we shall examine the beat 

frequency oscillator in greater detail, after which 
we shall turn to circuits which are intended to en- 
hance the selectivity of superhet receivers. 

fas thi seemm... 
HOW TO START 
(continued from page 652) 
driven as far into the ground as possible, the 
surrounding earth being made moist from time to 
time by the application of water. The lead from the 
copper rod to the equipment should have a large 
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diameter, and is secured to the rod by either solder- 
ing or a Jubilee clip. This connection should then 
be weather-proofed by the application of bituminous 
paint. 

If most of the foregoing is acted upon, the abso- 
lute beginner will be in a good position to commence 
the hobby once a suitable receiver design has been 
selected for construction. 
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It cannot be denied that there are times when Smithy's 
able assistant, Dick, seems to require a larger size 
in headgear than do the rest of us. Smithy takes him 
up on one of his more boastful pronouncements and 
tests his knowledge over a wide range of technical 
subjects. Readers may care to match their wits 
against the pair as they travel through electronics 

from A to Z! 

Tevertheless," bragged 
^ Dick, "despite all its 

attempts to baffle me I 
finally managed to track the fault 
down." 

"Where," asked Smithy, "was it?" 
"Tucked away in the flywheel sync 

circuit,"replied Dick proudly. "It was 
a dirty little 150pF capacitor across 
one of the discriminator diodes, and 
it had developed enough leakiness 
for the circuit to be just short of 
working properly. The set would stay 
in lock for about a minute and then 
the line hold control would have to 
be adjusted again. As soon as I loca- 
ted that capacitor I whipped it out 
and popped in a replacement, with 
the result that that TV is now going 
like a bomb!" 

Smithy threw an affectionate pater- 
nal glance towards Dick. Now was 
a good time, he decided, to foster 
his assistant's youthful keenness. 

A TO Z 

"You certainly," he remarked, 
assuming the expression of one who 
is considerably impressed, "did a 
jolly fine bit of trouble-shooting 
there," 

"I'll say I did," boasted Dick. "The 
way I'm going these days it won't 
be long before I overtake you and 
start running this Workshop on my 
own, mate!" 

Smithy's fondness for the exuber- 
ance of the young abruptly evapor- 
ated. 
MAY 1969 

"If," he remarked acidly, "your 
technical ability was commensurate 
with the circumference of that im- 
mense head of yours, there might be 
some truth in your assertion. But 
you've got a long way to go yet, my 
boy." 

"Oh, I don't know," exclaimed the 
unabashed Dick airily. "I don't sup- 
pose I'll ever become another 
Epstein, quite, but I reckon I'll still 
be jolly good so far as general elec- 
tronic things are concerned." 

"It's Einstein," growled Smithy 
irritably, "not Epstein. Epstein was 
the sculptor." 

Dick dismissed this inaccuracy 
with a careless wave of his hand. 

"A minor matter," he pronounced. 
"The important thing is that, at the 
rate I'm progressing, I should soon 
be able to get this whole electronics 
scene wrapped up, right from A to 
Z." 

The Serviceman threw a quizzical 
glance at his assistant, then looked at 
the Workshop clock. 

"You've given me an idea," he re- 
marked thoughtfully. "There's still 
half an hour of lunch-break left be- 
fore we get back to work, so I'll take 
you up on this A to Z business." 

" How do you mean?" 
"I'll ask you a question about 

something in electronics that starts 
with A, then carry on to something 
beginning with B, and then to some- 
thing beginning with C, and so on. 

Loudspeaker 

We should be able to get through the 
whole alphabet before we start work 
again. And it will be interesting to 
see just how good at electronics you 
actually are." 

"Blimey," said Dick enthusiasti- 
cally, "that is a good idea. All right, 
then, start off by choosing a subject 
in electronics beginning with A and 
I'll tell you all I know about it." 

"Fair enough," replied Smithy 
equably. "Well, my first subject is 
'A battery'." 

"Corluvaduk," commented Dick 
rudely. "Didn't you ever go to school 
Smithy? That begins with B, not A!" 

"I'm not," returned Smithy heated- 
ly, "talking about a battery. I'm 
talking about an A battery." 

"Oh, I see," replied Dick. "Well, 
'A battery' is what the Americans 
call a battery which supplies the 
filament or the heater of a valve. At 
the same time, a B battery is the 
battery which provides h.t., and a C 
battery is the one which provides grid 
bias." 

Smithy raised a mildly surprised 
eyebrow, 

"You've certainly," he commented, 
"got that little lot off pat. Incident- 
ally, the Americans also refer to the 
A supply, the B supply and the C 
supply as well, these being the heater 
or filament supply, the h.t. supply 
and the grid bias supply respect- 
ively." 

"Right," said Dick briskly. "That 

High frequ«nci«s 

Baffle Low frequencies 

High frequencies 

Fig. 1. Illustrating, in somewhat exaggerated form, the different 
manners in which the higher and lower audio frequencies are 
radiated by a loudspeaker. The baffle presents a physical 
obstacle to the passage of low frequencies from the back of the 

loudspeaker to the front 
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means we've now cleared up A, B 
and C. Let's get on to D." 

"It's only A we've cleared up," 
retorted Smithy irately "You put in 
the B and C business. So the next 
letter is B and that stands for 'baffle'." 

"Do you mean a loudspeaker 
baffle?" 

"I do." 
"Well," said Dick, "a loudspeaker 

baffle is used to increase the audible 
level of the lower frequency notes 
produced by a loudspeaker." 

"Correct," confirmed Smithy. "But 
how does it work?" 

"It prevents," replied Dick, "the 
low notes produced at the back of the 
speaker from coming round and can- 
celling out those produced at the 
front. If, for instance, the speaker 
cone is moving forwards whilst re- 
producing part of a low note cycle, 
its front surface is producing a com- 
pression in the air whilst its rear 
surface is producing a rarefaction. 
If you didn't do something to stop 
it, that rarefaction at the rear will 
come round the edge of the speaker 
and cancel out the compression at the 
front. One way of stopping it is to 
mount the speaker on a baffle made 
of wood or a similar material. (Fig. 
1) The wood then simply gets in the 
way of the rarefaction at the rear and 
prevents it coming round to the front. 
The same applies, of course, if the 
cone is producing a rarefaction at the 
front and a compression at the rear." 

"Why does the baffle only affect 
the low notes?" 

"Because the higher frequency 
notes tend to travel directly forward 
and backward from the speaker cone, 
whilst the lower notes spread out 
more. Also, since the lower notes 
have a longer wavelength in air, the 
compressions and rarefactions pro- 
duced at the rear of the cone can still 
be out of phase with those at the 
front even after they've travelled a 
relatively long distance. It follows 
from this that the bigger the area of 
the baffle the lower the audio fre- 
quency which is reproduced from the 
front of the cone without cancellation 
by the sound from the rear. Okay?" 

VOLTAGE MULTIPLIER 

"Definitely," said Smithy. "It 
looks as though I must concede that 
you've learned something during your 
years in the Workshop." 

"I tell you," bragged Dick, "I'm a 
real gen kiddy, I am! Now ask me 
about something beginning with C." 

"Right-ho," said Smithy obliging- 
ly. "Tell me what you know about 
the Cockcroft-Walton multiplier." 

There was a moment of uneasy 
silence. 

"Come again?" 
"The Cockcroft-Walton multi- 

plier." 
Again there was a period of silence. 
"That has to do with electronics?" 
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"It has," replied Smithy. "Apart 
from any other electrical or elect- 
ronic applications it may have, the 
Cockcroft-Walton multiplier circuit 
has been standard equipment in quite 
a few domestic television receivers 
over recent years. It provides e.h.t. 
for the tube." 

"Well, I must admit you've beaten 
me on this one," confessed Dick. 
"How does the circuit work?" 

Smithy reached for his notepad. 
"I'll sketch out some circuits to 

show you," he remarked, busying 
himself with his pencil. "As a matter 
of fact, the Cockcroft-Walton multi- 
plier is quite simple to understand, 
and it consists of just a few rectifiers 
and capacitors. Here's a typical ex- 
ample, where it's used as a voltage 
doubler. (Fig. 2(a)). By the way, when 
examining this circuit remember that 
conventional current, from positive 
to negative, goes in the direction of 
the arrow in the rectifier diode 
symbol." 

"Fair enough," said Dick, looking 
carefully at Smithy's diagram. "I see 
you've put an e.h.t. winding in your 
sketch." 

"That's right," replied Smithy, 
"Lets assume for the moment that 
it's part of a line output transformer 
and that the upper end of the wind- 
ing produces a positive pulse of 5kV 
with respect to chassis on each line 
flyback, and zero voltage in between. 
These 5kV positive pulses will first 
of all charge up C1 via D1 to 5kV. 
Between pulses C1 will, in its turn, 
charge up C2 via D2, to 5kV also. 
This means that, during succeeding 
pulses, the upper plate of C2 now 
goes up to lOkV, whereupon C3 be- 
comes charged, via D3, so that its 
upper plate is lOkV above chassis. 
In consequence, you get an output of 
lOkV from the upper plate of C3 
although the input pulse from the 
e.h.t. winding is only 5kV." 

"Blow me, that's neat." 
"It is, isn't it?" agreed Smithy. 

"Now, the main advantage of the 
multiplier is that you can continue 
to add capacitor and rectifier stages, 
whereupon you can get an output 
which is three times the input volt- 
age, four times, five times or even 
more. I'll add another capacitor and 
rectifier stage to my original circuit 
to show you what I mean. (Fig. 2(b)). 
There are two new rectifiers, D4 and 
D5, and two new capacitors, C4 and 
C5. These work in just the same way 
as do D2, D3, C2 and C3, whereupon 
the output is now three times the 
input. In our example we'll get an 
output of 15kV." 

"Is this the sort of circuit that's 
used in TV sets?" 

"Not exactly," replied Smithy. "In 
TV sets, the approach is to omit C1 
and have a final capacitor across the 
whole chain. Like this (Fig. 2(c)). 
The final capacitor is given by the 
inside and outside aquadag coatings 
of the c.r.t. to which the multiplied 
voltage is applied. You still get the 

same voltage multiplying effect, but 
the old C1 is now effectively pro- 
vided by the c.r.t. capacitance in 
series with C5 and C3. In practical 
TV sets the e.h.t. coil supplying the 
rectifier normally gives 7kV pulses, 
and the output to the c.r.t. is 21kV 
off load, and is stated to be 20kV 
nominal. The rectifiers are special 
high voltage selenium types, and the 
circuit does not give off X-ray radia- 
tion, as would occur if you had 
a single e.h.t. rectifier valve working 
at a voltage as high as 20kV." 

"Well," admitted Dick, "that was 
something I didn't know. Anyway, 
let me ask you one now." 

"Fire away." 
"D," announced Dick, "stands for 

Doppler effect. What's Doppler 
effect?" 

"Doppler effect," replied Smithy 
promptly, "is the apparant change 
in frequency from a radiating source 
when it's moving with relation to the 
observation point. You get it with 
sound waves as well as with radio 
waves. If, for example, a railway 
locomotive passes you with its whis- 
tle sounding, the apparent frequency 
of the sound is greater than its actual 
frequency when the locomotive ap- 
proaches you and is lower than its 
actual frequency when the locomo- 
tive is going away from you. The 
apparently higher frequency when 
the locomotive is approaching you 
is given because, so far as you're 
concerned, the cycles are compressed. 
And the reverse applies when the 
locomotive goes away from you. In 
radio applications, Doppler effect is 
employed in airborne navigation 
systems to determins ground speed 
and wind drift angle. It's also used 
in radar to distinguish between fixed 
and moving targets and to find the 
velocity of the latter. Again, it can 
also be used to determine the track of 
an earth satellite." 

"Hell's teeth," said Dick, crest- 
fallen. "All I knew about Doppler 
effect myself was the locomotive 
whistle business!" 

"Don't let it worry you," replied 
Smithy soothingly. "To square things 
up, I'll give you a nice easy one for 
E. What's 'empire cloth'?" 

"Is that the stuff they use for 
making Union Jacks?" 

"Of course it isn't," retorted Smithy 
irritably. "It's a linen or cotton cloth 
which is first starched and then im- 
pregnated with an oil-based varnish. 
The usual type of empire cloth is 
bright yellow, but there's also a black 
version which is given if bitumen is 
incorporated in the varnish." 

"What's empire cloth employed 
for?" 

"To provide insulation," replied 
Smithy. "The cloth is cut into tape 
of different widths, as required, and 
the tape is then wound round what- 
ever it is you want to insulate." 

"Like ordinary black insulating 
tape?" 
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"Rather the same," agreed Smithy. 
"But empire tape isn't sticky and is 
much stiffer than black insulating 
tape. Also, it's waterproof and gives 
better insulation. Anyway, that's E 
done. F is next, so I'll ask you to tell 
me what Ferroxcube is." 

"Ferroxcube," said Dick without 
hesitation, "is the Mullard trade- 
name for their ferrite materials. Like 
you get in ferrite aerial rods." 

"Good," approved Smithy. "You 
also find Ferroxcube in many other 
applications, such as line output 
transformer and deflector yoke cores, 
computer memory cores, pot-cores, 
adjustable r.f. coil cores and a whole 
host of other things. G comes after 
F, so now tell me what 'grid base' is." 

"It's the negative voltage," return- 
ed Dick promptly, "that you apply 
to the control grid of a valve." 

"I didn't say grid bias, you steam- 
ing great twit," snorted Smithy, "I 
said grid base." 

"Oh," said Dick, frowning. "Now, 
wait a jiffy. Ah yes, I remember. 
'Grid base' is the negative voltage on 
the control grid, relative to cathode, 
which just takes the valve to cut-off," 

UP THE CREEK 

"That's more like it," replied 
Smithy, mollified. "Now let me 
think of something beginning with 
H." 

"Hang on a minute," protested 
Dick. "How about another go for 
me?" 

"All right, then," said Smithy. 
"Bash away." 

"What," queried Dick, "is a hydro- 
phone?" 

"It's an underwater microphone," 
replied Smithy without hesitation. 
"It converts sound waves travelling 
through water into electrical signals. 
You have them, for instance, in 
Sonar-Buoys," 

"What the heck," asked Dick 
despairingly, "are Sonar-Buoys?" 

"They're light floating transmitters 
dropped in the sea by aircraft," 
explained Smithy, "and they're each 
fitted with a hydrophone. They 
transmit underwater sounds picked 
up by the hydrophones, and enable 
the aircraft to determine the position 
and track of a submarine. Anyway, 
let's get back at you now. What's 
'infra-red'?" 

"That's one of the easy ones," 
complained Dick, "which always 
catch me out. I can never remember 
whether infra red rays are higher in 
frequency than visible light rays, or 
lower." 

"Red," put in Smithy helpfully, "is 
at the low frequency end of the 
visible spectrum." 

"Is it?" replied Dick. "Then in that 
case infra-red rays are those which 
are a little lower in frequency than 
visible light rays." 

"Hmm," grunted Smithy. "I'm 
afraid that's not entirely the right 
answer. Actually, the term 'infra-red' 
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covers virtually all the electromag- 
netic waves whose frequencies fall 
between visible light waves and radio 
waves. For the record, electromag- 
netic rays higher in frequency than 
light rays are the ultra-violet rays, 
then X-rays and gamma rays. Right 
at the top of the scale are cosmic 
rays." 

"That's interesting," remarked 
Dick. "Electronics seems to have a 
connection with everything scientific 
these days. What's the next letter?" 

"It's J," replied Smithy. "Well now, 
the letter J stands for 'Jim Creek 
Transmitter'." 

"It stands for whatV 
" 'Jim Creek Transmitter'." 
"What on earth is that?" 
"It's reputed," replied Smithy, "to 

be the most powerful transmitter in 
the world, and it has a power of a 
megawatt. The transmitter is run by 
the American Navy and it's situated 
at a place called Jim Creek, Wash- 
ington." 

"Well, it certainly had me up the 
creek," retorted Dick, "and without 
a paddle, too!" 

"Not to worry," grinned Smithy. 
"Try the next one. This is letter K 
and it stands for 'knee'." 

" 'Knee'?" repeated Dick suspic- 

iously. "The only knee I know about 
is the one you get in transistor col- 
lector current - collector voltage 
curves." 
' "Well?" 

"It's the part where the curve is 
most bent." 

"Very elegantly phrased," affirmed 
Smithy, "and correct as well. In 
actual fact, the term 'knee' applies 
to any curve which has marked 
curvature in one section, and refers 
to the part having maximum curva- 
ture." 

"Good show," said Dick, pleased. 
"Let me try out the next letter on 
you. What's a lead-in groove?" 

Smithy looked puzzled. 
"Is this a gag or something?" 
"I'm dead serious." 
"All I seem able to think of," said 

Smithy, frowning, "are aerial lead- 
ins. Give me a clue." 

"All right," replied Dick obliging- 
ly. "Just think of changers." 

"Changers, eh?" repeated Smithy 
thoughtfully. "Frequency changers? 
No. Ah, I've got it now — record 
changers! You very nearly had me 
there, Dick, and I'm kicking myself 
for not having recognised such an 
obvious term when you first men- 
tioned it. A lead-in groove is the 
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(a) Cb) 

Fig. 3. Illustrating the essential difference between 
(a) a variable resistor and (b) a potentiometer 

wide pitch groove on the outside of 
a gramophone record which guides 
the pick-up stylus on to the playing 
track." 

"Exactly," grinned Dick. "Homer 
nodded a bit then, didn't he." 

"He did indeed," confirmed 
Smithy ruefully. "It looks as though 
I'll have to pull my socks up if I'm 
going to maintain the image. Any- 
way, M is next, so what is a 'mho'? 
it's spelt m-h-o-." 

"A mho," replied Dick quickly, 
"is the reciprocal of an ohm. It's the 
unit of conductance, which is dead 
opposite to resistance." 

"That's correct," confirmed Smithy. 
"In fact," continued Dick brightly, 

"two ohms are equal to half a mho!" 
Smithy threw his arms despairing- 

ly to the ceiling. 
"I knew," he lamented "I just knew 

that you'd come out with that hoary 
old gag. Let's get on quickly to N." 

NANOFARAD 

"Righty-ho," said Dick briskly. 
"I'll ask this one. What's a 'nano- 
farad'?" 

"It's a unit of capacitance," replied 
Smithy, "and it's equal to 1,000 
picafarads. Or, if you like, it's one- 
thousandth of a microfarad. Quite a 
few circuit diagrams these days have 
their capacitors marked up in nano- 
farads, but if you remember that 
nanofarads come between micro- 
farads and picafarads you shouldn't 
get muddled. The abbreviated form 
is nF. Now, here's one for you. 
What's an 'ohmic connection'?" 

"I'll take a guess at it," said Dick, 
"Is it a connection that obeys Ohm's 
Law?" 

"Right first time!" 
"Good show," chuckled Dick. 

"Now you explain to me what it is 
that I've just said!" 

"You get references to ohmic 
connections," said Smithy, "in semi- 
conductor devices and in integrated 
circuits. If you connect, say, an ex- 
ternal lead-out to a section of the 
semiconductor material such as an 
emitter, a base or a collector, and 
the potential difference across the 
connection is proportional to the 
current flowing through it, then 
you've got an ohmic connection. In 
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general, it's just another way of 
saying that the connection behaves 
like a piece of copper wire, as op- 
posed to what goes on in the semi- 
conductor material itself where 
potential difference may not be pro- 
portional to current flow. An ohmic 
connection to the semiconductor 
element may, in some cases, be made 
by a track of metallising over the 
surface of the semiconductor mater- 
ial, this technique being particularly 
common in integrated circuits. 
What's the next letter?" 

"P." 
"Then tell me what 'pinch-off is." 
"Is that," asked Dick warily, 

"something to do with f.e.t.'s?" 
"Yes, it is," confirmed Smithy. "If 

you have a depletion f.e.t. the current 
flowing from source to drain is con- 
trolled by the reverse bias voltage 
applied to the gate. This bias voltage 
effectively controls the width of the 
channel along which the current flows 
and, at the pinch-off voltage, finally 
closes the channel altogether. It's 
roughly analagous to stopping the 
flow of fluid in a rubber tube by 
pinching it." 

"In other words," commented 
Dick, " 'pinch-off is just the same 
thing as 'cut-off in an ordinary tran- 
sistor or in a valve." 

"That's right." 
"I think I'll have another go now," 

announced Dick. "After P we have 
Q and so I'll plump for 'quadrature'." 

"If," said Smithy in reply, "you 
have two signals of the same fre- 
quency but with a phase difference 
of 90° between them, then you say 
that the two signals are in quadra- 
ture." 

"Is that all there is to quadrature?" 
"That's all," replied Smithy. 'I'll 

give you a simple one for R — 
'rheostat'." 

"A rheostat," replied Dick, "is a 
variable resistor designed to pass a 
relatively heavy current. You find 
them in battery chargers and things 
like that. In other words, it's a large 
pot." 

"It looks," declared Smithy sadly, 
"as though I've got a lot of straigh- 
tening-out to do here. To start off 
with, a rheostat is any variable 
resistor. It's a funny thing but, when- 
ever you mention the word 'rheostat', 

most people seem to think of a dirty 
great component wound with resist- 
ance wire like a ship's hawser. In 
actual fact, however, 'rheostat' is just 
another word for 'variable resistor'. 
Now, to deal with your final com- 
ment, a variable resistor is not, if 
we're going to be pedantic about it, 
a pot. A variable resistor has two 
terminals and inserts an adjustable 
amount of resistance into circuit. 
(Fig. 3(a). A pot, or to give it its full 
name of 'potentionmeter', is a poten- 
tial divider and it connects into 
circuit via three terminals (Fig. 
3(b)). I know that in normal work 
we refer to both variable resistors 
and potentiometers as 'pots' because 
the same component is used for both 
functions, but it's still worthwhile 
knowing what the correct terms are. 
After that little excursion into etymo- 
logy, let's carry on to S." 

"I'm ready and waiting!" 
"What," asked Smithy, "do you 

know about s.r.b.p.?" 
"I've never even heard of it." 
"You handle it every working 

day." 
"Perhaps I do," replied Dick 

cheerfully, "but I still haven't got a 
clue what it is!" 

"The letters s.r.b.p.," stated Smithy, 
"represent the correct engineering 
term to apply to the insulating 
material which we usually refer to 
as Paxolin. They stand for 'synthetic 
resin bonded paper'. So far as I 
know, 'Paxolin' is an old trade-name 
for the product, and it has now been 
discontinued. There's a similar mat- 
erial, incidentally, which goes under 
the initials s.r.b.f." 

"I could make a guess what the 
b.f. bit stands for!" 

"These letters," Smithy went on, 
firmly ignoring his assistant's com- 
ments, "stand for synthetic resin 
bonded fabric. However, it's the 
s.r.b.p. stuff that we employ normally 
in our work. Do you feel like asking 
me about leter T?" 

TRANSDUCER 

"Okey-doke," responded Dick 
equably. "What's a transducer?" 

"The word 'transducer'," replied 
Smithy, "is a blanket term which 
covers any device that changes signal 
energy or power from one form to 
another. A gramophone pick-up is 
a transducer because it changes the 
mechanical energy which causes the 
stylus to move into corresponding 
electrical energy. So also is a loud- 
speaker, which converts electrical 
power into audible sound power. 
Right now, it's back to me. What 
are the ultra high frequencies?" 

"Why, they're what we call u.h.f.," 
replied Dick. "That is, Bands IV and 
V in television." 

"Bands IV and V," Smithy cor- 
rected him, "fall into the u.h.f. range. 
But what is the u.h.f. range?" 

"All these ranges," said Dick, 
collecting his thoughts, "seem to 
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start and end with 30 or 300 or 
figures like that. I'll make a guess 
that the u.h.f. range covers 300 to 
3,000 Mc/s." 

"You are bright today," replied 
Smithy approvingly. "That's just 
what it does cover." 

The Serviceman opened a drawer 
in his bench and, after a little search- 
ing, produced a sheet of paper. 

"Here we are," he remarked. "This 
is a table of all the frequency ranges 
which I made out a couple of years 
ago, just for reference." 

Smithy showed the table to Dick, 
who looked at it with interest. 

"You'll see," continued Smithy, 
'that above the u.h.f. range you have 

the s.h.f. and e.h.f. ranges, the latter 
extending up to 300,000 Mc/s. They'll 
have run out of superlatives if some- 
one should happen to go on the air at 
a frequency higher than 300,000 
Mc/s!" 

"What has always puzzled me," 
put in Dick, "is why these ranges do 
go from 30 to 300 and so on. Why 
not have the ranges go in a 10 to 
100, and 100 to 1,000 sequence?" 

"Surprisingly enough, they do," 
replied Smithy. "As you can see if 
you look at them in terms of wave- 
length. For instance, v.h.f. is 30 to 
300 Mc/s, or 10 metres to 1 metre. In 
consequence, the v.h.f. range is also 
known as 'metric waves'. For the 
same reason, the u.h.f. frequencies 
are also described as 'decimetric' 
waves'. See?" 

"Well, I'm dashed," remarked 
Dick. 'Yes, I do see, now you've 
explained it to me. Anyway, let me 
put the next one to you. Smithy. 
What's a variometer?" 

"A variometer," said Smithy, "is a 
variable inductor. It consists of two 
coils, one fixed and the other free 
to rotate inside it (Fig. 4). The two 
coils are connected in series. The 
inside coil usually has a lower in- 
ductance than the outside coil and 
you can get a very wide range of 
overall inductance change by rotat- 
ing it." 

Smithy glanced at the clock. 
"Time's passing," he announced. 

'We'll have to hurry the last few 
letters a bit if we're going to reach 
Z before the end of lunch-break. 
I'd better make the next letter a dead 
easy one. What's a watt?" 

"When it's at ohm?" 
"Dear, oh dear," sighed Smithy. 

"It is just impossible to achieve vie- 

Outside coil 

Inside coil Flexible wires 

Fig. 4. The basic construction of a variometer 

tory. Let's hurry on to X, which 
brings us to 'X-amplifier'." 

"That's a dead easy one, too," 
responded Dick. It's the amplifier in 
,an oscilloscope which feeds the X 
plates." 

^And 'Y signal'?" 
"That's the signal which goes into 

the Y amplifier of the 'scope." 
"Well, it could be," replied Smithy 

dubiously, "but a better answer 
would have been that the Y signal is 
the luminance signal in a colour TV 
set." 

"The only letter that's left is Z," 
Dick broke in. "And all I can think 
of here is zener voltage." 

"Yes," agreed Smithy. "The Z's are 
a bit sparse on the ground. Well, 
zener voltage is, of course, the re- 

BACK TO WORK 

Smithy stood up and started to 
prepare for the afternoon's work. His 
assistant also rose, and stretched him- 
self luxuriously. 

"Do you know, Smithy," he re- 
marked. "This A to Z business has 
been quite a bit of fun. We ought to 
do it again some time." 

"As you like," said Smithy. "It 
certainly gives the brain a bit of 
exercise, if only because you have 
to hop about over such a wide range 
of subjects." 

"I've just thought of something," 
commented Dick. "If I really did 
know all there was to know in elec- 
tronics from A to Z, instead of 
pretending that I did, do you know 

TABLE 
Standard Frequency Ranges 

Classification 
Very low frequencies (v.l.f.) 
Low frequencies (l.f.) 
Medium frequencies (mi.) 
High frequencies (hi.) 
Very high frequencies (v.h.f.) 
Ultra high frequencies (u.h.f.) 
Super high frequencies (s.h.f.) 
Extremely high frequencies (e.h.f.) 

Frequency Range 
Below 30 kc/s 
30 to 300 kc/s 
300 to 3,000 kc/s 
3 to 30 Mc/s 
30 to 300 Mc/s 
300 to 3,000 Mc/s 
3,000 to 30,000 Mc/s 
30,000 to 300,00 Mc/s 

verse voltage across a semiconductor 
junction at which the semiconductor 
material ceases to act as an insulator. 
The voltage remains fairly constant 
despite varying current, and the 
effect is, of course, put to good use 
in our old friend, the zener diode." 

what I'd have?" 
"No, tell me." 
"Not the big head you're always 

accusing me of," grinned Dick. 
"Instead, I'd have AYZ!" 

PRESTON AMATEUR RADIO SOCIETY MOBILE RALLY 
The Preston Amateur Radio Society are to hold 

their annual Mobile Rally this year on Sunday, 31st 
of August and are basing the event at Kimberley 
Barracks, Deepdale Road, Preston. 

The Rally held last year, at the same location, was 
a great success and the organisers are hopeful that 
the forthcoming event will prove an even greater attrac- 
tion to 'mobileers'. 

Further details may be obtained from the Contests 
Secretary, G. Wright, Esq., 56 Queensway, Bamber 
Bridge, Near Preston, Lanes. 
MAY 1969 

SOUTH BUCKINGHAMSHIRE V.H.F. CLUB 
A South Buckinghamshire V.H.F. Club has now been 

formed in the High Wycombe area and meetings are 
held on the first Tuesday of each month at Bassetsbury 
Manor. Bassetsbury Lane, High Wycombe. 

Ail who are interested would be welcome and should 
contact the Hon. Secretary, R. Barton, G3PQH, 25 
Hillside Road, Marlow, Bucks. 
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RE-FORMING 

AND TESTING 

ELECTROLYTIC 

CAPACITORS 

by 

T. W. BENNETT 

Electrolytic capacitors which have been in 
store for a long period, and particularly if 
they are in the "surplus" category or have 
been taken from surplus equipment, should 
really be re-formed before use. The instru- 
ment described in this article is capable of 
carrying out this process. It can also be used 
to restore capacitors which would otherwise 
be discarded due to excess leakage, and to 

test insulation. 

Even under ideal conditions, electrolytic 
capacitors which lie idle will tend to de-form 
and, should the conditions be far from ideal 

such deterioration will take place much more quickly. 
A typical example of the latter instance often occurs 
with "surplus" components. The results of the deterio- 
ration are a reduction in capacitance, together with a 
lowering of internal resistance which gives rise to 
excessive leakage current. If a capacitor in this 
condition is put into service without first being re- 
formed, the excess current passed may be sufficient 
to overload and seriously damage the capacitor as 
well as the equipment with which it is associated. 

LEAKAGE CURRENT 

All electrolytic capacitors should allow a small 
leakage current to pass when in use to keep them 
functioning correctly. Normally, this leakage current 
is minute, being sufficient only to maintain a film of 
oxide on the capacitor's positive electrode. The object 
of re-forming is to restore the original capacitance 
and to reduce the leakage current to the permissible 
level in order to ensure that the capacitor will work 
safely at its rated voltage. The method of achieving 
this is to apply a safe initial low voltage to the 
capacitor; this voltage is controlled by the condition 
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of the capacitor itself and gradually and automatically 
rises to the rated working voltage as the state of the 
capacitor improves. The unit to be described has been 
designed to produce this result with capacitors having 
a very wide range of working voltages, and to test, by 
visual means, the state of the capacitor while the re- 
forming operation is being carried out. 

To understand the basic principle of operation, see 
Fig. 1. The capacitor undergoing treatment. CT, is 
connected to a d.c. supply through limiting resistor 
RL. The value of this resistor has to be carefully 
chosen to suit the voltage applied to the capacitor. 
The neon lamp and its associated components con- 
nected across RL may be ignored for the moment and 
they will be referred to later. 

We know that there will be a potential difference 
across RL when current is flowing through it, and 
that the amount of this potential difference is depen- 
dent on the amount of current flowing. The greater 
the current the larger the voltage drop, and vice-versa. 

As an example let RL have a resistance of 75kf2 
and let the leakage current through CT be 5mA. 
Ohm's Law tells us that the resistor will drop 375V 
under these conditions. If CT has a rated working 
voltage of 500V and this potential is applied to the 
whole circuit, then we will have the full SOOV between 
point "a" and the negative line "x", and there will be 
500 minus 375=T25V between points "b" and "x". 

As the current continues to flow, CT will gradually 
re-form with a consequent reduction of leakage 
current, thus producing a rise in voltage at point "b" 
which is, of course, the same as that being applied to 
CT. The improvement will develop until such time as 
the leakage current becomes negligible, whereupon 
there will be hardly any voltage drop across RL and 
virtually the full working voltage will be applied to 
CT. 

Attention can now be paid to the neon lampi with 
its series resistor RN. The voltage which is applied to 
these is that which exists at any given time across RL. 
When a high current is flowing through the main 
circuit the lamp will glow continuously, and as the 
current reduces so the voltage applied to the lamp 
will grow less until it is insufficient to sustain con- 
tinuously alight. The neon lamp will then flash inter- 
mittently due to the charging and discharging of CN. 
The flashes will be produced quickly at first but will 
slow down as the voltage across RL becomes less. 
When CT is near normal, the period between each 
flash becomes much longer and finally the lamp will 
remain permanently extinguished, signifying that the 
capacitor leakage is now within the accepted limit. 

rn 
—WVA- 

Cn 
HI- 

r 

Rl 
-W- 

D.C supply CT 1 

J 

Fig. 1. As is explained in the text, this basic 
circuit provides both re-forming and test functions 
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The lamp thus gives a continual indication of the 
state of CT at any time during the re-forming process. 

PRACTICAL CIRCUIT 

The conditions needed to treat any particular 
electrolytic capacitor can be selected by switching in 
the rated working voltage in combination with a 
•suitable resistor to function as RL. Fig. 2 gives the 
circuit employed in the unit. 

In this diagram Sl(b)—over positions 1 to 10— 
selects a d.c. voltage from the resistor chain given by 
R1 to RIO, the voltage on its arm being passed to 
Rll, R12, R13 and R14. The last three resistors take 
the place of RL of Fig. 1, whilst Rll is the series 
neon resistor referred to previously as RN. Position 
11 of the switch accomodates capacitors having work- 
ing voltages of less than 50V. Flere the instrument 
uses a different principle, which is described later. 
Position 12 is intended for the discharge of capacitors 
before they are removed from the test terminals. 

It will be noted that the values specified for R12, 
R13 and R14 increase as the test voltage selected by 
Sl(b) decreases. These three resistors are selected to 
allow approximately the right amount of permissable 
leakage current to pass when the voltage across each 
is just below that needed to maintain the neon lamp 
alight. Thus, the neon lamp can be expected to 
extinguish when the re-forming process is complete. 
In general, the permissable leakage current for lower 
voltage electrolytic capacitors is less than that allowed 
for capacitors of higher voltage ratings. Therefore, 
the values of R12, R13 and R14 must increase as the 

TABLE 
SWITCH POSITIONS 

Switch 
Setting Function 

1 For capacitors of over 500V wkg. 
2 For capacitors from 450 to 500V wkg. 
3 For capacitors from 400 to 450V wkg. 
4 For capacitors from 350-to 400V wkg. 
5 For capacitors from 300 to 350V wkg. 
6 For capacitors from 250 to 300V wkg. 
7 For capacitors from 200 to 250V wkg. 
8 For capacitors from 150 to 200V wkg. 
9 For capacitors from 100 to 150V wkg. 

10 For capacitors from 50 to 100V wkg. 
11 For capacitors below 50V wkg. 
12 Discharge capacitor 

working voltages decrease. The values specified for 
these resistors have been calculated by the writer, 
working from general capacitor specifications. 

The mains transformer, Tl, has a 250V secondary 
winding capable of supplying a current of 35mA. A 
suitable type, if a component with a 35mA secondary 
cannot be obtained, is the R.S.C. midget clamped 
mains transformer which offers 250V at 60mA and 
6.3V at 2A. The 6.3V winding is ignored, or can be 
used to light a pilot lamp. (The R.S.C. transformer 
may be obtained from R.S.C. Hi-Fi Centres Ltd., 
102 Henconner Lane, Bramley, Leeds 13). The recti- 

NEi Rll 
VVW 3 O 
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Sm 
"12 
ww 

13 
ww  

§ 
slb 

4 

5la 250V 
+ o r14 

WW  
35mA 

Test 12 ; terminals 

52 
R|5 

Low voltage 
control 

External 
voltmeter 

AC 
mains 
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Fig. 2. Circuit diagram of the complete 
re-forming and testing unit 

665 



COMPONENTS Resistors 
(All fixed wirewound resistors 5%. All 
carbon resistors 10%) 

R1 2k Q, wirewound, 3 watt 
. R2 2kt2, wirewound, 3 watt 

R3 2kn, wirewound, 3 watt 
R4 2kn, wirewound, 3 watt 
R5 2kfl, wirewound, 3 watt 
R6 2kO, wirewound, 3 watt 
R7 2kn, wirewound, 3 watt 
R8 2kn, wirewound, 3 watt 
R9 l.Skfl, wirewound, 3 watt 
RIO 2.5kQ, potentiometer, wirewound, 

3 watt 
RI1 250kn, carbon, 1 watt 
R12 75kf2, wirewound, 3 watt 
R13 lOOkfi, carbon, 2 watt 
R14 250kn, carbon, 1 watt 
R15 1.5kf2, carbon, 1 watt 

Capacitors 
C1 16/j.F electrolytic, 350V wkg. 
C2 16/xF electrolytic, 350V wkg. 
C3 0.2/iF, paper or plastic foil, 

350V wkg. 
Transformer 

T1 Mains transformer, secondary 
250V at 35mA (see text) 

Rectifiers 
Dl, D2 Selenium rectifiers, half-wave, 

250V 35mA or greater 
Switches 

Sl(.)(b) 2 pole 12 way, wafer 
S2 s.p.s.t. on-off, toggle 

Neon lamp 
NE1 Hivac neon type 16L (Henry's 

Radio Ltd.) 
Miscellaneous 

2 pointer knobs 
. Terminals and test leads, etc. (see text) 

Cabinet 

nfnx PiVanc' ^ are half-wave selenium types rated at 250y 35mA or more, and may be finned or contact- 
cooled. 

Voltage doubling rectification is employed. C1 and 
C2 are the reservoir capacitors and the rectified volt- 
age is developed across the chain of resistors R1 to 
R10 which serves the double purpose of rectifier 
load and voltage divider. 

To operate the unit with capacitors having working 
voltages of 50y or more, the selector switch SI (a) (b) 
should be initially set for the working voltage of the 
capacitor to be re-formed (see Table of Switch Posi- 
tions). Ensure that S2 is off, then connect the electro- 
lytic capacitor to the test terminals, observing the 
correct polarity. Switch on the mains supply with S2 
Should the capacitor not be up to standard this wili 
be indicated by the neon lamp glowing or flashing, 
according to the condition of the capacitor. Leave the 
unit switched on until such time as the lamp remains 
extinguished for at least 30 seconds, and the capacitor 
will then be suitably re-formed. The selector switch 
should then be turned to position 12 to discharge the 
capacitor before removal. 
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The unit can also be used for general insulation 
testing and for leakage checks on paper capacitors. 
Use a high voltage range for these tests. It should be 
remembered that paper capacitors cannot, of course, 
be re-formed. Neither, incidentally, can electrolytic 
capacitors which have suffered mechanical damage or 
which have become faulty in use. 

A word of warning would not be out of place, and 
is worthy of a paragraph on its own. Keep the fingers 
clear of the capacitor when the higher voltage ranges 
are in use. An unpleasant or even dangerous shock 
can be the reward for any carelessness or absent- 
mindedness. 1 

LOW VOLTAGE CAPACITORS 

Since it is difficult to use the neon lamp technique 
with capacitors having working voltages of less than 
50V, a different approach is employed here. 

With the mains supply off the selector switch is set 
to position 11 and a voltmeter (preferably with an 
f.s.d. of at least 1mA, i.e. 1,0000 per volt or better) is 
connected to the External Voltmeter terminals. The 
test terminals should then be temporarily short- 
circuited, the mains supply switched on, and RIO 
adjusted so that the meter reads the rated working 
voltage of the capacitor to be tested. The voltmeter 
is then left in circuit, the mains switched off and the 
short-circuit removed from the test terminals. The 
capacitor can now be connected and the mains supply 
switched on again. If any leakage is present in the 
capacitor this will be indicated by a deflection in the 
meter. When the meter reading has dropped to 
almost zero, the capacitor is re-formed. 

It will be seen that, in this instance, the voltmeter 
is itself employed as the series resistance. A meter 
with a sensitivity of 10012 per volt or better is prefer- 
able, as this will be more capable of indicating low 
leakage currents. 

It is important to remember that the voltmeter 
must not be left connected to the unit when tests on 
switch position 1 to 10 are being carried out. This is 
because it is possible for a charged high-value capacitor 
to discharge into the meter as SI (a) passes position 11, 
and the discharge current through the meter may be 
sufficiently high to cause damage. 

CONSTRUCTION 

Construction is very simple, but there is a special 
point to observe regarding Cl. The negative side of 
this capacitor is not connected to the negative supply 
line, and should it be of the canned variety then its 
case must be insulated either with sleeving or p.v.c. 
tape, or by mounting it on Paxolin or other insulating 
material. One other point to bear in mind is that it 
is advisable to allow adequate ventilation for the vol- 
tage divider network. The power rating for these 
resistors, as recommended, is more than generous. 
Some degree of warmth will be generated in view 
of the fact that some capacitors may take two or 
three hours to re-form. 

The type of case in which the unit is housed can 
be left to the constructor's discretion, as he may have 
a suitable one to hand. The only panel controls 
required are the selector switch and the mains on-off 
switch. Also, the neon lamp must be fitted so that 
it is visible from the front. The test and External 
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Voltmeter terminals should be of the insulated type to reduce the risk 
of accidental shock. Alternatively, plugs and sockets may be used. The 
test leads may be terminated with shrouded crocodile clips. In this 
respect, Electroniques have available small crocodile chps under Code 
No. GE152C, with separate insulating sleeves under Code No. GE389/ 
BK (black) or Code No. GE389/RD (red). 

All the components listed are easily available. Should any difficulty 
be experienced in obtaining the ganged 12-way selector switch it is 
worth while mentioning that Radiospares "Maka-Switch" kit parts can 
be used to make up this component. These are available from Henry's 
Radio Ltd. or Home Radio Ltd. 

The writer would like to state, in conclusion, that he has used one 
of these units for some years now, and that it has paid for its cost 
many times over both as an insurance against damage to other com- 
ponents and in restoring electrolytic capacitors which would otherwise 
have been discarded as being below standard. 

Hi 
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By Recorder 

IT HAS OFTEN OCCURRED TO ME 
in the past that whilst humankind, 
when thinking of alien life species, 

for ever looks outwards towards the 
stars, such a species could well be 
comfortably ensconced already on 
our very own planet. I imagined an 
omnipresent all-permeating Alien In- 
telligence which was slowly and 
cynically controlling human actions 
until, eventually, its human victims 
had unknowingly set the stage for it 
to appear in physical form. 

Evidence has since come to my 
hand which has convinced me that 
this is what is actually going to take 
place. I shall now recount to you 
what I have uncovered and I shall 
leave you to draw your own con- 
clusions. 
MAY 1969 

THE FACTS 

It is, of course, possible to dismiss 
speculations concerning an Earth- 
based Alien Intelligence by simply 
drawing attention to the fact that our 
unwelcome visitor would require mat- 
erial tools and implements in order to 
take the world over on AI (Alien 
Intelligence) Day. It would also very 
definitely need a large and powerful 
computer if it were to successfully 
gain superiority over computer- 
oriented man. It could be said that, 
quite obviously, such a computer is 
not in existence. 

Isn't it? 
On my occasional trips to London 

I stay at one of those large 
and relatively inexpensive hotels 

Your Local Supplier 

 LONDON  

Established 1910 

H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of 
components by 

all leading makers. 

287-9 EDGWARE ROAD 
LONDON W.2 

Tel: 01-723 5891 

THE 

MODERN BOOK CO. 

Largest selection of English & 
American radio and technical 

books in the country. 

19-21 PRAED STREET, 
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Hi-Fi Equipment 
Tape Recorders 
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SPECIALISTS IN RADIO 
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Your Local Supplier 

HAMPSHIRE 

BOURNEMOUTH 
LARGEST HI-FI AND 
RADIO COMPONENT 
STORE IN THE SOUTH 

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 

SURREY 

0^4 BOW* 

Portable Transistor Amplifier 
plus Dynamic, — 

Microphone 
A self-contained 
fully portable 
mini p.a. system. 
Many uses — 
ideal for Parties, 
or as a Baby 
Alarm, Intercom, —-   
Telephone or Record Player, Amplifier, 
etc. Attractive rexine covered cabinet, 
size 12 x 9 x 4in., with powerful 
7 x 4in. speaker and four transistor one 
watt power amplifier plus dynamic 
microphone. Uses PP9 battery. Brand new in Makers' carton with full makers' 
guarantee. World famous make.Qn/ Post Full List I/- Only ""/"Free 
RADIO COMPONENT SPECIALISTS 337 Whitehorse Road, West Croydon, 
Surrey. Phone 01-684-1665 

SUSSEX 

E. JEFFRIES 

For your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
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DANSETTE, MASTERADIO, PERDIO, 
MARCONI, PHILCO, FIDELITY. 

6A Albert Parade, 
Victoria Drive, 
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Dept. C1, 176 HAGLEY ROAD 

HALESOWEN 
021-550 3210 WORCS. 

Hi-Fi Equipment 
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Radio Components 
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which crowd a great many rooms 
in a single building and which 
are all characterised by plumbing 
that is, to say the least, mildly tem- 
peramental in nature. 

Several years ago on a London 
visit, whilst getting ready to go out 
for the evening, I happened to turn 
on the hot water tap in my hotel 
bedroom. Nothing happened. Sounds 
from the next room indicated that the 
hot water tap there was running at 
the same time so, wise through ex- 
perience, I waited until the next-door 
occupant turned his tap off. This 
occurred after a short while where- 
upon, with a little gurgle and splutter, 
my own tap came on. I thought 
nothing more about this incident 
until about ten minutes later when 
I once more turned on my own 
hot water tap. This time the water 
flowed immediately. However, 
several seconds later there was a 
loud curse from the next room, and 
it was obvious that my neighbour 
had just turned his tap on, to find 
that no water flowed. As soon as I 
turned my own tap off it was evident, 
from the sounds transmitted through 
the piping, that his had come on. 

I still would have dismissed the 
whole business from my mind had 
it not been for the fact that my 
neighbour in the room on the other 
side chose to turn on his hot water 
tap, unwittingly setting it to a criti- 
cal level which caused a loud periodic 
banging in the pipes. There was ob- 
viously a resonance in the system, 
and my mind turned for the moment 
to the subject of electronic resonance. 
It was at that exact instant, while 
what I can best describe as the 
"electronic section" of my mind was 
in control, that I suddenly perceived 
the significance in the behaviour of 
the original two hot water taps. 

It was obvious! Those two taps 
had been purposely installed so as 
to form a flip-flop. Either one tap 
could be on or the other tap could 
be on, but both taps could not be on 
together. 

Fortunately, my neighbours on 
either side were helpful people and, 
after I had knocked them up, had no 
objections to my carrying out some 
experiments with their taps. Apart 
from the flip-flop effect and the res- 
onance I have already mentioned, I 
could detect no further phenomenon 
so far as the hot water system was 
concerned, and so I turned my atten- 
tion to the cold water taps. 

And it was here 1 made my most 
exciting discovery of the day. All 
three cold water taps worked correct- 
ly when turned on individually or in 
any combination except one. This 
combination was given when my two 
neighbours' cold water taps were on; 
if this occurred, my own cold water 
tap refused to emit even the vaguest 
suggestion of moisture. So far as I 
was concerned, this was the situation 
that clinched the whole matter. Call 
my tap A and the other taps B and 

C and you immediately have the 
case where A is not-on when B and 
C are on. A NAND gate—the most 
powerful gate used in a computer! 

THE FUTURE 

Thus were my suspicions aroused. 
Since that time I have stayed at a 
different hotel on every visit I make 
to London and in each instance I 
have checked on the plumbing. 

Never have I failed to find some 
form of gate suitable for use in a 
computer. The most common are 
NAND gates of the type I've just 
described, but next in quantity are 
NOR gates, where tap A is not-on 
when either tap B or C or both 
together are on. Every WC I have 
checked has its own individual pre- 
set time delay between flushes, and 
I have encountered one-bit memories 
exemplified by the occasional wash- 
hand basins which refuse to drain 
away. After phone calls to the Re- 
ception desk, these latter are always 
cleared by large sinister men (doubt- 
less in the pay of AI) who ascend 
from the basement armed with 
enormous rubber plungers. 

I visualise the future with horror. 
On the day when there are sufficient 
London hotels in being, each fitted 
as are those I have visited with its 
own programmed plumbing, all the 
Plunger-men will come to the surface, 
whereupon they will quietly and un- 
obtrusively couple together strategi- 
cally positioned inlets and outlets 
with temporary piping until there is 
one vast complex of interconnected 
plumbing sprawling all over London. 

It is then that the Alien Intellig- 
ence will finally materialise. And it 
will be backed by the very largest 
digital computer working on fluidic 
principles that has ever been assem- 
bled. 

Don't say you haven't been 
warned. 

POST OFFICE TRANSISTORS 

It came as news to me to learn 
that the Post Office is a manufacturer 
of silicon transistors, and for this 
fascinating item of information L 
must thank the January issue of The 
Post Office Electrical Engineers' 
Journal. The transistors are special 
ultra long-life types intended for use 
in repeaters in undersea telephone 
cables, and are capable of amplifying. 
1,260 telephone conversations sim- 
ultaneously. They are made to a 
guaranteed standard which specifies 
that not more than one transistor in 
500 may fail in 25 years. The need 
for this exceptionally high reliability 
stems from the fact that a single 
repair in a deep sea cable can cost 
over £250,000 in lo.st revenue alone. 
The Post Office is among world 
leaders in this particular manufact- 
uring field. 

The transistors have been develop- 
ed and are currently being made at 
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GOlST' 
CUKPtU^T: 

n : 
w. 

This useful Handbook gives detailed in- 
formation and circuit diagrams for British 
and American Government Surplus Re- 
ceivers, transmitters and test equipment 
etc., also contained are some suggested 
modification details and improvements for 
the equipment.. Incorporated in this re- 
vised edition is a surplus/commercial cross 
referenced valve and transistor guide. 
This book is invaluable to radio enthu- 
siasts, radio clubs, universities and labora- 
tories. The latest edition Vol. Ill 45/- per 
volume, plus 5/- p & p. C.O.D. a pleasure. 
Only obtainable from us at: Dept. R.C. 

GILTEXT(leeds)LTD 
24 Stansfield Chambers, Great George Street, Leeds, 1. 

the Post Office Do His Hill research 
station, and extraordinarily stringent 
steps are taken to maintain the high 
standard required. Indeed, for every 
500 transistors needed, up to 10,000 
have to be made. The rest are used 
up or discarded in a series of rigorous 
checks and high temperature tests 
designed to isolate fault-free produc- 
tion batches. A failure in one transis- 
tor can mean the rejection of a com- 
plete batch. 

To give an idea of the reliability 
achieved, some transistors are put 
through destruction tests simulating 
no less than 1,000 years of use. 
About half of the transistors survive 
even this. 

The transistors are made in a 
special laboratory with temperature 
and humidity control. Filtered air is 
blown across the benches, and if an 
engineer wants to sneeze he goes 
to a special "sneeze hatch" coupled 
to the laboratory's air exhaust sys- 
tem. 

The production of active amplify- 
ing devices is not a new activity for 
the Post Office, and it maintains the 
excellent tradition for reliability 
which was initially set up by Post 
Office long-life valves. Some 3,000 
long-life valves have been made by 
the Post Office in the past and have 
been fitted in deep water repeaters. 
There has been only one failure in 
145 million valve hours of service. 

GROAN DEPT. 

As I mentioned some months ago, 
a "jack" is a socket and there is no 
real need to refer to it as a "jack- 
socket". In other words, the term 
"jack" is sufficient to suggest a socket 
to me. 

Get it? Socket to me? 
Oh well, I've heard worse from 

Sam Costa. 

F.E.T. VOLTMETER 

Turning smartly to a completely 
different subject, I must record the 
fact that we are still receiving com- 
plimentary comments from readers 
concerning G. A. French's "Simple 
F.E.T. Voltmeter", which appeared, 
in the Suggested Circuit series, in 
our July 1968 issue. 

You may recall that the 9-volt 
battery for the f.e.t. voltmeter had 
neither of its terminals connected to 
chassis (actually, the metal case of 
the instrument) and was in conse- 
quence "floating". A reader, Mr. R. 
0. Broome of Doncaster, warns of 
a peculiar effect which may occur if 
9-volt batteries of the metal-clad type 
are used. He employed a PP7 metal- 
clad battery in his own version of the 
f.e.t. voltmeter, securing this to the 
voltmeter case by means of a metal 
strap. He next found that he was 
getting varying readings when trying 
to set up the instrument. Suspecting 
the battery, he removed it, wrapped 
it in p.v.c. tape, then refitted it under 
its metal strap. This time the volt- 
meter functioned correctly. 

The reason for the trouble is that 
the insulation between the battery 
and its metal case is not sufficiently 
good to be effective at the high re- 
sistances encountered in the volt- 
meter circuit. So, if any other readers 
are contemplating the use of a metal- 
clad battery with the f.e.t. voltmeter, 
or with any similar device where 
both battery terminals have high cir- 
cuit resistance to chassis, they are 
advised to insulate the battery case 
from the chassis. 

We are indebted to Mr. Broome 
for passing on this information. 

COLOUR TV AND TAPE 

I suppose that the best of us tend 
to look for the unexpected when we 
deal with devices which take advan- 
tage of electronics coupled with mag- 
netism. For instance, there's a 
rumour wandering around that col- 
our TV receivers are liable to erase 
magnetic recording tape, because of 
their degaussing coils and their high- 
power horizontal deflection circuits. 

However, I understand that there's 
no truth in this rumour and that it is 
quite in order to store tape close to 
a colour set without risk of erasure 
due to the varying magnetic fields 
generated inside the set. 

This having been said let me 
scotch, before it starts, the reverse 
rumour that heavily recorded tape 
can upset the colour TV receiver's 
purity and convergence adjustments! 

See you next month! 

Stella Nine Range Cases 
Manuafactured in Black. Grey, Lagoon or Blue Stelvetite 

and finished in Plastic-coated Steel. Morocco Finish with 
Aluminium end plates. Rubber feet are attached and there 
is a removable back plate. There is also a removable front 
panel in 18 s.w.g. Alloy. 

Now all Aluminium surfaces are coated with a stripable 
plastic for protection during manufacture and transit. All 
edges are polished. 

LIST OF PRICES AND SIZES 
which are made to fit Standard Alloy Chassis 
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4|" 

12 6 15 0 18 0 63- 13 6 18. 0 1 0 0 83' 3T 15 0 1 0 0 1 1 0 81" 7?" 
3|" 

1 1 0 1 6 6 1 11 3 103" 1 8 6 1 15 6 1 18 9 123" 1 1 0 1 6 6 1 11 0 123- 5f 1 8 0 1 14 0 1 17 0 123" 8|„ 1 16 0 2 3 0 2 7 3 143" 3|" 
4" 

1 5 0 1 11 6 1 14 0 143" 2 3 0 2 15 9 2 18 6 163" el" 1 18 6 2 6 3 2 11 6 163" ioJ" 2 10 0 3 5 0 3 11 9 
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Gusset Plates 
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Your Itocal Supplier 
  EJRE  

PEATS for PARTS 
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For the convenience of IRISH 
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Also a postal service 
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RSGB 1969 International Radio Engineering 

and Communications Exhibition 

This annual event, of great interest to many radio 
amateurs, constructors, s.w.l.'s and electronic students, 
will be held again this year at the Royal Horticultural 
Society's New Hall, Greycoat Street, London, S.W.I. 10 a.m. 
to 9 p.m. 1st to 4th October inclusive. 
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NOWAVAILABLE. . 

AUDIO AMPLIFIERS 

10'6 

16 Transistor and Valve Designs for the 
Home Constructor 

Amplifiers for Tuner Units, Record Players, 
Tape Recorders, Public Address, etc., etc. 

Includes contributions by such well know- 
authors as A. S. Carpenter, A. Kinloch, 
E. Govier, G. A. French, F. G. Rayer, 
P. F. Bretherick, K, Jones, D. Aldous, 
R. Murray-Shelley, C. Swires, G. A. Stevens 
and V. E. Flolley. 

Edited by J. R. Davies 

Specially selected from The Radio Constructor 

PRICE 10s. 6d. 

124 pages Postage 8d. 

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 

Please supply copy(ies) of "Audio Amplifiers," Data Book No. 18 

I enclose cheque/crossed postal order for  

NAME ,   

ADDRESS   
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NEW SHOP 
NOW OPEN 
38, Meadow Lane Bridge 
End, Leeds 1. Open 9-6 
pm. Weekdays & Sats. 

TRANSFORMER SALE. Fully tested and 
guaranteed. Charger transformers, 0-9- 
15V 2A, 9/6 each, p.p. 2/6. Two for 
17/6, post free. Transistor Power Pack 
Types, 6.3V at 2A, 7/6 each, p.p. 2/6 
12V at 2A, 12/6 each. p.p. 2/6. 

19 SET ACCESSORIES 
19 Set Headphones & 
Mike. Not new but in 
working order. Only 
7/6 per pair. p.p. 4/6. 
19 SET CONTROL 
BOXES. Brand new & 
boxed 10/-, p.p. 5/-. 
Two for 27/6 post free. 
RUN YOUR 19 
SET TX/RX FROM 
AC MAINS 
We make a brand new unit ready 
to plug in. complete' with full 
leads and connectors. Contained 
in handsome steel cabinet of 
robust construction. Ideal for the 
amateur transmitter. Price only 
£6-10-0. carriage 10/-. 

m/SBA 
rescue 

TMNS/MC. 

MINIATURE 
MOVING COIL 
SPEAKERS 
Ij" dia. Only 3/6 each, pp. 1/6. 
Two for 8/6 post free. 

MINIATURE 
B.F.O. UNIT 
A miniature fully transistorised 
tunable B.F.O. that will be a 
valuable addition to any receiver. 
A compact unit with single hole 
fixing that will fit anywhere. 
Ideal for all ex-Govt. and com- 
mercial receivers. Complete with 
installation instructions. 49/6 
post free. 

Compact V.H.F. Trans./Rec. Fits in the pocket. Con- 
sists of Mike/Speaker, amplifier, aerial, transmitter 
and receiver. Where made to operate up to 100 miles 
depending on terrain. Operates from dry batteries. 
Completely self-contained. Cost Govt. over £50 each. 
Regulations state must not be operated in UK so 

mention "For Dismantling purposes only" 
when ordering. Price £2.10.0 each p. £r p. 

I 10/-. Two sets for £5.0.0, post free. 
ECSW Four sets £8, carriage free. Bulk sale of 

10 sets £15, carriage £1. Export enquiries 
invited. 

GENERAL 
V.H.P. 

1MUNICATIONS 
Listen to the thrills of RAND REC*. Aircraft. Pilots and Airports at work. Also Civil Depts., Fire and Ambulance services. Gas and Electricity Depts. Ideal for receiving 2 metre amateurs. Gives super reception within the range of all trans- missions. A fully transistorised receiver cover- ing 97-I47mc/$ VHF broadcasts. Robust attractive 2-tone finish metal cabinet size approx. 7" x 4" x 4". Operates from a 9-volt internal battery. Speaker or earphone output plus chrome telescopic aerial. Only £8.19.6 carr. & insurance 10/6. C.W.O. or C.O.D. Callers welcome for a demonstration. 

GLOBE SCIENTIFIC LTD 
^J2y Dept. R.C., 24 Cawoods Yard 

Mill Street, Marsh Lane, Leeds 9 
All mail orders to this address. 

JACKSON 
iha bi^ name in PRECISION components 

Precision built radio components are an im- 
portant contribution to the radio and com- 
munications industry. Be sure of the best and 
buy Jackson Precision Built Components. 

* THE gang for the 
transistor radio. 

* Robust. Lightweight. 
Reliable. 

* 2 gang 208/176 pF. 
The right capacitance 
for full cover. 

* Fully screened. 
Fitted with Trimmers. 
Price 12s. 6d. 

Twin Gang 12/6 each 

See our range of variable Capacitors, 
Tuning Controls and Terminals on 

Stand E 221 
INTERNATIONAL LONDON ELECTRONIC 

COMPONENTS SHOW 
Olympia May 20-23 

JACKSON BROS. (London) LIMITED 
Dept. RC KINGSWAY-WADDON, CROYDON, CR9 4DG 
Phone Croydon 2754-5 (01-88) Grams Walfilco, Croydon 

U.S. Office: M. Swedgal, 258 Broadway, N. York. N.Y. 10007 

build the 

RM 'SINGLET' 

SUPERHET 

RECEIVER 

for RADIO CONTROL! 

SPECIAL OFFER: Two issues of "RADIO MODELLER" 

containing fully illustrated constructional features 

both for ONLY 5/- (normally 3/6 each) 

Also available: reprints of suitable transmitter - 1/- extra 

Send P.O. to: "RADIO MODELLER" (Dept. SO), 

64 WELLINGTON ROAD, HAMPTON HILL, MIDDLESEX 
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NEW STYLE 

SELF-BINDER 

for "The Radio Constructor" 

The "CORDEX" Patent Self-Binding 
Case will keep your issues in mint 
condition. Copies can be inserted or 
removed with the greatest of ease. Rich 
maroon finish, gold lettering on spine. 

Specially constructed Binding Cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached 

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 
immediately compensated for, 
and the Cords will always 
remain taut and strong. It is 
impossible to overstretch the 
springs, as a safety check- 
device is fitted to each. 

mz 
: 

, ^ 

14/- PRICE m—ri Postage 1/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
Rate: 9d. per word Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy 
must be received by the 4th of the month for 
insertion in the following month's issue. The 
Publishers cannot be held liable in any way for 
printing errors or omissions, nor can they 
accept responsibility for the bona fides of 
advertisers. (Replies to Box Numbers should 
be addressed to; Box No.  , The Radio 
Constructor, 57 Maida Vale, London, W.9.) 

SERVICE SHEETS. Radio. Television. Transistors. Tape 
Recorders. Record Players (1925-1969). S.A.E. en- 
quiries.—Hamilton Radio, 54 London Road, Bexhill, 
Sussex. 

BUILD IT in a DEWBOX robust quality plastic cabinet. 
2in x 2|in. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write 
now—right now. 

900 SPARE TIME BUSINESSES. S.A.E, please for full 
details, no obligation. KMS (RC1), Box 194, Leyton, 
London, E.10. 

UFO DETECTOR CIRCUITS. Data, 10s. (refundable). 
Para-physical Laboratory (UFO Observatory), Down- 
ton, Wilts. 

TO CLEAR. 3000V d.c. 0,5/iF capacitors, 2iin. x Hin x 
6in. with porcelain insulators, 3/6d. each. 88H toroid 
coils, new, wax covered, 5/- each. Heathkit Balun Coil 
set, B-1U, assembled, £5. "Ful-Fi" pick-up, mono 
crystal cartridge, Type TC8M, 10/-. Box No. F352. 

RECHARGEABLE NI-CAD CELLS. 1.22V, 5 A.H. 
3.625in. x 1.25in. diameter. 12/6d. each, 3 with case 35/-. 
Galpin, 37 Canfield Road, Rainham, Essex. 

"MEDIUM WAVE NEWS" Monthly during DX season 
—Details from; K. Brownless, 7 The Avenue, Clifton, 
York. 

FOR SALE: 88mH toroid coils, 5/- each. Cover for 
Siemens Teleprinter, 50/-, Ink rollers for Creed type 3 
teleprinter, 5/- per bottle. EMI Fisk Solariscope, 7/6d. 
Prices include p. & p. Box No. F356. 

FOR SALE: Brand new Heathkit RA-1 ham receiver 
Factory aligned, unused since. Best offer secures (Cost 
£40). Gowers, 6 Common Lane, Sawston, Cambs. 
(Telephone: 3093). 

CRYSTAL SET—COMPLETE KIT. Includes all com- 
ponents, earphone, case, full instructions. Guaranteed. 
25/-. H.A.C. Radio, 29 Old Bond Street, London, W.l. 

FOR SALE: Practical Wireless, Ian. 1967 to March 1969. 
25/-. Practical Television, same, 25/-. Practical House- 
holder—20 copies 10/-. 17in. Bush TV—81R, needs 
overhaul, £4 10s. 80 valves—various, £1. Ancient type- 
writer, usable, £2. Please collect or add for postage. 
Wanted: Cheap 2 or 4 metre tuner/receiver. King, Point 
Cottage, Dale Hill, Ticehurst, Sussex. Telephone: 522. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau, Ama- 
teur and Broadcast Translation, Technical and Identifi- 
cation Dept.—both Broadcast and Fixed Stations, DX 
Certificates, contests and activities for the SWL and 
transmitting members. Monthly magazine. Monitor, 
containing articles of general interest to Broadcast and 
Amateur SWLs, Transmitter Section and League 
affairs, etc. League supplies such • as badges, headed 
notepaper and envelopes, QSL cards, etc., are avail- 
able at reasonable cost. Send for League particulars. 
Membership including monthly magazine, etc., 35s. 
per annum. Secretary ISWL, 60 White Street, Derby. 
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SMALL ADVERTISEMENTS 
Continued from page 672 

BENTLEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, 
LONDON. N.W.I. 

PRImrose 9090 
Please forward all mail orders to Littlehampton 

The Old Police Station 
Gloucester Road 

LITTLEHAMPTON, Sussex 
PHONE 6743 

5V4G 7/6 EBF89 6/3 EY87 61- PY82 51- X41 01- BYZI1 51- 5Z4G 6/9 EC92 6/6 EZ40 7/3 PY83 5/6 ACI 13 51- BYZI2 51- 6AT6 41- ECC81 3/9 EZ80 4/3 PY88 6/3 AC 126 21- BYZI3 51- 6/30L2 12/6 ECC82 4/6 EZ8I 4/6 PY800 . 6/6 AC 127 21- OAS 1 1/9 6BW6 12/9 ECC83 4/6 HVR2 8/9 PY80I 6/6 AC 128 21- OA95 1/9 6BW7 II/- ECC84 5/6 KT88 29/- U 19 34/6 AC 154 51- OA 182 21- 6FI 8/9 ECC85 51- KTW62 10/- U25 13/- AC 156 41- OA200 1/- 6F23 13/3 ECC88 71- PABC80 7/3 U26 11/9 AC 157 51- OC22 51- 6L6GT 7/9 ECCI89 9/6 PC86 9/6 U33 29/6 AD 140 7/6 OC23 51- I0FI 15/- ECF80 6/6 PC88 9/6 U35 16/6 AD 149 81- OC24 51- I0PI3 13/- ECF82 6/6 PC95 8/3 U37 34/11 AD 162 91- OC25 51- 20DI 13/- ECF86 91- PC97 8/6 U45 15/6 AFI 14 41- OC26 51- 20LI 13/- ECH42 10/- PC900 8/3 U 191 12/6 AFI 15 31- OC28 51- 20P4 18/6 ECH8I 5/9 81- PCC84 61- U25I 16/- AFI 16 31- OC30 51- 30CI5 13/6 ECH83 PCC85 6/6 U30I 11/- AFI 17 2/9 OC35 51- 30CI7 12/6 ECH84 71- PCC88 9/9 U404 7/6 AFI 19 31- OC36 7/6 30CI8 8/9 ECL80 6/6 PCC89 9/6 U80I 18/- AFI 25 3/6 OC38 1/6 30F5 13/6 ECL82 61- PCCI89 9/6 U4020 6/9 AFI 27 3/6 OC4I 01- 30FLI 15/- ECL83 91- PCF80 6/6 UABC80 5/9 AFI 39 1/- OC44 21- 
30FLI2 16/- ECL86 81- PCF82 61- UBC81 71- AFI 80 9/6 OC45 1/9 30FLI4 12/6 EF22 12/6 PCF84 81- UBF80 5/9 AFZI2 51- OC46 31- 30LI5 13/9 EF37A 71- PCF86 91- UBF89 6/9 ASY29 10/- OC70 2/3 
30LI7 13/- EF4I 9/6 PCF80I 71- UC92 5/6 BAI 15 2/8 OC7I 21- 30P4 12/- EF80 4/6 PCF802 91- UCC84 8/- BA129 2/6 OC72 21- 
30P4MR 17/6 EF85 5/3 PCL82 71- UCC85 6/6 BAI30 21- OC75 21- 
30PI2 13/- EF86 61- PCL83 91- UCF80 8/3 BCI07 41- OC76 2/6 
30PI9 12/- EF89 4/9 PCL84 7/6 UCH2I 91- BCI08 3/6 OC77 2/6 
30PLI 15/- EF9I 3/3 PCL85 8/3 UCH42 9/9 BCI09 4/3 OC78 31- 30PLI3 15/- EFI83 61- PCL86 8/6 UCH8I 6/6 BCYI0 51- OC78D 31- 
30PLI4 15/- EFI84 61- PEN45DD 12/- UCL82 71- BCYI2 51- OC8I 21- 
AC2PEN 19/6 EH90 6/6 PFL200 12/- UCL83 10/- BCY33 51- OC8ID 2/- 
AC2PENDDI9/6 EL32 3/6 PL36 9/6 UF4I 9/6 BCY34 4/6 OC82 2/3 
CL33 18/6 EL33 12/- PL8I 7/3 UF42 91- BCY38 51- OC83 21- 
CY3I 7/6 EL4I 9/3 PL82 6/6 UF80 6/9 BCY39 4/6 OC84 31- 
DY87 5/9 EL84 4/6 PL83 6/6 UF85 6/9 BFY50 41- OCI23 4/6 
E88CC 12/- EL95 51- PL84 6/3 UF86 91- BFY5I 41- OCI69 3/6 
EABC80 61- EM80 5/9 PL500 12/- UF89 6/3 BFY52 4/6 OC170 2/6 
EAF42 8/9 EM8I 6/9 PL504 12/6 UL4I 9/6 BFI63 41- OC171 3/4 
EB9I 2/3 EM84 61- PL509 28/9 UL84 6/6 BY 100 3/6 OC 172 41- 
EBC4I 8/6 EM85 M/- PL802 15/- UM80 51- BY 126 6/6 OC200 4/4 
EBC8I 5/9 EM87 7/3 PY32 9/6 UY4I 6/9 BY234 41- OC202 4/6 
EBF80 61- EY5I 6/9 PY33 9/6 UY85 5/6 BY236 41- OC203 4/6 
EBF83 81- EY86 61- PY8I 5/3 VP4B 10/6 BY238 41- OC205 7/6 

Terms of business: Cash with order only. No C.O.D. Post/Packing 6d. per item. Orders over £5 post free. All orders despatched same day as received. Com- plete catalogue including transistor section and components with terms of business lOd. Any parcel insured against damage in transit for 6d. extra. Business hours 9 a.m.—5.30 p.m. Saturdays 9 a.m.—I p.m. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

EXCHANGE: Year old Eddystone EC10 for EB35 of 
similar vintage. Cash adjustment. Box No. F363. 

OUR PORTABLE ELECTRIC SOLDERING IRON is a 
sensational line. 40W, 220/240 volt. Plastic covered ex- 
tension wire. Handle unscrews when not in use. Com- 
pletely safe. 14/1 Id. plus l/6d. p. & p. F. Hollows 
(R.C.I), 36 Henley Avenue, Pelton Fell, Chester-le- 
Street, Co. Durham. 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact". Membership costs 25s. a year. En- 
quiries to Secretary, WDXC, 17 Taunton Road, Bridg- 
water, Somerset. 

BOOKS FOR SALE: Radio Astronomy, Bernard Lovell 
& J. Clegg 12/6d. Earth's Envelope, Theo Lobsack 10/-, 
Space Research & Exploration, D. R. Bates 15/-, Prac- 
tical Yacht Racing, Schiottz 15/-, Yacht Racing, Stur- 
gess £1, Faster Sailing, Bavier 10/-, The Story of Atomic 
Energy, Soddy 7/6d., Radioisotope Laboratory Tech- 
niques, Faires 7/6d., Atomic Medecine, Behrens 15/-, 
Medical Radiation Biology, Ellinger £1, Sunday Times 
& Life World Library Volumes: Brazil, S.E. Asia, Israel, 
Italy, Russia, Mexico, Greece, Africa, Germany, France, 
India, Britain, Japan, Scandinavia, 12/6d. each. Life 
Science Library: Wheels, Mathematics, Man & Space, 
Planets, Energy, 12/6d. each. The Colour of Canada, £1, 
Science Survey 3, Vista Books £1, Science Today & 
Tomorrow 10/-. Box No. F364. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, fac- 
simile letters, automatic typing, copy service campaign 
planning, design and artwork, printing and stationery. 
Please ask for price list.—The Holborn Direct Mail 
Company, Capacity House. 2-6 Rothsay Sfreet, Tower 
Bridge Road, London, S.E.I. Telephone; 01-407-1495. 

WANTED. Glass paperweights. Please send details and 
price to Box No. F365. 

GREEN ELECTRONICS FOR COILS & TRANS- 
FORMERS wound to your specification, assembly and 
wiring of circuits. S.A.E. for details. "Templecombe", 
Cleveland Road, Worcester Park, Surrey. 

FOR SALE: Headphone sets. S.G. Brown type F. High 
impedance, 12,000 ohms. Used but excellent condition. 
£1 post paid. Box No. F366. 

FOR SALE: Solartron Oscilloscope CD568, £15 o.n.o. 
Marconi valve voltmeter T5428B, £4 o.n.o. Both robust 
construction. Box No. F367. 

FOR SALE: Newnes Radio & TV Servicing, Volumes 
1 to 5. £7 10s, Marchant, 27 Long Street, Tetbury, GIos. 

FOR SALE: The Radio Constructor, June 1960 to August 
1968 inclusive. March 1961 only missing. What offers? 
Box No. F368. 

FOR SALE: Codar CR.45 mains t.r.f., 150kc/s-30Mc/s. 
New in January. Still perfect. £8. Write: "Invararey", 
Queen's Road, Tipton, Staffs. 

FOR SALE: Disposing of small collection of 78 r.p.m. 
records. Classical, semi-classical and light music (some 
musicals). Many collector's items. S.A.E. for list. Box 
No. F369. 

ESSEX GARDENERS. Buy your bedding and rock 
plants, shrubs, etc., also cacti from May's Nurseries, 
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers 
only. Monday to Saturday. 

MAY 1969 

TECHNICAL TRAINING by 

IN RADIO, TELEVISION 
AND ELECTRONIC 
ENGINEERING 

First class opportunities in Radio and Electronics await the I C S 
trained man. Let I C S train YOU for a well-paid post in this expanding 
field. 
I C S courses offer the keen, ambitious man the opportunity to acquire, 
quickly and easily, the specialized training so essential to success. 
Diploma courses in Radio/TV Engineering and Servicing Electronics, 
Computers, etc. Expert coaching for; 
♦ C. & G. TELECOMMUNICATION TECHNICIANS CERTS. 
♦ C. & G. ELECTRONIC SERVICING 
♦ R.T.E.B. RADIO AND TV SERVICING CERTIFICATE 
♦ RADIO AMATEURS EXAMINATION 
♦ P.M.G. CERTIFICATES IN RADIOTELEGRAPHY 
Examination Students Coached until Successful. 
NEW SELF-BUILD RADIO COURSES 
Build your own 5-valve receiver, transistor portable, signal generator, 
multi-test meter and professional-type valve voltmeter—all under 
expert guidance 
POST THIS COUPON TODAY and find out how I C S can help YOU \r> 
your career. Full details of I C S courses in Radio, Television anc 
Electronics will be sent to you by return mail. 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES. 

INTERNATIONAL CORRESPONDENCE SCHOOLS - 
Dept. 248, Intertext House, Parkgate Road, London, S.W.I I. 

I NAME   | 
| ADDRESS   a.....  I Block Capitals Please 
I   5.69 I 
I I 
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PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 
(max. format 7J" x,9i") 

The "CORDEX" Patent Self-Binding Case will keep 
your copies in mint condition. Issues can be 
inserted or removed with the greatest of ease. 
Specially constructed Binding cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached to 
strong RUSTLESS Springs under tension, and the 
method adopted ensures PERMANENT RESILI- 
ENCE of the Cords. Any slack that may develop is 
immediately compensated for, and the Cords will 
always remain taut and strong. It is impossible to 
over-stretch the springs, as a safety check-device 
is fitted to each. 

COLOURS: MAROON OR GREEN 
(Please state choice) 

PRICE I3'6 Postage 1/6 

Available only from:- 

DATA PUBLICATIONS LTD. 
57 Maida Vale London W9 

SCIENTIFIC ASSISTANT 

Applications are invited from candi- 
dates (Boys and Girls) with passes in 
at least four G.C.E. 'O' Level subjects, 
including English Language, Mathe- 
matics and/or a Science subject. Duties 
concerned with physics and electronics 
applied to communications. 

Age limits 16 to 20. Salary at 16: £430, 
rising by birthday increments to £630 at 
20, £880 at 25, and then by further incre- 
ments to £1,100. 

Day release facilities given to students 
wishing to study for additional qualifi- 
cations. _ 

Prospects of promotion to Experi- 
mental Officer Grade in salary ranges 
£650-£1,385 and £1,514-£1,910. 

Application forms available from:- 

Recruitment Officer (SA/63), 
Government Communications 
Headquarters, 
"Oakley", Priors Road, 
CHELTENHAM, Glos. GL52 5AJ 
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MAGAZINES FOR SALE: Wireless World July to No- 
vember 1965 inc., January to September 1966 inc., 1967- 
January & February and May to September inc. Radio 
Constructor January 1966 to March 1968 inclusive. 
Practical Electronics November 1964 (No. 1 issue) to 
December 1966 inclusive. Practical Wireless 1964 Feb- 
ruary to April inc., June, November & December; 1965- 
March to December inc.; 1966-January to December 
inclusive. Practical Television 1965-January, April to 
December inc.; 1966-January to July inc., plus Septem- 
ber & October. Short Wave Magazine 1965-March, July, 
September to December inc.; 1966-January to Novem- 
ber inc.; R.S.G.B. Bulletin 1965-January, March, June, 
August, September, November & December; 1966- 
January to September inc., plus November. Hi-Fi News 
1965-May, August to October inc., November & Decem- 
ber; 1966-January to October inc. Amateur Tape Re- 
cording 1965-May, August, September, October & 
December; 1966-January to April inc., June to August 
inc.; 1967-April, May, June to September inc. What 
offers? Will sell in lots or separately. Can be collected 
in London. Box No. F370. 

LINEAR AMPLIFIER FOR SALE. G2DAF circuit. 
Plug-in coils for 40, 20 and 15 metre bands. Pair QY 
3-125's. Nicely home built in Phillpotts cabinet 11 in. 
wide x 12in. deep x 12in. high. Solid state power supply 
to suit as per description in The Radio Constructor, 
August 1966 issue. In cabinet Sin. wide x llin. deep x 
9iin. high. Matsunaga Variac and 0-3000V d.c. meter. 
£50 o.n.o. Box No. F37I. 

FOR SALE: Radio Control model M.T.B. Aerokit Patrol 
Torpedo Boat, 40in. x llin. Good detail. Taplin Twin 
engine. Twin rudders. Steering and speed control on 
throttle fitted. Raven Flight Electronics new R/C equip- 
ment, needs installing. £50 o.n.o. Box No. F372. 

FOR SALE: Two re-entrant type loudspeakers, fitted back 
to back on common base. Suitable public address or 
pop group. Powerful. 15 ohm input. Spare diaphragms. 
£5. Box No. F373. 

PROPERTIES for sale and to let in London and suburbs. 
Apply to Maggs & Stephens, Estate Agents, 229 Maida 
Vale, London, W.9. MAIda Vale 8123. 

FOR SALE: Back numbers of The Radio Constructor, 
Vol. 15, No. 12 to Vol. 22 No. 1 inclusive at 2/- each, or 
offers. Also Wireless World 1963 to 1968. Evans, 29 
Tycehurst Hill, Loughton, Essex. 

LARGEST SUPPLIERS OF SERVICE SHEETS: TV, 
Radio, Tape Recorders, Record Players, Transistors, 
Stereograms, Radiograms. Only 5/- each, plus s.a.e. Un- 
crossed P.O.'s please, returned if service sheets not avail- 
able. We have the largest supplies of service sheets 
(strictly by return of post). Please state make and model 
number alternative. Mail order only. Please mention 
The Radio Constructor when answering this advert. Mr. 
C. Caranna, 71 Beaufort Park, London N.W.I 1. 

INNOVATION IN DX CLUBS ANNOUNCED! Formed 
in October, 1965, the Radio New York Worldwide 
Listeners Club now has 3,600 members in 86 countries! 
A unique club offering shortwave listeners monthly 
magazines containing listening tips and technical fea- 
tures, numbered wallet-sized membership cards and 
gold 8iin. by llin. membership certificates. Multi- 
lingual report forms available for cost of postage. "We 
must be doing something right!" Find out . . . join 
now!" Send 7s. 2d. (crossed domestic money order) for 
one year's membership to: The Radio New York World- 
wide Listeners Club, 485 Madison Avenue, New York 
10022, U.S.A. 
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CHASSIS 
and 

CASES by 

H. L SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

CASES 
Type 
N 
N 
U 
U 
U 
U 
U 
w 

Size 
8x6x2"* 
6x6x3" 
4x4x2" 
4x4x4" 
S^x4ix4i" 
8x6x6" 
91x7^x31" 
15x9x9" 
8x6x6" 

ALUMINIUM, SILVER 
HAMMERED FINISH 

Price Type Size 
W 
Y 
Y 
Y 
Y 
Z 
z 

Type N 
Price 
37/6 
48/6 Typ 
29/- W 
45/- " 
50/6 
53/6 
72/6 
78/- ♦ Height 

Type N has removable bottom, Type U re- 
movable bottom or back, Type W removable 
front, Type Y all screwed construction, Type 
Z removable back and front. 

18/- 
17/6 
11/- 
11/- 17/- 
23/- 
24/- 
49/- 
23/- 

12x7x7" 
15x9x8" 
8x6x6" 
12x7x7" 
13x7x9" 
15x9x7" 
17x10x9" 
19x10x81 

Type Y 
Type Z 

Type U 

BLANK CHASSIS—Same day Service 
Of over 20 different forms made up to YOUR SIZE. (Maximum length 35", depth 5") 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table 
below which is for four-sided chassis in 16 s.w.g. 
aluminium. 

304 sq.in. 15/8 
336 sq.in. 17/- 
368 sq.in. 18/4 
and pro rata 

P. & P. 4/6 

48 sq.in. 5/- 176 sq.in. 10/4 
80 sq.in. 6/4 208 sq.in. 11/8 

112 sq.in. 7/9 240 sq.in. 13/- 
144 sq.in. 9/- 272 sq.in. 14/4 

P. & P. 3/- P. & P. 3/6 
Discounts for quantities. More than 20 different sizes kept in stock for callers. 

FLANGES O" ori"). 6d. per bend 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS: Any size up to 3ft. at 6/- sq.ft. 16 s.w.g. 
(18 s.w.g. 5/3). Plus postage and packing. 

INTEGRATED CIRCUIT DEVICES FROM 
GENERAL ELECTRIC, U.S.A. 
ALL NEW AND PERFECT - NOT REJECTS 

PA237 2 watt audio amplifier. Response 25—20,000 c/s. 
Smaller than a shilling 44/- 

2N5305, Silicon Monolithic Darlington Amplifiers suitable 
2N5306 for pre-amps requiring low-level, high gain, low 

noise. The size of a transistor 15/- 
L14B Light Detector Planar Silicon photo-Darlington Amplifier, with a base lead to control the sensi- 

tivity and gain. Packaged in clear Epoxy encapsu- 
lant and accepts light from a very narrow angle. 
The size of a transistor 29/6 

Transistors 2N2926 Orange spot or Green spot 5/9 
Data sheets on all of the above 1/- each. 

EDE'S STUDIOS, 274 Ha/dons Road, Wimbledon, SW19 
Telephone: 01-542 5327 

XC/KAX SO PROFSSSIOMAL Tf/£ 
Sjflf-SWtiO. yuw/v afkosoc Hwr- 
/*.j- fheSG o/r c/n//Mg GRBy HAMMER 

A/nWf OR BLACk WMNKt-e /VOW! W (CRACKLE) finishes 
Yukan Aerosol spraykit contains 16 ozs. fine quality, durable easy instant spray. No stove baking required. Hammers available in grey. blue. gold, bronze. Modern Eggshell Black Wrinkle (Crackle) all at 15/11 at our counter or 16/11, carriage paid, per push-button self-spray can. Also Durable, heat and water resistant Black Matt finish (12 ozs. self-spray cans only) 13/11 carriage paid. SPECIAL OFFER; I can plus optional transferable snap-on trigger handle (value 5/-) for 18/11, carriage paid. Choice of 13 self-spray plain colours and primer (Motor car quality) also available. 
Please enclose cheque or crossed P.O. for total amount direct to: 
DEPT: N/3 YUKAN, 307a. EDGWARE ROAD, LONDON, W.2. We supply many Government Departments, Municipal Authorities, Institutes . and Leading Industrial Organisations—We can supply you too. ^^■■■■■■HOpen all day Saturday. Closed Thursday afternoons. 

Other Yukon Air Drying Aerosols, I6 0ZS.OC 16/11 corr.poid include: Zinc Chromote Clear Lacquer Metal lies: Grey, Blue, Bronze and Gold. 

We have Vacancies for 
Experienced Test Engineers in our 

I I Production Test Department. Appli- 
8 I cants are preferred who have 

Experience of Fault Finding and 
Testing of Mobile VHF and UHF Mobile 
Equipment. Excellent Opportunities for promotion 
due to Expansion Programme. 
Please apply to Personnel Manager, 
Pye Telecommunications Ltd., 
Cambridge Works, Haig Road, Cambridge. 
Tel. Cambridge 5)351, Extn, 327. 

THE WILSIC REVERBERATION UNIT KIT 
Self-contained, 6 transistor, reverberation chamber to which 
microphones, instruments, tuners or tape recorders may be 
connected for added dimensional effect. The output is suitable 
for most amplifiers and the unit is especially suitable for use 
with electronic organs. A ready-built spring and transducer 
assembly is used (58/11 if bought separately). 
Complete, easy-to-build kit with constructional notes and 
circuits: £7.10.0. Pre-drilled and printed case 34/- extra. 
All parts available separately. 

THE WILSIC SIGNAL INJECTOR 
Miniature transistorised square wave signal 
injector, ready for use, only 19/6 including 
battery. P. & P. 1 /6. 

Send 1 /- for our catalogue of components, testmeters, musical 
electronics & more details of the above items. Callers welcome. 
WILSIC ELECTRONICS LIMITED 

6 Copley Road, Doncaster, Yorkshire 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

or through your newsagent 

ONLY 42'- per year, post free 

Please send remittance with name and address and commencing issue required to: 
DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 
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THE RADIO CONSTRUCTOR 

Price 3/- each, postage 6d. 
Annual Subscription 42/-, post free. 
Bound Volumes Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 

Vol. 21 August 1967 to July 1968 35/-, postage 4/6. 
Cordex Self-Binders With title "The Radio Constructor" on spine, 

maroon, 14/-, postage 1/6. 
With no title on spine, maroon or green. 13/6, 
postage 1/6. 

DATA BOOK SERIES 

DBS TV FAULT FINDING 
124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 6/-, postage 6d. 

DB15 TWENTY SUGGESTED CIRCUITS 
48 pages. Price 3/6, postage 5d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/-, postage 1 /-. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/- 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 10/6, postage 8d. 

PANEL-SIGNS TRANSFERS 

Six sheets in each set 

Set 3: WORDING—White 

Set 4: WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6: DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

I enclose Postal Order/Cheque for in payment for   

NAME       _...._   

ADDRESS    :   ; - 

{Please use Block Capitals for both name and address) 
Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order 
All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 
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MGLANPS UAVINC COMPONBNTL EQUIPMENT CBNTRBS 
SOLID STATE-HIGH FIDELITY 

AttPIO tOWPMCMT 
Mono or Stereo Audio, Equipment devel- 
oped from Dinsdale Mk.II—each unit or 
system will compare favourably with 
other professional equipment selling 
at much higher prices. 
COMPLETE SYSTEMS 
FROM 

£15.5.0 
THE FINEST VALUE IN HIGH FIDELITY- 
CHOOSE A SYSTEM TO SUIT YOUR 
NEEDS AND SAVE POUNDS 

AH units available separately. 
SEND FOR FREE BROCHURE (fio. 21) TODAY! 

DEMONSTRATIONS DAILY AT 303' EDGWARE ROAD 

Acclaimed by everyone 

MAYFAIR ELECTRONIC ORGAN 
A completely new development in portable electronic musical instruments and a new field for the home constructor. The 'MAYFAIR' produces a multitude of the most pleasing sounds with a wide range of tone colours suitable for classic or popular music The organ is fully polyphonic, that is full chords can bo played o7er the entire keyboard. Supplied as a kit of parts which includes 165 transistors, printed circuit panels, special fully sprung and depth of touch adjusted keyboard, attractive vynair covered cabinet with carry handle. A complete detailed and illustrated construction manual is provided with circuits and full parts list. All items may be purchased separately. All parts supplied are fully guaranteed. Full after sales 

Once built the'MAYFAIR'will then provide w Qrt /■« years of enjoyable entertainment. ONLY "9 Cj HS. 

i r rt 

Call in. See it and play it yourself. 
.ORGAN COMPONENTS We carry a comprehensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 

Deferred terms available. COMPLETE KIT Deposit £29.19.0. 12 monthly payments of £7. TOTAL £113.19.0. 
Ask for BROCHURE 9 EXPORT ENQUIRIES INVITED 

BUILT AND TESTED Deposit £36.8.0 ft 12 monthly payments of £9. Total £144.8.0. RHYTHM UNIT £59.10.0 pp. 10/- 

-tiwatW MVP 
HEUECTOR 

INTEGRATED SOLID STATE TRANSISTOR POWER AMPLIFIERS Complete with full Bass Treble. Volume and Selector Controls MA66 12 WATTS STEREO We are pleased to offer two new designs with the choice of either mono or stereo systems These BRITISH DESIGNED UNITS favour the user in so many ways, being suitable foi use with all types of PICK-UPS. TUNERS. DECKS and MICROPHONES—with fantastic power and quality'with far greater adaptability, with freedom for battery or mains operation Output is from 3-16 OHMS Whether you require a home or portable HI-FI installation, electronic guitar. P A. System, Intercomm. the MA7 or MA66 will FILL THE BILL forrompiete MA7 MONO MA66 OPTIONAL hsfnmg satisfaction ~ q OR THE STEREO £*1/? 1/"I MAINS UNIT PS20 62 6d choose either the — t. O . I U . U POST PACKING 5 - EITHER MODEL t. I D . I U . U Su.iable lor eMher model Illustrated leaflets 12 and 14 FREE on request. Demonstrations Daily at our 309 Edgware Rd. Branch. 

Z12 Amplifier Micromatic (Kit) Micromatic (Built) PZ4 Powar Unit Stereo 2S Q14 Speaker System 

SINCLAIR EQUIPMENT 

49/6 69/6 99/6 C9.19.6 C7.19.6 All POST PAID. Delivery from stock. 

00 IT YOURSELF 
MW/LW PORTABLE 

New printed circuit design with full power output. Fully tunable on both mw/lw bands. 7 transistors plus diode, push-pull circuit. Fitted 5 inch speaker, large ferrite aerial and Mullard transistors. Easy to build with terrific results. All local and Continental stations. TOTAL COST £6.19.6. P.P. 4/6 TO BUILD Send for Brochure 1 

Power Supply Audio Generator R.F. Generator C.R. Bridge 

NEW MODELS 
NOMBREX TRANSISTORISED Test Equipment 

PRICE Leaflet £ s. d. No. 14 0 0 22 19 10 12 10 10 10 
0 24 

33 Inductance Bridge 20 0 0 29 
Send for descriptive illustrated Brochure. 

QUALITY CAR RADIOS .■cision engineered car radio that's perfect company for hours on the road Has quick push button operation (or sdiate station selection and choice of Medium or Long vave frequency. Output of 3 J watts ensures crisp, top quality ound even at high motoring speeds Includes (ujl acces- 

MULLARD 1 WATT AMPLIFIER PORTABLE TRANSISTOR UNIT with volume control Many uses. Intercoms, Baby Alarms. Guitar Practice. Telephone or Record Player Amplifier. Optional Rexine coveted Wood cabinet 12x9x4. 12/6. 7 x 4 in. speaker. 17/6. n r~ I pp. Uses PP9 battery. 'r O / - 3/6d. 
Ask for Leaflet 2. 

POSITIVE/NEGATIVE EARTH PRICE C12.12.0. pp. 4/6 MANUAL as above £8.19.6. but with single MW/LW Push Button. 

& 

BUILD A QUALITY 
TAPE RECORDER To get the best out of your MAGNAVOX DECK, you need a MARTIN RECOROAKIT. This comprises a special high quality 6 valve amplifier and pre amplifier which comes to you assembled on its printed circuit board—in fact every- thing needed down to the last screw FOR MAKING A SUPERB TAPE RECORDER, which, when built, will com- pare favourably with instruments costing twice as much, yet you need no experience or technical skill to bring this about. THE INSTRUCTIONS MANUAL MAKES BUILDING EASY AND SUCCESS ASSURED 

VHF FM SUPERHET TUNER MKII •5 MULLARD TRANSISTORS 6 4 DIODES * 300 Kc/s BANDWIDTH * PRINTED CIRCUIT CONSTRUCTION • HIGH FIDELITY REPRODUCTION MONO AND STEREO 
A popular VHF FM Tuner now used throughout the country for quality reception of monophonic and. with the decoder stereophonic broad- casts. There is no doubt about it—VHF FM gives the the reel sound. Excellent stability economically priced. TOTAL COST £6.19.6. DECODER £5.19.6. (CABINET 20/- EXTRA) ASK FOR LEAFLET 3. 

NEW —MALLORY LONG LIFE 
MERCURY BATTERIES 

50°,, OFF LIST PRICES •RM12 1.35 volts 3600 m/aH OUR PRICE 5/- each size 2" xj dia. • RM625 10 35 volts 350 m/aH Pack of 8. Size ££ x } dia. OUR PRICE 10/- each Easily split into eight 1.35v. cells. These cells are ideal lor any application where SMALL SIZE HIGH CAPACITY and LONG LIFE are required. QUANTITIES AVAILABLE. 

GARRARD RECORD DECKS 
^5 

4 Track 39 gns. 2 Track 36 gns. 
P.P. 22/6 either model Kit comprises: Deck. Amplifier. Cabinet and speaker, with MICROPHONE 7 in 1.200 ft tape, spare spool. 
ASK FOR BROCHURE 6. Value £60. 

MANUFACTURERS—DISTRIBUTORS We publish a QUANTITY. SEMI-CONDUCTOR BULLETIN listing over 500 different devices available FROM STOCK in medium to large quantities at' KEEN PRICES coupled with PROMPT DELIVERIES. TO OBTAIN YOUR COPY. WRITE TO US (on Company Headed Notepaper please) requesting our SEMI- CONDUCTOR BULLETIN For TELEPHONE QUOTATIONS, PHONE (01) 723 1008/9 Extn. 4 (01) 723 0401 Exln. 4. 
We purchase medium to large quantities of Transistors and Devices excess to Manufacturers and Distributors requirements. 

TRANSISTORS- 
SEMICONDUCTORS 

COMPLETELY NEW 1969 LIST OF 
1000 types. Send for your FREE COPY 
TODAY, (list 36) 
S.C.R.'s from 5/- 
Field Effect Transistors from 9/6 
Power Transistors from 5/- 
Diodes and Rectifiers from 1/6 

Hl-fl equipment to suit EVERYP0CK(T 

VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE RD. 

BRAND NEW All below liat price £ j. d 2025 Mono/Stereo GKS 25 8 8 1 3000 LM Mono/Stereo 9 TAHC 9 19 . SP25 Mk II 11 19 . AT60 Mk II 13 0 I AP7S , 19 0 I SL55 11 19 ( SL65 14 14 I SL75 29 0 I SL95 35 0 I A70 Mk II 12 12 ( B.S.R. UA25 Mono 5 19 f MA65 9 19 f MA70 12 12 I MA7S 15 5 I 401 Garrard 28 10 ( Carriage/Packing 7/6d. all models Complete range of accessories available Send for New 8 page brochures 16. 17, 

for all leading makes 
Amplifiers 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
TEST EQUIPMENT 
SYSTEMS 
ALL WITH DISCOUNTS Ask for Hi-Fi- Stock List Leaflet 16.17 
IT WILL PAY YOU TO PAY US A VISIT! 

O 

o 

-O 

^Illustrated CATALOGUE 

COMPLETELY NEW 9th EDITION (1969) 
The most COMPREHENSIVE- 
CONCISE—CLEAR COMPONENTS 
CATALOGUE 
Complete with 10/- worth discount vouchers 
FREE WITH EVERY COPY 
* 32 pages of transistors and semi-conductor 

devices, valves and crystals. 
* 210 pages of components and equipment. 
* 70 pages of microphones, decks and Hi-Fi 

equipment. 
6,500 ITEMS 
320 BIG PAGES 

HENRY'S RADIO LTD (ffi) 
OPEN MON.-SAT. 9 o.m -6 p.m. THURS. 9 o.m.-l p.m. 

303 Edgware Road, London, W.2. Mail Order Dept 
all types of Components, Organ Dept (oi) 723-1008 9 
309 Edgware Road, London, W.2. High Fidelity 
Sales, P A and Test Equipment. Record Decks(oi) 7Z3 6963 


