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ELECTRONIC 
COMPONENTS 

SEMI-CONDUCTORS, BRAND NEW AND FULLY 1N914 2/- 2N42SS 8/6 BCZI1 10/4 3/- 2S018 8/6 BDI2I 19/6 2/6 2S024 25/- BDI23 23/6 2/6 2S034 IS/- BDI24 17/- 2/6 AC 107 14/6 BF152 13/6 2/6 AC 126 6/6 BFI67 6/6 4/- AC 127 6/- BF173 7/* 3/9 AC 128 4/- BFI81 5/- AC 176 7/6 BF184 5/- AC 187 12/- BFW57 S/- AC 188 12/- BFWS8 3/- ACY17 5/8 BFWS9 15/- ACYI8 3/4 BFW60 15/- ACY19 4/4 BFX13 4/B 6/- ACY20 3/8 BFX29 8/5 6/- ACY21 4/- BFYSO 6/- 4/6 ACY22 2/4 BFY5I 6/- 3/- AD 140 15/- BFYS2 6/- 6/6 AD 149 11/8 BFY53 6/- 4/- AD 161 6/- BSX20 3/3 7/6 AD 162 6/- BSX2I 8/- 7/6 ADTI40 12/6 BSY27 4/- 5/6 AF102 18/- BTX39/600 120/- 6/6 AFI14 4/4 BUY11 15/- 9/6 AFII5 4/4 BSY9SA 3/4 7/6 AF1I6 4/4 BY100 5/- 4/6 AF1I7 4/4 BYX10 4/9 4/6 AFI18 16/6 BYZIO 9/- 5/- AFI24 6/- BYZI2 6/- 5/- AFI27 4/- BYZ13 5/- 6/6 AF139 15/- GET102 6/- 6/6 AF186 11/- GET103 4/6 8/- AF239 12/- GET113 5/- 8/- AFZI2 11/9 GET573 7/6 6/6 ASY26 5/8 GMO290 10/- 17/- ASY27 5/8 GM0378 B 6/- 12/6 ASY28 4/4 MAT120 5/- 14/- ASY29 4/4 MAT121 5/6 6/6 ASZ2I II/- MPFI02 9/- 5/6 AUYI0 39/6 MPFI03 9/- 7/6 BAI15 2/8 MPF104 9/- 10/- BA130 3/- MPF10S 9/- 6/6 BAY31 2/6 NKT2I6 10/5 SI- BAY38 3/- NKT2I7 10/5 5/6 BCI07 2/9 NKT26I 4/3 BCI08 2/9 NKT262 4/3 2/- BCI09 2/9 NKT264 4/3 2/- BCI13 5/- NKT271 4/3 2/- BC114 18/- NKT272 4/3 2/- BC1I5 13/6 NKT274 4/3 8/- BCI18 5/- NKT27S 3/6 15/- BC125 14/- NKT276 2/6 IS/- BC126 14/- NKT281 5/6 4/- BC134 5/- NKT403 15/- 4/- BCI47 6/- NKT405 15/- 4/6 BCI48 4/- NKT7I3 5/6 4/- BC149 6/- NKT773 c''' 3/- BC154 12/- NKT774 4/- BCY30 7/- OAS 3/- BCY31 9/- OA47 3/- BCY32 16/- OA70 4/- BCY33 4/8 OA73 4/- BCY34 6/4 OA79 8/- BCY38 8/- OA8I 23/6 BCY39 27/4 OA85 7/- BCY40 13/4 OA90 6/- BCY54 15/3 OA91 6/- BCY70 4/4 OA9S 6/- BCY71 8/8 OA200 6/- BCY72 6/6 OA202 9/6 BCY87 86/9 OA2IO 

15113 1SI20 15130 15131 15132 2G301 2G302 2G339A 2G374 2G381 2G371 2N385A 2N388A 2N696 2N697 2N698 2N706 2N706A 2N708 2N71I 2N7IIA 2N929 2N930 2N1I31 2N1132 2N1302 2NI303 2N1304 2N1305 2NI306 2NI307 2NI308 2N1309 2NI6I3 2N2I47 2N2I48 2N2I60 2N2368 2N2369 2N2369A 2N2646 2N2696 2N2924 2N2925 2N2936:- 

Red 2N3053 2N3054 2N30S5 2N3702 2N3703 2N3704 2N3705 2N3706 2N3707 2N3708 2N3709 2N37I0 2N37I1 2N3819 2N3820 2N4058 2N4059 2N4060 2N4061 2N4062 2N4254 

7/6 

6/6 

6/4 

OC19 OC20 OC22 OC23 OC24 OC2S OC26 OC28 OC29 OC30 OC35 OC36 OC41 OC42 OC44 OC4S OC7I OC72 OC73 OC75 OC76 OC77 OC810 OC82 OC82D OC83 OC84 OC123 OC139 OC140 OC169 OCI70 OC171 OC200 OC20I OC202 OC203 OC204 OC205 OC206 OC207 ORP60 ORP6I ORP63 SX631 SX636 5X638 SZ20C SCC1 C426 J>346A V405A EC401 EC402 CI1IE C400 2cm 2C425 EA403 EB383 MJ49I MJ481 40361 40362 OAZ24I OAZ242 OAZ269 OAZ270 OCP71 ST 140 STI41 

CHEAPEST EVER 
SOLID-STATE SALE 

BEST VALUE IN BRITAIN 40 Silicon Planar Transistors. TO-18 case. NPN 8 PNP mixed. Similar V405A. P346A. etc. Not tested or coded. Guaranteed minimum 50% good     10/- 40 Silicon Planar Transistors. TO-18 case. NPN t/pe similar 2N706. BSY95A. etc. Not tested or coded. Guaranteed mini- mum 50% good ... ... ... ••• 10/- 10 PNP Silicon Planars. Similar BSX40/2N2904/A. 3 Watts. 100 Mc/s. Fully tested. Uncoded  10/- 30 Silicon Planar Transistors. TO-18 case. NPN type similar BC107/8/9 range. Not tested or coded. Guaranteed minimum 50% good ...   ...   10/- 3 Silicon Power Transistors similar to BUY11. TO-3 case. Not tested or coded._Gold plated cases   ••• 10/- 20 Germanium Transistors 2G37IB. Case SO-2. Fully tested to makers' specifications PNP. Equal to OC7I range. Not coded 10/- 
25 Silicon NPN VHF Transistors. TO-18 case. Similar to BSY27. etc. Not tested or coded  ... ... 10/- 20 Silicon Planar Transistors. Plastic type. NPN. Similar to 2N 3705/7 range. Not tested or coded. Guaranteed minimum 50% good    10/- 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 t @ 100 — 1000 piv. Guaranteed minimum 80% good ... ... ... .. ... 10/- 12 Silicon Avalanche Rectifiers. Top-Hat case. Ij Amp @ up to 1200 piv. Guaranteed minimum 80% good   10/- 15 Silicon Epitaxial Planar Diodes—Sub-miniature. Type SDI9 Plessey. Exact substitute for 1N914. etc. 100% perfect. Not coded 10/- 30 Part made Top-Hat Rectifiers (top connection broken, but plenty room to solder) 750mA up to 800 piv. Guaranteed minimum 80% good  10/- 2G37IB and SD19 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. EX PORT SPECIAL: 10 % of the above SALE goods are reserved for export until August 1969. 

SILICON RECTIFIERS^ 

m. 

Single "DeC" with nd pro- ... 29/6 
"2-DeC" kit contains two "DeCs" component tray, accessories, instruction book, all packed in attractive plastic box   69/6 "4-DeC" kit contains four "DeCs". anual, e 117/6 

BOOKS FROM STOCK General Electric Transistor Manual. 660 pages of data 8 RCA Transistor Manual. 554 pages. Designers' Guide to British Ti 
29/6 SCR circuits ... 28/- Excellent data book lists over I 000 common types plus Computer-selected substitution chart 25/- (ADD 2/6 POST 8 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 I0D  '/-■ 
ALUMINIUM CHASSIS 6 x 4 x 2j" with reinforced corners 6/9 each (P 8 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 2j" (see citalogue). 

X-LINE 
X-161 2 Watt Amplifier 
X-461 Siren 
X-471' Burglar Alarm 
X-66I Metronome 
X-761 Morse Oscillator 

Generous' discounts to retailers given on all 'X'-Line products. Send for details now. 

MODULES 
YOU CAM 

OPEN ! 35/- 
35/- 
35/- 
30/- 

THYRISTORS-SCRs 
PIV 200mA 750mA 2 Amp 10 Amp PIV IA 3A 10A 30A 100 A 
50 6d 1/- 2/3 — 50 //<» 9/- — 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 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/- 

1000 — 6/- 6/6 14/- 800 

ZENER DIODES 
' Watt 10% Tolc ance— Voltages: 
30 47 7-5 12 ALL 
3 3 5 1 8-2 13 ONE 
36 56 91 15 PRICE; 
3 9 62 10 16 3/6 
4 3 68 II each 
See IR Panel for 1 Watt types. Full range 5 Watt also in stock. 

BC107/8/9 2'9 

FET 25+ 6/9 100 r 5/9 

2N2B46 junction 10'- 

2N4871 UNIJUNCTION 
SIMILAR 2N2646 
BEN 3000, ETC. 
25+ 5/3 100+ 4/9 6'9 

CRS3/40AF4»vcr12'6 

TD716 ™OnDnEel 12'- 

PROGRAMMABLE ^ ft, D1 3T1 UNIJUNCTION W- TRANSISTfIR  

2N3055 us watt 
POWER SILICON NPN 
25+ 13/- 100+ 11/- 15' 

POPULAR 
2N2926 planar 2'-  NPN 

BF180 6'- 
MULLARD UHF AMPLIFIER 25+ 4/11 100+ 3/9 

il LOGIC 
1-6 7-11 12+ 

uL900 11/- 9/6 8/4 uL914 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 14/6 B3M 0-2-0'4 volts @ lT-2JmA Selenium type .... 15/- S1M 0'3-0'4 volts @ 10-16mA Silicon  1'/- 
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 @ 10FC = 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 I RF Transistor plus free manual  11/4 DDI84 Contains Audio. RF, and Power transistors. Silicon solar cell and germanium diode. With FREE manual . . 33/6 
SILICON RECTIFIER KITS DD175 Contains 4 100 piv 4 amp diodes 9/11 DD176 Contains 2 200 piv i amp diodes 5/11 DD177 Contains 2 400 piv | amp diodes 9/11 ALL INCLUDE FREE 24 PAGE MANUAL 
ZENER DIODES Available in the following voltages with a dissipation of I 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, 15v. 18v.22v,27v ALL ONE PRICE 7/11 
ZENER KIT DD170 Bargain pack—contains 5 popular 1 Watt diodes plus free project manual  19/6 
TRANSISTOR SUBSTITUTION Our TR01-C to TRI0-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 J 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. x1.000. x10.000) I Meg etc. to 8'2 Megohms (10% tolerance). PRICES: 1-25 4d, 26-99 3d, 100+ 2d (your selection j and/or 1 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. 5k. 10k, 25k. SOk. 100k. 250k. 500k. 1 Meg. 2 5 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 /iF) 
6-4V 32 64 125 250 400 6-4 25 50 100 200 320 

64V 064 1/6 25 1/3 5 10 20 32 1/2 1/- 1/1 1/7 
MIN. POLYESTER CAPACITORS. Printed circuit type 250 Vdc working. 0 01. 0015. 0022. 7d each: 0033. 0 047, 8d each: 0068. 010. 9d each. VEROBOARD O'lS" Matrix FLUX COATED 2i x 3+. 3/3. 2j x 5". H x 31". 3/11. 3J x 5". 5/6. 33 x 18". 18/-. BARGAIN PACK of 36 square inches all good size pieces only 10/- pack. VEROBOARD 01" Matrix. 33 x2J".3/9. VEROPINS for 015". 36 pieces 3/-. VERO-CUTTER, 9/- each plus FREE SAMPLE PIECES. 

, MOST&Et® 
THF>T 

I CT 7 C0PTF0LD ROAD ImO I . BRENTW00D 
ESSEX Telephone: BRENTWOOD 226470/t 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) now available free on request. Post 8 Packing (First class) I/- per order. Retail and Trade supplied. Export enquiries particularly welcome. Giro No. 388-3159. 



VALUE ALL THE WAY 
INTEGRATED 

CIRCUITS BI-PAK MONOLITHIC DIGITAL CIRCUITS (10 lead TO-S) BP305A, 6-lnput AND gate, 9/6 each. BP3I4A. 7-lnput NOR gate, 9/6 each. BP3I5A, Dual 3-lnpuC NOR gate, 9/6 each. BP3I6A, Dual 2-lnput NOR gate (expand- able), 9/6 each. BP320A, J-K-Binary ele- ment, 11/6 each. BP332A, Dual 3-lnput OR gate, 9/6 each. BI-PAK MONOLITHIC AMPLIFIERS (TO-5 8 lead) BP709C, Operational am- plifier, 15/—each. BP70IC, Operational am- plifier (with Zener output), 12/6 each. BP702C, Operational am- plifier (with direct output), 12/6 each. BPSOI.Wide band ampli- fier, 18/- each. BP52I, Logarithmic wide band amp., 14/- each. BP20IC, General pur- pose amplifier (TO-5 8 lead), (voltage or cur- rent amp.), 12/6 each. I.C, Operational Ampli- fer with Zener output, Type 70IC. Ideal for P.E. Projects. 8 Lead TO-5 case. Full data. 
Our price 12/6 each 
5 off I I /- each. Large Qty. Prices quoted for. OTHER MONOLITHIC DEVICES BP424, Zero voltage switch, 8/6 each. This device is a mono- lithic I.C. that acts as combined threshold de- tector and trigger circuit for controlling a triac. It is designed to pulse the gate of a thyristor at the point of zero supply volt- age, and therefore elimi- nate radio frequency interference when used with resistive loads. DI3pi Silicon Unilateral switch 10/- each. A Silicon Planar, mono- jithic integral circuit hav- ing thyristor electrical characteristics, but with an anode gate and a built- in "Zener" diode be- tween gate and cathode. Full da;a and application circuits available on re- quest. FAIRCHILD (U.S.A.) RTUL MICROLOGIC "NTEGRATED CIRCUITS Epoxy case T8-5 lead temp, range 150C. to 550C. UL900, Buffer, 10/6 each. UL9I4, Dual two-input gate, 10/6 each. UL923 J-K-flip-flop, 14/- each. Complete data and cir- cuits for the Fairchild I.C.'s available in booklet form priced I /6. MULLARD I.C. AMPLIFIERS TA A243, Operational amplifier, 70/- each. TA A263, Linear AF amplifier, 18/6 each, TA A293, General pur- pose amplifier, 21/- each. CA3020 RCA (U.S.A.) LINEAR NTEGRATED CIRCUITS Audio Power Amplifier, 30/- each. Owing to the mass of I.C. printed matter often re- quired by customers in connection with the I.C.'s themselves we ask you to help us in the cost of reproducing this litera- ture by adding 2s. to- wards same. This is only necessary when a number of different sheets are required. 

KING 
SEPTEMBER 1969 

Sil. trans, suitable for P.E. Organ. Metal TO-18 Eqvt. ZTX300 I/- each. Any Qty. 

AD 161 npn 
AD 162 pnp 
MATCHED COMPLE- MENTARY PAIRS OF GERM. PO WE R 1 RANSISTORS. For mains driven out- put stages of Amplifiers and Radio receivers. OUR LOWEST PRICE OF 12/6 PER PAIR. 
HIGH POWER SILI- CON PLANAR TRAN- SISTORS. TEXAS 2S034 NPN TO-3. VCBI00 
VCEI0O VEB8 

I c 4A fT. l5M/cs Ptot. 40W hFE(min.) 60 Price 15/- each 
FREE One 10/—Pack of your own choicefree with orders valued £4 or over. 
SEMI- CONDUCTOR HANDBOOK (VpLUME 2) With introduction to basic circuits, regis- tered transistor and diode types, full speci- fications. Eleven lang- 

uages including English, Dutch, French, Ger- man, Swedish, Spanish and Italian. 240 pages of semiconductor in- formation. Price 28/6. Money re- funded if not fully satisfied. 
NPN DIFFUSED SILI- CON PHOTO-DUO- DIODE TYPE IS70I (2N2I75) for Tape Readout, high switch- ng and measurement ndicators, 50V, 250mW. OUR PRICE 10/- EACH. 50 OR OVER 8/6. EACH. FULL DETAILS. 

KING OF THE PAKS Unequalled Value and Quality 

^IIPPD PAKQ NEW bi-pak untested ourLn rHivu semiconductors 
Satisfaction GUARANTEED in Every Pak, or money back. 

Pak No. Ul 120 Glass Sub-min. General Purpose Germanium Diodes 10/- U2 60 Mixed Germanium Transistors AF/RF  10/- U3 75 Germanium Gold Bonded Diodes sim. OAS, OA47. 10/- U4 40 Germanium Transistors like OC8I, AC 128  10/- 
U5 60 200mA Sub-min. Sil. Diodes  10/- 
U6 40 Silicon Planar Transistors NPN sim. BSY95A, 2N706 10/- 
U7 16 Silicon Rectifiers Top-Hat 750mA up to 1,000V . .. 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-S sim. 2N 1 132. . 10/- 
UI3 30 PNP-NPN Sil. Transistors OC200 & 2SI04  10/- 
U14 150 Mixed Silicon and Germanium Diodes   10/- 
U15 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 AFTransistorsTO-5 like ACY 17-22 10/- U18 8 6-Amp Silicon Rectifiers BYZI3 Type up to 600 PIV 10/- 
U19 30 Silicon NPN Transistors like BCI08   10/- U20 12 l'5-amp Silicon Rectifiers Top-Hat up to 1,000 PIV. 10/- 
U2I 30 A.F. Germanium alloy Transistors 2G300 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 l-amp Rectifiers GJM up to 300 PIV. . . 10/- 
U25 25 300 Mc/s NPN Silicon Transistors 2N708. BSY27. . . 10/- 
U26 30 Fast Switching Silicon Diodes like IN9I4 Micro-min 10/- 
U28 Experimenters' Assortment of Integrated Circuits, un- tested. Gates, Flip-Flops, Registers, etc., 8 Assorted Pieces 20/— 
U29 10 1 amp SCR's TO-5 can up to 600 PIV CRS1/25-600. . 20/- U30 15 Plastic Silicon Planar trans. NPN 2N2924-2N2926 . . 10/- U31 20 Sil. Planar NPN trans, low noise Amp 2N3707 .... 10/- U32 25 Zener diodes 400mW D07 case mixed Volts, 3-18 . . 10/- U33 15 Plastic case l-amp Silicon Rectifiers IN-4000 series. . 10/- U34 30 Sil. PNP alloy trans. TO-5 BCY26, 2S302/4   10/- U35 25 Sil. Planar trans. PNP TO-18 2N2906   10/- 
U36 25 Sil. Planar NPN trans. TO-5 BFY50/5I/52  10/- 
U37 30 Sil. alloy trans. SO-2 PNP, OC200 2S322  10/- 
U38 20 Fast Switching Sil. trans. NPN 400Mc/s 2N30I 1 . . . . 10/- U39 30 RF Germ. PNP trans. 2N 1303/5 TO-5  10/- U40 10 Dual trans. 6 lead TO-5 2N2060   10/- U4I 30 RF Germ, trans. TO-I OC45 NKT72  10/- U42 10 VHF Germ. PNP trans. TO-I NKT667 AFI 17  10/- 
Code Nos. mentioned above are given as a guide to the type of device in the Pak. The devices themselves are normally unmarked. 

sil. g.p. diodes 
300m W 30  10/- 25PIV (Min.) 100   25/- Sub-Min. 500  £5 Fully Tested 1,000  £9 Ideal for Organ Builders. 

CADMIUM CELLS 
ORP60 ORP6I 8/- each ORPI2 8/6 

FULL RANGE OF ZENER DIODES VOLTAGE RANGE 2-I6V. 
400mW (DO-7 Case) . 2/6 each I-5W (Top-Hat) 3/6 each I0W (SO-10 Stud) ....5/-each All fully tested 5% tol. and marked state voltage required. 

SILICON HIGH-VOLTAGE RECTIFIERS 10-Amp 3-K.V. (3000 P.I.V.) Stud Type with Flying . , . Leads  lO/- each 

BRAND NEW TEXAS 
GERM. TRANSISTORS 

Coded and Guaranteed 
Pak No. EQVT. 8 2G37I0 OC7I . 8 2G374 OC75 . 8 2G3744A OC8ID 8 2G38IA OC8I 8 2G382T 8 2G344A 8 2G345A 8 2G378 8 2G399A 

OC82 OC44 OC45 OC78 2N1302 AFI 17 , 

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

PRINTED CIRCUITS 
EX-COMPUTER 

Packed with semiconductors and components, 10 boards give a guaranteeo 30 trans, ana 30 diodes. Our price 10 boards 10/—. Plus 2/- P. & P. 

GERM. RECTIFIER SI NGLE- PHASE BRIDGE. Mullard type. GEX54I-B.P. Output Vlts. 48V. Output I.C. 5A. List Price 58/-. OUR PRICE 12/6 EACH. 

2N2060 NPN SIL. DUAL TRANS. CODE DI699TEXAS. OUR PRICE 5/- each. 

120 VCB NIXIE DRIVER TRANSISTOR Sim. BSX2I & C407. 2NI893 FULLY TESTED AND CODED NDI20. 1-24 3/6 each. TO-5 NPN 25 up 3/— each. 

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 to- gether with your remittance, direct to our Warehouse and Despatch Department, postal address: BI-PAK SEMICON- DUCTORS, 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 Type. 8/6 

QUALITY-TESTED PAKS 
6 Matched Trans. OC44/45/8I/8I D . 10/- 20 Red Spot AF Trans. PNP  10/- 16 White Spot RF Trans. PNP  10/— 5 Silicon Rects. 3 A 100-400 P1V ... 10/- 2 10 A Silicon Rects. 100 PIV  10/- 2 OCI 140 Trans. NPN Switching.. 10/- 1 12 A SCR 100 PIV  10/- 3 Sil. Trans. 2S303 PNP   10/- 4 Zener Diodes 240mW 3-12V  10/- 3 200 Mc/s Sil. Trans. NPN BSY26/27 10/- 3 Zener Diodes IW 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 OA202 Sil. Diodes Sub-min  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 OCTT? Transistors  10/- 4 Sil. Rects. 400 PIV 500mA  10/- 5 GET884 Trans. Eqvt. OC44   10/— 5 GET883 Traps. Eqvt. OC45   10/— 2 2N708 Sil, Trans. 300Mc/s NPN .. 10/— 3 GT3I LF Low Noise Germ Trans. 10/- 6 IN9I4 Sil. Diodes 75 PIV 75mA. . . 10/- 8 OA95 Germ. Diodes Sub-min. IN69 10/— 3 NPN Germ. Trans. NKT773 Eqvt.. 10/- 2 OC22 Power Trans. Germ  10/- 2 OC25 Power Trans. Germ  10/— 4 AC 128 Trans. PNP High Gain  10/- 4 AC 127/128 Comp. pair PNP/NPN 10/- 
3 2N1307 PNP Switching Trans. ... 10/— 7 CG62H Germ. Diodes Eqvt. OA7I 10/— 
3 AFI 16 Type Trans  10/- 12 Assorted Germ. Diodes Marked. . 10/— 4 ACI26 Germ. PNP Trans  10/— ^ CM: D _ _ ^ _ mnntw-ir-n . 4 Silicon Rects. 100 PIV 750mA 3 AFI 17 Trans  7 OC8I Type Trans  3 OCI7I Trans _ 5 2N2926 Sil. Epoxy Trans  io/- 7 OC7I Type Trans  10/— 2 2S70I Sil. Trans. Texas  10/- 3 12 Volt Zener 400mW   10/— 2 10 A 600 PIV Sil. Rects. IS45R ... 10/- 3 BCI08 Sil. NPN High Gain Trans. 10/— 
1 2N9I0 NPN Sil. Trans. VCB 100 . 10/- 2 1000 PIVSil. Rect. 1-5 A R533I0AF 10/- 3 BSY95A Sil. Trans. NPN 200Mc/s. 10/— 3 OC200 Sil. Trans  2 GET880 Low Noise Germ. Trans. I AFI 39 PNP High Freq. Trans  3 NPN Trans. I STI4I & 2 STI40 . . 4 Madt's 2 MAT100 & 2 MATI20. . . 3 Madt's 2 MATI0I & I MATI2I ... ... 4 OC44 Germ. Trans. AF  10/— 3 AC 127 NPN Germ. Trans  10/- 1 2N3906 Sil. PNP Trans. Motorola 10/— 2 Sil. Power Rects. BYZI3  15/- I Sil. Power Trans. NPN lOOMc/s. TK20IA   |5/- 6 Zener Diodes 3-I5V Sub-min  15/— I 2NI 132 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/- 1 Tunnel Diode AEYI I 1050 Mc/s . . 15/- 2 2N27I2 Sil. Epoxy Planar HFE225 15/- 8 BYI00 Type Sil. Rects  20/- 25 Sil. and Germ. Trans. Mixed, all marked, New  30/- 

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

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

UNIJUNCTION 

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

TESTED SCR'S 
PIV IA 7 A I6A 30A 
25 7/6 30/- 50 7/6 8/6 10/6 35/- 100 8/6 10/- 15/- 45/- 200 12/6 15/- 20/- 55/- 300 15/- 20/- 25/- 400 17/6 25/- 35/- 80/- 500 30/- 40/- 45/- 95/- 600 40/- 50/- 

SIL. RECTS. TESTED 
PIV 750mA 3A I OA 30A 

50 I/- 2/9 4/3 9/6 100 1/3 3/3 4/6 15/- 200 119 41- 4/9 20/- 300 2/3 4/6 6/6 22/- 400 2/6 5/6 7/6 25/- 500 3/- 61- 8/6 30/- 600 3/3 6/9 91- 37/- 800 3/6 716 HI- 401- 1000 51- 9/3 12/6 50/- 1200 6/6 11/6 15/- 

StPilK 

- • 

w 

% 

500, Chesham House, 
150 Regent Street, 
LONDON, W.I. 
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396 Selsdon Road, 
AMATRONIX LTD. 

GUARANTEED TRANSISTORS 
AD161-2 15/- GET693 1/3 2N305S 16/6 
AF239 10/- HK041 2/6 2N3707 4/- 
B5000G 11/3 HK101 21- 2N3794 31- 
BD121 18/- HK601 2/6 2N3983 5/8 
BC107B 31- IS44 1/4 2N4058 4/6 
BC168B 2/3 MEM554C 15/- 2N4285 3/- BC168C 2/3 SF115 3/- 2N4289 3/- BC169C 2/6 TIS18 71- 2N4291 3/- BF167 5/3 TIS60M 4/8 2N4292 3/- BF178 9/- TIS61M 4/11 25BI87 2/- 
BF224 4/- 2N706 2/7 2SB405 5/- 
BFY51 4/- 2N2926G 2/6 2SD72 5/- 4046SA 7/6 
RECTIFIERS: 
!/-. Submin. Selenium Bridge, 30Vrms, 150mA 
800piv, 500mA Si, 15557, 3/-; SOpiv, 100mA, 
dc, 3/6: Contact-cooled Sei. Bridge, 30Vrms, 
700mA dc, 6/-. Silicon Bridge, BOVrms, lAdc, 
10/-. 
INTEGRATED CIRCUITS 
CA30I1, 18/-: CA3020. 28/-; TAA263, 16/8; 
TAA320, 15/-; TAB101, 21/-; PA234, 24/-. 
ALL WITH DATA SHEETS. 

-H 
80 c 
mA 

MINI MAINS TRANSFORMERS 
1 x 1 x H in., normal mains primaries. 
Eagle MT6, 6-0-6V, 100mA, 13/6. 
Eagle Mill, 12-0-12V, 50mA, 13/6. 
Osmor MT9, 9-0-9V, 80mA, 12/6. 
Supplied with Gen Sheet showing how 6-60V 
may be obtained. 
MINI MAINS PACK (as shown). All parts. 17/6 

Mail Order Only. Prompt Service. 
Orders over 10/- UK post paid. 

COMPONENT KITS 

NEW! In response to many requests, 
we have designed an amplifier circuit for 
use with low-impedance speakers. The 
new AX5 delivers 3W to 3£2 and uses 
the well-tried arrangement of the AX4, 
plus one extra stage for higher sensitiv- 
ity and input impedance. 

* 3W rms to 3S2. Higher loads usable 
* -3dB at 50Hz and 20kHz 
* 30mV in 300k for full output 

The AX5 needs a 12V, 500mA supply 
and will work from up to 15V. Com- 
ponent Kit with Data Sheet 39/-. 

AND ALSO OUR REGULAR PACKS- 
RELIABLE AND EFFICIENT: 
AX2 Mini 9V Amplifier for any load. 

Still only 12/6. 
AX3 9V Amplifier, 800mW to 8a. Still 

only 22/6. 
AX4 18-24V Amplifier, up to 5W in 852. 

4W in 15S2. Still only 30/-. 
AX9 TRF Receiver Kit (printed circuit). 

Still only 45/-. 

CAPACITORS 
Polystyrene, 160V, small, close tolerance. 
6d. each: 12, 15, 39pF, IpF 
9d. each: 56, 82, 150, 270, 390, 560, 
680pF, ±2i% 
1/- each: 3300pF (.0033uF), l0,000pF 
(.01 uF ), ± 2} % 
1/3 each: 22,000pF (.022uF, 22nF), ± 
2\ % Min. Metallised Polyester, 2S0V: .01 uF, 8d.: 0.1 uF, I0d.; 0.22uF, 1/-. 
J. B. Tuning Capacitors: 300pF Dilemin, 
10/-; 4-gang 3-17pF FM type, built-in slow 
motion drive, 17/-. 
RESISTORS 
Carbon Film, iW, miniature, low noise. 
10, 12, 15, 18, 22, 27, 33, 39, 47. 56, 
68, 82Q and so on to 10M. Tol. it 5% to 
1M, 10% above 1M. All 3d. each. 
Carbon Skeleton Presets. Submin., vertical, 
linear, lOOmW. 50, 150, 500L2 and so on 
to 1.5M. Egen Type 467, 1/6 each. 
Vo.lume Control, I OK log. with d.p. switch 
and long aluminium spindle with flat. 
Standard size, Egen. 5/6 each. 
R. F. CHOKES. Repanco: CHI, 2.SmH, 2/6; 
CH2, 5mH, 3/-; CH3, 7.5mH, 3/-; CH4, 
lOmH, 3/-; CHS, I.SmH, 2/6. All small, 
ferrite-cored. 
FERR1TE RODS: 4in. or 4)in. x |in., wound 
for MW (300pF), 5/-: unwound, 2/-: oval, 
unwound, 2 x i x 5in., with data, 2/6. 
TRANSFORMERS, MINI. A.F.: Eagle 
LT700, 120012 c.t. to 3Q, 200mW, 5/-; 
Repanco TT47 driver for single ended push- 
pull, 4.5 to (1 ) + (1 ), 6/-. 
TELESCOPIC AERIAL; 7iin. opening to 
47in., 9/-. 
BATTERY HOLDER BH2 for two I.5V pen 
cells, with snap connector, 2/6. 
EARPIECES, all 3.5mm plugged, crystal 
4/9; magnetic, 8Q, 2/6: S0£2, 3/-. 

Fast MaHOrder for the Amateur Radio Fnthusiast! 

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. 1/-. 
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 
yds. Type ML2 (220ib.), 4d. per yd. or 
25/- per 100 yds., ML4 (4001b.). 6d. 
Ber yd. Ideal for Guys, L.W. Supports, 
lalyards, etc. Postage 1/6 on all line. 

"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. i 
In addition to the familiar J 
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. 
9 Standing waves on coax Cables. 
# R.F. pick up in wiring. 
0 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/- 

m 

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 
SOft. of 75 ohm Balanced Twin 

35s. P. & P. 3/6 

 -ri The Widest Range of Components in the Midlands 

hmmjMi * c„.s. .young .0. 
CHAS. H. YOUNG LTD. * PART EXCHANGE 

170-172 Corporation Street, 
At your service G2AK, G3LAY, G3VFV . . 
Please print your address. No C.O.D. under £1. phon© 021—236 1635 [fniing am 
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(0. A FAST EASY WAY 

TO LEARK BASIC RADIO 

AND ELECTRONICS 
Built) as you learn with the exciting new 
TECHNATRON Outfit! No mathematics. 
No soldering—but you learn the practical way. w. J    ■■ /Jl UUIIVUI f*UJ 

Now you can learn basic Radio and Electronics at home—the 
fast, modern way. You can give yourself the essential technical 
know-how sooner than you would have thought possible— 

read circuits, assemble standard components, experiment 
smH W ^a!5d e",J0Z every moment of it- B.I.E.T's Simplified Study Method and the remarkable new TECHNATRON Self- 
Build Outfit take the mystery out of the subject—make learn- 
ing easy and interesting. 

Even if you don't know the first thing about Radio now, 
you II build your own Radio set within a month or so! 
. . and what's more, 

YOU'LL UNDERSTAND 
EXACTLY WHAT YOU 
ARE DOING? The Tech- 
natron Outfit contains every- 
thing you need, from tools to 
transistors ... even a versatile 
Multimeter which we teach 
you how to use. You need 
only a little of your spare 
time, the cost is surprisingly 
low and the fee may be paid 
by convenient monthly instal- 
ments. You can use the 
equipment again and again— 
and it remains your own 
property. 
You LEARN-but it's as 
fascinating as a hobby. 
Among many other interest- 
ing experiments, the Radio 
set you build—and it's a good 
one—is really a bonus; this is 
first and last a teaching 
Course. But the training is as 
rewarding and interesting as 
any hobby. It could be the 
springboard for a career in 
Radio and Electronics or 
provide a great new, spare- 
time interest. 

BRITISH INSTITUTE OF 

ENGINEERING TECHNOLOGY 
Dept. 370B, Aldermaston Court, 

Aldermaston, Berkshire. 

A 14-year-old could under- 
stand and benefit from this 
Course—but it teaches the 
real thing. Bite-size lessons— 
wonderfully clear and easy to 
understand, practical projects 
from a burglar-alarm to a 
sophisticated Radio set . . . 
here's your chance to master 
basic Radio and Electronics, 
even if you think you're a 
'non-technical' type. And, if 
you want to carry on to more 
advanced work, B.I.E.T. has 
a fine range of Courses up to 
A.M.I.E.R.E. and City and 
Guilds standards. 
Send now for free 164-page book. 
Like to know more about this 
intriguing new way to learn 
Radio and Electronics? Fill 
in the coupon and post it 
today. We'll send you full 
details and a 164-page book 
—'ENGINEERING OP- 
PORTUNITIES*—Free and 
without any obligation. 

164 
pajes 

POST 
ms 
COOPOAj) address 
mu/ii 

I dept. 370B, ALDERMASTON COURT, | ALDERMASTON, BERKS. 
II would like to know more about your 

Practical Radio & Electronics Course. Please 
| send me full details and FREE 164-page book. 

name  

age. 

JACKSON ® 
the big name in PRECISION components 

The Latest Transmitter Capacitor 

Type TX 5 

Variable Capacitor 

Ceramic insulation. End 
area 2| x 1\!'. Heavy gauge j 
aluminium vanes with radi- 
used edges. 
.128'^ air gap up to ISOpF. 
.064" air gap up to SOOpF. 
.036" air gap up to lOOOpF. 
Designed for use in radio transmitting and power 
oscillators. Split stator models also available to order. 

Wr/fe for details 

-VJ 

m 
JACKSON BROS. (London) LIMITED 

Dept. RC, KINGSWAY-WADDON, CROYDON, CR9 4DG 
Phone Croydon 2754-5 (01-688). Grams Walfilco, Croy- 
don. U.S. Office; M. Swedgal, 258 Broadway, N York 
N.Y. 10007. 

Be on 

target 

% '5. 

Heathkitfest twin s 

Hobbyists, Radio Technicians, here's the Valve 
Voltmeter and Transistor Tester for YOU - 
reliability, dependability, value! Also models 
for leisure entertainment, Hi-Fi, SW listening 
and all branches of Industry and Education. 

SAVE 

TODAY - THE 

HEATHKIT 

WAY 

o^' 

' yg" _<V-- 

(0® v\w 

?\e0 -w 
6^ 
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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. 
DTB4 Transistor & Valve circuitry for DP. 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 MODERN BOOK CO 

The Hi-Fi and Tape Recorder Handbook by 
G. J. King. 40s. Postage 2s. 
Servicing With The Oscilloscope by 
G. J. King. 28s. Postage 1s. 
Solid State Hobby Circuits Manual by 
R.C.A. 17s. 6d. Postage 1s. 
Transistors For Technical Colleges by 
L. Barnes. 25s. Postage Is. 
Beginner's Guide to Radio Control by 
R. H. Warring. 18s. 6d. Postage Is. 
TV Fault Finding 405 625 Lines by 
J. R. Davies. 8s. 6d. Postage 6d. 
Colour Television Pal System by 
G. N. Patchett. 40s. Postage 1s. 

Electronics & Radio An Introduction by 
M. Nelkon & H. I. Humphreys. 30s. 
Postage Is. 6d. 
World Radio TV Handbook 1969. 
42s. Postage 1s. 
Radio Communication Handbook by 
R.S.G.B. 63s. Postage 4s. 6d. 

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 

I.. THE RADIO CONSTRUCTOR DO 

Practical Integrated Circuits by 
A. J. McEvoy. 18s. Postage 1s. 
Television Engineers' Pocket Book by 
J. P. Hawker. 21s. Postage 1s. 
Electronics Made Simple by 
Henry Jacobowitz. 15s. Postage Is. 
Electronics in Photography by 
Byron G. Weis. 30s. Postage 1s. 

Electronic Computers Made Simple by 
Henry Jacobowitz. 10s. Postage Is. 
Record Changers How They Work by 
Louis M. Dezettel. 28s. Postage Is. 
Novel Electronic Circuits by 
John Potter Shields. 28s. Postage 1s. 
VHF-UHF Manual by 
G. R. Jessop. 21s. Postage 1s. 
Rapid Servicing of Transistor Equipment by 
Gordon J. King. 30s. Postage Is. 

Hi-Fi in The Home by 
John Crabbe. 40s. Postage Is. 6d. 



Speedup 
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This big RADIO & TELEVISION SERVICING repair library will 
help you speed up your repair work and increase your earnings. 
Packed with 2,657 circuits, component la/out diagrams, printed 
panel diagrams, tables and waveform graphs, 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 today 
—there's absolutey no obligation to buy. 

RADIOS • RADIOGRAMS • CAR 
RADIOS • RECORD PLAYERS 
TAPE RECORDERS TV's 

including 

1000 POPULAR MODELS 

from 1969 right back to 1965 

Servicing data for all these makes 
Aiwa, Alba, Baird, Beogram, Beolit, Blaupunkt, B.R.C., 
Bush, Carousel, Cossor, Dansette, Decca, Defiant, Dyna- 
port, Dynatron, Eddystone, Ekco, Elizabethan, Ever 
Ready, Ferguson, Ferranti, Fidelity, G.E.C., Grundig, 
Hacker, H.M.V., Hitachi, Invicta, K.B., Klinger, Kolster- 
Brandes, Lowe-Opta, McMichael, Marconiphone, Master- 
Radio, Monogram, Motorola, Murphy, National, Newmatic, 
Pam, Perdio, Peto-Scott, Philco, Philips, Portadyne, Pye, 
Radiomobile, Radionette, R.G.D., Regentone, Roberts' 

Radio, Robux, Sanyo, Sharp, Smith's Radiomobile, Sobell, 
Sony, Standard, S.T.C., Stella, Stereosound, Telefunken, 
Teletron, Thorn, Trans Arena, Ultra, Unitra, Van Der 
Molen, World Radio 

SENT TO YOU BY POST ON 

rni miR tv I ou BY POST ON 

IvIILUUli TWI 7 nAvc CDEC tdiai 
All aspects of Colour TV are covered—from installation to M ■ r% I Qwr M H 8 BL- ILL g gB H AS L static convergence. The vital information in "this section ■ - — m B E3 M na M 
makes this repair library invaluable to the Service Engineer. 

I Jo: Buckingham Press Ltd., P.O. Box 14, Gatehouse Rd., Aylesbu^TI I Bucks. Please send RADIO & TV SERVICING-4 volumes, without obli- 1 

gation to buy if you accept my application. I will return the books in I o days or post: 
| Tick □ Full cash price of £16, or 
| here □ 20/- dep. and 16 monthly payments of 20/-, paying £17 in all. 

If under 21 your father must fill in coupon. 
I Full Name   

I (BLOCK LETTERS PLEASE) 
I Address   

Phase lid f/J here 
The address on left is ^My/our property (~j 

I County 
Occupation 

| Signature   
RV4/4088 

Mr. 
Mrs. 
Miss 

Rented unfurnishedLJ 
Furnished accom|~| 
Temporary addressl i 
,, .lutie of the above please answer here 

SEPTEMBER 1969 
69 



From Pitman 

Transistor Electronic 

Organs for the Amateur 

Alan Douglas & S. Astley 
Second Edition 20s. net 

This second edition leaves the basic tonal design of 
the organ unaltered but the authors have exploited 
many of the changes in transistor circuitry that have 
taken place since the original organ was built and 
have corrected errors and omissions. 

Radio Communication 

J. H. Reyner & P. J. Reyner 
Second Edition 60s. net Paperback 45s. net 

Here is a book covering the work required for the 
City and Guilds Telecommunications Technicians 
Certificate (Radio Subjects) to final year. 

Sir Isaac Pitman & Sons Ltd. 

Pitman Publishing 

Radio Upkeep and Repairs 

A. T. Witts 
Ninth Edition 20s. net 

A practical handbook on servicing principles and 
receiver maintenance for the man who is training to 
be a radio mechanic, for the service man wanting a 
handy reference, and for the keen amateur. The book 
is full of valuable hints and tips on how to locate 
faults and how to correct them. 

Worked Radio 

Calculations 

A. T. Witts 
Third Edition 16s. net 

Graded practical examples for Radio Service Engi- 
neers, Wireless Operators, and students of radio. 

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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LIMITED 
FULLY TESTED AND MARKED 

AC 107 
AC126 
AC 127 
AC 128 
AC176 
ACT 17 
AF114 
AFI15 
AF1I6 
AC117 
AF186 
AF1 39 
AF239 
BFY50 
BSY25 
BSr26 
BSY27 
BSY28 
BSY29 
BSY95A 
OC4I 
OC44 
OC4S 
OC7I 
OC72 
OC73 
OC8I 
OC8ID 
OC83 
OCI39 
OCI40 

2/6 
2/6 
2/6 
3/- 
3/6 
3/6 
3/6 

10/- 
10/- 
12/6 
4/- 7/6 

1: 

£ 1/11 
1/9 
2/6 
2/6 
3/6 
2/6 
2/6 
4/- 
2/6 
3/6 

3/- 
4/- 
3/6 
7/- 2/6 
2/6 

10/- 

OCI70 
OC171 
OC200 
OC201 
2G30I 
2G303 
2N711 
2N1302-3 4/- 
2N1304-5 S/- 
2N1306-7 6/- 2N1 308-9 8/- 
2N3844A 5/- Power 
Transistors OC20 10/- 
OC23 
OC25 
OC26 
OC28 
OC35 
OC36 
ADI49 
AUY10 
2N3055 
Diodes 
AAY42 
OA95 
OA70 
OA79 
OAS 1 
IN914 

10/- 
8/- 
7/6 
7/6 

ll'r- 15/- 

i/': 1/9 
1/9 
1/9 
1/6 

FREE 
» Packs of your own choice 

up to the value of 10/- 
" with orders over £4. 

TRY OUR X PACKS FOR 

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

PRICE £5 PER 1,000 
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 £4.5.0 PER 500 £8 PER 1,000 

POST & PACKING 2/6 U.K. 
XC PAK 
Silicon diodes miniature glass types, finished 
black with polarity marked, equivalents to 
OA200, OA202, BAY31-39 and DKI0, etc. 

PRICE £4.10.0 PER 1,000 
POST & PACKING 2/6 U.K. 

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 7S% 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. 

NEW TESTED & GUARANTEED PAKS 
B2 4 Photo Cells, Sun Batteries. Inc. book of instructions. 10/ 
B77 2 AD161-AD162 NPN/PNP 

Trans. Comp. output. Pair 10/- 
B79 J 1N4007 Sil. Rec. Diodes. 
 1000 Piv. I amp Miniature. 10/- 
B81 1Q Reed Switches. Mixed types 

large and small. 10/ 
B89 2 5SP5 Light Sensitive Cells. Light res. 400^. Dark 1MJ2. 10/ 
B91 g NKT163/164 PNP Germ, to 
 —5. Equiv. to OC44, OC45. 10/- 

B92 4 NPN Sil. Trans. A06=BSX 20, 
2N2369, 500 MHz, 360 mW. 10/- 

B93 C GET113 Trans, equivalent to 
ACY17-21 PNP Germ. 10/- 

B94 A NPN Sil. Planar Epitaxial 
Trans. CS4 similar to BSY38 
or BC108. 

10/- 

B96 c 2N3I36 PNP Sil. Trans. TO- in/ 
18. HFE100-300. IC.600mA. ,U/" 
200 MHz. 

B98 "IQ XB 112 & XBI02 equlv. to Ift/ ,u ACI26, ACIS6, OC8I/2, ,U/' 
OC71/2, NKT27I, etc. 

699700 Capacitors, Electrolytics, in/ Paper, Silver Mica, etc. IU/- 
Postage on this pak 2/6. 

H4 250 Mixed Resistors. 
Post & packing 2/-. 10/- 

HUGE CLEARANCE OF UHF/VHF TUNER UNITS REJECTS 
Stocks Almost Exhausted ! Place Your Orders NOW ! !! 

Fantastic Transistor Value ! 
TU.2. Containing 2 AF186's & 2 AF178's 
TU.3. Containing 2 AF186's & 2 AF178's 

PLUS Waveband Slider Switch 

PRICE 10/- each Unit 

PRICE 12/6 each Unit 
2L6.,each. ynit.- AJJ tfie Units have many other components, e.g. Capacitors, Resistors, Coils and Tuning Condensors. etc. Connection data supplied with ail Tuner Units. 

0- 

special offer 

Germanium 

Rectifiers 

Hullard Type 
GEX541-BP 

48 volts. 5 amps 
Ust Price 58/" 

QUR PWcEl0/' 

NEW UNMARKED UNTESTED PAKS 

Return of the unbeatable P.l Pak. 
Now greater value than ever 

Full of short lead semiconductors and electronic 
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 |0/ 

2/- P & P on this Pak. 

B78 ,2 Integrated Circuits, Data & Ift/ 
Circuits of types, supplied ,u/" 
with orders. 

B80 O Dual Trans. Matched O/PlfW 
 pairs NPN, Sil. in TO-S can. ,U/" 
B82 IQ OC4S, OC810 & OC8I in/ 
  Trans, Mullard glass type. 
*183 200rrans- Makers rejects. NPN/ m/ 

PNP. Sil. & Germ. ' 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 rev. counter for 20/- each 
any car. State 4 or 6 cylinder. 

B84 TOQSil icon Diodes DO-7 glass in/ 
equiy. to OA200. OA202. ''J/' 

666 ISOH'Sh l^ity Germ. Diodes, in/  Mm. glass type, iv/- 
B86 JO I'L Diodes sub. min. IN9I4 in/ & IN916 types. iv/- 

FREE CATALOGUE AND LISTS for.- 
ZENER DIODES 

TRANSISTORS, RECTIFIERS 
FULL PRE-PAK LISTS 

& SUBSTITUTION CHART 
B87 IflftGerm. PNP Trans, equiv. to in/ 

OC44, OC45. OC81, etc. lV' 
B88 50 S'1- Trans. NPN, PNP. 10/ equivalent to OC200/1, "V/- 
 2N706A. BSY95A, etc.  
B60 IQ 7 Watt Zener Diodes. lft/ 
 Mixed voltages.  IQ/" 
H5 l^ 1 Amp. Plastic Diodes. 50- 10/- 

1000 Volts. IU/ 

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

40 250mW. Zener Diodes ' T ar-l-- T- 

MULLARD DATA BOOK 
Semiconductor & Valve 

Data & equivalents. 3/6 

[FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 1 

SEPTEMB] 

■P PAK LTD 
DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA. ESSEX 
TELEPHONE: SOUTHEND (0702) 46344 
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There are Catalogues 

AND Catalogues! 

D 

Ours is THIS kind... 

€ 

. . . the kind that's 

INDEXED THOROUGHLY F'rinstance "Aerials 
under "A" and "Telescopic Aerials" under "T". 

Telescopic" 

PLANNED LOGICALLY Having over 8,000 items it needs to be! 
Components are listed alphabetically in logical sections. 

ILLUSTRATED PROFUSELY Over 1,800 pictures. Some are 
photos some are drawings, but all clearly show the features you 
look for. 

PRINTED CLEARLY No eyestrain here. Large easy-to-read type, 
on 330 sensible-size pages—9J" x 7J" (ignore our artist's 
enthusiastic exaggeration!) 

BOUND SECURELY This catalogue is bound to receive long 
and frequent use. Glossy laminated covers don't show finger- 
prints, don't tear easily, 

PRICED REASONABLY Just 8/6d. plus 3/6d. for post, pack- 
ing and insurance. Folk tell us it's worth twice the price! We 
quite agree. 

Yes — the Home Radio Catalogue is a pleasure to buy and to use. 

PiWO li 

v:- 

APPEAL 
SEPT. 15th-20th 

c/re rot* TMOS£ **0 I c-aff 
By the way, every Catalogue contains six 
Vouchers, each worth 1/- when used as 
directed, and we supply free a 30-page Price 
Supplement, a Bookmark giving 
electronic abbreviations and, of 
course, an Order Form. 

POST THIS COUPON NOW 

with cheque or P.O. for 12/. 

The price of 12/- applies only to catalogues 
purchased by customers residing in the U.K. 
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SUGGESTED CIRCUIT No. 226 

BATTERY SAVER FOR 

BEDSIDE RADIOS 

by G. A. FRENCH 

yiP 

i 

m ^ rs 
mm 

1 

IT IS PLEASANT TO HAVE A TRAN- 
sistor radio in one's bedroom, 
since it is then possible to settle 

down to sleep against a background 
of radio music. How often does it 
happen, however, that one wakes up 
on the following morning to find 
that the transistor radio is still play- 
ing, having been left switched on all 
night! 

This month's "Suggested Circuit" 
describes a simple delayed switch- 
ing circuit which may be added to 
any standard 9-volt transistor radio. 
When switched in, the delay circuit 
allows the transistor radio to con- 
tine running for about three-quar- 

ters of an hour, after which it turns 
the receiver off. It is possible, in 
consequence, to switch off the bed- 
room light and drift off into sleep 
whilst the radio is still playing, 
having the comforting knowledge 
that it will switch itself off auto- 
matically when the delay period has 
elapsed. 

The delay circuit has the advant- 
age that only a few components 
are required, but the disadvantage 
that one of these is a rather bulky 
electrolytic capacitor. As a result, it 
may not be possible to fit the cir- 
cuit into very small receivers having 
compact internal layouts. If, never- 

Out 

4-7n 
Vw ' n 

TR, 
ACY19 

S3200gF | 
+ IOV TR2 9V 

Receiver 
battery 

To receiver BCI68C 
circuits 

2-2Mn 
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Sla 

Receiver 
on-off 
switch o o 

BCI68C ACY19 
Lead-outs Lead-outs 

Fig 1 The delayed switch-off circuit. This is incorporated 
immediately after the on-off switch of the associated receiver 
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theless, a receiver of this type were 
adapted to run from an external 
battery when it is used in the bed- 
room, the delay circuit could easily 
be incorporated in a small unit with 
the external battery. 

As a final introductory point it 
should be mentioned that the delay 
circuit does not employ a relay. The 
switching action is carried out by a 
transistor. 

SWITCHING CIRCUIT 

The switch-off delay circuit 
appears in Fig. 1, and it is in- 
tended for installation between the 
on-off switch of the receiver and 
the remainder of the receiver cir- 
cuits. Transistors TR1 and TR2 are 
coupled together in a manner which 
allows a very high level of current 
gain to be achieved. The writer has 
used the same transistor combina- 
tion in an earlier "Suggested Cir- 
cuit"*, in which it was similarly 
employed for controlling the power 
supply to a transistor radio. An im- 
portant feature of the circuit is the 
choice of a BC168C for TR2, this 
transistor having the extremely high 
gain figure of 450 to 900. (The 
BC168C is available from Amatro- 
nix, Ltd.). In the present instance 
it is merely necessary to point out 
that TR1 is held hard on for load 
currents of up to 50mA flowing 
between its emitter and collector 
when a current of slightly more 
than 1/iA flows to the base of TR2. 
Thus, provided that the requisite 
base current flows in TR2, TR1 
allows full battery voltage (less a 
fraction of a volt dropped in the 
transistor) to be applied to the cir- 
cuits of the transistor radio. 

In Fig. 1, switch SI (a) (b) will 
be normally in the "Out" position 
SI (a) then causes the positive supply 
* "Suggested Circuit No. 222 — Light 
Operated Radio Switch", The Radio Con- 
structor. May, 1969. 
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Fig. 2. The solid line shows a representative discharge curve tor 
an electrolytic capacitor discharging into its own leakage 
resistance. The standard exponential discharge curve is given 

in dashed line 

line to be applied to the lower 
ends of R1 and R2, and to the posi- 
tive terminal of Cl. When the re- 
ceiver is switched on Cl is, in con- 
sequence, charged to the full 9 
volts provided by the battery. Also, 
Sl(b) short-circuits TR1 and R3, 
thereby eliminating the small volt- 
age drop in TR1 which occurs when 
it is conducting, plus that in R3. 
The receiver is operated in the 
usual fashion, and is switched on 
and off by its own on-off switch. 

When it is desired to introduce 
the delayed switch-off facility the 
receiver on-off switch is left in the 
closed position and SI (a) (b) is 
thrown to "In". The short-circuit is 
taken off TR1 and R3, and the bat- 
tery supply is now fed to the re- 
ceiver circuits by way of these two 
components. A base current well in 
excess of 1/iA flows to TR2 via Rl, 
causing TR1 to be hard on. Since 
TR1 is conductive, the receiver con- 
tinues to operate. At the same time 
the positive terminal of Cl is dis- 
connected, by Sl(a), from the posi- 
tive supply rail. Cl now commences 
to discharge, the discharge currents 
flowing through Rl and the base- 
emitter junction of TR2, through 
R2, and through the internal leak- 
age resistance of the capacitor it- 
self. Due to the very high current 
gain in TR1 and TR2, the initial 
discharge current flowing to the 
base of TR2 via Rl is sufficient to 
maintain TR1 hard on, and the con- 
trolled receiver continues to play. 
After a period the voltage across 
Cl falls to a level at which the con- 
sequently reduced discharge current 
in Rl cannot maintain TR1 fully 
conductive, and the supply voltage 
applied to the receiver circuits com- 
mences to fall. When this supply 
voltage is insufficient to allow the 
receiver oscillator to function the 
set becomes silent. The supply volt- 
tage continues to fall until it reaches 
a negligibly low value. The current 
finally passed by TR1 is transistor 
leakage current only. 

The receiver has therefore been 
initially silenced, after which the 
current drawn from the battery has 
further reduced, falling eventually 
to an insignificantly small level. The 
circuit has thus fulfilled its function 
and it remains in this state until 
Sl(a) (b) is returned to the "Out" 
position. The set then proceeds to 
operate in normal manner. When 
desired, another delayed switch-off 
cycle can be initiated at any time 
by once more setting Sl(a) (b) to 
the "In" position. 

CAPACITOR DISCHARGE 

As will have been gathered from 
the description of circuit operation 
just given, the delay circuit enables 
very nearly full supply voltage to 
be applied to the receiver circuits 
until the end of the delay period. 
The delay circuit does not then, 
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however, turn off the supply instan- 
taneously but allows the current 
passed by TR1, and hence the volt- 
age across the receiver supply rails, 
to fall gradually. 

It is desirable that the time during 
which the current passed by TR1 
is reducing gradually should be kept 
as short as possible, because this 
represents a period when battery cur- 
rent is wasted since it is not being 
used to provide an audible output 
from the receiver. A further factor, 
which has not been mentioned, is that 
it is preferable, in order to save cost 
and space, to keep the value of 
delay capacitor Cl as low as pos- 
sible consistent with the achieve- 
ment of a long delay period. These 
requirements are conflicting, as will 
next be explained. 

The longest possible discharge 
time of which Cl is capable is pro- 
vided when it is allowed to dis- 
charge through its own leakage re- 
sistance, with no external resistor 
connected across it. A large-value 
electrolytic capacitor can take a 
surprisingly long time to discharge 
completely under these conditions. 
Unfortunately, the leakage resistance 
of an electrolytic capacitor is not 
constant, but increases as the volt- 
age across the plates reduces, result- 
ing in a voltage/time discharge 
curve of the type shown in solid 
line in Fig. 2. As may be seen here, 
the voltage across the plates of the 
discharging capacitor drops relative- 
ly rapidly at first but then falls very 
much more slowly as, at the re- 
duced voltage, the leakage resist- 
ance increases. Also shown in Fig. 
2, in dashed line, is the normal 
exponential discharge curve for a 
capacitor and resistor in parallel. It 
will be seen that the electrolytic 

capacitor discharging through its 
own leakage resistance "lingers" at 
the lower voltages for a much longer 
period than does a capacitor obey- 
ing the exponential discharge law. 

Returning to Fig. 1, if R2 were 
omitted and Cl allowed to dis- 
charge mainly through its own leak- 
age resistance, very long switch-off 
delays could be achieved with quite 
low values in Cl. However, after 
the voltage across Cl had dropped 
to the level at which TR1 ceased to 
be fully conductive the subsequent 
fall in Cl voltage would be rela- 
tively very slow and the period 
during which TR1 remained partly 
conductive very much longer. The 
advantage of using a small value in 
Cl would be completely outweighed 
by excessive waste of battery cur- 
rent after the controlled receiver 
had been silenced. 

A compromise is reached in the 
present circuit by using a somewhat 
large value for Cl, and by shunting 
it with the fairly high value resistor 
R2. Cl then discharges mainly 
through R2 and only partly through 
its own leakage resistance, thereby 
approaching more closely the true 
exponential voltage/time discharge 
curve. 

To assess the performance given 
by the combinations of Cl and R2, 
the output of the switching circuit 
(i.e. the two circuit points at the 
left of Fig. 1) was coupled to a 
30012 resistor instead of to the cir- 
cuits of a transistor receiver. A 
30012 resistor draws a current of 
30mA at 9 volts and is reasonably 
representative of a transistor re- 
ceiver playing at a fairly high out- 
put level. Fig. 3 shows the results 
obtained with the prototype circuit, 
illustrating that the voltage across 
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Fig. 3. The result given by the prototype switching circuit when 
coupled to a 300n load 

the load remained constant at slight- 
ly less than 9 volts for nearly three- 
quarters of an hour after SI (a) (b) 
had been switched to the "In" posi- 
tion. The voltage then fell fairly 
quickly, dropping to a negligibly 
low value after slightly more than 
an hour and a quarter from the 
start. The current in the load resis- 
tor is, of course, proportional to the 
voltage across it. As may be seen 
from Fig. 3, the average current 
drawn during the half-hour after 
which the voltage commenced to 
fall is about one-half of the full 
current. It can be argued, in conse- 
quence, that the switching circuit 
.has enabled full voltage and current 
to be applied to the load for nearly 
threequarters of an hour, at a cost 
of a further quarter of an hour of 
wasted full current. 

This performance seems to be 
more than acceptable for practical 
purposes, bearing in mind, in partic- 
ular, the considerable simplicity of 
the delay switching circuit. The only 
disadvantage is that C1 requires the 
fairly high value of 3,200/jF. 

CAPACITOR PERFORMANCE 

The manufacturers of electrolytic 
capacitors normally only quote the 
maximum leakage current which is 
to be expected in their products, and 
this is usually very much higher 
than the leakage current the capaci- 
tors actually exhibit. In conse- 
quence, the delay capacitor, Gl, is 
used in an application which is not 
covered by manufacturers' specifica- 
tion, since it is expected to pass a 
leakage current (through its leakage 
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resistance) which is much lower 
than the manufacturer's maximum 
figure. Experience with high-value 
capacitors bears out, however, that 
the performance obtained in the 
writer's prototype circuit should be 
approximately duplicated in other 
circuits built up to Fig. 1, although 
there is no guarantee that an in- 
dividual capacitor might not exhibit 
a higher leakage current whilst still 
being within manufacturer's specifi- 
cation. It can be anticipated that the 
delay offered with other capacitors 
may not be exactly equal to that 
illustrated by the curve of Fig. 3. 
Taking into account, also, variations 
in gain in TR1 and TR2 it would 
seem reasonable to expect that the 
switch-off delay in other circuits 
made up to Fig. 1 may range be- 
tween about half-an-hour and an 
hour. The actual switch-off delay 
can only be ascertained by checking 
it in practice. 

The capacitor employed in the 
prototype was a 3 ,200/jF 10V com- 
ponent in the Mullard C431BR 
series. It has been the writer's ex- 
perience that capacitors in this series 
offer consistently low leakage cur- 
rents and are, as a result, particular- 
ly suitable for a circuit of the 
present type. It should be remem- 
bered that, when voltage is applied 
across a high value capacitor after 
it has been in store for a long 
period, quite an appreciable time is 
required for it to form and give its 
final performance. Several runs with 
the circuit should be undertaken 
before the usefulness of the capaci- 
tor is finally evaluated. 

Turning to the other components 

in the circuit, TR1 and TR2 have 
already been dealt with, The three 
resistors, Rl, R2 and R3, may be 
i watt 10% components. R3 is 
merely a limiter resistor, and it 
limits switch-on surge currents in 
TR1. Its position in the circuit is 
such that it also limits switch-on 
surge currents in C1 as well. 

Switch SI (a) (b) is a double-pole 
single-throw component and may 
have a toggle, slide or rotary action. 
If desired, Sl(b) may be omitted, 
whereupon the battery supply to the 
receiver is fed via R3 and TR1 all 
the time. This alternative arrange- 
ment has the slight disadvantage 
that the small voltage drop across 
these two components is always pre- 
sent, and the slight advantage that 
the only switch required is the 
single-pole single-throw component 
shown in Fig. 1 as Sl(a). 

PRACTICAL PERFORMANCE 

When SI (a) (b) is in the "Out" 
position, additional current is drawn 
from the receiver battery via Rl, 
R2 and the leakage resistance of 
Cl. The current in the two resistors 
is very small, being about 4^A and 
23/iA respectively. The leakage cur- 
rent at nine volts in the electrolytic 
capacitor employed in the prototype 
was about 25/iA. All these currents 
are only drawn when the receiver is 
switched on and are extremely small 
when compared with the normal re- 
ceiver current. 

When describing the performance 
illustrated by Fig. 3, it was stated 
that the voltage dropped to a 
negligibly low level slightly later 
than one and a quarter hours after 
the start of the delay period. The 
current in the load at that time, as 
measured in the test circuit, was 
0.3mA. This current continued to 
fall until, after a further quarter of 
an hour, it consisted of transistor 
leakage current only, and was 
actually less than 20^A. 

When feeding into the 30mA load 
offered by the 30012 resistor, the 
voltage dropped across R3 and the 
conducting TR1 was slightly in ex- 
cess of 0.5 volts. 

As a final point, Fig. 1 assumes 
that the receiver in which the delay 
circuit is incorporated has a double- 
pole on-off switch. The circuit may, 
of course, be similarly employed 
with a receiver having a single-pole 
on-off switch. When Sl(a) (b) is in 
the "Out" position, the receiver will 
take a little longer to become silent 
after switching off due to the 
presence of Cl. The receiver cir- 
cuits will very probably have a high 
value electrolytic bypass capacitor 
across the positive and negative 
supply rails, and the delay circuit of 
Fig. 1 must appear between the on- 
off switch and this capacitor. If such 
a capacitor is not fitted in the re- 
ceiver circuits, limiter resistor R3 
could be omitted. 
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by X 
FRANK A. BALDWIN 

(All Times GMT) 
• TOPIC 

In a recent issue (June 1969) 
when writing under a pen name, 
I pointed out that many listeners 
found difficulty in obtaining in- 
formation on publications provid- 
ing some of the constant flow of 
information required by the keen 
Broadcast bands operator. 

Very few books are published 
specifically for the interest of 
short wave listeners and it is 
quite an event when one appears 
on the bookstalls. Two such pub- 
lications have, however, recently 
been released. The first is How 
To Listen To The IVor/d—pub- 
lished by World Radio-Television 
Handbook Co. Ltd., and available 
at 25/- plus 1/- postage from the. 
Modern Book Co., 19 Praed Street, 
London W.2. 

Between the covers of this pub- 
lication is a veritable mine of in- 
formation on ail aspects of Dx-ing 
written by some of the world's 
foremost listener experts. Chap- 
ters on such subjects as - First 
Steps in Dx-ing; Selecting a Short 
Wave Receiver: Physics of the 
Ionosphere; Measuring Frequencies 
and Calibrating Receivers; How 
to Report to Stations; Tape Re- 
cording of Reports; Broadcasting 
in Peru and Languages in Inter- 
national Radio, Many other chap- 
ters - there are 45 in all - on 
other aspects of listening are in- 
cluded. Among the many well- 
known listeners who have con- 
tributed to this publication, the 
writer noted two British enthusiasts 
- Charles Molloy of Southport, an 
expert on Medium Wave Dx-ing 
and Alan Thompson of Neath, an 
experienced top-flight short wave 
Broadcast bands Dx operator. 
Much useful information is included 
even for the seasoned listener. 

The second publication of the 
utmost importance to s.w. Broad- 
cast bands listeners has recently 
been released - World Radio-TV 
Handbook Summer Supplement. 
A copy of this may be obtained 
from the bookshop mentioned 
earlier at 17/6 plus 1/- postage. 
This latest edition contains all the 
up-to-date information currently 
available on frequency and wave- 
length listings throughout the 
Long, Medium and Short Wave 
ranges and also the many TV 
channels. 

This publication is a must for 
all who operate receivers over the 
SEPTEMBER 1969 

various bands, especially where 
a correct record of frequency 
listings is maintained. All the 
many changes are included and, 
where Short Wave Operation is 
the main interest, this book pro- 
vides all the very latest information, 
in handy form, easily available to 
the short wave listener. 

Also of interest to s.w.l.'s is the 
World Radio Bulletin published by 
World Publications. Lindorfsalle 1, 
Hellerup, Denmark. Published 
twice monthly, it contains informa- 
tion on all the latest news, fre- 
quency changes, schedules, new 
stations, addresses and pro- 
grams, etc., of stations around the 
world. A sample copy is available 
on request and an annual sub- 
scription (26 issues) costs 36/-. 
• AMATEUR BANDS 

The past few weeks have pro- 
vided plenty of Dx on these fre- 
quencies provided, as always, that 
one was prepared to spend some 
time 'digging' for it under the 
semi-local transmissions — this 
particularly applying to the c.w. 
portions of the various bands. 

On 'Top Band' the usual sum- 
mer conditions applied—plenty of 
heavy static varying reception con- 
ditions from the tolerable to the 
impossible! 
1.8MHz 
CW: GI3SLM, GM3UYF, GW3UMB, 
GW3XJC, OKI AFK, OK1JKR, 
OK1JMF. OK2SEX, OK3YAO, 
OL1AFO, OL1AKG, OL1ALM, 
OL2AIO, OL2AKS, OL2ALS, 
OL5ALY, OL9ADO. 
7MHz 
CW: CX7BY, HC2HMC, HK1BDE/4, 
PY1DMF, PY2DFR, PY3CFB 
PY7AWW, PY7AZQ, ZL1AH. 
14MHz 
CW: CR6AL, CR6KB, CP4AB, 
FL8MB, HC2RT, HK7BDA, HS2AAF, 
JA3AOI/MM, (off ZF1), JA3GZN, 
JA3QQO, JA7TGO, JA8ZO, KZ5HC, 
LU1EC, VK2AMB, VK2QU, XE1RA, 
ZE2KL, ZL2CC, ZL3ADF, 9J2CL, 
9J2MG, 9Y4DS. 
SSB: EP2CB, FG7XL, HC2PC, 
HC2RZ, HK0BIS, HK3AUE, HK3MT, 
HK3SJ, HK4DF, HP1AS, HR1KS, 
JA2BTV, KG4DS, KZ5JW, PJ2CC, 
PJ3CA, TG9VD, TI2ES, VK3VK, 
VK4HA, VK7AZ, VP2VV, XE1AE, 
XEIOE, XE1KV, YN1RTS, YN20M, 
YSIO, ZF1GC, ZL1ACP, ZL2BS, 
ZL2LA, ZS3BP, 5N2AAF, 6Y5GB, 
9Y4LP. 
21Mc/s 
CW: C02BB, 002 KG, CR6BX, 
CR6KB, CR6LK, HC3GG/1, 
JA0BYS, JA2CLI, JA3CNQ, KR8EA, 
KX6DQ, MP4TAF, PZ1CM, TJ1AJ, 
6W8BM, 8P6BU. 
• BROADCAST BANDS 

This is the 'season' for best 
reception of the South American 
low-powered stations and listed 
here are some of the results of 
recent operating sessions on the 
lower frequencies, 
3240kHz 0358 0BX4U Lima, Peru, 

ending a programme of Latin 
American songs with the identi- 
fication "Radio America". 

3250kHz 0305 OCX7D Juliaca, 
Peru, with identification as 
"Radio Collasuyo" (also at 

0257). Channel blotted out at 0310. 
3265kHz 0247 ZFT Georgetown, 

Guyana, heard with identifica- 
tion in English and closing with 
their National Anthem. 

3300kHz 0420 Belize, B. Honduras, 
with a talk in English. Tentative 
logging - QRM from strong un- 
modulated carrier on channel. 

3330kHz 0350 OAX1M R. Pro- 
gresso, Peru, with Andean type 
flute music. Signed off suddenly 
after announcement in Spanish 
at 0357, no National Anthem. 
Weak signal, tentative logging 

3350kHz 0254 OAX5J lea, Peru, 
with a song programme. Identi- 
fication as "Radio Indepencia, 
lea" at 2050. Signed off with 
slowly rendered choral song at 
0254. 

3380kHz 0250 TGCH Jocatan, 
Guatemala, featuring light music. 
This station often radiates organ 
music. 3 chimes between com- 
mercials. Identification and 5 
chimes at 0334. 

5045kHz 0425 CP38 La Paz, 
Boliyia, with Latin American 
music and identification "La 
Voz de Altiplano". 

5180kHz 0331 OAX8F Lima, Peru, 
with light music and identifica- 
tion. 

6040kHz 0243 HJLB Ibague, 
Colombia, with a programme of 
Latin American music and iden- 
tification "La Voz del Tolima" 

6075kHz 0315 HJCT Sutatenza, 
Colombia, with news in Spanish 
and identification. 

6160kHz 0259 HJKJ Bogata, 
Colombia, with a commentary 
in Spanish and identification 
"Emisora Nueva Granada" 

6250kHz 0305 OAX7A Cuzco, 
Peru, with 2 chimes and identi- 
fication "Radio Cuzco". Cuzco 
is an ancient town situated in 
the Andes at an altitude of 
11,400ft. in the valley of the 
Urabamba river. Cuzco was 
once the capital of the Incas, 
has an Incan temple and fort- 
ress and was besieged and 
sacked by Manco Inca in 1536. 
For those beginner Broadcast 
bands listeners who would like 
to try the higher frequencies 
and receive the more powerful 
stations, try these:- 

17805kHz 0500 RSA, South Africa, 
with news commentary in 
English and identification. 

17820kHz 0455 R. Australia, with 
news in English and identifica- 
tion. 

21500kHz 0515 Brazzaville, Congo, 
with news in English and iden- 
tification. 

21540kHz 0510 R. Australia, with 
news in English. i 
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NEWS . . . . 

A model of the proposed new ITA reinforced 
concrete television tower which, by the end 
of 1970, will be broadcasting from Em ley Moor 
the programmes of Yorkshire Television, 
BBC-1 and BBC-2 in UHF, 625-lines. It will 
also transmit the present 405-line VHF services 
for Yorkshire Television and BBC-1. For com- 
parison purposes, a model of the present 675ft. 
"Swedish" mast is shown on the right, and of 
the temporary BBC-2 300ft. mast on the left. 

AFRICA EXPEDITION RUNS 

INTO TROUBLE 

The radio communications expedition to North, 
East and South Africa, led by 25-year-old Mr. David 
Dunn, of , Cardiff, reported in our March issue, has 
run into difficulty with the Moroccan police. 

The main objective of the four-man expedition 
is to study the reliability of low power short wave 
radio communications. Mr. Dunn, a senior draughts- 
man with the Powell Duffryn Group company 
Hydraulic Machinery (Great Britain) Limited, of 
Rhymney, Monmouthshire, did not have a trans- 
mitting licence for Morocco and, in accordance with 
Moroccan law, the radio equipment was confiscated. 

Mr. F. J. Seller, secretary of the Amateur Radio 
Society at the University College, Cardiff, said the 
party were told the equipment would be returned 
when the expedition left the country, but this promise 
was not fulfilled. 

Mr. Seller said, in a recent letter from Addis 
Ababa Mr. Dunn told him that he was beginning 
to despair of ever seeing the equipment again. 

"If this is so it will, of course, mean the end of 
any short wave communication aspect of the ex- 
pedition," said Mr. Seller. "This is most unfortunate 
since I understand Mr. Dunn has transmitting licences 
for almost all the countries he has yet to visit." 

Mr. Dunn hopes to rejoin the Cardiff office of 
Hydraulic Machinery at the end of the trip this 
September. His companions are Colin Such (24), 
and Richard White (22), both of Cardiff, and David 
Cocks (25) of Gloucester. 

NEW DIGITAL PRINTERS FROM 

KIENZLE 

The entire range of Kienzle parallel entry digital 
printers has been superseded by a redesigned range 
offering all round improvements and several new 
features. 

The new range of Kienzle printers have been re- 
housed in unbreakable plastic cases of advanced 
styling, complementary to modern electronic instru- 
ments and systems. 

The redesigned mechanics permit an increase in 
the printing speed to four lines per second except 
on printers fitted with adding/subtracting register, 
where the speed remains at three lines per second. 

Several other new features are incorporated, and 
the new printers are expected to find many applica- 
tions in data logging, automatic test equipment, 
weighing systems, automation projects and instru- 
mentation in the laboratory, industry and marine 
environment. 
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Pat Otter, Divisional Manager of ITT Electronic 
Services, presents the prize of a box of choco- 
lates to Miss Gill Harford, winner of a sales 
desk competition. Miss Harford averaged 9.95 
seconds to look up any product in the new 
1969 Stock Catalogue. 

22% TIME SAVING WITH NEW 
CATALOGUE 

Ten seconds is enough to find what you are look- 
ing for in the new 1969 Stock Catalogue issued by 
ITT Electronic Services. 

A thumb index has been incorporated to produce 
what ITT Electronic Services claim to be the quickest 
reference catalogue published by any electronics 
distributor. 

They put it to the test with a competition among 
staff on the sales desk. Using both the new catalogue 
and the previous one, expert salesmen and salesgirls 
looked up products pre-selected at random. 

Winner was Gill Harford, who averaged 9.95 
seconds to find any product in the new catalogue 
against 12.85 seconds in the 1968 edition. 

ITT Electronic Services 1969 Stock Catalogue 
contains 1,076 pages, with full illustration and 
clearly-stated prices directly adjacent to product 
descriptions. Over sixteen thousand products are 
listed. Available free to buyers and engineers in in- 
dustry from ITT Electronic Services, Edinburgh 
Way, Harlow, Essex (Harlow 26777). 
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G.E.C. RADIO FOR COVENTRY 
BUS CREWS 

Within the next few months, 37 Corporation buses 
in Coventry will be fitted with GEC mobile radio 
communications systems which will provide crews 
with a permanent and instant radio contact with their 
new traffic control centre in the centre of Coventry. 

The equipmen consists of the GEC RC/600 high 
power v.h.f. frequency modulated transmitter/receiver 
which provides an extremely flexible communications 
system, capable of covering the whole area of opera- 
tions of the Coventry bus service. The equipment 
is fully transistorised, except for the 20 watt power 
output and driving stages, which use 'quick-heat' 
valves of proven reliablity and stability. The main 
transmitter unit with its power supplies is housed 
in a single unit, mounted under one of the seats. 
The receiver and system controls are in a small unit, 
mounted in the driver's cab. The receiver itself can 
be withdrawn from this mounting, and carried by 
the driver to keep him in touch with the base if he 
should have to leave his cab for any reason. 

BIG DEMAND FOR OUR 
NEXT ISSUE 

In our October issue, to be published on 1st 
October, we are including FREE with each copy 
Workshop Plans, containing a full scale point-to- 
point wiring diagram, drilling plans, tables, etc., for 
constructing the Neophyte amplifier. The plans are 
on special cartridge paper to allow for hard work- 
shop use. 

The Neophyte is a practical, easy to build, 5 watt 
amplifier, designed exclusively for our readers and 
will be very popular. We shall also be repeating our 
special offer, again exclusive to our readers, of 
motoring accessories such as roof racks, head rests, 
etc., and the issue will be packed with good articles 
and the usual features. 

We advise readers to place an order for the next 
issue with their newsagent, as soon as possible, as 
there will be a big demand. 

MARRIAGE 
BUREAU copjpur e r. SEL£CTE£> 

"No, Sir, there's no mistake - it's just that the 
computer has such strange tastes I" 
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"MILLIWATT" SILICON REFLEX 

T.R.F. RECEIVER 

by 

G. W. SHORT 

Power consumption in this simple but effective receiver design is reduced to less 
than 2 milliwatts by operating the transistors at the lowest practicable current. 

The result is greatly enhanced battery life 

The starting point for the development of the 
receiver described here was an enquiry from a 
friend whose daughter is at a boarding school. 

Illicit listening to pop music in bed, after 'lights out', 
is very much the done thing at this school—and per- 
haps at many others. The trouble is, as my friend 
explained, that the listener tends to fall asleep, leaving 
the set switched on all night. Rather bad for the bat- 
teries, this, so could I suggest a way round the prob- 
lem? 

My first idea was to modify an existing set by 
adding a sort of 'dead man's handle' in the form of 
a push-button switch which would turn off the set 
when the sleeper's hand relaxed. This was rejected 
on the ground that the user was more than likely to 
find some way of keeping the button pressed by lying 
on it. 

The altternative was to reduce power consumption 
so much that an occasional overnight run became 
tolerable. This approach was adopted, and the result- 
ing circuit is shown in Fig. 1. 

CIRCUIT DESIGN 

Readers may recognise the circuit as a development 
of one of the writer's earlier designs, the 'Silicon 
Reflex T.R.F.' described in the January, 1968, issue.* 
This proved to be a very reliable design, and it 
seemed better to stick to a good thing for the present 
purpose rather than start on something quite different 
and possibly less satisfactory. 

For the benefit of readers unfamiliar with the 
original, this type of circuit maximises overall gain 
by making all two transistors contribute to both r.f. 
and a.f. amplification. TR2 acts as an emitter fol- 
lower to r.f.' and presents a high input impedance to 
TR1, thus maximising the r.f. gain of the first stage 
and providing a relatively low impedance drive to 
the detector diode. TR2 can thus be regarded as an 
impedance matching device which, while it produces 
no voltage amplification itself, nevertheless serves to 
increase the overall r.f. gain. 

The a.f. output of the detector is passed to TR1 
and thence to TR2 in the usual way. At audio fre- 
quencies, therefore, the circuit is a straight-forward 
two-stage amplifier. 

•G. W. Short, 'Silicon Transistor Reflex T.R.F.', The Radio 
Constructor, January, 1968. 
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LOW-CURRENT OPERATION 

The original circuit was not at all fussy about 
transistor types. Practically any silicon n.p.n. transis- 
tors worked in it, though naturally some worked 
better than others. In the present 'Milliwatt' version, 
the choice of transistor types is much more restricted. 
The gain and, more especially, the cut-off frequency 
of transistors fall off as the collector current is re- 
duced below the normal operating value, but in this 
circuit the transistors must provide high r.f. gain and 
low r.f. and a.f. noise at collector currents of lOOpA 
or less. Very few transistor types meet all these re- 
quirements. 

Fortunately, the new epoxy encapsulated planar 
transistor type SF115 has the necessary characteris- 
tics. In particular, it has low internal capacitances, 
a prime need in circuits with high-value resistance 
loads operated as wideband r.f. amplifiers, as occurs 
here. The SF115 is equivalent to the metal type 
BF115, but is much cheaper. Its one disadvantage is 
that it will not work well at very low collector volt- 
ages. This is why the detector diode specified is a 
silicon planar type instead of the usual germanium 
point-contact diode. The voltage drop across a silicon 
diode when just biased to conduction is 0.5V, whereas 
the corresponding voltage for a germanium diode of the 
OA70 class is only about 0.1V. In the present circuit, 
the drop across the diode forms part of the collector- 
emitter voltage of TR1. (This point may not be very 
obvious at first, but a study of Fig. 1 will show that 
the collector-emitter voltage of TR1 is the sum of the 
base-emitter voltages of the two transistors and the 
drop in Dl). Using a silicon diode raises the total from 
about 1.3V to about 1.7V, and this provides a useful 
margin for reliable operation. It is important to use a 
high-speed planar diode for Dl. An ordinary silicon 
rectifier type will not do because it will not work at 
radio frequencies. (The specified IS44 diode and the 
SF115 transistors are available from Amatronix, Ltd.) 

The receiver consumes about 170/xA at 9V, and is 
not unduly dependent on the battery voltage, which 
can fall to 6V or less without impairing the perform- 
ance badly. 

EARPHONE 

The set was designed for use with a crystal earpiece 
THE RADIO CONSTRUCTOR 
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Fig. 1. Circuit diagram of the 'Milliwatt' Silicon reflex receiver 

because these are suited to low-current high-voltage 
circuitry. It is, however, possible to use high-impe- 
dance magnetic earphones. The writer does not know 
of any miniature earpieces with the required im- 
pedance (4,0000 or more), so for clandestine listening 
magnetic earpieces may be out. For normal purposes 
a good pair of magnetic phones, such as government 
surplus type CHR, with the earpieces connected in 
series can be connected in place of R3. It is also pos- 
sible to use a step-down transformer to match low- 
impedance earpieces. For an 8Q earpiece the turns 
ratio should be about 60 to 1. The primary induct- 
ance must be high (20H with 70/j,A d.c. flowing). 

CONSTRUCTION 

It is vital to keep the stray capacitance at the col- 
lector of TR1 and the base of TR2 as low as possible. 
This means that TR1, TR2, and R1 should be posi- 
tioned close together so that leads can be kept short, 
and it also means that if a printed circuit or Vero- 
board base is used then the area of copper involved 
in joining the relevant three leads must be as small 
as possible. A pin-board base following the layout 
of Fig. 2 was used in the prototype, with all three 
leads on one small pin. 

(For the benefit of readers who have not experi- 
enced the joys of this cheap and simple form of 
construction, here is a short description. The layout 
diagram is placed on a piece of dry wood. Ordinary 
domestic pins of the shiny plated type obtainable at 
office stationers are driven in at every junction point. 

The heads are then cut off, leaving enough stem to 
act as solder tags for the leads. Perfectionists tin the 
stems first before attaching anything. The resulting 
wiring board is virtually self-checking and com- 
ponents are easily removed. Since everything is on 
one side of the board testing is easy, and the board 
can ultimately be made part of a case for the set.) 

For reasons which are explained later, the lead- 
outs of choke L3 should be a little longer than is 
necessary for connection, in order that it may be 
orientated relative to the ferrite rod. Initially, its 
former should be at right angles to the rod. 

In t.r.f. receivers, where the r.f. gain is always 
SEPTEMBER 1969 

COMPONENTS 

(N.B.—Some of the components may have 
values differing from those listed here. 
Details are given in the text.) 

Resistors 
(All fixed values i or i watt 10%) 

R1 68kn 
R2 lOkft potentiometer, log, with 

switch S2 
R3 47kn 
R4 10kn 

Capacitors 
C1 0.01/xF 
€2 l.OOOpF 
C3 10fxF electrolytic, 2V wkg. 
C4 125/xF electrolytic, 2V wkg. 
C5 1,000pF 
C6 see text 
C7 see text 

Inductors 
LI, L2 see text 
L3 1.5mH choke type CHS (Repanco) 

Semiconductors 
TR1 SF115 
TR2 SRI 15 
D1 IS44 

Switches 
51 s.p.s.t., rotary or toggle 
52 d.p.s.t, part of R2 

Socket 
J1 phone jack socket 

Miscellaneous 
Crystal earpiece with jack plug 
9-volt battery 
Knobs, as required 
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TR, 

'C 
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3 ■: 

C-3 r2 C5 C4 r2+s2 
(mounted on 
front panel) 

Fig. 2. Layout and wiring of the main components of the receiver. 
Identify the tags of S2 with a continuity tester before wiring to this 
component, as tag positioning with different switches may vary 

from that shown here 

limited compared with superhets with their h.f., 
mixer, and i.f. stages, it is always advisable to keep 
the ferrite aerial rod well clear of everything else, 
in order to maximise signal pickup. In this design, 
the rod should also be kept at least l-jrin. from L3. 
(See below under 'Reaction'.) The tuning capacitor 
and long-wave components SI and C6 should be 
clear of the main circuitry, to reduce stray coupling 
which might cause instability. These considerations 
lead naturally to the sort of constructional layout 
sketched in Fig. 3. 

The front panel and base dimensions are not 
critical, and the constructor may select these to suit 
the components he is employing. With the ferrite rod 
used in the prototype, the front panel may be some 
Sin. wide by 3in. to 4in. high. The base can be about 
3in. deep, and could then accommodate a PP3 bat- 
tery. 

AERIAL CIRCUIT 

The aerial tuned circuit should have a high Q, and 
a ferrite rod of reasonably large size should be used 
to provide a good input signal. In London, good 
results have been obtained with a 4jin. x fin. round 
rod of Plessey NW25 ferrite (obtainable from 
Amatronix Ltd.). 

The value of tuning capacitor C7 is not very 
critical and any standard air-space or solid dielectric 
variable capacitor offering a maximum value of 
about 200pF or more will be satisfactory. (A 300pF 
Jackson Bros. 'Dilemin' capacitor was employed in 
the prototype.) C7 tunes LI over the medium wave 
band. Reception of one selected long wave station is 
provided by switching capacitor C6 across the tuning 
capacitor by means of SI. In the U.K., the long wave 
station is likely to be Radio 2 on 200kFIz, and in 
this case C6 should normally be seven times the 
maximum capacitance of C7. 
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WINDING THE AERIAL ROD 

Amateur constructors often have in their posses- 
sion tuning capacitors salvaged from old sets. Un- 
fortunately, the capacitance is not usually known, 
and even if it is the constructor is often discouraged 
from making his own ferrite aerial by the absence of 
information about the characteristics of the ferrite 
rod. Nevertheless, the winding of a rod for a set like 
the present design is not at all difficult if the con- 
structor goes about it the right way. All that is 
needed is patience and a good supply of wire. 

The method described here calls for no equipment 
other than the receiver itself, plus the usual tools, 
glue, and plastic sticky tape. To begin with, the rod 
is kept detached from the rest of the circuit, so that 
changes can easily be made. Only after the windings 
have been got nearly right is the rod installed and 
the final adjustment made. 

First make up the rest of the circuit, providing in 
the process a pair of easily accessible tags for con- 
nections to L2 and one tag for making an 'earth' 
(i.e. supply negative) connection for LI and C7. 
Check that the set is working by short-circuiting the 
L2 tags and listening in the earpiece with the volume 
control turned up. A gentle hiss should be audible. 
The constructor may then proceed with winding the 
coil for the rod. 

First prepare the rod by wrapping a few turns of 
brown paper round the middle two inches or there- 
about. Fix the paper with sticky tape or glue to 
prevent it unwinding, but if possible allow it to be- 
have as a paper tube loose enough to be slid along 
the rod to provide fine adjustment of inductance. 
This paper tube is the coil former. Readers may have 
seen ferrite aerials in which the windings are directly 
on the ferrite. This is not good practice for all grades 
of ferrite; and some work better if the coils are 
spaced away from the surface. (The spacing reduces 
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Fig. 3. A suitable layout for the front panel and base of the com- 
pleted receiver. The rectangle designated 'main part of circuit' 
may enclose the components (apart from R2) shown in Fig. 2 

certain r.f. losses.) LI can be wound with any kind 
of litz wire (which can often be salvaged from old 
if. transformers) or with solid wire of around 30 
s.w.g., silk or cotton covered. L2 can be wound with 
ordinary plastic covered hookup wire. Both coils are 
single-layer, close-wound. L2 can be wound on top 
of the earthy end of LI. 

The number of turns needed depends on the 
capacitance and characteristics of the rod. As an in- 
dication, the rod just mentioned needs approximately 
57 turns of 7/46 litz wire to tune over the medium 
wave band with a 300pF tuning capacitor. In finding 
the right number of turns by trial and error, it is 
best to begin with too many and then remove turns 
rather than to begin with too few and add them. If, 
on the other hand, plenty of wire is available, it 
may well be best to scrap the initial trial winding 
when the correct number of turns has been found, 
and then finally re-wind. In the latter case, it is a 
fairly safe bet that 50 turns will tune to some point in 
the medium wave band. If coverage down to the low 
frequency end at about 530kHz is not obtained, turns 
can be added. Should the set tune to lower frequen- 
cies than are needed, turns are removed. To make 
the initial trials, put on a temporary 3-turn winding 
for L2 with about 9in. of loose wire at each end. 
Twist the loose wire into flex and connect the ends 
up to the L2 tags on the circuit board, removing the 
short-circuit which was put on for the earlier test. 
The rod can now be kept well away from the circuit 
while LI is adjusted. During adjustments, LI and C7 
may be connected with fairly long loose leads and 
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the ferrite rod and variable capacitor can be placed 
on a wooden table top or other instulating support. 
It is not necessary to 'earth' the moving vanes of C7 
to the negative supply line of the receiver at this 
stage. 

Using a trial coil of 50 to 100 turns for LI, tune 
in and identify stations, and add or remove turns 
as required to tune to the low frequency end of the 
medium wave band. When the correct number re- 
quired is beginning to become clear, slide the coil 
along the rod so that LI is central. Readjust the turns 
slightly if necessary. 

The ferrite rod and C7 can now be mounted. The 
best position for the rod is behind the top of a 
front panel of Formica or similar insulating board. 
Keep it away from metal, including the volume con- 
trol and C7. If possible, mount the rod on stand-offs 
(pieces of cork or dowel) so that the winding can 
be easily adjusted in situ. Trim off excess leads and 
connect up again to the circuit. Also complete the 
'earth' connection to C7 and LI. There should be no 
marked change in performance. If there is, adjust 
L3 as described later under 'Reaction'. A slight final 
adjustment of inductance, if required, can be made 
by sliding the coil along the rod. If it has to be put 
right at the end of the rod, remove a couple of turns 
and start again. 

So far, nothing has been said about the tuning at 
the high frequency end of the medium wave band. 
In general, if the low frequency end is all right, so 
also is the high frequency end. The only exceptions 
are, first, that if the tuning capacitor has a built-in 
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trimmer this may have to be set to minimum to 
obtain full coverage and, second, that if the tuning 
capacitance is too small the self-capacitance of the 
coil may be so large that it prevents full high fre- 
quency coverage. In the latter case there is nothing 
much to be done about it. As a guide, tuning capaci- 
tors of less than about 150pF maximum are in the 
'danger area'. 

The final job consists of fitting and wiring C6 and 
SI. If necessary, slightly alter the calculated value of 
C6 to bring in the Radio 2 transmission comfortably. 

REACTION 

Preset reaction is adequate to pep up the perform- 
ance of this receiver. It is obtained in two simple 
ways, at no expense. Should L3 be near enough to 
LI and L2 for there to be an appreciable amount of 
mutual coupling, then feedback is introduced be- 
tween the input and output of the r.f. amplifier. 
If this feedback is negative, gain and selectivity 
both suffer. If it is positive, gain and selec- 
tivity are improved, and if the coupling is too high 
the circuit oscillates. The sense and magnitude of the 
coupling are adjusted by positioning L3. Initially, it 
should be placed so that it is approximately opposite 
the centre of LI and at right angles to the rod; i.e. 
the former of L3 is pointing straight at a point near 
the middle of the rod. This is the position for mini- 
mum coupling. If L3 is now turned away from the 
right-angles position coupling with LI is increased. 
There is no easy way of telling beforehand whether 
the result will be negative or positive feedback, but 
this becomes obvious when the receiver oscillates. 
L2 is finally positioned so that the set just fails to 
oscillate with a new battery. 

The second method is to connect a short stiff 
insulated lead to the non-earthy side of LI and place 
the free end near to or touching L2. If the sense of 
the windings on the rod is right, oscillation is obtain- 
able. If not, reverse the connections to L2 and try 
again. Either or both of these methods of obtaining 
reaction may be used. There is some advantage in 
using both, since the L3 coupling method is usually 
most effective at the low frequency end of the band 
and the reaction wire method at the high frequency 
end. With both, the performance can be optimised 
over the band. 

If necessary, an extra reaction wire can be con- 
nected to the non-earthy end of C6 to provide a 
separate adjustment of reaction for the selected long 
wave station. 

GENERAL NOTES 

The receiver is easily built, and a small battery 
lasts a long time. Apart from the tuning, there are 
no critical adjustments, and no critical component 
values. The volume control is a necessity in this low- 
consumption circuit, because it is essential to be able 
to turn down the volume on strong transmissions to 
avoid serious distortion caused by overloading on 
audio peaks; on the other hand its value is not 
critical and anything from 5kn to 1 OOkfl can be used. 
The electrolytic capacitors need not have the exact 
value specified. C3 can be 5 to 50ju.F and C4 50 to 
SOO/xF, both with any working voltage above the 2V 
specified. 
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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 ■■ mmm iM ■■■■ tmmm mmmmt mammm mmm mib mm mm mm mmm wmm mmm mmmm m 
Please send me further particulars of the 

"Yorkshire" Mortgage Protection Policy 

Name  
Address... 

j/b 
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DOUBLE SPEAKER UNIT 

FOR THE SWL 

by 

FRANK A. BALDWIN 

This simple double-speaker unit provides the short wave listener with two 
sources of audio output, each of which may be selected at the turn of a switch. 
The speakers differ with respect to audio response, and that best suited is 
brought into circuit according to the requirements prevailing. Additionally, an 

output is provided for tape recording facilities 

WITH A COMMUNICATIONS RECEIVER SET TO ITS 
most selective state operating over the short 
wave Broadcast bands, the writer often found 

that the single speaker he previously used—a 7in. x 
4in. elliptical type—was apt to offer an accentuated 
bass response. This state of affairs was largely a 
result of the sideband cutting given by the receiver 
in its most selective condition. 

Requiring a higher pitched audio response, an in- 
expensive Bin. round speaker was experimentally con- 
nected into circuit and the elliptical speaker removed. 
The subjective improvement was surprising—the 
transmission being received having a much higher 
audio content with the smaller speaker. The former 
'boomy' audio response vanished almost completely 
and the signal became perfectly intelligible. However, 
when the communications receiver was then set for 
wideband reception, audio quality (at least in com- 
munication terms) was sadly lacking. 

COMPONENTS 

Chassis 
Aluminium 12in. x Sin. x Bin. (H. L. Smith 

& Co., Ltd.) 

Speakers 
Bin. round 
7in. x 4in. elliptical 

Switch 
Single-pole, two-way rotary 

Knob 
To suit switch 

Mounting Feet 
4 of rubber, grey (H. L. Smith & Co., Ltd.) 

Miscellaneous 
4BA nuts and bolts, speaker mesh, screened 
cable, p.v.c. covered wire, solder, etc. 

Further checks with c.w. reception revealed that 
the smaller speaker produced a much better audio 
response than did the larger speaker, judicious use 
of the b.f.o. pitch control rendering morse signals 
much more intelligible. Indeed, the signal selected 
could be made to stand out with almost crystal 
clarity. 

It occurred to the writer that a twin-speaker unit 
containing both speakers, together with a switch for 
selecting one or the other, would provide the best of 
both worlds. Since the writer also makes extensive 
use of a tape recorder, the opportunity was taken to 
provide an output for this instrument as well. 

The end result is a simple twin-speaker unit which 
is comparatively inexpensive and easy to put together. 

CIRCUIT 

The simple circuit employed is shown in Fig. 1. The 
components are contained within a 12in. x Sin. x Bin. 

Speaker unit case 

To Ry speaker 
output terminals 

-fs 

IT 

Speaker I 
(3") 41 

I 2 

Speaker 2 
(7 x 4') 

To tape recorder 
input 

Fig. 1. The circuit of the twin-speaker unit with 
tape recording output facility 
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Fia 2 Drilling details of the chassis deck - this being the speaker unit front P^ne' when 
completed. Hole A is for the 3in. speaker and holes B, C and D are for the 7in. x 4m. speaker 

aluminium Chassis—see illustration—the input to the 
unit being taken from the receiver speaker output ter- 
minals on the rear of the receiver chassis. 

The intending constructor of this unit should look 
at the circuit diagram of his communications receiver 
and ascertain whether or not one side of the output 
transformer secondary winding is connected to chassis. 
If this is the case, the receiver output terminal at 
chassis potential couples to input A of the unit (see 
Fig. 1) whilst the other output terminal connects to 

input B. Should neither side of the output transformer 
secondary be connected to receiver chassis, and if no 
harm to or malfunctioning of receiver circuits would 
result if such a connection were made, then couple one 
of the receiver output terminals to the receiver chassis 
and wire input A to this point, as before. In the un- 
likely event that neither of the receiver output ter- 
minals can be connected to chassis the 2-speaker unit 
may still be used, but no connection is made to the unit 
case and the output facility for the tape recorder has 

272 

V 

E 
-*-■ 
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Chassis deck - plan view 

-1/4- 

The completed twin-speaker unit. Speaker 1 is at the left and speaker 2 at the right. 
Note the rubber mounting feet and speaker aperture mesh 
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to be omitted. It is assumed ift this last instance that 
there is no h.t. or otherwise dangerous potential on 
the output terminals. 

The 2-speaker unit must on no account be used with 
a receiver having its chassis connected to one side of 
the mains. It may only be used with receivers having 
an isolating mains transformer and a reliably earthed 
chassis. It may also, of course, be used with battery 
operated transistorised receivers. 

Inputs A and B may be connected via twin flex, 
lead A inside the unit connecting to a chassis tag 
secured under one of the speaker mounting nuts and 
thence to the two speakers, and lead B passing to the 
arm of the switch. The switch contacts then connect 
to the remaining speaker tags. 

The tape recorder output is taken by screened cable, 
as shown, the screening connecting to the speaker 
unit chassis tag. Coaxial cable provides a satisfactory 
screened cable. Although this method of taking a tape 
recorder output from the receiver is not ideal—it 
would be preferable to take the output from an early 
point in the receiver a.f. amplifier stages—it has the 
advantage of simplicity and it ensures that no inter- 
nal connections have to be made to the receiver. The 
writer found that recording quality was better with 
the small speaker switched into circuit. 

Both speakers should have approximately the cor- 
rect impedance specified for the particular receiver 
with which they are to be used. 

CONSTRUCTION 

Fig. 2 provides drilling details for the twin-speaker 
unit and from this, and the accompanying illustration, 
it will be seen that hole A is for the small 3in. round 
speaker whilst holes B, C and D are for the 7in. x 4in. 
elliptical speaker. Hole E is for the switch. 

In the prototype, holes A, B, C and D are I Jin. 
diameter, being cut with an octal-sized chassis cutter. 
The two speakers are secured into position behind 
these holes on the chassis deck —which then becomes 
the 'front' panel—by means of 4BA nuts and bolts. 
The speaker apertures are covered with a white plastic 
mesh as shown, but any suitable material or metal 
mesh could, of course, be used. The rear of the 
speaker unit is left completely open. 

Prior to mounting the switch, speakers and mesh, 
the chassis should be cleaned, and cellulose sprayed or 
painted to the colour choice of the individual con- 
structor. When dry, four rubber mounting feet can 
be secured to the underside of the unit either by means 
of a suitable adhesive or by self-tapping screws or 
suitably sized nuts and bolts. The mesh, the two 
speakers and the switch are then secured into position 
and the circuit wired up. A suitable knob is fitted to 
the spindle of the switch. 

The coaxial cable should be connected to the tape 
recorder radio input, the recorder handbook being 
consulted to ensure that correct connections are made. 

Once in use, the short-wave enthusiast will soon 
wonder how on earth he ever managed previously 
with only a single speaker. g 

TRANSISTORISED G.D.O. FOR 
THE H.F. BANDS 

We regret that, due to pressure on space, this article 
has been held over and will appear in the next issue 
- October - due to be published on 1st of October. 

THE 

"RADIO CONSTRUCTOR'S" 

WINTER SEASON REG1NS 

WITH THE 

neJphyte 

AUDIO AMPLIFIER 

mm 

A practical easy-to-build project 
exclusively commissioned for 
our readers. 

FR££ WSiDC 

Workshop Plans for the Neophyte 5 Watt 
Audio Amplifier on cartridge paper for 
hard wear, containing full scale point- 
to-point wiring diagram, drilling plans, 
tables, etc. 

PLUS special motoring offer, many 
other constructional articles and all the 
usual features 

tN OCTOBER ISSUE 

On Sale 1st October 
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NOMOGRAM FOR 

PARALLEL RESISTANCE 

OR 

SERIES CAPACITANCE 

by 

R. H. DOUGHTY 

This simple nomogram can be made to any 
convenient size with the aid of standard graph 

paper 

WHEN ONE IS DEALING FREQUENTLY WITH THE 
practical solution of an equation containing 
more than two related variables, alignment 

charts or nomograms can often be used to advantage. 
This article describes a simple nomogram capable of 
providing solutions to the well known equation, 

1 1 1 

R R1 R2' 
for two resistors in parallel. A similar equation exists 
for two capacitors in series. 

BASIC NOMOGRAM 

The basic nomogram is shown in Fig. 1. The two 
outer scales, OA and OC, are each inclined at 60° 
to the centre scale OB. The spacing between gradua- 
tions on all three scales is the same. 

oO 
60 

20 

Graph paper strips 

\ 

31 cm 

18cm 

20 

-Mem 

Fig. 1. The basic nomogram. As an example 
of its use, the dashed line indicates that a total 
resistance of 6.7Q. is given by resistances of 

20n and 10Q in parallel 
90 

Fig. 2. Making up a large version of the nomo- 
gram on a sheet of centimetre graph paper 

To determine the resultant of paralleling two resis- 
tors their values are set on the two outside scales with 
a straight edge and the resultant is read off at the 
point of intersection with the centre scale. The chart 
can, of course, be used in the reverse manner to deter- 
mine what resistance must be placed in parallel with 
a given resistor to reduce it to a required new value. 

Where the resultant of a number of resistances in 
parallel is required, the third resistance and the resul- 
tant of the first two are set on the outside scales and 
the result of combining three is read on the centre 
scale, and so on. 

While the diagram shown in Fig. 1 could be used 
for approximate determinations, larger and more 
accurate nomograms may be constructed simply, 
using sheets of centimetre graph paper of foolscap or 
similar size. The squared area of these is usually about 
31cm by 18cm. 

Take a sheet of the graph paper with the 31cm 
dimension running from left to right, as in Fig. 2, and 
choose a point 11cm from the left hand border along 
the bottom edge of the ruled area as the centre from 
which the three scales radiate. This will enable each 
scale to be 20 units (each 1cm) long. 

A line may be drawn along the bottom edge to give 
scale OC, after which lines can be drawn on the paper 
to give scales OB and OA. The requisite angles can 
be set with a protractor or a 60o/30o set-square if 
available. The scales are graduated along the lines in 
cm and mm. This may be done for OA and OB 
simply by cutting strips from a second sheet of graph 
paper and sticking them in position alongside the 
lines with transparent tape or gum. The scales can 
represent ohms or picofarads to any power of ten 
required, but the multiplier must be the same for each 
scale. 

PROOF 

The relationship between the lengths read on the 
three scales may be proved by similar triangles. If 
corresponding angles of two triangles are equal then 
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the lengths of each pair of corresponding sides are in 
the same ratio. 

Fig. 3 shows the three graduated scales meeting at 
a point Q) with the straight edge cutting them at A, B 
and C, giving scale lengths of a, b and c. Add the 
perpendiculars AD and BF. 

From the similar triangles ADC and BFC, 

AD DC 

BF FC 

DO + OC 

OC - OF ... (1) 

From the similar triangles ADO and BFO, 

AD AO 

BF BO' 

also since these triangles have angles of 30°, 60° and 
90°, 

DO = ^ AO, and 
OF = i OB 

Substituting in (1), 

AO ^ AO + OC 

BO OC — i OB 

a 

b 

bO 
oO 90 90 

Fig. 3. Illustrating how the lengths ot OB, OA 
and OC satisfy the equation for two resistances 

in parallel 

ac — ab = i ab + be, 

ac = ab + be. 

Dividing through by abc, 

1 

b 

1 1 

c a 

The lengths read on the three scales thus obey the 
equation for parallel resistance or series capacitance. 

c - a b 

QUEEN'S AWARD FOR BBC 

Four years ago, a special Queen's Award to Industry was instituted to give public recognition to British 
industrial firms for outstanding achievement in the fields of export or technological innovation. This year, one of 
these highly coveted awards has gone to the BBC for its development of television standards converters, which 
make international exchanges of television programmes possible by changing the scanning standards and colour 
system of one country into those of another. 

Through the inventions of its own engineers, the BBC was able to design and construct the first equipment 
capable of converting electronically both scanning standards and colour systems. The first electronic field-store 
standards converter, to give it its full name, was brought into use in 1967, when, for the first time, transatlantic 
colour television, transmitted via the Early Bird communications satellite, was broadcast in Britain. The converter 
provided colour pictures of very good quality, but the conversion process used resulted in the picture being 
somewhat reduced in size. 

The second BBC converter, known as the advanced field-store television standards converter, brought a com- 
plete solution to the problem, the output pictures being of full size. This advanced unit has been described as 
the most intricate, complex and sophisticated piece of broadcasting equipment the BBC has ever used for tele- 
vision broadcasting. It was completed in time to provide Britain and other European countries with high quality 
live colour pictures of the Olympic Games from Mexico last year, and is now used regularly in the BBC television 
services. Nine countries used the output of the converter as a source of colour pictures from Mexico; and an 
additional eighteen countries, which were not yet ready to transmit colour, transmitted the pictures in monochrome. 

The BBC has agreed that two British firms - Rank Precision Industries and Pye - can manufacture the BBC 
converter under licence and market it abroad. This will mean that high quality colour transmissions from America 
will be available to television audiences throughout the world. A Rank spokesman has estimated that there is a 
potential market for about a hundred of these converters, the first of which should be available next year. 
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ALARM FOR MAINS RADIOS 

by 

J. C. EADE, B.A. 

This article describes successive steps in the design of a circuit which enables 
a modified alarm clock to switch on a mains-driven radio receiver. It must be 
pointed out that the circuits discussed here must only be employed with 
receivers having chassis which are isolated from the mains supply, and that 
the alarm clock wiring must be such that the clock frame connects to a 

reliable mains earth 

TWO RECENT ARTICLES IN THE RADIO CON- 
structor have described circuits which enable a 
transistor battery radio to be switched on in the 

morning by means of a modified alarm clock.* If a 
normal alarm clock is examined it will be seen that it 
has a metal disc concentric with the set alarm hand 
spindle, and that this disc moves forwards and releases 
the striker escapement at the preselected alarm time. 
In both the previous articles the clock was modified 
so that the disc, on moving forward, completed a cir- 
cuit. This circuit was made via the clock chassis, the 
disc, and an additional contact mounted to the clock 
chassis by means of a small insulated block. In the 
first article the clock circuit connected a battery supply 
direct to a transistor radio. In the second circuit it 
triggered a thyristor which then switched on the re- 
ceiver. 

clock. Since it is essential that the clock switching 
circuit be isolated from the mains supply, it then 
becomes necessary to use a relay to switch on the set. 

It must he emphasised at this stage that the circuits 
described in this article must only be used with a re- 
ceiver whose chassis is reliably earthed and which is 
fully isolated from the mains by a mains transformer. 
On no account may the circuits be employed with a 
receiver whose chassis is connected to one side of the 
mains. The alarm clock must be wired so that its 
chassis connects to the receiver chassis. If a 2-way 
plug and socket is used between the receiver and the 
clock circuit, this must be of a non-reversible type. 

The first circuit tried is that shown in Fig. 1, and 
it operates by simply inserting the clock contacts 
in series with the loudspeaker. This system works, of 
course, but it suffers from several disadvantages. First, 

MAINS RECEIVERS 

The author, having recently changed from a battery 
radio to a mains receiver, decided to see whether this 
could similarly be switched on by an adapted alarm 

* A. G. Blewett, "Home Constructed Radio Alarm", August, 
1967, issue; G. A. French, Suggested Circuit No. 217, "Thyristor 
Alarm Switch", December, 1968, issue. 

Output 
transformer 

~X 

|N Clock 
contacts 

""3-? Clock 
chassis 

V. Receiver 
chassis 

Fig. 1. A simple means of using alarm clock 
contacts to control a mains-driven radio 

Existing on-off 
switch 

Relay 
contacts 9 V 

lOOa 
Relay 

To mains coils 

2 
transformer IOOA 

Clock 
chassis 

Receiver 
chassis 

Clock 
contacts 

Fig. 2. Here, the contacts switch the receiver by 
way of a relay. The receiver should have a single- 
pole on-off switch inserted in the mains line input 
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Clock 
lOOn contacts 

r Clock 
chassis lOOn 

R2 
IOOa 
I watt + 

¥M 
P C| 

lOOOpF 
lOVwkg 

I 
I Receiver 

chassis 

N E 

Double pole 
switch 

«i i 
4-7n I 

'72 watt 
• 6-3V A.C. 

D| from 
heater 
supply 

Fig. 3. A circuit in which the relay latches on 
when energised. A double-pole on-off switch is 
now required, the second pole being wired 

in the latching circuit 

the receiver has to be left switched on. Second, 
damage can occur to the output transformer of some 
sets, due to high a.f. voltages in the primary, if the 
secondary does not have a load. (The author's set is 
a communications receiver and is so designed that the 
loudspeaker circuit is open-circuited for phones opera- 
tion, anyway.) Third, the loudspeaker would only be 
connected for as long as the contacts in the clock re- 
mained closed. (However, in the author's case this 
occurred for about an hour and was not really a dis- 
advantage.) 

It was decided that something a little less crude was 
required, and this led to the circuit shown in Fig. 2, 
where a relay is used. The main disadvantage here 
(apart from the fact that the receiver is only switched 
on over the period when the clock contacts are closed) 
is that the relay continually draws current from the 
battery. The relay employed by the author had a 
double coil of 1000 plus 100Q and these two in series 
would draw 45mA from a 9-volt battery. Such a cur- 
rent is far too high for economic running. 

To eliminate the heavy battery drain it was there- 
fore decided to develop, first, a self-latching relay 
circuit and, second, a means of triggering the relay 
without causing a continuous battery drain. Fig. 3 
shows the next circuit, which is self-latching. A double 
coil relay is necessary and also a double-pole mains 
switch to break the self-latching circuit. Otherwise 
there would be no way of switching the receiver off 
other than taking the mains plug out. There is no 
point in the circuit of Fig. 3 unless the battery voltage 
can be applied only momentarily. If an alarm clock 
can be adapted so that the contacts are closed for a 
short period only, then this circuit would be suitable. 

FINAL CIRCUIT 

As we have seen. Fig. 3 is only a partial solution 
since the heavy battery drain is still not eliminated. 
What was now required was some simple way of 
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obtaining a single pulse from the battery so as to just 
initially energise the relay. 

Fig. 4 shows the final circuit. The charging current 
taken by C2 is sufficient to close the relay for a short 
moment, after which the current taken from the bat- 
tery falls to a level depending largely on R3, and also 
on the capacitor leakage current. R3 is necessary in 
order that C2 may be sufficiently discharged, after 
the clock contacts open again, to enable a large 
enough current to flow to energise the relay when they 
next close. 

Several values for R3 were tried. With R3 at lOOkO 
the minimum time between operations was 10 minutes 
and the eventual current drain from the battery, with 
the clock contacts closed, was 100/xA. A value of IMQ 
increased the minimum time between operations to 30 
minutes, with an eventual current drain of 12/j,A. If 
R3 was omitted the minimum time between opera- 
tions rose to several hours, with the eventual current 
drain depending on the condition of C2. In the writer's 
case the eventual current was less than 5p.A. It was 
decided that, for reliability, the best value for R3 
would be 1MQ. 

A high degree of smoothing is given to the rectified 
heater voltage by Cl, this smoothing being intro- 
duced for two reasons. Firstly, if there were no 
smoothing the relay would act as a transformer, 
turning the pulsed d.c. into a.c. and causing alternat- 
ing current to flow in the battery circuit. Secondly, 
Cl acts as a reservoir capacitor and prevents the relay 
unlatching due to momentary interruptions of the 
mains supply—which seem to be common in the 
author's area. 

An important point is that the battery must be 
connected with correct polarity. The relay will not 
latch if the two voltages applied to its two coils are 
working in opposition. 

In practice, the circuit of Fig. 4 worked well. The 
relay should be safely mounted in place inside the 
set, care being taken to ensure that wiring carrying 

N E 

lOOOpF 
IOV wkg. 

Clock 
contacts 

i^2 

IOOa 

1 Clock 
chassis OOa 

I 
Receiver 
chassis 

. 6-3VA.C. 
I from 
L heater 

C| supply 

Fig. 4. The circuit finally devised. This requires 
only a short pulse of current from the battery to 
initially energise the relay. R1, R2 and C1 have the 

same values as in Fig. 3 
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high voltages cannot touch other wiring, including in 
particular the wiring to the clock. As already stated, 
the radio chassis must be connected to a reliable mains 
earth and the clock circuit must be connected so that 
its chassis is common to the receiver chassis. Do not 
work on the set unless the mains plug is out, don't 
rely on just switching off at the set itself. 

Editor's Note 
Post Office 3000 relays with 100S2 + 100n coils are 

available from L. Wilkinson (Croydon) Limited, Longley 
House, Longley Road, West Croydon, Surrey, and for 
the present applicatiou should have twin platinum high 
voltage contacts. Only one make contact set is required, 
if a Post Office 3000 relay is employed, the relay metal- 
work should be insulated from the receiver chassis. R1 
in Figs. 3 and 4 is a surge limiting resistor. Diode D1 
may be a small silicon rectifier, such as the Lucas 
DD000. 

Dx Club First World 

Convention 

WORLD DX CLUB CELEBRATED 
the end of its first year of 
operations with a Convention 

held at the King Edward Hotel, 
Neath, in South Wales, over the 
weekend of June 20th/21st, 1969. 
A gathering of some 20 Dx'ers 
assembled there for a weekend of 
talks about the many problems 
which are currently concerning BC- 
band Dx'ers, and had a jam-packed 
programme of tapes and live items 
in the formal part of the pro- 
gramme. 

WDXC President, Alan Thomp- 
son accompanied by his wife, 
Audrey, and son, David 'chaired' 
the informal Dinner which opened 
the proceedings on the Friday even- 
ing and read a list of greetings from 
overseas friends who were unable 
to be present; the greetings in- 
cluded kind wishes for the success 
of the proceedings from Anker 
Petersen, the President of the 
Danish Shortwave Club Interna- 
tional, Gunhard Kock on behalf of 
Suomen Dx-Kuuntelijat r.y., Leo 
Van Der Walt of Radio South 
Africa, and many others. 

The international assembly in- 
cluded many well-known British 
Dx'ers, amongst them being Charles 
Molloy (Medium Wave News), Noel 
Green (British Representative of the 
Danish SW Club International) and 
Martin Hall (who acted as co- 
chairman with the President 
throughout the weekend), whilst 
there was quite a sprinkling of well- 
known overseas guests present— 
they included Arthur Cushen and 
his wife, Ralda (from New Zea- 
land); Maarten Van Delft (from 
Holland); Wolfgang Seyfried (from 
West Germany); Alan Roth (from 
the United States where he repre- 
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sents the Danish SW Club Interna- 
tional), and Gerry Wood (one of 
the co-editors of Contact, the 
WDXC bulletin, who originates 
from Rhodesia). One of those with 
his feet in both camps—British 
and overseas—was Desmond Col- 
ling, the new Executive Editor of 
Contact, who now looks after the 
"Broadcast Bands" pages of Moni- 
tor for the I.S.W.L., and who is 
often heard over HCJB Quito, with 
contributions to "Dx Party Line" 
where he represents the American 
SW Listeners Club. 

Following a delightful dipner, the 
drinks and the talk flowed freely 
until the small hours of Saturday 
morning whilst those present got to 
know one another and had an 
opportunity of poring - with avidity 
and, maybe, just a small touch of 
jealousy! - over the magnificent 
QSL albums which Arthur Cushen 
had brought with him from New 
Zealand. The Pacific Islands album, 
with its semi-nude maidens adorning 
numerous QSL's from "exotic" 
places and stations, was overwhelm- 
ingly voted (by the men present!) 
the high-light of Arthur's whole 
magnificent collection which now 
runs to something over 5,000 QSL's 
from 200-plus countries. 

On Saturday morning, the Con- 
vention members were accorded a 
Civic Welcome at Neath's new Civic 
Centre by the Mayor and Mayoress 
of Neath (Councillor and Mrs. 
Leslie Morris) who showed much in- 
terest in the Club and the Dx hobby, 
whilst the visitors admired the 
superb views obtainable from the 
upper storeys of the fine building, 
and warmed to the cordial hospital- 
ity afforded them in the sumptuous 
Mayoral Parlour, and eagerly 

accepted the Mayor's invitation to 
sign the official visitors' books. 

The formal part of the proceed- 
ings started early on Saturday after- 
noon and were a mixed bag of live 
and taped talks on all aspects of 
the Dx hobby - discussion ranged 
fast and free! Arthur Cushen and 
Maarten Van Delft delivered short 
talks on the work of the Dx parlia- 
ment (recently held in Sweden) and 
on the European Dx Council, im- 
mediately after the Club President, 
Alan Thompson, had spoken on the 
theme of "Dx Clubs and Bulletins 
- Now and in the Future". Many 
issues arising from this part of the 
agenda showed that there is much 
concern that EDXC should not pro- 
ceed without some participation by 
Britain and Alan Thompson was 
able to announce that he had been 
invited to take part in the activities 
of a Working Committee of EDXC 
which is to look at the question of 
'Club' versus 'Country' representa- 
tion in that body. 

On the real Dx side of the pro- 
ceedings, Noel Green delivered a 
talk - with lots of excellent taped 
loggings - of his Afro-Asian Dx, 
whilst Charles Molloy enthralled 
his audience with some superb ex- 
tracts from his tape library of 
medium-wave Dx. Nostalgia was the 
mood for 30 minutes whilst Clive 
Jenkins reviewed the 'pirate' scene, 
and from North America, Bill Mat- 
thews treated us to a round-up of 
the many types of North American 
stations as they are heard on his 
side of the water! A very interest- 
ing 15 minutes was spent, too, listen- 
ing to Malcolm Peddar talking 
about the early days of the small 
Club which he started six years 
ago and which has now grown into 
World Dx Club - those present 
must have felt some surprise that 
the puny babe had grown into the 
healthy lad it is today! 

Following a break for more refresh- 
ments, the Club President presented 
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Alan Thompson, President of World Dx Club (right) presents 
Noel Green with a bound volume of The Radio Constructor as 
the first prize in a "Dx Quiz", which was part of the First WDXC 
Convention held in Neath, on June 20th and 21st, 1969. Noel 
Green, who specialises in Afro-Asian Dx on the 60 metre broad- 
cast band, is currently the British Representative of the Danish 
SW Club International, as well as being one of the 'Logbook' 

Editors of 'Contact', which is published by WDXC 

a "Dx Quiz" on tape from which 
ordeal, Noel Green emerged as the 
winner (see picture) - with the res- 
toration of order (the President re- 
fusing to accept a motion that he 
was clearly sadistic to have con- 
cocted such an item!), the meeting 
passed into "Open Forum" and dis- 
cussed a very wide range of subjects 
ranging from the technical to the 
organisational: from the humorous 
to the most serious! With such a 
widely drawn gathering it was in- 
evitable that much was said "off the 
cuff" and it would, perhaps, not be 
wise to report this part of the pro- 
ceedings in too much detail! 

As 11 p.m. approached, the Presi- 
dent brought the Convention to a 
close and the informality returned 
with the guests moving to the Presi- 
dent's home where the discussion 
continued well into the night on 
many differing subjects-your repor- 
ter recalls barging through one 
group sitting on the stairs arguing 
the merits of various types of report 
letters: breaking up another argu- 
ment about mini-skirts (what have 
they to do with Dx'ing?) in order 
to complete a taped record of an 
interview with every guest, whilst 
his shack was occupied by ten or 
12 arguing whether he really had 
had Vatican Radio's interval signal 
on that 'Quiz' tape (no - he didn't!). 

Throughout Sunday we said vari- 
ous 'goodbyes', and 'see you's' and 
finally it was all over! Was it a suc- 
cess? If you judge it in terms of 
what was achieved we shall not 
know the answer until we have had 
a chance to see what emerges from 

it. However, in terms of helping 
to exchange ideas and views in free 
and frank argument there can be 

no argument - it was a great suc- 
cess and we look forward to Con- 
vention 1970! m 

INTERNATIONAL RADIO ENGINEERING AND COMMUNICATIONS 

1969 EXHIBITION 
The 1969 Exhibition will again be held at the Royal Horticultural New Hall, Greycoat Street, Westminster, 

London, S.W.1, from 1 st to 4th October. 
Cable & Wireless Ltd. will be taking part for the first time, and we are pleased to announce that their 

Chairman, Colonel D. McMillan, C.B., O.B.E., has kindly consented to open the Exhibition on Wednesday, 1st 
October, at 12 noon. 

An innovation last year was the display by the Diplomatic Wireless Service; as a follow-on this year the main 
stage feature will be presented by Cable & Wireless Ltd. 

Of topical interest will be the large centre satellite set-piece and operations equipment shown by the Royal 
Air Force. The Royal Navy will have a greater display than before of radio and test gear, and the Royal Signals 
A.R.S., and the General Post Office will again be demonstrating various equipment and projects. 

Manufacturers will have on show the world's latest radio receivers and transmitting equipment, test gear, 
hi-fi and components, as well as new developments in s.s.b. transceivers. 

A feature which is always awaited with avid interest is the live transmitting station at the Exhibition. This will 
be in communication with stations throughout the world, using remote control and also a.m., s.s.b., phone, c.w., 
modes and teleprinter. 

Another annual event is the Construction Contest. The winner will be awarded the annual Silver Plaque, and 
there will be many other awards and certificates. 

Technical book sales at the 1968 Exhibition broke all records and the actual cash sales averaged over £1 
per head of total attendance. Another record was the numberof visitors from abroad. 

International Day will be held on Friday, 3rd October, and this will end with a reception in the evening. 
The Exhibition will be open from 10 a.m. to 9 p.m. from Wednesday, 1st October, until Saturday, 4th October, 

at an admission price of 3/6d. 
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Cover Feature 
MAMMA 

SOLID STATE 

D.C. VOLTMETER AND 

A.C. MILLIVOLTMETER 

by 

G. A. STANTON, G3SCV 

'A 

This neat and ingenious design enables both 
a d.c. voltmeter and an a.c. millivoltmeter to 
be combined in a single unit sharing a 
common meter. Special features are f.e.t. 
input for both d.c. and a.c., and simplified 
construction on a single aluminium panel. 
Only one d.c. and one a.c. voltage, both moni- 
tored by an external meter, are required for 

calibration 

TWO OF THE MOST USEFUL INSTRUMENTS FOR THE 
constructor's test bench are the electronic d.c. 
voltmeter and the a.c. millivoltmeter. The former 

enables d.c. voltages to be measured without loading 
the circuit under test, and the latter enables low volt- 
age measurements to be made in a.c. circuitry. The 
millivoltmeter is particularly useful in testing audio 
equipment. In pre-semiconductor times both instru- 
ments tended to be bulky due to the valves used and 
to the related power supplies. In those days an attempt 
to combine the two units would have resulted in an 
even bulkier instrument and was generally considered 
impractical. Using semiconductors and modern com- 
ponents and circuitry both instruments can easily be 
miniaturised, and it is quite practical to combine the 
two as has been done in the unit to be described. This 
dual purpose unit not only saves space on the bench, 
but also saves expense, for one indicating meter serves 
for both functions. 

The specification for the combined voltmeter and 
millivoltmeter is given in the accompanying Table. 

D.C. VOLTMETER SECTION 

The basic circuit of the d.c. voltmeter section of the 
instrument is given in Fig. 1(a) and it will be noted 
that this incorporates an inexpensive field effect tran- 
sistor. If the circuit is redrawn as in Fig. 1(b) it will 
be seen that the f.e.t. forms one arm of a bridge cir- 
cuit. With no input the circuit is balanced by means 
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of VR2 so that the indicating meter Ml reads zero. 
If a small d.c. voltage is applied to the gate of the f.e.t. 
the balance of the bridge is disturbed and an indica- 
tion given on the meter, the indication being pro- 
portional to the voltage applied to the input. Experi- 
ments showed that using the components given, full- 
scale deflection could be obtained with an input of 
less than half a volt. By means of VR1 in series with 
the meter the sensitivity can be reduced and this en- 
ables the instrument to be adjusted for calibration 
purposes. With the lowest range set to read 0.5 volt 
full scale, the instrument is remarkably linear in opera- 
tion. 

The field effect transistor—unlike its bipolar cousin 
—has a very high input resistance, the input charac- 
teristics being very similar to those of a valve. Because 
of this, the input resistor network in Fig 1(a) totals 
HMO, and gives a sensitivity of 22MQ per volt on 
the lowest range and 22,OOOf2 per volt on the highest 
range. This is similar to many of the valve voltmeters 
in current use, but is achieved at a much lower cost. 
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Fig. 1 (a). The basic circu 
(b). The d.c. voltmeter n 
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MILLIVOLTMETER SECTION 

circuit of the a.c. millivoltmeter section appears 
in Fig. 2. This, it will be seen, is basically a small 
signal amplifier the output of which is measured by a 
mil wave rectifier and meter system. Input is fed via 

anci R28 to the gate of TR2, a field effect transistor 
connected in a "source follower" configuration. This is 
the f.e.t. equivalent of the familiar valve cathode 
tollower and, like the cathode follower, it has an 
extremely high input impedance combined with a low 
output impedance. This stage gives no amplification 
but acts as a buffer between the circuit under test and 
the amplifier proper. Due to the high input impedance, 
measurements can be taken without undue loading' 
ClxCV^Lo. 

The function of zener diode ZD1 is to prevent 
excessive voltages being applied to the gate of TR2 
with consequent risk of gate-source breakdown. With- 
out ZD1 such voltages could appear for a short period 
it the input were applied, with C2 discharged, to two 

+ 9V 

TR, 

VR, 

Ro RIO 

Cb) 

points having a high d.c. potential between them. The 
zener diode limits positive-going voltages by acting 
as a zener diode and negative-going voltages by acting 
as an ordinary diode. The diode used by the author 
was a Texas 1S7075A, this being a 7.5 volt 400mW 
type. However, any small zener diode having a zener 
voltage between seven and ten may be fitted in the 
ZD1 position. 

Output from TR2 is taken from its source, the load 
being the attenuator network comprising R13 to R18. 
The values of the resistors in this network are chosen 
to give six ranges from 5mV full scale to 1 volt full 
scale. 

The amplifier proper consists of TR3 and TR4 The 
main requirements here are threefold. There must be 
sufficient gain to enable an input of less than 5mV to 
give full-scale deflection on the meter; a flat frequency 
response over at least the audio range; and linearity 
of operation. These requirements are achieved with 
two direct coupled n.p.n. silicon transistors and ample 
negative feedback. The frequency response is flat from 
40Hz to well over 20kHz; at 20 Hz, output is 3dB 
down. The gain of the amplifier can be controlled 
by means of VR3 and this provides for adjustment 
of calibration in use. 

On low ranges meter and rectifier combinations 
are non-linear in operation, due to the characteristics 
of the rectifier diodes. In the present instrument non- 
hnearity is reduced to acceptable proportions by 
means of R26 and R27. For extreme accuracy the 
meter scale would still have to be specially prepared 
and calibrated, but for ordinary test purposes the 
accuracy with the existing meter scale has been found 
adequate. 

The emitter of TR4 requires a high bypass capaci- 
tance to the negative supply line. This is provided here 
by connecting two electrolytic capacitors, C4 and C5 
in parallel. 

TABLE 

Solid State D.C. Voltmeter and A.C. Millivoltmeter 

Specification. 
D.C. Ranges; Input resistance HMD 
A.C. Ranges; Input impedance 6.8MQ 

Frequency response flat from 40 Hz to 
20kflz (3dB down at 20Hz) 

of the d.c. voltmeter section 
y be presented as a bridge 

SEPTEMBER 1969 

Range D.C. 
(volts) 

A.C. 
(mV r.m.s.) 

1 0.5 5 
2 5 10 
3 10 50 
4 50 100 
5 100 500 
6 500 1,000 
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Fig. 2. The basic circuit of the a.c. millivoltmeter section 

COMBINING THE SECTIONS 

If desired the sections as described so far could be 
built as separate units, the only additional component 
needed being an on/off switch for each circuit. Separ- 
ate units would, however, mean two indicating meters, 
two range switches, two batteries, two panels and two 
cabinets. A considerable saving can be made if the 
units are combined as in the full circuit, which is 
given in Fig. 3. In fact the only additional component 
needed to combine the two units is the four-pole three- 
way switch, S2. This is the function switch and, as 

/i 

An inside view of the instrument. The clamp 
at the top secures the battery in position when 

this is fitted 
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such, connects the meter to the d.c. and a.c. sections in 
turn and switches the instrument off. In the off posi- 
tion it short-circuits the meter and thus damps the 
movement, preventing any damage in transit. Addi- 
tional protection is afforded to the meter by means 
of the silicon diode (Dl) wired in parallel. The diode 
prevents damage should excessive current flow in the 
meter circuit. 

The battery is connected to both sections of the 
instrument simultaneously, and this ensures that C6 
is fully charged before the meter is connected to the 
millivoltmeter section, thereby preventing the sudden 
surge through the meter which would otherwise occur. 
It is thought that the protection to the meter given by 
this mode of operation is worth the extra drain on 
the battery. The total current consumption is still 
under 8mA. 

It was found, with the prototype, that battery volt- 
age could be reduced to 7.5 volts without unduly 
affecting the performance. In consequence, it was 
decided not to include a supply voltage stabilising cir- 
cuit. The only critical factor, as supply voltage drops, 
is the "zeroing" of the d.c. section. 

The meter may be any standard moving-coil instru- 
ment with an f.s.d. of 50/xA. That employed by the 
author was an ex-R.A-F. type with an internal resist- 
ance of 2,500Q. Its scale was re-marked for the present 
application. 

A minor point which needs to be mentioned with 
reference to Fig. 3 is that the inset showing the f.e.t. 
lead-outs indicates that the drain lead-out is in the 
centre, whereas some (but not all) Motorola literature 
shows the source as the centre lead-out. In practice, 
the source and drain of the MPF105 are interchange- 
able since this is a symmetrical transistor. TR1 and 
TR2 are connected to the printed circuit boards (des- 
cribed later) with the lead layout given in Fig. 3. 

The 2N2926 Yellow transistors specified for TR3 
and TR4 are the basic 2N2926 with an hfe between 
150 and 300. They are available from a number of 

THE RADIO CONSTRUCTOR 



+9V Al 

"2 

TR VR2 
WWVRI MPrlOS 

X Rfl 
R4 D.C. s2c 

-O 

Mi s2a ^ ZJ1L 
s2d 

S2 positions 
1- Off 
2- D.C. volts 
3-AC. millivolts 

c7 
I Printed circuit 

boards Sj (Range) positions 
See table 

0A2OO 

24 TR TR TR4 . ..2 

MPFIOS 
26 D2-5 

OA91 
2N2926Y 2 N2926V 

A.C C2 R28 

r22 
27 

ZDi C3 R|2 

n 
20 

H 
21 

1 X 
slb 

\ ^ e c o 

Drain 
MPFIOS 2N2926Y 

Lead-outs Lead-outs 

e c b 
W/ VR3 

Source Gate 

Fig. 3. The complete instrument, offering both d.c. voltmeter and a.c. millivoltmeter facilities 

suppliers, including Electrovalue, 32a St. Judes Road, 
Englefield Green, Egham, Surrey. 

CONSTRUCTION 

Construction is quite straightforward and the 
general layout is given in Fig. 4. All the larger com- 
ponents are mounted direct to a 16 s.w.g. aluminium 
panel, there being no "chassis" in this instrument. The 
range switch is of the "Maka-Switch" type and two 
printed circuit boards carrying the smaller voltmeter 
and millivoltmeter components are mounted to the 
side-struts of this switch in a manner which is des- 
cribed in detail later. The exact dimensions of the 
panel will largely depend upon the meter employed. 
This in the author's case is a large type with a Sin. 
scale, but even so the whole instrument easily fits 
into a plywood cabinet 8in. high, lOin. wide and 3in. 
deep. 
SEPTEMBER 1969 

The two sections of the instrument are built on 
separate panels of printed circuit board, details of 
which are given in Figs. 5(a) and (b). In these two dia- 
grams the copper side of the board is towards the 
reader. Assembly of the boards follows standard 
practice except for the input components of the milli- 
voltmeter panel of Fig. 5(b). Because of the sensitivity 
of the circuit, TR2 and C2 are very prone to hum 
pick-up and require screening. In the prototype the 
f.e.t. is screened by having a coil of 22 s.w.g. insu- 
lated connecting wire slipped over it, with the end of 
the coil anchored and soldered to an earth point on 
the panel. The coil is formed by close-winding eight 
turns round a Jin. rod, leaving a tail for the earth 
connection. See Fig. 6. This in practice forms an effec- 
tive screen. Capacitor C2 is screened by wrapping a 
length of metal foil around it, this being secured by a 
few turns of bare 22 s.w.g. wire soldered together. 
This operation should be carried out before assembly 
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Fig. 4. Front and rear views of the panel, on which the larger components are mounted. 
The two printed circuit boards are affixed to the range switch 

and care taken that the screen does not touch either 
of the capacitor's leads. When fitted, the screen should 
be connected to an earth point near the capacitor. 

In the d.c. section (Fig. 5(a)) the value of Rll will 
depend upon the particular MPF105 used. Taking a 
number of these at random Rll was found to vary 
from Ikfl to 5kn. In view of this a small skeleton 
type 5kf2 pre-set potentiometer could be substituted 
and adjusted accordingly. Alternatively Rll can be a 
6.8kO fixed resistor plus a second resistor wired in 
parallel during the final setting up process. 

y 

Another rear view. Note the two printed circuit 
boards secured to the range switch assembly 
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The printed circuit panels are completed by adding 
suitable lengths of connecting wire to the various 
terminal points, including those for connection to SI. 
If wires of different colour are available construction 
will be that much easier. In this respect it should be 
noted that interconnections between printed circuit 
boards, components mounted on the main panel and 
the range switch are all identified by letter in the cir- 
cuit diagram of Fig. 3. The same letter coding is em- 
ployed in Figs. 5(a), 5(b) and 7. 

Assembly of the various sections is greatly facili- 
tated if a definite sequence is followed. The first step 
is to mount the meter, controls and terminals to the 
front panel and, working from Fig. 3, complete all 
wiring which does not involve connections to the 
printed circuit boards or SI (a) and (b). The printed 
circuit boards appear inside the dashed line rectangles 
in Fig. 3. 

The second step is to add the "Maka-Switch" 
mechanism. With this kit two side struts are included; 
the heads of these should be carefully removed and 
the "headless' struts screwed into position on the index 
mechanism. The struts are then locked into position 
by two 6BA nuts, care being taken not to foul the 
mechanism. Having done this the millivoltmeter panel 
is then slipped into position on the struts in the man- 
ner shown in Fig. 8, and the necessary connections 
made to other components on the panel. At this stage, 
the millivoltmeter panel will not be held down 
securely. 

Before placing the switch wafer in position, this 
should be checked for correct functioning and resis- 
tors R2 to R6 and R13 to R17 wired into place as 
indicated in Fig. 7, which illustrates the wafer viewed 
from the rear. (R18 and R19, shown in Fig. 7, are 
already fitted to the millivoltmeter panel, as in Fig. 
5(b).) In order to prevent any possibility of short-cir- 
cuits during use a suitable length of sleeving should be 
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Fig. 5. The printed circuit boards for (a) the d.c. voltmeter section and (b) the a.c. milli- 
voltmeter section, with copper side towards the reader. These are reproduced full size and 

may be traced, if desired 

slipped over each resistor before mounting. The switch 
wafer is separated from the two panels by means of 
iin. spacers, and is fitted so that the sides with R2 to 
R6 and R13 to R17 take up the positions indicated in 
Fig. 8. Complete the wiring between the wafer and 
the millivoltmeter panel and take a lead from the 
SEPTEMBER 1969 

wafer tag conected to the free end-of R2 (see Fig. 7) 
to the d.c. positive terminal via Rl. R1 is not mounted 
on the boards. Next add the voltmeter panel and 
secure the whole switch and circuit board assembly 
by the 6BA nuts of the side struts. The assembly 
should now appear as in Fig. 2. Connect all leads from 
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Ta earthed B-turn coil with 
'/4'inside diameter 

Fig. 6. Illustrating how TR2 and C2 are 
screened in order to reduce hum pick-up 

the voltmeter panel and complete any other outstand- 
ing wiring. 

This completes the construction of the instrument. 

CALIBRATION 

Before the instrument can be cahbrated the value of 
Rll in the voltmeter section must be determined. In 
order to do this VR1 is set at maximum resistance 
and VR2 at its mid-point position. If Rll has been 
made a preset variable resistor this is adjusted until 
the meter reads zero and no further attention is re- 
quired. If a 6.8kn fixed resistor has been wired in for 
Rll then a 25kO variable resistor should be tem- 
porary clipped across it and adjusted for zero reading. 

£|a 

.6 "13 

"17 

"18 "19 

15 S)b 

"To Rj and D.C. -r terminal 

Fig. 7. Connecting the attenuator resistors to 
the switch wafer 

The variable resistor is then removed and its value 
measured; a second fixed resistor near this value is 
then soldered across R11. The use of fixed resistors in 
this way is perhaps more trouble at this stage, but it is 
to be recommended for long term stabihty. 

Calibrating the instrument is a simple process, and 
it is only necessary to provide one known direct volt- 
age between 0.25 and 500 volts, and one known alter- 
nating voltage between 5mV and 1 volt. Figs. 9(a> 
and (b) show two suggested schemes. In Fig. 9(a) a 
IkH potentiometer is connected across a 1.5 volt cell 
and adjusted to give a reading of 1 volt in any volt- 
meter known to have good accuracy. The instrument 

6BA side strut 6BA nut Connecting leads 

D.C. voltmeter panel 

AC. milllvoltmeter panel 
r2"r6 t'1's si<le 

Q=™h 
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Coaxial lead to AC. 
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2 ^9 9^ ri S 

Locknut 
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Switch index mechanism Front panel AC. input socket 

Fig. 8. The two printed circuit boards are affixed to the range switch in the manner shown here 
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Fig. 9. Calibrating the d.c. and a.c. sections of the instrument. Each section requires only one 
calibration voltage 

is first switched to read direct voltage and, without its 
test leads connected, set to zero by VR2. SI is set to 
Range 2. The test leads are then connected across 
the external voltmeter and VR1 adjusted for a reading 
of 1 volt in the instrument. 

In Fig. 9(b) a known alternating voltage of 1 volt 
(as monitored by an external meter known to have 
good accuracy) is selected by the IkQ potentiometer. 
The instrument is switched to read alternating voltage, 
SI is set to Range 6 and the test leads connected to 
the known source of voltage. VR3 is adjusted for a 
reading of 1 volt. 

Both VR1 and VR3 are included on the front panel 
so that calibration can easily be checked and re-set 
during use. 

The accuracy of the instrument will depend almost 
entirely on the two attenuator networks R2 to R7 
and R13 to R18. For accurate work these should be 
Si m EMBER 1969 

1 /o tolerance high stability types. Some of the values 
specified may be a little difficult to obtain from the 
usual mail order houses, in which case two resistors 
may be used in series or parallel. Thus, R2 could be 
2.2MQ, in series with 6.8MQ. Similarly, R16 could be 
two 8212 in parallel, and R17 and R18 each two 100 
in parallel. If the experimenter requires indications 
rather than exact measurements, tolerances up to 5 % 
could be substituted for R2 to R7 and R13 to R18. 
As already explained a degree of non-linearity is 
likely on the a.c. ranges and for extreme accuracy a 
graph could be plotted and used. A really keen con- 
structor could of course calibrate the meter scale 
from this for accurate direct readings. 

In use ordinary test leads are suitable for the d.c. 
ranges and a length of coaxial cable for the a.c. 
ranges. This should be kept as short as convenient 
in order to prevent losses on the higher frequencies. 
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COMPONENTS 

Resistors 
(All fixed values 4 watt 5 % unless otherwise 
stated.) 

R1 IMfi.i watt, hi-stab 
R2 9Mil 1 %, 4 watt, hi-stab (see text) 
R3 500kQ 1 %, 4 watt, hi-stab 
R4 400kO 1 %, 4 watt, hi-stab 
R5 50kn 1 %, 4 watt, hi-stab 
R6 40kn 1 %, 4 watt, hi-stab 
R7 1 Okfl 1 %, 4 watt, hi-stab 
R8 IMfl 
R9 4.7kO 
RIO IkQ 
Rll See text 
R12 6.8Mn 
R13 5000 1 %, 4 or 4 watt, hi-stab 
R14 4000 1 %, 4 or 4 watt, hi-stab 
R15 50Q %, 4 or 4 watt, hi-stab 
R16 40f2 1 %, 4 or 4 watt, hi-stab (see text) 
R17 512 1 %, 4 or 4 watt, hi-stab (see text) 
R18 512 1 %, 4 or 4 watt, hi-stab (see text) 
R19 68012 
R20 1012 
R21 2712 
R22 6.8kl2 
R23 33012 
R24 6.8kl2 
R25 47012 
R26 IkQ 
R27 IkQ 
R28 IkQ 
VR1 lOkQ potentiometer, linear, preset 

(panel mounting) 
VR2 IkQ potentiometer, linear 
VR3 100Q potentiometer, linear, preset 

(panel mounting) 

Capacitors 
61 2,000pF ceramic 
C2 0.33/j.F paper or plastic foil 
63 1 OOjuF electrolytic, 6V wkg. 
64 SOOjuF electrolytic, 6V wkg. 
65 500/j.F electrolytic, 6V wkg. 
66 64/rF electrolytic, 12V wkg. 
67 200/rF electrolytic, 12V wkg. 

Semiconductors 
TR1 MPF105 (Motorola) 
TR2 MPF105 (Motorola) 
TR3 2N2926 Yellow spot (see text) 
TR4 2N2926 Yellow spot (see text) 
D1 OA200 (Mullard) 
D2-D5 OA91 (Mullard) 
ZDI 7.5 volt zener diode (see text) 

Meter • 
Ml SOjuA moving-coil 

Switches 
51 Radiospares "Maka-Switch" kit, with 

one 2-pole 6-way wafer and four { in. 
spacers* 

52 4-pole 3-way, rotary 

Miscellaneous 
6oaxial socket 
2 terminals 
3 knobs 
Aluminium panel 
Printed circuit board 
9-volt battery 

* Radiospares components may only be 
purchased through retailers. 

CAN ANYONE HELP? 

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. 

Sobell TV T280 & Philips Radio 341 A.—M. J. Levy, 
19 Totternhoe 61ose, Kenton, Middlesex — manuals 
or data sheets, purchase or loan. 
"Radio Constructor" July 1964. — G. Sawyer, St. 
Agnes, Elm Tree Road, Locking, Weston-super-Mare, 
Somerset — this issue of the magazine is required, 
particularly the article "Transistor Tape Recorder 
6ircuits" Part 2. Loan or purchase. 
Bush TV T99CB & HMV TV 6405S jT. — E. O. 
Odunfa, P.O. Box 1460, Ibadan, Nigeria — loan or 
purchase of service sheets for these models. 
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AVO Valve Tester No. 3. — Havering Technical 
6ollege, Ardleigh Green Road, Romford, Essex —- 
operating instructions required. 
Taylor Valve Tester, Model 45B. —- G. S. Ghataure, 
Box 10785, Nairobi, Kenya — would like to add 
noval base, can any reader suggest a circuit for this 
modification? 
Hallicrafter SX71 Receiver. — G. W. Perkins, 35 
Kingstown Road, Garlisle, Gumberland — loan or 
purchase of manual or circuit diagram — even in- 
formation on the correct valve line-up would help! 
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g«DIO COKSTROCTOIl 

SPECIAL EXCLUSIVE OFFER 

* ROOF RACK 

******* 

i 

i L 

The Classic - a really new and handsomely designed roof 
rack. Made with high quality steel tubing and alloy castings. 
A fully collapsible model requiring only four bolts and four 
wing nuts supplied for its complete and rapid assembly. 
The framework is covered with a durable P.V.C. and the 
rack stands on the very latest type of gutter mountings. 
These mountings have very wide feet for maximum stability 
and are fixed to the car roof gutters via isolating polythene 
sleeves to prevent rusting. Carrying platform of 40" x 34" 
wide. List Price 99/6. OUR PRICE 65/- plus carriage 8/6 

* ESTATE CAR CONVERSION KIT 
This converts the saloon kit into an estate car kit. Carrying 
platform becomes 75" x 34" wide. 
List Price 99/6. OUR PRICE 65/- plus carriage 8/6 
If roof rack and conversion kit ordered together - 

carriage free 

* HEAD REST 

For comfort and safety! Latest Fin- 
nish design. Suitable for all types of 
seating. Upholstered in first quality 
foam and covered in extremely dur- 
able P.V.C. Fully and easily adjust- 
able for the widest range of height 
and angle. Available in black or red. 
List Price 59/6 OUR PRICE 39/6 

plus p. & p. 6/- 

* MASERATI AIR HORNS 

TS Sprint. Ideal for Motorway 
or Continental driving. Will fit 
under the bonnet of any car. 
Available in 6, 12 or 24 volts. 
This unit incorporates a new 
extra powerful compressor, 
which is only available with 
Maserati Air Horns. Extra tough 
red plastic trumpets, both 65" 
long, base diameter of each 3". 
Compressor height 4j", diameter 
ly. Total weight, including box, 
4i lbs. Complete with relay, 
tubing, securing nuts and bolts 
and fixing instructions. List Price 
5 gns. OUR PRICE 69/6 
plus p. & p. 6/- 

The above car accessories are first grade, high quality, and are covered by a 
SEVEN-DAY MONEY BACK GUARANTEE 

Please send the following:— 
( Please tick where applicable) 

I 
Name 

□ Classic Roof Rack □ Head Rest 

□ Estate Car Conversion Kit Q Maserati Air Horns | 

Address 

Model and year of car     Please state voltage required... 

I enclose cheque/crossed postal order for    

I 

L. 
BLOCK CAPITALS PLEASE 

Please make remittances pa/able to our distributors :— IVORYET LTD. and send to : 
RADIO CONSTRUCTOR SPECIAL OFFER, 57 MAIDA VALE, LONDON W.9 
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EQUIPMENT REVIEW . . . 

THE EDDYSTONE 

EC 958 RECEIVER 

Anew, solid-state receiver, which covers the 
complete frequency range from the high fre- 
quency band down to the very low frequency 

band in a continuous sweep from 30MHz to 10kHz, 
and which provides facilities for high stability work- 
ing, is announced by Eddystone Radio, Limited. 

This new receiver, type EC 958, provides monitor- 
ing facilities over a wide range of frequencies which 
have previously required the use of two separate re- 
ceivers, or elaborate 'add-on' units with a normal high 
frequency receiver. The low frequency band is still, 
of course, widely used for marine communications, 
broadcasting, and for a number of point-to-point 
services. 

R.F. INPUT PROTECTION 

The aerial input stage of the EC 958 receiver em- 
ploys a junction MOSFET device with the high 
breakdown voltage of 25 volts. This circuit is further 
protected by four high-current silicon diodes, con- 
nected directly across the aerial input. These reduce 
on-tune signals to a maximum of about 2.4 volts 
peak-to-peak, while out-of-tune signals are further 
reduced by a high-Q bandpass input circuit which 
provides same 40 dB of attenuation at 10% off-tune. 
The input also has a trimming circuit incorporating 
capacitance diodes, which further protect the input 
circuits by de-tuning them when the r.f. potential ex- 

, ceeds some 5 volts. 
This combination of circuit features provides a 

degree of protection to the completely solid-state r.f. 
circuits which compares favourably in this respect 
with a valve input. It also provides all the advantages 
of solid-state circuitry in terms of reliability and 
stability. 

COMPLETE SPECTRUM IN TEN RANGES 

Ten ranges cover the complete spectrum, from 
30MFIz down to 10kHz. The first four ranges cover 
the h.f. band. In these ranges, a triple conversion 

(continued on page 111) 
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The EC 958 receiver is seen here with the main cove/ removed. The optical projection tuning scale 
is at the top of the front panel, beneath the operator's hand 
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UNDERSTANDING 

THE Q MULTIPLIER 

2*VLC 

m 

by IV. G. Motley 

IN LAST MONTH'S ISSUE WE EXAMINED THE MANNER IN 
which a quartz crystal may be employed to increase 
the selectivity offered by a superhet receiver. In this 

application the crystal appears in the i.f. amplifier of 
the receiver and it offers minimum attenuation to 
signals at its series resonant frequency. Since, in both 
its series resonance and parallel resonance modes, the 
crystal behaves like a tuned circuit having an extreme- 
ly high value of Q, the crystal then functions as a 
sharply selective device for signals at or very close to 
its series resonance frequency. 

As was also explained last month, a single crystal 
filter circuit incorporates a phasing control, this being 
a variable capacitor connected into the circuit such that 
it is capable of neutralising the capacitance of the 
crystal holder. Adjusting the phasing control effective- 
ly alters the parallel resonant frequency of the crystal, 
thereby allowing increased rejection to be offered to 
interfering signals close to the series resonant fre- 
quency of the crystal. 

Crystal filters can employ two or more crystals 
when it is desired to pass a band of frequencies, as 
occurs when it is intended to receive amplitude modu- 
lated signals. 

We turn next to another circuit device which is 
similarly capable of increasing the selectivity given by 
a superhet receiver. 

INCREASING TUNED CIRCUIT Q 

When, in earlier articles, we dealt with t.r.f. re- 
ceivers (in which all the tuned circuits before the de- 
tector are resonant at the frequency of the aerial 
signal) we saw that the selectivity offered by a single 
tuned circuit may be considerably enhanced by the 
application of regeneration. Regeneration, in this con- 
text, is frequently referred to as "reaction". The re- 
generation is normally provided at the detector stage, 
and the usual practice consists of using the grid leak 
type of detector and of feeding back to the tuned cir- 
cuit coupled to its grid a portion of the amplified r.f. 
signal appearing at its anode. The anode signal fed to 
the grid is arranged to be in phase with the grid signal, 
whereupon the feedback is positive. A feature of the 
circuit is that the amount of signal fed back can be 
controlled, this being done typically by means of 
a series variable capacitor. In consequence, it is pos- 
sible to gradually increase the proportion of signal 
fed back until, eventually, the circuit breaks into oscil- 
lation. If the feedback control is adjusted so that the 
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circuit is just below the point at which oscillation 
occurs, the selectivity offered by the grid tuned cir- 
cuit is considerably increased, because the positive 
feedback has very nearly cancelled out the inevitable 
"losses" in that tuned circuit. 

Since the apparent efficiency of the grid tuned cir- 
cuit is increased due to the regeneration, the sensitivity 
of the circuit is similarly increased. 

It would appear attractive, at first sight, to employ 
a somewhat similar type of regenerative circuit in the 
i.f. amplifier of a superhet receiver, the regenerative 
circuit appearing either in one of the i.f. stages or at 
the detector. Indeed, superhet designs incorporating 
a regenerative i.f. stage or detector have been pro- 
duced in the past, but the use of the technique is in 
no way general. A regenerative stage may occasionally 
be encountered in inexpensive commercially made 
receivers intended for short wave listening. 

An alternative approach towards taking advantage 
of the very high Q offered by a tuned circuit to which 
regeneration is applied is given in the Q-multiplier, 
which forms the subject of this month's article. The 
Q-multiplier appears in the form of a separate unit 
which may be coupled to an existing superhet as an 
"add-on" device. Its use is almost entirely confined 

Metal case 

,_v 
HT+ 

■ 1 Receiver IF amplifier chassjs 

frequency 
changer 

r i ii/ 

Controlled 
positive 

D.C feedback 
blocking ^ 
capacitor 

R.F 
amplifier 30 500 

pF7B 

I 

Receiver Q-multiplier 

Fig. 1. The basic method of coupling a Q- 
multiplier to a receiver. The two capacitor 
values given are roughly representative of what 

may be encountered in a practical design 
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to receivers operated by amateur transmitting en- 
thusiasts and short wave listeners, the function of the 
Q-multiplier being to improve the selectivity of an 
existing superhet receiver at relatively low cost. 

There is no fixed circuit design for a Q-multiplier 
and a number of individual circuits have appeared in 
amateur and constructional publications. These all 
rely, for their operation, on the ability of a tuned cir- 
cuit to offer a very high Q when regeneration is 
applied. Some Q-multipliers are designed to offer a 
sharp response curve for the acceptance of signals, 
whilst others are designed to offer a sharp response 
curve for the rejection of signals. Both these facilities 
are often available in a single design. It is usual, when 
discussing Q-multipliers, to initially think in terms of 
a device which provides a sharp response curve for 
signal acceptance, and we shall commence next by 
examining Q-multipliers of this type. 

Basically, the Q-multiplier is coupled to an existing 
receiver in the manner shown in Fig. 1. A length of 
low-capacitance screened cable, such as aerial coaxial 
cable, is introduced inside the cabinet of the receiver. 
The inner conductor of the cable is connected to the 
anode of an i.f. amplifier, or to the anode of the 
frequency changer, and the braiding to any convenient 
chassis point close to the anode terminal. The self- 
capacitance of the screened cable is effectively in 
parallel with the primary of the associated i.f. ampli- 
fier and the alignment of this primary may then be 
readjusted so that it is resonant at the same frequency 
as before. Alternatively, and as will shortly be des- 
cribed, the detuning effect at the i.f. transformer pri- 
mary can be removed by means of an additional coil 
in the Q-multiplier unit. 

At the other end of the screened cable is the Q-mul- 
tiplier unit, its components being fitted in a screened 
metal case which is positioned outside the receiver 
cabinet. The screened cable connects, via a d.c. block- 
ing capacitor, to a tuned circuit consisting of a coil, 
a fixed capacitor and a variable capacitor, these com- 
ponents having values which allow the resonant fre- 
quency to be adjusted over the band of frequencies 
passed by the i.f. amplifier of the receiver. This tuned 
circuit is, in its turn, coupled to an r.f. amplifier which 
allows controlled regeneration to be fed back to it. 
If the regeneration level is adjusted such that the r.f. 
amplifier is just below the oscillation point, the tuned 
circuit effectively offers a very high level of Q. 

i  i i 

I D.C. blocking 
J capacitor j0 Q-multiplier 
j-j BIB j • tuned circuit 
I 

1 |  
Q - multiplier 

Fig. 2. If an additional coil is fitted in the 
Q-multiplier, as shown here, it may be made 
to resonate with the self-capacitance of the 
screened cable at the receiver intermediate 

frequency 
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In use, the associated receiver is tuned in to a signal 
in the normal way. Should the extra selectivity avail- 
able from the Q-multiplier be required, this is next 
switched on and its variable capacitor adjusted so 
that the resonant frequency of the Q-multiplier tuned 
circuit is at the intermediate frequency given by the 
desired signal. Due to its high effective Q, the Q- 
multiplier tuned circuit exhibits a response curve 
having a very sharp peak at its resonant frequency. 
In consequence, the required signal suffers negligible 
attenuation due to the Q-multiplier tuned circuit, 
whereas signals close in frequency to the desired 
signal can be attenuated to a considerable degree. 

It should be noted that the frequency of the Q- 
multiplier response peak is capable of being varied 
within the band of frequencies passed by the receiver 
i.f. amplifier. The Q-multiplier variable capacitor can 
be employed, therefore, to "peak" individual signals 
passing through the i.f. amplifier without making any 
adjustment to the tuning control of the receiver. 

For best results the tuned circuit in the Q-multiplier 
unit must be designed so that it offers a high Q on 
its own before regeneration is applied to it, and this 
entails employing a highly efficient coil with very low 
"losses". The regeneration, if carefully applied and 
controlled, can increase the effective Q of such a 
tuned circuit until it approaches the performance 
offered by a crystal. 

The fixed capacitor in the Q-multiplier tuned 
circuit ensures, in practice, that adjustments of the 
variable capacitor do not necessitate wide variations 
in regeneration control to keep the circuit just below 
oscillation point. The fixed capacitor also reduces 
drift of the resonant frequency due to shifting stray 
capacitances across the tuned circuit, as could for 
instance be given by inter-electrode capacitances in 
a valve r.f. amplifier as it warms up. The values 
given in Fig. 1 for these two components are, inci- 
dentally, merely intended as a rough indication of 
what is to be expected in a practical circuit. 

CANCELLING CABLE CAPACITANCE 

It was stated a little earlier that the self-capacitance 
of the screened cable coupling the Q-multiplier to 
the receiver i.f. amplifier or frequency changer anode 
detunes the primary of the i.f. transformer in that 
anode circuit, and that the detuning may be corrected 
by realigning the primary. An alternative and better 
approach consists of adding a coil at the Q-multipler 
end of the screened cable, as illustrated in Fig. 2. 
This coil has an adjustable iron dust core, and its 
inductance is varied so that it becomes resonant, in 
company with the stray capacitance of the screened 
cable, at the centre of the receiver i.f. pass-band (i.e. 
the band of frequencies passed by the receiver i.f. 
amplifier). As will be apparent from Fig. 2 the coil 
and the self-capacitance of the screened cable form 
a parallel tuned circuit. Since the self-capacitance of 
the screened cable will be low - of the order of 20pF 
- the inductance in the coil of Fig. 2 needs to be 
greater than that of the Q-multiplier proper if it is 
to become resonant at the intermediate frequency of 
the receiver. According to Q-multiplier design, the 
inductance may be some 3 to 10 times greater. The 
existence of an added parallel tuned circuit across 
the i.f. transformer primary in the receiver does not 
significantly affect receiver performance in practice, 
but it is nevertheless desirable to ensure that the 
self-capacitance in the screened cable is kept low (by 
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Fig. 3. The Q-multiplier circuit due to G2BVN. This can offer 
a sharp acceptance response or a sharp rejection response. 

It may also be switched to provide a b.f.o. signal 

keeping the cable short) and to use an efficient coil 
at the Q-multiplier end. The Q-multiplier coil has the 
same effect on receiver performance regardless of 
whether the Q-multiplier is switched on or off. After 
the Q-multiplier has been coupled to the receiver, 
the coil of Fig. 2 is adjusted such that receiver i.f. 
performance is the same as was given previously. 
This is normally achieved by tuning in a steady 
signal, or applying a signal to the i.f. amplifier from 
a signal generator, after which the coil of Fig. 2 is 
adjusted for maximum signal level at the receiver 
detector. 

It is almost inevitable that the receiver i.f. trans- 
formers will be aligned by means of adjustable iron 
dust cores, whereupon the use of the coil of Fig. 2 
is to be preferred. This is because the fairly large 
core adjustment required by the Fig. 1 arrangement 
could also seriously upset the mutual inductance be- 
tween the primary and secondary windings of the 
receiver i.f. transformer. 

Q MULTIPLIER REJECTION 

As has already been mentioned, a Q-multiplier 
may, instead of providing signal acceptance, alterna- 
tively offer a sharp degree of rejection at a specific 
frequency. To see how this may be achieved we turn 
next to the practical Q-multiplier circuit shown in 
Fig. 3. The ingenious design illustrated here is due 
to R. F. Stevens, G2BVN.* 

♦Details of functioning, frequencies and coil inductances for the 
circuit of Fig. 3 are given in the Third and Fourth Editions of the 
R.S.G.B. Amateur Radio Handbook, published by the Radio Society 
of Great Britain, 35 Doughty Street, London, W.C.I. The circuit, 
with suitable recommendations for components, also appears in the 
sales literature of Electroniques, Edinburgh Way, Harlow, Essex. 
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If, initially, we examine circuit operation with 
switch Sl(a)(b)(c) in the "Peak" position, we may see 
that the screened cable from the receiver couples to 
the tuned circuit offered by L2, C4, C5 and C6. This 
is the Q-multiplier tuned circuit and it functions in 
the manner already discussed, the r.f. amplifier which 
provides regeneration being Vl(b). Control of re- 
generation is given by the variable resistor, R6, 
switched in by Sl(c). Coil LI, in Fig. 3, performs 
the same function as did the coil in Fig. 2. 

When Sl(a)(b)(c) is set to "Reject", valve Vl(a) 
is introduced into circuit. Disregarding, for the 
moment, the tuned circuit incorporating L2, we may 
see that i.f. signals from the receiver are passed, in 
attenuated form, to the grid of VI (a) via R3 and C3. 
In consequence, amplified signals of opposite phase 
appear at VI (a) anode. Without L2, and due to the 
initial attenuation given by R3, these anode signals 
will not have a high amplitude and will not seriously 
affect receiver operation. 

When, however, we introduce the L2 tuned circuit 
a different set of circumstances comes into being. If 
the correct amount of regeneration is applied to the 
tuned circuit around L2 this offers a very high Q, 
together with a similarly high impedance at its 
resonant frequency. In consequence, signals at this 
resonant frequency suffer much less attenuation due 
to R3 than do signals removed from the resonant 
frequency, and the anti-phase version of the resonant 
frequency signals at the anode of VI (a) is also 
correspondingly high. At resonant frequency, there- 
fore, the Vl(a) anode signals largely cancel out the 
original signals which produced them, and the circuit 
achieves a state of equilibrium where the original 
signals are allowed to have just sufficient amplitude 
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Fig. 4. A Q-multiplier offering sharp rejection. 
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to maintain the complementary cancelling signals. 
The outcome, so far as receiver performance is 

concerned, is that a high degree of signal rejection 
occurs at the frequency at which this effect takes 
place, and it is possible to obtain a "notch" of similar 
type to that given by a crystal filter phasing control, 
the frequency at which the "notch" appears being 
controlled by C4. 

Regeneration, when the "Reject" facility is selected, 
is controlled by R5. 

For completeness, Fig. 3 also includes the "B.F.O." 
position of Sl(a)(b)(c). When "B.F.O." is selected, 
R6 is advanced until VI (b) oscillates. The oscillator 
output is then fed into the receiver via Rl, giving 
an audible beat note with received carriers according 
to the setting of C4. The facility provided here is 
similar to that provided by a conventional b.f.o. 
fitted normally in a communications receiver. 

An alternative approach towards the use of a Q- 
multiplier for signal rejection is shown in Fig. 4. This 
version takes advantage of the absorption effect 
which occurs if the coil of a parallel tuned circuit 
is inductively coupled to the coil of another tuned 
circuit. If the second coil has a signal current flowing 
in its windings, and if the first tuned circuit is 
resonant at the frequency of that signal, the first 
tuned circuit will absorb energy from the second coil. 

In Fig. 4, coil LI is employed for cancelling out 
screened cable self-capacitance in the same manner 
as was the coil of Fig. 2. Coil L2 is in a parallel 
tuned circuit whose function is to extract energy by 

absorption from LI. If the two coils are carefully 
positioned in relation to each other, and if the tuned 
circuit around L2 has a very high Q, the absorption 
effect appears over a very narrow band of fre- 
quencies, resulting in a "notch" in the i.f. pass-band 
of the associated receiver. The frequency at which 
the "notch" appears is controlled by C2, whereupon 
this capacitor has an effect which is similar to the 
phasing capacitor in a crystal filter. The requisite 
high Q in the tuned circuit around L2 is provided 
by a regenerative circuit, the regeneration being 
adjusted until the circuit is just below the oscilla- 
tion point. 

COMPARISON WITH CRYSTAL FILTERS 

As will have been gathered, Q-multipliers in their 
various forms are comparable with crystal filters 
since, according to version, they can offer either a 
peak or a "notch" in receiver response. However, a 
Q-multiplier cannot offer both a peak and a "notch" 
at the same time, as can a crystal. The Q-multiplier 
does not, in general, offer quite as good an absolute 
performance as does the crystal. Also, the adjustment 
of the controls of a Q-multiplier tends to be critical 
as the oscillation point of its tuned circuit is 
approached. 

On the other hand, the advantage of the Q- 
multiplier is that it may be added to a receiver which 
does not employ a crystal filter and that it introduces 
no significant losses in receiver sensitivity. A crystal 
filter, on the other hand, attenuates the signals which 
pass through it, and is normally fitted as an integral 
part in the original design of a receiver, the latter 
having sufficient gain elsewhere to accommodate the 
loss introduced by the crystal. 

We have seen that a Q-multiplier incorporates an 
r.f. amplifier, and it follows that this will require 
some form of power supply. Such a supply may be 
obtained from the receiver itself, or suitable supply 
components may be fitted into the Q-multiplier unit. 

As a final point it may be stated that a Q-multiplier 
is usually coupled to an early stage in the i.f. ampli- 
fier of the receiver. It is, in fact, common practice 
to couple the Q-multiplier to the frequency changer 
anode. 

NEXT MONTH 

In next month's issue we shall examine other selec- 
tive devices employed in receiver i.f. amplifiers. 

4 

CTtt^ 

" Ask it—who does it think 
it is anyway?" 
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THE EDDYSTONE EC 958 RECEIVER 
(continued from page 106) 

superheterodyne system is employed, with intermedi- 
ate frequencies of 1,335kHz (nominal), 250kHz and 
100kHz. Below 1.6MHz, the conversion is direct to 
the second or third intermediate frequency, depend- 
ing on the input frequency range in use. - 

HIGH SELECTIVITY 

The main selectivity and gain of the receiver are 
provided at the final i.f. (100kHz). Selectivity is pro- 
vided by a switched L-C filter, with bandwidths of 
400Hz and 1.3kHz for c.w. and f.s.k. operation re- 
spectively. For d.s.b. operation, bandwidths of 3kHz 
and 8kHz are available. A further position is pro- 
vided on the selectivity switch for s.s.b. operation, 
this introducing a multi-pole crystal filter. 

The third signal mixer can be fed from crystal- 
controlled oscillators at either 150kHz or 350kHz. 
The final i.f. of 100kHz is then derived from the 
250kHz stage input as a difference frequency, but the 
polarity of the sidebands can be reversed, depending 
on the oscillator selected. This enables the upper 
and lower sidebands to be filtered and amplified, 
using only one sideband filter arrangement. 

PROJECTION TUNING SCALE 

The tuning scales in the EC 958 receiver use an 
optical projection system to throw an image, derived 
from a lOin. circumference film disc, on to a ground 
glass screen in the front panel of the receiver. In this 
way, tuning scales with an effective length of 50in. 

are provided ,to enable the operator to set both the 
main and incremental tuning with an accuracy appro- 
priate to the setting accuracy of the control circuits. 

OUTPUT CIRCUITS 

The output of the final i.f. amplifier is fed to either 
an a.m. detector, or to a c.w./s.s.b. detector incor- 
porating a b.f.o. An output from the master oscillator 
provides carrier insertion for high stability s.s.b. 
operation. The a.f. output is fed to a Class-A audio 
amphfier providing an output of 1 watt which can be 
fed to an internal monitoring loudspeaker or to an 
external 312 speaker. 

A separate a.f. amplifier is provided which gives an 
output of lOmW to a 600Q line outlet. An additional 
drive, at 100kHz, is provided for an optional f.s.k. 
converter which can be mounted inside the unit. 

SPECIFICATION 

Some of the more important specification details 
are as follows. 

Reception facilities consist of c.w., m.c.w., a.m. 
(d.s.b.) and s.s.b. in A3 A, A3H and A3J modes, upper 
or lower sideband. F.S.K. facilities are available when 
an optional module (Type LP.3058) is fitted. 

The power supply can consist of single-phase a.c. 
mains 100-125 and 200-250 volts (40-60Hz), or low 
voltage d.c. using an external d.c./a.c. converter. 

The aerial input is 7512 unbalanced throughout the 
entire range. An additional 600.Q input (balanced or 
unbalanced) is available below 1.6MHz. 

The receiver incorporates 39 transistors (including 
f.e.t.'s), 43 diodes and seven integrated circuits. It 
may be bench mounted or fitted to a standard 19in. 
rack. The panel height is 5.25in. only. 

The price of the EC 958 is £750 f.o.b. B 

COURSES OF INSTRUCTION 
GRIMSBY The Adult Education Institute, Grimsby, is offering a course of instruction in basic radio theory entitled 

naaio Tor Amateurs . 
r ♦Jnt^lded ^riln®,ri'y r!0[,-th^se interested in Amateur Radio Transmitting, the course will cover the syllabus of the City and Guilds Radio Amateurs' Examination, but anyone interested in radio as a hobby will find much 

ot interest in this course. 
The course will be held at the Hereford Centre, Ely Road, Grimsby, on Monday evenings from 7 to 9 p m 
Enrolment will be on 16th, 17th and 18th September between 7 and 9 p.m. and fees are 22/6d. per term 

or 10/- per term for persons under 18 and not in full-time employment. 
An additional fee is payable for those who wish to take the examination. 
. t LONDON BOROUGH OF HOUNSLOW 

f2r^?uUlo Education. Brentford Secondary Girls' School, Clifden Road, Brentford. Enrol- ments 11th, 12th 15th and 16th September, 1969, 6.30 to 8.30 p.m. Fees 50/- for one subject, 20/- for each 
additional subject. 
High Fidelity and Tape Recording 

Jhe c°u/se.'s designed to give an insight into the technique of high fidelity, tape reproduction and recording and to get the best out of existing apparatus and machines, including notes on construction and maintenance. 
Programming and special applications, both stereo and mono, will be dealt with, as will be sound on tape or film 
for cine work. Wednesday. Classes begin on 24th September, 1969. 
Radio Amateurs' Course 

This course is in preparation for the City & Guilds Examination which qualifies the successful candidate for 
recognition by the Postmaster-General for the purpose of Radio Transmission. The work includes; simple magnet- 
ism and electricity, principles of radio, valves and transistors and circuits, radio receivers, low-power transmitters 
aerials, measurement of frequency meters. After the examination the course will include lectures on equipment 
design. Monday. Class starts week commencing 22nd September, 1969. 

KNARESBOROUGH 
At the Knaresborough Further Education Centre, Stockwell Road, Knaresborough. Evening Courses (7 to 9 

P-ff1-) leadln9 t0 the City & Guilds Radio Amateurs' Examination, including Morse Code. Timetable for the 1969- 
1970 Session as follows:- 
RAE (1st year) Monday, Sept. 22nd, 1969 - Dec. 15th, 1969; January 5th, 1970 - March 16th, 1970 
RAE (2nd year) Thursday, Sept. 25th, 1969- Dec. 18th, 1969; Jan. 8th, 1970 - March 19th, 1970. 

Fees will be 30/- from September to March: a further fee of not more than 15/- will be charged for the 
Summer Term, 1970. 
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" A /f ESSING around with the Wl calendar", complained 
Dick, "that's what it is". 

Smithy heaved a sigh. 
"What", he asked wearily, "are 

you dripping on about now?" 
"This stupid Bank Holiday Mon- 

day business", retorted Dick 
aggrievedly. "I was always brought 

To receiver 
on-off 
switch 

Receiver 
battery 

Silicon 
620n diode 

Early warning' 
switch 
(a) 

To receiver 
on-off 
switch 

On the last day of work preceding what is euphemistically 
referred to as the Late Summer Bank Holiday, Dick and 
Smithy find that they have an unexpected period of spare 
lime on their hands. But they are able, as always, to take full 
advantage of this situation, and they devote the time to dis- 
cussing the latest hints received from readers. 

up to take my Bank Holiday Mon- 
day at the beginning of August. But 
they've now gone and shifted it to the 
end of August". 

"When you've got a moan", pro- 
nounced Smithy censoriously, "you 
certainly believe in sticking to it. 
Dash it all, Dick, you've been bitch- 
ing away about the change in Bank 
Holiday date ever since it was intro- 
duced five years ago". 

"And rightly so, too", snorted 
Dick. "Changing the date of a Bank 
Hobday is nothing less than flying in 
the face of Nature. Mark my words. 
Smithy, an alteration in the set order 
of things, such as this is, bodes ill 
for the future of mankind". 

Smithy swallowed. 
"You can always", he suggested 

sweetly, "come into work during the 
Bank Holiday if you like". 

"There's no necessity for me to do 
that", answered Dick hastily. "In 
any case seeing that I was robbed, 
by force majeure, of my rightful 
holiday at the beginning of this 
month, I have no alternative but to 

1 
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To receiver Silicon on-off diodes switch 
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Silicon diodes 
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Fig. 1(a). A simple circuit which gives 'early warning' when a 
receiver battery is approaching exhaustion 

(b). As suggested by Smithy, silicon diodes without a resistor 
may alternatively be employed. The two shown here drop about 

1 volt when the switch is opened 
(c). With three diodes, the voltage drop is approximately 1.5 

volts 
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grudgingly accept next Monday as a 
day off in lieu". 

READERS' HINTS 

Smithy glanced over at his assist- 
ant as he sprawled gracelessly on the 
edge of the stool alongside his 
bench. It was the last Friday of 
August and there was half an hour 
left before the Workshop was locked 
up for the forthcoming week-end 
plus the subsequent Late Summer 
Bank Holiday Monday. All servicing 
work had been cleared up, and the 
pair had busied themselves during 
the previous hour in tidying and 
clearing up their benches. A process, 
it may be added, which had caused 
the suspension in the air of such a 
great volume of dust that the Work- 
shop door had had to be vigorously 
swung open and shut from outside 
with all the windows open before 
the coughing Dick and Smithy could 
re-enter and take up their rightful 
positions beside their benches again. 

After this display of energy they 
had decided to relax before official 
packing-up time, and had entered 
into a desultory conversation which 
had terminated in Dick's bitter 
tirade against those who alter our 
long-established customs. 

A thought occurred to Smithy. 
"Tell you what", he remarked 

brightly. "How about having a ses- 
sion on readers' hints?" 

Dick straightened up. 
"Now that", he remarked keenly, 

"really is a good idea. How many 
hints have you received since we last 
had a go at them?" 

"Quite a few", replied Smithy, as 
he reached into a drawer under his 
bench and took out a bundle of 
letters. "And, as always, there are 
some very good ideas amongst them, 
too". 

Eagerly, Dick carried his stool 
over to Smithy's bench and perched 
himself on it. He had completely 
forgotten his previous complaints 
about the forthcoming misplaced 
Bank Holiday. 

Smithy selected a letter and read 
it carefully. 

'"Now here", he remarked, "is a 
good hint to start the ball rolling. 
As I'll explain to you in a minute, 
this idea is a wee bit in the experi- 
mental class. However, the experi- 
mental work is easy enough to carry 
out once you understand the basic 
operation". 

Smithy indicated a circuit diagram 
drawn out in the letter. (Fig. 1(a)). 
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Fig. 2. A simple solder holder which enables odd bits of solder 
to be finally used up 

"The idea behind this circuit", he 
continued, "is to provide a simple 
'early warning' of battery failure in 
a transistor radio. As you know, it's 
very annoying to have a transistor 
radio battery run out on you when 
you don't have a replacement im- 
mediately available. Normally, the 
switch in this 'early warning' circuit 
is closed, whereupon the radio 
operates in the usual manner. When 
the switch is opened, however, the 
silicon diode and 62012 resistor are 
connected in series with the battery, 
whereupon a voltage is dropped 
across the conducting diode and the 
resistor. If the battery is near ex- 
haustion and its voltage is corre- 
spondingly low, the receiver oscilla- 
tor will cease to function when the 
switch is opened. This warns you 
that it's about time you got a new 
battery for the radio, because the 
present one won't last much longer". 

"That's neat", commented Dick. 
"I suppose that, if the radio con- 
tinues to operate with the switch 
opened, you then know that the bat- 
tery has got a reasonable amount of 
life left in it". 

"Exactly", agreed Smithy. "One of 
the advantages of this idea is that 
you can insert the switch and the 
voltage dropping components in 
series with the positive battery lead 
without having to alter any of the 
receiver circuits themselves. The 
switch and the components can be 
added quite easily to most transistor 
radios as a permanent feature". 

"I wonder", said Dick thought- 
fully, "why the resistor has to be 
62012". 

"Now that", replied Smithy, "is 
where the experimental bit comes in. 
The components in this circuit hap- 
pen to be those which suited the 
particular transistor radio used by 
the reader who sent us the hint. 
What you have to do is to select 
voltage dropping components which 
will be applicable to your own 
radio. Speaking personally, I would 
prefer to use diodes only, rather 
than a diode and a resistor. Two 
conducting silicon diodes (Fig. 1(b)) 
will give a drop of about I volt 
when they're switched into circuit 
and three (Fig. 1(c)) will give a drop 
of about 1.5 volts. One or other of 
these two alternatives should be ade- 
quate to provide 'early warning' of 
battery failure with the majority of 
transistor radios. Incidentally, it's a 
good plan to find the dial setting at 
which the receiver oscillator first 
fails to operate as the supply volt- 
age drops. If, for instance, this 
occurs at the low frequency end of 
the medium wave band, you can 
test the battery by opening the 
switch and tuning at that end of the 
band". 

"I notice", said Dick, "that the 
test circuit is inserted in series with 
the positive connection to the bat- 
tery. Couldn't it be connected in 
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series with the negative battery lead 
instead?" 

"Oh definitely", stated Smithy. 
"Provided, of course, that you con- 
nect the silicon diodes the other way 
round". 

"What sort of silicon diodes 
should be used?" 

"Well", replied Smithy, "the 
diodes could pass a fairly heavy 
surge current if they are in circuit 
when the transistor radio is switched 
on, and this current might well be in 
excess of the maximum forward cur- 
rent rating of some of the smaller 
silicon diodes which are intended for 
signal circuits. The more knowledg- 
able experimenter who, say, buys 
his silicon diodes in bulk will know 
how to deal with this problem. So 
far as the less experienced home- 
constructor is concerned, however, 
I would suggest that he plays safe 
on this score by using small silicon 
power rectifier diodes. A good 
choice would be the popular Lucas 
DD000. This is quite a small diode 
and its forward current characteris- 
tics are more than adequate enough 
for the present application". 

NO CHARGE FOR CORKAGE 

Smithy turned to another letter 
in the pile. 

"Ah", he chuckled. "Now here's 
a very smart little scheme for saving 
solder". 

Smithy showed Dick a sketch 
attached to the letter. (Fig. 2). 

"What you do", he continued, "is 
to take a large cork and cut it to 
the shape shown here. If it's got a 
plastic top which has a wider 
diameter than the body of the cork, 
you cut this top off. The next thing 
to do is to make a small hole in the 
tapered end of the cork, this hole 
being just large enough to take a 
piece of resin-cored solder. You now 
have a solder holder which, first of 
all, enables you to manipulate long 
lengths of solder more easily and 
which, secondly, protects your hand 

from heat when you're using very 
short lengths of solder". 

"That idea", said Dick, impressed, 
"would be just right for me. I'm 
always ending up with little bits 
of solder about an inch and a half 
long. I've got a tin full of them 
somewhere on the bench!" 

"Then you can start using them 
up with this solder-saving gadget", 
pronounced Smithy. "The next time 
you order a bottle of Beaujolais 
with your egg and chips down at 
Joe's Caff, ask him to keep the cork 
for you". 

"Fair enough", replied Dick 
equably. "But it won't be Beaujolais 
because Joe doesn't stock it. It'll 
probably be a hock like Lieb- 
fraumilch or something like that. 
The trouble with Joe is that he's 
rather fussy about the wines he 
serves with his chips". 

Smithy cast a suspicious glance at 
Dick's patently innocent face. 

"Oh well", he remarked uncertain- 
ly, "you'd better use whatever sort 
of cork you can lay your hands on". 

The Serviceman hurriedly turned 
to the pile of letters on his bench 
and made a third selection. 

"Now, this letter", he announced, 
after a moment's perusal, "describes 
a probe for an oscilloscope or milli- 
voltmeter". 

Smithy showed Dick the drawing 
of the probe. (Fig. 3). 

"As you can see", went on 
Smithy, "this is built in the case of 
a fibre pen, the type employed by 
our correspondent being a Scripto 
'Fibapcn'. The outside insulation on 
the coaxial cable connecting to the 
probe is stripped back 1 inch from 
the end and the braiding removed 
over most of this length. A stranded 
earth lead is soldered to the braid 
which remains, and is passed 
through a hole in the case, as shown. 
A Veroboard terminal pin or any 
other plated pin suitable for a probe 
is, after being soldered to the inner 
wire of the coaxial cable, passed into 
the plastic case. The three entry 
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Fig. 3. Making up a screened oscilloscope or millivoltmeter probe 
in the case of a discarded fibre pen 

points are then sealed with Araldite. 
When completed, the probe is 
capable of reaching into really awk- 
ward and inaccesible places. Also, it 
retains a high degree of screening 
due to the presence of the braiding 
inside the plastic case". 

"That's a knobby scheme", re- 
marked Dick approvingly. "It's 
amazing how many useful gadgets 
you can knock up for radio pur- 
poses out of quite simple basic 
materials". 

"True enough", agreed Smithy. 
"Now let's take a look at the next 
hint. Ah now, this is another simple 
device but it can still be jolly use- 
ful during servicing work. The idea 
was conceived after encountering the 
difficulty of removing small silicon 
transistors of the BF173 variety 
from printed circuit boards in hybrid 
TV sets. The removal of these tran- 
sistors can be particularly difficult 
when they're closely surrounded by 
other components, and the solution 
consists of making an extractor tool 
from a polystyrene or bakelite coil 
former of the type which accepts a 
6 m.m. dust core. A piece of plastic 
sleeving is first slipped inside the 
former to give a good friction grip. 
The former is then passed over the 
transistor body, whereupon the grip 
is tight enough to allow the tran- 
sistor to be drawn free of the 
printed panel once the solder is re- 
moved from the connections". 

Dick looked at the sketch in the 
letter Smithy was holding. (Fig. 4). 

Coil former, 
passed over 
transistor 

o> 

"That's a useful idea", he com- 
mented. "Some of those little tran- 
sistors can make life very frustrating 
when you want to unsolder them 
from a crowded circuit board". 

"They can indeed", concurred 
Smithy. "An added bonus with this 
extractor tool is that you can use it 
to hold the transistor in position if 
you want to make ohmmeter checks 
to its lead-outs. Hold the base of 
the coil former in a vice, and the 
transistor is firmly positioned with 
its leads pointing conveniently up- 
wards". 

"Good point", approved Dick. 
"Transistors can be fiddling little 
components when you want to con- 
nect test leads to them". 

"They can be irritating in that 
respect", agreed Smithy. "Well, let's 
see what the next letter has to tell 
us. Ah, this has to do with mag- 
netising and demagnetising. As 
you know, Dick, we sometimes 
like to have screwdrivers and 
similar tools magnetised because 
they can then be used to pick up 
screws and things from awkward 
places. The trouble is that, once 
magnetised, the tools are difficult to 
demagnetise again afterwards, 
whereupon the magnetisation can 
occasionally become a nuisance. The 
present hint describes a simple and 
useful method of demagnetising such 
tools, this being done with the aid 
of an ordinary mains driven solder 
gun. You hold the tip of the iron 
near the object to be demagnetised 

6 mm coil former 

Plastic 
sleeving 

Fig. 4. Employing a coil former as an extractor for transistors 
fitted to crowded circuit boards 
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and pull the trigger. The field 
around the solder gun tip is usually 
strong enough to do the job very 
effectively". 

TERMINAL STRIPS 

"That's a new one on me", com- 
mented Dick. "I'd never looked up- 
on a solder gun as being a degaus- 
sing tool before!" 

But Smithy had already opened 
the next letter, and he passed over 
the sketches enclosed with this to 
his assistant. 

"Have a shufti at these", he said, 
"whilst I tell you what's in the let- 
ter. This, incidentally, describes two 
separate hints. The first of these 
involves the use of what are known 
in the trade as 'barrier terminal 
strips'." 

"I think I know what they are", 
said Dick. "Aren't they those poly- 
thene strips with individual metal 
connectors in them, each connector 
having two screw terminals?" 

"That's right", agreed Smithy. 
"They're normally 12-way and are 
rated at mains voltages, and you 
can sub-divide them very easily with 
the aid of a knife. They're sold in 
Woolworth's as well as in shops 
dealing with electrical parts. Well 
now, if you like experimenting with 
different circuits, two of these ter- 
minal strips mounted parallel to 
each other can offer very convenient 
anchor points and are readily cap- 
able of taking temporary connec- 
tions. (Fig. 5). You fit the compo- 
nents between the strips and simply 
secure their lead-outs under the ter- 
minal strip screws. The termiinals 
should not be used for any r.f. wiring 
which needs to be particularly short, 
but they are extremely convenient 
for bias networks, decoupling com- 
ponents, and for circuits working at 
audio frequency. The most con- 
venient terminal strips for this apph 
cation are those rated at 2 amps". 

"Next time I'm in Woollie's", said 
Dick, "I think I'll make a small pur- 
chase of two of those strips". 

"Fair enough", said Smithy 
approvingly. "The second hint in 
this letter applies to constructors 
who prefer, perhaps due to lack of 
facilities, to avoid too much metal- 
bashing. You take two pieces of 
wood measuring 1 inch square and 
6 inches long, and fix to them two 
further pieces measuring H inch by 
i inch by about 10 inches long. 
(Fig. 6). You then add a front panel, 
whereupon you have an almost 
complete chassis. The front panel 
can be of aluminium or plywood, as 
required. You can screw an alumin- 
ium sheet over the H inch pieces if 
you like or, even, mount components 
directly to the wood. If the two 1 ( 
inch pieces of wood are spaced by 
the requisite distance you can mount 
valveholders to them by having one 
valveholder mounting screw on one 
piece of wood and the other on the 
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Fig. 5. Temporary and experimental circuits can be readily made 
up with the aid of standard electrician's barrier terminal strips 

second piece of wood. The larger 
iron-cored transformers and chokes 
can be straddled across the two 
lengths of wood in a similar man- 
ner". 

"That's certainly a novel idea", 
remarked Dick. "Do the 11- inch 
pieces of wood have to be 10 inches 
long?" 

"Oh no", said Smithy, consulting 
the letter in his hand. "The 10 inch 
dimension just happens to be a con- 
venient one for most home-construc- 
tor projects. However, it can easily 
be increased or shortened to take 
any set of components you may re- 
quire for a specific job." 

Smithy put down the letter and 
turned to the next one in the pile 
on his bench. 

"Now this", he said, studying the 
letter carefully, "is a really unusual 
one. Our correspondent likes to ex- 
periment with receivers and preselec- 
tors and he's evolved a knobby idea 
for mounting ferrite rod aerials to 
these, this consisting of a rotatable 
ferrite rod assembly which can be 
plugged in to the unit with which 
it is to be used. The base of the 
assembly is provided by an electric 
light ceiling rose, the centre hole in 
this being opened out to accept a 
'skeleton' jack socket of the type 
which is mounted by a single bush 
nut. A jack plug with a fairly long 
body plugs into this, the ferrite rod 
being mounted at its top. This is 
what it all looks like". 

Smithy showed Dick a diagram in 
the letter he had been reading. (Fig. 
7(a)). 

"The type of jack plug used by 
our correspondent", continued the 
Serviceman, "was of the surplus 
variety and its body was made of 
an insulating material which melts 
with heat. In consequence, it was 
possible, with the aid of a soldering 
iron, to make a nice groove along 
the top of the body to take the cen- 
tre of the ferrite rod. Individual con- 
structors not having this type of 
jack plug can, of course, use other 
methods of mounting the rod. In our 
correspondent's case Paxolin discs 
were initially stuck to the body of 
the jack plug, a rectangular piece of 
Paxolin being secured over the fer- 
rite rod at the top with the aid of 
two long bolts. (Fig. 7(b)). These 
bolts also provided the connections 
between the ferrite rod aerial wind- 
ing and the plug contacts. Two wires 
from the latter were passed through 
holes in the side of the body". 

"That is an unusual idea", agreed 
Dick. "You could do quite a bit of 
experimenting with different ferrite 
aerials, just by plugging them in. 
And, of course, they're free to 
rotate". 

"What catches my imagination 
here", stated Smithy, "is that this 
jack plug and socket idea has poten- 
tial applications for quite a lot of 
gubbinses other than ferrite aerials. 
Let's say that you want to knock up 
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a gadget in which one part can be 
made to rotate around a centre 
whilst continual electrical connec- 
tion is made to it. This jack plug 
and socket scheme provides an ex- 
cellent solution to such a problem. 
First of all, it gives you a ready- 
made spindle and bush and, second- 
ly, it gives you continual electrical 
contact to the rotating part via the 
contacts of the plug and socket". 

"Just like a pair of slip-rings", 
said Dick. "I seem to remember that 
you can get jack plugs with three 
contacts. If you used one of these 
you'd have what is effectively three 
slip-rings'". 

"Three-pole jack plugs are avail- 
able", confirmed Smithy, "And 
they're made by Bulgin. With a 
three-pole jack plug, both the tip 
and a short length of sleeve are in- 

Front panel 

i'/a 

Fig. 6. A simple means of making up a chassis for the construc- 
tor whose metal-working facilities are limited 

115 



Fcrritc rod aerial 

Jack plug Jack socket 
(fitted to rose) 

X"" Ceiling rose 

(a) 

Top Paxolin piece 

Paxolin discs' 

Jack plug body 

m 
i 

2nd sleeve pole 1st sleeve pole 

Ferrite rod 

Solder tags 
Tip pole 
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Fig. 7(a). The basics of an unusual ferrite aerial mounting system 
(b). A suitable method of securing the ferrite rod to the jack 
plug. The two solder tags act as anchors for the coil lead-outs 
(c). The Bulgin 3-pole jack plug type P505. This, together with 
suitable sockets, is available from Home Radio (Components) 

Ltd. 

sulated from the main part of the 
sleeve". (Fig. 7(c)). 

"That would be just the job then", 
said Dick triumphantly. "It would 
give you three electrical connections 
continually made to the rotating 
part". 

FLEXIBLE TORCH 

"True enough", agreed Smithy 
absently, as he read a further letter. 
"Now, here's something which falls 
into quite a different category. It's 
» hint for making up what our cor- 
respondent describes as a 'flexible 
torch'. Actually it's a narrow 
diameter bulb holder which can be 
wired to coaxial cable, and it is very 
useful for illuminating inaccessible 
places. The other end of the cable 
connects to a suitable battery or 
heater transformer secondary." 

Dick examined with interest the 
sketches accompanying the letter. 
(Fig. 8). 

"These bits and pieces", he re- 
marked, "look like parts of coaxial 
plugs". 

"They are", confirmed Smithy. 
"Actually they're parts of standard 
Belling-Lee coaxial cable plugs and 
coaxial cable sockets. Do you know 
what I mean by 'coaxial cable 
sockets'?" 

"I suppose", replied Dick, "that 
those will be the sockets which have 
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the same general appearance as co- 
axial plugs, and which can be wired 
up to coaxial cable in much the 
same way as the plugs are wired". 

"That's right", agreed Smithy. 
"They're used for extending the 
length of a coaxial cable and for 
similar jobs. A more correct name 
for them, by the way, is 'free coaxial 
socket'. For the present application, 
the plug or socket which actually 
houses the bulb should be of the 
type having an insulated cap as 
opposed to the type with a metal 
cap. Also, the end of the plastic cap 
is cut off". 

Smithy returned to the letter. 
"Right!" he announced briskly. 

"Now there are two ways of making 
up these bulbholders. The first is 
intended for ordinary flash-lamp 
bulbs. First, you take a coaxial plug 
and discard the inner parts. You 
next insert the bulb and, if neces- 
sary, wrap a sufficient length of tin 
or aluminium foil around its thread 
to ensure that it makes good con- 
tact to the outer part of the plug 
and fits in tightly. Then take a co- 
axial cable socket, and add to it a 
small spiral spring that just fits over 
the centre socket, allowing the 
spring to protrude by about | inch. 
A suitable spring can be obtained 
from a discarded retractable ball 
point pen. You wire up a length of 
coaxial cable to the socket in normal 

manner, push the socket into the 
modified plug and - hey presto! - 
you have a bulb-holder". 

"Blow me", remarked Dick. 
"Well, that doesn't represent a great 
deal of work". 

"It doesn't", said Smithy. "Now, 
there's a second approach. This 
doesn't require the spring and it's 
intended for lens-end bulbs. You fit 
the bulb into a cable socket, using 
tin or aluminium foil as before. In 
this instance, the bulb centre tip 
connects to the centre metal section 
of the socket. It may be necessary to 
cut away some of the insulation on 
this centre section to allow the bulb 
tip to make good contact. You next 
wire the coaxial cable to a coaxial 
plug, which is inserted into the other 
end of the socket. The result? 
Another bulb-holder!" 

"These little bulb-holders", com- 
mented Dick, "should be jolly use- 
ful for servicing work." 

"That's their main purpose, of 
course", replied Smithy. "The coax 
running to the bulb-holder assembly 
can be any convenient length. You 
could, for instance, wire up one of 
these bulb-holders permanently on 
a work bench with, say, about two 
yards of coax coupling to a heater 
transformer. Another idea would be 
to fix the bulb-holder to the handle 
of a soldering iron. It could be held 
in place by a couple of springs, 
these being cut, say, from a length 
of curtain spring". 

"I must", stated Dick, "have a 
dig in our box of coax plugs and 
sockets when I come back from 
holiday". 

A frown creased his brow. 
"Which reminds me", he con- 

tinued, "that I still think it's a poor 
show that the Bank Holiday has 
been shifted to the end of August". 

"Dear, oh dear", said Smithy. 
"Are you still moaning about thatl" 

'Too true I'm moaning", returned 
Dick hotly. "We're pushed around 
far too much these days by our ad- 
ministrators. If there's much more 
of it I'm darned well going to go 
Nationalist". 

"You can't go Nationalist". 
"Why not?" 
"Because you're English", stated 

Smithy. "It's you the Nationalists 
are against". 

Dick absorbed this information. 
"Is it?" 
"Of course". 
"Hell's teeth", complained Dick. 

"There's just no avenue at all for 
keen young militants such as my- 
self". 

"And a good thing, too", snorted 
Smithy. "Anyway, there's five 
minutes left, so we'll make the next 
hint the last one for this particular 
session". 

Dick forgot the injustices of the 
world for the moment. 

"All these hints we get are very 
good, aren't they?" 
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Fig. 8(a). Details of a simple bulb-holder having a narrow 
diameter 

(b). An alternative assembly incorporating a lens-end bulb 
(c). The end of the plastic cap at the bulb end should be cut 

off, as shown here 
(d). Mounting the bulb-holder assembly on a soldering iron 

"They always are", replied 
Smithy, "and they're all very much 
appreciated, too. Anyway, here's the 
last one for today, and it deals with 
a method of working out Veroboard 
component layouts. You take a piece 
of Veroboard, the largest you are 
likely to use, together with a piece 
of matt white Formica of the same 
size. With the white side of the 
Formica upwards, you place the 
Veroboard on top and, using a sharp 
scriber, pierce the Formica through 
every Veroboard hole in turn. (Fig. 
9). You next take away the Vero- 
board, whereupon the Formica is 
ready for use. To work out a com- 
ponent layout you simply draw the 
components on the surface of the 
Formica with pencil, employing a 
red pencil at the places where the 
Veroboard copper strips have to be 
cut. The final job consists of pre- 
paring the Veroboard and wiring it 
up, copying the layout you've drawn 
on the Formica surface. You can 
use the piece of Formica over and 
over again, because the pencilled 
layout diagram can be easily cleaned 
off with a damp cloth, leaving just 
the scriber marks". 

OFF AND AWAY 

"Well, I'm dashed", said Dick 
enthusiastically. "What a crafty 
scheme!" 

"Isn't it?" agreed Smithy, collect- 
ing the letters together and returning 
them to the drawer in his bench. 
"It's a very nice one to finish this 
hint sesh off with, too". 

A thoughtful expression appeared 
on Dick's face. 

"Do you know, Smithy", he re- 
marked. "Despite what I said earlier 
on I've got half a mind to look 
upon next Monday as an ordinary 
working day after all and to come 
on in here". 

"Blimey", said Smithy, impressed. 
"You really must be serious over 
this Bank Holiday business". 

"I'm extremely serious about it", 
replied Dick fervently. "Don't forget 
that I'm an idealist, and that I be- 
lieve in putting my ideals into 
practice". 

"Well", said Smithy helpfully, "I 
can let you have the Workshop keys 
if you like". 

"That would be fine", responded 
Dick enthusiastically. "By coming in 
I'll be making just the sort of pas- 
sive demonstration that's needed to 
strike a blow for civil liberty". 

Smithy decided to concentrate on 
the harder and more mundane facts 
of life. 

_ "I presume", he commented, "that, 
since there are no sets to fix, you'll 
be carrying out work of a private 
nature". 

"Actually", stated Dick guardedly, 
"I'd thought of trying some of the 
hints we've discussed today". 

"Excellent", commented Smithy. 
"And I must compliment you on 
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your enthusiasm. Seeing, though, 
that you won't be doing any official 
work on Monday you can't, of 
course, expect to be paid for coming 
in". 

There was silence for a moment. 
"Can't I?" 
"Oh no". 

The silence returned. 
"I think", said Dick slowly, "that 

this will have to be another occasion 
when I have to bow my head to 
Authority". 

"What do you mean?" 
"Although it goes against the 

grain", explained Dick, "I'm going 
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Fig. 9. Successive steps in pfenning a Veroboard component 
layout. In (a) the scriber is passed through the Veroboard holes 
in turn. In (b) the components are drawn on the Formica surface 

in pencil 

to have this dratted Bank Holiday 
off. But I'll take jolly good care to 
see that I don't enjoy it!" 

Which final statement on the part 
of Dick only serves to demonstrate, 
once more, the truth of the old and 
well proven dictum that the most 
successful idealist of them all is the 
one who keeps his eye fixed firmly 
on the loot. 

EDITOR'S NOTE 
The hints described in this epi- 

sode of 'In Your Workshop' were 
submitted, in the order in which 
they appear, by D. Salmon, D. Fitz- 
gerald, M. F. Docker, W. D. Graham, 
G. M. Watson, P. B. Moss, B. 
Richardson, A. J. Thorndyke and A. 
L. Dawson. Further hints for this 
feature are welcomed, and payment 
is made for all that are published. 

DOMINICA ON THE AIR 

Marconi Transmitter in the West Indies 
The people of Dominica are to increase the power of their radio service, with the construction of a new 

station to be equipped by the Marconi Company. This station, due to be on the air by October, is part of a general 
development plan drawn up by the Government of Dominica for the Island, and will be built near Roseau, the 
Island's capital. 

The contract includes a Marconi 10 kW m.f. broadcasting transmitter together with studio facilities. The type 
B6029 transmitter is designed for use anywhere in the world and embodies the latest developments in solid-state 
technology. Being completely self-contained, it is easily installed and, since no rear access is needed, requires 
only minimal floor space. 

Dominica, in associate statehood with Britain, is centrally placed in the islands of the Eastern Caribbean. The 
new radio station will cover not only Dominica, but also many of the surrounding islands. The station will broadcast 
a varied programme including local news, educational items and general entertainment, and a British news 
service. Also, because the islands are on the edge of a hurricane zone, the station will, when necessary, broad- 
cast advance warning of bad weather conditions to the islanders. 

□ 

U1 
By Recorder 

After having just read des- 
mond Morris' The Naked Ape 
(now available in paper-back 

from Corgi Books—albeit with a 
front illustration that necessitates 
the cover being folded firmly back 
whilst reading in the train) I have 
been pondering a little on the pro- 
cesses of evolution. As you may 
recall, in his book Dr. Morris ex- 
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amines Man from the point of view 
of the zoologist, with results that 
are enlightening, entertaining and, 
in places, hilariously funny. 

But it is the question of evolu- 
tion, as treated in The Naked Ape, 
which is the most intriguing. A 
species dies out if it eventually be- 
comes incompatible with its en- 
vironment. At the same time, the 

changes needed in a species to en- 
able it to adapt and to advance are 
not consciously ordered. Instead, 
quite accidental deviations from the 
norm occur continually and, should 
any class of deviator be more suc- 
cessful in survival than the mean of 
the species, that class eventually 
dominates in status and in numbers. 
It is rather chastening to think that 
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homo only acquired his sapiens by 
virtue of a few fortuitous diver- 
gences way back there in the jungle. 

ELECTRONIC EVOLUTION 

It then occurred to me that a 
modified form of evolution with 
time could well be taking place in 
the material world of electronic 
components and devices. Here, how- 
ever, it would seem that newly in- 
troduced devices, such as the tran- 
sistor, should more accurately be 
described as being created rather 
than evolved. But are they created? 
Are they not evolved from what 
has gone before with just a small 
change here and a small change 
there until we suddenly find our- 
selves confronted with what appears 
to be a brand-new device? The 
transistor originally appeared in 
point contact form, having arisen 
from work on point contact diodes. 
After that it has evolved to the 
state in which we know it today. 
Point contact transistors fell by the 
wayside when the more efficient 
junction transistors took over. In 
their turn, the earlier junction tran- 
sistors became superseded by the 
later versions, which offered even 
better and more useful perform- 
ances. 

If you look at the history of any 
commonly used electronic com- 
ponent, you will find a similar story 
of apparent evolution. It may now 
be remarked that this form of 
evolution isn't the same as the zoo- 
logist's definition of evolution, as 
applied to living things. With elec- 
tronics there may well be deviations 
from the mean which result in one 

type of component being super- 
seded by another, better one, and 
quite a few such deviations could 
indeed fall into the category of 
"accidental". But the overall course 
of this evolution of electronic com- 
ponents is actively controlled by 
Man. 

Hmm! Perhaps human evolution 
is similarly not so accidental after 
all. 

EXPERIMENTAL RECORD 
AMPLIFIER 

Do you remember the adventures 
of Dick and Smithy when, in "In 
Your Workshop" published in the 
last January issue, they set about 
improving the performance of one 
of those low-cost commercially 
made record players which employ 
a single UL84 a.f. amplifier valve? 
You'll need to turn back to that 
January issue to obtain the full 
story but, in general, it can be said 
that Smithy elected to add a triode 
voltage amplifier between the pick- 
up and the UL84, introducing also 
a higher value of resistive load for 
the pick-up, a sizable amount of 
feedback and a far more civilised 
type of tone control. 

A reader, Mr. J. D. Owen of 
Pendine, Carmarthen, has sent us an 
alternative amplifier circuit employ- 
ing transistors, for insertion before 
the UL84. So that you can follow 
this alternative circuit, the accom- 
panying Fig. 1 shows the original 
single UL84 record-player amplifier 
in its unmodified state before 
Smithy set to work on it. Fig. 2 
gives Mr. Owen's circuit, and I 
must stress that this is presented 
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Fig. 1. The circuit of a low-cost record player amplifier incor- 
porating a single UL84 
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as an experimental project only. As 
can be seen, the circuit of Fig. 2 
fits in between the volume control 
slider of Fig. 1 and the control 
grid of the UL84. The 470kS2 resistor 
in Fig. 2 following the 2N4289 is 
merely a grid resistor for the UL84. 
The zener diode is shown as a 39 
volt component but it can, in prac- 
tice, be anywhere between some 36 
and 40 volts. It should be capable 
of dissipating 80mW, which 
shouldn't be too difficult to arrange 
since most of the higher voltage 
zener diodes seem, in any case, to 
be in the 0.5 to 1.5 watt ranges. 

Note that one side of the speaker 
transformer secondary connects to 
the positive side of the sub-amplifier 
supply and that negative feedback 
is provided via the 50k£2 preset 
potentiometer. When the amplifier 
is completed it will be best to 
initially leave this potentiometer 
out of circuit. Be careful to keep 
the volume control low when check- 
ing the amplifier in this condition 
because, if the record player has a 
small loudspeaker, excessive output 
might damage it. Then introduce 
the potentiometer set to insert full 
resistance, and gradually reduce this 
resistance until the desired overall 
gain is obtained. If, at any time, 
the amplifier goes into oscillation 
the feedback is positive. As soon as 
oscillation is heard, switch off 
quickly and reverse the feedback 
connections at the transformer 
secondary. 

Mr. Owen's circuit does not take 
account of a tone control. The hor- 
rible top-cut affair using a 25kSt 
variable resistor and 0.05/iF capaci- 
tor across the speaker transformer 
primary which is shown in Fig. 1 

could be retained. But this would 
be very naughty, as the tone control 
is inside the feedback loop. It would 
be better to either dispense with a 
tone control, or experiment with a 
circuit along the lines followed by 
Smithy. 

The 2N4289 is available from 
Amatronix, Ltd. Alternatively, both 
transistors are available from Elec- 
trovalue, 32a St. Judes Road, Engle- 
field Green, Egham, Surrey. 

Mr. Owen states that he hasn't 
tried his circuit in a record player 
amplifier such as that in Fig. 1, be- 
cause one wasn't available. But he 
says that the circuit gives good re- 
sults under roughly similar condi- 
tions when fed with a ceramic cart- 
ridge. 

SINGLE TRANSISTOR OUTPUT 

Our popular contributor, Sir 
Douglas Hall, has sent us some 
thought-provoking notes on the sub- 
ject of output stages using single 
transistors. These notes are not suffi- 
ciently long to constitute an article 
in their own right, and I gladly re- 
linquish space here to allow their 
publication. 

Single transistors (writes Sir 
Douglas Hall) are quite often used 
as Class A output devices in mains 
driven receivers or amplifiers, or in 
apparatus powered by car batteries. 
If a transformer is used the maxi- 
mum undistorted output is confined 
by the dissipation capability, within 
reason, of the transistor employed. 
It is necessary for the transformer 
to have a suitable ratio, a large 
enough core, and a sufficiently low 
primary resistance. In these cir- 
cumstances the greater the current 
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Fig. 2. A suggested amplifier circuit for improving the record 
player performance 
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Fig. 3. Illustrating the con- 
ditions in a single transistor 
transformerless output stage 

passed through the components the 
greater will be the output, and an 
efficiency not far short of 50% may 
be expected. 

In recent years single transistor 
output stages have often used com- 
paratively high impedance speakers 
so as to dispense with the output 
transformer. The impedance rating 
for these speakers is usually 15, 25 
or 35S2 or, in the case of miniature 
battery receivers, 80S2. The d.c. re- 
sistance of such speakers has about 
the same value as the nominal im- 
pedance. When a circuit of this sort 
is employed it is no longer possible 
to increase output indefinitely by 
increasing the current passed. There 
is an optimum current which, if 
exceeded, will result in a drop in 
output because of excessive drop of 
direct voltage across the speaker. 

In order for maximum power to 
be passed by the transistor to the 
speaker, the impedance of the 
speaker should equal the impedance 
of the transistor. Then, as the im- 
pedance and resistance of the 
speaker are the same, the right con- 
ditions will occur when half the 
direct voltage available for the 
transistor and speaker combination 
appears across each. This will not 
be quite half the voltage of the 
power supply because of a small 
drop across the inevitable stablising 
resistor. It follows that with a 
transformerless Class A output cir- 
cuit rather less than 25% efficiency 
can be obtained because, first, half 
the direct voltage available is lost 
across the speaker and, second, only 
half the audio power given by the 
transistor can appear across the 
speaker. 

In the diagram (Fig. 3) and the 
equations which follow, 
C=collector current in mA for 

maximum undistorted output, 
S=impedance and resistance of 

speaker in ohms, 
R=stabilising resistor in ohms, 
B=power supply in volts, 
0=maximum undistorted output in 

mW. 
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From Ohm's Law and the expres- 
sion for power in a.c. circuits, it 
follows that 

1,000B 
C =   , and 

O = 

2S+ R 

CSB 

4S + 2R 
These equations apply whether 

the transistor is connected as 
shown, or as a common collector 
device with the speaker in the 
emitter circuit and the stabilising 
resistor either in series with the 
speaker or, in some cases, in the 
collector lead. However, if the com- 
mon collector configuration is used, 
the losses due to mismatching will 
be smaller because of the effect of 
negative feedback. 

The accompanying table shows 
optimum current and maximum out- 
put for various combinations of 
speakers and supply voltages. The 
figures for R have been chosen 
such as to drop about 5% of the 
supply voltage. In some cases it 
may be possible to reduce the re- 
sistance of R a little. 

TABLE 

Calculated output currents and 
powers for different values of S, R 
and B in a transformless single 
transistor output stage. 

s R B C O 
15 1.8 6 189 267 

9 283 601 
12, 378 1,070 
Iff 566 2,403 

25 3.0 6 113 160 
9 170 361 

12 226 640 
18 340 1,443 

35 4.0 6 81 116 
9 121 258 

12 162 464 
18 243 1,034 

80 10.0 3 18 12 
4.5 26 28 
6 35 49 
9 53 112 

Some of the figures are rather 
surprising. For instance, about 
260mW is the absolute maximum 
power that can be obtained from a 
6 volt supply and a 15f2 speaker; 
and with a 35S2 speaker about 18 
volts are required for supply before 
1 watt output can be achieved. 

The figures for power are slightly 
optimistic as they assume that 50% 
of the power given by the transistor 
will appear across the speaker, 
whereas there are certain losses 
which will reduce the efficiency 
somewhat. 
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10?" 2 10 0 3 5 0 3 11 9 

Cases—Post 4s. 6d. per Order. 
Discounts available on quantities. 

CHASSIS in Aluminium, Standard Sizes, with 
Gusset Plates Sizes to fit Cases All 2J" Walls 

s. d. s. d. s. d. j"x 3" 5 6 10"x 7" 8 6 14"x3" 7 3 )"x 4" 5 9 12"x3" 6 9 14"x 9" 14 6 "x 3" 6 6 12"x 5" 7 6 16" x 6" 10 9 rx6" 7 9 12"x 8" 10 9 WxlO" 16 0 
Chassis—Post 3s. Od. per Order. 

Discounts available on quantities. 

E. R. NICHOLLS 
MANUFACTURER OF ELECTRONIC INSTRUMENT 

CASES 
(DEPT. R.C.) 46 LOWFIELD ROAD 

STOCKPORT-CHESHIRE 
Tel: 061-480 2179 

DIMMASWITCH 

This is an attractive dimmer unit which 
fits In place of the normal wall light 
switch. The mounting plate is ivory to 
match modern fittings and the control 
knob is in bright chrome. An ON/OFF 
switch is incorporated to control up to 
500 watts at mains voltages from 
200-250 volts, 50HZ. 
These are normally sold at £4 19s. 6d. 
—our price is £3 5s. We also offer at 
£2 15s. a complete kit of parts with 
simple instructions enabling you to build 
this dimmer yourself. 
The circuit uses the latest miniature 
RCA triac and new diac triggering 
device to give complete reliability. Radio 
interference suppression is included. 

DEXTER & COMPANY 
14 Endsleigh Gardens, Chester CH2 ILT 

Chester 24432 
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BENTLEV ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, 
LONDON, N.W.I. 

01 - 722 9090 
The Old Police Station 

Gioucester Road 
LITTLEHAMPTON, Sussex 

Please forward all mail ordeils to Littlehampton PHONE 6743 
5Z4G 6AT6 6/30L2 12/6 ECF82 6/6 PCC8S 6/6 UBFSO 5/9 ACYI9 3/9 OA70 3/ 6BW6 12/9 ECF86 9/-PCCeS 9/9 UBF89 6/9 ACY20 3/6 OA79 1/9 

!l(r 19/r P??89 9/6 UC92 5/6 ACY2I 3/9 0A8I 1/9 
6L6GT I OP 13 13/-ECH84 7/-PCF82 6/- UCF80 8/3 AD 162 9/-OA95 1/9 20P4 18/6 ECL80 6/6 PCF84 8/- UCH2I 9/-AFII4 4/-OAI82 2/- 30CI5 13/6 ECL82 6/- PCF86 9/- UCH42 9/9 AFI 15 4/3 OA200 I/. 30CI7 12/6 ECL83 9/-PCF80I 7/-UCH8I 6/6 AFI 19 3/-OA202 2/- 30CI8 8/9 ECL86 8/- PCF802 9/- UCLe2 7/_ AFI25 3/6 OC22 5/- 30F5 13/6 EF22 12/6 PGL82 7/-UCL83 10/-AFI39 13/-OC23 5/- 30FLI 15/- EF4I 9/6 PCL83 9/- UF4I 9/6 AFI80 9/6 OC24 30FLI2 16/- EF80 4/6 PCL84 7/6 UF80 6/9 BAI02 9/- OC25 30FL14 12/6 EF85 5/3 PCL85 8/3 UFSS 6/9 BAI 15 2/8 OC26 30LI5 13/9 EFe6 6/- PCL86 8/6 UF86 9/-BA129 2/6 OC28 30LI7 I3/-EF89 4/9 PEN45DD 12/-UF89 6/3 BAI30 2/-OC30 30P4 I2/-EF9I 3/3 PFL200 12/-UL4I 9/6BCI07 4/-OC35 30P4MR 17/6 EF183 6/-PL36 9/6 UL84 6/6 BCI08 3/6 OC36 30PI2 13/- EF 184 6/-PL81 7/3 UM80 5/-BCII3 5/-OC38 11/6 30PI9 I2/-EH90 6/6 PL82 6/6 UY4I 6/9BCII8 4/6 OC4I 10/. 30PLI 15/- EL33 12/- PL.83 6/6 UY8S 5/6 BCYI0 51- OC44 30PLI3 I5/-EL4I 9/3 PL84 6/3 2N404 6/-BCYI2 5/-OC45 30PLI4 15/-ELe4 4/6 PLS00 I2/-2NI756 I0/-BCY33 5/-OC46 CL33 18/6 EL95 5/-PL504 12/6 2N2147 17/-BCY34 4/6 OC70 DY87 5/9 EM80 5/9 PL509 28/9 2N2297 4/6 BCY38 5/-OC7I E88CC I2/-EM3I 6/9 Ph802 15/-2N2369 4/3 BCY39 4/6 OC72 EABC80 6/— £1484 6/-PY33 9/6 2N26I3 7/9BCZII 3/6 OC74 EAF42 8/9 EMS5 ll/-PYei 5/3 2N3053 6/6 BDII9 9/-OC75 EB9I 2/3 ,EM87 7/3 PY82 5/- 2N3I2I 50/-BFYS0 4/-OC78 EBC4I EBC8I EBF80 EBF83 EBF89 EC92 ECC8I ECC82 ECC83 ECC84 ECC85 ECC88 

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 by first class mail. Complete 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.-l p.m. 

6/9 ECCI89 9/6 PC900 8/3 UABC80 5/9 ACYI7 31- 41- ECF80 6/6 PCC84 61- UBC8I 71- ACYI8 3/8 12/6 ECF82 6/6 PCC85 6/6 UBFSO 5/9 ACYI9 3/9 12/9 ECF86 91- PCC88 9/9 UBF89 6/9 ACY20 3/6 II/- ECH42 101- PCC89 9/6 UC92 5/6 ACY2I 3/9 13/3 ECH8I 5/9 
81- PCCI89 9/6 UCC84 81- AD 140 7/6 7/9 ECH83 PCF80 6/6 UCC85 6/6 AD 149 81- 13/- ECH84 71- PCF82 61- UCF80 8/3 AD 162 91- 18/6 ECL80 6/6 PCF84 81- UCH2I 91- AFI 14 41- 13/6 ECL82 61- PCF86 91- UCH42 9/9 AFI 15 4/3 12/6 ECL83 91- PCF80I 71- UCH8I 6/6 AFI 19 31- 8/9 ECL86 81- PCF802 91- UCL82 71— AFI25 3/6 13/6 EF22 12/6 PCL82 71- UCL83 10/- AFI 39 31- 15/- EF4I 9/6 PCL83 91- UF4I 9/6 AFI 80 9/6 16/- EF80 4/6 PCL84 7/6 UF80 6/9 BAI 02 91- 12/6 EF85 5/3 PCL85 8/3 UF85 6/9 BAI 15 2/8 13/9 EF86 61- PCL86 8/6 UF86 91- BAI 29 2/6 13/- EF89 4/9 PEN45DD 12/- UF89 6/3 BAI 30 21- 12/- (EF9I 3/3 PFL200 12/- UL4I 9/6 BCI07 41- 17/6 eFI83 61- PL36 9/6 UL84 6/6 BCI08 3/6 13/- EFI84 61- PL8I 7/3 UM80 51- BCLI3 51- 12/- EH90 6/6 PL82 6/6 UY4I 6/9 BCI 18 4/6 15/- EL33 12/- PL83 6/6 UY85 5/6 BCYI0 51- 15/- EL4I 9/3 PL84 6/3 2N404 61- BCYI2 51- 15/- EL84 4/6 PL500 12/- 2NI756 10/- BCY33 51- 18/6 €L95 51- PL504 12/6 2N2I47 17/- BCY34 4/6 5/9 EM80 5/9 PL509 28/9 2N2297 4/6 BCY38 51- 12/- EM8I 6/9 PL802 15/- 2N2369 4/3 BCY39 4/6 61- EM84 61- PY33 9/6 2N26I3 7/9 BCZI 1 3/6 8/9 EM8S M/- PY8I 5/3 2N3053 6/6 BDI 19 91- 2/3 IEM87 7/3 PY82 51- 2N3I2I 50/- BFY50 41- 8/6 EY5I 6/9 PY83 5/6 2N3703 3/9 BFY5I 41- 5/9 EY87 61- PY88 6/3 2N3709 41- BFY52 4/6 61- EZ40 7/3 PY800 6/6 2N3866 20/- BFI59 51- 8/- EZ80 4/3 PY80I 6/6 2N3988 10/- BFI63 41- 6/3 EZ8I 4/6 UI9 34/6 2S323 10/- BFI73 7/6 6/6 HVR2 8/9 U25 13/- AAI 19 31- BFI80 61- 3/9 KTW62 10/- U26 11/9 AAI20 31- BY 100 3/6 4/6 PABC80 7/3 U37 34/1 1 ACI 13 51- BY 126 51- 4/6 PC86 9/6 U191 12/6 AC 127 21- BY 127 51- 5/6 PC88 9/6 U30I II/- AC 154 51- BYZI0 51- 51- PC95 8/3 U404 7/6 AC 156 41- BYZI 1 51- 71- PC97 8/6 U80I 18/- AC 157 51- BYZI2 51- 

21- 1/9 
31- 2/3 21- 21- 2/6 21-   31- OC78D 31- OC8I 21- OC8ID2/- OC82 2/3 OC83 21- OC84 31- OCI23 4/6 OC169 3/6 OCI72 41- OC200 4/4 OC202 4/6 

I Block Capitals Please 
ADDRESS 

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.) 

TECHNICAL TRAINING by 

_ IN RADIO, TELEVISION 

ICS AND ELECTRONIC 
ENGINEERING 

First class opportunities in Radio and Electronics await 
the ICS trained man. Let ICS train YOU for a well-paid 
post in this expanding field. 
ICS courses offer the keen, ambitious man the oppor- 
tunity 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 RADIO TELEGRAPHY 
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 ICS can 
help YOU in your career. Full details of ICS courses in 
Radio, Television and Electronics will be sent to you by 
return mail. 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Dept. 248, Intertext House, Stewarts Road, London, S.W.8. 

I NAME       

I__ 
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BUILD IT in a DEWBOX robust quality plastic cabinet. 
2in. x 2iin. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write 
now—right now. 

SERVICE SHEETS. Radio. Television. Transistors. Tape 
Recorders. Record Players (1925-1969). S.A.E. en- 
quiries.—Hamilton Radio, 54 London Road, Bexhill, 
Sussex. 

UFO DETECTOR CIRCUITS. Data, 10s. (refundable). 
Para-physical Laboratory (UFO Observatory), Down- 
ton, Wilts. 

4 WATT GRAM AMPLIFIERS. Volume and tone con- 
trols. New and boxed. Fully guaranteed. Immediate 
delivery. Only 65/- post paid.—D. H. Electronics, 23 
Wyle Cop, Shrewsbury, Shropshire. 

"MEDIUM WAVE NEWS" Monthly during DX season. 
—Details from: K. Brownless, 7 The Avenue, Clifton, 
York. 

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 Medicine, 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. 

MUSICAL MIRACLES. Send s.a.e. for details of Drum 
Sound Modules, versatile bass-pedal accompaniment 
unit, self-contained with unique effects. Kits for Waa- 
waa pedals 47/-. Also 50//A meters 25/- each. New, 
D.E.W. Ltd., 254 Ringwood Road, Ferndown, Dorset. 

FOR SALE: 77 copies The Radio Constructor, 1954- 
1963, complete volumes 8, 9, & 11. 17 copies Practical 
Wireless, 1962-1963. Offers? D. J. Norris, 7 Sawtry 
Close, Carshalton, Surrey. 

FOR SALE: 110 used valves. 4-9 pins. £7 o.n.o. Tele- 
phone: 01—467-5091. 

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 available 
at reasonable cost. Send for League particulars. Mem- 
bership, including monthly magazine, etc., 35s. per 
annum. Secretary ISWL, 60 White Street, Derby. 
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IC-10 

10 WATT MONOLITHIC 

INTEGRATED CIRCUIT 

AMPLIFIER AND PRE-AMP 

O 

V 

... 

A 

A 13 transistor circuit measuring only 
one twentieth of an inch square by 
one hundredth of an inch thick ! 

the world's most advanced high fidelity amplifier 

The Sinclair IC-10 is the world's first monolithic integrated circuit 
high fidelity power amplifier and pre-amplifier. The circuit itself, a 
chip of silicon only a twentieth of an inch square by one hun- 
dredth of an inch thick, has an output power of 10 watts. It con- 
tains 13 transistors (including two power types), 2 diodes, 1 
zenor diode and 18 resistors, formed simultaneously in the silicon 
by a series of diffusions. The chip is encapsulated in a solid 
plastic package which holds the metal heat sink and connecting 
pins. This exciting device is not only more rugged and reliable 
than any previous amplifier, it also has considerable performance 
advantages. The most important are complete freedom from 
thermal runaway due to the close thermal coupling between the 
output transistors and the bias diodes and very low level of 
distortion. 

The IC-10 is primarily intended as a full performance high fidelity 
power and pre-amplifier, for which application it only requires the 
addition of the usual tone and volume controls and a battery or 
mains power supply. However, it is so designed that it may be 
used simply in many other applications including car radios, 
electronic organs, servo amplifiers (it is d.c. coupled throughout), 
etc. The photographic masks required for producing monolithic 
I.Cs are expensive but once made, the circuits can be produced 
with complete uniformity and at very low cost. It also enables us 
to give a 5-year guarantee on each IC-10, knowing that every unit 
will work as perfectly as the original and do so for a lifetime. 

SPECIFICATIONS 
Output: 10 Watts peak, 5 Watts R.M.S. continuous. 
Frequency response: 5 Hz to 100 KHz itldB. 
Total harmonic distortion: Less than 1 % at full output. 
Load impedance: 3 1° f5 ohms. 
Power gain: 110dB (100,000,000,000 times) total. 
Supply voltage: 8 to 18 volts. 
Size: 1 x 0.4 x 0.2 inches. 
Sensitivity: 5mV. 
Input impedance: Adjustable externally up to 2.5 M ohms. 

■ CIRCUIT DESCRIPTION 
The first three transistors are used in the pre-amp and 
the remaining 10 in the power amplifier. Class AB output 
is used with closely controlled quiescent current which 
is independent of temperature. Generous negative feed- 
back is used round both sections and the amplifier is 
completely free from crossover distortion at all supply 
voltages, making battery operation eminently satisfactory. 

■ APPLICATIONS 
Each IC-10 is sold with a very comprehensive manual 
giving circuit and wiring diagrams for a large number of 
applications in additTon to high fidelity. These include 
stabilised power supplies, oscillators, etc. The pre-amp 
section can be used as an R.F. or I.F. amplifier without 
any additional transistors. 

SINCLAIR 

I C.10 Ir 59'6 

irndair- 
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Z.30 

0 02% DISTORTION 
AT FULL POWER 

■ 
OPERATES IDEALLY 
FROM 8 TO 35 VOLTS 

SIZE 3i x 21 x i 

FREQUENCY RESPONSE 
FROM 20 Hz TO 30 kHz 

■ 
USE IT FOR 
HIGH FIDELITY, MUSIC 
INSTRUMENTS, ECONOMY 
RECORD PLAYER, P.A., 
INTERCOM, ETC. 

Built, tested and 
guaranteed, with 
Z.30 manual 

THE WORLD'S LOWEST DISTORTION 

HIGH FIDELITY AMPLIFIER 
For four years, the Sinclair Z.I 2 dominated the constructor world, being the best 
selling unit of its kind this side of the Atlantic. Excellent as it was, the new 
Sinclair Z.30 is still better. Half the size of the Z.I 2, it has more than twice the 
power, very much greater gain and a level of distortion 50 times lower. This 
incredible figure results from using over 60dB of negative feedback with a con- 
stant current load to the driver stage obtained by incorporating a two-transistor 
circuit in place of the more usual boot-strapping. 9 silicon epitaxial planar tran- 
sistors are used to provide enormous power (up to 25 watts FiMS continuous 
sine wave (50 watts peak). The circuitry of this marvellous amplifier allows it to 
be operated from any voltage from 8 to 35 to perfection. At all output levels, 
distortion is only 0.02%. This puts true laboratory standards into the hands of 
every user of a Z.30. Two Z.30s and a new Stereo Sixty will make a stereo 
assembly of such perfection that it could not be bettered in its class no matter 
how much you spent. But the Z.30 has an enormous variety of applications, 
particularly where quality, precision and reliability are essential. Yet this brilliant 
new Sinclair design costs not a penny more than ts famous predecessor. 
• Input Sensitivity—250 mV into 100 Kohms 
• Signal to noise ratio—better than 70dB unweighted 
• Class AB output 
• Power requirements 8-35 volts from batteries or PZ.5 

89'6 

005 
' 0-04 
.obs 

■02% 
•01% 
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NE Finish: 

This attractive and compietely new unit is intended for use with two new 2.30 amplifiers 
to provde the finest possible standards of stereo reproduction. Four press buttons and 
four rotary controls are used to provide on-off, three input selectors and Volume, Bass 
cut/boost, Treble cut/boost and Stereo balance. The on-off button also switches the 
power amplifiers. The front panel in brushed aluminium is flush mounted to the cabinet 
front, it being necessary only to drill holes to accommodate the controls. Rear adjust- 
able brackets hold the chassis tight to the cabinet. The very latest ganged rotary 
controls are used to afford compactness and extra long working life free from noise. 
The Stereo-60 may also be used with 2 IC-10's or any other high performance amplifiers. 

Radio & Aux. 20—25,000 Hz + IdB Pick-up corrected to 
within ± IdB for R.I.A.A. equalisation. 
Radio, pick-up (magnetic, ceramic or crystal) Auxiliary. 
Greater than 20dB per channel on all inputs. 
0.03%. 
Better than 70dB unweighted. 
Press buttons for on-off, P.U, radio and aux. 
Treble +15dB to —15dB at 10kHz. Bass +15dB to -15dB 
at 100 Hz. Volume. Stereo Balance. 
8J" x 1|" x 4" from front to back, plus knobs. 
Brushed aluminium with black titling, knobs and press 
buttons. 

PZ.5 POWER SUPPLY UNIT 
A new heavy duty mains power supply unit designed specially to 
drive two Z.30s and a Stereo Sixty. New compact design 
For AC mains, 200-240V/50HZ. £4.19.6. 
SINCLAIR RADIONICS LTD, 22 NEWMARKET RD, CAMBRIDGE 

Frequency range: 
Inputs: 
Overload factor; 
Distortion: 
Signal to noise ratio: 
Controls: 

YOUR SINCLAIR GUARANTEE e—. — ^ 
Should you not be completely satisfied with your 
purchase when you receive it from us, return the 
goods without delay and your money will be 
refunded in full, including cost of return postage, 
at once and without question. Full service 
facilities are available to all Sinclair customers. 

indair-1 

To: SINCLAIR RADIONICS LTD, 22 NEWMARKET RD, CAMBRIDGE 
H Please send 

\ For which I enclose cash/cheque/ 
money order 

NAME  

ADDRESS.. 

.RC969 
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SENIOR RADIO 

TECHNICIAN 

required for U.S. Middle East Oil Com- 
pany familiar with LF, HF & VHF equip- 
ment. Must have C & G. or similar 
certificate plus experience in mainten- 
ance, installation and testing. Bachelor 
status. Good accommodation and pay. 
Low tax. 28 days annual leave, fare paid 
home. Sports and other facilities. Free 
medical treatment. Position can be 
permanent. 

Details in confidence to: 

P.M.C. Management Services, 

160 High Street, Burton-on-Trent. 

INTERNATIONAL 

SHORT 

WAVE 

LEAGUE 

Membership 35s. Od. per annum (U.S.A. 
$5.00) including 12 monthly issues of 
Monitor — the League journal. Including 
free use of all Services, QSL Bureau, etc. 

THE LARGEST S.W.L. ORGANISATION 

IN THE WORLD 

For full details write to: 
The Secretary, 

I.S.W.L., 
60 WHITE STREET, DERBY 

--£SPAN the CUOBt 
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SMALL ADVERTISEMENTS 
Continued from page 122 

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.ll. 

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. 

38 SET power supply. L.F. unit. Two 12 x 6 way con- 
nectors wanted. — P. Smithson, 1 Orlando Street, 
Bootle 20, Lanes. 

MAGAZINES FOR SALE: Wireless World July to Sep- 
tember 1965 inc., March, July and September 1966, 
1967-January & February, May, June, August and Sep- 
tember. Radio Constructor January 1966 to March 1968 
inclusive. Practical Wireless 1964 February to April inc., 
June, 1965-March to September inc. plus November & 
December; 1966-January to April inc. Practical Tele- 
vision 1965-January, April, July & August; 1966- 
January to July inc., plus September & October. Short 
Wave Magazine 1965-March, July, September to 
December inc.; 1966-January to November 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 & December; 1966- 
January to October inc. Amateur Tape Recording 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. 

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 Street, Tower 
Bridge Road, London, S.E.I. Telephone: 01-407-1495. 

FOR SALE: "Premier" Cine Film storage cases, grey 
hammer enamel finish, carrying handle, lock. Size 12in. 
x 7iin. x 7yin. to take 10 400ft. reels and cans at £1. 
Size 11 in. x 6in. x 6in. to take 11 200ft. reels and cans 
at 15/-. Box No. F375. 

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. 

CLEARING LABORATORY. Oscilloscopes, VTVM's, 
VOM's H.S. recorders, transcription turntables, elec- 
tronic testmeters, calibrators, p.s.u.'s, pulse generators, 
d.c. null-potentiometers, bridges, spectrum analysers, 
voltage regulators, sig-gens, CCTV monitors, M/C re- 
lays, components, etc. Telephone: Lower Seeding 236. 

FOR SALE: Revspeed revolution counter £3. Box No. 
F378. 

FOR SALE: Metal Rectifier, Radiospares Type REC22, 
30/-. Push-pull Interstage transformer, Repanco Type 
TT4, 7/6d. Pair Mullard OC36 transistors, unused, 35/-. 
Heat sink to match, 10/-. 0-200mA meter, 2\m. diam., 
flush mounting, 10/-. 0-40mA meter, 2in. sq. f.m., 15/-. 
50 assorted resistors, £1. 25 assorted capacitors, £1. 
Box No. F379. 
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SMALL ADVERTISEMENTS 
Continued from page 126 

PROFESSIONALLY MADE CONTROL PANELS from 
4d. sq. inch. 16/18 gauge aluminium, cut, drilled, spray 
painted and legend. Send full size drawing for quota- 
tion. C. S. Conduit, 7 Millbrook, Salisbury, Wilts. 

YOU CAN EARN EXTRA CASH in the comfort of 
your own home. Send now for free details to: Pittville 
Products, (RC51), 41 Canterbury Walk, Cheltenham, 
GL51 5HN. 

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. 

FOR SALE: Four Mullard RG1-240A rectifier valves, 
with high voltage insulation filament transformer, suit- 
able use in pairs. £5. Box No. G100. 

BOOST! B.B.C.l-I.T.A. VHF Amplifier, Setside, battery 
powered. 50/-. Specify channels. 

BOOST! UHF Amplifier, Setside, battery powered. 55/-. 
Covers all stations in area. Specify channels. B.K. 
Equipment, 7 St. George's Road, Belton, Gt. Yar- 
mouth, Norfolk. 

FOR SALE: 813 valve and socket. 50/-. Box No. G101. 
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 11 in. 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. 

ASSORTED LOTS OF USED COMPONENTS. Re- 
sistors 15/- for 50. Capacitors 10/- for 20. Box No. 
G102. 

2.5ky SOLID STATE POWER SUPPLY for sale. As 
per description in The Radio Constructor, August 1966 
issue. In cabinet Sin. wide x 11 in. deep x 91in. high. 
Matsunaga Variac and 0-3000V d.c. meter. £25 o.n.o. 
Box No. G103. 

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. 

TOROIDS FOR SALE: 550, 475, 500, 395, 480, 210, 185, 
110, 92mH. 5/- each. Box No. G104. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful water- 
ways. Join the Broads Society and play your part in 
determining Broadlands future. Further details from:— 
The Hon. Membership Secretary, The Broads Society, 
"Icknield", Hilly Plantation, Thorpe St. Andrew, Nor- 
wich, NOR 85S. 

MINGS APPEAL -^ 15th-20th 

c/ys FOR 

THOSSmO. 

G/3l/£ 

& 

1 

GRAND CLEARANCE SALE 

everything must go 
SUPER WHIP AERIALS. Brand new specially designed telescopic, 
chrome plated 25 in. sectional aerials. Consists of 6 sections and 
screw base. An ideal aerial for TX/RX use. Price only 6/6 each, 
p.p. 1/6. Two aerials for 12/6 post free. Four aerials £1 post free. 
PRECISION METERS. Brand new and boxed, size 3^ in. sq. — 
Type 1, 0-500v, FSD; Type 2, 0-150 m/a. Moving coil movement. 
Fully guaranteed. List £3/10/-. Sale price 30/- each. Two for 50/- 
post free. 
PRINTED CIRCUIT TOP BAND SUPERHET CHASSIS. Uses standard 
components. Complete with circuit. Only 15/- post free. 
MINIATURE TRANSISTORISED B.F.O. UNIT. A compact B.F.O. 
unit that will enable your set to receive CW or SSB. Compact 
single hole fixing. The unit will fit anywhere. Ideal for all ex- 
Govt. and commercial receivers. Complete with fitting instructions. 
Only 39/6, p.p. 2/6. 
HEAVY DUTY POWER SUPPLY UNITS. Famous manufacture. 
Input 200/250 volts A.C. Output 250 volts D.C. at 175 m.a. 
6.3v./12v. at 4 amps. Robust rack mounting cabinet. List £42. 
Sale price 69/6 carr. 10/-. 
GOVERNMENT SURPLUS WIRELESS EQUIPMENT HANDBOOK. 
Gives circuit details and notes on most British and American wire- 
less equipment. Only 35/-, p.p. 5/-. 
TELEPHONE SPARES. 600 TYPE RELAYS. Only 3/6 each p.p. 1/-. 
Ten for £1 post free. EYEBALL INDICATORS. 6/- each. Four for 
£1 post free. TELEPHONE DIALS 4/6 each, p.p. 1/6. Four for £1 
post free. 
MEDIUM WAVE FERRITE SLAB AERIALS. Will fit most transistor 
radios. Only 3/6 each p.p. 6d. Two for 6/- post free. Four for 
10/- post free. 
HANDY PLASTIC CASES. Size 2^ in. by 1 ^ in. by | in. Ideal for 
building your transistorised equipment into. Only 1/- each p.p. 4d. 
12 for 10/- post free. 24 for 15/- post free. 50 for 30/- post free. 
100 for 50/- p.p. 5/-. A very versatile little box. 

•sg*GLOBE SCIENTIFIC LTD 
Ail orders & callers to 

DEPT. RC GLOBE SCIENTIFIC LTD, 38 BRIDGE END, LEEDS 1. 

FREE 
TO AMBITIOUS ENGINEERS 

— THE UTEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy ? 
ENGINEERING OPPORTUNITIES is a highly informative 164 page 
guide to the best paid engineering posts. It tells you how you can 
quickly prepare at home for a recognised engineering qualification 
and outlines a wonderful range of modern Home Study Courses in 
all branches of Engineering. This unique book also gives full details 
of the Practical Radio & Electronic Courses administered by our 
Specialist Electronics Training Division - explains the benefits of 
our Appointments Dept. and shows you how to qualify for five 
years promotion in one year. 
"Satisfaction or refund of fee" terms 
Whatever your age or experience you cannot afford to miss reading 
this famous book. Send for your copy of "ENGINEERING 
OPPORTUNITIES" today - FREE. 
Practical Equipment including Tools 
The specialist Electronics Division of B.I.E.T. NOW offers you a real 
laboratory training at home with practical equipment. 
Basic Practice and Theoretical Courses for beginners in Radio, T.V., 
Electronics, etc. Ask for details. 
Which is your pet subject 
A.M.I.E.R.E. City & Guilds □ Radio Amateur's Exam. □ R.T.E.B. 
Certificate P.M.G. Certificate □ Practical Radio □ Radio & Television 
Servicing □ Practical Electronics □ Electronics Engineering □ 
Automation □ 
The B.I.E.T. is the leading institute of its kind in the world. 

I Pie Please send 
Free Books and 
Full Information 

British Institute of 
Engineering Technology 

NAME    

ADDRESS . 

Subject 
of interest... Age... 

ALDERMASTON COURT, Dept. 480D. Aldermaston, Berks. 
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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 Size 

ALUMINIUM, SILVER 
HAMMERED FINISH 

Price Type Size 
18/- W 12x7x7"   W  

Y 
Y 
Y 
Y 
Z 
Z  . ... 

_   —*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. Plus p. & p. 

Type N 

8x6x2"» 
6x6x3" 17/6 4x4x2" 11/- 4x4x4" 11/- 51x4^x4^" 17/- 
8x6x6" 23/- 
9ix7|x3i" 
15x9x9" 

24/- 
49/ W 8x6x6" 23/- 

15x9x8" 
8x6x6" 
12x7x7" 
13x7x9 
15x9x7" 
17x10x9" 
19x10x84" 

Price 
37/6 
48/6 Type m 

Type Y 
e Z 29/- 

45/- Type U 50/6 
53/6 
72/6 
78/ 

BLANK CHASSIS 
FOUR-SIDED 16 SWG ALUMINIUM 

Size Price Base Size Price Base 
12/- 5/6 
12/- 5/11 
13/9 7/- 
13/9 6/11 
14/6 6/6 9/3 4/10 14x10x21" 16/- 8/7 

9/- 3/9 15xl0x2|"   

6x4x2" 
7x4x1t" 
7x5x2" 
8x4x2" 
84x54x2 
9x7x2" 
I 0x4x2 
i 2x4x2 
12x5x3" 

7x51x14 
7x51x2" 

6/3 2/11 10x8x24" 
6/- 3/2 12x7x24" 
7/6 3/5 12x9x24" 
7/- 3/4 13x8x24" 
8/- 3/9 14x7x3" 

10/- 4/3 
12/- 4/9 17x10x3" 

16/6 9/1 
19/6 10/1 

TO FIT OUR CASES 
7/- 3/9 12x64x2" 10/9 5/11 
7/9 3/9 14x84x2" 13/6 7/11 

11x64x14" 10/- 5/6 154x94x24" 17/- 9/6 
•1x64x2" 10/- 5/6 174x94x24" 18/6 10/6 

Plus post & packing 
PANELS: Any size up to 3ft. at 6/- sq.ft. 16 s.w.g. 
(18 s.w.g. 5/3). Plus postage and packing. 

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 (58/1 1 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. Send 1/- for circuit and con- 
struction details. 

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 

VUKAW SO Pf>OF£SSIO/VAL 
S£lF-%mSik YUW/V ABROSOC WAY- 

fipf a/rcfry/H# GRSP HAMMER 
A/nlV/ OP BLACK WRfHKLS 
/vW 0R (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 

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/5 YUKAN, 307a, EDGWARE ROAD, LONDON, W.2. We supply many Government Departments. Municipal Authorities. Institutes and Leading Industrial Organisations—We can supply you too. 

(Open all day Saturday. Closed Thursday afternoons. 

Other Yukon Kk Drying Aerotolt, 16 ozs, at U/U cart, paid include: Zinc Chroma f Clear Lacquer Metal lies: Crey, B/ae, Bronze and Cold. 

HOW AVAUABLB 
BOUND VOLUME No. 22 

of "The Radio Constructor"^ FOR YOUR LIBRARY 

AUGUST 1968 to JULY 1969 
Comprising 800 pages plus index 

PRIOE 35'" Postage4^6 

■ 

- 

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 21 - Price 35/- Postage 4/6 
(August 1967 to July 1968) still available 

Available only from We regref earlier volumes now completely sold out. 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W.9 
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BNGLANDS UAWMC COMPONENT ^EQUIPMENT CtNTRBS 
SOLID STATE-HIGH FIDELITY 

MPIO iOWPMEMT 
Mono or Stereo Audio, Equipment devel- 
oped from Dinsdale Mk.ll—eaoh 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 (No. 21) TODAY! 

DEMONSTRATIONS DAILY AT 303' EDGWARE ROAD 

€> 

INTEGRATED TRANSISTOR AMPLIFIERS 
MASS 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— with fantastic power and quality with far greater adaptability, with freedom for battery or mains operation. 

For complete listening satisfaction choose either the— 
OR THE STEREO MA66 POST PACKING 5/- fl R 1(1 11 OPTIONAL MAINS UNIT EITHER MODEL 1.1 O. I U.U PS20 62/6d. p.p. 4/- 

lllustrated leaflets 12 and 14 FREE on request. 

ELECTRONIC ORGANS KITS TO BUILD yoursei 1 " AND COMPLETE UNITS 
Acclaimed by everyone 
The MAYFAIR i developrm A completely portable electi ments and a new field lor the constructor. The MAYFAIR" duces a multitude of the pleasing 

Deferred terms ava COMPLETE KIT Deposit £29.19.0 

of Ii or popular musi fully polyphonit includes 165 Iran 

£7, Total £113.19 0 BUILT AND TESTED wide range Deposit £36.8.0 and s lot classic 12 monthly payments £9. Total £144,8 0 played over t 
with carry handle. A complete detailed I All items may be purchased separately. All 

The that it full cords c. 

The GR0SVEN0R 
than most commercial organs It comprises tv> keyboards and a thirteen-note pedal board. It has four 8ll, 4I|. 2lt. lit) on the upper or solo keyboard, three pitches ( 4ft) on the lower or accompaniment keyboard, two pitches (i on the pedal board Variable sustain on the solo keyboard vibrato on both keyboards. It has 15 voices in the solo tone- 10 voices in accompaniment tone-forming unit and 4 voices tone-forming unit All components and kit sections ar separately including the Oak Console at £65.18.0. A complete detailed and illustrated construction manual is p circuits and lull parts list. All items may be purchased sc pans supplied ate fully guaranteed. Full after sales sen/ice freely available. Once built the "MAYFAIR" or "GROSVENOR" will th years of enjoyable entertainment- Call in—See them for yourself. 
PRACTICAL ELECTRONICS-ELECTRONIC ORGAN KIT 

1 
THE MAYFAIR 99 GNS BROCHURE 9 

THE GROSVENOR 

are able to supply Part :ribed ir 
ORGAN COMPONENTS: COMPLETE RANGE IN STOCK ■ 49 AND 61 NOTE KEYBOARDS • 2 TO 5 AMP GOLD CONTACTS COILS AND CHOKES • REVERBERATION SPRINGS AND UNITS • STOP TABS AND ASSEMBLIES PEDAL BOARDS • RHODIUM AND GOLD CLAD WIRE. ALSO PRINTED CIRCUITS ETC. COMPLETE RANGES TOR TRANSISTORISED ORGANS ASK FOR NEW PRICE LISTS WITH DETAILS. LEAFLET 9B All ENQUIRIES TO: ORGAN DEPT. - MR. ELVINS 

PORTABLE 
GEIGER COUNTERS 

FOR MEASUREMENT OF RADIO-ACTIVITY. Supplied complete with instructions haversack, cables and probe List price f70 OUR PRICE. NEW. TESTED COMPLETE WITH BATTERIES £7.10.0 POST 10/- SPARE BATTERIES 15/- PAIR. POST 5/- 

MODEL 29» RF. Gen. 29x Xtal RF Gen. 30 Audio Generator 31 R.F. Generator 32 C.R. Bridge 33 Inductance Bridge 

NEW MODELS 
NOMBREX 
TRANSISTORISED Test Equipment 

PRICE Leaflet 
£ s. d. No. 21 0 O 35 2« 10 0 35 1t 10 0 24 12 10 0 25 10 10 20 0 0 29 

The Delector Unit consists essentially of a highly sensitive 931A photo-electric cell combin- ed with a firing circuit. Incorpor- ates a single cold cathode electronic relay, capacitors and resistors designed to fail to safety if external wiring is open or short circuited. Encapsulated in a resin which fully insulates the unit electrically and provides a high degree ol mechanical and thermal shockproofing. Original price'C74 OUR PRICE. BRAND NEW fGaach.mithdalasheet 

(UAvl^R f IRr DETECTOR UNIT SCOOP! STAAR RECORD PLAYER 
Deck. Plays 33,45.78 records. 9 volt operated. With mono cartridge. Brand new. As illustrated. 59/6 post 3/6. 
MULLARD 1 WATT AMPLIFIER 9 volt. 5 transistor unit complete with volume control. Output to 3 ohms. Ideal for use with Staar record Deck. 45/- post 3/-. Send for leaflet 2. 

BUILD A QUALITY 
TAPE RECORDER To gel 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 primed 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 Ibis about. THE INSTRUCTIONS MANUAL MAKES BUILDING EASY AND SUCCESS ASSURED 

VHF FM SUPERHET TUNER MKII 
'5-MULLARD TRANSISTORS & 4 DIODES * 300 Kc/s BANDWIDTH * PRINTED CIRCUIT CONSTRUCTION ' HIGH FIDELITY REPRODUCTION MONO AND STEREO A popular VHF FM Turn now used throughout tf country for quality receplic of monophonic and. with If decoder stereophonic casts. There is no about it—VHF FM gives Ih« the ret! sound. Excellenl stability economically pricec PARTS 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 
e2'«» c »m/aH our PRICE 5/-each 

• RM625 10 35 volts 350 m/aH Pack of 8 Size 2^ x ] dia. 
OUR PRICE 10/- each Easily split into eight 1.3Sv. cells. These cells are ideal for any application where SMALL SIZE HIGH CAPACITY and LONG LIFE are requited. QUANTITIES AVAILABLE. 

BRAND NEW 

GARRARD 
RECORD 
DECKS 

P P. 22/6 either model Kit comprises: Deck. Amplifier, Cabinet and speaker, with MICROPHONE 7 in 1.200 ft. tape, spare spool. • ALL UNITS AVAILABLE SEPARATELY. Todey"* ASK FOR BROCHURE 6. Value £60. 

MAN UFA C TURERS—D/S TR/BUTORS We publish a QUANTITY. SEMI-CONDUCTOR BULLETIN listing over 500 different devices available FROM STOCK in medium to large quantities a! 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 Extn. 4. 
We purchase medium to large quantities of Transistors and Devices excess to Manufacturers and Distributors requirements. 
Write or phone 723" 0401 

fRAMSIslflRg- 
SEMI CONDUCTORS 

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 7/6 
Power Transistors from 5/- 
Diodes and Rectifiers from 1/6 

All below list price £ 2025 Mono/Stereo GKS 25 8 3000LM Mono/Stereo 9 TAHC 9 SP25 Mk II 9 AT60 Mk II 13 AP75 19 SL55 11 SL65 14 SL75 29 SL95 35 A70 Mk II 12 B.S.R. UA25 Mono 5 MA65 9 MA70 12 MA75 15 401 Garrard 28 

16 6 19 6 0 0 0 0 19 6 14 0 0 0 0 0 12 0 19 6 19 6 12 0 5 0 10 0 

Hhf! equipment to suit BVlRf POCKET 

VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE ROAD AND SAVE UP TO C 40 ON SEPARATE UNITS OR THE SYSTEM OF YOUR CHOICE 
for all leading makes 
AMPLIFIERS 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
TEST EQUIPMENT 
HEADPHONES 
CARTRIDGES, etc. 
AH with 
Terrific Savings 
It will PAY YOU COMPLETE SYSTEMS from £46 - Saves £12.10.0! 
to pay US a VISIT! Stnd for now 8-page illustrated Hi-Fi list 16/17. 

G ® 

illustrated] 
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 Send today7'6: 

303 Edgware Road, London, W.2. Mail Order Dept. 
all types of Components, Organ Dept. (01) 723-1008/9 
309 Edgware Road, London, W.2. High Fidelity 
Sales, P A and Test Equipment, Record Decksioi) 723-6963 


