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5-Valve Amateur All-Wave Receiver 

Integrated Circuit Stereo Amplifier 

Multi-Channel Mixer Unit 



ELECTRONIC    ]J 
^ COMPONENTS 4 

IsemSONDUSORS^RAN^Iewan^ULLY 
J IN914 - ' smirr o/X Ijr""711 lA/d f isiu I IS 120 I ISI30 I 1SI31 I IS132 12G301 ■ 2G302 ■ 2G339A ■ 2G374 ■ 2G381 ■ 2G37I ■ 2N385A I 2N388A 1 2N696 ■ 2N697 1 2N698 12N706 A 2N706A ■ 2N708 | 2N711 A 2N711A ■ 2N929 ■ 2N930 ■ 2N1I3I 1 2N1I32 I 2N1302 1 2NI303 I 2NI304 I 2N1305 I 2NI306 I 2N1307 I 2NI308. I 2N1309 1 2N1613 I 2N2147 I 2N2I48 | 2N2I60 ■ 2N2368 1 2N2369 I 2N2369A | 2N2646 I 2N2696 1 2N2924 I 2N2925 I 2N2926:- 

Red 

8/6 BCZ1I 8/6 BDI2I 25/- BD123 IS/- BD124 14/6 BF152 6/6 BF167 6/- BF173 41- BF184 7/6 BFW57 12/- BFW58 12/- BFW59 5/8 BFW60 3/4 BFX13 4/4 BFX29 3/8 BFY50 4/- BFY51 2/4 BFYS2 15/- BFY53 11/8 BSX20 61- BSX2I 6/- BSY27 

10/4 19/6 23/6 17/- 13/6 6/6 7/6 7/6 7/6 7/6 6/6 6/6 4/8 8/S 6/- 6/- 61- 61- 3/3 81- 41- 

GUARANTEED OCI9 5/- 

12/6 BTX39 600 HO - IS/- BUYll 4/4 BSY9SA 4/4 BY 100 4/4 BYX10 4/4 BYZ10 16/6 BYZ12 61- BYZ13 41- GETI02 15/- GETt03 11/- GETIU 12/- GET573 11/9 GM0378B 5/8 MAT 100 5/8 MATI0I 4/4 MAT120 4/4 MAT 121 11/_ MPFI02 39/6 MPF103 2/8 MPF104 3/- MPF105 2/6 NKT2I6 3/- NKT2I7 2/9 NKT261 2/9 NKT267 2/9 NKT264 5/- NKT27I 18/- NKT272 13/6 NKT274 5/- NKT275 14/- NKT276 14/- NKT281 5/- NKT403 6/- NKT405 4/- NKT713 6/- NKT773 12/- NKT774 7/- OAS 9/- OA47 16/- OA70 4/8 OA73 6/4 OA79 8/- OA81 27/4 OA85 13/4 OA90 15/3 OA91 4/4 OA9S 8/8 OA200 6/6 OA202 86/9 OA210 

15/ 3/4 5/- 4/9 91- 61- 6/- 61- 4/6 5/- 7/6 6/- 5/- 5/6 61- 5/6 91- 91- 91- 91- 10/5 10/5 4/3 4/3 4/3 4/3 4/3 4/3 3/6 2/6 5/6 15/- 15/- 

OC20 OC22 OC23 OC2< OC25 OC26 OC28 OC29 OC30 OC3S OC36 OC4I OC42 OC44 OC45 OC71 OC72 OC73 OC75 OC76 OC77 OC810 OC82 OC82D OC83 OC84 OC123 OC139 OC140 OCI69 OCI70 OCI71 OC200 OC20I OC202 OC203 OC204 OC205 OC206 OC207 ORP60 ORP6I ORP63 SX631 SX636 SX638 SZ20C SCC1 C426 P346A V405A EC40I EC402 CIIIE C400 2cm 2C425 EA403 EB383 MJ49I MJ48I 40361 , 40362 , OAZ24I , OAZ242 , OAZ269 , OAZ270 . OCP7I - ST 140 I STI41 

13/- 15/- 10/- 6/8 12/- 12/- 15/- 7/- 9/6 13/- 3/6 41- 31- 31- 31- 4/6 31- 61- 2/6 8/8 31- 4/6 31- 41- 41- 7/- 81- 12/- 61- 41- 6/- 61- 10/- 16/6 81- 81- 91- 10/6 7/6 8/- 8/- 91- 7/4 10/8 12/- 15/- 17/4 8/3 61- 9/3 6/- 4/8 18/- 9/- 45/9 32/- 3/6 3/6 30/3 27/- 13/3 16/3 3/6 3/6 3/6 3/6 18/3 31- 61- 

CHEAPEST EVER 
SOLID-STATE SALE 

BC107/8/9 NPN 2'9 

I 2N3819 8'- 

2N2646 UNI. in, JUNCTION IU 

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

1 CRS3/40AF^vcr12'6 

TD716 moDNEEL 12' 

PROGRAMMABLEi ft, D1311 UNIJUNCTION W TRANSISTOR 

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

2N2926 ™ana*r 2' NPN 

AD161/2 PAI,l 10' 
NPN/PNP POWER PAIR 
GERMANIUM 

ji LOGIC 
i-6 7-ii i; 

uL900 11/- 9/6 8/4 I 
uL9H 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. 

TO-18 case. NPN & PNP mixed c. Not tested or coded. Guaranteed 
BEST VALUE IN BRITAIN 40 Silicon Planar Transisto ar V405A. P346A. num 50% good . " 40 Silicon Planar Tranaiitora. IO-I8 =aaa NPN ■»« a™:!" 2N706. BSY95A. etc. Not tested or coded. Uuaranteeo mini- mum 50% good ... ••• ■ ' 10 PNP Silicon Planars. Similar BSX40/2N2904/A. 3 Watts. 100 Mc/s. Fully tested. Uncoded "• 30 Silicon Planar Transistors. TO-18 case NPN type simi ar BCI07/8/9 range. Not tested or coded. Guaranteed minimum 50% good ... ••• - "" 3 Silicon Power Transistors similar to BUYll. TO-3 case. Not tested or coded. Gold plated cases ••• 100 Germanium PNP Transistors. TO-I case. Type s.milar NKT 274/6. etc. Not tested or coded. Minimum 50 usable 20 Germanium Transistors 2G371B. Case SO-2. Fully tested to makers" specifications PNP. Equal to OC71 range. Not coded 30 Micro alloy diffused Transistors. (MAT type). Not tested or coded. PNP  ■ ■ . V. " ocy77 25 Silicon NPN VHF Transistors. TO-18 case. Similar to BSY27. etc. Not tested or coded   20 Silicon Planar Transistors. Plastic type. NPN. S"".'1" " 2N3705/7 range- Not tested or coded. Guaranteed minimum 

20 Silicon "-planar" Tr.n.iltors Plaati. VM. 
,6S

A
RSrr?o°pr.^'LG"7irrie™ Guaranteed minimum 80% good  ^ 12 Silicon Avalanche Rectifiers. Top-Hat case, U Amp la up to 1200 piv. Guaranteed minimum 80% good - - 15 Silicon Epitaxial Planar Diodes—Sub-miniature. Type SD19 Plessey. Exact substitute for IN914. etc. 100,. perfect. Not 

30 Part made Top-Hat'Rectifiers (top connection broken but plenty room to solder) 750mA up to 800 piv. Guaranteed minimum 80% good   2G37IB and 5019 are Manufacturers' tested devices. Other un-coded stock are given type numbers as a guide only. Money refunded if not satisfied. All above oacks post free in UK. . . _ EXPORT SPECIAL; 10 % of the above SALE goods are reserved for export until August 1969. 

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

S-OeCs 
"2-DeC" kit contains two "DeCs" component tray, accessories, instruction book, all packed in attractive plastic box   '9/6 ■■4-DeC" kit contains four "DeCs". accessories, manual, etc. ... 117/6 

BOOKS FROM STOCK Gene,.' B.etric Tr.nsteo, M.nil.l, 860 p.!., of d... S o.rco.,. M l RCA Transistor Manual. 554 pages, includes SCR circuits ... 28/- Designers' Guide to British Transistors. Excellent data book lists over 1,000 common types plus Computer-selected substitution chart 25/- (ADD 2/6 POST & PACKING FOR ALL BOOKS) 
NEONS Signal neons for many types of circuit, type N Price 1/6 each or 16/- dozen. 
HE ATS INKS. Suitable for 2 x OC35, etc. As used i equipment. Type 10D 6/-- 
ALUMINIUM CHASSIS , 
6 x 4 x 2i" with reinforced corners 6/9 each (P & P. 1/6). Ally panel to fit 1/6. Paxolin panel to fit 2/-. Many other sizes in stock up to 12x8x2)" (see catalogue). 

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

SILICON RECTIFIERS^ 
PIV 

50 
100 
200 
400 
600 

200mA 750mA 2 Amp 10 Amp 
6d 1/- 2/3 - 
9d 1/6 2/3 4/6 

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

5/- 
8/- 

3/- 3/9 5/- 
4/6 9/6 11/3 

6/- 6/6 14/- 

THYRISTORS-SCRs ^1 ZENER DIODES 
PIV 1A 3A IDA 30A 100 A 

50 7/6 9/- 7/6 — 20/- 
100 10/- 10/- — 22/- 
200 8/6 12/6 42/- 35/- 
300   11/- — — — 
400 9/6 12/6 15/- 60/- 45/- 
600 — 20/- 84/- 120/- 
800   — — — — 

) Watt 10% Tolerance- Voltages: 
30 47 75 12 ALL 3 3 5 1 82 13 ONE 
36 5-6 9 1 15 PRICE: 3 9 62 10 16 3/6 
4 3 6 8 11 each See IR Panel for 1 Watt types. Full range 5 Watt also in stock. 

LINEAR AMP. ICS 
CA3020 T Watt output 9 volt 
supply 30/6 (Price includes free circuit for Guitar/PA Amplifier! !) 
TAA263 Tiny Mullard linear I 
only 17/6 - data on request. 
CA3012 Wide band with built-in regulation . 27/6 
CA3014 3 stage amp. with Darlington output . . 32/6 I 
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 '^/0 
B3M 0-2-0-4volts @ li-2TmA Selenium type 'jV- S1M 0-3-0-4 volts @ IO-16mA Silicon  '9/- S4M 0-3-0-4 volts @ 25-40mA Silicon 
SOLAR DRIVE MOTOR x ,O/A EP50A Runs from sunlight activity on S4M cells (above) 3V/6 
PHOTOCONDUCTIVE CELL 
CSI20 20v 0 4 Watts Dark Res 110k ohms Mm. R @ 10FC — 7 2k R @ 100 FC = 800 ohms 19/8 

SOLAR CELL KITS ^ ^ DDI90 Contains 4 Selenium photocells and free 24-page handbook    • Z _ K-421 Super assortment of 7 cells. 3 Selenium. 2 Silicon Sulphide, plus 24-page manual 58/6 

TRANSISTOR KITS DDI80 Contains 2 Audio and 1 RF Transistor plus free manual    ' 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 | amp diodes  9/'' DD176 Contains 2 200 piv j amp diodes  5/n DD177 Contains 2 400 piv i amp diodes . . . . ■ v/n 

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. 47v, 5-6v. 6-8v, 8-2v. lOv, 12v. 15v. 18v.22v.27v 
ALL ONE PRICE 7/11 

ZENER KIT iA, J. . . DD170 Bargain pack—contains 5 popular 1 Watt diodes plus free project manual  '9/6 

TRANSISTOR SUBSTITUTION Our TR01-C to TR10-C range are universal replacements for over 700 JEDEC (2N ) types. Prices in our FREE Catalogue. 
FULL SEMICONDUCTOR CENTRE LISTINGS. 

DOZENS OF INTERESTING DEVICES IN OUR CATALOGUE. 

w COMPONENTS —lh- 
fTS 4^3^%= "lO, xl00 xl.000, x10.000) I Meg etc. to 8 2 Megohms 10% to erance) PRICES: 1-25 4d, 26-99 3d. 100+ 2d (your selection ) and/or ; Watt mixed). SKELETON PRESET POTS. 20% Tol. Linear Low noise Available in sub miniature or standard size, horizontal or vertical. 100. 450, 500. Ik. 2'5k. 5k. 10k. 25k. 50k. 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. re (all v 

6"4V 

1/4 

25 

1/3 1/2 

125 

V- 

250 200 

20 1/1 

400 320 200 

32 1/2 
MIN. POLYESTER CAPACITORS. Ppi""d n

c'r,c,uit. .type 
working. 001. 0015. 0022, 7d each; 0033. 0 047, 8d each. 0 068. 010. 9d each. VEROBOARD 0 15" Matrix FLUX COATED 3. v 10" 10/ 21 x 3J". 3/3. 2) x 5". 3J x 3J". 3/11. 3) x 5 . 5/6. 3} x 18 . 18/-. BARGAIN PACK of 36 square inches all good size pieces only 10/- pack. VEROBOARD 0 1" Matrix. 3| x 2)". 3/9. VEROPINS for 015". 36 pieces 3/-. VERO-CUTTER. 9/- each plus FREE SAMPLE PIECES. 

+ iMU5Teew 
FbK +Hfvr/=Re+ 

I CT 7 C0PTF0LD ROAD Lo I. brentwood 
ESSEX Telephone: BRENTWOOD 226470/1 

Prices quoted are current at time of going to press and may be subject to variation. Semiconductors offered bear Manufacturers' original markings and are subject to our full replacement guarantee if not to published specifica- tions. We DO NOT offer "Re-marked" semiconductors. Catalogue (1968) fre on request. 1969 edition shortly avail able. Post & Packing (First class) I/- j per order. Retail and Trade supplied. Export enquiries particularly welcome. Giro No 388-3159. 



FOLLOW THE LEADERS 
I* 

■as 
■ QUALITY-TESTED PAKS 

2 Drift Trans 2NI225 Germ PNP 100 Mc/s  10/- 6 Matched Trans.OC44/45/81/81D. . 10/- 20 Red Spot AF Trans. PNP  10/- 116 White Spot RF Trans PNP  10/- 5 Silicon Rects. 3 A 100-400 PIV. . . . 10/- 2 10 A Silicon Rects. 100 PIV  10/- 2 OCI40 Trans. NPN Switching... 10/- 1 12 A SCR 100 PIV  10/- 3 Sil. Trans. 2S303 PNP  10/- 4 Zener Diodes 250mW. 3-I2V. . . . 10/- 3 200Mc/s,Sil.Trans. NPN BSY26/27 10/- 3 Zener Diodes 400mW. 33V 5% Tol 10/- 4 High Current Trans. OC42 Eqvt.. 10/— 2 Power Transistors I OC26 I OC35 10/— . 5 Silicon Rects. 400 PIV 250mA  10/- | 4 OC75 Transistors   10/— | I Power Trans. OC20 100V  10/- I 10 OA202Sil.DiodesSub-min.Marked 10/— I 2 Low Noise Trans. NPN 2N929/30 10/- I I Sil. Trans. NPN VCB 100 ZT86. . . 10/- 1 8 OA8I Diodes  10/— I 4 OC72 Transistors  10/- | 4 OC77 Transistors  10/— 4 Sil. Rects 400 PIV 500mA  10/- 1 5 GET884 Trans. Eqvt. OC44  10/— I 5 GET883 Trans. Eqvt. OC45  10/— I 2 2N708 Sil. Trans. 300Mc/s. NPN . . 10/— 5 GT4I/45 Germ. Trans. PNP  10/— I 3 GT3I LF Low Noise PNP Trans.. . 10/— 6 IN9I4 Sil. Diodes 75 PI V 75mA. . . 10/- 8 OA95 Germ.DiodesSub-min. I N69 10/— 3 NPN Germ. Trans. NKT773  10/- 
2 OC22 Power Trans. Germ  10/- 2 OC25 Power Trans. Germ  10/- 
4 ACI28 Trans. PNP High Gain  10/- 2 ACI27/I28 Comp, pair PNP/NPN 10/— 3 2N I 307 PNP Switching Trans. . . . 10/— 10 CG62H Germ. Diodes Eqvt. OA7I 10/- I 3 AFI 16 Trans. VHF   10/— 

j r*rj ^ ^ one 10/- Pack of your own 
rKt t cho'ce free with order : value £4 or over.  
12 Assorted Germ. Diodes Marked . 10/- 4 AC 126 Germ PNP Trans  10/- 
4 Silicon Rects. 100 PIV 750mA  10/- 3 AFI 17 Trans. VHF  10/- 7 OC8I Type Trans  10 - 3 OC171 Trans. VHF  10/- 5 2N2926 Sil. Epoxy Trans  10/- 7 OC7I Type Trans   10/- 1 25 Trans.HeatsinksfitTOI8,SOI2,etc. 10/— 2 2S70I Sil. Trans. Texas NPN  10/- 3 12V Zener 400mW  10/- 2 I OA 600 PIV Sil. Reacts. I S45R  10/- 3 BCI08 Sil. NPN High Gain Trans.. 15/- 1 2N9I0 NPN Sil. Trans. VCB 100. . 15/- 2 1000 PIV Sil. Rect. I -SA R53310 AF 15/- 3 BSY95A Sil .Trans. NPN 200Mc/s. 15/- 3 OC200 Sil. Trans. Mullard  15/— 2 Sil. Power Rects. BYZI3  15/- I Sil. Power Trans. NPN lOOMc/s. TK20IA   15/- 6 Zener Diodes 3-15V Sub-min  15/— I 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/- I Sil. Planar Trans. NPN lOOMc/s. BSY25  15/- 1 Uniiunction Trans. 2N2I60 TO-5 . 15/- 2 Sil. Rects. 5A 500 PIV Stud Type . . 15/- 2 Germ Power Trans. OC28/29 .... 15/- I I OA Sil. Stud React. 800 PIV  15/- 1 Tunnel Diode AEYI I l050Mc/s. .. 15/- 2 2N2712 Sil. Epoxy Planar HFE225. 15/- 8 BY 100 Type Sil. Rects 20/- 1 25 Sil. and Germ. Trans. Mixed, all marked, New   30/- 2 GET880 Low Noise Germ. Trans. . 10/- I AFI39 PNP High Freq. Trans  10/- 3 NPN Trans. I STI4I & 2STI40 . . . 10/- 4 Madt's 2 MAT 100 & 2 MAT 120 . . . 10/- 3 Madt's 2 MATI0I & I MATI2I ... 10/- 
4 OC44 Germ. Trans. AF  10/- 3 AC 127 NPfsl Germ. Trans  10/— I 2N3906 Sil. PNP Trans. Motorola . 10/- 5 CADMIUM CELLS ■ ORP60 ORP6I   8/-each | ORP12   8/6 each 

M/^NY NEW PAK ITEMS 
" POLL KMNGfc OF ZENER DIODES VOLTAGE RANGE 2-I6V. 400m W (DO-7 Case)  , 2/6 each tl.5W (Top-Hat)   3/6 each I0W (SO-10 Stud)   5/-each All fully tested 5% tol. and marked. Please state voltage required. Full range eqvt. to OAZ Mullard Type Z. Range of STC. T.R. Texas and IN types. 

3 KMiNblbTOK fcOVT. BOOK 52 pages of cross references for trans, and Ldiodes, types include British, European, American and Japanese. Specially imported by BI-PAK 10/-each 

ANOTHER CROWNING SUCCESS— 
THIS MONTH'S BARGAIN PAKS ' 

ARE FULLY TESTED AND GUARANTEED SATISFACTION 

BRAND NEW TEXAS GERM. 

Pak No TRANSISTORS Codedand Guaranteed 
Tl T2 8 T3 8 T4 8 T5 8 T6 8 T7 8 T8 8 T9 8 TI0 8 

2G37IA 2G374 2G3744A 2G38IA 2G382T 2G344A 2G345A 2G378 2G399A 2G4I7 

EQVT EQVT EQVT EQVT EQVT EQVT EQVT EQVT EQVT EQVT 

OC7I .. OC75 .. OC8ID . OC8I .. OC82 . . OC44 . . OC45 . . OC78 .. 2N 1302 . AFI 17 . . 

10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 
KING OF THE PAKS 

SUPER PAKS 

Unequalled Value and Quality 
BRAND NEW—UNTESTED 

SEMICONDUCTORS 
Satisfaction GUARANTEED in Every Pak, or money back- 
Pak No Ul 120 Glass Sub-min General Purpose Germanium Diodes . 10/- 
U2 60 Mixed Germanium Transistors AF/RF jo/- 

30 PNP Silicon Planar Transistors T0-5 s 

U3 
U4 
U5 
U6 
U7 
U8 
U9 
UN 
U12 
U13 
U14 
U15 
UI6 
U17 
U18 
U19 
U20 
U2I 
U22 
U23 
U24 
U25 
U26 
U28 

75 Germanium Gold Bonded Diodes sim OAS, PA47 
40 Germanium Transistors like OC8I, ACI28 
60 200mA Sub-min. Sil. Diodes  

10/- 
10/- 

40 Silicon Planar Transistors NPN sim.BSY95A. 2N706 . 10/- 
10/- 16 Silicon Rectifiers Top-Hap 750mA up to 1000V  |0/. 

50 Sil Planar Diodes 250mA OA/200/202    |0/- 
20 Mixed Volts I watt Zener Diodes  iq/- 

;im.2NI 132 .. 12 Silicon Rectifiers EPOXY 500mA up to 800 PIV . . . . 
30 PNP-NPN Sil Transistors OC200 & 2S104    . 

10/- 
10/- 

150 Mixed Silicon and Germanium Diodes 
30 NPN Silicon Planar Transistors TO-5 sim 2N697        - -— -■ .... ■ v — 10 3-Amp Silicon Rectifiers Stud Type up to 1000 PIV 10/- 
30 Germanium PNP AF Transistors TO-5 like ACY 17-22 10/- 
8 6-Amp Silicon Rectifiers BYZ13 Type up to 600 PIV . . 10/- 

30 Silicon NPN Transistors like BCI08  10/- 
12 I -S-amp Silicon Rectifiers Top-Hat up to 1,000 PIV . . . IQ/- 
30 A.F.Germanium alloy Transistors2G300 Series &OC71 10/- 10 l-amp Glass Min.Silicon Rectifiers High Volts  10/— 
30 Madt's like MAT Series PNP Transistors  10/— 
20 Germanium I -amp Rectifiers GJM up to 300 PIV . 
25 300Mc/s NPN Silicon Transistors 2N708, BSY27 
30 Fast Switching Silicon Diodes like IN9I4 Micro-min.. . 10/- 

U29 
U30 
U31 
U32 
U33 

Experimenters' Assortment of Integrated Circuits, 
untested .Gates, Flip-Flops, Registers.etc..8Assorted Pieces 20/- 10 I amp SCR s TO-5 can up to 600 PIV CRS1/25-600  20/- 

15 Plastic Silicon Planar trans. NPN 2N2924-2N2926 ... 10/- 
20 Sil. Planar NPN trans, low noise Amo 2N3707 in/_ 
25 Zener diodes 400mW Du7 case mixed VIts. 3-18  10/- 
15 Plastic case I amp silicon rectifiers I N4000 series 10/- 

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

ADI6I NPN AO 162 PNP 
MATCHED COMPLIMEN- ARY PAIRS OF GERM. POWER TRANSISTORS. For mains driven output stages 
of Amplifiersand Radio receivers. OUR LOWEST PRICE OF 12/6 

PER PAIR 

HIGH POWER SILICON PLANAR TRANSISTORS. TEXAS 2S034. NPN TO-3 
VCB 100 lc4A fT. ISM/cs 
VCEI00 Ptot. 40W 
VEB8 hFE(min.) 

60 Price 15/- each 
NEW SILICON RECTIFIERS TESTED PIV 400mA 750mA I.5A 3A I OA 30A 50 lOd I/- 1/6 2/9 4/3 9/6   1/3 2/6 " " 1/9 2/6 " - 3/9 41- 

100 II- 200 113 300 — 400 2/- 500 — 600 2/9 800 — 1,000 — 1,200 — 

2/3 2/6 3/- 3/3 4/3 3/6 4/9 51- 6/- 

4/6 4/9 3/3 41- 4/6 5/6 61- 6/9 7/6 11/ 9/3 12/6 7/6 11/6 15/- 

51- 201- 6/6 22/- 7/6 25/- 8/6 91- 301- 371- 401- 501- 

SCR's 
LOWEST PRICE LARGEST RANGE 

PIV IA 7A I6A 3OA 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/- 500 301-401- 45/- 951- 600 — 40/-50/- — 
PLEASE NOTE. To avoid any further Increased Postal Charges to 0"r Customers and enable us to keep our "By Return Postal service" which is second to none, we have re-organized and streamlined our Despatch Order Department and we now request you to send all your orders together with your remittance, direct to our Ware- 
2.0jis^.^n.<3 Department, postal address: BI-PAK SEMI- 

T 'J
De^pat<:h„Pept- P O- BOX s. WARE, M cKTa. Postage and packing still I /— per order. Minimum order 10/- 

FET'S 
2N 3819  10/- 2N 3820   25/- MPFI05   81- 
OCP7I   8/6 

UNIJUNCTIOiM 
UT46, Eqvt. 2N2646. Eqvt. TIS43. BEN3000 

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

iNTEGRATED 
CIRCUITS 

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

5 off 11/— each. Large Qty, Prices quoted for. 
FAIRCHILD EPOXY TO-5 8 Lead I.C. /xL900 Buffer  10/6 fxL9l4 Dual Gate .... 10/6 u,L923 J.K. Flip-Flop . 14/- l.C. Data Circuits, etc 1/6 
MULLARD I.C. AMPLI- FIERS TAA243 ORP. Amp. . 70/- TAA263 Min AF Amp. 18/6 TAA293 G.P Amp . . 26'- RCA CA3020 Audio Amp  30/- 
PRINTED CIRCUITS 

EX-COMPUTER Packed with semiconduc- tors and components, 10 boards give a guaranteed 30 trans, and 30 diodes. Our price 10 boards 10/-. Plus 21- P. & P. ' 
SOLID STATE DIGITAL CLOCK Price List of Components available FREE on request. S.A.E. PLEASE. 

SIL. G.P. DIODES 
300mW 30 ... 10/- 25PIV (Min.) 100... 25/- Sub-Min. 500 ... £5 Fully Tested 1,000 ... £9 Ideal for Orean 

BI 

m 

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

KING OF THE PAKS BI-PAK GUJlRJUflH SflltSHCIUlNDfl MONEY BACK 

APRIL 1969 
545 



TOP TRANSISTORS 

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

EQUIVALENTS LIST 
Save yourself EEC's by using 
these substitutions I 

BC14S-BCie8 BF115-SF11 5 2IM3702-2N 4291 
BC149-BC169 BF167-BF225 2N3704-2 N3794 
BC151-BC169 BF173-BF224 2N1308-2SD72 
BC1 54-BC169 2N3391A-EC169 2N1309-2S B405 

INTEGRATED CIRCUITS 
NEW! PA234, 1W a.f. amo.. transformerless, 22V, 22 
ohm load, 24/- 
Mullard TAA320, 15/-; TAA263. 16/8; TAB101, 21/- 
RCA CA3011, 18/-; CA3020, 28/-. 

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

AD161/2 12/8 HK041 2/6 2N3794 2/6 (Comp. pair) HK101 Tf- 2 N 3983 5/8 AF239 8/6 HK601 2/6 2N4058 4/7 B5000 10/- IS44 1/4 2N4285 2/6 BD121 18/- IS557 3/- BC107B 2/8 SF115 2/6 2N4291 2/6 BC168B 2/- TI'SI 8 7/- 2N4292 2/6 BC168C 2/- TIS60M 4/8 2SB187 21- BC169C 2/3 TIS61M 4/11 2SB405 5/- BF224 4/- 2N706 2/7 2SD72 5/- BF225 4/- 2N2926G 2/6 3N140 17/- BFY51 4/- 2N3055 16/6 40468 7/6 GET693 1/3 2N3707 4/3 BFI78 9/- 

NEW 4W AMPLIFIER PACKAGE 

Component Kit AX4 for medi.um-fi 4W r.m.s. (8W peak) audio power amplifier for 15 ohm 
load. Advanced circuit uses AD161 /AD162 output pair, silicon front end, a.c. and d.c. negative 
feedback. Requires 24V, 200mA supply, but can be operated from 18V at reduced output with 
low standby current (12mA). The AX4 kit contains all resistors, capacitors and semiconductors 
—top-grade components of course? 
• High sensitivity—lOOmV in 40K for full output. 
• Full treble response. 
• Low distortion. 

PRICE ONLY 30/-. 

RECEIVERS & AMPLIFIERS 
Miniature Amplifier Packs 
Component kits for transformerless class B ampli- 
fiers. Low standby current, reversible polarity 
( + or — earthed). Data sheets included. 
AX2. 9V, 300mW in 10-20 ohms. 12/6 
AX3. 9V, 800mW in 8 ohms. 22/6 
AX9. Sensitive T.R.F, with two r.f, stages & a.g.c. 
Printed circuit, Dilemin tuning cap, ferrite aerial, 
earpiece, etc. MW, adaptable to other bands. 
Complete kit 45/-. Printed ccf, only 5/.-. Data 
only 6d. 
3V T.R.F. Gen sheet on 6-transistor loudspeaker 
circuit described in R.C., Oct. 1968. 6d. 
9V Silicon Reflex T.R.F. Gen sheet on 2-4ran- 
sistor circuit described in R.C., Jan. 68. Simple, 
sensitive, reliable. 1/- 

►I 

►I 

"X 9V 
80 
mA 

MINI 9V MAINS PACK 
Can be buflt to size of PP6 
battery. Nominal output 9V, 
80mA. All parts, 17/6. MT9 
Osmor submin. mains trans 
only, with data sheet, 11/- 

BEST BUY MOSFET 
R.C A 40468, as used in R.C. 
F.E.T. Voltmeter, Crystal Mic. 
Matching Unit, Low Capacit- 
ance Meter . . NOW ONLY 
7/6! A superb high slope, h.f. 
insulated gate, N-channel 
depletion mode mosfet. 

396 Selsdon Road. 
AMATROIMIX LTD. ®ou,hC/0

R
v

9
dnnnF Surrey, CR2 ODE 

THE MODERN BOOK CO 

RADIO COMMUNICATION HANDBOOK 
The Radio Society of Great Britain 

63/- Postage 4/6 

R.S.G.B. Amateur Radio Techniques. Pub 
12s. 6d. Postage 9d. 

Radio & Electronic Handbook. By G. R. Wilding. 
17s. 6d. Postage Is. ^ -- i-qi— 
Colour Television. Pal System. By G. N. Patch- 
ett. 40s. Postage Is.   ^ 

Amateur Radio Circuit Book. Pub. R.S.G.B. 
10s. 6d. Postage 9d. 

Rapid Servicing of Transistor Equipment. By 
G. J. King. 30s. Postage 1s. 6d.   

:: >• .z- - 
Introduction to Semiconductor Devices. By 
M. J. Morant. 18s. Postage 1s. 

The AI!-in-One Tape Recorder Book. By J. M. 
Lloyd. 15s. 6d. Postage 9d. 

Inter GEC Transistor Manual. 7th edition, 21s. 
Postage 2s. 

Designer's Guide to British Transistors. By I. J. 
Kampel. 25s. Postage Is. 

Beginner's Guide to Transistors. By J. A. Reddi- 
hough. 15s. Postage Is. 

Transistors for Technical Colleges. By L. 
Barnes. 25s. Postage 1s. 

Everyday Electronics. By T. Roddam. 22s. 6d. 
Postage 1s. 

Transistor Pocket Book. By R. G. Hibbard. 25s. 
Postage 1s. 

Radio and Audio Servicing Handbook. By G. J. 
King. 30s. Postage Is. 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 
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Looking for a Hobby 

that's Fun and Fascinating? 

Building Heathkit models is so easy. 

-sr 

c0 

« bath K: it F"^ I I CATALOGUE 
nn I I 1968/69 

m 

OVER 2JO DIFfERENT 

£b\ tS 

THE CONSTRUCTION MANUAL SHOWS YOU HOW I 
Easy to understand instructions and large, clear 
pictorials illustrate clearly the step-by-step 
procedure for enjoying a fascinating hobby that 
takes you away from the 'workaday' routine. 
There's also the thrill when you switch on and 
experience that exhilarating sense of self 
accomplishment, knowing that you've done 
something you doubted you could ever do. 

FOR EXAMPLE 

Up to 50% 

savings 
over 

factory-built 
equipment 

This 
STEREO RECORD PLAYER 
IS SO-EASY-TO-BUILD 
• Completely assembled and finished cabinet— 

no glueing or covering required. 
• Completely assembled Record Changer deck. 

Simply drop in and connect a few wires. 
• Only a few components to mount on one 

printed-circuit board. 
• Two 8" x 5" speakers, easily mounted. 
• Takes only a few hours to build. 
® Suitcase portability. 
All for only £28-12 Kit SRP-1 Can. 11/- 
Choioe of blue/grey or red/grey colour scheme, 
or attractive simulated brown walnut. 

(please state preference) 

Send for the FREE CATALOGUE 

AND MAKE YOUR SELECTION FROM A WIDE RANGE 
The latest Heathkit 36 page full colour catalogue contains details of models for the 
nnZiLf* ^l0 Enth.us|ast> the Music Lover, the Tape Recordist and the Hobbyist, 
Motlt- fo[.c°™mun|cation, Test and Servicing, Amateur Radio and Short Wave Listening. Models for Educational Establishments and Industry. No matter what your 
vocation, there is something for you in this catalogue. 
A welcome awaits you at the Heathkit 
shops and showrooms 
Retail shops with showrooms and Hi-Fi 
demonstration facilities at:- 

The London Heathkit Centre, 
233 Tottenham Ct. Rd., W-l. 
The Birmingham Heathkit Centre, 
17-18 St. Martins Hse., Bull Ring. 

There is a showroom with Hi-Fi demonstration 
facilities at;— 

The Daystrom Factory, Bristol Rd., Gloucester 
Goods may be purchased at the retail shops at prices 
slightly higher than the advertised mail order price. 
Orders may be placed at the retail shops for mail 
order despatch from the factory at mail order prices. 
APRIL 1969 

I KHJ-A-THICIT 
B  

DAYSTROM LTD., 
Dept. RC-4, Gloucester, GL2-6EE. 

Please send me FREE Heathkit Catalogue. 

NAME  

ADDRESS. I 
I 
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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 D.P. Coils . •• • 2s. 6d. 
DTB9 Valve Type Coil Pack Application circuitry ... ... ••• 2s. 6d. 

MD.1 Decoder Circuitry for Stereo Reception ... ... ••• 4s. Od. 

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

BOUND VOLUME No. 21 

of'The Radio Constructor"^ FOR YOUR LIBRARY 

AUGUST 1967 to JULY 1968 
Comprising 792 pages plus index 

PRICE 35^- Postage 4'6 

• : 

g 
Special discount of 10/- for regular readers 

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

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

PRICE 25/- Postage 4/6 

Limited Number of Volume 20 - Price 32/6 

Available only from (August 1966 t0 Ju|y ■,967) s,il1 available 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W.9 

Postage 4/6 
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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 

NEW SHOP 
NOW OPEN 
38, Meadow Lane Bridge 
End, Leeds 1. Open 9-6 
pm. Weekdays & Sats. 

TRANSFORMER SALE. Fully tested and 
guaranteed. Charger transformers, 0-9- 
i TYZ 9,,t each' P-P- 2/6- Two 'Pf I//6, post free. Transistor Power Pack 
TXP,65* 6AW at 2A' 7/6 "eh, p.p. 2/6 12V at 2A, 12/6 each, p.p. 2/6. 

19 SET ACCESSORIES 
19 Set Headphones & 
Brand new and boxed. 
10/-, p.p. 2/6. 
19 Set control boxes 
Mikes. Not new but 
working. 7/6 per pair, 
p.p. 4/4. 2 sets £1 post free. 
RUN YOUR 19 
SETTX/RX FROM 
AC MAINS 
We make a brand new unit ready 
to plug in. complete' with full 
leads and connectors. Contained 
in handsome steel cabinet of 
robust construction. Ideal for the 
amateur transmitter. Price only 
£6-10-0, carriage 10/-. 

Irmsfecc. 
Compact V.H.F. Trans./Rec. Fits in the pocket. Con- sists of Mike/Speaker, amplifier, aerial, transmitter 
and receiver. Where made to operate up to 100 miles 
depending on terrain. Operates from dry batteries. 
Completely self-contained. Cost Govt. over £50 each. 
Regulations state must not be operated in UK so 
please mention "For Dismantling purposes only" 
   , when ordering. Price £2.10.0 each p. & p. 

10/-. Two sets for £5.0.0. post free. 
Four sets £8. carriage free. Bulk sale of 
10 sets £15. carriage £1. Export enquiries 
invited. 

MINIATURE 
MOVING COIL 
SPEAKERS 

dia. Only 3/6 each, pp. 1/6. 
Two for 8/6 post free. 

MINIATURE 
B.P.O. UNIT 
A miniature fully transistorised 
tunable B.F.0. that will be a 
valuable addition to any receiver. 
A compact unit with single hole 
fixing that will fit anywhere. 
Ideal for all ex-Govt. and com- 
mercial receivers. Complete with 
installation instructions. 49/6 
post free. 

)MMUNICATIONS 
Listen to the thrills of BAND REEO. Aircraft, Pilots and 1 

Airports at work. Also Civil Depts.. Fire and Ambulance services. Gas and Electricity Depts. Ideal for receiving 2 metre amateurs. Gives 
ZPJfr,n!CTJ0n Within- the range of al1 fans- 97 1*7 /y ^rans:stor'«d receiver cover- m I"? broadcast. Robust attractive finished metal cabinet size approx. 7"x4"x4" Operates from a 9V internal battery. Speaker or earphone output. Available from us at the 
pre-devaluation price of £8.19.6 carriage and insurance 10/6. CWO or COD 

fiiiGLOBE SCIENTIFIC LTD 
Uept. H.L., 24 Cawoods Yard 

Mill Street, Marsh Lane, Leeds 9 
All mail orders to this address. 

APRIL 1969 

TECHNICAL TRAINING by 

a**— IN RADIO, TELEVISION 

ICS AND ELECTRONIC 
  ENGINEERING 

First class opportunities in Radio and Electronics await the 1 C S 
field". man- Let ' C S train YOU for 1 wel|-Paid PO" in ^ expanding 

"so'wsentia^to'success^11^*' 
^nlputers^etTWp^r^ct^for?'"66'^ ^ SerViCing El^nrc., 
* C. & G. TELECOMMUNICATION TECHNICIANS CERTS. 
* C. & G. ELECTRONIC SERVICING 
* R.T.E.B. RADIO AND TV SERVICING CERTIFICATE 
* RADIO AMATEURS EXAMINATION 
* P.M.G. CERTIFICATES IN RADIOTELEGRAPHY 
Examination Students Coached until Successful, 
NEW SELF-BUILD RADIO COURSES 
Build your own 5-valve receiver, transistor portable, sisnal eeneram, 
expert guidance^ profeS!iona|-type "fve voltmeter—all under 
POST THIS COUPON TODAY and find out how I C S can help YOU in your career. Full details of I C S courses in Radio Tellvision and 
Electronics will be sent to you by return mail. "Vision ano 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES. 

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

I NAME 
| ADDRESS  
■ Block Capitals Please  

L 

( 
.... , 

69 I 
--I 
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Happy Families 

These are the times when Simon and Clare know that it has all been 
worthwhile. But they know too that such moments of happiness are 
only complete when there is also a feeling of security for the future. 
And Simon's "Family Unit" Policy with the "Yorkshire" guarantees 
them all a future — if the worst should happen. 

Happiness in your family too - but for how long? If you or your wife 
should die, how would the rest of the family fare? A Yorkshire 
"Family Unit" policy provides for both these eventualities in a 
comprehensive way at a sensible premium. Just ask for a leaflet at your 
local "Yorkshire" branch and then see the manager. He'll be glad to 
tell you why ... 

ittYORKSHIREfor 

INSURANCE 

THE YORKSHIRE INSURANCE COMPANY LIMITED 
Chief Offices: Ecmgier Street, YORK. 

and Becket House, 36-3Y Old Jewry, LONDON, E.C.2. 
Branches and Agencies throughout the world. 

Please send me details of the Family Unit I 
Policy, without obligation. 

Name    - »  

Address... -      
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LIMITED 

FULLY TESTED AND MARKED 
AC I 07 AC 126 AC 127 AC 128 ACYI7 AFI 14 AFI 15 AFI 16 AFI 17 AFI 18 AFI 86 AFI 39 AF239 BFY50 BSY25 BSY26 BSY27 BSY28 BSY29 BSY95A OC4I OC44 OC45 OC7I OC72 OC73 OC81 OC81D OC83 OCI39 OCI40 

3/- 2/4 
V* 2/4 3/- 4/- 3/6 3/6 3/6 3/6 10/- 10/- 12/6 4/- 

z/® 3/- 3/- 
|/- 3/- 3/- 2/6 l/ll 1/9 2/6 2/6 
3/6 2/6 2/6 4/- 2/6 
3/6 

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

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

10/- lo/- 8/- 5/- 7/6 5/- 7/6 10/- 
30/- 
2/- 2/— 1/9 1/9 1/9 2/- 1/6 

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

OVER £4 

TRY OUR X PACKS FOR 
UNEQUALLED VALUE 

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

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

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

POST & PACKING 2/6 U.K. 

XC PAK 
Silicon diodes miniature glass types, finish- 
ed black with polarity marked, equivalents 
to OA200. OA202, 8AY31 -39 and DKI0. 
etc. 

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

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

PRE-PAKS 
Selection from our lists 

No- Price 
B1 50 Unmarked Trans. Untested - 10/ 
B2 4 Photo Cells Inc. Book of Instructions-10/ 
B6 17 Red Spot AF Transistors - 10/ 
B6A 17 White Spot RF Transistors -10/ 
B9 1 ORP 12 Light Sensitive Cell - 9/ 
B53 25 Sil.Trans. 400 Mc/s Brand New -10/ 
B54 40 „ „ NPNto5 ( Trans Voltage -10/ 
B55 „ „ NPNTolB Gain Fallouts - 10/ 
B56 .. „ NPN/PNPJ All Tested -10/ 
B68 10 Top Hat Recs. 750 M/A 100-800 PIV- 10/ 
B69 20 Diodes. Gld-Bnd. Germ Sil. Planar - 10/ 
B74 5 Gld-Bnd. Diodes. 2-OA9. 3-OA5 -10/ 
B75 3 Comp. Set. 2G371. 2G381. 2G339A - 10/ 
B77 2 Comp. Pair AD16I-ADI62 10/ 
B79 4 IN4007 Diodes 1000 PIV. 1 Amp. 10/ 
C2 1 Unijunction Transistor 2N2160 -15/ 
C35 3 Unijunction Trans. = to2N2160 - 15/ 

A1 7 Silicon Rectifiers BY100 Type -20/- 
A3 25 Mixed Marked and Tested Transistors - 20/- 
A21 5 Power Transistors 1-AD149/1-OC26 

and 3 others - 20/- 
AND MANY MORE 

JUST INTRODUCED 
2 BRAND NEW ITEMS ! I! 

TRANSISTORS ONLY I/- EACH! 12 
SILICON • PLANAR • N.P.N. • P.N.P. 
All these types available 
2N929 2N706 2S131 2S103 2N696 2N1613 2S733 BFY10 
2S501 2N706A 2S512 2S104 2N697 2N1711 2N726 2S731 
BC108 2N3011 2S102 2N2220 2N1507 2N1893 2N2484 2S732 
All tested and guaranteed for gain and leakage—unmarked. 
Manufacturers' fall outs from the new PRE-PAK range. 

PAK B.7S 
integrated Circuits, Mixed 
Untested, Types include: 
MIC 930, 932, 936, 944, 945, 
946, 948, 950, 951 & 962. 
These are STC Type Numbers. 
Data & Circuits supplied with orders. 
REED SWITCHES 
COMP. WITH COILS AND 
MAGNETS MINIATURE 
TYPE  

r>\rv d 

10 

10/ 

jrders. 

10/ 

NEW UNMARKED UNTESTED PARS 
25 BSY95A NPN Silicon TRANSISTORS 10/- | 
10 OC45—OC81 

Mull, Glass Type TRANSISTORS 10/- 
25 BSY26-27 NPN Silicon TRANSIST0RS 10/- 
10 10 Watt Silicon All Voltages ZENERS 10/- 
25 BFY50-1 -2 NPN Silicon TRANSIST0RS 10/- 

1 10 4 amp. Stud. Silicon RECTIFIERS 10/- 

1 25 BC107-8-9 NPN Silicon TRANSISTORS 10/- 
1 40 i N914-6 OA200/202 nmncc in/ 

Sub. Min. Silicon UlUDtSlO/- 
150 Min. Germ. High Quality DI0DES 10/- 

L25 
2N706 A NPN Silicon TRANSIST0RS 10/- 

r PRE-PAK. N.605 POWER IT / 1 TRANSISTOR EQUIVALENT H/- p^r h 1 1 TO NKT301-2-3-4 U/ CQUII | 

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

FREE CATALOGUE AND LISTS 
for:— 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE-PAK LISTS 
& SUBSTITUTION CHART 

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

COMPLEMENTARY SET 
NPN/PNP GERM. TRANS. 2/6 p3" 

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

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

pre-pak urn 
DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE: SOUTHEND (0702) 46344 

APRIL 1969 
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Trade 

Mark iSSt 

Home Radio CCOMPONENTSD LTD 

Formerly Home Radio (Mitcham) Ltd. 

DDRESS& 

23<4-24D • LONDON ROAD • MITCHAM ■ SURREY- CR4 3HD 

Telephone: 01-648-8422 Only 500 yds. from our old premises - but now 
we have much more space, much more stock ! 

o 

-U 

New catalogue? Well - yet another edition of the 
"old faithful" that for over eleven years has pre- 
sented to an ever-growing army of enthusiasts the 
latest and best radio and electronic components. 
This latest edition is no exception to our policy of 
making every new edition better and bigger than 
the one before ! It has no less than 330 pages, 
lists over 8,000 items, illustrating over 1,500 of 
them. With each catalogue you get a 30-page Price 
Supplement, a bookmark giving electronic abbre- 
viations and an order form. All for only 8/6d plus 
3/6 post, packing and insurance. Incidentally, 
every catalogue contains 6 vouchers, each worth 
1/- when used as directed. 

POST THIS COUPON NOW 

with your cheque or P.O. for 12/- 

but still the same 

SUPERLATIVE SERVICE 

old 

Please write your Name and Address in block capitals 

Name 

Address    

552 

I enclose 12/- for Components Catalogue. 
HOME RADIO (Components) LTD. Dept. RC 
234-240 London Rd, Mitcham, Surrey, CR4 3HD jj 
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MULTI-CHANNEL 

MIXER UNIT 

by W. KEMP 

1 ■II.WMH—— 

This Inexpensive but very effective mixer unit accepts four a.f. input channels, 
two at low impedance and two at relatively high impedance. The principles 
involved are simple to understand, and construction is similarly uncomplicated. 

This article describes a simple mixer unit 
capable of accepting two low impedance a.f. 
inputs and two relatively high impedance (app- 

roximately 65kS2) a.f. inputs. The unit is, in conse- 
quence, capable of working with a.f. inputs from a 
wide range of sources. The input signals all appear at 
a single output terminal, their amplitudes depending 
upon the settings of the individual input controls. 

THE CIRCUIT 

The circuit of the mixer unit appears in Fig. 1. 
Channels 1 and 4 are the high impedance inputs, 
whilst Channels 2 and 3 are the low impedance inputs. 

The inputs to Channels 1 and 4 are passed, by way of 
emitter followers TR1 and TR2, to the level controls 
VR1 and VR4 respectively. The inputs to Channels 2 
and 3 are applied directly to the level controls VR2 
and VR3. The sliders of all four controls couple to the 
common resistor, R9, via R5, R6, R7 and R8. These 
last four resistors are required to provide a reasonable 
degree of isolation between the inputs. If all the 
sliders were connected together directly, adjustments 
in one control would cause considerable variations in 
the outputs from the others. Adjustments in one 
control would also cause excessively large alterations 
in the input impedances of the other channels. 

The input impedance at Channels 2 and 3 varies 

TRp "3 ST 41 

TR C3 
ST 141 iHLhr t-IDt 

12 V 
vr„ Channel >d, c4 

4 i rlDr^vRa 
^ CHighZ) T 
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R8 r9 Rs 

Output 

ST 141 
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Fig. 1. The circuit of the mixer unit 
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somewhat according to the setting of the level control. 
Taking Channel 2 as an example, when the slider of 
VR2 is at the top of its track the input impedance is 
the 10kn provided by the potentiometer track in 
parallel with about 6.5kO. The latter resistance is given 
by R6 in series with R9 and the remaining resistive 
paths to the negative supply line. Thus the impedance, 
under these conditions, is approximately 4k£2. As the 
slider of VR2 is moved downwards the impedance 
presented at Channel 2 terminals increases until, with 
VR2 slider at the bottom of its track, it is the 10kn 
offered by the track itself. This variation in impedance 
should not raise any difficulties with most signal 
sources liable to be connected to Channel 2. If desired, 
VR2 may be made lower in value in order that a lower 
impedance may be presented at Channel 2 input ter- 
minals. If the new value for VR2 is, say, IkQ or less, 
the variation in input impedance as its slider is adjusted 
will be very much lower, and the input impedance 
could then be considered as being nominally equal to 
the track resistance for all settings of the slider. 

The same comments concerning input impedance 
apply equally to Channel 3 and VR3. 

The impedance presented to the emitter of TR1 
vanes from 2.8kn with VR1 slider at the top of its 
track to 5kQ with VR1 slider at the bottom of its track. 
Assuming a typical gain in TR1 of 100, the impedance 
at its base is approximately 100 times the impedance at 

its emitter, this being shunted by the physical resistors 
RI and R2. The input impedance is, in consequence, 
approximately 60kn with VR1 slider at the top of its 
track and approximately 67kf2 with VR1 slider at the 
bottom of its track. There is less variance here, due 
to the swamping effect of Rl and R2. 

The same impedances are presented at the input 
terminals of Channel 4. TR1 and TR2 do not, inciden- 
tally, offer any voltage gain in this circuit. They are 
used as emitter followers and very nearly the same a.f. 
voltage as is applied to their bases appears at their 
emitters. Their function is to enable a relatively high 
input impedance to be available at Channels 1 and 4. 

The output of the mixer is built up across R9 and 
has an impedance slightly less than the 1.2kn specified 
for this component. As such, the output is well suited 
for application via a screened lead of considerable 
length, if necessary, to the subsequent amplifier. The 
braiding of the screened lead should connect to the 
negative supply line of the mixer unit and the centre 
conductor to the non-earthy output terminal. Speaking 
in terms of voltage there is a loss of some 15dB (i.e. 
about one-sixth of any input voltage appears at the 
output with the appropriate level control at its maxi- 
mum setting) in all channels. This is due to the 
isolating resistors R5 to R8. 

The mixer can operate with a wide range of input 
signal voltages, up to a miximum (due to the presence 

A-drill 6BA clear 
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Battery- 

Input 2 Input 3 
Fig. 2. The copper and component sides of the Veroboard. The four 
potentiometers and on-off switch should be mounted on an external vertical 

panel running parallel with the long side of the board 
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The neat appearance of the completed board. 
The photograph shows an extra electrolytic 
capacitor (connected in series with the output) 

which was deleted in the final design 

of TR1 and TR2 of 3 volts r.m.s. For convenience of 
operation, all input signals should be at around the 
same amphtude. 

CONSTRUCTION 

Constructional details of the mixer unit are shown 
in Fig. 2. Start construction by cutting the Veroboard 
panel to size, as shown, then break the copper strips 
with the aid of a small drill or the special tool which 
is available. Also, drill the two small mounting holes, 
to clear 6BA screws, as indicated. 

Next, assemble the components on the Veroboard 
panel, as illustrated in the lower view in Fig. 2. All 
components are mounted vertically, and insulated 

sleeving should be used where there is any risk of 
short-circuits. It should be noted, here, that the metal 
case of an ST141 transistor is common with its collec- 
tor. The potentiometers are external to the board and 
are wired to it by way of short flexible unscreened 
leads. When assembly is complete, connect the battery 
into circuit and check that all the input circuits are 
working correctly by applying a signal and checking 
the output with an amphfier or earphone. 

If all is well, the Veroboard panel may be assembled 
in a suitable case, this having a panel on which are 
mounted VR1 to VR4 and SI. The potentiometers 
should appear, on the panel, in the same order as they 
do in Fig. 2, and shortest wiring will be achieved if the 
Veroboard is positioned such that copper strip "g" is 
nearest the panel. Four coaxial input sockets and one 
coaxial output socket may be fitted at the rear of the 
case, and the inputs and output should be connected 
to these via screened cable, the braiding of which is 
earthed to the negative battery supply fine. In the case 
of input Channels 2 and 3, the screened cable runs 
from the input sockets to VR2 and VR3 only. A metal 
case is to be preferred, whereupon this should also be 
bonded to the negative supply line. 

The Veroboard panel may be secured to a metal 
surface by passing 6BA screws through the two 6BA 
clear holes shown in Fig. 2. Small rubber or p.v.c. 
grommets are passed over the 6BA screws on the 
underside of the board. These grommets then act as 
insulators and also space the underside of the board 
away from the metal surface. Care should be taken to 
trim the inner copper strips on the Veroboard away 
from the edges of the 6BA clear holes to ensure that 
there is no risk of these short-circuiting to the mount- 
ing screws. 

Resistors 
(All fixed values i watt high-stability) 

Ri lOOkst 5% 
R2 330kS2 5% 
Rs lOOkV 5% 
Ri 330kt! 5 % 
Rs 5.6kO 10% 
Rs 5.6kB 10% 
R? 5.6kJ210% 
Rs 5.6kni0% 
R9 1.2kn 5 % 
VRi 5kn potentiometer, log track 
VRa lOkB potentiometer, log track (see text) 
VRs 1 OkSi potentiometer, log track (see text) 
VRi 5kS2 potentiometer, log track 

Capacitors 
(All capacitors are electrolytic) 
Q ImF, 15 V wkg. 
Ca 50/iF, 12V wkg. 

Q 1/iF, 15V wkg. 
a 50/xF 12V wkg. 

Transistor 
TRi ST141 (Sinclair) 
TRa ST141 (Sinclair) 

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

Battery 
Bi 12 volt battery 

Miscellaneous 
Veroboard panel, 0.15in matrix, 31 by Hin, 

see Fig. 2 
4 pointer knobs 
5 coaxial sockets 
Case, panel, screened wire, etc. 

400,000 INTEGRATED CIRCUITS 
Business Computers Ltd. have placed an order with Mullard Ltd. for 400,000 DTL in- 

tegrated circuits. 
The circuits will be made at Mullard Southampton Works, and used by Business 

Computers Ltd. in their SADIE and SUSIE range of desk-top computers. 
The circuits are from the Mullard FC range of DTL types and comprise gates, buffers 

and flip-flops. They operate from a 6V power supply, have a noise margin of typically 
IV and propagation delays of approximately 25ns. Enscapsulation is all plastic, 14-lead 
dual-in-line. 
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SUGGESTED CIRCUIT No. 221 

BROAD-BAND 

SIGNAL INJECTOR 

by G. A. FRENCH 
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SERVICE ENGINEERS AND EXPERI- 
menters may have, from time to 
time, noticed the surprisingly 

loud crackles which are produced 
by a.m. receivers with ferrite rod 
aerials if continuity tests happen to 
be carried out alongside them. A 
typical example can occur when, 
for instance, a coiled up length of 
flex is checked for continuity by 
means of the low-ohms range of a 
multi-testmeter. 

The writer decided to investigate 
this effect to see whether it could be 
put to practical use. The result of his 
experiments is given in this month's 
"Suggested Circuit", and it consists 
of an inexpensive device which, 
equipped with a probe coil, is capable 
of injecting a signal modulated by 
an a.f. tone over the entire medium 
and long wave bands of any a.m. 
superhet receiver incorporating a 
ferrite rod aerial. All that is required 
is that the probe coil be positioned 
fairly close to and in line with the 
ferrite aerial rod inside the receiver. 
In all the instances checked by the 
author, adequate pick-up was given 
with the coil positioned outside the 
receiver cabinet. 

The usefulness of this device for 
servicing work will be at once appar- 
ent, and suggested applications are 
given at the end of the article. 

INITIAL WORK 

The writer proceeded, with the 
present "Suggested Circuit", from the 
starting point where crackling oc- 
curred in a nearby receiver when con- 
tinuity tests were made alongside it. 
The loudest crackles occurred when 
the leads of a relatively inexpensive 
multi-testmeter on its low-ohms range 
were applied to a coiled-up length of 
wire. Testmeters in this class fre- 
quently allow quite large currents to 
flow when measuring low values of 
APRIL 1969 

resistance, and in this case it was 
found that the current provided by 
the testmeter was of the order of 
20mA. 

The writer next checked whether 
the same results could be obtained 
if a battery having a series resistor 
limiting the current to around 20mA 
were similarly applied to a coiled up 
length of wire, and found that the 
effect was just the same. As was to be 
expected, loudest crackling occurred 
when the coil of wire was in line 
with, and broadside on to, the receiv- 
er aerial rod, as shown in Fig. 1. 
Furthermore the crackling was evi- 
dent at good strength over all the 
medium and long wave bands. The 
crackling really consisted of a series 
of "clicks" from the receiver, speaker, 
each "click" occurring at the instant 
when the battery was connected to 
the wire via the series resistor. 

Ferrite aerial 

Receiver- 
i i i i 

e. s 

It followed from this that if the 
current to the coiled up wire could 
be interrupted at an audible fre- 
quency an audible tone would be 
produced in the receiver. A possible 
method of interrupting the current 
could consist of inserting a buzzer in 
series with the battery and the wire, 
but this idea was discarded because 
of the noise which would be pro- 
duced by the buzzer itself. 

It was next decided to check 
whether the current interruption 
could be achieved by electronic 
means, whereupon an obvious meth- 
od of operation would consist of 
inserting the coiled up length of wire 
in the collector circuit of one trans- 
istor in a multivibrator running at 
audio frequency. Theoretically, this 
should provide a series of "clicks" at 
multivibrator frequency equivalent 
to those given by the direct electrical 

Flat coil of wire 

1 
Limiting 
resistor 

Fig. 1. As is explained in the text, maximum "crackling effect" in 
the receiver is given when the coiled up wire is positioned, in 
relation to the receiver internal ferrite aerial rod, in the manner 

shown here 
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connection with a battery, but it 
would be necessary to employ a 
transistor capable of bottoming very 
quickly when it switched on during 
the multivibrator cycle. 

After a search through various 
transistor specifications, it was deci- 
ded to use a BC168C as switching 
transistor. The BC168C is an inex- 
pensive silicon n.p.n. transistor hav- 
ing a cut-ofi frequency of 300Mc/s, 
an hr# of 450 to 900, a maximum 
collector current rating of 100mA 
and a maximum dissipation of 
180mW. In practice, the BC168C 
proved to be eminently satisfactory 
and is incorporated in the working 
injector circuit which will shortly be 
described. BC168C transistors are 
available incidentally, from Ama- 
tronix, Ltd. 

As a final point before dealing 
with the circuit, it was decided to 
start off with a current of 20mA in 
the coiled wire, as was used with the 
battery and resistor checks of Fig. 1, 
and then alter this as required. It 
so transpired, however, that a current 
of 20mA was quite satisfactory and 
that there was no need to change it 
There is no magic in this 20mA 
figure, of course, and the same results 
are feasible at currents above or 
below it 

THE CIRCUIT 

The complete circuit of the broad- 
band signal injector appears in Fig. 2. 
Here, what we have previously referr- 
ed to as a coiled up length of wire 
now achieves greater respectability by 
being described as the "probe coil". 
This is LI, and it appears in the 
collector circuit of the BC168C, 
TR1. When, during the miltivibrator 
cycle, TRI switches on, it causes a 
pulse of current, limited to around 
20mA by Rl, to flow through LI. 

The remaining transistor in the 
multivibrator is TR2. It is desirable 

for this transistor to be also capable 
of operating at a high frequency so 
that its collector potential rises 
quickly on switching off, and another 
BC168C is employed here. 

The remainder of the circuit fol- 
lows standard multivibrator princi- 
ples. It will be noted that, whilst the 
cross-coupling capacitors C1 and C2 
both have the same value, R is ab 
four times larger than R3. The length 
of time a multivibrator transistor is 
off during the cycle depends upon 
the product of the cross-coupling 
capacitance and series supply resis- 
tance which connect to its base, and 
the product figures for TRI is four 
times that for TR2. Thus, during the 
cycle TRI is off for four-fifths of the 
time and is on for only one-fifth of 
the time. In consequence, the battery 
is only called upon to provide the 
20mA probe coil current for one- 
fifth of the cycle so that, whilst TRI 
still produces the requisite number of 
current pulses per second in the probe 
coil, overall battery current is re- 
duced and battery life is extended. 
With the prototype circuit, the actual 
current drawn from the battery was 
approximately 7mA. 

The multivibrator runs at a fre- 
quency of about Ikc/s. The tone 
reproduced by the receiver to which 
the signal injector is coupled consists 
of a dominant Ikc/s note with harm- 
onics. Heterodynes are also given if 
modulated transmissions are tuned in 
on the receiver. 

Capacitors C1 and C2 in Fig. 2 
should be paper plastic foil. C3 may 
be paper or plastic foil, or ceramic. 

An important point which has not 
yet been mentioned is that, in com- 
mon with most silicon transistors, the 
BC168C has a relatively low reverse 
base-emitter voltage rating. The 
maximum reverse V.b forthis trans- 
istor is 5 volts only. Since the base 
of a transistor in a multivibrator 
can take up a reverse potential equal 

Probe On-Off coil 3 ; 
2*7 kn Ikn lOkn 

ISOft 
C3 3V 0-2|jF 

t-2 
O-lpF O-luF TRa 

BCI68C 
TR, 

BC168C 

All resistors '/4waUI00/o DBCI68C 
Lead-outs 

Fig. 2. The circuit of the broad-band injector 
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to the supply voltage, appropriate 
precautions have to be taken to pre- 
vent breakdown. In the present design 
the risk of breakdown is avoided by 
the simple process of using a battery 
voltage lower than the maximum 
reverse V,b of the transistors. A 
supply potential greater than the 3 
volts shown in Fig. 2 must not be 
used with this circuit. 

Capacitor C3 is merely a bypass 
component and maintains a low r.f. 
impedance across the supply lines to 
counteract increased internal resist- 
ance in the battery as it ages. It was 
found, with the prototype, that an 
output was still provided when the 
supply voltage was as low as 1.5. 
However, output amplitude was 
much lower at this voltage than at 
3 volts, and it is recommended that 
the battery be replaced when its 
terminal voltage on load is 2.5 or 
less. 

THE PROBE COIL 

The probe coil is not at all critical 
and a wide variance in turns and dim- 
ensions is possible without any sign- 
ificant falling-off in performance. 
After checking a number of different 
coils, the one finally used with the 
prototype consisted of 25 turns of 
12 s.w.g. p.v.c. covered connecting 
wire, this being made up into a flat 
scramble-wound self-supporting coil 
as shown in Fig. 3. There was no 
significant improvement when coil 
diameter was increased to some 6 in 
or when it was reduced to H in, nor 
when turns were varied from 20 to 
30. A slightly improved performance 
results if thicker wire is used, where- 
upon a suitable choice would be given 
by a single wire of the type employed 
in lighting flex. Naturally, the thicker 
wire makes the coil somewhat 
bulkier, but not to an excessive 
degree. It would be preferable to 
avoid employing a thinner wire than 
the 12 s.w.g. used with the prototype. 
About 20 ft of wire are required for 
the coil. 

In practice the coil can be made 
up by the simple process of winding 
the wire round the hand, removing 
it and then taping it up as illustrated 
in the diagram. The multivibrator 
components and battery can be 
mounted on a small piece of Paxolin 
or metal, to which the coil is con- 
nected via its own wire ends. TTie 
lead length between the coil and the 
multivibrator circuit should not ex- 
ceed 8 in. 

Checks were carried out with probe 
coils wound on a ferrite rod. These 
were by no means as effective as an 
air cored self-supporting coil. 

APPLICATIONS 

To use the signal injector, this is 
first switched on and its probe coil 
brought up to one end of the receiver 
cabinet, so that the coil is in line 
with, and broadside on to, the inter- 
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nal ferrite rod aerial. If the receiver 
is serviceable it should then be pos- 
sible to hear the Ikc/s tone from the 
injector at good strength over all the 
medium and long wave bands. The 
prototype was checked with two 
transistor receivers and with a mains 
valve radio having a ferrite rod 
aerial, and in all cases the Ikc/s tone 
came through loudly over the entire 
coverage of the medium and long 
wave bands. The signal tended to be 
a little weaker on the medium wave 
band than on the long wave band, 
but it was still more than adequate 
for checking purposes. In all instances 
the probe coil was positioned outside 
the cabinet of the receiver concerned 
and all the receivers were commer- 
cially-made superhets of standard 
domestic type. 

As a matter of interest, the circuit 
was also checked with a mains valve 
superhet having unscreened air-cored 
aerial coils. The Ikc/s signal was 
heard at reasonable strength over 
both medium and long wave bands 
when the probe coil was held close 
to these aerial coils, although the 
coupling was not as effective as that 
to the receivers having ferrite rod 
aerials. 

The signal injector offers a wide 
range of uses for servicing work. 
After it has been assembled and 
checked out, the constructor should 
initially familiarise himself with the 
performance it gives in conjunction 
with receivers known to be operating 
correctly. It may then be used to 
check unserviceable receivers for 
such faults as oscillator failure over 
part of a band, poor tracking and 
general low sensitivity. The injector 
will be particularly useful for padd- 
ing adjustments at the low frequency 
end of a band in cases where such 
adjustments are made for maximum 
signal strength and normally require 
that the tuning capacitor be contin- 
ually rocked. When the injector is 
brought into use it is merely necessary 
for the adjustment to be made for 
maximum Ikc/s tone from the 
speaker. In this case the probe coil 
should be positioned some distance 
from the receiver ferrite aerial, so 
that the Ikc/s tone is just audible. 
The same technique may also be used 
for signal frequency trimming and 
padding operations in receivers which 
exhibit pulling between signal and 
oscillator frequencies. 

In cases when a receiver draws a 

Tape 

72 
approx 

25 turns 

-Tape 

Fig.. 3. Details of the injector 
probe coil 

reasonable current from the battery 
but is otherwise "dead", the injector 
may be used to insert a powerful 
signal into the aerial circuit. The a.f. 
and i.f. stages can then be checked 
through with the aid of a signal 
tracer. 

EMI COLOUR TV MARKETING IN U.S.A. 

Electric and Musical Industries Ltd. (EMI) and International Video Corporation 
(I.V.C.) have announced a joint marketing agreement whereby I.V.C. will sell EMI colour 
television cameras and broadcast equipment in the U.S.A. 

John Read, EMI Managing Director, and Donald F. Eldridge, I.V.C. President, said 
the agreement will open the way to a broad exchange of technical information that 
will enhance the colour camera technologies of both companies. 

The two companies will introduce a 3-tube colour television camera for broadcast 

KSo'Adeve'0pecl ky for the U.S.A. market. This new camera will be priced in the U.S.A. at about 72,000 dollars. The EMI 4-tube camera type 2001, currently in exten- 
sive use in Europe and United Kingdom, will also be marketed by I.V.C. in the U.S.A. 
The cameras will be shown at the National Association of Broadcasters Convention in 
Washington D.C. during March. 

EMI, the broadly based electronics and entertainments group, is one of the largest 
manufacturers of television cameras in Europe. In the two years since the introduction 
of the EMI 4-tube camera type 2001 over 200 have been sold including a large number 
to the British Broadcasting Corporation. 

I.V.C., a three-year old Sunnyvale, California company, has developed and marketed 
a line of lower-cost colour television cameras for broadcast and closed circuit use and 
also manufactures colour videotape recorders currently being sold by Bell & Howell, 
R.C.A. and Singer-General Precision Systems. I.V.C. colour cameras, which sell for 
from 14,000 dollars to 23,000 dollars, are in use in a number of U.S A television 
stations. 

"EMI cameras have the highest combined performance and reliability characteristics 
of any camera in the world", Eldridge said. "The addition of EMI cameras to the I.V.C. 
product line makes I.V.C. the only company in the U.S.A. to market a full range of 
colour television cameras", he added. 

APRIL 1969 
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SHORT WAVE AERIAL 

AND CHANGEOVER 

by 

L. SAXHAM 

A simple item of receiver ancillary equipment is the aerial changeover unit. 
Many short wave listeners use more than one aerial, these often being 
changed over by the laborious method of first removing the unwanted lead-in 
from the receiver aerial terminal and then connecting the wanted lead-in in 
its place. To obviate this process, and to provide an indication of which aerial 
is in use, the changeover unit described here was constructed. A long wire 
aerial system which may be used with the changeover unit is first described. 

A S HE PROGRESSES IN THE HOBBY OF SHORT WAVE 
Z\ listening, the operator soon comes to realise that 

■*- *-an additional aerial to that normally in use, 
either vertical or horizontal and possibly oriented in a 
different direction — and also of a length resonating 
at a different frequency — is a necessity. In this 
manner, the aerial best suited for operation over 
the band of frequencies being tuned can then be 
selected at will. This entails, for ease of operation, 
the construction of a switching unit which will 
effectively change over one aerial feeder (or lead-in) 
for another. Where this is done, the unwanted aerial 
lead-in should be connected to earth. Such a unit 
was constructed by the writer and is described in 
this article. 

An additional feature provided in the author's 
changeover unit is that both aerial lead-ins may be 
switched into circuit at the same time. The operator 
can therefore choose at will no less than three differ- 
ing aerial arrays. 

Aerial I 
—33ft 

Guy wire Aerial 2 

\ 
66 ft 

Twisted pair 
lead-in nsuators Insulators 

Large flower pot Copper tube buried 
in earth 

Fig. 1. The array shown here consists of two 
separate aerials which may be switched into 
circuit individually or together by the change- 
over unit. The earthing system consists of 
a copper tube passing through a large 
flower pot — into which water is poured 

from time to time 
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THE AERIAL SYSTEM 

Fig. 1 shows the aerial installation in use by the 
writer and from this it will be seen that the whole 
array is a Double Inverted L long wire system. 
Twisted flex lead-ins are taken from the respective 
top wires at their inner ends and fed into the 
operating position, where they are each terminated 
in a coaxial socket. The sockets are mounted on a 
small piece of aluminium which is secured to the 
shack wall and connected direct to an earth rod 
in the surrounding soil. From this aerial input panel, 
connections are taken to the changeover unit via 
75Q coaxial cable. 

Aerial 1. This consists of a half wave wire resonat- 
ing at a natural frequency of 14.2Mc/s approxi- 
mately, its length being 33ft. It is therefore ideal 
for use when operating over the 14Mc/s amateur 
band. As a full wave array, the resonant frequency 
is approximately 28.4Mc/s and this part of the 
system is used when covering the 28Mc/s band. 

Aerial 2. This top wire is cut to resonate at a 
natural frequency of 7.1Mc/s approximately as a 
half wave array and is therefore ideally suited for 
operation over the 7Mc/s amateur band or as a 
quarter wave aerial over the 3.5Mc/s band. 

Aerial 3. To bring this aerial into circuit, both 
lead-ins are fed into the aerial tuning unit or re- 
ceiver. The top length is 99ft. and this resonates, as 
a halfwave, at 4.7Mc/s, this being suitable for use 
over the 3.5Mc/s amateur band. For the Broadcast 
band enthusiast, it represents a good aerial for 
operation over the frequencies around 5Mc/s where 
are to be found the low powered African, Asian 
and S. American stations. As a quarter wave array, 
the resonant frequency is approximately 2-35Mc/s, 
this making it an effective aerial when operating 
over Top Band (1.8-2Mc/s) or the shipping bands. 

The top wire should consist of 14 guage hard 
drawn enamel covered copper wire. When the two 
inner lead-in connections are made, the outer enamel 
covering of the top wire should be removed by 

Continued on page 563 
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SHORT WAVE AERIAL 
and CHANGEOVER SYSTEM 
Continued from page 560 

scraping with a penknife, the copper wire tinned 
and the solder joints made. These joints should then 
be painted with bituminous paint to form a weather 
seal. The weight of the lead-in wires should be taken 
up by the insulator, and this may be made from a 
rectangular length of thick Perspex. The centre 
insulator used by the writer is made up of two Bib 
'Flex Shorteners,' the top wires being terminated at 
the hooked ends. The two lead-in wires are fed 
individually through two iin. holes drilled through 
the bodies of both shorteners. See Fig. 2. 

For those who do not have the space to erect 
an aerial system like that shown, it can easily be 
scaled down by 50%, Aerial 1 then being 16.5ft. 
and Aerial 2 33ft. The top wires then become 
quarter waves for the 14.2 and the 7.1Mc/s fre- 
quencies. 

It is of importance with this or any other short 
wave aerial system that a good earth connection is 
made available. Tests have shown that lack of an 
efficient earthing system greatly affects the efficiency 
of the long wire aerial and this effect is particularly 
noticeable on the lower frequencies, such as 1.8 to 
2Mc/s, for example. 

The author's earthing system, as shown in Fig. 1, 
consists of a copper tube buried in the earth 
immediately adjacent to the shack, such tubing being 
available from most builders merchants. That 
obtained by the writer was 4ft. in length and lin. 
in diameter, this being buried some 3|ft. into the 
soil and passing through the hole in a large flower 
pot. (The hole may have to be enlarged in some 
instances). The rim of the flower pot is just above 
the soil surface. It is important that the soil adjacent 
to the earthing tube be moist in order to make a 
good electrical contact and from time to time, 
especially during dry weather, a jug of water is 
tipped into the flower pot — the water then draining 
through the pot hole into the surrounding earth. The 
earth lead connected to the top of the copper tube 
should have a greater thickness than the aerial top 
wire or lead-ins and two lengths of the 14 guage 
hard drawn copper wire are used here, these being 
twisted together. Both wires are soldered together at 
one end and are then connected to the aluminium 
panel on which the coaxial aerial sockets are moun- 
ted by way of a solder tag bolted to the panel. At 
the other end they are similarly soldered together, 
and are then soldered to the earthed copper rod. This 
latter joint should be protected from the weather 
in the same manner as are the lead-in wire connec- 
tions. The earthing wire should be as short and 
direct as possible. The length of copper wire re- 
quired for the earth connection is, of course, a little 
greater than twice the distance over which the twisted 
wire runs. 

OTHER CONSIDERATIONS 

Aerials designed to operate over the short wave 
ranges should be erected as high as is possible in 
individual circumstances and should be clear of 
APRIL 1969 
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The front panel of the completed change- 
over unit PL1 is at the left and PL2 at the right 

earthed objects such as metal drain pipes, guttering 
or trees, etc. Factors such as aerial height, the earth- 
ing system and conductivity of the soil, among others, 
all enter into the final efficiency of the system. 

The directivity of a long wire type aerial is 'broad- 
side on', that is, at right angles to the top wire. 
Thus, an aerial erected in the North to South orienta- 
tion would exhibit maximum efficiency when receiv- 
ing signals from the East or West. For maximum 
world coverage, the long wire aerial should be 
oriented in a straight line such that one end points 
towards 78° East of true North. I 
THE AERIAL SWITCHING UNIT 

The circuit of the switching unit is shown in Fig. 
3. In this, SI (a), (b), (c), (d) serve the purpose of 
selecting the required aerial and earthing the un- 
wanted aerial. A small heater transformer is in- 
corporated in the unit to power the two panel 
lights PL1 and PL2, these indicating the aerial in 
use. These lights are switched into circuit by Sl(e) 
and Sl(f). 

'/84 holes through both 
flex shorteners 

Top wire 

2-Bib flex 
shorteners 

Top wire 

x\  \ \- - s X  

Lead-in (twisted pair) 

Fig. 2. The method of using two Bib "Flex 
Shorteners" to support the down leads. One 
of the "Flex Shorteners" is oriented through 
180° on its long axis, so that its hook slots 
appear at opposite edges to those of the 

other 
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In position 1, SI (a) connects Aerial 1 to the out- 
put. There is no connection to Aerial 2 at Sl(b). 
Similarly, no connection is made at Sl(c), whilst 
Sl(d) connects Aerial 2 (the aerial not in use) to 
chassis and earth. At Sl(e) PL1 is brought into 
circuit and lights up, whilst at Sl(f) no connection 
is made. 

In position 2, there is no connection at Sl(a), 
this rendering Aerial 1 inoperative. Aerial 2 is con- 
nected by Sl(b) to the output, whilst at Sl(c) Aerial 
1 (unwanted) is connected to chassis and earth. No 
connection is made at Sl(d). At Sl(e) the panel 
lamp PL2 is connected to the 6.3V supply and lights 
up, indicating that Aerial 2 is in use. 

In position 3, both aerials are brought into use. 
At Sl(a), Aerial 1 is selected and connected to the 
output whilst at Sl(b) a similar condition exists. At 
Sl(c) and Sl(d) no connection is made. At Sl(e), 
PL2 remains connected, whilst at Sl(f) PL1 is 
brought into circuit; thus both panel lamps light up 
when Aerials 1 and 2 are both in use. 

In the prototype, PL1 is coloured green whilst 
PL2 is red. The light circuits switched by Sl(e), 
(f) are, of course, a luxury feature and add to the 
cost of the unit, particularly with respect to the 
heater transformer. For those who do not require 
this section of the unit it could easily be omitted, 
the aerial in use then being indicated on the front 
panel with a pointer knob in the more usual manner. 

The switch must of course be of very high quality 
— see Components List. With the prototype the 
switch consisted of two wafers, each wafer com- 
prising a 4-pole 3-way section, made up from a 
Radiospares Maka-Switch kit. This is obtainable 
from retailers only and not direct from Radiospares. 

If the panel light circuit is eliminated, the switch 
may be a 4-pole 3-way type. 

To summarise the switching operation, position 
1 of the switch brings Aerial 1 into circuit whilst 
Aerial 2 is earthed. PL1 lights up. 

On position 2, Aerial 2 is selected. Aerial 1 is 
earthed and PL2 lights up. 

On position 3, both Aerials 1 and 2 are selected 
and both PL1 and PL2 light up. 

CONSTRUCTION 

Drilling centres for the front panel (the lid) of the 
diecast box are given in Fig. 4. This panel is shown 
with components mounted in the accompanying 
illustration. An extra hole, not shown in Fig. 4, is 

Aerial I 
V 

i~3z 

i i 
• 2 

o 
Ic *3 
Chassis 

I Aerial 2 

sib 1 

Earth 
sld *3 

Output 

0 
5|f PL, 

6-3V 
l-SA 

PL, 
AC. 

mains 

Fig. 3. The aerial switching and indication 
circuits of the changeover unit 

COMPONENTS 

AERIAL CHANGEOVER UNIT 
Cabinet 

Eddystone Diecast Box, type 6357P, 
7y x 4y x 3in. (Home Radio Cat. No. 
E903) 

Heater Transformer 
Douglas type MT140CT, 6.3V, 1.5A. 
(H. L. Smith & Co., Ltd.) 

Switch 
Radiospares 'Maka-Switch', standard 
assembly, 2 banks, each 4-pole, 3-way 
(see text). (H. L. Smith & Co., Ltd.) 

Panel Lamp Assemblies 
2 off type LES (1 red, 1 green) 6.3V, 1.5A. 
(H. L. Smith & Co., Ltd.) 

Miscellaneous 
Knob, p.v.c. covered wire, PK screws (4 
off) etc. 

Rubber Feet 
4 off, grey. (H. L. Smith & Co., Ltd.) 

Panel Sign Transfers 
Set No. 3 

AERIAL SYSTEM 
140ft. 14 guage hard drawn enamel 
covered copper wire. (Chas. H. Young 
Ltd.) 

Aluminium 
4 x 2|in. 

Miscellaneous 
6BA nuts & bolts, earth tags, bituminous 
paint 
2 off Bib Flex Shorteners (H. L. Smith & 
Co., Ltd.) 
Twisted flex (high quality), clear p.v.c. 
covered. Length to suit 
2 off coaxial sockets and connectors 
4 off Aerial end insulators (Chas. H. 
Young, Ltd.), 170-172 Corporation St., 
Birmingham, 4 

EARTH SYSTEM 
2 lengths 14 guage copper wire (spare 
from above length) 
Copper rod — see text 
Large flower pot 
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-7/8 

15/l6" 

f 

25/16 

PL, PLa 

45/8' 

-2/16 
Fig. 4. Drilling centre details for the diecast 

box front panel 

required for the panel locating lug of the switch. 
This is vertically above the switch bush-mounting 
hole, and its final position may be adjudged with 
the aid of the component itself. 

The rear of the box should have four holes, three 
of which are for the entry of the coaxial aerial 
input leads and for the output coaxial cable to the 
receiver or aerial tuning unit. The fourth hole is 
for the mains input lead, this hole being fitted with 
a suitably sized rubber or p.v.c. grommet. 

The heater transformer is secured at the left hand 
side of the box, behind PL1, being bolted directly 
to the bottom of the case. The connection from the 
heater transformer secondary to the switching 
circuit should be made via a twisted flexible pair, 
this being sufficiently long to enable the panel to be 
removed and rested on the bench. This lead is 
tucked into the left-hand corner of the box when 
the panel is fitted, being kept well away from the 
aerial wiring. Sl(e) is on one wafer of the switch 
and Sl(f) on the other, their contacts being on the 
side nearer PL1. Sl(a) to Sl(d) then use contacts on 
the PL2 side of the switch wafers. Note that one 
pole on each wafer is unused. 

It should be added that, in the prototype, there 
is not the slightest trace of mains hum in the aerial 
output. 

To avoid interaction between the aerial leads, the 
two aerial inputs and the output lead should consist 
of 75n coaxial cable, the braiding of which is 
earthed to the unit case. A suitable earth connection 
may be obtained by fitting a 6BA solder tag under 
the head of one of the switch "side struts". The 
remaining connections are made with p.v.c. covered 
tinned copper wire. 

When wiring the mains input cable to the heater 
transformer primary take great care to ensure that 
all mains connections are adequately insulated from 

The front panel removed, showing the 
switching assembly 

each other and from the inside surface of the box. 
Before attempting assembly of the switch, the 

maker's instructions, enclosed with each shaft 
assembly, should be carefully studied. It is helpful 
when wiring up, to have a continuity tester of some 
sort on hand in order to ascertain the correct con- 
tacts for each section of the switch. 

FINAL DETAILS 

Once completed and tested, the diecast box may 
be painted or sprayed to the colour choice of the 
individual operator. The prototype shown herewith 
was sprayed a light blue using Yukan Self-Spray 
enamel applicator (see advertisement at the rear of 
this issue). Panel-Sign transfers are then applied to 
the panel face once this is dry. The four rubber 
feet can be secured to the underside of the box by 
means of four PK self-tapping screws. 

TOP BAND TRANS-ATLANTIC TESTS 
During these recent tests, arranged byWIBB, our listening post has been burning 

some early morning oil and reports conditions as varying from good on some occa- 
sions to downright bad on the last test—March 2nd. The Dx stations listed from 
"across the pond" were:- K1PBW, K2GAL, K2GNC, K8BBI, KV4FZ, VE3QU, W1BB/1, 
W2BP, W2EQS, W2FJ, W2IU, W3FET, W3IN, W3TV, W7NMJ, WA8EMJ, W8AH, W8ANO 
and WSJ IN. 
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The Belling-Lee Concord back-of-set aerial pre-amplifier shown in 
its expanded polystyrene pack (left), together with the attractive two-colour sleeve. 

CONCORD BROAD BAND PRE-AMPLIFIER 
A new transistorised pre-amplifier that will improve picture 

quality on black and white and colour television receivers 
has been developed by Belling & Lee. 

Technically CONCORD is a back-of-set Ultra Broad Band 
Pre-Amplifier. What it actually does is to take the signal 
coming down from the aerial array and to boost it to give a 
better picture. In most cases it will sharpen contrast reduce 
'snowstorm' noise effects, and, on colour sets, will give a 
better colour quality. ,, . . .   

Installation is simplicity itself, the small moulded grey 
case is merely hooked onto the back of the receiver and a 
few connections made, including one to an electrical point. 
Consumption of electricity is small, about the same as an 
electric clock, and for this reason the manufacturers suggest 
that it is left on permanently. 

CONCORD can in no way damage the set or shorten its 
life, and in fact its use could give sets that are failing, a 
new lease of life. , 

Local radio retailers should have the device soon and 
Bellinq-Lee recommend that viewers ask their dealers for 
advice on the usefulness of CONCORD in their area and 
obtain from them the necessary co-axial plug and lead, it 
is expected that the selling price will be just over seven 

^CONCORD is suitable for all areas and all channels and 
is said to be particularly useful in fringe and difficult recep- 
tion aroas 

Operating on all channels, it is of course ideal for VHF/ 
FM reception, and will be of particular interest to the stereo 
radio listener. 
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CAMP FOR ELECTRONIC 
ENTHUSIASTS 

On 2nd, 3rd and 4th May 1969 a 
camp will be held at Polyapes Camp 
Site, Oxshott (N.G.R. TQ131597) for 
all members of the Scout Movement 
who have an interest in any branch 
of electronics. 

The full programme has yet to be 
finalised but it is hoped to include 
demonstrations, talks and discus- 
sions on the following: Hi-fi equip- 
ment, recording, model control, 
short wave listening and amateur 
radio. Further details from 

J. A. Carter, 
c/o Baden-Powell House, 

Queensgate, London, S.W.7. 

CLOSER TV SHOTS 
A million dollars' worth of new 

British zoom lenses designed and 
made by Rank Taylor Hobson, 
Britain's leading lens exporter were 
recently ordered by the Radio Cor- 
poration of America. 

As George Short, one of our 
regular contributors (see p. 585) 
pointed out in a BBC broadcast this 
new zoom lens goes one better than 
anything else. Although no bigger 
than the zoom lenses in use in 
standard TV cameras, it can get 
closer to the scene than ever before, 
without sacrificing any of its long- 
shot capability. It can get so close, 
optically speaking, that it can fill 
the whole screen with one eye. 

Can we now look forward to an 
orgy of bristling eyebrows and 
twitching lips? 

. 

II I ■ .'I 

a 

Concord shown installed. 
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COMMENT 

THE BRITTEN SPY CASE AFFAIR 
Those of our readers who are Radio Amateurs 

and many others who have some knowledge of 
the amateur radio scene, will no doubt have been 
quite amazed at the suggestions made after the 
Britten spy case, that participation in this sphere of 
interest indicates a security risk amongst those en- 
gaging at the same time in duties with H.M. Forces 
or certain Government establishments. 

There have been other spy cases revealed to the 
public gaze during recent years, in which the equip- 
ment used to communicate in secret with 'the other 
side', was far more sophisticated than that ever found 
in a radio amateur's shack, and the rapidity with 
which "amateur radio pirates" get spotted by legiti- 
mate radio amateurs and brought by them to the 
attention of the law, would have left, we would have 
thought, no doubt at all in the minds of the Security 
Commission appointed to look into the Britten affair, 
that the amateur radio bands were the least likely 
of channels to be used for this sort of practice! 

Surely the reference to amateur radio in the Britten 
case came about initially because it was used as 
the means by which the foreign agent made the first 
approach to his victim. If you want to pick up an 
acquaintanceship with someone, it is usual to try and 
do so via some common interest, be it dogs, gardens, 
cameras, cars or what have you. One might equally 
well suggest that because specialist branches of photo- 
graphy are exceedingly useful to spy techniques, that 
anyone with an interest in photography should be 
regarded as a security risk! In this particular instance, 
the common interest happened to be amateur radio. 

However, it is good to see that the Radio Society 
of Great Britain has been quick off the mark in 
drawing attention to the indignation of all radio 
amateurs at the implications contained in this Report. 

1 

m- 

KIENZLE DIGITAL PRINTERS AS 
SHIPS AID 

Several British and foreign shipping com- 
panies have chosen the Kienzle digital printer 
to provide a continuous printed record of 
bridge telegraph commands. Kienzle printers 
have so far been installed to record ships 
heading, engine movements and revolutions 
and other information relevant to the com- 
mand of the ship. 

Pitch roll and vibration have no effect on the 
operation of the printer. Digital information 
of all types can be printed out at up to 3 
lines per second, each line consists of up 
to 16 characters. 

ROBOTS 
From time to time, on TV and 

at exhibitions, we see quite good 
examples of robots of one sort and 
another. These are, nowadays, won- 
derful examples of mechanical and 
electronic ingenuity. The word "Cy- 
bernetics" has been coined to label 
the science of 'feedback control' 
necessary to enable the mechanical 
reproduction of human functions to 
operate in as automatic a way as 
possible. Electronics comes to the 
rescue of the designers of "robots" 
in enabling this 'feedback mech- 
anism' to be more easily designed 
than was possible in the days when 
only mechanical methods were avail- 
able. 

It occurred to us that there may 
be readers of this magazine who 
have experience in this field, and 
who may in fact have constructed 
"robots" of one kind or another. 
We should be very interested to hear 
from any such readers. 
APRIL 1969 

NEW RANGE OF SNAP-IN ROCKER SWITCHES 
A new type of rocker switch is 

now being manufactured by Carr 
Fastener Co. Ltd., of Stapleford, 
Nottingham. The switch is for snap- 
in application into a l.UZin. (28.2 
mm) by 0.425in, (11.5 mm) rectan- 
gular hole in material within the 
thicknesses of 0,031 in. (0,8 mm) to 
2.080in. (1.6 mm). The switch is for 
operation at 13 amps. 250 volts A.C. 
and is provided with blade connec- 
tions for use with snap-in con- 
nectors. 

A useful feature of these switches 
is that they can be supplied in any 
colour combination of body and 
knob. 

The switches can be ganged in 
one hole, and in this instance it is 
sometimes necessary for the switches 
also to be linked electrically. The 
Company are manufacturing a link- 
ing bar for this purpose, this part 
has a self-retaining push-on action 
for connection to the blades. 
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INTEGRATED CIRCUIT 

STEREO AMPLIFIER 

by 

L. McNAMARA, B.Sc. 

Using two integrated circuits type PA237. this stereo amplifier module has 

input sensitivity in each channel of 8mV for 2 watts output. The whole ampl.- 

fier may be assembled on a printed circuit board measuring Sfm. by 2m. only 

HOSE WHO ARE NOT NOW CONSmERiNG THE 
I design of equipment using integrated circuits are 
A already behind the main flow of American tech- 

This statement is to be found, not in any 1969 
reference, but in the 1965 edition of the American 
"Motorola Semiconductor Data Book . It is therefore 
imperative that European industry endeavour to 
remain competitive in this field, and equally 'mP9r" 
tant for the vigour of amateur activity in electronics 
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here that enthusiasts be familiar with recent develop- 
ments in this field. A healthy consumer demand will 
encourage the provision of even mo^ ^vanccd 
electronic products for the amateur market. The 
amateur press has played a y^ble part in keeping 
its readers informed, especially in the recent past as 
manufacturers expanded outside the computer field 
which provided the first mass market for intep-ated 
circuits and began to introduce types suitabe for 
linear amplification, and therefore applicable to the 
average amateur's projects, such as r' ' °r £l

np 
amplifiers. This article is intended as a report on one 
such linear integrated circuit, recently introduced, 
with emphasis on its economy, reliability, and ease ot 
application, in the hope that readers will ^ encour- 
aged to take up the integrated circuit as the new 
opportunity in their hobby which it really is. 

I.C. TYPE PA237 

The circuit in question is the General Electric 
(U S A.I type PA237, the latest in a series ot similar 
power output i.c.'s issued by that company. In an 
integrated circuit, the dissipation permissible in the 
output transistors can be increased by using junctions 
of greater area diffused into the monolithic silicon 
crystal from which the device is formed, but the 
limitation of maximum operating temperature of the 
unit as a whole still remains. Since the package 
adopted for earlier i.c.'s provides a degree of thermal 

Top view 

Fia 1 The internal circuitry in the PA237 2 watt 
integrated a.f. amplifier 

PA237 Characteristics (in test circuit similar 
to Fig. 2) 

Audio power output ^ , n 
Signal input for 2 watts output, R6-U 
Signal input for 2 watts output, 

R6=6.8kfl 
Efficiency at 2 watts output 
Output quiescent current 
Input impedance 
Output impedance 
Noise level 

2 watts 
8mV 

120mV 
52% 
3mA min. 

15mA max 
40kn 

0.850 
-75dB 
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Top view of the prototype stereo amplifier 

COMPONENTS 

Resistors 
(All resistors watt 10%) 
Rl, R8 390kn 
R2, R9 47kfi 
R3, RIO 18kn 
R4, Rll 330kn 
R5, R12 47kfl 
R6, R13 see note below 
R7, R14 220 
(R6, R13 are chosen to provide the gain 
required by the particular application, 
within the limits specified in the Table.) 

Capacitors 
Cl, C6 2/xF electrolytic, 6V wkg. 
C2, Cl O.OOlfjiF 
C3, C8 10/xF electrolytic, 6V wkg. 
C4, C9 500/j,F electrolytic, 15V wkg. 
C5, €10 0.1/xF 

Integrated Circuits 
Two integrated circuits type PA237 (General 
Electric, U.S.A. — see text.) 

Speakers 
Two 15t2 speakers 

Printed Circuit 
Printed circuit board (see text). 

insulation, we find that there is a temperature rise in 
operation of 140oC per watt of dissipation in a TO-5 
can, and 150oC per watt in an epoxy dual in-line 
package. Because junction temperature in an operat- 
ing silicon semiconductor device may not exceed 
1250C, the limitation to power levels under 1 watt is 
obvious. 

The General Electric design team have broken 
this barrier by mounting the silicon chip directly on 
a metal tab, which serves at once as an earth con- 
nection to the substrate and as a heat sink. The tab 
is soldered to an external metal foil — the copper 
cladding of the printed circuit board on which the 
circuit is mounted will serve — and it is then found 

+ 24V 

I5n 

(RIO) 
(Rfl) 

1 
c4 C2 (Co) 

I 
CC7) 

SA 237 Input 
CC6) 

CRII) r7 
CrI4) 

(r9) 
C5 

tcico CRI2) C3 

I 
(Ca) 
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Fig. 2. Practical working circuit Incorporating 
the PA237. With R6 deleted, as described in 
the text, this forms one channel of the 

complete stereo amplifier 
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To speaker To speaker 

Fig. 3. The printed circuit pattern used for the 
prototype. This is reproduced full scale and 

may be traced, if desired 

that the circuit can be rated to provide an output 
of 2 watts. 

Naturally, power output is only one of the para- 
meters considered when designing a practical circuit, 
and the table gives results as attained in a test 
circuit similar to that of Fig. 2, illustrating the 
actual performance of the device. The relatively 
high input impedance is the result of the mode of 
operation of the input transistor Q1 (see Fig. 1) 

which acts as an emitter follower. Q2 "sees the 
signal voltage produced across the emitter resistor 
common to Q1 and Q2, and amplifies it in the 
common mode. The amplified signal is then applied 
to the bases of Q4 and Q6. It should be noted that 
these transistors are of opposite polarity, Q4 being 
n.p.n while Q6 is a p.n.p. device. This is essential 
if the output transistors are to be driven with 
onposite-phased signals for operation in a class B 

m 

m 

The copper side of the amplifier board. The rectangular PA237 integrated circuits may be seen in 
the upper section 
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mode. The output, then, is from a push-pull arrange- 
ment, with two identical compound pairs, Q4-Q5 
and Q7-Q8 in a series-connected single-ended 
arrangement. The diodes D1 to D4 eliminate cross- 
over distortion, in that the potential drop across 
them is greater than the sum of the emitter-base 
voltages of Q4, Q5 and Q6 by an amount sufficient 
to maintain a finite forward bias on the bases of 
both Q4 and Q6 at all times. 

A distortion curve, showing the performance of 
the Fig. 2 circuit with R6 at 6.8kQ, appears in Fig. 4. 
The output is 2 watts at all frequencies, and distor- 
tion does not exceed 2% at any point. 

PRACTICAL CIRCUIT 

In a practical circuit, such as that shown in Fig. 
2, a few external components are required in addi- 
tion to those integrated into the PA237 chip. A 
power supply of up to 24 volts maximum is con- 
nected between pin 5 and pin 8. Pin 3 permits the 
connection of a collector load for the driver tran- 
sistor Q2, and a feedback loop through pin 12 can 
be applied to the same transistor. The pin number- 
ing is that employed in the manufacturer's specifica- 
tions, and reflects the fact that the integrated circuit 
package is a development of the standard 14 lead 
dual in-line epoxy package, with the addition of the 
heat sink tab and the elimination of redundant con- 
nections. The output is developed at pin 7, and is 
applied to a ISO loudspeaker through a SOOjaF 
capacitor. A 220 resistor and a 0.1 jaF capacitor, 
R7 C5, provide tone correction, while base bias 
and feedback to pin 12 are supplied by the poten- 
tial divider R4 R5. It will also be noted that the 
collector transistor of Q2 is taken to the coupling 
capacitor side of the loudspeaker rather than to the 
positive line. This connection results in bootstrapping 
of R3 with a consequent enhancement of gain. 

Fig. 2 gives the circuit of one half of the stereo 
amplifier made up by the author. This stereo ampli- 
fier comprises two identical amplifiers employing the 
circuit of Fig. 2, whereupon it requires two inte- 
grated circuits type PA237. The component re- 
ferences in brackets apply to the resistors and 
capacitors in the second amplifier. 

PROTOTYPE AMPLIFIER 

The prototype stereo amplifier was assembled on 
a printed circuit board measuring 3 Jin, by 2in., with 
two PA237's. The photographs show views of the 
component and copper sides of this amplifier whilst 
a diagram illustrating the copper pattern is given in 
Fig. 3. Note that the amplifier is operated in the 
condition where R6=0 (see Table) giving an input 
sensitivity of 8mV. In consequence, R6 does not 
actually appear in the circuit and capacitor C3 
connects directly across R5. The same comments 
apply to R13, C8 and R12 respectively. In the 
photograph, incidentally, C3 (C8) and R5 (R12) are 
transposed from the positions shown in Fig. 3, and 
this alternative positioning may be found advan- 
tageous if the electrolytic capacitors employed are 
somewhat bulky in size. 

Should it be desired to fit resistors in the R6 and 
R13 positions, with a consequent reduction in sen- 
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sitivity, the positive ends of C3 and C8 should be 
raised from the board and the resistors inserted in 
series. 

The PA237 in the second channel, on the right, 
is fitted upside down. The i.e. pins are soldered flat 
on to the copper pattern, and do not pass through 
holes in the board. 

Readers will already be familiar with the pro- 
cedure for etching the desired conductor pattern on 
to the copper foil of a blank Paxolin-copper laminate, 
using cellulose paint to protect the pattern from 
the ferric chloride solution. (A ready-made board is 
available from Tremaine T.S. Ltd., 18 Warwick 
Road, Rainham, Essex.-—Editor). 

If the amplifier is to be driven continuously at 
its full overall output of 4 watts an extra heat sink 
is needed. This can consist of a rectangular copper 
fin measuring about lin. by 2in., with its lin edge 
soldered to the centre of the large area to which 
the PA237 tabs are soldered. This fin should project 
at right angles from the copper side of the board. 

The actual assembly follows standard procedure, 
with the resistors being mounted on the board first, 
then the capacitors, and finally the semiconductors. 
The area reserved as a heat sink for the i.c.'s is 
clear; this should be tinned before the semiconductor 
devices are mounted, since the solder layer will 
increase the thermal conductivity in this area and, 
therefore, the efficiency of the heat sink. Further it will 
enable a good electrical and thermal connection to 
be made to the tabs on the i.e. with a single short 
application of a hot clean soldering iron. This is a 
useful point since the chip is mounted directly on 
the tab within each i.e. package, and it is not 
desirable to expose it to thermal stress for longer 
than necessary. 

The usual precautions should be taken when test- 
ing the completed amplifier. These include monitor- 
ing of the current drawn from the power supply, 
which should be of the order of 25mA when no 
signal is applied, rising in the manner characteristic 
of a class B audio amplifier as the volume is in- 
creased. Further, care should be taken not to short- 
circuit the output of either channel of the amplifier, 
since dissipation is limited by the external load, 
and a short time in operation with a short-circuited 
output could well damage the i.e. concerned. Simi- 
larly it is inadvisable to attempt operation with a 
loudspeaker of lower impedance than specified. 
Aside from these obvious precautions, and the care 
required in any electronic assembly task, the con- 
structor should find the operation easier and success 
more certain than the construction of an equivalent 
unit using discrete transistors and components, bear- 
ing in mind that the precision of the i.e. manufactur- 

Distortion 2 

QJ . . . . .—    j— 
SO IOO 200 400 ipOO 4,000 20,000 

Frequency (c/s) 

Fig. 4. The relation between frequency and 
distortion for a single PA237 at 2 watts output 
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ing process already ensures close to perfect match- 
ing of the transistors in each channel, and between 
the two channels for proper balance. Finally, success 
in this project should encourage a greater interest 
in further applications of the widening range of 
linear integrated circuits now available. 
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EDITOR'S NOTE 
The input impedance of each half of the stereo ampli- 

fier is 40kt2 with a sensitivity of 8mV for a power output 
of 2 watts. A higher input impedance, with correspond- 
ing loss of sensitivity, may be achieved by the simple 
process of inserting resistors in series with C1 and C6. 
Thus, a series 470k£2 resistor in each channel will afford 
an input impedance of about 500kt2 with a 2 watt sensi- 
tivity of 100mV. It may be necessary to add a small 
capacitance across each series resistor to maintain high 
frequency response. Input gain and balance controls are 
fitted between the source of stereo signals and input 
capacitors C1 and C6 (or the series resistors, if used). 
In the condition where R6 = 0, the PA237 offers a 
considerable degree of gain, and it would be advisable 
to screen input wiring positioned close to the board. 

The PA237 is available from Jermyn Industries, Vestry 
Estate, Sevenoaks, Kent. 

DESIGN FOR UNIVERSAL CAR RADIO 

by 

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

Intended for the advanced constructor, the circuit 
design described in this article is for a medium wave 
car radio capable of operating from either 6 or 12 
volt batteries, regardless of which battery terminal 
is earthed. Ingenious circuitry enables efficient a.g.c. 
operation to be achieved in what is essentially a 

t.r.f. receiver 

The author recently had a 
request from a daughter who 
lives in a warm climate to make 

her a car radio for use in the family 
Volkswagen. It was mentioned that 
the day would come when the car 
would be exchanged for a new one, 
of unspecified make, and that it 
would be useful if the radio could 
be transferred without modification. 

This specification produced some 
interesting problems. First, there is 
the question of ambient tempera- 
ture, which could, in the proposed 
instance, reach 50° C on occasions 
when the car is parked in the sun. 
Secondly, and this is not a problem 
peculiar to foreign parts, the car is 
used for most of the time in and 
around a large city, so that signal 
strength from the local stations 
varies over a wide range from one 
minute to the next. Thirdly, all but 
recent Volkswagens use 6 volt 
batteries with negative to chassis — 
whereas most other cars have a 12 
volt supply with the positive ter- 
minal at earth potential. 

Judging from the number of 
Volkswagens to be seen on English 
roads, not to mention certain other 
foreign cars and a fair sprinkling 
of the older Fords, there would 
still seem to be a demand for a car 
radio which will function from a 6 
volt battery, but which could accept 
12 volts by the turn of a suitably 
hidden switch. Also, the majority of 
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car owners in this country use their 
radios in conditions which demand 
a very efficient a.g.c. system. Admit- 
tedly, temperatures of 50° C are 
rare indeed in Great Britain, but 
cars are often taken abroad, and it 
is the author's experience that many 
car radios are subject to loss of 
efficiency, and even instability when 
switched on in a parked car on a 
hot day. It therefore seemed worth- 
while to describe for this journal 
the design which materialised from 
the specification. 

It is not recommended that a car 
radio be the first project to be built 
by a beginner, and the description 
which follows will therefore be 
theoretical, details of layout being 
left to constructors who have some 
previous experience. The prototype 
was built in two separate metal 
cases, one for the receiver and one 
for the speaker (together with 
several heat-dissipating resistors). An 
important practical point is that a 
metal chassis should not be used 
for the receiver. The receiver con- 
trols and other components must be 
mounted on plywood or Paxolin so 
that no d.c. contact is made with 
the metal case. 

CIRCUIT OPERATION 

If the accompanying circuit dia- 
gram is studied it will be seen that 
TR1 is a silicon p.n.p. transistor, 

connected in the common base 
mode as a radio frequency ampli- 
fier. A type is chosen which has an 
exceptionally low leakage current 
even for a silicon device, and which, 
partly as a result of this low leak- 
age current, develops a high ampli- 
fication factor (minimum hte 100, 
maximum 400) when passing only 
lOO/iA collector current The com- 
bination of silicon semi conductor 
and common base amplification 
means that the transistor is only 
slightly affected in performance by 
changes of temperature. Also, the 
development of high amplification 
at a low value of collector current 
makes the transistor very sensitive 
to a.g.c. voltage changes. (TR1, to- 
gether with TR2 and TR3, was ob- 
tained from Amatronix Ltd.) 

The aerial is fed to the emitter 
of TR1 through LI and Cl. LI is 
a choke consisting of 35 turns of 
32 s.w.g. enamelled wire closewound 
on a lin. length of |in. ferrite rod, 
and its function is to prevent cross 
modulation by powerful short wave 
transmitters, these being especially 
troublesome when the receiver is 
used near the coast. Cl isolates the 
aerial from the battery. Base bias 
is provided by the voltage drop 
through R3, which is the screen- 
grid dropping resistor for the second 
r.f. stage, VI. Emitter bias is set 
by the network Rl, VR1, R2. The 
values of these components are such 
that, when TR1 is passing 100/iA, 
this current is an appreciable por- 
tion of the total current passing 
through the network. But when 
a.g.c. causes the current through 
TR1 to drop to a very low level, 
that current is very small compared 
with the total in the network. As 
a result, with no signal, or a weak 
signal, there is a degree of d.c. 
negative feedback which helps to 
compensate for the effect of the 
battery's voltage rising while on 
charge. But with a.g.c. operative on 
a strong signal there is virtually no 
feedback, so that the a.g.c. system 
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Circuit diagram of the Universal Car Radio 

10% 
Resistors 
(All fixed values i watt 
unless otherwise stated) 

R1 2.2kS2 
R2 6.8kt2 
R3 8.2kn 
R4 IMfi 
R5 8.2kn 
R6 3.9kn 
R7 470kt2 
R8 Ikn 
R9 6.8ktl 
RIO lkS2 
Rll lkS2 
R12 lkS2 
R13 lkS2 
R14 1£1 i watt 
R15 1512 5 watt wirewound 
R16 15S2 5 watt wirewound 
VR1 5kn pot. preset linear 
VR2 25kf2 pot. log 
VR3 10kf2 pot. preset linear 
VR4 5kf2 pot. linear, with SI 
VR5 25012 pot. preset linear, 

3 watt 

Capacitors 
C1 200pF 
C2 0.1/tF 
C3 O.l/aF 
C4 200pF 
C5 0.1/rF 
C6 l.OOOjuF electrolytic, 9V 

C7 200pF 

C8 270pF 
C9 100/iF electrolytic, 6V 

wkg. 
CIO 2,000pF 
Cll 2,000pF 
C12 100/iF electrolytic, 9V 

wkg. 
C13 100/rF electrolytic 9 V 

wkg. 
C14 10/iF electrolytic, 6V 

wkg. 
C15 0.1/rF 
C16 100/(F electrolytic, 6V 

wkg. 
C17 5.000/jF electrolytic, 6V 

wkg. 
C18 0.1mF 
VC1, VC2 365 + 365pF 

twin-gang, Type O 
(Jackson Bros.) 

VC3 15pF trimmer 
VC4 15pF trimmer 

Inductors 
Ll See text 
L2 2.5mH r.f. choke, Type 

CHI (Repanco) 
L3 Miniature Dual-Purpose 

Coil (valve type) Blue, 
Range 2 (Denco) 

L4, 5, 6 Miniature Dual- 
Purpose Coil (valve 
type) Green, Range 2 
(Denco) 

T1 Driver transformer type 
LT44 (Eagle) 

Semiconductors 
TR1 2N4058 
TR2 2N2926 Green 
TR3 2N2926 Green 
TR4 OC19 
D1 OA81 
D2 OA81 
D3 GEX64 (CV2310)' 

(Henry's Radio Ltd.) 
Valves 

VI EF97 
V2 EF97 

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

VR4 
52 2-pole 2-way, toggle 

Tuning Indicator 
Ml Balance and tuning 

meter type SB 105 
(Eagle) 

Fuse 
F1 l-amp cartridge fuse, 

with holder 
Miscellaneous 

Loudspeaker, 15J2 impedance 
2 B7G valve holders 
Tuning drive and knobs, as 

required 
Cases, etc. (see text) 
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remains efficient. It is obvious that 
a.g.c. will not function well if a 
high degree of negative feedback is 
applied simultaneously. 

The collector load for TR1 is the 
tuned circuit given by L3 and VC1 
in parallel with the r.f. choke L2. 
The coupling winding provided on 
coil L3 is not used. The tuned 
circuit is in the grid circuit of a 
valve, VI, and its Q is therefore 
maintained at a high level. At the 
same time, TR1 finds a high impe- 
dance in its collector circuit, which 
results in good voltage amplifica- 
tion. Voltage amplification is what 
is required here, since the following 
stage, a valve, is also a voltage 
amplifier. 

Meter Ml is a tuning indicator. 
It is not a vitally necessary com- 
ponent, but the very efficient a.g.c. 
means that tuning with accuracy is 
not always easy. It will be found 
that advancing the reaction control, 
VR2, when a local station is tuned 
in, will cause no increase in volume 
but will be immediately noticeable 
in the meter. Accurate tuning is 
indicated by minimum reading. In 
the case of the specified meter 
(which is a centre zero type normally 
employed as a stereo balance or 
f.m. tuning indicator) this is shown 
by the needle being as near centre 
as possible. A meter with a full- 
scale deflection of lOO/tA is required 
by the circuit, but by using the 
specified component, which offers an 
attractive front panel appearance 
and which has a deflection of SO/nA, 
with a suitable diode as a protective 
shunt, equally good performance is 
obtained. The diode should be as 
specified for best results, as it has 
a low forward resistance, though an 
OA73 can be used if the GEX64 is 
difficult to obtain. The protection 
offered by the diode is particularly 
useful in the event of the current 
through TR1 rising because of a 
large increase in ambient tempera- 
ture. 

R.F. voltage .for a.g.c. is taken 
from the anode of V2, the primary 
of T1 acting effectively as a load for 
this purpose as well as a load for the 
a.f. voltage. D1 and D2 form a 
voltage doubler for a.g.c., which is 
fed back to the grid of VI through 
the filter given by Cll, R7 and C3. 
It will be clear that as the amplifica- 
tion offered by VI is reduced by the 
negative a.g.c. voltage applied to its 
grid, so will screen-grid current fall, 
and there will be a decrease in the 
voltage drop through R3. In fact, 
VI functions as a d.c. amplifier for 
a.g.c. voltage, and a small change in 
voltage on the control grid of VI 
will cause a larger change in voltage 
on the screen-grid, and hence on the 
base of TR1. Current through TR1 
will therefore decrease as a.g.c. 
voltage increases, and its amplifica- 
tions will fall. 

V2 acts as a leaky grid detector. 
As it is a pentode it has a high 
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output impedance, but with this 
particular valve and under the con- 
ditions obtaining in the circuit this 
impedance is not as high as usual, a 
figure of about 60kSI being normal. 
In these circumstances, the primary 
of the transformer specified for T1 
will give quite a suitable load, 
especially as the volume control 
circuit which follows it has been 
designed so that the load across the 
secondary is never more than some 
830S1 at any setting, this representing 
a shunt across the primary of 
approximately 20kft. The secondary 
centre-tap of T1 is ignored. 

Regeneration is obtained from the 
screen-grid of V2, the reaction con- 
trol being VR2 and the reaction 
winding L6. 

(The two coils, L3 and L4, L5, 
L6 must be mounted so that there is 
no inductive coupling between them. 
They could be positioned on either 
side of the 2-gang capacitor with 
their axes at right angles. Alterna- 
tively, they may be fitted in the 
metal containers in which they are 
supplied, these functioning as screens. 
—Editor.) 

TR2, the first a.f. transistor, is a 
high gain silicon n.p.n. component, 
connected as a common emitter 
amplifier and coupled to a similar 
second stage incorporating TR3, 
TR3 is directly coupled to the germ- 
anium p.n.p. output transistor TR4, 
this being connected as a common 
collector device. Thus, the collector 
load for TR3 is kept reasonably 
high, and a 15S2 speaker gives a 
good match without the use of an 
output transformer. The circuit also 
disposes of the need for an inter- 
stage coupling transformer. R14, 
with a large capacitor across it to 
avoid negative feedback of the 
signal, gives a good degree of 
stabilisation and in any event, TR4 
is operated well within its limits. The 
output stage has proved to be therm- 
ally stable even at an ambient 
temperature of 55C'C. TR4 needs to 
be mounted on a small heat sink, a 
surface area of 2in by 2in being 
sufficient. 

S2 enables the receiver to be 
operated from a 12 volt supply. 
When S2 is in the position marked 
'6V' the positive terminal of the 6 
volt battery is connected direct to 
the positive line of the receiver, but 
by switching to T2V' R15 and R16 
drop the voltage to a suitable level. 
The preset resistor VR5 is used for 
final adjustment to compensate for 
small discrepancies in the resistance 
values of R15 and R16. 

SETTING UP 

No signal generator is necessary 
for setting up, but a testmeter is 
required. For the first adjustment 
the battery should be fully charged 
and on charge, either by means of 
having the car engine running or by 
using a charger. A 6 volt battery is 

required. Alternatively, if necessary, 
the 6 volts can be taken from a tap- 
ping on a 12 volt battery through 
a crocodile clip. 

Switch S2 to '6V' put VR1 to its 
half-way position, and set VR2 so 
that all its resistance is in circuit. 
With the testmeter connected be- 
tween the emitter of TR4 and the 
loudspeaker, adjust VR3 to give a 
reading of 225mA. Next, connect up 
the aerial, set the tuning control so 
that no signal is coming through 
and adjust VR1 so that full scale 
deflection (needle over to the left) is 
given in Ml. This corresponds to 
an actual current of about 100/tA. 
When the battery is no longer on 
charge it will be found that the 
reading will drop somewhat. (The 
imported tuning indicator specified 
for Ml is sometimes referred to as 
having a "100/iA movement". If 
difficulty is experienced in obtaining 
the f.s.d. reading just referred to, 
temporarily replace Ml and D3 
with a testmeter switched to a 
suitable current range to find the 
position of VR1 which corresponds 
to 1 OOfiA collector current in TR1.— 
Editor.) 

For the next adjustment the 
battery need not be on charge. The 
core of L3 should be adjusted 
nearly all the way in, and the core 
of L4, L5, L6 about a quarter of the 
way out. This is necessary as the 
effect of L3 inductance on its tuned 
circuit is reduced a little by the 
presence of L2. Tune to a station 
near the high frequency end of the 
scale and adjust trimmers, VC3 and 
VC4, for best results. Tune to a 
station near the low frequency end 
of the scale and adjust the cores for 
best results. Repeat the process two 
or three times for the best compro- 
mise. 

During the final adjustment the 
battery should not be on charge, and 
if it has recently been on charge 
should have its voltage reduced to 
normal by switching on the head- 
lights for a couple of minutes. S2 is 
switched to T2V' 12 volts is applied 
to the receiver from the battery, 
VR5 is adjusted to its half-way 
position and the testmeter, set to 
give a clear reading of 6 volts is 
placed across VR5, which is then 
adjusted until 6 volts is shown. This 
voltage will rise to about 7 volts 
when the 12 volt battery is on 
charge, which is the approximate 
voltage given by a 6 volt battery on 
charge. This last adjustment must 
not be made if any fault has pre- 
vented the 225mA reading being 
provided in the earlier adjustment. 
Failure of TR4 to pass the requisite 
current would result in insufficient 
voltage being dropped across R15 
and R16, and this could put an over- 
load on the valve heaters. For the 
same reason the receiver must never 
be switched on with the loudspeaker 
disconnected. 

It may be found that with a 12 
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volt supply, particularly when it is 
on charge, there is instability at a 
very low audio frequency when the 
volume is turned full on. This is 
because R15 and R16 tend to form 
a common supply impedance for the 
audio stages whilst C6 offers insuffi- 
cient bypassing effect. In this event, 
C6 may be augmented by a 5,000^F 
capacitor which can conveniently be 
mounted in the speaker case. Al- 
ternatively, VR5 may be adjusted to 
slightly reduce the available voltage. 
Any consequent loss of output when 
the battery is not on charge can be 
tolerated as there will be plenty in 
hand when the car is stationary. 

PERFORMANCE 

The receiver will give good results 
from a large number of stations 
without the use of reaction, but the 
a.g.c. effect is more pronounced 

when reaction is employed and even 
on local stations it is recommended 
that VR2 should be set to give this 
effect. On weak stations the use of 
reaction will be found to give a 
marked increase in sensitivity, though, 
as there is a large amount of 
straight r.f. amplification within the 
circuit, the boost will not be so 
marked as with some simpler 
designs. 

Overall current consumption is 
about 830mA. A 1 amp fuse for F1 
has proved satisfactory. 

As mentioned earlier, the proto- 
type uses two separate cases, the 
circuitry being divided as indicated 
by the dashed line in the diagram. 
The case for the receiver is intern- 
ally lined with "Contact" to prevent 
the possibility of short-circuits, and 
is coupled to the receiver through 
C18 so that batteries with either 
positive or negative earth may be 

used without the case becoming 
alive. Home Radio (Components) 
Ltd. sell suitable cases, in kit form, 
in very many different sizes (these 
being listed in the Home Radio 
catalogue under "Universal Chassis" 
over Cat. Nos. CU1 to CU220) so 
that a wide variety in layout design 
and speaker size is possible. 

Care should be taken to see that 
the controls do not touch the case, 
and ventilation holes must be pro- 
vided in both cases. Ventilation for 
the loudspeaker case is needed since 
R15 and R16 will become quite hot 
when a 12 volt supply is used. It will 
be seen that 4 leads join the two 
units together, and that the battery 
leads are taken from the speaker 
case, which also houses S2 and VR5. 
The latter two controls are mounted 
at the rear—well out of the way of 
prying fingers! 

DIMMED HEADLIGHTS 

WITH A 

DIFFERENCE 

by 

T. R. BALBIRNIE, B.Sc. 

through town under dimmed conditions. Now we drive 
out of town and operate the dipswitch for "high 
beam". After a while we swing into a narrow, dark 
minor road and dip our lights for an approaching car. 
Of course, the headlights then come on "dim" because 
we have forgotten that the switch was left in this 
position. 

It is easy to see that here we have a potentially 
dangerous situation. If the driver can always remem- 
ber to switch to "bright dip" when he leaves town the 
problem need never arise, but the purpose of the 
author's modifications to the circuit is to make the 
dimming system self-cancelling. The new circuit. 

How to obtain headlight dimming with an 
automatic self-cancelling facility 

The dimmed headlight system for cars is 
becoming very popular. It is certainly a safety 
feature and a worthwhile addition. It has been 

widely agreed that headlights should be operating all 
the time the car is in motion yet dipped headlights are 
often too bright for town use. It has been established 
that pedestrians judge the distance and speed of ap- 
proaching traffic far more effectively from headlights 
than from sidelights alone. 

LIGHT DIMMING 

By the system to be described, light from dipped 
headlamps can be reduced for town driving. For his 
first experiment some time ago, the author included 
a high dissipation resistor in the dip filament circuit 
to dim the lights. This resistor was home-made and 
could be short-circuited as required with a panel switch 
to obtain ordinary dipped operation. The whole sys- 
tem was very successful, a useful point being its 
extreme simplicity. The circuit is given in Fig. 1. Only 
one drawback emerged which prompted the author to 
re-examine and to modify it. This would have been 
unimportant for the driver who is a memory man but 
the author is not. Imagine that the car is being driven 
APRIL 1969 

I 

Car battery 

Thick wires 
Dipswitch 

Panel switch Resistor 

Dip KB Dip KB 

Headlamps 

Fig. 1. The original dimming circuit. The panel 
switch enables the resistor to be inserted in 

series with the dip filaments 
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shown in Fig. 2, ensures that whenever high beam 
headlights are used the dimming facihty is cancelled 
and the dipped headlights will always come on bright. 

Fig. 2 shows two push button switches "A" and "B". 
If the dipswitch is in the "dip" position, "A" will dim 
the headlights and "B" will brighten them. The relay 
RY1 has one pair of contacts normally open and one 
pair normally closed. The normally closed pair short- 
circuit the resistor R1 so that, when no current flows 
through the relay coil, the headlights operate bright. 
This is a "fail safe" feature as failure of the relay will 
ensure that bright dipping is always available—only 
the dimming effect is lost. If the dipswitch is in the 
"dip" position and button "A" is pressed, current is 
allowed to flow through the relay coil. The contacts 
"X" then open so that dipped headlight current has 
to pass through the resistor Rl, while contacts "Y" 
close. These latter contacts short-circut button "A", 
locking the relay in the energised position and main- 
taining the dimmed condition. At any time the 
dimming can be cancelled by pressing button "B", in- 
terrupting the relay current and restoring bright dip. 
Whenever the dipswitch is operated for high beam the 
relay current is similarly interrupted and the dimming 
function cancelled. 

COMPONENTS 

The push button switches can be small neat types of 
low current handling capacity. One is a push-to-make 
and the other a push-to-break type. Suitable types are 
readily available through home-constructor channels. 

The relay employed by the writer is a 12 volt 
component and is one of a "cheap lot" obtained for 
experiments and other applications. The normally 
open contacts "Y" have only to handle the energising 
current for the relay whilst the normally closed con- 
tacts "X" carry about 2 amps in the lighting circuit. 
(Relays suitable for applications of this nature are 
normally available through surplus channels, with 
suppliers' stocks varying from time to time. Readers 

having difficulty may note that a 300S1 12 volt relay 
with 4 make contact sets and 1 changeover contact set, 
all rated 3-5 amps, is available from G. W. Smith & 
Co. (Radio) Ltd., 3 Lisle Street, London, W.C.2. The 
unwanted contact sets of this relay need not, of course, 
be wired into the circuit.—EDITOR). 

The high dissipation resistor Rl is easily made but 
requires careful adjustment to obtain the required 
degree of dimming. Perhaps a suitable resistor could 
be bought but it would have to be at least a 20 watt 
type. 

The wire for the author's resistor was obtained 
from an old electric fire element but other similar 
resistance wire could be used. If a 1 kilowatt element 
is used designed for 240 volts then its resistance will 
be about 6012. A good starting value for Rl is 
112 and the length of resistance wire can be calculated 
as one sixtieth of the total length. Under these con- 
ditions the wire will carry about the same current as 
it does when used as a fire and so it would glow red 
hot. This is not good for the present purpose and a 
better plan is to select four times the calculated 
length and wind it double on the former. This gives 
the same resistance but spreads the heat. The former 
is a short length of the original element former and 
can be mounted between two metal brackets secured 
to a block of insulating material. Mountings holes 
pass through these brackets into the central hole of 
the former, and also act as terminals. The resistor 
should not, however, be finally made up and mounted 
until the length of resistance wire needed for the 
particular car in which it is to be fitted has been 
experimentally determined. 

It is most important to select a suitable mounting 
position for the resistor, since it must be kept clear 
of anything which might be damaged by the heat 
produced. The best position is probably under the 
bonnet in a well ventilated position. The relay should 
be mounted nearby, suitably housed against the 
elements. The relay could be mounted behind the 
panel with the buttons inside the car but then thick 

ON PANEL UNDER BONNET 

Optional 
panel 
light Dipswitch Relay 

coil ■iij-O 

, / . X normally 
Y normally closed 

open 

Dip*'—*H.B 

Fig. 2. Improved circuit, in which 
dimming is automatically cancelled 

when main filaments are selected 
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wire would have to be used from the resistor to the 
panel because it would have to carry the whole of 
the dipped headlamp current without much dimming 
and without itself overheating. If the relay is near the 
resistor then thin wires only need pass to the buttons, 
as only relay coil current is carried by them. 

Don't forget to use wire specially made for car 
wiring. Radio men often use whatever wire is avail- 
able and under stress and vibration it sometimes 
breaks after a few thousand miles. The break in the 
dip filament circuit need not actually be done by 
cutting. There will probably be a bunch of snap 
connectors handily placed. The car manual will make 
an easy job of locating them and finding the right 
connector from the colour code. 

As a final touch, a panel light could be included 
which would glow when the headlamps were dimmed. 
This would be a 12 volt type of low wattage rating 
wired as shown. 

CALCULATIONS 

The following approximate calculations (which 
ignore changes in filament resistance when operating 
under dimmed conditions) give an idea of what is 
required of the resistor. 

Assume 36 watt dip filaments and a value of 111 
in Rl. Then, the total dipped headlamp power is 72 
watts, giving a current from the 12 volt supply of 
6 amps. This corresponds to a resistive load of 211, 
With the filaments dimmed due to the insertion of Rl 
the total load resistance rises to 312, and the current 
from the 12 volt battery falls to 4 amps. Thus, relay 
contacts "X" must switch 2 amps (6 minus 4) whilst 
the resistor must be able to carry 4 amps. Dissipation 
in Rl (from 12R) is 16 watts. 

RADIO CONSTRUCTOR CROSS-WORD 

Compiled by W. M. Eraser 

Check your radio and electronic knowledge with 
this (fairly) simple puzzle. The solution appears on 
page 584. 

Ones Across 13. 
1. 

10. 

11. 
12. 

15. 

17. 

18. 
19. 
21. 

22. 

14. 
The fate of the mismatched 
input signal (10). 
Necessary for operation of 2 
Down (3). 16 

These determine feedback 
polarity (8). 
Conducive to partition noise 
(5). 
And start again! (5, 2). 
A Koomans is one example 
(5). 
Often used to prolong thyra- 
tron lifespan (5). 
Chassisless construction, per- 
haps (7). 
Can be expressed in nepers (5) 
Stretch that single turn (8). 
It moves, in the micro-wave- 
meter (3). 
Location of low frequency 
beacons (5, 5). 

Clues Down 
1. Aspired to become the first 

waveguide (4, 6). 
2. A switch to protect the trans- 

mitter (4, 1, 1). 
3. Means of current diversion (4) 
4. Sign of a contented twin 

feeder (2, 4). 
5. Provided by a B-scope (7). 
6. 6.25 x 1011 electron volts (3). 
9. Prior to autochanging (3, 7). 
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Only one needed for mono- 18. 
static radar (7). 
Proving phase for design 
cerebration (6). 20. 
Base features of a 6V6 
chassis? (6). 

A comparatively lengthy 
period in the Blocking Oscil- 
lator (4). 
Assists in the tea-room cal- 
culations (3). 
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FIVE-VALVE AMATEUR 

ALL-WAVE RECEIVER 

by 

F. G. RAYER, Assoc. I.E.R.E., G30GR 

a 

Offering an impressive performance, this 5-valve receiver incorporating a b.f.o. 
covers 30Mc/s to 550kc/s with a high degree of sensitivity. The use of plug-in 
coils eliminates the complications of range switching. A particularly valuable 
feature is a built-in aerial circuit Q-multiplier, this providing considerably 

increased gain and freedom from second channel interference 

This is quite a compact receiver capable of 
very good results. It is primarily intended to 
coyer 30Mc/s to 550kc/s, or about 10 to 550 

metres, in four bands. Long wave coils can be added 
if complete coverage is required. 

There are several controls in addition to those 
normally encountered and reference to the circuit in 
Fig. 1 will clarify the purpose of these. They help in 
giving good reception of weak signals as well as in 
the reception of c.w. and s.s.b. transmissions. 

ALL-BAND COVERAGE 

For easy all-band coverage without switching, plug- 
in coils from the Denco Miniature Dual-Purpose 
Range are used, LI being in the aerial circuit and L2 
in the oscillator circuit. Each waveband is tuned by 
placing a Green coil in the LI holder and the 
matching Red coil in the L2 holder. 

VC1 and yC2 provide the usual ganged tuning 
capacitor, this operating with a 2-speed drive and 
calibrated dial. VC3 is a panel aerial trimmer control, 
allowing the aerial circuit to be peaked on all fre- 
quencies. All oscillator coils have a fixed trimmer, C6 
soothe only trimming adjustment needed is given by 

The triode Vl is a regenerative stage, or aerial 
circuit Q-multiplier. All the LI coils are t.r.f. types 
with a regeneration winding, and feedback is con- 
trolled by VC4-.. For most general reception require- 
ments VC4 can be left near minimum capacitance, 
allowing normal superhet performance on all bands. 
When, by increasing capacitance in VC4, VI is 
brought towards the point at which oscillation com- 
mences, there is a considerable increase in sensitivity 
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and the aerial circuit, trimmed by VC3, peaks much 
more sharply. This brings up signals otherwise too 
weak for reception, and also increases the second 
channel rejection given by LI. For maximum possible 
results, VC4 is operated in the same way as with a 
t.r.f. receiver reaction control, and is closed just 
sufficiently to bring VI to the point where further 
regeneration would cause oscillation. 

y2 is the frequency changer stage. Each oscillator 
coil fitted in the L2 position requires a different padder 
capacitor "P". The coils are so made that the padders 
can be wired to different holder tags, and are then 
automatically brought into circuit when the appro- 
priate coil is plugged in. The receiver tuning ranges, 
together with padding capacitor information, are 
shown in the accompanying Table. 

If long wave coils (Denco Range 1) are also to be 
used, a HOpF 2% silver-mica capacitor is connected 
from pin 5 to chassis. Also, the grid connection for the 
Range 1 Red coil is to pin 7 and not pin 1 as with the 
other coils, whereupon pins 1 and 7 of the L2 coil 
holder will need to be connected together. 

Gain in the heptode section of V2 may be reduced 
by VR1. This is helpful with strong s.s.b. signals, and 
also occasionally at other times, as when using head- 
phones. As is explained later, no a.g.c. on-off switch 
is provided. 

The pentode section of V3 is the i.f. amplifier, one 
of its diodes being used for detection and a.g.c. A.G.C. 
bias is applied to both VI and V2 via R7. VR1 is the 
audio gain (volume) control, and V4(a) is one half of 
a double-triode, with RIO having a high value to pro- 
vide contact-potential bias. V5 is a small output 
pentode. 
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V4(b) is the b.f.o. triode. For a.m. reception, SI is 
open and the b.f.o. is inoperative. Closing SI brings 

wr-fOS or '1^° usfi; the coil L3 being tuned by VC5. C15 couples V4(b) to the diode of V2 and 
allows a heterodyne beat to be produced for c.w. 
reception. y4(b) also provides carrier insertion for 
s.s.b. reception. The coupling via C15 is such that the 
b.f.o. output does not increase the a.g.c. voltage 
excessively. 

The current drain of the whole circuit is quite small, 
and h.t. is obtained from a half-wave secondary on 
T2, using a contact-cooled rectifier and the smoothing 
circuit given by C24, C25 and R17. 

PREPARING THE CHASSIS 

The components are assembled on an aluminium 
chassis measuring lOin by 7in by 2in deep. Figs. 2 and 
3 gives the essential drilling dimensions. It is best to 
hmsh drilling before fixing any components. The i.f. 
transformers require clearance holes for the tags and 
also a central hole for the lower core adjustment L3 
has only a single core, so can be adjusted from above 
or below. Sleeving can be placed on the tags of Ls and 
the i.f. transformers. When these items are fitted be 
sure the numbered tags appear as in Fig. 3. 

The valveholders and coil holders will, when fitted 
take up the orientation shown in Fig. 2. Their holes 
may conveniently be made with the aid of a chassis 
cutter. Note that two holes are needed for the passage 
of wires to T1 and T2. A third hole (not shown) is 

★ 

required under SI for the leads to this switch. All 
these holes should later be fitted with grommets. A 
large hole is also needed for C24, C25, and two small 
holes for the wires to VC1 and VC2. 

The ganged capacitor VC1/VC2 must be about iin. 
clear of the chassis surface, so washers are needed on 
its fixing bolts. The panel measures 10 by 6iin, and 
this should be marked in line with the ganged capaci- 
tor spindle, to provide a centre for the drive fixing. 
The ganged capacitor specified has a spindle which is 
approximately lin above the chassis surface when 
mounted. Should a component be used having a higher 
spindle a higher panel will be needed to take the drive. 
Holes for the drive are positioned with the aid of the 
template provided with the drive. The panel is secured 
by the bush mounting nuts of the lower controls. 

A 2-way socket strip is used for speaker connections, 
and a single terminal mounted directly to the chassis 
for the earth connection. The aerial socket is a single 
insulated type. A 2-way socket strip for aerial and 
earth connections would also be suitable. 

valveholders and coil holders are mount- 
ed, fit 6BA solder tags under the securing nuts at the 
points marked "MC" in Fig. 3. 

I C24S J7 
'FT IFT I 6 2 6 ±IDt 
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VC|,VC2 - ganged 

Fig. 1. Circuit diagram of the Five-Valve 
Amateur All-wave Receiver 
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Table 
Coil range and padding details 

Range Frequency 
coverage 

Padding capacitance and 
coil holder pin 

2 
3 
4 
5 

l,500-550kc/s 
4.5-1.6Mc/s 
12-5Mc/s 
30-10Mc/s 

350pF, pin 2 
LOOOpF, pin 3 
3,000pF, pin 4 
No padder, pin 6 to chassis 

ABOVE CHASSIS WIRING 

Leads from SI pass through the chassis to R14 and 
C24 positive (h.t. positive line). VC1 is connected to tag 
5 of LI holder, and VC2 to tag 1 of L2 holder. 

Secondary connection from T2 are taken to the 
speaker sockets. The primary connections pass to h.t. 
positive and V5, tag 5. 

A 3-core cord is required for mains connections. 

and is best taken to a 13A plug fitted with a 3A or 
other small fuse. At the receiver, the conductors are 
soldered to a tagstrip, as in Fig. 2. Earth connects 
to chassis, neutral to the primary of T2, and the live 
conductor to S2. 

UNDER CHASSIS WIRING 

Fig. 3 shows all connections, but a few points 
should be noted. VC3 and VC4 lie partly over VI 
and LI holders, so are not fully drawn in Fig. 3. 
It is best to fit them after wiring the holders. 

Use short, direct connections to valveholders and 
coilholders. The heater circuit can be wired first, 
running its leads against the chassis. The wire ends 
of resistors and capacitors must be shortened, so that 
these items are near the tags required. This is par- 
ticularly important with Cl, C2, R2, C3, C5 and C7 
and all padders. 

The valveholder for V3 must have a central spigot, 
earthed as in Fig. 3, or this stage may oscillate in 

|3/4 13/4 

AC. 
mains 1/4 

I FT 

Prim Sec 13/4 

101 c22 
(FT 

C24/C25 

13/4 

274 

VC, 
T2 172 

Drive 
0 I / Al Primary 

11/4 
IS. | 
1=3 

B.RO. Mams 
1—7/8- 

3-78 l3/8- 

mc-chassis connection 
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F/g. 2. Layout and wiring of components above 
chassis. Note that the positions shown for the 
primary and secondary tags of T1 will vary 

with different transformers 
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the absence of a.g.c. bias. 
If the leads from VR2 and C14 run against the 

chassis, they need not be screened. C24, C25 are in a 
single can, the can being common negative and 
earthed by its fixing clip to the chassis. Burr should 
be removed from fixing holes for the contact cooled 
rectifier, so that it lies flat on the chassis side. 

B.F.O. STAGE 

^50^' VC5, and associated components provide the b.f.o. stage. R14 is supported by an insulated tag, 
and SI completes the h.t. circuit to R14 when the b f o 
is required. 

VC5 is mounted on a bracket, and its spindle is 

COMPONENTS 
Resistors 
(All fixed values % watt 10% unless otherwise 
stated) 

R1 47kQ ^ watt 
R2 IMO 
R3 22kf2 1 watt 
R4 1MO 
R5 47kn y watt 
R6 22kn 1 watt 
R7 IMQ 
R8 . 47k Q 
R9 lOOka 
RIO lOMft 
R11 220kO watt 
R12 100ki2 \ watt 
R13 lOkfi 
R14 47kQ \ watt 
R15 470kfi 
R16 680kO 1 watt 
R17 2.7kfl 2 watt 
R18 lOOfi^watt 
VR1 25kn potentiometer, linear track 
VR2 1 Mft potentiometer, log track 

Capacitors 
C1 35pF silver-mica 
C2 1 OOpF silver-mica 
C3 0.05/j.F paper or plastic foil, 350V wkg. 
C4 O.Ol/j/F paper or plastic foil, 150V wkg. 
C5 47pF silver-mica 
C6 18pF silver-mica 
C7 200pF silver-mica 
C8(a) 350pF 2% silver-mica 
C8(b) l.OOOpF 2% silver-mica 
C8(c) 3,OOOpF 2% silver-mica 

0.25/xF paper or plastic foil, 350V wkg. 
Fm , x ^ paper or Plastic foil, 150V wkg. CH 0.01 /xF paper or plastic foil, 350V wkg. 
C12 lOOpF silver-mica or ceramic 
Cjij lOOpF silver-mica or ceramic 
C14 1,OOOpF paper or plastic foil, 150V wkg. 
ClD 2.5pF nominal (see text) 
C16 1 OOpF silver-mica 
C17 400pF silver-mica 
C18 500pF silver-mica 
C19 500pF silver-mica 
C20 1 OOpF silver-mica or ceramic 
£21 0.01/xF paper or plastic foil, 350V wkg. 
^ 0 Ol^p paper or plastic foil, 500V wkg. 
C23 25/xF electrolytic, 25V wkg. 
C24 16^F electrolytic, 350V wkg. 
€25 8/xF electrolytic, 350V wkg. 
VC1' y^36.5 + 365PF 2-gand variable, type 02 (Jackson Bros.) 
VC3 50pF variable air-spaced 
VC4 75pF variable air-spaced 

VC5 75pF variable air-spaced 
(N.B. €24 and €25 are in a single can. VC3, 

an<l y€5 may be Jackson Bros, type 
€804 or similar.) 

Inductors 
LI Denco Miniature Dual-Purpose Coils 

Green, Ranges 2, 3, 4 and 5 
L2 Denco Miniature Dual-Purpose Coils 

Red, Ranges 2, 3, 4 and 5 
JtL,, co^ fyP6 SL/Y (Electroniques) tr 11, IF12 I.F. transformers type IFT 11 / 

465 (Denco) 
T1 Mains pentode output transformer, 

rat10 from 60:1 to 80:1, for 312 speaker 
il Mams transformer; secondaries 230V 

45mA, 6.3V 1.5A; Cat No. TM26A 
(Home Radio) 

Valves 
VI 6C4 
V2 ECH81 
V3 EBF89 

ECC83 
6 AM 5 

V4 
V5 

Rectifier 
Contact cooled half-wave rectifier 

250V 50mA 

Switches 
51 s.p.s.t. toggle 
52 s.p.s.t. toggle 

Drive, Knobs 
Dial drive type SMD2/BK (black knob) or 

SMD2/WH (white knob) (Electroniques) 
Five lin dia. knobs 

Valveholders. Sockets 
Three B9A valveholders, with centre spigots 

and skirts 
Two B9A valveholders, without skirts (for 

LI and L2) 
Two B7G valveholders, without skirts 
2-way speaker socket strip 
Insulated aerial socket 

Miscellaneous 
Earth terminal 
Bracket (home-constructed), iin shaft, shaft 

coupler, panel bush (all for VC5) 
3-way (one earthed) tagstrip 
Single insulated tag 
14 6BA solder tags 
Chassis, 10 by 7 by 2in 
Panel, 10 by 6i-in 
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Pin 4 L| C|4 MR | 
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VR VC vc4 
13/8 13/8 

3l/2" 

mc - chassis connection 

Fig. 3. The wiring and components below the 
chassis 

extended by a coupling and iin diameter rod, which 
passes through a panel bush as in Fig. 3. 

The b.f.o. coil L3 has four tags. Tags 4 and 6 
connect to the winding, tag 6 being earthed to chassis. 
The remaining tags are used as anchor points for R12, 
C16 and C18. They have no internal connections inside 
the coil can. 

C15 is specified as 2.5pF nominal, and it can be a 
ceramic capacitor of this value or a lOpF trimmer 
which is later adjusted for best results. However, a 
physical capacitor is not really necessary and adequate 
coupling is given by wrapping insulated connecting 
wire for about two turns round the lead from tag 6 
of IFT2, as shown in Fig. 3. 

After all wiring has been checked, the receiver can 
be aligned and tested. The alignment and operating 
details which follow are suitable when no signal 
generator is available. But should such an instrument 
be to hand, it can of course be utilised in the usual 
way to set the i.f. cores, and band coverage on each 
range. It should be remembered that the i.f. trans- 
former cores will be set to approximately their 
correct positions at the factory and that these cores 
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should not therefore be touched before alignment 
commences. This point considerably eases alignment 
problems if a signal generator is not to hand. 

I.F. ALIGNMENT 

When setting up the i.f. transformer cores, a proper 
insulated tool should be used. Temporarily set VRI 
so that most or all of its resistance is in circuit, and 
clip a testmeter, switched to a 10mA or similar range, 
across C4, with negative to chassis. Set VC4 to 
minimum capacitance. 

It is probably best to select a steady medium wave 
transmission. As this is tuned in, the meter reading 
should fall. Tune the signal correctly and also adjust 
VC3 for minimum meter reading. The four i/ 
transformer cores are then rotated carefully, 3S 
needed, for minimum meter reading. This should be 
repeated with a weak signal, which can be obtahed 
by removing the aerial, or using only a short ''ire. 
The i.f. transformer cores then need no firther 
adjustment, but the meter may be left connectd for 
the present. 
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COIL CORES 

The brass threaded rods of the coil cores are 
generally fully in when the coils are packed. Initially, 
each can be unscrewed so that about ^in. to fin. 
projects at the top. 

Deal with each pair of coils (Green for aerial and 
Red for oscillator) separately. To retain dial calibra- 
tion, the oscillator cores should be locked with 6BA 
nuts. The medium wave coils can be adjusted first. 
Tune in a transmission around 1500-1000 kc/s and 
peak VC3 for minimum V2 cathode current, as 
shown by the meter. Tune towards the low frequency 
end of the band. Select a suitable signal, and rotate 
the core of LI for lowest meter current, leaving VC3 
untouched. It should now be possible to tune over the 
whole band with good results, although VC3 may 
need slight readjustment at any one point for maxi- 
mum possible signal strength. 

Should band coverage at the low frequency end of 
the band be unsuitable adjust the core of L2 to 
correct this, and readjust the core of LI to suit. 

Deal with other bands in the same way. Usually, 
VC3 should have quite a sharp tuning peak, some- 
what towards the fully open position. 

After all the coils have been aligned, the testmeter 
may be disconnected from C4. 

Q-MULTIPLIER 

When a range has been aligned as described, the 
effect of slightly closing VC4 can be tried. With a 
weak signal tuned in accurately, closing VC4 should 
increase signal strength and the sharpness of tuning 
obtained with VC3. This continues until a critical 

point is reached. Closing VC4 beyond this point 
results in a sudden drop in volume or loss of signals, 
as VI commences to oscillate. 

When attention is given to a small band of 
frequencies, such as an amateur band, VC4 will need 
little adjustment, except to boost extremely poor 
signals. VC4 may also be left nearly fully open for 
general reception. Otherwise, VC4 needs readjustment 
when considerable changes are made in frequency or 
when coils are changed, exactly as with a t.r.f. receiver 
reaction control. 

Regeneration is somewhat influenced by aerial 
loading. If the aerial is long it is helpful to place a 
small preset variable capacitor in series with the aerial 
lead at the receiver. A maximum capacitance of 
around 50pF is sufficient. 

Correct adjustment of VC3 and VC4 will allow the 
aerial circuit to tune very sharply. Sensitivity was 
measured at 21 Mc/s and was sufficiently good to 
allow a signal of 1 microvolt to be copied, using a 
loudspeaker. 

B.F.O. OPERATION 

Component values in the b.f.o. stage are chosen to 
allow VC5 to adjust the b.f.o. a few kc/s on each side 
of the receiver intermediate frequency. To set up the 
b.f.o. after construction has been completed, carefully 
tune in a transmission, close SI, set VC5 half closed, 
and rotate the core of L3 until a heterodyne whistle 
is heard and drops in frequency until it is almost 
inaudible. A beat note can then be produced and 
adjusted in pitch by opening or closing VC5. 

For c.w. reception, adjust VC5 to put the beat fre- 
quency oscillator above or below the intermediate 
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Wiring below the chassis is neat, and raises 
few constructional problems 
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Despite the relatively small size of the com- 
plete receiver, there is no overcrowding ot 

components, as this upper view illustrates 
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frequency and to obtain an audio tone giving best 
readability. 

For single sideband reception tune the signal for 
about best volume with VR2 near maximum gain. 
Reduce volume with VR1. VC5 is then adjusted so 

that the b.f.o. provides the suppressed carrier. If the 
signals cannot be made intelligible, rotate VC5 
through the zero heterodyne position to the other 
sideband position. 

Failure to resolve s.s.b. signals with this type of 
circtiit usually arises from having the received signal 
too strong at the detector. As the circuit stands at 
present it offers good results and it was not felt 
necessary to modify it by increasing b.f.o. injection. 
Nevertheless, the circuit can be so modified, if 
desired, by adding an a.g.c. switch to short-circuit 
CIO when a.g.c. is not required, whereupon C15 may 
be increased in value with a possibly improved per- 
formance with some s.s.b. signals. Increasing the value 
of C15 will necessitate a re-alignment of IFT2. 

If, with the receiver in the unmodified state and 
using the twisted wire capacitor for C15 which is 
shown in Fig. 3, it is found that excessive a.g.c. 
voltage is produced when the b.f.o. is switched on, 
the capacitance can be reduced by slightly untwisting 
the outer wire. Again, a subsequent readjustment of 
IFT2 becomes necessary. 

As a final point, the receiver should not be operated 
without a loudspeaker or similar low impedance load 
connected across the speaker terminals as, otherwise, 
excessively high a.f. voltages can appear in the anode 
circuit of V5. 
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CROSS-WORD 

SOLUTION 

(See Page 577) 

SUTTON & CHEAM 

RADIO SOCIETY 

The Sutton & Cheam Radio Society announce their 
21st Annual Dinner and Ladies' Festival to be held at 
The Crown Inn, Morden, Surrey (just by Morden station 
at end of Northern Line Underground), on Saturday, 
April 12th, 1969. Reception at 6.30 pm. 

The President of the R.S.G.B., Mr. J. W. Swinnerton, 
G2YS, has kindly accepted an invitation to attend as 
Guest of Honour, and it is expected that a number of 
other well-known personalities in the field of amateur 
radio will be present. 

A really first-class evening, including cabaret, is 
planned and a heavy demand for tickets is anticipated. 
Please contact Roy Scott, G2CZH, 140 Seymour Avenue, 
Morden, Surrey, as soon as possible for bookings, at 
35/- per person, and further information. 
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SIMPLE 

"IMPEDANCE 

CONVERTER" 

by 

G. W. SHORT 

The simple circuit described here can be 
used to match a high impedance device such 
as a crystal pickup to a transistor amplifier 
having a relatively low input impedance 

Although field-effect transistors can provide 
very high input impedances (as much as a million 
megohms in some cases), the ordinary bipolar 

transistor is still the best device for matching moder- 
ately high impedances to low ones. The reason is 
basically economic: field-effect transistors cost around 
10s., while suitable bipolar transistors cost around 3s. 
Ordinary transistors are also much less susceptible to 
damage by overload, and in the type of circuit dis- 
cussed here they cause less distortion than do field- 
effect transistors. 

The "impedance converter" shown in the accomp- 
anying diagram is almost the simplest possible circuit 
for the job. There is no "bootstrapping", no 
"Darlington pair", nothing tricky or expensive at all. 
Yet its input impedance is high enough for a wide 
range of purposes, being 2.7Mt2 with an average 
BC109C or BC168C, and 2.5Mf2 or 3.3Mfi with low 
or high-limit transistors. Its frequency response is flat 

from sub-audio to low radio frequencies, and it will 
handle input signals of IV r.m.s. without overloading. 
In addition, it is very insensitive to supply-voltage 
variations; the prototype worked quite happily from 
1.5 to 50V, the only ill-effect being a reduction of 
signal-handling capacity to 150mV at the low-voltage 
end of this range. Not bad for a total of six compon- 
ents, including the transistor. Both the BC109C and 
BC168C are available, incidentally, from Amatronix, 
Ltd. 

COLLECTOR OUTPUT 

Constructors who are familiar with impedance 
converter circuitry will notice one unusual feature. The 
output is taken from the collector, not from the 
emitter as in the conventional type of circuit. There 
is a very good reason for this, which becomes clear 
when one examines how the conventional emitter- 
follower works. 

The input impedance of a transistor connected as an 
emitter-follower is, as any text-book will tell you, 
roughly hte Re where Re is the load resistance in the 
emitter circuit and hfe is the "beta" or small-signal 
current amplification factor of the transistor. In the 
present case hfe is about 500 and Re 10kn, so the 
theoretical input impedance is 5MS2. The actual input 
impedance is less than this because there are two 
impedances across the input, one visible (the base bias 
resistor R1 and one invisible (the internal impedance 
between base and collector). Together these reduce 
the input impedance to 2.7MI2. 

Thus, as it stands, the circuit has a high input 
impedance, and it would appear that this should be the 
case whether the output is taken from the collector or 
from the emitter as in a true emitter-follower arrange- 
ment. But wait a minute! The 1 OkQ load resistance is 
not the true load resistance in a practical working 
circuit, because it is likely to be shunted rather heavily 
by the input impedance of the next stage, and this 
shunting can have a drastic effect when the transistor 
is used as an emitter-follower. If, for example, the next 
stage had an input impedance of 2k .Q the effective 
load of the emitter-follower would be reduced to a 
mere 1.7kf2 and its theoretical input impedance would 
then be only 850kn—a very different figure from the 
original one. 

No such reduction of input impedance occurs when 
the output is taken from the collector. In fact, there 
is a small increase as the load is reduced. (This is due 
to reduced internal voltage negative feedback via the 
base-collector impedance.) 

-r9V 
250uA 

R2 
lOkn bt o lOMn "2 

I25JJF 
OlfiF BCIOyC 

TR, 
BCI09C Output or 
BCI60C Input R3 

SCI68C !Okn 

Resistors 
R: lOMn 
R2 lOkfl 
R3 lOkSl 

Capacitors 
Ci 0.1 aF 
Ci 125/fF electrolytic, 10V wkg. 

Transistors 
TRi BC109C or BC168C 
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CIRCUIT GAIN 

To use the circuit in practice, we need to know its 
gain. In the case of a true emitter-follower the gain is 
near enough 1, but now that the short-comings of the 
emitter-follower have been discussed, we will think 
in terms of collector output, as in the diagram. What 
is the gain of this arrangement? This can be estimated, 
oddly enough, by first considering it as an emitter- 
follower; i.e. by ignoring R2 and estimating the "gain" 
from input to emitter. This is, of course, just under 1. 
It follows that a IV input produces IV across R3, near 
enough. The signal current in R3 is therefore the 
current that flows in lOkfl when there is IV across it. 
This is 0.1mA, or 100/iA. However, the current in R? 
is virtually the same as the current in R3, so the output 
voltage at the collector is the same as at the emitter. 
The "gain" is 1 to either output. 

In practice, we are not likely to be interested very 
much in the voltage gain. The next stage will be 
current-driven rather than voltage-driven, and what we 

then want to know is how much signal current will 
pass into it for a given signal voltage at the input to 
the impedance converter. If the output terminals were 
connected together, all the output current would flow 
through this short-circuit. An input of IV would cause 
an output of 0.1mA. In practice, we are more likely 
to be dealing with millivolts than volts, and the corres- 
ponding ratio is 0,1/iA output for every ImV input. 
Old valve hands will immediately realise that the stage 
has, therefore, a mutual conductance of O.lmA/V or 
0.1/iA/mV. 

So far as practical constructional points are con- 
cerned, the circuit offers few problems. The three 
resistors may be i watt 10% types, whilst Ca should 
have a working voltage equal to or greater than that 
of the supply. Since the input is at high impedance it 
will be necessary to use a screened input lead. It may 
also be necessary to screen the complete stage if 
there is a possibility of hum pick-up by the input 
components and their wiring. 

EMI TELEVISION IN CONCORDE 

EMI Electronics closed circuit television equipment is being installed in Concorde 
prototypes 001 and 002 aircraft for a variety of applications. The layout of the Con- 
corde is such that it is impossible for the pilot to observe the position of the main and 
nose undercarriage relative to the runway from the cockpit. This presents a problem 
during taxying, to ease which, two EMI one-inch vidicon camera heads are fitted to 
the nose wheel structure, outside the pressurised area, as standard equipment. One 
camera faces forward with a viewing angle of 90 degrees and one faces aft with a 
viewing angle of 65 degrees. They are connected by means of a special camera cable 
to a camera control unit located in the aircraft equipment rack. The pictures, which 
are easily selected, are fed to a special 6in. monitoring screen located by the cap- 
tain's nosewheel steering control. 

In the prototype aircraft the forward-looking nosewheel camera can also be used 
as a landing aid if required; to ensure the correct aspect ratio for this operation an 
existing 11-inch monitor has been especially adapted. The monitor has a very complex 
shape to enable it to be readily positioned in front of the captain at eye level. 

For flight test purposes in 002 aircraft three EMI sub-miniature television cameras, 
based on the EMI camera type BC1103 which uses an EMI half-inch vidicon will be 
used in the small space available in engine nacelles to enable possible in-flight icing 
conditions to be observed. Special optical devices have been engineered to give the 
viewing angles required in the confined spaces available. Two EMI one-inch vidicon 
cameras can also be used to monitor various parts of the aircraft external surfaces 
so that they can be kept under observation. All five flight test cameras are controlled 
from one camera control unit with full remote control and camera selection facili- 
ties. Pictures can be selected for showing on two special Sin. monitor screens and can 
also be recorded on a video tape recorder. 

The EMI television equipment operates from the aircraft power supplies, 115V 
400c/s or 28V dc, employs the latest electronic techniques, and contains many safety 
features. The equipment has to be capable of withstanding very arduous environmental 
conditions and therefore uses rugged EMI ^ and 1in. vidicons. It has been necessary 
to develop special interconnecting camera cable, sheathed in PTFE, to cope with the 
high temperatures to which it will be subjected. All of the equipment has to be manu- 
factured and tested to meet the requirements of international airworthiness authori- 
ties. In the systems engineering of this specialised television equipment ruggedness, 
size, weight, reliability and simplicity of operation are important factors. Automatic 
sensitivity control operates over a very wide range of lighting conditions. 
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TN LAST MONTH'S CONTRIBUTION TO THIS SERIES WE 
concluded on the subject of a.g.c. then turned our 
attention to tuning indicators. We examined in de- 

tail the simplest of the electron-ray tube indicators, as 
exemplified by the 6U5G "Magic Eye". We saw 
that the 6U5G has a triode whose anode connects 
internally to a deflector rod. Around the upper end 
of the cathode is the target, this being coated with 
a fluorescent material which gives a green glow when 
bombarded with electrons. The deflector rod pro- 
jects through a hole in the target and is parallel with 
the cathode. The triode anode connects to an h.t. 
positive supply via a resistor of the order of 1MH, 
whilst the target connects to the h.t. positive supply 
directly. 

When there is zero voltage at the triode grid 
(with respect to cathode) the deflector rod is at its 
most negative potential and causes a wide angle of 
"shadow" in the green fluorescent display given by 
the target. If a negative voltage is applied to the 
grid, the deflector rod goes positive and the angle 
of shadow reduces. 

We shall now see how the 6U5G may be coupled 
to the circuits of a valve a.m. superhet receiver in 
order to function as a tuning indicator. 

With receivers having this type of a.g.c. circuit it is, 
in consequence, preferable to couple the "Magic 
Eye" triode grid to the signal diode load. It is also 
preferable to couple the "Magic Eye" to the signal 
diode load if the a.g.c. diode has a voltage delay. 
If, in this last instance, the "Magic Eye" were 
coupled to the a.g.c. diode load it would offer no 
indications when receiving weak signals having in- 
sufficient amplitude to overcome the a.g.c. delay. 

Let us next examine three typical examples of 
the manner in which a "Magic Eye" tuning indicator 
is connected into a receiver circuit. To start off 
with, Fig 1(a) illustrates a 6U5G "Magic Eye" 
coupled to a detector circuit in which the a.g.c. 
voltage is obtained from the primary of the last 
i.f. transformer, but where there is no voltage delay. 
It is assumed that the two diodes are part of a 
double diode triode, the triode section of which is 
an a.f. voltage amplifier. 

In Fig 1(a) it is preferable to couple the 6U5G 
triode grid to the signal diode load R4 (which also 
happens to be the volume control) for the reason 
just discussed. We cannot, however, connect the 
"Magic Eye" triode grid directly to the load because 
its shadow angle would fluctuate in sympathy with 

UNDERSTANDING 

MAGIC EYE INDICATORS 

ZWlC 

m 

by W. 0, Mortey 

"MAGIC EYE" CONNECTIONS 

The "Magic Eye" is connected into the receiver 
by coupling the grid of its triode section either to 
the signal diode load, or to the a.g.c. diode load. 
The voltage obtained from these loads goes negative 
on receipt of a signal and causes the "Magic Eye" 
shadow angle to reduce, the shadow angle being 
at a minimum when the voltage is at its most nega- 
tive, as occurs when the associated receiver is 
correctly tuned. If, however, the a.g.c. diode in the 
receiver is fed from the primary of the last i.f. 
transformer the negative voltage provided at the 
a.g.c. diode load does not increase as sharply, when 
the tuning capacitor approaches its correct setting, 
as does the negative voltage given (after the i.f. 
transformer secondary) at the signal diode load. 

the amplitude modulation on the signal being re- 
ceived, with the result that the shadow edges would 
become blurred. In consequence, the "Magic Eye" 
triode grid is connected by way of resistor Rl and 
capacitor Cl. The resistor is of the order of 2 to 
3MS2, and the capacitor has a value which offers a 
low reactance at audio frequencies. This could be, 
typically, 0.05/xF. Only the direct voltage component 
of the detected signal now appears at the "Magic 
Eye" triode grid and the shadow edges are clear 
and free from blurring. A little care has to be 
taken in selecting the values of Rl and Cl, since 
Rl causes additional a.c. loading across the signal 
diode load. (A.C. loading was discussed in the last 
November and December issues). Rl requires a 
value considerably in excess of that of the diode 
toad to reduce this effect and, in practice, the figure 
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of 2 to 3Mn just mentioned is satisfactory. A further 
point is that C1 should not have an excessively high 
value or the "Magic Eye" will be sluggish in 
indicating changes in voltage across the signal diode 
load. The value of 0.05/xF just instanced gives time 
constants of 0.1 or 0.15 seconds respectively with 
R1 at 2 or 3Mn, and these are satisfactory in 
practice. 
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Fig. 1(b) illustrates a signal and a.g.c. diode circuit 
in which the a.g.c. voltage is obtained from the 
primary of the last i.f. transformer as before, and in 
which the a.g.c. system is delayed. The a.g.c. delay 
is given by the voltage dropped across the cathode 
bias resistor R5 due to the current drawn by the 
triode section of the double diode triode. Once again, 
it is preferable to obtain the control voltage for the 
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Magic Eye' from the signal diode load but we now 
have the complication that, in the absence of signal, 
the direct voltage provided by R4 is positive of 
chassis due to the voltage dropped across R5. We 
cannot now connect the "Magic Eye" cathode direct 
to chassis, and we return it instead to a point in the 
receiver circuit which is positive of chassis by the 
same potential as appears, under no-signal con- 
ditions, at the signal diode load. This process can 
be carried out very conveniently by connecting the 
"Magic Eye" cathode into a tap in the cathode bias 
resistance for the receiver output valve, as illustrated. 
The output valve draws a considerably higher 
cathode current than does the "Magic Eye", with 
the consequence that the voltage at the tap in its 
cathode bias resistance remains nearly constant 
despite variations in "Magic Eye" cathode current. 
In the absence of signal, the "Magic Eye" triode grid 
is now at zero potential with respect to its cathode. 
When a signal is received the voltage on the signal 
diode load goes negative, as also does the "Magic 
Eye" triode grid, whereupon the "Magic Eye" 
shadow closes. The circuit of Fig. 1(b) works in 
exactly the same way as does that of Fig. 1(a) with 
the exception that the cathodes of both the double 
diode triode and the "Magic Eye" are taken positive 
ot chassis by the same voltage. In practice, it would 
be advisable to choose component values such that 
the "Magic Eye" cathode is slightly more positive 
(say by half a volt) than the double diode triode 
cathode. This obviates the risk, due to component 
tolerances and variations in cathode current from 
valve to valve, of the "Magic Eye" cathode going 
negative of its triode grid under no-signal con- 
ditions. In such a case grid current would flow in 
the "Magic Eye" triode, reducing the sensitivity of 
the signal diode for weak signals. 

When discussing Fig. 1(b), we have referred to the 
connection of the "Magic Eye" cathode to a "tap" 
m the cathode bias resistance for the output valve 
Ihis tap" is obtained, of course, by replacing the 
normal single fixed resistor in the output valve 
cathode circuit by two fixed resistors having appro- 
priate values. We could also have obtained the posi- 
tive voltage for the "Magic Eye" cathode by having 
two fixed resistors in series between the h.t. negative 
and positive lines, the cathode connecting to their 
function. But these resistors would have to draw 
about the same standing current as the output valve, 
and this alternative method of operation would have 
been wasteful of h.t. current. 

In both Figs 1(a) and (b) the "Magic Eye" control 
voltage is taken from the upper end of the signal 
diode load resistor, R4. It could alternatively be 
taken from the upper end of the filter resistor, R3 
where a slightly higher control voltage is available! 

HT+ 
200V 

Target 
Anodes 

EM 34 

  
voltage -kJ B 

Deflector plates 

 1 

2 7 

(a) 

Fluorescent are'cT 
Shadows 

Fig. 1 (a). A signal and a.g.c. diode circuit in which the 
a.g.c. diode is fed from the primary of the last i.f. trans- 
former. The "Magic Eye" control voltage is taken from 

the signal diode load 
W- rhe c/rcu/t of (a) with an a.g.c. delay voltage 
introduced. The cathode of the "Magic Eye" is returned 
to a steady positive potential equal to, or slightly greater 

than, the a.g.c. delay voltage 
(c). A simpler arrangement in which a common diode 

» P "I6 si9na' ancl a-3c- circuits. The control voltage for the Magic Eye" is taken direct from 
the a.g.c. line 
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(b) 

Fig. 2(a). The Mullard EM34 electron-ray 
tube in a working circuit 

(b). The EM34 produces two shadows, one 
of which closes at a lower negative control 

voltage than the other 

However, since R3 is normally much lower in value 
than R4, the increase in control voltage is marginal 
only. Indeed, with a sensitive receiver, where strong 
signals may cause the "Magic Eye" shadow angle 
to close almost completely, it could be desirable 
to use the slightly lower voltage available from R4. 

In a conventional receiver layout, the "Magic 
Eye" will be positioned quite some distance away 
from the signal diode components. To prevent in- 
stability caused by feedback to earlier stages, R1 and 
C1 of both Figs. 1(a) and (b) should be mounted 
close to the diode components, this precaution being 
particularly necessary if the control voltage is taken 
frp r> upper end of R3. The lead from the junction 
of R1 and C1 to the "Magic Eye" triode grid can 
then be of any reasonable length and will not 
normally result in instability if it should happen to 
pass near unscreened wiring or components in the 
preceding stages. 

Fig. 1(c) shows a circuit in which a common diode 
provides both the a.g.c. voltage and the detected 
a.f. signal. Since there is no a.g.c. delay in this 
circuit, and since the a.g.c. voltage is obtained from 
the secondary of the last i.f. transformer, we may 
obtain a control voltage for the "Magic Eye" triode 
grid from the a.g.c. line. We do this by the simple 
process of connecting the "Magic Eye" triode grid 
direct to the a.g.c. line after the first filter resistor. 
R1 and C1 in Fig. 1(c) are the usual filter resistor 
and capacitor employed in an a.g.c. system and they 
serve the secondary function of providing a steady 
direct voltage for the "Magic Eye," as did R1 and C1 
ot Figs. 1(a) and (b). This direct method of con- 
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nection can be employed with any other a.g.c. circuit 
provided that the a.g.c. diode is fed from the secon- 
dary of the last i.f. transformer and there is no 
a.g.c. voltage delay. 

Filament 

Grid 

3o 06 Lead-outs 

rAnode 
DM70 

(a) 

Glass envelope 

Cb) 

Aperture 
in grid 

Filament 

Grid 

Anode 

Front view Side view 
" Fluorescent 

surface 

(c) 

Control 
voltage 

Hi + 

6-8Mn DM/O ww 

x 
■4 V 

(d) 
Fig 3(a). Lead-outs of the DM70. There are 
no external leads at positions 2, 3, 6 and 7 

(b). External appearance of the DM70 
(c). The internal electrode structure of the 

DM70 
(d). The DM70 connected in a working 

circuit 
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The three circuits we have examined are all suit- 
able for a.m. valve superhets having the requisite 
signal and a.g.c. diode circuits. As will have been 
noted, the addition of the "Magic Eye" requires 
little in the way of extra components. At an h.t. 
voltage of 200, the target current drawn by the 
"Magic Eye" type 6U5G is only 3mA, whilst its 
anode current is 0.2mA. (Both these figures apply for 
a grid voltage of zero and a shadow angle of 
approximately 90°.) These currents are relatively low, 
and the 6U5G target may be connected direct to 
the h.t. positive line of a receiver having conventional 
power supply circuits. The heater of the 6U5G is 
rated at 6.3 volts, 0.3 amps. 

The usual method of fitting the 6U5G or any 
similar tube is to mount it so that the target is 
visible through an aperture in the receiver front 
panel. Flexible leads from the receiver chassis then 
carry the heater, h.t. and triode grid connections 
to its valveholder. The IMP, fixed resistor between 
target and anode can be connected at the appropriate 
valveholder tags. 

OTHER ELECTRON-RAY TUBES 

Later versions of the basic "Magic Eye" indicator 
have been produced, and we shall next consider two 
of these which represent general design techniques. 

Fig. 2(a) shows the theoretical symbol for the 
Mullard EM34, together with the external connec- 
tions required when it is used in a working circuit. 
An h.t. voltage of 200 is assumed. Like the 6U5G, 
the EM34 has a target, together with a common 
cathode for both the target and triode amplifier 
sections. In this case there is also a grid between 
the cathode and the target. This grid is internally 
connected to cathode and stabilises emission to the 
target. In the triode section to the left is a single 
control grid and rwo anodes giving, in effect, two 
triodes having a common grid. Each anode is con- 
nected to a separate deflector plate assembly which 
carries out basically the same function as the 
"deflector rod" in the 6U5G. There are two external 
anode resistors, both of IMP. Like the 6U5G, the 
EM34 is on an octal base, and the target is viewed 
from the end of the tube. 

The internal structure of the tube is such that two 
shadows on opposite sides of the target are produced 
as illustrated in Fig. 2(b), one of these shadows 
closing to its minimum angle for a lower negative 
control voltage than the other. Under the circuit 
conditions shown in Fig. 2(a), both shadows are at 
a maximum angle of nearly 90° for zero triode 
grid voltage with respect to cathode. One shadow 
then closes to 5° at a negative grid potential of 
approximately 4.2 volts whilst the othef closes to 5° 
at a negative grid potential of approximately 12.5 
volts. The results are that the two shadows offer 
different "sensitivities", and that there is a relatively 
large degree of shadow angle closure even when the 
associated receiver is tuned to weak signals. 
- So far as power supply requirements are concerned, 
the heater of the EM34 is rated at 6.3 volts 0.2 
amps. Target current at 200 volts h.t. and zero grid 
voltage is 550,uA, this rising to slightly less than 
1mA for minimum angle of both shadows. The 
current drawn by the two triode anodes is limited 
by the series IMP resistors to appreciably less than 
400/1A for zero grid voltage. 
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Other electron-ray tubes employing a target and 
a triode, whose anode is connected to a deflection 
electrode, have been introduced. A further example 
is the EM84 which, for an h.t. voltage of 250, 
displays a column (viewed through the side of the 
glass envelope) having a length of approximately 
21 mm when the triode grid voltage is zero, this 
shortening to zero length at a negative grid poten- 
tial of 22 volts. With this tube the resistor between 
target and anode has a value of 470kSl, and target 
current varies between 1mA and 1.8mA for maxi- 
mum and minimum column length respectively. The 
EM84 has a heater voltage of 6.3 volts at 210mA, 
and is on a B9A base. The triode grids of both the 
EM34 and the EM84 connect into the receiver 
circuit in the same manner as the grid of the 6U5G 
shown in Figs. 1(a), (b) and (c). 

An interesting electron-ray indicator functioning 
on somewhat different principles is the Mullard 
DM70. This is a subminiature device and its glass 
envelope has a diameter of 10 mm with a length 
(including seal-off pip) of approximately 44 mm. It 
has no pins, and connections are made to four lead- 
out wires which couple to a filament, a "grid" and 
an "anode". See Figs. 3(a) and (b). 

The internal structure is illustrated in Fig. 3(c). 
The anode consists of a metal plate coated with 
fluorescent material which is viewed through an 
aperture in the grid, the aperture having a shape 
rather like an exclamation mark. The grid is a flat 
electrode, and mounted in front of it is the filament. 
When, as in Fig. 3(d), the anode is connected to a 
suitable positive h.t. voltage, and the grid has zero 
voltage with respect to one end of the filament, the 
resultant fluorescent display consists of a column and 
"dot", as shown in Fig. 4(a). Here, the column 
length is approximately 11 mm. If the grid is then 
made to go negative, it offers greater opposition to 
the passage of electrons from the filament to the 
anode. This opposition prevents the passage of elec- 
trons through the narrower part of the aperture, and 
the result is that the length of the column reduces, 
as in Fig. 4(b). If the grid is made to go still more 
negative the column length reduces again, as in Fig. 
4(c). As the grid voltage goes further negative the 
reduction in column length continues until, finally, 
both the column and the "dot" are completely 
extinguished. 

The DM70 was initially intended for use in valve 
battery portable receivers, and its maximum anode 
voltage, when the anode is connected direct to the 
h.t. positive supply, is 90 volts. At this voltage, anode 
current is 170/iA for zero grid voltage. The DM70 
filament rating is 1.4 volts at 25mA. With the 90 
volt h.t. supply, the column and "dot" are com- 
pletely extinguished at a negative grid potential of 
10 volts. The DM70 may also be employed in mains 
receivers having higher h.t. potentials, provided that 
a suitable resistor is inserted in series with the anode. 
The presence of the resistor causes anode voltage 
to increase as anode current decreases (due to nega- 
tive grid voltage) with the result that complete ex- 
tinction occurs at a greater negative grid voltage. 

Fluorescent 
column 

Dot 

(a) <b) (c) 
Fig. 4. The length of the DM70 fluorescent 
column decreases as negative grid voltage 
increases. (Both the column and "dot" are 
shown shaded here). In (a) there is zero 
grid voltage, whilst (b) and (c) illustrate 
the displays given by increasing negative grid 

voltage 

Thus, with an h.t. voltage of 250 and a series anode 
resistance of l.SMtl, complete extinction of the 
column and "dot" takes place at a negative grid 
voltage of 34. It is recommended that the grid be 
connected to the source of control voltage (such as 
the junction of Ri and Ci in Fig. 1(a)) via a 6.8MS1 
resistor. 

The filament of the DM70 may be fed from a 6.3 
volt a.c. heater supply via a 22011 1 watt resistor 
having a tolerance of — 5%. In the 250 volt supply 
application just mentioned, the filament lead at posi- 
tion 5 should be that which is at chassis potential. 
For the 90 volt application, the filament lead at 
position 4 should be at chassis potential. 

Electron-ray indicators have applications other 
than as tuning indicators. They may be alternatively 
employed as tape recorder level indicators or as null 
indicators in test equipment. In the tape recorder 
usage the control voltage for the electron-ray tube is 
obtained by rectifying the audio frequency voltage 
which appears at a suitable point in the tape recorder 
amplifier, the circuitry being arranged such that the 
tube gives a readily observable indication (such as 
complete closure of shadow angle) when the a.f. 
level is at the optimum amplitude for correct record- 
ing. Test equipment employing an electron-ray in- 
dicator may consist, typically, of measuring bridges 
which are intended to be adjusted for a zero voltage, 
or "null", reading. In both these applications, the 
main advantage given by the electron-ray indicator 
is that its triode grid draws virtually zero current 
from the circuit to which it is connected. 

NEXT MONTH 

We have now completed our discussion on electron- 
ray indicators and we shall turn, next month, to 
tuning indicators which incorporate a meter. If space 
permits we shall then carry on to the beat frequency 
oscillator. 

OBITUARY 
It is with regret that we record the death, on 7th March, of Alderman John Clarricoats, O.B.E., J.P., 

(G6CL), Mayor of the London Borough of Enfield, who was for many years secretary of The Radio Society 
of Great Britain and a pioneer of Amateur Radio. We extend to his widow and family our sincere sympathy. 
An appreciation will be published in our next issue.   
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In your 

workshop 

Despite the fact that inexpensive multi-testmeters 
can nowadays be purchased at little more than the 
retail cost of the individual components, many con- 
structors are interested in making up their own 
instruments, in this episode, Smithy describes a 
simple testmeter circuit which requires only one 

setting-up check against a second meter 

CtT picked up," said dick 
I chattily, "quite a good bar- 

gain over the week-end." 
Smithy gave a grunt of satisfac- 

tion as he filled in a further answer 
in his after-lunch crossword puzzle. 

"Oh yes," he remarked absently. 
"It was," continued Dick, "a pile 

of radio stuff which I bought from 
a mate of mine for a few bob only. 
The best thing in it was a 0-100/tA 
meter which is in perfect condition. 
I was wondering if I could make 
up something useful in which I 
could incorporate it." 

Smithy frowned at his puzzle and 
made no reply. 

"As I was saying," said Dick, 
raising his voice, "I've got this 
O-lOOjuA meter." 

The Serviceman looked up and 
glared at his assistant. 

"Well?" 
"Can you," asked Dick, "suggest 

what I should do with it?" 
"I can," growled Smithy, "but I 

doubt whether it would be tech- 
nically feasible." 

"Would it, for instance," per- 
sisted Dick, "be worth-while using 
it in a home-made multi-testmeter?" 

Disgustedly, Smithy threw his 
newspaper on to his bench, 
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"It looks," he grumbled, "as 
though that's another crossword 
puzzle I'll have to finish off at home 
in the evening. I never seem to be 
able to get through any lunch-break 
these days without interruptions 
from you. Anyway, to answer your 
question, you cou/d use it as the 
basis of a home-made testmeter. 
Personally, I'm not always keen on 
suggesting that people make up their 
own multi-testmeters because you 
can nowadays buy quite good 
factory-built ones at very low cost." 

"Still," said Dick eagerly, "a spare 
multi-testmeter would be useful to 
me for odd jobs at home and so 
on." 

"Oh all right, then," replied 
Smithy resignedly. "Give me five 
minutes of peace and quiet and I'll 
dream up a testmeter circuit in 
which you can use that O-lOO/iA 
meter of yours." 

TESTMETER CIRCUIT 

Obediently, Dick remained silent 
whilst Smithy pulled his notepad 
towards him and commenced to 
scribble out a few basic circuits and 
calculations. Eventually, the Service- 
man turned over a fresh page of 

his pad and proceeded to draw a 
complete circuit diagram. 

"Here we are, Dick," he called 
out, motioning his assistant over to 
his side. "This is the completed 
circuit. I've purposely kept every- 
thing as simple as possible in order 
to cut down on expense. But, even 
so, I must still point out that the 
completed job wouldn't cost a great 
deal less than a ready-made multi- 
testmeter if you bought all the com- 
ponents brand-new." 

"Fair enough. Smithy," replied 
Dick. "But don't forget that many 
of the chaps who would construct 
a testmeter of this type will already 
have quite a few parts on hand. 
Also, some of them might like to 
build up their own testmeter as a 
purely instructional project." 

"On those grounds," replied 
Smithy, "this circuit will be attrac- 
tive. At any i:ate, take a gander 
at it now." 

Smithy pushed his notepad to- 
wards Dick and indicated the com- 
plete circuit. (Fig. 1). 

"Now," continued the Service- 
man, "this circuit is built up around 
a basic 100/j A panel-mounting meter 
which is calibrated in divisions from 
0 to 100. The internal resistance of 
such a meter will, normally, be 
somewhere between 750 and 1,50012. 
There's a preset variable resistor, 
Rl, which you adjust so that the 
total resistance of the meter plus 
that inserted by Rl becomes equal 
to 1,80012." 

"That means," objected Dick, 
"that you'll need to have another 
meter to check that resistance." 

"You do need another meter for 
setting-up Rl" confirmed Smithy. 
"But it's only requirement is that it 
should be capable of reading 1mA, 
and the setting-up procedure is an 
extremely quick and simple one. I 
would think that most of the people 
who'd build up this multi-testmeter 
could obtain the second meter re- 
quired for setting-up without too 
much difficulty. However, I'll return 
to the adjustment of Rl after I've 
explained the rest of the circuit. The 
circuit's main advantage, inciden- 
tally, is that, if you use the proper 
close tolerance resistors I've shown, 
all voltage and current ranges are 
automatically correct after Rl has 
been set up." 

"Why is Rl adjusted to give a 
total resistance of 1,80012?" 

"Because," said Smithy, "1,80012 
is a useful figure which should 
accommodate all the conventional 
lOOftA meter movements you're 
liable to bump into, and because it 
makes the current shunt resistances 
come out at nice round values which 
are easy to obtain." 

"Okey-doke," commented Dick 
equably. "What ranges does this 
circuit of yours offer?" 

"The voltage ranges," said Smithy, 
"are 2V, 10V, 50V, 200V and 500V 
d.c., all of which should be capable 
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of being evaluated quite easily from 
a meter scale graduated 0 to 100. 
For reasons of simplicity, there are 
no a.c. voltage ranges. TTie current 
ranges are 100/iA, 1mA, 10mA and 
100mA. There are two resistance 
ranges giving you useful readings 
from about 3M£2 down to about 
lOfi. I could have introduced a 
resistance range giving useful read- 
ings lower than 10n, but that would 
have necessitated more complicated 
switching circuits than a low-cost 
design of this nature warrants. The 
resistance scales do not appear on 
the meter scale, of course, and 
you'll have to make up external 
calibration charts for these." 

"The switching circuits," re- 
marked Dick, examining Smithy's 
circuit critically, "certainly seem to 
be few and far between." 

"That's all," replied Smithy cheer- 
fully, "in the interests of simplicity 
and low cost! Instead of switches 
there are a number of sockets into 
which you plug the positive test 
prod lead for the range you require. 
A 'Common Negative' socket pro- 
vides the negative connection for all 
ranges. Let's next have a look at 
how the circuits work. We'll start 
off with the voltage ranges first." 

"Righty-ho," said Dick, settling 
himself comfortably on his stool. 
"I'm all ears." 

"A noticeable deformity," returned 
Smithy, "on which a person of my 
delicacy would be loath to com- 
ment. Now, when switch SI is set 
to 'V we connect the positive side 
of the meter, via Rl, to the chain 
of voltage multiplier resistors given 
by R2 to R6." 

"That switch position," broke in 
Dick, "is not only marked 'V. It's 
marked 'V and 100^A'." 

"I know it is," snorted Smithy 
irritably. "And don't keep interrupt- 
ing! lust forget the 100/iA bit for 
the time being and concentrate on 
the basic voltmeter circuit. (Fig. 2). 
What we have here is the meter in 
series with Rl, and we can look 
upon the two as representing a 
100/jA meter movement having a 
resistance of 1,80011 Now, what 
resistance causes 100/iA to flow 
when 1 volt is applied across it?" 

"Corluvaduk, Smithy," com- 
plained Dick, startled. "You don't 
half spring these questions on me! 
Well, from Ohm's Law, the resis- 
tance will be 1 volt divided by 
KXViA. Why, that's 10,00012!" 

"Exactly," said Smithy. "As you 
rightly say, the resistance is 
10,00012." 

"Which means," chimed in Dick, 
"that our voltmeter will present a 
resistance of 10,00012 per volt." 

"Correct," commented Smithy, 
pleased. "Now the first voltage 
range is 2 volts and so we want 
20,00042 between the '2V' test socket 
and the common negative socket. 
This means that 100/iA will flow 
when 2 volts are applied, causing 
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Fig. 1. Circuit diagram of the simple multi-testmeter devised 
by Smithy. The small circles indicate single insulated sockets 
into which the test prod leads are plugged to obtain the ranges 

indicated 

the meter to read full-scale deflec- 
tion. We've already got 1,80042 in 
the meter plus Rl combination, so 
R2 needs to be 20,00042 minus 
1,80042. Which comes out as 18,20042. 
You can make that up quite com- 
fortably with an 18k42 and a 20042 
resistor in series. Both of these are 
obtainable as i watt 1 % high- 
stability components from the 
popular mail-order houses." 

"That's interesting," said Dick. 
"You don't have to hunt around 

for particular values of resistance, 
then?" 

"Oh, no," said Smithy. "Apart 
from one resistor that's just a wee 
bit awkward, all the resistors con- 
sist of readily available i watt 1 % 
high-stability components. Provided 
you don't heat them up excessively 
when you solder them into circuit, 
these resistors should all be within 
their tolerance after they've been 
wired in, whereupon no individual 
calibration or checking of ranges is 
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Fig. 2. The voltmeter section shown on its own. Sensitivity is 

10,000 per volt 
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needed at all. Well, that's settled 
the 2 volt range. TTie next range 
is 10 volts. Working from 10,00012 
per volt, we need an 80kl2 i watt 
1 % high stability resistor to bridge 
the 8 volt gap from the '10V' socket 
to the '2V' socket, and this gives 
us R3. The next step is a 40 volt 
step to the '50V' socket, with the 
result that R4 needs to be 400kl2. 
There's then a 150 volt jump to the 
'200V' socket, whereupon R5 needs 
a value of 1.5M12. There's finally 
a 300 volt step to the '500V' socket 
and R6 requires a value of 3M12. 
This is best provided by two 1.5M12 
resistors in series, as a 3M12 com- 
ponent may be difficult to obtain." 

CURRENT RANGES 

"It looks," said Dick enthusiasti- 
cally, "as though this multi-testmeter 
design of yours is going to be a 
piece of cake to make up. What 
about the current ranges?" 

"You obtain the 1mA, 10mA and 
100mA ranges," replied Smithy, "by 
moving SI to the T position and 
plugging your positive test prod 
lead into the appropriate socket." 

"The current shunt resistors," re- 
marked Dick, "seem to be in circuit 
all the time." 

"That's right," agreed Smithy. 
"They are given by R7, R8 and R9, 
and they make up what is known as 
a 'universal shunt'." (Fig. 3). 

"I'm not too clear," said Dick, 
'how the values you've shown for 
R7, R8 and R9 give you the actual 
current ranges." 

Smithy pulled his note-pad to- 
wards him, selected a fresh sheet 
and took out his pen. 

"Let's consider the ranges in- 
dividually," he said. "We'll start off 
by saying that we select the 1mA 
range by inserting our positive test 
prod lead into the 1mA socket. We 
can then draw the situation which 
results like this. (Fig. 4(a) ). As you 
can see, yre have the meter and R1 
on one side giving a total resistance 
of 1,80012. whilst on the other side 
are R7, R8 and R9, these giving a 
total resistance of 20012. Now, 
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1,80012 is nine times 20012 which 
means that nine times more current 
must always pass through the 200S2 
side than through the 1,80012 side. 
If the current going through the 
whole combination is 1mA, then 
OOO^A of this will pass through the 
20012 side and the remaining 100^ 
will pass through the 1,80012 side. 
Thus, the meter will give an f.s.d. of 
100/iA when 1mA passes through 
the meter and the shunt." 

"Blimey," commented Dick, "that's 
neat. What about the 10mA socket?" 

"If," said Smithy, "we put our 
positive test prod lead into the 
lOmA socket, the circuit changes to 
this. (Fig. 4(b) ). On the shunt side 
we now have R7 and R8 in series, 
giving us a total resistance of 20S2. 
R9 is now in series with the meter 
and Rl, whereupon it moves over 
to the left hand side to give a 
total resistance of 1,80012 plus 
180S2." 

"This," said Dick dolefully, "is 
beginning to get complicated." 

"No it isn't," stated Smithy. "The 
left hand side now adds up to 
1,98012, which is ninety-nine times 
greater than 2012. The result is that 
ninety-nine times more current 
passes through the right-hand side 
than through the left-hand side. If 
we apply 10mA, then 9.9mA, or 
9,900/iA, goes through R7 and R8 
and the remaining 100/jA goes 
through the meter." 

"You must," said Dick admiringly, 
"be a mathematical genius to have 
worked out these shunt values." 

"It's quite simple to do actually," 
replied Smithy modestly. "Anyway, 
let's finish off by looking at the 
100mA circuit. (Fig. 4(c) ). In this 
case the right hand side is R7, on 
its own, giving 2S2. On the left is 
the 1,80012 of the meter and Rl, 
plus R9 at 18012 and R8 at 1812. 
That little lot adds up to 1,99812." 

"Hell's teeth," ejaculated Dick. 
"That's exactly nine hundred and 
ninety-nine time 212!" 

"Just so," chuckled Smithy. "Ana 
the consequence is that, if we apply 
100mA, 99.9mA flows through the 
shunt side and 0.1mA, or lOOpA, 
flows through the meter side." 

"I must," exclaimed Dick, "have 
heard everything now." 

"Perhaps you can now see," com- 
mented Smithy, "why I plumped for 
1,80012 for the meter plus Rl. This 
makes R8 and R9 come out at the 
nice round values of 1812 and 18012, 
both of which are available in 1% 
\ watt high-stability. The 212, un- 
fortunately, is the awkward resistor 
I mentioned a few minutes ago, and 
it's not readily obtainable as a single 
component in high-stability. You 
could, however, get 212 quite easily 
by putting four 812 hi-stabs in 
parallel. On the other hand, it would 
be cheaper to use a wirewound 212 
here, and risk it's being within a 
fairly close tolerance of its nominal 
value, as most wirewound resistors 
are. R7 is the only resistor in the 
design which is at all difficult in 
this respect." 

"I'm still amazed," said Dick, 
"at the way the resistor values in 
that universal shunt circuit work 
out to give you the exact individual 
shunt resistances." 

"Ah," said Smithy. "Well, there's 
a basic way of working out uni- 
versal shunt values which I'll now 
explain to you. You start off by 
settling on the lowest current range 
you require, which must be higher 
than the f.s.d. of the meter move- 
ment itself, and you then work out 
the value of the appropriate shunt 
needed for that particular range. If 
you call this value RS, you next 
make up a diagram like this. (Fig. 
5). This circuit is for 4 ranges, each 
being multiplied by 10, but you can 
adapt the basic scheme for any 
other number of ranges or for any 
other multipliers." 

Dick examined Smithy's sketch 
carefully. 

"This is interesting," he remarked 
slowly. "And I can understand now 
how you chose the values of R7, R8 
and R9. The total shunt you needed 
for the 1mA range worked out at 
20012. You then gave R7 a value 
of 212, which is one-hundreth of 
20012. R7 plus R8 had to be one- 
tenth of 20012, which made R8 1812. 
After which, R9 had to be 18012 to 
give you the full 20012." 

"That's the idea," chuckled 
Smithy. "It's easy when you know 
how!" 

RESISTANCE RANGES 

"What," asked Dick, "about the 
resistance ranges?" 

"There are two resistance ranges," 
said Smithy. "A series range for 
high resistance readings and a shunt 
range for low resistance readings. 
To select the series range you put 
SI into the 'R" position, set S2 to 
'Series' and plug your test prod 
leads into the common negative and 
'R Series' sockets. You then have 
a very simple circuit consisting of 
the meter, Rl, the 9 volt battery, 

Continued on page 597 
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• TRADE 

NEW CAMBRIDGE 

NEWS • 

HI-FI AMPLIFIER 

jjiilllBililMi 

■- 
k -V 

The new Series P Transistor Stereo Amplifier from Cambridge Audio Laboratories 

A REMARKABLE NEW HI-FI STEREO AMPLIFIER - 
capable for the first time of reproducing the 
entire dynamic range encountered on modern 

recordings - has been developed by Cambridge Con- 
sultants Limited, the scientific and engineering re- 
search and development group. The amplifier pro- 
vides a dynamic capacity - the difference between 
the softest and loudest sounds that can be repro- 
duced faithfully - over thirty times greater than the 
claims of other manufacturers, and is described by 
its makers as the most important step forward in 
hi-fi since the introduction of stereo. 

Called the Series P Transistor Stereo Amplifier, 
the unit is marketed by Cambridge Audio Labora- 
tories, of 6 Queen Street, London W.l, a member 
of the Cambridge Consultants Group. Announcing 
the new product, Mr. Tony Edwards, Cambridge 
Audio Laboratories Managing Director, said: "Our 
original brief was to find a patentable circuit tech- 
nique which would enable us to produce a better 
amplifier for the same price as existing equipment, 
and knock the Japanese for six with a British product 
in this highly competitive field. We have been seek- 
ing to reproduce in the home exactly what is heard 
in the concert hall. We are confident that this has 
been achieved and can justly claim that the Series P 
Amplifier is the best of its type in the world." 

"Comparable Japanese amplifiers retail at £160 or 
more," added Mr. Edwards, "and still leave much 
to be desired—the Cambridge Series P 80 costs £94, 
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and the lower-rated P 40 is £65. Beautifully styled 
and with its advanced specification, our product is a 
winner." 

The result of an extensive market survey, the 
amplifier's design was approved by a wide section of 
the trade. Shown in conjunction with eight other 
leading amplifiers, nearly 60% of those inspecting 
the range selected the Series P as having the best 
appearance. 

Technically, the unit incorporates several radical 
design features which were developed and patented 
during a three-year research programme. The out- 
standing step forward is the new pre-amplifler circuit 
which prevents input overload — previously, varia- 
tions in recording level from one record to another, 
combined with differences between pickups, had 
made this type of overload inevitable. Other innova- 
tions include a unique power amplifier giving wide 
frequency response and an unusually low level of 
distortion. The amplifier has straight-forward con- 
trols, a full range of facilities and is provided with 
complete protection against accidental short-circuit 
or other maltreatment. 

Distributed through retail outlets, the Cambridge 
Audio Laboratories Series P Amplifier is marketed 
by a company whose management stems from the 
Cambridge Consultants stable—and that means a 
very high level of technical and organisational 
competence. g 
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IN YOUR WORKSHOP 
Continued from page 594 

ImA 
ImA test socket 

Rll and RIO in series. (Fig. 6(a)). 
Obviously, you'll get a different 
meter deflection for different values 
of resistance across the test prods," 

"I take it," said Dick, "that RIO 
is the zero-adjust control." 

"That's right," confirmed Smithy. 
"Its a panel mounted control and 
you adjust it for f.s.d. with the test 
prods shorted together in the 
ordinary way. The total resistance 
in circuit with RIO inserting mini- 
mum resistance is the 82kS2 of Rll 
plus the 1.8kS2 in the meter and 
Rl. So you'll automatically have to 
reject the 9 volt battery when its 
voltage falls below about 8.4 volts, 
because you won't then be able to 
get full-scale deflection when you 
short the test prods together. A 
brand-new 9 volt battery usually 
gives about 9.6 volts so that, if 
you calibrate the series resistance 
range for a nominal battery voltage 
of 9 the errors introduced on either 
side by a new battery or an ex- 
hausted battery are about the same." 

"How do you calibrate the series 
resistance range?" queried Dick. "By 
measuring known values of resis- 
tance?" 

"You can do," replied Smithy. 
"But in this case it's possible to 
calculate the meter readings, after 
which you make up a little calibra- 
tion chart. If you assume a battery 
voltage of 9 volts and zero internal 
resistance in the meter, the circuit, 
after it has been zero-adjusted, 
simplifies down to a 9 volt battery 
in series with the meter and a 90kn 
resistor." (Fig. 6(b)). 

"Oh, I see," exclaimed Dick. "If, 
therefore, you put 90k£2 across the 
test terminals you then get a total 
series resistance of I80k!i. Which 
means that the meter will indicate 
5(VA." 

"You've got the idea," commen- 
ded Smithy. "About the highest 
value of resistance you could use- 
fully read on the meter is 3M£2. If 
3Mn were presented to the test 
terminals, the total series resistance 
becomes 3M£2 plus 9kS2 and this 
would give a meter deflection, as 
near as dammit, of S^A. I would 
guess that about the lowest test 
resistance at the other end of the 
range that you could usefully read 
is 3kS2, which would cause the total 
series resistance to be 93kn." 

Smithy scribbled a quick calcula- 
tion on his notepad. 

"The resultant current," he re- 
sumed, "would be approximately 
97/iA. If you do a few sums like 
that you can soon make up a simple 
calibration chart." (Fig. 7). 

^ "3MS2 to 3kfl," commented Dick, 
"seems to be quite a reasonable 
range. How do you measure values 
of resistance lower than 3kI2?" 
APRIL 1969 

IBOOn lOOpA 900pA 

'Common neg. 

R9 
riSOn 

' I8n 

Ry 
2n 

200r. 

(o) 

lOmA 

I980n 

Rg 
ISOn 

lOmA test socket 

IOOiiA 9-9mA 20i\ 

'Common neg. 

(b) 

lOOmA 

I998fi 

r8 
I8n 
Rg 

ISOn 

lOOmA test socket 

lOOgA 99-9mA 2ft 

o Common neg. 

(c) 
Fig. 4. Illustrating how the universal shunt provides the requisite 
resistance values when the positive test prod lead is plugged 
into the 1mA socket (a), the 10mA socket (b) and the 100mA 

socket (c) 

"You leave SI in the 'R' posi- 
tion," said Smithy, "put S2 to the 
'Shunt' position, and put your test 
prods into the common negative 
and 'R Shunt' sockets. S2 does the 
same thing as we previously got by 
shorting the test prods together, 
whereupon the meter, aft.er RIO has 
been set up, reads full-scale deflec- 
tion. The values of resistance you 
put across the test prods then act 
as shunts across the meter move- 
ment." (Fig. 8). 

"Blow me," said Dick, "that's 
a crafty scheme." 

"It has the advantage of sim- 
plicity.' 

"lust a minue, though," said Dick 
suspiciously. "That 'R Shunt' socket 
in your main circuit is actually 
marked 'R Shunt and lOO^A." 

"Ignore the 100/tA business for 
the moment." 

"All right, then," said Dick. "But 
I've now got another question! Can 
you make out a chart for 'R 
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© 
Rs 

Rs 
IO 

 1  Rs 
1,000 

Rs 1  
IOO 

xlOO 
x 1,000 

Test 
terminals 

Fig. 5. How to calculate the values for a universal shunt. A 
current range selector switch is assumed here 

Shunt' range like you can for 'R 
Series'?" 

"Oh yes," replied Smithy, "but 
the calculations are a bit more 
fiddling, and you first of all have to 
know the resistance of the meter. 
If you assume a constant current 
of 100/iA in the meter and whatever 
shunt you place across it, you can 
make fairly simple calculations and 
the error at the low resistance end 
will be a little greater than 1 %, 
which isn't too bad for an instru- 
ment of this nature." 

"Can you give some examples?" 
'Well," said Smithy. "Let's assume 

that the meter has a resistance of 
Ikn. Then, a test resistance of Ikn 
will cause the meter to read SO/iA, 

which gives you the first calibra- 
tion point. You can then work from 
the equation 

T _ 100 R, 
Rm + R, 

where Im is the current indicated by 
the meter, Rt is the test resistance 
and Rm the resistance of the meter. 
If you have a test resistance of 10t2, 
you'll then get a reading in a 1,00011 
meter of — just a minute! — 
0.99mA." 

Smithy scribbled some further 
calculations. 

"At the other end of the scale," 

100- 

90- 

80- 

70- 

60- 

Meter 
reading 50- 

40- 

30- 

20— 

K> 

O-1 

-0lkn —3kn z 5kn 
-lOkn 

-20 kn 

-30ka 
-40kn 
-SOkn 
-60ka 
-TOkn 
-SOkn 
-90kn 
-lOOka 
-I20kn 
-I40ka 
-I60kn 
-ISOkn -200kn 
-250kn 
-SOOkn 
-400kn 
-SOOkn 
-SOOkn 
-SOOkn -IMn 
_2Mn — 3Mn ~5MA 

Resistance 

Fig. 7. Calibration chart tor the high resistance range ol the 
multl-testmeter. This may be copied or cut out, if desired 

"series 0" 

Common 
neq. 

Test terminals 

KIO 
20 kn 

-WU "ll 
82 kn 

-ww— 
9V 

O-IOOpA 

- I-Skn - 

(a) 

90 kn 
-mh- 

O-IOOgA 

9V 

HhHih 

(b) 

Fig. 6(a). Circuit of the high resistance measuring section of 
the multi-testmeter 

(b). For purposes of preparing a calibration chart, the circuit 
may be reduced to this form. It is assumed that the meter 

has zero internal resistance 
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he remarked, after a moment, "a 
lOkSl resistor will give you a read- 
ing of 90.9mA. This still assumes 
a meter of 1,00012 resistance." 

"Blimey," said Dick, with a 
marked lack of enthusiasm. "If 
you've got to go through all these 
calculations, I'd prefer to make up 
a chart by measuring known values 
of resistance!" 

"There is," agreed Smithy, "a 
certain amount of labour involved." 

A sudden thought struck him. 
"I've just remembered something," 

he remarked, "which should make 
the calculations considerably easier. 
Go over to the book-shelf and bring 
me our bound volume of The Radio 
Constructor for 1965-66." 

Dick rose and brought the volume 
in question over to Smithy, who 
quickly looked at the index, then 
opened it up. 

"Here we are," he said trium- 
phantly. "Our calculations have all 
been partly done for us! There's a 
table in one of G. A. French's 
Suggested Circuits which meets our 
requirements exactly." 

Smithy showed Dick the table in 
question. 

"Now, this table," he continued, 
"applies to a meter calibrated from 
0 to 100, as ours is, and having an 
internal resistance of 1S2. If the 
meter has a higher resistance, you 
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simply multiply all the resistance 
figures on the left by that resistance. 
So, with the 1,00012 meter I 
assumed, a reading of 50 corres- 
ponds to 1,00052. At the same time, 
a reading of 0.99 corresponds to 
1052 and a reading of 90.9 to 10k52. 
Just as I got when I worked those 
figures out myself!" 

"That is useful," remarked Dick, 
looking at the table with respect. 
"I suppose that, if you have a meter 
resistance of, say, 1,25052, you multi- 
ply all the figures in the left hand 
column by 1,250." 

"Exactly," confirmed Smithy. 
"You now, therefore, have two 
choices for making up an 'R Shunt' 
calibration chart. You can either 
make up the chart by measuring 
known values of resistance. Or you 
can calculate them by using this 
table. In the second case, however, 
you've got to know the resistance 
of the meter movement, and I'll 
be talking about that in a few 
minutes." 

LOW-CURRENT RANGE 

"Well," said Dick keenly. "This 
multi-testmeter circuit certainly 
offers a whole lot of useful ranges." 

"There's a further facility I 
haven't mentioned yet," stated 
Smithy. "The testmeter has a lOO^uA 
current range as well. I've included 
this because it's available with no 
extra circuitry and because it would 
be a pity to have a meter incor- 
porating a O-lOOyuA movement if 
you couldn't use it to measure 
currents in that range. To measure 
currents in the O-lOO/iA range you 
simply put SI to 'V and 100/tA' and 
insert the test prods into the com- 
mon negative and 'R Shunt and 
100/iA' sockets. This results in the 
test prods connecting direct to the 
IOO/jA meter with no shunts or re- 
sistance range components connected 
across it at all." 

"Stap me," remarked Dick in- 
elegantly. "That seems to have 
covered pretty well everything you 
can think of." 

"That's true so far as facilities 
are concerned," replied Smithy. 
"But we must next carry on to a 
final important matter. This has to 
do with setting up Rl, which is 
carried out by means of a simple 
current check. Rl should, inciden- 
tally, be a wirewound component of 
good quality." 

"What's the simple current 
check?" 

"After you've assembled the 
meter," said Smithy, sketching out 
a further circuit on his pad, "you 
fix it up in a simple circuit like 
this, in series with a monitoring 
meter capable of reading 1mA. (Fig. 
9). SI in the multi-meter is set to 
T and the external circuit is con- 
nected to its common negative and 
TmA' sockets. Also, Rl in the multi- 
testmeter is initially set to insert 
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full resistance into circuit, as is 
the external variable resistor. The 
latter is then carefully adjusted so 
that the monitoring meter reads 
exactly 1mA. Rl in the testmeter 
is next adjusted for f.s.d. in the 
100/tA meter. Repeat these two 
adjustments to get them exactly 
right, then disconnect the external 
circuit. Your multi-testmeter is then 
set up for correct readings with a 
high level of accuracy for all vol- 
tage and current ranges." 

"Gosh," gasped Dick. "Is that 
all that's needed?" 

'That's all," affirmed Smithy. "The 
9 volt battery used for the setting-up 
process can, incidentally, be the one 
employed in the multi-testmeter, it 
being temporarily removed for the 
setting-up operation. An important 
point is that you must not acciden- 
tally set the external variable re- 
sistor so that it inserts too little 
resistance into circuit or you'll pass 
excessive current through both 
meters. Start with the external 
variable resistor set to insert maxi- 
mum resistance, then reduce it 
slowly and carefully." 

Smithy looked at the Workshop 
clock. 

"And that," he remarked, 'is that! 
It's well after time we started work 
again!" 

"You haven't," protested Dick, 
"covered the business of finding the 
meter resistance in order to make 
up a shunt resistance range calibra- 
tion chart." 

"That's not too difficult a pro- 
cess," replied Smithy. "But I must 
first start off with a word of warn- 
ing. If the 0-100/tA meter you're 
using is specified as having a resis- 
tance which is equal to a round 
number figure of ohms, you should 
look upon this as a nominal figure 
only. These meters usually have a 
resistance tolerance of about 10% 
or so. To find the actual meter 
resistance, set the multi-testmeter up 
to read 'R Shunt' and connect a 
2k52 variable resistor across the test 

RlO 
20kn 
WvV 

TABLE 
Values of I m for R, from 0.01 
to 1052 with Rm = 152. If Rm is 
other than 152, multiply R, by 
Rm. (Reproduced from 'Suggested 
Circuit No. 183—.Fractional Re- 
sistance Measurements'). 

R, (52) 1m (% of f.s.d.) 
0.01 0.99 
0.02 1.96 
0.03 2,91 
0.04 3.85 
0.05 4.76 
0.06 5.66 
0.07 6.54 
0.08 7.40 
0.09 8.26 
0.1 9.09 
0.2 16.7 
0.3 23.1 
0.4 28.6 
0.5 33.3 
0.6 37.5 
0.7 41.2 
0.8 44.4 
0.9 47.4 
1.0 50.0 
2.0 66.7 
3.0 75.0 
4.0 80.0 
5.0 83.3 
6.0 85.7 
7.0 87.5 
8.0 88.9 
9.0 90.0 

10.0 90,9 

prods. Adjust this for exactly half- 
scale deflection, remove it and 
measure it on another meter. Its 
resistance will then be equal to the 
meter resistance. Alternatively, con- 
nect a lkS2 1% resistor across the 
test prods and note the precise read- 
ing in the meter. You can then cal- 
culate the meter resistance from the 
equation I gave you just now. This 
second method is the more accurate 
of the two, because it obviates 
errors introduced by the external 

Rn 
32 kn . 9V , 

—"liH 

l-8kn 

Common 
neg. 0^r-X*r 

R shunt o- 

Fig. 8. The low resistance measuring section of the multi- 
testmeter 



"Another respectable approach," 
he remarked, "will now be carried 
out by ourselves." 

"In what direction?" 
"Towards our benches," replied 

Smithy firmly, indicating the Work- 
shop clock, which had now passed 
quarter of an hour beyond the end 
of lunch break, "where we can 
carry out some of the multi- 
testmeter work we're paid to do, 
mate!" 

EDITOR'S NOTE 

High stability 1 watt 1 % re- 
sistors in the values specified by 
Smithy are available from Home 
Radio (Components) Ltd., and 
Henry's Radio Ltd. The 'Suggested 
Circuit' from which the table is 
taken is entitled 'Fractional Resis- 
tance Measurements' and appeared 
in our February 1966 issue. 

1969 MULLARD DATA BOOK 

Now available is the Milliard Data Book for 1969, this offering concise information 
on a very wide range of Milliard semiconductors, valves, TV tubes and components. 
For ease of reference, each of these has its own section which is printed on paper of 
different colour. 

Equivalents and earlier types are listed in the valve section, replacement types in 
the TV tube section and "comparables" in the semiconductor section. "Comparables" 
are Mullard transistors and diodes which may be safely fitted in place of others of 
different manufacture (British and American), and more than 1,600 types are listed. 

Information on the type nomenclature system used is given in all sections, together 
with useful servicing advice where applicable. The component section is the last in 
the book, and provides details on Mullard electrolytic, polyester, metallised foil and 
miniature foil capacitors, voltage dependent resistors, and n.t.c. thermistors. 

The Mullard Data Book 1969 has 138 pages and is of handy pocket size (approx. 
Sin. by 4in.) with a durable cover. It is available through radio and TV retailers to 
electronics enthusiasts outside the trade, and the recommended retail price is 3s. 6d. 
per copy. 

THAMES TV 

Thames Television, as part of their equipment programme for colour, have placed 
further orders totalling nearly £200,000 with EMI Electronics Ltd. These include an 
additional quantity of the firmly established EMI Colour Camera Type 2001 bringing 
the total up to fourteen, seven of which have already been delivered, in addition to 
encoding equipment, vertical aperture correctors, and colour balance panels. 

The new orders also include ten video switching matrices, each having 28 inputs 
and 6 outputs, for use in the new London studio complex to be built for Thames Tele- 
vision at the Euston centre. Four studio vision mixers with special effects are destined 
for Teddington and Euston. All the vision mixing and switching equipment is based on 
the well-established EMI modular system now in use with many broadcast organisa- 
tions throughout the world. 

MB. Set initially to 
(maximum resistance 

Monitoring meter 

J Oka 

25kn 

9v 

IAA 

Common 
neg 

Multi- testmeter 

Fig. 9. The simple external circuit required for setting-up R1 
in the mulii-testmeter 

meter, and it represents quite a res- 
pectable approach." 

Decisively, the Serviceman tore 

the sheet with the multi-testmeter 
circuit diagram from his note-pad, 
and presented it to his assistant. 
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passed the Test when past retirement age is sufficient 
comment! 

No examination or test is necessary of course if 
it is desired to listen-in only; probably the majority 
of licensed operators started out by being SWT's 
(Short Wave Listeners) anyway. 

SWL-ing is undoubtedly a fascinating pastime in 
its own right; and its activities may range from 
seeking out rare Dx on the h.f. bands — when the 
ability to read Morse code is useful — to listening 
to U.K. stations and "Locals" enjoying a rag-chew 
on the lower frequencies. 

Initially the Amateur jargon may sound odd and 
comments such as "Will QSY h.f. to clear QRM 
. . or "QSP best 73 your XYL and new 'har- 
monic' " may at first be puzzling although later 
readily understood. Quite often the SWT will feel, 
after a short time has elapsed, the urge to partici- 
pate in transmitting activities as well. 

TUNING TO RADIO AMATEUR 
TRANSMISSIONS 

Transmitting amateurs are restricted to the use 
of certain well defined frequency bands and an 
operator must not allow his transmission to pass 
outside the band edges. 

The normal type of broadcast bands receiver is 
rarely of much use for Dx listening and the reason 
is apparent from a study of the accompanying Table, 

Although licensed radio amateurs tend to which shows the l.f. and h.f. bands allocated to 
take their hobby for granted, in many cases Radio Amateurs. (A number of v.h.f. and u.h.f. 
their interest was initially triggered off by a bands are also allocated for Amateur usage.) 

quite simple acquaintance with radio. The field of 
radio and electronics has always provided a unique 
hobby medium and will continue to do so for many 
years to come. The search after true high fidelity 
sound reproduction presents one fascinating angle; 
others include the construction of electronic equip- 
ment, radio receivers, test gear, and so on. Closely 
allied to these is the Radio Amateur's particular 
field, sharing as it does many contemporary aspects 
of the hobby. 

WHAT MAKES RADIO AMATEURS TICK? 

It is imagined sometimes that Radio Amateurs are 
highly technical people possessing a great deal of 
electronic know-how, but this is not completely true. 
Licensed Radio Amateurs are drawn from all walks 
of life, and priests, parsons, printers, policemen, etc., 
are found among their number. Others may be 
engaged in electronic pursuits far removed from the 
sphere of Amateur Radio. 

They all have two things at least in common, how- 
ever, these being that 

(1) each has passed a simple Radio Amateurs' 
Examination (R.A.E.) and 

(2) each, if he operates on a full licence, has 
passed the G.P.O. sponsored Morse code 
Test. 

These tests are not difficult. The R.A.E. for 
example requires only an elementary level of tech- 
nical knowledge and is concerned largely with 
operating aspects and the avoidance of interference 
to other radio services. The Morse test, too, is 
entirely straightforward and requires the applicant 
to receive and to send a simple message at no greater 
speed than 12 words per minute; the fact that many 
would-be radio amateurs have learnt the code and 

AMATEUR RADIO 

AND 

RADIO AMATEURS 

by 

A. S. CARPENTER 

G3TYJ 

Our contributor lifts the lid a little on a 
fascinating way of life 

TABLE 
L.F. and h.f. Amateur Bands 

Band Mc/s Often referred to by Amateurs as: 

T8-2-0 "One-sixty" metres (Top Band) 
3'5-3-8 "Eighty" metres 
7-0-7T "Forty" metres 

14-0-14-35 "Twenty" metres 
21-0-21-45 "Fifteen" metres 
28-0-29-7 "Ten" metres 

Some broadcast bands receivers do carry a short 
wave range —- say 15 to 50 metres — and although 
with care it may be possible to locate the 20 or 40 
metre Amateur bands, resolving signals is likely to 
be problematic due to a cramped scale and the 
relative coarseness of the tuning drive. The whole 
40 metre band may take up only |in. of scale 
length on such a receiver and it would thus be very 
difficult to locate and tune in individual signals. 
Sophisticated receivers designed purely for Amateur 
work are usually restricted coverage types. In the 
Star SR550 receiver, for example, a full Sin. scale 
length is assigned to each Amateur band; addi- 
tionally a reduction drive mechanism for tuning 
simplifies operation further. Various forms of elec- 
trical and mechanical "bandspreading" are well 
known in Amateur circles and are essential for 
serious work. 

Early attempts at SWL-ing hardly warrant the 
purchase of an expensive receiver and many of the 
available general coverage ex-Service sets are capable 
of excellent results. For example, the Marconi CR100 
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or B28, or the HRO, are very good, and suitable 
specimens are quite often obtainable at relatively low 
cost. Also, suitable designs for inexpensive "home- 
brew" receivers appear in The Radio Constructor 
from time to time. 

No matter what type of receiver is used, a good 
aerial must be erected and connected up. There is 
no need to be beguiled by the claims of advertisers 
here, because a 133ft. long wire, end-fed, will suit 
excellently for all Amateur bands from 10-160 
metres. If this length is too great for the space avail- 
able, 67ft. will also prove useful — or even 33ft. 
in difficult locations. If the wire is placed fairly 
high and can run in a N-S direction superb results 
can be expected! 

ON BECOMING "AIR-BORNE" 

No doubt many s.w.l.'s never become licensed 
transmitting amateurs, either because they do not 
persevere and take the G.P.O. Morse Test or are 
chary of sitting the R.A.E. They are, however, quite 
happy to remain s.w.l.'s and enjoy their own par- 
ticular side of the hobby. It cannot be over-stressed 
nevertheless, that neither of the required examina- 
tions is difficult; usually determination and per- 
severance are the prime requirements. 

What then are the minimum main additional 
requirements to become "Air-borne"? They are: 

(1) A receiver capable of tuning over the Amateur 
band or bands to be used. 

(2) A transmitter capable of emitting signals in 
the Amateur band or bands selected. 

(3) A simple wavemeter or other device capable 
of indicating that signals are being radiated 
in the appropriate band in use. 

(4) A suitable aerial. 
(5) A properly designed log book. 

"IT COSTS TOO MUCH" 

The excuse that Amateur Radio is a costly hobby 
is untrue. What cost is involved to become usefully 
"Airborne"? Here the type of emission to be used 
must be first decided, and there are three main 
types to choose from. 

(1) A1 — c.w. Morse code by keying the trans- 
mitter. 

(2) A3 — Fone. Speech amplitude modulating 
the transmitter. 

(3) A3A — s.s.b. Single sideband speech transmis- 
sion with reduced carrier. 

Types 1 and 3 are used principally, but not 
entirely, for Dx or medium range contacts. Type 2, 

once very popular, is now used mainly for short 
range working, mobile, and so on. 

Single sideband is a mode with many adherents but 
it has the disadvantage of requiring fairly expensive 
and sophisticated apparatus. It can thus hardly be 
recommended to a newly-licensed operator about to 
get his feet wet! This leaves c.w. (Al) or fone (A3) 
as inexpensive alternatives; once again a decision 
is required. 

If the local or semi-local rag-chew type of QSO 
is to be the main interest initially, a simple l.f. 
bands phone transmitter is all that is required; should 
European and Dx contacts be required a simple 
50-watt c.w. rig will do the job excellently. The 
effective simplicity of c.w. transmitters still remains 
a challenge to s.s.b. apparatus, for c.w. can get any- 
where that s.s.b. can! Cost-wise there is no com- 
parison; a 4-band c.w. rig can be hand-built in a 
matter of weeks for less than £15. An s.s.b. outfit 
is likely to cost at least many times more than this 
amount and would probably have to be purchased 
ready made. Additionally, c.w. transmissions can be 
easily read via a simple receiver if fitted with a beat 
frequency oscillator; s.s.b. reception demands the 
use of a high-performance (and thus expensive) 
receiver. 

To sum up it can be said that Amateur Radio 
need not be an expensive hobby at all unless you 
want it to be! 
IS IT WORTH WHILE? 

This is a question for individual answer. If the 
Amateur bug does bite, you can bet it will be a 
long time before you recover! 

The thrill of working Dx, the enjoyment of a 
friendly natter over the air, the pleasure of meeting 
old, and making new, friends of similar tastes from 
other walks of life — these are all part of the 
advantages. You may even go "Mobile" and visit 
some of the mobile rallies held throughout the 
country during the summer. Additionally, in the 
winter time you can have lots of fun building items 
of gear — or just reading about them! 

Incidentally, and whilst talking about reading, you 
will find the following inexpensive books of con- 
siderable use. These are "Radio Amateur Operator's 
Handbook", "Guide to Amateur Radio" and "Radio 
Amateurs' Examination Manual". The first of these 
is published by Data Publications, and the last two 
by the Radio Society of Great Britain, 35 Doughty 
Street, London, W.C.I. 

The R.S.G.B. also has available tapes and e.p. or 
l.p. records for Morse practice. 

CONFERENCE ON SIGNAL PROCESSING METHODS FOR 
RADIOTELEPHONY 

A review of the processing methods available for radiotelephony transmission, and a study of the tech- 
rharn^wit- to match transmission methods to the requirements of the information to be sent and the 
fo 21s° May 1970 ProPagahon path, are the objects of a conference to be held in London from the 19th 

The conference, entitled Signal Processing Methods for Radiotelephony', is being organised by the IEE 

Engineers (UP^and Republlc'Tf I.ZXTStTf'' lhe <■' Bdctric.l » Elect,onici 

send a 250-word synopsis to the IEE Conference Department before the 25th August, 1969 The full manu- 
scripts will be required by the 29;h December, 1969 

Conference Department1'1 further details of the conference will be available in due course from the IEE 
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BREAKTHROUGH IN ELECTRONIC 
NAVIGATION 

A breakthrough in long-range air navigation has been 
achieved as a result of technical co-operation between 
Britain's National airline, B.O.A.C. and SGS (United King- 
dom) Ltd., manufacturers of microcircuits — electronic com- 
ponents integrated on pinhead size chips of silicon. 

Long-range air navigation has been assisted for some time 
by a system known as 'Loran'. This system is based on com- 
parisons of low-frequency radio signals that follow the curva- 
ture of the earth and therefore theoretically, travel right 
around it. The radio signals are transmitted by fixed land 
stations. 

However, in areas some distance from the fixed stations 
reception was often too weak to effectively aid flight naviga- 
tion. B.O.A.C. for example, found that cover in the North 
Atlantic was inadequate. After discussion between B.O.A.C. 
and SGS engineers, a low-noise tuned coupler was devised. 
Special silicon components were designed by SGS for this 
aerial coupler, which amplifies the signal in the aerial before 
it is fed to the long-range navigational equipment. 

The practical result, from B.O.A.C.'s point of view, will be 
to reduce operational work load on the flight decks of its 
fleet of airliners by giving 'Loran' coverage in areas where 
previously it was not available. 

In the meantime B.O.A.C. have made the design of the 
'Loran' coupler freely available to other airlines and already 
SGS have received enquiries for components from Trans- 
ports Aero Portugese, Lufthansa, Scandinavian Airlines 
System, Air France, U.A.T., Quantas and many other world 
airlines. 

The components will be manufactured in the SGS factory 
at Falkirk, Scotland. This, Britain's most modern microcircuit 
factory employs some 1,000 people and makes use of ad- 
vanced automated production techniques specially developed 
by the SGS research and development laboratories. Monthly 
output of microcircuits from this factory is already over 
400,000. 

By Recorder 

of electronic equipment has "worn 
out". Some models seem to keep 
playing for ever whilst others give 
nothing else but trouble after they 
have been running for only a few 
years. 

WHAT WEARS OUT? 

It would be interesting to try and 
analyse what exactly does cause a 

IH 

Ul 

I 

WHEN DOES A RADIO OR TV SET 
wear out? 

This is a question calculated 
to bring a wan smile to the faces of 
some of the smaller radio retailers 
who have to deal with customers de- 
manding service on receivers which 
have had many, many years of use. 
The difficulty, of course, is that there 
really is no reliable yardstick by way 
of which it can be stated that a piece 
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radio or TV set to fall into the "worn 
out" category so that it is not worth 
any further repair, and we can do 
this by examining the individual 
classes of components in the set. 

If the set involves valves these, of 
course, come top of the list. In gener- 
al, valves become unserviceable for 
one of two reasons. Either the 
cathode loses its emission or some- 
thing happens to the valve (e.g. in- 
gress of air or internal short-circuit 
which causes it to be in a different 
state to that in which it left the 
factory. The same comments apply to 
the c.r.t. in a television receiver. 

Capacitors come next including, in 
particular, electrolytic capacitors. It 
is safe to say that even the highest 
grade of tantalum electrolytic has a 
finite life, and that this can be short- 
ened considerably by excessive am- 
bient or operating temperatures. On 
the other hand, modern capacitors 
other than electrolytic can have an 
exceptionally extended life. In the 
old days, the larger values of fixed 
capacitors used paper dielectric and 
the paper capacitors of the time were 
notoriously prone to "leakiness" due 
to the ingress of moisture. Modern 
plastic foil capacitors, because of the 
very nature of the dielectric, can have 
a very much longer life. Mica capa- 
citors, similarly, are potentially cap- 
able of a very long life as also are 
ceramic capacitors which have been 
properly encapsulated. 

Let's next turn to resistors. Here we 
have a component which can, with 
the years, exhibit marked symptoms 
of old age. The most commonly em- 
ployed resistor in radio and TV 
receivers is the carbon composition 
type and this can definitely cause a 
lot of trouble as time goes by. The 
usual shortcomings in performance 
are shifts in value or open-circuits, 
and the process may, again, be accel- 
erated by high temperatures. How- 
ever, modern high-stability resistors 
should, with the years, be free at 
least from shifts in value. Wirewound 
resistors are used much less frequent- 
ly than are carbon composition 
resistors and are much more reliable. 
They do not shift in value, but they 
can, occasionally, go open-circuit in 
time even when operated well within 
their dissipation ratings. Wirewound 
resistors using very thin resistance 
wire are the most likely offenders. As 
an interesting side-line here, I en- 
countered an instance some years ago 
where a percentage of brand-new 0.1 
amp heater droppers had gone open- 
circuit after having been in a factory 
store for a year or so before being 
fitted into sets. These were of the 
type protected by a cement-like en- 
capsulation, and the reason was that 
the encapsulating material itself, was 
attacking the wire. Had the droppers 
been wired up and been allowed to 
pass current for a short while all 
would have been well, as the normal 
heat dissipated by the wire would 

have finally "cured" the encapsulat- 
ing material! 

If we next turn to inductive com- 
ponents it would seem that, with 
some exceptions, these could have 
almost unlimited life. The exceptions 
are inductors wound with very fine 
wire (which are liable to become 
open-circuit in time in a similar 
manner to wirewound resistors em- 
ploying very thin wire) and inductors 
which have to withstand high pulse 
voltages, such as TV line output 
transformers and deflector coils. 
Given good impregnation and, where 
applicable, the correct choice of 
enamel covering for the wire, all 
other inductive components should 
continue in working condition for a 
very long period indeed. 

MECHANICAL WEAR 

All the components I've mentioned 
up to now either have, theoretically, 
an almost limitless life or are liable, 
because of their nature and construc- 
tion, to deteriorate with time. 

We now come to components 
which are liable to become faulty due 
to mechanical wear, these being 
switches, variable resistors, variable 
capacitors and tuning drives and 
mechanisms. All of these have, inevit- 
ably, a life which is limited even- 
tually by mechanical wear. Another 
item which has to withstand consid- 
erable mechanical wear and tear is 
the loudspeaker, but it says much for 
the design of this component over 
the last twenty years or so that the 
loudspeaker is usually one of the 
most reliable parts of a receiver. 

Finally, there is environment. 
There is nothing so disheartening as 
taking the back off a receiver and 
finding its innards covered with a 
layer of dust together with those 
sticky deposits which seem to find 
their homes in radio and TV sets. 
Again, heat causes most of the 
trouble. As an extreme instance of 
what I mean, examine a small valve 
TV receiver. This keeps cool by con- 
vection, as you can readily prove by 
blowing cigarette smoke at the 
bottom of its back when it is well 
warmed up. That smoke will come 
out of the back top in hardly 
any time at all. When you have 
this domestic version of a factory 
chimney working away all the 
time, it is little wonder that 
impurities in the surrounding air are 
drawn in by the convection current, 
to become lodged on the insides of 
the receiver itself. If these impurities 
build up across insulating surfaces, 
then trouble is very liable to occur. 

It follows from what we have just 
discussed that a modern radio or TV 
receiver which is stated to be "worn- 
out" is most likely to be suffering 
from a combination of troubles, these 
being contributed by those compon- 
ents which are the more liable to give 
trouble with time. Let's list them. 
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They are valves, the c.r.t. in TV re- 
ceivers, carbon composition resistors, 
paper and electrolytic capacitors, 
wirewound resistors and indicators 
incorporating thin wire, inductors 
which have to withstand high pulse 
voltages, all components apart from 
the loudspeaker which involve mech- 
anical operation, and all insulating 
surfaces likely to be affected by 
domestic dirt and grease. 

Quite a list, isn't it? There are 
certainly enough potential variables 
here to make it extremely difficult to 
arrive at a decision as to whether an 
old set is "worn-out" or not, and the 
retailers and service engineers faced 
with this problem have my sym- 
pathy. 

That list didn't include semicon- 
ductor components, such as solid- 
state diodes and transistors. I 
excluded them because I don't con- 
sider that semiconductor components 
are liable to deteriorate with age. It is 
true that they fail on occasion but, 
provided that they are not overheated 
or overrun, such failure is liable to 
occur at any time. 

This being so, it would be interest- 
ing to see whether it is possible to 
think in terms of a domestic radio or 
TV receiver which, quite simply, just 
doesn't wear out at all. To start off 
with, it would use transistors and 
semiconductor diodes throughout. All 
resistors would be high-stability 
except those having to dissipate 
relatively high powers, and the latter 
would be wirewound types which did 
not use extremely fine wire. The 
design would, for similar reasons, 
avoid using inductors wound with 
very thin wire. When we come to 
capacitors we encounter our first snag. 
Transistor a.f. and bypass circuits 
call for electrolytic capacitors, and 
we would have to keep these to a 
minimum by suitable circuit design. 
The remainder of the capacitors 
could be mica, ceramic or plastic 
foil. The tuning mechanism should 
be kept as simple as possible to 
reduce mechanical wear, and we 
would have to accept the use of 
mechanically operated components 
such as switches and variable resist- 
ors. We could overcome the dirt 
problem by completely enclosing all 
the_ components, apart from those 
which dissipate heat, in a metal or 
plastic box. Any heat dissipating 
components could be enclosed in a 
second box made of metal, which 
could also act as a heat sink. 

It is, of course, impossible to make 
a receiver having limitless life. But if 
we followed the lines I've just des- 
cribed we would have a set which 
would not "wear out" in the normal 
sense of the phrase provided that, 
from time to time, we replaced its 
electrolytic capacitors, its switches 
and its variable resistors. If we 
attempt the same technique with a 
TV set we have also, from time to 
time, to accept replacement of the 
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line output transformer, deflector 
coils and cathode ray tube. 

A receiver of this nature would 
not be entirely free from failure, of 
course, and there would still be the 
risk of occasional catastrophic failure 
in its "long-life" components, as well 
as in the components whose life is 
accepted as being limited. But. the 
set could never be classified as "worn- 
out" as are so many of our present- 
day sets after five to ten years' usage. 

TESTING CAPACITORS 

Talking of "leakiness" in papei 
capacitors reminds me that there is a 
dodge for testing these components 
which you may find of value. Pro- 
vided that the capacitor has an 
adequately high working voltage, you 
simply connect it momentarily 
across any convenient d.c. supply of 
200 volts or so (keeping your fingers 
well away from the leads!). After a 
moment or two you then apply the 
two leads of the capacitor to a flat 
piece of metal. If you get a spark as 
the capacitor discharges then its 
insulation resistance is satisfactory 
for all normal purposes. The dis- 
charge spark shows up best if you 
apply the two leads to a piece of 
metal having a shiny reflective sur- 
face, and even capacitors with values 
as low as 0.002/iF give a spark on 
discharge which is quite noticeable 
when the ambient lighting isn't too 
bright. It would probably be better 
to avoid carrying out this test with 
capacitors larger than 0.25/iF, 

The value of this simple test is 
that it can indicate very low leakage 
currents in the capacitor. After the 
capacitor has been charged, it can 
only discharge via its own leakage 
resistance so that, if a fat discharge 
spark is obtained, it would then be 
safe to assume that the time constant 
of the capacitance and leakage resist- 
ance (microfarads times megohms) 
is greater than the time between 
charge and discharge. Thus, should 
a G.Ol/xF capacitor give a good dis- 
charge spark two seconds after being 
charged, its leakage resistance must 
be greater than 200MJ2. 

DRAUGHT DETECTOR 

There was, I regret, a misprint in 
my contribution in the January issue, 
this appearing despite my having 
corrected it on the galley proof. In 
the draught detecting device describ- 
ed at that time, R1 of Fig. 2 should 
initially be adjusted to insert mini- 
mum resistance, and not maximum 
as was printed. 

To finish off this month, I'd like 
to tell you briefly about the service 
engineer who tried to fit a Philips 
line output transformer into a Fer- 
guson TV, 

The TV set rejected it. 
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racing, rallies, hill climbs, etc. Monthly Bulletin free 
to members. For full details write to: The General 
Secretary, Colin Peck, "Dancers End," St. Winifred's 
Road, Biggin Hill, Kent. 
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5V4G 5Z4G 6AT6 6/30L2 6BW6 6BW7 6FI 6F23 6L6GT I0FI I OP 13 20DI 20LI 20P4 30CI5 30CI7 30CI8 30F5 30FLI 30FLI2 30FLI4 30LI5 30LI7 30P4 30P4MR 30PI2 30PI9 30PLI 30PLI3 30PLI4 AC2PEN 

7/6 6/9 41- 12/6 12/9 
II/- 8/9 13/3 7/9 15/- 13/- 13/- 13/- 18/6 13/6 12/6 8/9 13,'6 15/- 16/- 12/6 13/9 13/- 12/- 17/6 13/- 12/- 15/- 15/- 15/- 19/6 

EBF89 6/3 EC92 6/6 ECC8I 3/9 ECC82 4/6 ECC83 4/6 ECC84 5/6 ECC85 5/- ECC88 7/- ECC189 9/6 ECF80 6/6 ECF82 6/6 ECF86 91- ECH42 10/- ECH8I 5/9 ECH83 81- ECH84 7/- ECL80 6/6 ECL82 61- 

AC2PENDDI9/6 CL33 CY31 DY87 E88CC EABC80 EAF42 EB9I EBC4I EBC8I EBF80 EBF83 

18/6 7/6 5/9 12/- 6/- 8/9 2/3 8/6 5/9 6/- 8/- 

ECL83 ECL86 EF22 EF37A EF4I EF80 EF85 EF86 EF89 EF9I EFI83 EFI84 EH90 EL32 EL33 EL4I EL84 EL95 EM80 EM8I EM84 EM85 EM87 EY51 EY86 

91- 81- 12/6 71- 9/6 4/6 5/3 61- 4/9 3/3 6/- 6/- 6/6 3/6 12/- 9/3 4/6 5/- 5/9 6/9 61- II/- 7/3 6/9 61- 

EY87 61- PY82 51- X4I 01- 
EZ40 7/3 PY83 5/6 ACII3 51- 
EZ80 4/3 PY88 6/3 AC 126 21- 
EZ8I 4/6 PY800 6/6 AC 127 21- 
HVR2 8/9 PY80I 6/6 AC 128 21- 
KT88 29/- U 19 34/6 AC 154 51- 
KTW62 10/- U25 13/- AC 156 41- 
PABC80 7/3 U26 11/9 AC 157 51- 
PC86 9/6 U33 29/6 AD 140 716 
PC88 9/6 U35 16/6 AD 149 81- 
PC95 8/3 U37 34/11 AD 162 91- 
PC97 8/6 U45 15/6 AFI 14 41- 
PC900 8/3 U 191 12/6 AFI 15 31- PCC84 61- U25I 16/- AFI 16 37- PCC85 6/6 U30I II/- AFI 17 2/9 
PCC88 9/9 U404 7/6 AFI 19 31- 
PCC89 9/6 U80I 18/- AFI 25 3/6 
PCC(89 9/6 U4020 6/9 AFI 27 3/6 
PCF80 6/6 UABC80 5/9 AFI 39 M/- PCF82 61- UBC8I 71- AFI 80 9/6 
PCF84 81- UBF80 5/9 AFZI2 51- 
PCF86 91- UBF89 6/9 ASY29 10/- 
PCF80I 71- UC92 5/6 BAI 15 2/8 
PCF802 91- UCC84 81- BAI29 2/6 
PCL82 71- UCC85 6/6 BAI30 21- 
PCL83 91- UCF80 8/3 BCI07 41- 
PCL84 7/6 UCH2I 91- BCI08 3/6 
PCL85 8/3 UCH42 9/9 BC109 4/3 
PCL86 8/6 UCH8I 6/6 BCYI0 5/- 
PEN45DD 12/- UCL82 71- BCYI2 51- 
PFL200 12/- UCL83 10/- BCY33 51- 
PL36 9/6 UF4I 9/6 BCY34 4/6 
PL8I 7/3 UF42 91- BCY38 51- 
PL82 6/6 UF80 6/9 BCY39 4/6 
PL83 6/6 UF85 6/9 BFY50 41- PL84 6/3 UF86 91- BFY5I 41- 
PL500 12/- UF89 613 BFY52 4/6 
PL504 12/6 UL4I 9/6 BFI63 41- 
PL509 28/9 UL84 6/6 BY 100 3/6 
PL802 15/- UM80 51- BY 126 6/6 
PY32 9/6 UY4I 6/9 BY234 41- 
PY33 9/6 UY85 5/6 BY236 41- 
PY8I 5/3 VP4B 10/6 BY238 41- 

BYZII 51- BYZI2 5/- BYZI3 5/- OA8I 1/9 OA95 1/9 OA 182 2/- OA200 I/- OC22 " OC23 OC24 OC25 OC26 OC28 OC30 OC35 OC36 OC38 OC4I OC44 OC45 OC46 OC70 OC71 OC72 OC75 OC76 OC77 OC78 OC78D 3/- OC8I 2/- OC8ID 2/- OC82 2/3 OC83 2/- OC84 31- OCI23 4/6 OCI69 3/6 OC170 2/6 OCI7I 3/4 OC 172 41- OC200 4/4 OC202 4/6 OC203 4/6 OC205 7/6 

SI- SI- SI- 51- 51- 51- 51- Sl- 7/6 11/6 10/- 21- 1/9 31- 2/3 21- 21- 21- 2/6 2/6 3/- 

Terms of business: Cash with order only. No C.O.D. Post/Packing 6d. per item. Orders over £5 post free. All orders despatched same day as received. Com- plete catalogue including transistor section and components with terms of business lOd. Any parcel insured against damage in transit for 6d. extra. Business hours 9 a.m.—5.30 p.m. Saturdays 9 a.m.—I p.m. 

NEW BOOKS 

B1 
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FEBRUARY 
FET Principles, Experiments and Projects 
by Edward M. Noll 
49 Easy Transistor Projects 
by Robert M. Brown & Tom Kneitel 
Photofact Television Course 
by the Howard W. Sams Engineering Staff 
Servicing Digital Devices 
by Jim Kyle 

MARCH 
Understanding Electronics Units & Standards 
by Farl J. Waters 
Using Scopes in Transistor Circuits 
by Robert G. Middleton 
Transistor TV Training Course 
by Robert G. Middleton 
Industrial Transistor Circuits 
by Allan Lytel 

40/- net 
16/- net 
40/- net 
26/- net 

25/- net 
32/- net 
35/- net 
24/- net 

APRIL 
101 Questions & Answers About Colour TV 
by Lee G. Sands '5/- net 
Having Fun in Electronics 
by Lee G. Sands 25/- net 
101 Easy Audio Projects 
by Robert M. Brown & Tom Kneitel 28/- net 
Practical Design With Transistors 
by M. Horowitz 42/- net 

H 
El 
El 
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El 
El 
El 
El 
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El 
El 

FOULSHAM-SAMS TECHNICAL BOOKS 
C W. FOULSHAM & CO. LTD.) 

YEOVIL RD„ SLOUGH JUGKS, ENGLAND 
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NEW STYLE 

SELF-BINDER 

for "The Radio Constructor" 

The "CORDEX" Patent Self-Binding 
Case will keep your issues in mint 
condition. Copies can be inserted or 
removed with the greatest of ease. Rich 
maroon finish, gold lettering on spine. 

Specially constructed Binding Cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached 

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 
immediately compensated for, 
and the Cords will always 
remain taut and strong. It is 
impossible to overstretch the 
springs, as a safety check- 
device is fitted to each. 

i 

; 

14/- PRICE - Postage 1/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
Continued from page 607 
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TO CLEAR. 3000V d.c. 0.5/iF capacitors, 2t in. x Hin x 
6in. with porcelain insulators, 3/6d. each. 88H toroid 
coils, new, wax covered, 5/- each. Heathkit Balun Coil 
set, B-1U, assembled, £5. "Ful-Fi" pick-up, mono 
crystal cartridge, Type TC8M, 10/-. Box No. F352. 

RESISTORS. Low noise (0.3 micro V per V.). JW 10% 
carbon film, 2d. each 13/- per 100. Transistor mount- 
ing pads id. each. Post and packing plus 5%. Stuart 
Fyfe (Components), 11 Rosedene Avenue, Croydon, 
Surrey. CRO. 3DN. 

TRANSMITTER FOR SALE. Collins ART13. New 
813PA. 270-16M Phone C/W, £30 o.n.o. Enquiries wel- 
come. Telephone: 021-747-3743. 

VALVES FOR SALE TO CLEAR. Early radio valves, 
would suit collectors. LS5, P625, DE5, DEL610, Cossor 
41MP, HP4106, HL610, HL8, ACS2/PEN, Mullard 
TDD4, rW4/350, All at 3/6d. each. Wartime types: 
VT62, U14, 6B4G, VT136, CV1075, 801-A, VR91. All 
at 2/6d. each. EF40, EL91, EB91, DL92, DK81, 3ML, 
IS5, 6AG5. All at 5/- each. 5B/254M, 10/-. Box No. 
F355. 

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: 88mH toroid coils, 5/- each. Cover for 
Siemens Teleprinter, 50/-. Ink rollers for Creed type 3 
teleprinter, 5/- per bottle. EMI Fisk Solariscope, 7/6d. 
Prices include p. & p. Box No. F356. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau, Ama- 
teur and Broadcast Translation, Technical and Identifi- 
cation Dept.—both Broadcast and Fixed Stations, DX 
Certificates, contests and activities for the SWL and 
transmitting members. Monthly magazine, Monitor, 
containing articles of general interest to Broadcast and 
Amateur SWLs, Transmitter Section and League 
affairs, etc. League supplies such as badges, headed 
notepaper and envelopes, QSL cards, etc., are avail- 
able at reasonable cost. Send for League particulars. 
Membership including monthly magazine, etc., 35s. 
per annum. Secretary ISWL, 60 White Street, Derby. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

FOR SALE, due to pressure of other work, complete 
stock of mail order electronic components business in- 
cluding valuable test equipment. Approx. 15,000 items. 
98% new, rest ex-eqt. Offers on £200. Trade enquiries in- 
vited. S.A.E. for details to Box No. F360. 

50,000 TRANSISTORS to be cleared in lots of 50 for 
£1.0.0d. Types available are germanium similar to 
OC44, and silicon similar to OC202. All transistors 
fully tested and guaranteed. Post Free. Box No. F361. 

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. 

ELECTROLYTIC CAPACITORS, resistors, potentio- 
meters, chokes, coils. Many other items, very cheap 
ex-equipment. Mixed parcels, post free. 5/-, 10/-, £1, 
£3, £5. Send cheque or p.o. Write for details. Box No. 
F362. 

Continued on page 609 
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ROBOTS 

FOR SALE: Large quantity radio components, approx. 
£300 worth. The lot for £75. Also two Faher-Castell 
slide rules Nos. 1/98 and 1/54, £3/10/- each, if two 
bought together one other free, plus books about slide 
rules. Also a number of radio books for sale. Please 
send for list. Pierce, 80 Railway Road, Rock Ferry, 
Birkenhead, Cheshire. 

FOR SALE: Norfolk wherry "Dragon", converted into 
club house with seats, coal stoves, galley annexe, etc. 
Would make excellent school or club base on the Nor- 
folk Broads. Offers around £150. Details from: Hon. 
Sec. Lowestoft Cruising Club, c/o "East Keal", Ro- 
many Road, Oulton Broad, Lowestoft, Suffolk. 

EXCHANGE: Year old Eddystone EC10 for EB35 of 
similar vintage. Cash adjustment. Box No. F363. 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact". Membership costs 25s. a year. En- 
quiries to Secretary, WDXC, 17 Taunton Road, Bridg- 
water, Somerset. 

BOOKS FOR SALE: Radio Astronomy, Bernard Lovell 
& J. Clegg 12/6d. Earth's Envelope, Theo Lobsack 10/-, 
Space Research & Exploration, D. R. Bates 15/-, Prac- 
tical Yacht Racing, Schiottz 15/-, Yacht Racing, Stur- 
gess £1, Faster Sailing. Bavier 10/-, The Story of Atomic 
Energy, Soddy 7/6d., Radioisotope Laboratory Tech- 
niques, Faires 7/6d., Atomic Medecine, Behrens 15/-, 
Medical Radiation Biology, Ellinger £1, Sunday Times 
& Life World Library Volumes: Brazil, S.E. Asia, Israel, 
Italy, Russia, Mexico, Greece, Africa, Germany, France, 
India, Britain, Japan, Scandinavia, 12/6d. each. Life 
Science Library: Wheels, Mathematics, Man & Space, 
Planets, Energy, 12/6d. each, The Colour of Canada, £1, 
Science Survey 3, Vista Books £1, Science Today & 
Tomorrow 10/-. Box No. F364. 

SOUND AND MUSICAL EQUIPMENT. Also demo 
discs and background music on tape, and sound effect 
units. S.A.E. enquiries. Skinner Sound Equipment, 153 
Holtye Road, East Grinstead, Sussex. 

WANTED. Glass paperweights. Please send details and 
price to Box No. F365. 

FOR SALE: ECC81, EF91, 10F1, 1/- each. ECC82/3, 
ECF80/2, 2/- each. ECC85/8, 85A2, E180F, 3/- each. 
Post 6d. Specials available. Lots more. UHF83 con- 
nectors. S.A.E. enquiries. Haley, Rathbone Hall, North 
Mossley Hill Road, Liverpool, LI8 8BH. 

FOR SALE: Back numbers of The Radio Constructor, 
Vol. 15, No. 12 to Vol. 22 No. 1 inclusive at 2/- each, or 
offers. Also Wireless World 1963 to 1968. Evans, 29 
Tycehurst Hill, Loughton, Essex. 

LARGEST SUPPLIERS OF SERVICE SHEETS: TV, 
Radio, Tape Recorders, Record Players, Transistors, 
Stereograms, Radiograms. Only 5/- each, plus s.a.e. Un- 
crossed P.O.'s please, returned if service sheets not avail- 
able. We have the largest supplies of service sheets 
(strictly by return of post). Please state make and model 
number alternative. Mail order only. Please mention 
The Radio Constructor when answering this advert. Mr. 
C. Caranna, 71 Beaufort Park, London N.W.I 1. 

FOR SALE: Headphone sets. S.G. Brown type F. High 
impedance, 12,000 ohms. Used but excellent condition. 
£1 post paid. Box No. F366. 

FOR SALE: Solartron Oscilloscope CD568, £15 o.n.o. 
Marconi valve voltmeter T5428B, £4 o.n.o. Both robust 
construction. Box No. F367. 

FOR SALE: The Radio Constructor, June 1960 to August 
1968 inclusive. March 1961 only missing. What offers? 
Box No. F368. 

Continued on page 610 
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ED E E 70 AMBITIOUS ENGINEERS 
Em IE Wm —THE LATEST edition of engineering opportunities 

Have you sent for your copy ? 
ENGINEERING OPPORTUNITIES is a highly informative 132 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 Er 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 off fee" terms 
Whatever your age or experience you cannot afford to miss reading this 
famous book. If you are earning less than £30 a week send for your copy of 
"ENGINEERING OPPORTUNITIES" today - FREE. 
Practical Equipment including Tools 
The specialist Electronics Division of B.LET. NOW offers you a real 
laboratory training at home with practical equipment. 
Basic Practice and Theoretical Courses for beginners in Radio, TV., 
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. Cprtificate 
P.M.G. Certificate □ Practical Radio □ Radio & Television Servicing □ 
Practical Electronics □ Electronics Engineering □ Automation 
The B./.E.T. is the leading institute of its kind in the world. 

British Institute of 
Engineering Technology 
NAME  
ADDRESS  

1 ll-l'l i' ilidSQffwji Subject 
of Interest  Age  

ALDERMASTON COURT, Dept. 480D. Aldermaston, Berks. 
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PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format 7\" x 9^") 
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The "CORDEX" Patent Self-Binding 
Case will keep your copies in mint 
condition. Issues can be inserted or 
removed with the greatest of ease. 
Specially constructed Binding cords are 
made from Super Linen of great strength, 
very hard twisted and twice doubled. 
They are attached to strong RUSTLESS 
Springs under tension, and the method 
adopted ensures PERMANENT RESILI- 
ENCE of the Cords. Any slack that may 
develop is immediately compensated for, 
and the Cords will always remain taut 
and strong. It is impossible to over- 
stretch the springs, as a safety check- 
device is fitted to each. 

COLOURS: MAROON OR GREEN 
(Please state choice) 

PRICE 
13/6 

Postage 1/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
Continued from page 609 

FOR SALE: Codar CR.45 mains t.r.f., 150kc/s-30Mc/s. 
New in January. Still perfect. £8. Write: "Invararey", 
Queen's Road, Tipton, Staffs. 

FOR SALE: Disposing of small collection of 78 r.p.m. 
records. Classical, semi-classical and light music (some 
musicals). Many collector's items. S.A.E. for list. Box 
No. F369. 

MAGAZINES FOR SALE: Wireless World July to No- 
vember 1965 inc., January to September 1966 inc., 1967- 
January & February and May to September inc. Radio 
Constructor January 1966 to March 1968 inclusive. 
Practical Electronics November 1964 (No. 1 issue) to 
December 1966 inclusive. Practical Wireless 1964 Feb- 
ruary to April inc., June, November & December; 1965- 
March to December inc.; 1966-January to December 
inclusive. Practical Television 1965-January, April to 
December inc.; 1966-January to July inc., plus Septem- 
ber & October. Short Wave Magazine 1965-March, July, 
September to December inc.; 1966-January to Novem- 
ber inc.; R.S.G.B. Bulletin 1965-January, March, June, 
August, September, November & December; 1966- 
January to September inc., plus November. Hi-Fi News 
1965-May, August to October inc., November & Decem- 
ber; 1966-January to October inc. Amateur Tape Re- 
cording 1965-May, August, September, October & 
December; 1966-January to April inc., June to August 
inc.; 1967-April, May, June to September inc. What 
offers? Will sell in lots or separately. Can be collected 
in London. Box No. F370. 

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. 

TRAINEE RADIO TECHNICIANS 
A PROGRESSIVE CAREER IN THE FIELD 

OF RADIO AND ELECTRONICS 

Applications are now invited for an intensive 
training course of 2 years, leading to appoint- 
ment as a fully qualified RADIO TECHNICIAN, 
with further prospects of progression to the 
Telecommunication Technical Officer Class. 

Generous Pay and Contributions while under 
training. 

Candidates must be over 16 and under .21 
years of age as at 8th September, 1969, on 
which date training commences. 

Minimum educational qualifications required 
are passes at G.C.E. 'O' Level iri English Lan- 
guage, Mathematics and Physics (already held 
or expected to be obtained in the Summer 
1969). Equivalent passes in Scottish or Nor- 
thern Ireland Certificates and C.S.E. Grade 1 
passes are also acceptable. 

Closing date for applications 31st March, 
1969. Interviews will be commenced about end 
of April. 

Apply for full details and application form to:- 
The Recruitment Officer (TRT/63), 

Government Communications 
Headquarters, 

Oakley, Prior Road, Cheltenham, Glos., 
GL52 5AJ 
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CHASSIS 
and 

CASES by 

H. L. SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

CAStS 
Type Size 
N 8x6x2"* 

6x6x3" 
4x4x2" 
4x4x4" 
5±x4ix4i" 
8x6x6" 

muumiNIUM, SILVfcR 
HAMMERED FINISH 

Price Type Size 
Type N 

N 
N 
U 
U 
U 
U 
U 
W 

rice Type 
18/- W 12x7x7" 
17/6 W 15x9x8" 

4x7*x3*" 
5x9x9" 1 

8x6x6" 

11/- 
11/- 17/- 
23/- 
24/- 
49/- 
23/- 

8x6x6" 
12x7x7" 
13x7x9" 
15x9x7" 
17x10x9" 

Price 
37/6 Type 48/6 
29/- W 
45/- 
50/6 
53/6 
72/6 

" 78/- ♦ Height 
Type N has removable bottom. Type U re- 
movable bottom or back, Type W removable 
front, Type Y all screwed construction, Type 
Z removable back and front. 

Type Y 
Type Z 

Type U 

BLANK CHASSIS—Same day Service 
Of over 20 different forms made up to YOUR SIZE. (Maximum length 35", depth 5") 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight awav, working out total area of material re- 
quired (including waste) and referring to table 
below which is for four-sided chassis in 16 s.w.g. 
aluminium. 

48 sq.ln. 5/- 176 sq.in. 10/4 304 sq.in. 15/8 
80 sq.in. 6/4 208 sq.in. 11/8 336 sq.in. 17/- 
12 sq.in. 7/9 240 sq.in. 13/- 368 sq.in. 18/4 

144 sq.in. 9/- 272 sq.in. 14/4 and pro rata 
P. & P. 3/- P. & P. 3/6 P. & P. 4/6 

Discounts for quantities. More than 20 different 
sizes kept in stock for callers. 

FLANGES (*" or|"). 6d. per bend 
STRENGTHENED CORNERS, 1/- each corner. 

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

We have Vacancies for 
Experienced Test Engineers in our 

■ 11 I Production Test Department. Appli- 
1 jA I cants are preferred who have 
^ Experience of Fault Finding and 

Testing of Mobile VHF and UHF Mobile 
Equipment. Excellent Opportunities for promotion 
due to Expansion Programme. 
Please apply to Personnel Manager, 
Pye Telecommunications Ltd., 
Cambridge Works, Haig Road, Cambridge. 
Tel. Cambridge 51351, Extn, 327. 

YUKK*. SO PROFESSIOIVAL TH£ 
YUM/V A£ROSOl HMY- 

/JL/ a/rc/ry/Hgr GREY HAMMER 

A/nlV/ np black WRfHKce iVOVVf OR (CRACKL£) finishes 
Yukan Aerosol spraykil contains 16 ozs.fine quality, durable easy instant spray. No stove baking required. Hammers available in grey, blue, gold, bronze. Modern Eggshell Black Wrinkle (Crackle) all at 15/11 at our counter or 16/11, carriage paid, per push-button self-spray can. Also Durable, heat and water resistant Black Matt finish (12 ozs. self-spray cans only) 13/11 carriage paid. SPECIAL OFFER: I can plus optional transferable snap-on trigger handfe (value 5/-) for 18/11, carriage paid. Choice of 13 self-spray plain colours and primer (Motor car quality) also available. j-'-r 
Please enclose cheque or crossed P.O. for total amount direct to: ' 
DEPT: N/2 YUKAN, 307a, EDGWARE ROAD, LONDON, W.2, We supply manyGovernment Departments, Municipal Authorities, Institutes and Leading Industrial Organisations—We can supply you too. ^^■■■^■■■■Open all day Saturday. Closed Thursday afternoons.l 

Other Yukon Air Drying Aerosols, 16 ozs. at 16111 torr. poid Include: Zinc Chromate Clear Lacquer Met allies: Grey, Blue, Bronze and Cold. 

 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 

Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

6 words 
1= 12/- 

at 9d. 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/- 
Box Number, if required, 21- extra. 

NAME  
ADDRESS  

Copy to be received four weeks prior to publication. Published on the 1st of every month. 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

APRIL 1969 611 



THE RADIO CONSTRUCTOR 

Price 3/- each, postage 6d. 
Annual Subscription 42/-, post free. 
Bound Volumes Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 

Vol. 21 August 1967 to July 1968 35/-, postage 4/6. 
Cordex Self-Binders With title "The Radio Constructor" on spine, 

maroon, 14/-, postage 1/6. 
With no title on spine, maroon or green. 13/6, 
postage 1/6, 

DATA BOOK SERIES 

DBS TV FAULT FINDING 
124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 6/-, postage 6d. 

DB15 TWENTY SUGGESTED CIRCUITS 
48 pages. Price 3/6, postage 5d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/-, postage 1 /-. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/- 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 10/6, postage 8d. 

PANEL-SIGNS TRANSFERS 

Six sheets in each set 

Set 3: WORDING—White 

Set 4: WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6: DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

1 enclose Postal Order/Cheque for in payment for   

NAME   -      —      

ADDRESS       - ,.... -         

(Please use Block Capitals for both name and address) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order 

All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 
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Scottish Insurance Corporation Ltd 

66-67 CORNHILL • LONDON EC3 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

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

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

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

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

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

Why not BE PRUDENT AND 

INSURE your installation—it is 

well worthwhile AT THE 

VERY LOW COST INVOLVED. 

If you write to the Corporation's 

Office a proposal will be 

submitted for completion. 

Write for full details, quoting reference 5304, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD. 

66-67 CORNHILL, LONDON E.C.3 



BNGLANDS LEAVING COMPONENTL EQUIPMENT CCHTRBS 
SOLID STATE-HIGH FIDELITY 
AUPIO [OWPMENT 
Mono or Stereo Audio, Equipment devel- 
oped from Dinsdale Mk.ll—each unit or 
system will compare favourably with 
other professional equipment selling 
at much higher prices. 
COMPLETE SYSTEMS 
FROM 
£15.5.0 
THE FINEST VALUE IN HIGH FIDELITY- 
CHOOSE A SYSTEM TO SUIT YOUR 
NEEDS AND SAVE POUNDS 

AH units available separately. 
SEND FOR FREE BROCHURE (No. 21) TODAY! 

DEMONSTRATIONS DAILY AT '503' EDGWARE ROAD 

Acclaimed by everyone 
MAYFAIR ELECTRONIC ORGAN 

:ompletely new development in portable electronic musical instruments and a new field for the home constructor. The MAYFAIR- produces a multitude of the most pleasing sounds with a wide range of tone colours suitable for classic or popular music The organ is fully polyphonic, that is full chords can be played over the entire keyboard. Supplied as a kit of parts which includes 165 transistors, printed circuit panels, special fully sprung and depth of touch adjusted keyboard, attractive vynair covered cabinet with carry handle. A complete detailed and illustrated construction manual is provided with circuits and full parts list. All items may be purchased separately. All parts supplied are fully guaranteed. Full after sales service. 
Once built the 'MAYFAIR' will then provide ONLY 99 Gns, years of enjoyable entertainment. Call in. See it and play it yourself. 

1 1 K 

ORGAN COMPONENTS We carry a comprehensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 

Deferred terms available. COMPLETE KIT Deposit £29.19.0. 12 monthly payments of £7. TOTAL £113.19.0. 
Ask for BROCHURE 9 EXPORT ENQUIRIES INVITEC 

BUILT AND TESTED Deposit £36.8.0 ft 12 monthly payments of £9. Total £144.8.0. RHYTHM UNIT £59.10.0 pp. 10/- 

wmp yC«L-< StlfCTW 

-m- 
the MA7 i 

listening satis!acti> choose either the 

INTEGRATED SOLID STATE TRANSISTOR POWER AMPLIFIERS 
Complete with full Bass Treble. Volume and Selector Controls MA66 12 WATTS STEREO We are pleased to offer two new designs with the choice of either mono or stereo systems These BRITISH DESIGNED UNITS favour the user in so many ways being suitable for use with all types of PICK-UPS- TUNERS. DECKS and MICROPHONES—with fantastic power and quality with far greater adaptability with freedom for battery or mains operation Output is from 3-16 OHMS Whether you require a home or portable HI-FI installation electronic guitar, PA System Intercomm r MA66 will FILL THE BILL MA7 MONO MA66^ OPTIONAL " PR 10 O OR THE STEREO PIP If) f) MAINS UNIT PS20 62 6d p p 4/- I-O.IV/.Vy POST PACKING 5 EITHER MODEL i v . v Suitable lot either model 

Illustrated leaflets 12 and 14 FREE on request. Demonstrations Daily at our 309 Edgware Rd. Branch. 

SINCLAIR EQUIPMENT 
0? 

Z12 Amplifier Micromstic (Kit) omatic (Built) PZ4 Power Unit Stereo 25 Q14 Speaker System All POST PAID. Delivery fn 

K9 e 49/6 S9/6 99/6 £9.19.6 £7.19.6 

00 IT YOURSELF 
MW/LW PORTABLE 

New printed circuit design with full power output. Fully tunable on both mw/lw bands. 7 transistors plus diode, push-pull circuit. Fitted 5 inch speaker, large ferrite aerial and Mullard transistors. Easy to build with terrific results. All local and Continental stations.  ^ ^ ^ TOTAL COST £6.19.6. P P. 4/6 TO BUILD Send for Brochure 1 

MODEL 22 Power Supply 30 Audio Generator 31 R-F. Generator C.R. Bridge 

NEW MODELS 
NOMBREX 
TRANSISTORISED Test Equipment PRICE Leaflet £ s. d. No. 14 0 0 22 19 10 12 10 10 10 

0 24 

33 Inductance Bridge 20 0 0 29 
Send for descriptive illustrated Brochure. 

MULLARD 1 WATT AMPLIFIER 

QUALITY CAR RADIOS 
A precision engineered cat radio that's perlect company for long hours on the road Has quick push button operation lot immediate station selection and choice of Medium or Long wave frequency Output of 3 J watts ensures crisp, top quality sound even at high motoring speeds Includes lujl acces 

PORTABLE TRANSISTOR UNIT with volume Many uses. Intercoms. Baby Alarms. Guitar Telephone or Record Player Amptifier Optional Rexmo coveted Wood cabinet 12x9*4 7 * 4 in. speaker, 17/6. 45/- Uses PP9 battery. 
12/6. PP 3/6d. 

Ask lor L 

POSITIVE/NEGATIVE EARTH PRICE £12 12.0. pp. 4/6 MANUAL as above £8.19.6. but with single MW/LW Push Button. 

& 

BUILD A QUALITY 
TAPE RECORDER 

To get the best out of your MAGNAVOX DECK, vou need a MARTIN RECORDAKIT. This comprises a special high quality 6 valve amplifier and pre-amplifier which comes to you assembled on its printed circuit board—m fact every- thing needed down to the last screw FOR MAKING A SUPERB TAPE RECORDER, which, when built, will com- pare favourably with instruments costing twice as much, yet you need no experience or technical skill to bring this about. THE INSTRUCTIONS MANUAL MAKES BUILDING EASY AND SUCCESS ASSURED 

VHF FM SUPERHET TUNER MKII •5 MULLARD TRANSISTORS & 4 DIODES * 300 Kc/s BANDWIDTH ' PRINTED CIRCUIT CONSTRUCTION ' HIGH FIDELITY REPRODUCTION MONO AND STEREO 
A popular VHF FM Tuner now used throughout the country for quality reception of monophonic and. with the decoder stereophonic broad- casts. There is no doubt about it—VHF FM gives the the real sound. Excellent stability economically priced. TOTAL COST £6.19.6. DECODER £5.19.6. (CABINET 20/- EXTRA) ASK FOR LEAFLET 3. 

NEW —MALLORY LONG LIFE 
MERCURY BATTERIES 

50 - OFF LIST PRICES •RM12 1.35 volts 3600 m/aH OUR PRICE 5/- each size 2' x| dia • RM625 10 35 volts 360 m/aH Pack of 8. Size 2^ * | dia. OUR PRICE 10/- each Easily split into eight 1 35v. cells. These cells are ideal for any application where SMALL SIZE HIGH CAPACITY and LONG LIFE are required. QUANTITIES AVAILABLE. 

GARRARD RECORD DECKS 

2 Track 3S gns. 4 Track 39 gns. 
P P. 22/6 either model Kit comprises: Deck. Amplifier, Cabinet and speaker, with MICROPHONE 7 in 1,200 ft tape, spare spool. 
ASK FOR BROCHURE 6. Value £60. 

MANUFACTURERS—DISTRIBUTORS We publish a QUANTITY, SEMI-CONDUCTOR BULLETIN listing over 500 different devices available FROM STOCK in medium to large quantities at KEEN PRICES coupled with PROMPT DELIVERIES. TO OBTAIN YOUR COPY. WRITE TO US (on Company Headed Nolepaper 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. 

TRANSISTORS- 
SEMICONDUCTORS 

COMPLETELY NEW 1969 LIST OF 
1000 types. Send for your FREE COPY 
TODAY, (list 36) 
S.C.R.'s from 5/- 
Field Effect Transistors from 9/6 
Power Transistors from 5/- 
Diodes and Rectifiers from 1/6 

BRAND NEW All below list price £ s. d 2025 Mono/Stereo GKS 25 8 8 3000 LM Mono/Stereo 9 TAHC 9 19 SP25 Mk II 11 19 AT60 Mk II 13 0 AP75 19 0 SL55 H 19 SL65 H 19 SL75 19 0 SL95 35 0 A70 Mk II 12 12 B.S.R. UA25 Mono 5 19 MA65 9 19 MA70 12 12 MA75 15 5 401 Garrard 28 10 Carriage/Packing 7/6d. all models Complete range of accessories available Send for New 8 page brochures 16. 17. 

Hl-fl equipment tosuit £V£RYP0CK(T 

VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE RD. 

for all leading makes 
AMPLIFIERS 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
TEST EQUIPMENT 
SYSTEMS 
ALL WITH DISCOUNTS Ask for Hi-Fi- Stock List Leaflet 16.17 
IT WILL PAY YOU TO PAY US A VISIT I 

OPEN MON.-SAT. 9 

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 

vooc«^ 

303 Edgware Road, London, W.2. Mail Order Dept 
all types of Components, Organ Dept (01) 723-1 oos 9 
309 Edgware Road, London, W.2. High Fidelity 
Sales, PA. and Test Equipment. Record Decks(Oi) 723 69€3 


