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HIGH SELECTIVITY T.R.F. RECEIVER 

A 2-valve (6BR7, ECL82) all-wave design with super-efficient 

regeneration providing performance comparable with a 
superhet 

sr 



ELECTRONIC 
it COMPONENTS ^ 

mm 

AA119 AAY11 AAZ12 AC107 AC126 AC127 AC127Z AC128 AC151 AC176 AC187 AC188 ACY17 ACY18 ACY19 ACY20 ACY21 ACY22 ACY30 AD140 AD149 AD161 AD162 ADT140 AF102 AF106 AF114 AF115 AF116 AF117 AF118 AF121 AF124 AF126 

BC137 BC138 BC142 BC143 8C147 BC148 BC149 BC154 BCY10 BCY12 BCY30 BCY31 BCY32 BCY33 BCY34 8CY38 BCY39 BCY40 BCY42 BCY43 BCY54 BCY70 BCY71 BCY72 BCY87 BCZ11 BD119 BD121 BD123 BD124 BF152 BF154 BF159 BF163 

86/9 10/8 15/- 18/6 23/6 15/- 13/6 

BYY21 BYY23 BYY25 BYY142 BYZ10 BYZ12 BYZ13 C106FI cm C111E C400 C426 CG6E CG63 D13TI EA403 EC401 EC402 EB383 GET102 GET103 GET104 GET105 GET114 GET875 GET573 GEX45/1 K8/15 K8/30 K3/50 MAT100 M ATI 01 M ATI 20 MAT121 

25/- 26/3 31/9 
NKT217 NKT218 NKT221 NKT222 NKT223 NKT223A NKT224 NKT225 NKT226 NKT227 NKT228 NKT261 NKT270 NKT271 NKT272 NKT273 NKT274 NKT275 NKT276 NKT279A NKT281 NKT301 NKT302 NKT303 NKT304 NKT351 NKT352 NKT402 NKT403 NKT404 NKT405 NKT451 NKT452 NKT453 

OC26 OC28 OC29 OC35 OC36 0C41 OC42 OC43 OC44 OC45 OC70 0C71 OC72 OC73 OC75 OC76 OC77 0C81D 0C81 OC82 OC82D OC83 OC84 OC123 OC139 OC140 OC169 OC170 0C171 OC200 OC201 OC202 

: 1N4001 1 1N4005 1N4007 1S44 

3/6 2G381 4/- 2G371 4/- , 2G371B 3/- 1 2N174 3/- 2N301 3/- 2N109 3/- : 2N217 4/6 2N386 3/- 2N384 5/- 2N385A 2/6 2N388A 9/3 2N370 3/- i 2N404 4/6 2N410 2N511A 2N513A 2N514B 2N599 2N601 2N657 2N696 2N697 2N698 2N706 2N706A 2N708 2N711 

12/- 

PRICES FOR QUANTITIES IN EXCESS OF 100 
PIECES ON APPLICATION 

FIRST GRAOE + 

FAST SERVICE 

2/- : 2N2368 4/9 2N2369 5/6 2N2369A 1/6 2N2432 3/9 2N2477 5/- 2N2484 l'- 2N2613 i 2N2614 X'~ 2N2646 24/1 2N2894 a', 2N2904A 13/6 2N2924 1 2N2925 2N3036 2N3053 2N3054 2N3055 2N3394 2N3525 2N3702 2N3703 2N3704 2N3705 2N3706 2N3707 2N3708 2N3709 2N3710 2N3711 2N3819 2N3820 2N3826 2N3906 

Whe« enqulrliK for 
types Ml llstei plessa •■dose ■ STAMPED ADDRESSED 

ENVELOPE 

7/6 12/- 

50/3 118/5 192/- 

AF127 AF139 AF181 AF186 AF239 AFZ11 AFZ12 ASY26 ASY27 ASY28 ASY29 ASZ21 ATZ10 AUY10 AFY19 BA110 BA111 BA112 BA115 BA130 BAY31 BAY38 BC107 BC108 BC109 BC113 BC114 BC115 Bcne BC118 BC125 BC126 BC134 BC136 

12/- 14/- 11/9 

39/6 16/10 6/- 

BF167 BF173 BF178 BF179 BF180 BF181 BF184 BF194 BFX13 BFX29 BFX44 BFX87 BFY50 BFY51 BFY52 BFY53 BSX20 BSX21 BSY27 BSY95A BTX39/ 120/- 
120/- BTX40/ 600R BTY87/ 150R 31/- BTY91 / 300R 47/- BY100 5/- BY125 3/6 BYX10 3/- BYX36/150 2/6 BYX36/300 2/10 BYX36/600 3/8 

ME4103 MJE520 MPF102 MPF103 MPF104 MPF105 MPS3638 MJ480 MJ481 MJ491 NKT121 NKT122 NKT123 NKT124 NKT125 NKT127 NKT128 NKT129 NKT141 NKT142 NKT143 NKT144 NKT152 NKT161 NKT162 NKT163 NKT164 NKT165 NKT211 NKT212 NKT213 NKT214 NKT215 NKT216 

NKT674 6/- NKT675 5/- NKT676 5/- NKT677 5/- NKT703 8/- NKT713 7/6 NKT773 6/- NKT774 5/4 NKT0013 12/6 NKT10419 13/- NKT10519 12/6 NKT10339 10/3 NKT10429 11/3 NKT20329 12/6 NKT16229 11/- OA5 3/8 OA10 6/- OA47 1/6 OA70 1/6 OA73 1/6 OA79 1/6 OA81 1/6 OA85 1/6 OA90 1/6 OA91 1/6 OA95 1/6 OA200 2/- OA202 2/- OA210 6/4 OA211 9/- OC19 5/- OC20 33/- OC22 13/- OC23 15/- 

8/3 8/- 9/- 10/6 7/6 9/6 

12/- 6/- 6/- 
9/9 3/- 

OC203 OC204 OC205 OC206 OC207 ORP12 ORP60 ORP61 ORP63 ORP93 OC309 P346A RAS310AF RAS508AF 15/- ST2 ST140 ST141 TIS44 TIS43 U23AAA V405A XA102 XA702 ZT22 ZT86 ZT2270 1N23A 1N34A 1N60 1N64 1N82A 1N87A 1N191 1N914 

2N711A 2N715 2N716 2N718 2N743 2N744 2N753 2N863 2N911 2N914 2N918 2N929 2N930 2N1131 2N1132 2N1143 2N1302 2N1303 2N1304 2N1305 2N1306 2N1307 2N1308 2N1309 2N1507 2N1613 2N1496 2N1711 2N2147 2N2148 2N2160 2N2218 2N2243 

6/8 9/6 7/6 26/2 4/6 : 4/6 ; 
I/-1 6/6 6/6 8/- 

2N4058 2N4284 2N4285 2N4286 2N4287 2N4288 2N4289 2N4290 2N4291 2N4292 2N4303 2N4871 2S002 2S004 25017 25018 2S020 2S024 2S034 2S102 2S104 25301 25302 2S304 2S320 2S322 25701 25702 25711 25712 2S733 40361 40362 

^ COMPONENTS -II- 
RESISTORS 1 or I Watt 5% LOW NOISE CARBON FILM. 10, 12. 15, 18, 22, 27, 33, 39. 47, 56, 68. 82 ohms and decades (xlO, x 100, x 1.000, X 10,000) I Meg etc. to 8.2 Megohms (10% tolerance). PRICES: 1-25 4d, 26-99 3d, IOO+2d (your selection 1 and /or I Watt mixed). SKELETON PRESET POTS. 20% Tol. Linear. Low noise. Available in sub-miniature or standard size, horizon- tal or vertical. 100, 250, 500, Ik. 2.5k. 5k. 10k. 25k. 50k. 100k. 250k, 500k. I Meg, 2.5 Meg, 5 Meg. NEW PRICE: I/- each or any selection of 12 pieces 10/—. Kl pr-xpr»l YTir CAPACITORS fMullard). -10% MF). 400 320 200 125 80 50 32 1/2 

to +50% tol. Subminiature (all v lues in 4V 8 32 64 125 250 6.4V 6.4 25 50 100 200 10V 4 16 32 64 125 16V 2.5 10 20 40 80 25V 1.6 6.4 12.5 25 50 40V 1 4 8 16 32 64V 0.64 2.5 5 10 20 Price 1/6 1/3 1/7 H- l/l 
MIN. POLYESTER CAPACITORS. Printed type 250 Vdc working. 0.01, 0.015, 0.022, 7d each; 0.033, 0.047, 8d each; 0.068, 0.10, 9d each. VEROBOARD 0.15" Matrix FLUX COATED 24 x 31". 3/3. 21 x 5". 32 x 32'. 3/11. 31 x 5'. 5/6. 32 x 18'. 18/-. BARGAIN PACK of 36 square inches all good size pieces only 10/- pack. VEROBOARD 0.1' Matrix, 32 X 24', 3/9. VEROPINS for 0.15'. 36 pieces 3/-. VER CUTTER 9/- (including free sample pieces). 

Sn.. 0 « Single "DeC" with 'llBuS?ccessories.and S-?; nual . 29/6 ject "2-DeC" kit contains two "DeCs" component tray acces- sories, instruction book, all packed in attractive plastic box  69/6 "4-DeC" kit contains four "DeCs", accessories, manual, etc I "7/6 BOOKS FROM STOCK General Electric Transistor Manual, 660 pages of data and circuits ■ • 79/6 . 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 • • 75/- (ADD 2/6 POST & PACKING FOR ALL BOOKS) NEONS Signal neons for many types of circuit, type "N" Price 1/6 each or 16/- dozen. HEATSINKS. Suitable for 2 X OC35, etc. As used in commercial equipment. Type I0D 6/— ALUMINIUM CHASSIS 6 X 4 X 24* with reinforced corners 6/9 each (P & P 1/6). Ally panel to fit 1/6, Paxolin panel to fit 2/-. Many other sizes in stock up to 12 x 8 x 24" (see catalogue). ZENER DIODES. 400mW 10% Tolerance. Complete range preferred values 3 volt to 30 volt, each .. 3/6 SOLAR CELLS B2M 0.2-0.4 volts @ 2mA Selenium type 12/6 B3M 0.2-0.4 volts $8 li-24mA Selenium type .. 15/- SIM 0.3-0.4 volts (SI 10-16mA Silicon .. .. 19/- S4M 0.3-0.4 volts <S) 25-40mA Silicon . . 33/6 

2N3819 TeFEfs 8'- 
25+6'9 100+5'9 

ni|iQ71 MOTOROLA ZIHOl I Unijunction 
6'9 

25+5'9 100+4'9 

p LOGIC 
•12+ 8/- 1-6 7-1 uL900 9/9 91- UL9I4 9/9 91- uL923 13/- 12/- II/- Five Page Data and Cir- cuits article . . .2/6 Larger quantity prices (100+ and 1,000+) on application. 

Plastic Spreaders . 1/6 

SILICON RECTIFIERS -A*' 
PIV 200mA 750mA 1 Amp 10 Amp 

50 6d 1/- 2/3 — 
100 9d 1/6 2/3 4/6 
200 . 1/3 21- 2/9 51- 
400 2/6 +- 8/- 
600 — 3/- +6 9/6 
800 —. 3/9 5h 11/3 

1000 — 61- 6/6 14/- 

ULTRASONIC TRANSDUCERS 
te at 40kc/s. Can be used for remote control systems without cables or electronic links. Type 1404 trans-ducers can transmit and 

FREE: With each pair our complete transmitter and receiver circuit. PRICE £5.18.0 Paii (Sold only in pairs) 

2N3055 "power1 15'- 
25+13'- 100+11'- 

BF180 MULLARD UHf 
AMPLIFIER 6'- 
25|4'11 100 + 4'3 

THYRISTORS-SCRs 

56CAY Gallium Arsenide 
Infra-Red emitter 
29'6 each. (Incl. data) 

2N2614 RCA ,,0 LOW NOISE AUDIO 4'b 
25 + 4'- 100 + 3'- 

PIV IA 3A I0A 30A I00A 
50 . 7/6 91- 7/6 25/- 20/- 

100 . — 10/- 10/- 30/- 22/- 
200 . 8/6 — 12/6 42/- 35/- 
300 . — II/- — 51/- — 
400 . 9/6 12/6 15/- 60/- 45/- 
600 . — — 20/- 84/- 120/- 
800 • — — — —* 

eft 

|\ Be- r  ni/i, 

BC107/8/9 
Planars 2^ 

MULLARD 
RECTIFIER 

C| ifn plessey oL+UO 3 WATT 
INT. CIRCUIT irwo 

AMPLIFIER WO 

BX127 
800PIV 1 amp 5/ 
25+ 4/3 100+ 3/- 

NEW SPECIAL ITEMS!! 
40B02— Dual Gate MOS-FET S'- each 

flpP71 LST uur/1 equivalent 

9/6 PHOTO 
TRANSISTOR 

2N2926 LOW COST 
NPN PLANAR 2'- 
Z5 + 1'8 100 + 1'B 

L14B— Photo-Darlington Amplifier 26/6 
MGA100—Gallium Arsenide Infra Red Light 

Source SS7- 
31F2— Infra Red Detector Diode 28/6 
3N84— Silicon Controlled Switch 29/6 
TAA320—Monolithic IC with MOS-FET input 

followed by Bi-Polar transistor IS'G 
Datasheets l/-on request—free with above items. 

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 replace ment guarantee if not to pub- lished specifications. WE DO NOT offer "Re-marked' Semiconductors. Our 1969/70 Catalogue is avail able FREE on request. Please enclose a stamped addressed envelope with any queries. Quantity Prices on application. Retail: Cash with order, please. Trade; Please furnish usual refei ences if Credit facilities required. Post & Packing I/- per order (FIRST CLASS). 
MAIL ORDER DEPT. & RETAIL SHOP:- 
LST, 7 Coptfold Road, Brentwood, Essex 
Telephone: 226470/1 (Sales Department) 
EXPORT ENQUIRIES PARTICULARLY WELCOME 



VALUE ALL THE WAY 

QUALITY-TESTED PAKS I KING OF THE PARS Unequalled Value and Quality 

SUPER PAKS NE«M^CONDUCTR5RSED ,<> Matched Trans, 0044/45/81/810 . 20 Red Spot AF Trans, PNP . . 16 White Spot RF Trans. PNP  5 Silicon Rects. 3 A 100-400 PIV .. 2 10 A Silicon Rects. 100 PIV  
? 9aCJ ii0 Trans- NPN Switching. 1 12 A SCR 100 PIV  3 Sil. Trans. 2S303 PNP   3 200 Mc/s Sil. Trans. NPN BSY26/27 3 Zener Diodes I W 33V 5% Tol,. . 4 High Current Trans. OC42 Eqvt. 2 Power Transistors I OC26 I OC35 5 Silicon Rects.. 400 PIV 250mA  4 OC75 Transistors  1 Power Trans. OC20 100V . 10 OA202 Sil. Diodes Sub-min  2 Low Noise Trans. NPN 2N929/30 1 Sil. Trans. NPN VCB 100 ZT86 8 OAS I Diodes    4 OC72 Transistors  4 OC77 Transistors  4 Sil. Rects. 400 PIV 500mA  5 GET884 Trans. Eqvt. OC44 5 GET883 Trans. Eqvt. OC45 .... 2 2N708 Sil. Trans. 300Mc/s NPN . . 

* laX?.1 ^ Low No'se Germ Trans. 6 IN9I4 Sil. Diodes 75 PIV 75mA. . 8 OA95 Germ. Diodes Sub-min. IN69 3 NPN Germ. Trans. NKT773 Eqvt.. 2 OC22 Power Trans. Germ  2 OC25 Power Trans. Germ  4 AC 128 Trans. PNP High Gain  
1 ComP- Pair PNP/NPN 3 2N1307 PNP Switching Trans. . . . 7 CG62H Germ. Diodes Eqvt. OA7I 3 AFI 16 Type Trans   12 Assorted Germ. Diodes Marked. . 4 ACI26 Germ. PNP Trans  4 Silicon Rects. 100 PIV 750mA  3 AFI 17 Trans  7 OC8I Type Trans  3 OCI7I Trans  5 2N2926 Sil. Epoxy Trans.. . 7 OC7I Type Trans  2 2S70I Sil. Trans. Texas  2 10 A 600 PIV Sil. Rects. IS45R .,. 
? ?"■ NPN High Gain Trans 1 2N9I0 NPN Sil. Trans. VCB 100 . 
? ic ■?ect- 1 5 A R533 10 AF 3 BSYSSASi'- Trans. NPN 200Mc/s. 3 OC200 Sil. Trans  
? J-S?® Low Noise Germ. Trans. ■1 kiol^ High Freq. Trans  3 NPN Trans. I STI4I & 2 STI40 .. 4 Madt's 2 MATI00 & 2 MATI20.. 3 Madt's 2 MATI0I & I MATI2I .. 4 OC44 Germ. Trans. AF .... 3 ACI27 NPN Germ. Trans  
' 2N3906 Sil. PNP Trans. Motorola 2 Sil. Power Rects. BYZI3  1 ^'• f,?yver Trans. NPN lOOMc/s. T K 201 A   
? ?MJJ.32 PNP Epitaxial Planar Sil. 3 2N697 Epitaxial Planar Trans. Sil. 4 Germ. Power Trans. Eqvt. OCI6 1 Unijunction Trans. 2N2646 . 2 Sil. Trans. 200Mc/s 60Vcb ZT83/84 I Tunnel Diode AEYI I 1050 Mc/s . 
o Dv?Z«2

T
Sil- EPoxy Planar HFE225 8 BY 100 Type Sil. Rects  25 Sil. and Germ. Trans. Mixed, all marked. New  

10/. 10/- 10/- 10/- 10/- 10/ 10/. 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/. 10/- 10/- 10/. 10/ 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/. 10/- 10/. 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/. 10/. 10/- 10/- 10/- 10/- 10/- 15/- 
,5/-, 10/- 15/- 15/. 15/- 15/- 15/- 15/- 20/- 

Satisfaction GUARANTEED in Every Pak, or money back. 
Pak No. Ul 

1 U2 60 Mixed Germanium Transistors AF/RF  10/ U3 75 Germanium Gold Bonded Diodes sim. OAS, OA47 10/ U4 40 Germanium Transistors like OC8I, ACI28  10/ ' U5 60 200mA Sub-min. Sil. Diodes  10/ U6 40 Silicon Planar Transistors NPN sim. BSY95A, 2N706 10/ U7 16 Silicon Rectifiers Top-Hat 750mA up to 1,000V . . . 10/ U8 50 Sil. Planar Diodes 250mA OA/200/202   10/ U9 20 Mixed Volts 1 watt Zener Diodes  10/- Ul 1 30 PNP Silicon Planar Transistors TO-5 sim. 2NI 132. . 10/- U13 30 PNP-NPN Sil. Transistors OC200 & 25104   10/- U14 
U15 

150 Mixed Silicon and Germanium Diodes   
30 NPN Silicon Planar Transistors TO-5 sim. 2N697 . . 10/. 

10/- U 16 10 3-Amp Silicon Rectifiers Stud Type up to 1000 PIV. 10/- U17 30 Germanium PNP AFTransistors TO-5 like ACY 17-22 10/- U18 8 6-Amp Silicon Rectifiers BYZI3 Type up to 600 PIV 10/- U 19 30 Silicon NPN Transistors like BCI08   10/- U20 12 l-5-amp Silicon Rectifiers Top-Hat up to 1,000 PIV. 10/- U2I OC7iF German,um a"oy Transistors 2G300 Series & 10/- U23 30 Madt's like MAT Series PNP Transistors  10/- U24 20 Germanium l-amp Rectifiers GJM up to 300 PIV. . 10/- U25 25 300 Mc/s NPN Silicon Transistors 2N708. BSY27. . . 10/- U26 30 Fast Switching Silicon Diodes like IN9I4 Micro-min 10/- U28 Experimenters' Assortment of Integrated Circuits, un- tested. Gates, Flip-Flops, Registers, etc.. 8 Assorted Pieces 20/- U29 10 1 amp SCR'sTO-S can up to 600 PIV CRS1/25-600. . 20/- U3I 20 Sil. Planar NPN trans, low noise Amp 2N3707 . . 10/- U32 25 Zener diodes 400mW D07 case mixed Volts, 3-18 . 10/- U33 15 Plastic case 1 amp Silicon Rectifiers 1N4000 series . . 10/- U34 30 Sil. PNP alloy trans. TO-5 BCY26, 2S302/4 . 10/- U35 25 Sil. Planar trans. PNP TO-18 2N2906   10/- U36 25 Sil. Planar NPN trans. TO-5 BFY50/5I/52 . . . 10/- U37 30 Sil. alloy trans. SO-2 PNP, OC200 2S322  10/- U38 20 Fast Switching Sil. trans. NPN 400Mc/s 2N3011  10/- U39 30 RF Germ. PNP trans. 2N 1303/5 TO-5  10/- U40 10 Dual trans. 6 lead TO-5 2N2060 . . . 10/- U4I 30 RF Germ, trans. TO-I OC45 NKT72  10/- U42 10 VHF Germ. PNP trans. TO-I NKT667 AFI 17  10/- 
Code Nos. mentioned above are given as a guide to the type of device n the Pak. The devices themselves are normally unmarked 

-wv* I ItlVi- I LJ I CLF ^ 
I Amp (TO-5) 3 Amp (TO-66) 7Amp(TO-48) PIV Pc-K DI \ / rr_ -L r, i \ / r- . ' 

30/- 

PIV Each 50 4/6 50 100 51- 100 200 71- 200 400 8/6 400 600 10/6 600 12/6 800 

PIV Each 
" 51- 6/6 7/6 9/6 11/6 

50 100 200 400 

9/6 10/6 11/6 13/6 

GIRO No. 388-7006 

800 14/- 
16 Amp (TO-48) 30 Amp PIV Each PIV Eakh 

600 15/6 800 18/. 

StPAlf 

50 10/6 100 12/6 200 15/- 400 18/6 600 25/- 800 30/- 

25 20/- 50 23/- 100 28/- 200 32/- 400 35/- 800 80/- 
I 2 Amp POtTED BRIDGE RECTIFIERS 200V. 10/-, 600V. IS/-. 800V. 20/- 
1 TRANSISTOR EQUIVALENT & 

SPECIFICATION BOOK J (German publication). A complete cross I reference and equivalent book for Euro- I pean, American and Japanese Transistors. | Exclusive to BI-PAK. 15/. each 

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

50 |/- 2/9 4/3 9/6 100 1/3 200 1/9 300 2/3 400 2/6 500 31- 600 3/3 800 3/6 000 51- 

4/6 15/- 4/9 20/- 6/6 22/. 7/6 25/- 8/6 30/- 91- 37/- 7/6 II/- 40/- 9/3 12/6 50/- 

3/3 41- 4/6 5/6 6/- 6/9 

1200 6/6 11/6 15/- 
TRI ACS VBOM 2A 6A I OA (TO-1) (TO-66) (TO-48) 100 14/- 15/- 22/6 200 17/6 20/- 28/6 400 20/- 25/- 35/- vBOM = Blocking volt tage in either direction. 

PRINTED CIRCUITS . EX-COMPUTER J Packed with semiconductors and J comoonents, 10 boards give a I guaranteed 30 trans, ana 30 1 diodes.Ourprice lOboards 10/-. Plus 21- P. & P. 

LUCAS 35A SILICO RECTIFIERS Branded. 400 PIV. Special Price stud type, flying lead, 22/6 each. 

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

KING 
JANUARY 197i 

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

SILICON HIGH VOLTAGE 
RECTIFIERS 

10-Amp 3-K.V. (3000 P.I.V.) Stud Type with Flying , - , 1-eads   16/- each 
UNIJUNCTION UT46. Eqvt. 2N2646, Eqvt. TIS43. BEN3000 

5/6 EACH 
25-99 SI- 100 UP 41- 

NPN SILICON PLANAR BC107/8/9. 21- each; 50-99, J/iO; 100 up, 1/8 each; 1,000 off, 1/6 e^ch. Fully tested and coded TO-18 case. 
PNP SIL. PLASTIC TRANS. Similar to 2N3702, uncoded but fully tested, 1/6 each; 25-99, 1/3 each; 100 up, I/- each. 
PHOTO TRANS, ocp7'   Type. 8/6 

INTEGRATED 
CIRCUITS BI-PAK MONOLITHIC AMPLIFIERS (T0-5 8 lead) BP709C, Operational am plifier, 15/-each. BP701C, Operational am plifier (with Zene output), 12/6 each. BP702C, Operational am plifier (with direct output), 12/6 each. BP50l,Wide band ampli fier, 18/- each, BP52I, Logarithmic wide band amp., 14/-each. BP20I/C, General pur pose amplifier (TO-5 £ ■ lead), (voltage or cur- rent amp.), 12/6 each -C, Ooerational Ampli .ier with Zener output. Type 701 C. 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. 

AMPLIFIER As used in 'P.E.' projects 

Identical encapsulation and pin configuration to the following : SL402-3 ICI0 and IC403. Each circuit incorporates are-amp and class A.B. Power amp stage capable of delivering up to 3 watts RMS. Fully tested and guaranteed. Supplied complete with circuit details and data. CODED BP. 1010. OUR LOWEST PRICE 30/- each. 10 up 25/- each. OTHER MONOLITHIC DEVICES BP424, Zero voltage switch, 8/6 each. This device is a mono- lithic I.C. that acts as combined threshold de- tector and trigger circuit for controlling a triac. It is designed to pulse the gate of a thyristor at the point of zero supply volt- age, and therefore elimi- nate radio frequency nterference when used with resistive loads. DI3DI Silicon Unilateral switch 10/- each. Silicon Planar, mono- Uthic integral circuit hav- ing thyristor electrical characteristics, but with an anode gate and a built- "Zener" diode be- tween gate and cathode. Full data and application circuits available on re- quest. FAIRCHILD (U.S.A.) RTUL MICROLOGIC INTEGRATED CIRCUITS Epoxy case T8-5 lead temp, range I50C. to 55 C. UL900, Buffer, 10/6 each. UL9I4, Dual two-input gate, 9/9 each. UL923 J-K-flip-flop, 13/6 each. Complete data and cir- cuits for the Fairchild I.C.'s available in booklet form priced I /6. MULLARD I.C. AMPLIFIERS TAA243, Operational amplifier, 70/- each. TAA263, Linear AF amplifier, 18/6 each, TAA293, General pur- pose amplifier, 21/- each. CA3020 RCA (U.S.A.) LINEAR INTEGRATED CIRCUITS Audio Power Amplifier, 30/- each. 
CADMIUM CELLS 

ORPI2 8/6 ORP60, ORP6I 31- each 

ADI6I AD 162 
NPN PNP MATCHED COMPLE- MENTARY PAIRS OF GERM. POWER TRANSISTORS. For mains driven out- put stages of Amplifiers and Radio receivers. OUR LOWEST PRICE OF 12/6 PER PAIR. 

HIGH POWER SILI- CON PLANAR TRAN- SISTORS. T 0-3. TEXAS 2S034 NPN VCB 100 lc4A fT. 15M/c» VCEI00 Ptot. 40W VEB8 hFE(min.)60 Price 15/- each 
2N3055 I 15 W. SIL POWER NPN OUR PRICE 12/6 each 
FULL RANGE OF ZENER DIODES VOLT. RANGE 2-20V I 400m W (DO.7 Case) 2/6 | 

I-5W (Top-Hat) 3/6 I I0W (SO-IO Stud) 5/-I All fully tested 5% tol. | and marked. State volt- age required. 
BRAND NEW TEXAS L 
GERM.TRANSISTORS I 
Coded and Guarant'd | Pak No. EQVT. 8 2G37IA OC7I 8 2G374 OC75 8 2G3744A OC8ID 8 2G38IA OC8I 8 2G382T 8 2G344A 8 2G345A 8 2G378 8 2G399A 0 8 2G4I7 

OC82 OC44 OC45 OC78 . 2NI302 AFI 17 All 10/- each pack 
2 N 2060 NPN SIL. 
DUAL TRANS. CODE D1699 TEXAS. OUR PRICE 51- each. 

120 VCB NIXIE DRIVER TRANSIS- TOR Sim. BSX2I &| C407. 2NI893 FULLY | TESTED AND CODED I NDI20. 1-24 3/6 each. TO-5 NPN 25 up 3/-each I 
I. trans, suitable for I .E. Organ. Metal TO-ISI Eqvt. ZTX300 I /- each. I Any Qty. 

FREE One 10/-Pack of your own choice free with orders valued £4 or over. 
NPN DIFFUSED SILI- CON PHOTO-DUO- DIODE TYPE iS70l (2N2I75) for Tape Readout, high switch- ng and measurement ndicacors, 50V, 250mW. OUR PRICE 10/- EACH. 50 OR OVER 8/6. EACH. FULL DETAILS. 

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

LOW COST F.E.T.s Fully Tested, Guaran- teed Perameters equit. to 2N38I9, MPFI02, 2N5459. 1-24 7/-each; 25-99 6/3 each; 100 up 5/6 each. Coded FEI9. Full data sent. TO-72 
BI-PAK MONOLITHIC DIGITAL CIRCUITS (10 lead TO-5) BP305A, 6-lnput AND! gate, 9/6 each. BP3I4A, 7-lnput NOR I gate, 9/6 each. BP3I5A, Dual 3-lnput I NOR gate, 9/6 each. I '3I6A, Dual 2-lnput I NOR gate (expand- I able), 9/6 each. BP320A, J-K-Binary ele-I ment, 11/6 each. BP332A, Dual 3-lnput | OR gate, 9/6 each. 

BP3|i 

the paks bi-pak GiuRjuns ssnswcnoN m money back 
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AMATRONIX LTD. 
396 Selsdon Road, 
South Croydon, 
Surrey, CR2 ODE 

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

GUARANTEED TRANSISTORS 
ADUI-2 12/- GET693 1/3 2N3055 16/6 
AF239 10/- HK041 
aSOOOG 11/3 HK101 
00121 18/- HK601 
BC107B 3/- IS44 

2/6 2N3707 4/- 
2/- 2N3794 3/- 
2/6 2N3983 5/8 
1/4 2N4058 4/6 •^.IV/D J / - IJff I / -T w 

BC168B 2/3 HEH564C 16/- 2N4285 3/- 
BC169C 2/6 SF115 3/- 2N428? 3/- 
BF167 
BF178 
BF224 
BF225 
BFY51 

5/3 TIS18 
9/- TIS60M 
4/- TIS61M 
4/- 2N706 

7/- 2N4291 
4/8 2SB187 

4/11 2SB405 2/7 2SD72 
4/- 2N2926G 2/6 40468A 7/6 

RECTIFIERS: 
•OOpiv, 500mA Si, IS557, 3/-: 50piv. 100mA, 
1/-. Submin. Selenium Bridge, 30Vrms, 150mA 
dc 3/6: Contact-cooled Sel. Bridge, 30Vrms, 700mA dc. 6/-. Silicon Bridge, 80Vrms, lAdc, 
10/-. All new and perfect. 

I.e. BARGAIN 
Push-pull 0.5W amplifier, R.C.A. 
type CA 3020 ('In Your Work- 
shop', Feb., '68). Uses from d.c. 
to v.h.f. are described in the 
makers' own APPLICATION 
NOTES, FREE WITH EACH I.C. 
Operable 3-9V, brand new, direct 
from makers. 
BEST-EVER PRICE: ONLY 26/- 

COMPONENT KITS 
AMPLIFIER PACKAGES, Reliable and 
efficient, and still far cheaper than i.e's! 

AX2 9V, up to 300mW 12/6 
AX3 9V, up to 800mW in 8 ohms 22/6 
AX4 24V, 5W,8 ohms, 3W, 15 ohms 30/- 
AX5 12-15V, 3W,3-5 ohms. NEW! 35/- 

RECEIVER PACKAGE. AX9, sensitive 
t.r.f., all-silicon circuit, no adjustments, 
reliable, adaptable, low drain. Printed 
circuit and all parts - still only 45/- 

MINI MAINS PACK COMPS. 17/6 

—Hi 

-H 

"X5v 
80 ■ 
mA 

Mini Mains Transformers 
MT9, 9-0-9V, 80mA 12/6 
MT6, 6-0-6V, 100mA 13/6 
MT12, 12-0-12V, 50mA 13/6 

CAPACITORS 
Polystyrene: 160 V, small, low-loss, tol. 1 pF 
or 24% according to size. Prices: I0-39pF, 
6d: 47—1500pF, 9d; 2200-1 5,OOOpF, 1/-; 
22,000pF, 1/3. Stock list: 10, 12, IS, 18, 
22, 27, 33, 39, 47, 56, 82, 100. 120, 150, 
180, 220. 270, 330, 390, 560, 680, 820, 
1000, 1500, 2200, 3300, 4700, 6800, 8200, 
10,000, 15,000, 22,000 pF. 
Miniature Metallised Polyester: .01 uf, 8d; 
. 1 uF, lOd; .22uF, 1/-. 
Tuning; 300pF max, Jacksons Dilemin sub- 
min single tuner, 10/-. 
RESISTORS 
Carbon Film. iW, miniature, low noise. 
10. 12, 15. 18. 22, 27, 33, 39, 47. 56, 
68, 820 and so on to 10M. Tol. ± 5% to 
1M, 10% above IM. All 3d. each. 
Carbon Skeleton Presets. Submin., vertical, 
linear, lOOmW. 50, 150. 500Q and so on 
to I.5M. Egen Type 467, 1/6 each. 
Volume Control, 10K log. with d.p. switch 
and long aluminium spindle with flat. 
Standard size, Egen. 5/6 each. 
R. F. CHOKES. Repanco; CHI, 2.5mH, 2/6: 
CH2, 5mH, 3/-: CH3, 7.5mH, 3/-; CH4, 
lOmH, 3/-: CHS, I.SmH, 2/6. All small, 
ferrite-cored. 
FERRITE RODS: 4in. or dfin. x }in., wound 
for MW (300pF), 5/-: unwound, 2/-: oval, unwound, 2 x 4 x fin., with data, 2/6. 
TRANSFORMERS, MINI. A.F.: Eagle 
LT700, 12000 c.t. to 3Q, 20OmW, 5/-: 
Repanco TT47 driver for single ended push- 
pull, 4.5 to (1) 4- (I), 6/-. 
TELESCOPIC AERIAL: 7iin, opening to 
47in., 9/-. 
BATTERY HOLDER BH2 for two 1.5V pen 
cells, with snap connector, 2/6. 
EARPIECES, all 3.5mm plugged, crystal, 
4/9: magnetic, 80, 2/6: 

Read all about building a — 

DIGITAL PROPORTIONAL 

6-CHANNEL RADIO CONTROL OUTFIT 

in "RADIO MODELLER" magazine 

SPECIAL OFFER- 

TWO ISSUES—Containing the 2-part article 

on building up the Remcon "QUANTUM SIX" 

six function digital proportional superhet 

receiver and transmitter 

for only 5/- (normally 7/-) 

Send now, enclosing 51- P.O. or cheque to:— 

0 RADIO MODELLER, (Dept. S.O.), 
64 WELLINGTON ROAD, HAMPTON HILL, MIDDLESEX 
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There's Something for Everyone in the 

NEW HEATHKIT CATALOGUE! 

1 
r 

m 

i 

30 
HEW MODELS: om 

mm* * # If £ 
# 

• AUTO TUNE-UP METER 

• D.l.Y. SPEAKER SETS 
• SEVERN 

AM/FM RADIO 
• STEREO 

record player 9 electronic 
metronome 

• FABULOUS STEREO 
HI-FI COMPACTS 

• POWER SUPPLIES • CAR RADIO 

• d.ly. radiogram PACKS 

• aircraft monitor receiver 

• GUITAR PRACTICE • "^1 
AMPLIFIER SYSTtivio 

• generators, rf, AUDIO, TV 

• AMBASSADOR • 7nwHCOCSTNVSVM 
SPEAKERS LOW-COST vvm 

• MANY OTHER MODELS 
TOO NUMEROUS TO 
MENTION 

Send for this 

FREE Catalogue 

and see for yourself. Today! 

0 i HBJ-A-TIilCXT D 

DAYSTROM LIMITED, 
HEATHKIT DIVISION, 

GLOUCESTER, GL2-6EE 
Tel: Glos 29451. Telex 43216 
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BOUND VOLUME 

No. 22 

of 

"The Radio Constructor' 

FOR YOUR LIBRARY 

Comprising 
800 pages 
plus index 

AUGUST 1968 
to JULY 1969 

PRICE 35' ■ Postage 4^6 

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

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

PRICE 25/- Postage 4/6 

Limited Number of Volume 21 
(August 1967 to July 1968) still available 

Price 35/- Postage 4/6 

Available only from:- 

Data Publications Ltd. 

57 Klaida Vale London W9 

A FAST EASY WAY 

TO LEARN BASIC RADIO 

AND ELECTRONICS 
Build as you learn with the exciting new 
TECHNATRON Outfit! No mathematics. 
No soldering-but you learn the practical way. 

Now you can learn basic Radio and Electronics at home—the 
fast, modem way. You can give yourself the essential technical 
"'know-how' sooner than you would have thought possible— 
read circuits, assemble standard components expenment, 
build . . . and enjoy every moment of it. B.I.E.T s Simplitiea 
Study Method and the remarkable new TECHNATRON Self- 
Build Outfit take the mystery out of the subject—tpake learn- 
ing easy and interesting. 

Even if you don't know the first thing about Radio now, 
you'll build your own Radio set within a month or so! 

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

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

BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 
Dept. 370B, Aldermaston Court, 

Aldermaston, Berkshire. 

164 
pa^es 

I # 

r 

I To; B.I.E.T., Dept. T70B, ALDERMASTON COURT, 
| ALDERMASTON, BERKS. 
! I would like to know more about your 
■ Practical Radio & Electronics Course. Please 

send me full details and FREE 164-page book. 
name  

iaddress 
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THE MODERN BOOK CO 

TRANSISTOR, AUDIO AND RADIO CIRCUIT 
For Radio Receivers, Radiograms, Record Players, 

Tape Record Players and Hi-Fi Equipment 

30s. a Mullard Publication Postage 1s. 

Transistor Substitution Handbook 
No. 19. 18s. Postage 1s.' 
Colour Television PAL System 
by G. N. Patchett. 40s. Postage Is. 
Radio and Line Transmission, Vol. 3 
by G. L. Danielson. 45s. Postage 1s. 
Solid State Hobby Circuits Manual 
by R.C.A. 17s. 6d. Postage Is. 
Transistor Manual 
by General Electric Company. 21s. 

Postage 1s. 6d. 
SCR Manual 
by General Electric Company. 25s. Postage 2s. 
Transistor Transmitters for the Amateur 
by Donald L. Stoner. 21s. Postage 1s. 

110 Semiconductor Projects for the Home 
Constructor by R. M, Marston. 18s. Postage 1s. 
Practical Integrated Circuits 
by A. J. McEvoy & L. McNamara. 18s. 

Postage 1s. 
Servicing with the Oscilloscope 
by Gordon J. King. 28s. Postage 1s. 
Hi-Fi in the Home 
by John Crabbe. 40s. Postage 1s. 6d. 
VHF-UHF Manual 
by G. R. Jessop. 21s. Postage 1s. 
Television Engineers' Pocket Book 
by J. P. Hawker & J. A. Reddihough. 21s. 

Postage 1s. 
Questions & Answers Transistors 
by Clement Brown. 10s. Postage 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 

DENC0 (CLACT0N) LIMITED 

355-7-9 OLD ROAD. CLACT0N-0N-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 alignrrlent 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. 
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BARGAIN GIFT OFFER 

■ 

SUPER SWISS WATCHES 
GENTS WR1STWATCH 
Ultra-modern styled watch complete 
with expanding bracelet in luxurious 
golden finish. 21-jewelled Swiss move- 
ment with automatic DAY and 
DATE indication in black and white 
clearcut figures. Centre second hand. 
All hands and 5-minute batons in attrac- 
tive gold colour. One of the cleanest 
and clearest dials we've seen. Water 
protected and anti-magnetic. Electronic- 
ally timed and tested. Screwback stain- 
less steel back. SIX MONTHS WRITTEN GUARANTEE. List Price £6.14.0 
Special Offer Price 8B/6plus 3/- P&P 

LADIES WRISTWATCH 
Very attractive ladies watch in a luxurious 
golden finish, with matching expanding 
bracelet. 21-jewelled Swiss movement with 
automatic date change. Handsome white 
dial with golden colour batons and numerals. 
Centre second sweep hand, minute and hour 
hands also in gold. This watch was specially 
selected for its attractive and easy-to-read 
dial design. Water protected and anti- 
magnetic. Electronically timed and tested. 
Screwback stainless steel back. SIX MONTHS 
WRITTEN GUARANTEE. List Price £4.19.6 
Special Offer Price 67/6 plus 3/- P&P 

RUSSIAN OPTICAL PR&MON 
COSMIC 35 
CAMERA 
This camera is with- 
out doubt the best 
value camera on the 
market today. Re- 
viewed by 'Amateur 
Photographer' in 
1964 who judged it 
excellent value for 
money and 'capable 
of making first class 
exhibition prints of 
20 x 16 inches'. 
SPECIFICATION: 
3 element F.4 lens. 

5-speed shutter 1/15th to 1/250th sec. 5 stops f.4 to f.16. Delayed 
action mech. allows self portraits. Depth of field indicator. Accessory 
shoe. Flash socket. Supplied complete with instruction booklet & superb 
P.V.C. Ever Ready Case. LIST PRICE £6.14.6. IJC A Q . ... pAp Special Offer Price plus 3/6 P&P 

SHARP 
mm* 

m 
cfi& tmeus wravr—- fTO TAKEPHOfeSSIOHAL QUAUTY PHOTOGRAPHS 

TAKES NEEDLE 
PICTURES BLACKS 
WHITE OR COLOUR: 

CAR COMPASS 
Extremely accurate com- 
pass manufactured by 
Sherrill Corporation of 
America, suppliers to 
the U.S. Government 
and Armed Forces. Fully compensatable with avi- 
ation type regulator 
magnets controlled by 
nylon gears. Leakproof 
under a wide range of 
temperatures. A scien- 
tifically designed instru- 

ment for all motorists and especially 'mobile' transmitter 
operators. Easily fitted. List Price 39/6. 

Special Offer Price 29/6 plus 2/6 P&P 

W IW 

FLOAT ON AIR! INFLATABLE ARMCHAIRS 
Float on Air in a Bubble Chair. Trendsetting inflatable furniture that stores in a 
drawer. Tough vinyl material ensures long life. (Accidental punctures easily 
repaired). Available in gorgeous colours: Orange, Blue, Yellow, Black and 
Transparent. List Price 90/-. in 

Special Offer Price Dtl/D plus 4/6 P&P 

EMBOSSING 

PRESS (Brsnge ]parTi, 
A4I 

Emboss your own notepaper, etc. and eliminate printing costs. Most useful home 
and office accessory that brings prestige to correspondence and avoids errors in 
replies. Choice of five print styles, as illustrated. (Print styles shown approx. half 
size). Choice of 'in line' or 'staggered' setting. New dies readily available when 
required. (Please note that there is a limit of 20 letters or figures per line). 
SPECIAL PRICE: 39/6 for 4 lines 49/6 for 5 lines POST FREE 

CONWAY VALE 
A46 

ANSTAY HILI, 
A42 

Sunni ngd ale 
A44 

1. ALBERT ROAD 
A 43 ^ 

Please send the following: 
(TICK WHERE APPLICABLE) 

Gents Wristwalch  Supplies) for E 
Ladies Wristwalch  
Cosmic 35 Camera  NAME  
Car Compass  
Inflatable Armchair  
(Colour required  ) 
Embossing Press  
(Style of type required ) 
(Address 'in line' or staggered) 

I enclose cheque/crossed postal order (made payable to Flairiine 

ADDRESS. 

BLOCK CAPITALS PLEASE 
ALL GOODS SUPPLIED UNDER SEVEN-DAY MONEY-BACK GUARANTEE 

FLAIRIINE SUPPLIES 
SUITE 11/12, SECOND FLOOR, 
52 SHAFTESBURY AVENUE, LONDON, W.1 
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LIMITED 
muc 

FULLY TESTED AND MARKED 
AC 107 
ACI26 
ACI27 
AC128 
AC176 
ACYI7 
AFII4 
AFIIS 
AF1 1 6 
AFI17 
AFI86 
AFJ 39 
AF239 
BFY50 
BSr2S 
BSY26 
BSY27 
BSY28 
BSY29 
BSY95A 
OC4I 
OC44 
OC4S 
OC7I 
OC72 
OC73 
OC81 
OC8ID 
OC83 
OC139 
OCI40 

3/- 2/4 
2/6 
2/6 
5/- 
3/- 
4/— 
3/4 
3/4 
3/6 

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

OC170 
OCI7I 
OC200 
OC20I 
2G30I 
2G303 
2N7I1 

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

10/- 
2N I 302-3 4/ 
2NI 304-5 5/- 
2N1306-7 6/- 
2NI 308-9 8/- 
2N38I9 »/. 
Power 
Transistors 
OC20 10/- 
OC23 
OC25 
OC26 
OC28 
OC35 
OC36 
ADI49 
AUYI0 
2N305S 
Diodes 
AAY42 
OA95 
OA70 
OA79 
OAS I 
IN9I4 

10/- 
8/- 
5/- 7/6 
5/- 
7/6 10/- 

30/- 
15/- 

I'r- 1/9 
1/9 
1/9 
1/6 

C D C C I Packs of your own choice 
rlliuC ■ UP to tfle 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, 72, 81. etc. 

PRICE £5 PER 1,000 
POST & PACKING 4/6 U.K. 

XB PAK 
Silicon TO-18 CAN type transistors NPN/ 
PNP mixed ots, with eauivalpnrt 
OC200-1, 2N706a! BSY27/29? BSY9SA. 
PRICE £4.5.0 PER 500 £8 PER 1,000 

POST & PACKING 2/6 U.K. 
XC PAK 
Silicon diodes miniature glass types, finished Wl^h polarity marked, equivalents to 
OA200, OA202, BAY3I-39 and DKI0, etc. 

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

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 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. 

NEW TESTED & GUARANTEED PAKS 
B2 4 Photo Cells, Sun Batteries. .3 to .5V, .5 to 2mA. 10/- 
a// 2 ADI6i-ADI62 NPN/PNP Trans. Comp. output. Pair 10/- 
B8I IQ Reed Switches. Mixed types 

large and small. 10/- 
Bay 2 5SP5 Light Sensitive Cells. Light res. 400^. Dark 1MJ2. 10/- 
bv i g NKT163/164 PNP Germ, to 

— 5. Equiv. to OC44, OC45. 10/- 
Byi 4 NPN Sil. Trans. A06 = BSX 20, 

2N2369, 500 MHz. 360 mW. 10/- 
Bya C GET113 Trans, equivalent to J ACY17-21 PNP Germ. 10/- 
By4 ^ NPN Sil. Planar Epitaxial 

Trans. CS4 similar to BSY38 
or BC108. 

10/- 

B96 C 2N3136 PNP Sil. Trans. TO- 
18. HFEI00-300. IC.600mA. 
200 MHz. 

10/- 

Bys "JO XBI12 & XB102 equiv. to ,v AC126, AC156, OC81/2, 
OC71/2. NKT271, etc. 

10/- 

200 Capacitors, Electrolytics, Paper, Silver Mica, etc. 
Postage on this pak 2/6. 

10/- 

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

H7 40 Wirewound resistors. Mixed 
values. Postage 1/6. 10/- 

LOOK! TRANSISTORS ONLY 1/- EACH 

TYPE A 
PNP SILICON ALLOY 

TO-5 CAN 
Spec:- hFE 15-100. ICER 
at VCE=20V 1mA Max. 
These are of the 2S300 
range which is a direct 
equivalent to the OC200- 205 range. 

TYPE B 
PNP SILICON PLASTIC 

ENCAPSULATION 
Spec:- hFE 10-200 
ICER at VCE=10V ImA 
Max. 
These are of the 2N3702-3 
and 2N40S9-62 range. 

TYPE C 
NPN SILICON TO-18 

CAN 
Spec:- hFE 50-900 
ICER at VCE=20V ImA 
Max. 
These are similar to BC1 08-9 
Types. 

n 

PECIAL offer 

2 volt Stabilised 
power Units 

lnpUt Stabilised 
0utpUt M l Amp. 

Rrandl 

ierS tie 
at the unrepeatable 

price ot £5 e 

plusP&p7/® 

NEW UNMARKED UNTESTED PAKS 

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

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

2/- P & P on this Pak. 

B78 12 Integrated Circuits, Data & IH/ Circuits of types, supplied ,v/' 
with orders. 

B80 g Dual Trans. Matched O/PlfW 
pairs NPN. Sil. in TO-S can. ,U/" 

B82 |0 OC45, OC810 & OC81 in/ 
 Trans. Mullard glass type. ' ' 
B83 JOO1^05, Makers rejects. NPN/ ift/ AWPNP. Sil. & Germ. IU/" 

MAKE A REV. COUNTER for your Car. The 
'TACHO BLOCK'. This encapsulated block will 
turn any 0-1 mA meter into a perfectly linear 
and accurate rev. counter for 20/- each 
any car. State 4 or 6 cylinder. 

B84 KJQSil icon Diodes DO-7 glass "m / 
equiv. to OA200, OA202. IW/" 

666 ISO High quality Germ. Diodes, in/ Min. glass type. ■ w/ - 
B86 50 Sl'- Diodes sub. min. IN914 10/ & IN916 types. ,U/- 
667 100berm. PNP Trans, equiv. to Ifl/ OC44, OC45. OC8I. etc. IU/_ 

FREE CATALOGUE AND LISTS for:- 
ZENER DIODES 

TRANSISTORS, RECTIFIERS 
FULL PRE-PAK LISTS 

& SUBSTITUTION CHART 

688 50 Sil- Trans. NPN, PNP. in/ equivalent to OC200/I, ' 2N706A. BSY95A, etc. 
B60 10 7 Watt Zener Diodes. ln/ 
 Mixed voltages. IU/- 

16 I Amp. Plastic Diodes. 50- 1(1/ 1000 Volts. ,U/' 

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

H6 40 250mW. Zener Diodes Ifl/ DO-7 min. Glass Type. If/- 

MULLARD DATA BOOK 
Semiconductor & Valve O/C 

Data & equivalents. O/O 
Postage 6d. EACH 

^REE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

PRE-RAKIXD 
DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE: SOUTHEND (0702) 46344 
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Just a 
phone call 

away 

A HOME RADIO CATALOGUE 

Ordering components is easier and quicker with our new 

Credit Recount Service 

Our aim in life at Home Radio Components Ltd. is to make your life happier 
and less complicated ! To this end we have recently introduced a Credit 
Account Service, one advantage of which is that you can order components 
by telephone any time, any day. If you phone out of shop hours a recording 
machine will take your message for us to deal with as soon as we open shop 
next day. ^ u 
There are other advantages to the new Service - if you want to order by 
post we provide Order Forms and Prepaid Envelopes. You settle your account 
just once per month. We stipulate no minimum order value. Of course for 
ordering your components you first need our Catalogue, and after you have 
been in the Service 12 months we regularly send you an up-to-date catalogue 
- FREE! 
For full details of our Credit Account service just drop us a line or phone 
01-648 8422. 

WfL. 

Whether or not you want to use the Credit Account Service 
described above, you certainly need the Home Radio Components 
Catalogue if you construct or repair radio and electronic gadgets. 
The catalogue has 350 pages, lists 8,000 components and has 
over 1,500 illustrations. It contains six vouchers, each worth 1/- 
when used as indicated. Post the coupon with 12/- (8/6 plus 3/6 
postage and packing) and we will send a catalogue by return of 
post. By the way, we supply free a 30-page Price Supplement and 
a Bookmark giving electronic abbreviations. 

Please write your Name and Address In block capitals 

Name  

Address  

HOME RADIO (Components) LTD., Dept RC, 
234-240 London Road, Mitcham, Surrey CR4 3HD 
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TORCH BATTERY 

POWER PACK 

by 

R. L. GRAPER 

Quite a few constructors, including in particular the younger enthusiasts, prefer 
to power transistor receivers and similar equipment with torch batteries rather 
than with the standard batteries that are specifically intended for transistor 
work. Apart from the possibility of initial cost saving, this approach certainly 
makes it possible for the batteries to serve a double function during their 
useful life. The article published here describes a simple home-built battery case 
with external connectors which can accommodate two 1289 torch batteries 

The battery unit described consists of a simple 
home-constructed case in which two 1289 torch 
batteries are fitted. These are automatically con- 

nected in series when the case lid is fitted, with the 
result that a 9 volt supply becomes available for tran- 
sistor radios and similar equipment. One advantage 
with the unit is that it is not necessary to solder 
any connections to the battery terminal strips, and 
the batteries can at any time be employed for other 
uses, if desired. 

ASSEMBLY 

The completed assembly is illustrated in Fig. 1. 
This diagram shows one side panel partly cut away 

I 
i 

1 

The unit with its lid removed 
330 

to reveal construction and the positions of the bat- 
teries. Above these appears the contact cover and 
lid. This is shown partly assembled, illustrating the 
contact strips at the ends for positive and negative 
connections, and the central springy contact fpr con- 
necting the batteries in series. The end strips are 
wrapped around the plywood and then glued. Ihe 
top panel is glued to the plywood panel, and has 
clearance holes for the plug and socket connections. 
The latter are taken from an old PP9 battery or 
similar, the insulated panel on which they are mounted 
being cut, as required, to fit the present assembly. 

The various parts forming the unit are shown in 
Fig. 2. Six lengths of iin. square planed stnpwood 
are cut and glued to form two U-shaped sections. 
These are then glued together, in their turn, to give 
a single cradle lin. wide. On to this are glued the 
two side and two end panels, these being cut from 
Formica laminate V^in. thick. Due allowance has been 
given in the sizes of these panels so that the edges 
can be bevelled at 45° and a knife edge fitting secured. 
There is no Formica panel at the bottom of the case. 
The bottom consists of the four bottom pane edges 
and the bottom surfaces of the wood, these all being 
cleaned up flush. . , ^ 3 ■„ 

The top cover is formed from a rectangle of Tsin. 
plywood, size 4||in. by lin. This is carefully sanded 
down to fit into the top opening of the box. A recess 
is cut out for the battery connector panels. After 
soldering appropriate lengths of wire to them, these 
are glued in position as also are the two end contacts. 
Note that a groove is needed for the wire to the 
negative connector, and that the wires must be 
soldered to the end contact strips. A V-shaped piece 
of brass foil, as illustrated in Fig. 1, is also glued 
at the centre of the plywood. This contact connects 
together the inner terminal strips of the batteries, 
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Clearance hole for 
6BA threaded rod 

Groove for wire 
connection to 
negative socket 

Bevelled edges 
at 45° 

Formica panel 
Cshown cut away) 

J5BA nuts 
,6BA plain washers 

Central springy 
shorting contact 

Clearance holes 

glued 

Glued 

(SI 

0 

% 50 
5R 

?5 OCiy 

5D 

89 

'72^ square wood 3 spacers 

Fig. 1. Illustrating the final assembly of the unit 

Positive contact, 
^'wide brass 
foil strip 

^Recess slot 

'/2 square wood 

xBrass countersunk 
screw 

"Formica panel 

causing them to be in series. No external connection 
is made to this centre contact. Finally, the top surface 
of the contact panel is treated with Evo-Stik, as also 
is the Formica top panel above, and the two brought 
into contact to form the complete lid. The output 
connectors are then marked "+" and " to show 
their polarity. This should, of course, correspond to 
their polarity when fitted to a standard battery. 

Two |in. lengths of 6BA brass studding act as 
fixtures for the lid. These lengths are sunk into suit- 
ably drilled holes in the wooden cradle as shown. 
They project by about -J-in. and are securely fixed 
at this height by short countersunk brass wood-screws 
which engage them through the end panels. See Fig. 1. 
The three spacers illustrated can be of cardboard 
or plastic laminate, and are pushed in after the bat- 
teries have been lowered into the case. They prevent 
excessive movement of the batteries. 

The top strips of the batteries should be bent as 
shown in Fig. 1 and should be nearly level with the 
top of the box. Very good contact will then be ob- 
tained when the cover is fitted and the 6BA nuts 
JANUARY 1970 

mm 

' JWi 

. 

i ■■ 

mm 

When the lid is secured in place a 9 volt output 
is available at the two top connectors 
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I'/s 
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5/8 dia 
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Fig. 2. The component parts of the unit have the dimensions given here 

screwed down. The form of construction described 
gives a very robust unit, and replacement of the two 
batteries takes but a few moments. 

Although this unit was intended for a 9 volt output, 
there is no reason why a larger model could not 
be made for higher voltages. ■ 

SGS PUBLICATIONS 

Currently available from SGS (United Kingdom) Ltd. are two manuals giving full ^^"m'iSed on 
vices These are entitled respectively 'Professional Discrete Devices' and Consumer Devices and are noin priineu 
an IIJ by 8Jin. format. Both manuals contain a 'Planar Selector' guide which cnables specific . j |lstcd 
from clearly laid-out tables, the guides being followed by vfry comprehensive mformat.on th

f
e
A

d
u

e^!,
1969- 

The latter sections constitute the major parts of the manuals. Both manuals are fully up to date as 01 Augusi jjo*. 
Uenis in 'professional Discrete Delict include transistors for a f ^ 

sistors, phototransistors, reference diodes, high speed diodes and
1 »

hyr,sto.rs-^ contents 
elude general purpose transistors, u.h.f./v.h.f. transistors, high voltage and video output transistors, and mtegraieo 

''Readers of The Radio Constructor may obtain either or both of these publications from SGS (United Kingdom) 
Ltd., Planar House, Walton Street, Aylesbury, Bucks, at the price of 21s. each. ' the radio constructor 
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Every now and again the 
writer includes, in the Suggested 
Circuit series, a design which 

has to be categorised as being 
"strictly experimental". The circuit 
to be discussed this month falls into 
this class because both the tran- 
sistors it employs are operated under 
conditions which are well removed 
from those in which they would 
normally function. For this reason, 
the circuit is not recommended for 
the beginner who wishes merely to 
follow a tailor-made design which 
requires no setting up and which 
employs conventional circuitry. On 
the other hand, the circuit will be 
of interest to the more experienced 
experimenter who likes trying out 
unconventional applications. The fact 
that the transistors in the circuit are 
operated under unusual conditions 
involves the risk that not all tran- 
sistors of the types quoted may offer 
the same results. Such a risk should 
not be particularly high in the 
present case but its existence has to 
be mentioned and accepted. 

THE CIRCUIT 

The unit to be described is an 
experimental record player amplifier 
intended to be coupled to a low- 
cost crystal pick-up, and its circuit 
appears in Fig. 1. The r.m.s. output 
available is of the order of lOOmW. 
However, when coupled to a reason- 
ably sized speaker of the order of 
6in. or more, the audible signal is 
more than adequate for a small 
room. The quality of reproduction 
is not in the high fidelity class, but 
it is certainly comparable with that 
offered by a conventional transistor 
amplifier having a low power Class B 
output stage. The main advantage of 
the circuit is its exceptional sim- 
plicity. The circuit complications in- 
herent in a more conventional ampli- 
fier employing a Class B output stage 
are completely absent. 

The input signal from the crystal 
pick-up is applied to the volume 
control, Rl, and is then fed, via R2 
and Cl, to the base of TR1. The 
collector of TRI couples direct to 
the base of TR2, which functions as 
an emitter follower feeding into the 
output transformer primary. The 
latter is one half of the primary of 
a standard "Eagle" LT^ output 
transformer, the secondary of this 
component coupling to a 3H speaker. 

Base bias for TRI is provided by 
R4 and R3, and it will be noted that 
these components have much higher 
values than are usually encountered 
in circuits of this nature. It was found 
empirically, nevertheless, that these 
values enabled the amplifier to func- 

tion as intended, even though the 
result is that TRI is operating at a 
very low collector current. The rather 
wide voltage swing from the crystal 
pick-up is changed to a correspond- 
ing current swing at the base of TRI 
due to the presence of R2 plus, at 
settings other than full volume, what- 
ever track resistance happens to 
appear above the slider of RI. Some 
non-linearity in TRI is inevitable 
but, as was found experimentally by 
the writer, any resultant distortion 
in the output of the amplifier appears 
to be well within acceptable limits 
for a low-cost design such as this. 

Capacitor Cl is a d.c. blocking 
capacitor and it is essential that it 
be a good quality paper or plastic 

Input 

On-Off 
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blk. 
white "4 

IO-25Mn 
(see text) 
-WW— 

hite 
green 
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20V wkq 
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560kn 0 5'jF 
TRa 
OC36 —I 
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cHo0 

e o 
Tj - Eagle LT^^'nco 
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BC168C OC36 
Fig. 1. Circuit of the experimental record player amplifier 
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BUY THIS 

BEST SELLER 

T.V. FAULT FINDING 

405/625 LINES 

- 

am. m 
8'6 

REVISED & ENLARGED 

Edited by J. R. Davies 

124 pages only 8/6 

Over 100 illustrations, including 
60 photographs of a television 
screen after the appropriate 
faults have been deliberately 
introduced. 
Comprehensive Fault Finding 
Guide cross-referenced to 
methods of fault rectification 
described at greater length in 
the text. 

Price 8/6 from your 
Bookseller 

or post this Coupon together 
with remittance for 9/2 
(to include postage) to 
DATA PUBLICATIONS LTD. 
57 Malda Vale, London, W.9 

Please send me the 4th re- 
vised edition ot TV Fault Find- 
ing, Data Book No. 5. 
I encloie cheque/crossed postal order 
lor   
NAME   
ADDRESS   

To emitter TRo 
2-2Mfv 

2-2Mn 

2-2Mn 

2-2Mn 
2-2Mn lOMn 2-2Mn 2Mn 

To base 
TR, 

Fig 2. A suggested method of finding the value required in R4. 
The flying lead may be terminated in a crocodile clip 

^R.C. Block Letters PleaseJ 
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foil component. If an electrolytic 
capacitor is used in the C1 position 
the amplifier will not function. 

The output stage draws a standing 
current of 20mA, which means that 
TR2 dissipates 360mW all the time 
that the amplifier is switched on. The 
circuit offers no protection against 
thermal runaway in TR2 (due to the 
small resistance of T1 primary, the 
level of d.c. feedback via R4 is 
negligibly low) and the solution to 
this problem consists, quite simply, 
of choosing a much larger transistor 
for TR2 than the signal conditions 
warrant. In the prototype, TR2 was 
operated continually for several 
hours without any heat sink at all 
and, whilst growing perceptibly 
warm, still passed exactly the same 
emitter current at the end of this 
period as it did at the beginning. 
It would be wise, nevertheless, to 
mount TR2 on a small heat sink in 
order to provide extra thermal stabil- 
isation. Since the collector of TR2 
is at chassis potential, the heat sink 
can be provided by bolting this tran- 
sistor direct to a small metal plate 
or chassis on which are mounted all 
the other components. During early 
experiments the author used a small 
TO-5 transistor in the TR2 position 
and this gave definite evidence of 
thermal instability. It is necessary, 
therefore, to employ the large tran- 
sistor specified. 

The transistor used in the TR1 
position is a BC168C (available from 
Amatronix Ltd.). It is essential that 
TR1 be a silicon transistor with a 
collector voltage rating in excess of 
18 volts. 

SETTING UP 

The circuit is set up by finding the 
value in R4 which causes a standing 
current of about 20mA to be drawn 
from the 18 volt supply. A word of 
warning is necessary here. The OC36 
in the TR2 position is capable of 

passing very high currents if the 
value of R4 is accidentally made too 
low, and so the setting up of R4 
must be carried out very carefully. 
The method employed by the author 
consisted of wiring up a single 10MS2 
resistor in series with a string of 
2.2MS2 resistors, as shown in Fig. 2. 
The resistance was then reduced, 
from its maximum, in 2.2MJ2 steps 
until the desired 20mA was drawn 
from the supply. In the writer's case 
it was found that about 17Mil (10MS2 
in series with four 2.2M12 resistors) 
produced the desired current, where- 
upon the circuit was finally wired up 
with a lOMfl and 6.8 M£2 resistor 
connected in series. 

THE SUPPLY 

As has already been stated, the 
current drawn from the 18 volt 
supply is 20mA. This current is not 
so high as to preclude the use of 
batteries to power the amplifier, even 
though the efficiency is not as good 
as is given by an amplifier with a 
Class B output. If a mains supply 
unit is employed there is no need 
to pay attention to voltage regulation 
so far as signal handling perform- 
ance is concerned since the output 
transistor operates in Class A. Apart 
from small deviations during over- 
load, the current drawn remains 
steady at 20mA. The supply voltage 
should not be allowed to rise above 
20 volts, however, as this is the maxi- 
mum collector voltage rating of TR1. 
Should the unit be powered by a 
poorly regulated mains supply it 
would be advisable to connect an 
18 volt zener diode across the supply 
lines. The function of this diode 
would be merely that of ensuring 
that excessive voltage is not accident- 
ally applied to TR1, and it need not 
draw any zener current when the 
amplifier and power supply are oper- 
ating under normal conditions. ^ 
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by X 

FRANK A. BALDWIN 

(All Times GMT) 

• TOPIC 
Short wave listeners, like any 

group of human beings, tend to 
be a highly individualistic lot - 
some eventually obtain an amateur 
transmitting licence whilst others 
are quite happy to remain s.w.l.'s 
and to thoroughly master the craft. 
Others drift in and out of the hobby 
over a period of some years. 
There are those, of course, who 
remain in the hobby for some 
time, become quite well known in 
the world of short wave listening 
and then, for reasons best known 
to themselves, vanish completely 
from the scene, never to return 
to the fold. The writer can recall 
s.w.l.'s of the past whose names 
became a byword in the hobby, 
even prior to the last war. Others 
have been on the short wave listen- 
ing scene for many years and these 
old timers tend, as a group, to be 
conversant with all aspects of the 
hobby, constructing their own 
equipment - either from published 
or their own designs - testing and 
evaluating the results, and operat- 
ing over both the Broadcast and 
Amateur bands. On the Amateur 
bands, both phone (a.m. and 
s.s.b.) and c.w. stations are logged, 
the ability to read c.w. being neces- 
sary to become an all-rounder. 

it is probably true, however, that 
the majority of short wave listeners 
tend to specialise in one aspect 
of the hobby or another. In the 
main, most listeners operate over 
the Amateur bands, using a.m. or 
s.s.b. phone transmissions as their 
prime targets. Unable to read c.w. 
they are confined to the phone 
portions of these bands, thus re- 
stricting their sphere of activity 
and interest and, in - the writer's 
opinion, only gaining a small part 
of the interest which the short 
waves offer. If a continued and 
lasting interest is to be taken in 
the hobby, such a listener is ad- 
vised to iearn the dots and dashes. 
The ability to read c.w. widens the 
horizons of the operator who has 
previously only used the phone 
sections of the bands, it following 
that an increased report/reply 
ratio is the result, especially when 
morse transmissions are reported 
upon. Licence holders who operate 
on c.w. tend to receive far fewer 
s.w.l. reports than do their phone 
counterparts. 
JANUARY 1970 

Amateur band listeners tend to 
crowd on to the 14 MHz band, 
this being the most favoured range 
of frequencies for the reason that 
they produce the most varied and 
choicest Dx signals throughout the 
year than any of the other bands. 
Comparatively few listeners are 
primarily interested, or even 
operate to any extent, over the 
lower frequency Amateur bands. It 
is a truism that Dx is relative, 
among other considerations, to the 
band in use - and many choice 
catches may be made on the lower 
frequencies. Moreover, these trans- 
missions are reported upon by very 
few s.w.l.'s, and this implies that 
a comprehensive report to such a 
station would stand a very good 
chance of obtaining a reply. 

To be an all-rounder s.w.l., oper- 
tion over the Broadcast bands 
should also be included in the 
spread of interest. Broadcast band 
operation makes a complete 
change and a break from the 
Amateur bands. Many Dx stations 
are there for those who care to 
search for them and their recep- 
tion often represents a major feat 
of short wave listening. 

• AMATEUR BANDS 
Top band has shown some pro- 

mise of improvement on last year 
with signals being heard from 
across the Atlantic since early 
October. The dates of Trans- 
Atlantic Tests still to be held are - 
11th January and 1st, 15th of Feb- 
ruary from 0500 to 0730. 
1.8MHz 
CW; DL2PB, DL9KRA, EI9BJ, 
EI9J, GM3BGW, GM3HLQ, GM3YOR, 
GW3RHC, GW3VPL, GW3XJC, 
GW3XST, HB0NL, OK1ATX, OKIJR, 
OK2BLH, OK3CJE, OL2AIO, 
OL2AKS, OL5ALY, OL5AMT, 
OL6ALT, OL9AY. 

Trans-Atlantic Dx signals logged 
to time of writing are:- K1BPW 
(0525, 1804kHz): W1EXI (0545, 
1803kHz): W1BB/1 (0515,1804kHz) 
and VP9GW (0530, 1802kHz). 
3.5MHz 
CW: K3JH, VE1AJK, VEIAVN, 
WA1FSU, WA2CPQ. 
SSB: CN8HD, KV4FZ, VE3DJE, 
V01AC, XE1KB. 
7MHz 
CW: HP5CFW, HP6ASD, K4DJN, 
K5AZX, VE3DHC. 
14MHz 
CW: CR6AL, CR6KB, CX1JM, 
HC2HM, HP1BR, KP4DDY, PZ1AV, 
VP8JV, VQ8CC, ZE1DL, ZM3ABC, 
ZS1JJ, ZS5SG, ZS6GG, 9J2XZ. 
SSB: CP6HQ, CR4BP, EL6UN, 
ET3USA, HC1RF, HC20A, KP4AC, 
KZ5NG, PZ1CR, TR8MC, VK2SG, 
VK7KX, VP2LA, VP2VI, VP7DL, 
VP7NF, VP8KO, VP9BO, ZM3FT, 
ZP5GJ, 6Y5RA, 9K2BF. 

For those interested, 9K2BF 
gave his QTH as P.O. Box 1083 
Kuwait. 

• BROADCAST BANDS 
Several readers have written 

stating they are Broadcast band 
beginners and have not, up to the 
time of writing, heard an In- 
donesian station, although they 
have logged some of the signals 
from the Indian sub-continent. The 
Indonesian stations on the l.f. 
bands are all comparatively low- 
powered and conditions must be 
good before any hope can be held 
out of successful reception and 
recognition. 

As a tip, the most consistent 
Indonesian signal here is that of 
YDK6 Djambi on 4927kHz - listen 
around 1530 to station close down 
at 1600. The receiver must be 
selective, this channel often being 
surrounded with CW and teletype 
QRM. The station closing ceremony 
- for want of a better term - com- 
mences at about 1550 with an 
Eastern type chanting song ren- 
dered by a young woman and this 
is followed by identification in In- 
donesian and a most haunting 
melody rendered on a Hawaiian 
guitar. 

Other Far Eastern stations 
logged were:- 
4725kHz 1612 Rangoon, Burma, 

with drama programme in ver- 
nacular. 

4740kHz 1620 Radio Maldives, with 
American religious programme. 

4790kHz 1610 Penang, Malaysia, 
radiating recorded 'pop' music. 

4877kHz 1545 Saigon, S. Vietnam, 
with drama programme in ver- 
nacular. 

4907kHz 1434 Radio Cambodia, 
with a drama complete with 
many gong and cymbal clashes 
- most impressive! 
Still on the lower frequencies, 

Dx'er Alan Thompson tells me that 
Radio Botswana is heard on 
4845kHz with BBC news at 1800 
and station identification in English 
at 1809. He also mentions that 
Brazzaville (ex-4795kHz) is - or 
was at the time of writing - on 
4801.5kHz. 
17770kHz 0532 Karachi, Pakistan, 

with sports commentary in 
English. 

21535kHz 0800 Tokio, Japan, with 
identification and news in 
English. 

21545kHz 0800 RSA, South Africa, 
station identification and music. 
Whilst dealing with the higher 

frequencies, Alan Thompson also 
brought to my notice the following 
- 11855kHz Saudi Arabia in 
English, good signal between jam- 
ming of Tirana (Peking relay) on 
same channel, try around 1900-1930 
when channel is clear. 15540kHz 
Tanzania with English programme 
at 1700-1830. 15723kHz at 1730 
Omdurman in English/Arabic. 
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NEWS . . . AND . 

PRESSAC 'AUTOSPLICE' CONNECTION SYSTEM 

'Autosplice' connections being applied to slider switch. 

'Autosplice' makes its own connectors directly from one coil of 
correctly grain-oriented conductor ribbon. The press feeds the correct 
length, cuts it, forms a connector and compresses it securely around the 
conductors it is joining, in less than a fifth of a second. 

Various conductor diameters and tag sizes are accommodated by 
changing dies and adjusting the connector ribbon feed. 

Using just one width of ribbon and as few as one pair of dies, 'Auto- 
splice' stockholding is reduced to a minimum. There is no longer a need 
to maintain stocks of thousands of tiny preformed connectors or expen- 
sive soldering equipment. 

INTRODUCTION TO COLOUR TELEVISION 
The advent of colour TV on all major channels has stimulated interest 

in the technical aspects of colour television. 
We would draw the attention of new readers to our Data Book - 

Understanding Television by J. R. Davies, which contains an 80 page 
comprehensive introduction to colour TV. The book covers TV as a 
whole and has more than 500 pages and over 300 diagrams, costs 37/6, 
postage 3/6, and is of equal value to those who only have a basic know- 
ledge of radio principles and to established radio engineers. 

1969-70 FARADAY 

LECTURE TOUR 

The forty-first in the series of 
Faraday Lectures arranged by the 
Institution of Electrical Engineers 
is to be given by J. H. H. Merri- 
man on the subject of 'People, 
Communications and Engineering'. 
Mr. Merriman is the senior direc- 
tor (development) with the British 
Post Office and also member for 
technology on the board of the 
Post Office Corporation. 

The deputy lecturer is C. H. May 
who is staff engineer in the P.O. 
Telecommunications Development 
Department. 

Starting in Rugby. Staffordshire 
on the 18th November, the Fara- 
day Lecture is to be given in thir- 
ten towns in the British Isles, finish- 
ing in Belfast on the 17th April 
1970. 

The Faraday Lecture series is in- 
tended to spotlight various aspects 
of modern electrical and electronic 
science and technology in straight- 
forward language for the general 
public. Special presentations for 
students are being arranged at all 
the towns on the tour. Members 
of the public are admitted by ticket, 
free of charge, to these lectures. 

The lectures will be given at the 
following centres: Albert Hall, Not- 
tingham, 13.1.70; Victoria Hall, Han- 
ley, Stoke on Trent, 15.1.70; Phil- 
harmonic Hall, Liverpool, 29.1.70; 
City Hall, Sheffield, 10.2.70; Sophia 
Gardens, Cardiff, 17.2.70; Cen- 
tral Hall, Westminster, London, 
79/20.2.70,■ City Hall, Newcastle, 
17.3.70; Usher Hall, Edinburgh, 
19.3.70; Royal Dublin Society Hall, 
Dublin, 15.4.70; William Whitla 
Hall, Belfast, 17.4.70. 

Details and tickets may be ob- 
tained from The Institution of Elec- 
trical Engineers, London, W.C.2. 

JAQUET RECORDER TYPE 400 
The KSQ 400 series has recently been added to the Radiatron range 

of Jaquet recorders. Compared with the existing KSQ 300 series the new 
recorders have been reduced in size by nearly 50% and in cost by 
approximately 30%. In frontal presentation and accuracy the new re- 
corders are identical to the earlier type. The price and size reductions 
have been achieved by using the latest electronic techniques and simplify- 
ing the circuitry of the instruments. This results in slightly reduced 
sensitivity and increased response speed, but does not impair accuracy 
or any other aspects of performance compared to the earlier KSQ 300 
series* 

Brief specifications: 1-6 channels; plug-in range cards; input im- 
pedance not less than 20kn; sensitivity 0.15% of measuring range; 
accuracy 0.5% FSD; prices from £212. 
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COAM/IENT 

ELECTRONICS AID 

TRAINING TIME CUT 
A new method of basic training 

for teleprinter operators and tele- 
graphists has recently been intro- 
duced by the Royal Air Force at 
R.A.F. Cosford, main training 
centre for operators of all R.A.F. 
communications equipment. 

Using the Videomatic Tutor 
pioneered by Sight and Sound Ltd. 
initial touch-typing speeds of 15-20 
words per minute is achieved in 
less than half-the time necessary 
with conventional methods. Esti- 
mates are that the consequent two- 
week reduction in the present 11- 
week course will trim more than 
20% of the training bill. 

A system which has also found 
favour with the public, the Video- 
matic Tutor is a machine which in- 
corporates a panel, representing 
the typewriter keyboard, placed on 
a wall facing the class. Connected 
to the panel is an electronic unit 
consisting of a computer-pro- 
grammed magnetic tape deck 
which simultaneously relays instruc- 
tions through loudspeakers and 
signals to illuminate the appro- 
priate keys represented on the wall 
panel. By this means each student 
is shown the position of his fingers 
on the blank keys of the typewriter 
in front of him. Visual indication 
of the next movement is given on 
the wall panel fractions of a second 
before the verbal instruction. 

The R.A.F. has found that a 
pupil's concentration and recep- 
tivity are improved to the extent 
that the entire keyboard is mem- 
orised within four hours and finger 
movements are made without con- 
scious effort. 

With the reduction in training 
time now possible, R.A.F. Cosford 
will be able to handle more than 
200 students a year, in courses 
of 20 at a time. Fully fledged 
operators fan out all over the world 
to maintain the R.A.F.'s vital com- 
munications links. 

A HAPPY IMEW 

YEAR TO YOU 

Avoid disappointment in 1970 
by ordering 

The Radio Constructor 
regularly 

JANUARY 1970 

EXPANSION AT LIND-AIR AUDIO CENTRE 

The newly extended Lind-Air Audio Centre at 18/19 Tottenham 
Court Road. The Centre, which includes two hi-fi demonstration 
studios and a colour television showroom, now covers 6,000 

square feet. 

CONNECTING CABLES — NEW COLOUR CODING 
The change in the colour coding 

for the insulating material cover- 
ing each core of the 3 cores in a.c. 
mains connecting cable, the possi- 
bility of which we were among the 
first to announce more than a year 
ago, comes into effect on 1st July, 
1970. 

Existing electrical apparatus al- 
ready purchased will not be affected 
but it will be an offence, after 1st 
July 1970, for a dealer in electrical 
goods to sell appliances where the 
cable does not conform to the new 
colour code. 

Although we feel that our present 
code is more logical and superior 
to the new, obviously an inter- 
national standard is highly desir- 
able. The confusion arising between 
various colour codings by different 
countries has led to accidents, some 
fatal, both here and abroad: large 
quantities of electrical equipment 
are both exported and imported. 
Some idea of the existing dangers 
can readily be envisaged when it is 
realised, for example, that West 
Germany uses red for earth, and a 
number of countries use black for 
the live wire. Also it appears that 
colour blind people will be less 
likely to confuse the earth and live 
wires, under the new regulations. 

The coding will be:- 
Earth - Green and Yellow 

striped core 
Live - Brown core 
Neutral - Blue core 

mm 
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TRANSISTORISED 

CRYSTAL MARKER 

by 

S. G. WOOD, G5UJ 

This simple and inexpensive circuit can 
produce detectable 100kHz harmonics up 

to 28MHz 

AlOOkHz CRYSTAL OSCILLATOR CAN BE A USEFUL 
adjunct to any "ham-shack" and it need not 
be expensive or difficult to build. Apart from 

the cost of the crystal - and these have been on the 
market for as little as 7s. 6d. - the total expenditure 
can be very low. 

Good results have been achieved with the circuit 
shown in the accompanying diagram, using general- 
purpose germanium transistors such as the Mullard 
OC70 or OC71. Even the old Red-spot types have 
been found to function satisfactorily. 

The oscillator is of the Pierce type and sufficient 
r.f. output for most purposes is available when the 
circuit is powered by a 4.5 volt battery. Resistors R1 
and R2 can be i or i watt 10% components. Switch 
SI may be a normal toggle or slide type; alternatively 
a push-button can be employed, this being pressed 
to switch on the oscillator when required. Choke LI 
can be a small 2.5mH component such as the Repanco 
CHI. However, the writer employed a home-wound 
choke, this consisting of 45 turns of 30 s.w.g. enam- 
elled wire pile-wound on a short length (about lin.) 
of ferrite rod. The choke inductance is not critical. 

SPACE DX 

Pick-up wire 

•)! I 

iiiLl 

lOOKHz -±- C| B| , 
O OlpF 4'5V J- 

CZi crystal 
i TR 

ISkn On-Off 

47kn 

Circuit of the 100kHz marker oscillator. Suit- 
able components for L1 and TR1 are discussed 

in the text 

The various uses to which this little unit may be 
put need hardly be enumerated here. It is possible - 
with care - to pick out the harmonics on a sensitive 
receiver at 100kHz intervals up to as high as 28MHz. 
Should any difficulty be experienced due to receiver 
screening, etc., a short length of "pick-up" wire may 
be introduced into the collector circuit of the tran- 
sistor, as shown in the diagram. This can then be 
positioned near the receiver aerial lead or aerial 
terminal to increase coupling. 
338 

Have you ever had secret dreams of receiving signals 
from another civilisation in our galaxy from way across 
the other side of the Milky Way? If you have then you 
are normal; if you haven't then you must be unimagina- 
tive! 

Has a listening watch ever been made for such 
signals? Yes, the first and only attempt to receive in- 
telligent signals from another planet was made in 1960 
and termed the Ozma Project - during which a listen- 
ing session of 150 hours was made using directional 
aerials beamed to our nearest solar type stars, Tau 
Ceti and Epsilon Eridani, at a distance from Earth of 
some 11 light years, and around which planetary sys- 
tems may be orbiting. The project was dismally un- 
successful. 

WHICH FREQUENCY? 
From experience gained in the field of radio astro- 

nomy the choice of wavelength would lie between 3 to 
30cms at which the effects of cosmic noise and 
atmospheric absorption on a signal would be at a 
minimum. It has been suggested that the best fre- 
quency would be 1,420 MHz — this being the emitting 
frequency of neutral hydrogen clouds around the spiral 
arms of our galaxy - the reasoning being based on the 
assumption that other galactic civilisations may also be 
conducting surveys of hydrogen distribution. 

| SUCCESS OR FAILURE? 
At the present time, success is miserably zero. We 

need more sensitive equipment and improved tech- 
niques, much time and investigation before the odds 
against success are anything like evens. Careful listen- 
ing will have to be maintained out into space, to dis- 
tances of hundreds of light years. One povyerful radio 
astronomy transmitter, the 1,000ft. dish in Arecibo, 
Puerto Rico, is claimed to be able to transmit radio 
pulses of sufficient power to be detected at a distance 
of 1,400 light years from Earth. 

WHO WILL LISTEN? 
How many intelligent civilisations are there in our 

galaxy of sufficiently advanced technology able to 
receive our signals? Well, astronomers have calculated 
that the number of single solar-like stars that have 
accompanying planetary systems formed during the 10 
billion years of the existence of our galaxy, is some- 
thing like 50 billion. With these sun-like stars, the form- 
ing of accompanying plants is a common event. Of 
the planet total however only a relatively few will be 
able to support intelligent life with the required con- 
ditions - atmosphere, temperature, water, etc. With the 
remainder, not all will see the emergence of life, and, 
where it does emerge, not all species will be tech- 
nically competent to take part in space communica- 
tions - and some that are may not be interested in 
making contact with others. 

One authority has calculated that there ought to be 
i something like four million civilisations capable of com- 

municating with each other.* Of course, all these 
civilisations will not attain a culture peak at the same 
period. Nevertheless, there should be sufficient overlap 
of civilised periods to make interstellar communication 
possible. 

With a total of four million communications minded 
galactic civilisations, we may yet - at some future 
date - be holding regular Dx schedules with another 
far across the vast distances of space! 

*L. Berman, K6BW, writing in CQ, November, 1969. 
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LOW-COST 

REGENERA TIVE 

RECEIVER 

by 

A. SAPCIYAN 

This simple little medium wave receiver can be built 
as a 2-transistor set driving an earphone, or as a 
3-transistor set driving a speaker at moderate volume 
level. Few components are required, and there is 
opportunity for experiment with some of these to 
obtain best results with the particular transistors 

employed 

Regenerative receivers are 
ideal for those who wish to 
build simple and reasonably 

sensitive sets. It has to be re- 
membered, however, that they 
are rather tricky to operate when 
compared with commercially made 
sets, and that their performance can 
never match a superhet in terms of 
sensitivity and selectivity. Neverthe- 
less, satisfactory results can be 
obtained in areas of good signal 
strength and local stations can be 
tuned in without interference, which 
is what most people want. Provided, 
therefore, that their limitations are 
appreciated, receivers of this class 
can be instructive to build and can 
offer a very useful performance. 

The receiver described in this 
article uses a simple circuit and may 
be built in either a 2-transistor or 
a 3-transistor version. If desired, the 
2-transistor version can be con- 
structed first and the third stage 
added at a later date. The 2-transis- 
tor receiver drives an earpiece, 
whilst the 3-transistor receiver 
drives a loudspeaker at moderate 
level. 

2-TRANSISTOR RECEIVER 

The circuit of the 2-transistor 
receiver appears in Fig. 1. The fer- 
rite rod aerial coil, LI, is tuned by 
Cl, its tap being coupled to the 
base of TR1. Detection takes place 
due to non-linearity in TR1 and 
TR2, with the result that the primary 
function of TR1 is to amplify at 
radio frequency. The transistor in 
the first stage is an AF126, which 
JANUARY 1970 

has a relatively high gain at medium 
wave frequencies. R.F. transistors 
such as the OC44 have also been 
tried, but they did not offer the 
same degree of sensitivity, particu- 
larly at the high frequency end of 
the band. When set up for best 
amplification, the collector current 
for TR1 is around 1mA. 

COMPONENTS 

Resistors 
(All fixed values i watt 10%) 

R1 47kS2 
R2 1 MSI potentiometer, 

linear, with switch 
SI 

R3 3.9kS2 
R4 560kSI 
R5 5.6kn 

Capacitors 
Cl 365pF variable, air- 

spaced 
C2 0,01/iF, paper or 

plastic foil 
C3 0.01 /iF, paper or 

plastic foil 
C4 5|uF electrolytic, 10V 

wkg. (see text) 
Inductors 

LI, L2 See text 

Transistors 
TR1 AF126 
TR2 QC75 

Battery 
B1 9-volt battery 

Switch 
SI s.p.s.t., part of R2 

Miscellaneous 
1 ,OOOS2 magnetic earphone 
with jack plug and socket 
(not needed with 3-transis- 
tor version) 
2 knobs 

U/ 

Earphone bee 
jack ;ext 

"2 
L— 

721 9 V TR, 
AFI26 

A 
f ■ TR2 Shield 

OC75 
—WvV C3 

Shield 

e b c o o o > dot O Q 

AFI26 
Lead-outs 

OC75 
Lead-outs 

Fig. 1. The 2-transistor version of the regenerative receiver 
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Coil L2 provides regenerative 
feedback. The variable resistor R2 
controls the base current to TR1 
and hence operates both as a volume 
control and as a reaction control. 
It is adjusted normally so that TR1 
is just below the oscillation point. 
R2 has a high value in order to 
accommodate transistors having 
both low and high gain figures. 

The second stage incorporates an 
OC75 and drives a high impedance 
(1,OOOS1) magnetic earphone. The 
miniature earphones used with com- 
mercially made sets are not satisfac- 

tory here since they have low im- 
pedances, of the order of 10-7- Their 
use will cause disappointment. A 
measure of stabilisation, which has 
proved adequate in practice, is 
given by taking the base bias cur- 
rent for TR2 from its collector via 
R4. The total current consumption 
of the first two stages is approxi- 
mately 2.5mA. 

If the constructor wishes to add a 
third stage of amplification, the cir- 
cuit shown in Fig. 2 is employed. 
The components to the right of the 
dashed line in Fig. 1 (including the 

6 
WW 

7 

TR C6 
ID 9V AC 128 

Cs c7 

1 

AC 128 
Lead-outs 

Fig. 2. This extra stage is added to provide the 
3-transistor version 

COMPONENTS 

Resistors 
(All fixed values i watt 10/) 

R6 IkR 
R7 27kn 
R8 3.9kn 
R9 15012 

Capacitors 
C5 50/iF electrolytic, 

10V wkg. 
C6 5pP electrolytic, 10V 

wkg. (see text) 
C7 IOOjuF electrolytic, 

6V wkg. 

Inductor 
T1 See text 

Transistor 
TR3 AC128 

Speaker 
See text 

Battery 
B1 Included with Fig. 1 

Components List 

Switch 
SI Included with Fig. 1 

Components List 

earphone and jack socket) are not 
then required, and the circuit of 
Fig. 2 couples to that of Fig. 1 at 
points X, Y and Z. TR3 is an AC 128 
and its base couples to the collector 
of TR2 via C6. R6 and C5 are 
decoupling components, and pre- 
vent unwanted couplings to the pre- 
ceding stages via the negative supply 
line. Without these components 
there would be instability, evident 
as "motorboating", when the battery 
ages and its internal resistance rises. 
Total current consumption of the 3- 
transistor version is approximately 
lOmA. 

It is desirable to use a fairly large 
speaker, say 4in. in diameter or 
more, to take greatest advantage of 
the fairly low audio output avail- 
able. The output transformer, Tl, 
should have a ratio which presents 
an impedance of some 150R to 
25(K1 to TR3. A suitable type, for 
use with a 3R speaker, would be the 
Radiospares transformer Type T/T4. 
(Radiospares components may only 
be obtained via retailers.—Editor.) 
If a speaker with an impedance of 
130SI or so can be obtained, this 
may be connected direct in the col- 
lector circuit of TR3, whereupon no 
output transformer is required. 

Switch SI, in both the 2-transistor 
and 3-transistor versions, is the on- 
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off switch and is ganged with R2. 
R2 should be wired up such that it 
inserts maximum resistance into cir- 
cuit when SI is switched off. 

When the receiver has been com- 
pleted and the adjustment procedure 
(to be described later) carried out, 
it is worth experimentally changing 
C4 for a 0.25/iF capacitor. With 
some AF126 transistors it may be 
found that this gives a very useful 
increase in sensitivity. If it does not, 
the electrolytic capacitor should, of 
course, be retained in circuit. It may 
even be found, in the 3-transistor 
version, that there is an improve- 
ment in performance when a 0.25/iF 
capacitor is similarly connected into 
circuit in place of C6. 

FERRTTE AERIAL WINDINGS 

The aerial coil, LI may be wound 
on a ferrite rod 4in. long and with 
a diameter of lin. using 28 
s.w.g. enamelled copper wire. The 
total number of turns is 72 close- 
wound, with the tap at nine turns 
from the end which connects to C2. 
Be prepared to add or take off a 
few turns at the end remote from C2 
in order to get the range exactly 
right. In this respect, it will prove 
helpful to wind the coil on a paper 
sleeve which can be moved along 
the rod to provide small changes in 
inductance, if desired. In general, 
best results will be given with LI 
at, or near, the centre of the rod. 

Other ferrite rods of about the 
same dimensions may be employed, 
remembering that a longer rod will 
require fewer turns, as also will a 
thicker rod. The writer checked the 
receiver with a ferrite slab which 
was 4in. long, lin. wide and iin. 
thick. This slab required 64 turns 
with a tap eight turns from the C2 
end. The position of the tap in the 
coil is not very critical and accept- 
able results are given when the num- 
ber of turns between the tap and 
the C2 end of the coil is approxi- 
mately one-eighth of the total num- 
ber of turns. 

The beginner will find it quite 
easy to adjust the number of turns 
on LI. Provided that approximately 
the correct number are initially 
wound on, he will find it possible 
to receive stations near the middle 
of the medium wave band. He may 
then, later, search for stations at the 
high and low frequency ends. If 
stations at either of these ends are 
outside the tuning range, the num- 
ber of turns can be adjusted accord- 
ingly. 

The feedback coil L2 is also 
wound on the ferrite rod (or slab) 
and consists of three turns of 28 
s.w.g. enamelled copper wire. It 
should be wound on a paper sleeve 
or former which is free to slide 
along the rod. 

General construction of the re- 
ceiver presents few problems, and 
the stages of either the 2-transistor 
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or 3-transistor version may proceed 
along the board or chassis on which 
they are assembled in the same order 
as they appear in the circuit dia- 
gram. The wiring around TR1 and 
TR2 should be kept reasonably 
short. In the 3-transistor version, 
transformer T1 should be farthest 
away from the ferrite rod, and its 
laminations should be at right angles 
to the rod. 

ADJUSTMENT AND 
OPERATION 

When all wiring has been com- 
pleted and checked, the battery 
should be connected with correct 
polarity and the receiver switched 
on. It should be possible, with either 
version, to receive at least one 
station by adjusting Cl. If no 
station is received, adjust R2 to- 
wards its "maximum" position 
(minimum resistance in circuit) until 

oscillation occurs. Should there be 
no oscillation with R2 at "maxi- 
mum", move L2 towards LI until 
oscillation commences. If there is 
still no oscillation, even when L2 is 
very close to LI, reverse the connec- 
tions to L2, whereupon the oscilla- 
tion should commence. 

If oscillations are too strong they 
may be reduced by adjusting R2 
towards "minimum" and/or moving 
L2 away from LI. L2 should be 
finally positioned so that oscillation 
is available over all of the band at 
a setting in R2 which gives best 
performance with received signals. 
In general, oscillation should begin 
with R2 about a quarter of the way 
from the "minimum" end when a 
new battery is fitted. However, much 
depends on the specific transistor 
used for TR1, and final adjustments 
in the position of L2 should be for 
the best overall results, as adjudged 
on received signals. The sensitivity 

of the receiver is at its greatest when 
R2 is just below the oscillation 
point. If a howl is evident in the 
3-transistor version when the re- 
ceiver goes into oscillation, trans- 
pose the connections to T1 primary. 

Should the constructor so desire, 
a short aerial may be coupled to the 
receiver via a lOOpF trimmer as 
shown in dotted line at the left of 
Fig. 1. This trimmer and L2 posi- 
tioning are then adjusted experi- 
mentally for the best compromise 
between sensitivity and selectivity. 
The external aerial can, incidentally, 
be the springs of the bed if the set 
is to be used as a bed-side receiver! 

As a final point, R2 is adjusted 
to its optimum position for each 
station received. It will need to be 
advanced further towards its "maxi- 
mum" setting as the battery ages 
and its voltage falls. 

ELECTRICAL FAULT-FINDING 

"DOWN UNDER" 

Two methods of tracing an intermittent fault, using 
Electrolube Freezer, have been described by a corres- 
pondent to Electronics Australia, a leading Australian 
Technical Journal. In one, groups of components were 
heated and individually cooled in turn, whereas the re- 
verse procedure was employed in the second case. The 
first involved a close circuit TV system. After about an 
hour's operation, the picture on the monitor began to 
expand and contract at approximately a 1 sec pulse rate. 
The simple act of opening the side of the control-unit 
case was sufficient to cure the fault because of the loss 
of heat. An infra-red lamp was therefore used to raise 
the temperature of the equipment while the side was 
open. 

The lamp was arranged to provide local heating of 
various sections of the equipment in turn. By this means 

it was established that the section including the master 
oscillator and the first divided chain contained the fault. 

Leaving the heat lamp on so that the fault remained in 
evidence, the correspondent then applied Electrolube 
freezer to each component in turn. The fault disappeared 
when a mica capacitor in the master oscillator was 
cooled by the spray. Fitment of a new capacitor provided 
a remedy. 

The second case concerned a tape recorder which 
would not record or play until it had been switched on 
for about 10-15 minutes. 

"It occurred to me", wrote the correspondent, "that 
I might be able to identify the faulty component by heat- 
ing each component after mass cooling and note which 
one restored the performance most rapidly". 

A group of components was cooled with the aerosol 
and the writer placed his finger on each in turn to apply 
heat. A faulty transistor was discovered in this way to 
the correspondent's surprise as he did not suspect that 
a transistor could be temperature-conscious. A col- 
league, however, suggested that the transistor contained 
a broken bonding wire or faulty junction to either the 
chip or pigtail, with only a microscopic gap. 

mjuMSl 

'GlXy- 

"It's the latest in high frequency early 
warning systems." 
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VERSATILE 

A.C. MILLIVOLTMETER 

by 

G. W. SHORT 

Intended for the more experienced constructor, this article describes a versa- 
tile and inexpensive millivoltmeter design which incorporates many attractive 
features. These include low battery consumption and the ability to operate 
with any moving-coil meter having an f.s.d. within the limits SOO^A to 5mA. 
Measuring ranges depend on the existing scale marking on the meter and 
may be, typically, 5mV to 500V, The frequency response within 5% error 

extends from 20Hz to 30kHz 

Most millivoltmeters are designed around 
meters of a specific sensitivity, usually I00;j,A 
instruments. The transistor a.c. millivoltmeter 

described here is different. It has been deliberately 
designed to accept a wide range of indicating meters 
so that the constructor, by following some simple 
rules, can adapt it to accommodate whatever meter 
he happens to have, the only requirements being that 
it should be a d.c. instrument with a linear scale 
and a sensitivity of 500/xA to 5mA approx. The 
amplifier part of the instrument may be used as a 
general-purpose audio amplifier with an output of 
up to 2.5V r.m.s. The amplifier will deliver over 
30mW to a 7012 speaker. 

SPECIFICATION 

Input impedance: greater than 1MQ, 
Measuring ranges: 5mV - 500V approx., 

full-scale. 
Standby consumption: 9V, 2.5mA approx. 
Overload capacity: 240V, 50Hz on most 

sensitive range. 
Frequency response: 2O-3O,O0OHz, ± 5 %. 
Indicating meter; 500/xA to 5mA, any 

linear scale. 
Amplifier section usable for other purposes. 
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BATTERY DRAIN 

The usual type of transistor millivoltmeter (see 
Fig. 1) incorporates a Class A amplifier. This drives 
a rectifier meter, which is placed in a negative feed- 
back path to improve the linearity. 

The drawback with this type of circuit is that if 
a relatively insensitive meter has to be used the 
battery drain becomes too large. Suppose a 5mA 
meter is to be used. If the input signal is a sine 
wave then, to drive the pointer to full scale deflec- 
tion, the input current to the meter must be 5mA 
r.m.s., or 7mA peak. The peak current is what 
matters, because it fixes the minimum current which 
the second transistor must pass. In the present case, 
this must be over 7mA d.c. or the peaks of the sine 
wave will be clipped and the millivoltmeter will be 
inaccurate. Unfortunately most millivoltmeters will 
also be called upon to handle speech and music volt- 
ages. These have rather peaky waveforms, and to 
handle them without clipping calls for a much higher 
standing current, perhaps four times the meter full- 
scale current. By the time the drain of the earlier 
stages has been added the consumption will be about 
five times the meter f.s.d. current, or some 25mA for 
a 5mA meter, which imposes a severe drain on the 
battery. 

SELF RECTIFYING OUTPUT STAGE 

The battery drain can be reduced by using a 
Class B output stage with a low standby current. A 
Class B amplifier can deliver large peak currents 
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on demand, which is just what is needed for dealing 
with peaky waveforms. A possible method of using 
it would be to substitute the Class B output stage 
for the second stage of Fig. 1, driving the meter 
from the Class B pair in much the same general 
way. This, however, is needlessly complicated. An 
alternative arrangement, shown in Fig. 2, saves the 
rectifier by making use of the fact that the lower 
output transistor of the complementary Class B pair 
conducts only on alternate half cycles, and therefore 
acts as a half-wave rectifier to drive the meter. 

The only problem that now arises is that the meter 
registers the standby current of the transistor even 
when there is no input signal. The remedy is to bias 
the transistor exactly to cut-off. In practice, however, 
it is better to adjust the bias until the meter registers 
a tiny current and then move the pointer back into 
position by means of the zero adjuster screw. 

This last approach gets rid of the problem of the 
standing current, but it creates a new one. An 
amplifier biased in this way suffers from crossover 
distortion. Such distortion is not important in itself 
in a measuring instrument, but it does spoil the 
linearity. The answer is to apply heavy negative 
feedback. Some negative feedback is introduced 
automatically by the d.c. bias resistance RB, which 
of course allows a.c. to pass from output to input 
as well, but the feedback given here is not enough. 
An additional a.c.-only negative feedback resistance, 
RF, is therefore added. 

DESIGN STRATEGY 

Constructors familiar with the Fig. 2 type of 
circuit will realise that it is not going to be much 
use when very high sensitivity is required, because 
the gain is not very high. More amplifying stages 
are needed. At this point, however, it pays to forget 
about the exact circuit configuration and think about 
the essentials of the feedback arrangement. 

These are shown in Fig. 3, and as many textbooks 
will point out, the performance of such an amplifier 

Input 
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Fig. 1. Typical transistor a.c. millivoltmeter 
circuit. To avoid clipping the peaks of the 
signal waveform, the collector current of the 
second transistor must be several times the 

meter full-scale current 
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is governed very largely by the three ^resistances 
shown, regardless of what is inside the "box", pro- 
vided that the gain inside the box is very high. For 
practical purposes, the following statements can be 
taken as true: . . _ D e 

Input impedance of whole circuit ^ 1,7-, 0 c 
Voltage gain, Vout/Vin — Fv'Jrt* 
Current gain, lout/Iin — H r / KL 

These equations tell us that, provided we leave 
the feedback resistance RF alone, we can adjust the 
current gain (by changing RL) without affecting the 
voltage gain. Alternatively, we can adjust the voltage 
gain (by changing RS) without affecting the current 
gain. This is just what is needed lor adapting 
the circuit to a wide range of meter sensitivities and 
scale markings. 

RANGE SETTING 

Different voltage ranges could be selected by 
switching in different values of RS. In this respect, 
RS acts in exactly the same way as a "multiplier" 
in any ordinary voltmeter circuit. The idea is attrac- 
tive if only a few relatively high voltage ranges are 
required. With a reasonable amount of amplification, 
the overall sensitivity can be 1MQ per volt, which 
is a lot higher than the sensitivity of even the most 
sensitive non-electronic multi-range meters. But it is 
still not high enough. For a range of 3mV f.s.d., for 
example, RS would only be 3Kfl, which is much 
too small. , .„• „ . j 

For this reason, the complete milhvoltmeter des- 
cribed here uses a high input impedance buffer stage 
in front of RS, and carries out its range selection 
by means of a potential divider in front of the 
buffer stage. 

BUFFER AMPLIFIER 

A mosfet makes an ideal buffer from the point of 
view of high input impedance. Fig. 4 shows a suit- 
able circuit, incorporating an R.C.A. mosfet type 
40468A, which is the successor to the well-known 
40468 (The 40468A is available from Amatromx, 
Ltd., as indeed are all the other semiconductors 
employed in the instrument). 

The mosfet is connected as a "source follower 
with a "gain" of less than 1, and having good 
stability, virtually infinite input resistance, and a 
fairly low output resistance. The low output resist- 
ance enables fairly small values for RS to be used 
if need be. The input potential divider shown has 
six 10 to I steps and covers input ranges such as 
5mV to 500V. All the resistances except R7 are 
common standard values, and R7 can be made up 
from two 22ft resistors in parallel without much 
loss of accuracy. 

Series resistance R1 and the diodes D1 and D2 
perform the very important job of protecting the 
gate of the mosfet against high voltages. No damage 
results from a sustained overload of 240V on the 
most sensitive setting of the range switch. Note that 
R1 must be able to dissipate 1W under these 
conditions. 

COMPLETE CIRCUIT 

Those extra amplifying stages inside the "box" of 
Fig. 3 appear in full in the complete circuit of big. 
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Fig. 2. A linear class B amplifier draws only a 
small idling current. It can also be made to do 
its own rectifying: a meter connected as shown 
receives d.c. equal to half the mean a.c. 

output current 

5. The whole of the main amplifier is direct-coupled 
in the simplest possible way, advantage being taken 
of the ability of silicon transistors to operate with 
collector to emitter voltages which are the same as 
their base to emitter voltages. Using a fairly close 
tolerance transistor (type BC168C) in the first stage, 
the d.c. conditions for all stages can be set by means 
of one preset resistor, R15. This is adjusted so that 
the standing voltage at the emitters of TR5 and 
TR6 is 4.7V above the negative supply rail. Setting 
the bias of the output pair is carried out by R18, 
which trims the voltage across the stabilising diodes 
D2 and D3. These diodes can be almost any type of 
silicon junction diodes. 

For calibration purposes, the a.c. gain has to be 
made adjustable, and this is allowed for by putting 
a potentiometer, R20, in the negative feedback 
circuit. 

An extra transistor, TR7, is placed across the 
meter. Its job is to protect the movement from 
switch-on surges and overloads. TR7 conducts when 
the voltage across the meter coil exceeds about 
500mV. This is quite a lot more than the normal 
drop at full-scale deflection for most meters, and 
if desired the drop across the movement can be 
artificially increased to, say, 400mV at f.s.d. by 
inserting a series resistor of appropriate value at 
the point marked with a cross. TTie author used a 
BC168 for TR7, but any other silicon p.n.p. type 
will be satisfactory provided it has a low bottoming 
voltage and is capable of taking about 100mA peak 
collector current. 

ADAPTING TO THE METER 

With a sine wave input the amplifier can deliver 
a little over 2.5V r.m.s., but to allow for peakier 
waveforms it is advisable to design for full-scale 
deflection at an output of only IV r.m.s. This output 
JANUARY 1970 

must drive a current through the load resistor R21 
which is equal to twice the meter current. The first 
step in adapting the circuit to a given meter is to 
select a value for R21 which gives the required 
current, working from the equation; 

R21 = (Output voltage)/(Twice meter current) 
= 500/Im 

(where Im is the meter full-scale current in milli- 
amps and R21 is in ohms). Thus a 1mA meter calls 
for a value in R21 of 500.0. A 470.Q resistor may 
in practice be used. 

The meter current having been dealt with, we next 
have to select ranges which correspond to the exist- 
ing meter scale markings. This is quite simple. The 
most sensitive range should be between 3 and 30mV, 
and we choose a figure that fits the scale markings! 
If, for example, the meter is marked 0-500, the 
lowest range can be 0—5mV. Having done this, we 
then use a value for RIO with as many kilohms as 
the lowest range has millivolts; e.g. 5kO for 0-5mV. 
Once again, it is quite in order to use a resistor of 
standard value slightly below the calculated value; 
e.g. 4.7kl2 instead of 5kQ. 

The design is now complete as far as adapting the 
circuit to the meter is concerned. There is still, how- 
ever, a further important point to consider, and we 
shall next turn to this. 

VOLTAGE LIMITATION 

In the writer's opinion, it is always better to be 
safe than sorry where high voltages are concerned. 
In the present case, the wattage rating of R2 imposes 
an upper limit on the input voltage of 700V r.m.s. 
However, it is quite possible that an even lower 
limit will be imposed by the voltage ratings of 
certain components. If, for instance, a co-axial input 
cable is employed, how much voltage can safely be 
applied between its inner and outer conductors? 
Again, how much voltage will the input socket 
stand? Or the insulation between adjacent tags on 
the wafer switch? Or between the wafer and the 
spindle? 

These are likely to be unknown quantities, and 
when dealing with unknown quantities it is always 
safest to be pessimistic about them. In consequence, 
it is recommended that the upper limit to the milli- 
voltmeter ranges should not exceed 500V. On this 
basis the ideal meter scaling is 0-5 (or 0-50, or 
0-500) because this gives six ranges starting from 
5mV (which covers the signals likely to be obtained 
from audio sources such as pickups) and ending at 

Rs 
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Current 
amplifier 

'•'out 
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Rl 

Fig. 3. General picture of a current amplifier 
with negative feedback, showing only the im- 
portant resistances which define the gain and 

input impedance 
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Fig. 4. High input impedance buffer using a 
mosfet. The diodes protect the gate from 
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500V (which covers the mains and most transformer 
secondary voltages found in the power packs of 
valve equipment). An instrument scaled 0-3, etc., 
which would allow 3mV to 300V to be covered, is 
also very useful. A rating for R2 of i watt is 
sufficient in this case, while allowing a fair margin 
of safety. 

If some other meter scaling is used it is best to 
incorporate only five ranges and to make some 
special provision for high voltages. The best arrange- 
ment here is undoubtedly to make a special high- 
voltage probe. A probe with a tubular insulated 
body of thick plastic or s.r.b.p. can easily take a 
few thousand volts. The limiting factor is flashover 
or "tracking" between connecting points, and the 
remedy is to spread the voltage out as much as 

possible. A probe containing lOMfl series resistance 
gives a voltage multiplication of 10 with this instru- 
ment. No ordinary lOMfl resistor will stand 1,000V 
or so across its ends, so instead of one 10MO 
resistor use, say, ten IMfl resistors in series, these 
being spaced out in line down the barrel of the 
probe. High voltages of the order we are considering 
can be very dangerous and the probe must, of 
course, be designed so that there is no possible risk 
of shock to the user. 

When such a probe is used, it is still quite in order 
to have a six-position range switch. The wiring of 
the sixth step could be modified as shown in Fig. 
6(a) so that the sixth position is now a "meter off" 
position. (But remember that though the meter is 
off the power supply is not, and an on-off switch 
is still needed.) 

Alternatively, it is possible to dispense with the 
probe and modify the resistor values of the last 
two steps in such a way that the sixth position gives 
a range multiplication factor, not of 10, but of 2 
(Fig. 6(b)) or of 3 (Fig. 6(c)). By using this trick, 
a meter scaled 0-10 can be given a highest range 
of 0-200V or 0-300V instead of 0-1,000V. The only 
disadvantage is that some mental arithmetic is need- 
ed when reading the meter on this range. When 
using the arrangements shown in Figs. 6(b) and (c) 
the new resistor values are used instead of R6, R7, 
and R8. The rather complicated network of Fig. 6(c) 
is employed merely to enable the right range to be 
obtained using standard resistors. 

If a five-position range switch is used, one resistor 
of Ilia can replace R6, R7, and R8. In practice 
it may be easier to use two 220a resistors in parallel, 
though the value HOQ is also standard and obtain- 
able from some suppliers. It belongs, however, to 
the "E24 Renard Series" in which successive resist- 
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Fig. 5. Complete millivoltmeter circuit. R10 and R21 are selected to suit the meter, 
as described in the text 
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SUPPLY VOLTAGE 

COMPONENTS 

Resistors 
(All fixed resistors high stability, and i watt 
unless otherwise stated. R2 to R8 inclusive 5% 
or better. All other fixed resistors 10% or 
better. See text for details on potentiometers). 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 

lOOktl 1 watt 
IMQ ^ watt 
lOOkQ 
lOkfl 
IkO 
lOOQ (see text) 
22n (see text) 
22n (see text) 
3.3kQ 
See text 
IMfi 
1.5MQ 
lOkfl 
4.7kn 
5Mn potentiometer, preset 
15kn 
4.7kn 
15kn potentiometer, preset 
330Q 
5kn potentiometer, preset 
See text 
ion 

Capacitors 
C1 O.I/iF, 250V wkg. 

I 25/j.F electrolytic, 10V wkg. 
2.5/xF electrolytic, 64V wkg. 
33()pF 
320/j.F electrolytic, 2.5V wkg. 
125pF electrolytic, 10V wkg. 
250/xF electrolytic, 6V wkg. 

€2 
C3 
C4 
C5 
C6 
C7 

Semiconductors 
TR1 40468A 

BC168C 
BC168C 
BC168C 
2N3794 
2N4291 
See text 
IS44 
IS44 
IS44, or any silicon junction diode 
IS44, or any silicon junction diode 

moving-coil meter, see text 

1-pole 6-way wafer 
S2 s.p.s.t., toggle or wafer 

Miscellaneous 
Coaxial sockets, terminals (as required) 
9V battery 

TR2 
TR3 
TR4 
TR5 
TR6 
TR7 
D1 
D2 
D3 
D4 

Meter 
Ml 

ances increase by 10% increments, whereas 2200 
(and all other resistances in the diagrams) belongs 
to the more popular E12 Series, with successive 
increments of 20%. 
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The millivoltmeter is not unduly affected by vari- 
ations in supply voltage, and no voltage regulation 
is provided. The prototype, when adjusted for f s d 
with a sine wave input and a 9V supply, showed 
an error of less than 3 % when the supply was 6V 
and less than 10% with 4.5V. The error at 4.5V 
was due to peak clipping and not to falling-off of 

falj' Jhc error is' of course, smaller at less than t.s.d. By the same token, the error is larger if the 
meter is used to measure peaky waveforms. In 
general, the battery should be replaced when its 
voltage has dropped to 6V. 

CONSTRUCTION 

The instrument still has to be made, of course, 
and this is not a task to be undertaken in a slap- 
happy way, using odd bits and pieces from the junk 
box. A prime consideration is to make sure, well 
before beginning, that there is going to be plenty 
of room for everything inside the cabinet and on 
the front panel. Last-minute alterations and the 
cramming of components into odd corners are likely 
to spoil the performance by introducing stray capaci- 
tances and couplings which, even if they do not 
cause instability, may still play havoc with the 
accuracy. The following points should be given due 
attention. 

Screening. It is essential to house the millivolt- 
meter in a metal box. In addition, the input con- 
nections and range switch should be put in a separ- 
ate screened compartment. This may seem over- 
elaborate for an audio instrument, but experience 
with the prototype showed it to be essential. With- 
out screening, the meter registered a reading on all 
settings of the range switch when a 50kHz input 
at 15V was applied, even when TR1 was taken out 
of circuit! This explained a rather striking rise in 
the frequency response above about 20kHz. Screen- 
ing the input connections eliminated the effect. 

Input wiring. The range resistors should be small 
and wired directly between the tags on the range 
switch. This keeps down the stray capacitance. Care- 
ful attention to. the placement of the "earth" con- 
nection of the input circuit is essential. The im- 
portant thing is to return the bottom end of the 
range attenuator (R7 and R8) to the earthy side of 
the input socket with a short, thick wire. If, as is 

Nme lives? You'll need 'em if your's is like this! 
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desirable, a coaxial input socket is used, then the 
"earth" connection can be made to a solder tag 
clamped to the metal front panel by one of the 
bolts that fix the socket. Fading this, make a con- 
nection to the panel close to the socket. If an actual 
earth connection is used, it should go to the same 
point. All the negative wiring should be carried out 
with thick wire, to reduce couplings between output 
and input via the wiring. 

Buffer stage. The mosfet should be connected last, 
after all the other components, and especially after 
diodes D1 and D2 are connected into circuit. When 
soldering, remember to earth both the bit of the 
iron and the circuit. When handling the 40468A, 
always pick it up by the case, never by the leads. 
Since the gate presents a very high impedance, it 
should be kept away from the input socket. It is 
quite a good idea to mount the buffer on a little 
circuit board or tagstrip supported behind the range 
switch. The bolts which hold the switch wafer can 
often be used to support the buffer circuit, and the 
whole lot can then be put inside the screening com- 
partment for the input circuit. 

Main amplifier. Use a logical layout, with the 
input at one end and the output at the other, and 
positioned so that the input lies near the buffer stage 

lOOn 

05 

22n^ ^22A 

56n< 

56n< 

resistor tolerance which can be accepted is 5%, and 
1 % is worth having if the meter scale is reasonably 
long. All resistors in the millivoltmeter should be 
high-stability. The tolerance of R1 is not important, 
but it should be rated at 1W. 

The weakest link in the calibration circuit is R20. 
Ideally, it should be wire-wound, but economy will 
usually dictate a carbon preset component. Use a 
good make such as Egen type 467, and check the 
calibration from time to time. (The Egen type 467 
potentiometer and suitable potentiometers for R15 
and R18 are available from Amatronix, Ltd.) 

If an audio generator with a monitored output is 
available, check the frequency response. Taking the 
reading at 1kHz as a reference, the error should not 
exceed 5% between 20Hz and 30kHz, with the pos- 
sible exception of the second most sensitive range, 
where the h.f. response may tail off at a lower fre- 
quency because of the effect of stray capacitance 
across the potential divider output. 

It will be appreciated that the bandwidth of the 
amplifier between 3dB points is much larger than 
the "useful measuring bandwidth" of the instru- 
ment. An error of 3dB amounts to some 30%, which 
is far too great in a measuring instrument. A wider 
bandwidth can, however, be used when making com- 

-os 

-06 

o 5 
39a 

39a 

39a 

2-2 kA 

(a) Cb) CO 

Fia 6 Modified "highest range" connections to SI. The circuit of (a) is used when only 
five ranges are needed but the switch has six positions, whilst (b) gives a sixth range which 
is twice the fifth range. The configuration in (c) gives a sixth range which is three times 

the fifth range 

whereupon the connection between these two is kept 
short. Any of the usual constructional techniques, 
including pin-board, will do. 

Terminals. Co-axial connectors are best, and are 
probably essential if hum pickup is to be avoided, 
but it is a good idea to provide wander-plug sockets 
as well, g-eep the output terminals away from the 
input. 

CALIBRATION 

Calibration can only be done with the aid of a 
known input voltage, which usually means monitor- 
ing the input with another meter of known accuracy. 
The applied frequency should not be too high, and 
should be well inside the range of accurate measure- 
ment for the other meter. (Many multimeters are 
only accurate up to 2kHz). In general, 50Hz will 
be a good bet. If possible, choose a voltage such 
that the extra meter reads near full scale but the 
millivoltmeter reads about half scale. Adjust R20 
so that both instruments read the same. Only one 
adjustment is needed; the other ranges will be right 
if the range resistances are correct. The worst range 
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parative measurements at a fixed frequency outside 
the normal measuring band. Indications up to about 
3 MHz are obtained. 

If linearity is unimportant, the sensitivity can be 
greatly increased by short-circuiting the output ter- 
minals. If this is done, the meter will register a 
reading with no input; the reading being due to 
noise in the amplifier. (If the wiring layout is poor, 
short-circuiting the output may cause the circuit to 
break into oscillation, in which case the meter reads 
full scale) 

The lower limit of the frequency response can be 
pushed below 20Hz if desired, by increasing the 
value of C3. Note, however, that C3, if electrolytic, 
must have low leakage. This is because its leakage 
current, if appreciable compared with the base cur- 
rent of TR2 (which is less than 1 /j.A), will upset 
the biasing of the whole amplifier. The easiest way 
of ensuring low leakage is to use a capacitor with 
a much higher voltage rating than the actual voltage 
across it in the circuit, which is above IV. This is 
why a 64V working capacitor is specified in the 
parts list. (2.5/xF, 64V is one of the values in the 
Milliard miniature range). B 
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Incorporating a field effect transistor, this comprehensive 
design may be either constructed in the form of an a.f. 
amplifier, or as an a.f, amplifier combined with a single 
transistor medium wave tuning head. In the latter instance, 
some of the components perform dual functions at a.f. and r.f. 

IT DOES NOT SEEM THAT EITHER 
commercial firms or designers of 
equipment for home constructors 

cater very frequently for the listener 
who wants to be able to hear 
records, or local broadcast stations, 
using a battery amplifier which will 
give really good quality at ordinary 
room levels of volume. Most home 
listening is done at an average out- 
put level of less than 50mW, and 
for this purpose, a total of 150mW 
undistorted output allows for the 
peaks to be reproduced without dis- 
tortion. 

The output of the amplifier to be 
described is about 150mW, and this 
is at a very high level of quality 
which deserves to be fed into a 
good speaker. The amplifier "draws 
18mA from an 18 volt battery, and 
provided fairly large cells are used— 
the U2 size is recommended—it will 
prove economical to use, giving very 
many hours service from a set of 12 
of these cells. 

BASIC CIRCUIT 

The circuit is shown, in its sim- 
plest form, in Fig. 1. The output 
from a crystal pick-up, or a similar 
high impedance source of signal, is 
applied to a high resistance volume 
control, and thence to the gate of a 
field effect transistor. The drain of 
the f.e.t. is directly coupled to the 
base of a medium power silicon 
p.n.p. transistor, the drain current 
of the f.e.t. being the base current 
of this output transistor. At the time 
of writing there is still a dearth of 
silicon p.n.p.-transistors which will 
maintain their amplification factor 
When more than about 1 or 2mA 
pass through them, but the inexpen- 
sive 2N3702 will maintain an hFE 
of from 60 to 300 in the conditions 
applying in this circuit. Typical 
specimens may be expected to show 
JANUARY 1970 

a gain of about 120 times. The 
maximum dissipation of the 2N3702 
is 300mW at 250C and with about 
16 volts available from emitter to 
collector (about 2 volts are lost 
across the relevant part of the 25011 
preset potentiometer) a maximum 
current of 18mA is permissible. The 
output transformer chosen has a 
ratio of 9.2:1 and will therefore 
cause a reflected load of about 25012 
to appear across its primary when 
connected to a 312 speaker. With a 
typical 2N 3702 this will produce a 
load of 250 x 120 = 30kl2 at the 
base, and this is the drain load for 
the f.e.t. which will ensure good 
amplification from that device. 

Source bias for the f.e.t. appears 
across the lower half of the 25012 
pre-set potentiometer. This poten- 
tiometer should be a standard 1 watt 
component, and not a miniature. 

There is 2-stage negative feedback 
of d.c., and the circuit is conse- 
quently very stable. The large elec- 
trolytic capacitor prevents negative 
feedback of the signal, though a 
small amount of negative feedback 
results from the top half of the 
potentiometer being in the source 
lead without a bypass capacitor. 
This feedback is not large as the 
resistance involved is small in com- 
parison with the drain load. 

A capacitor appears across the 
input to the amplifier, this being 
found necessary to avoid excessive 
treble and consequent distortion. 
Constructors may experiment with 
different values. The 0.001,aF value 
shown in Fig. 1 proved to be the 
best compromise for various pick-up 
cartridges tried with the prototype. 

MODIFICATIONS 

The circuit in Fig. 1 will func- 
tion as an efficient amplifier as it 
stands with almost all specimens of 
the 40468. It is set up by first setting 
the slider of the potentiometer close 
to the end connected to the source 
and then, with a meter in one of 
the battery leads, adjusting the 
potentiometer until a reading of 
18mA is given. 

However, there are various modi- 
fications which are worth while, and 
some of these are shown in Fig. 2. 

It will be noted that an a.f. choke 
now appears between the drain of 
the f.e.t. and the positive supply 
line. This component was omitted 
in Fig. 1 because the great majority 
of 40468's pass negligible leakage 
current. But the f.e.t. type 40468 
has now been superseded by the 
40468A which, while offering cer- 
tain improvements, is no longer re- 
stricted for leakage current, and the 
latter can, in rare examples, be as 
high as 100/iA. Let us consider the 
case where a high leakage f.e.t. is 

Input 

2Mni 
log ' 

■ O-OOI 
1 

o 
9-2:1 

2N3702 

40468 

250n 
Wi rewound 

I 

4-18V 

To-3n speaker 

640pF 
6 V wkg 

Fig. 1. Basic amplifier circuit, illustrating the combination of 
f.e.t. and output transistor 

349 



used in combination with a 2N3702 
offering a current amplification of 
300. If this output transistor passes 
18mA, a base current of 18mA 
divided by 300, i.e. 60/iA, will be 
required. But such a current is lower 
than the f.e.t. leakage current alone, 
so the circuit will not function. 

At first sight it might appear that 
a resistor of about lkt2 between the 
drain of the f.e.t. and the positive 
supply line would put matters right, 
as the f.e.t. would then pass a total 
of about lOOfiA whilst the output 
transistor was passing a base cur- 
rent of 60/jA. The leakage current 
of the f.e.t. then becomes a small 
proportion of the total current 
passing through it. However, the 
IkSl resistor would reduce the drain 
load of the f.e.t. and amplification 
would fall drastically. A better 
scheme is to use the primary of an 
Eagle LT44 interstage transformer 
instead of the resistor. The primary 
of this transformer offers a d.c. re- 
sistance of about Ikfi, and presents 
the a.f. signal with a high inductive 
load, whereupon all is well. The 
transformer primary inductance is 
damped by the output impedance of 
the f.e.t. and the input impedance 
of the 2N3702, and no noticeable 
deterioration of quality accompanies 
its inclusion in the circuit. The green 
lead and outer red lead are used 
here, the central red lead and the 
black and white leads being left 
disconnected. (Make sure that the 
LT44 is an Eagle component. This 
will be sold in a box and its clamp 

will have stamped into it "20kS2 
l.Okfi". There are inferior imitations 
which have "LT44" applied by what 
appears to be a rubber stamp. These 
imitations are not suitable for the 
present requirement, as both the 
d.c. resistance and the inductance of 
the winding will be found to be far 
too low.) 

In both Figs. 1 and 2, the sub- 
strate of the f.e.t. is left unconnected. 

Turning to other points in the cir- 
cuit of Fig. 2, the non-earthy input 
lead is now taken to a 330kI2 resistor 
which is isolated from the volume 
control by a 0.0 IpF capacitor. The 
capacitor should be rated at 250 
volts working. Also, two silicon 
diodes (not germanium) are con- 
nected back to back between the 
slider and the earthy end of the 
volume control. The 0.01/iF capaci- 
tor protects the gate of the f.e.t. 
from any direct voltage which might 
accidentally find its way there, and 
the diodes limit alternating voltage 
on the gate to about 0.5 volt so that 
accidental applications of, say, mains 
hum, are rendered harmless. What- 
ever other refinements are added it 
is particularly recommended that 
the diodes be included in the cir- 
cuit, or the f.e.t. may die a 
mysterious death one day. It is also 
very wise, incidentally, to use a 
transistor holder for the f.e.t. Al- 
though an iron can be used for 
wiring it up with all due precautions, 
it is only too easy for a_ lethal dose 
of a.c. to be applied to the gate. It is 
better to make all the connections to 

Drain Source 

(o^o) 

Substrate Gate 2N37oa 
4O468,4O460A Lead-outs 

Lead-outs 

A.F 
choke 02 2N3702 

330 

1 

—-fWM- 

+18V 

OOI SOpF 
pF 40468A 

j SOOpF 
3n speaker 
mounted with 
amplifier 

□ 

I 

c8 

Fig. 2. A more comprehensive circuit, developed from Fig. 1. 
Unmarked components have the same values as in the basic circuit 
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a transistor holder first, and then 
insert the f.e.t. afterwards. 

A tone control has been added in 
Fig. 2, this consisting of a SOOpF 

1 'i 
■ components i 

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

R1 3.3Mn 
R2 330kS2 
R3 39kn 
VR1 2.5kn or 5kS2, preset 

potentiometer, minia- 
ture • 

VR2 2Mt2 potentiometer, log, 
with switch S3 

VR3 25012, preset potentio- 
meter, wirewound, 1 
watt 

1 Capacitors 
C1 4/iF electrolytic, 6V 

wkg. 
C2 640/jF electrolytic, 6V 

wkg. 
C3 0.0 I^F 
C4 0.00 l^F 
05 0.01/xF, 250V wkg. 
06 SOpF 
07 0.02^F 
08 1,000/iF electrolytic, 

25V wkg. 
VC1 SOOpF variable air- 

spaced or solid dielec- 
tric (see text) 

VC2 SOOpF variable solid 
dielectric 

1 Inductors 
LI, 2 (see text) 
T1 Output transformer type 

T/T7 (Radiospares) 
T2 Interstage transformer 

type LT44, primary 
connected only (Eagle) 

1 Semiconductors 
TR1 BCI68C 
TR2 40468 or 40468A 
TR3 2N3702 or TIS61 
D1 OA81 
D2,3 silicon diodes 

(e.g. IS44) 
Switches 1 

SI 2-pole 2-way rotary 
S2 2-pole 3-way rotary (or 

3-pole 3-way (see text) 
S3 s.p.s.t., combined with 

VR2 
Sockets, etc. XPS1, 2 phono sockets 

1 transistor holder (for TR2) 
3 battery holders for 4 U2 cells 

each 
1 Battery 

12 U2 , cells 
1 Speaker 

3S2 speaker 
1 Miscellaneous 

Sin. x iin. ferrite rod 
Control knobs, as required 
Cabinet, etc. 
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Fig. 3. Adding a medium wave tuning head. All components in this diagram are specified 
in the Components List 

variable capacitor. Enmeshing the 
vanes of this component causes a 
very smooth loss of the highest 
audio frequencies. The range of con- 
trol available is improved at inter- 
mediate settings of the volume con- 
trol by the presence of the 50pF 
capacitor across the non-earthy half 
of the volume control circuit, this 
giving a degree of treble lift when 
the variable capacitor is set to min- 
imum. Finally, the 39kt2 resistor 
prevents any possibility of spurious 
oscillation by the f.e.t. 

So much for modifications at the 
input end. At the output end a 2- 
pole 3-way switch is employed to 
make provision for an internal or 
external speaker, and to take the 
output direct from the f.e.t. when it 
is wished to use the amplifier to re- 
cord on to tape. As shown in Fig. 
2, the switch is at position B, and 
an internal speaker, built together 
with the amplifier, is in use. If the 
switch is turned to position A the 
output is taken to a phono socket, 
into which a lead from an external 
speaker may be plugged. If the 
switch is turned to C, the output is 
taken to this same socket direct from 
the f.e.t. and a tape recorder may 
be used. The internal speaker re- 
mains connected and may be used 
as a monitor though volume will be 
reduced owing to the additional load 
across the f.e.t. So far as the switch 
JANUARY 1970 

itself is concerned, it will probably 
be found easier to obtain a 3-pole 
3-way component rather than a 2- 
pole 3-way switch. In this case the 
unwanted pole is ignored. 

It will be seen that the earthy 
end of the volume control is now 
taken to the negative supply line via 
the secondary of the output trans- 
former. This provides a useful addi- 
tional degree of negative feedback 
which considerably improves quality. 
At first sight the amount of feed- 
back might appear excessive, but it 
should be remembered that the out- 
put transistor functions as an emit- 
ter follower, which means that al- 
though it is an efficient power 
amplifier it gives no voltage gain. 
So the additional feedback intro- 
duced is, in effect, over the f.e.t, 
stage alone. It may be necessary to 
try both ways of connecting the 
leads on the secondary of the output 
transformer. If connected wrong way 
round, positive feedback will be 
given with consequent oscillation. 

TUNING HEAD 

Fig. 3 shows how, if desired, a 
simple medium wave tuning head 
may be added. As the amplifier has 
a high input impedance it is useful 
for the output of the tuner to be 
similarly at high impedance. The 
author's single transistor "Sponta- 

flex" design is very suitable here, 
offering in this case an output im- 
pedance of about 330kS2.* 

All the components to the right 
of the new switch, SI in Fig. 3, 
have already appeared in Fig. 2, and 
the wiring of this part remains un- 
changed, although some of the com- 
ponents now have a radio frequency 
function to perform in addition to 
their duties at audio frequencies. 

The radio signal appears across LI 
which is wound on a length of ferrite 
rod, and is tuned by VC1. The 
whole of this tuned circuit forms the 
base input of TR1 which, al radio 
frequencies, is a common collector 
amplifier with a high input impe- 
dance. The r.f. output, much ampli- 
fied as to current, appears across 
diode D1 in the emitter circuit. The 
diode next functions as an audio 
frequency load and TR1 amplifies 
again, this time as a common base 
audio amplifier. A combination of 
comparatively high direct voltage 
from the battery and a type of 
transistor which maintains good 
amplification when passing only 
SCfiiA means that a very high output 
*The author's "Spontaflex" circuit was 
originally introduced in the June 1964 
issue. The latest and most up-to-date ver- 
sion was described in "Modifying the 
'Spontaflex* Circuit for Silicon Tran- 
sistors", published in the May 1969 issue. 
—Editor. 

(Continued on page 359) 
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HIGH-SEL 

T.R.F. R 

b 

F. G. RAYER, A 

Our contributor recently turned his i 
receiver and decided to re-examine ij 
design and construction of a simple t 
taken to ensure that efficient regenen 
the receiver is described in this article 
of the tests he carried out on his desk 

between its performance a 

Few circuits can provide such good results 
with so little complication as an efficiently oper- 
ated t.r.f. receiver. The writer recently returned 

to the use of a small t.r.f. circuit for compact equip- 
ment required for /A operation. The performance 
obtained, together with subsequent tests, show that 
the t.r.f. receiver is in fact an excellent project when 
the complicated circuitry of a superhet is to be 
avoided. 

This article will describe the t.r.f. receiver used. 
First, however, the writer would like to give details 
of the tests he carried out, if only to demonstrate to 
those who automatically advocate the superhet that 
the t.r.f. receiver can offer a comparable short wave 
performance. And, of course, the t.r.f. receiver is 
much easier to construct and bring up to full working 
order. 

obtainable from a t.r.f. set depend almost entirely on 
regeneration. F. E. Terman, in discussing regenerative 
detectors, points out that "Although regeneration re- 
presents an inexpensive means of increasing the radio- 
frequency amplification, it increases the selectivity 
excessively ...."* 

Nobody tuning a crowded amateur or other short 
wave band these days is likely to feel that selectivity 
can be excessive, and it is worth recalling that the 
adjunct to some expensive communication receivers 
is a Q-Multiplier, this being a circuit which takes ad- 
vantage of regeneration to increase selectivity. 

*F. E. Terman, "Radio Engineers* Handbook" (First Edition, page 
574), Mc-Graw Hill. 

REGENERATION 

Before making comparisons between t.r.f. and 
superhet receivers, it must be noted that the results 

Superhet " 1 
<1 

Amplitude 

T.R.F. 

Sig. gen. 

Off tune O Off tune 

Frequency 

Fig. 1. The method employed for comparison 
of t.r.f. and superhet receiver performance 
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Fig. 2. Illustrating the sharpening of selectivity 
which results from the use of regeneration 
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LECTIVITY 

IECEIVER 

by 

A.I.E.R.E., G30GR 

i 
attention from the superhet short wave 
tts t.r.f. counterpart. The result was the 
t.r.f. circuit in which particular care was 

ration was obtained. The construction of 
le, and the author begins by giving details 
ign, these tests giving direct comparison 
and that of a superhet receiver 

One way of comparing t.r.f. and superhet receiver 
performance is shown in Fig. 1. Each receiver has a 
speaker, with muting switch if wanted. Input is first 
applied from the signal generator. The method is to 
tune in the signal generator output accurately with 
both receivers, then check for individual off-tune 
response by retuning the generator. The superhet 
a.g.c. is switched out or temporarily disabled for this 
test. 

Cover feature 
MAAAAM 

Fig. 2 indicates the effects of regeneration with the 
t.r.f. receiver. With no regeneration, tuned circuit 
selectivity is broad, as in curve A. Introducing regen- 
eration increases selectivity, and the response is 
sharpened, as in curve B. With critical regeneration, 
a high and very sharp curve is obtained, as shown by 
C. 

In tests made in conditions favourable to the t.r.f. 
receiver (that is, with weak and relatively weak 
signals over the frequency range 15 to 3 MHz) curve 
C was on the average indistinguishable from that 
obtained with a superhet having two i.f. transformers 
incorporating four 465kHz tuned circuits. The super- 
het also had one r.f. stage but this contributed 
virtually nothing to adjacent channel selectivity, being 
provided to reduce second channel interference. This 
interference arises with a superhet from signals 
spaced by twice the intermediate frequency from 
wanted signals, and can be a troublesome effect. It 
is of course wholly absent with a t.r.f. receiver. 

At frequencies higher than 15MHz or so good 
results were still obtainable with the t.r.f. set, but 
more care in setting up was required. At lower fre- 
quencies, very strong signals may be present, as from 
medium wave stations, and these tend to swamp a 
t.r.f. receiver. Strong local signals on any frequency 
tend to swamp weaker adjacent signals, but this effect 
can be reduced by suitable means. 

Rio 47kn 22kn 
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I I i C4 =6 Cg 

T 
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4pF VR 8pF ookn JLpP C3 25kn 
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JANUARY 1970 
Fig. 3. Complete circuit of the t.r.f. receiver 
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TABLE I 
Frequency Ranges 

(Coils employed are Denco Miniature Dual-Purpose, 
Green.) 

Range Coverage 

1 150-500kHz 
2 500-1,600kHz 
3 1.5-5MHz 
4 5-18MHz 
5 15-36MHz 

SENSITIVITY 

Sensitivity was checked using a laboratory type 
signal generator as input, as shown in Fig. 1, the 
t.r.f. receiver being that to be described here. This 
receiver employs Denco plug-in coils, the ranges 
covered being listed in Table I. To compare the results 
given for differing L/C ratios in the tuning circuit, 
tests were carried out at 16MHz, which is both at the 
low frequency end of Range 5 and at the high fre- 
quency end of Range 4. Table II gives the results, 
and it will be seen that readings were also taken at a 
frequency near the highest tunable, SOMFlz, and at 
9MHz. The input figures quoted in Table 11 are for 
the weakest signal capable of being copied with the 
t.r.f. receiver, using its loudspeaker, in conditions of 
insignificant background noise. They vary somewhat, 
depending on absolute optimum adjustment of regen- 
eration. If there is local ambient background noise, 
headphones would give better results. 

Practical results with an aerial appear to confirm 
the tests. Stronger distant signals, such as 28MHz 
U.S. amateurs, and those on 21 and 14MHz, could 
be received in great number with a modest aerial 
when propagation was suitable. The best Dx was 
Australia. In fact, with the arrangement of Fig. 1, 
it was quite difficult to find a signal with the superhet 
which could not also be brought in with the t.r.f. 
set. The signals lost with the t.r.f. receiver were very 
weak transmissions, and weak or other signals too 
near a strong transmission. Over the 30 to 1.8MHz 
range, the t.r.f. set will receive literally hundreds of 
amateur and other short wave signals. 

The t.r.f. receiver employed in the tests will now 
be described. It should be mentioned that equally 
good results could have been obtained with any 
similar type of t.r.f. receiver in which particular 
attention has been paid to obtaining efficient regen- 
eration. 

CIRCUIT NOTES 

A few points should next be mentioned regarding 
the receiver circuit, which is given in Fig. 3. Com- 
mercially made plug-in coils are used for simplicity 
in band changing and wiring. As may be seen from 
Table I, five coils cover all short wave bands as well 
as medium and long waves, should these last two 
ranges be required. Due partly to slightly different 
tuning and stray capacitances, and the adjustment of 
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dust cores, some of the ranges listed in the Table 
differ slightly from the nominal range figures quoted 
in Denco literature. 

VC1 is for coarse tuning, or band-setting. For 
short wave tuning and critical attention to a narrow 
band of frequencies, such as in an amateur band, 
the small variable capacitor VC2 is employed, this 
giving fine tuning. VC2 should operate smoothly. 
Its exact value is to some extent a matter of choice, 
because a valve which gives adequate coverage on 
lower frequencies is too large for easy band-spreading 
of higher frequencies. If operated without a slow- 
motion ball drive a value of about 5 to lOpF is 
suggested. A value of some 15 to 20pF will be 
satisfactory if VC2 is fitted with a ball drive or if 
the main listening interest is in the low frequency 
bands. A recommended component is the Jackson 
type C804 variable capacitor. 

Trimmer TCI is practically essential in the circuit, 
and it reduces aerial loading with all but short aerials. 
Since one ofthe prime objects in the receiver design 
is the ability to obtain smooth, easily controlled 
regeneration, there are three variable components 
which affect performance in this respect. The first of 
these is VC3, the reaction control proper. This has a 
relatively small capacitance and it is paralleled by 
trimmer TC2. The result is that a wide angle of rota- 
tion in VC3 is possible for a relatively small change in 
overall capacitance, and its adjustment is consequently 
eased. The third variable component is VR1, which 
varies the screen-grid potential of VI and enables 
this valve to be in the optimum condition for smooth 
regeneration. With long aerials, adjustment of trim- 
mer TCI will assist in obtaining best regeneration 
performance. 

The 6BR7 specified for VI is particularly suitable 
as a detector, being a high gain type of rigid mechan- 
ical design. VR2 is an audio gain control, and the 
following triode and pentode sections of the ECL82 
provide audio amplification. The h.t. supply is 
obtained from a half-wave rectifier circuit with ade- 
quate smoothing, particularly to the early stages. 

MECHANICAL CONSTRUCTION 

Construction must be rigid, so a 4-sided chassis is 
used, with 3in. brackets to give additional support 
to the panel. The brackets were actually a 4 by 3in. 
Home Radio "Universal Chassis" side cut from oppo- 
site corners at 45 degrees. The chassis is drilled for 
components as in Fig. 4. 

TABLE H 
T.R.F. Sensitivity 

Frequency 
Input Signal Voltage 

a.m. c.w. 

30MHz 4/xV 2fiV 
16MHz (Range 5) 10/xV 4/jlV 
16MHz (Range 4) 5fiV 2/J,V 

9 MHz SjuV 3/j.V 
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Fig. 4. Top view of the chassis, giving the more important dimensions 

VC1 is bolted to the chassis, and its spindle must 
match up with the ball drive. Spacing washers are 
essential between chassis and this capacitor. A bolt 
secures the ball drive lug to the panel. If a drive is 
to be used with VC2, set this capacitor back suffi- 
ciently, and mount it on a strong bracket. 

Fig. 5 shows the underside. Holes for VR1, VR2, 
VC3, the mains lead grommet, and to provide clear- 
ance for the speaker and aerial/earth sockets are 
most readily made with a fin. chassis punch, before 
chassis assembly. (The type of chassis listed consists 
actually of a 6 x lOin. flat plate, with separate 6 x 2in. 
and 10 x 2in. flanged sides which are bolted on.) 

WIRING NOTES 

Heater and a.f. leads run against the chassis. R.F. 
leads and components are clear of the chassis. The 
wires from T2 run down through a grommet (See 
Fig. 4). The rectifier, R4, C4, RIO and several other 
items and leads are anchored on a 9-way tagstrip, 
as shown in Fig. 5. A small tagstrip anchors the 
positive leads C6 and C9. On top, TCI is soldered 
to the tags of a similar strip, this being bolted above 
the Aerial-Earth sockets. 

If difficulty is experienced in obtaining a 9-way tag- 
strip having earthed tags in the positions shown in 
Fig. 5, a suitable alternative is a 9-way tagstrip with 
the two end tags earthed, this being available from 
Henry's Radio, Ltd. 

The mains lead is 3-core flex, taken to a 3-pin plug 
with 3 amp fuse. With the new mains lead coding, 
use green and yellow striped for earth, this being 
JANUARY 1970 

taken to chassis as in Fig. 5. Blue is neutral, going 
to "B" on T2 (see Fig. 3). Brown is live, running 
from the plug fuse to SI, which in turn connects 
to "A" on T2. 

It is important to note that the tag positioning 
for T2 shown in Fig. 4 is typical only, and that 
individual transformers may have different tag posi- 
tions or may have wire lead-outs. The mains trans- 
former should be connected up so that it agrees with 
the circuit diagram of Fig. 3. Suitable components 
for both T2 and T1 are available from Home Radio, 
and the appropriate Catalogue Numbers are given 
in the Components List. 

Looking down on the top of the chassis 
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For chassis wiring, use insulated wire or sleeving 
where necessary. The connecting wire in the r.f. cir- 
cuit around the coil and the variable capacitors 
should be 20 s.w.g. or thicker. All r.f. leads are short 
and direct. Wiring details should be clear from Figs. 
4 and 5. In these diagrams, "MC" indicates earthing 
tags which are bolted securely to chassis. The tag 
of VR1 which connects to chassis is that correspond- 
ing to the maximum anti-clockwise position of the 
slider. 

EXTERNAL CONNECTIONS 

The receiver should not be operated without a 
speaker or suitable alternative load connected across 
the output, as high a.f. voltages may then appear in 
the primary circuit of T1. For weak signals or personal 
short wave reception, phones may be connected in 
parallel with the speaker. If it is intended to occasion- 
ally use phones on their own, a 100 1 watt resistor 
should be permanently connected across the speaker 
socket terminals to function as a load. This resistor 
will not cause any significant reduction in speaker 
output. Low impedance phones will give greatest 
sensitivity but remember to keep the a.f. gain control 
at a low setting when searching for signals, because 
of the high power available from V2(b). 

Since the h.t. voltage depends on the mains voltage 
and several other factors, a voltage check can be 
made across C9 if wished. The voltage here should 
be about 180 to 200 volts, and RIO can, if necessary, 
be changed in value to obtain this figure. 

The aerial will probably depend upon what is avail- 
able—such as an end-connected wire for all bands, or 
perhaps an aerial made for one band only. Aerial 
tuners of the usual type may be connected between 
aerial and receiver. 

The receiver will, of course, have an earth con- 
nection via the mains socket, but it is desirable to 
augment this with a more efficient (for r.f.) earth con- 
nection run over the shortest route possible. A good 
earth connection can give a considerable improve- 
ment with weak low frequency band signals. 

BAND COVERAGE AND TUNING 

As already mentioned, five plug-in coils are avail- 
able, the actual frequency coverage obtained being 
listed in Table I. 

p mT-*jsfii 

v ifflL -JV I 
w Jh MS 
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> ^ / / 

" * 
Rear upper view. The two panel-strengthening 

brackets are clearly visible. 
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TABLE III 

Frequency/Dial Readings 

Range 1. Range 4^ 
150 kHz 100 5.0 MHz 100 
160 93 5.5 83 
170 78 6.0 71 
180 70 6.5 61 
200 58 7.0 52 
220 49 7.5 46 
240 40 8.0 41 
260 35 9.0 33 
300 27 10 27 
350 21 11 22 
400 17 12 19 
500 10 13 

14 
15 

16 
14 
11 

Range 2. 16 9 

500 kHz 
550 

100 
83 

17 
18 

7 
5 

600 71 
650 
700 

61 
53 Range 5. 

52 750 46 15 MHz 
800 42 16 45 
900 33 17 41 
1,000 27 18 37 
1,100 22 20 31 
1,200 20 22 26 
1,300 17 24 22 
1,400 14 26 19 
1,500 12 28 17 
1,600 9 30 14 

32 
34 

12 
10 

Range 3. 36 8 

1.5 MHz 100 
1.6 88 
1.7 78 
1.8 70 
1.9 63 
2.0 57 
2.5 37 
3.0 27 
3.5 20 
3.8 16 
4.0 14 
4.5 10 
5.0 6 

Coverage at the low frequency end of each range 
depends considerably on the position of the adjust- 
able cores. The full swing of VC1 is not used for 
Range 5. Ranges 1 and 2 are the usual long wave 
and medium wave sectors, while Range 3 is very use- 
ful for certain amateur and other transmissions. A 
very large number of short wave transmissions fall 
into Range 4. Range 5 is primarily for hi. bands 
capable of long distance propagation, but these are 
much subjected to seasonal and other variations. 

As a guide. Table III gives frequencies and dial 
readings obtained with the prototype with VC2 at 
half-capacitance. VC1 is fully closed when its cursor 
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Mains ' 
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Fig. 5. Lower view of the chassis. The three valveholders should be mounted 
with the pin orientation shown here 

is at 100 on the scale. Slight differences at the high 
frequency end of the ranges may occur, due mainly 
to varying values chosen for VC2. 

Bandspreading with the aid of VC2 does not in- 
crease selectivity or the actual separation between 
stations, but it does help by causing a very narrow 
band of frequencies to be covered with full 180 
degree rotation. 

VC1 is used for general tuning, to find a band, 
or to set the cursor to a previously logged spot. 
During this time VC2 may be left half-closed (50 on 
its scale). Signals at nearby higher and lower fre- 
quencies can then be tuned in with VC2. 

REGENERATION 

Correct regeneration is the point upon which 
virtually the whole of the receiver selectivity and sen- 
sitivity depends. VR1 has a considerable effect on 
regeneration, due to its changing the screen-grid 
voltage of VI. Closing VC3 increases regenerative 
feedback, as does increasing the value of TC2. VC3 
and VR1 are never merely turned to the maximum 
clockwise position, as is possible with an audio or 
r.f. gain control. 

Initially set TC2 and VC3 to about half their 
maximum capacitance. Rotate VR1 from its mini- 
mum (anti-clockwise) position until a heterodyne 
whistle is heard when VC1 is tuned through a trans- 
mission. Opening VC3 slightly should reduce regen- 
JANUARY 1970 

eration sufficiently to stop this whistle. The most sen- 
sitive condition for a.m. reception is obtained when 
VC3 is very slightly opened from the setting which 
causes oscillation and the appearance of heterodynes. 

If VR1 is advanced too far, VC3 will need to be 
near minimum capacitance to stop oscillation, and its 
adjustment will be critical and difficult. Should TC2 
insert too much capacitance, oscillation is likely even 
with VC3 at minimum. But should TC2 insert too 
little capacitance, the benefit it gives in easing adjust- 
ment of VC3 is largely lost. The optimum setting 
for this trimmer will soon be found after a little 
experience. 

Regeneration is influenced by the position of the 
coil cores. If these are set up for the range coverages 
given in Table III they will also be in suitable 
positions for good regeneration. The cores should be 
locked, with 6 BA nuts passed over the protruding 
threaded stems, to retain calibration. 

With certain aerials an abrupt loss of regeneration 
may arise at some frequencies, this being due to 
resonances in the aerial system. Should this occur, 
TCI is adjusted to clear the effect. 

There should be no great difficulty in setting up 
TC2 and VR1 so that VC3 provides an extremely 
smooth control over regeneration. Once adjusted, 
TC2 can be left. VR1, on the other hand, will have 
to be readjusted when making considerable changes 
in frequency, or after changing coils. 

For c.w. reception, it is necessary to maintain VI 
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COMPONENTS 

Resistors 
(All fixed values 4 watt 10% unless otherwise 
stated) 

R1 1MQ 
R2 47kQ 1 watt 
R3 68ka 
R4 22kQ 
R5 2.2kQ 
R6 220kQ 
R7 IMa 
R8 2.7k 1 watt 
R9 330Q 1 watt 
R10 470n 2 watt (see text) 
VR1 25kf2 potentiometer, linear wire- 

wound, 1 watt (Home Radio Cat. 
No. VR25) 

VR2 500k Q potentiometer, log, with 
switch SI 

Capacitors 
C1 50pF silver-mica 
C2 0.05,xF paper or plastic foil, 

250V wkg 
C3 0.001/iF paper or plastic foil, 

350V wkg. 
C4 4/j.F electrolytic, 350V wkg. 
C5 0.001 /xF paper or plastic foil, 

350V wkg. 
C6 32/xF electrolytic, 350V wkg. 
C7 0.01/xF paper or plastic foil, 

350V wkg. 
C8 25pF electrolytic, 25V wkg. 
C9 8fiF electrolytic, 350V wkg. 
VC1 365pF variable, Jackson type 01 

(Home Radio Cat. No. VC1A) 
VC2 (see text) 
VC3 50pF variable, Jackson type C804 
TCI 60pF mica trimmer 
TC2 60pF mica trimmer 

Inductors 
LI Denco Miniature Dual-Purpose 

(Valve) coil. Green, ranges as required 
(see Table I) 

L2 2.6mH r.f. choke, type RFC5 (Denco) 

T1 Output transformer, 40; 1 (Home 
Radio Cat. No. T043) 

T2 Mains transformer, secondaries 230V 
45mA and 6.3 V 1.5A (Home Radio 
Cat. No. TM26A) 

Valves 
VI 6BR7 
V2 ECL82 

Rectifier 
D1 250V (1,000 p.i.v.) silicon rectifier, 

BY100 or equivalent 
Switch 

SI s.p.s.t., part of VR2 
Valveholders, Sockets 

2 B9A valveholders with skirts (for VI 
and V2) 

1 B9A valveholder without skirt (for LI) 
1 Socket strip, "Ae/E" (Home Radio 

Cat. No. Z101A) 
1 Socket strip, "LS" (Home Radio Cat. 

No. Z101C) 
Miscellaneous 

1 chassis, 6 x 10 x 2in. (Home Radio Cat. 
No. CU26) 

1 plate (for panel), 6 x lOin. (Home 
Radio Cat. No. CU180) 

2 brackets, made from single flanged 
chassis side, 3 x 4in. (Home Radio 
Cat. No. CU144) 

1 epicyclic ball drive, 6:1, type 4511/F 
(Jackson Bros.)* 

* If desired, a second ball drive may be em- 
ployed with VC2 (see text). 

2 knobs 1 7/16in. dia. (Home Radio Cat. 
No. KN63) 

3 knobs 1 l/8in. dia. (Home Radio Cat. No. 
KN64) 

2 cursors or pointers (home constructed) 
2 3-way tagstrips, centre tag earthed 
1 9-way tagstrip, 2 tags earthed (see text) 
Tuning scales, from Data Panel-Signs, 

Set No. 5. 

in the oscillating condition and slightly off-set the similar process, the tuning being adjusted to the miss- 
tuning to produce a heterodyne. S.S.B. transmissions ing carrier frequency. 
can be received above certain signal levels by a | 

300 
£ 

-40 

V n 
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DESIGN FOR A CLASS A BATTERY 

AMPLIFIER 
(Continued from page 351) 

load can be used with considerable 
voltage amplification. It will be seen 
that, with SI in position B, the 
330kS2 and resistor R2, used by the 
amplifier on its own as part of the 
tone control arrangements, now be- 
comes the collector load for TR1. 

TR1 will not function as a com- 
mon collector radio frequency am- 
plifier unless its collector is at earth 
potential for radio frequencies. With 
VC2 fully open, therefore, only a 
very small proportion of the signal 
across the tuned circut will find it- 
self across the diode, such propor- 
tion as does appear being due to 
to the minimum capacitance of VC2. 
But as the vanes of VC2 are engaged 
TR1 then starts to function correct- 
ly. L2 is a small coupling coil 
which allows feedback to occur 
between the emitter and base cir- 
cuits, and VR1 is set so that VC2 
functions as a reaction control. To 
set VR1, the vanes of VC1 and VC2 
should both be fully enmeshed and 
VRI next adjusted so that oscillation 
just starts, denoted by a hiss, or a 
whistle if a station is present at the 
low frequency end of the band. It 
will then be found that with the 
vanes of VC1 fully open oscillation 
will start with the vanes of VC2 
about half way in. This setting will 
remain fairly constant for about 
the first half of the movement of 
VC1 but, as the vanes of this capaci- 
tor are further enmeshed, it will be 
found necessary to further increase 
the value of VC2 to obtain oscilla- 
tion. This applies when a solid 
dielectric capacitor is employed for 
VC1. If an air-spaced component is 
used, the setting of VC2 will remain 
rather more constant throughout the 
tuning range. 

LI and L2 are wound, over a 
paper sleeve, on a ferrite rod Sin. 
long with a diameter of ^in. LI con- 
sists of 70 turns of 32 s.w.g. 
enamelled wire close-wound, whilst 
L2 has 9 turns of the same gauge 
wire, close-wound and spaced by 
about iin. from LI. The windings are 
phased as shown in the circuit dia- 
gram, the same ends of both con- 
necting to TR1 base and C3 respec- 
tively. 

It will be seen that bias for the 
base of TR1 is taken from its col- 
lector circuit. This provides a 
measure of d.c. feedback and is 
preferable to the use of a separate 
potentiometer network. (The BC 
168C specified for TR1, together 
with the 40468A f.e.t., is available 
from Amatronix Ltd.) 

It is assumed that the correct 
connections for the secondary wind- 
ing of T1 have already been made 
to ensure that negative, as against 
positive feedback, takes place in the 
amplifier part of the circuit. How- 
ever, even when this has been done 
it may be found that a different 
form of instability takes place when 
switched to radio. The instability 
may only be noticeable when VC2 
is adjusted to the point of oscilla- 
tion and, if it does occur, it indi- 
cates unwanted coupling between T1 
and the ferrite rod assembly. It 
can be cured by reversing the con- 
nections to both the windings of Tl. 
Both sets of connections have to be 
changed over because reversal of 
the connections to one winding only 
would introduce positive feedback 
in the amplifier. 

C6 has been mentioned with re- 
spect to its function as part of the 
tone control network. On radio there 

is no variable tone control since 
VC2 has become a reaction control, 
but C6 still plays its part by pre- 
venting a slight change in tuning or 
reaction as VR2 is adjusted when its 
slider is at or near the maximum 
volume position. If C6 is removed 
from circuit this effect can be rather 
annoying and is due to small internal 
capacitances within VR2 which are 
easily swamped by C6. 

AUTHOR'S PROTOTYPE 

The author's prototype, which has 
been through all the stages described 
in this article, and many others 
which were abandoned for one rea- 
son or another, now takes the form 
of Fig. 3. It is built into a wooden 
case which houses an Sin. round 
loudspeaker, and the 12 U2 cells. 
These are kept in three plastic con- 
tainers, for four cells each, made 
by Eagle Products. An external 
speaker is frequently used. Results 
from records are extremely good, 
and the amplifier is fully loaded 
by an input of the order of 250mV, 
the exact sensitivity depending on 
the characteristics of the transistors 
used. Local stations give splendid re- 
sults on either internal or external 
speaker and 20 or 30 other stations 
can be received at reduced volume 
after dark. 

It has been found that during 
the hours of daylight a number of 
stations which are scarcely loud 
enough for normal listening will 
produce an amply sufficient signal 
for recording on tape. At the 
author's home in South Devon this 
applies particularly to Radio 3 on 
194 metres, which produces a weak 
but interference-free signal during 
daylight hours. 

Layout may follow the construc- 
tor's whim provided that input and 
output circuits are sensibly separ- 
ated. It is especially important to 
keep Tl well away from the ferrite 
rod assembly, and to arrange for the 
axis of the coils of Tl to be at right 
angles to the axis of LI and L2. 

CAN ANYONE HELPt 

w ^ * •Mxsfs 
R3673.—A. Howard, 2 Castle Close, Reffley Estate, 
Kings Lynn, Norfolk—circuit, manual, modification 
details or any other information. 
Radio Altimeter APN1.—K. K. Lloyd, P.O. Box 
1164, Lusaka, Zambia—circuit or manual. 

Communications Receiver Type G12.—B. Lawrence, 
32 Bridle Path, Beddington, Croydon, CRO 4SB— 
circuit diagram, manual, or any other information. 
Loan or purchase. 
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CONSTANT CURRENT GENERATOR 

FOR OHMMETER CONVERSION 

by 

J. C. MAYCOCK 

The constant current generator circuit described here enables resistance to be 
measured directly with the aid of a high impedance voltmeter. If the voltmeter 

has sufficient sensitivity, very low resistance readings are feasible 

There must be many constructors who have 
built themselves high input impedance voltmeters 
and who lack the means to measure resistance. 

This article describes a simple unit which can be 
employed with a high resistance voltmeter to enable 
resistance measurements to be carried out. It requires 
no modifications to the existing voltmeter. Also, it 
causes only a low current to be passed through the 
resistance being measured and is therefore suitable 
for all but the most delicate of components. 

The basis of the technique consists of feeding a 
known current through the unknown resistor, Rx. 
The potential developed across Rx is then a measure 
of its resistance, and can be read off from the scale 
of a high impedance voltmeter. 

The circuit of the constant current generator is 
shown in Fig. 1 with Rx connected across the output 
terminals. 

CIRCUIT OPERATION 

The unknown resistor Rx forms the collector load 
of silicon transistor TR2, this operating from a 15 
volt supply in what is effectively a grounded base 
configuration. A large change in collector voltage 
produces a relatively small change in collector current, 
and therefore the current through Rx remains con- 
stant for a very wide variation in its value. 

The collector current of TR2 is controlled by the 
emitter current. The latter is adjusted to give load 

I 

ZD, ' 
SZ56A 

15V D.C. 

r2 r2 •— WW 
Range 
switch 

I \^/ 
VR 3 R3 

t-—mt ww  
| JVR4 R4 

TR, 
TR 0C2O3 

0C203 

(0^0^ dot 

0C203 
Lead-outs 

Fig. 1. Circuit of the constant current generator. Rx is the 
resistor whose value is to be measured 

360 THE RADIO CONSTRUCTOR 



T 
Constant ^ 
current 

generator ^ 
Voltmeter I5V D.C. 

_ 
Fig. 2. Showing correct connections for the 

two units required 

currents in Rx of 10mA, 1mA, 100/j.A and 10/jA by 
means of range switch SI and preset controls VR1, 
VR2, VR3 and VR4 respectively. 

To make the emitter-collector current independent 
of fluctuations in the supply, the base voltage is stabil- 
ised by zener diode ZD1. A 5.6 volt zener diode 
rated at 1 watt was used. Should a stabilised power 
supply be available, then the zener diode may be 
replaced by a 56012 resistor. The maximum current 
drawn from the 15 volt supply is approximately 20mA. 

The potentiometers VR1 to VR4 should all be wire- 
wound and, sufficient to say, of good quality. Colvern 
1 watt types were used in the original. 

VOLTMETER 

The voltmeter used with this circuit should be 
either a valve voltmeter or the transistor equivalent. 
A digital voltmeter is ideally suited and was in fact 
used with the original circuit. 

RANGE OF THE UNIT 

The voltage appearing across the output terminals 
under open circuit conditions is about 10 volts. 

The maximum effective voltage for which the 
present circuit is intended is about 2 volts, since a 
fall-off in accuracy exists above this voltage. Range 
calculations may be based on this. Thus, 2 volts and 
lOfiA give a maximum measurable resistance on 
Range 4 of 200kf2. The accompanying Table gives 
details of the maximum resistance reading offered, 
at 2 volts, by each range. Since the resistance values 
are multiples of voltage readings, the value of any 
resistance being measured may be quickly judged 
from the corresponding voltmeter indication. For 
example, a voltage reading of 1.5 on Range 3 corres- 
ponds to a resistance in Rx of 15kf). The minimum 
useful resistance reading for each range depends upon 
the lowest voltage the voltmeter can reliably measure. 

Should a range higher than 200kf2 be required, a 
further range offering 1 /xA could be added, although 
this has not been tried out in practice by the author. 
The values of the preset potentiometer and range 
resistor in the emitter circuit of TR2 would be 1MQ 
and 3.3Mf2 respectively, and the maximum resistance 

TABLE 

Range Load Current 
Maximum Resistance 
Reading (for 2 Volts 

across Rx) 

1 10mA 2000 
2 1mA 2kn 
3 lOOpt A 20k£2 
4 10/7, A 200kO 

COMPONENTS 

Resistors 
(All fixed values i watt 5 %) 
R1 33012 high-stability 
R2 3.3kQ high-stability 
R3 33kQ high-stability 
R4 330kO high-stability 
R5 ikn 
VR1 100n wirewound potentiometer 
VR2 IkO wirewound potentiometer 
VR3 lOkQ wirewound potentiometer 
VR4 lOOkO wirewound potentiometer 

Semiconductors 
TR1 OC203 
TR2 OC203 
ZD1 SZ56A (Henry's Radio, Ltd.) 

Switch 
SI single pole 4-way, rotary 

reading would be 2Mn. A range switch offering a 
fifth position would also, of course, be required. 

A 12 volt supply may be employed instead of the 
15 volt supply, if desired. In this case, the values of 
the ranging resistors should be changed to multiples 
of 22, commencing with 2200 for R1 and ending 
with 220kfi for R4. R5 should then be 82012 and 
the zener diode a 4.7 volt component (or a 4700 
resistor if a stabilised supply is used). 

N, 
CALIBRATION 

Calibration is best carried out using standard 
resistors of known values and adjusting the potentio- 
meters on each range until the voltage indicated is 
the required multiple or sub-multiple of the resistance. 

15V D.C. 
Constant 
current 

generator 

± 
Voltmeter 

\ 

Fig. 3. Showing errors that may occur through 
incorrect connection of leads 

TRANSISTORS 

Any silicon transistors in the series OC200, OC201, 
OC202 and BZY11 may be used with success in the 
circuit, though differences in stability may be found. 
The current stability of the circuit is about 0.05% 
and thus the accuracy is similar. 

USING THE UNIT 

On the low ohms range trouble can be experienced 
with lead resistance unless the voltage sensing output 
and current input are both connected directly to 
resistor Rx, as in Fig. 2. Fig. 3 shows an incorrect 
method of connection which causes the resistances 
of the leads "a" and "b" to be added in series with Rx. 
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• NEW BULGIN SIGNAL 
LAMP 

The new Signal Lamp illustrated 
here has been designed specifically 
for mounting directly into a printed 
circuit assembly. The body is 
moulded in high grade black 
phenolic material and accepts two 
different lens types - either with a 
flat or a domed end. Both lenses are 
available in a choice of five trans- 
parent colours, red, amber, green, 
blue and water clear and five trans- 
lucent colours, red, orange, green, 
blue and white, all of which are a 
push-fit to the body. 

AF-Spray in use at Thames Television's Teddington Studios for 
cleaning Ampex videotape record-playback machines 

1^2 (26*2 mm) 

Fl 

Removal of the lens provides 
access to the anti-vibration l.e.s. 
lampholder accepting BS. 98/E.5 
tubular lamps 5.5mm diameter by 
15mm long. Four mounting pins are 
employed for stability (2 per lamp 
contact) which are silver plated for 
ease of soldering and are on 0.1 x 
0.3in. centres, therefore fitting in any 
required position on proprietary 
printed circuit boards of 0.1 in. stan- 
dard matrix, as well as specially de- 
signed boards. Their length, 9/64in., 
caters for most common thicknesses 
of board. Working rating is 30V at 
0.5A maximum. 

• NEW COMARK 
INSULATION METER 
The new Comark Insulation Meter 

Type 1905 has been allocated IS No. 
362 

6625-99-111-2740 for general Service 
use. The instrument provides six test 
voltages from 25V to 1,000V and 
will measure leakage .resistance be- 
tween 0.1 Megohm and 10,000 
Megohm to ±5%. 

The 1905 is battery powered and 
easily portable; test voltages are 
generated by a transistor converter 
and the output is electronically 
stabilised to limit the maximum 
current to 10 microamps. The test 

voltage falls pro- 
portionally and 
the risk of de- 
structive break- 
down is virtually 
eliminated; semi- 
conductor diodes 
and rectifiers may 
be checked with 
safety for leak- 
age current. 

The instrument 
has a push-button 
On/Off switch for 
instant one hand 
operation, elimin- 
ating unnecessary 

L..: 

battery drain. The dry cells have a 
very long shelf life and provide a 
compact power source capable of 
giving more than 25,000 average 
operations. The 4.7in. scale, 10 
microamp meter movement has taut 
band suspension. 

• AF-SPRAY AIDS TV 
With ITV broadcasting in colour, 

Thames Television viewers will 
obtain video-tape-recorded pro- 
grammes of high quality, the degree 
of which is considerably assisted by 
AF-Spray aerosols. 

At Thames Teddington studios 
there are two Ampex VR 1200 and 
three VR 2000 models having elec- 
tronic editing facilities. The machines 
are used to record programmes on 
2-inch tape for future broadcasting. 

A fresh tape is placed on each 
machine several times a day, and this 
is preceded by the application of AF- 
Spray to remove dirt and oxide. The 
cleanser is applied to all components 
over which it passes, tension arms, 
idler, erase head, video heads, 
vacuum tape guides, control track 
head, audio and cue track heads, cap- 
stan and pinch roller, time counter 
idler and final tension arm. 

The aerosols Sin. nylon extension 
tube is particularly useful for clean- 
ing the control track head, which, 
owing to its inaccessible position, is 
very hard to clean by conventional 
means. AF-Spray aerosols also 
greatly simplify the cleaning of the 
three slots of the vacuum guide shoe 
which was normally an extremely 
time-consuming operation. 

Before AF-Spray was adopted, 
cleansing solvent for application by 
rags was bought in bulk and decanted 
into smaller containers. Thames 
Television report that the large 
evaporation and spillage losses occur- 
ring with this method have now been 
totally eliminated. ■ 
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UNDERSTANDING 

METER SHUNTS 

f= 
2*VLC 

i 

by W. G, Motley 

IN LAST MONTH'S ISSUE WE EXAMINED THE MECH- 
anism of the pointer measuring instrument which 
is used far more frequently than any other type 

in electronic work, this being the moving-coil meter. 
We concluded by introducing the concept of the 
shunt, this being a resistor whose function is to cause 
the meter to indicate a higher current than that which 
it indicates on its own. 

We shall now deal with the subject of shunts in 
greater detail. K 

SHUNT RESISTORS 

In the introductory example we discussed last 
month, we had a 0-lmA moving-coil meter which we 
wished to give a full-scale deflection of 100mA, and 
we connected a shunt across it as shown in Fig. 1. 
(In this and succeeding diagrams, the arrows indicate 
the flow of "conventional" current, i.e. from positive 
to negative.) As we saw last month, we give the shunt 
a value which causes 99mA to flow through it when 
100mA flows through the combination of shunt and 
meter. The remaining 1mA must then flow through 
the meter, with the result that it gives an indication 
of this value when the actual current flowing through 
the combination of meter and shunt resistor is 
100mA. The same relationship holds true for meter 
scale indications lower than 1mA. If these are multi- 
plied by 100 they will show the actual current flow- 
ing through the combination of meter and shunt. 

To find the value of resistance needed in the shunt 
it is necessary, first of all, to know the resistance of 
the meter (i.e. the resistance offered at the meter ter- 
minals due to its coil and the connections to that 
coil). Let us say that the resistance of the meter in 
our example is 1000. We may next consider the volt- 
age dropped across the meter when, on its own, it is 
indicating 1mA. From the equation associated with 
Ohm's Law, E = IR (where E is e.m.f. in volts, I is 
current in amps and R is resistance in ohms), this 
voltage must be 1 x 100, or 1 volt, and it is 

1,000 10 
indicated in Fig. 2(a). In Fig. 2(b) we add the shunt 
and increase the current flow to 100mA whereupon 
the current flowing through the meter is once more 
1mA. Again, J_volt will be dropped across the meter 

10 
and it is obvious, by inspection, that J_ volt must also 

10 
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appear across the shunt. The current flowing in the 
shunt is 99mA so, from R = E, the shunt resistance 

T 
must be 1 volt divided by 99 amp, which works 

10 L000 
out as 100 12. 

99 
This simple example shows us that the shunt re- 

sistance required is exactly one ninety-ninth part of 
the meter resistance. It also demonstrates that there 
is no necessity to know the voltage dropped across 
the meter at full-scale deflection, since the same volt- 
age is also dropped across the meter and shunt com- 
bined. To find the value of any shunt, all we need to 
know is how many times greater than the meter f.s.d. 
value is the current it has to pass when the meter in- 
dicates full-scale deflection. Fig. 2(c) shows a 0-lmA 
meter having a shunt whose function is to cause the 
meter to read f.s.d. when 10mA flows through the 
combination of shunt and meter. Obviously, the shunt 
has to pass 9mA, whereupon it follows that its re- 
sistance needs to be one-ninth of the resistance of the 
meter. If the meter resistance in Fig. 2(c) is 10012 
then the shunt resistance required is 100 Q. Should 

~ 
the meter resistance be 7512, the shunt resistance re- 
quired is_75 n, and so on. 

~9 
It is desirable to employ a common equation to 

cover all simple shunt resistance calculations and this 
may be conveniently based on the "scale multiplying 
factor" which results from the addition of the shunt. 

lOOmA' 

ImA 

O-lmA 
0 

99mA 

: Shunt 

Fig. 1. Connecting a shunt across a 0—1mA 
meter to cause it to read 100mA f.s.d. 
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In the two examples we have considered the scale 
multiplying factors have been 100 (1mA to 100mA) 
and 10 (1mA to 10mA). The actual current flowing 
through the shunt for f.s.d. is then the current in the 
meter multiplied by the scale multiplying factor minus 
one. Thus, a scale multiplying factor of 100 means 
that the current in the shunt has to be 100 minus 1, 
or 99, times meter current, this agreeing with what we 
have already seen. 

The general equation for calculating shunt re- 
sistance is: 

Rs = Rm 
• N-i 

ImA 

lOOn ( \ VlOvolt 

J 

C<0 

lOOmA 

lOOn 
0 

99mA ] 
/IO volt 

(b) 

ImA 

lOmA 

9mA 1 

O-lmA^V^ 
: Shunt 

Cc) 

ImA 

2mA 

ImAf 

O-lmA^y^ 
: Shunt 

(d) 

Fig. 2(a). Indicating the voltage dropped 
across the meter of Fig. 1 at f.s.d. when the 

meter has a resistance of 100n 
(b). The same voltage appears across the 
shunt resistor when the overall current flow 

is 100mA 
(c). Adding a shunt to make a 0—1mA meter 

read 10mA f.s.d. 
(d). In this instance, the shunt causes the 
meter to indicate twice its normal f.s.d. value 
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where Rs is shunt resistance, Rm is meter resistance 
and N is scale multiplying factor. 

The writer has introduced this equation by way of 
several intermediate steps because it has been his ex- 
perience that beginners tend to be confused by the 
appearance of the "minus one" on the right hand 
side. It is, of course, necessary to include the "minus 
one" in order to allow for the current flowing in the 
meter. To reiterate, the equation tells us that for, say, 
a scale multiplying factor of 10, the shunt resistance 
is the meter resistance divided by 10-1, or 9. Note 
that there is no necessity to include in the equation 
the actual currents passed by the meter or the shunt 
as these are automatically catered for by working in 
terms of the "scale multiplying factor". 

An interesting case arises when it is desired to have 
a scale multiplying factor of 2, as shown in Fig. 2(d). 
This will occur if we want, say, a 0-lmA meter to 
read 2mA f.s.d. (as is indicated in the diagram), a 
0-50mA meter to read 100mA f.s.d., or any other 
meter to read twice its scale value. The term N in 
the general equation for shunt resistance now be- 
comes 2, whereupon we have 

Rs = Rm 
ITT 

giving us the result that Rs is equal to Rm. This is 
to be expected since, for a scale multiplying factor of 
2, equal currents must flow in the meter and in the 
shunt. 

MULTIPLE SHUNTS 

A very large number of measurements in electronic 
work are carried out with the aid of an instrument 
which is usually referred to as a "testmeter" or a 
"multi-testmeter". This instrument employs a single 
basic moving-coil meter and, by means of suitable 
switches and/or sockets, can be set up to give an f.s.d. 
indication for a wide range of different currents and 
voltages. Testmeters of this nature also have one or 
more ranges capable of indicating resistance values. 

So far as the current measuring function of a test- 
meter is concerned, it would appear that a number of 
different current ranges could be obtained by the 
simple expedient of connecting different values of 
shunt resistance across the single basic meter. A sys- 
tem of this nature is in fact used, but the circuit em- 
ployed has to incorporate features which are designed 
to protect the basic meter against accidental overload 
and to reduce the risk of errors in readings on the 
higher current ranges. 

At first sight, it would seem that the switching 
circuit required is that shown in Fig. 3. In this dia- 
gram, the basic meter is coupled all the time to the 
terminals of the testmeter, and the range selector 
switch simply brings into use the shunt required for 
the particular range selected. At one switch position 
there is no shunt at all. This would correspond to the 
lowest current range, and the readings indicated 
would be those given by the basic meter on its own. 

In practice, the circuit of Fig. 3 represents ex- 
tremely poor design approach, and should not be em- 
ployed in a working testmeter. The reason for this is 
that it is possible for excessively high currents to pass 
through the basic meter due to faulty operation of 
the range switch. To take an example, let us assume 
that the testmeter is switched to a high current range 
and that a correspondingly heavy current is being 
passed through the instrument. Very nearly all of this 
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current should flow through the shunt selected by the 
switch. If, however, the switch contacts happen to 
become momentarily open-circuit or should momen- 
tarily present a relatively high resistance, virtually 
all the current will flow through the basic meter 
itself whereupon the latter can be seriously damaged. 
The possibility of a momentary open-circuit or high 
resistance contact is likely to occur in any switch, this 
being particularly true when the switch is being 
turned from one range position to the next. A further 
disadvantage is that the inevitable resistance offered 
by the switch contacts appears in series with the 
shunt. Shunts for high current ranges may have re- 
sistances considerably lower than 1ft, and the con- 
sequent risk of inaccuracies due to even extremely 
low values of switch contact resistance becomes very 
high. 

These disadvantages can be overcome in testmeter 
current range switching circuit design by following 
the principle that currents greater than the f.s.d. value 
of the basic meter must always flow directly through 
the appropriate shunt, and that the meter should then 
be connected to that shunt. This principle is followed 
in the simple circuit shown in Fig. 4(a). Here, there 
are three current ranges and the current to be 
measured flows through Rl, R2 and R3 in series. The 
highest current range is selected by position 3 of the 
switch, whereupon the appropriate shunt is R3. On 
position 2 of the switch, the shunt is provided by R3 
and R2 in series. Position 1 of the switch selects the 
lowest current range, the shunt being given by R3, 
R2 and Rl in series. It will be seen that only the 
meter current flows through the switch contacts, with 
the result that errors in meter indication due to switch 
contact resistance become correspondingly reduced. 
In no instance, also, can open-circuit or high re- 
sistance switch contacts allow excessive current to 
flow accidentally through the meter. Whilst Fig. 4(a) 
ably demonstrates the correct approach for switching 
shunt resistors, the circuit has the disadvantage that, 
due to the relatively high resistances of Rl and, in 
turn, R2, excessively large voltages will be dropped 
across the chain of resistors when measuring the 
larger currents. 

An alternative switching circuit is illustrated in 
Fig. 4(b), in which the two switches shown are 
ganged. The current to be measured, if higher than 
the f.s.d. value of the basic meter, passes first through 
SI and then flows through the shunt selected. The 
meter is then coupled by S2 to the same shunt. The 
circuit meets all the requirements for correct design 
procedure. The current to be measured must always 

+ 
Testmeter 
terminals Basic meter 

© 

Range selector 
switch 

Shunts 
Fig. 3. This method of current range selection 
in a testmeter may appear attractive at first 
sight but in practice it represents a poor design 

approach and its use is not advised 
JANUARY 1970 
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\) Basic meter 

Shunts 
S,,S2- range selector switch 

Cb) 
Fig. 4(a). A circuit which, although not prac- 
ticable for reasons explained in the text, 
demonstrates the preferred method of switching 

shunts in a testmeter 
(b). A range switching circuit which is suit- 
able for use in a testmeter. S1 and S2 are 

ganged 

pass through the shunt, the meter being then con- 
nected to that shunt. Only the relatively low meter 
current flows through S2. The current being measured 
passes through SI, but the accuracy of the instrument 
will not be impaired if this switch should exhibit a 
small contact resistance. Such a contact resistance 
merely results in a slight increase in the voltage 
dropped across the terminals of the testmeter as a 
whole. The circuit has the slight further advantage 
of enabling the test terminals to be applied direct 
to the basic meter on the lowest current range (at 
switch position 1 in the diagram) with no shunt in 
circuit at all. The only disadvantage of the circuit is 
that it requires a range switch having two ganged 
banks of contacts. 

UNIVERSAL SHUNT CIRCUIT 

A current range selection circuit which embodies 
nearly all the advantages of that shown in Fig. 4(b), 
and which has the added advantage that a single-gang 
switch with one bank of contacts can be used, is 
shown in Fig. 5(a). This is known as the universal 
shunt circuit. It is shown with four switch positions 
in Fig. 5(a), but the principle may be readily adapted 
for fewer or more positions.* 

The lowest current to be measured is given by the 
switch in position 1, whereupon the basic meter is 
shunted by Rl, R2 and R4 in series. The next higher 
* As is explained later in this article, the basic meter will have an 
external resistor in series with one of its terminals, whereupon the 
effective meter resistance presented to the universal shunt circuit is 
equal to the actual meter resistance plus this external resistance. 
For the present discussion it can be assumed that the meter re- 
sistance is that provided by the meter on its own. 
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current range is provided by position 2, whereupon 
the shunt is given by R2, R3 and R4 in series, with 
R1 appearing in series with the meter. The resulting 
circuit is shown in Fig. 5(b), and it should be noted 
that, so far as the shunt is concerned, the effective 
meter resistance is the actual meter resistance plus 
Rl. The values of R2, R3 and R4 are such as to take 
this fact into account. On the next higher current 
range, selected by moving the switch to position 3, 
R3 and R4 provide the shunt whilst the effective 
meter resistance is the actual meter resistance plus 
Rl and R2. On the highest current range, given at 
switch position 4, R4 is the shunt and the effective 
meter resistance is the actual resistance plus Rl, R2 
and R3. 

Calculations for resistor values in the universal 
shunt circuit are complicated by the fact that, in 
switching to a higher current range, further resistance 

Testmeter 
terminals Range 

selector 
switch 

(a) 
RI 

-W- 

Testmeter 
terminals 

0 

CO 

xlO 
x IOO 

TOR xl.OOO 

toor 

R4S VlpOORs 
-1 L_J ! 

(C) 
Fig. 5(a). An example of the universal shunt circuit 

(b). The circuit conditions existing when the 
range selector switch is in position 2 

(c). Illustrating the procedure required for 
finding shunt values 
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Fig. 6. A very simple universal shunt circuit 

is automatically added in series with the meter. Thus, 
the values of resistors in the shunt and series sec- 
tions for each switch position tend to be interdepen- 
dent. Fortunately, calculations for universal shunt re-, 
sistor values may be considerably eased by following 
the general procedure illustrated in Fig. 5(c), which 
assumes that each switch position increases the 
current f.s.d. reading by 10 times. It is first of all 
necessary to determine the lowest current range to 
be used and calculate the total value required for Rl, 
R2, R3 and R4 in series. This value is then referred 
to as Rs. Switch position 2 multiplies the f.s.d. read- 
ing by 10. For the circuit to function correctly, the 
sum of R2, R3 and R4 must be equal to _1_ Rs. 

10 
The process continues to R4, which needs, in this 
example, to be 1 Rs. Since Rs is known the 

1,000 
value of R4 may then be determined. The value of 
R3 then becomes 1 Rs minus the value of R4, 

loo 
the value of R2 becomes _1_ Rs minus R3 and R4 

1(1 
in series, and the value of Rl becomes Rs minus R2, 
R3 and R4 in series. It will be found that calculations 
along these lines can be applied to any number of 
resistors employed in a universal shunt chain. 

The scale multiplying factor, as the switch moves 
from one range to the next, need not be 10, and any 
other factor can be used, as is illustrated in the simple 
numerical example shown in Fig. 6. This depicts a 
universal shunt circuit where position 2 of the switch 
doubles the f.s.d. reading of the meter. For simplicity 
it is assumed that the meter has an f.s.d. of 1mA and 
a resistance of 100(2. It is required that the lowest 
current range, given on switch position 1, will be 
0-2mA. The value of Rs is then equal to meter re- 
sistance, i.e. 100(2. On position 2 the f.s.d. value is 
doubled whereupon the value of R2 needs to be one- 
half of Rs. This is 50(2. Since Rs is 100(2, Rl must 
also be 50(2. 

On switch position 1 in Fig. 6, therefore, we have 
a 1mA meter of 100(2 resistance with a shunt (Rl 
plus R2) of 100(2 across it. The f.s.d. reading is thus 
2mA. On position 2 we have a 50(2 shunt (R2) and an 
effective meter resistance (the actual meter resistance 
plus Rl) of 150(2. The result is that three times more 
current must pass through R2 than through the meter 
and Rl. If 4mA is applied, 3mA will flow through R2 
and the remaining 1mA through the meter and Rl, 
whereupon the f.s.d. of the instrument becomes 4mA, 
as is desired. 

The universal shunt circuit is incorporated in vir- 
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Range 4 1 

Common 
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Fig. 7. The simplicity of the universal shunt 
circuit makes it possible to dispense with the 
range selector switch and use sockets instead. 
This is a version of Fig. 5(a) with sockets 

tually all conventional commercially manufactured 
testmeters. Its advantages have already been referred 
to. It has the disadvantage that, since resistance is 
inserted in series with the meter when higher current 
ranges are selected, the voltage drop across the instru- 
ment as a whole is somewhat greater than in a circuit 
similar to that of Fig. 4(b). If readers care to work 
the figures out, they will find that the resistance 
offered by the circuit of Fig. 6 with the switch in 
position 2 is 37.512 whereas, if a basic meter of the 
same type had been made to read 4mA f.s.d. by the 
provision of a single shunt connected directly across 
its terminals, the resistance offered to the external 
circuit would be 2512. Thus, the universal shunt 
circuit causes rather greater power to be absorbed 
from the circuit into which it is connected than does 
that of Fig. 4(b). A slight disadvantage is that no 
range is available which connects directly to the 
meter, thereby preventing the minimum possible 
f.s.d. reading from being available at the testmeter 
terminals. In practice,, this disadvantage is not of 
great consequence, and it is usual to make Rs such 
that the minimum current range selected by the 
switch is only some 20 to 35% greater than the actual 
f.s.d. rating of the basic meter. 

The simplicity of the universal shunt circuit makes 
it possible to dispense with the range selection switch 
altogether. Instead, a number of sockets may be pro- 
vided, as illustrated in Fig. 7. The test leads of the 
instrument are then simply plugged into the sockets 
corresponding to the particular range required. 

SWAMP RESISTOR 

The shunt resistors employed in testmeters are 
made up with resistive materials (usually one of the 
resistance wire alloys) having a very low tempera- 
ture coefficient of resistance. The coil of the moving- 
coil meter has, on the other hand, to be wound with 
copper wire, and copper wire has the relatively high 
temperature coefficient of 0.0039 per degree Centi- 
grade. As a result, the resistance of the meter coil 
increases with ambient temperature and, possibly, 
with any heating effect due to the current which 
passes through it. Changes in coil resistance due to 
temperature variations can be surprisingly high. For 
instance, an increase in wire temperature of 13°C 
results in an increase in winding resistance of 13 x 
0.0039, which is equal to 0.05, or 5%. Variations 
such as this can cause serious inaccuracies in test- 
meter readings if the basic meter is connected directly 
to the current shunts. 

Testmeter 
terminals 

J 

Swamp 
resistor 

Basic meter 

:r4 

Fig. 8. To reduce the effect of errors due to 
variations in meter- resistance with changes in 
coil temperature, a testmeter incorporates a 
swamp resistor in series with the basic meter. 
Here, the swamp resistor has been added to 

the circuit of Fig. 5(a) 

This problem is overcome in a testmeter by insert- 
ing a swamp resistor in series with the basic meter, as 
shown in Fig. 8. The swamp resistor has a value 
which is some 3 to 6 times the resistance of the meter 
coil and employs resistance wire having a negligibly 
low temperature coefficient. Changes in the resistance 
offered by the meter and swamp resistor in series are 
then reduced to an acceptably low value, and shunt 
resistance values are calculated on the assumption 

FERRANTI LTD. ENLARGE SEMI- 
CONDUCTOR ASSEMBLY PLANT 

The Electronics Department of Ferranti Ltd. plans 
to double the size of its semiconductor assembly 
plant at Ormsgill, Barrow-in-Fumess, Lanes. This ex- 
pansion, which will double the size of the present 
26,000 sq. ft. factory, will provide a production 
capacity of more than 20 million semiconductor com- 
ponents per annum. The present production capacity 
at Barrow is nine million components per annum. 

The first batch of equipment for the new extension 
will be commissioned in July, and the enlarged plant 
is scheduled to be fully operational by the Autumn. 

Ferranti's plans for the new extension will provide 
a further employment boost for the Barrow area. 
The present workforce of some 250 workers will be 
increased to over 700 employees by the end of this 
year. 
JANUARY 1970 

COMPONENTS 
Where the above appears in this magazine, readers 

can rest assured that each and every item quoted is 
currently available from most component suppliers. 
Where an item is supplied from an individual source, 
the address is stated. 

We take great care to ensure that all parts quoted 
in the various lists are not only obtainable by readers 
at the time of publication but also for some time 
ahead. Current catalogues are consulted, letters 
written and/or telephone calls made to suppliers con- 
firming the present and future stock positions during 
the pre-publication processing of all articles. 

From time to time however, and unknown to us, 
manufacturers change specifications of a particular 
product or, unfortunately from the constructors point 
of view, cease producing a particular item - this is a 
fact of life over which we have no control! 
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that the meter resistance is equal to its actual re- 
sistance plus the swamp resistance. The swamp re- 
sistor is so called because it "swamps out" the varia- 
tions in the resistance of the meter coil which result 
from changes in temperature. 

Since the only requirement of the swamp resistance 
is that its value should be at least several times the 
resistance of the meter coil, it is possible to give it 
a value which results in the total swamp plus meter 
resistance becoming a convenient round number of 
ohms. This can result in the shunt resistor values 
being expressed in similarly convenient round num- 
bers. A further point follows from the fact that, due 
to variations in thickness within tolerance of the 
copper wire employed, it is difficult to produce meter 
coil windings to a precise value of resistance, this 
being especially true in the case of sensitive meters 
having a very large number of turns on their wind- 
ings. It is possible to take up variations in individual 
meter coil resistance by pairing up each meter with a 
swamp resistor whose value allows the total resistance 
to have the desired round number of ohms. The pro- 
cess of setting up swamp resistance to give the 
requisite total resistance is carried out at the factory 
where the testmeter is produced. 

A swamp resistor is also required with the circuit 
of Fig. 4(b), and it may be inserted directly in series 
with either terminal of the meter. Once again, shunt 
resistor values are calculated on the assumption that 
meter resistance is the actual meter resistance plus 
that of the swamp. 

A fact which is not generally realised is that, since 
a testmeter incorporates a swamp resistor for its 
current ranges, the voltage drop across the testmeter 
terminals for any current reading is significantly 
greater than would be given by a standard moving- 
coil meter without a shunt which indicates the current 
directly. The voltage drop in a testmeter is increased 
further by the fact that the universal shunt circuit is 
almost always employed. In practice the voltage drop 
in a good quality commercially manufactured test- 
meter is not sufficiently high to cause undue dis- 
turbance of operating conditions in any normal 
circuit into which the testmeter is inserted, but the 
effect can be troublesome on occasion and its presence 
needs to be borne in mind. 

NEXT MONTH 

The writer had intended to introduce the use of 
the moving-coil meter for the measurement of voltage 
in this article, but lack of space now prevents this. 
In consequence, we shall turn to the question of 
moving-coil voltmeters in next month's issue. gj 

GUNN EFFECT - A MULLARD 
PAMPHLET 

Readers may care to know that an article on Gunn 
effect, devices and their applications, originally pub- 
lished in Mullard Technical Communications, is now 
available as a pamphlet. 

It contains an explanation of the Gunn effect, des- 
cribes the construction of the device and gives advice on 
the design of oscillator cavities for Gunn devices. Fac- 
tors affecting stability are discussed and information is 
given on noise, frequency locking and pulsed operation. 

Requests for the pamphlet should be made on com- 
pany-headed notepaper to I.E.D./Valves Sales, Mullard 
Limited, Mullard House, Torrington Place, London, 
W.C.I. 
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f CURRENT SCENE 1 
*   

TOP BAND DX 

If you are a sleepy head don't bother to read this 
column! 

If you can clamber - somewhat sleepily maybe - out 
of that warm, snug and comfortable bed at the un- 
earthly hour of 0530 clock time on a Sunday morning, 
and be ready to enter the shack at 0600BST (0500 
GMT) you will be in time for the Top Band Trans- 
Atlantic Tests! 

The Tests held so far were on 30th November, 14th 
and 28th of December. Tests still to be held are on 
11th January, 1st and 15th of February between 0500 
and 0730 (0600 to 0830 BST or clock time). 

During alternate five minute periods, call "CQ DX 
Test", the W's and VE's commencing at 0500, unless 
in QSO, keep to these periods. Eastern W/VE stations 
operate between 1,800 and 1,820kHz; western W/VE's 
between 1,975 and 2,000kHz. European stations will 
use 1,823 to 1,830 kHz or 1,851 to 1,861 kHz. 

It is not necessary however to confine trans-Atlantic 
Dx contacts within the date limits of these tests. Activity 
"across the pond" has been noted since last October. 
During the last two weeks of that month, the following 
Dx stations had been heard busily making contacts on 
this side of the Atlantic - K1BPW (0525, 1,804kHz); 
W1BB/1 (0515, 1,803kHz) and W1EXI (0545, 
1,803kHz). The Bermudan VP9GW (0530, 1,802kHz) 
has also been active. 

By the time these notes appear in print many more 
signals will be coming through from across the Atlantic 
with the season moving to its climax. Last year a 
veritable spate of Dx was apparent from the W eastern 
coastal region and reported in our feature QSX. This 
year it is hoped that more stations will join in the tests 
and attempt to span the Atlantic with a successful QSO. 

For short wave listeners the tests are a trial of 
Dx-capability both of the listener and the station equip- 
ment, Reception of a W on Top Band represents quite 
a feat of Dx - much more so than some of the trans- 
missions logged on the 14Mhz band. 

So, if you can make it for opening time - of the tests 
we hasten to add - why not join in the fun and games? 

160 

QSL card from W1BB/1 received for a period 
reception report sent last year. Of six such 
reports sent, each produced a reply in the form 
of a card, three had accompanying appreciative 
letters and one a bulletin of Top Band activity 

and news 
■ 
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This month we find Smithy the Serviceman, aided as always 
by his able assistant Dick, starting the New Year in a Work- 
shop which contains no equipment for repair whatsoever! 
But Smithy is not one to waste time, and he takes advantage 
of the situation to discuss with Dick the latest hints received 

from readers 

"H 
'APPY NEW YEAR, SMITHY!'■ 

"And the same," replied 
Smithy affably, "to you 

my boy." 
Dick glanced warily at the Work- 

shop clock, the hands of which in- 
dicated that normal starting time 
had occurred at least ninety minutes 
earlier. 

"Sorry I'm late," he offered. 
"Not to worry, Dick, I've only 

just got in myself," admitted Smithy. 
"As I told you before we packed up 
last night, there was no need for 
you to come in early today." 

The pair looked at the 'For Re- 
pair' racks. They were completely 
bare. 

"Thank goodness," commented 
Dick, "that there are no sets to be 
fixed. All I want to do today is to 
take things nice and easy." 

He stretched himself luxuriantly 
then removed his raincoat and hung 
it up on the hook behind the door. 

READERS' HINTS 

"Did you," asked Smithy, "have a 
good New Year's Eve celebration 
last night?" 

"I had quite a pleasant little do," 
replied Dick. "Rather quiet, but 
otherwise very nice." 

"You didn't," queried Smithy 
slyly, "get another false beard stuck 
on you, did you?" 

Dick winced, then hurried quickly 
over towards the motley array of 
utensils ranged alongside the Work- 
shop sink. 

"I think," he remarked, hastily 
changing the subject, "that it would 
be an excellent idea if I put the 
kettle on for tea." 

"A very sensible suggestion," res- 
ponded Smithy warmly. "Also, see- 
ing that we've got a nice quiet 
New Year's Day in front of us, 
how would it be if we had another 
session with readers' hints?" 

"That would be fine," said Dick 
eagerly, as he returned to his stool. 

"Good," remarked Smithy, open- 
ing a drawer in his bench and ex- 
tracting a sheaf of letters. "Well, I 
won't waste any more time. We'll 
have- a look at the first one right 
away." 

The Serviceman opened one of 
the letters and surveyed its contents 
closely. 

"Now here's a jolly good hint," 
he continued, "and it's just what 
we need to start the ball rolling. 
Our correspondent states that he re- 
cently had to make up a housing 
for a small electronic gadget he'd 

Copper clad laminate 

Copper surface 
on inside Spot solder joints 

n 

o o 

o o o 

your 

work 

built. When he considered the situa- 
tion, however, he found that wood 
was rather too cumbersome for the 
housing, whilst Perspex didn't quite 
seem to fit the bill. And so he used 
copper-clad laminate instead." 

"Copper-clad laminate?" 
"That's right. In other words, 

ordinary plain printed circuit board 
before the circuit pattern is etched 
on it. This material proved ideal for 
the purpose, and all that had to be 
done was to cut the front, sides, 
top and bottom to size, and secure 
them together with the copper on 
the inside to form a small cabinet." 
(Fig. 1). 

"How did he join the bits to- 
gether?" 

Smithy consulted the letter once 
more. 

"He soldered internally at the 
corners," he replied. "Our corres- 
pondent says it's best to spot solder 
the sections together, rather than to 
run the solder all along each corner. 
The case which results is attractive 

Fig. 1. An unusual but effective method of assembling a small 
equipment case 
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in appearance. In addition, the 
copper surface on the inside pro- 
vides screening. Another advantage 
is that small components can be 
mounted to the inside walls by 
soldering them direct to the copper 
surface." 

"That," remarked Dick, "is what 
I call a proper copper-bottomed 
hint!" 

"It's certainly a novel idea," 
chuckled Smithy, as he picked up 
another letter. "Now, this letter des- 
cribes quite a simple sort of tip, 
but it's still one which can save a 
lot of time and trouble. As you 
know, the process of soldering com- 
ponents to printed circuit boards 
and to Veroboard may seem easy 
in principle, but in practice you can 
sometimes run into the odd minor 
difficulty." 

"That's true enough," interrupted 

"I'll say it is," said Dick. "Dash 
it all, why on earth didn't I think 
of that myself?" 

"The solutions to most problems," 
pronounced Smithy, "are usually 
obvious once you've been told what 
they are. A final point which is 
made in this letter, incidentally, is 
that the idea of using rubber bands 
to hold components in place can be 
just as useful when you're working 
with really large boards as it is with 
small ones." 

Smithy picked a further letter 
from the pile on his bench. 

"Here," he announced after a 
moment's perusal, "is a hint which 
enables you to fit an extension 
volume control to a TV set. I'd 
better add quickly that the scheme 
doesn't apply to all TV receivers 
and that, since it involves a direct 
connection to the chassis of the 

HT + 

I IN 
II 

Receiver 
volume 

^ control  I A.F output 
valve A.F voltage 

amplifier 500kn 

n 

i 
JL Receiver 

chassis 

On-Off switch 
x 

c 250kn 
log 

Twin lighting 
flex 

Remote controls in 
insulated case 

Fig. 2. A simple extension volume control for use with television 
receivers whose existing volume control appears in the grid 
circuit of the a.f. output valve. All insulation in the extension 

circuit must be adequate for mains voltage 

Dick. "What happens every now and 
again is that, when you turn the 
board over to solder the lead-outs 
to the copper, one or more of the 
components drops out or moves out 
of its proper position." 

"Exactly," agreed Smithy. "Well, 
the answer to this problem is to get 
in a stock of rubber bands of various 
sizes and just slip one or two of 
these over the board to keep the 
more insecure components in place 
whilst you're soldering them into 
circuit. Simple, isn't it?" 
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set, all the circuit points in the ex- 
tension wiring require insulation 
which is fully suitable for mains 
voltages." 

"What sort of TV set," asked 
Dick, "can the volume control be 
used with?" 

"It can be employed," replied 
Smithy, "with sets in which the 
slider of the internal volume con- 
trol couples to the control grid of 
the a.f. output valve. Bring your 
stool over here and have a look at 
the circuit." 

Dutifully Dick picked up his 
stool, f irried it over to Smithy's 
bench and settled himself on it com- 
fortably. He then looked at the 
circuit accompanying the letter 
Smithy was holding. (Fig. 2). 

"As you can see," remarked 
Smithy, "the idea is not at all com- 
plicated. At the extension control 
point you have an on-off switch in 
series with a 250kO log pot, and 
these are coupled to the set by twin 
lighting flex. The volume control in 
the receiver is set up to provide 
adequate volume level for quiet 
speech when the switch at the ex- 
tension point is open. If the sound 
programme changes over to loud 
music the remote switch is then 
closed, whereupon the extension 
volume control can be adjusted to 
allow the music to be reproduced 
at a comfortable level. In most 
cases, after the extension volume 
control has been initially adjusted to 
the desired level, it will only be 
necessary to operate the switch. 
This is just the thing, I might add, 
to have positioned on the arm of 
your favourite armchair." 

"Won't there be trouble," asked 
Dick, "due to hum pick-up on the 
leads to the extension point?" 

"There wasn't any trouble on this 
score in our correspondent's set-up," 
replied Smithy. "And he simply 
uses about fourteen feet of ordinary 
unscreened twin lighting flex. How- 
ever, you would very definitely get 
trouble with hum if the extension 
volume control circuit were intro- 
duced any earlier in the receiver 
a.f. amplifier stages than at the grid 
of the output valve. Even when the 
extension circuit appears in the out- 
put grid circuit it will still be neces- 
sary to connect the TV set to the 
mains such that its chassis is com- 
mon with the neutral and not the 
live side. It would also be pre- 
ferable to keep the wire to the ex- 
tension volume control spaced well 
away from any other mains wiring 
in the room. Actually the circuit 
is a wee bit experimental in this 
respect because, in houses which are 
wired up with p.v.c. cable, it may 
be impossible to completely eradicate 
hum pick-up on the extension lead. 
Apart from the question of picking 
up hum, it is extremely important 
to pay attention to the safety fac- 
tor, The extension volume control 
components and wiring are all at 
mains potential, and the remote 
potentiometer and switch must be 
completely enclosed in an insulated 
case which ensures that none of the 
connection points can be touched. 
Also, the wire to the remote control 
must have insulation suitable for 
mains voltages. If the remote volume 
control connects to the receiver by 
way of a socket fitted to the back of 
its cabinet the socket must offer insu- 
lation suitable for mains voltage. It 
could, in practice, be a socket in- 
tended for mains use, and a suitable 
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type would be one of those small 
2-amp 2-way types." 

CORRUGATED STRIP 

Smithy turned back to his bench 
and picked up the next letter. As he 
removed the contents from its enve- 
lope, a length of corrugated strip 
slipped out and fell to the floor. 
Dick picked this up and examined 
it with interest. Fig. 3(a)). 

"Hello," he remarked. "What's 
this, then?" 

"It's original function," said 
Smithy, "is to provide a means of 
positioning drawer partitions. But 
the use to which our correspondent 
puts it is rather different. He fits 
it inside equipment housings to en- 
able printed circuit boards or Vero- 
boards to be supported at the ends 
along the slots between the corru- 
gations." 

Smithy pulled his notepad towards 
him, and sketched out the applica- 
tion. (Fig. 3(b)). 

"Gosh," said Dick, impressed. 
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3 strips of Divide-it 
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Fig. 3(a). The appearance of 'Divide-It' strip 
(b). Employing three strips of 'Divide-It' to position a printed 

circuit board and a screen in an instrument case 

"It's a strip of special material," 
replied Smithy, as he studied the 
letter, "which is known as 'Divide- 
It', and which you can buy for a 
few shillings at most Do-It-Yourself 
stores. One side is flat, and has an 
adhesive surface which is revealed 
after pulling off a backing strip. The 
other side is deeply corrugated and, 
as you can see if you dig at it with 
your thumb nail, the corrugations 
are quite strong physically. The 
material of which the strip is made 
offers good insulation along its sur- 
face." 

"What's the strip intended for?" 
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"That's a neat idea." 
"It is, isn't it?" commented 

Smithy. "Incidentally, I must say 
that it's rather surprising to find 
how many uses there are in elec- 
tronic work for simple domestic 
gadgets such as this." 

At that instant, the Workshop 
kettle gave voice to an ear-splitting 
whistle, and further activity ceased 
whilst Dick set about the all-impor- 
tant task of preparing the tea. Even- 
tually, he placed Smithy's disgraceful 
tin mug, brim-full with the precious 
beverage, alongside the Serviceman. 

"Ah," said that gentleman as, after 
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Fig. 4. A suggested method of displacing the opaque filling 
in a glass-cased 0C71. The transistor can then function as a 

phototransistor 

judicious blowing over the surface 
of the mug, he drank deeply of its 
contents, "that's the stuff to give the 
troops!" 

Smithy noisily smacked his lips 
in appreciation. Despite the many 
years he had known the Serviceman, 
Dick had still retained his sense of 
wonder at the vast quantities of tea 
which Smithy was capable of ab- 
sorbing. 

"I've never," he remarked conver- 
sationally, "known anyone who 
drinks as much tea as you do." 

Smithy quaffed even more mightily 
at his mug, then placed it back with 
a clatter on his bench. 

"There's nothing like it," he res- 
ponded cheerfully. "In fact, I rely 
on a really good intake of tea each 
day to keep my kidneys fully flushed 
out!" 

Dick shuddered. 
"There are times," he complained, 

"when you're really horrible, Smithy. 
Shall we carry on to the next letter?" 

"Half a jiff," responded Smithy, 
taking a further gargantuan draught 
from his mug. "Let's get this little 
lot filled up again first." 

Disdainfully, Dick picked up 
Smithy's empty mug and carried it 
over to the battered Workshop tea- 
pot. He returned with the mug, 
charged once more with the fluid 
so vital for the smooth operation of 
Smithy's renal functions, and placed 
it carefully on the Serviceman's 
bench. Smithy snatched it up 
greedily and again imbibed deeply. 

"Ye gods," snorted Dick in dis- 
gust. "You're nothing but a tea- 
junkie, that's all you are. I bet 
you've got a dirty great hypodermic 
syringe full of the stuff back home, 
kept handy for the times when 
you're really in need of a fix." 

"Nonsense," replied Smithy indig- 
nantly. "And if you must know, it so 
happens that I acquired my taste 
for tea during those perilous war 
years when I was defending this 
country, so that the future genera- 
tion - including you, mate - could 
be brought up in a state of peace 
and tranquility." 
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"You defended this country?" 
queried Dick incredulously. "From 
what they tell me, all you ever did 
was to rise to the rank of acting 
unpaid lance-corporal in the Pioneer 
Corps." 

Smithy scowled at his assistant. 
"We ex-Service types," he re- 

marked loftily, "don't talk about our 
wartime careers." 

"Much." 
"Let me tell you," growled 

Smithy furiously, "that I did my 
fair turn of service with all the 
rest. Brothers-in-arms, that's what 
we were.' ' 

Dick turned and addressed the 
empty Workshop. 

"We shall next," he announced 
derisively, "have a vocal rendition 
of 'Comrades' with an accompani- 
ment on the spoons!" 

It was obvious that this last re- 
mark on Dick's part was the cause 
of deep offence to the Serviceman. 

"I have no wish," he commented 
icily, "to pursue this subject any 
further. I shall, instead, turn to the 
next letter." 

"As you wish," said Dick oblig- 
ingly. 

Smithy gazed suspiciously at his 
assistant, but that worthy's face 
carried no expression other than 
that of interest in the next hint 
to be discussed. 

"Hmm," grunted Smithy, turning 
back and foraging amongst the 

letters on his bench. "Well now, let's 
see what we've got here." 

Smithy selected a letter and read 
it with what was patently a con- 
tinually increasing interest. 

"This one," he chuckled even- 
tually, "is a real dilly! Tell me, Dick, 
do you remember the old business 
of using OC7Ts as phototran- 
sistors?" 

Clearly, the contents of this last 
letter had caused Smithy to dismiss 
from his mind, at least temporarily, 
the displeasure which had followed 
Dick's ribald observations on his 
wartime activities. 

"Using OC7Ts as phototran- 
sistors?" repeated Dick. "Why, cer- 
tainly I do. The early OC7Ts had 
glass cases covered with opaque 
paint to keep the light out. The 
thing to do was to scrape the paint 
away, whereupon you had a first- 
class phototransistor!" 

"You've got it," said Smithy. "In 
fact, I've converted quite a few of 
those old OC7Ts in that way my- 
self." 

"After the early period, though," 
cut in Dick, "the design of the 
OC71 was changed. It still had the 
opaque paint on the outside of the 
glass housing but, in addition, the 
filling inside was made opaque, too." 

"That's right," confirmed Smithy. 
"The result was that, even if you 
did scrape off the paint, you still 
couldn't use the OC71 as a photo- 
transistor. Eventually, the OC71 
changed over to a metal case, but 
there must still be plenty of glass 
ones with the opaque filling knock- 
ing around." 

"All this," remarked Dick, "sounds 
intriguing. Go on, Smithy." 

Smithy returned to the letter. 
"What our correspondent has suc- 

ceeded in doing," he resumed, "has 
been to shift the opaque filling 
inside a glass OC71 away from the 
internal transistor junction by taking 
advantage of centrifugal force! The 
scheme consists of pushing the 
transistor leads into a half-inch cube 
of Plasticine, and of then fixing the 
Plasticine to the inside wall of a 
washing machine spin drier (Fig. 4). 
He found that, after some two to 
three minutes spinning around in 
the drier, the opaque filling of the 
OC71 was all forced to the bottom 
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of the transistor, leaving the junc- 
tion free and clear. The OC71 then 
functioned as a perfectly good 
photo transistor." 

CABINET FEET 

"That idea," grinned Dick, "is 
very definitely one for the book!" 

"It certainly represents a jolly 
crafty approach," replied Smithy, 
as he took up a further letter. 

There was silence as the Service- 
man read its contents. 

"Here's another simple one," he 
announced, after a moment. "Our 
correspondent advises that the poly- 
thene seals inside the caps of 
flagons should not be thrown away, 
as they make perfect improvised 
non-scratch feet for small cabinets. 

Smithy detached a sheet bearing 
the diagrams from the remainder of 
the letter and laid it down on his 
bench (Figs. 6(a) and (b)). 

"The idea behind this hint," he 
went on, "is to provide temporary 
screening for a wire or cable if it 
is suspected of picking up or radiat- 
ing hum or interference, or of caus- 
ing instability whilst in the un- 
screened condition. What you do is 
to fit a sheath of aluminium foil 
or aluminium paper around the 
wire, and it is possible to apply 
this temporary screening over quite 
long lengths. Aluminium coated 
paper is to be preferred because it 
is tougher, but aluminium kitchen 
foil is nearly as good and is more 
readily obtainable since most grocers 
sell it. It's available in widths of 
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(b) 
Fig. 6(a). Successive steps in wrapping a 2 inch strip of 
aluminium foil or aluminium coated paper around a wire to 

provide temporary screening 
(b). How the 2 inch strip is obtained 

There's a sketch in the letter too, 
and it shows one of these seals 
being used in this manner." 

Smithy showed Dick the sketch 
(Fig. 5) then preceded to the follow- 
ing letter. 

"This is quite a long hint," he 
remarked. "Also, there are several 
diagrams which have to be looked 
aI you're going to understand 
the general scheme of things." 
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about 10 or 20 inches, the 20 inch 
width being better because it works 
out cheaper." 

"How do you apply the foil to 
the cable?" 

"You first of all cut it," replied 
Smithy, "so that you have a long 
strip two inches wide. You then 
lay the two inch strip along the 
cable to be screened and cut it to 
the length required, allowing your- 
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Fig. 7. The construction of a simple coil winding jig 

self a little extra just to be on the 
safe side. The strip is then folded in 
two along its length and the cable 
is either placed in the fold, or the 
fold placed over the cable, accord- 
ing to which is more convenient. 
You then wrap the foil around the 
cable, holding it in place at one end 
by wrapping some thin bare tinned 
copper wire around it for several 
turns. The other end is similarly 
held in place with the aid of thin 
bare copper wire. After a little 
practice it is possible to make quite 
a neat job along the whole length 
of the wire and, despite the tem- 
porary nature of the job, the screen- 
ing which results can be looked 
upon as being of a semi-permanent 
nature. Of course, the main inten- 
tion behind the scheme is the pro- 
vision of temporary screening in 
order that causes of pick-up or 
radiation may be isolated. After 
this, the temporarily screened wire 
may then be replaced by proper 
screened cable as necessary." 

"How," asked Dick, "do you cut 
out the two inch wide strip?" 

"You start," replied Smithy, "by 
unrolling the paper or foil and then 
folding it up in the same way as 
they fold lengths of cloth in the 
draper's. The first fold is made 
after one foot, and then you simply 
continue to wrap the succeeding 
foil or paper around the initial one 
foot length. The end result is a flat 
pack measuring roughly 20 inches 
by slightly in excess of 12 inches. 
You obtain a two inch strip by cut- 
ting across the pack two inches in 
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from the end. Curiously enough, 
blunt scissors are to be preferred for 
this operation because very sharp 
scissors cause the cut edges to stick 
together, whereupon the two inch 
strip is liable to tear when it's un- 
folded." 

"That's certainly an original 
idea," commented Dick. "How much 
wire can you cover with one roll of 
the paper or foil?" 

"A roll of 20 inch foil," said 
Smithy, consulting the letter again, 
"should be sufficient to screen rather 
more than 100 feet of wire." 

"Blimey," said Dick. "A roll of 
the foil should last for ages, then. 
I'll have to have a dig round our 
kitchen when nobody's looking and 
see if I can find any!" 

But Smithy was already deeply 
engrossed in the next letter. 

"There are two hints here," he 
announced, "and they both have to 
do with coil winding. The first des- 
cribes a coil winding jig for single- 
layer coils. Here's the diagram for 
it." 

Smithy showed Dick the sketch 
in the letter. (Fig. 7). 

"As you can see," he continued, 
"all the bits and pieces are mounted 
on a block of wood. There are two 
two-inch nails, a piece of O BA 
studding, and an upright post which 
can be made of any convenient 
material and which has a horizontal 
slot in its surface. Many coil for- 
mers of the type intended to take 
threaded iron dust cores can be 
screwed onto O BA studding, and 
the jig is specifically intended for 

formers of this nature. You first of 
ail screw the former onto the stud- 
ding so that the lower starting point 
of the winding is level with the slot 
in the post. You then anchor the 
end of the coil wire by wrapping it 
several times round the left hand 
nail, after which you lay it in the 
slot and pass it round the former. 
You next wind the coil on the 
former, making a close-wound or 
spaced winding as desired. When 
all the turns have been put on, the 
wire is taken over to the right hand 
nail and anchored there by wrapping 
it round several times. You now 
have the coil wound on the former 
in its correct position, and with the 
wire under slight tension. The final 
process is to dope the coil. When 
the dope is dry you have a nice 
neat coil which is all ready to be 
connected up." 

"That's a jolly useful gadget," 
said Dick thoughtfully. "It would 
be just the job for making up 
10.7MHz i.f. transformers and things 
like that, where you use those black 
Aladdin-type formers with the 
square bases." 

Smithy cast a mildly surprised 
glance at his assistant. 

"That's a very percipient remark," 
he commented, "because I0.7MHz 
transformers are one of the main 
classes of winding which our corres- 
pondent uses the jig for." 

"What's the other hint in the 
letter?" 

"It's also to do with coil wind- 
ing," replied Smithy. "And again 
there are some diagrams to show 
you. (Figs. 8(a) and (b)). This 
second idea is designed to assist in 
the winding of close-wound coils 
on plain formers. Before winding 
the coil, a doubled loop of fine 
string is placed on the former. The 
wire at the start of the coil is passed 
through the loop at one end, after 
which the coil is wound on top of 
the fine string. The wire at the finish 
of the coil is then passed through 
the other loop of the string. The 
two free ends of the string are next 
carefully pulled tight, whereupon the 
wires at both the start and finish of 
the coil are held securely under the 
two loops of string. The coil is then 
doped and the excess lengths of 
string cut off." 

HEALING THE RIFT 

With a gesture of finality, Smithy 
returned the last letter to the surface 
of his bench. 

"And that," he remarked, "is the 
end of this present session with 
readers' hints." 

"We certainly had a good selec- 
tion this time," remarked Dick. 

"They were, as always, excellent," 
agreed Smithy. "I always find that 
going through these hints represents 
a very pleasant task." 

He picked up his mug and drained 
it of its contents. 
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Fig. 8. How to secure a close-wound coil on a plain former. 
In (a) a double loop of fine string Is laid on the surface of the 
former. The coil Is then wound over the string (b), after which 

the string ends are pulled tight to secure the coil wires 

"Would you," asked Dick help- 
fully, "like some more tea?" 

Smithy suddenly recalled his pre- 
vious altercation with his assistant. 

"Not," he remarked irritably, "if 
you're going to make silly comments 
about my habits and, in particular, 
about what I did during the war." 

"I'm sorry, Smithy," said Dick 
contritely. "Actually, I was indulging 
in a little bit of leg-pulling just now. 
After all, it's only fair that I should 
do so. You take the mickey out of 
me quite often, you know." 

"Do I?" responded Smithy, molli- 
fied. "Oh, very well then! I must 
say that a spot of tea wouldn't be 
at all a bad idea. All this talking 
has made me thirsty again." 

Whilst Dick busied himself with 
the preparation of a further mug 
of tea, Smithy carefully returned the 
sheaf of letters to the drawer under 
his bench. Dick came back and 
placed the third mug of tea for that 
morning on Smithy's bench. 

"An excellent brew," remarked 
the Serviceman, sipping apprecia- 
tively. "I must commend you, Dick, 
on your ability to make really good 
tea." 

Dick beamed. 
"Going back," he commented, "to 

our earlier conversation, I suppose 
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we younger generation can't really 
appreciate what did go on during 
the war." 

"Probably not," replied Smithy. 
"In any case there's one point on 
which I must definitely correct you. 
My eventual rank during the war 
was acting unpaid corporal." 

"Was it really?" said Dick, assum- 
ing the expression of the suitably 
impressed. "Gosh, that was pretty 
high up." 

"I had to fight for that rank," 
said Smithy darkly. 

"I bet you did," said Dick. 
"If this," continued Dick happily, 

"is a sample of what the New Year 
is going to be like, I reckon that 
I'm really going to enjoy living in 
1970!" 

EDITOR'S NOTE 

The hints published in this 
episode of 'In Your Workshop' were 
submitted, in the order in which 
they appear, by S. Webb, G. M. 
Watson, A. Luty, J. P. Carlile, D. 
Playle, D. A. Bishop, T. E. Millsom 
and J. Rankin. Further hints for 
this feature are welcomed, and pay- 
ment is made for all that are pub- 
lished. 
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Discounts available on quantities. 

CHASSIS in Aluminium, Standard Sizes, with 
Gusset Plates 

Sizes to fit Cases All 2i" Walls 
s. d. s. d. s. d. 6"x3" 5 6 10"x 7" 8 6 14"x 3" 7 3 6"x 4" 5 9 12"x 3" 6 9 14"x 9" 14 6 8"x3" 6 6 12"x 5" 7 6 16"x 6" 10 9 8"x6" 7 9 12"x 8" 10 9 16"x 10" 16 0 

Chassis—Post 3s. Od. per Order. 
Discounts available on quantities. 

E. R. IMICHOLLS 
MANUFACTURER OF ELECTRONIC INSTRUMENT 

CASES 
(DEPT. R.C.) 46 L0WFIELD ROAD 

ST0CKP0RT-CHESHIRE 
Tsl:0ei-480 2179 

NEW VHP KIT 
Receives Television Sound, Ambu- 
lances, Aircraft, Radio 2, 3 and 4 
on VHF etc. 
This novel little set will give you end- 
less hours of pleasure and can be built 
in one evening. The Kit comes with 
easy to follow instructions and circuit. 
Powered by 9v Battery. Complete with 
built-in Jack Plug Socket for use with 
Earphones or Amplifier. 
ONLY 57/-. P & P FREE UK ONLY 

Postal Orders, Cheques to 
Dept. R.C.3., 

Galleon Trading Co., 
298A Lodge Lane, 

Romford, Essex 

FANTASTIC SALE 
1,000 of the following Amplifier Kits 
to clear - List Sale 

Price Price P.S. 
5 watt amplifier £3.15.0 £1.15.0 9y 
7 watt amplifier £6.15.0 £2.5.0 9v 
10 watt amplifier £8.19.0 £2.15.0 9v 
If two are required deduct the follow- 
ing: 2x5 watt 5/-, 2x7 watt 7/6, 
2x10 watt 10/-. Please add 2/6 P&P. 

M. CLEAVES AND BROTHER 
28 WENNY ESTATE 

CHATTERIS 
CAMBS 
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By Recorder 

JANUARY 1970? 
Yes, it's true-the calendar can- 
not lie - and another New Year 

is upon us again. This is the 
period when journalists are expected 
to take a surreptitious shufti into the 
future and, conscientious as ever. 
Old Moore Recorder is now in pro- 
cess of setting the regeneration on 
his crystal ball so that it is just 
below the oscillation point. 

Let us, therefore, examine what is 
to happen to us in the electronic 
world during this year. 

PREDICTIONS FOR 1970 

January. There is an encouraging 
start to the year as a spokesman for 
the Ministry of Technology states 
that 1970 will be marked by out- 
standing new developments in British 
integrated circuit production. At the 
same time, the manufacture and in- 
troduction of new types of discrete 
semiconductor components continues 
to increase unabated and, during the 
month, 476 new transistor types are 
released. Defence Ministry sets up 
monster surplus sale for excess stocks 
of transistors - notably 10,000,000 
of type CV111057. Latest American 
Moon-shot vehicle returns with fur- 
ther samples of Moon-dust. 

February. Board of Trade shocks 
radio retailers by stating that used 
radio and TV trade-in prices must, 
in future, be certified as representing 
true market value by specially ap- 
pointed B.O.T. Inspectors. Leading 
semiconductor manufacturer intro- 
duces sensational new integrated cir- 
cuit, claiming that this replaces vir- 
tually all the circuitry of a standard 
monochrome television receiver. An 
interesting feature of the new inte- 
grated circuit is its dual row of con- 
necting terminals, 150 on each side. 
Post Office Corporation promises 
further improvements in telephone 
and postal services, these being 
directed at attracting increased cus- 
tom and revenue. 
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March. Mysterious development 
at Defence Ministry surplus sale - 
the entire stock of 10,000,000 tran- 
sistors type CVU1057 is purchased 
for £5,000 by bearded individual in 
dark glasses and hippy outfit. Minis- 
try of Technology announces that, 
due to the uncontrollable multiplicity 
of transistors currently available, it 
is making available a computer ser- 
vice to other Ministries to enable 
them to locate specific types of tran- 
sistor after feeding in details of the 
characteristics required. The com- 
puter can also advise on equivalents 
and near-equivalents. Unmanned 
Soviet Moon-shot capsule returns to 
Earth with samples of the Moon's 
surface. 724 new transistor types 
released. 

April. Working model of TV re- 
ceiver incorporating new integrated 
circuit shown to Trade Press. The 
only components external to the 
integrated circuit are 60 fixed re- 
sistors, 40 capacitors, 22 preset poten- 
tiometers, 7 i.f. transformers, the 
tube, the scanning yoke, the line and 
field output transformers and a u.h.f. 
tuner. Cooling of the integrated cir- 
cuit is achieved by means of a motor- 
driven blower rated at j h.p. Mys- 
terious bearded individual in dark 
glasses and hippy outfit registers new 
company under the name of Tran- 
sistors (Soho) Ltd. Retailers shocked 
by 100% Budget increase in S.E.T. 
for service engineers. 

May. Under pressure from radio 
retailers. Board of Trade announces 
that certification of trade-in prices 
may also be carried out by retailers' 
engineering staff - details of qualifi- 
cations required to be announced 
later. Ministry of Technology states 
that, due to a disappointing lack of 
response on the part of other Minis- 
tries, the new computer service for 
advising on transistor types is to be 
made available also to bona fide 
companies in the public sector. 
Defence Ministry invites tenders for 
supply of new semiconductor devices, 
notably 10.000,000 of transistor 
type 2N152765A. American research 
scientists state that recently re- 
covered Moon-dust contains high 
percentage of silicon with n-type 
characteristics. 910 new transistor 
types released. 

June. Front page 6-coIumn story 
in Pravda reveals that superior 
U.S.S.R. unmanned space vehicle 
has retrieved material from Moon's 
surface containing large quantities 
of silicon having p-type charac- 
teristics. Post Office Corporation en- 
gineers fit rectangular plugs to the 
slots of public telephone coin boxes 
to prevent insertion of sixpenny 
pieces. Transistors (Soho) Ltd. con- 
sults Ministry of Technology com- 
puter with respect to devices type 
CV111057 and 2N152765A. Radio 
retailers shocked by Board of Trade 
pronouncement that minimum staff 
qualifications for trade-in value 
certification are B.Sc., M.Sc., or 

Ph.D., together with readiness to 
sign the Officials Secrets Act. 

July. N.A.S.A. announces pre- 
parations for forthcoming American 
Moon flight to carry out geological 
investigations. It is proposed to sur- 
vey for strata faults by passing elec- 
tric currents between remote points 
of the Moon's surface. Transistors 
(Soho) Ltd. set up small working 
plant in a cellar in Greek St., Lon- 
don, WI. The production equipment 
consists of one high-speed transistor 
re-coding machine operated by two 
middle-aged ladies during the periods 
when they are not required upstairs. 
1,116 new transistor types released. 

August. Retailers shocked by plans 
of Post Office Corporation to trans- 
fer to them the administration of 
TV and radio licence issues. 
Rumours leaking from the U.S.S.R. 
persistently refer to a potential new 
Russian unmanned Moon-shot to in- 
vestigate magnetic phenomena. A 
senior Soviet physicist is quoted as 
saying that the low temperature on 
the dark side of the Moon enables 
superconducting electro-magnets of 
exceptional power to be set up 
without the necessity for complex 
cooling apparatus. Meanwhile, the 
high ambient temperature on Earth 
resulting from an unusually hot 
Summer necessitates modifications to 
the TV receiver with the integrated 
circuit. Engineers increase the blower 
motor power to i h.p. 

September. Defence Ministry pur- 
chases, for £2,500,000, a quantity 
of 10,000,000 transistors type 
2N152765A from Transistors (Soho) 
Ltd. Post Office Corporation, as first 
step towards metrication, changes 
maximum weight for First Class 5d. 
postal packages from 4oz. to 2 gr. 
N.A.S.A. announces that next 
American Moon-shot will take place 
in early December. 1,251 new tran- 
sistor types released. After an ex- 
tensive Trade Press advertising cam- 
paign stating that each set "consists 
of little more than a single inte- 
grated circuit", a pilot quantity of 
10,000 TV receivers incorporating 
the new integrated circuit is offered 
to the retail trade. 

October. Total pilot quantity of 
10,000 TV receivers is purchased, at 
a price only slightly greater than 
that of the integrated circuits, by 
Transistors (Soho) Ltd., after threats 
on the part of the purchaser to in- 
voke the Trade Description Act con- 
cerning the phrase "little more than". 
Post Office Corporation engineers fit 
rectangular plugs to public tele- 
phone coin box slots to prevent in- 
sertion of shilling pieces. Reports 
filtering out of the U.S.S.R. state 
that next Russian Moon probe firing 
is scheduled for mid-December. 

November. 1,523 new transistor 
types released. Transistors (Soho) 
Ltd. dispose of transistor re-coding 
machine and purchase two screw- 
drivers, two pairs of pliers and two 
pairs of side-cutters. Excited French 
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scientists studying American Moon- 
dust samples state that the n-type 
material coalesces into a homo- 
geneous n-type mass when subjected 
to magnetic and electric fields posi- 
tioned at right angles to each other. 

December. Extra police called in 
to control vast crowds of radio 
home-constructors in Lisle St., Lon- 
don, W.C.2,. where, using tem- 
porarily rented premises, Transistors 
(Soho) Ltd. successfully dispose of 
600,000 fixed resistors, 400,000 
capacitors, 220,000 preset potentio- 
meters, 70,000 i.f. transformers, and 
10,000 each of cathode ray tubes, 
scanning yokes, line and field out- 
put transformers, u.h.f. tuners and 
i h.p. blower motors. Americans set 
up Moon surface electrical probes 
along a line of Moon's latitude. Post 
Office Corporation announces im- 
mediate withdrawal of all coin box 
telephones due to lack of use by 
public. Isvestia announces that the 
unmanned Russian space capsule is 
now set up to produce an intense 
magnetic field along line of Moon's 
longitude. Radio retailers shocked 
by new Home Office regulations for 
mains lead coding, the new colours 
being red for earth, black for neutral 
and green for live. Fortuitously, 
Americans and Russians switch on 
their apparatus on the Moon's sur- 
face simultaneously. Militant Cleans- 
ing Department operatives jostle 
G.L.C. officials whilst demanding 
bonus pay for clearing 10,000 tele- 
vision chassis, each bare except for 
one integrated circuit, from a cellar 

in Greek St., London, W.l. Mass 
panic occurs throughout the world 
as Moon suddenly bursts into self- 
sustained oscillation, emitting electro- 
magnetic radiation over the entire 
spectrum from 10kHz to the ultra- 
violet. Under cover of the resultant 
communications black-out, a mys- 
terious bearded individual wearing 
dark glasses and a hippy outfit slips 
off contentedly to the Bahamas. 

THE "SPONTAFLEX" S.A.4 

Well, let's hope that the New 
Year won't be quite as bad as that ! 
And my humble apologies to any 
company whose name even remote- 
ly resembles that of the fictitious 
"Transistors (Soho) Ltd."—all the 
above is, of course, just a gag. 

And now let me turn to a matter 
which has been raised by Sir Doug- 
las Hall, the popularity of whose 
receiver designs continues unabated. 
One of the most ingenious of these 
is the "Spontaflex" S.A.4 Transistor 
Portable, which was described in 
our May, 1968 issue. Although that 
issue appeared nearly two years ago, 
readers are still embarking on the 
construction of the S.A.4 receiver. 

A minor difficulty experienced by 
a few constructors has risen in dis- 
tricts where a very strong signal 
from Radio 2 on 1,500 metres is 
received, the effect being that this 
cannot be sufficiently reduced in vol- 
ume. The trouble arises from the 
fact that the long wave coil is too 
far from the reaction coil for short- 

circuiting of the latter to cause 
adequate damping. 

The following modification clears 
this problem, and the components 
referred to are all shown in Fig. 1 
on page 594 of the May 1968 issue. 
First, remove L3. Then, connect the 
arm of SI (a) to the junction of VC1 
and Cl. Add a 680pF silver mica 
capacitor between the base of TR1 
and the top contact of SI (a) (this 
is the contact to which the switch is 
turned in Fig. 1). These alterations 
will result in a much better control 
of volume and they still allow the 
whole of the long wave band to be 
tuned. If an upper wavelength of a 
little over 1,500 metres is enough, a 
500pF capacitor may be used instead 
of the 680pF component. There will 
be some drop in sensitivity owing 
to the lowering of the inductance/ 
capacitance ratio, but if the Radio 2 
signal is strong enough to make the 
modification worth-while, there will 
still be plenty in hand. This occurs 
even in South Devon, where Sir 
Douglas Hall has checked the oper- 
ation of the altered circuit. 

BRAND NEW YEAR 

And so I have now come to the 
end of my contribution for this 
brand new year of ours. Whereupon, 
there's nothing better I can do, in 
finishing, than wish readers all the 
very best of luck together with an 
exceptionally Prosperous and Happy 
New Year. 

NEW ITT-COMPONENTS 

PUBLICATION 

ITT Components Group Europe 
has just published the first of a set 
of components summaries which 
heralds a new style for presenting 
a concise run-down on all the ITT 
component ranges. 

The first publication is the 
Passive Components Summary (ref. 
6000/301). This 116-page short-form 
catalogue covers such products as: 
Quartz Crystals and Filters, Mag- 
netic Materials, Transformers, 
Capacitors, Resistors (fixed and 
variable), Infra-red filters, etc. The 
books are available in English, 
French and German languages. 

Copies are available free on 
application to ITT Components 
Group Europe, Publicity Depart- 
ment, Edinburgh Way, Harlow, 
Essex. Please use company letter- 
head and state job title. 

LAST LOOK ROUND 

• ALL CHANGE 
Are you confused by the decimal coinage relationship with the 

present currency? 
If so, we feature next month a Decimal Coinage Calculator—a 

simple calculating device enabling direct conversion from current 
pennies to New Pence by way of a potentiometer circuit and a meter. 
We certainly ring the changes! 

• BIRDS OF A FEATHER 
Ever tried tape recording birds? 
If not, you will find that one on tape is worth two in the bush! 

Try it and see with the advice given in Tape Recording Birdsong— 
also to be included in our next issue. 

• 349 
On that page in this issue you will have noted another article by 

our popular contributor Sir Douglas Hall, K.G.M.G., M.A. Always 
a source of great interest, his circuits are nothing if not ingenious! 

In the next issue we shall be publishing another of his interesting 
articles entitled Developing the "Spontaflex" Short Wave Receiver- 
make sure you get your copy! 
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INTERNATIONAL 

■   SHORT 

WAVE 

LEAGUE 

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

THE LARGEST S.W.L. ORGANISATION 
IN THE WORLD 

For full details write to: 
The Secretary, 

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

OBt SPAN THE OL 

The 

"NEOPHYTE" AMPLIFIER 

/j 

ww 

TELERADIO new Hi Fi dept 
are stocking all parts to build 

this interesting project. 
(SEE OCTOBER ISSUE) 

Full details on request to 
TELERADIO ELECTRONICS 

325-7 Fore St., Edmonton, London N9 

AUDIO 

AMPLIFIERS 

$ 

16 Transistor and Valve Designs for the 
Home Constructor 

Amplifiers for Tuner Units, Record 
Players, Tape Recorders, Public Address, 
etc., etc. 

Includes contributions by such 
well-known authors as 

A. S. Carpenter, A. Kinloch, E. Govier, 
G. A. French, F. G. Rayer, 
P. F. Bretherick, K. Jones, D. Aldous, 
R. Murray-Shelley, C. Swires, 
G. A. Stevens and V. E. Holley. 

Edited by J. R. Davies 

PRICE 10s. 6d. 
124 pages Postage 8d. 

To: DATA PUBLICATIONS LTD., 
57 Maida Vale London W9 

Please supply   copy(ies) of "Audio 
Amplifiers", Data Book No. 18 
1 enclose cheque/crossed postal order for  
NAME  
ADDRESS  

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy 
must be received by the 4th of the month for 
insertion in the following month's issue. The 
Publishers cannot be held liable in any way for 
printing errors or omissions, nor can they 
accept responsibility for the bona fides of 
advertisers. (Replies to Box Numbers should 
be addressed to: Box No.  , The Radio 
Constructor, 57 Maida Vale, London, W.9.) 

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

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

FOR SALE: T.C.C. Lectroflash capacitors, 250/iF, 500 
volts, 3in. x Ifin. 15/-. Miniature precisjon Swiss silent 
motors, reversible, 6 to 12 volts: a marvellous bargain, 
25/-. 13 amp. white fused plugs, 2/- each or 22/6d. 
dozen. SenTerSel bridge metal rectifier type C3B, 250 
volts, 120mA, 12/6d. A.E.I. SJ302A silicon rectifiers 
300~p.i.v. at 2.3 amp. 9/6d. Write today for Super Free 
Bargain Lists. Xeroza Radio, Dept. ZA99A, V. V. 
Collett & Co., 1 East Street, Bishops Tawton, Devon. 

BOOKS FOR SALE: Earth's Envelope, Theo Lobsack 
10/-, Space Research & Exploration, D. R. Bates 15/-, 
Practical Yacht Racing, Schiottz 15/-, Yacht Racing, 
Sturgess £1, Faster Sailing, Bavier 10/-, The Story of 
Atomic Energy, Soddy 7/6d., Atomic Medicine, Behrens 
15/-, Medical Radiation Biology, Ellinger £1, Sunday 
Times & Life World Library Volumes: Brazil, S.E. 
Asia, Israel, Italy, Russia, Mexico, Greece, Africa, 
Germany, France, India, Britain, Japan, Scandinavia, 
12/6d. each, Life Science Library: 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. 

TRANSISTORS. Silicon NPN similar to BC108. Un- 
marked but tested and guaranteed. 1/- each. P. & P. 6d. 
F. W. Rookes, 79 The Walronds, Tiverton, Devon. 

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

TRANSISTOR SALE: Mixed, germ, PNP, 10 - 2/9d.; 
50 - 12/6d. Reject germ, Sil. PNP, NPN, mixed, 10 - 
2/-; 50 - 8/6d. D. G. Perry, Graymare, Lostwithiel, 
Cornwall. 

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

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

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

ATTENTION. Radio Constructors, Amateurs, Hi-Fi and 
Electronic addicts. We can supply all you need at com- 
petitive prices. Send 9d. for lists to; Inventronics, 14 
Elizabeth Drive, Ferrybridge, Yorkshire. 

(Continued on page 381) 
JANUARY 1970 

BENTLEY AGOUSTIG CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, 
LONDON, N.W.I. 

01-722 9090 
Please forward all mail orders to Littlehampton 

The Old Police Station 
Gloucester Road 

LITTLEHAMPTON, Sussex 
PHONE 6743 

5Z4G 71- ECC86 81- PC95 8/3 U404 7/6 ACI56 41- BYZI0 51- 
6AQ5 5/6 ECC88 71- PC97 8/6 U80I 19/6 AC 157 51- BYZI 1 51- 
6AT6 41- ECCI89 9/6 PC900 8/3 UABC80 61- AD 140 7/6 BYZI2 51- 
6/30L2 12/6 ECF80 6/6 PCC84 6/3 UBC8I 71- AD 149 81- BYZI 3 51- 
6BW6 12/9 ECF82 6/6 PCC85 6/6 UBF80 5/9 AD 162 91- OA70 31- 
6BW7 II/- ECF86 91- PCC88 9/9 UBF89 6/9 AFI06 10/- OA79 1/9 
6F23 13/3 ECH42 10/- PCC89 9/6 UC92 5/6 AFI 14 41- OA8I 1/9 
6L6GT 7/9 ECH8I 5/9 PCCI89 10/6 UCC84 81- AFI 15 4/3 OA90 2/6 
9D7 91- ECH83 81- PCF80 6/6 UCC85 6/9 AFI 19 21- OA9I 1/9 
20P4 18/6 ECH84 7/6 PCF82 6/3 UCF80 8/3 AFI2I 61- OA95 1/9 
30CI5 13/- ECL80 6/6 PCF84 81- UCH2I 91- AFI 26 51- OA200 1/- 30CI7 16/- ECL82 61- PCF86 91- UCH42 13/- AFI 39 13/- OA202 21- 
30CI8 11/6 ECL83 91- PCF80I 71- UCH8I 6/6 AFI 80 9/6 OC22 51- 
30F5 16;- ECL86 81- PCF802 91- UCL82 71- AFI86 II/- OC23 51- 
30FLI 15/- EF22 12/6 PCL82 71- UCL83 10/- AF239 7/6 OC24 51- 
30FLI2 16/- EF4I 10/- PCL83 91- UF4I 10/- BAI02 91- OC25 51- 
30FLI4 12/6 EF80 4/6 PCL84 7/6 UF80 6/9 BAI 15 2/8 OC26 51- 30LI5 13/9 EF85 5/3 PCL85 91- UF85 6/9 BA129 2/6 OC28 51- 
30LI7 15/6 EF86 6/3 PCL86 816 UF86 91- BAI 30 21- OC35 51- 30P4 12/- EF89 51- PEN45DD 12/- UF89 619 BCI07 41- OC36 7/6 
30P4MR 17/6 EF9I 3/3 PFL200 12/6 UL4I 10/6 BCI08 3/6 OC38 8/6 
30PI2 13/9 EFI83 61- PL36 9/6 UL84 6/6 BCI 13 51- OC4I 01- 
30PI9 12/- EFI84 61- PL8I 7/3 UM80 6/6 BCI 18 4/6 OC44 21- 
30PLI 15/- EH90 7/6 PL82 6/6 UY4I 71- BCYI0 51- OC45 1/9 
30PLI3 15/6 EL33 12/- PL83 6/6 UY85 5/9 BCYI2 51- OC46 21- 
30PLI4 15/- EL4I 10/3 PL84 6/6 2N404 61- BCY33 51- OC70 213 
CL33 18/6 EL84 4/9 PL500 13/- 2NI756 \0I- BCY34 4/6 OC7I 21- 
DY87 5/9 EL95 5/3 PL504 13/6 2N2I47 17/- BCY38 51- OC72 21- 
E88CC 12/- EM80 71- PL509 28/9 2N2297 4/6 BCY39 4/6 OC74 216 
EABC80 61- EM8I 716 PL802 15/- 2N2369 4/3 BCZI 1 3/6 OC75 21- 
EAF42 8/9 EM84 6/6 PY33 10/- 2N26I3 7/9 BDI 19 91- OC78 21- 
EB9I 2/3 EM85 M/- PY8I 5/3 2N3053 6/6 BFY50 41- OC78D 31- 
EBC4I 9/6 EM87 7/6 PY82 51- 2N3I2I 501- BFY5I 41- OC8I 21- 
EBC8I 5/9 EY51 7/6 PY83 5/9 2N3703 3/9 BFY52 416 OC8ID2/- 
EBF80 6/9 EY87 6/6 PY88 6/9 2N3709 41- BFI59 51- OC82 213 
EBF83 81- EZ40 7/6 PY800 7/6 2N3866 201- BFI63 41- OC83 21- 
EBF89 6/3 EZ80 4/6 PY80I 6/9 2N3988 10/- BFI73 7/6 OC84 21- 
EC92 6/6 EZ8I 4/9 U19 34/6 2S323 10/- BFI80 61- OC123 4/6 
ECC8I 3/9 HVR2 8/9 U25 13/- AAI 19 3/- BY 100 3/6 OCI69 3/6 
ECC82 4/6 KTW62 10/- U26 11/9 AAI20 21- BY 105 3/6 OC 172 41- 
ECC83 4/6 PABC807/3 U37 34/1 1 ACI 13 51- BYI 14 3,6 OC200 4/4 
ECC84 5/6 PC86 10/3 UI9I 12/6 AC 127 21- BY 126 21- OC202 4/6 
ECC85 5/6 PC88 10/3 U30I II/- AC 154 51- BY 127 3/6 OC203 4/6 

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

EST. 1891 

TECHKICAL TRAINING 

IN RADIO, TELEVISION AND 
ELECTRONIC ENGINEERING 

First class opportunities in Radio and Electronics await 
the ICS trained man. Let ICS train YOU for a well-paid 
post in this expanding field. 
ICS courses offer the keen, ambitious man the oppor- 
tunity to acquire, quickly and easily, the specialized 
training so essential to success. 
Diploma courses in Radio TV Engineering and Servicing 
Electronics, Computers, etc. Expert coaching for: 
• C. & G. TELECOMMUNICATION TECHNICIANS CERTS. 
• C. & G. ELECTRONIC SERVICING 
• R.T.E.B. RADIO AND TV SERVICING CERTIFICATE 
• RADIO AMATEURS EXAMINATION 
• P.M.G. CERTIFICATES IN RADIO TELEGRAPHY 
Examination Students Coached until Successful. 
NEW SELF-BUILD RADIO COURSES 
Build your own 5-valve receiver, transistor portable, 
signal generator, multi-test meter and professional-type 
valve voltmeter—all under expert guidance. 
POST THIS COUPON TODAY and find out how ICS can 
help YOU in your career. Full details of ICS courses in 
Radio, Television and Electronics will be sent to you by 
return mail. 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES. 

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

NAME   
Block Capitals Please 

ADDRESS 

i_: 
1.70 J 
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RADIO 

OPERATORS 

There will be a number of vacancies in the 
Composite Signals Organisation for ex- 
perienced Radio Operators in 1970 and in 
subsequent years. 

Specialist training courses lasting approxi- 
mately nine months, according to the 
trainee's progress, are held at intervals. 
Applications are now invited for the course 
starting in September 1970. 

During training a salary will be paid on 
the following sealer- 

Age 21 
22 
23 
24 
25 and over 

£800 per annum 
855 „ 
890 „ . 
925 „ 
965 „ 

Free accommodation will be provided at 
the Training School. 

After successful completion of the course, 
operators will be paid oh the Grade 1 sealer- 

Age 21 £965 per annum 
22 1025 „ 
23 1085 „ 
24 1145 „ 
25 (highest 1215 „ 

age point) 
then by six annual increases to a maximum 
of £1,650 per annum. 

Excellent conditions and good prospects 
of promotion. Opportunities for service 
abroad. 

Applicants must normally be under 30 
years of age at start of training course and 
must have at least two years' operating ex- 
perience. Preference given to those who also 
have GCE or PMG qualifications. 

Interviews will be arranged throughout 
1970. 

Application forms and further particulars 
from:- 

Recruitment Officer, 
Government Communications 

Headquarters, 
Oakley, 
Priors Road, 
CHELTENHAM, 
Glos., GL52 5AJ. 
Tel: Cheltenham 21491. Ext. 2270. 

There is scope,variety 

and responsibility as a 

RADIO 

TECHNICIAN 

in Air Traffic Control 

Join the National AirTraffic Control Service 
ofthe Board ofTradeasa RadioTechnician 
and you have the prospect of a steadily 
developing career in a demanding and 
ever-expanding field. 

Entrance qualifications; you should be 19 or 
over, with at least one year's practical experience in 
telecommunications. Preference will be given to 
those having ONC or qualifications in 
telecommunications. 

Once appointed and given familiarisation 
training, you will be doing varied and vital work on 
some of the world's most advanced equipment 
including computers, radar and data extraction, 
automatic landing systems, communications and 
closed-circuittelevision. Work is based on Civil 
Airports, AirTraffic Control Centres, Radar 
Stations and specialist establishments. Vacancies 
exist in various parts ofthe United Kingdom. 

Salary: £985 (at 19) to £1,295 (at 25 or over); 
scale maximum £1,500 (higher rates at 
Heathrow). Some posts attract shift-duty 
payments. Promotion prospects are excellent and 
ample opportunity and assistance is given to study 
for higher qualifications. 
The annual leave allowance is good and there is 
a non-contributory pension scheme for 
established staff. 

Send this coupon for full details and application form 
To; A. J. Edwards, C.Eng., M.I.E.E., M.I.E.R.E., Room 705, 
The Adeiphi, John Adam Street, London WC2 
marking your envelope 'Recruitment'. 

Name           

Address..., 

Not applicable to residents outside the United Kingdom. RC/A1 
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SMALL ADVERTISEMENTS 
Continued from page 379 

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

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

TOROIDS FOR SALE: 550, 475, 500, 395, 480, 270, 
210mH. 5/- each. Box No. G104. 

WANTED: Line output transformer, Murphy television 
V310A. Reasonable. Weaver, 53 Kennylands Road, Son- 
ning Common, Reading, Berkshire. 

FOR SALE: Taylor 88A Multimeter, 20kSl/V, wood 
case, 74 ranges to 5,000 volts and 10 amp., a.c./d.c. 
Resistance to 50MS2. £15. EICO 249 VTVM, 7yin. 
Meter, to 1,500V, a.c./d.c. Measures p-p Complex 
waves to 3MHz, measures resistance to l,000Mt2. £18. 
Heathkit Millivoltmeter AV3U. £10. All with manuals 
and leads. Box No. G106. 

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

FOR SALE: TW"Communicator",Shure push-to-talk mic., 
speaker, ground plane antenna and 30ft. coax., all leads, 
battery clips, 20 volt battery meter and switch. Com- 
plete 2 metre station ready to go on the air. Immacu- 
late. £80 o.n.o. Box No. G107. 

ARE YOU A MOTORING ENTHUSIAST? The Seven 
Fifty Motor Club caters for all types of motor sport—- 
racing, rallies, hill climbs, etc. Monthly Bulletin free 
to members. For full details write to; The General 
Secretary, Colin Peck, "Dancer's End," St. Winifred's 
Road, Biggin Hill, Kent. 

FOR SALE: Collection of stamps. £125. S.A.E. for details. 
Box No. G109. 

FOR SALE: Cossor 1049 MK. Ill Oscilloscope in good 
condition. £25. K. Beswick, 11 Chestnut Walk, Strat- 
ford, Warwickshire. 

TO CLEAR. Back numbers of "The National Geo- 
graphical Magazine", to January 1959. 3/6d. each post 
paid. Box No. G110. 

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 TO CLEAR: "The Upper Atmosphere", Massey 
& Boyd, 50/-."KEOEEIT", story of the Aurora Borealis 
20/-. "The Living Brain", Grey Walter, 10/-. "Teach 
Yourself Russian", 5/-. "Principles of Modern Book- 
keeping", 5/-. "Outlook", elementary weather fore- 
casting, 7/6d. "Marine Signalling Method^', Pomphrey, 
10/-. "Practical Nucleonics", experiments in Nuclear 
Physics, Pearson & Osborne, 25/-. "Health Physics", 
principles of radiation protection, Rees, 50/-. "Violent 
Universe", Calder, 15/-. All plus postage. Box No. 
Gill. 

FOR SALE: 500 I.T.A. converter tuners. Send 3/- to cover 
postage and packing for sample to: E. Graley, 15 
Roskell Road, Liverpool 25. 

(Continued on page 383) 
JANUARY 1970 

JACKSON ® 
Iha by name in PRECISION components 

The Latest Transmitter Capacitor 

Type TX 5 

Variable Capacitor 

Ceramic insulation. End 
area 2| x 2J.". Heavy gauge 
aluminium vanes with radi 
used edges. 
.128" air gap up to 150pF. 
.064" air gap up to SOOpF. 
.036" air gap up to lOOOpF. 
Designed for use in radio transmitting and power 
oscillators. Split stator models also available to order. 

Write for details 

iWrnm 

JACKSON BROS. (London) LIMITED 
Dept. RC, K1NGSWAY-WADDON, CROYDON, CR9 4DG 
Phone Croydon 2754-5 (01-688). Grams Walfilco, Croy- 
don. U.S. Office; M. Swedgal, 258 Broadway, N. York. 
N.Y. 10007. 

FREE 
TO AMBITIOUS ENGINEERS 

— THE LATEST EDITION OF ENGINEERINC OPPORTUNITIES 

Hare you sent for your copy 7 
ENGINEERING OPPORTUNITIES is a highly Informative 164 page 
guide to the best paid engineering posts. It tells you how you can 
quickly prepare at home for a recognised engineering qualification 
and outlines a wonderful range of modern Home Study Courses in 
all branches of Engineering. This unique book also gives full details 
of the Practical Radio & Electronic Courses administered by our 
Specialist Electronics Training Division - explains the benefits of 
our Appointments Dept. and shows you how to qualify for five 
years promotion in one year. 
"Satisfaction or refund of fee'* terms 
Whatever your age or experience you cannot afford to miss reading 
this famous book. Send for your copy of "ENGINEERING 
OPPORTUNITIES" today - FREE. 
Practical Equipment including Tools 
The specialist Electronics Division of B.I.E.T. NOW offers you a real 
laboratory training at home with practical equipment. 
Basic Practice and Theoretical Courses for beginners in Radio, T.V., 
Electronics, etc. Ask for details. 
Which is your pet subject 
A.M.I.E.R.E. City & Guilds □ Radio Amateur's Exam. □ R.T.E.B. 
Certificate P.M.G. Certificate □ Practical Radio □ Radio & Television 
Servicing □ Practical Electronics □ Electronics Engineering □ 
Automation □ 
The B.I.E.T. is the leading institute of its kind in the world. 

I Please send British Institute of 
| Free Books and _ . . ^ ^ 
| Full Information Engineering Technology 

NAME   

ADDRESS  

n 

Subject 
of interest- Age... 

ALDERHASTON COURT, Dept D13. Aldermaston, Berks. 
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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. 

/ T/■■■■ 
m 

.■ 

PRICE 14/- Postage 1/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 

TRAINEE 

RADIO TECHNICIANS 

A PROGRESSIVE CAREER IN THE FIELD OF 
RADIO AND ELECTRONICS 

Applications are now invited for an intensive 
training course of two years, leading to appoint- 
ment as a fully qualified RADIO TECHNICIAN, 
with further prospects of progression to the Tele- 
communications Technical Officer Class. 

Generous Pay and Conditions while under train- 
ing. 

Candidates must be over 16 and under 21 years 
of age as at 7 September 1970, on which date 
training commences. 

Minimum educational qualifications required 
are passes at GCE 'O' Level in English Language, 
Mathematics and Physics (already held or ex- 
pected to be obtained in the Summer, 1970). 
Equivalent passes in Scottish or Northern Ireland 
Certificates and CSE Grade I passes are also 
acceptable. 

Closing date for receipt of applications 27 
February 1970. 

Apply for full details and application form to;- 
THE RECRUITMENT OFFICER (TRT/63), 

GOVERNMENT COMMUNICATIONS 
HEADQUARTERS, 

OAKLEY, PRIORS ROAD, 
CHELTENHAM, GLOS. 

GL52 5AJ. 

HENRY'S RADIO LTD. t^N%
R|ROAD 

HAVE THE FOLLOWING VACANCIES IN THEIR ORGANISATION 
SALES ASSISTANT; Young man with good general knowledge of 
electronic components required for our retail sales dept. Please 
telephone 723—1008/9 ext. I, 
SALES ASSISTANT, HI-FI DEPT. Young man with a good general 
knowledge of HIGH FIDELITY EQUIPMENT required for our 
retail HI-FI SALES DEPT. Please contact MR. STEVENS, Telephone 
723-6963. 

3 TRANSISTOR RADIO KIT 
The small transistor radio, supplied complete 
with earphone and powered by a small mercury 
battery, is mounted in a stout plastic box 
measuring 3" x 2" x 1". The radio is capable 
of receiving Radios 1, 3, 4 and Luxembourg, 
together with a number of Continental stations 
after dark. Supplied with instructions for easy 
assembly. 
ISHERWOODS ELECTRONICS BLACKBUR N™ AN CS. 

A MUST FOR THE HI-FI PERFECTIONIST 
AUDIO ADAPTOR UNITS 

TYPE AAU-2. Provides switching between 2 pairs of speakers 
and 1 pair of Stereo Headphones to 1 Stereo Amplifier, which 
can be^either switched singly or simultaneously. 
TYPE AAU-3. Provides switching between 3 Stereo inputs to 
a common Amplifier input. A general purpose unit suitable for 
pick-ups, tuners, mics, tape, etc. Two inputs at rear and I 
via front DIN socket. Rear inputs are alternately switched to 
front socket for feeding external equipment. 
TYPE AAU-4. Provides Stereo Record/Replay connections be- 
tween 2 Stereo or Mono Tape Recorders, to 1 Stereo Amplifier. 
One Recorder can be permanently installed in the cabinet with 
amplifier, connected via the rear sockets. The other can be 
used externally, and be connected to the front socket as 
required. 
TYPE UUA-TV. Provides a ready means of connecting external 
equipment to a TV receiver with complete safety. 
We stock all the above and many other units manufactured by 
M.A.C. Ltd. Write for full details to: 
W. E. C. LTD. (AC), 74 The Street, Ashtead, Surrey 

29'6 
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SMALL ADVERTISEMENTS 
Continued from page 381 

FOR SALE: G2DAF Linear Amplifier and power supply. 
£50 o.n.o. S.A.E. for details. Box No. G108. 

FOR SALE: Mains transformers: Woden RMS 12A, 
350-0-350V, 120mA, 6.3V 4A, 6.3V 2A, £2. Woden fil. 
3.75-0-3.75V, 5A, £1. 350-0-350V, 250mA, 5V 2A x 
2, 6.3V 2A, 2V 1A, £1. 250-0-250V, 100mA, 4V, 6.3V, 
2A, 15/-. 0-140V tapped out, 250V a.c. tapped in, 10/-. 
Postage paid. Box No. G112. 

POSTAL ADVERTISING? This is the Holborn Service, 
Mailing lists, addressing, enclosing, wrappering, fac- 
simile letters, automatic typing, copy service, campaign 
planning, design and artwork, printing and stationery. 
Please ask for price list.—The Holborn Direct Mail 
Company, Capacity House, 2-6 Rothsay Street, Tower 
Bridge Road, London, S.E.I. Telephone: 01-407-1495. 

FOR SALE: 200 pathological specimen slides. Suit 
medical student. £3. G2UK, East Keal, Romany Road, 
Oulton Broad, Suffolk. 

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

FOR SALE: Tannoy hand mic. £1. Eddystone P.A. coil 
formers, 10/-. Parmeco mains choke, 10H, 250mA, £2. 
2 metre converter £3. 20W motor generator, ex-A.M., 
12V 4A in, 400V 0.05A out, £2. Bubble sextant Mk. DC, 
£3. Box No. Gil3. 

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. 

MAGAZINES TO CLEAR: CQ 1947-November, 1955- 
April, 1957-February to June, 1959-July to December, 
1960-compIete, 1961-all except August, 1962, 1963- 
complete, 1964-March missing, 1965-complete, 1966-all 
except October, l/6d. per copy. QST, 1948 October, 
1961 October to December, 1962 September, 2/- per 
copy. RSGB Bulletin, 1956-May, September, October, 
1957-August, September, 1958-February, July to 
December, 1959-60-complete, 1961-August, Septem- 
ber missing, 1962-February to May, 1/- per copy. 73, 
1963-JuIy, August, September to November, 1967- 
January, October, 1968 January, February, April & 
November, l/6d. per copy. Wireless World, 1947- 
December, 1958-September, 196C)-January, April, June, 
September to December, 1964-January, December, 
1965-January to June, 2/- per copy. Box No. G114. 

INNOVATION IN DX CLUBS ANNOUNCED! Formed 
in October, 1965, the Radio New York Worldwide 
Listeners Club now has 3,600 members in 86 countries! 
A unique club offering shortwave listeners monthly 
magazines containing listening tips and technical fea- 
tures, numbered wallet-sized membership cards and 
gold 8/in, by 11 in. membership certificates. Multi- 
lingual report forms available for cost of postage. "We 
must^be doing something right!" "Find out . . . join 
now!" Send 7s. 2d. (crossed domestic money order) for 
one year's membership to: The Radio New York 
Worldwide Listeners Club, 485 Madison Avenue, New 
York 10022, U.S.A. 

RECITALS OF RECORDED MUSIC. The second 
Saturday evening of each winter month. Next recital- 
January 10th, 1970, 8 p.m. Woodford Green United 
Free Church, Woodford Green, Essex. Bus routes 20, 
20A, 38A and 179—alight at "The Castle" stop. 

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. 

JANUARY 1970 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format 7£" x 9^") 

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 
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CHASSIS 
and 

CASES by 
edgware road 

H. L SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

BLANK CHASSIS 
FOUR-SIDED 16 SWG ALUMINIUM 

CASES 
Size 

8x6x2"* 
6x6x3" 
4x4x2" 
4x4x4" 
5^x41x41" 
8x6x6" 
91x7^x3^" 
15x9x9" 

jr 
N 
N 
U 
U 
U 
U 
U 
W 8x6x6" 

ALUMINIUM, SILVER 
HAMMERED FINISH 

Price Type Size 
W 12x7x7" 
W 15x9x8" 
Y 
Y 
Y 
Y 
Z 
z 

Type N 

8x6x6" 
12x7x7" 
3x7x9" 

15x9x7" 
7x10x9" 

19x10x8*" ♦ Height 
Type N has removable bottom, Type U re- 
movable bottom or back, Type W removable 
front, Type Y all screwed construction. Type 
Z removable back and front Plus p. & p. 

Type Y 

Size 
6x4x2" 
7x4x1*" 
7x5x2" 
8x4x2" 
8*x5*x2" 
9x7x2" Price 0x4x2 37/6 12x4x2* 
12x5x3" TypeZ 48/6 Type 

29/- W Type U 45/- 
50/6 7x5fxl*" 

7x54x2" 53/6 
72/6 4x1*" 

4x2" 
11x6 78/- 1x6 

Price Base 
6/3 2/11 
6/- 3/2 7/6 3/5 
7/- 3/4 
«/- 3/9 9/3 4/10 
9/- 3/9 

10/- 4/3 
12/- 4/9 

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

10/- 5/6 154x94x2*" 17/- 9/6 
10/- 5/6 174x94x2*" 18/6 10/6 

Plus post & packing 

Size 
10x8x2*" 
12x7x2*" 
12x9x2*" 
13x8x2*" 
14x7x3" 
14x10x2*" 
15x10x2*" 
17x10x3" 

Price 
12/- 
12/- 13/9 
13/9 
14/6 
16/- 
16/6 
19/6 

Base 
5/6 
5/11 
7/- 6/11 
6/6 
8/7 
9/1 10/1 

PANELS: Any size up to 3ft. at 6/- sq.ft. 16 s.w.g. 
(18 s.w.g. 5/3). " -1 Plus postage and packing. 

THE IMPROVED WILSIC SIGNAL 
INJECTOR. Now all-silicon circuit 
for extra high frequency harmonics. 
Light and compact, measuring only 
34" x I", excluding probe. Price ready for use, including battery, 
32/6 post free. 
BUILD A WAH-WAH PEDAL : SELECTIVE AMPLIFIER 
MODULE. Basis of Wah-Wah Pedal. All components to build 
two transistor circuit, including sockets^ control, battery and 
clip, resistors, capacitors and Veroboard. Full instructions 
provided. 30/- post free. Assembled and tested £2. 
WILSIC REVERBERATION UNIT. Owing to fantastic demand 
for this unit, we are temporarily out of stock of this popular 
kit. We shall be able to resume supplies in February. 
BUT YOU MAY RESERVE ONE NOW ! PLEASE ENQUIRE. 
Send 1/- for our catalogue of components, testmeters, musical 
electronics and more details of the above items. Callers welcome. 
WILSIC ELECTRONICS LIMITED 

6 Copley Road, Doncaster, Yorkshire 

X(/KAW SO PBOF£SSIOA/AL TH£ 
S£lfm&WSik. Yt/wv Aexosoc «w- 
/*,/ fhsSG' aire/n/ZHg GRSY HAMMER 

AiriW/ np BLACK WRfNKCe 
rt VWI UK (CRACKLE) fmishes 
Yukan Aerosol spraykit contains 16 ozs. fine quality, durable easy instant spray. No stove baking required. Hammers available in grey, blue, gold, bronze. Modern Eggshell Black Wrinkle (Crackle) all at IS/I I at our counter or 16/11, carriage paid, per push-button self-spray can. Also Durable, heat and water resistant Black Matt finish (j2 ozs. self-spray is only) 13/11 carriage paid. 

Other rukon Ak Drying Aermfc. Uozs.otib/N can- paii mdude: Zinc Chrome* Clear Lacquer Mecallict: Grey. S cans only) I.,.. „ - r  SPECIAL OFFER; I can plus optional transferable snap-on trigger handle (value S/-) for 18/11, carriage paid. Choice of 13 self-spray plain colours Bronze ond Coll. and primer (Motor car quality) also available. 
Please enclose cheque or crossed P.O. for total amount direct to: -3^ ' 
DEPT: N/1 YUKAN, 307a, EDGWARE ROAD, LONDON, W.l. We supply many Government Departments. Municipal Authorities, Institutes and Leading Industrial Organisations—We can supply you too. ^^■■^■■■^■■Open all day Saturday. Closed Thursday aftemoons.l 

"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. 

I enclose Postal Order/Cheque for... _in payment for_ 

NAME 

ADDRESS 

(Please use Block Capitals for both name and address) 
Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order 
All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 
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HENRY'S RADIO LID 

ENGLAND'S LEADING 
COMPONENT AND 

■ EQUIPMENT CENTRES 

—i 

BUILD A QUALITY 4 TRACK TAPE RECORDER ■ HENRY'S RADIO fully Illustrated CATALOGUES Tn opt rhp hP« m.t of uhi.r MAr.NAVOXnFCK von need a **   -l To gel the best out of your MAGNAVOX DECK, you need MARTIN RECORDAKIT. Th.s comprises a spec.al h.gh quality 6 valve amplifier and pre-amplifier which comes to you assembled on it's printed circuit board - in fact every- thing for making a superb Tape Recorder. You need no ex- nical skill to bring this about. THE INSTRUCTIONS MANUAL MAKES BUI LDING EASY. AND SUCCESS IS ASSURED. Kit comprises Deck, Amplifier, Cabinet and speaker, with microphone. 7" 1200 ft tape, and spare spool. ASK FOR BROCHURE 6 TODAYS VALUE £60. 
PRICE 39gns p.p. 22/6. NOTHING ELSE TO BUY 

SCOOP! STAAR RECORD PLAYER 

MULLARD 1 WATT AMPLIFIER PRICE 59/6. 
p.p. 3/6. Send for leaflet 
No. 2. Ideal for use with STAAR RECORD DECK 

PRICE 46/-. p.p. 2/6. 

GARRARD 
RECORD DECKS 

BUILD 
YOURSELF 
A 
QUALITY 
RADIO 

New printed circuit design with full power output. Fully tuneable on both mw/lw. bands. 7 Mullard transistors. Fitted 5" speaker. Room Filling Power. Easy to build with terrific results. All local and continental stations. Complete detailed instructions. 
TOTAL COST £6.19.6. p.p. 4/6. Ask for Leaflet No. 1. 

TRANSISTORS DIODES RECTIFIERS 

HENELEC 5-5 STEREO AMPLIFIER 

v & ft ft 

SINCLAIR EQUIPMENT The SINCLAIR IC-10 is the worlds first 

BUILD THIS VHF FM TUNER 

PARTS TOTAL COST £6.19.6. DECODER £5.19.6 ASK FOR LEAFLET No. 3. (FOR STEREO) 

ALL TYPES A 
OF ELECTRONIC 
COMPONENTS 
TEST 
EQUIPMENT 
KITS 
BUILT UNITS 

KM 
HIGH 
FIDELITY 
& GENERAL 
AUDIO 
EQUIPMENT 
CATALOGUE 

COMPREHENSIVE • CLEAR ' CONCISE ' CATALOGUES 
A Over 300 pages fully detailed and illustrated with more than 6.000 stock items. Every- thing for amateur and professional use. Complete with 5 vouchers 10/- value, for use with purchases. ________ ORDER AS CATALOGUE A PRICE 7/6. p.p. 21- 
B New audio and high fidelity catalogue. 120 pages containing ideas and equipment for every application. Special low prices for all leading makes. Plus 12/6 extra discount voucher. 

ORDER AS CATALOGUE B. PRICE 7/6. p.p. 1/-. 

WHY NOT 
SEND 
AWAY 
TODAY! 

AUDIO EQUIPMENT 
Mono or Stereo Audio equipment developed from Dinsdale Mk. II - each unit or system will compare favourably with other profes- sional equipment selling at much higher prices. 
£11.1Z.6. to £38.17.6. (all units available separately). 
THE FINEST VALUE IN LOW COST HIGH FIDELITY- CHOOSE A SYSTEM TO SUIT YOUR NEEDS AND SAVE YOURSELF POUNDS. 
SEND FOR BROCHURES No 12/14 and 21 TOD. 

* 

Hhf! equipment to suit EVERYP0CK(T 
HIGH FIDELITY AUDIO EQUIPMENT CATALOGUE 5A p.p. lA 

VISIT OUR NEW HI-FI CENTRE AT 309 EDGWARE ROAD, for all leading makes of - AMPLIFIERS. TUNERS, DECKS. SPEAKERS. MICROPHONES. TEST EQUIPMENT. ALL WITH DISCOUNTS - IT WILL PAY YOU TO PAY US A VISIT. AUDIO SYSTEMS £40 - £300 TO SUIT EVERY POCKET DEFERRED TERMS AVAILABLE nCMniuCTD ATinw DfinMC SEND FOR ILLUSTRATED BROCHURE 16/17. TWO DEMONSTRATION ROOMS 

Eleclronic Musical Insiruments 
ELECTRONIC ORGANS 

COMPLETE KITS FOR THE HOME CONSTRUCTOR 
STAR FEATURES: •ALL TRANSISTOR PRINTED CIRCUIT DESIGNS. •BRITISH DESIGN 'STEP BY STEP DETAILED INSTRUCTIONS "SAVES UP TO 50% ON COMMERCIAL EQUIVALENT 'EVERYTHINGSUPPLIED DOWN TO THE LAST ITEM "FULL AFTER-SALES SERVICE & ADVICE. •CREDIT SALE & H P. TERMS AVAILABLE. 
We are pleased to offer the choice of FOUR 
British designs from a single manual portable at 
£99 THE MAYFAIR for light or classical music - 
to a two manual five octave de-luxe model with 
OAK CONSOLE from £285 for the serious musician. 
These kits are the result of years of research and 
design and offer the best that is essential to good 
organ' designs, coupled with excellent value are 
within the reach of most pockets. No technical skill 
or knowledge is required in construction.with the 
aid of the STEP BY STEP illustrated manuals will 
produce an instrument that will be a delight to own 
and use and will give years of trouble free enter- 
tainment for the whole family. 
SEND FOR ILLUSTRATEDBROCHURES 9/10/11 TODAY' When in L.ONOON . CALL IN SEE, HEAR, PLAY FOR YOURSELF. Organ Demonstration Room 1st Floor. PRACTICAL ELECTRONICS ORGAN ORGAN COMPONENTS 
We ate able to supply all items lor ihis se 

ILLUSTRATION ol 
GROSVENOR ELECTRONIC ORGA 

Built models available from £ 124. 

Mail Order Dept. Components, Organ Dept. High Fidelity and Equipment Centre 
303 EDGWARE ROAD, LONDON W.2, 309 EDGWARE ROAD, LONDON W.2. 
Telephone: 01-723 1008/9 Telephone: 01-723 6963 

| OPEN MON-SAT 9am-6p.m.THURS 9a.m-1p.m 


