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AA119 AAY11 AAZ12 AC107 AC126 AC127 AC127Z AC128 AC151 AC176 AC187 AC188 ACY17 ACY18 ACY19 ACY20 ACY21 ACY22 ACY30 AD140 AD149 AD161 AD 162 ADT140 AF102 AF106 AF114 AF115 AF116 AF117 AF118 AF121 AF124 AF126 

BC137 BC138 BC142 BC143 BC147 BC148 BC149 BC154 BCY10 BCY12 BCY30 BCY31 BCY32 BCY33 BCY34 BCY38 BCY39 BCY40 BCY42 BCY43 BCY54 BCY70 BCY71 BCY72 BCY87 BCZ11 BD119 BD121 BD123 BD124 BF152 BF154 BF159 BF163 

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 M ATI 00 M ATI 01 MATI20 MATI21 

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 

OC24 OC25 OC26 OC28 OC29 OC35 OC36 0041 OC42 OC43 OC44 OC45 OC70 OC71 OC72 OC73 OC75 OC76 OC77 OC81D OC81 OC82 OC82D OC83 OC84 OC123 OC139 OC140 OC169 OC170 OC171 OC200 OC201 OC202 

1N4001 1N4005 1N4007 1S44 2G302 2G339A 2G374 2G381 2G371 2G371B 2N174 2N301 2N109 2N217 2N386 2N384 2N385A 2N388A 2N370 2N404 2N410 2N511A 2N513A 2N514B 2N599 2N601 2N657 2N696 2N697 2N698 2N706 2N706A 2N708 2N711 

PRICES FOR QUANTITIES IN 
EXCESS OF 100 PIECES ON APPLICATION 

FIRST GRADE + 

FAST SERVICE 
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 BC116 BC118 BC125 BC126 BC134 BC136 

12/- 14/- 11/9 

BF167 BF173 BF178 8F179 BF180 BF181 BF184 BF194 BFX13 BFX29 BFX44 BFX87 BFY50 BFY51 BFY52 BFY53 BSX20 BSX21 BSY27 BSY95A BTX39/ 600R BTX40/ 600R BTY87/ 150R BTY91 / 47/- BY100 BY 125 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 OAIO 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 OC20 OC22 OC23 
33/- 13/- 15/- 

10/6 
OC203 OC204 OC205 OC206 OC207 ORP12 ORP60 ORP61 ORP63 ORP93 OC309 P346A RAS310AF RAS508AF 15/- ST2 ST140 ST141 T1S44 TIS43 U23AAA V405A XA102 XA702 ZT22 ZT86 ZT2270 1N23A 1N34A 1N60 1N64 1N82A 1N87A 1N191 1N914 

9/9 

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 

2N2368 2N2369 2N2369A 2N2432 2N2477 2N2484 2N2613 2N2614 2N2646 2N2894 2N2904A 2N2924 2N2925 2N3036 2N3053 2N3054 2N3055 2N3394 2N3525 2N3702 2N3703 2N3704 2N3705 2N3706 2N3707 2N3708 2N3709 2N3710 2N3711 2N3819 2N3820 2N3826 2N3906 

When enquiring for 
types not llstei please enclose s STAMPED ADDRESSED 

ENVELOPE 
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 J or 1 Watt 5% LOW NOISE CARBON FILM. 10. 12, 15, 18, 22. 27,33, 39, 47. 56. 68. 82 ohms and decades (X 10, xlOO, x l.OOO, X 10,000) I Meg etc. to 8.2 Megohms (10% tolerance). PRICES: 1-25 4d, 26-99 3d, IOO+2d (your selection { and /or { 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/-. ELECTROLYTIC CAPACITORS (Milliard). +50".', tol. Subminiature (all 4V 6.4V 10V 16V 25V 40V 64V Price 

32 

0.64 1/6 

64 

1/2 

125 

10 I/- 20 l/l 

-10% mF)- 400 320 200 125 80 50 32 1/2 

sil? 
-l7 

MIN. POLYESTER CAPACITORS. Printed circuit 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 2J x 3}", 3/3. 2} x 5". 3/ x 3;". 3/11. 3J x 5". 5/6. 3i x j8', 18/-. BARGAIN PACK of 36 square inches all good size pieces only 10/— pack. VEROBOARD 0.1" Matrix. 31 X 25', 3/9. VEROPINS for 0.15", 36 pieces 3/-. VER CUTTER 9^- (including free sample pieces). 
S-DeCs-c-o^dpio. 0 UClJOject manua, 29/6 "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 117/6 BOOKS FROM STOCK General Electric Transistor Manual, 660 pages of data and circuits .. 29/6 . 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 . . 25/- (ADD 2/6 POST & PACKING FOR ALL BOOKS) NEONS Signal neons for many types of circuit, type "N" Price 1/6 each or 16/— dozen. HEATSINKS. Suitable for 2 X OC35. etc. As used in commercial equipment. Type I0D .. .. .. 6/- ALUMINIUM CHASSIS 6 X 4 X 2}' 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 (SJ ll—2}mA Selenium type 15/- SIM 0.3-0.4 volts IO-l6mA Silicon .. 19/- S4M 0.3-0.4 volts <a} 25-40mA Silicon . . . . 33/6 

2N3819 fe?5 8^- 
25+6'9 100+5'9 

OMiiOTI MOTOROLA ZNtO/I Unijunction 
6^9 

25+5'9 100+4'9 

2N3055 1 POWER1 15'- 
25+13'- 100+11'- 

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

BC107/8/9 
Planars 2'9 

Sldfn plessey oLfUO 3 WATT 
INT. CIRCUIT arwc 

AMPLIFIER WD 

nPP71 LST UUI"/ 'equivalent 
PHOTO 
TRANSISTOR 9/6 

mm ■i 

[i LOGIC 
1-6 7-11 12+ uL900 9/9 9/- 61- uL9l4 9/9 91- 8/- uL923 13/- 12/- 11/- Five Page Data and Cir- cuits article . . .2/6 Larger quantity prices (100+ and 1,000+) on application. 

Plastic Spreaders . 1/6 

BF180 MULLARD UHF 
AMPLIFIER 6'" 
25 + 4'11 100 + 4'3 

2N26URCA ,.Q LOW NOISE AUDIO 4'3 
25+4'- 100 + 3'- 

Dyi97 MULLARD D"'' RECTIFIER 
800PIV I amp 5/- 
25+ 4/3 100+ 3/- 

2N2926 LOW COST 
NPN PLANAR 2'- 
25 + 1'B 100 + 1'6 

SILICON RECTIFIERS 
PIV 200mA 750mA 2 Amp 10 Amp 

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

1000 — 61- 6/6 14/- 

ULTRASONIC TRANSDUCERS 
e at 40kc/s. Can be used for 

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

100 . — 101- 10/- 30/- 22/- 
200 . 8/6 —■ 12/6 42/- 35/- 
300 . — "A- — 51/- — 
400 . 9/6 12/6 '5/- 60/- 45/- 
600 . —• — 20/- 84/- 120/- 
800 . — — — — — 

yo^lloo^ 

OV 

te control systems without cables or electronic links. Type 1404 trans-ducers transmit 
FREE:'with each pair our complete transmitter and receiver circuit. PRICE £5.18.0 Pair (Sold only in pairs) 

NEW SPECIAL ITEMS!! 
40602- Dual Gale MOS-FET O7- each 
L14B— Photo-Darlinglon Amplifier 26/6 
MGA100—Gallium Arsenide Infra Red Light 

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

followed by Bi-Polar transistor IS'G 
Datasheets V-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 refer- ences if Credit facilities required. Post & Packing I/- per order (FIRST CLASS). 
MAIL ORDER DEPT. & RETAIL SH0P:- 
LST, 7 Coptfold Road, Brentwood, Essex 
Telephone: 226470/1 (Sales Department) 
EXPORT ENQUIRIES PARTICULARLY WELCOME 



VALUE ALL THE WAY 

QUALITY-TESTED PAKS 
6 Matched Trans. OC44/45/81/81D . 10/. 20 Red Spot AF Trans. PNP  10,' F6 White Spot RF Trans. PNP  I( 5 Silicon Rects. 3 A 100-400 PIV ... 10 2 10 A Silicon Rects. 100 PIV  IC 2 OC 140 Trans. NPN Switching. .. IC 1 11 A SCR 100 PIV  10 3 Sil. Trans. 2S303 PNP   10 3 200 Mc/s Sil. Trans. NPN BSY26/27 10 3 Zener Diodes I W 33V 5% Tol  10 4 High Current Trans. OC42 Eqvt.. IC 2 Power Transistors I OC26 1 OC35 IC 5 Silicon Rects., 400 PIV 250mA  10 4 OC75 Transistors  10 1 Power Trans. OC20 100V  IC 10 OA202 Sil. Diodes Sub-min  IC 2 Low Noise Trans. NPN 2N929/30 10 1 Sil. Trans. NPN VCB 100 ZT86 . . 10 8 OAS I Diodes  IC 4 OC72 Transistors  10 4 OC77 Transistors   IC 4 Sil. Rects. 400 PIV 500mA  10 5 GET884 Trans. Eqvt. OC44   IC 5 GET883 Trans. Eqvt. OC45   IC 2 2N708 Sil. Trans. 300Mc/s NPN .. 10 3 GT31 LF Low Noise Germ Trans. IC 10 IN9I4 Sil. Diodes 75 PIV 75mA. .. 10 8 OA95 Germ. Diodes Sub-min. IN69 IC 3 NPN Germ. Trans. NKT773 Eqvt.. 10 2 OC22 Power Trans. Germ  10 2 OC25 Power Trans. Germ  IC 4 AC 128 Trans. PNP High Gain  10 4 AC 127/128 Comp. pair PNP/NPN 10 7 CG62H Germ. Diodes Eqvt. OA7I IC 3 AFI 16 Type Trans  IC 12 Assorted Germ. Diodes Marked .. 10 4 AC 126 Germ. PNP Trans  10 3 AFI 17 Trans  10 7 OC81 Type Trans  10 3 OCI7I Trans  IC 5 2N2926 Sil. Epoxy Trans  IC 7 OC7I Type Trans  IC 2 2S70I Sil. Trans. Texas. NPN.... IC 2 10 A 600 PIV Sil. Rects. IS45R ... 10 3 BCI08 Sil. NPN High Gain Trans. IC 
1 2N9I0 NPN Sil. Trans. VCB 100 . 10 2 1000 PIV Sil. Rect. 1-5 A R533I0AF 10 3 BSY95A Sil. Trans. NPN 200Mc/s. 10 3 OC200 Sil. Trans  10 2 GET880 Low Noise Germ. Trans. 10 
I AFI39 PNP High Freq. Trans  10 3 NPN Trans. I STI4I & 2 STI40 .. 10 4 Madt's 2 MAT 100 & 2 MAT 120... 10 3 Madt's 2 MATI0I & I MATI21 ... 10 4 OC44 Germ. Trans. AF  10 3 ACI27 NPN Germ. Trans  10 1 2N3906 Sil. PNP Trans. Motorola 10 2 2N I 132 PNP Epitaxial Planar Sil. . 10 10 OA90 Germ. Diodes  10 2 OC20 I PNP Sil. Alloy Trans  10 4 2N696 NPN Sil. Trans. TO-5  10 42N2696 PNPSil. Planar Trans. TO-18 10 3 2N24II Fast Switch PNP Sil. Trans. TO-18  10 8 2N3708A NPN Plastic Sil. Trans. . . 10 2 2N9I8 VHF 600M/cs. Sil. NPN Trans  10 6 GT4I Germ. Trans. PNP R.F.4M/cs. 10 1 S.C.R. 3amp. Stud type CRS3/400 A.F. 400 PIV  10 2 Sil. Noise Generator diodes similar TO-18    10 2 Sil. Power Rects. BYZI3  15 I Sil. Power Trans. NPN lOOMc/s. TK20IA   15 3 2N697 Epitaxial Planar Trans. Sil.. 15 4 Germ. Power Trans. Eqvt. OCI6 . 15 1 Unijunction Trans. 2N2646   15 2 Sil. Trans. 200Mc/s 60Vcb ZT83/84 15 2 2N27I2 Sil. Epoxy Planar HFE225 15 

8 BY 100 Type Sil. Rects  20 20 NKT Surplus Trans. New A.F. R.F. VHF + Equiv. sheet  10 25 Sil. and Germ. Trans. Mixed, all marked. New  30 

500, Chesham 
House, 

150 Regent St. 
LONDON, 

W.l. 

GIRO No. 388-7005 

KING 
FEBRUARY 1970 

KING OF THE PAKS 

SUPER PAKS 

Unequalled Value and Quality 
NEW BI-PAK UNTESTED 

SEMICONDUCTORS 
Satisfaction GUARANTEED in Every Pak, or money back. 

Pak No. Ul 120 Glass Sub-min. General Purpose Germanium Diodes 10/— 
U2 60 Mixed Germanium Transistors AF/RF  10/- 
U3 75 Germanium Gold Bonded Diodes sim. OAS, OA47. 10/- 
U4 40 Germanium Transistors like OC8I, AC 128  10/- 
U5 60 200mA Sub-min. Sil. Diodes  10/- 
U6 40 Silicon Planar Transistors NPN sim. BSY95A, 2N706 10/- 
U7 16 Silicon Rectifiers Top-Hat 750mA up to 1,000V ... 10/- 
U8 50 Sil. Planar Diodes 250mA OA/200/202  10/- 
U9 20 Mixed Volts 1 watt Zener Diodes  10/- 
Ul 1 30 PNP Silicon Planar Transistors TO-5 sim. 2NI 132.. 10/- 
UI3 30 PNP-NPN Sil. Transistors OC200 & 2SI04  10/- 
U14 150 Mixed Silicon and Germanium Diodes   10/- 
U 15 30 NPN Silicon Planar Transistors TO-5 sim. 2N697 . . 10/- 
U 16 10 3-Amp Silicon Rectifiers Stud Type up to 1000 PIV. 10/- 
U 17 30 Germanium PNP AF Transistors TO-5 like ACY 17-22 10/- 
U18 8 6-Amp Silicon Rectifiers BYZI3 Type up to 600 PIV 10/- 
U19 30 Silicon NPN Transistors like BCI08   10/- 
U20 12 l-5-amp Silicon Rectifiers Top-Hat up to 1,000 PIV. 10/- 
U2I 30 A.F. Germanium alloy Transistors 2G300 Series & OC7I  10/- 
U23 30 Madt's like MAT Series PNP Transistors  10/- 
U24 20 Germanium l-amp Rectifiers GJM up to 300 PIV.. . 10/- 
U25 25 300 Mc/s NPN Silicon Transistors 2N708, BSY27... 10/- 
U26 30 Fast Switching Silicon Diodes like IN9I4 Micro-min 10/- 
U28 Experimenters' Assortment of Integrated Circuits, un- tested. Gates, Flip-Flops, Registers, etc., 8 Assorted Pieces 20/— 
U29 10 1 amp SCR's TO-5 can up to 600 PIV CRS1/25-600.. 20/- 
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, 25302/4   10/- 
U35 25 Sil. Planar trans. PNP TO-18 2N2906   10/- 
U36 25 Sil. Planar NPN trans. TO-5 BFY50/5I/52  10/- 
U37 30 Sil. alloy trans. SO-2 PNP, OC200 2S322  10/- 
U38 20 Fast Switching Sil. trans. NPN 400Mc/s 2N30I 1 . . .. 10/- 
U39 30 RF Germ. PNP trans. 2N 1303/5 TO-5  10/- 
U40 10 Dual trans. 6 lead TO-5 2N2060   1 Ol- 
U4I 30 RF Germ, trans. TO-I OC45 NKT72  io 1- 
U42 10 VHF Germ. PNP trans. TO-I NKT667 AFI 17  10/- 
Code Nos. mentioned above are given as a guide to the type of device in the Pak. The devices themselves are normalTy unmarked. 
NEW LOW PRICE TESTED S.C.R.'S 
I Amp (TO-5) 3 Amp (TO-66) 7 Amp (TO-48) P1V Each PIV Each PIV Each 50 4/6 50 51- 50 9/6 100 51- 100 6/6 100 10/6 200 71- 200 7/6 200 1 1/6 400 8/6 400 9/6 400 13/6 600 10/6 600 11/6 600 15/6 800 12/6 800 14/- 800 18/- 

16 Amp (TO-48) 30 Amp PIV Each PIV Eakh 50 10/6 25 20/- 100 12/6 50 23/- 200 15/- 100 28/- 400 18/6 200 32/- 600 25/- 400 35/- 800 30/- 800 80/- 
2 Amp POTTED BRIDGE RECTIFIERS 200V. 10/-, 600V. 15/-. 800V. 20/- 
TRANSISTOR EQUIVALENT & 

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

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

50 I/- 2/9 4/3 9/6 
" •" 3/3   4/- 4/6 5/6 61- 6/9 

100 1/3 200 1/9 300 2/3 400 2/6 500 3/- 600 3/3 800 3/6 1000 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/- 1200 6/6 11/6 15/- 
TRIACS vBOM 2A 6A I0A (TO-1) (TO-66) (TO-48) 100 14/- 15/- 22/6 200 17/6 20/- 28/6 400 20/- 25/- 35/- 

VroM = Blocking volt- tage in either direction. 
LUCAS 35A SILICON RECTIFIERS Branded. 400 PIV. Special Price stud type, flying lead, 22/6 each. 

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

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

SILICON HIGH VOLTAGE 
RECTIFIERS 

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

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

NPN SILICON PLANAR BC107/8/9, 21- each; 50-99, 1/10; 100 up. 1/8 each; 1,000 off, 1/6 each. 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. °CP7i     Type. 8/6 

INTEGRATED 
CIRCUITS BI-PAK MONOLITHIC AMPLIFIERS (TO-5 8 lead) BP709C, Operational am- plifier, 15/-each. BP701C, Operational am- plifier (with Zener 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 8 lead), (voltage or cur- rent amp.), 12/6 each. I.C* Operational Ampli- fier with Zener output. Type 701C. Ideal for P.E. Projects. 8 Lead TO-5 case. Full data. 

Our price 12/6 each 
5 off 11 /- each. Large Qty. Prices quoted for. 

AMPLIFIER For use in 'P.E.' projects 

Identical encapsulation and pin configuration to the following : SL402-3, ICI0 and IC403. Each circuit incorporates a pre-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 interference when used with resistive loads. DI3DI Silicon Unilateral switch 10/- each. A Silicon Planar, mono- lithic integral circuit hav- ing thyristor electrical characteristics, but with an anode gate and a built- in "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 550C. UL900, Buffer, 9/9 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 1/6. 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 8/- each 

ADi6l 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. ISM/es VCE100 Ptot. 40W VEB8 hFE(min.) 60 Price 15/— each 
2N3055 115 W. SIL POWER NPN OUR PRICE 12/6 each 
FULL RANGE OF ZENER DIODES VOLT. RANGE 2-20V 400mW (DO-7 Case) 2/6 I-5W (Top-Hat) 3/6 I0W (SO-10 Stud) .. 5/- All fully tested 5% tol, and marked. State volt- age required. 

BRAND NEW TEXAS 
GERM. TRANSISTORS 
Coded and Guarant'd Pak No. EQVT. T1 8 2G37IA OC7I T2 8 2G374 OC75 T3 8 2G3744A OC8ID T4 8 2G38IA OC81 T 5 8 2G382T OC82 T6 8 2G344A OC44 T7 8 2G345A OC4S T8 8 2G378 OC78 T9 8 2G399A 2NI302 TI0 8 2G4I7 AFI 17 All 10/- each pack 
2N2060 NPN SIL. DUAL TRANS. CODE D1699 TEXAS. OUR PRICE 5/- each. 

120 VCB NIXIE DRIVER TRANSIS- TOR Sim. BSX2I & C407. 2NI893 FULLY TESTED AND CODED NDI20. 1-24 3/6 each, TO-5 NPN 25 up 3/-each 
SJI. trans, suitable for P.E. Organ. Metal TO-18 Eqvt. ZTX300 I /- each. 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 IS70I (2N2I75) for Tape Readout, high switch- ing and measurement indicators, 50 V, 250mW. OUR PRICE 10/- EACH, 50 OR OVER 8/6. EACH. FULL DETAILS. 

FET'S 
2N 3819 8/- 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 case.  
BI-PAK MONOLITHIC DIGITAL CIRCUITS (10 lead TO-5) BP305A, 6-lnput AND gate, 9/6 each. BP3I4A, 7-lnput NOR gate, 9/6 each. BP3I5A, Dual 3-lnput NOR gate, 9/6 each. BP3I6A, Dual 2-lnput NOR gate (expand- able), 9/6 each. BP320A, J-K-Binary ele- ment, 11/6 each. BP332A, Dual 3-lnput OR gate, 9/6 each. 

THE PAKS BI-PAK GIUMNIH SAIlSffiCIItlN Dfi MONEY BACK 

385 



AMATRONIX LTD. F^C Surrey. CR2 ODE 
Mail Order Only. Prompt Service. 
Orders over 10/- UK post paid. 

GUARANTEED TRANSISTORS 
AD 161-2 12/- 
AF239 10/- 
B5000G 1 1 /3 
BD121 18/- 
BC107B 3/- 
BC168B 2/3 
BC169C 2/6 
BF167 
BF178 
BF224 
BF225 
BFY51 

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

GET693 
HK041 
HK101 
HK601 
IS44 
SF115 
TIS18 
TIS60M 
TIS61M 4/11 
2N706 2/7 
2N2926G 2/6 

1/3 
\',t 2/6 
t/4 
Vr- 4/8 

2N3707 4/- 
2N3794 3/- 
2N3983 5/8 
2N4058 4/6 
2N4285 3/- 
2N4289 3/- 
2N4291 3/- 
2SB187 " 
2SB4G5 
2SD72 

2/- 
£ 

40468A 7/6 

RECTIFIERS: 
SOOpiv, 500mA S!, IS557, 3/-; SOprv, 100mA, 
I/-. Submin. Selenium Bridge, 30Vrms, 150mA 
dc, 3/6; Contact-cooled Sei. Bridge, 30Vrms, 
700mA dc, 6/-. Silicon Bridge, BOVrms, lAdc, 
10/-. All new and perfect. 

NEW 1 
"IDENTICAL RESONATORS": new 
Brush Clevite Transfilters for do-it- 
yourself ceramic i.f. filters. Four of 
these plus seven fixed capacitors give 
razor-sharp selectivity to superhets with 
455kHz i.f. Kit of 4 resonators and all 
capacitors, plus notes on use. 32/6. 
Single resonators. 10/. each, 4 for 30/. 
"R.C." MILLI VOLTMETER (Jan., p. 
342). Our AX10 Printed Circuit accom- 
modates the main part of the circuit (not TR1). With layout drawing and 
hints, 15/-. 

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

AX2 9V, up to 300mW 12/6 
AX3 9V, up to 800mW in 8 ohms 22/6 
AX4 24V, 5W, 8 ohms, 3W, ISohms 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 

8C 
mA 

Mini Mains Transformers 
MT9, 9-0-9V, 80mA T2/6 
MT6, 6-0-6V, 100mA 13/6 
Mill, 12-0-12V, 50mA 13/6 

CAPACITORS 
Polystyrene; 160 V, small, low-loss, tol. 1 pF 
or 2i% according to size. Prices: 10-39pF, 
6d; 47—1,500pF, 9d; 2.200-i S.OOOpF, 1/-; 
22,000pF, 1/3. Stock list: 10. 12, 15, 18. 
22. 27, 33. 39. 47, 56. 82, 100, 120, 150, 
180, 220, 270, 330, 390, 560, 680, 820, 
1,000, 1,500. 2,200, 3,300, 4,700, 6,800, 
8,200, 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, ^W, miniature, low noise. 
10. 12. 15. 18. 22. 27. 33. 39. 47. 56, 
68, 82fi and so on to 10M. Tol. ± 5% to 
1M, 10% above 1M. All 3d. each. 
Carbon Skeleton Presets. Submin., vertical, 
linear, lOOmW. 50, 150, 500fi 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. 

1 OmH, 3/-; CH5, 1.5mH, 2/6. All small, 
ferrite-cored. 
FERRITE RODS; 4in. or 4iin. x |in., wound 
for MW (300pF), 5/-; unwound, 2/-; oval, 
unwound, 2 x | x ^in., with data, 2/6. 
TRANSFORMERS, MINI. A.F.: Eagle 
LT700, 120012 c.t. to 312, 200mW, 5/-: 
Repanco TT47 driver for single ended push- 
pull, 4.5 to ( 1 ) 4- (1 ), 6/-. 
TELESCOPIC AERIAL: 7\\r\. opening to 
47in., 9/-. 
BATTERY HOLDER BH2 for two 1.5V pen 
cells, with snap connector, 2/6. 
EARPIECES, all 3.Smm plugged, crystal, 
4/9; magnetic, 812, 2/6. 

THE MODERN BOOK CO 

1970 WORLD RADIO-TV HANDBOOK 
A Complete Directory of international 

42s. Radio and Television Postage is. 6d. 

Servicing with the Oscilloscope 
by Gordon J. King. 28s. Postage 1s. 

Colour Television PAL System 
by G. N. Patchett. 40s. Postage Is. 

Audio Amplifiers 
by DATA. 10s. 6d. Postage 6d. 
Television Engineers' Pocket Book 
by J. P. Hawker. 21s. Postage Is. 

Beginner's Guide to Radio Control 
by Warring. 18s. 6d. Postage 1s. 
Electronics Pocket Book 
by J. P. Hawker. 21s. Postage Is. 

Mathematics for Radio and Electronics 
Technicians by Fritz Bergtold. 50s. 

Postage 1s. 

Radio Servicing Problems 
by W. A. L. Smith. 9s. Postage 6d. 

Amateur Radio Call Book 1970 
by RSGB. 6s. 6d. Postage 6d. 

Basic Theory and Application of 
Transistors. 17s. Postage 1s. 

The Hi-Fi and Tape Recorder Handbook 
by Gordon J. King. 40s. Postage 1s. 

Transistor Manual 
by General Electric Company. 21s. Postage 2s. 

Radio Year Book, 1969/70 edition, 
by Eric Ickinger. 15/- Postage Is. 6d. 

Hi-Fi Year Book 1970. 20/- 

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

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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There's Something for Everyone in the 

NEW HEATH KIT CATALOGUE! 
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• D.I.Y. SPEAKER SETS 
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DAYSTROM LIMITED, 
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BOUND VOLUME 

No. 22 

of 

"The Radio Constructor" 

FOR YOUR LIBRARY 

■H-i; 
I 

H 

m ■ 

Comprising 
800 pages 
plus index 

AUGUST 1968 
to JULY 1969 

PRICE 35^- Postages 

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

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

PRICE 25/- Postage 4/6 

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

Price 35/- Postage 4/6 

Available only from:- 

Data Publications Ltd. 

57 Maida 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, modern way. You can give yourself the essential technical 
know-how' sooner than you would have thought possible— 

read circuits, assemble standard components, experiment 
build . and enjoy every moment of it. B.I.E.T's Simplified 
Study Method and the remarkable new TECHNATRON Self- 
Build Outfit take the mystery out of the subject—ipake 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! 

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

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. 

64 
.pages 

BRITISH INSTITUTE OF " 

ENGINEERING TECHNOLOGY 
Dept. 370B, Aldermaston Court, 

Aldermaston, Berkshire. 

| To: B.I.E.T., Dept. 370B, ALDERMASTON COURT, 

POST 
TU/S 
COUPOAJ] 
m/n 

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  

■ address. 

..age.. 
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DENCO (CLACTON) LIMITED 

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

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

Our General Catalogue showing full product range ... ... ... 2s. 6d. 
DTB4 Transistor & Valve circuitry for D.P. Coils ... ... ... 2s. 6d. 
DTB9 Valve Type Coil Pack Application circuitry ... ... ... 2s. 6d. 
MD.1 Decoder Circuitry for Stereo Reception ... ... ... 4s. Od. 

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

A LONG COOL LIFE 

for your valuable components with the 

S.D.C. DeC range of SOLDERLESS breadboards 

S-DeC Available as single packs with accessories and 
control panel @ 29;6d or the DeCSTOR double 
pack containing 2 S-DeCs, accessories, control 
panel, all in a plastic storage container. Only 67/6d. 
A 4 DeC pack is available, only 117/6d. 

T-DeC Now available to the amateur. 208 connection points. 
36 independent junctions. Accommodates I.Cs using 
standard carriers. Three times the capability for only 
twice the price! Unit pack with control panel 50/-d. 

|4-DeC Primarily for use with integrated circuits; further 
details on request. 

■P 

' v 

A3 

V3 

T-DeCs, S-DeCs and Accessories are all obtainable 
from leading suppliers throughout the U.K. 
In case of difficulty complete the coupon and 
mail without delay. Post to: 

S.D.C. Electronics (Sales) Ltd., 
34, Arkwright, Astmoor Industrial Estate, 
Runcorn, Cheshire. Tel: Runcorn 5041 

i 

T-DeC 

Please send me: 
 T-DeC Pack   S-DeC Single Pack 
  DeCSTOR Pack    4-DeC Pack 
Tick here if you require further details of the n-DeC 
/ enclose PO/Cheque/Money Order value £ I I d. 
Money refunded if not satisfied. 

Name   
Address     
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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown 

This is the simplified insurance you have been waiting for. 
Not just cover on the contents of your home but a 
package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional units 

(or 1 units after the first) up to a maximum of five. So 
simple. So easy. Apply to your Broker, Agent or local office 
of a General Accident company. 
The Home Unit Policy can replace your existing insurances 
And remember - as you buy more possessions just add 
more Home Units at any time. 

I 
THE YORKSHIRE INSURANCE i 

COMPANY LIMITED 

Becket House, 36-37 Old Jewry, LONDON^B.C.S. 
Name.... 

Address. 

It pays to be protected bya/ General j 

^company 5304 JB 
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PARC 
LIMITED 

FULLY TESTED AND MARKED 
AC 107 31- OCI70 3/- AC 126 2/6 OC171 41- AC 127 2/4 OC200 3/4 
ACI28 2/6 OC201 7/- 
ACI76 5/- 2G301 2/6 
ACY17 31- 2G303 2/6 
AF1I4 41- 2N7I 1 10/- 
AFIIS 3/6 2N1 302-3 41- AF116 3/4 2N1 304-5 31- AFI17 3/6 2NI 306-7 6/- 
AF186 10/- 2N 1308-9 8/- 
AF139 10/- 2N38I9 »/- AF239 12/4 Power 
BFY50 41- Transistors 
BSY25 7/4 OC20 10/- 
BSY26 3/- OC23 10/- 
BSY27 31- OC25 9/- 
BSY28 31- OC26 5/- BSY29 31- OC28 7/4 
BSY95A 31- OC35 51- OC41 2/6 OC36 7/6 
OC44 2/6 ADI49 10/- 
OC45 2/6 AUYI0 30/- 
OC71 2/6 2N3055 15/- 
OC72 2/6 Diodes 
OC73 3/6 AAY42 11- OC8I 2/6 OA95 11- OC81D 2/4 OA70 1/9 
OC83 41- OA79 1/9 
OC139 2/4 OAS 1 1/9 
OCI40 3/4 1N914 1/6 

F3EE! 
Packs of your own choice 
up to the value of 10/- 
with orders over £4. 

TRY OUR X PACKS FOR 
UNEQUALLED VALUE 

XA PAK 
Germanium 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 lots, with equivalents to 
OC200-1, 2N706a. BSY27/29. BSY95A. 
PRICE £4.5.0 PER 500 £8 PER 1.000 

POST & PACKING 2/6 U.K. 
XC PAK 
Silicon diodes miniature glass types, finished 
black with polarity marked, equivalents to 
OA200, OA202, BAY31.39 and DK10, 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/- 
B77 2 AD1 61-AD1 62 NPN/PNP 

Trans. Comp. output. Pair 10/- 
D8I 10 Reed Switches. Mixed types 

large and small. 10/- 
B89 2 5SP5 Light Sensitive Cells. 

Light res. 400^. Dark 1MJ2. 10/- 
B91 O NKT163/164 PNP Germ, to 

" -5. Equiv. to OC44, OC45. 10/- 
B92 4 NPN Sil. Trans. A06 = BSX 20, 

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

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

Trans. CS4 similar to BSY38 
or BC108. 

10/- 

B96 5 2N3136 PNP Sil. Trans. TO- 
18. HFE100-300. IC.600mA. 
200 MHz. 

10/- 

B98 10 XB112 & XB102 equiv. to 
AC126. AC156, OC81/2. 
OC71/2. NKT271, etc. 

10/- 

B99200 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 ImA 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 1mA 
Max. 
These are of the 2N3702-3 
and 2N4059-62 range. 

TYPE C 
NPN SILICON TO-18 

CAN 
Spec:- hFE 50-900 
ICER at VCE=20V 1mA 
Max. 
These are similar to BC108-9 
Types. 

NEW UNMARKED UNTESTED PAKS 

Return of the unbeatable P.I 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 i PLEASE ASK FOR PAK P.I ONLY ]Q/ 

2/- P & P on this Pak. 

B78 12 Integrated Circuits, Data & Circuits of types, supplied 
with orders. 

10/- 

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

B82 ]0 OC45, OC810 & OC8I 
Trans. Mullard glass type. 10/- 

B83 lOATrans. Makers rejects. NPN/ 
PNP. Sil. & Germ. 10/- 

B84 IQASilicon Diodes DO-7 glass 
equiv. to OA200. OA202. 10/- 

B66 150 High quality Germ. Diodes. 
Min. glass type. 10/- 

386 Cf) Sil. Diodes sub. min. IN914 & IN916 types. 10/- 
B87 innCjerm. PNP Trans, equiv. to 

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

2N706A, BSY95A. etc. 
10/- 

B60 10 7 Watt Zener Diodes. Mixed voltages. 10/- 
H5 IK 1 Amp. Plastic Diodes. 50- ,u 1000 Volts. 10/- 

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

FREE CATALOGUE AND LISTS for;- 
ZENER DIODES 

TRANSISTORS, RECTIFIERS 
FULL PRE-PAK LISTS 

& SUBSTITUTION CHART 

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

40 250mW. Zener Diodes 10/- DO-7 min. Glass Type. ' 

P.O. RELAYS 
Various Contacts and Coil 
Resistances. No individual 
selection. Post & Packing 5/- 

FOR 8 

20/- 

WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS FREE! 1 
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DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE: S0UTHEN0 (0702) 46344 



IT 

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. 
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 I 
For full details of our Credit Account service just drop us a line or phone 
01-648 8422. 

MHfL,, 

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. 

  a 

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 

1 
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Experimenter's 

Power Supply 

by 

C. CROSBIE 

Employing simple basic principles, this 
power unit offers a continuously variable 
output voltage ranging from zero to 25 volts. 
An overload protection circuit enables output 
current to be limited to any desired level 
up to 1 amp. A further feature is the pro- 
vision of an optional trigger circuit which 
gives a visual indication when the overload 

circuit commences to operate 

The simplest type of constant-voltage power 
supply is composed of a resistor in series with a 
zener diode, as in Fig. 1(a). This arrangement 

wastes both current and voltage although, for a mains 
power unit, a small power loss can be tolerated. Also, 
the power 'wasted' by the zener diode generates heat 
in this component whereupon, for large power sup- 
plies, the zener diode needs to be a high-power com- 
ponent. The power supply has an output impedance 
equal to the parallel combination of the series resist- 
ance and the slope resistance of the zener diode. The 
latter is usually very much smaller than the former 
but will still, nevertheless, be several ohms or more. 

Adding an emitter-follower amplifier as in Fig. 1(b) 
facilitates the use of a low power zener diode, and 
the output impedance becomes equal to the emitter 
resistance of the transistor plus the sum of the zener 
diode slope resistance and transistor base resistance 
divided by the transistor current gain. All the transistor 
parameters here refer to its use in common emitter. 
Since the emitter resistance is of the order of 0.050 
only for power transistors, and since the base resist- 
ance will be much lower than the zener diode slope 
resistance, the output impedance is approximately 
equal to zener diode slope resistance divided by tran- 
sistor current gain. 

The power supply circuit to be described in this 
article takes advantage of the reduced output im- 
pedance offered by inserting a transistor between the 
control voltage (provided in Fig. 1(b) by the zener 
diode) and the output terminals. It is intended, how- 
ever, to function purely as a variable voltage power 
supply offering voltages up to 25 volts and currents 
up to 1 amp without stabilisation. As such, it will be 
particularly useful for the experimenter and amateur 
constructor. An overload protection circuit is in- 
cluded. 
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EXPERIMENTER'S POWER PACK 

The basis of the variable voltage part of the cir- 
cuit is shown in Fig. 2(a). The principle is the same 
as for the zener-controlled circuit of Fig. 1(b), except 
that it is the variable voltage from the potential 
divider VR1 which is now applied to the transistor 
base. The transformer and rectifiers provide a nearly 
constant d.c. supply (subject to mains variations) 
which is smoothed by Cl. C2 provides further 
smoothing to the base of the transistor (except when 
the slider of RV1 is at maximum) so that the out- 
put from the emitter is very smooth. If we say that 
Rb is approximately the combined parallel resistance 
of the two parts of RV1 (divided by the slider) plus 
the supply resistance, the output resistance is approxi- 
mately equal to Rb divided by the transistor current 
gain. The output capacitance is approximately equal 
to C2 multiplied by transistor current gain (over the 
frequency range at which this gain is exhibited). 

We require the power supply to offer currents of 
up to 1 amp and, if we use the circuit of Fig. 2(a), 
it will be necessary for RV1 to provide current to 
the base of the transistor which is equal to this 
figure divided by the transistor gain. This makes 
it necessary for RV1 to have a relatively very low 
value, whereupon it has to be a high-power com- 
ponent. This difficulty is overcome by changing the 
transistor for a 'super-alpha' pair, as shown in Fig. 
2(b). The overall gain is now very much higher, 
being approximately equal to the product of the 
current gains of the individual transistors. If 
RV1 is given a fairly low resistance the current 
drawn from its slider for high output currents is 
negligibly low compared with the standing current 
flowing through it, with the result that the output 
from the emitter of TR2 is the voltage at the slider 
of RV1 less about 0.4 volt due to the base-emitter 
drop in both transistors. (This assumes germanium 
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Zener 
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Fig. 1(a). A simple means of obtaining 
power supply regulation 

(b). Adding an emitter follower results in 
reduced output impedance, together with 

lower dissipation in the zener diode 
the radio constructor 



transistors.) RV1 could be fitted with a scale cali- 
brated directly in terms of output voltage. 

PROTECTION 

The circuit of Fig. 2(b) offers no protection against 
overload, and a very heay current could flow in TR2 
if the output were accidentally short-circuited. A 
l amp fuse in series with TR1 emitter would provide 
some protection, but could not be relied upon to 
act rapidly enough to protect TR2 in the worst cases. 

For protection, a circuit element having a constant 
current characteristic is required, and a transistor 
may be employed as a constant current device by 
taking advantage of its collector voltage/current 
characteristic. Fig. 3(a) illustrates a typical character- 
istic for a transistor with a fixed bias current. Below 
the 'knee' of the curve, which corresponds on the 
current axis to It multiplied by the transistor gain, 
the transistor exhibits very low resistance whilst, 
above the 'knee', any increase in current can only be 
achieved by large increases in applied voltage. For 
a power transistor the slope resistance beyond the 
'knee' may be about lOOQ, while the actual resistance 
may fall to about 30Q. Thus in practice, while a 
power transistor is not a true constant-current device. 

nm 

A view underneath the chassis of the power supply 

it is close enough to one to provide adequate pro- 
tection for a power supply unit. 

The method of protection is shown in Fig. 3(b). 
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Fig. 2(a). Adapting the circuit of Fig. 1(b) to provide a 

variable output voltage 
(b). Employing a 'super-alpha pair' in place of a single 

transistor further improves performance 
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Fig. 3(a). Typical collector characteristic for 
a transistor with fixed base current 

(b). The characteristic enables a transistor 
to be employed in the basic protection circuit 

shown here 

The protection transistor is connected in series with 
the output from the power supply and its base 
is coupled via the fixed resistor, R, to a constant 
direct voltage, shown as a battery for convenience. 
In this way the transistor will behave as the 
characteristic of Fig. 3(a), and will only have a 
significant voltage across it when the 'knee' current 
is reached. 

This approach ensures protection of the power 
supply, but what of the circuit being supplied? The 
latter will often be in the nature of an experimental 
prototype, and it may be very desirable to protect it 
from currents which would damage it but not the 
power supply. The need now arises for a protection 
circuit whose protection current can be varied. Since 
the protection current is proportional to lb the 
obvious approach is to vary the lb in Fig. 3(a). To 
enable the protection transistor to be run from a 
small potentiometer across the main d.c. supply, the 
transistor of Fig. 3(b) is replaced by a 'super-alpha' 
pair, and Fig. 4 shows the power supply of Fig. 2(b) 
modified to incorporate protection. In Fig. 4 the 
mains transformer, diodes D1 to D4, capacitors C1 
and C2, Rl, RV1, and transistors TR1 and TR2 
are the same as in Fig. 2(b). 

RV2 and R2 provide the adjustable bias current 
whence the protection current is set. TR3, TR4 and 
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R3 take the place of the protection transistor in Fig. 
3(b). Suitable component values and types are given 
in the Components List. R2 is found in the following 
manner. First set RV2 to maximum and RV1 to mid- 
range. Connect an ammeter across the output ter- 
minals and try different resistors in the R2 position 
until one is found which causes 2 amps to pass 
through the ammeter. Start with about lOOkfi and 
reduce the value carefully. 

A particular characteristic of power transistor be- 
haviour, not so far taken into account, is leakage 
current (i.e. the collector-emitter current which is 
passed when no base current is present). The dis- 
advantage resulting from leakage current in the cir- 
cuit as so far discussed is that the voltage at the 
emitter of TR2 can rise above the voltage at the 
slider of RV1. This is due to leakage current and 
occurs when the required output is at a low voltage 
and current. The effect is nullified by the inclusion 
of the 680fi resistor, R6, across the output terminals. 
If the leakage effect remains serious, resistor Rl may 
be reduced to about 3612. 

As a final point, the mains on-off switch is ganged 
with RV2. This potentiometer is wired such that the 
unit is switched off when RV2 slider is at the positive 

COMPONENTS 

(Fig. 4) 
Resistors: 
(N.B. RV1 and RV2 should be standard com 
ponents, not miniature). 

Rl 100f2 \ watt 10% 
R2 See text, i- watt 
R3 100f2 ^ watt 10% 
R4 IkO 1 watt 10% 
R5 22012 i watt 10% 
R6 680f2 2 watt 20% 
RV1 3 k 12 wirewound 
RV2 5kn carbon, linear, with switch SI 

Capacitors: 
C1 2,000pF electrolytic, 30V wkg. 
C2 100/j.F electrolytic, 30V wkg. 
C3 2/jF electrolytic, 30V wkg. 

T ransformer: 
T1 Douglas type MT3AT (Henry's 

Radio) 
Semiconductors: 

TR1 OC36 
TR2 OC36 
TR3 ACY17 
TR4 OC36 
D1-D4 Silicon rectifiers, minimum rating 

2 amps, 35 p.i.v. (e.g. RS50AF) 
Switch: 

SI d.p.s.t, part of RV2 
Pilot Lamp: 

PL1 6V 100mA, LES (Henry's Radio 
—see text) 

Miscellaneous: 
Mica washers and insulating bushes (for 
TR1, TR2 and TR4) 
LES lamp holder, insulated—see text. 
2 knobs 
2 terminals 
Chassis, panel, etc. 
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end of its track, where it selects lowest protection 
current. 

Fig. 5(a) indicates the overload performance of the 
unit when RV1 is set to 5 volts and RV2 is set to 
100mA. The dashed line indicates ideal overload 
protection, whilst the solid line shows the perform- 
ance obtained in practice. Fig. 5(b) shows the 
results given for settings of 10 volts and 300mA. 

INDICATION OF PROTECTION 

There remains one thing missing from the unit. 
The output voltage is adjustable and both the unit 
and its load are protected against excess current — 
but no indication is provided in the unit as to whether 
the protection circuit has gone into operation. 

One method of providing an indication would 
be to insert an ammeter in the output circuit with 
a range switch to select different current ranges. A 
second method would be to connect a voltmeter 
across the output terminals. A third method, and that 
which was adopted in the prototype, is to sense the 
voltage across TR4. If there is more than a fraction 
of a volt across this transistor the protection circuit 
is beginning to operate. Whatever method of indica- 
tion is employed the unit should be switched off 
when protection commences to come into effect. 

A circuit which senses the voltage across TR4 will 
now be described and this can be added as an 
optional extra to the unit if so desired. 

The sensing circuit is the Schmitt trigger shown 
in Fig. 6, where the voltage across TR4 is applied 
via R7 to TR5. It can be seen that if this voltage 
is less than that across RIO, TR5 is held off and TR6 
conducts, causing the bulb, PL2, to light up. In this 
condition, TR6 is held on by the potential divider 
given by R8-plus-R9 and Rll. When the base of 

Front view of the prototype supply unit. The 
component behind the mains transformer is 
capacitor C1. RV1 and RV2 are marked 

'V and T respectively 

XR5 is taken above the voltage across R10 (plus 
the small Vbe in TR5), TR5 begins to conduct. The 
voltage at its collector falls, causing TR6 to be 
switched off and the bulb to be extinguished. R8 and 
the bulb (when lit) both have about the same 
resistance so that the trigger circuit takes the same 
current in either of its two states. The single series 
resistor, R12, may in consequence be used to provide 
a suitable voltage for the trigger from the main recti- 
fied supply in the power unit. 

Thus, the protection circuit indicating lamp remains 
illuminated until the current drawn from the unit 
starts to exceed the protection current selected by 
RV2. It then extinguishes, whereupon the unit should 

PL, 
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^ -voltage 6 5 protected 
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Fig. 4. Complete circuit diagram for the power supply, with variable voltage and 
variable maximum current controls 
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be switched off. The cause of the overload should 
be removed before the unit is switched on again. 

PERFORMANCE 

The performance of the power supply should be 
adequate for the requirements of experimenters. The 
output impedance varies with the setting of RV1, 
and is typically around 3Q. Output voltages extend 
up to 25 volts. 

The output power is limited by TR2. Low voltage 
high current outputs (e.g. 3 volts at 1 amp) cause 

ISOi 

too 

Output 
current 
(mA) 

RV| set 5 volts 
RV2 set IOO mA 

6OO 

500 

400 

Output voltage 
(a) 

RV. set to lOvolts 
set to 300mA 

Output 
current 
(mA) 

300 

200 

IOO 

RV 

Output voltage 
(b) 

Fig. 5(a). Output characteristic for the 
supply when RV2 is set to 100mA 

(b). The output characteristic for a setting 
of 300mA 

COMPONENTS 

(Fig. 6) 
Resistors: 
(All resistors are \ watt 10% unless other- 
wise stated) 

R7 1.5kQ 
R8 68(2 
R9 680Q 
RIO IOO 
Rll 1800 
R12 220Q 3 watt 

Transistors: 
TR5 OC81 
TR6 OC81 

Pilot Lamp and Holder: 
PL2 6V 100mA, LES (Flenry's Radio) 
LES lamp holder, insulated—see text 
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TR2 to be run fairly close to maximum power dis- 
sipation. At high voltage outputs, the output current 
may safely exceed the nominal 1 amp maximum 
figure for the unit, a typical example being given by 
an output of 20 volts at 2 amps. 

CONSTRUCTION 

The prototype was assembled on an 18 s.w.g. 
aluminium chassis measuring 1\ by 5|- by 2\ in., this 
being fitted with an 18 s.w.g. aluminium front panel 
measuring 6 by Sin. The chassis forms a heat sink for 
TR1, TR2 and TR4, and these are secured to its sur- 
face with mica washers and insulating bushes. Care 
must be taken to ensure that there are no burrs on 
the chassis holes or any other surface irregularities 
which may reduce the efficiency of the thermal 
coupling between the transistors and the chassis. 
This point applies, in particular, to TR2, and it would 
be a good plan to apply a thin film of silicone grease 
to both sides of the mica washer before fitting this 
transistor. Silicone grease may also be employed for 
TR1 and TR4. 

A cut-out in the chassis takes the mains trans- 
former specified, and the remainder of the com- 
ponents were assembled on a sheet of perforated 
Paxolin with turret tags tapped in. 

Both potentiometers should be wired such that 
their sliders are at minimum (the positive end of the 
track) when their spindles are fully anti-clock- 
wise. It should be noted, incidentally, that 
potentiometers with large diameters permit smoother 
adjustment. Voltage and current scales may be 
marked out on 2 in. diameter discs screwed or glued 
to the bottoms of the two control knobs. (The current 
scale is calibrated with the aid of an external am- 
meter connected across the output terminals.) The 
exterior parts of the chassis may be painted matt 
black to assist heat radiation. 

The mains transformer has a multi-tap secondary, 
the OV and 20V taps being employed for the power 
supply. A 6 volt supply (from the 24V and 30V taps) 
is taken from the secondary to supply a 6 volt panel 
light. It should be noted here that the Components 
List for Fig. 4 specifies a 6 volt 100mA LES lamp 
for PL1, in order that it may match the similar lamp, 
PL2, employed in the protection indicator circuit. If, 
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Circuit of fig. 4 

Fig. 6. An optional trigger circuit. This causes PL2 to extinguish 
when the protection circuit commences to operate 

however, the latter is not incorporated in the power 
unit, PL1 can be any 6 volt pilot light. 

There is no connection between any part of the 
power supply circuit and the chassis. So far as the 
power transistors are concerned, this point is catered 

for by the insulated mounting. Care should be taken to 
see that the bulb holders used for the lamps are of the 
type which have both contacts isolated from the 
mounting bracket. 

EARTH STATION TECHNOLOGY 

CONFERENCE 

The conference on earth station technology which is 
to be held at the Institution of Electrical Engineers, 
Savoy Place, London W.C.2., from the 14th to 16th 
October 1970, will consider the international opera- 
tional experience that has been acquired with the 
present generation of earth stations and the existing 
systems of communication satellites. 

Planning for the Intelsat IV systems and the various 
military, regional and domestic satellite systems is well 
advanced, and considerable developments are taking 
place in earth station technology. The conference pro- 
gramme will include: the interaction between satellite 
parameters and earth station characteristics; earth 
station configuration; electrical, mechanical and struc- 
tural aspects of earth station aerials; aerial teed sys- 
tems; high-power transmitters; low-noise amplifiers; 
modems, frequency conversion equipment, monitoring 
and control and operational and reliability aspects. 

The conference is being organised by the IEE in 
association with the Institution of Electronic & Radio 
Engineers and the Institute of Electrical & Electronics 
Engineers. Further details and registration forms will 
be available in due course from the Manager, Con- 
ference Department, IEE, Savoy Place, London, 
W.C.2. 
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MANAGEMENT AND ECONOMICS 
IN ELECTRONICS 

An account of the research and development policies 
in the Japanese electronics industry is to be given at 
the international symposium on management and 
economics in the electronics industry to be held in 
Edinburgh from the 17th to 20th March 1970. S. 
Shima, managing director of the Sony Corporation, 
will give the keynote address in the session on the 
management of innovation, making particular re- 
ference to research and development. Technological 
innovation in electronics in recent years has taken 
Japan to second place in the world production league 
for electronic equipment and components. 

Keynote addresses will be given in the other sessions 
at the symposium on; marketing, A. L. Humphreys, 
managing director. International Computers Ltd.; 
management services, A. Chargueraud, president, Die- 
bold Europe SA, France; manpower and training, F, 
Metcalfe, chief education and training officer, EITB; 
the role of governments, Lord Beeching; economics 
and scale of manufacture, C. H. Villiers, managing 
director. Industrial Reorganisation Corporation. 

The symposium is being organised by the Institution 
of Electrical Engineers, in association with the Institu- 
tion of Electronic & Radio Engineers, the Institute of 
Physics & the Physical Society and the Institute of 
Mathematics and its Applications, together with the 
support of thirteen other professional and government 
organisations and learned societies. 

Further details of the symposium and registration 
forms are now available from the Manager, Con- 
ference Department, IEE, Savoy Place, London, 
W.C.2. 
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IF YOU'RE BUYING A HOUSE 

Mortgage 

Protection 

is the best Policy for you 

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

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

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

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

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

Name  

Address... 
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THE GOOD, THE BAD 

AND THE UGLY 

THE GOOD side of Amateur radio is undoubtedly 
the all-pervading spirit of comradeship that exists and 
the consequent co-operation between individuals that 
invariably results. 

Comradeship has existed within the Amateur radio 
movement since its inception some 50 or so years ago 
and is still, to this very day, one of its main driving 
forces. This apparently self-generating spirit is endemic 
and spontaneous, showing itself in many differing ways. 

At the local Club the warmth of welcome, the bon- 
homie, the friendships and the sometimes intense feeling 
of belonging are all direct evidence of the cameraderie 
that is part and parcel of the Amateur scene. Personal 
contacts with fellow enthusiasts, many of them leading 
to life-long friendships, are a common result of Club 
membership. It was always thus. 

On the air, comradeship shows itself in the many 
nets that may be heard and joined, resulting in enjoy- 
able QSO's - often leading to social meetings with 
other participants. Personal friendships are often main- 
tained by regular transmitting schedules, some of which 
have been kept for many, many, years. Listening around 
over the various bands will soon provide evidence of 
this facet of Amateur radio. 

Co-operation is forthcoming from most Amateurs not 
only on a personal level but also from the combined 
membership of a Club or Group. Helping each other 
with advice, giving or swapping components and even 
supplying free labour for that aerial erecting party. All 
of this is to THE GOOD. 

THE BAD exists unfortunately in all walks of life. If 
we did not have the bad, how would we recognise 
the good? 

Sheer bad operating is one of their hallmarks. The 
ill-mannered bores can often be heard pushing their 
unwanted presence smack on top of an existing Dx 
contact in an effort to work-it-at-any-price - and devil 
take the hindmost! The work - it - at - ail - costs - brigade 
charge up and down the band listening for choice Dx 
and, regardless of an existing QSO, usually put out a 
painfully long call right on frequency. The inevitable 
result is a splurge of QRM. Other baddies soon add 
to the cacophony and we have the beginning of that 
well-known phenomena - the Dx pile-up. Like little Topsy 
it just grows, the result being a maelstrom of frantic 
calls upon frantic calls amid an amorphous mass of 
QRM. In sheer desperation the Dx call holder either 
goes QRT or shifts rapidly to another frequency. 

Then we have that charming (sic) fellow who abso- 
lutely insists on sweeping his carrier up and down the 
band prior to finally tuning up right band on top of a 
QSO. It apparently never occurs to this character to 
indulge in the good practice of listening on a channel 
before occupying it. We could well do without THE BAD. 

THE UGLY also exists. It abounds in many home-built 
equipments, the front panels of which sprout a veritable 
galaxy of differing types of knobs, dials and switches - 
usually with complete lack of symmetry. A covert peek 
under some of the chassis would astound even the 
famed Heath Robinson. The lash-up maze of criss-cross 
wiring festooned with various components presents a 
wind-swept bird nest horror to even the most casual 
glance. 

Ugliness is also personified in the Club back-row 
lawyer. This character invariably knows a better method 
of doing this or that - the Club Committee being, natur- 
ally, a gaggle of fools. Why doesn't he offer to do the 
job ? Simply because he prefers to pontificate rather 
than perform ! We just have to forbear THE UGLY. 

C.W. 
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DECIMAL 

COINAGE 

CALCULATOR 

by G. A. FRENCH 
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AS IS EVIDENT FROM THE NEW 
coins filtering out from the 
banks into our pockets, the 

day when Britain changes over to 
decimal coinage creeps inexorably 
nearer. The relationship between 
the present shillings and the future 
New Pence is quite easy to grasp, 
but the mental conversion from 
current pennies to New Pence is 
considerably more difficult, this be- 
ing due to the 12 : 5 ratio which 
exists between them. The awkward- 
ness of this ratio is demonstrated 
when one considers that the quan- 
tity of New Pence equal to one 
current penny is 0.4166 . . . recurr- 
ing! 

This article describes a simple 
calculating device which enables 
present currency to be converted 
to New Pence by way of a simple 
potentiometer circuit and a meter. 
Shillings are initially converted to 
New Pence from a table, and curr- 
ent pennies are next set up on the 
calculator controls. The meter of 
the calculator then indicates the 
quantity of New Pence correspond- 
ing to the current pennies. Exactly 
the same function can, of course, 
be carried out by a printed conver- 
sion chart, with the obvious result 
that a calculator doing the same 
job should not be an expensiye 
device. The present circuit has, in 
consequence, been designed around 
a very small number of standard 
components, and it is anticipated 
that many, if not all, of these will 
already be available in the average 
constructor's spares box. The cal- 
culator possesses the considerable 
advantages over a printed conver- 
sion chart that it is very easy to 
consult, that it offers an output 
indication in a manner that non- 
technical people will find attractive, 
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and that it is easy to judge the 
New Pence equivalent to the near- 
est half New Penny. 

The calculator operates from the 
mains supply and, to keep con- 
structional costs to a minimum, 
does not incorporate a voltage stab- 
ilising circuit. It should not, in 
consequence, be employed in 
locations where mains voltage fluc- 
tuations are high. An adjustment is 
available to cater for long-term 
changes in mains voltage. 

CIRCUIT OPERATION 

To appreciate how the circuit 
operates, it is first of all necessary 
to consider the processes involved 
when converting from shillings to 
New Pence. 1 shilling is equal to 
5 New Pence, 2 shillings are equal 
to 10 New Pence, 3 shillings are 
equal to 15 New Pence, 4 shillings 
are equal to 20 New Pence, and so 
on. As may be seen, when the 
number of shillings is even the 

corresponding quantity of New 
Pence runs in the series 10, 20, 
30 and so on. At the same time, 
when the quantity of shillings is 
odd the corresponding quantity of 
New Pence runs in the series 5, 15, 
25, 35 and so on. If we add 
current pennies to an even number 
of shillings, the corresponding 
quantity of additional New Pence 
falls between zero and 5. Similarly, 
if we add current pennies to an 
odd number of shillings, the corres- 
ponding quantity of additional New 
Pence falls between 5 and 10. 

We may now turn to Fig. 1 
which shows the circuitry employed 
in the calculator. For the purpose 
of explanation, we shall assume 
that Rl, R2 and R3 are all exactly 
equal to 1012, and that the current 
drawn by meter Ml is negligibly 
low when compared with the curr- 
ent flowing in R3. The mains 
supply is applied to Tl, whose 
6.3 volt secondary feeds the circuit 
comprising Rl, R2 and R3 via 

Odd 
shillings' I On 

2kn or 2-5kn 
i linear 6'3V Dd w.w. 

2ka Even 
shillings 

O-lmA IOA 

positions 

s2 On-Off 

n 
A.C 

mains 

Fig. 1. The circuit employed by the coinage calculator. The text 
gives important details on the relative values of R1, R2 and R3 
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rectifier 1)1. Alternate rectified 
positive half-cycles become avail- 
able on the cathode (the left-hand 
electrode in Fig. 1) of Dl. Due to 
the mechanical inertia in the move- 
ment of meter Ml there is no 
necessity for these half-cycles to be 
smoothed, and circuit operation is 
just the same as would be given 
if a steady direct voltage were 
applied to Rl, R2 and R3 

Meter Ml is a 0-lmA meter 
having a scale calibrated from 0 to 

(W[th many 0-lmA meters such 
a calibration merely necessitates 
the addition of a nought after the 

1 at f.s.d. to make "10", the 
decimal points preceding the previ- 
ous figures on the scale being 
sufficiently small in size to be 
ignored.) After switching on, the 
circuit can, if necessary, be initially 
set up by putting SI to "odd shill- 

thf "17rl™m8n R3f S-Iider fuIly to the 12d end of its track, and 
adjusting R4 for f.s.d. indication in 
the meter. If, subsequently, SI is 
put to the "Even Shillings" position, 
the bottom end of R3 track con- 
nects direct to the lower supply 
line whilst the top end of the track 
connects to the upper supply line 
via RI Adjusting R3 will then 
cause the meter to give indications 
between zero and 5. R3 can, there- 
tore, be calibrated in terms of curr- 
ent pennies from zero to 12. Putt- 
•n8 ,u' J0 "Ohd Shillings" results in the bottom end of R3 track 
connecting to the lower supply line 
via R2 and the top end connecting 
direct to the upper supply line. 

Table 

TABLE I 

Shillings New Pence 

0,1 0+ 
2,3 10+ 
4,5 20+ 
6,7 30+ 
8,9 40+ 

10,11 50+ 
12,13 60+ 
14,15 70+ 
16,17 80+ 
18,19 90+ 

20 100 

Adjusting R3 results, this time, in 
corresponding indications in the 
meter between 5 and 10. The pre- 
vious calibration of R3 will still 
hold good, however, and the meter 
indications will be equal to the 
previous ones plus 5. 

Fig. 2 shows a suggested panel 
layout for the calculator. On the 
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Fig. 2. A suitable panel layout for the calculator 

left is a Table, this being a repro- 
duction of Table I accompanying 
this article. The Table is consulted 
to find the quantity of New Pence 
corresponding to the whole number 
of shillings in the sum to be con- 
verted. SI is next set to "Even" 
or "Odd" according to whether the 
qantity of shillings is even or odd. 
Finally, R3 is adjusted to the quan- 
tity of current pennies in the sum, 
whereupon the additional New 
Pence are indicated by the meter. 
To take an example, let us convert 
12s. 7d. to New Pence. Since the 
quantity of shillings is 12, we set 
SI to "Even", after which we ad- 
just R3 to 7. The Table indicates 
"60 + " for 12s, and the meter will 
show 2.9. The corresponding New 
Pence value is therefore 63 to the 
nearest New Penny. Should the sum 
we wish to convert be 5s. 10d., 
switch SI is set to "Odd" and R3 
adjusted to 10. The meter will in- 
dicate 9.2, whereupon the result is 
29 to the nearest New Penny. 

PRACTICAL POINTS 

Some practical points have next 
to be considered. Transformer T1 
is a small 6.3 volt heater trans- 
former. Dl is any silicon rectifier 
capable of passing a forward curr- 
ent of 500mA or more: in the 
prototype the writer employed a 
Lucas DD000. Due to the forward 
voltage drop in Dl the average 
rectified voltage available for Rl, 
R2 and R3 is somewhat lower than 
the calculated figure of 4 volts 
which would be provided by an 
"ideal" rectifier. In practice, an 
average voltage of about 3 volts 
can be expected. The meter reading 
is proportional to average voltage, 
and R4 and R5 are given values 
which provide an f.s.d. reading at 
3 volts when R4 slider is fairly 
near the centre of its track. 
Heat dissipation in Rl, R2 and 

R3 is due to the r.m.s. values of 
the rectified a.c. and not the aver- 

age values. It will be seen that R3 
is always in circuit, with either Rl 
or R2 in series according to the 
setting of SI. Thus, Dl is always 
presented with a 2012 load, and 
the r.m.s. current which flows 
(assuming an "ideal" rectifier) is 
220mA. The consequent dissipation 
in either Rl, R2 or R3 is slightly 
less than 0.5 watt, and all three 
components should be rated at 1 
watt or more. Wirewound potentio- 
meters with a value of 1012 are, 
incidentally, available from Home 
Radio under Cat. No. VR25 for 1 
watt and Cat. No. VR22A for 3 
watts. (The writer used a Cat. No. 
yR22A potentiometer for check- 
ing the prototype circuit.) 

At an average rectified voltage 
of 3, the average current flow in 
R3 is 150mA, whereupon the curr- 
ent drawn by meter Ml is relative- 
ly quite low in comparison. In any 
event, R3 is directly calibrated 
against meter readings on the 
"Even Shillings" range, whereupon 
the current drawn by the meter 
cannot effect the accuracy of the 
calibration on this range at all. 
The process adopted for setting up 
Rl and R2 (to be described later) 
ensures that the effect of meter 
current on R3 calibration when SI 
is set to "Odd Shillings" is very 
small indeed. 

It will probably be advisable to 
have R4 adjustable from outside 
the housing of the calculator, so 
that it may be slightly reset, if 
necessary, after any long period of 
time. Both this component and the 
on-off switch, S2, may be mounted 
on the side of the housing, away 
from the front panel shown in Fig. 
2. SI, also shown in Fig. 2, should 
be a rotary component. 

SETTING-UP AND 
CALIBRATION 

In the explanation of circuit 
operation given earier it was assum- 
ed that Rl, R2 and R3 were all 

THE RADIO CONSTRUCTOR 



exactly 1011. In practice this cannot 
occur, and the process of setting up 
the instrument consists of adjusting 
the values of R1 and R2 so that 
they become equal to R3. 

There are two possible appro- 
aches here. One consists of using 
preset variable resistors for R1 and 
R2 and of adjusting these as requir- 
ed for the desired values. This 
method will probably be considered 
by the average constructor as being 
too expensive in components, and 
he will prefer to use the second, 
alternative, approach. This consists 
of initally fitting, in the R1 and 
R2 positions, fixed resistors whose 
values are slightly higher than that 
of R3 and of then bringing these 
values down by connecting higher 
value fixed resistors, as required, 
across the initial resistors. Such a 
technique will be familiar to the 
constructor who had to provide 
very close tolerance resistance 
values for meter shunts and the 
like, and is quite quick and easy 
to carry out. The basic 1011 resis- 
tors in the R1 and R2 position 
must be wirewound types with a 
dissipation rating of 1 watt or 
more. Any higher value resistors 
connected across them to reduce 

" the overall resistance may be car- 
bon types. If sufficient nominal 10S2 
resistors are available to allow sel- 
ection, two of these having values 
slightly greater than R3 should be 
chosen with the aid of an ohmmeter. 
Should no suitable 10n resistors be 
to hand, it is quite in order to 
slightly reduce the value of R3 by 
connecting a fixed resistor of the 
order of, say, 15052 to 20052 across 

• its track and commencing the sel- 
ection procedure once more. 

In the instructions which follow 
next, the process described as 
"adjusting" R1 or R2 refers to 
either the setting-up of a preset 
variable resistor, or the addition of 
higher value resistors across an 
existing fixed resistor. 

After wiring up the instrument 
with resistance values in the R1 and 
R2 positions which are slightly 
greater than the value of R3. switch 
on and set SI to "Odd Shillings". 
Set R3 slider fully to the top end 
of its track and adjust R4 for ex- 
actly full-scale deflection. Switch SI 
to "Even Shillings" and _ set R3 
fully to the bottom end of its track. 
The meter should now indicate 
zero. If the potentiometer construc- 
tion does not allow its slider to 
go completely to the bottom end 
of its track, the meter will give a 
small forward indication. Should 
this happen, set the meter to zero 
by means of its own zero-adjust 
screw. The fact that the meter needle 
will subsequently give an indication 
to the left of zero on the scale 
when the unit is switched off is of 
no consequence. Repeat these two 
adjustments. 
FEBRUARY 1970 

Next, set SI to "Odd Shillings" 
and adjust R3 slider fully to the 
bottom end of its track. Adjust the 
value of R2 until the meter reads 
exactly 5. Then, set SI to "Even 
Shillings", turn R3 slider fully to 
the top end of its track, and adjust 
R1 until the meter again reads 
exactly 5. If R1 and R2 were close 
to 1052 in the first place, the ad- 
justments of their values will not 
upset the earlier adjustments for 
meter readings at 10 and zero. With 
SI set to "Even Shillings" the 
range offered by R3 should now be 
from exactly zero to 5 on the 
meter, and with SI set to "Odd 
Shillings", it should now be from 
exactly 5 to 10. If all is satisfac- 
tory here, the setting-up procedure 
is complete. Any subsequent adjust- 
ments due to change in mains volt- 
age may be made with the aid of 
R4. 

TABLE II 

Old Pence 

Meter Indication 

"Even 
Shillings" 

"Odd 
Shillings" 

0 0 5 
1 0,42 5.42 
2 0.83 5.83 
3 1.25 6.25 
4 1.67 6.67 
5 2.08 7.08 
6 2.5 7.5 
7 2.92 7.92 
8 3.33 8.33 
9 3.75 8.75 

10 4.17 9.17 
11 4.58 9.58 
12 5 10 

The next process consists of cal- 
ibrating the scale of R3. This is 
carried out with SI in the "Even 
Shillings" position against meter 
readings. Calibration is in discrete 
steps of single current pennies 
("Old Pence") from 0 to 12, R3 
being adjusted to give the meter 
indications shown in Table II. The 
indications given in this Table are 
calculated to 2 decimal places but 
it will not be possible in practice 
to resolve meter readings to quite 
as high an accuracy as this. When 
calibration is complete, SI is 
switched to "Odd Shillings", where- 
upon it should be found that the 
calibration holds good . for the 
corresponding column of figures in 
Table II. 

The calculator is then complete 
and ready for use. 

BUY THIS 

BEST SELLER 

T.V. FAULT FINDING 

405/625 LINES 

- ' - 

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 Maida Vale, London, W.9 

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

■ U 
B.C. Block Letters Please 
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NEWS . . . AND . 

NEW ITT 
Recently exhibited by ITT Com- 

ponents Group Europe are new 
polystyrene foil capacitors type 
KS 17. 

Welding of the connecting leads 
to the layers over the whole front 
edge permits the following outstand- 
ing characteristics: highly reliable 
connection even at low voltage oper- 
ation; low attenuation; low induct- 
ance wound construction. 

Further advantages include uni- 
form temperature coefficient over 
the whole capacitance range and low 
dissipation factor even at high fre- 
quencies. 

These high-grade capacitors are 
therefore especially suitable for use 
in frequency-determining networks 
and filter networks. 

POLYSTYRENE FOIL CAPACITORS 

ITT polystyrene capacitors type 
KS 17 - high grade components 
especially suitable for frequency 
determining and filter networks 

All KS 17 capacitors have a uni- 
form overall length of 12.5 mm. 
Remaining dimensions have been 
chosen so as to allow particularly 
high packing density on printed cir- 
cuit boards with standard grid. In 
order to facilitate mounting on cir- 
cuit boards, the leads of the larger 
capacitors are tapered off. 

KS 17 capacitors are available 
over the range 350 to 24,000pF with 
nominal d.c. voltage ratings of 63 
and 160V. The capacitance values 
are graded on the E192 series; they 
can be supplied in tolerances of 
±1%, ±2.5% or ±5% as desired. 

From: ITT Components Group 
Europe, Capacitor Product Division, 
Brixham Road, Paignton, Devon, 
Tel. Paignton 50762, telex 42951. 

ITV 1970 
ITV colour programmes can already be seen in many parts of the country. ITV 1970, the annual handbook of 

Independent Television (on sale at bookstalls and bookshops, 240 pages, price 10s. 6d.) reflects the opening 
of this new and exciting phase. The pages are larger and there are more of them. There are more than 200 
illustrations, and there's colour from page 1 to page 240. Many completely new features are included. ITV 1970 
is more informative and attractive even than its predecessors in the series of ITV annual handbooks. 

Thinking about a colour set? The coverage maps in ITV 1970 show the range of the existing colour trans- 
mitters, of those coming on the air in 1970, and the prospects for the mid-1970's. Advice is given on the correct 
siting of aerials to obtain the best reception of UHF and colour. 

Sir Robert Fraser, Director-General of the Independent Television Authority, says in the Introduction: "For most 
television viewers, it is what they see on the screen that matters. And it matters a great deal to them, for everyone 
knows that watching television is much the largest of all leisure activities. Television viewers are intensely critical. 
It is not really very sensible to suggest that they do not know what they want, and cannot tell whether they are 
being pleased or not pleased. They are filling in their millions of ballot papers every viewing evening, and they 
vote in millions of little clicks. Television also has its landslides, and its close finishes. But some viewers are 
also interested in the kind of organisation through which their programmes reach them. How does it all work 
who decides things, who gives them the power to decide, who does what, what makes it tick ? For these readers 
the guide provides the answers. It describes a national television service which may or may not be the best of 
all television services, but is certainly, in its organisation and arrangement, the only one of its kind in the world." 

ITV 1970 continues its established tradition as a standard library work of reference on the organisation of ITV, 
the programmes, the programme companies, technical developments and the control of advertising For those iri 
any way connected with communications it is invaluable - fully indexed too ! 

IMPROVED POWER SUPPLY UNIT FOR LOW VOLTAGE EQUIPMENT 
A new power supply unit - Type 1662 - 

is now available to provide ringing and 
speech power for intercom telephones, door 
telephones and other types of low voltage 
equipment. 

The features of the unit are said to add 
up to an attractive package for the designed 
applications. These features include solid 
state smoothing giving very low ripple, low 
regulation and adjustment in steps. The 1662 
Power Supply Unit, which complies with 
G.P.O. Lines Branch requirements, has the 
a.c. and d.c. outputs fully isolated from 
each other. 

t The case, size 6 x 5 x 4in., is similar to 
P.O. 53A and can be delivered ex stock. 
Price per 100: £4 12s. Od. each. 

^ Full technical details are available on 
application to the sole manufacturer and 

[distributor - Ashbee Research and Produc- 
Ition, 172 Ifield Road, London, S.W.10. Tele- 
[phone: 01-373 8573. 
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COMMENT 

BBC TAPES FOR THE 
WORLD 

The BBC records many pro- 
grammes, in a variety of languages, 
for other radio organisations, especi- 
ally in the developing countries. The 
most important of these services is 
in English and is called the BBC 
Topical Tapes Service. Victor Price 
reported on it in a BBC broadcast. 

In November 1962, three tapes 
were sent from Britain to nineteen 
broadcasting organisations overseas. 
Two were on political subjects, and 
one was a general magazine. They 
were the first venture of the BBC 
Topical Tapes Service. Today, some 
eight years later, sixty-seven broad- 
casting organisations subscribe to 
the service, and they have a choice 
of fourteen regular programmes. 

What are the programmes about? 
Well, in addition to current affairs, 
there is also entertainment, the arts, 
sport, religion. 

Why should the BBC bother to 
put all this on tape? And why 
should other broadcasting organisa- 
tions want to use it? From the BBC's 
point of view, it is an attempt to 
solve the problem of poor short- 
wave reception. As far as the cus- 
tomers are concerned, not all capital 
cities are world communications 
centres on the scale of London. At 
any rate, the customers keep on sub- 
scribing in increasing numbers, and 
subscribing does mean paying. 

with plug-in speaker connectors eliminating phasing 
problems. Silver-plated f.e.t. front end and integrated 
circuit i.f. strip are also included to receive more stations 
more clearly and remove all outside inteference. Basic 
design features include IC preamplifier, f.e.t. tone con- 
trol, all-silicon output circuiting and automatic stereo 
switching. 

A technical leaflet describing the Scott 342-C can be 
obtained from A. C. Farnell (London) Ltd., 25a Hermi- 
tage Road, London N.4, tel: 01-802 4181. 

WELLER H/D GUN KIT 
With the range of soldering tools from Weller 

Electric Ltd. becoming more and more evident in 
Britain, the packs in which the tools are sold are also 
attracting attention. 

The Weller Heavy Duty (275 watt) Soldering Gun 
Kit is one of these packs. The red polypropylene 
carrying case contains a fully fitted moulded foam 
interior in which is housed the Gun, a supply of resin- 
core solder, a plastics cutting Wellertip, a plastics 
smoothing Wellertip, a tip nut spanner and a double 
ended soldering tool — one end for holding wire 
during soldering, the other for separating wire when 
desoldering. 

Inside the lid there is a panel giving specifications 
of the tool in the case, together with pictures show- 
ing four applications of the Gun. 
FEBRUARY 1970 
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SCOTT INTRODUCE 342-C 100 WATT FM 
STEREO RECEIVER 

Following the recent appointment of A. C. Farnell Ltd. as the new UK 
distributor for the full range of American Scott audio equipment, a new 
100 watt FM stereo receiver has been introduced which includes many new 
design features. This receiver is the Scott 342-C and is the very latest model 
in the Scott range of high fidelity FM receivers to be launched throughout 
Europe by the European distributors, Syma International of Brussels. 

Six new technical developments are included in the 342-C, and these are: 
(i) automatic tuning indicator; more accurate than normal meters, this 
device senses the FM signal and indicates tuning for lowest distortion and 
best reception, (ii) Scott Quartz crystal lattice filter now eliminates all i.f. 
realignment problems, (iii) Wire-wrap technique - a permanent terminal 
connection that eliminates all solder joints, giving maximum reliability up 
to military and aerospace standards, (iv) New IC complex gives improved 
stereo separation over normal printed circuit construction, (v) New full 
complementary output circuiting gives virtual distortion-free listening at 
low volume levels, (vi) Printed circuit modules snap into main chassis for 
fast and inexpensive servicing and elimination of solder connections. 

Other interesting design features include the use of a line cord aerial to 
eliminate an outside aerial, except in areas of unusually poor reception. 
A new three-dimensional back-lit dial has been designed to improve 
visibilitv. The 342-C muting circuit eliminates noise between FM stations 

IS? A 
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COMPREHENSIVE 

TIMING UNIT 

by 

R. W. COLES 

The author initially intended this design to function as an "electronic egg- 
timer", but it is capable of many more applications than are represented by 
such a simple domestic chore. Of particular interest is the manner in which 

theoretical semiconductor circuits are successfully put to practical use 

This article describes the construction of a 
very interesting timing circuit which, although it 
was originally intended for the simple job of 

timing boiled eggs, gives a useful insight into pulse 
circuit techniques and can be easily adapted to time 
almost anything. In its egg-timer form the circuit 
forms a small battery powered unit which gives an 
audible warning on the completion of the timing 
period. It is very simple to operate, the only control 
being a toggle switch, and even this could be dis- 
pensed with ! 

CIRCUIT OPERATION 

The circuit, shown in Fig. 1, is divisible into four 
separate parts, each with a separate function. It may 
at first sight appear to be rather complicated and 
potentially expensive but, in these days of cheaply 
available silicon transistors, it is often easier to 
design a circuit using transistors and resistors liberally 
than to employ the "cheese-paring" techniques which 
were essential in the heyday of the germanium tran- 
sistor. Those earlier transistors were expensive to 
buy and required more discrete components for their 
successful operation. 

The main timing element consists of what is known 
to the writer as a "Hook circuit", but which seems 
to have as many names as it has uses. TR1 and TR2 
are a p.n.p.-n.p.n. complementary pair connected 
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base to collector and forming in effect a four-layer 
diode, as shown in Fig. 2. This combination acts in 
the same manner as a thyristor, the firing potential 
being set by the potential divider R3, R4. 

When the unit is switched on, C1 begins to charge 
slowly through Rl. At this time both TR1 and TR2 
are cut off, the only current through them being 
leakage current, which will be very small for silicon 
transistors. When C1 has charged to a voltage that 
makes the emitter of TR1 more positive than its base, 
TR1 turns on and forward-biases the base-emitter 
junction of TR2, which also turns on. This action 
is regenerative, driving both devices hard on and at 
the same time discharging C1 and short-circuiting R4. 
However, when C1 has discharged the base-emitter 
junction of TR1 is no longer forward-biased, and 
both devices turn off abruptly. The overall effect is 
to produce a fast square negative pulse at the output, 
which is taken from the junction of R3 and R4 and 
used to turn off the normally "on" side (TR4) of 
the bistable given by TR3 and TR4. 

The actual time taken for the circuit to reach its 
"firing" potential is determined by both the CR time 
of Rl and Cl, and the aiming potential set by R3 
and R4. The CR time (microfarads times megohms) 
of Rl and Cl is in practice 150 seconds, but to time 
an egg we need in the region of 240 seconds. The 
firing potential is therefore set so that the circuit 
switches on at 1.5 to 1.75 times CR. As can be 
seen from the voltage-time curve of Fig. 3, the 
capacitor charges exponentially, and therefore for 
the highest accuracy the trigger point should be set 
at less than 1 x CR time. Nevertheless, the accuracy 
required for egg timing is easily realised with the 
present arrangement, which is always within 5 
seconds after a 4-minute timing period. Should any 
constructor require a higher repeat accuracy, this 
is easily arranged by increasing the value of Cl and 
decreasing the aiming potential by adjustment of the 
values of R3 and R4. 

When the TR1, TR2 combination turns on, the 
negative pulse produced is passed to the base of TR4 
which then cuts off and, by means of the usual 
bistable d.c. cross-coupling, turns on TR3 thus 
reversing the state of the bistable. When TR3 turns 
on, the lower end of R2 falls to slightly above the 
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Fig. 1. The circuit of the comprehensive timing device. The 
output transducer may be an ear-piece or speaker 

potential of the negative supply line, thereby prevent- 
ing the timing circuit from initiating another period. 

The emitter circuit of TR3 is made up of the base- 
emitter junction of TR5, which becomes forward- 
biased and switches hard on, and in its turn provides 
a d.c. path to the negative supply line for the astable 
multivibrator (TR6 and TR7). This begins to oscillate 
at about 250Hz, giving an audible warning note 
which is transmitted by the earpiece or speaker in 
the collector circuit of TR7. The bistable circuit itself 
is quite normal except that it has a "speed-up" 
capacitor, C2, across only one of the cross-coupling 

resistors. This capacitor simply ensures that, when 
the unit is switched on, TR4 always turns on first, 
thereby cutting off TR3. The forward-biased silicon 
diode, D2, in the emitter circuit of TR4 compensates 
for the base-emitter junction of TR5 and keeps the 
bistable symmetrical. 

When the multivibrator begins to oscillate it could 
conceivably trigger the bistable and switch itself off 
due to feedback via the supply rail. To prevent this, 
R8 and C3 are included as a decoupling network 
for the bistable supply line. An unforeseen snag was 
encountered with the writer's prototype and consisted 

COMPONENTS 

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

R1 IMO 5% 
R2 5600 
R3 18kn 5% ' 
R4 27kn 5% (see text) 
R5 4.7ka 
R6 4.7kn 
R7 560a 
R8 47fl 
R9 330a 
RIO 4.7kn 
Rll 4.7kfl 
R12 See text 
R13 22kn 
R14 lOOfl 

Capacitors 
C1 1 50/j.F electrolytic, 10V wkg. 

(see text) 
C2 0.04/j,F, paper or plastic foil 
C3 IOO/j.F electrolytic, 10V wkg. 
C4 0.47/xF, paper or plastic foil 
C5 0.47/iF, paper or plastic foil 

Semiconductors 
TRI 2N2894 
TR2 2N930 
TR3 - TR7 2N2369a 
D1 1N3065 
D2 1N3065 

Switch 
SI d.p.d.t, type as required 

Miscellaneous 
9 volt battery 
Ear-piece or speaker (see text) 
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of the production of a very quiet high frequency 
whistle when the multivibrator was supposedly 
switched off. This was found to be due to the leakage 
current of TR5 allowing the circuit to oscillate at a 
very low voltage. The inclusion of R13 cured the 
fault by keeping the base of TR7 at a negative 
potential with respect to its emitter when TR5 is 
turned off. 

SI is used to switch on the 9 volt supply to initiate 
the timing period. When set to the "Off" position 
it connects C1 to the negative supply line via R15, 
enabling C1 to discharge. If for any reason the unit 
is switched off before the end of a timing period, 
the possibility of a stored charge shortening a sub- 
sequent period is thus removed. 

COMPONENTS 

The transistors used by the writer were silicon 
planar types, all being of the n.p.n. variety except 

5 

TR1, which is a p.n.p. 2N2894. TR2, 2N930, is a 
very low leakage type. TR3 to TR7 are 2N2369a's. 
The transistors are available from advertisers in this 
magazine (such as Bi-Pre-Pak, Ltd., who also list 
the diodes used for D1 and D2). There is no reason 
why other types of silicon transistor should not be 
used, and substitutes will no doubt suggest them- 
selves to the experienced constructor. Miniature sili- 
con switching diodes type 1N3065 were employed 
for D1 and D2, though here again almost any type 
could be substituted directly. C1 should be the best 
type of capacitor available, preferably tantalum if 
the required value can be obtained, to preserve 
timing accuracy. (Readers may have difficulty in 
obtaining a ISOjaF tantalum capacitor through usual 
mail-order retail channels. A suitable alternative 
would be given by the use of a 100/xF 12 volt 
tantalum capacitor and a 47/xF 35 volt tantalum 
capacitor in parallel, both being available from 
Henry's Radio, Ltd. The working voltage of the 
component or components used can be higher than 
the 10 volt figure quoted in the Components List.— 
Editor.) 

The timer should provide a period of about four 
minutes with the values stated, but if this is not 
realised the value of R4 should be increased or 
reduced accordingly. Replacing R4 with a skeleton 
preset potentiometer of some 50kf2 will provide a 
very convenient method of setting up the timer, 
though the writer found it possible to adjust the 
prototype to the accuracy required in its present 
application by using fixed resistors on a trial and 
error basis. 

(a) 

(b) 

Fast non-linear 
rise time 

Voltage 

Slow rise time ^ 

5xCR 
Time 

CO 
Fig. 2. Two transistors connected as in (a) 
can be shown, by way of the intermediate step 
in (b), to be equivalent to the 4-layer diode in 
(c). This diode has the characteristics of a 
thyristor 
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Fig. 3. The exponential charging curve of a 
capacitor when charging by way of a series 
resistor 

The audio transducer employed by the writer was 
an old magnetic ear-piece of 1200 impedance. When 
suitably mounted, this provides a loud enough warn- 
ing for one room. A 40Q miniature speaker was 
also tried with good results, but the power available 
from the multivibrator is insufficient to drive a load 
of less than about 250S7 so a series resistor to make 
the load up to at least this value must always be 
used. With the 120Q ear-piece, R12 was 180Q. 

The on-off switch can be any d.p.d.t. type, and 
the writer is at present thinking of replacing it with 
a mercury switch, which would allow an even closer 
approach to the conventional egg-timer. To start the 
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timer would merely entail inverting it, and vice- 
versa. 

The 9 volt supply can be provided by a small dry 
battery, and its life will be extensive, current drain 
being roughly 15mA during the timing period and 
50mA when producing a warning note. 

CONSTRUCTION 

An old transistbr radio case measuring about 5 
by 3 by Hin. was used as a container for the com- 
plete timer and its battery. This has proved to be 
a good choice as the compact size makes it popular 
in the kitchen where space is always at a premium! 
The switch was mounted in the hole left by the 
tuning control, and the ear-piece was glued to the 
loudspeaker grille with Evo-Stik adhesive. 

All the timer components except C1 and R14 were 
assembled on a piece of Veroboard measuring 2^ 
by lin. C1 and R14 were mounted near the switch. 
Squeezing all the components onto such a small 
board means that miniature capacitors must be used. 
Inexperienced constructors, or those with normal 
size capacitors, would be well advised to allow them- 
selves more room. 

PERFORMANCE 

The writer's prototype has braved kitchen heat- 
waves and Ice Ages together with the attentions of 
a critical band of egg eaters, and has met with 
approval from all. The period accuracy is within 
plus or minus 5 seconds always, and it has been 
found that a double period produces excellent hard- 
boiled eggs! 

COMPUTERS 

The most important and potentially far-reaching 
computer meeting ever held will take place in Llan- 
dudno, Wales, in July 1970. 

At Llandudno will gather together the original com- 
puter pioneers, many of whom have never met before. 

The purpose of the meeting is to pool together the 
experience and ideas of important men from several 
countries, and, by listening to an exchange of view- 
points, seek to forecast what is likely to happen in the 
future as a result of using computers even more widely. 

The speaker from IBM in particular will show how 
he is aware of the tremendous responsibility his com- 
pany (the largest computer manufacturer in the world) 
has, and its effect on the lives and well-being of 
millions of humans. 

The School has been arranged by the longest estab- 
lished independent computer consultant company in 
Europe, and which company is still family owned. 

The two-day school will be held at Llandudno, 
N. Wales, on Wednesday and Thursday, 8th and 9th 
July 1970. Applications for enrolment should be made 
to - Computer Consultants (International) Ltd., G.P.O. 
Box 8, Llandudno. Cables "Computers, Llandudno". 
Telephone Enfield 7185 or Llandudno 75171. 
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NEW HANJHPAK 

PANEL SIGNS 

IDEAL FOR WORKSHOP USE 

■ 

m m 

HSI 

• Easy to fix 

• Permanent and durable 
• Stapled in booklet form 
• Designed to hang above workbench 
• Pocket for loose cuttings 

• Professional finish 

★ Sel3 Wording—WHITE 
★ Set 4 Wording—BLACK 
★ Set 5 DIALS—clear background 
★ Set 6 DIALS—black background 

The Perfect Transfer for 

the Home Constructor 

Each Set contains Six Sheets 

5(- per set 

(postage 4d.) 

To Data Publications Ltd. 
57 Maida Vale, London, W.9 

Please supply: 
 Set 3  Set 4  Set 5  Set 6 
I enclose^cheque/crossed postal order for  

Name  
Address  

BLOCK LETTERS PLEASE 
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"DISCOVERY" BEGINNER'S 

M££ RECEIVER 
A four-page art paper cut-out colour supplement 
featuring Workshop Plans, Circuit, Point-to-Point 
Wiring Diagram and Testing Tables for this 
receiver - see page 413 for further details. 

RADIO FREQUENCY PROBE 
Having a range extending beyond 100MHz and 
with an input resistance of 250kS2, this probe can 
be employed with any standard high impedance 
valve or f.e.t. voltmeter. 

SELF-REGULATING BATTERY 
CHARGER v 

By taking advantage of silicon controlled rectifiers 
(thyristors) this unit automatically reverts to trickle 
charge as soon as the battery becomes fully 
charged. Intended for 12 volt batteries only. 

'DO-IT-YOURSELF" 
FILTERS 

CERAMIC 

New in the field of 455kHz i.f. ceramic filters are 
the Identical Resonators recently introduced by 
Brush Clevite Company, Ltd. By using these in 
conjunction with standard capacitors it is possible 
to built filters of any complexity with a continuous 
range of bandwidths and selectivities, these latter 
being varied by change of capacitance values in 
the filter circuit. In this article our contributor 
discusses several practicable 455kHz fibers suitable 
for home-constructor applications, using data ob- 
tained from the Brush Clevite tables. 

PLUS 
* SPECIAL WORKSHOP 

EQUIPMENT OFFER 
* OTHER PROJECTS & 

FEATURES 
* DATA SHEET 36 

ON SALE 2nd MARCH 

KALEIDOSCOPE 

For many years from the inception of radio, the 
amateur wireless hobbyists have'simply been lumped 
together under that term; but in recent times, notably 
with the advent of semiconductor and solid-state de- 
vices, has has now been elevated to the rather more 
lofty height of electronics enthusiast. This latter term 
is now deemed, by general usage, to include such 
varied interests as amateur radio - both transmitting 
and receiving, hi-fi audio reproduction, television, tape 
recording, construction-for-its-own-sake - and known just 
simply as "that dotty chap up the road who messes about 
with valves and wireless". The generic term electronics 
enthusiast, fairly recently coined, is in trend with the 
modern practice of re-labelling more mundane pursuits 
- whether at work or play. We now have, for instance, 
rodent operatives in lieu of rat catcher; garbage disposal 
operative instead of dustman; turf accountant in place 
of bookie and, no doubt, even the sagger maker's bottom 
knocker has by this time a new appellation! 

Being more "with it" than hitherto, the electronics 
enthusiast has a much more varied, interesting and 
satisfying life than was apparent in pre-war days. The 
average hobbyist today has additional interests far re- 
moved from electronics - this often tending to be a 
winter pursuit. Most of us these days, with the rise in 
the standard of living, are home owners with the res- 
ponsibilities that this implies - family, garden, decorating 
and improving the home. Add to these the ownership 
of a car with the consequent maintenance, running 
repairs, the planning of family tours, trips and picnics, 
etc. - it is probably true that the present-day enthusiast 
has more demands upon his time than ever was the 
case in the past. 

Electronic enthusiasts being intelligent people - they 
would hardly be engaged in the hobby if they were not 
- their interests are known to include many other sub- 
jects. To satisfy his intellectual appetite, such pursuits 
as bird watching, natural history, photography, astron- 
omy, politics and local government, history and many 
others are often engaged in. Add to these the interest 
in one's employment and the keeping up to date with 
current affairs via the medium of newspapers, television 
and radio, etc., it becomes a fact that few of us have 
sufficient hours in the day to encompass all those 
interests in which we aspire to participate. 

This veritable kaleidoscope of human beings, gathered 
together under the electronics enthusiast banner, also 
exhibit interest in their kaleidoscopic other hobbies 
and time-consuming subjects - so much so, it is a 
wonder that sufficient relaxation time is ever found for 
radio and electronics at ail! Perhaps none of us ever 
will have sufficient time I 

As an illustration of this kaleidoscope of enthusiasm 
for other pursuits, our office staff are an object lesson. 
In addition to some of the aforementioned interests, we 
can add - amateur theatricals, both dramatic and 
operatic, stage direction and producing: medical elec- 
tronics; yacht and boat sailing: philately; Egyptology; 
archaeology; ornithology; microscopy: home-movies; 
local church affairs; and last, but not least, local com- 
munity associations. 

With that lot to contend with - the interests, not the 
staff - we hardly find time to go to bed I 

C.W. 
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FROM DEAR RECKONING TO 

PINPOINT NA VIGA TION 

WHEN MEN FIRST EMBARKED 
on the trackless oceans in 
their search for new lands 

and new treasures, they guided 
their crude vessels with the oldest 
navigational aid of all—dead reck- 
oning. 

Since then, the sailor's naviga- 
tional abililty has undergone many 
improvements. No longer does he 
rely on dead reckoning. 

The master on. the bridge of a 
modern ship has an electronically 
controlled wheel, and close at hand 
are meticulously detailed charts, 
radar scopes, magnetic and elect- 
ronic compasses, a gyro-compass, 
and a short-wave radio. Also with- 
in reach is the dependable sextant, 
invented in 1730, with which he 
can scan the night sky for constell- 
ations to guide him over the waters. 

The latest advance is a highly 
accurate navigation system devel- 
oped by the U.S. Navy and called 
Omega. It is a low-frequency radio 
system—efficient, swift and virtu- 
ally errorproof—which should even- 
tually benefit all seafaring nations. 

The Omega system consists of 
eight transmitters strategically locat- 
ed around the world. Four of these 
are already in operation and the 
remainder will be completed by 
1972. 

The Omega system could mean 
considerable savings to the mari- 
time industry. Time at sea will be 
reduced, insurance premiums low- 
ered and port arrival times more 
accurately determined. Stevedores 
and dock facilities will be more 
effectively used. 

By sailing off course due to navi- 
gational errors and the vagaries of 
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ocean currents, a typical merchant 
ship often loses one to three days 
at sea. Omega will give these lost 
days back to the shippers. 

It will also give sea and air 
travellers a greater measure of safe- 
ty. Omega will swiftly pinpoint the 
location of a crippled ship or 
downed airliner, and hasten the 
arrival of rescuers. 

ANCHOR 

ALREADY INSTALLED 

Omega solid-state radio receivers 
are already aboard two of the 
world's newest commercial ocean- 
going ships—Cunard's Queen Eliza- 
beth 3, and the Manchester Line's 
Challenge. 

Some day all 16,000 large ocean- 
going ships of the Free World's 

ANCHOR 
ACTIVE SPAN 

: 

DOWN LEAD 

/TRUNK 

HELIX HOUSE 

Above: The chief elements 
of a typical Omega trans- 
mitting station with a four- 
wire antenna spanning a 
valley or fiord. Each of the 
eight stations in the global 
system sends out a continu- 
ous pulsed signal (right) for 
one second out of every 10 
seconds. Signals from all sta- 
tions are synchronised and 
picked up by planes and 
ships to establish their pre- 
cise locations. Signals can 
be picked up 40 feet under 

the sea 

ill I I I 
I ll.il i 
I it II I 

1-1 see—t 
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merchant fleet and 8,000 smaller 
ships and boats may be using the 
system. In the next 20 years, about 
60,000 Omega receivers are expect- 
ed to be in use throughout the 
world. 

Omega had its origins 18 years 
ago when the U.S. Naval Research 
Laboratory started using long range, 
very low-frequency radio waves to 
achieve navigational performance 
over greater distances. 

A three-station transmitter net- 
work was initially established to 
cover about a quarter of the globe. 
When two years of tests with the 
network proved its efficiency and 
accuracy, the U.S. Navy ordered 
Omega receiver sets to equip sur- 
face and underwater craft. 

When the world-wide network is 
in full operation there will be trans- 
mitters in Minnesota, Hawaii, 
Norway, Trinidad, Japan, either 
New Zealand or Australia, Chile 
or Argentina, and La Reunion 
Island off the coast of Madagascar. 
Each station will cost less than 
$1 million. 

Omega will complement the pre- 
sent leading navigational system, 
Loran, which covers part of the 
northern hemisphere. Loran uses 
high-frequency radio waves which 
unfortunately are absorbed by the 
ionosphere, and so are lost for 
navigational purposes to ships more 
than a few hundred miles from the 
source of the signals. Bad weather 

also can block the signals. 
In contrast, Omega transmitters 

produce very low-frequency radio 
waves—operating on a band be- 
tween 10 and 14 kilohertz as com- 
pared to Loran's 100 kilohertz and 
a home radio set which receives 
signals in a 550-1,500 kilohertz 
range. These very low-frequency 
signals radiate outward from the 
Omega transmitter and bounce back 
and forth between the ionosphere 
and the earth. They can be picked 
up by position-seeking ships as far 
as 8,000 miles from the transmitters. 
This enables ships equipped with 
Omega receivers to fix their posi- 
tions easily, quickly and very accur- 
ately by calculations based on inter- 
secting signals from any two 
stations. 

Each of the eight transmitters 
will have a four-wire antenna span 
stretched across a huge valley or 
fiord. The antenna at Bratland, 
Norway, for example, spans 11,000 
feet and has a mid-span height of 
1,435 feet. The antenna at Trinidad 
measures 4,800 feet and is 800 feet 
high at mid-span. 

HOW IT WORKS 

All transmitters in the Omega 
network will radiate about one kilo- 
watt of power and will send a 
continuous pulsed signal on a given 
frequency for about one out of 
every 10 seconds. 

Only one station transmits a giv- 
en frequency at a given time. The 
pulses from each station differ 
slightly in length to aid in recog- 
nition at the receiver set aboard the 
ship, submarine or aircraft. 

The signals from all stations are 
synchronised precisely by the use 
of highly accurate atomic clocks. 
Thus, the phase of the signals at 
various stations will not drift from 
each other by more than one micro- 
second per day. 

Although the transmitter stations 
are geographically independent of 
each other, synchronisation is main- 
tained by daily corrections supplied 
by a "lead" station. Present plans 
call for this station to be the one 
at Haiku, Hawaii. 

Each Omega receiver—models 
weighing 50 to 100 pounds and 
about 20 inches in height, width 
and depth—measures the phase 
difference of signals received from 
any two stations. Two of the three 
intersecting lines of position estab- 
lish the receiver's position. 

These selected lines of position 
are automatically displayed on the 
front panel of the receiver. Sky- 
wave corrections, taken from U.S. 
Naval Oceanographic Office tables, 
are applied, then corrected lines of 
position are plotted for the position 
fix on an appropriate Omega chart. 
Typical time to obtain a fix is 
about one minute. 

LISTENERS' CLUB A 

•VZ 
4>: 

mm  I 
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Radio Australia runs a Listener's Club for those 
who send in a series of regular reception reports. To 
qualify for membership, short wave listeners should 
provide 12 reception reports at a rate of two per month 
over a period of six months. When the 12 reports have 
been received, the club lapel badge and membership 
certificate, illustrated here, will be forwarded to the 
reporter. 

Each reception report should be numbered con- 
secutively from 1 to 12 by the reporter to assist R. 
Australia staff in the keeping of records. The essential 
details of the reception report required by the engineers 
are: type of receiver, name of programme, frequency, 
date and time (GMT) and also some comments on 
reception qualify. To standardise and simplify reports, 
R. Australia will issue a special reception card upon 
application. 

Reception reports should be addressed to: "Listeners' 
Club", Radio Australia, Melbourne, 3000, Australia, 
or, in the case of U.K. listeners to R. Australia, 54 
Portland Place, London, W.l. Verification QSL cards 
will be issued for each correct report. 

The best listening times for the U.K. are: 0645 to 
0745 GMT on 9.56MHz (3138 metres) or 11.71MHz 
(25.62 metres); 1500 to 1730 GMT on 9.54MHz (31.45 
metres) or 11.74MHz (2535 metres). 

B 
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TAPE 

RECORDING 

BIRDSONG 

NOW THAT SPRING IS UPON US, WHY NOT RECORD 
some birds - the feathered variety - and their 
songs? As a complete change from taping music 

of various kinds, family gatherings and personal inter- 
views, or Dx broadcast interval signals, etc., such a 
pursuit will be found most rewarding. 

Even the complete newcomer to tape recording may 
preserve on tape the colourful songs and "language" 
of our feathered friends freezing, as it were, an enjoy- 
able moment of time, to be unfrozen later in the 
comfort of one's own home. Contrary to some beliefs 
it does not require expensive equipment nor is a 
portable (battery operated) machine strictly necessary. 
For the average tape recording beginner, it is only 
necessary to acquire an extended mains lead, properly 
and safely connected to the recorder, with the garden 
as the hunting ground. Choose a dry sunny period and 
place the recorder on a wooden table or chair. 

Birdsong has always fascinated man and the record- 
ing of such tuneful songs will be found to be one of 
the most enjoyable of tape recording enterprises. Most 
of us have no doubt heard over the BBC many of the 
birdsong recordings of the famous Ludwig Koch - 
the German musician who specialised in this field. 
However, birdsong recording is not all tlmt new - it 
was going on during the early part of this century, 
the sounds being recorded on the old wax cylinders 
of the day. It remains a fact that only a few bird 
vocabularies, as distinct from song only, have been 
completely recorded - and there are something like 
200 or so British bird species. This leaves the field 
of birdsong recording wide open for the amateur 
enthusiast. 

WHY SING? 

Before one can enjoy the taped results, it is neces- 
sary to know why birds sing and call. 

Among the interests of many readers may be that 
of ornithology - the science and study of birds - and 
this, is one the writer shares with them. Personal 
observation, together with the reading of published 
material, has led to agreement with the generally 
accepted conclusion that birds sing and use their 
limited vocabulary for a number of reasons. 

Birdsong, especially during our Springtime or at 
the commencement of a particular breeding season, 
has the twin functions of laying a claim to nesting 
territory and of attracting a mating partner - this 
of course being the song of the male of the species. 

Mams lead 
Recorder 

Table Microphone 
Fig. 1. The simplest method of obtaining bird- 
song on tape with a mains-operated machine- 
In some cases the mains or microphone lead 
will require lengthening. The microphone is 

hung in a convenient bush or tree 

In consequence, we enter into the realm of "lan- 
guage". Song as a language imparts information from 
one bird to another. But it is only one part of the 
vocabulary, and birds have a number of differing 
calls apart from song, each with its special meaning 
and carrying its own message. Probably the most 
important of these is a "statement" of identity in 
terms of species and sex - this call in nearly all 
instances being produced by the male. It has been 
found that even variations in rhythm and pitch of 
song are used to identify the singer's "name". The 

"DISCOVERY" 

BEGINNER'S RECEIVER 

The insignia shown alongside is that of the "Dis- 
covery" Beginner's Receiver to be featured NEXT 
MONTH. 

The MARCH issue will include easy-to-read en- 
larged Workshop Plans (see page 410 for details) 
which may be detached for ease of reference and use 
on the workbench. 

Written especially for the beginner, this 2-valve, 
4-stage design - ECC83, ECL82 - has an integral 
power supply (BY100 silicon rectifier) and features a 
grounded-grid input stage. An efficient reaction circuit 
with absence of "dead spots" is a feature of the design. 
Coverage is from 30 to 1.7MHz (approx.) and the 
medium wave-band. 

The project is one with which the beginner could 
well commence constructional activities - each step 
being numbered throughout the entire building of the 
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receiver from the panel/chassis drilling instructions 
(even the drill sizes are quoted) to the final testing of 
the circuit. If you are a beginner then this will be your 
chance to begin! 
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writer has on tape a singularly individual song of a 
blackbird which has resided in his garden for the 
past three years. Highly original, unmistakably dis- 
tinctive and tuneful, it is the bird's own rendering 
of a human tune; and it is often followed by a good 
imitation of a man whistling his dog! 

The successful taping of territorial claimant song 
is one of the most rewarding of any recording 
activity. It also happens to be the easiest to record 
by virtue of the fact that the song is repeated again 
and again, often from dawn to dusk, and may there- 
fore be recorded many times, enabling the enthusiast 
to select any passage that he prefers. 

Taping the dawn chorus is a very simple operation. 
It is common knowledge that more birds break into 
song for the half-hour or so around break of day in 
the Spring than at any other time. The writer has 
found from experience that the first to command the 
opening introduction to the chorus is the blackbird, 
this bird usually commencing some time prior to 
actual daybreak. In the writer's locality, this is fol- 
lowed by the song thrush and the robin, with the 
male pheasant delivering his "kronk, kronk" as the 
rhythm percussion section! 

Alarm or warning calls of birds are more probably 
the province of the specialist equipped with a port- 
able recorder who can position himself in a vantage 
point along a hedge or in woodland. There is how- 
ever one common alarm call which the beginner can 
easily record in his garden, this being the blackbird's 
well-known "tik, tik tik". 

There is, of course, much more to be said about 
birds and their songs and calls, but space does not 
permit further discussion here. Those interested are 
advised to join and enlist the aid of the local ornitho- 
logical group. 

at llin. per second, with successive speeds being twice 
as fast as the previous rate, these being 1|, 3i, 7y, 
15 and 30in. per second. The more expensive 
machines exhibit the faster recording tape speeds, 
these resulting in recordings of higher fidelity but, 
also, higher running costs. The speed most favoured 
by birdsong recording experts is 15in. per second, 
but the non-specialist will do quite well with a speed 
of 3| or 7-j i.p.s. Many excellent recordings have 
been made at these latter two speeds. 

The microphone used with the recorder has also 
a great bearing on the quality of the recording. 
Some birdsong recording specialists have found a 
sensitive moving-coil microphone to be the best for 
this type of work, as it is less affected by wind noise. 

Fig. 1 shows the simplest method of recording 
birdsong, using a mains-operated recorder connected 
to the household mains supply and the microphone 
hung in a bush or tree. The major shortcoming with 
this method of working is that it is not always pos- 
sible to select a particular song or call. 

Sound source Parabolic 
reflector 

Fig. 2. A better method of obtaining birdsong 
recordings using a parabolic reflector. Note 
that the microphone is turned away from the 
sound source and towards the reflector dish 

PARABOLIC REFLECTOR 

PREPARATION 

Most readers of this article will already have a 
tape recorder but where a new machine is to be 
purchased the points to consider, apart from cost, 
are quality of reproduction, tape speeds, spool run- 
ning time and, where a portable unit is desired, the 
weight and battery life. 

Recording tape speed is important as it provides 
a rough measure of the quality with which the bird- 
songs and calls will be recorded. Tape speeds begin 

Fig. 2 shows the microphone used in conjunction 
with a parabolic reflector. The reflector acts as a 
directional "sound-collector", reflecting the sound 
reaching it from its front towards the microphone 
mounted at its focal point. The use of a parabolic 
reflector enables birdsong to be recorded at many 
times the distance possible with an ordinary micro- 
phone simply suspended from a bush or tree. With 
a well designed reflector it is possible to record songs 
and calls up to thirty or forty times the distance 
obtainable with an open microphone. Particular note 

CAN ANYONE HELP? 

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

returned in good condition within a reasonable period of time. 

Solartron 'Scope CT316 10S j 16605.—J. A. Lee, Radio 
& TV, High Street, Southminster, Essex — circuit or 
manual required, any reasonable price paid. 

BC221 Frequency Meter. — E. I. Sanby, 53 Prieska 
Road, Sybrand Park, Cape Town, Republic of S. 
Africa — has a calibration book for serial No. 4855 
and requires, in exchange, calibration book for serial 
No. 6572. 
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Cossor 'Scope type 1042. — P. Dorrington, 383 Spen 
Lane, Leeds 16 — loan of circuit diagram or hand- 
book. 
R220 Receiver. — K. R. Diamond, 209 Allerton Road, 
Liverpool 18 — loan of circuit diagram for this re- 
ceiver and also for the 58 Set transmitter/receiver. 
EMI Oscilloscope Type QD101 or WMI. — N. B. 
Miller, 29 Chadacre Road, Stoneleigh, Surrey — 
short term loan of operating manual. 
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should be taken of the fact that the microphone is 
positioned to face into the reflector and not towards 
the sound source. Many experiments may be carried 
out with simple parabolic reflectors by the home 
hobbyist. The first reflector used by the writer some 
years ago was an ordinary colander lined with tin- 
foil - both being purloined from the kitchen! Other 
reflectors tried have been an old megaphone - highly 
directive but short ranged - a discarded electric fire 
bowl and a large metal mixing bowl or pan. Many 
constructors will no doubt be able to produce the 
metalwork required in their workshops. A com- 
mercially made parabolic reflector, designed with 
birdsong recordists in mind, is also available, this 
being manufactured by Grampian Reproducers Ltd., 
Hanworth Trading Estate, Feltham, Middlesex. 

FUN AND GAMES 

Much fun can be had with the tape recorder once 
several birdsong and call tapes have been made. 
Where a variable speed recorder is used, replaying 
the tape at a reduced speed can be quite instructive. 
The warblings of a wren, for instance, oscillate at 
around 4,000 cycles per second and are too fast for 
each note to be differentiated by the human ear. If 
one has been fortunate enough to record this sound 
the notes become intelligible when the recording is 
slowed down. It has been found that the wren can 
deliver approximately ten different notes per second! 
Another game is that of playing back the recording 
to the bird in its own habitat, this often resulting in 
the bird assuming the sound to come from a terri- 
torial intruder. It has been noted that most birds will 
break into an excited aggressive song to repel the 
imagined boarder! An adaptation of this game is 
to quickly switch from playback to record, at suitable 
points in the battle of song; the end result being 
some highly instructive "crosstalk". 

MOONLIGHT SONATA 

Not all birdsong or bird call recordings need be 
made at dawn or early morning. Many of course 
can be made during the day, bearing in mind possible 
extraneous and unwanted sounds. Again, some of the 
most interesting recordings can be made at eventide 
and early night. 

One may not be able to tape the Moonlight Sonata 
at the far end of the lawn but excellent recordings 
can be obtained, by those who live in rural or semi- 
rural areas, by recording Nature's own version of 
the sonata. This can include the settling-down-to- 
roost calls of the male pheasant, owl hoots and 
screeches, and even that most beautiful sound of all 
- the song of the nightingale. 

RJ.R.A. 1970 LONDON EXHIBITION 

The Radio and Television Retailers Association is 
to hold a trade show in conjunction with its annual 
conference next year. The conference is to be held 
at the Grosvenor House Hotel from 31st March to 
2nd April. Previous conferences have been held in 
the provinces. 
FEBRUARY 1970 

NOW HEAR THESE 

All times GMT. Information correct at time of 
preparation. 
0 N. VIETNAM 

15018kHz Voice of Vietnam, Hanoi. Broadcasts in 
English are at 0500, 1000, 1300, 1530, 2000 and 2300 
on 7360kHz, 7416kHz, 9840kHz, 10224kHz, 11840kHz 
and 15018kHz - this last channel provides the best re- 
ception for U.K. listeners. 
0 MEXICO 

9535kHz XERMX Radio Mexico. This station has 
been reported being heard after Berne, Switzerland, 
closes. XERMX closes down between 0430 to 0545 
when Berne opens transmission. Reports are requested 
and the address is: Apartado 20, 100 Mexico City. 
Reporters will receive souvenirs. 
0 PANAMA 

6030kHz HP5B Radio Miramar, Panama. This is a 
newcomer to the short waves (November last) and 
operates a schedule from 1030 to 0330. The address is; 
Apartado 4402, Panama 7. 
0 VENEZUALA 

9720kHz YVTR Radio Merida, Merida. This one 
is another newcomer and has a power of IkW. 
Schedule 1000 to 2200. Address: Radio Merida, 
Avenida Principal, Merida, Venezuala. 

4990kHz YVMQ Radio Barquisimeto. For those 
who want to record on tape a Venezualan station, they 
could not do better than tune to this frequency between 
0100 to 0400. Reception is good and will be improving 
in the next few weeks as the S. American 'season' 
approaches. 
© BOLIVIA 

5025kHz La Cruz del Sur, La Paz. This is a new 
channel, the station having moved from 4985kHz 
during late October last year. Reports are requested 
and will be verified by QSL card. Postal address is: 
Cajon 1408, La Paz, Bolivia. 

0 KUWAIT 
4967.5kHz Kuwait. The English programme is radia- 

ted from 1630 to 21.00 GMT. In November use of a 
new frequency of 15185kHz commenced, being heard 
with English programme from 0400 to 0600 GMT. 
English to Europe on 15385kHz from 1600 to 
1900 GMT. 
0 TOGO 

5047kHz Radio Togo, Lome. Weekdays, this station 
is on the air at 0530 - 0900, 1200 - 1400 and 1630 - 
2300 GMT. Saturdays at 0530 - 0900 and 1200 - 2300 
GMT. Sundays from 0530 - 2300 GMT. Languages 
used are French, English and several African dialects. 
Other outlets are; 6155kHz (4kW) and 7265kHz 
(lOOkW). The 5047kHz transmitter has a power of 
lOOkW. 
0 KOREA 

15115kHz Voice of Free Korea, Seoul. Broadcasts 
in English beamed to Europe are from 0600 to 
0700 GMT on this channel and on 15430kHz from 
0300 to 0400 beamed to N. America. 

Acknowledgements to ISWL, Swedish Dx'ers, and 
our own listening post. 
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ELECTRIC DRILL 

SPEED 

CONTROLLER 

by 

R. M. MARSTON 

Taking advantage of the facilities offered by a currently available triac, this 
unit provides continuous control, from near-zero to maximum, of the speed of 

electric drills 

This device enables the speed of an electric 
drill to be smoothly varied from near-zero to 
full, and to be set at any intermediate value. The 

unit is of particular value when using an electric 
drill in sanding, buffing, polishing, or sawing opera- 
tions, or when drilling large-sized holes. 

CIRCUIT OPERATION 

The circuit of the drill speed-controller is shown in 
Fig. 1. The heart of the unit is the device marked Ql; 
this device is known under a variety of names, but 
that used by its manufacturer is "triac". The basic 

Mains socket on unit 

To 3-way 
mains plug 

To e ectnc 
drill 

t 

! i 

Qi 
40512 MT2 

R4 

MT, C4 

Fig, 1. The circuit of the electric drill speed controller 
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characteristics of the triac are as follows. 
The triac is a sohd-state high voltage power switch 

which is either open circuit or short circuit between 
main terminal 1 (MT1) and main terminal 2 (MT2). 
These terminals can be connected to arty polarity of 
supply voltage, so the device can act as a switch for 
both d.c. and a.c. loads. 

The triac is normally open circuit between its two 
main terminals, thus acting as an open circuit switch, 
but it can be made to act as a short circuit switch by 
applying a suitable trigger voltage or pulse to its gate 
terminal. This gate signal can be of either polarity, 
and must have an amplitude of about 35 volts; it 
only needs to be applied for a few microseconds, 
however, to ensure full turn-on of the triac. Once 
the triac has been turned on the gate loses control, 
and the device stays on so long as its main current 
(between MT1 and MT2) exceeds a fairly low "hold- 
ing" value. When the main current falls below this 
value the device automatically turns off again, and 
remains off until it is triggered back on by a further 
gate pulse. 

Thus, when the triac is used with an a.c. supply, 
and is triggered on via the gate during the early part 
of a half-cycle, it remains on until the end of that 
half-cycle, even though the gate signal may be re- 
moved in the meantime. At the end of the half-cycle 
the triac switches off automatically as its MT1 to 
MT2 voltage (and thus current) falls momentarily 
to zero. 

Having examined the basic action of the triac, we 
can now look at the circuit of Fig. 1 to see how the 
device is used. Here, the electric drill is connected in 
series with the triac via 3-way mains socket SKT1, 
the combination being wired across the mains supply 
line via SI and Fl. Rl, R2, R3, R4, C1 and C2 
function together as a variable phase shift network, 
and enable the a.c. voltage on Q1 gate to be effec- 
tively delayed, relative to that on MT2, by any 
amount between about 5° and 170°, depending on 
the setting of R2. 

-1-21- 

Gate \ 
\ 

0-87 II 

o 

o 

o 

Ao T 

/ 

o o 

II 

MT1 

40512 (Bottom view) 

Note; A-mounting holes 
T - mounting tabs 

Fig. 2. The underside of the 40512 triac, 
showing connections and mounting tabs 
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Suppose, then, that R2 is set for minimum phase 
delay. In this case Q1 is open circuit at the start of 
each half-cycle, and the full mains voltage is applied 
to the phase delay network. 5° after the start of each 
half-cycle, however, Q1 gate voltage rises to about 35 
volts, and Q1 is triggered on and self-latches, thus 
remaining in the short circuit condition for the 
remaining 175° of the half-cycle. The triac is thus 
on (acting like a short circuit switch) for almost the 
full duration of each half cycle, enabling the drill 
to operate at maximum power. 

Heat radiator 
= MT2 

COMPONENTS 

Resistors 
(All fixed values 10% i watt) 

Rl 3.3kfi 
R2 250kO potentiometer, linear, 1 watt 
R3 SOOkfl potentiometer, preset, skeleton, 

vertical mounting 
R4 15kQ 
R5 10012 

Capacitors 
C1 O.l/i, 250V a.c. wkg., paper or 

plastic foil 
0.1/iF, 200V wkg., paper or 
plastic foil 
0.1/iF, 250V a.c. wkg., paper or 
plastic foil 
0.22/xF, 250V a.c. wkg., paper or 
plastic foil 

C2 

C3 

C4 

T riac 
Ql 

Switch 
SI 

Fuse 
Fl 

Triac type 40512 (R.C.A.) 

5 amp s.p.s.t. switch 

5 amp cartridge fuse 

Neon Lamp 
NE1 240 volt neon lamp in panel-mounting 

holder complete with series resistor 

Socket 
SKT1 3-way mains socket 

Miscellaneous 
Veroboard, 0.1 Sin. matrix, 3^in. by 2iin. 

(see Fig. 3) 
Panel-mounting fuse holder 
Knob 
3-core mains lead 
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Suppose, on the other hand, that R2 is set for 
maximum phase delay. Q1 is again open circuit at 
the start of each half-cycle, but in thise case the gate 
potential does not rise to 35 volts until 170° after 
the half-cycle has started. Q1 is, in consequence, only 
turned on for the final 10° of each 180° half-cycle 
and very little of the available mains power is 
applied to the drill, which therefore operates at a 
low speed. 

Thus, the drill power can be varied all the way 
from full to near-zero by varying the phase delay 
by means of R2. In the circuit, R5 and C4 prevent 
incorrect triggering of the triac due to an effect 
known as "commutating", whilst C3 helps to keep 
high frequency switching transients (from the triac) 
out of the mains power lines. Neon lamp NE1 gives 

a visual indication when the unit is connected to the 
mains line with SI closed. 

CONSTRUCTION AND USE 

The unit can be used with the 50Hz 240 volt mains 
power supply. The specified triac is supplied with an 
integral heat radiator, and can handle r.m.s. currents 
up to a maximum of 2 amps at 25 °C without extra 
heat sinking. Thus, the unit can control drill powers 
up to 480 watts on 240 volt supplies. 

Fig. 2 gives a bottom view of the 40512 triac. The 
gate and MT1 are brought out at the two leads 
identified in the diagram. The heat radiator and case 
provide the connection to MT2. Note that, since it 
is common to MT2, the heat radiator is "live" and 

A-mounting holes 
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FU 
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C3 

zt: x: 
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3Lugs(MT2) 
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/ Q' x 

/ \ 
c=r j ,G cV_. 

/ 'MT, ✓ / 

C2 link 

link 

C4 

o J o 
O O o 

2l/8' 

Fig. 3. Copper and component sides of the Veroboard assembly 
used in the prototype 
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must not be touched when the unit is connected to 
the mains. 

Constructional details of the unit are in no way 
critical, and can be varied to satisfy individual tastes. 
The prototype unit uses Q1 without additional heat 
sinking, and the components are assembled in a metal 
case measuring 6in. by 4in. by 2yin., as shown in 
the photographs. Ql, Rl, R3, R4, R5 and C1 to C4 
are all mounted on a 3yin. by 2Jin. piece of Vero- 
board with O.lSin. hole spacing, as illustrated in Fig. 
3. The copper strips are cut at the points indicated. 
This panel is mounted over R2, and is secured above 
it by two |in. long insulated spacing pillars. These 
pillars ensure that the mounting metalwork at the 
holes marked "A" is reliably insulated from the 
metal case in which the Veroboard assembly is fitted. 
The copper strips adjacent to the mounting holes 
carry voltages at mains potential, whereupon it is 
essential that the method of mounting provides reli- 
able insulation between these points and the metal 
case. The case is earthed to the earth lead from the 
3-way mains plug. In the prototype, the function of 
SI is carried out by the switch in the switched socket 
mounted on the front panel, this being wired into 
circuit in the required manner. 

To 3-way 
mains plug 

L N 

SKTj NE 

Fig. 4. The connections external to the Vero- 
board assembly 

A 

V 

The case is fitted with a perforated rear cover and 
has four rubber feet to assist in providing ventilation 
for the triac. The connections external to the Vero- 
board assembly are shown in Fig. 4. 

When construction of the unit is complete, set R3 
at mid-value, connect the electric drill via SKT1, 
connect the unit to the mains, and switch on by 
means of SI. Check that the neon lamp lights up, 
then with R2 set to maximum value (for minimum 
speed), adjust R3 to give a near-zero drill speed. 
Now check that the drill speed can be smoothly 
varied from near-zero to maximum by means of R2. 
Check also that Ql does not overheat, but remember 
that Ql is "live", so disconnect from the mains 
before touching this component. If overheating does 

The components mounted inside the unit case 

occur it will be necessary to fix Ql to an additional 
heat sink and provide more ventilation. 

The unit is then complete and ready for use. 

EDITOR S NOTE 
The maximum r.m.s. on-state current rating quoted 

by R.C.A. for the 40512 in free air is 2 amps at 250C, 
the current being linearly derated to zero at 100°C. 
Most electric drills are rated well below 2 amps; if the 
unit is used with drills whose current requirements 
approach this figure, the triac should be provided with 
adequate ventilation. The 40512 triac specified is avail- 
able from Electrovalue, 32a St. Judes Road, Englefield 
Green, Egham, Surrey. 

It will be noted that R2 is specified as a 1 watt 
potentiometer. Suitable types here are standard (as 
opposed to miniature) potentiometers with "moulded" 
carbon tracks, these being available from Home Radio 
and other suppliers. 

A final point is that it is important to ensure that the 
earth connection from the mains supply is reliably 
carried through to the earth socket on SKT1. _ 

THE "A1RLANE" RECEIVER 
The Ministry of Posts and Telecommunications has 

drawn our attention to Section 5(b) of the Wireless 
Telegraphy Act, 1949. 

The Section reads as follows:- 
Any person who, otherwise than under the authority of 
the Minister or in the course of his duty as a servant of 
the Crown, either- 
(i) uses any wireless telegraphy apparatus with intent 
to obtain information as to the contents, sender or 

addressee of any message (whether sent by wireless 
telegraphy or not) which neither the person using the 
apparatus nor any person on whose behalf he is acting 
is authorised by the Minister to receive; or 
(ii) except in the course of legal proceedings or for 
the purpose of any report thereof, discloses any inform- 
ation as to the contents, sender or addressee of any 
message, being information which would not have come 
to his knowledge but for the use of wireless telegraphy 
apparatus by him or by another person, shall be guilty 
of an offence under this Act. 
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DEVELOPING THE 

SS 
SPONTAFLEX 

Jf 

SHORT WAVE 

RECEIVER 

by 

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

The "Spontaflex" DRC2 short wave receiver, published in 
an earlier issue, has proved to be very popular with readers. 
This article describes modifications which enable more 
modern transistors to be incorporated, whereupon perform- 

ance and frequency range are further improved 

CONSIDERABLE INTEREST HAS 
been taken in the author's 
DRC2 receiver described in an 

earlier issue1, so that it seems worth 
while passing on to readers develop- 
ments which have taken place since. 
These developments double the fre- 
quency coverage, taking it up to 
35MHz, and enable signals to be 
heard through a small speaker in- 
corporated with the set which still, 
however, remains essentially a head- 
phone receiver so far as DX recep- 
tion is concerned. If powerful 
speaker reproduction of weaker 
stations is required, an external 
amplifier can always be plugged in to 
the phone socket. 

This article is primarily intended 
for those who have already built the 
original receiver, or who have the 
relevant issue of the magazine. 

To avoid confusion it should be 
stated that the 5 switched positions 

1 Sir Douglas Hall, "The 'Spontaflex' Tran- 
sistor Short Wave Receiver", The Radio 
Constructor, January. 1968. The receiver 
was also referred to as "DRC2", this stand- 
ing for "Double Reflex Colpitts 2".— 
Editor. 
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in the new version of the receiver 
are referred to as Bands 1 to 5, 
Band 5 being the lowest in fre- 
quency. Later, when Denco coils 
are mentioned, they will be referred 
to as Range 2 to Range 5, Range 2 
being the lowest in frequency. This 
complies with the manufacturer's 
nomenclature. 

EXTRA BAND 

In order to enable an extra high 
frequency Band to be incorporated 
(Band 1) it is necessary to change 
over to n.p.n. silicon transistors, 
and two 2N 3707's will be needed. 
Also required are two resistors, each 
1.2kfl, and a small preset potentio- 
meter of 50kS2. The coil used for 
this Band is a Denco, valve type. 
Miniature Dual Purpose, Range 5, 
Blue or White. These components 
appear in the Components List for 
this article as TR1, TR2, R2, R3, 
VR1 and L3. 

First, the five components bearing 
these numbers which appear in the 
original receiver should be removed 
and put in the spares box. Next C4, 

C5, D1 and the battery connectors 
should be removed and replaced in 
the same circuit positions, but with 
polarity reversed in each case. The 
new components TR1, TR2, R2, R3, 
VRl and L3 should now be soldered 
into position. Fig. 1 shows the rele- 
vant part of the original layout, and 
Fig. 2 shows how the altered com- 
ponents should now be connected. 
Note that the new TR1 and TR2 
have crossed lead-outs so the collec- 
tor lead, in each case, should be 
covered with a small piece of insu- 
lated sleeving. 

Disconnect the L2 starting lead 
from the fixed vanes tag of VC3 and 
solder pin 1 of the Denco coil (L3) 
direct to the VC3 tag instead. Then 
solder the L2 lead just disconnected 
to pin 6 of L3, and add a short 
lead from L3 pin 6 to the vacant 
tag of SI (a), as illustrated in Fig. 2. 
L3 should take up the position 
shown in Fig. 2. It is necessary, too, 
to join two tags of Sl(b), as also 
shown in Fig. 2. Whereas, previous- 
ly, there were two "off" positions 
on the switch, there is now only 
one, next to Band 5. All other com- 
ponents remain without alteration. 
The core of L3 should be adjusted 
so that about fin. of the threaded 
brass rod protrudes. 

CHECKING THE CIRCUIT 

The receiver, as so far modified, 
may next be checked. It is impor- 
tant that VRl should not be ad- 
justed so that less than about a 
quarter of the track is left between 
the slider and the end connected to 
the positive supply rail, or there is 
a danger that excessive current will 
flow later, particularly when TR3 is 
added. In the first place the slider of 
VRl should be set to the half-way 
position and the receiver tried out 
on, say. Band 2. Oscillation should 
be easily available. If not, something 
is wrong and connections should be 
checked. Then switch to Band 1, 
open the vanes of VC3 completely 
and adjust VRl, if necessary, so 
that oscillation is easy and smooth. 
Next check on Band 4 with the 
vanes of VC3 closed and make sure 
that oscillation is satisfactory. If 
necessary, find a compromise posi- 
tion for the slider of VRl which 
suits both Band 1 with the vanes of 
VC3 open, and Band 4 with the 
vanes of VC3 closed. These two 
tuning points will probably be 
found to be the most critical for 
satisfactory reaction, and the best 
position for the one is not always 
the best position for the other. En- 
sure also that reaction on Band 5 
is satisfactory. 

It will be seen from the circuit 
of Fig. 4 that adjustment is now 
made to the resistance in the collec- 
tor load of TR2 (common to the 
base of TR1) rather than to the re- 
sistance in the emitter circuit of 
TR1 as was done in the original 
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design. The modified form of con- 
trol has a larger effective range and 
causes less alteration to the collector 
current of TR1, which is an advant- 
age if TR3 is added. 

WAVE TRAP 

A second modification which is 
useful in areas where a strong 
medium wave signal tends to break 
through—especially on Band 5—is 
the incorporation of a wave trap. 
This is given by L4 and VC4 con- 
nected in parallel and positioned as 
shown in Fig. 3. (Fig. 3 also shows 
a further modification incorporating 
VR2, this being described later.) If 
the interfering station has a wave- 
length of 300 metres or more, L4 
should have 50 turns of 32 s.w.g. 
enamelled wire close-wound on a 
paper sleeve fitted over a piece of 
fin. ferrite rod about liin. long. If 
the wavelength of the offending 
station is less than 300 metres, L4 
should have 35 turns. In each case 
VC4 should be a preset capacitor 
with a maximum value of about 
500pF. It is important that capaci- 
tance in the wave trap circuit should 
not be too low or the injection of 
short wave signals into the circuit 
will be impeded. 

OUTPUT STAGE 

fhe speaker output stage some 
further components are required 
These are a 2} or 3in. round 312 
speaker, output transformer Tl, a 
2N2926G transistor (available from 
Amatronix, Ltd.), capacitors C6 and 
C7, resistor R4, toggle switch S2 
and a 3-way tagstrip. These com- 
ponents are mounted as shown in 
PjS- 3- Tl is fixed by soldering one 
of the feet of its clamp to a solder 
tag held under one of the mounting 
screws for the existing tagboard. Do 
not attempt to save the cost of Tl 
by using an 80S2 speaker. With a 
9-volt supply and a small current 
flowing, this would offer a very bad 
match for TR3, and there would be 
a considerable loss of efficiency. 

Switch S2 is included to switch 
the output stage in or out as desired, 
and a hole is required in the panel 
for its bush. As may be seen from 
Fig. 4, when S2_is open TR3 has 
no bias for its base and will not 
conduct. With S2 closed, base bias 
becomes available, and TR3 con- 
ducts and amplifies. If the receiver 
is critically tuned to a weak station 
when the speaker is switched in or 
out, slight readjustment of tuning 
and reaction may be needed owing 
to a small consequent change in bias 
for TR1 and TR2. In most cases 
this effect will not be noticed. 

If a 2)in, speaker is used, it can 
be mounted on the plywood "foot" 
already in position to enable the 
receiver to be used without a case. 
It will, of course, be necessary to 
remove this piece of plywood and 
FEBRUARY 1970 
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Fig. 1. Original layout, showing components affected by the 
modifications 

cut a hole in it for the speaker. The 
prototype uses a 3in. speaker with 
a square frame, obtained from 
Henry's Radio. This now takes the 
place of the plywood "foot", the 
panel being cut away for about fin. 
to make room for the, speaker, 
which is attached to the panel by 
two thin wood screws. It is clear 
that in either instance a suitable 
hole will have to be cut in the case 
and covered, on the inside, with a 
piece of expanded metal to protect 
the speaker. 

PLUG-IN COILS 

Some readers have asked about 
the possibility of using plug-in coils 
in place of the special home-made 
coil and switching circuit specified. 
Experiments have shown that, pro- 
vided VC3 is replaced with a 160pF 
component, it is possible to obtain 
coverage from about 35MHz to 
about 1.2MHz using Ranges 5 to 2 

New connections 

inclusive of Denco valve type 
Miniature Dual Purpose coils, 
White. These White coils are in- 
tended as oscillator coils for an i.f. 
of 1.6MHz, but have just the right 
inductance for this receiver. Only 
the tuned winding is used. No con- 
nections are made to Sl(a). A B9A 
yalveholder is required, with pin 1 
joined to the fixed vanes of VC3 
and pins 2, 3, 4 and 6 to the moving 
vanes. This multi-pin connection is 
necessary as different Range coils 
have different pin connections. The 
coils may then be plugged in as re- 
quired. 

Some readers have said that they 
are only interested in the 80 and 
160 metre bands. Both these bands 
can be covered by a Denco Range 
2 White coil with the core suitably 
adjusted. 

A disadvantage with the plug-in 
coils is that a 160pF tuning capaci- 
tor must be used and this results 
in some loss of efficiency at the low 

New VR| 

New R 

Bb 

Sin slb 
New 

J 
Pin 

PR 7 

VC3 

New TR| 

New TR2 

Pin I 
F/g. 2. The modifications in layout and wiring resulting from 
fitting new transistors in the TR1 and TR2 positions and extending 

the frequency range 
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VR 
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Aerial socket 

3-way tag-strip 

Fig. 3. Adding an output stage 
adjustable aerial loading 

frequency end of each Range, as 
compared with the IGOpF capacitor 
used with the home-made coil. It 
is useful to remember that lOOpF 
across 111 will tune to the same 
frequency as lOpF across 10//H. 
Other things being equal, the vol- 
tage of the signal received will be 
100 times greater with the lOpF 
capacitor than with the lOOpF 
capacitor - the equivalent of quite 
a useful r.f. amplifying stage. 

NEW TRANSISTORS 

Constructors who are not in- 
terested in frequencies higher than 
about 15MHz will gain less advan- 
tage by changing over to the new 
transistors. But the 10, 11, 13 and 
15 metre bands cannot be received 
with the original design and the 
new transistors also ensure excellent 
reception of the 16 metre band, 
which was not too reliable with the 
previous transistors. There may, in- 
cidentally, well be disappointment 
if a small earphone is employed. 
The DLR5 headphones, as originally 
specified, are strongly recommended 
and will prove vastly more sensi- 
tive. 

AERIAL-EARTH LOADING 

As was described in the earlier 
article, the greater the aerial-to- 
earth loading, the greater will be 
the amplification. Increasing the 
aerial coupling, by closing the vanes 
of VC1, will generally require the 
reaction control, VC2, to be moved 
back.- In fact, at the low frequency 
end of Band 5 it may be found 
that the receiver will oscillate even 
with VC2 fully open if aerial coup- 
ling is too tight. But here the posi- 

2 VC1 was a lOOpF solid dielectric variable 
capacitor fitted in series between the aerial 
and the emitter of TR1 in the previous 
design.—Editor. 
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for a speaker, together with an > 
circuit and a wave trap 

tion is complicated by the fact that 
LI, with stray capacitances, forms 
a tuned circuit not far removed 
from that of the incoming signal. 
One reader has reported an im- 
provement by using a 5mH choke 
for LI. This, however, may intro- 
duce some losses at 10 metres, due 
to larger stray capacitance. 

Although the receiver is very free 
from hand capacitance effects on all 
the original Bands, whether an earth 
connection is used or not, this 
nuisance can begin to be noticeable 

on the 10 metre band, particularly 
if headphones are used, so that it 
is an advantage to use long necked 
knobs for the slow motion drive 
on VC3, and on VC2. Alternatively, 
an inch or so of insulated tubing 
can be added as extension rods. On 
the 10 metre band the length of the 
aerial has a considerable effect and 
it is worth experimenting to find a 
length which gives freedom from 
hand capacitance troubles. Excellent^ 
hand capacitance-free results on 10 
metres are obtained with the proto- 
type using a fairly long outside 
inverted L aerial, although for most 
other bands this aerial causes selec- 
tivity problems even when VC1 is. 
adjusted to the minimum position. 
For general use, about four yards 
of wire slung across the room is 
satisfactory. An earth, which may 
be the earthed socket of a mains 
plug, provides far greater sensi- 
tivity on Bands 4 and 5, has a use- 
ful effect on Band 3, very little 
advantage on Band 2, and none 
whatsoever on Band 1. 

It may be found that VC1, the 
series aerial capacitor originally 
fitted, will not provide sufficient 
selectivity on the new Band 1, even 
when fully open. The minimum 
capacitance may still be too great 
to allow, say, powerful stations on 
the 13 metre band to be separated. 
In this event, a modification to. 
potentiometer coupling, as shown 
in Figs. 3 and 4, will prove a con- 
siderable help. VC1 is replaced by 
a fixed capacitor, C8, and variable 

bl-| VR 
Tvc4 

~w- Off +9V TR TR 

n 
Ri ^ 2N3707 2N3707 

slb ^4 VC3 V 
Off 

TR 

n 
2N2926G 

VC2 
U .r R-g Cg 

::Di c6 S gRa Tr 
I 

Phones 

be e 
2N3707 

2N2926G 
Lead-outs 

Fig. 4. The circuit of the receiver with all modifications 
incorporated 
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Components Retained From 
Previous Design 
Resistor 

R1 330S2 i watt, 10% 
Capacitors 

C1 22pF 
C2 0.1 
C3 0.0015pF 
C4 1 00/jF electrolytic, 9V 

wkg. 
C5 IOOuF electrolytic, 3V 

wkg. 
VC2 lOOpF variable, solid 

dielectric 
VC3 lOOpF variable, air- 

spaced 
Inductors 

LI 2.5mH choke (Repanco) 
L2 See text of January 1968 

article 
Diode 

D1 OA81 
Switch 

SI 2-pole 6-way miniature 
rotary 

COMPONENTS 

Phones 
Headset type DLR5 (Henry's 

Radio, Ltd.) 
Dial Drive 

Vernier Drive type T501 
(Eagle) 

Plugs, Sockets 
Phone jack and plug 
Aerial socket 
Earth socket 
Battery connector clips 

Battery 
9 volt battery type PP7 (Ever 

Ready) 
Miscellaneous 

6-way tagboard, 2i x 2jin. 
New Components for Modified 
Receiver 
Resistors 
(All fixed values i watt 10%) 

R2 L2kn 
R3 1.2kl2 
R4 I20O 
VR1 50ki2 miniature poten- 

tiometer, preset, linear 
VR2 2kn potentiometer, 

linear (see text) 

Capacitors 
C6 1 00/jF electrolytic, 3V 

wkg. 
C7 0.05/iF 
C8 lOOpF 
VC4 500pF preset 

Inductors 
L3 Denco Miniature Dual 

Purpose Coil, valve 
type, Blue or White, 
Range 5. 

L4 See text 
T1 Output transformer type 

LT700 (Eagle) or 
similar 

T ransistors 
TR1 2N3707 
TR2 2N3707 
TR3 2N2926G 

Switch 
S2 s.p.s.t, toggle 

Speaker 
3n, 2j or 3in. round 

Miscellaneous 
3-way tagstrip 
Hin. of fin. dia. ferrite rod 

coupling is provided by VR2. The 
value of this component is not very 
critical, but 2ktl will be found to 
give smooth, progressive coupling 
on all Bands. With the prototype 
VR2 was also found a great help in 
removing hand capacitance on 10 
metres when the length of the aerial 
was introducing this effect. It will 
be noted that at the zero coupling 
position the aerial is coupled to 
earth through C2, though powerful 
stations will still be received with 
critical reaction, being picked up 
direct on the wiring and coil. In 
Fig. 3, VR2 is mounted in the posi- 
tion previously occupied by VCl. 

PROTOTYPE OPERATION 

In the prototype of the modified 
receiver, TR1 draws TOO/iA, TR2 
250/iA and TR3 7mA. Thus, when 

headphones are used and the speaker 
is switched out, less than 1mA is 
drawn from the battery. 

TABLE 
Frequency ranges with the modi- 

fied receiver. 

Band Frequency range 
(MHz) 

1 35-16 
2 18.5-8.8 
3 10.4-4.72 
4 5.2-2.38 
5 2.75-1.21 

The ranges covered by the 5 
Bands with the prototype, using 
the original home-made coil for 

Bands 2 to 5, and the Blue Denco 
coil added for Band 1, are shown 
in the accompanying table. 

It is not proposed to repeat all 
the detailed instructions given in 
the earlier article, nor to describe, 
again, the passage of a signal 
through the receiver. But Fig. 4, 
which shows all the modifications 
mentioned in this article, together 
with the Components List, should 
enable experienced constructors to 
make the receiver even if they do 
not have the earlier article by them. 
But they will have to design their 
own coil unit, or use plug-in coils 
as described. 
Editor's Note. Copies of the January 
1968 issue, containing the article 
describing the original "Spontaflex" 
receiver, are available for 3/6 post 
paid from Data Publications, Ltd. 

LOW LIGHT LEVEL TV CAMERA TUBE 
The latest addition to the range of TV camera tubes 

manufactured by English Electric Valve Co. Ltd., com- 
bines the low-noise read-out of a 3in. image isocon tube 
with the additional light amplification of a single stage 
image intensifier. The resultant type P8012 tube will give 
good pictures under overcast starlight conditions. 

The intensifier stage, a P899B, has a curved faceplate 
for use with a mirror optical system, though with a 
corrector lens fitted it can also be used with a refractive 
optical system. The intensifier output screen and the Sin. 
image isocon (type P887) photocathode are both fitted 
with fused fibre optic faceplates, which coupled together 
provide an efficient transfer of the intensifier output image 
onto the photocathode of the isocon. 

Both the P899B and P887 can be supplied separately 
if required. 
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NEW MICROELECTRONIC 
INTERCONNECTION SYSTEM 

Hawker Siddeley Dynamics, Hatfield, Herts., has intro- 
duced a new microelectronic interconnection system for 
integrated circuits - Mynapak. It is a development of 
an earlier system, Micropak, with applications in the 
data transmission and handling and control engineering 
fields. 

In a package measuring 5 cm by 2.5 cm by 0.4 cm 
thick, Mynapak can contain up to 25 integrated circuits 
and 25 other thick film and chip components to cus- 
tomer's specification. 

The package has 40 leads in 'dual in-line' format (20 
leads on each of the 5 cm sides) on 0.25 cm centres. 
Mynapak can dissipate up to six watts without a heat 
sink. 
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SIMPLE FREQUENCY METER 

by 

J. B. DANCE, M.Sc. 

This article describes a neat and reliable circuit design for a direct-reading 
frequency meter capable of working up to 1MHz. It may be made up as a 
single-range instrument, or it may incorporate a switch offering up to five 

different ranges 

Frequency may be measured and indicated by 
either analogue or digital techniques. If digital 
techniques are employed, each of the input pulses 

is counted over a certain period (for example, 1 
second) and the total number of counts is displayed 
in the form of digits (possibly by cold cathode 
numerical indicator tubes). 

In the case of analogue circuits, however, a voltage 
or a current proportional to the input frequency is 
generated. As the input frequency changes, analogus 

changes occur in the amplitude of the voltage or 
current generated by the circuit. This voltage or 
current is displayed on a meter which is calibrated 
to indicate frequency. Such a frequency meter is 
known as a ratemeter when it is used for nucleonic 
instrumentation. 

In general, analogue instruments tend to be more 
economical to construct than digital instruments, but 
the latter can provide greater accuracy. If an ana- 
logue display of a current is to have an accuracy of 

Input 

R6i 

R2 
-WW—i 

D3 , 
L, IS2068 

^•SpH 
D, 

C2 EA403 
-WH 

O-SmA 

TR I 
P346A 
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P346A 
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+ 9V 

+ 6-8V (stabilised) 
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■w—| 

TR3 
P346A 

Cf 
-IK 

d2 
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TR4 
P346A 

sc 
P346A 

Lead-outs 
Fig. 1. A simple frequency meter with a single range. The values 

of capacitor Cf are as shown in the Table 
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±1%, a good meter is required. On the other hand, 
if a digital instrument is used to count each cycle of 
a 10MHz waveform for 1 second, it is possible to 
arrange that the error in the display of the frequency 
is little more than 1 part in 107. However, such in- 
struments can be very complex. 

THE CIRCUIT 

The circuit to be described is a simple analogue 
frequency meter employing only four economically 
priced transistors. It can be constructed to provide a 
single range or, with an additional switch and com- 
ponents, five switched ranges covering 10Hz to 
1 MHz. (The lowest frequency which may be reliably 
measured is 10Hz.) 

The input signal, the frequency of which is to be 
measured, should exceed 2 volts peak to peak and 
should be supplied from a source resistance less than 
5kO. The power supply required is 9 volts at about 
50mA. 

PRINCIPLE OF OPERATION 

The first two transistors in the circuit of Fig. 1 
form a trigger circuit which switches over rapidly 
each time the input voltage rises and falls. The out- 
put pulses from this part of the circuit pass through 
the lOOpF capacitor C2 which, in conjunction with 
R5 differentiates the pulses. The negative parts of the 
differentiated pulses cannot pass through Dl. On the 
other hand, the positive parts do pass through this 
diode, and they are used to switch transistor TR3 
to conduction. 

The transistors TR3 and TR4 form a monostable 
circuit in which TR4 is normally conducting. When 
TR3 is switched to conduction, TR4 is switched off, 
but the circuit returns to its quiescent state after a 
time determined by the product of the values of Rf 
and Cf. 

When TR3 conducts, a current passes through the 
meter and R7 to TR3 collector. The magnitude of 
this current is dependent on the potential of point A 
and on the collector voltage of TR3. The potential 
of point A is kept constant by the use of the 6.8 volt 
zener diode, D3, whilst the collector voltage is also 
constant (=V.at) during conduction. Thus the mag- 
nitude of the current passing through the meter is 
constant. 

TABLE 

Full-Soale Deflection (Hz) Value of Cf (/iF) 

100 1 
1,000 0.1 

10,000 0.01 
100,000 0.001 

1,000,000 0.0001 

If the current passing during the pulses is kept 
constant, the deflection of the meter is proportional 
to the pulse duration and the number of pulses per 
second. For a given value of Rf and Cf, the deflec- 
tion is therefore proportional to the input frequency. 

The first two transistors are used to provide sharply 
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COMPONENTS 

(N.B. This list applies to Fig. 1. See text for 
additional components required for circuit 
of Fig. 2). 

Resistors 
(All fixed values 5% i watt) 

R1 IkO 
R2 4.7kn 
R3 lOkQ 
R4 33012 
R5 Ikfl 
R6 10012 
R7 51012 
R8 4.7kl2 
R9 51012 
Rf 10kl2 preset potentiometer 

Capacitors 
C1 10/xF electrolytic, 12V wkg. 
C2 1 OOpF ceramic 
Cf See Table 

Inductor 
LI 6.5/xH coil (see text) 

Semiconductors 
TR1-TR4 P346A 
Dl, D2 EA403 
D3 6.8 volt zener diode type 1S2068 

Meter 
Ml moving-coil meter, 0-5mA 

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

Battery 
9-volt battery 

rising pulses for the operation of the monostable 
circuit. Even if the input voltage changes rather 
slowly (e.g. if it is a sine wave), the first two tran- 
sistors still switch rapidly. 

CALIBRATION 

If the value of Rf or Cf is altered, the duration of 
the current pulses through the meter will be changed 
and this will affect the meter deflection for a certain 
input frequency. Thus the desired value of the full- 
scale deflection may be obtained by a suitable choice 
of Rf and Cf. 

The value of Cf may be selected from the Table 
to cover the desired frequency range. The instrument 
is cahbrated by feeding a signal from a generator to 
the input of the circuit, this signal having a frequency 
equal to the desired full-scale deflection. The value of 
Rf is then adjusted so that a full-scale deflection is 
obtained. 

The value of Cf for various values of full scale 
deflection is shown in the Table. 

The lowest frequency range may, of course, be 
calibrated using the 50Hz mains supply to give a 
half-scale deflection. The mains supply should be 
connected to a transformer and a low voltage output 
from the latter connected to the input of the fre- 
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quency meter. A valve heater transformer supplying 
6.3 volt r.m.s. can be used for this purpose. 

MULTI-RANGE INSTRUMENT 

If a multi-range instrument is required, alternative 
values of the capacitor Cf may be switched into the 
circuit as shown in Fig. 2. These capacitors have the 
values shown in the diagram. 
+ 6-8V (stabilised) 

IOkng|- 
O-OOOIuF lOkn lOkn M| 

0-5mA 
lOkn lOkn 

O'OOIpF 
—IB—-s 

O-OlpF 
-il~? 
0-I>JF 

1—^ 

luF 
8 

ww— —II 

Do 
EA403 

' "3 TR4 

Range 
selector 
switch 

Fig. 2. Modifications to the circuit of Fig. 1 
when a multi-range instrument is required. The 
remainder of the circuit is exactly as shown 

in Fig. 1 

E:ic^l 
range should be calibrated separately and 

the full-scale deflection of each should be adjusted 
by the associated potentiometer shown in Fig 2 If 
precision capacitors are used for the five capacitors 
it may be possible to achieve satisfactory results with 
only one variable resistor, but it is normally both 
economical and more convenient to use readily avail- 
able standard components in the circuit given. 

COMPONENTS 

The value of Cf may . be selected from the Table 

u j"S enamelled copper wire wound on a 0.4 inch diameter former to produce a coil about half 
an inch in length is suitable. The wire may be about 
26 s.w.g. 

The trimming potentiometers should, for long-term 
accuracy, be high grade types. The transistors and 
^desare readily available devices, obtainable from 
LSI Electronic Components Ltd. 

CONSTRUCTION 

The circuit may be conveniently constructed on the 
normal type of Lektrokit insulated board which has 
holes spaced at 0.1 inch intervals to take tapered 
solder pins. Only about a third of one of these 
boards is required and this may be cut from a com- 
plete board by means of a small saw either before 
or after the components have been soldered in posi- 
tion. The board measures 4 by 4J inches and is 
Lektrokit Part No. LK-141, whilst the solder pins 
are Lektrokit Part No. LK-3011. Both are available 
trom Home Radio (Components) Ltd. 

A 9 volt battery of the type used in transistor 
radios is generally the most convenient source of 
power, since the instrument is then independent of a 
mains supply. However, the mains can be used as 
a source of power if a transformer providing an out- 
put of about 7 volts r.m.s. is employed; the output 
trom this transformer is half-wave rectified by a 

aarl^ smoothed with a capacitor of about 4MJ/jT, 12V wkg. 
The completed circuit board may be fixed in a small 

,nt0 one face of which the meter has been ntted The size of the box required will depend on 
whether a range switch is to be used, on the size of 
meter used and possibly on the size of the battery 
to be employed. A range of suitable diecast boxes is 
available from Home Radio (Components) Ltd. Some 
constructors will, of course, doubtless prefer to make 
their own box for the unit. 
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UNDERSTANDING 

f 2tcVLC 

VOLTMETERS AND 

OHMMETERS 

by W, 0, Ator/ey 

IN LAST MONTH'S ISSUE WE CON- 
tinued our examination of the 
moving-coil meter and discussed 

the manner in which it is used for 
measuring current. We saw that the 
current .at which the meter offers 
full-scale deflection (or. f.s.d.) may 
be increased by connecting a shunt 
across its terminals, and we dealt 
with the simple equation employ- 
ed for calculating the value of that 
shunt. We next examined the mov- 
ing-coil meter as used in a multi- 
testmeter having a number of 
switched current ranges and saw 
how the "universal shunt" circuit 
operates. 

We now turn to the techniques 
involved when the moving-coil 
meter is employed for the measure- 
ment of voltage. 

MOVING COIL VOLTMETERS 

A voltmeter is an instrument 
which, as its name implies, is in- 
tended to indicate the voltage 
existing between two circuit points. 
The voltmeter is simply connected 
across these two points and there 
is no necessity to make any phys- 
ical alterations to the circuit to 
which it is applied. This is a 
different state of affairs to that 
which occurs when a current in- 
dicating meter is used, since the 
latter has to be inserted in series 
with the circuit whose current flow 
is to be measured. For this 
reason, the voltmeter is normally 
a much more useful tool when 
servicing or fault-finding work is 
being carried out, since it is in 
most cases a much quicker oper- 
ation to measure voltages in a piece 
of equipment than it is to measure 
currents. The measurement of cur- 
rent requires that a circuit be 
broken before the current indicat- 
ing meter can be inserted. A skilled 
service engineer who is searching 
for an obviously incorrect current 
flow in a faulty item of equipment 
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will often carry out the two-step 
procedure of first checking the vol- 
tage across, say, a resistor and then 
measuring the value of that resistor 
when the appropriate equipment 
has been switched off. The current 
which flows in the resistor may 
then be rapidly calculated, the 
overall process being considerably 
quicker than is given by physically 
disconnecting one end of the resis- 
tor and inserting a' current indicat- 
ing meter in series. In laboratory 
design and development work, on 
the other hand, meters are used 
to provide precise measurements 
rather than to merely locate the 
presence of obviously incorrect 

iSeries resistor 
Voltmeter 
terminals 

(a) 

: 9,900n 

kO-lmA 
lOOn 

lO.OOOn 

(c) 

voltages and currents, whereupon 
the current reading meter has the 
same usefulness as the voltmeter. 

A moving-coil meter is capable 
of indicating voltage on its own, 
in so far that the current flowing 
through its coil is directly propor- 
tional to the voltage across its 
terminals. Thus, a 0-lmA meter 
having a resistance of 10012 will 
give an f.s.d. indication when the 
voltage across its terminals is 0.1 
volt since (from the Ohm's Law 
equation, E=IR) that is the voltage 
required to cause 1mA to flow in 
a resistance of 100S2. Other com- 
monly encountered moving-coil 
meters will also give f.s.d. readings 

900n 

tOOOn 
O-lmA 
lOOn 

(b) 

200n 

\ JO-5mA 

(d) 

Fig. 1 (a). A voltmeter formed by a combination of a moving-coil 
meter and series resistor 

(b). A voltmeter with a full-scale deflection of 1 volt 
(c). A voltmeter having a full-scale deflection of 10 volts 

(d). This voltmeter has a full-scale deflection of 1 volt, but draws 
a higher current than that of (b) 
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X— 
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Fig. 2(a). A typical equipment circuit, in which a valve has an 
anode load resistor of 10OkU 

(b). Measuring anode voltage with a voltmeter having an f.s.d. 
of 200 volts 

'f' a condition, the valve draws zero anode current, the only current in the WOkil load resistor is that drawn 
by the voltmeter. The lower resistors in the four examples given 
here represent the resistance presented by voltmeters having 
different ohms per volt figures. The voltages across the lower 
resistors are those indicated by the voltmeters they represent 

when similarly low voltages are 
applied across their terminals. 

Voltage indicating instruments 
which are incapable of giving read- 
ings higher than a fraction of a 
volt are obviously not of much use 
in practice, and it is only for 
occasional specialised applications 
that a moving-coil meter is employ- 
ed on its own to show voltage in 
this manner. Voltages higher than 
that appearing across the meter coil 
are measured by connecting an 
external fixed resistor in series with 
the moving-coil meter, as in Fig. 
1(a), the combination then being 
described as a voltmeter. Fig. 1(b) 
shows the O-lmA meter with 10012 
resistance we chose as an example 
just now, this being connected in 
series with a 90012 resistor to form 
a voltmeter. Since the total resis- 
tance between the terminals of this 
voltmeter is 1,00012 (90012 + 
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10012), and since a current of 
1mA flows when a voltage of 1 
volt is applied to a resistance of 
this value, it follows that the volt- 
meter of Fig. 1(b) has an f.s.d. 
figure of 1 volt. Fig. 1(c) shows the 
same basic meter with a series re- 
sistor of 9,90012, whereupon the 
total resistance between the volt- 
meter terminals is 10,00012. In con- 
sequence, the voltmeter of Fig. 1(c) 
gives a full-scale deflection at 10 
volts. 

These examples are helpful in 
introducing the fact that, if we 
want to find the value required in 
the series resistor of a voltmeter, 
it is first of all necessary to calcu- 
late the total resistance which 
causes the meter f.s.d. current to 
flow at the desired f.s.d. voltage, 
and to then subtract from this total 
resistance the resistance of the met- 
er. The procedure may be summed 

up in the general equation: 

F.erlea — j" R m 

Where R»,rie, is the series re- 
sistor in ohms, E is the f.s.d. volt- 
age in volts, I is the meter f.s.d. 
current in amps and Rm is the 
resistance of the meter in ohms. 

OHMS PER VOLT 

A convenient method of easing 
voltmeter series resistance calcula- 
tions is to employ the concept of 
"ohms per volt". In Fig. 1(b) a 
total resistance of 1,00022 resulted 
in a f.s.d. voltage reading of 1 volt. 
At the same time, an overall resis- 
tance in Fig. 1(c) of 10,000S2 result- 
ed in an f.s.d. voltage reading of 
10 volts. Both these examples dem- 
onstrate that a voltmeter incorpor- 
ating a 0-lmA basic meter can be 
described as being a 1,000 ohms 
per volt instrument. If we wanted 
to find the value of series resistance 
for a voltmeter giving an f.s.d. 
reading at 5 volts and having a 
0-lmA basic meter, we may com- 
mence by saying that the 1,000 
ohms per volt figure associated with 
the 0-lmA meter tells us that the 
total resistance required will be 5 
times 1,000 or 5,00012, with the 
result that the series resistor should 
be this value minus the resistance 
of the meter. 

Fig. 1(d) illustrates a voltmeter 
incorporating a 0-5mA basic meter 
together with a series resistor 
which allows an f.s.d. reading to 
be given at an applied voltage of 
1 volt. From the Ohm's Law equa- 
tion we can calculate the total 
resistance as being 20012, where- 
upon the series resistor requires a 
value of 200S2 minus the resistance 
of the meter. The ohms per volt 
figure when a 0-5mA basic meter 
is employed is 200. 

It will be apparent that the ohms 
per volt figure is directly depen- 
dent upon the current which the 
voltmeter draws at full-scale de- 
flection. We have already seen that 
when the basic meter in the volt- 
meter has an f.s.d. rating of 1mA 
the voltmeter is a 1,000 ohms per 
volt instrument, and that when the 
f.s.d. rating is 5mA the voltmeter 
is a 200 ohms per volt' instrument. 
If we fake some further examples 
we will find that if the basic meter 
has an f.s.d. value of 100,1 A (equal 
to 0.1mA) the voltmeter has an 
ohms per volt figure of 10,000, that 
a 0-200yA basic meter provides a 
5,000 ohms per volt instrument, and 
so on. As the current required to 
produce f.s.d. in the basic meter 
reduces, the ohms per volt figure 
increases. It is usual practice to 
refer to voltmeter "sensitivity" in 
terms of its ohms per volt figure, 
the sensitivity increasing as the fig- 
ure becomes greater. 

A very useful result of thinking 
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of voltmeter sensitivity in terms 
of ohms per volt is that this con- 
cept enables the resistance between 
the terminals of any voltmeter to 
be rapidly assessed. If we encoun- 

|——WM  
Range 
switch 

I ww— rvi Testmeter 
terminals Basic V—X 

ineter I 

(a) 

Range s/^- 

Testmeter 
terminals 

Basic meter ( 

(b) 

r5 
ISOkn 

75kn 
r3 

I5kn 

7-5 kn 

2-4 kn 
O-lmA / y 
IOOa V 

Range F.S.D. 
1 2-5V 
2 IOV 
3 25V 
4 IOOV 
5 250V 

(c) 
Fig. 3(a). A simple switching 
circuit tor a multi-range volt- 

meter 
(b). A better switching circuit, 
which reduces heat dissipa- 
tion in the series resistors tor 

the higher voltage ranges 
(c). A practical version of 
the circuit of (b) with com- 

ponent values 
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ter a 0-50 volt instrument which 
is stated to have a sensitivity of 
2,000 ohms per volt, we know at 
once that the internal resistance 
between its two terminals is 50 
times 2,000, or 100,000£2. 

Like all pointer instruments, the 
moving-coil voltmeter absorbs pow- 
er from the circuit to which it is 
connected. This point has always 
to be borne in mind when using 
the voltmeter, as it is otherwise 
possible to place incorrect inter- 
pretations on the readings it pro- 
vides. 

A typical instance of what can 
occur in practice is illustrated in 
Fig. 2. In Fig. 2(a) we have a 
valve with an anode load resistor 
of lOOkfi connecting to a 180 volt 
h.t. line. Let us assume that, due 
to a fault condition, the valve is 
passing zero anode current. Since 
there is no current flow in the 
resistor, the anode of the valve is 
180 volts positive of chassis. In Fig. 

' 2(b) we check the anode voltage by 
connecting a voltmeter with a full- 
scale deflection of 200 volts be- 
tween the anode and chassis. Fig. 
2(c) shows the actual readings 
which would be given by a number 
of voltmeters having different ohms 
per volt figures. A 500 ohms per 
volt meter will present a resistance 
of 100kS2, whereupon exactly half 
the h.t. voltage appears across the 
voltmeter, and the reading it gives 
is 90 volts. A 1,000 ohms per volt 
meter gives a reading of 120 volts, 
a 5,000 ohms per volt meter gives 
an indication of 164 volts, and a 
20,000 ohms per volt meter gives 
a reading of 176 volts. All these 
voltmeters draw current through the 
lOOkS! anode load resistor, with the 
result that none of them gives a 
true indication of the actual anode 
voltage. However, the readings pro- 
vided by the voltmeters approach 
the true voltage more closely as 
the ohms per volt figure increases. 

Positive test 
sockets 

Basic / 

Common 
negative o- 
socket 

Fig. 4. The switch in the cir- 
cuit of Fig. 3(b) may be 
omitted, if desired. The re- 
quired voltage ranges are 
then selected by plugging test 
leads into the 'appropriate 

sockets 

This example demonstrates that 
care must always be observed when 
taking voltage readings at circuit 
points where there is a high value 
of series resistance. It also shows 
that the indications obtained under 
these conditions become more ac- 
curate as the ohms per volt rating 
of the meter increases. 

MULTI-RANGE VOLTMETERS 

A multi-testmeter, or testmeter, 
incorporates a number of voltage 
ranges, these being based on the 
single moving-coil meter fitted in 
the instrument. Also employed is 
a switching circuit, or other means 
of selection, to enable specific volt- 
age ranges to be brought into use. 
The switching arrangements requir- 
ed are very simple, and do not 
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have the complications inherent in 
switched current ranges. 

A possible switching circuit for 
selecting one of a series of voltage 
ranges is shown in Fig. 3(a). The 
switch in this diagram simply 
selects different series resistors for 
the ranges, each resistor being equal 
to the total resistance required for 
the range minus the resistance of 
the basic meter.* A circuit of this 
type is quite practicable and its 
use would be justified in a volt- 
meter having only a few ranges at 
fairly low voltage. 

A better circuit, particularly 
where a large number of ranges 
extending to high voltages are to 
be switched, is illustrated in Fig. 
3(b). In this diagram, R1 is the 
series resistor for the lowest voltage 
range and has the requisite value 
of total resistance minus meter 
resistance. The succeeding resistors 
are then added in series, each hav- 
ing a value which causes the total 
resistance to be increased to the 
value required. Fig. 3(b) shows five 
ranges but the scheme can, of 
course, be adapted for a smaller 
or greater number of ranges. 

Fig. 3(c) gives a practical ex- 
ample of the circuit of Fig. 3(b) 
with resistor values indicated. The 
basic meter has a full-scale deflec- 
tion of 1mA and a resistance of 
10011. Only R1 has a value which 
allows for the resistance of the 
meter. All the remaining resistors 
have round number values which 
provide the incremental resistance 
required. It will be noted that these 
values correspond to the ohms per 
volt concept. With a 0-lmA basic 
meter the ohms per volt figure is 
1,000, whereupon R2, which pro- 
vides the "step" between the 2.5 
volt and 10 volt ranges, has a value 
of 7.5 times 1,000. or 7.5kf2. 

The circuit of Fig. 3(b) has two 
important advantages when com- 
pared with that of Fig. 3(a). First, 
the wattage dissipation in the resis- 
tors for the higher voltage ranges 
is considerably lower. Second, the 
voltage appearing across these re- 
sistors is also considerably lower. 
This last point is of importance 
because the design of some classes 
of resistor becomes modified for 
voltages across the resistor above 
some 500 volts. 

The circuit of Fig. 3(b) lends 
itself readily to the use of sockets 
instead of a range selector switch. 
The appropriate circuit is given 
in Fig. 4. 

As we saw in last month's issue, 
it is normal practice to insert a 
swamp resistor in series with the 
basic meter in a testmeter in order 
to maintain accuracy on the cur- 

rent ranges despite variations in 
coil resistance due to changes in 
coil temperature. To simplify the 
overall testmeter switching circuits 
it is often helpful to retain the 
swamp resistor in series with the 
meter when voltage ranges are sel- 
ected. Should this be done, the 
lowest range series resistor (R1 in 
Fig. 3(b)) is given a value which 
takes into account the presence of 
the swamp resistor. Apart from 
this, the swamp resistor has no 
effect on the voltage ranges. Also, 
since variations in coil resistance 
due to temperature changes are neg- 
ligibly low compared with the volt- 
meter series resistor values, these 
variations also have no effect in 
the voltage ranges. 

In some testmeters with switched 
voltage range selection, the highest 
voltage range is provided by means 
of a separate terminal, or socket, 
as shown in the example given in 

Highest 
voltage 
range 

CRanges ^3 1-5) 

Basic 
meter 

Common 
negative 

(a) 

External series 
resistor 

——ww  
To circuit points 
under test To testmeter 

♦At the higher voltage ranges the internal 
resistance of the meter will tend to be- 
come negligibly low compared with the 
series resistance, whereupon it may be 
ignored. 
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(b) 

Fig. 5(a). In some testmeters 
the highest voltage range con- 
nection is brought out to a 
separate test socket or ter- 
minal. This eases insulation 
requirements in the range 

selector switch 
(b). For measuring very high 
voltages an external series 
resistor is available for some 
testmeters. Connections are 
made to the testmeter in 
accordance with the manu- 

facturer's instructions 

Fig. 5 (a). Measurements on this 
range are then obtained by con- 
necting the appropriate test lead to 
this terminal. The use of a separ- 
ate high voltage range terminal 
ensures that the highest voltage 
which the testmeter can measure 
is not applied to the range switch, 
with the result that the insulation 
requirements for this switch are 
eased. 

Where very high voltages are to 
be measured it is common practice 
for the manufacturer of the test- 
meter to provide an external series 
resistor, this being connected to the 
meter as shown in Fig. 5(b). The 
external series resistor is provided 
with insulation appropriate to the 
voltage being measured. 

The series resistors employed in 
testmeters are types offering a very 
high level of long term stability in 
value, and are operated well within 
maximum power ratings. They are 
close-tolerance components of the 
order of + 1 % or better. Voltmeter 
series resistors are normally referr- 
ed to as multiplier resistors, or just 
as multipliers, this name arising 
from the fact that they effectively 
"multiply" the f.s.d. voltage figures. 
The term "multiplier resistor" may 
also be appied to the series resistor 
in a single-range voltmeter, such 
as that in Fig. 1(a). 

OHMMETERS 

A moving-coil meter may be 
made to measure resistance by con- 
necting it into a suitable circuit 
with a number of other compon- 
ents. The resultant combination is 
then referred to as an ohmmeter. 

A simple ohmmeter circuit is 
shown in Fig. 6(a). In this diagram 
the meteris connected in serieswith 
a battery, (or a single cell), a fixed 
resistor, Rl, and a variable resistor, 
R2. The function of R2 is to take 
up changes in battery voltage and 
internal resistance as the battery 
ages, and it is adjusted to cause the 
meter to indicate full-scale deflec- 
tion when the test terminals are 
short-circuited together. R! pro- 
vides current limiting and ensures 
that an excessive current cannot 
flow through the meter if R2 should 
be accidentally set to insert too low 
a resistance into circuit. Also, the 
values of the two resistors are 
such that full-scale deflection can- 
not be achieved by adjustment of 
R2 when the battery voltage is too 
low and/or its internal resistance is 
too high for accurate circuit opera- 
tion. Thus, the user of the ohm- 
meter is automatically warned when 
battery replacement is due. 

After R2 has been set up to pro- 
vide full-scale deflection with the 
test terminals short-circuited, the 
ohmmeter is available for the meas- 
urement of resistance. If the test 
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F/g. Sfaj. ^ simple ohmmeter circuit incorporating a moving- 
coil meter 

(b). An alternative circuit which offers somewhat greater accuracy 
(c). A basic ohmmeter circuit which is particularly useful in 

multi-range instruments 
(d). The "shunt ohmmeter" circuit. This is capable of indicating 

small values of resistance with low battery current 

terminals are connected to a resis- 
tor, or to a component having 
significant resistance, the pointer 
of the meter will be deflected to an 
indication lower than full-scale de- 
flection, the actual indication de- 
pending upon the value of the 
resistor. The ohmmeter scale is cali- 
brated in terms of resistance in 
order that the resistance being 
measured may be read directly. 
This calibration is not linear, 
being "opened out" at the right- 
hand low resistance end of the 
scale and becoming progressively 
more cramped at the left-hand 
high resistance end. Assuming neg- 
ligible resistance in the battery and 
the meter, half-scale deflection .is 
given when the resistance being 
measured is equal to the resistance 
inserted by Rl and R2 in series. 

An alternative ohmmeter circuit is 
shown in Fig. 6 (b). In this diagram 
Rl provides current limiting as be- 
fore, and prevents excessive current 
flow in the meter if the variable 
resistor is accidentally set incorrect- 
ly. The variable resistor is once 
more designated as R2, but in the 
present case it is connected across 
the meter in series with R3. As in 
the circuit of Fig. 6(a), R2 is set up 
to provide full-scale deflection in 
the meter when the test terminals 
are short-circuited, R3 being includ- 
ed to ensure that R2 cannot be set 
to a value much lower than that 
needed when a new battery is fit- 
ted. Without R3, R2 would have a 
needlessly wide range of adjust- 
ment, with only a small proportion 
of its slider rotation being useful 
for the purpose of setting up the 
ohmmeter. The ohmmeter offers 
resistance indications in the same 
manner as does that of Fig. 
6(a), with low resistance gradu- 
ations "opened out" at the right- 
hand end of the scale and high 
resistance graduations becoming 
progressively more cramped at 
the left-hand end. If it is assumed 
that the meter and battery have 
negligible resistance, half-scale de- 
flection is given when the resistance 
being measured is equal to Rl. 

The circuit of Fig. 6(b) provides 
more accurate results than does that 
of Fig. 6(a) because there is no 
variable resistance in series with 
the resistance being measured. How- 
ever, it is important that the bat- 
tery should be replaced before its 
internal resistance rises to too high 
a level, and it is desirable to give 
values to R2 and R3 which ensure 
that an f.s.d. reading cannot be 
obtained with the test terminals 
short-circuited when battery inter- 
nal resistance becomes excessive. 
This is fairly easy to arrange since 
increasing internal resistance in the 
battery is usually accompanied by 
noticeably decreasing voltage, and 
the two effects combine in restrict- 
ing meter current. 
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A third circuit, and one which 
can be particularly useful in test- 
meters having more than one re- 
sistance range, is shown in Fig. 
6(c). Here, the battery is connected 
in series with Rl and the test ter- 
minals, the basic meter of the 
testmeter being coupled to Rl via 
variable resistor R2 and current 
limiter resistor R3. R2 is set up 
for f.s.d. when the test terminals 
are short-circuited. Rl is in par- 
allel with the total resistance offer- 
ed by R2, R3 and the meter and, 
assuming negligible internal resis- 
tance in the battery, the ohmmeter 
gives half-scale deflection when the 
resistance being measured has a 
value equal to the combined re- 
sistance offered by these compon- 
ents. If Rl is changed (by a range 
selector switch) so that the com- 
bined resistance it offers in parallel 
with R2, R3 and the meter is, say, 
one-hundredth of the previous val- 
ue, all indications on the ohmmet- 
er scale become divided by 100. 
Thus, it becomes possible to pro- 
vide the associated testmeter with 
a single resistance scale, the resis- 
tance values marked on this being 

divided (or multiplied) by 100 (or 
by any other convenient number) 
by merely switching in different 
values of Rl. For low resistance 
ranges having half-scale deflections 
of some 5012 or less the internal 
resistance of the battery becomes 
significant and, has to be consider- 
ed as being in series with the 
combined resistance offered by Rl, 
R2, R3 and the meter. The value of 
Rl is then chosen to cater for an 
average battery internal resistance, 
this being typically 0.512 for a 
single small 1.5 volt cell. It is 
necessary to replace the battery as 
soon as its internal resistance rises 
with age, or the accuracy of low 
resistance readings will be seriously 
impaired. 

In this description, reference has 
been made to the combined resist- 
ance of Rl, R2, R3 and the meter. 
The resistance inserted by R2 is 
that corresponding to its setting 
when the battery voltage is at the 
average level it will provide during 
its working life. 

Fig. 6(d) shows a "shunt ohm- 
meter" circuit. When the switch is 
closed the battery is applied to the 
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meter via variable resistor R1 and 
current limiter resistor R2. R1 is ad- 
justed to give full-scale deflection 
with the test terminals open-circuited 
When the test terminals are connec- 
ted to a resistor, the latter acts as a 
meter shunt, whereupon the meter 
indication falls below f.s.d. This type 
of ohmmeter is capable of reading 
very low values of resistance with- 
out drawing large currents from 
the battery. If battery voltage is 
high enough to allow the resistance 
offered by R1 and R2 to be many 
times greater than meter resistance, 
half-scale deflection is given when 

the resistance being measured is 
equal to the resistance of the meter. 
Low resistance readings appear at 
the left-hand end of the meter scale 
and high resistance readings at the 
right-hand end, the low resistance 
graduations being "opened out" 
and the high resistance graduations 
cramped. The circuit has the ad- 
vantage that accuracy is not affect- 
ed by variations in battery voltage 
and internal resistance during its 
useful life. The same resistance 
scale may be employed for a num- 
ber of different ranges. If, for in- 
stance, a shunt is connected across 

the meter which causes its f.s.d. 
current to be increased, say, 100 
times, and if the values of R1 and 
R2 are changed to allow the con- 
sequently increased current to flow, 
all scale indications become divided 
by 100. 

NEXT MONTH 

In next month's issue we shall 
turn our attention to circuits which 
allow moving-coil meters to read 
alternating voltages and alternating 
currents. 

CURRENT 

TRENDS 
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0 NEW RANGE 

OF INSTRUMENT 

CASES 

Radiatron announce an entirely new range of instru- 
ment cases; card frames and industrial cabinets. The 
product, known as Elmaset, is a complete system de- 
signed to cater for all types of electrical and electronic 
"packaging". The Elmaset system ranges from minia- 
ture card frames and instrument cases (3yin. to 4in.) to 
robust industrial 19in. cabinets, and includes over 1,000 
different standard types and sizes. 

The range is believed to be the first fully metric 
design of its type available within the U.K., but also 
includes the existing 19in. standard. Anodised extruded 
aluminium sections are used throughout, and these are 
pre-punched, drilled and tapped to allow simple and 
rapid assembly, whilst ensuring maximum rigidity and 
light weight. P.V.C. clad aluminium panels give the 
range an attractive, modern styling. 

Units are normally supplied in kit form, although 
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pre-assembled units can also be supplied. The alu- 
minium sections can also be obtained in long lengths 
allowing construction by the user of special units. 

The Elmaset range includes all components and 
accessories likely to be required with the frames and 
cases - such as printed circuit boards; modules; 
handles; forced draught units; guide rails and a wide 
variety of metric units, bolts and fasteners. 

The system has also been designed to allow the use 
of virtually all known types and sizes of printed circuit 
cards and edge connectors or combinations of different 
types. 

A 54 page, six colour catalogue is available explain- 
ing the range in detail, and can be obtained from; 
Radiatron Limited, 76 Crown Road, Twickenham, 
Middlesex. Telephone 01-892 1008. 

■ 
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wID YOU," ASKED DICK, 
1 "hear about the chap who 

-L'runs the pet shop in the 
High Street?" 

With a grunt of satisfaction, 
Smithy filled in another answer in 
his post-lunch crossword puzzle. 

"No I didn't," he remarked 
abstractedly, "What about him?" 

"He's now started," said Dick 
brightly, "selling birds on hire- 
purchase!" 

Smithy concentrated on the next 
clue and ran his pen along the 
squares of the puzzle to see whether 
the answer he had just thought of 
would fit. Obviously, it didn't. 

"Blast" he snorted. 
"I said," repeated Dick, raising 

his voice, "that the chap at the pet 
shop in the High Street is now 
selling birds on hire-purchase." 

"Is he?" replied the Serviceman 
absently. "Still, I suppose it's only 
to be expected, with everybody so 
short of money these days." 

HOME CONSTRUCTION 

Dick turned a furious scowl on 
the Serviceman. The latter, still 
engrossed in his crossword puzzle, 
appeared to be completely unaware 
of the glare in his assistant's eye. 

"Do you," asked Dick after a 
few moments, "do much construc- 
tional work at home these days?" 

Smithy's concentration was shaken 
by this abrupt and unexpected 
change of subject. 

"Constructional work?" he re- 
peated, startled. "What on earth 
has constuctional work got to do 
with the local pet shop?" 

"Nothing really," admitted Dick. 
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This month Smithy the Serviceman discusses some aspects 
of constructional work which are frequently ignored by the 
amateur. He also demonstrates that even the humble chassis 
solder tag, if used incorrectly, can have a considerable 
effect on the overall performance of an item of home- 

constructed equipment 

"Then why mention it?" 
"I'm trying," said Dick plain- 

tively, "to relieve the crushing 
lunch-hour tedium to which I'm 
subjected whenever you indulge in 
one of these crossword puzzle 
sessions of yours." 

Resignedly, Smithy threw his 
newspaper onto his bench. 

"I knew I'd never get enough 
peace to enable me to finish it," he 
grumbled. "What do you want to 
do, then?" 

"Have a bit of a natter!" 
"What about?" 
"Oh, any old thing. Like, for 

instance, the constructional work I 
mentioned just now." 

"As it happens," said Smithy 
guardedly, "I have been doing a 
spot of construction at home 
recently. In a rash moment 1 
promised a nephew of mine I'd 
knock up a little short-wave set 
for him, and this has kept me 
rather pleasantly occupied for the 
last few evenings. It's intriguing, 
incidentally, to find how much 
interest there is in short-wave 
listening these days. It's a hobby 
which seems to be attracting a 
continually increasing number of 
followers all the time." 

"Are you doing the metal-bashing 
for this set at home?" 

"I am," confirmed Smithy. "As 
a matter of fact, there isn't a great 
deal of bother involved in radio 
metal-work these days, since you 
can get ready-made chassis and 
panels of pretty well any size you 
want direct from the home-construc- 
tor suppliers. And, of course, valve- 
holder holes and things like that 
are a piece of cake because all 
you need to do is to use standard 
chassis-cutters. In this respect it's 
helpful to remember that a B7G 
valveholder requires a i inch 
chassis-cutter, a B9A valveholder 
requires a J inch chassis-cutter, 
and an octal valveholder requires 
a 1 {- inch chassis-cutter." 

"Octal valveholders?" queried 
Dick, raising his eyebrows. "Octal 
valves are a bit old-fashioned, 
aren't they?" 

"They certainly are so far as 
commercial equipment manufacture 
is concerned." replied Smithy. "But, 
on the other hand, there's no 
reason why the home-constructor 

shouldn't use them if he wants to. 
As a matter of fact, octal valves 
can offer one or two small but 
quite distinct advantages, one of 
these being that they're readily 
available at very low prices. 
Another advantage, and one which 
will be appreciated by the real 
beginner, is that the tags of octal 
valveholders are well spaced out 
and are easier to solder to than the 
tags of B7G and B9A valveholders. 
I appreciate that most home-con- 
structors these days are mainly 
interested in transistors and similar 
semiconductor devices, but that 
doesn't mean to say that valve 
circuits should be ignored, even if 
these incorporate the earlier octal 
types. I hardly need to remind you 

Potentiometer bush and spindle 
Panel 

Shake-proof Hole for locating 
washer lug 

(a) 

Locating lug 

Panel 
kl 

(b) 
Fig. 1 (a). The correct method 
of fitting a potentiometer to a 
panel includes the provision 
of a hole for its locating lug 
(b). Side view, showing how 
the lug passes through its 

hole in the panel 
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that circuits employing octal valves 
are capable of giving excellent 
performances." 

"That's true enough," conceded 
Dick. "I suppose that, in a way, the 
making up of sets using octal valves 
can have rather the same sort of 
fascination as is given by getting 
vintage cars into working order." 

"Blimey," chuckled Smithy. "Octal 
valves aren't quite as old as all 
that\ Anyway, I don't want to keep 
nattering on about valves, because 
the normal processes involved in 
chassis-bashing are equally applic- 
able to equipment using transistors 
as well." 

"Are there," asked Dick, "any 
points you pay particular attention 
to when you're preparing a 
chassis?" 

"There are one or two," admitted 
Smithy. "Perhaps it's because I 
have what could be described as 
a professional background, but I 
do tend to be a little more fastidious 
about some practical matters than 
many amateurs are." 

"In what way?" 
"Well," said Smithy in reply, 

take, for instance, the little matter 
of the locating lugs which are 
provided on panel-mounted poten- 
tiometers. These lugs are, of course, 
intended to fit into an appropriately 
positioned hole in the panel. (Fig. 
1). However, quite a few amateurs 
merely drill out the main bush- 
mounting hole for the pot and then 
completely ignore the hole that's 
needed in the panel for its locating 
lug. Instead, they purposely cut off 
or bend out the locating lug to 
enable the control to be fitted 
square when the bush-mounting 
nut is tightened." 

"And you, I suppose, drill out 
the locating lug holes instead." 

Panel 
Bush passed 
through panel 
hole 

Pencil 

Fig. 2. To find the position 
required for a potentiometer 
locating lug hole, first drill 
the main bush-mounting hole, 
pass the bush through this 
and mark off the position 
required for the locating lug 

hole with a pencil 
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"I do," confirmed Smithy. "My 
view is that if the pot manufac- 
turer has gone to the trouble of 
providing the locating lug then it's 
only sensible to use it in the manner 
for which it was intended. In any 
event, the process of marking out 
and drilling the hole only takes a 
minute or so. After cutting out the 
main panel hole for the bush of 
the pot, the component can then 
be used to find the position needed 
for the locating lug hole. (Fig.2). 
Most locating lugs will fit quite 
happily in a hole cut out with a 
i- inch drill, and it doesn't matter 
if the lug is a loose fit in this hole." 

"Why not?" 
"Because the main function of 

the lug is simply that of preventing 
the whole pot being rotated bodily 
if, when the bush mounting nut is 
a little loose, some ham-handed 
geyser tries to turn the knob too 
far. Even if the panel hole for the 
locating lug is a little too large, it 
will still only allow the body of the 
pot to be rotated by a couple of 
degrees or so. Don't forget that if 
the body of a pot is fcrced round 
by a considerable amount terrible 
things can happen to the wiring 
and components that are soldered 
to its tags!" 

CHASSIS TAGS 

"Good point," grinned Dick. "I'll 
remember to drill pot locating lug 
holes in future." 

Smithy frowned as his mind 
momentarily returned to an earlier 
remark made by his assistant. 

"Why," he asked, "were you 
talking just now about the chap 
who runs the pet shop in the High 
Street? It so happens that I know 
him fairly well, and I haven't heard 
that he's changed his methods of 
doing business." 

( "He hasn't" replied Dick patiently. 
"When I said he was selling birds 
on hire-purchase, the words 'hire 
purchase' were intended to be a 
pun." 

Smithy considered this infor- 
mation gravely. 

"I take it," he said eventually, 
"that there was a second, hidden, 
meaning in your statement. Could 
one infer that the birds in question 
might also have been sold on 
'higher perches'? That is to say, on 
perches having a greater height?" 

"One could." 
Smithy pondered. 
"And so," he continued slowly, 

your allegation was really intended 
to be a joke." 

"Normal people," replied Dick, 
a note of desperation entering his 
voice, "would have treated it as 
such." 

"And it had no actual foundation 
in truth?" 

"None whatsoever." 

Tubing 

Dr II 
chuck 

-Twist drill 

Fig. 3. A simple precaution 
which ensures that a twist drill 
does not pass too far through 
a chassis on completion of a 

hole 

"I see." 
The Serviceman appeared satis- 

fied that the matter had now been 
adequately explained. 

"Very well, then," he resumed. 
"Let's get back to our conversation 
about chassis-bashing." 

"So far as I'm concerned," said 
Dick with obvious relief, "the 
sooner we do that the happier I'll 
be." 

"Good," said Smithy, briskly. 
"Well now, apart from the locating 
lug business, there's little else I 
really need to say about chassis 
work. I suppose I ought to mention 
the obvious point that you should 
always endeavour to mark out and 
drill every hole in a chassis before 
you start mounting the parts on it. 
If you have to drill a chassis hole 
after the components have been 
fitted, it's a good plan to fit a length 
of metal or hard plastic tubing over 
the drill as soon as the hole has 
been started. (Fig. 3). The tubing 
should be a little shorter than the 
length of drill projecting from the 
chuck in which it's fitted, and it 
prevents the drill crashing through 
to its full length as sometimes 
happpens when it finally breaks 
through the metal on completion 
of the hole. Any well-stocked junk 
box should yield a suitable bit of 
tubing for this little job. Another 
thing worth mentioning is that, if 
there are any air-spaced variable 
capacitors already mounted on the 
chassis you intend to drill, you 
should always ensure that their 
vanes are completely enmeshed. 
This obviates the risk of the moving 
vanes getting bent if anything 
should accidentally come into con- 
tact with them." 

"A very good precaution," com- 
mented Dick approvingly. "Is that 
the lot so far as chassis-work is 
concerned?" 

"There's nothing else I can think 
of," responded Smithy thoughtfully, 

THE RADIO CONSTRUCTOR 



"which doesn't fall into the com- 
mon-sense category. For instance, a 
hole should always be centre-punch- 
ed before you apply the drill, or 
the latter will wander all over the 
surface of the metal. And you can 
often clean up the swarf left on a 
hole which has just been drilled by 
lightly countersinking with a larger 
drill." 

Smithy paused for a moment. 
"Let's next carry on to the 

process of mounting the components 
themselves," he resumed. "Now, so 
far as this procedure is concerned 
I always believe in paying particular 
attention to what are probably the 
smallest parts to be fitted." 

"What are they?" 
"The chassis solder tags," replied 

Smithy, "and the earthed tags of 
tagstrips. The reason I raise this 
matter is that home-constructor 
chassis are normally made of 
aluminium because this is a nice 
soft metal and is easy to handle." 

"Another advantage of alumin- 
ium," interrupted Dick, "is that it 
doesn't rust or corrode." 

"Exactly," agreed Smithy. "And 
you've conveniently introduced the 
next point I want to make. Do you 
know why aluminium oSers such 
a high resistance to corrosion?" 

"Not really," replied Dick. "I've 
just accepted this property of 
aluminium as being one of the facts 
of life!" 

"Then I'll tell you," said Smithy. 
"Aluminium has a high corrosion 
resistance because a very thin but 
highly tenacious film of oxide 
always forms on its exposed 
surfaces, and this film provides 
protection. In consequence, you 
should always make certain that 
chassis tags fastened to an alumin- 
ium chassis are screwed down good 
and tight since, otherwise, the 
aluminium surface under the tag 
can become sufficiently oxidised 
with time to result in a poor con- 
nection. Personally, I fit a shake- 
proof washer under the nut securing 
a chassis tag to an aluminium 
chassis. It's good engineering prac- 
tice to do this in any case, and the 
washer helps to maintain a high 
pressure between the tag and chassis 
as times goes by." (Fig. 4(a)). 

"Fair enough," commented Dick. 
"Incidentally, whilst on the subject 
of chassis tags, some of the smaller 
6BA ones can prove quite trouble- 
some." 

"How come?" 
"Once they're bolted to the 

chassis," explained Dick, "the latter 
acts like a dirty great heat sink, with 
the result that it's difficult to make 
reliable solder connections to them 
if you're using a small low-power 
soldering iron." 

"That can happen," agreed 
Smithy. "If you haven't got a larger 
iron available, the solution here 
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is to make the soldered connections 
to the tag with its mounting screw 
and nut loosened. (Fig. 4(b)). This 
approach keeps the tag in position, 
and also ensures that there is 
virtually no thermal coupling at all 
to the chassis, whereupon the tag 
solders without difficulty. You tight- 
en up the nut and bolt after you've 
completed the soldering operation." 

COMMON IMPEDANCE 

"Blow me," said Dick. "Now why 
didn't 7 think of that?" 

"You pick up these little dodges 
as you go along," commented 
Smithy. "Anyway, I want to turn 
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Fig. 4(a). It is desirable to fit 
a shake-proof washer under 
the nut securing a solder tag 

to an aluminium chassis 
(b). If only a low-power iron 
is available, it is sometimes 
helpful to secure a tag to the 
chassis loosely only whilst 
wires are being soldered to it 

away now from the mechanical 
details of chassis tag mounting, 
and carry on to the equipment 
circuits which are connected to these 
tags. It is always advisable to ensure 
that the connections to a chassis 
tag are so chosen that, if a very 
small resistance should appear be- 
tween the tag and chassis, this 
resistance doesn't provide a com- 
mon impedance between two cir- 
cuits which is capable of seriously 
affecting the performance of the 
gear in which the tag is fitted." 

"Common impedance?" queried 
Dick, puzzled. "I don't follow you." 

"I'll give you an example," 
replied Smithy. "Let's assume that 
we have, say, a transistor i. f. amp- 
lifier in which the emitter bypass 

LONDON 

Established 1910 

H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of 
components by 

all leading makers. 

287-9 EDGWARE ROAD 
LONDON W.2 

Tel: 01-723 5891 

THE 

MODERN BOOK CO. 

Largest selection of English & 
American radio and technical 

books in the country. 

19-21 PRAED STREET, 
LONDON, W.2 

Tel: PADdington 418512926 

ST. HELEN'S RADIO 

Hi-Fi Equipment 
Tape Recorders 
Radio Receivers 

Television 

SPECIALISTS IN RADIO 
& ELECTRONIC TEXTBOOKS 

ST. HELEN'S GARDENS 
LONDON W.10 
Tel: 01-969 3657 

HAMPSHIRE 

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

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 



capacitor of one transistor con- 
nects to the same chassis tag as the 
collector load bypass capacitor of 
the succeeding transistor. (Fig. 5 
(a)). Now, this circuit will function 
quite happily if the solder tag'has 
zero resistance to chassis. If, how- 
ever, even a very low resistance 
appears between the tag and chassis, 
a common impedance appears in 
both the emitter circuit and the 

the feedback could still cause the 
response of the i. f. amplifier to be 
seriously affected." 

"Hell's teeth," said Dick, impress- 
ed by this new revelation of the 
conduct of the lowly chassis tag. 
"This is something I've never even 
thought about before! The 'common 
impedance' idea is new to me, too." 

"Then," replied Smithy, "I've 
done you a favour by introducing 

I.F transformers 

r i 
v 

5 ^ill 

TR rR 

i TR| emitter 
bypass 
capacitor" 

TR 
T 

E 

collector load 
bypass capacitor 

Chassis connection via 
common solder tag 

(a) 

r~ 
i 

TR TR2 

1 
T Common resistance 

to chassis 

Z 
Cb) 

Fig. 5(a). Skeleton circuit illustrating the circuit conditions which 
exist when the emitter bypass capacitor of a transistor in an i.f. 
amplifier is returned to the same chassis tag as the collector load 

bypass capacitor of the following transistor 
(b). Circuit operation changes dramatically if the common solder 

tag develops appreciable resistance to chassis 

succeeding collector circuit. (Fig. 
5 (b)). In the present example the 
common impedance is the resistance 
between the solder tag and chassis, 
and it allows feedback to take place 
from the collector circuit back to 
the preceding emitter circuit. If, 
with the requisite phase conditions, 
the impedance is high enough, the 
circuit will probably break into 
oscillation. If the impedance is low 
the circuit will not oscillate, but 
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it to you. The example I've shown 
you illustrates that, by using a com- 
mon chassis tag for these two bypass 
capacitors, even very small values 
of resistance between the tag and 
chassis can affect performance. Note 
that, if the two bypass capacitors 
had gone to separate chassis tags, 
at different parts of the chassis, the 
functioning of the circuit would 
not have been seriously affected if 
either or both of these tags had 

exhibited the same low value of 
resistance to chassis. The trouble 
starts when the two bypass cap- 
acitors connect to the same tag. The 
golden rule which comes out of all 
this is that, where a considerable 
degree of amplification appears 
between two bypass capacitors, the 
capacitors should always connect to 
separate chassis tags. This rule 
applies, of course, only in equip- 
ment where chassis connections are 
made via solder tags bolted to the 
chassis, and is not applicable with 
such things as printed circuits where 
there is no risk of unwanted resis- 
tance appearing at a later date 
where previously there was none." 

"I suppose," said Dick thought- 
fully, "that the best approach here 
is to ensure that all the bypass cap- 
acitors for each stage in the equip- 
ment are returned to an individual 
chassis tag for that stage." 

"That's normally adequate en- 
ough in practice," agreed Smithy. 
"Though, should the single stage 
provide a considerable amount of 
gain on its own, it would still be 
worthwhile using separate chassis 
tags for bypassing the input and 
output circuits. By the way, I used a 
transistor amplifier to provide an 
instance of what can happen when 
there is a common impedance to 
chassis between two stages. The 
same points apply if the equipment 
uses valves instead of transistors." 

"Yes, I can see that," replied 
Dick a little impatiently. "Wait a 
minute, though! Your mentioning 
valves has reminded me of some- 
thing else. As you know, it's a 
pretty common practice in valve 
equipment to use a common chassis 
tag at each valve stage, this provid- 
ing the chassis connection for such 
things as grid leaks and cathode 
bias components as well as for one 
side of the heater. (Fig. 6). Since the 
heater current will be of the order 
of 0.15 to 0.3 amp, you could get 
quite appreciable a.c. voltages 
between the solder tag and chassis 
when a low value of resistance 
appears between them." 

"True enough," confirmed Smithy. 
"The result could be that, even if 
the heater seems to be receiving its 
fair share of volts, a small hum 
signal can still be injected into the 
signal circuits of the stage. In 
practice you wouldn't get much 
trouble from this sort of thing in 
the stages of, say, the average 
domestic radio receiver, although 
the effect should still be borne in 
mind as a possible fault if the 
receiver develops a high hum level. 
On the other hand, it would be 
definitely unwise to use a common 
chassis tag for heater and signal 
circuits at the first stage or stages 
of a high gain a.f. amplifier. 
Incidentally, one good thing about 
faults caused by chassis tags devel- 
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oping resistance to chassis is that 
they're very easy to locate." 

"How d'you do that?" 
"You simply take up a screw- 

driver whose blade is nice and 
shiny and which hasn't rusted," 
replied Smithy, "and apply it to 
the tag and the chassis so that the 
flat end of the blade bridges the 
two. (Fig. 7.). If you apply a little 
pressure the screwdriver blade digs 
through any oxide which may have 
formed on the surfaces of the 
chassis and the tag, and it shorts 
out any resistance that may have 
developed between the two. Should 
the fault clear when the screwdriver 
is applied then its cause is obvious." 

"What happened?" 
"Well," said Smithy, returning to 

his bench, "he was driving down a 
motorway in his 15-cwt van and he 
kept stopping every few miles, 
getting out and banging on the 
sides of the van. After that he'd get 
back in again and drive on for the 
next few miles. Eventually, a police 
car stopped him and they asked him 
what he was up to." 

"I should jolly well think so 
too," snorted Dick. "Did they run 
him in?" 

"Of course they didn't." 
"Why not?" 
"He had a perfectly rational 

explanation," said Smithy. "What 
 HT+ 
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SOLDERING 

"You've certainly," remarked 
Dick, "given me a few things to 
ponder on during this lunch-hour." 

"Good show," said Smithy cheer- 
fully, as he glanced at the Work- 
shop clock. "Dear me, we've used 
up nearly all our spare time, too. I 
must get ready to start the after- 
noon's work." 

The Serviceman rose leisurely and 
made preparation for the forth- 
coming labours. 

"It's funny," he remarked, as he 
picked up the newspaper from his 
bench and folded it neatly, "that 
you should have mentioned that 
chap who keeps the pet shop in the 
High Street. He was telling me 
only the other day how he very 
nearly got into serious trouble with 
the police." 

"With the police?" 
"With the police," repeated 

Smithy firmly. 
The Serviceman walked over to 

his overcoat hanging behind the 
Workshop door, and put the folded 
newspaper into one of its pockets. 
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had happened was that he'd just 
been to the wholesaler's and taken 
delivery of a ton of budgies. The 
snag was that when they all settled 
down in the back of his 15-cwt van, 
their weight bent its poor old 
springs nearly double, and so he 
had to keep banging on the van 
sides every few miles to start them 
flying again." 

Screwdriver 
blade 

Solder tag 
, \ 

Chassis 
Fig. 7. The presence of resist- 
ance between a solder tag 
and chassis can easily be 
located with the aid of a 

screwdriver 
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Ignoring his assistant's expression 
of complete incredulity, Smithy 
tidied his bench and, with a 
purposeful gesture, switched on his 
soldering iron. Turning round, he 
once more glanced at the clock. 

"Why," he remarked, "it's not 
quite as late as I'd thought. We've 
still got a couple of minutes of 
lunch hour left. In that case, I 
might as well conclude my remarks 
about constructional practice with 
a final little comment on the 
correct procedure to adopt when 
you're soldering a wire or wires to 
a tag with the aid of ordinary 
rosin-cored solder." 

Resin-cored Soldering 
solder iron 

Wire 

F/g. 8. The making of solder 
joints is hastened by applying 
the iron to the solder as 

shown here 

With a visible effort Dick 
wrenched his mind away from the 
vision of a ton of budgerigars and 
concentrated once more on the 
subject in hand. 

"Soldering a wire to a tag," he 
queried. "Well, surely, there's 
nothing to that\ You just bung the 
iron on the tag and the wire, and 
then run the solder in." 

"That's not the best way," 
reproved Smithy. "What you should 
do first is to rest the end of the 
solder on the tag and wire, and 
then apply the iron to the solder. 
(Fig. 8). When the solder melts the 
iron enters at once into good 
thermal contact with the tag and 
wire, after which the joint becomes 
completed in normal fashion." 

"What's the advantage in making 
the joint that way?" 

^ "The advantage," replied Smithy, 
"is that as soon as the solder melts 
it takes the heat from the iron to 
the tag and wire, and also releases 
hot flux. The flux is then able to 
break down the oxides on the tag 
and wire whereupon the flow of 
heat to the metal underneath is 
hastened, and the joint is made 
more quickly and with less cooking- 
up of components. If you initially 
apply the iron on its own, andi 
without solder, to the tag and the; 
wire, it merely causes these to heat 
up unnecessarily and form added 
oxides on their surfaces." 

PROOF OF VERACITY 

Smithy picked up his soldering 
iron and tested its temperature by 
applying a piece of solder to its 
tip. 

"Right-ho," he remarked with 
satisfaction. "Let's get back to work, 
then." 

Reluctantly, his assistant swung 
round on his stool towards his 
bench. After some moments he 
turned back again and presented 
an agonised face to the Serviceman. 

"Tell me, Smithy," he pleaded. 
"Was what you said a few minutes 
ago about the pet shop owner and 
his van-load of budgies really true?" 

"True?" queried Smithy, in an 
outraged tone of voice. "Why 
shouldn't it be?" 

"Are you," persisted Dick, 
"certain it was true?" 

"Let me tell you this, my lad," 
said Smithy weightily. "If your 
doubts about the non-veracity of 
that story are unfounded, then it's 
untrue that I'm not standing here 
wearing my bus conductor's cap and 
smoking this hookah I've borrowed 
for the moment from the Caliph of 
Bagdhad. Okay?" 

It took Dick nearly five minutes 
to sort out this last statement on 
the part of the Serviceman. Even 
then, he'd had to work it out on a 
piece of paper. And even then he 
still wasn't completely sure he'd 
got it right! 
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By Recorder m 

WE ALL OF US, FROM TIME TO 
time, tackle the odd bit of 
servicing work. The repairs 

required of us are usually to a 
domestic receiver belonging to the 
immediate family, to relatives or to 
friends. If one has plenty of time 
to spare, these servicing jobs can 
be very rewarding in terms of 
achievement, even if they're not 
very rewarding in terms of cash! 
There is quite a lot of pleasure to 
be obtained from bringing a radio 
or TV set to full working order 
after having traced and repaired 
an elusive fault. The best moment 
occurs when, after having soldered 
in the new part, one switches on 
the set again and finds that it has 
once more returned to full working 
order. 
PROFESSIONAL SERVICING 

Since we are inevitably committ- 
ed to an occasional servicing job, 
it is worth our while to take a 
look at this subject from the point 
of view of the professional service 
engineer. 

Really successful servicing, at 
professional level, represents a skill 
which is not possessed by everyone 
who dabbles or works in radio. 
Most of us have encountered or 
have heard about the clever design 
engineer who, when confronted 
with, say, a faulty transistor radio, 
arms himself with a meter and ser- 
vice manual then spends ages in 
locating and fixing the very simpl- 
est of faults. If the same set had 
been taken to the little shop on 
the corner the boy in the backroom, 
after having cleared the vacuum 
cleaner spares to one side to give 
himself a bit of bench space, would 
probably have cured the snag in a 
jiffy. 

The professional service engineer 
must, of course, have a good solid 
foundation of technical knowledge 
if he isn't to spend most of his 
working life probing in the dark 
and indulging in guess-work. After 
that he acquires the true skill of 
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servicing, which consists of this 
sound basic knowledge, plus exper- 
ience, plus common-sense, plus a 
knowledge of the idiosyncracies of 
his fellow-men. 

Experience is required by the 
engineer to enable him to gain 
confidence and to learn the short- 
cuts which are part of his stock- 
in-trade. He soon discovers what 
are the weak design points of a 
particular model, or of a particular 
run of models from a single manu- 
facturer, and he frequently looks 
at these first before starting detail- 
ed fault-finding work on a set. With 
experience comes increased manual 
dexterity. Some service repairs are 
fiddling in the extreme, and it is 
only through practice that the ser- 
vice engineer is able to tackle these 
quickly and successfully. 

Common-sense is one of the 
greatest assets of all. It is common- 
sense which guides the service en- 
gineer when he first looks inside a 
faulty receiver. Many faults are 
ridiculously simple, typical exam- 
ples being given by wires which 
have come adrift from their tags, 
valves which are improperly seated 
in their holders, and broken-down 
insulation due to a wire being 
stressed against a sharp terminal or 
chassis part. A quick look for vis- 
ually obvious faults of this nature 
can frequently be highly rewarding, 
allowing an otherwise obscure fault 
to be located in a matter of minutes 
without the need, even, for a test- 
meter. 

A knowledge of peoples' foibles 
is also indispensable. This is espec- 
ially necessary when the engineer 
is working from symptoms describ- 
ed by the set-owner. If insufficient 
attention is paid to this point the 
sort of situation that can arise 
occurs when, for instance, the en- 
gineer tackles a television receiver 
with a fairly loud hum, clears this 
successfully and sends the set back 
to the customer. It is only later 
that he discovers that the set-owner 
hadn't even noticed the hum and 

that the real fault was that the 
picture disappeared after the re- 
ceiver had been switched on for an 
hour or two! Set-owners often 
attach little importance to the time 
factor involved with a fault, and 
will omit to state whether it occurs 
only after a period of time, or 
intermittently. And also, of course, 
some lay descriptions of receiver 
performance tend to be picturesque, 
to say the least. I recall one middle- 
aged man stating knowledgeably, 
as his radio produced an ear-splitt- 
ing hum and nothing else: "There 
you are - that's the power coming 
through!" 

HOME SERVICING 

The professional service engineer 
learns to cope with all these points, 
and a good engineer is the one who 
takes greatest advantage of every- 
thing they offer. 

Those of us who undertake an 
occasional servicing job at home 
can, to some extent, profitably foll- 
ow the example of the professional. 
We may have the same basic tech- 
nical knowledge that he has, but 
we do not, unfortunately, have 
his experience. On the other hand, 
if the faulty equipment is in our 
own house we are in the best posi- 
tion of all to evaluate the nature 
of the fault. If the receiver belongs 
to friends or relatives we are still 
in a good position to obtain the 
correct fault symptoms, because we 
obviously know the set-owner very 
well. The remaining attribute of the 
professional is common-sense, and 
it is here that the professional 
approach is really helpful. 

The first thing to do, after taking 
the back off a receiver, is to look 
for the obvious. A visual examina- 
tion taking a minute or two is de- 
finately worth-while. If the receiver 
is battery operated, always check 
the battery voltage with the set 
switched on. The 'fault' may, quite 
simply, be nothing other than a 
run-down battery. Even if the own- 
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er of the set states that the battery 
was bought 'only a week or so ago' 
it is still best to check its voltage. 
If the battery has run down in a 
short period of time the receiver 
may be drawing excessive current (a 
factor which can be readily check- 
ed) or someone has left the set 
switched on for a few days with- 
out noticing it. All these points fall 
into the 'common-sense' category 
so far as servicing is concerned. 

If the visual examination and, 
where applicable, battery voltage 
check reveal nothing then the real 
fault-finding has to commence, 
whereupon the most useful tool is 
the voltmeter. A very useful series 
of tests is given by clipping one 
voltmeter lead to chassis and check- 
ing anode and cathode voltages 
with a valve set, or emitter and 
collector voltages with a transistor 
set. This procedure will very often 
show up a faulty stage in the min- 
imum of time. Remember that it is 
nearly always quicker to check volt- 
ages than currents because the 
measurement of current very often 
necessitates the disconnection of a 
circuit to enable the meter to be 
inserted. If the trouble is instabil- 
ity, the best procedure is to bridge 
any suspect bypass capacitor with 
another of about the same value. 

by the manufacturer whilst the 
model is in production, either to 
improve performance, to reduce 
cost, or to overcome the effects of 
temporary component shortages at 
the factory, 

NEW MINIATURE RESISTORS 

Whilst on the subject of compon- 
ents, the accompanying photograph 
illustrates a new range of miniature 
carbon resistors, obtainable from 
ITT Components Group Europe. 
Designated types RC025 and 
RC050, the resistors are available 
in i watt and i watt sizes respec- 
tiyely. These ratings apply to oper- 
ation up to 70°C ambient. 

Resistance values are from 2.2a 
to 1MS1 for the i watt series and 
2.2S2 to 4.7Mfi for the watt series. 
Both types are available with 5%, 
10% and 20% tolerances. Advan- 
tages claimed for the new resistors 
include a very competitive price, 
high overload capacity, excellent 
h.f. characteristics and low temper- 
ature coefficient. 

A new trilingual booklet (in Eng- 
lish, French and German) gives 
full data and displays four pages 
of characteristic curves as well as 
describing stringent test specifica- 
tions, including performance eval- 

Finally, if at all possible, try to 
obtain the service manual or at 
least the circuit for the set. And 
don t be surprised if one or two 
of the components have slightly 
different values from those shown 
m the circuit, even though the com- 
ponents have been obviously fitted 
by the set-maker. Small changes of 
this nature are common in mass- 
produced domestic equipment, and 
are due to alterations introduced 
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uated under an accelerated steam 
pressure test. The booklet may be 
obtained from ITT Components 
Group Europe, Trading Services 
Edinburgh Way, Harlow Essex. 

EMERGENCY GRAPH PAPER 

Standard graph paper is very use- 
ful stuff, not only for its obvious 
application—that of drawing graphs 
—but for other purposes as well. 

Every now and again I have to 
make sketches of mechanical bits 
and pieces which are later drawn 
up properly by a competent 
draughtsman, and I find that I can 
save time and also make my rough 
diagrams convey the intended mess- 
age much more readily if I sketch 
them out on graph paper. The grat- 
icule pattern on the paper not only 
ensures that straight lines are 
straight and that right angles are 
right angles but, in addition, en- 
ables rough scaling of dimensions 
to be achieved by the simple pro- 
cess of counting the squares. The 
graph paper is particularly helpful 
when drawing an angled view that 
involves the odd bit of perspective. 
Ive even found that graph paper is 
ot assistance with circuit diagrams 
when these are complicated. 

Unfortunately, graph paper only 
seems to be carried by large station- 
ers in big towns, whereupon, if it 
is used for projects carried out at 
home, one can quite easily run out 

B durmg a week-end, with no 
possibility of immediate replenish- 
ment. This happened to me recently 
whereupon I popped out urgently 

to0 newsagent down the road, that gentleman, ensconced between 
his copies of Woman's Own and his 
stock ot cigarettes, assumed an ex- 
pression which was, to say the least, 
uncomprehending when I asked him 
it he had any graph paper in stock. 
But his wife, who probably turns 
out the occasional engineering draw- 
ing for Elliott-Automation in her 
spare time, sized up the situation 
immediately and, within seconds, 
nogged me a primary school exer- 
cise book with ruled squares. To 

This cluster of resistors is from 
a new range introduced by ITT 
Components Group Europe 
Ratings, applicable to opera- 
tion up to 70°C ambient, are 

i watt and i watt 

assist readers whose memories of 
primary school exercise books are 
as hazy as mine, these cost only a 
tew pence each and their pages, 
bound in with two easily removed 
staples, are ruled out faintly at four 
squares to the inch. Good enough 
tor a rough graph and excellent 
tor making mechanical sketches. 

ho, if you're out in the sticks 
and you urgently require graph pap- 
er tor a tuning or meter calibration, 
or simply for sketching, do not des- 
p/ii.r. Ypu can get one of these children s exercise books at pretty 
well any shop remotely connected 
with stationery, and it will certainly 
carry you over until you obtain 
further stocks of the real thing. 
With each exercise book, what's 
more, you can get all the multipli- 
cation tables from 2 to 12 printed 
on the back cover! ^ 
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LATeNEWS 

it AMATEUR BANDS 
The Top Band Trans-Atlantic Test held at 0500 

GMT on 28th December produced by far the best re- 
sults so far in the present series. Activity was apparent 
from switch-on at 0430 - half-an-hour prior to the 
official time of commencement. 

The strongest signals heard were those from KV4FZ 
and W1HGT, both peaking to S7 on occasions. 
Activity rose to a peak between 0530 to 0600 after 
which the skip distance began to change with the con- 
sequent fading of signals, although K2ANR was heard 
at 0615 at S6. 

The Test as a whole was marred by static bangs 
and crashes which, as usual, always seemed to occur 
when trying to resolve the weaker call signs! Despite 
this, however, the following calls from across the 
Atlantic were heard - K2ANR, K8DH, K8RNE, 
KV4FZ, W1HGT, W2IU, W4BRB, W8AH, W8ANO, 
W8GDQ, W9BKA/8 and WA4SGF. 

The remaining Test is to be held on 15th February. 

it BROADCAST BANDS 
© COLOMBIA 

4765kHz HJDY R. Catatumbo, Ocana, Columbia. 
A newcomer since November, this station has a 
schedule from 11.00 to 0400 GMT. Power is IkW. 

6065kHz HJIQ La Voz del Llano, Villavicencio, 
Colombia. Has recently moved to this channel from 
the old 6115kHz. Power is IkW. 

6030kHz HJCT R. Nacional, Bogota, Colombia. 
Previously listed as inactive, this station has been re- 
ported with excellent signals at 0100 GMT. Schedule 
is from 11.00 to 0500 GMT. Power is 50kW. 

5065kHz HJVN R. Horizonte, Bogota, Colombia. 
This station has been moving around of late. Listed 
on 5970kHz it has been heard on 5950kHz and was 
last reported on 5065kHz. Schedule is from 0900 to 
0500 GMT. Power lOkW. 
@ MONGOLIA 

Ulan Bator Radio. According to the latest schedule, 
an English programme is broadcast daily from 1220 
to 1250 on 15445 and 17785kHz and from 2200 to 
2230GMT on 7345 and 9545kHz. Listeners reports, 
questions and musical requests are welcomed and 
should be sent to Foreign Broadcast Service, Box 365. 
Ulan Bator, Mongolia. IRC's are not required. 
@ SYRIA 

Damascus. This station has been recently reported 
with an English programme from 2030 to 2200 GMT 
on various channels in the 31 metre band. Checked 
by our listening post, the frequency is actually 
9670kHz with news in English and station identifica- 
tion. 
^ MALAYSIA 

R. Malaysia. The English programme is scheduled 
from 0625 to 0855 GMT on 6175,11900 and 15280kHz 
The address for reports is Federal House, P.O..Box 
1074, Kuala Lumpur. 
^ CHINA 

Tapei, Tiawan. The Voice of Free China radiates 
an International Service, in English, beamed to Europe 
from 1800 to 1900 GMT on 17890kHz. 
® PHILLIPPINES 

Malolas. The Voice of the Philippines is now on the 
air at 0300 to 0400, 0900 to 1400 GMT on 9580 and 
11950kHz. 

Acknowledgements to Swedish Dx'ers and our own 
listening post. ■ 

LAST LOCK ROUND 

BOOK REVIEW 
1970 WORLD RADIO-TV HAND- 
BOOK. 400 pages, 6 x 9in. Pub- 
lished by World Radio-TV Hand- 
book. Price 42s. 

Published annually, the World 
Radio-TV Handbook is a virtual 
necessity for all who require a com- 
pletely up-to-date source of inform- 
ation on current schedules, fre- 
quencies, directional bearings, news- 
casts in English and other languages, 
station personnel, interval signals 
and much other information of all 
stations on the TV, FM, Long, 
Medium and Short wave bands. 

This publication, together with a 
Summer Supplement - published in 
June each year - represent the only 
complete reference guide to inter- 
national radio and TV. It has long 
been recognised as the established 
authority and standard guide to 
world broadcasting stations, fre- 
quency and time standard trans- 
missions. 

The 1970 World Radio-TV Hand- 
book can be obtained from the 
Modern Book Company, 19 Praed 
Street, London, W.2, at 43/9d. post 
paid. Immediate delivery from stock. 

• TURKISH DELIGHT? 
A. Sapciyan, our man in Instanbul, often contributes articles to this 

magazine. His simple transistor receiver designs have always proved of 
interest to readers. In the next issue we present a sweet little package 
entitled Experimental Reflex Radio. This article will be savoured with 
relish! 

• GOT IT TAPED ? 
The vital statistics of Dx can be measured by recording those elusive 

signals. Taping sounds from those far away places with the strange 
sounding names can eventually provide the listener with an exciting 
sound library - see Tape Recording for the SWL in the March issue. 

An aural record of Dx prowess can often be exciting and certainly 
more entertaining than the visual QSL card. Make a good job of it and 
you won't get your cards! 

• 413,414,415 
On these pages in this issue is featured an article dealing with one 

aspect of tape recording. We shall soon be introducing a short series 
entitled Understanding Tape Recording by our well-known contributor 
W. G. Morley. This series will be of great interest to all who own a tape 
recorder and aspire to know more about the technicalities of the subject. 
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TV 

FAULT FINDING 

MANUAL for 

405/625 LINES 

s i mm. 

m 

POSTAGE 8d. 

REVISED & ENLARGED 

EDITED BY J. R. DAVIES 

124 pages 

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 des- 
cribed at greater length in the text. 

UNDERSTANDING 

TELEVISION 

5^5 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

37'6 
POSTAGE 

3/- 

UNDERSTAND1NG TELEVISION deals with; 
0 Principles of 405 line reception 
0 Principles of 625 line reception 
® Nature of the television signal 
® Receiver tuner units 
© A.F. and video amplifiers 
9 Deflector coil assemblies 
0 Automatic gain and contrast control 
0 Receiver aerials 
® The cathode ray tube 
0 Receiver i.f. amplifiers 
® Vertical and horizontal timebases 
0 Synchronising 
® Power supply circuits 
9 Colour television 
0 COLOUR TELEVISION - 80 page 

section deals comprehensively with 
this subject 

The reader is required to have only a basic 
knowledge of elementary radio principles. The 
treatment is non-mathematical throughout, and 
there is no necessity for any previous experience 
in television whatsoever. At the same time, 
UNDERSTANDING TELEVISION is of equal value 
to the established engineer because of the very 
extensive range it covers and the factual inform- 
ation it provides. 

To Data Publications Ltd., 57 Maida Vale, London, W.9 

Please supply the 4th revised edition of TV FAULT FINDING, Data Book No. 5  
Please supply UNDERSTANDING TELEVISION, Data Book No. 17  

I enclose cheque/crossed postal order for (Tick which book is required) 

NAME  

ADDRESS...,  

(BLOCK LETTERSPLEASE)" 
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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.) 

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

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

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

TRANSISTORS - UNUSED - GUARANTEED. ACYI7 
3/9d. each. ACY27 3/6d. each. Mullard GET111 4/- 
each. Giant printed circuit boards, 18in. x 12in., loaded 
with useful components including hundreds of resistors 
and capacitors, 5 boards 17/6d. Mullard Z701U valves 
4/- each. Send for free list. Trade enquiries invited. 
Mungo Parkes Electronics, 1 Estelle Road, Hampstead, 
London, N.W.3. 

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

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

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. 

TOROIDS FOR SALE: 550, 475, 500, 395, 480, 270, 
210mH. 5/- each. Box No. G104. 

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. 

TRANSISTORS. l/9d. each or 16 for £1. ACY22, BC108, 
BFY50, OC45, OC71, OC202, ZTX300, 2N2926. Brand 
new, individually tested. Resistors / watt 5% 3d. each. 
All values 10f2 to 1MS2. Money back guarantee. P. & P. 
1/-. J. M. King (B), 14 Acton Street, London, W.C.I. 

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

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. 

ELECTRICIAN/MOTORIST'S POCKET TORCH. Re- 
chargeable from 12V supply! Smart dashboard socket 
included for charging from car battery. Few left. 25/- 
post free. B. G. Shute, 17 Lakeside, Bracknell, Berk- 
shire. 

(Continued on page 445) 
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BENTLEY ACOUSTIC 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 7/-! ECC86 8/- PC95 8/3 U404 7/6 AC 154 51- BYI27 3/6 
6AQ5 5/6IECC88 71- PC97 8/6 U80I 19/6 AC 156 41- BYZI0 51- 
6AT6 4/-' ECCI89 9/6 PC900 8/3 UABC80 61- AC 157 51- BYZI 1 51- 
6/30L2 12/6 ECF80 6/6 PCC84 6/3 UBC8I 71- AD 140 7/6 BYZI2 51- 
6BW6 12/9 ECF82 6/6 PCC85 6/6 UBF80 5/9 AD 149 81- BYZI3 51- 6BW7 II/- ECF86 91- PCC88 9/9 UBF89 6/9 AD 162 91- OA70 21- 
6F23 13/3 ECH42 10/- PCC89 9/6 UC92 5/6 AFI06 10/- OA79 1/9 
6F28 14/- ECH8I 5/9 PCCI89 10/6 UCC84 81- AFI 14 41- OA8I 1/9 
6L6GT 7/9 ECH83 81- PCF80 6/6 UCC85 6/9 AFI 15 4/3 OA90 2/6 
9D7 91- ECH84 7/6 PCF82 6/3 UCF80 8/3 AFI 19 21- OA9I 1/9 
30CIS 13/- ECL80 6/6 PCF84 81- UCH2I 91- AFI2I 61- OA95 1/9 
30CI7 16/- ECL82 61- PCF86 91- UCH42 13/- AFI 26 51- OA200 1/- 
30CI8 i 1/6 ECL83 91- PCF80I 71- UCH8I 6/6 AFI39 13/- OA202 21- 
30F5 16;- ECL86 81- PCF802 91- UCL82 71- AFI 80 9/6 OC22 51- 
30FLI 15/- EF22 12/6 PCL82 71- UCL83 10/- AFi86 II/- OC23 51- 
30FLI2 16/- EF4I 10/- PCL83 91- UF4I 10/- AF239 7/6 OC24 51- 
30FLI4 12/6 EF80 4/6 PCL84 7/6 UF80 6/9 BAI02 91- OC25 51- 
30LI5 13/9 EF85 5/3 PCL85 91- UF85 6/9 BAI 15 2/8 OC26 51- 
30LI7 15/6 EF86 6/3 PCL86 8/6 UF86 91- BAI29 2/6 OC28 51- 
30P4 12/- EF89 51- PEN45DD 12/- UF89 619 BAI 30 21- OC35 51- 
30P4MR 17/6 EF9I 3/3 PFL200 12/6 UL4I 10/6 BCI07 41- OC36 7/6 
30PI2 13/9 EF183 61- PL36 9/6 UL84 6/6 BCI08 3/6 OC38 8/6 
30PI9 12/- EF184 6/- PL81 7/3 UM80 6/6 BCI 13 51- OC44 21- 
30PLI 15/- EH90 7/6 PL82 6/6 UY4I 71- BCI 18 4/6 OC45 1/9 
30PLI3 15/6 EL33 12/- PL83 6/6 UY85 5/9 BCYI0, 51- OC46 21- 
30PLI4 15/- EL4I 10/3 PL84 6/6 VP4B 10/6 BCYI2 51- OC70 2/3 
CL33 18/6 EL84 4/9 PL500 13/- 2N404 61- BCY33 51- OC7I 21- 
DY87 5/9 EL95 5/3 PL504 13/6 2NI756 10/- BCY34 4/6 OC72 21- 
E88CC 12/- EM80 71- PL509 28/9 2N2I47 17/- BCY38 51- OC74 216 
EABC80 61- EM8I 716 PL802 15/- 2N2297 4/6 BCY39 4/6 OC75 21- 
EAF42 8/9 EM84 6/6 PY33 10/- 2N2369 4/3 BCZI 1 3'6 OC78 21- 
EB9I 2/3 EM85 II/- PY8I 5/3 2N26I3 7/9 BDI 19 91- OC78D 31- 
EBC4I 9/6 EM87 7/6 PY82 51- 2N3053 6/6 BFY50 41- OC8I 21- 
EBC8I 5/9 EY5I 7/6 PY83 5/9 2N3I2I 50/- BFY5I 41- OC8ID2/- 
EBF80 6/9 EY87 6/6 PY88 6/9 2N3703 3/9 BFY52 4/6 OC82 2/3 
EBF83 81- EZ40 7/6 PY800 7/6 2N3709 41- BFI59 51- OC83 21- 
EBF89 6/3 EZ80 4/6 PY80I 6/9 2N3866 201- BFI63 41- OC84 21- 
EC92 6/6 EZ8I 4/9 U19 34/6 2N3988 10/- BFI73 7/6 OC 123 4/6 
ECC8I 3/9 HVR2 8/9 U25 13/- 2S323 10/- BF180 61- OC169 3/6 
ECC82 4/6 KTW62I0/. U26 11/9 AAI 19 3/- BY 100 3/6 OC 172 41- 
ECC83 4/6 PABC807/3 U37 34/11 AAI20 3/- BY 105 3/6 OC200 4/4 
ECC84 5/6 PC86 10/3 U191 12/6 ACI 13 51- BYI 14 3/6 OC202 4/6 
ECC85 5/6 PC88 10/3 U30I II/- AC 127 2/6 BY 126 21- 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.nr 

EST. 1891 

TECHNICAL 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-vaive 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 

2.70 I 
j 
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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. 

nm 'III 
f?AUiO '1 

■ 

mm- 
>. ■ 

W.. 
ll : 

Pi# 

PRICE 14/- Postage 1/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 

^published ^ 

'audio tronics i 
1970 

The 1970 edition of 
Lasky's famous Audio- 
Tronics catalogue is now 
available-FREE on request 
The 28 tabloid pages-many 
in full colour are packed 
with l.OOO's of items from the 
largest stocks in Great Britain 
of everything for the Radio and 
Hi-Fi enthusiast, Electronics 
Hobbyist, Servicemen and Com- 
munications Ham. Over half the 
pages are devoted exclusively to 
every aspect of Hi-Fi (including 
Lasky's budget Stereo Systems 
and Package Deals), tape re- 
cording and Audio accessories 
PLUS I.asky's ama/ing money 
saving vouchers worth over £25. 
All the goods shown are available 
from any of our branches or by 
Mail Order-bringing the benefits of 
shopping at I.asky's to you in the 
comfort of your home. Over 150,000 
customers have already received 
their copy of the "Audio Tronics" 
catalogue — don't delay. 
Send: Your name, address and 21- for 
post only and the inclusion of your name 
on our regular niailing list. 
To: Lasky's Radio Limited 
3-15 Cavell Street, Tower 
London, E.l. 
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S3 
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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. 
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SMALL ADVERTISEMENTS 
Continued from Page 443 

TO CLEAR. Back numbers of "The National Geo- 
graphical Magazine", to January 1959. 3/6d. each post 
paid. Box No. G110. 

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. 

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. 

BOOKS TO CLEAR: "The Upper Atmosphere", Massey 
6 Boyd, 50 j-."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 Methods", 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: 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. 

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. IX, 
£3 Box No. Gil3. 

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: 01^107-1495. 

MAGAZINES TO CLEAR: CQ 1947—November, 1955— 
April, 1957-February to June, 1959-July to December, 
1960-complete, 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-compIete, 1961-August, Septem- 
ber missing, 1962-February to May, 1/- per copy. 73, 
1963-July, August, September to November, 1967- 
January, October, 1968 January, February, April & 
November, l/6d. per copy. Wireless World, 1947- 
December, 1958-September, 1960-January, April, June, 
September to December, 1964-January, December, 
1965-January to June, 2/- per copy. Box No. G114. 

FOR SALE: Golay lever escapement navigation watch, 
in wooden case, 4in. x 3iin. x 2iin. £5. Box No. G115. 

TELETYPE Instructions booklets for Creed No. 54, Nos. 
7 and 8, No. 47, No. 75, No. 85, 6S/6, 'N' type keyboard. 
7/6d. each. Relays - Sigma type 72AOZ, octal socket 
plug-in, £2. Miniature DPDT 10/6d. Box No. G116. 

(Continued on page 447) 
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Listen to the 

world with 

Eddystone 
«> vo *6 

When you own an Eddystone 
communications receiver, you have the 
broadcasting world at your finger tips - 
wherever you happen to be - on land or 
at sea. The reputation these sets have attained is proof of their excellence 
and reliability and at Imhofs, there is a special Eddystone department, 
where you can see, hear and compare all models listed here. 
Same day despatch to any part of the world; free delivery in the U.K.; 
plus after sales service for which Imhofs and Eddystone are world famous. 
EDDYSTONE EB35 Mark II broadcast receiver AM/FM transistorised. 
A high performance all-band receiver, can also be used as a 'Hi-Fi' tuner. 
Powered by 6 SP2 torch cells, or, with Type 924 power supply unit, from 
AC mains. £82.4.9d. 
EDDYSTONE 940 (13 valve) communications receiver. A connoisseur's 
instrument combining 'Professional' appearance with performance; has a 
world-wide reputation, two RF stages ensure high-sensitivity. £158.0.0d. 
EDDYSTONE EC10 transistorised communications receiver. An en- 
thusiast's receiver at a modest price. Embodies features usually only found 
in much more expensive designs. Powered by 6 SP2 torch cells or Type 924 
power unit (AC). £59.10.0d. 
EDDYSTONE EC10 Mark II transistorised communications receiver. 
A de-luxe version of this famous design now incorporating 'S' meter and 
limited fine tuner. £69.10.0d. 
EDDYSTONE EA12 'Ham Band' receiver. Built to professional stan- 
dards but specifically for the amateur enthusiast. High sensitivity for all 
reception modes CW, MCW, AM and SSB. FSK adaptor available as 
ancillary £195.0.0d. 
There is an Eddystone Communications receiver for any frequency between 
10k Hz and 870 MHz full details from Imhofs or your local Eddystone agent. 

MAIN EDD YSTONE 
DISTRIBUTORS 

Dept: RC/2 
112-116 New Oxford Street, London, WC1 Tel: 01-636 7878 

FREE 
TO AMBITIOUS ENGINEERS 

— THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

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

Please send 
Free Books and 
Full Information 

British Institute of 
Engineering Technology 

NAME      

ADDRESS... 

Subject 
of interest   Age  

ALDERMASTON COURT, Dept 480D, Aldermaston, Berks. 
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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 scale:- 

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 on the Grade 1 scale:- 

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 35 
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 (R.O./63), 
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 Air Traffic Control Service 
ofthe Board of Trade asa Radio Technician 
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, Air Traffic Control Centres, Radar 
Stations and specialist establishments. Vacancies 
exist in various partscf the 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 schemefor 
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 Adelphi, John Adam Street, London WC2 
marking your envelope 'Recruitment'. 

Name... 

Address... 

Not applicable to residents outside the United kingdomT 

IXIATCS 

RC/A1 
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SMALL ADVERTISEMENTS 
Continued from page 445 

INNOVATION IN DX CLUBS ANNOUNCED! Formed 
in October, 1965, the Radio New York Worldwide 
Listeners Club now has 3,600 members in 86 countries! 
A unique club offering shortwave listeners monthly 
magazines containing listening tips and technical fea- 
tures, numbered wallet-sized membership cards and 
gold 8iin. by 11 in. membership certificates. Multi- 
lingual report forms available for cost of postage. "We 
must be doing something right!" "Find out . . . join 
now!" Send 7s. 2d. (crossed domestic money order) for 
one year's membership to: The Radio New York 
Worldwide Listeners Club, 485 Madison Avenue, New 
York 10022, U.S.A. 

WANTED: Glass paper weights. Details to Box No. 
G117. 
FOR SALE: T.C.C. Lectroflash capacitors, 250/iF, 500 

volts, 3in. x l|in. 15/-. SenTerSel bridge metal rectifiers 
type C3B, 250 volts, 120mA, 12/6d. Write today for 
Super Free Bargain Lists. Xeroza Radio, Dept. ZA99B, 
V. V. Collett & Co., 1 East Street, Bishops Tawton, 
Devon. 

FOR SALE - RTTY MANUALS. Teleprinter Type 3. 
GPO Maintenance and instructions. T/P Auto-trans- 
mitter 6S/6 & 6S/6M, Maintenance instructions. No. 85 
T/P Printing reperf, Main. & Insts. Ditto Model 75 T/P. 
Ditto Nos. 7 & 8 T/P. Ditto No. 54 Page T/P. Ditto 
No. 47 Tape T/P receiver. No. 75 T/P Operator's Hand- 
book. Ditto parts list 1075. Ditto Nos. 7 & 8 T/P 
1078. N Type Keyboard, Main. & Insts. All at 7/6d. 
p.p. Box No. G118. 

HEATHKIT RA1. H/F Amateur bands receiver. Profes- 
sionally built (winter 1965) and well maintained. With 
manual, speaker. £28 o.n.o. Box No. G119, 

HENRY'S RADIO LTD. 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. 

RADAR SPOTTER 
Protect your Priceless Driving Licence! 
Complete self-contained. Clips on 
to Sun Visor. Detects radar speed 
trap signals up to two miles. 
Covered by domestic radio licence. 
Twelve month guarantee. Size 4i" 
x 3^" x 3. £13.5.0 including p.p. 
No. C.O.D. charges. For technical 
details ring Stan Bennett on 01—660 
2896, or send 8d. in stamps to: 

RADATEC, BOX 38, 45 GREEN LANE, PURLEY, SURREY 

REDUCED IN PRICE 
TRANSFORMERS 
10-0-200-220-240. 15-0-15 at 200mA. Shrouded. Fly- 
ing Leads colour coded 12/6d ea. 
0-200-220-240. 0-24 at 0.5 amp-48V at 50 mA 7/6d ea. 
RELAYS 
S.T.C. Miniature Type 24 2p/c/o 8-24V D.C. 10/- ea. 
S.T.C. Miniature Type 25 4p/c/o 10-19V D.C. 10/- ea. 
SEMI-CONDUCTORS 
BF115 Mullard Transistor 4/- ea. 
BFY52 Mullard Transistor 5/- ea. 
OA70 Diodes l/6d ea. 
CAPACITORS 
l,000pF Mullard Poly. 6d ea. 
SWITCHES 
7-way Pushbutton Units 2p/c/o per unit 7/6d ea. 
ALSO IN STOCK: Relay Bases, Knobs, Resistors, Capacitors, 
Pots, Plugs, Sockets, etc., etc. 
All components NEW. C.W.O. and add 3/- for P. & P. 

SEND FOR FREE CATALOGUE 
W.E.C. LTD. (FC), 74 The Street, Ashtead, Surrey 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format 7^" x 9£") 

i 
mm 

t- 
, 

/ 
iiIwii'iiiiiiiiii mi mill 

>v 

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 

H. L SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

BLANK CHASSIS 
FOUR-SIDED li SWG ALUMINIUM 

PAQPC ALUMINIUM, SILVER H AM M FR FD FIMKH 
Type Size j 8x6x2"* 
N 6x6x3" 
N 4x4x2" 
U 4x4x4" 

HAMMERED FINISH 
Price Type Size 
18/- W 12x7x7" 
17/6 W 15x9x8" 
11/- Y 8x6x6" 
11/- Y 12x7x7" 

Type N 

U 51x4^x41" 17/- Y 13x7x9 
U 8x6x6" 23/- Y 15x9x7" 
U 9ix7ix3i" 24/- Z 17x10x9" 
U 15x9x9" 49/- Z 19xl0x8i" 
W 8x6x6" 23/- 

Price 
37/6 
48/6 Type 
29/- W 
45/- 1 
50/6 1 

53/6 
72/6 
78/- 

*Height 
Type N has removable bottom, Type U re- 
movable bottom or back. Type W removable 
front, Type Y all screwed construction, Type 
Z removable back and front. Plus p. & p. 

Type 
Type 

ype U 

Size 
6x4x2" 
7x4x1i" 
7x5x2" 
8x4x2" 

10x4x24" 
12x4x2{" 
12x5x3" 

Price 
6/3 
6/- 
7/6 
I'r- 9/3 
»/- 10/- 

12/- 

Base 
2/11 
3/2 
3/5 
3/4 
3/9 
4/10 
3/9 
4/3 
4/9 

Size 
10x8x24" 
12x7x24" 
12x9x24"   
13x8x24" 13'9 
14x7x3" 14/6 
14x10x24" 16/- 
15x10x24" 16/6 

Price 
12/- 
12/- 
13/9 

Base 
5/6 
5/11 
7/- 6/11 
6/6 
8/7 
9/1 17x10x3" 19/6 10/1 

TO FIT OUR CASES 
7x5ixli" 7/- 3/9 12x64x2" 10/9 5/11 
7x54x2" 7/9 3/9 14x84x2" 13/6 7/11 
11x64x14" 10/- 5/6 154x94x24" 17/- 9/6 
11x64x2" 10/- 5/6 174x94x24" 18/6 10/6 

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

THE WILSIG REVERBERATION UNIT KIT 
Self-contained, 6 transistor, reverberation chamber to which 
microphones, instruments, tuners or tape recorders may be 
connected for added dimensional effect. The output is suitable 
for most amplifiers and the unit is especially suitable for use 
with electronic organs. A ready-built spring and transducer 
assembly is used (58/1 1 if bought separately). 
Complete, easy-to-build kit with constructional notes and 
circuits: £7.10.0. Pre-drilled and printed case 34/- extra. 
All parts available separately. Send 1/- for circuit and con- 
struction details. 
THE 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. 
Send 1/- for our catalogue of components, testmeters, musical 
electronics and more details of the above items. Callers welcome. 
WILSKX ELECTRONICS LIMITED 

6 Copley Road, Doncaster, Yorkshire 

Be.. 
well- 

equipped 
men 

You need not worry about the painful and 
lingering minor burns that occur from time to 
time in leisure pursuits if you keep BURNEZE 
close to hand. This unique new soientlfio 
aerosol cools and anaesthetizes. BURNEZE 
takes the heat out of a burn in just 8 seconds, 
then controls the blistering and pain that steal 
skill from nimble fingers. Be well-equipped - buy 
BURNEZE, from chemists. 

Potter & Clarke Ltd Croydon CR9 3LP 

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 Yale, London W.9 
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HENRY'S RADIO IID 

ENGLAND'S LEADING 
COMPONENT AND 

■ EQUIPMENT CENTRES 

A | HENRY'S RADIO fully Illustrated CATALOGUES To gel ihe besi our o( your MAGNAVOX DECK, you need MARTIN RECORDAKIT. This comprises a special high qualily 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- perience or technical skill to bring this about. THE INSTRUCTIONS MANUAL MAKES BUI LOING EASY, AND SUCCESS IS ASSURE D. Kit comprises- Deck, Amplifier. Cabinet and speaker, with microphone. 7" 1200 It tape, and spare spool. ASK FOR BROCHURE 6. TODAYS VALUE E60. 
PRICE 39gns. p.p. 22/6. nothing else to buy 

SCOOP! STAAR RECORD PLAYER 

MULLARD 1 WATT AMPLIFIER Portable Transistor Unit-Ideal for Intercoms. Baby Alarms, Telephone.- Record Players or Guitar Practice. 9 Volt 5 transistors with volume control, output 3 ohms. Ideal for use with STAAR RECORD DECK. 
PRICE 45/-. p.p. 2/6. 

PRICE 59/6. 
p.p. 3/6. 
Send for leaflet No. 2. 

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. 

HENELEC 5-5 STEREO AMPLIFIER 

ft ft & & 
Usual price £47.0.0. OUR PRICE £39.10.0. p.p. 20/-. ask for BROCHURE. 13 

SINCLAIR EQUIPMENT The SINCLAIR IC-10 is the worlds first monolithic intergrated circuit high fidelity power amplifier and pre amplifier. The circuit itself has an output power of 10 watts, yet with an overall 
size of 1 * 0.4 x 0.2 in. 
IC-10 Integrated Circuit Amplifier 59/6 OTHER 

BUILD THIS VHF FM TUNER 

3? PARTS TOTAL COST £6.19.6. DECODER £5.19.6 

ALL TYPES A 
OF ELECTRONIC 
COMPONENTS 
TEST 
EQUIPMENT 
KITS 
BUILT UNITS 

HIGH 
FIDELITY 
8t 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. 2/- 
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. 
£11.12.6. 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 TODAY 

9 

0 

Hhf! equipment to suit EVIRf POCKET 
HIGH FIDELITY AUDIO EQUIPMENT CATALOGUE 5A p.p. 1A 

VISIT OUR NEW HI Fl CENTRE AT 309 EOGWARE 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. SEND FOR ILLUSTRATED BROCHURE 16/17. TWO DEMONSTRATION ROOMS 

ELECTRONIC ORGANS COMPLETE KITS FOR THE HOME CONSTRUCTOR 
Start building for 
as little as £10 

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. 

MODELS FROM £99- 1350. 

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. 

of years of research and 
that is essential to good 

These kits are the re 
design and offer the best that is esst 
organ designs, coupled with excell 
within the reach of most pockets. No 
or knowledge is required in construe 
aid of the STEP BY STEP illustrated manuals 
produce an instrument that will be a delight to 
and use and will give years of trouble free e 
tamment for the whole family. 

ical skill 
vith the 

SEND FOR ILLUSTRATED BROCHURES 9/10/11 TODAY! in L.ONOON . CALL IN SEE. HEAR, PLAY FOR YOURSELF. Organ Demonstration Room 1st Floor, PRACTICAL ELECTRONICS ORGAN ORGAN COMPONENTS 
ILLUSTRATION of 

GROSVENOR ELECTRONIC ORGAN | 

able tc iply all n is for t 

I FA I VVFfc JB SA I I Ma'1 0rder DePt ■ Components, Organ Dept. Fligh Fidelity and Equipment Centre 
ULUUlf If Ulllllll | | ■■ 303 EOGWARE ROAD, LONDON W. 2. 309 EOGWARE ROAD, LONE 

mill ■■ nil ■ I ■■ ■ | | || Telephone: 01-723 1008 9 Telephone: 01-723 6963 
■ IBilVII I U liniilU LI Ul OPEN MON-SAT 9am-6p.m THURS 9a.m-1p.m 


