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SOLID -STATE DISTORTION METER 
A simple design measuring directly, percentage 
distortion of A.F. amplifiers over the range 0.1% 
to IO" at 1,000Hz. Plans and Instructions inside 
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AC107 1416 BFI(5 
AC126 5/- BF152 

.^ AC127 5/6 BFIS4 
IG AC127Z 9/6 8F159 
.rAC128 4/- 8F163 r. ACI76 S/- BF! 67 
U AC187 12/- 6F173 

AC 88 12/- 13F178 
A2.1 ACYI7 5/- 8F179 

ACYIB 3/6 BF180 
ACYI9 4/S 13E181 
ACY20 3/7 8E184 
ACY2I 4/- BF185 

L.wl ACY22 2/9 BF194 (¡ ACY40 31- BF 195 3/- NKT2I5 4,- OC309 I1 - s ACY/I 4/4 BF200 10/6 NKT216 10¡- OCP71 19;6 2N706 
ACY44 8/- BFXI3 5/- NKT217 13/- ORP12 9/6 2N706A r ADUO 111- BFX29 8/- NKT21B 5'3 ORP60 8(- 2N708 

1,`-,1 ADU9 I116 BFX44 81- NKT219 6- ORP61 8/- 2N71 I 

f'1 AD161 6/- BFX84 716.NKT221 5!6 ORP63 9'- 2N711A 
AD162 61- BFX85 91- NKT222 41- P346A 5.- 2N715 
ADT140 1216 BfXB6 6'6 NKT223 716 RAS310AF 2N716 

51- NKTI29 6/- 0084 51- 2N386 111- 2N3416 716 25320 9i- 
13/6 NKTI41 7/- 0C123 7- 2N385A/ 2N3436 151- 25321 61- 

91- NKT142 61- 0C139 5 - 2N388A 15/- 2N3525 1119 25323 101- 

15I- NKTI43 5!6 0C140 7 2N404 416 2N3528 191- 25701 816 

9/- NKT144 8!- 0C170 5 2N410 8!- 2NI606 S!6 25703 I2/6 
5/- NKT161 6,- 0C171 6- 2N458A 25/- 2N3607 4:6 2S720 25/- 
61- NKT162 6 - 0C200 63 2N511A 49/6 2N3702 3 3 25732 8/6 

10/6 NKT163 5 6 0C201 9 6 2N513A 2N3703 3- 251002 10/- 
12/6 NKTI64 5i6 0C202 18 - 12116 2N3704 3 3 

6/- NKTI65 6/- 0C203 7 6 2N599 101- 2N3705 3 - DIODES 4, 
6/6 NKT21I 6/- 0C204 8- 2N601 25/- 2N3706 1;9 RECTIFIERS 
7!- NKT2I2 6/- OC205 9 2N657 20/- 2N3707 3 AAI19 l'- 
81- NKT213 4'- OC206 10'6 2N696 4/- 2N3708 T- AAY11 2!- 
316 NKT2I4 4 - 0C207 7 6 2N697 41- 2N3709 3 - AAZ12 6'- ' -- 6/- 2N3710 3- AAZI3 2 6 

2/6 2N371 I 3 - BAI00 6 - 
2/6 2N3819 8- BAIID 6 - 
41- 2N3820 18 9 BAI I 1 6'- 
716 2N3826 6 - BAI 12 I81- 
716 2N3854 5 6 BAI 15 I/6 
7/6 2N3854A 5 6 BA130 31- 

[`] 7/6 2N3955 5 6 BAY3I 2/6 

^" AF102 I1/6 BFXBB 5- NKT224 116 6- 2N743 4/6 2N3855Á 6'- BAY38 31- 

AF106 7/6 BFYIB 5 - NKT215 316 RAS508AF 2N744 6/- 2N3856 6 - BY100 S/- 

AF114 5i- BFYSO 46 NKT216 101- IS:- 2N753 5/6 2N3856A 6- BYI15 16 

L-.1 AF115 5'- BFY$I 3/9 NKT227 516 SIM 19- 1N9U 4/6 2N3858 5- BYI27 4I- 

(`] AF116 5 - BFY52 4/6 NKT228 61- 54M II 6 2N918 7/6 2N3858A 6- BY234 2/3 

^^ AF117 5j- BFY53 311 NKT261 413 STUD 3 - 2N919 5/6 2N3859 5 6 BYXIO 3/- 

AFI IB 1216 BF`N57 6- NKT762 413 STUI S- 2N930 7!6 2N3859A 613 BYX36/ r AF121 6/- BFWSB 5 6 NKT264 43 ST2 919 2N1090 6 6 2N3860 6/- 150 2/6 
lr'J AF114 4!6 BFW59 

"I 
- NKT271 4'- TU07 918 1N1091 6'6 2N3866 25/- BYX36/ 

/:1 ÁF,126 3:6 BFW60 6 NKT272 4-- 7IP31A 1916 2N11I1 6;6 2N3877 9/- 300 2110 

AF127 3 6 BSX19 3 6 NKT273 4.'- TIP32A 12/6 2N1131 8/- 2N3877A 9/6 BYX36 
4 0 AF139 7 6 BSX20 3 4 NKT274 4{ 

71154 I I19 2N1303 4 - 2N3900A 
10/6 

BY0Y21 15 
3 

9 
- 2N3900 

,r AF178 9;6 BSX71 7 6 NKT275 5:- TIS45 313 2511304 5:- I l'6 BYY23 263 
IrC^.1 AF179 1116 BSX76 

46 

- NKT276 3.6 
71516 7 3 2N1305 5!- 2N3903 7- BYY25 31 9 

1.1 
AF180 12.'6 85X77 - NKT279A26 

7IS47 771N1306 5/_ 2N3904 7:- BYYU2 T9 
AFI81 8 BïX78 66 NK72B1 S,- 

71548 3 3 2NI307 Si- 2N3905 716 BYZIO 9'- 
4.1 AFI86W 9 8iY27 4 NKT301 16.- 

71549 3 6 2N1308 7'- 2N2906 7/6 BYZI2 6/- 
es AF186G 9 BSY29 5- NKT302 11,.- 

T1550 5:6 2N1309 7 - 2N4037 I51- BYZII SI- 
.:A AF239 7:6 BSY32 5- NKT303 10 - TIS51 4 2N1496 34 - 2N4058 4!6 CG6E 4/- T AFYI9 1216 BSY36 5- NKT301 9 6 

TI552 4'- 2N1507 4 8 2N4059 5- CG6I 2'6 
rr^-4 AFZI I e- BSY37 5'- NKT351 8 

T1S53 66 2N1613 56 2N1060 5- CG62 2,6 
LaASY26 5- BSY3B 4'- NKT352 7:6 

T1S60 6 6 2N1671A 2N1061 4- 
rr3 ASY27 6- BSY95A l'6 NKT401 17,6 C063 2!- 
L:A ASY28 5,- BS'N41 8 6 NKT402 24'- TIS61 7- 19¡6 2N4062 16 CG64 1 6 

II^^ ASY29 6;- BSW70 5 6 NKT403 15 - TSW30C I8- 2N1711 6/6 2N4284 3 - E/s403 3/6 
ArT^.1 ASZ21 716 BTX39i600 NKT404 12 6 U23AAA 5:'- 2511893 10!- 2N4285 3- EC401 S/- 

LIAUY10 30'- 120,- NKT405 15 - V205 20 - 2N2147 17_ 2N4286 3- EU02 4/8 
62M 12 6 BTX40.600 NKT406 15 - V405A 9 3 2N2I52 17/6 2N4287 3- EB383 3/6 

B3M ISr- 120 - NKT451 12 6 XA102 6 - 2N2148 11;6 2N428B 3 - GEX45/I 4;- 
7rt BC107 1:9 B7Y87 I50R NKT452 12;6 XA702 Si- 1 2N2160 14:9 2N4289 3:- 0/3M 4"- 
E:1 BC108 1;9 31 - NKT453 10 - X8113 5/- 2N2247 26 - 2N4290 3 - 0A5 3:'8 

0 BC109 2 9 C106F1 9!- NKT6I3F 5- ZEI1V7 I16 2N236B 5;- 2N4291 3:- pAIO 6!- 
BC113 5- CI I I I81- NKT674F 5'- Z722 191- 2N2369 51- 2N4291 3i- 0A47 1:6 

BC! IS 66 CI IIE 121- NKT675 S:- ZT86 2716 2N2369A 516 1N4871 619 0A70 16 r BCI 16 8- C400 9/- NKT676 5;- ZT2270 19/6 2N2432 67/- 2N5027 1016 OA73 I 6 
1 :1 BCI IB 51- U26 8'3 NKT677F 5!- 40250 1216 2142484 8/- 2145028 1116 0A79 Ir6 
r1 BC125 11/- C444 9'8 NKT703 B:- 40709 916 1N261I 716 1515029 916 0A81 li6 
1': ^1 BC126 II/- D13T1 10:- NKT713 76 40310 131- 1512611 41- 1515030 816 0A85 1!6 

IGBCI34 51- GET102 6,1- NKT773 5- 40311 IOi6 2N2616 101- 2N5172 31- 0A90 1'6 

.r^ BC135 6/- 0E7103 46 NKTI0339 40312 1316 2N2711 61- 2N5171 1016 OAgI I 6 

1,_,1 BC176 81- GETI13 4- 6i6 403U 1016 2N2712 6/- 2145175 10/6 OA95 I 6 

.s BC137 816 GETI U 4'- NKTI0419 40315 1016 2N2T13 S16 2N5176 91- 0A200 1,- 
3%1 C 138 I2/- 0E7120 66 6j 40316 13/- 2N2904 816 2N5232 56 OA202 11- 

A:A 
BC140 13/3 GET880 9;- NKT10429 40317 111- 2N2904A 8/- 2N5249 13-6 SD19 7d 

BCU7 1-9 GET887 4/- I1;- 40319 IS!- 2N2905 101- TD716 121- 

SCIAS 33 GET889 6- NKT10519 40320 10 6 2N2905A 8/- N74A 4- s BC149 7- GET890 6 6 66 40323 10 6 2N2923 4;- 2N5305 N60 ,- 
1,:.^1 BC154 I1!- 0E7896 4'6 N KT16229 40324 11:6 2N2924 4- 2N5306 8/- N64 4-- 

IG BC167 316 GET897 4/6 11 - 40326 1016 2N2925 36 2N5309 1216 N82A 9/6 
BC168 79 GET898 6/- NKT20129 40329 7'6 2N2926 2N5354 516 N87A 416 

BC169 39 GEX 45/1 31- I I - 40344 8- Green lÍ- 2N5355 516 N 191 Sl- 
.l3 BCIBIL 3- MAT100 51- 0C20 196 40347 9 6 2N2926 2N5356 1016 N914 119 

1.`-1 BC183L 16 MATI01 516 0 C22 8;- 40348 14'6 Yellow 2í- 3N84 26!- 514001 11- 

(` BCIB4L 3:- MAT120 5/- 0071 8- 40360 
I 

6 2N2926 3N12B 18/6 N4005 41- 

^^ BC212L 3 9 MAT111 SI6 0C24 8 - 40761 12'- Orange 2-- 7NU0 19/6 N4007 S/- 
BCY10 10 - MN00 1116 OC25 7 6 40362 14 - 2N2926 3N141 N4148 IN 

rT BCY12 12- M1420 1116 0C26 66 40370 86 Brown 2/- 3NI42 16/6 SI13 4/6 

A7.1 BCYlO 5- M1421 1216 0C28 12'- 40406 16 - 2N3011 12;6 3N1)43 19/6 544 119 

r1 BCYII 5.6 M1430 20/6 0C35 9'- 40408 U - 2N3036 39:- 351152 24/- 0130 1/- J 8CY32 10:- M1440 19/6 0C36 12 6 40467 16 6 2513053 S - 25001 40/- 5131 2/6 
CaBCY33 4 - M1480 20/6 0C41 4 6 40468A 16;6 2N3054 11 25002 12/6 5132 3/- 

,It^ BCY34 5- M1481 27/- 0C42 4'6 40602 9 9 2N3055 I5;- 25003 11/6 5910 1/4 

212,1 BCY38 6- M1490 22/6 0C43 4 6 20301 3 6 1143133 6/- 25004 I5/- AAY30 1,'9 

r1 BCY40 10 - M1491 29/6 OC4 J:- 20302 31- 2N3135 6/- 25005 15 /- RA5310AF 
1_r,17 BCY42 4 - MPFI02 816 0C4 3 - 2G306 816 2N3136 6/- 25006 15/- 

k:A BC143 4'- MPFIOI 7/6 0070 2 6 20339A 5/- 2N3235 28/6 25012 251- 

BCY54 7 6 MPFI04 716 0071 3- 20371 3/- 2N3234 2716 25012A 22/6 

BCY70 4 6 MPF105 81- 0072 4:6 203718 3/- 2N3391A 61- 25017 15/- r BCY71 8 - MPS3638 6/6 0075 4:6 20374 5/- 2N3392 5 - 25018 1716 

A.:^A BCY72 4!- NKT0011 916 0076 216 212378 7/- 2143393 5 - 2S019 19/6 

1:1 BCY87 86/9 NKTI21 I l;- 0077 5'6 20381 51- 2N3394 4 9 25104 1216 

BCZI I 7/6 NKT122 8.- OCBI 4 6 2N109 11)- 2N7402 5 6 2S301 8/6 

A-A 130119 15/- NKTI23 61- OCBID 3- 2N174 16/- 2N3407 5;6 25302 7/6 

Irt B0121 18 - NKTI25 5/6 0052 5- N2217 716 2N3104 716 25303 10/- 

AA B0123 21,6 NKTI27 5I6 OC82D 3 - 2N370 1St- 2N3414 5/6 25304 12/6 

.r B0124 11;- NKT128 5/6 0083 4;6 2N384 17/- 21'43415 6/- 20306 151- 

rkr2./ 

(-) 

Tail End Offer 

PBC108 Texas 

Plastic BC108 

1/9 each 

clear 

LOWEST I.C. PRICES YET! -Q)- 
IC IO 59 6 Sinclair IC amp. 

PÁ230 20 /- IC Preamplifier 

PÁ234 20 /- I watt audio amp. 

PA237 32/6 2 watt audio amp. 

PA246 52/6 5 watt audio amp. 

SL403A 49/6 3 watt Plessey amp. 

TAA263 I5 /- Mullard linear amp. 

TAD100 45 /- IC receiver 

TAA293 20/- Mullard gen. purp. amp. 

TAA3I0 30 /- Record /Playback preamp. 

TAA320 I3 /- MOS LF amplifier 

SL702C 29/6 Plessey linear amplifier 

35184 26/- Silicon controlled switch 
Data sheets available on request -I / per copy 

PLEASE NOTE: Only new -full specification ,rte. 
grated circuits. no below -specification types. 

FAIRCHILD MICRO -LOGIC 
I -6 7 -II 12+ 

.1 900 9/9 9/- 8/- 
ul914 9/9 9/- II/- 
ul 923 12/6 11 /9 II /- 
Prices for 100+ and 1000+ on application. 

5 page data and circuits article -2/6 
Plastic spreaders -1 /6 each 

ULTRASONIC TRANSDUCERS 
Operate at 40kc:s. Can be used for remote 

without 
rol syst.les 

cales or lec 

Inks Type 1404 
ducers can 

transmit and 

FREE:.W th each 
pair our 
transmitter 

mplandd 

rec vPRICt Pcu, 

(3.18.0 Pair 
(Sold only ,n pairs! 

ZENER DIODES 
400,aW 10X GLASS CASE 

TEXAS Mk. 
152011 34 volt 
Isle,, 311 volt 
152041 43 volt 

152047 47 welt 
IS2056 5.8 volt 
151041 4.1 yell 
152020 AI volt 
152075 7S yell 
152042 Si rah 
151100 10 welt 
153110 II volt 
152120 Il volt 
152140 la naht 

11170 i o52270 2 h 
151200 M nah 
PRICES. I -14 3/20 

2S-M 3/e 
100 - 1/34 

I 

r 

VtT- APUL 
iNTO 7N6 

70'5 wim 
LST 

Prices quoted are current at time of going to press and May 
be subject to variation without notice. 
Semiconductors offered in this advertisement bear the 
relevant manufacturers' original markings and are subject 
to our full replacement guarantee if not to published specifi 

W e do not offer -'re- marked" makers' rejects or similar. 
out of specification devices. 
P lease enclose a stamped self- addressed envelope with any 
query. 
Quantity prices on applicatfon1 many more types in stock 

and expected daily. If you buy in bulk we can save you money! 
Export enquiries particularly welcome, cable address: Lestroco Brentwood. 
Terms of. Businessi Retail orders -cash with order please; Trade -please 
furnislf references if cred,c account required. 
Postage: I,- per order inland; 4)- Europe; 12 - Commonwealth. 

ADDRESS YOUR ORDERS TO- 
L.S.T. LTD., 7 COPTFOLD ROAD, BRENTWOOD, ESSEX 

IRC20 8I6 
Int. Rectifier thyristor 

200 ply. 1.2 amp. 
(similar C106131/ 

25.1 719 100 +71., 

BY127 41- 
Mullard Plastic 

HV rectifier 800 piv. 
I amp. (similar BYI00, 

etc.) 

25-h 313 100 
-I. 31- 

INFRA -RED DEVICES 

56CAYa 
s 

2916 

enlister 

MGA100 351 - 
Gallium arsenide 

emitter 

31F2 2816 
Infra -red detector 

diode 

2N3819 BI- 
Texas FET 

25 619 100 i 5I9 

2N4871 6I9 
Motorola unijunction 
25 +519 100'419 

2N3055 151 
115 watt silicon power 

transistor 
25 +131 - 100 +11I - 

B 07181l9 
NPN transistors 

25 + 2/5 00 - 21 2 
C IO 

BCIO8 25-Y13100+21. 

2N2926 2I- 
NPN Planar transistor 

25 +118100+116 

AD16112 101- 
Siemens, Telefunken 

NPN PNP output pair 
25 91_ TOO + BI- 

CR1 -401C 10/- 
400 PN lamp SCR. 

CR1 -051C 7/6 
50 /IV 1 amp SCR. 
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3o6hCrodRoad, AMATRONIX LTD. 
South Croydon, 
Surrey. CR2 ODE 

NEW & PERFECT TRANSISTORS 
AD161-212/- HK041 2/6 2N3707 3/6 
AF239 IO/- HK101 2/- 2N3794 3/- 
135000G 11/3 HK601 2/6 2N3983 6/6 
BD121 18/- 1544 1/4 2N4058 4/- 
BC107 3/- SF115 3/- 2N4285 3/- 
BC168 2/3 T1407 6/6 2N4289 3/- 
BC169 2/6 TIS6OM 4/8 2N4291 3/- 
BF167 5/3 11561M 4/11 258187 2/- 
BF178 9/- 2N706 2/7 2513405 5/- 
BF225 5/- 2N2926G 2/6 25072 5/- 
BFYS1 4/6 2N3702 3/- 40468A 7/6 
GET693 1/3 2N3704 3/6 . _ 

RECTIFIERS: 
800piv, 500mA Si, 15557, 3/ -; 50piv, IOOmA, 

1 / -. Submin. Selenium Bridge, 30Vrms, 150mA 
dc, 3/6; Contact -cooled Sel. Bridge, 30Vrms, 
700mA dc, 6/ -. Silicon Bridge, BOVrms, lAdc, 
10 / -. All new and perfect. 

NEW ! 

"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. 35/ -. 
Single resonators, 10 /- each, 4 for 30/- 
"R,C." MILLIVOLTMETER (Jan., p. 
342). Our AX1O Printed Circuit accom- 
modates the main part of the circuit 
(not TRI ). With layout drawing and 
hints. 15 / -. 

MAIL ORDER ONLY. PROMPT SERVICE. 
Orders over 10 /- UK post paid. Discounts: 
Orders over E3, 10 %; over f10, 15 %. 

COMPONENT KITS 

AMPLIFIER PACKAGES, Reliable and 
efficient, and still far cheaper than l.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,15 ohms 30/- 
AX5 12 -15V, 3W, 3 -5 ohms. NEW! 35/- 

'GEN' GALORE ! 

Regular customers know that we supply 
really practical data sheets with our 
mains transformers, component kits, 
ceramic resonators, f.e.ts, i.cs, etc. All 
part of the normal Amatronix service. 

BUILD A MINI MAINS PACK 

9V Components 
so as shown, 
rnA and hints 17/6. 

Mini Mains Transformers 30x30x37 mm 
MT7 7-0-7V 120mA 13/6 
MT9 9-0-9V 80mA 12/6 
MT12 12 -0 -12V 50mA 13/6 

CAPACITORS 
Polystyrene: 160V, small, low -loss, tol. I F 
or 21%. New prices: 10- 1500pF, 1 / -; 
2200- 22,000pF, 1/6. In stock: 10, 12, 15, 
18, 22. 27, 33, 39, 47. 56, 68, 82, 100. 
120, 150, 180, 220, 270, 330, 390, 560, 
680, 820, 1000, 1500, 2200, 3300, 4700, 
6800, 8200, 10,000, 15,000, 22,000pF. 
Miniature Metallised Polyester: .01 uf, 8d; 

I uF, 10d; .22uF, 1/. 250V wkg. 
Tuning: 300pF max. Jacksons Dilemin sub - 
min single tuner, I0 / -. 
RESISTORS 
Carbon Film, }W, miniature, low noise. 
10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 
68, 820 and so on to 10M. Tol. ± 5% to 
1M, 10% above IM. All 3d. each. 
Carbon Skeleton Presets. Submin vertical, 
linear, 100mW. 50, 150, 50013 and so on 
to 1.5M. Egen Type 467, I/6 each. 
Volume Control, 10K log. with d.p. switeh 
and long aluminium spindle with flat. 
Standard size, Egen. 5/6 each. 
R. F. CHOKES. Repanco: CHI, 2.5mH, 2/6; 
CI-12, 5mH, 3/ -; CH3, 7.5mH, 3/ -; CH4, 
IOmH, 3/ -; CH5, 1.5mH, 2/6. All small, 
ferrite -cored. 
FERRITE RODS: 4in. or 4 }in. x fin., wound 
for MW (300pF), 5/ -; unwound, 2/ -; oval, 
unwound, 2 x } x in., with data, 2/6. 
TRANSFORMERS, MINI. A.F.: Eagle 
LT700, 12000 c.t. to 30, 200mW, 5 
Repunto TT47 driver for single ended ousel- 
pull, 4.5 to (1) + (I), 6/-. 
TELESCOPIC AERIAL: 7fin. opening N 
47in.. 9/ -. 
BATTERY HOLDER BH2 for two 1.5V pen 
cells, with snap connector, 2/6. 
EARPIECES, all 3.5mm plugged, erystal, 
4/9; magnetic, 812, 2/6: 

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 
DTB4 Transistor & Valve circuitry for D.P. Coils 
DTB9 Valve Type Coil Pack Application circuitry 
MD.1 Decoder Circuitry for Stereo Reception 

2s. 6d. 
2s. 6d. 
2s. 6d. 
4s. Od. 

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

MAY 1970 
581 
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00V08. 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 -quake learn- 
ing easy and interesting. 

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

and what's more, 
YOU'LL UNDERSTAND 
EXACTLY WHAT YOU 
ARE DOING. The Tech - 
natron Outfit contains every- 
thing you need, from tools to 
transistors ... even a versatile 
Multimeter which we teach 
you how to use. You need 
only a little of your spare 
time, the cost is surprisingly 
low and the fee may be paid 
by convenient monthly instal- 
ments. You can use the 
equipment again and again - 
and it remains your own 
property. 

You LEARN -but it's as 

fascinating as a hobby. 
Among many other interest- 
ing experiments, the Radio 
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. 

A 14- year -old could under- 
stand and benefit from this 
Course -but it teaches the 
real thing. Bite -size lessons - 
wonderfully clear and easy to 
understand, practical projects 
from a burglar -alarm to a 
sophisticated Radio set . 

here's your chance to master 
basic Radio and Electronics, 
even if you think you're a 
`non -technical' type. And, if 
you want to carry on to more 
advanced work, B.I.E.T. has 
a fine range of Courses up to 
A.M.I.E.R.E. and City and 
Guilds standards. 
Send now for free 164 -page book. 
Like to know more about this 
intriguing new way to learn 
Radio and Electronics? Fill 
in the coupon and post it 
today. We'll send you full 
details and a 164 -page book 
--`ENGINEERING OP- 
PORTUNITIES' -Free and 
without any obligation. 

BRITISH INSTITUTE OF 

ENGINEERING TECHNOLOGY 
Dept. 370B, Aldermaston Court, 

Aldermaston, Berkshire. 

r-------- - - - - -7 ' To B.I,E,T., Dept, 370B, ALDERMASTON COURT, 1 
ALDERMASTON, BERKS, 

I would like to know more about your 
Practical Radio & Electronics Course. Please 
send nie full details and FREE 164 -page book 

name POST 
TI/IS 
COUPON 
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1 
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BI -PAK =LOW COST IC'S 
BI -PAK Semiconductors now offer you the 
largest and most popular range of I.C.'s avail- 
able at these Exclusive Low Prices. T.T.L. 
Digital SN 74N Series fully coded, brand new 

1 

+ ) 

to manufacturers specifications. Dual In -Line 1 I I 
plastic 14 & 16 pin packages. 1 '. 

BI -PAK DESCRIPTION PRICE AND QTY. PRICES 
ORDER NO. 1 -24 25 -99 100 up 
BP 00 = SN 7400N Quad 2 -Input NAND 

GATE 6/6 5/6 4/6 
BP 01 = SN 740IN Quad 2 -Input NAND 

GATE - OPEN COL - 
LECTOR 6/6 5/6 4/6 

BP 04 = SN 7404N HEX INVERTER 6/6 5/6 4/6 
BP 10 = SN 7410N Triple 3 -Input NAND 

GATE 6/6 5/6 4/6 
BP 20 = SN 7420N Dual 4 -Input NAND 

GATE 6/6 5/6 4/6 
BP 30 = SN 7430N Single 8 -Input NAND 

GATE 6/6 5/6 4/6 
BP 40 = SN 7440N Dual 4 -Input BUFFER 

GATE 6/6 5/6 4/6 
BP 41 = SN 7441AN BCD to decimal decoder 

and N.I.T. Driver 22/6 20/- 17/6 
BP 42 = SN 7442N BCD to decimal decode 

(TTL O /P) 22/6 20/- 17/6 
BP 51 = SN 7450N Dual 2 -Input AND /OR/ 

NOT GATE expandable 6/6 5/6 4/6 
BP 53 = SN 7453N Single 8 -Input AND/ 

OR /NOT GATE - ex- 
pandable 6/6 5/6 4/6 

BP 60 = SN 7460N Dual 4 -Input - expand- 
able 6/6 5/6 4/6 

BP 70 = SN 7470N Single JK Flip -Flop - 
edge triggered 9/- 8/- 7/- 

BP 72 = SN 7472N Single Master Slave JK 
Flip -Flop 9/- 8/- 7/- 

BP 73 = SN 7473N Dual Master Slave JK 
Flip -Flop 10 /- 9/- 8/6 

BP 74 = SN 7474N Dual D Flip -Flop 10 /- 9/- 8/6 
BP 75 = SN 7475N Quad Bistable Latch 11 /- 10 /- 9/6 
BP 76 = SN 7476N Dual Master Slave Flip - 

Flop with preset and 
clear 11 /- 10 /- 9/6 

BP 83 = SN 7483N Four Bit Binary Adder 26/- 22/6 20/- 
BP 90 = SN 7490N BCD Decade Counter 22/6 20/- 17/6 
BP 92 = SN 7492N Divide by 12 4 Bit 

Binary Counter 22/6 20/- 17/6 
BP 93 = SN 7493N Divide by 16 4 Bit 

Counter 22/6 20/- 17/6 
BP 94 = SN 7494N Dual Entry 4 Bit Shift 

Register 22/6 20/- 17/6 
BP 95 = SN 7495N 4 Bit Up -Down Shift 

Register 22/6 20/- 17'' 
BP 96 = SN 7496N S Bit Shift Register 24/- 21/- 18/6 

Brand new. Full to manufacturers specification. 
BP 709 OPERATIONAL AMPLIFIER 

Dual -in -line 14 pin package. = SN 72709 and similar to MIC 709 
& ZLD 709C. PRICE EACH 11 

06 
25 --9/9 1000 

This is a high performance operational Amplifier with high im- 
pedance differential inputs and low impedance output. 

INTEGRATED CIRCUITS 
Manufacturers "Fall outs" - out of spec devices including functional 
units and part functional but classed as out of spec from the 
manufacturers very rigid specifications. Ideal for learning about 
I.C.'s and experimental work, on testing some will be found perfect. 
PAK NO. PAK NO. 
UIC 00 = 5 x 7400N . . 10 /- UIC 50 = S x 7450 . . . 10 /- 
U IC 01 = 5 x 7401N . . 10 /- U IC 53 = 5 x 7453 . . . 10 /- 
UIC 10 = 5 x 7410N . . 10 /- UIC 72 = 5 x 7472 . . . 10/- 
UIC 20 = 5 x 7420N . . 10 /- UIC 74 = 5 x 7474 . . . 10 /- 
UIC 30 = 5 x 7430N . . 10 /- UIC 75 = S x 7475 . . . 10 /- 
UIC 40 = 5 x 7440N . . 10 /- WC 90 := 5 x 7490. . 10 /- 
UIC 41 = 5 x 7441AN . 10 /- UIC XI = 20 x As'd 74's 30/- 
Packs cannot be split but 20 assorted pieces (our mix) is avail- 
able as Pak UIC XI. Every Pak carries our Bi -Pak Satisfaction or 
money back Guarantee. 

Motorola Digital I.C.'s MDTL Dual In -line Package Price 
Type MC 844P Expandable dual 4 -input Nand Power Gate 10 /- each 
Type MC 845P Clocked Flip -Floo 15 /- each 

Full Data supplied with Units. 

Data is available for the SN 7414 Series of Integrated 
Circuits in booklet form. Price 2/6. 

Please send all orders direct to our Warehouse and despatch 
department, postal address: 

BI -PAK Semiconductors, P.O. BOX 6, WARE, HERTS. 
Postage and packing add I / -. Overseas add extra for Airmail. 

Minimum order 10 / -. Cash with order please. 
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VALUE ALL THE WAY 
QUALITY- TESTED PAKS 

6 Matched Trans. 0C44/45/81/81D . 0/- 
20 Red Spot AF Trans. PNP 0/_ 
16 White Spot RF Trans. PNP 0/_ 
5 Silicon Rects. 3 A 100 -400 PIV 0/- 
2 10 A Silicon Rects. 100 PIV 0/- 
2 OCI 140 Trans. NPN Switching 0/- 
112 A SCR 100 PIV 
3 Sil. Trans. 2S303 PNP 

0f_ 3 200 Mc /s Sil. Trans. NPN BSY26/27 0/- 
3 Zener Diodes I W 33V 5% Tol 0/- 
4 High Current Trans. 0C42 Eqvt 0/- 
2 Power Transistors I 0C26 1 0C35 0/- 
5 Silicon Rects., 400 PIV 250mA 0/- 
4 0075 Transistors 
I Power Trans. 0C20 100V 0/- 

10 0A202 Sil. Diodes Sub -min. 0/- 
2 Low Noise Trans. NPN 2N929/30 0/ 

I Sit. Trans. NPN VCB 100 ZT86 0/- 
8 0A81 Diodes 
4 0072 Transistors 0/_ 
4 0077 Transistors 
4 Sil. Rects. 400 PIV 500mA 0/- 
5 GET884 Trans. Eqvt. 0C4-4 0/_ 
5 GET883 Trans. Eqvt. OC45 0 - 
2 2N.708 Sil. Trans. 300Mc /s NPN 0/- 
3 3 GT3I LF Low Noise Germ Trans 0/- 
6 1N914 Sil. Diodes 75 Ply 75mA.. 0/- 
8 0A95 Germ. Diodes Sub -min. 1N69 0/- 
3 NPN Germ. Trans. NKT773 Eqvt 0/- 
2 0C22 Power Trans. Germ 0/- 
2 0C25 Power Trans. Germ 0/- 
4 AC128 Trans. PNP High Gain 0/- 
4 AC127/128 Comp. pair PNP /NPN 0/- 
3 2N 1 307 NPN Switching Trans 0/- 
7 GG62H Germ. Diodes Eqvt. 0A71 0/- 
3 AFI 16 Type Trans. 0/- 

12 Assorted Germ. Diodes Marked 0/- 
4 AC126 Germ. PNP Trans 0/- 
4 Silcon Rect. 100 PIV 750mA 0 
3 AFI 17 Trans. 0/_ 
7 OC81 Type Trans 0/_ 
3 OC 17I Trans 
5 2N2926 Sil. Epoxy Trans 0/- 
7 0071 Type Trans. 0/- 
2 25701 Sil. Trans. Texas.... 0/- 
2 10 A 600 PIV Sil. Rests. 1545R 0/- 
3 BC108 Sil. NPN High Gain Trans. 0/- 
12N1910 NPN Sil. Trans. VCB 100 . 0/- 
2 1000 PIV Sil. Rect. 1.5 A R53310 AF 0/- 
3 BSY95A Sil. Trans. NPN 200Mc /s. 0/- 
3 0C200 Sil. Trans. 0/- 
2 GET880 Low Noise Germ. Trans 0/- 
I AFI39 PNP High Freq. Trans 0/- 

3 NPN Trans. I STI41 & 2 ST140 0/- 
4 Madt's 2 MATIOO & 2 MATI20 0/ 
3 Madt's 2 MATIOI & I MATI21 0/ 
4 0C44 Germ. Trans. AF 0/_ 
3 ACI27 NPN Germ. Trans. 0/- 
12N3906 Sil. PNP Trans. Motorola 0/- 
2 Sil. Power Recta. BYZI3 5/- 
I Sil. Power Trans. NPN I00Mc /s 

TK201A 
2 2N1132 PNP Epitaxiel Planar Sil. 0/- 
3 2N697 Epitaxial Planar Trans. Sil 5/ 
4 Germ. Power Trans. Eqvt. OC16 5/ 

1 Ur.ijunction Trans. 2N2646 5/- 
2 Sil. Trans. 200Mc /s 60Vcb íT83184 5/- 

20 NKT Trans. AF. RF. VHF. Coded -4- 
Eqvt. Lirs 

2 2N27I2 Sil. Epoxy Planar HFE225 5/- 
8 81.100 Type Sil. Recta. 20/- 

25 Sil. and Germ. Trans. Mixed, all 
marked, New 30/- 

SEMICONDUCTORS FOR 
"P.E." SO -}SO AMP. 

EACH TYPE EACH 
4/6 1N914 II- 

12/9 OA200 1/- 
3/- BFY51 3/6 
3/6 BYZI3 4/6 
3/9 40632 14,- 
8/- 22V I.'. WZener 3/6 

TYPE 
2N I613 
2N3055 
2 N3703 
2N3704 
2N3707 
2 N3819 

GIRO No. 388 -7006 

500, Chesham 
House, 

150 Regent St. 

LONDON, 
W.I. 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW 

EMICONDUCTORSED 
Satisfaction GUARANTEED in Every Pak, or money back. 

Pak No. 
UI 120 Glass Sub -min. General Purpose Germanium Diodes 10/- 
U2 60 Mixed Germanium Transistors AF /RF I0/- 
U3 75 Germanium Gold Bonded Diodes sim. 0A5, 0A47 10/- 
U4 40 Germanium Transistors like OC81, AC128 10 /- 
US 60 200mA Sub -min. Sil. Diodes I0/- 
U6 30 Silicon Planar Transistors NPN sim. BSY95A, 2N706 10 /- 
U7 16 Silicon Rectifiers Top -Hat 75OrnA up to 1,000V I0 /- 
U8 50 Sil. Planar Diodes 250mA OA/200/202 I0 /- 
U9 20 Mixed Volts I watt Zener Diodes 10 /- 
U I I 30 PNP Silicon Planar Transistors TO -5 sim. 2N1132 10 /- 
U13 30 PNP -NPN Sil. Transistors 0C200 & 25104 10/- 
U 14 150 Mixed Silicon and Germanium Diodes 10/- 
U 15 25 NPN Silicon Planar Transistors TO -5 sim. 2N697 10 /- 
U16 10 3 -Amp Silicon Rectifiers Stud Type up to 1000 PIV 10/- 
U17 30 Germanium PNP AF Transistors TO-5 like ACY 17 -22 10 /- 
U 18 8 6 -Amp Silicon Rectifiers BYZI3 Type up to 600 PIV 10 /- 
U19 25 Silicon NPN Transistors like BC108 10/- 
U20 12 I.5 -amp Silicon Rectifiers Top -Hat up to 1,000 PIV 10 /- 
U21 30 A.F. Germanium alloy Transistors 2G300 Series & 007 10 /- 
U23 30 Madt's like MAT Series PNP Transistors 10/- 
U24 20 Germanium I -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 1N914 Micro -min 10 /- 
U28 Experimenters' Assortment of Integrated Circuits, un- 

tested. Gates, Flip -Flops, Registers, etc., 8 Assorted Pieces 20/- 
U29 10 I amp SCR's TO -5 can up to 600 PIV CRS I /25 -600 20/- 
U31 20 Sil. Planar NPN trans. low noise Amp 2N3707 I0/- 
U32 25 Zener diodes 400mW DO7 case mixed Volts, 3 -18 10 /- 
U33 15 Plastic case I amp Silicon Rectifiers IN4000 series I0/- 
U34 30 Sil. PNP alloy trans. TO -5 BCY26, 25302/4 10/- 
U35 25 Sil. Planar trans. PNP TO -18 2N2906 í0 /- 
U36 25 Sil. Planar NPN trans. TO -5 BFY50151 /52 10/- 
U37 30 Sil. alloy trans. SO -2 PNP, 0C200 25322 10 /- 
U38 20 Fast Switching Sil. trans. NPN 400Mc /s 2N301I 10 /- 
U39 30 RF Germ. PNP trans. 2N 1303/5 TO -5 10 /- 
U40 10 Dual trans. 6 lead TO -5 2N2060 10 /- 
U41 25 RF Germ. trans. TO -I OC45 NKT72 l0 /- 
U42 10 VHF Germ. PNP trans. TO -I NKT667 AFI 17 I0/- 
Code Nos. mentioned above are given as a guide to the type of device 
in the Pak. The devices themselves are normally unmarked. 

NEW LOW PRICE TESTED S.C.R.'S 
I A 3A 7A 16A 30A 

(TOS (TO-66 (TO-48 (TO-48 
case) case) case) case) 

PIV each e h 
e 

h each PIV each 
50 4/6 5/- 9/6 10/6 25 20/- 
100 5/- 6/6 10/6 12/6 50 23/- 
200 71- 7/6 11/6 15/- 100 28/- 
400 8/6 9/6 13/6 18/6 200 32/- 
600 10/6 11/6 15/6 25/- 400 35/- 
800 12/6 141- 18/- 30/- 600 80/- 

SIL. RECTS. TESTED 
PIV 750mA 3A IOA 30A 

50 I/- 2/9 4/3 9/6 
100 1/3 3/3 4/6 15/ 
200 1/9 4/- 4/9 20/- 
300 2/3 4/6 6/6 22/- 
400 2/6 5/6 7/6 25/- 
500 3/- 6/- 8/6 30/- 
600 3/3 6/9 9/- 37/- 
800 3/6 7/6 I1 /- 40/- 

1000 5/- 9/3 12/6 50/- 
1200 6/6 11 /6 15/- 

ADI61 AD162 
NPN PNP 

MATCHED COMPLE- 
MENTARY PAIRS OF 
GERM. POWER 
l RAN SISTO RS. 
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. TO -3. 
Ferranti ZT1487 NPN 
VCB60 lc 6A fT. I M /c. 
VCE 40 Ptot. 75W 
VERB hFE 15-45 

Price 15/- each 

2N3055 115 W. SIL 
POWER NPN 
OUR PRICE 12/6 each 

FULL RANGE OF 
ZENER DIODES 

VOLT. RANGEZ -16V 
400mW (DO -7 Case) 2/6 
I -5W (Top -Hat) .... 3/6 
IOW (SO -IO Stud) .. 5/- 
All fully tested 5% tot. 
and marked. State volt- 
age required. 

BRAND NEW TEXAS 
GERM. TRANSISTORS 
Coded and Guarant'd 
Pak No. EQVT. 
TI 82G371A OC71 
T2 8 20374 OC75 
T3 8 2G3744A °C81 D 
14 82G381A OC81 
15 8 2G382T OC82 
T6 8 2G344A 0C44 
17 8 2G345A 0C45 
TO 8 2G378 0078 
T9 8 2G399A 2N1302 
TIO 820417 AF117 

All 10 /- each pack 

2N2060 NPN SIL. 
DUAL TRANS. CODE 
D 1699 TEXAS. 
OUR PRICE S/- each. 

120 VCB NIXIE 
DRIVER TRANSIS- 
TOR Sim. BSX21 & 
C407. 2N I893 FULLY 
TESTED AND CODED 
NDI20. I-24 3/6 each. 
TO -5 NPN 25 up3 / -each 

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 

TRIACS 
VBOM 2A 6A 10A 

(TO -I) (TO -66) (TO -48) 
100 14/- 151- 22/6 
200 17/6 20/- 28/6 
400 20/- 24/- 35//- 

VBOM = Blocking volt- 
age in either direction. 
LUCAS 35A SILICON 

RECTIFIERS 
Branded. 400 PIV. Special 
Price stud type, flying 
lead, 2216 each. 

PRINTED CIRCUITS 
EX- COMPUTER 

Packed with semiconductors and 
components, 10 boards give a 
guaranteed 30 trans. and 30 
diodes. Our price I O boards I0 / -. 
Plus 2/- P. & P. 

PLEASE NOTE. To avoid any 
further Increased Postal Charges 
to our Customers and enable us 
to keep our "By Return Postal 
service' which is second to none, 
we have re- organized and 
streamlined our Despatch Order 
Department and we now request 
you to send all your orders to- 
gether with your remittance, 
direct to our Warehouse and 
Despatch Department, postal 
address: BI -PAK SEMICON- 
DUCTORS, Despatch Dept., 
P.O.BOX 6,WARE, HERTS. 
Postage and packing still I /- per 
order. Minimum order I01 -. 

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

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

NPN SILICON PLANAR 
BC107/8/9, 2/- each; 50 -99, 
I /10; 100 up. 1/8 each; 1,000 off, 
1/6 each. Fully tested and coded 
TO -18 case. 

SILICON HIGH VOLTAGE 
RECTIFIERS 

10 -Amp 3 -K.V. (3000 P.I.V.) Stud 
Type with Flying 
Leads 16/- each 

Sil. trans. suitable for 
P.E. Organ. Metal TO -I8 
Eqvt. ZTX300 If- each. 
Any Qty. 

FREE 
One 10 /- Packofyour 
own choice free with 
orders valued 64 or 
ovar. 

NPN DIFFUSED SILI- 
CON PHOTO -DUO- 
DIODE TYPE 15701 
(2N2I75) for Tape 
Readout, high switch- 
' g and measurement 
indicators, 50V 
250mW. OUR PRICE 
101- EACH, 50 OR 
OVER 8/6. EACH. 
FULL DETAILS. 

FET'S 
2N 3819 10/- 
2N 3820 25/- 
MPF105 .... 8/- 

LOW COST F.E.T.. 
Fully Tested, Guaran- 
teed Perameters equis. 
to 2N3819, MPF102, 
2N5459. 1-24 716 each; 
25 -99 6/3 each; 100 up 
5/6 each. Coded FEI9. 
Full data sent. TO -72 

CADMIUM CELLS 
ORPI2 8/6 

ORP60, ORP6I 8 / -each 

PHOTO TRANS. 
OCP71 Type., 8/6 

INTEGRATED 
CIRCUITS 

BI -PAK 
MONOLITHIC 

AMPLIFIERS 
(TO -S 8 lead) 

BP709C, Operational am- 
plifier, 15/- each. 

BP70I C, Operational am- 
plifier (with Zener 
output), 12/6 each. 

BP702C, Operational am- 
plifier (with direct 
output), 12/6 each. 

BP50I,Wide band ampli- 
fier, 18/- each. 

BP521, Logarithmic wide 
band amp., 14/- each. 

BP201 /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 701 C. Ideal for P.E. 
Projects. 8 Lead TO -5 
case. Full data. 
Our price 12/6 each 
5 off 11 /- each. Large Qty. 
Prices quoted for. 

AMPLIFIER 
For use in 

'P.E.' projects 

} } }11 

Identical encapsulation 
and pin configuration to 
the following SL402 -3. 
ICIO and IC403. Each 
circuit incorporates 
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 
D1301 Silicon Unilateral 

switch I0/- each. 
A Silicon Planar, mono- 
lithic integral circuit hav- 
ing thyristor electrical 
characteristics, but with 
an anode gate and a bulls- 
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 T8S lead 
temp. range IS °C. to 
55 °C. UL900, Buffer, 
9/9 ach. 
UL914, Dual two-input 

gate, 9/9 each. 
UL923 1- -flip-flop, 13/6 

each. 
Complete data and cir- 
cuits for the Fairchild 
I.C.'a available in booklet 
form priced 1/6. 

MULLARD I.C. 
AMPLIFIERS 

TA A243, Operational 
amplifier, 70 /- each. 

TA A263, Linear AF 
amplifier, 18/6 each. 

TA A293, General pur- 
pose amplifier, 21/- 
eech. 

CA3020 RCA (U.S.A.) 
LINEAR 

INTEGRATED 
CIRCUITS 

Audio Power Amplifier, 
30/- each. 
MONOLITHIC 

DIGITAL CIRCUITS 
(10 lead TO-5) 

8P305A, 6 -Input AND 
gate, 9/6 each. 

BP3I4A. 7 -Input NOR 
gate, 9/6 each. 

BP315A, Dual 3-Inpus 
NOR gate, 9/6 each. 

BP316A, Dual 2 -Input 
NOR gate (expend. 
able), 9/6 each. 

BP320A, 1- K- Binary ele- 
ment, 116 each. 

BP332A, 1ua1 3- Inpess 
OR gate, 9/6 each. 

KING O F THE PAILS BI-PAK 61111RAWIEE SADSIACTIOMOR MONEY BACK 
MAY 1970 
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THE MODERN BOOK CO 

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

Tape Record Players and Hi -Fi Equipment 

30s A Mullard Publication Postage 1s. 

Transistor Substitution Handbook 
No. 19. 18s. Postage 1 s. 

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

Radio and Line Transmission, Vol. 3 
by G. L. Danielson. 45s. Postage 1s. 

Solid State Hobby Circuits Manual 
by R.C.A. 17s. 6d. Postage 1s. 

Transistor Manual 
by General Electric Company. 21s. 

Postage 1s. 6d. 

SCR Manual 
by General Electric Company. 25s. Postage 2s. 

Transistor Transmitters for the Amateur 
by Donald L. Stoner. 21s. Postage 1s. 

110 Semiconductor Projects for the Horn. 
Constructor by R. M. Marston. 18s. Postage 1s. 

Practical Integrated Circuits 
by A. J. McEvoy & L. McNamara. 18s. 

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

Hi -Fi in the Home 
by John Crabbe. 40s. Postage 1s. 6d. 

VHF -UHF Manual 
by G. R. Jessop. 21s. Postage 1s. 

Television Engineers' Pocket Book 
by J. P. Hawker & J. A. Reddihough. 21s. 

Postage 1s. 

Questions & Answers Transistors 
by Clement Brown. 10s. Postage 6d. 

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

19 -21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 

Read all about building a 

DIGITAL PROPORTIONAL 
6- CHANNEL RADIO CONTROL OUTFIT 

in "RADIO MODELLER" magazine 

SPECIAL OFFER - 
TWO ISSUES- Containing the 2 -part article 
on building up the Remcon "QUANTUM SIX" 
six function digital proportional superhet 
receiver and transmitter 

for only 51- (normally 71-) 

Send now, enclosing 5/- P.O. or cheque to :- . RADIO MODELLER, (Dept. S.O.), 
64 WELLINGTON ROAD, HAMPTON HILL, MIDDLESEX 
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BOUND VOLUME 
No. 22 

of 

"The Radio Constructor" 

FOR YOUR LIBRARY 

Comprising 
800 pages 
plus index 

AUGUST 1968 
to JULY 1969 

PRICE 351- Postage 4,6 

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

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

PRICE 25/- Postage 4/6 

We regret all earlier volumes now 
completely sold out. 

Available only from: - 

Data Publications Ltd. 
57 Maida Vale London W9 

MAY 1970 

Never Built a Kit Before? 
Why not prove how easy it is the HEATHRIT way. 
Build one of these beginner kits. 

0 
Stereo Record 
Player 
Exciting sound; budget 
price. Kit: K /SRP -1. 

£27 -6 -0 Carr. 5/- 

Deluxe Car Radio 
Heathkit value; power- 
ful output. Kit: K /CR -1 
(less speakers). 

£12.12 -0 Carr. 5/- 

qtadt- 

`Severn' AM /FM 
Radio 
Beautiful looks; luxury 
sound. Kit: K /Severn. 

£18-18-0 Carr 5/- 

Low cost; 
accurate. 
Kit: 
K/ G D -69. 
£11 -0 -0. 
Carr. paid 

Economy SW 
Receiver 
World -wide reception, 1 

to 30 MHz plus 550- 
1620 kHz. Kit: K /GR -64. 

£24 -16 -0 Carr. 9/- 

Versatile 
Service 
VVM 
7AC, 7DC, 
7ohm 
ranges. 
Kit: 
K /IM -18U 
£16 -14 -0 
Carr. 5/- 

Portable VVM 

For hobbyists - house- 
holders. Kit: K /IM -17. 

£14 -8 -0 Carr. 6/- 

0.7..4111 

- 
D.I.Y. Speaker Set 
As SSU -1 (less cabinet). 
Kit: K /SCM -1. £6.10 -0. 

Carr. 5/- 

Many more kits in the FREE Catalogue 
Please rush me a copy of your FREE Catalogue 
Name 

Address 

53/5 Post Code 

-===4* HEATH Pi- IT' 
A Schlumberger Company 

DAYSTROM LTD. 
Dept. 53/5 
Gloucester GL2 6EE 
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tO 

./ . 
W. - 

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 "York- 

shire" 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 I 

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

Itpays to be protected bya General 
:#cc&lent company 

Please send me further particulars 
of the Mortgage Protection Policy 

Name 

Address 

e 
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BI- PRE -PAK 
LIMITED 

FULLY TESTED AND MARKED 

AC107 
ACI 26 
AC127 
AC128 
AC176 
ACY17 
AF114 
AFII5 
AFI 16 
AFI17 
AFI86 
AFI39 
AF239 
BFY50 
BSY25 
BSY26 
BSY27 
BSY28 
BSY29 
BSY95A 
OC41 
0C44 
0C45 
0071 
0072 
0073 
0081 
008 D 
0083 
0C139 
OC 140 

2/6 
3/6 
S/6 

3/- 

3/6 

3/6 
10/- 
10/- 
12/6 
4/- 
3/6 

3/- 

3/- 

2/6 
2/6 
26 
2/6 

3/6 
26 
2/6 

2/6 
3/6 

OC1710 4/- 
OC200 3/6 
0C201 7/- 
2G301 2/6 
2G303 2/6 
2N711 10/- 
2N1302-3 4/- 
2N1304-5 5/- 
2N1306-7 6/- 
2N1308-9 8/- 
2N3819 9/- 
Power 
Transistors 
0C20 10/- 
OC23 10/- 
0C25 8/- 
0C26 5- 
OC28 7/6 
0C35 5/- 
OC36 7/6 
A D149 10/- 
AUYIO 30/- 
2N3055 1S/- 
2S034 10/- 
Diodes 
AAY42 2/- 
OA95 2/- 
OA79 1/9 
0A81 1/9 
IN914 1/6 

FREE! 
Packs of your own choice 
up to the value of 10 /- 

e with orders over E4. 

ANOTHER SCOOP FOR BI- PRE -PAK 
JUST RELEASED FROM STOCK, 
A.E.I. INTEGRATED CIRCUITS 

These are brand new genuine surplus stocks, 
marked and guaranteed to full makers speci- 

fication and not remarked rejects. 
NE806A Dual 4 I/P Expander TTL 7/- 
NE808A Single 8 I/P Nand Gate TTL 7/- 
NE816A Dual 4 I/P Nand Gate TTL 7/- 
N E825A D.C. Clocked J -K Flip -Flop TTL 17/6 
NE840A Dual 4 I/P Exclusive OR Gate TTL 7/- 
NE855A Dual 4 Power Gate TTL 7/- 
NE870A Triple 3 I/P Nand TTL 7/- 
NE880A Quad 2 Nand TTL 7/- 
SP616A Dual 4 Nand Gate DTL 7/- 
SP63IA Quad 2 I/P Gate Expander DTL 7/ 
SP670A Triple 3 Nand Gate DTL 7/- 
SP806A Dual I/P Expander TTL 7/- 
SP808A Single 8 I/P Nand Gate TTL 7/- 
SP8I6A Dual 4 /IP Nand Gate TTL 7/- 
SP825A D.C. Clocked J -K Flip -Flop TTL 17/6 
SP840A Dual 4 I/P Exclusive OR Gate TTL 7/- 
SP855A Dual 4 Power Gate TTL 7/- 
SP870A Triple 3 I/P Nand TTL 7/- 
SP880A Quad 2 I/P Nand TTL 7/- 
NE500K Video Amplifier 40/- 
NE50IK Video Amplifier 40 MHz 40/- 
NE806J Dual 4 I/P Expander TTL 7/- 
NE808J Single 8 I/P Nand Gate TTL 7/- 
NE816J Dual I/P Nand Gate TTL 7/- 
N E8251 D.C. Clocked J -K Flip -Flop TTL 17/6 
NE840J Dual 4 I/P Exclusive OR Gate TTL 7/ 
NE855J Dual 4 Power Driver TTL 7/- 
NE870J Triple 3 I/P Nand TTL 7/- 
NE880J Quad 2 I/P Nand TTL 7/- 
ST620A J -K Flip -Flop DTL 17/6 
ST659A Dual 4 Buffer /Driver DTL 7/- 
ST680A Quad 2 Nand DTL 7/- 

Suffix: ADIP 14 lead K -10 lead TO.5 
J1 = Flat Pack 

LOOK! TRANSISTORS ONLY 6d. EACH 
TYPE A 

PNP SILICON ALLOY 
TO -5 CAN 

Spec:- hFE 15 -100. ICER 
at VCE =20V ImA Max. 
These are of the 25300 
range which is a direct 
equivalent to the 0C200- 
205 range. 

TYPE B 
PNP SILICON PLASTIC 

ENCAPSULATION 
Sec:- hFE 10 -200 
ICER at VCE =10V ImA 
Max. 
These are of the 2N3702-3 
and 2N4059 -62 range. 

TYPE D 
NPN SILICON PLANAR 

PLASTIC PACKAGE 
Spec:- VCB 10v VCE 10v 
Ptot 500 mW hFE 50 min. 
Audio Preamplifier Tran- 
sistor, similar to BC 
113/4/5. 

NEW TESTED & GUARANTEED PAKS 
B2 4 P3 hoto 

to .5 V 
Cells, 

to 2 
Sumn 

A. 
Batteries. 10 /_ ., .5 

B77 2 AD161 -AD162 NPN /PNP 10/_ 
Trans. Comp. output. Pair 

B8I 10 Reed Switches. Mixed types 10 /- large and small. 
889 2 

LighSSPS 

Light 
4 

Sensitive 
D 

Cells. 10 /- Z1 res. 00e. ark IMF. 
B91 8 NKT163/164 PNP Germ. to 10/- -S. Equiv. to 0C44, 0C45. 
B92 4 NPN Sil. Trans. A06 =BSX 20, 10 /- 2N2369, 500 MHz, 360 mW. 
B93 5 

ACY 
GET1113 

7 -21 
TranPNs. 

P G 
equivaerm. lent to 10 /- 

B94 6 NPN Sil. Planar Epitaxial 
Trans. C54 similar to BSY38 
or BC108. 

B96 5 2N3136 PNP Sil. Trans. 70- 
18. HFE100 -300. IC.600mA. 
200 MHz. 

10 /- 

10/- 

B98 10 XBI I2 & XBIO2 equiv. to 10/- 
ógi, AC156, OC81/2, 6/2, 

NKT271, etc. 
899200 Capaci Electrolytics, 10 /- Paper, Si 

tolver rs, 
Mica, etc. 

Postage on this pak 2/6. 
H4 250 Mixed istors. 

/ -. 10 

10 /_ 

Post & 
Res 
packing 2 / 

H7 40 Wirewod s 

values. Punostage 
resi 

1/6. 

tors. Mixed 

Return of the unbeatable P.1 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,1 PLEASE ASK FOR PAK P.I ONLY 10 /- 
2/- P & P on this Pak. 

!PECIAL OFFER 

12 volt stabilised 

Power 
Units 

Input 110- 250V.S a lised 
Output 11 -13V. 

At 1 Amp. 
new 

Makersasurplus 

at the unrepeatable 

price of E,5 each 

P & P 7/6 

NEW UNMARKED UNTESTED PAKS 

B78 12 Integrated Circuits, Data & 10 /- Circuits of types, supplied 
with orders. 

B80 8 Dual Trans. Matched 0/P 10 /- pairs NPN, Sil. in TO-5 can. 
B82 10 OC45, OC810 & OC81 10/_ 

Trans. Mallard glass type. 

B83 200 Trans. Makers rejects. NPN/ 
PNP. Sil. & Germ. lU /- 

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

884 100Silicon Doides DO -7 glass 10 equiv. to 0A200, 0A202. /- 
866 150High quality Germ. Diodes. 10 /- Min. glass type. 
B86 50 Sil. Diodes 

Diod types. 
B87 100Germ. PNP Trans. equiv. to 10 /- 0C44, 0C45, 0081. etc. 
B88 50 Sil. Trans. NPN, PNP. 10 equivalent to 0C200 /I, / 

2N706A. BSY95A, etc. 
860 10 7 ' Watt Zener Diodes. 

Mixed voltages. 10 /- 
H5 16 I Amp. Plastic Diodes. 50- 10/_ 1000 Volts. 
H6 40 250mW. Zener Diodes 10/- DO-7 min. Glass Type. 

FREE CATALOGUE AND LISTS for: - 
ZENER DIODES 

TRANSISTORS, RECTIFIERS 
FULL PRE -PAK LISTS 

& SUBSTITUTION CHART 

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

P.O. RELAYS 8 FOR Various Contacts and Coil 
Resistances. No individual 
selection. Post & Packing 5/- 20 I 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

DEPT. C, 22-224 WEST ROAD, WESTC BI- PRE-PAK LTD TELEPHONE2 SOUTHENO (0702) 46344LIFF 
-ON -SEA, ESSEX 
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the BIG one... 

POST THIS COUPON NOW 

with cheque or P.O. for 126 

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 

588 

350 
pages 

0,000 
components 

1,500 
illustrations 

The HOME RADIO CATALOGUE - 
the complete and easy answer to 
the problem of tracking down com- 
ponents. This Catalogue really is 
a must if you are interested in 
Radio and Electronics. It is one 
of the largest ever compiled. Also, 
with each catalogue we supply 
a Book Mark giving Electronic 
Abbreviations, a Price Supplement 
and an Order Form. All for only 
12/6 (8/6 plus 4/- P. & P.). In 
addition, every catalogue contains 
6 vouchers each worth 1/- when 
used as indicated. 

just a 
phone call 
away 
01 -648 8422 

The price of 12/6 
applies only to 
catalogues 
purchased by 
customers 
residing in the 
United Kingdom. 

And for users of our Catalogue . . . 

a CREDIT ACCOUNT SERVICE to 

simplify and speed up your orders. 

You can now order components just by picking up a 

telephone any time of day or night, including Sundays. 
No need to bother with postal orders, cheques, register- 
ing envelopes, every time you make an order. Special 
prepaid envelopes and order forms are provided and 
only one postal order or cheque is required to settle 
the account each month . . and no minimum invoice 
charge. So simple. 8,000 items just as near to you as 
your telephone. It's well worth the small deposit which 
enables you to use this Home Radio Credit Account 
Service. Write for more details or phone 01 -648 8422. 
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ELECTRONIC 
SIREN MODULE 

by 

P. L. MATTHEWS 

A neat and simple oscillator circuit which 

produces an a.f. output whose frequency 
continually rises and falls 

HE NEED OFILN ARISES FOR A BUZZER OR ALARM THE 
to operate in conjunction with a burglar 

alarm or similar circuit, but it is difficult to 

obtain a device producing a really distinctive sound. 
The transistorised siren module to be described will 

admirably fulfil this need as it produces a warbling 
sound similar to that of an American police car 
siren. Both the pitch and change of pitch can be 

adjusted indefinitely by suitable choice of com- 
ponents, and a useful feature is the independent 
control of the rise and fall of the note. The siren, 
which is built on a small piece of Veroboard, em- 

ploys four general purpose silicon n.p.n. transistors 
and consumes about 5mA from a standard 9 volt 
battery. It is designed to feed into a power ampli- 
fier with an input impedance of 10kIl or more. The 
prototype was connected to a 9 volt transistorised 
amplifier module and a series resistor was added to 
attenuate the signal and increase the effective load 
impedance accordingly. 

Control 
voltage 

590 

+9V 

0.011.1F 

Output 

Fig. 1. The multivibrator shown here is capable 
of having its frequency of oscillation varied by 
alterations in control voltage. Virtually linear 
control of frequency is achieved for positive 

control voltages from 1 to 4 volts 

CIRCUIT DESIGN 

In order to simulate the changing pitch of a siren, 
it is necessary to develop an audio oscillator whose 
frequency can be varied by alteration of a control 
voltage. Fortunately, this is not difficult to arrange 
and most simple oscillator circuits can be adapted 
quite easily. The author selected the multivibrator 
circuit shown in Fig. 1 as a basis for the siren 
because it has several advantages over apparently 
simpler circuits such as blocking oscillators and RC 
ladder circuits. One such advantage is an approxi- 
mately linear variation of frequency against control 
voltage. A second advantage is the low loading 
imposed on the control voltage source, which enables 
the voltage to be obtained across a capacitor with- 
out significant discharge. This is important as it 
simplifies the remaining circuitry, avoiding the need 
for a buffer amplifier. It can be seen, therefore, 
that the circuit of Fig. 1 provides a convenient basis 
for the development of the siren, and the next step 
is to generate a suitable periodic sawtooth waveform 
to control its frequency. 

It is difficult and unnecessary to design complex 
circuitry to obtain a pure sawtooth waveform, and 
a simple method, which nevertheless produces a 

satisfactory result, will next be described. The cir- 
cuit of Fig. 2(a) depicts a capacitor C which, via 
a resistor R, can be alternately charged from a 
battery or discharged. Fig. 2(b) shows the voltage 
across C as a function of time when the switch is 

set to charge for 5 time constants and then set to 
discharge for a further 5. The time constant, in 
microseconds, is of course the product of C in 
microfarads and R in ohms, and is the time taken 
for C to charge to 63 % of E or, after having been 
fully charged, to discharge to 37% of E. We require 
a circuit which will produce a voltage varying from 

i E volts 

+E 

Control 63% E 

voltage 
37 /oE 

O 
O 

Charge 
R 

Discharge 

(a) 

Tc 

Control 
voltage 

T 2T 3T 4T 5T 6T 7T 8T 9T lOT 

T= time constant 

(b) 

Fig. 2(a). One method of producing an 
approximately sawtooth waveform 

(b). The waveform provided by the switching 
circuit. The switch is set to 'Charge' from zero 
to 5T, then returned to 'Discharge' from 

5T to 10T 
THE RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


TR! 

2N2926 
TR 

2N2926 
TRg 

t0o0a 
TR4 Output 

2N2926 4 

ecb 

o 

000 

2N2926 
Lead -outs 

Fig. 3. Complete circuit of the siren module 

a minimum of 1 volt to about 4 volts to obtain 
reasonable control of multivibrator frequency. Since 
this circuit will be operated from a 9 volt supply it 
is obvious that the capacitor must be charged for 
somewhat less than the time constant. The siren 
is intended to produce a rising pitch for about 
1 second, whereupon it follows that a time constant 
of about this magnitude will be needed. The 
mechanical switch must also be replaced by an 
electronic equivalent, and this can be a second 
multivibrator. 

It was decided to have the duration of the falling 
pitch shorter than that of the rising pitch. This is 
obtained by adjustment of the coupling capacitors 

Green Red 
(supply ) (supply ) 

Direction 
of 

strips 

Terminal pins 

O 0`O o oW o v O o 
c b e b c c b¢ b c 
TRI óR2 o 

Tó4 
o o , o . o oc `--C.. 
O o o I + 

R ., 
Sr 

To 

o o ò 

o i o o _ 
O 0 0 

O 0 0 0 
R5 

r-J o o o o 

RBB 
O 0 t 3 0 0 0 00 
O 0 

Yellow(ouput) \Terminal 
pin 

Fig. 4. The Veroboard assembly, as viewed 
from the component side. The terminal pin 
coded green provides one of the output con- 
nections in addition to the negative supply 

connection 

Break in 
strips 

MAT Ií70 

in the controlling multivibrator so that their values 
are in the ratio 3:1. 

The final circuit of the siren module is given in 
Fig. 3. It can be seen that TR1 and TR2 constitute 
the controlling multivibrator, with Cl controlling the 
duration of the falling pitch, and C2 the duration of 
the rising pitch. R5 and C3 serve to produce an 
approximate sawtooth waveform (with R3 entering 

COMPONENTS 
Resistors 
(All 10% } watt) 

R1 56kS2 
R2 4.7k&2 
R3 4.7k[2 
R4 56k12 
R5 4.7kí2 (see text) 
R6 56kí2 
R7 4.7kf2 
R8 4.7k[2 
R9 56kí2 

Capacitors 
Cl 5pF miniature electrolytic, 10V wkg. 
C2 16µF miniature electrolytic, 10V 

wkg. 
C3 100µF miniature electrolytic, 10V 

wkg. 
C4 0.0068/1F, paper or plastic foil 
C5 0.0068µF, paper or plastic foil 
C6 0.01µF, disc ceramic 

Transistors 
TR1 - TR4 2N2926 (see text) 

Miscellaneous 
Veroboard, 0.15in. matrix, 12 x 12 holes 
3 Veroboard terminal pins 
Sleeving, solder, etc. 
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the charge circuit when TR2 is cut off), the wave- 
form being applied to the "signal" multivibrator as 

already described. The output signal is taken from 
the collector of TR4 via C6 and may then be applied 
to the subsequent amplifier. 

The transistors quoted are 2N2926, and it should 
be noted that this type has a maximum reverse base - 
emitter rating of 5 volts. As the reverse base voltage 
in the multivibrators approaches the supply voltage 
when the transistors cut off, there would appear to 
be a risk of breakdown. However, the question of 
using silicon transistors such as the 2N2926 in multi - 
vibrator circuits received an airing in the technical 
press some years ago, in which a leading semi- 
conductor manufacturer was quoted as stating that 
all base to emitter limiting ratings are well below 
voltage breakdown. The prototype was run for 
several hours at 18 volts and no breakdowns 
occurred, and it would seem to be quite safe in 
practice to use 2N2926's in the present circuit with 
a 9 volt supply. In any event the choice of tran- 
sistor is not critical and the constructor could employ 
silicon (or germanium) alternatives having a higher 
reverse base -emitter rating if so desired. 

CONSTRUCTION 

As mentioned earlier, the prototype was assembled 
on a square piece of Veroboard, this being of 0.15in. 
matrix and having 12 by 12 holes. It was cut from 
a larger sheet. Fig. 4 gives a view of the board as 
seen from the side on which the components are 
mounted. Three terminal pins of the type intended 
for use with Veroboard are fitted for battery and 
output connections. It will be found convenient to 
pass pieces of lmm. plastic sleeving over the pins, 
these having different colours to assist identification 
later. In the diagram the battery negative pin is 

shown as green, the battery positive pin as red, and 
the output pin as yellow. 

Construction is quite straightforward, it being 
necessary first to cut the board to size and make the 
two breaks in the copper strips, as shown. The 
pins and non - electrolytic capacitors can then be 
mounted, followed by the electrolytic capacitors and 
finally the transistors. Care should be taken to 
ensure that adjacent conductors, including metal 
transistor cases, do not come into contact with each 
other. Unnecessary heat due to excessive applica- 
tion of the soldering iron should also be guarded 
against, and the usual precautions taken when 
,soldering the transistors. 

CHECKING 

After construction the siren module may be tested 
and checked. If the siren fails to function but is 
consuming a reasonable current, suspect the "signal" 
multivibrator and transistors TR3 and TR4. The 
normal collector voltage of these transistors will be 
in the region of 6 volts, varying in sympathy with 
the pitch. A high voltage reading indicates that 
no collector current is flowing. If the signal circuitry 
is functioning but the pitch is steady, check the 
"control" multivibrator and the coupling circuit. 

To provide a narrower pitch range than in the 
prototype, the value of R5 may be increased to slow 
down the rate of charge and discharge of C3. 

, 592 

POLES 
May and poles are traditionally lumped together, 

although it is many years now since such an 

erection, with its attendant colourfully dressed 
dancers and intertwining ribbons, have been seen on 

our village green -and more's the pity! It is said 
that tradition dies hard, but this one, together with 
its charming ceremony of crowning the equally 
charming May Queen, seems in the main to have 
almost passed softly away unnoticed. Perhaps one 
reason for this sad state of affairs is the difficulty 
of obtaining, locally at any rate, a wooden pole of 
suitable size. 

Having worked up an over -sized enthusiasm to 
get cracking on Top Band, the obvious prerequisite 
to achieve anything like successful county chasing 
was a 132ft. skywire and it follows that this should 
have some means of support. It all seemed so 
simple at the time. 

Parking unobtrusively beside a ramshackle shed, 
there issued from this the rending sound of band - 
saws, whisps of sawdust and an individual whose 
crowning glory was a battered bowler hat that had 
obviously seen better days. "Wotcher want, mate," 
he growled through sawdust encrusted lips. "An 
aerial pole," I replied, hopefully. "Huh, yer won't 
get one of them things 'ere, but yer can try the 
orfice." He grimaced, jerked his grimy thumb in 
the direction of a nearby shed and derisively added: 
"They fink they know it all there, that lot do," with 
which parting shot Bowler Hat turned and vanished 
into the cloud of sawdust from whence he came. 

The "orfice" proved to be a maze of intercon- 
necting sanctums and finally, after brusque but pole - 
less encounters with the denizens of two of them, the 
final arbiter of the pole quest was contacted. Located 
behind a desk of gargantuan proportions and visibly 
ensconced on a high stool reminiscent of Dickensian 
times, the worthy occupant of this "orfice" ruminated 
over my request at some length. I quickly dis- 
covered that everything about this character was 
long- suffering. Getting off his high stool, he towered 
above the dusty floor by at least 7ft.! Frowning 
down at me rather pityingly, I thought, he educated 
me in measured sonorous tone. "People don't use 
wireless poles these days," he said incredulously, 
"they use transistor sets ". With the awful finality 
of that technical logic I found myself stumped! 
How could I explain the long and short of it to 
one so elevated in outlook? 

From the ensuing lecture delivered by the High 
Priest of the Woodyard I gathered that a wood 
pole could be ordered from London but it would 
be an expensive transaction as a one-off affair. 
"Better get an ally pole from your TV aerial 
erector," Lofty advised. Stretching to my full 
height and gazing direct into his midriff I apolo- 
getically replied that I would, and was sorry to have 
bothered him with such a trivial matter. 

Returning to the car brought a final encounter 
with Bowler Hat. "'Ow jer git on, mate ? ", he 
enquired. "I didn't," I replied disconsolately. "I 
toldjer, didn't I," was the triumphant rejoinder. 
How was I to know that wood poles for aerials 
were unobtainable? Presumably this also applies to 
Maypoles! C.W. 
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IN ELECTRONIC WORK WE TEND 
to fall into the habit of looking 
upon an oscillator as being 

essentially an amplifying device 
whose output is fed back to its 
input via a frequency- selective net- 
work, such a network normally 
comprising either capacitance and 
inductance (together with an in- 
evitable small resistance) or cap- 
acitance and resistance. An altern- 
ative way of examining the oscilla- 
tor feedback network is to assume 
that it causes a time delay to take 
place before a signal at the output 
of the amplifying device reappears 
at its input. This second concept 
is, perhaps, easiest to accept with 
an oscillator of the phase -shift 
variety. Here, an output signal is 
applied to a network of three or 
more series capacitors and shunt 
resistors, whereupon a time delay - 
dependent upon the values of the 
capacitors and resistors and equal 
to the time taken up by one 
half -cycle of the oscillation- occurs 
before the output signal is fed to 
the input. 

The a.f. oscillator to be described 
in .this article functions by virtue 
of a time delay inherent in one of 
the components employed, and its 
operation does not require cap- 
acitance either in conjunction with 
inductance or with resistance. The 
oscillator is extremely economical 
of components and, so far as the 
writer is aware, has not been 
previously described. 

OSCILLATOR CIRCUIT 

The basic circuit of the oscillator 
appears in Fig. 1. In this diagram 
a d.c. potential lying between 150 
and 300 volts and of either positive 
or negative polarity is applied to 
a parallel combination of a light 
dependent resistor (1.d.r.) and a 
MAY 1970 

neon bulb, these being in series 
with a 470k2 resistor. The oscil- 
lator output is taken from the 
470k12 resistor via a 0.01µF d.c. 
blocking capacitor. The light de- 
pendent resistor, or to give it its 
more recently acquired name, photo- 
conductive cell, is illuminated by 
the neon bulb, and both are en- 
closed in a light -proof box. 

The photoconductive cell is an 
ORP12 and, as most readers will 
already know, this exhibits a high 
resistance (of the order of 10M12) 
in complete darkness, and a low 
resistance (of the order of 75 to 
30012) when fully illuminated. One- 
of its two important functions here 
is to present a decreasing resistance 
when illuminated, and vice versa. 
An incidental characteristic of 
photoconductive cells of the ORP12 
class is that these devices do not, 
when there is a change in illumin- 
ation level, show an immediate 

decrease or increase in resistance. 
They are, instead, quite sluggish in 
operation, especially for resistance 
increase due to decrease of illumin- 
ation. This sluggishness enables the 
ORP12 to perform its second 
important function in the present 
circuit, that of providing the 
necessary time delay to allow 
oscillation to take place. 

Let us assume that the d.c. supply 
of Fig. 1 has just been applied. 
The ORP12, in the light -proof box, 
will be in darkness, and it exhibits 
a high resistance. The ORP12 forme 
one section of a potential divider, 
the other section being the 470k11 
resistor. Thus# when the supply is 
initially applied, the ORP12 allows 
the full striking voltage to appear 
across the neon bulb, whereupon 
the latter lights up and illuminates 
the cell. The resistance of the 
illuminated cell commences to 
decrease, causing the voltage across 

e Neon 
bulb 

470kn 
1/4 watt 
20% 

150 -300 
V D.C. 

Light -proof box 

OC F 

Output 

ov 
Fig. 1. The basic neon- l.d.r. oscillator circuit 
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the neon bulb to drop until it falls 
below the maintaining value. The 
bulb extinguishes, after which the 
ORP12 resistance starts to increase, 
reaching a value which is sufficient- 
ly high to enable the neon bulb to 
strike again and light up. The 
resistance of the once more illumin- 
ated ORP12 starts to decrease and 
a further cycle commences. 

The length of each cycle depends 
upon the sluggishness of operation 
of the specific ORP12 employed. 
Several ORP12's, which had been 
purchased at various times from 
different retail sources in the past, 
were checked by the author in the 
prototype circuit and offered no 
significant alteration in perform- 
ance. It would seem reasonable to 
assume, therefore, that equivalent 
results should be given with most, 
if not all, photoconductive cells of 
ORP12 type. The cycle length 
depends also upon the difference 
between the firing and maintaining 
voltages of the neon bulb, and 
here again there is a slight possibil- 
ity that some discrepancy in 
results may be experienced with 
different bulbs. Since both the cell 
and the bulb are employed in the 
circuit because of characteristics 
which are incidental to their in- 
tended function, the oscillator has 
to be considered as being somewhat 
experimental in this respect. 

The output of the oscillator is, 
of course, by no means sinusoidal. 
The prototype produced an a.f. 
tone at around 100Hz having a 
resemblance to the sawtooth offered 
by a relaxation oscillator, and with 
one pronounced pulse cycle due to 
the firing of the neon bulb. The 
frequency varied only slightly for 
supply voltages between 300 and 
150, but dropped noticeably when 
the supply potential was reduced 
to values lower than 150 volts. At 
about 90 volts the oscillator pro- 
duced pulses with a spacing of 
approximately 1 second, and it 
ceased to function when the supply 
potential was lowered further. The 
peak -to -peak amplitude of the 
oscillation is equivalent to the 
difference between the striking and 
maintaining voltages of the par- 
ticular neon bulb employed, and 
is of the order of 4 to 6 volts. Over 
the supply voltage range of 90 to 
300 volts the oscillator started 
reliably on application of the 
supply. With the circuit given in 
Fig. 1, the oscillator output should 
be applied to a high impedance, 
preferably at least 250kS2, or its 
performance may be modified. 

NEON BULB 

The neon bulb is an inexpensive 
wire -ended component having two 
tubular electrodes. Suitable types 
are the Hivac type 16L or 34L 
available from Henry's Radio Ltd., 

or the bulb retailed under Cat. No. 
PL32A by Home Radio Ltd. 

Since the neon bulb and the 
ORP12 are in parallel, it is a simple 
matter to fit them in their light- 
proof box. For best operation the 
neon bulb body should lay across 
the face of the ORP12, as in Fig. 
2. This method of positioning 
allows the leads of the bulb to be 
soldered direct to the stouter lead - 
out wires of the photoconductive 
cell, as shown. The lead -out wires 
of the cell may then be anchored 
to suitable tags inside the box. 
Experiments with the circuit show- 
ed that oscillations could be ob- 
tained with the neon bulb spaced 
away from the ORP12 by as much 
as lin. For best results, though, 
the closer positioning illustrated 
in Fig. 2 is to be preferred. 

ORP 12 

Neon bulb 

Fig. 2. For optimum results the 
neon bulb body should lie 
across the face of the ORP12, 

as illustrated here 

The light -proof box need not 
be elaborate as the circuit is 
capable of working at low ambient 
lighting levels without enclosing 
the cell and bulb at all. For a quick 
check -up of the circuit in all but 
the brightest ambient lighting 
(as is given by direct sunlight) it 
is quite in order to fit the two 
components inside an empty match- 
box, keeping the box in shadow 
by placing a sheet of cardboard 
or other opaque material over it. 
The only requirement of the 
light -proof box is that it should 
exclude sufficient light for the 
ORP12 to exhibit a resistance 
high enough to enable the neon 
bulb to strike. As an instance of 
what can be expected, the prototype 
oscillator functioned reliably when 
both the cell and neon bulb were 
completely exposed in the low 
ambient light level evident at dusk. 
It was interesting to note that 
oscillation could be stopped under 
these conditions by striking a 
match 18ins. away from the face 
of the photoconductive cell. There 
appeared to be little `backlash' 
between the light level which 
stopped oscillation and that which 
enabled it to recommence, and the 
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writer hopes to describe a precisely - 
operating light- controlled switch 
which takes advantage of this 
property in a future article. 

ADVANTAGES AND 
DISADVANTAGES 

Like all electronic circuits, the 
oscillator of Fig. 1 has advantages 
and disadvantages. Its main advan- 
tages are its considerable simplici- 
ty, and the small number of com- 
ponents it requires. Because of 
these two points, it may be assem- 
bled in full working order in a 
very short time. Also, it provides 
an al. output at a relatively high 
amplitude, and is not very critical 
so far as component values and 
supply .voltage are concerned. Fur- 
ther, the supply polarity is unim- 
portant, and the oscillator offers 
potential use in a light- operated 
switching device. A final advantage 
is that the current it consumes, 
being limited by the 470k12 resistor, 
will always be considerably less 
than ImA. The principal disadvan- 
tages are that the output is non - 
sinusoidal and its frequency cannot 
be varied (or, at least, cannot be 
varied if the circuit is to retain 
its simplicity), and that the supply 
voltage required is rather high. 

oscillator output to grid and anode 
points in the equipment, using 
normal signal -tracing techniques. 
The oscillator output will be just 
audible if the probe is applied 
to the primary of a valve speaker 
transformer, and will be reproduc- 
ed at more than adequate level 
when connected to an output valve 
grid. The 0.01µF capacitor shown 
in Fig. 3 should have a working 
voltage of at least 400 volts, to 
ensure that there is no risk of its 
breaking down if the probe is 
applied to anode circuits in the 
equipment under test. The 470k12 
resistor of Fig. 1 is replaced by a 
5001(2 potentiometer in Fig. 3, this 
latter component functioning as an 
output amplitude control. If the 
potentiometer is set to a central 
position the probe may be applied 
to low impedance points without 
seriously affecting oscillator opera- 
tion. 

In Fig. 3, all the components 
are enclosed in a light -proof box, 
with terminals brought out for the 
two crocodile clip leads and the 
test prod lead. This method of 
assembly eases construction and 
still ensures that light is excluded 
from the photoconductive cell and 
the neon bulb. The box should 
be made of an insulating material 

Ne 
bulb 

Flexible leads 

50Okn 
log 

O.OI,uF 

HT+ 

i 
Crocodile clip 

Test prod 

------ 
lChassis 

Crocodile clip 
Light -proof box 

Fig. 3. One application for the oscillator is as an a.f. signal 
injector, whereupon it obtains its power supply from the equip- 

ment being tested 

Apart from the normal applica- 
tions to which any a.f. oscillator 
may be put, the circuit can be adap- 
ted for use as a servicing aid, as in 
Fig. 3. Here, the oscillator is in- 
tended as an a.f. signal injector for 
radio, television and a.f. amplifier 
equipment employing valves. The 
two crocodile clips are connected 
between chassis and the h.t. positive 
line of the equipment being check- 
ed, whereupon power automatically 
becomes available for the oscillator. 
The test prod may then apply the 
MAY 1970 

and not of metal, since it can then 
be positioned on or near the chassis 
of the equipment under test with- 
out risk of shock or accidental 
short- circuit. The potentiometer 
may be fitted with a pointer knob 
backed by a scale graduated in 
even divisions from, say, 1 to 10. 
After familiarity with the device 
has been acquired, the scale will 
then provide a rough idea of the 
output level needed for application 

(Continued on page 628) 
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SIMPLIFIED 

SOLID -STATE 

DISTORTION METER 
by 

G. A. STANTON, G3SCV 

This simple design enables the percentage distortion of a.f. amplifiers to be 

measured directly over the range 0.2% to 10% at 1,000 Hz. Consumption from 

the self- contained 9 volt battery is 8mA only 

READERS FAMILIAR WITH AUDIO SPECIFICATIONS 
will know that it is standard practice for these 
to include a figure indicating the total harmonic 

distortion. This is usually expressed as a percentage 
related to the rated output of the equipment con- 
cerned with a 1,000Hz test input. While other 
factors are obviously involved (e.g. frequency res- 
ponse, etc.) the distortion factor can be regarded as 
a guide to the goodness of audio equipment and the 
description high fidelity is normally reserved for 
equipment introducing less than 1% total distortion. 

From this it will be obvious that in testing audio 
equipment some means of checking the total distor- 
tion is very desirable. Likewise when experimenting 
with audio circuits it is very useful to be able to 
compare results in terms of the distortion factor. 
Commercial distortion meters are available for this 
purpose but tend to be sophisticated instruments 
covering at least the audio spectrum, and because 
of this are relatively expensive. Consequently, they 
are rarely found outside the professional laboratory 
and the larger service department. The instrument 
to be described in this article is a simplified version 
designed to meet the needs of the home experimenter. 

I,000 Hz - 
Sine wave 

source 

596 

Amplifier 
under 
test 1 r 

I,000 HZ 

filter 

Load 

A.C. 
Mv. meter 

Fig. 1. A simple means of evaluating harmonic 
distortion 

It enables distortion checks to be made at the stan- 
dard 1,000Hz frequency and measurements to be 
made from 0.2% to 10%. Output is also provided 
for monitoring the distortion waveform on an 
external oscilloscope. 

DISTORTION MEASUREMENT 

A detailed analysis of harmonic distortion and its 
measurement is beyond the scope of this article, and 
the interested reader is referred to standard textbooks 
on the subject. The basic principles on which the 
present instrument works can be understood from a 
study of Fig. 1. Here, it will be seen, a 1,000Hz 
sine wave signal is fed to the amplifier under test; 
the output from the amplifier, which must be cor- 
rectly loaded, is then passed via a selective filter to 
an a.c. millivoltmeter. A pure sine wave fed to a 
perfect amplifier would result in an amplifier output 

r 
Amplifier 

load 
r--- 

B A 

I0OOH 
source 

Amplifier 
under 
test 

'Level control 

Fig. 2. An alternative approach which consider- 
ably eases performance requirements in the 

a.c. indicator 
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Input 
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(b) 
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1/2" 

1 'I 

43/8' 

1/2 Bend 

1/2.. - 4 Shelf 
(c) 

VR8 

Panel B 

Grommet 

Tagstrip with C11 

Panel A 
SI 

Oscilloscope 

Grommet 

From above 

(bend is upward) 

Position of Panel B. 

Panel A is secured 

by same 6BA bolts 
on other side 

Fig.4a Layout and control positions on the front panel 

4b Layout of components and printed circuit boards behind the panel 

4c Illustrating how the panel and shelf are assembled 
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consisting solely of the fundamental frequency (i.e. 
1,000Hz). This in turn would be completely "absorbed" 
by the filter and the meter would remain at zero. 
In practice, of course, even the best amplifier will 
have some degree of non -linearity and the sine wave 
will become distorted. The output will then contain 
extraneous frequencies in harmonic relationship with 
the fundamental. The filter will absorb the latter 
but the harmonics will pass to the meter for measure- 
ment. The percentage harmonic distortion can be 
represented by the expression 

Eh 
x 100 

E 
where Eh is the voltage amplitude of the harmonics 
and E is the voltage amplitude of the sine wave 
signal. 

This is of course an approximation, for the output 
of the amplifier will also include hum and noise. 
These are measured along with the harmonic con- 
tent, but the accuracy will suffice for all but the 
most stringent tests, for which a more sophisticated 
instrument would be needed in any case. 

The scheme indicated in Fig. 1 assumes the use of 

a wide range calibrated a.c. voltmeter which would 
be required to take measurements from lmV or less 
to at least 10 volts. Such a meter is an expensive 
item but fortunately, by the use of a calibrated 
attenuator, a relatively simple indicating meter can 
be substituted. This is the practice followed in the 
instrument being described, and the method of 
operation can be seen in Fig. 2. A switch is so 
arranged that in position A the meter is connected 
directly to the output of the filter and indicates the 
amplitude of the harmonics present. The switch is 
then moved to position `B ", whereupon the filter is 
bypassed and . the meter connected to the attenuator. 
The attenuator is adjusted until the same indication is 
obtained on the meter; at this setting the ratio 

R1 Eh - equals -. The percentage distortion is thus 
R E 

R1 - x 100, and the attenuator can be calibrated to 
R 

read directly in terms of percentage distortion. 

COMPONENTS 

Resistors 
(All fixed values á watt 10% unless where 

otherwise stated) 
R1 47kí2 
R2 4.7kS2 
R3 15k12 
R4 1.2k12 
R5 10k12_ 
R6 2.2k12, 5% or better 
R7 2.2k11, 5% or better 
R8 4.7kS2 
R9 27k12 
R10 4.7k12 
R11 47012 
R12 2.7k52 
R13 1200, 5% 
R14 91052, 5% 
R15 1.5MS2 
R16 2.7k12 
R17 3352 
R18 5.612 
R19 6.8k12 
R20 6.8k12 
R21 68012 
R22 33012 
VR1 500kS2 pot, log track 
VR2 20012 pot, lin track 
VR3 5k12 pot, preset skeleton 
VR4 5k12 pot, preset skeleton 
VR5 5k12 pot, preset skeleton 
VR6, 7 25kS2 + 25k12 ganged dual pot, 

track 
VR8 5k12 pot, log track 
VR9 25012 pot, preset skeleton 

Capacitors 
Cl 16µF electrolytic, 15V wkg. 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C 1 0 
C11 

0.047µF polyester, 10% or better 
0.047µF polyester, 10% or better 
1µF electrolytic, 15V wkg. 
10µF electrolytic, 15V wkg. 
25µF elecrolytic, 15V wkg. 
32µF electrolytic, 15V wkg. 
16µF electrolytic, 15V wkg. 
32µF electrolytic, 15V wkg. 
16µF electrolytic, 15V wkg. 
250µF electrolytic, 15V wkg. 

Semiconductors 
TR 1 2N697 
TR2 2N2926 Yellow 
TR3 2N2926 Yellow 
TR4 MPF105 
TR5 2N2926 Yellow 
TR6 2N2926 Yellow 
Dl -D4 0A90 
D5 0A85 

Meter 
M1 

Switch 
S1 

0 -500µA moving -coil meter 

3 -pole 3 -way miniature rotary (4- 
pole 3 -way may be employed, if 
desired, with one pole unused) 

Battery 
9 volt battery (see text) 

Miscellaneous 
2 printed circuit boards 
5 knobs (see Fig. 4(a)) 
1 coaxial socket 

lin 2 insulated sockets 
1 4 -way tagstrip 
16 s.w.g. aluminium sheet 
Grommet, nuts, bolts, etc. 
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View illustrating the upper side of the shelf, and showing the meter, the Level control potentiometer and Panel '8' 

CIRCUIT DIAGRAM 

The complete circuit diagram is given in Fig 3, 
and is in two sections. The first is the filter section 
which is of the Wein Bridge type; one arm of this 
comprises C2 in parallel with VR5, VR6 and R6; the 
other arm consists of C3 in series with VR4, VR7 
and R7. The values of these components are such 
that the filter can be balanced between 900Hz and 
1,500Hz by means of the ganged potentiometer VR6 
and VR7. The filter is switched in or out as required 
by Sl(a), the filter being in circuit at position 2 of 
this switch and out of circuit at position 3. With the 
filter in circuit, TRI operates as a phase splitter feed- 
ing the two arms of the bridge from its emitter and 
collector respectively. VR2 forms part of the collec- 
tor load and assists in enabling the bridge to be 
accurately balanced. When the filter is switched 
out of circuit, TR1 operates as a simple emitter 
follower, passing the unfiltered signal to the base 
of TR2 which is a straightforward voltage amplifier. 
Negative feedback is provided by R5 and C4 con- 
necting the collector of TR2 with the base of TRI. 
Feedback in this circuit is extremely important for 
two reasons: it reduces any distortion likely to be 
introduced by TR1 itself, but more important it 
considerably sharpens the filter null. Without feed- 
back the filter "tuning" would be too broad and the 
harmonics reduced along with the fundamental. 
This would then give a false indication of the har- 
monic content and defeat the purpose of the instru- 
600 

ment. VR1 controls the input and is used to set the 
level of the signal. 

The second section of the instrument is the volt- 
meter circuit which consists of an f.e.t. source fol- 
lower (TR4) and a two -stage amplifier. The f.e.t. 
provides the high impedance input essential for the 
correct working of the attenuator. Output is taken 
from the collector of TR6 via a full wave bridge 
rectifier to a standard 500µA moving -coil meter. 
The meter need not be calibrated and no attempt 
has been made to linearise the scale readings. The 
sensitivity of the section is such that full -scale deflec- 
tion is obtained for an input to TR4 of approxi- 
mately 3mV r.m.s. The meter is protected from severe 
overloading by a germanium diode (D5) connected 
across it.1 

The two sections are coupled by Sl (b), which is so 
wired that when the filter circuit is `in' the output 
of TR3 is taken directly to the gate of TR4. With 
the filter `out', the signal is taken to TR4 via the 
attenuator, this being formed by the network VR8, 
R13, R14, and VR9. VR9 is adjusted so that VR8 
in parallel with R13 offers exactly one -tenth of the 

t The meter employed by the author was an ex -W.D. type having 
a lower resistance, at approximately 1000, than that of many 
0 -500µA meters currently available on the home -constructor 
market. The author has checked the circuit with a higher resist- 
ance meter and it still functioned satisfactorily. If it is found, 
however, that the presence of D5 seriously restricts higher scale 
readings when a high resistance meter is employed, the single 
diode may be replaced by two or more similar diodes connected 
in series to offer an increased low current forward voltage. - 
Editor. 
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total resistance. VR8 then controls voltages up to 
10% of the total present at point S in the diagram. 
For convenience VR8 should be a logrithmic type. 

Power requirements are very modest, being 8mA 
from a 9 volt battery. Voltage readings to be 
expected at various points of the circuit are given 
in the Table. A third section of SI switches the 
instrument on and off. 

In Fig. 3, the two rectangles drawn in dashed line 
do not indicate screens ; instead, they show the boun- 
daries of the associated printed circuit panel assemb- 
lies. For convenience of presentation VR6, VR7 and 
Sl(a) are drawn inside the Panel "A" rectangle, but 
in practice these components are external to the 
panel. The letter references apply to the printed 
circuit connections which are shown, later, in Figs. 
5(a) and (b). 

A minor point which needs to be mentioned is 
that the inset in Fig. 3 which shows the f.e.t. lead - 
outs indicates that the drain lead -out is in the centre, 
whereas some (but not all) Motorola literature shows 
the source as the centre lead -out. In practice, the 
source and drain of the MPF105 are interchangeable, 
since this is a symmetrical transistor. The 2N2926 
Yellow transistors specified for TR2, TR3, TR5 and 
TR6 are the basic 2N2926 with an hie between 150 
and 300. They are available from a number of 
suppliers, including Electrovalue, 32a St. Jude's Road, 
Englefield Green, Egham, Surrey. 

(Continued on page 630) 

THE `DISCOVERY' S.W. RECEIVER 
For the interest of all the many beginners who 

are known to have constructed this popular design, 
Further Notes on the 'Discovery' Receiver will appear 
in the July issue - this providing full information on 
modifications increasing the versatility of the re- 
ceiver. 

"We weren't able entirely to eliminate the 
human element !" 
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CURRLNT SCHEDULES 
Times = GM7 Frequencies = kHz 

* CUBA 
17705 Radio Havana (100kW) transmits an English 

programme to Europe from 2010 to 2140. Radio 
Havana can also be heard on 15345 from 1810 to 
1855 in Aralbic, 1855 to 2030 in Spanish, 2030 to 
2110 in Arabic and from 2110 to 0010 in French. 
Also on 17885 in parallel. 

* ISRAEL 
9009 `Kol Yisrael', Tel Aviv (7.5/50kW) now has 

an English service to Africa from 2015 to 2030 and 
an English service to Europe from 2015 to 2100. 
* MALAYSIA 

7120 The BBC transmitter at Tebrau (7.5/75kW) 
relays the BBC World Service from 1300 to 1815 on 
this channel. On 7234 from 0900 to 1000 and from 
1100 to 1115. On 9580 from 1345 to 1815. On 9725 
from 0900 to 1000. On 9740 from 1345 to 1815. On 
11750 from 0900 to 1815. On 11955 from 0900 to 
1000 and from 1645 to 1815. On 15310 from 0900 
to 1000. On 15434 from 1300 to 1330 and on 17880 
from 0900 to 1330. 

* SWEDEN 
9625 and 15315 The English language broadcasts 

of Radio Sweden, currently effective, are as follows - 
9625 and 15315 (100kW) from 1100 to 1130 to 
Europe and N.E. America; 15105 and 21690 (100kW) 
from 1230 to 1300 to Far East and Africa; 15315 and 
21585 (100kW) from 1400 to 1430 to S. Asia and N. 
America; 6065 and 11860 (100kW) from 1600 to 1630 
to Europe and Middle East; 11705 and 15240 
(100kW) from 1900 to 1930 to Middle East and 
Africa; 6065 and 11910 (100kW) from 2045 to 2115 
to Europe and Far East; 11705 and 15310 (100kW) 
from 2245 to 2315 to Europe, S. America, Australia 
and N. Zealand; 11790 (100kW) from 0030 to 0100 
to N. America; 9725 (100kW) from 0330 to 0400 to 
Western North America and on 17840 from 0515 to 
0545 to S. Asia. 

* AUSTRALIA 
The Darwin relay stations of Radio Australia carry 

programmes in English on Sundays from 2200 to 0800 
on 21485, from 2300 to 0030 on 15130 and from 
0030 to 0800 on 15355 and 17715. Daily English pro- 
grammes may be heard from 0800 to 1130 on 15355 
and from 0800 to 1000 and 1100 to 1330 on the new 
channel of 21485. 

* REPUBLIC OF RWANDA 
Radio Rwanda, Kigali, radiates programmes in 

English, French and Swahili from 0945 to 1045 on 
15410 (250kW). At 1045 they. announce continued 
transmissions on 6055 (50kW). The former channel 
then continues with a relay of Duetsche Welle. 
* SEYCHELLES 

The FEBA transmitter at Victoria (2kW) is still 
testing on 11760 from 0030 to 0200 and on 15265 
from 0205 to 0230 and 1300 to 1630. The regular 
transmitter will be in operation from May 3rd with 
a power of 40kW. 

Acknowledgements to our own Listening Post and 
Swedish Dx'ers. 
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NEWS AND . 

The Scotch C -120 cassette, which gives two hours' playing time, 
uses Scotch low -noise Dynarange magnetic tape. The design is 

claimed to contribute towards longer recorder battery life 

The range of Scotch magnetic tape cassettes has been expanded to 

include a two -hour version. 
A feature of this new Phillips -compatible cassette - the Scotch C -120 

- is an improved shim material which offers reliability while eliminating 

tape binding and jamming - previously a problem with ultra -thin tape. 

The Scotch C -120 cassette retails at a recommended price of 33/6d. 

As with the other cassettes in the range (the Scotch C -60 which gives 

60 minutes recording and the Scotch C -90 giving 90 minutes) the new 

cassette is supplied in a durable hinged plastic case designed to protect 
the tape and provide easy storage. 

INTERESTING 
MULLARD PAMPHLETS 

The Mullard Educational Service 
has produced two new pamphlets, 
one entitled `Introducing Thyristors' 
and the other describing how to 
build a simple, inexpensive, f.e.t. 
voltmeter. 

The first pamphlet contains a 
brief description of the construc- 
tion and operation of the thyristor. 
An explanation of the thyristor 
characteristic is followed by a sec- 
tion on the basic power control 
circuit and feedback control. The 
pamphlet ends with a short descrip- 
tion of the diac and the triac. 

The second pamphlet describes 
how to build a simple, inexpensive 
f.e.t. voltmeter. The meter has 
eight ranges, the smallest being 
0 to 250mV and the largest 0 to 
500V. Because it has a high input 
impedance of at least 10M12 on 
each range, the instrument is suit- 
able for measuring d.c. levels in 
transistor and valve circuits. 

The meter described is not a 
sophisticated piece of equipment 
and no claim is made to its accu- 
racy; it contains no close- tolerance 
resistors and the least expensive 
f.e.t. transistor (type BFW61) has 
been used. Nevertheless, the educa- 
tional prototype has been in con- 
stant use since it was built twelve 
months ago. However, design infor- 
mation is given for those who wish 
to make a more accurate instrument. 

Teachers, lecturers and others pro- 
fessionally concerned with science 
education can obtain sample copies 
of the pamphlets from the Mullard 
Educational Service, Mullard Ltd., 
Mullard House, Torrington Place, 
London, W.C.1. 

ALL -PURPOSE POCKET TOOL - THE REXEL 
VERSICUT 

The Versicut, an ingenious multi- purpose pocket tool, costing only 
7s. 6d. (recommended retail price), has recently been launched by Rexel 
Ltd. Shaped like an elegant chuck pencil, the Versicut is a knife blade, 
pin and two-width screw -driver in a single pen -size unit that slips con- 
veniently into the pocket. 

In the head of the Rexel Versicut is an engineered chuck mechanism, 
which is designed to grip the tool pieces, so that, in turn, the instrument 
becomes a screw- driver, piercing and probing tool, or a cutting device. 

When not in use, the tool pieces either drop out of sight behind 
the chuck mechanism, or are contained in the hollow barrel. Changing 
the function of the Versicut or adjusting the length of the gripped 
item can be accomplished in seconds. While one of the tool pieces is 

in use, the other two remain in the barrel. 
The Versicut is available from most stationers and department stores, 

and the price includes a spare knife blade. Packs of five individually 
wrapped replacement blades are available at 3s. 4d. (recommended 
retail price). 
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COMMENT 
BRITISH AMATEUR TELEVISION 

CLUB 21st ANNIVERSARY 
CONVENTION 

The Convention will be held in Churchill College, 
Cambridge, and will start with a Get -together on Friday 
evening, 24th July. 

On the Saturday morning the Exhibition of Amateur 
Equipment will open and there will be lectures, films, 
video tapes and a visit to a TV transmission equipment 
manufacturer. 

In the evening there will be a Convention Dinner in 
Churchill College. 

Sunday morning will continue with visits to Amateur 
stations, films, etc. In the afternoon there will be a 
B.A.T.C. Business Meeting (Members only), followed 
by tea. 

The Conference registration fee is 15/- (£1 non- 
members), tickets for the dinner are 32/6 each and 
residential accommodation in the College will be avail- 
able at £7.10s.0d., per person. 

Fuller details from D. S. Reid, 71a Rose Valley, Brent- 
wood, Essex. 

MUSIC FROM AN INVISIBLE SOURCE 
A new device which reproduces music through a 

variety of ordinary household materials from an 
apparently invisible source is now available. Called 
the Sound Scan Capsule, the unit may be concealed 
it) the ceiling, under floorboards, or behind doors, to 
envelop the whole room in an even volume of music 
no matter where the listener may be standing or 
sitting. 

This effect is achieved simply by linking the unit 
to the output socket of any record player (mono or 
stereo), tape recorder, or amplifier with from 14 to 
12 watt output. The capsule will work on almost any 
flat surface such as a table, picture or window, and 
will diffuse sound over large areas - up to 2,000 
square feet in ideal circumstances. It is weather - 
protected, will play underwater and comes with a 
five -year warranty. 

Measuring about 4in. in diameter and less than 
tin. in depth, the Sound Scan Capsule is technically 
known as an audio -transducer. It was invented in the 
U.S.A. where it has been successfully marketed by 
Photo -Scan International of Los Angeles, manufac- 
turers of electronic systems to combat shoplifting and 
pilferage. 

At present, the Capsule - which costs a recom- 
mended £10 retail - is being demonstrated to the 
public at Selfridges and Gainages in London, and 
major stores in the Home Counties and the South of 
England. It will eventually be available throughout 
the country from radio and electrical shops. 

Further details from: Mr. Colin Stewart, Sound 
Scan Ltd., Oakwood House, 63 Pound Lane, Marlow, 
Bucks. Tel: Marlow 6655. 
MAY 1970 

NIPPON DENSO AERIAL 

This new aerial is of very compact and robust 
construction. Its underwing length is 13 i in., its mast 
(four section chromium) is 36in. long and the motor 
is a powerful permanent magnet type of small dimen- 
sions. 

It is supplied complete with a spring loaded 2 -way 
control switch, but there is an interesting optional 
switch which can be connected so that it gives overall 
control of the radio as well as the aerial. 

The retail price of the aerial, complete with stan- 
dard control switch, is £9 9s. Od. and the optional 
extra switch, £2 18s. Od. 

Oh, look - it was only that it wasn't 
switched on !" 
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BBC World Radio Club 

The World Radio Club is one of the BBC's world 
service programmes and was first radiated in July 
of 1967. The object of the Club is to cater for an 
audience generally interested in radio but with 
SWL's specially in mind and to pass on technical 
information in an easily understood manner in 
addition to Dx tips, etc. Some of the programme 
content includes information about technical achieve- 
ment in the field of communications with the 
emphasis placed on British innovations and the 
BBC's own contribution to the science. 

The degree of understanding of the technical 
programme content tends to vary in differing coun- 
tries and when such items are included due con- 
sideration is given to the technical development and 
understanding in such areas-especially those at 
present underdeveloped. Such technical material is 
rightly presented in simple, uncomplicated English, 
even when describing the very latest communication 
equipment. 

Programme content has been varied from that of 
simple short wave aerial arrays to basic communi- 
cation receiver operation and techniques. Advice 
on how best to operate the equipment which many 
listeners possess and how to further improve the 
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results are often broadcast. The first principles of 
radio communication have also been a feature of the 
programme. 

Perhaps the most interesting part of the pro- 
gramme is the Dx News Bulletin. With all the 
resources of the BBC Monitoring Service at their 
disposal the Club is able to present up to the minute 
reports on station frequencies, call signs and other 
material of interest to the Broadcast band Dx'er. 
The Dx News Bulletin is only part of the programme 
in order that other interesting subjects may be 
covered in the allotted quarter -hour on the air. 

Members of the World Radio Club receive fre- 
quency charts and are eligible to enter Club com- 
petitions and such members number many thousands. 

The Club receives many letters from listeners all 
over the world and, in conformity with BBC practice, 
answers each and every letter. Some of the most 
interesting are answered over the air. It was in 
March, 1968, that the BBC first issued a QSL card 
to listeners reporting on the short wave transmissions. 

RECENT PROGRAMME 

A recent programme content provides some idea 
of the interests covered. 

Opening with a five -minute talk on the life of 
Michael Faraday, there followed Band Scan at 0820 
GMT. This part of the programme, as its title 
implies, presents the results of a listening session 
over a chosen range of Broadcast band frequencies 
at a given time. That chosen for this particular 
programme was from 7100 to 7300kHz and consisted 
of a list of various stations logged during an operat- 
ing session commencing at 2000GMT. 

Far East and 
New Zealand 
(Short Path) 

North 
America 

Central 

America 
and 

Australia 
(Long Path) 

South 
America 

and 

New Zealand 
(Long Path) 

West and 
North West Africa 

Central and 
South Africa 

South 
and 
South 
East 
Asia 
and 

Australia 
(Short Path) 

Middle 
East 
and 
East 

Africa 
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Doug Crawford, World Radio Club compère 

None of the stations mentioned were by any means 
of Dx standard, but considering the band and the 
time chosen this was not surprising. For the begin- 
ner, Band Scan would be of interest in bringing to 
his notice just how many countries could be logged 
with fairly simple equipment at the time stated. 
This part of the programme lasted approximately 
five minutes and was followed by a short talk on 
constructing an amateur band transmitter until 0828 
GMT. The remaining two minutes were devoted 
to a conversation between the two listeners who had 
conducted Band Scan. Mentioning that logging 
South American stations was a favourite facet of 
short wave listening for them, and with which they 
would deal the following week, an admission was 
made by one that the more difficult to receive Far 
Eastern Station "always just miss my receiver ". 

EDITOR'S NOTE 
The statement is somewhat surprising for a short 

wave listener reporter to utter. Our own Listening Post 
has regularly logged and reported such stations, having 
even taped some of them during the recent 'season' 
for reception of Far Eastern transmissions. Such stations 
as Nusantara ,Tiga, Medan, Indonesia, on 5084kHz 
closing at 1600GMT; Djambi, Indonesia, on 4927kHz 
closing at 1600GMT; Phnom Penh, Cambodia, on 
4907kHz as early as 1345GMT; Foochow, China, on 
4975kHz at 1525 GMT; Singapore on 5055kHz at 
1540GMT; Hanoi, North Vietnam, on 4823kHz at 1410 
GMT; Penang, Malaysia on 4790kHz at 1530GMT; and 
Palembang, Indonesia, on 4855kHz at 1455GMT. Addi- 
tionally, stations in India, Ceylon and the Maldive 
Islands have also been logged. 

WHEN TO LISTEN 

For those who would like to listen to World Radio 
Club, the broadcast times are -Sundays at 0815 
GMT, Mondays at I445GMT, Thursdays at 1245 
GMT and Fridays at 2345GMT. The writer regu- 
larly listens on Sunday mornings at 0815GMT 
(0915 clock time) on 15070kHz. 
MAY 1970 

NOW HEAR THESE 
Times = GMT Frequencies = kHz 

BRAZIL 
ZYZ32 Radio Rural Brasileira (7.5kW) listed on 

15105 has been heard on 15095 around 2000 to 2100 
hrs. with announcements in Portuguese. The station 
location is Porto Alegre and not Rio de Janeiro. 

TIAWAN 
BED60 Taipei, the Voice of Free China is being 

heard regularly from 1800 to 1900 on 15125 (100kW). 
BED39 Taipei (50kW) is in parallel on 17720. 

COSTA RICA 
TIFC Faro del Caribe (Lighthouse of the Carib- 

bean) San José on 6037 (2kW) has been heard, on 
extended schedule, with an English programme at 
0400 on Sundays. 

HAITI 
4VEH Cap -Haitien now transmits an English pro- 

gramme at midnight on 9770 (0.5kW). Also in parallel 
on 11835 (2.5kW). 

PAKISTAN 
An unidentified station radiating Asian -type pro- 

grammes has been under Observation by our Listen- 
ing Post since late February on 3940 from around 
1600 to close down at 1730. This unlisted station has 
now been identified as Peshawar. 

UNITED ARAB REPUBLIC 
English programmes from Cairo may now be heard 

on 9740 from 2145 to 2300. Reports are requested' 
and the address is U.A.R. Broadcasting Corpora- 
tion, POB 566, Cairo, Egypt. 

TURKEY 
Radio Ankara may be heard with an English pro- 

gramme from 2200 to 2230 on 15160 (100kW) and 
from 1415 to 1445 on 17820 (100kW). A new 250kW 
transmitter will be in operation later this year. 

PORTUGAL 
CSA66 Lisbon has been heard with an English 

programme from 1400 to 1425 on 17895 (50 /100kW). 
VATICAN 

Vatican Radio has been logged with a programme 
in English from 1500 to 1515 on 9645 (100kW). 

YUGOSLAVIA 
Radio Belgrade heard with a programme in English 

and newscast at 1530 on 9620 (100kW). 
CANADA 

Sackville heard with a programme in English at 
2125 on 11905 (50kW). 

EL SALVADOR 
YSS Radio Nacional de El Salvador, San Salva- 

dor has an English and French transmission from 
2200 to 2230 on 5980 and 9555 (5kW). Schedule is 
from 1700 to 0500. 

GHANA 
Accra may be heard with a talk in English and 

station identification at 2230 on 4915 (10kW). 
LIBERIA 

Radio St. Elwa, Monrovia has been logged at 0640 
with an English programme and station identification 
on 4770 (10kW). 

Acknowledgements to our own Listening Post and 
Swedish Dx'ers. 
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INCREASING TRANSISTOR 
RADIO COVERAGE 

by 

C. F. DOREY 

The frequency range of a transistor portable radio may be extended to cover 

1,570 to 3,800kHz, thereby taking in the 160 and 80 metre bands as well as 

the `Trawler Band', by mixing on the second harmonic of the oscillator. The 

receiver to be modified must, of course, have sufficient space to accommo- 

date the extra switch and ferrite rod required, and it will be necessary to have 

a signal generator available 

THIS ARTICLE WILL SHOW 110W A TRANSISTOR 
portable radio can be modified to go beyond 
providing entertainment broadcast reception and 

function as a simple and inexpensive receiver up to 
3.8MHz. In its modified form it will be more suit- 
able for this purpose than, say, an ordinary broadcast 
receiver employed with a converter for "Trawler 
Band" reception. The simple theory underlying the 
modification will also be dealt with. 

EXTENDING FREQUENCY COVERAGE 

Extended frequency coverage can be achieved by 
using the second harmonic of the local oscillator as 
it is tuned over its normal medium wave range. No 
additional coil or switching is required in the oscilla- 

tor circuit, but a switch is added to bring in a new 
ferrite rod aerial in place of the medium wave 
windings on the existing ferrite rod. In this article, 
the new frequency range thus obtained will be 
referred to as the "Trawler Band ". 

The switching circuit employed with the writer's 
receiver is illustrated in Fig. 1. S1 is the existing 
medium and long wave switch, and now selects long 
waves on position "L" and either medium waves or 
"Trawler Band" on position "MT ". When the addi- 
tional switch, S2, is set to position "M ", the medium 
wave tuned and base coupling windings are con- 
nected into the same medium wave circuit as existed 
before the modification. The author's receiver has 
a coaxial socket for an external aerial, and S2(c) 
and S2(d) couple this to the "car aerial coupling 

External 
aerial 
socket 

Car aerial 
coupling 
winding 

L.W. tuned 
winding 

Medium and 
long wave 

ferrite 
L.W. base 

aerial 
'coupling 

Oscillator 
coil 

O OI 
}iF M 

T 5 

Tuned 
winding 

See 
text 

Trawler 
band 

ferrite 
aerial 

lc 

MT 

Mixer- 
oscillator 

M.W. 
tuned 

winding° 

Additional Z L 
circuitry 

-MM. base 
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/ 
/ 

/ 

/ 
/ 

J 

Fig. 1. The components for 'Trawler 
Band' reception added to a typical 

transistor portable aerial stage 
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winding" on the existing medium and long wave 
ferrite aerial. Setting S2 to "T" causes the existing 
aerial tuning capacitor to be coupled across the 
tuned winding of an added "Trawler Band" ferrite 
aerial, and the base of the mixer -oscillator transistor 
to be connected to a base coupling winding on this 
ferrite aerial. At the sane time, S2(c) enables an 
external aerial to be coupled via a 0.01µF capacitor 
to the non -earthy end of the "Trawler Band" base 
coupling winding. S2(d) connects the outer contact 
of the external aerial socket to chassis. 

The central position of S2 is employed for a pur- 
pose not connected with the present modification. It 
causes the external aerial socket to be connected 
direct to the base circuit of the mixer -oscillator 
transistor. This is intended for use with short wave 
converters having an output tuned coupling circuit 
tuned to the first i.f. of the converter and receiver 
combination. It allows the converter output to be 
applied directly to the mixer -oscillator, thereby 
obviating the interference that would result if the 
receiver ferrite rod were left in circuit. 

As will be noted, the basic functions of the switch- 
ing circuit of Fig. 1 are, first, to switch in a new 
ferrite tuned circuit; second, to switch in a new 
ferrite base coupling winding; and third, to provide 
a means of coupling an external aerial to the new 
base coupling winding by way of an 0.01µF capaci- 
tor. The constructor should be readily able to devise 
a similar switching circuit for receivers whose exist- 
ing switching arrangements vary from the particular 
example given in Fig. 1. The facility offered by the 
central position of S2 is not necessary for the present 
modification. It may be omitted, if desired, whereupon 
S2 can be a 2 -way instead of a 3 -way component. 

SECOND HARMONIC OPERATION 

Operating with the oscillator second harmonic 
has been used in commercial broadcast receivers, 
and is said to be capable of a sensitivity only 0.5dB 
down on the medium wave sensitivity of the receiver. 

Coverage up to 3.8MHz is desirable, to include 
the 80 metre Amateur band, and for this the highest 
local oscillator frequency required is given by: 

2fo - 3,800 = 470 
where fo is the oscillator frequency in kHz, and the 
receiver i.f. is 470kHz. 

Therefore, 
470 + 3,800 

fo - 
2 

= 2,135kHz. 
The corresponding highest signal frequency with 

the aerial switch in the medium wave position is 
given by 

fs = 2,135 - 470 
= 1,665kHz. 

The receiver must be aligned to place the high 
frequency end of the medium wave band at this 
point or slightly above. Although the top end of the 
medium wave band is usually reckoned to be 
1,640. kHz, the new value of 1,665kHz should be 
attainable by adjustment of the oscillator trimmer 7 
capacitor; if necessary the oscillator coil core can 
also be adjusted, thus sacrificing a little low fre- 
MAY 1970 
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`WAH -WAH' PEDAL UNIT 
With the aid of this unit the brilliance of 

electric guitar reproduction will be enhanced 
by providing a continuously variable frequency 
response which may be controlled by the guitar 
player's foot - resulting in the well -known 
`wah -wah' effect often used to back up the 
performance of many leading professional 
groups. 

CYBERNETIC CYNTHIA 
The first of a 2 -part series describing an 

electronic device having artificial intelligence. 
Cynthia, short for CYberNeTic Highly Intelli- 
gent Animal, is an electronic `.snail' who dis- 
plays rudimentary reasoning power in her reac- 
tions to external stimuli. The device takes 
advantage of simple electronic logic circuits, 
and the more venturesome experimenter may 
wish to add his own ideas to those employed 
here. 

SPRITE LITES 
A very simple but highly efficient direct volt- 

age to alternating voltage inverter circuit, using 
an 0C35 transistor on a printed board 
assembly, is described in this article. Two 
versions are featured, one using an 8 watt and 
the other a 13 watt fluorescent tube. By means 
of this unit, mains -type lighting is provided 
from a 12 volt car battery. An ideal project 
for the camping, boating and caravan enthu- 
siasts. 

PI Us 
OTHER CONSTRUCTIONAL 
PROJECTS 
DATA SHEET 39 
SUPPORTING FEATURES 

ON SALE JUNE 1st 
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quency end coverage of the medium and long wave 
bands. (In a transistor receiver the long wave band 
often uses the medium wave oscillator coil with 
extra capacitance added across it.) Let us assume 
that the low end of the medium wave band will be 
reached, after this adjustment, at 550kHz. 

Then, the oscillator frequency will be 550 + 470, 
or 1,020kHz. The corresponding signal frequency 
on the new waveband will be 

(2 x 1,020) - 470 
= 1,570kHz. 

Thus the new wavebands will consist of a medium 
wave band of 550 to 1,665kHz and a "Trawler Band" 
of 1,570 to 3,800kHz. 

Since the new band has the lower ratio of maxi- 
mum to minimum frequency it will be easy to arrange 
for the correct swing by putting extra capacitance 
across the tuned winding of the new aerial. The 
value of this capacitance will be low enough to be 
provided by a small trimmer, the correct setting of 
which can be found by experiment. It can be shown 
(see Appendix) that, with a 208pF tuning capacitor 
the additional capacitance required is 16.5pF. This 
may be obtained by means of a 30pF trimmer, the 
exact setting of which can be found by experiment. 
If a larger tuning capacitor, of 408pF, is employed, 
the additional capacitance calculates at 33.5pF and 
may be provided in practice by a 50pF trimmer. 

FERRITE AERIAL TURNS 

It is easiest to introduce a completely new ferrite 
rod to carry the "Trawler Band" tuned aerial wind- 
ing. The coupling between this winding and those 
for the medium and long wave bands will then be 
very small, and troubles 'due to self -resonance of 
one winding within the coverage of another will be 
avoided. 

Fig. 2. Basic tuned circuit, as used for calcu- 
lating the added capacitance required across 

the 'Trawler Band' tuned aerial winding 

The number of turns required for the tuned 
winding will dépend on the dimensions of the ferrite 
rod and the type of ganged capacitor used in the 
receiver to which it is added. In the author's 
receiver, with a signal gang section of 408pF, and a 
rod of ¡in. diameter and Bin. long, the tuned winding 
required 17 turns. The wire employed was 9/46 
s.w.g. stranded. This arrangement had an unloaded 
Q value of 140 at 4MHz and 220 at 1.55MHz (as 
measured on an Advance T2 Q- meter). If the more 
common 208pF tuning capacitor is used with the 
same ferrite rod, about 25 turns will be required. 

becapacitance 
h doubled annd L varies as n2. Thus the number 

of turns must be multiplied by i/r) Some final 
slight experimental adjustment of turns will, in any 
event, be very probably needed. 
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It was reckoned that the input impedance of a 
typical transistor mixer on the new band would be 
about MO. A resistor of this value was connected 
across coupling windings of various numbers of 
turns and it was found that 1+ turns loaded by 
an gave loaded Q values of 72 at 4MHz and 140 
at 1.55MHz, i.e. it reduced the Q roughly to half 
its unloaded value. Thus, near -optimum power 
transfer is obtained and the working Q is not too 
low to give reasonable protection against spurious 
responses, such as medium wave broadcast station 
breakthrough, which is a hazard with this type of 
mixer operation. 

In general, the number of turns on the base 
coupling winding should be about one -twelfth of 
those on the tuned winding. In consequence, a coil 
with 25 turns on the tuned winding will require a 
base coupling winding of 2 turns. More turns than 
this may increase the signal at the mixer input, but 
will also increase the loading of the mixer on the 
tuned winding and reduce its working Q value. 

CONSTRUCTION 

The coil should be wound, single layer, on a for- 
mer made by wrapping a strip of brown paper about 
2in. wide several times around the ferrite rod. The 
winding should be carried out with a tension such 
that the completed coil and former assembly will 
slide fairly easily on the rod, thereby allowing a 
certain amount of inductance adjustment. It is 
suggested that coils should first be wound dry and 
the ends secured by elastic bands until the correct 
number of turns for the tuned winding has been 
found experimentally. Then a final winding should 
be made, the turns being painted with low loss var- 
nish as they are put on. A suitable varnish can be 
made by breaking up a piece of clear polystyrene 
and dissolving the pieces in benzene. (Benzene can 
be bought from a chemist.) Benzene is the only com- 
mon solvent for polystyrene which is non -polar, i.e. 
contains no (OH) molecules. It will produce a var- 
nish which has low loss properties at r.f. and so will 
not lower the Q of the completed coil. 

The mixer base coupling winding should be wound 
over or adjacent to the earthy end of the tuned 
winding. 

Since the local oscillator sweep is the same for the 
1,570 to 3,800kHz band as for the medium wave 
band, the receiver need only be calibrated for fre- 
quency on the broadcast bands. Dial readings for 
"Trawler Band" frequencies can then be calculated. 

APPENDIX 

We will next give an example of the calculation of 
additional capacitance across the aerial tuned circuit 
for a frequency coverage of 1,570 to 3,800kHz. A 
tuning capacitor of 10 -208pF will be assumed. 

In Fig. 2 the coil is tuned by a 10 -198pF variable 
capacitor, the 10pF minimum being taken up in Ck, 
which is the total fixed capacitance. 

1 

Since f varies as - C 
f max 

f min 

% 198 + Ck 

VI Ck 
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At the same time, for medium wave coverage, 
f max 1,665, 

Thus, 

f min 550 
= 3.03. 

198 + Ck - 3.032 
Ck 

= 9.18. 
198 = 8.18Ck 
Ck = 24pF (approx.) 

For coverage of the new band, 
f max 3,800 

f min 1,570 
= 2.42. 

So that (where C'k is the new total fixed capaci: 
tance), 

198 + C'k 

C'k 
- 2.422 

= 5.9. 

198 

4.9 
= 40.5pF (approx.). 

Thus, 16.5pF must be added and a 30pF trimmer would be suitable, the exact final setting being found by experiment. 

REVERBERATION UNIT MARK 2 
Regular readers will recall the `Transistorised Re- verberation Unit' which was described in the July 1969 issue of The Radio Constructor. The specialised components for this unit, or a complete kit of parts, have been available from Wilsic Electronics Ltd. Wilsic Electronics have now produced a Mark 2 version of the reverberation unit, this differing slightly from the design described in the July 1969 issue. The main change is the provision of a single printed circuit for the electronic components, this replacing the previous main amplifier with separate pre- amplifiers and tagstrip assemblies. The stage line- up and operating principles remain unchanged, and all transistors are silicon devices. 
The Mark 2 Reverberation Unit is now available in kit form from Wilsic Electronics Ltd., 6 Copley Road, Doncaster. 

NORTH DEVON AMATEUR 
RADIO CLUB 

The meetings of this club, newly formed, are held on the second and fourth Wednesday in each month at 730BST at `Crinnis', High Wall, Sticklepath, Barnstaple. 
At 630BST, prior to the general meeting, a study group for the RAE (including a morse class) is held. The next meetings will be held on 10th June (Lecture) and 24th June (Informal). 
All are welcome and further enquiries should be directed to the Hon. Sec., H. G. Hughes, G4CG. 

MAY 1970 

HUBBLE BUBBLE - 
TOIL AND TROUBLE 

Most of us I suppose engage in toil of one sort or 
another and have our share of trouble. Some have 
toil and trouble over it, others have trouble and toil 
over it, whilst many must be saddled with both sets 
of harness. Most of us wish we were entirely free of 
these twin afflictions which, like Tweedle -Dum and 
Tweedle -Dee, always seem to go together. It is prob- 
ably symptomatic of human nature to envisage a 
world in which the denizens are complete strangers 
to the terrible twins of T and T! A world in which 
it would be impossible for the Wicked Witch to mutter the incantation "Hubble bubble, toil and trouble!" However, our world is as it is and not as 
we would like it to be. 

We even have T & T in our home workshops. 
Take, for example, that latest multi- transistor or valved monstrosity spread out across the workbench. 
There it crouches menacingly, stubbornly refusing to 
work despite all efforts, glowering balefully and some- what defiantly whilst, it seems, silently challenging 
us to make the Thing ackle! 

With what high hopes we set out on some of these constructional projects - only to sometimes find that 
all our initial efforts are to no avait. We read the article in one of the excellent monthly journals, study the circuit and decide enthusiastically that this is the very project for us, that this is the design we have been waiting for and impetuously conclude that it is imperative we build it without delay. The snag is that Trouble besets us from the outset! 

We must first obtain the components either by personally shopping around or by studying a cata- logue and ordering through the post. One particular 
component it seems is either `temporarily out of stock and there is a long time delay before replenish- 
ment", or "it is out of production and discontinued" 
and /or "the specification has been changed ". "Would 
we accept the enclosed component as a substitute ?" Having reluctantly decided that we would, we now ruefully wonder if this particular component is the cause of all the head - scratching and the wilful refusal of our latest `dear -to- one's- heart -project' to function properly - if at all! 

Why is it, we ponder sadly, that the Editorial Staffs of radio magazines don't ensure that all components 
are currently obtainable when the article is published. 
The answer is, of course, that they do just that - the trouble lies not with the hard working Editorial Staffs but with factors outside their control. Manufacturers rarely inform them when a component is withdrawn from production, etc., despite the fact that it appears in their current catalogue - the main checking source! 

During the inevitable delay from article checking 
to the time of publication it sometimes happens that the component in question vanishes from the scene - in which case not only is the constructor in trouble - so are the luckless Editorial Staffs who, by this time, most likely are bemoaning their fate! Despite the toil and trouble of checking catalogues, letter writing and telephone calls - all to ensure availability - the component then does the vanishing act! 

Life isn't easy, it seems, either for Editorship or Readership - whichever course we sail we can all founder on the twin rocks of Toil and Trouble. Hubble bubble! C.W. 
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by X 
FRANK A. BALDWIN 

(All Times GMT) 
AMATEUR BANDS 
Dx activity has been high on 

these bands in recent weeks with 
both s.s.b. and c.w. signals coming 
through at very good signal 
strengths. Any short wave listener 
who has been active over the 
period will have found plenty of 
interest in the Dx fare provided. 
We commence with - 
1.8MHz 

Top Band continued to carry Dx 

signals at the c.w. end of the band 
as the following shows - 
CW: EUROPEAN 
DL9KRA, EI9J, GI3JXS, GM3EZQ, 
GM3FSV /A, GM3IAA, GM3IGW /A, 
GM3TMK, GW3UCB, GW3UPK, 
HB9CM, HB9NL, HB9QA, 0E1 KU, 
OH2VO, OK1AF, OK1AHH, OK1AR, 
OK1ARB, OK1ARZ, OK1ATG, 
OK1ATP, OK1ATY, OK1AUK, 
OK1AUN, OK1AWQ, OK1AZZ, 
OK1DVK, OK1FBP, OK2BFN, 
OK2BMR, OK3CDO, OL5ACY, 
OL5AMT, OL6AKP, OL6AMB, 
OL6AMQ, OL7AM, OL8ANL, 4U1 ITU, 
(U.N. Geneva). 
CW: USA 
K1BPW, K2GNC, K2IXJ, W1BB/1, 
W1HGT, W2GLL, W4BGO. 
3.5MHz 
CW: WB2IZG, WA3HOM, WA3NAZ, 
W3BY, WA4HAA, WA4LCO. 

The s.s.b. end of this band con- 
tinued to hold up for Dx signals 
especially around 0400 to 0600hrs. 
SSB: HK3WO, HP1JC, K2DPA, 
K3UZE, TG9EP, VE1AMJ, VE2OB, 
W2AC, W2JBU, WB2LWH /VP9, 
W3BLS, W3GM, W4FIB, W4JNJ, 
W4NQM, W4RDV /P /VP9, W4ZFH, 
WA8OBG, WA8TPV, WA8VMQ, 
YV5BWG, 4X4BL. 
7MHz 
CW: AP5HQ, CO2DC, CO3DB, 
CO7VJ, CR6CA, CX2AN, K4BUR, 
PJ2HT, PY7CY, VE2BKA, W1MBB, 
WA2THA, W3HDQ, W3HQA, 
WA5GNM, W9JJX. 
14MHz 

As is usual, this band continued 
to carry most of the traffic and 

could be relied upon to provide 
Dx reception almost around the 
clock. One half -hour spent on the 

c.w. end of the band during the 
first week in April, from 2030 until 
2059hrs, operating over the 14015 

to 14075kHz range, produced 
following - JA1KRU, JA8FGG, 
JH1BYJ, OX3UD, PY5ASN, PY71HO, 

ZM3BJ, ZS3CV and 6W8CQ. 
CW: AP5HQ, AX2EK, AX3LV, 

CE3CF, CR6AL, CR6CA, CR6GO, 
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CX4CO, ET3USA, HS4ABV, JA2SFB, 
JA6KYS, JW7UH, KB6AG, KH6AG, 
KH6SP, KL7JDO, KP4ABD, KV4AB, 
LU6AX, OA4MS, OX3UD, 0Y1 R, 

PJ2HT, PY6FI, PY7AEW, PY7AHO, 
PZ1NC, TG4SR, VK3KF, VK3MR, 
VQ8CR, ZC4BX, ZE1DL, ZL2CBO, 
ZM2CH, ZM3GQ, ZS3AG, ZS6ED, 
ZS6JK, 5S3KJ, 5V3RT, 5Z4KL, 
9V1 PB. 
SSB: AX3BCM, CR6LF, HK4CAV, 
HP2EF, JX4YM, KV4AB, LU6AEC, 
OA4KY, PY7AL, VP2AZ, YA1HD, 
YS1ASE, ZL2JO, ZS1GP, ZS1HL, 
ZS1JA, 5Z4KM, 8P6AZ, 9L1RP, 
9Y4MM. 

HS4ABV gave his QTH as N.E. 
Thailand and his QSL manager as 
W5PJR. OA4KY gave his QTH as 
POB 538, Lima. 
21MHz 
CW: JA2AUB, KZ5KBN, LU3DD, 
PY2DRP, TG4SR, XE1JO, ZC4CB, 
ZS6AR. 
SSB: EL8RL, KG4AA, XE1FR, 
ZS6OS. 

That completes the Amateur band 
roundup, except for a brief visit to 
28MHz which produced, on c.w., 
HC1TH, PJ2HT and ZE1DC. 

Before going on to the Broadcast 
bands, I should thank Dick Donald, 
ZL1AYH, for sending along his QSL 
card consequent upon his callsign 
appearing on this page. Dick tells 
me it is his pleasure to QSL all 
SWL's who care to send him, a 

report. The address is: 27 Tauranga 
Road, Waihi, New Zealand. 

BROADCAST BANDS 
The season for reception of the 

South American stations is now 
upon us as the following report 
illustrates. The best listening times 
for S. American reception is from 
midnight to 0500hrs. 
3940kHz 1700 Peshawar, Pakistan, 

with Asian -type music and 6 'pips' 
followed by newscast in dialect. 
Closes at 1730. This station is 

unlisted and was finally identified 
after many listening sessions over 
a period of 3 weeks ! 

4690kHz 0500 San Jose, Costa 
Rica, with Latin American songs 
and the identification "Radio 
Reloj". 

4712.5kHz 0315 HCAV3 Loja, Ecua- 
dor, with Latin American songs 
and music. Identification as 

"Radio Luz y Vida ". 
4755kHz 0415 HJKC Bogota, Col- 

ombia, radiating typical S. Ameri- 
can music with identification as 
"Emisora Nuevo Mundo". Bogota 
is the capital city, located in 

E. Cordilleras 9,000ft. above sea 
level. 

4770kHz 0330 HCJF2 R.Guayaquil, 
Ecuador, featuring a programme 
of Latin American music. Coca 
Cola advert and identification at 

time stated. 
4795kHz 0400 HIAS Santa Domingo, 

Dominican Republic, with identifi- 
cation as "Onda Musical" fol- 
lowed by 'pop' records. 

4906kHz 0420 HJAG Barranquilla, 
Colombia, with Latin American 
music and identification as 
"Emisora Atlantico". Identifica- 
tison again repeated at 0435. This 
station is listed as inactive ! Bar- 
ranquilla is a port near the mouth 
of the river Magdalena. 

4915kHz 0415 HJSG Valledupar, 
Colombia, radiating songs, music 
in the usual exotic style and 
station identification as "Radio 
Guatapuri ". 

4920kHz 0625 YVKR Caracas, Vene- 
zuela, with a programme of 'pop' 
music and identification. Caracas 
is the capital city located 8 miles 
inland from its port, La Guaira. 

4955kHz 0347 HJCQ Bogota, Col- 
ombia, with 3 chimes, identifica- 
tion and closing down. 

4960kHz 0345 YVQA Cumana, Vene- 
zuela, heard with 4 chimes and 
station identification. Cumana is 
on the north coast of Venezuela. 

4995kHz 2210 ZYX2 Goiania, 
Brazil, with newscast in Portu- 
guese. Goiania is the capital city 
of the mountainous and forested 
Goias State in central Brazil and 
is situated on the Vermelho river. 

5045kHz 0450 CP38 La Paz, Bolivia, 
with Latin American music and 
identification "Radio Altiplano ". 
La Paz is the capital city of the 
department of that name and the 
seat of government, although the 
legal capital is Sucre. The Depart- 
ment is traversed by the high 
Andean range - hence the station 
identification. 

5093kHz 0402 HJGG Bogota, Col- 
ombia, with newscast in Spanish, 
3 chimes and identification. 

BEGINNERS CORNER 
This month we present for begin- 

ners firstly two easily received sta- 
tions and two that will prove more 
difficult. 
9665kHz 1600 Stockholm, Sweden, 

with news in English. 
17880kHz 0745 CSA45 Lisbon, Por- 

tugal, with the English pro- 
gramme. 

11795kHz 2130 WINB Red Lion, 
Pennsylvania, USA, with identifi- 
cation. 

9485kHz 1445 Radio Pakistan with 
Asian type music. Identification 
and news in English at 1500. This 
is a new and unlisted channel. 

ASIAN STATIONS 
Should any beginner wish to try 

these, here are some recently 
logged - 9480kHz 1505 Peking; 
11705kHz 1230 Tokio; 15013kHz 
2000 Hanoi; 17795kHz 0804 Peking 
and 17855kHz 0758 Tokio. 

At the times stated, NHK Tokio 
can easily be recognised by the 
tinkling musical box interval signal 
and identification in English, Hanoi 
features a programme in English, 
whilst more difficult to identify, 
Peking radiates programmes in a 

Chinese dialect. 
111L RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


THE "FETAFLEX 4" 
TRANSISTOR 

PORTABLE 
(Part 2) 

by 

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

In this concluding article our contributor describes the 
assembly and setting up of the "Fetaflex 4" receiver. Also 
dealt with is the construction of a neat functional cabinet 

which can be readily made up in the home workshop 

WITH THE "FETAFLEX 4" 
design it is essential that 
the relative positions of LI, 

L2 and L3 be correct when laying 
out the receiver. Apart from that, 
the exact positioning of compon- 
ents is not unduly critical provided 

common sense is used, and con- 
venience may dictate slightly differ- 
ent positions for some parts from 
those in the author's layout, which 
is illustrated in Fig. 3. 

Most of the components are 
mounted on a 16 -way groupboard 

(cut down from a Radiospares 
"Standard" 18 -way groupboard) 
which is fitted on a piece of ply- 
wood, 8in. by 5in. as shown in 
Fig. 3. Tl may be fixed in position 
with adhesive, as it is very light, 
T2 is mounted on the plywood, a 
convenient method consisting of 
passing screws through solder tags 
soldered to the feet of its clamp: 
the feet being bent through 90 
degrees. 

Ferrite aerial coil Ll has 55 turns 
of 32 s.w.g. enamelled wire, close - 
wound on a paper sleeve able to 
slide along a 6in. by }in. ferrite 
rod. L2 has 200 turns of 38 s.w.g . 

enamelled wire close -wound on a 
similar sleeve able to slide along 
a 5in. by fin. rod. (The 5in. rod is 
available from G. W. Smith and 
Co. (Radio) Ltd., 3 Lisle St., Lon- 
don W.C.2.) The rods have rubber 

Ferrite rods 2, 4BA bolts 

4 2 C3 black 

TR2 C5 Speaker 

51b uC2 
Transistor 

holder Fixed 
vanes 

Battery 
N Drive 'spindle bush 

Brackets for speaker 

Fig. 3. Layout and wiring diagram 
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VR/ T2 

Battery 

Battery platform 

__4BA bolts 

Groupbnard 

Plywood panel 

Fig. 4. Detail showing the position taken up by the battery platform 

I /2,wood 
spacer 

Tuning pointer 13 /4drive drum 

I/2 square 
wood spacer 

f 
o 

Spindle of VC/ 

1 /2"square 
Iwood spacer 

Spindle of VR1 Spindle of Si 

Tuning drive spindle Rubber grommet 

Fig. 5. How the tuning drive is assembled 

13 /4drive drum Perspex 
Grommet 

ter 
l 1 

VR1 VCi SI 

I/2 'wood 
spacer 

Component panel 

Fig. 6. Side view, showing the Perspex panel 

Battery 

Rubber bands 

4BA nuts 

Terminals 

Bolts through tagboard 

- 33/4e 
Fig. 7. Top view of the battery on its platform 
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grommets fitted at each end which 
are tied with cord (not wire) 
through suitable small holes in the 
plywood panel. L3 is mounted as 
shown, so that the axis of its core 
is parallel to the axis of L1. 

The gate insulation of TRI can 
be broken down very easily by 
static voltages, or by the voltage on 
the tip of an unearthed soldering 
iron. Because of this a transistor 
holder is included in the Compon- 
ents List, and this must be used. 
Make all the connections for TRI 
to this holder and then insert the 
f.e.t. afterwards. In this circuit no 
connection is made to the substrate 
lead -out of TRI. 

Switch Si is shown as a 3 -pole 
3 -way miniature rotary switch in 
Figs. 2 and 3. However, it will 
probably be found easier to obtain 
a 4 -pole 3 -way miniature rotary 
switch and such a component 
can, of course, be used with one of 
the poles ignored. Before wiring 
the switch into circuit identify, 
with a continuity meter or by visual 
inspection, the outside tags which 
correspond to the individual switch 
arm tags. The relative tag position- 
ing may vary, with some switches, 
from that shown in Fig. 3. 

It may be necessary to shorten 
the spindle of VC1 to ensure that 
it does not foul the underside of 
a Perspex panel which is fitted after 
the receiver has been set up. Details 
of the panel and its mounting are 
given later under "Tuning Drive ", and the information given there 
should be read before cutting the 

Holes for handle. 

Cut -out for tuning 
knob 

Base 8x54fitting- 
inside sides 

Opening for speaker 

s° 

i/2 wide - 

13/4 gap for tuning knob 

Fig. 8. This plywood frame fits over the Perspex panel 

capacitor spindle. The spindle 
should be cut before the capacitor 
is mounted in position. Use a 
junior hacksaw with the unwanted 
length of spindle held securely in a 
vice. 

Note the two 2in. 4BA bolts 
which pass through appropriate 
holes in the tag board. These serve 
to hold the board to the plywood 
panel, and will later take a small 
platform on which the battery is 
held in place, as illustrated in Fig. 
4. The bolts should be in position 
before any components are wired 
in. Note also the small brackets 
for holding the 8 by 5in. speaker 
in place. The exact positions for 
these brackets will depend on the 

sl/2' 

6 /2 

Fig. 9. The receiver cabinet. The dimensions given here are for 
guidance and may require slight modification (Continued on page 627) 
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spacing between the two holes in 
the speaker frame through which 
this component will be bolted to 
the brackets. The shape and depth 
of the speaker may also determine, 
to some extent, the exact positions 
of the holes through the panel 
required to take Sl, VC1 and VRI. 
Thus, the speaker should be tem- 
porarily placed in position to assist 
in marking out the holes for these 
three components. 

A drive is required for VC1. 
and this is discussed later. 

SETTING UP 

When construction has been com- 
pleted as shown in Fig. 3, the 
receiver may be set up. At this 
stage the speaker is connected but 
not mounted in position. The 
battery platform is also not fitted. 

VR3 should be initially adjusted 
so that Its slider is at the end of 
the track connected to the negative 
supply line. A No. 126 4.5 volt 
battery is connected up with a 
meter, set to give a clear reading 
of 26mA, inserted in the positive 
lead. Switch on and adjust VR3 so 
that a reading of 26mA is shown 
and held after the receiver has 
been switched on for about 10 
minutes, then switch off again. 

Next, LI should be set at the 
extreme right hand end of the rod 
(right hand as shown in Fig. 3), 
VC3 adjusted to about half of full 
tightness, and VC1 set with its 
vanes about three -quarters en- 
meshed. Switch SI to medium 
waves. There may be oscillation, 
even with VR1 at or near zero 
resistance, in which case remove 
L1 from the rod, turn it through 
180 degrees and replace it on the 
rod. Alternatively, change over the 
connections to the leads of LI. If 
oscillation still takes place with 
VRI set well back, move LI to- 
wards the middle of the rod until 
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Cover feature 
nnnnnnnA 

Ei 

YI sig. / 
Switching signal -1 

"2 Sig- 

Y1 sig. 

(a) 

/ \ 

(b) 

/ 
`+v/ 

Switching signal- r. i 
w> 

Y2 sig. 

Amplitude y1 

(Y1 gain) 

Amplitude 

(Y2 gain) 
Y2 

(c) 

Separation (Shift a CRO Ygain) 

(d) 

Fig. 1(a). The basic switching waveform 

(b). Showing the effect of sampling two 
traces with the aid of the switching waveform. 
Trace frequency here is only slightly lower 

than switching frequency 
(c). A 'dotting' effect is evident for a lower 
trace frequency, and the switching waveform 

is not clearly discernable 
(d). The 'dotting' effect and switching wave- 
form disappear at still lower trace frequencies. 
The two traces now appear continuous, due to 
persistence in the human eye and the c.r.t. 

phosphor 
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C.R.O. BEAM SI 

Incorporating standard parts in a simpl 
a single -beam oscilloscope to display 

sam 

P. CAIRNS, Ai 

T 
L HIS ARTICLE DESCRIBES A SIMPE THOUGH USEFUL 

transistor beam switching unit suitable for use 
with almost all types of cathode ray oscilloscope. 

As may be observed from the accompanying speci- 
fication, it compares favourably with many much 
more complex circuits which have been produced 
from time to time. Like all beam switching circuits 
it has very definite limitations but should still prove 
very useful for low frequency and audio work by 
allowing the more basic facilities of a double -beam 
oscilloscope to be utilised with a single -beam instru- 
ment. Such a device is particularly useful for the 
direct observation of phase shifts between signals 
and simultaneous input- output levels in low fre- 
quency and audio circuits. 

C1 C2 

II-o oi 
VRI Yi in Y2 in VR2 

Yi gain Y2 gain 

dot 

OC202 
Lead -outs 

Fig. 2. Complete circuit dia 
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NITCHING UNIT 
circuit, this beam switching unit allows 

two completely separate traces at the 
time 

Y 

.I.P.R.E., G31SP 

DESIGN APPROACH 

When considering the design of a circuit of this 
nature many conflicting factors have to be allowed 
for. Basically, no form of beam switching can be 
considered as a satisfactory substitute -for a double - 
beam oscilloscope employing a double gun or beam 
splitting cathode ray tube; at best it is only a com- 
promise. This does not detract, however, from the 
fact that in certain situations some method of beam 
switching will achieve results which could otherwise 
not be easily obtained on a single -beam instrument. 

Beam switching is basically a method of sampling 
two (or sometimes more than two) signals and dis- 
playing them simultaneously but separately on a 

12 R13 
C4 

TR5 
C107 

11 

R14 

C6 H 
Cg 

-11F 
SI - -1 

Slb 
I-ÌÌ- 

a ell 

1 

RI5 

TR6 
BC 107 

15 

S2 

ISV 

/ 
Supply 
sockets 

D 

RC 107 

Lead -outs 

n for the beam switching unit 
MAY 1970 

COMPONENTS 
Resistors 
(All fixed values 2 watt 5%) 

R1 22k12 
R2 1.5k12 
R3 22k12 
R4 56052 
R5 27012 
R6 68k11 
R7 5.6k12 
R8 56012 
R9 27012 
R10 68k12 
R11 5.6kS2 
R12 56kS2 
R13 5.6k12 
R14 5.6k12 
R15 56k12 
VR 1 10k12 potentiometer, 

wound 
VR2 10k12 potentiometer, 

wound 
VR3 100ku2 potentiometer, 

wound 

linear, 

linear, 

linear, 

wire- 

wire- 

wire- 

Capacitors 
(All paper capacitors 50V wkg.) 

Cl 2.2µF, paper 
C2 2.2µF, paper 
C3 1µF, paper 
C4 1µF, paper 
C5 0.01µF, paper 
C6 0.01µF, paper 
C7 0.0047µF, paper 
C8 0.0047µF, paper 
C9 0.0022µF, paper 
C10 0.0022µF, paper 
C11 0.001µF, silver -mica 
C12 0.001µF, silver -mica 
C13 470pF, silver -mica 
C14 470pF, silver -mica 
C15 0.5µF, paper 

Transistors 
TR 1, TR2 0C202 (Mullard) 
TR3 -TR6 BC107 (Mullard) 

Switches 
Si (a) (b) 2 -pole 5 -way, Yaxley 
S2 s.p.s.t., toggle 

Sockets 
3 coaxial sockets 
2 single insulated sockets (for Belling -Lee 

O -Z plugs, or banana plugs) 

Miscellaneous 
Printed circuit board or Veroboard (see text) 
4 pointer knobs 
Cabinet, 8 x 6 x 6in., Type W, H. L. Smith 

& Co. Ltd. 
Aluminium sheet for sub -chassis 
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The beam switching unit in action. Here, an 
oscilloscope simultaneously displays two 

completely separate traces 

single -beam deflection system. This is achieved by 
having two identical amplifiers which are alternately 
switched on and off at a frequency much faster 
than the frequency of the two input signals being 
applied to the amplifiers. By using a square wave 
having a fast rise and fall time a small portion of 
each input signal is alternately displayed on the top 
and bottom edges of the square wave. The faster 
the switching frequency compared with the signal 
frequency, the cleaner the display appears on the 
tube face. As the signal frequency approaches the 
switching frequency a definite dotting appears on 
the display, thus limiting the use of the device to the 
lower frequency range. 

The design of a beam switching unit for the dis- 
play of high frequencies involves much more com- 
plex circuits, with an attendant increase in expense, 

Response flat 
300Hz -I0KHZ -6dB 

Ref. 2V peak -peak output at 
at IKHZ l50KHZ 

IO 20 40 70 .:: 200 20 40 70 100 
300 lO 

HZ - f 

3. Response curve of the protype Y amplifiers 
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and in practice is very seldom an economic proposi- 
tion. The method by which a beam switching 
display functions is illustrated in Fig. 1 (a) to (d). 
The fact that the alternate gaps in the upper and 
lower traces are not noticeable with a high signal 
to switching frequency ratio is due to the compara- 
tively long persistence of the human eye and also, to 
some extent, to the phosphor persistence of the 
cathode ray tube. 

In practice, switching speeds in the order of 
fifteen to twenty times the signal frequency are 
necessary if a useful display is to be obtained. 
Other features which are desirable with beam switch- 
ing circuits are independent gain controls on both 
signal inputs, provision for selecting a number of 
different switching speeds and a shift control which 
allows the upper and lower traces to be either 
transposed or superimposed, one over the other. 
There should also be the minimum of interaction 
between the two amplifiers and their controls. A 
reasonable frequency response is also desirable, des- 
pite the frequency limitations of these units, as it 
is often desired to display square waves with quite 
fast rise and fall times. Also, the amplifiers have to 
cope with the relatively fast switching times. A 
small degree of gain in the amplifiers is often an 
advantage though of rather less importance than the 
other features mentioned. 

Despite its simplicity and the fact that only six 
transistors are used, the circuit shown in Fig. 2 
achieves, to a greater or lesser extent, all of the 
above requirements. The relatively low gain of 
X2 per channel is accompanied by a good band- 
width, being only 3dB down at 100kHz. As signal 
frequencies much higher than 2kHz are approaching 

SPECIFICATION 
Maximum input per channel: 2V peak -to -peak 
Maximum output per channel: 4V peak -to -peak 
Gain per channel: X2 
Maximum switching amplitude: 8V peak -to -peak 
Frequency response per channel: -3dB at 10Hz and 

100kHz ; -6dB at 150 kHz. (See Fig. 3) 
Input impedance per channel: 5161 approx. at 1kHz 
Output impedance: less than 1kfI 
Beam switching speeds: 2kHz to 40kHz in 5 steps 
Supply: 18V d.c. from internal battery or external 

supply; drain 25mA 
Dimensions: Height 6in., width 8in., depth 6in. 

the upper useful limit of the unit, such a bandwidth 
is adequate for the display of square and pulse wave- 
forms. A complete frequency response characteristic 
is shown in Fig. 3. Switching speeds are covered 
in five switched steps from 2 to 40kHz. Both ampli- 
fiers have independent gain controls while a shift 
control allows both traces to be transposed or 
superimposed at will. The output switching pulse 
is of sufficient amplitude to allow two 4 -volt peak - 
to -peak signals to be displayed simultaneously 
without overlapping. Throughout the design, com- 
ponents of standard type only are used. 

CIRCUIT OPERATION 

The functioning of the circuit; shown in Fig 2, 
may be explained in the following manner. TR5 
and TR6 form a conventional astable multivibrator, 
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VR1 

VR3 

Output 

Ar//l/I 
%/ i%// /, ///S //JI.'!/////// 

Fig. 4. The printed circuit board viewed from the copper side. This is reproduced full size and may be traced. Connections from the board to external components follow the circuit diagram 
of Fig. 2 

the various switching speeds being selected by Si, 
which selects the capacitors C5 to C13 in one bank 
and C6 to C14 in the other bank. These alter the 
time constant and thus the switching speed of the 
circuit. A square wave is thus developed across 
each load resistor, R13, R14, in turn, each transistor 
being alternately switched on and off. The outputs 
obtained at the collectors are two square waves 
which are effectively 180° out of phase. These are 
coupled to the two switching transistors, TR3 and 
TR4, by the coupling and d.c. blocking capacitors, 
C3, C4. These are of sufficiently large value to 
maintain a good low frequency response and so 
preserve a good waveform. 

The resistor dividers, R6 -R7, and RIO -R11, keep 
the bases of TR3 and TR4 at a fixed d.c. level and 
provide biasing. The emitter resistors R5 and R9 
provide a large measure of negative feedback and 
maintain the emitters at a fixed potential above the 
negative supply line, while the output signal is 
developed across the load resistors R4 and R8. 
These resistor networks maintain the selected d.c. 
conditions of the transistors and allow an output 
waveform of large amplitude and fast rise and fall 
time to be made available for driving the amplifier 
stages. The signals applied to the bases of TR3 
and TR4, being quite large in amplitude, ensure 
MAY 1970 

that these switching transistors are driven very hard 
between their on and off conditions. The wave- 
form obtained at the collectors of these transistors 
are therefore a larger and squarer (faster rise and 
fall) replica of the multivibrator outputs. Thus 

Front pane/ of the prototype switching unit 
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when TR3 is cut off TR4 is bottomed and vice versa, 

the transition between these two states being very 

fast and the frequency of transition being dependent 
upon the frequency of the multivibrator. 

TABLE 

CIRCUIT MEASUREMENTS 

Frequencies. Measured frequencies of beam 
switching speeds: (1) 1,920Hz; (2) 4,330Hz; 
(3) 9,360Hz; (4) 20.24kHz; (5) 41.51kHz. 

Impedances. Measured input impedances at 
(kHz (VR1, VR2 at max. settings): YI, 
4.652; Y2, 4.8k52. Measured output im- 
pedance at 1kHz: 82012. 

Voltages. All voltages measured with 20k52/ 

volt instrument and are with respect to 
positive line. Gain controls at minimum, 
shift control central and fastest switching 
speed (5) selected. 

D.C. supply 
TRI, TR2 base 

TR1, TR2 collector 

TR3, TR4 collector 

TR3, TR4 emitter 
TR3, TR4 base 
TR3, TR6 collector 
Current. Measured 

supply: 25.8mA 

-18V 
-2V ( -1.2 to -5.3V for 

full turn of VR3) 
--14.5V ( -11.5 to -14.8V 

for full turn of VR3) 
-5.7V ( -5.5V to -7.3V 

for full turn of VR3) 
-15.6V 
-17.3V 
-13.4V 
current drain from 18V 

Transistors TR1 and TR2 are the signal ampli- 
fiers. The two input signals for display are fed 
via the blocking capacitors Cl, C2, to the gain 

controls VR1, VR2, and sö to the bases of the 

transistors. The gain controls, R1, R3 and VR3 

form the divider network for maintaining the d.c. 

conditions on the two bases and supplying the 
necessary d.c. bias. In this case, however, the 
positive ends of the dividers are commoned into the 
shift control VR3. This allows the standing d.c. 

level on either base to be raised or lowered by a 

fixed amount. As one base is raised the other is 

lowered by a corresponding amount and vice versa. 

The two collectors are connected to a common load, 
R2, across which the composite output signal is 

developed and fed to the c.r.o. input. 
The standing d.c. voltage on the common collector 

output of TRI and TR2 is blocked by the Y ampli- 
fier input capacitor in the c.r.o. In the case of 

oscilliscopes with switched d.c. or a.c. inputs, the 

a.c. input is of course selected. 
It will be noticed that TR1 and TR2 are p.n.p. 

transistors and are thus complementary to the 
switching transistors, which are n.p.n The emitters 
of TRI and TR2 can therefore be 'd.c. coupled to 

the collectors of the switching transistors. Thus R4 
and R8 are not only the collector loads of the 
switching transistors but act as emitter resistors for 
the signal amplifiers. This allows a measure of 
negative feedback to be applied to the amplifiers as 

they are switched. Since TR3 and TR4 are being 
alternatively driven on and off, the emitters of TRI 
and TR2 will be switched on and off in turn. The 
two amplifiers will therefore be driven on and off 

and so provide the desired beam switching effect. 
The unit is fed from an 18 volt d.c. supply, 

either an external power unit or two 9 volt batteries 
in series being used. As the current drain is only 
in the region of 25mA and beam switching units 
are generally used only intermittently, two batteries 
of the type employed for transistor radios will last 
quite some time. The d.c. supply is decoupled by 
C15 and if an internal battery is used the sockets 
provided for an external supply allow the battery 
voltage to be checked without removing the unit 
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Fig. 5. An alternative Veroboard layout, also viewed from the copper side of the board 
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8° 

11/4 - 13/8' - 15/8" _. - 13/8' -- 11/4" - 

Output Si OVR3 

Supply sockets 

o 
O Yi in 

V R 2 

o 

.Aluminium sub -chassis 
(behind panel) 

5/g 

Fig. 6. Drilling dimensions and component layout for the front 
panel. A side view showing the method of securing the sub - 

chassis is given in the inset 

Y1 in Output 

33/4 

I3/8 
ó' 

I I u [ 

Printed board 

7+ 

Front panel 

Printed board fixing bracket 

Aluminium sub -chassis 

Fig. 7. Top view of the assembly with a printed circuit board 

6.3V C.T. heater 
transformer 

Y1 

Beam 

switching C. 
Y2 unit Output 
in 

Fig. 8. A simple method of checking the beam 
switching unit 
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from its case. If desired, C15 may be connected, 
alternatively, after switch S2. 

VR1 and VR2 are specified as wirewound since 
these types normally last longer, from the physical 
wear and tear point of view, than carbon track 
potentiometers. They also produce less noise. Tests 
showed that any inductance introduced by wire - 
wound potentiometers in the VR1 and VR2 posi- 
tions had no noticeable effect on the performance of 
the circuit. 

CONSTRUCTION 

The construction of the beam switching unit is 

quite straightforward. While the type of cabinet 
used by the writer is quoted in the Components List, 
any form of cabinet and layout may be used to 
suit individual requirements. There is nothing par- 
ticularly critical about the layout and construction. 
Most of the smaller components are best mounted 
on printed circuit board or Veroboard, full details 
together with component layout for both types of 
board being illustrated in Figs. 4 and 5. An alterna- 
tive method, though not so neat, is to mount all the 
components on a large tag board or tag strip. 
Provided interconnecting wires are kept as short 
as possible no fall -off in performance should be 
noticed. Indeed, the original model for checking 
circuit operation was constructed by the writer in 
this fashion without any problems being encountered. 

A view behind the panel, showing the position 
taken up by the printed circuit board 

The Veroboard employed by the author for the 
layout shown in Fig. 5 had a matrix of 0.2in. How- 
ever, the more readily available 0.15in. Veroboard 
may be employed instead, if desired. It should be 
mentioned that the collector of the BC107.is com- 
mon with its case. 

The front panel layout with relevant dimensions 
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is shown in Fig. 6. All necessary front panel wiring 
is connected before the printed board of Vero - 
board and its associated sub -chassis are mounted. 
The board, complete with components, is mounted 
by means of a small angle bracket to a flat alu- 
minium sub -chassis having a lip bent along one 
edge for clamping to the front panel by means of 
6BA screws. This is shown in Fig. 7. As may be 
seen, the actual component board is mounted edge- 
wise on the chassis and parallel to the front panel. 
Connections between the board and front panel 
components are as short and direct as possible. 

The multivibrator capacitors, C5 to C14 are 
mounted on the board when a printed circuit is 
used, but not when Veroboard is employed. In the 
latter case they are mounted directly on the switch 
wafer. This method of wiring reduces the size of 
the Veroboard which would otherwise be necessary. 

Final embellishments in the way of rubber feet 
and carrying handle may be added as desired. 

TESTING AND SETTING UP 

No elaborate testing or setting up should be neces- 
sary. Before switching on, however, check the 
circuit wiring and transistor connections, remember- 
ing that both p.n.p. and n.p.n. types are used. 
Connect the output of the switching unit to the 
c.r.o. Y input, the Y sensitivity of the oscilloscope 
being set to about 0.5 to 1V/cm. The trigger or 
sync. control should be set for internal opera- 
tion and the c.r.o. time base to a relatively slow 
speed, 10 to 50 millisec. /cm being suitable. The 
Y shift control on the switching unit should be set 
to either extreme of its travel, the two Y gain 
controls being set to about mid -point. The switch- 
ing speed is set to position 4 or position 5. 

When the unit is switched on, twe separate time 
base lines should be observed on the oscilloscope. 
The shift control on the switching unit should allow 
these lines to be superimposed or changed com- 
pletely over, upper to lower and vice versa. With 
the shift control set to one extreme the oscilloscope 
Y gain should be adjusted to give a suitable separa- 
tion on the tube face. The brightness should be 
kept as low as possible to prevent "haze" between 
the upper and lower beams. 

Two low frequency signals can now be applied to 
the Yl and Y2 inputs to try out the unit, the 50Hz 
output from a centre - tapped heater transformer 
secondary being ideal. This circuit can be con- 
nected up as shown in Fig. 8. With the two signals 
applied, the Y1 and Y2 gain controls are adjusted 
until both traces are of the same amplitude and 
the lowermost sections of the upper signal are not 
quite overlapping the uppermost sections of the 
lower signal. No clipping should be present under 
these maximum signal conditions. The shift control 
will allow the vertical positions of the two signals 
to be changed with respect to one another. If the 
beam switching speed is reduced the "dotting" effect 
mentioned earlier can be observed. 

Having satisfactorily completed these tests the 
instrument is ready for use, and should prove a 
useful and reliable accessory for any oscilloscope. 
As an aid to servicing or fault -finding, measure- 
ments taken throughout the circuit are listed in the 
accompanying Table. 
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T 
HE DOMESTIC TAPE RECORDER 
has nowadays become such 
an accepted feature of modern 

life that there must be very few 
people who, even if they have not 
actually operated a recorder, have 
not at least observed one in use. 

The fundamental steps involved 
in the use of a tape recorder are 
simple and well- known. If we have 
a recorder of the familiar domestic 
type and wish to employ this for 
recording say, a spoken message, 
we commence by switching the in- 
strument to the 'Record' function. 
A motor causes the magnetic re- 
cording tape to be drawn across 
the record -playback head of the 
recorder, and we then speak into 
its microphone. When we have fin- 
ished we switch the recorder so 
that it re -winds the tape after which, 
having selected the 'Playback' 
function, we run it past the record - 
playback bead once more. We are 
then able to hear the message we 
have previously recorded from the 
loudspeaker of the recorder. 

RECORDING AND PLAYBACK 

The electronic circuits we have 
set up in this simple example of 
tape recorder use are illustrated, 
in very simplified form, in the 
block diagram of Fig. L In Fig. 
1(a) we have the situation where 
we record the message. Here, the 
electrical output of the microphone 
is applied to the input of an a.f. 
amplifier, an amplified signal being 
then passed to the record -playback 
head. This carries out the recording 
function and causes the signal to 
be recorded on the tape. Fig. 1(b) 
shows what occurs when we play 
back the recording. The record - 
playback head now provides a play- 
back function, and its output is 
fed to an a.f. amplifier. The ampli- 
.fier then drives the loudspeaker. 

An amplifier is required for both 
the record and playback processes. 
It is necessary for recording partly 
because the electrical output from 
the microphone in Fig. 1(a) is not 
MAY 1970 

by W. G. Morley 

This is the first of a new series which sets out to describe, 
in simple terms, exactly what occurs during the processes 
of recording and playing back a signal on a tape recorder. 
The article published this month discusses the function of 
recording, and deals also with constant current drive and 
the frequency response required in the recording amplifier 

sufficiently large to be applied 
directly to the record -playback 
head; and it is necessary for play- 
back partly because the output from 
the record -playback head in Fig. 1 

(b) is not powerful enough to drive 
the loudspeaker. 

Up to now we have referred to 
recorders having a single record - 
playback head which is capable of 
both recording the signal onto the 
tape and of retrieving it afterwards 
during playback. The use of a 
single dual- function head in this 

An excellent example of modern styling and engineering. This is the Phillips mains operated stereo tape recorder type N4500, 
which is designed to very high standards and incorporates a 

pre -amplifier unit 
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manner is very common in lower - 
price domestic recorders. More ex- 

pensive instruments, and particu- 
larly those intended for 'profess- 
ional' applications, frequently have 
separate record and playback 
heads, one being designed to offer 
optimum performance for recording 
and the other to offer optimum per- 
formance for playback. However, 
it is possible to obtain extremely 
good results with a single record - 
playback head, and the obvious 
economy which results makes the 
use of such a head attractive for 
machines intended for the domestic 
market. (Before leaving this partic- 
ular subject it may be added, in- 
cidentally, that the use of separate 
record and playback heads enables 
a recording to be monitored whilst 
it is being made. This is done by 
positioning the playback head so 

that the tape passes over it after 
leaving the record head.) 

Since an amplifier is required 
both for record and for playback, 
a useful saving in costs may be 
effected by employing a single am- 
plifier for both functions. A typical 
instance, as encountered in domes- 
tic recorders, is shown in Fig. 1(c) 

where either the record or play- 
back process is selected by means 
of a multi- section `Record -Play- 
back' switch. When `Playback' is 

selected the record -playback head 
is coupled to the amplifier input, 
whilst the loudspeaker is connected 
to the amplifier output. When 
'Record' is selected, the microphone 
is connected to the amplifier input 
and the record -playback head to 
an auxiliary output (obtained nor- 
mally at a point immediately pre- 
ceding the output stage) from the 
amplifier. Thus nearly all of 
the amplifier stages that are used to 
amplify the playback signal are 
brought into use to amplify the 
record signal as well, and a signifi- 
cant economy is achieved. More 
expensive recorders may have sep- 
arate record and playback ampli- 
fiers, each being designed for opti- 
mum results for their particular 
function. 

The simplified block diagrams in 
Fig. 1 omit a second head, which 
is found in all standard recorders. 
This precedes the record -playback 
head (or both the record and play- 
back heads if these are separate) 
and is referred to as the erase 
head. Its primary function is to 
erase any previous signal that may 
be present on the tape when a 
recording is being made, and its 
method of operation will be de- 
scribed in a later article. Another 
omission is that the Record -Play- 
back switch in Fig. 1 (c) does not 
include a section for altering the 
frequency response of the amplifier 
when it is changed from one of 
its two functions to the other. As 
we shall see in this and next month's 
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article, it is necessary for the am- 
plifier to have quite different fre- 
quency responses for the record 
and playback functions if the over- 

all response from record to play- 
back via the recording on the 
tape is to be kept `flat'. When 
separate record and playback am- 

Record- playback 
head 

f 

Microphone 

Input Output 

AF amplifier 

(a) 

Record -playback 
head 

Input Output 

A.F. amplifier 

(b) 

Record -playback 
head 

Loudspeaker 

R- record 

P- playback 

p 

Loudspeaker 

(c) 

Fig. 1. Illustrating, in very simplified form, the processes involved 
in recording when using a recorder with a common record - 
playback head. In (a) a recording is being made whilst, in (b), 
it is being played back. In domestic recorders most of the stages 

in the a.f. amplifier are common to both functions and (c) shows, 

in theoretical form, how the requisite function switching could 
be carried out 
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plifiers are used, they may each 
be permanently provided with fre- 
quency- selective filter circuits which 
provide the response applicable to 
their function. 

THE RECORDING PROCESS 

The fundamental process of re- 
cording a signal on magnetic tape 
can be explained with the aid of 
Fig. 2(a). Here we see the record 
head (which, in domestic tape re- 
corders of the type we have just 
discussed, will also serve as play- 
back head) and the magnetic tape 
The core of the head consists of 
a ring of magnetic material having 
a very narrow gap across which 
the tape is drawn. There is also 
a gap at the rear of the head, 
the purpose of which will be dealt 
with in a later article. Thin shims 
(i.e. thin slips to fill up the spaces) 
of non- magnetic metal are inserted 
in these gaps. The head core is 
made of a 'soft' magnetic material, 
the term 'soft' in this context in- 
ferring that the material demag- 
netises readily after having been 
magnetised. A typical construction 
for the head core would comprise 
a stack of laminations made from 
similar metal to that used for the 
cores of a.f. transformers. A coil 

is wound around the two halves of 
the core. In consequence, if an 
alternating current, such as that 
provided by an a.f. signal, is caused 
to flow through the coil, a corres- 
ponding magnetic field appears at 
the gap across which the tape 
travels. This gap is very narrow 
(typically 0.0002 in. with a record - 
playback head) and its length is 
at right angles to the direction 
of travel of the tape, as shown 
in Fig. 2(b). 

The tape, which is about ;in. 
wide, consists of a plastic base 
coated on one side with magnetic 
iron oxide in the form of very 
tiny particles suspended in a bind- 
ing medium. Unlike the magnetic 
material of the head, the iron 
oxide offers 'hard' properties, and 
does not readily demagnetise after 
having been magnetised. The oxide 
coated side of the tape is held 
firmly in contact with the gap of 
the head by means of a pressure 
pad made of felt or similar resil- 
ient material. To ensure good 
mechanical contact between the 
tape and the head gap the head 
surface at the gap is smooth and 
highly polished. 

Let us now see what happens 
if we feed a signal current through 
the coil of the head whilst the 

Tape Felt pad 

(a) 

Front gap 

Oxide side 
of tape 

Head core 

I I1 'z 
Direction of tape travel 

(b) 

Fig. 2(a). The basic construction of a record or playback head, or of a head combining both functions. The felt pad presses the 
tape against the front gap of the head 

(b). End view of the head, illustrating that the gap length is at right angles to the direction of tape travel 
MAY 1970 

tape is drawn past the gap. For 
convenience we may choose a sine 
wave having a relatively low fre- 
quency, and we turn next to Fig. 
3 which illustrates the effect on 
the tape resulting from the appli- 
cation of this sine wave current. 
In Fig. 3(a) we see the sine wave 
at zero level, whereupon no current 
flows in the coil and zero magnet- 
ising force is exerted on the 'soft' 
core of the head. In Fig. 3(b) we 
see the sine wave at an intermed- 
iate value between zero and peak, 
whereupon a current flows in the 
coil and a magnetising force is ex- 
erted on the core. Lines of mag- 
netic force (which by convention 
are assumed to flow from South to 
North within the body of a magnet, 
as the head core now effectively 
is) appear in the core. In Fig. 3(b) 
they are, for convenience, repre- 
sented by a single line. At the gap 
they pass through the oxide coat- 
ing of the tape since this offers 
a much higher permeability (i.e. 
it allows a much higher flux den- 
sity to appear in it) than does the 
shim of non -magnetic metal in the 
gap. In consequence, the iron oxide 
suffers magnetisation at this point. 
The arrow drawn inside the tape 
indicates tape magnetisation which 
has already taken place, this com- 
mencing immediately after the sine 
wave amplitude rose above zero. 
Fig. 3(c) shows the situation a little 
later. The tape has moved further 
forward and the sine wave is now 
at its maximum amplitude. Mag- 
netisation of the tape oxide with 
the field flowing in the same direc- 
tion continues to take place, this 
time at maximum level. 

As the tape continues to pass 
over the gap it will continue to be 
magnetised with the field in the 
direction shown until, when zero 
signal amplitude is reached once 
more at the end of the half -cycle, 
no magnetising force is exerted on 
the core of the head. During the 
following half -cycle the same pro- 
cess will be carried out, but the 
field will be in the opposite 
direction. 

Since the iron oxide on the tape 
is a 'hard' magnetic material it 
retains the magnetism imparted to 
it during the half -cycle of the sine 
wave. If we were to draw a graph 
showing the strength of the mag- 
netism retained in the oxide over 
a number of cycles, we would find 
that the tape oxide exhibits maxi- 
mum magnetisation at the same 
time as the input signal exhibits 
maximum amplitude. Also, that 
when the signal goes through zero 
level so also does the magnetisation 
and that when the signal changes 
polarity the magnetisation follows 
suit. 

Such a graph can be considered 
to represent the state of affairs 
shown in Fig. 4, in which it is 
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assumed that a series of bar mag- 
nets has been created in the oxide 
of the tape due to the process of 
magnetisation. The length of each 
of these `magnets' corresponds to 
one half -cycle of the signal fed 
to the record head, whilst the length 
of two magnets corresponds to a 
full cycle. There are, of course, 
no actual magnets inside the tape 
oxide; instead there is a remanent 
magnetic field whose direction and 
amplitude continually change along 
the length of the tape. Also, the 
analogy is not perfect because 
actual bar magnets would exhibit 
maximum field strength at their 
extremities, whereas the `magnets' 
in the tape have zero field strength 
at their extremities. Nevertheless, 
it is very convenient to talk in 
terms of individual bar magnets 
since this concept assists in explain- 
ing some of the further basic fac- 
tors in tape recording which will 
next be dealt with. 

The length of each magnet pro- 
duced in the tape under the con- 
ditions shown in Fig. 3 was consid- 
erably greater than the width of 
the gap. If we increase the frequen- 
cy of the signal applied to the 
record head the length of each 
magnet will become smaller be- 
cause it is produced in a shorter 
section of the tape. If we continue 
to increase the frequency we shall 
eventually arrive at the situation 
where the length of each magnet 
is not very much greater than the 
width of the gap itself. As fre- 
quency rises towards this state of 
affairs, the simple principle of tape 
magnetisation illustrated by Fig. 3 
tends to be replaced more and more 
by a much more complex process 
in which a section of the tape can 
be subjected to magnetising forces 
of different magnitude and, even, 
polarity during the period in which 
it travels across the gap. This effect 
will, obviously set a limit to the 
highest frequency which can be 
usefully recorded on the tape. A 
more important effect, though, is 
that as magnet length in the tape 
oxide decreases there is a contin- 
ually increasing tendency for the 
oxide material to demagnetise after 
it has left the gap. The shorter 
magnets are unable to maintain 
the permanence exhibited by the 
longer magnets which were created 
at the lower signal frequencies. 
The demagnetising effect starts to 
become apparent at a frequency 
well below the highest frequency 
which may be recorded on the tape, 
becoming progressively more pro- 
nounced as the frequency approach- 
es this level. Falling -off in recording 
efficiency at the higher frequencies 
is dictated partly by the onset of 
the complex magnetising process 
previously mentioned, but it is 
mainly due to self- demagnetisation 
in the tape. Speaking in very ap- 
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proximate terms, the highest fre- 
quency at which useful recording 
may be carried out is given when 
the magnet length in the tape is 
of the order of ten times the width 
of the record head gap. 

Additional factors which also 

limit recording efficiency at the 
higher frequencies include eddy 
current losses in the record head 
and fall -off in performance, as fre- 
quency increases, in the magnetic 
material of the head core. These 
particular high frequency losses are, 

Signal input 

Tape 

(b) 

Line of 
force 

(c) 

Fig. 3(a). When the signal input current is at zero, no magnetising 
force is imposed on the record head core 

(b). As the signal current increases from zero a field is set up in 

the core, the lines of force flowing through the oxide coating of 
the tape as it passes over the gap. The arrow inside the tape 

indicates magnetisation which has already taken place 
(c). At maximum signal current amplitude the tape coating 

undergoes maximum magnetisation 
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however, a function of record head 
design rather than of the actual 
process of recording onto the tape. 

The maximum useful recording 
frequency can be raised by the 
very simple process of increasing 

'Bar magnets' 1/2 cycle 

the speed at which the tape is 
drawn past the record head gap. 
If tape speed is doubled so also, 
at any given frequency, are the 
lengths of the magnets created 
within its iron oxide surface. It 

I cycle 

EJ ---IOI- -IC 

Tape 

Fig. 4. A useful analogy is given by the assumption that the process illustrated in Fig. 3 has created a number of 'bar magnets' inside the tape, as shown here. The arrow inside each 'magnet' indicates direction of field 

Signal input 
Voltage from 

amplifier 

Series 
resistor 

Record 
head 

Fig. 5. 'Constant current' record head drive may be achieved with the aid of a high value series resistor 

A.F choke 

n 
Coupling 
capacitor 

- supply 

I' u Record 
head 

Fig. 6. A method of obtaining 'constant current' drive when the available supply voltage is low. The transistor is in the a.f. amplifier stages of the recorder 

"Hold it, Harold, I've got 
to change the tape !" 
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follows that the recording frequency 
may then itself be doubled before 
the same degree of tape demagnet- 
isation occurs. This is largely borne 
out in practice. The more commonly 
encountered tape speeds in domestic 
equipment are 7f in. per second 
(usually abbreviated to i.p.s.), 31- 
i.p.s. and 1 f i.p.s. With good head 
design it is possible to record up 
to frequencies, in kHz, which are 
one to two times the i.p.s. figure. 
Thus, one could expect to record up 
to some 3.75 to 7.5kHz at a tape 
speed of 3i i.p.s., and up to some 
7.5 to 15kHz at a tape speed of 
7f i.p.s. More expensive machines 
may feature tape speeds of 15 i.p.s. 
and 30 i.p.s., these Offering further 
enhanced high frequency perform- 
ance (although head losses here may 
cause the upper frequency limit to 
be somewhat less than double the 
i.p.s. figure). Another tape speed, 
encountered in equipment which 
is not usually expected to offer a 
wide frequency range, is 15/16 i.p.s. 

RECORDING 
CHARACTERISTIC 

In general, magnetic tape tends 
to overload at about the same 
magnetising level, irrespective of 
frequency. Disregarding for the 
moment the self- demagnetising eff- 
ect in the tape which takes place at 
the higher frequencies it is, in con- 
sequence, desirable to arrange 
matters such that the tape magnet- 
ising force falls in the same range 
of amplitudes at all frequencies 
that are intended to be recorded. 
This requirement can be met by 
ensuring that the frequency response' 
of the recording amplifier, as ex- 
pressed in terms of the output 
current flowing in the record head 
coil, is 'flat' over the recording 
frequency range. It is important to 
note the emphasis on record head 
current, because the magnetising 
force exerted on the record head 
is proportional to the current which 
flows in its coil, and not to the 
voltage appearing across that coil 
or to the power dissipated in it. 

A record head is essentially an 
inductive component, which means 
that it offers an impedance that 
increases with frequency. In con- 
sequence, it is very common 
practice to feed a record head via 
a series fixed resistor having a value 
which is well in excess of the 
difference between the head im- 
pedances at the maximum and 
minimum recording frequencies. 
The circuit is shown in Fig. 5. Due 
to the presence of the high value 
series resistor, very nearly the same 
current flows in the head winding 
for the same input voltage, regard- 
less of frequency. A head drive 
circuit of this nature is referred to 
as a 'constant current' circuit, 
because the head current tends 
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towards a constant current (for the 
same input voltage) throughoùt the 
frequency range. In mains -driven 
recorders, the head drive voltage 
may be obtained from the anode 
of a voltage amplifier valve or from 
the collector of a transistor. In the 
former case, the value of the series 
resistor is usually of the order of 
100 to 2001aí, whilst in the latter 
it is of the order of 20 to 50142, 

thus reflecting the lower impedances 
at which transistors work. The head 
will, itself. also have a lower 
impedance winding in the transistor 
recorder. At first sight, the presence 
of the series resistor might give 
the impression that a high propor- 
tion of output recording power is 
lost due to the signal voltage that 
is dropped across it. In practice, 
this loss is not of great importance 
because satisfactory recording may 
be achieved when the a.f. power 
fed to the combination of head 
and series resistor is of the order 
of 25mW only. 

The low supply voltage available 
with battery- operated transistor 
recorders makes it difficult to em- 
ploy a series resistor for constant 
current drive, since it is impossible 
to obtain a sufficiently high signal 
voltage amplitude. An alternative 
approach consists of developing the 
record head drive voltage across an 
a.f. choke, as shown in Fig. 6. The 
choke offers a low impedance at 
low frequencies and a high imped- 
ance at high frequencies. As a result 
a low signal voltage is available 
for the record head at low frequen- 
cies and a high signal voltage at 
high frequencies, whereupon the 
circuit approximates to constant 
current operation. 

In discussing the drive to the 
record head we have, so far, ignored 
the falling -off in recording efficiency 
at the higher frequencies due to 
tape self- demagnetising and allied 
effects. To overcome these. the 
`flat' response of the amplifier is 
modified by introducing a boost at 
the higher frequencies. This coun- 
terbalances the effect of self- demag- 
netisation in the tape (and of the 
other high frequency losses) and 
enables the magnetisation of the 
tape to be constant over most of 
the freauencv range of the recorder. 
Since high frequency losses appear 
in the playback process also, the 
high frequency boost on record 
may be made even greater than is 
needed to overcome tape self -de- 

+20- 

+15- 

Relative +10- 
output 
(dB) +5- 

o 

5 
lo 

+20- 

+15- 

Relative +10' 
output 
(dB) +5 

O 

5 

30 I0O 300 Ip00 3,600 10000 

Frequency (HZ) 

(a) 

33/4 I.P.S. 

71/2 I.PS. 

15 I.PS. 

10 30 100 300 1,000 3,000 10,000 

Frequency (HZ) 

(b) 

Fig. 7(a). Representative curve illustrating the treble boost that 
is applied in a tape recorder amplifier during recording 

(b). The degree of treble boost may be varied in recorders 
offering more than one tape speed 

magnetisation. The risk of tape 
overload under these conditions is 
negligibly low because the relative 
strength of high frequency signals 
in the audio spectrum is usually 
much less than that of signals at 
the medium and lower frequencies. 

A typical recording characteris- 
tic is given in Fig. 7(a). As may 
be seen this is virtually 'flat' up 
to some 1kHz, after which there 
is quite a considerable treble boost 
extending to +15dB. ( =5.62 times, 
in terms of voltage or current) at 
10kHz. Recorders having more 
than one tape speed may modify 

the treble boost for each speed, a 
typical example being shown in 
Fig. 7(b). As will be seen, less 
treble boost is applied as the tape 
speed increases. 

NEXT MONTH 

In next month's issue we shall 
examine the process of playback 
and shall deal with the equalising 
response characteristics which are 
employed to provide a 'flat' re- 
sponse for the overall process of 
recording and playback. 

CLANDESTINE STATIONS 
The clandestine station Voice of the People of 

Thailand has been heard at 1600GMT on 6035kHz. 
Radio Liberation, another clandestine transmitter, 

has been heard from 2000 to 2030GMT in French to 
Europe, and to S.E. Asia, from 1920 to 2000GMT 
on 10224kHz. Also from 2230 to 2300 on 7416, 
10224 and 21000kHz. 
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THE `DISCOVERY' S.W. RECEIVER 
In the circuit diagram of this receiver, published 

on page 465 of the March issue, the stick -on symbol 
for C6 was accidentally removed, and that for R2 
damaged, during the block making process. All our 
circuit diagrams are processed through five separate 
checking stages. The accidental damage occurred 
subsequent to the scrutiny procedure. 
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"FETAFLEX 4" TRANSISTOR PORTABLE 
(Continued from page 613) 

oscillation does not start without 
VR1 being near its maximum 
position. If oscillation does not 
start with VR1 at maximum, twist 
L3 a little one way or the other, 
until oscillation takes place. Re- 
member that LI is fitted in the 
right direction when moving it to- 
ward the centre of the rod reduces 
the tendency to oscillate. Now open 
the vanes of VC1 fully, or nearly 
fully, and adjust VC3 to a point 
where oscillation starts smoothly 
with VRI advanced about two - 
thirds of the way towards maxi- 
mum. Enmesh the vanes of VC1 
again and make any small adjust- 
ment to the position of LI as may 
be necessary, then re -open the vanes 
of VC1 and adjust VC3 if necessary. 
Note that movement in LI has the 
greater effect at the low frequency 
end of the scale, and adjustment 
to VC3 has the greater effect at the 
high frequency end. Each adjust- 
ment has some effect throughout 
the tuning range. 

When LI and VC3 are both 
correctly adjusted, and L3 is orient- 
ed to best advantage, oscillation 
should start at the high frequency 
end of the scale with VR1 set about 
two -thirds of the way towards 
maximum, and at the low frequency 
end with VR1 nearly at maximum, 
there being a need to advance VR1, 
progressively, as VC1 is turned 
throughout its movement. An in- 
dication that VC1 has too high 
a capacitance will be failure to 
obtain oscillation at all with VC1 
fully open, this being combined 
with lack of selectivity. Uncon- 
trollable oscillation with the vanes 
of VC1 open means that VC3 has 
too low a capacitance. If by any 
unlikely chance the best setting for 
VC3 should appear to be lower 
than the minimum capacitance it 
can offer, CI can be reduced in 
value to. say, 300pF. Similarly Cl 
can be increased to 750pF if best 
results are obtained with VC3 
screwed up tight. 

Now turn S1 to long waves and 
adjust VR2 so that its slider is 
central on its track. Set VC1 with 
its vanes slightly enmeshed, to the 
equivalent of about 225 metres on 
the medium wave band. Adjust VC2 
until Radio 2 is received. Adjust 
VR2 so that oscillation comes in 
smoothly. Try moving L2 along the 
rod for best results, and try also 
reversing the direction of L2 on its 
rod or changing the connections to 
its leads. These adjustments will 
have less effect when receiving 
Radio 2 than similar adjustments 
had with LI on the medium wave 
band. No adjustments should be 
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made to L1 and VC3 when setting 
up for Radio 2. It is just possible 
that some distortion will be present, 
particularly on Radio 2, which can 
be removed by reversing the con - 
nections to the red and blue leads 
of T1, though this action is not 
likely to prove necessary. 

the spindles and it is spaced off 
with i by +in. wood spacers. The 
tuning scale is marked out on a 
piece of white card and is glued to 
the plywood panel, the underside 
of the Perspex panel being partly 
masked to hide the tuning drive 
and to provide a window for the 
scale. A suitable masking material 
is Fablon, possibly in a contrasting 
colour to that of-the cabinet. The 
spindle of VC1 should have been 
previously shortened if necessary, 
to ensure that it does not foul the 
underside of the Perspex panel. 

8 1/24 

C 

Fig. 10. The carrying handle is made of stiff wire, as illustrated here 

TUNING DRIVE 

The tuning drive for VC1 is 
obtained by fitting a standard cord 
drive drum over its spindle and 
coupling a second spindle to it in 
the manner shown in Fig. 5. A 
rubber grommet, having a diameter 
which allows it to be a tight fit over 
the drive spindle, bears against the 
edge of the drum on VC1 spindle, 
enabling a simple and- effective 
tuning drive to be obtained. The 
author used a drum with a diameter 
of l in. but a I ? in. drum should 
be equally suitable. The drive 
spindle requires a bush and this 
may be salvaged from an old com- 
ponent or purchased new. (A suit- 
able bush is the Home Radio Cat. 
No. DL52C). The bush is position- 
ed to provide the required mech- 
anical coupling between the drive 
spindle and the drive drum, with 
the rubber grommet pressing hard 
up against the drum. When drilling 
the hole for the bush take care not 
to damage any component, in- 
cluding in particular the moving 
vanes of VC1. A suitable pointer 
may be secured to the drive drum 
in any convenient way. For instance, 
the grub -screw of the latter may 
be replaced by an ordinary screw 
with a nut passed over its threads. 
After tightening the screw the nut 
can then secure a pointer wire. 

A Perspex panel measuring 8 by 
5in. fits over the plywood panel as 
shown in Fig. 6. Three holes are 
required in the Perspex panel for 

BATTERY AND CABINET 

The battery is held in position 
as shown in Fig. 7. The small ply- 
wood platform illustrated here is 
cut and drilled and is then slipped 
onto the two 4BA bolts shown in 
Fig. 3, with 4BA nuts beneath and 
above. The nuts are adjusted such 
that when the battery is in position 
and held by the rubber bands 
shown, the receiver is capable of 
standing upright, the battery term- 
inals forming feet on one side and 
the unsecured long edge of the 
speaker providing support on the 
other. 

The Perspex panel of Fig. 6 next 
has affixed over it the plywood 
frame illustrated in Fig. 8. A 
suitable cabinet can be made from 
lin. plywood. as shown in Fig. 9. 
Before the pieces for this cabinet 
are cut out the reader should take 
accurate measurements of the 
receiver "chassis ", as some speakers 
may have slightly different dimen- 
sions from that used by the author, 
and the original plywood panel 
may not have been cut exactly to 
size. The dimensions in Fig. 9 are 
mainly intended for guidance and 
they should be modified as required 
in practice. Although not shown 
in Fig. 9 it is advisable to fit a 
small wooden pad at the inside 
base of the cabinet to take the 
centre of the battery and thereby 
relieve pressure on its terminals. 
This may necessitate slightly re- 
adjusting the 4BA nuts which 
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RADIO CONSTRUCTOR 
SPECIAL EXCLUSIVE OFFER 

MASERATI AIR HORNS 
DUAL HORNS 

Ideal for Motorway or Continental driving. Will fit under the 
bonnet of any car. Available in 6, 12 or 24 volts. This unit 
incorporates a new extra powerful compressor, which is only 
available with Maserati Air Horns. Extra tough red plastic 
trumpets, both 61in. long, base diameter of each 3in. Com- 
pressor height 44in., diameter 21in. Total weight, including 
box, 41lbs. Complete with relay, tubing, securing nuts and 
bolts and fixing instructions. List Price 5 gns. 

OUR PRICE 69/6 plus p. & p. 6/ -. 

TRIPLE HORNS 
Three alternating notes in fast sequence. Can 
also be sounded together by operating the dash 
switch. A very pleasant musical warning attract- 
ing immediate attention. Extremely compact, 
will fit on all cars. Available in 6 and 12 volts 
only. OUR PRICE 135/- plus p & p 6/ -. 

These famous air horns are proving a popular 
fitting on small and medium sized boats. 

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

I Please supply: 

COVERED BY A 

SEVEN -DAY MONEY BACK GUARANTEE 

Dual Horns Triple Horns 
(State voltage required) 

I enclose cheque /crossed postal order for 

Name 
Address 

Black Letters Please 

secure the battery platform. Note 
the cut -outs, both in Fig. 9 and 
Fig. 8, for the tuning knob. These 
allow a knob of reasonable diameter 
to be used. The cut -out in Fig. 9 

should match up to that in Fig. 8. 
A suitable speaker fabric should 
be secured behind the cabinet 
speaker aperture. The "chassis" slips 
in through the top of the cabinet. 

The cabinet, and the frame in 
Fig. 8, can be covered with Fablon 
for a neat finish. A stiff wire 
carrying handle may be made up 
to the dimensions given in. Fig. 
I O. 

RECEIVER PERFORMANCE 

The sensitivity of the prototype 
"Fetaflex" receiver is very good, 
being comparable to that given 
with the author's "Spontaflex" 
S.A.4 Transistor Portable (described 
in the May 1968 issue). Selectivity 
is unusually good for a single tuned 
circuit receiver though it is not. 
perhaps, quite as sharp as with the 
S.A.4, which was quite exceptional 
in this respect. 

Selectivity is partly dependent 
on the use of the M3 diode 
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specified. Although the receiver will 
work with a silicon diode, such a 
diode will cause a marked fa ( off 
in selectivity. 

Signal -to -noise ratio is partic- 
ularly good, being better than with 
the S.A.4 design and better than 
that given by the average small 
superhet, which this design out- 
performs in nearly all respects 
except adjacent channel selectivity 
with powerful local stations. 

With a new battery TRI and 
TR2 will take about 4mA between 
them. The distribution of current 
will depend on the exact character- 
istics of the semiconductors used, 
but may be expected to be about 
2mA each. TR3 should pass about 
120µA, and the base current of TR4 
plus current drawn by VR3 will 
account for about ImA. TR4 passes 
21mA, making for a total of about 
26mA as already mentioned. Un- 
distorted output is about 45mW 
(dissipation by TR4 being 90mW) 
which is ample for many purposes 
provided a sensitive speaker is 
employed. 

(concluded) 

NEON L.D.R. A.F. 
OSCILLATOR 
(Continued from page 595) 
to one, two or more stages of audio 
amplification. 

As a final point, the writer would 
like to refer to the experience of 
one reader who built up an earlier 
`Suggested Circuit' which similarly 
incorporated a small wire -ended 
neon bulb. It was found that neon 
bulb operation in this circuit be- 
came erratic when the bulb was 
maintained in complete darkness. 
This effect can occur with some 
neon bulbs of the type used here, 
these requiring a small amount of 
incidental light for initial ionisa- 
tion. Should it be found that the 
present oscillator circuit functions 
satisfactorily at low ambient light 
levels but shows evidence of irregu- 
lar operation when completely en- 
closed, it is permissable to provide 
a small aperture in the light -proof 
box to ensure that the neon bulb 
is not in the totally dark condition. 
There was, incidentally, no evi- 
dence, with the prototype circuit 
that this precaution would be 
needed. 111 
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ELECTRONIC CHRONOMETERS 
Whilst electronics have spread rapidly during the past few years to almost every aspect of ships' equipment, one of the items which has undergone little change until recently is the ship's chronometer. 

Although not such an essential piece of navigational 
equipment now that radio time signals can be received in almost every part of the high seas, it is still carried as the navigational timepiece by prac- tically every ship engaged in ocean crossings. 

During the last few years very successful crystal - controlled, electronic chronometers have been devel- oped to the point where they are now commercially 
available. 

The basis of these new chronometers is a quartz crystal- controlled transistorised oscillator circuit which can be sufficiently well temperature compensated to enable accuracy of time -keeping to be maintained to 
within one -hundredth of a second per day over wide 
changes of atmospheric temperature. Furthermore, 
these instruments do not have to be mounted in gimbals, as are the conventional clockwork chrono- 
meters, to protect them from the effects of vessel motion but can, if desired, be mounted horizontally 
or vertically in instrument panels. 

These electronic chronometers are powered by miniature dry cells enclosed in the instrument casing and are thus independent of the electric power 
supply. 

Another system which has also been successfully 
developed for similar electronic time- keeping uses 
a miniaturised tuning fork maintained in oscillation 
by an electronic circuit powered by self- contained 
miniature batteries. This system is used in the Bulova Accutron Marine Navigating Clock shown in the illustration. 
MAY 1970 

NEW NAND /Polk 

PANEL SIGNS 
IDEAL FOR WORKSHOP USE 

Easy to fix 
Permanent and durable 
Stapled in booklet form 
Designed to hang above workbench 
Pocket for loose cuttings 
Professional finish 

* Set 3 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 

51- per set 
(postage 4d.) 

- 1MM NMI- 
To Data Publications Ltd. 

57 Maida Vale, London, W.9 

Please supply: 

Set 3 Set 4 Set 5 Set 8 

I enclose cheque /crossed postal order for 
Name 

Address 

RC BLOCK LETTERS PLEASE 
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SIMPLIFIED 
SOLID -STATE 
DISTORTION 
METER 
Continued from page 601 

CONSTRUCTION 

Construction is straightforward, a panel -shelf 
arrangement being used as indicated in Fig. 4. All 

the components are standard, the larger ones being 
mounted directly on the front panel and most of 

the smaller on the two printed circuit boards. The 
layouts of these are given in Figs. 5(a) and (b), 
which show the boards from the copper side. These 
boards are reproduced full size and the copper pat- 
tern may be traced from the diagrams. The filter 

circuit panel ( "A ") is mounted on the lower side of 
the shelf and the voltmeter panel ( "B ") on top. Figs. 
5(a) and (b) show the orientation of the panels by 
indicating the edge which is nearest the front panel. 
Both panels, it will be noted, are secured by the 
same four 6BA bolts, each panel being kept clear of 
the shelf by suitable metal spacers. In order to ensure 
correct alignment of the printed boards it is recom- 
mended that both panels be drilled together, i.e. the 
panels clamped with the copper sides in contact. 
This operation should be carried out before etching. 
The author has also found it convenient to drill the 
fixing holes for the various preset potentiometers 
before marking out the circuit boards. No measure- 
ments are given for these components because the 
exact dimensions will depend upon the make of 
components used. It is immaterial which of the two 
connections to a preset potentiometer mounted on a 
panel is made to the slider or to the track, and the 
constructor may choose that which is most con- 
venient in practice. 

A small 4 -way tagstrip positioned as shown in 
Fig. 4(b) provides a mounting for Cll. The battery 
leads may also be anchored to this tagstrip or to the 
switch tags, as convenient. Any small 9 volt battery 
capable of fitting in the space available under the 
shelf (such as an Ever Ready PP6) may be used, 
this being clamped inside the cabinet. 

The wiring external to the printed circuit boards 
follows the circuit diagram of Fig. 3. Chassis con- 
nections to points "M ", "L" and "W" are automatic- 
ally made via the mounting 6BA bolts and spacers. 
Wires connecting to other points on the boards may 
be soldered direct to the copper or, preferably, 
passed through small holes drilled for them in the 
boards and then soldered. 

The Input connection is provided by two insulated 
sockets mounted on the front panel, these connecting 
to the outside tags of VR1 by short unscreened 
leads. The slider of VRI connects to point "A" of 
Panel "A" by way of screened cable. The braiding 
of this cable connects to a chassis tag under the 6BA 
securing nut adjacent to point "A" and, at the other 
end, to the earthy Input socket. The Output socket 
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is a coaxial socket and it connects via screened cable 
to the appropriate tag of Sl(b). The braiding is 

earthed by way of a chassis tag under one of the 

socket securing nuts. 
A piece of matt white Formica board, cut slightly 

smaller than the front panel and mounted on it will 

give a good finish to the instrument, and also pro- 

vide a good surface for the attenuator calibrations. 
Exact dimensions of the front panel will depend 
upon the meter used. In the prototype this was an 

ex -W.D. type with a 2in. scale. The case for the 

prototype was made of wood with 'dimensions appro- 
priate to the size of panel and the rear projection of 

the shelf. 

CALIBRATION 

Before connecting VR8 into the circuit, this com- 

ponent will require calibration for use as the attenua- 
tor. This can be carried out in one of two ways. 
In the first a suitable ohmmeter (e.g. the appropriate 
range of a multimeter) or resistance bridge is con- 

nected between the central and earthy terminals of 

the potentiometer. The scale is then marked at 50012 

intervals between 5k52 and 50052 and at 5052 intervals 
between 50052 and zero. The shape of the scale 

will be similar to that given in Fig. 6, which also 
indicates the corresponding values of percentage 
distortion. 

A more accurate method of calibration requires a 

high resistance voltmeter (i.e. an instrument with at 

least 20,000 ohms per volt sensitivity) and a 10 volt 
d.c. supply, a variable voltage transistor type power 
pack being ideal for the latter. The outer terminals 
of VR8 are connected to the 10 volt source, and 
the voltmeter to the central and earthy terminals. 
The scale is marked at 1 volt intervals from 10 volts 
to 1 volt and at 0.1 volt intervals from 1 volt to 
zero. Fig. 6 again gives the relationship between the 
voltage markings and percentage distortion. 

After calibration is complete VR8 is connected 
into the circuit, and the preset component VR9 
adjusted. For this operation S1 is set to the "Off" 
position and a convenient d.c. voltage applied 
between point S and the chassis. A voltmeter is 

connected across VR8, and VR9 is adjusted until 
the voltmeter reads exactly one -tenth of the total 
voltage applied. 

The final adjustments, before the instrument is 

ready for use, concern the preset potentiometers in 
the Wein Bridge network -VR4 and VR5. These 
are easily adjusted with the aid of an ohmmeter. 
With the ganged control at maximum resistance the 
meter is connected across VR6, and VRS is adjusted 
for a reading of exactly 1,20052. The operation is 

repeated with the ohmmeter across VR7, VR4 being 
set for the same reading. 

With a battery connected, the instrument switched 
to the "Filter In" position, and a 1,000Hz input, the 
level control is set for full scale deflection on the 
meter. Rotation of VR6 /VR7 will now produce a 

dip in the meter reading. With VR2 set at its mid- 
point, VR3 is carefully adjusted to produce the 
maximum dip. As the null point is reached it will 

be necessary to progressively increase the level of the 
input. Final adjustments are made with VR2. Once 
set, VR3 should not require further attention. The 
instrument is now ready for use. 
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Fig.5a. Layout of components on Panel A, as viewed from the copper side of the board 
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Fig.5b.The components on Panel .8.. Again, the copper side of the board is towards the reader 
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Fig.6 The attenuator control may be calibrated in terms of resistance or voltage readings. 

This diagram shows the corresponding percentage points for either method of calibration 

TABLE 

Prototype Voltage and Current readings 
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TR' Vc = 5.5 V 

Vb = 1.6 V 
Ve = 10V 

TR2Vc=4.5V 
Vb = 1.1 V 
Ve=05V 

TR3 Vc = 9V 
Vb = 4.5 V 
Ve = 3-8V 

TR4 Vd = 9V 
Vs = 35 V 

TR5 Vc = 15 V 

TR6 Vc = 5.5V 
Vb = 1-5 V 
Ve = 075V 

Total current = 8mA 

Input to MPF105 (TR4) for full deflection is approximately 

3mV r.m.s. at 1,000 Hz 

All voltages taken with valve voltmeter (11 Mn input) 
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The lower side of the shelf, with Panel 'A'. Note the battery- connector at the end of its two flying leads 

USING THE METER 
In use, the equipment under test is set up accord- 

ing to design with an appropriate resistive load (i.e. 
352, 1552, etc.) connected to its output. A 1,000Hz 
test signal is fed to the amplifier input and adjusted 
to produce the rated output. The Distortion Meter 
is connected across the amplifier load and switched 
to the "Filter In" position. The balance and tuning 
controls are carefully adjusted for minimum reading 
on the meter; after which the "Level" control (VR1) 
is set for a convenient reading which is then noted. 
The Distortion Meter is now switched to the "Filter 
Out" position and the attenuator adjusted to produce 
the same reading on the meter, care being taken not 
to disturb any of the other settings. The percentage 
distortion can then be read directly from the attenua- 
tor scale. 

It will be obvious that the test signal must iteslf 
be above reproach and should itself be checked by 
the Distortion Meter. A good quality source is called 
for but the generator need not be elaborate, and a 
fixed frequency type producing a low distortion sine 
wave would be ideal. 

It should also be noted that the "Level" control 
should be set as low as convenient during the test 
in order to prevent any possibility of overloading the 
input stage of the Distortion Meter. Overloading 
this stage would, of course, introduce extra distortion 
and invalidate the test. 

MAY 1970 

To conclude, a few practical results can be men- 
tioned to illustrate the instrument in use. The Dis- 
tortion Meter gave the distortion present at the 
output of a B.S.R. L.O.50A audio generator as 0.75 %. 
Calculations based upon measurements taken with 
a T- Bridge filter gave the figure as 0.8%. The Meter 
took approximately two minutes to use; the calcula- 
tions about fifteen! With an oscilloscope coupled to 
the Distortion Meter outlet socket, the distortion 
waveform was seen to be composed mainly of 
second and third harmonic but with an amount of 
radio frequency; the latter due to the fact that the 
L.O. 50A is a beat frequency type of generator. 
With a tuned L.C. filter in the output of the genera- 
tor, the Distortion Meter showed that the distortion 
was reduced to 0.3 %.2 

Using the Distortion Meter, a standard type of 
valve amplifier, with an EL84 output stage, was 
found to have just over 2% distortion, which the 
oscilloscope revealed to be mainly of third harmonic. 
Calculations based upon the T- Bridge filter gave the 
figure as 2.1%. Again the Meter took two minutes 
to operate and the calculations fifteen. 

2 It should be noted that the Output socket of the Distortion Meter couples direct to the gate of the f.e.t., TR4. Care should be taken to ensure that no voltages are applied to this socket which could cause breakdown in the transistor.- Editor. 
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4 G 

DASH IT ALL SMITHY." 
protested the outraged 
Dick, "what you propose 

to do is nothing short of a viola- 
tion of my rights as a citizen." 

"On the contrary," retorted 
Smithy sternly, "what I intend to 
do is entirely within my authority." 

"Aren't I," asked Dick bellig- 
erently, "to have any privacy in 
this Workshop at all ?" 

"Not," returned Smithy, "so far 
as that overflowing junk -box you 
keep on your bench is concerned. 
I'm sick to death of hearing you 
spend one half of the day chuck- 
ing stuff into it, and the remain- 
ing half of the day scrabbling 
around inside it for odds and ends 
which shouldn't have been put 
there in the first place. You must 
have enough rubbish in that box 
to start your own refuse collection. 
Dash it all, I've never seen you 
empty it out once over all the 
years you've been working here!" 

Smithy drew breath. 
"So," he finished, "if you won't 

clear it out, then I'm jolly well 
going to clear it out for you 
myself." 

"You've got a junk- box." 
"I," Smithy corrected him prim- 

ly, "maintain a spares box. What's 
more, I sort it out every month 
to see what's worth keeping and 
what needs throwing out. Also, the 
stuff I do keep goes into properly 
labelled containers which enable 
me to locate what I want without 
delay." 

SPARES BOX SYSTEM 

Proudly, the Serviceman indicat- 
ed a neat array of tins at one end 
of the shelf behind his bench. 
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Whilst an Englishman's home may not, these days, be as 

much his castle as it used to be, a service engineer's junk - 

box still remains his own private and highly personal 
treasure trove. With this fact in mind we can readily appre- 

ciate the sense of affront Dick experiences when Smithy 

callously decides that the contents of his assistant's own 
junk -box are long overdue for clearing out 

"Most of the stuff I hang on 
to," he went on, "falls into the 
hardware category, and consists of 
odd nuts and bolts, small metal 
brackets and things like that. The 
whole point behind my scheme is 
that I can always find anything 
I want with the minimum of delay 
or difficulty." 

"1 suppose," said Dick condes- 
cendingly, "you could say that that 
is one way of tackling the junk 
problem. But what about the time 
you waste sorting things out so 
that they can be put into their sep- 
arate tins ?" 

"The time I waste ?" repeated 
Smithy incredulously. "The way 1 

deal with my spare bits and pieces 
doesn't waste time, it saves it, mate. 
If I've got any odds and ends left 
on my hands when I'm concentrat- 
ing on a job I just put them in the 
spares box and forget all about 
them. Then, about once every 
month, I sort out what's collected 
in the box during the period. This 
sorting out process only takes about 
half -an -hour or so." 

"Ah" broke in Dick triumphant- 
ly, "now that's where my system 
beats yours. I never sort out any- 
thing in my junk box ever, which 
means that whenever I want any- 
thing it's always there!" 

"That statement," said Smithy, 
rising decisively from his stool, 
"just about clinches the matter. 
Your junk -box is going to be clear- 
ed out, Dick, and it's going to be 
cleared out right now." 

Dick returned to the attack. 
"Is nothing sacred ?" he wailed. 

"A service engineer's private junk - 
box is something which is person- 
al to him." 

"I don't care," returned Smithy 
doggedly. "I've made up my mind 
and I'm not going to change it." 

Ignoring Dick's continued pro- 
testations, Smithy unfolded a news- 
paper and laid it out flat on his 
bench. Watched by his mutinous 
assistant, he reached to the rear 
of Dick's bench and pulled forward 
a large wooden box with an open 
top. Staggering under its weight, 
Smithy carried it over to his own 
bench and, with one decisive gest- 
ure, up -ended it onto the news- 
paper. There was a shattering crash 
as a myriad of pieces of metal, 

plastic and . glass cascaded onto his 
bench, to form a precarious pyra- 
mid. Several dozen screws rolled 
off the newspaper and clattered 
onto the floor. They were closely 
followed by a large bulbous valve 
on a British 4 -pin base, which 
imploded loudly as it struck the 
Workshop linoleum. The contents 
of the box had, apparently, been 
hovering around critical mass; al- 
beit in a condition of stability 
until disturbed. Suddenly, a dense 
mushroom cloud of fine dust app- 
eared above the heap on Smithy's 
bench, then gradually commenced 
to diffuse through the Workshop. 

Smithy retreated hastily. 
"Ye gods," he spluttered. "This 

is the biggest accumulation of 
rubbish I've ever seen in all my 
life." 

Dick surveyed his prized coll- 
ection, now rudely exposed to 
the public gaze, with an air of 
resignation. 

"All I can say," he remarked, 
shrugging his shoulders, "is that 
when I start to collect junk, I cer- 
tainly make a proper job of it." 

"I'll say you do," grunted Smithy. 
"This must be the most .unsavoury 
and insanitary heap of debris I've 
ever clapped my eyes on." 

By now the cloud of dust had 
begun to disperse, and Smithy edg- 
ed warily towards the pile. 

"Right," he announced briskly. 
"Now, let's see what we've got 
here." 

Smithy gazed at the wide divers- 
ity of objects he had emptied out 
onto his bench. 

I must say that you do go in for 
variety," he remarked, a grudging 
note of admiration entering his 
voice. "Where did all these trans- 
former lams come from ?" 

"Lams? Oh, you mean laminat- 
ions! They're from an old mains 
tranny I stripped down way back 
in 1965 or 1964." 

"Couldn't you," asked Smithy a 
little testily, "have kept them all 
together in a little cardboard box 
or something ?" 

"So far as I remember," replied 
Dick airily, "I did originally put 
them in a neat little pile in the 
corner of the junk -box. Since then, 
though they've tended to get dis- 
tributed a bit." 
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"You can say that again," re- 
turned Smithy shortly. "Well, I'll 
put them on one side as I come 
to them." 

Smithy placed about a dozen 
laminations tidily at the edge of 
his bench, then dug into the junk 
once more. 

"What are these ?" 
"What are what?" 
"These cylinders of fluff with 

wires poking out each end." 
"Those," replied Dick with digni- 

ty, "are 0.01µF wax covered paper 
capacitors which I snipped out 
of an old TV." 

"Then, said Smithy decisively, 
"they can be ditched right here and 
now. To start off with, you should 
always look upon old wax covered 
paper capacitors with suspicion, es- 
pecially if they're ex- equipment and 
have therefore been subjected to a 
number of heating and cooling cy- 
cles. This is because they tend to 
become leaky more frequently than 
the plastic or metal cased types. 
However, so far as these particular 
specimens are concerned there's no 
point in even worrying about their 
internal leakage. The leakage path 
on the outside through the grime 
and dust which has got stuck onto 
the soft wax covering will be more 
than conductive enough to render 
them unserviceable. Blimey, more 
laminations!" 

Smithy threw the capacitors of 
hirsute appearance into his rubbish 
bin, after which a further pile of 
laminations clattered on top of 
those already stacked on the edge 
of his bench. 

Sharp corners 

Cross - section 
across X -X: 

(a) 

WIRE -WRAP TAGS 

Smithy once more delved into 
the pile. 

"Blow me," he commented. 
"What's this ?" 

"That?" replied Dick, turning 
his attention reluctantly to the 
object Smithy had produced. "Why, 
it's just the edge of a broken 
printed circuit board, that's all." 

"What on earth," asked Smithy, 
holding up the jagged -edged piece 
of Paxolin, "did you want to keep 
this for ?" 

"Because it's got a neat row of 
tags on it," explained Dick. "I'd 
intended -when, that is, I could 
snatch a fleeting second from my 
onerous duties repairing radios 
and TV's -to cut off the broken 
edge with a hacksaw and then use 
that bit of Paxolin as a tagstrip. 
Incidentally, there weren't half 
some queer connections to those 
tags originally. The wires were 
merely twisted around them without 
being soldered at all. I just peeled 
them off." 

"These," pronounced Smithy, 
looking at the tags more closely, 
"are wire -wrap tags." 

"Wire -wrap tags ?" 
"That's right," confirmed Smithy. 

"Wire -wrap tags have been used 
quite a lot in domestic TV sets. 
If you look at each tag closely 
you'll see that the bit which takes 
the wire has a rectangular cross - 
section with quite sharp corners. 
(Fig. 1(a) ). The wire connecting 
to it is wound on it under tension 
with a special wire -wrap tool." 

Cold welds 
at corners 

(b) 

Fig. 1(a). The basic shape and cross- section of a wire -wrap tag 
(b). Side and top views, showing how the connecting wire is 

wrapped around the tag 
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"No solder?" 
"None at all," said Smithy. "Due 

to the shape of the tag and the 
tension on the wire when it's 
wrapped round it, you get cold 
welds at each corner. (Fig. 1(b)). 
The joints are said to be more 
reliable than those you get with 
ordinary soldered joints. In fact, 
wire -wrap tags are used quite 
extensively at telephone exchanges 
and places like that instead of 
soldered tags." 

"That's news to me," remarked 
Dick. "What happens if you have 
to take the existing wire off a wire - 
wrap tag and then put a new one 
on in its place? Do you just twist 
the new wire round the tag ?" 

"Oh no," replied Smithy, shocked. 
"You can't make a wire -wrap 
joint without using the proper 
wire -wrap tool. If you ever have to 
disturb a wire -wrap joint you 
afterwards treat the tag as though it 
were an ordinary solder tag, and 
solder all the connections that are 
made to it. Hallo, what have we 
here ?" 

Amidst a flurry of laminations, 
Smithy unearthed a cylindrical 
aluminium component having a 
diameter of about 3 ins., and with 
a hole passing through its centre. 
At one end were three mounting 
brackets spaced at 120° intervals. 

"It's a TV focus magnet 
assembly," volunteered Dick. 

"So I see," agreed Smithy 
thoughtfully. "This is the type 
which used two ceramic ring 
magnets, each of which exhibited 
one pole on one of its plane 
surfaces, and the other pole on the 
other plane surface." (Fig.' 2(a) ). 

"That's right," put in Dick eager- 
ly. "The assembly fitted over the 
neck of the c.r.t. and you adjusted 
the magnetic field it exerted on 
the beam in the tube by varying 
the distance between the two mag- 
nets. (Fig. 2(b) ). The magnets had 
similar poles facing each other, 
whereupon the intensity of the field 
inside the tube neck could be al- 
tered until it produced correct 
focus on the screen." 

"These focus assemblies are a bit 
out of date now," commented 
Smithy, "seeing that modem tubes 
use electrostatic focusing. Still, 
they're worth stripping down, if 
only for the sake of the magnets. 
The ceramic magnets that are used 
in them are extremely powerful 
and they're just the job for mount 
ing on the back of the bench fol 
holding things." 

"What sort of things ?" 
"Small ferrous objects of the type 

that are always getting lost," re- 
plied Smithy. "Paper clips, razor 
blades and things like that. (Fig. 2 
(c)). When you've finished with 
any of these you just chuck it in 
the general direction of the magnet. 
The magnet is so strong that the 
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object shoots straight towards it 
and is then conveniently kept avail- 
able for the next time you need it." 

Dick picked up the focus assem- 
bly and carried it purposefully back 
to his own bench. 

"I'll strip this down later on," 
he called out. "You can have one 
of the magnets for your own bench, 
Smithy." 

"Fair enough," said the Service- 
man. "Incidentally, if you're un- 
lucky you may find that the mag- 
nets are secured inside the assembly 
with adhesive, whereupon you may 
not be able to remove them. In 
most of these assemblies, though, 
the magnets are held down by 

Uniform N pole on one face 

Uniform S pole 

on one face 
Circular ring 
magnet 

(a) 

Similar poles on inside faces 

E 
Tube neck 

111 a 
Ring magnets 

Mechanical adjustment 

(b) 

Ring magnet 

Clamp Clamp 

(c) 

Fig. 2(a). Before the general use 
of electrostatic focus cathode ray 
tubes in TV receivers, mag- 
netic focus assemblies employed 
ceramic ring magnets, as here 
(b). The distance between the 
two magnets in a focus assembly 
was adjusted to vary the focusing 

field inside the tube neck 
(c). The magnets from discarded 
assemblies are very powerful, and 
are extremely useful for holding 
razor blades and similar ferrous 
items which normally tend to 

get lost 

means of simple clamps which can 
be readily unscrewed." 

As Dick returned to Smithy's 
bench he found the Serviceman 
busily probing further into the con- 
tents of his junk -box. The Service- 
man had already salvaged a size- 
able quantity of nuts, bolts, wash- 
ers and similarly useful items of 
hardware. The stack of laminations 
at his side had grown to about an 
inch in height. As Dick sat down 
alongside him, Smithy contemptu- 
ously threw into his rubbish bin 
a 4 watt carbon resistor, whose 
lead -out wires protruded by slightly 
less than 1 j32in. 

"Dash it all, Dick," grumbled 
Smithy, as he reached into the 
heap once more, "I've never ever 
seen so much muck before. Yeuk, 
what's this revolting mess?" 

Smithy picked up another trans- 
former lamination, to find a further 
half -dozen laminations adhering 
loosely to it by means of a sticky 
mass of yellow gelatinous material. 
Whilst the shuddering Serviceman 
held the first lamination up in the 
air, the weight of the remaining 
laminations caused the viscous 
coagulation which bonded them to- 
gether to slowly extend in length 
until it became stretched out in the 
form of a thin string. Smithy gazed 
at this phenomenon with fascinated 
aversion, then started as the string 
suddenly snapped and he was left 
holding the single lamination on 
its own. The released laminations 
returned to their previous junk - 
box companions with a clatter, 
followed by a little puff of dis- 
lodged dust. 

With an expression of acute dis- 
gust, Smithy threw the lamination 
he was holding into his refuse bin. 

"Blimey," he gasped. "I'm going 
to have nightmares tonight, that's 
for certain. Just what was that hor- 
rible sticky wodge of stuff ?" 

Dick frowned. 
"Search me, Smithy," he replied. 

"I never knew I had that in there. 
Wait a minute, though!" 

Suddenly, his brow cleared. 
"I remember what it was now," 

he went on cheerfully. "If' you 
can cast your mind back you may 
recall that I had a very heavy cold 
three or four Christmasses ago. I'd 
just started sucking this cough loz- 
enge when I had an uncontrollable 
urge to sneeze." 

Dick leaned forward, picked up 
the laminations which were still 
held in the sticky embrace of the 
congealed yellow substance, and re- 
garded the latter with affection. 

"I've often wondered," he remark- 
ed, "just where that cough lozenge 
did get to." 

REFRACTIVE INDEX 

Irascibly, Smithy snatched the 
laminations from his assistant's 
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hand and cast them into his bin. 
"Well, we know where it went 

now," he said irately. "Let's see 
what further abominations we can 
unearth from the contents of this 
Pandora's box of yours." 

Once more, Smithy attacked the 
heap of component parts which 
had been deemed worthy by Dick 
to share the dusty comforts of his 
junk -box. The collection of salvag- 
ed laminations and small items of 
hardware on Smithy's bench grew, 
interrupted on frequent occasion 
by a grunt of disapproval and the 
disposal of some hapless compon- 
ent into his refuse bin. 

"There's a piece of glass rod 
here," said Smithy suddenly. "Now, 
I wonder what you intended to 
use this for." 

Although Dick had largely for- 
gotten his original indignation at 
Smithy's cavalier action in investi- 
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blcck 

Printed in 
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Printed in 
black 
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FARAD 
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E ̀ d FS `d D 

Glass rod 
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"What," he growled, "is so spec- 
ial about it?" 

"It gives different degrees of 
refraction," explained Dick, "for 
different colours of light." 

"Well," remarked Smithy, unwill- 
ingly allowing his curiosity to rise. 
"All glass does that to a small 
extent, doesn't it ?" 

"Not as much as that sample of 
glass you've got there," stated Dick. 
"The refraction shown by the par- 
ticular glass that rod is made of 
varies as much as 180 degrees from 
one colour to the next." 

"Come off it," snorted Smithy. 
"A statement like that cannot pos- 
sibly be true." 

"Yes it can," persisted Dick. 
"And, what's more, I'll prove it 
to you! Let's borrow your note -pad 
for a moment." 

Reluctantly, Smithy passed his 
pad over to his assitant. 

Glass rod 

(b) 

CHOKE 

(d) 

7 
Glass rod 

Fig. 3. An interesting exercise in retraction, employing a glass 
(or Perspex) rod of circular cross -section as a lens. In (a) three 
words are printed on a sheet of paper, two in black and one in 
red. When viewed through the glass rod the two words in black 
appear inverted ((b) and (c)) whereas the word in red appears 
as printed. This experiment (which can be extremely puzzling to 

the uninitiated) may be readily repeated by readers 

gating the contents of his junk -box, 
a feeling of affront still prevailed. 
As he looked at the rod Smithy 
held up in the air a sudden, and 
immediately suppressed, gleam came 
into his eye. 

"That," he remarked mysterious- 
ly. "is not an ordinary glass rod." 

"Isn't it ?" queried Smithy. "It 
looks perfectly ordinary to Just 
a round solid glass rod about 4 
inches long and } inch in diameters" 

"I'm not talking about its dimen- 
sions," returned Dick airily. "I'm 
talking about the glass itself. It's 
the glass that's special." 

Smithy squinted suspiciously at 
the rod. 
MAY 1970 

"Right," said Dick, reaching in 
his pocket and taking out two 
ball -point pens. "Now I'll print 
three words on this pad, two in 
black and one in red. The actual 
words don't matter, so let's choose 
some that have to do with elect- 
ronics. At the top I'll print the 
word `VALVE' in black. Then I'll 
print `CHOKE' in red and, finally, 
put `FARAD' at the bottom, in 
black. All right ?" (Fig.3(a)). 

"I can't see anything wrong so 
far," grunted Smithy distrustfully. 
"What happens next ?" 

I'd like you," said Dick, "to 
hold that glass rod over the paper 
so that it's level, horizontal and 

Your Local Supplier 
KENT 

EMSAC BASIC ANTENNA SYSTEMS 
CN1 Nuvistor 2 metre converter. 
IF 28MHz. Absolutely complete with 
separate mains power supply, LI 1.10.0 
Converter only, E8.10.0 P &P 4/6. 
GD1 A GSRV type multi -band dipole 
102 ft. top. 100 ft. feeder. Complete 
and ready to gol 80/ -. 
GV1 General purpose vertical, useful 
range I.8MHz to 28MHz. Adjustable 7 
ft. to 23 ft. 92/ -. 
TU2 Receiver antenna tuning unit, 
Amateur and SW broadcast bands 1.5 
to 30 MHz. 90/ -. 
Send SAE for details. Open weekends. 
G31AR Carriage extra 

ELECTRONIC & MECHANICAL 
SUB -ASSEMBLY CO. LTD. 

Highfield House, West Kingsdown, Kent 
Tel: West Kingsdown 2344 

SURREY 

Portable 
Transistor 
Amplifier 
Many uses - 
Intercoms, Baby 
Alarms, Guitar 
Practice, Telephone or 
Record Player Amplifier. 
ONE WATT OUTPUT. 
Wooden cabinet I2x9x4 ". 
Rexine covered two -tone 
grey. Four transistors, 
7x4 speaker. Volume 
control. rack socket. Uses 
PP9 battery. Brand new - 
full makers' guarantee. Full List 1/- 
Radio Component Specialists 
337 Whitehorse Road, West Croydon, 
Surrey. Phone 01.684 -1665 

Worth double 
our price 

79/6 
Post Free 

SUSSEX 

E. JEFFRIES 
For your new television set, 

tape recorder, transistor radio, 
and hi -fi equipment. 

PHILIPS, ULTRA, INVICTA, 
DANSETTE, MASTERADIO, PERDIO, 

MARCONI, PHILCO, FIDELITY 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

EIRE 

PEATS for PARTS 
ELECTRONIC COMPONENTS 

RADIO & TELEVISION 
For the convenience of IRISH 

enthusiasts we supply: 
The Radio Constructor, 
Data Books and 
Panel -Signs Transfers 
Also a postal service 

Wm. B. PEAT & Co. Ltd. 
28 PARNELL STREET 

DUBLIN 1 
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about half an inch away from the 
paper surface. First pass it over 
the top word in black. Now, what 
do you see ?" 

"What I'd expect to see," growl- 
ed Smithy impatiently. "The word 
`VALVE' upside- down," (Fig.3(b)). 

"Now do the same over the 
bottom word in black." 

"The same thing happens," said 
Smithy irritably. `This time, it's 
the word 'FARAD' which is invert- 
ed." (Fig.3(c)). 

"That inversion," remarked Dick 
knowledgeably, "is given because 
those two words are printed in 
black. Now, hold the glass rod 
over the word that's printed in 
red." 

Smithy held the rod over the 
central word, glanced down at it 
then exclaimed with astonishment. 
(Fig.3(d)). 

"Blow me," he gasped, "the 
word's right way up!" 

With an expression of incredulity 
Smithy examined the glass rod 
closely. This enterprise yielding no 
clue he held the rod over the paper 
once more, then passed it slowly 
over the three printed words on its 
surface. 

"This," he muttered to himself, 
"just cannot be happening." 

"I told you," said Dick triumph- 
antly, "that that rod was made of 
special glass. But you wouldn't be- 
lieve me, would you ?" 

"I still don't," returned Smithy 
flatly. "But at the same time I 
don't know why it inverts only the 
two words printed in black and not 
the one printed in red." 

Yet again, the frowning Service- 
man passed the rod over the three 
words. Scowling ferociously, he 
gazed deeply at the paper and then 
at the rod. Suddenly, he gave vent 
to a great roar of laughter. 

"You crafty devil," he chuckled. 
"You certainly had me on the 
hook there for a bit, didn't you ?" 

"D'you see how it's done?" 
"I do," grinned Smithy. "And I'll 

also agree that you succeeded in 
putting one over on me as well. 
You will, of course, get the same 
effect with any solid glass rod of 
about the same diameter." 

"That's right," agreed Dick. "A 
solid Perspex rod will do it just 
as well, too. For best results 
you want to print the letters so 
that their height is a little less than 
the diameter of the rod." 

"Very good," commended Smithy. 
"Very good, indeed. Well, after 
that little diversion let's get back 
to this junk of yours." 

RESISTANCE BOX 

Smithy cleared some further lam- 
inations from the pile, abstracted 
a few more nuts and bolts, then 
picked out about a dozen panel- 
mounting potentiometers. 
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Fig. 4(a). A simple resistance substitution box. All the potentio- 
meters have linear tracks. The function of the switch is to cut out 
of circuit the potentiometers having track values higher than the 
resistance required across the terminals; this fact is reflected in 

the range figures quoted 
(b). A suitable front panel layout. The lines drawn on the panel 
illustrate graphically the potentiometers that are switched into 

circuit 
(c). Dick's alternative circuit, which omits the switch, is not 

satisfactory in practice 
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"Why, that's interesting," he re- 
marked. "You've got quite a lot 
of pots here which look pretty new 
to me. Funnily enough, they're all 
linear track types. Let's have a look 
at their values." 

Smithy examined the potentio- 
meters carefully. 

"There's quite a nice little run 
of values as well," he resumed, 
laying the potentiometers on his 
bench in a row. "Amongst them, 
there's a 10012, a 1kS2, a 10k12, a 
100k12 and a 1M52." 

"I didn't know I had all those," 
admitted Dick. "They must have 
gone into the box at different times 
and somehow managed to find the 
same level afterwards." 

"If they're in working order," 
remarked Smithy musingly, "you 
could make them up, together with 
a single pole 5 -way switch, into a 
simple little resistance substitution 
box." 

"Could I ?" asked Dick. "How?" 
Smithy retrieved his note -pad, 

removed the top sheet on which 
Dick had printed his three words, 
two in black and one in red, then 
scribbled out a circuit on the sheet 
underneath. (Fig. 4(a)). 

"Here we are," he remarked. 
"This circuit is for a simple 
resistance substitution box offering 
continually variable resistance 
values from about 1012 to about 
1.1M12. You need five linear track 
pots, with values respectively of 
10052, 11(52, 101c52, 1001d2 and 
1M12. What you do is to mount 
the pots on the panel of a suitable 
box, then fit them with pointer 
knobs and scales. (Fig. 4(b)). Each 
scale is calibrated in terms of the 
resistance the particular pot behind 
it inserts into circuit, the calibra- 
tion being carried out with the 
aid of a testmeter switched to read 
ohms, or of any other resistance - 
measuring instrument." 

"What's the function of the S- 
way switch?" 

"To select the range of resistance 
you want to appear at the two 
terminals of the box," 'replied 
Smithy. "If, for instance, you want 
a resistance in the range of 1.1 
to IlkS2 you set the switch to Range 
3. The 10052, 1k52 and 10k12 pots 
are then in series and the total 
resistance appearing across the ter- 
minals of the box is equal to the 
sum of the resistances shown on 
the scales of these three pots." 

Dick looked impressed. 
"It occurs to me," he said, after 

a moment's thought, "that you 
could do all this without a switch 
at all. All you need to do is simply 
connect all the pots in series." 

Dick picked up Smithy's pad 
and sketched out a further circuit. 
(Fig. 4(c)). 

"This," he announced, "is what 
I have in mind. If you want resist- 
ances up to say 10kS2, all you 
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need then do is to set the 100k12 
and 1MS2 pots to zero and adjust 
the 10052, 1 k12 and 10k12 pots to 
the value you require." 

"In theory that's fine," replied 
Smithy. "But in practice it wouldn't 
work." 

"Why not ?" 
"Because ordinary panel- mount- 

ing pots of the type we're discuss- 
ing here don't always give zero 
resistance when their spindles are 
turned fully to the limits of their 
travel. What usually happens is that 
a small amount of the track is 
still left in circuit. The resistance 
offered by that small section of 
the track doesn't upset the oper- 
ation of the pot in its normal 
application because it's usually a 
tiny fraction of the overall track 
resistance. But in the present appli- 
cation that small amount of resist- 
ance could upset things completely. 
Let's say, for instance, that when 
the 1M1-2 spindle is turned fully 
anti -clockwise, the resistance be- 
tween the slider and the appropri- 
ate end terminal is 10012. This is 
negligibly low compared with the 
full track resistance . of 1M52. In 
the present circuit, though, that 
10012 would completely upset the 
accuracy of results given with the 
10052 and 1kS2 pots. A further argu- 
ment against omitting the switch 
is that the minimum resistance ob- 
tained with the 1M52 pot wouldn't 
always be constant in any case; 
it's so very tiny compared with 
total track resistance that you're 
bound to get variations in its 
value." 

"You've got me convinced," 
grinned Dick. "In other words, you 
adjust the switch so that the mini- 
mum number of pots is employed 
for setting up the resistance you 
require." 

"That's right," confirmed Smithy. 
"Not only would a resistance box 
of this nature use up those gash 
pots you've had lying around all 
those years, but it would also be 
quite a useful bit of experimental 
gear in its own right. Anyway let's 
get some more of this junk of 
yours cleared out." 

HIDDEN OCCUPANT 
Smithy had been automatically 

sorting out further components 
from the heap on his bench as he 
spoke. When he turned his full 
attention to the parts left on his 
newspaper he was surprised to find 
how much progress he had made. 
Only about a twentieth part of the 
original mass of components re- 
mained. 

"Laminations, laminations, lam- 
inations," he grumbled, as he added 
several dozen more to what had 
now become quite an impressive 
pile at his side. `These darned trans- 
former lams seem to have got in 
everywhere amongst this rubbish. 

Why, here's another dozen, all 
spread out. Ooh, my Gawd!" 

Smithy suddenly snatched back 
the hand which had been on the 
point of picking up the laminations. 
He clutched Dick's arm in panic. 

"What on earth's up ?" 
"There's a thing in there amongst 

those lams," whispered Smithy. "A 
horrible, stealthy, hairy thing. It 
just slithered under the top lam as 
I put my hand out towards it." 

Unconcernedly, Dick poked his 
finger at the lamination in question. 

"For heaven's sake," gasped 
Smithy, "have a care, boy. Who 
knows what nameless horror lies 
lurking amongst those lams ?" 

"Corluvaduk," said Dick in dis- 
gust. "What's all the fuss about? 
It's probably only a spider." 

"A spider? A spider? What 
species of spider is it that can 
live all these years on bits of brass 
and copper and tin and p.v.c. ?" 

"He's probably been living on 
all the other insects that are left 
in there." 

Smithy's lower jaw sagged and 
he gazed at the remaining junk 
with revulsion. 

"I'm not," he remarked resolute- 
ly, "going to entertain a whole 
crowd of insects on my bench." 

With a shrinking gesture, Smithy 
carefully gathered up the four cor- 
ners of the newspaper on his 
bench, then used this to carry its 
burden of electronic and entomoid 
scrap through the door of the 
Workshop. The hasty banging of 
the dustbin lid outside next pro- 
claimed that Smithy, as befits any 
honest ratepayer, had decided to 
entrust his difficulties to the good 
offices of the local Cleansing 
Department. 

This is, perhaps, a fitting moment 
at which to leave our pair as, 
after having satisfactorily settled 
the problem of Dick's junk -box, 
they turn their energies to the more 
prosaic and predictable pursuit of 
repairing faulty radio and tele- 
vision receivers. There remains 
only the question of those words 
in black which were inverted by 
Dick's glass rod, and of that in 
red which was not. Readers who 
have not already spotted the simple 
secret of this phenomenon have 
merely to do a little inversion of 
their own in order that they may 
read what follows. 

LETTER INVERSION 

'a azt llnsaz awes am Suuaj;o &lanai 
zegl0 palzanut uaaq aneq ,iagl za1je 
aures am zeadde pue autl azluao 
leiuozuoq .nagl 2noge It otzlaunu is 
aza OHD, ut &zonal lt:nptntp 
-ut alp zanamoH spzom oml zaglo 
agl azam se AM auies agl lsnf tit 
poi ssulg agl ,iq pal.anut 'asinoo 
JO 'MA ,aNceD, pzoM OUJ 
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CURRENT 

TRENDS 

ITT Components Group Europe 
are now introducing a range of 
high -quality, low -cost electric coun- 
ters to the U.K. market. Basic 
models are: 

E507 ELECTRIC 
COUNTER 

A compact, reliable 5 -digit elec- 
tric counter. Tamperproof and non- 
resetting, it is well suited to vend- 
ing application. Standards models 
designed to UL specifications are 
available for normal d.c. voltages 
and 240V 50 /60Hz, but other volt- 
ages and frequencies can be sup- 
plied. Count pulse length may be 
from 50 ms upwards; minimum 
pulse off time is 50 ms. 

The frame is finished in bright 
aluminium, and base or panel 
mounting variants are offered. 
Operating ambient temperature 
range is 0 °F to 160 °F. The unit 
will count accurately at speeds up 
to 600 counts per minute through 
a minimum life of one million 

counts. Power consumption 3.6 
watts. 

E602 ELECTRIC 
COUNTER 

A high -speed 6 -digit counter with 
pushbutton quick reset (instant 
zeroing). Speed is up to 1,000 
counts per minute and life is con- 
servatively rated at 10 million 
counts. It can be actuated by any 
switch, relay, photoelectric or other 
circuit breaking device that makes 
and breaks without chatter, mini- 
mum duration for both make and 
break being 30 ms. 

Power consumption is 6 watts 
and the counter is available in 6V. 
12V, 24V, 48V and 100V d.c. 
ratings, and 100V, 120V, 200V and 
240V 50/60 Hz a.c. ratings. It 
meets a wide range of requirements 
on laboratory equipment, office 
machines, coin- operated machines 
and many kinds of industrial 
machines. 

E610 & E410 ELECTRIC 
COUNTERS 

Very fast counters intended for 
long service. The 6 -digit E610 is 
rated at 2,100 counts per minute, 
the E410 at 1,200, and conservative 
life rating in each case is 30 million 
counts. Both feature pushbutton 
quick reset (instant zeroing), and 
are available for base or panel 
mounting. 

Consuming 5 watts at 6V, 12V, 
24V, or 48V d.c. as required, they 
can be actuated by any chatter -free 
switch or circuit breaking device. 
Minimum pulse on time for the 
E610 is 19 ms, minimum pulse o$ 
time is 9.6 ms. Corresponding times 
for the E410 are 25 ms and 25 ms. 

Both counters have die -cast hous- 

The E507 Electric Counter 

The E602 Electric Counter 

The E610 Electric Counter 

ing with nickel -plated aventurine 
finish. They provide a wide range 
of requirements for built -in counters 
on industrial, laboratory and office 
equipment, coin -operated machines, 
and conveyor lines. From: ITT 
Components Group Europe, Trading 
Services, Edinburgh Way, Harlow 
Essex. Telephone Harlow 26811, 
telex 81146. 

doiPeeis 
"Do you mean to say you've never heard of a 

ham radio operator 7" 
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SGS PUBLICATIONS 
Two publications - `Industrial Discrete Devices' 

and `Integrated Circuits' - are now available from 
SGS (United Kingdom) Ltd. `Industrial Discrete 
Devices' lists all SGS discrete semiconductor devices 
(diodes, transistors and phototransistors) intended for 
industrial applications, together with full details of 
characteristics and operating conditions. A short sec- 
tion at the beginning of the publication enables 
specific devices to be located quickly in terms of the 
more important characteristics and applications. 'In- 
tegrated Circuits' has a similar section at the begin- 
ning for location of integrated circuits, then gives 
full information on all SGS integrated circuits, in- 
cluding linear and logic units. Both publications may 
be obtained from Data Services Department, SGS 
(United Kingdom) Ltd., Planar House, Walton Street, 
Aylesbury, Bucks. The price of each is 21s. 

LONDON AMATEUR RADIO MOBILE RALLY 
The Ealing and District Amateur Radio Society 

is holding its first Mobile Rally on 10th May, 1970 
at Hanwell Community Centre, Westcoft Crescent, 
Hanwell, London, W.7. The rally is believed to be 
the first ever held in London. 
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LArF NEWS 
* AMATEUR BANDS 

SWITZERLAND 
4UIITU has been heard on Top Band cw and also 

on 21 Mhz. QTH given as U.N. Geneva. 
PORTUGUESE GUINEA 

CR3K]? heard using cw and ssb modes on 14MHz 
band. 

35MHz 
Dx activity at the ssb end of the band still con- 

tinues apace during the early mornings. Heard re- 
cently were - HC2GG /1, OA4LNA, OA8V, PZ1AH, 
VO1FX, W3GQF, W4OKZ and W4RDD /VP9. 

SENEGAL 
Very active on 14MHz cw recently has been 

6W8DQ. If you can work him under the `wolf -pack' 
QRM you'll be ducky! 

* BROADCAST BANDS 
LEBANON 

Beirut (100kW) now 'broadcasts to Africa from 
1830 to 2030 on 15350 and to S. America from 2300 
to 0100 on 17715. The service to N. America from 
0230 to 0300, in English, oh 11790 remains un- 
changed. 

PAKISTAN 
Another new channel has been observed by our 

Listening Post (see Now Hear These, April issue) 
and was first heard early in February. Now identified 
as Peshawar on 3940, with Indian -type music at 1640. 
At 1700 a newscast in Urdu is preceded by 6 `pips'. 
Closes at 1730. 

HAITI 
Radio Lumiere has increased power to 10kW. 

Listed on 2410, schedule from 1000 to 0300 and 
9635, schedule from 1300 to 0330, both with a power 
of 250 watts. 

INDIA 
All India Radio is currently installing two new 

100kW transmitters for European coverage. Tests are 
expected to commence next month. Reports will be 
required. 

MALTA 
Duetsche Welle is to set up a relay station for 

services directed to Africa mainly in the Arabic 
language. 

VENEZUALA 
Radio Barquisimeto is reported to have increased 

power from 10 to 15kW. R. Barquisimeto operates 
on 4990 and 9510kHz. On the former channel the 
schedule is from 1000 to 0400GMT and on the 
latter from 1200 to 0300GMT. The address is - Apt. 
567 y 576, Barquisimeto and verification is by QSL 
card. 

CUBA 
Radio Havana (50kW) has changed frequencies for 

the English to N. America programme and is now on 
9550 and 11970, replacing 9525 and 11860. 

SYRIA 
Damascus (50kW) has moved back to 15165 from 

9670, broadcasting to Europe in German at 1830, 
French at 1900 and in English at 2030 to 2200 sign 
off. 

Acknowledgements to our own Listening Post and 
Swedish Dx'ers. 

RADIO CANADA 
On February 25th, Radio Canada 

celebrated its 25th anniversary. 
Plans for the development of CBC's 
short wave transmitters, located at 
Sackville, New Brunswick, include 
the installation of five 250kW trans- 
mitters to supplement the three 
50kW units which have been in 
operation since 1945. The aerial 
arrays will be improved to handle 
the increased power. 

Owing to financial restrictions, the 
improvements will have to be 
phased over a period of some four 
to five years. Two of the new 
higher -powered transmitters how- 
ever should be in operation early 
next year. For the initial transmit- 
ting period of from twelve to 
eighteen months, these new trans- 
mitters will only radiate pro- 
grammes directed to Europe. 

In 1945, when the Canadian 
Broadcasting Corporation began 
regular international short wave 
broadcasts of the twenty countries 
engaged in this activity Canada was 
in the forefront. At the present 
time there are about 150 countries 
having international broadcasting 
services and Canada has slipped 
out of the top 50 in terms of 
MAY 1970 

numbers and powers of trans- 
mitters. The Radio Canada trans- 
mitters operated for seven hours 
daily in 1945 but today they are 

on the air for 22 hours every day 
serving not only the International 
Service but also the Northern and 
Armed Forces Services. 

LAST LnnK ROUND 
COIL TOIL 

Winding coils by hand is always a bind! Induce yourself to make the 
Coil Winder featured in our next issue. Using it is a better method of 
coil toil than the former! 

KNOCK FOR KNOCK ! 
The motorists amongst us will shudder at the thought! We can, 

however, remove one of the knocks of life by substituting the knocker 
with a doorbell. Having a ding -dong is more preferable than a knock - 
knock! See Simple Electronic Doorbell in the June issue. 

TAPE RECORDING 
If you want to get this subject taped and erase any misconceptions, 

you certainly won't be on the wrong track if the information on pages 
621 to 626 is recorded in your mind. Playing time for this subject is 
the next seven issues. 

641 

www.americanradiohistory.com

www.americanradiohistory.com


Choice + 
Value+ 
Service 
equals Lasky's ! 

Absolutely unlimited choice from the larg- 
est stocks in Great Britain of everything for 
the radio, Hi -Fi and tape recording enthusi- 
ast, electronics hobbyist and home con- 
structor, serviceman and communications 
ham. Unbeatable value - exclusive lines at 
Lasky's exclusive prices including Budget 
Stereo Systems and Package Deals. Out- 
standing service backed by over 36 years 
experience in every aspect of audio and 
electronics. Visit any of our West End and 
City branches, including two specialised 
high fidelity centres: 42 -45 Tottenham Court 
Rd., W.1 and 118 Edgware Rd., W.2 or send 
at once for the 1970 edition of our famous 
Audio - Tronics and Hi -Fi Catalogue bring- 
ing 1000's of items from 
our vast stocks to you in 
the comfort of your own 
home PLUS our amazing 
monthly Money 
Vouchers worth 
over £25. 

THIS MONTH'S 
VOUCHER WORTH 

40/- 
Send your name, 
address and 2/- 
to cover post 
only and the 
inclusion of your 
name on our 
regular mailing list 

to Dept. RC, 
3 -15 Cavell Street, 
London, E.1. 

Branches 

co IJNIC/ITION 

,. .;. 
OA pP010 

Slott I131W44 

ivuCrx,r,ona 4: 

lax.° 

42 -45 TOTTENHAM CT. RD., LONDON, W.1 Tel 01 -580 2573 

33 TOTTENHAM CT. RD., LONDON, W.1 Tel.: 01 -636 2605 

118 EDGWARE ROAD, LONDON, W.2 Tel.: 01 -723 9789 

207 EDGWARE ROAD, LONDON, W.2 Tel.: 01 -723 3271 

152/3 FLEET STREET, LONDON, E.C.4 Tel.: 01 -353 2833 

MAIL ORDERS : 3 -15 CAVELL ST., LONDON, E.1 L a' :E 1M y s 
MEMBER OF THE H FDA 
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RADIO 
CONTROL FOR 
MODELS 

More 

RADIO 

CONTROL FOR 

MODELS 

SHIPS, BOATS and AIRCRAFT 

By F. C. JUDD 

With sections on servo- 

mechanisms by 

RAYMOND F. STOCK 

than 200 illustrations-circuits, 

working diagrams, photographs & tables. 

Each page is packed with information. 

192 Pages 

I S S Postage 9d. 

This book is basically an amalgamation of "Radio 
Control for Model Ships, Boats and Aircraft" and 

"Radio Control Mechanisms ". Additional material 
has been added on Multi- Channel Operation; Tran- 
sistorised Radio Control Receivers -Simple and 
Three -Channel; A Compact Efficiency Aerial; Deac 
Battery Information; Licence Conditions, etc. 

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

Please supply copy(ies) of your publica- 

tion "RADIO CONTROL FOR MODELS" DATA 
BOOK No. 16. 

I enclose cheque /crossed postal order for 

NAME 

ADDRESS 

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

Box No. 2/- extra. 

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

NEW CATALOGUE NO. 18, containing credit vouchers 
value 10 / -, now available. Manufacturers new and 
surplus electronic and mechanical components, price 
4/6d. post free. Arthur Sallis Radio Control Ltd., 28 
Gardner Street, Brighton, Sussex. 

SERVICE SHEETS. Radio, Television, Transistors, Tape 
Recorders, Record Players. Catalogue 2/6d. S.A.E. 
please. Hamilton Radio, 54 London Road, Bexhill, 
Sussex. 

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

TRANSISTOR AMPLIFIER KIT. 9V, 500mW into 3 
ohms. Low current drain, 3- transistor. All parts with 
circuit, 10 /6d., p.p. 1/6d. Tested transistors sim. 
AC128 -0081, 1/- each. Resistors mixed, 1/6d. dozen. 
A. Manley, 111 Mayow Road, Sydenham, London, 
S.E.26. 

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

"FLAME FROM THE AIR ". A revolutionary cigarette 
lighter that has no wick, flints or moving parts; uses 
no petrol, gas or batteries; cannot be blown out. 
Awarded gold medal Luxembourg International Trades 
Fair. 39/6d. plus 2/6d. p.p. from: JW Exports (Dept. 
MO1), 44 Earls Court Road, Kensington, London, W.8. 

BOOKS TO CLEAR: "The Upper Atmosphere ", Massey 
& Boyd, 50/ -. "KEOEEIT ", story of the Aurora Borealis 
20/ -. "The Living Brain", Grey Walter, 10 / -. "Teach 
Yourself Russian ", 5/ -. "Principles of Modern Book- 
keeping", 5/ -. "Outlook ", elementary weather fore- 
casting, 7/6d. "Practical Nucleonics ", experiments in 
Nuclear Physics, Pearson & Osborne, 25/ -. "Health 
Physics", pnnciples of radiation protection, Rees 50/ -. 
"Violent Universe ", Calder, 15/ -. All plus postage. 
Box No. G111. 

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, 49/ -. Also bargain components, reed 
switches, etc. D.E.W. Ltd., 254 Ringwood Road, Fern - 
down, Dorset. 

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, 1 Grove Road, Lydney, 
Glos., GL15 SJE. 

WANTED: Glass paper weights. Details to Box No. 
G117. (Continued on page 645) 
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BENTLEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, The Old Police Station 
LONDON, N.W.I. Gloucester Road 

01 - 722 9090 LITTLEHAMPTON, Surer 
Please forward all mail orders to Littlehampton PHONE 6743 

5Z4G 
6AQ5 
6AT6 
6C4 
6/30L2 
6B R7 
6BW7 
6F23 
6E28 
6L6GT 
9D7 
10E18 
30C15 
30C17 
30C19 
30F5 
30FLI 
30FL14 
30L15 
30L17 
30P4 
30P4MR 
30P12 
30P19 
30PL1 
30PL13 
30PL14 
DY87 
E88CC 
EABCOO 
EAF42 
EB34 
EB9I 
EBC41 
EBC81 
EBF80 
EBF83 
EBF89 
EC92 
ECC8I 
ECC82 
ECC83 
ECC&f 

71- ECC85 5/ 6 PC88 10/3 U26 11/9 AC157 5/- BY126 3/- 
5/6 ECC86 8/- PC95 8/3 UI91 12/6 ADI40 7/6 BYI27 3/6 4/- ECC88 7/- PC97 8/6 U301 I ll- AD149 8/- BYZIO 5/- 
5/- ECCI89 9/6 PC900 7/6 U404 7/6 AD162 9/- BYZI I 5/- 2/- ECF80 6/6 PCC84 6/3 1.1801 19/6 AFI06 101- BYZ12 5/- 
5/9 ECF82 6/6 PCC85 6/6 UABC806/6 AFI 14 4/-BYZI3 5/- 3/- ECF86 9/- PCC88 9/9 UBC81 7/- AFI IS 4/3 0A70 3/- 
4/3 ECH42 12/9 PCC89 9/6 UBF80 5/9 AFI 17 4/6 0A79 1/9 
4/- ECH81 5/9 PCCI89 10/6 UBF89 6/9 AFIIS 3/- 0A81 1/9 
7/9 ECH83 8l- PCF80 6/6 UC92 5/6 AFI_' 6/- 0A90 2/6 
5/6 ECH84 7/6 PCF82 6/3 UCC84 81- AFI26 5/- 0A91 I/9 
7/- ECL80 7/- PCF84 8/- UCC85 7/3 AFI39 13/- 0A95 I/O 
3/- ECL82 6/6 PCF86 12/9 UCF80 8/3 AF180 9/6 0A200 1/- 
6/- ECL83 9/- PCF200 13/3 UCH2I 9/- AF186 I I!- 0A202 2/- 
4/- ECL86 8/- PCF801 7/- UCH42 I2/- AF239 7/6 0C22 5/- 
6;- EF22 I 2/6 PCF802 9/- UCHBI 6/6 BAI02 9/- 0C23 5/- 
3/9 EF4I 10/- PCH200 12/3 UCL82 7/- BAI15 2/8 OC24 5/- 
416 EF80 4/6 PCL82 7/3 UCL83 10/- BAI 16 5/- 0C25 5/- 
3/9 EF85 5/3 PCL83 101- UF4I 10/- BA129 2/6 0C26 5/- 
5/6 EF86 6/3 PCL84 7/6 UFOO 6/9 BAI30 2/- 0C28 5/- 
2/- EF89 5/- PCL85 9/- UFOS 6/9 BC107 4/- 0C35 5/- 
7/6 EF9I 3/3 PCL86 8/6 UF86 9/- BCI08 3/6 0C36 7/6 
3/9 EFI83 6/- PEN45DD 151- UF89 6/9 BCI13 5/- 0C38 8/6 
2/- FI84 6/- PFL200 11/9 UL4I 10/6 BCI18 4/6 OC44 2/- 
3/9 EH90 7/6 PL36 9/6 UL84 6/6 BCY10 5/- 0C45 I/O 
5/6 EL33 12/- PLBI 9/6 UM80 6/6 BCYI2 5/- 0C46 3/- 
5/- EL34 10/6 PL82 6/6 UY41 7/6 BCY33 5/- OC70 2/3 
5/9 EL4I 11/- PL83 6/6 UY85 5/9 BCY34 4/6 OC71 2/- 
2/- EL84 4/9 PL84 6/6 2N404 6/- BCY38 5/- OC72 2/- 
6/6 EL95 5/3 PLSOO 13/- 2NI756 10/- CY39 4/6 0074 2/6 
0/- EM80 7/6 PL504 13/6 2N2297 4/6 BCZI 1316 OC75 2/- 
3/- EM8I 7/6 P1-509 28/9 2N2369 4/3 B0119 9/- OC78 3/- 
2/3 EM84 6/6 pY33 10/- 2N2613 7/9 BFY50 4/- OC78D 3/- 
9l6 EM85 11/- PY8I 5/3 2N3053 6/6 BFY51 4/- OC8ID2/- 
6)6 EM87 7/6 PY82 5/3 2N3703 3/9 BFY52 4/6 OC82 2/3 
6/9 EY5I 7/6 PY83 5/9 2N3709 4/- BF159 5/- 0033 2/- 
81- EY87 6/6 PY88 6/9 2N3988 10/- 8E163 4/- 0084 3/- 
6/3 EZ40 7/6 PY800 7/6 25323 10% 8F173 7/6 OC123 4/6 
6/6 EZ80 4/6 PY801 6/9 AA1I9 3/- 8E180 6/- OC169 3/6 
3/9 EZ8I 4/9 QQV03/1024/- ACI13 5/- BY100 3/6 0C172 4/- 
4/6 HVR2 10/6 RI9 7/6 ACI27 2/6 BYI01 3/- 0C200 4/4 
4/6 TW621216 U19 34/6 AC154 5/- BY105 3/6 0C202 4/6 
6/3 PC86 10/3 U25 I3/- ACi56 4/- BYI14 3/6 OC203 4/6 

Terms of business: Cash with order only. No C.O.D. Pos /Packing 6d. per item. 
Orders over f5 post free. All orders despatched aarne day as received by first 
class mail. Complete catalogue including transistor section and components 
with terms of business I /-. Any parcel insured against damage in transit for 
6d. extra. Business hours 9 a.m.-5.30 p.m. Saturdays 9 a.m.-1 p.m. 

Littlehampton closed Sass. 

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 -valve receiver, transistor portable, 
signal generator, multi -test meter and professional -type 
valve voltmeter -all under expert guidance. 
POST THIS COUPON TODAY and find out how ICS can 
help YOU in your career. Full details of ICS courses in 
Radio, Television and Electronics will be sent to you by 
return mail. 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES. 

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

NAME 
Block Capitals Please 

ADDRESS 

5.70 
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The 
"NEOPHYTE" AMPLIFIER 

n 

h 

TELERADIO new Hi Fi dept 
are stocking all parts to build 

this interesting project. 
(SEE OCTOBER ISSUE) 

Full details of this and 
other amplifiers in kit form, from 

TELERADIO ELECTRONICS 
325 -7 Fore St., Edmonton, London N9 

JACKSON 
the big name in PRECISION components 

Precision built radio components are an 

important contribution to the radio and 

communications industry. 

No. 6/36 DRIVE 
Incorporating the Dual Ratio Ball Drive providing 36 -1 Slow 
drive and 6 -1 Fast drive under one knob with co -axial control. 
Scale is calibrated 0 -100 and an extra blank scale is provided 
for individual calibration. 
The unit consists of aluminimum back plate, drive unit, scale, 
spare scale, transparent cover, hair -line pointer, escutcheon and 
knob. Fits in front of panel which may be any thickness up to 
1." (or more by providing longer screws). Price 24s. each. 

JACKSON BROS. (London) LIMITED 
Dept. RC, KINGSWAY -WADDON, CROYDON, CR9 4DG 

Phone Croydon 2754 -5 (01 -688) Grams Waifilco, Croydon 

U.S. Office: M. Swedgal, 258 Broadway, N. York. N.Y. 10007 
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UNDERSTANDING 
TELEVISION 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

3716 POSTAGE 
3/- 

UNDERSTANDING TELEVISION deals with: 

Principles of 405 line reception 
Principles of 625 line reception 
Nature of the television signal 
Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 
The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
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 
UNDERSTANDING TELEVISION, Data Book No. 17 

I enclose cheque 'crossed postal order for 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE 

THE RADIO CONSIRUCTOR 
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SMALL ADVERTISEMENTS 
(Continued from page 643) 

MAGAZINES TO CLEAR: CQ 1947 November, 1955 
April, 1957 February to June, 1959 July to December, 
complete, 1964 March missing, 1965 complete, 1 /6d. 
per copy. QST, 1948 October, 1961 October to Decem- 
ber, 1962 September, 2/- per copy. RSGB Bulletin, 
1956 May, September, October, 1957 August, Septem- 
ber, 1958 February, July to December, 1959- 60com- 
plete, 1961 August, September missing, 1962 February 
to May, 1/- per copy. 73, 1963 July, August, Septem- 
ber to November, 1967 January, October, 1968 
January, February, April & November, 1 /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. 

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

TELETYPE Instructions booklets for Creed No. 54, Nos. 
7 and 8, No. 47, No. 75, No. 85, 6S/6, 'N' type key- 
board. 7/6d. each. Relays Sigma type 720AZ, octal 
socket plug -in, £2. Miniature DPDT 10 /6d. Box No. 
G116. 

FOR SALE: Transistors mixed (untested), 50 for 12/6d. 
p.p. 1 /6d. Brand new guaranteed transistors 16 for 
19/6d. Mixed components, hundreds of resistors and 
capacitors, 19/6d. Write for list: Edmund Clark Elec- 
tronics, 377 St. Johns Street, London, E.C.1. 

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. 

FOR SALE: 330 Radio Constructors, Practical Wireless, 
etc. Also components. S.A.E. 43 Highgate Lane, Farn- 
borough, Hants. 

FOR SALE: Mains transformer, unused. Primary 245V 
Secs. 4 x 28V, 1A, 1 x 30V, 250mA, £3 10s. Capacitors 
1250rrd. 50V, 3/ -. Silicon rect. 100V p.i.v. 2A, 1 /6d. 
Box No. G120. 

ARE YOU A MOTORING ENTHUSIAST? The Seven 
Fifty Motor Club caters for all types of motor sport - 
racing, rallies, hill climbs, etc. Monthly Bulletin free 
to members. For full details write to: The General 
Secretary, Colin Peck, "Dancer's End ", St. Winifred's 
Road, Biggin Hill, Kent. 

WANTED: Ilford Elmo 8TL -6 or 4 standard 8 cine 
camera, with 100ft. magazine. Box No. G121. 

SURPLUS BOARDS. Grey /green. Compressed laminate. 
4in. x 3in. Suit transistor projects. Twelve 3/6d. Six 
2/ -, post free. Box No. G122. 

FREE GIFT when you request our quality stamps, 
supplied on approval. Generous discounts. Details 
from: Watson's Philatelic Service, 6 Beech Avenue, 
Brentwood, Essex. 

TO CLEAR: Metal rectifier, Radiospares REC22, 15/ -. 
Push -pull interstage trans. Repanco TT4, 5/ -. Pair 
Mullard 0C36 transistors, 15/ -. Heat sink to match, 
5/ -. 50 assorted resistors, 10/ -..50 assorted capacitors, 
15/ -. Tanoy hand mic., 10 / -. Eddystone 2 +in. coil 
farmers, 7/6d. Mains transformers: 350- 0-350V 250mA, 
5V 2A +2, 6.3V 2A, 2V 1A, 15/ -. 250- 0 -250V 100mA, 
4V 6.3V 2A, 10 / -. 0 -140V tapped out, 250V a.c. tapped 
in, 10 / -. Box No. G123. 

ESSEX GARDENERS. Buy your bedding and rock 
plants, shrubs. etc., also cacti from May's Nurseries, 
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers 
only. Monday to Saturday. 

WANTED: Books, brochures, pamphlets, etc. re FAX. 
Any information of interest. G2UK, "East Keal ", 
Romany Road, Oulton Broad, Suffolk. 

(Continued on page 647) 
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THE WILSIC Mk II 
REVERBERATION UNIT KIT 

A new. all silicon version of our self-contained, 6 transistor, 
beration chamber to which microphones, instruments, 

tuners or tape recorders may be connected for added dimen- 
sional 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/I1 
if bought separately). 
Complete easy -to -build kit, with constructional notes and 
circuits: L7.10.0. 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 
31" x " (excluding probe). Price 
ready for use, including battery 
32/6 post free. 

THE WILSIC 
WAH -WAH PEDAL KIT 

SELECTIVE AMPLIFIER MODULE. The basis of the Wah -Wah 
pedal. Kit contains all the components to build a 2- transistor 
circuit module, also the sockets, control, etc., required for the 
constructor to assemble his own design. 35/ -. 
Assembled and tested module 42/6. 
FOOT VOLUME CONTROL PEDAL. Foot pedal unit in very 
strong fawn plastic. Fitted with output lead and plug for con- 
nection to guitar amplifier. May be used for volume control or 
converted to Wah -Wah by adding the module. 
Pedal unit only LS.12.6. 
Complete kit for Wah -Wah pedal 17.0.0. All post free. 
Send 1/6 for our catalogue of components, testmeters, musical 
electronics and more details of the above items. 

Callers welcome. 

WILSIC ELECTRONICS LIMITED 
6 COPLEY ROAD, DONCASTER, YORKSHIRE 

FREE TO AMBITIOUS ENGINEERS 
THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy 1 

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, TV., 
Electronics, etc. Ask for details. 
Which is your pet subject 1 

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 British Institute of Free Books and 
Full Information Engineering Technology 

NAME 

ADDRESS 

Subject 
of interest. Age 

ALDERMASTON COURT, Dept 480D, Aldermaston, Berks. 

645 

www.americanradiohistory.com

www.americanradiohistory.com


RADIO 
OPE RATORS 
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 £800 per annum 
22 855 
23 890 
24 925 
25 and over 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. 

646 

Electronic 
Test 
Engineers 

Pye Telecommunications of Cambridge has 
immediate vacancies for Production Test 
Engineers. The work entails checking to an 
exacting specification VHF /UHF and SSB 
radio telephone equipment before customer 
delivery ; applicants must therefore have 
experience of fault finding and testing 
electronic equipment, preferably 
communications equipment. 
Formal qualifications, while desirable, are 
not as important as practical proficiency. 
Armed Service experience of such work 
would be perfectly acceptable. 

Pye Telecom is the world's largest exporter 
of radio telephone equipment and is 
engaged in a major expansion programme 
designed to double present turnover during 
the next 5 years. There are therefore 
excellent opportunities for promotion 
within the Company. Pye also encourages 
its staff to take higher technical and 
professional qualifications. These are 
genuine career opportunities in an 
expansionist company so write, or 
telephone, for an application form without 
delay. Interviews can be arranged anywhere 
in the country at locations to suit the 
majority of applicants. 

Mrs A. E. Darkin, Pye Telecommunications 
Ltd., Cambridge Works, Haig Road, 
Cambridge. Telephone: Cambridge 51351 

4 Pye Telecommunications Ltd 

THE RADIO CONSTRUCTOR 
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SMALL ADVERTISEMENTS 
(Continued from page 645) 

FOR SALE: Sinclair Z30 amplifiers, 78/ -. Stereo Sixty, 
178/ -. Eagle A.M. Tuner AMT35, 79/ -. P. & J. minia- 
ture mains transformers 9 -0-9V 80mA, 12 -0 -12V 
50mA, 10/ -. Further details: Box No. G124. 

BOOKS TO CLEAR: At 1 /6d each post paid:- Pelican 
books - Man, Microbe- & Malady, Cine- Biology, 
Science News Nos. 11, 30, 33, 35 and 51. "Queet, 
Evolution of a Scientist ", "Discovery ". Puffin Book. 
"Aquarium Management ", "Chemistry", "Industrial 
Electronic Apparatus ", "Electronics Made Easy ". All at 2/6d. each post paid:- "Mid- century Journey ", Man 
& The Universe" Lodge, "Men of Science & their 
Discoveries ", "1001 Mechanical Facts ", Marshall, 
"Workshop Hints & Tips ", Model Engineer Hand- 
book. All at 5/- each post paid:- "On Scottish Hills, Humble, "Model Engineering Practice ", Camm, "Dis- 
ease & Its Conquest, Hollis, "Ski -ing for Beginners ", "Footsteps in Civilisation ", "Hotels -Admin. & Accounts ", "Principles of Executorship Accounts'. 
All at 7/6d. post paid:- "Radio & Electronic Hobbies" Judd, "The M.E. Lathe Manual" Westbury, "Engines 
for Small Craft" Barnard, "Thyratrons ", Philips. 
"Sound & Cine for Beginners ", "Maritime Meteor- 
ology", Earl, "Cloud Types for Observers" Met. 
Office, "Science Today & Tomorrow" 2nd Series, 
"Science Survey No. 3 ", Life & Sunday Times World Library: S.E. Asia, Scandinavia, Brazil, Japan, Israel, Britain, Italy, Russia, Mexico, France, India, Germany, 
Greece, Tropical Africa. Life Science Library: Man & Space, Planets, Energy. "The Story of Atomic Energy" 
Soddy, "The Colour of Canada ", "Frontier to Space" Burgess, "Earth Satellite" Moore, "Man The Adven- turer", "Man on the Moon ", "Practical Yacht Racing ". Box No. G 125. 

HIGH QUALITY R.F. Generator. 150kc /s - 435Mc /s ±1.5% accuracy. Recently aligned and tested for sale purposes. Fully comprehensive controls. For further details telephone evenings: 01- 730 -5067. 
PROPERTIES for sale and to let in London and suburbs. Apply to Maggs & Stephens, Estate Agents, 

229 Maida Vale, London, W.9. MAIda Vale 8123. 
WANTED: Meter for Eagle EPIOOKN multitester. 

Write, quoting price, to G. McCombie, 16 Leaming- ton Road Villas, Lontilon, W.11. 
POSTAL ADVERTISING? This is the Holborn Service, Mailing lists, addressing, enclosing, wrappering, fac- simile letters, automatic typing, copy service, campaign planning, design and artwork, printing and stationery. Please ask for price list. -The Holborn Direct Mail Company, Capacity House, 2 -6 Rothsay Street, Tower Bridge Road, London, S.E.I. Telephone: 01- 407 -1495. 

HENRY'S RADIO LTD 303 EDGWARE ROAD. 
LONDON, W.2 

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. 1. 
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. 

RADATEC, (Box 

MAY 1970 

RADAR SPOTTER 
Protect your Priceless Driving Licence! 

Completely self -contained. Clips on 
to Sun Visor. Detects radar speed 
trap signals up to two miles on 
motorways. Completely legal. Six 
month guarantee. Size 4f" x 3f" 
x 3 ". £13.5.0 including p.p. C.O.D 5/- extra. For technical details ring 
Stan Bennett on 01 -660 2896. or 
send 8d. in stamps to: 

381, 45 GREEN LANE, PURLEY, SURREY 

INTERNATIONAL 

SHORT 

WAVE 

LEAGUE 

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

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

For full details write to: 
The Secretary, 

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

FERGUSON RADIO CORPORATION LTD. 

¡folk§ 
Urgently required within a colour television receiver 
Production Department.Applicants should hold a City and 
Guilds Intermediate or Final Certificate in Radio and 
Television Servicing or alternatively have had considerable 
practical experience. Excellent working conditions and 
rates of pay. 

Please apply, completing details be /ow: 
to: 

Personnel Manager Ts /Rc Ferguson Radio Corporation Ltd., 
Great Cambridge Road, Enfield, Middx. 01 -363 5353 Ext. 2320 

NAME 

ADDRESS 

TEL. NO. 

QUALIFICATIONS 
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CHASSIS 
and 

CASES by 

H. L. SMITH & CO. LTD. 

287/9 Edgware Road 

London W2 
TEL: 01 -723 5891 

CASES ALUMINIUM, SILVER 
HAMMERED FINISH 

Type Size Price Type Size Price 
N 8x6x2" 18 /- W 12x7x7" 37/6 
N 6x6x3" 17/6 W 15x9x8" 48/6 Type 
N 4x4x2" 11 /- Y 8x6x6" 29/- W 
U 4x4x4" 11 /- Y 12x7x7" 45/- 
U 5 }x4 }x4 }" 17/- Y 13x7x9" 50/6 
U 8x6x6" 21/- Y 15x9x7" 53/6 

U 9;x7 }x3 }" 24/- Z 17x10x9" 72/6 
U 15x9x9" 49/- Z 19x10x81" 78/- 
W 8x6x6" 23/- 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 Y 

Z 

Type U 

BLANK CHASSIS 
FOUR -SIDED 16 SWG ALUMINIUM 

Size 
6x4x2" 
7x4x14" 
7x5x2" 
8x4x2" 
8 }x5 }x2" 
9x7x2" 
10x4x21" 
12x4x2 " 
12x5x3" 

7x5 4x11" 
7x5;x2" 
11x6;x1 }" 
11x6 4x2" 

Price Base Size 

6/3 2 /II 10x8x2{{" 
6/- 3/2 12x7x24" 
7/6 3/5 12x9x241r 
7/- 3/4 13x8x2 " 

8/- 3/9 14x7x3' 
9/3 4/10 14x10x2}" 
9/- 3/9 15x10x2 }" 

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

TO FIT OUR CASES 
7/- 3/9 12x6 }}x2" 
7/9 3/9 14x8 }x2" 
10 /- 5/6 15 1x9 1x2 }" 

10 /- 5/6 174x9 4x2 
Plus post & packing 

Price 
12/- 
12/- 
13/9 
13/9 
14/6 
16/- 
16/6 
19/6 

10/9 
13/6 
17/- 

" 18/6 

Base 
5/6 
5/11 

6/61 
8/7 
91 

10/1 

5/11 
7 /1l 
9/6 

10/6 

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

YUKAIK SO PROFESSIONAL THE 
SELF- mum YMCAN AEROSOL WAY - 

get these c,- obehtg GREY HAMMER 

NOW OR 
WRINKLE' 

(CRACK[E 
tukan Aerosol sprayki, on 

r 

n, 16 oss. fine quaky. durable easy invent 
(spray. No store baking requ "ed. Hammers available in grey. blue. gold. 
bronze. Modern Eggshell Black Wrinkle (Crackle) all at I S/11 at our 
counter or 16/11. carriage paid. per push -button ell -spray an. Alegi 
Dyable, heat and water resistant Black Man finish (12 ea.. seff.epray 
cans only) 13/11 carriage paid. 
SPECIAL OFFER :1 an plus optional transferable snap -on trigger handle 
(valve SI-) for 18/11, carriage paid. Choice of 13 self-spray plain colours 
sod primer (Motor car quality) also available. 

Pleas ..dose cheque or crossed P.O. for total anon.[ direct to: 

DEPT: N/3 YUKAN, 307a,EDGWARE ROAD, LONDON, W2 
We supply many Government Depart men's. Municipal Ae,horltlet. loseltutas 
and Leading Industrial Organisations -We can supply you too. 

Open all day Saturday. Closed Thursday afterueoss. 

Be 
well- 
equipped (suRNll1E) 
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 scientific 
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 
DB5 TV FAULT FINDING 

124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 6/ -, postage 6d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/ -, postage 1 / -. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/ -. 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 10/6, postage 8d. 

I enclose Postal Order /Cheque for in payment for 

NAME 

ADDRESS 

(Please use Block Capitals for both name and address) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order 

All publications are obtainable from your local bookseller 

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

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
THE RADIO CONSTRUCTOR 
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HENRY'S RADIO LTD. EQUIPMENT p s 
BUILD A QUALITY 4 TRACK TAPE RECORDER 

IVE INSTRUCTIONS MANUAL MANES BU- I ANY 

AND SUCCESS ,S ASSURED 

oc000IsOne ói. a e 3PP 
Y." 

ASK FOB BAD! - 1 

VALUE 060 

PRICE 39 gnt p p 22/6. N OTHING ELSE TO et,. 

SCOOP! STAAR RECORD PLAYER 

CARS plays 9 P M records 9 
o 

I 

rated, vo 
3 

m ono cdtraloe BRAND NEW 

s, ,Ouslraled 

PRICE 59/6. 
p.p. 316. 

Send lo, leaner 

No 2 

GARRARD 
RECORD DECKS 

All the late.? model. BRAND NEW ano guaranteed 
- TERRIFIC SAVINGS I 

Model 50 - STAHC die. 
3000 STEREO - RTAHC diem 
SP 25 1.4c II 
Aro M 11. 

SL 858 
AP 75 
401 
SL 1513 

TSL 9513 

tCL 7513 
GL 75 COLORING 
01. 75 P COLORING 

E 1.10.0 
E 1.15.0 
Ell. 0.a 
012.10.0 
014.17.1 
017.15.0 
O 21. 0.0 
025. 0.0 
O 31. 0.0 
039. 0.0 
E33, 0.0 
RN. 0.0 

ALSO IN STOCK - THORENS - LENCO - B SR 
Carnage /Insurance 7/6 wort on any model 

BASES /LOVERS pp 5/. 04.15.0 
DELUXE P E. 7/. E 1.10.0 

.DELUXE p P 7/' E 0.100 

Special prices with choice of cartridge 
SEND FOR 10-PAGE BROCHURE 16/17 TODAY 

MULLA MULLAI4 1 WATTAAMPLIFIER 
Portable Tr m. InleHoms 
Babe 
Record Awe, 

tanr5sou vNnn 9 coo s un,uI. 
uctout A3 ohms 

do RE CI,RD DE31 

PRICE 05/ -. pp. 2/6. 

OTHER ITEMS. ,"eve / , a n.h 
Van weaker 1761.1. 1fi 

11.9 , 4 12 6 n 2 fi 

P 9n 9.00l Sane, 
R 

39 Wine for ealiet No 2 

BUILD 

YOURSEL 

A 

QUALITY 
RADIO 

New printed circuit design with All power 

output. Fully tuneable on both mwAw. 
bands. 7 Millard transistors, Fitted 5" 

speaker. Room Filling Power. Easy to 

build with terrific results. All local and 

continental stations. Complete detailed 
nsbuCilons. 

TOTAL COST 06.19.6. p.p. 4/6. 
Asa lof Lallel No 1 

TRANSISTORS DIODES RECTIFIERS 

WE HAVE THE MOST COMPREHENSIVE 
STOCK IN GREAT BRITAIN 
NEW LIST OF 1000 TYPES 

SEND FOR FREE COPY TODAY (LIST 381 

FREE 18-PAGE TEST EQUIPMENT CATA- 
LOGUE - LOW COST UNITS FOR EVERY 
PURPOSE (Ref. No 331 

HENELEC 5 -5 STEREO AMPLIFIER ABK FOR BROCHURE I3 

PRICE £13.10.0 pop. 7/6. 11. 11.1 pit r.gp..a 
Complete Stereo System 55 
Canard 2025 IC or 3,000 CM with PTAH.0 Diameter Ceramic 

Cartridge. 
5.5ín 

Amplifier 
h tsPlinth/Cover 

Two 10 wall .pesters 
a clot 

w Usual I rice £50.0.0. OUR PRICE £39.10.0 pr 20 

SINCLAIR 
STEREO 60 
Z30 76/. PZ5 794 Stereo 60 

SPECIAL OFFER - Two 230, PZ5. Stereo 
(RAP 023.1001 PRICE 011 

BP10103 Wm IC Amp. 111.5 

MC 1304 Stereo IC 12.18.0 

TAO 100 Am Tuner 12.7.1 

MC 1303 Stereo Pneemp IC 0.12.5 

All post paid. dstMry from .todk. 

BO 

OTHER TYPES OF 
INTEGRATED CIRCUITS 
RCA CA3014 29/6 
RCP CA]010 22/6 
RCA CA3035 29/6 
RCA C4C 113/6 

Sn .Ia C 10 59 /fi 
tif PA230. 22/6 

PA)34 20 /0 
PAI]7' 

' 

37 /6 

E 
St 403 Plesso, 

S D 91a 
S UL90O 

S UL914 

52,6 
49 /6 
toro 
10 /0 
11/0 
15/0 

Data sneer. 3 b to. mese 

BUILD THIS VHF FM TUNER 
5 MOLL PRO TRANSISTORS 300 Ft's BANDWIDTH 
PRINTED CIRCUIT HIGH F IDEI IIT R PRODUCTION. 

MONO A STEREO A poyular VHF FM inner ,u 
stereo 

VHF FM awes the REAL OUno 
There s nn IU,In. Modul1 

PARTS TOTAL COST 06.19.6. DECODER (5.19.6. 
ASK FOR LEAFLET No 3 /FOR STEREO, 

e 

7.3 

J LID 

HENRY'S RADIO fully Illustrated CATALOGUES 

Emma : B ALL TYPES A 
OF ELECTRONIC 
COMPONENTS 
TEST 
EQUIPMENT 
KITS 
BUILT UNITS 

HIGH 
FIDELITY 
& GENERAL 
AUDIO 
EQUIPMENT 
CATALOGUE 

A The new 350 page fully detailed and illustrated with 
more than 6,000 stock items. Everything for amateur and 

professional use. Complete with 5 vouchers 10 /- value, 
for use with purchases. 6th impression now available., 
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 5 / -. p.p. 1/ 

WHY NOT 
SENO 
AWAY 
TODAY! 

AUDIO EQUIPMENT 
Mono or Stereo Audio equipment developed 
from Dlnadale Mk II - each unit or system 
will compare favourably with other proles. 
sional equipment selling at much higher 

prices. 

011.12.6. to 038.17.6. tall units wadable 
separately I. 

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 11 TODAY 

HI-FI equipment to suit MY POW 
FREE 10 -PAGE STOCK/11Y 

( Nos .16 /17) 

VISIT OUR NEW HI Fl CENTRE AT 309 EDGWARE ROAD. foe Al Wading make, of - 

AMPLIFIERS, TUNERS. O COS SPEAKERS. MICROPHONES, TEST EOUIPMENT ALL WITH 

DISCOUNTS - IT WILL PAY YOU TO PAY US A VISIT AUDIO SYSTEMS £40 - E300 TO SUIT 

EVERY POCKET DEFERR O TERMS AVAILABLE 
SEND FOR ILLUSTRATED BROCHURE 16/17 TWO DEMONSTRATION ROOMS 

ELECTRONIC ORGANS 
COMPLETE KITS FOR THE HOME CONSTRUCTOR 

SVAR FE ATURES 
ANSISTOR IODATE IRCUIT DESIL;NS 
HRIDSH 'STEP BP STEP UE I AILED 
INSTRUCTIONS ':.AVEN UP TO 50` ON COMMERCIAL 
EUIVALFNT 'EVE RYIHIN..SUPPn OFD DOWN TO THI 

ITEM 
L 

' F TE H SALES SE ED.,, AADV ICI 

CRE DIT SALE 6H P URN'S Av AILABLE 

Ma* to 

H 

r e choc. o FOUR 

sh Be e 

Ma* 
n M, rom a ana. meow. orta51. at 

099 THE MAYFAIR for 1911I or .115,1.1 music 

,o a moo wood Imo octave de luxa model wm 

OAK CONSOLE from E205 for the RI Tou, mow.. 

Start building for 
as little as £10 

MODE LSIRpNIY9 ,1SU 

SEND FOR ILLUSTRA TE D BROCHURES 9,10/11 TODAY. 
n LONDON CALL IN SEE. HEAR PLAY FOR Ohm. 

OURSELF ,1111,FNIM III /III NIL IIH,,A 

Mall Order Dept , Components. Organ Dept. 

303 EDGWARE ROAD, LONDON W.2. 

Telephone: 01 -723 1008 i 9 

OPEN MON -SAT 9am -6pm THORS 9am -Ipm 

High Fidelity and Equipment Centre 

309 EDGWARE ROAD, LONDON W.2. 
Telephone: 01 -723 6963 
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