
;__ ; 
-: 

_.i Ç '- - T 

I 

¿ 
';, \, u \ . - 

:: i: r [l 
ri- r_? 

I ' 

4 

! ' 

L I9 

: 
1 T 

tI 

-. -: 
1c 

dr, 

- '4 

po 

I1 

- S____ 
- - 

'i), 

-: 

4 

p- 

k 

,1 

FR-EE' 
INSIDE 

COMPONENT 

SELECTION 1 

-CALCULATOR, 

-t 

- 

'y 

Pu 

il 
I --3 

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressorPDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor

http://www.cvisiontech.com
http://www.cvisiontech.com


fR.g Td. M.Aì 

SOLDERING EQUIPMENT 

/orihe 

DISCRIMINATING 
ENTHUSIAST 

I': 

1' r 
I. 

- T,1. 

III. 

F 

¡f1; 

1, 

4. 

i 

ç. 

TRANSISTORS - DIODES - ZENER - VALVES 
FULLY GUARANTEED - FACTORY NEW. SAE. FOR FULL LIST. 

P.P. 2/- in L I/- min. 
2N697 1218 ASZ2O 7/6 NKTQ2S Cl- 0AZ207 D16 OCl2n 16f- 0Z34 10/- 
2101304 0/0 ASZ2I 12/0 NKT21 6/- 0AZ208 6/0 0C139 7/n Penn 11/- 
2N'2026 S0 .k8Z23 30/- NKT25 0/C 0AZ209 8/B 0C140 9/0 
2N3819 18!- BCIO7 7/8 NKT2O5 0/6 OAZ2IO 0/0 OCIOI 12/0 pc7 7/6 
28002 10/6 BC/OH 5/- NKT27I 1/- OAZ2I I 6/6 0C169 6f- NC64 6/- 
2S003 9/6 UCInO 7(6 NKT272 5/- 0AZ212 6/0 0C170 0/- PCCS9 11/- 
20004 0/6 BCY3I 13/6 NKT2I3 4/- 0AZ213 6/6 0C171 0/- PCCI89 11/- 
2$012 20/- BFYI7 9/6 NCT274 5/- oz22 9/6 OC20 7/6 PCFSO 7/- 
28012A 25/- 16FY1 8/6 NKT27I 1/- 0AZ224 0C201 10/- P6F86 8/6 
28013 20/- 11FY53 7/6 NK1'277 5/- 10/- OCO2 13/- PCLO2 7/- 
2$013A 2S/- BPYIO 22/6 NKT276 - oAz225 0C203 10/6 FCLO3 8/0 
28017 10/- 138Y27 9/6 NKT219A lo/- 0(204 15/- PCLS4 7/8 
20018 17/6 IISYSI 7/8 4/- 0AZ242 4/6 0(205 15F pcuo 9/- 
28103 20/: 00Y53 7/6 NKT304 8/- 0AZ245 4/6 0C206 22/6 FCUIO 8/2 
20301 12/6 BOY95A NKT3O2 37 0AZ246 4/6 0Cl'?! /- PL36 9/- 
28320 9/- 5/6 NKT4O3 0AZ247 4/6 OR?!? 8/6 F1,81 7/- 
2032? 7/6 IIYIOO 4/6 12/8 OAZ290 9/6 DAF9I 4/6 F1, 8/6 
20323 10/6 (lET? II- NXT4O4 0AZ291 9/6 0AF96 6/8 I'L83 6/8 
20324 12/6 GETS 8/- 12/6 0AZ292 9/8 »991 FL8I 6/8 
28512 19/6 (IETI6 7/6 NKT453 0C16 22/- OPIO 

F1.560 13/6 
28702 15/- 00120 10/- 12/6 OCIO 7/6 »091' 5/6 FY32 8/8 
ACIO7 10/- 00188 5/- N0T452 08/20 15/- DK92 FY81 8/- 
AC126 6/8 OETI0O 6/- 12/6 01122 10/- 1)096 FY02 5/6 
AC127 7/8 001103 4/6 2601675 6/- 01123 12/6 121.92 FY83 6/- 
ACI27Z 9/6 001106 8/6 NKT676 5/- 0C24 15/- DL94 rFY88 7/3 
AC128 8/6 0ET106 OKT67? 5/- 01123 0/6 DL96 7/- 

CR1141 7/6 AC178 7/6 10/- NKT678 0/- 01126 7/6 12Y86 6/4 
11131181 7/6 ACYI7 8/8 001113 5/- NKT7I3 7/8 01128 12/8 EBC4I 7/6 V8/C85 6/6 ACYI8 5/6 GETII4 6/- NKT773 8/- 01129 16/- EBC8I 6/3 UCIOI2 8/6 ACYI9 6/6 GETIIS 9/- NKT777 8/- 01135 12/8 EBC9O 4/3. 
UCH81 6/8 ACY2O 5/- 

ACY2I 6/- 
GET116 

15/- 
NKTOOI3 

12/8 
0C36 12/6 
01141 6/- 

EBF8O 6/8 
EcC81 4/- UCLS2 7/3 

ACY22 3/6 GETO71 5/- OAI 4/- 0C42 5/- EcC82 6/- 111.41 8/6 
111,84 6/3 ACY28 4/6 

'16/- 
GET872 8/- 0*7 4/- 0C43 9/- ECC83 5/6 

IJY8S 5/8 *12140 0ET874 OA IO 3/- 0C44 4/- E11C85 
1135 9/6 AD149 18/- 6901875 6/- 0*47 3/- 01144M 5/8 ECF0O 
1126 8/6 A12161 11/ GET880 9/- OA7O 2/- 04145 3/6 ECU35 10/0 
5154011 6/6 AGIO? 11/- 0ET882 5/- 0A73 2/6 01145M 4/- ECU42 

5/- *01140 0ET883 /_ 0479 2/8 01146 6/8 ECU8I 5/2 5Y34JT 
5240T 8/- 15/- 01/TOSI 5/ 0*81 2/6 01170 4/- ECH84 8/10 
GF23 10/- *9102 18/- 

API 14 6/6 
NKTI28 8/- 0*8! 2/8 

0*86 4/- 
OC7I 3/8 
0072 5/- 

ECL8O 
ECL82 61.60C 7/8 

AF IlS 6/- 01/11428/- 0*90 2/6 01173 7/8 
8/3 

ECL86 9/ 6ON7OTII 
6/6 

Nl(T211 6/- 0*91 2/6 01175 6/- 0960 5/- 7/ *9116 
API /7 5/ NKT2I2 0*95 3/8 01176 - 6/- EF8G 6/3 6V601 6/8 
AFII8 10/- NK1213 6/- 0A200 3/3 01177 8/- EF183 8/4 6058/IT 6/- 
AFl24 7/6 NKT2I4 4/- 0*202 4/3 01178 5/- EF184 6/4 251,601 6/6 

*9125 8/8 N01216 7/8 0*210 7/8 0117812 5/- EL34 9/6 301112 10/- 
AF126 6/- NKT2I7 s/ 0A211 9/8 01181 5/- EI.41 8/6 3OFL1 18/8 
*9127 8/- NK1218 8/- 0*2200 01181D 5/- 01,84 4/9 3091.14 11/- 
*9139 12/6 NKT221 5/8 11/- 01181M 5/- EM84 7/- 30L15 11/- 
A9'178 12/6 NKT222 4/- OAZ2O! 01101DM EY5I 7/- 30?!? 9/- 
AFI8O 17/6 0KT223 6/- 10/- 51- EY86 6/8 30P19 13/- 
AFYI9 22/6 NKT'224 4/8 0AZ202 8/6 011812 9/- 0240 7/8 3OPLI 10/6 
Arz! I 17/- NKT225 3/6 0*2203 8)8 00O2 6/- 0280 5/- 30PL13 12/- 
AFZI'2 12/6 001226 0AZ204 8/6 00O20 5/- 1/281 5/- 35L1i0T 8/- 
A0Y26 6/6 10/- 0AZ205 8/8 0083 5/- 1/290 4/- 35Z50T 5/8 
A9Y28 6/8 N KT227 5/6 0AZ206 8/8 01184 6/- 0232 15/- IOL6OT 6/6 

r- 

IOLRUS ELECTRON ICS LTD.' 
19 

NORFOLK PLACE (off Praed St.) LONDON, W.2 I 

PADdingten 1515 I 

I I 
I 

I 
P.P.inc.I 

__________- -i - a rfl - - - 

ILLUSTRATED; 
L64 BIT INSTRUMENT IN 
L700 PROTECTIVE SHIELD 

APPLY DIRECT TO: 

SALES & SERVICE DEPT: 
ADCOLA PRODUCTS LTD. 
ADCOLA HOUSE 
GAUDEN ROAD 
LONDON, S.W.4 
TELEPHONE: MACAULAY 0291/3 

r 

SCR-THYR1STORS 
CR5105 IA SOPIV 7/6; CRSIIO 
IA IDOPIV 7/6; CRSI2O IA 200PIV 
1216; CRSI3O IA 300PIV 15/-; 
CRSI35 IA 350P1V 16/-; CRSI40 
IA 400PlV 17/6; Unijuncion 15/-. 
CRS3OS 3A SOPIV 8/6; CRS3IO 3A 
IOOPIV 10/.; CR5320 3A 200PIV 
13/6; CR5330 3A 300P1V 17/6; 
CR5350 3A 350PIV 18/6; CRS340 
3A 400P1V 20/-; CR74 7A 400PIV 
25/-. 

FIELD EFFECT TRANSISTOR 
2N3819 8/.. 

MouIdd Reed Switch 14/- 
Moulded Mgne 5/. 
Miniature Neon Lamp 1/3 

Mains Panel Neon 3/. 

CONTIL CASES 2ISWG seI. 
Smart electric blue finish with 
white panel-outside dimensions: 

755 45/6 16127 98/6 
867 47/6 161275 139/6 PP. 
975 47/6 19101G 133/- inc. 

1277 53/. 191010D187/. 

LIGHT SENSITIVE SWITCH 
Ki I ORPII PhotoceII-reIiy 

Transiswr-circuit 27/6 
Kk 2 As above Mains oper- 

tion - Transformer 
rectifier 47/6 

Kit 3 A Kit 2+Lens-4-Cas 
Alu. box+Exc,ter 
lamp. Folded beam 
operation 99/6 

TUNNEL DIODES 
lmx IP P/IV VP 

JK9A lOma I 4 45mv 22/6 
JKIOA SOma 5 4 SOmv 15/. 
JKIOB 50mg 5 4 5Omv 15/- 
JKI IA I5Oma 15 4 55mv 12/6 

JKI9A lOma I 6 55mv 22/6 
JK2OA SOma 5 6 5Smv 17/6 

JK2IA I50m IS 6 55rnv 12/6 

AEVI I SOma 5 7 5Smv 19/6 

TRANSFORMERS 
230v Pnm. 6-10-15-18-30v 2A 32/. 
230v. Prim. 6-10-18v IA 22/. 

+ PP. 5/- 

EXPLORER KIT AM/FM VHF 
RECEIVER 
Punched case and panel-2ADT 
140 + 2007L Transistors-2 
hoIder £2 19 6 PP. inc. 

SINCLAIR 
Z12 nt. 12w ampI. and 

preamp. buiI 89/6 
PZ3 trans. mains power 

unit built 79/6 

Micromatic built 79/6 
Micromaic ki 59/6 
Micro FM kit £5 19 6 

Stereo 25 preamp. md 
control unit buik 19 19 6 

j. 

n 
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Please address all Mail Orders and Correspondence to 3-15 Cayeu Street, Tower Hamlets, London, E.u. Tel.: STE 4821/2 

' LASKY'S FOR SPEEDY MAIL ORDER SERVICE 
241 

- .. . 

Free standing table cabinet, , . 161gb grane laminated board with copper strip.. 
17) X 9 X blst., finished In c-S' ' _. ,,, - 

- bonded ta lt and pierced with hole.. 
inedia,,, Mahogany. fiente marked - 

' Boards Accouons. 
21 to 68 (UHF band). De,ïgue,t 42/1203 9/ a in .................. 3/11 Terminal pins pkt. of 50 .............. 3/- 
to accept the above IF Amplifie, 13/1204 2) X 32m ...................... 313 Bpot face ratier tool .................... 7/3 
seith space for a Valve uHF Toner 45/1507 3) X lin .................... 5/6 tin inserting tool ...................... 916 
Cabinet only 27/6 Poet 3/6 16/1508 t1 X ........................ 3/11 Post 64.. per Item extra. -- 14/1505 35 X 37m .................... 15/6 Orders al 10/. and oese rost free. 

Special Package DOn IFAorpllltrr. - 
UHF Toner with alvc. anni Tobk PACKAGE PRICE 59/6 l'est 6/. 

WATER TEMPERATURE THERMOSTATS 
liritlob mode-eng, fir ase in high qvnhty *-aahtng monchine. .onge ol)n,tnmble twtoeen 
1I4F and 230F. Rating 2110/210 yAC.. 2it -mps taten D.C. ap to 125 V.A.). lune 
2) Xlix 3) with 18m. capillary tobe and tin, bulb. lutogte hole i/sing. 3/lot., optictlr. 

LASKY'S PRICE 15/-post 2/. 

207 EDG WARE ROAD, LONDON. W.2 Tel: PAD 3271 
118 EDGWARE ROAD, LONDON, W.2 Tel: PAD 9789 
33 TOTTEN HAM CT. ROAD, LONDON. WI Tel: MUS 2605 
The above branches open all day Saturday. Early closing Thursday. 

TRANSISTORS ALL BRAND NEW AND GUARANTEED 
GET St, GET 85, GET 86 2/8; 833A. 874t.' 3/6; Otill, 0071, OCOID 4/6; 00 44. 
00 70, 0e 76, 00 11 5/6; tate tb/Of; AY 117. OC 240 6/6: OC 42. OC 4:t, 
OC 7:1. 00 82D 7/8; 00 201, OC 701 15/.; OC 203, OC 206 19/6; 0028 24/6; 
00758f-. 

TRA N SF1 LTERS By BRUSH CRYSTAL CO. Arailable from stock. 
TO-OIlS 45 bofo. ± 2 be/s. T0-02D 470 te/.. ± I be/s.' 9/6 EACH TO-OlD 470 belo. 2 befe. TF-011t 465 br/s. ± '.5 te),. 
TO-02B 463 be/s. -/- 3 be/s. TF-031) 470 kr/a. ± 2 be/e. Post Od. 

42 TOTTENHAM CT. ROAD, LONDON. WI Tel: 01.580 2573 

152/3 FLEET STREET, LONDON, E.C.4 . Tel: FIE 2833 

Both open all day Thursday. Early closing Saturday. 

Shielded metal ease only 3)3< lj X 31,5. Fully tunable-coniplete n-1kb 
too Al? 139 transIstor,. LASKYS PRICE 39/6 

TRANSISTORISED UHF MODEL 2 
Metal .'l,e sise 3) (plus spindle) 3< 21 X lilo, Fully ton ble with ol,,w 
motion drive. Comp. with treo AFille transistors asid leed,. 
LASKYS PRICE 25/6 

TRANSISTORISED VHF TUNER 
85b-mlninture turret typo Ottesl with 12 nets od colis and 3 MlSlIar,l .lPltraOsistu.s 
in sostai caoe siso 3 X 1) X 21m. LASKYS PRICE 37/6 
Add 2!< Poot and rarkingon each. 

MAKERS' SURPLUS TELEVISION IF 
AMPLIFIERS . . 

:18 MC/,. Lontains a large uuusbci of coiliponcnts, ¡ P 
trunulornierr, resistor,, capasitoes, etc. und the tollos,'. 
Ing valves: 2xPCF80 IoEB9I. EF80. EFI8 and 
EFIO4. Ovelall sise i1( 3< 3 X 4 deep. Isleal tor 
servicemen and experimenters. This ¡k' amp. oberi 
oued with thu Vulve model UHF Tuner (nbos'e) provides 
a suitable convection br B.B.C.2. Circuit ssppliesl. 

LASKY'S PRICE 29/6 r,nt2/6 

SPECIAL PACKAGE OFFER 

TYPE LRPC 5. 6 trionistor inpot aros. oo,V, outi,ot :lt', output olp. 3fl, nice S 

X1)3< tin ............................................................................... PRICE 59/6 
TYPE LRPC 6. T.,jm eeeool/play lock ases. (1er me o ¡lii sell o.rilL'itl,,g Cease headi. 
'Output 760,uW, oulpOt ioni,. $0. Cies 4 X 23<11e ..... LASKY'S PRICE 39/6 

FULLY ENCAPSULATED MODULES 
Special fouction isioclules - Ill 011o siso I X i < I II'n. ('s,i,li,letoo 11h ,ictalle,l 
fonction sOi In,st,allatiOu in,tructioii,. Scud 8.8E. loe nielo. 
TYPE PA-i. Publio adders, moli. l,,r ese s-11h carlino. rry,t..l or Jlyuo.n.ie theo. 
phones. 3(1 .nitpfltioits ............................................................. PRICE 30/. 
TYPE GE-i. Graonophoine .'mrnpiiliec lcos'i,les sufliricsst pOser 101111 average room. 
30 output imop ......................................................................... PRICE 30!. 
TYPE CO-i Moco' olc peorüs'e oscillator ...... one nith morse key onu 312 
speaker ..................................................................................... PRICE 20/. 
TYPE MT-I, lllslrolsoeme moliCie ileovilen iodible anal vino.ul israt fr001 30 io 240 
intu pee ,i.iuute (loe use o'iih .lfl spo'aker or inni. 1.-imp) ...................... PRICE 22/6 

SINCLAIR SUPER INIATURE KITS 
We sioek the cOn,pIet range. W'riic for detall, ut iuckge deals. 
THE MICRO-6 ndoiature rdioonly 1) X 1'j X 1io ...................... 62 19 6 
THE MICRO-FM. (tuner/rrrelser) ................................................ 65 19 6 
THE X20 20 watt r.w.M.aunpllnor Kit 67.19.6. 1°.nIly holit ............... £9 19 6 
STEREO 25 1.re'aop gootrol unit fully bull ...................................... go io 6 
THE Z-12 12 watt annplifigr and prc'aunnpllfler. Fully built unii tesie.i ...... £4 9 6 
PZ-3 or muck Icr ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ < 19 6 

SPECIAL POR OVERSEAS CUSTOMERS - Ihn »co Magnacos.Coilaru Igl Deck for 
510/123 y. IO ne 60 c.p.s. motos noa asisliobie. prices ro above. l'ont to any part 
of the world 33/-. 

MARTIN RECORD/REPLAY TAPE AMPS. 
Latent models now avaiLnble ftoirt stock-for use uith the M:iguasor 363 Tape Deck 

track model .................. LASKY'S PRICE 114.19.6 Cr rags and 
track model .................. LASKYS PRICE 115.19.6 Packing 4/6 entro 

Optional extra: outrol panel escutcheon to take leek in,! orisplifier controle. 
LASKY'S PRICE 12/6. l'ont and Packing 2/6. 

SPECIAL INTEFEST ITEMSr 
SPECIAL PURCHASE-UHF! VHF T.V. TUNERS 

I Well known British nrckcco' surplus stocku. Now as-aliable for the first 
time to the Home constructor. ArId 2/6 l'oct an,f lacking on each. 

I VALVE UHF MODEL (ilineleeted) 
lu metl case size 4 X 6 X 15m. Fully tunakle-eo:opleto uith P0088 
and l'CCSSvals'Cs, LASKY'S PRICE 29/6. WIthout Calvcs 12/6 

I TRANSISTORISED UHF MINIATURE MODEL I 

r a i û g i',at H.P. Termo: 60/- lepsuit -oc! Il i:anlhly 
be built Ir U u 5/- p:13s::rflts sf 12/9. Total }I.P.I'. 610.0.3. 
Dais 2/0 lote»: retook! If you lmrrhcse lyrrel. Ali f:::rts osait, rep. Poor US fazIt. 3/4 
A liaple airlliloal circuit rovisk. 5,5-er s.f the I 100/IlSOM bug Vavchaol. .6! 
wrIpoets with eastruction dut:,. 

Only 10/- extra Post Free. 

NEW-LASKY'S MINIATURE TRANSISTOR 
AMPLIFIER MODULES 
Incorporating the s-cry latest circuitry /1, 
to pros-ide high sensitivity and goon 
quality in conjunction with extren:e stroll I/I - 

e:no sci ro::pantncsO. Nigh qualIty 
No:. racket Iransiotorn osen throughout. / 
Alt designed fa operate orn 9v. o/mature 
bottery.Addif-oueach!Orposl&packing O 

'PI - ----- n. 
40(3,sinelXlXji ......... PRICE 27/6 
TYPE LRPC 2. 3 tao,iotor. Input sesoc I nV, nl tut 331f 

oW, output lap. Ial. noon 2 X l X jin.... PRICE 22/6 
TYPE LRPC 4, ii tr:rs:nielor, Input ses. 350 rsV, ouipu f 1:10 sV, outpr:t imp. i5 O. 
c/nell 50 l x jtn ...................................................................... PRICE 22/6 

TAPE 

We consider our construction pexceln to be the Onset rojee on the borne constructor market. Ito. receipt you ted not 
competent to build the nel, you mey return it nu received within 7 does, oben the corn poll will be remodel lese poitngC. 

RECORDERS I 
CONSTRUCTORS BARGAINS- 

MAGNAVOX 363 DECKS 
Tb. weep latent 3 speed model-IL 34,74 i.p.s. 
available with either 4 track or track bead. 
Features include: posse controi;dlgituioeontrr 
lost forworii and rewind; new 4 poi. frilly 
screened induction motor; Interlocidog keys. 
01,. of lop plate: 13/ X 11 X 54m, deep brlore 
unit plot.. For 200/250 w. AC. maine, 00 e.p.e. 
operation. New uniiord od fully guaranteed. 

LASKY'S PRICE1O.1O.O 
LASKY'S PRICE £1 3.9.6 

Carriage nod Packing 7/ti extra. 

,ft,:.wii ' THE SKYROVER 
-a 

) _________ 
aecorote Station Selcotion. The voli iock an,l 

f 4(%\ tuning or.':rt io iactoey roec,nble.i, and tested. 
Coas 4 t2 batterie,. b to. Cer.-oaic Mgnet F.M. 

15M 00120M., ivith 21.-old Spread Tuning Sor 

r 

with raashIoie r,oteflul, plastic trloi aol harnik. 
Car aerial socket litteil. 

For the Fiñest Value and Service to 
L j4SKY HOME CONSTRUCTORS & 

r nIO ELECTRONICS ENTHUSIASTS 
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Spcil Offer of Brond New 3000 Type 

f f. .iz,,iI t4od .1 . 

Relayt. All one pr,ce 7/6 eoCh, SMITH'S 4 MINUTE TIMERS 
RI6H'4.RD AI1'LA4 *'% I i ill 

ICO, 3M, IB. 150t3 
Switch contzctt IS otnp. 250 y. 

RADIO LIMITED 2 CO., 2 Heovy Make,. A.., cowplote with chrome bezel 
Bradford Rd., Gomersal, Siyment Minicore Snoled' Reloy,. ond control knob. Min. opèrotion y2/3 WCh lrBxl XB1 '.76°: 

4 minotet, 

1/6. 

242 

What is new 

from' 

Rich ard Allan 

for the 

Audio Fair? 
Well, for the moment we're keeping it dark, but we'll whet your appetite 
by telling you that it io a superb new Loudspeaker containing three 
units. This, however is where conventional similanty between it and 
other loudspeakers end, as it combines a refreshingly new approach to 
stereophonic reproduc- 
tion with great flexibility . 

and economy. . ' 

Designed and developed 
by the same team that 
produced the brilliant 'e" ._ 
high fidelity module - " 
(which will also be 
making an appearance 
of course), you can be 
certain that something 'i 
special will be heard in 
our demonstration room 
at the Audio Fair. 

TRANSFORMERS ELECTRONICS LT D. 
,MU1TI4PP[D 

9.10 CHAPEL STREET SHROUDED AND TERMINAL 
T I' PAD 7851 Tel' AMB 5125 BLOCK CONNECTIONS. 

aLL PRIMARIES 220.240 VOLTS 
AUTO TRANSFORMERS Denotes Unthrosded Types For I IO y. equipment. Input 240 e., 

output I IOn., 3,000 watts. Completely TYPE SEC. TAPS AMPS, PRICE CARR. 
encloted h strong metal cese. IA 25.33.40.501 5 Li IS 6 9/- Tnrrwnal block output. LIS, curr. IB 25-33-40-50 IO LS IS -6 7/6 15/-. 

. 2,000 watts. Enclosed n case fitted IC 25-33-40-50 6 L4 9 6 7/6 
w.th nao 2-p.o An,e,-,oan socknes °' ID 25-33-40.50 3 Li IS 6 

ZA -t-16-24-32 12 ¿5 7 6 
6/- 
7/6 terw,nsl blocks. Neon nd,vator. 2B 4.16_2432 8 £4 2 6 7/6 On/off sw,toh and carrying handle. 2C 4-16-24-32 4 £2 12 6 6/- LIO.I9.6, care. 0/-. ZD 4.16-24.32 2 LI IS 0 5/- Also avudable. Completely SA° 25-30-35 40 LIZ IS 0 15f- shrouded, fitted woh 2-pan Amer,ean 3B' 25-30-35 20 (7 IS 6 9/6 sockett. sr term,nal blocks. Please 3C 25-30-35 lO L5 IO 7/6 state wh,ch type rnqu.red. 3D 25-30-35 5 L3 s 6/- Wattoge Price Car,. 3E 25-30-35 2 £2 7 4/6 

1,500 ........ L7.I5.O .. .. 8/6 4A° 2-20-24 30 £9 IS 101- 
1,000 ........ L4.19.6 . . . . 7/6 4B 12-20-24 20 ¿5 19 8/6 

500 ......... L3.I5.0 .. .. 4C 12-20-24 IO L3 19 7/6 
300 ........ L29.6 .... 5/6 4D 12-20-24 5 Li IS 6/- 
ISO ........ Li 19.6 ... . 4/6 SA 3-12-ls 30 Li 5 7/6 

60 ........ LI.12.6 . ... /- 5E 3-12-Is 20 LS 9 7/6 
CROUZET GEARED MOTORS C 3:I2I8 IO ° 

3 r.p.m., 24 sAC.. 4 watts. Overall 6A 46.56.60 2 L2 Ii .4/6 ace 2f X 2 n., length of sp.ndle 
6B 48-56-60 I LI IS 4/6 

i n, 25/-. PP. 2/6. 'A° 6-12 50 £7 IS 9/6 
SMITH'S GEAR MOTORS lB 6-12 20 L4 IO 7/6 

I roe. every 24 hours. 24 o. AC., 50 7C 6-12 lO L2 19 6/6 
cycles, 2 watts. Overall site 2 X 2 in., 7D t-12 5 £2 2 5/- 
lnngthofspindle*in. I9/6.P.P.2/-. 9A 15-30 

, 
I 19 4/6 

S.T.C. SELENIUM ETIFIRS 
? l LI 

AC. input 162v. D.C. output 140v. Notez By using the Intorn-,ediate 
2* amps., 57/6. PP. 5/-. Type Taps many other voltages can be 
867-9-I w. 1* amps. output,- 37/6. obtained. Eoan,pIe4 

qured for F.W. Bridge. Mus. AC Range One 7.81Ol517-253340-50 n. 
input 72v. D.C. output 6Ov.8 amps., Runge Two 4.8-I2.I6-20-24-32. 
30/- per par. I"P 1 Sangn Pise 3-6-9-12-15-18 y. 

RELAYS 

FULLY GUARANTEED 
MH4 5f- M1IEI2 10/- UF86 8/- 1D8GT 6f- 3V4 6/9 6AM5 2/6 6K8M 8/6 12AU7 51 50CD60 
M1)1 6f- $P2 8/8 1JL41 7/6 IE7( 7J6 «'27 3Sf- 6AM6 4f- 6/- I2AV6 /6 27/6 

I NDIVIDUALLY PACKED 
MS 
NE17 

15/- 
71- 

MF41 
MPIil 

1/6 ITL8I 5/6 ¡F2 
4/- 1TT 7/- IGU(T 

3f- 4D1 4/- 
6/- 5A173( ,/- 

6AQ 
6AQW 

7/- 
9/- tLG 

7/6 
4/- 

12AX7 6/- 
I2AYT 10f- 

5OLG(T 8/- 
3A 7/8 

0A2 f9 $I2IO /6 LU9 8/6 1L4 2/6 A1i4G 5/- 6A86 4/- 6L34 3/- 12BA6 5/6 57 6/- yr 
L \f E S 0B2 6/- T41 12/6 1/121 7/6 ILA8 6/- 8/28lM 6ASGW 9/- 6LD20 5/9 1'BEf 7f- 88 6!- 

AC/HL 4/6 EBC4I 8/6 1L3! 
OB: 

16/- ° 
7/- 
E/ 

TI'22 
TF25 

/- 1r,?8 5/- ILC6 
15f VN3 /- LH4 

7/- 40/- 
4/- B/23M 

6A87( 
6ATG 

15/- 
4/- 

0N7 
6Nu 

6/- 
5/9 

I2BHT 7/- 
12CR 3/- 

59 
7 

6/- 
5/O 

ACF4 0/- EBC8O 5/- EL38 17/6 0D3 5/- TTI I 5/ V1'I3 9/- 1N218 5/- 15/- 6AUG 0/- oj'2 12/- 12H6 2/- 76 5/- 
ACOPEN 5/- EBF8O O/O EIAI 81- I 

0Z4.' 5/- TTI 35/ VROS 5/- 1N43 4/- 8B/4M IJAX4 8/- 647G 5/- 12J5(;T 2/8 77 6/0 
ALOO 5/- EBFS3 7/6 JL42 8f- FC80 9/- TTII 45/ VIt1O/3O 1N70 4/- 40/- 6B4& 17/- 6107 5/6 12J70T 0/6 78 5/- 
AR8 6/- EBF8O O/D L0 Of- I'68 9/- TZ2O 16/- 5/- 1R4 5/- 5ti/28M 6B7 0/- osÂT 7/- I2K7QT 2/- 80 5/6 
ARF3 1/- EBL31 20/- EL8I 8/- PC9T 7/8 1$I Sfr \ItI0!3G E 3/6 SS!- 6B8(0 2/O OSA7aT 6/6 12K8M 10/- 08 9/- 
A11r12 2/6 EC52 4/- ELO: 6/3 F(1*OO 12/- 114 Sfr 5/ 1S4 5/ R4(V 9fr hBAO 5f- O0K7UT 4/- 1Q7OT 313 82 8/- 
ARP2I 10/- E: 12/6 IL04 4/3 PCC84 5/8 51- VC3.% 4/- 1Mb 4/0 TR 7/- 610A7 5/- 6$C7 7/- 128A7 4/6 84 8/- 
ATF4 2/3 ECTO 4/- ELOb 7/0 VCC8S 10/- UI 6/- VC:9 6/- 1T4 3/- 0I4(! 4/O OREO 4/6 8C7ìT 5/- 12SC7 4f- 85/.2 6/- 
ATr7 5/0 };Cso 2/- ELOI 4/O I'CFOO 6/3 13/- VXS208 5/- 2Ml 5/- 3V4(I 8/- OBiG 7/O 6OF(T 5/6 12807 3/- 307A 5/O 
AU7 55/- EC9I 8/- ELPS 5!- 1VF82 6/6 GBJ7 7f- 68117 3/0 12817 2/- aIse 251- 
AZ3I 8/- ECCO1 4/- EMOO 6f- I'CFO4 6/- 

f 

- 

.j 

. - 
I 6BR7 9/- 68J7 5/- 12837 9/- 35010 8/- 

BOlO 55/- ECCO2 5/- 5M01 7/- i'uoo si- R A N S J STO RS oiowi 7/- 6SJ7(T 5/8 12SK7 5/- 357A 70/- 
BD78 
BL63 

40/- ECC8: 6/- 5M84 
ENU 

6/3 ICF8O 9/O 
10/- 1'CJ'9OU 15/- OCIG 20/- OCMI D 5/- 01201 12/6 XCI4I 10f- 

I 

6C4 
occ 

2!- 
2/6 

OOJ7Y 
68K7 

O/O 
5/6 

129N70T5/9 
1281t1 5f- 

308AM 
393A 

30/- 
27/6 

884 
10/- 
8/- 

5CC81 
EC8 

5/6 
8/O })4I'74 80/- 1(1.01 9/- I OL22 23/- O(R1M 5/- 0(7202 15/- XC142 15/- I 8C2(T 8/- 0SL7(T 5/O 12V4 2/- 446A 8/- 

BSS 20/- ECCSI 4/- ESV205 6/- 
/ 

V(L$ 7/- O(25 8/8 0(262 10/- 0C203 12/O XCJ5 20/- 
I ;cn 4/- 08N7 3/8 14L7 7/- 0050 22/- 

13884 47/6 1CC189 9/6 }Y5I 5/6 1'('L8 8/6 / 
0055 12(6 OCS2DSI S/- 0C204 17/O XCISd 22/O 

I CJ(5 3/- 6OQ7aT 0/- 1457 18/- 6146 25/- 
B2134 16/- ECESO 7/- E186 O/O 1ML14 7/- I 0U4& Of- O(83 5/- 0C208 22/6 2N247 9/O 

I oes 3/- 6887 2/- 1bl)2 0/- 703A 38/- 
cC3L 2/- ECI'82 7/- EVO! 3/- F'L' 8/O I 

OC4U 5! 008310 5/- .%.5Z12 S/- 7/6 I 6CIId 4/O 6U4(T 9/6 20F4 12/6 705À 18/ 
CF23 10/O EC8042 9/- EZID 6/8 ICL9; 8/- I I 

0Cl! 
I 

0(272 
4/0 

- AC128 5/ 
2N592 47/- 

I 7/6 10/8 
I 

UCLO . 9/- ¿V6G 5/- 
7/6 

21B6 7/- 71310 60/- 
CL3S 
c-31 

9/- 
6/6 

ECHOL 
ECH8: 

5f- 
7/O 

EZ4L 
EZ8O 

8/O FEB25 
5/8 FIN4I 

4/8 
3/- 

L 
I 

OC7: 9/: _ BCZI1 7/6 SNOBe 20/6 
I ono 

12/- 
3/- 

8VOGT 
6YOM 8/- 

25180? 5/6 
25Y5 0/- 

71Th 
74A 

3/- 
15/- 

DI 1/6 ECLOO 6/- EZSI 4/O P)'L200 17/6 
I 

°' 5/- 00300 10/0 11038 7/6 2/109I 29/- OE 6/- 8X4 3/O 22Z4(1 6/8 757 18/- 
1)41 3/3 ECLS2 6/3 F16037 5/_hI'L31; 

PL30 
5/- 

18/- 
' --- 6F 5/3 6X505 

6X5(T 
5/- 
8/3 

25Z5 7/6 
22Z6(T 8/6 

801 6/- 
»61 
D77 

6/- 
3/3 

ECLO3 
ECLOb 

10/- 
8/- 

F/GodI 
1/6063 

5/- 
4/- 

/ 

PL8I 
'L2 

7/- 
6/6 I2 

13/- \V2I 5/- 2020 
8/- \VJ1M 5/- 2C20 

8/- 514(1 8/8 
7/- SY3(T 5/- 

GFSOT 
fF5( 

5/8 
4/- 0Y60 

0-30L2 
8/- 
8/O 

38157 0/- 
803 
807 

22/0 
8/- 

DASS 
DAFOS 

12/6 
6/- 

EFSO 
EF37A 

3/6 
7/- 

1W4/U00 6/O 
FW4800 8/O pL.M: 6/- U52 4/6 \VJIS 8fr 2V26À 3/ 3Y3VÛTB 6r17 

6/- 
5/- 024 5/- 

so s,- j/_ oos 
813 

8/- 
75/- 

DD4I 4/- EF4O 8f- (15/2SI029/- FL84 6/6 19I 
1801 

11/6 XOd 7O 2C34 
17/- NO1M 18/- 2C42 

7/-' 9/- 
22/6 SZ40' 6/O OFOU 6/6 7B7 7/6 socio uf- ois 35!- 

DF73 5/- EF4L 6/- (i0/2(T 5/- PL000 
l'3124A 

13/S 
5/- 6/ X118 8/- 2C40 30/- SAD? 4/- 6F12 4/S 7eS 

7C6 
10/- 
7/- 

SOPS 8/6 
10/6 

8298 50/- 
DFSI 
DF92 

3/- 
3/- 

EF50 
)F32 

2/6 
0/- 

(M4 
(Z32 

451- 
10/- IT3 13/- UF42 9/- X14U 8/- SCSI 12/- 6AC7 3/- 0F13 

SF32 
5/- 
4/- 7C7 6/- 

SOFLO 
0pi j9_ 

832 
832A 

15/- 
45/- 

DFDS 61- EFSS 4/6 (3Z31 10/- F12511 7/O 8C41 
COI-90 

0/- YF 1/- 20)2! 
5/8 Y63 5/- 2X2 

5/- A(2 2/6 
3/- OAGÎ 6/- 6F33 20/- SOFLIS 6/- OSSA 34/- 

1)1063 5/-. MF5S SI- 91824 22/0 I'T32M 7/O 
4/- 4/- 10 

2/O 7/- 30FL54 13/- 964 10/- 
1)898 5/8 EF2I 7/8 }IL2K 2/o PX4 141- 1BV59 6/6 YOS 304 SAHO 6916M 1/6 7V7 I SOLIO 15/- 824 4/6 
DL92 4/- EFSI 5/- JOLIS 0/- PX2 12/O 1100.21 10/- YSO 8/- 3907 5/- SAli 5/- 6J4WA 10/- 7Y4 8/- aoi 9/- 932 2/6 
0L93 4/- EF7S 5/- HL23DD 5/- l'VI) 8/6 1C8 

9'C9142 
O/O Z800U 20/- 31124 
0/- ZSOIC 10/- 3D6 

9/- elANS 5/ 
4/- SANeO 0/- 

635 i_ 7Z4 4/0 30F19 13/- 926 2/- 
120.94 5/9 EF74 4/- 950.41 4/- PY8O 5/O 

1CH8I 6/- lAS 3/- SElS 50/- 6AK7 6/- ojoa 2/- 8122 2/0 30PL1 15/- 9u7 5/- 
DL8O 7/- EI80 5/- EVIlS 9/_ FaSI 5/8 

5/- 5/9 OJO 318 91)2 3/- 30PL13 55/- 9.,OA 4/- 
DL8IO 8/- EF8S 4/O K3A 30/- FY02 5/O UCLRI 

LCLO3 
8/- 1A5(T 3Q4 
9/- 1B22 30/- 3QSGT 

6/- OAK8 
7/0 OALS 636W 6/-r ODO 2/- 33L60T 7/ CE. Tube. 

DYS6 I/O EFOd 6/0 KT32 
KT33C 

8/- PV83 
FV600 

0/- 
7/- tF41 8/6 ICIOT 0/- 384 4/- 6AL5W 7/- 6370 0/- SOFO 8/- 35T 17/6 VCR97 40/- 

880F 
ES8CC 

23/- 
12/- 

8F99 
F.F91 

5/- 
3/6 KT44 

0/- 

5/8 FZI-33 9/- 
637M 
88601 

8/- 
5/8 

22A6 
12A17 

2/O 
5/- 

35W4 5/- 
3523 10/- 

VCRSI7 501- 
VCR0IIB55/- 

890CC 10/- 8F92 2/- OCT63 4/- FZI-73 12/- 6K70 2/- lIAIS 5/- 35Z40T 0/- VCRO17COO/- 
EASO 
8A73 

1/- 
7/- 

8F95 
EF9S 

5/- 
5/- 

KT66 
9(167 

18/- QP2I 
25/- QP23 

8/- 
5/- P.C. RADIO LTD 

6K70T 
6880 

4/9 
3/- 

12AT7 4/- 
22AT7WA 

3SZIGT 0/- 
37 4/- 

3FF7 
5CP1 

45/- 
301- 

EABC8O 5/9 EFSO3 6/0 KT76 8/8 QPI3O 5/- 6880? 8/5 5/6 38 4/- 5FP7 12/8 
EAC9I 
EAF42 

3/O 
8/- 

16F184 
81090 

O/O 

7/0 
KTSM 
KTW6I 

22/- QSOS/10 
4/6 1581202 

5/6 
8/- 170 GOLDHAWK ROAD, W.12 .orA.Vr OTHERS ¡Y STOCki,,ddeColSode10uy2'uS 

81034 1/0 EL32 5/9 KTV63 5/- QVO4/7 8/- Shepherds Bush 4946 od Speeiol Volee.. U.K. Order, below £1 P. & F. 1/-; oree 
81095 3/- 8L34 10/- KTZ41 6/- B 1 Open 9-5.30 pen. Thursday 9-1 p.m. 

11.2/-, over £3. P. 1F. free. COD. 2/6 estr.,. Over,eu, 

EBC33 01- 82.33 5/- 9(1283 5- RK72 0/- 
Fo.t.uge estru ut es,.0. 

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressorPDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor

http://www.cvisiontech.com
http://www.cvisiontech.com


* GUARANTEED 5 YEARS 
The Sinclair Micromatic is also available ready built, tested and guaranteed. 
Complete in presentation case with lightweight earpiece. 

FOR MORE BRILLIANT SINCLAIR DESIGNS SEE NEXT TWO PAGES 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDOE 

L 
irIir- Telephone 52996 (STD Code oÇA3) 

- 243 

* MEASURES I*'x.I.Th 
* BEAUTIFULLY STYLED CASE 

* AMAZING POWER, RANGE AND 
SENSITIVITY 

* NEW CIRCUITRY 

* TUNES OVER M.W. BAND WITH 
BANDSPREAD AND A.G.C.' 

* CALIBRATED TUNING DIAL 

does not Cost YOU a penny more bought this way. Such is the appearance 
and performance of this brilliant new Sinclair design that you will want to 
build and use it immediately. There is no other set in the world as small, 
efficient and dependable as this. Reception both of home and overseas 
programmes often proves much easier than with larger conventional radios. 
In fact, your Micromatic will virtually play anywhere. lt is also available 
ready built. - 

TECHNICAL DESCRIPTION 
The Sinclair Micromatic is housed in a neat plastic case with aluminium 
Front panel and sØun aluminium calibrated tuning dial. 
Speciel Sinclair transistors are used in a six-stage circuit of exceptional 
power and sensitivity-two stages of powerful R.F. amplification; 
double diode detector; a high gain three stage audio amplifier. A.G.C. 
counteracts fading from distant stations. The set is powered by two 
Mallory ;ZM.3l2 Cells from radio shops, Boots Chemists, etc.. for 
I/i each. Plugging in the earpiece included switches the set on, withdrawing switches off. 
Complete kit in pack with instructions and solder. 

READY BUILT . . i 

___\ 

SINCLAIR MICROMATIC 

STAGE TRANSISTOR RECEIVER 
Now when you buy ydur Sinclair Micromatic kit, you see every component 
instantly In the new sealed polystyrene kit pack. Never before in the history 
of radio has any kit been so elegantly presented. Your Micromatic reaches 
you factory fresh and guarsnteed. Check for yourself at once that every 
component is in place in the specially shaped and fitted case. The Micromatic 

SINC[AIR MICROMATIC 

b. 

I 

's 
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FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS 

ricir- 
244 

results." 
HA., London. N.6 

SINCLAIR RADIONICSLTD., 22 Newmarket Rd., CAMBRIDGE 
Telephone 52996 (STD Code OCA3) 

SINCLAIR MICRO-FM 
C0MB4 FM TUNER AND POCKET FM RECEIVER 

7 TRANSISTORS. 
This ianiquo, suporbly nginard FM .uparh.t 

NOALIGNING 
.5th. only sot n the world which can b. used 
both au on FM ton., and an independent FM 
pocket r.ceiver just whonaver you wTsh. Prob- 
lem. of alignment hava baan completely 

U L UI eljminat.d making the Micro-FM r.ady for 
- - ' 

. DISCRIMINATOR ase tha momant you han, built it, Tha pulsa 
- - Counting discriminator anoures best possible 

- 

- .A.F.C. . 

audio quality; ssnsitivity is noch that th. t.la 
scoplc cariaI includad with tha kit assuras 
good reception in all but th. very poor.st re- - II 

TUNES 88-108 McIs 
Caption araas. Tha Sinclair Mc,o.FM will give 
you ali you want in FM r.caption and the satis- 

I faction of building a unique d.sign that will sana 
- SIZE-less than 3'xI"> v you pounds. 

mires Fill j FM saperhet using 7 transistors and 2 diodes. The R.F. amplifier Comple.e kit, including 
b followed by sell-oscillating mixer and three stages of IF, ampli- tronüstors, cose, orno!, 
ficasion which dispense wish IF, transformers and all problems of earpiece. cc. 

5 alignment. The final IF, amplifier produce sasquare wave which 
is converted to produce the original modulation exactly. A pulse- 

CAN counting discriminator ensures better audio quality. One outpat 
is for feeding to amplifier or recorder and che other enables the 

lUlLS Micro-FM to be used us us Independent self-contained pocket 
portable. A.F.C. locks the programme tuned is. U 

novice to radio I was 
able to assemble it 
(Micro-FM) without un- 
due difficulty thanks co 
your clear and lucid in- 
structions. I receive ali 
B.B.C. programmes and 
local ...... very strongly." 

I-IT.. Warnington. Laflcs. 

"The quality of recep- 
tion (with Micro-FM) 
is 100%. I shall now 
purchase your Z.12 
amplifier to go with it." 

N.T.S.. Luto.,, Beds 

consider your after 
sales service is excel- 
lent, I wish very much 
that other suppliers 
treated their customers 
in the way you do. I have 
tried out the Micro-FM 
with the Z.12 and my 
Quad speaker and am 
very pleased with the 

DE-LUXE PRE-AMP 

SINCLAIR STEREO 25 CONTROL UNIT 

THE SINCLAIR STEREO 25 has been designed specially to ensure the 
highest possible standards of reproduction when used with two Z.12s or 
any other first class stereo power amplifier. Best possible components 
are used in the Construction of this superb unit, whilst its appearance 
reflects the professional elegance characteristic, of all Sinclair desIgns 
in hi-fi, radio and TV. The front panel of the Stereo 25 is in solid brushed 
and polished aluminium with beautifully styled solid aluminium control 
knobs. Mounting the unIt is simple, and power is conveniently Obtain- 
able from the Sinclair PZ.3 which can also be used to supply two Z.12s 
to make a complete stereo assembly. HI-fi enthusiasts seeking the 
ultimate in domestIc listening will find all they want from this com- 
bination of Sinclair units. With a Micro FM for tuner, they will have an 
installation to compare favourably with anything costing from four to 
five times as much. 

FOR USE WITH ANY GOOD STEREO SYSTEM 
TECHNICALSPECIFJCATIONS. TONE CONTROLS 
Perforn,once figures obtoined using Treble +12dB to -loda at IO bc/s. 
Stereo 25, two Zl2t ond o PZ.3. Bats+l5dB to -12dB at lOO c/t. 

SENSITIVITY for IO watts SIZE-6lin.ciIin.xlIin. overall, 
intO 1.5 ohms load per channel. pus knobs. 
Mio-i mV into 50K ohmt. FINISH - Front panel tect- 
Pick-up--3 mV into 50K ohmt. oecd in brushed and polished 
Radic-20 mV into 4.7K ohms. tolid aluminium with cIid alu- 
FREQUENCY RESPONSE minium kncbt. Blackfìguring on 
(Mit. and Radio).-25 c/t to 30 front panel. 
kc/s ± Ida ectending to lOo BUILT, 

£9.1 9.6 FI ALISATION - Correct ZPrD 
to within ± Ida on RIAA curve 
from 50 c/s to 20 ka/u. «Although a complete 

PU Mic Rad 
Treble 

Bass 
Volume 

Balance 

_inIi 
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A new Sinclair Set-see page 243 .................................................................... 
AODRESS 

'ìriL1 
i 

SI Ñ CLAIR RA DION I Cs LT D. For which t enc?o,o cc,h/chequr,wcney order - ........................................... 

22 Newmarket Road, Cambridge 52996 ------- - - - - - - - ---J 
245 

ComDaCt amplifier make it DOssible to use just different control networks are also shown. The '\ .. - one type of unit with outstanding success in an Z.12 will operate efficiently from any supply 
unusually wide variety of applications. Eight between 6 and 20 V. d.c. making it very con- 
special H.F. transistors are used in a highly venient to run the amplifier from a car battery. 

- original circuit to achieve the characteristics Where it is required to run the Z.12 from mains 
demanded of any quality amplifier irrespective 
of price, yet this Sinclair unit costs well under 

- '\ -5, including its own integrated pre-ampiifler. 

¡ / The Z.12 accepts radio, microphone and pick-up 
inputs. Detailed instructions for connecting 

TECHNICAL SPECIFICATI 

PZ.3 MAINS POWER SUPPLY UNIT 
This special power 
supply Unit Uses 
advanced transis- 

- 

torised circuitry to I, 

achieve exception- .'-' 
ally coed smooth- 
ing. Ripple is a 

barely measurable 
0.05 y. The PZ. 
will power two I 
Z.l2s and a Stereo 

'.. 

-'k11.. 
25 with Cate. '.. 

79/6 

supply, the PZ.3 is recommended. Those wishing 
to have a ready made pre-amp control unit can 
feed inputs via the Stereo 25, which, with two 
Z.12s will provide the finest stereophonic hi-fi 
possible-and the saving in cost is fantastic. 

ON 5 Built, tested and 
guarontend. i 

Size 3 in. X 1f in. X 1+ in. use. - 
Class "B" ultralinear output 
RESPONSE 15-50,000 cls ± I dB. 
Suitable for 3, 75 or 15 speakers. Two 3j 

- 
speakers may be used in parallel 
INPUT-2mV into 2k( whan you receiv, your purchase 
OUTPUT-12 watts R.M.S. continuous sine wave 
(24 w. peak); 15 watts music power (30 w. peak) 

aiUwjthou; 
qusstion. 

Signal to noise ratio better than 60dB. If you prefer not te cut this page, please 
Quiescent current consumption-l5mA. mention PE.467 when writing your order 

To: SINCLAIR RADIONICS LTD. 12 NEWMARKET ROAD. CAMBRIDGE 
IPlease tend j(ews detailed belon, NAME ............................................ 

I 

COMBINED 12 WATI HIGH-FIDELITY 

SINCLAIR Z.1 2 . AMPLIFIER AND 

I ii WATTS R.M.S. OUTPUT J 
8 TRANSISTOR CIRCUIT WITH I 

I 

IDEAL FOR HI-Fi (STEREO OR MONO) I 

CAR RADIO, ELECTRIC GUITAR, P.A., 

ICONT1NuOus SINE WA (24w. PEAK)J j CLASS B ULTRALINEAROUTPUT 
J 

INTERCOM,ETC. 
I 

The amazing adaptabIlity and rugged construc- these in mono and stereo are given in the man- 
tion of this very powerful and exceptionally ual supplied with every unit. A number of 

 
SAW SI 

: 

i 
u r 

 - 

:& SL 
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WYNDSOR RECORDING CO. LTD. (Dept. PE3) 
Wyndsor Works, Bellevue Road, Friern Barnet, London, N.h. ENT. 2226 

246 

k_______ 

From ElectricaÌ or Hardware shops. If unobtainable write to: 
MULTICORE SOLDERS LTD., Hemel Hempstead, Herts. M29 B 

outstanding features... 
4trock.3 speeds. I 

- 
- 

S Push ballon controls -7 ,. 

Separate Record Recording meter and 

and replay an- Playback indicator 
l,flers Straight through amp. 
Double play uSer facility 

Sound-on. on Bass. treble, volume 
Sound . I and record gain con- 

Detachable lid 1, 
trois 

ßtted 8speker Many ether features 

sape Monitor. 
. 

ing fac,lity - 
All 8rtish 

Before yóu buy 
and full value 
for money at 

an ordinary 
_ - only 59 gns. 

tape recorder inc.1800 ft. LP 
write for full tape and Tape 
detallo of the 

I 
manual. (less 

Vanguard and 
i 

mike). 
other modelo. 

cleaning heavily oxidised surfaces. No extra 
flux required. Ersin Multicore Savbit Alloy 
reduces wear of copper soldering iron bits. 

SIZE 5 NEW SIZE 15 
HANDY SOLDER 21 ft coil of 60/40 

DISPENSER Alloy. 22 s.w.g. in 

Contains 12 ft. of 
coil 18s.w.g 

a dispenser. Ideal 
forsmallcomPon- 

Ersin Multicore I 

ents. transistors, 
diodes. etc. 

Savbit Alloy. Quick I 3/. each 
and easy to use. 

i -- 

. !J_ 
SIZE 12 1 BIB MODEL 8 

Ideal 

for home WIRE STRIPPER 
constructors. I AND CUTTER 

t Contains 102 ft. 
I Strips insulation L of 1 8 s.w.g. Ersin without nicking 

Mulficore Savbit the wire, cuts 
.1 All y on a plastic 

reel. 1 5/. each I 

wire and splits 

(Also available I 
plastic twin flex. 
Plastic cushioned 

in other Sizes) p 

handles. 8/6 each 

TAMWORTH 2321 POST ONLY 
Due to recent heavy increase in parcel rates, p/ease include part postage cost. 

thé Wyndsor Vanguard... 
the most vèrsatile S 

recorder at ils priee* 

offering so many 

For quick, easy faultless solderi'ng 
TSIN 

Easy to use and economical. Containing 5 
cores of non-corrosive flux, instantly 

RESISTORS 
k witt, woll ttortod VOIUOt, 10/- per lOO, 55/- por 000. 

watt to 3 wott, well ,ttortod v,I,et, ¡0/- per ¡00, 55/- per 1,000. 
TO CLEAR: IO Mog. 1/6th w,ttreti,tort-to cle,r LI per ¡.000. 

LONG PLAY 
3m., 225 ft., 4/-; 5m., 900 ft., 12/9; 5*in., 1.200 ft., 15/9; lin. 1,800 ft., 21/6. 

DOUBLE PLAY 
3m., 400 ft., 6/6; Sin., 200 ft., 20/-; 51m.. 1.800 ft., 28/-; lin., 2,400 ft. 34/.. 
2km, 300 ft., 6/9. 

TRIPLE PLAY. POLYESTER 
3m., 600 ft., 216; 4m.. 900 ft., 16/6. 
WELLER INSTANT HEAT SOLDERING KIT. fl/6 cowpIot. 
WELLER DUAL-HEAT SOLDERING GUN, only 57/6 complote. 

TRANSISTORS PISTOL GRIP SOLDERING IRON ONLY, 10/.. 
PI-IILIPS/STELLA/COSSOR remoto control onit. v,Ie 3 gnt., our proc., 10/-. 

Untottod miced, 50 for 10/-. RUMBLE AND SCRATCH FILTER. p,rtt ,nd circuIt to n,,ke, 30/... 
NPN Switching tr,ntittort; Min. 200 nt/ct. 6 for ¡0/-, TRANSISTORS. COMPONENTS AND CIRCUIT to convOrt Im,. motor to 
PNP Switching tr,nti,tort; Min. 200 m/co. 6 fo, 10/-. 0 to IO Meg. ohmmeter, 10/-. 

G.. .F.MILWARD 
17 PEEL CLOSE, DRAYTON BASSETT, NR. TAMWORTH, STAFFS. 

64uf. .25V. Sol. .. 6v. 3Oof. . .10V. 750u1... 18V. 
I2Sof. .25V. 2Oof. . . 6V. 3of. .12V. 2Suf... 25V. 
640of. .25V. 25uf. . . 6V. 4uf. .12V. Sul... 35V. 
O25suf. .. 3V. 30cr. .. 6v. 2Suf. .12V. 4of. . :25V. 

2of. .. 3v. 5Oof. .. 6v. 200uf. . .12V. IOnI... 25v. 
4Oof. .. 3v. COnf. .. 6v. 2'5u8. . .16V. 25nf... 25v. 

4of. .. 4V. 32uf. .64V. 64cl. . .16V. 12'5nf .40V.. 
500cl. .. 4V. 4Ouf. .64V. 200cl. . .16V. 32nf. . 64v. 
All ut If- ouch 9f- p.r don.n or wood puckec (our selection) 20 for 10/-. 
I5Oof.. 25V.; 400uf.. 25V.. 2/6 euch. 5,000uf., 12V., 4/. ouch. 
200/lOO, 275v.; 2001200, 275V.; 125/300/SO, 275V.; 5/. euch, 3 for 10/.. 

PAPER CONDENSERS. SPECIAL CLEARANCE? 
03ssuf., 150V.; 0O2uf., 350V.; AC. 025uf., 350V.; OSof.. 350V.; 05cl., 500 V.; 
ALL oc US/.. p.r loo, 

Mixed puckec consuming 0-000Iuf., 20CV. co 05cl.. 500V 
Very useful for sern,ce work! 50 Condensers for 10/.. 

Suituble for keying nlncteonic organs. 20 for 10/.. 
BYIOO type rectifiers. 30/. per donon. 
ORPI2 light tells, 9/- noch. 
TRANSISTOR BATTERY ELIMINATOR-sown sise us PP9. 30/., PP6 LI. 
BATTERY CHARGERS wich weser, 4uwp, 6 or 12V, 55/.. 
LAPEL MICROPHONES, crystal or wugnecic, IO!- ouch. 
MINIATURE EARPIECES. cowplece with plug und loud, 5/. e.ch. 
SIGNAL INJECTOR, parts und circuit to woke, IO!- rnCh. 
SIGNAL TRACER. parts and circuit to wake. IO!- Such. 
MOTOR CAR REV. COUNTER. parcs und circuit co waIse, 10/. euch. 
PORTABLE RADIOS. complete with leather tâte. eurpince. ecc.. fully 

guaranteed, 79/6 comploto. 
ACOS PICK-UP HEADS, Mono, 10/.. Sterno. 12/6, Dianmond, 17/6. 
SAPPHIRE STYLI, TC8LP; GC2LP; GC8LP; BP4OLP; GP67LP; TC8 Stereo 

LP; Snsad,o OLP; GP37; GPS9; ALL AT 3/6 ouch. 
POTENTIOMETERS-.PRE.SET, lOO ohm no 680 K. 0kw. 1280, IO!.. (wined) 
MAGNETIC RECORDING TAPE, BRITISH MADE, FULLY GUARANTEED 

STANDARD PLAY - 
3m., ISO ft., 3/6; Sin., 600 ft., 10/6; Slit.. 900 ft. 13/6; lin., 1.200 ft.. 16/3. 

COMPARE THESE PRICES 
ELECTROLYTIC CONDENSERS 

I 

DIODES 
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HEATHKIT CENTRE NAME....._. 
233 Tottenham Court Road, W.I 

ADDRESS Tel.: MUSEUM 7349 

See a full range of British models and a selection I 
..... .. ................................................ 

- of American Heathkit models 
L - - 

L! 

P.E.4 

- - - - - 
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crossover network. Good frequency response. Beautiful 
fully-flnished walnut veneered cabinet, size only 7'X l3x 
81" deep. 
Supplied in two units. Can be built for a total prTce. 

Kit £13 16 0 mcl. P.T. 

FREE 
BRITAIN'S LARGEST FREE 
ELECTRONIC KIT CATALOGUE 
GET YOUR LATEST COPY NOW -> 
WHEN IN WNDON Visit our 

Many other models in wide range. 
Prices quoted are Mail Order, Retail Prics in general 5% extra. 
Full specification sheets of any model available upon request. 

- HEATHKIT - - - 
I 

DAYSTROM LTD., Dept. P.E.4 
i GLOUCESTER. ENGLAND. Tel.: Glos. 20117 

I 
Please send me model(s) .................... .. ............................................ 

j 
for which I enclose £ s. d. post paid 

i 

- 
[1 Please send me FREE British Heathkit Catalogue 

I 

Hi-Fi performance 

PRICES: Amplifier Kit £17 . IS . O Walnut Veneered Cabinet 
Amplifier Kit and CabinetI8 . 19.0 separate £2 . O . O 

from a "Mini" 
Speaker Kit 
with the 

"AVON" 
BOOKSHELF 
SPEAKER 
SYSTEM 

i The challenge to our acoustic engineers was to design a 
speaker occupying the minimum space Consistent with 

i 
first class reproduction. The results of our efforts was 
this "AVON" compact unit of exceptional quality. 
Features: Two special speakers 6' BASS. 32 HF unit and 

A 3" Service' Oscilloscope Kit with outstanding 
features. Model OS-2 
The attractively styled OS.2 is a compact, lightweight, - - - 
portable oscilloscope that fulfills many of the general re- 
quirensents in Laboratories, Service Departments and 
Educational Training. lt is idealfor use in production line 
testing where otherwise expensive equipment would be 
tied up on ordinary routine test,. The bandwidth of the 
Os-2 is from 2 cfs-3 McIs±3dB. this 'scope can therefore be used Z 

in applications ranging through audio, ultrasonic and radio fre- 
quencies. The time base operates from 20 cfs to 200 kcfs in four Z' 

ranges. Size 5x7rx l2 deep. Weight 9' lb. 

Kit £23 . 18 . 0. Assembled £31 . 18 . O 

Optional extra LI Cap Probe Kit, PK-1 Kit £3 . 2 . 6 

/ 

TOTAL PRICE KIT (excluding Loudspeaker) £12 Il O nc?. P.T. 
8X5 Loudspeaker Pt. l'1. 401-505 LI . 16 I mcl. P.T. 

The Transistor Amplifier you have been looking for! 
Low-cost Stereo Amplifier Kit, TS-23 
Breaks the price barrier in quality 

- Transistor Amplifier cost 
-' Incorporates all the essential features for good quality reproductIon 

from gramophone records, radio and other sources. 
Its many features include: 3 watts rms (ISO) each channel. Good frequency 

- response for outstanding tdelity. Compact slim-line styling. Ganged BASS, 
-. TREBLE and VOL. controls, 6-position SELECTOR switch for programme 

sources. Attractive perspex two-tone front panel. 16 transistor, 4 dIode 
- - circuit. Handsome fully-finished walnutveneered cabinet. Outputs for 8 or 

-' 
.- IS ohm loudspeakers. Printed cIrcuit boards. For free-standing or cabinet mounting. 

Size 3X 13X8 deep. 

Treat yourself to superb LW, MW entertainment with the 

High-Performance Car Radio Kit, CR-I 

Complete your motoring pleasure with this amall, compact, high-performance car radio. 
lt can be fitted to any make of car having 12 volt positive or negativ earth system. 

-' Tastefully styled in neutral grey with matching black knobs and chrome trim to har- 
monise with any car colour scheme. 
Features include: Six-transistor, 2-diode circuit. Completely pre-assembled and aligned tuning 
unit. High sensitivity, combined with wide runge automatic gain control (AGC), minimisesfading 
under weuk reception conditions. Eusy-tune dial. Push button Long. Medium and Tone selection. 

The car radio is available for your convenience, in two separate units; RF Amplifier Kit CR-IT 
LI . 13 . 6 scI. P.T., IFIAF Amplifier Kit CR-IA LI I . 3 - 6. 

See the HEATHKI EXHIBITION. (Concurrent with the Audio Fair) 
at the GRAND HOTEL, SOUTHAMPTON ROW, LONDON. Admission Free 
March 30th-April 2nd. II a.m.-9 p.m. (Sunday 8 p.m.). The latest models will be on view 
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u EBL21 10/6 I 
HL23DD 9f.- I PL500 14/9 2B26 12/8 I 798 11/- 

I 

90CV 29/8 CYBERNAUT CONTROLS LTD. (Ref. P.E.2) I 27/4 !w4-3601/- 
I 

PX4 '8 
I 

2C34 316 
I 
7B7 7/-I 1819T 30/-1 

.28-30 Rivington St., London, E.C.2. Tel.: O I-739 2763 I 
SAE. for Ii of 4.000 ivoo. Poicogo 6d. por o.Ioe. 

J 
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The safést, quick and handy 
connector for electrical 
appliances 

IHVtctnr1 
Measuring only 

KEYNECTOR is made of 
non-combustible urea- f y ' 

formaldehyde. Designed 
in modern style and 

manufactured in attrac- 

Unit eliminates the need of 
terminating the mains input 
lead of any electrical instru- 
mentor appliance with a plug. 
It also enables more than one 
Instrument or appliance to 
be connected in parallel 
and used simultaneously. In 

the workshop, the MAINS 
KEYNECTOR will prove in- 

valuable to the experimenter 
and handyman. 

Colour: 
Duo-Green 32 6 Rating: 
13 amp. inc. p. & p. 

British and Fóreign Patents applIed for 

® Clamp bared lead 

key. 
from applianceunder 

Openingfuse 
cuts off power to 
keys. 

glóws when power is 
Neon safety lamp 

appile 

Close fuse housing to 
supply power to 
keys. 

VALVE MAIL ORDER 

R S T 144-146 WELLflELD ROAD, S.W.16 
. . . 24-HOUR EXPRESS SERVICE 

AC/THI is/f EC91 9/- XT33C 8f- PX25 18(6 3S4 4f9 7C6 6/- 
AC/YP1 12/6 ECCS1 3/9 KT36 2216 PY31 6/6 3V4 5/9 7X7 5/- 
(5 & 7 pIn) ECC62 4/9 KT61 17/6 PY3O 8/6 4TIEA 17/6 7R7 19/6 
AC/VP215/- ECCS3 5/9 KT6B 20/- PYI3 8/6 5R40Y 8/9 7S7 17/9 
AC2/PEN ECC84 5/6 KT81(7C5' PY8O 4/9 504G 4/- 714 7/6 

15/6 ECC8O4 6/9 10/- P181 6/- 5V40 6/- 10Cl 9/- 
AZ31 7/9 EChO 7/- KT88 27/6 P182 5/8 IY3GT 5/- 1019 0/9 
BIO 12/- ECF92 7/- KTW61 4/3 P193 6/- 5Z40 8/- 101.1 10/- 
Cl 12/6 ECH21 19/- KTW62 5/- RiO 15/6 IZ4GT 10/- 10P14 16/- 
Cil 12/6 ECH35 11/- MHL4 0/- Rl8 15/6 6/301.2 11/3 11X3 27/6 
CELI 12/8 ECH42 9/- MXT4 10/- Rig- 7/- 6A7 15/- 12AT8 4/6 
CBL31 15/- ECH81 5/3 ML4 17/6 S130 25/- 6AC7 3/- 12AT7 3/9 
CCH35 21/- EC1083 7f- ESPEN S13OP 25/- OAKS 4,0 1OBAU 6/- 
CL4 12/6 ECL8O 6/6 10/- SP4i i/O 8AK6 6/6 12BE6 5/3 
CL33 12/6 ECL82 8/6 101/12 4/- sP61 1/- OALI 3!- 12X1 19/6 
CY1C 12/6 ECL88 8/9 NI? 10/- I'41 9/- 6A95 5/6 1217G? 7/3 
0AC32 7/0 Eh 20/- 878 15/- 010 7/- 6840 10/- 12K7GT 3/- 
0AF91 3/3 EF3O 3/- 8329 8/8 024 24/- 688G 2/- 12KOGT 8/- 
DAF92 7/- EF37A 7/0 0A2 5/3 025 10/6 8BA8 4/0 12Q7GT 3/- 
DAF98 6/- E139 8/- 0B2 - 6/- 026 10/6 6856 4/6 12SL7GT 5/- 
DF91 2/8 EF42 3/9 0x4 9/- 033 13/- 8B08G 12/6 14X7 9/- 
0192 2/6 EF5O 2/- 0x8 6/- 035 14/- 6BQ7A 7/- 1407 18/- 
0196 0/- 2380 5/- 0x10 12/8 037 15/8 88X7 1018 19AQ5 7/8 
0X32 7/9 EF98 8/S 0Z4 4/- 0201 126 8BWO 7/n 191006019/8 
0X91 5/- 5189 5/8 PABC8O 6/9 0301 13/- 8BW7 8_8 20L1 15/- 
DK92 8/- EF91 3/3 PC8O 9/- 0404 8/- 6C4 29 20P1 10/- 
0X98 0/6 E1193 6/8 9188 9/- 0801 18/6 6CD8G 22/8 20P3 17/- 
DLII 8/8 51.32 3/- PCC84 5/8 UABC9O 5/6 ODO 2,9 20P4 17/- 
DL8O 16f- EL33 17/8 PCC99 10/- 0AF42 8/9 810G 4/- 21L6GT 4/8 
DL91 6/- EL34 9/8 PCCi89 10/- UCH21 21/- 0F14 12/6 25U4GT12/8 
DL94 5/9 EL38 10/- PCE92 10/0 0CL83 8/9 8F16 9/- 25Z50T 7/- 
DM70 5/- KL38 15/8 P1180 6/6 0989 6/- 8119 0/8 27S0 20/- 
DW4-390 EL41 8/8 91182 8/- 01.41 8/9 8123 11/- 3OFL1 13/8 

9/- EL83 8/- PCF84 8/- UL44 20/- 6108 2/8 3011.12 13/8 
DY80 8/8 EL96 7/8 PCF96 8/- UL94 8/- 6H80/GT1/3 307L14 12/4 
DY87 7/9 ELL9O 20/ PCL92 7/- 008 13/6 625M 6/6 301.1 5/8 
230F 17/8 EM9O 7/- PCL83 8/6 007 13/8 6X70 1/3 30L15 12/8 
E98C0 12/- 51094 7/- PCL84 7/3 0141 9/3 9X90 3!- 3094 14/- 
E9110 18/6 XMO? 7/- PCL95 8/8 0185 5/- 6X25 20/- 30P12 10/- 
Ei9OCC 6/- EYS1 7/- PENA4 20/- VMP4G i7i- 81.1 9/8 30P19 14/- 
E186P 18/- 2198 8/6 P2884 20/- V011i 8/- 8L8G 7/- 30PL14 14f- 
2181CC 12/- EY87 8/6 PEN45 6/- 10126 12/8 8L16 7/8 351.86? 5/9 
E182CC 14/- EZ35 4/9 PEN45DD VUI2OAl2/8 8870? 8/8 35W4 4/8 
EABC8O 5/9 EZ4O 7/- 11/- VU508 30/- 8P28 10/- 35Z4GT 3/9 
EAP42 7/6 EZ4L 8/-- PEN453DD W91 5/- 8Q70 6/6 5005 5/9 
EB91 3/- EZ8O 5/- 10/- W149 7/- OSA7 7/- 50CD80 32/8 
EBC33 8/- EZSS 5/- 11.33 9/9 X78 28/- 88107 2/6 501.80? 8/- 
EBC41 9/3 EZ9O 3/8 PLI6 9/- X79 41/- 8SL7GT 4/9 53KV 12/8 
EEC81 8/3 GZ3O 8/6 11.39 15/- X81 18/8 88N70T 4/- 80 5!- 
EBC9O 3/9 GZ32 9/6 P1.81 8/8 ZOO 17/4 8040? 10/- 85A2 8/6 
EBF8O 9/8 GZ34 10/- P1.92 8/8 iRS 5/- 8V8G 3/8 90A0 52/8 
EBF88 6/8 1083 5/- 91.93 8/- 184 5/- 0X4 3/6 8OAV 52/8 

immediately just how wonderfully 
CUR-KIT more than fulls that long 
felt need. CUR-KIT is quick-you 
simply lay. the self-adhesive copper 
strip -on the board, drill holes for 
mouñting the components and you 
are ready to solder them in at once. 
dR-KIT is clean - there are no 
chemicals, acids or etching processes 
involved. CIR-KIT is adaptable-- 
you can aménd a circuit again and 

enough material to make up about IO 

circuits and components may be 
closely mounted if desired. You can 
also repair damaged conventional 
printed circuits; you can experiment 
quickly and cheaply. In fact. dR-KIT 
is the most revolutionary advance in 
circuit techniques since the printed 
circuit itself was invented and is 

already widely used by many of the 
most famous houses in electronics. 

- - - - - - - - - - - - ILlS flflfl5fl 

't 

PEAK SOUND SA. 8-8 Kit 
complete with instructions. 

£12 - 19 .6 
PEAK SOUND POWER PACK 

- 75/- - 

PEAK SOUND combined 
16 watt stereo amplifier and 
pre.amp far onlyl2.I9.6 is 

made possible entirely due 
to using Cir-Kit. 14 

matched transistors are - 

used in this superb hi-fl kit 
forcrystal and ceramic pick. 
ups. Over 16 Watts output 
into two S-ohm speaken in 
stnreò. 8 and l5L speakers 
may b used. This Peak 
Sound Kit is complete down 
to last piece of wire. 

Phone r 

PEAK SOUND LTD. IO ASHER DRIVE, MILL RIDE, ASCOT, BERKS. wlNkFiEwRow 
(0EH47) 

Distributors to the Radio Trade. T.S.L., 63 GOLDHAWK ROAD. W.12. (UI-603 2581) - 3217 

. * INSTANTLY APPLICABLE, INSTANTLY ADAPTABLE 

* NO CHEMICALS, NO ETCHING, NO HEAT 

* AS USED IN LABORATORIES, INDUSTRY; ETC. 

CIR-KIT KIT No. 3 contains 'lin. x 6m. 

I 

Imounting board, 4m. x 6m. CIR-KIT adhesive 

From stockists every- 
- coppersheet for land areas and special shapes 

and approx. l5ft. of *in. CIR-KIT adhesive U 
where. In case of copper strip. The heat-resistant adhesive U 
difficulty, direct from used will last indefinitely with normal use. 
Peak Sound. With instructions. 

Think what it means to be able to again quickly and easily. Ideal for " Cir-Kit" shows the way to 
have just ONE printed circuit to the experimenters, this. CUR-KIT is 

design you want and you will see economical - No. 3 Kit contains economical hi-fi stèreo. . 

APEAK SOUND :IflakCS better 
ciicuits quicker 
and cheaper 
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CP.I IO Il-PIECE CHASSIS 
PUNCH SET 
Top grade machined steel. Contains j.. i. r. i and ir ponches, completo 
with gripper and accessories In carrying 

t case. £3.12.6 

ALL TRANSISTOR MONO & 
STEREO PRE AMPLIFIERS 
Provide extra stage of amplification for 
use with magnetic cartridges, tape and 
microphone inputs. Both soodeis feature 
wide band paso eangn, 20.20.000 cps. 
PEE 301 MONO fi4.i2.8 
PEE 

EAGLE FMT4I. FM TUNER 
Bnb-misdatuee fi transistor 3 diode F.M. 
Tuner. Covers 88-100 Mc. Operates 
from 9.voit battery, micro miniature 
circuit giving brilliant FM reception. 
Ready to 555e, simply connect to soue Hi- 
Fi amplifier. Instructions supplied. 

£8.IO.O 

REMOTE CONTROL STEREO 
HEADPHONE STATION LS.2 
A junction box for connecting stereo 
headphones to a stereo or monaural 
system. Separate Controls for each 
channel. On/off switch. Stereo sockets 
allow two sets of headphones to be 
used. With instructiono nod 20 lt. of 

PROJECT CONSTRUCTIONAL KIT 
This advanced educatIonal kit is excel- 
lent for beginners an well as the fiore 
advanced experimenter. Not even a 
soldering iron is needed. Complete with 
00-page booklet giving lull details 
of suggested circoito. 

LA9P. A ELIMINATOR 
with a double wound step do«n transfor- 
mer to operate 8v Radios, 
etc., front AC Mains. 

(SPECIAL 

OFFERI 
GO OS E N ECK 
PENCIL TYPE 
DYNAMIC 
MICROPHONE 
Imp.s 00K Ohm. Output 

a. -12db. Response 40- 
13,500 n.p.s. With base 
aith On/off owitch, stand 
adaptor and cable. 
USUAL PRICE 4 (INS. 
SPECIL OFFER PRICE 59/6 

ALL ITEMS SENT POST FREE 

AIWA. TP. 712 2-SPEED 5' REEL 
MAINS AND BATFERY 

TAPE RECORDER 
Loaded wth features hitherto only found in 
more expensive tape recorders: AVC system 
adjusts recording volume level. TWO-WAY 
OPERATION: AC mainS or batteries. TWO 
HOURS OF RECORDINtI TIME: using 
2.1 mil 600 ft0. REMOTE CONTROL: 
TONE CONTROL: LEVEL METER: 

- indicates recording and battery levels. Other 
- - features include IO and 30 ips speeds, smooth - 

- operatIng push-button keyboard, input for 
radio, record player. TV, etc., socket for an 
external speaker. Complete with Dynamic 
microphone, earphone, 5_600' tape, 1' empty 
reel, batteries and AC lead. I 

Sise: 12}' X 101' X 31'. gflS. 

EAGLE PRODUCTS. 
MAGNETIC STEREO 

- 

CARTRIDGES -- 
As reviewed in Hi-Fi News. 

MiOO7G. GOLD 
Sept. 1961. . 

M1007F. SILVER - 

Re.poose:20-20,000eps Re.ponse:20-l8,000cps -. 
Output: IMV at 1Er! Oulput: OOMV at SEc! - 

1cm/Sec. 5cm/Sec. 
StyIs.:0.lMildiamond Slpl:ss:0,7M:ldixmOssd - 
Tracking Premure Tracking Pressure - 

1-2_l grams. - 2-4 gramo. 

£6.12.6 - £5.14.6 - 

Both feature sisgulariy cmooth reprodoction xnd incisive separation of stereo channels 

WIRELESS MICROPHONES 
WM909 (as illustrated) Pocket FM 

EAGLE SAIOO. 10W INTEGRATED STEREO AMPLIFIER 
A compact, veroatile integrated 
unit for monaural or stereophonic 

__________________ reproduction from record player. 

quesCyrrsposmeO.2000eps 

EAGLE AFMIOO. AM-FM TUNER 
Combines a host of advanced features that easily o:cske it the Ouest AM-VM tuner in Its 
clans. A tuned EF stage on FM, AFC circuit and a heavy flywheel giving smooth but 
eltortless tuning, built in AM Ferrite aerial. FM.SS-IOSMC. 
AM 531-1605 K/s. 

M580. 20W. ROSEWOOD SPEAKER . - . 

SYSTEM 
The perfect answer for the music lover who wants full range 
fidelity in a noínpact rystem. Features an Sin, full castor - 
high compliance speaker with an output capacity sf20 watts 
RES. Frequency response: 30-20,000 C_p.s. Resonant 
Ireqoency: 30-40 c.p.s. SensitIvity: 97 db/w. Flox 
.Iensity: Over 12,000. Impedance: 16 ohm. 01cc 145m. 
high z i0,:n. wide .< 8m, deep. 

£14 14 0 
As reell as this beautifully designed speaker there are two 
other models EStS. IO watts RMS at 612.12.0 and 31540 
b watts EMS £810.0. 
All three sprakern arc gnished in magnificent rosewood and 
the entire cabinet filled with acoustic damping material. 

SA. 80N. 8-WATT INTEGRATED 
STEREO AMPLIFIER 
Remgnioc:l as the leading low price storm 
amplifier. 4 watts per channel. Inputs 
for Pick-up (100mV)cnd Tuner i100mVl. 
Frequency response 0-Il,000 cps 
200/200v. AC. Styled in Grey and 
Silver with setal bxohr. 

£ 12.0.0 

AIWA. P.172 3SPEED 3-BAND 
MAINS AND BATTERY RADIO- 
RECORD PLAYER 
Playo all records, 330. 4d ami 78 c.p.01., plus 
l,ulit'in LW/MW/FM radio. All in, s smartly 
designed portable, offering the best nl both 
worlds: battery sr AC mains sl:eratian. Liege 
oval speaker gives exciting rrprosiuctisn nl 
your records and favourite ru:liO statIons any' 
-heer and everywhere yoo go. 13-transistor 
circuit produces big pou-or output. Complete 
:.ith earphone, batterIes, AC lead, carrying 
handle sn,l 33 rpi,i trst record. Sise: lOj 
X I5' X 

29+ gns. 

TT.I44. Dynomlc 
Tronslstor Tester e 

Tests In-circuit or ' 

out of cIrcuIt. Ides- G 

ti0euPNPandNPN ° 

typen. Indicates - - 

electrode open sir- - 
cuits, short circuits ,- -'-- 
and current drain. 
Complete with in- 
structiosts. £410.0 
TT,145, De luxe 
Transistor Diode 
Tester. £97.6 

KYJO2 SEMI-AUTOMATIC 
BUG KEY 
7 adjustments for speed and comfort. 
Key adjustment for tension, ewIng, 
spee:I, etc. Precision, tooled anti rust, 
nickel-plated, brasa and stainless steel 
operating parts. Variable speed capable 
of I to appros. 60 mpm. Complete with 

assdtransparestt 
£5. I 2.6 

-lNDiC 

Lds.caníl5Obe;;d 
checker. Detects undesired radiation 
or spurious frequencies. EF is measured 
onanaccurate 200gnA panel 

£4. I 0.0 

WI-2. TRANSISTORISED 
WIRELESS INTERCOM 
No wires. sto InstallatIon needed, 
simply plug them Into AC power 
poInt and talk. Units have perm- 
to-talk look switch and on-of! volume 
control. Ideal Intercom or Baby Alarm 
forhome,offlce, LIlI I) n Corn- 
factory. .' . . plete. 

DP303. DOOR PHONE 
INTERCOM 
Ultra sensitive transistorized intercom 
designed su- that you may answer 
the door from within for greater 
convenience and safety. 
L. A I O Other internoms 
£s'+. I £U available. -_ 
MCK.2. MORSE CODE KIT 
Two statIon morse code bit supplied 
with Instructions, bIt. si csaneotion 
scier and morso code 

2 Charts. . 

Ç» 
WIreless transmitter 
complete with tie-pin 

=-, microphone. Transmits 
. 

-4 
clearly opto 500 yd. 

FOR FULL DETAILS OF THESE AND MANY OTHER ITEMS SEND FOR FREE k e th ntl FM 
COMPREHENSIVE CATALOGUE, EAGLE NEWS AND ORDER FORM. ALL ITEMS \--= band, Simply used with 
AVAILABLE POST FREE ANO COVERED BY 12 MONTHS' GUARANTEE. 5t - 

an FM radio or tuner. 

£14.0.0 CALLERS WELCOME AT OUR HI-Fl SHOWROOM 
j ( - 

Also svilablC WIdSO8 
t ProfessIonal stIck type 

_ce 
FM Wireless Micro. 

RELDA RADIO LTD (pt P1.16), 87 Tottenham phone. £21.0.0 . Coon Road, London, W.I These camsot be operated in U.K. 

RADIO. HI-FI COMPONENTS TEST EQUIPMENT 
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AUDIO FAIR. ENQUIRY ROOM 539 
BOOTH 45 DEMONSTRATION ROOM 538 

name 

address 

4PE67 . 

250 

Grain size 200, thickness 55/lOO mm., both (aces diamonded. Eor quick 
cleaning of industrial relays and swItchIng equipmenc, ecc. 

Grain size 300, thickness 55/lOOmm., both facesdiamonded. For smaller 
equipments, Ilk. telephone relays, computer relays, etc. 

Grain size 400, thickness 25/100 mm., one face diamended. For sensitive 
relays and tiny contacts. Two close contacts facing each other can be 
individually cleaned, because only one face of the spatula is abrasive. 

Soie Distributors for the United Kingdom 

SPECIAL PRODUCTS (DISTRIBUTORS) LTD. 
81 Piccadilly, London, Wi. Phone: (01) 629 9556 

As supplied 5e the War Office, U.K.AE.A.. Elertoicity Generatinq Boards. British Railways 

and ottre public authorities; also to leading electronic and industria! user, throughout tise 

United Kinçdnm. 

as illustrated. All models £3 10 0 
M5 STEREO RADIO DECODER £14 10 0 

For full details and technical specifications of all 
models, plus list of stockists, post coupon or write 
mentioning 4PE67. 

ARMSTRONG AUDIO LIMITED 
WARLTERS ROAD, LONDON, N.? 

Telephone: NORTH 3213 

powder has been deposited 
by a special process. No deep 

scratches are possible be- i 

cause density is controlled 
and the polishing of the 
contacts is achieved by a 

gentle brushing motion. 
With coloured nylon - 
handle for complete 
insulation and easy 

size Identification. __-_ - - 

- - Manufactured in France 
British Patents applied for 

There are a number of ceramic pickups capable of 
giving excellent results with a good amplifier. 
Our 222 was expressly designed for these pickups. 
lt has all the facilities you look for in a high fidelity 

I DUKE & CO. (LONDON) LTD. 
I 621/3 Romford Road, Manor Park, E.12 

Phone: ILFord 600-l-2-3. Stamp for Free List. 
I_____________________________________________________ 

amplifier and a choice of matching FM and AM.FM 
tuners. 
Forthose who wish to use a magnetic pickupthere j4i? 
is the 221 amplifier, which has other additional 

by using a facilities, 
221 STEREO AMPLIFIER £35 100 D I/\C RJ Ni S PATU Lft 222 STEREO AMPLIFIER . £28 15 0 
223 AM-FM TUNER £31 9 0. 

The "Dlacrom" is a metal 
224 FM TUNER £25 2 3 

OPTIONAL CASE, teak and vinyl hide spatula upon which diamond 

I 

CERAMIC 
PICKUPS 

.......... 

222 STEREO AMPLIFIER 

TWO-YEAR GUARANTEE 
EX-RENTAL TELEVISIONS 

*Tube 
Il in. LI 1.10.0 * Valves 

* Components 
3 star Guarantee 

Channels for all areas 
Insured Carriage 30/- 

FREE ILLUSTRATED LIST - 

Slim line models 

Il" - 19" - 21" - 23" 
A wide range of sizes, models and 

Demonstrations daily 

... TRANSISTOR CASES T.V. 
6i X 4l' TURRET 

EllHIllllllS/lI' i 'y A TUNERS 
E!UIlllTlHlIljIIP I TRANSISTOR CASES 

I9/6.Clotlscovered.reany 216. !J colours.Sioe9IX6iX3l - 

&P. 3/6. Similar cases N: 

RECORD PLAYER CABINETS 49/6. Slim Models 
Latest designed covered cabinets. Takes any - 5/.. Preis 
modern Aetochanger. P. & P. 7/6. B a t t o is 

SINGLE PLAYER CABINETS 19/6. Models 19/6. 
P.&P.7/6. P. & P.2/6. 

 THE 
AMPLIFIER 

RADIOGRAM CABINETS 19 Gns. 
in modern Voneered Mahogany 

-. An elegant Steroogram Cabinet 

and Cloth covered Front Panel 
BLACK LEATHERETTE SIDE PANELS 

Dimensions : 52 X 17f X 12 
Speaker positionsforTwinlOx5' 

Speakers -. OTHER MODELS-SEND FOR LIST 
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side entrance 
Borratts Shoe Shop. 

61a 
RADIO EXCHANGE Ltd Open 9-5 p.m. 

Saturdays 9-12.30 p.m. 

HIGH STREET, BEDFORD. Phone: 52367 

251 

!j 
NEW ROAMER SIX 
NOW WITH PHILCO MICRO-ALLOY R.F. 
TRANSISTORS 
6WAVEBAND!! - 

8 stages-6 transistors and 2 diodes 
- Listen to Stations half a world away with this 6 

waveband portable. Tunable on Medium and 
Long Waves. Trawler Rand and two Short Waves. 

Sensitive Ferrite rod aerial and telescopic aerial for short svaves. Top 
grade transistors. 3-inch speaker, handsome case with gilt fittings. Size 
7 X 5 X Ihn. (Carrying Strap 1/6 extra.) * EXTRA BAND FOR EASIER TUNING 0E LUX, ETC. 
Total cost of all £3 19.6 P. & P. Ports Price List and easy build 
parts now only 3/6 plans 2/- (Free with kit) 

8 stages-6 transistors and 2 diodes 

- MELODY SIX 

f Our latest coitspletely portable transistor 
radio covering Medium and Long Waves. 

- Incorporates pre-tagged circuit board, 3m. 
heavy duty speaker, top grade transistors, 

- 

volume Control, tuning condenser, wave 
- change slide swstch, sensitive 6m. Ferrite 

reception of. oine and Light, 208 and many Continental stations. 
rod aerial. Pustt-putl Output. Wonderful 

Handsome leather-look pocket size case, only 6 X 3.1 X li-in. approx. 
with gilt speaker grilte Rnd supplied with hand and shoulder straps. 
Total cost of all £3 9.6 P. & P. Parts Price List and easy build 
parts now only 3/6 plan5 2/- (Free with kit) 

Ports Price List and easy build plans ¡/6 (FREE with Kit) 

TRANSONA SIX 
8 stages-6 transistors and 2 diodes 

This is a lop performance receiver covering full 
Medium anti Long Waves and Trnwler Bnnd. 
High-graje 3m, speaker makes listening a 
pleasure. Push-pull output. Ferrite rod aerial. 
Many stations listed it one evening including 
Luxensbouig loud and clear. Attractive case in 
grey with reti grille. Size 6h ... 4h X ¡ iin. (Uses PN battery asilable 
anywhere.) Carrying Strap I'- extra. 
Total Cost of alI 59/6 

P. & P Parts Price List asid easy build 
parts now only .3/6 plans 1/6 (Free with kit) 

SUPER SEVEN 
9 stages-7 transistors and 2 diodes 

'I Covers Medium and Long Waves and Traw- 
- ,,. lcr Band. The ideal radio for home, car, or 

can be fitted with carrying strap for outdoor 
use. Completely portable-has built-in 

,, Ferrite rod aerial for wonderful reception. 
Special Circuit incorporating 2 RF Stages, 
push-pull output, 3m, speaker (will drive 

laige speaker). Size 7h x 5 X Ihm. (Uses 9v battery, available 
any svherc.) 
Total cost of all £3 19 6 

P. & P. Parts Price List and easy build 
parts now only 3/6 plans 2/- (Free with kit) 

* EXTRA BAN D FOR EASIER TU NI NG Total cost of parts now ònly 
£5. 19.6 

P. Parts Price List and easy build 
OF LUXEMBOURG, etc. 5/6 plans 3/- (Free with kit) 

QUICK CHECK TRANSISTOR ' TESTER. N EW M E LO DY M AK E R IX 

J/ 

P. & P.216. ___________ 

l Rod Serial. Appros. 330 M,iiiwatts push putt Out. FAULT TRACER .... ersutile Sigu,.t inj,r(úr.voiuething 
V put. Handsome pocket ose cose witt. gilt fitting.. constructor abotd be sithost. rbi, iflgecios «ferler 

- I" ,tdf1 ,... 4 '4kw if X 3f X Ititi. (U.es long-tite PPIi butters'), generate, au suditsie signal througb the Audro and RI'. 
- 

'-r cause.. With variable output. Telescopio Probe. Pocket orzo 
This an,uoing receiver P. & P. Parts Price List and easy build . «lin, tine coso acusare, 4f X 3f X fis.. Complete «et of porto 
way be built for only ' ' 316 pIons 2/- (Free with kit) ovttb toit instructions. 19/6. P. & P. 2/-. 

NOW WITH 31N. SPEAKER! DOCKET FIVE NOW WITH 
NEW TRANSONA FIVE 7 stages-5 transistors and 2thodes 
"Hon,e,L/ghr, .4.F.N. Lux. ai/at good co/unte" Covers Medium and Long Waves and Traw- UhIEi-AJI GP., Durham (er Band, a feature usually found in only the 't jffH,ffl/)fflf\ 

7 stages-5 transistors and 2 diodes most expensive radios. On test Home, Light, I» - 
I "" . Luxembourg and many Continental stations - 
I ' Fully tunable over Medium and Long Waves were received loud andclear. Designed round P116881 

anti Trawler Band, Incorporates Ferrite rod supersensitise Ferrite Rod Aerial and fine Pocket it Sieri 'not Long Oase aerial, tuning condenser. s'olume control, new tone 3 in. moving coil speaker, built into s-crab, with .rriatntore speaker 
type fine tone super dynamic 3 in. speak-er. etc. Attractus'e case. Size attractive black and gold case. Size 
6'. X 41- X Um, with red speaker grille. (Uses 1289 battery available 5' -z I 3-jin. (Uses 1289 battery. 29'6 P. & P. 
anywhere.) available anywhere.) ' / 
Total cust of all 4 '6 

P. & P. Parts Price List and easy build Total cosc of all 42 /6 P. & P. 
parts now only I 3/6 -plans 2/- (Free with kit) parts now only j - 3/6 

BACKED BY OUR SUPER AFTER SALES SERVICE 
A wonderful range of transistor radios using first grade components guaranteed results." 

NEW ROAMER SEVEN Mk ly 
7 WAVEBAND PORTABLE OR CAR RADIO 

Amazing performance and specification * Now with PHILCO MICRO-ALLOY R.F. TRANSISTORS 

FULLY TUNABLE ON ALL WAVEBANDS 9 stages-7 transistors and 2 diodes 
Covers Medium and Long \Vaves, Trawler Band and three Short Waves to approx. 15 metres. 

Push-pull output for room filling volume from rich toned T 4 speaker. Air spaced ganged tuning 
condenser. Ferrite rod aerial for M & L Waves and telescopic aerial for S Waves. Real leather-look case 

with gilt trim and shoulder and hand straps. Size 9 ; 7" > 4 approx. 

The perFect portable and the ideal car radio. (Uses PP7 batteries, available anywhere.) 

 INOTBUILDONEOFOUR 
II PORTABLE TRANSISTOR 
V RADIOS... FIRST FOR PERFORMANCE, 
V QUALITY & PRICE! 
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FROM PRE-AMP TO A HI-FI STEREO/FM ASSEMBLY 
Martín Recordakits and Audiokits are obtaihable from good stockists everywhere. 
In cases of difficulty p/ease write direct. Trade enquiries invited. 

L 
Tfl 154/155 HIGH ST., BRENTFORD 

MARTIN ELECTRONICS ILl M'SEX Phone: ISLeworth 1161/2 

252 

please 

NAME ............................................................... 

IADDRESS ......................................................... I 

LL__.i 
--e 

's 

SEPARATE RECORDING 
LEVELAND. VOLUME 
CONTROLS 

V V 

'T-. - 

performance standards, quality of materials, simplicity and KIT M2 case and deck (two track) bug inc! dependability. The latest is the best yet. 
ya!VCS wire, screws, etc. £1419.6 

Mcrtin Audiokits for Hi-Fi 
The uniquely reliable /its with "Add-on-ability" 

V' 
V No other system allows you to 5 5-stage input Selector £2.7.6 

V '. enlarge your installation stage 5 Pre-amp/vol. control £1 .17.6 
bystageasAudiokitsdo.They Pre-amp/tone Controls £3.2.6 

V 

Comprise a widerange of very well lo watt amp. (3 ohms) £5.12.6 
made prefabricated transistorised units 5 10 watt amp. (15 ohms) £6.12.6 

V 

in which Connections are standardised Mains power supply £2.15.O 
'VV. throughout and from which anything from a simple 

straight amplifier to an elaborate hi-fi stereo amplifier - with FM tuner can be built. The Recordakit described above r 
MARTIN ELECTRONICS LTD. 

can be combined with your Audiokit assembly if you wIsh, a 154 High St., Brentford, Middlesex 
I KulI details of D Recordakits D Audlokits 

RECORD HOUSING (Dept. P.E.4) 
Brook Road, London, N.22. Tel.: BOWes Park 7487 

EDWARD ARNOLD 41 Maddox Street, London, W.I 

A New Martin liecordakit 
designed specially for the MAGNA VOX 363 
3 WATTS OUTPUT Get the best Out of your MAGNAVOX STUDIOMATIC 

TAPE DECK with a Martin Recordakit assembly. This 
comprises everything you want to make a superb two or four 
track 3-speed recorder (taking 7 in. reels) at a price tijat will 

OUTLET FOR HI-Fl AMP save you pounds. The basic Martin units are assembled and 
tested, making it necessary for you simply lo fit and connect 
them together in accordance with the detailed instructions 
book supplied. When built, your Martin Recorder appears as 
shown here. The lid is detachable. Case with speaker, and SOLDERING NOT deck also avaflable. Details on request. MARTIN 

NECESSARY RECORDAKITS have long been famous for their high 

Whatever your set-up there's a Record Housing Cabinet tc 
meet your needs. Amplifiers, tuners, turntables, loud- 
speakers, records, tapes, tape decks and even a complete 
tape recorder-you name it-we'll house it! The illustration 
shows our Nielson Equipment Cabinet (19 Gns.) with 
matching Folded Horn Loudspeaker Enclosure (l 1.19.0). 

These units are only part of the Record Housing range of 
equipment cabinets, speaker cabinets and record cabinets- 
send for free catalogue showing 20 different models plus 4 

brand new designs to be shown at the Audio Fair or see 

them now at your local stockist. 
FREE HI-FI HOUSING ADVISORY SERVICE 

J. A. MYERS 12s., 6d. net 

The first of two volumes written to covei the syllabus 
Iof Electrical Science for Electrical Installation 
Course 'B' of the City and Guilds of London Ins- 
titute. lt is also suitable for students preparing for 

ICourse 'A' and for other courses where a practical 
approach to the subject of Electrical Science is 
required together with an emphasis on calculations. 

I 

. A catalogue coiitaiiiiiig infonnation on all 
technical publications can be obtained on 

request/ron, the publisher. 

I! 

I 

RECORD 

*0 - 

- - - - - - - - 
I TELEVISION RECEIVER THEORY: I 

IPartI A Textbook for Students and Technicians 

IG. H. HUTSON 35s. net 

The first of two volumes which together provide a 
systematic course in television receiver theory, 

Iincluding a study of botti positively and negatively 
modulated systems and embracing both valve and 
transistor circuitry. 

IELECTRICAL SCIENCE FOR 

ELECTRICAL INSTALLATION 

I 
STUDENTS: Part I 
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2N2926 - general purpose type. Saltable for brand neo unosol ooiI.goaranteed peeled suif not secant Be first this year 
A.F. or E.V. np to 200 nc/a, 3/- each or a connoisseur, tar on niormal spools, and n termal hOses. 
46er 10/- Standard Play Sits. tOOlt 9/- Long ploy Sin. sooft 11/6 SEED AND 

SILICON RECTIFIERS 
311e. gooit, ii/e Slits. 1,200ft. 16/- 
7m. 1,SOOft. 16/- 7m. 1,800ff, 23/- PLANT RAISING 

Tested and guaranteed £ host tree otberolso asId 2/- post and no. soli heating wire anti trasto. 
720mA 100v. 1/2 1 Amp 300v. 3/ -./,'Ç bruire. Suitable for stamford 

MINIATURE WAFER SWITCHES 19/6 
3A 100v, 3/6 10 Amp Number of Positions 

. NEON MAINS TESTER - 

400v: 76 400v 146 1 pole 3t 4 36 3/6 6 
(fool length leads 2/6. 

600v. 9/6 
. 2 pole 3/6 3/6 3/6 3/6 

Sub miniature glass oncaoeti-ouly sppron. Its. 3 pole 3/6 3/6 3/6 Whore postage s not de6o,tel stitemi as ait 
long olee ended. 4 pole 3/6 3/5 estro then orders nier £3 tire post Irre. 

790mA 50v. 1/6 100,'. Any 12 soitohes ordered together 40/-. Below £3 stimI 219. 

E L E C T R O N I C S (C R O Y D O N) L I M I T E D 
(Dept. PE), 102/3 TAMWORTH RD., CROYDON, SURREY W. Croydon Stn.) (Opp. 

6SwattlS/6 Ali 4/GPO P. also at 266 LONDON ROAD, CROYDON, SURREY 

2N1748 10/- OAIO 6/- 0077 7/- 
AC1O7 9f- 0A47 3/- 0078 5/- 
AC127 9/- 0A70 2/- 0078D 5/- 
ACY17 9/6 0A79 2/8 OCSI 5/- 
ACY18 5/6 OASi 2/6 00811) 5/- 
ACYI9 6/6 0A83 2/6 0082 5/- 
ACY2O 5/8 0A90 2/6 0083 5/- 
ACY2O 0/- OAO1 2/6 0084 6/- 
ACY22 4/6 0A200 3/3 OCt39 9/6 
A0114 7/- 0A202 4/3 OCt40 12/6 
AFilo 6/8 OeIl 10f- 0Cl70 5/- 
AFilO 71- 0C23 17/6 0C171 6/- 
AFS17 5/- 0C24 15/- OCIOS 9/- 
AFI18 10/- OCIO 7/8 0C201 12/O 
AF139 12/8 0C28 15/- 0C202 13/6 
AF186 17/8 OCIO 17/6 OC'203 12/6 
AFZ12 15/- 0C33 12/O 0CP7l 15/- 
A8Z21 15/- 0C36 15/- ORPII 8/6 
BC107 14/6 0C42 6/6 ORPÖ0 5/- 
BY100 4/6 0C44 4/- SB078 6/6 
BYZO3 7/6 0C45 3/6 9B305 8/8 
MATIOO 7/9 0070 4/- 8B221 10/- 

S.C.lts ITHYRISTORS) 
100v. lamp. 6/0. 3 amp. 7/6,12 amp. 15/-, 400v, 
i amp. 15/-, 3 amp. 17/6,5 amp. 22/6,25 amp. £3, 
50 0, i amp. 6/6. 3 amp. 7/6. 10 amp. 10/-. 25 no.p. 
30/-, 

SILICON PLANAR TRANSISTORS 

F.M. TUNER 
' ' "' of erseeptional qsnallty, giving really 

finiautic results seith Virtually 00 noIse. 
'O. Saitabl for satins os battery olseratlon. 

* , 
- 6 transistors three 1F stages double 
n tuned sli*crisnsiss;stor. enoisplete, nose, asini 

built op all reasly tnt sort ont Chinssis. 
Rise 0m 4to. r. 21v. is ith tuning male 

- , anni slow issotlnsfl strlvn'. A 212.12.0 tuner 
for only £810.0. 

& - FINE RECORD PLAYERS 
ARE GARRARDS .-/asssl because they liase been staking 

f. 
se 

recorsi players lise sss long, 0.0 R. 
RARD arc your best chssis-hig 
range alis-ays in stack. 
7/O for post issi isi*. 

2000 .................. 26 9 6 LAB0O .............. £25 O 

3000 .................. 27 19 6 MRPI2 ................ 03 9 0 

ATOO .................. £11 11 0 Complete with sOrvice sheet mil tens' 
SF23 .................. £10 9 0 platO. 

HALF PRICE PROPRIETARY TAPES 

I heat positions tu nuit 
changes iusneatbers 1k\0 

li: 

; 
MOVING COIL METER BARGAIN 
Panel sseters are ulwssys being oeeslest asinI they sine 
fully costly soben you have to Inste' thesis io t bssrrv 
-su you shoulsl take ssts'antssge ei thin offer s 

Otis. issoving roil flush nlssslnlifsg Dieters only 5/6. 
These are actually H.P. issetecs slot rust about £3 
each but it yost foist wisst theist fur EF. then sill 
ynsu have tu lo is tss resssuve tite thersisssuple sinai 
von seill hin-e st 2.3 isA. meter whIrls esso runs 
tithe into sIlliest snnytblsg by silting shuists sir 

series resistor. These are coCus erssolent, of rsnorse 

PP3 Eiimingtoe-pluy 5-roe pocket 
I /l radio lenin the titilas! Save L's. 
I i III Coussplrte compostent kit ronsprises 4 

I I I rectisrers-nssaisnn sfropper resist;nnnces. 

I :l sitsoothlng consletiser aussI imsstrss.m. 

tiosss. Only 0/8 + 2/. post. 

i meg. miniature pot-meter Morgantte etamiard 
fin. epindle if- each. 9/- per dozen. 

- i meg. minintare pol-meter Morganito pre-ert 
screwdriver control. Od. each. 0f- per dozen. 
Pro-cet 100 K by Welnyct witte intescat baketito 
knob. if- roch. 9/- per dozen. 
loo K pot-meter miniature type 's Cte zioublr pole 
switch and otandard fin. epindle, by Morgaseite 
2/- each. 18f- per dozen. 
25 K pol-meter standard elze with double pole 
switch by Egon wIth luit length tin. epindle 
3f- each. 36f- per dozen. 
Blanhelstat glaze enclonr,i, norosalip cl-eel 
circuit, will open otsould blanket overheat. 4/6 
each. 
Thermal ReIn7. Can be navel to delay the euppty 
ni MT while heaters warna up. or etti enable 15 
amp. tousle to be controlled by nsiniature ewitohee 
or relaye. Regular tiet price over £2, price 7/6 each. 
Osemena high apee.! relay. Teto 1000 ohne coite. 
Platinons pointe changeover contacte. Ev equip- 
ment 8/6 each. 
Electrolytic condenser. cOO MF 00e-. working. 
5/- each. 48/- per sloven. 
Woterproot henting element. 26 parsIe length. 
70 watt. Sell regulating temperature control. 
10/- poet fece. 
Footewitch. Teen anap.actian swItches in nietai 
boo with fleo temi. Ideal to control tapc.recorster, 
dark room tamp. etc. 18/6 Islas 2/0 poetoge ami 
insurance. 
Toggle Switch Bargain. 10 anep. 250 volt nornml 
one hole fitting. 2/9 each or 30/- per dozen. 
Electric Lzck. 24 volt coil, but rescindable to 
other voltages. 4/6 each. 
Czmpreision Trtmmere. Foin 100FF, 1f- each. 
9f- per dzzen. 
Miniature Relay. Aneerican escobe. 030 obste call 
20/30 volt operatIon. 2 pole changeover. 3f- each. 
35/- per dozen. 
Precieízn Wheatetone Bridge. Opportunity to 
build cheaply. 100K cetre wann.! pot. 15 watt 
ratIng only kf-. 
Sheet Panoitn. Ideal lar tranoistor projects. 
12 panrlz each 5 .< 0m. 5f-. 
3m. PM Loudzpeakers. 3 ohm 12/6. 80 ohne 18/6. 
Trnnoielor Ferrite Slab Aerini ssith nzediuoe ansI 
long wave Coil- 7/6 each. 
Slide Switch. Sub miniature double pote change' 
over 2f- each. 18/- per doom. 
Mngslspa (Srl-yace) Anerrtcan macle tranesnittzr 
and receiver 27/6 each. Poet 4/6 for any One or 
the paIr. 

SEMI-CONDUCTOR BARGAINS 
Type Type Type - 

Wo. Pr/ve Yo. Price Yo. Prive 
2761727 15/- MATIOI 8/6 0071 3/6 
2761728 10/- MAT12O 7/8 0073 5f- 
3761742 28/- MATI2I 8/6 0075 6/- 
2761747 25/- O,5s5 5/- 0076 5f- 
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spun reflector-abite enaocellrd bane beat shIeld-pull ascitch- tostructzzess. Real amp at only 14/6, ploe 3f6 
eseageetficeest unIt c.c sol,t normally at £45.0 only 49ff plus 7/6 postage. 

care. and iesaer.ssce. HI-FI SPEAKER BARGAIN 

. 

NIM COMPUTER 
This j lo 

'ft 

pr 
edelty 

fish computer will play ganses and _ 
, el-opte tricki and mitt provide endives . '',_ permanent 

zssagnet type with 
aoeuzemeflt as well an education into ' eIther 3 or 15 ohne " 

Kttcoesplee lt tic cet WO 

:: 
hl 

I 

' but this cas be sesaste very stoepty tram 0 
L .. 

fI by fanzzus maker. " 

plywood. Price £4.i7.6plue 3f50 post and '5 . . Price 29/6 wills 
urance. buslt-tn tweeter 35/- pIes .1/I! poet and Insurance. 
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- 
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watts per ft-these are ideal alytsg cupboards, 
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- 
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NEW BARGAINS 
Moving coil meter. 2/in, lush mounting 5-0-5 
MA centre zero. 25!- each, 
Moving coil meter. 2in. flush mounting 250-O-250 
micro amps centre zero. 2916 each. 
20 ohm 50 watt wire wound pot-meter 8/6 euch. 
50 K wire wound pot-meter. 20 watt type made 
by Culver,, comolete with control knot, 10/- each. 

HEAT AND LIGHT UNIT 
Bring luxury to your bathroom have 
omlortlng heat where you now only have 

tight-a/I the parts to bthI a fulleize (16m. 
illarneter) nimlel are now avul/able-you 
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circular vil/ca glass encased element--opal 

MAINS TRANSISTOR POWER 
PACK \' ''4 Designed te oprrute transistor net, and amplifier,. 
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logue contains 5 vouchers worth a 
total of 5/- if used .as directd. So 
whatare you waiting for? 

I ......................................................................................................... i 

IHàrne Radio Ltd., Dept. PE, 187 .;ndon Rd Mitcham, Surrey I 

u 
CR42YQ1 - - - _ - - r - - - 

254 . 

within 24 hours. 

You too can join the merry throng of 
contented "B" 's (there must be about 
80,000 of them!). It's very simple; 
just post off the coupon with 9/- 
P.O. or cheque (7/6 + 1/6 P & P) 
and before you can say "There's no 
place like Home" you'il receive your 
Home Radio Catalogue, which auto- 
matically makes you a fully paid up 
thember! And remember-each cata- 

I- - - _J_ : - - - 
I Please write your Name and Address in block capitals 

'Name ............................................................................................. i 

Address ......................................................................................... I 

I I 

Poor shopper "A" looks ready to die of exposure; while the 
worst that can happen to "B" is that, being so absorbed in his 
Home Radio Catalogue, he might burn his toast! The fact is 
that "A ", in spite of his brave search for all the electronic 
components he needs, may return with only a shocking cold to 
show for his trouble; whereas "B" can order in leisure and 
comfort, knowing that all his requirements will be supplied 
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understood before seeking to effect improvements. 
This caution applies equally well whether the motivation 

to introduce changes arises from economic or from tech- Our May issue will be published on 

nical considerations. Friday, April 14 

All correspondence Intended for the Editor should be addressed to: The Editor, PRACTICAL ELECTRONICS, George Newnes Ltd., Tower 
House, Southampton Street, London, W.C.2. EdItorial and Advertisement Offices: PRACTICAL ELECTRONICS, George Newnes Ltd., 
Tower House, Southampton Street, London, W.C.2. Phone: Temple Bar 4363. Telegrams: Newnes Rand London. Subscription Rates 
Including postage for one year, to any part of the world, 36s. © George Newnes Ltd., 1967. CopyrIght in all drawings, photographs and 
artIcles published In PRACTICAL ELECTRONICS is specially reserved throughout the countries signatory to the Berne ConventIon and 
the U.S.A. Reproductions or Imitations of any of these are therefore expressly forbIdden. 

lished design and indeed the device may operate 
(apparently quite efficiently) without their aid. Alas, the 
initial good fortune of the innovator may well prove to be 
but an illusion and sudden failure or deterioration in 
performance, or the emergence of other defects, may cause 
unwarranted incriminations to be levelled at the original 
designer! 

We would be the last to discourage individual- enter- 
prise. Published designs are frequently amenable to 
modification-sometimes for the better. But we do suggest 
that the would-be innovator makes certain he is well 
acquainted with the philosophy underlying the circuit 
design and that the intention of the original designer is 

NEWS AND COMMENT 

EDITORIAL 255 

MARKET PLACE 278 

ELECTRONORAMA 286 

NEWS BRIEFS I 305 

DETACHED PARTICLES 306 

READOUT 309 

ticularly if one is without an accumulated stock of com- 
ponents upon which to draw. The amateur will naturally 
enough look for a design which is not unnecessarily 
extravagant in components, but which will provide the 
desired performance. 

This is where a pitfall looms for the unwary. . . . Super- 
ficial examination of a particular circuit diagram may 
provoke the thought that this could be reduced to a simpler 
form and considerable economy thus effected in component 
costs. 

Often it is very tempting to see if the desired function 
can be obtained with a more rudimentary form of circuit. 
A component or two may appear superfluous in the pub- 

GENERAL FEATURES 

ULTRASONICS AT WORK 256 

INGENUITY UNLIMITED 264 

COMPONENT SELECTION 
CALCULATOR 267 

THE OSCILLOSCOPE AND 
ITS APPLICATIONS 294 

equipment, "you get what you pay for" broadly speaking. 
But in this case you are paying for materials alone. 
(Other considerations apart, there is always a built-in 
economy in any self-made equipment since the labour is 
free; indeed, this provides an additional bonus in the form 
of the pleasure and satisfaction arising, from a job well 
done.) 

The amateur is thus left to decide whether the material 
cost is of prime importance, or whether the aim first and 
foremost is to achieve a performance and reliability of a 
high standard of excellence. 

Certainly the materials involved and hence the cost of 
the project cannotbe lightly regarded in any case, par- 

FIELD STRENGTH METER 268 

VALVE VOLTMETER AND 
OHMMETER 279 

DOOR SLAVE 288 

SPECIAL SERIES . . . 

THE ELECTRONIC ORGAN-S 271 

FALSE ECONOMY 

WNICH consideration is uppermost in most amateurs 
minds when the building of a piece of equipment is 

contemplated-is it technical performance, or is it cost? 
Just as when purchasing a piece of commercially made 
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into mechanical energy at the same frequency, i.e. 
above 20,000Hz. 

There are two' main ways in which this power is 

-, 
' employed, the first being the use of the vibration as a 

I means of performing a task and the second, by using 
the energy as the active part in various non-destructive 

I 

testing techniques. The frequency ranges for these 
-. - operations being ideally 20-40kHz for the former and 

' - - l-15MHz for the latter. 
In order to give a clear picture of the practical uses 

of ultrasonics the two sections are described separately. 
First, ultrasonic agitation, incorporating ultrasonic 
cleaning, plastics welding,.and processing. Second, 
non-destructive testing of materials incorporating 
thickness measurement, flow detection, and leak 

- 

detection. 

- - Testing for corrosion effects and other flaws in gas piping. \ '- - at Southall Gas Works ' , 

r _s 

/ 

r _ p 

/ 
-'j,W' . - 

' - - 
e '- 

- 

-- '-. 2 

I I LTRASONICs-acoustic energy above the hearing 
By C. P. Wright U range of the normal human ear-has been in use 

Dawe Instruments Limited for several years, although the discovery of new appli- 
cations is still a common occurrence. The actual 

- - working power of ultrasonics is obtained when the 
ultrasonic sound energy is converted, by a transducer, 

ftLoJDOE 
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which are driven by a manually tuned ultrasonic 
generator, having an average power output of 300 watts, 
housed at the end of the console. 

The fourth tank contains a hot water rinse and the 
needles are finally rinsed in de-ionised water in the 
fifth tank. 

The solutions in the first, third and fourth tanks are 
continually filtered, the filter for the third tank being 
designed to remove all particles larger than 5 microns 
(approximately 00002m). 

cells; the acceleration of 
enzymatic and chemical 
activity; the stimulation or 
inhibition of bacterial 
activity; the homogenisa- 
tion and emulsification of 
immiscible liquids; the dis- 
persion of solids in liquids 
and the dc-gassing and de- 
aerating of liquids. 

Vertical sonic-converter, 
fitted with a "step-horn" 
to intensify the energy 

257 

ment are usually designed by the manufacturer. 
To take an example, a unit has recently been installed 

to clean stainless steel hypodermic needles. The point 
of the needle is formed by a grinding process during 
which time each needle, held on a piece of sticky tape, 
picks up swarf or grinding wheel abrasive which is 
removed by ultrasonic cleaning. The taped needles 
are rolled and placed vertically into a tray which is 
immersed into each tank in turn. 

The first tank contains an alkaline solution. The 
second tank rinses this solution off the needle by using 
hot water. The third tank contains a heated acid 
solution and is agitated by ultrasonic transducers. 
The tank is fitted with two immersible transducers, 

in the tip. The resulting 
energy radiates from the 

' r 
tip into the material being 
treated. 

Using this equipment, 
with adjustment to output 

J 

level and period of applica- 
tion, it is possible to per- 
form the following pro- 
cesses: the disruption of 
individual cells; the homo- 
genisation of cell corn- 
ponents;. the fragmentation 
of tissue into its component 

There are many occasions where the part to be 
cleaned has some almost inaccessible surfaces, e.g. 
complete electrical assemblies or blind holes in complex 
castings. The ultrasonic vibrations will penetrate 
even the smallest crevice. 

A recent development uses automatic generators 
which are self-tuning to give high cleaning efficiency 
regardless of changes in the operating conditions of 
the cleaning tank, i.e. load, liquid level, temperature. 
This type of generator is suitable for production line 
cleaning. In some instances, the application demands 
special treatment which is not suited to a standard 
generator and cleaning tank combination. In such 
cases special ultrasonic cleaning units, incorporating 
several generators, tanks, filters and ancillary equip- 

for ultrasonic cleaning. 
A generator converts the 

electrical input to ultra- 
sonic power at about 20k Hz 
and this is fed to a 
vertically mounted sonic 
converter, the active element 
of which is a piezo-electric 
ceramic,lead zirconate tita- 
nate, which transforms the 
ultrasonic power to mecha- 
nical vibrations. Energy 
from the transducer is con- 
centrated and intensified by 
a "step-horn" and focused 

r 

The active part of the transducer is a piezo-electric, 
ceramic, or magneto-strictive element having a very 
high transfer efficiency (electrical energy to mechanical 
energy) which will physically vibrate when the output- 
from the generator is applied to it. Multiples of these 
transducers are attached to the underside of the radiat- 
ing surface of either a stainless steel cleaning tank or 
a waterproof immersible container. 

The ultrasonic energy from the transducer is trans- 
mitted into the cleaning fluid where, at a sufficient 
power level, the liquid will be caused to cavitate. The 
cavitation of the liquid produces a scrubbing action 
on the surface of the part to be cleaned and removes 
extremely tenacious soil. 

ing operation is necessary after welding. 
Further developments are currently being carried out 

on this technique and it has already been found possible 
to weld metal inserts into plastics by ultrasonics. 

ULTRASONIC PROCESSING 

The use of ultrasonic power for processing biological 
cells, performing or accelerating chemical activity in 
liquids or for other similar 
operatiohs is performed by 
a similar system to that used 

ULTRASONIC CLEANING 
Ultrasonics provides an unrivalled method of clean- 

ing small and delicate parts, large complex castings and 
even complete assemblies both quickly and thoroughly 
without risk of damage. 

Three basic components are required, an ultrasonic 
generator or power supply, a transducer and a cleaning 
tank. A high voltage at a frequency of, say, 25kHz 
from the generator is applied to the transducer, where 
it is converted into mechanical vibrations of the same 
frequency. - 

transducer The ultrasonic vibrations, emitted from 
the horn, are coupled into the plastics by touching the 
tip against either of the two parts being joined. The 
vibrating plastics remains perfectly cool, except at the 
periphery, where there is a rapid dissipation of energy 
and an instantaneous weld occurs around the periphery 
of the object. 

This process was introduced to this country fairly 
recently for the manufacture and assembly of 
two-tone plastics bowls. Each bowl consisted of an 
injection moulded inner and outer skin, joined 
together at the rim by ultrasonic welding. No finish- 

PLASTICS WELDING 
Similarly it is possible to weld together rigid ther- Ai WORK moplastic parts without the use of solvents, adhesives 

or heat. The ultrasonic energy is transformed into 
mechanical vibrations by the vertically mounted 
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Ultrasonic plastics welding equipment being used for 
joining two colour skins of plastics bowls 

t 

J glycerine, into the material to be tested, as a pulse of 
/ 

. 

high frequency sòund. 
¡ ¶ The ultrasonic pulse continues through the material 

- I - until it strikes a reflecting boundary. This could be the 
far side of thematerial or a flaw which obstructs the 

¡ 
course of the beam. It is then reflected back to the 
transducer where the sound energy is converted back 

. . 
'... into electrical energy and returned to the measuring 

- - unit. 
t 

- 

- Signals from the test piece are amplified and dis- 
played on a cathode ray tube as vertical deflections of 
the timebase. The position of a flaw signal, in relation 
to the initial pulse, is proportional to the depth of the 

- flaw in the part. The magnitude of the flaw signal 
- - indicates the relative size of the flaw. 

This type of instrument is used for flaw detection 
and thickness gauging up to 450 inches in, for example, 

-I 
large complex machinery or castings. 

J - 

- -_-_ 

behaviour of vibrational waves in materials. 
From this information it is possible to measure the 

thickness of the material, successfully detect and locate 
flaws and discontinuities, obtain knowledge of the 
material's own properties and determine its hardness. 
Recent developments have enabled accurate location 
of leaks from pressurised vessels to be made. 

Thickness gauge employed 
in production line testing 
of aircraft wing compo- 
nents 

The operating principle of the pulse-echo technique 
is similar to that used for measuring the depth of the 
sea. An electrical pulse is generated in the instru- 
ment and transmitted, via a cable to the transducer. 
There it is converted to mechanical energy and trans- 
mitted through a "coupling", normally oil, water or 

- 

- 

/ 
-S.-. JUJL 

($ 

1. - - 

-I - -'-: 
t 1l.++. f, - 

- I. 

j-.. 

r-r-. 
- 

L 

..: / I 

.- -'---:' - 
I 

NON-DESTRUCTIVE TESTING . THICKNESS GAUGING AND FLAW 
Over the past decade, ultrasonics has become an DETECTION 

established science for testing, gauging, quality control Thereare two basic methods of testing by ultrasonics 
and maintenance in many forms of industry. The which are classified as pulse-echo and. resonance 
basic theory behind its use is in the interpretation of the techniques. . 
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The location of a leak is now nearing completion with the 

MATERIALS TESTING 
Ultrasonic Leak Detector 

The ultrasonic testing of heterogeneous materials, 
such as concrete, timber, rock, and graphite, is per- 
formed by using a comparatively low ultrasonic 
frequency and transmission technique. 

Vibrational waves in the frequency range 60kHz to 
150kHz are injected into the material and the velocity 
of their propogation measured. The transmitting and 
receiving transducers are held in contact with opposite 
faces of the material, which may be up to lOft thick. 
The time taken by the vibrations to traverse the 
material is measured by the associated equipment to- - 

- . 

an accuracy of ±Ol microseconds. 
As the leads from the transducers to the main instru- 

ment may be up to lOOft long there is no difficulty in r- 
using this method to evaluate very large structures, 
such-as the walls of a concrete building. -: 

HARDNESS TESTING 
e 

A far more recent developmtht than those described 
so far is the ultrasonic method of determining the 
surface compliance or hardness of material, par- 
ticularly metal. 

A diamond tipped magnetostrictive rod is resonated 
at its natural frequency of about 18 to 20kHz, depend- ' 

ing on the dimensions of the rod. When the diamond 
tip is brought into contact with a workpiece, using a 
predetermined engagement pressure, the diamond 
slightly penetrates the surface of the testpiece. 

This penetration shortens the effective length of the 
rod, thereby causing the resonant frequency of the 
rod to shift to a higher value. Since, under constant 
pressure conditions, the penetration of the diamond 
tip is proportional to the hardness of the material, .the 
amount of the frequency shift indicates this degree of 
hardness. 

which is also directly proportional to the velocity of 
sound in the material. 

The material is also resonant to a lesser degree at 
harmonics (multiples of the fundamental frequency). 
Since the velocity of sound in a given material is a 
known constant, the fundamental frequency required 
to produce resonance is an accurate and reliable 
measure of an unknown thickness. 

As the oscillator sweeps through the resonant 
frequency of the material, or any harmonics of this 
frequency, a vertical resonance indication appears on a 
cathode ray tube display. Accuracies can be very 
high with this technique, in many cases it is possible 
to measure to within 000 lin. 

may be considerable audible sound in the same area. 
The detector consists of a highly directional ceramic 

microphone type transducer which is coupled to a 
tuned 40kHz transistor amplifier. Visual and audible 
output is indicated on a meter and headphones when 
the instrument is directed towards a leak. The " 
accurate location of the leak is then determined by 
following through in the direction of the- source of 
ultrasonic energy. By using this technique it is 
possible to locate accurately a leak from an orifice as 
small as 001m diameter at a pressure of less than 
101b/in2 at a distance of 45ft. * 

signal which is converted into ultrasonic power to 
drive a transducer coupled to the material as before. 
However, with this method the enrgy is transmitted 
as part of a continuous wave train. 

Each material of a given thicknèss has its own natural 
resonant frequency. At this frequency (or multiples 
of it), when the transmitted and reflected waves are in 
phase, there will be a relatively large increase in the 
amplitude of the waves in the material. When the 
material is under resonant conditions, occurring at the 
fundamental frequency applied, the thickness is deter- 
mined by its inverse relationship to this frequency, 

Unlike mechanical testers this type of equipment does 
not require optics, high pressure, or an impact force 
for measurement. - 

LEAK DETECTION 
Ultrasonic energy is generated by gas or steam as it 

leaks from any pressurised container. The frequency 
of this energy depends on the velocity of the escaping 
gas, which in turn is dependent on the pressure and 
the dimensions of the orifice. In all cases, however, 
there is a broad frequency spectrum in the 40kHz 
region and this fact mày be utilised even though there 

RESONANCE TECHNIQUE 
The resonance method of thickness gauging is ideal 

for very thin materials and is carried out by an instru- 
ment consisting of a sweep oscillator which generates a 

This method leaves a surface indentation of less 
than 0005m and therefore, since it is so minute, it is 
well within the bounds of the term "non-destructive" 
and very much smaller than with conventional methods. 
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HEAT MONITOR 
The circuit diagram of the MiIk-o-Stat is shown in 

Fig. 1. The essential sensing element is a thermistor R, 
an obvious choice for its heat sensitive characteristics. 

also. 
Suppose now that the slider of VRI is moved 

towards the positive end of its track. The base of 
TRI effectively becomes more negative with i;epect 

*IR 

T. . 

H? 

amplifier to control a thyristor operated alarm. 
When in operatiQn, the Milk-o-Stat is designed to 

emit an audible warning in the following cases: 
(a) Whenever the liquid being boiled reaches a 

certain predetermined temperature, e.g. when the 
milk is about to boil over; 

(b) whenever a certain prearranged time has lapsed; 
(c) After a combination of cases (a) and (b). 
As well as giving an audible alarm the Milk-o-Stat 

automatically switches itself off. This minimises 
human error and power consumption. The saving in 
battery life is thus considerable. Under normal con- 
ditions of use the battery should last well over a year. 

combined with a Wheatstone bridge network com- 
prising Rl, R, VRI, and R2. Transistor TRI 
detects any unbalince in the bridge and passes a 
current on to TR2 to be amplified to operate the relay. 

With reference to Fig. I, suppose VRI is set so that 
the resistance between points A and B equals the 
resistance between points B and D. Also assume that 
the temperature is such that the resistance of the 
thermistor equals the resistance of RI. 

From simple potential divider principles, it will be 
observed that the emitter and base of TRI are at the 
same potential. Little tr no current thus flows into the 
base of TR2 and this transistor is effectively cut off. 
The relay in the collector circuit of TR2 remains off 

 ¡-"s 

O 

LET THE MILK-O.STAT TAKE THE WORRY OUT OF IT ALL! 
THE N1iIk-o-Stat can be very loosely termed an This is coupled to the base circuit of TRI-a pnp type 

electronic thermostat. lt incorporates a uni- directly coupled to the npn transistor TR2 to form a 
junction transisior timer and a heat sensitive bridge high gain "unbalance" amplifier. TR! and TR2 are 

- 
- 

¡ 

o"-' 
/ 

r 

j/oO_s 

/ THE COOKER ALWAYS ANNOY YOU? bOy0 
I 4Y 

t 
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ture of the liquid rises, the resistance of the thermistor from a few seconds up to five minutes can be obtained. 
will drop. When the liquid reaches boiling point, and An important feature of the unijunction transistor 
assuming VR1 has been set correctly, TRi will cut off TR4 is the high 'impedance across the base I-emitter 

A [fl-9V 
r RLAI 

TR2' 
R4 

' \ " j 

OCq39 
OR 

' IOOOpF 
TR ',Rl 

6.8kft 2N1302 
+1 

OCh \ I 

i 

RLA2{_..4f..SK2 
s 

(SKI 

I TRi 
I 

O 

__ bi R3:' 
Ib 

L ''' 
H )>VRI 

5kft p 
I 2 ,q 

TR4 t li BYI 

' 

. 2N492 
L OR 

R5 C 
Dl 

___ 
I 

. 

' 2N16O %VR2 
VAIOlO 

)OR 1H/6 R2 
OABI 

560fl 185 

-q 
RS 

IOOkA 
RLA 

I 

+ I L__: _J 
Fig. I. Complete circuit diagram of the Milk-o-Stat. The shaded area is the timer 
section of the circuit which may be excluded if not required 

to the emitter. TRi is now forward biased. The 
base of TR2 will become progressively more positive 
and TR2 also Will become forward biased. Increased 
current will flow in TRi collector and when a sufficient 
value of current has been reached, say 8mA, the relay 
will switch on. 

The circuit is now primed ready for operation. The 
thermistor, mounted in a suitable waterproof tube is 
immersed in the liquid to be boiled. As the tempera- 

again, followed by TR2. The relay, will release, 
turning off the Milk-o-Stat via RLAI. At this point 
it is arranged that an audible warning signal is brought 
into operation via RLA2 contacts, a warning which 
summons the housewife to tell her the milk is ready. 

PRESET TIMER 
With S2a and S2b closed, the time circuit is switched 

on. By varying the value of VR2 any time delay 

CI l,000F elect. 15V 

Thermistor 
R VA 1010 (Mullard) or TH6 (Radiospares) 
96k1 cold, 240û at lOOmA hot 

Thyristor 
SCRI 50V IA (e.g. type SCROI International 

Rectifier) 

Transistors 
TRI 0C44 
TRi OCl39or2NI302 
TR3 OC7I 
TR4 2N492or2N2l60 

Battery 
BYI 9V type PP9 

Plugs and Sockets 
PLI. PL2, PL3 Wander plugs (3 off) 
SKI SK2, SK3 Sockets (or wander plugs (3 off) 

Miscellaneous 
Veroboard 015 in matrix 2+in x 3in 
Plywood (or case (see text) 
Laminated plastics sheet (see text) 
Miniature Terry clips (2 off) 
Glass tube-025m bore 
Pointer knobs 
Battery connectors 

.1 

i. 

Resistors 
RI 68k 5% fW high stability 

,R2 560û R4 33û 
R3 47ì RS 220û 

All 10% W except RI 

Potentiometers 
VRI 5kÇ Iinear wirewound 
VR2 l00k log, carbon with d.p.s.t. switch 52 

Capacitor 

Diode 
Dl 0A81 

Relay 
RLA l85L 6V with 2 pole changeover contacts 

(Keyswitch Relays Ltd.) 

Switches 
SI Single pole on/off push button 
S2 Double pole on/off ganged to VR2 

COMPONENTS 
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A simple way of adapting your radio to operate in 
conjunction with the MiIk-o-Stat is to connect points 

262 

The tube is carefully sealed by heating the glass at one 
end until it melts 

R3 acts as a current limiting resistor to ensure that 
TR2 is not overloaded when SCRI fires. TR3 is an 
0071 wired up with its base ançi collector strapped 
together. Wired in this mode, TR3 acts as a diode 
with a very low forward resistance, typically 10 ohms. 
This ensures that the SCRI gate receives adequate 
trigger current of.the correct polarity. 

AUDIBLE WARNING 
For optimum simplicity, reliability, and minimum 

cost, an existing battery transistor portable radio 
would be a good choice for the audible alarm. Even a 
small transistor radio tuned to a suitable station could 
make enough noise to be heard by the housewife. 

the auto-hold circuit is opened and the Milk-o-Stat 
turns itself off automatically. 

ASSEMBLING THE COMPONENTS 
The circuit was built up on a piece of Veroboard 

375m x 25m (Fig. 2). The positions of the compon- 
ents are not critical and the actual wiring up of the 
circuit presents no particular problems. 

The thermistor used is fairly sensitive to changes in 
temperature and can be obtained quite cheaply. 

lt is housed in a piece of glass tubing which is sealed 
at one end (See Fig. 3). The glass tubing is about Sin 
long with an inner diameter of 025m, sufficient to 
accept the thermistor and a thin wire side by side. 

junction. However, as Cl charges up through VR2, 
the potential of the eb1 junction will rise progressively. 
When the emitter reaches a certain potential, say 6 volts 
positive with respect to b1, the resistance of the junction 
will suddenly drop to a very low value, and Cl will 
discharge through this junction and R4. The resultant 
sharp-edged positive going pulse is applied to the gate 
of the thyristor SCR1 via TR3, and triggers the thy- 
ristor into the, on state. Thus', after the specified time 
delay, SCR1 fires, shorting out the relay and turning it 
off. 

The relay "hold" contacts are simultaneously 
broken, and the Milk-o-Stat thus turns itself off. 

x and y (SKi and SK2) or y and z (SK2 and SK3) of 
RLA2 contacts in series with the radio battery. An 
electric bicycle horn or electric bell will function just 
as well if a radio set is not available. The important 
point is that audible warning must be given immediately 
the relay operates, therefore valve radio sets are unsuit- 
able. . 

AUTO-HOLD 
Auto-hold is achieved by Si in parallel with RLA1 

contacts. By pressing Si, the momentary contact 
switch, the Milk-o-Stat relay is activated, and RLA1 
closes holding the circuit on. When RLA is released 

VR2/ 
S2AB 

JBYI NEGATIVE 

1RLAtn 

fevi POSITIVE 
RLA 

IJI4ERMISTOR -- 

Fig. 2. Layout of the components on the board. The relay 
is-fixed to the case; the controls VRI, VR2. and SI are 
mounted on the sloping front panel 
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mark the time delays so found on VR2 dial. 
It is advisable to keep the glass probe scrupulously 

clean. This can be done by rinsing in warm water 
then inserting into Milton. Never insert the tube 
into boiling water rapidly. 

Do not let any part other than the glass tube come 
into contact with food or water for the sake of hygiene. 

BOILED! 
There should be no more mess now! Switch on the 

Milk-o-Stat, tune in to your favourite radio programme, 
put the milk pan on the cooker-and walk away. 
Use the Milk-o-Stat as an egg timer: a 3 minute egg 
will be soft, a 5 minute egg should be hard. You can 
tell when the water for boiling the egg boils-an elec: 
tronic "whistling" kettle! All you need to do is to 
repeat the calibration procedure, but using water. 

As a short period timer the Milk-o-Stat should also 
come in very handy in the amateur photographer's 
dark room. 

Fig. 5. Th finished probe with pen clip for attaching 
to the pan and rubber seal to exclude moisture from the 
thermistor 

3. Connect up battery. 
4. Set VR! to about the mid-position of the track. 
5. Press S! to switch the unit on. 
Put the sensor in co!d milk and gradually bring to the 

boil. The current should gradually drop from 
i 5mA to 5mA as the temperature of the milk increases. 

Ideally the Milk-o-Stat should turn itself off when the 
milk is about toboit. However, if the alarm sounds 
too early, i.e. before boiling point is reached, turn VR1 
slider a little more to the positive end (clockwise). 

( If the alarm sounds after the milk is boiling, turn VR1 
slider counter-clockwise. 

When the slider ha been correctly positioned, 
calibrate VRI, marking the point found as "MILK". 

Similarly calibrate for water or any other requirement. 
For various positions of VR2 note the time delay 

accurately, using a watch with a seconds hand, and 

p 

CORK STOPPER 

ILASS HOUSING TIGHT rITTING 
INDIA-RUBBER SEAL 

TO SAUCE PAN 

priate holes to accept the controls VR1 and VR2 
Gin diameter), the push button switch Si (to suit 
component size), and 6 B.A. clearance holes (No. 32 
drill) for Terry clips to hold the probe sensor. The 
exact positions of these is no important. Wander 
plug sockets are mouüted on the side of the box to 
provide connection between RLA contacts and the 
external audible warning device. 

CALIBRATION AND SETTING-UP 
PROCEDURE 

L Check that the timer is switched off. 
2. Iflsert an ammeter (O-2OmA) between relay RLA 

and the positive pole of the battery. 

TO POINTS H,P 

Fig. 4. The thermistor has flexible wires connected to it 
before insertion in the glass tube 

procedure until the seal is watertight. It is essential 
for the reliable operation of the Milk-o-Stat, that nc 
water comes into contact with the sensitive thermistor. 

The case for the Milk-o-Stat is made from stout 
plywood with the following dimensions: 

(a) Baseboard 6m X 4m X in thick; 
(b) Side panels 6m X 3m X lin thick; 
(e) Back panel 5m X 3m X lin thick. 
The top, sloping front, and trim front pieces are 

laminated decorative plastics sheet such as Formica or 
Warerite (see heading picture). These pieces are Cut 
to fit after the wooden panels are glued and pinned 
together. 

Before finally fitting the plastics panels, drill appro- 

Fig. 3. The glass tube is heated by a bunsen burner or gas 
ring to seal the end 

After sealing the tube and allowing it to cool, test 
to see if it is watertight by holding. the sealed end under 
running water, and check for any water droplets in the 
inside of the tubing. If any water droplets are found, 
heat the end of the tubing again and repeat the test 

GLASS THERMISTOR HOUSING 
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Park Ii'it JDashboard - warning Iigt 
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--J 
Modified Direction Inditor Side s Tail lights 

town centre after dark without lights, having forgotten 
to switch them on. - 

I took two circuits from the May 1966 issue of 
PRACTICAL ELECTRONICS, modified them, and com- 
bined them to switch on the side lights and give a 
flashing warning when darkness falls. 

RI R3 

RIA 

180 

kfl 

E1j-C' 

82 R4 
ORP 

42 
680fl 8.2 

RIAl % 

i I 

I I ----- - .1 r 
I I 

I .4 
I 
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i 
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I 

I\I RIPA 
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I I 

I CI 

I 
i L11 

I I i 

I 
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I I I 16o 

I I 

I. I 

I I 
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i I 
I 

I I i 

I I 

. I i I 

i I 
I 

I 
I 

I I - If\u I 

I I i I i,I I 

I 
I 

11H 

operative until the ignition is switched on. As this 
circuit becomes operative the small dash light keyed 
by the multivibrator begins o flash. 

It will continue to flash until switch SI is returned 
to the off position. The l.d.r. parking light also is 
switched off by SI. 

I. W. Berry, 
Huddersfield. 

-oil:, -2V 

--i I 
- 

Iqnition 

switd, 
nd Coil 

1- 

this might tend to overload the 0081 a little, besides 
being somewhat extravagant from a financial point of 

. + 
view. Eventually I added an 008 1DM in a switching 
capacity to provide the relay with practically full battery 
potential, whatever the strength of d.c. pulse emanating 
from TR3. The modified device has provided me with 
hours of reliable service so far. 

J.Davies, T - t 
East Grinstead, 

Sussex. 
COMBINED AIDS FOR THE MOTORIST 

THE other day I overheard someone complaining The lights are switched on by the same relay that 
about having to pay a fine for driving through the switches on the parking light, but does not become 

to suit individual requirements. The views expressed by readers 
are not necessarily those of the Editor. 

RELIABLE SYNCHRONISER 

THOUGHT you might be interested in a modification 
I that I have made to the Slide Synchroniser project 
that you published in September 1965. I made this syn- 
chroniser about a year ago, but was unable to obtain the 
small 150 ohm relay mentioned. The nearest I could 
get was a somewhat cumbersome 150 ohm Post Office 
type. Whereas this was operated satisfactorily by the 
pulse direct, it was a chancy business when the recorded 
pulse was in operation. 

I added a further stage of amplification but felt that 

INGÊNU' 
N THIS feature we hope, from time to time, to be able to 

publish suggestions submitted by some of our readers on the 
possible improvement of projects previously described in 
PRACTICAL ELECTRONICS; short contributions on other subjects 
may be included. The aim is not to find fault or undermine the 
abilities or knowledge of our contributors. It may well be that the 
original article is por exellence but it could be improved or adapted 
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I RANK WHARFEDALE LTD IDLE BRADFORD YORKSHIRE 
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...High Fidelity Amplifier 
by Wharfedale 

Yes, designed by Wharfe- 
dale in their own laboratory 
to extremely high standards. 
to take Its place in the pro- 
fessional studio yet hand- 
somely styled to be equally 
at home in domestic sur- 
roundings. 
Wharfedale Amplifier TYPE 
No. WHF-20 incorporates 
every refinement to ensure 
that the programmes fed 
into it from your tuner, pick 
uportape recorderare amp- 
lified with precise accuracy 
at all volume levels. 
Every necessary control Is 
Incorporated but there are 
no gImmicks. Whilst the 

technical expert will favour 
the flexibIlity of the controls 
and the reserves of power 
available, the layman will be 
delighted to find that here is 
a professional instrument 
that is easily controlled and 
handled. 

To whet your appetite here is a 
brief specification: 
Stereophonic high fidelity inte- 
grated control unit and power 
amplifier using silicon transistors 
throughout. 
20 wattS (continuous)per channel 
into 8 ohm load with total dts- 
tortion of less than 0.2%. 
Power res ponse -3 db at 10 Hz 
anji6O kHz (Ref0db =20 watts) 
Tone control range 17db at 

40 Hz and ± 12 db at ¡0kHz. 
FIlter slope variable from O db 
to 20db per octave above 7kHz. 
Switched loudness Control gives 
up to ¡0 db of bass lift at low 
volume control settings. 
Disc input Sensifivities of 3.5 mV 
or 50 m V (by switch) to match 
magnetic or ceramic cartridges. 
Switched ru,nblefilter-3 db a, 
40Hz, -18 db ai 20Hz. 
Tape input and output levels of 
100 mV switched to allow tape 
monitoring. 
Tuner and auxiliary inputs with 
IQO mV sensitivity. 

For full details of this amplIfier 
post this coupon now to: 
RANK WHARFEDALE 
LIMITED 
IDLE BRADFORD 
YORKSHIRE 

NAM 

ADDRESS 

TOWN 

COUNTY 

WHARF F DA LE 
PE 4 
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u NAME. 
FULL FOSTAL 
ADDRESS 

BLOCK LETTERS BBLOW 

U TO SELRAY BOOK CO. 
The series will be of 

- 

60 HAYES HILL, HAYES, BROMLEY, KENT 
exceptional value i 1'iea send me Without Obligation to Purchase, one of the above sets On 7 Days Free 
training mechanics and Trial. I will either return set, carriage paid, in good condition within 7 days or send the 
technicians In electricity, 
Radio and Electronics. 

following amounts. Basic Electricity 70/- Casis price or Down Payment of 15/- 
followed by 4 fortnightly payments of 15f- each. Basic Electronics 82f- Cash Price 
or Down Payment of 15/- followed by 5 fortnightly payments of 15/- each. This oer 

WHAT THIS MONTH'S ENTHUSIASTIC applies to U.k. only. Overseds customers cash with order. 

READERS SAY 
Tick set required (only OYE sel allowed on free trial) 

BASIC ELECTRICITY 70/- D BASIC ELECTRONICS 82/- D 
. BASIC ELECTRONIC CIRCUITS 40/- 

. 74c Ba.k Ekdkit ,alw,ne,. u,nc ,eadii n,,dertnad ho nag 
D 

BASiC ZNDUSTPJAL ELECTRICITY 40/- 0 
l3gcarold,o,u.. JR.. WOLVERHAMPTON BASIC SYNCHROS & SERVOMECHANISMS 38/- D 

I hace enw ca finance ja your cu,omy,, eure ,crle.forcrentiog ALL PRICES INCLUDE POSTAGE PE 4 
a ascii ba.i, on chick to build r, auceesafulfulure JE, RIRMINUHAM 

Signature................................................................................................................. 
. . ¡ orn cell plea,ed gilt, hin pictorial Calera. Eeerythlng la 

elOarly ei out i,, diagrnraa . LP.. CO 4RM4011 
(1f under 21, signai cre of parend or guardian). 

POSTAL AND PACKING CHARGES (A few doors from Thornton Heath Station, Southern Railway) 
C.O.D.,po,t ood pocAi,q ¡lb. li-. lIb. 1/9. Telephone: THO 2188. Hours: 9 a.m.-6 p.m. daily. 1 p.m. Wed. 

316. 3/-, 516. 3/9. 816. 4/6. U. 

YOURSFREE0R7DAYs 
The New' Picture - Book' way of learning 

ELECTRICITY (5 VoIs] 
D ¡ ELECTRONICS (6 VoIs) 

11 
ELECTRONIC.CIRCUITS (2 VoIs] 

O INDUSTRIAL ELECTRICITY (2 VoIs] 
____ SYNCHROS & SERVOMECHANISMS (2 VoIs) 

You!! And it eaoy to learn wtth thlsoutetandingly succe.stuT The booko are based ou the latest research loto simplified 
new pietorlal method-the essential tecla are epllned in learning techniques. This has proved timt the Pictorial 
the sinaplet language. ono at a time; nod roch i. illustrated Appeoseji to learning i. the quickest and eonndest way of 
by on accurate cartoon.type drawing, gaining mastery over these subject.. 

r 

T R S KITS FOR MULLARD AMPLIFIERS 
(STEREO VERSIONS IN COURSE OF PREPARATION-SEND S.A.E.) 

MULLARD "3-3" 3-valve Ht-Fi quality at MULLARD '5-10" 6 valves 10 W., 3 nod 
reasonable colt. Ba.. Boost nod Treble 15 Ohm. oatpiut. Mullnrd'I lomo.. circuit 
control.. qunity .eCtIOnul output trnn.iormer with heu,i duty nttra-Itau .qaallty output 
(5 und 16 ohm.). 40 c/i-OS kr/I + i dB. tir. Basic amplIfier bit price. 00/19/6. 
100 mV. tor 3W., te.. thun 1% dautorttoa. Carr. 7/6. Ready ballt 11) Gai. 
BOanue e.cutcheon pauet. Completo Kit 
only 17/10/-. Cur. 5/-. Wired and tecleO 2 valve pre-omp. Mollard Circuit. 06/12/6 
69110/-. (P. & p. 5/6). Amembled 68/10/-. 

TRANSFORMER SERVICE 
Wa manniacture nit ly0eo Radvo Mulo.. Tranelormer.. Choke., 
etc., for prototype. for .mull production run.. Enqnirie, 
invited, Prompt reply n..ured. 

Mollard high qualIty 3 watt printed circuit 
valve amplifier. vol, baso and treble con- _ 
trot., 8X5 10,000 lIne epeaker 
Contemporary etyled li'tonr naht- 
oct. charcoal-grey and off-ubite o 
with matching bIse-relIef. Sloe 
17i X 16' X 8'. A stylish unit 
capable of quality reproduction. .6- 
Circuit and couct. detail. 2/6 (free 
with tot). 
CORILETE KIT '/ 
Cor,, sad f. 12/6 
Ready wired 30/- entra. lilmoluatemt 
peropen control panel cucatcheon, 7/6 
extra. Four contemporary mounting 
lege. Sloe. 10/6;91n. il/O; 011o. 12/6 extra. 

I.R.S. 
RAD I O COMPONENT SPECIALISTS 

ESTABLISHED 1946 
70 BRIGSTOCK ROAD, THORNTON HEATH, SURREY 

STEREO 
TRÁ1S!STOR KITS HI-Fl & RADIO 
PEAK SOuND SAD Q Integrated 14 tr.,nointor aterro amp. for good Ceramic and 

-crystal pick-spa. iii-17 watts output into two atoo 
speakers. AispOric cani ansenible it. Separate treble and kam controls. Easy to follow 
inotcuctioria. Coriilete riots a to last sCrew. 212/19/6. Peak Sound Power Pack 23/15/-. 

Ci IJtI AID Z I') c'onabiurri atop. unni pre-antnp. 12 watts r.ni.., iota 15 ohm load. 
SoitalsIc for thy l,nninlsiwaker. Two Cliii lie torri in steno. Price. each 

aaormbled 89/6. 

SI NCLAIR STEREO 25 
pack £3119/6. - 

I.R.S. MIJLLARD F.M.. STEREO DECODER 
minting trarinistor or valve tyntenia 24/19/6. Wfth pre-aligneri inductors £5/k!-. 

MIJLLARD l.opul,ir aterro anrnlnlilier iii Courne pl preparation. SAE. brings 

SINCLAIR MICROMATIC KIT GARRARD UNITS 
SINCLAIR MICRO F.M. KIT 23/19/8 LM.3000 charger with PTA stereo 

CIR-Ki'r "Cfrcnit board kit No. 3 cartrIdge. 8 gus. 
a. advertised. 151- AT.60 De-Luxe ckacgrs- s4ih 3O - 

vast T/Lable Ira, cart. 9 gnu. 
SPIS Da'Loae single player Ir.. 
cartridge. 95 gas. Carr. and pack' 

ChJrl ')D Stamp for MARCH Bar- trig fl above 7/6 rack. 
gain Lint of everything of GARRARD PLINTHS in teak for 

value 101k. keen constructor. PACKED any of above, with pla.stic,cover 
WITH BARGAINS. 72/6. Ciarr. aniS packing 5/-. 

DE-LUXE RECORD . 
PLAYER KIT 
An clegaintly nirsigned quality instrunnient i-. ' 

that builds into a auperb reproducer. With 
4 Sp. Oarrard Auto-Slim unit and special 

rBARGAI 
S IN MODERN QU LIlY 

KITS, COMPONENTS & EQUIPMENT 
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memory. This will be obvious from the examples 
given. The upper scale is continued on the lower 
scale with some overlap-40 to 50. This makes 
calculation easier within this range so that either 
scale is selected for convenience. 

From 8 to 20 the upper scale is marked in halves, 
but if intermediate values are required you can transfer 
to the lower scale and use 80 to 200. Again allow for 
the decimal multiple. 

This procedure is the same for any component. 

capacitor and a 50 kilohm resistor. 
50 kilohms appears on the slide scale B, so the lower 

limit 10 on this scale is aligned with the 4pF mark 
on the ,z scale. The figure that concurs with 
50 kilohms on the p scale is the number of the time 
Constant, i.e. 2. To interpret this value in micro- 
seconds, refer to the scale Bp which provides directly 
the limits of reference in microseconds for the number 
read off, namely IO and 10G, therefore the time Con- 
stant is 2 l0 microseconds. 

267 

values for selection could be: 82kû at 5, 10, or 20 
per cent; 75kL at 10 or 20per cent; 68kí at 20 
per cent; 9lkL at 20 per cent. Now you have a wide 
range of components from which 8Ok may be found 
by more accurate measurement. 

Conversely, if you have a component of a given 
nominal value (e.g. 1OOk1 ±20 per cent) the range of 
values within this tolerance can be found by setting 
the centre line of the appropriate grey panel against 
the nominal value and reading off the adjacent scale. 
In this example, for IOOL1 ±20 per cent, the actual 
component value may be between 80k 11 and 120k Li 

It is important that the decimal multiplier, although 
not given on this calculator, is easily taken care of by 

(a) Set lower limit of chosen kilohm scale, i.e. A, B, 
C or D against chosen capacitor value (p or u 
scale). 

(b) Read off the number that coincides with the 
multiplying resistance on the p or ¿ scale. 

(c) The multiple of this number ef microseconds is 
found directly above or below it by the lines 
referenced by the scales involved, for example, 
Ap, B, etc., and so provjdes the time constant. 

lt will be ap,reciated that the formula can be 
manipulated. For example, the components for a 
particular time constant would be realised by using the 
converse of the operations as set out before. 

As an example, find the time constant of a 4AUF 

GIVEN FREE WITH THIS ISSUE OF PRACTICAL ELECTRONICS 

Component Tolerance Calculator Time Constant Calculator 
IT FREQUENTLY occurs that the constructor requires 

to select a certain value of component from several 
(e.g. resistor, capacitor, etc.) with a close nominal 
value, i.e. the value given on the component. 

If, for example, '80 kilohms is required the tolerance 
calculator can find what nominal values can be used to 
select, by measurement, the required value. Set the 
centre line of each grey panel on the slide in turn 
against the required exact value in this case against 80 
on the lower scale. It will be seen that near preferred 

THE calculation of time constants (T = CR) usually 
involves awkward multiple and submu!tiple values of 

capacitance and resistance and this Time Constant 
calculator was designed to offset these difficulties. 

The range of time constants available on the calcu- 
lator is from 001 to l0 microseconds enabling rapid 
evaluation to be made of the choice of timing com- 
ponents that are so commonly encountered in pulse 
circuits, RC oscillators, waveform shapers and tone 
control filters, to mention but a few. 

small to be tolerated in this circuit. 
A satisfactory substitute was found 
to be a rotary ceramic type, with 
leakage resistance greater than 
10,000 megohms. 

With this substitution, it was 
found that certain capacitors 
associated with.S9 had to be altered 

topin6vlb 

to give the correct logarithmic time 
intervals. Correct values were 
found to be: C28 00l7uF; C29 
OE027F; C30 00334uF and C31 
005uF. The values given in the 
article are obviously not in keeping 

photocell 9OAV is not sensitive to 
normal.darkroom illumination, but 
it is sensitive to light from an 
electric fire. Switch this off during 
calibration of the unit. 

S. C. Hooson, 
Liverpool, 16. 

HOW TO USE THE 

COMPONENT SELECTION CALCULATOR 

promises to be an indispensible aid 
in the darkroom. 

May I offer the following advice 
to anyone constructing this equip- 
ment. In the "auto" function, 
particularly during long exposures, 
the circuit insulation is critical. 
The auto/time switch, S8 in par- 
ticular may be found to be at fault. 
Various toggle switches tried were 
found to have leakage resistance 
of about 300 megohms which is too 

ç Some saving in cost is possible by 
<$2 using P.O. relays. Almost any 24V 

type may be used for relay B. 

_____________ Relay C is more difficult, but a 
I i 

satisfactory substitution, using a 
I I 

- 2,000 ohm P.O. relay, operating at 
pic 6mA is shown in the circuit diagram. 

[99J 4 V A slip of paper between còre and 
- 

Ztfltt armature suppresses any tendency 
I 

to bounce. The saving on the 
____________ Zener diode is also appreciable. 

Finally, a word of warning! The 

LUMOSTAT HINTS 

WOULD like to express.my appre- with the rest of the capacitors, 
I ciation for the articles on the jtoclb probably as a result of leakage at 
Lumostat. I have made this, and it T switch S8. 
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same dimensions will be quite satisfactory. 
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-I 

enamelled copper wire, wound on a lin former 
and the winding is spaced to occupy lin. This 
coil is tuned to 27M Hz by a 65pF air spaced variable 
capacitor VC1 in series with a 3OpF Phillips concentric 
trimmer TC1. The trimmer is adjusted to bring the 
operating frequency to the centre of the dial. 

A phöne jack JK1 is included for audio monitoring 
of the signal when making modulation checks. 

CONSTRUCTION 
As the illustrations show, the prototype was built in a 

metal case with a sloping front panel. This style of case 
enhances the general appearance as well as facilitating 
reading the meter. This is not an essential feature of 
course, and any metal box or case of approximately the 

1ais field strength meter will be a useful addition to 
any radio control enthusiast's equipment. The 

main function of this instrument is to enable the 
transmitter or transmitter aerial to be checked. It may 
also be used for modulation checks and also to ascertain 
whether another transmitter is operating on one's own 
frequency or an adjacent frequency. S 

L The basic circuit arrangement for a field strength i [ fl meter is shown in Fig. I. It consists of a tuned circuit 
I I 

U VCl, Li, a diode detector Dl, and a microammeter Mi 

U Lft] 
to measure the diode current. Calibration of the meter is 
of no great consequence, and may be in milliamps, volts, 
or decibels; the instrument is used for comparative 
measurements only. This elementary circuit suffers 

.I 

from the disadvantage that a sudden increase ¡n signal 
strength may readily damage the meter movement. 

In the design to be described in this article, a 
transistor amplifier has been incorporated; this 

S increases the sensitivity of the instrument, and also 

for ZEll 
MODEL CONIRd BAND 

By p w. HAND 

provides a degree of protection for the meter movement. 

THE FINAL CIRCUIT 
Referring to the circuit diagram Fig. 2, upon receipt 

of a signal the diode Dl conducts, and causes a positive 
voltage to be applied to the base of transistor TR1 so 
reducing the collector current. The meter Ml is in the 
collector circuit, and so registers a fall in current with 
an incoming signal. 

mn I\Abasc circuit for a field strength meter 

The diode Di is connected to a tapping one turn from 
the bottom, or "earthy" end, of the coil Li to prevent 
damping the coil unduly. This tapping may be moved 
to the second or third turn for an increase in sensitivity, 
with only a slight iñcrease in damping on the coil. 

The coil LI consists of II turns of 18 s.w.g. 
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Next a negative was made of the correct size to contat 
print direct onto the copper laminate which had 
previously been coated with Kodak Printed Circuit 
Resist. The printed board is shown actual size in 
Fig. 4. For component layout see Fig. 5. 

Fig. S. Top view of the printed circuit board with the 
Components in position 
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PRINTED CIRCUIT BOARD 
All the smaller components are mounted on a 

printed circuit board. Since this method of construc- 
tion may be unfamiliar to some readers, the technique 
¡nvolved in the preparation of this printed Circuit board 
will be described in some detail. 

Initially all component sizes and their lead spacing 
were noted. Then severàl small sketches were made 
until a satisfactory layout was obtained. ([t should be 
mentioned here that the writer was endeavouring to 
make the printed circuit as small as possible.) The printed 
qrcuit was then drawn to an enlarged scale in indian 
ink. This drawing was photographed on to Kodak Lith 
film with the aid of an ordinary photographic enlarger. 

T.r 

H. .. Yj .Ri TAPON YI 
YR. 

+v, Li -vi 

The arrangement of the components can be seen in 
the photograph, and the wiring is given in Fig. 6. 

Pc.cO 1 Fig. 4. The printed j circuit board 

zreproduced 
actual size 

METER 

. d1 

h .' -' - - \R1 R2/ - s 

1INK . - - -. -- -. 
- IZ.L I 

'.5 , 

.,-.4 
Fig. 3. Underside view of the - -li- -. 1- 

'EI printed circuit board / '._ -, 

. 

USc, JIPE 

VC, 
65 

pF 

Fig. 2. Circuit of the final. 
I 

ised design 

O 

MF I 

BYi 

001 

300_1_ 

i, 

s 

Is qvT 

4' 
4, 

i, 

Small fgurss denote Printed Circuit 
board termmatloni 

VRI 

$1 liti {2.2kfl 
mA R4 
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the same or adjacent fre- 
quency. * 

J 

SI Single pole on/off switch 
BYI 9V battery. PP3 

terial for case. Copper clad board for printed 
circuit and escutcheon. Two knobs. 

Tuning is performed by adjusting VC! for minimum 
reading on the meter. Adjustments to the aerial, or the 
transmitter, are directed towards reducing the meter 
reading; this indicates an increase in signal strength. 

If the reading is reduced to zero, then the field 
strength meter should be moved farther away from the 
transmitter, when some deflection will be obtained. 

This reading should then be 
reduced again if possible by 

- careful retuning of the 
instrument. 

- Audio monitoring can be ' performed by inserting a 
pair of headphones into 
JKI. In this way the modu- 
lation of. the transmitter 

...!,,,,.,. may be checked. It is ajso 
possible to check wheter. 
any interference is likely 
from other transmissions on 

All ±10%, fW carbon 

Potentiometer 
VRI llk1preset 

Capacitors 
Cl l5pF mica or ceramic 
Cl 00l,F paper 
C3 300pF mica 
VCI 65pF air spaced tuning capacitor 
TCI 3OpF concentric trimmer (Phillips type) 

Miscellaneous 
Dl Germanium diode, GEX35 or equivalent 
TRI Transistor, 0071 
Ml Moving coilmeter, 5mA f.s.d. 
JKI Open circuit jack socket 
SKI Aerial socket 

letters and the dial engraving were etched away, leaving 
the majority of the copper surface intact. 

OPERATION 
A length of 16 s.w.g. copper wire should be attached 

to the aerial socket SKI at the rear of the case. 1f the 
same length of pick-up wire is always used, fairly' 
accurate comparative results can be obtained by always 
positioning the meter the same distance from the 
transmitter aerial. The distance will depend on the 
sensitivity of the meter, and the aerials used. It may be 
five yards, or so, and farther away for more powerful 
transmitters. 

First it is necessary to adjust VRI for full scale 
deflection of the meter pointer with no signal input 
applied. The instrument is now ready for normal use. 

COMPONENTS... 

Resistors 
RI IOki R3 2'2ki 

R2 47k1 R4 Ikf 

side of the case with the bottom pane! removed 

Although this may seem rather a long process for 
such a small circuit or simple project such as this field 
strength meter, it does provide an excellent way of 
gaining experience before tackling more elaborate 
circuits. - 

TUNING ESCUTCHEON 
The escutcheon for the tuning control was made of 

copper laminate in the same manner as the circuit 
board, except that a positive was used here. Thus the 

of the field 
the under- 

A 
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I - necessary to go over all this again; but briefly, low pass 
cascaded sections will attenuate high notes, though 
with considerable loss of signal strength, Fig. 5.la. The 
inversion of this circuit, the high pass filter, will remove 
low frequencies, Fig. 5.lb. And the resonant, band 
pass or band stop filter accentuates some frequencies at 
the expense of others, Figs. 5.lc and d. 

Fig. 5.1. BasIc filter circuits. (o) low-pass cascoded 
sectIons, attenuates high frequencies; (b) high-pass 
coscoded sections, attenuates low frequencies; (c) resonant 
band-stop filter; (d) resonant band-pass filter 

271 

we are going to find some parts of the compass where it 
does not work at all, and at best the action of any tone 
circuits must be very severe to greatly modify the tone. _____________________ o- -o 

BASIC FILTER CIRCUITS 
The single tone network is the most commonly 

encountered, some of its deficiencies being mitigated by 
the fact that extremes of the compass are not much used; 
and that by combining stops, the resultant juggling 
with harmonics tends to obscure weaknesses in other 
stops. On the other hand, certain circuitrwith certain 
waveforms work very well. 

The basic or elementary forms of the common 
filters have been so often described that it is hardly 

WE all know that the appeal of an organ does not 
rest with any one particular sound, but rather on 

a number of harmonious blends of the different voices 
built into the instrument. Of course, there are sounds 
found only in the organ-the diapason, tibia, the 
ponderous basses which exist nowhere else. But we 
must not fly too high, for whilst one could truthfully 
say that there is no limit to the voicings possible from 
organ pipes, there is a definite limit to the tonal 
differences possible from electronic circuits. 

If we have a common waveform, that is, one wave- 
form only (of whatever kind) to cover a range of 61 
notes or a frequency ratio of approximately 32:1, it is 
quite evident that with any one passive filter network 

o_II 

jII j 
II 

o 

o- 

OUTPUT - INPUT 

PART FIVE 

TONE FORMING 

CIRCUITS 

By ÄLAÑ DOUGLAS, Sen. Mem., I.E.E.E 

FILTER 

INPUT 

p - p 

['L 

nrn 
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o 

Fig. 5.3. Passive equalising circuits. (a) flute forming Fig. 5.4. Reactive filters. (a) general principles, serles 
circuit; (b) attenuator for upper harmonics; (c) circuit for and shunt reactances; (b) combined serles and shunt 
progressive attenuation of upper harmonics reactances; (c) bridged-T filter; (d) complete equaliser 
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MID C 
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41kfl 6.8ID 

o 
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o- 
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A695Ofl 

p ISA, -o 
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1 3 S 

harmonics 

© 

Fig. 5.2. harmonic content for organ flute. (a) soft flute 
tone; (b) same note twice as loud; (c) required content 

RI 112 113 114 

iii;ti;i'® 
uF uF uF 

p 

o. 

-. 
I i i i I. 

I L1 
_I.. 

considerably louder, we could call it a tibia-the 
foundation stop of the theatre organ. Organ flutes 
have quite a number of harmonics, in general quite 
small in amplitude. Fig. 5.2a shows the harmonic 
content of a soft flute note, and Fig. 5.2b that of the 
same note twice as loud. It will be seen that some 
harmonics barely alter, but the second and fourth 
become very powerful. If we subdue these we still 
have a good flute, but if we take away the 4th, 6th and 
8th we find only a very dull sound remaining. Later on 

note if required, which would be quite impossible with a 
frequency divider system. Nonetheless we do use 
flutes from our dividers and these are formed as shown 
in Fig. 5.3a. 

The constants for the four-section filters are of 
course related to the pitch range involved, but even 
with a sawtooth wave there are inclined to be too many 
upper harmonics and these are equalised as far as 
possible by attenuators between the adjacent octaves of 
the busbars, Fig. 5.3b. - 

All of these circuits can be extended or combined, and we will see examples of tone circuits to simulate this 
all can have more than one waveform injected. Such condition, but in the organ to be described later we 
tone circuits are called subtractive, because we are actually generate the required waveform directly 
removing unwanted frequencies from a complex (Fig. 5.2c) and the small adjustments to be carried out 
waveform. (which are greatly dependent on the loudspeakers and 

One of the basic organ tones is the flute; if made the roOm in which they are used) canbe made note by 
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High.grade componentstor amateur communications 

6114MG 

electron iques' 
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ents, which are supplied by 85 
leading manufacturers, meet every 
kind of need-whether the project is 
advanced or elementary! 
i Transistor Coil Packs 
(Qoilpax) 
These silicon transistor units are 
available in General Coverage and 
Hamband versions. The IF frequency 
is 1620 Kc/s, ready for use with our 
filters and IF amplifiers as well as 
existing receivers as the second IF. 
The Manual contains comprehensive 
technical data and other useful in- 
formation on these items. 

meter. Extremely 
002% per degree 
exceptionally pur 
form. 

stable (better than supply isfloating. 
C) they have an 

e oscillator 5 Coils (Stabq wave- 

3 IF Strips and Filters 
Two units are available-one at 
162 Mc/s IF for use with Qoilpax, the 
other for use at 455 Kc/s as a second 
conversion IF strip or as a main 
455 Kc/s unit. Both include a half 
lattice crystal filter, AGC control, AM 
and SSB detection and BFO injection 
for CW reception. A third unit, also 
at 455 Kc/s, uses a ceramic filter. 

oils) 
A comprehensive range of transistor 
coils Is available for intermediate 
frequencies of 455 Kc/s and 162 Mc/s, 
together with a complementary range 
of IF transformers. 
Send now for your Manual, on the 
coupon above, to this address: 
Electroniques (Prop.-STC Ltd.) Edin- 
burgh Way, Harlow, Essex. Tele- 
phone: Harlow 26777. 

Below, we've summarised 2 pages from the 
Electroniques Hobbies Manual 
606 PAGES REMAIN TO BE SEEN (when you've got your Manual) 
With the new Hobbies Manual, you 2 Oscillator Modules 4 Power Modules 
Can obtain these-and over 11,000 Fully transistorised, these oscillator These small stabilised power units 
other items-direct from Electron- units can be used for BFO, VFO or operate directly from 63V .AC heater 
iques or through your Local Elec- Cb applications. The BFO units in- supply. Two outputs available: 62V 
troniques dealer! The service is fast; dude a variable capacitance diode as at 50mA Zener stabilised, and 90v 
the range is the most comprehen- the tuning element, permitting re- at 7OmA MAX unstabilised. Either 
sive ever offered. And the compon- mote control by linear law potentio- polarity can be earthed providing AC 

2 

%'5 :r 

3 

5 

/. 

1A8OC 

/ should li/ce a copy of the Electron- 
iques Hobbies Manual. Enclosed is 

a cheque/P.O. for 10/6. 

NAME - 

ADDRESS___________________ 

PE. 4 

, 4 

!ECTRONKJfiES HOBBIES M/JWAL 

, 
-- tb 

L- . 

:1; ¿ 
10/6 1967 
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suggestions for enclosures to: 

REPRODUCERS AND AMPLIFIERS LTD. 
Frederick Street, Wolvorhampton England 

LOUD SPEAKER MANUFACTURERS TO THE 

RADIO INDUSTRY SINCE 1930 
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NAME 

ADDRESS 

OCCUPATION...... ........................ ... ....... AGE................. 4/67 

[NTERNATIONAL CORRESPONDENCE SCHOOLS 

I 
\ 

Power handling capacity in appropriate enclosures:- 
780 Mk. V . Price £3 . 19 .7 
8 in. 6 watts r.m.s. 12 watts peak. (inc. 11/7 P.T. and P. 8. P.) 

7100 Mk. V Price £4 .14 .3 
loin. 8 atts r.m.s. 15 watts peak. (Inc. 13/9 PT. and P. & P.) 

7120Mk.V PriceE4.18.6 
12 in. lo watts r.m.s. 18 watts peak. (No PT. but inc. P. 8. P.) 

Send for full technical data sheet with 

Servomechanisms. Telemetry, Computers, etc. 
NEW! Programmed Course on Electronic Fundamentals 
EXPERT COACHING FOR: 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
CITY AND GUILDS TELECOMMUNICATION TECHNICIANS 
CITY AND GUILDS SUPPLEMENTARY STUDIES 
R.T.E.B. RADIO/T.V. SERVICING CERTIFICATE 
RADIO AMATEURS' EXAMINATION 
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY 

And there are practical "learn os you build" rodio 
Courses OS well. 
Member of the Association of British Côrrespondence Colleges 

FOR FREE HANDBOOK POST THIS COUPON TODAY 

I.Ç.S., Dept. 151, INTERTEXY HOUSE, 
PARKGATE ROAD. LONDON, S.W.t1 

The 700 Mark V Range 

Specially designed to provide outstanding range. 
smoothness and uniformity of frequency response 
with freedom from self generated forms of distortion 
up to levels more than adequate for domestic listening. 
The speakers in this range all have a highly developed 
dual radiating system with optimum termination of 
both cones - voice coil impedence 15 ohms. 

1 

3-way Training Method: 
MASTER THE THEORETICAL SIDE 

7 
From basic principles to advanced applications, 

1 
you'll learn the theory of electronic engineering, 
quickly and easily through lCS. That's because 
each course is set out in easy-to-understand terms. 

MASTER THE PRACTICAL SIDE 
CS show you how to develop your practical 

¿ abilities in electronic engineering-olongside your 
theoretical studies. It's the only sure way to 
success. All training manuals are packed with 
easy-to1ollow illustrations. 

MASTER THE MATHEMATICAL SIDE. 

S To many this aspect is a bitter problem. Even 
more so because no electronic engineer is complete 
without a sound working knowledge of maths. 
But new ICS teaching makes ,athematics easier 
to learn. 

Wide range of courses available include: 
Radio/T.V. Engineering and Servicing, Closed Circuit T.V., 
Electronics, Electronics Maintenance, Instrumentation and 

I 

SPEAKER VALUE 
DIRECT FROM 

I g'. 

I' 
Through this iGs 

YOU CAN 
NOW BUY THE 
WORLD'S FINEST M 
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rise, the reactance of L1 eventually reaches a value at 
which it is JO times greater than R1. At this frequency, 
by the rule of parallel circuits, Z1 is approximately 
equal to R1; further increases in frequency have no 
effect. 

one of which requires a sawtooth input and the other, a 
square wave. In any event, if all the tone networks are 
to be terminated in a busbar feeding a common ampli- 
fier, then of course there must be appreciable series 
resistance left in each filter to prevent short Circuits. 
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BRIDGED-T EQUALISER 
We mentioned that it might be desirable to limit the 

attenuation of a low pass filter so that, after a certain 
frequency is reached, the loss does not increase. This 
can be achieved with a circuit like that of Fig. 5.4c 
which is a bridged-T equaliser. 

In this, Z1 is a parallel combination of resistance and 
inductance and Z2 is a series arrangement of capacitance 
and resistance. If we take Z1 alone; at very low 
frequencies the reactance of L1 is quite small, and 
effectively short circuits R1, so there is little loss. As 
the frequency rises, so does the reactance of L1, 

increasing the loss. Should the frequency continue to 

band by a filter or equaliser, it might be desirable to 
rectify the wave and then subject it to further treatment. 
So it is evident that the successful employment of tone 
filters is largely a matter for trial and error. This also 
follows from the fact that one maker's concept of (say) 
an organ trumpet is not the same as another maker's. 
Nowhere is this more noticeable than in the pipe organ 
world. 

The natural outcome of many years' experience 
yields a certain number of circuits which are really 
effective if supplied with the correct initial waveform, 
whilst dozens of theoretically good networks do not 
produce anything of value. We therefore conclude 
this section by illustrating two groups of tone networks, 

that by choosing the Q of these circuits, or shunting 
them with resistors, many alternative frequency bands 
may be accentuated or diminished. 

Later on we will see working examples of this kind of 
circuit, which is essential for the simulation of reeds. 
All such physical tone producers consist of a vibrating 
system coupled to a resonating tube, and this coupled 
system induces certain bands of frequencies which are 
common to many fundamental notes and are called 
formants. It is by simulating formants or exciting 
them and their harmonics that we are able to imitate the 
sounds of reed pipes, because the range and level of all 
the formants have been known and measured for many 
organ pipes and orchestral instruments. . - 

TRIAL AND ERROR 
Resonant and antiresonant circuits can be assembled 

in the same way, and in fact many examples of these are 
to be found in commerial organs; but clearly the slope 
or linearity of the applied basic waveform has a 
profound effect on the success of these circuits and this 
is the reason why a linear sawtooth is so much preferable 
to a square wave when real fidelity is required. 

On the other hand, such voices as the clarinet, 
bassoon, lieblich gedackt, etc. must have a square wave 
since they contain no even harmonics. Moreover, it 
may be desirable to inject more than one waveform into 
a complex tone circuit or, having modified the pass 

Taking the simple case of Fig. 5.4a,. we find a 
generator, source impedance, load impedance and a 
series impedance Z1 or a shunt impedance Z2, more 
commonly combined as a complete section Fig. 5.4b. 
In this, if Z1 is a series capacitor, it will reduce the level 
of low frequencies; equally, an inductance Z2 acts as a 
variable shunt, allowing high frequencies to pass whilst 
reducing low frequencies. Thus the whole of the 
circuit attenuates low frequencies. The converse is 
true, if Z1 is an inductance low frequency signals can 
pass to the load whilst a capacitor Z2 in shunt reduces 
the high frequency response. 

Again, if Z1 is a series resonant circuit and Z2 an 
anti-resonant circuit at the same frequency, then at 
resonance, Z1 is a short circuit to this frequency which 
passes unaltered to the load. At all other frequencies 
the impedance of Z1 is greater than zero, so signals 
arriving at the load are reduced in amplitude. Z2 is an 
open circuit at resonance but at other frequencies is less 
than infinite, so it acts as a shunt across the load, thus, 
the output falls off away from resonance. It is clear 

where 

N= 
Viri 

We find then that with a circuit of this kind we have 
both a low and a high frequency stop band, with a slope 
between formed by the constants R1, R2, L1 and C2 and 
to some extent by the source and load impedances; 
for such equalisers work tolerably well between very 
different impedances. So without wearying the reader 
with the complete calculations, we could suppose that 
for a pedal 8ft flute stop we have a waveform which is 
(or can be made so by the circuit Constants) flat up to 
100Hz and then increases by 18dB at 2kHz, where 
again it is held by the equaliser Constants. Then, to 
flatten this curve so that the response from 100Hz to 
2kHz is practically uniform, the constants given in 
Fig. 5.4d will produce the result required, assuming a 
source impedance of 1,000 ohms, which is not unrealistic 
for transistor preamplifiers. 

follows. But first note that the equalisation is far from 
perfect because we cannot terminate the circuit with 
exactly correct impedances. 

REACTIVE COMPONENTS 
The simple low pass filter produces a loss which 

increases without limit as the frequency rises, and the 
inverse applies to the simple high pass circuit. But if 
we introduce reactive components, such as inductances, 
we can regulate the frequencies between which the filter 
is effective. 

',th that of R2, so that Z, is approximately equal to 
R,. Thus, looking at the whole circuit, the effect of 
XL, is nil because it is too large and Xc, is negligible 
because it is too small. 

What is left is a bridged-T pad providing a constant 
loss at all frequencies above that at which XL, = bR, 
and XC, = R,/bO. The resulting pad loss, as it is 
called, is found from D = 20 log10 N decibels from 
which can be found by transposing: 

D N = log-' j 

A rather better way to reduce the hrmonics is by an Now looking at Z2, at very low, frequencies the 
equalising circuit as in Fig. 5.3c. Here we progressively reactance .of C2 is almost an open circuit so Z2 intro- 
cut down higher harmonics until they assume roughly duces little loss. As the frequency increases, the loss 
the same values as the lowest frequency required, as rises and eventually the reactance drops to a value 
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Fig. 5.5. Commercic,l flute networks. (ci) l6ft Bourdon; 
(b) 8ft flute; (c) 4ft flute; (d) highly corrected flute; (e) 
l6ft contro tibio 
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All require a sawtooth input At d we find an 8ft flute 
extracted from a square wave, and this is also required 
for the I6ft càntra tibia of Fig. 5.5e. Note the input 
circuits for the 8ft flute above, derived octave by octave 
rather in the manner of the equaliser just described. 

String tone pipes always present a problem in 
stability, but we have an advantage here in that any 
sufficiently strong cluster of high harmonics will 
resemble a string organ pipe quite reasonably well. 

L 

e-To preomplifi.r 

STOP 
FLUTE 

ri! 

The alternative is to feed each tone circuit into its own 
amplifier which is much more costly but sometimes 
desirable. 

SAWTOOTH INPUT - 

Taking the flute-like tones first, in Fig. 5.5 we see a 
I6ft Bourdon at a, an 8ft flute at b and a 4ft flute at c. 
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Finally, some interesting effects can be obtained 
from overlapping resonant Circuits joined in series 
across a sawtooth line. This process has, in particular, 
been carried much further in the Bode Melochord, 
where contacts on each key continually retune resonant 
circuits so that the inevitable change in tone quality 
at the extremes of the compass is overcome. 

In applying any or all of the foregoing, we must not 
forget that the loudness at which each voice is set 
greatly influences both its fidelity and its mixing 
properties. And all of these effects can be enhanced or 
reduced by the application of vibrato in various forms, 
and by the loudspeaker system and its placement in the 
room. We will examine these matters next month. 
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Fig. 5.7. Circuits for deriving conventional organ voices Fig. 5.8. Circuits for organ voices, derived from square 
from sawtooth in puts wave inputs 

Accordingly we show, in Figs. 5.6a, b, c, both 16, 8 and 
4ft violes for a sawtooth inpUt, also an 8ft viole for a 
square wave input (Fig. 5.6d). 

In the matter of more conventional organ voices, 
4ssuming a sawtooth input, we can show circuits in 
Fig. 5.7 for 8ft trumpet, oboe, horn, dùkiana, and open 
diapason. Note that this latter voice requires injection 
from a 4ft sawtooth as well as the 8ft basic pitch. 

SQUARE WAVE INPUT 
Those organ sounds dependent On a square wave 

comprise the stopped diapason, clarinet, aid cor 
anglais: There are, of course, many others, but we 
would not find them of much value in practice. Tone 
shapers for these voices áre illustrated in Figs. 5.8a, b, c. 
An interesting circuit for an 8ft vox humana is given in 
Fig. 5.8d and requires a square wave. 
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2:8 

TRANSISTORS 
With so much happening in the 

world of electronics it is practically 
impossible to keep step with the 
lightning pace of the large organisa- 
tions. But some of the "giants" of 
industry realise that the amateur 
market is no small market and make 
most of their components available 
to good recommended retailers. 

Mullard is a typical example and 
they havejust announced the addition 
of seven new pnp types to their range 
of silicon planar transistors. Five 
have power rating of 600mW and two 
power ratings of 350mW. Because 
of their linear gain/current charac- 
teristics all the new types are suitable 
for both switching and linear applica- 
tions. Their pnp characteristic per- 
mits complementary operation in 
conjunction with established Mullard 
PIPU types. 

The, two 350mW devices are 
numbered BC7O and BCY72. The 
former has a high Vceo of 40V and a 
low saturation voltage. It is 
primarily intended for medium speed 
switching applications. The general 
purpose transistor type BCY72 is 
suitable for use in switching and 
amplifying applications requiring less 
stringent operational requirements. 

A low leakage current, low satura- 
tion voltage and a high cut-off 
frequency, generally in excess of 
200MHz, are features of the new 
600mW transistor types 2N2904, 
2N2904A, 2N1131, 2N1132 and 
2N3 133. 

Applications for the 600mW group 
of devices are similar to those' 
recommended for the lower rated 
devices although the high power rating 
also makes them suitable for 'use in 
driver and output stages. 

The silicon diffused junction 
rectifier BYIO5 is a newcomer to the 
Brimar range. Rated at 800V, and 
using metal "top hat" encapsulation, 
the BYJO5 can operate at 1lA. This 
gives it a substantial advantage over 
the earlier BY100 (even though this 
has now been uprated to 750mA), 
since both type's are offered at the 
same price. 

Whilst still on the subject of 
rectifiers a new addition to the 
existing range of Sanken silicon 
rectifiers is the type HF SA-3A from 
Photain Controls Ltd., Randalls 
Road, Leatherhead, Surrey. 

The peak reverse voltage is 600V 
with a r.m.s. input voltage of 420V 
and d.c. output current of 15A. 
Reverse current is 1A at peak 
reverse voltage, forward voltage drop 
is 093V and recovery time is lys. 
Junction temperature is 150 degrees 
centigrade and surge current is bOA 
for lOms. 

International Rectifier Co. Ltd., 
have inttoduced a new selection .øf 
Zener diodes. Called the Zecon 
range they are available in b watt 
ratings up to 35 degrees centigrade 
and voltage values range from 39 to 
30 volts in standard +10 per cent 
tolerance gradings. 

MARKET 
PLACE 

L 

BCY7O transistor from Mullard 

SINCLAIR MICROMATIC 

& ' 

.'.___ h. IÇ5L . 

Sinclair "Micromatic" Receiver 

E"xi&$ 
- 

Radionette Multiplayer SO 

"Commodore" portable receiver 
by KB 

HOME LISTENING 
Claimed to be the smallest receiver 

in the world the Sinclair Micromatic is 
hoúsed in an elegant black plastics 
case with a polished aluminium front 
panel, Measuring only 1in X i &in 
X in it contains a six-stage transistor 
circuit, ferrite rod aerial and two 
Mallory Mercury cells type ZM3I2 
or RM312, which give up to 70 hours 
playing time. 

The new circuit uses three special 
Sinclair transistors to assure good 
selectivity and reception from a wide 
range of stations over the medium 
waveband. The set is switched on by 
inserting a lightweight earpiece, with- 
drawing it automatically switches the 
set off. 

Available in kit form for 59s 6d 
complete with earpiece and instruc- 
tions, or ready built for 79s 6d, the 
Micromatic is covered by a five year 
guarantee. 

The Radjonette Multiplayer 50 is a 
compact transistorised multiple 
record player in a teak cabinet with 
Perspex cover, now being imported 
from Nórway by Denham & Morley 
Ltd., 173-5, Cleveland Street, 
Londoñ, W.b. 

This automafic "juke box" is 
capable of playing 25 discs or 50 
sides in any pre-arranged order. 
Operated by push-button controls 
you can start, stop or replay any 
record or have six hours continuous 
music. Incorporating a I5watt 
amplifier with separate bass and treble 
controls, it plays at two speeds, 33 
and 45 r.p.m., selected by a simple 
changeover switch. The frequency 
range is 47 to 17,000Hz ± 3dB at 1W 
output. 

We recently had the opportunity 
of trying out a new KB portable 
radio, Commodore (model KR022). 
This set doubles as self-contained 
portable and car radio. For the 
latter function, the directional pro- 
pertles of the internal rod aerial 
are nullified by plugging the car 
aerial into the socket provided. 
. 

Lively performance was obtained 
in various locations. A sensible 
feature is the bandspreading of 
medium waves. Two wave bands 
(555-275m and 280-185m) ' simplify 
accurate tuning of the multitude of 
stations. The third band covers 
long waves. 

Vital statistics: Seyen transistors 
plus diode; earpiece socket; tape 
recording socket; car aerial socket; 
7 in x b2 in x 2 in.; 4 lb 84 oz. 
18 gns plus Ss 3d tax surcharge. 

One black mark: back panel 
slightly bowed; suggest this would be 
prevented if two securing screws 
were provided at ends rather than the 
single screw at top centre of the 
panel. 

Finally, look for the new modular 
techniques in hi fi at the Audio 
Festival and Fair (Hotel Russell, 
London, W.C.1. March 30 to 
April 2). 
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amplifying valve stage with a very high value of anode 
.load resistor. 

The effect of connecting voltmeters of differing 
sensitivities into such a Circuit is shown in Fig. 1. 
In Fig. la, RL = 100 kilohms, the ht., supply is 
300 volts, and the anode current is 1.mA. Now by 
Ohm's law, ImA through 100 kilohms will cause a 
voltage drop of 100V across RL leaving 200V on the 
anode which is the true anode d.c. voltage. 

If a voltmeter with a sensitivity of. 1,000 ohms per 
volt, is connected as shown in Fig. lb, the current 
drawn by the meter will be lmA for full scale deflection. 

VALVE VOLTMETER 
A valve voltmeter with a very high input resistance, 

typically l0M, would be better still since it would 
cause only an additional 2QuA to flow through RL, 
increasing the voltage drop to 102V and leaving 198V 
on the anode. 

A valve voltmeter uses a kind of impedance converter 
which allows a milliammeter or microammeter with an 
inherently low impedance to be connected into a high 
impedance circuit without adversely affecting the true 
value beirfg measured: . - 

one, of the most useful units to grace the workbench. 
This article presents the design of a good and reliable, 
yet simple and inexpensive v.v.m. together with an 
exposition of why it is necessary and how it works. 

In order to explain why a v.v.m. is necessary it is 
essential to have at least an elementary knowledge of 
an ordinary voltmeter. All voltmeters extract power, 
however minute, from the circuits to which they are 
connected so that the less power they extract the more 
accurate the final result-provided the initial meter 
calibration is correct. 

This is particularly applicable to high impedance 
circuits which, as a rule, hve very small currents 
flowing through them. A typical example is a voltage 

which by Ohm's law will cause 200V to be dropped 
across RL leaving 100V on the anode-and this is the 
voltage the meter will indicate, an error of no less than 
50 per cent. The unwary could go chasing non- 
existant faults unnecessarily. 

Now consider a 20,000 ohms per volt meter with a 
full scale deflection of SO4uA (Fig. ic). This would 
show a truer picture since it only requires one twentieth 
of the current used by the first meter. The total current 
passing through RL is now iO5mA, causing a voltage 
drop of 2 10V, and leaving 190V on the anode, which 
would be indicated by the meter. Although not 
absolutely correct, this is a more reliable reading than 
the first example. - 

SPECIFICATION 
HIGH RESISTANCE VOLtMETER 
Five d.c. ranges up to: 
.1V, 5V, 25V, 100V, 500V f.s.d. - 

Input resistance lOMû 
Accuracy better than ±5% at f.s.d. 
Linearity better than ±5% at f.s.d. 

MULTI-RANGE bHM METER 
Seven ranges based on left-hand zero, 

IO ohms calibration at centre of scale, and 
lOO ohms near to right-hand end: 
ScaleXl; XI0; XI00; Xl,000; XlOO,000; 
Xl 000,000 

Reference voltagei5 volts from dry cell 
Accuracy better than ±5% at f.s.d. 

SINCE goodtest equipment is essential to the serious Since the valve requires ImA and the meter also requires 
hobbyist, one item, the valve voltmeter (v.v.m.), is ImA the total current flowing through Ri. will be 2mA, 

j 

r- 

b 

\ 

-----Th 

\ 
s 

By H. T. KITCHEN 
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to be set to coincide with the mechanical zero. It also 
enables the pointer to be positioned anywhere on the OHMMETER 
scale, which is a most useful facility since it enables the The ohmmeter is part of the v.v.m. circuit and 
v.v.m. to be used as a centre-zero meter for f.m. receiver allöws a very wide range of resistance to be measured, 
alignment. which in the prototype was made from lL to 100ML1 

2o 

scale length of the meter. The grid of Via is con- 
nected to the potential dividing resistors Rl to RS 
via R13 which reduces the ratio of maximum to mini- 
mum grid resistance as SI is rotated. Without R13 
the maximum resistance in circuit is IOMLÌ on the IV 
range and 20kU on the 500v range-a ratio of 500: I. 

With Rl3 in circuit the maximum grid resistance is 
about i3ML and the minimum about 3Mi, a ratio of 
43:1. This reduces the variations in zero setting due 
to grid current which would be caused by the extreme 
variation in grid resistance without R13. This varia- 
tion is also reduced still further by running the valve 
with a very low anode potential. 

The potentiometer VRI enables the electrical zero 

initial calibration is complete, it is made a preset 
control. VR2 allows the meter to be set to full scale 
deflection for resistance measurement. Since it will 
require periodical adjustment, it is brought out as a 

front panel control. 
S2 also reverses the meter polarity so that either a 

positive or a negative potential (with respect to chassis) 
can be measured, when VR3 will be in circuit. On the 
"ohms" range VR2 is brought into use. In the "off" 
condition th meter is disconnected from circuit and 
a short circuit placed across it, which effectively damps 
the movement, protecting the needle from excessive 
swinging during transit. When not in use the unit 
must also be disconnected from the power supply by S3. 

decibels. 
The valve operates as a push-pull cathode follower, 

the two halves of the double triode Via and Vib being 
balanced for current equality by means of the potenti- 
ometer VRI, when of course the meter will not register 
(see Fig. 2). The circuit is in effect a balanced bridge 
which is unbalanced when a voltage is applied upon 
either grid, the unbalance being shown by a deflection 
on the meter. This unbalance will depend on the 
polarity of this voltage, so that a centre-zero meter 
vvould register either way. 

Iii practice it is preferable, and usual, to use an 
ordinary meter and use a polarity reversal switch which 
adds a slight complication but effectively doubles the 

I77 
I 

Ri6 

T 
14 -v 

-Vv 

Fig. 2. Circuit diagram of a basic bridge valve voltmeter 

VR2 and VR3 are selected as required by S2 and 
fulfil the following functions. VR3 allows the meter 
to be calibrated for a given input and is not used after 

Fig. I. Illustrating the effect of Circuit loading on anode voltage when using meters of differing sensitivity 

The ideal v.v.m. wonld be one having infinite input 
impedance and zero output impedance which are in 
practice unattainable, although a number of proven 
Circuits do go a long way towards the ideal. They are 
necessarily comparatively complex and correspondingly 
expensive. However, it is possible for most amateur 
needs to be fulfilled by simpler and cheaper circuits. 

Impedance conversion is not the only function of a 
v.v.m. for it has also to provide a degree of current 
amplification. On the I volt range for instance the 
Current extracted from the circuit under test is O-lA. 
This gives an f.s.d. reading on the meter of 5OuA 
necessitating an amplification of 500 times or 54 

+ 200V 
tmAI ImA 

100v 

1mAI l5OjjA 

r 

+300v - +300v +300V 

ImA - ¿mA tOSmA 
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,7;n 
Fig. 4. CircuIt diagram of the valve voltmeter and ohmmeter. The following are the function ranges for S and S2 

J 

D.C. Volts (SI) Ohms (SI) 52 Ranges 
Position I ...... IV Position 6 ... [1X106 Position IO... ÇXIO2 Position I ......... Meter Off 
Position 2 ...... 5V Position 7 ÛXI0 Position 2 ......... Ohms / Position 3 ...... 25V 

... 
Position II... ÇXl0 

Position 4 ...... 100V Position 8 ... 0X104 PosItion 3 ......... D.C. Negative Vo'ts 
Position 5 ...... 500V Position 9 ... XI03 Position 12... cX Position 4 ......... D.C. Positive Volts 
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Fig. 3. Ohmmeter grid divider circuit showing how ¡n put 
voltage varies with terminal resistance 

su tsequent occasion. 
Variations due to fluctuating h.t. and heater supplies 

are largely cancelled out due to the push-pull operation, 
so one has to look further afield for possible sources 
of trouble. 

The p tential divider resistors Rl-R5 must be of the 
highest quality possible, preferably i per cent high 
stability types, though 5 per cent hi-stabs could be 
used if one is prepared to accept a reduction in overall 
accuracy. Resistors R6 to R12 should also be i per 
cent hi-stabs. Two other resistors should be hi-stab 
types, these being R13 and R16 although here accuracy 
can be relaxed to 5 per cent or even 10 per cent. 

the reference voltage (see Fig. 3). 
In the complete circuit the standard resistor is 

replaced by resistors R6 to R12 and the reference 
voltage is provided by a 15V pen torch cell; full-scale 
deflection is set by VR2. 

In this context it must be explained that the electronic 
ohmmeter works in reverse'to the normal type in which 
f.s.d. corresponds to zero resistance. If the unknown 
resistor Rx is now connected in circuit the meter will 
indicate the reading which is proportional to the ratio 
of Rx to Ry. When Rx Ry the meter will read 

is provided by C3, C4 and R19, the negative voltage 
being developed across R18. 

COMPONENTS 
Fig. 4 shows the complete circuit 'with the voltage 

dividing network Rl-RS for selecting the appropriate 
voltage range. The standard resistors for the ohms 
ranges are selected by Sib. 

Stability of indication is as important as initial calibra- 
tion accuracy, for it is pointless calibrating a meter to a 
fine accuracy if it is going to be wildly inaccurate on a 

The top range coufd be increased to l,OOOM1 if a POWER SUPPLY 
standard 100MÛ resistor is obtainable. The circuit The power supply requirements are very modest so 
operates by measuring the voltage present at the that a comparatively simple circuit is quite adequate. 
junction of the standard resistor RS and the unknown The h.t. required is -65v, +65V at 3-5mA, the nega- 
resistor Rx both of which are connected in series across tive supply being used for grid biasing. Smoothing 
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Fig. 6. Constructional and drilling details of panel assembly 
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signals which may reach them. Although the actual 
value is unimportant their insulation properties must 
be absolutely first class. Since they are both connected 
across very high resistances, any leakage will adversely 
affect the v.v.m. Any value from OOOlF to OOIdaF 
should proye suitable particularly if they are poly- 
styrene or silver mica types. 

A_TO SUIT TERMINALS TO SUIT PILOT LAMP 

bottom. Many of the dimensions given in Fig. 6 are 
the inside ones and are given for guidance only. It is 
possible that the positions of some holes may require 
altering to suit different components. 

The final angle or slant on the cabinet was chosen 
because it permits easy meter viewing whether one is 
standing or sitting, a great convenience although it 

\ 
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CIRCUIT BOARD SPACED FR011 FRONT 
I I PANEL TO SUIT DEPTH OF METER 

R 

(INPUT) 

Iv 

(INPUT) EARTH ip S3 

/ 

Fig. 5. Front panel layout 

The only capacitors deserving special mention are Cl 
and C2, which decouple both grids against any ac. 

and easily can readings be made. It must be borne in 
mind that some meters are accurate, only if used 
vertically or horizontally. 

The valve can be any medium impedance double 
triode such as the one specified. The valve holder 
should preferably have either ceramic or p.t.f.e. 
insulation to minimise capacitance leakage between 
adjacent pin connectors. 

CONSTRUCTION 
The cabinet was constructed from -tin softwood for 

the sides and hardboard for the front, rear, and 

The range switch Si must be of good quality. 
Although the author was fortunate enough to possess 
an instrument quality stud switch, it is possible that 
most constructors will not have one to spare-and 
they are expensive items to buy new. The wafer 
switch specified should however prove quite satis- 
factory. S2 can also be a wafer switch with only 4 
of the 6 ways used. 

The meter will almost certainly be the most expensive 
'single item. The larger the meter the more accurately 
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Fig. 7. Component assembly and wiring details 
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TOTI 
FIXING SC!EW 

R9 pe 

R14 68kû lO%,+W 
RIS 47k1 lo%,IW 
R16 3.3MÇ 5%, +W 
R17 33k1 10%, 1W 
R18 33k1 10%, 1W 
R19 33k1 l0, 1W 
R20 lk l0/, 1W 
All 1% high stability, .W except where otherwise 

stated. Alternative resistor combinations shown in 
brackets should also be 1% 

Potentiometers 
VRI 2Sk linear carbon 
VR2 5k linear carbon 
VR3 I0k1 linear carbon preset 

Nil S0A f.s.d. l,l001 mt, resistance (type Sifam 
F1202) or MR3P (Henry's Radio) 

Switches 
SI 2 pole 12 ways (2 bank wafer switch) 
S2 2 pole 6 ways (2 ways not used) 
S3 Double pole on/off toggle switch (see text for 

notes on SI and S2) 

Miscellaneous 
BYI ISV pen torch cell 
LPI Lamp 6V m.e.s. with holder 
Valveholder B9 ceramic or p.t.f.e. 
Insulated screw terminals (3 off) 
Turret tags and soldering eyelet tags 
Four knobs 

RI 8Mû (47ML + 33M in series) Cl 0005,F mica 35CV u 

R2 I6Mf (33Mc + 33Mû in parallel) C2 0OO5F mica 350V I 
R3 300kû (I50kÇ + I50k in series) C3, 4 16+ l6zF elect. 350V I 
R4 80k (47kf + 33kf7 in series) Transformer I 
RS 20kc (I0k + lOkû in serles) TI Mains Transformer: I 
R6 lOû 1%, W (metal film) (Waycom) Pri. 200-250V mains; I 
R7 
RB 

lOOû 
lkí Sec. I. 150V SmA; Sec. 2. 63V 04A I 

u 

R9 I0kf Valve I 
RIO l0OkC 

VI ECCB2 or 12AU7 I 
R Il I Mf Rectifier 
R12 lOMI Dl 2S0V SOmA contact cooled, half wave I 
R13 33Mt 5%, +W Meter I 

COMPONENTS . . . 

Resistors Capacitors 
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To avoid any risk of damage to the meter it should not 
be fixed in position until wiring is complete.. It is 
advisable to reset the wiring and to remove any stray 
pieces of solder or wire that can have such disastrous 
results if overlooked. 

2a4 

mechanical errors, the net result would not be of much 
use apart from rough resistance checks. Ideally also, 
each resistance range should be individually calibrated, 
a quite formidable task requiring a wide selection of 
standards. 

The 15v pen cell is fixed to the side of the box, first 
removing the cardboard cover so that connection is 
made between the zinc case and the metal clip. A 
soldering tag is held under the clip fixing screw. This 
tag is then connected to the common earth terminal. 
A short piece of insulated wire is soldered to the battery 
positive terminal, the other end going to the junction 
of the resistance standards-a common tag situated as 
convenient for resistors R6 to Rl2. 

Although wiring should be straight forward it is 
advisable to treat the high stability resistors with some 
care. The use of a heat shunt is advisable while 
soldering, for even the best hi-stabs will fail if roughly 
treated to an overdose of heat from the soldering iron. 

and v.v.m. polarities should be reversed and the full- 
scale reading checked for a negative input. This 
reading should be identical whether one measures 
positive or negative voltages both, of course, with 
respect to earth. 

The linearity of the v.vm. scale can be checked by 
reducing VR1 slowly, comparing the standard and 
v.v.m. readings every 05V. The deviation should not 
exceed 5 per cent. 

The calibration of the ohms ranges is somewhat more 
complicated, requiring the use of a resistance sub- 
stitution box or a collection of I per cent standards. 
Five or IO per cent standards could no doubt be used 
but, taking into account human, electrical and 

Fig. 8. Component board disposition relative to fr0 nt.panel. Note that fillet fixing distance will 
depend on the meter depth 

fixed in position on the panel and corresponding holes 
drilled through the box. The s.r.b.p. panel is offered 
up to the front panel of the box from behind and the 
positions of the holes scribed on to the rear of the box 
front panel. Remove the s.r.b.p. panel then drill Out 
the holes in the box. 

A piece will haye to be cut out of the s.r.b.p. to clear 
the mains transformer which is bolted to the front 
panel by 4 B.A. nuts and bolts. Four turret tags r 
4 B.A. soldering tags are inserted into the s.r.b.p. in 
the positions shown to support R18, C3, C4, and Rl9. 

CALIBRATION 

Calibration can be carried out after allowing ample 
time to settle down (about 10 minutes) using the circuit 
of Fig. 9. The 10W linear potentiometer is adjusted 
until the standard meter reads precisely 5V when VR3 
can be adjusted to allow the v.v.m. to read corres- 
pondingly. The zero setting should be checked and if 
necessary readjusted and then the full-scale reading 
rechecked. The two are slightly interconnected and 
several adjustments may have to be made. The battery 

spindles protruding through the front panel should be negative or ohms. 

are drilled along the top and bottom edges of the 
cabinet to allow the heat from the valve to escape. 

Almost the entire circuit is assembled on a sheet of 
s.r.b.p. measuring 9m X4+in (Fig. 7). This is fixed to 
the cabinet by -i-in quadrant section supports glued to 
the cabinet sides. The distance of these pieces from 
the front panel will depen'd upon the depth f the meter 
casing within the cabinet, since the connecting terminals 
of the meter also serve to hold it in place (see Fig. 8). If 
the meter holds the board quite firmly, these quadrant 
pieces may not be necessary. 

The potentiometers and switches that have their 

maximum resistance in circuit. The mains supply can 
then be connected and switched on. 

As the valve warms up the meter needle will swing 
from side to side and then take up a definite position 
at or near the zero position. If not VR1 must be 
adjusted to bring the needle to zero. If zero can only 
be obtained with VR1 at one end of its track the valve 
is unbalanced and another specimen should be tried. 
If zero is obtained with VR1 at its mid-position, the 
two triodes are passing near equal cathode currents 
and all is well. The zero setting should not alter as 
Si is run though all ranges, or if S2 is switched to d.c. 

must be stressed that most accurate readings are made TESTI N G 
by viewing straight in line with the meter needle. Use The v.v.m. is now ready for testing but before the 
of a mirror which is sometimes fitted behind the needle mains are connected the controls should be set as 
of a high quality meter, is recommended for accurate follows: SI to 5 volts range; S2 to d.c. positive; VRI 
interpretation of the meter reading. Ventilation holes to approximately mid-position; VR2 and VR3 with 
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to off and carefully replace the movement in the case. 
In conclusion, a word of warning. Always bear in 

mind that one meter lead is earthed so that any attempt 
to measure directly across a floating voltage may have 
dire consequences. A floating voltage is one that has a 
certain potential difference across, for example, a 
resistor, bOth ends being above chassis potential. * 

MAY ISSUE ON SALE APRIL 14 

Order your Copy Now! 
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Some 12-way wafer switches are actually 11-way 
types; the twelfth position being used to switch off 
when the wafer is left on its input wiper position. In 
this case the seven resistance ranges can be. retained 
and the voltage range converted to the iV, 10V, 100V 
and 1,000V sequence, resulting in a total of. Ii 
ranges. The switch must never be left "off" when the 
v.v.m. is switched on as the grid will be "floating" 
with consequently possible damage to the valve. 

It is desirable to mark the scales on the meter dial. 
Particular care is necessary when removing the meter 
movement from its case. Before doing só turn S2 off 
to damp the movement. Be careful not to touch the 
needle otherwise it may be easily damaged or bent. 
A fine mapping pen is suitable for marking the dial. 
Switch SI and S2 to the appropriate positions for 
calibration. On completion of calibration switch S2 I 

-J 
L ... 

!1 
4 '---- 

-'i 
r 

- 

I, 

I 

CALIBRATED 

u,. 

6V 
10kO 

UNtAR -- 

V.VM. 

Fig. 9. Testset-up for calibration of the volve voltme(er 

Detailed plans and instructions for the 
construction of an electronic bass guitar. 
Volume and tone controls are included. 

PRACTICAL 

-1 ELECTRONICS 
216 

I 

specific values for Rl to RS cannot be obtained, a 
change can be made in resistance values and Rl to RS 
changed to lOMcì, lM, l00k), and lOkLì allowing 
voltages of 1V, 10V, 100V, and 1,000V respectively to 
be measured. RS can be deleted. 

lt is most inadvisable to replace this with a 1k 
resistor and to try for a 10kV range as the insulating 
properties of the input terminal and Sia will almost 
certainly be inadequate. The quoted values for R1-R5 
can be made up using two or more resistors in series or 
parallel in each case. 

operates a stopwatch to ensure 
accurate timing from start to finish 
at athletics meetings, motor rallies, 
and similar sporting events. 

SCOOTER ALARM SYSTEM 
An instant alarm system to prevent a 
scooter and its accessories from being 
stolen. 

BASS GUITAR 

very little error, so that it is not unreasonable to suppose 
that overall accuracy is sufficient for most servicing 
needs. 

NON-STANDARD RESISTOR VALUES 
Some constructors may find it difficult to obtain the 

exact resistance values suggested for Rito R5 as most 
of them are non-standard. These were chosen to 
allow a voltage step of 5 1 from range to range as 
this permits rather more overlaps at the bottom end 
of each range resulting in improved accuracy. Alter- 
native combinations are given in the components list. 
Where 10 to i steps aren't objected to or where the 

PROJ ECTS 
in Next Month's Issue 

LIGHT.- OPERATED 
STO PWATC H 

This photo-electric detection device 

It may be possible to calibrate one range (e.g. lOkû) 
to a reasonable accuracy and assume the others to be CO N STR U CTI O IJ calibrated automatically. Checks above and below 
with the occasional i per cent hi-stab resistors showed 
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4 computers under the mana- 
gership of Mr I. H. Owen, 

I I 

. who is seen top right with 

I atKidsgrove. tOrit; 
. System 4 magnetic tape units 

. I A most advanced third genera 
- - , tionmachinesàndusemicro- 

integrated circuits. 
- ....' : . . :. 

h. ,-.. -- ..... .. i 

- . - b p Automatic Sorters for 

h . 

Capacitors 
HESE clean-line consoles 

T (left) are German Klemt 
- automatic capacitor sorters 

being tested by engineers of 
- . the U.K. agents Livingstone 

., . Electronics. 
I . An operator places coni- 

ponents to be tested in the 

¡ - - 
( f". - sixty sets of jaws on a large 

- - ' rotating wheel. Pre-pro- 
- ¡ 

' . grammed tests are carried 
[ . ¡ 

/ - . b out as the wheel rotates, then 
components are sorted into f . - , - grade or reject bins. The 

N f programmed test equipment 
is housed in the adjacent 

- i racks. - 

the balance in a bridge network. These systems are not 
always suitable for all applications because the area of 
capacitance between probe and "earth" becomes a factor 
which limits the use of such probes nearpipes and girders. 

Photain Controls of Leatherhead have a Patent Appli- 
cation on a system, which overcomes this difficulty, using 
a high frequency oscillator. Two equally balanced 
coils form a balanced bridge with no reference to earth 
other than by fixed capacitors. The probe area can be to 
any required dimension and the capacitance detection area 
is fully directiónál. Our photograph above shows the 
control unit with three probes for different applications 
such as counting, limit switching, conveyor process 
control, or liquid level control. 

Micro-integrated Computer 
t 

AN English Electric Leo rvlarconi computer production 
centre, now under construction at Winsford, Cheshire, 

wilt produce the new System 

f 

Capaáitance Probe Proximity Detectors 
APACITANCE type proximity detectors often depend 
upon a change of capacitance relative to earth to alter 

íTT _ 

'q 

ELECTRDNDRAMA 
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conductor. 
On automatic handling over 4,000 

transistors are tested per hour. 
Programming all conditions for each 

test is easily performed at a single 
position on the front panel. Pro- 
gramming switches are so arranged 
and test circuits are so designed that 
it is not possible to damage inadver- 
tently the device under test, the test 
instrument, or even the operator. 

For highly complex classification 
and for data logging requirements, the 
T207 is readily modified for control 
by a digital computer. 

Modular construction with digital 
readout is under a lO year guarantee. 
The price'-around £7,000. A Rolls 
Royce or a mere bagatelle? 

287 I 

- 
. A Mere Bagatelle. 

- T machine may look a bit like a 
- pin-table indicator board but, in' 

fact, is a highly sophisticated tran- 
sistor tester, the Teradyne T207. This 

- is an automatic, high-speed, go/no-go 
instrument for production line testing. 

- ..,, - '' - Standard industrial d.c. tests are per- 
formed in 35 milliseconds per semi- 

research laboratories in California is shown (right) 
recording a "hologram", a true three-dimensional image, 
without the use of a lens. In the holographic reconstruc- 
tion of the image, by playing the laser light back through 
the plate, one can see the pixie-like figurines in foreground 
in true three-dimensional form from any angle, as if 
looking through a window. Scientists believe that holo- 
graphic techniques may someday be used for target 
recognition from air to ground, and that we may eventually 
have holographic movies and television. 

'y. 
4 

r1 

f 

Laser Photography 
H0L0GRAP}IY, a technique of lensless photography, is 
one of the latest uses of the laser's "light fantastic". 

Dr Ronald Lundgren of Hughes Aircraft Company's 

IP 

£1 
u 

¶1! 
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AUTHOR 

some time ago the writer developed a form of con- 

¿r ANDREWS tL 

S c,,r )LNGAÎÍED 

:. 1B8 - 
J 

s utional laziness, this being an objection to shouting 
'me in I" over the noise of an office, whenever anyone 

I cked on the door. It was therefore decided to 
ld some simple electronic gadget which would give a 
ble signal, for example the lighting of a lamp, when. 

e r there was a sharp tap on the door. 
uch a device was built, tested, and is the subject of 
article. 

here are almost unlimited variations on the appli- 
ion of the circuit described, both In its basic use, 
in the method of display of the results. 

HE Door Slave is, essentially, a so w-sensitive h. 
ii switch: whenever a sound is picked up 

J 
a micro- 

phpne a relay closes for a few seconds, t it is de- 
energised and the circuit returned to the i ¡ng state. 
Tl'e relay is made to operate a lamp or whatever 
o er function may be required. The circ required 
tc do this are simple and form the ;ic unit. 
M difications and extensions can be add ater and 
w1 be discussed at the end of this article. 
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Fig. 2. Circuit diagram of the basic unit I 
Y2111 4.5V 

289 

the voltage developed across the collector load i of control unit is very desirable. This is simply to 
enable the Door Slave to be controlled from where the 
operator normally sits. 

The recommended system of wiring between the 
Mic 

voltage Flip - Ì i Cumet1 
control unit, the main unit, and the lamp unit is given 

I 
in Fig. 3. It will be seen that a 9-way cable connects a Uflsr . FlOP the control unit to the main unit, and a 4-way cable 
links the latter ith the lamp unit. 

Controls mounted on the control unit are: SI, overall 
Fig. I. Block diagram of the basic unit on/off; S4, the lamp selector, i.e. "come in", "engaged", 

RIO 

_______________________________ ________ _______________________________________________________ _____________ 11 
1.5 kil 

R3 

85 87 
' 

- R9 

Ji 

Ri4 RI6 820 
RLAI 4.7 47 

4.7 

¿7 3.3 
kil kil kfl,..- kil n Ikil 

c-Ioo 
Ikil 

-iti- ill ID-i 
VR? 

500 

25 Cl 

47 
kil 

8F 
kil 

Je? 

ioo RI? 200 68 

250F 

,6MF: 

kil ROI 

1R3 TR4 TR5 ITR6 TR 
DI RIO INFIli 

JK4 

- DC7I « 0681 I kil 0071 OCh OCh 

RIB 819 

8pF i00 

RB 82 84 RB 

22 6.8 
Cl ]C3 _5 . 

- C7 

kil kil 

O0kft 
4kft kfl< IMfi 

330 820< 
VOI 

F 

RB RII RI? 

0v I: 

function of this circuit is io take the a.c. signal output of 
the amplifier and convert it into a short d.c. pulse which 
is then amplified by TR3. The value of Cx in this 
circuit is very variable; it may need to be several 
4uFs in order to get a good output pulse but, con- 
versely, as in the writer's prototype, it may work best 
with Cx missing entirely. TR3 is merely a d.c. amplifier 
and in the resting stage it is biased to cut-off. A 
sudden signal applied to the amplifier will be converted, 
by. the integrator, to a negative-going pulse tending to 
cause TR3 to conduct and producing a positive-going 
pulse across R14. 

TR4 and TR5 together form a monostable switch, or 
flip-flot,. In the resting state TR4 is conducting and 

the -9 volt line, the transistor conducts and the relay 
operates. 

The circuit action can be summarised as follows: 
When a sound of sufficient amplitude is picked up by 
the microphone it is amplified, converted to a d.c. 
voltage pulse, and used to trigger a flip-flop. Aslong as 
this remains in the triggered state the relay will be 
closed and the appropriate action will occur. After a 
short time the flip-flop will revert spontaneously to the 
stable state and the relay will be de-energised. 

REMOTE CONTROL UNIT 
So far only the most basic circuit has been described 

and to make the device into apractical unit, some form 

one volt output across resistor R9. The actual gain is 
dependent on the sensitivity control, VRI, and the 
method of setting this will be described later. TRI and 
TR2 are decoupled from the rest of the circuit by RIO 
and C8. As it stands the circuit is best fed from a 
crystal microphone; this can be a cheap type since the 
fidelity is obviously not important, but anything giving 
an output of a few millivolts will do. 

INTEGRATOR 
The output from TR2 is taken to a very simple form 

of integrating circuit, Dl, Rh, R12 and Cx. The 

avalanche action then occurs and the circuit flops back 
to its initial state with TRS cut off. The triggering 
voltage pulse appearing across R14 is coupled to the 
flip-flop by C6 and Rl5. 

The flip-flop cannot, as it stands, drive a relay 
directly and so a current amplifier is needed. This is 
the function of TR6 which is coupled to TR4 via R21 
and has the relay RLA as its collector load. As long 
as TR4 is conducting and its collector is at nearly the 
zero line voltage, this transistor will be held cut off. 
When the flip-flop is triggered and TR4 ceases to 
conduct temporarily, then the base of TR6 rises to near 

THE BASIC UNIT passed to TR5 via R17 keeping TR5 Cut off and its 
The block diagram of the basic unit is given in rig. t collector negative. When a positive-going pulse 'is 

and the circuit diagram in Fig. 2. applied to TR4 base this transistor is temporarily cut 
TRi and TR2 form a conventional two-stage voltage off and TR5 conducts instead. This condition lasts, 

amplifier with a voltage gain of about 200 times, however, only for a short time, until C7 has charged 
consequently an input of a few millivolts will give up to enough to allow TR4 to begin conducting again; an 
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DI OASI 
l LAMP UNIT: Plywood for case. Three M.E.S. 

batten type lamp holders. Connector block. 
Relay 

5OOì coil. One make-break contact. 
Perspex sheet 3m X lin X 8m 

Wire for Inter-unit connections 

Switches 
SI Double pole on/off 
S2 Single pole on/off 
53 SIngle pole on/off MEMORY UNIT 
S4 Single pole 3-way 
(may be separate component or ex G.P.O. telephone Components for the Memory Unit wilt be 

switchboard-see text) given next month 

Potentiometers 
VRI IM Preset 
VR2 25k1 Preset 

Capacitors 
I 8F 12V Cs 00F 6V 

C2 25FF 12V C6 I6F 12V 
C3 l00F 6V C7 20OzF ISV 
C4 25sF 12V C8 IO0zF 12V 

All miniature electrolytic. 

Transistors 
TRI-6 0071 (6 off) 

Diode 

Lamps 
LPI (etc.) 6V 03A (quantity as required) 

Miscellaneous 
BASIC UNIT: Wooden baseboard 6m X 7m; metal 

or wooden case 6m x 7m X 4m. 
Two 20-way group boards, or tag strips 
Crystar microphone and jack plug 

CONTROL UNIT: MetaI panel 12m X 4m 

Baseboard 12m X 9m. Metal or wooden case 12m 

.X4jnX9jn 
('not required if ex G.P.O. teIephoie switchboard 

is used) 

COMPONENTS... 

Resistors 
RI lOOk R8 33Oc R15 IOO1 
R2 82kû R9 33k1 RI6 lkí 
R3 47k( RIO I5kí R17 47kci 
R4 Ik Ru 820kû R18 22ko 
R5 47ki R12 IMí R19 68kCì 
R6 62k11 R13 Ikí R20 Ikí 
R7 27kc R14 47kc R21 68kû 

All ± 10%, +W carbon 

Plugs and Sockets 
SKI, 2 B9A valveholder (2 off) 
PLI, 2 B9A plug (2 off) 
JKI, 2 Open circuit jack socket 2 (off) 

Batteries 
BYI 9V 
BY2 45V 
BY3 6V 

2 

3 

4 

5 

6 

i 

e 

9 

I 

i 

i 

j 

BASIÇ UNIT 

HicroPhone.MJTovRJ 

F1. 
F-!19 r-i ¡CQbleform 

I 
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AUDIO FAIR-BOOTH No. 41 and ROOM No. 334 

r- - - - - - - - - - - - - - - - - - - - - 
I ® To: GOLDRING MANUFACTURING CO. (GB.) LTD.. 486-488 High Road, Leytonstone, London, E.1 1. 

Please seno' me o'esc,,ptive leaflets on N a me ____________________________________________________ 

Address ___________________________________ 
D TURNTABLE UNITS D TRANSCRIPTION ARMS 

¡ 

I 
D MONO & STEREO CARTRIDGESD HI-FI ACCESSORIES ¡0: Goldring Monulacturing Co. 1GB.) Lid., «6 HiBh Rood, Leytonston.. 

London. Eli. Telephon.: Leytonstons 6343 

L - -__ - - - - - - - - - - - - _ j 
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Continuously variable speed control modest end of the scale there's the G.66 integrated 
with adiustable click-in pohitions for 

hi-fi unit that comes complete with pick-up arm and standard speeds. Arm takes inter 

changeable head-slides, and is raised cartridge for as little as 11 gns. Then there's the highly 
and lowered by onfoll switch. Wired popular GL 68 (see left) and, for the man who wants 
for mono and stereo. f19.1O.7d. 

the best he can get there's the GL 70 transcription unit - with integrated transcription arm at a little under £30, 
- 

or the sóphisticated G 99 without arm, at around £22. I Goldring hi-fi equipment includes transcription arms 
- '' from 7 gns. upwards and a wide choice of cartridges. 

The coupon will bring you full descriptive leaflets. 
- GÖLDRING HI-FI EQUIPMENT 

GOLDRING-LENCO G.99 
Incorporates the unique Goldring-Lenco 

continuously variable speed control and 

vertical drive features. Machined 8 lb, 

non-magnetic turntable. Push-button 

switching. Neon-lit stroboscope. Speed 

constant within 1% for up to 13% 
mains voltage change. £21.19.5d. 

GOLDRING-IENCO GL 68 

w'-'. 

There's a Goidring, or Goidring-Lenco unit to match 
any amplifier-whether you build it or buy it. At the 

GOLDRING HI-Fl 
TURNTA 81E UNIT 
FOR YOUR AMPLIFIER 

I __ .«1.GETA 
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ALL PACKS lOf. EACH POST AND PACKING If- PER PACK ANY IO PACKS P. & P. FREE 

WENTWORTH RADIO la WENTWORTH COURT, ALSTON ROAD, BARNET, HERTS. 

292 

TWIN TELESCOPIC AERIAL. Tection 170 HIGH ST., MERTON, S.W.19 CHErI'ywood 3985 
Open all day Saturday Early closing Wed., I p.m. 

bracket, coax lead and plug. Ideal for F.M. or TV. 3: I reduction drive. A few minutes (ron. South Wimbledon Tube Station. (Please write clearly) 
12/6. P. & P.2/6. 30/-. P. & P.3!-. OVERSEAS P. & P. CHARGED EXTRA. S.A.E. with all enquIries 

FANTASTIC SELL-OUT SALE FANTASTIC 
OWING TO THE 'EVER INCREASING DEMAND FOR A LARGE SELECTION OF SEMICONDUCTORS WE ARE CLOSING OUR 
COMPONENT SECTION. THIS ENABLES US TO OFFER THESE FANTASTIC BARGAIN PACKS TO YOU. DON'T MISS THEM 

ORDER NOW! 
25 ASSORTED TRANSISTOR ELECTROLYTICS 

POPULAR VALUES. 

00 ASSORTED HI-STABILITY RESISTORS 01%, 1%, 
2%. 5%. 

200 ASSORTED . ¡, WATT RESISTORS, P.C. 
TYPES INCLUDED. 

lOO SILVER MICA AND CERAMIC CAPACITORS 
POPULAR VALUES. 

12 ASSORTED POTENTIOMETERS. INC. TANDEM. 
W.W., PRESET. ETC. 

FREE. FREE FREE 
WITH ANY SIX PACKS 
ORDERED ONE SUPER 
BARGAiN PACK INC: 
TAG STRIPS. TAG BOARDS. 
PRINTED CIRCUITS, KNOBS. 
TERMINALS. TRANSFORMERS. 
PLUGS. SOCKETS. RECTIFIERS, 
TRIMMERS, FERRITE RODS.. 

COILS. BULBS, ETC., ETC. 

IO ASSORTED SWITCHES, INC. SLIDER TOGGLE. 
PUSH BUTTON. ROTARY. ETC. 

lOO ASSORTED WIREWOUND AND CARBON 
RESISTORS. WATT-5 WATT. 

lOO ASSORTED PAPER AND POLYESTER 
CAPACITORS. 25 vwg-500 nwg. 

Il MAGNETIC MINIATURE EARPIECES WITH 
LEAD. 

IO ASSORTED TV AND RADIO ELECTROLYTICS 
INC. 8 MFD, 16 MFD, 32 MFD. ETC. 

Suitable for use with Medium or High Impedance 
mikes, guitars, gram pickups, tape decks, etc. For 
operation from 200/300 volt H.T. rail or 9 colt 
battery. Gain approo. 14:1. Fully isolated input 
by Mu-Metal screened transformer. Size 4V X I 

X 1. Ready built complete with full circuit diagram 
and instructions. ONLY 15/-. Fout free, 

SPECIAL PURCHASE! TURRET TUNERS 
By famous maker. Brand new and unused. Complet. 
with PCC84 and PCF8O vslvea 34-38 Mc/a IF. Biacuita 
for Channel I to S and 8 and 9. Circuit diagram 
supplied. ONLY 25/- each. P. & P.3/9. 

GÖRLER F.M. TUNER HEAD 
88100 Mc/s 10.7 Mc/u. IF., 15/-. plus 2/- P. & 
(ECC85 valve, 8/6 extra). 

TAPE DECKS 
B.S.R. MONARDECK (Sinfile speed) 31m. 
per sec., simple control, uses Sun. spools, /l5/-. 
LATEST COLLARO MAGNAVOX 363 TAPE 
DECK DE LUXE. Thrt speeds.2trock, takts sip 
to 7 in. spools. IO gns. Plus 7/6 carr. und ins, on 
each, (Tapes extra on both.) 

QUALITY PORTABLE TAPE RECORDER 
CASE. Brand new. Beautifully made. Few only at 
49/6. P. & P. 8/6. 

ACOS CRYSTAL HIKES. High imp. For desk 
or hand sise. High sensitivity. 18/6. P. & P. 1/6. 
TSL CR,YSTAL STICK MIKE. Listed at 45/-, 
Osar price. 18/6. F. S P. 1/6. 

E.M.I. PLASTIC CONED TWEETER. 
25. 3 ohm. Limited number: 12/6 each, F. & P. 1/6. 

SPECIAL OFFER! 
Limited number of 12 in. IO watt' RA." Speakers: 
3 ohm 15/-; IS ohm, 17/6, P. & P.3/6, 
VYNAIR AND REXINE SPEAKER AND 
CABIN ET FABRICS app. 54 in. wide. Usually 35/. 
yd., our price 13/6 per yd. length (min. lyd.) 
P.& P.2/6. SAE. for samples. 
7-IO wott OUTPUT TRANSFORMERS to 
match pair of ECL 86's in push-pull to 3 ohm out- 
put. ONLY III-. P. & P. 2/6. 
NAINS TRANSFORMER for transistor power 
supplies. Tapped pri 200-250v. Sec. 40-0-40 at I 

amp (with electrostatic screen) and 63v. at'S amp for 
dial lamps etc. Drop thro mounting. Stack size 1' x3Vx3Y27/6. P.&P.4/6. 
MATCHED PAIR OF 2/WATT TRANSISTOR 
DRIVER AND OUTPUT TRANSFORMERS. 
Stack size I/o li o f in. Output trans. tapped for 3 
ohm and IS ohm output. 10/- pair plus 2/- P. & P. 

SPECIAL OFFER! FM/AM TUNER HEAD 
Beautifully designed and 
precision engineered b 
Dormer und Wadswort 
Ltd. Supplied ready fitted 

- 

with twin .0005 tuning con- - i - 
denser for AM connection. t..,, 
Prealigned FM section ''. 

coves-s 86.- 102 Mg/s. IF. L 
output 10.7 Mg/s. Complete -_..,.,,, 

with ECC85 (6L 12) valve and 
lull circuit diagram cf tuner - 
head. Another special balk 
purchase enables us to offer 

employs entirely different and odeonced circuitry, 

10/14 WATT Hl.FI AMPLIFIER KIT 

amplifier with an s . 

Utolwatts 
push-pull. Super - 
reproduction of - _ J 

both music and 

: 

rn k 1tld tgrOt i_7 
announcements to follow each other. Fully shrouded 
section wound output transformer to match 
3-ISQ speaker and 2 independent volume controls. 
and separate bass and treble controls are provided 
giving good lift and cast. Valve line-up 2 ELO4s, 
ECC83. EF86, and EZ8O rectifier. Simple 
instruction booklet 1/6. (Free with parts.) AI 
parts sold s.parte ly. ONLY £7J9!6, P. & P.8/6. 
Also available ready built and tested complete 
with std. input sockets. ¿9/5/-. P. & P. 8/6. 
Carryivg Caae for above 28/6. P. & P.7/6. 

MATCHED PAIR AM/FM I.F.'s, Comprising 
Ist IF, and 2nd IF, discriminator. (465 Kc/s/I0.7 
Mc/u). Size 1 a. 

l dr H. Will match FM/AM. 
Tuner head OC lefC. II/- cair. P.S P. 2/-. 

HARVERSO SURPLUS CO. LTD. 

wire battery clips, solder. etc. Comprehen- 
sive easy to follow instructions and circuit diagram 
1/6 (Free with Kit). All parts sold separately. 
SPECIAL PRICE 45/. P. & . 3/-. Also rnady. 
built and tested. $2/6. P. & P. 3/-. A pair of 
TAls are ideal for stereo. 

STEREO AMPLIFIER 
Incorporating 2 ECLB6s and I EZBO. heavy duty 
double wound mains transformer. Output 4 watts 
per channel roto 3 ohm sneakers. Full tone and vol- 

me con troIs A bs& ut 

(il P. & P.8/- - 
t reble and balante con. 

per channel into 3Ohm speakers. 8 gns. P. & P.8/-. 

WELL-KNOWN MAKERS' SURPLUS I 

ONE TRANSISTOR PRE-AMP. 

All brand new in makers original packing. 
SINGLE PLAYERS 

B.S.R. TU/12 ............... £31916. Curr. 5/6. 
GARRARD SP25 De Luxe... £1011010. Carr. 5/6. 
8.S.R. Gui with unit mounted pickup arm. 

£4/Il/B. Carr.S/6. 
AUTO. CHANGERS 

Latest B.S.R. 0A25 Super slim ............ (6 2 6 
GARRARD 1000 wich spociul Hi-Fi curt. £6 19 6 
GARRARD 2000 .................................... £7 IO O 
GARRARD 3000 .................................... 8 IS O 
GARRARD A160 (9.19.6. Carr. 6/6 on euch. 
All the above units are complete with tb mono head 
and sapphire styli organ be supplied wrth compatible 
stereo head for 12/6 eotra. 
BRANO NEW CARTRIDGE BARGAIN t 

ACOS GP67'I. Mono complete. List price 21/-. Our price 1316. P. & P. lI-. 
BRAND NEW. 12' 15w. HID Speakers. 3 or IS 
ohm. Current production by well-known British 
maker. Offered below list price at 89/6. P. & P.5/-. guitar models 25w. £55.0 - 3Sw. £L8.0. 

BRAND NEW 3 OHM LOUDSPEAKERS 
5 in., 12/6; 6/in.. 15/.; 8 in.. 21/.; iO in.. 25/-; iin.x4in., IS!.; iOin.x6in..26/.. 
E.M.I. 8 in. x5 in. with high flux macnet 21/-. 8Ml. l3 x 8 irs. with high flux ceramic magnet. 
42/.. (15 ohm, 45/.). P. & P.4' & 5'2/-. 6i & 8'2/6, 
io- a 2' 3/6 per speaker. 

etc.. wired and tested for only P. a p 6/-. 

HSL FOUR AMPLIFIER KIT 
A.C. Maine 200/250v., 4 watt. using, ECC83. 

EL84, EZ8O yOlyss 
*. Heavy duty double. 
wound mains transformer 
with electrostatic screen. 

- * Separute Bass. Trtble 
and volume controls, givTng 

-- fully variable boost and cut 

L1T , 

excellent quality with very low distortion factor. * Suitable for use with guitar, microphone or 
record player. * Provision for remote mounting 
of controls or direct on chassis. * Chassis 
sian only 7/ in. wide X 4 n. deep. Overall height 
4f in. * All Components and valves are brand 
new. * Very clear and concise instructions enable 
even the inexperienced amateur co construct 
with I00. success. * Supplied Complete with 
valves, output transformer (3 ohms only), screened 
lead, wire, nuts, bolts, solder. etc. (No extras to 
buy.) PRICE 79/6. P. & P.6/.. 
Comprehensive Circuit diagram, practical layout 
and parts lists 2/6 (free with kit). 
Thin bit although similar in appearance to HA34 

HIGH GAIN 4 TRANSISTOR 
PRINTED CIRCUIT 
AMPLIFIER KIT - 
Typ. TAl 

,: Ot? 
?a.Broh ' 

printed crcuk panel, size 6 x 3m. 
Generous sloe Driver and Output Transformers. 
Output transformer tapped for 3 ohm end IS 

ohm speakers. Transistors (GET 114' or SI 
Mullard OC8ID and matched pair cf 0081 0(p). 

9 volt operation. Everything supplied. 

QUALITY RECORD PLAYER AMPLIFIER Mk II 
A top-quahty record player amplifier employing 
heavy duty double wound mainstransformer, ECC83. 
EL84, EZ8O naives. Separate Bass, Treble and 
Volume controls. Complete with output trans- 
former matched for 3 ohm speaker. Size lin, w. 
x 3m, d. x kin, h. Ready built and tested. PRICE 
69/6. P. & P. 6/-. 
ALSO AVAILABLE mounted on board with out- 
put transformer und speaker ready to fit into 
cabines below. PRICE 89/6. P. & P. 7/6. 

DE LUXE QUALITY PORTABLE RIP CABINET 
Uncut motor board size I4jin. x 12m, clearance 2m. 
below, 51m, above. Will take abone amplifier and 
any B.S.R. or GARRARD Asatochanger or Single 
Player Unit (except AT6O and SF25). Sloe l8in. x 
15m. x Bin. PRICE '3/9/6. P. & P. 9/6. 

4-SPEED PLAYER UNIT BARGAINS 

3-VALVE AUDIO AMPLIFIER 
MODEL HA34 

Designed for Hi-Fi repro -_ duction of records. AC. 
Mains operation. Ready 

-. built on plated heavy cauce 
- . 

I - metal chassis, sioe 74m. w. '" 5 o 4m. d. x 41m, h. Incoe- 
r- poratesECCB3. EL84, EZ8O 

vaines. Heavy duty, double 
wound mains transformer 

and output transformer marched for 3 ohm speaker. 
sepurate Bass, Treble and volume controls. 
Negative feedback line. Output 44 watts. Front 
panel can be detached and leads extended for 
remote mounting of Controls. 
The HA34 has been specially designed for us and 
our quantity order enables us to offer 
them complete with knobs, valves. 
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Fig. 5. The control Unit 
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MEMORY LATCH 
A very useful feature which can be added at very 

little extra cost is a memory latch. This is a circuit 
which remembers if there are any callers when the 
device is left unattended. 

The circuit is' given in Fig. 4 and is seen to Consist of 
two parts, a bistable switch and a current amplifier 
similar to the one used in the basic unit. S5 is the 
on/off switch and supplies power to the bistable only. 
S6 has three positions: "Standby", "Test", and 
"Reset". It is normally left in the "Standby" position. 

To use the memory unit it is turned on by S5 and S6 
is depressed to the "Reset" position and then returned 

the "back later" lamp) and the voltage pulse across the 
relay contacts is applied to TRi via Cl, causing it to cut 
off and permitting TR2 to conduct instead. The 
circuit will remain thus set indefinitely, and further 
triggering pulses will not affect it. 

When the owner returns and moves S6 to the "Test" 
position TR3 will conduct heavily if TRi is cut off, this 
causes the relay to operate and the lamp to light, 
indicating that someone had called during the owner's 
absence. If no-one had been then TRi would still be 
conducting, its collector would be at about O volt and 
TR3 would remain cut off when S6 was moved to 
"Test". 

Constructional details will be given next month. 

Fig. 4. CircuIt diagram of the memory latch 

56 

"back later"; S3, a separate switch to illuminate the to "Standby". S6b at this point shorts TR1 base to the 
"come in" lamp; S2, a "test" switch which is wired -9 volt line via R7 thus ensuringthat the bistable has 
across the relay contacts and can be used to illuminate TR! conducting and TR2 cut off. 1f left undisturbed, 
any of the lamps for testing. Two extra switches will i.e. if no-one comes, then the circuit will remain in this 
also be required if the memory latch-to be described state permanently. However, if someone knocks on the 
later-is included in the system. door, the relay closes and re-opens (lighting, presumably, 
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beginning with the last one, i.e. the i.f. transformer 
nearest the second detector. The trace on the screen 
will depend upon the degree of error in the if, align- 
ment, the trace to be aimed for having steep sides with a 
reasonably flat top. Typical traces are shown in 
Figs. 9a to e. 

1f the receiver is badly out of alignment it may be 
found necessary to increase the input signal to begin 
with so as to obtain a reasonable deflection, the signal 
being gradually reduced as the i.f. circuits are tuned to 
resonance. This method of aligning receivers is. 

294 

with a good frequency response is necessary for viewing 
the composite video signal at the video output stage. 
Special triggering facilities are also sometimes required, 
many modern oscilloscopes providing both internal 
frame and line synchronising. 

An important point to be remembered when testing 
television receivers and many radio receivers is that they 
employ the a.c./d.c. type of power supply. The chassis 
may thus be at mains potential. As the common input 
point on the oscilloscope is normally earthed, connecting 
this point to the chassis of a receiver could be extremely 

The wobbulator signal is injectèd into the grid of the 
frequency changer, care being taken not to overload the 
receiver. If ail overall response curve is required it is 
injected into the aerial. The frequency of the injected 
signal is that of the if, of the receiver under test. 

The circuit may be set up as in Fig. 8, the output 
developed across the second detector being applied to 
the c.r.o. Y input. The wobbulator sweep is often 
obtained by applying the sawtooth waveform from the 
c.r.t. X deflection plate to the wobbulator sweep input 
socket; this also gives automatic sync. During these 
tests ensure that the receiver a.v.c. is shorted out and the 
local oscillator short circuited. 

The i.f. transformers are then trimmed in turn, 

ripple can be measured by connecting the Y amplifier 
input across the smoothing filter output, the trace 
appearing as in Fig. lOa. With a faulty smoothing 
circuit the ripple will appear as in Fig. lOb and have a 
much greater amplitude. 

A.C. coupling to the Y amplifier is necessary, 
the input capacitor blocking the large d.c. component 
of voltage and allowing the small ripple value to be 
displayed. A relatively high sensitivity setting on the 
Y amplifier is necessary. 

In the case of television receivers the waveforms are 
often much more complex, and while the linearity of the 
line and frame time base circuits can be checked on 
most oscilloscopes, an instrument having a Y amplifier 

measurement capability. The Advance OS!2 oscilloscope, with its simple control panel, is intended as an educational aid or 
systems monitor in colleges and industry. 

THE oscilloscope, when used inconjunction with a 
signal generator can prove very useful in radio and 

television servicing. With a suitably modulated signal 
injected into the receiver input, the function of each 
stage can be examined in detail. If a wobbulator or 
frequency modulated ganging oscillator is available the 
response curve of each if. stage in the receiver can be 
displayed or an overall response curve shown. 

SERVICING AID 

extremely accurate, particularly where staggered tuning 
is necessary. Only the general outline of these tests 
can be given as the procedure and set up may vary 
between different types of wobbulators and receivers. 

Similar tests can be carried out when aligning f.m. 
and television receivers, though the procedure is rather 
more involved and beyond the scope of this article due 
to space limitations. 

The oscilloscope is particularly useful when tracing 
hum troubles. The ripple on the h.t. line should be 
only a very small percentage of the h.t. d.c. level. This 

__ 
_ and ìtsapplìcatìons 

- By P. Cairns 
The two commercial instruments shown illustrate extremes in oscilloscope design. The Tektronix 547, with automatic 
display switching, is uied in specialised laboratory applications; plug-in units adapt the instrument to a wide range of 

- 0 
- 

TYPE 47 OCYLOSCOPE 
- 
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Technical enquiries fo: 

Industrial Estate, Chandler's 

CARBIC LTD.(Dept. PElo) \UEST 

Ford Hants 54 Dundonald Road, London, S.W.19 

s CORDER VALUE 
an '» ere! ,14?"; 

C j444..0, 

FABULOUS NEW TRUVOX 40- the professional 

recorder with the amateur price tag! 

Nowhere, anywhere, such fantastic value for money. 

Real 'living sound and BIG recorder performance, yet 

compact, portable, and ABC-easy to operate ! Record 

anything - speech, music, effects - up to 17 hours on 

one tape !.And positively no servicing problems-it's 
British built from top grade components; no delays 

for foreign spares or servicing know-how! 

CHECK THESE STAR FEA TURES' * 

* 3wattsoutput * 3speeds * V U recording "5! $' 
levelmeter*2or4tracks-sameprice*solid Lf 
state circuitry * 7 reel capacity even when a 

closed * full mixing facilities * monitoring All this plus 

* pause control and 3 digit counter * guaranteed 

interlocked controls * all-wood, acoustically Truvox Easy HP le,ms :' 

matched cabinet * moving coil mike tape quality for available hora 

lead, all included * . 
an amazing GNS youí T,uvoxdeale, fr 

BUILD YOUR CIRCUITS1j 

VEROBOARI 
-the Universal Wiring Board- 
obtainable from your local Retailer - 

4'_ 
Retail enquiries to: I 

NORMAN ROSE (ELECTRICAL) LTD. 
B St. Chad's Place, Gray's Inn Road, London. W.C.1 

The most accurate 1 

pocket size LLE 

CALCULATOR 
in the world 

The 66 inch OTIS KING scales give 

for free booklet, or send 75/- for 
you extra accuracy. Write today 

this invaluable spiral slide rule 
on approval with mone'y back 
guarantee if not satisfied. \\BOOKLET ON 

295 - 

E 
To: Truvox Limited, Neasden Lane, London N.W.1O. Please 

\\ rush me FREE illustrated colour brochure onlruvox 40 Recorder 
\FOR and other Truvox audio equipment Also tell me where I can 

- 
have a personal demonstration, tree and without any obligation 

' whatsoever. - 

PAGE ' 
NAME 

I 

COLOUR ADDRESS 
. i 

TBOOKLETri... PE! i 

L - 
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" 8' 

LIMITED 

Cables: SMITHEX LESQUAPE 

iz--- 3-34 lISIE STREET, LONDON, W.C.2 

296 S 

- t 

Sin., 900ft. LP. arelale . 10/- 
Sin., 1,20056. DI'. myL.. 15/.. 
bin.. 1.80016. T.)'. mylar . 34/- 
Silo., l.200ft. L.)'. ocetale . 12/6 
5110.. 1.80016. ».1'. mylar . 22.1 
SOlD. 2,40016. TP. nylar . 45/ 
7m., 1.2001t. aId, mylar .......... 12/6 
7im, 1,80036. L.)'. actaie ........ 11/- 
3m.. 1.800ft. L.)'. mylar .......... 20/- 
3)0.. 2,400ff. ».1'. mylar ......... 25/- 
7m. 3,60016. TP. mylar .......... 58/6 
Paitage 2/-. Over £3 poit paid 

SILICON RECTIFIERS 
200v. P.1.V. 200mA ............... 2:6 
200 V. 1'.I.V. 6 amp ............... 5/6 
400 V. l'.I.V. 3 amp ............... 7/6 
1.000v. PlY. 650 nrA ............ 6/6 
800 r. P.I.V. 500nrA ............... 5/6 
800 V. P.1.V. 5 amp ............... 7/6 
400 V. P.I.V. bOrnA ............... 3/8 
30 r, PLY. i amp ................ 310 
ISO V. 1'.LV. I6SmA ............... 1/- 
IMr V. PlY. 25 ao,p ...................... 10/6 
3(01 V. PlY. 100 amp ................... 4816 
400 V. PlY. 3 amp. (s.C.M.) ...... 10/- 
100v. PlY. S map. (8CR.) ............ 13/6 
200v. Ply, lamp. (14CR.) ........... 15/6 
400v. PlY, lamp. (O.C.R.) ......... 17/6 
IlincounI, for qrraniliiro. l'oit entra. 

VARIABLE VOLTAGE TE-SI NEW 
TRANSFORMERS 2O,00O(fVOLT 
Rernn.lNcac1rully$hronr1erl.1olrnt 130v. MULTI M ETE R 

I Amp ........ 04.10.0 
05.17.6 

0 / 6 00 / 120 / 

Amp1'.. s:: 
.rC. Iti 6 Amp 613.10.0 0 /3 / 30 / 60 / 300 / 

I 10 Ana, ...... 017.0.0 000 / 3,000V. D.C. 
12 .0op ...... 019.10.0 0 I 60/i.'. ¡12 / 300 
20 AmP ...... 032.10.0 8f D C 

' tcmai 
Poetable- 

O Meg. tI 
Fuuov, etc. LOf 17/ 6. 

CALLERS .. . - ' PROFESSIONAL 20.000 
o.p.v. LAB .TYPE 

WELCOME 
:Li - I. 

Wilt a.daonta. o.rIo.ol protc 
lion. opror I . 13.. . 0/10/ 

Open 9 n.m. to 5o/a50/50.jl 000 Valli, D.C. ami 
6 p.m. every day tU. lt-Soll )a.3, 10 a.'., 250 .t. 
Moodaytolaterdoy. Corerit'. 0/50 K, 200 K, COdon. l)rvllIn - 50 i' + 5) 11. 
Tende supplied. 05/10/0. P. k C. 2/6. 

MODEL TE-12 
20.000 O.P.V. 0/9.6/ 
6/30/120/000/1,200/ ¿'V- "l 
3,000/0.000 \. D.C. 
0 /6/30/120/600/ 
1,200 V. LU. O / 

OOyaA/6/60/600 M.'.. " 

0/6K/600K/6 Meg.! 
60 Meg. a so rv. 

.2 MFD. 25.19.6. 
P. .6 1'. 3/6. 

NEW M 500. 30,000 o.p.v. With 
mirror avale. 01.1111 

B .., 24/10/22/100/250/ 
'V 500 /1,0000. D.C. 

r 
(. . o / 2.5 / 10 j 25 / 

(I I . 100 / 250 500/ 
I / 1,000,'. A.C. 

0/SO1iA/3/50/ 
sOOm.'.. 12 amp. 
D.C. 
0/60K/O Meg./60. 
Meg LI. 08/17/0 
l'oit raid. 

.4/li plonF. & P. A/j. 

MAIN LONDON SINCLAIR TRANSISTOR AMPLIFIERS 
AGENTS FOR Z12 .4/mpiiiier 99/8; ZIl Poner Peek 79/8; Stereo 22 Fec. 

EQUIPMENT. Amplifier £919.8; Micro IM Radin Kite £5.198; Micro 

.4/il items nvailable ne Radio Kit 59/8; Mirro,00tk Radin Kit 59/6. ceo.i buiii 
advertised 79/8. Post Paid. 

TRA N SISTO RISE D 
TWO-WAY 
TELEPHONE 
INTERCOM. 

ri IL Operative over amaxingly 
M l.l long diot.oneeo. Separate 

i ¿4 call and preso io tujI 
button,. 2.wire connection. 
lOtion 01 applicatiøno. 
Beaulilally 0nibed isa 
ebony. Supplied complete 
njth batlerieo ond wall 
brochais. 
£610.0. peAr. P. A P. 3/6. 

MAGNAVOX 363 TAPE DECKS 
New 3-speed tape sleek, supersedes obI 
Coilaro studio elect. 2.track £1010.0. 
4-track 113.10.0. Carr. Paid. 

AMERICAN TAPE 
First grade quality American taper. 
Brand neu. Diocoonls for quantities. 
Mo., 223f i. LP. arriate ........... Ç. 
alio.. HOlt. TP. mylar .......... 10/- 
Sin., 60011. ciel. plasiic .......... 8/8 

2.WAY RADIOS 
itoperb quality. Bran,t 
sew and guaranteed. 
3 Transistor 60.15.0 pr. 
4 Transistor ¿7.19.8 Pe. 
3 Transistor £8. 4.0 pr. 
o TransistOr ¿9.19.8 pr. 
6 TransIte Lune ¿17.10.0 
pr. 10 Teanhiatoe £2210.0 
pr. 13 Trans. 100MW 
£3110.0 pr. 13 Trans. 1W 
¿35.0.0 pr. Foot entra. 
These CeanW be operated 
in U.K. 

MODEL ZQM TRANSISTOR CRICKEt 
lt bao thc fullest eu. 
paeity tar checking - 

on A. B und le,,. 
Equally suioptabic 
for checking dimies, 
cte. Spec. A 0-7. 
0-9967Th 3.200 Ices - 
0.58 nsierOan,pc, 8.3 
riA. Resistente for 

linde 200G -- 1 
MEO. Supplied complete -itls iristructiasro. 
battery and lewis. £6119/i. 1. & I. 2/ti. 

900 Megohms. Aleo cheeks 02K/200K/30 MEO. OHM. 112/19/8. 
inspedance, turne ratio. - 

Insulation 200/2.50v. AC. P. A P. a/-. 
Brand Hen £15. Cacr. 7/6. - 

TEll SINE SQUARE WAVE * TRANSISTORISED FM TUNER * AUDIO GENERATORS TRANSISTOR 
Shee20epsto200 .12/e HIGH QUALITY 

Ois. - oconisn.tor. Ample 
: -r 

uppli d B eat pitO Ope tes 
Nra and Guaran. ,,n9 voit battery. Coeeessgr 98.109 MCI.. Ready 
teed o-lIb inotruc. built rea,ly foe lee. Fantastic v'.tlsse for honey. 
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Brand near. 222.10.0. Carr.10/'. Complete with inutruetlonn 
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9 s. battery. Complete - with unldltionulsccret tir. 
clip n.fcrophone. Lint 
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In the case of Lissajous figures, ope frequency is 
applied to the Y input and the other to the X input, the 
appropriate gains being adjusted to give a similar 
deflection in each plane. The resultant pattern 
obtained will depend upon the frequency difference 
between the signals. Normally one signal is of a fixed 
known frequency, say 50Hz, and the other unknown and 
variable. When the unknown signal frequency is 
adjusted to give a circle on the screen, both signals are of 
the same frequency. 

As the variable frequency is increased various 
patterns are obtained, the frequency ratio between the 
two signals being found by counting the number of 
"crowns" in the pattern. In practice this method is 
generally only usable for a frequency difference of about 
six-or eight to one as the number of "crowns" becomes 
difficult to count due to the pattern tending to revolve 
as one or both of the oscillators drift slightly. This 

000 QOO 
(b) (c) 

QQoggg - 

(d) (e) (f) 

Fig. I I. Typical Lissajous figures showing relative frequency 
ratios (a) I : I; (b) 2: I; (c) 3: I; (d) 4:1; (e) 3:2 (f) 34 

dangerous. Some oscilloscopes overcome this to a 
certain extent by means of an internal link which can be 
removed so as to isolate the common input line from 
chassis and earth. Another and simpler method is to 
connect a 1: 1 ratio isolating transformer of suitable VA 
between the receiver under test and the mains. 

LISSAJOUS FIGURES 
One very important application of the oscilloscope is 

in frequency measurement and comparison. This can 
be carried out by means of either Lissajous figures or 
spot wheel patterns. In both of these applications the 
time base is dispensed with. 

method is extremely accurate however as errors as low 
as a few cycles per minute can be observed, the oscil- 
lators being exactly in step only when the pattern 
remains completely stationary. - 

This system can be conveniently used when 
calibrating an unknown variable frequency source 
against a known fixed or variable source. Some 
typical Lissajous figures are shown in Figs. Il a to f 
with the frequency ratios they represent. The pattern 
for a particular figure may appear to change, the 
appearance of the pattern depending upon the point at 
which it is "locked" on the screen. 

A 
(o) c.r.o. time base sweep (b) overloading of ¡.f. (c) good broad response (d) linear trace with cor- 
speed too slow. Increase stage. Reduce input drive curve. Overo Il effect of rect sweep speed. Good 
sweep speed until trace is staggered tuning as re- overall response curve 
linear quired by some receiverg 

jr\ 
(a) slight h.t. hum ripple (b) aggravated ripple due 

(e) effect of off-tuning to faulty smoothing circuit 

Rg. 9. Typical traces obtained 
using the set-up os in Fig. 8 Fig. IO. Comparative exam ple of ripple voltage 

i i c.R.T 
SECOND 

I 
OUTP I FREQUENCY 

X PLATE 
IDE'rECTOR AERIAL OR 

I CHANGER 

COMM. Y I cs*ssis 

1JRID 

Fig. 8. Test set-up for checking or aligning the i.f. stages of a receiver 

: 

c.R.o. - 

WOBBULAThR i I RECEIVER 
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- . 

Fig. 12. Test set-up for producing spot wheel patterns 
j 

- 

/ 

f 
f ç -f \ /-\ 

,) -' 
. J 

f2=2Xf1 f2-6Xf f2=t2Xi 

Fig. 13. Some typical spot wheel patterns using the set-up.as in Fig. 12 

 C.R.O. 

'i__[ 
J 

INTENSITY 

KNOWN I 

__ 

FREQUENCY I 

90 P$4A5E 

SHIFT 0 

L©F 
OR i MOD0 

FREQUENCY 
SOURCE L0 UNIT . cout y m SOURCE 

_________ 
fi 

O_LI 
Q 

i I 

at a high potential with respect to earth. When the 
amplitude of this signal is increased a nùmber of blank 
spaces will appear symmetrically in the circular trace, 
the number of spaces (or sections of trace remaining) 
represents the ratio between the known and unknown 
frequencies. 

The action of this circuit is quite straightforward. 
When the unknown frequency is applied to the grid of 
the c.r.t., every negativehalf cycle blanks the trace out 
asthe tube will be driven past cut-off during this 
period. Similarly, with the signal applied to the cathode 
each positive half cycle cuts the tube off. Thus, each 
complete cycle is represented by one space and one 
section of trace. This method can be used quite 

nected in all such circuits as the tube could be damaged 
if the grid were repeatedly driven positive over long 
periods. Cl gives the necessary d.c. isolation between 
the input point and the tube electrode circuit. When 
viewing spot wheel patterns the brilliance should be 
turned as low as possible. A signal of at least 10 volts 
r.m.s. and preferably larger is necessary to modulate the 
circuit described., Some commercial oscilloscopes 
include an internal intensity modulation amplifier to 
allow much smaller values of modulation signal to be 
applied. . 

I. An Inexpensive Oscilloscope (March, April and May 
i 965). 

c.r.t. First the known frequency signal source is fed 
into the phase shift unit, again the 50Hz mains is a good 
basic reference. The phase shift unit should have, or be 
adjusted to, a 90 degree shift. The two output signals 
with this 90 degree phase difference are then fed into the 
X and Y input terminals on the c.r.o. If both gain 
controls are adjusted to give the same sensitivity, a 
circular trace results. 

The unknown frequency is then fed into the intensity 
modulation terminal on the c.r.o. or if one is not 
available it can be fed via a 0 lauF capacitor to either the 
grid or cathode of the c.r.t. The capacitor should be of 
suitable voltage working as the tube electrodes may be 

Z MODULATION 
A simple modification to the oscilloscope designed 

by the present writer and pablished in this periodical1 is 
shown in Fig. 14. This allows an intensity modulation 
¡nput point to be added for the addition of only three 
components. This circuit may also be used on many 
other oscilloscopes which do not include an intensity 
modulation point. 

The purpose of Rl is to give some isolation between 
the input signal to the grid and the e.h.t. d.c. supply. 
The clipping diode Dl prevents the grid being driven 
positive on positive half cycles. This should be con- 

SPOT WHEEL PATTERNS 
The spot wheel method can be used over a much 

larger frequency ratio and is simpler to compute. The 
spot wheel pattern is obtained by means of an external 
phase shift circuit and intensity modulation of the 

successfully with frequency ratios up to 30: 1 or even 
higher. A stationary trace represents ad exact ratio; 
with a slight frequency difference the trace appears to 
be slowly revolving. A typical test Circuit is shown in 
Fig. 12, while some resultant patterns appear in Fig. 13. 
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and O is by no means linear and that the extreme case O 

Fig. 16. Circuit diagram of phase shift unit approaches 180 degrees, requiring R to approach 

301 

Fig. 15. Measurement of stepped function rise times 

MA 

,L Okfl 
R3 

TO X INPUT 
50 

INPUT 

COMM. 

-o 
COMM. 

complete Circuit with component values is shown in 
Fig. 16. 

The action of the circuit is quite easy to follow, the 
phase shift in the voltage across the Cl-Ri divider 
occurring due to the presence of the capacitive reactance 
in the resistive circuit. A phase shift of exactly 90 
degrees will occur when the reactance of the capacitor 
at 50Hz) Cl is equal to the value of the resistor Ri. 

The phase angle is reduced as Rl is decreased in 
value, the reactance of Ci then being greater than the 
value of RI. The circuit and vector diagram in Fig. 19 
shows the function of the circuit quite clearly. Referring 
to this diagram shows that the1 output voltage V is of 
Constant amplitude but lags the supply voltage E 
by an angle O which depends upon the value of R. It 
can be seen from the figure that in the relation between R 

MARKER PIPS DUE ID IITENSITY 
MODULATION ON WAVEFORM 

RISING 

switched in as required. This makes rise and duration 
(a) times in pulse measurements much simpler and obviates 

the use of an external signal source. 

PHASE SHIFT NETWORK 
The writer has at various times in this article 

advocated the use of a phase shift network, such a unit 
being very useful in oscilloscope work. A suitable 
circuit which can be made intb a very compact unit will 
therefore be described. The circuit is adjustable in 
phase between O degrees and approximately flO 
degrees, both outputs also being adjustable in amplitude 
being sufficient to drive both X and Y amplifiers of the 
majority of oscilloscopes. 

The circuit is driven from the 50Hz mains supply, 
this being the reference frequency. The circuit could 
however be driven from a variable frequency source of 
sufficient output though the capacitor would have to be 

(b) decreased in value as the frequency was increased. The 

Fig. ¡4. Modifications to oscilloscope-for the addition of 
an intensity modulation In put 

sections) are then counted, this being the rise time of the 
slope in 1us. Normally the rise time is taken as that 
part of the slope lying between -10 per cent and +10 
per cent of the maximum and minimum peak values, 
this is shown in Fig. 15a. 

To measure such a rise time by dropping two lines 
from these points (A and B) to the time base scale and 
trying to measure this on the time calibration is not only 
difficult but tends to be rather inaccurate, whereas the 
method described is as accurate as the frequency of the 
intensity modulation signal. For faster rise times this 
signal can be increased as high as 10MHz (0Is), for 
slower rise times a 100kHz or 500kHz. I.e. (10us or 
2us) signal may be used. 

Some oscilloscopes, particularly those designed for 
pulse applications, have one or more intensity 
modulation oscillators built into the c.r.o., these being 

Rl 

EXISTING 
CIRCUIT 4lOkn T 

To 

D1 

OlF 

INPUT TERMINAL 
OR SOCKET 

horizontal direction. With the c.r.o. working in the 
conventional manner and a stepped waveform or 
square wave displayed on the screen, the time base and 
Y amplifier gain controls are adjusted to give a picture 
similar to that in Fig. 15a. To measure the rise time a 
signal of appropriate frequency and of sufficient 
amplitude to intensity modulate the c.r.t. is applied via 
the intensity or Z modulation terminal. If the rise 
time is in the us region a 1MHz signal would be 
suitable, i cycle being equal to leus. A series of gaps at 
1us intervals would thus appear on the slope of the 
waveform as in rig. 15b. The number of gaps (or 

\ C.R.1. / Intensity modulation can also be used for the accurate 
measurement of stepped function rise times, particularly - where the time base sweep speed is not fast enough to 

I expand the step into a measurable slope in the 
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iS 

(m) 90 degree phase shift of X (n) Spot wheel pattern where (o) Spot wheel pattern where 
and Y input f2 5 '< f1 (see text) f. -r- 20 xf1 (see text) 

'f 

J 

Ì, 

'J 

(j) Lissajous pattern showing (k) Lissajous pattern showing (I) Small ongle phase shift due 
2: I frequency ratio 3: I frequency ratio to reactive circuit 

(g) Slight I.f. reduction due to (h) 50Hz hum on h.f. carrier 
a.c. coupling - 

(i) 100Hz ripple on h.t. line 

(d) Integrated square wave. 

\.H 

7.... 
r 

(e) Differentiated square wave (f) Slight h.f. reduction with 
parasitic ringing 

(o) Sine wave in put 

P L 
(b) Square wave in put (c) 2Oms marker pulses (Ims 

wide) derived from square wave 

Fig.20. OSCILLOGRAMS 
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B S R Tape deck 
AC 200/250v., tape speed 3 twin 
track. - 

Special price £5.19.6 & 
Post and packing 716 

8' X 5 Speaker to Suit. Price l4/6 pIus 1/6 P. & P. Crystal Mike to 
suit 12/6 plus 1/6 P. & ' 
GEC KETTLE ELEMENT 
3,000W WITH AUTOMATIC EJECTION 
200/240v. Size of hole requited I -. List 
Price 32/-. Our PRICE 15/-. P. & P. 1/6. 

i 
Alsoat 

RADIO AND T.V. COMPONENTS (ACTON) LTD. 323 EDGWARE ROAD, LONDON, W.2 I 
2ID HIGH STREET, ACTON, LONDON, W.3 . Early closing Thursday I 

Shop hours 9a.m. job p.m. Early closing Wednesday. Goods sot despatched outside U.K. PERSONAL SHOPPERS ONLY 
All enquiries stomped addressed envelope. Terms C.W.O. - All orders by post must be sent tç our Acton Address 

SPECIAL OFFER. 7 >. 4' P.M. 
Speaker at no extra charge. Power supply 
kit to purchasers ot'Elegant Seven' parts, 
incorporating mains transformer, rectifier 
and smoothing condenser, AC. mains 
200/250 volts. Output 9v. 100 mA. 7/6 
extra. 
Buy yourself an easy to build 7 transistor 
radio and save at least 810.0.0. Now you 
can build this superbi transistor superhet I 

ONLY 
radio tor under 84.10.0. No one else can 

I £4 4 O offer such a tantastic radio with so many i 

de luxe star features. Plus7/6Post&Packing * De luxe grey wooden cabinet size 
124' X 84' x 39" * Horizontal easy to read tuning scale printed 
grey with black letters, size 119" X 2". * High 'Q' ferrite rod aerial. * l.F. neutralisation on each separate stage. * D.C. coupled push 
pull output stage with separate A.C. negative feedback. * Room 
filling output 350mW. * Ready etched and drilled printed circuit 
board back printed tor foolproof construction. * Fully coml4rehensive 
instructions andpoint to point wiring diagrams. * Car aerial socket. * Fully tunable over medium and long wave, 168-535 metres and 
1250-2000 metres. *All components, fWrite rod and tuning assembly 
mount on printed board. * Full atfer sales service. * Parts list 
and circuit diagram 2/6, tree with parts. 

ACMains GEC DOORBELL 
230/25Ov F complete 
with pull 

:. Complete 
sse itch. with mains 
Sire 6 transformer 
6" 24OvACand 

.!!!!1.11 
Price 27/h 

EXTRACTOR FAN illuminated 
plus bell push. 

Price 12/6 
plus 

8-WATT 4-VALVE 
5/6 P. & P. 

PUSH-PULL 
AMPLIFIER& Metal RECTIFIER ____________________ 

I 
Siae 9" 6 I . AC. Mains, 201)-250 y. 4 
valves. For use with Std. or LP. records. 

- musictI instruments. All makes of pick-ups 
and mikes. Output 8 watts at 5 per cent of 
tosai distot lion. Separate buss and treble 
lift Control. Two inptuss, with controls for 
gram. and mike. Output transformer tapped 

for 3 and 15 ohm speech Coils. Built and tested. 84.4.0. P. & P. III-. 

Size 5'x 3 :11. For IF and RF align- 
ment and AF output, 700 c/s frequency 
coverage 460 Kc/s to 2 Mc/s in switched fre- __kiI quencies. Ideal for alignment to our 
Elegant Seven and Musette. Built and 
tested. 39/6. P. & P. 316. 

TRANSISTOR INVERTOR 
50v. D.C. Input. Output 240v. AC. 40 

1 

watts incorporating transformers, choke, 
- condensers and 2 Mullard 0C28 in solid 

t6gaugeAluminium Case. Size l5x6x2' 
by famous manufacturers. 19/6 plus 7/- 
P. & P. 

40W FLUORESCENT LIGHT KIT 
Incorporating GEC Choke size 8r.-: I,: 
I 1. 2 bi-pin holders, starter and starter- 
holder. 11/6. P. & P. 5/6. 
Simitar to above: 80 W. Fluorescent 
Light Kit incorporating GEC Choke size 
I I: Ir: I', 2 bi-pin holders, start and 
starter holder 17/6. P. & P. 6/6. 
Twin 40W Choke instant start for 2,:2 ft. tubes 17/6. P. & P. 5/6. 

Special offer 

ELEGANT SEVEN mklla 

TRANSISTORISED 1+ WATT AMPLIFIER 

comprising 2AC 128, 20C 75 and.2 AAI29 
separate bass and treble volume control. 
Complete with Power Supply AC mains 
240 y. Size 7 -3x 2. Price 50/- plus 

.2/6 P. & P. 

POWER SUPPLY KIT 
AC. MAINS 200-250 V 

transformer, full wave nietal iectifica- 
Incorporating "C" core type mains 

for Heaters. 25/-. P. & P. 9/6. 
output 250 v.250 mA and 63v. 4 amp. 
tion and smoothing condenser. Smooth 

FIRST QUALITY P.V.C. TAPE 
5 Std. 8501t,. . . 9/- 5' IP. 8501t. .. 10/6 
7 Std. l200ft. .. 11/6 3' TP. 600tt... 10/6 

I-1 
3 LP. 240ft. . . 4/- Y T.P. I800ft. .. 25/6 5' LI'. I 20(lft... 
7 LI'. l800ft. .. 

11/6 
18/6 

S' TI'. 2400ft. . . 

7" TP. 3600ft... 
32/6 
42/6 

Vif 5 D.P.I800ft. .. 18/6 4 TP. 900tt... 15/- 
I'. & I'. on each 1/6. 4 or more post fice - 

POCKET MULTI-METER 
Size 3 : 2 t ¿in. Meter siye 2 :: I fin. Sensitivity 
1000 O.P.V. on both AC. and D.C. volts. OIS, 
0150, 01000. DC. Current Ol5OmA. Resistance 
0100k t. Conìplele with test prods. baltery and full 

42/6. I'. & P. 3/6. FREE GIFT for instructions, 
limited peiiodonly. 30 watt ElectriC Soldering tron 

- value IS/-to every purchaser ofihe Pocket Multi-Meter 

3 to 4 WATT AMPLIFIER 
CV LDO N 

U.HF. TUNER 
3-4 watt Amp- complele with 
lifter built and PC.88 and 
tested. Chassis PC.86 Valves. 
size 7 x 3 x Full variable 
lin. Separate tuning. New a bass, treble and unused. 

and volume control. Double wound 
mains transformer, metal rectifier and 

Size 4g". 5' 
X I. Com- 

output transformerfor 3 ohms speaker. plete with cir- 
Valves ECC8I and 6v6. £25.0 plus cuit diagrani. 
5/6 P. & P. The above in Kit Form, 35/- plus 3/6 
£1.146 plus 5/6 P. & P. P. & P. 

NEW Transistorised SIGNAL GENERATOR 

MULTIPLEX DECODER for receiv 
Now is your chance to benefit in full 
from the new B.B.C. stereo trans- 
missions with our Multiplex De- 
coder. Design features: Highly 
efficient Mullard vinkor pot cores. . 

Two senticonductor diodes. Double 
/ 

purpose valve. Printed circuit type ' I 
construction high input impedance. 
Specification: Cross talk minus 26 
dB at I kc/s. Input requirements 
05-15 RMS. Stability plus or 
minus 01%. Voltage requirements - - - 

HT. 190-250 vOlts. D.C. at S ma. 
Heaters 63 volts AC. at 300 ma. Self-powered unit 
price to he announced. Size 5' :: 3 . Fully 
price £4. 4. 0 plus 3/- P. & P. charges. 

ing Stereo FM 

shortly available. 
built and tested, 

Type E MOTOR 
Small AC. mains motor 
230/250 volts complete 
with gearbox. 6 r.p.m. 
Price 15/- plus 4/- P. & P. 
Similar to above motor 
but without gearbox. Price 
9/6 plus 3/ P. & P. 

SILICON 

RECTIFI FRS 

250 y. Ply. 
750 milliamps. 
Six for 7/6, 
Post paid. 
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 WALPOLEHOUS[,173/176SLOANEST.,LOMDONS.W.1 

Telephone: Belgravia 8662 
INTERNATIONAL DIVISION OF CAPITOL HADlO ENGINEERING INSTITUTE WASHINGTON D.C. 

IPlease send me (for my information and entirely without obligation) full details 

i of the educational programmes offered by your institute ................................ 

Send, details of the City & Guild Programme .............................................. 

Name..................................................................................................................... 
i 

JAddress 
I 

I 
I 
I 
I ElectronicsExperience I 

I I I...................................................................................................................... I 

I CREI. (LONOON) (DEPT. PE4 ) WOLPOLE HOUSE. 173-176 SLOANE STREET, S.W.1 I -------------- -I 

One rearo guarantee. Money refunded if ,s taut f,ed. Send fer datoSi,. 
A. B. PARKER, Whoatcroft Works, Wellington St., Batley, Yorks. Tel. 3426 

BAKER 15 in. BASS AUDITORIUM LOUDSPEAKER 
A high wattage loudspeaker oF exceptional 
quality with a level response to above 
8,000 c.p.s. Ideal (or all systems requiring 
high output. New sIim style only 6m, deep. 
Maximum Power 35 watts Available 
Bass Resonance 36-42 c.p.s. from all Flux Density 15,000 gauss 
Voice coil diameter r Radio & (I Voice coil impedance 5 ohms Hi-Fi 
Voice coil material Copper Dealers Useful response 20-12,000 c.p.s. 
Cone surround Roll £18 Macnec material Ceramic 
Overall diamecer 15f Post Free 
Send for New catalogue and enclosure plano 

Baker Reproducers 'Ltd 
(DEPT. P.EJ6) 

Bensham Manor Road Passage, Thornton Heath, Surrey. THO 1665 

'I 

Industrial Electronics for Automation 
Computer Systems Technology 
Nuclear Engineering 
Mathematics for Electronic Engineers 
Television Engineering 
Radar Et Servo Engineering 
City & Guilds of London Institute: 
Subject 49 and Supplementary Studies 
Subject No. 300 

Write for free brochures to.' 

: CR.E.I. (London) (Dept. P.E4.) 

PARKERS SHEET 

METAL FOLDING 

- MACHINES - 
HEAVY VICE - 

MODELS . ,.. 

With Bevelled Former Bars 
Cerr. Iren 

No. I. Capacity IB gauge mild steel a 36in. wde ......... £12.100 
No.1. Capacity 18 gauge mild steel a 241n. wide ......... 673.0 
No. 3. Capacity 16 gauge mild steel a Bin, wide ......... £75.0 
Also new bench models. Capacities 48m. a 18 gauge £40. 36m. a 18 gauge 
£25. 24m. a 16 gauge £24. Carriage free. 
End folding attachments for radio chassis. Tray and Box making for 36m. 
model. 5/6 per It. Other models 3/6. The two smaller models will form 
flanges. As supplied to Government Departments. Universities. Hospitals. 

we can list the countries 
All over the world students know that 
CREI HOME STUDY COURSES are sup- 
plying the answer to their need for 
advanced Technical Education in the field 
of Electronic Engineering Technology. 

CREI PROGRAMMES ARE AVAILABLE IN: 
Electronic Engineering Technology 

LW.. MW., 8W., P.M. ami Denn,. Aligned end tested. Tone Control. 1000.1000 
M.: 220550 M.: 88-199 MCI,: 011 Sic/a. RESO reet., Edili. EF89. EABCOO. 
EL84. ECC85. 3-ohm speaker required. 9 a 6m. Elilptleol 8peaker 25/-. 
TERMS: 25.5.0 down and b monthly payments of 22.5.0. Total H.P. price 
218.10.0. CircuIt diagrans 2(6. V.i.P. DIpole 12/6. Feeder Od. yd. Cnie, to 
N. Ireland 20/. extra. 

NEW 6 PUSHBUTTON STEKEOGRAM CHASSIS 
MW; OWl; 9.W.2; VHF; Gram; Stereo Gram. Two separate channel, for 
Stereo Gran: .16k balance control. Also operates with two speakers on Radio. 
Chassie size 15X I'X 61' high. Dial cream end red ll')( 3'. ECC85; ECH81; 
EFOD; 2n ECL86; EM84 and Reet. 190-310M; 18-31M; 60-187M; 88.100 me/s. 
Price £1919,9 carr. paid or LS_la_o deposit end b monthly payments of 56/0 
Total H.P. price 220.15.6. Carriage to N. Ireland. 20/. entra. 

GLADSTONE RADIO 
66 ELMS ROAD, ALDERSHOT, Hants. 

(2 mins.from Station and Mazes.) Aidershot 22240 
CLOSED WEDNESDAY APTERNOON CATALOGUE 3d. - 

BULK ENQUIRIES INVITED FOR EXPORT 

LT i 

(MINUS X) 
ALPHABETICALLY... 

we can list the names 

GEOGRAPHICALLY.... 

* 6 tranrators and diode. * t5ßmW. * Saperhet. Fcerile rod aerIal. 
* Component positions and references printed on back of board. * Wooden 
cabinet. lix?) X 3) In. * Vinyl covered. * 6X din. speaker. * Booklet 
2/-. Free with kit. * Lining up cercler. * All ;arte'cappfted e.pv'ntelr. 
WrIte for list. SAE. please. VT9 or PP.9. (3/9 with kit). 

COMPLETE SET OF PARTS ONLY £4O.O 
01f FULLY BUILT *8.7.6 Tc k Caer. Paid (PLUS 5/- POST) 

AM/FM (V.H.F.) RADIO GRAM CHASSIS £15.150 

- 

ChassIs sise 15 s 6) z Oho, high. New osanuioctare. Dial 14) o 4m, in 
ccearn and red. 200.150v. A.C. Only. 
Pick-up. Est. Speaker. Ac.. E., and Dipole Sockets. Five pushbuttons- 

HThe SUPER 6 

/\I 
E7 

_____ LONG AND MEDIUM WAVE .' 

I TRANSISTOR RADIO 
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actual oscilloscope traces. These oscillograms 
illustrate very clearly some of the points and oscilloscope 
techniques discussed in this article. These records 
were taken at various times, no special apparatus being 
used other than the test circuits described in this 
article. 

lt is' hoped that this rather brief summary of the 
oscilloscope and some of its more everyday applications 
show that it is not simply a device for "viewing wave- 
forms" but an extremely versatile and reliable instru- 
ment capable of a relatively high degree of accuracy. lt 
can be used to carry out tests and achieve results which 
would be possible on no other instrument, its limitafions 
often being simply the limitations of the user., * 

BBC Handbook 1987 

THIS compilation of facts and figures, provides an 
informative guide to the structure of the BBC and its 

programme services and engineering. This latter section 
describes briefly the transmitters used on the broadcast 
bands and. includes comprehensive lists of the frequencies 
and channels used, with practical tips on achieving 
optimum reception. Coloured maps provide the locations 
andseryice areas of BBC-1 and BBC-2 television channels 
and vhf, regional sound radio stations. 

Containing 264 pages of information with a considerable 
number of photographs, this handbook is available from 
the BBC Publications Dept., 35 Marylebone High Street, 
London, WI. - price 7s 6d. 

Fig.'19. illustrating the function of the phase shift unit 

used the finish of the first winding must be taken to the 
start of the second winding. 1f they were connected in 
reverse order, no output'would result due to the wind- 
ings being in opposition. This unit, when completed 
and calibrated, is not only very useful for general 
oscilloscope work but may also be used for demonstra- 
tion purposes. 

OSCILLOGRAMS 
Finally a number of oscillograms are shon in 

Figs. 20a to o, these being photographic records of 

Kosygin was accompanied on his tour by the Minister 
of Technology, the Rt. Hon. Anthony Wedgwood Benn, 
M.P., and Sir Leon Bagrit, Chairman of Elliott Auto- 
mation. The visit was part of a very full programme of 
engagements on February 8. 

arger R.S.G.B. Show 

THE R.S.G.B. International Radio Engineering and 
Communications Exhibition is to be enlarged and held 

this year at the Royal Horticultural New Hall, London, 
S.W.1. 

The new venue will provide twice the space of previous 
exhibitions and Government services are expected to give 
support.. 

The dates to note (earlier than usual) are Wednesday, 
September 27 to Saturday, September 30 inclusive. 

I 

beginning of this article, see Figs. 2d and e. 

While the transformer used is shown as a 12 volt 
heater transformer with a centre tapped winding, a 

transformer having two 63 volt windings could be used, 
the windings being connected in series and the centre 
tap taken from the junction. If such a transformer is 

industry or the armed forces. - 
Particulars can be obtained from The Secretary, 

43 Grove Park Road, Chiswick, London, W.4. 

Audio Festival and Fair 
THE Audio Festival and Fair will be held at the Hotel 
Russell, Russell Square, London, W.C.l from 

March 30 to April 2. Tickets may be obtained free of 
charge through the usual retail shops. 

Russian Premiei' sees BriLish Electronics 
IN response to his request to be shown the most advanced 
lautomation equipment in Britain, the Russian Prime 
Minister, Mr Alexei Kosygin was invited to tour the 
Borehaniwood factory of Elliott-Automation where 
exhibits of particular interest to Russia were assembled 
including microelectronics, space research and laser 
applications. 

Highlights of the exhibition were the microminiature 
920M computer and part of the blind landing system for 
the Anglo-French Concorde supersonic airliner. Mr 

common feature of many electrical circuit responses. 
The value of Rl was chosen so that at maximum 

value it was greater than the reactance of Cl, thus 
allowing phase shifts of greater than 90 degrees to be 
obtained. The amplitude of the output voltages to the 
cro. are individually adjustable by means of R2 and 
R3. With these voltages set to give equal deflection in 

both vertical and horizontal planes on the c.r.t. screen, 
and the phase shift control, set to exactly 90 degrees, a 
circular trace will be obtained, If the phase shift 
control is varied above and below this point an ellipse 
having various magnitudes of minor axis will be 
observed. The phase shift control can be calibrated by 
means of one or both of the methods described at the 

Radar and EIectronics Association 

CoNGRATuLATIoNs 
to the Radar and Electronics Associa- 

tion on "becoming of age". 
Twenty-one years ago the Radar Association was 

founded at R.A.F. 60 Group Headquarters, Leighton 
Buzzard. From then the Association has steadily pro- 
gressed, and with the change of name some years ago, is 
now a fully recognised body of ex-Service personnel and 
technicians. Among the members are sorne of the world's 
greatest scientists, as well as students from all parts of the 
world and a large number of ex-members of the forces. 

Membership is open to those who have worked on radar 
or other branches of electronics for 3 years or more.An 

infinity, which is not possible. The simple circuit thus 
has certain imperfections (a non-linear scale) but it has 
beeen described because it illustrates the priniple of NEWS BRIEFS deriving the phase shift of a voltage of constant 
amplitude by exploiting the semicircular locus which is a 
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Thomas's: Pulse code modulation 
was the bain child of an English- 
man, Mr A. H. Reeves. It would be 

fair to add that this invention of the 
1930's was not capable of practical 
implementation until the transistor 
was born, and we must acknowledge 
the American parentage of this 
particular electronic marvel. 
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"Personally, I prefer live music." 

Rail can take heart from the fact 
that their passengers do not (it seems) 
require any such sweet sounds to 
cajole them to board the London 
bound express. Something here, 
methinks, for the BR publicity 
people to turn to good account. A 
chance for some real oneupmanship, 
if they are ieal/y clever. 

mental work into the resounding 
practical achievement of long distance 
communication without wires. That. 
was in 1896. 

Today the Post Office (despite 
much belabouring from less informed 
members of the public) is still very 
much on its toes and ready to seize 
opportunities for sponsoring and 
exploiting new techniques. 

Currently the P.O. is pioneering 
in the field of pulse code modulation. 
Its new EM Press exchange, due to be 
operational at the end of this year, 
will be the world's first pulse code 
modulation tandem exchange. 

Another knock at our doubting 

patients in a Sussex hospital. 
A throat microphone picks up the 

snores and this signal triggers off 
a tiny pulse generator strapped to the 

SJp 

r 

from cassette type tape recorders 
operated by the cabin staff. 

I was at first a little mystified by 
the official statement that ". . . light 
music is to be played before and after 
take-off. BEA cabin staff will ensure 
that the music IS turned off when the 
aircraft is airborne." Then it dawned 
on me. Just a short spell of sweet, 
soothing soporific music to carry us 
over those anxious moments as our 
aircraft shrieks down the runway. 
(Even seasoned air travellers will 
admit to a certain apprehension 
during these few moments). 

From Ringway, back to Picca- 
dilly, Manchester: perhaps British 

business men, Mr Sarnoff stated that 
Britain stands on the threshold of 
its greatest era of prosperity since 
the Victorian age-provided it makes 
full use of izew cOm,nunications aiiil 
information tecinlolog)'. 

Let me remind the faint hearts 
and doubters amongst us that we 
have not done so badly in the field 
of communications in the past. lt 
was due to the encouragement and 
financial backing from the British 
Post Office that young Marconi 
was able to develop his early experi- 

I don't know how many cases 
in the divorce courts stem from one of 
the partners' habit of snoring. 
If of sufficient repetition rate and 
peak audio power, this kind of 
interference could I suppose be 
considered to constitute a form of 
cruelty and lead to the dissolution 
of the marriage. 

However, should you be añ inveter- 
ate snorer, do not despair that your 
marriage will end on the rocks 
there is hope in the form of an elec- 
tronic device now being tested on 

month. But the British traveller is 
not always so adamant ¡ri his objec- 
tion to background music. Appar- 
ently his views change remarkably 
when he takes to the air. 

In response to popular demánd (!) 
'British European Airways will as 

from this April play recorded music 
to their passengers both before and 
after take-off. Trident and Comet 
aircraft have been equipped to 
provide this new service. Light music 
of the "My Fair Lady" type (pops 
are definitely out) will be reproduced 

selling technology as the key factor 
in ur future prosperity? There are 
certainly plenty of critics who listen 
disbelievingly to pleadings that we 
must strive and make even greater 
efforts in this field. 

If such unbelievérs fai! to be 
swayed by the urgent 'voices crying 
out in their own country, maybe 
they will heed the words of an out- 
sider. Here I am referring to Mr 
R. W. Sarnoff, President of the 
Radio Corporation of America. In 
a recent address to a group of British 

Kosygin with a Pye Pocketfone 
system during the Soviet P.M.'s 
visit to Britain. A symbol of some 
significance, let us hope. 

MARRIAGE COUNSEL 

Since electronic computers are now 
entering the field as matchmakers, 
it behoves electronics technology 
to do all in its power to ensure the 
permanency of the marriages it 
may have instigated. 

a mental block against snorin. 
Eventually the apparatus can be 
dispensed with but the effect con- 
tinues, so they say. 

Just another of electronics' gifts to 
humanity. 

TAKE-OFF TRANQUILISER 

The well meaning attempt by 
British Rail to entertain their pas- 
sengers in main line termini has been 
badly received, as I mentioned last 

'u, 

COMMUNICATIONS THE KEY 

Are our political leaders over- 

A final thought on communica- 
tions brings me back to politicians 
again. Surelyitwasaninspiredgesture 
for our Prime Minister to oresent Mr 

particles 
JOHN VALENCE 

patient's arm, and an electric impulse 
is reëeived. It is claimed that the 
"shocks" are not strong enough to 
wake the nerson. but they do set un 

detached 
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The World-wide reputation of Seiko won them the I on the reverse. This after is available 
honour of producing all the high-precision timing to U.K. readers. 
equipment for the 1964 Olympic Games. 
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Seiko World Timé Watch 
Now made available to readers of PRACTICAL ELECTRONICS for £21 9 6d. 

WITU A 100% MONEY-BACK GUARANTEE 

IF NOT COMPLETELY SATISFIED Please send mé a SEIKO WORLD TIME 
SEIKO watches are precision time- I WATCH. My remittance is enclosed and 

keeping instruments produced with understand it will be refunded ¡I I am 
I 

painstaking care under a strict quality not corilpietely satisfied. 
I 

control system. NAME - -- I 
The SEIKO WORLD TIME AUTOMATIC 

- - 

gives you at any time of day or night, the ADDRESS I 

exact time in 24 of the worlds leading i 

i 

capitals, as well as Greenwich Mean 
-- z - Time and the date of the Month. This 

- 
_ i 

17-jewelwatch has a built-in antimagnetic i 
i hairspring, unbreakable mainspring and 

full rotor finely poised over six ball i iues and postal orders must be 

bearings, and is shockproof. It is fully 
crossed and made payable to Watch 

I Division, WSR Limited, Dept. E, 30132 I 
guaranteed to give you accuracy, 

i 
Southampton Street, London, W.C.99. 

pleasure and absolute dependability. Cheques should have name and address I 

/L L 

TI 
-J! - 

I - - 
i- - -'--- - 

I 

I. 
-- - --. -,--. 

H 1 i 

:--. 
-; 

(T 

For the man of precision 
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lOO 8/6 0/- 15/- 45/- 2 Oil. hoU. 5 Amp. 400 PIV Slot. lOI- 

2 

300 
400 

12 

5/- 
7/6 

I 

L 
20/- 
25/ 

Ql_ 
25/- 
35/ 80/- 

2 (ER55. Pooer Tro. O2$l2P 
S ZENERO 25 5\tt 58 & 22 VIlO ........... 

sit. ¡Sert. Type B100 800 ¡'1V 5501,14 
M Ni!. lIon. 4150 FIV 200/500mA ............. 

15fr 
IO/.- 
201- 
50/- 

500 - 3O/- 45/- 95/- 25 Mice,i SII. & (lEhM. Tr.,no. Neo 51.,rhel... 30/- 
600 - . 40/- 50/- - 40 Mixed Sex,Icomluotoro Ne,v 0I.,rked ....... 

i Logic Moduk Koodbook & Catalogue ...... 
40/- 
Il/Il 

BI-PAK GUARANTEE SATISFACTION.. OR MONEY BACK 
308 

FORMATION \ I 5CR. AND 
YOU NEED GATE TURN-OFF SWITCH 

2 AMP 
SilICON RECE. 10/- 1 0 

STUD. 7THTHEORY/RATINGS/ 
EDITION APPLICATIONS 

ALSO COVERING THE BROADEST 

IO SCR' 
UNMARKED. UFTESTED LINE OF RECTIFIER COMPONENTS 

50.400 PIV 
' ¿0/- 

409 PAGES 3RO EDITION S VOLTAGE RANGE I A p 

LOWEST PRICE YET 
S CR S (THYRISTORS) LARGEST RANGE EVER 

lAMP lAMP I6AMP 3OAMP 
Ply (TO-s can) (STUD) (STUD) (STUD) 
25 . 7/6 . . 30/- - 

50 7/6 8/6 10/6 35/- 

3 OlI IIect. 400 l'tV 304) 0 ................. 10/- 

FR E E 
OoeIOj-P.k.fy:nro'n 

FR E E 

High ti(. Al Too,,. 1'NP «Y ........... 13/- 
i BOVOSA SII. foon. OTC ................. 13/- 
I Sil. 1ro,,. 0(204) MolIarl ................ 131- 
2 SiI. Powrr ltct. II An4). 200 Ply l)VZI3... lof- 
t .0 P13)1 OERM. Tro,,. 1300 N/C, ......... 13f 

SII. Power Tran,. 100 MfC, TK2OI.\ Si PN .. 13f- 
/.ener IJinir, I-ta vit,. !4ise,I 400,0W ..... lSf- 

5 OAS INtl Unniel 1)loIes Nullarl .......... S/- 
t 2Nut32 PSI' PL.ANAIO Trou,. All ......... 13/- 
i (SIllS N 'N PlANAR Tro. Sil .......... 13/- 
I (IRIIM. Pnn-,r Iron,. eqvt. OCIO MIIard . 3/- 
I INIJUNCTION Tr,,,,. 2N211411 (VE ...... INi- 

2 Oil. Tr.n,. 104(11 200 N/C,. ZT83/04 ...... 13f- 
I nit. 'LIN,) it fron,. B0Y25 NPN 1000 N/tn 15/- 
t Oil. T,arn. 15104 tilO N/C, RIE 2005 IN . 15j- 

O OCRn SOPIVI .A,np. TOS ................. 3/- 
I Tunnel Dinde INiCO (fDa) (I.F ............ 5/- 
I 2N211i0 UNIJUN(.T1ON Tonn. TOS .o, .. 15/- 

Ì O 

I 

GERM. 

RECTIFIERS 10/- op co 
300 PIV 

60 
SILICON 
200 nsA 

SILICON BRIDGE RECTIFIERS 
-TESTED 

600 PIV 2 Amp at 55°C 25s. each. 
800 PIV 2 Amp at 55°C 30s. each. 

DIODES 10/- 
TUNNEL DIODES 

AEYI I Full Data 
151- each STC 050 rn/cs 

1 6SILICON 
750 nsA 

RECTIFIERS 10/- 

50 TRANSISTORS 10/- 

647 PAGE. TRANSISTOR MANUAL 
BY G.E. (USA) 
CIRCUITS, APPLICATIONS 5CR. 
CHARACTERISTICS MANUAL 
THEORY BY G.E. 

30/ INCLUDING 
- 

EACH ( THE LIGHT 
ALL THE IN- P.P. 2/6 ACTIVATED 

I 0C13i1 Toso. MPH MullarsI .............. 
2 DriN Trans. 2N122 100 MIV, I'NP 
S Mats'hed Trans. 0C4443fO1/MI D .......... 
4 Oft, IO DIode, Mollard 
Il Red Spot AV Trans. PNV ................ 
II WhIte Spot 15F Trans. PN I' 

4 III. hecto. IA 4011/400 PIV 
4 N PN Trans. Soitchlug ................... 
O lO Assp. OIl. Rest. 00/IDO Ply ........... 
O DIoles 4 0MO, 4 0MO 

I OAMI'SCRIOOPIV 
I SII. Trssirn. 20303 PHI' 
5 tiETS84 Trans. Eqvt. OU4A .............. 

IO Ansortel Co.pnter Diales. ............... 
4 Zeners 0. 12 VIt, MincI .................. 
4 20417 Trat,. Eqvt. AFIIO/I ............. 
2 200 M/a SII. Trans. B.5Y26/27 ........... 
O 101-slireetlonal Tras. ASYIIS .............. 
4 High Vitrent Trans. 0C42 ............... 
2 I'ower Trans. 0020/35 ................... 
O SII. Re/ta. 400 PI',' 010,.', ............... 
I OVIl T,ans. ',IuIIar,I .................... 
I 0020 Trosts. MuIlarsI .................... 
4 NPH Oit. Trans. 7DM/Co ................. 
I l'aver Trans. OCIO 1410 VI ................ 

O 0A47 Voll Rondel iDoles ............... 
4 0.5202 $11. bionIcs SubMit, ............... 
I 0077 Trans. Mullarl .................... 
M 04541 Viole, CV4455 ..................... 

VALUE PAKS FOR '67 
- NEW UNTESTED - 

110 
GERM. 

SUE-MIN. 
DIODFS lii!- 

iO 
MIXED VOLTS 
ALL TYPES 

ZENERS 10/- 

- 
SIL. 

NPN IiiiipJ 

Ì IITh11SISTORS 10/- 

NEW SILICON RECTIFIERS TESTED 
- Ply 750 mA 3 AMP IO AMP 30 AMP o 

50 2/- 3/- 4/6 9/6 

lOO 2/3 3/6 6/- 5/- 

200 2/6 4/6 6/6 20/- 
300 3/- 4/9 8/- 22/- I 
400 3/6 6/- 9/- 25/- 

F 

500 4/- 6/6 9/6 30/- t 

600 4/3 7/- lOf- 37/- 
800 4/9 8/- 15/- 40/- 
1000 6/- lOf- 17/6 50/- 

750 mA TOP HAT TYPE 3. lO & 30A STUD STPE 

NEW- NEW TESTED VALVE PAKS 

8 Radnor House 
93/97 Regent St 

London. WI 1m L_ 

liai x-aat atoak, chingo il uy with h heim ,,t arad. 
conductor burguhn, breoiiihiig iv..tIible. lout crOd 
2f6 to rover 3 mouth, iwithiog of ,,or I.itn,t stork toto, 
eqvt. rhaci,, ctrcott,, etc. - 

Mtnhouni Order 10/-. CA8II WITH ORDII 
PLEAOE. Add 1/- po.t000 und parkIng por Or,hrr. 
liUARANTEED by return minutai ervic,. Ovrrecn, 
luid extra for AirmaIl, 

BRAND NEW-FROM USA 
SCOOP PURCHASE-8 LEAD 

COMPLETE EPDXY CASE-LOW COST- 
DATA AND 
CIRCUITS SEND L 900 "Buffer" 19/6 
1/6 OR IREE 
WITH ALL ic L 914 "Gate" 9/6 
ORDERS 

L 923 "J.K." 35/ 
THESEI 
DEVICES OPEN UP A WHOLE NEW CON- 
CEPT IN THE WORLD OF ELECTRONICS 

INTEGRATED CIRCUITS 

BILPAK & 
(DEPT. E) 
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A SELECTION FROM OUR POSIBAG 

Battle cry 
Sir-May I join the valve versus 
transistor battle? i have been 
unable to find any decent tran- 
sistor designs. To give one example, 
look at Mr. R. Hirst's stereo 
amplifier (December 1966), and 
compare it with the Mullard 5-20 
circuit of 1955 vintage. On paper, 
my stereo version of this costs the 
same as Mr. Hirst's to build, and 
the amplifier occupies approxi- 
mately the same space. (it uses a 

separate power supply box, which 
may be hidden) but here the simi- 

matched valves (where on earth 
does one get matched NKT4O3 
from, and for how much?), is far 
better value for money than the 
semiconductor one. 

For those with very small rooms, 
the famous 5-10 amplifier has 
identical performance to Mr. 
Hirst's but costs a very great deal 
less to build, and need not occupy 
very much more space. Printed 
circuit panels for valve amplifiers 
are very easy to design (i.e. both 
5-20 and 5IO) and etch since 
there is only a quarter of the 
components involved. This could 

must be immense. I have yet to meet 
any listening expert capable of deter- 
mining better than O2 under normal 
listening conditions. 

Output valves ore notorious for 
becoming defficient in emission in o 

relatively short period of time whereas 
transistors could have o useful life of 25 
years or more, depending upon the 
treatment. 

Nothing is simple in the design of a 

high fidelity system, even the printed 
circuit board, and it is entirely incorrect 
to assume that earth return paths are of 
no consequence in a valve system. 

Economically the entire transistorised 
version may be purchased for less than it 
would cost to buy the transformers and 
valves for a valved version. 

The signal to noise ratio for the 
Mullard Unit is not 90dB as you assume 
but 53dB, not quite up to the 90dB of the 
transistor version (Ref.: page 79 "Mullard 
circuits for Audio Amplifiers"). 

You also may notice that reference is 

made to the inadequacy of the 100k12 
in put Wnpedance (page 79) and notice the 
35dB of compensation required to 

deliver Il Watts per channel. an oreo of 
approximately 700 cubic inches is 
required. 

_______ The delight of listening to an amplifier 
capable of giving on output with o 

distortion content of less thon 0.05% 

noise figure as good as, if not better 
than, the transistor pre-amp may 
be achieved with EF86 (-70dB). 
All this, coupled with the fact that 
no 'scope is required for setting up, 
and that earth return impedances 
are not critical, you have to admit 
that the valve amplifier using the 
ubiquitous EL34, easy to obtain, 
hard to destroy, not requiring 

lt would appear from your recent letter 
that you find very little use for any unit 
that may be transistorised and this seems 
to be based on quite a quota of incorrect 
assumptions which I have listed below. 

To Contain a stereo version of the 
Mullard 20 Watt amplifier with it's 
associated pre-amplifiers, a cabinet area 
of approximately 3000 cubic inches is 
required and yet for my IO Watt tran- 
sistorised design which incidentally will 

East Croydon station) will let us 
use part of their premises. 

Will anyone interested please 
contact me at the address below. 
All letters will be answered giving 
details of meetings when known. 

A. D. A. Hansen, G3VLJ 
(aged 16), 

99, Stretton Road, 
East Croydon, Surrey. 
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iariy enus. 
The basic valve amplifier has a 

better signal to hum and noise 
ratio (90dB below 20W rois. as 
opposed to 90dB below lOW) at 
approximately the same sensitivity 
(25OmV into lMt); a vastly 
superior frequency response (30Hz- 
20kHz ±05dB at 27w r.m.s.), 
excellent rise time (5us); very low 
overall phase-shift (20 degrees at 
20kHz); and a remarkable damp- 
ing factor of 50 (into l5L) and 
hence excellent stability, compared 
with the transistor amplifier. 

Although some people will say 
that a maximum output power in 
excess of 100W (music power) is 
too much, just think how well it 
will perform- at lower outputs, 
remembering that it Costs the same 
as an inferior transistor amplifier., 
The 5-20 will give 20W r.m.s. at 
005% distortion, rising to only 
0-1 % at 27w. Inter-modulation 
and beat-note distortion products 
total 07% of carrier amplitude at 
27W r.m.s. There is, of course, no 
Crossover distortion with valves. 
Using d.c. heating, a hum and 

lead to greater reliability in those 
of us whose soldering is not quite 
what it should be, since there 
will only be a quarter of the joints 
involved as well. 

Please could someone explain 
the purpose of the f.e.t. input of 
this transistor amplifier. The 
best ceramics give IOOmV into 
250pF, and all the speakers (both 
ESL & EMLs) that I have ever 
heard of cut off below 30Hz, so 
presumably there will be insuffi- 
cient signal to drive the amplifier, 
and to drown the If. oscillations 
(rumble) that many enclosures 
seem to give without high-pass 
filters (the 5-20 amplifies down to 
15Hz easily, but Mullard recom- 
mends that signals below 30Hz 
be attenuated, presumably for 
this reason.) - What sort of phono 
(ugh!) gives 250mV and needs 
50Manyway? S - 

* These figures were obtained 
from a Mullaid publication, "Mul- 
lard Book of Audio Amplifiers". 

F. Middleton, 
London, S.W.2. 

restore the bass response to something of 
it's original value. With a standard 
transducer having a capacitive output in 
the order of 1000pF then it would be 

necessary to ensure that the input 
impedance of the amplifier is in excess of 
5 megohms to have a rel9tively flat out put 
at 70Hz. 

The explanation that you require is 
contained in the following equation 
showing that the output from a capacitive 
source will be 3dB down when, 

= the input impedance of the 
amplifier. 

Later works by P. Tharma of Mullard 
Ltd. described in detail transistor power 
amplifiers,obviously for some good reason. 
-R.H. 

Wanted! 
Sir-Young radio enthusiasts will- 
ing to form a club in South London 
for young people (up to about 20 
years). Meetings will be made as 
interesting and varied as possible 
with outings, competitions, etc., 
and always at least one "ham" 
station on theair. 

If the turnout is reasonable, the 
Sir Philip Game Boy's Club (near 
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represents a "peep into the future". 
lt can be built now, it makes sense 
now, and it might well be the only 
sort of new town which will still 
make sense when it is finished. 

R. H. Phillips, 
The Electricity Council, 

EDA Division, 
London, S.W.I. 
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3. Not very sensitive. 
No, this system was used to greatly 
improve sensitivity and enables 
various temperature ranges to be 

accommodated. 
Mr. Jones' design requires a setting up 

potentiometer for each temperature 
measurement, as does the published 
design. The meter reading is dependent 
on battery voltage to o large degree. 

use. No doubt, if an expensive recorder 
was in volved, such deficiencies would 
certainly come to light but, on the 
other hand, one assumes that owners of 
more sophisticated equipment would 
in fact in vest in a more advanced switch- 
ing system. In fact, the higher quality 
tape recorders do often incorporate 
electro-magnetic devices for enabling 
remote contro! of the pinch wheel. 

efficiency than is often realised and, 
with artificial lighting levels still 
only a fraction of natural lighting 
levels, we must expect heat from 
light to become even more import- 
ant in the future. 

As to transistors, they may pro- 
duce less heat than thermionic 
valves but this factor is infinitesimal 
compared with the inevitable 
increase in the energy controlled 
by them. 

Finally, may I correct the im- 
pression given in your Comment 
that" the all-electric rfew town 

Costly to build. 
No, the electronic circuitry is in 
effect used as a d.c. amplifier and 
uses cheap transistors. The total 
cost of the parts mounted on the 
Veroboard Could be as little as 

ISo Od, this virtually offsets the 
addition of à lOOA as against a 

¡mA meter. Whatever system is 
used, a meter, thermistors and 
potentiometer are required. 

2. Tends to be large in size. 
No, the size is controlled by the 
meter and switching arrangement, 
the Veroboard and components take 
up a small volume compared with 
these. 

damage to both the pinch wheel 
and idler, which iii turn will result. 
in: a permanent increase in the 
"flutt&" level. 

T. J. Ledger, B.Tech. 
Longlands, 

M iddlesbiough. 

We admit that this device has Certain 
limitations and that this was not made 
clear in the article itself. Apart from 
this, however, the auto-switch as des- 
cribed is an ideal device for use with 
inexpensive recorders. The author tells 
us he has not been able to detect any 
trace of wow or flutter as a result of its 

lam PS produce, paradoxically 
enough, moie heat for the same 
light output than the hot cathode 
lamps which aie mostly used 
today, wlii e electroluminescent 
panels produce far more heat than 
either! 

If we were prepared to accept 
green light we could get nearer to 
the cold light ideal, failing which 
we have to accept a definité 
limitation, imposed by our visual 
mechanism, on the efficiency of 
production of white light. 

The best present day light 
Sources are closer to this ontirnuni 

The circuit hasworked very well 
indeed and using a Radiospares 
MR26. meter I have obtained a 
f.s.d. of lOO degrees centigrade 
and a zero for O degrees centigrade. 
The negative temperatu re coeffi- 
cient resistor.used was sealed in a 
glass tube using Araldite. 

L. G. Joues, 
Worksop, 

Notts. 

The reply to Mr iones' three main 
objections to my article are as follows: 

Idle pinch 
Sir-Having just ead the article 
Tape Recaude, A jute-Sw lic/u by 
Mr P. Rush in your January issue, 
I feel that it should be pointed out 
to your readers that damage may 
be caused to their tape recorders 
if i is used. 

With the device described the 
tape recorder will have to be left 
with its function switch ro the 
"record" position for a period of 
time during which the motors are 
not running, and this will cause 

Electricity Council's 'peep into 
the future" failed lo take account 
of the impact of the younger 
branches of technology such as 
transistors and cold cathode fluo- THERMISTOR 

rescent lamps which, on your 
reckoning, will lead to reduced 
heat gains. 

The fact is thai fluorescent 
lighting, despite its relatively high 
efficiency, is today the major 
source of heat from light. mci- +9V 

dentally, cold cathode fluorescent 

grade; the A25 may be obtained at much 
reduced cost from L.S.T. Components, 
23 New Road, Breñtwood, Essex. 

The VA ¡008 is cheaper but has too 
wide a tolerance for multi-range use. 

I think Mr Jones has made the mistake 
'which quite a lot of people do when first 
looking at a diagram; it is often easy 

IOO$A to visualise something far more rudi- 
mentary which will seemingly perform 
the desired function but it is only when 

lOOkn 
such devices are put to the test that the 

PRESET POT . -9V need for a more refined circuit becomes 
apparent-AT 

continued 

Cold comfort 
Sir-In the Detached Pail fr/es page 
in the Januay issue, under the above 
heading, it is suggested that the 

in the January issue. 
I have constructed the circuit 

and have found it to be unsatis- 
factory for these reasons: 

L costly to build 
2. tends to be large in size 
3. not very sensitive 

To combat these problems I have 
reconstructed the circuit entirely 
and based it on a simple d.c. 
resistance network (see diagram). 

design. The MR26 meter costs £6 
retail, ImA meters are obtainable for 
lOs Od. This was the main reason for 
using the pulse amplifier method. 

Switching for more than one range 
will be more complicated due to having 
to switch two of the potentiometer 
connections and one of the thermistor. 
There is no padding of the thermistor 
which adjusts for the variation in the 
thermistor law. Other types of ther- 
mistors may be used in the published 
circuit, as long as they. are between 
lOOkLt and 3OOkt at 20 degrees centi- 

The thermistor will suffer from self 
Temperature loss heating effects due to the current 
Sir-I am writing in connection f/owing through it. The !OOA meter 
about the article Reno1e Tempera- is more expensive than a ImA meter 

A SElECTION FROM OUR POSTBAG lure Mçasure,ne,,t which -appeared which can be used in the published 
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INTEGRATED STEREO AMPLIFIER 4 watt per cbannel. 
A eplendid example of functional design and vaine. Grey! 
Silver Crackle cabinet size 15 X 65 X 3 In. 200-250v. 
AC' Separate Gram and Tuner inputs. 
Sel! contained pre-p. and controle. Pact 2/6 

Q MAX CHASSIS CUTTER 
Complete; a die, a ponch, ax Allen screw and key 

lin. 14/B lin. 15/9 lilo. 18/- lito. 20/6 25iu. 37/9 
lin: 14/9 lin. 18/- 10hs. 18/B lIta. 22/6 Situ. 44/3 
fin. 15/6 isbin. 18/- lijo. 20/- Sin. 34/3 lin. sq. 31/B 

BARGAIN XTAL PICK-UP ARM Complete wjlh 
ACOS LP-7S To000ver Head and Styli) 20/-; Slereo 30/-. 

SPEAKER FRET Tygaa var/ono colsurv. SIi,:, wide, (rom 
10/- IlS 28m, wide loam 5/- II. SAMPLES SAE. 
EXPANDED METAL Gold or Silver 12 X 12 in. 6/-. 
NEW GARRARD GRAM MOTORS 100-130v. AC. 11/ 
pair for 200/250v. (in oerieu), or 10/- eo4h Pool 2/6. 

FULL Wlt'K BRIDGE SELENIUM RECTIFIERS: 
2.6 or 12 voutpvts, 18 amp.. 8/9; Sn. 11/3; 4 a.. 17/6. 
CHARGER TRANSFORMERS. P. & P.2/B. Input 200/25So. 
too charging at 2, 600 12v.. 1/imps., 17/6; 2 anlpv.. 21)-; 
4 amps.. 25f-. Circuit Irre. Ammeter O o 5 amp. 10/B. 

MOVING COIL ISTULTDOETER TX 25. 
0-1.050v. AC/D.C.. ohms O to 100k. etc.. 
MOVING COIL MUL'CIMETER EP1SK. 79'6 0-1.000v. AC/D.C.. abms S la 3 meg. etc.. / 
MOVING COIL MULTIMETER EP2SK. 
0-2.500v. D.C. 20.000 abose per volt. 0.1.000,. AC. 99 16 Ogms O to B meg. 50 Microamp, full scale, I 

NEW MULLARD TRANSISTORS 
0071 6/-; 0072 7/6; OC91D 0/-; OCS1 0/-; AF115 5/-; 
AF114 8/6; 0C44 8/-; 0045 8/-; OCI,71 9/-; 00170 8/6; 
AF117 7/-. OC2B 12/6; AD14S 15/-; 0C35 15/- Holders 1/3. 

ARDENTE TRANSISTOR TRANSFORMERS 
D3035, 7.3 CT :1 Push Pull to S ohms br OC72, OC91.. 11,- 
D3034. 1.75 iCi. Punk Poll Driver tor OC72. OCS1 .. 11/- 
D3059. iLS: 1 Oulput ta 3 olmos Sor OC72, OCS1,.. 11!- 
TRANSISTOR MAINS ELIMINATORS. FAMOUS "PO WER 
MITE". 9 VOLT. SAME SIZE AS FF9 BATTERY. 4 FULLY SMOOTHED. l5OmA. FULL WAVE CIRCUIT. - 

WEYRAD P50 - Trannintor Colin 
RA2W 6 in. FerrIte Aerial Sparo Corea .................. Od. 
with car aerial 12/6 Driver Trans. LFDT4 ...... 9/6 
Oso. P55/lAO ............... 5/4 PrjoledCiressiLpCAl. ... 916 

SPECIAL OFFER! NEW B.A.S.F. TAPE 
7 in. LP. 1,800 ft. (Cat. LGS3S) 45/- 
7 in. OP. 2,400 ft. (Cat. LGS26) 70/- 
Spare Spoolv 2/6. Tape SplIcer 5f-. Leader Tupe 4/6. 
Tape Heads: Coluro 2 truek 28/6 pair. B.S.R. 4 trnck 99/B 

MAINS TRANSFORMERS 2/Beuel, 
EMS. 280-0-200. 100 mA. 6.3v. 4 o.0.3v.2a. . . 19/B 
250-0-250, 00 mA. 6.3 y. 3.5 o. RecOSer 0.3 y. 25/-; 1 o. 
erS y. 20: Dills 350-0.350. 29/6. 
Mi. 510/100-0-300 y. 120 mA., 0.3 y. 4 a ....... 29/6 
MINIATURE 200 v.20 mA., 6.3,. 1 o ......... 10/B 
MIDGET 220 v.45 osA., 0.3 y. 2 n ............... 15/8 
SMALL. 300-S-300 y. 70 mA., B.3 y. 4 o ......... 1910 
HEATER TRANS. 6.3 n. l s.. 7/6; 6.3 v.4 u ..... 19/6 
Ditto tapped sec. 1.4 2.9.4.5.6.3 y. 11 omp. . . 10/B 
GENERAL PURPOSE LOW VOLTAGE. Ontpols 3.4, 5. 
6, 8, 9, 10. 12, 1.5, 18. 24 und 30 y. at 2 a ......... 25/- 
1 0mo., 5. 10. 15, 20, 25, 30,35.40, 55,69,29/6; Ia 47/6 
Sah-Min. Mains to 9v. OS mA. 1 X 10 X lIje ....... 7/6 
AUTO TRANSFORMERS 0-115-230 y. InpuliOutput, 
05w. 18/6; l5Ow. 25/.; 900w. 92/6; 1000w. 175/-. 

CRYSTAL MIKE INSERTS 
li X lin. 6/B; BM3 1 X Ito. 7/B; ACOS 15 X lix. 8/B 
TANNOY CARBON MIKE with Snitch ............... 5/B 
MOVING COIL HEADPHONES 100 ohms len. Govt.) 12/B 
HR. HEADPHONES 2000 ohms. .12/B, 4000 ohms .15/- 
HR. HEADPHONES 2000 ohms Super Quality 29/- 

SIS 

Three Waveboads: Five Volve,: ECHSI, EF99. 
Long., Med., Short. Grum. EBCS1. EL84, EZ8O. 
12 month guarantee. AC. 200 250 y. Ferrite Aerial 
5 n'alte 3 ohm. Chassis 1315e. X 7m. X Sin, dio; sine 
l3tn X 4mo. Twa pilai Lamps. Four Knobs. £10 IO Aligned calbrated, Chusoic isolated from mains 
DE LUXE STEREO GRAM CHASSIS V.H.F.. MW. SW 
19-50m, SW 60-160m. Mugir eye, posh hattoxs, 

19 19 
B vulve pins rect. Sloe 15 z 7l' n 6' high 

i p. 12-way, gr4p. 2-way. or4p. 3-way. 3/0 each. 
Wuvecbnnge "M AKITS "1 p.12-way. 2 p, B-way. 3 p. 4-va-ay, 
4 p. 3-way, 6 p. 2-wop. Price, include click spindle,, ndiasluhle 
slops, spaces, etc., i waler, 10/6; 2 waler, 15/-; 8 wuber. 19/6. 
TOGGLE SWITCHES, sp. 2/-; sp. dl: 5/B; dp, 3/B; dp. 48.4/-. 

DE LUXE TAPE SPLICER Cuts, trims, tains 14 6 or editing and repniru. With 3 hlodes. 

4 CHANNEL TRANSISTOR MICROPHONE MIXER. Add 
musical highlights and oound cOeds ta rocordings. WIS 
mIn Microphone, records, tape and tuner with 59 ePnrste controls into cingle output. 

2 WAY INTERCOM and BABY SITTER. All trunoaslar, 
2 way call bonner. Desk or wall mounting. Very good 
valnme. For home, office sr shop. 59/6 Wilh lang lends, hntlery, etc. / 

FM TUNER 99-109 Mdc Sin Traasialor. Superbel. Ready 
huill, Printed CIrcuit. Calibrated slide dm1 
Lening. Sloe B' X 4' X II'. 
3 WATT QUALITY AMPLIFIER. 4 Trans,stor 7 Posh-Pull Ready built, with volume control 

NEW MANUFACTURERS SURPLUS UHF BBC 2 AERIALS 
BBC 2 Double Gold RIng Set Top Model .................. 22/6 
BBC 2 Five Element Loll Model ............ 32/B; Outdoor 42/B 

* RADIO BOOKS * (Postage 9d.) 

Rndia, T.V. Valves, Diodes, Trsns:alor equlvalenis ...... 1006 
High Fidelity Speaker Enclosures and Flans ............... 5/- 
Transistor Supeehet Commercial Receiver, ............... 7/6 
Mollard Audio Amplifier IslanuuS ........................... B/B 

Rodio Valve Untie, Books 1,2,3,4,005 ............ euch 5/- 
Prncticsl Radio Inside Out .................................... 4/S 
Transiotor Audio AmpllOer Manual ....................... 3/B 
Shortwave Transistor Receivers .............................. 5/- 
Transistor Commontcutlon Seta .............................. 8f- 
Interontional Radio Stntions List ........................... 2/6 
Modern TraasistOe Cireuils tor Bremer's ............... 7/B 
Sub-MinIature Transistor Receivers ........................ 5f- 
Wlrelevn World Rodiu Vulve Dala ................ 9fB 
Ata glance valve equlnalenla 

RESISTORS. Peeberred values, 10 ohms to lomee. 
t u .'/ w., 1w., 20% 4d.; 1/ w, Sd.; 2w, 1/-; I w, 10% Bd. 

HIGH STABILITY, ,l w. 1", 2/-. Peeleered value.. 
10 ohms to 10 meg, Ditto 5%. 10 ohms to 22 meg,, 9d. 

S wnll ( 0.5to 8.2 ohm 3 w. f 1/6 

DE LUXE PLAYERS 
4-Speed Players 2-loan 
CabInets 17011 X Silo. High 
dux loudspeaker and High 
Quality Amplifiers ready 
built. Quality output. Volume - 

and Basa control,. 
Special instructions 

- 

I's.. y__, 

enable assembly io ' 
30 minutes, only 5 
wire, IO loin. 
12 noontba' j :;.r'4 - 

Cuaraatee. I 

TO BUILD 
YOURSELF 

a 

Post 2/6 per lIeus. 
PORTABLE CABINET SUPERIOR AMPLIFIER. 
A. itluotented, To St Ready nsnde sad tested. 
standard player 69 '6 Guaroateed better pound! 
or autochanger. f Fully isolated AC Mia 
RCS AMPLIFIER 3 Traeslormer 4 watt 
WATT. Ready osado and output. ECLS6 triode 
tested with UCL82 triade pesslode valve. Volume 
pealode valve 

'6 
and lune control, w1th 

sad loudspeaker. / knobs. Quality 8916 
SINGLE PLAY UNITS Loudspeaker. I 
BSR GU7 £419.8 AUTOCHANGE UNITO 
Onrrard SRP12 £419.8 BSR Superslim £519.6 
Garrard SF25 £1019.6 Garra5d 1000 85.19.6 
Philip, A01016 212. 5.6 Garrard 2000 £619.6 
Garrard A70 £1919.6 Garrard 3000 £6. 9.8 
Garrard LAB8O £2419.6 Garrard ATOO with 
Garrard 401 029.19.5 diecast turntable £1019.8 
OARRARI3,TEAK WOOD BASE WB.1 Ready 
cut lar mountsng 1000, 2000, 3000. SP25, ATOO. 

STELLA RECORD PLAYER AMPLIFIER' 
4 watt. 2 stage. 3 to 7 OSos. Neg. feed back. UCL82. UYO5. 
200-250v. A.C. tapped input. Chassis sane 8 2/i 4ta. high. 
Gold/Walnut knobs. Votume and Tane controls on separato 
Polished Wood Panel 6 o 2m. Brand new wIth 78 6 makers' guarantee. BARGAIN PRICE P. & P.2/0. 

NEW TUBULAR ELECTROLYTICS( CAN TYPES 
2/350 y. .. 2/3 100/25 y. . . 2/- 8/800 y ..... 9/6 
4/350 y. .. 2/3 200/25 y. . . 2/6 181600 y ..... 12/6 
8/450,. .. 2/3 500/15v. .. 3/- 18+16/5000. 7/6 
16/450,. .. 3/- 8+0/450 y. 3/6 32+32/450,. 5/- 
32/450v. .. 3/9 8+l6/450v. 3/9 50+50/350,. 7/- 
25/25,, .. 1/9 16+lS/450v. 4/3 60+100/350,. 11/6 
50/50v. .. 2/- 32+32/350e. 4/6 100+200/275 v.12/6 

PAPER TUBULARS 
350,.-0.1 Sd.. 0.5 2/6; 1 mId. 3/-; 2 mId. 150e. 3/-. 
500v-0.001 100.05 9d; 0.1 1/-; 0.25 l/8 0.5 3/-. 
1,000v-0.001, 0.0022,0.0047. 0.01.0.02. 1/6; 0.047,0.1 2/6. 
E.H.T. CONDENSERS. 0.001mId.. 7kV., 6/8; .20kV.. 10/6. 

SON-MIN. ELECTROLYTICS. 1,2,4.5,8.16.25.30.50.100. 
250 nid. iSa. 216; 500. 1000 mId. 15v. 3/6; 2000 mId. 25W. 7/-. 
CERAMIC. 500 0.1 pP. to 0.01 m/d.. 9d. Disco 1/-. 
SILVER MICA. Cluse loeraace (pias or minna 1 pP.). 1, lo 
47 pF.,1/-;dillo 1% SOto 800 pp. 1/-; 1.00010 5.000 pP., 2/-. 
TWIN GANG. "0.0" 208 pF.+176 PF.. 10/6; 385 pP.. mlnla- 
lure 10/-; 800 pP. standard with trimmers. 9/-; 500pF. 
midget leva trimmers. 7/6; 500 pP. slow mutton, standard 9/-; 
small 3-gang 500 pP. 10/6. Single '0" 385 pP. 7/6. Twin 10/-. 
SHORT WAVE. SIngle 10 PF.. 25 pF., 50 PF., 75 PF.. 
100 pF. 180 pP., 5/6 each. Can be ganged. Coopter. 9d. each. 
TUNING. Solid dielectric. 100 pF.. 300 PF.. 500 PF.. 3/6 each. 
TRIMMERS. Compression ceramic 30. 50. 70 pP.. Sd.; 
100 pP., 150 PF.. 1/3; 250 pP., 1/6; 800 pP.. 750 PF.. 1/9. 

250v. RECTIFIERS. Selenium I wave lOOmA 5/-; BY100 10/-. 
CONTACT COOLED I wave 6OmA 7/6; OSmA 9/6. 
FuS wave 75mA 10/-; l5OmA. 19/6; TV. reels. 10/-. 

Il in. STANDARD 
The idea?' High Fidelity Loudspeaker. 

Now with built in high efficiency tweeter Cone. 

Vosee Coil impedance 15 ohms. 
Moo. Power ........ 20 watt. - '.. 
Ba,. Rel ......... 40/50 cl,. 
Flan .......... 14,000 gnus.: 
Voice Coil diameter ...... li la. 
Voice Coil material . . Copper 
Response . . . . 40-14,500 ros. 
Magnet material... Aleomau 
Oeeratl dia ........... 121 in. 
Oeerall deplh .......... 6 ip. 

PRICE £8 
04 TA LOGOS RAE. 
GROUPr MODELS FOR VOCALS 
BASS, LEAD aad RHYTHM GUITARS 
30-10,000 eye. Volee Coils 15 ohms. Hea,p duly 

'Group 25' 'Group 35' 'Group 50' 

: 
5gns. 8gns. 

: 

I8gns. 

LOUDSPEAKERS P.M. 3 OHMS. 21m., 3m., 4m.. Sin., 
7m. X 4m.. 15/S euch; Sin. 22/6; 8lln. 18/6; ill,. 30/.; 
12m. 30/-; 115 ohms 35/-l; 10 X Sin. 3O/-i 9 ><bin. 21/.; 
E.M.I. Double Cone 13/1< Sin.. 3 nr 15 ohm models. 45/-. 
W.B. lOin.HF1OS2. 05.10.0.; Sin. HFSS2,d4.10.0.Cros,orer 
35/-. Horn Tweetero 3-18 Re/o. 10w 29/6; 20w 20 Kr/s. 09/O. 
JACK SOCKETS Std. opea-ctrçuit 2/8. close-circuit 4/8. 
Chrome Lend Sachet 7/6. lOIN 3.pia 113; Lend 3/6. 
Phono Plugs 1/-. Sockel 1/-. Banana Flugs 1/-. Sockels 1/-. 
JACK PLUGS STANDARD. Chrom. 3/-. DIN 3.pio 3/6. 
WAVE-CHANGE SWITCHES WITH LONG SPINDLES. 
2 p. 2-way, or 2 o. 8-sony. or 3 p.4-way 3/6 each. 

RETURN OF POST DESPATCI-I Post and Packing 1/6 unless otherwise stated. COD. 5/- extra. Full List 1/.. CALLERS WELCOME 

RADIO CO M PON ENT SPECIALISTS 337 WHITEHORSE ROAD, WEST CROYDON 
Written guarantee with every purchase. (Export: Send remittance and extra postage, no C.O.D.) Buses ¡33, 68 pass doo,. S.R. Sto. Selhurst. Tel.: THO 1665 

3II 

I.F.p50/2CC 470 kr/I 5/7 LB. Tuning Gang .10/0 
3rd LP. P50/ICC ......... 6/- Weyrad Booklet ............ 2/- 

Volume Controls 800km Coax 6da. 
Long spindles. Midget Sloe Sensi-alt spaced Cable 
5E. ohms to 2 Meg. LOG or 40 pd 17/6. 60 yd. 25/-. 
LIN. LIS 3/-. DI'. 5/-. FRINGELOWLOSS 
STEREOL/S10/6.D.P.14J6. I Ideal 625 lines I"yd. 
COAXIAL PLUG 1!-. PANEL SOCKETS 1/.. LINE SOCK- 
ETS SI-. OUTLET BOXES, SURFACE OR FLUSH 4/6. 
BALANCED TWIN FEEDERS 6d. yd., 80 or 300 ohms. 
TELESCOPIC CHROME AERIALS. Bn. entend., to 23m. 
6/6 cock. CAR AERIAL PLUGS 1/6. Sockets 1/3. 

TV REMOTE CONTROL 
For PHILINS 19TGII1A, 
lIlA. 125A, 142A, 
23TG111A. lilA, lIlA, 
lolA, STELLA ST1O33A 4 ISA, 43A, SIA, 
COSSOIO CT191OA, SiA, 
CT2IIOA, 22.A. 31A 

PHILIPS Price'3 gas. 
Post 1l'6 2/6 

Brund NOW. Includes litt.' 7-way cable, 
MULLARD OASi 2 pots., 3 switches, 6 resistors 

HIGH GAIN TV. PEE-AMPLIFIER BAND t B.B.C. 
Tunable clssnnels 1 to 5. Gain 19 dB. ECC84 volve. 
Kit price 32/6 or 55/- wtth power pack. Details Od. 

BAND SSS LT.A.-same prices. Tooable channels Sto 13. 
Band I Or III. Colts ond circuit only, 9/6. Chavos 4/9.' 
B.B.C. 2 SUPER BOOSTER transistor model. Ready built 75/-. 

BLANK ALUMINIUM CHASSIS. 18 s.w.g. 2/io, sIde,, 
7X4in., 5/6; Ox 7io., 6/0; 1103/a. 6/6; llx7lo. 7/6; 
13)< Sia. 0/6; 14)< lilo. 12/6; 150 lAio., 151... 
ALUMINnYM PANELS 18 smc. 12012/n. 5/6; 140 Oil. 
4/6; lSxSin, 3/6; lOx7in. 2/9; 806ta. 2/-; 604m. 1/6. 

ALL PURPOSE TRANSISTOR PEE-AMPLIFIER 
i 

Gain 14:1.250v. or 9v. iaput. Ready built milk Mo Metal1 
Input Iravstorzser for Mikes. Ptck-Ups. Toners. 
Inst,vscttvan and circuit sopplied. Past 2/6. 

THE INSTANT 
BULK TAPE 

ERASER AND 
RECORDING HEAD 

DEMAGNETISER 

200/250 y. AC. 
LeaSet SAE. 2(6 35F 

10 vvatt ' WIRE-WOUND RESISTORS ° 1/9 
15 watt J 10 alOsa to 6,800 ohms '.. 2/- 
10K, 15K. 20K. 25K. 69K. 10W. 3;- 
MAINS DROPPERS. Midget. WItb .Iiders. 
0,3 s,, i K.. 0.1 s,, 1,2 K.. 0.11 a., 1.5 K.. 8/- e,cb. 
LINE CORD 100 ohms lt. lw<n plus resistance. 1/- It. 

WIRE-WOUND 3-WATT WIRE-WOUND 4-WATT 
POTS. T.V. Type. Values STANDARD SIZE POTS. 
10 ohms to 30 K., 3/3, LONG SPINDLE VALUES 
Carban 3016.102 mey., 3/-. I 50 OEIlS tallo 16.718. 

VALVE HOLDERS. Ist. Oct. Od. Mazda Oct. Cd.; B70. 
BOA. BOG, BOA. Moolded 9d. Ceramic li-. 97G, B9 
Corsi 1/-. Volve bose plugs BlD, B9A. Isst, Oct., 2/3. 

C.R.T. BOOSTER TRANSFORMERS 
lar beater cathode short at tailing emtosion. 25'. sad 50% 
optional boost, 2001250v. AC ivPot. 
Siste tubs voltage reulred, 2or6 nr 13 e. Post 2/6. 

BRAND NEW QUALITY 
In tough cream plastie cabinet 
EXTENSION LOUDSPEAKER 

with 2011, lead and adaptors. Far 
any transistor radio, intercom, 
mains radio, tupe recorder, etc. 
3 to 15 ohm matchtog Post 
Siue:76X51'X3 ' 2/6 
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Make. 
Model No.. Radio/TV 

I also require the new 1967 lIst of 
Service Sheets at 1/6 plus postage. 
(p/ease de/ele items noi applicable) 

I enclose remittance of ..................... 
which includes postage 

MAIL ORDERS ONLY Apr,PE 

MISCELLANEOUS 

ALUMIPIUM CHASSIS. PAPEL1, Etc. Quick 
service, 'One-offs' welcome. Send sketch for 
quotation (Stamp please), Trade Supplied. 
FAIRISGRADES LTD., Bailing, Nr. South- 
end, Essex. 

BEEJAY ELECTRONICS 106 Reddicap 
Heath Road, Sutton Coldfmeld. Wsrwick,hire. 

J 

H EATH K ITS 

R.F. SIGIAL GEIERATOR Model RF-i 5 
Oscilloscope. Model 10-12V Signal Tracer. 
Model T-4 Vacuum Tube Voltmeter. Model 
UYA Capacitor Tester. Model CT-i Universal. 
Ayo Bridge. Offers. BOX No. 7. 

EDUCATIONAL 

HOME STUDY COURSES in Practical Elec- 
tronics. Free Brochure without obligation 
from: BRITISH NATIONAL RADIO 
SCHOOL, Reading, Berks. 

SEMICONDUCTOR EXPERIMENTS; the 
practical way of learning electronics at 
home, With each experiment you receive 
all components, full Instructions, test 
circuits, tabulation and graph shee with 
sample results. Also low cost test equip- 
ment kits. Details free. 

ELECTRONIC EXPERIMENTS 
49 HEATH LANE, BRINKLOW, RUGBY 

SITUATIONS VACANT 

ARE YOU IPTERESTED IP ELECTROFfiCS? 
Do you want sn interesting job making, 
testing and installing specialist sound equip- 
ment? If you do, write to the Managing 
Director, STAGESOUND (LONDON) LTD., 
11/12 King Street, Covent Garden, W.C.2. 

SERVICE SHEETS 
4/- each, plus postage. 

We have the largest supply of Ser- 
vice Sheets for all makes and types 
of Radios and Televisions, etc. in the 
country. Speedy Service. 
To obtain the Service Sheet you 
require, please complete the at- 
tached coupon: 
F-om: 

Name: .......................................... 

Address ........................................ 

To: SP. DISTRIBUTORS 
35/36 Great Marlborough Street, London, W.I 

Please supply Service Sheets for the 

following: 

Make .......................................... 
Model No .................. Radio/TV 

Make ........................................... 
Model No .................. Radio/TV 

BERNIESOUND (AUDIO ENGINEERS) 
Design-Build-Repair-Modify 

All types of Electronic Equipment 
For estimates write to:- 

Mr. Brown, 1 Effie Place, London, S.W.6. 

SWITCHING CIRCUITS. A simple way of 
makIng (4 or 6) pole 2 way rotary switches 
suitable for breadboard layouts to designers 
of low voltage computer circuitry costing less 
than 1/- to make, inaterialg can be purchased 
anywhere. Instructions and diagrams, 1/6. 
Send stamped addressed envelope to HOGANS, 
67 Adelaide Road, LIverpool 7, Lance. 

2/- OC 71 2/- 
Due to butk purchase, we are able to offer 
these fantastically popular transistors at che 
give-away price of only 2/- ea. 
Greater reductions for quantities. 
LI per doz., £2 for 25. LS for 00. 
PHOTO.TRANSISTORS-OCP 71. 
5/- ea., 3 for lOI- 
SUB-MIN ELECTROLYTICS-15 volt.. 
8, 0, 30, 50 & 100 pF. 1/- e. 
SUB-MIN MYLAR CAPACITORS- 

00 volt. '001,002. 005, 02,& OSpF9d. ea. 
5% +W HIGH STABILITY RESISTORS 
Your choice of values-only 4d. ea. 
BY lOO SILICON RECTIFIERS 
3/6 ea.. 2/- for 4. 
GERMANIUM DIODES-OA 81 equiv. 
6d. ea., 5/. doz., 30/- per 00. 
For o quolity tape transport system you require the 
three head (ape monitoring foci sities of th, superb 
'MANHATTAN' tape pronnplifier. Write for 
detoi$. 

organisation. 1liRE., City Guilds, 
1t.T.E.B., etc. Also prnctical courses with 
equipment. No books to buy. Write for 
FREE prospectus stating subject to 1.C.S., 
Intertext Rouse, Parkgate 1(od (Dcpt. 577), 
London, S.W.1l. 

TELEVISION SERVICING 
RADIOTELEGRAPHY 
RADAR MAINTENANCE 
Full and Part-time Training Courses 

Apply:-Director, British School of Telegraphy, 
20 Penywern Road, Earls Court, London, S.W.5 

A.M.S.E. (Elec.), City & Guilds, OECE., etc.. 
on 'Satisfaction or Itefund of Fee' terms. - 

Wide ange of Home Study Courses In J 

Electronics, Computers, Radio, TV., etc. 
132-page Guide-FREE. Please state subject 
of interesL BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY (Dept. 
124K), Aldermaston Court, Alderniaston, Berk. 

CHAMBERS GUIDE (New). Details of 293 
Careers and.spare-time Business, Technical and 
Examination Courses. A Mine of friendly 

know-how" for go-aheads. For free copy 
write-CHAMBERS COLLE (Dept. 855K). 
148 Rolborn, ECl. 

SERVICE SHEETS for all makes Radio, T/V, 
Tape Recorders, 1925-1966. Prices from 1/-. 
Catalogue 6,000 modela, 2/6. Free fault- 
finding guide with all sheets. Please send 
stamped addressed envelope with all orders/ 
enquiries. HAMILTON RADIO, Western Bd., 
St. Leonards, Sussex. 

SERVICE SHEETS, Radio, TV, 5000 models. 
List 1/6. SAE, enquiries. TELRAY, 11 
Maudland Bank, Preston. 

RADIO TELEVISION over 8,000 Models. 
JOHN GILBERT T1LEVISION, lb Shep- 
herds Bush Rd., London, W.6. SHE 8441. 

(continued) 

CONVERT ANY TV SET into an Oscilloscope. 
Diagrams and InstructIons, 12/6. REDMOND, 
42 Dean Close, Portslade, Sussex. 

"PRACTICAL ELECTRONICS" ProximIty 
Detector. Photoflash Slave Unit. Radiation 
Counter. Auto Calendar. Doorbell Repeater. 
Car Burglar Alarm. Tape Recorder Control 
Unit. Recording Level Indicator. Integrated 
Stereo Amplifier, and all constructional 
projects going back to Issue 1. Send sae. 
for your choice of Itemised price lists. AJAX 
ELECTRONICS, iSA, Rumbold Road, Ful- 
ham, London, S.W.6. 

(continued) 

ALDERMASTON COURT POSTAL TRAININO 
for B.Sc. (Eng.) Part 1, A.M.I.E.R.E., 
A.M.S.E., City & Guilds, G.C.E., etc. prepares 
you privately for high pay and security as 
Technician or Technologist. Thousands of 
passes. For details of Exams and courses 
In all branches of Engineering. Building, 
Electronics, etc. (Including latest information 
on C.Eng.), unte for 132-page Handbook- 
FREE. Please state interest. BRITISH 
INSTITUTE OF ENGINEERING TECH- 
NOLOGY, (Dept. 125K), Aldermaston Court, 
Aldernsaston, Berks. 

STUDY RADIO, TELEVISION & ELEC- 
TRONICS with the world's largest hoitie-study 

The pre-paid rate for classified advertisements is 1/- per word (minimum order 12/-), box number 
1/6 extra. Semi-displayed setting £3 . 5 . O per single column inch. All cheques, postal orders, 
etc., to be made payable to PRACTICAL ELECTRONICS and crossed "Lloyds Bank Ltd." 
Treasury notes should always be sent registered post. Advertisements, together with remittance, 
should be sent to the Advertisement Manager, PRACTICAL ELECTRONICS, George Newnes 
Ltd., Tower House, Southampton Street, London, WC2, for insertion in the next available issue. 

SERVPCE SHEETS 
I 

MISCELLANEOUS 
I 

EDUCATIONAL 

Practì cal Electronics Classified Advertisements 
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qualifications. 

Pay according to age, e.g. at 19-747, 
at 25-962 (highest age pay on entry) 
rising by four annual increments to £1,104. 

Prospects of promotion to grades in 
salary range £1,032-1,691. There are a 

few posts carrying higher salaries. 

Annual Leave allowance of 3 weeks 
3 days, rising to 4 weeks 2 days. Normal 
Civil Service sick leave regulations apply. 

Application forms available from: 

Recruitment Offker (PT) 

Government Communkalions Headquarters 

Oakley 

Build your own 5-valve receiver, transistor portable, signal generator and multi- 
meter-all under expert tuition. 
POST THIS COUPON TODAY and find out how I C S can help YOU ¡n your 
career. Full details of I C S courses in Radio, Television and Electronics will be 
sent to you by return mail. 
MEMBER OF THE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES. 

r -------- - ------------- 
Internacional Correspondence Schools 

INTERNATIONAL (Dept. 152). Intertext House, Parkgate Road. 

I London, S.W.l I I 

CORRESPONDENCE I NAME .................................... --...-.. ................ .-..--....- .... - ............ I 
Block Capitals Please I 

SCHOOLS p 

I 
ADDRESS .................... I 

AWHOLE WORLD ................................................................................................ 

- .... .. ........ 

RADIO TECHNICIANS 
A number of suitably qualified 
candidates are required for permanent 
aid pensionable employment (mostly in 
Cheltenham, but from time to time there are 
some vacancies in other parts of the 
U.K. including London). There are also 
opportunities for service abroad. 

Applicants must be 19 or over and be 
familiar with the use of Test Gear, and have 
had practical Radio/Electronic workshop 
experience. Preference will be given to 
candidates who can offer "O" Level GCE 
passes in English Language, Maths and/or 
Physics, or hold the City and Guilda Tele- 
communications Technician Intermediate 
Certificate or equivalent technical 

TECHNICAL TRAINING by 
Ii C S IN RADIO, TELEVISION AND 
L' ELECTRONIC ENGINEERING 

First-class opportunities in Radio and Electronics await the I C S trained man. 
Let I C S train YOU for a well-paid post in this expanding field. 
IC S courses offer the keen, ambitious man the opportunity 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: 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS. 
C.& G. TELECOMMUNICATION TECHNICIANS CERTS. 
C.& G. SUPPLEMENTARY STUDIES. 
R.T.E.B. RADIO AND TV SERVICING CERTIFICATE. 

* RADIO AMATEURS EXAMINATION. 
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY. 

Examination Students Coached until Successful. 
NEW SELF-BUILD RADIO COURSES. - 

with a great future in computers 
This is an exciting opportunity for young engineers 
-the chance to join IBM's fast moving computer 
industry as a Field Transfer Engineer, working at 
the Data Processing Division's engineering centre 
at South Ruislip, Middlesex. 

Initially they will overhaul and repair puhched 
card equipment and this, along with day release 
education, will give them the progressive experience 
required to move on to computers-including the 
highly sophisticated System/360. And since IBM 
promotes solely on merit, and from withinthe com- 
pany, aptitude and ability can enable them to 
advance to Data Processing Customer Engineers. 

Starting salaries will be up to £1,100 a year, with 
non-contributory Pension and Life Assurance 
Plans and excellent working conditions. 

This is an interesting and rewarding position in a 

rapidlyexpanding industry,and itoffers outstanding 
career prospects to young meni So if you feel you 
can handle a really big future ¡n computers just 
write, giving details of age, education and experi- 
enceto: R. F. Snelling, IBM United 
Kingdom Limited, Stonefleld Way, 
South Ruislip, Middlesex, quoting 
reference DP/PE/71 5. 

20-25 
logical thinker 

ONC/HNC 
Engineer elecrical 

electronic 
- mechanical 

IBM Engineer 

SITUATIONS VACANT (continued) 
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200/ CASH DISCOUNT on most famous makes 
of IS'ape Recorders, Hi-Fi equipment, ameraa, 
etc. Join England's largest Mail Order Club 
now and enjoy the advantages of bulk buying. 
Send 5/- for membership card, catalogues, 
price lista and ask for quotation on any item. 
CHA. (Dept. A18), 370 St. Albans Road, 
Watford, Herts. 

SAVE UP TO 20% on moat new, guaranteed, 
Hi-Fi and Tape Recorders. Large sae. 
details. MICROSERVICE, Foura aya, Morris 
Lane, Halsall, Lanes. 

ROBSON', 41 Thunder Lane, NORWICH. 

COMPO [MIS 
* ASSORTED TRANSISTORS-6 Tentod 

AP. Deyko .......................................... 9/6 

* ASSORTED RESISTORS- Hi-Stab. 300 off 
(5%, -. 1. wott, worth £3) .................. 15/- 

* SELECTED COMPONENTS- Oser lOO 
Hi-Stabs.. Copacitors. Pots, Roctifior,, Swit- 
oho,, sto ................................................. IO!- 

* TRANSISTORS - Matched Output Kit 
OC8lDond2-0C81 ................................. 9/6 
R.P. Kit:0C44 and 2-0C45 ..................... 9/6 
0C44, 45, 70, 71, 72, 81 and 810 Equicalont. 
nach...................................................... 3/- 

New Ceramic Transistors made in U.S.A. 
CS2926 red $55-I 103/6. Silicon Planar, 
CS2926 orasgn $90-1 80319. 120 Mc/sft. typ. 
CS2926 yellow$150-300 4/-. 18V 300,nW san 
CS2926 gron $235-4704/9. Low noise NPN. 

Ultra High Gain Ceramicn,U.S.A. 
6645 rod $250-550 3/6. Silken Planar. 
6645 blas $500-10004/3. 15V 300,nW NPN. 

Medium Power Silicon Planar 
2N3053 NPN 60v. 1W atso lOO Mc/a ft. win. 
11/6. 40319 PNP 40V, l\/ n,as. 00 Mc/a 
ft. wjn. 15/6. 
Thoap are 2w asso, with host sinks, 9d. oath. 

High Power H.P. Silicon Planar. NPN 
2N3054 16W @ l00'C caso. 90V. 4A, 25 Mc!, 
ft. typ. 16f-. CP407 15W @ 75C Case, 60V. 
lOA. lOO Mo/n ft. win. 56/3. 

High Power Silicon NPN 
2N3055 65W H IOOC sass, boy. l5A anas. 
11/9. 40250 16W H lOO'C case. 50V, 4A lii-. 

TAPE RECORDERS, TAPES, ETC. 

TAPES TO DISC-using finest professional 
equiprnent-45 r.p.m. 18/-. S.A.E. leaflet. 
DEROY, High Bank, Hawk Street, Carnforth, 
Lanes. 

RECEIVERS AND COMPONENTS 
(continued) 

2N2926 4/., 0071 Z'/9, OASi 1/9, 860v, iA 
Rectifiers 4/-, W 5% HS. resistors 4d. 
Add Sd. no. Discount on 10 and un. A. P. 

RECEIVERS AND COMPONENTS 

(continued) 

I 
ECONOMY SEMICONDUCTORS 

NOTICE 
BI-PAK SEMICONDUCTORS - (REG.) MANUFACTURE AND DISTRIBUTE 
SEMICONDUCTOR AND SOLID STATE DEVICES IN PRE-PACKED FORM AND 
HAVE NO OTHER AUTHORISED EXCLUSIVE DISTRIBUTOR IN THE 
U.K. .FOR ALL YOUR SEMICONDUCTOR REQUIREMENTS SEE OUR ADVER- 
TISEMENT ON. PAGE 308 OF THIS MAGAZINE OR WRITE TO BI-PAK. 
SEMICONDUCTORS, 8 RADNOR HOUSE, 93/97 REGENT ST., L0NDON;w.I. 

314 

DTB4 TECM Bull, 2/-. XTAL Ear Piece. 3/6. 
ECC85 Valves, 4/6 each. 48/ doz. 

watt Res, grade I labgear, Sd. each + 
4d. pp. any quantity. 

ROBINSON (RADIO T.V.) 
4 HIGHCLIFFE ROAD 

B LACK LEY 
MANCHESTER 9 

RECEIVERS AND COMPONENTS 

Very good general purpose transistors, type 
C/ET3, perfect for switching, muii-vibrators, 
etc. Sample 1/-. Makers sealed pack of 10, 
8/6. Silicon rectifiers. 50. piv. 15A. 400. 
ply. 0TSA, 2/5. 12v 5%. LW. zenera, 3/6. 
J. COOPER, Outwell, Wisbech, Cambs. 

REPANCO Transistor Colis and Transformer. 
for the Constructor. Send stamp for lists 
RADIO EXPERIMENTAL PRODUCTS 
LTD.. 33 Much Park Street, Coventry. 

R. & R. RADIO & TV SERVICE 
Dept. P.8. 

44 Market Street, Bacup, Lanco. Tel. 465 

Salvage VaIvss Good Emission Guaranteed 
EFSO 1/6 30P4 7/- 3OFLI 5/- 
ECC82 3/- EB9I .1/- PLS2 4/6 
ECL8O 3/6 EFBS 
30F5 5/- 30P1.l 5f- P1.36 7 

PCF8O 4/- EY86 4/- PCC84 4/- 
P1.81 Sf- 6U4GT S/ FY81 3/6 
PZ3O 3/- PY33 6/- U30l 6/- 
SPEAKERS En TV 3 oh,,, imp. 5 Rnd. und 6 X 4 
316. 8 Rnd. 6/.. Post 2/6. 
BYIOO. Rectifiers con,plete with IO watt res. 6/-. 
Post 6d. Fireball Tuners, less Cover cans 9/. post 
paid. 
Ekco line 0/p trans, 1.126 type 35/. post paid. Fnrg 
line 0/P 406T 30/.. Ferg 306 type. New, 70/.. 
Cyldon type C' tuners 15/. post 2/.. 
S A.E. with all enquiries. 
9 X 4 Envelope for lists. 

COMPUTER BOARDS. Two types, average 30, 
Planar Epitaxial Transistors: ZT708 or equiv., 
300 Megs, 30 Diodes, Histab Resistors 
19/6 each. Polystyrene Capacitors, 350v. 680, 
820. 1,800, 2,200, 2,700, 5.600, 6,800, 0-018, 
0.022. 0033. 125V. 1,000, 1,200, 1,500, 1,800,- 
3,300, 3,900, 4700, 8,200, 001, 0012, 0-015, 
2/. dozen any selection. Heat Sinks 10W 
finned, 5/.. Miniature Relays, 1 x r x r. 
910 ohm, 2 pole change over 10/-. Electro- 
lytics, 5,000 M}'D, 50v. 6/6. 1,000 MFD, 
00v. 5/-. 1,000 MrD, 30v. 4/-. 3,000 MFD, 
10v. 2/-. Gold Bonded Diodes, 75v. P.1.V. 
75mA. cards of 25, 10/-. Wire Wound Pots 
5, 10,25, 50, 100, 250, 500, 1k, 2k. 25k. 5k. 
10k, 20k, 21k, 50k. 100kb not presets, 2/- each. 
Minimum order 5f-. post 1/.. NEW CROSS 
RADIO, 6 Oldhani Road, Manchester 4. 

*GRAMOPHONE AMPLIFSER-Gsaran. 
teed. t watt, for 8 ohm speaker, 9 s. supply, 
6 TransIstor Unit .................................... 19/- 

(P. 8. P. 1/6 per order, C.W.0.) 
ELMBRIDGE INSTRUMENTS LTD. 
Island Farm Avenu.. West Moles.y. Surr./ 

TRANSCEIVERS, 5 trans., hatts. As widely 
advertised. Limited number. Reduced to 
57.12.6 pair, pp. 5/-. Refund guarantee. 
(Not for use in U.K.). BORDER MAIL 
ORDER, 18 Olendevon Road, Edinburgh. 

FAMOUS TRANS/RECEIVER 
Covers 2-45. 45.-8 Nc/s. 

fr' (150-37 metres) in two 
/ bands. 230/250v.A.C. Mains. 

Il valve suptrhet receiver r and transmitter designed 
- for voice and C.W In- 

corporates test and tun- 
ing 500 MA meter for 

aS> - voltages, aerial load. 
', ¡ leg and current tests. 

Pan'el controls Freq.P.A. Tuning Gain MCW. 
CW RT, Net Toen. Netting, On/Off Quench. 
Aerial, AVC. LT.HT Tests. Supplied complete. 
Fully tested and working. Price £1210.0. Carr. 
£ 1.0.0. 
RCA AR88D. RECEIVER (Brand New) 
Freq. 540 Kc/s-.-32 Mcfs.6 waveband. Mechanical 
Band spread with Logging scale. Auto and Man. 
Vol. control, ditto Noise Limiter. BFO, Pitch 
and Var. HF Tone controls, RF & AF Gain. Var. 
selectivity with Crystal Filter. Complete with 
lnstractions/ Service Manual £70. USED 
MODEL Fully tested and working £45. Carr. 
£2 on each. 
NATIONAL H.R.O. SENIOR RECEIVERS -- -- - ST MODEL 

-. - .,'ln.. In excellent tested ! condiOonComPItS 

k 
!/(3Iocs 

3211. TELE8COPIC AERIAL MASTS 
Comprising 20 ft. 4 section tubular steel tele- 
scopic mast and 12 ft. folding whip; Can be 
erected in less than 5 minutes. Closes to 5 ft. 
9 in. Weight 21 lbs. Must have cost well over 
£20. Price 67/6. Carr. 7/6. 
ROTARY TRANSFORMER. l2v. D.C. in- 
put. 250v. D.C. output at 125 mA. Siue 31 o 
Sj in. Brand new 17/6. P. & P. 5/-. 
ALL 19 SETS AND PARTS AVAILABLE 

Complete list of other bargains, II-. 
S.A.E. all enquiries. Credit Terms Available. 

A. J. THOMPSON (Dept. P.E.) 
EILINO LODGE." CODICOTE, HITCHIN, HERTS. 

Phone: CODICOTE 242 

G.rnsanium Low Power 
2N 1304 NPN b 20V lOW mao. high gain 
2N 305 PNP J $120 typicol4/3 each. 

Garmanium High Power PNP 
NKT4OI 90V. lOA max. BIS-45 6A, 50W 
17/.. NKT4O3 80V. lOA mxx. $50-ISO® IA. 
50W, 16/3. 2N373l 300Vpk, 6A man. $15 
min. @ 6A, 5W, 19/6. 

Complementary MaCchad Paire 
2Nl304/2Nl305. 9/. 2N2926/2N3702. 9/. 
2N3705/2N3702, Il/i 2N3053/40319. 27/6 

R.duced prices: 
BCIO7 45V, B125-S00 7/-. 
BC lOB 20V. $125-500 6/3 
Bd 0920V, $240.900 (low noise) 7/3. 
Resistors 4W 5% carbon film 2/3 dog. 17/3 lOO. 
Skeleton prosots 10013 to 10M 13. 
Horizontal or vertical mounting 1/.. 
Disc ceramics. 50V. -01 5d. -02. 05 Bd. 

Cir-Kit, kit including board 15f-. 
Entru sheet. strip, boards available. 
Peak Sound Stereo Amplifier bit £12.196. 
Power Supply bit £Ll0.0. P. & P.5/6. 
Discount of IO%on orders over £3. 
Catalogue 6d. 

- ELECT.ROVALUE 
6 MansfIeld Plug.. Ascxd Berkshire 

TRANSISTORS AND COMPONENTS 

I 0C44 + 2 0C45 + I 0A8I + I OC8ID 
+ 2 OC8I, 12/6 + 4d. pp. 
ORP6O Cadmium Sulphide Cells (light sen- 
sitive), 5/6 each. ORPI2 as above. 719. - 

SILICON RECTIFIERS (GRADE I) 
BYZI9 200 Ply. 6 amps. 5/4 euch. 
BYIOO (branded Mullard) 800 Ply. 550 rn/a, 
S/ + 4d. pp. any quantity 48/- doz. 
BYZI5 (Grade I) 200 P.I.V. 40 amps. 
£21.0 each. 
800 Ply. S amps, 6/6 each. 
800 Ply. 400 m/a, 4/. each + 4d. pp. any 
quantity. 

TEXAS TRANSISTORS 
2N 1302= ASY28, 6/6 euch, 20302= GET872, 
7/6 each. 2G301 =001873.6/6 each. 2G339A 
=AC127, 2/6 each. 2G374=0075. 2/4 
each. 2S301 audio. 2/6 each. GMO29OA 
uhf. cul of freq. 700 M/cu, 19/6 each. 

MULLARD TRANSISTORS 
ASY28, 7/6. ACI26, 7/6. 0083. 5/6. 
OC8ID, /-. AFI IS, 4/-. 0C45, 3/-. 
AFYI9, 7/6. 0C169, 3/-. AFII9. 3/-. 
0C172, 3/-. AFIle, 3/.. AFII7, 3/-. 
MATI2I,8/6. MATIOI,8/6. MATIOO,7/9. 
MATI2O, 1/9. 0C26, 6/6. AC127, 2/6. 
0071, 2/9. ACY22. 3/6. ACYI8. 3/6. 
NKT279A, 3/4. NKT7I 3, 12/6. N KT278, 6/6. 
NKT773, 10/.. NKT27I, 8/-. NKT224,6/6. 
NKT27S, 6/6. BSY9SA S.T.C., 10/6. Denco 
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I Watt S.T.C. 300 MC/S N.P.N. 
Silicon Planer. Transistors. With 
data. Limited Stocks. LI for 6. 

3/- each. 0C44, 0C45, 0070, 
007 I, 008 I, 008 ID, 0C200, 
Get 16, Get 20. 

4/. each. AFII4, AFII5, AFII6, 
AFI 17, OCt70, 0C171. 

5f- each. 0C139, 0C140, Get 
7, Get 8, Get 9, XCI4I, BYIOO, 
0A21 I. - 

ZEN ER DIODES 
3.9v. to 26 volt, w. 3/6 each, 
15w. 5/-, 7w. 6/- each. 

Send 6d. for full lists: Inc. S.C.R. 

EF8O 1/3 EZ4O 2/6 
PL81 3/9 EY86 4(9 
PCCS4 1/9 PY33 4/9 
PCFs0 1/9 PCL$1 2/9 
ECL8O 1/3 PCCSY 3/- 
PLL82 3/9 PCF86 6/3 
ECC82 4/- IOFI 1/- 
PY82 1(3 30L15 19 
PY81 1/3 30F5 4/3 

30L1 2/- 

33+% OFF. BRAND NEW Record Playera. All 
Types. Auto., Valve, Transistor. Transistor 
Radios. Tape Recorders. Electronic Com- 
ponents. $peakere. Transistor Televisions. 
Turntables. Amplifiers, Tape. Brand New and 
Secondhand. 175 Newbury (lardens, Stone- 
leigh, Surrey. Phone: Eweil 5$:14. 

2N3054 Ill- BCIO7 7/9 FET.2N38I9 15/- 
2N3055 12/6 BCIO8 7/6 FET.2N3820 26/- 
2N3702 5/6 BCIO9 7/6 ALL.2N2926 4/. 
2N3704 5/6 MEIOI 2/6 SCR.2N3525 15!- 
ME400I 4/6 ME3OI 1/6 UIT.T1S43 13/- 
ME4002 4/9 0083 4/6 T.OlN37l6 15/- 
ME4003 5/3 N-TYPE ECONOMY FT 14/- 

MILLTRON ICE 

teed, Venner, 15 amp. 37/6. 5 snip. with 
Horstmann clock, 32/6. P. & P. 4/6. A. R. 
BATCHELOR (PE. Dept.), 4 Park Road, 
Bromley, Kant. 

ELECTRIC 
SOLDERING IRON 

FANTASTIC 
BARGAIN OFFER 

ONLY 
Lightwight Pistol 
Grip handle. 40 - 
watt. 240 . 250v. 

hal detchcbI 
POST FREE 

for iron when no, in use. With 
4lf'. Safety 3-core flea. md,,- 
pensable for every home handy- 
man. A boon to model makers and 
a necessity for every electronics 
enthusiast. Ofierrd to you at this 
new amazing price. 

RECEIVERS AND COMPONENTS RECEIVERS AND COMPONENTS FOR SALE 

(continued) (continued) (continued) 

I SPECIAL OFFER I 

VALVES USED bu guaranteed. SInGle valves TIME SWITCHES reconditioned 14 day clock 
post 7d. 103 Evelyn Road, Dunstable. once on once off every 24 hour8. fully guaran- 

i i I 
Radio Control Ltd., 93 North Road, BrIghton. 

I 
Southampton, Hanta. 
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Leners. 

BSY 27. 7/6 each. 0C20, 10/- 
each. 

Cursons 
78 Broad Street 
Canterbury 
Kent 

EXPERIMENTER'S PRINTED 

CIRCUIT CHASSIS KIT 
BUILD 30 TRANSISTORISED PROjECTS 

on a printed circuit chassis with parts and transistors 
fron, your sparen bon. Latest very efficient designs 
lcr Radios. Amplifiers. Iteientille Devices. etc. etc.. 
to suit eceryone', nerds and intOrruts. The kf 
Comprises 4 assorted PC laminate boards. etchant, 
resist, solvent. degreaser. 16-page etching manual 
'Printed Circuits for An,uteurs". 2 miniature Radio 

Dials. Aise Essential Design Data, Circuits and 
Printed Circuit. Chassis Plans fur bui Idica 

30 SUGGESTED PROJECTS 

Many recently deycloped rieruita published for tIse 
first tino including THE SMALLEST 3 RADIOS IN 
THE WORLD: Ring Radio (.70 u .70 n 
Wei,twateh Radio (1.15 n .80is.), Postage Stamp 
Radio (1.6 o Sein.). Recently lsscented Tripir 
Rafles with seif-adjosting regrneration. (Pst. Pesi. 
Nestraliscd Double RoSen. Pocket Transceiver 
(licence required). Solar Loudnpeahrr Radio. 
Bacteria Poorred Radio. Control of Models by 
Induction (not radio). Llght.itreking Robot. 
Guided Missile. Electronic Man/Woman Discrinslu' 
star. Perpetruil Motion Machine. 4 Pocket Tras' 
ri.tor RadIos. 4 Amplifiers. 2 Intercom,. Burglar 
Alarm, 4 Ussasuui Crystal Seto, etc., etc. 
All designs suit PC hourds rneioned. 
Peire of Kit: 8/8. Post and Park. 1/6. (U.K.) 
Send SAE. (or full details und Photograph,. 

YORK ELECTRICS 
181.. YORK ROAD. LONDON. AWlS 

I ULLSWATER ROAD, LEVERSTOCK GREEN 
HEMEL HEMPSTEAD. HERTFORDSH1RE 

C.W.O. Pont Free SAE. List Mail Order Only 

FOR SALE 

SEE MY CAT. for this and that. Tools, 
materials, ntechanical anti electrical gear- 
tots of unusual stuff. This Cat, is free for the 
asking. IC. R. \rRLSTON (Dept.. OPE), 
New Mills, Stockport 

MANU FACTU R E RS' varied surplus, expert- 
nienters senti for list. HÂTFIKLI), 7 i4t. 
George Bungalow, 14ildenborouizl, Kent. 

A 59/lid COMPUTER FOR FUN? 

Not exactly. DIGI.COMP ins model working 
mechanical digital computer that you prs. 
gramme for binary calculations, logical 
problems. and games, such as nim. The basic 
instruction Manual was written with eleven. 
year-o(ds in mind, while she Advanced Booklet 
analyses all the problems and discusses them in 
termn of boolean algebra und symbolic logic- 
then you can write your own programmes for 
DIG l.CO M P. 

Send 59/I I (or £311016 to include the Ad- 
vanced Booklet), co:- 
i-COR SYSTEMS (Computer Projects) 

18 Stamford Hill, London, N.16 

CRACKLE PAINT. Black or (irev, plut tins 
4/-, 1,051 (lii, fioiti tite COIlIlIOlIClIL ripeciltlists. 
SERVIO JtAI)IO, 156-8 SterlisIt Itond, 
Willlbledoll, Londoil, S.W.19. 

H AMMERITE 
HAMMER PATTERN 

BRUSH PAINT FOR 

PANELS, METALWORK 

3/6 TIN JUST BRUSH ON 
WITHSTANDS l5O'C, OIL. WATER, Etc. 

21 on. sins 3/6 4 gallon 35/.5 
4 pins 7/6 I galion 58f.5 
i pint (5/. (° sent by ruad) 

Carriage: Orders up so SI.. Sd; up so lOi.. (/9: 
over lO/-, 3/.. Colours: Bise, Silver, flach or 
Bronze. Resurn of pun s servire, Msnday so Friday. 
From peur comlmonent sirop or direct from the 

monufoctsarer: 
FINNIGAN SPECIALITY PAINTS (PE) 
Mickley Square, Stocknileld, Norshumborland 

Tel. Storkufleid 22E 

Exciting new illustrated catlllogile, 110. 17. 
Government niiti niantifucturers' uilr(llUs elec- 
tronic equipment. Also a large selection of 
new minIature components and settiiconductors. 
Ready end of Jaflnilry. Senti for your copy 
NOW. 3/- Post Free. ARTHUR SALLIB. 

C. H. SERVICE (Dept. PE) 
Lust.d Hall Lane, Tatnfisld, KSnt. 

FOR SALE. Oscilloscopes - Galvanometers - 
Evershed st Vlgitoles Meggers. Also other 
Ileflls and components. Free (ist. Stamp 
plse. R. & L. MART, Box 9, tIPO., Tun- 
bridge \Vells. Ietit. 

MORSE ! 

The Fanmouc RHYTHM RECORDED COURSE cut 
the practice i lust loua to ars :sImuolsste nsinin.asr,.. 

Orse Ruderst, serrI 30, took only 13 DAYS. and 
another, agr,i US, lock rs,s,ler a weck tO read 18 pm. 
Il yos sieh 't,, remI Morse easily .s,,I ssatsrally plraus 
enriror hi,I. ir, slarr,l,c or ta-O international reply 
coupons far full rulsla,m.rtorç leaflet to : O3CHA/}E. 
-Ei Green Lane, PurIe,', Morves'. UPLands 2096 

BOOKS AND PUBLICATIONS 

SURPLUS HANDBOOKS 
19 set Circuit and Notes ...... 4/6 PP. 6d 
I 155 set Circuit and Notes . . . . 4/6 P.P. 6d 
H.R.O. Technical Instructions . . 3/6 PP. bd 
38 net Technical Instructions. . . . 3fb PP. 6d 
46 net Working lnstructionn . . 3/6 PP. 6d 
88 net Technical lnntructions . .. . 5/- PP. 6d 
BC. 221 Circuit and Noten ...... 3/6 PP. 6d 
WavemeterClass DTech. lnstr. 316 P.P. bd 
IB set Circuit and Notes ...... 3/6 P.P. bd 
BC.I000 (31 net) Circuit & Notes 3/6 PP. bd 
CR.IOO/B.28 Circuit and Notes 8/6 PP. 9d 
W.IO7 Circuit and Noten ........ 5/- PP. bd 
A.R.880. Instruction Manual .15!- PP. 1/6 
62 set Circuit and Notes 4/6 pp, od 
52 set Sender & Receiver Circu/in 6/-. pontfrne 
Circuit Diagrams 3/- each pont (reo. 
R.l 116/A. R.l224/A, f61355. R.F. 24, 25, & 26. 
A.l 34, T.I 154, CR300, BC.342. BC.312. 
BC.348.J.E.M.P. BC.624. 22 set. 
Resistor colour code indicator, I/o PP. bd. 
SAE. with all enquiries please. 
Postage rates apply to U.K. only. 

Mail order only to: 
instructional Handbook Supplies 
Dept. PE., Talbot House, 28 Talbot Gardens 

Leeds U 

WANTED 

A COMPLETE SET of PIRACTICAL ELEC- 
TRONIR'S fr0111 No. i up to and Including 
October liMitI (incomplete sets accepted). 
Will pay up to £4 and postage. SlITHER, 
Alban House, Holly Hill Lane, Sarisbury, 
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-, 25 (E), DOMINION AVE., LEEDS 7 
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ELECTROLYTICS 100MF. 60V. 216; 200ysF, 210V. 
2/6; loo & 400MF. 276V. 618; 200fat', 100W. 4/-; 

l000iF. 10V. 6/-; 30001&F,-100V. 7/6; 0000ysF.60V. 
7/6. P. & P. 2/6 in 61. 

PATTRICK & KINNIE. 
81 Park Lane 

Romford, Essex 
ROMford 44473 

Please mention - 

PRACTICAL ELECTRONICS 

when replying to 

Advertisements 

SILICON TRANSISTOR AUDIO PACKS 

Set of Fairchild Silicon Transistors and Diode,. 
Complete with Circuit. AFIO 8-IO watt, 30/.; 
AFII 20 watts 78/-. 

HEAT SINKS-4( X 3')< l'or 38X 3X2 
Finned, Alacrom Finish. I-2 Power Transistor,. 
Undrilled 3/9 each. PP. 6d. 

FAIRCHILD ZENERS 250MW I5 6.9, 
9.4, 12.7. 7.2, 23.2.31 volts. 5/6 each. 

I PDT MIDGET POWER RELAY (3 Amp) 
230 nolt A.C. 10/9 each. PP. I/-. 

SAE, for details of Silicon Transistors and 
Diodes. - 

All our Products bane full maker's Guarantee. 

VIBRAY MOULDINGS LTD. 
3 Kings Roed Slough. Buck,. 

Mail Order only 

L 

gjL;:° -L 
.I2I'c_! 
.[Jx /2ILJ 
Simple Electrical Analogue circuits to solve 
the above, 416d. - 

PLANET INSTRUMENT CO. 

MIGH SPEED MAGNETIC 000N'rERS (4 X i X 
lIa.). 4 diCt. 12/24/46V. (elate whIch) 6/6 each, 
P. & P. 1/-. 
RE-SET MS. MAGNETIC COUNTERS (3 Xix lIn.). 
3 dIgit. 12/24/48V. (otate which) 32/6 eaCh. P. &P.2/6. 
COPPER LAMINATE BOARD (81 X II X akin.). 
2/6 each. 5 for 10/-. 
PRINTED CIRCUIT CONNECTORS. 13 way 'In-line', 
Gold Plated Pine. 4/6 Pr. P. 6 P. Od. 

BULK COMPONENT OFFERS 
log Capacilora (lateot typet) SOpF to IpaF. 
250 Carbon Rroetora I & 1W. (Tranoletor types). 
250 Carbon Resiatore 5 & 1W. 
loo Rlgh.81wb Resiatora 5, 4 & 1w. 
100 CeramIc Capucitoro 2-1000 pF 
25 Vitreoao WfW Reeistor (Is). 
12 Preciolon Res:otoro (1). 
25 Close Tolerance Caps. (2j. 

ANY ITEM 10/-. ANY 5 ITEMS £2. 

IILICON CONTROLLED RECTIFIERS. CR8 1/30 
1360 P.I.V. 1 mop) 7/6 each. CR8 3/40 (460 P.I.V. 
3 amp) 10/- each. 
PHOTOFLASH ELECTROLYTIC 2000paF, 272V. 
1716. p. 6 P.2/6. 

TRANSISTORISEO RUOlO ERE)UENCY SIGNAI. GENERATOR 

Frequency: Frequency 
c/o-20 kr/c reading direct 

lo .1 ranges oft th scale 
Coasotant ole - Batterylile 
frequency e 
Output I 

P 
contlnooualy - d:otortloia 

variable Ieou than 1 

PRICE £10. 15.6 (Complete with Battery) 
Mail order oniy. Cash or P.O. with order. 

Include 5/6 for P. & P. U.K. only. 
Comprehensive range oF .25 w. Carbon Film 
Resistors, Miniature Carbon Potentiometers, 

Silicon Rectifiera. 
Please send for technical literature ei the above 
components enclosing 1/. In postage Stamps to: 

O. & R. ELECTRONICS LTD. 
54 MYDDELTON ST., LONDON. E.C.l 

Masterbox '" kitt afford the quickest, easiest 
method ofassembling control boxes, indicator 
panels, small switchboards, etc., using u 

screwdriver only and in a matter of minutes. 
The modular principle ei construction ei 

Masterbox is unique-units can be bolted 
together in any cmbinatien to build larger 
assemblies--can be ultered, extended and 
adapted indefinitely to meet altered require. 

,;sterboxes are ideal for all hinds of 
experimental work, combining convenience 
with smartness, strength and adaptability. 
Write to Cockrobin for details of Masterbox -or send 9d. for full lists. 

COCKROBIN CONTROLS 
36 VilIlors Avenue, Surblten, Su,rey 

SPEAKERS & TWEETERS 
2+ inch Tweeter @ 3 ohm. 9/6d. each 
3 inch ,, @ 8 ohm. 13/6d. each 
2+ inch Speaker @ 80 ohm. 5/6d. each 
3 inch . ® 20 ehm. 9/6d. each 
5 inch ,, @ 3 ehm. I I/6d. each 

PRINTED CIRCUIT BOARDS 
9 X 5 in. I/lid. ea, 12 X 12 in. 3/3d. ea. 

12 X 4 in. 2/- ea. 12 x 6 in. 2/3d. ea. 

VERO BOARD 
Vero Pack 5 boards & cutter 9/6d. each 
2+5(5 in. 3/sd. ea. 5 )c3 in. 5/6d. ea. 
2 X fl in. 3/- ea. 31x31 in. 3/8d. ea. 

Vero Pins Ij- per dez. 
We have large stock of electronic components 
und feel that a visit to our premises would be to 
your advantage. Send If- for our catalogue. 
Please inclade postage with orders. 

Clement Brown 
96 pages. . 60 line diagrams. 

Q. & A. ON RADIO 
AND TELEVISION 

H. W. Hellyer 
¡28 pages. 70 line dia grams 

each 8s. 6d. 

from booksellers or 9s. 6d. by 
post from GEORGE NEWNES, 
Tower House, Southampton 
Street, W.C.2 

-TEST METERS: ITI'2. A saperb buy loe the dis- 
cerning engineer alto a limited budget. 30K. ohmel 
V. nith all the amaI desirable feoturee for tontine 
and eoperimenting. A enip at 69/6 pIne 3/' P. & P. 

TEST LEAD KITS Consplete with plastic case. 
6/9 plae 1/3 P. & p. 

RECORD PLAYER AMPLIFIER: Powerlal single 
valve amplIfier (EL 84) selth metal rectiSer. Conspleto 
with volume and tone eontroln. 2201200V. A.C. 
only 59/6 pIssa 3/' P. k P. 
And, of maree, oIl Sinclair and Lander prodacts 
always in stock. 

WrIte or call now for our Componeoto Slot 

L iBOTH 

WELL ELECTRiC 
SUPPLIES (Glasgon) LTD. 
54 EGLI]ITON STREET 
GLASGOW. C.9. Tel. 041 SOUth 2904 

.Vtnber a/the Louder Group 

CRESCENT RADIO LTD. 
ELECTRONIC COMPONENT SPECIALtSTS 

40 Mayes Rd., Wood Green, N.22 
Telephone: BOWES PARK 3206 

TRANSISTORS 
0C36 5/- GET/114 I/6d. 
V30/30P 5/- AC/Ill I/6d. 

DIODES 
0A6 3/6d. 0A81 2/6d. 

0MO. 4/- 0A85 2/6d. 
OA7O 2/6d. OA9I 2/- 
0A79 2/- 0A95 2/6d. 

ZENER DIODES 
Ferranti 

KS39/A 75 volt 6/- 
KS4I/A 9'I volt 6/- 

SPECIAL LINES 
S.C.R. Thyristor, 400 volt, 3 amp. 6/- 
0.R.P.12 10/- 
Electroluminescent Mains Indicator j inch 
fixing. Red, Yellow, Green. 3/9d. 
Single Pole Arrow Toggle Switches 2/- each 
PU. Cartridge with both Styli 8/6d. each 

Basic guides for the' 
enthusiast -a new 
series in question and 
answer form; 
Q. & A. ON AUDIO 

Clement Brown 
f04 pages. 80 line diagrams. 

Q.&A. ON 
ELECTRON ICS 

Clement Brown 
112 pages. 60 line diagrams. 

Q.&A. ON 
TRANSISTORS 

SPECIAL OFFERS? 
(No . . . just normal Bothwell bargains) 

H.P. SIRENS: Rave you 10usd anOther ase for our 
powerful yet nsiniatuce hieb frequency horno! 
Already they are being used In burglar and fire 
alarm,. and for ail types of equipment obere a 
clear penetrating sound is required. 
1.5/4.5V. D.C. only 3/6 each pIas 2/. P. AP, per barn. 

AERIAL WIRE: Pure capper. Insulated: till 
available in 76 ft. reel, st e.cellesst pelee of 5f- plus 
2/. P. A p. 

RELAYS: 
1. Miniature plug-in wIth 2 lIght duty e/o contact,. 

CoIl 185 Ohm,. 41/18V. D.C. 15/-. 
2. MIniature plug.in with 4 lIght duty e/o contact,. 

Coli 130 ohm.. 9/iSV. D.C. 18/9. 
3. Heavy duty cur alarm relay 6/12V. D.C. 3 

heavy duty e/o contad,. 27/6. 
P. dr Pon above item, 1/- each. 

4. Bane for item (2), 2/9 plus 6d. P. Jr P. 

LOUDSPEAKERS: We carry a range of ipeakers to 
suit every application. Typical esasnples are: 
i. Westwell 0.2W.: 8 ohm; 2*10. dia., 7)9. 
2. We,twell 0.2W.: 8 ohm: 3m, dIa., 9)8. 
3. RIcisurd AlIen 1210.. 3 obus v/tb tweeter, 27/8 

plus 3/. P. A P. 
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 THE LARGEST PANCE OF LOW PRICED SILICON CONTROLLED RECTIFIERS (TN YR ISTORS) IN CT. BRITAIN. 

I amp (l'O 5 can) 7 amp (stud) 16 amp (stud) 
Ply each Ply each Ply each 

FREEPacks ei your ewn choice te6 
lOf. 

lOO RIÓ loo 1016 lOO 
400 25f. 200 15f- 200 

1616 FREE OCR literature includ,ng circuit 
25!. d,agran,s 1er light dinnnners. speed controllers. the value ei with aH 

orders Over £4 fl value 300 25!- 300 
400 30f- 400 

30/. AC power switch. eso., with oil OCR orders or 
40!- on request 

500 40f- 500 30/- 
SCR. Clearance line 25 PIV, 50 amp... 30/- 600 45f. 600 51. 

FIRST EVER LOGIC KITS. Learn (er yourseli hw MAKE A REV. COUNTER FOR YOUR CAR. THE NO CONNECTION WITH ANY OTHER FIRM. 
computera work, even mike one (or yourself. Full 'TACHO BLOCK. This encapsulated block will MINIMUM ORDER IO!- CASH WITH ORDER 
instructionsfer a neuchta and crosses machine, binary turn uni 0-ImA meter into a perfectly linear and PLEASE. For complete lists and substitution charts 
counters, timen. ecc. 1.1. 5 gnu. 12. IO In,. No 

both kits, 1.2. 
¡aurate rev, counter (or any I 

C 
send II-In scamps, add If. post and packing perorder. 

need to purchase you can utart with 
whIch incorporates LI. DETAILS FREE. 

car. State 4 or 6 cylinder. I OVERSEAS ADD EXTRA FOR AIRMAIL. 

DISTRIBUTED DAVIS & WHITWORTH LTD. 

I 

PRE-IPAK SEMICONDUCTORS EXCLUSIVELY BY 222.224 WEST ROAD. WESTCLIFF-ON-SEA, ESSEX 
PHONE: COUTHEND (0S02) 46344 

I 

PRE-PAK FOR QUALITY PRE-PAK FOR VALUE 
Ne PRICE TRANSISTORS PRICE TRANSISTORS PRICE 
Al, 6-Silicon rectifieri BYIOO type . 20!- ACIO7 6/- 0081 2/6 
Al. lO-Reley,, fluxed types end col tage, 20/- AC126 2/6 OCBID .... 2/6 
AS. 20-Mixed, worked and te,ted treni. 20/- AC127 2/6 0083 4/- 
A5. 8-Sil. reo,. I00-400PIV,0-5-IA 20/- AC128 3/_ 0C139 2/6 
Al. I-500 McI,epitooiel nieta. PNP2N700 20/- AC-I'll 5/- OCt40 5/- 
A8. 6-Sob. n.m. cenere, 3-6-15V, 400n.W 20/- AFI 14 4/- OC 170 2/6 
A9. I-2N174 reel pqwer tren,. 80v.. AFI IS 3/- 0C171 4/- 

150W ...... 20!- APII6 3/- 0C200 5/- All. l-Higower, high colto. 20024,100V 
2.0/ AFI Il 4/- OC2Ol 8/- 

A13. 25-A.eortnd ,refl. end diode;, all new 20/: API le 3/6 20301 2/6 

4-2N601 p/tren,. gern,. 30v lOMe!, 20/- 20344 :; :: Vo 
B2 4_Soler cell,. inc. Book of n io, ASY66 2/- 2G37I 2/6 

83. 4-0A5 gold bonded diode,. Mollard 10/- BCZI I 5/- 20417 

B5. 6-Matched et. 0C44/45/8l0/81 10/- BFY5O 
': 2N706 :: :: 5/- 

Be. 2-Power tren,, 0C26/35 type 10/- 25303 2/6 
BO. I-Light ,en,itive cell, ORPI2 type ., 9/- - POWER TRANSISTORS 
BI I. 2-Cowp. peir, ACI2B. ACI76 .. IO!- BSY27 .... 5/- OCIO .... 101- 

813. l-BAl IS G.E. diode, TV. nidno .. IO!- BOYle .... 5/- 0C23 
BIS. 8-Bi-directionel treno., A5Y66 .. IO!- A ::.' : 0C26 :: :: 5/2 
BIO. 4-A,,orced NPN tren,., TO-5.TO-18 IO!- GETIO2 .... 2/6 0C28 .... 7/6 
B32. 4.-1 ewp. reti. IOO/300P1V .... IO!- GETI 14 ..... 216 2N6O1 . .. 5!- 
B33. 10-Gore, diode,, cliorted type, .. IO!- NKT2I3 .... 2/6 DIODES 
834. 8-Silicon diode,, e,,orted type, .. IO!- NKT252 .... 2/6 AAY42 .... 2/- 
835. 2-2 oener diode, I /W., lind IO colt, 10/- OC4l .... 1/6 OAIO 
836. 10-Gold bonded. diodso, ao,orted .. IO!- 0C44 .... 2/6 OA7O .... 1/9 
841. 3-2G339A NPN cedin, teoe, .... IO!- 0C45 .... 2/6 0A19 ..... 119 
842. 5-TK22C gerw. switching tren,... IO!-,, OCll .... 2/6 OA8l .... 119 
843. 4-1S100,iI, reca. /00 PIV. t ewp .. IO!- 0072 .... 2!6 0A182 
844. l-Tunnel diodn AEYI I, lO5OMc/, .. IO!- 0073 .... 5/,.. lN9l4 . .. .. /6 

PRE-PAK FOR SERVICE 
No PRICE. 
Cl. IS-So colt, tren,., gern, ,witching . IS!- 
Cl. I-tinI jonction. 2N3l6O or eqelo. 15/- 
CS. 5-Aedlo kit. NKT218/275/2711773 + 

dicdn ........ 18/- 
C4. 2-RF. power tren,.. 0C22 end EUYI I IS!- 
C5. 2-Sil, power reo,. 200PIV. 6 .wp IS!- 
C6. 5-Sil, ret,., ceip. l00/200PIV . I5/ 
C9, 2-100/60V. cil, tren,., 200Mo!,. 

ZT84/86 ........ 15/- 
C14. 2-3 watt plener.2NI613,2Nl893 IS!- 
C15. 4-Sil. pnp. treni., in the 2S300 ,erie, IS!_ 
C16. I-SiI, power 85 watt,. 25721 ,erie, , IN!- 
CIl. I-60v. ISO Mc!, TO-le, 25103/4 ., IS!- 
Cl 8. I-2N 1132 il, plenar, pnp tren,, IS!- 
Cb. 3-Gnrw. NPN tren.., 2Nl302/4!8 IS!- 
C21. 3-Gerw, pep tren,., 2N1303!5/l/9 ., IS!- 
C22. I-300Mo!, germ. ASZ2I. Mollard 15/- 
C23. l-35 amp ,iI. ret., lOOP/V. ,tud . IS!- 
C25. 2-Power tren,.. gerw.. OC28/29 type IS!- 
Cil, 4-800P1V. SOOwA. ,iI. reo,,, STC IS!- 
C28. 5-Sil, re,,., 400PIV, ceip .... 15/- 
C29. I-200Mc!, low noi,e cran,,. AFZI2 I5/. 
C30. 2-Sil, trae,., narrow gain ,pread, 

8CZII ........ 13/-. 
C3 I. 4-Sil, ret,. 800 Ply, an,p .... IS!- 
Dl. 25-1W hi.,,ab. re,i,tor, wioed - 5/- 
D3. 3-Gore,, diode,. OA1O. 0A79, 0A81 5/- 
D4. 2-Sil, reo,.. Sub. min., 400!600PIV 

400wA ........ 5/- 
Dl, 2-leen, diode,. SIc,. 250wW 5!- 
09. I 0-A,,orted capacitor,. all type, . 5/- 
DIO. 20-T,an,i,tor beet mb, 3/- 
Dl4, 3-Low iwp. earphone,, k,, pItag, .. 0/- 

'EI. 2-2N458 watched power oran,., 
SOy., 80W ........ 30/- 

Transistor Pocket Book, by Hibberd. 
26f 3. 

All prices include U.K. postage- 

Where possible 24..hour service guàronteed 

UNIVERSAL BOOK CO. 
12 LITTLE NEWPORT ST., LONDON. W.C.2 

(Leicester Square Tube Station) 

BATTERY ELIMINATORS 
The deal way of running your TRANSISTOR 
RADIO, RECORD PLAYER.TAPE RECORDER, 
AMPLIFIER, etc. Types availablef 9v; 71v; 6v; 
4fv (single output) 39/6 nach. P. & P.2/9. 
9v + 6v + 6v; or 4o + 4lv (two separate 
outputs) 42/6 each. P. & P. 2/9. Please state 
output required. All the above units ure 
completely itolated from rvains by double 
wound transformer ensuring lOO?., safety. 

R.C.S. PRODUCTS (RADIO) LTD. 
(Dept. P.E.), Il Oliver Road, London, E.0 

FERW!YL 

D e.lssxe 
Telephone Amplifier. Take dosso iong telephone 
menaces or ronverre ,,Ithout holding the hund,et. 
A tiatue tynnbol? Yes, but very useful one. On/OR 
.ltcb. Volume Control. Operates on one 9%'. hattry 
supplied for 2/6 ectru. p. & P. 2/6. 
Full price refunded lt not .atlsßed In 7 days. 

WEST LONDON DIRECT SUPPLIES lPEIt) 
569 KENSINGTON HIGH STREET..LONDOI!. W.L 
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Thò RADIO AMATEURS 

HANDBOOK 40/- 
1967 Ed. by A.R.R.L. Postage 4/6 

World Radio and TV Handbook, 1967 
Ed. by Johansen. 33/.. 

IOU Ways to use your Oscilloscope, 
by Middleton. 22].. 

Electronic Motor Control, by Lytel. 
311,3. 

Transistor Circuit Manual, by Lytel. 
36/3. 

Transistor Specification and Substitu- 
tion Handbook, by Techpress. 22/6. 

Rapid Servicing of Transistor Equip- 
ment, by King. 31/3. 

Circuits for Audio and Tape Recording, 
by Judd. 8/3 

Q. and A. on Electronics, by Brown. 9/3. 

Building and Using Sound Mixers, by 
Steele. 31/.. 

ELECTRONICS 

GALORE! 
IN THE NEW - 

dca -CATALOGUE 
THE CONVENIENT WAY TO 
SHOP FOR ALL YOUR ELEC- 
TRONIC NEEDS. 

EVERYTHING FROM SINGLE 
COMPONENTS TO COMPLETE 
EQUIPMENT ALL AT BEST 
VALUE PRICES. 

SEND I/6d. NOW FOR YOUR 
COPY TO:-Dept. PE/4 

dea ELECTRONICS LIMITED 
28 UXBRIDGE ROAD, EALING, W.5 

4S110N INT 

/1 

J 'J' - . n 

Saine your canrnsunlca 

4-tEdios TransI,Ior Intercom systeris (imuter and 
3 Sub,). lis de-lisse plastic cabinets for desk or wall 
naOuntis.g. Call/talk/listen Irons Mn,ter to Snb, and 
Sub, to M.,ter. Ideally suitable lar Business, Sac. 
ge,7, Schools. SI ospitai, 015cC and Home. Operates 
osa one 6V battery. On/off so Itch. olusae control. 
Complete wIth 3 connectIng wire, each 661t. and 
other accessorIes. S'. & P. 6/U. 

NTERCOM BABYALARM 
' - Usacl/ -6 '1 

P 

Modernize business or hanse with this new too-way 
Porloble Transistor Intercom, consisting nf Master 
and Sub, in trans plastic rabinels with ebromlom 
stands. Designed as a two-way in,lant communka- 
tins systons Call/talk/lIsten Icons Master to Sub and 
Sub to Master. Operotee ost one SV batteep. 
Complets with 60 it. es-ire usai linttery. P. & P. 2/6 
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uotatiofls (or special arras available 
on request 

K.V.A. ELECTRONICS (Dept. PE.) 
27 Central Parade, New Addington 

Surrey-CRO.OJB 
LODGE HILL 2266 
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Power Transistors. 
(0C26 7/6) (0C25 8/6) (0C36 10/-) 

For complete list of Laboratory ('omponenis send SAE. 

LABORATORY EQUIPMENT (ELEC) 
38 Crawford St., London, W;l 

All goods C.W.O. and P.1'. 1/6 

N[1 RANOE U.H.F. AERIALS FOR 

BC 2 (625) line transmissions 
All U.H.F. aerials now fitted wIth tiltIng bracket 
and 4 element grid reflectors. 
Loft Mounting Arra)s, 7 element. :12/-. 
11 Clement, 121e. 14 element, 50/-. 18 element. 
57/e. SVail Motunthisc with Ci'isnl,ed Arm. 
7 element, 60/-. 11 element, 67/-. 14 element. 
72/-. 18 element, 142/li. Mast MountIng stIlls 
2ln. Clamp. 7 clement. 42/6; 11 Clement, 25/-: 
14 element. 62/.; 18 element. 70/-. (Iuintne3' 
Mounting ArioSo, Comiulete, 7 element. 
72/6; 11 element, 00/.; 14 element. 07/6:18 elelncllt. 
93/-. Complete assembly sstructlons ssllh every 
unit. Lose Loss Couic. 1/6 yd. U.Ii.F. Fue- 
ansias f rem 73/-. Stale clearly Channel number 
required en all orders. 

BBC ITV F.M. AERIALS 
BBC (Band I). Telescopic 
oIt, 21/-. Exlernal StD. 30/-. 
"H", 82.10.0. 
ITV (Band 3). 3 element loft 
array, 23-1. 5 element. 32/-. 

- Wall mounllng. 3 elemenl, 33/-. 
5 element, 45/-. 
Combined BBC1ITV. Loft 
1+3, li/3i 1+5, 4519; Wall 
mounting 1+3, 36/3l 1+5,63/9; 
Chimney 1+3,63/Sl 1+5.71/3. 
VHF lrassistor pee-amps from 

F.M. (Band 2). Loft StD. 1216. "H", 30/-. 3 
element, 52/6. External units available. Co-ax. 
cable, Od. ya. Co-ax, plugs, 113. Outlet boxes, 4/6. 
Diplexer Cm/sever Boxes. i2/6. C.W.O, or COD. 
p. & P. 5/-. Send 6d, stamps lof Illustrated lIstS. 

GOING SUBMIN? 
We hots fiddling about with -5ij watt resistors, 
So when we made our prototype Sensitive TRF 
we used nice big I watt ones, and 12v, electro- 
lytics nstnad of 3v. Bat if you do like that Sort 
of thing, you'll fInd that our Circuit lends itself. 
Two ef. stages. high-gain detector, and output 
stage for phones or high impedanc* speaker. 
Works from 3v., 3mA. And it's so simple. 
Tuning components, flea fixed resistors, one 
volume Control, two electrolytics, two paper, 
A child of two coald build it (with lO years' 
practice). We don't sell the components, only 
the transistors. All silicon, brand ntw, first 
grade. Complete ste. 11/-. The circuit is free 
with the transistors but cautious types can get 
one in advance: 3d. stamp, please. 

Silicon Translators. MCIII, ME3OI, 2/-; 
2N2916 from 3/6; IN 3702, 5/.; 2N3704, 6/-; 
1N3705. 51 2N3707, 6/-; Tl407, 6/.; SClO7. 
6/c; BCIO9, 6/.; B-1000 (25w.). 10/-. 

C.W.O. Mull order only. Na COD. 

AMATRONIX LTD., 396 Selsdon Road 

Croydon CR2 ODE 

Please mention 

TELECOM Mk. II 
portable VHF. 

t 18-136 NIt/s 

- AIRCRAFT-BAND 
TRANSISTOR 

RECEIVER 
with R.F. stage, telescopic 
aerial, internal loudspeaker 

and battery, 
£23. IO. Od. 

cirr. paid in U.K. 

BRITEC LIMITED 
17 Charing Cross Road 
LONDON, W.C.2 
Tel. al-930 3070 

Laboratory Components 
Resistors. 
8W. 10% High Stab. darei. Lo,v Noie 3/- per Doz. 
Capacitors. 
Miss. Electeolptica, Am or Single valiSe 9/- per Doz. 
Polystyrene sub-usIa. 25V, 10% Ass. 6/- per Doa. 
Translstoi's. 
Mulched Osutpuut Kit, OCSID + 2 X 0081 7/6 per art 
Germsusausuo. Am. PSi'. MPM AP Typos 10/8 per (doe. 
Oermunlum, Low Leakage, Rb' Typeu 12/- per (doz. 
Type 1020, PNP. (irrnranlw,s, AP, OlnsW 8/- per Doz. 
Typo 1021, PSP, Oermsnlum.AF, 200mW 12/6 per Doz. 
Type 1024, PSP, Low Leakage, Ri', 

4mo/o Typr 17/6 per Doz. 
0C44, 0C42. 0070. 0071, ACY22, OCOID 2/3 eaeb 

AC128 4/- NKTI2I 9/- NRT27I 8/8 0083 4/- 2N2926 4/- OCP7I 19/6 
ACVI8 7/8 NK1l22 815 NKT272 8/6 0C123 17/8 2N3707 7/10 equlv. 9/8 
ACY2O 6/8 NKTI23 5/0 NKT273 3/6 0C170 4/- ORPI2 9/6 CR74 2718 
AD161 7/6 NKT124 6/5 NKTI74 1/8 0C171 7/6 
A0162 7/8 NKTI2O 5/1 NKT27O 3/8 0C202 10/8 BAROAIN PARCELS: 
A0T140 NKTI4I 6/- NKT678 4/4 XA702 61- 0078. OC8ID. Ocal, 15/- 
AFInO 18/- 

NKTI42 5/1 
NKTI43 5/- 

NKT7I3 6/6 zT86 25/8 
NKT773 oy 4 for 10/- 

APilo 4/- NK8162 5/ 2N697 12/- NKT774 / 2N706 6/- 
Output mt 0c910 + 2 

AF1I6 4/- 
AF1I7 4/- 

NKT2I2 4/7 
NKT2I6 8/8 

0C28 15/- 2N1l32 19/8 
0C28 19/- 

ni for 7/- 
Sty set 0C44 + 2 0C42 

BCIO7 7/9 NKT2I7 8/- 0C33 12/8 2N1302 5/5 
2N1303 5/5 

for 6/6 
High Current 0083 BCIO6 7(8 NKTOI8 4/4 0C41 8/8 2Nl304 6/6 4 for 10/- BCZ1I 18/6 

BFY2S 22/- 
NKT22I 5/- 
NKT227 8/8 

OC44 3/- 
OO 3/- 2N1300 6/8 HY100 Mu/lard Rrutifirr. 

9FY36 7/- NKT220 4/4 OCh 4/ 2N2646 14/6 6 fOr Il 
BFYOI 9/8 NKT361 9/6 0072 4/8 2N38l9 29/8 
BUY11 29/8 NKT262 8/6 0073 2/9 2763820 29/8 Special bargain: 
GET300 4/6 NKT263 0/8 0076 3/- 2540Kb Transistors 
NKTOOI3 NET264 8/6 0081 2/8 31/9 60 unmorked/uatestrd 

12/- NKT26O 2/6 OC81D 21- 276214720/8 18/- 

L.S.T. 23 NEW ROAD, BRENTWOOD, ESSEX 

CO M PON E N TS Callers welcome 
Postage & Packing 9d. 

RAPID SERVICING OF 

TRANSISTOR EQUIPMENT 
By GORDON J. KING 

Directed to che service technician changing from valves to transistors, 
students starting a career in electronics, and the enthusiastic amateur, 
it describes semiconductors and transistors, their operating principles 
and circuitry, together with basic test procedures, and then concen- 
trates on fault diagnosis in the various fundamental types of circuit- 
audio and video amplifiers, RF. circuits and oscillators-each section 
concluding with a Fault Diagnosis Summary Chart. Chapters are 
devoted to the ordinary transistor portable receiver and practical 
advice on repair procedures. 

160 pages, 90 line and half-tone illustrations. 30s. 
FROM ALL BOOKSELLERS 
or in case_of difficulty, 32s. by post from: 
NEWNES Tower House, Southampton St., W.C.2 

X - 161 Generut purpooe on:plifier -2 wott. 26/- 
X - 191 Giútur ourplifter (contact micrOphone) 2 wattu 15/- 
X - 141 Record ployer ornplll9er -2 w0tta 35/- 
X -111 
X - 481 

lemOn,. Vue ee,th2 pekrre ond DPDT .itch 
AudiO Boocter. Buck up your trofln.tOr radio 

32/- 
30/- 

X - 46) Siren. Upward eruiling tone. troin eire,i.. etc. 25/- 
X -471 Burgher aIr,o. Will vahe the coundeet deeper 86/- 
X-661 Metronome. Adu5tabte 30-240 beat. per min. 20/- 
X - 761 Morco code practice oociflutor 20/- 
X - 671 Single hIgh power lump flaches 22/6 
X - 691 Double lump ltauher. Dioplay.. earning., etc, 30/- 

AND: NEYER BEFORE IN TRIS COUNTRY: 
X --261 FM microphone tranomitter 
X -271 FM telephone tranemitter 
X -241 FM record player teun.mliter 82/- 
X-291 FM Guitue teanomitter j X-371 FM ',Vireleeo eeotey 

t: DOT fltaflc cc,..,rt,.InÌIr'rn nr ciii, y ChiuDArJTDtfl 

WE OFFER A COMPLETELY NEW SERVICE TO 
ELECTRONIC ENTHUSIASTS WHO WISH TO MAKE 
IHEIR APPARATUS INDISTINGUISHABLE FROM 
THE MOST EXPENSIVE PROFESSIONALLY MADE 
EQUIPMENT. 
FOR FREE QUOTATION AND FURTHER INFOR- 
MATION SEND S.A.E. AND WORKING DRAWING 
OF APERTURES AND WORDING REQUIRED TO:- 

OR[YM[ LTD., 34 PANCRAS RD., LONDON, N.W.1 

"X "-LINE YoEN YOU CAN AFFORD! AN INDIVIDUALLY MANUFACTURED 

New for the first time, solid state semiconductor modules which you an 
open. OPEN, to see the high grade components used, OPEN, und modify 
te your exact requirements, OPEN. to service if needed; (but X-Une has 
reliability built in right from the design stage), If you would libo more 
information send us a stamped addressed envelope - Trade enquiries 
welcomed. Phone Brentwoud 7904. 
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Packed with new ideas 

and detailed know-how on 

major borne improvements 

Hurry- Make 

sure of your 

copy HOW! 2/6 

No.1 Just Out! 
A NEW MAGAZINE FOR. 
EVERY HOME HANDYMAN 

No1OF THE NEW HOW 40-DOIT MAG 

L'R 

QUANTITY 

ULCULATOR 
for G'ass, 

Cement, Paint 
and WaUPaPer 

jitiji 
g-page 

SupPIemt 
ALI. ABOUT 

CEMENT ND 

CONCRETE 

uhu 
F&d-0Ut Data 

Sheet Ofl 

FITTU4G WINDOWS 

I " - - 

--u 

' \\ - 3- 

. 

Backed by the full 

resources of Newnes famous 

'Practical' group, PRACTICAL 

DECORABNG AND BUILDING 

has been planned to bring 

every type of decorating and 

building job, however 

extensive or difficult, 
within the scope of the home 

handyman. Month by month 

it will include clear how-to- 

do-it instructions on 

a wide range of projects 

indoors and out . . all about 
the latest techniques, 

ideas tools and materials . 

and expert guidance on 

a hundred and one aspects 

of modern home improvement 
that will save you pounds 

on every job. In short, 
it's a must for every 

handyman. Go for No. 1, now! 
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HENRY'S RADIO LTD. COMPONENTSAND. 
303 EDGWARE RD., LONDON, W.2 EQUIPMENT. The largest 

PAOdington ¡00819 (STD: OS-723 1008) runge in the country. 816 

Open Mon. to Sot. 9-6. Thorn. 1p.m. buy, 1967 200-page catalogue 
n,...,,,... e..,....,.... with discount vouchers. 

SEE BACK COVER FOR MORE ITEMS OF INTEREST 

M AK Frustrated Import Ship. 
I want Offarsd BELOW 

DIRC1IY HALF PRICE to Clear 
500 Only All-Transistor 

rollo expert for the rn-you've read 
39/6. A complete about then,. NOW YOUR CHANCE TO 

HOme Studio Course. No OWN THEM. Highly sensitive two-msy 
experlei.cr ace'leil. Parto IncludIng Inttrnc. translator transceiver soto have Individual 
(ion, for each slrtign. Step-by-Step plan. volume control msI talk.11eteu ,untoh. 

Il T to I I po k po os I ph T neo 0h, 

knobs, screws, etc., all ou neil. Box sIne wlren-a genuine transceiver a. used by 
14 X 10 X 2 ¡parto avaflable separately). nfflciui bolle. msI ¡orees, 000 oct., only. 
Originally E6. NOW 39/6 plot 4/6 P. & P. These cannot br oued in UIL. 

0/put. 9-18V supply. 79/6, p.p. 2/-. 
For use with any Transistor Amplifier 
LEAFLET ON REQUEST. 

FMT4I FM TUNER. 6-tronsistor, 

td £8. 10.0 
(19) AMT3I. Med. Wove Tuner. Built is 
ready to use. 79/6, pp. 2/-. 

UNIQUE NEW 
PORTABLE 

RADIO 
FULLY TRANSISTORISED 

READY BUILT 

with Full Variabl 
waveband. NOW A 
FRACTION OF THE NORMAL 
PRICE In IL WHY PAY 
ONLY L7jU MORE? 
All the latest refinemeut. uro packed into 
tisis new MULTI-STATION ALL Teaneio- 
tor radio-the loternal aerial picks sp even 
the remote ntctions and the powerful buIlt. 
In speaker glees room IlIling volume. IndI. 
vidual toning, flrst.clano reception. 
Porehaor with confidence-packed io original 
monufaetueer's cartons. (Personal esrpieee 
and Oullerp 4l6). Send 29/6 pio. 4/6 p. & p. 

AMAZING No soldering 

CIGARETTEc#,ioeesnwus 

4 

RADIO . fTr 
ONLY 

25/- 
Y... a psrfsttly 'dinary packst of 
cigaratt..! But notch your friends 
aotool,hment on hearing its range nf statlonu 
loud uniI clear. HOlds IO clgarrtteo-yet 
coucraln senultivr, fully transl,tcrised 
circuit (innls.ding tiny b.tt.s-y) A 
young boy can aaorssblr it l 2 houre. No 
soldering. Only 16 connections to 
steak..' ALL PARTS including senil. 
condoctore. ABC Plano, etc. ONLY 25/- 
pio. 2/6 P. .0 P. Parte available erparintely. 

L 

(14) 

(12) 

(IO) 

12 AND 20 WATT MONO AND 
(9) POWER AMPLIFIERS. li watts 
RMS output. IOOo,V input. 30 c/s to 
20 k/cs ± 1dB. 6-Transistor Push-pull. 
Panel sire 4 X 2f X I in. H/S 4 X 4m. 
Leaflet on request. 
MPAIO/3 3-5 ohm spkr. £4.IO.0, pp. 2/6. 
MPAIO/15 8-16 oho, spkr. £S.S.0,p.p.2/6 
(Mainsunit I or2unsplifiers. 59/6, pp. 2/6) 

The Finant High Fidelity at 
Unb.at.bI. Prig., 

23 WATT AMPLIFIER 
8-Transistor design. Push-pull out- 
put for 7f to 16 oho, speaker. 
I5OmV input. 30c/s to 20k/cs Iv 1dB. 
For use with valve or transistor pre- 
amplifiers as item (IO) above. 
PRICE BUILT t7 106 PP. 
AND TESTED 3/- 
(Mulos unit 79/6, pp. 2/6) 

(13) MULTI-METERS SCOPE 
PT)4 1kv 39/6 EP3OIc 30kv £6.100 
TPIO 2kv 75/- EP5Ok 50kV £9.I9.6 
TI-i 20kv 69/6 500 30kv £8.17.6 

TP5S 20kV £5.I9.6 EPIO0k I00kVI0.I0.O 
CT52 Scopes £22.100. pp. 10/- 

Complete range of test equipment in stock 

(16) NOMBREX TEST UNITS * ISO kc/s-350 nsa/s RF Generator 
£IO.IO.O. All Transistor. * IO g/s-lOO kg/s Transistor. £16.19.6 
Audio Generator. 

(IS) GARRARD BATTERY 
2-SPEED TAPE DECK 

Brand New with R/P head. 
erase/osc. head, tape cassette. 
Specifications and osc. 
circuits. i speed 2-track 9 volt 
operated. List Price 13 gns. 

Q IO P.&P. 
PRICE 3/6 

STEREO TRANSISTOR AMPLIFIERS 
(IO) PREAMPLIFIERS. 8 input selector. 
Treble, bass, volume, filter controls. 
lfmv to IOOmv inputs. Battery operated 
or from Mains Unit. Output sip to ISOmv. 
LEAFLETS ON REQUEST. 
MP2 Mono 9f X 2f X 2m. £510.0. 
pp. 2/6 (grey and gold front panel 8/6). 
SP4 Mono/Stereo. 9 X 3f X Ihn. 
£10.196, pp. 3/6 (front panel plate 12/6) 

ALL UNITS BUILT AND TESTED 

(li) MW/LW QUALITY 
TRANSISTOR RADIO TUNER 

Fully tunable saperhec with eacellent 
sensitivity and selectivity. Oatput up co 
f volt peak. Complete mich front panel. 
etc. 9 volt operated. For use with any 
amplifier or tupe recorder. 
TOTAL COST t' IO L P.P. 
TO BUILD 2/6 

(14) - VHF FM TUNER 
Sapplied as i Preassensbled Panels, plus 
metal work Superhet design.88-108 Mc/s. 
9 volt operated. 6 Mullard Transistors 
Total cost to assemble £1217.6, pp. 2/6 

STABILISED POWER SUPPLY 
Two outputs. 3.6 volt and 9.6 volt up to 
2SOmA each. Transistorised and Zener 
stabilised. 110 to 250 volt mains input. 
In case with leads. PRICE 67/6. p-p. 2/6. 

(17) 5 WATT AMPLIFIER 
6-Transistor Push-pull. 3 ohms. 6mV into 
1K, 12118v sapply. i x ix fin. 
BUILT AND TESTED 6°'6 (optional mains anits 54/-) i 2/. 
If watt version 59/6. 
Matching Preamplifier. 6 inputs, treble/ 
bass/selector/volume controls. 6-TOmv 

S-.,. 

(I') 

Ii 
(Il) 

(13) 
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NEW BOND STREET' CONCORD' ELECTRONICS LIMITED (Dept. PE. 30) LONDON. W.l 

TECHNICAL 
All items previously ad 
vertised avaIlable, also see 
items advertised in Prac- 
tical Wireless. Huge Hi- 
Fi and Components stocks 
at all branches. 

ROBOPHONE ORDERS 
Your COD. order enceeding 11 

eon be telephoned to 
BRIGHTON 680722 

at any timo day and night 

TRADING Co. 
JASON TAPE 
Standard Ploy Doable Play 

. IUOlt. 2/3 3 300ff. 4/- 
4 300ft. 4/6 4 600ft. 6/- 
5' GOOlt. 7/6 5' 1200ft. 15/- 
52 SOOft. 10/6 21' I800ft. 19/6 
2' l200ft. 13/6 r 2400ff. 27/- 

Long Play 
22lIt. 2/8 
4501t. 5/6 
90011. 10/6 

220011. 13/- 
180016. 1816 

Pont 1/- 

Tripla Play 
4 SOOft. 15/- 
5 I800ft. 25/- 
51' 2400ft. 34/-. 
3' 3600f t. 44/- 

Quadruple Play 
3 6001t. 8/- 

350/352 FRATTON RD., PORTSMOUTH. Tel: 22034 
72 EAST STREET. SOUTHAMPTON. Tel: 25851 

32 MONTAGUE STREET, WORTHING. TEL: 2585 
ALL MAIl. ORDER AND RETAIL SHOP 

PARK CRESCENT PLACE, BRIGHTON 

YUkA'. SO P SIO,'/4L Th'E Ye'444' 
ZF- SV( AOo y - 

Get these AIR DRYING GREY HAI1IVIER 
or BLACK WRINKLE (CRACKLE)rflI5h8 
Vukan Aerosol, apraykit contains l6ozs. fine quality Other Yahoo A/e 
durable easy instant spray. No stove baking required. D,jong Aerosol, 
Hammers available in grey, blue, gold, bronie. lad 
Modern Eggshell Black 1rinkle (Crackle) all at l4/Il Z,nc Chro,noce 
at our counter or IS/Il, carriage paid, per push- 
button sel(-spray can. Also Durable, heat and water Clear tocqaer. 

resistant Black Matt finish (li ois. sel(-spray cans Anfi-Torniah Gold 
only) l3/Il carriage paid. ' und Metolbc 
SPECIAL OFFER : I can plus Optional trans(erable Finish.,. 
snap-on trigger handle (value 5/-) (or IO/Il, carriage 
paid. Choice of I 3 selfapsay plain colours and primer 
INsto, car quality) alas anulable. 

Please enclose cheque or P.O. (or total amount to : 

YOKAN, DepL PE/4 307. Edgware Rd.. London Wi. .. -. 

Çpen all day Saturday. Closed Thursday a(ternoons 
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WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN I OPPORTUNITIES." I am interested in (slate subject, 

CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- 
exam., or career). 

MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC .............................................................................. . - 

Which qualification would increase your earning power? 
A.M.I.E.R.E., A.F1.I.Mech.E., AlISE.. A.FI.I.C.E., B.Sc., NAME 
A.FI.l.P.E.. A.FI.l.FI.l.. A.R.I.B.A.. A.l.O.B.. A.l1.l.Chern.E.. A.R.I.C.S., 
?IOR.S.H.. A.N.I.E.D.. A.M.l.lIun.E;, C.ENG.. CITY & GUILDS, GEN. ADDRESS .......... 
CERT. OF EDUCATION, ETC. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
u ........................................................................... 

3166 ALDERMASTON COURT, ALDERMASTON, BERKSHIRE 
WRITE IF YOU PREFER NOT TO CUT THIS PAGE 

THE B.LE.T. iS THE,LEADING:INSTItUTEOF !TS KIND IN THE. WORLD 

Published about the 15th of the month by GEORGE NEWNES LIMITED. Tower House. Southampton Street. London, W.C.2. Printed in England by 
THE CHAPEL RIVER PRESS. Andover. Hants. Sole Agents for Australia and New Zealand: GORDON & GOTCH (A/sia) Ltd.: South 
Africa and Rhodesia: CENTRAL NEWS AGENCY LTD.: East Africa: STATIONERY & OFFICE SUPPLIES LTp. Subscription race including 

postage for One year: To any part of the World LI 16.0. 

t- 

Have you had yo ui copy of "Engineering Opportunities"? 
The new edition of "ENGINEERING OPPOR- 
TUNITIES" is now available-without charge- 
to all who are anxious for a worthwhile post in 
Engineering. Frank, informative and completely 
up to date, the new "ENGINEERING OPPOR- 
TUNITIES" should be in the hands of every 
person engaged in any branch of the Engineering 
industry, irrespective ofage, experience ortraining. 

On 'SATISFACTION OR 
REFUND OF FEE' terms 

This remarkable book gives detailsofeiaminations 
and courses in every branch of Engineering, 
Building, etc., outlines the openings available and 
describes our Special Appointments Department. 

WHICH OF THESE IS 
YOUR PET SUBJECT7 

ELECTRONIC ENG. 
Advanced Electronic Eng.- 
Gen. Electronic Eng.- Ap- 
plied Electronics - Practical 
Electronics Rodar Tech.- 
Frequency Modulation - 
Transistors. 

ELECTRICAL ENG. 
Advanced Electrical Eng.- 
General Electrical Eng. - 
Installations -Draug/ctsnian- 
ship - lllu,uinati,,g Eng. - 
Refrigeration - Elenc. Elec. 
Science - Elec. Supply - 
Mining Elec. Eng. 

CIVIL ENG. 
Advanced Civil Eng.- 
General Civil Eng. - Muni- 
cipal Eng. - Structural Eng. 
-Sanitary Eng.-Road Eng. - Hydraulics - Mining - 
Waler Supply - Petrol Tech. 

RADIO ENG. 
Advanced Radio - General 
Radio-Radio & TV Servicing - TV Engineering - Tele- 
co,n,nunicalions - Sound 
Recording - Automation - 
Practical Radio - Rodio 
Amateurs' Examination. 

MECHANICAL ENG. 
Advanced Mechanical Eng.- 
Gen. Mec/i. Eng.-Mainten- 
ance Eng. - Diesel Eng. - 
Press Tool Design - Sheet 
Metal 14/ark - Welding - 
Eng. Pattern Making - 
Inspection - Draughtsncanship - Metallurgy - Production 
Eng. 

- AUTOMOBILE ENG. 
Advanced Automobile Eng.- 
General Auto. Eng. - Auto. 
Maintenance - Repair - 
Auto. Diesel Maintenance - 
A uro. Electrical Equipment- 
Garage Management. 

THIS BOOK TEILS YOU * HOW to get a better paid, more interest- 
ing ¡ob. * HOW to qualify for rapid promotion. * HOW to put some letters after your nome 
and become a key man . . . quickly and 
easily. * HOW to benefct from our free Advisory 
and Appointments Depts. * HOW you can take advantage of the 
chances you are now missing. * HOW, irrespective of your age, education 
or experience, YOU can succeed in any 
branch of Engineering. 

132 PAGES OF EXPERT 
CAREER - GUIDANCE 

PRACTICAL. INCLUDING 
EQUIPMENT TOOLS 

Basic Practical and Theow. The specialist Elec- 
lic Courses for beginners cv tronics Division of 
Radio. TV., Electronics.Etc.. BlET. 
A.M.I.E.R.E. City E Guitdi NOW offers you a 

Radco Arnatecsrc' (sain, real laboratory train- 
RIEB. Certilicute ing at /conce with 
P.M.G. Certificate practical equipment 

Practical Radio Ask for details. 
Radio t Television Servicing 

Practical Electronici 
RlectconiciEnyneerinq 

You are bound to benefit from reading 
"ENGINEERING . OPPORTUNI- 
TIES" - send for your copy izo tv- 
FREE and without obligation. 

POST NOW! 
'TO B.I.E.T., 316A AIDERMASTON COURT, 

ALDERMASTON, BERKSHIRE. 

Please send me a FREE copy 

V) 
w 
I- 
z 

I- 
cc 

o 
Q- 
o- 
o 

z 
ir 
w 
w 
z 

z 

3d. stancp cf posted cn 

an unsealed envelope. 

of "ENGINEERING. 

L .10 AMBITIOUS 
: 

k 

IVALUABLE NEW HANDBOOK 
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* MAYFAIR PORTABLE ELECTRONIC ORGAN- j 
Build the World's first All-Transistor 

Deswnedby 
- COMPONENTS 

Portable Electronic Organ Kit FROM STOCK 

- *GotdeId wire 

Plug-in printed circuits 170 transistors and devices lo selected tone . .... 

colours Fully sprung keyboard Vibrato 6 Octaves of generators 
Simple locked-in tuning 110/250 volt mains unit Cabinet size 3O" X 

l5 X 9 Weight 35 lb. Cabinet with detachable legs, music stand and 

foot swell pedal Fully detailed building manual with photos, drawings 
and full circuits. 

START BUILDING I TO BUILD YOURSELF IN EASY STAGES 

FOR AS LITTLE As I ALL PARTS AVAILABLE SEPARATELY 
£5-BUILD THE I - 

I MAYFAIR A SECTION 1 * COMPLETE KIT 99 gns. (Carr. 30/-). 
AT A TIME 

_______________ * DETAILED LEAFLET on REQUEST 
* HP FACILITIES AVAILABLE. REVERBERATION 

Tra I8tOrsedrniuOratedunit * COMPLETE RANGE OF ORGA'1 
for use with any organ or audio 
equpmet. 18 GNS. COMPONENTS IN STOCK. 

Britain's best selling H.Fi transistorised 5, I and I 
SEE FOR YOURSELF 

I 

__Se pig. 320 for 
more stock iem 25 Watt ampliruers and preamplifiers-AM and FM CALL IN FOR 

DEMONSTRATION Tuners-New catalogue is a must-Order Yours NOW! 
i 

fltttflttflflfl- ttttptflflflflflflptta 

bars 

* Chokes j * Pan 

* PdI Bor 

\ * Anp1ifler 

\ * Rverberiou 
Equipment 

\ * SLop Unitu 

I * Key Boards 

* Pedi Sjtche 
* Epreion 

J 
Pedt 
Bhy Units 

* CoupIerSwitche 

* Etc. etc. 

LIST ON BEQUEST 

UE"I' 
VHF 1!,t pIus MW ami 

I Longw.ve Cr Edio. 3 
oji. r. or peg. 

earth 12 voIt. BrItish Ma e. Corn- 
pkte with etc. 2 gns. 

UI. 
(5) 

(6) 

(7) GLOBEMASTER MW/LW/SW (S) TOURMASTER TRANSISTOR 

PORTABLE RADIO TO BUILD 7T 91W/LW Car Rallo. 12 volt 
Full s,avebimd tuning. Punlibntton WOVS nperatd. 3 eott output. Puuh.button euvv. 
change. ltuperhet prioted cli,r,il deeign. chooge. RP tage. i4upplled built. bound, lilluJir uotut dytouseothSpek dBl!! S. 
t . fixing kit und manufacturer. Current 
oatS I'unh/Pulloutput. rMullur,lTran,i,torn. guarantee. Special BargaIn Offer. Buy Noir! 
Thmdh,ok TOTAL COST 

£7. 19.6 LIST PRICE 15 ONS. 
£9.9.O 

'- 
CAR MONO/STEREO AND MONO TAPE PLAYERS-TERRIFIC QUALITY 

N EVI 
12 volt po.. or neo. c,rtb operated. lises Mu,leaoxrttyu. Either your oso 
rrrordlngn or Eli I/Philips prerecorded tape.. FIt, any car Full ronge of 
control. huss/treble/volu,u,e. Provides 50 ohio. f rom nne tape. SupplIed coin- 
plvteoithnfmeakern, titlsg kit, Instructions and 50 mulo. prerecorded lape. 

3 
1afiet on request. 

Prives. ilfono gns. Bonn/Stereo gns. Britinb MaslO. 

SUPPLIERS OF QUALITY COMPONENTS AND 
EQUIPMENT FOR MORE THAN 20 YEARS 

ntovk. Send tint of THORENS 
requirements for 0000NANS 
npevial price quote. WHARFEDALE 
StIli denmoostration CELESTION 
room open. GOLDRING 
ROS ERS. TRU VOX. LEAK ETC. 

WE CAN SUPPLY FROM STOCK 
MOST OF THE PARTS SPECIFIED 
ON CIRCUITS IN THIS MAGAZINE. 
SEND LIST FOR QUOTATION. 

OR BETTER STILL-BUY THE NEW 
1987 CATALOGUE. EVERYTHING 
YOU NEED IS AVAILABLE FROM 
STOCK. 

HENRY'S RADIO LTD. 
303 EDOWARE RD.. LONDON. W.2 
PA1fdiuluu 1008/9 (STD 01223 1008) 
Ope,, iIoo. tu Sul. 9-G. Thom. i p.ns. 

Opes. uIl day $mslu,doy 

i 

cannot afford to be without a copy of this catalogue. Supersedes all on purchases. Pays for 
previous editions. - Price 7/6, pp. 1/-. 
MORE THAN A CATALOGUE-A COMPLETE REFERENCE - catalogue after use. 

Unbeatable value - 200 packd pages -10/- value discount vouchers 

- 
1z i e'.Er 

I.. 

ti.' 

MARRIOT TAPE HEADS ICR'S (THYRISTORS) RADIO CONTROL RECEIVER 
4 Truck R/RPI3 Med , 7/8. R/RP/1 High , 1 AMI' SERlES WIRE LRADS TINYTONE ".17 mc/a bond receive,. 
8/-. R(RP/1 High z + E/E/i erz,,e on block, I0FIV ... 7/6 100 PSy . 7/6 PrInted circoit conutruetion. Senz,tive il/S. Truck L/RPS/12' Ktgh o, 114-. 200 PIV .. 12/6 300 Ply . 154- 44crrnoton decig. Nice only 2 X 2 
L/RP8/7 Med z, 19/6. L/E9/9 cruzo, 12/8. 400 PIV (208V Ema) ...... 17/6 X 5. Complete with circuit und in. 
Aleo HR-HP cingle truck Ree/Ply Med z, 8/8 100 PI'.'. 3 Amp Stud Type .. 9/8 

l'IV.7Amp(28OVRn,n)Stud Type 
: 

ztructlonz. TOTAL COST PP. 
(Circuit 

TO BUILD 55/_1/6 DEAC RECHAItGEABLE BATTERY 
9.6 volt 225mA/H 20/-. PP. 

FM STEREO DECODER TUNNEL DIODES 
DEAC CHARGER 7 Mullurd Trun,ietorc. Printed Circuit Im), 22/6; 5m), 15/-; toncA 12/S. 

TO ehorge 3.6 volt und 8.0 volt puoke. Dvnga with Stereo ludleztor. l'or une sttO Hund neo ut leoction cl ..or,,u,I price Fully nm/no inoluted ) PP. uny volver or tcouu,,tor FM. Uzez Pol core, to Free Spocu. ,upplied. 
Io moulded cuz,. 

/ 
2/' Mullurd de,ign und ger. und zllivmc Iron. 

n,torz. 1,eullet ou requeot -. TRANSISTOR CATALOGUE (1) ECILDAQUALITY2OR4 Concplete Kit Price 
£5. 19.6 pp. 2f. 

1r:o TR°kCK 0 M tin i t bi ith cl t (5) VHF PIO TUNEE TO BUILD 
Ampi/Sec. 214.19.6. Cubinet .nrt upezileer 87(105 Mc/e Trunuictor Superhet. (Scored till 

Sor o ' 

/ 

y p 7go,. Concpicte I,it, cub FREE lin. 12001t. tuning. Terrilig quulity und nenoitivlty. 
INVERTOR KITS tope, .pu,'e npool. For vulve or trunzintor uopIil1ero. 4 cz 31 ° 

Toduy'c Vulue £45. gns. PP. 151- 21m. Complete oit'. diol pluIe. b Mullord 
tFM Devodec hct 25,10.8. l'I'. 12 volt input. Output 2130 volto, 10 e/a. 

FOUR-TRACK. Deck £1310.0. Mortin .,fl,,,torO 11 wott .... 87(8, PP. 3/6 
An,plifter 215.10.6. cub/net und cpeuker TOTAL COST p p 40 volt .... 07/6, PP. 6/6 

REGENT-6 MW/LW 
7 gez. Complete kitn with l'ERE 71e. 120011 TO BUILD £6. 19.6 

30 gns. ri'. 15/- (Cabinet Accccnbly 20(- entro) POCEKY RADIO TO BUILD 
6.Tracwintor oupericet. (Ivared tuning. 
Punb.pull opeuker output. Moulded 16) GARRARD DECKS BRAND I..,W FULLY GUARANTEED 

1000 mono £5 18 8 lIPIS cierro £10 10 6 40) lOon curt/arm £27 10 0 robinetS 0 3 0 lIma. l'icone rocket. 
AT5 c,ono £6 9 6 SF25 LSrrco, £13 10 6 ATO 'c'uno Mt. IL £8 18 6 TOTAL COST / P.)'. 
2000 nono £8 9 6 ATOO lenz curt. £10 19 6 AT6 etereo Mb. 12 50 10 0 TO BUILD O J 2/- 
2000 etereo 58 19 0 ATSO cono £11 10 0 ATO Derme ' £11 18 0 Full toning on both bonda 
3000 1 o etereo £7 19 8 AT6O oterez. £11 19 6 Deevndrc Mb. II £17 17 0 

Hl-Pl - from zloeu1 SJ'25 lev, curt. 59 19 8 ATt/O 1)eruoc £54 59 O A70 leer curt. 257 17 0 
SF25 ,cono £10 10 0 LAB8O leen ourt.225 O O ti'. und P. 5/' zoo lyp) , EQUIPMENT ARMSTRONG 

Ail other muke, o) dreh, nod cneiridge le clock Complete ronge n QUAD 

1967 ATALOGUE 200 PAGES PLUS! 
COMPLETELY NEW EDITION - HUNDREDS OF NEW LINES 

Contains the largest and most comprehensive range of components and 
j 

equipment available. Over 5,000 stock lines with more data more stock FREE VOUCHERS 

lines. Information and illustrations. Hundreds of bargain lines. You Total value 10/. for use 
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