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The Miscove
Beginner’s 2-valve, 4-stage short and
medium wave receiver. Full instructions inside
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ACI07  14/6 BDI23 21 6-NKTI4l 7. OC84 5_ 2N386 12 IN34l6 76 25320 9

d ACi2¢ 5. BDI2: 11-NKTI42 6_ OCi23 7- INJ8SA IN34d6 15 25321 6 - LUWEST | G PRICES YET‘
[] AC127_ /6 BFIIS  5- NKTI4] 56 OCily 5. IN3BBA 15 2N3525 219 25323 10 U, .
6 ACI27Z 9/6 BFI52 136 NrTI;A z];, gguo 7. 2IN404 46 2NI528B u;_ 25701 86

~] ACI28  4/- BFI54 9 - NKTI52 36 170 S - 2N4i0 8- 2NJ606 6 25703 126
[ ASi7e s eIy 13- NKTle) 8- OCITI 6 IN4SBA 25 - IN3607 46 25720 25 fsie 0 O udi- G s

AC|87 11/~ BFI63 9 - NKTI62 ¢ 0OC200 63 2NSI1A 49 6 IN3702 33 25732 86 PA230 20 - IC Preamplifier
[) acles 11/-Brie7 5_ NKTI6) 56 OC20l 96 2N5I3A IN3703 3 - 251002 10 o ~ .
8 ACYI7 5/- BFI73 6 - NKTI64 56 OC202 18- s 122 6 m;ma ;3 Syl A o I watt audio amp.

) ACYIB 36 BEI78 10,6 NKTI65 6- OC203 76 2NS599 10 - 2N3705 ~ Dt 5 P 3276 .

A AEYlS 45 BFI7S 126 NKT211 6. OC20s B 2N60l 25 - IN3706 19 RECTIFIERS A2 ! pwiagipaudior ape:
[:4" ACY20 3/7 BFiBO 6,- NKT212 6- OC205 9 %Nggz 20 - 2N3707 3 AAIYI‘? 1 PA246 52/6 5 watt audio amp

ACY2i 4/- BFI18) 66 NKT213 4 QC206 106 2N 4.- 2N3708 1 AAY 2
[:g ACY22 2/9 BFIS4 7. NKT2ls 4 _ OC207 76 2N697 4 INI709 3 - AAZI2 6 RAUEY fim  Zenokvolvigepswitch
[] ACva0 3.2 BFiBs 8- NKT2l5 4. OC309 12 2NE9B 6 IN37I0 3 - AAZIZ 26 SL403A 496 3 watt Plessey amp.

A ACY4l  4/4 BE194 36 NKT216 10 - OCP71 196 2N706 16 2N3711 3 - BAI00 6
[:, ACY44 8/~ BF200 10/6 NKT217 13 - ORPI2 96 %mgeA 26 2N3819 8- BAIID 6 TAA263 15/~ Multard linear amp.

A ADI40 11 BEXI3 S5- NKT2i8 53 ORP60 8'- 2N708 4 - IN3B20 189 BAlLIl 6 ¥ L
[:g ‘AD149  11/6 BEX29 8- NKT219 &. ORP6l 8 IN7Il 76 2N3826 6  BAlI2 1B . 5 N T
[:‘ ADI6I 6/~ BFX44 8- NKT221 56 ORP63 9 %NHISA 76 1N3IBS4 56 BAIIS 16 TAA293 20 - Mullard gen. purp. amp.

A ADI62 6/- BFXB4 76 NKT222 4 P346A 5. INT7I 7 6 IN3B54A 56 BAI30O 3
[} AOTI40 12/6 BEXBS 9 - NKT223 36 RASIIOAF  IN716 76 IN3BSS 56 BAYII 216 o 30— Record/Playback preamp.
5 AF102  12/6 BEX86  6'6 NKT224 46 6 - 2N743 46 2N3855A 6.- BAY3IB 3 - TAA320 13 - MOS LF amplifier

AFI06  7/6 BEXB8  5- NKT225 3/6 RASSOBAF  2N744 6 - 2N3BS6 6 - BYI0O %
E AFl14 5/- BFYSO 46 NKT226 10/ - 15 - 2N753 56 2N3BS6A 6/ - BYI25 36 UL702C 2976 Plessey linear amphifier
re AFIIS 5~ BFYS} 39 NKT227 56 S5IM 19 - 2N914 4 6 2N3858 5 BYI127 4 -
[:‘ AFl16 5~ BFYS2 4/6 NKT228 6 - S4M 336 2N9IB 7 6 2N3B58A 6 - BY234 213 Data sheets available on request—I - per copy

A AEII7  5- BFYS3 12 NKT26! 4/3 STI40 3 - IN929 56 2N3BS9 56 BYXIO 3
[) Afile 126 BFAS? 6- NKT262 43 STis 5 2N930 7.6 2N3BS9A 63 BYX36 PLEASE NOTE  Only new—full specification inte-
[ AFI12l & BFwSB 56 NKT264 43 sT2 99 INI0S0 66 2NIB6O 6 - (50 16 grated circuits. no below-specification types.

AF124 4/6 BFWS59 5- NKT27) 4 TH407 98 2N109 66 IN3866 25 - BYX36
[©) AF126 356 BFW6O 46 NKT272 4 TIP3IA 19:6 INII3I 66 2N3B77 9 210 FAIRCHILD MICRO-LOGIC

A AFI27 36 BSX19 /6 NKT271 4 - TIP32A 226 2NI132 8- IN3877A 96 BYX36
[:4 AF139 7/6 BSX20  3/4 NKT274 4 . T1534 17.6 2N1302 4/~ IN3S00 106 600 39 1-6 7-41 12+
E AF178 9/6 BSX2I 7'6 NKT275 5 - Ti543 69 IN1303 4 - 2N3I900A BYY2l 25 - ul 900 99 9 8/

=4 AF179 116 BSXT6 4~ NKT276 36 TIS44 19 INI304 5 - 116 BYY23 12673
[] AFi60 126 BSX77  6.- NKT279A26 TiS45 33 INI305 5 2N3903 7 - BYY2s 319 MEIR 99 9 - 8/

A AFIBI  8/6 BSX7B 66 NKT281 5 - TIS46 33 2N(306 5 - 2N3904 7 - BYYI42 39
[S] Arissw 9 Bsy27 4. NKT30i 16— TiS47 33 %Nl§g7 5 - %g%ggz 76 sv%lg 9 - vl 923 26 e -

A AFI86G 9 BSY29 5 NKT302 1) - Tis48 373 2N1308 7 - 76 BYZI 6 - Prices 100+ and | n application.
[ 2F235° 76 BSY32 5. NKT303 10 Tis4s 356 IN1308 7 - 2N4037 I5- BYZI3 5 foq IS8 00k me™ aPelSalion
[] AFY19 22/6 BS¥36 5 - NKTi04 96 TISS0 56 2N1496 34 - IN405B  4/6 CG6E 4™ S page data and circurts article—1.6

A AFZIl  8/- BSY37 5 NKT351 8- TISS| 4. INIS07T 48 IN4059 5. CGsl 16 Plastic spreaders—1'6 each
[l aeZi2 10- BsY38  4- NKTIS2 7/6 TiSS2 4_ 2NI6I3 56 2N4060 5. CG62 16
9 ASY26  5/- BSYISA 3/6 NKT40l 176 TiS53 66 INI6TIA 2N4061 4 - CGE3 2- —
=1 ASY27 6 BS'W4l  B/6 NKT402 24 - TIS60 66 2916 2N4062 46 CGea aa o<
[ Asv2e s 8Sw70 506 NKT40Y 15 - TI561 7. INITII 66 2N4284 3 - Faa0s 36

61— Bwasoo NKT40s 126 TSW30C 18 - 2NI893 10/~ 2N4385 3 - EC40] 5)

76 _ NKT405 15 - U2IAAA 5 2N2147 17/- 2N4286 3 £Ca0; 48

30/- BTX40, eoo NKT406 15 vzgg 20 3 m%l.% 1; 6 %:‘%S; ; EB383 36

40/~ 0~ NKT45 126 V4054 9 48 12/6 IN4 - GEX45 1 4-

126 BTYB7 ISOR  NKT452 12/6 XAI02 6 2N2160 14/9 IN4289 3 4

15/ 31 - NKT453 10 - XA702 15 2N224] 26— 2N4290 3 81.35” 18 UHRASUNIC TRANS[]UCERS

2/9 CIO06FI 9/- NKT6I3F 5 ZEI2V7 3/6 IN2368 5 IN4291 3 - OAl0 6/ Operate at 40kc s Can be used for cemore control systems

29 Cl1l 18/~ NKT674F §/- ZT22 19 IN2369 2N4292 3 - Qa4 6 without  cables

29 CIIIE 12/~ NKT675 5 - ZTB6_ 27/6 2N2369A 5 6 2N4871 69 Sa70 6 CrNRNC e

5/- C400 9/- NKT676 5 - ZT2270 196 2N2432 67 - 2N5027 1016 5a73 s et P

6/6 C426 83 NKT677F 5/- 40250  12:6 2N2484 INS028 11/6 OA79 16 transmit and

B/~ C444 9,8 NKT703 8- 40309 96 2N2613 7 6 2N5029  9/6 O'ags 16 receive.

5/- DIITI 10— NKT7§3 7/6 40310 13- 2N2614 4 - 2N5030 a6 OA8S 176 FREE: With each

2 GETI02 6 NKT773 S 40311 106 2N2646 10— 2N5172 3/~ 5a90 e par our complere

VI~ GETI13 4~ NKT10339 40312 136 2N2711 6 - 2N5!74 10/6 Qa9 16 =

S/- GETI14 4, 6/6 40314 10 6 2N2712 6 - INSITS 1016 OA95 16 PRICE a

6 - GETI120 6/6 NKTI0419 40315 106 2N2713 56 2NSI76 9 - OA200 2. £5.18.0 Par

8- GET8B0 9 6. 40316 13- IN2904 8.6 2N5232 56 OA207  2.- (5018 only in pares)

86 GETBA7 4 NKTI0429 40317 11 - 2N2904A B/- 2N5249 136 sDI9 74

12/- GETBBY 6 - |- 40319 15— 2N2905 10/~ 2N5249A 10716 12

33 GETB90 66 NKTIO519 40320  10°6 2N2905A 8, 136 |N34A 4 - sSca1D  371- 2N3819 8I-

19 GET896 46 66 40323 10'6 IN2923 4~ 2NSI0S 76 |N6O 4 GE triac

33 GETB97 4/6 NKTI6229 40324  12/6 2N2924 4 2N5306 8- |N64 4 5 Texas FET

3/~ GETBIB 6/~ | - 40326 10’6 2N2925 36 INS309 126 Ng2a 976 400 prv- 25 100

1207 CEX 45/1 3 - NKT20329 40329 76 2N2926 INSI54 56 |NaTA 46 6 amp. 6/9 5/9

3/6 MATIOO 5 - 11,- 40324 8- Green 1.- IN5355 56 |Ni9I 5 -

3/9 MATIOI 56 gg%o 19/6 40347 96 IN2926 mgxss ;o,s IN9I4 19

3'9 MATI20 5 - 2 g~ 40348 14/6  Yellow 2 - 4 9/6 |N400I 2

3- MATI2T 56 ogu B - 40360 116 2r~g926 ) gmza 12,: |N4005 4 - BRY45/400 21!/ 2N4871 619

26 MJ400 21'6 OC24 8- 40361 |2a range T - IN140  19/6 |N400T 5 -

3oMia0 126 0C 76 40362 14 - 2N2926 NI 216 INgis 19 VLB LD ;1°‘°'°" iR

39 Mia2l 226 OC26 /6 40370 86 rown 1- 3N142  16/6 (53 46 TeTRe , . 5. 100

10 . Mialo 206 OC28 11/ 40406 16— 2N3011 116 INI43 19/6 |5as '9 300IpTTNEmp 5/9 419

12 - Mi440 19,6 gg:s 9 _ 40408 14— %Ngoge 39— ;?olosz 24/~ 1530 2. =

5._ Mi4B0 2076 36 126 40467 16 6 2N30S3 5 - 10— 1543 26

36 MI4BI  27- OC4i  4/6 40468A 16 6 IN3J054 126 25002 126 15132 3 BT102/500R 12/68 2N3055 15/-

10 - M/490 22/6 OC42 46 40602 99 2NJ055 15 25003 116 Mullard thycistor 115 watt silicon power

4 MI491  29/6 OC43 4'6 2G301 36 2NJ133 6 - 25004 15— &0 O o .

5 MPFI02 86 OC44 3 - 2G302 3/- IN3I3S 6 - 25005 15 - DIV B (g transisto

6_ MPEIO] 76 OC45 3 - 2G306  8/6 INJI36 6 15006 |5 - 25 +11/. 100 +10/ 25 +13/-100 + 11/

10_ MPFi04 7/6 OC70 16 2G339A 5/~ 2NJ215 286 25012 25 -

4 . MPFI05 8- OC71 3 - 2G371 3. IN3234 27'6 25012A 116

4 - MPS3638 6.6 OC72 46 2G371B 3~ 2N3391A 6 - 25017 15 tRC20 8/6 BC1U7IB/9 219

7/6 NKT00I3 9.6 OC75 46 2G174 5.- IN3392 3 - 25018 76 Int. Rectifier thyristor PN Planar transistors

4’6 NKTI21 11 OC76 26 2G378 7 2NJ33I93  5- 25019 196 200 piv 1.2 amp. ecuo7 & 9

8- NKTI22 8- OC77 56 2G381  5- 2IN3394 49 25104 126 h,m‘,,,c,ow” 215100 - 2/

4_ NKTI2) 6- OC8} a6 2N109 1) - 2NJ402 56 2530) 8.6 25 4 scws 15 913100 +9f

86'9 NKTI25 56 OCBID 3- 2Ni74 16 - 2N3403 56 25302 76

76 NKT127 56 OCB2 5 - 76 IN3404 76 25303 10 -

15 NKTI128 56 ogszo i3 |s_§:§«|;. 56 23;04 née BY127 4!

18/- NKTI29 6- OC83 46 TNIB4 1T 415 6- 25306 15 - - .

Mullard Plastic 2N2926 2/

HV rectifier 800 piv. NPN Planar transistor

| amp. (similar BY 100,

Prices quoted are current at time of EOIng to press and may
N\ be subject to variaton without notice.
Semiconductors offered in this advertsement bear the

/ N
CAT*APUL']') relevant manufacturers’ original markings and are subject

s - 1/groo 1/6

to our full replacement guarantee if not to published specifi-
AD161/2 10!-

Siemens, Telefunken

calions
7O'Swity ~ We do not offer "re.marked makers' reiects or similar

INFRA-RED DEVICES

-1~ out of specification devices
LOST Please enclose a stamped self-addressed envelope with any 52.[.:,9!_,“2,3’:6 N”SNl”NP D
J query emiter 9" 8"
dQluznll‘uy prt;:les :nb \]yiphcatclao"ns“maynoyur:\nooree;ypes in stock
and expected daily. If you buy in bulk we e n
“Export enquiries particularly welcome. cable address: Lestrocg Brentwood. MGA1 00 35"
Terms of Business: Retail orders—cash with order please: Trade—please Gattium arsenide OoCP71 19/6
furnish references if credit account required. emitter
Postage. 1/- per order inland: 4 - Europe; 12— Commonwealth 31 F2 28/6 Mullard
ADDRESS YOUR ORDERS TO (e¥renrac) c e phototransistor
LS.T. LTD., 7 COPTFOLD ROAD, BRENTWOOD, ESSEX - g 3 10 3
DIRECT LINES TO SALES DEPT. BRENTWOOD (ESSEX) 216470 iode 51713190 + 141
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VALUE ALL THE WAY

OUALITY.TESTED PAKS KING OF THE PAKS Unequalled Value and Quality INTEGRATED ADI61 ADI62

8 Matched Trans. OC44/a381/81D :g;- SU PER PA K NEW BI-PAK UNTESTEC C'EICPL:LTS Y. COPI:;LE
e pot rans. FINF ... ... - = -
u; \S/vlme %Do( m; 'Lrara% P(%PPI . 10j- SEMICONDUCTORS MAOMNP%LJI'E;'QC IgENTARY ngs é)‘t
ilicon Rects. 100-4 v 10/ isfacti ; > ERM. POW

270'A Silicon Rects. 100 PIV . ... lo;- Satisfaction GUARANTEED in Every Pak, or money back. (T O-58 lead) TRANSISTORS.
2 OC 140 Trans. NPN Switching 10/-] Pak No. . . BP709C. Operational am-| For mains driven out-
1 12 ASCR 100 PIV .. 10j-{ VI __120 Glass Sub-min. General Purpose Germanium Diodes [0/~ plifier. 15/- each. put stages of Amplifiers
; gi(;d’l':‘ranss 251303 PNP ... ... 10/- 2 ed Germanium Transistors AFJRF . ... . 10/~ BP7|Q¢I'S' Opefa':vonil am-{ and Rldéo re:eiver'.CE
c/s Sil . NPN BSY26/27 10/~ e ' plifier (wit ener | OUR LOWEST PRI
3 Zaner Diodes W BV 5% Tol. |o;. U375 Germanium Gold Bonded Diodes sim. OAS, OA47 10/~ | output), 12/6 each. OF i jepin sarm
4 High Current Trans. OC42 Eqvt. (0/-] U4 __ 40 Germanium Transistors like OC8I, ACI28___ 10/~ BP7I<?}E- On(nr:;‘-ons' o | e
N W trec
L e b S aomi > fo1: | US607200mA Sub-min. Sit. Dicdss 101 Sltecer, (36 cacn - | E e NAR T RAN:
4 OC75 Transistors . . .. 1oj-j s 40 Silicon con Planar Transistors NPN sim. BSYQSA 2N706 10/- BP?OI.\:\;i’de ba:d ampli-| SiSTORS To_e] NPN
| Power Trans. OC20 100V 10/- 7 16 Sili Top-Hat 750mA up to 1,000V 10/~ e No = each. Ferranti ZT 1487
10°0A202 Sil. Diodes Sub-mi 10/- 35 5o s'|":|" R“;c‘:‘ ;’:}m:‘OA TOO!;ZI(O |o; BPS2I, Logarithmic wide| vCB60 Ic 6A fT. IM/c.
2 Cow Noise Trans. NPN 2N929730 10/ iifEianariBiodes / -] _band amp., 14/- each. | vCE 40 Prot. 75W
é?)llAglrans NPN VCB 100 z-ree 10/-| U9 20 Mixed Volts | wact Zener Diodes . 10/- BPIOI/Cmﬁ;n:'n&omsaré hFE 1545
Diod . ~ T o AN 1 ose amphty - VEBRS
A e pIEIn o8 :8{. UIT 30 PNP Silicon Planar Transistors TO-5 sim. 1N||n 10/ ead). (w,nﬁe orreord H o (B o
4 OC77 Transistors 10/- U|3 30 PNP-NPN Sil. Transistors OC200 & 25104 . ... ... 10/~ h crenol amp.}, Illieacll.\, e L
4 Sit . & - L. oerational mpli-
it Rects. 400 PIV 500mA 10/-1 U14__ 150 Mixed Silicon and Germanium Diodes 10/- e o with Zoner outbut %gwsEsR NIPINS wW. Sit

5 CETE84 Trans. Eque. OC44 10/-| ()15 30 NPN Sificon Planar Transistors TO-5 im TNE3T .10/~ | Type701 C.dea for P.E RONVERTNIE /NS

5 GET883 Trans. Eqvt. OC45 .... (0/- 5
2 2N708 Sil. Trans. 300Mc/s NPN 10/.] U16 10 3-Amp Silicon Rectifiers Stud Type up to 1000 Plv 10/~ F‘rooegs" dﬁ Lead TO-S
|(3) e t§|FI fo Nl g\elr;ns Lred ‘lg;- U730 Germanium PNP AF Transistors TO-5 like ACY 17-22 10/= | 2 ™V “|a2/6 FULL RANGE OF
. o i

8 OA9 Cerm. DiedesSuh-min IN69 10/ | U188 6-Amp Silicon Rectifiers BYZ13 Type up to 600 PIV_10/- 50‘: 7"" P | e N A vy
3 NPN Germ. Trans. NKT773 Eavt.  10/-] UI9 30 Silicon NPN Transistors like BC108 ... 10/ | 3 off 11/ each, Large Qey. [ 456,00 (DO-7 Caser 246
B (X2l [y U (Sciuty g 10/-| 2612 1-5-amp Silicon Rectifiers Top-Hat up to 1000 PIV_10/- | 775, 3080¢ on I-5W (Top-Hat) ~ 3/6
2 OC25 Power Trans. Germ. ..... o/ | %8 £ 27aMp S1Ueon Rechnars AMPLIFIER 10W (SO-10 Stud) ~ 5/=
4 AC128 Trans. PNP High Gain... 10/ | U2l 30 A F. Germanium alloy Transls(ors 2G300 Series & For use in All fully tested 5% tol.
4 AC127/128 Comp. pair PNP/NPN [0/ oc? .. 10)- ‘P.E." projects and marked, State voit-
; Egﬁ?—',r(y:;;r;rﬁ-:des Eqvt. OA7I :g;; u23 30 Mad( s like MAT Series PNP_ PNP Tranms(ors ... loj- age required.

12 Assorted Germ. Diodes Marked. 10/ | U24 20 Germanium |-amp Recnﬁers GJM up to 300 Plv... 10/- = BRAND NEW TEXAS
; 2§|I|176TG"M PNP Trans 10/-] U25 25 300 Mc/s NPN Transistors 2M708, BSY27 . 10/~ \ GERM. TRANSISTORS
7 0C8! Tynerans. : 191 | U286 30 Fasc Switching Silicon Diodes like IN914 Micro-min 10/~ Coded and Guarant'd
30CI71 Trans.. ........ 10j-] U28  Experimenters’ Assortment of Integrated Circuits, un- ‘a'f‘ed“”“' oe’"cap’“'“"’" Pak No. EQVT.
5 7(.)Nc7.97.l Sil. Epoxy Trans.. 10/- tested. Gates, Flip-Flops, Registers, etc.. 8 Assorted Pieces 20/~ the 'po'noal';égur;t‘:é‘z‘; ;{ g%g;;lA 8(:;;
7 71 Type Trans. .... oo 10)- v b ¢ 3 a

D 55701 51 Trans Texas NPN L 10 3§7‘|’ - ; ame SCR;:’:’ —aican u 600 Ry czz‘}ggfm f:; €10 and 10403 T[T B G ocsio
2 10 A 600 PIV Sil. Rects. IS4SR ... (0] i anar trans. low noise \mp 2N3707 . - 4 2G381A cs8l
3BCI08 Sil, NPN High Gain Teans 10/} U32_ 25 Zener diodes 400mW DO7 case mixed Voits, 3- SENTIN [0 [ Al ol M souiard RENE 15234 o
J IO NG RLIC(T?ESAYIS}JIIOAF :g;—_ U33 15 Plastic case | amp Silicon Rectifiers IN4000 series .. 10/- Jofdeliveringupto 3watts |17 § 2G345A OC45
3BSY954 Sil. Trans. NPN 200Mc/s  10/-| U34 _ 30 Sil. PNP alloy trans. TO-5 8CY26, 25302/4 10/- Z‘Eim‘:e';v ““seu(:,pﬁ:g T8 8%6378 [ster/]
o TR [ o — e L) B
| AF139 PNP High Freq. Tran 1o v€_3s S Planar NPN trans, TO-5 BFYS0/51/52 ... 10/- [ details and data. CODED All 10/~ each pack

3 NPN u - BP.1010. OUR LOWEST | -+ <memn-menm— »
4Madt';r;aasA‘ll'IS(;I;)lg.lI&P}AS‘ITI‘;g llgj_ U373 Sil. alloy crans_SO-2 PNP, OC100 25322 0 R o2 ek D VN GIn

3 Madt's 2 MATION & | MATI2I.. 10/~ U3B 20 Fast Switching Sil. trans. NPN 400Mc/s 2N3011... 10/~ | 10 up 25/~ each. DUAL TRANS. CODE
4 0OC44 Germ. Trans. AF ........ 10/ U39 30 RF Germ. PNP trans. ZN1303/5 TO-5 To/- OTHER D1699 TEXAS

3 A7 NP G e e R e BT e T MONOLITHIC  OUR PRICE 5/ such.

| 23906 Sil PP Trans: Motorola 107-] U 10 10 Dual trans. 6 lead TO-5 2N2050 zssessces  (TIF EVICES! 120 VCB NIXIE

2 2N1132 PNP Epitaxial Planar Sil.  10f-| U4l 30 RF Germ. trans. TO-1 OC45 NKT72 ... 10/ [BPa24. °%ers volage | bRivER  TRANSIS-
10 OA90 Germ. Diodes ....... 10:-] U42 10 VHF Germ PNP trans TO.t NKT667 AFI17 10/- | ., SWitch. 8/6 each. TOR Sim. BSX2l &
2 0C201 PNP Sil. Alloy Trans.. .. .. 10/- This device is a mono-l o7, 2Ni893 FULLY
4 2N696 NPN Sil. Trans. TO-5 10.-{ Code Nos. mentioned above are given as a guide to the type of device 'c';:_:gin'fd fhae acts 2| TesTED AND cODED

ND120. 1-24 3/6 each,

42N2696 PNP Sil. Planar Trans. TO- |9 10/-] in the Pak. The devices themselves are normallv unmarked
TO-5 NPN 25 up 3/-each

tector and trigger circuit

32N2411 Fast Switch PNP Sil. Trans.

f 14 iac. |
o —— - 10/-) NEW LOW PRICE TESTED $ C R’S|SIL. RECTS. TESTED ;:'dz‘s’;';‘n':d':f :u‘.';':c,h: < -
8 INIT0BANPN plascic Sil Trans._ 10/-1 | Amp (TO-5) 3 Amp (TO- 6617 Amp (TOA8)|PIV 750ma 34 104 30 |gate of a chyriscor at the e Grr, RO
Trons. i 100 PIV Each Plv Each PIV  Each 50 1/- 1/9 4/1 9/6] point of zero supply volt E‘;% %T)i]oo 1= each
6 GT41 Germ. Trans. PNPR.F. 4M/cs. 10~ 00 &/¢ S/- 50 9/6 [ 100 [/3 3/3 4]6 15/-|age. and therefore elimi- 23050 © )
I S.C.R. 3amp. Stud type CRS3/400 130 5 100 e 130 126 | 200 (s 4l Afp of [ nace . radie - ireavency -
A'F 400 PIV ao-| 300 36 300 ale 00 1he | 03l sl Al v o, | ometor ik
i ise Di | - . - Packof
3 eI 22007 (NI [P o S 13/] €00 10/6 600 11/6 600 56 | 500 3o aiY &le 30/-1DI3D) Silicon Unilateral SXDUIEL A0 I
| Sil. Power Trans. NPN 100Mc/s. 800 12/6 800 14/~ 800 18/~ | 600 3/13 6/9 9[- 37/-§ switch |0/ each. orders valued €4 or
TK201A .. 151 16 Amp (TO-48) 30 Amp 200 gr ;;g :'2,; gg;» f\lr\s.:'fni:gplalz;arcu"ﬁ:s' over.
32697 Epreaxial b1 3 PIV Each  PIV Eakh ) - i ral Circuit hav- | e —————
S Pz'wae):l:’ra::aéqt?rgcsli :;;_ 50 10/6 25 28/_ 1200 616 11/6 15/ ing thyristor Elecxnca: NPN DIFFUSED SiLl-
| Unijunction Trans. 2N2646 15/- 100 12/6 50 23/= —————iesnm . | Characteristics utb\mt CON PH%TO-DUO-
2 Sil. Trans 200Mc/s 60Vcb ZT83/B4 |5/- 200 15/- 100 28/ M TRIACS an anode gateand a ull)lt- DIODE TYPE {5701
2 2N2712 Sil. Epoxy Planar HFE225 15/- 400 18/6 200 31/- BOM 2A 6A 10A |in "Zener” diode be] (N2175) for Tape
B BYi100 Type S, Rects 207- 600 25/~ 400 35/~ (TO-1) (TO-66! (TO-48) Lween gate and cathode | Readout. high switch-
20 NKT Surplus Trans. New A.F. R.F. 800 30/- 800 80/- 100 14i- 1S5/- 22/6 cg‘c'u‘?";‘aj:ga;fj‘::“‘°; s e CETTegnl
VHF + E iv. sh 4 200 17/6 20/- 16"6 { ] tndicactors
25 Sil, and Germ. Trans. Mixed, all o 2A";gb’;o;'(';,"?ogv“'FS?EB’},gc";'OF'E"S 200 20/° 15{.‘ 35 | BN TReHILD (U.S.A %3?mvglAc%UngR'gs
marked, New . ................ 304- - - Y - VBOM = B'°Ckf“5 }"’"‘ ATUL MICROLOGIC| OVER 8/6. EACH.
TRANSISTOR EQUIVALENT &(t28e in either direction. TNTEGRATED FULL DETAILS
SPECIFICATION BOOK TUCAS 35A SILICON| -
(German publication). A complete crosd RECTIFIERS Epoxy case TE3 lead] FET'S
reference and equivalent book for Euro-|{Branded 400 PIV Speciall 55°. ULg9OO Bufier 2N 3819..... 8/-
Eea:\. .Amerlacan and Japanese Transistors.|Price scud type, flying| 979 each N 1 2N 3820. ... .25¢-
-PA xclusive to BI-PAK. 15/- cachilead, 22/6 each. VLo Dual cworinpue| | MPFIOS T 8l
gate. 9/9 each. .E.T.s
PRIE;(I’E:[C)) (;IRCUITS SILICON HIGH YOLTAGE |ui23 rk-fio-flop, 13/6 FulldypTeued, Guaran-
- MPUTER each. teed Peramaeters equit,
o™ e o Packed with semiconductorsand RECTIFIERS Complete data and cir-{ to 2N3819, MPFi02,
[ g components, 10 boards give a 10-Amp 3-K.V. (3000 P.I.V.) Stud [cuits for the Fairchild 2NS459. 1.24 7/- each;
guaranteed 30 trans. anag 30 Type with Flying 1.C.'s available in booklet | 25-99 6/3 each; 100 up
diodes. Qur price 10 boards 10/—. Leads I 6 = each [form priced |/6. 5/6 each. Coded FEI9.
0, Chesham
‘H il Plus2/-P. & P. UNIJUNCTIO MULLARD ).C. Full data sent. TO-72
ousce, - N AMPLIFIERS case.
. 150 2 :le;teh‘e\rslfvct‘e:)s:deé;rstai\gf‘io ar;ys UT46. Eqve. 2N2646 T‘;;"I?f:er 7007—6':::.:"" BI-PAK
i egent St €0 our Cuscomers and ena;";gus Eqve. TI543. BEN3000 TAAzpez i rear AF MONOLITHIC
( LONDON to keep our '‘By Return Postal 5/6 EACH amplifier, 18/6 each. D'G:If‘L:.'rRé_;’)'T'
b ] service"whkhisse\:or}dlonone 25-99 5/- 100 UP 4/= TAA293, General pur- BPBO(SA .:Jnout AND
W e e et iicio st | TNPNSITCON PLANAR | o0:f *mebfers 2] eue o/6 cach.
BC107/8/9. 2/- each; 50-99, Y 8P1I4A.  Tinput NOR
Departmentand we now request CA3020 RCA (U.S.A))
you to send all your orders to. | 1/10: 100 up. 1/8 each; 1,000 off, LINEAR gate, 9/6 each.
gether with your remittance 1/6 each, Fully tested and coded INTEGRATED BPIISA, Dual 3-lnput
direct to our V\L/'arehouse and’ TO-18 case. CIRCUITS BP3I°6: “S' 9{‘ ;T‘:'m
Despatch Department, postal | PNP SIL. PLASTIC TRANS. | Audio Power Amplifier. Sy
NOR ate (expand-
address: BI-PAK SEMICON- Similar to 23702, uncoded but 30/~ each. bie) 9/‘6 each pa
D%CBTORS, Daespatch Dept., lul}ly tested, l(&l eachr;‘ 25-99, _—CADM"JM CELLS BP‘ZO .. J.X-Binary ebe-
P.O.BOX 6, WARE, HERTS. | 1/3 each; 100 up. | /- eac 1116 oach!
Postage and packing still | /- per et e — e————— ment. / eac
GIRO No. 388- e OCF7I ORPI2 8/6 8P332A, Oual 3-inpus
R - 388-7006 order. Minimum order 10/-. PHOTO TRANS. c.8/6 | ORP60, ORP6| 8/~ esch| OR gate, 9/6 esch.

KING OF THE PAKS BIPAK GURNE SATSRIINGE MONEY BACK

www.americanradiohistorv.com
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IF YOU’RE BUYING A HOUSE

Mortgage Protection

is the best Policy for you

If you’re buying your house with the help of
a Building Society or a private loan, a “York-
shire” Mortgage Protection Policy will take
care of your outstanding payment in the event
of your premature death. And, if you wish, you

can arrange a Protection “Plus” Policy, which

gives you a substantial cash return at the end
of the mortgage term. It costs so little yet
means so much to your dependants. Leave
them a home not a mortgage!

Please send for further details, without any

obligation, of course.

tHe YORKSHIRE insurance i

COMPANY LIMITED

Becket House, 36-37 0ld Jewry, LONDON, E.C.2.

It pays tobeprotectedbya /General] |
R Ea L ¥ company
I

Please send me further particulars
of the Mortgage Protection Policy.

| Name... ;

I Address... ...

450 . . THE RADIO CONSTRUCTOR
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Never Built a Kit Before?

Why not prove how easy it is the HEATHKIT way.
Build one of these beginner kits.

Stereo Record Player
Exciting sound — budget price.
Kit: K/SRP-1 £27.6.0 Carr. 11/-

Automobile
Tune-up
Meter

For D.LY. car mechanics.
Kit: K/ID-29 £17.8.0 Carr. 5/-

-

e
Bw e,
L e 2

RF Signal Generator

For service men.

Covers 100KHz to 200MHz.
Kit: K/RF-1U £15.18.0 Carr. 6/-

Economy SW Receiver

World-wide reception.
1 to 30 MHz plus 550-1620 KHz.

Kit: K/GR-64 £24.16.0 Carr. 9/-

Deluxe Car Radio

Heathkit value—powerful output.

Kit: K/CR-1 (less speakers)
£12.12.0 Carr. 5/-

Technician’s :
Versatile
‘VVM'’

7AC, 7DC, 7ohm ranges.
Kit: K/IM-18U £16.14.0 Carr. 5/-

‘Severn’ AM/FM Radio

Beautiful looks — luxury sound.

Portable ‘VVMW’
For hobbyists ~ householders.

Kit: K/IM-17 £14.8.0 Carr. 6/-

Avon ‘Mini’ Speaker

With a powerful voice.
Kit: K/(Avon) £13.8.0 Carr. 11/-

Many more kits to choose from in the 1970 Catalogue
Please rush me a copy of your Free Catalogue

DAYSTROM LTD.
GLOUCESTER GL2 6EE
A Schlumberger Company

.......................................
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AMATRONIX LTD.

NEW & PERFECT TRANSISTORS

de, 3/6: Contact-cooled Sel. Bridge,

10/-. All new and perfect.

AD161-212/- GET693 1/3 2N3704 3/6
AF239 10/- HKOAN 2/6 2N3707 3/6
B85000G 11/3 HKIO 2/- 2N3794 3/-
BD12Y 18/~ HK601 2/6 2N3983 6/6
BC107 3/- 1544 1/4  2N4058 4/-
BC168 2/3 SF115 3/-  2N4285 3/~
BC169 2/6 TI407 6/6 2N4289 3/-
BF167 5/3 TIS6OM 4/8 2N4291 3/-
BF178 9/~ TIS6IM 4/11 2SB187  2/-
BF224 §/— 2N706 2/7 2SB405 5/~
BF225 5/—= 2N2926G 2/6 2SD72 5/-
BFYS51 4/6 2N3702 3/- 40468A 7/¢
RECTIFIERS:

800piv, 500mA Si, 1S557, 3/-; 50piv, 100mA,
1/-. Submin. Selenium Bridge, 30Vrms, 150mA
30Vrms.
700mA dc, 6/-. Silicon Bridge, 80Vrms, 1Adc,

e

NEW !

‘“IDENTICAL RESONATORS’’: new
Brush Clevite Transfilters for do-it-
yourself ceramic i.f. filters. Four of
these plus seven fixed capacitors give
razor-sharp selectivity to superhets with
455kHz i.f. Kit of 4 resonators and all
capacitors, plus notes on use, 32/6.
Single resonators, 10/- each, 4 for 30/-

“R.C.”” MILLIVOLTMETER (Jan., p.
342). Our AX10 Printed Circuit accom-
modates the main part of the circuit
{(not TR1). With layout drawing and
hints. 15/-.

396 Selsdon Rdad,
South Croydon,-
Surey. CR2 ODE

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

COMPONENT KITS

AMPLIFIER PACKAGES, Reliable and
efficient, and still far cheaper thani.c.’s!

AX2 9V, up to 300mW 12/6
AX3 9V, up to 800mW in 8 ohms 22/6
AX4 24V, SW, 8 ohms, 3W,150hms 30/-
AXS 12-15V, 3W, 3-5 ohms. NEW! 35/-
RECEIVER PACKAGE. AX9, sensitive
t.r.f., all-silicon circuit, no adjustments,

reliable, adaptable, low drain. Printed
circuit and all parts - still only 45/-

BUILD A MINI MAINS PACK

Components

) o v
»:: e ge  as shown,
) \‘.'__N mA and hints 17/6.

Mini Mains Transformers 1" x 1”7 x 13"

MT9 9-0-9v 80mA 12/6
MTé6 6—-0-6V 100mA 13/¢
MT12  12-0-12V S50mA 13/6

CAPACITORS
Polystyrene: }60 V, small, low-loss, tol. 1pF
or 2}% according to size. Prices: 10-39pF,
6d; 47-1,500pF, 9d; 2,200-15,000pF, 1/-;
22,000pF, 1/3, Stock list: 10, 12, 15, 18,
22, 27, 33, 39, 47, 56, 82, 100, 120, 150.
180, 220, 270, 330, 390, 560, 680, 820,
1,000, 1,500, 2,200, 3,300. 4,700, 6,800.
8,200, 10,000, 15,000, 22,000 pF.
Miniature Metallised Polyester: .01uf, 8d;
.luF, 10d; .22uF, 1/- 250V wkg.
Tuning: 300pF max. Jacksons Dilemin sub-
min single tuner, 10/-.

RESISTORS
Carbon Film, W, minfature, low noise.
10, 12, 15, 18, 22, 27, 33, 39, 47, 56

58, 82Q and so on to 10M. Tol. == 5% to
IM, 10% above 1M. All 3d. each.
Carbon Skeleton Presets. Submin.. vertical.
tinear, 100mW, 50, 150, 500Q and so on
to 1.5M. Egen Type 467, 1/6 each.
/olume Control, 10K log. with d.p. switch
ind long aluminium spindle with flat.
Standard size, Egen. 5/6 each.

R. F. CHOKES. Repanco: CHI1, 2.5mH, 2/6;
CH2, 5mH, 3/-; CH3, 7.5mH. 3/-; CH4
10mH, 3/-; CHS, 1.5mH, 2/6. All small.
errite-cored.

FERRITE RODS: 4in. or 44in. x {in., wound
‘or MW (300pF), 5/-; unwound, 2/-; oval.
inwound, 2 x } x }in., with data. 2/6.
TRANSFORMERS, MINI. AF.: Eagle
_T700, 1200Q c.t. to 3Q, 200mW, 5/-.
Repanco TT47 driver for single ended push.
sull, 4.5 to (1) + (1), 6/8

TELESCOPIC AERIAL: 7lin.
$7in., 9/-.

BATTERY HOLDER BH2 for two 1.5V pen
ells, with snap connector, 2/6.
ZARPIECES, all 3.5mm plugged,
1/9; magnetic, 80, 2/6.

opening to

crystal

DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

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

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

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

2s.
2s.
2s.
4s.

6a.
6a.
6d.
0d.
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Find the faults
with the
PW.TRANSISTOR
MIKIGENERATOR

@
-

Suitable for testing receivers and ampli- g
fiers, also trimming and alignment. This
miniature signal generator is almost §
pocket size (5in. by 6in. by 2in.) covering
I180kHz - 2-8MHz on fundamentals and §
to 30MHz on harmonics. It incorporates |

an audio oscillator for modulation of the
r.f. signal or for external audio circuit
checking. See the April issue of Practical |
Wireless for detailed instructions on
making this handy unit.

LIE DETECTOR

Once having hooked this simple device to a
multimeter one can give the party hours of fun
and surprises! It will cost only a few shillings
to build, with ail the easy-to-follow instructions
needed in the April Practical Wireless.

PORTABLE RADIOACTIVITY DETECTOR

The high voltage required to operate a geiger
tube is usually obtained from high tension
batteries. This article shows you how to operate
these tubes from a 73-volt battery, thus elimi-
nating the need for large and cumbersome
power supplies.

PRACTICAL

WIRELESS

MARCH 1970

F.E.T. AUDIO PREAMPLIFIER

Most constructors come up against
snags when matching ceramic
and crystal pickups to transis-
torised amplifiers. To achieve a
satisfactory frequency response
and signal to noise ratio, the
outputs of these transducers have
to be fed into a high impedance
load. The P.W. design shown here
uses a field effect transistor to
provide an answer to this problem.

Plus all the regular features

APRIL ISSUE OUT NOW 3/6

www.americanradiohistorv.com
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BOUND VOLUME
No.22 -
“The Radio :}fonstructor”

FOR YOUR LIBRARY

AUGUST 1968

G0t to JULY 1969

800 pages
plus index

PRICE 39/ = Postage 46

Special discount of 10/- for regular readers

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

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

PRICE 25/-

Postage 4/6

Limited Number of Volume 21
(August 1967 to July 1968) still available
Price 35/- Postage 4/6

Available only from:-

Data Publications Ltd.
b7 Maida Vale London W9

Mo A FAST EASY WAY
TO LEARN BASIC RADIO
AND ELECTRONICS

Build as you learn with the exciting new
TECHNATRON Outfit! No mathematics.
No solderirg—but you learn the practical way,

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

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

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

You LEARN-but it's as
fascinating as a hobby.

Among many other interest-
ing experiments, the Radio
set you build—and it’s a good
one—is really a bonus; this is
first and last a teaching
Course. But the training is as
rewarding and interesting as
any hobby. It could be the
springboard for a career in
Radio and Electronics or
provide a great new, spare-
time interest.

BRITISH INSTITUTE OF

ENGINEERING TECHNOLOGY
Dept. 3708, Aldermaston Court, .
Aldermaston, Berkshire.

r-------—-----

To: B.LE.T., Dept, 370B, ALDERMASTON COURT,
ALDERMASTON, BERKS.

I would like to know more about your
Practical Radio & Electronics Course. Please
send me fulldetailsand FREE 164-page book.

|
|
i
|
\
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A 14-year-old could under-
stand and benefit from this
Course—but it teaches the
real thing. Bite-size lessons—
wonderfully clear and easy to
understand, practical projects
from a burglar-alarm to a
sophisticated Radio set . . .
here’s your chance to master
basic Radio and Electronics,
even if you think you're a
‘non-technical’ type. And, if
you want to carry on to more
advanced work, B.I.LE.T. has
a fine range of Courses up to
A.M.LE.R.E. and City and
Guilds standards.

Send now for free 164-page book.

Like to know more about this
intriguing new way to learn
Radio and Electronics? Fill
in the coupon and post it
today. We’'ll send you full
details and a 164-page book
—'ENGINEERING oP-
PORTUNITIES'—Free and
without any obligation.

THB RADIO CONSTRUCTOR
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BlI-PRE-PAK

LIMITED

FULLY TESTED AND MARKED

ACI07 3/=- OC170 3/~
ACI26 2/6 OCI71 4/-
ACl127 3/6 0OC2 3/6
ACI128 2/6 0C201 T/~
ACI176 5/=- 2G30! 2/6
ACYI17 3/~ 2G303 2/6
AF114 4/=- 2N711 10/-
AF11S 3/6 2N1302-3 4/-
AF116 3/6 2N1304.5 5/-
AF117 3/6 2N1306-7 6/~
AF186 10/- 2N1308.9 8/~
AF139 10/- 2N3819 9/-
AF239 12/6 Power

BFYSO 4/- Transistors
BSY25 7/6 0C20 10/-
BSY26 3/=- 0C23 10/-
BSY27 3/- 0C25 8/~
BSY28 3/- 0C2¢ 5/=
BSY29 3/=- 0C28 7/6
BSY9SA 3/- 0OC35 5/=
OC41 2/6 OC36 7/6
0OC44 2/6 AD149 10/-
OC45 2/6 AUYI10 30/~
OC71 2/6 2IN3055 15/-
OC72 2/6 25034 10/~
0oC73 3/6 Diodes

0OCs8| 2/6 AAY42 2/=
OC81D 2/6 OA9S 2/=-
0OC83 4/~ OA79 1/9
0OC139 2/6 OAS81 1/9
OC140 3/6 IN914 1/6

FREE!

Packs of your own choice
up to the value of 10/-
with orders over £d4.

TRY OUR X PACKS FOR
UNEQUALLED VALUE

XA PAK

Germanium PNP type transistors, equiva.
lents to a large part of the OC range, i.e.
44, 45, 71, 72, 81, etc,

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

XB PAK

Silicon TO-.18 CAN type transistors NPN/
PNP mixed _lots, with equivalents to
OC200-1, 2N706a, BSY27/29, BSY9SA.

PRICE £4.5.0 PER 500 £8 PER 1,000
POST & PACKING 2/6 U.K.

XC PAK

Silicon diodes miniature glass types, finished
black with golarity marked, equivalents to
OA200, OA202, BAY31.39 and DKIO, etc.

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

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

NEW TESTED & GUAKAN I EED PAKS

82 Photo Cells, Sun Batteries. -
4 .3 0.5V, .5 to 2mA, ]0/
B77 ADI161-ADI62 NPN/PNP .
] 2 Trans. Comp. output. Pair ]0/
B81 10 Reed Switches. Mixed types ]0/_
large and small,
:3:34 SSPS Light Sensitive Cells. -
2 Light res. 4005). Dark 1Mg). ]0/
891 g NKT163/164 PNP Germ. to ]0/_
—5. Equiv. to OC44, OC4S.
B92 4 NPN Sil. Trans. A06=BSX 20. ]0/_
2N2369, S00 MHz, 360 mw,
893 GETI113 Trans., equivalent to I\
5 ACY17-21 PNP germ. ]0/
B94 NPN  Sil, Planar Epitaxial J
6 Trans. C54 similar to BSY38 ]0/
or BC108.
B96 & 2N3136 PNP Sil. Trans. TO- ]0/_
18. HFE100-300, 1C.600mA.
200 MHz.
B98 XBl12 & XBi02 equiv, to o
10 ACl126, ACISS, aCBI/I. IO/
OC71/2, NKT271, etc.
B99 Capacitors, Electrolytics, o
200 Paper, Silver Mica, etc. ]0/
Postage on this pak 2/6.
H4 Mixed Resistors. %
250 Post & packing 2/-. ]0/
H7 Wirewound resistors. Mixed =
40 values. Postage 1/6 IO/

LOOK! TRANSISTORS ONLY 6d. EACH

PNP

These
range

Spec:— hFE 15-100.
at vCE=20V
are of
which is a

eauiva!e
205 range.

TYPE A
SILICON ALLOY
TO-5 CAN

ICER
ImA Max.
the 25300
direct
nt to the OC200-

ER at
Max.

TYPE B
PNP SILICON PLASTIC
ENCAPSULATION
Spec:— hFE 10-200
i vCE=10V

TYPEE
PNP GERMANIUM

Fully marked and tested.
1mA

These are of the 2N3702-3
and 2N4059-62 range.

NEW UNMARKED UNTESTED PAKS

B78 Integrated Circuits, Data & -
12 Circuits of types, supplied ]0/
with orders.

B8O Dual Trans. Matched O/P ]0/_
pairs NPN. Sil. in TO-5 can.

B82 Q@ OC45. OC810 & OCS8I ]0/_
Trans. Mullard glass type.

B83 Trans. Makers rejects. NPN/ -

200 PNP. Sil. & Germ ]0/

B84 Silicon Diodes DO.7 glass .

]ooequiv. to OA200. OA202. ]0/

Return of the unbeatable P.1 Pak.

Now greater value than ever

Full of short lead semiconductors and electronic
components, approx. 170. We guarantee at
least 30 really high quality factory marked
Transistors PNP and NPN, and a host of
diodes and rectifiers. Mounted on printed
circuit panels. Identification chart supplied to
give some information on the transistors.

P.1 PLEASE ASK FOR PAK P.] ONLY 10/-
2/- P & P on this Pak.

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

FREE CATALOGUE AND LISTS for:-
ZENER DIODES
TRANSISTORS, RECTIFIERS

% B N e e s e L 3
FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS

BIF-FRE-PAK LTD

MARCH 1970

www.americanradiohistorv.com

DEPT. @ 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX
TELEPHONE: SOUTHEND (0702) 46344

B66 High quality Germ. Diodes,
150 e o yper ™ Oiedes- 10/- FULL PRE-PAK LISTS
886 50 gj"lm"l“:‘t;‘;‘;; min. IN914 10 /. & SUBSTITUTION CHART
B87 1008, P s ©10/- 'yiNiIMUM  ORDER  10/-. CASH  wWiTk
F ORDER PLEASE. Add 1/. post and packing
888 50 Z:,';,;J:?":"m 325‘.,'0,,”,“”- 10/- §l et order. OVERSEAS ADD EXTRA FOR
IN706A, BSY9SA, etc. AIRMAIL.
B&0O 10 7 V(\’/an‘ Zener Diodes.-lo/
Mixed voltages. /=
HS 16 | Amp. Plastic Diodes. 50- 16/_ P'Q' RELAYS ) 8 FOR
1000 Volts. Various Contacts and Coil
Heé 250mW.  Zener _ Diodes 1()/. fl Resistances. No individual 20
40 DO-7 min. Glass Type. ]0/ Re n M -

selection. Post & Patking 5/-
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HOME RADIO (Components) LTD., Dept. RC, 234-240 London Road, Mitcham CR4 3HD. Telephone : 01-648 8422

; | .
Why live the
. HARD way?

We’re making life
EASY for you! &

By the way, every Catalogue contains Six
Vouchers, each worth 1/- when used as Please write your Name and Address in block capitals
directed, and we supply tree a 30-page Price

We've never seen the sense in wasting time and energy tramping
round the shops trying to locate components for radio and elecironic
projects — especially when the British weather turns it into a battle
worse than a lone journey across Antarctica! That's why we issue
the Home Radio Components Catalogue which for many years has
enabled thousands of enthusiasts to order by post. We've built up
a mail-order service which for speed and efficiency is second to
none. But recently we've gone a step further in making life easy for
you. Now you need not even waik round to the post box. With our
Credit Account Service you can just telephone — any time of day or
night, week-ends included! if your call comes out of shop hours a
recording machine takes your message for us to deal with when we
open next day. For full details just drop us a line or 'phone
01-648-8422. After you have availed yourself of the service for 12
months we regularly send an up-to-date catalogue — FREE.

If you've not already got a Home Radio Catalogue, send the coupon
with cheque or P.O. for 12/- (8/6 plus 3/6 P. & P.). Even if you
don't intend to use our Credit Account Service you certainly need
the catalogue — it ‘has 350 pages, lists over 8,000 components and
has over 1,500 illustrations!

e m =y

Supplement, a Bookmark giving Nome
electronic abbreviations and, of i

course, an Order Form. | Address

POST THIS COUPON NOW

with cheque or P.0. for 12]-

The price of 12/- applies only to catalogues
purchased by customers residing in the U.K.
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HOME RADIO (COMPONENTS) LTD., Dept. RC,
234-240 London Road. Mitcham, Surrey CR4 3HD
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~Radio Constructor

Incorporating THE RADIO AMATEUR MARCH 1970
— ) S i
Vol.23 No.8 CONTENTS
FOR THE S.W.L. - GETTING STARTED
Published Monthly (1st of Month) WITH A TAPE RECORDER 458
First Published 1947 ELECTRO-CHEMICAL ELAPSED TIME
INDICATOR 460
L o CURRENT SCENE - SEASON’S END 460
Editorial and Advertising Offices
57 MAIDA VALE LONDON W9 SIMPLE H.T. DELAY SWITCH 461
(Suggested Circuit No. 232)
Feleoh rol THE “DISCOVERY” S.W. RECEIVER 464
elephone elegrams .
01-286 6141 Databux, London RADIO FREQUENCY PROBE 470
NOW HEAR THESE 471
) NEWS AND COMMENT 472
€ Data Publications Ltd., 1970. Contents
may only be reproduced after obtaining ECONOMICAL VOLTAGE REGULATOR 474
e T e S i FIRST ATTEMPT ar7
provided acknowledgement of source is QsXx 478
given,
Aonual Subscription 42s. (US.A. and SELF-REGULATING BATTERY CHARGER 479
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FOR THE SWL . . .

Sooner or later, if serious work is to be engaged
upon on the various short wave amateur and broad-
cast bands, the s.w.l. will consider equipping himself
with a tape recorder. These days, more and more top
flight short wave listener operators regard the acquisi-
tion and operation of a tape recorder, and place almost
as much importance on it, as they do their communica-
tions receiver.

The uses of a recorder in the hobby of short wave
listening are numerous and the instrument soon be-
comes a most important part of the operating equip-
ment. Facilities offered by the recorder include the
taping of both amateur and broadcast transmissions
either for semi-permanent or permanent purposes; the
recording of broadcast station interval signals and
identifications as proof of reception 1n lieu of QSL
cards — the same use also applying to amateur stations;
the sending of a short tape to a station in addition to a
written report; and the taping of one or more of the
Dx programmes radiated by broadcast stations.

WHAT TYPE OF RECORDER?

This will depend to some extent on the amount of
cash available. Basically, a mono tape recorder of the
two-track type is perfectly adequate for the uses out-
lined above. Where it can be afforded, however, a
4-track machine should be obtained. An additional
feature with the more expensive machines is the pro-
vision of several recording speeds - usually 1iin.,
32in. and 74in. per second. Other tape speeds available
are {%in., 15in. and 30 i.p.s. respectively — the latter
two speeds being used mostly in the professional
world. The faster recording speeds produce the best
quality of reproduction, recordings for ordinary home
use being mostly made at 32in. per second. With the
faster recorders more tape is required for a given

Screened cable

33pF
capacitor

Tape
63_0k“ recorder
resistor input

Receiver AF. gain E

controf (rear view)

” Receiver
chassis

Coupling a tape recorder to the a.f. gain control

of a superhet communications receiver. Keep

the connections between the centre conductor

of the screened cable and the potentiometer

tag short, and use components that are small in
physical size
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Getting started with
a Tape Recorder

recording time and they are therefore more costly
in operation. The recording tape speed of 3} i.ps.
represents a compromise with regard to recording
quality and running expenses.

The purchaser should ensure that the recorder
obtained is fitted with a recording level indicator, a
programme numerical indicator with provision for
zero setting, and interrupt and super-impose controls.

Most modern tape recorders are transistorised and -
are operated from the a.c. mains supply. The more
expensive types may additionally be operated from
an internal battery, thereby making the instrument
truly portable for outside usage. Where a further
interest is likely to be that of taping such outside
sounds as wildlife calls and birdsong etc., the latter
type of machine should be purchased.

TAPES

The subject of recording tape is extensive and
cannot, due to space considerations, be gone into here
in any great detail. ’

Tapes can be obtained in a variety of lengths and
types. The lengths commonly available are 300, 600,
900, 1,200, 1,800, 2,400 and 3,600 feet respectively.

Further tape classifications are given by the base
material — tape bases being either p.v.c., polyester or
cellulose acetate. The first two types have a great
degree of suppleness and are mostly used in amateur
recordings, whilst the last type is mainly found in
the broadcasting studios, although it is available-on
the market for those who require it. Tape suppleness
is important in that contact between the sensitive
(dull) face of the tape and the recording head must
be as close as possible if the high frequencies are to
be reproduced at a comparable level with the middle
and lower frequencies. Furthermore, uneven contact
due to a less supple tape can cause distortion and
unwanted accompanying sounds. Also, it is important
that the tape base material be strong enough to with-
stand the pull produced by the recorder mechanism;
it must not stretch or curl and must remain un-
broken when the braking mechanism is operated
thereby abruptly bringing the tape to a stop.

Apart fronr the tape base material, tapes also
appear in the categories: standard, long play, double
play and triple play. The distinction here is largely
one of tape thickness, it being possible to store more
of one type than another on a given spool size. The
average thickness, in microns, of the tape types are:
standard 52; long play 35; double play 26; and triple
play 18.

TAPE SPOOLS

Tape spools are commonly supplied in the follow-
ing diameters: 3, 5, 54 and 7 inches respectively, other
sizes being available if required. Generally speaking,
the shortwave listener will find that a selection of

THE RADIO CONSTRUCTOR
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3, 5% and 7in. spools fitted with

long or triple play tape will
suftice for the recording side of
his hobby. :

As an example of the record-
ing time available, a 1,200ft.
polyester tape on a 53}in. spool
running at 33 ips. will allow
approximately one hour each
track - two hours for a 2-track
machine and four hours for a
4-track machine.

The method by which the tape
has either 2- or 4-track record-
ings made, by transposing and
inverting the spools, will be des-
cribed in the manufacturer’s in-
struction book for the recorder.

CONNECTING THE
RECORDER

Once the short wave listener
has become accustomed to the
use of the various controls on
his tape recorder, the next task
will be that of coupling the
machine to the communijcations
receiver.

It is not recommended that a
recording be made by simply
placing the recorder microphone
in front of the receiver loud-
speaker. The acoustic matching between the loud-
speaker and the microphone will be poor and the
signal passed by the microphone to the recorder will
have all the distortion introduced by the receiver
loudspeaker and output stage as well as any hum or
noise introduced in the receiver a.f. stages. The latter
may not be particularly evident during normal usage
of the receiver but may reappear at a surprisingly
high level after having been picked up by the micro-
phone and passed through the recording system.

An electrical connection between recorder and re-
ceiver is very much better. It must be emphasised
that such a connection may only be made if the
receiver is isolated from the mains supply by a
double-wound mains transformer or if it is battery
operated. Never couple a tape recorder to the circuits
af a receiver whose chassis is common to one side
cf the mains supply.

The simplest, but by no means the best, method of
connecting the recorder to the receiver consists of
coupling it via screened cable to the receiver output,
either at a speaker or headphone socket or by connect-
ing directly across the receiver speaker itself. It is
recessary here that the receiver output chosen has
one terminal common to the receiver chassis. The
cutside braiding of the screened cable connects to the
receiver chassis at one end and to the recorder chassis
at the other.

Whilst this method of connection is an improve-
ment over the coupling given by placing the micro-
phone in front of the receiver loudspeaker, there is
still the disadvantage that any hum or distortion
introduced by the receiver a.f. stages will once more
accompany the signal passed to the recorder.

All these difficulties can be overcome by coupling
the recorder to the receiver at a point immediately
following its detector. If the receiver is a superhet

MARCH 1570

Some of the tapes and spools used by the
author for recording short wave transmissions.
At lower left, a 2in. spool — useful when sending
a tape to a station for QSL purposes; cenlre, a
2%in. spool — sometimes used for the same
purpose; right, a 3in. spool — used for recording
amateur transmissions and top, a 53}in. spool -
used for taping music, programmes, etc

(as will almost inevitably be the case with a com-
munications receiver) a very convenient point for
taking off the signal for the recorder is then given
at the a.f. gain control. Apart from the fact that the
tags of this control will normally be readily accessible
for soldering purposes, the control itself can be
quickly identified without circuit tracing.

Check the wiring at the receiver a.f. gain control,
and couple to it by means of the circuit given in the
accompanying diagram. The braiding of the screened
cable connects to the receiver chassis at any con-
venient adjacent point whilst the centre conductor
couples to the potentiometer tag at the non-earthy
end of the track (corresponding to the slider at the
maximum volume position) via a 680kQ resistor
paralleled by a 33pF capacitor, these being in series
with a 0.01uF capacitor. The function of the 680k
resistor is to avoid upsetting detector performance,
and the 33pF capacitor counteracts high frequency
attenuation due to self-capacitance in the screened
lead and at the tape recorder input. The 0.01uF
capacitor blocks any direct voltage (either due to
bias circuits or detected signal voltages) appearing
on the gain control. If it can be ascertained that no
direct voltage exists, the 0.01uF capacitor may be
omitted, whereupon the centre conductor of the
screened cable connects direct to the 680kQ resistor
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and 33pF capacitor. Where any doubt eXists, how-
ever, it is best to be on the safe side and retain the
0.01uF capacitor.

The screened lead from the receiver may be coupled
into a high or medium impedance input at the re-
corder. Many recorders have a ‘radio input’ socket
expressly intended for this application. The receiver
output to the recorder is not affected by adjustments
of the receiver a.f. gain control.

This method of connection also enables the tape
recorder to be played back over the a.f. stages and
loudspeaker of the receiver. The tape recorder output
is fed into the screened cable for this function, the
receiver r.f. gain and tuning being adjusted to prevent
interference by received signals.

Once the short wave listener has become accus-
tomed to using his tape recorder it will prove to be
an indispensable part of the shack equipment. Armed
with a suitable collection of tapes and spools, it will
soon become apparent that a system of written
records will have to be kept in conjunction with the
various tapes. tracks and parts of tracks — but this is
another subject! [ ]

ELEGTRO-GHEMICGAL
ELAPSED TIME INDIGATOR

by
J. B. DANCE, M.Sc.

LECTRO-CHEMICAL CELLS ARE GRADUALLY FINDING

more applications in the electronics field where

long times are to be determined. One of these
applications has already been discussed in this
journal*. Indicators employing an electro-chemical
effect are now available for showing the number of
hours for which a piece of equipment has been
operating. This information is important if the equip-
ment must be serviced at regular intervals.

These miniature elapsed time indicators are 14in.
long by iin. diameter and fit into any standard fuse
holder designed for this size of fuse. They have metal
end-caps. a glass body and look like a fuse, except
that the outer glass envelope bears graduation marks
and a liquid is present in an inner glass tube. The
time for which a potential has been applied can be
read from the scale.

During operation a potential of 4 to 12 volts from
the timed equipment is applied to the unit via a series
resistor, the current taken being 2.2 to 110pA,
depending on the time range. Standard units have
ranges of 100 to 5.000 hours. However, the time scale
is inversely proportional to the current passing and
it can therefore be varied by a suitable adjustment
of the value of the series resistor. The accuracy is
better than =5% if a stabilised supply is used.

These relatively inexpensive units have the advant-
ages of a wide operational temperature range (—40°C
to + 100°C) and ruggedness. The electrolyte is non-
corrosive and is therefore not likely to cause trouble
if the glass envelope is fractured. The manufacturers
are Messrs. S. Davall and Sons Ltd., Wadsworth
Road, Greenford, Middlesex.

* | B. Dance, M Sc., “Electronic Oil Change Indicator'’, The Radio
Constructor, March, 1969.
]

460

SEASON’S END

It is in this month that we approach the end of the
winter radio season and await the onset of the spring
and summer sessions. if all those constructional pro-
jects we promised ourselves and looked forwaid to with
some excitement — or maybe some trepidation — have
been by now completed then we can count ourselves
fortunate indeed! After much chassis-bashing, wiring
and soldering, sweat, puzzling of the mind and who
knows — even some constructional success — we can
look to our workbenches and see our latest creation,
pristine with its gleaming new paint, spun-aluminium
knobs and full-vision dials, with much satisfaction. For
most of us our workshop, or shack, by virtue of the
winter season’'s efforts will be a more complete entity
than hitherto.

This is not, however, the whole story. Many of us
will have that uncompleted venture, often placed to one
side, whilst other more engaging or easy projects are
embarked upon and completed. Some of us are great
“putters-off”’ | Now is probably the best time to salvage
that half-completed item of equipment gathering dust
beneath the workbench — the usual repository for lost
ventures — and to get cracking on completing it.

With the main constructional project complete, many
constructors will be entering the stage of testing and/or
aligning the newly-built *super-whatever-it-is”. Past
experience of testing and aligning home-constructed
equipment has shown that this is also the season for
that best known of all radio constructional sport -
*“chasing the gremlins” | Gremlin-chasing is more often
than not a time consuming task but it can also be
rewarding in the knowledge gained from mistakes in-
advertently made and later corrected. Even where errors
are not made, many circuits stubbornly refuse to func-
tion properly and efficiently as they should. This is ail
part of the fun and games, however disconcerting and
disappointing the end product results may be. Most
of us manage to win through in the end, picking up
know-how and knowledge on the way — the glow of
satisfaction we experience at the eventual successful
outcome of our winter time constructional projects —
this feeling imparting a sense of well-being and some
private preening of one's ego — makes the whole thing
worthwhile in the end. After all, we are all human!

To the Broadcast band enthusiast, this time of year
means the fading out of the Far Eastern stations and
the beginning of the signal strength build-up and receiv-
ability of transmissions from the South American conti-
nent. Thus, the Broadcast band listener is faced with
a re-orientation of interest in addition to direction. The
timing of primary listening sessions will differ from those
engaged upon during the winter season. To the Amateur
band operator, it means the onset of thoughts about
mobile working and the coming field days, mobile rallies,
etc., with the consequent de-cobwebbing of special
equipment. To the tape recording hobbyist it will mean
the taping of wildlife and outdoor sounds.

To all of us, in one way or another, the coming of
the spring/summer season invarlably envisages a
change of direction within the hobby. Cw. &2
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SIMPLE H.T.

DELAY

SWITCH

by G. A. FRENCH

N HIGH POWER AMATEUR TRANS-

mitters it is usually desirable,

when switching on from cold,
to apply the a.c. supply to the
anodes of the rectifier or rectifiers
providing high voltage h.t. (for
the power amplifier and associated
stages) a short time after the heater
and lower voltage h.t. supplies have
been turned on. This practice en-
sures that all valves operating from
the high voltage h.t. line are fully
warmed up when their h.t. voltage
appears, and thereby prevents the

high h.t. voltages which could other-
wise be formed under no-load con-
ditions. In many instances, the time
delay also protects the rectifier or
rectifiers providing the high voltage
h.t. supply. If, for instance, the
5R4GY full-wave high voltage recti-
fier is employed under certain circuit
conditions, it is a manufacturer’s
requirement that the a.c. supply to
its anodes be applied at least 10
seconds later than its filament
supply. A longer delay is required
with mercury vapour rectifiers. The

appearance of the unnecessarily filaments of mercury vapour recti-
Sy In series wit,
\0__\» energising
Ry t A2 supply to
tOn HT. switching
If2want D'+ relay
i—d
H:I s
2
Ry 9
see text Vi
p—"" " —t pY 8!
Elz-ev Tc
:_1,,_ 4 5
\ =C
| OOOpF | f Al
T20Vwkg

Mains transformer
secondary

Fig. 1. The circuit of the h.t. time delay switch. Component func-
tions not immediately apparent from the diagram are discussed
in the text

L Transmitter
chassis
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fiers must be allowed to warm u
for some 30 to 60 seconds (accord-
ing to rectifier type) before the
anode voltage is applied as, other-
wise, internal arcing can occur with
consequent damage to the rectifier
filaments.

Normally, an automatic switching
circuit of some kind is incorporated
in the transmitter to delay the appli-
cation of a.c. to the high voltage
rectifier anodes when the transmitter
is first switched on, the most com-
mon technique consisting of using
a bimetal strip thermal unit to pro-
vide the necessary delay. The circuit
described in this article employs an
alternative approach and it has the
advantage that the component which
produces the time delay is an in-
expensive TV booster diode of a
type which has been very exten-
sively used in the past. Many con-
structors will, indeed, probably be
able to obtain the diode at zero
cost from an old discarded tele-
vision receiver.

In the circuit description which

follows it is assumed that the
reader is familiar with standard
power supply design for high
power transmitters.
THE CIRCUIT

The circuit of the h.t. delay

switch appears in Fig. 1, where it
will be scen that the booster diode
is a PY81. Potentials of some 3 to
4kV appear between the cathode
and heater of this diode when it is
used in a standard television circuit,
with the result that an essential
part of its design is the provision
of considerable spacing between
these two electrodes inside the valve.
This high spacing results in a slow
warm-up of the cathode - an advan-
tage for the present application.
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The specified heater voltage for a
PYS81 is 17 volts but in the circuit
to be discussed the heater is slightly
under-run, thereby increasing further
the time delay between application
of heater voltage and the com-
mencement of cathode emission.
Incidentally, the fact that high volt-
ages appear between the heater and
cathode of a PY81 when 1t is used
for its normal function explains
why its cathode connection is
brought out at its top cap.

- A relay is employed in the circuit
of Fig. 1, this being shown with the
‘detached” method of presentation.
Here, the relay coil is represented
by the rectangle designated A/2,
this term indicating that the coil
is that for relay A, and that the
relay has two contact sets. These
contact sets are Al and A2 and,
with ‘detached’ presentation, can be
drawn anywhere in the diagram.
The contact sets are shown in the
state which corresponds to the relay
being de-energised. As may be seen
from Fig. 1, Al is a changeover
contact set, whilst A2 is a ‘make’
(on energising) contact set.

The delay switch circuit is

wered by a 12.6 volt mains trans-
ormer secondary. With ‘some trans-
mitter power supplies this secon-
dary voltage may be available
directly from the mains transformer
or transformers already fitted whilst,
with others, it may be obtained by

I 80 R2= Zero
60 =

Time
delay 40 I
(secs)

20

o! ———{—
o I 2 3 4 515

Period before re-cycling (mins)
(a)

1207 Ryei0n, 2watts

9T
Time
delay 60

(secs)
30

o 16—

O I 2 3 4 515

Period before re~cycling (mins)

(b)

Fig. 2. Since the cathode of
the PY81 does not cool im-
mediately after the circuit has
functioned, subsequent opera
tions shortly afterwards result
in reduced time delays. The
curves show the delays given
when R2 equals (a) zero re-
cistance and (b) 10Q
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connecting a separate 6.3 volt heater
winding in series with an existing
6.3 volt winding. Relay contacts
A2 and switch S1 are shown as
bein% in series with the energising
supply to the h.t. switching relay
for the transmitter. This latter relay
will be a heavy-duty component
whose contacts, when energised,
apply the mains supply to the
primary of the transformer feeding
the high voltage rectifier anodes.
Switch S1 is the main H.T. On-Off
switch for the transmitter.

When the transmitter is switched
on from cold, the low voltage h.t.
supply and all heater supplies, in-
cluding those to the high voltage
rectifier filament or filaments, are
turned on. A voltage from the 12.6
volt secondary in Fig. 1 becomes
available and this is applied, via
R2 and de-energised contact set
Al, to the heater of the PY8I.
This 12.6 volt supply is also fed,
via limiter resistor Rl1, to diode
D1, which rectifies and causes a
positive potential of some 17 volts
to appear on the upper plate of
Cl1. Under present conditions con-
tact set A2 is open, and it is im-
possible for the high voltage h.t.
switching relay in the transmitter
to be energised.

The cathode of the PY81 slowly
increases in temperature until, after
a period, it emits and causes an
anode current to be drawn through
relay coil A/2. The relay energises
and its contact set Al changes
over, breaking the heater circuit to
the PY8! and connecting the lower
terminal of the relay coil to chassis.
The relay thus remains continually
energised, and does not now have
to obtain energising current via the
PY81. Also, contacts A2 close,
whereupon it becomes possible to
energise the h.t. switching relay
and apply high voltage to the recti-
fier anodes. No harm would have
resulted if S! had been closed im-
mediately after switching on the
transmitter from cold, bccause of
the time delay provided by the
circuit around the PY8I. .

After relay A has energised. the
cathode of the PY81 cools, becom-
ing ready for the next switching-on
cycle. When the transmitter is later
switched off relay A returns to the
de-energised state, and is also ready
for the next switching-on cycle.

COMPONENTS AND
SETTING-UP

The component employed in the-
prototype circuit for relay A was
a standard P.O. 3000 type with a
coil resistance of 5008. This. with
the contact sets shown, is capable
of energising at around 9 volts.

Relays with roughly the same
characteristics should offer a simtlar
performance. (P.O. 3000 relavs,

made up to customer’s specification,
are availahle from L. Wilkinson
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(Croydon) Ltd.,, Longley Housé,

Longley Road, West Croydon,
Surrey.)
Diode DI may be any small

silicon rectifier having a p.i.v. rating
greater than 40 volts. The author
used a Lucas DDO0O in the proto-
type circuit.

The value of R2 depends upon
the time delay required, and this,
in turn, depends upon the energis-
ing current and coil resistance of
the particular relay used. It is ad-
visable to initially check out the
circuit with zero resistance in the
R2 position to ensure that the relay
employed is capable of energising
reliably when the PY81 cathode
achieves emitting temperature. The
circuit should not, of course, be
coupled to the transmitter h.t.
switching relay when carrying out
this test or when, later, finding the
value required in R2. Various values
of resistance, up to some 202, may
then be tried experimentally in the
R2 position until the desired time
delay (to be discussed in more
detail shortly) has been achieved.
It may be found that for some
purposes the time delay provided is
adequate with zero resistance in the
R2 position. Zero resistance, with
the prototype, resulted in a delay of
65 seconds when switching on from
cold, whilst a resistance of 109
resulted in a delay of 105 seconds
when switching on from cold.

A point which must now be men-
tioned is that for some minutes
after the delay has operated the
delay provided on re-cycling the
circuit is less than that given after
switching on from cold. This means
that if the transmitter is switched
on, switched off after the delay
circuit has operated, then switched
on again shortly after, the time
delay on the second occasion will
be shorter than on the first. This
effect is due to the fact that the
cathode of the PY81 takes some
time to become completely cool,
and it appears to be acceptable
for amateur transmitting require-
ments. For instance, the high volt-
age power supply circuit given in
the ‘Power Supplies’ chapter of both
the third and fourth editions of
the R.S.G.B. Radio Communication
Handbook incorporates a bimetal

. thermal switch which, after having
encrgised the high wvoltage h.t.
switching relay, is similarly left to
cool (although its cooling may be
quicker than occurs with the PY81
cathode).

Fig. 2(a) shows the time delays
offered by the prototype circuit
when, with zero resistance 1n the R2
position, it was re-cycled shortly
after initial operation. If the
circuit is re-cycled quarter of a
minute after initial operation the
time delay it offers is only of the
order of 5 seconds. After 2 minutes
it is just short of 40 seconds and
after 5 minutes it is a little above
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Fig. 3. A simple modification to the circuit enables it to tunction
I as a long-cycle periodic switch

50 seconds. When the cathode is
completely cool, which can be ex-
pected about 10 to 15 minutes after
operation, the delay offered is 65
seconds.

The curve in Fig. 2(b) shows
the results given when a 10Q re-
sistor is inserted in the R2 posi-
tion. If re-cycling takes place
quarter of a minute after initial
operation, the resultant delay is
8 seconds, whilst re-cycling after
2 and 5 minutes produces delays of
60 seconds and 95 seconds respec-
tively. When the cathode is com-
pletely cool the delay is 105 seconds.

It is interesting to note that the
delay on re-cycling approaches the
final ‘cool’ value much more
quickly in Fig. 2(b) than in Fig.
2(a) and this is probably due to
the fact that, with the 10Q resistor
in circuit, the rise in heater tem-
perature as the circuit is switched
on is slower and that, in con-
sequence, the hecater temperature
is less higher than cathode tempera-
ture when the latter commences to
emit. As a result, less heat has to
be dissipated via the cathode sur-

face when the heater circuit is
opened. s
To find the value required in

R2 for a specific time delay, the
value of the resistor should be
adjusted until the delay offered is
a little greater than the minimum
figure required when the circuit is
re-cycled after 14 minutes. The
delay figure for switching on from
cold should then, working from the
curves of Fig. 2, be some 2} to
3 times the minimum figure, which
gives an ample safety margin in
hand. I, for some reason, the
transmitter is switched on, then
off and on again, to result in a
re-cycling time of less than 14
minutes, switch S1 should be left
open.

The writer checked the operation
of several PY8I's in the circuit,
both with R2 at zero resistance
and at 10Q2. There was no signifi-
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cant difference in performance with
any of the diodes.

PERIODIC SWITCH

If the circuit of Fig. 1 is slightly
altered, the combination of PY81
and relay produces a simple periodic
long-cycle switch. This application
may be of sufficient interest to some
readers to merit a brief description
here, and the appropriate circuit
is shown in Fig. 3. In this diagram
the 12.6 volt supply is obtained
from a small heater transformer,
and contact set A2 of the relay
continually switches a controlled
circuit on and off again.

The circuit of Fig. 3 functions
in the following manner. When
the on-off switch is closed the 12.6
volt supply is applied to rectifier
DI, and to the heater of the PY81
via contact set Al. The heater
warms up and, when the cathode
reaches emitting temperature, the
relay energises. Contact Al opens,
and the cathode commences to cool.
Because of thermal inertia in the
cathode and because the de-
energising current of a relay is
lower than its energising current,
some time elapses before the relay
de-energises. When it does, con-
tact set Al closes and the cycle
starts again,

With the prototype, using the
relay referred to ecarlier, the
arrangement of Fig. 3 produced
a cycle in which contacts A2 were
closed for approximately 20
seconds and were open for approxi-
mately 15 seconds.

“ EXPERIMENTAL RECORD
PLAYER AMPLIFIER”

In “Experimental Record Player
Amplifier”, puhlished in the January

-1970 issue, the output transformer

was referred to as an Eagle LT44.
The correct transformer to employ
in the amplifier is the Eagle LT700,
and we regret the error.
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The Discobery

A 2-VALVE, 4-STAGE
SHORT WAVE RECEIVER

by

FRANK A. BALDWIN

This receiver has been specifically designed for the budding
short wave enthusiast, and it is not intended to be a con-
structional project for the absolute beginner. Each valve
has two separate functions and the whole design repre-
sents, in effect, a 4-valve receiver, much development work
having gone into its circuit. When used with an efficient
aerial and earth system this receiver will undoubtedly out-
perform any comparable design the author has produced
over many years in this type of work. The Discovery can
be thoroughly recommended to the short wave enthusiast
who requires an efficient and comparatively inexpensive

receiver

HIS RECEIVER HAS  BEEN
Tspecially produced for the near-

beginner who has already
acquired some experience in the
constructional field with, say, simple
1-valve circuits, and who wishes to
produce an efficient receiver for the
short wave frequencies. The Dis-
covery has been specifically de-
signed to operate over the short
wave spectrum with the maximum
efficiency possible. It will also per-
form well on the medium wave
band if a Denco Green Range 2
coil (not included in the Com-
ponents List) is plugged in.

The 2-valve, 4-stage design has
been thoroughly air-tested with an
efficient aerial and earth system and
has performed extremely well over
both the Amateur andy Broadcast
bands.

A notable feature of this design
is the smooth operation of the re-
action circuit at any point within
the frequency limits over which
the set operates. This state of affairs
has been made possible by using
a well-known v.h.f. technique - a
grounded-grit input stage. In the
more orthodox ‘‘straight” receiver
designs the tuned circuit to which
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reaction is applied is almost in-
variably damped by the inductance
and capacitance to earth of the
aerial, making the stage concerned
comparatively unselective and, what

is often a major problem with
“straight”” designs, causing the
appcarance of “dead spots” at
various points in the receiver’s

coverage where reaction cannot be
obtained at all. It is these two fail-
ings — poor selectivity and inefficient
operation of the reaction circuit —
that cause many “straight” receiver
designs to be inadequate in per-
formance. The normal approach to
the removal of these two bugbears
is to add a conventional r.f. stage,
this requiring the inclusion of at
least a further valve (for an un-
tuned stage) plus an inductor and
a 2-gang capacitor and associated
components (when the r.f. stage is
tuned).

With the Discovery, the approach
adopted is to isolate the tuned stage
from the aerial input by means of
a grounded-grid stage. After much
experimental work the present
circuit was evolved, and it has
proved to be entirely satisfactory
in practice. The receiver tuned
circuit, row isolated from the damp-
ing effect of the aerial-earth system,
offers an acceptably high degree of
selectivity. There 1s also complete
freedom from “dead spots”. where-
upon it is possible to obtain maxi-
mum efficiency from the reaction
circuit at all frequencies. This latter
facility is, of course, a valuable
asset with simple receiver designs.

CIRCUIT

The circuit of the Discovery re-
ceiver is shown in Fig. 1, repro-
duced here in the detachable sec-
tion annexed. From this it will be
seen that the aerial is fed to the
cathode (pin 8) of the first stage
(V1(a)) of the ECC83 double-triode
via the variable capacitor Cl. RFClI
provides a high r.f. impedance at
this point, whilst Rl is a standard
bias resistor. In this configuration
the grid and not the cathode is
maintained at zero r.f. potential,
thereby providing a screen between
the cathode and anode, which are
the respective input and output
electrodes.

Th€ h.t. supply to the anode of
Vi(a), (pin 6) is via R2 and RFC2,
decoupling to chassis being pro-
vided by C2. The output from the
grounded grid stage is fed, via C3,
to L1 of the coil. The windings
depicted in the circuit of LI, L2
and L3 arc the input. reaction and
tuned windings respectively of coils
in the Denco Miniature Dual-
Purpose Green series. Three coils
are required. these being for Range
3 (1.67 to 5.3MHz), Range 4 (5.0
to 15.0MHz) and Range 5 (10.5 to
31.5MHz). These coils plug into a
B9A valveholder, and the numbers
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Fig.2 Showing the drilling details for:

(a) the chassis deck

(b) chassis front apron

(¢) chassis rear apron and
(d) the front panel
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shown around the windings in Fig.
I indicate the coitholder pins to
which the coils connect.

VI(b) operates as a leaky-grid
detector, the required signal being
selected by the tuned circuit L3,
C8, and passed to the grid (pin 2)
via capacitor C7. Reaction is pro-
vided by variable capacitor C9 in
conjunction with winding L2, the
values of RS and C7 being such
that smooth and stable reaction
entirely free from backlash is ob-
tained. Positive h.t. supply to the
anode (pin 1) of VIi(b) is via re-
sistors R3 and R4 and r.f. choke
RFC3. Efficient decoupling to
chassis, a most important require-
ment in this stage, is provided by
the parallel connected capacitors C4
and Cs.

The detected audio frequency
signal at the anode of V](b) is
now passed, via coupling capacitor
C6, to the grid (pin 1) of V2(a).

Thc first audio amplifier stage
and the power amplifier stage are
incorporated in an ECL82 (the sec-
tions being V2(a) and (b), respec-
tively).

The first stage (V2(a)) is a simple
triode a.f. circuit in which resistor
R10 is the anode load across which
the output voltage is developed, R9
and C13 being h.t. decoupling com-
ponents. Cl1, across grid resistor
R7, bypasses to chassis any rema-
nent r.f. signal present at this point.
Bias is developed across the cathode
components R8 and C12, the volt-
age across these being produced
by the current flowing through RS,
thus making the cathode positive
with respect to the grid. The signal
at V2(a) anode is a much amplified
version of the original signal, and
this is now taken, via capacitor
C14, to the a.f. gain control R12.

With many simple recciver designs
it is common to position the a.f.
gain control between the detector
and the first audio amplifying stage.
It is often the case however that
operation of the gain control then
affects, to some degree or another,
the reaction characteristics of the
detector stage, thereby producing
interaction between these two con-
trols. In the present design this
undesirable effect has been obvia-
ted by placing the volume control
between the first audio amplifying
stage and the power output stage,
thus entirely removing any un-
wanted relationship between the
reaction and audio gain controls.

The input for V2(b) is taken,
from the slider of R12, to the signal
grid (pin 3). V2(b) provides further
amplification and offers an output,
at speaker power level, via the out-
ut transformer TI1. The speaker
is not an integral part of the re-
ceiver but is contained in a separate
housing, the speaker being con-
nected to two output sockets on
the chassis rear apron.
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The components C16, C17 and
R13 ensure that a ripple-free h.t.
potential is supplied to the circuit.
Note here that Ci6 and CIi7 are
contained within a single can. The
resistor R6, decoupled to chassis
by CI0, ensures that no unwanted
coupling exists along the h.t. line
between V1 and V2. The h.t. secon-
dary of the mains transformer, T2,
is rated at 250V, 60mA.

It will be noted that Ci10, CI13,
C16 and CI17 are all rated at 450V
wkg. In practice it would be in
order to use 350V wkg. capacitors
in these circuit positions, if the con-
structor so desires. The author chose
the higher voltage capacitors, how-
ever, with the question of long
working life and reliability in mind.
It is his experience, also, that the
dual-electrolytic capacitor is more
readily obtainable at 450V wkg.

The colours shown in the circuit
diagram around T2 are those of its

lead-out wires. The encircled figures

shown around the output trans-
former T1, the onfoff switch S1(a),
(b) and the potentiometer RI12,
correspond with the tag numbers
shown in the point-to-point wiring
diagram in the pull-out section.

One side of the heater supply
is connected to chassis, the 6.3V
winding of T2 feeding pilot lamp
PL1 in addition to the valve heaters.
The BY100 silicon rectifier feeds a
rectified direct voltage to the
smoothing circuit given by CI6,
C17 and RI3, The a.c. mains
supply is applied to the primary
winding of T2 by the dougle pole
switch S1(a), (b), this being integral
with a.f. gain control RI2.

The receiver should be con-
nected to the a.c. mains supply via
a length of 3-core cable, the mains
plug of which should contain a
3 amp fuse.

CONSTRUCTION

Fig. 2 of the detachable section
provides information on the drill-
ing details required for the chassis
and panel of the receiver. Fig.
2(a) gives details of the chassis deck

as seen from above; Fig. 2(b) drill-
ing details of the chassis front
apron; Fig. 2(c) details for the
chassis rear apron and Fig. 2(d)
details for the front panel.

Commence drilling operations
with the front panel shown in Fig.
2(d). This makes for later ease of
working when dealing with the
chassis front apron. Measure and
mark out with a centre punch on
the front panel all hole centres
with the exception of that for C8.
Due to chassis tolerances, etc., the
height of this hole may vary some-
what from the 3}in. figure shown
in the diagram and it is best to
mark out this hole with the aid of
the actual component employed for
C8. The necessary procedure is
carried out at a later stage. Drill
holes 1 and 2 to a diameter of
Yzin. The hole at position 3, that
for CI1, should be cut out slightly
larger than +%in. This is because
C1 must not make contact with the
chassis or front panel at any point,
and is mounted with the aid of
insulating washers. (If difficulty is
experienced in obtaining suitable
washers, these may be made up
from oddments of Paxolin.)

Next drill a Zin. hole for the
motif. This is a button obtained
from the button counter at a Wool-
worth’s store and the %in. hole
accepts its eye. The motif is affixed
in place, after the panel has been
painted, with the aid of adhesive.
Finally, drill the hole for PLI.

Deal now with the drilling of the
chassis front apron, as shown in
Fig. 2(b). Offer the front panel
to the front apron such that both
lower edges are exactly in line, and
the front panel projects at each
end of the chassis by %in. Clamp
the chassis and panel together and
centre-punch the chassis apron
through the centre of the panel
holes 1, 2 and the enlarged 3. Re-
move the panel and drill the chassis
front apron to the same diameters
as the corresponding panel holes.

Deal next with the chassis rear
apron as shown in Fig. 2(c). Holes
marked A should be drilled with a
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1in. drill to take 6BA bolts and
nuts. From left to right of Fig.
2(c) the fitments required are an
aerial/earth socket strip (this re-
quiring two 6BA clear holes and
two tzin. diameter holes as shown);
the speaker output socket strip
(which requires similar holes); the
next two holes are 6BA clear for
securing the output transformer; and
at far right the in. hole is for
the a.c. mains input lead grommet.
The best course here is to use the
specified components themselves as
templates when marking out their
holes.

The next task is that of drilling
the chassis deck, and Fig. 2(a) pro-
vides the required information here.
The holes for the two valves and
the coil are cut by means of a
3in. chassis cutter for B9A valve-
holders. The three valveholders
should be set to the orientation
given in the point-to-point wiring
diagram (i.e. with pins 6 and 7 of
V1 and V2 valveholders nearest the
rear of the chassis, and pin 9 of
the coilholder nearest the front)
after which two mounting holes are
marked out for each and drilled
6BA clear. Remember that VI
valveholder is that fitted with a skirt
for a screening can. The four mount-
ing holes for the mains transformer
are next marked out and drilled
5/pin. for 4BA bolts and nuts. Also
drilled are two 2in. holes for the
grommets through which the trans-
former leads will later pass. It is
helpful here to use the transformer
itself as a template when marking
out these holes. Drill also the re-
maining two <in. holes shown in
Fig. 2(a) together with the 6BA
clear hole which is forward of V2
valveholder hole.

Place the variable tuning capa-

Ten € e
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citor to be employed on the chassis
deck such that the spindle pro-
trudes as far as possible over the
chassis front apron and is located
in a central position exactly Sin.
from either edge of the chassis.
Ensuring that the two front fixing
lugs are as close to the front apron
edge as possible, mark and drili
the three fixing holes for the
capacitor, to take 4BA bolts and
nuts.

If the underchassis photograph is
examined, it will be noted that the
dual-electrolytic capacitor Cl6, C17
is fitted to the side apron at the
mains transformer end of the
chassis. Fit the clip to the capacitor
in the manner shown, position the
capacitor on the side apron so that
the clip securing nut and bolt are
away from the chassis underside
with the clip projection just inside
the apron edge, and mark out the
two mounting holes required. The
capacitor centre should be 2%}in.
from the front apron of the chassis.
Drill the two holes 4BA clear.

Apart from the holes for C8
spindle and the tuning drive, the
metalwork is now completed. The
front panel may then be painted
or sprayed to a colour of the con-
structor’s choice.

ASSEMBLY

The next task is that of assembly
and wiring and the constructor
should work from the wiring and
layout diagram in the detachable
section. Frequent references to the
photographs should also be made.

For ecase of wiring, it should be
noted that the front panel is not fitted
to the chassis until a later stage.
During the description of the

:

wiring-up process, soldering at a
particular point or tag should only
be carried out when stated, thereby
avoiding the bad practice of re-
soldering a joint several times.

Commence the assembly in the
following manner. 1. Mount VI
and V2 valveholders with 6BA nuts
and bolts, such that pins 6 and 7
of both are nearest the rear edge
of the chassis. To V2 valveholder
fit a 6BA chassis tag under the
nut nearer pin 9. Fit the coilholder
such that pin 9 is nearest the chassis
front apron using 6BA nuts and
bolt. Under the nut nearer the rear
of the chassis secure Tagstrip 3 —
sce point-to-point  diagram  for
correct location.

2. Fit the four $in. grommets to
the chassis deck and the fin. rubber
grommet to the chassis rear apron.

3. Fit Tagstrip | using a 6BA
nut and bolt. Fit the output trans-
former to the chassis rear apron
such that the two eyeletted holes
are ncarest the bottom edge of the
chassis, fitting also Tagstrip 2 under
the left-hand (see point-to-point
diagram) mounting lug of the for-
mer. Fit the aerial/earth Paxolin
socket strip to the chassis rear
apron by means of 6BA nuts and
bolts, fitting a 6BA chassis tag under
the nut nearer the bottom edge of
the chassis. Next. fit the speaker
output Paxolin socket strip to the
chassis rear apron by means of
two 6BA nuts and bolts. Ensure
that none of the sockets make con-
tact with the chassis.

4. Fit to the chassis front apron
the volume control RI12, the re-
action capacitor C9 and the r.f.
attenuator capacitor C1 — see point-
to-point diagram for correct orienta-
tion of these components. C1 should
have its inside insulating washer

Above-chassis view of the receiver. Components, from left to
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Resistors

(All § watt 10% unless other-

wise stated)
R1

1k

R2  33kq

R3  100kQ

R4 10kQ

RS 1.5MQ

R6  4.7kQ

R7  470kQ

R8 22k

R9  2.2kQ

R10 220kQ

RI11 680%

*R12 500k log pot with
switch S1

R13 22k2 5 watt

*A. B. Components, miniature,
(H. L. Smith & Co. Ltd.)

R. F. Chokes
3 off 2.5mH, type CHI (H.
L. Smith & Co. Ltd.)

Valves
Vi ECC83 (Mullard)
V2 ECL82 (Mullard)

Valveholders
2 ofl B9A with centre spigot
1 off B9A with centre spigot,
skirt and screen

Inductors
Miniature Dual-Purpose.
Green, Ranges 3, 4 and
5 (Denco Ltd))

Dial & Drive

6:1 Slow Motion Drive,
Part. No. 4489, Jackson
Bros. Ltd.
Capacitors
Ct 150pF variable (Jack-
son Bros. Ltd., type
C804)

COMPONENTS

C2  5,000pF ceramic disc

C3  100pF silver mica

C4  0.1pyF, tubular (Mul-
lard) 400V wkg.

C5  5,000pF ceramic disc
C6 0.014F tubular (Mul-
lard) 400V wkg.

C7  100pF silver mica

C8 310pF varnable (Jack-
son Bros. Ltd. Cat. No.
4507, 1-gang)

C9 100pF wvariable (Jack-
son Bros. Ltd. type
C804)

C10 8uF electrolytic, 450V
wkg. (RTC)

Cl1 500pF silver mica

Cl12 124F clectrolytic, 6V
wkg.

C13 8uF electrolytic, 450V
wkg. (RTC)

Cl14 0.01xF tubular (Mul-
lard) 400V wkg.

C15 25pF electrolytic, 25V
wkg.

tC16 32u4F electrolytic, 450V
wkg. (RTC)

tC17 16uF electrolytic, 450V
wkg. (RTC)

tContained in single can, com-
plete with fixing clip, upright
mounting.

Mains Transformer

Secondaries: 250V, 60mA; 6.3V,
1.5A; type 6BR10 (H.
L. Smith & Co. Ltd))

Qutput Transformer
Wharfdale type T165 (H. L.
Smith & Co. Ltd.)

Panel Lamp Assembly
PL1 Panel lamp type, LES
6.5V, O.15A (H. L.
Smith & Co. Ltd)

Chassis
10 x 4 x 2%in. (H. L. Smith
& Co. Ltd))

Panel
11 x 8in. (H. L. Smith & Co.
Ltd.)
Socket Strips
2 oft Aerial/Earth and
Specaker (H. L. Smith
& Co. Ltd)

Earth Tags
2 off 6BA
1 off 4BA

Insulating Washers
2 off jin. fitting — sec text

Rectifier
BY 100

Tagstrips
1 off S-way, centre tag
earthed
1 off 4-way, tag 2 earthed
I off 2-way, one tag earthed
(H. L. Smith & Co.
Ltd.)

Knobs
3 off Eagle type KB3 (H. L.
Smith & Co. Ltd.)

Speaker
32 speaker

Rubber Gromimets
4 off %in.
1 off $in.

Miscellaneous
PV.C. covered wire, 4 &
6BA nuts and bolts,
3-core a.c. mains cable,
mains plug fitted with
3A fuse, solder, etc.

fitted at this stage. There is no
necessity to fit its outside washer,
as this can be added later when the
front panel is secured in position.

5. To the left-hand chassis side
apron fit the smoothing capacitor
assembly with two 4BA nuts and
bolts, placing under the nut nearer
the chassis front apron a 4BA
chassis tag

7. Secure the mains transformer
T2 to the chassis deck such that
the two black wires are threaded
through the grommet nearer the
chassis front apron. Feed the two
blue and two red wires through
the rear grommet. Ensure that
neither of the two grommets are
displaced from their scatings.
Sccure T2 by means of four 4BA
nuts and bolts.

8. Secure the variable capacitor
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C8 by means of three 4BA nuts
and bolts.

WIRING-UP

9. Commence the wiring-up pro-
cess by dealing with the power
supply scctions as the first task.
Sec Fig. 3 of detachable scction.
To the black tag of the smoothing
capacitor assembly connect one end
of both a blue and a red wire from
T2 (it does not matter which blue
or red wire is selected) having first
removed the enamel covering from
the blue wire by means of scraping
with a pen-knife. Also to the black
tag connect a short length of p.v.c.
covered wire, this terminating at the
6BA chassis tag associated with V2.
Solder the three connections to the
black tag of the smoothing capa-
citor assembly.

WWW americanradiohistorv.com

10. To the tag of C16 (yellow)
connect one end of RI13 (2.2kQ
5 watt) and one end of a length
of p.wv.c. covered wire, the other
end of the wire being connected

to tag 3 of Tagstrip 1. Connect
one cnd of a further length of
pv.c. covered wire to the CI16

(yellow) tag, the other end of this
wire connecting to tag 1 of the out-
put transformer TI1. Solder the
three connections at the yellow C16
tag, and solder the single connection
at tag 1 of TI.

11. To the tag of C17 (red) con-
nect the free end of R13 and the
positive lead-out of the BYI100
rectifier. Connect the other lead-
out of the rectifier to tag 5 of

{Continued on page 498)
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RADIO
FREQUENCY
PROBE

by
G. A. STANTON, G3SCV

With an input resistance of 250kQ and a

range extending beyond 100MHz, this neat

r.f. probe can be employed with any standard
high impedance valve or f.e.t. voltmeter

described in The Radio Constructor was designed

to measure d.c. and audio frequency voltages up
to 20kHz.! In order for such an instrument to ‘read’
radio frequency voltages an r.f. probe is required.
The small unit now to be described has been de-
signed for this purpose, and enables the frequency
range of the electronic voltmeter to be extended to
100MHz, with useful indications well above that fre-
quency. The probe makes it possible to check oscil-
lators, adjust r.f. amplifiers, trace signals in receivers
and carry out numerous other tests at radio fre-
quency. Although originally designed for the elec-
tronic voltmeter just referred to, the probe can of
course be used with any standard type of valve or
f.e.t. voltmeter. .

THE CIRCUIT

THE SOLID STATE ELECTRONIC VOLTMETER RECENTLY

The circuit of the probe is given in Fig. 1 where
it will be seen that only four components are em-
ployed. R.F. signals are passed via Cl to the semi-
conductor diode where they are rectified. The recti-

1 G. A. Stanton, ‘Solid State D.C. Voltmeter and A.C. Millivolt-
meter’, The Radio Constructor, September 1969.

Live, N Ry Sereened
probe’ 1 1000pF M Vaw cable
- “ 'A'l'lrL <= ~ — @
Ceramic To
4 2 Ry voltmeter
A ZiMn — O
A9l e
Aaw
_—
Earthy’
tead

Fig. 1. The circuit of the r.f. probe
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fied voltage is then filtered by R1 and passed to the
d.c. section of the electronic meter for measurement.
The operation of the circuit is, however, not as simple
as would appear but fortunately a complete analysis
is not required for the purpose of this article? For
our present requirements it will be sufficient to note
that the rectified voltage is approximately equal to
the peak value of the r.f. signal. The r.m.s. value can
therefore easily be obtained by multiplying the meter
reading by 0.707. It should also be noted that due to
the characteristics of the diode, readings lower than
1 volt will be non-linear. This however need not
cause undue concern, for r.f. measurements are often
comparative rather than exact. The maximum volt-
age that can be handled by the probe is dependent
upon the maximum reverse voltage that can be
applied to the diode. For this reason the type chosen
is 2 Mullard OA91 with an average maximum reverse
limit of 90 volts. A peak voltage of 45 can be safely
measured. Often r.f. voltages are superimposed upon
high d.c. potentials (e.g. in the anode circuits of valve
amplifiers). The limiting factor here is the d.c. work-
ing voltage of the capacitor C1. In the original this is
a 250 volt working type, but if the probe is to be
used on, say, transmitters a higher voltage type of
suitable working voltage rating should be substituted.

In order that the circuit under test be ‘disturbed’
as little as possible it is important for the probe to
have a high input impedance. This comprises a
resistance in parallel with a capacitance. The former
is determined by the nature of the circuitry and in

o ‘ . 1t R1 x R2 .
e present arrangement is equal to R———Z T 3R1 1.e.

250k Q. The capacitance is composed largely of circuit
strays and is therefore mainly dependent upon the
layout of the components. In the present design the
measured value is less than SpF.

CONSTRUCTION

Full constructional details are given in Figs. 2(a)
to (d). The components are mounted on a piece of
printed circuit board and housed in a dispenser in
which Multicore ‘Savbit’ solder is supplied. The
dispenser is a substantial aluminium unit ideal for
probe construction. The printed circuit board is cut
and etched as indicated in Figs. 2(a) and (b) and is
firmly held in place by a 6BA brass bolt which also
effectively connects the container to the earthy side
of the circuit. See Figs. 2(c) and (d).

With each supply of solder is provided a length
of p.v.c. tubing. This is used to insulate the probe tip
from the container. The dispenser is prepared by
slightly enlarging the hole at its tapered end until the
p.v.c. tubing is a tight fit. A 6BA clearance hole is
drilled 4in. from the base to take the securing bolt.
A solder tag at this point serves to connect the
‘earthy’ probe lead, which may be terminated in a
crocodile clip.

The paint is easily removed from the container by
wiping with a piece of rag soaked in cellulose
thinners. The result is a professional bright alu-
minium finish.

The probe tip itself can be formed from either a
length of 12 s.w.g. copper wire or of brass rod. One
end is rounded to form a blunt ‘point’ and the oppo-

2 See ‘Cathode Ray,” ‘Watch Your Diode Measurements!’, Wire-
less World, January 1969. The formula for input resistance given
later is taken from the article by ‘Cathode Ray’.
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Fig. 2(a). Dimensions of the printed circuit board
(b). The printed circuit board with components
mounted after etching
(c). The mounting hole drilled at the dispenser
base

(d). lllustrating how the printed circuit board
is secured inside the dispenser

site end slightly flattened for a distance of one inch.
The whole should be cleaned and tinned with solder.
The probe tip is secured to the printed board by two
short lengths of 20 s.w.g. copper wire and then sol-
dered to the copper laminate. The binding prevents
undue strain on the laminate and the solder gives
a reliable connection.

The probe is connected to the d.c. terminals of the
electronic voltmeter by a length of thin flexible
screened cable, as used for audio frequency work,
the centre lead connecting to the positive terminal.
The probe is effectively sealed by the plastic base
supplied with the dispenser.

A simple probe of this kind greatly increases the
usefulness of the original meter and is well worth the
few shillings spent on its construction.

n
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NOW HEAR THESE

All times GMT. Information correct at time of
preparation.
@ NEPAL
11970kHz Radio Nepal, Katmandu (5/100kW)
signs on at 0120 GMT on this channel and also on
7105kHz (5kW). Signs on at 1200 GMT on 7165kHz
(100kW) and also on 11970kHz.

@ NEW ZEALAND

11780kHz Z13 Radio New Zealand, Wellington
(7.5kW) may be heard on this channel at around
0700 until sign off at 0845 GMT.

@ NIGERIA
9570kHz Radio Kaduna (10kW). can be heard on
this channel around 2200 GMT.

@® COLOMBIA

9635kHz HJCQ Radio Nacional de Colombia,
Bogata (20kW) has been reported with an English
language course being heard at 2245 GMT.

@ JORDAN
9560kHz Radio Amman (100kW) has a daily
English broadcast from 1400 to 1710 GMT.

@ ECUADOR

3570kHz HCOS4 La Voz del Rio Carrizal, Calceta
(0.5kW), a rare Dx catch, has been reported by a
U.S.A. listener. Schedule is from 1100 to 0400 GMT.

@ BRAZIL

5975kHz ZYT44 Radio Guaraja, Florianopolis
(10kW) has been logged at 2330 GMT. Schedule is
from 0900 to 0300 GMT.

@ CHINA
15435kHz Pekin (20/240kW) logged on this channel
at 0830 GMT with news in English.

@ EQUATORIAL GUINEA

6250kHz Emisora de Radioffusion Santa Isabel,
Fernando Poo (10kW) may be heard at reasonable
signal strength around 1900 to 2300 GMT. Logged
at 2130 with identification followed by music in
Spanish style. Schedule is from 0700 to 2300 GMT.
Verifies by letter.

@ NETHERLANDS ANTILLES

11720kHz PJD Radio Bonaire (50/260kW) has
been reported on this new channel with an English
programme after 0100 GMT. Listed on 11775kHz.

@ ETHIOPIA

11910kHz ETLF Addis Ababa (100kW) logged on
this frequency with a programme in English at
2000 GMT.

@ COSTA RICA

4690kHz TIHGB Radio Reloj, San José (1kW)
has moved to this channel from 6206kHz. First heard
by us on the new frequency in January. Good signals
from 0300 to 0500 GMT.
@ CENTRAL AFRICAN REPUBLIC

5035kHz Bangui (30kW) logged at 0450 with
cockerel crowing thrice followed by hunting horn
gallop and station announcements in African dialect.
© IVORY COAST

11920kHz Radio Abidjan (100kW) has been heard
with news in English at 1830 GMT. ]
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NEWS . . . AND .

AMATEUR RADIO SATELLITE LAUNCHED

Australis Oscar-5, the amateur radio satellite, was launched as a secondary payload, along with Tiros-M
from NASA’s Western Test Range on Friday, 23rd January. The amateur satellite was ejected into orbit from
the second stage engine compartment of the Thor- Delta launch vehicle in the same manner as previous Delta
secondary payloads have been launched.

Australis Oscar-5 is a 12 x 17 x 16in., 39-pound spacecraft constructed by a group of amateur radio
operators at Melbourne University in Australia — hence, the name Australis. The Oscar portion of the name
is derived from Project Oscar (Orbiting Satellite Carrying Amateur Radio), a West Coast-based organisa-
tion of radio amateurs that has constructed and sucessfully secured launches for four amateur radio satellites
to date. This will be the first launch for AMSAT, which was formed in March of last year to foster radio
amateur participation in space research projects as described in News & Comment, November 1969 issue.
AMSAT’s role in the Australis-Oscar mission is one of preparing the satellite for launch, performing the
necessary tests to be certain that the satellite will function properly once in orbit, conducting liaison with
NASA to arrange for the launch, and assisting in the collection of the satellite data.

Australis Oscar-5 is designed to transmit low-power signals on two amateur bands, at frequencies of 29.45
MHz in the ten-metre band at 144.05 MHz in the two-metre band. These transmissions will be used by radio
amateurs throughout the world for training in the art of tracking satellites and for experiments in the science
of radio propagation. These beacon transmissions will carry telemetry data pertaining to the condition of
the spacecraft, including battery current and voltage, internal and external temperature and the satellite’s
orientation with respect to the earth. This orientation information will be used to assess the effectiveness
of a simple attitude control system used on Australis Oscar-5. This will be the first amateur satellite to
employ such a stabilisation system.

A transmitting life of approximately two months is expected from the 20 pounds of batteries which the
satellite will carry. This lifetime is based on continuous operation of the two-metre transmitter and week-
end operation of the somewhat higher power ten-metre transmitter. The ten-metre transmitter can be
turned on and off by appropriate commands from the ground. Several amateur stations are being set up
at various locations in the world to accomplish this command function.

Construction of Australis Oscar was begun in 1966 by Project Australis. The Australis Group is an
outgrowth of the Melbourne University Astronautical Society and was set up for the purpose of build-
ing satellites which can be used by amateurs for long distance communication on the VHF and higher
amateur bands. .

Many radio amateurs and others throughout the world are expected to take part in tracking, and
receiving telemetry data from Australis Oscar-5. Their reports will be collected by three groups; one in
Europe, a second in Australia and the third in the United States. The U.S. group is the Radio Amateur
Satellite Corporation (AMSAT), P.O. Box 27, Washington, D.C. 20044. Special reporting forms are avail-
able from this organisation.

£450 OF ELECTRICAL EQUIPMENT TO BE WON A top prize of £300 worth of

electrical goods of your choice —
plus ten prizes of £15 worth for
runners-up - are offered in the
“*Zany Zoo" content sponsored by
3M, makers of Scotch magnetic
By tape.

Entry forms for the contest have

gﬁﬁiﬁ%@ been in the hifi and electrical

R = shops since January. Entrants are
yﬁgﬁﬁ‘iﬁ; asked to link each of the eight
iEiiIﬁ oF animals pictured on the colourful
f:‘ """‘tt < 1 illustration with a suggested quota-
AEHEILS tion printed alongside — and to

invent a suitable tape-orientated
slogan to be credited to a wise
owl.

Get your Each entry must be accompanied

S [ T = : | by a tartan tab taken from a reel
%}ﬁ:ﬁqﬁ ot - of Scotch magnetic tape, or from
the wrapping of a Scotch magnetic
entry form tape cassette.
Last date for receipt of entries
is March 31, 1970.
Look out for this counter unit
at your local hi-fi or electrical
stockist - it contains full
details and entry forms for the
Scotch magnetic tape
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COMMENT

I.C. TESTER-ANALYSER

Davian Instruments are selling a complete, low
cost, integrated circuit analyser. It offers an extremely
high degree of flexibility in circuit evaluation as a
manually operated instrument and by fitting Davian
programmed plugs is converted to an automatic
“Go/No-Go™ tester. As well as testing DTL, RTL
and TTL integrated circuits, complete logic assem-
blies may be evaluated. The instrument is thus of use
not only in the service, test, inspection and quality
control departments, but also in the laboratory as a
development aid and in education as a teaching aid.

The instrument consists of 2 dual in line 16 pin
sockets, 4 power supplies, 8 logic state indicators,
& single pole change-over switches, 4 load networks,
comprehensive metering and pulse generation systems
and an independent input and output, all of which
are terminated at a precision 8 X 9 matrix.

The user may either adapt these facilities to his
own requirements by patch-lead programming, or by
using Davian programme plugs; carry out automatic
esting of specific logic 1.C.'s.

All power supplies are protected and the Voc and
VL supplies are interlocked such that Vcc will trip
if its preset (programmable) current limit is exceeded
(as a result say. of the 1.C. being faulty or perhaps
incorrectly connected). When Vec trips, VL is cut
off and an alarm system causes all logic indicators
to flash until reset.

Further details may be obtained from Davian
(Instruments) Ltd., 47 Rowelfield, Luton, Beds.

48th AWARD OF FARADAY MEDAL

The Council of The Institution of FElectrical
Engincers has made the 48th awdrd of the Faraday
Medal to Professor C. W. Qatley ‘for his many con-
tributions to the development of microwave valves
and particularly for his outstanding leadership of the
team of Cambridge University responsible for the
development of the scanning electron microscope’.
MARCH 1970

MULLARD GOLDEN JUBILEE

The 50th anniversary of the founding of the
Mullard company will be celebrated this year.

It was in 1920 that Mr. Stanley Mullard, born in
1883 and still a member of the Mullard Ltd. Board,
formed The Mullard Radio Valve Company Ltd. —
the first venture to bear his name. It occupied floor
space rented from his former employers and its initial
product was high-power transmitting valves.

From this beginning the Mullard enterprise has
developed into one of the U.K.s biggest electronic
compoiient companies. It employs around 17,000
people, over 1,200 of whom are qualified scientists
and engineers, in 14 production centres, laboratories,
service depots and other ancillary establishments.

During jubilee year production capacity will be
substantially expanded by the addition of three new
plants at Thornaby (Teesside), Stockport (Cheshire)
and Bolton (Lancs).

A number of plans to mark this 50 years of pro-
gress have been made. Among them is the creation
by Sam McCredy of Portadown, Northern Ireland,
of a fragrant pink hybrid tea rose called the Mullard
Jubilee Rose. It will be introduced at this year’s
Chelsea Flower Show. Bushes will be planted at
Mullard establishments and will also be made avail-
able to local authorities in those areas, and to com-
pany employees.

A Golden Jubilee Exhibition will be mounted in
the Electronics Centre at Mullard House, London,
and will run for about three weeks, starting early in
October. Together with a sound and vision presenta-
tion of the company’s past achievements and future
prospects, the exhibition will visit Mullard plants
during the following three months.

It is planned to film and/or record for the archives
many of the other functions, now being arranged,
at head office and the individual establishments.

“Yes, Miss Scatworthy, | know there’s an adder
in that room.”
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ECONOMICAL
VOLTAGE
REGULATOR

by
R. W. COLES

A novel circuit approach results in a low-
cost voltage regulator which offers an
exceptionally high performance

these days in a wide range of amateur projects,

and a great many circuits have appeared in the
popular electronic press. It sometimes seems as
though efficient voltage regulation has become an end
in itself, rather than a means to an end. It must be
remembered, however, that these circuits are popular
because, for the small outlay involved, a very worth-
while improvement in performance can be expected
in the main equipment supplied.

Most of the published circuits the writer has seen
up to now fit into one of two broad categories, these
being either simple 1 or 2 transistor arrangements
which provide regulation to within a volt or so at
currents up to half an amp, or much more complex
circuits which give excellent regulation at high cur-
rents, often with a variable voltage output. There are
occasions when circuits in the first category do not
match up to thé specification required, whereas to
employ a circuit from the second group would be
like using a sledge-hammer to crack a nut!

The regulator to be described in this article pro-
vides, in the writer’s opinion, a very useful com-
promise between performance and simplicity, and it
achieves excellent regulation with just three tran-
sistors, one zener diode and two resistors.

OPERATING PRINCIPLES

TRANSIS'I'OR VOLTAGE REGULATORS MAY BE FOUND

Most simple transistor voltage regulators use a
power transistor in series with the load, the transistor

- T

&)

=

Regulated
Input 3
- loner
T diode
[=
+ +
Fig. 1. Simple series regulating circuit
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acting as a variable resistance. The circuit is arranged
such that as output voltage increases the transistor
resistance increases also, thus lowering the voltage
to its intended level. To control the regulating tran-
sistor, an accurate reference voltage independent of
supply variations is applied to its base. The simplest
reference is given, of course, by a battery, though
this is never employed in practical circuits which
usually use a zener diode in series with a resistor as
shown in Fig. 1.

This simple circuit has a number of disadvantages.
For instance the current it can supply is limited to the
product of the d.c. current gain of the transistor and
the maximum base current which can be obtained from
the zener diode. Also, the zener diode is connected
to the unstabilised side of the supply, which means
that as the input voltage varies the zener diode cur-
rent varies also. As a glance at the typical zener
characteristic curve given in Fig. 2 shows, the varying
current can cause small variations in the zener volt-
age.

These limitations may be overcome by using a d.c.
amplifier to increase the base current available to the
series regulating transistor, and by supplying the
zener diode from a constant current source to keep
it biased on a fixed part of its characteristic. A d.c.
amplifier can be incorporated in the circuit quite
easily (and cheaply) but a constant current source
would normally involve at least another transistor
and associated components, moving the circuit into
the “luxury” class.

Luckily, there is a simple “‘dodge” which will pro-
vide a stable zener current without employing too
many extra components, and this is given by simply

+o
to

Lo

]
N

-— (lmin)

-

l=——Variation in zener voltage for
change in zener current

Fig. 2. Typical voltage-current characteristic
for a zener diode
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Suggested transistors: TRy TRy ~ 2N2905A
TRz ~0C29
ID| — see text
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Fig. 3. Achieving regulation by inserting the zener diode after the regulating transistor
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2N2905A

supplying the zener diode from the stabilised side of
the supply.

The complete circuit is shown in Fig. 3, the un-
regulated supply being provided by the usual trans-
former, bridge rectifier and reservoir capacitor com-
bination, with the series regulating element consist-
ing of TR2 and TR3 in a compound emitter follower
configuration. This configuration may be considered
as a single- transistor of very high current gain, and
hence very low output impedance.

In Fig. 3, zener current flows through R1 and the
base-emitter junction of TR1. The circuit is inherent-
ly self-balancing because the collector of TRI1
assumes a potential which ensures that the corre-
sponding current flows via the zener diode in its base-
emitter junction. If, for instance, TR1 collector
attempted to go more negative, the increased base
current via ZD1I would force it to go positive, return-
ing it to the original potential. A similar feedback
action prevents TR1 colector going positive. Thus,
the voltage between TR3 emitter and TR1 base is
maintained equal to the zener voltage.

PRACTICAL POINTS

TR3 is a germanium transistor of the “power”
variety, since it will be required to pass all the current
demanded by the load and will also have the
difference between unregulated and regulated volt-
ages dropped between its collector and emitter. It will
therefore dissipate considerable heat under full load
conditions and will need to be mounted on a sub-
stantial heat sink. The transistor used in this position
can be almost any germanium power type provided
it is operated within its ratings for power, current
and voltage, but if the constructor is not sure how to
arrange this it would be better to stick to an OC29,
as used by the writer, since this is an excellent tran-

MARCH 1970

sistor for the job. In the writer's version of the cir-
cuit, TRI and TR2 are silicon planar p.n.p. transis-
tors type 2N2905A, though germanium transistors
type 2N1309 have been used in a version delivering
less current.* The zener reference in the writer's
supply, which was intended to offer a nominal output
of 12 volts, was given not by a single diode but by
two 5.6 volt 250mW zener diodes connected in series.
An advantage conferred by using these diodes is the
fact that zener diodes of roughly 6 volts have a zero
temperature coefficient, rendering the supply less sen-
sitive to temperature variations. The constructor’s
choice of zener diode will depend on the desired out-
put voltage, of course, and in fact a wide range of
types may be used, either singly or in series-connected
groups. Under the voltage conditions in the writer’s
supply, R2 should be between 820Q and 1.2kQ. Resis-
tor values between these limits worked best for a
wide range of transistor types.

The mains transformer and bridge rectifier follow
normal practice for a supply of this nature. The
mains transformer should be rated at the maximum
current required, and its secondary should provide
a d.c. input after rectification and smoothing about
4 volts higher than the desired regulated output. The
rectifiers in the bridge circuit can be standard silicon
or germanium types having the requisite current
rating, these being mounted on heat sinks if neces-
sary.

Two high-value electrolytic capacitors are em-
ployed, one before the regulator to act as a reservoir
and 100Hz ripple filter, and one after the regulator
to act as a further reservoir. An added advantage

* Due to considerations of reverse V,,, it would be preferable to use
an OC28 or OC36 instead of the OC29 if the output voltage is to be
greater than 20. The 2N290SA is available from Bi-Pre-Pak Ltd.
~~Editor.
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of using a regulator is that mains hum suppression
is far better than can be obtained with an unregu-
lated supply using the same values of reservoir and
smoothing capacitance, this being due to the high
input impedance and low output impedance of the
series transistor.

CURRENT LIMITER

Destruction of the regulating components will
rapidly follow if the output of the supply is accident-
ally short-circuited. To guard against this it is recom-
mended that the unit be protected on the output side
by a fuse of suitable rating. This is in addition to the
usual mains input fuse, of course.

Where a fuse would be inconvenient, or where
self-recovery after occasional overloads is required, a

current limiter can be incorporated. This requires
only one more transistor and a resistor, as shown in
Fig. 4.

The circuit action in Fig. 4 is quite simple. As the
load current increases the voltage across R3 rises
until the turn-on voltage of TR4 is reached. This
transistor switches on rapidly, pulling the base of
TR2 down to the potential of the lower rail and thus
causing the output voltage to fall. The current will
then be held at the limiting level (determined by the
value of R3) and the output voltage will drop to
about 0.5 volt until the overload is removed. A 0.5¢
resistor limits the current to 1.25 amp when using a
silicon transistor type 2N2905A for TR4, but if a
germanium type is used R3 will need to be of much
lower value. This simple limiting circuit still allows
the power transistor to dissipate considerable heat

TR3
E; _ _— —
R2Z
2 ¥
Regulated
n
Input 3 output
TR| E
TRy ,
zR
R3
O5n

o A!‘t‘llvA_ - - O
+ +

TR4 - see text

Fig. 4. Adding an overload protection circuit

YVVY

AAAAA

1l
™

L™

iR

ol ;
k<
L\¥)
{(7)
+ \j
g AVA'AVA'L
g

oc29

AW

Mo - digital voltmeter

Fig. 5. Test set-up for evaluating the performance of the supply. (For the readings in the
tables, a variable voltage input to the regulator was employed instead of the mains transformer
and bridge rectitier shown here)
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under short-circuit condiuons (power dissipation
equals the limiting current multiplied by the unregu-
lated voltage) so when using this circuit it is neces-
sary to employ a generous heat sink.

RESULTS

To test the efficiency of the regulation provided
by this circuit, it was connected to a variable voltage
d.c. supply, a variable load being provided by an

TABLE 1

Regulated output voltage at 0.5 amp load current
for input voltages from 15 to 30. Zener voltage is
2 x 5.6V.

Input Volts Output Volts
15 11.816
16 11.838
18 11.858
20 11.858
25 11.858
30 11.858

OC29 connected as shown in Fig. 5. The output cur-
rent was monitored by a 0-2 amp meter and the
output voltage was checked by a. digital voltmeter.
Results are shown in the accompanying Tables.

In Table I the load current is 0.5 amp. Table II
demonstrates the operation of the overload protec-
tion circuit. As will be seen, this comes fully into
operation at 1.3 amp.

TABLE I

Output voltage at varying load currents with over-
locad protection circuit in operation. Unregulated in-
put is approximately 15 volts.

Loa((lmeuS;rent Output Volts
0 11.835
0.1 11.838
0.2 11.834
0.5 11.818
1.0 11.778
1.3 0.5

Output variations due to temperature outweigh
those due to other causes, but output voltage always
remains accurate to within 100mV.

The performance of the circuit compares favour-
ably with complex arrangements which would cost
far more to build, and the regulator circuit can be
incorporated to advantage in many amateur projects
which would normally use unregulated power sup-

plies.
[
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FIRST ATTEMPT

Do you remember your first attempt at a con-
structional radio project? It is unlikely that you have
ever forgotten — most of us remember with nostalgia
our first attempt, the mistakes made and rectified, the
mis-reading and misunderstanding of the simple
circuit diagram, the head-scratching and that often
final symptom - complete bewilderment when the
dratted thing stubbornly refused to function! How-
ever, most of us managed to win through at the
end.

One’s first attempt remains indelibly impressed on
the mind and, long after the project has been con-
signed to the dust of the past, one recalls the pride
of successful achievement and the many hours of
pleasure later derived from use of the albeit modest
but nevertheless prized equipment. It is true to say
that one never :again enjoys the same feelings with
any subsequently constructed equipment however
large and complex it may be.

It is probably the case that most beginners com-
mence interest in the hobby with the construction
of a simple receiver — and why not? The end product
can be endless hours of fun, with the success of the
venture easily judged by the aural results obtained.

Most of us have trodden this well-worn path and
the writer vividly recalls that first attempt of many
years ago. A battery-operated short wave 2-valve
receiver, completed in the first instance as a 1-valve
design with headphone output, laboriously and care-
fully constructed on a breadboard base — made from
a wooden packing case — with all of the large com-
‘ponents fixed into position by wood screws! The coil
was of enormous proportions, being made of brown
Bakelite, around the ribs of which were the various
windings coloured in a bright shade of green. Both
the valveholders were anti-microphonically spring
loaded, the detector valve being a HL2 triode to
which was added, at a later date, a simple amplifying
stage. The circuit connections were made by simply
tightening a nut. The various wires exhibited a most
tidy appearance, being arranged in parallel to each
other and having correct 90° bends where necessary.
It all looked very neat and scientific like!

Impressed on the memory is that never-to-be-lived-
again-moment when, with the headphones on, one
heard the faint rustling sound of the reaction and
the heterodyne of the first ever station to be received
on the 1-valve receiver made by one’s own hands.

One recalls the careful hoarding of schoolboy
pocket money — miserly by present-day standards —
the time and energy expended in running errands
and doing odd jobs to increase one’s purchasing
power and the excitement of the long-planned visit
to the local radio shop, all agog to part with those
precious few shillings in exchange for the even more
valued radio parts. Such visits also resulted in words
of sought after advice from that fount of all wisdom
— the ‘wireless’ expert behind the counter! Other
oracular advice was obtained during frequent visits
to the accumulator charging shed from one who, to
the writer’s boyish mind, was the human repository
of all radio knowledge. It was all many, many years
ago and recalled here with both affection for the
characters mentioned and much nostalgia.

Cw.
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by X

FRANK A. BALDWIN
(All Times GMT)

® AMATEUR BANDS

Reception conditions on these
bands have been far from good of
late. During the hours of darkness
the favourite band of most amateur
Dx'ers, 14MHz, has for the most
part been almost useless for crop-
ping the Dx. Occasionally, how-
ever, even when the band has been
almost ‘dead’, some Dx has sur-
prisingly broken through, and a
recent example of this was the
reception of EL8K, EL2AW and
ZS5CK at the CW end of the band
just at the time when everything
seemed hopeless.

The two LF bands conformed to
winter conditions by perking up
and providing most of the Dx
interest. Top band continued to be
very interesting at the CW end,
whilst 3.5MHz provided the SSB
surprises.
1.8MHz

The Top Band Trans-Atlantic
Tests held so far have not proved
to be as good as they were last
.year. However, that held on Dec-
ember 28th did produce many CW
signals from across the pond.

CW: EUROPEAN

DLOKRA EI9BG, GM3BGW,
GM3EZQ, GM3YOR, GW3XJC,
GW3YGH, OK1AIN,  OKITALI,
OK1ALM, OK1ATP,  OK1BLU,
OK1FAB,  OK1JBF  OKI1KYS,
OK1MAA, OKIMIO,  OK2KKD,
OK2KNZ,  OK2KYI,  OK2RGA,
OK3TOA. OK3ZMT/P, OL1AMR,
OL2AI0,  OL2ANK,  OLSALY,
OL5AMT.

CW: USA

K2ANR  (1802kHz,  0607GMT),
K8DH (1802kHz, 0540), K8RNE

(1802kHz, 0610), KV4FZ (1804kHz,
0500), wiBB/1 (1804kHz, 0500),
W1HGT (1802kHz, 0512), W2IU
(1803kHz, 0502), W4BRB (1802kHz,
0545), W8AH (1803kHz, 0520),
WBANO (1802kHz, 0517), WBGDQ
(1802kHz, 0605), WOBKA/8
(1804kHz, 0543), WA4SGF
(1804kHz, 0525).

The American calls listed were
logged during the December Test.
3.5MHz

The mode to use on this band
has undoubtedly been SSB, as the
following few call signs show, all
carnered at one sitting !

§SB: CO2FA, HK3WO, WI1AW,
W14IHK, XE1GGW, XE1KS.

478

14MHz

CW: CM6HT, CR6KB, EL2AW,
EL2BZ, EL8K, ET3USA, FM7WG,
HI3PC, HZ4MG, KP4ABD, KV4Cl,
LU7WH, LUSFCO, PY2DFR,
PY2EAJ, PY8EL, PZ1AG, PZ1AV,
VK2ARV, VK2EO, ZE2KL, ZL1ATH,
ZP5MA, ZS2CV, ZS5CK, ZS5NF.
Corsica, in the shape of FOVN/FC
was heard being chased by the Dx
pack in full cry !

§sB: CR7IC, HC2GG/1, PZ1BI,
VK2WC, VK3RZ, VK5FO, VK5NJ,
VPOMI, YS6BM, ZL3GJ, ZS1BK,
ZS1JA, ZS2A, ZS2MI, 9Y4MM.

Little time was spent on the
other bands, 7MHz produced on
CW only VE3DBB, W3HQU, W3NX,
W4SSU and WG6RR. 21MHz after
dark produced only HC2GG/1,
ZE1BT and ZD9BM.

So much for the Amateur bands.
What did the Broadcast bands pro-
vide? A whole host of interesting
stations, which fare did brighten
up the Dx Tables somewhat as
the following will show.

® BROADCAST BANDS

The end of the ‘season’ for Far
Eastern stations is now upon us
and the S.American ‘season’ is
about to commence. Beginners,
however, should beware when try-
ing to identify the latter stations
on the lower frequency bands (60
and 90 metres) during early morn-
ing sessions at the commencement
of the S.American season. Often,
African stations can be heard on
these bands with the commence-
ment of their daily transmissions.
A case in point was the recent
reception of Omdurman on
4994kHz at 0430; this coul/d pos-
sibly be mistaken for a S.American
by an unwary beginner.
3204kHz 0555 I|badan, Nigeria with

African music and announce-

ments in vernacular. |badan is

the capital of the western prov-
ince of Nigeria some 60 miles
north of Lagos. Population

600,000.
3345kHz 1555 Kashmir, India with

a programme of typical Asian

music. This one has a power of

2kW. Traversed by ranges of the

Himalayas, Kashmir is in N.W.

India and N.E. Pakistan, divided

along a cease-fire line. Summer

capital Srinagar, winter capital

Jammu.
3366kHz 0600 Accra, Ghana with

identification and news in English.
4815kHz 1850 Ouagadougou, Upper

Volta, heard with a talk in an

African dialect. .
4823kHz 1410 Hanci, N.Vietnam,

logged with a programme of

Asian music.
4855kHz 1455 YDK Palembang,

Indonesia with Asian music and

sonas.
4875kHz 0405 HCHE4 La Voz

Esmeraldas, Ecuador with Latin

American music.
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4932kHz 0555 Benin City, Nigeria
with announcements in English.
Benin City is the capital of the
Mid-West region of Nigeria. A

former African kingdom, it is
famous for its African bronze
work.

4975kHz 1525 Foochow, China
with talk in Chinese dialect.

5055kHz 1540 Singapore with news
in English.

5084kHz 1550 RRI Nusantara Tiga,
Medan, Indonesia. Talk in ver-
nacular till 1600, followed by
identification and Asian music
and songs until 1610. Closed at
1615.

7215kHz 2025 AIR Delhi, India with
English programme.

9545kHz 2017 Accra, Ghana with
impressive sound of African
drums and chants.

9912kHz 2034 AIR Delhi, India with
talk in English and identifica-
tion. Frequency announced and
checked. Listed on 9910kHz.

11850kHz 2040 Ejura, Ghana with
drums, chants and shrill cries!

11865kHz 2030 PRA8 Radio Club
Pernambuco, Recife, Brazil with
Latin American music and identi-
fication. Recife is a seaport with
a fine natural harbour, some-
times called the Brazilian Venice.

15240kHz 0910 Ascension Island
relaying BBC news in English.
Identification and close at 0915.
This island is part of the British
Colony of St. Helena, has an
earth satellite tracking station
and an airstrip known as
‘miracle mile’. i

@® BEGINNER’'S CORNER
| have been asked by several
beginner listeners to list some
stations that they could fairly easily
receive, preferably when announce-
ments are in English and, as one
reader put it, "at reasonable
times'”. | wonder what he meant
by that! Here are a few such
stations with actual logging times.
6035kHz 1745 Warsaw, Poland
with English programme.
6070kHz 1730 Sofia, Bulgaria with
English programme.
6234kHz 1937 Budapest, Hungary
with news in English.
7285kHz 2007 Tangiers (Voice of
America), with news in English.
9670kHz 2045 Damascus, Syria
with news in English and identi-
fication. This one has been
moving around of late and is
not listed on this channel.
15060kHz 0840 Peking, China with
news in English. Also on
15435kHz at the same time.

® UNIDENTIFIED

4700kHz 1457 Chinese (?) station
here, opens at.1457 with choral
rendering of an Asian song, this
being followed by announcement
repeated several times.

THB RADIO CONSTRUCTOR
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SELF - REGULATING
BATTERY CHARGER

By taking advantage of silicon controlled rectitiers (thyristors) this battery
charger automatically reverts to trickle charge as soon as the battery becomes
fully charged. It is intended for 12 volt batteries only

car battery at a rate of 3 to 4 amps when the

accumulator is ‘flat’, but then automatically re-
duces the charge to a trickle rate when the battery
voltage reaches its ‘fully charged’ value. The unit
thus eliminates the danger of overcharging a battery,
and eliminates the need for the owner to occasionally
check the battery state when it is connected to the
charger. If, in fact, a battery is permanently con-
nected to the charger, it will automatically be main-
tained in a permanent state of full charge, but will
never be over-charged.

CIRCUIT OPERATION

THIS SELF-REGULATING DEVICE CHARGES A 12 VOLT

The full circuit of the charger is shown in the
accompanying diagram. Transformer T1 and bridge
rectifier D1 to D4 step down and rectify the mains
voltage, and apply a charging current to the battery
via limiter resistor R1 and silicon controlled rectifier
(or thyristor) SCR1. The gate current for SCR1 is
derived from the rectified a.c. line via D5 and R6.
SCR2 is wired between the junction of D5 and R6
and the lower rectified supply line, and its gate
current is initially derived from the battery under
charge via the potential divider given by R2, R3 and
R4. The voltage on the slider of R3 is applied to
capacitor C1 and zener diode ZD1, and then to RS
and the gate of SCR2. R3 is adjusted so that SCR2
is triggered on only when the battery voltage reaches
a ‘fully charged’ value. For the purpose of explana-
tion let us assume that this value is 13 volts.

Thus, when the battery is initially placed on charge,
its terminal voltage is inevitably less than 13, so zero
gate current flows to SCR2, and SCR2 is thus off.
SCRI1 is therefore triggered on via R6 and D5 at the
start of each half cycle from the bridge rectifier, and
high charge currents flow to the battery via R1 and
SCR1. R1 limits charge currents to safe average
values of 3 to 4 amps over the approximate battery
voltage range of 10 to 13 volts.

As the battery charges up its terminal voltage rises
in proportion to the state of charge and eventually
reaches a value of 13 volts around full charge. At
this stage, sufficient voltage is developed at the slider
of R3 to cause zener diode ZDI1 to conduct, and
SCR2 is thus triggered on. As SCR2 comes on its
anode pulls the junction of R5 and C6 towards the
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lower rectified supply line and thus removes the gate
current to SCR1. SCR1 turns off, and the battery
charge current reduces to zero.

Once the battery charge current is reduced to.zero,
the battery terminal potential slowly decays back
below 13 volts, and when it has fallen by a small
amount SCR?2 turns off again allowing SCRI to
become conductive once more. A re-charge current
is applied to the battery and brings its terminal volt-
age back to 13. This ‘cycling’ process then repeats
ad infinitum, so that the battery is effectively trickle
charged under conditions which maintain its ter-
minal voltage at 13. The sensitivity of the circuit is
such that the battery voltage is then automatically
kept within a few tens of millivolts of the value
pre-set by R3.

CONSTRUCTION AND SETTING-UP

_Constructional details of the unit are in no way
critical, and it can be wired up directly from the
circuit diagram. If individual silicon rectifiers are
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The circuit of the self-regulating battery
charger. This changes automatically to trickle
charge when the battery is fully charged
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used for D1 to D4 they must be mounted on suitable
heat sinks, as also must SCRI. Fuse F1 can be re-
placed by a re-settable 5 amp mechanical trip, if
preferred. A 0-4 amp charge current meter can be
wired in series with R1, if desired. Alternatively, an
indication of charge current can be obtained by con-
necting a voltmeter across R1, which develops a
potential of 0.5 volts per amp of current.

COMPONENTS
Resistors

(Al fixed values 10%)

R1 0.5Q 12 watts, wirewound (see text)

R2 1002 1 watt

R3 5002 preset potentiometer,
wirewound

R4 680Q 4 watt

RS 1kQ L watt

R6 220Q 2 watts

1 watt,

Capacitor
C1 100uF electrolytic, 15V wkg.

Semiconductors
(See text for suggested devices. Current wattage
and p.i.v. figures are minimum values)

D1-D4 5 amp, 50 p.i.v. silicon rectifiers, or
one 5 amp 20 volt bridge rectifier

D5 100mA, 25 p.i.v. silicon diode

ZD1 6.8 volt 5%, 400mW zener diode

SCR1 5 amp, 50 p.iv., SCR

SCR2 1 amp, 50 pi.v.,, SCR

Transformer

Ti Battery charger transformer, secon-
dary 17 volts 4 amp

Switch
S1 s.p.s.t. on-off switch

Fuse
F1 5 amp fuse (or resettable trip)

When construction is complete, turn R3 slider
down towards R4, connect a fully charged battery
into circuit with the polarity shown, and switch the
unit on. Check that the unit passes a charge current
of approximately 3 amps; if current is greatly above
this, increase the value of R1 to bring it to approxi-
mately the correct value.

Now slowly adjust R3 slider up towards R2 until
a point is reached where the charge current just drops
to zero or to a low trickle value. Place a high current
lamp or other load across the battery terminals so
that the battery voltage falls by a few tens of milli-
volts, and ensure that (probably after a short delay)
the charge current switches to 3 amps again. Remove
the lamp load, and check that (probably after a
further delay of several minutes) the unit again
reverts to trickle charge. If satisfactory, the unit is
now complete and ready for use, and can be con-
nected up to a discharged battery.

When setting up and using the charger it may be
found that, instead of the charge rate falling abruptly
from full to trickle as the battery reaches full charge,
the charge current in fact falls briefly from full rate
to half rate, and then falls to trickle rate some time
later. If it does occur, this phenomenon is due to
slight unbalance in the D1-D4 bridge rectifier diodes,
and is nothing to worry about.

EDITOR’S NOTE

A suitable rectifier for D1 to D4, if individual com-
ponents are used, is the GEX541. An adequate heat
sink area would be 3 x 3in. SCR1 may be a CR71
with a similar heat sink, and SCR2 a CR3/05. A
suitable diode for D5 is a DD000 and for ZD1 an
SZ68A. These types are merely suggested, since the
specification allows a wide range of alternative semi-
conductor devices to be employed. All the devices
just mentioned are available from Henry’s Radio Ltd.

Charger transformers offering 17 volts at 4 amps
or more are generally available. A typical example
is the Cat. No. TC3 retailed by Home Radio.

RI may, if desired, be made up from four 0.5Q
3 watt resistors (Home Radio Cat. No. R14). Make
up two parallel pairs, each giving 0.25Q2, and connect
the pairs in series to give 0.5Q total.

CAN ANYONE HELP?

Requests for information are inserted in this feature free of charge, subject to space being available.

Users of this service undertake to acknowledge all letters, etc., received and to reimburse all reasonable

expenses incurred by correspondents. Circuits, manuals, service sheets, etc., lent by readers must be
returned in good condition within a reasonable period of time.

Ever-Ready Sky Monarch FM |AM .—C. W. Manley,
47 Belle Cross Road, Kingsbridge, Devon — valve
line-up or service sheet or conversion of this battery
set to mains operation.

R1155 Receiver—P. Saint, 321 Manchester Road,
Clifton, Manchester M27 2PT — circuit of receiver
and details of power unit.

Williamson Amplifier. — J. Walker, 191 King Street,
Broughty Ferry, Dundee — any information on this
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and the Baxendall a.f. amplifiers, loan or purchase
of circuits.

Metal Locator. — C. Galloway, 41 Eastfield Road,
Mitcham, Surrey — requires a good reliable circuit.

C.R.O. Using ICPI. — E. Taylor, 19 Scafell Way,
Clifton, Nottingham — requires the circuit published
in this magazine some years ago and now out of
print. B

THE RADIO CONSTRUCTOR
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ERAMIC RESONATORS. WHICH
Care rather like quartz crystal
resonators in many ways,
have been around for some time,
but they have been used mainly in
professional-grade equipment. One
reason is that, to make up a com-
plex filter, careful selection and
matching of resonators is needed.
The picture has now changed
radically. At the cost of adding a
few capacitors to the filter circuit,
the design can be standardised and
simplified, using nominally identical
resonators. The required Identical
Resonators (IR’s) are currently
manufactured by Brush Clevite
Company, Ltd.

The type of resonator employed
in these filters is the ‘fundamental’
resonator illustrated in Fig. 1. This
has an electrical equivalent circuit
which has the same form (see Fig.
1(b)) as the equivalent circuit of a
quartz resonator, though the values
of L, C, and Cs are quite differ-
ent. The ceramic resonators are
physically small and have Q values
of about 500, so they are suitable
for building compact filters with
sharp cut-offs. Their frequency sta-
bility is also good: the perform-
ance figure for Brush Clevite Iden-
tical Resonators is given as 0.1%
frequency change for a temperature
change of —20 to +60°C. The
resonators are made in two types,
one for the narrower passbands
and the other for the wider pass-
bands. For amateur use, the nar-
row-band type is most suitable,
It is known as type TF 04-442, and
all the circuits discussed in this
article use it.

FILTER DESIGN

The simplest type of filter design-
able with the Brush Clevite reson-
ators is shown in Fig. 2(a). This
filter uses two Identical Resonators
and three capacitors, the latter be-
ing of any normal type suitable for
use at 455kHz in high—Q circuits,
such as silvered mica or polystyrene
film.

The response of the filter has the
general shape shown in Fig. 2(b).
It is symmetrical, has two sharp
attenuation peaks on either side of
the centre frequency, and offers a
certain minimum amount of atten-
uation, denoted by S, outside the
pass band.

The particular two-resonator ar-
rangement of Fig. 2(a) is designated
‘IRT’ by Brush Clevite. The charac-
teristics can be selected by the
designer. All that needs to be done
is to look up the Brush Clevite
table of capacitor values for Cl,
C2, and C3 and select the ones most
suited to the requirement. In gener-
al, it is possible to have a very
sharp response, with high attenua-
tion outside the passband but
rather high insertion loss (I.LL.) at
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“DO-IT-YOURSELF"
CERAMIC LF. FILTERS

G. W. SHORT

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

the centre frequency, or less sharp
selectivity with less insertion loss
but not such good rejection of
frequencies outside the two rejec-
tion slots.

The separation of the slots, P,
is 26kHz for the TF 04-442. The
passband, B6, (which is the usual
‘6dB bandwidth’ referred to.in nor-
mal i.f. filter data) can be set to
values from 4.65kHz to 13.2kHz by
using different sets of capacitors.
For B6=4.65kHz, the insertion
loss I.L. is 4.4dB, and the minimum
stop-band attenuation S is 31.4dB.
Also, Cl (as shown in Fig. 2(a)) is
296pF, C2 is 1,670pF, and C3 is
304pF. These are not standard
values but variations of 10% have
little effect on performance, so ClI
and C3 can both be made 300pF +
59. with plenty of tolerance in
hand, while C2 can consist of two
820pF capacitors in parallel.

Three other design parameters
have vet to be dealt with. Bs is
the bandwidth for which the atten-
uation is at least equal to S. For
the IRI circuit it is 19kHz. R1 (in
Fig. 2(a)) is the input impedance.
and for the particular case we are
discussing, where B6 is 4.65kHz,
this impedance is 525Q. The output
impedance, R2, is 8,800Q.

This information throws light on
the advantages and disadvantages
of the IRI arrangcment. The input
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impedance is seen to be rather low,
and the stop-band attenuation is
not as great as might be desired.
On the other hand the selectivity
around the centre frequency is
good, and the presence of an atten-

-
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f
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Fig. 1(a). Ceramic resonator
symbol
(b}. Equivalent circuit at funda-
mental resonant frequency
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uation peak starting at 9.5kHz on
either side of the centre frequency
is a useful feature which is not pro-
vided by ordinary LC filters of the
type used in i.f. amplifiers. There
is, however, another disadvantage
which is not revealed by the re-
sponse curve of Fig. 2b. At fre-
quencies far above the passband
there are minor dips in the attenu-
ation curve. These are caused by
mechanical overtone resonances in
the ceramic resonator, and they
occur, not at harmonics of 455kHz,
but at 1,200, 1,770, 2,300 and
approximately 4,400kHz.

o

Attenoation

455kH,

I -

Fig. 2(a). The 'IR1’ filter con-
figuration. This employs two
resonators
(b). General response curve
offered by the ‘IR1’ filter. The
terms shown are described in
the text

X Cq C3
—{o
- X
I~ 2 . ‘T— g
———
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‘IRT-1’ FILTER

All these snags can be overcome
by the arrangement shown in Fig.
3. This is called the ‘ITR—I’ con-
figuration, and it is just the IRI

Fig. 3. The 'IRT-1' configuration em-ploys one LC circuit to provide
impedance matching and suppress spurious responses

with one ordinary LC tuned circuit
added at the front end. If the tapp-
ings on the coil are chesen correct-
ly (they are about the same as on
an an ordinary single-tuned i.f.
transformer) the gain of TRI
(which could be a frequency-chang-
er) is not optimised, the filter is
matched, and the spurious reson-
ances are suppressed.

The design tables give the follow-
ing performance data for an IRT-1
filter when Cl! is 307pF, C2 is
1,170pF, and C3 is 330pF: with
these values, B6 is 4.7kHz, S is
50dB, 1.L. is 7.2dB, R1! (the input
impedance of the ‘IRI’ part of the
filter) is 2042, and R2 (the output
impedance) is 4,360Q.

The designer must select the cor-
rect tapping points on the coil,
since these depsnd on the load re-
quired by TRI1, but some useful
information is given in the Brush
Clevite data. It is also up to the
designer to ensure that the correct
load is presented to the filter by
TR2. This is made up of RA, RB.
and the input resistance of TR2, all
in parallel. Clearly, it is possible to
make the only uncertain element,
i.e. the input resistance of TR2,
high by leaving out the usual emitt-
er bypass capacitor (shown in Fig.

3 as C4) and thereby introducing
emitter feedback from RE,
which increases the input imped-
ance. The load on the filter is then
largely determined by RA and RB.
In any case, the performance of the
filter is not greatly affected by load
variations; the load can be halved
or doubled with only a 109% change
in performance figures.

This article has dealt with only
the simplest types of filter circuit.
The Brush Clevite data covers fil-
ters with up to eight Identical Res-
onators. Most do not use the LC
matching circuit, but one which
does, the ‘IRT-2’, incorporates four
ceramic resonators and gives a per-
formance approaching communi-
cations-receiver standards. It will
be clear that with such a filter after
the frequency changer no further
i.f. selectivity is needed. The i.f.
amplifier can then be of the wide-
band untuned type, perhaps using
an integrated circuit.

The TF 04-442 ceramic reson-
ators cost about 10s. each, and are
now available from Amatronix,
Ltd. The design data was supplied
to the writer fre= of charge by
Brush  Clevite Company, Ltd.,
Thornhill, Southampton, SO9 1QX.

]

VHF/FM RECEPTION IN BAND I

With the announcement by the Minister of Posts
and Telecommunications of the next twelve Local
Broadcasting Stations, it is appropriate once again to
draw attention to the need for listeners to use suitable
aerials and to be properly instructed in the adjust-
ment of VHF receivers.

The BBC has recently completed an analysis of
complaints of unsatisfactory VHF reception during
1968/69 and this shows that more than 50, of the
complaints were due to the use of inadequate aerials
or to faulty or maladjusted receivers.
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ELECTRONIC EXHIBITIONS

New dates have been fixed for the Manchester
Electronic Instruments Exhibition.

The Electronic Promotion Group announce that,
to prevent a clash with the International Broadcasting
Convention in London, the exhibition at the Hotel
Piccadilly will be held from September 15th to 17th —
a week later than originally planned.

The dates for the Southampton Electronic Instru-
ments Exhibition have now been finalised. This show
will be held at the Skyway Hotel from September
22nd to the 24th.

THE RADIO CONSTRUCTOR
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HIGH
QUALITY =
LOUDSPEAKER

by
A. J. WHITTAKER

This high performance loudspeaker employs
a readily available high fidelity speaker unit
in a home-constructed bass reflex cabinet.
Although the outside dimensions of the
cabinet are only 14in. by 17in. by 17in., it
almost completely tunes out the bass reson-
ance of the speaker unit, offering an excellent
standard of reproduction over the entire
audio spectrum

a loudspeaker having features which are funda-

mentally better than the reproducers in domestic
radio and TV sets. Cabinet design plays a major
part in the quest for quality reproduction. Suitable
cabinet design embraces a certain amount of science,
and if one delves deep enough one enters the realm
of Besel Functions, Helmholtz resonators and the
rest. There are many variations of loudspeaker en-
closure and in this article we shall discuss the con-
struction of a simple unit which can be made up
by the home constructor, at a reasonable cost and
with the minimum of effort.

CABINET CONSTRUCTION

HIGH QUALITY SOUND REPRODUCTION NECESSITATES

The loudspeaker unit itself is an important link
in the chain and a Fane model 805 was selected after
taking into account cost, performance and quality
of workmanship. This is a heavy duty 8in. speaker
with a roll rubber surround and a free field bass
resonance of 28Hz. Its impedance is 15Q.

Fig. 1 shows the construction of the cabinet, to-
gether with the dimensions. The most important
factor in loudspeaker cabinet construction is rigidity.
These cabinets are not sounding boards as used in
pianos or violins, but are intended to control the
sound waves created by the speaker unit and to
couple the cone vibrations to the surrounding air
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with the minimum of error. If the cabinet vibrates
it will absorb power and produce spurious sounds at
certain frequencies which were not present in the
original signal. The cabinet must therefore be of
rigid constiuction and the enclosure airtight. The
interior surfaces should be covered with absorbent
material such as cotton waste or carpet underfelt
(wool) at least lin. thick. This treatment minimises
internal reflections within the cabinet which would
add unwanted colouration to the reproduction.

The cabinet is of a bass reflex design and is con-
structed of lin. thick block board, glued and screwed
together as shown in Fig. 1.

The 7 by 24in. plastic loading tube shown in the
diagram is a piece of plastic down pipe commonly
used nowadays on houses, and is readily available
from any builder’s merchant. Its wall thickness is
about {in. It fits into a circular hole in the front of
the cabinet, the tube front edge being flush with the
cabinet front. The front end of the tube is of course
open to the air.

TUNING

To derive the optimum benefit from a bass reflex
cabinet it is necessary to tune it to suit the loud-
speaker drive unit. This procedure was carried out
with the present design, using an audio signal
generator and a valve voltmeter in the test set-up
illustrated in Fig. 2.

First to be determined was the free field bass
resonance of the speaker unit, this being measured
with the speaker on a table with its cone facing
upwards. The speaker terminals were connected to
the signal generator via a 100Q 1 watt resistor. The
valve voltmeter, set up to read peak a.f., was con-
nected across the speaker terminals. Initially, a 1kHz
note was injected, the audio signal generator output
amplitude being adjusted until a reading of 1 volt
was given in the voltmeter. The signal generator was

o

o N

. The compieted cabinet not only pertorms well
but also represents a very acceptable item
of furniture
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Inside measurements s1s%12*

o/\ < /\

Cabin'ct constructed
of | block board

Fig. 1. The dimensions of the cabinet and tuning

pipe. Apart from the port and loudspeaker

apertures the cabinet is completely enclosed,

and the back, covered on the inside with sound

absorbent material, must be screwed in position
securely

I &
5/2
} 1
~
7’ @
[0
Loudspeaker il coo
cut-out valve
7’dia voltmeter
Fig. 2. Test set-up for evaluating loudspeaker
resonances
1t " Port - plastic tube
PEL 7% 212"dia., glued
in place with front
edge flush
I”carpct felt T T
f +i01 I | L il
s [EH || 1 I [
/ Joints made thus Decibelvolts 4! | | |1 11} LN 1 | J
screwed and glued across  +4 LS P .|_._ |,
B : speech coil T2 ﬁlﬂ -
p A o uE I
; | i | | I
/;i | | il
! vo2 103 0?

AP
Loudspeaker
0o o I00n
Audio L

signal generator

Frequency (Hz)

Fig. 3. The performance offered by the Fane 1
805 unit when fitted in the enclosure

then swung slowly down in frequency towards 20Hz,
whereupon resonance showed up as a rise in voltage
and increased amplitude in cone vibration. Under
these conditions the Fane 805 tested by the author
gave a bass resonance at 27Hz with a peak amplitude
of 15dB.

The speaker unit was next mounted in the cabinet
and, after suitable wires had been connected to the
terminals, the back was fixed and screwed in place.
The test gear was set up as before. It was observed
that the large peak at 27Hz had now disappeared,
two much smaller peaks being present at 35Hz and
70Hz, each with an amplitude of 4dB.

The loudspeaker assembly was next checked over
the full frequency range from 20Hz to 20kHz, and
the results are shown in Fig. 3. The zero dB re-
ference level is at 1kHz.

A larger cabinet would reduce the peaks at the low
frequency end of the spectrum, but since the prime
object of the present exercise was to produce a high
quality sound reproducer in a reasonably sized
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cabinet, and since listening tests confirmed the excel-
lent reproduction provided, the design was considered
justifiable.

Those who are able to repeat the setting-up pro-
cedure carried out by the author will find that it is
possible to vary the amplitude of one low frequency
peak against the other by closing the port or by
lengthening or shortening the tuning pipe. The peaks
given in Fig. 3 are those resulting from a pipe with
the dimensions and method of mounting shown in
Fig. 1.

EMBELLISHING THE CABINET

Without suitable ornamentation the cabinet is
nothing more than a plain wooden box that would
hardly fit in with room furnishings. However, with
skill and patience this situation may soon be
remedied.

The author covered the top and sides of the cabinet
with wood veneer. The front and back were sprayed

THE RADIO CONSTRUCTOR
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Plastic
- surround

/
Terminal block
L/s connections

Side view showing tilt

Fig. 4. Details illustrating the final embellish-
ment of the cabinet

Wood dowel
bars ¥8°dia x
I7”Iong,spoc¢d
1/4”- 26 bars

S
72

Sy AN

Y i

T

Front view showing wood dowel bars

with dull black paint. The front panel, and loud-
speaker and pipe openings, were covered by twenty-
six 17in. lengths of circular cross-section wood dowel
of }in. diameter. These were pinned and glued verti-
cally to the front panel and spaced about %in. apart.
They allow free transmission of sound and at the
same time have some effect as a refracting grating
for the higher frequencies, giving a better dispersion
angle. The whole assembly is mounted on two wedge-
shaped blocks which tilt the unit upwards, with
attendant advantages. See Fig. 4.

To complete the decor of the cabinet a plastic
beading (bronze colour) was fixed around the front
edge, overlapping the veneer and the dowel bar ends.

If this loudspeaker is made up as described. the

constructor will be rewarded for his labours by excel-
lent reproduction coupled with minimum cost. The
cabinet is of minimal dimensions and two of the
units can be comfortably accommodated in the
average family sitting room without taking up too
much space. The bass reflex form of acoustic loading
produces a good clean response and, with the Fane
805, which has an additional high frequency cone. the
reproduction is well balanced in the higher register
also. The address of the manufacturers of the loud-
speaker unit is: Fane Acoustics Ltd., Hick Lane,
Batley, Yorks.

Other makes of loudspeaker unit could possibly be
employed with this enclosure, provided that their
performance closely matches that of the Fane 805.

TAKE A TAPE TIP -
FROM ‘PLAYBACK’

‘Playback’ is the title of a 16-
page mini-magazine available free
of charge from stockists of
Scotch magnetic tape.

The issu¢ now available from
electrical and hi-fi shops includes
features on actor David Hem-
mings and his use of a tape re-
corder both on and off the film
set; tape recording in schools;
and ‘how-to-do-it’ articles on re-
corder care and recording the
spoken word. There is also some
helpful advice on using a tape
recorder to make your party go
with a swing.

‘Playback’ is published quar-
terly by the 3M Company, manu-
facturer of Scotch magnetic tapes
and cassettes,

MARCH 1970

‘Playback’ magazine is published quarterly by 3M, manutfacturers
of Scotch magnetic tape, and is available free of charge from
electrical and hi-fi stores.
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% EXPERIMENTAL
z BEFLEX RADIO &
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This simple reflex medium-wave receiver offers good sensitivity and selectivity,

yet requires only a small quantity of components. It is a particularly attractive

design for the constructor who wishes to experiment with a working receiver
having a reliable circuit

HENEVER THE AUTHOR WISHES TO BUILD A SIMPLE
W but efficient radio using transistors he always

thinks in terms of the reflex principle, with
which most amateurs and home constructors are
familiar. The reflex receiver should never be confused
with the superhet as the latter is a more efficient
design. However, building a superhet can be difficuit
for beginners or home constructors who are not con-
versant with the superhet mode of operation.

The receiver described in this article gives good
results so far as sensitivity and selectivity are con-
cerned. After designing and experimenting with vari-
ous forms of reflex receivers, improved detection and
controlled regeneration was obtained with the circuit
to be described. The output is in excess of 250mW,
which is more than sufficient for normal listening.

THE CIRCUIT

The circuit of the receiver appears in the accom-
panying diagram. Signals are tuned in by the ferrite
aerial coil and C1 and are amplified at r.f. by TR,
which then passes the signal to diodes D1 and D2
for detection. At the same time, the r.f. choke, L2,
prevents the amplified r.f. signal being passed to the
second stage. The detected a.f. signal is returned to
the base of TR1, which then amplifies this also. In
consequence TRI1 functions as a reflex amplifier.
It does the job of two transistors and a semiconduc-
tor is saved.

C2 is the feedback capacitor for regeneration, the
main regeneration control being R2. A critical value
in this stage is that of R1, which depends upon the
diodes and transistor used for DI, D2 and TRI
respectively. To give an example of what is involved,
R1 was 68kQ when two Mullard OA70’s were em-
ployed, but had to be increased to 150kQ with two
Philips or Valvo OA70's. Because of this, the best
value for R1 has to be found by experiment.

Despite the lack of stabilising components in its
emitter circuit, the first stage is quite satisfactory on
its own for earphone listening. The stage can be
checked by connecting a magnetic earphone having a
resistance of 500Q or more in parallel with R3. The
omission of stabilising components saves a_resistor
and an electrolytic capacitor. Potentiometer R2 func-
tions as a base bias potentiometer and, at its normal
setting, causes the collector current of TR1 to be
about 1mA.
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A number of transistors were checked in the TR1
position, best results being given by an AFI114. Its
miniature version, the AF124, may also be used. No
connection is made to the shield lead-out in either
case.

The amplified a.f. signal at TR1 collector is passed,
via L2 (which offers negligible impedance at audio
frequencies), to the volume control R4 and, thence,
to the base of TR2. TR2 is the driver transistor and
provides the requisite signal for the two output
transistors, TR3 and TR4. Its collector current is of
the order of 2 to. 3mA.

After checking a number of transistors of different
type in the driver stage it was found that good results
were given with an OC75, and this is specified in the
Components List. The a.f. coupling capacitor, Cs,
may have any value between 0.25.F and 5pF, and
should be paper or plastic foil, and nor electrolytic.
It was found that the use of an electrolytic capacitor
affected sensitivity, although it resulted in an increase
in a.f. output. (Experimenters may find it of interest
to try a low-leakage tantalum electrolytic capacitor
for C5.—Editor.)

The two output transistors should consist of a
matched pair of the same p.n.p. germanium type, and
a suitable choice is given by a pair of OC72’s or a
pair of OC81's. It is necessary to have a matched
pair since the output stage operates in Class B, with
each transistor amplifying alternate half-cycles of
the applied signal.

The performance of the output stage depends upon
the output of the first two stages. The latter may be
checked, if desired, by temporarily connecting an
earphone of around 100Q across the primary of T1.
The output in the earphone can be uncomfortably
loud when tuned to a local station.

by
A. SAPCIYAN
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The circuit diagram for the experimental reflex radio

Resistors
(All fixed values 1 watt 10%)
R1 68k (see text)

R2 100kQ potentiometer, linear

R3 2.2k

R4 10kQ potentiometer, log, with
switch S1

RS 47k Q

R6 330Q

R7 33Q

R8 5kQ potentiometer, linear,
preset, skeleton

R9 5.6Q

R10 4700

Capacitors
Cl 365pF variable, air-spaced
C2 15pF trimmer, mica
C3 10,000pF ceramic
C4 470pF ceramic
C5 0.25uF (see text)
C6 10.000pF ceramic
C7 100uF electrolytic, 6V wkg.
C8 100uF electrolytic, 10V wkg.

Inductors
L1 See text

1.2 R.F. choke, 2.5mH (see text)

Ti-  Driver transformer type T/T1
(Radiospares)*

T2 Output transformer type T/T7
(Radiospares)*

*Radiospares components may only

be obtained through retailers.

Semiconductors
TR1  AF114 or AF124
TR2  OC75
TR3  OC72 or OCS81 ) .
TR4  OC72 or OCg1 | matched pair

DI OA70
D2 OA7T0
Switch

! s.ps.t., part of R4

Loudspeaker
3Q loudspeaker

Battery
9-volt battery

Miscellaneous
3 knobs (for C1, R2 and R4)
Connecting wire, etc.

R8 varies the quiescent current (i.e. the current
under no-signal conditions) for the output transistors
and is adjusted for minimum quiescent current con-
sistent with lack of distortion. The quiescent current
may be measured by inserting a meter between the
centre-tap of T2 primary and the 9-volt negative line.

MARCH 1970

A simpler approach is possible when the current
drawn by the first two stages on their own is known,
and consists of inserting the meter in series with the
lead to the negative terminal of the battery. The cur-
rent drawn by the output transistors will then be
additional to the current for the first two stages, which
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CURRENT SCHEDULES

v INDIA .
17380kHz All India Radio, Delhi (10/100kW)
radiates an English programme from 1000 to 1100

GMT on this channel. Other frequencies used are —
11775, 15108, 15430, 17820 and 21486kHz.

% ISRAEL

9009kHz Kol Israel, Tel Aviv (7.5/50kW) broad-
casts an English programme from 2045 to 2130
GMT. 9625kHz channel in parallel.

% PAKISTAN

9465kHz Radio Pakistan, Karachi (10/S0kW)
directs an English programme to the U.K. from 1945
to 2030 GMT. 11672kHz channel in parallel. Reports
are required.

Y MONGOLIA

9540kHz Radio Ulan Bator (S0kW) radiates an
English programme from 2200 to 2230 GMT accord-
ing to a recently received schedule. Also on 11860kHz
in parallel.

+ PHILIPPINES

9580kHz Voice of the Philippines, Manila (7.5kW)
regular schedule is from 0300 to 0400 and from 0900
to 1400 GMT. Also in parallel on 11950kHz. Test
transmissions have been reported from 1100 to 1200
GMT, in English, on 15420kHz.

+% SOLOMON ISLANDS

3995kHz VQO4 Honiara (SkW) is on the air from
0730 to 1130 GMT and from 1900 to 2200 GMT.
Reported to be opening a new outlet on 7115kHz
with a power of SkW.

+ PAPUA & NEW GUINEA

11880kHz VL8BM Port Moresby (10kW) schedule
is as follows — Monday to Friday from 0100 to 0200
GMT and from 0430 to 0530 GMT. This is a new-
comer to the short waves, commencing operations on
7th November last year. Programmes are in English
and Pidgin. Verifies by letter. VLT4 Port Moresby
on 4890kHz has been logged in the U.S.A. from
1200 to 1400 GMT.

+% MALI REPUBLIC

4783kHz Radio Mali, Bamako (18kW) schedule is
now — Monday to Friday from 0600 to 0800 and
from 1830 to 2300 GMT. Also in parallel on
4835kHz. Sundays 0800 to 1730 and 1830 to 2300
GMT. Mid-day frequencies are 7285kHz (18kW) and
9635kHz (18kW) from 1200 to 1430 (Friday till
1730). News in English at 1935 GMT on 9745kHz.
Sundays from 0800 to 1730 and 1830 to 2300 GMT
on all channels. .
% CYPRUS

11910kHz Nicosia (30kW) latest schedule to hand
— Monday to Saturday from 1900 to 2105 GMT.
17875kHz on Sunday from 0900 to 1600 GMT.
+% DOMINICAN REPUBLIC

According to the Dominican Law of Telecom-
munications no broadcasting station can now radiate
programmes on wavelengths below the 60 metre band
(4750-5060kHz).
Acknowledgments to our own Listening Post, Swedish
Dxer's and WDXC.

|
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is already known. R8 must always be initially set to
insert maximum resistance into circuit when current
checks are being carried out on the output stage. The
resistance it inserts into circuit should then be care-
fully and slowly reduced until the required quiescent
current and distortion level is obtained. Too low a
resistance in R8 can result in the output tran-
sistors passing excessive current, with consequent
damage.

The current drain from the battery when the
receiver is operating at full volume is around 30maA.

A final circuit note concerns C8 and R10. These
decouple the first stage and the input of the second
stage from the remainder of the receiver, thereby
preventing motorboating which could otherwise occur
when the battery ages and its internal resistance
increases.

COILS AND TRANSFORMERS

L2 can either be a standard 2.5mH r.f. choke (such
as the Repanco type CHI) or it can be home-wound.
When home-wound, the total number of turns is 400
of 34 s.w.g. enamelled single rayon covered wire
scramble-wound on a tin. diameter former fitted with
an iron-dust core.

The aerial coil for the prototype was wound on a
5in. ferrite rod having a diameter of lin. The total
number of turns was 72 close-wound, these being
tapped at the 9th turn to give 9 and 63 turns in each
section. The wire was 30 s.w.g. enamelled single
rayon covered. Slight variation of the turn numbers
may be necessary for precise coverage of the medium
wave band, this being done by adding or taking off
a few turns at the C2 end of the coil. (A suitable
alternative rod—which may also necessitate a slight
readjustment in the number of turns—is the 6in. by
gin. diameter rod available from Home Radio under
Cat. No. FR2.—Editor.)

The a.f. transformers T1 and T2 are standard
driver and output transformers respectively. Suitable
types are listed in the Components List.

LAYOUT

Layout is not critical but it is necessary for the
inductive components to be well spaced out. In
particular, L2 and the two transformers should be
at least 21in. to 3in. from the ferrite rod. The circuit
does not lend itself to a miniaturised layout. Provided
the spacing of inductive components is catered for,
the actual dimensions of the receiver may be left to
the wishes of the constructor.

The prototype receiver was wired up on an eye-
letted insulated board with the stages proceeding
along the board in the same general order as they
appear in the circuit diagram.

SETTING UP

After wiring is completed and all connections have
been checked, R8 is primarily adjusted to insert
maximum resistance into circuit. The receiver is then
switched on and R8 is slowly adjusted to produce a
quiescent current in the output transistors of around
ImA, as already described. Again, it must be em-
phasised that R8 must nor be allowed to insert into
circuit too low a resistance or the output transistors
will pass excessive current. The quiescent condition
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can be ensured by keeping R4 to minimum whilst
carrying out the adjustment to R8. Also, the slider
of R2 should be at the positive end of its track.

Volume control R4 is next set to maximum and
the slider of R2 advanced from the positive to the
negative end of its track until oscillation commences.
The setting just below oscillation point corresponds
to the receiver being at its most selective and sensi-
tive. If no oscillation occurs, increase the capacitance
inserted by C2. It should now be possible to tune in
signals with C1. Finally set C2 so that regeneration is
possible over all the band by adjustment of R2.

If oscillation occurs continually with C2 at its
lowest capacitance, and cannot be controlled by R2,
it will be necessary to increase the value of RI1.
This is carried out experimentally until satisfactory
control is achieved with a new battery. The value
finally chosen for R1 should enable regeneration to
be maintained as the battery ages.

If, on the other hand, oscillation cannot be ob-
tained with C2 at full capacitance and R2 slider at
the negative end of its track, the value of R1 needs
to be experimentally reduced until satisfactory re-
generation is obtained. As was explained earlier, the
value of R1 is critical and depends upon the partic-
ular transistors and diodes employed in the first
stage.

Next, check that correct medium wave coverage is
obtained and, if necessary, vary the number of turns
in L1. Incidentally, if this coil is wound on a thin
slzeve capable of sliding along the rod, quite a use-
ful range of adjustment is available by merely
changing the coil position.

The final process consists of setting up R8 for the
desired quiescent current and distortion level, bearing
in mind the precautions already mentioned with
respect to this component. Normally, it is adequate
tc advance R8 slowly until distortion at low signal
levels just clears.

The prototype gave good results on the medium
wave band, with adequate selectivity and sensitivity
for a receiver of this class. Also, there was no
evidence of overloading, even with strong local

signals.
[ |

AUTOMATIC LIGHT CONTROL
FOR TV FILMS

Marconi Broadcasting Division have introduced a
new ‘Auto-Light’ unit for Marconi telecine cameras.
The unit performs automatically the adjustments
necessary when film and slides of varying density
are televised. These adjustments are to maintain
correct black and white levels in the transmitted
signal and are particularly important when newsfilms
are shown, as these may have beecn made under
widely varying exposure conditions.

The Auto-Light unit frees the camera operator
from continual manual correction of picture whites
and blacks, and in the case of colour film it enables
him to devote his full attention to the important task
of maintaining colour balance. The Auto-Light unit
has a faster response. to changing film density than
a human operator, and results in a more consistent
picture quality for the viewer.

MARCH 1970

' ON SALE APRIL

RADIO GONSTRUGTOR

APRIL ISSUE

THE “FETAFLEX 4” TRANSISTOR
PORTABLE

Incorporating an insulated gate f.e.t. (40468 or
40468A) this sensitive and selective receiver design
uses double reflexing in its first two stages which,
on their own, are capable of feeding low resistance
headphones. Designed and constructed by Sir
Douglas Hall, K.C.M.G., M.A., this portable re-
ceiver will prove to be an ideal companion on
those long, hot summer days ahead when picnic-
ing or sun-bathing. Part 1 of the article describes
the circuit and its operation, whilst the concluding
Part 2 deals with the assembly, setting up and
construction of a neat functional cabinet well
within the capabilities of the home carpenter.

DUAL - EL84 Hi-Fi AMPLIFIER

Full details of a high performance a.f. amplifier
providing outputs at up to 10 watts. An attractive
feature of the design is the inclusion of a self-
balancing phase inverter stage ensuring correct
push-pull drive with standard components.

CASSETTE RECORDER MAINS
UNIT

This small power supply unit takes advantage
of a neat circuit technique to provide a wide
range of output voltages.

GETTING OUT WITH AN
END-FED WIRE

Some practical comments for those who like to
work the amateur bands ‘80’ through ‘10’ as simply
as possible, together with constructional details of
an efficient all-band aerial matching unit.

PLUS

® OTHER CONSTRUCTIONAL
PROJECTS

® DATA SHEET 37
® SUPPORTING FEATURES
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RADIO COI\.ISTRUCTOR |
SPECIAL WORKSHOP OFFER

PLASTIPLEX BOXES

Newest, neatest method ever devised for small parts
storage. Resistors, capacitors, diodes, transistors, etc.
at last can be made quickly accessible. Labelling easy
with slots provided on drawers. The two sizes interlock
allowing vertical or horizontal combination.

Box sizes: small 53" x 24" x 24"; large 54" x 54" x 24"
Normal price: 2/6 & 4/6 each.
SPECIAL OFFER PRICE:

Small 22/6 per dozen plus 4/6 postage.

Large 20/- per 1 dozen plus 4/6 postage.

Orders over 40/- post free.

GOSCUT

(Design Centre
Approved)
Cuts metal and plastic
without marking sur-
face. Avoids bending
material. ‘Nibbles’ or
‘Notchcuts’ small sec-
tions with precision.
Essential tool for radio
enthusiasts. Each Gos- -
cut is supplied with 3
blades for (1) lamina-
ted plastics, etc., (2)
chassis, (3) curved cuts
in plastic and thin
metal. Normal retail
orice 39/6.
SPECIAL OFFER PRICE 29/6 plus 2/6 postage.
S N N B N K ¥ K ¥ B N ¥ K ¥ ¥ F_ ¥ _ 8 ¥ N §N]
To Data Publications Ltd.

57 Maida Vale, London, W.9

Please supply:
Boxes: Small ..
Goscut Shears ..... -
1 enclose cheque/crosed postal order for... I

THE ﬂ-“AImG
LW

'f’.-'

[¥EW TooL

WHICH CUTS AND

SHAPES

.. doz. Large ... doz.

Name
Address il
Block Letters Please
LT S = T rTTT——
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|CATALOGUESI

In recent years the practice of selling goods through
the medium of catalogues has grown apace. Catalogues
have been around for many years and, notably in the
U.S.A,, it has been a standard method of marketing
merchandise to the public — the Sears Roebuck cata-
logue probably being the best known of these publica-
tions — for some decades.

In mo:e recent times, the issuing of catalogues has
become a feature of life in this country. Many house- -
wives use their spare time as selling agents, armed
with attractive, multi-coloured catalogues offering for
sale goods of every conceivable description, they sell
to the public a growing volume of merchandise currently
running into millions of pounds per year.

Not slow to perceive the commercial possibilities,
several radio component specialist houses publish cata-
logues for the radio enthusiast on an annual basis. These
catalogues, displaying the goods and wares of the com-
pany concerned, are attractively produced, comprehen-
sive and represent the easiest method yet devised for
shopping direct from one's own home.

Lavishly illustrated with photographs of the com-
ponents offered for sale, information on the voltage and
current ratings are also included for the guidance of
intending purchasers. A veritable mine of information,
these publications are often complete with an index,
current price list, postal and hire purchase information
and circuit suggestions. Possession of one or more of
these catalogues provide the home-hobbyist, in addition
to the most comfortable method of purchasing goods,
a vast range of currently available electronic com-
ponents and equipment that could not possibly be dis-
played in the limited space of a shop window. Moreover,
no expensive and time-consuming journey to the point
of sale is entailed when purchasing by this method.

Expensive to produce, most component houses are
economically forced to charge a cover price for their
catalogues; but this, in most cases, is more than re-
coverable by purchasers when taking advantage of the
free vouchers or special offers that are a feature of
these publications.

The present-day catalogue has become so compre-
hensive and informative that few workshops, shacks or
dens - call them what you will — are complete without
them. Even the physical measurements of many com-
ponents are stated and often accompanied by full-sized
illustrations, this information being especially helpful
when planning a constructional project in advance of
component purchases. Pictorial presentation of such-
small items as 2, 4, 6 and 8BA nuts, bolts and washers
drawn to actual size leave nothing to the imagination.

It is a fact that few authors writing technical articles
for The Radio Constructor would attempt to submit a
manuscript without first consulting a current catalogue
to ensure the availability, catalogue number, rating, etc.,
of the components specified if the article is to stand
any chance of being accepted — knowing full well that
we will make a check !

These days, every enthusiast is advised to have as
many as possible of the catalogues to hand in the
workshop — they are a welcome addition to the current
scene. cw.

n
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CATALOGUES RECEIVED
s HENRY’S RADIO LTD.

The latest edition of the Henry's Radio Ltd. catalogue will un-
doubtedly be of great interest to all our readers. This 330 page pub-
fication now has a companion volume - the 120 page High Fidelity
and General Catalogue. Both publications will be revised and issued
regularly and each will contain discount vouchers to be used when
purchasing items from the catalogues.

A feature of the new High Fidelity and General Catalogue is the
wide range of equipment available, covering all aspects of high fidelity
and public address with particular accent on complete hi-fi systems
at all price ranges — over 40 recommended systems being available to
suit most requirements.

The price for the new High Fidelity and General Audio Catalogue
is 5/-, p.p. 1/- and includes a 12/6d. discount voucher. The Electronic
Components and_Equipment Catalogue is priced at 7/6d., p.p. 2/- and
includes five 2/- discount vouchers.

Also published in January were two free catalogues — one of 16 pages
covering all types of test equipment for amateur and professional users
and a 16 page brochure covering electronic organs, organ components
and kits.

These latest catalogues may be obtained from Henry’s Radio Ltd.,
303 Edgware Road, London, W.2.

% LASKY’S RADIO LTD.

The 1970 edition of the Audio-Tronics catalogue was released last
month to all whose names are on the circulation list. This is the third
edition and it features full colour illustration for the first time. Much
enlarged, the print order for this edition was 250,000 copies ~ ten times
the original order for the first edition two years ago. Over 150.000
customers of Lasky's Radio Ltd. will have received a copy on pub-
lication — now an annual event.

As in previous years, there is no cover charge for the catalogue and
copies are available from any of the West End and City branches of
the company. Readers making a postal request for a copy are asked to
forward 1/6d. to cover return postage and inclusion on the regular mail-
ing list, after which further editions will be forwarded automatically
as they are published.

The catalogue presents a very wide range of items covering every
aspect of high fidelity, radio, TV, communications, tape recording,
test equipment, and electronics. In addition, there are “Package Deal”
complete stereo systems on offer and a 12 month Money Voucher
Scheme worth over £25.

Attractively presented, this catalogue is well worth perusing and may
be obtained, by post, from Laskys Radio Ltd., 3/15 Cavell Street,
London, E.1.

4 ELECTRONIQUES (S.T.C. LTD.)

The 1970 edition of this catalogue replaces the Hobbies Manual
previously issued. Cheaper than the Manual, it is still an attractively
produced and comprehensive catalogue.

Rationalisation of the range of coils has been made enabling a better
service to be given for the varieties listed in the catalogue. Rationalisa-
tion has not prevented the addition of new products in many sections.

There are six sections: —Short Wave Listening; Amateur Radio;
Components and Hardware; Test Equipment and Tools; Audio and
Hi-Fi; Accessories; Kits; and Books. The sections are then sub-
divided, for example-components and hardware commences with a
sub-section on aerials, followed by batteries, battery holders, bells,
boxes, brimistors, capacitors and so on alphabetically.

The 464 pages of the catalogue are well printed and illustrated with
many photographs and occasional diagrams A very clear index, order
forms and general information of interest complete the publication
which is attractively bound in a full-coloured card cover.

Electroniques Constructor’s Catalogue 1970 edition is available direct
from Electroniques (S.T.C. Ltd.), Edinburgh Way, Harlow, Essex, at
10/- per copy plus 3/- postage and packing. [ |
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CURRENT
TRENDS

@ NEW SKIL
CIRCULAR SAW

The crudle of the do-it-vourself movement is in the United States. As fur as tools are concerned the real
“do-it-yourselfer” over there, has long since switched from an eleciric drill as a power unii for driving different
accessories, (o integral tools for sawing, cutting, grinding, sanding, "etc. Slowly this 1endency is also coming
through in the U.K. For the manufacturers of portable clectric 1ools this means an adapied product line, with
a less accentuated border line beiween “do-it-yourself’ and professional tools.

A iypical example is the new model 416H SKIL circular saw; designed in the first place 1o meet the sophisii-
cated “‘do-it-yourselfer's” demand, it is also highly appreciated by the professional who can do with a handy.
low priced tool for numerous light duty cutting jobs. Market research has shown that many professionals in the
building industry are also interested in this compact, easv-to-handle circular saw, whicl can casily be carried 1o
the job and doces not require large capital investment.  The new model 416H is double insulated in accordance
with CEE standards and has u burnout protected motor. Ilis dependable ball bearing construction guarantees
long 100l life. Some more technical data: 1,020 input watts, blade diameter 6%in., 90° depth of cur 2}in., 45°
depth of cut 1¥in., no-load speed 5,800 r.p.m., net weight 1041bs,

© TAPE CASSETTE AND REEL L R s
LABELS ‘ o

Adding further to their range of Ltd. (winners of the Queen’s Bib Self-Adhesive Tape
audio aids and accessories. the Award to Industry), of Hemel Reel Labels
Bib Division of Multicore Solders  Hemnpstead, Herts, announce the
Supplied in packs of 20, and pre-
—y L B R e wwzo sented printed in a form which makes
i B o Fa them easy to complete, to indicate the
: ; i, e title, composer, artist, reel numbher,

R :_,_ G

date and type of tape. The labels are

-—:-”._”_M..-.ﬂ'...._...,;m g e
L envn Km0 W {W*“ SARKALY SrTd... srupplicd‘ Ollthll tbatilking] [t)'a';:eir in shelet
(k) TAPEREEL || oA b eyidt. | written or typede
’ LABELS . T LABHS Bib Tape Cassette and
s Pop— | s sl s o Container Labels
) . s & . i ;x;_-& : ‘g’ k) : Specially designed to fit precisely

Koot deart

a on either side of a tape cassette, and
also on the edge of the plastic cassette
container. Here again the labels are
pre-printed for easy completion of
title, composer, artist, date, cassette
number, and to denote mono or
stereo recording.

These labels will be found particu-
larly useful for applying to casscttes
and containers, when the original
labels have been used to identify a
previous recording.

Both types of labels are packed

l in plastic bags, with attractive, des-
: criptive header cards, and have a
| recommended retail price of 2s. or
3 . 10p. per pack of 20. [ |
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RADID

UNDERSTANDING

MOVING-COIL METER

series we continued our discus-

sion on the moving-coil meter
and saw how this may be employed
in multi-range voltmeters and in
ohmmeters.

We now turn our attention to
the use of the moving-coil meter
for the measurement of alternating
voltages and currents.

A.C. VOLTMETERS

IN LAST MONTH'S ARTICLE IN THIS

If an alternating voltage of sinu-
soidal waveform is applied direct
to the terminals of a moving-coil
meter, it will cause a deflecting
force to be applied to the coil
which acts in one direction for
alternate half-cycles of one polarity,
and in the opposite direction for
alternate half-cycles of the other
polarity. However (provided that
the frequency of the alternating
voltage is sufficiently high — above
some 10 to 20Hz with a standard
moving-coil meter) each of the two
deflecting forces will be applied
for too short a time to overcome
the mechanical damping which is
built into the meter. The pointer
of the meter will in consequence
remain at zero. It is interesting to
note that the meter, under these
conditions, is indicating the average
value of the alternating voltage (i.e.
the average of all the voltages

Series
resistor
AR
WY

ul

Test
terminais

a

Moving-coi
meter

Fig. 1. The basic circuit of an

a.c. voltmeter
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appearing throughout a complete
cycle), because the alternate deflect-
ing forces acting on the coil are
equal and opposite.

Since a moving-coil meter can-
not indicate the magnitude of an
alternating voltage directly it is
necessary to provide it with some
form of external rectifying circuit
which will convert the alternating
voltage to be measured to a direct
voltage. The most commonly em-
ployed moving-coil meter rectifier
circuit is illustrated, in basic form.
in Fig. 1. In this dlagram four
rectifiers are connected in a bridge
arrangement, their rectified output
being fed directlv to the terminals
of the moving-coil meter. The alter-
nating voltage to be measured is
applied to the bridge rectifier via a
series resistor which carries out the
same function as the series resistor
in a moving-coil voltmeter intended
for the measurement of direct volt-
age. Despite the slight inaccuracy
in meanmgs irherent in the term.
the circuit of Fig. 1 is referred to
as an a.c. voltmeter. When it is
necessary to differentiate between
them. voltmeters intended for the
measurement of direct voltage are
then described as d.c. voltmeters.

If the rectifiers in the bridge
circuit of Fig. 1 have ‘perfect’
characteristics (that is. they exhibit
zero resistance throughout the half-
cycles during which they conduct
and infinite resistance throughout
the half-cvcles during which they
do not conduct) the rectified voltage
appearing across the meter ter-
minals will have the waveform
shown in Fig. 2. Tt is assumed, in
Fig. 2. that the alternating voltage
apnlied to the voltmeter is sinu-
soidal. All the half-cvcles now have
the same polarity with the result
that the pointer ‘'of the meter is
deflected from the zero nposition,
the amount of deflection being pro-
portional, as before. to the average
value of the waveform.

In general. engineers who wish
to measure alternating voltage with
a moving-coil a.c. voltmeter are
not interested in the average value

WwWWW . americanradiohistorv.com

of the voltage; they want to know,
instead, its r.m.s. value. It will be
recalled that the r.m.s. or ‘effective’
value of an alternating voltage or
current is equal to the direct volt-
age or current which has the same
heating effect in a resistive load.
Now, it happens that the average
value of the full-wave rectified
waveform in Fig. 2 is equal to 0.9
times the r.m.s. value of the applied
alternating voltage. The existence
of this relationship between the
two values raises no problems if
all the alternating voltages we in-
tend to measure are sinusoidal in
waveform, since all we have to do
is accept the fact that the meter
responds to the average values of
alternating voltages being measured,
and to calibrate its scale in terms
of the corresponding r.m.s. values.

Difficulties appear, unfortunately,
when the alternating voltages being
measured are not sinusoidal: in
character, because the average values
of the full-wave rectified versions
of such voltages will not be equal
to 0.9 times their r.m.s. values.
Thus, the moving-coil a.c. voltmeter,
whose pointer deflection is propor-
tional to average values, gives in-
correct readings in terms of its
r.m.s. scale calibration  when
measuring non-sinusoidal voltages.
This point has always to be remem-
bered when using a moving-coil a.c.
voltmeter. In practice, the prob-

RMS
"\I 4 _value
AmPI:tud:r l N iy 5;

Time

Fig. 2. Assuming 'perfect’ recti-
fiers, the waveform of the
rectified voltage applied to the
meter in Fig. 1 has the appear-
ance shown here. Also indica-
ted are magnitudes of the r.m.s.
and average values of the
waveform
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lems arising from this fundamental
short-coming in performance of the
moving-coil a.c. voltmeter are not
particularly great, since the volt-
ages it will normally be called upon
to measure will nearly always be
sinusoidal or near-sinusoidal. Errors
due to heavily distorted sinusoidal
waveforms may be too high to
allow precise readings of their r.m.s.
values to be made, but roughly
approximate indications will still be
given. Voltages having waveforms
which are almost completely di-
vorced from the sinusoidal shape
(e.g. square waves) would result in
considerably inaccurate readings;
but voltages with waveforms of
this nature are in any case normall
measured by means of quite dif)I
ferent instruments, such as oscillo-
scopes, which take account of the
waveform shape.

Before concluding on the sub-
ject of average and r.m.s. values,
as applicable to the a.c. voltmeter
circuit of Fig. 1, it is necessary
to introduce a term which defines
their relationship and which will
often be encountered in literature
devoted to instruments of this type.

Forward
current

O1 T T T T
) 1 2

Forward voltage (volts)

Fig. 3. Representative forward
voltage/forward current curve
of a meter rectifier. Forward
resistance Is indicated by the |

slope of the curve

We have stated that the average
value of thefull-wave rectified wave-
form of Fig. 2 is equal to 0.9
times its r.m.s. value. The more
usual method of expressing this re-
lationship consists of stating that
the r.m.s. value is .11 times the
average value (which is, of course,
simply the reverse way of saying the
same thing) whereupon the figure
1.11 "is referred to as the form
factor of the full-wave rectified
waveform. The term ‘form factor’
may be applied to any rectified

waveform, and it is equal to the:

r.m.s. value divided by the average
value.

METER RECTIFIERS

We have assumed, up to now, that
the rectifiers in the bridge circuit of
Fig. 1 are ‘perfect’ components. In
practice ‘perfect’ rectifiers cannot be
manufactured, and much of the de-
sign work carried out with moving-
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e
Series multiplier resistors
To DC. 1
circuits
"
AC. #4DC
== Swamp
] resistor
= +
1

Fig. 4. lllustrating, in simplified torm, the a.c. voltage switching
circuits of a multi-testmeter

coil a.c. voltmeters is based on
selecting rectifier types which are
best suited for the application, and
of overcoming any inaccuracies in
meter indication that they intro-
duce by suitable circuit design and
choice of meter operating con-
ditions.

The most serious limitation im-
posed by rectifiers of any type for
the present application is that the
forward resistance they offer (i.e.
the resistance to current flow in
the conducting direction) is not con-
stant at very low forward voltages.
A represeniative forward voltage/
forward current characteristic is
shown in Fig. 3, where it may
seen that the curve is markedly
non-linear at forward voltages below
about 0.5 volt. Rectifiers intended
for use in moving-coil a.c. volt-
meters are components designed to
present a curve in which linearity
commences at as low a forward
voltage as is possible. This require-
ment is usually satisfied by employ-
ing rectifiers of the copper oxide
type. So far as meter operating
conditions are concerned, it is help-
ful to employ a fairly insensitive
moving-coil meter since this ensures
that readings over most of its scale
correspond to rectifier currents
which fall on the linear part of the
forward characteristic or, put
another way, necessitate the appli-
cation of forward voltages which
are sufficiently high to cause such
currents to flow. A moving-coil
meter used in an a.c. voltmeter
may have, typically, a full-scale
deflection value of the order of
1mA.

Fig. 4 shows an a.c. voltmeter
with simple range switching, as
would be encountered in a typical
multi-testmeter which also measured
direct voltages. Such a testmeter
will employ the same scales for
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" indicating the r.m.s. values of alter-

nating voltages as are used for the
direct voltages, and it may have a
sensitivity on the direct voltage
ranges of, say, 10,000 ohms per
volt. When the testmeter is switched
to read alternating voltages the
shunt, Rs, is connected across the
basic meter and its series swamp
resistor. Resistor Rs increases the
f.s.d. current, and is given a value
which causes the series multiplier
resistors to have values correspond-
ing to, say, 1,000 ohms per r.m.s.
volt. The f.s.d. current for the com-
bination of the meter, swamp re-
sistor and Rs would not then be
ImA (as would be required in the
basic meter of a 1,000 ohm per
volt d.c. voltmeter) but, to take
form factor into account, 0.9mA.
Because of rectifier non-linearity
at very low forward voltages, the
arrangement of Fig. 4 might require
a separate scale for the lowest a.c.
volts range. If this range were, say,
0-10 volts, its scale would then have
the appearance illustrated in Fig,
5, where it is drawn alongside a
standard 0-100 a.c. and d.c. volts
scale. The non-linearity introduced
by the rectifiers is of less impor-
tance on the higher a.c. volts ranges

AC&DC s
IOVAC 0% X

Fig. 5. Because of rectifier non-
linearity, the lowest a.c. voltage
range may be cramped at the
Jow voltage end, as is shown |

in this typical exampie
-
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and these can employ the same
linear scales as are used for indi-
cating direct voltages. An alternative
approach, encountered in more
sophisticated  testmeter  designs,
obviates the necessity for a separate
low a.c. volts scale. In these meters
the test terminals are applied, on the
lower a.c. volts ranges, to the
current range autotransformer. We
shall deal with the circuits involved
when, later in this article, we dis-
cuss the current autotransformer.

The reverse resistance offered by
the meter rectifiers (that is, the re-
sistance they exhibit during non-
conducting half-cycles) is not nor-
mally so low as to cause any
difficulty in meter design. The
capacitance between the two elec-
trodes of each rectifier tends to be
relatively high, with the result that
the rectifiers can pass sufficient
alternating current at the higher
frequencies to cause errors to be
introduced in meter readings. Be-
cause of this factor the a.c. volt-
age ranges of many multi-testmeters
are accurate up to frequencies of
some 2 to 3 kHz only. Meter recti-
fiers usually have a low peak in-
verse voltage rating (this rating
defining the maximum reverse volt-
age which may be applied to the
rectifier without risk of its break-
ing down). However, high inverse
voltages cannot be applied to recti-
fiers in a bridge circuit because
when one pair of rectifiers is non-
conductive the other pair is con-
ducting and keeps the alternating
voltage applied to the bridge at a
low level.

A rectifier circuit encountered in
the more inexpensive type of multi-
testmeter is illustrated in Fig. 6.

VY

: S
::\\ \
Range AR
switch 3:\ | |
et | |
=
=w 4l
L3 ™
AL.voltage Series
test multiplier
terminals resistors

i

To DC.

AC. DC. circuits

f

= Swamp
= resistor

LY

W

Rg

02 (\j

AR

Fig. 6. A simpler meter rectifier
more inexpensive multi-testmeters

circuit, as encountered in the

This is simply a half-wave rectifier
arrangement, the half-wave rectifier
being provided by DI, which is in
series with the moving-coil meter.
The function of D2, which may
be a similar type to DI, is to en-
sure that high inverse voltages are
not applied to D1 during half-cycles
when this rectifier is not conducting.
Circuit operation is similar to that
given with the bridge rectifier, a
shunt, Rs, being placed across the
basic meter circuit to increase its
f.s.d. current rating to a value which
is well along the linear section of
the rectifier forward resistance
characterstic. Typically, the series
multiplier resistors have values
corresponding to some 1,000 ohms
per rms. volt. The form factor
for the half-wave rectified output

fed to the meter is 1.57. The type
of circuit shown in Fig. 6 is liable
to give greater errors in meter indi-
cation when the testmeter is coupled
to non-sinusoidal voltages which
are asymmetric about zero voltage.
The lowest a.c. voltage range is
normally presented on a separate
scale, as in Fig. §.

A.C. CURRENT METERS

The bridge rectifier circuit can
also be employed with a moving-
coil meter to measure alternating
current. Due, however, to the non-
linearity present in the rectifiers it
is impracticable to obtain a scries
of current ranges, as would be re-
quired in a multi-testmeter, by the
use of resistive shunts on either the

UNDERSTANDIN

TAPE.
°RECORDING

o
0

Under this heading we shall be commencing. in our issue dated May, a short series on this mest in-
teresting aspect of electronics written by our well known contributor W. G. Morley.

Mr. Morley has been contributing material to this magazine exclusively for some twenty years and
any article flowing from his pen is acknowledged as authoritative. His articles in the series Understand-
ing Radio have probably become the most comprehensive treatise on the subject yet published in any
magazine — it will have run to 100 issues on completion!

Understanding Tape Recording, scheduled to run for approximately eight issues will, we feel sure,
prove to be a popular feature with many of our readers — join us as we delve into Understanding Tape

Recording! 0
MARCH 1970
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To DC.
Input to AC. DC. circuits
bridge rectifier La
¢ Swamp
= resistor
2R
9 +
(a)
Current autotransformer
/
: To DC.
Range circuits
switch AC
Swamp
. 2 resistor
3 =Rg
AC.current 7
test terminals

(€-))

Fig. 7(a). By careful choice of components and operating con-
ditions the basic rectitier and meter circuit shown here can give
acceptably linear meter readings for all alternating currents up
to that which causes f.s.d.
(b). Coupling a current range autotransformer to the basic
rectifier and meter circuit

test terminal or the meter side of
the bridge rectifier.

The normal approach here con-
sists of initially employing a com-
bination of meter sensitivity, swamp
resistance and added shunt re-
sistance (Rs of Fig. 4) whose values
are such that aceceptably lincar
meter readings are given for all
alternating currents, up to that
which causes f.s.d., that are applied
to the bridge rectifier. The basic
meter and rectifier circuit is illus-
trated in Fig. 7(a), in which the
swamp resistor and Rs provide the
same functions as in Fig. 4. The
winding of an autotransformer is
connected to the bridge as in Fig.
7(b), and current ranges are selected
by switching the test terminals of
the multi-testmeter to tappings along
the autotransformer winding. The
autotransformer then steps down
the current applied to the test ter-
minals so that it falls within the
range over which the bridge rectifier
and meter are intended to operate.
The step-down in current depends
upon the ratio betwecen the turns

496

through which the current being
measured flows and the total num-
ber of turns in the autotransformer.
Thus, if an alternating current of
100mA is applied to onec-hundreth

of the total winding, the current
applied to the bridge rectifier is
ImA.

Readers who have not previously
encountered the fact that what
appears to be a step-up transformer
causes current to be stepped down
may be able to appreciate this fact
more readily by ecxamining the
simple numerical example given in
Fig. 8. In Fig. 8(a) we have an
autotransformer with a tap posi-
tioned at the central point of its
winding. Across the whole of the
winding is connected a 102 load
through which we want an alter-
nating current of 1 amp to flow.
The alternating voltage across the
resistor will then, from Ohm’s Law,
be 10 volts. In Fig. 8(b) we apply
an input of 5 volts across half the
autotransformer winding whereupon
the requisite 10 wvolts appears
across the 102 resistor and a
current of 1 amp flows through it.
The current required in the 5 volt
input to maintain the 10 volt 1
amp output is, obviously, 2 amps.
In consequence, the autotransformer
has stepped the 5 volt input up to
10 volts, and has stepped the 2 amp
current input down to 1 amp. This
example of transformer operation,
employing concepts with which we
are already familiar, should assist
in explaining why the autotrans-
former in Fig. 7(b) steps down the
currents applied to its tappings.

Since the combination of bridge
rectifier, moving-coil meter, swamp
resistance and shunt Rs in Fig.
7(a) are set up to give linear read-
ings over alternating currents up to
that which causes an f.s.d. reading
in the meter, the current auto-
transformer may also be employed
for the lower alternating voltage
ranges. The test terminals for these
ranges are applied, via the voltage
range switch and suitably valued
resistors, to taps in the current
autotransformer, with the result
that the currents which flow in the
autotransformer are stepped down

Centre {
tap z

(@)

Fig. 8. lllustrating the fact that a step-up transformer causes a
step-down in current

VWY
[}
<

(b)
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as required before being applied
to the bridge rectifier. Higher volt-
age ranges are provided by secries
‘multiplier resistors, as in Fig. 4.
The current drawn by the testmeter
at fs.d. from the source of alter-
nating voltage being measured is
greater on the ranges which are
switched to the current autotrans-
former than on the higher voltage
ranges in which the series multi-

plier resistors are brought into
circuit.

NEW SERIES

This article now brings the

‘Understanding Radio” scrics to a
close. As regular readers will know,
the series has covered virtually all
the basic elements encountered in
radio work with the exception of
semiconductor devices. It so happens
that the present article is No. 100
in the series, a happy accident that
enables its termination, so far as
coverage of subject matter is con-
cerned, to coincide ncatly with its
numbering!

The ‘Understanding’ articles will
not, however, cease. After a break
of one month (to enable the author
to relieve his writer’s cramp) a new
series will commence in the May
issue under the title of ‘Understand-
ing Tape Recording’. This will be
a relatively short series, when com-
pared with ‘Understanding Radio’,
and will be followed by a run of
further ‘Understanding’ series, each

/N

Voltage

Current
!
AC Current
test range
terminals 9
- switch

L

Series multiplier resistors

-—-—-_J”Mv

et W 'Y Current
autotransformer
Voltage /—“
range |
switch t—’ |
| ST

LA

rectifier
i:_: circuit
% spem
_-;jl:.
e

F To bridge

Fig. 9. To obtain linear scale readings, the current autotrans-
former may be brought into use on the lower a.c. voltage ranges,
as shown in this simplified circuit

devoted to a particular subject in
the field of electronics and radio.

The author has gained much
pleasure from writing ‘Understand-
ing Radio’. He is also particularly
grateful to, and has been greatly
encouraged by, those readers who
have written in to state that the
articles have cnabled them to
appreciate points which had pre-

viously eluded them. He hopes that
he will be able to render similar
service in the series to come. These,
by the time this present article
appears in print, will be well past
their initial planning stages and
the first one will be partly in pro-
duction.

NEW MICROCIRCUIT IS
FREQUENCY SELECTIVE

The Consumer Microcircuits type FX-201 ‘Z-Trip’ is a new
frequency sensitive switch of unique design and exceptionally
high performance. It is a low voltage MOS/MSI microcircuit
device combining analogue and digital techniques in a single
monolithic chip of silicon, and is believed to be the first micro-
circuit of its type available anywhere in the world. The FX-201
has wide application in the communication and remote control
signalling fields, and is a British designed and manufactured
device subject to Patent Applications in all the principle countries. g -

The FX-201 consists of two independent ‘band accept’ frequency selective switches packaged in a
TO0-5 style case. The device incorporates an input amplifier, analogue/digital frequency discriminating
circuits and buffered bistable output switches; operates from a single d.c. supply and is rated for opera-

tion in industrial environments.

The FX-201 accepts sinewave and pulse input signals, and when an input signal frequency falls within
either of the two predetermined acceptance bands the corresponding output is switched. Operating fre-
quencies and bandwidths are determined simply by means of a few externally connected resistors and
capacitors, and are adjustable over a very wide working range.

The functional specification for the FX-201 includes the following advanced features: band fre-
quencies —~ adjustable 10Hz to 30kHz, bandwidths - adjustable 1%/ to 509, separation between the two
bands — adjustable 1%, to 50%,, band edge ‘slope’ — typically better than 0.1/ (effective Q exceeds 1,000),
response time — approximately 1.8 milli-seconds at 5kHz. The FX-201 operates from input signals between
20mV and 20V pk-pk, requires only 2mA of operating current from a nominal 9/12V supply (excluding
switched load currents), and is immune to random signal noise and harmonics. The FX-201 is a high per-
formance/low cost device and is available for immediate delivery.

MARCH 1970
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The Digcoberp 2-VALVE, 4-STAGE
SHORT WAVE RECEIVER

(Continued from page 469)

E—

Tagstrip 2. Solder the two connec-
tions at C17 tag.

12. Connect the remaining red
wire from the mains transformer
T2 to tag 5 of Tagstrip 2 and
solder the two connections at this
tag.
13. Connect one end of the re-
maining blue wire of T2, having
first removed the enamel covering,
to pin 5 of V2. To pin 5 of V2
connect a length of p.v.c. covered
wire, the other end of which is
connected to pin 9 of V1. Solder
the two connections at pin § of
V2.

14. This step deals with the
wiring to the tags of the on/off
switch Si(a), (b), this being an
integral part of the volume control
RI12. A word of warning here — not
all switches have the same tag lay-
out as that shown in the point-to-
point diagram, and constructors
should ascertain with a continuity
tester which of the four tags corres-
pond to the required switching
circuit. The tag layout shown is
correct for the potentiometer/
switch specified. Connect one of the
black wires from T2 (it does not
matter which one is selected) and
solder to tag 1 of switch Sl(a).
The remaining black wire from
T2 is now soldered to tag 4 of
switch S1(b).

15. Obtain the a.c. mains cable,
allow sufficient length to reach from
the chassis rear apron to the
switches Sl1(a), (b), tie a loose knot
in the cable at a point just inside
the chassis, feed the cable under
the smoothing capacitor assembly,
bare the three wire ends, and solder
the live lead to tag 2 of Sl(a),
solder the neutral wire to tag 3 of
S1(b) and connect the earth wire
to the 4BA chassis tag mounted
with the smoothing capacitor
assembly. To this same chassis tag,
connect one end of a short length
of p.wv.c. covered wire, the other
end of which is soldered to tag 5
of the a.f. gain control Ri2. Next,
solder to tag 6 of R12 one end of
a length of p.v.c. covered wire, the
other end wﬁioh is soldered to pin
3 of V2. To tag 7 of R12 solder
one end of Ci4 (0.01xF) the other
e\pzd of which connects to pin 9 of

16. To tag 1 of Tagstrip 1 con-
nect the positive lead-out of C13
(8xF, 450V wkg.) the other lead
of which is connected to the 4BA
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chassis tag associated with the
smoothing capacitor  assembly.
Solder the three connections at this

chassis tag.

17. The wiring at V2 valveholder
comes next. Take up a short length
of bare wire and connect one end
to the 6BA chassis tag associated
with V2 and the other end to pin
4 of V2 such that the centre of
this wire connects to the centre
spigot but touches no other tags.
Solder at pin 4 of V2, at the spigot
and the two connections at the 6BA
earth tag.

18. To pin 1 of V2 connect one
end of C6 (0.01xF), the other end
of C6 connecting to tag 8 of Tae-
strip 3. Obtain C11 (500pF) and R7
(470k$2. vellow, violet, yellow), bind
the lead-outs of these two com-
ponents together so as to connect
them in parallel, and solder the
joints thus formed. Remove any
surplus wire and connect one end
of the C11/R7 combination to pin
1 of V2. Solder the two connections
at pin 1 of V2. Connect the other
end of the CI11/R7 combination
to tag 2 of Tagstrip 1.

19. Obtain C15 (254F, 25V wkg)
and simitarly solder this component
in parallel with. R11 (6802, blue,
grey, brown). Next. solder the posi-
tive end of the CI15/RI1 assembly
to pin 2 of V2 and connect the
other end to tag 2 of Tagstrip 1.
Solder the two connections at tag
2 of Tagstrip 1. To pin 6 of V2
solder one end of a length of p.v.c.
covered wire, the other end being
soldered to tag 2 of the output
transformer TI.

20. To pin 7 of V2 solder one
end of a length of p.v.c. covered
wire the other end of which con-
nects to tag 1 of Tagstrip 1. Obtain
C12 (124F, 6V wkg) and solder
across this component resistor R8
2.2k, red. red. red). Solder the
positive end of this combination
to pin 8 of V2. Solder the other
end of this assembly to tag 6 of
tagstrip 2. To nin 9 of V2, connect
one end of R10 (220kQ, red. red,
yellow) and solder the two connec-
tions at nin 9 of V2. Connect the
other end of R10 to tag 1 of Tag-
strip 1.

21. To tag 1 of Taestrip 1 connect
one end of R9 (2.2kQ. red. red,
red) and connect the other end of
this resistor to tag 3 of Tagstrip 1.
Solder the four connections at tag
1 of Tagstrip 1. To tag 3 of Tag-
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strip 1 connect one end of R6 (4.7k%,
yellow, violet, red) and solder the
three connections at tag 3 of Tag-
strip 1. Connect the remaining end
of R6 to tag 4 of Tagstrip 1. To
tag 4 of Tagstrip 1, connect one end
of a length of p.v.c. covered wire,
the other end being connected to
tag 7 of Tagstrip 3. To tag 4 of Tag-
strip 1, connect the positive lead-
out of CI0O (8xzF, 450V wkg.) the
remaining wire of which connects
to pin 9 of the coilholder. Solder
the three connections at tag 4 of
Tagstrip 1.

22. The next task is to wire up
the connections to the coitholder.
To pin 2 connect a short length
of bare wire, the other end of
which is connected to pin 9 of the
coilholder. Connect a length of bare
wire from pin 2 of the coilholder
to the centre spigot of the coil-
holder, continuing it to tag 9 of
Tagstrip 3 and ensuring that this
wire touches no other tags. To pin
2 of the coilholder connect one
end of C4 (0.1zF) the other end
of which is connected to tag 10 of
Tagstrip 3. Solder the three connec-
tions at pin 2 of the coilholder.
Connect C5 (5,000pF disc ceramic)
between the centre spigot of the
coilholder and tag 10 of Tagstrip 3.
Solder the connections at the spigot.
To pin 3 of the coitholder solder
one end of a length of pwv.c
covered wire, the other end of
which connects to pin 1 of V1.

23. To pin 4 of the coilholder
solder one end of a length of p.v.c.

covered wire, the other end of
which is soldered to the nearest
fixed vane tag of the reaction

capacitor C9. To pin 5 of the coil-
holder, connect one end of a length
of p.wv.c. covered wire, the other
end of which is passed through the
adjacent grommet and soldered to
the fixed vane tag of the tuning
capacitor C8. To pin 5 of the coil-
holder connect one end of C7
(100pF silver mica) the other end
of which is connected to pin 2 of
V2. Solder the two connections at
pin 5 of the coilholder.

24. To pin 8 of the coilholder,
solder one end of C3 (100pF silver
mica) the other end of which is
connected to pin 6 of V1. The re-
maining connection to pin 9 of the
coitholder will be made at a later
step.

25. Dealing with the wiring asso-
ciated with V1 valveholder, com-
mence by connecting a short length
of bare wire to tag 9 of Tagstrip
3. Solder the two connections to
this tag. The other end of this bare
length of wire now connects to pins
3, 4, 5 and 7 of V1. Solder at pins
3 and S only.

26. To pin 1 of V1 connect one
end of RFC3, the other end of which
connects to tag 8 of Tagstrip 3.
SolMer the two connections at pin
1 of V1. To pin 2 of V1, connect
one end of RS (1.5MQ, brown,
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C
4BA chassis 2
t
a9 Pin 9,
Pin 9,V2 coilholder
Tag 7,
tagstrip 3

Spigot
coilholder Pin 2
coilholder

Tag 4, tagstrip |

Pin _,<N

Cio(yellow) coiltholder Pins 34 .
Pinl,Vo  Pin2,V» Pin ILV| &5,V Pind4, Pin6,V,
Vi
TAGSTRIP 1 TAGSTRIP 3
(@) (b)
Fig.4 To further assist in the correct wiring of tagstrips | and 3,
these are reproduced here on their own for the convenience of constructors
TABLE I TABLE I
Circuit position Volts d.c. Frequency coverage
Jination M_w.M_o m_nmumuu Range Frequency
) nw.nwo o, 3 167 to 53 MHz (180 to 57metres)
Pin 6 of V] 85 4 50 to I5-OMHz (60 to 20 metres)
" 9 of Vp 85 5 IO'5 to 315MHz (28 to 9-5 metres)
v 20f Vo 15 Subject to variation by adjustment of core
Voltages obtained under no-signal conditions, Cg
at minimum capacitance. AC.mains voltage -240
Total h.t.current approx. 44 mA
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green, green) the other end of
which connects at the centre spigot
of V1. Solder the two connections
at pin 2 of VI. . *

27. To pin 4 of VI, solder one
end of C2 (5,000pF disc ceramic)
the other end of which connects
to tag 11 of Tagstrip 3. Solder the
two connections at pin 4 of VI.

28. To pin 6 of VI connect one
end of RFC2, the other end of
which connects to tag 11 of Tag-
strip 3. Solder the two connections
at pin 6 of V1. To pin 7 of VI
connect a short length of bare wire,
the other end of which connects to
the centre spigot. Solder the two
connections at pin 7.

29. To pin 8 of VI, connect one
end of a length of p.v.c. covered
wire, the other end of which is
soldered to the nearest fixed van tag
of Cl. To pin 8 of VI connect one
end of RFCI1, the other end of
which is soldered to one end of Rl
(1kS, brown, black, red), the re-
maining end of R! being connected
to the valvcholder centre spigot.
Solder the three connections at the
spigot and solder the two connec-
tions to pin 8 of VI.

30. Dealing now with the remain-
ing connections to Tagstrip 3, com-
mence by connecting to tag 7 of the
Tagstrip one end of R3 (100k¢,
brown, black, yellow) the other end
of which connects to tag 10 of Tag-
strip 3. To tag 7 of Tagstrip 3
connect one end of R2 (33ke,
orange, orange, orange) the other
end of which connects to tag 11 of
Tagstrip 3. Solder the three con-
nections to tag 11 of Tagstrip 3.
Solder the three connections to tag
7 of Tagstrip 3.

MARCH 1970

31. To tag 8 of Tagstrip 3, con-
nect one end of R4 (10k&, brown,
black, orange) the other end of
which connects to tag 10 of Tag-
strip 3. Solder the three connec-
tions at tag 8 and the four connec-
tions at tag [0 of Tagstrip 3.

32. To the moving vane tag of
Cl, solder one end of a length of
p.v.c. covered wire, and solder the
remaining end to the aerial input
tag on the chassis rear apron.
Obtain a length of p.v.c. covered
wire, bare at one end a lin. length
and solder this to both the earth
input tag and the associated chassis
tag on the rear apron. The other
end of this wire is now connected
to the speaker outpul socket tag
ncarer the bottom edge of the
chassis. To this latter tag connect a
further length of p.v.c. covered wire,
the remaining end of which is
soldered to tag 3 of the output
transformer T1. Solder the two con-
nections at the speaker output
socket tag. To the remaining
speaker output tag, solder one end
of a length of p.v.c. covered wire,
the other end of which is soldered
to tag 4 of TI.

REMAINING TASKS

33, The remaining tasks are those
of completing and fitting the front
panel and the two soldered con-
nections to PLI1.

The front panel should now be
drilled with a hole of +:;in. dia-
meter at the precise point through
which the tuning capacitor spindle
will protrude. This may easily be
determined by wetting the end of
the spindle and offering the panel
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to the chassis such that the three
controls R12, C9 and Cl coincide
with the holes on the panel. The
mark thus made on the rear of
the panel is then that required for
the C8 spindle hole. Having deter-
mined the correct position of the
hole centre for C8 spindle, drill
also the holes required for the
dial drive assembly, following the
manufacturer’s instructions in the
leaflet provided with the assembly.
Remove the bush-locking nuts of
R12, C9 and Cl, fit the panel in
place and refit the nuts, remem-
bering to fit the outside insulating
washer under the nut for CI.
Check, with an ohmmeter or con-
tinuity tester, that there is no short-
circuit between the spindle of CI
and chassis. If there is, adjust the
position of C1 bush within the
enlarged hole made for it until the
short-circuit clears.

34. Secure to the panel the motif
by means of a suitable contact
adhesive. Also secure to the panel
the panel lamp assembly PL1. Fit
to the panel the ball drive assembly
and cursor as described in the
manufacturer’s leaflet. The dial
should read 100 with the moving
vanes of C8 fully enmeshed.

35. Fit to the spindles of RI12,
C9 and C1 the knobs specified. To
one of the tags of the panel lamp
assembly PL1, solder one end of a
length of p.v.c. covered wire of
sufficient length to be fed through
the adjacent grommet to pin 9
of V1. Do not feed through the
grommet as yect. To the remain-
ing tag of PL1 solder a further
length of p.wv.c. covered wire of
sufficient length to reach pin 9 of

Below-chassis view of the '‘Discovery’ receiver. Note from this
illustration the correct positioning of the various components — the
layout should be followed as closely as possible
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the coilholder. Twist these wires
around each other and connect the
free end of one length to pin 9 of
V1 and solder the two connections
to this tag. Connect the remaining
free wire %rom PL! to pin 9 of the
coilholder and solder the three con-
nections to this tag.

The assembly and wiring-up of
the Discovery receiver is now com-
plete and testing can commence.

TESTING THE RECEIVER

Fit V1 and V2 into their respec-
tive holders, and for the initial
testing process, plug coil 3 which
covers the range 1.67 to S5.3MHz
into the coilholder. Connect an
aerial and earth and the 3 speaker
to their respective sockets on the
rear apron of the chassis. Connect
the receiver to the a.c. mains supply.
Switch on, whereupon the panel
lamp, followed later by the valve
heaters, should light up. All being
well, secure the valve can over V1.
Switch off, disconnect the a.c. mains

plug, turn the receiver over such

that the underneath of the chassis
is uppermost. Check that V2 is not
fouling the bench top; it is a good
plan here to rest the chassis deck
on some books or similar items.
Switch on once more.

Table 1 gives voltage readings
obtained with the prototype re-
ceiver. (See detachable section).
These are intended for guidance only

and small differences from the
figures given do not necessarily
indicate a fault condition. When
taking voltage measurements, or
carrying out any other work on
the receiver, always take full pre-
cautions against accidental shock.

The main winding inductance of
the three inductors is subject to a
variation of approximately 15%, by
means of core adjustment. The
nominal coverage quoted by the
manufacturer is shown in Table II
(See detachable section).

OPERATION

In operation, the receiver is kept
just below the oscillation point by
adjustment of the reaction capacitor
C9. In actual fact, only a very slight
adjustment is required when operat-
ing over the short wave bands. The
adjustment of C9 should be kept
in step with that of the tuning
capacitor C8, and the requisite
operating procedure will soon be-
come automatic with a little practice.

The degree of r.f. attenuation,
which has a bearing on the selec-
tivity of the circuit, is varied by
adjustment of the attenuator con-
trol Cl. With the vanes fully en-
meshed, maximum transference of
input signal is obtained from the
aerial. When the control is set to
a lower capacitance, the input de-
creases but selectivity is increased.
Owing to the grounded-grid input

.require

stage, there are no reaction “dead
spots”. Operation of the a.f. gain
control has no effect whatsoever
on the detector circuit.

In operation, with an aerial some
33ft. in length at a height of 35ft.
and an efficient earth system, the
Discovery has been thoroughly air-
tested and found to out-perform
other similar simple receivers de-
signed by the author. It should be
stressed, however, that an efficient
aerial and earth is necessalx;'hy with
this receiver if maximum efficiency
is to be achieved.

It should be noted that the re-
ceiver must not be operated with-
out a loudspeaker connected to the
speaker sockets. Excessively high a.f.
voltages can appear in the primary
circuit of T1 if its secondary is not
loaded, and these may result in
damage. :

Once testing has been completed,
Panel Sign Transfers from Panel
Sign Set No. 3 should be applied
to the front panel as shown on
the front cover illustration.

Those readers who desire to cover
the medium waveband in addition
to the three short wave ranges will
to obtain a further coil
in the Green range - that for Range
2 (0.515 to 1.545MHz - 580 to
194 metres). The Discovery per-
forms almost like a superhet re-
ceiver over this range. -

MAN — COMPUTER INTERACTION
CONFERENCE

The current growth of management information
systems will lead to more executives, managers,
operatives and supervisors communicating directly
with computers. The problems of laymen and non-
specialist users working in this way will be discussed
at the confcrence on man—computer interaction to
be held at the U.K. National Physical Laboratory at
Teddington from the 2nd to 4th September, 1970.

Careful design of both equipment and computer
information systems is not to be divorced from basic
languages will be necessary if the growth of future
requirements. It is expected that similar human prob-
lems will arise in other areas of man - computer
intcraction, such as medical diagnosis and informa-
tion retrieval.

Although the conference will be mainly concerned
with human and communication problems, it is hoped
that contributions on engineering problems, experi-
mental devices and theoretical topics will also be
presented. The scope of the conference includes
languages, human-factors aspects of terminal design,
new techninues and devices, psyvchological studies,
and the evaluation of total working systems.

Offers of contributions to the conference pro-
gramme are welcomed and 250-word synopses should
be submitted to the TEE Conference Department as
soon as possible. Full contributions not exceeding
3.000 words will be required by the 1st Mav, 1970.

Further details and registration forms will be avail-
able in due cnurse from the manager, Conference
Department, IEE, Savoy Place, London, W.C.2.
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MANCHESTER AND SOUTHAMPTON
EXHIBITIONS

Plans for the expansion of the successful profes-
sional electronic instruments exhibitions, initiated in
Manchester in 1967, are announced by the Elec-
tronic Promotion Group after a meeting of 26 firms
on January 22nd.

The EPG is an alliance of major manufacturers
whose aim is to promote professional grade electronic
products. Exhibitors take part in the Group’s shows
by invitation only. The first exhibition was limited to
16 manufacturers. Last year there were 24 firms
represented at Manchester while a similar show at
Coventry was confined to 20 exhibitors.

This year’s Manchester Electronic Instruments Ex-
hibition, from September 8th to September 11th, will
again be held in the Peacock Suite of the Hotel
Piccadilly. Additional space has been made available
and there will be up to 36 companies represented.

A second show — also restricted to professional
grade instruments — will be held at the Skyway Hotel,
Southampton, in the Autumn, with 24 exhibitors.

Plans for 1971 envisage a much broader-based
exhibition in Manchester. This will be held in the
City Hall in October and will include professional
grade instruments, components and industrial con-
trol equipment.

Mr. G. C. Briggs (Marconi Instruments), resigned
the chairmanship of the EPG working party, a posi-
tion he has held since 1966. He continues as a mems-
ber. Mr. Gordon. McEwan (Bell and Howell) was
elected the new chairman.
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-Shop

<6 HAT'S A ‘DOG'?" )

V\/ The long-suffering Service-

man once morc detached

his attention from the papers on
his bench.

“What's a what?”

“What’s a ‘dog’?”

“Can’t you ever,” asked Smithy,
with the manner of one who is
goaded beyond endurance, “do
anything on your own which doesn’t

This month we find Smithy passing on to his able assistant

Dick the details of a very simple signal tracer which is

capable of operating with a wide range of signal input levels.

Dick’s concentration on the construction of this instrument

has the subsidiary advantage of enabling Smithy to finally
clear up his outstanding paper-work

involve disturbing everyone else in
the vicinity?”

“l was only,” returned Dick in
injured tones, “asking you a ques-
tion.”

“You've done nothing else all
day,” exploded Smithy, “but ask
me questions or otherwise get in my
hair. If this latest one about a ‘dog’
is intended to be a gag, then I re-
fuse to hold myself responsible for
my actions.?

“It’s a dead serious question,” re-
torted Dick. “The word ‘dog’ keeps
popping up every now and again
in an article on servicing in one of
these American radio mags you gavce
me.”

“Does it?” replied Smithy, molli-
fied. “In that case there may be
some justification in your query. As
it happens, the word ‘dog’ is a
slang American term for faults that
are very difficult to locate and cure.”

SIGNAL TRACES

“Oh, I see,” said Dick brightly.
“Thank you, Smithy. What you've

just told me clears up something
that had me completely baflled.”

“Good,” said Smithy shortly, re-
turning to his work.

The Serviceman had had a very
tircsome day. On arrival at the
Workshop in the morning he had
noted with pleasure that there were
only a small number of sets in for
servicing and he had decided that he
would devote the day to clearing up
all his outstanding paper-work.
After delegating the servicing jobs
to his assistant, he had then con-
tentedly started to tackle his self-
assigned task.

Incvitably, however, Dick got
into trouble with his first two sets,
and Smithy had to spend most of
the morning personally supervising
their repair. Even more infuriat-
ingly, Dick clcared the remainder
of the sets in hardly any time at
all. After this he began to wander
aimlessly around the Workshop,
banging at things with his screw-
driver all the time and whistling
continually on a single fundamental
note of such peculiar dissonance

Oulpu\l transformer
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B | 32uF | watt
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Fig. 1. Circuit diagram for the amplifier section of Smithy’s signal tracer. Note that the
Input 1 jack is a closed circuit component
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that its family of odd harmonics
would have defied analysis by
Fourier himself. Smithy’s nerves
were becoming tautened almost to

breaking-point when, fortunately,
lunch-break intervened. It was
during this blessed interval that

Smithy suddenly remembered a col-
lection of American radio and
electronics magazines he had de-
posited several months before in
the cupboard under his bench. He
had then presented these to his
assistant with the optimistic hope
that they would keep him quiet for
at least an hour or two.

“Smithy!”

“Oh, not again!”

“Do you know something?”

“What?”

“In the States,” continued the un-
abashed Dick, “they seem to do
quite a lot of their servicing with
the aid of signal tracers.”

“I suppose they do,” replied
Smithy, reluctantly drawing his
thoughts away from the papers in
front of him. “Servicing with a
signal tracer is quite a useful tech-
nique, once you acquire experience
with the performance of the par-
ticular signal tracer you're using.”

“So far as I can make out,” con-
tinued Dick, turning the pages of
the magazine on his bench, “these
American signal tracers have a
probe which will take either r.f. or
af. signals. How do you use a
signal tracer, Smithy?”

“Well,” replied Smithy, “the usual
sort of signal tracer is basically
an a.f. amplifier coupled to a
speaker, and you apply an input
either to the amplifier direct or via
an a.m. detector circuit in an r.f.
probe unit. The main use of a
signal tracer is for finding which
stage has gone duffy in a radio set
that's completely dead. You apply
the r.f. probe unit to the acrial
circuit, establish that a signal is
present there, then continue on past
the frequency-changer and through
the i.f. amplifier up to the detector.
After that you use the signal tracer
as an a.f. amplifier and apply the
probe to successive points in the
receiver a.f. stages. If the signal
disappears at any point as you work

through the set from the aerial to
the loudspeaker, then you have
obviously located the stage in which
the fault appears.”

“Blimey,” said Dick enthusiasti-
cally. “That sounds to me like a
really useful bit of test gear. Why
haven’t we got a signal tracer in
the Workshop?”

“To be quite honest,” admitted
Smithy, “I've never even thought
of using one here. We don’t get a
great deal of radios that are com-
pletely dead, and the faults in the
ones we do get can usually be
located pretty easily with a testmeter
and a signal generator anyway.
Don't forget that you can use a
signal generator to go through the
stages of a dead receiver in the
reverse direction to a signal tracer.”

Dick looked unconvinced.

“The idea of using a signal tracer
sounds better to me,” he stated.
“With the signal generator you’d
have to set it up to the intermediate
frequency and things like that,
which you don’t have to do with a
signal tracer.”

Smithy shrugged his shoulders.

“Perhaps you're right,” he said
dispassionately. “I don't really feel
strongly enough about the matter
either way to argue about it. I'll
merely agree that some people pre-
fer to use a signal tracer whilst
others prefer to use a signal
generator. Chacun a son goiit.”

“What did you say?”

“TI was just repeating a little say-
ing in French,” replied Smithy
airily. “I like to introduce a bit of
tone to the Workshop every now
and again.”

“What,” asked Dick suspiciously,
“does the saying mean?”

“It's difficult to translate with-
out losing the French idiom,” ex-
plained Smithy loftily. “Literally,
it means that ‘everybody’s got the
gout’.”

“Blimey,” snorted Dick in con-
tempt. “That’s a darned silly thing
to come out with, I must say.”

“No, it isn’t,” retorted Smithy.
“What happens is that, when people
have an equal choice of different
things you just remark ‘chacun

r 3y

a son gout'.

Half -wave
Rio rectifier
Y -
230V T}*

, 45mA I
32pFE i | AC
oV | oo
wkg |

63V ] \L:L i

R

Fig. 2. A half-wave h.t. rectifier may be employed instead of the
bridge rectifier, it desired. C9 should then be increased to 32uF
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Fig. 3. A suitable alternative for the output valve is the 6V6G or 6V6GT

“Like,” said Dick, his interest
aroused, despite himself, at this un-
expected new facet in the art of
social conversation, “when in Joe's
Caff he offers me either beans on
toast or spaghetti on toast? What
I say is what you said just then?”

“The saying could apply to that
situation,” replied Smithy, a note of
uncertainty entering his voice. “But
I think you'd be well advised not
to use expressions of that nature
there. I don’t want to sound snob-
bish but I do rather feel that Joe's
Caff doesn’t offer quite the right
background for the higher class of
chat.”

CIRCUIT DIAGRAM

Dick absorbed this information.

“Perhaps your'e right,” he said
eventually. “Anyway, let's get back
to this signal tracer business.”

“So far as the subject of signal
tracers is concerned,” responded
Smithy promptly, his mind revert-
ing to his neglected paper-work,
“there isn’t a great deal more to
add to what I've already said.”

“I was thinking,” said Dick, “of
making a signal tracer. I'm fed up
with having nothing to do and
there’s still most of the afternoon
left. What I'd like to do is to knock
up a really super-dooper sort of
signal tracer which has inputs for a
wide range of different amplitude
signals, both at a.f. and at r.f.
Could you draw me out a circuit
for a signal tracer like that,
Smithy?”

“All right then,” replied Smithy
resignedly. “It seems I'll have to do
something if I'm ever to get any
peace today! Now, let’s think for a
moment. What you want is some-
thing that caters for a wide range
of signal input levels, isn’t it?”
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“That’s right,”
eagerly.

“Well,” said Smithy musingly,
“all the a.f. inputs will need to be
at high impedance, of course. The
r.f. input impedance will be around
100k2 or so if were to use an
ordinary germanium diode probe
unit, and this should be adequate
in practice. There’s another impor-
tant point to bear in mind. This is
that the audio output fed from the
signal tracer amplifier to the
speaker will require a fair bit of
power behind it.”

“Why’s that?”

“Because,” explained Smithy,
“when you apply the probe to a
new circuit point in a receiver you
will quite often pick up a signal
which is higher in amplitude than
you’d anticipated. You'll find that
service work with a signal tracer is
far more pleasant if the output
stage can handle occasional loud
bursts of sound without distortion,
rather than if it kept on introduc-
ing distortion due to overload. I'd
say that you'd need an availability
of something like 3 watts in audio
output power.”

“Stap me,” remarked Dick for-
lornly. “If we use transistors, that
means the tracer will need an out-
put circuit with heat sinks, driver
stages and all the rest of it.”

“I know,” said Smithy, a little
irritably. “And there’s also the
question of the high impedance a.f.
inputs, too.”

“F.E.T.'s?”

“F.E.T.’s with protective input
diodes,” replied Smithy, “would
represent quite a good choice, I
think.”

The Serviceman scowled prodi-
giously and beat an irascible tattoo
on the bench with his fingers.

“I know,” he said suddenly, “that

responded Dick
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you’ll think me an old fuddy-duddy
but, as soon as you mentioned what
was required of this signal tracer,
my mind immediately started work-
ing in terms of an amplifier using
valves instead of semiconductors.”

“You sound quite worked-up
about it,” said Dick, surprised.
“What’s so wrong about using
valves?”

“Nothing much,” admitted Smithy.
“It’s only that I've been trying to
dream up a simple semiconductor
circuit which will do the job just as
easily, and 1 haven’t been successful.
With valves you have the whole pro-
ject made from the start — your high
input impedances are given at the
valve grids and you haven't got to
worry about adding protective
diodes to prevent gate breakdown,
as you’d have to do with fedt’s.
Also, you can get a good 3 watts
or more to the speaker from any
reasonably sized output pentode or
beam tetrode with no difficulty
whatsoever. What's more, the signal
grid of the output valve can pro-
vide one of the high impedance
inputs for the signal tracer as well.”

“] can’t see,” commented Dick,
“any point in straining semicon-
ductor circuits to do something
that valves can do without any
problems at all, so let’s just use
valves!”

“Very well,” sajd Smithy de-
cisely. “We'll do just that, then.
1 suppose my objections to using
valves are that I don’t want to give
the impression that I'm starting to
become anti-semiconductor-minded
in my old age.”

“] know you well enough not to
believe that.”

“Do you?” replied Smithy,
pleased. “In that case Ill now
show you how easy it is to make
up this signal tracer with valves.
The only snag is that the tracer
will have to run from the mains
instead of from batteries. How-
ever, the mains transformer re-
quired need only be a small com-
ponent.”

Dick carried his stool over and
sat alongside Smithy as the latter
took out his pen and set to work
drawing out the main circuit of the
signal tracer. After some five
minutes or so, the Serviceman
placed his pen on the bench and
indicated that the circuit diagram
(Fig. 1) was now complete. Dick
looked at it with interest.

“It  certainly  looks
enough,” he remarked.

“I'm glad you’ve noticed that,”
returned Smithy, a note of grati-
fication entering his voice. “It’s the
simplicity that vindicates the use of
valves. Anyway, let's go through the
circuit in detail, starting from the
mains input end. As you can see,
the mains goes into a standard
mains transformer, the one T've
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Fig. 4. The probe unit for the signal tracer

shown here having a 230 volt
45mA h.t. secondary. However, the
secondary voltage isn’t at all
critical and any mains transformer
with a secondary offering 200 to
250 volts will do instead. For 230
to 200 volts, the h.t. secondary
current rating should be 45mA or
more. Above 230 volts it would be
better to work to a minimum
rating of 50mA. I've shown a
bridge h.t. rectifier, but you could
alternatively have a half-wave recti-
fier if you liked. (Fig. 2). If you're
using a half-wave rectifier it would
be preferable to increase the value
of the reservoir capacitor to 32uF.
In other words, the h.t. supply
circuit is not particularly impor-
tant provided that it offers some-
thing of the order of 200 to 250
volts, reasonably well smoothed. So
far as heater current is concerned,
the two valves draw 0.75 amp at
6.3 volts.”

“The power supply
easy enough,” said Dick.
about the valve stages?”

“First, there is the output stage,”
replied Smithy, “and it incor-
porates a 6BW6 beam tetrode. If
you've got an old 6V6GT or 6V6G
knocking around this could be fitted
instead. (Fig. 3). The output trans-
transformer should have a ratio of
45 :1 or thereabouts for either type
of valve, and the function of the
0.002uF capacitor across its pri-
mary is merely that of reducing
the “harmonics an output stage of
this nature produces. Preceding the
output valve is a high gain two-
stage voltage amplifier incorporat-
ing the two triodes of an ECCS83.
Their anode circuits are supplied
by way of R7 and the bypass
capacitor C3.”

“] see you've given R7 a rating
of 1 watt. Isn't that rather high?”

“It would appear to be,” replied
Smithy, “when you consider that
R7 will normally be passing slightly

section is

“What

- less than a milliamp. On the other

hand, it passes a relatively high
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current for a very short period
after switching on. What happens
is that C8 and C9 will charge up
to the peak voltage across the mains
transformer h.t. secondary almost
immediately after the signal tracer
is switched on, whereupon R7 will
momentarily pass some 20 to 30mA
charging current to C3. Because of
this, it seemed reasonable to me
to give the resistor a wattage rating
of 1 watt. Apart from RI0 and
R9, which are 2 watts, all the other
resistors in the circuit can be %
watt.”

“Making R7 1 watt is a good de-
sign point,” remarked Dick, im-
pressed. “Why have you put the
gain control between the two triodes
of the ECC83?”

“Because,”  explained  Smithy,
“you’ll be doing most of your
signal tracing work with the signal
input applied to either Input 1 or
Input 2, and the gain control func-
tions with both these inputs. There
isn’t much point in having a gain
control immediately after Input 1,
incidentally, because the sensitivity
at this point will be very high and
your main preoccupation here will
consist of keeping down hum pick-
up. Adding a gain control at the
Input 1 position would merel
mean that more wiring was avail-
able for hum pick-up. By the way,
you'll see that ['ve given C2 the
low value of S00pF. This means
that any hum that is picked up in
the Input 1 wiring is partly attenu-
ated before being passed to the
succeeding stages. You won’t need a
full audio frequency response when
you're using Input 1, and so you
might as well take advantage of
this fact to ease the hum pick-up
problems you'll get there.”

“I assume that the idea of using
three inputs,” put in Dick, “is that
you can select whatever amount of
af. gain you require from the
amplifier.”

“That’s right,” confirmed Smithy.
“Each input is provided by a jack

THE RADIO CONSTRUCTOR
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into which you fit a jack plug
coupled to the probe unit. I'll be
showmg you the probe unit circuit
in a minute, but for the time bemg,
I'll merely mention that, when it’s
used for a.f., it has a built-in d.c.
blocking capacitor of 0.01xF.”

PROBE UNIT CIRCUIT

“I've just noticed something
else,” remarked Dick, peering
closely at the circuit. “Input 1 uses
a closed circuit jack.”

“That’s intentional,” said Smithy.
“What you'll find is that a small
amount of self-generated noise
appears in the grid circuit of VI(a).
This noise won’t be troublesome

when you're actually using Input
1, but there’s no point in having it
break through to the later stages
when you aren’t. So, when Input 1
isn’t in use, the noise at the grid
of Vli(a) is automatically shorted
down to chassis.”

“That seems to clear up my
. queries so far as the amplifier
circuit is concerned. “What about
the probe unit?”

Smithy picked up his pen once
more.

“That,” he remarked, “is very
straightforward. Hang on a jiff and
I'll scribble out its circuit for you.”

Smithy soon had the circuit
drawn (Fig. 4) and he then passed
his pad over to his assistant for
that worthy’s scrutiny.

“This probe unit,” said Smithy,
“has a 2-pole 2-way switch on it
which is set, as required, for a.f.
and r.f. input signals. When the
switch is set to ‘A.F.’ the probe
couples straight through to the jack
plug via the 0.01xF capacitor C12.
When the switch is set to ‘R.F.’ the

- probe couples to a standard a.m.
detector circuit, the output of which
“is similarly fed to Ci2. I've indi-

cated the detector diode as being -

an OAS8I1, but pretty well any ger-

R4 tags project
downwards

manium signal diode could be used
instead. The circuit is not at all
fussy in that respect.”

“What’s the crocodile clip for?”

“You clip that to the chassis of
the set you're working on,” said
Smithy. “After which you simply
apply the probe to the circuit points
you want to check.”

Dick looked thoughtfully at
Smithy’s sketch.
“] see,” he remarked, “that I'll

have to make up the probe unit in
some sort of screened case.”

“Oh, definitely,” said Smithy.
“The only bit of the probe unit
that’s unscreened is the probe itself.
This needs to poke out from the
unit for about 3 inches or so, and it
can consist of a length of metal
rod about +%in. in diameter with
a spike on the end. What you
haven’t mentioned yet is the very
important point that all the out-
side of the probe unit must be
insulated, as also must the flexible
screened cable coupling the probe
to the jack plug. The reason for
this is that you'll be holding the
probe unit in your hand whilst
you're using it. If you’re working
on .a receiver with a live chassis
then the probe unit screening will
be live also; so it's essential that
the unit be completely covered with
insulation suitable for mains volt-
ages. The a.f.-r.f. switch should be
a rotary type, since it can then be
fitted with an insulated knob.”

“That probe unit shouldn’t pre-
sent too much trouble,” said Dick
musingly. “I'll hunt out a stout
plastic box and put all the stuff
inside that. With a bit of luck I
should be able to find a small tin
that will fit inside the plastic box
and provide the screening.”

“Good boy,” returned Smithy
approvingly. “The components re-
quired in the probe unit are all
quite small, so the tin you require
needn’t be large in physical size.

Qutput transformer Malns transformer

]

Front panel

5
On-Of¢
switch

Fig. 5. Top view illustrating a suitable chassis layout for the signal
tracer amplifier. The three jacks are below chassis deck level
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The resistors, for instance, can all
be 1/8 or 1/10 watt. Don’t forget,
though, that C10 and CIl2 shoeuld
be S00 volt working. These capa-
citors need this working voltage in
case the points in the receiver being
checked carry a high h.t. potential.”

“Well,” remarked Dick, “it cer-
tainly seems that, at long last, I've
got something to occupy me today!
I'l make the main amplifier unit
first. Any hints there?”

“You’ll need,” said Smithy, reach-
ing for his pad once more, “a sen-
sible layout for the wvalves and
jacks, of course. I'd suggest some-
thing like this.”

Smithy sketched out a suitable
layout (Fig. 9).

“Another point,” he added, “is
that the chassis returns in the grid
circuit of V1(a) should all be taken
to the same chassis point. This can
conveniently be at the chassis tag
of the Input 1 jack (Fig. 6), which
must be mounted very close to V1
valveholder. The lead-out of Ri
connecting to the grid tag of the
valveholder should be kept very
short, as also should the_bit of cen-
tral wire poking out of the screened
lead. The latter will, of course, be
quite short in length. Also, make
sure that the heater wiring to VI
is well-twisted and kept well away
from the grid pin and from the
Input 1 jack.”

“Blow me,” said Dick, returning
to the circuit diagram of the ampli-
fier. “It’s only just occurred to me
that the heater circuit has a hum-
dinger!”

“Do you mean RI11?”

“That’s the joker.”

“RI11 is adjusted for minimum
hum,” said Smithy. “All you need
there is a skeleton preset.”

“Should the speaker be in the
same cabinet as the amplifier sec-
tion?”

“It would be better to have it
separate,” said Smithy. “Otherwise
you might get acoustic feedback
problems due to microphony in
Vi(a). In your case, all you need
to do is to make the amplifier up
on a small chassis and couple it to
your bench speaker. A point I
haven’t mentioned here, by the way,
is that the amplifier shouldn't be
used without a speaker connected.
This is because you'll get some
pretty hefty a.f. voltages across the
primary of the output transformer
if the secondary isn't loaded, and
these could cause damage.”

TRYING OUT

“Righty-ho,” said Dick cheer-
fully. “From now on I'm devoting
the afternoon strictly to chassis-
bashing and wiring up!”

And such, -indeed, was the case.
Smithy returned thankfully to his
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paper-work, his subsequent concen-
tration being interrupted only by
the sounds of Dick’s exertions in
the manufacture of the signal tracer.
These consisted initially of the
screech of Dick’s file on sheet metal,
the scream of Dick’s electric drill,
and the battering of Dick’s mallet
against the vice %ending-irons. This
session terminated in a period of
violent cursing, followed by a trip
to the First Aid box for Elasto-
plast. Relative silence ensued,
broken merely by the busy rattle of
box spanner and screwdriver. Pro-
ceedings warmed up after this as
Dick next swung into a rhythmic
performance made up of first, the
snip of his side-cutters, second, the
sizzle of the solder and, third, the
crashing of the iron as it was re-
turned to its rest. The passage was
unexpectedly interrupted by one
sizzle louder than the rest, this
being immediately followed by a
roar of anguish and a further visit
to the First Aid box. After that,
the cadence of side-cutters, sizzle
and soldering iron became audible
once more.

Eventually, the sound of deep and
concentrated breathing betokened
the checking, by Dick, of his com-
pleted wiring against Smithy’s
circuit. A triumphant grunt of satis-
faction indicated that all was well,
and it was succeeded by the eager
clatter of mains plug in socket and
the click of an on-off switch. The
final movement called for visual as
well a$ aural perception, and com-
menced with the holding up in the
air of the second finger of Dick’s
right hand (the first finger having
now become completely insulated
by Elastoplast) followed by its
downward insertion into the under-
side of the amplifier chassis. A
deep-pitched grid hum at once re-
sounded from Dick’s bench loud-
speaker.

It was at that instant that Smithy
put to one side the last of his
paper-work.

“All done, Smithy,” called Dick
proudly.

Smithy walked over to Dick’s
bench and examined his assistant’s
handiwork. The completed amplifier
chassis was upside-down, with the
probe unit alongside it.

“You've certainly been indus-
trious,” remarked Smithy, im-
pressed. “Blimey, you've even made
up the probe unit as well.”

“I've done the lot.”

“Have you tried it out yet?”

“TI've only checked the amplifier
from Input 2 to the speaker,” said
Dick. “I got a smashing loud hum
when I put my finger on the ‘tip’
contact of the Input 2 jack.”

“Good,” commented Smithy.

The Serviceman put his hand on
the gain control knob, and found
that Dick had already put it to its
maximum setting. He then bent
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forward and listened critically to
the output from the speaker.

“That sounds nice and quiet,” he
announced. “Just a very faint hiss.
I'tl switch the probe unit to ‘A.F.
and plug it into the Input | jack.”

As Smithy inserted the jack plug,
a much more noticeable hiss, accom-
panied this time by hum at a low
level, bccame audible from the
speaker. Smithy picked up a screw-
driver and adjusted the humdinger
potentiometer. The hum dropped to
a level that was barely audible
above the hiss.

“Hmm, quite reasonable,” he
said. “Bring your finger up to the
probe.”

Dick cautiously advanced his

finger to the probe on the probe
unit. When it was several inches
away the hum level started to in-
crease, reaching an ear-shattering

level when his finger actually
touched the probe.
“Hell’s teeth,” remarked Dick,

“there’s some gain there.”

“Switch the probe unit to ‘R.F.",”
said Smithy, “and do the same
again.”

Dick clicked the switch on the
robe unit to ‘R.F.’ whereupon the

iss from the speaker became
noticeably reduced. He looked at
Smithy enquiringly.

“Don’t worry about that,”’ said
Smithy. “It's merely because you’ve
reduced the impedance between the
grid of Vl1(a) and chassis.”

Reassured, Dick brought his
finger forward and once more
touched the probe. To his utter
amazement the bench loudspeaker
at once reproduced at unexpectedly
high level, the local B.B.C. Radio
4 transmission, together with a back-
ground accompaniment from Radio

HIGH GAIN

“Ye gods,” stuttered Dick, snatch-
ing his finger away. “What happened
then?”

“You were acting,” chuckled
Smithy, “as an aerial, and all the
a.m. signals you picked up were
being applied to the detector in that
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probe unit. As it happened, our
local Radio 4 transmission was the
strongest, and that’s why it pre-
dominated in the signal from the
speaker. The very high gain in the
signal tracer amplifier did the rest.
So there you are, Dick. You've
now built yourself a signal tracer
with probably sufficient gain to re-
produce the signal picked up on at *
least some ferrite rod aerials, and
certainly with enough gain to pick
up the signal after a receiver’s mixer
stage.”

“I'm going to have some fun
with this,” said Dick gleefully. “Can
you think of any other low-level
signals this tracer will work with?”

“The a.f. stages,” said Smithy,
“have got about the same gain as
the a.f. stages of a valve tape re-
corder playback amplifier. The
tracer should, therefore, be capable
of amplifying the signal from vir-

tually all medium to high im-
pedance tape recorder playback
heads, when the probe unit is

switchcd to ‘A.F.” The only other
applications I can think of are the
standard ones you use a signal
tracer for, and many of these will
require the probe unit to be plugged
into Input 2 or Input 3 instead of
into Input 1.”

With these words, Smithy applied
his own finger to the signal tracer
probe, whereupon the Radio 4 pro-
gramme once more resounded
around the- Workshop. Allowing
himself a satisfied smile, Smithy
switched the signal tracer off with
a flourish.

“That action,” remarked Dick,
who had been watching Smithy
closely, “made a very nice little
gesture to finish off with.”

“Did it?” returned Smithy. “Then
I suppose it could be referred to as
a coup de grdce.”

“You and your -French sayings!
What does that one mean?”

“Once again,” replied Smithy,
“there is difficulty in translating
from the original French. The literal
meaning is ‘lawn-mower’ but, when
used in the correct context, the ex-
pression carries quite a different
association of ideas.” -

THE RADIO CONSTRUCTOR
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LATE NEWS

v AMATEUR BANDS
@ HUNGARY

According to the latest information, there are some
300 call holders in Budapest and new calls are being
constantly issued. The most active Hungarian amateur
station last year was HASCQ with 6.000 contacts on
s.s.b. Second on the activity list was HASFE using
both the s.s.b. and r.t.ty. modes. The Hungarian
Radio Amateur Association has just arranged with

their Post Office for the release of new r.t.ty.

machines for purchase by amateurs.
@ LUXEMBOURG

LXIBW has been very active on 21385kHz using
the s.s.b. mode.
@ TRISTAN da CUNHA

ZD9BN has been heard on 14203kHz using s.s.b.
@ AUSTRALIA

If you hear the prefix AX you will be listening to
an Australian station. The prefix is being used this
year to mark the 200th anniversary of the landing of
Capt. Cook on the mainland. A Centenary Award is
being issued to overseas amateurs who work 50 AX
stations. For checking purposes QSL’s are not re-
quired, just list log book data, get it countersigned
by two amateurs who verify that entries agree with
the fogbook and send to Awards Manager, W.I.A.,
POB67. East Melbourne, Victoria 3002. Awards are
free. Write on envelope own address and “Cook
Award”.

% BROADCAST BANDS

@ BRITISH HONDURAS

Radio Belize on 3300kHz has raised its power from
1 to Skw. ’
@® QATAR

Radio Qatar, Doha, in the Persian Gulf, listed on
9570kHz is currently operating on 9500kHz and has
added several new channels. These are 5150, 6135,
9770 and 11710kHz.
@ HAITI °

5050kHz 4VOD Radio Valparaiso, Port-de-Paix
(0.15kW? in a recent letter to a Dx'er stated that the
often quoted station on this channel (4VGA Radio
Capois 13 Mort) has been silent since 1967 and that
they, 4VOD, are the station being heard on this
frequency.
@ INTERNATIONAL WATERS

Radio Norge, a new commercial radio pirate is
now on the air on 6210kHz with announcements in
English and German.
@ CAMNADA

The CBC International Service, Sackville, New
Brunswick will soon increase the power of its short
wave transmitters from 50 to 250kW.
@ CONGO KINSHASHA

Radio Lubumbashi (100kW) “The Voice of African
Brotherhood" is again transmitting on the usual fre-
quency of 11866kHz after being off the air during
November and December of last year.

Acknowledgements to our own Listening Post,
Swedish Dx’ers and Radio Budapest. =

L

‘CQ’ CONTEST

The 1970 CQO WW 160 Metre
CW contest took place from 0001
GMT on Saturday, 24th January to
1500 GMT Sunday, 25th March.

European activity was apparent

LAST LOAK ROUND

from 1855kHz down to 1810kHz,
and in the case of one OK station
even Jower - right on the U.S.A.
‘Dx  Alley’. Warnting-up activities
commenced in earnest at around
2330 GMT and by the starting
time of the contest European Dx
contacts were taking place. Con-
ditions for Eu Dx were good,
during a listening session from the
contest commencement until 0130
GMT, the following were heard.
CW: DLIKRA, EMJ, GD3SVK,
GI3JXS, GM3IAA, GM3IGW/A,

GW3UCB, GW3UPK, HBOCM.
HBINL, HBYQA, OH2VO,
OKIATY, OKIAWQ, OKIAZZ,
OKIDVK, OKIIQ, OKIKU,
OK2BFN, OK2BMR, OK3CDO,

OL2A10, OLSALY. OLSAMT.

A search for W signals from
0530 until 0700 GMT produced onty
K2GNC (1802kHz, 0543); K2IXJ
(1820kHz, 0650): WIHGT (1804kHz,
0600) and W4BGO (1803kHz,
0545).

But for the two fish-fone carriers
which are unmodulated for most of
the time and are apparently on the
air continuallv. one on 1800 and the
other on 1806kHz, more trans-
Atlantic signals would be heard.

]
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@® TRUTH TO TELL?

George Washington, first President of the U.S., could not tell a lie —
at least that is what we are led to believe.

In his day Lie Detectors, other than human, were unknown but in
these modern times such instruments are used in this country by
students of psychology engaged in experimental work and research.
Would you care to preside over a lie detecting session? If s0, you
should first build the Transistorised Lie Detector.

Truth to tell. this article will appear in our next issiie — and we are
not prevaricating! Just to put the record right, ignore the first para-
graph. The cherry tree legend was dreamed up by “Parson” Weems —
it’s an untruth!

® GOGGLE-BOX CONVERSION

If vou are the owner of an early U.K. ‘One-Eyved Monster’, or can
obtain such a model, why not blow the dust off the thing and convert
it to receive European TV Dx? After all, their programmes can hardly
be worse than some of ours!

Intended for the constructor who is familiar with TV operation,
European Systems TV Conversion provides the information required
to successfully look into Europe — see the April issue and change that
old ‘idiot’s lantern’ into a new role. New lamps for old?

@ 464

A look round to this page will show that we have not forgotten the
comnarative beginner during the publication of our 23rd volume. Over
the 12 issues, August to July inclusive, we try to include constructional
articles aimed at all levels and interests. It is hoped that the receiver
described will encourage further adherents into the hobby. [ ]
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THE MODERN BOOK CO

1970 WORLD RADIO-TV HANDBOOK

A Complete Directory of International

42s. Radio and Television

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

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

Audio Amplifiers
by DATA. 10s. 6d.

Television Engineers’ Pocket Book
by J. P. Hawker. 21s. Postage 1s.

Beginner’s Guide to Radio Control
by Warring. 18s. 6d.  Postage 1s.

Postage 6d.

Electronics Pocket Book
by J. P. Hawker. 21s.  Postage 1s.

Mathematics for Radio and Electronics
Technlcians by Fritz Bergtold. 50s.
Postage 1s.

Postage 1s. 6d.

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

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

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

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

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

Radio Year Book, 1969/70 edition,
by Eric Ickinger. 15/- Postage 1s. 6d.

HI-FI Year Book 1970. 20/- Postage 2s.

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

i9-21 PRAED STREET (Dept RC) LONDON W2
Telephone PADdington 4185

THE WILSIC Mk I
REVERBERATION UNIT KIT

A new. all silicon version of our self-contained, 6 transistor,
reverberation chamber to which microphones, instruments,
tuners or tape recorders may be connected for added dimen-
slonal effect. The output is suitable for most amplifiers and
the unit is especially suitable for use with electronic organs.
A ready-built spring and transducer assembly is used. (58/11
if bought separately).

Complete easy-to-build kit, with constructional notes and
circuits: £7.10.0. Pre-drilled and printed case 34/- extra.
All parts available separately. Send 1/. for circuit and con-
struction detalls.

THE IMPROVED WILSIC SIGNAL
INJECTOR. Now all-silicon circuit
for extra high frequency harmonics.
Light and compact, measuring only
331" x f" (excluding probe). Price
ready for use, including battery
32/6 post free.

THE WILSIC
WAH-WAH PEDAL KIT

SELECTIVE AMPLIFIER MODULE. The basis of the Wah-Wah
pedal. Kit contains all the components to build a 2-transistor
circuit module, also the sockets, control, etc., required for the
constructor to assemble his own design. 35/-.

Assembled and tested module 42/6.

FOOT VOLUME CONTROL PEDAL. Foot pedal unit in very
strong fawn plastic. Fitted with output lead and plug for con-
nection to guitar amplifier. May be used for volume control or
converted to Wah-Wah by adding the module.

Pedal unit only £5.12.6.

Compiete kit for Wah-Wah pedal £7.0.0. All post free.

Send 1/6 for our catalogue of components, testmeters, musical
electronics 2nd more details of the above items.
Callers welcome.

WILSIC ELECTRONICS LIMITED
6 COPLEY ROAD, DONCASTER, YORKSHIRE

The
“NEOPHYTE” AMPLIFIER

TELERADIO new Hi Fi dept
are stocking all parts to build
this interesting project.
(SEE OCTOBER ISSUE)

Full details of this and
other amplifiers in kit form, from

TELERADIO ELECTRONICS
325-7 Fore St., Edmonton, London N9
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SMALL ADVERTISEMENTS

Rate: 9d. per word Minimum charge 12/-
Box No. 2/- extra.

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

SERVICE SHEETS. Radio, Television, Transistors, Tape
Recorders, Record Players. S.A.E. enquiries please.
Hamilton Radio, 54 London Road, Bexhill, Sussex.

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

TO RADIO EXPERIMENTERS, Transistor Project
Builders. We manufacture small mains transformers,
interstage and output transformers to your require-
ments. S.A.E. with enquiries please. Ratcliffe, 18
Beech Avenue, Thongsbridge, Huddersfield, Yorks.

FOR SALE: Metal Rectifier, Radiospares Type REC22,
30/-. Push-pull Interstage transformer, Repanco Type
TT4, 7/6d. Pair Mullard OC36 transistors, unused, 35/-.
Heat sink to match, 10/-. 0-200mA meter, 24in. diam.,
flush mounting, 10/-. 0-40mA meter, 2in. sq. f.m., 15/-.
50 assorted resistors, £1. 25 assorted capacitors, £1.
Box No. F379.

WANTED: Disc Recording Equipment. Send details to
Packs Infotel Ltd., London Road, Sunningdale, Berks.
Telephone: Ascot 21666.

FOR SALE: Four Mullard RGI1-240A rectifier valves,
with high voltage insulation filament transformer, suit-
able use in pairs. £5. Box No. G100.

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

“MEDIUM WAVE NEWS” Monthly during Dx season.
;—thails from: K. Brownless, 7 The Avenue, Clifton,

ork.

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

FOR SALE: Mullard 5-10; Valve FM Rx and partly
assembled on chassis, £8 the lot. S.T.C. S5th overtone
triple FM crystal No. 4434/B, £2 10s. 0d. Pendry, 43
O.M.Q., St. Eval, Wadebridge, Cornwall. Telephone:
Rumford 316.

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

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

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

(Continued on page 513)
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BENTLEY ACOUSTIC GCORPORATION LTD.

38 Chalcot Road, Chalk Farm, The Old Police Station
LONDON, N.W.I. Gloucester Road
01 - 722 90%0 LITTLEHAMPTON. Sussex

Please forward all mail orders to Littiehampton PHONE 6743

524G 7/1-'ECC84 5/6PC88 10/3|UBOI _ 19/6]AD149 8/-[BYZ10 5/-
6AQ5 56 ECCB5 5/6|PC9S 8/3{UABCBO 6/-|ADI62 9/~ BYZII 5/-
6ATH 4/1-{ECCB6 8/- PC97 8/6|UBCB1  7/=|AFI06 10/-|BYZ12 5/
6C4 5/-|ECCB:  7/=|PC900 8/3|UBFBO  5/9|AFi14 4/-|BYZ(3 5/
6,30L2 1216 |ECC 189 9/6|PCC84 6/3]UBF89  6/9|AFII5S 4/3]OA70 3/-
6BW6 12/9|ECFB0  6:6|PCC85 6/6|UC92  516IAFIIT 4/6|0A79 115
68W7 I1/~|ECFB2 6/6{PCCB8 9/9(UCCB4 B8I—|AFI19 3/-|OaBI 1/9
6F23 I13/3|ECF86 9'-|PCC89 9/6|UCCBS 6/9|AF12] 6/-|OA%0 2/6
6F28 1 4/-|ECH42 1216 PCC189 10'6|UCFB0 8/3|AFI26 5/-|OA9I /9
6L6GT 7/9{ECH8I >, PCFBO 6/6|UCH2I 9i=|AFI39 13/=|OA9S /9
9D7 91-|ECHB3Y 8'-|PCF82 6/3]UCH42 13/-|AF180 9/6(0A200 |/-
10FI8 7/-|ECHB4 7:6|PCF84 8/~-{UCHB) 6/6[AFI86 11'-|OA202 2/~
30015 13/-|ECLBO 6/6(PCF86 9/-{UCLB2 7/-1AF239 7/6(OC22 5/-
30C17 16/-|€ECL82 6/-|PCFB0! 7/-|UCL83 10/-|BA102 9:-/OC23 5/=
30C 18 11t6|ECLE3 9/-|PCF802  §/-|UF4l 10/-{BAIIS 2/8/0C24 5/
30FS 16.-|ECL86 8/-[PCL82 7/~-|UFBO0  6/9|BAII6 5/-|OC28 S5/-
30FL I 15/-|EF22 1 2/6|PCL8I 9/-[UFB5  6/9|BAI29 2/6|OC26 5/~
30FLI2 16/—|EF4] 10/=|PCL84 7/6|UF86  9/-|BAI30 2/-[OC28 5/~
30FL14 12/6|EFB0  4/6|PCL8S 9/-|UF89  6/9|BCI107 4/-{OC35 5/
30L45 13/9/eF85  S13|PCL86 8/6|UL4l  106{BCIO08 3/6|OC36 716
30L17 i5/6|EFB6  6/3|PEN4SDD 12/-|UL84  6/6[BCI113 5-{OC38 8/6
30P4 12/-|EFg9  5/-|PFL200  12/6|UMB0  6/6|BCII8 4/6/OC44 2/
30P4MR 1716 |[EFS1  3/3|PL36 9/6|UY4l  7/-|BCYI0 5/-|OC48 /9
30P12 13/9|EF183  6/—|PL8! 7/3{UY85  S'9{ECYI2 5/-|OC46 3/~
30P19 12/-|EFI184 6/-|PL82 6/6|VP4B  10/6|BCY33 5/-|0C70 2/3
30PLY 15/-1EHS0  7/6|PL83 6/6]2N404 6 —|BCY34 4/6|OC71 2/~
3CPLIY 15/6(EL33 12/-{PLB4 6/6]2N1756 10/-1BCY38 5/-)OC72 2/-
3(P. 14 15/-|EL41  10/3|PL500 13/-|2N2297 4/6|BCY39 4/6{0C74 2/6

133 186 ELB4  4/9{PL504 13/6|2N2369 4/3|8CZ11 3'6|OC75 2/-
DY87 5/9 EL95 S5/3[PLS09  28/9|2N2613 7/9{BDI19 9/-|OC78 3/-
E88CC 12/-|/€EM80  7/-|PY33 10/-{2N3053 6/6 BFY50 4/-|0C78D 3/~
EABC80 6/-|EMBI  7/6|PY8 5/3|2N3703 3/9|BFYSI 4/-|OC8I 2/-
EAF42 8/9[EMB4  6/6/PY82 5/-[2N3709 4/-|8FYS2 4/6{OC8ID 2/-
EB9I 2/3[EM85 11/-|PY83 5/9|2043988 101 |BFIS9 5/-|OC82 2/3
EBC4I 916 |EMBY  7/6|PY88 6/9(25323  10/-|BF163 4/-|OC8) 2/~
EBCS| S59EY51  7/6|PY8O0 716|AA1I9  3_IBFI73 7/6{0C84 /-
EBF80 6/9/EYB7 6 6|PYBOI 6/9|AAI20  3)-1BFIB0 6/-(OCI23 4/6
EBF83 8/- €240 7/6|U19 34/6|ACII13  5/-|RY100 3'6|OCI69 3/6
EBF89 6/3 EZ80 4/6|U25 13/-|ACI127 26 BY10l 3/-|OCI72 4/
EC92 6/6 EZ81  4.9|U26 11/9]ACI54 5/ 1BYI105 3/6|QC200 4/4
ECCB8! 3/9|HVR2 8/ U191 1216|ACI56 4/-[BYI14 3 6|OC202 4/8
ECCB2 4/6IxTwWe6210 -1U30) 11/1-{ACI57 5/-|BYI26 3/-|OC20Y 4i6
ECC8) 4/6/PC86 10/3[UU404 7/6/AD140  7/6lBY127 3/6'ORPI2 8/6

Terms of business: Cash with order only. No C.0O.D. Post/Packing 6d. per itemn,
Orders over £5 post free. All orders despatched same day as received by first
class mail. Complete catalogue including transistor section and components
with terms of business 10d. Any parcel insured against damage in transit for

TECHNICAL TRAINING
IN RADIO, TELEVISION AND
est. 90 ELECTRONIC ENGINEERING

First class opportunities in Radio and Electronics awan
the ICS trained man. Let ICS train YOU for a well-paid
post in this expanding field.

1CS courses offer the keen, ambitious man the oppor-
tunity to acquire, quickly and easily, the_specialized
training so essential to success.

Diploma courses in Radio TV Engineering and Servicing
Electronics, Computers, etc. Expert coaching for:

* C.&G. TELECOMMUNICATION TECHNICIANS CERTS.
C. & G. ELECTRONIC SERVICING

R.T.E.B. RADIO AND TV SERVICING CERTIFICATE
RADIO AMATEURS EXAMINATION

P.M.G. CERTIFICATES IN RADIO TELEGRAPHY

Examination Students Coached until Successful.

NEW SELF-BUILD RADIO COURSES

Build your own 5-valve receiver, transistor portable,
signal generator, multi-test meter and professional-type
valve voltmeter—all under expert guidance.

POST THIS COUPON TODAY and find out how ICS can
help YOU in your career. Full details of ICS courses in
Radio, Television and Electronics will be sent to you by
return mail.

MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES.

INTERNATIONAL CORRESPONDENCE SCHOOLS
Dept. <4ab. interiexi House, Stewarts Road, London, S.w.8. |

|| [
| Block Capitals Please |
I ADDRESS |
| e ———————— A
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AUDIO TRONICS g
T RAD

The 1970 edition ot §
Lasky's famous Audio- %
Tronwes catalogue is now
available-FREL on request %
The 28 tabloid pages-many °
in full colour are packed s
with 1.000's of items from the %
largest stocks in Great Britain x
of everything for the Radio and
Hi-Fi enthusiast. Electronics
Hobbyist, Servicemen and Com-
munications Ham. Over half the
pages are devoted exclusively to s
every aspect of Hi-Fi (including %
Lasky's budget Sterco Systems k.
and Package Deals), tape re-
cording and Audio accessories
PLUS Lasky's amazing money
saving vouchers worth over £25
All the goods shown are available
from any of our branches or by
Mail Order-bringing the benefiis of
shopping at lasky's to you in the G
comfort of your home. Over 150.000 & ™.
customers have already received Wi
their copy of the ‘“"Audio Tronics ¥
catalogue — don't deiay

Send: Your name, address and 2[- for
post only and the inclusion of your nanie Y
on our regular mailing list.

To: Lasky's Radio Limited
3-15 Cavell Street, Tower Hamlets,
London. E.1,

JACKSON BROTHERS

have acquired the manufacturing rights of

WAVEMASTER

VARIABLE CAPACITORS

‘Wavemaster’ variable capacitors have brass vanes and a single ceramic
end plate. All have 0.248" spindles, extended both ends for ganging
by means of our Universal Couplings. All are designed for 5.W
working and for one hole fixing.

6mm spindles to order if required. Various capacitances, Largest vane
packs 300 pF 0.017 air gap, 50 pF 0.64 air gap.

.

b

PESTYPE &, SLC LAWSIS R

Type 87 S.L.C. Law Type 95 S.L.C. Law Type 92

Plain bearings, Ball bearings, Modified S.L.C. Law
}" fixing bush, 75" dia. fixing bush, (S.W. Tuning)

ront area front area Plain bearings,

143" w.x 1§" h, 13" w.x 14" h, }”dia. fixing bush,

ront area

147 w. x 11" h.

JACKSON BROTHERS (London) LTD.

e RADO
i, CONTROL FOR
MODELS

SHIPS, BOATS and AIRCRAFT
By F. C. JUDD

With sections on servo-
mechanisms by

RAYMOND F. STOCK
More than 200 illustrations— circuits,
working diagrams, photographs & tables.
Each page is packed with information.

192 Pages
I5s. ...

This book is basically an amalgamation of ‘‘Radio
Control for Model Ships, Boats and Aircraft’” and
“Radio Control Mechanisms”. Additional material
has been added on Multi-Channel Operation; Tran-
sistorised Radio Control Receivers—Simple and
Three-Channel; A Compact Efficiency Aerial; Deac
Battery Information; Licence Conditions, etc.

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

Please supply....... ... copy(ies) of your publica-
tion “RADIO CONTROL FOR MODELS” DATA
BOOK No. 16.

| enclose cheque/crossed postal order for..........

NAME .. it s .

ADDRESS ...

Kingsway, Waddon, Croydon, CR9 4DG Phone: (01-688) 2754-5 BLOCK LETTERS PLEASE
U.S. Office: M. Swedgal, 258 Broadway, New York N.Y. 10007
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SMALL ADVERTISEMENTS

Continued from page 511

MUSICAL MIRACLES. Send s.a.e. for details of Drum
Sound Modules, versatile bass-pedal accompaniment
unit, self-contained with unique effects. Kits for Waa-
waa pedals, 49/-. Also bargain components. reed
switches, etc. D.E.W. Ltd., 254 Ringwood Road, Fern-
down, Dorset.

WANTED: Lcads and handbook or connection data for
the Solartron Monitor 101 oscilloscope. If further
details required, please write to: M. Brett, 28 Elmcroft
Avenue, Sidcup, Kent.

BOOKS TO CLEAR: “The Upper Atmosphere”, Massey
& Bayd, 50/-. “KEOEEIT", story of the Aurora Borealis
20/-. “The Living Brain”, Grey Walter, 10/-. “Teach
Yourself Russian”, S/-. “Principles of Modern Book-
keeping”, 5/-. “Outlook”, elementary weather fore-
casting, 7/6d. “Marine Signalling Methods”, Pomphrey,
10/-. “Practical Nucleonics”, experiments in Nuclear
Physics, Pearson & Osborne, 25/-. “Health Physics”,
principles of radiation protection, Rees, 50/-. “Violent
Universe”’, Calder, 15/-. All plus postage. Box No.
Gll11.

TRANSISTORS. 1/9d. each or 16 for £1. ACY22, BC108.
BFYS50, OC45, OC71, OC202, ZTX300, 2N2926. Brand
new, individually tested. Resistors § watt 5% 3d. each.
All values 1092 to 1M£2. Money back guarantee. P. & P.
1/-. J. M. King (B), 14 Acton Strect, London. W.C.I.

FOR SALE: Mains transformers: Woden RMS [2A,
350-0-350V, 120mA, 6.3V 4A. 6.3V 2A, £2. Woden fil.
3.75-0-3.75V, 5A, £1. 350-0-350V, 250mA, 5V 2A x
2, 6.3V 2A, 2V 1A, £1. 250-0-250V, 100mA, 4V, 6.3V,
2A, 15/-, 0-140V tapped out, 250V a.c. tapped in, 10/-.
Postage paid. Box No. G112,

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

FOR SALE: Tanoy hand mic. £1. Eddystone P.A. coil
formers, 10/-. Parmeco mains choke, 10H. 250mA, £2.
2 metre converter £3. 20W motor gencrator, ex-A.M.,
12V 4A in, 400V 0.05A out, £2. Bubble sextant Mk.
IX, £3. Box No. GI113. .

MAGAZINES TO CLEAR: C(Q 1947-November, 1955—
April, 1957-Fcbruary to June, 1959-July to December,
1960—omplete, 1961-all except August, 1962, 1963-
complete, 1964-March missing, 1965~-complete, 1966-all
except October, 1/6d. per copy. OST, 1948 October,
1961 October to December, 1962 September, 2/- per
copy. RSGB Bulletin, 1956-May, September, October,
1957-August, September, 1958February, July to
December, 1959-60—complete, 1961-August, Septem-
ber missing, 1962~February to May, 1/- per copy. 73,
1963-July, August, September to November, 1967-
January, October, 1968 January, February, April &
November, 1/6d. per copy. Wircless World, 1947-
December, 1958-September, 1960-January, April, June,
September to December, 1964-January, December,
1965-January to June, 2/- per copy. Box No. Gl14.

FOR SALE: Golay lever escapement navigation watch,
in wooden case, 4in. x 34in. x 2{in. £5. Box No. G115.

FREE GIFT when you request our quality stamps,
supplied on approval. Generous discounts. Details
from: Watson’s Philatelic Service, 6 Beech Avenue,
Brentwood, Essex.

POSTAL ADVERTISING? This is the Holborn Service,
Mailing lists, addressing, enclosing, wrappering, fac-
simile letters, automatic typing, copy service, campaign
planning, design and artwork, printing and stationery.
Please ask for price list—The Holborn Direct Mail
Company, Capacity House, 2-6 Rothsay Street, Tower
Bridge Road, London, S.E.1. Telephone: 01-407-1495.

{Continued on page 515)
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Solid State Around the House?

20 Solid State Projects
for The Home

R. M. Marston

Applies the latest developments in semi-
conductor technology to a varied selection of
devices which, as well as being fascinating to
build, will prove extremely useful in the home.
The clear and concise circuit descriptions,
construction hints and full components lists
make this an invaluable addition to the home
constructor’s library.

2005000003000 00200852700002020000

Limp 592028720 -
Cased 592028674 -~

18s
28s

105 pages

54 illustrations

Available from leading booksellers or:

The Butterworth Group
88 Kingsway London WC2

TE90SOROEOT39000CEHCO0300C0LTOPO0DITESCOCSTOOIDZ LS

0009830062 I3005300

S0 0SCE0209 5060039651 C0000CE00000

F R E [E 72 AMBITIOUS ENCINEERS

Tl LATEIT DOIFION OF ENGINERING OFPORTUNITIED

Have you sent for your copy !

ENGINEERING OPPORTUNITIES is a highly informative 164 page
guide to the best paid enﬁineering posts. It tells you how you can
quickly prepare at home for a recognised engineering qualification
and outiines a wonderful range of modern Home Study Courses in
all branches of Engineering. This unique book also gives full details
of the Practical Radio & Electronic Courses administered by our
Specialist Electronics Training Division — explains the benefits of
our Appointments Dept. and shows you how to qualify for five
years pramotion in one year.

““Satisfaction or refund of fee' terms

Whatevar your age or experience you cannot afford to miss reading
this famous book. Send for your copy of “ENGINEERING
OPPORTUNITIES'" today — FREE.

Practical Equipment including Tools

The specialist Electronics Division of B.I.E.T. NOW offers you a real
laboratery training at home with practical equipment.

Basic Practice and Theoretical Courses for beginners in Radio, T.V.,
Electronics, etc. Ask for details.

Which is your pet subject 1

AM.LER.E. City & Guilds [J Radio Amateur’s Exam. [] R.T.E.B.
Certificate P.M.G. Certificate [J Practical Radio [] Radio & Television
Servicing [] Practical Electronics [J Electronics Engineering [J
Automarion []

The B.L.E.T. is the leading institute of its kind in the world.

Pleaso send British Institute of _l

Free Books and . .
Full information Engineering Technology

I NAME I
I f : ADDRESS I
E Ly
ﬁ.a mﬁﬁh
| Subject
of interest Age
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NEW STYLE
SELF-BINDER

for “The Radio Gonstructor”

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

Specially constructed Binding Cords are made
from Super Linen of great strength, very hard
twisted and twice doubled. They are attached
to strong RUSTLESS Springs
e under tension, and the method

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

PRIGE 14/' Postage 1/6

Available only from:—

Data Publications Ltd,

b7 Maida Vale London W9

RADIO -
OPERATORS

There will be a number of vacancies in the
Composite Signals Organisation for ex-
perienced Radio Operators in 1970 and in
subsequent years.

Specialist training courses lasting approxi-
mately nine months, according 1o the
trainee’s progress, are held at intervals.
Applications are now invited for the course
starting in September 1970.

During training a salary will be paid on
the following scale:—

Age 21 £800 per annum
22 855 ., o
23 890 ., o
24 925 ., ©
25 and over 965 ,, o

Free accommodation will be provided at
the Training School.

After successful completion of the course,
operators will be paid on the Grade 1 scale:-

Age 21 £965 per annum
22 1025 ,, =
23 1085 ., o
24 1145 , "
25 (highest 1215 "
age point)

then by six annual increases to a maximuimn
of £1,650 per annum.

Excellent conditions and good prospects
of promotion. Opportunities for service
abroad.

Applicants must normally be under 35
years of age at start of training course and
must have at least two years’ operating ex-
perience. Preference given to those who also
have GCE or PMG qualifications.

Interviews will be arranged throughout
1970.

Application forms and further particulars
from:-

Recruitment Officer (R.0./63),

Government Communications
Headquarters,

Oakley,

Priors Road,

CHELTENHAM,

Glos., GL52 5Al.

Tel: Cheltenham 21491, Ext. 2270.
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SMALL ADVERTISEMENTS

Continued from page 513

TELETYPE Instructions booklets for Creed No. 54, Nos.
7 and 8, No. 47, No. 75, No. 85, 65/6, ‘N’ type key-
board. 7/6d. each. Relays —~ Sigma type 720AZ, octal
scc;)ckgt plug-in, £2. Miniature DPDT 10/6d. Box No.

116.

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

INNOVATION IN DX CLUBS ANNOUNCED! Formed
in October, 1965, the Radio New York Worldwide
Listeners Club now has 3,600 members in 86 countries!
A unique club offering shortwave listeners monthly
magazines containing listening tips and technical fea-
tures, numbered wallet-sized membership cards and
Fold 84in. by Illin. membership certificates. Multi-
ingual report forms available for cost of postage. “We
must be doing something right!” “Find out . . . join
now!” Send 7s. 2d. (crossed domestic money order) for
one year's membership to: The Radio New York
Worldwide Listeners Club, 485 Madison Avenue, New
York 100022, U.S.A.

FOR SALE: Mains transformer, unused. Primary 245V
Secs. 4 x 28V, 1A, 1 x 30V, 250mA, £3 10s. Capacitors
1250mfd. 50V, 3/-. Silicon rect. 100V p.iv. 2A, 1/6d.
Box No. G120.

’

HENRY’S RADIO LTD. 3% t2GwARe RoaD
HAVE THE FOLLOWING YACANCIES IN THEIR ORGANISATION
SALES ASSISTANT: Young man with good general knowledge ot
electronic _components required for our retail sales dept. Please
telephone 723-1008/9 ext. |,

SALES ASSISTANT, HI.FI DEPT. Younf man with a good general
knowledge of HIGH FIDELITY EQUIPMENT required for our
;3!3:!29!13-“ SALES DEPT. Please contact MR. STEVENS, Telephone

RADAR SPOTTER
Protect your Priceless Driving Licencel
Completely self-contained. Clips on
to Sun Visor. Detects radar speed
trap signals up to two miles on
motorways. Completely le;aL Six
month ﬁuarantee. Size 44”7 x 317
x 3", £13.5.0 including p.p. C.O.D
2 available. For technical (Yetails ring
; : SRl Stan Bennett on 01-660 2896, or

! ? S send 8d. in stamps to:
RADATEC, (Box 38), 45 GREEN LANE, PURLEY, SURREY

CHASSIS - METAL - BAKELITE
METAL BOXES - HARDWARE

INTEGRATED CIRCUIT
MODULES

and for
ALL NEW COMPONENTS
Send NOW for our new 1970 Catalogue

W. E. C. LTD. (MC)
74 The Street, Ashtead, Surrey

PLAIN-BACKED
NEW STYLE

SELF-BINDERS

for your other magazines

_ (max. format 73" x 93”)

M o e e B e anaeho
The “CORDEX” Patent Self-Binding
Case will keep your copies in mint
condition. Issues can be inserted or

removed with the greatest of ease.
Specially constructed Binding cords are
made from Super Linen of great strength,
very hard twisted and twice doubled.
They are attached to strong RUSTLESS
Springs under tension, and the method
adcpted ensures PERMANENT RESILI-
ENCE of the Cords. Any slack that may
develop is immediately compensated for,
and the Cords will always remain taut
and strong. It is impossible to over-
stretch the springs, as a safety check-
device is fitted to each.

COLOURS: MAROON OR GREEN
(Please state choice)

rrice J 3 / B rosise s

Available only from:—

.Data Publications Ltd.
b7 Maida Vale London W9

MARCH 1970
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CHASS'S H.L.SMITH & CO. LTD. BLANK CHASSIS
and 287/9 Edgware Road FOUR-SIDED 16 SWG ALUMINIUM
London wz Size Price Base Size Price Base
CASES by 6x4x2”  6/3 2/11  10x8x24” 12/- 5/6
TEL: 01-723 5891 Txdx1i"  6/- 3/2 x7x23" 12/~ S/
7x5x2:: ;/6 g;i :%x;xl;:i 13/3 z;-
ALUMINIUM, SILVER 8x4x2 = x8x2L” 1 1t
CASES [AMMERED FINISH Type N 8;;5 x2" g;-}- iﬁo ‘I:x]76<32’ . :2;6 gﬁ
i i i — IxTx2" x]10x -
Lypizxssizfn ';:';'f.e przxs;,z(;" 5’;‘72 . Type Y oxax2i”  9/- 3/9 leleZ;" 16/6 971
N 6x6x3" 17/6 W gsnxg" ;;/6 wpe Type Z :%:-;:% }%: :ﬁ 17x10x3” 19/6 10/1
D dda WIS Y ear s Type U
U Six4ix4i” 17/- Y 13x7x9” 50/6 . i TO FIT OUR CASES
U 8x6x6" 23/= Y 15x9x7" 53/6 B Ix5ix14”  T/= 3/9 12x63x2” 10/9 5/11
U 9ix7ix34" 24/- Z 17x10x9"  72/6 7x53x2”  1/9 3/9 14x8ix2" 13/6 7/11
U 15x9x9" 49/~ Z 19x10x8}" 78/~ VIx6ixii” 10/~ 5/6 154x93x24” 17/~ 9/6
W Bx6x6" 23/~ *Height 11x61x2” 10/~ §/6 17ix9ix2{” 1876 10/6
Type N has removable bottom, Type U re- Plus post & packing
movable bottom or back, Type W removable PANELS: Any size up to 3ft. at 6/-sq. ft. 16 s.w.g
o e T aon a7 (18 s.wg. $/3). " Plus postage and packing.

Be YUMAMN 5O PROFESSIONAL ?'#
FELF-SPRBN rivwan AEROSOL WAy -

well- X e
equipped C BBNILE )|\ PXA0 R Rt ot

(CRACKLE) finishes

Yukan Aerosol spraykit contains 16 o23. fine quality, durable easy instant
spray No stove baking required. Hammees avaitable in grey, biue, goid.
bronze. Modern Eggshell Black Wrinkle (Crackle} all at 15/11 at our
counter.or I6/11, carriage paid, per push-button self-spray can. Also
Durable, heat and water resistant Black Matt finish {12 ors. self-spray
cans only) 131l carriage pard

SPECIAL OFFER: | can plus optional transferable 1nap-on trigger handla
{value 5/.) for 18Il carriage paid. Choice of 13 self-spray plain cotours | Bronz
and primer {Motor car quality) also available

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

BURNEZE, from chemists. : -
pept: N/2 YUKAN, 3072, EDGWARE ROAD, LONDON, W2 ﬁ»
A e sy man: vernment Departments. Municipal Au ri uf
Potter & Clarke Ltd Croydon CR93LP K g g e Orgons e can My You toa

and Leading Industrial Organisations—We can supply you too.
Open alf day Saturday. Closed Thursdey afternoons.
o

DATA BOOK SERIES

DB5 TV FAULT FINDING
124 pages. Price 8/6, postage 8d.

DB6 THE RADIO AMATEUR OPERATOR’S HANDBOOK
64 pages. Price 6/-, postage 6d.

DB15 TWENTY SUGGESTED CIRCUITS
48 pages. Price 3/6, postage 5d.

DB16 RADIO CONTROL FOR MODELS
192 pages. Price 15/-, postage 1/-.

DB17 UNDERSTANDING TELEVISION
512 pages. Price 37/6, postage 3/-.

DB18 AUDIO AMPLIFIERS
128 pages. Price 10/6, postage &d.

-,

I enclose Postal Order/Cheque fOr..... s in payment for —

NAME

ADIDRESS. ..o tiestssosse b 888518 88 R e R

(Please use Block Capitals for both name and address)
Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order
All publications are obtainable from your local bookseller
Data Publications Ltd., 57 Maida Vale, London W.9
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ENGLAND'S LEADING
COMPONENT AND
1EQUIPMVMIENT CENTRES

HENRY'S RADIO Fully Mustrated CATALOGUES

S0 Qi e aLL tvees A
making a superd Tap OF ELECTRONIC
s, his w0u
NS MA ,gM \K?;‘!‘ INC COMPONENTS
£ TEST

rees Deck Amoldier Cabinet and sesk EQUIPMENT
KITS

ophon: 1200 11 tape. and spare SpO0
BUILT UNITS

HENRY'S RADIO LT

BUILD A QUALITY 4 TRACK TAPE RECORDER

HIGH
FIDELITY

& GENERAL
AUDIO
EQUIPMENT
CATALOGUE

SK fFOR BROUH TODAYS VA
PRICE 39gns.  p.p. 22/6. NOTHING E

COMPREHENSIVE CLEAR CONCISE CATALOGUES
A Over 300 pages fully detailed and illustrated with more than 6,000 stock items Every
thing for amateur and professional use. Complete with 5 vouchers 10/ value, for use with
purchases.

SCOOP ! STAAR RECORD PLAYER

Deck plays 33, 45, 78, RPM records 9 vol
operated. with mono cartridge BRAND NEW
as lusirated

ORDER AS CATALOGUE A PRICE 7/6. pp.2
B New audio and high fidelity catatogue. 120 pages containing
ideas and equipment for every application. Special low prices for

all leading makes. Plus 12/6 extra discount voucher.
ORDER AS CATALOGUE B

R [+
MULLARD 'WATT AMPLIFIER
PRICE 59/6. Portable Transistor Ueil-ldeal for Intercoms
by Alsrms, Tele phone
A0k - [ °., braci co
Send for leaflet O RarTR Col e
No 2 output 3 onms
deal tor use with STAAR RECDR ECK
PRICE 85/ p.p. 2/6

OTHER ITEMS Suitable 7 x 4 inch

3 ohm spesker 17600 116

Re¥ine cavered cabinet 122 9x 4 12/6 pp 2/6
PP 9 9voli battery 3/9  Wre for leatiet No 2

PRICE 7/6.

AUDIO EQUIPMENT

Mono or Stereo Audio equipment developed
from Dinsdale Mk. |1 — each urit or system
will compare favourably with other profes
stonat equipment selling at much higher
prices

£11.12.6. to £38176.

GARRARD
RECORD DECKS

BUILD {all unets avadable

YDURSELF separately)
A L 3 THE FINEST VALUE (N LOW COST HIGH

FIDELITY - CHOOSE A SYSTEM TO SUIT
QUALITY YOUR NEEDS AND SAVE YOURSELF
RADIO POUNDS

SENC RROCHL > Ne 14 gng 21 TODA
New printed circuit design with full powes

output. Fully tuneable on both mw/tw

bands. 7 Mullard transistors, Frited 57

speaker, Room Filling Power. Easy to

build with terrsfic results. Ail local and

continental stations. Complete detailed

nstructions.

TOTAL COST £6.19.56. p.p. 4/6

Ask lor Leallet No 1

All the latest models BRAND NEW and guaranteed
TERRIFIC SAVINGS

"2025 STERED

"2025TC DIAMOND. STAH

"JO00 STEREQ 9TAHC

"SP 25 Mk 11

OLDRING :
WE HAVE THE MOST COMPREHENSIVE

ALSO INSTOCK — THORENS — LEN 8SR

Carriage/insurance 7/6 eatra on any mode|
WB4 BASES £3.19.6. PERSPEX COVERS €3 100

*Special offer hase and cover available Jor these

STOCK IN GREAT BRITAIN

NEW 1969 (ST OF 1000 TYPES

SEND FOR FREE COPY TODAY (LIST 36}
Whether you reuuire one or 1000, devices we

tuitil '
B (] ‘50 Carriage 5/ can tullil your order from sock

Complete range nf ©2-:ridges Plinths/Covers Far quantity guotations telephone

SEND FOR 8 -AGE “BROCHURE 16/17 TOOAY (01) 7230401 E« & or {01} 407 6823

HENELEC 5-5 STEREO AMPLIFIER

Ecellen low priced British designed Sterea Amnlifier for use with
Record Decks, Mike, Tuners.

16 1ransistor mans operated uti 5+5 watts tor 8 15 ohm
eahers Hlack, siver a wood hnsh, sze 3]
PRICE £13.10.0. pp. 7/6.

Complete Sierec System 5 5
Garrard 2025 sterpo. 55 Ampiitier, Plinth/Cover, Twi
speak ers wilh tweeters in polished cabinets

Usual price £47.0.0. DUR PRICE £39.10.0. p.p. 20/-

{Leaflet request

10 wat

ASK FOR BROCHURE 3

SINCLAIR EQUIPMENT fe> T

The SINCLAIR IC 10 is the worlds first

monolithic intergrated circuit high tidelity power

amphitier and pre-amplitier. The circuit itself has

an output power ot 10 watts, yet with an overall

sizeof 1x0.4x0.2in

i€ |t negrated C tamphter 59/6 OTHER TYPES OF

23 8 INTEGRATED CIRCUITS Gt Pa2as:

RCA CA3014 /6 SLAO2 Plesse

RCA CAJ018 SLA0T Flassey

Q16 Louo Speaker £8.196. RCA CA3020 5Gs uL9Io

212 Amplifier 89/6 RCA CA3036 y 300

PZ 4 Power umt 9356 S 2 5 uLaie

Stweo 25 £9.196 €. PA230" Mullara TAAZ6,

014 Speaker system £2196, GE. PA234" “Data sheets 316 set for these
All post pard, delivery 1r0m sock E PA237" for others see catalogue

s'ma 60
PZ5 Power Supply £4.196

£9.19.6

BUILD THIS VHF FM TUNER

5 MULLARD TRANSISTORS 300 kc/s BANDWIDTH
PRINTED CIRCUIT HIGH FIDELITY REPRODUCTION
MONG & STEREO A popular VHF FM T
ana reception of mone and sterea. There s nc

VHF FM gives the REAL sound,

PARTS TOTAL COST EE 19.6. DECDOER €5.19.6
ASK FOR LEAFLET No FOR STEREO!

HENRY'S RADID LTD.

Mail Order Dept.. Components, Organ Dept.
303 EDGWARE ROAD, LONDON W.2.
Aelephone: 01-723 1008/9

OPEN MON-SAT 9am-6pm THURS. 9am.1pim,

VISIT OUR NEW MIFI CENTRE AT 309 EDGWARE ROAD. for all leading makes of
AMPLIFIERS, TUNERS, DECKS, SPEAKERS. MICROPHONES, TEST EQUIPMENT ALL WITH
DISCOUNTS — IT WILL PAY YOU TO PAY US A VISIT AUDIO SYSTEMS £40 — €300 TO SUIT

EVEAY POCKET. DEFERRED TERMS AVAILABLE
SEND FOR It LUSTRATED BROCHURE 16/17 TWO OEMONSTRATION ROOMS

Electronic Muscal Instruments,

ELECTRONIC ORGANS

STAR FEATURES
"ALL TRANSIS -(PWINYEBC RCUIT DESIGNS
N

Start building for
as little as £10

“BR(TISH DES EP OETAILED

INSTRUCTION s o ON COMMERCIAL

( HIVALENT thH"1NING r‘i'l £D DOWN TOTHE
T EM "FULL AFTER SA ERVICE & A C

f‘RE”H SALE &H P TERMS AVA LABLE

We are pleased to offer the choce of FOUR

Brtsh designs trom o single manual portable at

£99 THE MAYFAIR for light 0r classical music

to a two manual five oclave de-juxe model with

OAK CONSOLE trom £285 for the serious musician,

These kits are the resull of years of research an
design and offer the best that i3 essental to g
rgan desgns. coupled with excelient value are
within the res b ol most pockets No rechnicat sk

n co with t
axi of the STEP BY STEP

strated mar w

 an instrument that will be a delight 1o ow

e and will give years of Troutle free enter
ent for the whole fam

SEND FOR ILLUSTRATEQ @ROCHURES 9/10/11 TODAY!

When in LONDON CALL IN SEE, HEAR, PLAY FOR

YOURSELF

gan Demonstration R st Floor

To NICS SAN NEN

1o 1 or ¢ Built models available from £ 124

High Fidelity and Equipment Centre
309 EDGWARE ROAD, LONDON W.2,
Telephone: 01-723 6963
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