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COIL - PACK COMMUNICATIONS 
RECEIVER - Part 1 

Covers long and medium waves as well as 

short wave bands from 1.8 to 18.75 MHz. 

20p 

SOUND -OPERATED CAMERA FLASH 

THE 'M/N /FLEX' MARK IV 
PORTABLE RECEIVER 
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Each £3 unit of Home (fait Insurance gives you protection up to the limit shown 
This is the simplified insurance you have been waiting for. 
Not just cover on the contents of your home but a 
package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional units 

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

THE YORKSIIIRL INSURANCE 
COMPANY LIMITED 

wry. ' ')ND'"' 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

52.19468 

www.americanradiohistory.com

www.americanradiohistory.com


REVERBERATION UNIT KIT 
6 transistor reverberation chamber to which 
microphones, instruments, etc., may be con- 
nected for added dimensional effect. The out- 
put is suitable for most amplifiers and the 
unit is especially suitable for use with elec- 
tronic organs. A ready -built spring and trans- 
ducer assembly is used. 
Complete easy -to -build kit, with constructional notes and circuits 
L7.50. Pre -dril ed and printed case 11.70 extra. All parts available 
separately. 

WAH -WAH PEDAL KIT 
The Wilsic Wah -Wah pedal comprises a 

SELECTIVE AMPLIFIER MODULE KIT, 
containing all the components to build a 

two transistor circuit module. which may 
be used by the constructor for his own 
design or fitted to the FOOT VOLUME 
CONTROL PEDAL (as photo) converting 

it to Wah -Wah operation. This pedal is in strong fawn plastic and 
fitted with output lead and screened plug. Selective amplifier 
module kit 41.75. Foot Volume control pedal L5.13. COMPLETE 
KIT 46.50. Add 38p for assembly of module. 

THE WILSIC BOOK OF CIRCUITS contains the full instructions for 
the Reverb unit & Wah -Wah pedal (above) and our Vibrato unit. 

PRICE ONLY 15p. 

WILSIC I -C STEREO AMP 
A constructional project to build a Hi -Fi 
stereo amplifier using INTEGRATED CIR- 
CUITS. 2.7 Watts per channel with full tone 
controls. The chassis may be built into a 
simple but attractive veneered cabinet, or 
into the turntable plinth. Chassis only 10" x 
6 +" x 21 ". COMPLETE KIT L18.50, all parts 
available separately. Full plans & prices 10p. 

SEND Sp in stamps for latest catalogue (Autumn 1971) of Hi -Fi, 
components, guitars, etc., etc. Friendly, high -speed service. 

WILSIC ELECTRONICS LTD, 
6 COPLEY ROAD, DONCASTER, YORKS 

A true bargain 
by Post: 

The 
famous 
PA 263 
plus 
heatsink/ 
pc board 
for £1.75! 

The PA263 monolithic audio 
power amp. provides 3.5W rms, 
loW peak, to a 16 ohm load. 
Ideal for mono or stereo 
players, tape, disc or intercom 
amplifiers, FM orAM receivers, 
Op. Amp. boosters etc. 

Now we supply it complete with a specially designed heavy duty 
pc board ready drilled for PA263 and up to 12 other components 
(not supplied) all ready for soldering. No other heatsink is 
necessary.ONLY £ 1.75 COMPLETE, +p & p£0.15. Or stereo£3.50 
plus £0.15 p & p. Delivery by return. 
FREE 4 -PAGE PA263 DATA SHEET PLUS DESIGN INFORMATION 
WITH ALL ORDERS. 

Jermyn I 

Sevenoaks, JERMYN Vestry Estate, Sevenoaoaks, Kent. 

OCTOBER 1971 

OW A FAST EASY 
WAY TO LEARN BASIC 

RADIO & ELECTRONICS 
Build as you learn with the exciting 
new TECHNATRON Outfit! No mathe- 
matics. No soldering -you learn the 
practical way. 

Learn basic Radio and Electronics at home - the fast, 
modern way. Give yourself essential technical `know - 
how' - like reading circuits, assembling standard com- 
ponents, experimenting, building - quickly and without 
effort, and enjoy every moment. B.I.E.T.'s Simplified 
Study Method and the remarkable TECHNATRON Self - 
Build Outfit take the mystery out of the subject, making 
learning 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 

will understand exactly what 
you are doing. The TECHNA- 
TRON Outfit contains every- 
thing you need, from tools to 
transistors even a versatile 
Multimeter which we teach you 
to use. All you need give is a 

little of your spare time and 
the surprisingly low fee, pay- 
able monthly if you wish. And 
the equipment remains yours, 
so you can use it again and 
again. 
You LEARN - but it's as 
fascinating as a hobby. 
Among many other interesting 
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 fascinating 
as any hobby and it could be the 
springboard for a career in Radio 
and Electronics. 

FREE 
BRITISH INSTITUTE 

OF ENGINEERING 

TECHNOLOGY 

A 14- year -old could understand 
and benefit from this Course - 
but it teaches the real thing. The 
easy to understand, practical 
projects - from a burglar -alarm 
to a sophisticated Radio set - 
help you master basic Radio 
and Electronics - even if you are 
a 'non -technical' type. And, if 
you want to make it a career, 
B.I.E.T. has a fine range of 
Courses up to City and Guilds 
standards 

New Specialist Booklet 
If you wish to make a career in 
Electronics, send for your FREE 
copy of 'OPPORTUNITIES IN 
TELECOMMUNICATIONS / TV 
AND RADIO'. This brand new 
booklet - just out - tells you all 
about TECHNATRON and 
B.I.E.T.'s full range of courses. 

Dept. B9, ALDERMASTON COURT, READING RG7 4PF 
Accredited by the Council for the Accreditation 

of Correspondence Colleges. 

POST THIS VOM-VI V FOR FREE BOOK 
r EWE MN II, 

}'lease send books and full information - free and without I 
obligation. 

NAME ....._.........._..._..._..._. _ _....__........_.. AGE. 
(BLOCK CAPITALS PLEASE) 

ADDRESS.. 

BIE T j OCCUPATION- ..._.._............ 

I 
I 
I 

To B.LE.T. Dept B9, Aldermaston Court, Reading RG7 4PF I 

129 

www.americanradiohistory.com

www.americanradiohistory.com


NEW LOW PRICE TESTED S.C.R.'S. 
PIV lA 3A 7A l0A 16A 30A 

TO -5 TO -66 TO -66 TO -48 TO-48 
£P OP £p £P Op Op 

60 0.23 0.25 0.47 0.50 0.58 1.15 
100 0.25 0.33 0.58 0.58 0.68 1.40 
200 0.85 0.87 0.57 0.81 0.75 1.80 
400 0.48 0.47 0.87 0.75 0.98 1.75 
600 0.53 0.57 0.77 0.97 1.25 
800 0.83 0.70 0.90 1.20 1.50 4.00 

SILICON RECTIFIERS -- TESTED 
PIV 300rnA 750mA IA 1.5A 

£p £p £p £p 
50 0.04 0.05 0.05 0.07 

100 0.04 0.08 0.05 0.18 
200 0.05 0.09 0.08 0.14 
400 0.08 0.13 0.07 0.20 
600 0.07 0.18 0.10 0.28 
800 0.10 0.17 0.18 0.25 

1000 0.11 0.25 0.15 0.30 
1200 - 0.88 - 0.38 

3A 
£p 

0.14 
0.18 
0.20 
0.27 
0.84 
0.37 
0.46 
0.67 

l0A 30A 
Op £p 

0.21 0.47 
0.28 0.75 
0.24 1.00 
0.87 1.25 
0.45 1.85 
0.65 2.00 
0.68 2.50 
0.75 - 

TRIALS 

VBOM2A 6A l0A 
TO-1 TO-66 TO-88 

£p Op £p 
100 0.50 0.68 1.00 
200 0.70 0.90 1.25 
400 0.90 1.00 1.60 

LUCAS SILICON 
RECTIFIERS 

33 -Amp, 400 P.I.V., Stud 
Type £1.10 each. 

DIALS 
FOR USE WITH 
TRIACS 
BR100 .. .. 879 each 

2A POTTED BRIDGE RECTIFIERS 200V 50p 

UNIJUNCTION 
UT48. Eqvt. 2N2648, 
Eqvt. TI843. BEN3000 
27p each. 25-99 25p 
100 UP 20p. 

NPN SILICON PLANAR 
100107/8/9, 10p each; 
50 -99, 9p; 100 up, 
8p each; 1,000 o0, 
7p each. Fully tested 
and coded TO -18 case. 

FREE 
One 50p Pack of your 
owe choice free with 
orden valued 04 or over. 

AF239 PNP GERM, 
SIEMENS VHF TRAN 
BISTORS. RF MIXER 
& OSC. UP TO 900 
MHZ. USE AS RE- 
PLACEMENT FOR 
ÁF139 -AF186 & 100'e 
OF OTHER USES IN 
VHF. OUR SPECIAL 
IOW PRICE, - -1 -24 87p 
each. 25 -99 34p each 
100 +80p each. 

FET'S 
IN 3819 85p 
2N 3820 93p 
MPF106 40p 

CADMIUM CELLS 
ORP1.2 43p 

ORP60, OE1'61 40p each 

PHOTO TRANS. 
OCP71 Type. 43p 

SIL. O.P. DIODES Op 
300mW 30 .. 0.60 
40PIV (Min.) 100 .. 1.60 
Bub -Min. 500 .. 5.00 
Full Tested 1,000.. 9.00 
Ideal for Organ Builders. 

D18D1 Silicon Unilateral 
switch 50p each. 

A Silicon Planar, mono- 
lithic integrated circuit 
having thyristor elec- 
trical characteristics, but 
with an anode gate and a 
built -in "Zoner" diode 
between gate and 
cathode. Full data and 
application circuits avail- 
able on request. 
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MATCHED COMPLE 
MENTARY PAIRS 
OF GERM. POWER 
TRANSISTORS. 
For mains driven out- 
put otage of Amplifiers 
and Radio receiver.. 
OUR LOWEST PRICE 
OF 68p PER PAIR 

2N3055 eE. Pó ÉR 
NPN 

OUR PRICE 63p EACH 

FULL RANGE OF 
ZENER DIODES 
VOLTAGE RANGE 
2 -33V. 400mV (D0 -7 
Case) 18p ao. 11W (Top - 
Hat) 18p.. 10 W (SO -l0 
Stud) 25p ea. All fully 
tested 5% toi. and 
marked. State voltage 
required. 

BRAND NEW TEXAS 
GERM. TRANSISTORS 

Coded and Guaranteed 
Pak No. EQVT 
Tl 20371A 0071 
T2 20374 0075 
T3 203744A OC81D 
T4 2G381A 0081 
T5 2G382T 0082 
T6 20344A OC44 
T7 20345A 0045 
T8 20378 OC78 
T9 20399A 2N1302 
T10 20417 AF117 

All 50p each pack 

2N2060 NPN SIL. DUAL 
TRANS. CODE D1699 
TEXAS. Our price 25p 
each. 

Sil. tram. suitable for 
P.E. Organ. Metal TO -18 
Eqvt. ZTX300 6p each. 
Any Qty. 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW BI-PAK UNTESTED 

SEMICONDUCTORS 

Satisfaction GUARANTEED in Every Pak, or money back. 

Pak No. Op 
Ul 120 Glass sub -min. general purpose germanium diodes .. 0.50 
U2 60 Mixed germanium transistore AF /RF 0.60 
U3 75 Germanium gold bonded diodes elm. OA5, OA47 .... 0.60 
U4 40 Germanium transistors like 0081, AC128 0.50 
U6 60200mA sub-min. Sil. diodes 0.50 
U6 30 Silicon planar transistors NPN elm. BSY9IA, 2N706 0.50 
U7 16 Silicon rectifiera Top -Hat 750mA up to 1,000V .... 0.50 
U8 50 SII. planar diodes 250mA, 04/200/202 0.50 
U9 20 Mixed volta 1 watt Zoner diodes 0.60 
Ull 25 PNP silicon planar transistore TO -5 elm. 2N1132 0.50 
U13 30 PNP -NPN eil. tranistore 00200 & 28104 0.50 
U14 150 Mixed silicon and germanium diodes 0.50 
U15 25 NPN Silicon planar transistore TO-5 elm. 2N697 .... 0.50 
U16 10 3 -Amp silicon rectifier. stud type up to 1000 PIV .. 0.50 
U17 30 Germanium PNP AF tramietore TO -S like ACY 17.22 0.60 
U18 8 6 -Amp silicon rectifiers BYZ13 type up to 600 PIV 0.50 
U19 25 Silicon NPN tramlators like BC108 0.50 
U20 12 1.6 -Amp silicon rectifiers Top -Hat up to 1,000 PIV ..0.50 
U21 30 A.F. germanium alloy transistors 20300 series & 0071 0.50 
1123 30 Madt'e like MAT series PNP tramistors 0.50 
U24 20 Germanium 1 -Amp rectifiera GJM up to 300 PIV .. 0.50 
U25 25 300MC /s NPN silicon transistors 2N708, BSY27 .... 0.50 
U26 30 Faset ewitching silicon diodes like IN914 micro -min .. 0.60 
U28 Experimenters assortment of integrated circuits, untes- 

ted. Gates, flip -flops, register., etc., 8 assorted piece* .... 1.00 
U29 10 1-Amp SCR's TO-6 can up to 600 PIV CRS1/25 -000 .. 1.00 
U31 20 Sil. Planar NPN trans. low noise amp 2N3707 0.50 
U32 26 Zoner diode, 400mW D07 case mixed volta, 3-18 .. 0.50 
U33 15 Plastic rase 1 amp silicon rectifier, IN4000 eerie¢.... 0.59 
U34 30 Sil. PNP alloy trans. TO -5 BCY26, 20302/4 0.50 
U35 25 Sil. planar tram. PNP TO-18 2N2908 0.50 
U36 25 Sil. planar NPN trans. TO -5 BFY50/51/6'2 0.50 
U37 30 Sil. alloy trans. 80.2 PNP, 00200 28322 0.50 
U38 20 Fast switching eil. tram. NPN, 400Mc /e 2N3011 .... 0.50 
U39 30 RF germ. PNP trans. 2N1303/5 TO-5 0.50 
U40 10 Dual trans. 6 lead TO -6 2N2060 0.50 
U41 25 RF germ. tram. TO -1 0045 NKT72 0.50 
U42 10 VHF germ. PNP trans. TO -1 NKT667 AF 117 0.50 

Code No.. mentioned above are given as a guide to the type of device 
in the Pak. The devices themselves are normally unmarked. 

NEW QUALITY TESTED PACKS 
Pack Description Price Sp 
QI 20 Red spot trans. PNP 0.50 
Q2 16 White spot R.F. trans. PNP 0.60 
Q3 4 OC77 type trans. 0.50 
Q4 8 Matched tracs. OC44/46/81/81D 0.60 
Q5 4 0075 transistors 0.60 
Q6 4 0072 transistors 0.60 
Q7 4 AC128 trans. PNP high gain 0.60 
Q8 4 AC126 trans. PNP 0.50 
Q9 7 0081 type trans. 0.50 
Q10 7 0071 type trans. 0.50 
Qll 2 AC127/128 comp. paire PNP /NPN 0.60 
Q12 3 AF116 type trans. 0.50 
Q13 3 AFI17 type trans 0.50 
Q14 3 00171 H.F. type trans. 0.60 
Q15 b 2N2926 ail. epoxy trace. 0.50 
Q16 2 GET880 low noise germ. tram. .. 0.50 
Q17 3 NPN 1 ST141 & 2 ST140 0.60 
Q18 4 Madt's 2 MAT 100 & 2 MAT 120 0.50 
Q19 3 Madt', 2 MAT 101 & 1 MAT 121 0.60 
Q20 4 01;44 germ. trans. A.F 0.50 
Q21 3 AC127 NPN germ. trans. 0.60 
Q22 20 NKT trans. A.F. R.F. coded 0.50 
Q23 10 0A202 oil. diodes sub -min. 0.50 
Q24 8 OA81 diodes 0.50 
Q25 6 IN914 ail. diodes 75PIV 75mA 0.60 
Q26 8 0A95 germ. diode. sub-min. IN69 0.60 
Q27 2 10A 60019V sil. rects. 1845E 0.50 
Q28 2 Sil. power recta. BYZ13 0.50 
Q29 4 Sil. trans. 2 x 271696, 1 x 2N697, 

1 x 2 \698 0.50 
Q30 7 Sil. switch trans. 2N7(16 NPN 0.50 
Q31 6 Sil. switch trans. 2N708 NPN 0.50 
Q32 3 PNP sil. tram. 2 x 2N1131, 

1 x 2N1132 0.50 
Q33 3 BS. NPN trans. 2N1711 0.50 
Q34 7 80. NPN trans. 2N2369, 600MHZ 0.60 
Q35 3 Sit. PNP TO -5 2 X 21,12904 & 

1 x 2905 0.50 
Q36 7 2N3646 TO -18 plastic 30051H2 

NPN 0.50 
Q37 3 2N3053 NPN oil. trans. 
Q38 7 PNP trans. 40 2N3703, 3x 2N3702 0.50 
Q39 7 NPN trans. 4x 2N3704, 3x 2N3706 0.60 
Q40 7 NPN amp. 4x'2713707, 2x 3N3708. 0.50 
Q41 3 Plastic NPN TO -18 2N3904 0.50 
Q42 6 NPN trans. 2N5172 0.50 
Q43 7 BC107 NYE trans. 0.50 
Q44 7 NPN trans. 4x BC108, 3x BC109 0.50 
Q46 3 BC11I NPN TO -18 trans. 0.50 
Q46 3 BC116 NYE TO -5 trans 0.50 
Q47 6 NPN high gain 3x BC167, 3x BC168 0.50 
Q48 4 BCY70 NPN trans. T.. -18 0.50 
Q49 4 NPN tram. 2x BFY51, 2x BFY62 0.60 
Q50 7 BSY28 NPN switch TO-18 0.50 
Q51 7 BSY95A NPN trans. 300MH2 0.50 
Q52 8 BYSOO type sil. rect. 1.00 
Q53 25 Sil. & germ. trans. mixed all 

marked new 1.60 

PRINTED CIRCUITS -EX- COMPUTER 
Packed with semiconductors and components, 
10 board, give a guaranteed 30 tram and 30 diodes, 
Our price lu boards. 50p. Plus 10p P. & P. 
100 Board. £3, P. & P. 31)p. 

GENERAL PURPOSE GERM., PNP POWER 
TRANSISTORS 

Coded OP100. BRAND NEW TO -3 CASE. POSS. REPLACEMENTS FOR: 0025 -28- 29-30- 35-36. NKT401- 403 -404 -406 -406- 460- 461.62- 
463. T13027 -3028, 2N250A, 2N456A- 457A -458A, 271511 -611 A & B. 20220 -222. ETC. 
SPECIFICATION 
VCBO 80V VCEO 60V IC l0A PT 30 WATTS FIFE 30 -170. PRICE 1 -24 25-99 100 up 

43p each 40p each 36p each 

GENERAL PURPOSE SILICON NPN 
POWER TRANSISTORS 

Coded 0P300. BRAND NEW TO-3 CASE. POSSIBLE REPLACE- 
MENT FOR: 2N30á6, BDY20, BDY11. 
SPECIFICATION 
VCBO 100V, VCEO 60V, IC 15AMPS, PT. 115 WATTS. Fife 20 -100. FT' MHZ. 
PRICE 1 -24 25 -99 100+ 

55p each 509 each 47p each 

GENERAL PURPOSE NPN SILICON SWITCHING TRANS. TO -18 SIM. 
TO 2N7058, BSY27 /28/95A. Ail usable devices no open or short circuits. 
ALSO AVAILABLE In PNP Bim. to 2N2906, BCY70. When ordering 
please state preference NPN or PNP. 

Op £p £p 
20 For 0.50 100 For 1.75 1000 For 
50 For 1.00 500 For 7.50 13.00 

TRANSISTOR EQUIVALENTS BOOR. 
New Edition '71 

A complete cross reference and equivalents 
book for European, American and Japanese 
Tranelotors. Exclnive to BI -PAR 90p each. 

GERM. POWER TRANSISTORS 

Type 
OC2O 
0022 
0023 
0025 
0026 
0028 

Price 
each 

S0p 
30p 
33p 
25p 
25p 
40p 

Type 
0029 
0025 
0036 
AD140 
AD 142 
AD149 

Price 
each 
40p 
sap 

40p 
40p 
43p 

JUMBO COMPONENT PARS 
Mixed Electronic Componente. Exceptionally 
good value (no rubbish) Resistors, capacitors 
pots. Electrulytics & Coils + many other 
useful items. Approximately 3 M in weight. 
Price Incl., P & P. £1.50 only. Plus our 
satisfaction or money back guarantee. 

OUR STOCKS of individual devices are now 
too numerous to mention in this Advertise- 
ment. Send B.A.E. for our listing of over 
1,000 Semiconductor. All available Ex- 
Stock at very competitive prices. 

SILICON PHOTO TRANSISTOR 
TO -18 Lens end. NPN Sim. 
to BP it 25 & P 21. BRAND 
NEW. Full data available. Fully 
Guaranteed. 
Qty. 1 -24 25 -99 100 up. 
Price each. 45p 40p 35p 

RTL MICROLOGIC CIRCUITS 
Price each 

Epoxy TO -5 case 1 -24 25-99 100 up 
uL900 Buffer 85p Sap 27p 
uL914 Dual Slip 

gate 35p Bap 27p 
uL923 J -K flip -flop 50p 97p 45p 
Data and Circuits Booklet for I.C',. 
Price 7p. 

Dual -in -Line Low Profile Socket, 
14 and 10 Lead Sockets for use with 
Dual -in Line Integrated Circuits 

Price each 
Order No. 1 -24 25 -99 100 up 
TOO 14 pin type 30p 27p 25p 
TSO 16 pin type 35p 82p 80p 

THE RADIO CONSTRUCTOR 
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-the lowest prices! 
74 Series T.T.L. I.C's 

DOWN AGAIN IN PRICE 

Check our 74 Series List before you by any LC'e. Our prices are 
the lowest possible. All devices exstock. Full spec. guaranteed. 

BI -PAH 
Order No. Similar Types to:- Desoripuon 

Price and qty. prices 
1 -24 25-99 100 up 
LP Op 

BP00 - 7400 Quadruple 2 -Input NAND gate 0.16 0.14 0.12 
BP01 - 7401 Quadruple 2 -input positive NAND 

gate (with open collector output).. 0.15 0.14 0.1E 
BP02 - 7402 Quadruple 2 -input positive NOB 

gatee .. .. 0.15 0.14 0.12 
BP08 - 7403 Quadruple 2 -input positive NAND 

gatee (with open -collector output) 0.15 0.14 0.1E 
BP04 - 7404 Hex Inverters 0.15 0.14 0.12 
BP05 - 7405 Hex Inverter (with open- coleetor 

output) . 0.15 0.14 0.12 
BP10 - 7410 Triple 3 -input positive NAND gates 0.15 0.14 0.12 
BP18 - 7413 Dual 4 -input Schmitt trigger 0.26 0.24 
BP20 - 7420 Dual 4 -Input positive NAND gates 0.16 0.14 0.12 
BP80 - 7430 8 -input positive NAND gates .. 0.15 0.14 0.12 
BP40 - 7440 Dual 4 -input positive NAND buffers 0.16 0.14 0.12 
BP41 - 7441 BCD to decimal nixie driver 0.67 0.64 0.58 
BP42 - 7442 BCD to decimal decoder (4 -10 lases, 

1 of 10) . 0.67 0.64 0.58 
BP46 - 7946 BCD -to- Seven -Segment Decoder 

1.75 1.50 
8P47 - 7447 BCD -seven- segment decoder /driven 

(15V output.) .. .. 0.97 0.94 0.88 
BP48 - 7948 BCD -to- Seven -Segment decoder 

Driver . 0.97 0.94 0.88 
BP50 - 7460 Expandable dual 2 -Input AND - 

OR- INVERT 0.15 0.14 0.12 
BP61 - 7451 Dual 2 -wide 3 -Input NAND -0R- 

INVERT gates 0.16 0.14 0.12 
BP53 - 7463 Quad 2 -input expandable NAND - 

OR- INVERT . 0.15 0.14 0.12 
BP64 - 7454 4 -wide 2 -Input NAND -OR- INVERT 

gates .. .. 0.15 0.14 0.12 
BP60 - 7460 Dual 4 -1nput expander .. .. 0.15 0.14 0.12 
BP70 - 7470 Single -phase J -K Hip -floe -- .. 0.29 0.26 0.24 
BP72 - 7472 Master -slave J -K ttip-flop .. 0.29 0.26 0.24 
PB73 - 7473 Dual master slave J -K flip -flop 0.87 0.35 0.82 
BP74 - 7474 Dual D type flip -flop .. .. 0.37 0.35 0.82 
BP76 - 7475 Quad latch .. .. .. 0.47 0.45 0.42 
BP7e - 7476 final J -K with pre -set and clear .. 0.43 0.40 0.38 
BP80 - 7480 Gated full adders .. .. .. 0.87 0.64 0.58 
BP81 - 7481 16 -bit read /write memory .. .. 0.97 0.94 0.88 
BP82 - 7482 2 -bit binary full adders .. .. 0.97 0.94 0.88 
BP88 - 7483 Quad full adder .. .. 1.10 1.05 0.95 
BP86 - 7486 Quad 2 -input exclusive NOR gates.. 0.3E 0.30 0.28 
BF90 - 7490 BCD decade counter .. .. .. 0.67 0.84 0.58 
BP91 - 7491 8 -bit ehtft registers .. 0.87 0.84 0.78 
BP92 - 7492 Divide- by-twelve counters .. .. 0.87 0.84 0.58 
BP93 - 7493 4 -bit binary counters.. .. 0.87 0.64 0.58 
BP94 - 7494 Dual entry 4 -bit shift register .. 0.77 0.74 0.88 
BP96 - 7496 4 -bit up -down shift register .. . 0.77 0.74 0.68 
BP96 - 7496 5 -bit parallel In parallel out shift- 

register .. .. 0.77 0.74 0.08 
BP100 - 74100 8 -bit bietahle latches 1.75 1.65 1.55 
BP104 - 74104 Single J -K Flip-Flop equiv. 9000. 

Series. . 0.97 0.94 0.88 
BP105 - 74105 Single J -K Flip -Flop equiv. 9001... 0.97 0.94 0.88 
BP107 - 74107 Dual Master Slave Flip -Flops . 0.40 0.98 0.36 
BP110 - 74110 Gatee Master -Slave Flip -Flops .. 0.56 0.53 0 50 
BP111 - 74111 Dual Data Lock -out Flip -Flop .. 1.25 1.15 1.00 
BPI 19 - 74119 Hex set -reset latches .. 1.00 0.95 0.90 
BP110 - 74119 Hex Set -Reset latches. 24 pm. .. 1.35 1.25 1.10 
BP121 - 74121 Monostable multivibrators .. 0.87 0.64 0.58 
BP141 - 74141 BCD -to- decimal decoder /driver 0.87 0.84 0.58 
BP146 - 74146 BCD -to- decimal decoder /driver. O /C. 1.50 1.90 1.30 
BP150 - 74163 16 -Bit Data Selector .. 1.80 1.70 1.80 
BP151 - 74161 8 -bit data selectors (with strobe) .. 1.00 0.95 0.90 
11P153 - 74153 Dual 4- line- to -1 -line data .. .. 1.20 1.10 0.95 
BP154 - 74154 4 to 16 Line Decoder .. .. 1.80 1.70 1.60 

Devices may be mixed to qualify for quantity prices. Larger quantities -prices on 

application. (TTL 74 Series only.) 
Data is available for the above series of I.C's in booklet form. price. 13p. 

TTL INTEGRATED CIRCUITS 
Manufacturers' "Fall outs" -out of spec. devices Including functional unite and 
part function but clamed a nut of spec. from the manufacturers' very rigid specifica- 
tions. Ideal for learning about I.C'e and experimental work. 
PAK No. PAK No. PAK No. 
IJICOO - 12 X 7400N 50p UIU42 - 6 X 7450N 50p UIC80 - 6 X 7480N 50p 
11IC01 - 12 x 7401N 60p UIC50 - 12 x 74605 50p UIC82 - 6 x 7482N 50p 
171002 - 12 x 7402N 505 UIC51 = 11 x 74515 50p UIC83 - 5 X 7483N 50p 
Ú1CO3 - 12 x 7403N 50p UIClitt - 1 X 74605 50p Ú1C86 - 5 x 74865 50p 
U1C04 - 12 x 7404N 50p UIC70 - x 74705 50p UIC90 - 6 X 74905 50p 
UIC06 - 12 x 7495N 50p UIC72 = X 7472N 50p Ú1C92 - 6 X 7492N 50p 
QIC10 - 12 x 7410N 500 UIC73 - x 7473N 50p U1093 - 5 x 74935 50p 
U1020 - 12 X 7420N 50p Ú1C;74 - X 74745 50p 17K94 - 5 X 7494N 50p 
ITIC40 - 12 x 74405 50p UIC73 - x 74755 50p UIC93 - 6 x 7495N 50p 
UIC41 - 6 x 7441AN 50p Ú1C76 - x 74765 50p ÚK96 - 6 X 74985 600 

1.i1CX.1 = 25 x Asst 'd 74's 41.60 
Pack. cannot be split but 20 assorted pieces (our mix) Is available as PAK UIC %1. 
Every PAR carries our BI -PAK Satisfaction or money back GUARANTEE. 

OCTOBER 1971 

ANOTHER BI -PAK FIRST! 
THE NEW SGS EA 1000 
AUDIO AMPLIFIER 
MODULE 

* GUARANTEED 
NO LESS THAN 
3 WATTS RMS 

Especially designed by S.G.S. incorpor- 
ating their proven Linear I.C. Audio 
Amp. TA4621 providing unlimited 
applications for the enthusiast in the 
construction of radios, record players, Audio and Stereo units. 
Also ideal for inter -corn systems, monitoring applications and 
phone answering machines. Other uses: portable applications 
where supply rails as low as 9V are of prime importance. 

Sensitivity 40 mV for 1 watt Voltage 
gain 40 dB but can be varied up to 
73 dB for some applications. 
Signal to Noise Ratio 86 dB. 
Frequency response 'better than 
50 Hz to 25 SHz for -3 dB. 
Normal supply Voltage 9 -24V. 
Buitable for 8 -16 ohm loads. 
Overall size 2'X 3'x t ". 
Typical Total Harmonic distortion 
at 1 Watt lees than 1%. 

Supply Voltage (Ve) 24V 16 ohm 
load. 

Module Tested and Guaranteed. 

Qty 1 -9 10 -25 
Price each £2.63 £2.28 
Larger quantities quoted on request. 
Full hook -up diagrams and complete 
technical data supplied free with each 
modem! or available separately at lop 
each. 

ROCK BOTTOM PRICES ! -CAN'T BE BEATEN 

Type 
No. 
BP930 
BP932 
BP933 
BP936 
BP936 
BP944 

LOGIC DTL 930 SERIES I.C'S 
Price 
25 -99100 up 

11p 10p 
12p lip 
12p lip 
12p llp 
12p lip 
12p lip 
24p 22p 
lip 10P 
24p 22p 
60p 55p 
lip lop 
38p 35p 
38p 35p 
38p 35p 
38p 35p 

Function 1 -24 
Expandable duel 4 -input NAND .. .. 12p 
Expandable dual 4 -input NAND buffer .. .. 13p 
Dual 4 -input expander .. .. .. 13p 
Expandable Hex Inverter .. .. .. .. 19p 
Hex Inverter 13p 
Dual 4 -input NAND expandable buffer without 

puil.up 13p 
BP996 Master -slave JK or RB .. .. .. .. 25p 
RP946 Quad, 2 -input NAND .. .. .. .. 12p 
BP948 Master -slave JK or RS .. .. .. .. 25P 
BP951 Monoutable .. .. .. .. .. .. 85p 
BP962 Triple 3 -input NAND - - 12p 
BP9093 Dual Master -slave JK with separate clock .. 40p 
BP9094 Dual Master -slave JK with separate clock .. 40p 
BP9097 Dual Master -slave JK with Common Clock .. 40p 
BP9099 Dual Master -slave JK Common Clock . .. 40p 

Devices may be mixed to qualify for quantity price. Larger quantity price. ou 

application. (DTL 930 Series only.) 

BRAND NEW LINEAR I.C's -FULL SPEC. 
Price 

1 -24 26-99 100 up 
63p 53p 45p 
68p 50p 469 
63p 50p 45p 

Type No. 
BP 201C-SL2O1C 
BP 7010-SL70IC 
BP 702C--SL702C 
BP 702-72702 

BP 709 -72709 
BP 709P- µÁ709C 
BP 711 -µA711 
BP 741 -72741 

µA 7030- µA7030 
TAA 263 - 
TAA 293- 

Case Leads 
TO-6 8 
TO-6 
TO-6 
D.I.L. 

D.I.L. 
TO-6 
TO-6 
D.I.L. 

TO-5 
TO-72 
TO-74 

Description 
O.P. Amp 

8 OP Amp 
8 OP Amp Direct OP 

14 O.P. OP Amp (Wide 
Band) 

14 High OP Amp 
8 High Gain OP Amp 

10 Dual comparator 
14 High Gain OP Amp 

(Protected) 
8 R.F. -I.F. Amp 
4 A.F. Amp 

10 G.P. Amp 

53p 
53p 
53P 
58p 

75p 
43p 
700 
902 

45p 
45p 
45p 
50p 

60p 
85p 
60p 
75p 

400p 
40p 
409 
45p 

50p 
27p 
55p 
70p 

All prices quoted in new pence Giro No. 388 -7006 
Please send all orders direct to warehouse and despatch department 

BI-PAN 
P.O. BOX 6, WARE - HERTS 

Postage and packing add 7p. Overseas add extra for airmail. 
Minimum order 50p. Cash with order please. 

Guaranteed Satisfaction or Money Back 
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THE MODERN BOOK CO 
COLOUR TELEVISION 

PICTURE FAULTS 
There are over 120 illustrations, including 88 colour 

photographs 
£2.50 

G. & A. on Radio and Television 
H. W. Hellyer. 60p Postage 5p 

T.V. Technician's Bench Manual 
G. R. Wilding. £2.50 Postage 

Transistor Audio & Radio Circuits 
Mullard. £1.50 Postage 

Transistor Substitution Handbook No. 10 
Foulsham -Sams. £1.00 Postage 

T.V. Servicing Made Easy 
Wayne Lemons. £1.75 Postage 

Postage 5p 

Solid -State Hobby Circuits Manual 
R.C.A. £1.05p Postage 10p 

20 Solid State Projects for the Car & Garage 
7p R. M. Marston. £1.20p Postage 5p 

Radio & Audio Servicing Handbook 
7p Gordon J. King. £3.00 Postage 10p 

T.V. Fault Finding, 405 -625 Lines 
7p J. R. Davies. 50p Postage 5p 

Television Servicing Handbook 
7p Gordon J. King. £3.80p 

SCR Manual 4th Ed. 
General Electric. £1.25 Postage 10p 

Amateur Radio Techniques 
Pat Hawker. £1.00 Postage 10p 

Postage 10p 

Radio Communication Handbook 
R.S.G.B. £3.15p Postage 25p 

Radio Valve & Transistor Data 
A. M. Ball. 75p Postage 10p 

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

19 -21 PRAED STREET (Dept RC) LONDON W2 IPN 
Telephone 01 -723 4185 

Give us six months, 
and we'll turn your hobby 

into a career. 
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You have a hobby for a very 
good reason. It gives you a lot of 
pleasure. 

So if you can find a job that 
involves your hobby, chances are 
you'll enjoy your work more, and 
you'll do better work. 

Now CDI can help you find 
such a job. A job where you'll be 
responsible for the maintenance 
of a computer installation. A job 
that pays well too. If you're inter- 
ested in mechanics or electronics 
(without necessarily being a 

mathematical genius), have a 
clear, logical mind and a will to 
work, then we can train you to be 
a Computer Engineer inside six 
months. 
So give us a call. CDI. We're 
the Education Division of one 
of the world's largest computer 
manufacturers. And we have the 
experience to know if you can 
make it. A ten minute talk with us, 
and you could be on the way to 
spending the rest of your life with 
your hobby. 

Ring 

01 -637 2171 
between 9 a.m. and 9 p.m. and ask for Mr Reed 

It's quicker and easier to phone, but if your 
prefer, send this coupon to: Control Data 
Institute, Wells House, 77 Wells Street, 
London, W.I. 
Please give me further information. 
Name 

Address 

Age Phone 

CONTROL DATA 
INSTITUTE 

611 

CONTROL DATA 

LIMLiED 

The Education Division of one of the world's 

L largest Computer manufacturers. 
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DENCO (CLACTON) LIMITED 
355 -7 -9 OLD ROAD, CLACTON -ON -SEA, ESSEX 

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

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

16p 

16p 
16p 

20p 

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

RSGB BOOKS FOR YOU 
VHF -UHF MANUAL 

By G. R. Jessop, C.Eng., M.I.E.R.E., G6JP 

2nd edition. Considerably enlarged and revised. 
Transmitters, receivers and test equipment for use 
at vhf and uhf are all fully covered on a practical 
basis in this new edition. £1.80 post paid 

RADIO COMMUNICATION 
HANDBOOK 

832 pages of everything in the science of radio 
communication. The Handbook's U.K. origin en- 
sures easy availability of components. Complete 
coverage of the technical & constructional fields. 
A superb hard -bound volume. £3.50 post paid 

A GUIDE TO AMATEUR RADIO 
By Pat Hawker, G3VA 

Fourteenth edition. 100 pages. 
The latest edition of this indispensable aid to all 
who want to know more about amateur radio. 
Designed to assist the newcomer to this unique 
hobby. Revised and expanded. 47p post paid 

These are three of a complete range of technical 
publications, log books and maps, all obtainable 
from: 

RADIO SOCIETY OF GREAT BRITAIN 
35 DOUGHTY STREET, LONDON, WC1N 2AE 

nCTrtRI R 1971 

T00 MUCH STOCK ! 

() 

- -to list on cne advertisement! 

Yes, LST would need half this magazine to 

show their full range. 

But 5p for postage will bring you our 
FREE components catalogue. 44 pages of 

semiconductors, integrated circuits, passive 
components, tools, kits, etc., etc. 

Send this coupon to: 

LST ELECTRONIC COMPONENTS LTD 
MAIL ORDER DEPT RC 
7 COPTFOLD ROAD 
BRENTWOOD 
ESSEX 

Please send your "cat" to: 

Name 

Address 
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NEW R.M. BOOKS 

LOW COST 

PROPORTIONAL 
The theory and practice of simple pro- 
portional control systems for models, 
plus: 

Over a dozen special circuits. 

Theoretical diagrams. 

Component lists. 

Full -size and twice -size practical 
diagrams. 

Full -size and twice -size Printed Circuit 
designs. 

Clear description of operation of each. 

Practical application gen. 

Build yourself: Transmitter Coders 
Pulsers De- coders Switchers 

Plus a wealth of ancillary 
electro- mechanical items 

A really practical book on the updating of single 
channel control systems to proportional, from the 
simple rudder -only, to full dual proportional, plus 
engine control. 
ALL THIS GEN FOR ONLY £1.5 (21/ -) 

Plus 5p. (1/ -) postage and packing 

THE SINGLETSET 
Stage -by -stage instructions to build a . . 

Single channel transmitter 
Superregen receiver 

Superhet receiver 
All clearly illustrated with actual -size and enlarged 
placement and p.c. diagrams, theoretical circuits, 

easy -to- understand "how -it- works" descriptions. 
Just the thing for modellers starting electronics 
and electronic hobbyists starting modelling ! All 
in this 16 -page booklet - price only 30p (6/ -). 

Plus postage and packing 23p. (6d.) 

ON SALE NOW at all leading model 
shops or direct from: - 
RADIO MODELLER, BOOK SALES, 
64 Wellington Road, Hampton Hill, Middx. 

IMMEDIATE DELIVERY 

13.4 

NOW AYA /[AGIE .. , 

LATEST 
BOUND VOLUME 

No. 24 
of 

"The Radio Constructor" 
FOR YOUR LIBRARY 

Comprising 
772 pages 
plus index 

AUGUST 1970 
to JULY 1971 

PRICE £2.00Postage 28p 

BOUND VOLUME NO. 23 

OF 

"THE RADIO CONSTRUCTOR" 

AUGUST 1969 to JULY 1970 

Limited number of this volume still available 

PRICE £1.88 Postage 28p 

We regret all earlier volumes are now 

completely sold out. 

A,ai able only from 

DATA PUBLICATIONS LTD., 
57 MAIDA VALE, LONDON, W9 1SN 

T}IL-: RADIO CONSTKUCIOK 
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BIPRE-PAK 
LIMITED 

FULLY TESTED AND MARKED 
AC107 .15 OCI40 
AC126 .13 0C170 
AC127 .17 0C171 
ACI28 .13 0C200 
ACI76 .25 
ACY17 .15 20G301 
AF139 .13 2G303 
AF186 .37 2N711 
AF239 .37 2N1302-3 
BC154 .25 2N1304-5 
BC171 2N1306-7 

= BC107 .13 2N1308-9 
BC172 BCI13 

= BC10B .13 Power 
BF194 .15 Transistors 
BF274 .15 0C20 
BFY50 .20 0C23 
BSY25 .37 0C25 
BSY26 .13 0C26 
BSY27 .13 0C28 
BSY28 .13 0C35 
BSY29 .13 0C36 
BSY95A .13 AD149 
0C41 .13 AUYIO 
0C44 .13 2N3055 
0C45 .13 25034 
OC71 .13 Diodes 
0072 .13 AAY42 
0073 .17 0A95 
0081 .13 0A79 
OC81 D .13 0A81 
OC139 .13 IN914 

.17 

.23 
.23 
.25 

.13 

.13 

.50 

.20 

.25 

.30 

.35 

.10 

.50 

.30 

.25 

.25 

.30 

.25 

.37 

.30 
1.25 
.63 
.25 

.10 

.09 
.09 
.09 
.09 

FREE! with orders over L4. 

Packs of your own choice 
up to the value of S0p 

CLEARANCE LINES 
COLOUR T.V. LINE OUTPUT TRANSFORMERS 
Design ̂ d -to give 25KV when used with PL509 
& PY500 valves. As removed from colour 
receivers at the factory. 
NOW ONLY 50p EACH. Post and Packing .25 

1 Amp. Plastic Rectifiers. These are voltage, 
reverse polarity and other rejects from the 
BY127 range. Ideal for low voltage Power 
Units, etc. Price: L1 per 100. 

1 -10 10 -50 501 
813105 Varicap Diodes 10 8 6 

0071 or 72 Fully tested 
Unmarked 5 5 4 

Matched sets, 1 -0C44 & 
2- 0C45's. Per Set 25 20 15 

Matched Sets of 0C45's 
1st & 2nd IF. 15 12 10 
0A47 Gold Bonded Diodes, 

Marked & tested. 3 3 2 

1 Watt Zener Diodes 7.5, 
24, 27, 30. 36, 43, Volts 5 4 3 

10 Watt Zener Diodes 5.1, 
8.2, 1 1 , 13, 16, 24, 20, 100v. 20 17 15 
Micro Switches, S /P, C /O. 25 20 15 

1 Amp. Brdge Rect. 25v. 25 22 20 

INTEGRATED CIRCUITS 
SL403D Audio Amp. 3 Watt. 2.00 1.95 1.80 
709C Linear Opp. Amp. 50 40 35 
Gates Factory Marked & 

Tested by A.E.I. 25 22 20 
J. K. Flip Flops Factory 
Marked & Tested, A.E.I. 40 35 30 
PA234 I Watt Audio Amp. 1.00 90 80 

UL914 Dual 2 I/P Gate. 40 35 30 

OUR VERY POPULAR 3p TRANSISTORS 
FULLY TESTED & GUARANTEED. 

TYPE "A" PNP Silicon alloy, metal TO -S can. 25300 type. direct replacement for the 

0C200/203 range. 
TYPE "B" PNP Silicon, plastic encapsulation, low voltage but good gain, these are of 

the 2N3702/3 and 2N4059/62 range. 

TYPE "E" PNP Germanium AF or RF - please state on order. Fully marked and tested. 

TYPE "F" NPN Silicon, plastic encapsulation, low noise amplifier, of the 2N3707/8, 
9, 10, 11 range 

BULK BUYING CORNER 
NPN /PNP Silicon Planar Transistors, mixed 
untested, similar to 2N706/6A/8, BSY26- 
29, BSY95A, BCY70, etc. 
L4.25 per 500. L8.00 per 1,000. 
Silicon Planar NPN Plastic Transistors, un- 
tested, similar to 2N3707 -1 I, etc. 
L4.25 per 500. L8.00 per 1,000. 
Silicon Planar Diodes, DO -7 Glass, similar 
to OA200/202, BAY31 -36. 
L4.50 per 1,000. 
NPN /PNP Silicon Planar Transistors, Plas- 
tic TO -18, similar to BCII3 /4, BC153/4, 
BF153 /160, etc. 
L4.25 per 500. 18.00 per 1,000. 
0C44, 0C45 Transistors, fully marked and 
tested. 
500 plus at 8p each. 1,000 plus at 6p each. 

0071 Transistors, fully marked and tested. 
500 plus at 6p each. 1,000 plus at Sp each. 

3823E Field effect Transistors. This is the 
2N3823 in plastic case. 
500 plus, 13p each. 1,000 plus, 10p each. 

1 Amp. Miniature Plastic Diodes 
1N4001 500+ 3p each. 1,000+ 3p each. 
1N4004 5007- 5p each. 1,000+ 4p each. 
1 N4006 500+ 6p each. 1,000+ Sp each. 
1N4007 S00-1 8p each. 1,000+ 7p each. 

NEW UNMARKED UNTESTED PAKS 

880 8 Dual Trans. Matched 0/P 50p pairs NPN. Sil. ,n TO -5 can. 

883 200Trans. Makers rejects. 
erm 

NPN; 50p 
PNP. 

884 100Silicon Diodes DO -7 glass 50p equiv. to OA200, 0A202. 
886 50 Sil. Diodes sub. min. IN914 50p 

& IN916 types. 
888 50 Sil. Trans. NPN. PNP 50p equivalent to 0C200 /1, 

2N706A. BSY95A, etc. 
860 10 7 Watt Zener Diodes 50p Mixed voltages. 
H6 40 250mal. Zener Diode, 50p DO -7 min. Glass Type. 

H10 25 Mixed volts I} watt Zeners 50p Top Hat type. 
866 150 High quality Germ. Diodes 50p Min. glass type 
HIS 30 Top Hat Silicon Rectifiers. 50p 750mA. Mixed volts. 
H16 J3 Experimenters' Pak of Ince- 50p grated Circuits. Data suppd. 
H2O 20 BY126/7 type Silicon Recti- 50p 

1A. plastic to 1.000v h 

NEW TESTED & GUARANTEED PAKS 

B2 4 Photo Cells, Sun Batteries. 5O 0.3 to 0.5V, 0.5 to 2mA. P 
B79 IN4007 Sil. Rec. diodes, SOD PIV 1 amp plastic 

B81 IOReed Switches, mixed types 5O large and small P 
B99 200 Mixed Capacitor. Postage 13p.5O 

Approx. quantity, counted by ''''''r 
weight 

H4 250 Mixed Resistors. Postage 10p.5O 
Approx. quantity. counted by P 
weight 

H7 40 Wirewound Resistors. MixedsOs 
types and values. Postage 8p P 

H8 4 BY127 Sil. Recs. sop 1000 Ply. I amp. plastic 
H9 2 OCP71 Light Sensitive 50p Photo Transistor 
HI2 50 NKT155 /259 Germ. diodes,50p 

brand new stock clearance 

H I8 
I O 0071/75 uncoded black glass5Op 

type PNP Germ. 
H19 O 0081 /81 D uncoded white 5O glass type PNP Germ. P 
H28 20 0C200/1/2/3 PNP Silicon 

5Op uncoded TO -5 can 

H29 20 0A47 gold bonded diodes 5O coded MCS2 P 

F.E.T. PRICE 

BREAKTHROUGH!!! 
This field effect transistor is the 2N3823 in a 

plastic encapsulation coded 3823E. It is also an 

excellent replacement for the 2N3819. 
Data sheet supplied with device. 
1-10 - 30p, 10.50 - 25p, SO plus - 20p. 

MAKE A REV. COUNTER for your Car. The 

' TACHO BLOCK'. This encapsulated block will 
turn any 0 -lmA meter into a perfectly linear 
and accurate rev. counter for 

£1 each 
any car. 

FREE CATALOGUE AND LISTS for: - 
DIODES, INTEGRATED 

CIRCUITS, 
TRANSISTORS, RECTIFIERS, 

FULL PRE PAK LISTS, 
& SUBSTITUTION CHART 

MINIMUM ORDER 50p. CASH WITH 
ORDER PLEASE. Add 10p post and packing 
per order. OVERSEAS ADD EXTRA FOR 

1 

POSTAGE. 

8 RELAYS FOR 21 
Various Contacts and Coil 
Resistances. No individual 
selection. Post and Packing 25p 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

B'- PRE -P1AK Errs DEPT. 
ELEPHONE: SOUE ND (0702) 46344LIFF 

ON SEA, ESSEX 
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v 
E RADIO 
RADIO 

ME 

x10 Me RA13'O 

0 When you think 0 of COMPONENTS 
think of NOME RADIO 

HOME RADIO (Components) LTD. 

Dept. RC, 234 -240 London Road, 

Mitcham CR4 3HD. 01 -648 8422 

POST THIS 
COUPON 
with your 
cheque or 
postal order 
for 70p 
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INNS 

Some things in life are just about inseparable - eggs and bacon, sausage and mash, Tweedle Dum and Tweedle Dee! Think of one and you think of the other. That's how thousands of radio and electronic enthusiasts think of Components and Home Radio Ltd. When they need the first they automatically contact the second. They simply flip through their Home Radio 
Catalogue, locate the items they need and telephone or post their order. 

If you have not yet experienced the simplicity and satisfaction of linking Components and 
Home Radio, why not make a start now? First of all you'll need the catalogue . . . in its 
315 pages are listed more than 8,000 
components, over 1,500 of them illustrated. 
Every copy contains ten vouchers, each 
worth 5p when used as instructed. The 
catalogue costs 70p including postage and 
packing. Drop us a line or use the coupon 
below. 

Please write your Name and Address in block capitals 

I Name 

' Address 

24 -hour 
Phone 
Service. 
Ring 
01 --648 8422 

Ask for 
details of 
our Credit 
Account 
Service. 

HOME RADIO (COMPONENTS) LTD., Dept. RC, 'The price of 70p applies only to catalogues purchased 234-240 London Road, Mitcham, Surrey CR4 3HD. by customers in the U.K. and to BFPO addresses. .11 
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Radio Constructor 
Incorporating THE RADIO AMATEUR OCTOBER 1971 

VoI. 25 No. 3 

Published Monthly (1st of Month) 
First Published 1947 

Editorial and Advertising Offices 
57 MAIDA VALE LONDON W9 1SN 

Telephone Telegrams 
01 -286 6141 Databux, London 

© Data Publications Ltd., 1971. Contents 
may only be reproduced after obtaining 
prior permission from the Editor. Short 
abstracts or references are allowable 
provided acknowledgement of source is 
given. 

Annual Subscription: £2.70 (U.S.A. and 
Canada $6) including postage. Remit- 
tances should be made payable to "Data 
Publications Ltd." Overseas readers 
please pay by cheque or International 
Money Order. 

Technical Queries. We regret that we 
are unable to answer queries other than 
those arising from articles appearing in 
this magazine nor can we advise on 
modifications to equipment described. 
We regret that such queries cannot be 
answered over the telephone; they 
must be submitted in writing and 
accompanied by a stamped addressed 
envelope for reply. 

Correspondence should be addressed to 
the Editor, Advertising Manager, Sub- 
scription Manager or the Publishers as 
appropriate. 

Opinions expressed by contributors are 
not necessarily those of the Editor or 
proprietors. 

Production. -Letterpress. 
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SOUND OPERATED 
CAMERA FLASH 

by 

M. G. ARGENT 

Intended for use with portable electronic flash guns, this unit is capable 
of triggering off flash at very low levels of sound 

HIS IS AN AID FOR THE PHOTOGRAPHER AND 
Tenables him to utilise the high speed of the elec- 

tronic flash to produce impact- triggered phot- 
graphs. Due to the fast switching of thyristors, or 
silicon controlled rectifiers as they are also called, it 
is now possible to switch apparatus remotely within 
microseconds of the initial triggering pulse. 

CIRCUIT OPERATION 

The circuit is given in Fig. 1, and is basically an 
amplifier used to amplify the monitored sound, and 
a trigger circuit to operate the electronic flash. 

The sound to be monitored is picked up by the 
crystal microphone (a crystal microphone insert was 

used by the author) and amplified by TRI, a high 
gain common emitter amplifier. Cl is used to block 
d.c. from the microphone, whilst R9 compensates for 
microphones having different output levels. 

C2 blocks d.c. from RV1. A low noise transistor 
BC109 is used for TR1, as the overall circuit has a 
large signal gain, and hence any noise in the first 
stage will be amplified by TR2 and TR3, with the 
possibility of spuriously triggering off SCR1. This is 
the reason why RV1 is inserted after TR1, thereby 
reducing noise at lower settings of required sensitivity. 

The output from RV1 wiper is fed by way of C3 
to the base of TR2 which, in turn, is directly coupled 
to TR3. High gain is achieved by feeding the signal 
at TR3 emitter via C4 to the junction of R4 and R5. 
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CCI -vYrr 

Mic 
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Fig. 1. The circuit of the camera flash unit 
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The prototype flash unit. The lead to the flash gun passes through a hole at the rear of the case 

COM PON ENTS 
Resistors 

(All fixed values ti watt 10',1.) 
R 1 270k12 
R2 5.6kc2 
R3 3.3k12 
R4 2.2k12 
R5 4.7k12 
R6 560k12 
R7 4.7k12 
R8 47012 
R9 150k12 
RV1 10k12 potentiometer. linear 

Capacitors 
(All capacitors 10V wkg.) 
Cl 4µF electrolytic 
C2 41,LF electrolytic 
C3 4µF electrolytic 
C4 125µF electrolytic 
C5 200µF electrolytic 
C6 100µF electrolytic 

Semiconductors 
TRI BC109 
TR2 BC109 
TR3 2N3702 
SCR1 TIC44 

Switch 
Sl(a)(b) d.p.s.t. slide switch 

Battery 
B1 9 -volt battery 

Microphone 
MIC1 Crystal microphone or insert 

Miscellaneous 
Veroboard, 0.15in. matrix, 1* x 31in. 
(see Fig. 2) 
Miniature jack and plug 
Pointer knob 
Flash gun extension lead (see text) 
Screened lead for microphone 
Plastic case, or similar 
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This feedback is in phase with the signal present at 
TR2 collector, and hence as the a.c. voltage at both 
ends of 125 is equal in phase and practically equal 
in amplitude, little a.c. current will flow through it. 
This makes the resistance of R5 appear, to a.c., as 
having a much higher value than the actual resistance, 
namely 4.7kOE This technique is known as 'boot- 
strapping' and gives the circuit a higher voltage gain 
for a.c. without upsetting the d.c. conditions. 

D.C. stability is achieved by biasing TR2 base from 
TR3 emitter. This, being negative feedback, gives 
good stability against temperature variations. 

The output from TR3 emitter is applied via C5 
to SCR1. At first glance the circuit used may seem 
an unconventional way to trigger a thyristor, but as 
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the gate and cathode are across R7 so far as a.c. is 
concerned, it follows that the presence of a signal 
voltage across R7 of sufficient amplitude will trigger 
off SCR1. Only positive signals on the gate, with 
respect to the cathode, will trigger a thyristor, and 
one might think of using a diode in series with the 
gate to eliminate the negative signals. However, as 
no harm will come to the thyristor with their presence, 
there is no point in including the diode, especially 
when extra amplification would be required to over- 
come the voltage drop across it. 

The thyristor employed in the prototype is a Texas 
Instruments TIC44. It was obtained from A. Marshall 
and Sons Ltd., 28 Cricklewood Broadway, London, 
N.W.2. 
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(b) 
Fig. 2(a). Component side of the Veroboard 

(b). The copper side of the Veroboard. The strips are cut at the points indicated 
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Total current consumption from the 9 volt supply 
is 4mA. 

CONSTRUCTION 

No trouble should be experienced in construction 
if the layout is followed carefully. 

The complete unit is built on a piece of 0.15in. 
Veroboard with 24 holes one way and 12 the other, 
as shown in Figs. 2(a) and (b). Fig. 2(a) gives the 
component layout, whilst Fig. 2(b) shows the reverse 
side and indicates the points where the copper strips 
are cut. This is done using a small drill or the special 
spot face tool. 

The unit was housed, together with a PP6 battery, 
in a plastic case measuring 54 by 3$ by 1 Zin. deep, 
pieces of polystyrene ceiling tile being employed to 
keep the Veroboard in position. Any similar housing 
can be used for units built up to the circuit. A minia- 
ture phone jack is fitted for the microphone, and the 
latter couples to the unit via screened lead. 

FLASH GUN CONNECTION 

The standard portable flash guns available, which 
plug into the camera for operation off the normal 
camera shutter, require two terminals of the plug to 
be short -circuited together to fire the flash. With the 
present unit this is achieved electronically by the 
thyristor. 

Firstly, an extension lead for flash guns (which is 
available from most chemists and photograph shops) 
is purchased. It will be seen that there are male and 
female connectors at each end of the lead. One of 
the connectors fits the plug on the flash lead. The 
connector on the other end of the extension lead is 
not required and can be cut off, after which the two 
wires are bared back. What now remains is a lead 
which plugs into the existing lead on the flash gun, 
and which has two bare wires at the other end. These 
two wires are now connected to the thyristor anode 
and cathode, at holes J24 and K24 of the Veroboard. 

For the thyristor to fire, when a signal is present 
across the gate and cathode, the correct polarity must 
be applied across the anode and cathode. With the 
flash gun used for the prototype, the positive lead of 
the flash gun was the inside contact of the plug, the 
negative lead being the outer casing. It is the positive 
lead which is connected to the anode and the negative 
to the cathode. 

If incorrect polarities are connected across the thy- 
ristor anode and cathode no harm will result, and 
the unit will just not operate. The easiest course con- 
sists of connecting up the flash gun with the centre 
contact of the plug to the anode and the outer con- 
tact to the cathode, and if the unit does not operate 
reversing them. An earpiece temporarily connected 
across R8 will monitor any sound picked up by the 
microphone, and hence prove that the amplifier section 
(TRI, TR2 and TR3) is working. 

The flash gun used by the writer is the Japanese 
SUN PAC DC3. This is in no way special, and is 
readily available. The design is common to the 
majority of electronic flash guns. 

Practically any portable electronic flash gun can be 
operated by the circuit. Bulb type flash units, of the 
type which require a replacement bulb after every 
flash, are not suitable due to the high surge current 
drawn. They could be used if a higher rating thyristor 
OCTOBER 1971 

Here, the sound operated flash has enabled 
the camera to photograph the balloon in the 

process of bursting 

were employed, but this would reduce the sensitivity. 
Also, their speed is very slow compared with the 
electronic versions, which operate within one 
thousandth of a second. 

TESTING 

Always remember to switch the unit on before con- 
necting the flash gun, as there may be a spurious oper- 
ation of the flash during switch -on. 

Two of the accompanying photographs show the 
unit in operation. In one photograph, the flash oper- 
ated at a suitable time to catch the balloon collapsing. 

The other photograph of the balloon, in which the 
balloon is still intact, gives an ideal example to em- 
phasise the speed of the unit. In this picture the micro- 
phone was placed near the balloon and the unit set 
up so that the flash operated at the slightest sound. 
Note that the flash fired as soon as the dart touched 
the balloon, even before the balloon had a chance to 
burst. 

On maximum sensitivity, the prototype operated at 
the flick of the fingers from the other side of the room. 

At a higher sensitivity setting, the camera 
photographs the dart as it enters the balloon 

EDITOR'S NOTE 

It should be pointed out that the author has applied 
for a patent on the device described in this article. 
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NEWS AND 
HIGH QUALITY LOW COST 

SWITCHES 

Competitively priced yet with many features pre- 
viously associated only with high priced products, a 
new range of illuminated multi -pole Compu -Lite 
Series 11 push button switches from Guest Inter- 
national Limited of Brigstock Road, Thornton 
Heath, Surrey, are ideal for use in virtually any 
application from computer systems to domestic 
appliances. 

Designed for front panel fixing they are fully 
enclosed and sealed and switch up to 5A at 250V. 
Typical life is 2 million switching operations and 
each switch is programmable in that one pole is 
switched in before the remaining poles make con- 
tact - a particularly desirable feature in communi- 
cations and digital applications. Special gold contacts 
are available for low -level switching. 

Versatility within the range enables a wide range 
of coloured bezels and screen split or full legends to 
be supplied, and a number of different switching 
actions is also available. 

Where space is at a premium, a useful feature of 
the complete Compu -Lite range is the very small 
amount of space taken up behind the panel - maxi- 
mum depth is only 12in. All Series 11 switches can 
be made available with AMP -type terminals. 

THE COMPUTER AND EDUCATION 

Much is being done in the field of computers and 
their relevance to education, and the value of com- 
puter -aided instruction is now generally appreciated 
and the potential of the next step, computer -managed 
instruction, is now being recognised. Therefore, it is 
not surprising to find the computer and its educa- 
tional uses the central theme of the British Computer 
Society's 1971 -72 Educational Yearbook. 

The section on computer -aided instruction and 
computer -managed instruction commences with a 
paper by Dr. A. Molnar, National Centre for Edu- 
cational Research and Development, United States 
Office of Education, Washington. 

Monsieur J. Donio, Director of Research, Insti- 
tut de Recherche en Information et en Automatique, 
Paris, considers the growth of computers in world 
markets and how they have affected our lives; so 
making the point that the computer must become 
an integrated part of our educational activity. 

Dr. K. Zinn, Centre for Research on Learning 
and Teaching, University of Michigan, shows how 
the small number of instructional programming 
languages that existed five years ago have expanded 
into at least forty different dialects! 

In addition to all the information on computer - 
aided instruction, the BCS Educational Yearbook 
also contains standard reference sections on: the 
educational activities of the BCS Regional Boards: 
the development of the BCS qualifications: a list of 
computer courses offered by schools, colleges, uni- 
versities and private organisations: a comprehensive 
coverage of all educational activities of the Inter- 
national Federation for Information Processing. 

Educational Yearbook 1971 -72 is published by 
The British Computer Society, 29 Portland Place, 
London, W1N 4AP, price £1.75 plus 25p post and 
package. 

VARTA INTRODUCE RANGE OF TRANSISTOR RADIO BATTERIES TD U.K. 
VARTA AG, one of the largest battery manufac- 

turers in Europe, with a new marketing subsidiary 
company in the U.K., namely VARTA Batteries 
Limited, announce the introduction of several new 
battery types, for transistor radio and other applica- 
tions, to their range. 

These batteries made in West Germany are high 
quality products with high performance being a 
major characteristic. 

Specially designed for power demanding equip- 
ment, the four transistor radio battery types have 
exceptionally long life. Developed in Hanover and 
Stuttgart, to compete with Europe's best, the excep- 
tional qualities of these VARTA batteries have al- 
ready established their popularity in Europe. 

They are factory sealed and arrive by fast con- 
tainer service via Rotterdam and Harwich. Attractive- 
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ly designed and presented, they will easily be recog- 
nised by the familiar blue and yellow label that has 
already established VARTA batteries in the United 
Kingdom. 
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COMMENT 
IN BRIEF 

British radio communications systems costing over 
£100,000 are to be installed in helicopters operating in 

the Italian mountains by the Carabinieri. 
The order was recently placed by the Italian Govern- 

ment with Marconi -Elliott Avionic Systems and will be 
built at Basildon, Essex. 

A.P.T. Electronic Industries Ltd., of Chertsey Road, 
Byfleet, Surrey have produced a leaflet on their multi - 
socket Distribution Panel, LKU -413, a recent addition 
to their well -known Letrokit range. Copies of the 
leaflet which gives full technical data are available on 
request. 

Stephen Hearst. who as Head of Arts Features for 
BBC Television was responsible for the award -winning 
series `Civilisation'. has been appointed Controller of 
Radio 3. 

Nigerian short wave transmitters will be using the 
prefix 5N5 during October, in commemoration of the 
11 th Anniversary of Independence. Stations expected 
to be active are: 5N2AAE: AAJ: AAK: AAV: AAU: 
ABG: and ABH. It is hoped that 5N5BSN (Scouts) will 
be active during the Jamboree week -end. 

The Independent Television Authority's first VHF 
local relay station has been brought into programme 
service at Pendle Forest, Lancashire. This station will 
improve the reception of Granada 625 -line colour /black- 
and -white programmes for about 150,000 people living 
in Nelson, Colne and parts of Burnley. 

The ITA plans to build about 450 local relay stations 
over the next eight years to supplement the coverage of 
main high -power UHF stations. 

A course on evening lectures on video recording 
systems commences at Norwood Technical College, 
Knight's Hill, London, S.E.27 on 19th October. Course 
Fee is £2. 

The first holder of EMI's Research Fellowship in 
electronic engineering, Dr. Donald E. Hirst, B.Sc., Ph.D., 
recently completed three years of his appointment at 
Brunel University, Uxbridge, Middlesex. To mark the 
occasion, Dr. Hirst gave a presentation of some of the 
university's research topics to EMI scientists and senior 
staff during a day long seminar at the university. 

There will be a London Area Rally for model air- 
craft enthusiasts who are members of the S.M.A.E. and 
R.A.F.M.A.A., on 17th October at R.A.F. Wyton, Nr. 
St. Ives, Huntingdonshire. For details of the radio con- 
trol event sent S.A.E. to M. Dilly, 20 Links Road, West 
Wickham, Kent. 

The Millbank Electronics Group, manufacturers 
of audio and communications equipment, have moved to 
a new 5,000 sq. ft. factory and administrative head- 
quarters at Bellbrook Estate, Uckfield, Sussex. Tel: 
Uckfield (0825) 4166. 

Sir Martin Ryle, Director of the Mullard Radio 
Astronomy Laboratory, has been awarded one of the 
Institute of Electrical and Electronics Engineers highest 
honours, the Martin N. Liebmann Award. 

The award was made for his application of aperture 
synthesis to extend the capabilities of radio telescopes. 
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HEATHKIT AR-2000 TUNER- 

AMPLIFIER 

Heath (Gloucester) Limited announce an outstand- 
ing new Tuner- Amplifier kit. Designated Model 
AR -2000 this Tuner -Amplifier has been designed by 
Heath (Gloucester) Limited especially for the British 
and European Hi -Fi markets. 

Its main features are listed here: - 
Output power 20 watts r.m.s. per channel 
LW, MW, SW, and FM stereo 
All solid -state 
Completely new styling 
F.E.T. front end F.M. Tuner 
I.C. stereo decoder. 
FM IF uses I.C: s and ceramic filters 
With this specification and direct- from -factory kit 

price of only £89.90 plus £7 for a teak or walnut 
cabinet this is clearly an exciting new addition to 
the well known Heathkit range of hi -fi equipment. 
This kit, like all Heathkit products, includes an ex- 

tremely comprehensive construction manual, making 
it easy to build the kit without the need for any 
technical knowledgs or special skills. 

For further details write to:- 
Heath (Gloucester) Limited, Bristol Road, Glouce- 

ster GL2 6EE. 

"You're flying it too low!" 
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WIDE RANGE LOW FREQUENCY 

SIGNAL GENERATOR 

by 

P. CAIRNS, M.I.P.R.E., R.Tech.Eng., G31SP 

Incorporating thermistor stabilisation, this Wien bridge circuit offers a 
constant amplitude sine wave output at frequencies from 15Hz to 150kHz 
in four switched ranges. An oscilloscope is required for calibration if the latter is to be precise, whilst rough calibration can be carried out with the 

aid of the graph given 

THIS 
ARTICLE DESCRIBES AN EXTREMELY WIDE 

range 11. transistor signal generator. Its princi- 
pal features are wide frequency coverage in four 

decade steps, good frequency stability and waveform, 
simple construction at moderate cost, and internal 
battery operation. Other features are extremely com- 
pact layout using standard components, ample output 
voltage for most test purposes, and very low output 
impedance with constant amplitude control over the 
whole frequency range. The specification is given in 
Table I. 

CIRCUIT OPERATION 

As can be seen from the circuit diagram of Fig. I 
and the Components List, the instrument uses the 
minimum number of components consistent with good 
specification and reliable performance. The circuit 
is basically a Wien bridge oscillator with emitter 
follower output. To function correctly the Wien bridge 
circuit must meet certain requirements. Such a circuit 
consists of a very high gain amplifier, which must 
have high input impedance and low output impedance 
with R -C coupling between output and input to pro- 
vide the positive feedback necessary to maintain 
oscillation. The time constants of this feedback are 
usually made of a variable nature to provide variations 
in frequency of oscillation. The gain of the amplifier 
must also be substantially independent of frequency 
over the range of operation envisaged. This entails 
a very low output impedance so that the shunting 
effect of the R-C feedback network has negligible 
effect on the output. Again, the high input impedance 
is required to prevent the bridge network being loaded 
by the amplifier. Also, the phase shift through the 
amplifier must be strictly controlled so as to main- 
tain oscillation over the complete frequency range. 
The total phase shift over the complete amplifier and 
bridge circuit must always be zero or a multiple of 
27r radians. 
).44 

These requirements are met by the circuit shown 
in Fig. 1. TR1 and TR2 form the first stage of the 
amplifier, these being connected as a Darlington or 
super -alpha pair so as to achieve a very high gain, R3 
being the load resistor. The output from this stage 
is d.c. coupled into the base of TR3 which forms the 

Front view of the signal generator. An ex -W.D. 
dial and drive were used for the prototype 
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b 

BC 107 
C 

Fig. 1. Circuit diagram of the wide range I.f. signal generator 

COMPONENTS 

Resistors 
(All fixed values Z watt 5 %) 
R1 4.7k12 
R2 62052 
R3 2.7k12 
R4 1.8k12 
R5 27012 
R6 47012 
R7 82012 
R8 33k12 
R9 33k12 
R10 1k12 
VR1 10k12 + 101x2 twin gang potentiometer, 

log 
VR2 10k12 potentiometer, linear 

Thermistor 
RT1 S.T.C. type R54 (Henry's Radio Ltd.) 

Capacitors 
(See text for tolerances of C1 to C8) 
Cl 11.LF polyester or polycarbonate 
C2 1µF polyester or polycarbonate 
C3 0.1µF polyester or polystyrene 
C4 0.1µF polyester or polystyrene 
C5 0.01µF polyester or polystyrene 
C6 0.01µF polyester or polystyrene 

C7 1,000pF silver -mica 
C8 1,000pF silver -mica 
C9 100µF electrolytic, 12V wkg 
C10 100µF electrolytic, 12V wkg 
C11 470pF silver -mica or ceramic 
C12 2.2µF Mullard miniature foil 
C13 100µF electrolytic, 25V wkg 

Transistors 
TR1 - TR4 BC107 (Mullard) 

Switches 
S1(a)(b) 2 -pole 4 -way Yaxley 
S2 s.p.s.t. toggle 

Batteries 
2 -off 9 -volt batteries type PP7 or equivalent 

Miscellaneous 
Veroboard, 0.15in. matrix (see Fig. 3) 
Coaxial socket 
2 -off pointer knobs 
Drive and dial (slow- motion or direct as required) 
Material for panel, chassis, struts and brackets 
Cabinet type W, 8 x 6 x 6in. (H. L. Smith & 

Co. Ltd.) 
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second stage of the amplifier. The d.c. coupling be- 
tween stages prevents unwanted phase shift. R6 is 
the final load resistor, the output being taken from 
this via the blocking capacitor C10. The emitter 
resistor R7 is bypassed by C9 to maintain the overall 
stage gain. A small measure of voltage feedback is 
applied to the emitter of the first stage via the divider 
network given by R5 and RTI. RT1 is a thermistor 
whose resistance varies inversely with the current 
flowing through it. This allows amplitude control to 
be maintained and also keeps the circuit stable under 
varying conditions of frequency change. The action 
of the thermistor is therefore extremely important to 
the functioning of the circuit as a whole. 

Feedback is also applied . from the same C10 out- 
put via R4 to the principal bridge network consisting 
of VR1 and Cl to C8, these all being variable and thus 
providing the wide range of frequencies covered. 

Rear view of the generator. Note the capacitors 
connected between the range switch and the 

tagboard behind it 

Correct d.c. working conditions for the first ampli- 
fier stage are also provided by divider R1 and R2, 
and as these components are interconnected with the 
bridge network they also affect the frequency of oscil- 
lation. Following conventional practice, fine frequency 
shift control is the function of the twin gang poten- 
tiometer VR1, while the coarser ranges, in this case 
decade steps, are selected by means of switched 
capacitors Cl to C8 in the alternate limbs of the 
bridge network. By using logarithmic potentiometers 
for VR1 the normal non -linear exponential type of 
scale which would result from a C and linear R time 
146 

constant is obviated and a more even overall calibra- 
tion scale is obtained. 

The signal output is also taken from C10 to the 
amplitude control VR2, then via the blocking capa- 
citor C12 to the base of the emitter follower output 
stage, TR4. The purpose of this stage is to provide 
a very low output impedance while presenting a 
reasonably high input impedance to the amplifier out- 
put circuit. It thus performs the function of an im- 
pedance matching circuit, isolating the final output 
and load from the actual oscillator circuit. R8 and R9 
form a d.c. divider for the base of TR4, Cil being 
included for h.f. compensation. The final output 
signal is developed across the emitter load RIO while 
C13 provides d.c. blocking to the output socket. 

The d.c. supply, which is isolated by S2, is obtained 
from an internal battery supply. Two batteries of the 
type used for transistor radios are connected in series. 
Types PP7, RR7, VT7 or similar are quite suitable, 
the current drain being only in the 25mA region. 

TABLE I 

Specification 
Frequency coverage: 15Hz to 150kHz in four decade 

steps. 
Range 1, 15Hz - 150 Hz. 
Range 2, 150Hz - 1,500Hz. 
Range 3, 1.5kHz - 15kHz. 
Range 4, 15kHz - 150kHz. 
Change in frequency for ±10'. 

change in supply voltage is 
less than 1%. 

5 volts peak -to -peak thldb over 
entire frequency range; con- 
tinuously variable from zero. 

Less than 50052. 
18 volts d.c., 25mA, from in- 

ternal batteries. 
8in. wide, 6in. high, 6in. deep. 

Stability: 

Output: 

Output impedance: 
Supply: 

Dimensions: 

CALIBRATION ACCURACY 

A single dial calibration is used for all four ranges. 
The accuracy of the calibration on individual ranges 
will naturally depend on the accuracy of capacitors 
Cl to C8 and also the accuracy of matching between 
similar pairs. While 5% types have been specified, l 
or 2% types are naturally preferable, though they are 
of course more expensive. If a capacitor measuring 
bridge is available, capacitors which are low in value 
can always be "padded up" by the addition of smaller 
values in parallel. The 5% tolerance specified should 
prove adequate for most everyday applications, how- 
ever. If high accuracy is essential, the only answer is 
the use of more expensive higher tolerance com- 
ponents. In this respect it may be added that all the 
capacitors specified for Cl to C8 are available from 
Home Radio at 1% tolerance, whilst the 0.1 pF and 
0.01µF values are also available at 5% tolerance. 

The extent of overlap on each range is controlled 
by R4. The value quoted for R4 should provide an 
overlap of approximately 10 to 15% using average 
components in the bridge network. Should the range 
overlap be not quite unity or if a larger overlap be- 
tween ranges is required, a slight adjustment to the 
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Fig. 2. Calibration curves for frequency versus 
rotation in VR1, as obtained with the prototype 
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value of R4 will effect the necessary alteration. Reduc- 
ing R4 gives a wider range of overlap and vice versa. 

The curves in Fig. 2 show frequency versus rotation 
of VRI in the basic circuit as calibrated, together with 
the minimum and maximum calibration errors and 
deviations encountered between ranges due to dif- 
ferences in tracking. The actual tolerances on capa- 
citors used by the writer, and with which the curves 
were made, were measured. They are as follows: 
Range 1, 1µF, -3%, and -4 %; Range 2, 0.1µF, - 0.02% and -1.5°!; Range 3, 0.01µF, +3.5% and 
-0.5 %; Range 4, 1,000pF, -0.25% and -0.1 %. 

The actual range of the generator can be extended 
to at least a further decade if required (i.e. up to 
1.5MHz). The only drawback is that the existing cali- 
bration scale would no longer be accurate as the range 
and spread would become effectively smaller due to 

TABLE II 
Voltage and Frequency Measurements 

(All voltage readings on 20kS2 per volt meter with 
respect to negative line.) 

Supply: 18V. Current drain: 24.7mA. 
TR1: emitter 1.6V; base 1.9V; collector 8.8V. 
TR2: emitter 0.9V; base 1.6V; collector 8.8V. 
TR3: emitter 8.3V; base 8.8V; collector 13.55V. 
TR4: emitter 7.85V; base 8.15V; collector 18V. 

Minimum and maximum frequencies measured: 
Range 1, 14.5Hz - 162Hz; 
Range 2, 135Hz - 1,570Hz; 
Range 3, 1.325kHz - 15.51(Hz; 
Range 4, 12.75kHz - 145kHz. 
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the increased effect of stray and self capacitance in 
relation to bridge capacitance. This fall -off in frequen- 
cy due to stray and self capacitance is already slightly 
noticeable at the upper end of Range 4, at 150kHz. 
This can be seen in the curves in Fig. 2 and in the list 
of measured frequency limits given in Table II. To 
maintain accurate calibration another scale would very 
likely be required for the fifth decade if it were added. 
It may be of interest however that the writer has 
had the circuit working in excess of 4MHz. It there- 
fore offers plenty of scope for those who like to experi- 
ment a little. 

CONSTRUCTION 

The construction of the instrument is quite straight- 
forward and should offer no difficulties. All com- 
ponents except the switched bridge capacitors and C13 
are mounted on a piece of 0.15in. Veroboard approxi- 
mately 21 by 22in. This makes construction much 
simpler and neater while also helping to standardise 
the final result with regard to specification. The Vero - 
board layout with full details is given in Fig. 3. Out- 
going flyleads should be soldered to the appropriate 
points before the board is mounted vertically to the 
chassis by means of a small aluminium angle bracket. 
Strip M is at the bottom and, since this is at chassis 
potential, it may be in contact with the angle bracket. 

The chassis can be simply made from a piece of 
aluminium sheet with a lip bent along the front edge 
for mounting to the front panel. Side struts can be 
fixed between front panel and chassis for added 

Another view of the rear. The thermistor may 
be seen between the two batteries 
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Fig. 3. The Veroboard layout, as seen looking 
at the copper side of the board 

strength. Fig. 4 shows the complete chassis layout, 
together with all relevant dimensions. The bridge 
capacitors are connected directly between the switch 
contacts and a tag strip or tagboard mounted above 
the chassis by means of a bracket. C13 is connected 
directly between the Veroboard and the output socket. 
The two 9 -volt batteries are mounted on the rear of 
the chassis, simple retaining clips being made from 
a strip of aluminium. 

The front panel should be drilled and have all panel 
components fitted before being mounted into position. 
Front panel details and dimensions are given in Fig. 5. 
The type of dial and drive assembly used is a matter 
of individual choice. While a simple direct drive with 
pointer scale is quite adequate, a good -quality slow - 
motion drive with a complete dial assembly is much 
better though, of course, more expensive. The author 
employed a surplus slow- motion dial, its scale being 
calibrated from 14 to 155. The positions of the decade 
switch, Sl, are designated "Xl ", "X10 ", "X100" and 
"X1000". 

Interconnecting wires should be as short and direct 
as possible. One point which requires mention is the 
wiring of VR1, this being a logarithmic type poten- 
tiometer. This component should be wired up with the 
common junction from the base of TRI connecting to 
the two centre tags (wiper arms) of VR1, and with 
the two separate connections from Sl(a) and the junc- 
tion of RI and R2 passing to the open end of each 
potentiometer track which, with standard log poten- 
tiometers, is at the anti -clockwise end of rotation. 
These connections can be seen in Fig. 4. This method 
of connection helps to obviate the cramped exponen- 
tial type of scale calibration which would result if 
linear potentiometers were used. When wired up as 
described, the control and dial should give an in- 
crease in frequency when rotated anti -clockwise. The 
layout and appearance of the completed instrument 
can be clearly seen in the photographs. 

148 

Chassis 

6BA 

Front 
panel 

Chassis /panel 
fixing 

51/2* 

3/8 I" 

Fixing 
bracket 

13/4" 

Sla 
RI -R2 
junction 

Vero board 

68A 

3/16* 

AS n nA 

4BA fixing 

I1/2 ápprox - 
+ S2 - 

CHASSIS 

9 -volt battery 
Battery clamping 

brackets 9 -volt battery 

7' 

Front panel 

6BA fixing 

Cl -C8 

Tagboard 
or strip 

Fixing 
bracket 

Side struts 

Bend 

6BA fixing 

Fig. 4. Layout of the major components on the chassis. Also given are the main dimensions 
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TESTING AND CALIBRATION 
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Testing and calibration of the generator depend 
very much upon what instruments are available. An 
oscilloscope is almost a necessity while if another 1.f. 
generator can be borrowed for calibration purposes 
the work becomes quite straightforward. When first 
switched on the generator should be allowed 15 to 20 
seconds to settle down, this being necessary because 
of the thermal time constant of the thermistor. To 
check that the instrument is working correctly con- 
nect an oscilloscope to the output socket. Ensure that 
the resultant signal displayed is a good sine wave and 
that its amplitude can be varied between zero and 
the maximum quoted by means of VR2. Then swing 
VR1 over its full range and check that the output 
remains constant within the limits quoted over all 
four decade ranges. If no oscilloscope is available a 
headphone connected to the output will give an audible 
check that the generator is working on Ranges 1, 2 

and 3. Range 4 will be too high in frequency for an 
audible check. VR2 should vary the volume of the 
audible tone from zero upwards. In the event of diffi- 
culty and for future reference, voltage measurements 
are included in Table II. Typical output waveform 
oscillograms can be seen in the accompanying photo- 
graphs. 

Having checked that the generator is working cor- 
rectly, there only remains the calibration. If an oscil- 
loscope is not available there is no simple alternative 
and the only practical method is to transfer the cali- 
bration curve shown in Fig. 2 to the scale on VR1 
by means of a protractor, measuring off degrees of 
rotation in terms of frequency. Such a method is of 
course rather inaccurate as, due to differences within 
tolerances in component values, scale differences will 
occur both in frequency limits and frequency spread. 

If both an oscilloscope and a signal generator are 
available there should be no problems. The generator 
to be calibrated is connected to the Y input of the 
oscilloscope and the generator used as the calibration 
source to the X input, the time base being switched 
off. This allows the use of Lissajous figures for cali- 
OCTOBER 1971 

bration. Set the Y plate generator switch Si to Range 1 

and VR1 to one extreme of rotation then swing the 
X plate generator over the expected frequency range, 
say, 10 to 200Hz. The X and Y sensitivities should 
be adjusted to give similar deflections on the screen 
in both X and Y axes. When the two frequencies co- 
incide the resultant trace will be a stationary circle. 
Note this frequency. Next set VR1 to its other extreme 
and repeat. Again note the resultant frequency. These 
two figures give the total frequency swing, which 
should be slightly greater than the nominal range. 
Now set the calibration generator to some definite 
frequency near the lower end of VR1 limit, say, 15Hz, 
then carefully adjust VR1 until the circular trace is 
observed. When this is completely stationary the two 
frequencies are identical. This point is now marked 
on VR1 scale. Next set the calibration to a higher 
frequency, say, 20 or 25Hz, and repeat. The complete 
scale should be calibrated in this way up to the next 
decade, i.e. 150Hz. Mid -calibration points can be 
made in steps to suit individual choice and the type 
of scale used. 25Hz steps are normally adequate, 

Output waveform at 100Hz 

though 10 or 5Hz steps will provide a fuller scale. The 
tracking between ranges can be checked if desired 
by switching to Ranges 2, 3 and 4, and repeating the 
tests on a few spot points on the scale calibration. 
Any slight differences in tracking between ranges can 
be noted for future reference. 

If no generator can be begged or borrowed for 
calibration purposes but if an oscilloscope is still 
available, a reasonable calibration can be made using 
the 50Hz mains as a standard and working with 
Lissajous figures. A low voltage 50Hz supply is con- 
nected to the X input, the output from a filament or 
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other low voltage transformer being quite suitable. 
With Range 1 selected by Si, adjust VR1 until the 
circular trace is obtained. This will indicate the 50Hz 
point on the scale. Decrease the frequency selected 
by VR1 until a pattern with two peaks in the vertical 
plane is obtained; this is the 25Hz point (first sub - 
harmonic). VR1 is then increased until a two peak 
pattern appears in the horizontal plane, this being the 
100Hz point (second harmonic). A further increase in 
frequency will produce a three peak pattern (third 
harmonic), this being the 150Hz point. These points 
provide the principal calibration marks on the scale. 
The patterns are illustrated in Fig. 6. 

Now switch to Range 2 and reduce VR I until the 
third harmonic is found at the lower end of the scale. 
This is the 150Hz point on that range but can be 
marked as 15Hz on the scale as the oscillator is now 

This trace, given at 100kHz, indicates the 
same clean sine waveform 

working at a higher decade level. Increase VR1 until 
a four peak pattern is observed. This is the 200Hz 
point, which is marked on the scale as 20Hz. Simi- 
larly, a five peak pattern is given at 250Hz; this 
should correspond with the 25Hz mark already made 
from the lower decade calibration. Any slight dif- 
ference between these two points gives the error be- 
tween the first two decade ranges. 

The remainder of the scale is calibrated in a similar 
manner, the six peak pattern being marked as 30Hz, 
the seven peak pattern as 35Hz and so on. The upper 
end of the scale will be more difficult to calibrate 
due to the difficulty of maintaining the trace stationary 
for sufficiently long to count the peaks on the screen 
trace. 
150 

(a) (b) (C) 

Fig. 6. The Lissabous figures given for different 
frequency relationships. In (a) the vertical 
frequency is twice the horizontal frequency, 
whilst in (b) the vertical frequency is three 
times the horizontal frequency. In (c) the 
vertical frequency is half the horizontal 

frequency 

Calibration by spot wheel pattern is simpler at the 
upper end of the scale. Here, a circular trace is ob- 
tained by injecting equal amplitude 50Hz signals 
which are 90° out of phase into the X and Y inputs. 
See Fig. 7. The output from the signal generator is 
then injected into the Z modulation input on the oscil- 
loscope. The resultant number of spots on the circular 
trace are then counted and computed to give the par- 
ticular harmonic in relation to 50Hz. 

Calibration with the aid of the 50Hz mains is not 
quite as accurate as when another signal generator is 
used as a calibration source since it tends to take in 
the errors between the first two ranges. For most 
everyday purposes, however, it should prove adequate 
enough. 

Yi 

----+-X XZ'_.-. 
Y2 

Fig. 7. Obtaining a circular trace on an oscil- 
loscope. The reactance of C must be equal to 
the resistance of R. At 50Hz, suitable values 

are 0.2µF and 16ko2 respectively 

The completed instrument should be found both 
simple and reliable in use, and will meet many appli- 
cations in all branches of audio and ultrasonic work. 
Its compact size and the use of internal batteries make 
it equally useful in both field work and on the test 
bench. 
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SOLID - STATE 

`RELAY' 

by G. A. FRENCH 

THE GREAT ADVANTAGE OFFERED 
by the electromagnetic relay 
as a switching device is that 

its actuating circuit (i.e. the circuit 
which causes current to flow in its 
coil) is completely isolated from the 
circuit or circuits which it switches. 
Apart from this consideration, very 
many of the tasks carried out by a 
relay- can be carried out equally 
well, or better, by solid -state semi- 
conductor devices, these offering 
the benefit that no mechanical mo-ve- 
ment of contacts is involved. With 
these devices, however, it is impos- 
sible to separate the actuating and 
switched circuits from each other 
unless special isolating circuitry is 
incorporated. 

This month's `Suggested Circuit' 
describes a semiconductor switching 
device offering facilities similar to 
those of a relay, and which also 
achieves complete electrical isola- 
tion between the actuating and 
switched circuits. The device can 
also be made to operate by direct 
application of the mains supply to 
the actuating circuit, the switched 
circuit having no direct connection 
whatsoever to this supply. The 
switched circuit may operate at d.c. 
potentials up to 30 volts, and at 
currents up to 0.5 amp. The circuit 
has some minor experimental 
features, which will be discussed 
later, and is intended for use by 
the more experienced constructor 
who is capable of adapting it as 
required. 

RELAY CIRCUIT 

A simple relay application, 
which the relay has one set 
normally -open contacts, is shown 
Fig. 1. Until a suitable supply 

in 
of 
in 
is 

connected to the relay coil the con- 
tacts remain open. They close when 
an energising supply is applied to 
the coil. 

The solid -state equivalent which 
forms the basis of the present 
article appears in Fig. 2. In this 
case the energising supply is applied 
to the pilot lamp PLI which, to- 
gether with photoconductive cell 
PCI, is mounted -in a light -proof 
case. Since there is no direct con- 
nection between the pilot lamp and 
the circuit around the photocon- 
ductive cell, the desired isolation 
between actuating and switched 
circuits is achieved. 

When PLI is not illuminated the 
photoconductive cell exhibits a high 
resistance, of the order of 1 MI2 or 
more. In consequence, the voltage 
across R2 is lower than that at 
which forward base -emitter current 
can flow in TRI, and this transistor 
is cut off and passes leakage current 

only. In its turn, the voltage across 
R3 due to this leakage current is 
below base -emitter turn -on poten- 
tial in TR2, and this second transis- 
tor is similarly cut off. A negli- 
gibly low leakage current flows in 
the load which appears in the col- 
lector circuit of TR2. 

If the actuating supply is con- 
nected to PLI the bulb becomes 
illuminated and PCI exhibits low 
resistance. Under conditions of 
bright illumination this resistance 
can be lower than 30052. Current 
now flows in limiting resistor R1 
and the base -emitter junction of 
TRL An amplified current flows in 
the base -emitter junction of TR2, 
causing this transistor to become 
fully saturated. The full load supply 
voltage, minus a fraction of a volt 
which is lost across the bottomed 
TR2, is now applied to the load. 
The currents flowing through R2 
and R3 under these circumstances 
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All resistors 1/4 W 10% 

BC 107 

Fig. 2. The solid -state 'relay'. PL1 and PC1 are 
light -proof box 

are much lower than those flowing 
in the base -emitter junctions of the 
transistors, and the two resistors 
can be ignored. 

When the energising supply is 
disconnected from the bulb, this 
extinguishes. The photoconductive 
cell once more exhibits a high re- 
sistance, whereupon TRI and TR2 
become cut off and the circuit re- 
verts to its former state. Thus, the 
circuit achieves the same function 
as the relay of Fig. 1, but it does 
so without mechanical movement of 
switch contacts. If the semiconduc- 
tors are operated well within their 
maximum ratings the arrangement 
of Fig. 2 should have a far longer 
useful life than the relay of Fig. 1, 
and it requires no maintenance 
(such as periodic cleaning of con- 
tacts, etc.) whatsoever. 

CIRCUIT RATINGS 

To examine the usefulness of Fig. 
2 it is necessary to consider the 
ratings and performance data of 
PCI, TRI and TR2. The BC107 
specified for TR1 has a maximum 
collector voltage rating of 45 volts, 
as also has the BD124 in the TR2 
position. It would seem reasonable, 
therefore, to make an arbitrary 
choice of 30 volts maximum for the 
load supply potential, since this 
provides a generous safety margin 
by leaving an adequate voltage 
level `in hand'. A minimum load 
supply potential of 5 volts is also 
152 

BD 124 

enclosed in a 

specified. Operation is possible be- 
low this voltage, but it may be 
found that TR2 does not fully 
bottom at load currents around 
0.5 amp. 

Next to be considered is the 
power dissipation permissable in 
PCI. For temperatures of 40 °C or 
less this is quoted as 200mW maxi- 
mum, and at 50 °C it is quoted at 
100mW maximum. In this instance 
it would seem sensible to work to a 
maximum figure around 50mW. In 
use, greatest dissipation occurs in 
PCI when it exhibits a resistance 
which causes the voltage across its 
terminals to be half the supply 
voltage. At this resistance the base - 
emitter junctions in both TR1 and 
TR2 will be conductive whereupon, 
ignoring the relatively small volt- 
ages dropped in these junctions, it 
can be assumed that PC1 and RI 
are connected in series directly 
across the load supply lines. The 
resistance in PC1 which causes half 
the supply voltage to appear across 
it is then equal to the value of 
limiter resistor R1. With a load 
supply voltage of 30, the half supply 
voltage is 15 and this causes a dissi- 
pation of about 50mW in a resis- 
tance of 4.7k52. In consequence, R1 
is specified in Fig. 2 as 4.7k52 for 
load supply voltages of 20 to 30, 
and to corresponding values causing 
about the same dissipation in PCI 
at half supply voltage for lower 
load supply potentials. 

Next to be examined are the 

current gain figures for TRI and 
TR2. The lowest hFE figure quoted 
for the BC107 is 110 and that for 
the BD124 is 25. The lowest theore- 
tical current gain for the two tran- 
sistors in tandem is therefore 110 
by 25, or 2,750 times. However, it 
is desirable for the BD124 to be 
very hard on when it applies the 
load supply voltage to the load, and 
this argues a base current in TR2 
that is significantly higher than that 
which is just sufficient to allow the 
load current to flow. In consequence, 
and taking up also practical losses 
due to transistors operating at volt - 
ages other than those for which 
hFE figures are quoted, a factor of 
ten times overall is realistic, where- 
upon a good operational margin 
would be given by saying that the 
solid -state `relay' switches on 
reliably when the desired load 
current is 275 times (say 300 times) 
greater than base current in TRI 
when PCI is illuminated. This 
figure is justified from experience 
with the prototype circuit, particu- 
larly at low load supply voltage 
figures. For load currents of 0.5 
amp the base current in TRI there- 
fore needs to be 300 times smaller, 
i.e. I.7mA. The values chosen for 
Rl ensure that a current in excess 
of this figure can flow when PCI is 
fully illuminated. 

We turn next to dissipation in 
TR2. At 30 volts load supply volt- 
age the maximum load current of 
0.5 amp (when TR2 is hard on) is 
given by a load resistance of 6052. 
Maximum dissipation occurs in 
TR2 when half the supply voltage 
appears between its emitter and 
collector and in the present instance 
this will be equal to 15 volts times 
0.25 amp (the latter being the col- 
lector current at half supply volt- 
age) or 3.75 watts. The maximum 
quoted junction temperature for a 
BD124 is 175 °C and its thermal re- 
sistance from junction to case is 
7.5 °C per watt. The BD124 is in an 
SO -55 encapsulation which has a 
thermal resistance, case to heat sink, 
of 0.5 °C per watt without a mica 
washer or 1.5 °C per watt with a mica 
washer. Assuming, under worst 
conditions, an ambient temperature 
of 50 °C and no mica washer, the 
requisite heat sink thermal resis- 
tance to air (Rth) can be calculated 
from 3.75 watts = (175 - 50)/(7.5 -- 
0.5 Rth). This works out at a 
thermal resistance from heat sink 
to air of 25 °C per watt. With a 
mica washer, the figure becomes 
24 °C per watt. A flat heat sink 
about 1 Zin. square would be more 
than adequate for TR2. 

A component not mentioned up 
to now is R4. The function of this 
resistor is to limit power dissipation 
in TRI reasonably well below its 
maximum specified value of 300mW. 
It is calculated under half supply 
voltage conditions for the instance 
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where PCI inserts lowest resistance 
into circuit. 

It will be appreciated from the 
above that the circuit of Fig. 2 
provides very conservative operat- 
ing conditions for all components. 
This point becomes even more evi- 
dent when it is realised that PCI 
and TR2 have power dissipation 
evaluated for the half supply voltage 
condition whereas, under normal 
operation, PC1 and TR2 will only 
pass through this condition momen- 
tarily as the 'relay' changes from the 
'off' state to the 'on' state and from 
the 'on' state to the 'off' state. The 
only component which can possibly 
approach a relatively high dissipation 
level is TRI. In any case, and as is 
explained later, dissipation in TRI 
can be reduced in practice by ad- 
justment of the value of R4 to 
suit specific load currents. 

Fig. 3. The plot lamp is posi- 
tioned near the light- sensitive 
surface of the photoconduc- 

tive cell 

PRACTICAL POINTS 

The choice of bulb for the PLI 
position is not critical, although it 
is desirable to employ a type which 
does not draw excessive current. For 
the prototype circuit the writer used 
a 6 volt 60mA m.e.s. pilot lamp 
positioned close to the surface of 
the photoconductive cell, as shown 
in Fig. 3. This caused the photo- 
conductive cell to be more than 
adequately illuminated when the 
full 6 volts was applied to the bulb, 
and it was found possible to actuate 
the 'relay' by running the bulb from 
a 3 volt supply, from which it 
drew approximately 35mA. Con- 

Fig. 4. It is possible to actuate 
the relay by more than one 

pilot lamp, if desired 
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PCI 

Neon bulb 

J \ 
f PCI 

(a) (b) 

Fig. 5(a). The 'relay' may be actuated by a small neon bulb 
(b). The neon bulb should be positioned very close to the photo- 

conductive cell 

structors wishing to take advantage 
of this fact may, if desired, experi- 
ment along similar lines. The bulb 
and the photoconductive cell are 
mounted inside a small light -proof 
case. 

It is interesting to note that the 
'relay' can be operated by more 
than one bulb, as shown in Fig. 4. 
each of the bulbs being in reason- 
ably close proximity to the light - 
sensitive surface of the photocon- 
ductive cell. The circuit then acts as 
an OR -gate since the 'relay' is actu- 
ated by any one or all of the bulbs. 

The 'relay' may also be actuated 
by a small wire -ended neon bulb of 
the type which is available from 
Henry's Radio as Hivac type 16L 
or 34L, or from Home Radio under 
Cat. No. PL32A. The neon bulb, 
with a series 270kS2 resistor, may be 
run direct from the mains supply, 
as shown in Fig. 5(a). The neon 
bulb needs to be mounted very close 
to the ORP12, in the manner illus- 
trated in Fig. 5(b). The illumina- 
tion provided by the neon bulb is 
not sufficient to bring the ORP12 

down to a very low resistance and 
the 'relay', when operated in this 
manner, may not be able to control 
load currents as high as 0.5 amp. 
Judging from the writer's experi- 
ence, however, it should be able to 
cope with load currents of the order 
of 0.4 amp. 

When the 'relay' circuit has been 
assembled and checked out, it is 
desirable to see whether it is capable 
of switching the particular load 
connected to it when the value 
of R4 is made approximately 
double that indicated in Fig. 2. If 
this can be done, the increased 
value of R4 should be retained in 
circuit. This increased value will 
result in reduced dissipation in TRI 
and greater long -term reliability. 
The voltage across TR2 emitter and 
collector should be checked when 
the 'relay' .is actuated. If it is less 
than 1 volt it may be assumed that 
TR2 is adequately bottomed. The 
actual voltage obtained will vary 
with different BD124's; with the 
prototype it was less than 0.2 volt. 
The leakage current in the BD124 

TR3 

Protective diode 

Fig. 6. It the load is inductive in character, a protective diode 
should be connected across it 

.1111111M. 
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when the `relay' is not actuated 
should be very low. The writer 
found that, with the BD124 at 
room temperature, the leakage 
current caused no discernable de- 
flection in the needle of a testmeter 
switched to read 0 - 50µA. This 
check was carried out at a load 
supply potential of 15 volts. 

If the load switched by the `relay' 
is inductive in character, it will be 
necessary to connect a protective 

diode across it to prevent the for- 
mation of a high back- e.m.f. voltage 
when TR2 cuts off. See Fig. 6. The 
diode may be any silicon rectifier 
having a p.i.v. of 50 or more, and 
a forward current rating of at least 
0.5 amp. The Lucas type DD000 
would be suitable. 

As a final point it may be restated 
that the component values and per- 
formance figures quoted are all very 
conservative, as befits a device 

which is intended to exhibit a high 
level of reliability. Readers who 
care to experiment may find that 
particular `relays' built up to the 
circuit are capable of switching 
load currents in excess of 0.5 amp. 
However, performance in this re- 
spect is dependent upon the charac- 
teristics of the particular transistors 
employed and cannot be reliably 
predicted. 

RECENT PUBLICATIONS 

A DICTIONARY OF ELECTRONICS, Third Edition. By S. Handel. 
413 pages, 41 x 71in. Published by Penguin Books, Ltd. Price 45p. 

It is pleasant to see a good book prove its success over the years. The reviewer has relied considerably on 
the first edition of "A Dictionary of Electronics ", which appeared in 1962, both for journalistic and for engineer- 
ing work. Now the dictionary is in its revised and enlarged third edition, having taken in the new words and 
terms which have appeared in the intervening time of nearly ten years. As Mr. Handel says in his introductory 
note to the new edition "... this is a long time in the life of a technology which is growing as fast as electronics ". 

The book, which is in the Penguin Reference Books range, has the familiar Penguin paperback format. All 
aspects of electronics are covered, including radio, radar, television, integrated circuits and computers. Entries 
appear alphabetically in normal dictionary form and cross -references are indicated by words or terms in italics. 
A non -technical reader can work, through the cross -references, from a complicated item to its simple basic con- 
cepts, these being expressed in `standard dictionary' words. 

The dictionary represents excellent value to anyone who is connected with electronics, be he student, amateur 
constructor or experimenter, engineer or technical writer; and Penguin Books are to be praised for presenting 
an outstanding reference book at such exceptionally low cost. 

TEST YOUR KNOWLEDGE OF TELECOMMUNICATIONS. By L. lbbotson, B.Sc., A.Inst.P., C.Eng., M.I.E.E., 
M.I.E.R.E. 94 pages, 41 x 71in. Published by Iliffe Books. Price 80p. 

TEST YOUR KNOWLEDGE OF PHYSICAL ELECTRONICS. By T. Wilmore, B.Sc., A.R.C.S., A.Inst.P. 
96 pages, 4; x 7;in. Published by Iliffe Books. Price 80p. 

TEST YOUR KNOWLEDGE OF APPLIED ELECTRONICS. By R. W. J. Barker, M.Sc., B.Sc., C.Eng., M.I.E.E. 
96 pages, 41 x 71in. Published by Iliffe Books. Price 80p. 

These three titles are the first in a series of revision texts designed to cover a first degree course in electrical 
engineering. They should also be suitable for H.N.C., H.N.D. and C.E.I. examinations. They are intended to 
provide revision only and are not presented as a first study course. A student using a "Test Your Knowledge" 
book should do so a little time before his examinations, whereupon he will soon find the strengths and weak- 
nesses in his knowledge and understanding. 

In each of the books questions are listed on the right hand pages. The- reader then turns the question page 
to find the corresponding answers printed on its other side. Each question is followed by four suggested answers 
of which only one is correct. The reader selects what he thinks is the right answer, then consults the following 
page to check whether his choice is correct. In addition to showing the proper answer, the following page also 
gives explanatory text to augment the process of revision. 

These useful little books are of small and handy size, and each contains some four to eight questions per 
question page. Not only are the books of assistance to the student, but they can also provide entertaining reading 
for the practising engineer who wants to check on his own knowledge of the subjects covered. 

COLOUR TELEVISION PICTURE FAULTS. By K. J. Bohlman, A.M.Inst.E. 
126 pages, 51- x 81 in. Published by Norman Price (Publishers) Ltd. Price £2.50. 

This well -presented book is intended to provide, with the aid of colour photographs taken under receiver 
fault conditions, a reference for technicians in the identification and repair of faults in colour television receivers. 
There are over 120 illustrations, including 88 colour photo graphs. The latter are reproduced extremely well and 
with a depth of detail and truth in colour that is more than adequate to demonstrate the fault being indicated. 

The main section of the book is taken up by the photographs together with concise explanations of the 
faults they represent and the appropriate remedial action. Thirty picture faults are covered, these ranging from im- 
pure raster to the PAL switch operating on the wrong phase, and include misconvergence, absence of clamping 
pulses, loss of colour or bands of colour, Moire effect and 4.43MHz dot patterning. This section is followed by 
a useful appendix which gives colour bar waveforms, PAL decoder arrangements, u.h.f. channels, a fault- finding 
chart and details of colour television Test Card F. The book then finishes with an index. 

"Colour Television Picture Faults" fills a gap which has been evident since the inception of colour television 
transmissions in this country, and will be of considerable help to all service engineers including, in particular, those 
who are just commencing or who are just graduating from monochrome to colour. 

154 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


REMOVING ELIMINATOR 

HUM 
by 

G. W. SHORT 

Battery eliminators reduce the running costs of transistor 
radios very considerably, but they can also introduce hum. 

This article describes a number of approaches which combat 
this problem 

CONVERTING A BATTERY SET TO 
mains operation is on the face 
of things a simple operation, 

and one which in the long run can 
save a lot of money, since mains 
power is so much cheaper than bat- 
tery power. However, there is no 
rose without a thorn, and in this 
case the thorn is mains hum, which 
can be quite a problem. This article 
describes how hum gets into equip- 
ment when it is converted to mains 
operation and shows how to over- 
come the problem. 

ELIMINATOR TYPES 

Before we get down to details, 
let's get one thing clear. There are 
two distinct types of battery elimin- 
ator, one with a double -wound step - 
down transformer and the other with 
no transformer, only some kind of 
`voltage dropper' to reduce the 
mains to the required 9V or so. 
This article is concerned only with 
the first kind, that is the type which 
uses a double -wound transformer. 
The 'voltage dropper' type can be 
made cheap and very compact, but 
it suffers from the fatal flaw of not 
providing an output isolated from 
the mains. This is dangerous, and 
the non -isolated type of eliminator 
is not recommended for that reason. 

Returning to the transformer type, 
then, a typical circuit is shown in 
Fig. 1. This example delivers a 
nominal 9V d.c. at up to 120mA, 
which is enough for nearly all port- 
able transistor radios. As can be 
seen, it is just about the simplest 
arrangement possible: a full -wave 
rectifier charging a 1,000µF electro- 
lytic 'reservoir' capacitor. Note that 
the transformer secondary voltage is 
7 -0-7V r.m.s. not 9 -0-9V. This is 
because the d.c. output, voltage is 
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more than the r.m.s. input voltage. 
In theory, at zero load, i.e. no out- 
put current, the d.c. output is 1.4 
times the r.m.s. input, which is 10V 
d.c. for 7V r.m.s. As the current 
taken from the unit increases, the 
output voltage falls, eventually ap- 
proaching the r.m.s. voltage. With 
the MT7 transformer and other 
components as shown the output is 

imposed on the d.c. The frequency 
is 100Hz - twice the mains fre- 
quency - because we are using full - 
wave rectification which charges Cl 
twice every mains cycle. Careful 
observation of the waveform shows 
that alternate cycles of the sawtooth 
are not quite the same size. This is 
because of unbalance in the resist- 
ances of the two halves of the trans- 

250V 
OA200 

+ ICV max 

120mA max 

A.C. 
mains 

Mains 
trans orrier 
type MT7 

Fig. 1. Typical 9V battery eliminator circuit 

9V at 70mA approx. and 8V at the 
maximum rated output of 120mA. 
(The MT7 transformer is available 
from Amatronix Ltd., 396 Selsdon 
Road, South Croydon, Surrey.) 

MAINS HUM 

We are concerned with mains 
hum, however. The most obvious 
source of hum in the case of Fig. 1 

is simply the result of the imperfect 
smoothing provided by this simple 
circuit. At zero output current the 
d.c. supply is quite smooth, but as 
the current taken increases so the 
output becomes less and less 
smooth. Looked at on an oscillo- 
scope, the output is seen to have a 
sawtooth ripple voltage super- 

former secondary, and it implies 
that there is a small 50Hz com- 
ponent mixed up with the 100Hz 
ripple. 

It is usual to specify the ampli- 
tude of a ripple voltage as a peak - 
to -peak quantity, because this is 
easiest to measure. (The r.m.s. 
equivalent for a sawtooth wave is 
very nearly half the peak -to -peak 
value.) In the circuit of Fig. 1 the 
ripple rises to some 400mV peak -to- 
peak at full output. At lesser out- 
puts the ripple falls more or less in 
proportion. Thus at half output 
(60mA) the ripple is about 200mV 
peak -to -peak, at 30mA it is about 
100mV, and so on. If this ripple 
finds itself into the audio circuitry 
of a set powered by the eliminator 
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it may be strong enough to cause 
hum. This is not, in fact, very likely 
in the average set, but it can 
happen. 

If it does, what can be done 
about it? The simplest way to 
reduce ripple is to increase Cl. 
Doubling the capacitance halves the 
ripple, and so on. This, however, is 
an expensive method where large 
amounts of extra smoothing are 
needed. To reduce the ripple to 
10% of its initial value, for instance, 
would call for an extra 9,000µF. 
The working voltage must be at least 
12V to allow for mains surges, so 
a bulky and expensive component 
is required. 

LOW -COST ALTERNATIVE 

What are the alternatives? It 
comes as a pleasant surprise to 
learn that in many cases a vast im- 
provement is produced by adding to 
Fig. 1 one twopenny resistor! This 
is put in series with the non -earthy 
leg of the d.c. output, as shown in 
Fig. 2. The reason for the improve- 
ment is that many battery sets 
already have inside them a large 
value electrolytic capacitor (of a 
few hundred microfarads) across the 
battery. Its job is to decouple the 
battery when the latter is used and 
provide some measure of reservoir 
capacitance to help a class B audio 
output stage get along when the 
battery runs down. It is shown here 
as C2, and of course it reduces 
ripple by forming, in conjunction 
with 121, an extra RC smoothing 
filter section. 

other current from the formula: 
1,000 

RI- 
current in mA 

where R1 is in ohms. 
But what is the current? Battery 

sets nearly always have Class B 
audio amplifiers, and with these the 
current drawn depends on the 
volume. If the standby current (at 
zero volume) is IOmA, and the cur- 
rent taken at full volume is 100mA, 
do we make R1 1012 or 100t2? 

The most likely answer is, neither. 
Some sort of compromise value will 
be best, so that a reasonable amount 
of smoothing is obtained without 
undue sacrifice of volume. 

We could take the average of 10 
and 1002, which is 5511. But this, it 
may well be felt, is a bit too high, 
since at IOOmA it will drop 5.5V, 
which seems a lot. Something a bit 
less than 5551 may be better. 

At this point mathematics comes 
to our aid. Mathematicians recognise 
several different `average values'. 
The one we just used is called the 
arithmetic mean. For our sort of 
compromise, however, a much better 
`average' is the geometric mean. To 
find the geometric mean of two 
numbers you multiply them together 
and then take the square root of 
the answer. In our case we have 10 
and 10011. The geometric mean of 
these values is the square root of 
10 x 100, which is 31.611. This is 
our compromise resistance. 

The advantage of the geometric 
mean is that it compromises by giving 
a value which is proportionately 
wrong by the same amount at each 

Fig. 2. Adding a series resistor (R1) improves smoothing if the 
receiver already contains the capacitor shown as C2 

What value should R1 have? This 
depends on the current drawn by the 
set. If R1 is too large, too much 
voltage will be lost. If it is too 
small, not enough smoothing will be 
obtained. It is usually quite safe to 
sacrifice 1V, since a well- designed 
battery set will go on working when 
the battery voltage falls below 9V. 
If. then, the set takes IOmA, we can 
use 10011 for R1 for the loss of 1V. 
And we can calculate the value of 
R1 which will drop 1V with some 

end of the range of current. In our 
case, it gives an R1 which is 3.16 
times too small at 10mA and 3.16 
times too large at 100mA. (The 
arithmetic mean gave a value which 
was about two times too small at 
IOmA but 5.5 times too large at 
100mA.) There is no guarantee, of 
course, that in particular cases the 
geometric mean will yield the best 
possible value for R1, but generally 
speaking it gives a much better one 
than the other `average' does. 
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If there is no C2 in the set, or if 
the existing one is too small, an 
additional smoothing capacitor can 
be added. Once R1 is known, the 
value of C2 which will attenuate 
the 100Hz ripple by a factor of at 
least 10 ( =20dB) is calculable, being 

16,000 
approximately equal to µF 

R1 
(R1 being expressed in ohms). So, 
if R1= 10052, C2 =160µF for 20dB 
ripple reduction. 

What does this mean in terms of 
the amount of hum you actually 
hear? Subjectively, every 10dB re- 
duction roughly halves the volume. 
So an extra 20dB of smoothing 
halves it twice, i.e. reduces it to a 
quarter of the original volume. In 
fact, the R1, C2 technique usually 
does slightly better than this, be- 
cause it gives more than 20dB re- 
duction of the harmonics of 100Hz 
which are present in the sawtooth 
ripple voltage, and which are more 
audible than 100Hz. 

If further reduction is needed, C2 
could be increased, but once again 
it turns out that this is the expen- 
sive way of doing things. It is better 
to use two RC smoothing sections, 
each with a resistance which is half 
the calculated value of R1. 

DIFFERENT HUM ROUTE 

Long before reaching this stage 
of complexity, however, we should 
be asking ourselves whether the 
hum isn't getting to our loudspeaker 
by some quite different route. 

Whenever mains transformers or 
mains wiring are close to a circuit 
hum can be induced into that cir- 
cuit. In high -impedance or low -level 
signal areas, a nearby live mains 
lead, however well insulated, can 
cause capacitive hum injection. 
Also, the magnetic field of a mains 
transformer can induce hum volt- 
ages into wiring and especially into 
nearby inductive components such 
as driver transformers, r.f. chokes, 
i.f. coils and ferrite aerials. 

It is easy to find out whether this 
kind of hum is being picked up. All 
you do is separate the set from the 
eliminator on long leads. The 
farther apart they are the less hum 
there should be, and at a foot or 
more the hum, if induced, will have 
disappeared. 

Having proved by this test that 
induced hum is the problem, how 
can it be dealt with? For a start, 
keep the mains wiring as far away 
as possible from audio circuitry. 
Orient the mains transformer so 

that no hum is induced into induc- 
tive components - a trial- and -error 
job. 

If these things cannot be done, 
why not just keep the eliminator 
well away from the set? It is often 
possible to find space on the cabinet 
of a set for two miniature sockets 
to which the d.c. output of the 
eliminator can be fed by way of 
suitable plugs on a long lead. One 
plug and socket should be coloured 
red and the other plug and socket 
black to ensure that the eliminator 
is connected with correct polarity. 

If hum is getting into a set via 
the ferrite aerial it may be possible 
to filter it out by adding a simple 
CR high -pass filter to the base cir- 
cuit of the first transistor. The 
method is illustrated in Fig. 3, 
which shows the base circuit of a 
frequency changer transistor before 
and after modification. 

It may be surprising to find that 
hum voltages in a ferrite aerial can 
cause trouble in a superhet. After 
all, 100Hz or 50Hz is rejected most 
efficiently by the i.f. transformer in 
the collector circuit! Unfortunately, 
by the time it gets there the damage 
is already done. What happens is 
that a strong hum voltage in the 
base circuit amplitude- modulates all 

Ferrite il 

aerial 11 

(b) 

Fig. 3. Hum induced in a ferrite aerial can often be attenuated by a simple CR filter. The 
typical frequency changer in (a) is modified by the addition of C2 and R3 in (b). These 
allow r.f. signals to pass but block hum signals. R2 may have to be altered to restore the 

original collector current in TR1 
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the incoming signals. Thereafter the 
hum is impressed on the carrier 
frequencies, and gets changed in fre- 
quency and ultimately detected 
along with the wanted modulation. 

Finally, there is a puzzling sort 
of hum which might be called 
power -lead hum. To see how it 
occurs, you have to remember that 
Cl in Fig. 1 is charged by the 
rectifiers in brief, high- current 
pulses. When the d.c. output is 
100mA, these pulses might readily 
have a peak value of 500mA. Large 
currents like this can set up signifi- 
cant hum voltages in very low re- 
sistances such as the resistance of a 
connecting lead. To take an ex- 
ample, suppose a lead has a resist- 
ance of 0.0111. Nothing to worry 
about there, one would think. Yet 
500mA in 0.0111 sets up 5mV. If 
this gets into a low -level audio 
stage it will cause a loud hum. And 
it certainly can get in if the power - 
lead wiring is bad. Fig. 4 shows 
how it can happen. Here we have a 
typical low -level a.f. amplifier in a 
very bad wiring layout. Any hum 
voltage set up across connection AB 
is effectively in series with the in- 
put signal. It goes straight into the 
a.f. amplifier! 

The remedy is obvious, once the 
cause of the trouble is known. Con- 

A B 

Reservoir 
capacitor 

Fig. 4. 'Power -lead hum'. Any hum voltage in the connection 
between A and B finds its way into the audio amplifier 

nett the earthy side of the a.f. sig- 
nal source directly to point B, not 
point A. In other words, don't use 
a wiring layout in which leads 
which carry signals also carry the 
current from the rectifiers to the 
reservoir capacitor. Take the signal 

`earths' directly to the earthy tag of 
the capacitor. This kind of hum is 
more likely to occur when a mains 
unit is built into original equip- 
ment than when it is used as a 
battery eliminator, but it is always 
as well to bear it in mind. 

NEW PRODUCT - 
ADCOLA `INVADER' RANGE 

A new range of lightweight, thermally controlled, 
electrical soldering instruments has been introduced 
by Adcola Products Ltd., Adcola House, Gauden 
Road, London, S.W.4. Described as the `Invader' 
range, the new models incorporate a tried and proven 
element combined with a new `pencil -slim' handle. 

The handle, moulded in a self -extinguishing grade 
of Noryl plastic, has been designed to give operators 
a fine degree of control when soldering intricate 
circuits or contacts. The centre heat shield is rectan- 
gular in shape to allow the instrument to be placed 
securely on any surface without rolling, and the iron 
is balanced to ensure that the working bit is always 
clear of the surface. An integral hanging book is 
moulded into the handle. 

The `Invader' range employs the reliable Adcola 
`A' series element and existing replacement elements 
and spares can be used. The collet can also accom- 
modate the complete range of 70 standard and spe- 
cial purpose bits. Standard `Invader' models are 
available in seven stock voltages: 6V, 12V, 24V, 
50/55V, 110V, 220V and 230/250V. Three collet 
sizes - tin., -Ain. and áin. - are also available. Any 
specific bit temperature between 250 °C and 410 °C 
can be supplied at no extra charge. 
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The new At¡cola 'Invader' soldering iron 
features close temperature control and a slim - 

line low -heat handle 
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A U D I O F R Q'UEN MITER 

NOW HEAR THESE 
Tittles = GMT Frequencies = kHz 

ECUADOR 
A new station reported heard is HCSA Quito, when 

signing off at 0200 on 6310. 
HAITI 
4VEH Cap Haitien has been heard on the regular 

11835 channel (2.5kW) 25.35 metres, with a religious 
programme in English at 0130. 

CLANDESTINE 
There are quite a number of such transmissions on 

the short waves these days. B. Walsh of Romford, 
Essex, logged and directed our attention to a station 
announcing as "Fala Radio Portugal Libre" at around 
1855 and onwards, in Portuguese on approximately 
15500. We measured the channel as 15482. 

A later letter from B. Walsh informed us that the 
transmissions could be picked up on 11595 but that the 
15482 channel was silent. Our informant tells us that an 
interval signal is radiated at 1855 and at 1925, consisting 
of seven notes played on an organ, repeated several 
times and followed by an unrecognisable anthem. 

MEXICO 
XERMX, "Radio Mexico ", on 21705, is another of 

the 'catches' attributable to B. Walsh. Programming is in 
Spanish with typical Latin American music. Identifica- 
tions are made frequently in Spanish, German and 
occasionally in English. We logged an identification in 
English at 2115. The frequencies 9705, 11770 and 17835 
are used in parallel. The power is 100kW. 
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IRAN 
This country may be logged on 3778 (100kW) from 

around 1900, when a programme of Arabic -type music, 
with announcements in Farsi (Persian) were heard. 
Other channels used by Radio Teheran are - 7044, 
12176 and 15084. 

SOUTH AFRICA 
Several channels in the LF bands are used by the 

South African Broadcasting Corporation (SABC) when 
radiating their local services. Dx'ers in the U.K. often 
report such transmissions. Listen on the following 
channels - 2326 (20kW) English Service; 2346 (20kW) 
Afrikaans Service; 2376 (20kW) National Commercial 
& All Night Service; 3250 (20kW) National Commercial 
& All Night Service; 3285 (20kW) English Service; 
3320 (20kW) Afrikaans Service; 3965 (20kW) English 
Service and 3997 (20kW) National Commercial Service. 
Listen from 2100 onwards. 

REUNION 
The Ile de la Reunion, a French possession in the 

Indian Ocean between Mauritius and Malagasy, is 
reported being heard by BADX (British Association of 
Dx'ers) on the regular 2446 channel, a Dx feat of no 
mean calibre. Programmes from the capital, St. Denis, 
can also be heard on 4807 if conditions are right. Both 
transmitters have a power of 4kW, programming is in 
French. Address for reports is - ORTF, B.P.309, St. 

Denis, La Reunion. 
IRAQ 
Baghdad, the capital city on the banks of the river 

Tigris, may be heard on the LF bands on the following 
channels - 3235, 3240 and 3960. 

Acknowledgements: - BA DX, Our Listening Post, SCDX. 
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The front panel of the Coil -Pack Communications 
Receiver 

THE USE OF A READY -MADE COIL -PACK GREATLY 
eases the construction of a multi -band superhet 
receiver, and avoids all the difficulty which 

may be found in wiring the many coils, together with 
the associated wave -change switch, padders and trimmers that are otherwise required. The receiver 
described here has a compact 4 -band coil -pack, 
covering long, medium, and two short wave ranges. 
The latter provide reception of ordinary broadcast 
and Amateur frequencies from 18.75MHz to 
1.8MHz, so including the 20, 40, 80 and 160 meter 
Amateur bands. Provision is made for c.w. and 
single -sideband reception, as well as for the 
usual a.m. 

A quite compact cabinet houses the receiver, which 
employs an external speaker as is usual with this 
type of equipment. A tuning meter is fitted, and this 
is helpful for providing comparisons in signal 
strength, or for adjusting an aerial tuner or 
coupler, etc. 

The receiver, as described here, will be found 
adequate for most purposes. The enthusiast who is 
always looking for a bit extra, and who is especially 
interested in the h.f. bands, can add a pre- selector 
or r.f. amplifier later. An article describing a suit- 
able pre -selector amplifier is in course of preparation, 
and this will be published at a future date. 

CIRCUIT DETAILS 

Fig. 1 shows the complete circuit. For the benefit 
of anyone who has so far only constructed the 
simpler type of receiver, a brief description of the 
stages and other features should be of help. 

Coil -Pack. This incorporates eight coils, eight 
trimmers and three padders, these being ready wired 
as a complete assembly which is mounted by the 
160 

COIL 

COMMUNICATI 

This superhet receiver, covering loi 
short wave bands from 1.8 to 18.75 
s.s.b. signals in addition to standard o 

an S -meter and an exceptionally si 
considerably eased by the use of a s 

A concluding article, to be publish 
and sE 

switch bush. It is only necessary to complete five con- 
nections to the pack, as in Fig. 1. `Black' is the aerial 
connection, and `Green' the connection to the aerial 
tuning capacitor VC1. `Red' and `Blue' are for the 
oscillator circuit, and `Yellow' is the chassis return. 

V1. This is the frequency- changer, and pins 8 and 
9 connect to the triode section, used as oscillator. 
Signals pass to the heptode grid (pin 2) and the out- 
put from the heptode anode (pin 6) is taken to the 
first intermediate frequency transformer, IFT1. 

I.F. Amplifier. V2 is the intermediate frequency 
amplifier, operating at 465kHz, and IFT2 is the 
second i.f. transformer. 

DI and A.G.C. The diode DI provides detection 
of amplitude modulated, or a.m., signals. These are 
the ordinary long and medium wave transmissions, 
as well as ordinary short wave broadcast signals, and Amateur a.m. signals. D1 also provides an automatic 
gain control bias across R10. This bias increases with 
signal strength, and is applied to V1 and V2 through 
R9, R2 and the secondary of IFT1. The bias auto- 
matically reduces gain in these stages on the recep- 
tion of strong signals, and thus helps to reduce the 
effects of `fading'. 

Tuning Meter. With no signals, the cathode current 
of V2 through R8 is at maximum. VR1 is then 
adjusted so that no potential exists across the tuning 
meter, which accordingly shows zero on the scale. 
Signals tuned in produce an a.g.c. voltage, as de- 
scribed, and the a.g.c. bias reduces the cathode cur- 
rent of V2, whereupon less voltage is dropped across 
R8. The circuit is no longer balanced, and the meter 
shows a reading which rises as signal strength in- 
creases. (The actual meter employed has a full -scale 
deflection of 1mA and has front dimensions of 
1 f in. square. Suitable meters are available from a number of suppliers, including Henry's Radio, Ltd.) 
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PART I 

by 

P. G. RAYER, 

Assoc.I.E.R.E., G30GR 

Top view of the receiver. The eight coil -pack trimmers appear 
in a row behind the S -meter 
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COMPONENTS 
Resistors 
(All fixed values i watt 10% unless otherwise 
stated) 

R1 22kí 
R2 IMO 
R3 47kí 
R4 33kí 1 watt 
RS 15012 
R6 27kí 1 watt 
R7 68kí 
R8 68f1 
R9 2.2Mí 
RIO 270kí 
Rh 1 330k12 
R12 4.7kí 
R13 470kí 
R14 47kí 
R15 180O, 1 watt 
R16 2.7k12 2 watts 
R17 1kí 5 watts 
R18 l00í 1 watt 
R19 10052 1 watt 
R20 22k12 1 watt 
R21 100kí 
R22 l kí 
R23 100kí 
R24 22k12 
R25 47kí 
R26 68kí 
R27 47kí 
VR1 5O00 potentiometer, wirewound linear 
VR2 500kí potentiometer, log 

Capacitors 
Cl 100pF silver -mica 
C2 0.01µF disc ceramic, 350V wkg 
C3 100pF silver -mica 
C4 47pF silver -mica 
C5 0.01µF disc ceramic, 350V wkg 
C6 0.25µF paper or plastic foil, 150V wkg 
C7 0.25µF paper or plastic foil, 150V wkg 
C8 250pF silver -mica 
C9 0.01µF paper or plastic foil, 150V wkg 
CIO 41..LF electrolytic, 6V wkg 
CI1 0.01µF paper or plastic foil, 350V wkg 
C12 100µF electrolytic, 15V wkg 

*C13 16µF electrolytic, wire- ended, 450V wkg 
*C14 8µF electrolytic, wire- ended, 450V wkg 

`C13, C14 in single can. 

C15 81,LF electrolytic, wire -ended, 450V wkg 
C16 0.01µF paper or plastic foil, 500V wkg 
C17 0.01µF disc ceramic, 350V wkg 
C18 8µF electrolytic, wire -ended, 450V wkg 
C19 22pF silver -mica 
C20 470pF silver -mica 
C21 0.01µF paper or plastic foil, 350V wkg 
C22 47pF silver -mica 
C23 470pF silver -mica 
C24 100pF silver -mica 
C25 150pF silver -mica, 170 
C26 100pF silver -mica 
VC1,2 2 x 500 pF (nominal) Jackson Bros. 

E2 gang, with feet (Cat. No. VC7, 
Home Radio) 

VC3 15 pF varitable, Jackson Bros. type 
C804 

Inductors 
IFT1 1.F. transformer type IFT11 /465 

(Denco) 
IFT2 I.F. transformer type IFT11 /465 

(Denco) 
B.F.O. Coil Type BFO.2/465 (Denco) 
T1 Speaker transformer (Cat. No. T046, 

Home Radio) 
T2 Mains transformer; secondaries 250-0 - 

250V 65mA, 6.3V 1A, 6.3V lA (Cat. 
No. TM5, Home Radio) 

Coil -Pack 
Coil -pack type CP3 /F 

Valves 
VI ECH81 
V2 6BA6 
V3 ECL86 
V4 12AU7 
V5 6C4 

Diode, Rectifiers 
D1 OA81 
MR1 FC116 

MR32, 
MR2 FC116 

MR32, 

Meter 
Ml 

or 18RA1- 1 -16 -1 (Cat. No. 
Home Radio) 
or 18RA1- 1 -16 -1 (Cat. No. 
Home Radio) 

Miniature S- meter, 1mA, f.s.d. (see 
text) 

Switches 
S1(a)(b) 2 -pole 2 -way, rotary 
S2 s.p.s.t. toggle 
S3 s.p.s.t. toggle 

Valveholders, Sockets 
3 skirted B9A holders 
1 B9A screening can (for V4) 
2 skirted B7G holders 
2 B7G screening cans 
Aerial /Earth twin socket strip 
Loudspeaker twin socket strip 

Drives, Knobs 
1 Slow -motion dial and drive type E898 

(Eddystone) 
5 black knobs (Cat. No. KN84C, Home 

Radio) 
4 pointers (Cat. No. KN88D, Home Radio) 
Flexible shaft coupler 
Solid shaft coupler 

Miscellaneous 
1 chassis, type I, L 64in., W 10-}in., D tin. 

(H. L. Smith & Co.) 
1 case type W, 12 x 7 x lin. (H. L. Smith & 

Co.) 
1 2 -way tagstrip 
2 3 -way (centre -earthed) tagstrips 
2 4 -way (1 earthed) tagstrips 
4 plastic feet (Cat. No. Z146, Home Radio) 
3-core mains lead 
Bolts, nuts, connecting wire, etc. 
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10 1/2* 

21/e' 1 1/2` -- -Ii/2n_ -Ii/2 -.." 
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me - chassis connection 
Fig. 2. Component layout above the chassis. The precise position of the 2 -gang capacitor 
is found physically from the tuning dial and drive, the latter being positioned as shown in 

the photograph of the front panel 

Audio Amplifier. V3 is a 2 -stage amplifier, with 
VR2 acting as the volume control or audio gain 
control. Output is coupled to the external speaker 
by the speaker matching transformer Ti. It should 
be noted that the receiver should not be operated 
without a speaker connected, as excessively high a.f. 
voltages can then appear across the transformer 
primary. 

Product Detector. V4 is the product detector, and 
is employed for c.w. and s.s.b. signals only. With 
s.s.b. signals the carrier frequency, eliminated before 
transmission, is supplied by oscillator VS, and mix- 
ing in the double- triode V4 re- inserts this carrier so 
that audio output is available through C21. The 
performance of this type of detector for the recep- 
tion of s.s.b. signals is much superior to that given 
by using a b.f.o. only, as was often done with the 
older type of communications receiver. 

S1(a) selects the a.m. detector D1 or product 
detector V4, while S1(b) applies h.t. to V4 and V5. 
If desired the receiver may be built as shown but 
with V4, V5 and their immediate components omit- 
ted, and initially used for reception of ordinary a.m. 
signals only. V4 and VS could then be added later, if 
wished, without disturbing existing circuitry. 

Power Pack. The mains transformer T2 has two 
6.3 volt 1 amp secondaries. One supplies the heaters 
of V2 and V3. The other supplies the heaters of V1, 
V4 and VS. 
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The h.t. secondary connects to two contact - 
cooled rectifiers, MR1 and MR2, and then to the 
surge limiting resistors R18 and R19. Smoothing for 
the anode circuit of V3 is carried out by C15, C14 
and R17, while the screen -grid of V3 and earlier 
stages have additional smoothing, given by R16 
and C13. 

S3 interrupts the h.t. supply to the early stages 
only. This gives instant on -off switching, or a 
`standby' position, with heaters at operating tem- 
perature. Such a feature is of most use when oper- 
ating the receiver in conjunction with transmitting 
equipment, but it also allows V3 to be used as a 
2 -stage audio amplifier by taking the audio signal 
from a pick -up, Morse oscillator, or other equip- 
ment, to VR2. 

S2 is the mains on -off switch. 

CHASSIS PREPARATION 

The positions of valveholders and other items can 
be seen from Fig. 2. The valveholder holes are best 
made with a screw -up chassis cutter - *in. holes are 
required for B7G valveholders and fin. holes for 
B9A. Valveholder orientation may be determined 
from Fig. 3. Mark, through each holder, fixing holes 
to drill for the 6BA bolts which will secure them 
later. 

The coil -pack is set back 2in. to clear the drive, 
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Wiring and components below the chassis 

and fits in an aperture measuring 41in. by 11-in. This 
can be cut by drilling a row of small holes close 
together where necessary to enable a metal saw to be 
inserted, smoothing the edges afterwards with a file. 

Drill holes for 1FTI, IFT2 and the b.f.o. coil as 
illustrated in Fig. 3. Make sure there will be adequate 
clearance for the pins. 

Holes are drilled or punched in the back runner 
for the socket strips and mains lead. Leads from T2 
pass down through holes which are clear of TI 
below. All holes through which wires pass, including 
those from R7 to VR1 and from the coil -pack to 
VC1, should be fitted with grommets. 

An opening about 3in. by 1+in. is cut in the front 
of the chassis, to clear the drive flywheel. See Fig. 3. 
The chassis is a type with small front flanges, to 
which the panel is bolted. 

If any small holes are missed, these can be drilled 
later. But the large holes should be made before 
mounting any components, and metal fragments 
should be cleaned away. 

An important point is concerned with the output 
transformer Tl. The type specified is available from 
a number of different manufacturers, and individual 
transformers may be supplied either with wire lead - 
outs or with tags. It is necessary to ensure that the 
transformer, when positioned as in Fig. 3, does not 
project below the bottom surface of the chassis, and 
if it has wire lead -outs this requirement should be 
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satisfied without any further difficulty. If the trans- 
former has tags, check that these will be well clear 
of contact with the inside of the metal case when 
the transformer is fitted. This may necessitate bend- 
ing the tags down, and /or bending the tagstrip 
mounting. If clearance from the tags to the case is 
still likely to be small, a piece of thin Paxolin may 
be taped over them later, after connections have 
been made. In cases where this approach is not satis- 
factory, unsolder the coil lead -outs from the trans- 
former tags and add lengths of thin flex to them, 
covering the joints with sleeving. Avoid putting strain 
on the lead -out wires. The lengths of flex can then 
connect to the appropriate circuit points in the re- 
ceiver. Yet another alternative consists of mounting 
the transformer on the side runner of the chassis. 
One rectifier would then need to be moved a little 
neared to the front, whilst the other could be fixed 
in the position taken up by the speaker socket strip, 
the latter being shifted a little nearer the centre at 
the rear. It is doubtful whether these precautions will 
be needed in most instances, but it is of course 
necessary for the reader's attention to be drawn to 
them. The points just outlined should be checked 
before drilling the holes for T1, the rectifiers and the 
speaker socket strip. If doubt exists as to which 
connections are for primary and secondary, the pri- 
mary will exhibit a resistance of several hundred 
ohms, as checked with a testmeter, whilst the 
secondary will have nearly zero ohms. 
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PANEL AND COIL -PACK 

Holes for the drive are marked by using the paper 
template supplied with it. The large window is cut 
in a similar way to the coil -pack aperture, afterwards 
levelling to a scribed line with a file. 

The tuning meter occupies a hole made with an 
adjustable washer or tank cutter, large screw -up 
punch, or by drilling a ring of small holes and finish- 
ing with a half -round file. Also drill or punch holes 
for the panel controls. 

Note that the case listed is made in such a way 
that the bottom edge of the panel must lie about +in. 
lower than the bottom of the chassis. 

The drive is next fitted, and panel and chassis are 
bolted together. Carefully line up the spindle of the 
ganged capacitor with the drive, using spacers. 
washers or extra nuts to raise the capacitor. Couple 
up the drive and capacitor with the flexible shaft 
coupler. Mark and drill for the fixing screws. Solder 
blue and green leads to the lower fixed vane tags of 
VC1 and VC2, as in Fig. 2, then finally mount the 
capacitor. Check that the drive works freely. Con- 
nect a lead from the centre rotor tag to a tag bolted 
to the chassis, as in Fig. 2. 

The coil -pack is mounted on a flanged bracket 
about 4in. by 1lin. and with a +in. flange. See Fig. 3. 

The bracket is fixed to the chassis by three bolts, for 
rigidity. A solid spindle coupler connects to a length 
of lin. diameter rod (which was actually unwanted 
excess from the spindle of the volume control). 

A black lead from the coil -pack is run to the 
aerial socket, as in Fig. 3. The green lead from VC1 
(Fig. 2) passes down through a hole in the chassis, 
and is soldered to the green tag of the pack, to 
which Cl is also soldered. See Fig. 3. The blue lead 
is for VC2, and C4 is also connected here. R5 is 
soldered to the red tag. A length of connecting wire 
is soldered to the yellow tag of the pack, and to the 
adjacent coil -pack chassis tag. From here, the lead 
runs to a nearby tag bolted to the receiver chassis. 

The trimmers are above the chassis, as in Fig. 2, 

and the pack projects ;in. above its surface, so thát 
the cores of the four coils near the trimmers can be 
reached with a trimming tool above the chassis. 

The controls VC3 and VR2 are fitted at the same 
horizontal level as the coil -pack spindle. The two 
switches are slightly lower and are level with each 
other. VR1 and 51 are on the same vertical line as 
the centre of the meter. 

I.F. TRANSFORMERS, B.F.O. COIL 

Mount the i.f. transformers so that the numbered 
pins appear as in Fig. 3. Sleeving may be put on the 
pins to avoid possible short -circuits due to fragments 
of solder or other causes. 

As mentioned, the receiver can be built and used 
(for a.m. only) with V4, V5 and the accompanying 
items omitted, these being added as a later project. 

MAINS TRANSFORMER 

Bare and connect the white, blue and grey leads 
of the mains transformer to a tag bolted to the 
chassis, as in Fig. 2. Two orange leads emerge with 
the white lead. Pass these down through the chassis 
and solder them to rectifiers MR1 and MR2. These 
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are contact -cooled rectifiers, bolted direct to the 
chassis. 

Stout enamelled orange and pink leads emerge on 
the other side of the transformer. These are from the 
6.3 volt windings. Take the pink lead through and 
solder it to pin 4 of V3. This winding also supplies 
the heater of V2. The orange wire runs to V4 heater 
tag, which is also connected to V1 and V5. 

The primary leads are black, yellow, green and 
red. Take black to a tagstrip at the chassis rear, as 
in Fig. 3, used also Co anchor the Neutral lead of 
the mains cord. For 240 volt mains, take red to S2. 
For 220 volt mains, use green instead, and for a 
200 volt supply connect yellow to S2. Tape up 
separately the ends of the unwanted leads (e.g. green 
and yellow with 240 volt mains) so that they cannot 
come into contact with each other or other items. 

Connect S2 to L (Live) at the mains cord tagstrip 
at the rear of the chassis. Use a 3 -core cord, with 
blue for Neutral, brown for Live, and green- yellow 
striped for Earth, running the latter to the receiver 
chassis, as in Fig. 3. The mains connection is best 
made with a 13 amp plug having a 2 amp or similar 
fuse. The mains cord should pass through a rubber 
grommet. All leads should be adequately insulated, 
especially where they pass through the chassis 
from T2. 

RECEIVER WIRING 

The wiring in Fig. 3 can next be carried out, and 
it is useful to have several colours of connecting 
wire or sleeving for the various circuits. Run heater 
and h.t. wiring against the chassis. Similarly deal with 
the wiring in the grid and anode circuits of V2, and 
the wires running to VR2 and S1(a). ' 

The wire ends of resistors and small capacitors are 
cut so that they are reasonably short and direct. 

A number of small tagstrips are used to secure 
various parts and leads. All the points marked `MC' 
are connections to solder tags bolted to the chassis. 
Note the polarity of diode D1 and the electrolytic 
capacitors. 

A top rear view. Note the spacing washer under 
the rear toot of the 2 -gang tuning capacitor 
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Meter 

Pin 7, V2 

V O 

Z (HT +) 

Chassis 

R24 
VR2 

mc- chassis connection 

Fig. 4. Connections, above the chassis, to the 
meter, VR1 and S1 

When wiring TI, identify the primary and second- 
ary connections, if these are not marked, in the 
manner already discussed. 

A.M./S.S.B.-C.W. SWITCH 

Section S1(a) of this switch transfers the volume 
control VR2 from C9 (a.m. detector) to C21 (pro- 
duct detector). See Fig. 4. In the latter position S1(b) 
closes the h.t. circuit so that h.t. is applied to V4 
and V5. 

No screening of audio circuit was necessary, pro- 
vided these were kept near the chassis when wiring 
S1(a) and VR2, etc. 

TUNING METER 

Fig. 4 shows connections for VR1 and the meter. 
Coloured leads run to pin 7 of V2, and to VR1 
and R7. 

The meter gives a reading when the receiver is 
first switched on, but falls back as the cathodes 
reach working temperature. With no aerial connected 
or no signal tuned in, rotate VR1 until the meter 
reads zero. 

All receiver tuning meters, or S- meters, give an 
indication which depends on the strength of the 
signal at the aerial terminal of the receiver. This 
means that readings are comparative. A transmission 
which, for instance, gives a reading of S5 with a 
short indoor aerial may easily give S9 or over with 
an improved aerial. 

Where any external means of tuning or matching 
the aerial will be used, adjust the tuner for maxi- 
mum meter reading. This also applies to the tuning 
of a pre -amplifier. Where alternative aerials are 
available, the better aerial (for the particular fre- 
quency being received) will give the higher reading. 

(To be concluded) 

EUROCON '71 

Over 170 papers from 20 countries are promised 
for the first EUROCON Convention, and it has 
already become a new international meeting of major 
importance. It will be held in Lausanne, Switzerland, 
on 18th to 22nd October, 1971. 

The Convention subjects are information process- 
ing in large systems, long distance communications. 
solid state circuits, distribution of electric power, and 
biomedical engineering. In addition, this will be the 
first convention to give detailed consideration to elec- 
tronic watches, which may well revolutionise the 
watch making industry within the next decade. 

Special features of the Convention are student and 
tutorial lectures as well as survey papers in each 
subject for the non -specialist. 

EUROCON 71 is organised by Region 8 of The 
Institute of Electrical and Electronics Engineers, and 
supported by national societies with a number of 
companies providing financial support. Further in- 
formation is available from the EUROCON 71 
Secretary, 24 Chemin de Bellerive, CH -1007 
Lausanne, Switzerland. 
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The survey papers will be arranged in sequence, 
so that all of them can be attended by non -specialist 
participants and by students. Further student facili- 
ties are a much reduced registration fee, at least 12 
tutorial lectures, and arrangements for accommoda- 
tion in the homes of Swiss students. 

The sessions on electronic watches include the 
choice of systems, time bases, circuitry, and display, 
and herald a change from the traditional precision 
manufacture of the mechanical watch to the wholly 
electronic watch. 

The papers on display will cover techniques appli- 
cable to pocket size computers. 

Papers on information processing in large systems 
cover the use of computers in traffic control, radio 
astronomy, high energy physics, space systems, 
metereology, and education. 

Among the subjects covered by papers on bio- 
medical engineering are ongoing research, health care 
systems, automated diagnosis, a television- computer 
system to study micro- organisms, implanted micro- 
electronic devices, standards, safety, and education 
and training. 
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COMMUNICATION 
AND ELECTROLYSIS 

by 

D. P. NEWTON, B.Sc. 

A simple communications system which establishes a link with the start 

of the nineteenth century 

COMMUNICATION AND ELECTRICITY HAVE LONG 
been linked. We all know our debt to Marconi, 
Fleming, de Forest and Edison, and yet their 

work did not begin in a vacuum. Theirs was the 
century of the inventor - a few made it, most didn't. 
There was Salva who planned to use the twitch of a 
frog's leg as a detector of galvanism and so devise a 
communicator based on this. More recently we have 
Baird's television, only to be replaced by the more 

2.5 c m 

Letter strips 

Dilute sulphuric acid Positive rail 

Fig. 1. Side view of the Perspex trough, illus- 
trating the letter strips and positive rail 

sophisticated cathode ray tube. But both contributed 
to the pool of knowledge; the basic idea was there. 
Salva, indeed, saw that the escape of gases at an elec- 
trode in electrolysis could be the basis of a means of 
communication, but this idea was dormant until von 
Sommering completed such a telegraph in 1809. 

SIGNAL TRANSMISSION 

Galvanism could be transmitted over considerable 
distances but the problem was one of how to make 
the signal apparent. Electricity was only incompletely 
understood and the relationship between magnetism 
and electricity was not well known until Oersted's 
work in 1820, so Wheatstone's telegraph was still in 
the future. Similarly, the discovery of radio waves 
was not to happen until 1888 with Hertz. 
OCTOBER 1971 

Von Sommering's ingenuity turned, therefore, to 
telegraphy by electrolysis. His fmal device had one 
wire for each letter of the alphabet situated in a line 
along the base of a tank containing acidified water. 
These wires could be made negative with respect to 
a bar in the liquid above them. When the appropriate 
switch was pressed, a column of bubbles would rise 
from the corresponding wire to the bar. In this way, 
he was able to send signals over considerable dis- 
tances, independent of weather or time of day. 

Such a device can be constructed fairly easily today. 
Figs. 1 and 2 show the receiver. A trough made from 
Perspex sheet about 3 to 5mm. thick is constructed 
with the dimensions given. Thirteen letter strips are 
made from copper foil, each being 6cm. by 0.5cm., 
and are shaped as in Fig. 3. These are glued along 
one side of the trough using a rubber -based glue. A 
brass rod, about 50cm. in length and 2mm. in dia- 
meter, is bent as shown in Fig. 1 to form the positive 
rail. The letter strips are labelled as in Fig. 2. Note 
that single strips represent the first half of the alpha- 
bet while two together represent the letters of the 
second half, apart from `Z'. Any three may be taken 
for 'Z'. This allows the number of strips needed to 
be halved. The trough is now almost filled with dilute 
sulphuric acid. 

Glued at this edge 

2.5cm 

45cm 

0.5 cm - 

A NB CPD 0 ERES THU I VrJ KXLY M 

Fig. 2. This view from above shows the letters 
which the strips represent 
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5cm 

Fig. 3. The letter strips are shaped in the 
manner shown in this end view 

The sulphuric acid should be diluted to one part of 
concentrated acid in ten parts of water, and most 
chemists will provide this. Readers without experi- 
ence of concentrated sulphuric acid should not attempt 
to carry out the dilution process themselves. Take all 
sensible precautions whilst handling the acid, ensuring 
that it is kept away from clothes, the body and, in 
particular, the eyes. Corrosion of the letter strips and 
brass bar is not great at this level of dilution and the 
trough can, in any case, be emptied and washed out 
after a period of use has been completed. 

THE TRANSMITTTER 

The transmitter consists of 13 switches, one pole 
of each being connected together, as in Fig. 4. These 
switches may be constructed from springy metal, as 
in Fig. 5. Alternatively, of course, normal switches 
purchased from a component retailer can be used. 
The switches are labelled in the same manner as the 
letter strips, a wire from each being connected to the 
corresponding letter strip by means of a wire ter- 

To positive rail 

3V 

iÍ 

To letter strips 

AN=OÇJP(FJQrRFSGT U V W,X Y 

Fig. 4. A suitable construction for the trans- 
mitter. The switch strips are mounted on a 

base made of insulating material 
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A practical example of the receiver assembly 

minated in a crocodile clip. The other side of the 
switches is connected to the positive rail via a 3 -volt 
battery. 

When a switch is pressed, bubbles appear at the 
corresponding letter in the receiver. For a letter such 
as `S', the letters `F' and `G' would be pressed to- 
gether. The diagrams show that the receiver is `upside 
down' when compared with that of von Sommering. 
This proved to be a convenient arrangement since it 
allows strips to be easily replaced if damaged and it 
allows any build -up of gases around the cathodes to 
be dispelled by simply vibrating the free end. The 
distance between the transmitter and the receiver can 
be considerable, but this soon shows the disadvantage 
where fourteen wires are involved. 

To letter strip 

Fig. 5. How the switches of Fig. 4 are made up 

Like Baird's equipment, von Sommering's telegraph 
was superseded and almost forgotten. In making such 
a model now we little appreciate the difficulties experi- 
enced at that time. The wires themselves had each to 
be carefully bound and insulated. Even batteries were 
uncertain and expensive pieces of equipment, still 
being stacked with dissimilar metals like the original 
voltaic pile. However, coming as it does from the 
times of George III, Napoleon and the birth of 
Dickens, the telegraph remains a fascinating idea and 
provides an amusing model. 

T.E.T. REFLEX RECEIVER' 

In `F.E.T. Reflex Receiver', which appeared in the 
August 1971 issue, the references should have in- 
cluded earlier articles describing the basic reflex 
circuit incorporated. These were `Simplicity and Sen- 
sitivity with Two Transistors' and `Simplicity and 
Sensitivity with Three Transistors'. They were both 
by Sir Douglas Hall, and were published in the 
April 1964 and November 1965 issues of The Radio 
Constructor respectively. 
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CURRE1T SCHEDULES 
Times = GMT Frequencies = kHz 

* ITALY 
RAI now radiates three programmes daily in 

Russian. From 0330 to 0345, from 0535 to 0555 and 
from 1605 to 1625 on 6075 (60 /100kW) 49.38 
metres; 7275 (60 /100kW) 41.24m; 9575 (60 /100kW) 
31.33m; 11810 (60 /100kW) 25.40m and 11905 
(60 /100kW) 25.20m. 

* AUSTRALIA 
The European Service of Radio Australia trans- 

mission from 0645 to 0745 may now be heard on 
11765 (100kW) and on 15125 (100kW), 25.50 and 
19.82 metres respectively. After 0745, the Asian and 
Pacific Services are radiated on these two channels. 
Another English transmission from R. Australia 
can be heard from 0700 to 0800 on 9680 (10kW) 
from Melbourne - if you are lucky! 

Afternoon transmissions from the station at Dar- 
win, directed to Asia, may be heard from 1500 to 
1730 on 6055 (250kW) 49.55m and on 6100 (250kW) 
49.18m. 

* CANADA 
Radio Canada, with the new 250kW transmitters 

in service, can be heard with a programme in Ger- 
man from 1735 to 1815 on 15325 19.58m. 

* GAMBIA 
Radio Gambia has an extended schedule on the 

regular 4820 (3.1kW) 62.24m channel. From Mon- 
days to Fridays 0630 to 0800, 1200 to 1300 and 

NEIL 

from 1700 to 2300. Saturdays from 0630 to 0900, 
from 1200 to 1400 and from 1700 to 2300. On 
Sundays from 0900 to 1400 and from 1700 to 2300. 

* ALBANIA 
Radio Tirana may be heard with a programme in 

English from 0000 to 0028 on 9780 (50 /500kW) 
30.67m; from 0233 to 0252. on 6210 48.31m and 
from 0100 to 0139 on 9780. 

* CZECHOSLOVAKIA 
Radio Prague radiates a 55 minute programme, in 

English, daily to Europe, New Zealand and Australia 
at 0700 as follows - 6055 (200kW) 49.55m beamed 
to Europe; 9505 (200kW) 31.56m beamed to Europe 
and the Far East; 11800 (100kW) 25.42m beamed 
to Europe and Far East; 15310 (100kW) 19.60m to 
Europe and Far East; 21690 (100kW) 13.83m to 
Europe and Far East and 21700 (100kW) 13.82m 
beamed to the Far East and Africa. 

The Afro -Asian Service of Radio Prague, also of 
55 minutes duration, to East Africa and Asia, is 
from 1530 to 1625 on 6055, 11990 (100kW) 25.02m, 
15240 (100kW) 19.69m, 17840 (100kW) 16.82m and 
on 21735 (100kW) 13.81m. 

To West and Southern Africa, from 1730 to 1825. 
on 5930 (100kW) 50.59m, 7345 (100kW) 40.85m. 
9605 (100kW) 31.23m, 11990, 15240 and on 17840. 

* GHANA 
The Ghana Broadcasting Corporation has an 

English Service, beamed to Europe, from 2045 to 
2215 on 9545 (100kW) 31.43m, with a newscast at 
2045 and at 2100. 

Acknowledgements: - Our Listening Post, SCDX. 

LATE NEWS 
Times = GMT Frequencies kHz 

* AMATEUR BANDS 
PUERTO RICO 

To get Zone 8 the hard way, why not brave the 
QRM of `forty' and try around midnight for the CW 
signals of KP4CBI on, or around, 7042? 

SURINAM 
PZ1AD is a devotee of the key and his signals 

are often to be heard on 14MHz. Logged recently 
on 14035 at 2035. 

FAROE ISLANDS 
Signals from these islands are not all that plentiful 

but OY2EL has been very active of late on 14065, or 
thereabouts, using CW at 2000. 

LABRADOR 
VO2AW is another CW man, listen at the `high' 

end of the 14MHz CW band (14098) around 2000. 
to log this one. 

BRAZIL 
Signals from Brazil are in profusion but at the 

CW end of 14MHz listen for PY7AHO on, or 
around, 14030 where he usually works strings of 
Europeans. One of the best 'fists in Brazil. 

21MHz 
A recent short morning session at the CW end 

ended with the following `in the bag'. JAIANG, 
JA1KRU, JA1MQM, JA1OMH, JAIQIJ, KZ5EK, 
PJ2RB, PZIAV and ZS6AJS. 
OCTOBER 1971 

* BROADCAST BANDS 
MAURITIUS 

Forest Side is reported to have moved from the 
4850 channel to that of 4895 (10kW), heard when 
signing off at 1830. From 1430 to 1830 (according to 
the schedule) the programme is in English and 
French, with news in English at 1800. 

INDIA 
The new 250kW transmitters at Aligarh are radiat- 

ing on the following channels - 9590, 11755, 11790, 
11850, 11945, 15160, 15335, 15340 and on 17705. 
Those at New Delhi radiate on 11740 and on 15205. 

BOLIVIA 
CP97 Radio Pirai, Santa Cruz de la Sierra, has 

changed from the 90 metre band frequency of 3320 
to that of a 31 metre band channel, 9607 (1kW). 

NEW CALEDONIA 
Noumea is reported by BADX on the old channel 

of 3355, a move from the listed 7170. Also in parallel 
on 4913, 9510 and 11710. 

INDONESIA 
BADX (British Association of Dx'ers) report a 

new RRI transmitter on 3900 around 1300, location 
- Palangkaraya. 

CEYLON 
BADX also report that the Sinhala Service com- 

mences at 0000 on 3385. 

Acknowledgements:- BADX, Our Listening Post, 
SCDX. 
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THE `MINIFLEX' MARK IV 

PORTABLE RECEIVER 

by 

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

Employing three transistors, including an f.e.t., this medium 
and long wave receiver provides a loudspeaker output level 
at the exceptionally low battery current of 3mA. Construction 
is compact, with all circuits built virtually around the loud- 

speaker itself 

T 
HIS IS A SMALL PORTABLE 
receiver using a further de- 
veloped form of the author's 

Minflex circuit.* It is sensitive and 
selective, and the modest output is 
ample for those who use a receiver 
of this type for their own enter- 
tainment rather than as a source of 
annoyance to others. It gives con- 
tinuous coverage from 190 metres 
to 2,200 metres. 

An unusuahfeature of the design 
is the use of a field effect transistor 
in the output stage. As this device 
is fully loaded, in the present de- 
sign, by less than 0.5 volt input, its 
gate is protected very simply by 
two silicon diodes connected back 
to back. 

CIRCUIT DESIGN 

The circuit is shown in Fig. 1. 
SI, the wave -change switch is in 
position for medium waves. The 
signal is picked up by Ll, wound 
on a ferrite rod, and applied to the 
base of TRI which is wired as a 
common collector device offering a 
high input impedance and allowing 
the whole of the tuned circuit to 
appear at the base. The output of 
TRI is across RI which is the in- 
put resistor for TR2, a common 
emitter high frequency amplifier. 
The further amplified output ap- 
pears across the choke L3 and is 
demodulated by D1 - a high im- 
pedance selenium diode which must 
be used. Do not attempt to use a 
silicon or germanium diode in this 
circuit. 

*Sir Douglas Hall, The "Miniflex" Dual 
Purpose Personal Receiver', The Radio 
Constructor, June 1968; Developing The 
"Miniflex" Circuit', The Radio Constructor, 
July 1968. 
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Audio signals now appear at the 
base of TRI which, in conjunction 
with TR2, forms a super alpha pair 
resulting in a very low impedance 
across R2. Thus, it is possible to 
use a high step -up transformer be- 
tween R2 and the input of TR3, 
giving a voltage gain of 25 times. 
Because of the damping of its 
windings by R2 and the output of 
TR2, this component will not intro- 
duce distortion. 

Direct voltage to operate TR1 
and TR2 is taken from the source 

bias current of TR3. This receiver 
has a very small appetite for 
batteries! 

The original output transformer 
employed in the prototype is a 
Radiospares miniature valve type 
with a ratio of 50:1 and intended 
for use with battery valves of the 
DL94 type. This offers a load of 
about 8k2 to the output of TR3. 
Since completing the design the 
writer has, however, learned that 
this particular transformer is liable 
to go out of production, and so he 

Side view, illustrating how the platform and the front and rear 
panels appear in relation to the speaker 
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has checked alternative components 
for suitability. This article will, 
in consequence, describe the proto- 
type circuit with the Radiospares 
transformer since, even if it is out 
of production, there may still be 
stocks on dealers' shelves or in con- 
structors' spares boxes. At the end 
of the article instructions will then 
be given for an alternative output 
transformer arrangement, which 
can be used by readers unable to 
obtain the Radiospares transformer. 
It should be mentioned, incident- 
ally, that Radiospares components 
can only be obtained via retailers. 
Radiospares do not deal direct with 
individual constructors. 

Returning to Fig. 1, positive 
audio frequency feedback is made 
available by feeding back a small 
proportion of the amplified signal 
in the secondary of the output trans- 
former to the gate of TR3. L4 pre- 
vents excessive feedback of the 
highest audio frequencies though the 
higher frequencies will still be 
favoured. This is an advantage in 
counteracting a loss of these fre- 
quencies which takes place due to 
sideband cutting when full radio 
frequency reaction is being used on 
weak stations. VR4 sets the degree 
of audio feedback to a suitable level 
at high settings of VR2. Setting back 
VR2, as will be done when receiv- 
ing powerful stations, reduces the 
audio frequency feedback because 
of the damping of the primary of 
T1 by VR2 when this is set to a 
low level. It will be seen that VR2 
functions as an audio frequency 
volume control in addition to being 

DI 

SF115 or 
TRI BFII5 

VC' 

VRI 

,Ci 

L3 

i 

TR2 
S/ 

SFI15 1/\ 

or 
BF I I5 

L2 

L2 

C4=1 

TR3 

40468A 

D3 

T1 

D2 R3 

.11 r^nN 

T2 
L S. 

VR3 

0040 
L4'; 

VR4 

rT 

VR2 

1MM 

b c e 

I000 

SF 115 
Shield BFII5 

G 

Substrate 40468A 

B, 

9V 

I 
B2 

9V ÿ 

(not connected) (not connected) 

Fig. 1. Circuit diagram of the 'Miniflex' Mk. IV receiver. Note 
that the output stage incorporates an f.e.t. 

Resistors 
(All fixed 

RI 
R2 
R3 
VRI 
VR2 
VR3 
VR4 

COMPONENTS 

values '-, watt 10 %) 
5.6k12 
10052 
150k12 
500kS2 potentiometer, miniature preset 
25012 potentiometer (see text) 
25kS2 potentiometer, skeleton preset 
50012 potentiometer, miniature preset 

Capacitors 
Cl 1,000pF silver -mica 
C2 0.1µF paper or plastic foil 
C3 320µF electrolytic, 2.5V wkg 
C4 320µF electrolytic, 2.5V wkg 
VC1 300pF variable, Dilemin (Jackson 

Bros.) 

Inductors 
LI (see text) 
L2 (see text) 
L3 2.5mH r.f. choke, type CHI 

(Repanco) 
L4 19mH r.f. choke, type RFC7 (Denco) 
TI Microphone transformer, type TT53 

(Repanco) 
T2 Output transformer (Radiospares 

miniature valve type or Repanco 
types 1T49 and TT46 - sec text) 

Sc inicuncluctors 
TRI, TR2 SF115 or BF115 
TR3 40468A 
D1 Half -wave meter rectifier type M3 

(Henry's Radio) 
D2, D3 Silicon `bias diodes' 

Switches 
SI slide switch, standard size 
S2 slide switch, standard size 

Batteries 
Bl, B2 9 -volt batteries type PP4 

(Ever Ready) 

Speaker 
312 moving -coil, Sin. diameter (see text) 

Miscellaneous 
2 ferrite rods, 4in. by in. dia. 
2 knobs 
Epicyclic ball drive with flange, type 4511 /F 

(Jackson Bros.) 
18 -way tagboard, Radiospares standard size 

(Cat. No. BTS10, Home Radio) 
Transistor holder 
Spindle coupler 
2 -off 2in. 4BA countersunk bolts 

in. plywood, Paxolin, Perspex, Fablon or 
Contact, nuts, bolts, screws, etc. 

OCTOBER 1971 173 

www.americanradiohistory.com

www.americanradiohistory.com


a radio frequency reaction control. 
Some of the radio frequency sig- 

nal will bypass Dl. This will appear 
at the bottom end of the tuned cir- 
cuit, and Cl is chosen to give a 
suitable capacitive tapping into the 
circuit to provide reaction in the 
Colpitts configuration. The half of 
VR2 which connects to Cl varies 
the impedance between the bottom 
of the tuned circuit and the nega- 
tive supply rail. All signals can be 
set at any value between zero and 
oscillation point. 

Long waves are received with SI 
in the open position, this bringing 
L2, on its own rod, into circuit. A 
damping resistor, VR1, is set so 
that oscillation starts with VR2 near 
maximum. 

For best results TRI and TR2 
need to pass a current of about 
3mA at a little over 2 volts d.c. 
Nearly all of the 3mA current 
passes through TR2. TR3 has its 
bias adjusted so that it passes 3mA, 
and TRI and TR2 become the neces- 
sary source bias `resistor' for TR3. 
They are consequently fed with 
`free' current. As a little over two 
volts is more bias than the source 
of TR3 requires in order for this 
device to pass 3mA, a small amount 
of positive bias, of the order of one 
volt, is applied to the gate by means 
of the potentiometer network given 
by VR3 and R3, VR3 being adjusted 
so that the f.e.t. passes 3mA. If the 
Radiospares output transformer is 
used this will represent a drop of 
0.75 volt across its primary, which 
has a resistance of 25052. 

Although an 18 -volt supply is 
used, the low current of 3mA allows 
very small batteries to be employed 
economically, and the cost of oper- 
ating the receiver is low. A small 
battery passing 3mA will last more 
than twice as long as it would if it 
passed 6mA. 

FRAME ASSEMBLY 

Construction should start with 
making the plywood and Paxolin 
pieces illustrated in Fig. 2, starting 
with the Paxolin plate for VCI 
which is shown in Fig. 2(a). The 
two 6BA clear holes here are for 
mounting, later, the tuning capa- 
citor VC1. The diagram shows these 
as being spaced by 0.6in. but, to 
be precise, the mounting centres 
for the capacitor specified are at 
0.625in. The constructor is not ex- 
pected to drill Paxolin to dimen- 
sions involving thousandths of an 
inch, but he will find it helpful to 
verge slightly on the generous side 
so far as the spacing between the 
two holes is concerned. The two 
4BA clear holes are drilled at the 
points indicated; their positions do 
not have to be measured precisely. 

When the Paxolin plate has been 
cut and drilled it should be put on 
one side and the plywood platform 
shown in Fig. 2(b) should be made. 
A fretsaw is the proper tool to use 
for all the cutting operations. The 
large central hole in the platform is 
for the speaker magnet and should 
be just slightly larger than the 
diameter of the magnet of the actual 

Front view, showing the knobs for VCI and VR2, behind which 
are the tuning scale and its Perspex cover 

174 

speaker to be used, in order that 
the platform can offer a reasonably 
tight fit on the magnet after several 
turns of Sellotape have been wound 
round it. The magnet of the speaker 
should have a diameter not greater 
than 1 ¡in., and preferably less. This 
is because the magnet hole in the 
platform, if too large, will too 
closely approach the adjacent corner 
of the I in. by 1 in. recess. In all 
instances, care has to be taken to 
ensure that an adequate amount of 
wood is retained at this point. 

Next, cut the front panel, also of 
plywood, as shown in Fig. 2(c). The 
exact positions of the two holes for 
the 4BA bolts are found by using 
the Paxolin piece of Fig. 2(a) as a 
template. Fig. 2(c) looks at the front 
of the panel, and the Paxolin piece 
should be placed over it so that the 
centre of the large hole in the Paxo- 
lin is exactly over the centre of the 
largest hole in the plywood piece of 
Fig. 2(c). The 4BA holes can now 
be marked through onto the ply- 
wood panel. They are drilled out 
4BA and then countersunk on the 
side nearest the reader, as shown in 
Fig. 2(c). 

The Paxolin back, which carries 
Si and S2 is cut as shown in Fig. 
2(d). Slots for the switch slide dol- 
lies should be cut to fit, and the 
holes drilled for the fixing screws. 
The switches are fitted underneath 
the panel so that only the slide dol- 
lies and the heads of the mounting 
screws appear on the side shown in 
Fig. 2(d). The switches take up the 
approximate positions indicated in 
Fig. 2(d). 

Now fit the tuning capacitor. 
VCI, to the Paxolin piece shown in 
Fig. 2(a). With the Paxolin piece as 
shown, the body of VCI will be 
away from the reader, its spindle 
pointing towards the reader, and the 
two terminal strips of the capacitor 
at the top. Be careful to use short 
bolts to fix VC1 in place, or the 
component may be damaged. Now 
pass two 2in. long 4BA bolts, with 
countersunk heads, through the two 
countersunk holes in Fig. 2(c), with 
the heads towards the reader. Lock 
with nuts, one bolt passing through 
the locating lug on the epicyclic 
drive, which is mounted behind the 
panel in Fig. 2(c). Place about ;in. 
of insulated -;in. rod (which may be 
excess cut from a potentiometer 
spindle) in the bush of the drive, 
and push a brass spindle coupler on 
the other end of the insulated rod. 
Slide VC1, on its Paxolin piece, onto 
the ends of the 4BA bolts, having 
first threaded a second nut on each. 
Pass the spindle of VCI into the 
coupler. The rear of VC1 should be 
just slightly less than 2 }in. from the 
rear of the panel; if it is more. 
slightly reduce the length of the 
insulated rod accordingly and re- 
assemble. Finally, put a third nut 
on each 4BA bolt and tighten up 
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Fig. 2(a). The Paxolin member on which VC1 is mounted. (b). The main platform. (c). The 
front panel. (d). The rear panel. Switches are mounted at the approximate positions indi- 
cated. (e). Side view, showing the assembly in place on the loudspeaker. (f). Top view 

of the assembly and the speaker. (g). How the wire handle is made up 
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the assembly. See Fig. 2(f). 
Next, push the speaker magnet 

through the hole in the plywood 
panel of Fig. 2(b), and screw (or 
fit, using small angle brackets) the 
two pieces shown in Figs. 2(c) and 
(d) to the platform so that the 
assembly takes up the shape shown 
in Figs. 2(e) and (f). Fit VR2 as 
shown. Remove the speaker for the 
time being. 

FITTING THE COMPONENTS 

Turn next to Fig. 3. Two tag - 
strips are required, one with ten 
tags and the other with six. These 
were cut from a Radiospares stan- 
dard size tagboard as the tags on 
this are shorter than on individual 
tagstrips. These portions of the tag - 
board are screwed into position with 
the aid of small woodscrews passed 
through suitably drilled holes. A 
piece of thin Paxolin sheet should 
be inserted under each strip to pre- 
vent the tag undersides touching the 
wood. Failing this, a layer of p.v.c. 
tape could be used provided care 
is taken not to overheat the tags. 
Next TI is cemented into its slot. 
Assuming the use of the Radio - 
spares output transformer, the 
mounting feet of T2 are soldered 
to the appropriate tags; note that 
this method of mounting also causes 
the first and third tags of the six - 
way tagstrip to be electrically con- 
nected together. 

The other components may next 
be wired in as shown. For clarity, 
TRI, TR2, R1, R2 and C2 are 
shown in positions which would 
make it impossible for the batteries 
to be housed. These components 
must, in practice, be positioned so 
as to leave the battery space clear. 
Similarly, no wiring or tag con- 
nections must pass over or near the 
battery space. Again for clarity, the 
front panel is shown screwed into 
position, whilst the back panel is 
shown lying flat. A further point is 
that the long leads from VCI and 
from the second tag from the left 
of the ten -way tagstrip to VR1 
should, in practice, pass through the 
small hole through which the leads 
from L2 pass, and should not lie 
across the battery space as shown. 

It is important that a transistor 
holder should be used for TR3. The 
leads of this semiconductor should 
not be soldered direct. 

L3 should have a turn or two of 
Sellotape wrapped round its wind- 
ings, and one of its leads will need 
to be extended by a length of single 
strand insulated wire, the negative 
lead of D1 being soldered to the 
extension point on the lead of L3. 
L3 needs to be oriented during 
setting -up, and if the size of the 
speaker magnet is such as to leave 
insufficient room for this to be done, 
the other lead may also be extended 
and L3 placed in a position behind 
176 

When housed in its case, the receiver presents a neat appearance 

VCI. Cl, D2 and D3 will each 
also require one of their leads to 
be extended. 

Ll has 65 turns close -wound of 
32 s.w.g. enamelled wire on a paper 
sleeve of a size which allows it to 
be moved on the rod. L2 is simi- 
larly wound on a paper sleeve and 
has 250 turns of 38 s.w.g. enamelled 
wire wound in a pile to a length of 
about 1 Zin. It is convenient for VR1 
and VR4 to be miniature compo- 
nents, and VR3 a standard size 
skeleton component. The tags will 
then fit neatly to the relevant con- 
necting points. 

The two ferrite rods have rubber 
grommets at their ends which are 
tied with cord (not wire) round the 
arms of the platform. This method 
of mounting secures the rods ade- 
quately. Small cuts in the arms of 
the platform will hold the cord 
steady. 

The lead which passes from the 
left hand tag of the speaker to the 
negative line should be soldered to 
the speaker tag, and one end of L4 
should be soldered to the right hand 
speaker tag before the speaker is 
pushed into position. L4 lies be- 
tween the speaker and the platform 
and it is advisable to wind a turn 
or two of Sellotape around its 
windings. Make sure that room is 
left for L4 as the speaker is pushed 
into position. 

A strip of plywood about 4in. 
long and of a width dependent on 
the exact dimensions and positions 
of SI and S2 should next be cut 
and bolted to the back panel to 
hold the batteries steady: This strip 

will need to be removed when the 
batteries are replaced. 

SETTING -UP 

Setting -up adjustments may now 
be carried out. Turn VR4 so that 
its slider is nearly, but not quite, 
fully anticlockwise. Set VR3 to 
half -way. Clip a voltmeter across 
the primary tags of T2. Switch on 
at S2 and adjust VR3 so that a 
reading of 0.75 volt is given. 

Set SI to select medium waves. 
Turn VC1 to near maximum capa- 
citance. Adjust the angle of L3 so 
that oscillation starts with VR2 not 
less than about 180° from mini- 
mum. If this cannot be achieved, 
change round the connections to Ll. 
Movement of Ll winding on the rod 
will act as an additional vernier 
control over the oscillation position. 

Now turn VR1 to half -way and 
switch to long waves. Adjust VR1 
so that oscillation starts with VR2 
at the full on position when VC1 
has its vanes fully enmeshed. Do 
not alter the angle of L3. The posi- 
tion of L2 winding on the rod will 
have little effect. 

It is a normal characteristic of 
the circuit that when the receiver is 
first switched on and tuned to a 
weak signal at the high frequency 
end of the medium wave band, re- 
quiring a critical setting of VR2, 
there will be a tendency to spill 
over into oscillation during the 
first few seconds. The opposite 
effect may be noticed when listen- 
ing to stations on the long wave 
band. The effect very soon passes 
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Fig. 3. The component and wiring layout. Check with the text on the positioning of 
components shown here in the battery space 
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and 52) 

Screws through Paxolin 

into plywood top 

Octagonal cut -out 
based on circle 
with radius of 21/4" L. 

55/8" 3" 

Paxolin front 

Paxolin back 

55/8 "x 55/8" 

Open end for 
front panel 
carrying VC! 

and VR2 

_Plywood base 

55/8 "x 21/4' 

Screws through Paxolin 
into Plywood base 

Fig. 4. A simple case may be built in the manner shown here 

off, but may require re- adjustment 
of VR2 after a short interval. 

Finally, VR4 should be adjusted. 
First tune to a weak station and set 
VR2 so that the receiver is nearly 
oscillating. Turn VR4 clockwise, 
whereupon volume will increase 
until, first, there is distortion and, 
later, low frequency oscillation. 
Leave VR4 at a satisfactory setting. 
The extra gain will not be large, 
but it is useful. 

('ABINE'I' 

A simple case may be made along 
the lines shown in Fig. 4. The large 
sides are made of Paxolin and the 
small side pieces of +in. plywood. 
The receiver slides into the case, 
match -box fashion. Before cutting 
the pieces, make sure that the re- 
ceiver will fit. Some dimensions 
may not be exactly as specified due 
to small mistakes in construction, 
whereupon the dimensions in Fig. 4 
should be modified accordingly. 
Note that the octagonal hole for 
the speaker is slightly to the left 
of centre to leave room for the 
tuning scale and its Perspex cover. 
The Paxolin pieces are screwed to 
the plywood pieces and the whole 
is covered with Fablon or Contact. 
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To make entirely certain that no 
errors appear, it is advisable to fit 
the tuning scale and its Perspex cover 
before cutting out the parts for 
the case. 

Place a piece of white card over 
the front panel of the receiver and 
make two small wire pointers to be 
screwed to the flange of the epi- 
cyclic drive. Calibrate the dial - an 
easy task as many stations will be 
received after dark. Cut a piece of 
Perspex, 5in. by 21in., with appro- 
priate holes for VC1, VR2 and 
the handle, and place it over the 
spindles. Using thick 6BA nuts as 
spacers, to leave clearance for the 
pointers, screw the Perspex to the 
panel. Cut a piece of expanded 
metal grille to cover the speaker 
and slip the receiver into the case 
from the left hand side. Make a stiff 
wire handle, as shown in Fig. 2(g), 
and spring its ends into the appro- 
priate holes in the receiver, which 
will then be held firmly in the case. 

COMPONENTS 

A final word or two about com- 
ponents. The constructor must use 
the specified transistors, all avail- 
able from Amatronix Ltd., 396 
Selsdon Road, South Croydon, 

Surrey, who also stock D2 and D3 
M3 diode is obtainable from 

Henry's Radio Ltd. TI is generally 
available, and there is no easy 
alternative for this component. If 
VR2 is more than about fin. in 
diameter, it may be necessary to 
make the adjacent foot of the plat- 
form a little narrower. A suitable 
component is the Radiospares 250S1 
wirewound semi -precision control, 
but this has to be ordered through 
a retailer. An alternative which can 
be used instead is the 22051 linear . 

type P20 carbon track potentio- 
meter, less switch, available from 
Electrovalue, 28 St. Judes Road. 
Englefield Green, Egham, Surrey. 
This has a body diameter of 0.79in. 
and should fit into the receiver 
comfortably. The speaker should be 
within the maximum limits of 1 fin 
magnet diameter and 2f-in. overalii 
depth. 

If the Radiospares transformer 
cannot be obtained for T2, it may 
be replaced by two Repanco trans.. 
formers, types TT49 and TT46, 
coupled together in tandem, as 
shown in Fig. 5. They are mounted 
on a small piece of Paxolin and, in 
the diagram, are behind the Paxo- 
lin, their spills passing through 
small holes in it. The spills are then 
bent round to secure the trans- 
formers, and the assembly is bolted 
to the front panel between VC1 
and VR2. 

With this assembly the wiring in 
Fig. 3 is modified slightly. R3 now 
connects to the TT49 transformer, 
as shown in Fig. 5, and its lead may 
require extending. Since the first and 
third tags of the six -way tagstrip 
are not now bridged by the mount- 
ing feet of the Radiospares trans- 

To positive line To drain of 
and R3 J ' TR3 

Paxolin panel 

--Holt for bolt 

To negative To L4 
line 

To speaker 

Fig. 5. Details of an alternative 
output transformer assembly 
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former, they need to be joined by 
a short length of insulated wire. 

The primary of the TT49 trans- 
former has a resistance of 15052, so 
that VR3 is adjusted to cause 0.45 
volt to appear across it at the re- 
quired current of 3mA. The two 
transformers offer an overall ratio 

of 36:1. 
It will be apparent that if, for 

any reason, the coupling between 
the drain of TR3 and the connec- 
tion to L4 is of opposite phase to 
that existing in the prototype, the 
feedback to T1 will be negative in- 
stead of positive, with a consequent 

reduction in gain as VR4 is ad- 
vanced. It is unlikely that this will 
occur if either of the alternatives 
for T2 is connected as described, 
and it can, in any case, be cor- 
rected by transposing the primary 
connections in the drain circuit 
of TR3. 

n n 
dsr, 

.... 

00 0 
000 
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yoir 

shop 
44 L OR REPAIR IF ECONOMICA- F ly justifiable." 

Dick looked again at the 
ticket attached to the large mains 
radio on the `For Repair' rack and 
scratched his head. To one of Dick's 
tender years the set appeared to be 
a very old receiver indeed. Its large 
wooden cabinet had collected a con- 
siderable amount of dust, and Dick 
blew some of this away so that he 
could peer at the tuning scale. So 
far as he could ascertain through 
the grime, the set was intended for 
long, medium and short waves. 

Reluctantly, Dick picked up the 
set, carried it over to his bench and 
plugged it into one of the mains 
sockets at the rear of his bench. He 
tentatively tried the knobs on the 
front of the receiver and found the 
one which was coupled to the 
volume control and on -off switch. 
He turned this round. A weak 
pallid light behind the tuning scale 
gave witness of the electrical marvels 
of an earlier age. 

After allowing a reasonable time 
for warm -up (since, as Dick correct- 
ly surmised, the receiver had been 
assembled before the junction tran- 
sistor was even a gleam in W. 
Shockley's eye) Dick advanced the 
volume control to its fullest setting. 
There was no sound from the 
speaker. Dick turned back the 
volume control and experimented 
OCTOBER 1971 

This month Dick and Smithy leave the realm of semiconduc- 
tor devices and travel back in time to a subject which is of 
continual interest amongst readers: the repair and rejuvena- 
tion of old valve a.m. radios. Dick encounters a typical 
example of the receivers in this genre, whereupon Smithy 
is able to demonstrate the stock faults to which such re- 

ceivers are prone, and to discuss their rectification 

with the other knobs. 1 he wave - 
change switch clicked mechanically 
in an encouraging manner, but there 
was no corresponding sound from 
the speaker. The tuning knob 
caused a cursor to move horizon- 
tally behind the tuning scale but it 
had, otherwise, no noticeable affect 
on receiver performance. A fourth 
control, which must obviously have 
been for tone, similarly failed to 
produce any audible results from 
the speaker. Dick switched the re- 
ceiver off again. 

A.M. VALVE RECEIVER 

"Hey, Smithy!" 
"What's up ?" 
"It's this weird radio I've got 

here," called out Dick. "I've never 
seen anything so old and grotty for 
ages." 

Patiently, Smithy the Serviceman 
put down his test prods and turned 
round from the chassis he was 
working on. A gleam of recognition 
came into his eyes as he saw the 
receiver on Dick's bench. 

"Well, well, well," he remarked. 
"Now, that's a model I've handled 
stacks of times in the past. It came 
out just after the war." 

"The note tied to it," said Dick, 
looking at the ticket once more, "is 
something I've never seen in here 
before. It says the set's in for re- 
pair 'if economically justifiable'. All 
I've done up to now is to plug it in 
to the mains, and it seems to be 
completely dead." 

"Economically justifiable, eh ?" 
repeated Smithy. "Well then, the 
next thing you'd better do is to 
whip the back off and see what it 
looks like inside." 

Smithy ambled over as Dick took 
the mains plug of the receiver out 
of the bench socket, turned the set 
round and then removed its back. 
Smithy looked inside interestedly. 

"Ah yes," he remarked. "That 
chassis brings back a few memories 

to me. Almost all the radio sets in 
those days were four- plus -one jobs. 
This is one of them." (Fig. 1). 

"Four -plus- one ?" 
"That's right. They were called 

four- plus -one sets because they all 
had four signal- handling valves and 
one h.t. rectifier valve. The signal - 
handling valves were a triode - 
hexode or triode -heptode frequency 
changer, a pentode i.f. amplifier, a 
double- diode- triode in which the 
diodes acted as signal and a.g.c. 
detectors and the triode as audio 
a.f. voltage amplifier, and an a.f. 
output pentode. This represented a 
stock receiver design and, to he 
frank. it used to work very well 
indeed. This set is a typical four - 
plus -one and, as you'll note, all the 
valves are on octal bases. It's also 
got a mains transformer, too." 

"Will it be capable of being re- 
paired without too much expense ?" 

"Oh, quite probably," said Smithy. 
"If there isn't anything excessively 
wrong with it, and it has been kept 
in a reasonably dry place, it may 
only need a few new components to 
get it working quite well once more. 
From the look of this particular set, 
I'd say it has been stored away in 
somebody's lumber room for years, 
and that that somebody has sudden- 
ly decided to see whether it's worth 
bringing it back to life again." 

"Well," conceded Dick, "there's 
certainly enough dust, both on the 
cabinet and on the chassis, to 
support that last remark. It looks as 
though it hasn't been used for 
years." 

"Fair enough," said Smithy. "Any- 
way, the first thing to do is to see 
whether anybody's been messing 
about in it and has started changing 
a lot of components around. The 
set will be too much trouble to 
bother about if we've got to first of 
all put right a lot of poor work 
carried out by some ham -handed 
Henry in the past." 

"So far as I can see," said Dick, 
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Fig. 1. Block diagram of a 'four- plus -one' a.m. valve receiver 

taking a closer look inside the 
cabinet. "it looks all right above the 
chassis." 

"Good," replied Smithy. "Let's 
next go through some other items 
which are likely to make the re- 
pair of sets of this nature un- 
economical. To start off with, if the 
set has a push- button wave -change 
or station selection switch it would 
probably be best to forget about 
fixing it. These push -button switches 
tend to wear out more quickly than 
the rotary type and, to my mind. 
the replacement of what could well 
be a non -standard push- button 
switch would incur far too much 
trouble. See, also, that the tuning 
drive is in good condition. If a 
complicated mechanical drive is 
used and ifs gone faulty, the set is 
again not really worth the bother 
of fixing." 

"The tuning drive appears to be 
okay," remarked Dick. "And the 
wave -change switch on this set is a 
rotary one and it seems to have at 
least a good clicking action." 

"That sounds promising," com- 
mented Smithy. "Well, you'd better 
get the chassis out and clean some 
of that dust off it." 

Smithy returned to his bench, 
whilst Dick removed the chassis 
from the cabinet. He then took 
from its corner the Workshop's 
battered vacuum cleaner, in whose 
bag at some time had resided dust 
from most of the households in the 
locality, and proceeded to clean the 
top of the chassis. As a final act he 
coupled the hose of the cleaner to 
its blower end and blew away the 
final remaining traces of dust from 
odd crannies. On turning the chassis 
over, he was pleasantly surprised to 
find that the underside was quite 
clean, and bore only that particular 
patina which is peculiar to old 
radios. He examined the chassis 
underside carefully. 

"This doesn't look too bad, 
Smithy," he called out. "I've taken 
a look at the wave -change switch, 
too, and it seems all right. Some- 
body in the past has changed one 
of the resistors, but he's made a 
nice neat job of it so that should 
be okay." 
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MAINS TRANSFORMER 

"Fair enough," said Smithy, re- 
turning. "Now the set has got a 
mains transformer. If that proves to 
be all right then I think it might 
well be worthwhile getting this 
receiver to go again." 

Smithy looked into the chassis. 
then picked up Dick's testmeter. He 
switched this to a resistance range 
and clipped one of the test leads to 
the chassis. 

"We'll first check that the h.t. 
secondary is all right," he explained. 
"This set uses a standard full -wave 
rectifier circuit so there will be a 
centre- tapped h.t. winding to test." 

The Serviceman applied the re- 
maining test prod successively to 
two of the rectifier valve pins 
(Fig. 2) and looked at the meter 
needle. 

"There's several hundred ohms 
in each half of the secondary." he 
said, "so that will be all right." 

"The primary should be all right, 
too," put in Dick. "The tuning 
scale light lit up when I switched 
the set on." 

Output 

valve 

Speaker 

"Did it ?" said Smithy. "l nett 
there's no point in carrying out any 
further tests, and we can say that 
the mains transformer is satis- 
factory." 

"What," asked Dick, "is the next 
thing to do ?" 

"Make certain there are no shorts 
between h.t. positive and chassis," 
replied Smithy. "Seeing that you 
got no sound out of the set when 
you switched it on just now, it 
would seem reasonable to check 
that there are no broken -down h.t. 
smoothing electrolytics or any 
thing like that. We don't have to 
actually locate the positive h.t. line 
because we can, of course, check 
directly at the tags of the h.t. elec- 
trolytics themselves. I see that this 
set has three electrolytics in a 
single can with smoothing resistors 
between them." 

Smithy applied the test prods of 
Dick's meter to the tags of the 
electrolytic capacitors. (Fig. 3). 

"This is quite encouraging," he 
remarked cheerfully. "I got a size- 
able kick in the meter needle when 
I first put the prods on, which 

Testmeter 

Heater secondaries 

Fig. 2. Smithy checked the two halves of the mains transformer 
h.t. secondary by checking for continuity between chassis and 
first one anode and then the other anode of the full -wave valve 

h.t. rectifier 
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Fig. 3. Checking for h.t. short- circuits, Smithy tested between 
chassis and the positive tags of the h.t. electrolytic capacitors. 
This also enabled open- circuits in the smoothing resistors to be 

checked. The component values shown are typical 

means that there's still a useful bit 
of capacitance in the smoothing 
circuit. And the final resistance to 
chassis at each of the positive tags 
was about 100kSt. Sets of this nature 
don't usually have potential dividers 
in the receiver circuits, so that 
100k2, resistance is probably leak- 
age resistance in the electrolytics. 
The fact that I got the same resis- 
tance reading on each of the tags 
also indicates that neither of the 
smoothing resistors is open- circuit. 
A figure of 100kS2 is a wee bit low 
for leakage resistance, but I think 
we can still switch the set on, 
nevertheless. Plug it in, Dick." 

Smithy switched Dick's meter to 
a suitable voltage range, then re- 
connected it between chassis and 
the positive tag of the final electro- 
lytic smoothing capacitor. At the 
same time, Dick put the receiver 
plug back in the socket at the rear 
of his bench. Smithy switched on 
the set. The tuning scale light, now 
relieved of its cocoon of dust, shone 
brightly. The heaters of the five 
valves in the receiver started to 
glow, shortly reaching full brilliance. 
1 he needle of Dick's meter sudden- 
ly shifted from its zero setting. As 
the seconds passed it ascended up 
its scale then slowed down to finish 
at a steady and triumphant 260 
volts. 

"There's plenty of h.t. there," re- 
marked Dick. "Let's turn the volume 
up " 

He reached over and turned the 
volume control spindle fully clock- 
wise. As had occurred when the set 
was in its cabinet, there was still no 
sound from the speaker. Dick next 
attempted to adjust the wave -change 
switch, but it was too stiff to turn 
by means of its spindle only. Dick 
fitted its knob, then turned it ex- 
perimentally from one position to 
the next. 

There was a sharp crack, and a 
spark jumped between two pins of 
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a valveholder on the other side of 
the chassis. 

Dick turned the switch back to 
its previous position. Again there 
was a sharp crack, accompanied 
by the spark. 

"Corluvaduk," exclaimed Dick, 
startled. "What have we got here?'' 

"We've got a symptom," replied 
Smithy, "which explains why this set 
is so silent. What you haven't realised 
is that the valveholder where that 
spark is occurring is the one that 
holds the output valve. Switch the 
set off, then trace for an open - 
circuit between the secondary of 
the speaker transformer and the 
speech coil of the speaker." 

I.F. 1NSTA1311.1 1 1 

Impressed by this immediate 
diagnosis of the cause of the spark, 
Dick turned off the set, located the 
speaker transformer and traced 
through its secondary circuit to the 
speaker. 

"Blimey, Smithy," he called out 
suddenly. "You must be a magician. 
mate! It's just as you said; what's 
happened is that a wire from the 
speaker has broken off at the trans- 
former secondary tag. It was still 
positioned close to the tag and it 
wasn't till I waggled it that I found 
it wasn't actually connected." 

Dick indicated to Smithy the 
break in the circuit (Fig. 4) then 
picked up his iron. 

"We'll soon get this fixed," he 
called out jubilantly. `Incidentally, 
what made you so sure that the 
transformer secondary circuit was 
open ?" 

"It was almost certain to be," 
replied Smithy. "If, in a single - 

ended valve audio output stage, as 
we have here, the secondary of the 
output transformer isn't loaded by 
the speaker, the impedance present- 
ed to the output anode is the induc- 
tance of the transformer primary 

Your Local Supplier 
LONDON 

1ìstuhliIu',l 1910 

H. L. SMITH 
& CO. LTD. 

Comprehensive stocks of 
components by 

all leading makers 

287 -9 EDGWARE RO l) 
LONDON W.2 

Tel: 01-723 5891 

THE 

MODERN BOOK CO. 

Largest selection of English & 

American radio and technical 
books in the country. 

19 -21 PRAED STREET, 
LONDON, W2 1NP 

Tel: 01 -723 4185/2926 

ST. HELEN'S RADIO 
Hi -Fi Equipment 
Tape Recorders 
Radio Receivers 

Television 

SPECIALISTS IN RADIO 
& ELECTRONIC TEXTBOOKS 

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

BFDFORDSH IRE 

SURPLECTRONICS 
THE SELF-SERVICE 

COMPONiENTS SHOP 
THAT SAVES YOU MONEY 

CHOOSE FROM 1200 
ASSORTED BOXES 
AT YOUR LEISURE 

9 a.m. to 5.30 p.m. every day. 
Closed all day Wednesday 

WE ARE IN LUTON 
AT 216 LEAGRAVE ROAD 

LUTON, BEDS 

181 

www.americanradiohistory.com

www.americanradiohistory.com


Your Local Supplier 
HAMPSHIRE 

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

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 

SUFFOLK 

RADAR & ELECTRONIC 
PUBLICATIONS 

Transistor Optical Burglar /Fire 
Alarm Detector Circuit, 10 -12 
transistors, 3 relays. 'Memory' 
Circuit. Tested at 2,000 yards. 
May pick up burglar's torch at 
70 yards! 60p. All -night Radia- 
tion /Optical Detector Circuit, 
45p. Two simple Valve Optical 
Circuits, neon flasher /audio/ 
'scope indication, 30p. 

(Publications only). 

'Highlands', Needham Market, 
Suffolk 

SUSSEX 

E. JEFFRIES 
For your new television set 

tape recorder, transistor radio 
and hi -fi equipment 

PHILIPS, ULTRA, INVICTA, 
DANSETTE, MASTERADIO, PERDIO, 

MARCONI, PHILCO, FIDELITY 

6A Albert Parade 
Victoria Drive, 

EASTBOURNE SUSSEX 

YORKSHIRE 

WILSIC 
ELECTRONICS LTD. 
Your local supplier for 

EAGLE PRODUCTS 
CYBERNAT MOTORING AIDS 

WILSIC HI -Fl. MUSICAL 
EQUIPMENT, KITS AND 

COMPONENTS 
Send tSp (3/ -) for our Catalogue 

Eagle Products Catalogue 20p (4/ -) 

6 COPLEY ROAD 
DONCASTER 

182 

Speaker transformer 

Break in secondary 
' circuit 

Output 
anode 

HT+ 

Fig. 4. The break in the speaker transformer secondary circuit. 
(The capacitor across the primary, normally around 0.1µF, is 
intended for 'tone- correction' and it reduces the shrill effect of 

third harmonic distortion in the output pentode.) 

itself. This impedance is much 
higher than the normal anode load 
impedance, with the result that 
much higher a.f. voltages appear 
across it. If that secondary circuit 
hadn't been open just now there 
would have been a loud click from 
the speaker each time you moved 
the wave- change switch, this click 
being particularly loud since, as I 
noticed, you had the volume control 
at a full setting. With the speaker 
disconnected, though, that click be- 
came a large voltage pulse at the 
output anode instead, whereupon a 
spark jumped from the anode pin to 
the adjacent pin, which happens to be 
one of the heater connections. In- 
cidentally, sparking at the output 
anode pin when the output trans- 
former secondary circuit is open is 
quite a common occurrence. High 
level music or speech fed to the out- 
put valve can also cause it to 
happen." 

"Well, that's something I didn't 
know before," said Dick. "Anyway, 
I've now repaired that secondary 
circuit connection, and I'm going 
to switch on again." 

Dick turned the receiver on again. 
After a short wait, an h.t. voltage 
was once more indicated on the 
testmeter. Also, and much to the 
gratification of Dick's assistant, a 
hiss at comfortable level became 
audible from the speaker. 

"We're really getting somewhere 
now," said Dick exhuberantly. "I'd 
better see if we can tune in a 
station." 

He looked at the wave- change 
knob. 

"We're switched to long waves," 
he continued. "Let's see if we can 
get Radio 2 on 1,500 metres." 

"Plug an aerial in first," advised 
Smithy. "There were no such things 
as ferrite rods when this set was 
made. A few feet of wire will be 
enough for the time being." 

Dick found an odd length of wire 
and inserted it in the aerial socket 
of the receiver. A comforting crack- 
le was audible from the speaker at 
the instant of making the connec- 
tion. Dick grinned. He then turned 
the tuning drive spindle between 
finger and thumb, whereupon a 
steady succession of further crackles 
was heard, these ceasing as he 
stopped turning. Dick's grin van- 
ished abruptly and his expression 
changed to one of dismay. 

"There's no point," he said 
gloomily, "in going any further 
with this set, Smithy." 

"Why on earth not ?" 
"Didn't you hear those crackles 

when I turned the tuning drive 
spindle? The vanes in the tuning 
capacitor must have a shocking 
intermittent short -circuit between 
them somewhere." 

"Nonesense," retorted Smithy. 
"Put the knob on that tuning drive 
spindle and try again." 

Unwillingly, Dick fitted the knob 
to the spindle and turned it experi- 
mentally. Much to his amazement, 
he found that the crackles had 
disappeared completely. 

"Stap me, Smithy, how do you do 
it ?" he asked wonderingly. "And 
where did all those crackles go ?" 

"What was happening," said 
Smithy, "was that your body was 
acting as a counterpoise earth to 
that short aerial you fitted. The 
chassis of this set isn't earthed, and 
you were making an intermittent 
connection to it as you turned the 
spindle, the intermittent connection 
being given between the spindle and 
the holes in the chassis to which it's 
fixed." 

Smithy indicated the points of 
contact. (Fig. 5). 

"This intermittent connection," 
continued the Serviceman, "caused 
the effective counterpoise - you - 
to be coupled to the chassis by a 
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Fig. 5. In this typical tuning drive spindle mounting, the spindle 
simply revolves in holes in a mild steel chassis and support 
bracket. In consequence, the electrical contact between the 
spindle and the chassis, as the former is rotated, is of an 

intermittent character 

`crackly' connection. After you'd 
put the knob on you were insulated 
from the spindle and so there were 
no more intermittent connections 
between you and the chassis, and 
hence no crackles. Okay ?" 

Dick looked at the receiver with 
a newly acquired respect. 

"Servicing these old sets," he 
remarked, "involves a lot of tricks 
you don't encounter with modern 
receivers. Anyway, now that we've 
got the crackles out of the tuning, 
let's have another bash at picking 
up a station." 

He turned the knob further and 
was rewarded by a high pitched 
whistle with a background of dis- 
torted music. The whistle descended 
in frequency as he turned the tuning 
drive and he was able to reach a 

I transformers 

position of zero -beat. The sound of 
heavily distorted music was loudly 
audible from the speaker. 

"That's i.f. instability," remarked 
Smithy laconically. "The i.f. ampli- 
fier is oscillating at the intermediate 
frequency so that, when you tune 
in a signal, you get the same beat 
frequency effect as when you tune 
in a signal on a straight receiver in 
which the reaction has gone past 
oscillation point. Let's sec if we can 
clear it up." 

Smithy went to the spares cup- 
board and returned with a 0.5µF 
polyester capacitor. He applied this 
across the third electrolytic capaci- 
tor in the h.t. smoothing circuit. 
(Fig. 6). The beat frequency effect 
cleared immediately. With his free 
hand, Smithy turned the tuning 

drive of the receiver. The signal 
could now be tuned in and out in 
perfectly normal fashion, with no 
trace of the previous whistle. When 
tuned in correctly, the signal still 
exhibited a measure of distortion, 
but this was of a different nature 
and much less evident than that 
which had previously been present. 

"You've done it again!" pro- 
nounced Dick incredulously. "That's 
the third snag you've cleared up 
first go. How on earth did adding 
that capacitor clear the instability ?" 

"To answer that question," re- 
plied Smithy, switching off the set 
again, "I must first tell you that 
quite a lot of these old valve sets 
have no anode decoupling for the 
individual stages at all. The fre- 
quency- changer anode load, the i.f. 
amplifier anode load, the a.f. volt- 
age amplifier anode load and the 
output pentode anode load all go to 
the h.t. positive line direct. This 
is bypassed to chassis by the 
smoothing electrolytic capacitor 
which connects to the h.t. positive 
line, and there are no other anode 
bypass circuits whatsoever. It only 
requires the electrolytic capacitor to 
develop a little series impedance 
and the whole set takes off! The 
usual result is that oscillation takes 
place at the intermediate frequency 
because that's the frequency at 
which most amplification takes 
place." 

NEW CAPACITOR 

"Isn't it a bit naughty," queried 
Dick, "to expect an electrolytic 
capacitor to act as a bypass at in- 
termediate frequencies ?" 

"It is rather, I suppose," said 
Smithy. "But the use of an electro- 
lytic in this manner was an extreme- 

Frequency changer I.F. amplifier A.F. vo tage A.F. output 

amplifier 

HT+ 

O E Smoothing 
Tp capacitor ' 

1 

Fig. 6. In many a.m. valve receivers the final smoothing electrolytic capacitor bypasses the 

anode loads of all the stages. Smithy connected an 0.5µF capacitor across this capacitor to 
see whether it was causing i.f. instability 
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Added components 

HT+ 

Second IF transformer 

I.F amplifier 

Fig. 7. An added h.t. decoupling circuit at the second i.f. trans- 
former can, in some instances, cause an improved performance 

in valve a.m. receivers 

ly common practice at the time. 
You'll have noticed, incidentally, 
that I only needed a 0.5µF capaci- 
tor to provide the bypassing that 
was required to cleat the i.f. in- 
stability, so perhaps employing an 
electrolytic for the job isn't such 
bad practice after all. By the way. 
if you ever want to improve the i.f. 
response of one of these old sets, 
it's a good plan to add an h.t. de- 
coupling circuit to the primary of 
the second i.f. transformer. A Ik11 
resistor and 0.1µF capacitor will be 
quite adequate." (Fig. 7). 

"What does the decoupling circuit 
do ?" 

It increases the isolation between 
the two i.f. transformer primaries," 
explained Smithy. "There is then 
less chance of regeneration from the 
anode circuit of the i.f. valve back 
to its grid circuit, and you can 
align the transformers to give 
really symmetrical responses. Add- 
ing the decoupling circuit doesn't 
always produce a significant im- 
provement in receiver performance. 
but it's worth trying, just on spec." 

"That's something I'll bear in 
mind for the future," said Dick. 
"At the time being, though, it looks 
as if I'd better fit a new electrolytic 
to this set." 

"It does, rather," agreed Smithy. 
"As a matter of fact I would prob- 
ably have suggested that you re- 
placed the h.t. electrolytics in any 
case, even if they hadn't given rise 
to trouble or were allowing ex- 
cessive hum to appear. Electrolytics 
as old as these ones are tend to fall 
into the category of components 
that are liable to give trouble at 
any time." 

Dick walked over to the spares 
cupboard and selected a suitable 
triple electrolytic capacitor for re- 
placement. Smithy watched him 
thoughtfully as he mounted it on the 
chassis and then soldered it into 
circuit. 
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"Whilst talking about i.f. in- 
stability," Smithy remarked, "an- 
other component which was likely 
to give rise to trouble on this score 
is the screen -grid bypass capacitor for 
the i.f. valve. This connects, of 
course, between the screen -grid and 
chassis." 

"Why should it cause trouble ?" 
"Because the i.f. amplifier valve 

is expected to provide a very high 
level of amplification," explained 
Smithy. "With the result that, in 
many of these old sets, its screen - 
grid had to be tied down to chassis 
really good and tight. If you had 
a faulty screen -grid capacitor, or if 
the leads to it were too long, the 
set could similarly go unstable. 
Another cause of i.f. instability, in 
the really old sets, was the result of 
the metallising on the glass enve- 
lope of metallised valves becoming 
unstuck from its earth lead." 

"Valve metallising? Blimey you're 
going back a bit, aren't you ?" 

"Perhaps I am," confessed 
Smithy, "but if were going to talk 
about old sets, we might as well 
cover the subject completely. These 
valves were octal types with the 
control grid brought out to a top 

Metallising 

Wire wrapped around 

metallising 

cap. and they were screened by a 
layer of metallising on the outside 
of the glass, this metallising con- 
necting to a wire which went down 
to an earth pin. Very often the 
glass used to come adrift from the 
bakelite base of the valve and the 
connection to the earth pin would 
then break away. If the valve was 
an i.f. amplifier the set would prob- 
ably go into i.f. oscillation as a 
result. The cure was to re -stick the 
glass of the valve to its base and 
then wrap a few turns of thin bare 
tinned copper wire round the metal- 
lising at the bottom. This wire was 
then run down the outside of the 
base to the earth pin and soldered to 
it at the point where its pin left the 
base." (Fig. 8). 

"I had a go myself once," com- 
mented Dick thoughtfully, "at 
soldering to one of the pins of an 
octal valve. I had a dickens of a job 
getting the solder to take." 

"You need to give the pin a 
touch with a file first," advised 
Smithy. "Just enough to remove the 
plating at one point and show the 
brass underneath. Have you got that 
new electrolytic in yet ?" 

A.F. DISTORTION 

"Just finishing," said Dick. 
Carefully, he completed the last 

connection, then he placed his sol- 
dering iron on its rest and switched 
on the receiver. Both of them 
listened critically to the music, with- 
out whistle, that the set now re- 
produced. 

"The new electrolytic," remarked 
Dick, "has certainly cleared the i.f. 
instability. But the sound still seems 
a little distorted to me." 

"Yes, it is a bit," agreed Smithy, 
picking up a screwdriv @r with an 
insulated handle. "Let's check the 
a.f. coupling capacitor to the output 
grid." 

Smithy put the blade of the screw- 
driver on the chassis alongside the 
output pentode valveholder and 
touched its metal shaft to the con- 
trol grid tag. With a crackle, the 
sound ceased. (Fig. 9). Smithy re- 

- -- Wire passed down base 
side and soldered to 
earth pin 

Fig. 8. The metallising of a valve may be connected to its earth 
pin externally 
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Coupling 
capacitor 

A.F. voltage 
amplifier 

Temporary 
short- circuit 

Output 
pentode 

HT+ 

Fig. 9. Checking for a leaky a.f. coupling capacitor. If a crackle 
is heard when the grid resistor is short -circuited the coupling 

capacitor is leaky 

moved the screwdriver whereupon, 
with a further crackle, the sound 
resumed. 

"The coupling capacitor between 
the output grid and the previous 
anode has gone leaky," Smithy 
pronounced decisively. "New capa- 
citor to be fitted, please!" 

"Blow me," protested Dick, "you 
aren't half diagnosing faults in a 
hurry today. How the deuce can 
you be so sure that the coupling 
capacitor is leaky?" 

"Because that output grid has got 
a standing direct voltage on it." re- 
plied Smith, "which is why I got 
a crackle when I short- circuited 
its grid resistor. If it hadn't had a 
direct voltage on it, the sound 
would simply have ceased without 
a crackle. This test is a reliable and 
quick one, but make certain you 
know which is the control grid pin 
if you carry it out. You can do a 
lot of damage if you accidentally 
short the wrong pin to chassis!" 

Dick went to the spares cupboard 
and found a new replacement coup- 
ling capacitor. He switched off the 
set, soldered the capacitor in, then 
switched on again. The distortion 
was now completely cleared. 

"Do you know, Smithy," remarked 
Dick after some moments, "this set 
sounds really good. The quality 
seems to be a darned sight better 
than what you get on many of the 
modern solid -state jobs we handle." 

"When they're working properly," 
commented Smithy, "these old valve 
sets can sound very nice indeed. To 
start off with, they've got a straight- 
forward Class A output stage with 
no complications, instead of the 
present -day transistor Class B cir- 
cuits. Secondly, the sets were built 
in large wooden cabinets, which 
means that their speakers, which 
themselves are quite a big size, 
have a good effective baffle area to 
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bring up the bass. I'll be the first to 
agree that the sound these sets give 
isn't high fidelity and that it isn't up 
to the high quality mark, even. And 
I'd agree also that the i.f. stages 
are usually sharply selective, so that 
you get an output which has a fair 
amount of top -cut to add to any 
bass thump that may be given by 
the large speaker and cabinet. 
Nevertheless, I still feel that these 
receivers can give quite a good per- 
formance. Try the other bands on 
the set." 

Dick proceeded to put the set 
through its paces and found that it 
performed remarkably well. Long 
and medium wave reception was 
very good, and the set produced the 
usual staccato stream of signals as 
he swung over the short wave hand. 
The more powerful short wave 
stations could be resolved with ease. 

"Not bad at all," commented 
Smithy. "I think we can say that we 
have now achieved an acceptable 
repair at quite a reasonably low 
cost, both in components and in 
time. Admittedly. we were lucky to 
find that the set had the more usual 
stock faults on it. I tell you what: 
now that we've got it going, how 
about giving the cabinet a hit of a 
polish up'?" 

"Why not." replied Dick enthu- 
siastically. "To tell you the truth. 
I'm beginning to fell quite a lot of 
affection for this old- stager, and 
I'd be only too happy to give its 
box more than the average amount 
of bull." 

Dick found sonic rags and a tin 
of furniture polish, these being em- 
ployed occasionally to give the more 
expensive receivers a final finishing. 
He polished away cheerfully to the 
accompaniment of mellow music 
from the old radio. 

Smithy's assistant gave the cabinet 
of the receiver a final rub and then 

put the polishing cloth on one 
side. The receiver, its early post -war 
cellulose covering restored to its 
original splendour, gleamed in front 
of them. The tuning panel, now 
cleaned and fully illuminated, was 
radiant with a tuning scale pattern 
of many colours. 

"The owner of this set," said 
Dick proudly, "can certainly be 
grateful to us for the work we've 
put in on it." 

A thought suddenly occurred to 
him. 

"Hang on a minute," he went on, 
frowning, "I've just remembered 
something. The ticket tied to that 
set didn't have any owner's name 
and address written down on it." 

Smithy turned a guileless eye 
towards the ceiling. 

"There's something fishy here," 
continued Dick, a tone of suspicion 
rising in his voice. "It's the rule 
that all the fault- tickets used here 
should have the set -owner's name 
and address on them. I must say 
it's funny that the first unusual job 
I've tackled for ages should also be 
accompanied by a label with no 
name and address on it." 

The innocence exhibited in 
Smithy's face had now become so 
intensified as to approach the im- 
becile. Dick turned an accusing 
glance at him. 

"Don't tell nie," he intoned 
furiously, "that that set is yours!" 

"I cannot," replied Smithy sweet- 
ly, assuming the mantle of the in- 
fant George Washington. "tell a 
lie. Yes, it is my set. As it happens. 
I found it when I was cleaning out 
the loft the other day." 

"Why. you rotten old devil," 
spluttered Dick. "You planted that 
set on the rack. You snuck it in first 
thing this morning, before I got 
to work, and you darned well 
secreted it amongst all the other 
sets on the shelves." 

Dick's sense of outrage grew 
even keener at the recollection of a 
further affront. 

"Flaming heck," he fumed. "I've 
actually been vacuum- cleaning and 
polishing up that set, when it's your 
private job! No wonder there's a 
generation gap these days. It's be- 
cause the people in the older 
generation are all like you - shy- 
sters and con- men!" 

"You must at least admit," said 
Smithy soothingly, "that I've given 
you a chance to get in some experi- 
ence in rejuvenating old sets." 

"Well," conceded Dick grudging- 
ly, "I suppose that that is true. But 
I still think you've been taking a 
liberty. However, I'll forget all 
about it on one condition." 

"And what's that ?" 
"That you let me have a really 

good long gen- session with you 
during today's lunch -break." 

And to that Smithy wearily 
agreed. 
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PANEL SIGNS 

IDEAL FOR WORKSHOP USE 

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

WORDING (Sets 3 and 4) COMPLETELY 
REVISED. Over 1,000 words. Height of Letters 

in. FREQUENCY LISTS (Sets 5 and 6). 
Now in kHz and MHz. 

=111.111M. 

* Set 3 Wording -WHITE 
* Set 4 Wording -BLACK 
* Set 5 DIALS -clear background 
* Set 6 DIALS -black background 

(as per illustration) 

PANEL SIGNS 
Permanent Paint Transfers 

SET No. 4 BLACK WORDING 

Six sheets containing more than 1,000 words, 
letters and symbols: Receivers, Amplifiers, 
Transmitters, Test Equipment, Safety Notices. 
etc. (2 Safety Notices have black wording on red 
background). Full instructions inside. 

Ss 

2Sp 

RADIO CONSTRUCTOR 

The Perfect Transfer for 

the Home Constructor 

Each Set contains Six Sheets 

25p per set 
(postage 3p) 

To Data Publications Ltd., 57 Maida Vale, London, W9 1SN 

Please supply: 
Set 3 Set 4 Set 5 Set 6 

I enclose cheque /crossed postal order for 

Name 

Address 

R.C. BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 
Rate: 4p (9d) per word. Minimum charge 60p (12/ -). 

Box No. 10p (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, W9 1SN 

NEW CATALOGUE NO. 18, containing credit vouchers 
value 50p, now available. Manufacturers new and 
surplus electronic and mechanical components, price 
23p post free. Arthur Sallis Radio Control Ltd., 28 
Gardner Street, Brighton, Sussex. 

VHF KIT, 80- 178MHz. Receiver, tuner, converter. 
World Wide Sales. £4.13 or S.A.E. for literature. 
Johnsons (Radio C), Worcester, WR1 2DT. 

SERVICE SHEETS (1925 -1971) for Televisions, Radios, 
Transistors, Tape Recorders, Record Players, etc., by 
return post, with free Fault- Finding Guide. Prices 
from 5p. Over 8,000 models available. Catalogue 13p. 
Please send S.A.E. with all orders /enquiries. Hamilton 
Radio, 54 London Road, Bexhill, Sussex. Telephone: 
Bexhill 7097. 

CONSTRUCTORS USED COMPONENTS. Parcels 
at 50p each, including postage, 50 assorted resistors. 
50 assorted capacitors. 10 electrolytic capacitors. 10 
assorted knobs. 5 assorted potentiometers. 20 assorted 
valve bases. Please state which parcel required. Broad- 
cast type twin gang variable capacitors at 18p each. 
Speakers at 50p each. 7 inch, 5 inch, 5# x 31 inch 
elliptical. P. & P. 18p. Box No. G142. 

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. 

RECORD TV SOUND using our loudspeaker isolating 
transformer. Provides safe connection to recorder. 
Instructions included. 70p plus 10p P. & P. Crow - 
borough Electronics (R.C.), Eridge Road, Crow - 

borough, Sussex. 
NEW COMPONENTS - Capacitors, 1000/30V. 100/25V, 

14p; 350/12V, 25/50V, 8,150V, 8p; 16/275V, 1/125V, 
0.5/250V, 6p. 4 -pole 3 -way wafer switches. 12p. Appli- 
ance suppressor cap. (lead thro') .025 +005, 15p. Min. 
order 60p plus lop P. & P. Many other items. Send 
s.a.e. for free list. Balfour Supplies, 2 Church Lane 
Cottages, Chalfont St. Peter, Bucks. 

200 MIXED RESISTORS,, - i - 1 watt. All preferred 
values. No uncommon types. Brand new, only 60p 
post paid. Manley, 13 Randisbourne Gardens, Bromley 
Road, London S.E.6. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
services to members including Q.S.L. Bureau, Ama- 
teur and Broadcast Translation, Technical and Identi- 
fication 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. Membership including monthly magazines, 
etc., £1.75 per annum. Secretary ISWL, 1 Grove Road, 
Lydney, Glos., GL15 5JE. 
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TECHNICAL TRAINING 
in Radio, Television and 
Electronic Engineering 

Let ICS train YOU for a well -paid post in this 
expanding field. ICS courses offer the keen, 
ambitious man the opportunity to acquire, quickly 
and easily, the specialized training so essential to 
success. Diploma Courses in Radio, TV Engineer- 
ing and Servicing, Colour TV Servicing, Elec- 
tronics, Computers, etc. Expert coaching for: 
* C. &G. TELECOMMUNICATION TECHNICIANS CERTS 
* RADIO AMATEURS EXAMINATION 
* RADIO OPERATOR CERTIFICATES 

CONSTRUCTOR COURSES 
Build your own transistor portable, signal genera- 
tor, multi -test meter -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 Association of British Correspondence Colleges 
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NEW STYLE 
SELF- BINDER 
for "The Radio Constructor" 

The "CORDEX" Patent Self- Binding 
Case will keep your issues in mint 
condition. Copies can be inserted or 
removed with the greatest of ease. Rich 
maroon finish, gold lettering on spine. 
Specially constructed Binding Cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached 

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 
immediately compensated for 
and the Cords will always 
remain taut and strong. It is 
impossible to overstretch the 
springs, as a safety check 
device is fitted to each. 

PRICE 75p Postage 10p 

Available only from:- 

Data Publications Ltd. 
57 Maida Vale London W9 1SN 
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One year's 
electronics 
experience 

ONC 
orC&G? 
Then become a Radio Technician with 

the National Air Traffic Services. 
You would work on the installation and 
maintenance of a wide range of sophisticated 
electronic systems and specialised 
equipment throughout the U.K. You would 
be involved with RT, Radar, Data 
Transmission Links, Navigation Aids, 
Landing Systems, Closed Circuit T.V. and 
Computer Installations. You could also work 
on the development of new systems. 

To qualify for entry to our training 
course you must be aged 19 or over, have 
at least one year's experience in electronics 
and preferably O.N.C. or C. 8 G. (Telecoms). 
Your starting salary would be £1,143 (at 19) 
to £1,503 (at 25 or over), scale max. £1,741 
-shift duty allowances. Good career 
prospects. 

Send NOW for lull details of how you 
can become a Radio Technician. Complete 
the coupon and return to A. J. Edwards, 
C.Eng., MIEE, Room 705, The Adelphi, 
John Adam Street, London WC2N 6BQ, 
marking your envelope Recruitment 

I meet the requirements, please tell me more about 
the work of a Radio Technician. 

NAME 

ADDRESS 

Not applicable to residents outside the 
United Kingdom. 

NATS 

(AIRCIIEh 

National Air Traffic Services 
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V 

SMALL ADVERTISEMENTS 
Continued from page 187 

SERVICES FOR CONSTRUCTORS:- Etched alu- 
minium fascia panels to specification. Plain aluminium 
panels to individual sizes. Labels, dials, nameplates. 
Instrument scales. Drafting tapes for printed circuit 
layouts. S.A.E. for details. R. A. Marsh, 29 Shel- 
bourne Road, Stratford on Avon, Warwicks. 

RELAYS. Sigma type 72A0Z, octal base, £1.50; Carpen- 
ter polarised, £1; D164816, £1.50. Box No. G155. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrapping, 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. 

5 TRANSISTOR 1 WATT AUDIO AMPLIFIERS, for 
7 + -15V supply. Standard 3 ohm output. Only £1 each. 
Manley, 13 Randisbourne Gardens, Bromley Road, 
London S.E.6. 

"THE ANSWER" BUREAU, PRINCES RIS- 
BOROUGH, BUCKS. For sincere and genuine 
marriage /friendship introductions. Details free. 

"GOVERNMENT SURPLUS WIRELESS EQUIP- 
MENT HANDBOOK ". Contains circuits, data, illus- 
trations, components lists for British/U.S.A. receivers, 
transmitters, trans /receivers; includes modifications to 
sets and test equipment. Surplus /commercial cross - 
referenced transistor and valve guide. A gold mine of 
valuable information. Price £2.84. P. & P. 16p. Myers, 
112 Stainburn Crescent, Leeds 17, Yorks. 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact ". Membership costs £1.38 a year. 
Enquiries to Secretary, WDXC, 11 Wesley Grove, 
Portsmouth, Hants., P03 5ER. 

HOLIDAY ACCOMMODATION. Burwood Lodge 
Hotel, Dawlish Road, Teignmouth, S. Devon. Especi- 
ally for parents with young children. Facing south. 
on the cliffs, direct access by private path to sea. 
Mothers' kitchen, automatic washing machines, baby 
listening service. Licensed lounge. Ample free parking. 

RESISTORS, CAPACITORS, POT'S, Electrolytics,Tran - 
sistors, Diodes, Valves at very reasonable prices. 
Beginners specially catered for. S.A.E. for list. 24 
resistors on card with values marked, 20p. Hope. 
Pentalardd, Maesycrugiau, Pencadar, Carms. 

FOR SALE: Creed Teletax transceiver type TR 105, £15. 
Ex- R.A.F. tuning fork drive unit type 114, £12. Box 
No. GI67. 

IF YOU HAVE ENJOYED A HOLIDAY on the Nor- 
folk Broads, why not help to preserve these beautiful 
waterways. Join the Broads Society and play your part 
in determining Broadlands future. Further details 
from:- The Hon. Membership Secretary, The Broads 
Society, "Icknield ", Hilly Plantation, Thorpe St. 
Andrew, Norwich, NOR 85S. 

FOR SALE: CR 150 receiver. 2/60 MHz with p.s.u. Good 
condition, new valves, £20. BC221, mains operated, £10. 
Box No. G.168. 

WANTED: Marconi AD 8882B receiver manual circuit 
diagram, p.s.u. details, etc., for loan or purchase. Post- 
age refunded on all corespondence. Pring, 89A High 
Street, Chard, Somerset. 

WANTED: 9.5mm cine equipment. Cameras, projectors, 
editors, splicers, film reels, etc. Details to: Box No. 
G 169. 

RADIO 
OPER a1'OßS 

Do you Hold 
PMG H OR PMG I OR 
New General Certificate 

OR had Two Years' Radio 
Operating Experience? 

LOOKING FOR A 

SECURE JOB 
WITH GOOD PAY 
AND CONDITIONS? 

Then apply for a post with the 
Composite Signals Organisation. These 
are Civil Service posts, with oppor- 
tunities for service abroad, and of 
becoming established i.e. Non- Contri- 
butory Pension Scheme. 

Specialist Training Courses (free 
accommodation) starting January, 
April and September, 1972. 

If you are British born and resident 
in the United Kingdom, under 35 

years of age (40 for exceptionally well 
qualified candidates). write NOW for 
full details and an application form 
from' rom: 

Government Communications 
Headquarters, 

Recruitment Officer 
Oakley, 
Priors Road, 
CHELTENHAM, 
Glos., GL52 5A3. 
Tel: Cheltenham 21491. Ext. 2270. 

(Continued on page 191) 
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SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W9 1SN 

Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 4p 
= 64p. 

ALL WORDING 

IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of be ng payment at 4p a word. MINIMUM 60p. 
Box Number, if required, 10p extra. 

NAME 
ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month. 

FREE TO AMBITIOUS ENGINEERS 
-THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

SEND FOR YOUR FREE COPY TO -DAY 
ENGINEERING OPPORTUNITIES is a highly informative 74 page 
guide to the best paid engineering posts. It tells you how you can 
quickly prepare at home for a recognised engineering qualification 
and outlines a wonderful range of modern Home Study Courses in 
all branches of Engineering. This unique book also gives full details 
of the Practical Radio & Electronics Courses administered by our 
Specialist Electronics Training Division - explains the benefits of our 
free Appointments and Advisory service and shows you how to 
qualify for five years promotion in one year. 
'SATISFACTION OR REFUND OF FEE' TERMS 
We give a written agreement that if after completing one of our 
courses, you do not pass your examination or are dissatisfied in any 
other way we will refund your complete fee. 
PRACTICAL EQUIPMENT INCLUDING TOOLS 
The specialist Electronics Division of B.I.E.T. NOW offers you a 
real laboratory training at home with all the practical equipment 
you need. plus Basic Practice and Theoretical Courses for beginners in 
Radio, TV, Electronics, etc. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
Dept. (B10), Aldermaston Court, Reading RG7 4PF 1- - SEND OFF THIS COUPON TODAY ! - - 

Tick subjects that interest you: 
AMSE (Elec) City & Guilds Certificate RTEB Certificate 
Radio Amateurs' Exam DMG Certificate Colour TV f7 Electronic Engineering Computer Electronics Radio and TV 
Servicing Practical Electronics Practical TV & Radio 
Please send booklets & full information without cost or obligation. 

NAME AGE ......................_ 
(BLOCK CAPITALS PLEASE) 

ADDRESS 

OCCU PAT ION 
Too BIET Dept. B10, Aldermaston Court, Reading RG7 4PF 

Accredited by the Council for the Accreditation 
of Correspondence Colleges. 

190 

To All Users of Industrial 

Electronics 
Take advantage of our very competitive prices 
and high quality workmanship. 

DESIGN AND CONSTRUCTION OF 
INDUSTRIAL ELECTRONICS EQUIPMENT. 

INDUCTION HEATING GENERATORS. METAL 
DETECTORS, POWER SUPPLIES, AUTOMATION 

AND CONTROL EQUIPMENT. 
HIGH QUALITY 

SHORT DELIVERY TIMES, 
TWO YEARS GUARANTEE 

DESIGNS CONSTRUCTED TO 
CUSTOMERS OWN SPECIFICATIONS. 

WRITE FOR FULL DETAILS TO:- 

"E.B.E.H. A. KYPRIOTIS" 

LABORATORIES OF INDUSTRIAL 

ELECTRONICS 
OFFICE FACTORY 
ANDROMAHIS 50, KALLITHEA PAPAFLESSA 3, TSAKOS 
ATHENS, GREECE AGHIA PARASKEVI 

ATHENS, GREECE 
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SMALL ADVERTISEMENTS 
(Continued from page 189) 

ARE YOU A MOTORING ENTHUSIAST? The Seven - 
Fifty Motor Club caters for all types of motor sport - 
racing, rallies, hill climbs, etc. Monthly Bulletin free 
to members. For full details write to: The General 
Secretary, Colin Peck, "Dancers' End'-, St. Winifred's 
Road, Biggin Hill, Kent. 

FOR SALE: Electronic Devices (Cheltenham) Ltd. 
electric "bug" morse key. £10. Box No. GI70. 

FREE GIFT when you request our quality stamps, 
supplied on approval. Generous discounts. Details 
from: Watson's Philatelic Service, 6 Beech Avenue, 
Brentwood, Essex. 

FOR SALE: Small stamp collection f5. Box No. G.171. 
STAMPS. 100 different Europe 25p, plus 100 different 

PP, free. Hope, Pentalardd, Maesycrugiau, Pencader, 
Carms. 

FOR SALE: Raven radio control Tx & Rx. Multichannel 
reed. £25. S.A.E. for details. Box No. G I72. 

ESSEX GARDENERS. Buy your bedding and rock 
plants, shrubs, etc., also cacti from May's Nurseries, 
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers 
only. Monday to Saturday. 

"MEDIUM WAVE NEWS" Monthly (luring Dx season 
- Details from: K. Brownless, 7 The Avenue, Clifton. 
York. 

RADIO AMATEUR EXAMINATION COURSE. 
Wednesday 6.30 to 9.00 p.m. To secure place, enrol 
as soon as possible at ACTON TECHNICAL COL- 
LEGE (opposite Town Hall). Telephone 992 3248. 
Lecturer: W. G. Dyer. M.I.E.E.. G3GEH. Syllabus 
embraces Theory, Licence Conditions and Morse in- 
struction; no prior knowledge is assumed or required. 

JOHN SAYS .. . 

RING MODULATOR by Dewtron is professional, transformer - 
less, 5 transistor, has adjustable Fl /F2 rejection. Module V. 
Unit L8.90 WAA -WAA Pedal kit of all parts, incl. all mechanics 
& instr. ONLY 02.45. AUTO RHYTHM from Dewtron 
modules. Simple unit for waltz, foxtrot, etc. costs £16.55 in 
modules. SYNTHESISER MODULES and other miracles. 
Send 15p for illust. list. D.E.W. LTD., 254 Ringwood Road, 
FERNDOWN, Dorset. 

200 Mixed Resistors f, 1,1 watt types all preferred values from 
10ohm - 2meg. only 50p 

RELAYS moving coil, very small sealed type 350 ! 350ohm 
15p each 

Miniature, 700 ohm 2 pole 2 way. 10p each 
I WATT Transistor Amplifiers, 5 transistor. 3 -15 ohm output. 

7 - 15v supply. C1.00 each 
3 WATT Amplifiers, 6 transistor, 18 - 24v supply. £2.50 each 

Please include lop postage per order. MAIL ORDER ONLY 
A. J. Manley, 13 Randisbourne Gardens, Bromley Road, 

London S.E.6 

CIRCUITS! CIRCUITS! 
Ten exciting circuits per month with instructions to build. Every 
month a completely new set. This month's circuits cover 

"MISCELLANEOUS PROJECTS" 
only 50p per set of ten 

Postage and packing free 
Free Data and Technical A -Z cards. Build up the complete set 
month by month. Cheques and P.O's to Dept. R /C, Photronics, 
3 Whitehall Gardens, London, E.4. 

SYNTHESISER 
MODULES 

Send s.a.e. for details of voltage -controlled modules for syn- 
thesiser construction to D.E.W. Ltd., 254 Ringwood Road, 
Ferndown, Dorset. 

OCTOBER 1971 

PLAIN -BACKED 
NEW STYLE 

SELF -BINDERS 
for your other magazines 

(max. format 74" x 94 ") 

The "CORDEX" Patent Self- Binding 
Case will keep your copies in mint 
condition. Issues can be inserted or 
removed with the greatest of ease. 
Specially constructed Binding cords are 
made from Super Linen of great strength, 
very hard twisted and twice doubled. 
They are attached to strong RUSTLESS 
Springs under tension, and the method 
adopted ensures PERMANENT RESILI- 
ENCE of the Cords. Any slack that may 
develop is immediately compensated for, 
and the Cords will always remain taut 
and strong. It is impossible to over- 
stretch the springs, as a safety check 
device is fitted to each. 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent` 

PRICE 70p Postage 10p 

Available only from 

Data Publications Ltd, 
57 Maida Vale London W9 1 SN 
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CHASSIS 
and 

CASES by 

CASES 
Type Size 

SILVER 
HAMMERED FINISH 
Price Type Size Price 

N 8x6x2" £1.00 W 12x7x7" 12.00 
N 6x6x3" £1.05 W 15x9x8" £3.15 
N 4x4x2" 80p Y 8x6x6" L2.25 
U 4x4x4" 95p Y 12x7x7" L2.80 
U 5 }x4 }x4 }" £1.15 Y 13x7x9" £3.15 
U 8x6x6" £1.45 Y 15x9x7" L3.35 
U 9;x7 4x34" E1.55 Z 17x10x9" E4.15 
U 15x9x9" £3.00 Z 19x10x8 }'t £4.50 
W 8x6x6" £1.90 Height 
Type N has removable bottom, Type U re- 
movable bottom or back, Type W removable 
front, Type Y all screwed construction. Type 
Z removable back and front. Plus p. & p. 

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

London W2 IBE 
TEL: 01 -723 5891 

TYpe N 

Type 
W 

1 

- Type Y 

Type Z 

Type U 

BLANK CHASSIS 
FOUR -SIDED 16 SWG ALUMINIUM 

Size 
6x4x2" 
7x4x1}" 
7x5x2" 
8x4x2" 
8 }x5 }x2" 
9x7x2" 
I0x4x2}" 
I2x4x2f" 
12x5x3" 

Price Base Size Price Base 
34p 17p 10x8x2}" 66p 30p 
33p 18p 12x7x2 }" 66p 33p 
40p 19p 12x9x2 " 76p 38p 
38p 19p 13x8x2}" 76p 38p 
44p 21p 14x7x3" 80p 36p 
5Op 26p I4x10x2} 88p 47p 
SOp 21p 15x10x2}" 92p Sop 
55p 27n 17x10x3" £1.10 SSp 
66p 26p Plus post and packing 

TO FIT OUR CASES 
7x5}x11" 38p 21p 12x6 }x2" 60p 33p 
7x5 4x2" 43p 21p 14x8}x2" 74p 44p 
11x6 }x1 }" 48p 30p 15 }x9 3x2} "94p S2p 
11x6 }x2" SSp 30p 17 }x9 }x24"1.05 59p 

Plus post & packing 
PANELS: Any size up to aft. at 36p sq. ft. 16 s.w.g. 
(18 s.w.g. 32p). Plus postage and packing 

FREQUENCY LIST TRANSFERS 
We have a limited supply of sheets of Dial 
Frequency Transfers in black. Short Wave fre- 
quencies 1.8Mc /s to 32Mc /s and 144Mc /s and 
146Mc /s. Includes amateur band marker frequen- 
cies at 100kc,'s points and other short wave 
frequencies from 2 to 32Mc /s at every 500kc /s 
points. Each frequency is repeated. Two sheets 
for 5p, five sheets for 10p, postage 3p. 

DATA PUBLICATIONS LTD., 
57 Maida Vale, London W9 1SN. 

YUKA'* SO PROFESSIONAL TNÉ 
SELF - Sputa Y(,/KAN AEROSOL wAY- 

sg air drying GREY HAMMER 
Get thei BLACK WR /NKKE 
/VOW (CRACKLE) finishes 
Vukan Aerosol spraykit contains 453g. line quality, durable easy instant Dm "Yuksn Air 
spray. No stove baking required. Hammers available in grey end blue, Drying Aerosols. 
90p cart. pd. Modern Eggshell Black Wrinkle (Crackle) producing a 30 453g. ac OOp 

textured finish, 90p can. pd., all at 85p per push -button self -spray can at /" 
our counter. Also durable, heat and water resistant Black Matt finish ¿;x Chromate (3398. sell -spray cans Only) 75E cart. Pd. Char Lacquer 
SPECIAL OFFER: One can plus optional transferable snap -on trigger Mara //'cs: Grey. 
handle (value 25p) for 96p carr. pd. Choice of 13 self -spray plain colour, _Blue. 
and primer (motor car quality) also available. 
Please enclose cheque or crossed P.O. for total amount direct to: - :/d 
DEPT: NISYUKAN, 307a EDGWARE ROAD, LONDON W21BN 
We supply many Government Departments, Municipal Authorities, 
\Institutes and Leading Industrial Organisations -We can supply you too. Now British- 
Open ell day Satunlay. Closed Thursday afternoons. even better 

DATA BOOK SERIES 
DB5 TV FAULT FINDING 

124 pages. Price 50p, postage 6p. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price '75p, postage 8p. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price £1.88, postage 20p. 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 53p, postage 6p. 

DBI9 SIMPLE SHORT WAVE RECEIVERS 
140 pages. Price 80p, postage 6p. 

I enclose Postal Order /Cheque for in payment for 

NAME 

ADDRESS 

(Please use Block Capitals for both name and address) 
Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order. 
All publications are obtainable from your local bookseller. 
Data Publications Ltd., 57 Maida Vale, I.ondon W9 1SN 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
192 THE RADIO CONSTRUCTOR 
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HENRY'S RADIO LIMITED 
ENGLAND'S LEADING ELECTRONIC CENTRES 
HI -FI COMPONENTS TEST PA DISCOTHEQUE ELECTRONIC ORGANS MAIL ORDER 

COMPLETELY NEW 
10th EDITION 
CATALOGUE. 

detailed and 
lusnated 

aspect 
covering 

Electronics 
plus data us d and 

minimal ion 

MAW 
Stock lines 
at Special 

Low Prices and 
Fully Guaranteed 

FOR USE NR WL A81Ef R89RRfGI 

Send to this address - Henry's Radio Ltd., 
(Dept. RC), 3 Albemarle Way. London, E. C.1 
- for catalogue only 
(All other mail to '303' as below). 

A NEW HENRY'S CATALOGUE IS 
A MUST FOR ELECTRONICS TODAY! 

TRANSISTOR AMPLIFIERS HI -FI TO SUIT 
EVERY 

POCKET 

(Leaflets Ref. No. 6 and 8) Post, etc., 20p 

4-300 4TR 9V 300mW £1.75 PA7 6TR 16V 7W £3.62 
104 4TR 9V 1W £2.12 608 6TR 24V 10W £4.12 
304 4TR 9V 3W C2.47 410 4TR 28V 10W £4.97 
555 6TR 12V 3W £2.75 MPA12 /3 6TR 18V 12W £4.50 

MPA12/15 6TR 36V 12W £5.25 

OPTIONAL POWER SUPPLIES Post. etc.. 20p 

P500 (1 or 2) for 104, 304 
PS20 (1 or 2) for PA7 
MÚ24 /40 (1 or 2) for MPA12 /3 or MPA12/15 
P11 for 608 £2.87 P15 for 410 

£2.62 
£3.47 
£4.50 
£2.62 

TEST EQUIPMENT 
For Every Purpose 

AF105 50k /V multimeter ( illus.). Price 
£8.50, p.p. 20p. Leather case C1.42 
200H 20k /V. Price £3.87, p.p. 20p. 
Case 62p 
500 30k /V multimeter. Price £8.87, 
p.p. 20p. Leather case £1.50 
THL33 2k /V. Price £4.12, p.p. 15p. 
Leather case £1.15 
TE65 Valve voltmeter (illus.). Pece 
£17.50, p.p. 40p 
SE250B Pocket pencil signal injector. 
Price £1.75, p.p. 15p 

SE500 Pocket pencil signal tracer. Price 
£1.50, p.p. 15p 
TE20D RF generator. Price C15, p.p. 40p 
TE22D Matching audio generator. Price 
£17, p.p. 40p 
TE15 Grid dip meter. Price £12.50, 
p.p. 40p 
TO3 Scope 3in. tube. Price £37.50, 
P.P. 50p 
TE22 Audio Generator. Price £17, 
p.p. 40p 

C1 -5 Pulse Scope £39.00 p.p. 50p 

SINCLAIR PROJECT 60 
PACKAGE DEALS - 

SAVE POUNDS! 
2xZ30 amplifier, stereo 60 pre -amp, PZ5 power supply, £16.75. 
Carr. 40p. Or with PZ6 power supply £18.25. Carr. 40p. 2xZ50 ampli- 
fier, stereo 60 pre -amp, PZ8 power supply. £20.25. Carr. 40p. Trans- 
former for PZ5 C2.45 extra. Any of the above with Active Filter unit 
add £4.75 or with pair 016 speakers add £16. Also new FM Tuner 
£21. 2000 Amplifier £24.50, p.p. 50p. 3000 Amplifier £31.50, p.p. 50p, 
Also IC12 £2.50. 

LOW COST HI -FI SPEAKERS 
E.M.I. Size 138" by 88" 

TYPE 150 6 watt, 3, 8 or 15 ohms £2.12. Post 22p 
TYPE 150TC Twin cone version £2.75. Post 22p 

TYPE 450 10 watt with twin tweeters 
and crossover. 3, 8 or 15 ohms. 
£3.50. Post 25p 
TYPE 350 20 watt with tweeter and 
crossover. 8 and 15 ohms. £7.50. 
Post 28p 
POLISHED CABINETS 
FOR 150, 150TC and 450 £4.50. Post 30p 
TERRIFIC RANGE OF SPEAKERS, KITS AND 
CABINETS IN STOCK - SEE CATALOGUE OR 
YOUR ENQUIRIES INVITED. 

TELETON '206'. Garrard SP25 Mk III. 

5010. n9 0600 Series Cart. Plinth /Cover. 

10 watt 3 way bookshelf Speaker 

Systems. All leads. etc. (Res. Price 261) 

SAVE £54.95 Carr. 
226.00 E2 

(Or with U.K. made HL SA 707 teem, 
performance) 256.951 

PAN tree pair Stereo headphone 

TELETON F2000 Med. Wave, Stereo FM 

Tuner Amplifier, Garrard 2025 TC. 

9TAHC Diam. Plinth /Cover. 10 watt 

Speaker Systems as above, all leads. 

etc (Rec. Price 291) 

SAVE £59.95 Carr 
231 00 2.2 

Plus Ire pair stereo headphone 

Tan TWO MOST POPULAR SYSTEMS. 

EVER - PLUS FULL 12 MON' -. 

GUARANTEE AS w' TH ALL HEN,- 

OFFERS' 

FREE 'a pane 

end Stereo SyeMm- 

save up io 40 ZT a 

Cie, Term Ito allers) Plu, .. 

MONO. STEREO ANO MIXING 

EQUIPMENT HIGO QUALITY WITN 

LOW PRICES 

PANEL METERS 
Complete range in stock. 38, 65 and 85 types plus 
large range Edge types also 240 -250- types. 
(Gel a copy of our latest catalogue for full specifica- 
tions and further ranges.) 

MORE OF EVERYTHING AT LOW 
PRICES ALWAYS FROM HENRY'S 

* COMPONENTS IN STOCK FOR ALMOST ALL 
PUBLISHED DESIGNS. YOUR ENQUIRIES INVITED. 
SEND LARGE S.A.E. (WITH LIST) FOR PARTS 
QUOTE FOR ALL CIRCUITS. 
TRANSISTORS - I.C.'s 
The largest range available. Send for free list No. 36. 

HENRY'S SUPPLY ALL YOUR 
AUDIO ELECTRONIC NEEDS! 

SELF -POWERED SILICON -FET 

CONTROL UNITS /PREAMPLIFIERS 

PET 9/e Mono or single channel. Adlusl- 
able levels. All facilities plus micro- 
phone Mixing Price 212.50 

FET 15e Stereo with all facilities, mag- 
netic cart, input. etc. Price 21e.50 

SILICON POWER AMPLIFIERS 
FOR USE WITH ABOVE 

PÁ25 25 watts into T ohms 27.50 
PASO 50 watts into 4 ohms 29,50 
M0442 Power Supply for 1 or 2 PA25's 
or I only PASO 28.00. Post 20p 

FREE BROCHURE No. 25 on REQUEST 

NO SOLDERING - ALL UNITS 
INTERCONNECTING 

ON DEMONSTRATION AT '356 

BUILD THIS VHF FM TUNER 
5 MULLARD TRANSISTORS 300 kc /s 
BANDWIDTH. PRINTED CIRCUIT, 
HIGH FIDELITY REPRODUCTION. 
MONO AND STEREO. A popular VHF 
FM Tuner for quality and reception of 
mono and stereo. There is no doubt 
about it - VHF FM gives the REAL 
sound. All parts sold separately. 
Free leaflet Nos. 3 8 7. 
TOTAL £6.97 p.p. 20p 
Cabinet £1.00. Decoder Kit £5.97. Tun- 
ing Meter £1.75. Mains unit (optional) Model PS900 £2.47 
Mains unit for Tuner and Decoder PS1200 £2.82 

NEW "BANDSPREAD" PORTABLE TO BUILD 

Printed circuit all -transistor design 
u 

sing Mullard 
RF /IF Module. Medium and Long Wave bands 
plus Medium Wave Bandspread for extra selec. 
rally. Also slow- motion geared tuning. 600mW 
push'pull output. fibre glass PVC covered cabinet 
car rial socket Attractive appeeranCe and per. 
lormance. TOTAL COST TO BUILD £7.99 p -p 320 

(Battery 22p) 
All parts sold separately - Leaflet No 2 

77 PORTABLE las previously advertised) £9.99 
p p. 35p- From stock. (Leaflet No 1). 

NIXIE TUBES 

%NJ or ON13 0-9 aide mew, with data sheet 
85p each 

GN4 and view 0-9 with socket 8 data £1.75 
All I.C.'s IOr Digital Clock. in stock. 

HENRY'S CLOCK CIRCUIT - No. 29 10p 

20 WATT I.C. AMPLIFIER 

Toshiba Power Amp 24.57 
Tosmba Pre -Amplifier I.C. £1.50 

SL403D 3 wett I.C. Amp- 01.50 
Date and suggested circuits 

42 10p 

FREE BROCHURES 
P.A., DISCO, LIGHTING No. 16 
ELECTRONIC ORGANS, KIT FORM No. 9 
HIGH FIDELITY Nos. 16/17 
TRANSISTORS: I.C's No. 36 

All details also to latest catalogua 
- see above. 

Electronic Components, 
Audio and Test Gear Centre 
356 EDGWARE ROAD, 
LONDON, W.2. 
Tel: 01 -402 4736 

'354 " & "356 

High Fidelity Sa /es & 
Demonstrations Centre 
354 EDGWARE ROAD, 
LONDON, W.2. 
Tel: 01 -402 5854 

Electronic Organs, 
P A. & Discotheque Centre 
309 EDGWARE ROAD, 
LONDON, W.2. 
Tel : 01 -723 6963 

Mail Orders. Special Bargain 
Shop. Industrial Sa /es 
303 EDGWARE ROAD, 
LONDON, W.2. 
Tel: 01 -723 1008/9 

OPEN SIX FU /(I DAYS A WEEK 9,3m to 6 pm MONDAY TO SATURDAY 

www.americanradiohistory.com

www.americanradiohistory.com

