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Eddystone RECEIVER 

OF MAJOR INTEREST TO ALL RADIO ENTHUSIASTS 

EC IO transistorized 
communications receiver 
A most efficient transistorized communications 
receiver of light weight, compact dimensions, and 

capable of a really good performance. Five ranges give 
continuous coverage from 550 kc/s to 30 Mc/s (545 to 
10 metres), and included are the medium -wave broad- 
cast band, the marine (coastal) band from 1500 to 3000 

kc/s, and all the short-wave broadcast bands. Also 
available are the six major amateur bands and many 

services in between. 
The EC10 receiver accepts normal AM telephony and 

CW telegraphy, a special filter being provided to 
increase selectivity (and also reduce noise) in the CW 
mode, as is often desirable. Single sideband signals can 

be successfully resolved by appropriate setting of the 
BFO for carrier reinsertion. A total of 13 transistors and 

diodes is used, leading to high sensitivity and con- 
sistent results on all ranges. The main scales occupy 
a length of nine inches and are clearly calibrated direct 
in frequency. The standard Eddystone precision slow- 
motion drive controls the tuning, which is exceptionally 
smooth and light to handle. An auxiliary logging scale 
permits dial settings of chosen stations to be recorded. 

An internal speaker gives good aural quality and a 

comparatively high audio output is available-one can 

easily believe the set is mains operated. For personal 
listening, a telephone headset can be plugged into the 
socket on the front panel, the speaker then being out 
of action. 

Alternative aerial sockets are provided, for dipole, 
long wire, or short rod or wire. Power is derived from 
six cells housed in a separate detachable compartment. 
Current consumption is related to audio output and, 

for long life, HP2-type heavy-duty cells are recom- 
mended. 

The receiver is housed in a metal cabinet, and, with 
robust construction throughout, it will stand up to hard 

usage over a long period with a high degree of reliability. 
The finish is an attractive two-tone grey. The dimen- 
sions are width 12f", height 6r", depth 8"; weight with 
batteries is 14 lb. 

Eddystone Radio Limited 
Eddystone Works, Alvechurch Road, Birmingham 31 

Telephone: Priory 2231 Cables: Eddystone Birmingham Telex: 33708 LTD/EDS 
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SINCLAIR Z.12 
INTEGRATED 12 WATT 

AMPLIFIER AND PRE -AMP 
For size alone, the Z.12 marks an important advance 
in quality design, for its amazing compactness opens 
up exciting new vistas in amplifier housing and applica- 
tion. Combined with this are fantastic power and 
superb quality which can provide an effortless output 
of 12 watts R.M.S. continuous sine wave from the 
unique eight transistor circuit used. Basically intended 
as the heart of any good mono or stereo hi-fi system, 
the size and efficiency of this Sinclair unit make it 
equally useful for a car radio (with the Micro -6 for 
example), a high quality radio with the Micro FM, 
in a guitar, P.A. or intercom system, etc. Other 
applications are certain to suggest themselves to 
constructors. The manual included with the Z.12 
details mono and stereo tone and volume control 
circuits by which inputs can be matched (and switched 
in) to the pre -amp. The size, performance and price 
of the Z.12 all favour the constructor seeking the 
finest in transistorised audio reproduction-it is in 
fact today's finest buy in top grade high fidelity. 

SINCLAIR MICRO FM 
COMBINED FM TUNER 

Less than 3" x 1f" x frr 
and professional in every 
way, 7 transistor FM using 
pulse count ng discrimin- 
ator for superb audio 
quality. Low I.F. makes 
alignment unnecessary. 
Tunes 88-108 Mc/s. The 
telescopic aerial suffices 
for good reception in all 
but poorest areas. Signal 
to noise ratio-30dB at 30 
microvolts. Takes stand- 
ard 9 v. battery. One out- 
let feeds to amplifier or 
recorder, the other al- 
lows set to be used as a 
pocket portable. Brushed 
and polished aluminium 
front, spun aluminium 
dial. A fascinating set to 
build. 

RECEIVER 

Complete kit inc. 
case, earpiece anddin-- VY .6 v 
struct ions. 

SINCLAIR MICRO -6 ene2 
The world's smallest radio 6 

Unequalled for power, selectivity 
and quality. Six stage M.W. 
receiver. 2 R.F. amplification, 
double diode detector, 3 stage 
A.F. amplifier. A.G.C., etc. The 
Micro -6 is completely self-contained 
in white gold and black case 14/5" 

12 WATTS R.M.S. OUTPUT (24N PAS NE WAVE 

15 WATTS R.M.S. MUSIC POWER (30 WATTS PEAK) * Ultra -linear class B output and 
generous neg. feed back. * Response -15 to 50,000 c/s 
+1dB. * Output suitable for 3, 7.5 and 

15 ohm loads. Two 3 ohm 
speakers may be used in parallel. * Input-2mV into 2K ohms. 

* Signal to noise ratio-better 
than 60dB. 

Built, tested 
and 

guaranteed. 

89/s 

SINCLAIR STEREO 25 
A NEW DE -LUXE PRE -AMPLIFIER AND CONTROL UNIT 

Designed specially to obtain the very 
finest results used with two Sinclair 
Z..12's for stereo. The best quality com- 
ponents, individually tested before 
acceptance, are used in its construction, 
whilst the overall appearance of this 
compact de -luxe pre -amp and control 
unit reflects the professional elegance 
which characterises all Sinclair designs. 
The front panel is in solid brushed and 
polished aluminium with beautifully 
styled solid aluminium knobs. Mounting 

is simple, and the PZ.3 will comfortably 
power the Stereo 25 together with two 
Z.13's. When fitted, the Sinclair 25 
will grace any type of hi-fi furniture. 
Frequency response 25 c/s to 30 kc/s 
f1dB connected to two Z.12's. 
Sensitivity Mic. 2mV into 50kí2: 
P.U. -3mV into 50kí2: Radio -20mV 
into 4.7kí2. Equalisation correct to 
within ±1dB on RIAA curve from 
SO to 20,000 c/s. Size 6f" X 24" x 2}" 
plus knobs. 

x 13/w"x 1/z Plays anywhere. C BUILT, TESTED A/AQ 1y/ A HI-FI FOR £22.18.0 
Easy to build. Complete kit of parts 59,6 AND *jy196 (11 you requir"s one< s Unit (19.19.6)ttwo Zould 
with earpiece and instructions. // GUARANTEED ii 9 VV (í8.I9.0) and onis (9 As an opcional encra, you could 

include the Mio FM (1). 
FULL SERVICE FACILITIES AVAILABLE TO SINCLAIR CUSTOMERS SINCLAIR 

ransissmai s power unit 
pecialldgned ( Z.12. 9n/6GUARANTEE 

If you ar not completely satisfed when you ceive your purchase fro 
PZ ill por o Z.I2's and Stereo %.7 6us, your money will be refunded of once in full and without question.n 5 wich 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE Ì 
Please send .,...e I sinlair 

SINCLAIR RADIONICS LIMITED I 
(or which 1 enclose cash/cheque/money order 

I value L .......................s.._........d. Telephone: OCAS -52731 
22 NEWMARKET ROAD, CAMBRIDGE 

ADDRESS 

RC8 I 
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HI-FI AMPLIFIERS ------ TUNERS RECORD PLAYERS 

3+3W 
STEREO 

AMP. 
5-3314 

10W 
POWER 

AMP. 
MA -12 

10W POWER AMPLIFIER. Model MA -12. 10W output, wide freq. range, 

low distortion. For use with control unit. Kit £12.18.0 Assembled £16.18.0 

3 + 3W STEREO AMPLIFIER. Model S-33. An easy -to -build, low cost unit. 
2 inputs per channel. Kit £13.7.6 Assembled £18.18.0 

DE LUXE STEREO AMPLIFIER. Model S3311. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Derain pick-up. Kit £15.17.6 Assembled £21.7.6 

HI-FI STEREO AMPLIFIER. Model S-99. 9 + 9W output. Ganged 
controls. Stereo/Mono gram., radio and tape inputs. Push-button selection. 

Printed circuit construction. Kit £28.9.6 Assembled £38.9.6 

GARRARD 
PLAYER 

AT -60 

20+20 
STEREO 

AMP. 
AA -22U 

TRANSISTOR MIXER. Model TM -1. A must for the tape enthu- 
siast. Four channels. Battery operated. Similar styling to Model AA -22U 
Amplifier. With cabinet. Kit £11.16.6 Assembled £16.17.6 

20+20W TRANSISTOR STEREO AMPLIFIER. Model AA -22U. 
Outstanding performance and appearance. Kit £39.10.0 (less cabinet). 
Assembled £57.10.0 Attractive walnut veneered cabinet £2.5.0 extra. 

GARRARD AUTO/RECORD PLAYER. Model AT -60. 
less cartridge £13.1.7 With Decca Deram pick-up £17.16.1 incl. P.T. 
Many other Garrard models available, ask for Lists. 

TRANSISTOR PA/GUITAR AMPLIFIER, PA -2. 20W amplifier. Four inputs. HI-FI MONO AMPLIFIER. Model MA -5. A general purpose 5W 
Variable tremolo. Kit £44.19.0 Assembled £59.10.0 Amplifier, with inputs for Gram., Radio. Attractive modern styling. 
50W VALVE PA/GUITAR AMP., PA -1. Kit £54.15.0 Assembled £74.0.0 Kit £11.9.6 Assembled £15.15.0 
IIIIIINIIilllll 

The World Leader in Quality Kitsets 
=o..sraon Easy -to -follow instruction manuals show you how to build the models 

INSTRUMENTS 
3' LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS -2. Compact size 5' x 71' x 12' deep. 
Wt. only 911b. "Y" bandwidth 2 c/s -3 Mc/s ± 3dB. 
Sensitivity lOOmV/cm. T/B 20 c/s -200 kc/s in four 
ranges, fitted mu -metal CRT Shield. Modern 
functional styling. 

Kit £23.18.0 Assembled £31.18.0 

5' GEN -PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with pro- 
fessional specification and styling. "Y" band- 
width 3 c/s -4.5 Mc/s±3dB. T/B 10 c/s -500 kc/s. 

Kit £35.17.6 Assembled £45.15.0 

DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM -13U. Circuit and speci- 
fication based on the well-known model V -7A but 
with many worth -while refinements. 6' Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18.18.0 Assembled £26.18.0 

AUDIO SIGNAL GENERATOR. Model AG -9U. 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0.1%, 10V sine wave output metered in volts and dB's. 

Kit £23.15.0 Assembled £31.15.0 

VALVE VOLTMETER. Model V -7A. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.10 to 1,000M0 with internal battery. 
D.c. input resistance 11Mí2. dB measurement, has 
centre -zero scale. Complete with test prods, leads and 
standardising battery. 

Kit £13.18.6 Assembled £19.18.6 

MULTIMETER. Model MM -1U. Ranges 0-1.5V to 
1,500V a.c. and d.c.; 150µA to 15A d.c.; 0.20 to 20Mí2. 
4#" 50µA meter. Kit £12.18.0 Assembled £18.11.6 

R.F. SIGNAL GENERATOR. Model RF -1U. 
Up to 100 Mc/s fundamental and 200 Mc/s on 
harmonics. Up to 100mV output. 

Kit £13.18.0 Assembled £20.8.0 

SINE/SQUARE GENERATOR. Model 
IG -82U. Freq. range 20 c/s -1 Mc/s in 5 bands 
less than 0.5% sine wave dist. less than O.15µ 
sec. sq. wave rise time. 

Kit £25.15.0 Assembled £37.15.0 

TRANSISTOR POWER SUPPLY. 
Model IP -20U. Up to 50V, 1.5A output. 
Ideal for Laboratory use. Compact size. 

Kit £35.8.0 Assembled £47.8.0 

OS -2 

IM -13U 

V -7A 

RF -1U 

IG -82U 

Prices and specifications 
subject to change without 

notice 

NEW! TRANSISTOR FM TUNER 
Designed to match the AA -22U 
Amplifier. Available in separate units 
comprising Models TFMT-1 RF Tuning F,5 

Unit £5.16.0 incl. P.T. and TFA-1M 
(Mono) IF Amplifier, power supply, etc. TFM-1 £15.3.0 kit or TFA-1S (Stereo) IF Amplifier, etc. £19.2.0 kit. 
14 transistor circuit. Pre -assembled and aligned "front-end". 4 stage IF 
Amplifier. AFC. Printed circuit construction. Walnut veneered, 
finished cabinet available as optional extra. Can be built for: 

Total Price kit (Mono) £20.19.0 incL P.T. 
Total Price kit (Stereo) £24.18.0 incl. P.T. 

Cabinet £2.5.0 extra. Send for full details. 
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TRANSISTOR RECEIVERS 
"OXFORD" LUXURY PORTABLE. 
Model UXR-2. Specially designed for use 
as a domestic, car or personal portable 
receiver. Many features, including solid 
leather case. Kit £14.18.0 incl. P.T. 

TRANSISTOR PORTABLE. Model UXR-1. 
Pre -aligned I.F. transformers, printed circuit. 
Covers L.W. and M.W. Has 7' x 4' loud- 
speaker. Real hide case. 

Kit £12.11.0 incl. P.T. 

JUNIOR EXPERIMENTAL WORKSHOP. 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, Intl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 incl. P.T. 

JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. Kit £2.7.6 incl. P.T. 

UXR-2 

UXR-1 

UJR-1 

it 411>rinde411...411.411,11141,111WANIv.N11,111v./VAIRI+vNIPMOVNIP * 
WELCOME TO OUR LONDON HEATHKIT CENTRE 

233 Tottenham Court Road 
We open MONDAY -SATURDAY 9 a.m.-5.30 p.m. 

THURSDAY . I I a.m.-2.30 p.m. 
Telephone No: MUSeum 7349 

WHEN YOU ARE IN TOWN, WE HOPE YOU WILL VISIT US THERE 

* H......w... * 
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TAPE AMPLIFIERS TAPE DECKS --- CONTROL UNITS 

FM 
TUNER 
FM -4U 

MAGNAVOX 
DECK 

HI-FI FM TUNER. Model FM -4U. Available in two units R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and I.F. 
amplifier unit, with power supply and valves (£13.13.0). May be used 
free standing or in a cabinet. Total Kit £16.8.0 
MAGNAVOX "363" TAPE DECK. The finest buy in its price 
range. Operating speeds: 1r, 31- and 7i" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 7i" p.s. £13.10.0 
MAGNAVOX deck with TA -IM Kit £31.5.6 
HI-FI AM/FM TUNER. Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-T1-£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1-£22.11.6). 
Printed circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. 
Built-in power supply. Total Kit £27.5.0 

TRUVOX 
DECK 

AM/FM 
TUNER 

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape decks. D93/2, 
i track, £36.15.0 D93/4, i track, £36.15.0 

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press -button speed compensation and input selection. 
Mono Model TA -1M. Kit £19.18.0 Assembled £28.18.0 
Stereo Model TA -1S. Kit £25.10.0 Assembled £35.18.0 

MONO CONTROL UNIT. Model UMC-1. Designed to work with the 
MA -I2 or similar amplifier requiring 0.25V or less for full output. 5 inputs. 
Baxandall type controls. Kit £9.2.6 Assembled £14.2.6 

STEREO CONTROL UNIT. Model USC -1. Push-button selection, 
accurately matched ganged controls to ±1dB. Rumble and variable low-pass 
filters. Printed circuit boards. Kit £19.19.0 Assembled £27.5.0 

First in dependability -first in performanceemigre 
Convenient credit terms available in U.K. over £10 

SSU-1 

Berkeley 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM. Model SSU-1. 
Ducted -port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs, Kit £12.12.0, without 
legs, Kit £11.17.6 incl. P.T. 

THE BERKELEY Slim -line SPEAKER 
SYSTEM, fully finished walnut veneered 
cabinet for faster construction. Special 12' 
bass unit and 4" mid/high frequency unit. 
Range 30-17,000 c/s. Size 26' x 17' a only 
7}" deep. Modern attractive styling. Ex- 
cellent value. 

Kit £19.10.0 Assembled £24.0.0 
COTSWOLD SPEAKER SYSTEMS. Out- 
standing performance for price. 
MFS: Size 36" x 16i" x 14' deep. 

Kit £25.12.0 Assembled £33.17.0 
STANDARD: Size 26' x 23' x 141" deep. 

Kit £25.12.0 Assembled £33.17.0 

HI-FI CABINETS 
A wide range available including: 
GLOUCESTER. Kit 

£18.10.0 incl. P.T. 

MALVERN. Kit £18.1.0 incl. P.T. 

CHEPSTOW. Kit £11.18,6 incl. P.T. 

We can also make available the well- 
known RECORD HOUSING range of 
fully finished cabinets. Malvern +------- 

SEND FOR THE LATEST 
FREE CATALOGUE 

INSTRUMENT AND AMATEUR RADIO BROCHURES 

"AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC -1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerial, tuning meter and large slide -rule dial. 

Kit £37.17.6 Assembled £45.17.6 
AMATEUR BANDS RECEIVER. Model 
RA -1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half -lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. sKit 

Assembled £52.10.0 
160-10M TRANSMITTER. Model DX - 
100U. Careful design has achieved high 
performance and stability. Completely 
self-contained. 

Kit £81.10.0 Assembled £106.15.0 
COMMUNICATIONS TYPE RECEIVER. Model 
RG -1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s - 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Assembled £53.0.0 
REFLECTED POWER METER and SWR BRIDGE. 
Model HM -11U. Indicates reliably, but inexpensively, 
whether the RF power output of your TX is being 
transferred efficiently to radiating antenna. 

Kit £8.10.0 Assembled £10.15.0 

GC -1U 

RG -1 

HM -11U 

OUTSTANDING "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ment is now available in the U.K. Why not send 
for full details of range, for example: 

FILTER TYPE SSB TRANSCEIVERS. 
Models for 80, 40 or 20 metre bands. 
Model HW-12 (80M) £67.10.0, Kit. incl. 
Model HW-22 (40M) £66. 0.0, Kit. duty, 
Model HW-32 (20M) £66. 0.0, Kit. etc. 

80M Transceiver 
I1W-12 

Without obligation please send me (Tick here) 

muo>wmwmiluiiiimiiiimiu101411iiiiiiiiiiii111111iiiiiiiiiiiimiiimiiiiiiii 1111imiiiiuuuiiimiiiiii11111 11111iimmii111111 31111iii111111 iIM1111iiiiiiiiiiiiiiuüiil- 

......................._..._.........._. DEPT. RC.8 

AVAILABLE ON REQUEST I FREE BRITISH HEATHKIT CATALOGUE *---NK`--`--0- 
1 FULL DETAILS OF MODEL(S) .................................... 

Prices quoted are Mail Order prices. I (Please write in BLOCK CAPITALS) 

DAYSTROM LTD 
NAME ............_ .................................-........................._._.................... - 

GLOUCESTERI 
ADDRESS ....................................._..._._........................................ 
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Scottish Insurance Corporation Ltd 
38 EASTCHEAP LONDON EC3 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

(a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling -house. 

(b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

The cost of Cover (a) is 5/- a year for Sets worth £50 
or less, and for Sets valued at more than £50 the 
cost is in proportion. Cover (b) (i) and (ii) costs only 
2/6 a year if taken with Cover (a), or 5/- if taken alone. 

Why not BE PRUDENT AND INSURE your 
installation-it is well worth while AT THE VERY 
LOW COST INVOLVED. If you write to the 
Corporation's Office a proposal will be submitted for 

completion. 

Write for full details, quoting reference 5304, to:- 
THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

38 EASTCHEAP, LONDON E.C.3 
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BENTLEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, 47 Norfolk Road, 
LONDON. N.W.I. LITTLEHAMPTON, Sussex. 
PRlmrose 9090 Littlehampton 2043 

Please forward all mail orders to Littlehamptoin 
0A2 5/9 6/30L2 8/9 AZ3I 7/9 EF36 3/6 GZ34 I0/- PY801 6/3 
0B2 6/- 9D7 7/6 DAF96 6/6 EF37A 7/- GZ37 14/6 U25 8/6 
1L4 2/3 IOCI 12/6 DF96 6/6 EF39 5/- HABC80 9/3 U26 8/6 
IRS 4/- 10C2 12/- DK92 8/- EF4I 8/- KT66 12/3 U 191 9/6 
1S5 3/3 IOFI 9/9 DK96 7/6 EF80 4/3 PABC80 7/6 U301 11/- 
tT4 2/6 10F18 9/9 DL96 6/9 EF85 4/6 PC86 9/- U329 9/- 
2D21 5/6 (OLDI I 9/6 DM70 5/- EF86 6/6 PC88 9/- L1404 6/- 
3D6 3/9 I OP13 12/- DY87 6/9 EF89 416 PC95 6/9 1)801 15/- 
3Q4 5/3 10P 14 11/6 EB8CC 12/- EF9I 3/- PC97 5/9 UABC80 5/- 
354 4/3 12AT6 4/6 EABC80 5/9 EF92 2/6 PC900 9/6 UAF42 7/9 
3V4 5/- 12AÚ6 5/9 EAF42 716 EF97 I0/- PCC84 5/6 UBC4I 6/6 
SY3GT 4/9 12AV6 5/9 EB9I 2/3 EF98 9/9 PCC85 6/9 UBC8I 6/6 
5Z4 7/6 12BA6 5/3 EBC4I 6/6 EFI83 6/9 PCC88 10/6 UBF80 5/6 
6AQ5 4/9 128E6 4/9 EBCBI 6/3 EF184 6/6 PCC89 11/6 UBF89 5/9 
6AT6 3/6 12BH7 6/- EBF80 5/9 EH90 9/6 PCCI89 3/9 UBL2I 10/9 
6AU6 5/9 19AQ5 7/3 EBF83 7/3 EL33 6/6 PCF80 6/6 UC92 6/3 
6AV6 5/6 20D1 10/- EBF89 5/9 EL36 8/9 PCF82 6/- UCC84 8/- 
68A6 4/6 20F2 11/6 EBL2I 10/3 EL4I 7/6 PCF84 8/6 UCC85 6/6 
6BE6 4/3 20L1 14/- EC92 6/6 EL42 7/9 PCF86 8/3 UCF80 8/3 
6BH6 5/3 20P3 I2/- ECC40 10/- EL84 4/6 PCF801 9/6 UCH2I 8/- 
61316 5/6 20P4 13/- ECC8I 3/6 EL85 7/6 CF802 10/- UCH42 8/- 
6BQ7A 7/6 20P5 11/6 ECC82 4/6 EL86 7/3 PCL82 6/6 UCH8I 6/- 
6BR7 8/3 30C15 10/- ECC83 4/6 EL9S 5/- PCL83 8/9 UCL82 7/3 
6BW6 7/6 32C17 11/9 ECC84 5/6 ELL80 14/- PCL84 7/6 UCL83 9/- 
6CD6G 22/- 30C18 8/- ECC85 5/3 EM71 I4/- CL85 8/6 UF41 7/9 
6CH6 6/- 30F5 8/3 ECC88 8/9 EM80 6/- PCL86 8/6 UF42 4/9 
6FI 9/6 30FLI 9/3 ECC 18911/6 EM8I 7/- EN45 7/- UF80 6/3 
615G 3/9 30FLI4 11/- ECFBO 7/3 EM84 5/9 PFL200 14/6 UFOS 6/9 
617G 4/6 30L15 10/3 ECF82 6/3 EM85 12/- PL36 9)- UF86 9/- 
6K7G 1/3 30L17 11/6 ECF86 I0/- EM87 6/6 PL8I 6/9 UF89 5/6 
6K8G 3/3 30P12 10/- ECH2I 10/- EY51 5/6 PL82 3/3 UL4I 8/9 
6L6GT 7/3 30P19 12/- ECH35 6/- EY8I 7/3 PL83 6/- UL84 5/6 
6L18 10/- 30PLI 13/6 ECH42 8/- EY83 9/3 PL84 6/3 UM80 8/3 
6LD20 6/6 30PL13 10/6 ECH8I 5/6 EY84 9/6 PY33 8/9 ÚY21 9/- 
6Q7G 5/6 30PL14 II/- ECH83 6/6 EY86 5/9 PY80 449 UY41 S/- 
6SL7 4/9 30PLI5 9/6 ECH84 9/- EY88 8/9 PY81 Si- ÚY85 4/9 
6SN7 4/6 35W4 4/6 ECL80 5/9 EZ40 5/6 PY82 4/9 VP4B 12/- 
6V60 3/6 85A2 6/6 ECL82 6/6 EZ4I 6/3 PY83 5/6 X41 10/- 
6X4 3/9 807 11/9 ECL83 IO/- EZ80 3/9 PY88 713 X78 26/2 
6X5 5/3 5763 7/6 ECL86 8/- EZ8I 4/3 PY800 5.!9 X79 40/9 
Terms of business: Cash with order only. No C.O.D. Post/packing 6d. per 
item. Order over C5 post free. All orders despatched same day as received 
Complete ca alogue including transistor section and components with terms 
of business 6d. Any parcel insured against damage in transit for 6d. extra. 
We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-1 p.m. 

Any holes in 

your knowledge of 

IHANSISIORS? 
Whatever your interest in transistor 

circuitry, you will find the Willard "Reference 
Manual of Transistor Circuits" and "Transistor 
Radios -Circuitry and Servicing ", valuable 
sources of reference. 

The former describes more than sixty 
circuits for both domestic and industrial 
applications. 

The latter is an introduction to the sub- 
ject and describes the basic properties of 
semiconductors, their function, elementary 
circuitry and servicing. 

s>"--1 Ivi Get your copies from your radio dealer, or send 
remittance with order to: 

M ILLARD LTD MULLARD HOUSE- TORRINCTON PLACE. LONDON WCL 

i 

REFERENCE 

MANUAL OF 

TRANSISTOR 

CIRCUITS 

U.K. PRICE 

12/6 
Post extra 1/" 

TRANSISTOR 

RADIOS 

Circuitry and 

Servicing 
U.K. PRICE 

5/ - 
Post extra 6d. 

NEW BRITISH RECORDING TAPE 
Famous Mfr. Bulk Purchase - Genuine recommended Tape Bargain. 
Unconditional Guarantee. Fitted Leader and Stop Foils (except 3"). 
St'd. (PVC base) L.P. (PVC base) D.P. (Milar base) Triple Play 
3" 150ft.... 3/9 225ft.... 4/9 300fí.... 6/6 3" 450ft.... 12/6 
5" 600ft.... 11/6 900ft.... 15/- 1,200ft. ... 23/6 4" 900ft. ... 25/- 
51" 850ft.... 14/6 1,200ft. ... 17/6 1,800ft. ... 29/6 
7" 1,300ft.... 17/6 1,800ft.... 22/6 2,400ft. ... 37/6 
Post and Packing -3" Reels 6d. Each additional Reel 3d. 4" -o 7" Reels 1/-. 
Each additional Reel 6d. All tape accessories stocked. 
EMPTY TAPE REELS (Plastic): 3" 1/3, 4" 2/-, 5" 2/-, 5f" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS (Cassettes): 3'I/3, 5" 1/9,51"2/-,7" 2/3. 

TRANSISTOR COMPONENTS 
Midget I.F.'s-465 kc/s ,4" diam., 
first, second or third, each 5/6 
Osc. coil M. & L.W. z,z" diam. 5/ - 
Midget Driver Trans. 9:1 6/ - 
Ditto 0/Put Push-pull 3 ohms 6/ - 
Elect. Condensers -Midget Type 15V 
I mfd-50mfd, ea. 1/9. I00mfd, 2/-. 
2.5mH, 5mH, 7.5mH, IOrnH R.F. Chokes 
2/6 each. 
Cond 150V wkg. .Olmfd. to 
04mfd., 9d..05mfd., .1 mfd., 1 /-..25mfd., 
1/3. .5mfd., 1/6, etc 
Tuning Cond a. J.B. "00" 208+ 
176pF, 8/6. Ditto wich trimmers, 9/6. 
365pF single, 7/6. Sub -min. 4" DILEMIN 
IOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control 
knob, 5kO with switch, 4/9, ditto less 
switch, 3/9. 

TU B-ELECTROLYTICS-CA N 
25/25V, 50/12V, 1/9; 8í8/450V, 4/6; 
50/50V, 100/125V, 2/-; 32í32/275V, 
4/6; 8/450V, 4/350V, 2/3; 50/50/350V, 
6/6; 16+16/450V, 5/6; 60/250/275V, 
12/6; 32í32/450V, 6/6; 100+200/275V, 
12/6. 

ENAMELLED COPPER WIRE 
-2oz. reels 14g -20g, 3/-; 22g -28g, 
3/6; 30g -34g, 4/3; 36g -38g, 4/9; 
39g -40g, 5/-, etc. 
TINNED COPPER WIRE. 
16-22g, 4/- 2 oz. reels. 
ERSIN MULTICORE SOL- 
DER, 60/40, 4d. per yard, Cartons 
6d., 1/-, 2/6, etc 
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TYGAN FRET (Concem. pat.), 12 x 12", 
2/-; 12 x 18", 3/-; 12 x 24", 4/-, etc. 
EXPANDED ANODISED METAL -Attractive gilt finish 4" x f" diamond 
mesh 4/6 sq. ft. Multiples of 6" cut. 
Max. size 4' x 3', 47/6 ,plus carr. BONDACOUST Speaker Cabinet 
Acoustic Wadding (I" thick approx.) 
18" wide, any length cut, 6/- yd. 

Volume Controls -5K-2 Meg -ohms, 
3" Spindles Morganite Midget Type. I)" diam. Guar. I year. LOG or LIN 
ratios less Sw., 3/6. DP. Sw. 5/-. Twin 
Stereo less Sw., 7/6. D.P. Sw., 9/6 (100 k 
to 2 Meg. only). 
Cond s -Silver Mica. All values 
2pF to I,000pF, 6d. each. Ditto 
Ceramics, 9d. Tub, 450V T.C.C. etc. 
0.001 mFd to 0.01, 9d. and 0.1/350V, 
10d. 0.01-0.1/500V, II-. 0.25 Hunt, 
1/6. 0.25 T.C.C., 1/9, etc., etc. 
Close Tol. S/Micas-10% 5pF- 
500pF, Bd. 600-5,000pF, If-, I% 
2pF-100pF, 9d. 100pF-500pF, Ild. 
575pF-5,000pF, 1/6. Resistors -Full 
Range 10 ohms -10 meg. ohms 20% 

6 VALVE AM/FM 
TUNER UNIT 
Med. and VHF 190m -550m, 86 Mc/s- 
103 Mc/s, 6 valves and metal rectifier. 
Self-contained power -unit, A.C. 
200/250V operation. Magic -eye indicator, 3 push- 
button controls, on/off, Med., VHF. Diode and high 
output Sockets wich gain control. Illuminated 2 -colour perspex 
dial 11 f" x 4", chassis size 11 f" x 4" x 54". A recommended Fidelity Unit for use wich Mullard "3-3" or "5-10" Amplifiers. 
BARGAIN PRICE. Complete kit of parts, inc. Power Pack (os illustrated) 
Price E10.19.6, Carr. 7/6. Ditto, less Power Pack, [9.19.6, carr. 7/6. Circuit 
and constr's details, 4/6, free wich kit. 

MULLARD "3-3" & "5-10" HI-FI AMPLIFIERS 
3 OHM & 15 OHM OUTPUT 
"3-3" Amp. 3 -valve, 3 watt Hi-Fi quality at reasonable cost. Bass Boost 
and Treble controls. quality sectional output transformer, 40 c/s -25 kc/s 
± 1dB. IOomV for 3W, less than I % distortion. Bronze escutcheon panel. 
Complete Kit only 7 gns. Carr. 5/-. Wired and tested 1.8.10.0. 
MULLARD "5-10" AMPLIFIER -5 valves IOW, 3 and 15 ohms output. 
Mullard's famous circuit wich heavy duty ultra -linear quality output tfr. 
Basic amplifier kit price [9.19.6. Carr. 7/6. Ready built 11f gns. 
2 -VALVE PRE -AMP. UNIT 
Based on Mallard's famous 2 -valve (2 x EF86) circuit with full equalisation 
with volume, bass, treble, and 5 -position selector switch. Size 9" x 6" 
x 2f". Complete kit 66.6.0. Ready built 67.19.6, carr. 3/6d. 

f and 4W, 3d., 4W, Sd. 1 W, 6d., 2W, 
9d. 10% fW and 4W, 4d. 
Hi -Stab. 5% 4W, 4W, 6d. (100 
ohms -I meg.). Other values 9d. 
I % 4W, 1/6, etc., etc. 
Wire -wound Resistors -25 ohms 
to 10K ohms, 5 watt I/3d, 10 watt 
I/6d, 15 watt I/9d. 

Send for detailed bargain lists, 3d. stamp. We manu- 
facture all types Radio Mains Transf. Chokes. Quality 
0/P Trans., etc. Enquiries invited for Specials, Proto- 
types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey 
THO 2188. Hours: 9 a.m.-6 p.m., I p.m. Wed. Terms 
C.W.O. or C.O.D. Post and Packing up to flb., 1/-, IIb. 
1/9, 31b., 31-, 516. 3/9, 816., 4/6. 

ALUMIN. CHASSIS. 18 g. Plain 
Undrilled folded 4 sides, tin. deep, 
6in. x 4in., 4/6; Bin. x 6in., 5/9; IOin. 
x 7in., 6/9; 121n. x 6in., 7/6; 12ín. x 
8in., 8/-, etc. 
ALUMIN. SHEET. IBg. 6in. x 6in. 
1/-; 6in. x 9in., 1/6; 6in. x I2in. 2/-; 
I2in. x 12ín., 4/6 ea. 

Jack Plugs. Standard 2f" Igranic 
Type, 2/6. Screened Ditto, 3/3. Mini- 
ature scr. If", 2/3. Sub -min., 1/3. 
Jack Sockets. Open Igranic Moulded 
Type, 3/6. Closed Ditto, 4/-. Miniature 
Closed Type, 1/6. Sub -min. (deaf aid) 
ditto, 1/6. Stereo Jack Sockets, 3/6. 
Stereo Jack Plugs, 3/6. 
Phono Plugs, 9d. Phono Sockets 
(open), 9d. Ditto (closed), 1/-. Twin 
Phono Sockets (open), 1/3. 
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THE MODERN BOOK CO 

GEC Inter: Transistor Manual. 7th ed. 18s. 
Postage 1s 6d. 

Basic Theory and Application of Transistors. 
U.S. Dept. of Army. 10s. Postage 1s. 

New Skill -Building Transistor Projects and 
Experiments. By L. E. Garner. 24s. Postage 1s. 

Transistor Pocket Book. By R. G. Hibberd. 25s. 
Postage 1 s. 

Everyday Electronics. By T. Roddam. 22s. 6d. 
Postage 1 s. 

Electronics Pocket Book. By J. P. Hawker and 
J. A. Reddihough. 21s. Postage 1s. 

Bench Servicing Made Easy. By R. G. Middleton. 
24s. Postage 1 s. 

The Radio Amateur's Handbook 1966. Ed. by 
A. R. R. L. 40s. Postage 2s. 

Transistor Ignition Systems Handbook. By B. 
Ward. 22s. 6d. Postage 1 s. 

Troubleshooting with the Oscilloscope. By 
R. G. Middleton. 20s. Postage 1s. 

Hi-Fi Stereo Handbook. By W. F. Boyce. 32s. 
Postage 1s. 

Troubleshooting with Test Meters (VOM 
and VTVM). By R. G. Middleton. 21s. Postage 1s. 

Transistor Receivers and Amplifiers. By F. G. 
Rayer. 30s. Postage 1s. 

Transistor Electronic Organs for the Amateur. 
By A. Douglas and S. Astley. 18s. Postage 1s. 

Wireless Servicing Manual. By W. T. Cocking. 
25s. Postage 1s. 6d. 

Worked Examples in Electronics and Tele- 
communications. By B. Holdsworth and Z. E. 

Jaworski. Vol. 2, 22s. 6d. Vol. 1, 25s. Postage 1s. 

Complete Catalogue Is. 
We have the Finest Selection of English and American Radio Books in the Country 

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

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

Savings in this old established Building Society combine sound investment with an attractive return 

Shares are in units of £25 each (maximum investment £5,000) ... BUT, for the smaller 
saver, Subscription Share accounts may be opened with any sum from 1/- upwards. 
Interest is payable half -yearly on Fully Paid Shares -credited annually on Subscription 

Shares -all interest accrues monthly 

ESTABLISHED 1865 

WITHDRAWALS AT SHORT NOTICE 

INTEREST IS AT 4% PER ANNUM 
(There is NO DEDUCTION FOR INCOME TAX, as 

this is paid by the Society) 

FOR FURTHER INFORMATION APPLY TO 

DUCHESS OF KENT 
PERMANENT BUILDING SOCIETY 

289/293 Regent Street London W.1 
Telephone MUSeum 4876-9 

Please send to me, without obligation, free brochure 
and a copy of the audited statement of accounts. (I 
understand that I shall not be troubled with calls by 
representatives) 

Name 
(If lady, please state Mrs. or Miss) 

Address 

(Please use Block Capitals for both name and address) 
R.C. 
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A Mullard inspiration S11ERED 

Here is the latest 
from Mullard's top designers, 
the 10 + 10 Stereo 

10+10 STEREO 
This remarkable pi -mode stereo amplifier has 
been engineered by Tates to very high 
star dards. Gain experience and enjoyment in 
the thrill of constructing this superb amplifier. 
Undoubtedly a piece of electronic precision, 
the Mullard designed 10 + 10 costs no more 
thar ordinary equipment, and building can 
commence for as little as £5. 5. U. 

Circuits, parts lists and assembly procedure 
are fully detailed in the 10 + 10 
Construction Manual. 
Send for your copy today, 12/6d, post paid. 

Tates Electronic Services Ltd., Waterloo Road, Stockport, Cheshire. Telephone: Stockport 7301. 

TATES ELECTRONICS 
AUGUST 1966 7 
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HOME RADIO LTD., Dept. RC, 187 London Road, Mitcham, Surrey Phone: MIT 3282 

frer4 1eLe 
"re6 zíóe at4,2t - 

erne GGatie:a CJ \- / 

.=`_ .>. 

You really should not go on holiday without 
a Home Radio Catalogue! Not only does it make 
a wonderful sunshade and a useful fly swatter, 
but it is ideal as a cover to hide the fact that you 
are keeping a sly look out for the local talent. 
We have even provided a blank page at the back 
for jotting down phone numbers. One chap we 
know reads his in bed. The catalogue, not the 
phone numbers! This does not surprise us, for 
this world-renowned components catalogue is 
of absorbing interest to every radio constructor. 

The latest edition (reprint No. 12 just off the 
press) is bigger and better than ever. It has 215 
pages, lists over 6,000 items, over 1,000 of them 
illustrated. Like its predecessors, it contains five 
vouchers, each worth 1/- when used as directed, 
and with each catalogue we supply free a com- 
plete Price Supplement, a special Bargain List. 

"_:;: 

If the sun is hot, if the flies are bothersome, or 
if the girls are calling-send for your catalogue 
today. It costs 7/6 plus 1/6 post and packing. If 
you've already had your holidays still send for 
a copy-it's more than worth the money even if 
you only use it for the purpose for which we 
originally produced it-as a simple, interesting, 
time saving method of ordering your radio and 
electronic components. 

Send the coupon with your cheque or postal order for 9/-. 

r.MI MI 

1 

1 

1 

1 

1 

1 

1 

1 

ffl--- M- - -- -I' 
Please write your Name and Address in block capitals 

Address 

I 
Name 

1 

1 

1 

1 

1 

Home Radio Ltd., Dept. RC, 187 London Rd., Mitcham, Sy. 
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A 2.25kV POWER SUPPLY 

By ARTHUR C. GEE, G2UK 

This compact power unit for amateur transmitter use employs solid-state rectifiers and offers 
an output of 2.25kV at 250mA (less bleeder current). It must be emphasised that very high 
voltages and currents appear in the circuit, that the risk of lethal shock is high, and that full 

safety precautions must be observed when building, testing and using the unit 

HE HOME CONSTRUCTION OF LINEAR R.F. AMPLIFIERS 
for single sideband transmission is a compara- 
tively simple project as far as the amplifier itself 

is concerned, but the high voltage d.c. supply required 
to operate many of the published designs is not so 
easy to build in the home workshop. Also, sur- 
prisingly little information of a constructional nature 
on this type of equipment appears to have been 
published in the amateur radio literature of this 
country. 

The most helpful article which the writer has 
encountered in this respect is that written by 
E. Lawrence entitled "Transmitter Power Supply 
Using Semiconductors", which was published on 
page 280 in the November 1964 issue of The Radio 
Constructor (Vol. 18, Number 4). The design 
described therein appealed particularly to the writer 
as it made use of silicon rectifiers, thus enabling a 
very compact unit to be constructed. The unit was 
designed to give 1,000 volts at 220mA. The author 
of the article concluded by stating: "Initial tests both 

Side view, illustrating the layout of the electrolytic 
capacitors and the bridge rectifier components 

10 

at reduced voltage with the aid of a Variac and then 
with full mains applied were successful, and there 
was every indication that the unit would perform as 
desired. Subsequently, with the transmitter in the 
hands of a relatively inexperienced operator, this 
has been confirmed. 

"With this experience the writer is now a convert 
to solid-state rectifiers and hopes this article will 
encourage others to investigate their use in similar 
situations." 

The Present Design 
The power requirements of the present writer 

were considerably greater than those of the author 
of the previous article. The linear amplifier used by 
the writer requires some 2,500 volts d.c. at about 
200mA for maximum p.e.p., and the first problem 
was to find a suitable mains transformer. 

Amongst radio amateurs, there is a system known 
as "ways and means", and once the writer's require- 
ments were passed along the "bush telegraph" one 
of his friends produced a massive surplus transformer 
with a secondary rated at 1,300-0-1,300 volts at 
250mA, and with the usual British rated tapped 
primary winding. This was handed over with the 
instruction: "Mind you don't kill yourself with it!" 
The transformer provided an excellent starting 
point from which to design the final unit. 

At this point, the reader is advised to read the 
previous article by E. Lawrence since it will save 
repeating essential design considerations here. 
Following these considerations, the writer decided 
to use the same type of bridge rectifier circuit, with 
the appropriate number of BY100 silicon rectifiers 
which would be needed for the higher voltages 
involved. 

The next consideration was the type of smoothing 
circuit to be employed. In view of the fact that the 
power supply was to be used with an s.s.b. linear 
amplifier, where the voltage regulation in the 
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2600V 
250mA 

ßf( 
E 

E 

A.C. input 
from Variac 

Fuse 

500mA 0a 
F1 

Rectifiers DI-D24, BY 100 

Resistors R1 - R24 

HT+ 

R28 

R29 CS 

R31 

to 

R46 

The circuit of the power supply unit. It is recommended that the supply to the primary of T1 be obtained by way of 
a Variac, thus enabling voltage to be gradually increased from zero, both for testing and for later use. The supply 
output is fed to an s.s.b. linear amplifier, to which is fitted a voltmeter for monitoring the output voltage. Capacitors C1 
to C6 each consist of a 100+64µF dual capacitor, the two sections being paralleled to form a single 1641,.F capacitor. 

Components List 

Resistors 
R1-R24 
R25-R30 
R31-R46 

Capacitors 
C1-C6 6 dual electrolytic capacitors, 100+ 

64µF, 450V wkg. 

24 resistors, 1 MS2, 2 watt, 10% 
6 resistors, 471(2, 5 watt, 10% 
16 Radiospares Power Resistor Sec- 
tions, 2.2k f1, 65mA each section (Home 
Radio (Mitchan) Ltd.) 

Transformer 
T1 Mains transformer, secondary 1,300 0 

1,300V, 250mA (see text) 

Choke 
L1 Swinging choke 5-25H, 250mA max. 

current 

presence of a greatly varying current must be as 
good as possible, a choke input filter was a foregone 
conclusion. In the interests of compactness, it was 
also decided to try and work with a single section 
filter; that is, to use one choke only. This could be 
of the "swinging choke" variety. The fact that the 
output voltage of a choke filter is lower than that 
of a capacitor input filter was of no concern, since 

AUGUST 1966 

Rectifiers 
D1-D24 24 silicon rectifiers type BY100 (Mul- 

lard) 

Fuse 
F1 500mA (see text) 

Ancillaries 
1 Variac, 2.5A rating (Service Trading Co., 47-49 

High Street, Kingston-upon-Thames) 
1 Voltmeter, 0-3,000 or 0-3,500V (see text) 

Miscellaneous 
"High Voltage" warning sign (Panel Signs 

Transfer from either Set No. 3 or Set No. 4) 
2BA studding (for R31-R46) 
Mains plug and socket 
High voltage output plug and socket, type L.623/P 

and L.623/S (Belling -Lee) 
High voltage wire 
Chassis, case, etc. 

the secondary voltage of the transformer was, if 
anything, higher than the voltage really required. 
The output voltage from a choke input filter follow- 
ing a bridge rectifier is, in fact, 0.9 times the input 
r.m.s. voltage. On checking the transformer, it 
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A protective sheet of Paxolin covers the bridge 
rectifier circuit after assembly 

was found that, by using the highest primary 
tappings, the actual voltage across the secondary 
was 2,500 volts a.c. Ignoring the d.c. voltage drop 
through the silicon rectifiers and choke, we can 
therefore expect an output voltage from the choke 
filter of 2,500 x 0.9=2,250 volts d.c. This figure 
was adopted for the ensuing design calculations. 

The characteristic of the swinging choke is that 
its inductance is high at low currents, decreasing 
in value as the current increases. A typical choke 
of this type gives an inductance of 25 henrys at 
50mA, whilst at 250mA its inductance falls to 
5 henrys. In order that a swinging choke circuit 
may function properly a minimum value of current 
must flow through the choke and this current is 
given by the equation: 

d.c. voltage 
Current in mA-Max. inductance in henrys 
In the case under consideration: 

2250 I-- =90mA 

Thus, a current of not less than 90mA should 
always be drawn through the choke. 

The minimum current drawn by the transmitter 

The assembly of the Radiospares resistor units for the 
bleeder is clearly shown here 
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will usually be lower than the critical minimum 
current required in the choke. In consequence, a 
bleeder resistor is added to bring the minimum 
choke current up to the required value. The bleeder 
resistor also ensures that the smoothing capacitors 
are reliably discharged when the mains supply 
is turned off. 

In the writer's case, the linear amplifier has a 
standing current of 30mA. There is also a further 
drain of about IOmA through the resistors by- 
passing the smoothing capacitors (which will be 
dealt with later). The bleeder resistor must therefore 
provide a drain of 90mA less (30+10mA); that 
is, 50mA. 

The dissipation in a resistor passing 50mA at 
2,250 volts is 112.5 watts, and it would seem that a 
very large component, and one that is difficult to 
obtain, would be required. However, this problem 
was very neatly solved by using Radiospares 
"Power Resistor Sections", these consisting of 
round wirewound resistance units which, in the 
value employed by the writer, have a diameter of 
lin and a height of 0.5in. The resistance units 
also have a centre hole and a quantity of them 
may be assembled, one above the other, on a 
length of 2BA studding. The units employed by 
the writer each have a value of 2.2k52 and are 
rated at 0.065 amps. Sixteen of these units connected 
in series make up the bleeder and give a total 
resistance of 35,200û, with the result that a bleeder 
current of 60mA flows at the power unit output 
voltage of 2,250. This current is comfortably above 
the minimum figure of 50mA just mentioned and 
is nicely within the rated current of the resistance 
units.1 

Smoothing Capacitors 
Next to be considered were the smoothing capaci- 

tors. G. R. Jessop, G6JP, describing the design 
for a linear amplifier on page 290 in the R.S.G.B. 
Bulletin for May 1964 (Vol. 40, No. 5) states: 
"As with all linear amplifiers it is important that 
the h.t. supplies should be adequately smoothed 
and of good dynamic performance in order to 
maintain the voltages substantially constant during 
the changing operating loads". Continuing with 
the design considerations for his linear amplifier: 
"To obtain good dynamic performance of the 
anode supply, a capacitance of not less than 24µF 
will be required in the smoothing circuit." 

Again, as with the bleeder resistor, suitable high 
voltage, large value, capacitors are not readily 
available, as single units, to the home constructor. 
The best the writer could locate were 3,000 volt 
0.5µF components which, even at surplus prices, 
become a little costly for 48, quite apart from the 
volume taken up by such a quantity of capacitors! 

1 We are informed by Radiospares Ltd, that the minimum break- 
down voltage between the studding and the resistor element in an 
assembly of this nature is 5kV d.c., whereupon it becomes possible to 
assemble all the sixteen units on a single piece of 2BA studding. The 
units may only be obtained through retail channels and not direct 
from Radiospares Ltd.-Editor. 
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So the writer fell back on lower voltage electrolytic 
components. Six dual electrolytic capacitors, each 
rated at 100+64µF, 450 volt working, and with each 
dual section paralleled, would give a working 
voltage of 2,700 volts and a total capacitance of 
27µF, both figures being just on the right side of 
the values required. When capacitors are connected 
in series in this manner, it is necessary to shunt 
them with equal -value resistors to ensure that the 
total voltage is equally divided. The writer employed 
47k12 5 watt 10 % resistors across each dual electro- 
lytic capacitor. This values ensures that correct 
voltage division occurs even when capacitor leakage 
current is relatively high. Also, the six 47k12 resistors 
connected in series cause a constant drain from the 
power unit output of slightly less than 10mA, 
thus helping to keep the current through the swing- 
ing choke above the critical value. 

The Bridge Rectifier 
The final consideration is the design of the 

silicon rectifier circuit, the obvious choice being 
a bridge circuit. With this type of circuit, the 
peak inverse voltage per arm is 1.4 times the r.m.s. 
voltage presented by the transformer secondary 
winding. Remembering that there are four arms 
in a bridge rectifier circuit, this gives us 2,500 
x 1.4=3,500 volts. The recommended maximum 
p.i.v. for the BY100 silicon rectifier is 800. Five 
in each arm would theoretically cope but, to be 
on the safe side, it was decided to use six, the whole 
bridge thus requiring twenty-four BY100's. It 
may be considered that this number is rather 
extravagant, but the writer felt it was better to 
err on the side of too many than too few as a 
weakness in this part of the circuit might well lead 
to disaster! The rectifiers are, of course, subjected 
to any "spikes" in voltage which may appear 
in the mains supply, so one cannot be too careful 
in providing plenty of reserve in regard to the 
p.i.v. requirements. The conventional way of 
smoothing out the effect of these surges is to connect 
equal -value capacitors of about 1,000pF across 
each rectifier but, in view of the safety factor 
afforded by using six rectifiers per arm instead of 
of five, it was decided to omit these capacitors. 
Constructional problems are considerably eased 
by this omission, and no trouble has been experi- 
enced in practice. It is still necessary to provide 
bridging resistors across each rectifier to ensure 
correct reverse voltage division, and the writer 
shunted each rectifier with a 1 MO 2 watt 10 
resistor. 

Constructional Features 
Next to be dealt with were constructional details. 

As has already been inferred, the general size and 
layout of the unit was partly determined by the 
dimensions of the transformer. The writer was 
anxious to make the unit as small as was reasonably 
practicable, so that it could be stowed away on the 
floor under the bench. It was, of course, to be 
totally enclosed in an earthed metal case. The 
linear amplifier itself is a separate table -top unit, 
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The complete power supply unit in its ventilated case 
and with the associated Variac alongside. The "High 
Voltage" warning notice is provided in Panel Signs 

Transfers, Sets Nos: 3 and 4 

a.c. power to the power supply being switched at, 
and taken down to the unit, from the linear amplifier 
itself. The h.t. supply is then brought up from the 
power supply unit to the linear amplifier by heavily 
insulated cable. 

As can be seen from the photographs a very 
convenient arrangement of components was arrived 
at, and the writer had the good fortune to have 
on hand a well ventilated cabinet of suitable propor- 
tions to house all the components, with just a 
little room to spare. The cans of the electrolytic 
capacitors are, of course, at high potential, so a 
six -section container to take them was made from 
sheet Paxolin panels glued together with Araldite, 
the capacitors being push -fits in their individual 
compartments. Each capacitor is first covered 
with a rubber sleeve cut from a bicycle inner tube, 
and the container dimensions allow it to fit in 
tightly without further fixing. The capacitor box 
is mounted to the cabinet base by six small counter- 
sunk bolts, the heads of which are flush with the 
surfaces of small blocks of Paxolin, the latter 
being stuck with Araldite to the bottom of the 
box. Do not drill through the bottom of the box 
and insert the bolts through direct, or the bottoms 
of the electrolytic capacitor cans will short-circuit 
to the metal base. 

The swinging choke is mounted on stand-off 
insulators as it was felt that there was no point 
imposing an additional strain on its insulation by 
earthing its metal casing. The bridge rectifier 
was assembled on a Paxolin frame fixed to the top 
of the transformer. Paxolin strip, ready drilled 
with holes at about .1 -in centres can be obtained, 
into which soldering pins can be inserted. This 
makes an excellent framework for mounting the 
BY100's, the layout being clearly apparent from 
the photographs. 

The a.c. power supply is brought in by way of a 
plug and socket, the h.t. output being taken back 
to the linear amplifier via a high voltage plug and 
socket and a length of petrol engine ignition cable. 
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Two types of this cable are available at motor 
cycle shops, one being plastic covered and the other 
rubber covered. The rubber covered variety 
should be used for the connection to the linear 
amplifier as it is much more flexible. On the other 
hand, the h.t. wiring in the unit is better carried 
out with the plastic covered type, as the lack of 
flexibility in this is a useful feature in keeping the 
leads short and in the positions required. Reference 
to the photographs will illustrate this point. 

Fuse 
In the design by E. Lawrence, referred to earlier, 

a fuse was inserted in the earthed lead from the 
bridge rectifier. Subsequent correspondence in 
The Radio Constructor,2 suggested that a better 
location for the fuse would be in one of the leads 
from the transformer secondary, as this would 
prevent currents circulating through one arm 
of the bridge rectifier if the rectifiers in an adjacent 
arm broke down. The fuse in the writer's unit 
was accordingly inserted in one of the leads from 
the secondary. 

Voltage Control 
Again referring to the article by E. Lawrence, 

it is very prudent indeed to test this unit by gradually 
increasing the primary voltage on the transformer 
from zero and observing the results. If the con- 
structor uses a Variac for this purpose, he will 

2 See "Radio Topics" in the April 1965 issue. 

immediately realise how useful such a power control 
unit can be if included as a permanent feature 
of the power supply. Apart from the fact that the 
circuit is working fairly close to the maximum 
working voltage of the electrolytic capacitor net- 
work, it is also desirable to avoid sudden surges of 
voltage as an on/off switch in the primary might 
produce. Again, it is extremely useful to be able 
to reduce voltage when tuning up a linear amplifier 
for s.s.b. or for operating it in continuous mode as 
for a.m. or R.T.T.Y. 

The writer therefore decided to include a Variac 
in the primary circuit of the transformer. This 
stands on the operating bench alongside the linear 
amplifier, so that the voltage to the power supply 
can be brought up to the required level steadily, 
and with the surges resulting from on/off switching 
completely avoided. Excellent bench type Variacs, 
fully shrouded, can now be obtained at most 
reasonable prices. One carrying 2.5 amps will be 
adequate. If Variac control is included, a high 
reading voltmeter is almost essential to make the 
most of this power control facility. This feature 
is included on the panel of the writer's linear 
amplifier. Suitable meters reading up to 3,500 
volts d.c. can be obtained from dealers in surplus 
equipment at very reasonable prices. 

Finally, it must be stated that very high voltages 
at quite considerable current values are given in 
this unit. Treat it therefore with great respect and 
always remember that one moment of thoughtlessness 
may very easily lead to sudden DEATH. 

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

a reasonable period of time 

H.M.V. Radiogram Model 800.-J. B. Sladen, 
213 Milnrow Road, Rochdale, Lancs,-service 
manual, willing to purchase. 

* * 

Grundig TK20 Tape Recorder.-J. Cowley, 10 West - 
ways, Bedhampton, Havant, Hants,-service sheet, 
circuit diagram or any other details. 

* * * 

Philips Record-Changer.-C. H. Leedham, St. Elmo, 
Sandersfield Gardens, Banstead, Surrey, service 
sheet or manual for this type A.G.1015 changer, 
all expenses met. 

* * * 

Ferguson 204XL Receiver.-D. Witt, 3 Woodside, 
Cottages, Spital Road, Bromborough, Wirral, 
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Cheshire,-any information. Also circuit or service 
sheet for Fidelity tape recorder Argyle Minor. 

R1949 V.H.F. Receiver.-J. Donnelly, 19 Ashbrook 
Road, Old Windsor, Berks,-circuit or service man- 
ual, loan or purchase, all expenses met. 

* * * 

Power Supply and L. F. Amplifier.-J. Ayres, 7 
Berrylands Road, Surbiton, Surrey,-circuit diagram 
loan or purchase. Unit bears the legend "Unit No. 2 
ZA35737". 

* * * 

Pilot Record-Player.-P. S. Thomas, 6 Stevenson 
House, Boundary Road, London, N.W.8.-pur- 
chased some 8 years ago, this model is fitted with a 
Monarch BSR deck-circuit or any information. 
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SUGGESTED CIRCUIT 

NY TRANSISTOR AND VALVE 

L 

superhet radio receivers in- 

tended for domestic listening 
have short wave bands. Whilst the 
majority of these receivers give quite 
acceptable sensitivity and selectivity, 
they are not attractive for the keen 
short wave listener because they are 
not fitted with beat frequency oscil- 
lators to enable morse c.w. trans- 
missions to be read. 

It is, however, quite a simple 
matter to construct a separate b.f.o. 
unit which may be easily coupled to 
a domestic receiver of this type, and 
a suitable circuit is given in this 
month's article. The b.f.o. unit to be 
described employs a single transistor, 
and the complete circuit, together 
with its own battery, may be housed 
in a small metal case. A screened 
lead from this case couples into the 
receiver i.f. amplifier circuits. Advan- 
tages of the unit are that no direct 
connection to the receiver is required, 
that it may be employed with both 
transistor and valve sets having an 
i.f. between 450 and 475 kc/s, and 
that complete isolation is given if 
the receiver has a chassis which is 
connected to one side of the mains 
supply. 

A secondary feature, and one which 
may appeal to the more experiment- 
ally minded, is that only two con- 
nections are needed to the oscillator 
tuned circuit. Experimenters interes- 
ted in the arrangement may visualise 
other applications in which two - 
terminal connection to an oscillator 
tuned circuit can be of advantage. 
Despite the somewhat unusual 
method of oscillator operation, the 
circuit requires no more components 
than would be needed by a conven- 
tional oscillator with thermal 
stabilising. 

The Circuit 
The circuit of the add-on b.f.o. 

unit appears in Fig. 1. In this dia - 
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Simple Add -On B.I.O. Unit 

No. 189 

gram the oscillator tuned circuit 
consists of the parallel combination 
of Li, CI and C2. Feedback from 
the collector to the base occurs via 
this tuned circuit and C3, and the 
tuned circuit provides the requisite 
180° reversal of phase needed between 
collector and base. A chassis con- 
nection (in this case a connection to 
the metal case which houses the 
unit) has to be made into the 
oscillator circuit at some convenient 
point. In Fig. 1 it is made at the 
collector itself since this enables the 
bush of CI, which will be common 
to its moving vanes, to be mounted 
direct to the metal panel of the unit. 
It should be noted that the emitter 
of TRI is not at the same r.f. potential 
as the collector. The 1,000pF 
capacitor, C4, in series with the 
emitter, offers a reactance of about 
35052 at the frequency of oscillation. 
Resistors RI, R2 and R3 provide 
stabilising in normal fashion, and 
have the conventional values associ- 
ated with thermal stabilising circuits. 

Probé _ 

r 

Coaxial cable 

By G. A. FRENCH 

Further details concerning the oscil- 
lator are given later in this article. 

As readers will be aware, a beat 
frequency oscillator in a superhet 
receiver operates close to the inter- 
mediate frequency, with the result 
that an audible heterodyne is formed 
with the i.f. resulting from any 
received carrier. If the received 
signal is ac.w. transmission the heterc- 
dyne is only given when the carrier 
is present, whereupon the morse 
signal is reproduced as an audible 
tone which is only present when the 
transmitting key is down. The pitch 
of the tone may be adjusted by 
varying the frequency of the b.f.o. 
In the circuit of Fig. 1 this change 
in pitch is achieved by Ct, which 
offers a limited range of control over 
b.f.o. frequency. Capacitor C2 is a 
fixed silver -mica component having 
a value around 300 to 350pF, which 
has to be found experimentally, 
whilst Li is a standard medium wave 
coil with iron dust core. In the 
prototype a Denco Miniature Dual - 

C 
bOpF 

C3 
300 
pF 

TC2 

47kn 

6 

TRI 
0C44 

R2 

15 kn C4 R3 
1000pF T 33kn 

T 

C5 
11.00SNF 

L 

je, 
9V 

Fig. 1. The circuit of the add-on b.f o. unit. All components are mounted 
in a metal case with only the coaxial cable protruding 

.1 
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Braiding and outer 
sheath taped 

Inner conductor 

cut flush 

Grommet 

On -Off Pitch 

Coaxial cable 

Metal case 

Fig. 2. How the unit may be made up in practical form. Component layout 
is not critical and if a battery such as the Ever Ready PP3 is used, the 
metal case can have small dimensions. The unscreened length of centre 
wire at the end of the coaxial cable forms a probe for coupling the oscillator 

into the i.f circuits of the associated receiver 

Purpose Coil, Yellow, Range 2, was 
used here. This is an intervalve 
coupling coil intended for medium 
waves and connection was made at 
pins 1 and 6 to the tuned winding 
only, the coupling winding being 
ignored. 

Of the remaining components, C3 
should be silver -mica. C4 can be 
silver -mica or ceramic, and both 
capacitors should have a tolerance 
of + 20 % or better. C5 may be a 
paper or plastic foil component. 
The resistors should have a tolerance 
of ± 10%, and can be either watt 
or It watt. 

The whole assembly may be 
mounted in a metal case, as shown 
in Fig. 2, from which only the 
coaxial cable used for coupling into 
the receiver protrudes. The metal 
case then provides complete screening 
for the b.f.o. components. 

Receiver Coupling 
Receiver coupling is achieved by 

simply placing the unscreened centre 
wire at the end of the coaxial cable 
close to an anode or grid connection, 
or to a collector or emitter connec- 
tion, in the receiver i.f. amplifier 
stages. A capacitive coupling is then 
provided. The unscreened centre 
wire forms a probe and the level of 
b.f.o. injection, relative to signal 
strength, varies according to the 
distance between this probe and the 
wiring in the receiver, and the stage 
in the receiver i.f. amplifier at which 
the coupling takes place. Obviously, 
b.f.o. injection will be at a higher 
level relative to signal strength if the 
probe couples in at an early stage 
in the receiver i.f. amplifier than at 
a later stage. Most receivers have 

an a.g.c. delay, whereupon optimum 
b.f.o. injection occurs when the 
injection level is just below that 
which overcomes the delay. How- 
ever, it is a relatively simple matter 
to obtain a satisfactory injection 
level, after the unit has been set up, 
by working from audible results. 
The anode and grid circuits in 
valve receivers operate at high 
impedance and adequate injection 
will occur with quite loose coupling 
from the probe. Transistor i.f. stages 
work at low impedance and fairly 
tight coupling from the probe will 
in consequence be needed. It may, 
in this case, be necessary to have the 
probe wire run close to an emitter 
or collector connection in an early 
i.f. stage. The degree of coupling 
depends also on the length of 
unscreened wire forming the probe. 
For most applications this could be 
about an inch in length. 

The probe end of the coaxial cable 
is prepared by initially stripping 
back the braiding and outer sheath 
so as to leave about 3in of inner 
insulated wire exposed. The sheath 
should be neatly cut away by passing 
a razor blade around the cable, the 
strands of braiding then being cut 
back to the same point. The centre 
wire is next held in a pair of pliers 
and the centre insulation over it 
pushed back to cause it to become 
compressed. The centre wire and its 
insulation is then cut about an inch 
from the end of the outer sheath and 
braiding. The centre insulation may 
now be eased back to its natural 
length whereupon it will extend 
beyond the end of the centre wire 
and cause it to be completely covered. 
The end of the outer sheath and 

braiding are finally covered with 
p.v.c. tape to ensure that there is no 
risk of short-circuits to odd strands 
of braiding, whereupon the finished 
cable resembles that shown in Fig. 2. 
This method of finishing the cable 
causes both the inner conductor and 
braiding of the coaxial cable to be 
covered with insulating material, and 
the insulation should be adequate to 
enable the probe to be inserted into 
the chassis of a working receiver 
without risk of short-circuits. If 
further and more reliable insulation 
is required, the end of the centre 
lead could also be taped up. It is 
essential that this additional tape to 
the centre lead be applied if the 
receiver has a chassis which is "live" 
to one side of the mains. It will be 
noted that no connection is made 
to the receiver chassis. 

The coaxial cable may have any 
convenient length up to about a 
yard or so. In the b.f.o. unit its 
braiding is connected to the metal 
case and its centre lead to the tuned 
circuit as shown in Fig. 1. 

Setting Up 

Setting up takes place after con- 
struction has been completed, and 
it consists of finding the value needed 
in C2 which causes the oscillator to 
run at the intermediate frequency 
when C1 is at mid -capacitance. 
Because of a number of variable 
factors, the value of C2 has to be 
found by experiment. The variable 
factors include the self -capacitance 
applied across the tuned circuit by 
the coaxial cable, the effective 
capacitance applied across the tuned 
circuit by other components in the 
oscillator circuit, and the actual 
intermediate frequency, in the range 
of 450 to 475 kc/s, employed in the 
receiver. 

A useful approach is possible if 
the receiver has a medium wave 
band. The receiver should be 
switched to this band and the probe 
of the oscillator unit loosely coupled 
into the frequency changer by 
positioning it close to the signal 
frequency wiring. The b.f.o. unit 
need not be completely screened at 
this stage. Also, C2 is not fitted but 
is replaced by a 500pF variable 
capacitor connected temporarily 
into circuit by short leads. C1 is set 
to mid -capacitance, and the core of 
L1 about half way into its coil. The 
receiver is then tuned to a station at 
around 400 to 450 metres and the 
500pF capacitor adjusted to produce 
a heterodyne. This will occur with 
the 500pF capacitor vanes nearly 
fully open, and establishes the fact 
that the oscillator is running. The 
correct heterodyne will be stronger 
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than any others which may be 
heard as the 500pF capacitor is 
adjusted. The receiver is then tuned 
to a station at a lower frequency 
(higher wavelength) and the capaci- 
tance of the 500pF capacitor in- 
creased to produce the heterodyne 
again. This process is repeated until 
the last station at the low frequency 
end of the medium wave band is 
reached. The receiver is then kept 
tuned to this station and the 500pF 
capacitor further increased in value 
until another strong heterodyne is 
formed. This will be given by the 
b.f.o. running at intermediate fre- 
quency and can be confirmed by the 
fact that heterodynes are now given 
on all stations tuned in on the 
medium wave band of the receiver. 

If the constructor has a capacitance 
bridge, the value of the 500pF capaci- 
tor may then be measured and a 
fixed capacitor of the same value 
fitted in the C2 position. In 
the absence of a bridge, known 
fixed capacitors may be connected 
across the temporary 500pF capaci- 
tor, proceeding in "steps" of, say, 
100pF, then 50pF, 20pF and so on, 
until the required capacitance has 
been "built up" and causes the b.f.o. 
to run at desired frequency with the 
500pF capacitor disconnected. These 
fixed capacitors may then be replaced 
by a single capacitor equal to the 

sum of their values, this being 
permanently wired into the C2 
position. Any final adjustments 
which may be needed, as would 
occur when the probe unit is com- 
pletely screened, should be within 
the range of the iron dust core of the 
coil. It should be added that the use of 
a temporary 500pF variable capacitor 
in the manner just described is very 
helpful because it first of all assures 
the constructor that the oscillator 
is operating at intermediate fre- 
quency, and it obviates the risk of 
setting up the oscillator at an 
incorrect frequency. 

After the unit has been set up, the 
probe may be inserted into the 
receiver if. amplifier circuits as 
described above. 

Oscillator Operation 
Some further points concerning 

the oscillator, and which are not 
necessarily applicable to the present 
design, may be of interest. The fact 
that only two connections are needed 
for the tuned circuit can be of 
advantage in some applications. A 
disadvantage of the circuit is that 
oscillator components external to the 
tuned circuit cause additional capaci- 
tance to appear across it. These 
external components are C3 and C4 
which, due to the forward- conduct- 
ing base -emitter junction of TRI, 

add capacitive reactance across the 
tuned circuit. In consequence, a 
wide tuning range with the aid of a 
variable capacitor is not feasible, 
since it is impossible to obtain a low 
value of minimum capacitance in the 
tuned circuit. With the values for C3 
and C4 shown in Fig. 1, the tuned 
circuit behaves as though an effective 
capacitance of about 100pF were 
connected permanently across it. 

The circuit was checked with two 
transistors type 0C44. With one 
transistor the circuit continued to 
oscillate at battery voltages down 
to 1.4 but, with the second transistor, 
it ceased to oscillate at 2.3 volts. As 
a result, it was felt that the supply 
voltage of 9 specified in Fig. 1 

should be more than adequate to 
cope with all 0C44's likely to be 
encountered. The constructor may, 
however, reduce this supply voltage 
to 4.5 or 3 if he desires, provided 
that the particular 0C44 employed 
oscillates reliably at such voltage. 

The coil employed in the Li 
position should not be critical and 
any iron -dust cored medium wave 
coil of reasonable Q should function 
satisfactorily. The writer checked 
the circuit with a medium wave 
ferrite rod aerial winding, and found 
no change in operation. 

The current drawn by the proto- 
type with a 9 volt supply was 0.8mA. 

Recent Publications 
FOULSHAM-SAMS POCKET DICTIONARY OF COMPUTER TERMS. Compiled by the Howard W. Sams 

Technical Staff. 98 pages, 4 x 64 in. Published by W. Foulsham & Co. Ltd. Price 10s. 6d. 
This dictionary is of very convenient size for the pocket and contains some 1,000 words and terms, each having a 

definition taking up about one to three dozen words. Also included are several truth tables to illustrate particular terms. 
After the dictionary section proper, seven pages are devoted to abbreviations and acronyms, together with a list of 
computer manufacturers and their addresses. 

In common with other titles in the Foulsham-Sams Technical Books series, this book has an American text with a 
short introductory chapter for English readers. This point is reflected in the fact that all the computer manufacturers 
listed are American. 

The computer field is expanding at an almost fantastic rate, and new words are being continually coined as develop- 
ment proceeds. Any permanent record of such terms offers, therefore, a long-term advantage, especially in the prevention 
of future ambiguity. It should be noted that the dictionary under review deals with American terminology which is, in 
nearly all cases, common to English usage. The definitions are concise and to the point, and there are extensive cross- 
references. This will be a helpful book for the newcomer to computer work. 

ABC's OF ELECTRONIC ORGANS. By Norman H. Crowhurst. 102 pages, 54 x 84 in. Published by W. Foulsham 
& Co. Ltd. Price 16s. 

This book, which also appears in the Foulsham-Sams Technical Book series, deals with electronic organs at a fairly 
elementary level. 

The first chapter discusses the nature of music and takes the reader from pipe organs to a general description of 
modern electronic organs. Chapter 2 covers sound synthesis as provided, for instance, by tone wheels or reeds, and also 
deals with square waves, sawtooths, vibrato, percussion and sustain. The third chapter gives brief details of electronic 
organ fundamentals at block diagram level, whilst the fourth covers organ mechanics with details drawn mainly from 
commercially made instruments. Chapter 5 is entitled "Choosing An Organ", and uses examples of American manufacture. 
The next chapter has some 15 pages on organ electronics, and includes basic circuits for transistor, valve and neon tone 
generators, for keying and vibrato, and for swell control. The final chapter deals with maintenance and trouble -shooting 
and is followed by a glossary of terms applicable to organs. 
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TAPE RECORDER 
TUNER by G. MAYNARD 

This simple receiver will give good medium wave reception for application to a tape recorder. 
It may also function as a headphone receiver in its own right. An optional feature is the provision 

of a jack socket for an external battery 

TR' 

C3 

3 

C4 

D1 

íZD2 

Fig. 1. The circuit of the tuner unit 

Components List 

N.B. As is described in the text, some components Co 
may not be needed if the 2 -transistor version is built. C7 

Cg 
C9 Resistors 

(All resistors 1/l) watt 10%) 
R1 220kS2 
R2 1kS2 
R3 lkü 
R4 10kí2 
R5 220kS2 
R6 3.9kû 
R7 100kS2 
Rg 22kS2 
R9 116) 

Capacitors 
C1 500pF variable, solid dielectric (see text) 
C2 250pF trimmer 
C3 0.04F ceramic disc 
C4 250pF silver -mica or ceramic 
C5 10µF electrolytic, 9V wkg. 
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C7 

I. 

Jack socket 
for external 
battery v 

9 

Int. battery 

Output 
sockets 

0.01µF ceramic disc 
0.112F paper or polyester 
500µF electrolytic, 9V wkg. 
60pF silver -mica or ceramic (see text) 

Semiconductors 
TRl 0C44 
TR2 0071 
TR3 OC71 
DI 0A71 
D2 OA71 

Inductor 
L1 Ferrite aerial with feedback winding (see 

text) 
Switch 

S1 d.p.d.t. slide switch 

Miscellaneous 
Output sockets 
Jack socket and plug (see text) 
9 -volt battery type PP3 (Ever Ready) 
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HE WRITER ENJOYS GOOD QUALITY MUSIC AND 
frequently makes tape recordings of broadcast 
programmes. Originally, the tape recorder 

microphone was held near the radio receiver 
loudspeaker, but an obvious lack of fidelity resulted 
from this method of recording. Also, it was impos- 
sible to stop people coming into the room and 
spoiling the recording just when it was reaching 
its most important point! 

This provided the motive for constructing the 
tuner described here. The design is versatile and 
the tuner can be employed as a 2 -transistor unit, 
or as a 3 -transistor unit with bass boost. It may 
feed high impedance headphones instead of the 
tape recorder, if desired, and an optional jack 
socket can be fitted for running from an external 
battery. 

A reflex circuit is employed, and this obviates 
the alignment problems necessary with a superhet. 

The Circuit 
The circuit of the receiver, in its 3 -transistor 

form is given in Fig. 1. 
The tuned signal is applied to the base of TRI 

via the coupling coil, CD, and is amplified at r.f. 
The amplified r.f. signal appears at the collector 
of TRI and some of this is fed back to the tuned 
coil, AB, via R3 and C2 to provide regeneration. 
The output from the collector of TR1 is fed to the 
detector circuit, DI and D2, by way of C4, and 
the detected signal is next fed back to the base of 

Ferrite aerial Tuning capacitor 
Cl 

Trimmer 

C2 

35 turns 
(or 45 it 
required, 
see text) 

5 turns 

Ferrite rod or slab 

Cardboard former 

Fig. 2. Details of the ferrite aerial windings 

TR1 through the coupling coil CD. The amplified 
a.f signal at the collector of TRI is passed to the 
base of TR2 via R3, R4 and C5. The signal is 
amplified by TR2 then taken through a bass boost 
circuit given by R7, C6 and Rs, to the base of TR3. 
Resistors R6 and R7 provide base bias for TR3. 
The amplified a.f. signal at the collector of TR3 
is finally passed to the output sockets via C7. 

In most reflex circuits a choke would be used 
instead of R3, whilst C2 would have a much smaller 
value and it would be directly coupled to the col- 
lector of TRI ; but the writer feels that these ar- 
rangements make the circuit more critical than 
the design shown here. 

Another point worth noting is the presence of 
R4. Without this resistor no reaction could take 

Fig 4 sub- assembly Output sockets 

33/4 

Battery (PP3) B O 

On -off D.PD.T slide switch External battery socket 

51/2" 

Fig. 3. The layout employed in the author's receiver for the larger components 
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D 

(ferrite 
frame) 

C (ferrite frame) 

TRI 

-i = I C 
Outpui. 

TR3 
B` 

c2 

-I R, 
I -- 

Fig. 4. The smaller components are fitted to a piece 
of Paxolin, making up a sub -assembly with the layout 
shown here. Note that the connection point for the 
collector of TR2 is between the connection points for 
the emitter and base. With TR1 and TR3 it is the 
connection point for the base which is in the centre 

place, since much of the feedback signal would 
be passed to the positive line by way of C5 and 
TR2. 

No stabilisation is employed for any of the 
transistors, and no trouble has been experienced, 
over a considerable period of use, from thermal 
runaway or any similar effects. 

If the constructor is interested in economy, the 
design may employ TR3 and TR2 only. R7, C6, 
Rs, R9 and TR3 may then be omitted, C7 con- 
necting directly to the collector of TR2. 

The small internal battery has a working life 
of at least 2 months but a saving can still be made, 
if desired, by using a large external battery when, 
for instance, the receiver is operated at home. 
When slide switch S1 is set to disconnect the internal 
battery, it connects the negative line to the jack 
socket. If a jack plug connected to an external 
battery is then applied, the receiver will function 
from that battery. It should be noted that, with 
some jack sockets, a momentary short-circuit 
of the jack plug may occur when it is inserted. 
In consequence, the connections to the terminal 
clips of the external battery should only be completed 
after the plug has been inserted. The negative 
terminal of the external battery connects to the 
jack plug tip and its positive terminal to the jack 
plug sleeve. If the external battery facility is not 
required the jack socket can be omitted, where- 
upon S1 functions as a simple on/off switch. 

C9 is included to obviate a breakthrough effect 
which is liable to occur when the output of the 
unit is connected to mains -driven equipment. 
Without this capacitor, connection to the mains 
equipment can result in excessive pick-up of local 
signals by way of the mains wiring. However, 
the low capacitance of C9 prevents this effect and 
gives a considerable increase in selectivity. If 
the unit is to be used only as a receiver, without 
any connections to mains -driven equipment or 
to any other external wiring, C9 may be omitted. 
The lower terminals of C1 and winding AB then 
connect directly to the positive supply line. 

The prototype picked up many stations, both 
home and Continental. When used as a receiver, 
acceptable results are given with an earpiece having 
an impedance of an or more. 

The Ferrite Aerial 
Details of the ferrite aerial are shown in Fig. 

2. The author employed a ferrite slab measuring 
24- x I x -}in, but a short rod of approximately 
similar dimensions would also cope. The tuned 
winding, AB, has 35 turns, close -wound, of 36 
s.w.g. enamelled wire, this being suitable for medium 
wave coverage with a 500pF tuning capacitor in. 

the C1 position. A 200pF tuning capacitor may 
also be used, in which case winding AB should 
have 45 turns. A slight adjustment in the number 
of turns may be required for ferrite rods or slabs 
having dimensions markedly different from the 
slab used by the author. Some adjustment of 
inductance is also, of course, given by sliding the 
coil along the ferrite core. Winding CD consists 
of 5 turns of 36 s.w.g. enamelled wire close -wound, 
spaced about lin from winding AB. Both coils 
are wound on a cardboard former giving a sliding 
fit over the ferrite core. The letters A, B, C and D 
in Fig. 2 indicate coil terminations, and correspond 
to the same letters in Fig. 1. 

Construction and Testing 
The writer built the prototype 3 -transistor version 

in a cigar box using the general layout shown 
in Fig. 3. This layout may be modified, as desired, 
to suit alternative cases or components of different 
size. The semiconductors, resistors and most of 
the capacitors were fitted to a sub -assembly having 
the component layout shown in Fig. 4. This sub- 
assembly employed a small sheet of Paxolin to 
which the parts were secured and, by using miniature 
resistors and capacitors, the writer's version measur- 
ed only slightly more than 1 x 1 hin. However, 
there is no necessity to make the sub -assembly as 
small as this, and some constructors may favour 
a more open layout on a larger piece of Paxolin. 

Fig. 3 shows the wiring to the sub -assembly, 
and it includes the optional jack socket for the 
external battery mentioned earlier. The writer 
used a double pole slide switch for S1, the three 
unused tags being connected together and employed 
as anchor tags for the positive supply line con- 
nections. 
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When soldering the semiconductors or miniature 
components (if used) always use a heat shunt such 
as a pair of long nosed pliers. Never cut the tran- 
sistor wires too short because, apart from the risk 
of overheating during wiring, it may be impossible 
later to unsolder them without damage. 

After completion, make a careful check of the 
wiring before switching on. To test if the receiver is 
working, touch the base of TRt with a screwdriver 

r 

i 

against whose blade a finger is held. This should 
cause a click to be heard in the headphones connected 
to the output (or in an amplifier speaker if the unit 
is coupled to an amplifier). Rotate the tuning 
capacitor until a station is heard, then increase the 
value of C2 until more stations can be tuned in. 
Next, select a station at the high frequency end of 
the band, such as Luxembourg, and adjust C2 until 
the receiver is just on the point of oscillation. The 
tuner is then ready for permanent use. 
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NEWS. 

Transistor and Diode Tester Type TT537 
The Avo Transistor and Diode Tester type TT537 provides, in one instru- 

ment, facilities for both transistor and diode testing. The tester is a compact, 
simple to operate, direct reading instrument providing an accurate and con- 
venient method for the measurement of transistor and diode characteristics. 

Provision is made for the rapid and accurate measurement of transistor hf 
up to 1,500 at a frequency of approximately 1 kc/s and the measurement of 
leakage current with a first indication of 1µA for both p.n.p. and n.p.n. low 
medium power germanium or silicon transistors. 

Both the forward and reverse characteristics of diodes can be measured, 
the reverse characteristics at voltages up to 1,000V under current limiting 
conditions. 

The design of the instrument enables accurate measurements to be made 
with the minimum of adjustments and setting -up. The layout of the panel 
controls is such that operation of the instrument, which centres around a 
function switch and a transistor diode selector switch is largely self-explanatory. 
The panel markings are colour -coded and these features together with the 
protective devices incorporated in the instrument provide an ideal tester for 
use not only by engineers and technicians but also by unskilled personnel. 

Announcement from Denham & Morley Ltd. 
Tate Electronic Services Limited have been appointed Service Agents for 

servicing in and out of guarantee mains radios distributed by Denham & Morley 
Limited. Depots who will accept service are: The Grange, Hoole Road, Hoole, 
Chester. 31 Chapel Street, Halton, Leeds. 444a New Chester Road, Rockferry, 
Nr. Birkenhead. 21 Crossgates, Durham. Mandervell Road, Oadby, Leicester. 
Vicar Street, Sedgley, Staffordshire. 3 Waterloo Road, Stockport. The Green, 
Chorlton-cum-Hardy, Manchester 21. 
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AND. 
Self Binders 

Our advertisement columns con- 
tain details of a new type of self - 
binder available for those who like 
to retain their copies of The Radio 
Constructor in good condition. 

These self -binders are quite the 
best that we have seen. They are 
immensely strong, most attractive in 
appearance and delightfully simple 
in the ease with which copies can 
be inserted or removed. This latter 
is achieved by the use of especially 
constructed binding cords made 
from Super Linen very hard twisted 
and twice doubled attached to strong 
rustless springs. 

We can recommend these binders 
with every confidence 

New Baby Alarm 
An intercom system with the great 

advantage of two-way communica- 
tion is being produced as a baby 
alarm by Rovex Scale Models Ltd. 
Being a two-way system, mother can 
reassure her child without being 
disturbed or having to go to its 
nursery. 

The Tri-onic baby alarm is battery 
operated and transistorised in a 
neatly designed modern housing 
made of polystyrene which is 
assembled with the aid of adhesive 
developed to give maximum effi- 
ciency with this material. The special 
adhesive used is one of a range of 
custom made adhesives supplied by 
BX Plastics Ltd. of Manningtree, 
Essex under the trade name Bexol. 

The new baby alarm by 
Rovex Scale Models Ltd. 
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Wirewound Potentiometers 
for Printed Circuits 

W. Greenwood (London) Limited 
have introduced a new wirewound 
adjustment potentiometer specifically 
designed for direct mounting on to 
printed circuit boards. 

This precision component is a 
single turn potentiometer with out- 
standing humidity performance. It 
has a power rating of 1.5 watts at 
50°C. and is available in a resistance 
range from 1052 to 50Q. The solder 
pins are gold plated. 

The principal features of this 
potentiometer are: side mounting 
unit for printed circuit boards, 
screwdriver adjustment for accurate 
self-locking electrical settings, out- 
standing humidity performance, 
precious metal contacts, nickel and 
goldplated solderpins, stops provided 
at each end of travel, excellent shock 
and vibration stability. The poten- 
tiometer is one of a comprehensive 
range manufactured by Contelec 
of Switzerland. 

Company Name Change 
To bring the company name into 

line with its product range, the name 
of Standard Telephones and Cables 
(Transistors) Limited has been 
changed to S.T.C. Semiconductors 
Limited. 

The company is the newly formed 
subsidiary of S.T.C. in which the 
semiconductor operations at Foots- 
cray, Kent, and Harlow, Essex, are 
now consolidated. Its product range 
covers transistors, integrated circuits, 
signal diodes, silicon rectifiers, Zener 
diodes and thyristors. 
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COMMENT 
World Championships for 
Control Line Model Aircraft 

Our many readers interested in radio control should find the above event 
of absorbing interest for, in addition to the championships, there will be the attraction of aerobatic displays in jet aircraft by pilots of the R.A.F. 

The Royal Air Force, through its Technical Training Command station, 
R.A.F. Swinderby, near Lincoln, will be host from 26th to 30th August to the Would Championships for Control Line Model Aircraft, for which 17 nations 
ranging from the U.S.S.R. to the U.S.A. have already entered, and for which 
entries are expected from a further 12 ranging from Japan to Monaco. 

This will be the first time that world control line championships, of which 
the Duke of Edinburgh is 1966 Patron, will have been held in England, and the first time in which they will have been held on a fully -equipped Service airfield, with the variety of amenities and facilities which an R.A.F. station can provide. 

Some 280 competitors, managers and others will be housed and fed at 
R.A.F. Swinderby, home of No. 7 School of Recruit Training, with the R.A.F. 
Model Aircraft Association handling the organisation jointly with the sponsor 
of the event, the Society of Model Aeronautical Engineers. Air Marshall M.K.D. 
Porter, Air Officer Commanding -in -Chief, R.A.F. Maintenance Command, is 
president of the R.A.F.M.A.A., and Air Vice -Marshal B.A. Chacksfield, Com- 
mandant -General, R.A.F. Regiment, is president of the S.M.A.E. 

The Championships will open with a flying display to include formation 
aerobatics by the aerobatic team from No. 1 Flying Training School, R.A.F. 
Linton -on -Ouse, Yorkshire, flying Jet Provosts, solo aerobatics in a jet fighter, gliding aerobatics by a pilot of the R.A.F. Gliding and Soaring Association, and 
possibly a display by the "Sky Divers", the Army's parachute display team. 
Cadets of the Northumberland Wing, Air Training Corps, will be helping in 
various ways with the organisational side. There will be a large static exhibition 
of models in a hangar, including those of the famous Peter Farrar Collection 
from Exeter. All proceeds from the admission charge to the exhibition will go to the R.A.F. Benevolent Fund. 

The countries already entered- the U.S.S.R.'s party of over 16 will be the largest contingent-are Belgium, Canada, Czechoslovakia, Denmark, Eire, 
Finland, France, Great Britain, Holland, Hungary, Israel, Poland, Sweden, 
U.S.A., West Germany, and Yugoslavia. Countries from which entries are still awaited are Austria, Bulgaria, Italy, Japan, Luxembourg, Monaco, Norway, Portugal, Roumania. 

.. Any Pirate TV?" 
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Modifications to the 

by W. STUDLEY 

CR100 

Some simple modifications which can be carried out on the CR100 and similar receivers 

ANY AMATEUR AND SHORT WAVE LISTENING 
stations are equipped with Marconi CR100/ 
B28 receivers. These receivers offer good 

value for money and can do an excellent job even 
in these so called "modern days" of high QRM 
and QRN levels! One criticism fairly aimed at 
the CR100, however, is that it tends to drift, since 
no stabilised h.t. supply for either the b.f.o. or 
local oscillator is fitted. The problem of local 
oscillator drift does not normally cause much 
inconvenience in practice and is simply overcome 
if the receiver is switched on for some time prior 
to operation. It is with the b.f.o. that the drift 
problem is most serious, because this is normally 
only switched in for c.w. or for s.s.b. reception 
and no preliminary running period can take place. 
Drift in the b.f.o. is particularly aggravating when 
attempts are made to resolve s.s.b. as constant 
resetting of the b.f.o. control is needed. Due to 
this factor it is not unusual for most of an "over" 
to be missed completely, and such a state of affairs 
is intolerable. 

Stabilising the h.t. supply to the b.f.o. is, therefore, 
essential. Fortunately, this can be done fairly 
easily without any serious alterations to the receiver. 

Stabilising the BFO Supply 
Normally, h.t. is applied to the b.f.o. valve 

when the operational switch is set to either "CW- 
AVC" or "CW-MAN". Referring to Fig. 1(a), 
resistor R54 (100kí1) is the b.f.o. valve anode 
load resistor and R46 (22kí1) the decoupling resistor. 
A voltage slightly in excess of 220 should appear 
at the junction of these two resistors, and series 
connected voltage stabilisers may be connected to 
this point as is indicated by the heavy lines. It 
should be noted that if the d.c. potential at point 
"A" in the diagram is reduced overmuch, inadequate 
b.f.o. injection might result. Whilst this may not 
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A 

R46 
22kn 

H.T from operational switch 

Stabilizers 

0570/20 

(a) 

(b) 

470 kn 

1/4watt 

0A2 

Chassis 

Mounting bracket 

Fig. 1(a). Adding an h.t. stabilising circuit to the 
b.f.o. The additional circuit is shown in heavy line 

(b). Mounting the stabilise¡ valves 
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be serious with c.w. reception, when s.s.b. signal 
are sought, difficulty will be experienced in reading 
them unless the r.f. gain is retarded excessively. 
The b.f.o. output needs to be as large as is con- 
veniently possible and the use of a single stabiliser 
tube is thus ruled out. A single 0A2 for example, 
would only permit a potential of some 150 volts 
to appear at point "A", and this may be considered 
inadequate as has been found by experiment. 
By using the two tubes specified, however, little 
difficulty will be experienced.* 

Mechanical Details 
If the CR100 is turned upside-down and its 

base plate removed it will be found possible to 
mount a small sub -chassis at the rear of the b.f.o. 
screening can. The B7G valveholders for the 
stabilisers are fitted to a small L-shaped piece of 
aluminium as indicated in Fig.1(b). This sub - 
chassis is wired beforehand and fitted with a flying 
lead for connection to point "A", the connection 
to chassis being made automatically when the 
assembly is bolted in position. The underside of 
the assembly-the pins of the tubes-should face 
the panel. Looking at the receiver chassis from 
the front, a strip carrying seven vertically mounted 
resistors and a capacitor will be seen along the 
left-hand side. The flying lead from the added 
sub -chassis should be connected to R46 the second 
resistor from the front panel (22k11), on the side 
more difficult to get at; i.e., the end of the resistor 
nearer the receiver chassis underside surface. 

To test the modification set the Operational 
switch to "MOD-AVC". With the receiver 
switched on both stabiliser tubes should remain 
dead, but they should glow when the Operational 
switch is adjusted to "CW-AVC" or "CW-MAN". 

Adding Side-tone/Muting Facilities 
The CR100 and other receivers not equipped 

with side -tone and muting facilities can easily 
be adapted, although the modification is only 
normally required when a transmitter is to be 
used close by. The "front end" of a receiver not 
suitably operated can be heavily overloaded if 
left running whilst a transmitter tuned to the 
same frequency is radiating nearby (as occurs at 
amateur stations) and damage can result. For 
this reason it is advisable either to mute the receiver 
completely, perhaps by switching it off manually 
on "Transmit" (and the CR100 does have a "Stand- 
by" position accommodated on the Operational 
switch) or to silence it via a relay operated auto- 
matically by the transmitter. Partial and auto- 
matic muting is even better, for the operator may 
then monitor his own signals via the receiver when 

The 0A2 has a burning voltage of 150 and the QS70/20 a burning 
voltage of 70, and it might be considered that these would not strike 
reliably when the voltage at point "A" is of the order of 220 volts 
only. However, the author confirms that the stabilisers work excel- 
lently and never fail to strike in the CR100 modified by himself. 
Should difficulty be experienced in this respect, R46 could be reduced 
in value by connecting another 22kO resistor across it. The position 
of R46 in the chassis is discussed later in the text.-Editor. 

RF gain control 

x 

Chassis - 

RE gain control 

X 

VR1 

25kn 

To valve cathode circuits 

(a) 

(b) 

Fig. 2(a). The existing r.f. gain control circuit 
(b). Adding a preset gain control (VR1) to give side - 
tone and muting facilities. The additional control is 
only brought into circuit when a plug is inserted in 

the jack 

phones are in use. One practical system which 
can be adopted is illustrated in Fig. 2, where the 
existing r.f. gain control is shown connected to 
chassis at point "X", as in (a). By lifting the 
earthy end of the r.f. gain control from chassis 
and fitting a closed-circuit jack socket and a 25kû 
preset potentiometer, as in (b), it is clear that 
nothing is changed functionally until a jack plug 
is inserted, whereupon extra resistance due to 
VR1 is introduced. If the leads to the jack plug 
are connected to a relay energised and operated 
by the transmitter, VR1 can be switched in and 
out of circuit automatically via the "Transmit/ 
Receive" switch. The relay contacts should be 
open during "Transmit". The effectiveness of VR1 is 
determined by its precise resistance setting, and it 
should be adjusted so that when the associated 
transmitter is operating, the receiver passes sufficient 
signal for monitoring purposes. It should be added 
that a circuit of this type is already fitted to the 
CR100/2 which does not, in consequence, require 
altering. 

Practical Modification 
Fitting the additional items to a CR100 is simple. 

First remove all knobs and the front panel. Locate 
the earthy end of the r.f. gain control and disconnect 
the lead to this tag. Potentiometer VR1 may then be 
mounted on the tuning capacitor frame, or nearby, by 
means of a small L-shaped bracket in such a position 
that its control shaft points upwards towards the 
lid of the receiver for subsequent adjustment 
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HT+ 

RI 

IOOkn 
I watt 

VI 

EC9I 

AO.C.line 1,6 

Chassis 

2,5 

R3 

12 kn 
I/4 w.tt 

7 

4 

+ 

VR4 

500n 

R2 

0-500}1A IOOkn 
Iwatt 

VR3 

50 or Iookn 

(Set zero) 

Heater 

Fig. 3. An add-on circuit which enables a forward - 
reading S -meter to be incorporated 

purposes. At the rear of the chassis a suitable 
point for locating the closed-circuit jack socket 
exists alongside the aerial connector. A single 
lead is then run from the jack to point "X" of 
Fig. 2(b) and VR1 and the r.f. gain control wired 
appropriately. The receiver will now function 
as if unmodified in this respect, until switching due 
to an external transmitter -controlled relay is 
introduced via the jack. 

Adding a Signal Strength ("S") Meter 
Although S -meters are normally calibrated rather 

arbitrarily, they tend to give only approximate 
indications of received signal strength. They are, 
however, very useful aids when tuning or netting. 
Some operators rely on their S -meters more than 
others but it is thought that a great many of the 
"S" reports heard over the air have been aurally 
rather than visually assessed. Even so, an S -meter 
is of definite value, provided the limitations of the 
device are appreciated, at both amateur and s.w.l. 
stations. 

There are various ways of adding an S -meter 
to a receiver, the usual plan being to sample the 
a.g.c. line voltage and use it to deflect the pointer 
of a meter. To avoid interfering with receiver 
constants excessively a small "add-on" type of 
meter actuating circuit is suggested, and a suitable 
bridge -type, forward -reading circuit is shown in 
Fig. 3. Here, under no signal conditions, V1 
passes a current through R1, and the potential 
appearing at the anode of the valve is balanced 
out by the adjustable potentiometer circuit given 
by R2 and VR3. Provided VR3 is correctly adjusted, 
the result is that the meter pointer remains at zero. 
If, now, the potential at the valve grid goes negative 
due to reception of a signal, the current passed by 
the valve falls and the potential at its anode goes 
positive, resulting in a deflection of the meter 
pointer. The amount of deflection depends on 
the negative potential applied to the valve grid 

and it follows that, by connecting this directly 
to the receiver a.g.c. line, changes in signal strength 
may be indicated by the meter. The fact that no 
grid resistor is shown in Fig. 3 is of no consequence, 
for the a.g.c. diode load resistor provides the neces- 
sary return circuit to chassis. 

Preset resistor VR4 is a meter sensitivity control, 
and enables full-scale deflection to correspond to 
the strongest signal it is anticipated will be received. 

Modification Details 
The EC91 valve is on the B7G base and it is 

an easy matter to build the oddment of added 
circuitry shown in Fig. 3 on a small L-shaped 
sub -chassis equipped with three colour -coded 
flying leads, the fourth (chassis) lead connection 
being automatically made when the assembly is 
mounted. 

In the CR100 a small assembly can, with care, 
be contained under the chassis in the i.f. stages 
compartment that runs along the right-hand 
under -side, looking from the front. The heater 
fly -lead can be soldered to pin 2 of V5 and the 
h.t. fly -lead to the receiver h.t. positive lead where 
it connects to R21, the screen -grid feed resistor 
for V5. 

With the receiver switched off, locate R4 (47kí2), 
which is the second resistor from the front on the 
right hand side of the chassis (chassis upside-down 
and knobs to the front). R4 is the a.g.c. feed 
resistor for V5 and it connects, via the second i.f. 
transformer, to the top cap of V5. Confirm this 
point with an ohmmeter. The end of R4 remote 
from the i.f. transformer (which will, of course, 
measure 47kí2 to the top cap of V5) connects to 
the main a.g.c. line and should show a resistance 
of approximately 1M 12 to chassis when the Opera- 
tional switch is in one of the two "AVC" positions, 
and zero resistance to chassis when the switch is 
in either "MAN" position. Having confirmed 
these points, connect the flying lead from pins 
1 and 6 of the EC91 to the end of R4 remote from 
the i.f. transformer (as just determined). 

The meter movement itself may be mounted to 
the left of the main tuning dial and VR3 may be 
located on the panel between the r.f. gain control 
and the tuning knob. If maximum S -meter indica- 
tions are required it is beneficial to reduce the a.g.c. 
delay voltage, and this can be done by short-circuiting 
the 10k12 resistor connected between the earthy 
end of the volume control and the chassis. 

Testing the S -meter 
With the receiver switched on and the Operational 

switch set to "MOD-AVC", VR3 should be 
adjusted to give a zero meter reading when no 
aerial is connected. Immediately the aerial is 
connected and the r.f. gain advanced any signal 
tuned in should cause the S -meter pointer to move 
in the full-scale direction. If a commercial trans- 
mission is sought somewhere near the 40 -metre 
band, where signal strengths tend to vary rather 
widely, the effectiveness of the S -meter may be 
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assessed. The effect of the receiver aerial trimmer, unit will also be observable and it will soon be 
the r.f. gain control and any externally used tuning appreciated how useful the added S -meter can be. 

Comprehensive 
Volume Control 
Circuit 
by SIR DOUGLAS HALL 
K.C.M.G., M.A. (Oxon.) 

The provision of an adequate volume control in straight and reflex 
receivers is not a simple matter. This article describes a compre- 
hensive circuit which allows a single potentiometer to control 

regeneration, r.f gain and a.f gain 

LTHOUGH THE SUPERHET CIRCUIT 
is a good deal more complica- 
ted than most straight or reflex 

circuits, manual volume control is 
easier to design as the large amount 
of r.f. and i.f. amplification allows 
for the use of a,considerable amount 
of automatic control. Manual 
control can be looked after by a 
simple potentiometer in the a.f. 
section. 

Most straight and reflex circuits 
rely to a fair extent on reaction to 
provide the necessary amplification 
of weak signals. With some designs, 
reaction is fixed and a.f. volume 
control is used, as with superhets; 
but this often results in loss of 
sensitivity at some points on the 
tuning scale, and throughout the 
scale as the battery ages. Others 
rely on a variable reaction control, 
alone, to regulate volume. But 
with this arrangement it is often 
impossible to reduce volume satis- 
factorily when a powerful local 
station is being received. This 
difficulty applies with greater force 
when there is a good deal of high 
frequency amplification in addition 
to reaction. For satisfactory control 
in these circumstances it is preferable 
for a single control to regulate both re- 
action and some other form or forms 
of amplification used by the circuit. A 
possible solution is to apply pre-set 
reaction and control the voltage 
available for either the base or the 
collector of the transistor in the 
reaction circuit. But this is not ideal 
as it can result in overloading and 
bad volume stability at low volume 

settings, and there is sometimes 
interaction with the tuning control 
when critical reaction is used on 
weak signals. 
A New Approach 

Fig. 1 shows, in skeleton form, 
the circuit of a t.r.f. receiver employ- 
ing TRI as a tuned radio frequency 
amplifier, TR2 as a detector or reflex 
amplifier, and TR3 as a transformer 
coupled a.f. amplifier. There would 
probably be a further a.f. stage or 
stages. VR1 is the volume control, 
and to start with we may consider 
only that part of its track which lies 
between the slider and the end 
connected to the reaction coil, L2. 
As there is a winding offering high im- 

pedance at a.f. in the output of TR2, 
C1 is kept down to about 1,000pF 
to preserve the high notes. It will be 
seen that, as the slider moves 
towards the end connected to L2, 
reaction will take place. This is 
because the resistance between L2 
and earth is progressively reduced, 
earth being represented by the 
negative battery line. VR1 is a 5k0 
linear control, preferably wirewound. 

The decoupling resistor R1 is an 
essential part of the circuit since it 
performs another function in addition 
to decoupling. It should have a 
value which will cause a voltage drop 
of about 0.33V across it. If, for 
instance, TRI passes 1mA, which is 
a typical figure, it is clear from 
Ohm's law that R1 should then be 
3300. The value of R1 is, therefore, 
dependent upon the current passing 
through TRI. R2 has a value of 
39k0. It will be seen that there is a 
diode between the high potential end 
of L1 and the low potential end of L2. 

Let us assume that a weak station 
is being received and that, therefore, 
the slider of VR1 is adjusted to be 
close to L2 in order that reaction 
may take place. The resistance part 
of VR1 being considered will be very 
small compared with the resistance 
of R2, so that the negative end of DI 
(its "anode") will be at nearly -9V. 
The positive end of DI (its 
"cathode") will be at a potential of 
0.33V positive to the -9V line 
owing to the voltage drop across RI. 
The result is that the "cathode" of 
DI will be positive with respect to 
its "anode". In other words, DI is 
reverse -biased and, provided it is 

R2 

39kn 

-9V 

Fig. 1. The volume control circuit fitted in a typical t.r.f. receiver. 
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Fig. 2. Incorporating the volume control in the author's "D.R.4." receiver. This is shown switched to 3 -transistor operation 
for reasons of simplicity. 

diode of the 0A81 type, will have a 
very high resistance which will cause 
negligible damping of Lt. Such 
damping can, in any case, be 
cancelled out by reaction. 

Let us consider the instance where 
a powerful signal from the local 
station is received. As the slider of 
VR1 will now be adjusted to a point 
well away from L2 there will be a 
resistance of nearly 5kí2 between the 
negative battery line and the "anode" 
of DI which will find itself more 
positive than the "cathode". In 
consequence, DI will be forward - 
biased and will have a low resistance 
which, in series with VR1, will damp 
Li considerably. There will still be a 
tuned circuit, unaffected by DI, at 
the input of TRI, which will provide 
such selectivity as is required at the 
low volume control setting used for 
the local station. 

Many readers will see that the 
circuit just described is similar to the 
a.g.c. diode damping often used in 
superhets. The present circuit is, 
however, adapted for manual 
control. 

A.F. Amplifier Control 
It will now be found that there is 

good control over a powerful local 
station, though it may still be 
impossible to reduce it to zero 
volume level, as L1 will still offer 
some impedance despite the shunting 

effect. This is looked after by a 
third action on the part of the 
volume control, this time on the a.f. 
signal. The section of VR1 between 
the slider and C2 is in parallel with 
the input to TR3. At high volume 
settings the near 5k0 involved will 
have little effect. But the signal will 
disappear when VRI is at zero 
because there is then a short-circuit 
at a.f., across the input to TR3. 

Complete control is now possible, 
but even though it will be found to 
be very smooth from zero to over- 
load on strong signals, there is still 
the probability that, with weak 
signals which require critical reac- 
tion, there will be rather sudden 
increase in volume as the control is 
adjusted. One solution would 
appear to be to use a graded volume 
control for VR1, so that variation of 
resistance is gradual at the high 
volume end. But this would require 
an anti -log control, which is some- 
thing of a rarity, unless there were no 
objection to employing a long 
control wired in such a way that 
volume increased in an anti -clock- 
wise direction. A more serious 
difficulty is that, as VIII carries a 
small current, it is important, in the 
interests of quietness and long life, 
that it should be wirewound. And 
wirewound log controls are rare 
indeed! Yet another snag is that a 
log control would result in rapid 

variation of the a.f. signal as zero 
was approached. 

Modifying the "D.R.4." 
It is possible to obtain some of the 

characteristics of a log control by 
using a fixed resistor across one half 
of a linear control. This, of course, 
leaves the other half of the poten- 
tiometer unaffected, which is what 
is wanted, and this dodge will often 
be found to improve results with 
reaction circuits. For example, 
readers who have made the receiver 
described by the author in the issue 
for November 1965 ("Simplicity 
and Sensitivity with 3 Transistors") 
may find an improvement if they 
shunt a resistor across the high 
sensitivity end of its volume control. 
Different resistors of from 39052 to 
1.8kí2 should be tried for best 
results. At the cost of slight extra 
complication, it is possible to arrange 
something a little better in a way 
which is especially suitable for 
circuits having a high degree of 
constancy in the setting for critical 
reaction. Such a circuit is the 
Spontaflex, and Fig. 2 shows how 
the "D.R.4. Receiver", described in 
the issue for March 1966 may be 
modified to incorporate a very 
satisfactory form of volume control*. 
Existing relevant components are 
numbered as in the earlier issue, and 
the circuit is shown in its 3 -transistor 
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form for the sake of simplicity. 
First, the original panel control, 

VR3, is removed, and the lead which 
had been taken to its slider is joined 
instead to the negative battery line. 
VR2, originally used as a pre-set 
control, should be removed from its 
position inside the receiver and may, 
if it is suitable, be mounted on the 
panel and rewired as shown in Fig. 
2. If the existing component is not 
a wirewound type it would be as 
well to replace it. 

In studying Fig. 2 let us at first 
assume that R6 is short-circuited and 
that R7 and CH are out of circuit. 
The only purpose of CI1, incidentally, 
is to prevent biasing arrangements 
being upset. It will then be seen that 
the volume control arrangements are 
similar to those in Fig. 1, necessary 
modifications having been made to 
suit the use of n.p.n. transistors for 
TR, and TR3. VR1 performs the 
duty of R1 in Fig. 1. If an existing 
Spontaflex "D.R.4" is being modi- 
fied, VR1 will already have been 
adjusted in accordance with in- 
structions in the earlier article. If 
the receiver is being built from 
scratch, VR1 should be adjusted so 
that oscillation at the long wave end 
of the tuning scale starts with VR2 
set at the lowest point possible. 
This setting will be found correct 
both for bias for the base of TR2 
and for satisfactory working of the 
new volume control arrangements. 
R5 is the 39kí2 resistor marked R2 
in Fig. 1, C4 is the equivalent of CI, 
and CIo of C2. DI in Fig. 2 is the 
receiver's existing detector. D2 in 
Fig. 2 takes the place of Di in Fig. 1. 

In the Spontaflex circuit, using the 
coil specified for the "D.R.4.", it 
will be found that oscillation starts 
when there is about 550í between 
L3 and earth. This assumes that 
the full negative voltage is applied 
to the collector of TR2, as results 

from the removal of VR3 from the 
original circuit. It will also be found 
that, on a really weak station, the 
effects of reaction begin to be 
obvious when there is a resistance 
of about 60012 between L3 and 
earth. If we still assume that R6 
is short-circuited and R7 is out of 
circuit it will be seen that a variation 
from 55012 to 600í2 is achieved by a 
movement of only 1 % of the total 
possible travel of VR2, and that 
the useful range for reaction pur- 
poses on a weak station will be 
from 88 to 89 % of the total rotation 
of the potentiometer. 

If R6 remains short-circuited, 
but R7 is connected into circuit 
in parallel with the high potential 
end of VR2, it will be necessary to 
make a readjustment to produce an 
overall resistance of 55012 and it 
can be shown from the formula 
governing resistances in parallel that 
approximately 1,60012 of the track 
of VR2 will be required, and 2,20012 
when an overall resistance of 60012 
is needed. The useful part of the 
track of VR2 for a weak station 
now extends from about 56 to 68 
of total rotation scale-a more 
satisfactory range. But about one 
third of the scale, from 68 % up- 
wards, is of no use. 

If the short-circuit across R6 is 
removed, it will be seen that the 
necessary 1,60012 or 2,20012 requires 
a resetting of VR2 because of the 
constant resistance of 82012 which 
is now in series with it. 1,60012 
minus 82012 is equal to 78014 and 
2,20012 minus 82012 is equal to 
1,38012. In other words, to achieve 
a movement from 60012 to 50012 
will now require a setting of VR2 

Sir Douglas Hall, "Simplicity And 
Sensitivity With 3 Transistors", The Radio 
Constructor, November 1965. Sir Douglas 
Hall, "The 'Spontaflex' D.R.4. Transistor 
Portable", The Radio Constructor, March 
1966. 

varying between about 72 and 84 
of total rotation. The range is 
still 12 % of available rotation, 
and most of the track of VR2 is 
useful. The top 16% provides a 
reserve as the battery fails. 

An additional useful effect of 
R7 is that it makes the r.f. shunting 
effect at low settings of the control 
more marked, the effective resistance 
across L2 being reduced from the 
resistance of D2 plus nearly 5k12 
to the resistance of D2 plus less 
than 82011 Thus the control of 
powerful signals benefits as com- 
pared with the arrangement shown 
in Fig. 1. 

General Applications 
This circuit, using R6 and R7, 

can, of course, be used in any 
straight or reflex circuit provided, 
preferably, that there are at least 
two tuned circuits, and that the 
oscillation point is fairly constant 
throughout the tuning scale. The 
position or size of the reaction 
coil should be adjusted so that 
oscillation starts with about 50012 
to 70012 between the coil and the 
slider, R6 being short-circuited and 
R7 out of circuit. There is no need 
to use an ohmmeter as, if a scale 
is fitted to VR2, the resistance of 
its track in circuit can be evaluated. 
R6 and R7 should each be 1.5 
times this resistance. 

The volume control circuit will 
be found to be unusually smooth 
from zero to maximum for all 
signals, and there will be no inter- 
action with the tuning control. 
It is not recommended for use 
with circuits which offer wide 
variations of oscillation point for 
different settings of the tuning 
control, as the otherwise valuable 
spreading effect brought about by 
R6 and R7 will tend to make such 
variations even more marked. 

KUWAIT NATIONAL BROADCASTING STATION 
A contract was signed recently for the supply and installation of broadcasting equipment which will give Kuwait the 

most powerful national broadcasting station in the world. The contract, with the Ministry of Guidance and Information, 
covers the supply of three Marconi 750kW High Power transmitters of the very latest design, which will provide the 
Voice of Kuwait with medium frequency programme transmissions giving extensive coverage of the Middle Eastern 
countries. 

Each transmitter has an output of 750 kilowatts, probably the highest power output available from any single trans- 
mitter on the market. This is nearly twice the power of the 200 kc/s Light Programme transmitter of the BBC at Droit - 
wich, the most powerful national service in Britain. 

This order, worth over f1 million, was won in competition with offers from leading manufacturers in Europe, 
Russia, Japan and the United States. The transmitters, which are at present being assembled at Marconi's Chelmsford 
works, are due for delivery next year. 

Engineers from The Marconi Company will install and commission the three transmitters, and the contract also 
provides for the training of six Kuwaiti engineers in the operation and maintenance of the transmitters. This training 
will take place at the Company's establishments in the Chelmsford area. 

The 750kW transmitters are of the very latest design, and are fully transistorised throughout the low power driving 
circuits. Crystal control is used to give very high stability of the radiated frequency. Vapour cooled tetrode valves are 
employed in the modulator and high power radio frequency output stages. These valves have a much higher gain than 
the more conventional triode valves, and together with the use of patented high efficiency circuits, give the transmitters 
a very high overall efficiency. 
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CIRCULAR TIMEBASE 

By M. W. SHORES, N.Z.I.S.T. 

A simple experimental method of displaying circular and elliptical traces for purposes of frequency 
measurement 

HE SUBJECT OF CIRCULAR AND ELLIPTICAL TIME - 
base traces was originally pursued by the writer 
out of interest only, but at a later stage the 

practical advantage led to regular use. 
The study and manipulation of audio tones 

and associated circuitry, particularly in the pro- 
vince of Radio Control, indicated a need for an 
uncomplicated method of establishing frequency. 
The writer found that the more conventional 
Lissajous figures in oscilloscope work tended, for 
him at least, to be confusing. A series of alternative 
methods were tried and the timebase described in 
this article was finally adopted as being most 
satisfactory. 

The fundamental requirements for producing a 
circular trace on the c.r.t. screen are two sine 
waves of identical frequency 90° out of phase one 
with the other. One of these signals is applied to 
the vertical (Y) deflection plates and the other 
to the horizontal (X) plates. 

The Circuit 
The circuit employed by the writer appears in 

the accompanying diagram, and the component 
values shown relate to the mains frequency of 
50 c/s, this being a very useful and stable standard. 
The use of a 50 c/s standard means that the c.r.t. 

A 50 c/s ellipse, with no additional tone applied 

30 

Resistors 
RI 5kS2 
R2 5kS2 
R3 2.2kS2 
R4 2.2kí2 
R5 1 M S2 

R6 1 M S2 

R7 500kS2 
R8 100kS2 

Components List 

Potentiometer, linear track 
Potentiometer, linear track 
1W 10% 
ZW 10% 
#W 10% 
Potentiometer, linear track 
Potentiometer, linear track 
Potentiometer, linear track 

Capacitors 
(The working voltage of C3 and 
on the oscilloscope being used) 
C1 0.5µ.F paper 250V wkg. 
C2 0.5µ.F paper 250V wkg. 
C3 0.25µ.F paper 
C4 0.25µ.F paper 
C5 0.0511F paper 250V wkg. 
C6 0.05µ.F paper 250V wkg. 

Transformer 
T1 Step-up transformer (see text) 

63V 
Sine wave in 

(Oscilloscope 
heater) 

C5 

R7 

Test 
frequency 

C4 

C4 

depends 

X2 

_oY amp 

°Scope 
chassis 

The timebase employed for frequency measurement 
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The trace given when a 500 c/s sine wave is applied 

spot takes 1/50 second to traverse the full 360°. R1 
and R2 are variable, allowing for adjustment to 
offset any difference between the values of C1 
and C2. Ideally, these capacitors should be identical, 
as mismatching causes distortion of the trace. 
However, a considerable amount of correction 
may be made with the aid of R1 and R2. R1 and 
R2 may be preset if good quality components are 
used, whose value is unlikely to drift. If the ampli- 
tudes of the out -of -phase voltages are varied with 
relation to one another, an ellipse appears instead 
of a circle.* 

Having reached thus far, it only remains to 
superimpose the tone whose frequency is to be 
measured. This is applied in the vertical plane 
only and is mixed with the vertical signal through 
R7. The combination of the two signals fed at 
each end of R7 appear at its wiper, and are applied 
to the Y amplifier of the oscilloscope. Using 
this control in conjunction with Y gain gives the 
desired visual amplitude of the tone. 

Transformer T1 dispenses with the need for an 
X amplifier, this being a luxury absent from the 
writer's home -built oscilloscope. The writer used 
an old speaker transformer with the 6.3 volt supply 

To obtain a true circular trace, the deflecting voltages at X and Y 
plates should be exactly 90° out of phase, a state of affairs not neces- 
sarily provided by the circuit shown here. However, a phase difference 
of other than 90° can allow an ellipse to be produced, which may be 
similarly used for frequency measurement. Also, the potentiometers 
in the circuit provide a wide range of amplitude adjustment and 
consequent control over the shape of the trace. The oscilloscope 
timebase is, of course, kept out of action when the circuit is used. 
-Editor. 

A sawtooth voltage having a frequency of 400 c/s gives 
this trace 

applied to its original secondary, whereupon 
approximately 130 to 150 volts r.m.s. appeared 
across R5 and R6. The 6.3 volt supply was obtained 
from the heater winding of the oscilloscope mains 
transformer, and has one side earthed. 

It was found necessary to use X shift with the 
circuit. This raises no problems as C3 and C4 
isolate any d.c. voltage on the X plates. 

Applying an 850 c/s sine wave 

The results shown in the photographs illustrate 
that it is only necessary to count the peaks and 
multiply by 50 to obtain the exact value of the 
tone being applied. This allows frequencies at 
50 c/s intervals to be established, but a double 
trace gives the intermediates at 25 c/s intervals. 
For example if a double trace gives a count of 17 
peaks then divide by 2 and multiply by 50 and the 
frequency is 425 c/s. 

SUPER -SPEED GaAs DIODE 

One of the factors which limits the speed of operation of computers is the storage of charge in diodes. A point 
contact gallium arsenide sub -miniature diode has been introduced by the Mullard Company under the development 
number 54CAY. The switching speed of this device approaches the limit of conventional measuring instruments. The 
reverse recovery time is only 300 picoseconds and the stored charge 6 picocoulombs. (The prefix pico signifies one million 
millionth.) Axial wire leads are used. 

The diode is finding applications in super -speed switching circuits, oscilloscopes, sampling gates and circuits for 
measuring particle velocities, apart from a large number of microwave applications. 
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As is his normal practice during 
August, Smithy the Serviceman, 
accompanied by his able assistant, 
Dick, leaves the confines of the 
Workshop to sample the great 
out-of-doors. On this occasion 
the pair still, however, manage to 
find time to discuss the problems 
of mass -production and the 

question of tolerances 

"ARE YOU," ASKED SMITHY 
sympathetically, "having 
trouble with your rowlocks?" 

Dick raised his hand to a per- 
spiring brow, but returned it hastily 
as he saw the oar it had been holding 
pass quickly over the side of the boat. 

"I'll say I'm having trouble," 
he complained bitterly, catching 
hold of the oar just before if finally 
disappeared over the wale. "As 
soon as I pull one of these flaming 
oars it comes right out of the row- 
lock. What that darned rowlock 
needs is re -designing, that's what." 

Again, Dick pulled on the oars, 
and again, half -way through the 
stroke, one of them abruptly dis- 
engaged itself and caught him sharply 
in the chest. 

The Serviceman's Approach 
Smithy leaned forward and peered 

inquiringly at the boat fitting which 
was causing his assistant so much 
trouble. A light of understanding 
suddenly gleamed in his eye. 

"The fault is obvious," he ex- 
claimed, "you've got it 180 degrees 
out of phase!" 

Smithy turned the rowlock 
through the 180 degrees of his 
diagnosis, and manoeuvred the oar 
back into it. 

"Now, try it." 
Distrustfully, Dick pulled at the 

oars once more, to find that, this 
time, they both pivoted at the row- 
locks without further trouble. En- 
couraged, he repeated the process. 

"Now this," he admitted grudg- 
ingly, "is a bit more like it. But 
I don't quite understand what you 
did just then." 

"If you look at that rowlock," 
explained Smithy, "you'll see that 
it's shaped like the letter 'C', the 
open bit being where the oar goes 
in. That open bit should be away 
from you but you had it towards 
you. With the result that, every 
time you pulled on the oar it just 
came out of the rowlock." 

"Well, I'm dashed," said Dick, 
impressed. "Dead simple, isn't it?" 

Of course it is," replied Smithy. 
"But you were talking about re- 
designing it." 

Dick forebore to reply and directed 
his energies to the oars. They were 
soon moving through the water at 
a very gratifying speed. 

"I must confess," said Smithy, 
trailing a negligent hand in the 
water, "that this makes a very 
pleasant change from the Work- 
shop. I think it was quite a good 
idea on my part to suggest that we 
pass part of our Summer outing 
this year with an hour on the local 
boating lake." 

Dick pulled vigorously at the 
oars. 

I must admit that it is rather a 
bright idea," he said. "It's funny, 
though, that our conversation went 
on to this subject of re -designing." 

"Why's that?" 
"Because I'd just been thinking," 

explained Dick, "about the question 
of re -designing from the point of 
view of the service engineer." 

Smithy sighed. 
"And I was mistaken enough," 

he remarked sorrowfully, "to im- 
agine that we would be getting 
away from the Workshop this 
afternoon. Blimey, Dick, you don't 
half keep the hangar door open, 
you know!" 

But Dick had espied a clump of 
overhanging trees which would shade 
them from the hot August sun. 
Resolutely, he rowed the boat 
towards them and then, equally 
resolutely, shipped the oars. The 
boat came to rest, to float un- 
disturbed on the lapping, gentle, 
water. 

There must," continued Dick 
inexorably, "be times when you 
do a bit of a re -design on a job 
that you're servicing." 

"Not these days, there aren't," 
replied Smithy firmly. "I'll agree 
that we used to get up to tricks 
like that during and immediately 
after the war when parts were 
scarce, but I wouldn't do anything 
like that nowadays. And certainly 
not with modern receivers." 

"I had a TV in the other day," 
offered Dick, "and the cathode 
bypass capacitor for the audio 
output valve had broken down. 
It was a 25S.F 12 volt working 
job.' 

"I presume," said Smithy, his 
interest aroused despite his previous 
protestations, "that you carried 
out the normal service procedure of 
checking to see what had caused 
the capacitor to break down before 
you replaced it?" 
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"I did," confirmed Dick, "and 
I could find nothing wrong in the 
circuit whatsoever." 

"The coupling capacitor from 
the preceding anode," suggested 
Smithy, "might have gone a little 
leaky. This wouldn't upset the 
audio quality too much if the 
leakage was slight, but it could 
cause the output cathode to rise 
a little in potential due to cathode - 
follower action." (Fig. 1). 

"I thought of that," said Dick, 
"and as I looked at the coupling 
capacitor, I suddenly realised that 
both this and the electrolytic were 
spares of the type we keep in the 
Workshop. What is more, I then 
recognised the set as one I'd fixed 
about three months ago for exactly 
the same fault. There had been 
a slight suspicion of leakiness in the 
coupling capacitor on the previous 
occasion and so I'd swapped it, 
as well as the electrolytic, just to 
be on the safe side. Everything 
else, including the valve and the 
cathode bias resistor, had checked 
good on that occasion. They still 
did yesterday, and the coupling 
capacitor rd fitted previously was 
still perfectly O.K., so I just wired 
in another electrolytic. This time, 
though, I put in one with a working 
voltage of 25." 

Different Tolerances 
"That," agreed Smithy, "is a 

reasonable course to take. There 
might be an intermittent in the set 
causing the cathode potential to 
go above 12 volts every now and 
again and make the capacitor 
break down. Alternatively, it could 
just be that a combination of high 
ambient temperature about the cap- 
acitor, plus a build-up of tolerances 
in component values in the circuit 
around it, has caused it to be on the 
verge of breaking down all the 
time." 

"The point I now want to make," 
said Dick, "is this. If the manu- 
facturers pat in a 12 volt capacitor 
and I replace it with a 25 volt 
one, I'm changing the design. 
Aren't I?" 

"Well, yes you are," admitted 
Smithy, "but only in a very minor 
way. Also, we've got to be realistic 
here. We're not going to get a 
good name for servicing if that 
TV you fixed has to come in every 
three months to have another 12 
volt electrolytic fitted in it, are we?" 

"What happens," argued Dick, 
"if it is an intermittent which is 
causing the capacitor to keep 
breaking down?" 

"If there is an intermittent," 
said Smithy, "it will probably 
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Fig. 1. A high resistance leak in an a.f. coupling capacitor may not seriously 
affect the quality of reproduction, but it can cause the cathode voltage of the 
following valve to become increased. A cathode bypass capacitor with a 

low voltage rating could then suffer risk of breakdown 

appear again. Should it cause the 
25 volt electrolytic to break down 
as well, we'll then know we've 
got something serious to look for. 
And if it doesn't break down the 
electrolytic it will do something 
else, whereupon we'll have a helpful 
guide as to where the intermittent 
is. Incidentally, I'd have swapped 
the audio output valve in that set 
as well, just to be on the safe side." 

"I did," said Dick, "on the 
second occasion it came in. The 
valve might have had an intermittent 
internal short. Although it seems a 
little doubtful, since you'd have to 
have the cathode short over to 
the screen -grid or the anode." 

"The valve would also," Smithy 
reminded him, "have drawn exces- 
sive cathode current if the grid 
had shorted over to the screen, or 
to the cathode for that matter." 

"That's a point," admitted Dick. 
The pair fell silent for a moment. 

It was very peaceful in the shade of 
the trees. Smithy relaxed and 
allowed his thoughts to wander 
from matters electronic. 

"In this servicing business," said 
Dick suddenly, "you've got to 
put in different replacement com- 
ponents sometimes. Which means, 
again, that you're making a change 
to receiver design." 

Reluctantly, Smithy tore himself 
from his reverie. 

"Have you?" he asked vaguely. 
"When ?" 

"If you're out of stock of the 
exact component," replied Dick, 
"Say a 20% resistor needs changing, 
and you've only got 10 per cent's 
in stock." 

"There's no problem there," said 
Smithy, a little irritably. "It's 

always perfectly O.K. to change 
a resistor for another of the same 
value and a closer tolerance." 

"What about the other way 
round?" asked Dick. "That is, 
replacing the resistor with another 
of wider tolerance." 

"In that case you want to be a 
bit careful," said Smithy. "Manu- 
facturers don't normally fit close 
tolerance resistors if they can use 
cheaper ones having a wider toler- 
ance. I'll admit that, in practice, 
you'll very often get away with 
fitting a 20% resistor in place of a 
10% one, and you'll find that the 
associated circuit still carries on 
O.K. But there could be a slight 
degradation of performance which 
isn't evident in bench tests. So 
far as particular circuits are con- 
cerned, TV timebases are probably 
the most fussy here. You should 
never use a wider tolerance resistor 
as a replacement in a TV timebase 
because you can easily run into 
difficulties with picture linearity, 
timebase speed control, and things 
like that. It's possible, of course, 
that the 20% resistor you use for a 
replacement just happens to have 
a value which is within the 10% 
tolerance. But you can't rely on 
this, unless you check its value on a 
resistance meter which is a bit 
more accurate than the ohms 
range of the average knock -about 
multi-testmeter. A further point 
is that if a resistor of 5% tolerance, 
or closer, has gone faulty, you 
should always replace with the 
same or a tighter tolerance regard- 
less of the circuit it appears in. 
There'll be a very good reason for 
a manufacturer of domestic equip- 
ment using close tolerances in 
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resistors of the order of 5% or less. 
So far as general servicing is con- 
cerned, a sensible approach here 
is to stock replacement resistors 
in 5 %, or even closer if they're 
not too expensive. You're then 
covered for all replacements of 
that tolerance and wider, without 
any further worry at all." 

"That," remarked Dick, "seems 
to be a good idea. Incidentally, 
whilst we're on the subject of 
re -design, the manufacturers of TV 
sets are doing it all the time!" 

"How d'you mean?" 
"Well," said Dick. "The manu- 

facturers start a new model and 
then, whilst it's in production, 
keep on introducing mods all the 
time. What's more, they send out 
details about them in their bulletins 
and other publications. If they're 
going to make all these changes, 
why didn't they incorporate them 
in the original design?" 

"That," said Smithy, "is one of 
the things the service engineer 
has to live with and learn to accept. 
As you know, some commercial 
TV designs are very good and 
have no changes at all during 
production, whilst others are shock- 
ers. But you have to look at the 
overall picture in the light of mass - 
production of a complicated pro- 
duct. A TV set is probably the 
most complex domestic device which 
is produced at a competitive price 
by largely unskilled labour. The 
initial design of a new TV set is 
thoroughly tested before it's put 
into production, and there may 
also be pre -production runs as 
well. All the bugs which appear 
on these first tests are ironed out, 
and the set then goes into full 
production. After that, it's just a 
question of numbers." 

"How do you mean-a question 
of numbers ?" 

"There may," explained Smithy, 
"be an unforeseen snag which 
only occurs in one set in a thousand. 
To find what that snag is, you've 
got to make a thousand! And to 
see whether it's a snag which is 
likely to be recurrent, you've got 
to make quite a few thousand 
more, as well. The large manu- 
facturers keep a very sharp eye 
open for recurrent snags on a model, 
and one or two of them even have 
reps travelling all over the country 
whose only job is to pick up gen 
from retailers in this respect. Manu- 
facturers also rely on the reports 
which come back from their own 
service departments. If a recurrent 
snag seems to be in existence in a 
particular model, changes are made 
to the sets in production to ensure 
that it doesn't occur in the future 

sets leaving the factory. If the change 
is of sufficient importance, dealers 
and service departments are also 
advised. Other changes may also 
be introduced while a set is in 
production because they result in 
an improvement in performance. 
If these are of sufficient importance, 
the appropriate advice again goes 
out to the service engineer." 

"Blimey," said Dick, impressed. 
"There's a bit more to it than I 
thought." 

"There is," replied Smithy cheer- 
fully. "If you think life is hectic 
as a service engineer, you want 
to have a spell on the manufacturing 
side!" 

Build -Up Of Tolerances 
The silence of the shade was 

suddenly broken by the splash of 
oars, and the sound of quiet music 
from a radio. The pair turned 
round, to see a slim young girl 
rowing very competently across the 
lake despite the fact that, due to 
the weight of her companion in 
the stern, her end of the boat 
was almost entirely out of the 
water. This companion, a heavily 
made-up, over -dressed and peroxided 
lady would, in the eyes of the 
ungallant, have notched up an 
obvious fifty summers with an 
equally obvious fifteen stone, and 
Dick threw a glance of vague 
repulsion at her before concentrating 
his gaze on the girl in the prow. 
This vision combined a trim figure 
with a comely face and flowing 
light brown hair. Dick's jaw had 
sagged to its fullest extent by the 
time the boat passed out of sight, 
and the music of the little portable 
radio in it had faded away. 
"Now that," remarked Smithy 

appreciatively, "is what I call a 
pretty girl." 

Dick .brought his thoughts back 
to his immediate surroundings. 

"I'll say," agreed enthusiastically. 
"Especially," continued Smithy 

warmly, "the blonde hair. I really 
go for that." 

"The blonde hair" repeated Dick. 
"You must be going colour-blind." 
"No, I'm not," snorted Smithy 

indignantly. "I mean the blonde 
hair on the one who was sitting 
at the square end." 

"That old horror ?" gasped Dick 
incredulously. "Blimey, Smithy, she 
was diabolical!" 
"No, she wasn't," said Smithy 

firmly. "She was a very pretty 
girl. What you forget is that a man 
of my age appreciates the finer 
points in the opposite sex." 

"If," pronounced Dick, "that's 
an example of what old age does 

for you, I think I'll go out and shoot 
myself on my next birthday!" 

"I don't think," said Smithy 
stiffly, "that remarks of that nature 
are called for. Perhaps we'd better 
get back to TV again." 

"All right," said Dick hastily. 
"Why, blow me, I've forgotten 
what we were talking about!" 

"Mass -production of TV sets." 
"Oh, yes," said Dick. "So we 

were. Anyway, I think you've told 
me all I want to know about that. 
At the same time, there's something 
you mentioned just now which 
has been puzzling me." 

"What's that?" 
"You referred to a build-up of 

tolerances. What does that mean?" 
"I think the best way of explaining 

that," said Smithy thoughtfully, "is 
by means of a mechanical example. 
Now, let's see if I can dream up a 
simple assembly which would de- 
monstrate a build-up of tolerances 
to you." 

The Serviceman stroked his chin 
thoughtfully. 

"Ah, yes, I've got it," he said, 
suddenly. "Now, here's a nice 
little example which will show what 
I mean. Let's assume that we're 
designing a radio receiver for 
mass -production and that we intend 
to use a two -gang tuning capacitor 
which is mounted by way of three 
holes tapped 4BA in its base." 

"Well," remarked Dick, "that's 
a good start at any rate! I've 
seen plenty of two -gang capacitors 
like that." 

"Good," said Smithy. "Let's 
next assume that, when the capaci- 
tor is bolted to a flat chassis, the 
height of the spindle centre above 
the chassis surface is 0.875 inch 
plus or minus 0.01 inch." (Fig. 
2(a)). 

"Why 0.875 inch?" 
"No particular reason," said 

Smithy. "It's a fairly commonly 
encountered dimension for tuning 
capacitor spindle height, and that's 
why it came to my mind. Incident- 
ally, it's the decimal equivalent of 
seven -eighths!" 

"Why, so it is!" 
"Anyway, that's by the way," 

said Smithy. "Now we want to 
drive this tuning capacitor by way 
of a gear train, and the only re- 
quirement of this gear train that 
concerns us here is that the spindle 
centre must be 1.875 inch, plus 
or minus 0.02 inch, above the 
surface of the chassis." (Fig. 2 (b)). 

"That seems easy enough," said 
Dick. "All you've got to do is to 
space the base of the capacitor 
away from the chassis surface by 
an inch to give you the 1.875 inch 
dimension. You could, for instance, 
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use long 4BA bolts and put spacing 
pillars over them." 

How about," asked Smithy art- 
lessly, "having four spacers for 
each bolt? Each of these spacers 
having a length of 0.25 inch plus 
or minus 0.005 inch?" (Fig. 2(c)). 

"That would be fine," said Dick, 
promptly. "You've got to meet a 
tolerance of plus or minus 0.02 
inch to satisfy the gear train re- 
quirements, so the 0.005 inch 
tolerances on the spacers should 
be more than close enough." 

Smithy chuckled. 
"If," he grinned, "they let you 

loose on mechanical design, the 
production line would come scream- 
ing to a halt every two minutes!" 

?" 
" II''m afraid," continued Smithy, 

"that the use of those four spacers 
would be quite unworkable for 
mass -production purposes. And I 
shall now explain why. For a start, 
it could easily happen that, in one 
of the assemblies, all the four 
spacers are at top tolerance. That 
means that they all have a length 
of 0.25 inch plus 0.005 in. Each 
one then becomes 0.255 inch long 
and the total amount of spacing 
they give is 4 times 0.255, or 1.02 

"Blimey," said Dick. "That's 
0.02 inch too much." 

"I know it is," said Smithy. 
"Let's further assume that the 
0.875 inch spindle height of the 
capacitor is also on top tolerance. 
That would give you 0.885 inch 
which, together with the 1.02 inch 
spacing from the chassis, results in 
the spindle centre height being no 
less than 1.905 inches above the 
chassis surface. (Fig. 2(d)). The 
maximum that can be accepted by 
the gear train is 1.875 plus 0.02 
inch which is 1.895 inches so the 
spindle becomes 0.01 inch out of 
Bonk!" 

"rd forgotten about the tolerance 
in the capacitor spindle height." 

"It's one of those things," re- 
marked Smithy, "that do tend to 
get forgotten. If we repeat the 
exercise with all the spacers and the 
capacitor spindle height on bottom 
tolerance, we'll find that the final 
spindle height is 0.01 inch below 
the lowest tolerance acceptable by 
the gear train. Again, the parts 
won't fit together properly. Now, 
the whole point of this excercise 
is to show you what a build-up 
of tolerances is. In the example, 
we've had a build-up of tolerances 
all in one direction, whereupon the 
final displacement is a lot greater 
than a casual first examination of 
the individual tolerances would 
lead you to expect. In a good 
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Fig. 2. Illustrating by a simple mechanical example how tolerances can 
"build up". It is desired to couple the variable capacitor of (o) to the gear 
train of (b). One method of spacing the capacitor away from the chassis 
surface could consist of using the spacing pillars shown in (c). If, however, 
all dimensions are at top tolerance level, as occurs in (d), the spacing between 
the capacitor spindle centre and the upper surface of the chassis becomes too 

great to meet the requirements of the gear train 

mechanical design all individual 
tolerances in a system are taken 
into account whenever there is a 
possibility of their adding together 
in this manner. I must admit that 
the example I chose was a bit 
exaggerated, but it demonstrated the 
point quite well. A better approach 
towards mounting that capacitor 
would have consisted of using 
single 1 inch spacers, each with a 
tolerance of plus or minus 0.005 
inch, whereupon the total build-up 
affecting the spindle height couldn't 
exceed 0.015 inch, and we'd have 
satisfied the requirements of the 
gear train, with a bit in hand." 

"I see what you mean," said 
Dick thoughtfully. "In practice, 
though, would it really happen that 
the dimensions all went up to top 
tolerance, or down to bottom 
tolerance, at the same time?" 

"It's certain to happen at some 
time or another," said Smithy, 
"if only because of the natural 
cussedness exhibited by inanimate 
objects when you try to assemble 

them together. Don't forget that, 
in our example, the individual 
dimensions don't have to go to 
the actual top tolerance figures to 
get you into trouble. You'd still 
be in trouble if they just approached 
the top tolerance figures. Or, of 
course, if they all just approached 
the bottom tolerance figures." 

"Why," asked Dick, "do we have 
to have these tolerances anyway?" 

"Because," replied Smithy, "it's 
impossible to make anything exact. 
You can only make things to a 
dimension with a tolerance on 
either side." 

Back To Base 
Smithy looked at his watch. 
"It looks as though our time 

on this boat is nearly up," he 
remarked. "We'd better start getting 
back." 

"Okey-doke," said Dick, inserting 
the oars into the rowlocks which, 
he was careful to check, were now 
correctly orientated. "Incidentally, 
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Fig. 3. A symmetric multivibrator. The time that V1 's cut off during the 
multivibrator cycle is proportional to C1 RI, and the time that V2 is cut off is 

proportional to C2 R2 

how is it that I've been doing all 
the rowing this afternoon?" 

"It's just the natural order of 
things," explained Smithy airily. 
"When we got into the boat I took 
the initiative by sitting in the stern 
first, whereupon you had to sit 
on the other seat. After which, the 
only obvious conclusion was that 
you also had to do the rowing." 

"Trust me," grumbled Dick, as 
he pulled at the oars, "to get caught. 
Anyway, how does this build-up 
of tolerance affect things like TV 
circuits ?" 

"You can get a build-up of 
tolerances in such things as resistors 
and capacitor values," replied 
Smithy. "One instance which comes 
to mind is given in a timebase 
employing a valve multivibrator. 
(Fig. 3). As you know, the length of 
time that one of the valves is cut 
off during the multivibrator cycle 
depends on the time needed for 
its grid capacitor to discharge, into 
its grid leak, sufficiently far for the 
valve grid to go above cut-off. 
This time is proportional to the 
product of the capacitance and 
resistance. If the capacitor and 
resistor had maximum values, within 
their tolerance, the time the valve 
was cut off would be disproportion- 
ately longer than if they both had 
their nominal values. Let's say 
for the sake of argument, that the 
resistor is IOOk12, that the capacitor 
is 100pF, and that both are 20% 
components. If both were on top 
tolerance they would have values 
of 120kO and 120pF respectively. 
The cut-off time is proportional to 
the product of the resistance and 

capacitance so it now goes up by a 
factor of 120 times 120 divided by 
100 times 100, which is 1.44. So 
the time has gone up by 44%. 
The grid cut-off voltage is liable to 
vary for different valves and, if 
this were at the low end of the 
range offered by the valve type 
employed, the cut-off period would 
be longer. However, you can't 
talk of tolerances on grid cut-off 
voltage because the appropriate 
figures aren't normally quoted by 
valve manufacturers. Nevertheless, 
the multivibrator example gives an 
idea of the sort of build-up that 
can occur with electrical components. 
Hallo, we're getting near the landing 
point." 

Dick turned round briefly. A 
young couple on the shore were 
chatting amicably together, waiting 
for the return of one of the boats 
so that they could have their turn. 
Out of the corner of his eye, he 
espied another boat which was also 
approaching the landing point. 

"There's the boat with those two 
we saw in," he remarked, redoubling 
his efforts at the oars. 

Dick was nothing if not oppor- 
tunist, and the boat bearing Smithy 
and himself arrived at the landing 
at just the right time to enable 
him to jump out, tie up the girl's 
boat as it came alongside, and then 
offer a gentlemanly hand of assist- 
ance to its young female occupant. 

"Thank you, dearie," came a 
hoarse voice from his rear, and the 
discomfited Dick suddenly found 
the hand of the peroxided lady 
clutching at his arm. A considerable 
amount of his time was then taken 

up in the process of hoisting up the 
bulk of this lady, and Dick's irrita- 
tion at the unexpected turn of events 
was not reduced when he saw that 
Smithy had wandered up and was 
now in deep conversation with the 
young girl, who still sat in the prow 
of the boat. The couple on the 
shore had already claimed the 
boat he and Smithy had vacated, 
and were pushing her off. 

When, at length, Dick finally 
succeeded in getting his charge 
safely ashore, he was further dis- 
concerted to see Smithy hop into 
the boat and take her place. The 
brown -haired girl deftly unhitched 
the line and gave an expert pull 
at the oars. 

"You might," said Smithy non- 
chantly, as he glided past his dumb- 
founded assistant, and out into the 
lake, "do me a favour and pay the 
man for another hour on this boat. 
This young lady's transistor radio 
seems to have gone wrong, and 
I'm going to fix it for her." 

Smithy's voice faded as the boat 
bore him away. 

"Well now, dearie, isn't it kind 
of your friend to offer to help my 
niece like that?" 

Shuddering, Dick turned to look 
at his companion. 

"You know, dearie," she con- 
tinued, "I always do love being 
rowed about on the lake, and I'm 
certain that a handsome young 
man like you would be only too 
happy to oblige. Wouldn't you, 
dearie? Why, there's another boat 
coming back now, and it will be all 
nice and cosy for the two of us." 

An arch smile created a network 
of deep ravines in the face -powder, 
and the lumbered Dick gritted his 
teeth. As he walked furiously to 
the little office at the landing -place 
he mentally fought down his rage 
at all the outrages to which he had 
just been subjected: his having to 
pay for both Smithy's boat and 
the one he was now about to take 
out; his having to pull the bulk of 
Madame Peroxide about the lake 
for a full devastating hour; and 
the thought of Smithy now taking 
his ease whilst the girl of the light 
brown hair rowed him around. 

By a superhuman effort, Dick 
managed to keep his fury within 
bounds. A build-up of tolerances, 
indeed. 
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SIMPLE 

COMBINATION 

LOCK 

By J. DAICH 

rIS LOCK WAS DESIGNED SO THAT ONLY OPERA- 

tions in the right order would open it. 
Incorrect operations cause it to be re -set. 

The basic requirements are: 3 relays with 2 
single pole make contact sets each, 9 press switches, 
of which 3 are push -to -make and 6 are push -to - 
break, and a battery. The battery can be of small 
size as current is only drawn when buttons are 
pressed in the correct sequence. 

The Circuit 
The circuit is shown in Fig. 1. It will be seen 

that when S1 is closed relay A operates and, in 
so doing, short-circuits S1 by its contacts Al and 
latches itself on. Contacts A2 also close, so that 
pressing S2 causes relay B to operate. Relay B 

Fig. 1. The circuit of the lock. A solenoid or other 
device is energised when contacts C2 close, thereby 
causing the lock to open. Each relay has two sets of 
contacts which close on energising, these being 
identified as Al, A2, 81, 82, Cl and Q. Relay 

coils are shown as rectangles 

O 0 0 
S4 S5 S2 

O 0 0 
S3 S6 57 

O 0 0 
S SI S9 

Fig. 2. The press switches may be laid out in random 
fashion, as in the example shown here 

latches on by short-circuiting S2. At the same time, 
contacts B2 close, enabling relay C to be energised 
by S3, whereupon it latches on and its contacts 
C2 complete the external circuit and open the 
lock. 

Components List 
Relays 

3 relays, each with 2 single pole make contact sets 

Switches 
S1 to S3 3 push -to -make switches 
S4 to S9 6 push -to -break switches 

Battery 
Battery of suitable voltage to energise relays 

Relay 

S4 

S5 

S6 Relay Relayl 

U53 
uG2¡ S7 

S8 

To 
external 
circuit 

There are 6 push -to -break switches 
in series with relay A. Pressing any 
of these causes this relay to de - 
energise and the lock to re -set. 

A suitable panel layout for the 
press switches is shown in Fig. 2. 
The switches are positioned in 
random fashion, and any other 
random layout can be employed 
instead. 

It will be noted that a considerable 
number of combinations is available, 
of which only one, the pressing of S1, 
S2 and S3 in sequence, is successful 
in opening the lock. The number of 
combinations can be made greater 
by increasing the number of stages 
or by increasing the number of 
push -to -break switches in series 
with the coil of relay A. 
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BASIC RADIO CONTROL 

Part 2 

By F. L. THURSTON 

* field Strength Meter 

* Single Channel "Carrier" Transmitter 

* Output Monitor 

Last month our contributor introduced the subject of radio control by discussing the various 
systems which are currently in use. In this month's issue he describes a single channel "carrier" 
transmitter, whilst next month's article will be devoted to a super -regenerative receiver which 

is designed to work in conjunction with the transmitter 

SINGLE CHANNEL "CARRIER" CONTROL SYSTEM. 
As was mentioned in last month's article, the 
most simple of all radio control systems, and 

thus the easiest to start with from the constructional 
point of view, is that using the single channel 
"carrier" principle. Here, no modulating signal is 
needed at the transmitter, and its design can thus 

The field strength meter with its aerial fitted 
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be fairly simple and, consequently, comparatively 
inexpensive. At the receiver end of the system, a 
simple super -regenerative detector circuit is used, in 
conjunction with an audio amplifier and filter 
circuit and a noise operated switch. This system 
relies on the fact that, when no carrier signal is 
present, the output of the super -regenerative detector 
contains a great deal of noise, this noise disappearing 
when the carrier signal is picked up by the receiver 
aerial. In this month's issue we shall give a practical 
example of a transmitter of this type, to be followed 
by full constructional details of a suitable receiver 
system next month. 

It must be pointed out that the advantages and 
disadvantages of single channel "carrier" systems 
should be evaluated before embarking on the 
building of the transmitter. These are discussed in 
this article immediately after the description of the 
field strength meter. A radio control licence is also 
required to operate the transmitter, and application 
for this should be made to Radio Services Depart- 
ment, Radio Branch, Amateur Licensing Section, 
G.P.O. Headquarters Building, St. Martins -le - 
Grand, London, E.C.l. 

Field -Strength Meter 
One of the snags of building one's own electronic 

circuitry is that a certain amount of test equipment 
is needed if optimum results are to be obtained. In 
the case of home -built radio control transmitters 
one particular piece of test gear, not normally found 
in the electronic workshop, is essential. This is a 
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field -strength meter. Fortunately, a field -strength 
meter is a very simple device, and is inexpensive 
and very easy to construct. It is used to indicate 
the relative strength of the "field" radiated by the 
transmitter aerial. The transmitter and aerial are 
adjusted to obtain the best possible reading on the 
field -strength meter, this ensuring that the radiated 
signal, and thus the range of the system, is at 
maximum. 

Fig. 1 shows the circuit diagram of a suitable 
field -strength meter; and this piece of test gear 
should be built before any attempt is made to 
construct a transmitter. The radiated carrier signal 
is picked up by the field -strength meter aerial, which 
consists of a 24in length of stiff wire, and is fed, via 
Cu to the tuned circuit formed by L1, C2 and C3. 
C3 is a small variable capacitor, and enables the 
frequency of the tuned circuit to be varied by a small 
amount about a pre-set value. The signal from the 
tuned circuit is rectified by D1 working into C4, and 
the resulting d.c. is applied to the meter circuit given 
by M1 and R1. M1 is a 50µA moving coil meter, 
and R1 is used as a sensitivity control. 

[f preferred, the field -strength meter may be 
simply "lashed" together, using any meter that 
happens to be available, and acceptable results will 
no doubt still be obtained. It should be remembered 
however, that the unit may have to be used "in the 
field", and may take a certain amount of physical 
punishment in the process. It is therefore recommen- 

Components List 
(Fig. 1) 

Resistors 
R1 50kû variable 

Capacitors 
C1 50pF silver -mica 
C2 12pF silver -mica 
C3 25pF variable. Type C.804 (Jackson Bros.) 

or similar. 
C4 0.005µF ceramic 

Inductor 
L1 12+ turns of enamelled 24 s.w.g. copper 

close -wound on former with iron dust core. 
Coil former 0.27in diameter (Radiospares) 

Diode 
D1 OA70 or similar 

Meter 
M1 50µA f.s.d. moving coil with 1* x lein face. 

Imported. (Newbury Radio (Forest Gate) 
Ltd.) 

Miscellaneous 
2 aerial plugs (miniature plugs-Radiospares) 
2 aerial sockets (miniature sockets-Radiospares) 
6 x 3 x 21 -in chassis and panel to fit 
24in stout copper wire, or similar 
2 knobs 
Self -tapping screws (see text) 

The remote control transmitter, complete with output 
monitor 

ded that the unit be made as neat and robust as 
possible; in this context, the method of construction 
shown in Fig. 2 and in the photographs is strongly 
recommended. 

Here, the unit is housed in a strong and presentable 
case, which is in fact a standard 6 x 3in aluminium 
chassis with strengthened corners and having a depth 
of 21 -in. Construction of the instrument is started 
by cutting and drilling an aluminium front panel to 
size, as shown in Fig. 2 (a). In the absence of a 
special cutting tool, the best way to cut the hole for 

At Plug and socket 

Fig. 1. The circuit of the field -strength meter. This 
must be constructed before commencing work on the 

transmitter 
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A- drill to tear self -tapping mounting screws 

B -trill to clear aerial sockets 
(a) 

Aerial socket 

Fixed vanes 

Aerial socket I Moving vanes 

(b) 

Fig. 2 (a). Front view of the aluminium panel for the 
field -strength meter. The four holes designated "A" 
take self -tapping screws which pass into angled 
strengthening brackets fitted in the case, and which 

enable the panel to fit flush 
(b). The rear of the panel, showing the wiring and 
components. In the prototype the moving vanes of C3 
connect to the metal panel by way of its mounting 

bush 

the meter is to mark out its outline with a pair of 
compasses, and then make the cut-out with a fret -saw 
fitted with a metal cutting blade; these blades are 
available from most tool stores for a few coppers. 
In the prototype, the meter was an inexpensive Jap- 
anese type having a face measuring 11 by 1$in. Next, 
secure the meter, the tuning control (C3) and the 
sensitivity control (R1) to the front panel. Note 
that the aerial is secured to the instrument by a pair 
of Radiospares miniature sockets bolted to the front 
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panel, and these should also be carefully secured in 
place at this stage. 

Next wire up the unit as shown in Fig. 2 (b). The 
coil, LI, is made by close -winding 124 turns of 
24 s.w.g. enamelled copper wire on a standard 
Radiospares 0.27in diameter coil former fitted with 
an iron dust core. After winding, the coil is secured 
to the coil former by a few dabs of polystyrene dope 
or similar fixative. 

The aerial may be made, as in the case of the 
prototype, from heavy gauge copper wire, and it 
should have a total length of approximately 24in. 
Note that one side of the tuned circuit is connected 
to the metal front panel and case (via C3 spindle in 
the prototype), and that this connection is essential 
for best results. 

If a calibrated signal generator is available, the 
unit may be set up by coupling a 27 Mc/s signal to 
the field -strength meter aerial via a loop of wire (an 
actual physical connection is not necessary here) 
whereupon, with R1 set to minimum and C3 set to 
mid -travel, the iron dust core of L1 should be 
adjusted for peak reading on the meter. If a signal 
generator is not available there is no need to worry, 
since this test is not essential but merely a matter of 
convenience. All transmitters to be described in 
this and subsequent articles are crystal controlled, 
and no trouble with carriers being radiated outside 
the permitted frequencies should be experienced. 

Finally, the field -strength meter can be completed 
by securing the front panel to the case by means of 
self -tapping screws secured into angled strengthening 
brackets fitted at the corners of the case.' The front 
panel can be marked, if required, with the aid of 
Panel -signs or direct lettering. 

The Transmitter 
Before dealing with the constructional details of 

this particular transmitter, it is necessary to give the 
reader a few words of warning on the advisability or 
otherwise of using the unit. 

First, it must be stressed that, as well as being the 
most simple of all radio control systems, the single - 
channel "carrier" type is the most interference -prone 
and inefficient. It should not, however, be thought 
that the system is "useless"; indeed, the system can 
be very effective as long as its limitations are recog- 
nised. These limitations are (1) that the system is 
exceptionally prone to interference from other 
transmitters and other sources of r.f. radiation, and 
(2) that the effective range of the system is far less 
than that obtained with other systems. 

In practice, these two limitations mean that the 
system is not recommended for use in aircraft, where 
an incorrect reaction (due to interference) may 
result in the destruction of the model, but that it is 
still very useful for the control of model boats and 
motor vehicles, particularly where range is to be 
kept to far less than a couple of hundred yards. The 
effective (reliable) range of the "carrier" system to be 

I The self -tapping screws used in the prototype field strength meter 
and transmitter were No. 4 P.K. (full diameter 0.112in.) by ¡in with 
pan head (similar to cheese head).-Editor. 
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Transmitter 
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T 
BI 

9V 

T B2 =cB 
9V 
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aerial i 
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CI Llpb 

XtalT II T 
27Mc/s C31: 

I 

rig ̀ TR1 

BSY26 

C9 Di R4 

Aerial socket 

7 

TR2 

BEY 17 

L3 

C4 00 C5 

L4 

Monitor 

R6 

Monitor 
case 

TRI -TR2 connections 

F_g. 3. The circuit diagram of the transmitter. The monitor unit is an optional extra, and it fits into the transmitter 
by means of an integral jack plug 

Components List 
(Fig. 3) 

N.B. Components marked with an asterisk are only required if the monitor unit is to be used 

Resistors 
(AU fixed resistors * watt carbon, 10%) 

R1 22kí1 
R2 10k52 
R3 120û 

*R4 2.2k52 
*R5 68k52 (may require adjustment) 
*R5 33052 
*R7 50k1 skeleton pre-set 

Capacitors 
(Fixed capacitors should be as small as possible and 
could be, for instance, subminiature ceramic. Cl, C4 
and C6 should, however, be miniature silver -mica. 
Unless otherwise stated, working voltages are 18 or 
greater. The prototype employed sub -miniature 
capacitors obtained from Newbury Radio (Forest 
Gate) Ltd.) 

C1 22pF 
C2 0.01µF 12V wkg. 
C3 0.01µF 
C4 33pF 
C5 3-30pF concentric trimmer (Mullard) 
C6 47pF 
C7 0.005µF 
Cs 0.1µF 

*C9 56pF 
*C10 0.01µF 
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Inductors 
L1 5+10 turns 24 s.w.g. enamelled wire on 

Radiospares 0.27in diameter former, with 
iron -dust core. Close -wound 

L2 50 turns of 36 s.w.g. enamelled silk -covered 
wire on 100k52 4 watt 20% resistor (see 
text). Scramble or pile -wound 

L3 10 turns of 18 s.w.g. enamelled copper 
wire, ¡in i.d. 

L4 As L2 
*L5 As L2 

Transistors 
(Transistors are available from Newbury Radio 
(Forest Gate) Ltd.) 

TR1 BSY26 (S.T.C.) 
TR2 BFY17 (S.T.C.) 

Diode 
*Dl OA70 (Mullard) 

Crystal 
Brush Clevite, midget radio control type in 27 Mc/s 
range. A matched pair (see text) is recommended if 
future projects are to include superhet receivers. 
(Teleradio, 325-327 Fore St., London, N.9.) 
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Aerial 
Teleradio antenna type CLV80, with insulated 

socket. (Teleradio, 325-327 Fore St., London, 
N.9.) 

Meter 
*M1 501LA f.s.d. moving coil with 11 x l*in face. 

Imported. (Newbury Radio (Forest Gate) 
Ltd.) 

Switch 
S1 Miniature Push -Button Switch, Push -To - 

Make (Radiospares) 

Batteries 
B1, B2 9 -volt battery type DT7 (Exide) 

described is approximately 150 to 200 yards ground - 
to -ground. 

The second point that must be stressed is that, 
since the articles which will follow this 3 -part series 
are intended to be progressive, (in that a whole range 
of systems, becoming progressively more complex, 
are to be described), components have been employed 
that are suitable for use with a whole range of 
circuits, and are not necessarily the least expensive 
types available for any one particular circuit. In 
particular, a fairly expensive centre -loaded aerial is 
specified for all transmitters to be described, although 
this may be considered as a luxury for some of the 
single channel equipment. Again, it is recommended 
that a special pair of matched sub -miniature crystals, 
at approximately £3 per pair, be purchased initially, 
bearing in mind that it may be decided to use a 
superhet receiver for radio control at a future date. 
For many applications, however, a normal crystal, 
costing approximately 25s., could be used.2 Thus, 
the cost of building some of the equipment to be 
described is not as low as it could be. 

2 The matched pairs are intended for superhet working, one being 
fitted at the transmitter and the other at the receiver, and they are 
available with difference frequencies of 455, 465 and 470 kc/s. The 
radio control articles planned for publication later will require 465 kc/s 
spacing between the matched pair of crystals and readers should, in 
consequence, obtain matched pairs with this difference frequency. 
-Editor. 

Internal view of the plug-in monitor unit 
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Plug and Socket 
*PL1 "Standard" jack plug (Radiospares) 
*SKT1 Closed circuit jack (Radiospares) 

Miscellaneous 
3 -pin transistor holder, Cat. No. TR34 (Home 
Radio (Mitcham) Ltd.) 
Veroboard, 0.lin hole matrix, dimensions as in 
Fig. 4 (a), (Newbury Radio (Forest Gate) Ltd.) 
Battery connectors 
Self -tapping screws (see text) 
Material for chassis and brackets, etc. 

NOTES: 
1. The address of Newbury Radio (Forest Gate) Ltd. is 274 
Romford Road, Forest Gate, London, E.7. 
2. Radiospares components may only be obtained through retailers. 

Having cleared up these points, it is now possible 
to get down to the details of the practical transmitter. 
Fig. 3 shows the circuit diagram of this unit. 

As can be seen, the circuit uses only two transis- 
tors, both n.p.n. types, in a fairly simple circuit. 
TR1 is wired as a crystal oscillator. For practical 
purposes this part of the circuit can be regarded as a 
conventional common emitter amplifier, with the 
base -bias network being given by R1 and R2, and 
with emitter bias resistor R3 bypassed by C2. The 
collector load is the tuned circuit L1, C1, and this, in 
conjunction with the crystal, gives 180° phase shift 
from the collector to the base at the crystal frequency 
of 27 Mc/s, whereupon the circuit oscillates at this 
frequency. 

A fraction of the oscillator signal is fed, via C3, to 
the emitter of the power amplifier stage, TR2, which 
is wired in the grounded base configuration. The 
signal at the collector of TR2 is fed into a complex 
tuned circuit, which includes the centre -loaded 
aerial and C4, C5 and L3. This tuned circuit is 
necessary in order to suppress harmonic radiation, 
which would otherwise cause excessive TV inter- 
ference on Band I channels. The p.a. stage is 
effectively a.c. decoupled from the supply line by 
L4 and C6. 

The transmitter is "keyed" by means of a push- 
button On -Off switch wired in series with the nega- 
tive supply line from the batteries. An 18 volt supply 
is used. 

Also shown in the diagram is a "luxury" feature, 
which may, if preferred, be omitted. This is an out- 
put monitor, which is fitted into the transmitter case 
by means of a jack plug and socket. The signal that 
is fed into the aerial has a small part tapped off and 
fed, via C9, to the inductive load L5, and that signal 
is then rectified and filtered by D1 and C10, the d.c. 
output being fed to the meter socket and thence to 
the meter. This gives an indication of the presence 
of a signal at the base of the aerial. It must be 
emphasised that, in this particular transmitter, the 
output meter can not be relied on for use as a tuning 
meter, and a separate field -strength meter is still 
essential when setting up the transmitter. If the out- 
put meter facility is not required, C9, C10, L5, D1, 
R4 and the socket need not be fitted in the transmitter. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 

(o) 
To meter socket To earth tag(+ve) To aerial socket 

I 2 3 4 5 6 7 8 9 10 12 13 14 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

16/15 
16 /16 

R4 
16 23 1C 16(25ZD112 16/31 

14/18 14/23 O 14/25 14/31 14/5 14/7 14/8 14/13 

11/22 y lll/23 11/27 

6/20 

T/ 82 
I,\ 5/23 
1215/22 1 4/24 

4/17 4/20 link 

3/10 3/12 3/16 /3/18 3/23 324 CS` 

6/32 6/33 

3/29 

3/33 

To Si (-ve) 
(b) 

Fig. 4 (a). The copper side of the Veroboard after the strips have been cut and the holes drilled 
(b;. The plain side of the Veroboard with components mounted. Each connection has a two -figure code, the first figure 

indicating the strip and the second figure the hole along the strip 

Construction used. In case of difficulty, suitable panels can be 
The circuit is wired up on a piece of Veroboard obtained from Newbury Radio (Forest Gate) Ltd. at 

panel, with O.lin hole spacing. It should be noticed the address shown in the Components List. 
that this is a far smaller matrix than that usually Start construction by cutting the Veroboard panel 
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L1 

(a) 

..........04:S027..-----L2.L4.L5 

L3 

3/ 

14/13 

Fig. 5 (a). How coil L1 is wound 

(b). Coils L2, L4, and L5. These each consist of 50 
turns on a high value resistor 

(c). Coil L3 is self-supporting, and has 10 turns 

to size and carefully break the continuity of the 
copper strips, as shown in Fig. 4 (a), with the aid 
of a small drill or special cutting tool that is available 
for this operation. Next, drill the small holes in the 
panel, as indicated. 

Wiring up of the panel should be carried out "by 
numbers", in the following manner: 

(1) Secure the 0.27in diameter Radiospares coil 
former, with iron -dust core, in place on the panel 
with the aid of two 8BA screws and nuts. Now, 
using 24 s.w.g. enamelled copper wire, close -wind 
the coil L1 on the former, as shown in Fig. 5 (a). 
Wind clockwise from the base upwards for 5 turns, 
form a loop, and then continue the winding, still 
clockwise, for another 10 turns, finally soldering the 
free end of the wire in place on the Veroboard. 
Solder a lead from the tap to the Veroboard panel, 
as shown in Fig. 4 (b). 

(2) Take a small 3 -pin transistor holder (see 
Components List) and remove the centre pin; now 
solder the modified holder in place on the panel by 
means of the two remaining pins. Press the sub- 
miniature 27 Mc/s crystal in place in the holder. 

(3) Wire R1, R2, R3, Cl, C2, and Cg in place. Also 
solder transistor TRI in place, taking care to ensure 
that it is wired with correct connections, and using 
a heat shunt on the leads when soldering. Check the 
rear (copper side) of the panel and make sure that 
no short-circuits are occurring across the lands 
between the copper strips. The circuit can be given 
a simple functional check at this stage by tempor- 
arily connecting the 18 volt supply to strips 3 and 14, 
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taking care to use the correct polarity (See Fig. 4 (b)), 
and placing the aerial of the field -strength meter 
very close to LI. If no reading is obtained, adjust 
the core of L1 until the circuit oscillates correctly. 

(4) Remove the temporary battery connection and 
wire C3 and TR2 in place. Wire in the shorting link 
from the negative line to the TR2 base circuit. 

(5). Wind the three small inductors, L2, L42 
and (if the output meter is to be fitted) L5, in the 
following manner. Take a high value (100k9) 

watt 20 % resistor; take a coil of 36 s.w.g. enamel 
and silk covered copper wire, bare -fin at one 
end and solder the bared wire to one lead of the 
resistor, close up to the resistor body3. Now 
wind 50 turns of wire tightly around the resistor 
body and finish off by baring the free end of the 
wire and soldering to the remaining lead of the 
resistor. The windings may be scramble or pile - 
wound. Wire these inductors in place on the Vero - 
board panel. 

(6). Make coil L3 by close -winding 10 turns 
of 18 s.w.g. enamelled copper wire on a ¡in diameter 
former; remove the coil from the former and solder 

3 The resistors available in the home -constructor market under the 
nominal description " quarter watt" vary somewhat in dimensions. 
The resistors used in the prototype for L2, Lt and L5 had a body 
length of tin and a diameter of approximately *in, and resistors of 
similar dimensions should be employed by constructors-Editor. 

An internal view of the transmitter. This also shows 
the angled corner brackets, to which the back plate is 

secured 
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Frg. 6 (a). The case and back plate of the transmitter. The case is a standard 6 x 4 x 2*in chassis to which angle 
brackets are fitted (not shown here). The back plate is secured to these brackets 

(b). The battery bracket. A piece of }in sponge rubber is glued to the underside of this and rests directly on the battery 
terminals 

(c). The brackets used for mounting the Veroboard. A rubber grommet is glued above each "B" hole, as described in 
the text 

(d). How the aerial socket is fixed to the case 

in place on the Veroboard. Now wire the remaining 
circuit components, including, if required, those 
of the meter circuit, in place on the panel. Do 
not, at this stage, connect the battery supply to 
the circuit. 

(7). Make the transmitter case and metal -work, 
as shown in Fig. 6(a). On the prototype, a standard 
6 x 4 x 2 -}in chassis, with angled corner brackets, 
was used as a case. The aerial specified, which 
screws into the holder fitted in the hole at the top 
of the case, must be used. The two batteries are 
held in place by the sponge -rubber faced bracket, 
which, in turn, is held in place by self -tapping 
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screws. The Veroboard panel is held in place 
on the two small, angled brackets of Fig. 6(c), 
which, in turn, are secured to the side of the case 
by self tapping screws. To prevent the underside 
of the Veroboard panel short-circuiting against 
the angle brackets, a pair of rubber grommets are 
glued to the brackets with Bostik, and act as shock 
absorbing stand-off insulators. If the meter jack 
is to be fitted, short circuits can be prevented 
between the jack and the case by sticking a few 
pieces of Fablon or a similar self-adhesive insulating 
material to the inside of the case at the "danger" 
spots. The small push-button On -Off switch, 
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Fig. 7 (a). The front panel of the output monitor 
(b). The monitor cover, before bending 

which must be of the type specified, is mounted 
to the inside front of the case. The case is "earthed" 
to the positive supply line via an earth tag bolted 
to the battery securing bracket. See Fig. 6(b). 
The back -plate is secured to the case by means of 
self -tapping screws, which screw into the angled 
corner brackets on the case. 

(8). When the case, metal work, and Veroboard 
circuitry are complete, solder one end of a 2.1 -in 
length of insulated wire to a battery terminal 
(for the positive connections) and the other end to 
the earth tag on the battery bracket; solder an 
additional length of wire (approximately Sin long) 
from the earth tag to the positive supply connection 
on the Veroboard. Now take a 4in length of wire, 
solder one end to the negative battery terminal, 
and the other end to one side of the push-button 
On -Off switch. Solder an additional length of wire, 
approximately 4in long, from the remaining side 
of the On -Off switch to the negative supply con- 
nection on the Veroboard panel. Now solder a 
2 -1 -in lead from the aerial point on the Veroboard 
panel to the aerial socket at the top of the case. 
If the monitor is to be fitted, wire the lead from the 
panel to the monitor jack. Finally, mount the 
Veroboard panel over the two rubber grommets 

and secure the panel to the small angled brackets 
by means of self tapping screws. 

(9). Fit the two 9 volt batteries in place, joining 
them electrically by two terminals soldered to a 
short length of wire, and, after fitting the positive 
and negative output leads in place, clamp the 
batteries down with the battery bracket, making 
sure that no short-circuits occur to the case. Fit 
the centre -loaded aerial in place and extend it 
fully. Now place the field -strength meter a couple 
of feet away from the transmitter, and press the 
keying button; an indication should be obtained 
on the field -strength meter. Adjust the iron -dust 
core of L1 for maximum signal strength, then turn 
the core back a full turn. Next trim C5, for maximum 
signal, moving the field -strength meter to about 
10-12 feet away from the transmitter, then alter- 
nately adjust the iron -dust core at the centre of 
the aerial and C5 for maximum signal strength. 
As an indication of the results to expect, at a 
range of 10 feet with the centre of the field -strength 
meter aerial in the same plane as the centre of the 
transmitter aerial, the two aerials being parallel, 
an indication of between half and full scale should 
be obtained on the field strength meter when set 
for maximum sensitivity. The transmitter battery 
drain should be approximately 28mA when trans- 
mitting. 

Once these adjustments have been made, the 
transmitter is complete and ready for use. It 
must be noted that the keying button must not be 
pressed when the aerial is removed or fully retracted, 
as damage to the output transistor may result.4 
The back panel can be secured to the case, any 
small adjustments for maximum output being 
made at the aerial tuning slug from this point on. 

Output Monitor . 

Fig. 7 shows the constructional details of the output 
monitor, if required. The front panel is made in 
light gauge aluminium to the dimensions shown in 
Fig. 7 (a), the meter hole being cut, with the aid of 
a fret -saw fitted with a metal cutting blade, after the 
panel has been bent to shape. The jack plug is a 
Radiospares "Standard" type and it is locked in 
position by the body of the moving coil meter. 

In Fig. 7 (a), hole "B" is 6BA clear. A solder 
tag is fitted at this hole, one tag of the skeleton 
potentiometer, R7, being soldered to this tag. 

The cover is made of very light gauge aluminium. 
It is initially cut as shown in Fig. 7 (b). Then, bend 
parts 1 upwards at right angles to parts 2. Next, 
bend parts 2 upwards at right angles to part 3. Coat 
the rear of parts 1 and the front of part 4 with 
Araldite adhesive, and bend part 4 upwards at right 
angles to part 3 until parts 1 and 4 are in contact. 
Bind with elastic bands and leave until the adhesive 
has set. Next drill hole "C" in parts 1 and 4 to line 
up with hole "A" in the front panel. A self tapping 
screw passed through these holes secures the assembly 

4 If desired, a separate on -off switch, in series with the negative 
supply lead, could be incorporated to obviate the risk of damage 
should St be pressed inadvertantly.-Editor. 
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together. Before assembly, the ¡in hole which 
provides access to R7 must also be drilled. 

The wiring inside the monitor is of a simple 
nature and may be carried out after consultation of 
the circuit diagram and the photograph of the 
internal view. When completed, the case may, if 
desired, be covered with Fablon or a similar self- 
adhesive decorative plastic. Other finishes will also 
suggest themselves to the constructor. It should be 
noted that the value of R5 may require adjustment 
after completion of the transmitter and monitor, in 
order to obtain best meter indications. 

Finishing 
To give a neat finishing touch to the transmitter 

and monitor, appropriate wording may be applied 
to the front panels by means of Panel -Signs transfers 
or direct lettering. 

Next Month 

This particular series of three atricles will be 
concluded next month when constructional details 
of a super -regenerative single channel "carrier" 
receiver, suitable for use with this transmitter, will 
be given. Scheduled for the near future are further 
articles by the same author describing the construc- 
tion of more complex equipments. 

THE DESIGN AND CONSTRUCTION 

OF MEASURING BRIDGES Part 2 

by W. KEMP 

In this second article in our 3 -part series on general attributes of bridge circuits, our contributor 
discusses the design of a precision Wheatstone bridge for resistance measurement, and describes 
a novel design for a low-cost decade resistance box. Also introduced is the subject of a.c. bridges 

IT WAS MENTIONED IN THE LAST ARTICLE 
that a practical limit is set to the maximum 
resistance which the bridge can read by the 

voltage available and the sensitivity of the indicator. 
There is also a practical limit to which the bridge 
can accurately read low values of resistance, and 
this is set by the contact resistance of the switches 
and by the unwanted resistance of the bridge wiring. 

While neither of these problems can be com- 
pletely eliminated, they can be reduced. The wiring 
should be kept as short as possible and should 
be of a reasonably heavy gauge in order to reduce 
trouble from its resistance, and all soldered joints 
must be well made. 

Regarding the switching, there is of course a 
certain amount of resistance between the contacts 
and the wiper of any switch, and unfortunately 
this resistance is not constant. While it might 
only be of the order of 0.0552 or less, it must be 
remembered that this represents an error of 5% 
to a 152 resistor. Special switches are available 
with very low contact resistance for use in precision 
instruments, but these only serve to reduce and 
not eliminate the problem, and they are rather 
on the expensive side. If desired, switching can be 
eliminated altogether from the bridge, terminals 
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being used instead, but this will result in a bridge 
that is rather unwieldy to use, and it is not re- 
commended unless it is essential that very low values 
of resistance be known to a great accuracy. 

As in most cases in electronics, the best solution 
seems to be to arrive at a compromise and accept 
a unit that has a high degree of accuracy o'er most 
of its range, but a slight deterioration on its lowest 
range, and thus retain the advantage of ease of 
use. 

Because of the errors that may be introduced 
by the switch contact resistance it is preferable 
not to use resistors of lower values than 1052 as 
standards in the bridge unless absolutely necessary. 

Designing a Wide Range Precision Bridge 
Let us assume that it is desired to build a Wheat- 

stone bridge capable of reading to an accuracy 
of better than 1 % over the resistance range of 
1052 to 100M 52 and as accurately as possible down 
to a fraction of an ohm. 

As a starting point, consider the variable arm 
R2. (This is shown in Fig. 1, repeated from last 
month's article). Here, decade units are recommended. 
If only three decades are used the maximum accuracy 
over the entire range (say, when reading 112.552 
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Fig. 1. The basic Wheatstone bridge. (This diagram 
is reproduced here for reference) 

on the 100052 range) that can possibly be obtained 
is slightly better than 0.5 %, i.e. a reading of either 
112 or 11312. If, therefore, a higher degree of 
accuracy than this is required, it will be necessary 
to use a four decade unit. 

The lowest value of resistance that can be used 
with any degree of reliability of calibration in the 
decade box will be 112, as already mentioned, 
and even here an error of several per cent may 
be expected. 

Two possibilities now present themselves. Either 
a four decade box with the first decade reading 
in steps of 112 giving a total of 10,00052 overall, 
may be used, or alternatively, a three decade box 
preceded by a calibrated wire -wound potentio- 
meter of 112 or 1012 may be used. 

There is a great deal to be said in favour of the 
second alternative, using a potentiometer of 112 

value, as it is by far the easiest to construct and 
can still be built to give a guaranteed accuracy, 
under even the worst conditions, of better than 
0.1%, and will generaly read better than 0.05 %. 
Such a decade box will therefore have an overall 
value of 1,00012, and from this the values of the 
remaining components can be deduced. 

The maximum reading on the lowest range of 
the bridge will be 1012 (see the Table) and successive 
ranges will go up in multiples of 10. As mentioned 
earlier, the lowest value of standard that will be 
used in the ratio arms is l0f2. 
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Fig. 6. A switching circuit which provides the ratio 
arms for a Wheatstone bridge with the minimum 

of resistors 

Remembering that R2 has an overall value of 
1,00052 and that the maximum reading on the 
lowest range is 1012, from the formula R1 x R4= 
R2 x R3 it can be seen that 10 x R4 must equal 
1,000 x R3. The minimum value for R3 is 1012 
so that to satisfy the formula R4 must be 1,00012. 
The component values for the first range, which 
will be called Range 1, have thus been deduced, 
and by a similar process the values of the remaining 
seven ranges can be established. The Table gives a 
tabulated list of the results obtained. 

It will be noticed from the Table that the only 
time that two resistors of the same value are in 
circuit together is on Range 3, when two 1012 
resistors are used. It is therefore possible to arrange 
the switching of the ratio arms in such a way that 
only seven resistors need be used to cover the com- 
plete range of the bridge. Fig. 6 shows the switching 
layout that can be employed to achieve this. It 
can be seen that one 8 -way 2 -pole switch is used, 
but in practice this will probably consist of a ten 
way switch suitably modified. One end of each 
resistor is joined to a common point or bar. The 

Fig. 7. A decade box which offers continually variable values of resistance from less than 112 to 1,00012 
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references A, B and D correspond to the similarly 
marked points in Fig. 1. 

There are two possible ways in which the decade 
boxes may be built. Fig. 7 shows one method, 
in which three 10 -way single pole switches and one 
potentiometer are used in conjunction with 27 
resistors. 

The alternative to this is based on quite a different 
system. It is a fact that if a series of numbers, 
starting with 1, are taken up to the power of two, 
i.e., 1,2,4,8,16,32, etc., then any number can be 
obtained from the sum of some of these. For 
example, 15=8+4+2+1. Again, 19=16+2+1. 

In our case it is only necessary to go up to 9 
and this can be done using resistors of 1,2,4, and 
8 units value, so that it can be arranged that, 
instead of using nine resistors in each decade, 
only four need be used. A price has to be paid 
for this reduction in components in the form 
of more complex switching arrangements. 

It will be noticed that with this four -resistance 
method that in order to obtain a value of 752 it 
is necessary to sum three resistors, i.e., 1,2 and 452. 
This will necessitate the use of a 3 -pole switch. 
If the 852 resistor is changed for one of 752, however, 
the switching can be carried out with a 2 -pole 
switch, as long as numbers greater than 9 are not 
required. Fig. 8 shows the wiring layout for the 
complete decade box using this system. Three 

B 

In ww 

variable 

5 

7.- 

2 

lb 
9 

I 
20 

0 

TABLE 

Resistance values in R3 and R4 for Ranges 1 to 8 
(R2=0-1,00012 variable resistor) 

Range x(52) R3 R4 

1 0-1052 1052 1 k 
2 0-10052 1052 10052 
3 0-11(52 1052 1052 
4 0-101(12 10052 1052 
5 0-100k12 1k52 1052 
6 0-1M52 1Ok52 1052 
7 0-101%452 1001(52 1052 
8 0-100M52 1M52 1052 

10 -way, 2 -pole switches and one 10 potentiometer 
are used, in conjunction with twelve resistors. 
The references B and C correspond to the similarly 
marked points in Fig. 1. 

Choice of Resistors as Standards 
The type of resistors used as standards in the 

bridge will depend on the accuracy required from 
the instrument. If only "rough" indications are 
required then 2% to 5% carbon resistors may be 
used. If it is required to have a final accuracy 
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Fig. 8. A switching circuit which offers the same range as is given by Fig. 7, but with much fewer resistors 
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Anchor points 

Fig. 9. Winding a resistor on a flat strip of Paxolin 

of about 2% then 1 % high stability or wirewound 
types must be used. At accuracies greater than this 
the cost of commercial components becomes pro- 
hibitive, and the amateur will probably find it 
necessary to make his own. This is a time-con- 
suming but not difficult job, and there is no reason 
why the patient constructor should not end up 
with a bridge that can measure to an accuracy 
of a fraction of 1 %. 

Before going on to the actual construction of 
the resistors, it will be as well to make a few notes 
about the different types of resistance wire that 
can be used. Broadly speaking, there are three 
types, Eureka or Constantan, Manganin, and 
Nickel -chrome. 

Nickel -chrome has a resistivity about 61.5 times 
that of copper which is the highest for the normal 
resistance wires, so that it is most used where very 
high resistances are needed and other types of 
wire would have to be excessively long. It can 
also be run at a high temperature without damage. 
Its temperature coefficient per degree Centigrade 
is 0.0002. 

Eureka or Constantan has a resistivity about 
28.5 times that of copper. Its temperature coefficient 
is 0.00001, far better than that of Nickel -chrome. 
It is easily soldered, but does not stand up well 
to excessive temperatures.* 

Manganin has a resistivity slightly less than that 
of Eureka, but has an even better temperature 
coefficient. It is very difficult to solder and will 

*There appear to be discrepancies between the temperature co- 
efficients quoted by different sources for resistance wires and, whilst 
these discrepancies do not detract from the author's argument, 
they may be briefly referred to. Thus, London Electric Wire Company 
and Smith's Ltd. quote a temperature coefficient of ±0.00004 per 
°C for their Eureka wire, 0.000098 per °C for their "Vacrom 80/20" 
Nickel Chrome wire, and 0.000202 per °C for their "Vacrom 15%" 
Nickel Chrome wire.-EDITOR. 

Long screw s nut 

Fig. 10. Long lengths of resistance wire may require 
the use of a bobbin 

50 

To anchor 
points 

Resistance wire twisted together 
and then wound on former 

Fig. 11. Preparing resistance wire for a non -inductive 
resistor 

normally need to be silver -soldered at red heat. 
After winding has been completed it should be 
completely coated with shellac varnish. It must 
then be annealed for at least 24 hours at about 
135°C. This process can result in resistors that 
have a temperature coefficient of almost zero at 
normal temperatures, and for this reason Man- 
ganin is generally used for the better types of 
standard resistors. 

It is unlikely that the reader will be willing to 
take all the trouble involved in the construction 
of the Manganin types. Eureka is nearly as good, 
and is definitely good enough for the present pur- 
pose, so it will be assumed that Eureka wire will 
be used. 

The general procedure for making the resistors 
is to first decide which gauge of wire to use, and 
then look up a set of tables and work out the length 
of wire needed to give the desired resistance. When 
this has been decided, cut off a length slightly 
longer than that indicated. 

A former is now made up from a strip of Paxolin 
or similar material, as shown in Fig. 9. The dimen- 
sions will generally be about ¡in by lin. The heavy 
wires shown locked to the Paxolin in the diagram 
are used as anchor points for the resistance wire. 
One end of the resistance wire is soldered to one 
of the anchor wires and the rest is wound round 
the former. The other end is temporarily soldered 
to the remaining anchor point. The overall resis- 
tance should now be checked against a standard, 
and adjusted as necessary. When the adjustments have 
been finalised the soldered joints should be firmly 
made and the resistance re -checked. On the larger 
resistors, where considerable lengths of wire may 

i 

IOn 

Aohms 
(any value) (approx.) 

About 
A ohms 

Fig. 12. A set-up which enables highly accurate 
resistors to be made up with the aid of two standards 

only 
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Fig. 13. The De Sauty bridge 

be used, it may be necessary to make them up 
on bobbins, as shown in Fig. 10. 

If any of the standards made in this way are 
to be used in a.c. circuits they must be non -induc- 
tively wound by winding the resistance wire back 
on itself so that the magnetic field set up by a 
current flowing in the wire is cancelled by an 
opposing field in another part of the wire, as shown 
in Fig. 11. 

It has been mentioned that when making a 
resistor it is necessary to check it against a stan- 
dard. Some readers will have such a facility at 
their place of work, but those that have not will 
probably find that the local technical college has 
one of very high accuracy, and if a letter is written 
to the Principal of the establishment explaining 
things he will no doubt give permission to use it. 

Failing this, a third method is available. It 
will be necessary to purchase two resistors of as 
high an accuracy as possible at least 0.2% of 
1052 and l0012 values. These are put in a temporary 
bridge. With reference to Fig. 1, the 1052 resistor 
will be R1 and the 10052 resistor will be R2. R3 
and R4 are formed by a resistor, a potentiometer, 
and another resistor of about ten times the value 
of the first one in series. See Fig. 12. The indicator 
is connected between the junction of R1 and R2 
at one end and to the slider of the potentiometer 
at the other. 

Fig. 14. The circuit which results when capacitor 
resistance is taken into account 

(a) 

(b) 

Fig. 15(a). The Hay bridge 
(b). The Maxwell bridge 

The potentiometer is now adjusted until the 
indicator shows a null. The ratio arms, R3 and 
R4, will now be in the exact ratio of 1 : 10. R1 - 

can now be removed and a home-made 1011 resistor 
tried in its place, and adjusted if necessary. Any 
number of 1012 resistors can be made in this way. 
When a sufficient number have been constructed 
R1 should be replaced and R2 removed, and any 
desired number of 10012 resistors made in the same 
way. 

R2 should again be removed and replaced by 
R1, the 1012 resistor. In the R1 position a 112 

resistor will be needed to give balance, so any 
number of 112 resistors can be made. In the same 
way, when R2 (10011) is removed and put in the 
R1 position, 1,00012 resistors can be made in the 
R2 position. The resistors made in this way can 
then be substituted in the ratio arm positions 
and a further series of higher value resistors made. 

When the decade box is made, the 112 potentio- 
meter should first be calibrated at the 112 point 
only. Then a 112 resistor is made up, as above. 
R3 and R4 are next made, say, 1012 each, so that 
a ratio of 1 : 1 is obtained. The 112 potentiometer 
and 112 resistor are now put in series in the R2 
position, giving 212 overall resistance. A 212 
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resistor can then be made up in the R1 position. 
This is then put in series with the 152 resistor and 
potentiometer, making R2 452 overall, and a 41-2 

resistor can then be made up in the R1 position. 
This procedure is repeated for the remaining 
resistors. 

When making resistors of over, say, 1,0001-2 
it will probably be found best to buy a high stability 
resistor of just under the required value and put 
it in series with a home-made one to bring it up 
to the required value. 

As a guide to the lengths and gauges of wire 
needed to give certain resistance values, the follow- 
ing list, for Eureka wire, should be of help. The 
lengths given are approximate only. 

112=9ins. of No. 28 s.w.g. 
101-2=23.5ins. of No. 36 s.w.g. 
1001-2=65ins. of No. 42 s.w.g. 
100052=55feet of No. 42 s.w.g. 
The Eureka wire used may conveniently be 

d.c.c. or similar. 

A. C. Bridges 
When considering the Wheatstone bridge it 

was pointed out that at balance 
Rl=RR34. 

RZ 
This of 

course is true in a d.c. circuit only. In an a.c. 
circuit, impedances must be considered and the 

formula becomes 
Z' 

=Z3 so that reactances as well 
L.2 

as resistances must be taken into account. 
The basic Wheatstone bridge can therefore 

be modified to form the basis of a large variety 
of a.c. bridges, each with its own particular advant- 

ages and disadvantages, for the measurement of 
inductance and capacitance, etc. 

The choice of a.c. bridges is so great that space 
does not permit a description of them all, and only 
the three that are of most use to the amateur will 
be dealt with here. 

A suitable circuit for measuring capacitance is 
shown in Fig. 13. From what we have seen up to now, 
the circuit is self-explanatory. The bridge is to a 
large degree, independent of frequency. At balance 

R 
Cx = (--)C1. In practice all capacitors and induc- 

1 

tors have some value of series resistance, so that the 
true circuit becomes as shown in Fig. 14. To obtain 
a true reading on the bridge this series resistance 
must also be balanced out. In Fig. 14 rx represents 
the inherent series resistance of the unknown 
capacitor, and r1 is the control used to balance it out. 

At balance r = (R2)ri. The r1 control can be calibra- 

ted to give an indication of the power factor of 
the component under test. The bridge of Fig. 13 is 
sometimes described as the DeSauty bridge. 

Two circuits for the measurement of inductance 
are shown in Fig. 15. It will be noticed that the 
reactive components are in opposite arms and that 
the inductance is balanced by a capacitor. The two 
bridges shown are the Hay (Fig. 15 (a)) and the 
Maxwell (Fig. 15 (b)). In each case it is found that 
at balance Lx=C1 x R1 x R2. The Hay bridge is better 
for measuring large values of inductance. 

In an actual test instrument one bridge can be 
converted to another type by suitable switching. 

(To be concluded) 
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RSGB NATIONAL MOBILE RALLY 
Woburn Abbey, Bedfordshire 
by kind permission His Grace the Duke of Bedford 

SUNDAY, SEPTEMBER 11, 1966 
* Park opens 11 a.m. 
* State Apartments open 
* More than 3,000 acres and 2,000 animals 
* Children's Playground, Pets Corner and 

Boating Lake 
* Restaurants and Snack Bars 

* 160 metre Pedestrian D/F Hunt 

* Children's and Novelty Sports 

* Children's Lucky -dip 

* Surplus Sale and Trade Exhibition 

* Grand Raffle (Ladies and Gents) 

CAR PARKING -- Specially reserved Rally Car Park 

TALK -IN STATIONS - GB2VHF and GB3RS 
on 2 metres (144.86 Mc s); 4 metres (70.260 Mc s); 80 metres (3.75 Mc s - s.s.b.) and 160 metres (1940 kc s) 
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N THE LAST ARTICLE IN THIS SERIES WE INTRODUCED 
the subject of oscillator frequency stability and 
noted that there are four main reasons for 

variation in oscillator frequency after switching 
on. These consisted of thermal effects resulting 
from, in particular, the rise in temperature given 
by the warming up of the oscillator valve; changes 
in supply potentials; ingress of moisture into 
components; and mechanical factors. We con- 
sidered the first two or these factors in detail in 
the previous article, and we shall next carry on to 
briefly examine the remaining two. 

Ingress of Moisture 
Ingress of moisture into oscillator components 

can cause variations in oscillator frequency, these 

due to vibration or handling. Another example 
which falls into this category is microphony. Micro - 
phony describes the condition where oscillator 
frequency varies due to vibration or noise impinging 
on the oscillator components. A common instance 
of microphony occurs with air -spaced variable 
capacitors, whose plates may vibrate in sympathy 
with sound or vibration. If a capacitor of this type 
is employed in an oscillator circuit it can vary 
oscillator frequency at the frequency of the sound 
or vibration. This effect can prove troublesome 
in radio receivers when the sound from the loud- 
speaker reaches a variable tuning capacitor, either 
via the air or by way of the chassis. The capacitor 
may be mounted on soft rubber or p.v.c. grommets 
to prevent this trouble. 

understanding 
"Squegging" and 

Receiver Reaction 

By W. G. Morley 

usually being of a long term nature. A short 
term effect under severe conditions is also feasible, 
if water is driven out of the components under 
local heat from valves and other components. 

Since it is common practice to protect coils by 
impregnation with wax, varnish or similar materials, 
and to employ protective coatings for capacitors, 
frequency variation due to the effects of moisture 
ingress is not liable to give trouble provided that 
good -quality components are employed in the 
oscillator circuit. Nevertheless, the possibility of 
moisture ingress should not be completely dismissed 
from mind, particularly with oscillators which are 
required to have a high degree of long term stability. 

Mechanical Factors 
Mechanical factors may cause variations in oscil- 
lator frequency. A typical example is given by a 
poor mechanical design which allows components 
in the oscillator tuned circuit to move in position 
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Amateur Transmitter Oscillators 

When, in the June issue, we described the Franklin 
oscillator, we saw that it was possible to couple 
the single tuned circuit that this oscillator requires 
to the remainder of the circuit by way of two small 
fixed capacitors having values of the order of 
several picofarads or less. As was stated then, 
this gives the tuned circuit a high level of isolation 
from stray capacitances in the remainder of the 
circuit. We may now see that the benefit conferred 
is that the oscillator frequency is less likely to 
vary due to changes in self -capacitances in valves 
and other components during warm-up. If the 
capacitance across the tuned circuit is high compared 
with the small -value coupling capacitors, a very 
high degree of frequency stability is feasible. 

This frequency stability makes the Franklin 
circuit attractive for amateur transmitter applica- 
tions, since it is capable of providing a transmitter 
frequency which has good stability and is also 
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cl 

Fig. 1. The basic Clapp oscillator. C5 is the grid 
capacitor, whilst C6 is a coupling capacitor 

capable of being varied by a panel control. In 
amateur transmitter parlance the oscillator then 
functions as a variable frequency oscillator, or 
v.f.o. The term "variable" distinguishes the oscil- 
lator, in this application, from the crystal oscillator 
(discussed later) which has a fixed frequency. 

A variable frequency oscillator that is very 
popular for amateur transmitting work is shown 
in basic form in Fig. 1. This is the Clapp oscillator, 
and it will be seen that it is very similar to the 
Colpitts oscillator illustrated, in the June issue, 
in Fig. 347 (c). The two capacitors C3 and C4 
have relatively high values, of the order of 2,000pF 
each, with the consequence that changes in stray 
capacitances in the grid -cathode circuit of the 
valve have proportionately less effect on oscillator 
frequency. The resonant frequency is adjusted 
by the variable capacitor C1, which may have 
a maximum value, typically, of some 50 to 100pF. 
The fixed capacitor C2, across C1, may have a 
value of the same order, and it prevents the capaci- 
tance in series with the coil from falling to too low 
a value, whereupon oscillator output is liable to 
drop. The circuit oscillates with good stability 
over the relatively small range of frequencies which 
can be selected by C1, this range being adequate 
for amateur transmitter applications. A practical 
Clapp oscillator will normally employ a valve 
having more electrodes than a triode, but this 
point will have to be discussed in a later article 
when we deal with such valves. 

Crystal Oscillators 
It is common to employ a quartz crystal in fixed 

frequency oscillators requiring a very high degree 
of frequency stability, the crystal providing fre- 
quency control instead of a tuned circuit. 

The crystal consists of a thin slab cut from the 
natural quartz crystal along a specific axis, and it 
is placed between two parallel metal plates which 
form the electrodes. Due to piezo-electric effect 
the crystal vibrates when an r.f. signal is applied 
to the two plates. The crystal can exhibit a mechani- 
cal resonance (whose frequency depends on its 
dimensions) and, if an r.f. signal at a mechanical 
resonant frequency is applied to the plates, crystal 

vibration takes place at a very high amplitude. 
The crystal assembly then functions as though 
it were a tuned circuit having a very high value of 
Q and, when incorporated in an oscillator circuit, 
offers an extremely high degree of frequency 
stability. It is not proposed to go into any further 
detail here on the crystal oscillator, and it is only 
mentioned at this stage to present a balanced overall 
picture. 

"SgUegging" 
We have seen that it is normal practice to employ 

a grid leak and capacitor to provide bias for an 
oscillator, and these are shown in the typical 
oscillator circuit given in Fig. 2. When grid leak 
bias functions correctly the capacitor becomes 
charged during each positive peak of the oscillatory 
signal appearing at the upper terminals of the 
tuned circuit, and partly discharges into the grid 
leak during the remainder of the cycle. It then 
receives a charge at the next positive peak. This 
process results in the oscillator valve receiving 
the correct amount of bias needed to maintain 
reliable oscillation, and the amplitude of the 
oscillation across the tuned circuit remains constant. 

Let us now take our examination of the grid 
leak bias circuit a little further and follow its opera- 
tion from the instant of applying h.t. to the oscillator 
when the valve cathode is at emitting temperature. 
There will be, initially, a small oscillatory voltage 
across the tuned circuit which, due to the positive 
feedback and the amplification provided by the 
valve, very quickly rises to its full operating ampli- 
tude. At this amplitude the circuit enters a state 
of equilibrium. If the oscillator amplitude tended 
to increase, the valve would receive more bias 
and the duration of the positive peaks which cause 
anode current to flow would be shorter. The 
feedback currents from the anode would then be 
weaker, with the consequence that oscillator ampli- 
tude would reduce, reverting to its previous level. 

However, should the grid capacitor be given a 
value which is grossly too large, the oscillator 
works in quite a different manner. In this instance 

Grid 
capacitor 

Tuned- - I 
circuit 

C 
Grid 
leak 

HT+ 

Fig. 2. The tuned grid oscillator. In company with 
other tuned circuit oscillators employing grid leak 
bias, this is subject to "squegging" if the grid 

capacitor has too large a value 
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we have the same increase in oscillation amplitude 
from the moment of switching on, but this time the 
grid capacitor charges and discharges more slowly. 
The oscillation amplitude rises to a level higher 
than occurred previously when the grid capacitor 
had the correct value, because the large -value 
capacitor takes longer to charge up to the potential 
which causes the requisite bias to be applied. 
Moreover, when the voltage across the capacitor 
reaches this potential, the still high amplitude of 
oscillation can cause it to slightly exceed the poten- 
tial. The valve cannot then offer sufficient amplifica- 
tion to maintain the oscillation, whose amplitude 
commences to fall. A grid capacitor of correct 
value would cause the grid bias to fall at once to 
compensate for the reduced amplitude, but our 
present high -value capacitor cannot do this. The 
potential across its plates drops at a lower rate 
than the fall in oscillation amplitude, with the 
result that the oscillation ceases altogether. The 
grid capacitor continues to discharge into the 
grid leak until the slowly reducing grid bias on 
the valve becomes sufficiently low to allow oscilla- 
tion to commence once more. Again, oscillation 
amplitude increases, and the whole process is 
repeated. 

The overall result is that the valve goes continu- 
ally in and out of oscillation, the effect being 
referred to as "squegging". The frequency at 
which squegging occurs depends mainly upon the 
values of the grid leak and capacitor and it can fall 
within the audio frequency range or it can occur 
at frequencies above the audio range. 

It is, fortunately, a simple matter to avoid squegging 
since all that is required is to choose a grid capacitor 
whose value is not too great. A practical approach 
consists of employing an oscillator grid leak of 
20 to 50k11 and a grid capacitor of around 50 to 
100pF; and these values should cope for most 
oscillators working between 500 kc/s and 10 Mc/s. 
Since, however, the onset of squegging is partly 
governed by factors in the oscillator circuit other 
than the grid leak and capacitor, these including 
the amplification provided by the valve and the 
tightness of coupling in the positive feedback 
circuit, it is difficult to state values for the grid 
leak and capacitor which will prevent squegging 
in all practical oscillators. But should squegging 
occur, and its existence may normally be readily 
recognised by the behaviour of the equipment in 
which the oscillator is fitted, all that is required is 
that the value of the grid capacitor be reduced 
until the effect clears. 

We used the tuned grid oscillator of Fig. 2 to 
provide an example for our discussion of squegging. 
The effect can similarly occur with any other tuned 
circuit oscillator employing a grid leak and 
capacitor. 

Reaction Circuits 
We have already discussed the grid leak detector,1 

and a typical circuit incorporating this detector 

t In the October 1965 issue. 

C5 
O OIpF' A.F 

output 

(a) 

(b) 

(c) 

Fig. 3 (a). A typical grid leak detector circuit, with 
representative component values for medium wave 
operation. A subsequent a.f amplifier feeding a 

loudspeaker or phones is assumed 
(b). In this circuit C3 is omitted, and is replaced by 
the reaction components L3 and C6. Adequate filtering 
of r.f. from the a.f output is still provided by R2 and C4 

when C6 is set to minimum capacitance 
(c). If C6 is inserted on the chassis side of L3, the 
frame of this capacitor may be mounted direct to 

chassis 

is given in Fig. 3 (a). In this diagram the aerial 
is applied to winding L1, which couples to the 
tuned winding L2. The latter, in combination with 
C1, forms a tuned circuit, and the aerial signal 
selected by this circuit is then applied, by way of 
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HT -I- 
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kn 

Fig. 4 (a). An alternative method of obtaining a 

variable control of reaction. The fixed feedback 
capacitor, C7, would have a value, typically, of 100pF 
The remaining capacitors and resistors have the same 

values as in Fig. 3 

(b). Obtaining a control of reaction by means of a 

potentiometer. C8 is an a.f bypass capacitor and can 
have the typical value shown. Since R4 will dissipate a 

small amount of power, it would preferably be a 
wirewound component 

grid capacitor C2 and grid leak R1, to the grid 
of the triode. An amplified version of the detected 
signal appears at the anode. So also does an 
amplified version of the radio frequency applied 
to the grid and, since it is normally undesirable 
to feed an r.f. signal to a following a.f. amplifier, 
this is removed by the low-pass filter given by C3, 
R2 and C4. R3 is the a.f. anode load for the triode 
and C5 the a.f. coupling capacitor to a subsequent 
a.f. amplifier stage. Typical values for medium 
wave operation are given for the resistors and 
capacitors. 

In Fig. 3 (b) we introduce a second coupling 
winding, L3, this being coupled to the triode anode 

56 

by way of variable capacitor C6. The amplified 
r.f. signal which previously passed through C3 
now passes through C6 and L3. It can at once 
be seen that we have the basic circuit for a shunt - 
fed tuned grid oscillator and that, if the value of 
C6 is high enough to provide sufficient feedback, 
the circuit will go into oscillation. In a circuit 
using conventional components and coils, this 
will occur when C6 has a value of the order of 
100 to 200pF. 

At capacitances in C6 below that which allows 
the circuit to go into oscillation, a proportion of 
the amplified r.f. signal is still fed back to the tuned 
circuit, whereupon the amplitude of the signal 
across this circuit increases. When we considered 
the basic characteristics of tuned circuits2 we saw 
that the current magnification factor which occurs 
in a parallel tuned circuit is equal to its quality 
factor, or Q. In the circuit of Fig. 3 (b) we are, 
by positive feedback, increasing the current at 
radio frequency which flows in the tuned circuit, 
whereupon we are causing an increase in its effective 
Q. As a result the tuned circuit offers increased 
selectivity together with an increase in signal 
level. 

The increase in selectivity and signal level becomes 
more and more evident as C6 is adjusted to insert 
more capacitance, and is at its greatest when the 
capacitance in C6 is just below that at which oscilla- 
tion occurs. If a circuit of the type shown in Fig. 3 

(b) is designed carefully, the increase in selectivity 
and sensitivity it provides can be extremely high. 
The design aim is to so arrange component values 
and coupling between coils that the circuit goes 
"smoothly" into oscillation as the capacitance 
inserted by the variable reaction capacitor increases. 
It then becomes possible to bring the circuit ex- 
tremely close to the oscillation point without 
actually going into oscillation. The audible effect 
from the audio amplifier loudspeaker or earphones 
when a circuit of this nature goes into oscillation 
is the appearance of a low level hiss. In a badly 
designed circuit, oscillation may occur suddenly 
as C6 is advanced, the change in state resulting 
in a "plop" from the loudspeaker or earphones. 
An even worse condition is backlash in which 
oscillation, once commenced, can only be stopped 
by reducing C6 to a significantly lower value than 
that which caused the onset of oscillation. Neither 
of these conditions allows a fine setting in C6 
which is just below oscillation point, and which 
enables the considerable increase in sensitivity 
and selectivity of which the circuit is capable, 
to be realised. 

Feedback circuits of the type shown in Fig. 3 

(b), in which the degree of feedback is controlled, 
are described as reaction or regeneration circuits. 
In American terminology, the feedback winding 
(L3 in Fig. 3 (b)) is given the colourful name of 
tickler winding. Domestic and home -constructor 
receivers using detectors with reaction were very 

2 In the February 1963 issue. 
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popular before the war, but they have now been 
largely superseded by the superhet receiver, whose 
functioning will be described later in this series 
of articles. The superhet is more complex in 
operation than a receiver employing a detector 
with reaction, but it offers improved selectivity 
and sensitivity without the necessity of adjusting 
the reaction control. Nevertheless, a receiver 
employing a detector with reaction is an excellent 
project for the home -constructor, and particularly 
the beginner, because it is very simple to set up 
and its operation is easy to understand. 

In detector circuits employing reaction, it is 
usual to give the grid leak a value considerably 
higher than would be employed in the corresponding 
oscillator circuit. Typical values range between 
200k11 and 3M 0, the grid capacitor being of the 
order of 25 to 150pF. When a directly -heated 
battery valve is employed as the detector, it is normal 
practice to return the lower end of the grid leak 
(which, in Fig. 3 (b), connects to the cathode of 
an indirectly -heated valve) to the positive rather 
than the negative end of the filament, it being 
found that this method of connection improves 
the "smoothness" of reaction control due to the 
small positive grid current which then flows below 
the oscillation point. 

In practical circuits, it is preferable to have the 
reaction capacitor, C6, on the chassis side of the 
reaction coupling winding, as in Fig. 3 (c), rather 
than on the anode side, as was illustrated in Fig. 3 

(b). The capacitor still controls the feedback current 
flowing through coupling winding L3, but its 
frame may now be mounted directly to the chassis 
or to a metal front panel. The method of connection 
shown in Fig. 3 (b) has the further disadvantage 
that hand -capacitance effects are possible. As the 
hand approaches the capacitor, its capacitance 
to the capacitor spindle can upset the balance of 
capacitances to chassis in the circuit, and make it 
difficult to reliably approach the optimum reaction 
point. The relatively large mass of the body would 
have, in this instance, a sufficiently high capacitance 
to the receiver chassis for the effect to occur. Hand - 
capacitance effects will be absent with the circuit 
of Fig. 3 (c), particularly if C6 is fitted to a metal 
front panel connected to chassis. 

A fairly commonly encountered variant to 
Figs. 3 (b) and (c) is illustrated in Fig. 4 (a). In 
this case the feedback capacitor is fixed, and the 
variable capacitor, C6, is connected between anode 
and chassis. C6 controls reaction because, as it 
is increased in value, it reduces the r.f. current 
flowing in the feedback circuit. An interesting 
feature is that C6 works "backwards" since, when 
it is set to maximum capacitance, minimum r.f. 
current flows in the feedback circuit. As the 

capacitance in C6 is reduced, more and more r.f. 
current flows in the feedback circuit until the 
detector eventually goes into oscillation. Such a 
circuit is sometimes referred to as a "throttle" 
reaction circuit. 

Another váriant is illustrated in Fig. 4 (b), where 
C7, the feedback capacitor, is again a fixed compo- 
nent. In this circuit, reaction is controlled by the 
potentiometer R4. When the slider of R4 is advanced 
from the chassis end of its track, an increasing 
h.t. voltage is applied to the anode load of the 
valve until the circuit eventually goes into oscillation. 
The value of C7 will be such that oscillation occurs 
when the potentiometer slider is near the h.t. positive 
end of its track, this ensuring that the valve receives 
an adequate h.t. voltage at the point immediately 
below oscillation. This circuit has the minor 
advantage that the potentiometer also functions 
partly as a volume control. Very strong signals 
can be reduced to a low level by setting the potentio- 
meter slider near the chassis end of the track, 
whereupon the detector has a low h.t. potential. 
Another advantage is that, whereas a reaction 
capacitor has to be mounted close to the valve 
and tuned circuit to enable short interconnecting 
leads to be used (as is necessary in leads carrying 
r.f. currents), the potentiometer can be mounted 
at any convenient point on the chassis or front 
panel since it only varies the direct voltage applied 
to bypass capacitor Cs. This point can be helpful 
in easing layout problems. 

In all the reaction circuits we have seen, the 
resistor R2 in the anode circuit may be replaced 
by an r.f. choke. It should be pointed out that, 
when the detector goes into oscillation, the circuit 
functions as a transmitter and radiates at oscillator 
frequency by way of the aerial, with the risk of 
interference with neighbouring receivers. 

A final point is that, when a signal is tuned in 
on a receiver having a detector whose reaction is 
advanced so far that oscillation is occurring, a 
heterodyne or beat note is formed. This consists of 
an a.f. tone whose frequency is equal to the difference 
between the transmitted carrier and the detector 
oscillation frequency, and it decreases as the detector 
comes more and more into tune, falling below the 
audio frequency range when the detector oscillation 
frequency is very close to that of the carrier. 

Next Month 
A great deal of ground has been covered in this 

series up to the present, and it now becomes possible 
to put all the theoretical points dealt with into use 
by building practical demonstration equipment. 
It is hoped to give more details of this approach 
in next month's issue. 

RODING BOYS' SOCIETY 
Following the resignation of the leader of the Roding Boys' Society on the 29th April, 1966, this society has now been 

disbanded. However, some of the ex -members of the Society have now formed the REDBRIDGE SCIENTIFIC SOCIETY, 
meeting at the same premises, Wanstead Community Centre, The Green E.11. 
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Courses of Instruction , . 

London Borough of Hounslow Education Committee 
Brentford Centre for Adult Education, Clifden Road, Brentford 

Tuesday evenings for 1st year students and Thursday evenings for 2nd year students 7-9 p.m. 
Starting 26th September, 1966 Fee 30s. for Course of three terms 

1. Radio and Television Servicing 
Electron theory, magnetism, resistors, capacitors and inductors. Valves and transistors. Test equipment. Circuits. 

Fault finding. The course should enable the layman to keep his radio and television set in good repair, and prevent acci- 
dents from ignorant handling. 

Enrolment dates: 15th, 16th, 19th, 20th and 21st September, 1966, 7-9 p.m. 

Brentford Centre for Adult Education, Clifden Road, Brentford 
Monday evenings 7-9 p.m. commencing 26th September, 1966. Fee 30s. for three terms. 

2. Radio Amateurs' Course 
This course is in preparation for the City and Guilds Examination which qualifies the successful candidate for recog- 

nition by the Postmaster -General for the purpose of Radio Transmission. The work includes; simple magnetism and 
electricity, principles of radio, valves and transistors and circuits, radio receivers, low -power transmitters, aerials, measure- 
ment of frequency meters. After the examination the course will include lectures on equipment design. 

Brentford Centre for Adult Education, Clifden Road, Brentford 
Fee 20s. for two terms 

3. High Fidelity and Tape Recording 
The course is designed to give an insight into the technique of high fidelity, tape reproduction and recording and to 

get the best out of existing apparatus and machines, including notes on construction and maintenance. Of special interest 
to teachers will be lectures dealing with the application of recorders in the classroom and notes on the teaching of lang- 
uages by tape recorders and language laboratories. Programming and special applications, both stereo and mono, will be 
dealt with, as will be sound on tape or film for cine work. 

Enrolment dates: 15th, 16th, 19th, 20th, and 21st September, 1966. 7-9 p.m. 

Isleworth Polytechnic Department of Science and Engineering Prospectus 
Telecommunication Technician's Course (FT1. FT2). 

The course is for prospective entrants into the Radio and Telecommunication industries and services. Students 
attend college full-time for two years and take external examinations for the City and Guilds intermediate and final certifi- 
cates for Telecommunication Technicians. 

Applicants should have a genuine desire to enter the industry and must already possess the General Certificate of 
Education at "O" level in Mathematics, English and, either Physics, Physics -with -Chemistry, or General Science. Alterna- 
tive qualifications will be sympathetically considered. 

Subjects taken are listed below: 
Telecommunication 

Elementary Telecommunication Practice, Principles, Radio and Line Transmission. Telecommunication Laboratory. 
General 

Mathematics, Engineering Drawing. 
Liberal Activities 

Students' preference, selected from Visual Arts, Music, Dramatics, Sport etc. 
Fees 

Free to students under eighteen years of age. Minimum age of entry 16 years. 
Application forms for course FT. from: The Principal, Isleworth Polytechnic, Science and Engineering Department, 

St. John's Road, Isleworth, Middlesex. 

Radio Amateurs' Examination 
Those wishing to study for the above examination, a pass in which is necessary before a Radio Transmitting Licence 

will be issued by the Post Office, can do so as follows: 
Venue-New Technical Block, Hay Currie School, Byron Street, London E.14. 
(Ten minutes walk approx., from Chrisp Street Market or from the East India Dock Road Entrance to Blackwall 

Tunnel). Day and Time-Thursdays, 6.45 to 8.45 p.m. (Note: Efforts are being made to change above times to 7.30 to 
9.30 p.m.). 

Enrolment-Monday, 19th September to Friday, 23rd September inclusive 7.00 to 9.00 p.m. or by post to: The 
Principal, Bow and Poplar Institute, Marner School, Devas Street, London E.3. any time after 1st September. Fee for 
the course 25s. 

Course to commence 29th September, 1966 and meet weekly for two or three terms as required. Autumn Term - 
26th September to 16th December, 1966. Spring Term -9th January to 17th March, 1967. Summer Term -3rd April 
to 30th June, 1967. 

We will gladly send a brochure to anyone who wishes to have one-we only need the names and addresses-the 
brochures are usually sent out about the end of August. 
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SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 

Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/- 

ALL WORDING 

IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of be ng payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME 
ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month 

LEARN ELECTRONICS AS YOU 

BUILD 25 
including 

CIRCUITS... 
EXPERIMENTS .. . 

TEST GEAR . 

CATHODE RAY OSCILLOSCOPE 
VALVE EXPERIMENTS 

BASIC AMPLIFIER 

BASIC RECTIFIER 

PHOTO ELECTRIC CIRCUIT 

TIME DELAY CIRCUIT 

This complete practical course will teach you all the basic 
facts of electronics by making experiments and building 
apparatus. You learn how to recognise and handle all 

types of components-their symbols and how to read a 

circuit diagram. You see how circuits are built and how 
they work BY USING THE OSCILLOSCOPE PROVIDED. 
Applications of all the main electronic circuits are 

SQUARE WAVE GENERATOR 

SIMPLE TRANSMITTER 

TRANSISTOR EXPERIMENTS 

BASIC OSCILLATOR 

ELECTRONIC SWITCH 

SIGNAL TRACER 

BASIC COMPUTER CIRCUIT 

BASIC RADIO RECEIVER 

MORSE CODE OSCILLATOR 

ETC. ETC. 

demonstrated-radio reception and transmission; photo- 
electrics; computer basics; timers; control circuits; etc.; 
including servicing techniques. NO MATHS USED OR 

NEEDED. NO THEORY NEEDED. NO PREVIOUS 
KNOWLEDGE OR EXPERIENCE NEEDED. Tutor ser- 
vice available. No extras needed-tools provided. Send 

now, for Free Details without obligation, to address below 

POST 
NOW r - - 

To RADIOSTRUCTOR, Dept. K3, READING, BERKS. Please send free details of your electronics kit set to: 
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CIRCUITS FOR AUDIO 
AND TAPE RECORDING 

A comprehensive selection of practical audio and 
tape recording circuits compiled by F. C. Judd, 
Editor of Amateur Tape Recording. 

Six separate sections cover Tape Recording- 
Audio Amplifiers, Simple Radio Tuners, Test 
Equipment, Miscellaneous Audio Electronics, 
Building from Kits and a Useful Appendix of 
Symbols and Units. Nearly 50 practical circuits 
include tape recording and replay amplifiers, hi -fi - 
pre -amplifiers and power amplifiers (valves and 
transistors), an audio signal generator, microphone 
and signal mixers and power units etc. 

For the audio experimenter there are circuits 
such as a Ring Modulator-Vibratto amplifier- 
Electronic Tone Generator-an Electronic Echo 
Unit-with two stage mixing amplifiers and an 
Electronic Theremin etc. 

A handy circuit book for all tape and audio enthusiasts- 
Price 8s 6d post paid. Fill in the coupon below and get 
your copy now. 

To: Haymarket Press Ltd, 9 Harrow Rd, London W2 
Please send me copies of Circuits for Audio and 
Tape Recording at 8s 6d. each post free. I enclose 
cheque/PO for to cover the cost. 

Name 

Address 
RC8 

BI-PAK SEMICONDUCTORS 
8 RADNOR HOUSE, 93/97 REGENT STREET 

LONDON, W.1 
LOW COST SILICON CONTROLLED RECTIFIERS 

50 PIV I Amp. 8/6 400 PIV 7 Amp. 30/- 
100 PIV 7 Amp. 10/6 100 My 16 Amp. 16/6 

Free Circuit Diagrams with SCR orders 

One 10/- Pack of your own 
FREE choice icóedé=valued FREE 
50 Trans. mixed untested 

3 OC139 Trans. NPN Mallard 
2 Drift Trans. 2N1225 100 Mc/s 
6 Matched Trans. 0C44/45/81/8 I D 
4 OAIO Diodes Mallard 

15 Red Spot AF Trans. PNP 
15 White Spot RF Trans. PNP 
4 Sil. Rects. 3A, 100/400 Ply 
4 NPN Trans. 0C139, 2N1308 
2 10 Amp Sil. Rect. 50/100 PIV 
8 Diodes 4 0A70, 4 0A79 

1 12 Amp SCR 100 PIV 
3 Sil. Trans. 2S303 PNP 

10 Assorted Computer Diodes 
4 Zeners 5, 6.8, 1O, 12 Vlts 
4 2G4I7 Trans. Eavt. AFI 116/7 
2 200 Mc/s Sil. Trans. BSY26/7 
2 Bi-directional Trans. ASY66 
4 High Current Trans. 0C42 
2 Power Trans. 0C26/35 
5 Sil. Rests. 400 PIV 250mA 
3 0071 Trans. Mallard 
3 0075 Trans. Mallard 
3 NPN Sil. Trans. 70 Mc/s 

1 Power Trans. OC20 100 Ms 
5 0A47 Gold Bonded Diodes 
4 0A202 Sil. Diodes Sub -Min 
8 0A81 Diodes Sub -Min. 
3 Sil. Rests. 400 Ply 500mA 

0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/.- 
0/- 
0I- 
0/- 
0/- 
01- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
01- 
0/- 
01- 

Tunnel Diodes 1N3720 151- 
Unijunction Trans. 2N2646 15/- 
6 BY100 Sil. Rects 20/- 

IOOs of semiconductor bargains incl. Logic Modules send 2/6 for 3 
months mailing. Add 11- post & packing per order. 

CASH WITH ORDER PLEASE. MAIL ONLY. 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/-. 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No.-, The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

SERVICE SHEETS, 1925-1965. From Is. Catalogue 
6,000 models, 2s. 6d. S.A.E. enquiries.-Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

GOVERNMENT SURPLUS electrical and radio 
equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.-Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

FOR SALE. Oscilloscopes-Galvanometers-Evershed 
& Vignolles Meggers. Also other items and com- 
ponents. Free list. Stamp please.-R. & E. Mart, 
Box 9 G.P.O., Tunbridge Wells, Kent. 

CONVERT ANY TV SET INTO AN OSCILLOSCOPE. 
Instructions and diagrams, 12s. 6d.-Redmond, 42 
Dean Close, Portslade, Sussex. 

SEMICONDUCTORS-Good quality, close equivs., 
0C35, 4s. 9d., OC72, 2s., OC7I, ls. 9d., OC44, 2s., 
0C170, 2s. 6d., BY100, 4s. 3d., 0A70, 8d. P. & P. 
9d.-A. P. Wise, 19 Harbeck Road, Bournemouth, 
Hants. 

ANY PRINTED CIRCUIT BOARD SUPPLIED against 
your full size drawing. 6d. sq. in. plus 2s. 6d. process- 
ing, including drilling.-Temple, 12 Beech House 
Road, Croydon, Surrey. 

WANTED. Information on meteorological FAX radio 
reception systems, brochures, circuits, surplus equip- 
ment, etc.-Box No. F250. 

WANTED. To purchase secondhand classical L.P. re- 
cords in good condition. Reasonable.-Box No. F251. 

EXCITING HOLIDAYS with Adventure, Variety and 
Fun. Sailing, Snorkelling, Pony Trekking, Canoeing, 
Caving. Please write for our attractive brochure.- 
P.G.L. Holidays, Department 82, Commerce Lane, 
Letchworth, Herts. 

WANTED. Modern aircraft transceiver complete. 
Full details to:-E. J. Roe, 3 South Avenue, Stoke 
Park, Coventry, Warwickshire. 

FOR SALE. Heathkit Bakin Coil Unit, B -1U. £4. 
-Box No. F259. 

FOR SALE. Two 1155 trawler band P.S.U.'s. Working, 
good condition. £12 each.-Witherington, 60 Kenil- 
worth Avenue, Walthamstow, London E.17. 

continued on page 61 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



SMALL ADVERTISEMENTS 

continued from page 60 

BOOKS TO CLEAR. "Man in Space" (Haber) 10s. 
"Realities of Space Travel" (Carter) 10s. "The Story of 
Astronomy" (Draper and Lockwood) 5s. "Santos- 
Dumont" (Peter Wykeham) 17s. 6d. `Teach Yourself 
Russian" 5s. "The Manual of Rugby Union Football" 
5s. "How to develop a Super -Power Memory" (Harry 
Lorayne) 10s. "The Principles of Modern Book - 
Keeping" (Hamilton) 5s.-Box No. F260. 

TRANSFORMERS., burnouts rewound. Specials for 
transistor projects and electronic organs. S.A.E. 
enquiries.-Ratcliffe, 27 Station Road, Holmfirth, 
Yorks. 

RESERVE CAPACITY AVAILABLE mechanical, 
electro -mechanical assembly, electronic assembly and 
wiring. Lead time six weeks. Top quality assurance 
and supporting technical service. Based North Wales. 
-Box No. F262. 

YOUNG MAN REQUIRED. Keen on audio electronics, 
to learn testing and service of sound equipment. 
Holborn area.-Telephone Mr. Weir, CHAncery 6141. 

WANTED. Copy of The Radio Constructor April 1962 
issue. Cover price and postage paid. Box No. F265. 

0C170. About Is. 6d. each. Mounted on circuit board. 
Full board (12 0C170's and 50 diodes) 25s. Half 
board (6 0C170's and 24 diodes) 15s. Or send s.a.e. 
for details-Box No. F266. 

YOUR KITS EXPERTLY ASSEMBLED. Radios, 
amplifiers, test gear of every description. S.a.e. for 
enquiries to:-W. Thomas, 106 Wynnville, Ruabon, 
Nr. Wrexham. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. -B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

ARE YOU A MOTORING ENTHUSIAST ? The 
Seven Fifty Motor Club caters for all types of motor 
sport-racing, rallies, hill climbs, etc. Monthly 
Bulletin free to members. For full details write to: 
The General Secretary, Colin Peck, "Dancer's End", 
St. Winifred's Road, Biggin Hill, Kent. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, 
facsimile letters, automatic typing, copy service, 
campaign planning, design and artwork, printing and 
stationery. Please ask for price list.-The Holborn 
Direct Mail Company, 2 Mount Pleasant, London, 
W.C.1. Telephone: TERminus 0588. 

"MEDIUM WAVE NEWS" Monthly during DX 
season-Details from: B. J. C. Brown, 60 White 
Street, Derby. 

TRANSISTORS. OC71, OC75, 0081, OC81D, XA103, 
NKT213 3/-. 2N1225 4/-. GET111 5/-. Silicon 
rectifiers DD236 2/6. IS020 4/-. Post Free. The Radio 
Constructors Centre, 363 Westborough Road, West - 
cliff -on -Sea, Essex. 

continued on page 63 
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NEW STYLE 
SELF -BIN DER 
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. 

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 1 5!- Post Free 

Available only from:- 

Data Publications Ltd. 
57 Midi' Vale London W9 
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UNDERSTANDING 

TELEVISION 
by 

J. R. Davies 

Over 500 pages 300 diagrams 3716 

UNDERSTANDING TELEVISION deals with:- 

Principles of 405 line reception 

Nature of the television signal 

Receiver tuner units 

A.F. and video amplifiers 

Deflector coil assemblies 

Automatic gain and contrast control 

Receiver aerials 

Principles of 625 line reception 

The cathode ray tube 

Receiver i.f. amplifiers 

Vertical and horizontal timebases 

Synchronising 

Power supply circuits 

Colour television 

Postage 2/6d 

COLOUR TELEVISION -80 page section deals comprehensively with this subject 

The reader is required to have only a basic knowledge of elementary radio principles. The treatment 

is non -mathematical throughout, and there is no necessity for any previous experience in television whatso- 

ever. At the same time, UNDERSTANDING TELEVISION is of equal value to the established engineer 

because of the very extensive range it covers and the factual information it provides. 

To Data Publications Ltd., 57 Maida Vale, London, W9 
Please supply copy(ies) of your latest publication "Understanding Television", Data Book 

No. 17. I enclose cheque/crossed postal order for 

NAME 

ADDRESS 
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SMALL ADVERTISEMENTS 

continued from page 61 

TEST EQUIPMENT FOR SALE. Mullard high speed 
valve tester, extras, signal generators, 5" oscilloscope. 
Capacitance bridge. Test meters. V.T. V.M. meter. 
Much more. All as new and very cheap. S.A.E. to 
arrange call.-Olive, 43 Fulham High Street, London, 
S.W.6. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. 
Amateur and Broadcast Translation. Technical and 
Identification Dept.-both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthly maga- 
zine, Monitor, containing articles of general interest 
to Broadcast and Amateur SWL5, 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 magazine, etc., 35s. per annum.-Secretary, 
ISWL, 60 White Street, Derby. 

MORSE MADE 
EASY 

The famous RHYTHM RECORDED COURSE cuts practice 
time down to an absolute minimum ! 

One student, aged 20, took only II DAYS and another, aged 70, 
took I WEEK to obtain a G.P.O. pass certificate. If you wish to 
read Morse easily and naturally, please enclose 8d. in stamps for 

full explanatory booklet to : 

G3HSC/D 45 GREEN LANE PURLEY SURREY 

HAMMERITE 
HAMMER PATTERN RUSH PAINT 
FOR PANELS, METALLWORK, ETC. 

3/6 TIN JUST BRUSH ON WITHSTANDS 150°C, OIL, WATER ETC. 
COLO URS: blue, silver, black, or bronze. 
21oz tins, 3/6. 1 pint, 7/6. I pint, 15/-. 1 gallon, 35/- I gallon, 58/-. 
Carr. up to 5/-, 9d., up to 10/-, 1/9, over r 10/-, 2/9. Sent by road. 
From component shops or direct from manufacturer: 
FINNIGAN SPECIALITY PAINTS (RC), Mickley Square, Stocks - 
field, Northumberland. Telephone: Stocksteld 2280 

Yl/KAt1 
a71inn``Lf' SPe`l A/R ttIODERN 

E EGG SNELL 
DRY/Na (CRACKLE) F/ 

Black same price as Hammer finishes (see our main advert.. page 64. ) 

VÑ our hammers? 
h at our- WRINKLES/ ' 

Radio Control 
SINGLE CHANNEL TRANSMITTER 

With 1 watt output 
Kit of parts £8.0.0 
Assembled £8.10.0 
(LESS CASE AND AERIAL) 

Also 10 & 12 channel from £12 

Receivers from £4.10.0 

demonstrated at 
TELERADIO 325/7 FORE ST. 
ELECTRONICS LONDON N9 TYPE 200/RC 

SITUATIONS VACANT 

TELECOMMUNICATIONS 

Vacancies exist for Young Men keen 

to make Electronics their career who 
have not necessarily acquired great 
practical or theoretical knowledge, 
but who have suitable interest and 

who have possibly already constructed 
some equipment themselves. Training 
will be provided and applicants will 
be encouraged to take technical studies 
to further their careers. 

Applications to Personnel Manager, 
Cambridge Works Ltd., 
Haig Road, Cambridge. 

Telephone: Cambridge 51351. 

The most accurate 
pocket size 

CALCULATOR 
in the world 

Send a postcard today for free 

booklet, or if you prefer, 

send 75/- for this invaluable 

spiral slide rule on approval, 

with money back guarantee 

if not satisfied. 

CARBIC LTD. 
(Dept. RC1) 

54 Dundonald Road 
London SW19 
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CHASSIS 
and 

CASES by 

of =-- 
=EEiPtkGFAFIERÓ4D 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

CASES Type W 
ALUMINIUM, SILVER HAMMERED FINISH 

Type Size Price Type Size Price 
U 4x 4x4"* 10/- Y 8x6x6" 26/6 
U 5}x4}x4}' 15/6 Y 12x7x7" 41/- 
U 8x6x6 21/- Y 13x7x9" 46/- 
U 15x9 x9' 44/6 Y 15 x9 x7" 48/6 
W 8x6x6' 21/- Z 17 x10 x9" 66/- 
W 12x7x7" 34/- Z 19x10x84" 71/- 
W 15 x 9 x 8' 44/- Height 

Type Z has removable back and front panels. 
Type Y all -screwed construction. 

-Type Y 

Type Z 

Type U 

BLANK CHASSIS-Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 

(Maximum length 35', depth 40.) 

SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium 
48 sq. in. 4/6 176 sq. in. 9/10 304 sq. in. 15/2 
80 sq. in. 5/10 208 sq. in. 11/2 336 sq. in. 16/6 

112 sq. in. 7/2 240 sq. in. 12/6 368 sq.in.17/10 
144 sq. in. 8/6 272 sq. in. 13/10 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 4/ - 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (}" or 1"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 6/- sq. fc. 16 s.w.g. (18 s.w.g. 5/3). 

Plus postage and packing 

BRASS COPPER LIGHT ALLOYS ALUMINIUM 
BRONZE STAINLESS STEEL 

ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES 

No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SW11 BATtersea 7872 

Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow 

the unique P A N L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 

BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

Thinking of using Semiconductorat-Then you'll probably find 
that all the items you require are available, at highly competitive prices, 
through our Mail Order service. 

Send a 1/3 P.O. for a price listing of over 1000 transistors, many of 
which are available from stock; or, alternatively, send a 2/- P.O. and 
receive in addition: specimen transistor data summaries-covering 
approx. 200 common types held in stock, and also details of our SEMI- 
CONDUCTOR INFORMATION SERVICE, (which will be brought into 
operation later this year). 

Examples of our stock: OC 83, 6/-; OC 139, 12/-; OC 171, 9/-; OC 
200, I0/-; AC 127, 9/6; AF 124, 11/-; AF 181. 14/-; 2G 302, 5/8; 2G 371, 
4/-; 2N 697, 13/6; 2N 706, 9/-; 2N 2926 (red). 4/-; 2N 2926 (green). 
4/9; 2N 3053, I2/-; 2N 3391, 11/-; 2N 3663, 14/9; 2N 3702, 7/-; etc. 

Please add 1/- P. & P. on all orders of E2 or less. 

TERMS: C.W.O. MAIL ORDER ONLY PLEASE. 

M. R. CLIFFORD & CO. (C5) 
66, OLD OSCOTT LANE, BIRMINGHAM. 22A. 

TRANSISTOR 

CATALOGUE 
Please send two shillings for catalogue 

marlison "Dual -tone" 49/_ 
test oscillators 

Printed circuit construction. 9v batt. cones for PP3. Output: IOOmV. 10K 
ohms, co -ax socket (IKc á 2.5Kc standard) mixed, but separately 
switched. Suitable for testing SSS transmitters. Easily mounted or built 
into other equipment. 3}4'x Ii" 

JOHN WILLIAMS ELECTRONICS LIMITED 
176 HAGLEY ROAD, HALESOWEN, BIRMINGHAM 

yU KAW SO PROFESSIONAL 

AF- SQl ( UKAN 
AEROSOL YWAY ! 

421. GET THIS AIR DRYING HAMMER FINISH 8 
e. 
Ñ YUKAN Aerosol spraykit contains 16 ozs. fine NOW! 
,. quality, durable, easy instant spray. No stove 8 

41 baking required. Available in Grey, Blue, Gold, i _ ,o C 
_ Bronze at 14/11 at our counter or 15/11, carriage a..tie 

ate 
Ts paid, per pushbutton self -spray can. SPECIAL AI + 
e OFFER: 1 can plus optional transferable snap -on y, I trigger handle (value 5/-) for 18/11 carr. paid. Me 8 

O u 
Choice of 13 self -spray plain colours and primer (motor car 

quality) also available. 

Please enclose cheque or P.O. for total amount to: 
YUKAN DEPT RC/8 307a EDGWARE ROAD LONDON W.2 

THE RADIO CONSTRUCTOR - BOUND VOLUMES 

Volume 18, August 1964 to July 1965. Price E1 10s. Od. Postage 3s. 6d. 
Where all issues are returned: Price E1. Postage 3s. 6d. 

We regret earlier volumes now sold out. 

Send for list containing details of our other publications 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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BOOK LIST 
DATA BOOKS SERIES 

DB5 TV Fault Finding 
96 pages. Price 6/-, postage 6d. 
Profusely illustrated with photographs taken from a televisor screen depicting the faults under discussion 
and containing a wealth of technical information, with circuits, enabling those faults to be eradicated. 
Covers both B.B.C. and I.T.A. 

. A book that should be in every television dealer's service workshop, and in every home -constructor's, for 
that matter."-9'ournal of the Television Society. 

DB6 The Radio Amateur Operator's Handbook 
64 pages. Price 5/-, postage 5d. 
Contains Amateur Prefixes, Radio Zone Boundaries, Amateur Band Frequency Allocations, Call 
Areas, Charts and Maps, Areas, Codes, Mileage Tables, Prefixes/Directional Bearings, Post Office 
Regulations, and much other useful operating data. For the beginner there are notes on how to use 
the mass of information given to obtain the greatest satisfaction from the hobby. 

" ... For concise knowledge in this field a few shillings well worth spending."-Electronics (Australia). 

DB14 Short Wave Receivers for the Beginner 
72 pages. Price 6/-, postage 6d. 
Contains a selection of both battery and mains operated short wave receivers, circuits, point-to-point 
wiring diagrams and many illustrations. Introductory chapter gives much information on the Short 
Wave Spectrum, Clubs, QSL'ing, Aerials, Amateur and Broadcast Band Listening, Frequencies, etc. 

This book has been specially prepared for the beginner interested in short wave receiver construction and operation. 

DB15 Twenty Suggested Circuits 
48 pages. Price 3/6, postage 5d. 
By G. A. French. Covers subjects ranging from electronic laboratory equipment to the simplest 
of periodic switches. Includes: simple and inexpensive two -valve capacity bridge, short wave regenera- 
tion preselector, one -valve speech operated switching circuit, transformer ratio analyser, series noise 
limiter, receiver remote mains on -off control, and many other circuits. 

DB16 Radio Control for Models 
192 pages. Price 15/-, postage 9d. 
By F. C. Judd. Contains both theory and practical designs of simple and advanced transmitters and 
receivers; basic concepts, aerials, uses of radio components, transistorised receivers, multi -channel 
operation, etc. Sections on servo -mechanisms by Raymond F. Stock. 

More than 200 illustrations. Circuits, photographs, tables and working diagrams. 

DB17 Understanding Television 
512 pages. Price 37/6, postage 2/6 
By J. R. Davies. This book, which deals with the principles of 625 line reception as fully as 405 line 
reception, fully explains: the nature of the television signal; the cathode ray tube; receiver tuner units; 
receiver i.f. amplifiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil 
assemblies; synchronising; automatic gain and contrast control; power supplies and receiver aerials. 
Also includes a comprehensive introduction to colour television. ... one of the best books that aims to explain television in simple language ...". R.S.G.B. Bulletin. 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(Please use Block Capitals for both name and address) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order 

All publications are obtainable from your local bookseller 
Data Publications Ltd., 57 Maida Vale, London W.9 
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EMEZERMI PRICE REDUCTIONS FOR MANY ITEMS THIS MONTii CATALOGUE 
e 

TRANSISTOR CATALOGUE 
Send 3d. stamp for New 
Edition. SCRS, Rectifiers, 
Accessories Etc. Over 500 
types in stock 

(3) 

(2) 

(8) 

1 

1 
1 
1 

1 

1 
1 

1 

1 

;73 
(13) 

(5) 

(IS) 

(4) 

(16) 

(12) 

1 _® II -_o 
LET US QUOTE FOR COMPONENTS AND 

EQUIPMENT FOR YOUR CIRCUIT 

COMPONENTS & ACCESSORIES 
We can supply most of the 
items specified for Published 
Circuits. Let us quote-send 
List for speedy reply. 

150 page 1966 Edition over 
5,000 stock items at value for 
money prices. Fully detailed 
and illustrated. Discount 
Vouchers FREE with every 
Edition. 

PRICE 6/- post paid 

Catalogue costs nothing after 
using the discount vouchers 

(1) GLOBEMASTER MW/LW/SW 
PORTABLE RADIO TO BUILD 

Special purchase reduces prices 
Full 3 -waveband tuning. Pushbutton 
wavechange. Superhet printed circuit. 
Black -chromed cabinet 11 X 7} X 3}". 
(5W 17-50 metres). Ear/Record sockets. 
TOTAL 
TO BUILD 

COST £7.19.6 3/6. 

(16) VHF FM TUNER TO BUILD 
87/105 Mc/s Transistor Superhet. 
Geared tuning. Terrific quality and 
sensitivity. For valve or transistor 
amplifiers. 4 x 3} x 21". 

TOTO BUILD 
AL COST 

£6.19.6 2/6 
(Cabinet Assembly 20/- extra) 

10 AND 20 WATT MONO AND STEREO TRANSISTOR AMPLIFIERS 
(9) POWER AMPLIFIERS. 10 watts 
RMS output. 100mV input. 30 c/s to 
20 kc/s f IdB. 6 -Transistor Push-pull. 
Panel size 4 x 2} x I". H/S 4 x 4". 
TPA10/3 3-5 ohm spkr. [4.10.0, D.p. 2/6 
TPAIO/15 12-16 ohm spkr., 

[5.5.0., p.p. 2/6 
(Mains unit for I or 2 amplifiers, 

59/6, P.P. 2/6) 

The Finest High Fidelity at 
Unbeatable Prices 

(8) BUILD A QUALITY TAPE 
RECORDER 

Three speeds -3 watts. 
Complete kits with new "363" decks. 
Supplied as preassembled sections. 
Complete with portable cabinets and 
Speaker-excellent quality. 7" 1,200ft. 
tape and spool and Acos 45 microphone. 
"363" decks with tape. 
(2 track 10 gns. 4 track f 13.10.0. P.D. 5/-) 

* TWO TRACK * FOUR TRACK 

27 gns Po/_ 30 gns Po/_ 

(10) PREAMPLIFIERS. 8 input 
selector. Treble, bass, volume, filter 
controls. I}mV to 300mV inputs. 
Battery operated or from Mains Unit. 
Output up to 150mV RMS. 

MP2 Mono 9} x 2} x 2". £5.10.0, p.p. 
2/6 (brown and gold front panel 8/6) 

SP4 Mono/Stereo, 9 x 3} X I}". 
[10.19.6, P.P. 3/6 (front panel plate 12/6) 

ALL UNITS BUILT AND TESTED 

(3) 5 WATT AMPLIFIER 
6 -Transistor Push-pull, 3 ohms. 6mV 
into IK. 12/18V supply. 2} x 2 x 1}". 
B UILT AND TESTED P.P. 
(optional mains units 54/-) 69/6 2/- 
1} watt version 59/6. 
New matching Preamplifier, 6 inputs. 
treble/bass/selector/volume controls. 6- 
IOmV o/put. 9-I8V supply. 79/6, D.p. 2/ - 

For use with any Transistor Amplifier 

DEAC CHARGER 
To charge 3.6 volt and 9.6 volt packs. 
Fully mains isolated P.P. 
in.moulded case. 4S/-2/- 

(13) REGENT -6 MW/LW 
POCKET RADIO TO BUILD 
6 -Transistor superhet. Geared 
tuning. Push-pull output. Moulded 
cabinet 5 x 3 x 14". Phone socket 
TOTAL COST 

BUILD TO 69/6 2/P 
Special purchase reduces price 

(155)HI-FI 
gelpmen 

Special parcel 
prices. Let us 
have your en- 
quiries for 
equipment. 

(4) DEAC CELLS 
Rech ble Batteries 
3.6 volt 500 mA/H. Size: 

I}" x 1{" dia... 12/6, p.p. 1/6 
9.6 volt 225 mA/H. Size: 

2t}" x I" dia... 20/-, P.P. 1/6 
BRAND NEW-Offered of 
fraction of normal retail price 

(6) 25 WATT AMPLIFIER 
New 8 -Transistor design. Push-pull 
output for 74 to 16f) speaker. 150mV 
input. 30c/s to 20kc/s t Ida. For use 
with valve or transistor preamplifiers 
as item (10) above. Size 2} X 2} x 61" 
PRICE BUILTTESTED 

£7.19.6 AND 3/- 
(Mains unit 79/6, p.p. 2/6) 

GARRARD DECKS 
(p.p. 5/- any type) 

1000 mono ¿5.19.6. stereo [6. 6.0 
2000 mono E6. 6.0. stereo ¿6. 6.0 
SP25 mono [10.10.0. stereo ¿10.19.6 
Autoslim mono [5. 9.6. stereo C. 9.6 
AT6 mono 08.19.6, stereo [9.10.0 
AT60 mono 010.10.0. stereo 010.19.6 

3000LM stereo [8.8.0 
(Deram cartridge add 60)- co mono 
price). All autochange (except SP25), 
complete with cartridge. Brand new, 

(7) VHF FM TUNER 
Supplied as 2 Preassembled Panels, 
plus metal work Superhet design, 88-108 
Mc/s, 9 volt operated. 
Total cost to assemble(12.17.6, D.P. 2/6. 

(5) TOURMASTER 
7 -Transistor MW/LW Car Radio. 12 
volt operated. 3 watt output. Push- 
button wavechange. RF stage. Supplied 
built, boxed, ready to use with Speaker 
and Baffle. Car fixing kit and manufac- 
turers' current guarantee. Special 
Bargain Offer. Buy Now! 

PRICE £9.9.0 3 6 

(12) MULTI -METERS 
PT34 IkV 39/6 TP5S 20kV [5.19.6 
MI 2kV 49/6 EP30k 30kV [6.10.0 
TPIO 2kV 75/- EP50k 50kV 08.15.0 
EPIOk IOkV 79/6 500 30kV E8.17.6 
ITI-2 20kV 69/6 EP I00k I00kV £10.10.0 
EP2Ok 10kV 99/6 

(14) MW/LW QUALIi 
TRANSISTOR RADIO TUN EN 

Fully tunable superhet wich excellent 
sensitivity and selectivity. Output up 
to 4 -volt peak. Complete with front 
panel, etc. 9 volt operated. For use 
with any amplifier or tape recorders 
TOTAL 

BUILD 
COST 

TO £3.19.6 2/6 

HENRY'S RADIO LTD. 
303 EDGWARE RD., LONDON, W.2 

PADdington 1008/9 
Open Mon. to Sat. 9-6. Thurs. I p.m. 

Open oll day Saturday. 

(2) NOMBREX TEST UNITS 
150 kc/s -350 rn/cs RF Generator 

All Transistor £9.10.0 

10 c/s-I00 kc/s Transistor 
Audio Generator £16.15.0 

Kd10i41.41WrONOVI-N. 
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