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Eddystone 
HIGH STABILITY 
AMATEUR BANDS 
COMMUNICATIONS RECEIVER 

EAI2 
£185 

The Eddystone "EA12" receiver is specially designed and built to give the extremely 
high performance, allied with ease of control, necessary for communications on 

the amateur bands under present-day conditions. With the many refinements 
included, this model will produce first-class results with all modes of signal. 
The first oscillator is crystal controlled. The oscillator which is tuned simul- 
taneously with the first intermediate frequency section has very high stability, as 

is so essential with reception of s.s.b. and c.w. signals. The correct degrees of 
selectivity for optimum performance are obtained in the second intermediate 
frequency (100 kc/s) stages. 
A more than adequate degree of bandspread is provided by the superb slow- 
motion drive (140/1 reduction ratio) in conjunction with the wide linear scales, 
each of which covers 600 kc/s. A crystal calibrator and cursor adjuster permit 
accurate frequency resolution. 
Other features to note-full coverage on six amateur bands; switched sideband 
selection; fine tuning control (s.s.b.); crystal filter; deep slot filter; noise limiter 
effective all modes; large "S" meter; two AGC time -constants; independent gain 
controls; stand-by sensitivity control; bright scale illumination; robust construc- 
tion; modern styling and fine finish. 

Comprehensive information obtainable from any Eddystone Distributor or from the Manufacturers 

Eddystone Radio Limited 
Eddystone Works, Alvechurch Road, Birmingham 31 

Telephone Priory 2231 Cables Eddystone Birmingham Telex 33708 
LTD/ED6 
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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 I RECEIVER 

Less than 3" x 1}" x f" 
and professional in every 
way, 7 transistor FM using 
pulse counting 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. Complete kit inc. aerial, 

case, earpiece and in- 
structions. 

SINCLAIR MICRO -6 
The world's smallest radio 

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/s" 
x 13/10" x 1/2". Plays anywhere. 
Easy to build. Complete kit of parts 
with earpiece and instructions. 

£5.19.6 

5916 

12 WATTS R.M.S. OUTPUT CONTINUOUS SINE WAVE 
(24 W. PEAK) 

15 WATTS R.M.S. MUSIC POWER (30 WATTS PEAK) * Ultra -linear class B output and 15 ohm loads. Two 3 ohm 
generous neg. feed back. - speakers may be used in parallel. * Response -15 to 50,000 c/s * Input -2[11V into 2K ohms. 
±1dB. * Signal to noise ratio-becter * Output suitable for 3, 7.5 and than 60d13. 

Built, tested 
and 

guaranteed. 

89/s 

SINCLAIR STEREO 25 
De -Luxe Pre -amp & Control Unit for 2.12 or other good stereo system 

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 
u nit 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 
B UILT, TESTED 

AND 
GUARANTEED .19.6 

GUARANTEE If you are not completely satisfied when you receive your purchase from 
us, your money will be refunded at once in full and without question. P2.3 Will power two Z.12's and Stereo 

25 with ease. e>_ 
SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE 

is simple, and the PZ.3 will comfortably 
power the Stereo 2.5 together with two 
Z.12's. When fitted, the Sinclair 25 
will grace any type of hi-fi furniture. 
Frequency response 25 c/s to 30 kc/s 
±1dB connected to two Z.12's. 
Sensitivity Mic. 2mV into SOkO2: 
P.U. -3mV into 50kO: Radio -20mV 
into 4.7k0. Equalisation correct to 
within ±1dB on R1AA curve from 
SO to 20,000 c/s. Size 64" x 2}" X 2}" 
plus knobs. 

a7 V 

A HI-FI STEREO ASSEMBLY FOR E22.18.0 
All you require is one Stereo 25 Unit ([9.19.6) two Z.12's 
([8.19.0) and one PZ.3 ([3.19.6). As an optional extra, you could 
include the Micro FM (íá.19.6). 

FULL SERVICE FACILITIES AVAILABLE TO SINCLAIR CUSTOMERS SINCLAIR Transistorised mains power unie 
specially designed for Z /@ 79 

sinlair Please send 

SINCLAIR RADIONICS LIMITED I ............................................................................................................ 

for which I enclose cash/cheque/money order 
22 NEWMARKET ROAD, CAMBRIDGE blue i._ ....................s.............d. 

Telephone: OCA3-52731 

OCTOBER 1966 

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

ADDRESS.. .... 

.............. 

RC10 

129 

www.americanradiohistory.com



HI-FI AMPLIFIERS TUNERS -- - RECORD PLAYERS 

3+3W 
STEREO 

AMP. 
S -33H 

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 S-3313. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram 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 

ca. GARRARD 
PLAYER 

AT -60 

20+20W 
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. New Low Price Kit £39.19.0 Assembled £54.10.0 Amplifier, with inputs for Gram., Radio. Attractive modem styling. 
50W VALVE PA/GUITAR AMP., PA -1. Kit £54.15.0 Assembled £74.0.0 Kit £11.9.6 Assembled £15.15.0 
IIIIIII@IIMI111IIIIIIIIIIIIIIIIIIII11111 1111IIIIIIIIIIIIIIIIIIIIIIIIIIIIIUIIIIIIIIImIIIIIIIIIIIIIIIIIIiMIIIIIIIi IIIIIIIM IIIIIIIIINllllll IllllllllllseulseIIIIM IIIMINII IIIIlIIMIIIIIIIIIMIl1m 

The World Leader in Quality Kitsets 
DATfTYOM 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 94lb. "Y" bandwidth 2 c/s -3 Mc s±3dB. 
Sensitivity 100mV/em. 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-I3U. 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. Ac. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.10 to 1,000M52 with internal battery. 
D.c. input resistance 1IMO. 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 -111. Ranges 0-1.5V to 
1,500V a.c. and d.c.; 150µA to 15A d.c.; 0.20 to 20M0. 
41" 50µA meter. Kit £12.18.0 Assembled £18.11.6 

R.F. SIGNAL GENERATOR. Model RF -IU. 
Up to 100 Me/s fundamental and 200 Me/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 0.15µ 
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 
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OS -2 

IM -13U 

V -7A 

RF -1U 

IG -82U 

Prices and specifications 
subject to change without 

notice 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 
Designed to match the AA -22U 
Amplifier. Available in separate units i! 

comprising Models TFMT-1 RF Tuning 
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. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIWIIIIIIIIIIIIIIIIIIIIIIII111111llllllmQllllllil®IItlnIMIIIIIImII 1111IIIIIIIIIIIIIIIIn111111l06111111MINIIZINIII®9111 ENE 

TRANSISTOR RADIOS 
"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, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 incl. P.T. 

Available shortly: CAR RADIO, Model 
CR -1. A quality model with outstanding 
performance. TOTAL PRICE: Kit (less 
speaker) £12-17-0 incl. P.T. Many access- 

ories available as extras. 

WELCOME TO OUR LONDON HEATHKIT CENTRE 

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

THURSDAY 11 a.m.-2.30 p.m. 
Telephone No: MUSeum 7349 

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

UXR-2 

UXR-1 

THE RADIO CONSTRUCTOR 
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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: li", 3}' and 74" p.a. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 74" 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-TI 4.l3.6 incl. P.T.) and I.F. amplifier (AFM-Al-£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 

TAUVOX 
DECK 

AM/FM 
TUNER 

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

AVAILABLE SHORTLY. MULTIPLEX ADAPTER, SD -1. Self powered. 
Will convert most FM tuners to stereo, fully transistorised. Kit £8.10.0 
Assembled £12.5.0 Send for full details and delivery. 

MONO CONTROL UNIT. Model UMC-l. Designed to work with the 
MA -12 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 

11111111111YIIIIIIIIIIIIIIIIIIIIIIIIIIIf 

First in dependability -first in performance 
Convenient credit terms available in U.K. over E10 

SSU-1 

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" x only 
71" deep. Modem 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 164" x 14" deep. 

Kit £25.12.0 Assembled £33.17.0 
STANDARD: Size 26" x 23' x 144" 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 

"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. stage. 

Kit £39.6.6 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.l. 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 11W-12 (80M) £67.10.0, Kit. 
Model HW-22 (40M) £66. 0.0, Kit. 
Model 11W-32 (20M) £66. 0.0, Kit. 

incl. 
duty, 
etc. 

80M Transceiver 
HW-12 

INSTRUMENT AND AMATEUR RADIO BROCHURES Without obligation please, send me 
AVAILABLE ON REQUEST I FREE BRITISH HEATHKIT CATALOGUE 

*..................` I FULL DETAILS OF MODEL(S).......________.......... 
(Please write in BLOCK CAPITALS) 

NAME . 

DAYSTROMLTD c ó ESTER I 
ADDRESS..-...---..__..__..._._..._..____ __..--.--......._._.. ......._-......__....._._. __.. 

-"' ` `'- - DEPT. RC.1J 

Prices quoted are Mail Order prices. 

OCTOBER 1966 

(Tick here) 

Ell 
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Scottish Insurance Corporation Ltd 
38 EASTCHEAP LONDON EC3 

TELEVISION 

SETS, 

RECEIVER S 

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 p':, : 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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11. 

BOUND VOLUME No.19 

of "The Radio Constructor" 

FOR YOUR LIBRARY 

Comprising 
780 pages 

plus index 

Volume 19 August 1965 to July 1966 

PRICE 30/- Postage 3/6 

Special discount 01101- for regular readers 

Where the 12 monthly issues making up the 
volume are returned, the price is only 20/- 

plus 3/6 postage 

Available only from:- 

Data Publications Ltd. 
57 Mailla Vale London W9 

OCTOBER 1966 

A Mullard inspiration 

70 t10 
STEREO 

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

This remarkable pi -mode stereo amplifier has been 
engineered by Tates to very high standards. 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 than 
ordinary equipment, and building can commence for as 
little as £5. 5.0. (Total kit price 47} guineas) 
Circuits, parts lists and assembly procedure are fully 
detailed in the 10+10 Construction Manual. 

10+10 STE PEO 

Construction 
Manual. 
Send for your 
copy today, 
12/6d. post paid. 

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

TATES 
ELECTRONICS 
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ESTABLISHED 1865 

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

return 

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

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 

Withdrawals at short notice 

INTEREST IS AT 44 / 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 W1 

Telephone MUSeum 4876-9 

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

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

Address 

R.C. 

(PI.ase use Block Capitals for both name and address) 

1.34 

SET OF 5 
TRIMMER 
FOR COMPLETE 
RECEIVER 
ALIGNMENT 

DOUBLE 
ENDED 

IDOLS 
Specially designed to 
adjust all standard coil 
cores and trimmers 

. with the right tool 
for every job ... this 
invaluable set of 
Trimmer Tools, packed 
in a handy pochette; is 
a must-and it's FREE 
inside the NOVEMBER 
PRACTICAL 
WIRELESS 

Also in this issue 

AF and RF Transistor 
testers. Custom-made dials 
and labels. Build a Portable 
Record Player. 

NOV. ISSUE 
OUT OCT. 6th -2/6 

NOVEMBER 
1966 

THE RADIO CONSTRUCTOR 
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THE MODERN BOOK CO 

RADIO VALVE DATA 
CHARACTERISTICS OF SEVEN THOUSAND VALVES -SEMICONDUCTOR DIODES 

AND RECTIFIERS -TRANSISTORS -CATHODE RAY TUBES 

9s. 6d. New Eighth Edition Postage Is. 

Questions and Answers Radio & Television. 
By H. W. Hellyer. 8s. 6d. Postage 9d. 

Questions & Answers Audio. By C. Brown. 
8s. 6d. Postage 9d. 

Inter: GEC Transistor Manual. 18s. Postage 
1s. 9d. 

We Built Our Own Computers. 12s. 6d. 
Postage 9d. 

Test Instruments for Electronics. A Guernsback 
Lib: Pub. 21s. Postage 1s. 

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

Questions & Answers Transistors. By C. 
Brown. 8s. 6d. Postage 9d. 

Questions & Answers Electronics. By C. 
Brown. 8s. 6d. Postage 9d. 

Design and Construction of Transistor Super- 
hets. By R. H. Warring. 17s. 6d. Postage 1s. 

Advanced Radio Control. By E. L. Safford. 
25s. Postage 1s. 

Electronic Organ Handbook. By H. E. Ander- 
son. 35s. Postage 1s. 

The Radio Amateur's Handbook. By A.R.R.L. 
1966 ed. 40s. Postage 2s. 6d. 

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

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

T.R.S. BARGAINS IN KITS, COMPONENTS AND EQUIPMENT 
* * * T:R.S. F.M. STEREO DECODER 

Based on Mullard design and produced by T.R.S. 
Built-in stereo indicator. 6 -transistor model, 
readily adaptable for use with valve tuners as 
well. For 9-15v. operation. 1.4 19s. 6d. (p./p. 2/6). 

WE ARE SINCLAIR SPECIALISTS 
We carry full stocks of these world-famous all -British 
designs as advertised and give prompt delivery. 
MICRO -6 Six stage vest-pocket rcvr. (Kit) 59/6 
MICRO -FM 7 transistor FM tuner-rcvr. (Kit) L5 19 6 
L12 combined 12w. amp and pre -amp. built 89/6 
STEREO 25 de luxe pre-amp/control unit 

(stereo) built L9 19 6 

"CIR -KIT" INSTANT CIRCUITS 
Indispensable for constructors. Enables 
you to produce "printed circuits" quick- 
ly and cleanly. Kit No. 3 inc. baseboard, 1 5/ - 
processed copper strip and sheet as 
advertised. 

6 VALVE A.M./F.M. TUNER UNIT 
In Kit Form with or without Power Pack 

Med. 190 m., 550 m., 
V.H.F.-86 Mc/s-103 
Mc/s., 6 valves and 
metal rectifier, Self- 
contained power 
unit. Magic -eye, 3 
push-button con- 
trols, on/off, Med., 
V.H.F. Diodes and 
high output sockets with 
gain control. Illuminated 2 -colour 
perspex dial I If" 4" chassis size Il)" x 4" x 5)". 
Strongly recommended for use with Mullard amplifiers 
below. For A.C. mains 200/250 v. Unbeatable value. 
Complete kit. inc. Power Pack as illustrated, I lgns. 
Carr. 7/6. Ditto less Power Pack IOgns. Carr. 7/6. 
Circuit and Const. details 4/6. Free with kit. 

TRANSFORMER MANUFACTURING SERVICE 
We manufacture all types Radio Mains, Transf. 
chokes. Quality 0/P Trans., etc. Enquiries 
invited for specials, prototypes for small pro- 
duction runs. Quotations by return. 
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2 FAMOUS MULLARD AMPLIFIERS 
Mullard design with T.S.R. kits for value 

MULLARD "3-3" 3 - 
valve Hi-Fi quality at 
reasonable cost. Bass 
Boost and Treble con- 
trols, quality sectional 
out -put transformer (3 
and 15 ohms). 40 c/s. 25 
kc/s.t I dB. 100 mV. for 
3W., less than I% dis- 
tortion. Bronze escut- 
cheon panel. Complete 
Kit only L7 10s. Od. Carr. 
5/-. Wired and tested 
L9 10s. Od. 

MULLARD "5-10" 
5 valves 10 W., 3 
and 15 ohms out- 
put. Mullard's 
famous circuit 
with heavy duty 
ultra -linear quali- 
ty output Hr. Basic 
amplifier kit price 
L9/19/6. Carr. 7/6. 
Ready built 11} 
gns. 

7 VALVE AM/FM RADIOGRAM CHASSIS 
3 wave -band L/M/FM. Permeability tuning on 
F.M. Large clear dial A.V.C., good neg. feed- 
back. Magic eye. 3 w. output. A.C. 200/250 v. 
Circuit diagrams available. Aligned, tested and 
ready for use íI3/19/6 (Carr. and ins. 7/6). 
S.A.E. brings full details. 

MISCELLANEOUS 
ENAMELLED COPPER WIRE -2 oz. reels 
14 g..20 g. 3/-; 22 g.-28 g. 3/6; 30 g.-34 g. 4/3; 
36 g.-38 g. 4/9; 39 g.-40 g. 5/-, etc.. 
TINNED COPIPER WIRE. 16-22 g. 4/. 2 oz. 
BONDACOUST Speaker Cabinet Acoustic 
Wadding (I" thick approx.) 18" wide, any 
length cut, 6/- yd. 
VEROBOARD-All sizes including 24" x 5", 
3/8; 2}" x 3)", 3/-; 3)" x 5", 5/2; 3)" x 3)", 3/8; 
3f" x 17", 12/6. All accessories and tools in stock. 

MISCELLANEOUS -continued 
VOLUME CONTROLS. LOG and LINEAR - 
5K -2, 0 3" Spindles Morganite Midget Type If" 
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 (100k to 2 Meg. only). 
RESISTORS -Modern ratings full range 10 
ohms to 10 megohms, 20% 4-4 w, 3d. ea., ditto 
I w. 6d. ea., 2 w. 9d. ea., 10% 4-4 w. 4d. ea., 5% 
Hi -stab., }-} w. 6d. ea. (below 100 ohms and over 
I meg. 9d. ea). 1% Hi -stab., } w. 1/6 ea. (below 
100 ohms. 2/- ea.). 

ERSIN MULTICORE SOLDER. 60/40 4d. per 
yard. Cartons 6d., 1/-, 2/6, etc. 
WIREWOUND RESISTORS. 25 ohm to 10 K. 
5 w. 1/3. 10 w. 1/6. 15 w. 2/-. CONDENSERS 
Silver Mica. All values 2 pf. to 1,000 pf. 6d. ea. 
Ditto ceramics 9d. Tub. 450 v. T.C.C., etc., 
.001 mfd to .01 9d. and .1/350 v. 10d. .02 MF to 
0.IMF. 500 v. 1/-. .25 T.C.C. 1/6. .5 T.C.C. 1/9. 

CLOSE TOL. S/MICAS. 10% 5 of. 500 Pf. Ed. 
600-5,000 Pf. 1/-. 1% 2 pf -100 Pf. 9d. 100 Pf. 9d. 
100pf. 500 Pf. I Id. 575 pf. 5,000 Pf. 1/6. 

ALUMIN. CHASSIS. 18g. Plain undrilled 
folded 4 sides, 2" deep, 6" x 4", 4/6; 8" x 6" 5/9; 
10" x 7", 6/9; 12" x 6", 7/6; 12" x 8", 8/- etc. 

ALUMIN. SHEET. 18g. 6"x 6" 1/-;6"x9", 1/6; 
6" x 12" 2/-; 12" x 12", 4/6 each. 

TYGAN FRET (Conteur. pat.) 12" x 12", 2/-; 
12" x 18", 3/-; 12" x 24", 4/- etc. 

FOR COMPREHENSIVE LISTS 
SEND 3d SHOWING ULL RANGES OF 

OUR VERY LARGE STOCKS 
AT BARGAIN PRICES. 

RADIO 

Established 1946 

COMPONENT SPECIALISTS 
70 Brigstock Rd, Thornton Heath, Sy 

Telephone THO2188. Hours 9.0 a.m.-6.0 p.m. daily, 1.0 p.m. Wed. 
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HOME RADIO LTD., Dept. RC, 187 London Road, Mitcham, Surrey Phone: MIT 3282 

ARE YOU LOOKING 

FOR THE USUAL? 
(Seeing the above, our artist said 
"Yes, preferably 36-24-36"). 

You may perhaps remember our advertisement 
"Are you looking for the unusual?" showing a 

double -headed elephant. (We found him too 
costly, having to feed two ends, so we exchanged 
him for the above which doesn't need feeding 
at all!) We would like to mention in passing one 
customer who wrote to us, "If you can supply a 

UX5 valve holder, I will believe you have two - 
headed elephants in stock!!" WE SENT HIM 
ONE BY RETURN OF POST-a valve holder, not an 

elephant!! 

All this preamble (we hope you are still with us) 

leads up to the point that we thought we would 
like to show you a list of the most ordinary 
items in our current catalogue. Here we go: 
We start with Aerials, Batteries, Books (over 
150 titles listed), Boxes, Cabinets, Chassis, 
aluminium (over 140 different sizes), Chokes, 
R.F. and L.F. coils (6 different makes, over 160 
different types), Condensers (let's just say this 
section runs into 17 pages), Connectors (over 
96 types), Tag Boards and Tag Strips (over 40 
types), Dials and Drives (over 50 types). 

Our Components Catalogue costs 7/6 
plus 116 postage, but every catalogue 
contains S vouchers, each worth 11- 

when used as directed. Send your 
cheque or P.O. for 9/- today. 

Eddystone Receivers and Components (the 
entire range), Kits (over 200), Knobs (over 80), 

Lamps, pilot, neon and fittings (5 pages), Lektro- 
kit (the entire range), Miscellaneous (this includes 

such items as nuts, bolts, washers, grommetts, 
solder tags, Paxolin both sheet or tube etc.), 

Pick-ups, Gram Motors, Styli (these last three 
run to 8 pages), Relays, Rectifiers, Resistors 

(5 pages), Soldering irons, Loudspeakers, 

Switches (over 120 different types), Tapes, Tape 

accessories, Test Gear (5 pages), Tools (3 pages), 

Transformers, Output, Mains Auto, Battery 
charger and Transistor (this section runs to 12 

pages), Transistors, Transistor holders and heat 

sinks, Valves and Valve holders, Wire, cable and 

feeders, finishing up with Z for Zener Diodes. 

This is not everything that is in the catalogue 

but we hope it's enough to show you the scope, 

and make you grab your pen to fill in the coupon. 

r11 fffff 
Please write your Name and Address in block capitals 

not 

Name I 

Address I 

1 I 
1 I 
1 I 

Home Radio Ltd., Dept. RC, 187 London Rd., Mitcham, Sy. -J 
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Versatile Test Oscillator 
by 

H. T. KITCHEN 

In addition to its r.f. output, this comprehensive test oscillator incorporates an a. f. output, a 

crystal calibrator output, internal or external modulation and a meter for coupling to the output 
transformers of receivers under alignment. Particular attention has been paid to screening, 

and external radiation is negligibly low. Coverage can be long, medium, short waves and 

intermediate frequencies or, with two extra coils, continous from 16 to 2,000 metres 

ALTHOUGH MANY AMATEURS SEEM TO MANAGE 
without a test oscillator, there is little doubt 
that, for any serious work, such an instrument 

is indispensable. Although the circuit to be described 
is by no means complicated or difficult it is rather 
more versatile and refined than some that the author 
has seen. This should not be taken to mean that 
the author decries simple designs, only that he 
considers the serious amateur should possess an 
instrument capable of fulfilling any tasks he may 
require of it. 

In the author's opinion coil winding is a tedious 
and usually unnecessary chore except for those who 
enjoy it. Consequently, the present design employs 
commercial coils which, depending on the number 
incorporated, can cover from 16 to 2,000 metres; 
whilst those who enjoy coil winding may care to 
try their hand at extending the range. 

The unit offers quite wide facilities. Apart from 
the variable r.f. oscillator, there is an accurate and 
stable 100 kc/s crystal oscillator which can be used 
to check the frequency calibration. Either internal 
modulation at 1,000 c/s or external modulation can 
be employed. The internal modulating signal is 
also available for external use, the output being 
variable. A separate cathode follower output stage 
effectively isolates the r.f. oscillator from the effects 
of external loads. Since there is not much point 
in providing a signal if its effect cannot be observed, 
a small 0-1mA meter is also fitted, into which the 
output of the receiver under alignment can be fed. 
The ear rapidly becomes accustomed to the modula- 
tion note, which can be very boring anyway, and 
this output meter will be found a most useful 
accessory. 

Power requirements are quite modest, being 250V 
at 30mA and 6.3V at 1.2A, so that a "converter" 
type mains transformer will prove suitable. A 
contact cooled rectifier is used instead of a valve 
rectifier which, because it runs hot, could adversely 
affect the frequency stability of the r.f. oscillator. 
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Some test oscillators handled by the author have 
had, in his opinion, a number of serious faults. The 
r.f. output has been unstable, and merely touching 
the case, altering the attenuator, or reconnecting 
the output lead to another test point has been 
enough to cause the frequency to shift by several 
kc/s. In others the output lead has been superfluous, 
the r.f. being picked up by a receiver some distance 
away, and the so-called "attenuator" making an 
excellent fine tuning control! In the circuit to be 
described these faults have been either eliminated 
or reduced to negligible proportions by simple 
precautions. It should be added that, with the 
design under discussion, unwanted radiation is 
non-existent due mainly to a good metal cabinet 
which provides adequate screening and to a 
thoroughly filtered mains input circuit. It is not 
always appreciated that a mains lead can act as an 
aerial, causing any measurements which are made 
to be useless. 

The Circuit 
Fig. 1 shows the complete circuit, from which it 

it will be seen that four valves are used, these all 
being Z77's. The Z77 is the direct replacement of 
the EF91 and 6AM6 and CV138 and is available 
quite cheaply. It is also a very efficient and reliable 
little valve, and well suited to its present use. 

The circuit will now be described in detail, 
commencing with V1 the variable oscillator. The 
V1 stage is the outcome of several experiments, all 
aimed at producing an oscillator that was reliable 
and had a clean waveform. The coils were first 
tried in the anode and grid circuits, but this resulted 
in fierce oscillations which could not be damped 
down sufficiently to give good and reliable results. 
The relatively high anode voltage was an incentive 
to try the cathode -grid arrangement shown and this 
proved to be completely satisfactory. VCI is the 
main tuning capacitor with a value of 500pF. This 
should be as good a component as possible. In 
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COMPONENTS 
Capacitors 

C1 100pF Silver mica 
C2 5,000pF Ceramic 
C3 1,000pF Ceramic 
C4 100pF Silver mica 
C5 0.05µF Paper 
C6 50µF Electrolytic 6V wkg. 
C7 0.05µF Paper 
C8, 9,10 500pF Silver mica 
011 0.05µF Paper 
C12 1,000pF Ceramic 
C13 
C14 
C15 
C16 
C17 
C18 
019-22 
C23 
C24 
C25 
C26-33 

8µF Electrolytic 350V wkg. 
5,000pF Ceramic 
1,000pF Paper 
32µF Electrolytic 350V wkg. 
16µF Electrolytic 350V wkg. 
500pF Silver mica 
1,000pF Paper or ceramic 300V a.c. 
5,000pF Ceramic 
400pF Silver mica 
200pF Silver mica 
1,500pF (nominal) Feedthrough (see text) 

VC1 500pF Air -spaced variable 
TC1 25pF Air -spaced variable 
TC2 100pF Mica, trimmer 

Inductors 
L1 Coil type PHF3 (Wearite) 
L2 Coil type PHF7 (Wearite) 
L3 Coil type PHF1 (Wearite) 
L4 See text 
L5 See text 
L6 15H 50mA Choke 
L7 See text 
Tl Mains transformer; Input 240V; Output 

250V (35mA min) 6.3V (1.2A min). 
Resistors 
(All +W 10% except where stated) 

R1 68kû 
R2 47052 
R3 22kû 
R4 100kû 
R5 1kû 
R6 10kû 
R7 1kû 
R8 100kû 
R9 100kû 
R10 100kí2 
R11 1Mû 
R12 22052 
R13 10kû 
R14 1Mû 
R15 100kû 
R16 33kû 
R17 470kû 
R18 10kû 
R19 3û or 1552 5W (See tent) 
R20 39052 
VR1 l5kû Potentiometer, linear. Carbon 
VR2 5kû Potentiometer, linear. Carbon 
VR3 15kû Potentiometer, linear. Carbon, 

pre-set 
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Valves 
V1-4 

Rectifiers 
MR1 250V, 35mA contact cooled rectifier 
MR2_5 GEX34 

Z77, EF91, 6AM6 or CV138 

Switches 
S1 2 -pole 3 -way, or 2 -pole 5 -way (see text) 
S2 1 -pole on -off rotary 
S3 1 -pole on -off rotary 

Crystal 
100 kc/s crystal 

Lamp 
0.1 or 0.15A bulb and holder (see text) 

Meter 
Moving -coil, 0-1mA 

Dial 
Full Vision (Eddystone) or type 4489 (Jackson 

Bros.) 

Sockets, etc. 
4 B7G valveholders with centre spigot 
4 coaxial sockets 
1 holder for crystal 
2 terminals 

Cabinet 
Metal cabinet type Y, 12 x 7 x lins (H. L. Smith 

& Co.) 

parallel with VC1 is TC1, which has a capacitance 
of 25pF and is used to reset the oscillator should it 
drift, thereby enabling the main tuning control to 
be accurately set at all times. TC1 could also, if 
desired, be used as an incremental tuning control 
covering some particular band of frequencies, as 
for example, the i.f. range. The coils are switched 
by means of Si(a) S1(b). Three Wearite r.f. coupling 
coils were used in the prototype, these covering 

Chassis 

2112. 

2 /2 

Fig. 2. How rectifiers MR2-MRS may be fitted at the 
back of the meter 
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16-47 metres (PHF3) 250-750 metres (PHF7) and 
700-2,000 metres (PHF1) but as there is room to 
spare in the r.f. compartment two further coils 
could also be used, these extending the range to 
34-100 metres (PHF5) and 91-261 metres(PHF6).1 
If these coils are added, the wavechange switch will 
need to be a 2 -pole 5 -way component. Cl, R1, R2 
and R3, R4 were chosen to provide a signal with a 
good waveform. Failure of the valve to oscillate 
over either whole or part of a band can be cured by 
increasing C1 or decreasing R4. Squegging can be 
cured by increasing R4 or decreasing C1. Squegging 
is easily recognised because it consists of a rough 
hissing carrier extending over a band of frequencies 
instead of a single sharply tuned signal. Stubborn 
refusal of a valve to oscillate is an almost sure sign 
of a wrong component or incorrect wiring. Oscilla- 
tions can be checked in the absence of a receiver 
by placing a milliammeter in series with R4 and 
short-circuiting the grid to chassis, whereupon the 
anode current should increase. 

V2 is the audio oscillator used to modulate V1. 
It is of the conventional and well tried phase shift 
type modified to enable external modulation to be 
used if so desired. The latter function is provided 
quite simply by short-circuiting R10 by means of S2, 
and thus preventing the valve from oscillating. A 
signal fed into the Ext. Mod. socket is passed to the 
grid of VI via C7, R8 being the grid leak. The valve 
then functions as a normal pentode amplifier, C8, C9 
and C10 only serving to bypass the higher frequen- 
cies. If complete isolation is required when external 
modulation is selected, a 2 -pole switch could be 
used, one pole being connected between anode and 
C10 and the other pQle between grid and Cs. The 
valve will then cease oscillating when the switch is 
open. 

The modulating signal, whether internal or 
external, is available in amplified form at the A.F. 
Output socket by way of VIII and C11. C3 couples 
the signal at V2 anode to V1 grid via R1 and R2, 
and modulates V1 a depth of approximately 30%, 
this being the level usually accepted for test oscillator 
work. 

The signal from the anode of V1 is fed to the 
grid of the cathode follower V3 via Ca. R13, C13 
and C14 decouple the anode of the cathode follower. 
Electrolytic capacitors have appreciable self-induc- 
tance at radio frequencies and C14 provides a low 
reactance at these frequencies. R11 is the grid leak 
for V3 and R12 the cathode bias resistor. VR2 is 
the r.f. output control. To be really effective the 
earthy end of the track and metal casing of VR2 
should be securely bonded to the chassis, preferably 
at several points. 

I The five coils will, of course, give complete coverage from 16 to 
2,000 metres. With three coils, the choice of a PHF7 coil instead of a 
medium wave PHF2 coil (200-557 metres) enables an output to be 
obtained over the intermediate frequencies around 465kc/s, although 
no output is then available over the higher frequency end of the 
medium wave band. In practice, however, it will probably be found 
that the absence of a parallel trimmer (of the type which would be 
employed were the PHF7 coil used in a normal receiver circuit) will 
allow this coil to tune to wavelengths lower than the nominal limit of 
250 metres.-Editor. 
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V4 is the crystal calibrator and this again uses 
conventional and well tried circuitry. In the original 
a 100 kc/s crystal was used not only because it was 
handy but because it represents a convenient figure. 
Other crystals can no doubt be used but it should 
be borne in mind that the higher the fundamental 
frequency of the crystal the less useful it will be 
towards the low frequency end of the r.f. coverage. 
TC2 is used to beat the output of the crystal against 
the Light Programme at 200 kc/s. Once set, TC2 
should not require further adjustment unless, 
perhaps, V4 has to be changed. The heater voltage 
is applied continuously to V4 keeping it at working 
temperature, and on -off switching is provided by S3. 

R14 allows sufficient anode current to flow to 
prevent cathode poisoning but not enough to allow 
the valve to oscillate. The crystal used in the 
prototype was mounted in a B7G envelope which 
was completely evacuated. However, ordinary 
2 pin crystals are available quite cheaply and could 
be used with no modifications to the oscillator 
circuit apart from the obvious mechanical changes. 

Power Output Meter 
The power output circuit is very simple, consisting 

of the meter, four germanium diodes, and one fixed 
and one variable resistor. R19 is the load resistor 
and should be chosen to match the output impedance 
of the receivers it will be used with. Normally, it 
will be 352, since this is a common value with 
domestic receivers (except for some transistor 
portables which vary from 352 to some 401-2). VR3 
is the series multiplier and is set during initial 
calibration to give a full scale deflection at some 
suitable input. Although an arbitrary figure could 
be used it is much preferable, and not too difficult 
to arrange for f.s.d. to correspond to some known 
value so that a check can be made on the efficiency 
of the output stage of the receiver undergoing test. 
Since domestic receivers rarely exceed power out- 
puts of 5 watts, this could well be chosen as the f.s.d. 
If the load resistor is made 352, an output of 3.87 
volts r.m.s. will give f.s.d. whilst a 1552 load will 
require 8.67 volts r.m.s. for f.s.d. Table 1 gives the 
various voltages required across 30, and 1552 for 
power inputs ranging from 500mW to 5W, and from 
this it will be seen that, though the scale is somewhat 
cramped towards the bottom end, accuracy of 
readings can still be sufficient for most servicing 
requirements. 

The meter rectifier consists of four germanium 
diodes. GEX34's were used in the original but 
there is no reason why other diodes with approxi- 
mately similar ratings should not be used instead. 
These diodes are mounted on the back of the meter 
in the following fashion. A thin piece of Paxolin 
some 2+in square has four turret tags (or failing 
these four 6BA solder tags) mounted in each corner, 
and the diodes are soldered to these, taking note of 
polarity. See Fig. 2. Two holes to take the meter 
terminals are then drilled in the Paxolin, which is 
next attached to the back of the meter using the 
meter terminal nuts. If a miniature potentiometer 
is used for VR3 this could, perhaps, also be mounted 
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on to the Paxolin, necessitating a slight re -arrange- 
ment of tag and meter hole positioning. The load 
resistor R19 is soldered from the appropriate meter 
input socket to a convenient earth tag on the chassis 
or front panel. 

Power Supply 
Simple though it is, the power supply will be 

described in some detail since it possesses a number 
of features that may not be familiar to the beginner. 
MR1 is the rectifier, whilst C16, C17 and the 1.f. 
choke comprises the smoothing components. MR1 
is a contact cooled rectifier, and is bolted direct 
to the rear wall of the chassis, as shown in Fig. 3. 
Due to voltage surges before the valves have warmed 
up, C16 and C17 should have a working voltage of 
350, thereby providing a margin of safety. The 
dial light is connected at the bottom end of the 
secondary of the mains transformer where it not 
only shows the presence of h.t. but, by acting as a 
fuse in the event of short-circuits, provides a measure 
of protection to the power supply components.2 
The mains transformer is only lightly loaded to the 
extent of 35mA h.t. and 1.2A heater, consequently 
it need not be a large and expensive component. 
The capacitors C19 to C22 form, with L4 and L5, the 
r.f. filter in the mains input circuit, and effectively 
prevent any radiation by way of the mains lead. It 
is most important that the voltage rating of these 
capacitors should be 300 volts a.c. L4 and L5 are 
each close -wound in a single layer with 28 s.w.g. 
enamelled wire on a *in diameter former, 2in long, 
the length of the coil being slightly shorter than the 
length of the former. They are then mounted on a 
piece of Paxolin measuring 3 by lin with a turret 
tag in each corner. See Fig. 3. Although this 
Paxolin panel was mounted in the original as shown, 
it, may perhaps, be preferable to fit it to the rear 
wall of the chassis so as to allow free access to the 
tags of C16 and C17. 

No on -off switch is shown in the circuit and 
layout diagrams, but this can easily be added, if 
desired. All that is required is a 2 -pole toggle 
switch in series with the Live and Neutral leads from 
the mains. It may be mounted on the rear wall of 
the chassis. 

Mechanical Details 
Mechanically, the instrument is reasonably com- 

pact whilst still allowing adequate room for all the 
components fitted. It is entirely self-contained in 
an attractive metal cabinet 12 by 7 by Tin obtainable 
from H. L. Smith & Co., the cabinet actually used 
being the type "Y". An aluminium chassis 111 by 
61 by 21in high is employed, upon or inside which 
most of the components are mounted. The Eddy- 
stone Full Vision dial and drive is recommended 
for VC1 since it allows the oscillator frequencies 

2 The panel light passes the ripple current in the reservoir capacitor 
circuit, and this will vary according to the resistance of the mains 
transformer secondary and the forward resistance of MR1. The panel 
lamp may also be subject to surges on switching on. Because of these 
points, it would probably be preferable to initially check the circuit 
with, say a 0.3A bulb, changing to a lower current bulb if results 
with the 0.3A bulb indicate that this may be safely done.-Editor. 
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to be drawn directly on the scale, which is a great 
convenience during use. However, if there are no 
objections to graphs, the Jackson Bros. dial and 
drive type 4489 is also suitable. 

The chassis is divided underneath by a number 
of screens which serve to isolate the various sections 
and help to minimise mutual interference. Heater 
and h.t. supplies are fed into the various compart- 
ments by way of feedthrough capacitors C26 to 
C33, these having a nominal capacitance of 1,500 
pF.3 

Fig. 4 shows the front panel and top chassis 
layout. Exact dimensions are not given since they 
are not critical and will in any case depend on 
the components actually used. If the Eddystone 
Full Vision dial is used, there will not be much 
room to spare between the edge of the dial on 
the outside and the top of the chassis on the 
inside. Consequently, the coaxial sockets employed 
for Ext. Mod. and A.F. Output will need to be 
accurately positioned, as also will the lamp. The 
lamp could, however, be mounted elsewhere where 
panel space is less at a premium, should this be 
desired. The switches and potentiometers pro- 
truding through the panel should be positioned 
equidistant from one another and an inch above 
the edge of the panel, the latter being secured to the 
chassis by the fixing nuts of these components. 
Coaxial sockets should be used at the Crystal Output, 
R.F. Output, A.F. Output and Ext. Mod. positions, 
but a pair of terminals would be more suitable for 
the Meter Input. 

Construction And Testing 
Construction can commence when all the com- 

ponents are at hand. The major items such as the 
mains transformer should be laid on the chassis 
using Fig. 4 as a guide and the position of the fixing 
and grommet holes marked out. The valveholders 
are mounted with the orientation shown in Fig. 3. 
The coils should be fitted as near S1 as is practicable, 
as, also, should the valveholder for VI. The coil 
associated with the highest frequencies should be 
nearest the switch with the long wave coil furthest 
away. Tinned copper wire of 22 s.w.g., suitably 
sleeved, should be used for wiring the coils to the 
switch and the switch to the valveholder. Wiring 
should he direct and point to point. 

The internal dividing screens are only required 
during actual operation and can be left out during 
initial wiring, though it is advisable to mark the 
positions on the chassis so that components can 
be arranged to clear them. It is also advisable to 
allow sufficient wire to reach from the various 
heater pins to the respective feedthrough capacitors. 

Wiring, as always, should be a methodical affair 

3 If the section of the chassis to which the feedthrough capacitors 
are mounted is aluminium, these capacitors will have to be of the 
type which is secured by a nut instead of the type which is soldered 
in position. Should difficulty be experienced in obtaining suitable 
feedthrough capacitors (whose value could, in practice, lie between 
1,000 and 2,000pF) it will be almost equally satisfactory in the present 
application to use lead -through connectors, with a disc ceramic 
capacitor of 1,000 to 2,000pF coupling the spill inside the compart- 
ment to chassis via very short leads-Editor. 
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with plenty of time for thought and, if necessary, 
reconsideration. Valve by valve, stage by stage is 
the ideal approach. Care taken during wiring is 
very much worthwhile, and can often save many 
hours of fault finding afterwards. A test oscillator 
is, or should be, a precision piece of equipment and 
the standard to which the user has to work. It is 
therefore deserving of extra care and attention at 
all stages of construction and of the best compo- 
nents that can be afforded. 

When wiring is completed it should be checked 
not only for incorrect connections or components 
but for the tiny bits of wire and solder that can be 
relied upon to provide a pyrotechnical display 
when the mains supply is plugged in! A number of 
preliminary tests can be carried out after the mains 
has been applied for several minutes. The h.t. 
voltage should be in the region of 250V. A pair of 
phones connected to the A.F. Output socket will 
prove the presence or lack of audio oscillations, 
the amplitude of which should vary as VRI is 
rotated. S2 should, of course, be open for this test, 
i.e. at the Int. Mod. position. With S2 closed, in 
the Ext. Mod. position, the note should cease since 
V2 can no longer oscillate. With S2 at Ext. Mod. 
a signal may be fed into the Ext. Mod. socket, and 
this should be heard in the phones. Care should be 
taken not to overload the V2 stage with a strong 
signal. 

To check the r.f. oscillator a receiver is necessary. 
Connect the lead from the R.F. Output socket to 
the aerial socket of the receiver and, with S2 set to 
Int. Mod., check that the oscillator is working by 
tuning in the signal on the receiver. The various 
ranges should be swept, keeping the oscillator 
and receiver in tune. Squegging or lack of oscil- 
lations can be cured by appropriate alterations to 
C1 and R4 as previously described. 

The crystal calibrator can be checked by connect- 
ing its output socket to the receiver and tuning in 
the Light Programme on 200 kc/s (1,500 metres), 
whereupon a beat should be observed, this being 
tuned to zero by means of TC2. 

The power output meter does not really require 
checking at this stage an can be left till final calibra- 
tion. 

Calibration 
Test oscillators seem to have acquired a reputation, 

not really deserved, of being difficult to calibrate. 
A careless approach can certainly lead to chaos 
and confusion but, in the author's opinion, a 
thorough understanding of the principles involved 
together with a careful and methodical approach 
should make calibration both easy and straight- 
forward. It is well worthwhile going to a good deal 
of trouble to get the initial calibration really accurate, 
since it will affect the ultimate usefulness of the 
instrument. 

There are several ways of calibrating the oscil- 
lator. The calibration can be carried out against 
a standard signal generator or against broadcast 
signals of known frequency using, in both cases, 
a wide range receiver as an indicator. For final 
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calibration the oscillator should be fitted into its 
case and, together with the standard signal generator 
and receiver, allowed at least half an hour for 
warming up. The spacing of the calibration fre- 
quencies is a matter for personal preference, though 
it is suggested that 10 kc/s, 25 kc/s and 50 or 100 kc/s 
for the long, medium and short wave bands re- 
spectively be used. The section of the PHF7 band 
covering the intermediate frequencies could, how- 
ever, be calibrated more closely if the standard 
signal generator will allow it. Points could thus 
be plotted at 450, 455, 460, 465, 470 and 475 kc/s, 
these catering for the most commonly used inter- 
mediate frequencies. 315 kc/s (equals 952 metres 
on the PHF1 range) could also be plotted as an 
i.f. since some of the older transistor radios used 
this frequency. 

If the signal generator to be used as the standard 
is a borrowed one or one the constructor is not 
familiar with, it is well worth checking the accuracy 
of its calibration either against the crystal calibrator 
or against broadcast stations. All but the very 
best oscillators drift to some extent, hence the 
inclusion of TC1 in the present design. This control 
should be set to its mid -point during calibration 
and not touched again until, at some later date, 
it is perhaps found necessary to correct for oscil- 
lator drift. 

For calibration the outputs of the standard 
signal generator and the test oscillator should be 
very loosely coupled to the receiver being used for 
calibration. Tight coupling must be avoided for 
it may result in frequency pulling and the genera- 
tion of spurious and misleading harmonics. A 
few feet of wire from the two outputs laid near 
to each other and near the receiver's aerial terminal 
should prove satisfactory in most cases. The 
long waveband (PHF1 coil) should be calibrated 
first since it is probably the easiest, and the practice 
gained will prove invaluable when the higher 
frequencies are attempted. The standard signal 
generator is adjusted to 150 kc/s with the modula- 
tion off, and its signal is tuned in on the receiver. 
(If any difficulty is experienced in tuning in this 
signal on the receiver it may prove useful to switch 
on the modulation, switching it off again when 
the receiver is accurately tuned). The test oscil- 
lator frequency is then adjusted, again with modula- 
tion switched off, until its r.f. output signal is 
heard to beat against that of the standard. The 
test oscillator is adjusted to bring the beat note 
to zero, and the setting of VCl noted as the 150 kc/s 
point. The standard is then tuned to the next 
chosen frequency, which can be 160 kc/s or what- 
ever frequency the constructor fancies or the 
standard permits, and the receiver again accurately 
tuned in. The test oscillator is then tuned as before 
and the new dial setting noted as 160 kc/s. The 
remainder of the long waveband can be calibrated 
in this fashion, the crystal being used to check 
the 200 kc/s point. 

The medium waveband, as offered by the PHF7 
coil, comes next. This requires rather more care 
and a somewhat different approach, because part 
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of the band covers the i.f. range and the receiver 
will -not tune directly over the intermediate fre- 
quencies. Harmonics will therefore have to be 
used, requiring greater care if mistakes are to be 
avoided. An example may make explanations 
easier and clearer. Assume that the 465 kc/s 
point has to be calibrated and the standard is 

already tuned to this frequency. The receiver will 
not tune to 465 kc/s so the second harmonic will 
have to be used, this being 2 x 465 =930 kc/s. 
If the receiver is now tuned to 930 kc/s the signal 
generator harmonic should be heard. If the standard 
signal generator and test oscillator are kept care- 
fully in step up to the frequency at which the 
change over to working on the harmonic occurs, 
there can be no chance of tuning to an incorrect 
harmonic. 

The medium waveband can, in consequence, be 
calibrated as follows. The standard signal generator 
is tuned to 1,200 kc/s, again without modulation, 
and this signal tuned in on the receiver. The test 
oscillator is carefully tuned until the two frequencies 
are identical, and give zero beat, whereupon the 
VCl dial setting is noted as the 1,200 kc/s point. 
The next chosen frequency is then tuned on the 
standard signal generator, this could well be 1,225 
kc/s, and the receiver tuned in and then the test 
oscillator tuned for zero beat again. The medium 
waveband should be calibrated at intervals of 
25 kc/s in this manner until the low frequency 
limit of the receiver tuning range is reached, this 
being in the region of, say, 545 kc/s or 550 metres. 
It is at the limit of receiver tuning range that the 
change over to the second harmonic is made. 
If the two oscillators have been kept in step all 
the way, the chances of making mistakes at this 
point will be negligible. Assuming that 545 kc/s 
has been successfully calibrated, leave the test 
oscillator and standard signal generator alone, 
and retune to the second harmonic of their signals 
on the receiver at 2 x545.---1,090 kc/s, or 275 
metres. Calibration then continues as before, 
taking care to keep the signal generator and test 
oscillator in step all the time. At frequencies 
between 450 and 475 kc/s, it will be desirable to 
use 5 kc/s separation between calibration points. 
Summarised, the process consists of calibrating 
on medium waves in the same way as on long 
waves until the low frequency end of the receiver's 
tuning range is reached. Then change to the second 
harmonic on the receiver only, calibrating on the 
fundamental frequency of the standard signal 
generator. Every 100 kc/s, or, at worst, every 
200 kc/s, the crystal calibrator should be used to 
check the accuracy of calibration. 

If a receiver with the requisite coverage is avail- 
able, the short wave ranges do not require the 
use of harmonics, and calibration is therefore 
fairly straightforward. On the 90-260 metre band, 
a separation frequency of 50 kc/s will prove suitable 
but 100 kc/s will be easier over the 16-47 metre 
and 34-100 metre bands. The procedure is exactly 
the same as for the high frequency end of the 
medium wave range, each range being calibrated 
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TABLE 1 

Output Meter Calibration 

1552 3S2 

5W 8.67V 5W 3.87V 
4.5 8.20 4.5 3.67 
4 7.75 4 3.46 
3.5 7.25 3.5 3.24 
3 6.70 3 3.00 
2.5 6.10 2.5 2.74 
2 5.47 2 2.45 
1.5 4.74 1.5 2.12 
1 3.87 1 1.74 
500mW 2.74 500mW 1.23 

from the high frequency end to the low frequency 
end. Extensive use should be made of the crystal 
calibrator to ensure good accuracy. 

The power output meter should next be checked 
and, if possible, calibrated against Table 1. The 
figures in this Table are to two places of decimals, 
but little accuracy will be lost in practice if calibra- 
tion is made to the first decimal place only. The 
calibration should be carried out with a sine wave 
signal monitored by an a.c. voltmeter. If the 
constructor does not have the equipment to carry 
out this calibration it is still possible for the meter 

to provide very useful comparative output level 
readings. VR3 is then adjusted to give full-scale 
deflection for the greatest output anticipated from 
receivers with which the test oscillator is to be used. 

Artificial Aerial 
If the best possible use is to be made of the test 

oscillator an artificial aerial is a very desirable 
accessory. From the inset in Fig. 1 it will be seen 
that the artificial aerial consists of two capacitors, 
C24 and C25, one resistor, R20, and a coil, L7. 
The coil consists of 60 turns of 28 s.w.g. enamelled 
wire wound on a former of 4in diameter. All 
the components can be mounted in a small tin, 
which serves to protect and screen them. Con- 
structional notes are not given since almost any 
tin at hand can be pressed into service. Although 
he has not himself tried the idea, the author feels 
that greater operational convenience would result 
if the artificial aerial were built into the oscillator 
cabinet itself. Space could readily be made avail- 
able for it by a slight rearrangement of components 
in the V3 compartment. 

Editor's Note 
Wearite coils, as used in this design, may be obtained 

from Home Radio Ltd., 187 London Road, Mitcham, 
Surrey -see page 32 of their latest catalogue (Reprint No. 
12). 

RECENT PUBLICATIONS in 
TRANSISTORS FOR TECHNICAL COLLEGES. By L. Barnes, M.Sc.Tech., A.M.I.E.E. 194 pages, 511- x Skin. 

Published by Iliffe Books Ltd. Price: 42s. casebound (by post, 43s.) or 24s. limp covers (by post, 25s. 10d.). 
Transistors For Technical Colleges is aimed at the student of electronic engineering at Technical College, but it should 

also provide a very useful textbook for the design engineer. The intention of the book is to introduce the student to 
practical transistor circuit design, and the seven chapter headings give a good idea of the manner in which this is done. 
These headings are: Fundamentals of Crystal Diode and Transistor Action; The Transistor in Practice; Approximate 
Design of Linear Circuits; Parameters and Equivalent Circuits for Low Frequencies; Frequency Effects; Switching Circuits; 
Experiments. 

Approximately the last third of the book is taken up with nine appendices, these covering essential points which, 
if introduced into the earlier text, would impede the flow of explanation. Also dealt with are zener diodes and thyristors. 

This book is an attractive proposition for the student, and the availability of a low cost edition will be particularly 
welcomed by those with shallower pockets. 

TRANSISTORS IN LOGICAL CIRCUITS. By J. Ph. Korthals Altes. 125 pages, 5k x 8¡in. Philips Paperback 
published by Iliffe Books Ltd. Price 16s. 

After a short introductory chapter explaining the development from relay switching to semiconductor switching, 
this book proceeds straight into Boolean algebra as exemplified by switch and lamp circuits. The binary system is next 
briefly dealt with, whilst the following chapter discusses the transistor as a switch element, particular attention being 
paid to the component values involved. The next chapter covers diode circuits, after which AND-, OR- and NOR -gates 
are introduced. Subjects subsequently dealt with include bistables, multivibrators, simple counting circuits and 
arithmetical operations. The book concludes with some typical applications for transistor logic circuits, together with a 
chapter giving hints on using digital circuits in practice. 

The approach is down-to-earth, and many of the circuits given in the book could well be assembled by the home - 
constructor. The translation from the Dutch has been carried out most ably, and the book offers an introduction to 
transistor logic which will have especial appeal for the practical man. 
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Automatic Maos -Balten 

Supply Circuils 

SUGGESTED CIRCUIT No. 191 

ONE OF THE MOST ATTRACTIVE 

features of transistorised items 
of equipment is their low 

power supply requirements, which 
can often be met by a relatively 
inexpensive dry battery. When 
transistorised equipment is per- 
manently installed a mains power 
supply is often preferable and, here 
again, the low power supply require- 
ments can result in the provision of 
a very simple and low-cost mains 
power unit. 

In some cases, it is desirable to 
provide transistorised equipment 
with a supply which enables it to 
run either from the mains or from 
a battery, this facility being of 
particular value if the changeover 
from one to the other can be carried 
out automatically. A power supply 
circuit with automatic changeover 
from mains to battery can also 
guard against cessation of the 
mains supply. A baby alarm 
amplifier could, for example, be 
run normally from the mains, but 
would immediately revert to battery 
operation in the event of mains 
failure. Other applications in which 
continual operation of transistorised 
equipment is required, regardless of 
whether a mains supply is available 
or not, will also occur to the reader. 

In this month's Suggested Circuit 
article, the writer discusses two 
practical circuits which enable switch- 
ing from mains to battery operation, 
and vice versa, to occur automatically, 
there being no cessation of the supply 
whilst switching over takes place. 
If the item of equipment is, for 
instance, a radio receiver, the act 
of coupling it to a mains supply 
causes no noticeable change in 
operation, but it results in the 
receiver supply current being diverted 
from the battery to a mains power 
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unit. There need similarly be no 
noticeable change in operation when 
the mains supply is disconnected, 
and the receiver will then auto- 
matically draw its current from the 
battery once more. 

A Relay Circuit 
The first of the two practical 

circuits to be discussed is that shown 
in Fig. 1. This involves no new 
principle of operation, and is included 
to give an example of automatic 
switching employing a relay. 

In Fig. 1 the relay coil is energised 
from the rectified output of the 
mains power supply unit, with the 
result that its contacts move to the 
energised position whenever a mains 
input is present. If switch S1(a)(b) 
is closed without a mains input, 
supply current flows from the 
battery via the relay contacts in the 
de -energised position. If, now, a 
mains input is applied, the relay 
energises and its contacts disconnect 
the battery and apply the output 
of the mains power unit to the 
equipment. The relay returns to the 
de-engergised position when the 
mains supply is removed, whereupon 
the battery provides the supply 
current once more. 

Should the relay be fitted with 
normal changeover contacts there 

Supplied 

equipment 

Relay contacts 

By G. A. FRENCH 

will be a very short interruption of 
supply current as it changes from 
one supply to the other. If, however, 
the equipment has (as will usually 
be the case) a high value bypass 
capacitor across its supply rails this 
short cessation of supply current will 
not be noticeable. 

The circuit of Fig. 1 has the 
considerable advantage of simplicity, 
and its only main disadvantage is 

that reliance has to be placed on an 
electro -mechanical component-the 
relay. The writer decided, in con- 
sequence, to investigate automatic 
supply switching circuits incorporat- 
ing semiconductor devices to carry 
out the switching operation. 

Semiconductor Circuits 
The idea first checked by the 

writer is based on the circuit shown 
in Fig. 2, in which it is assumed that 
the equipment requires a nominal 
supply voltage of 9. In Fig. 2 the 
output of the mains supply unit is 
applied via a series resistor to a 
zener diode, DI, which stabilises 
at a voltage slightly higher than 
battery voltage. Thus, when the 
mains supply is present, silicon 
diode D2 is reverse -biased and no 
current flows from the battery. At 
the same time current flows from 
the zener diode circuit to supply the 

Relay é 
coil 

1 

T 
T 

Mains 
supply 
unit 

-0+ 

Sib ~ 
Mains 
supply 

Sla.Sib gangea - on/off 

Fig. 1. An automatic power supply switching circuit incorporating a relay 
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Fig. 2. An experimental switching circuit for use with a zener diode stabilised 
supply 

equipment. When the mains supply 
is disconngcted the voltage across 
the zener ldiode drops, diode D2 
becomes forward -biased and current 
flows from the battery to the equip- 
ment. Thus, the requirements of an 
automatic switching circuit are the- 
oretically achieved. No current is 
drawn from the battery during 
mains operation, and the battery 
automatically powers the equipment 
when the mains supply is discon- 
nected. 

In practice, this approach did 
not work out as well as had been 
expected, this being due to two 
factors. The first of these is that 
zener voltage is not constant but 
decreases slightly as zener current 
decreases (due, for instance, to 
increasing current drawn by the 
equipment). The second factor is 
that about 0.4 volts is dropped across 
silicon diode D2 when passing current 
in the forward direction. When the 
circuit was set up to obtain complete- 
ly positive switching from one 
supply to the other (so that no cur- 
rent flowed from the battery during 
mains operation, and no leakage 
current from the battery flowed in 
the zener diode during battery 
operation) it was found necessary 
to have a zener voltage during mains 
operation which was at least 0.2 
volts greater than battery voltage, 
with the result that the supply 
voltage dropped by at least 0.6 
volts when changing over to the 
battery. 

It must also be appreciated that 
to obtain a zener voltage which is 
only slightly higher than battery 
voltage it is necessary to select the 
zener diode, since these components 
normally have a tolerance of 5 
or more. 

The basic circuit of Fig. 2 is 
capable of switching reliably, provid- 
ed that a relatively high voltage 
drop is acceptable when changing 
over to battery operation. But the 
circuit is rather fiddling to set up 
and necessitates the selection of a 
suitable zener diode. Interested 
readers may care to experiment 
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further with the basic idea, and the 
writer has included the circuit for 
this reason. 

Transistor Switching Circuit 
The writer then investigated an 

alternative approach employing a 
transistor, and the result, which 
forms the second practical circuit 
to be described, is shown in Fig. 3. 
Whilst this circuit does not provide 
an exact parallel with the relay 
circuit of Fig. I so far as switching 
is concerned, it is much more 
effective than that of Fig. 2. The 
most interesting feature of the circuit 
of Fig. 3 is that the battery affects 
operation when the mains supply 
is connected and affords a consider- 
able economy in components together 
with a high level of performance. 
As shown, the circuit provides a 
nominal output of 9 volts at currents 
up to 100mA. 

When the mains supply is applied, 
a rectified negative voltage appears 
on the upper plate of the reservoir 
capacitor, C1, and is applied to 
the collector of the transistor. 
Connected to the base of the transis- 
tor is the negative terminal of the 
battery. The transistor then func- 
tions as an emitter -follower, allowing 
a voltage slightly lower than battery 
voltage to be applied to the output 
terminals. When the mains supply is 
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removed, the base -emitter junction 
of the transistor functions as a 
forward -biased diode, whereupon 
current from the battery flows into 
the output load. It should be noted 
that, due to the collector -base 
junction, the negative battery voltage 
also appears at the collector when 
the mains supply is absent. However, 
the polarity of rectifiers D1 to D4 
prevents the flow of direct current 
into the mains transformer secondary 
and so the only wasted battery 
current in the mains supply section 
is given by leakage current in the 
reservoir capacitor. 

In the author's prototype, the 
rectifiers D1 to D4 were Lucas 
silicon diodes type DD000 (with a 
maximum forward current of 500mA 
and a p.i.v. of 50 volts). The mains 
transformer secondary offered a 
voltage of 12.6 (given by two 6.3 
volt windings in series) whilst the 
9 -volt battery was a type PP9. 
The transistor was an 0C26. The 
accompanying Table shows voltages 
applied to the output terminals, for 
currents up to 100mA for both 
mains and battery operation. Bear- 
ing in mind that the internal resist- 
ance of the PP9 battery was such 
that its terminal voltage dropped 
by about 0.5 volts at a load current 
of 100mA, it may be seen that 
there is only a relatively small drop 
in supply voltage for each current 
when changing from mains to 
battery operation. Most of the 
drop is that inevitably caused by 
battery internal resistance. 

What may not be apparent at 
first sight of Fig. 3 is that, on mains 
operation, the battery functions as a 
constant voltage reference source 
having a low internal impedance, 
whereupon a well -regulated voltage 
with a low ripple content becomes 
available at the transistor emitter. 
The transistor takes the place of a 
smoothing resistor, thereby affording 
a simple circuit with considerable 

12 6v 

r; 
Mains 
transformer 

AC 

SioSlbganged -on/off 

DI -D4 Lucas DD000 
Fig. 3. A power supply switching circuit in which the battery functions as a 

reference voltage source on mains operation 
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Fig. 4. Battery discharge during mains operation may be reduced by the 
addition of the resistor shown here 

economy of components. The maxi- 
mum dissipation in the transistor is 
equal to the maximum current 
drawn by the supplied equipment 
multiplied by the voltage which 
appears between collector and emit- 
ter when maximum current flows. 
In the prototype circuit, the voltage 
appearing across the transistor at 
IOOmA output was 6 volts, resulting 
in a maximum dissipation of 600mW. 
The maximum current drawn by 
the equipment should not exceed 
the maximum base current specified 
for the transistor. With the author's 
set-up, the 0C26 employed is entirely 
satisfactory in these requirements at 
load currents up to 100mA, and the 
use of a heat sink is hardly justified. 

Whilst the switching circuit of 
Fig. 3 gives an extremely good 
performance it suffers from the 
disadvantage that a small current is 
drawn from the battery by the 
transistor base when the mains 
supply is applied. In the prototype, 
a current of some 3mA was drawn 
from the battery when the load 
current was 100mA, this indicating 
a gain in the transistor chosen of 
about 30. Proportionately lower 
battery currents were drawn at 
lower load currents. If a higher 
gain transistor were employed, such 
as the 0C22 with an average gain 
of 200 at 100mA, the battery cur- 
rent which flows during mains 
operation would be proportionately 
lowered. 

Output Current 
(Mains Operation) 

filter components being the transistor 
itself. On the debit side is the 
fact that a small current flows 
from the battery when the mains 
supply is applied, although this 
may, by the choice of a suitabla 
transistor, be as low as 0.5mA for 
100mA load current. If the resistor 
of Fig. 4 is added, the current 
drawn from the battery during 
mains operation can be even further 
reduced. The use of a high gain 
transistor and, if desired, the addition 
of the resistor of Fig. 4, should 
result in a battery life during 
continual mains operation which is 
only slightly less than shelf life. 

Output Voltage Output Voltage given with 
(Mains Operation) mains supply disconnected 

1 mA 
l OmA 
30mA 

100mA 

9.1V 
9.05V 
9.0V 
8.95V 

8.95V 
8.9V 
8.7V 
8.35V 

Lucas 
DD000 

Mains 
transformer 

Fig. 5. A half -wave rectifier is sufficient for output currents up to 50mA 

Battery consumption during mains 
operation can be reduced to an 
even lower level by adding a resistor, 
as shown in Fig. 4. This resistor 
should have a value which allows 
the flow of slightly less than the 
average current drawn from the 
battery during mains operation. 

Summing up, the circuit of Fig. 
3 allows immediate and efficient 
changeover from mains to battery 
operation, and vice versa, with the 
use of a single power transistor 
whose heat sink requirements, at 
the voltages and currents discussed, 
are minimal. The circuit offers 
the incidental advantage of giving 
extremely good regulation and sup- 
pression of ripple when operating 
from the mains, one of the main 

Readers employing the basic cir- 
cuit of Fig. 3 may prefer to use 
an alternative mains transformer 
and rectifier circuit. This is quite 
in order, of course, but it is desirable 
to ensure that the rectifier circuit 
output is sufficient to allow several 
volts to appear across the transistor 
at maximum load current. The 
writer found that the half -wave 
circuit of Fig. 5 was adequate for 
load currents up to some 50mA, 
the bridge circuit of Fig. 3 being 
preferable for higher currents. 

As has already been stated, the 
prototype employed a PP9 9 -volt 
battery. The circuit principle may 
be similarly applied for any other 
battery voltage in the range applic- 
able to transistorised equipment. 

EMI Equipment in Community TV Network 
When their current installation programmes have been completed the neighbouring Hertfordshire towns of Hatfield, 

Stevenage, Letchworth and Welwyn Garden City will contain the biggest concentration of v.h.f. wired television networks, 
serving at least 28,000 houses, in the United Kingdom. 

The system used is the Community Television System developed by EMI Electronics Ltd. and supplied to the main 

contractors, Rediffusion, who are installing and operating the network as v.h.f. Community Service Schemes. Four 
television and four sound programmes; B.B.C. 1 and B.B.C. 2, I.T.A. London and I.T.A. Anglia, B.B.C. Home, Light and 

Third Programmes and Radio Luxembourg will be supplied initially but the system is capable of carrying additional 
television programmes as they become available. 

The use of master aerials at carefully selected sites ensures the distribution of adequate interference -free signals 

over the distribution network so that the viewer is assured of better reception than by any other means. 
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NEWS . 

Speech Microscope 
Accurate reconstruction of the original complex of sounds is very necessary 

for the quality reproduction of musical recordings. By contrast, intelligibility 
of speech is not necessarily dependent on the maintenance of exact replicas of 
the input signals throughout any system of recording or transmission. 

Some components of speech are undoubtedly essential, others, particularly 
parts of certain vowel sounds, appear to be redundant. It may, therefore, be 
neither economical nor necessary to transmit the whole of the information 
contained in a speech waveform in order to retain intelligibility. 

Speech studies have been made by Standard Telecommunications Labora- 
tories Limited to determine where there is redundancy in the speech signal, 
the effect of different types of distortion on intelligibility, and the effect of 
modifying the signal to suit different forms of transmission media. For this 
purpose there has been developed by STL a speech microscope, a device for, 
in effect, dissecting speech-enabling portions of each separate word on a 

The rotating head system of the Speech Microscope, which replays repetitively 
the portion of stationary tape which is wrapped around part of the periphery 
of the rotating disc. The equipment can be used to study the duration of 

sounds necessary for correct speech recognition 

tape-recording to be isolated so that it can be both heard and seen with its 
waveform displayed on an oscilloscope. 

This experimental equipment provides for timed portions of sounds to 
be removed during the replay of a recording. By using several adjustable 
time delay switches which are operated from a reference point on the tape- 
recording, the equipment can be used to study the duration of sounds necessary 
for correct speech recognition. 

The effect of removing part of the duration of a vowel sound has been 
examined and it is found that up to one half of the duration of the vowel 
can be removed from some sounds without the listener being at all aware 
that there has been any change in the signal. The point transition from con- 
sonant to vowel sound is very important, however, changes here are found 
to materially effect the perception of speech. 

The Speech Microscope was one of the items shown by STL at this year's 
Physics Exhibition (organised by the Institute of Physics and the Physical 
Society) at Alexandra Palace, London. 
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AND . 

Australian Amateur 
Radio Satellite 

The Melbourne University Radio 
Club have announced that they are 
well on the way to completing an 
OSCAR, which will be launched for 
them by the Americans from Calif- 
ornia. 

Of particular interest is that this 
OSCAR will transmit a signal in the 
10 metre amateur band, on 29.450 
Mc/s to be exact; which will enable 
far more radio amateurs to listen to 
it than has been the case with the 
previous OSCARS which radiated 
principally in the v.h.f. regions. This 
OSCAR will also radiate in the more 
usual 2 metre amateur band on 
144.050 Mc/s. The identification 
signal will be "VK" in morse code. 

An interesting feature of the 
satellite is that it will be fitted with 
bar magnets, the purpose of which 
is to endeavour to stabilise it in the 
earth's magnetic field, thus reducing 
the tumbling effect and the conse- 
quent variation in signal strength, 
due to a constant changing of aerial 
pattern. 

With the opening up of the 10 
metre band now taking place with 
the ionospheric cycle improvements, 
some interesting results can be 
expected. The satellite will be known 
as AUSTRALIS 1. 

International 
Radio Communications 

Exhibition 
The exhibition will again be held 

in the Seymour Hall, Seymour Place, 
London, W.1., from Wednesday 
October 26th, to Saturday October 
29th, 1966 and will be open from 
10.00 a.m. to 9.00 p.m. daily, 
admission 3s. 

The stage presentation will be a 
display by the Royal Signals who are 
taking part for the first time. 

The RSGB will occupy a longer 
stand with a book and information 
service, live transmitting stations on 
several frequencies including v.h.f. 

The Exhibition Awards for home 
construction and manufacturers 
equipment will again take place and 
silver plaques presented to the 
winners. Many new ideas on 
developments of home and overseas 
transmitters, transreceivers and re- 
ceivers particularly on s.s.b. and 
v.h.f. will be seen and the latest 
technical books will be available for 
inspection or purchase. 
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COMMENT 
NEW BSR TAPE DECK 

The TD20 is a completely new BSR tape deck with mechanical, direct 
action push button controls. The advanced design of the push button linkage 
is such that fingertip pressure alone is sufficient to engage the direct action 
keys-a feature not often associated with mechanisms of this type. 

The deck will accommodate reel sizes up to 51in diameter and records 

at speeds of 1¡in, 31in or 71in per second. The rotary speed change control 
is located at the back of the deck between the tape reels. 

A "pause" control key allows the tape to be held stationary for brief 
periods when pauses occur during recording; the tape is stopped only while 
this control is held depressed. 

The unit can be supplied with any of the wide range of BSR tape heads 

either two track or four track for stereo operation and, if required, a three 
digit counter with either wheel or push button reset can be fitted. 

Particular attention has been given to the appearance of the TD20, it is 

styled and engineered to enhance the appearance and performance of the most 

modern tape recording equipment. 
The TD20 measures approximately 121in long x 10in wide (front to back) 

x 4esiin deep overall. 
The other tape decks in the BSR range, the TD2 and the TD10, will 

continue to be produced. 

Pye Telemetry Equipment 
for Grafham Water 

The telemetry equipment for the Grafham Water Scheme of the Great 
Ouse Water Authority, Huntingdonshire which has been supplied and installed 

by Pye Telecommunications Ltd., fulfils two main purposes. 
One is the transmission of measurements from each outstation in the 

scheme to the central control room and the control command signals from the 
control room to the outstations. 

The other is the logging of this data so that a permanent record is obtained 
of the working of the entire installation. 

Three Telescan equipments, situated at the intake pumping station, the 

dam pumping station and at Flitton booster station, send measurement informa- 
tion continuously in digital form to the control room. 

Typical measurements are water pressures, rates of flow and levels. A 

monitoring system is incorporated which transmits continuously the state of 
all plant and provides warning if any faults occur. 

A telephone circuit is also included with connections at each outstation. 
The telemetry signals are transmitted over cables buried alongside the pipelines. 

The main telemetry equipment in the control room at the treatment 
works routes and processes all incoming information for display on the control 
panel and for recording. Signals can be transmitted from the control room to 
operate remote pumping plant as required. 

These signals are coded and transmitted automatically when the appropri- 
ate switches on the control panel are operated. The controls include the 

starting and stopping of pumps, control of pump speeds and the operation of 
valves on the pipelines. 

The data logging system which is supplied with information from the 
telemetry equipment and local instruments has two sections: the operations 
logger and the statistical logger. 

The operations logger records major changes in the state of plant, such 

as the starting or stopping pumps, the opening of valves or the occurrence of 

alarms. 
The statistical logger records selected data at pre-set time intervals of 

from half -an -hour to two hours, or on demand. 
Each logger is completely independent, with automatic print-out on an 

associated electric printer. 
The telemetry equipment in this installation deals with some 200 separate 

measurements and can operate more than 50 controls on command. 
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New Development 
in Headset Manufacture 

by Amplivox 

The Jetlite Headset, shown below, 
with an integral micro -miniature 
pre -amplifier as part of the boom 
arm assembly. This means that 
users of "carbon" radio systems will 
now be able to benefit from the high 
quality of e.m. microphones without 
having to modify their equipment. 
The headset when plugged into a 
carbon system will be compatible 
and will automatically provide car- 
bon level. 

The micro -miniature pre -amplifier 
fitted on a Jetlite Headset 
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THE DESIGN AND CONSTRUCTION 

OF MEASURING BRIDGES Part 3 

by W. KEMP 

In the preceding two articles in this series, our contributor has discussed 
general attributes of measuring bridges and has paid particular 
attention to the components and circuit of a precision Wheatstone 
bridge for measuring resistance. This concluding article deals with 
voltage sources for a.c. bridges and suitable indicator devices. Also 
given are circuits for two simple a.c. bridges which may be 

constructed at home 

A.C. Bridge Source 
HE ENERGISING SOURCE OF THE 
bridges now under considera- 
tion is a.c. Generally speaking, 

the choice of frequency is a matter 
of compromise. The minimum fre- 
quency is dictated by the sensitivity 
of the detector or balance indicator. 

In any practical circuit certain 
unwanted stray capacitances and 
inductances exist, and at high 
frequencies these tend to become 
troublesome. While measures can 
be taken to allow for these un- 
wanted quantities it ie generally 
found that the best way to deal 
with them is to use a frequency of 
not much above 1 kc/s, at which 
frequency these strays have a 
reasonably small effect. 

Several alternative means of ob- 
taining the desired a.c. signal are 
available, but the final choice will 
depend on the type of detector to 
be used in the final bridge, whether 
the bridge is to be portable or 
not, and on the financial situation of 
the individual reader. Some of 
these alternatives are now listed. 

50 c/s mains. The bridge can 
be driven from the mains via a 
suitable step-down transformer. This 
has the advantage of low cost 
and, also, that any desired voltage 
can be easily selected. The dis- 
advantages are that the bridge is 
tied to a mains socket and is there- 
fore not really portable, and that a 
visual balance indicator must be 
used as the ear is not very sensitive 
at this low frequency. While 50 
c/s is excellent for measuring large 
values of capacitance and inductance, 
it is not very good for small values 
of these quantities. 

Buzzers. These have the advant- 
age that they can be battery operated 
so that the equipment can be made 
portable. On the debit side, they 
are not very reliable, need to be 
sound insulated if used with ear- 
phones, and require a certain amount 
of maintainance. They are not 
particularly cheap to buy and are 
not recommended. 

Valve Oscillators. These are fairly 
expensive, are generally mains -driven 
and therefore not portable. A certain 
amount of warming up time is 
required and the oscillator unit 
will take up a fair amount of space. 
On the credit side, they are very 
reliable and their operating fre- 
quency can be altered easily. Any 
desired amplitude can be obtained 

Transistor Oscillators. These have 
the advantage of extreme com- 
pactness, low power consumption, 
and their operating frequency can 
be altered as desired. They require 
no warm up time and are ideal for 
portable instruments. They are 
reasonably cheap to build and their 
only disadvantage seems to be their 
limited output. 

Neon Oscillators. Neon oscillators 
are fairly cheap but will normally 
have to be driven from the mains 
via a rectified and smoothed supply. 
Their only real advantage is that 
the neon can also be used as a 
leakage indicator when testing 
capacitors. 

Detectors 
Most bridge measuring instru- 

ments of the more advanced type 
will combine a.c. and d.c. bridges so 
that the indicator will have to be 
able to deal with both types of 

voltage. Some of the cheaper 
bridge measuring instruments, on 
the other hand, measure only re- 
sistance and capacitance and use 
a.c. for both, so that almost any 
a.c. indicator can be used. Once 
again several alternative types of 
detector can be used and some of 
these alternatives will now be 
listed. 

Earphones. Earphones are cheap 
and need not be fixed to the bridge, 
so that they are available for other 
uses. They can only be used with 
a.c. and are almost useless at 50 
c/s. They are not particularly 
sensitive and the balance point 
may sometimes be lost in external 
noise. They are not generally 
recommended except on cheap in- 
struments in which a high standard 
of accuracy is not needed. 

Magic eye. This is tied to a 
mains supply and requires a certain 
amount of warming up time. It 
is useful in cheap mains -driven 
bridges where a.c. only is used for 
both resistance and capacitance 
tests. 

Oscilloscope. If available, an 
oscilloscope is by far the most 
accurate means of observing the 
balance point, as phase can also be 
checked. It will incur a certain 
amount of setting up, however, 
and is rather liable to waste time. 
The oscilloscope would not, of 
course, be built into the bridge, 
on account of the expense involved. 
Reading of resistance ranges will 
also entail d.c. coupling of the 
oscilloscope. 

Built-in valve voltmeter. This 
works out rather expensive, but is 
the method used on the better class 
of commercial universal bridges. 

Sensitive moving coil indicator. 
If of the type described in Fig. 5, 
(published in Part 1) where a 50µA 
meter is fed from a bridge rectifier, 
and where a limiting diode is 
placed across the meter and a series 
resistance, this will probably be 
found the most useful of the alter- 
native indicators. It is fairly cheap 
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Fig. 16. A simple mains operated bridge capable of measuring resistance and capacitance 

Components List (Fig. 16) 

Resistors 
R1 IMû1%kwatt 
R2 100k11 1% i watt 
R3 10kû 1% ¡ watt 
R4 1kû 1% ï} watt 
R5 10052 1% k watt 
R6 1052 1 % } watt 
R7 10k11 20% } watt 
R8 10kû20%4watt 
R9 1Mû 10% k watt 
R10 1Mû 10% f watt 
Rit 2.2Mû 10% ¡ watt 
R12 100kû 10 % k watt 
VR1 5kû wirewound linear 
VR2 5kû carbon linear 

Capacitors 
C1 0.001µF 1 % silver mica or 

paper 
C2 0.01µF 1 % silver mica or 

paper 
C3 0.1µF 1 % paper 
C4 1µF 1% paper 
C5,6 1µF or larger (may be 

electrolytic) 
C7 0.11LF paper 

and sensitive, is not subject to over- 
load problems and does not need a 
variable sensitivity control, and it 
will read a.c. and d.c. equally well. 

Transistorised voltmeter. If d.c. 
coupled and used in conjunction 
with the above moving coil indicator, 
this will offer an improved per- 
formance at the cost of greater 
expense. 

General Considerations 
It is recommended that the two 

simple bridges described in this 
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Valve 
V1 EM34 

Rectifier 
DI Any rectifier able to with- 

stand 450 p.i.v. and pass 
5mA 

Neon 
Nt Small panel mounting neon 

(Bulgur type D.815 or 
similar) 

Switch 
S1 single pole, 10 -way 

Transformer 
T1 Primary, to suit local mains 

voltage. Secondaries, 150V 
at 5mA, 50V at 5mA, 
6.3V at 0.2A (Currents 
quoted are minimum re- 
quirements) 

concluding article be built up as 
complete units if possible and not as 
a set of "boxes". This is because 
the bridge will probably be in 
frequent use and the box method 
of construction will be excessively 
time wasting. 

The variable arm of the bridge 
will normally consist of a wire - 
wound potentiometer. 

As mentioned when discussing 
the Wheatstone bridge, the final 
accuracy of the equipment will be 
dictated by the standards used init. 

All resistor standards should be 
wirewound or high stability types, 

and the capacitors must be either 
silver -mica or paper types. Electro- 
lytics must not be used as they are 
very unstable in maintaining their 
specified capacitance. 

A Mains -driven A.C. Bridge for 
C and R. 

Fig. 16 shows the circuit diagram 
for this instrument, which covers 
the range 112 to 10M11 and 10pF 
to 101.2.F in 11 ranges.1 Power 
factors can be measured on the 
larger value capacitors. 

The bridge is energised from the 
50 c/s mains via a transformer, 
and a "magic eye" is used as the 
balance indicator. 

The variable resistor VR1 forms 
the two ratio arms of the bridge, 
the other two arms being formed 
by the unknown component under 
test and the standard. It can be 
seen that the bridge is built around 
the Wheatstone and the De Sauty 
circuits. 

A capacitance of 10pF offers a reactance 
of around 300Mí2 at 50 c/s and would 
necessitate great care being taken with 
respect to insulation. Also, self -capacitances 
in :he bridge, particularly between the 50 volt 
and 150 volt secondaries of T1, may result in 
inaccuracies. Mainly because of these points, 
we would suggest that the lowest reliable 
readings are liable to be at 100pF but that, if 
due attention is paid to insulation, etc., 
readings for capacitances considerably lower 
than this are quite feasible. The standards go 
up in multiples of 10 and this will result in 
an overlap between ranges. However, there 
is the advantage that most readings can then 
be taken at a more central position of VR1. 
It would, of course, be possible to use fewer 
standards than is shown in the diagram. 
-Editor. 
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The neon may be used for leakage 
and insulation tests. When checking 
capacitors for leakage they should 
be connected across the correct 
terminals and the action of the 
neon observed. If the neon flashes 
once and then goes out and stays 
out, the capacitor may be considered 
"good", the first flash indicating that 
it has charged up and the subsequent 
continued extinction of the neon 
indicating that leakage is low. A 
rapid succession of flashes indicates 
that leakage is high, while a con- 
tinuous glow indicates a short 
circuit. If the neon does not flash 
initially the capacitor is open circuit. 
It should be added that the initial 
flash may not occur with good 
capacitors below a certain value, 
this value being found experiment- 
ally with the particular neon em- 
ployed. 

The power factor of a capacitor 
is a measure of its "goodness" 
and is in fact the cosine of the 
phase angle between its current 
and voltage. In a perfect capacitor 
the voltage and current will be 
90° out of phase and the cosine or 
power factor will be zero. 

In this instrument the power 
factor control is in use on one 
range only. When balancing the 
bridge on this range it will probably 
be found that the null point is not 
very clearly defined. Adjustment of 
the power factor control in con- 
junction with the main cotitrol 
will enable sharper definition to be 
obtained and at one point sharpness 
will be at a maximum. At this 
point the power factor of the 
capacitor under test is balanced. 

x 

The power factor control may be 
calibrated directly if desired, using 
the following formula: 

and the fact that the transistor 
version has no facility for checking 
leakage of capacitors. 

P.F.=Resistance/ VResistance2 -}- (Reactance of C)2 

It can be seen that the power 
factor depends on frequency. The 
required calibration points may be 
worked out on paper assuming 
values of resistance within the 
range of the power factor control, 
and these can then be transferred 
direct to the control at the correct 
resistance points. 

It is unlikely, however that this 
calibration facility will be required 
by many amateurs. 

Calibration is carried out by 
connecting known values of resis- 
tance and capacitance across the 
test terminals and marking the 
scale accordingly. If close tolerance 
components are used as standards 
in the bridge it will be necessary to 
carry out the calibration procedure 
on one range of resistance and 
capacitance only, the remaining 
ranges being multiples of the cali- 
brated ranges. 

A Transistorised, Portable A.C. 
Bridge for C and R 

The circuit for this instrument is 
shown in Fig. 17. It uses the same 
basic bridge as the mains powered 
bridge described above and all 
information concerning range and 
calibration already mentioned for 
the mains version therefore apply 
to the transistorised circuit. 

The primary difference between 
the two circuits lies in the type of 
detector and energising source used, 

C5 T ooal- 
06 

S2 

On- otr 

9V I 

T 
Fig. 17. A portable transistorised bridge. T1 is a transistor interstage 

transformer having a ratio of around 3:1 

The transistor used for the proto- 
type oscillator was a Red Spot 
surplus type, but any other transistor 
with a satisfactory voltage rating 
may be used, although this may 
require a certain amount of "fid- 
dling" with the component values 
shown. In the circuit in Fig. 17 
a small inter -stage transformer with 
a ratio of about 3:1 is used to 
provide a feedback voltage to 
cause the transistor to oscillate, 
and the voltage used to feed the 
bridge is taken from the collector 
of the transistor. The amplitude of 
this voltage is not very great and 
when reading high values of resis- 
tance or low values of capacitance 
difficulty may be experienced in 
observing the null point if `phones 
are used.2 

It would therefore be better, if a 
suitable component is available, to 
use a transformer with three wind- 
ings, two of them forming the 3:1 

Components List (Fig. 17) 

Resistors 
R1 Mil 1% } watt 
R2 100kû 1 % } watt 
R3 10kû 1 % } watt 
R4 1kû 1% } watt 
R5 100û 1 % } watt 
R6 10n 1% f watt 
R7 Hal 10%}watt 
R8 22kû 10% } watt 
R9 4.7kû 10% } watt 
VR1 5kû wirewound linear 
VR2 5kû carbon linear 

Capacitors 
C1 0.001µF 1 % silver mica or 

paper 
C2 0.011-LF 1 % silver mica or 

paper 
C3 0.1µF 1 e 
C4 1µF l 

0/01 %pap 
paper 

r 

C5 0.1µF paper 

Transistor 
TRI Red Spot, OC71, etc. 

Transformer 
Ti transistor interstage trans- 

former (see text) 

Switches 
S1 single pole, 10 -way 
S2 single pole, single way 

Phones 
High resistance phones 

Battery 
9 -volt battery 
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windings to drive the oscillator, and 
the third being a step up winding to 
feed a reasonably high voltage to 

2 The frequency of oscillation may be 
varied, if necessary, by connecting a capacitor 
across either winding of T1, the value of 
capacitance being found experimentally. It 
should be noted that a high audio frequency 
will offer greater sensitivity with low value 
test capacitors.-Editor. 

the bridge. In this case a transistor 
such as the 0072 would probably 
be best and a limiting resistor should 
be fitted in the supply line to the 
bridge to limit the current, as 
mentioned when discussing energis- 
ing sources for the Wheatstone 
bridge. 

The phones used for the detector 

should be of the high resistance 
type. If the readers pocket is deep 
enough it is recommended that the 
50µA meter circuit shown in Fig. 5 
(published in Part 1 of this series) 
be used in place of phones as the 
meter will be found to be by far 
the more sensitive instrument. 

(CONCLUSION) 

Varactor Diodes 
IN THE FIELD OF MODERN COMMUNICATIONS THE 

trend to use still higher frequencies continues, 
but the efficient generation of power becomes 

more difficult with increasing frequency. In the 
past the generation of moderately large amounts 
of power at high frequencies (over 100 Mc/s) has 
been accomplished almost exclusively by the use 
of thermionic valves. Nevertheless, the use of 
semiconductor devices is obviously very attractive 
for mobile transmitters. 

During the past few years power transistors 
have been developed which can operate at frequen- 
cies of up to about 200 Mc/s and supply some 
tens of watts. The output power from one or 
more of these transistors can be multiplied in 
frequency by a factor of up to about seven by 
means of a varactor diode circuit in order to produce 
an output in a suitable frequency channel. Some 
loss of power will occur in the multiplication 
process, but no power supply (other than the 
r.f. input) is required. 

The use of a high power varactor diode enables 
very simple frequency multiplying to be constructed. 
Such diodes are basically semiconductor variable 
capacitors', the capacitance across the junction 
varying with the applied potential in a non-linear 
way. Readers familiar with Fourier analysis will 
understand that it is this non-linear effect which 
gives rise to the production of harmonics. 

The basic circuit of a typical series frequency 
doubler is shown in the diagram. Somewhat 
similar circuits in which the diode is used as a 
shunt can also be designed. 

Performance 
Varactor diodes may be usefully employed for 

frequency multiplication over quite a wide range 
of frequencies. For example, the silicon diode 
BAY96 may be employed in a frequency trebler 
circuit for converting an r.f. input of 30 watts at 
a frequency of about 150 Mc/s into an output of 
24 watts in the region of 450 Mc/s2. This efficiency 
of 75 % is quite remarkable and the circuit should 
be of interest to radio amateurs who wish to convert 
a 144 Mc/s signal (2 metres) into an output of 
432 Mc/s (70 cm.). 

OCTOBER 1966 

By M. J. DARBY 

At much higher frequencies the power levels 
must be reduced. For example, a Sylvania D5047C 
varactor diode will convert 200 mW of power at 
11,620 Mc/s into an output of 108 mW at 34,860 
Mc/s3. If a higher harmonic is required, the ef- 
ficiency is reduced. For example, a Sylvania 
D4957 diode will convert a 150 mW signal at 
10,000 Mc/s into an output of 50,000 Mc/s at 
0.45 mW. 

In general the efficiency of a varactor diode 
frequency multiplier falls with increasing frequency 
and with increasing power levels. 

Input 

Varactor diode 

C 

Resonant at 
freq. f 

Output 
2f 

Resonant at 
Iraq 2f 

A frequency doubler employing a varactor 

Other Uses 
Varactor diodes can be used in parametric 

amplifiers (a form of very low noise amplifier) 
and as switches in addition to their uses as frequency 
multipliers. 

It is interesting to note that the Mullard CAY10 
varactor diode (which has a cut-off frequency of 
250,000 Mc/s and a maximum power dissipation 
of 100 mW) employs gallium arsenide as the semi- 
conductor material. The first letter, C, in the 
coding of this device signifies that it is this particular 
semiconductor material which is used. The CAY10 
can be used as a parametric amplifier down to 
liquid nitrogen temperatures and can be usefully 
used to produce harmonics up to about 18,000 Mc/s. 

References 
t J. B. Dance. "Semiconductor Variable Capacitors", The Radio 

Contractor, Vol. 17, No. 2, p. 123, September 1963. 

2 R. J. Bosselaers. "Design of a High Power U.H.F. Trebler", 
Amperex Tech. News, Vol. 6, No. I, March 1965. (Reprinted in 
Mullard Technical Communications, Vol. 8, No. 78, p. 256, November 
1965). 

3 "Sylvania Varactors for Harmonic Generator Applications". 
(A Sylvania publication.) 
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* Novel 

Square Wave 
Generator 

by M. HARDING 

OBSERVING A SQUARE WAVE BY MEANS OF AN 
oscilloscope at the output of an audio amplifier 
is a wellknown and simple way of evaluating 

the latter's performance. 
Methods of generating square waves using 

transistors are many and varied, but one of the 
simplest and cheapest is the collector coupled 
astable multivibrator. A typical circuit of such a 
device is shown in Fig. 1, together with the wave- 
form one would expect to find at each collector. 
As can be seen, one of the drawbacks of the circuit 
in its simplest form, as shown, is the drooping 
trailing edge of the output waveform. This is 
caused by the long recovery of the "off' collector 
as its load resistor recharges the associated timing 
capacitor. Remedies for this involve diodes to 
isolate the "off" collector from its associated 
capacitor during the recharging time, or the use 
of an additional transistor as a clipper. 

Series Connected Multivibrator 
However, the series connected multivibrator 

shown in Fig. 2 does not suffer from the character- 
istic defect just described in its output waveform, 
and uses only two extra resistors compared with 
the original circuit. The waveform at either collector 
is the same as that shown in Fig. 1, but the output 
waveform at the junction of R3 and R4 is an excellent 

Fig. 1. A conventional astable multivibrator 
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square wave.1 This arises since the potential at 
this point always follows the switching on of each 
transistor in turn. Since the transistors are turned 
on in a matter of just a few microseconds, both 
rise and fall times are equally fast, giving an excellent 
waveform for minimum cost in components. The 
operation of the circuit is very similar to that of 
the conventional circuit except that the timing 
waveforms on each base have different aiming and 
cut on potentials, thereby slightly complicating 
the calculation for the frequency of oscillation of 
the circuit. The bias resistors must be chosen in 
the seemingly strange ratio of 4:1 in order to 
satisfy the different saturation needs of the respective 
"on" transistor from the voltage available to pro- 
duce this condition. However to obtain a 50:50 
mark -space ratio (m.s.r.) for the output waveform, 
the timing capacitors are chosen in a 3:1 ratio as 
is explained in the appendix. 

Practical Circuit 
Now for the bits and pieces. The circuit as 

shown in Fig. 2 covers four frequencies, these 
being approximately 100 c/s, 1 kc/s, 5 kc/s and 
10 kc/s. These frequencies were chosen as the 
most useful for assessing the performance of audio 
gear. For different frequencies new values of CI 
and C2 will be required, and assuming all the 
other component values remain the same, the new 
values may be found using the formulae 

0.084 
CI = f F 

See appendix 
C2= 3F 
where f is the frequency in kc/s. 

Example:- 
The required frequency is 5 kc/s, 

CI -0.084=0.016µF 

0.016=0.0053µF 

Values of 0.02µF and 0.005µF for C1 and C2 are 
perfectly satisfactory in practice. 

If other component values are changed a different 
formulae must be applied, as is discussed in the 
appendix. 

The function of VR1 is to trim the m.s.r. to an 
exact 50:50. It also affects the frequency slightly, 
but to a negligible extent compared to the m.s.r. 
The output amplitude is some 5 volts peak -to -peak 
when supplied by a 9V battery for a current con- 
sumption of 3mA. The construction of the circuit 
is in no way critical and is best left to the individual 
constructor. 

Finally it should be noted that some of the 
frequency determining capacitors are made up from 
two standard capacitors connected in parallel. 
This was done for the sake of good frequency 
accuracy. 

I In the subsequent theoretical discussions of the circuit of Fig. 2, 
it is assumed that the resistance in VR1 above the slider is included 
in Ry, and that the resistance in VR, below the slider is included in 
R4.-Editor. 
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COMPONENTS 

Resistors 
(All fixed values 10% # watt. 
Note that two Rc 
resistors are required) 

R1 22kû 
R2 82kû 
R3 2.2kû 
R4 2.2kû 
Rc 1kû 
VR1 250û wirewound 

Capacitors 
Ci (a) 
Ci(b) 
Cl(c) 
Ci(d) 
C2(a) 
C2(b) 
C2(c) 
C2(d) 
C3 

1µF 
0.1µF 
0.02µF 
0.01µF 
0.3µF (0.25+0.05µF) 
0.03µF (0.02+0.01µF) 
0.005µF 
0.003µF 
812F, electrolytic, 15V wkg. 

Transistors Switch 
TRI, TR2 0C45 

TRI 

TR2 

C2a 

an 
ru+ 
C3 

=R2 

R3 

VRI 

R4 

Fig. 2. A practical series -connected multivibrator. 
Component values are given in the Components List 

Si(a) (b) 2 -pole, 4 -way 

This little circuit has proved a reliable oscillator 
and is very easy to get going. 

APPENDIX 
Take a deep breath, and look at Fig. 2. By 

examining the exponential shape of the waveform 
appearing at the bases of the two transistors, it 
is possible to derive expressions for the "off" 
times of each transistor thus:- 

ti =R1C1 loge A 

t2=R2C2 loge (2 -B ). 

where t1 and t2 are the respective "off" 
times of transistors TR1 and TR2. 

A=1 +R4+ 
Rc 

N-124 
B=1+ 3 

N (R3+Rc) 

The logs, of course, are of the Naperian variety 
to the base `e'.2 

The position of N in the expression for A and 
B gives a clue to the way in which VR1 in the 
practical circuit varies the m.s.r. Varying VRi 

varies the ratio hence N, and this has a "differ - 
3 

2 These equations have been derived from Ohms Law, the two 
transistors being considered as ideal switches. When TRt is off its 
base voltage ranges from zero volts to the voltage at the junction of R3 
and the parallel combination of R4 and Rc the period being controlled, 
by Rt and C1. When TRt switches on, the charged C2 takes the base 
of TR2 positive of zero volts by the voltage across the parallel com- 
bination of R3 and Rc in the potential divider given by this parallel 
combination in series with R4. This results in TR2 being switched off. 
TR2 comes on again when its base reaches zero potential, the period 
being controlled by R2 and C2. 

OCTOBER 1966 

f= 
R1C1 loge A+R2C2 loge (2 - 1 

) 
This is the formula that must be used for finding 

Ci and C2 if different values are used for Ri, R2, 
R3, R4, or Rc. (Best of luck!). 

Looking now at the practical circuit, for which 
the "donkey work" has been done, N=1, i.e. 
R3=R4=2.2kû. Rc=1k11 

Therefore t1=R1C1 0.27 and t2=R2C2 0.21. 
For the required m.s.r. of 50:50 ti must equal t2. 

ti R1C1 0.27 
t2-1 R2C2 0.21 

9V 

ential" effect on t1 and t2, i.e. one goes up and the 
other comes down. This of course changes the 
m.s.r. However the effect is a little uneven, affecting 
one time interval more than the other and hence 
there is a slight shift in frequency. If the ratio 

R4 
is kept close to unity, as in the circuit shown, 

3 
this latter effect is very small indeed. 

Frequency being the reciprocal of the sum of the 
two "off" times, it is given by 

1 

However, since we know the ratio 
RZ=4, as 

discussed in the text, we can find from this equation 
Ci the ratio of 

Ci 4. 0.21 _3 
C2 0.27 

C1=3C2. 

Hence the 3:1 ratio of the frequency determining 
capacitors. 

Since the ratio of all the timing components is 
now known, a simplified frequency expression may 

(continued on page 165) 
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I -5V 

*Q Output 
sock t 

Si ganged with PI 

Fig. 1. The circuit of the pre -amplifier 

Simple 
Pre -Amplifier 

By 

G. MAYNARD 

A simple low-level a. f. pre -amplifier incorporating 
bass and treble tone control 

HIS LITTLE PRE -AMPLIFIER IS INTENDED FOR USE 

with transistor equipment only, and it may 
for instance be inserted between a transistor 

tuner and a transistor a.f. amplifier. It gives a very 
comfortable degree of treble or bass boost, as 
required. 

The Circuit 
The circuit appears in Fig. 1. In this, the volume 

and tone controls which precede the transistor have 
values which were found after a considerable 
amount of trial and error, and the circuit finally 
evolved is most effective. The transistor amplifier 
makes up for the signal level lost in the tone control 
network. 

The pre -amplifier may be made up in a very 
small case, and only a 1.5 volt cell is needed for 
supply. Checking the circuit gxperimentally with 
a 3 volt supply gave no useful increase in gain, so the 
1.5 volt cell was retained. This is an Ever Ready 
cell type D23 which, in the prototype, was soldered 
direct into circuit. 
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C 
o 
M 
P 
o 
N 
E 
N 
T 
S 

Resistors 
(All fixed values Ì watt 10%) 

R1 5kí2 potentiometer, log track 
R2 lkfl 
R3 5kfl potentiometer, linear track 
R4 220k SI 

R5 10012 

Capacitors 
C1 25µF electrolytic, 6V wkg. 
C2 0.042F, paper 
C3 2µF electrolytic, 6V wkg. 
C2 251.I.F electrolytic, 6V wkg. 
C5 25µF electrolytic, 6V wkg. 

Transistor 
TR1 0C44 

Switch 
S1 on -off, ganged with R1 

Cell 
1.5 volt cell type D23 (Ever Ready) 

Sockets 
Input and output sockets 

Construction 
Using small components, the author's version 

was fitted in a case measuring 3x2x¡in only, but it 
may be found more convenient to use a slightly 
larger case to avoid crowding. The constructor 
should judge the size of case required after obtaining 
the components. The layout is not critical and that 
employed in the prototype is shown in Fig. 2 (a), 
with the panel layout in Fig. 2 (b). 

Input - -- 
socket 

(a) 

O OUT 

TONE VOLUME 

TREBLE BASS 
OFF 

(b) 

Fig. 2 (a). A suitable layout for the components 
(b). Front panel view, showing control layout 

Output 
socket 

THE RADIO CONSTRUCTOR 

1 

44 

www.americanradiohistory.com



It would, perhaps, be preferable to fit the com- 
ponents in a flat tin or metal housing. However, 
since the unit operates at low impedance, screening 
is not essential, and it will in most cases be adequate 
to use a plastic or wooden box if this is desired. If 
a metal case is used, an internal lining of insulating 

material is desirable, to prevent connections short- 
circuiting to the inside surface. 

The input and output sockets may be phono or 
TV coaxial types. It will be noted, in Fig. 2 (a), 
that connections along the positive supply line are 
carried by the mounting lugs of these sockets. 

Sinclair "Microvision" 
POCKET TV 

Sinclair Radionics Limited of Cam- 
bridge announces details of its 
remarkable pocket -sized transistor 
television receiver. The mini TV 
has been christened "Microvision" 
-a name which the company claims 
will rapidly become a household 
term. 

"Microvision", a prototype of 
which was demonstrated throughout 
the Radio and Television Show, will 
go into production at an initial rate 
of 1,000 per month in January 1967. 
It will have a retail price on the home 
market of 49 gns. (including purchase 
tax). 

With a screen size of tin (5cms), 
and overall dimensions 4 x 21 x 2in 
(10 x 6.4 x 5cm), it can be held in 
the palm of the hand and becomes the 
world's first commercial pocket TV set. 
Its closest equivalent, Japan's Model 
SR-TV3A, manufactured by the Stand- 
ard Radio Corporation-with a 

screen of 3in-is eight times as large 
and five times as heavy. 

Sinclair's tiny TV, weighing a mere 
101oz (297 grammes), with batteries, 
is a marvel of miniature electronics. 
Its 30 transistors are powered by 
six penlight cells, which are priced 
at 3s. 6d. a set and have an estimated 
normal life -span of two to four 
weeks. 

British Lead 
The technical characteristic which 

distinguishes "Microvision" from any 
other TV is its entirely new type of 
circuitry. This brand new integrat- 
able system invented by Sinclair has 
reduced the cost of production to the 
point where the company knows it 
can under -cut competitor prices 
anywhere in the world. The circuit 
-which will be of considerable 
interest to manufacturers of standard 
TV sets-can be applied to any size of 
set and readily adapted to colour. 

This novel circuitry has enabled 
the miniature TV to be equipped with 
a loudspeaker system and to receive 
ail 13 channels in Bands I to Ill. 

OCTOBER 1966 

"Microvision" can be tuned to both 
B.B.C. 1 and I.T.V. in any part of the 
United Kingdom, and with the 
simplest of production adjustments, 
can be adapted for use throughout 
the world. 

"Microvision", which has been 
developed at a cost of £10,000, will 
be proof to buyers at home and 
abroad that young British engineers 
and designers can lead the way in 
ingenuity and craftsmanship. 

Technical Details 
The Sinclair Microvision, the 

World's first complete pocket tele- 
vision set, is a new design in every 
aspect from the tuner to the tube. 
The cathode ray tube has a rec- 
tangular face plate with an aspect 
ratio of 3 : 4 and a diagonal measure- 
ment of 2 inches. The angle of 
deflection is 70° and the overall 
length is only just over 3 inches. 
The shortness has been achieved by 
using a lin neck which is far smaller 
than has ever been used before. 
The tube uses magnetic deflection 
and focus and, perhaps most remark- 
able of all, the heater consumes less 
than 100mW. The c.r.t. was, of 
course, developed for the receiver. 

The circuit of the Microvision uses 
30 transistors including silicon epit- 
axial planar and germanium epit- 
axial planar types. The major 
problem in the design was reducing 
the consumption since it was felt 
that the set should have a reasonably 
long battery life using cheap, readily 
available batteries. In fact, the 
consumption is only 450mW, which 
is less than the power taken by the 
tube heater in existing transistor 
televisions. 

The receiver is powered by six 
ordinary penlight cells. A highly 
efficient d.c. to d.c. converter 
reduces the battery voltage to a 

stabilised 4 volts used by the set. 
This arrangement ensures that the 
performance does not vary during the 
life of the battery and that the 

maximum possible life is obtained 
from the batteries. 

The tuner is a very much miniatur- 
ised permeability type employing 
two germanium expitaxial planar 
transistors and covering channels 1 to 
13. The vision and sound receiver 
circuits are both very unusual as a 

result of the need to keep consump- 
tion to a minimum. The loudspeaker 
is a specially developed two inch 
piezo-electric type with an overall 
depth of less than lin. The advant- 
ages of this arrangement, apart from 
the reduced size and weight, are the 
very high efficiency of the speaker 
and the absence of magnetic fields. 

The speaker is driven by a trans- 
formerless push-pull stage using two 
silicon transistors operating from an 
80 volt rail. The quiescent consump- 
tion of this stage is only 80 micro - 
amps. 

The frame timebase also uses a 

class B push-pull output stage as this 
eliminates the usual frame output 
transformer and halves the power 
consumption. A multivibrator type 
of oscillator is used to avoid the need 
for a blocking oscillator transformer. 
A similar arrangement is used for 
the line timebase which is of the 
boosted h.t. variety. E.H.T. is taken 
from the line flyback in the usual way, 
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In this month's episode, Smithy 
the Serviceman, aided as always 
by his able assistant Dick, sacri- 
fices part of his lunch -break to 
discuss vertical timebase topics 
and, in particular, the vertical 
timebase switching circuits used 

in 405-625 line receivers 

"V 
ERTICAL, SHMERTICAL," 
snorted Dick. "Oh, my 
life!" 

Smithy diverted his attention from 
the crossword puzzle with which he 
was passing the last twenty minutes 
of his lunch -break, and cast a 
quizzical glance at his assistant. 

"And what," he enquired, "is the 
reason for that little outburst?" 

"It's these vertical oscillator cir- 
cuits," replied Dick, with a disparag- 
ing gesture at a pile of television 
service sheets on his bench. "Some- 
times these sheets refer to vertical 
oscillator circuits, sometimes they 
refer to frame oscillator circuits, 
and sometimes they refer to field 
oscillator circuits. Why can't they 
just choose one word and stick to 
,it? After all, `vertical', `frame' and 
`field' all mean the same thing!" 

Smithy looked suitably shocked. 
"They jolly well don't you know," 

he declared firmly. "Those three 
words have all got meanings of 
their own. Expecially `frame' and 
`field'." 

"How can they have?" protested 
Dick. "A vertical oscillator is the 
same as a frame oscillator and it's 
the same as a field oscillator. So 
how can the words have different 
meanings ?" 

Smithy picked up the disreputable 
tin mug at his side and drained its 
contents with one prodigious swal- 
low. Smacking his lips he held up 
the mug, whereupon Dick, following 
time-honoured tradition, rose with- 
out a word and took it over to the 
Workshop sink. 

Fields And Frames 
As the homely sound of clattering 

crockery (if, in a context where the 
meaning of words is obviously to 
be discussed, such a term can be 
applied to the dubious array of 
cracked and chipped utensils which 
formed the entire culinary effects of 
the Workshop) reached his ears, 
Smithy sighed contentedly and re- 
turned to his crossword. One of the 

clues incorporated a tricky little 
anagram which he had very nearly 
sorted out 

"Well, what is the difference 
between them?" 

Startled, Smithy looked up, to 
see his assistant standing in front 
of him. 

"Difference? Between what?" 
"Between `vertical', `frame' and 

`field'." 
Resignedly, Smithy put his news- 

paper on one side. Long experience 
had taught him that when Dick was 
athirst for information the only way 
to obtain any peace was to satisfy 
that thirst as soon as possible. 

"The ordinary television picture," 
Smithy commenced, "consists of 
two sets of lines interlaced. Doesn't 
it?" 

"That's right," replied Dick 
promptly, as he returned to the 
stool at his bench. "You first of 
all cause one set of lines to appear 
on the screen and you then go 
back and cause a second set of 
lines to appear between them." 
(Fig. 1). 

"Exactly," confirmed Smithy. 
"Now, each single set of lines is 
known as a `field'. After two inter- 
laced fields have been scanned, you 
then get a `picture'. With the 
U.K. standards, both on 405 and 
625 lines, the field frequency is 
50 c/s and the picture frequency is 
25 c/s." 

"Where," asked Dick, "does the 
word `frame' come in?" 

"The words `picture' and `frame' 
mean the same thing," explained 
Smithy. "So you can say that the 
two interlaced fields also make up 
a frame. But there's a little snag 
here." 

"Oh yes?" queried Dick. "What's 
that?" 

"In the earlier days of TV in this 
country," replied Smithy, "we used 
to refer to `fields' as `frames' so 
that we looked upon two 'frames' 
as making up a picture. In general, 
the industry changed over to the 
present usage of the word some 
six or seven years ago, the matter 
being clinched by a British standard 
which came out in 1960 and which 
deprecated the use of the word 
`frame' with its older meaning. But 
for quite a while after that British 
Standard came out people were 
still associating the word `frame' 
with its old meaning, and it's only 
now that this practice has just about 
finally died out. It's important to 
bear this little bit of history in 
mind because you will almost 
certainly bump into the word `frame' 
with its previous meaning in books, 
magazines and service sheets which 
were published before 1960, and the 
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alternative meaning of the word is 
liable to confuse you a little." 

"That's an interesting piece of 
information," remarked Dick. "It 
looks as though there's quite a lot 
of difference between the words 
'field' and `frame', after all." 

"There is," confirmed Smithy, 
"and particularly nowadays." 

"What," continued Dick, "about 
the 'vertical' bit ?" 

" 'Vertical'," replied Smithy, "is 
merely an adjective to describe the 
circuits which cause the tube to be 
scanned in the vertical direction. 
In consequence, you get expressions 
like 'vertical oscillator' and 'vertical 
output'. As opposed to the line 
timebase stages which may be 
correspondingly . referred to as the 
'horizontal oscillator' and 'horizontal 
output' stages. Everything's dead 
easy there, with no complications or 
mix-ups from earlier days." 

405-625 Vertical Oscillators 
Smithy picked up his mug and 

took a copious draught of its 
contents. 

"Ah -ha," he remarked apprecia- 
tively. "That's just what I needed 
to revive the old tissues. Anyway, 
why the sudden interest in vertical 
oscillators and things like that ?" 

"I'm just catching up," explained 
Dick, "on some of the finer points 
in the 405-625 line sets that are 
coming in to us these days. You 
may remember that we had a session 
last month on 405-625 sound circuits, 
and that whetted my appetite. I 
thought I'd spend a bit of spare 
time having a look at other parts 
of 405-625 receivers, and the vertical 
timebase stages seemed to be as 
good a place to start off as any." 

"You certainly," chuckled Smithy, 
"chose an easy bit! With 625 lines 
having the same field frequency as 
405 lines, the vertical timebase 
sections of 405-625 receivers are 
almost exactly the same as the 
ones we had in the old 405 -only 
sets. Also, there's no complicated 
switching as you go from one stan- 
dard to the other." 

"There is some switching, though," 
objected Dick. "Some of these 
circuits include a section of the 405- 
625 switch which puts different values 
of resistance in series between the 
height control and the boosted h.t. 
line. At the moment the reason for 
such switching has got me completely 
mystified." 

"I shouldn't worry about it," 
said Smithy carelessly. "Those 
switching circuits are fitted merely to 
counteract changes in boosted h.t. 
voltage as you go from one standard 
to the other." 
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Fig. 1. A simplified diagram illustrating the make-up of an interlaced 
television picture. The solid lines (AA) constitute one field whilst the dashed 
lines (BB) constitute the second field. Two fields make a picture, or frame 

Convinced that he had completely 
enlightened Dick on the subject of 
the switching circuits in question, 
Smithy returned happily to his 
crossword puzzle. Dick looked at 
him irritably. 

"Why," he asked firmly, "does 
the height control have to go to 
the boosted h.t. line in the first 
place?" 

"Either," replied Smithy absently, 
"to give a more linear sawtooth 
drive to the vertical output valve 
or to compensate for changes in 
e.h.t. voltage. Or, again, to do 
both of these things." 

"Well, that's a lot of help, I 
must say," complained Dick dis- 
gustedly. "I ask you a question and 
all I get are statements which leave 
me more baffled than when I started !" 

Still absorbed in his puzzle, 
Smithy suddenly picked up his 
pen and, with a grunt of satisfaction, 
filled in a word. He had run that 
anagram to earth at last. 

"What," he asked conversation- 
ally, "are you beefing about?" 

"These 405-625 switching circuits 
in the vertical timebase," replied 
Dick, "the ones that are in series 
with the height control?' 

Height Control And Linearity 
Irritably, Smithy threw his news- 

paper onto his bench. 
"A fine lunch -break this has 

turned out to be," he grumbled. 
"Just like Elephant's Child you are." 

"Like what child?" 
"Like Elephant's Child. You're 

full of 'satiable curtiosity'." 

An uncertain expression spread 
over Dick's face. 

"Would that," he said dubiously, 
"have anything to do with the owl 
impersonations you were giving last 
month ?" 

"Nothing at all," replied Smithy, 
"Elephant's Child lived on the 
banks of the Limpopo River and 
had his nose pulled by a crocodile. 
And that," concluded the Serviceman 
cheerfully, "is how the elephant 
got its trunk." 

There was silence for a moment. 
"I've been wondering recently," 

said Dick unhappily, "whether you 
haven't been working a bit too hard 
lately, Smithy. Are you sure you 
couldn't do with a few days off?" 

"Nonsense," said Smithy briskly. 
"Anyway, if I'm going to answer 
your questions I'd better get down 
to them right away and get them all 
cleared up. It also looks as though 
I'll have to give you some basic 
information. Bring your stool up." 

Dismissing the misgivings which 
had risen in his mind, Dick stood 
up and brought his stool over to 
Smithy's bench. The Serviceman 
quaffed deeply from his disgraceful 
tin mug, and pulled his notepad 
towards him. 

"A representative vertical oscil- 
lator," said Smithy, scribbling out 
a circuit in his notepad (Fig. 2), 
"can employ a multivibrator driving 
a vertical output valve. The im- 
portant thing to note is that the circuit 
will include a shaping capacitor 
across which a sawtooth is developed 
for application to the output valve 
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Fig. 2. A basic vertical timebase oscillator and sawtooth-forming circuit. 
The right hand triode is cut-off during the scan period. Representative values 
are given to components in the sawtooth-forming circuit, which may run from 
the boosted h.t. positive line. Frequently, the lower plate of the shaping capacitor 
connects to the cathode of the vertical output valve instead of to chassis, 

but its basic function remains the same 

grid. The multivib can have two 
tri odes in it, one of these being cut- 
off during the vertical flyback 
period and the other being cut-off 
during the vertical scan period. 
The triode which is cut-off during 
the scan period is, obviously, 
conductive during the flyback period. 
The anode of this triode is coupled 
to the shaping capacitor, which 
also connects to an h.t. positive 
supply via a high value of resistance 
and the height control." 

"I know," offered Dick, "how 
that little lot works. During the 
flyback period the triode discharges 
the capacitor. When the scan 
period commences, the capacitor 
charges via the resistance in series 
with the h.t. positive point." 

"Fair enough," said Smithy, pick- 
ing up his pen once more. "Now, 
let's take things a little further, and 
sketch out the sawtooth waveform 
that results. (Fig. 3(a)). As you can 
see, the slow -rising part which 
occurs during the scan period is 
positive -going, which is just what 
you want for application to the 
grid of a vertical output valve. 
The output valve will then draw 
increased anode current as the 
vertical scan proceeds down the 
screen of the tube. If we were to 
draw the complete charging curve 
for the capacitor and series resistance 

on their own, and without any other 
circuitry, we would get the familiar 
exponential curve I'm sketching here. 
(Fig. 3(b)). But this is not at all a 
linear curve, and so it becomes 
necessary to arrange component 
values so that only the first part of 
it is used in the sawtooth waveform, 
with the result that we work with 
a reasonably straight part of the 
exponential waveform. We do 
this by choosing capacitor and 
resistance values which ensure that 
the shaping capacitor has become 
only partially charged when the 
multivib triode becomes conductive 
at vertical flyback. (Fig. 3(c)). 
The multivib triode then discharges 
the capacitor and only the first 
part of the exponential curve appears 
in the sawtooth." 

Dick gazed at Smithy's sketches 
and scratched his head. 

"Now, how," he queried thought- 
fully, "does the height control affect 
the sawtooth?" 

"It's obvious," said Smithy. "If 
the height control inserts a high 
series resistance the shaping capacitor 
will charge to a relatively low 
voltage before the flyback period 
comes along and discharges it 
again. And, if the height control 
inserts a low series resistance, the 
shaping capacitor will charge to a 
relatively high voltage before the 

flyback period causes it to discharge 
again. By reducing the series re- 
sistance inserted by the height 
control we're increasing the ampli- 
tude of the sawtooth waveform. 
Since this sawtooth is amplified by 
the vertical output valve and applied 
to the vertical deflector coils we're 
obviously increasing the height of 
the picture as well. And that is 
how the height control affects the 
actual height of the picture." 

Dick frowned. 
"Wait a minute," he said suddenly. 

"There's a snag here!" 
"Is there? Where?" 
"If," said Dick excitedly, "you 

increase the height by reducing the 
resistance inserted by the height 
control then you're reducing the 
time constant of the shaping capaci- 
tor and the series resistance." 

"Well?" 
"That means, then," Dick rushed 

on, "that more of the exponential 
curve appears in the sawtooth 
waveform before the capacitor dis- 
charges at flyback. In other words, 
the shaping capacitor will have gone 
further along an exponential charg- 
ing curve before the flyback period 
comes along and takes it back to 
the start again." 

"So ?" 
"What happens then," concluded 

Dick, "is that you're going to get 
a more non-linear scan section of 
the sawtooth when the height 
control inserts a low resistance than 
when it inserts a high resistance." 

Dick leaned back and gazed 
triumphantly at the Serviceman. 

"Is that," asked Smithy, "your 
snag?" 

"It is," replied Dick proudly. 
"And I should imagine that I must 
be the very first person who's ever 
stumbled on this particular fact." 

A curious change was taking place 
in Smithy's complexion. A colour 
television engineer might well refer 
to increasing saturation along the 
red axis. 

"You know, Smithy," continued 
Dick condescendingly, "I must 
admit I'm pretty good at spotting 
little points like this one. I think 
I'll refer to it as Increasing Non - 
Linearity With Picture Height, or 
the Dick Effect." 

At last, Smithy regained the power 
of speech. 

"You roaring twit," he spluttered. 
"Who, me?" 
"Yes, you," rumbled the Service- 

man. "It baffles me how you can 
even get that great head of yours 
through the Workshop door in the 
morning. What happens when you 
get a set with a worn-out vertical 
output valve?" 
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"Why, I replace it, of course." 
"Anything else?" 
"Well, the height of the picture 

will usually be too great with the 
new valve. And so I readjust the 
height control." 

"Then what?" - 

"Now and again," said Dick 
innocently, "I have to alter the 
vertical linearity controls as well to 
get the picture properly proportioned 
at the new setting of the height 
control. Particularly if I've made a 
big adjustment to it." 

"Exactly," snorted Smithy. "In 
other words what you're doing, 
al least in part, is readjusting the 
linearity circuits to take up the 
altered linearity in the sawtooth 
given by the new height control 
setting." 

"Do you mean," asked Dick 
incredulously, "that this business of 
sawtooth linearity altering with 
different settings of the height 
control is common knowledge?" 

"Common knowledge?" repeated 
Smithy, with an expression of 
disbelief almost equal to that 
displayed by Dick. "Common 
knowledge? Why, you great nit, 
it was the first thing they would have 
considered when they originally 
worked out TV timebases using 
capacitors and resistors." 

"Well, blow me," said Dick, 
patently amazed at Smithy's state- 
ment. "I was beginning to think 
that this was something I'd discover- 
ed all on my own. At any rate, it 
shows that I'm on a par with the 
pioneers!" 

Height Control Switching 
Smithy cast a glance at the ceiling 

and decided to give up the unequal 
contest. 

"Let us," he said doggedly, 
"return to this shaping capacitor 
circuit and the manner in which it 
works. We've just seen that we can 
obtain a reasonably linear sawtooth 
by using only the beginning of the 
exponential charging curve. If, 
therefore, we apply a high positive 
potential to the upper end of the 
resistance in series with the shaping 
capacitor we can obtain a shorter 
length of exponential curve for a 
given sawtooth amplitude than if 
we apply a low positive potential. 
This gives us better linearity, and is 
one reason why it is common 
practice to return this series resist- 
ance to the boosted h.t. line in a 
TV receiver instead of to the ordinary 
h.t. line." 

"That statement," remarked Dick, 
"seems to ring a bell. Why, it's the 
answer to one of the questions I 
asked you originally!" 
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"It is," confirmed Smithy. "And 
it means that one of my answers 
has now been fully explained. The 
other thing I said at that time was 
that connecting the series resistance 
to the boosted h.t. line provided 
compensation for varying e.h.t. 
voltage." 

"Ah yes," said Dick. "Now, how 
does that work?" 

"It's quite simple really," replied 
Smithy. "As you know, e.h.t. 
current depends upon the overall 
brightness of the picture displayed on 
the screen of the tube. If the overall 

Flyback 

(capacitor -.- 
discharges) 

Shaping 

capacitor 
voltage 

o 

Scan 
(capacitor 

charges) 

picture brightness increases, so does 
e.h.t. current. The consequence is 
that an increase in overall brightness 
can result in a decrease in e.h.t. 
voltage, the drop in voltage depend- 
ing upon the regulation of the e.h.t. 
supply. If the drop is serious the 
picture is liable to open out, or 
`bloom'." 

"I know the effect," put in Dick. 
"It's the same as you get in sets 
where a fault in the e.h.t. circuit 
reduces the available e.h.t. current. 
As you turn up the brightness 
control the picture expands." 
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Fig. 3 (a). The sawtooth voltage, relative to chassis, appearing on the upper 
plate of the shaping capacitor of Fig. 2 

(b). If the shaping capacitor were not discharged during the flyback period, 
the voltage across it would follow the familiar exponential curve shown here. 

In this diagram, the time scale is shorter than in (a) 
(c). To obtain reasonable linearity, only a short part of the start of the 

exponential curve is used in the vertical sowtooth waveform 
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Fig. 4 (a). A simple circuit which compensates for differing boosted h.t. 
voltages on 405 and 625 lines. The variable resistor brought into circuit 

on 625 lines will have, typically, a value of 300kí2 
(b). An alternative switching arrangement, in which additional picture 

height stabilisation is given by a voltage dependent resistor 

"Exactly," confirmed Smithy. 
"The opening out is due, incidentally, 
to the fact that a lower e.h.t. voltage 
reduces the velocity of the electrons 
passing through the deflector yoke 
on the neck of the tube, with the 
result that they are in the deflecting 
field for a longer period and undergo 
greater deflection. Now, the e.h.t. 
voltage is obtained from the line 
output stage and increased e.h.t. 
loading reduces the value of the 
boosted h.t. voltage. In consequence, 
there is a lower line deflection 
current in the deflector coils and 
the effect of a reduction in e.h.t. 
voltage is counteracted by a reduction 
in line deflection current." 

"I see," commented Dick. "The 
line output circuit automatically 
offers less deflection, and so the 
drop in e.h.t. voltage causes no 
increase in line width." 

"That's right," confirmed Smithy. 
"This holds good only for small 
drops in e.h.t. voltage, of course, 
but these are all that should be 
given by a reasonably well regulated 
e.h.t. supply in any case. At the 
same time, if the shaping capacitor 
network in the vertical timebase is 
run from a constant h.t. voltage 
no compensatory effect is given. 
The vertical timebase offers an 
output of constant amplitude, with 
the result that a reduction in e.h.t. 

voltage would cause an increase in 
picture height. When the vertical 
timebase shaping capacitor is run 
from the boosted h.t. supply, 
however, the picture height deflection 
will automatically decrease as boost- 
ed h.t. decreases, so that compensa- 
tion for drops in e.h.t. voltage are 
obtained in the vertical sense as 
well." 

"I'm dashed," exclaimed Dick. 
"And to think I've been looking at 
these vertical timebase circuits for 
ages without realising the little tricks 
that are hidden away in them!" 

"Well, there we are then," said 
Smithy. "I should add that, if the 
e.h.t. supply in the TV receiver has 
good regulation, the main advantage 
offered by running the shaping 
capacitor circuit from the boosted 
h.t. line is that it enables you to 
obtain a more linear sawtooth, 
since the compensating effect for 
picture height is not so necessary. 
Anyway, let's get back to your 
original question. This, you will 
remember, is concerned with the 
405-625 switching arrangements you 
encounter in the height control 
circuits of dual -standard receivers. 
Such switching arrangements are 
needed if the voltage on the boosted 
h.t. line changes when you switch 
the line output stage from a line 
frequency of 10,125 c/s for 405 
lines to 15,625 c/s for 625 lines, or 
vice versa. Normally, the boosted 
h.t. voltage increases at the higher 
line frequency given by 625 line 
operation, with the result that, if 
precautions aren't taken, the picture 
height will increase also. The usual 
method of overcoming the change in 
boosted h.t. voltage is to insert a 
preset variable resistor in series with 
the height control, this being shorted 
out on 405 lines and brought into 
circuit on 625 lines. You adjust 
height as per usual on 405 lines, 
then switch to 625 lines and adjust 
the variable resistor for the same 
height." (Fig. 4(a)). 

"We're back," said Dick suddenly, 
"to Dick Effect! Won't the bringing 
into circuit of this additional variable 
resistor affect vertical linearity ?" 

"There'll be a slight change in 
linearity," agreed Smithy. "But this 
should usually be too small to be 
of any great significance. Another 
approach consists of having a section 
of the 405-625 switch connect an 
additional resistor between the boost- 
ed h.t. line and chassis, the switching 
circuit appearing after a filter resistor 
and capacitor." 

Smithy sketched out the circuit 
(Fig. 4(b)) and showed it to Dick. 

"In this case," he remarked, "the 
height control circuit runs from the 
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electrolytic capacitor which follows 
the filter resistor. When the switch 
section is set to 625 lines, the added 
resistance to - chassis causes the 
voltage across the electrolytic to be 
reduced to about the same value as 
on 405 lines. An advantage with 
this circuit is that the electrolytic 
capacitor has a low impedance at 
vertical timebase frequency, and the 
shaping capacitor circuit is offered 
virtually the same operating voltage 
at the same impedance on both 
standards. This overcomes any 
tendency towards the Dick Effect 
you mentioned just now. Blimey, 
you've got me at it now!" 

"I tell you," said Dick. "Pioneer - 
minded, that's me!" 

"With this last type of circuit," 
continued Smithy, ignoring his as- 
sistant's comment, "you also get a 
voltage dependent resistor following 
the electrolytic capacitor. As you 
know, a voltage dependent resistor 
offers reduced resistance as the 
voltage across it increases, where- 
upon its voltage -current curve be- 
comes rather similar to that for a 
zener diode or a valve stabiliser. 
(Fig. 5). In the present circuit, the 
v.d.r. offers an extra bit of picture 
height stabilisation when switching 
from one standard to the other. 
Since the v.d.r. does not stabilise 
over as narrow a range of voltages 
as does, for instance, a valve stabil- 
iser, the circuit should still allow 
some compensation in picture height 
fcr changes in e.h.t. voltage to take 
place as well." 

Back To Work 
"Why," asked Dick, "is the 

negative plate of the electrolytic 
in that circuit returned to the 
ordinary h.t. positive line? Why, 
isn't it connected to chassis?" 

Smithy raised his tin mug and 
finally drained its contents in one 
gargantuan gulp. 

"Because," he replied, wiping his 
lips, "it will work just as well if 
it's connected to the normal h.t. 
positive line, and it can then be 
given a lower working voltage. And 
that's all for the present, except that 
I should mention that a few TV 

Voltage 

Current 

Fig. 5. The resistance of a voltage dependent resistor decreases as the 
voltage across it increases, giving a voltage -current curve of the type shown 
here. For voltages around point X on the curve, the v.d.r. offers a useful 

amount of stabilisation 

sets have approximately the same 
boosted h.t. voltage on both stand- 
ards. These sets just don't have any 
405-625 switching in the height 
control circuit at all. Dear me, 
just look at the time! It seems as 
though I'll have to finish my cross- 
word at home tonight." 

Smithy picked up his newspaper, 
folded it and put it in the pocket 
of his jacket hanging on the door. 
Purposefully, he returned to his 
bench. 

"You must admit, Smithy," said 
Dick, as he picked up the pile of 
service manuals he had been studying 
and carried them over to the filing 
cabinet, "that things have got 
quite a lot more complicated over 
the last few years, now that we have 
these new dual -standard TV's to 
contend with. I rather miss having 
nothing to service but the old 405 - 
only jobs." 

"Not to worry," said Smithy 
soothingly. "The day will dawn 
when all the sets you fix are 625 - 
only." 

"Well, now, that is something to 
look forward to," commented Dick 
warmly "Just imagine having noth- 
ing to fix but single -standard TV's 
again!" 

"They will also," added Smithy 
cheerfully, "be single -standard sets 
which reproduce colour as well!" 

And with these direful words 
Smithy turned to his first job for 
the afternoon, knowing full well 
that he had mentioned the one and 
only subject which could reduce his 
voluble assistant to complete silence. 

Editor's Note 
The British Standard referred to 

by Smithy is B S. 204:1960, Glossary 
Of Terms Used In Telecommunication 
(Including Radio) And Electronics. 

NOVEL SQUARE WAVE GENERATOR 
(continued from page 157) 

be found for the practical circuit given by consider- 
ing the reciprocal of twice the duration of a single 
"off" state. 

Therefore f-2tt 2RICi 0.27 

1 
RI, we know, is 22kf2 : f-2.22 Ci 0.27 

1 0 
-Ct-1188f f.084 

µF 

C1 
where f is measured in kc/s and C2 = 

Taking f=2t would have yielded a similar result 
2 

as above but for C2; and we would have said Ct 
3C2, and there we are! 
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Cover feature 
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* 
The 

"Beatamp" 
by V. E. HOLLEY 

This little amplifier has many applications, these 
ranging from standard workshop use to amplification 
of transistor radios. Both circuit and construction 
are simple, and the article also gives details of a 
suitable cabinet in which the amplifier and its 

speaker may be housed 

THIS IS A SIMPLE LITTLE AMPLIFIER WHICH WAS 
built originally for service on the workshop 
bench, but which was later appropriated by 

the teenage members of the family to amplify the 
output from a pocket transistor radio. In this 
service it earned its name and a great deal of popular- 
ity. Construction is quite simple and can be under - 
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taken with confidence by anyone having an elemen- 
tary knowledge of the subject and a small soldering 
iron. The components are few, and many readers 
will no doubt find all they want in the spares box. 

Circuit 
Fig. 1 shows the circuit. The signal to be amplified 

is fed into the miniature jack socket, J1, and through 
the isolating capacitor C1 to the volume control, 
and is then applied to the grid of the first valve. 
This is a high gain pentode, type EF91. Though 
the EF91 is really an r.f. amplifier, it is a versatile 
performer and will be found to work very well at 
audio frequencies in the circuit shown. The usual 
anode, screen and cathode bias resistors and capaci- 
tors are provided and, additionally, there is in the 
cathode circuit a small resistor, R4, of which more 
later. 

Fig. 1. The circuit of the "Beatamp" 

AC 
mains 
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Resistors 
(All fixed values } watt 10% unless otherwise stated) 

R1 1.2Ma 
R2 220k5ì 
R3 2.2k5ì 
R4 3352 
R5 470kí2 
R6 47052 
R7 680e 
R8 2ko2, 2 watts 
VR1 500k11 potentiometer, log track 

Capacitors 
C1 0.01µF, 350V wkg. 
C2 0.1µF, 350V wkg. 
C3 25µF electrolytic, 12V wkg. 
C4 0.01µF 350V wkg. 
C5 251./F electrolytic, 25V wkg. 
C6 32µF electrolytic, 350V wkg. 
C7 1611F electrolytic, 350V wkg. 

Transformers 
T1 Speaker transformer, 70:1 or 80:1 
T2 Mains transformer. Secondaries, 

20mA, 6.3V 1.5A. 

Valves 
V1 EF91 
V2 EL91 
V3 6X4 

Switch 
Si d.p.s.t. rotary toggle switch 

Jack Socket 
J1 Miniature jack socket 

Loudspeaker 
352 elliptical loudspeaker, 7 x 4ins 

Miscellaneous 
Pilot lamp, 6.3V 0.3A 
Pilot lamp holder 
3 B7G valveholders 
2 miniature jack plugs 
2 control knobs 
Insulated anchor tag 
2ft screened cable 
Flex for mains lead 
}in grommet 
Auminium for chassis 
Wire, bolts, nuts, etc. 

C 
o 
M 
P 
o 
N 
E 
N 
T 
S 

Fig. 2. An alternative power supply using full -wave 
rectification 

is worth including in any amplifier because it 
improves the frequency response and reduces 
residual hum and the less desirable distortion 
introduced by the pentode output salve. A feed- 
back voltage is accordingly taken from the output 

220V transformer secondary through resistor R6 to the 
junction of R3 and R4. The relative values of 
resistors R4 and R6 determine the proportion of 
the output voltage to be fed back. 

The amplified signal is passed by way of capacitor 
C4 1.o the grid of the output valve, V2. This is a 
small power pentode having an output of 1.4 
watts, which is fed to the 312 loudspeaker by way 
of output transformer Ti. As the anode current 
is only 16mA, quite a small transformer can be 
used and, for the best results, it ought to have a 
ratio of 70 or 80 to 1. Negative voltage feedback 
is usually associated with Hi-Fi circuits, but it 
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Power Supply 
The power requirement is very modest and a 

small mains transformer able to provide 220V 
20mA and 6.3V 1.5A is quite adequate. Half -wave 
rectification is given by a 6X4, but a metal rectifier 
or silicon diode will do just as well provided it has 
a peak inverse voltage (p.i.v.) rating of not less 

than 800. The end of the diode or rectifier marked 
red, or with a -F sign, is the equivalent of the 
valve cathode. If the transformer has a full wave 
h.t. secondary winding, it is better to use full - 
wave rectification by valve and Fig. 2 shows how 
this should be arranged.* A 200-0-200 volt second- 
ary will be adequate here. 

If the mains transformer primary has taps for 
different mains voltages, connect to the tap corre- 
sponding to the mains voltage to be used. With 
transformers having lead -out wires, primary taps 
which are not used should be carefully taped up 
to prevent short-circuits to adjacent conductors 
or the chassis. Do not be tempted to dispense 
with the double -wound mains transformer in favour 
of a circuit in which the mains connects direct to 

chassis because, apart from the shock hazards 
associated with such a circuit, this will make the 

a. f. input connections live. 
The mains input is switched on and off by the 

rotary double pole switch, Si. Resistor R8 and 

At 200 volts r.m.s., the 6X4 should have a limiting resistance of 
2400 in series with each anode. With a small mains transformer, this 
will normally be given by the resistance of the windings themselves. 
In Fig. 2, the resistance of either half of the h.t. secondary, plus the 

resistance of the primary, should be 2400 or more. 1f less, insert 
physical resistors, to make the total resistance up to this value, in 

series with each anode. In Fig. 1, the resistance of the h.t. secondary 
plus the resistance of the primary should, preferably, be 2800 or more. 
If less, insert a physical resistor, to make the total resistance up to 

this value, between the h.t. secondary and the anodes.-Editor. 
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Fig. 3. Plan view of the chassis before bending. The end in flanges, at right and left, are bent outwards. The hole for C6 

may require a different diameter with some capacitors. The material is 18 s.w.g. aluminium 

capacitors C6 and C7 provide smoothing for the 
rectified h.t. 

Construction 
If small components are employed for the mains 

and speaker transformer, all the parts may be 
assembled on a chassis measuring 10 x 3 x 2in, as 
shown in Fig. 3. The constructor should first 
check that these dimensions are suitable for the 
particular transformers obtained before cutting 
out the chassis. If the transformers are large and 
bulky, the chassis dimensions may be modified 
accordingly. The position of the speaker trans- 
former may be ascertained from Fig. 4. If a speaker 
transformer with flying leads instead of a tagboard 
is used a small tag -strip may be mounted close to 
the transformer to provide anchors for the primary 
and secondary connections. The chassis used for 
the original was slightly shallower than the 2in 
shown in Fig. 3, and the speaker transformer had 
a rather large tagboard. These two points made it 
necessary to cut a rectangular aperture in the deck 
of the chassis to enable the transformer to be fitted. 
This problem should not be so troublesome with a 
chassis depth of 2in. 

The chassis may be made of 18 s.w.g. aluminium. 
The original fitted compactly into a small wooden 
cabinet, together with a 7 x 4in elliptical speaker. 

Tinned copper wire of 22 s.w.g., covered with 
systoflex, is suitable for all the wiring, which can 
be tackled in any desired order. The connections to 
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be made are all shown in Fig. 4. Some of the wires 
may appear rather long in this diagram, but in 
construction they should be kept to the minimum 
necessary length. For instance, CI will pass directly 
across the chassis instead of in the manner shown, 
for clarity, in the diagram. It should be noted that 
the connections to the primary of T1 may have to 
be reversed if it is found, on completion, that feed- 
back is positive instead of negative. 

In the original, C7 was wire -ended whilst C6 
was contained in a can. C6 could, alternatively, 
also be a wire -ended component. Another alter- 
native could consist of having both C6 and C7 
contained in a single can and mounted in the C6 
position. If this is done, the high ripple section, 
usually marked red, is the one to use for C7. 

Testing 
When construction is complete, it is advisable to 

check with a meter to see that there are no short- 
circuits in the h.t. wiring. Switch the meter to a 
high ohms range and connect it across C7. There 
should be a large initial deflection, decreasing 
slowly to a reading of the order of I MS1 or more 
as C6 and C7 become charged from the meter 
battery. If the meter leads are applied with incorrect 
polarity, the final high resistance reading may not be 
obtained due to the presence of the electrolytic 
capacitors, whereupon the leads should be reversed. 
With conventional testmeters switched to an ohms 
range, correct polarity for the insulation test will 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Pri. 

To LS. 

63V 
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Insulated tag 

3/8 grommet - 

Fig. 4. Details of the wiring. The tag layout shown for speaker transformer T1 applies to the component employed in 
the prototype; other transformers may have a different tag layout and the connections shown here should be modified 

accordingly 

Slot for panel lamp 

I/4N 

Rear rebated all 
round I/4 "x 3/8` 

Fg. 5. Makiing a cabinet for the "Beatamp". The material is faced plywood {in thick. The spindle holes may be marked 
out from the chassis 
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be given with the positive meter lead to chassis. 
If all is well, power may be applied. The speaker 

should, of course, be connected. 
As the "Beatamp" warms up, it will scream dis- 

respectfully at the constructor if the feedback 
happens to be positive. Do not reproach yourself- 
even the experts cannot predict the right connection. 
Switch off nonchalantly and with a flourish of 
the soldering iron, reverse the connections to the 
primary of the output transformer to make the 
feedback negative. 

Operation 
It remains to make up a screened lead about 2ft 

long with a miniature jack plug at each end. Insert 
one plug into the "Beatamp" and the other into 
the socket provided for the earpiece in a transistor 
receiver and all is set for the Big Beat. If the current 
consumption of the receiver varies with the setting 
of the volume control, battery life can be prolonged 
by using a low setting and bringing the signal up 
to the desired level in the "Beatamp". 

Cabinet 
Upon promotion to domestic service, the proto- 

type, which had hitherto rested naked upon the 
bench, was given the plywood cabinet shown in 
the illustration. Details of the measurements and 
method of construction are given in Fig. 5. Faced 
plywood join thick is very suitable material. The 

joints can be secured very satisfactorily with panel 
pins and glue and quite a good exterior finish can 
be produced by staining and varnishing. The 
original was french polished, but this was not 
observed to improve the performance! 

A rectangular slot was provided in the front 
panel for the pilot lamp. The speaker aperture 
should be covered with Tygan or some similar 
material, secured with impact adhesive. The 
7 x 4in loudspeaker should first be fitted to a piece 
of in hardboard in which a suitable aperture has 
been cut and the whole fitted into the cabinet 
with wood screws. 

To make the securing holes for the chassis, 
first clamp it in position. Then drill upwards, 
through the bottom of the cabinet and through 
the end flanges of the chassis, two holes, one at 
each end. If the holes in the wood are then enlarged 
and wood screws of suitable size inserted, they 
will have a selftapping action as they enter the 
aluminium and will keep the chassis very firmly 
in position. The panel lamp slot can be covered 
with a piece of coloured Perspex or even paper, 
and the lamp holder secured in position with a 
small wood screw. 

A carrying handle at the top of the cabinet is 
a useful addition and four small pieces of rubber 
to act as feet, secured to the bottom with Evostick, 
will avoid scratches on any polished surface on 
which the unit may stand. 

Electronic 
Thermometers 

ANEW TYPE OF THERMOMETER WHICH CAN 
measure temperatures within the range -40°C 
to +230°C has been developed by Hewlett- 

Packard Ltd. This equipment not only has a 
resolution of 0.0001°, but automatically displays 
the temperature being measured as actual digits. 
The reading is indicated directly as a certain number 
of °C or °F and the plus or minus sign is auto- 
matically inserted. 

The instruments employ a quartz resonator at 
the tip of a sensor probe. This resonator, which 
has a linear temperature co -efficient, is extremely 
robust. It can accept shocks of 10,000g and pressures 
of up to 3,000 lb./sq.in without any change in the 
calibration. 

The information about the temperature is trans- 
mitted from the probe to the main instrument as a 
signal whose frequency is dependent on the probe 
temperature. The probe can be located at up to 
1,000 feet from the main instrument without noise 
pick-up troubles, etc., becoming apparent. 

Two models are available, the DY -2801A having 
two sensor probes for monitoring the temperature 
at two points or for taking readings of temperature 
differences to 0.0001°. A cheaper model, the DY - 
2800A, has a single probe providing 0.1° resolution. 
Both models have digital outputs which can be 
used for the operation of automatic typewriters. 

The instruments are expected to find application 
in oceanography, deep -hole geology and for various 
industrial purposes. 

Closed Circuit TV for Teachers 
EMI Electronics Ltd. was one of four manufacturers who recently provided complete studio facilities for a teachers 

induction'course in the use of television in education. The course was held at Wandsworth Technical College as one of 

the first stages in the setting up of the proposed Inner London Education Authority's television service. 
Teachers from all parts of London, in groups of twelve, spent a week gaining first-hand practical experience of closed- 

circuit television equipment and of production. Each group produced an educational programme and at the end of the 
course the taped programmes were played back before an audience of teachers and invited guests. 
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Understanding 
Radio 

By W. G. Morley 

LINKING THEORY WITH PRACTICE 

A PRACTICAL PROJECT 

COMPLETING THE GENERAL-PURPOSE POWER UNIT 

This is the first of several practical projects which our author will be using to provide the many 

readers following this series with an opportunity to put into practice the theory they are learning 

IN LAST MONTH'S ISSUE WE INTRODUCED THE 
first of the constructional projects to appear 
in this series of articles, and which are intended 

to give practical demonstrations of the theoretical 
points discussed in this series. These projects are 
designed for assembly with the minimum amount 
of metal -working and, for this reason, all chassis 
are based on the Lektrokit range of prefabricated 
component parts. Another feature of the con- 
structional projects is that they will be capable of 
general use in addition to their function of demon- 
strating points of theory. 

The item of equipment introduced last month 
was a general-purpose power supply unit, and 
details were given of its circuit design, chassis 
assembly and the fitting of the main components. 
Also published last month was the Components 
List. 

e shall now carry on to further steps in the 
as mbly of the power supply unit. 

M ting The Smaller Components 
e next stages in construction consist of mount- 

ing several of the smaller components and of 
co ncing the wiring. Except where otherwise 
sta ed, wiring is carried out with conventional 
p. c. covered tinned copper connecting wire, which 
m be either single -core or stranded. It is prob- 

able that the reader will already have previous 
experience in soldering. A small electric soldering 
iron of around 20 to 40 watts will be found most 
convenient; this should be well tinned and used 
in conjunction with a good quality radio -grade 
cored solder such as Multicore "Ersin" 60/40 or 
Multicore "Savbit". Such solders have their own 
fluxes in the cores, and no other flux whatsoever 
should be used on any joint. The components 
specified have tags which should tin instantly 
without the necessity for cleaning or scraping 
before soldering. It may be found that the tags 
of the mains transformer have a thin coating of 
impregnating wax on them. This wax need not be 
removed before soldering; it will melt away from 
the tag on application of the iron and will not 
impede the formation of a good joint, If the 
reader is inexperienced in soldering, he would be 
well advised to obtain a little practice with odd 
lengths of connecting wire and component tags 
before embarking on soldering the joints of the 
constructional project proper. The knack of 
obtaining a good soldered joint with , radio and 
electrical components is very quickly acquired. 

In the instructions which follow, connections 
should only be soldered when stated in the text. 

Two of the smaller components are next fitted, 
these being the 5 -way tagstrip (Lektrokit Part 
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Spring fastener 

Neon assembly 

Side plate - 
Chassis plate No.3 

FRONT 

Octal valveholder .., i 

f 

/ 

óio8 
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O o- 

B9A valveholder 

-- 5 -way tagstrip 

--Chassis plate Not 

REAR 

Fig. 1. Underchossis view showing how the 5 -way tagstrip and neon bulb assembly are fitted 

No. LK-2231) and the neon lamp assembly. The 
tagstrip is secured below the chassis with a single 
+in 6BA screw and nut (head above chassis) passed 
through the ¡in hole in the Chassis Plate No. 2 
which is mid -way between the two central valve - 
holder holes. See the underchassis view of Fig. 1. 

The neon bulb assembly is fitted to the end 
U -slot of the front Chassis Rail at the Chassis 
Plate No. 3 end, as shown in Fig. 1. It should 
be noted that the neon bulb assembly is secured 
by a spring fastener which slides forwards along 
the body of the bulbholder. This fastener is intended 
to bear against the rear of any panel to which the 
holder is fitted at two points only. In the present 
instances the neon bulb assembly is fitted to a 
U -slot, and the spring fastener must be oriented 
so that neither of the two bearing points just men- 
tioned appears at the open part of the U -slot. 
This factor is of some importance since it is difficult 
to release the spring fastener after it has been 
pushed forward to its final position. 

The leads from the neon bulb assembly are 

Iisuiated 
body 

(a) (b) 

Fig. 2 (a). The Lektrokit lead -through insulator 
(b). The insulator is a push fit in any of the *in holes 
of the Chassis Plates, soldered connections being 
made to the protruding centre conductor on either 

side 
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next cut to about 3,1 -ins from the end of the protec- 
tive sleeve and their ends bared for connection to 
pins 4 and 5 of the octal valveholder. It is im- 
material which way round the leads from the neon 
bulb assembly connect to these pins. Also con- 
nected to pin 5 of the valveholder is a short length 
of wire from the 6BA solder tag secured under 
the adjacent mounting nut. Solder thé connections 
at the solder tag and pin 5, but leave the connection 
at pin 4 unsoldered because another wire has to 
be connected here later. All the connections just 
carried out are shown in Fig. 1. 

Mains Transformer Wiring 
Since the mains transformer tags are above the 

chassis, it is necessary for the connections to these 
to pass through the Chassis Plate on which it is 
mounted. It would be possible to pass individual 
leads directly through the }in holes in the Chassis 
Plate, but this represents undesirable practice. 

Side plate 

Rear chassis 
rail 

Fig. 3. Above -chassis connections to the primary of the 
mains transformer 
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If an insulated lead is passed through a hole in a 
metall plate without employing a grommet or similar 
fitment to prevent the lead insulation from chafing 
against the metal edge of the hole, the insulation 
may later break down. In the Lektrokit Chassis 
System, circuits on either side of a Chassis Plate 
miy be connected together by means of lead- 
th-ough insulators (Lektrokit Part No. LK-2021), 
as shown in Fig. 2. These form a push fit in the 
}in holes in the Chassis Plates, connection being 
made to the protruding centre wire on either side. 
The use of these lead -through insulators increases 
the number of solder joints required, but they 
offer the advantages of reliable insulation and neat 
w ing. The writer found that several of the lead - 
t ough insulators employed in the prototype 
w re a little tight in their holes, but this was cured 
b a touch of a file to the flash lines on their bodies.' 
T e lead -through insulators may be pushed into 
pdsition by causing the slightly open jaws of a 
pair of pliers to bear down on the upper edge of 
the body. 

Two lead -through insulators are required to 
%try the mains connection to the primary of the 
Ins transformer and these are fitted, from the 

top of the chassis, to two holes in the rear row of 
h les in the Chassis Plate No. 1. See Fig. 3. One 
of these insulators connects to the 0 tap of the 
mains transformer, whilst the other connects to 
the 200, 230 or 250 volt tap, according to the local 
mains voltage. If the local mains voltage is 240, 
c nnect to the 250 volt tap. All the connections 
s own in Fig. 3 are soldered. An under -chassis 
v w of the lead -through insulator positions is 

en in Figs. 5 and 6(b). g 

Fig. 5. Underchassis connections from the lead - 
through insulators of Fig. 4. The free ends of the 12in 

wires are connected later 

B9A valveholder' 

Chassis plate No.2 

OCTOBER 1966 

FRONT 

T1 

Side plate 

- Solder tag 

Fig. 4. Mains transformer secondary connections above 
the chassis. Spacing between lead -through insulators 
is not critical, but that suggested here will enable a 
neat wiring layout to be achieved. (The spacing 
between hole centres along the row on the Chassis 

Plate is }in) 

Fig. 4 shows the secondary connections to the 
transformer, these being viewed from the front 
of the chassis. The six associated lead -through 
insulators are fitted, from the top of the chassis, 
in the second row of }in holes from the front edge 
of the transformer clamp. Spacing between the 
lead -through insulators is not critical, but that 
shown in Fig. 4 will enable a neat wiring layout 
to be achieved. The first lead -through insulator 
to the left is fitted to the furthermost left hand 
hole in the row. 

Fig. 5 shows the underchassis wiring to these 
insulators. To avoid mistakes, it is preferable to 
insert one lead -through insulator, and complete 
its wiring, at a time. The lead -through insulators 

1 A "flash line" in a moulded plastic piece -part is a raised irregular 
line of material which appears where the two halves of the mould come 
together. 

Nut of bolt securing solder tag 
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Lead -through insulators 
fitted in tig.3 
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173 

www.americanradiohistory.com



To togs on 

underside (fig. 6a) 

Chassis plate No.l 

Lead -through 
insulators fitted -- 
in fig.3 

Side plate 

(a) 

FRONT 

REAR 

(b) 

Mains lead 

Clamp 

Mains lead 

Side plate 

Grommet 

- Rear chassis 
rail 

Wirt passed through holes 

and folded over inside 

(c) 

Fig. 6 (a). Before the switch is mounted, the mains 
lead is connected to the tags shown here 

(b). Underchassis view showing the switch in position, 
and the mains input wiring completed 

(c). How the grommet is fitted to the rear chassis 
rail. The securing wire is in the groove of the grommet 

are numbered, in Figs. 4 and 5, in their order of 
insertion. 

Commence by inserting the first lead -through 
insulator, that nearest the Chassis Plate No. 2 
(on which the choke and rectifier valve are fitted), 
and wire this above the chassis to the 0 volt rectifier 
heater tag as shown in Fig. 4. Below the chassis 
connect this insulator to pin 5 of the B9A valve - 
holder. Solder all connections. 

Insert the second lead -through insulator and 
connect it, above the chassis, to the 6.3 volt rectifier 
heater tag, as in Fig. 4. Below the chassis, connect 
this insulator to pin 4 of the B9A valveholder, 
continuing it through to pin 3. Solder all connections 
except that at pin 3 of the valveholder. 

Fit the third lead -through insulator and connect 
it, above the chassis, to the 250 volt h.t. secondary 
tag above it. Connect it, below the chassis, to pin 
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1 of the B9A valveholder. Solder all connections. 
Insert the fourth lead -through insulator and 

connect it, above the chassis, to the remaining 
250 volt h.t. secondary tag. Below the chassis, 
connect it to pin 7 of the B9A valveholder. Solder 
all connections. 

The next two lead -through insulators are in the 
6.3 volt 3 amp heater supply circuit, and the con- 
necting wire employed here should be capable of 
passing this current without undue loss of voltage. 
If single strand connecting wire is employed, the 
wire should be 18 s.w.g. or thicker. Stranded 
wire should have the same overall thickness as 
that associated with the wires in 5 amp flexible 
mains cable. 

Insert the fifth lead -through insulator and con- 
nect it, above the chassis, to the 0 volt heater tag, 
as in Fig. 4. Below the chassis, connect one end 
of a 12in length of wire to the insulator. Solder 
all connections. 

Fit the sixth lead -through insulator and connect 
it, above the chassis, to the 6.3 volt heater tag, 
as shown in Fig. 4. Below the chassis, connect 
one end of a second 12in length of wire to the 
insulator. Solder all connections. The free ends 
of the two 12in lengths of wire fitted in these last 
two steps will be connected into circuit later. 

Next fit a 6BA solder tag, as illustrated in Fig. 
4 (with position in Fig. 5) to a }in hole in the fourth 
row of holes from the front of the mains trans- 
former clamp. Connect this tag to the 0 centre -tap 
of the h.t. secondary, and thence to the transformer 
screen tag. Solder all connections. This last 
connection ensures that the transformer screen is 
at chassis potential and it also demonstrates that 
the h.t. negative connections in the power supply 
unit are made by way of the metal -work of the 
chassis. If we refer back to Fig. 1, for instance, we 
can see that we obtain our h.t negative output con- 
nection from the solder tag under the mounting 
nut for the octal valveholder. 

The rotary toggle switch S1 is next wired and 
fitted in position. First, obtain the mains lead 
and solder its two wires to the two tags on the 
longer surface of the switch, as shown in Fig. 
6(a). These connections have to be made before 
mounting the switch, because they then become 
inaccessible. Next, mount the switch to the front 
chassis rail in the second U -slot from the Chassis 
Plate No. 1 end, as in Fig. 6(b). Tighten the bush - 
mounting nuts firmly to ensure a secure mounting. 
From the remaining two switch tags connect two 
wires to the two lead -through insulators of Fig. 3, 
which were connected at that stage to the mains 
transformer primary. Solder all connections. Next 
clamp the mains lead, as illustrated, using a 6BA 
nut and bolt. If a metal clamp is employed instead 
of the Lektrokit plastic clip referred to in the 
Components List, cover the mains lead with several 
layers of p.v.c. insulating tape, or with a short 
length of sleeving, to prevent the mains lead insula- 
tion from direct contact with the metal edges of 
the clamp. The mains lead passes through a fin 
grommet at the rear of the chassis, this being 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



 

V 4- .. e 
1 

+ ! 
r ` t 4 { c 

:.,,, t¡ i 
ÿ 4": '' '^'l 

The components above the chassis 

fitted in the end U -slot of the rear chassis rail. 
The grommet is held in place by a short length of 
thick wire (around 18 s.w.g.) passed through the 
holes on either side of the U -slot, as illustrated in 
Fi 6(c). 

e mains lead may be terminated in a suitable 
ns plug, and a knob fitted to the rotary switch. 
s is in the off position when the knob is rotated 

anal -clockwise. It should be added that a rotary 
switch is used in preference to a normal dolly - 
operated toggle switch because it is anticipated 
that some readers will use the power unit without 
a protective cover. If a dolly -operated switch were 
employed with the present type of chassis con- 
struction there would be a risk of the fingers touching 
its tags whilst switching on or off. 

The Heater Wiring 
The heater wiring comes next, and it now becomes 

necessary to mount and wire the 6.3 volt pilot 
lamp holder. After considering the various types 
of m.e.s. bulbholders available2 it was felt that a 
nea , inexpensive and easily mounted component 
wo d be the popular battenholder type available 
at oolworths' stores. This is shown in Fig. 7, 
where it is fitted (after connection has been made 
to one of its terminals) to the U -slot in the front 
chassis rail mid -way between the on -off switch 
and the neon bulb assembly. The mounting holes 

2 The letters m.e.s. stand for "Miniature Edison Screw" and are 
applicable to bulbs of the type which are fitted to [lash -lamps. 
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in the bulbholder are spaced slightly wider than the 
corresponding holes on either side of the U -slot 

4BA solder togs 

(a) 

To lower solder tag lbo ,'spacers To lower solder tog 

Front chassis 
rail 

Octal valveholder lewlres from fig.5 

Chassis plate No.3 Ghouls plate Nat 

(b) 

Fig. 7 (a). The bulbholder has two 4BA solder tags 
fitted, as shown here 

(b). Mounting the bulbholder and completing the 6.3 
volt wiring. The 12in wires should be run along the 

inside of the front chassis rail 
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REAR 

Smoothing choke 

Choke lead -outs 

Lead -through 
insulators 

B9A 
valveholder 

FRONT 

Fig. 8. Two lead -through insulators, positioned as 

shown in this top view, take the connections from 
the smoothing choke 

in the chassis rail, but the discrepancy is readily 
taken up in the 1 *in 6BA bolts which secure the 
bulbholder to the chassis rail. Spacing is given 
by two }in spacers (Lektrokit Part No. LK-2521) 
on each bolt. 

Before mounting the bulbholder, 4BA solder tags 
are fitted to the terminals, as shown in Fig. 7(a). 
To the solder tag which will be closer to the Chassis 
Plate surface after fitting, is connected one of the 
12in wires from Fig. 5 whose free ends were previous- 
ly unconnected. It is immaterial which of the 
two wires is chosen. The wire should be cut before 
connecting so that it will lay neatly against the 
chassis front underside after the bulbholder is 

mounted. Also connect to this 4BA solder tag one 
end of a 6in length of wire similarly having a suitable 
thickness for the 3 amp heater circuit and solder 
the joint. Mount the bulbholder, as in Fig. 7(b). 
Then connect the 6in. length of wire to pins 6, 

7 and 8 of the octal valveholder, shortening the lead 
as necessary to obtain a neat finish. Solder at pins 
6, 7 and 8 of the octal valveholder. 

Shortening as necessary, connect the second 
12in lead from Fig. 5 to the remaining bulbholder 
tag. Connect another lead, of suitable thickness, 
between this second 4BA solder tag and pins 1, 

2 and 3 of the octal valveholder. Solder all con- 
nections. 

The pilot lamp may now be fitted to the bulb - 
holder. If the glass bulb does not lie central in 
the U -slot this will probably be due to the threaded 
metal section which takes the bulb being slightly 
off centre in the bulbholder moulding. Remove 
the bulb, loosen the screw to whose head the bulb 
tip makes contact, adjust the position of the threaded 
metal section in the bulbholder moulding and re - 
tighten the screw. 

Since it is possible for the metal body of the 
bulb to touch the sides of the U -slot when it is 

removed or inserted, removal or insertion should 
not be carried out whilst the unit is switched on 
with power applied. 

H.T. Filter Wiring 
All that remains is to wire in the components 

in the h.t. filter and bleeder circuit, and the ap- 
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propriate wiring is illustrated in Figs. 8 and 9. 

In Fig. 9 the tags of the 5 -way tag strip are numbered 
for ease of reference. Tag 3 is integral with the 
mounting bracket for the tagstrip and is, in con- 
sequence, at chassis potential. It provides, by 
way of the chassis, the h.t. negative connection to 
the reservoir capacitor, Cl, and the bleeder resistor, 
R2. 

Insert, from the top of the chassis, two lead - 
through insulators in the Chassis Plate No. 2 as 
shown in Fig. 8. Connect and solder the two lead - 
outs of the smoothing choke to these insulators. 

Below the chassis (see Fig. 9) connect one lead - 
through insulator to tag 5 of the tagstrip and the 
other lead -through insulator to tag 2 of the tag - 
strip. Also, connect this last insulator to pin 
4 of the octal valveholder. Solder at the lead - 
through insulators and at pin 4 of the octal valve - 
holder. 

Connect pin 3 of the B9A valveholder to tag 5 

of the tagstrip. Solder at pin 3 of the B9A valve - 
holder. 

Fit sleeving over the lead -outs of the reservoir 
capacitor, Cl, and connect the positive lead -out 
(red) to tag 5 of the tagstrip and the negative lead - 
out (black) to tag 1 of the tagstrip. Solder at tag 
5 of the tagstrip. The capacitor should take up 
the position shown in Fig. 9. 

Connect tag 1 of the tagstrip to tag 3 of the 
tagstrip. Solder at tag 1. 

Fit sleeving over the lead -outs of the bleeder 
resistor, R2, and connect one lead -out to tag 2 

of the tagstrip and the other to tag 3 of the tagstrip. 
The resistor should take up the position shown in 
Fig. 9. Solder at tags 2 and 3. 

It will be noted that, in the wiring just carried 
out, joints are only soldered when all connections 
have been made to the appropriate tag. This is, 

of course, good practice, and it enables neater and 
more reliable wiring to be achieved than would 
occur if attempts were made to solder each new 
wire as it is applied to an already soldered tag. 

Testing 
The power unit is now complete and all it re- 

quires is checking and testing. 
The wiring steps shown in the diagrams should 

Octal 
valveholder 

a,assis plate 
No.3 

FRONT 

REAR 

B9A 
valveholder 

Lead -through 
insulators of 

flg.8 

Chassis plate 
No 2 

Fig. 9. The last stage of wiring. This underchassis 
view shows the connections in the h.t. filter and 

bleeder resistor circuit 
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Underchassis view, illustrating component layout 

be checked visually, particular attention being paid 
to ensuring that no short-circuits exist between 
wiring at mains or h.t. positive potential and chassis. 
If st-anded connecting wire has been employed, 
check that there are no stray strands at any joint 
which could touch the chassis or an adjacent 
solder tag. All the strands should be incorporated 
into the solder joint. Also ensure that no stray 
"blobs" of solder are left on the chassis or com- 
ponents. If a testmeter with a resistance -reading 
range is available, an electrical check for short- 
circuits between the mains wiring and chassis, 
and between the h.t. positive wiring and chassis 
may be made with this. When testing to the h.t. 
positive wiring, the presence of the electrolytic 
smoothing capacitor will cause the testmeter 
needle to give an initial "kick" as the capacitor 
charges, the final resistance reading to chassis 
being the 271d) due to the bleeder resistor, R2. 

The power unit should be switched off (S1 knob 
anti -clockwise) and the mains lead connected to 
the mains supply. Insert the EZ80 rectifier. The 
power unit is next switched on. If all is well the 
m.e.s. pilot lamp will become illuminated im- 
mediately. After several seconds the heater of 
the EZ80 will be seen to glow. Some 10 to 15 
seconds later the neon bulb will also become 
illuminated, thereby indicating that the rectifier 
cathode has reached emitting temperature and that 
a rectified h.t. voltage is available at the octal 
valveholder output socket. If a testmeter with a 
suitable direct voltage range is available, the voltage 
between pin 4 of the output socket and chassis 
may be measured. This should be of the order 
of 290 volts. However, in the absence of a test - 
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meter, the glowing of the neon bulb offers a good 
indication that h.t. voltage is present. 

When the unit is switched off, the neon bulb 
brilliance will decrease until it becomes completely 
extinguished after about 2 seconds. This is the 
result of the reservoir capacitor discharging into 
the bleeder resistor. 

The power unit is now complete and may be 
used with further demonstration units to be de- 
scribed in this series, or with other equipment 
as desired. Connection to the power unit is made 
by way of the octal plug which fits into the octal 
valveholder output socket. The pin connections 
required are given in the accompanying Table. 

Protective Cover 
In its present form the power supply unit has 

several connections at mains potential, or at h.t. 

Table 
Output Socket Connections 

Pin Facility 

1,2,3 

6, 7, 8 
4 
5 

} 6.3 volts a.c. 

H.T positive 
H.T. negative and chassis 

Note. For 6.3 volt outputs in excess of 1 amp 
use two pins in parallel, and for 6.3 volt 
outputs in excess of 2 amps use three pins 
in parallel. 
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positive potential, above the chassis, and it must 
be remembered that these can give rise to possibly 
dangerous shock if they are touched. If there is 
any risk of these points being accidentally touched, 
particularly where children or non -technical people 
are concerned, the power unit should be completely 
housed in a small cabinet made of insulating material. 
Suitable materials are hardboard or plywood, 
apertures being provided at the front for the switch, 
neon bulb and pilot lamp, and at the rear for the 

mains lead. Small ventilation holes in the top 
and bottom of the housing should be provided, 
the cabinet standing on runners at front and rear, 
or on four corner feet, to allow the ingress of cool 
air from below. 

Next Month 
In next month's issue a further constructional 

project, to be powered by the present supply unit, 
will be introduced. 

RADIO TOPICS . .. 
er Recorder 

TO SAY THAT WE TAKE FOR 
granted the electrical and elec- 
tronic devices which qualify 

our present lives is so obvious a 
truism that the point does not need 
to be laboured. Particularly accepted 
in our environment is the telephone, 
and it rarely occurs to the layman 
to think of each instrument as 
coupling all the way to the local 
exchange by way of its own individ- 
ual pair of wires. Or of each 
exchange coupling to its fellows by 
cables or microwave links. 

These methods of coupling are 
economic in a compact community 
such as the U.K. But the economics 
are not so attractive in territories 
where considerable distances have 
to be spanned. 

"Thin Line" Telephone System 
It is with these thoughts in mind 

that I - notice that The Marconi 
Company, one of our most active 
participants in the export field, 
has introduced a new radio tele- 
phone equipment which provides 
low -bandwidth communication over 
distances of up to 200 miles without 
any interconnecting wires or re- 
peater stations whatever. The Mar- 
coni Company are currently meeting 
an order from the East African 
Posts and Telecommunications Ad- 
ministration for a system incorporat- 
ing this new technique, the instala- 
tion providing six telephone channels 
between Mwanza and Bukoba, some 
112 miles apart across Lake Victoria. 

The most interesting feature of 
the new system is that it operates by 
way of tropospheric scatter. As many 
readers will already know, tropo- 
spheric scatter enables v.h.f. and u.h.f. 
signals to be transmitted well over 

the horizon. The transmitted energy 
is scattered by discontinuities in 
the troposphere, and a small pro- 
portion can be picked up by sensitive 
receivers situated a considerable 
distance from the transmitter. 

Up to the present, - the normal 
approach towards tropospheric scat- 
ter has consisted of using very high 
transmitter powers, these giving 
system bandwidths which are cap- 
able, typically, of providing some 
sixty telephone channels. But the 
cost of such equipment is high, 
and is not justified unless the 
comparatively wide bandwidth is 
fully occupied. 

The new Marconi system is 
designed to cater for cases where 
a lower channel capacity is required, 
whereupon the reduced bandwidth 
allows operation with much less 
costly transmitter and aerial equip- 
ment. The six telephone channels 
in the Mwana-Bukoba link are 
representative of what is offered by 
the lower system bandwidth. 

This Marconi approach is des- 
cribed as the "Thin Line System", 
and the equipment to be fitted in 
Africa includes solid-state transmitters 
working in the range of 790 to 
960 Mc/s, and having an output 
power of 7 to 10 watts only. Also 
solid-state are the associated re- 
ceivers. Dish aerials of thirty foot 
diameter are employed at both the 
transmitting and receiving stations. 
The new circuits provided by the 
equipment are to be integrated into 
the normal telephone network of 
the East African Posts and Tele- 
communications Administration. 

It is stated that the Thin Line 
System is free from the interference 
and distortion which are normally 

associated with high frequency radio 
circuits. The fact that spans of up 
to 200 miles without the need for 
repeater stations are possible makes 
it particularly attractive in difficult 
territories such as occur in Africa. 

Missing Number 
Here's a little puzzle of the type 

the Intelligence Test boys turn out. 
What's the missing number in the 
following sequence? 

1 2 612 24-60 
I won't keep you waiting till 

next month for the answer; it's 
at the end of this month's piece. 
And I must acknowledge my in- 
debtedness to the ABS Bulletin, 
the journal of the Association of 
Broadcasting Staff, in which I 
first saw the puzzle. 

BSR Record Player Unit 
The accompanying photograph 

gives a view of the new GU8 single 
record player unit, which is now 
being manufactured by BSR Limited, 
Monarch Works, Old Hill, Staf- 
fordshire. This is a development 
of the very successful GU7 and 
retains all the features of that unit. 
These include automatic switch -off 
at end of record, accommodation for 
monaural or stereo cartridges, auto- 
matic disengagement of jockey pulley 
when not in use and the ability 
to play all sizes of record at 78, 
45, 33 or 16 r.m.p. 

A new feature incorporated in 
the GU8 is a built-in 45 r.p.m. 
adaptor for use with 7 in records 
having a large central hole. Also, 
it is available with a choice of two 
pick-up arms, either in lightweight 
tubular aluminium or moulded plas- 
tic, both with finger lift. The 
photograph shows the aluminium 
arm on the deck at the rear. 

Another point is that the dimen- 
sions of the GU8 mainplate are 
exactly the same as those for the 
BSR UA50 "Minichanger", which 
makes the two units completely 
interchangeable. Like all BSR units, 
the GU8 is available with motors to 
suit any mains voltage at 50 or 60 c/s, 
and also for battery operation. 
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The Solder Type Flip Chip Transistor 
Is there any other subject which 

haS such a wide variety of names for 
its devices as semiconductor elec- 
tronics? One of the most recent 
na#nes I've encountered is that of 
the solder type "flip chip" transistor 
which is manufactured by Semi- 
conductors Ltd. of Swindon, Wilt- 
shire. 

This transistor is an experimental 
epitaxial planar n.p.n. transistor for 
use in linear and slow speed thin 
film circuits. It is coded T13/2. 
Thb three contact areas are of gold - 
lead -gold sandwich construction, pro- 
jecting 1/1,000 to 1/500 of an inch 
above the chip surface. The device 
can he soldered to a one micron 
(1/10,000 cm) layer of gold evapor- 
ated onto a chromium or a glass 
surface, using a low power micro- 
scope for the alignment. A sub- 
miniature soldering iron with a bit 
of a non -corroding metal such as 
gold should be used, although a 
braes bit may be satisfactory. The 
iron is held in a micromanipulator 
and applied to the back of the chip 
for 2C to 30 seconds with a force 
of 40 grams weight. 

Ferrite Aerial Rods 
My comments in the March issue 

concerning the possibility of checking 
ferrite rod aerial alignment without 
mowing the coil along the rod and 
the subsequent alternative approach 
put forward in the June issue by 
Mr. R. Wallace have prompted 
ancther reader, Mr. J. H. Brooks of 
Walworth, London S.E.17, to sound 
what may be described as an Awful 
Warning. 

The new BSR GU8 single record player unit, which is available with pick-up 
arms in either lightweight tubular aluminium or moulded plastic 

Mr. Brooks has found that, in 
replacing broken ferrite rods, the 
replacement material sometimes has 
either too high or too low a perme- 
ability, with the result that peaking 
becomes impossible with the existing 
coils. This occurs despite the fact 
that the new rod has the same 
dimensions as the one it replaces. 
It seems that the rods from some 
suppliers have quite a different 
permeability to those from others. 

This is rather an awkward problem 
and will be due to the fact that 
the ferrite material employed in 
aeriall rods is available in several 
grades. I would suggest that a 
ferrite rod which is suitable for the 
short wave bands as well as for 
medium and long waves will prob- s 
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ably have a lower permeability than 
one which is normally intended for 
medium and long waves only. At 
any event, the possibility of obtaining 
a replacement ferrite rod with an 
incorrect permeability is one of 
those added little things to watch 
out for in the servicing game, and 
I am most grateful to Mr. Brooks 
for raising the point. 

That Number 
And, finally, that missing number 

in the sequence. This is forty-eight 
(I've spelt this instead of printing 
it in figures to lessen the chance of 
your eye accidentally picking it 
out from the text) and the whole 
thing makes sense if you think in 
terms of halfpennies! 

THERadio Constructor 
REGULARLY 

NOVEMBER ISSUE I VCLUDES THESE SPECIAL FEATURES - 
* The "Conway" 4 -Band Receiver 

* Basic Q Multiplier 

* Stereo Balancer 

On Sale ist November Price 2/6 
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TV FAULT TRACING 

WITHOUT 

INSTRUMENTS 

by G. R. WILDING 

Simple tests on TV receivers can frequently be 
carried out with the aid of a neon test screwdriver 
and a few odd components. The checks described 
here are applicable to 405/625 receivers with a 
common fault on both standards as well as to 

405 -only sets. 

HEN OCCASION DEMANDS, AND EVEN FOR 
sheer expediency, it is possible to diagnose 
and locate a few TV faults with nothing 

more complicated than a neon test screwdriver 
and the odd resistor and capacitor. Some of the 
tests described here can be applied to mains -driven 
radios as well. 

Open -Circuit Heater Chain 
This is one of the most prevalent of all TV 

faults and a very quick method of finding the 
break consists pf systematically testing down the 
heater chain from the switch and mains dropper 
with the neon tester, having first established that 
the chassis is at neutral mains potential. Since 
it is not always a valve heater that is at fault, such 
a method ensures that the most probable causes 
of failure are tested first. 

Video Drive Test 
The trick of feeding a small a.c. voltage to the 

grid of the video output valve by way of a small 
capacitor is too well-known for comment here. 
An equally effective test for checking the video 
circuit is to apply a small positive voltage from a 
torch battery to the video output grid and noting 
the increased level of raster brilliance. (Dual- 
standard sets are best switched to 405 for this 
test.) 

Non -Running Line Output Stage 
The cause of a dead line output stage can often 

be traced with the aid of a neon tester. Take 
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care, however, when applying the tester to points 
which would normally be carrying pulse voltages, 
such as the line output anode, the booster diode 
cathode and the e.h.t. rectifier. Even though the line 
output stage may be apparently dead, there can still 
be pulse voltages present which are well in excess 
of those for which the neon is usually employed. 
Bring the neon screwdriver initially to such points 
without touching the end pip. The neon will 
frequently glow under this condition if pulse 
voltages are present. 

If it is obvious that neither the line output valve, 
the booster diode or the line drive oscillator valve 
(or valves) has a short-circuited heater, commence 
by trying valve replacement in the line drive oscil- 
lator position. 

The next check is to neon -test the booster diode 
top -cap (cathode). If h.t. is absent, it is practically 
certain that the diode is completely unserviceable, 
probably with a disconnected internal electrode 
lead. 

If, however, ample h.t. is present at the cathode, 
switch off, remove the top -cap connection, switch 
on again and neon -test to the flying lead. Should 
there be h.t. on the flying lead it is fairly certain 
that the boost capacitor has an internal short- 
circuit. Very often, if this component is replaced 
the line output stage will commence to run. (In 
any conventional receiver with the booster diode 
disconnected, the line output transformer may 
receive an h.t. supply via a short-circuited boost 
capacitor.) 

Assuming that the above checks have yielded 
no results, replace the booster diode flying lead 
and neon -test the line output valve top -cap (anode). 
Absence of h.t. here indicates a break in the line 
output transformer winding. The continuity of 
the e.h.t. overwind can also be checked at this 
stage by neon -testing at the e.h.t. rectifier anode. 
But it must be remembered that a break in the 
e.h.t. overwind will not stop the line output stage 
running, it will merely prevent the appearance 
of e.h.t. So the test is of a subsidiary nature, and 
it merely provides a check of the overwind. 

The final checks in this series consist of tempo- 
rarily removing the e.h.t. rectifier (a short-circuit 
in this valve may occasionally upset line output 
stage running) and of neon -testing the screen -grid 
of the line output valve (the screen -grid feed resistor 
may have gone high or the screen -grid capacitor 
short-circuit). 

All these checks should be carried out quickly 
since the fault may be due to lack of drive to the 
line output valve grid, in which case this valve 
will be operating with virtually zero bias. The 
line drive oscillator stage was checked initially 
by valve substitution but this does not, of course, 
cover all instances of line drive failure. Apart 
from a neon test at the line drive anode (or anodes) 
further checks will normally require the use of 
test equipment and/or component substitution. 
Nevertheless, the simple tests given above may 
frequently isolate many of the faults which are 
likely to stop the line output stage from operating. 
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Reduced Line Amplitude 
This is normally exhibited by low line width, 

with a gap at each side of the raster. The fault 
is frequently caused by one of the following: - 

1. Low emission line output valve. 
. Low emission booster diode. 
. Low emission line drive oscillator. 
. Low h.t. rail voltage. 
. ]incorrect value of line output valve screen - 
grid feed resistor. 

. Shorted turns in line output transformer. 

. Shorted turns in line scan coils. 
Items 1, 2 and 3 can, of course, be checked by 

valve substitution. 
Item 4 may be due to a defective valve rectifier 

or metal rectifier. The valve rectifier can be readily 
checked by substitution. A silicon h.t. rectifier 
will not cause this fault. The trouble may also 
be caused by a reservoir capacitor with reduced 
value. The latter can be checked by applying a 
32µF capacitor in parallel. If the reservoir capacitor 
has its correct value (normally of the order of 100µF) 
the additional 32µF will have little effect. But 
if the reservoir capacitor is seriously low in value, 
the additional 32µF capacitor will have a marked 

effect. Should the reservoir capacitor test yield 
no results when a metal h.t. rectifier is employed 
the latter becomes suspect, particularly if it runs 
warm. 

Item 5, the line output valve screen -grid resistor, 
can be checked fairly successfully by simple visual 
inspection. If it is a wirewound component it is 
pretty safe to assume that its value is correct. 
It is also pretty safe to assume that a composition 
resistor has correct value if the colour coding 
paint is intact. However, if the paint is flaking 
off and the resistor tends to crumble when subjected 
to pressure it will certainly merit replacement. 

Shorted turns in the line output transformer 
(item 6) may also reduce the heater voltage of the 
e.h.t. rectifier, whereupon "blooming" takes place 
(i.e. the picture opens out) when brilliance or 
contrast is advanced beyond a certain level. Occa- 
sionally, however, the loss in e.h.t. voltage more 
than compensates for the loss of line amplitude, 
resulting in excessive raster size. 

The last item, shorted turns in the line scan 
coils, invariably causes raster distortion, whereupon 
the fault becomes self-evident. At the same time, 
a heavy short-circuit in the line scan coils may 
prevent the appearance of e.h.t. voltage. 

The Heathkit Multimeter 
Model MM -1U 

HERE IS NO DOUBT THAT THE BEST WAY TO LEARN 
the principles of any unit of electronic apparatus 
is to build it oneself, and the constructional 

kits by Daystrom Ltd. help fulfil this function as 
well as providing the opportunity of acquiring high 
class electronic equipment at a reasonable price. 

One of the most essential instruments for the 
constructor of radio and kindred equipment is, of 
co rse, a reliable meter with which to measure 
vol ge, current and resistance. The elaborateness 
of uch a meter will depend on the exact type of use 
to 'ch it is to be applied-there being no point 
in wring a very expensive, high grade, wide -range 
meter if constructional or test activities are likely 
to be somewhat elementary. The ranges available 
on the Heathkit Model MM -1U Multimeter do 
cater for the type of ranges in current, voltage and 
res stance measurement likely to be encountered in 
th average service workshop, home constructional 
act vities, school, and technical college teaching and 
la ratory requirements. 

May we say, for the benefit of those readers who 
have so far not constructed any of the kits in the 
Heathkit range, that the procedure in doing so is 
to follow through, step-by-step, a series of instruc- 
tions contained in a thoroughly detailed, well 
illustrated, manual provided with the kit. This 
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manual not only provides, in the greatest detail, all 
the information needed to complete the kit but it 
additionally contains information on the manner 
in which the completed unit should be used. It is 
thus a very useful instructional textbook for the 
particular item of electronic equipment being 
constructed. Another particularly valuable feature 
of this series of kits is that (as all constructors of 
anything but the simplest equipment will know only 
too well) one must carry the construction through 
in a definite order, otherwise it is often difficult to 
gain access to some components in order to apply 
solder without risk of damage to other components, 
etc. The order in which each constructional stage 
is to be carried out has been most carefully con- 
sidered in that assembly can be completed in the 
easiest manner possible. Furthermore, the correct 
type of components are provided with respect to 
tolerances, ratings, sizes, etc., this in itself saving 
much time and trouble. 
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Compact 
Keying 

Monitor 
by WALLACE STUDLEY 

The Components of this neat little monitor unit are fitted to a piece 
of Veroboard measuring 1- by 1 ¡in only. The board is then mounted 
to the tags of the potentiometer frequency control, this being fitted 

to the panel of the associated equipment 

BUILT RECENTLY TO FULFIL A 

special need-that of enabling 
transmitter keying to be aurally 

monitored-the simple monitoring 
device described here should prove 
to have a wide range of interest. 

It is not easy to send intelligent 
c.w. signals without monitoring 
them in some way. Whilst the 
station receiver, partially muted, can 
be made to do the job the method 
might not always be considered 
desirable, and particularly if the 
receiver is transistorised. This unit 
enables the station receiver to be 
completely disabled during the "trans- 
mit" period and complete safety 
results. The device may also be 
used beneficially by aspirants to 
G.P.O. Amateur `ticket' status as 
a means of acquiring the necessary 
skill in reading and sending Morse 
code. 

Circuitry 
As may be seen from Fig. 1, the 

device consists basically of a 2 -stage 
oscillator -amplifier pruned to leave 
but the minimum number of com- 
ponents. The circuit is "sure-fire" 
and the audio oscillations due to 
T1, TR1 and the associated com- 
ponents, are amplified by TR2 and 
appear at its collector to energise a 
balanced armature insert. A control 
offering a limited range of frequen- 
cies is incorporated; this consists of 
VR1 and enables a range of 500- 
1,200 c/s to be covered. 

When the unit is used for c.w. 
monitoring it has to be remembered 
that high d.c. potentials normally 
appear across the transmitter key 
contacts, and the unit could not 
be connected directly to these. 
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Instead, it is connected to the key 
contacts which open when the key 
is depressed, as shown in the dia- 
gram. Keying of the base circuit 
of TR1 is then safe and satisfactory. 

In some applications it will be 
preferable to use the more con- 
ventional keying system, in which 
the keying contacts make when the 
key is depressed. A typical instance 
would be given by the use of the 
unit for Morse practice. The unit 
can cater for this requirement also, 
the key circuit of Fig. 1 being 
omitted and the key inserted in the 
negative supply line at the point 

blue 

yellow 

TRl 

OC 45 

c b 'e 

indicated by the circled cross. 
The collector load for TR2 does 

not seem over -critical and if no 
suitable insert can be obtained a 
discarded headphone unit or a 
loudspeaker may be tried. Even a 
3f2 impedance loudspeaker speech 
coil worked when checked, although 
output was rather small. A 3552 
or 80iû speaker would also be 
usable, and would allow a fair 
output to be obtained. Another 
alternative that may be tried is to 
connect a resistor of 4.7kû in 
place of the balanced armature 
insert and to extract the output 
signal from between collector and 
emitter of TR2 via a 5,000pF 
capacitor. The unit may then be 
used in other connections where 
audio frequency oscillations are 
useful, e.g., to energise a C/R 
Bridge, modulate r.f., provide a 
fault finding signal, or for Morse 
code. 

Thus, the circuit can be readily be 
varied to meet particular require- 
ments. 

Construction 
Physically, the largest component 

in the prototype is VR1, this being 
a pre-set potentiometer salvaged 
from a defunct TV receiver. VR1 
is of the type which is mounted by 
two screws through the panel, and 
may be easily recognised from Fig. 3. 
The Veroboard assembly is secured 
to this component by the two 
connecting wires to its tags and, 
since the Veroboard assembly is 
very light, this method of assembly 
has proved to be quite satisfactory. 

3 

TR2 

0072 

Medium .Z. 

insert (see text) 

C2 
+n 

Off 

3V -7-- 
battery .1. 

T 
Fig. 1. The circuit of the unit. Oscillation occurs when the key contacts are 
opened. If it is required to control the circuit by key contacts which close 
when the key is depressed, these should be inserted at the point marked 

with a circled cross 
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Relatively stout wire should, of 
course, be employed for the two 
connections. 

The oscillator -amplifier com- 
ponents are soldered to the Vero - 
board. The resistors and capacitors 
used must be miniature items, 
and it will be found that the pea - 
size transformer specified fits in 
nicely with the overall scheme. 

The section of Veroboard em- 
ployed should have a total of six 
conductor strips each carrying eight 
holes. Full details relating to the 
Veroboard section and its wiring 
are given in Fig. 2. Initially, the 
conductor side of the board needs 
minor preparation, ,this consisting 
of severing strips C, D, E and F as 
indicated in Fig. 2(a) at points 
"X", "Y" and "Z" using a pen- 
knife blade or small file. Holes D3 
and Dg need to be enlarged slightly 
to accept the mounting lugs of the 
transformer fixing clamp. The clamp 
is supplied with the transformer and 
the lugs should be bent inward to 
lie along strip D, although no solder 
should be applied until the other 
connections to these holes are in 
situ. The remainder of the board 
assembly is clearly indicated in 
Fig. 2(b). 

COMPONENTS 

Resistors 
(All fixed values >i watt 10%) 
R1 18kû 
R2 4.7kû 
R3 2.2kû 
R4 47Oû 
R5 270kû 
VR1 10k2 potentiometer (see 

text) 

Capacitors 
C1 5,000pF ceramic 
C2 100µF electrolytic, 6V wkg. 

Transistors 
TRI 0C45 
TR2 0072 

Transformer 
T1 Interstage transformer type 

D 1001 (T1097) and clamp 
(Ardente) 

Battery 
3 -volt, type D22 (Ever Ready) 

Switch 
S1 s.p.s.t, slide or toggle 

Miscellaneous 
Balanced armature insert (see 

text) 
Veroboard, 0.2in matrix, approx. 

13r x lain, 6 strips by 8 holes. 
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To 51 
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armature insert 

Fig. 2 (a). Preparing the copper side of the Veroboard. This has a hole 
motriz of 0.2in 

(b). The components mounted on the Veroboard 

Items external to the Veroboard 
assembly are VR1, Si, the battery 
and the insert. These remaining 
items can be fitted to a panel as 
convenient in company with VR1, 
although a small metal or plastic 
box might prove more convenient. 

If it is desired to key by means of 
contacts which make when the 
key is depressed, the following 
simple modification is required. 
Remove the two "key" leads from 
holes D2 and D3. (See Fig. 2(b)). 
Remove the link joining holes D7 
and D8. Connect the two "key" 
leads to holes D7 and D8. 

Testing 
After checking the construction 

connect the positive side of the 
battery to the lead from hole F7 
and clip the negative lead of a test - 
meter adjusted to read 0-10mA to 
the battery negative terminal. Clip 
the meter positive lead to the 
unconnected end of S1. On closing 

S1 a current reading of approximately 
ImA should be recorded and a note 
should be heard when the key is 
depressed. The current reading 
should fall under "key -up" conditions 
and the note should not be heard 
due to the base of TR1 being ground- 
ed. (If the modified keying circuit 
is employed, the only current which 
flows when the key is up is leakage 
current in C2.) 

The meter may then be removed 
and final connections made, after 
which the keying signal-which may 
be adjusted by means of VR1 to 
a tone pleasing to the ear-should 
sound crisp and completely chirp - 
free. 

It should be added that, when 
used with a transmitter, it may be 
necessary to couple the monitor to 
the key via screened cable. 

Transmitter Powered Supply 
When the monitor is employed 

with a transmitter, it is possible to 
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Casing 

Upper end of VR1 

soldered to strip Ä 

VRI 

TR2 

_ ) Slider soldered 
to strip .D at 

hole 4 

Tl 

_Veroboard assembly 

ED R3 

Battery connects rve to hole F7 
-ve to free end of Si 

Fig. 3. The Veroboard assembly is mounted to VR1 by means of two stout 
connecting wires 

Connect to 
monitor in 
place of 
battery 

Short pick-up antenna II 

OASI 

.1 

:IOkn 
:I/2W 

Fig. 4. A simple circuit which enables the monitor to be powered by the 
transmitter. The 2.6mH r.f. choke is a Denco component type RFC5 

obtain a power supply direct from 
the transmitter output, should this 
be desired. The advantage con- 
ferred by this method of operation 

is that the battery is completely 
obviated, with a consequent saving 
in running costs. 

The writer has used this principle 

successfully, employing the circuit 
shown in Fig. 4. A small proportion 
of the r.f. radiated by the transmitter 
when being keyed is picked up by 
the short antenna and applied to 
diode D1, which rectifies it. The 
rectified voltage may then be applied 
to the monitor circuit in place of 
the battery. 

The additional circuitry required 
can easily be wired up either on an 
oddment of Veroboard or on a 
small tagstrip. The socket may 
be of the simple type associated 
normally with a banana plug; it 
should be fitted to the upper surface 
of the housing used so that a 
simple antenna consisting of ap- 
proximately 12in of 16 s.w.g. copper 
wire may be plugged in to stand 
vertically. The prototype works 
quite happily in conjunction with a 
transmitter running only 10 watts 
input, so there seems no valid 
reason why satisfactory results should 
not be obtained in other cases. 

One possible method of working 
may necessitate the removal of 
C2 in the circuit of Fig. 1. The 
monitor supply voltage then appears 
only when the key is depressed 
and ceases when it is raised, where- 
upon it may monitor the transmission 
without the necessity of connecting to 
the transmitter key at all. 

It is desirable to ensure that too 
high a rectified voltage is not applied 
to the monitor, and the coupling 
between the short antenna of Fig. 
4 and the transmitter should initially 
be loose. The coupling may then 
be progressively increased until the 
requisite voltage is applied to the 
monitor. This voltage can, of course, 
be measured with a high resistance 
voltmeter. 

It should be noted that it will 
still be necessary to turn the monitor 
switch to "Off" when changing 
from c.w. to fone operation. Other- 
wise, power from the transmitter 
will still be applied to the monitor 
circuits. 

Power Supply Protection Circuit 
by T. R. WILTSHIRE, G8AKA 

The simple protection circuit described in this 
article not only provides emergency lighting when 
the mains fails but also isolates equipment which 
could be damaged by a sudden re -application of the 
supply. It is assumed that the reader has experience 
of relay circuitry and may obtain suitable components 
through the usual surplus and equipment channels 

THOSE WHO LIVE IN FLATS WITH THE "SHILLING 
in the slot" type of prepayment meter for 
electricity supply may find this device of 

interest. Even though it is not necessary with the 
author, he still prefers to use a slot -meter because it 
prevents the quarterly nightmares of electricity bills. 
At the same time, there are distinct disadvantages 
with the prepayment system, as may well be 
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imagined. For instance, should the shilling run out 
during a session at the workbench or during a QSO 
on the transmitter one can very easily put a hand on 
a still -hot soldering iron whilst groping for the door 
in the darkness. The same applies, of course, when 
ordinary power cuts occur. With the silicon recti- 
fiers now available there is the further danger of 
damage to high voltage gear due to the sudden 
surge when the supply is restored, and a risk of the 
same order is given with equipment using mercury 
vapour rectifiers. 

The Circuit 
The protection circuit appears in the accom- 

panying diagram.' As well as protecting the high 
voltage circuitry employed in the author's work - 

op, the unit also provides an emergency lighting 
system in order to prevent accidents when leaving 
the room to insert a fresh coin in the meter. 

With the mains supply in the normal condition, 
relay RLA is energised from the mains via the 
voltage dropping resistor R1 and the rectifier D1. 
Contacts RLA1 are then in the open position, thus 
plieventing the emergency lighting circuit from 
being completed. Briefly pressing push-button S2 
energises relay RLB, which holds on via its own 
contacts RLB1. At the same time, contacts RLB2 
become closed, allowing mains current to flow to 
transmitter power supplies and any other equipment 
which could be damaged by a sudden re -application 
of the mains after failure. 

Upon mains supply failure, through power cuts 
or any other cause, the following action takes place. 
R lay RLA de -energises, closing contacts RLA1 
an 1 thus operating the emergency lamps Ll and L2. 
O1 a of these may be located adjacent to the prepay- 
ment meter and the other over the work bench. 
Relay RLB also de -energises, breaking the circuit 
to the protected equipment. 

When power is restored, RLA re -energises, and 
its contacts switch the emergency lights off. Relay 
R11.B will not operate, however, until push-button 
S2 is closed, after which it remains in the energised 
position. Thus, one is given the opportunity to 
attend to any gear that might be damaged by a 
sudden re -application of the supply. 

Since the circuit is permanently in operation it 
is essential that a suitable fuse be fitted in the F1 
position. A rating of 500mA is about the right 
value for this fuse, but this again depends on the 
type of relays used. 

No constructional details are given as many 
variations are possible, but there are one or two 
points to watch. It is best to under -run all com- 
ponents including, especially, contacts RLB2 as a 
considerable current is likely to be passed if a large 
amount of gear is used in use. The value of resistor 

I This diagram shows the relays with "detached" presentation. 
There are two relays in the circuit, the coil for relay RLA being 
indicated by the rectangle designated R1 AA and the coil for relay RLB 

by the rectangle designated R26. Relay RLA has a single contact 

set, RLA1, which is normally closed. Relay RLB has two contact 
sets, RLB1 and RLB2, both of which are normally open.-Editor. 
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RLA 

240V 50cls supply 
from main switchgeor 

F1 

500mA DI 

-1RLA 

RLB2 

ó 

To protected 
equipment 

SI 

; 6V 

RLB 
2 

RLB1 

The emergency protection circuit. Contacts RLA1 
complete the emergency lighting circuit during 
mains failure, whilst contacts RLB2 prevent the 
re -application of the supply to the protected equipment. 
Switch Si may be used to override the emergency 

switching 

R1 depends on the relays employed, as also does 
the current rating for Dl. This rectifier should have 
a p.i.v. rating of 400 volts or more, and suitable 
types would be the 0A210 (400 volts p.i.v.), or the 
0A211 or BY100 (800 volts p.i.v.). The push-button, 
S2, should be a well -insulated component. The 
6 -volt battery for the emergency lights may be a bell 
battery and the lamps m.e.s. pilot types. Alternative 
batteries and lamps can, of course, be employed. 
Since the relays are, normally, energised all the time, 
these should have high resistance coils to prevent 
excessive current consumption. 

As a guide, the relays employed in the prototype 
had coil resistances of 1kû, whilst R1 had a value 
of 3k1-2, 20 watts. The relays were rugged com- 
ponents and gave no evidence of relay chatter 
despite the fact that they were energised from half - 
wave rectified a.c. Should relay chatter be trouble- 
some this could be cleared by connecting an electro- 
lytic capacitor across the coil of relay RLA. A 
value of 50[2.F should be satisfactory here.2 

In service, this unit has required no attention 
apart from the occasional replacement of the 
emergency light battery. It has certainly proved its 
worth for the short time spent in its assembly, and 
it has been possible for its correct operation to be 
completely taken for granted. 

2 If this capacitor is fitted, it would be preferable to employ a 
rectifier in the Dl position having a p.i.v. higher than 400 volts. In 
practice, the BY100 or 0Á211, mentioned in the text, would be 
satisfactory.-Editor. 
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CUBICAL QUAD 

AERIAL for F.M. 

by J. B. DANCE, M.Sc. 

Increased sensitivity and freedom from ignition 
interference on Band II are feasible with the use of 

a cubical quad aerial 

HE USE OF A CUBICAL QUAD AERIAL FOR F.M. 
reception has been suggested.* This gives a gain 
of about 8dB over a dipole and has a much 

wider bandwidth than a Yagi aerial of similar gain. 
In the U.K. it is normally desired to receive the 
three B.B.C. programmes from a single transmitter, 
these having frequencies spaced at 2.2 Mc/s from 
each other. The highest and lowest frequencies are 
4.4 Mc/s apart, and the question of bandwidth, is 
not, in consequence, unimportant. A further point 
is that a cubical quad matches into a 7512 coaxial 
cable rather more accurately that a Yagi aerial of 
similar gain. 

E. D. Frost, "Pulse Counting F.M. Tuner", Wireless World, 
December 1965. 

ª 
4 

coaxal 
feeder 

105 

spacing 

to4 

Reflector 

ImP 
r 

Fig. 1. The basic cubical quad aerial 
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Direction of 
incoming 
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Holes for Holes for 
aerial reflector 

Wooden 

supports 

Metal supporting 
mast 

35 

Fig. 2. A practical cubical quad aerial for 90 Mc/s. 
The aerial and reflector loops are perpendicular to 
the plane of the paper, but all of the supporting wood 
is in one plane. The stiffness of the wire used enables 
the loops to be self-supporting, with anchorages at 

the centres of the top and bottom sections only 

Initial Tests 
Although the writer lives only about 35 miles 

from a v.h.f. transmitter, he felt it would be interest- 
ing to carry out some experiments with a cubical 
quad. This type of aerial consists basically of a 
square, each side having a length of one quarter 
wavelength, with the coaxial feeder cable connected 
at a break in the centre of the lower section of the 
square. See Fig. 1. A reflector is placed behind the 
aerial at a distance of between about one sixth and 
one quarter of a wavelength. This reflector consists 
of a single continuous square loop of wire, and 
most text books recommend that each side should 
have a length about 5% longer than that of the 
aerial itself. 

It should not be forgotten that the wavelength in 
a conductor is rather less than in free air, so the 
length of each side of the aerial should, in practice, 
be about 5% less than a quarter of the free air 
wavelength. Thus the length of the reflector required 
would appear to be equal to the wavelength in free 
air. 

The writer set up a cubical quad aerial meeting 
the requirements of Fig. 1 in order to carry out 
some measurements. He was surprised to find that 
it gave a front to back ratio of about unity. That is 
the signal strength from the direction of the trans - 
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mitter was equal to that when the aerial was pointed 
in the opposite direction. The reflector was removed 
and was found to be having virtually no effect 
whatsoever. Further experiments carried out with 
larger reflectors indicated that an excellent front to 
back ratio could be obtained if the length of each 
side of the reflector was made 10% longer than each 
side of the aerial, and the aerial finally made up 
employed a reflector having these dimensions 

Because of its directivity, ignition noise has never 
been detected with this aerial, although it is only 
mounted 12ft above the ground and IOyds from a 
busy road. In addition to the elimination of ignition 
interference, the writer estimates that he has achieved 
a gain of some 24dB with this aerial as compared 
with a previous half -wave dipole, although part of 
this gain was due to a small change in aerial position. 

The quad aerial would appear to be an ideal 
proposition for those who live more than some 
60 miles from the transmitter. 

The writer regrets he can offer no explanations as 
to why the reflector should be longer than most text 
books recommend for a good front to back ratio. 
It may be connected with the fact that the aerial 
was nct very high, but this seems rather unlikely. 

Assembly 
The aerial dimensions should be chosen to obtain 

best results from the centre signal of the three local 
transmissions, this being the Third Programme. The 
wavelength in metres is obtained by dividing the 
speed of light (3 x 108 metres/second) by the Third 
Programme frequency of the local transmitter. 

The method of construction adopted by the 
writer is shown in Fig. 2. The aerial and reflector 
consisted of 12 s.w.g. hard drawn copper wire which 
was passed though the holes shown in the wood 
strips and bent into the required shape. The wooden 
supports for the loops may be of the form shown 
in Fig. 2. Alternatively, each loop may be supported 
by two strips in the form of an X, the wire passing 
through holes in the ends of the strips to form the 
loop corners. The dimensions shown are suitable 
for a centre frequency of about 90 Mc/s, small 
variations of these lengths being required to suit the 
local transmitter frequency. 

Before concluding, it should be reiterated that 
the reflector dimensions quoted in Fig. 1 are those 
normally found in text books, whilst those shown 
in Fig. 2 are the ones which the writer has found to 
be more suitable in practice. 

THE "PENTONLECTOR" RECORD PLAYER 
Our attention has been drawn to an error in the circuit diagram, on page 749 of the July issue, for this record player 

amplifier. In the diagram the screen grid of the PL82 is identified as pin 8; this should, of course, be pin 9. 

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 being 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 

OCTOBER 1966 187 

www.americanradiohistory.com



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 -Vibrato 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 P1V 1 Amp. 8/6 400 PIV 7 Amp. 30/- 
100 PIV 7 Amp. 10/6 100 PIV 16 Amp. 16/6 

Free Circuit Diagrams with SCR orders 

FREE choice with orders valued 
[4 or over 

50 Trans. mixed untested 10/- 
3 OC139 Trans. NPN Mullard 10/- 
2 Drift Trans. 2N1225 100 Mc/s 10/- 
6 Matched Trans. 0C44/45/81/BID 10/- 
4 OA10 Diodes Mullard 10/- 

15 Red Spot AF Trans. PNP 10/- 
15 White Spot RF Trans. PNP 10/- 
4 Sil. Rects. 3A, 100/400 Ply 10/- 
4 NPN Trans. OC139, 2N1308 10/- 
2 10 Amp Sil. Rect. 50/100 P1V 10/- 
8 Diodes 4 0A70, 4 0A79 I0/- 

1 12 Amp SCR 100 PIV 10/- 
3 Sil. Trans. 25303 PNP 10/- 

10 Assorted Computer Diodes 10/- 
4 Zeners 5, 6.8, 10, 12 Nils, 10/- 
4 2G417 Trans. Egvt. AFI 116/7 10/- 
2 200 Mc/s Sil. Trans. BSY26/7 10/- 
2 Bi-directional Trans. ASY66 10/- 
4 High Current Trans. 0C42 10/- 
2 Power Trans. 0C26/35 10/- 
5 Sit. Recto. 400 PIV 250mA 10/- 
3 OC71 Trans. Mullard 10/- 
3 OC75 Trans. Mullard 10/- 
3 NPN Sil. Trans. 70 Mc/s 10/- 
i Power Trans. OC20 100 Vlts 10/- 
5 0A47 Gold Bonded Diodes 10/- 
4 0A202 Sil. Diodes Sub -Min 10/- 
8 0A81 Diodes Sub -Min. 10/- 
3 Sil. Recto. 400 PIV 500mA 10/ - 

Tunnel Diodes 1N3720 151- 
V nijunction Trans. 2N2646 

15/- 6 BY100 Sil. Rau 
IOOs of semiconductor bargains incl. Logic Modules send 2/6 for 3 

months mailing. Add I/- 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 ls. 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. 

RADIO CONTROL. Read about this fascinating branch 
of your favourite hobby in Radio Modeller, the new 
British magazine devoted to the subject. Send 2s. for 
special -offer specimen copy (or 2s. 6d. from your 
newsagent or model shop). Radio Modeller, 64 
Wellington Road, Hampton Hill, Middlesex. 

"GORLER" TRANSISTORISED printed circuit I.F. 
strip 460 kc/s, five pre -aligned circuits, complete with 
two transistors and diode, brand new, £3. TV Band I 
and 3 transistorised tuner units, complete with three 
transistors and coil biscuits for 13 channels, by 
ABMP, brand new, £4. Plastic boxes with lids, size 
4+ x 3 x 1 tin, new, cream colour, strong, ideal for 
small test gear, 5s. each. -Radio Communications Co., 
16 Abbey Street, Crewkerne, Somerset. Telephone: 
Crewkerne 662. 

AUY10's, 25s. BY100's, 4s. BY124's, 2s. 9d. OC26's 
(unmarked), 5s. 1 +amp. Zenners, all voltages up to 
40V, 4s. 0C35's, 7s. 6d. 813 valves, 30s. 807. bases, 
ls. 3d. All plus postage. S.A.E. for full lists. -2 
Fitzgerald Avenue, Seaford, Sussex. 

RADIO CONSTRUCTOR RADIO CONTROL 
SERIES. Printed circuit and component kits for all 
the main units in the present series. AUGUST 
EDITION. Basic Transmitter. Printed circuit board, 
drilled and ready for assembly, IOs. Complete kit of 
components including coils, transistors, etc., to 
complete above board, but less Xtal, 52s. SEPT. 
ISSUE. Carrier Receiver. Printed circuit board, 10s. 
Component kit which includes relay, coils, transistors 
and all items required to complete the electrical 
circuitry as described in the article, 95s. All items 
available separately. S.A.E. for list.-WASCO 
ELECTRONICS, 40 Hill Street, Carnforth, Lanes. 

FIVE -TON FACTORY CLEARANCE. Radio, TV, 
Electrical components in mixed parcels. Example: 
221b. mixed parcel £1 p.p. 7/6d. Speakers, grilles, 
valves, bases, i.f.'s, covers, condensers, etc. Hundred 
other items. S.A.E. list and postal orders to : P. Newton, 
16 Shalcross Crescent, Hatfield, Herts. 
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SMALL ADVERTISEMENTS 
continued from page 188 

SEMICONDUCTORS -Close equivs., 0C35, 4s. 9d., 
0072, 2s., OC71, Is. 9d., 0C44, 2s. 6d., 0045, 2s., 
OC170, 2s. 6d., 30 Mc/s Surface -barrier, only 2s., 
BY100, 4s. 3d., 0A70, 8d. P. & P. 9d. -A. P. Wise, 
19 Harbeck Road, Bournemouth, Hants. 

PRINTED WIRING PROTOTYPES. 24 to 48 hours 
service for the Electronic Industry. 1 off prototypes 
and small productions. Etched, Plated, Drilled. 
This is an express service for customers supplying own 
material and negatives. Telephone: FOX Lane 0242. 

USEFUL PARCEL contains six sheets for printed 
circuit, condensers, pots, vibrators, etc., 15s. Double, 
25s. -69A Alfred Street South, Nottingham. 

COMPREHENSIVE VALVE MANUALS. Five books 
covering 11,000 types, 26s. P. & P. is. C.W.O. 
Other radio books available. -Watts, 2 Greens 
Stores, Stanstead, Essex. 

WANTED. Copy of The Radio Constructor April 1962 
issue. Cover price and postage paid. Box No. F265. 

RADIO MODELLER -the new British magazine for the 
everyday enthusiast. Features on models, installations, 
trade reviews, constructional articles, rally news and all 
the latest developments in this fascinating branch of 
radio. Special offer -send 2s. for specimen copy to: 
Radio Modeller, 64 Wellington Road, Hampton Hill, 
Middlesex. 

TO CLEAR BOOKSHELVES. "Radio Construction 
& Repairs" (Oliver), 5s. "The Story of Astronomy" 
(Draper), 3s. 6d. "Mah in Space" (Heinz Haber), 7s. 6d. 
"Realities of Space Trl vel" (Carter), 7s. 6d. "Robert 
Heinlein Omnibus" (Sciénde Fiction), 3s. 6d. "Best SF 
Two" (Crispin), 3s. 6d. "See How it Works", 5s. 6d. 
"Modern Science Illustrated", 7s. 6d. "Again Switzer- 
land" (Smythe), 7s. 6d. "Mathematics for the Million" 
(Hogben), 20s. "Jane's Fighting Ships 1958", £3. 
"Harmsworth's Wireless Encyclopedia" (3 Vols.), £5. 
-Box No. F267. 

WANTED. Ship's chronometer and sextant. Details 
and price to Box No. F268. 

WANTED for blind person. Portable sensitive TV sound 
receiver, 58 Mc/s. Cabinet unnecessary. Ryland, 
St. Govans, Saundersfoot, Pembrokeshire. 

WANTED. Early wireless valve( and books prior to 
1925. Box No. F269. 

FOR SALE. Grey hammer metal cabinet, 12 x 7 x lin, 
panel, lift up lid, 30s. Black ditto, 164 x 74 x 
panel & chassis, 10s. Small 4 watt amplifier, 250V a.c., 
mit/gram input, in cabinet 6 x 6 x 54in, £2. 12in 
world globe, £1. Electrical cooling fan, 6in blade 
250V a.c., £1. Type 197 coax relay, 7s. 6d. Valves, 
all at 3s. each: VT62, 801A, .CV1O75, VT136, U14, 
6B4G, 12AT7, 6AT6, 955 with base, 6AG5, DL92, 
3ML, EL91, ECC82, EF40, EB91, DK81, T20. 
0.5µF 3,000V d.c. capacitors, 2s. 6d. Large box paper 
capacitors µF range, 250-500V d.c., wkg., 10s. 8in 
speakers in wooden cabinets, 10s. -Box No. F270. 

WANTED. Rupert Annuals -any past issues. -Box 
No. F271. 

WANTED. Bound volumes of The Radio Constructor 
Nos. 1 to 16. BM/WAW, 167 Woodhouse Lane, 
Bishop Auckland, Co. Durham. Telephone: Bishop 
Auckland 2993. 

WANTED. Accessories, lenses, etc. for the Zeiss Ikon 
"Contafiex".-Box No. F272. 
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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 Littlehampton 

0A2 5/9 6/30L2 8/9 AZ31 7/9 EF36 3/6 GZ34 l0/- PY801 6/3 
OB2 6/- 9D7 7/6 DAF96 6/6 EF37A 7/- GZ37 14/6 U25 11/- 
1L4 2/3 10C1 12/6 DF96 6/6 EF39 5/- HABC80 9/3 U26 8/6 
I RS 4/- 10C2 I2/- DK92 8/- EF41 9/- KT66 12/3 U 191 10/6 
155 3/3 IOFI 9/9 DK96 7/6 EF80 4/3 PABC80 7/6 U301 12/6 
1T4 2/6 IOFIB 9/9 DL96 6/9 EF85 4/6 PC86 8/6 U329 9/- 
2021 5/6 IOLDI 1 9/6 DM70 5/- EF86 6/6 PC88 8/6 U404 6/- 
306 3/9 10P13 12/- DY87 6/9 EF89 4/6 PC95 6/9 U801 18/- 
3Q4 5/3 10PI4 I3/- E88CC I2/- EF91 3/- PC97 5/9 UABC80 5/- 
3S4 4/3 12AT6 4/6 EABC80 5/9 EF92 2/6 PC900 9/6 UAF42 7/9 
3V4 5/- 12AU6 5/9 EAF42 7/6 EF97 IO/- PCC84 5/6 UBC4I 6/6 
5Y3GT 4/9 12AV6 5/9 E891 2/3 EF98 9/9 PCC85 6/9 UBCBI 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 EBC8I 6/3 EF184 6/6 PCC89 11/6 UBF89 5/9 
6AT6 3/6 12BH7 6/- BF80 5/9 EH90 9/6 PCCI89 8/9 UBL2I 10/9 
6AU6 5/9 19AQ5 7/3 E8F83 7/3 EL33 6/6 PCF80 6/6 UC92 6/3 
6AV6 5/6 20D1 10/- BF89 5/9 EL36 8/9 PCF82 6/- UCC84 8/- 
6BA6 4/6 20F2 11/6 EBL2I 10/3 EL4I 7/6 PCF84 8/6 UCC85 6/6 
6BE6 4/3 20LI 14/- EC92 6/6 EL42 7/9 PCF86 6/- UCF80 8/3 
6BH6 5/3 20P3 16/- CC40 I0/- EL84 4/6 PCF801 9/- UCH2I 8/- 
6816 5/6 20P4 I6/- ECC8I 3/6 EL85 7/6 PCF802 IO/- UCH42 8/- 
6BQ7A 7/6 20P5 I6/- ECC82 4/6 EL86 7/3 PCL82 6/6 UCH81 6/- 
6BR7 8/3 30C15 I I/- ECC83 4/6 EL95 5/- PCL83 9/9 UCL82 7/3 
68W6 7/6 30C17 I2/- ECC84 5/6 ELL80 I4/- PCL84 7/6 UCL83 9/- 
6CD6G 22/- 30C18 7/6 ECC85 5/3 EM7I I4/- PCL85 8/6 UF4I 7/9 
6CH6 6/- 30F5 8/3 ECC88 8/9 EM80 6/- PCL86 8/6 UF42 4/9 
6F1 9/6 30FLI I3/- ECCI89 9/- EM8I 7/- PFL200 14/6 UFBO 6/3 
615G 3/9 30FL14 11/6 CF80 7/3 EM84 5/9 PL36 9/- UF85 6/9 
617G 4/6 30L15 12/6 ECF82 6/3 EM85 I2/- PL8I 7/9 UF86 9/- 
6K7G 1/3 30LI7 12/- ECF86 10/- EM87 6/6 PL82 5/3 UFO9 5/6 
6K8G 3/3 30P12 IO/- ECH2I I0/- EY51 5/6 PL83 6/- UL4I 8/9 
6L6GT 7/3 30PI9 12/- ECH35 6/- EY81 7/3 PL84 6/3 UL84 5/6 
6L18 I0/- 30PLI 13/6 ECH42 8/- EY83 9/3 PL500 I4/- UM80 8/3 
6LD20 6/6 30PLI3 13/6 ECH81 3/6 EY84 9/6 PY33 8/9 UY2I 9/- 
6Q7G 5/6 30PL14 13/6 ECH83 7/6 EY86 5/9 PY80 4/9 UY4I 5/- 
6SL7 4/9 3OPLI5 13/6 ECH84 9/- EY88 8/9 PY8I 5/- UY85 4/9 
6SN7 4/6 35W4 4/6 ECL80 5/9 EZ40 5/6 PY82 4/9 VP4B 12/- 
6V6G 3/6 85A2 6/6 ECL82 6/6 EZ4I 6/3 PY83 5/6 X41 I0/ - 
6X4 3/9 807 11/9 ECL83 I0/- EZ80 3/9 PY88 7/3 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. Orden over [5 post free. All orden despatched same day as received 
Complete catalogue including transistor section and components with terms 
of business 6.1. 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.-I p.m. 

Any holes in 

year Knowledge of 

TRANSISTORS? 
Whatever your interest in transistor 

circuitry, you will find the Mullard "Refer- 
ence Manual of Transistor Circuits", a 

valuable source of reference. 
The publication describes more than 

sixty circuits for both domestic and in- 
dustrial applications. 

REFERENCE MANUAL OF TRANSISTOR 

CIRCUITS U.K. Price 1216 Post extra I/ - 

r 1 

I> 
`al Get your copies from your radio dealer, or send 

remittance with order to: 

MULLARD LTD MULLARD HOUSE TORRINGTON PLACE LONDON WC1 
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IF YOU'RE BUYING A HOUSE 

Mortgage 
Protection 

is the best Policy for you 
If you're buying your house with the help of a 
Building Society or a private loan, a "Yorkshire" 
Mortgage Protection Policy will take care of your 
outstanding payment in the event of your premature 
death. And, if you wish, you can arrange a Protection 
"Plus" Policy, which gives you a substantial cash 
return at the end of the mortgage term. It costs so 
little yet means so much to your dependants. Leave 
them a home not a mortgage! 

Please send for further details, without any 
obligation, of course. 

THE YORKSHIRE INSURANCE COMPANY LTD 

Chief Offices: Rougier Street, YORK 
and Becket House, 36-37 Old Jewry, LONDON E.C.2 

ffl 11 MMM 41 
Please send me further particulars of the 

"Yorkshire" Mortgage Protection Policy 

Name 
Address 

3/B 

190 

20 suggested Circuits 
by G. A. FRENCH 

48 pages DATA BOOK SERIES No. 15 
Price 3/6d. Postage 5d. 

This book contains the first 20 circuits to be published 
in the very popular series of the same name appearing 
in The Radio Constructor. 
The Contents include: simple and inexpensive two - 
valve capacity bridge, short wave regeneration pre - 
selector, one -valve speech operated switching circuit, 
transformer ratio analyser, series noise limiter, 
receiver remote mains on -off control, and many 
others; covering subjects ranging from electronic 
laboratory equipment to a simple 2 -Stage Gram 
Amplifier. 

TO DATA PUBLICATIONS LDT 57 Maida Vale W9 
Please supply copy(ies) of "20 Suggested 

Circuits", Data Book No. 15. I enclose cheque/crossed 

postal order for 

NAME 

ADDRESS 

NOT JUST TRANSISTORS ! ! 
We hold stock of Thyristors, Thermistors, Zener Diodes, Silicon 
Rectifiers, Light Cells, Unijunctions, Field effect transistors,Varicaps, 
etc., by nearly all Manufacturers and at prices you can afford: See 
examples below and send 6d stamp for our new Semiconductor 
catalogue. 

Try our famous bargain parcels: 25 transistors for 10/-. State 
Audio, R.F. or Switching type, and we are just as happy to supply 
0071 equivalents at 8d. each if you add 6d. postage! 

SPECIAL: } ampere 400 volt SCR'S at 15/6 each. Silicon 2N706 
at 4/9 each. Mullard devices in abundance example: 0075 5/-, 
AF115/6/7 4/-. 

L.S.T. COMPONENTS 
23 New Road, Brentwood, Essex 

Prompt service and satisfaction gauranteed 

Elements of Radio 
ABRAHAM and WILLIAM MARCUS 

'The plan of the book is wholly admirable 
and the authors' methods all appear to be 

sound ... This is a book really meant for 
students. We can thoroughly recommend this 
book.' Current Engineering Practice. 

5th Edition 63s. 

ALLEN & UNWIN 

THE RADIO CONSTRUCTOR 
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SMALL ADVERTISEMENTS 
continued from page 189 

FOR SALE. Heathkit AFM-1 AM/FM tuner. Highest 
offer over £10 secures. V. B. Stean, 19 Clover Field, 
Harlow, Essex. 

TRANSISTOR INFORMATION. Anything you want to 
know. Equivalents, ratings, circuits, suppliers, etc. 
Send 2s. 6d. with query.-Box No. F274. 

WANTED. Back numbers of The Radio Constructor 
magazine required up till and including December 1954. 
Also February 1955 and 1963 required. Reasonable 
price paid.-Box No. F275. 

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. 

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 SWLs, Transmitter 
Section and League affairs, etc. League supplies 
such as badges, headed notepaper and envelopes. 
QSL cards, etc., are available at reasonable cost. 
Send for League particulars. Membership including 
monthly magazine, etc., 35s. per annum.-Secretary, 
ISWL, 60 White Street, Derby. 

MORSE MADE 1I 
EASY 

The famous RHYTHM RECORDED COURSE cuts practice 
time down to an absolute minimum ! 

One student, aged 20, took only 13 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. on stamps for 

full explanatory booklet to 
G3HSC/D 45 GREEN LANE PURLEY SURREY 

HAMMERITE 
HAMMER PATTERN BRUSH PAINT 
FOR PANELS, METALWORK, ETC. 

3/6 TIN JUST BRUSH ON WITHSTANDS 150°C, OIL, WATER ETC. 
COLOUh : blue, silver, black, or bronze. 
24 -oz tins, 3/6. # pint, 7/6. 1 pint, 15/-. # gallon, 35/- I gallon 58/-. 
Carr. up to 5/-, 9d., up to 10/-, 1/9, over 10/-, 2/9. Sent by road. 
From component shops or direct from the manufacturer: 
FINNIGAN SPECIALITY PAINTS (RC) Mickley Square, Stocks - 
field, Northumberland. Telephone: Stocksfield 2280 

QUALITY COMPONENTS 
* ASSORTED RESISTORS-Hi-Stab. 300 off (5% or better) 15s * ASSORTED CAPACITORS-New Electrolytic, Polyester, 

Paper etc. 100 off 9s. 6d. * TRANSISTORS -0C44, 45, 70, 72, 81 & 81D Equivalents 3s. 
(P & P 1s. 6d. per order, C.W.O.) 

Elmbridge Instruments Ltd. IWand Frm 
eAy Surrey 

OCTOBER 1966 

NEW STYLE 
SELF -BINDER 
for "The Radio Constructor" 

The "CORDEX" Patent Self -Binding Case 
will keep your issues in mint condition. 
Copies can be inserted or removed with 
the greatest of ease. 

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 Maida Yule London W9 
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CHASSIS 
and 

CASES by 
ERKEOïREOAD 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

GASES Type W 
ALUMINIUM, SILVER HAMMERED FINISH 

type Size Price Type Size Price 
U 4x4x4" 10/- Y 8x6x6" 26/6 
U 51x4}x4}" 15/6 Y 12x7 x7" 41/- 
U 8x6x6" 21/- Y 13 x7 x9" 46/- 
U 15x9x9" 44/6 Y 15x9x7" 48/6 
W 8x6x6' 21/- Z 17x10x9" 66/- 
W 12x7x7" 34/- Z 19x10x84" 71/- 
W 15x9 x8' 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 4".) 

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. 5110 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 i"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 6/-sq. ft. 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 SEMICONDUCTORS? 
Then you'll probably find that all the items you require are available at 
highly competitive prices, through our Mail Order services 

Send a 1/3 P.O. fora price listing of over 1,000 transistors, many of 
which areavailable from stock; o alternatively, send a 2;- P.O. and 
receive specimen transistor, data summaries-covering 
approx. 200 common types held stock, and also details of our SEMI- 
CONDUCTOR INFORMATION SERVICE (which will be brought into 
operation later this year). 

Items in stock include: AC 127, 9/6; AC 176, 8/-; AF 124, I I/-; BCY 43, 
1008; BFY 50, 21/-; NKT 218, 6/9; NKT 677, 8/3; NKT 773, 8/-; OC 83, 6/-; 
V405A, 13/9; 2G 302, 5/8; 20 371, 4/-; 2N 697, 13/6; 2N 706, 9/-; 2N 2712, 
10/8; 2N 2924, 6/9; 2N 2926(yellow), 4/6; etc. 

Please add I /- to cover P. & P. on all orders of E2 or less. 

TERMS: C.W.O. MAIL ORDER ONLY PLEASE 

M. R. CLIFFORD & CO. (C5A) 
66, OLD OSCOTT LANE, BIRMINGHAM 22A. 

Radio Control 
SINGLE CHANNEL TRANSMITTER 

1 watt output 
Kit of parts £8.0.0 Assembled £8.10.0 

(LESS CASE AND AERIAL) 
200/RC TYPE 

Also 10 & 12 channel from Li 

Receivers from E4.10.0 

Demonstrated at 
TELERADIO ELECTRONICS 

325/7 FORE ST., LONDON, N.9 
Component parts for the radio control devices 
described in this magazine available ex -stock. 

YUKAW SO P,P0AWSS/ON4L 77YE Y(f/K.47V 

%ELF -SWUM AEROSOL r'V4Y - 
Get these AIR DRYING GREY HAMMER 
or BLACK WRINKLE (CRACKLE)Finishes 
Yukan Aerosol spraykit contains 16 ozs. fine quality 
durable easy instant spray. No stove baking required. 
Hammers available in grey, blue, gold, bronze. 
Modern Eggshell Black Wrinkle (Crackle) all at 14/11 
at our counter or 15/11, carriage paid, per push- 
button self -spray can. Also Durable, heat and water 
resistant Black Matt finish (12 ozs. self -spray cans 
only) 13/11 carriage paid. 
SPECIAL OFFER : I can plus optional transferable 
snap -on trigger handle (value 5/-) for 18/11, carriage 
paid.Choice of 13 selfspray plain colours and primer 
(Motor car quality) also available. - 

Please enclose cheque or P.O. for total amount to : 

YUKAN, Dept. RC 10 307a Edgware Rd., London W.2. 
Open all day Saturday. Closed Thursday afternoons 

Other Yukan 
Aerosols 
include: 
Clear car lacquer, 
Hammer, 
Wrinkle / 
(crackle), anti - 
tarnish gold, 
Slack matt 
finish 

l 

THE RADIO CONSTRUCTOR - BOUND VOLUMES 

NOW AVAILABLE 
Volume 19, August 1965 to July 1966. Price £1 10s. Od. Postage 3s. 6d. 

Where all issues are returned: Price E1. Postage 3s. 6d. 

Limited number of Volume 18, August 1964 to July 1965 still available, same prices 
as above 

We regret earlier volumes now sold out. 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers I 
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BOOK LIST 
DATA BOOKS SERIES 

DB5 TV Fault Finding-New, revised and enlarged edition available shortly. 
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."-Journal of the Television Society. 

DB6 The Radio Amateur Operator's Handbook-New edition available late October. 
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. 

NAME 

I enclose Postal Order/Cheque for in payment for 

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 Maids Vale, London W.9 
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MAYFAIR PORTABLE ELECTRONIC ORGAN 
Build the World's first All -Transistor 
Portable Electronic Organ Kit 

Plug-in printed circuits 170 transistors and devices 10 selected 
tone colours Fully sprung keyboard Vibrato 6 Octaves of 
generators Simple locked -in tuning 110/250 volt mains unit 

Cabinet size 301" x 15f" x 9" Weight 35 lb. Cabinet with detach- 
able legs, music stand and foot swell pedal Fully detailed building 
manual with photos, drawings and full circuits. 

COMPLETE KIT with 
Cabinet and Handbook 

CALL IN FOR 
DEMONSTRATION 99 GNSa (Carriage 

and Packing 
30/- extra) 

1 

1 

1 

1 

Detailed leaflet 
on request 

e 

Garrard 
Battery 1 

2 -Speed 
Tape Deck 

10 & 20 W Mono & Stereo Transistor Amplifiers 
(9) POWER AMPLIFIERS. 10 
watts RMS output. 100mV input. 
30 c/s to 20kc/s f IdB. 6 -Tran- 
sistor Push-pull. Panel size 4"x2}" 
x I". H/S 4" x 4". 
TPA10/3 3-50 spkr. £4.10.0, 

P.P. 2/6 
TPA10/15 12-160 spkr., ¿5.5.0, 

P.P. 2/6 
(Mains unit for 1 or 2 amplifiers, 

59/6, P.p. 2/6) 

The finest High Fidelity at 
Unbeatable Prices 

(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 9f" x 2f"x 2". E5.10.0,p.P. 
2/6 (grey and gold front panel 8/6) 

SP4 Mono/Stereo. 9" x 3 f" x Ir. 
£10.19.6, p.p. 3/6 (front panel 
plate 12/6). 

ALL UNITS BUILT AND TESTED 

(5) 

(6) 

(4) 

( ) 

HENRY'S 
RADIO LTD. 

303 EDGWARE ROAD 
LONDON W.2 

PADdington 1008/9 
Open Mon. to Sat. 9-6 

Thurs. I p.m. 
Open all day Saturday 

2000 mono C6 6 0 

2000 stereo C6 6 0 

30001m stereo C7 19 6 

SP25 less cart. C9 19 6 

SP25 mono E10 10 O 

(I) REGENT -6 MW/LW 
POCKET RADIO TO 
B UILD 
6 -Transistor superhet. Geared 
tuning. Push-pull speaker out- 
put. Moulded cabinet 5" x 3" x 
I j". Phone socket. 
TOTAL 
TO BUILD ST 69/6 2/- 

Full tuning on both bands 

NOTICE 
All items pre- 
viously advertised 
are still in stock. 
Ask for free 4 page 
new stock lines 
list. Also 14 page 
transistor/rect. 
lists. 

(3) DEAC CELLS 
RECHARGEABLE 

BATTERIES 
3.6 volt 500 mA/H. Size: 

I j" x I j" dia. . . . 12/6, 
P.P. 1/6 

9.6 volt 225 mA/H. Size: 
2y}" x I" dia. . . . 20/-, 
P.P. 1/6. 
BRAND NEW-Offered at a 
fraction of normal retail 
price. 

(4) BUILD A QUALITY 2 OR 
TRACK TAPÉ RECORDER 

4 
DER 

NEW 3 SPEED VERSION. Using 
New "363" Decks. * TWO -TRACK 
Deck £10.10.0. Amplifier £14.19.6. 
Cabinet and Speaker 7 gns. Com- 
plete kits with FREE 7" 1,200' tape, 
spare spool. 

27 gns. 10/P- 

* FOUR -TRACK. Deck £13.10.0 
Amplifier ¿15.19.6. Cabinet and 
speaker 7 gns. Complete kits with 
FREE 7" 1,200' tape, spare spool. 

30 gns. ?á/_ 

DEAL CHARGER 
To charge 3.6 volt and 9.6 volt packs. 
Fully mains isolated P.P. 
in moulded case. ' I 2/- 

(5)VHF FM TUNER TO BUILD 
87/105 Mc/s Transistor Superhet. 
Geared tuning. Terrific quality and 
sensitivity. For valve or transistor 
amplifiers. 4" x 3f" x 2i'. Complete 
with dial place. (Decoder available 
shortly.) 
TOTAL COST P.P. 
TO BUILD £6.19.6 2/6. 

(Cabinet Assembly 20/- extra) 

(6) GARRARD DECKS-BRAND NEW, FULLY GUARANTEED 
1000 mono E5 19 6 SP25 stereo ¿10 19 6 401 less cart/armf27 10 O 

1000 stereo C6 6 0 SP25 Deram [13 IO O AT6 mono EB 19 6 

AT6 stereo E9 10 O 

AT6 Deram EI I 19 6 

Deccadec Mk. II £17 17 O 

A70 less cart £19 19 0 
(P. & P. 5/- any type) 

AT60 less cart E9 19 6 

AT60 mono Ell) 10 O 

AT60 stereo E10 19 6 

ATEO Deram E13 10 O 

LAB801 less c rt E27 O O 

All other makes of decks and cartridges in stock. 

(7ÿ 
LOBEMASTER MW/LW/SW 

PORTABLE RADIO TO BUILD 
Special purchase reduces price 

Full 3 -waveband tuning. Pushbutton 
wavechange. Superhet printed cir- 
cuit. Black -chromed cabinet II" x7}" 
x 3f". (SW 17-50 metres). Ear/ 
Record sockets. 

TOTAL COST P.P. 
TO BUILD £7.19.6 3/6. 

(8) TOURMASTER CAR RADIO 
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 manufacturers' current 
guarantee. Special Bargain Offer. 
Buy Now! List Price 13 gns. 

PRICE 
£9.9.0 

P 6 
3/6 

(7) 

(8) 

Brand New with R/P 
head, erase/osc. head, 
tape cassette and in- 
structions. 2 speed 
2 -track 9 volt opera- 
ted. List Price 13 gns. 

Price £8.19.6 
P.P. 3/6 / 

/ 

/ 

(3) 

LATEST 1966 
CATALOGUE 
HAVE YOU A 

COPY? 
Fully detailed and 
illustrated. 150 pages 
of components, 
equipment, etc. 
Over 5,000 stock 
items. PRICE 6/-, 
post paid. Free dis- 
count vouchers with 
every catalogue. 
YOU CANNOT AFFORD TO BE 
WITHOUT A COPY OF THIS 
CATALOGUE 

/ 
/ 
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