
IS 

Vol 20 No 4 

NOVEMBER 1966 

2'6 

A DATA PUBLICATION 

RADIO TELEVISION 

ELECTRONICS AUDIO 

the couwy 4-BAND SUPERHET 

ss*... h 
y ■■ 

. 4^ 

Stereo 
Balancer 

Basic Q 
Multiplier 

AF/RF Signal 
Injector 

Untuned RF 
Pre-Amplifier 

www.americanradiohistory.com



Scottish 

66-67 

Insurance 

CORNHILL 

Corporation Ltd 

LONDON • ECS 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

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

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

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

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

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

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

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

Write for full details, quoting reference 5304, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

66-67 CORNHILL, LONDON E.C.3 
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Ultra-linear class B output and 
generous neg. feed back. 

if Response—15 to 50,000 els 
±1dB. 

if Output suitable for 3, 7.5 and 

SINCLAIR Z.I2 

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 H RECEIVER 

Less than 3" x If" x 
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 —30d B 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 

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, 14/5" 
x 13/io" x Va". Plays anywhere. 
Easy to build. Complete kit of parts 
with earpiece and instructions. 
FULL SERVICE FACILITIES AVAILABLE TO SINCLAIR CUSTOMERS 

UARA NTEE ^ you-are not completely satisfied when you receive your purchase from us, your money will be refunded at once in full and without question. 

12 WATTS R.M.S. OUTPUT ™uP0EAK,S'NE WAVE 

15 WATTS R.M.S. MUSIC POWER (30 WATTS PEAK) 
15 ohm loads. Two 3 ohm 
speakers may be used in parallel. 

if Input—2mV into 2K ohms. 
if Signal to noise ratio—better 

than 60dB. 

built, tested 
and 

guaranteed. 

89/6 

■ ■■ • 

£5.19.6 

SINCLAIR STEREO 25 
De-Luxe Pre-amp & Control Unit for Z.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 
unit reflects the professional elegance 
which characterises all Sinclair designs. 
The front panel is in solid brushed and 
polished aluminium with beautifully 
styled solid aluminium knobs. Mounting 
BU,LTAHrED £Q 10 fi 
GUARANTEED 

is simple, and the PZ.3 will comfortably 
power the Stereo 25 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 SOkQ: 
P-U. —3mV into 50kQ: Radio —20mV 
into 4.7kQ. Equalisation correct to 
within dbldB on R1AA curve from 
50 to 20,000 c/s. Size 6±" X 2i" x 2^" 
plus knobs. 

A HI-FI STEREO ASSEMBLY FOR £22.18.0 
All you require is one Stereo 25 Unit (£9.19.6) two Z.I2's (£8.19,0) and one PZ.3 (£3.19.6). As an optional extra, you could include the Micro FM (£5.19.6). 
Cisin aid Transistorised mains power unit dlNLLAIIf specially designed for Z.12. 

PZ.3 

H H 

Will power two Z.Tl's and Stereo / «|/ Q 25 with ease. ' 
SINCLAIR RADIONICS LTD., 

Please send 
22 NEWMARKET ROAD, CAMBRIDGE 

SINCLAIR RADIONICS LIMITED 
22 NEWMARKET ROAD, CAMBRIDGE 

Telephone: OCA3-52731 
for which I enclose cash I cheque I money order 

j^o/ue £—... s.  d. 

NAME    
ADDRESS... 

n 
i 

: i 

RCI u 
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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 -j_ 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-33H. 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 
TRANSISTOR PA/GUITAR AMPLIFIER, PA-2. 20W amplifier. Four inputs. 
Variable tremolo. New Low Price Kit £39.19.0 Assembled £54.10.0 
50W VALVE PA/GUITAR AMP., PA-1. Kit £54.15.0 Assembled £74.0.0 

GARRARD 20+20W PLAYER STEREO AT-60 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. 
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Attractive modern styling. 

Kit £11.9.6 Assembled £15.15.0 

The World Leader m Quality Kitsets 
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 9Jib. "Y" bandwidth 2 c/s-3 Mc/s±3dB. 
Sensitivity lOOmV/cm. T/B 20 c/s-200 kc/s in four 
ranges, fitted mu-metal CRT Shield. Modern 
functional styling. 

Kit £23.18.0 Assembled £31.18.0 
5" GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with pro- 
fessional specification and styling. "Y" band- 
width 3 c/s-4.5 Mc/s±3dB. T/B 10 c/s-500 kc/s. 

Kit £35.17.6 Assembled £45.15.0 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM-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. A.c. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.1D to 1,000MG with internal battery. 
D.c. input resistance HMfL dB measurement, has 
centre-zero scale. Complete with test prods, leads and 
standardising battery. 

Kit £13.18.6 Assembled £19.18.6 
MULTIMETER. Model MM-1U. Ranges 0-1.5V to 
1,500V a.c. and d.c.; ISO^tA to 15A d.c.; 0.2Q to 20MG. 
4?" SOpA meter. Kit £12.18.0 Assembled £18.11.6 
R.F. SIGNAL GENERATOR. Model RF-1U. 
Up to 100 Mc/s fundamental and 200'Mc/s on 
harmonics. Up to lOOmV 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 0.15(i, 
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 

1 
s 

»• r- 

OS-2 

IM-13U 

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 
comprising Models TFMT-1 RF Tuning 
Unit £5.16.0 incl. P.T. and TFA-1M 
(Mono) IF Amplifier, power supply, etc. , 
£15.3.0 kit or TFA-1S (Stereo) IF Amplifier, etc. £19.2.0 kit. TFM-1 
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.! 

Cabinet £2.5.0 extra. Send for full details. 
Illlllllllllllllillllilllli 

P.T. 

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. 
High performance CAR RADIO, Model 
CR-1. A quality model with many outstand- 
ing features. 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, W.i 

We open MONDAY-SATURDAY 9 a.m.-5.30 p.m. THURSDAY   II 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 
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TAPE AMPLIFIERS   TAPE DECKS CONTROL UNITS 

TRUVOX 
DECK 

FM 
TUNER 
FM-4U 

MAGNAVOX 
DECK 

AM/FM 
TUNER 

HI-FI FM TUNER. Model FM-4U. Available in two units. R.F. 
tuning unit (j£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: 1|", 3|" and Vi" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 7^" p.s. £13.10.0 
MAGNAVOX deck with TA-IM Kit £31.5.6 
HI-FI AM/FM TUNER. Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-T1—£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1—£22.11.6). 
Printed circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. 
Built-in power supply. Total Kit £27.5.0 

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

MULTIPLEX ADAPTER, SD-1. Self powered. Ideal for use with Heathkit 
models FM-4U and AFM-1. Will convert most FM tuners to stereo. Fully tran- 
sistorised. Kit £8.10.0 Assembled £12.5.0. Send for full details and delivery. 

MONO CONTROL UNIT. Model UMC-1. 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 ildB. Rumble and variable low-pass 
filters. Printed circuit boards. Kit £19.19.0 Assembled £27.5.0 

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

SSU-1 

Berkeley 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM. Model SSU-1. 
Ducted-port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs, Kit £12.12.0 , without 
legs, Kit £11.17.6 incl. P.T. 
THE BERKELEY Slim-line SPEAKER 
SYSTEM, fully finished walnut veneered 
cabinet for faster construction. Special 12" 
bass unit and 4" mid/high frequency unit. 
Range 30-17,000 c/s. Size 26" x 17" x only 
7|" deep. Modern attractive styling. Ex- 
cellent value. 

Kit £19,10,0 Assembled £24.0.0 
COTSWOLD SPEAKER SYSTEMS. Out- 
standing performance for price. 
MFS: Size 36" x 16^" x 14" deep. 

Kit £25,12.0 Assembled £33.17.0 
STANDARD: Size 26" x 23" x 14^" deep. 

Kit £25.12.0 Assembled £33.17.0 
lllilllllllillllillillllllllll 

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. 

SEND FOR THE LATEST 
FREE CATALOGUE 

INSTRUMENT AND AMATEUR RADIO BROCHURES 
AVAILABLE ON REQUEST 

Malvem 

Prices quoted are Mail Order prices. 

DAYSTR0M LTD 
DEPT. RC.U 
GLOUCESTER 

"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-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

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

GC-1U 

RG-1 

HM-11U 
Kit £8.10.0 Assembled £10.15.0 

OUTSTANDING "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ment is now available in the U.K. Why not send 
for full details of range, for example: 
FILTER TYPE SSB TRANSCEIVERS. 
Models for 80, 40 or 20 metre bands. 
Model HW-12 (80M) £67.10.0, Kit. incl. 
Model HW.22 (40M) £66. 0.0, Kit. duty, 
Model HW-32 (20M) £66. 0.0, Kit. etc. 

80M Transceiver 
HW-12 

Without obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE 
FULL DETAILS OF MODEL(S)      
{Please write in BLOCK CAPITALS) 
NAME     •  
ADDRESS...       

(Tick here) 

^        DEPT. RC.11 j 
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A Mullard inspiration 

TO+10 

STEREO 

Here is the latest 
from Mullard's 
top designers 

— the 10 + 10 Stereo 

Thjs 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 -j- 10 costs no more than 
ordinary equipment and building can commence for as 
little as £3 7 6d (Total kit price 38 guineas). 
Circuits, parts lists and assembly procedure are fully 
detailed in the 10 -f- 10 Construction Manual. 

|5 lO+iQ STEREO | 
|* 

li 
1' SgffjT' 

> 
: i 

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

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

BOUND VOLUME No. 10 

of "The Radio Constructor" 

FOR YOUR LIBRARY 

■1 : 

nS Comprisi 
780 pages 
plus index 

Volume 19 August 1965 to July 1966 

PRICE 30/- Postoge 4/6 

Special discount of 10'- lor repulor reodeis 

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

plus 4/6 postage 

Available only from;— 

Data Publications Ltd. 

57 Maida Vale London W9 
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T.B.S. BARGAINS IN KITS, COMPONENTS AND EQUIPMENT 
•k-k-k T.R.S. F.M. STEREO DECODER Based on Muilard 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-l5v. operation. Complete kit with Muilard specified inductors already aligned. £5 5s. Od. (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. M'CRO-6 Six stage vest-pocket rcvr. (Kit)... 59/6 MICRO-FM 7 transistor FM tuner-rcvr. (Kit) £5 19 6 Z.lzcombined I2w. amp and pre-amp. built 89/6 STEREO 25 de luxe pre-amp/control unit (stereo) built  £9 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 C /_ 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 1^" x 4" chassis size I If" x 4" x 5f". Strongly recommended for use with Muilard amplifiers below. For A.C. mains 200/250 v. Unbeatable value. Complete kit, inc. Power Pack as illustrated, l lgns. Carr. 7/6. Ditto less Power Pack lOgns. Carr. 7/6. Circuit and Const, details 4/6. Free with kit. 
TRANSFORMER MANUFACTURING SERVICE 

We manufacture all types Radio Mains, Transf. chokes. Quality O/P Trans., etc. Enquiries invited for specials, prototypes for small pro- duction runs. Quotations by return. 

2 FAMOUS MULLARD AMPLIFIERS 
Muilard design with T.S.R. kits for value 

MULLARD "3-3" 3- valve Hi-Fi quality at MULLARD "5-10" reasonable cost. Bass 5 valves 10 W., 3 Boost and Treble con- and 15 ohms out- trols, quality sectional put. Mullard's out-put transformer (3 famous circuit and 15 ohms). 40 c/s.-25 with heavy duty kc/s.+ I dB. 100 mV. for ultra-linear quali- 3W., less than 1% dis- ty output tfr. Basic tortion. Bronze escut- amplifier kit price cheon panel. Complete £9/19/6. Carr. 7/6. Kit only £7 10s. Od. Carr. Ready built I If 5/-. Wired and tested gns. £9 10s. Od. 
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 £13/19/6 (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 COPPER 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 2f" x 5", 3/8; 2f" x 3f", 3/-; 31" x 5", 5/2; 3f" x 3f", 3/8; 3f" x 17", 12/6. All accessories and tools in stock. 

MISCELLANEOUS—continued 
VOLUME CONTROLS. LOG and LINEAR— 5K-2 MD 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% f-f w, 3d. ea., ditto I w. 6d. ea., 2 w. 9d. ea., 10% f-f w. 4d. ea., 5% Hi-stab., f-f w. 6d. ea. (below 100 ohms and over I meg. 9d. ea). 1% Hi-stab., f w. 1/6 ea. (below 100 ohms. 2/- ea.). 
ERSIN MULTICORE SOLDER. 60/40 4d. per yard. Cartons 6d., I/-, 2/6, etc. 
WIREWOUND RESISTORS. 25 ohm to 10 K. 5w. 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 lOd. and .1/350 v. lOd. .02 MF to 0.IMF. 500 v. I/-. .25 T.C.C. 1/9. .5 T.C.C. 2/-. 
CLOSE TOL. S/MICAS. 10% 5 pf. 500 pf. 9d. 600-5,000 pf. I/-. 1% 2 pf-100 pf. lid. 100 pf.- 250 pf. I lid. 270 pf.-800 pf. I /4.800 pf.-5,000 pf. 2/-. 
ALU MlN. CHASSIS. I8g. Plain undriiled 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. 
AL U MIN. S H EET. 18g. 6" x 6" I/-; 6" x 9", I /6; 6" x 12" 2/-; 12" x 12", 4/- each. 
TYGAN FRET (Contem. pat.) 12" x 12". 2/-; 12" x 18", 3/-; 12" x 24", 4/- etc. 

FOR COMPREHENSIVE LISTS 
CPMH ^rl SHOWING FULL RANGES OF JCRI/ JQ OUR VERY LARGE STOCKS 

AT BARGAIN PRICES. 

Established 1946 
COMPONENT SPECIALISTS 
70 Brigstock Rd, Thornton Heath, Sy 

Telephone THO 2188. Hours 9.0 a.m.—6.0 p.m. daily, 1.0 p.m. Wed. 

8WAVE BAND 
NOTJUSTA 
RADIO BUT TCCHNOLOetCAL ■ 

MAGIC! 
AN IRON CURTAIN MIRACLE! 

|r% IOtraimsistor 
LJ PORTABLE RADIO 

GETS WORLD WIDE RECEPTION , 
THOUSANDS OF STATIONS & TRANSMISSIONS! 

WE OiliilMAKEIHEMFORTHIS PRICE! ; 
CANADA 

H FRANCE 

INDIA 
& 

AMERICA AFRIC AUSTRALIA 

THIS MAG- 
NIFICENT 
RUSSIAN 8 
WAVE BAND 
RADIO RE- 
PRESENTS 

THE FINEST 
VALUE WE 
HAVE EVER 
OFFERED! 
Yes, you could 
pay up to 3 
times our 
price for an 8 
Wave Band 
Radio! Go to 
any dealer and 
see for your- 
self. You'll see 
that our price 
is a mere frac- 
tion of the 
true value! 
Yes, only 
£10,19.6, box 
and post 4/6, 
or send £3 
dep., bal. 18 
fortnightly 

The Russians paymts. 11/11 (Total Credit Sale Price 274/6) +post. The impossible has been done 
have triumphed in producing this fantastic 8 Wave Band Radio that YOU can have for hardly more than the cost 
of an ordinary single wave cheap Transistor! Another proof of the fantastic ability of Russia in the field of electronics 
H. &. G., Britain's great discount house has secured a huge quantity allocated to the U.K. They've just arrived. 
Brand spanking new and ready for use. YOU GET THIS AMAZING SET FROM US AT A PRICE THAT BEARS 
NO RELATION TO ITS TRUE VALUE! Yes, 8 separate wave b/inds, including Standard Long, Medium 
and Short to cover the entire world. Unique side control wave band selection unit gives incredible 
ease of station tuning! Thousands of stations and different transmissions at your finger tips 24 hours 
a day, even including amateur 'Hams,' 'Pirate' radio stations, ships, etc.!—truly nothing is secret! The Radio 

enthusiast c3Ai have the world in the palm of his hand! You must hear it to believe it! Listen to the superb, sweet tone! Control it from 
a whisper to a roar that will fill a hall! Runs economically on standard batteries—take it anywhere. Perfect also for .use in your car—any 
speed, any direction! SIZE IO5" x 7^" x 3j". Made to give years of perfect service. Beautifully designed. Attractive contrasting colours. 
Complete with internal ferrite rod aerial and built-in telescopic aerial extending to full 38" length. Also coloured Radio manual, in- 
cluding simple operating instructions, and circuit diagram. Can also be used as extension amplifier for record player, radiogram, tape 
recorder or public address. 12 months'guarantee and after sales service. Refund guarantee. Callers welcome at any of 8 stores thousands 
of bargains on view. Save £ £ £'s. Or order by post to Coldharbour Lane, address below. 

(Dept. RDC/1 196/200 Coldharbour Lane, London, S.E.5. (Wed. 1); 
37 H. Holborn (Thurs. 1); 267 Oxford St. (Wed 1, Thurs. 8 p.m., Fri. 

-    6); 166 North End, Croydon (Wed. 1); 149 High St., Guildford (Thurs. 7); 121 High St., Colchester (Thurs. 1), 66 South St., Romford (Thurs. 1 p.m.); 93/95 High St., Bromley; (Stores 6 p.m. Sat., Fri. 7 p.m.). 
Headquarter & General Supplies 
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BI-PAK SEMICONDUCTORS 
8 RADNOR HOUSE, 93/97 REGENT STREET 

LONDON, W.I 
LOW COST SILICON CONTROLLED RECTIFIERS 

50 PIV I Amp  8/6 400 PIV 7 Amp  30/- 100 PIV 7 Amp   19/6 109 PIV 16 Amp  16/6 Free Circuit Diagrams with SCR orders 
One 10/-Pack of your own 1" K 1" 1" choice with orders valued " £4 or over FREE 

50 Trans, mixed untested    10/- 3 OCI39 Trans. NPN Mullard     10/- 2 Drift Trans. 2N 1225 100 Mc/s     10/- 6 Matched Trans. OC44/45/8I/81D ....   10/- 4 OAI0 Diodes Mullard     10/- 15 Red Spot AF Trans. PNP    10/- 15 White Spot RF Trans. PNP     10/- 4 Sil. Rects. 3A, 100/400 PIV    10/- 4 NPN Trans. OCI39, 2NI308     10/- 2 10 Amp Sil. Rect. 50/100 PIV     10/- .8 Diodes 4 OA70, 4 OA79     10/- 1 12 Amp SCR 100 PIV     10/- 3 Sil. Trans. 2S303 PNP     10/- 10 Assorted Computer Diodes     10/- 4 Zeners 5, 6.8, 10, 12 Vlts     10/- 4 2G417 Trans. Eqvt. AF 1 1 16/7     10/- 2 200 Mc/s Sil. Trans. BSY26/7     10/- 2 Bi-directional Trans. ASY66     10/- 4 High Current Trans. OC42     10/- 2 Power Trans. OC26/35     10/- 5 Sil. Rects. 400 PIV 250mA     10/- 3 OC7I Trans. Mullard     10/- 3 OC75 Trans. Mullard     10/- 3 NPN Sil. Trans. 70 Mc/s    10/- 1 Power Trans. OC20 100 Vlts     10/- 5 OA47 Gold Bonded Diodes     10/- 4 OA202 Sil. Diodes Sub-Min     10/- 8 OA8I Diodes Sub-Min    10/- 3 Sil. Rects. 400 PIV 500mA     10/- 
Tunnel Diodes 1N3720    Unijunction Trans. 2N2646   6 BY 100 Sil. Rects  

  15/-   15/-   20/- 
100s of semiconductor bargains ind. Logic Modules send 2/6 for 3 months mailing. Add I/- post & packing per order. 
CASH WITH ORDER PLEASE. MAIL ONLY. 

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 LTD 57 Maida Yale VY? 
Please supply copy(ies) of "20 Suggested 
Circuits", Data Book No. 15. I enclose cheque/crossed 
postal order for   

NAME       

ADDRESS    

DOUBLE-SIDED 

BLUEPRINT 
TO BUILD 

HOME INTER-COM.UNIT 

Simple and 
inexpensive 
to build. 
Includes 
indicators 
to check that 
bell is ringing 
at receiving 
end. 

(£5 

BEGINNER'S 5 VALVE THE 

Receives all broadcasting 
and amateur 
wave-lengths, 
and picks up 
shipping and 
aircraft. 
Covers 2,000 
to 9.5 metres 
continuously in 
5 ranges. 

Other Outstanding Features: 
Receiving the new VHP Stereo Broadcasts. 
How to obtain a transmitting licence. 

DECEMBER ISSUE OUT NOV. 3—2/6 
Moke sure of your copy ! 

WIRELESS 
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Any holes in 

your 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 12/6 Post extra I/- 

] 

Get your copies from your radio dealer, or send 
remittance with order to: 

MULLARD LTD MULLARD HOUSE-TORRINGTON PLACE• LONDON WCL 

JACKSON® 
the big name in PRECISION components 

Precision built radio components are an important 
contribution to the radio and communications 
industry. Be sure of the best and buy Jackson 
Precision Built Components. 

"00" Twin Condenser Designed for use in mini- 
ature transistor receivers. 
The front (aerial) section 
is 208pF to provide cover- 
age for medium waves, 
and the rear section is 
176pF, which may be 
padded to match the 
oscillator—very robust yet 

Front area 
1|in. x 1i|in. x 1in. 
lightweight. 
1|in. x 
deep. PRICE 12/6. 

In the "ten five" receiver used 3 gang type F price 
21/3. 2 air tune 7/9 each caliband drive at 28/-. 

JACKSON BROS. (LONDON) LTD. 
(DEPT. R.C.), KINGSWAY-WADDON. CROYDON, SURREY 

Phone: Croydon 2754-5. Grams: Walfilco, Souphone, London 

CHAS. H. YOUNG LTD. 

MIDLAND AGENTS FOR 

* 
EDDYSTONE 
Receivers & Components 

TRANSMITTERS, RECEIVERS and 

SUNDRY EQUIPMENT BY 

KW ELECTRONICS 

GREEN E.C.E. 

WITHERS ELECTRONICS 

CODAR RADIO 

H.P. Facilities Part Exchanges 

At your service 

G2AK, G3LAY, G3VFV 

AERIAL 
EQUIPMENT 

TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25, 8d. per 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 
cable, I/- any length. 
COPPER WIRE, 14G, H/D, 140ft, 
30/-; 70ft, 16/-. Post and packing 3/3. 
Other lengths pro rata. 
FEEDER SPREADERS. 6" Ceramic 
type F.S., lOd. each. Postage 2/6 
up to 12. 
CERAMIC CENTRE PIECE for 
dipoles, Type AT, 1/6 each. P. & P. 1/-. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box 
with 1" to 1\" masthead bracket. 
Price 56/-. P. & P. 4/-. 
SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 2/3 per 
yard. 50 ohm 300 watt, 2/6 per yard. 
P. & P. 2/6. 
TOUGH POLYTHENE LINE, 
type MLI (1001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (2201b), 
4d. per yd. or 25/- per 100 yds., ML4 
(400lb), 6d. per yd. ideal for Guys, 
L.W. Supports, Halyards, etc. Post- 
age 1/6 on all line. 

ABSORPTION WAVEMETERS. 
3.00 to 35.00 Mc/s in 3 Switched 
Bands. 3.5, 7, 14, 21 and 28 Mc/s. 
Ham Bands marked on scale. Com- 
plete with indicator bulb. A MUST 
for any Ham Shack. ONLY 25/- 
EACH. Post free. 
BANDCHECKER MONITOR, 
3.00-35.00 Mc/s in 3 switched Bands. 
0-1 mA Indicator. Monitor Socket. 
Very sensitive, £3.13.6. P. & P. 3/6. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and 
ball race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240. 8/6; and 300pF, 10/6. 
Extension for ganging. P. & P. 2/-. 
SEALED RELAYS. 12v. 105 ^coil 
Type A. 4 Pole c.o. 15/- 
Type B. 2 Pole c.o. + 2 Pole Norm. 
ON. 12/6 P. & P. 1/6 

SPECIAL ONE MONTH ONLY 
■fc 10 WATT MOD TRANS. 

Approx. 1-1 8/1 OK P to P 15/- 
Driver to suit 10/- P & P 3/- 

For Immediate Delivery 
WITHERS 2MTR. COMMUNICATOR 

£75 
WITHERS 2MTR. NUVISTOR 

CONVERTORS £17 

CHAS. H. YOUNG LTD 

170-172 Corporation St., Birmingham 4 
Please print your address. No C.O.D. under £1. 'phone 021—236-1635 
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HOME RADIO LTD., Dept. RC, 187 London Rd., Mitcham, Surrey Phone, m/t 3282 —1 

WE STOCKTHE ENTIRE RANGE OF ARMSTRONG AMPLIFIERS, 

TUNERS, REPLACEMENT RADIO CHASSIS 

MODEL 222 

The 223 A.M.-F.M. tuner illustrated covers 
the full F.M. and medium wavebands. The 
224 F.M. tuner, although small in size, is of 
similar styling and covers F.M. band only. 
The F.M. performance of the two tuners is 
identical. 
Optional shelf-mounting cases, of teak and 
vinyl-hide, are available for both tuners. 
Price: 223, £31 Os. Od. 224, £24 15s. Od. 
Case: £3 10s. Od. 

A new Integrated Stereo Amplifier, Model 222, 
incorporating a stereo control unit and two 
high fidelity power amplifiers. 20 watts push 
pull output. Input for ceramic and crystal 
pickups. Tape recording and play-back 
facilities. Rumble filter. Wide range bass and 
treble controls. Wide range balance control. 
Automatic switched inputs for dual mono out- 
put. Optional shelf-mounting case available. 
Price: £28 15s. Od. Case: £3 10s. Od. 

■ 

MODEL 127 

MODEL 233 

The 127 is a tuner amplifier covering the F.M. 
channels and Medium Wave with 5 watt 
Stereo output or Gram. Designed as a re- 
placement Radiogram chassis it can be used as 
a self-contained unit in the wooden case. The 
127M is identical to the 127 except that it is 
monaural instead of stereo. 
Price: 127, £39 10s. Od. 127M £29 10s. Od. 

Case: £3 10s. Od. 

Send for free illustrated leaflets. H.P. terms available. 

ALL THE ABOVE /S EXTRACTED FROM OUR 
CATALOGUE. IF YOU ARE INTERESTED IN 
HI-FI or any facet of Electronics, our cat- 
alogue is indispensable to you, containing as 
it does some 6,000 items priced and indexed, 
plus 1,000 illustrations. Price 7/6 + 1/6 
P. & P. Each catalogue contains 5 vouchers 
each worth f/- if used as directed. Post the 
attached coupon with your cheque or P.O. 
for 9/-. 

Please write your Name and Address in block capitals 

Name  

Address  

Home Radio Ltd., Dept. RC, 187 London Rd., Mitcham, Sy. 
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Vol. 20, No. 4 
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Editorial and Advertising Offices 
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21st Year of Publication 
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automatic electronic switch 

for oscilloscopes by W. A. Jones 

Oscilloscope trace doubler switches tend to require 
frequent adjustment, but this shortcoming is obviated 
in the electronic switch described here by synchro- 
nising it with the oscilloscope timebase. The switch 
may be installed on the oscilloscope chassis or, by 
using a single-valve sawtooth amplifier, constructed 

as an external self-contained unit. 
G 

The purpose of the switch unit described in 
this article is to enable two independent 
waveforms to be displayed simultaneously on 

a simple single beam oscilloscope. The principle 
is quite well known and will only be briefly described 
here. 

If an amplifier valve is fed with one signal to 
be displayed, together with a square wave of sufficient 
amplitude to cut the valve off on the negative 
part of its cycle, then the output of this amplifier, 
as observed on an oscilloscope, would be a square 
wave modulated on its negative part by the original 
signal (negative because of the phase change in 
the valve). 

If, now, two amplifiers passing two independent 
signals under observation have their outputs mixed 
but are fed with mutually out-of-phase square 
waves, then when one valve is conducting and 
amplifying, the second valve is cut off. 

If the two amplifiers were carefully matched 
and the two square wave frequencies were of equal 
amplitude then no square wave component would 
appear on the screen as the two out-of-phase 
square waves would cancel out. If however an 
unbalance exists, cancelling will be incomplete 
and a square wave component will still exist. On 
top of the square wave will be one signal and on 
the bottom will be the second signal. 

Using Square Wave Switching 
There are basically three ways of employing 

the principle of square wave switching. Firstly, 
the square wave generator can be run at a very 
high speed in comparison with the timebase fre- 
quency, whereupon the two traces will be made 
up of a number of dots which merge into two lines. 
A second method is to synchronise the square 
wave generator to half the timebase frequency, 
in which case the timebase scans first one trace 
and then the other. A third method, and one 
which is useful for high timebase frequencies, is 
similar to the second except that the timebase 
traces one line more than once before changing 
to trace the second line. 

The simple circuits generally used for applying 
this principle tend to suffer from the disadvantage 
that they may require continual adjustment when 
in use, and it was considered that it would be of 
interest and value to devise a circuit which required 
no adjustment at all over the entire timebase 
range, and yet was still cheap to build. 

Working Circuit 
As a result of a considerable number of experi- 

ments, the circuit of Fig. 1 was devised, this employ- 
ing a combination of the second and third methods 
first discussed. It is not, however, synchronised 
to the timebase but is triggered by the timebase 
flyback. 

The circuit for the square wave generator can 
be divided into two sections, these being: 

(1) A monostable circuit giving a controlled 
dead time. This uses Vi, Vafo) and Vzfl,). 

(2) A conventional bistable divide-by-two circuit, 
using V3(a), V3(b), V4(a) and V4(b). 

The preliminary experiments used Section 2 
of the circuit on its own to function as a dividing 
circuit on the timebase frequency. At the higher 
frequencies, unfortunately, the output waveform 
became distorted and this led to the development 
of Section 1 to eliminate this problem. 
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r30 JWW HT+ 
1 ̂13 
X V3a Ho SR 9 5"IO 

pulses 
6H6GT 

"7 ^3 EASO V3b 

I 
I 5 So, fRis 

I 

C5 

I 

^20 V2b V4C v4b 

6SN7GT "14 6SN7GT 

Fig. 1. The switch section. Negative-going pulses from the oscilloscope timebase are applied to Cj 

Operation of the Circuit 
The double valve V4(a), V4(b), has two stable 

states, these being V4(a) conducting with V4(b) cut 
off, and vice-versa. To consider circuit operation, 
let us assume that ¥4(3) is conducting. ¥4(3) anode 
potential is then low as also, because of the potentio- 
meter R15, Rj4 is the grid potential of ¥4(5). ¥4(1,) 
is therefore cut off and has a high anode potential. 
As a result of this, and of the action of Rn and 
R12, the grid potential »f ¥4(3) is also high, thus 
satisfying the stability requirements associated with 
the initial assumption. Thus, the circuit has two 
stable states and can act as a switch. To cause 
a change in state a negative pulse is applied to 
the grid of the conducting valve, this being con- 
trolled by the double-diode ¥3, the cathodes of 
which are basically at h.t. potential. 

If ¥4(3) is assumed to be on and ¥4(1,) cut off, 
then ¥4(3) anode and hence ¥3(3) anode potential is 
low, whereas ¥4(1,) and ¥3(5) anode potentials are 
high. A negative pulse applied to the cathodes of 
¥3 will only pass through the diode with the high 
anode potential; in this case, ¥3^). This negative 
pulse then passes through ¥3(1,) and C5 to the grid 
of ¥4(3), thus switching the circuit. Because the 
circuit has switched, a following pulse will then 
prefer to pass through ¥3(3) and Cg to the grid of 
¥4(1,), thus changing the switch back to its original 
condition. 

As may be seen, two pulses initiate one cycle 
in the switch; hence, its dividing by two property. 
The negative pulses obtainable from the screen 
grid of a Miller transitron timebase valve in an 
oscilloscope were found suitable to operate the 

Resistors 
(All i watt 10% unless otherwise stated) 

Ri   
R2 
R3 
R4 
Rs 
Re 
R7 
Rs 
R9 

RIO 
Ru 
Rl2 
Rl3 
Rl4 
RlS 
R30 

lookn 
47 k fi 1 watt 
220k 
450kn~470kfl (see text) 
27k fl 
22k fl 1 watt 
1.5Ma 
220k Q 
39k ii 1 watt 
39k fl 1 watt 
220k fl 
330kfl 
22k fl 1 watt 
330kfl 
220k fl 
4.7kfl 1 watt 

Capacitors 
Q 75pF 
C2 75pF 
C3 0.01 (xF 
C4 180pF 
C5 lOOpF 
Ce lOOpF 
C13 8(xF, electrolytic, 350 ¥ wkg 

Valves 
Vi EASO 
V2(a)(b) 6SN7GT 
¥3(a)(b) 6H6GT 
¥4(3)0,) 6SN7GT 
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HT line of switch 

C| 
■1 4i ■I 

3,p 
5 

RI6 : 

To screen grid 
of tronsitron 
timebose 

6&H7GT Fig. I 

EASO 

"18 

Fig. 1. A cathode follower, for 
use when timebase valve 
operation suffers when a direct 
connection from Q is made to 
its screen grid. An alternative 
method of synchronising the 
switch employs the circuit of 
Fig. 5 insteod of that shown 

here 

(Fig. 2) 
Resistors 
(All i watt 10% unless otherwise stated) 

Rie IMfi 
r17 ioon 
Rig lOkfl 1 watt 

Capacitor 
C7 220pF 

Valve 
V5 6SH7GT 

switch and cause it to change during the timebase 
flyback. 

To cope with the higher timebase speeds without 
distortion. Section 1 was added. This has only 
one stable state since V2(b) grid is taken to h.t. 
positive via R7. V2(b) is thus hard on and has a 
low anode potential. At the same time, V2(a) is 
cut off" due to the potentiometer R3, R4 and so has 
a high anode potential. A negative pulse arriving 
at Vi cathode can then-pass via C3 to V2(b) grid, 
cutting this valve off, bringing V2(a) on, and prevent- 
ing further pulses passing through Vi. This con- 
dition is held until C3 is charged, whereupon the 
circuit switches back again. During this dead time, 
negative pulses arriving at the cathode of Vi cannot 

R29 HT+ 
mt 

i C|2 R26 

1 ce "25 
anode VR3 r28 ^27 Y plate 

\^b anode 
6L7 6L7 

r2I 
WW 

20 
ww 

T.C 
Y. input Y2 input 

cio cll 22 
r24 "23 VR| VR 

Fig. 3. The amplifiers. Coupling is direct to the Y plate of the oscilloscope c.r.t. 
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be passed to V3 and so, above a certain frequency 
which is dependent on the value of C3, pulses are 
lost in Vi. In this situation only one of many 
pulses may get through to the dividing circuit but, 
even so, the dividing circuit is still triggered by the 
timebase, though now the switching is according 
to the third method discussed earlier. The switch 
is then limited to a range of frequencies in which 
it is efficient and yet can be used at all timebase 
speeds. 

This circuit has been used successfully with a 
Miller timebase having a range of 20 c/s to 60 kc/s. 
This employed an EF50 in the writer's home- 
constructed oscilloscope. At the lower frequencies 
there is a problem of flicker, but this is common to 
all switch circuits. At the upper and middle frequen- 
cies the response was perfect, and the circuit could 
very possibly be made, to operate at higher frequen- 
cies than those for which it has been tested. 

When the unit was checked with other timebase 
circuits it was found necessary, with some, to insert 
a cathode follower between the transitron screen 
grid and Q. A suitable circuit is shown in Fig. 2. 

The circuit of the amplifiers is shown in Fig. 3. 
This is conventional, and uses 6L7 mixer valves. 
The unbalance and, hence, the trace separation is 
controlled by VR3 which effectively varies the 
screen grid potentials of the valves. 

COMPONENTS 

(Fig. 3) 

watt 10% unless otherwise 
stated) 

Resistors 
(All fixed values 

R19 IMO 
R20 470k a 
R21 470ka 
R22 1M 
R23 3300 
R24 330n 
R25 47kfl 2 watt 
R26 10k a 
R27 22k n 
R28 22k Q 
R29 4.7kn 
VRi 1 MO potentiometer 
VR2 I Mfl potentiometer 
VR3 50ktl potentiometer 

Capacitors 
Cg 0.25p.F 
C9 0.25(j.F 
C10 16[xF, electrolytic, 275V wkg 
Qi 16u.F, electrolytic, 275V wkg 
Ci2' 8liF, electrolytic, 350V wkg 

Valves 
Vg 6L7 (metal) 
V7 6L7 (metal) 

NOVEMBER 1966 

The top photograph, taken from the oscilloscope screen, 
shows the two trace lines at a timebase of 1,000 c/s. 
The centre photograph illustrates a damped waveform 
together with a 750 c/s sine wove, whilst the bottom 

photograph shows these superimposed 
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(a) 

(b) 

CO 

Cd) 

CO 

CO 

CO 

r 

1 

Dead time of 
rrvonostable 

SLOW TIMEBASE FASTER TIMEBASE * Indicates lost pulse 

Fig 4 Waveforms obtained at various points in the switch unit. These areas follows:—(a) timebase sawtooth (b) screen 
grid oftimebase valve; (c) waveform (b) differentiated (V, cathode); (d) V{ anode the negative Port.on /ength IS the 

monostable dead time; (e) waveform (d) differentiated (V} cathodes); (f) V4(a) anode, (g) V^b) anode 

Construction 
No layout details have been given as these largely 

depend on whether the unit is to be incorporated 
on the oscilloscope chassis as was the case with the 
prototype, or whether it is to be used as an external 
unit. (If the latter course is to be adopted, construc- 
tors may prefer to employ a modified circuit running 
from the timebase sawtooth which is described 
later in this article). 

The layout was not found to be very critical, 
though the usual precautions should be taken. The 
balancing of the circuit in the switch is perhaps a 
little more critical, this point applying in particular 
to the values of the resistors R3, R4, R11, R12, Ri4 
and R15. If Section 2 of the switch is constructed 
first, this can be tested by connecting the screen 

grid of the timebase valve via a 75pF capacitor 
to the cathodes of V3. If the circuit fails to trigger, 
then adjustment of R12 or R14 may be required. 
Once this has been made to work, Section 1 can be 
constructed and, should this fail to work, then R4 
may need adjustment. 

It must be remembered that this unit requires 
approximately 20mA at 250 volts (including the 
cathode follower) and 2.55 amps at 6.3 volts, and if 
this cannot be provided by the existing oscilloscope 
power pack then an additional power unit (or 
heater transformer, if sufficient h.t. current is 
available) will be required. The h.t. voltage was not 
found to be very critical. 

The valves used in the switch were of the octal 
type since these were to hand. However modifica- 
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Resistors 
(All i watt 10%) 

R31 470ka 
R32 470ka 
R33 470ka 
R34 ika 
R35 100k a 

Capacitors 
C14 2,000pF 
C15 0.1 (xF 
Cig 2,000pF 

Valve 
V8 EF50 

Fig. 5. This amplifier circuit 
allows the switch to be 
synchronised from the 

timebase sawtooth 

"35 

C|5 Fig. I 
II 

v8 EASO EFSO 

I 9 

Sawtooth 
input C14 

CI5 

R32 "34 

tions to the values of R4, R12 and Rm could be made 
to make the circuit suitable for most types of 
double-triode, the changes depending on the valve 
to be used. 

Fig. 4 shows the waveform obtained at various 
parts of the unit for slow timebase speeds and faster 
timebase speeds. The differentiated spikes marked 
with an asterisk in waveform (c) are those which 
are lost due to the action of V2(a) and V2(b)- 

Using Sawtooth Control 
The circuit described so far requires a special 

connection into the existing timebase of the oscillos- 
cope so that, if the switch is to be used as an external 
unit, an extra connection would be required on the 
oscilloscope. Coupled with the inconvenience of 
doing this is the fact that a long lead connected 
to the timebase screen grid can upset the timebase 
calibration. However, on most oscilloscopes a 
sawtooth output is available from a socket on the 
front panel and this could be used for triggering 
the switch. 

After having completed the switch as discussed 
above and obtained satisfactory results, the author 
next checked a modification for operation from 
the sawtooth output from the timebase. The 
modified circuit would then be preferable for a 
completely external unit, as opposed to the case 

where the switch components are mounted inside 
the oscilloscope. 
All that is required is to employ the circuit of Fig. 5 
before Ri and Vi of Fig. 1. Q is not now required, 
coupling to the cathode of Vi being made via the 
2,0()0pF capacitor, Cig. The circuit of Fig. 5 
effectively replaces that of Fig. 2, and uses an EF50 
to invert and amplify the sawtooth, and clip off the 
wave tops. The square wave produced, subsequently 
differentiated, gives the required triggering 
pulses. 

As an external unit, the only other connection 
required to the oscilloscope is the signal lead 
carrying the output of the switch. This signal, 
obtained from the 6L7 anodes, contains a square 
wave and because of the difficulty of amplifying 
such a waveform, it should preferably be applied 
directly to the Y plate, bypassing the existing 
oscilloscope amplifier. Should further amplification 
of signal be required, then this is preferably done 
before application to the switch. Nevertheless, the 
square wave in the present circuit is always of 
lowish frequency, and so reasonable results are 
feasible if the oscilloscope Y amplifier appears 
between the switch and the Y plates. The quality 
of the results depends on the quality of the Y 
amplifier used and the only way of testing this is 
by experiment. □ 

Tates Electronic Services 

Heavy demand for the ,10+10 stereo amplifier developed and marketed by Tates Electronic Services Ltd. has 
resulted in greatly increased production and this in turn has enabled the makers to reduce the price of the complete 
kit to 38 guineas. Full details of the 10+10 will be sent on application to Tates Electronic Services Ltd., 3 Waterloo 
Road, Stockport, Cheshire. A construction manual is available at 12s. 6d. post paid. 
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SUGGESTED CIRCUIT No. 192 By G. A. FRENCH 

The writer was recently in- 
terested to read* that a "party 
trick" which can be carried 

out with a computer consists of 
using it to measure a person's 
reaction time. The subject looks at a 
screen and presses a button as 
soon as the word "now" appears, 
whereupon the computer then in- 
dicates the time that has elapsed 
before the button was pressed. It 
is stated that the average time for 
most people is about a quarter of 
a second. 

It occurred to the writer that it 
should be possible to design a 
simple low-cost instrument which 
could similarly function as a reaction 
timer, and the device to be described 
this month is the result of his 
investigations. Now that the party 
season is nearly upon us, this device 
can provide a useful novelty for 
the amusement of guests. It can 
also carry out the more serious 
function of convincing a car driver 
that after a few drinks his reactions 
are not, as he fondly imagines, 
speeded up but are actually slowed 
down. The reaction timer could 
also have applications for the study 
of reaction times under different 
conditions of stress, etc., but it 
must be noted here that the absolute 
calibration accuracy is not high 
and that the device should be used, 
preferably, for comparative measure- 
ments between one reaction time and 
another. 

The unit functions by causing a 
neon lamp to be suddenly illuminated, 
whereupon the subject presses a 
button. A meter then directly 
indicates the time elapsing between 
the illumination of the neon lamp 
and the pressing of the button. This 

* In Computers by K. N. Dodd, Ph.D., 
published by Pan Books Ltd. 

meter reaches full-scale deflection 
0.5 seconds after the neon lamp 
lights up, whereupon the average 
human reaction time of quarter of 
a second falls conveniently in the 
centre of the meter scale. The 
timing period is started by a second 
person, but it is also possible for 
it to be initiated by a relay in a 
time delay circuit. Costs have been 
kept to a low level by the omission 
of stabilising circuits in the power 
supply. Wide changes in mains 
voltage can, therefore, result in 
changes in the readings obtained. 

In the interests of simplicity of 
operation when in use, a small 
amount of non-linearity has been 
allowed in the meter circuit. This 
may, however, be cancelled out on 
final calibration, if so desired. 

Basic Functioning 
The basic operating approach used 

in the reaction timer is shown in 
Fig. 1. In this diagram, the act of 
closing the switch causes a high 
direct voltage to be applied to the 
neon lamp and its series resistor, 
and to a resistor in series with a 
push-button and a capacitor. The 

Push 
button 

I 

push-button breaks the circuit when 
it is depressed. Connected across 
the capacitor is a voltmeter which 
consumes negligible current. 

The process is started by closing 
the switch, whereupon the neon 
lamp becomes illuminated and the 
capacitor commences to charge via 
the resistor. The push-button is 
next pressed by the subject, with the 
result that the capacitor ceases to 
charge. The voltage across its 
plates can then be read at leisure by 
inspecting the voltmeter, which will 
thereby indicate the time which has 
elapsed before the button was 
pressed. An important feature of 
the system is that full-scale deflection 
in the voltmeter is very much lower 
than the applied direct voltage, 
whereupon the measurable timing 
period is limited to a small section 
at the start of the exponential 
charging curve for the capacitor. It 
can be assumed that this small sec- 
tion is sufficiently linear to be 
considered as a straight line, where- 
upon the voltmeter calibration may 
be converted to seconds by applying 
a simple multiplying factor. The 
values of the resistor and capacitor 

Scries neon 
resistor 

0 

High 
direct 
voltage 

Fig. 1. Circuit showing the basic operation of the reaction timer 
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in the charging circuit are such that 
the voltmeter reaches full-scale de- 
flection in 0.5 seconds. 

In the practical circuit, a voltage 
limiting device is connected across 
the capacitor to prevent the voltage 
across this component from rising 
to an excessively high value if the 
push-button is not depressed. 

The Practical Circuit 
Two main requirements have to 

be met in converting the basic scheme 
of Fig. 1 into practical form. The 
first of these is the provision of a 
high direct voltage and the second 
is the provision of a voltmeter which 
draws a very low current. The 
necessity for a high voltage argues 
the use of the mains for supply. 
If a mains supply is employed the 
use of a valve in the voltmeter 
circuit, as opposed to semiconductor 
devices, then becomes attractive. In 
the present design power is obtained 
from the mains and the voltmeter 
section employs a double-triode. 

The practical circuit is given in 
Fig. 2. When the main on-off 
switch, S3, is closed, the mains 
supply is applied to heater trans- 
former Tj, which feeds 6.3 volts to 
the heater of Vi. This valve is a 
double-triode type 12AT7, with both 
sections strapped together to form 
a single triode. As soon as the valve 
cathode has reached operating tem- 
perature the circuit is ready for use. 

The reaction timing period ■ is 
initiated by throwing S2. Section 
Safb) of this switch closes, allowing 
the mains supply voltage to be 
applied to neon lamp NEi and its 
associated series resistor, R5, with 
the result that this lamp becomes 
illuminated. The mains supply volt- 
age is also fed to silicon rectifier D3 
which allows positive half-cycles to 
be applied to the valve and to the 
timing section. 0 

At the same time as S2(b) was 
closed, 82(3) became open, removing 
an effective short-circuit (via low- 
value resistor Ri) from capacitor Q. 
Ci now commences to charge, on 
positive half-cycles from D3, via R2 
and the normally-closed push-button 
Si. The upper plate of Q is connec- 
ted to the grids of Vi with the 
consequence that, as the capacitor 
upper plate goes positive, so also 
do the grids, and cathodes of the 
valve. The cathode voltage is 
monitored by meter Mi, which forms 
the timing indicator for the instru- 
ment. The meter circuit will be 
considered in greater detail later. 

As soon as the subject sees that the 
neon is illuminated he presses the 
button, whereupon the capacitor 
ceases to charge, and an indication of 

Rs 2AT7 

NE 

45 
6€J 

d2 
OAZ 204 

IOOa 
R4 
25kn C, g R3 

200 ^ 
OAZ 
213 25kn 1+ 

M,(V 
O-l mA I 

C2 uF 
^2a 16V 20uF 

25V wka 

A.C mains 

Fig. 2. The practical circuit. R3 and R4 are replaced by fixed resistors 
after setting up 

the voltage across it may be read at 
leisure from the meter. If the 
press-button is released the capacitor 
commences to re-charge, allowing 
the meter to go beyond full-scale 
deflection. Any further positive 
excursion is stopped by zener diode 
Di, which becomes conductive when 
the voltage across Ci reaches its 
zener voltage. 

To re-set the instrument, 82 is 
returned to its previous condition. 
Contacts Soft,) open, switching off 
the supply to the neon lamp and the 
components supplied via D3. At 
the same time, contacts 82(3) close, 
discharging Ci via Ri, whereupon the 
circuit can be set in operation by 
throwing 82 once more. Resistor Ri 
is inserted in series with 82(3) to limit 
discharge current to a safe value. 

It will be noted that, although the 
charging capacitor and valve volt- 
meter circuits are powered by 
positive half-cycles only, the poten- 
tials at the grids and cathodes of V1 
are of the same "steady" order as 
would be given if a fully smoothed 
supply were applied. This is because 
the large-value timing capacitor Q 
appears between the grids and the 
lower supply line, and because the 
20nF capacitor, C2, appears between 
the cathodes and the lower supply 
line. 
The value required in R2 is found 

empirically. The process involved is 
extremely simple, and is discussed 
later. 

The Meter Circuit 
The meter circuit connected to the 

cathodes of Vi differs from the 
customary bridge arrangement nor- 
mally encountered in valve volt- 
meters. This is because it was 
desired to have a circuit which could 
be set up, once and for all, and then 
left alone without the need for any 
subsequent adjustments to zero the 
meter whilst the instrument is in 
use. Apart from their nuisance value, 
the existence of such adjustments is 
liable to give non-technical people 
the impression that reaction time 
readings given by the instrument are 
capable of being "fixed". 

The circuit shown in Fig. 2 is 
intended to give meter readings in Mi 
which correspond in linear fashion 
to Vi grid voltages (with respect 
to the lower supply line) ranging 
from zero to about 9 volts. Flow- 
ever, since Vi cathode current 
increases as its grids go positive, 
the potential difference between grids 
and cathodes changes, and the 
relationship between grid and cat- 
hode voltages varies in consequence. 
Nevertheless, by suitable adjustments 
in R3 and R4, it is possible to obtain 
a very nearly linear relationship for 
meter readings from about 0.05mA 
to full-scale deflection, and this is 
sufficiently accurate for the present 
purpose. The small discrepancies 
can, in any case, be taken up in the 
final calibration, if so desired. It is 
intended that, when the grids of Vi 
are at zero potential, the cathodes are 
positive of the supply line by the 
zener voltage of D2, with the con- 
sequence that minimum deflection is 
given in the meter. The main 
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12V « 

2 Lower supply line 
External voltmeter 

Fig. 3. The external circuit which is connected between the lower supply 
line and the grids of Vj for setting up R3 and R4. The potentiometer across 

the 12 volt battery can have any value between 5 and SOkLT 

functions of R3 and R4 are to take up 
tolerances in zener voltage in Dj. 
With the OAZ204 specified for this 
position, these are ± 5 %. 

The circuit is set up after the unit 
has been assembled in the following 
manner. Disconnect zener diode Di 
but leave capacitor Q in circuit. 
Push-button Si can also stay in 
circuit because, at this stage, R2 will 
not be fitted. Connect to the mains 
supply. Then, temporarily apply a 
monitored voltage to the grids which 
is capable of being varied from zero 
to 12 volts, as shown in Fig. 3. 
Operate S2 and S3. R3 and R4 are 
then adjusted so that, over the range 
0-9 volts, proportionate current 
readings are given in meter Mi. 
With the prototype it was found 
possible to obtain the correlation 
between external voltmeter and Mi 
readings which is shown in the 
Table and in Fig. 4. It will be noted 
that zero grid voltage in this case 
corresponded to a reading of 0.05mA 
in Mi. The process of setting up R3 
and R4 may appear to be tedious but 
in practice it is quite simple, and 
should not take longer than ten 
minutes or so. It is helpful to 
position the external voltmeter of 
Fig. 3 alongside meter Mi whereupon 
the .correlation between meter read- 
ings is more easily observed. If D2 is 
on its upper zener voltage tolerance, 
it may be preferable to work over 
a grid voltage range from zero to 9.5 
and if it is on its lower tolerance, a 
grid voltage range of zero to 8.5 may 
give best results. The actual grid 
voltage corresponding to maximum 
deflection in Mi is unimportant, 
provided that it is of the order of 
9 volts. 

The result shown in the Table 
and in Fig. 4 were obtained, in 
the prototype, with R3 set to insert 

about 7ka and R4 set to insert 
about 12kn. These two settings 
may be used as a starting point 
for readers' adjustments. Also, in 
the prototype full-scale deflection in 
Mi corresponded to 13 volts on 
the cathodes. 

After the optimum settings in 
R3 and R4 have been found, they 
may be replaced by fixed resistors 
having the same value. If the reader 
wishes to use the results in the final 
calibration, he can make up a 
similar Table to that given here. 

Components 
Some points need to be made 

next concerning the components. 
Ti can be any small heater trans- 

former, and its only function is to 
supply the valve with 6.3 volts at 
0.3 amps. 

The neon lamp NEi may be of 
any type, but it will obviously be 
preferable to use a large type which 
gives a reasonably bright light. 
Resistor R5 should have a value 
suitable for running the particular 
neon lamp employed from the 
mains supply voltage. Some neon 
lamps may already have R5 in- 
corporated integrally in the base, 
whereupon the external resistor is 
not required. A neon lamp is 
used instead of a filament lamp 
because it will become illuminated 
at full brilliance immediately 82(6) 
is closed. \ 

Diode D3 may be any silicon 
power supply rectifier having a p.i.v. 
of 400 or more. An OA210 would 
be suitable. In the prototype, the 
writer employed a BY 100 which 
happened to be on hand. 

The capacitor in the Ci position 
is an important component and it 
must have a very low leakage current 
so that it does not discharge too 

rapidly after Si is depressed. The 
writer used a Mullard miniature 
electrolytic capacitor here. This gave 
excellent results, and held its charge 
for a considerable period after 
push-button Si had been depressed. 
With the prototype, readings in 
Mi up to 0.6mA remained virtually 
unaltered for 30 seconds or more 
after Si had been depressed. At 
0.8mA, readings held steady for 
some 20 seconds, and at 1mA 
(f.s.d.) the meter reading remained 
steady for about 8 seconds, after 
which it gradually fell. To achieve 
results of this nature, the insulation 
of the components to which Q 
connects must be of a high order, 
and it would be preferable to use 
a good-quality moulded or ceramic 
valveholder for Vi. Excessive grid 
currents in the valve may have a 
noticeable effect on the charge in 
Ci. If these are suspected another 
valve should be tried. 

It is intended that S2 be operated 
by a second person, and it will 
be necessary for this switch to be 
thrown unobtrusively and without 
noise. A simple approach consists 
of mounting S2 at the back of the 
housing in which the unit is fitted 
whereupon it can be operated 
without the subject's knowledge. It 
is, of course, necessary for S2 to 
operate silently because the only 
stimulus received by the subject 
should be the visual one given by 
the illumination of the neon bulb. 
A 2-position Yaxley switch, with its 
indent ball removed would be a 
useful choice here. Its contacts 
should be capable of working at 
the mains potentials appearing in 
the S2(b) section. 

The meter Mi is a moving-coil 
0-lmA movement with, preferably, a 
large scale. It may be mounted on 
the front of the housing in company 
with the neon lamp, Si and S3. 

Setting Up 
The circuit should be assembled 

without R2 in circuit, after which 
R3 and R4 should be adjusted as 
described earlier. The values of 
R3 and R4 should not be subsequent- 
ly altered, this point being auto- 
matically satisfied if the potentio- 
meters are replaced by fixed resistors. 
We may now look upon Vi and 
the meter circuit as the voltmeter 
of Fig. 1, this giving full-scale 
deflection for a voltage across Ci of 
about 9 volts. 

Next, temporarily connect a re- 
sistor of about 500kn, and whose 
value is known accurately, in the 
R2 position. This will cause the 
timing circuit to function at a lower 
rate than that finally obtained, and 
makes testing easier to carry out 
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Voltage and Current Readings 
(Fig. 4). 9 

Grid Voltage Mi Reading 

9 1.0 
8 0.88 
7 0.76 
6 0.65 
5 0.53 
4 0.4 
3 0.3 
2 0.2 
1 0.11 
0 0.05 

1 / 
oi—^ . . . . . . . . . O OI 0-2 0-3 0-4 O-S 0-6 07 O-S 0-9 l-O 

M| reading 

Fig. 4. Graph showing the relationship between Vi grid voltage and M] 
current obtained with the prototype. Curve points are given in the Table 

Apply an external voltmeter be- 
tween the lower supply line and the 
cathodes of Vi. The voltmeter 
should be set for readings of 20 
volts maximum. 

Switch on S3 and allow the valve 
to warm up. Throw S2, whereupon 
the voltage on the cathodes of Vi 
will rise to the voltage corresponding 
to minimum deflection in Mi. 
Ci will now commence to charge, 
causing a continual increase in this 
cathode voltage. The reading in 
Mi will also increase and should 
eventually go off-scale at maximum. 
Shortly afterwards, the rise in 
cathode voltage (as observed in the 
external voltmeter) should halt 
abruptly, this indicating that zener 
diode Di has become conductive. 
If this abrupt halt does not occur, 
switch off S2(b) before too high a 
voltage is applied to Q and C2 and 
check Di and its connections. The 
OAZ213 specified has a spread 
from about 9.3 to 15 volts, and the 
halt in calhode voltage should 
occur at some 4 volts above the 
actual zener voltage. 

The external voltmeter connected 
to the cathodes of Vi may now be 
disconnected. Its function is merely 
to ensure that Di is functioning 
correctly. 

Run the circuit several times by 
operating S2 to ensure that Q 
becomes fully formed (as may be 
required if it has been in stock for a 
considerable period) then check 
that the reading in Mi remains 
reasonably steady whenever Si is 
pressed. Next, measure the time 
needed to obtain full-scale deflection 
in Mi. With the prototype this was 
found to be 9 seconds. If the time 
in seconds needed to achieve full- 
scale deflection in Mi is called t, then 
the value needed in R2 for a 0.5 
second timing period is 

present value of R2 x q 
t x . . 

In the prototype, the writer 
initially employed a close-tolerance 
500kn resistor in the R2 position. 
Since this gave a timing period of 9 
seconds, the final value needed in 
R2 for a 0.5 second period was 28kn. 

It will be noted that this approach 
involves no mathematics and allows 
for tolerances on value in Q. It also 
enables the required value in R2 to be 
found by the use of a timing period 
which can be readily measured with 
any watch having a second hand. 

When used in its final form, the 
timing period is too short to be 
evaluated in this manner. 

The instrument is now complete. If 
desired. Mi may be calibrated in 
units of time from zero to the full- 
scale deflection of 0.5 seconds. For 
higher accuracy, the results given in 
a Table such as the one reproduced 
with this article could be incorporated 
into the calibration. 

(continued on page 242) 

A.C mains 
To reaction 6-3V timer circuit 

91 n 
Oimiter) 

Relay 
contacts BY IOO 

(or similar) 
□1 

IOjjF 
350V wkq. 

lOOn 

I 

Fig. 5. A suggested circuit to provide delayed initiation of thb reaction timing 
period. Component values not shown are discussed in the text. Two relay contact 
sets {one normally closed and one normally open) are required, and these 

replace $2(3) and S2(b) of Fig. 2 
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1 

The EQC 18 Equipment Cabinet shown open with the new S 33 speaker 
enclosures on each side. Equipment installed: Leak stereo 30 amplifier, Leak 
tuner, Garrard 401 turntable, SME pick-up arm. 

Design Furniture's 

New Hi-Fi Equipment Cabinet 

At the beginning of this year Design Furniture Limited ran a competition 
for the design of hi-fi equipment cabinets. From the results of that competition 
their own design team has evolved this new compact cabinet of exceptionally 
neat appearance—the EQC 18. It will accommodate the majority of popular 
hi-fi equipment and is particularly suitable for transistorised equipment. 
This cabinet will satisfy the growing demand for a smaller and compact equip- 
ment cabinet as more transistorised equipment becomes available. The 
motorboard and amplifier top are interchangeable from left hand to right 
hand, and can be mounted in any position—flat, stepped or sloped. 

Most of the designs submitted to the competition were very similar to 
Design Furniture's existing range, or the cabinets were designed to meet 
the individual requirements of one particular hi-fi enthusiast. Originality 
was not much in evidence, and where present, tended to produce extremist 
designs which, although undeniably attractive to the individual, could com- 
mand only a very limited market. In the class for the smaller equipment 
cabinet many entrants reduced (often drastically!) the usual minimum dimen- 
sions to which we have adhered—thus restricting the variety of equipment 
which would be accommodated. Though the EQC 18 is a little larger than the 
original design submitted, it may still prove too small in some cases, but it 
will accommodate the majority of popular equipment. 

The EQC 18 is soundly made in Design Furniture's own factory at 
Calthorpe Manor, Banbury, Oxon, and is finished to an exceptionally high 
standard. It is available in two standard natural wood veneer finishes—walnut 
with rosewood fall front or natural oiled teak. It is 36Jin wide, stands 27Jin 
high (including 14Jin legs) and is 18fin deep. The approximate retail price 
is £25—at which price it seems a very acceptable piece of living room furniture. 

Society for Amateur 
Radio Astronomers 

Amateur interest in radio astro- 
nomy has shown a marked increase 
in recent years, and already quite 
an amount of reliable practical 
information has been published, 
enabling the keen amateur to make 
a start in this fascinating field. This 
magazine, for instance, as early as 
5 years ago published a series of 
articles which gave much practical 
information on radio astronomy. 
The articles were by that well known 
exponent Frank W. Hyde, F.R.S.A., 
F.R.A.S. 

It was with particular interest 
therefore that we learned of the 
formation of "The Society For 
Amateur Radio Astronomers". The 
objects of the society are to en- 
courage and help those wishing to 
build and experiment with their 
own radio telescopes, to bring 
together those interested in such 
projects and to publish information 
of value to amateur radio astrono- 
mers. 

The construction and use of an 
amateur radio telescope is a fairly 
complex matter, and as the promo- 
ters of the society point out, know- 
ledge of electronics and astronomy, 
and mechanical and radio con- 
structional ability are required to 
obtain a successful installation. 
Such projects are therefore very 
suitable for cooperative effort by 
students at schools and technical 
colleges. 

The society is to publish a journal, 
"Radio Sky", which is to contain 
papers on fundamental principles 
of radio astronomy, articles of a 
theoretical and practical nature, and 
news of the activities of members, 
etc. 

Further details and membership 
application forms can be obtained 
from—The Society For Radio Astro- 
nomers, 9 Sutherland Road, London, 
W.13. 

"Speed Hearing" 
Will Help the Blind 

After last month's news of a 
speech microscope, developed by 
Standard Telecommunications Lab- 
oratories Limited, we now give news 
of an American device which also 
removes portions of sound from 
the spoken word. 
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COMMENT 

BUTANE FUEL. 

Modified "Supa-Nova" Blow Torch 
Can be Used in Any Position 

A modification has been made to the "Supa-Nova" miniature blowtorch 
to enable it to be used with the flame pointing vertically downwards. The 
nozzle is now bent to a full right-angle, so that the body of the blowtorch 
need not be tilted below the horizontal. 

The "Supa-Nova" was introduced last year as the first blow torch which 
could be fitted to any standard butane or propane cigarette lighter gas refill. 
Large numbers have been sold in Britain and on the Continent. The flame 
develops a temperature of 1600°C and, at full power, is 3in to extreme tip 
and |in to blue tip. The torch without its gas supply is only 4Jin high, and 
comprises a burner nozzle, air and gas valves, and controls. 

The new model "Supa-Nova" will in future be supplied as standard and 
the price is unchanged at 45s. Enquiries to Henri Picard & Frere Ltd., 34/35 
Fumival Street, London, E.C.4. 

Tanks at the Flower Show 

This electronic device allows 
"speed hearing" of recorded speech 
at word rates comparable to very 
fast reading. 

Speakers who record for the 
American Foundation for the Blind 
speak at an average of 160 to 170 
words per minute. But persons 
with unusual reading skill read at 
double these rates, from 300 to 400 
words a minute. 

The device, developed by scientists 
of the Bell Telephone Laboratories 
in New York, is called a "harmonic 
depressor" because it doubles the 
rate of syllables without doubling 
the pitch of the speech. 

The device divides in half the 
frequency components in a voice 
recording while preserving the orig- 
inal time duration. By then doubling 
the speed of this "half-frequency" 
recording, the frequency components 
are restored to normal, resulting in a 
normal-pitch, double-speed play- 
back. 

The engineering division of the 
American Foundation for the Blind 
is now developing the device from 
the Bell Laboratories designs. 

"Silent" Noise Menace 
Noise is not always as straight- 

forward as loud music or banging 
machinery. There is ultrasonic noise 
which, put simply, is "silent." The 
best example is the dog whistle 
which we cannot hear, but which 
gets through to the animal. 

Ultrasonic noise can affect matter. 
The great tenor, Enrico Caruso 
could pitch his voice, not only to 
his audience's pleasure but to 
shatter a wine glass. 

The human ear cannot hear 
ultrasonic noise. It is pitched 
above 22,000 vibrations a second 
—the upper limit of man's hearing. 
It is employed by machines that can 
bore holes in glass without shattering 
it, and which can measure the 
thickness of steel plates. 

In Los Angeles, experts tackled 
the smog problem over the city 
with high frequency whistles. The 
sound collected particles of dust 
and water together until they were 
heavy enough to drop to the ground, 
dispersing the gloom. 

The above information appeared 
in Safety, the journal of The British 
Safety Council; the caption to our 
cartoon was taken from the same 
source. 

Under the above sub-heading, 
The Times recently, in its feature 
"As - it Happens", mentions an 
amusing exchange of messages be- 
tween an amateur transmitting sta- 
tion operated by members of the 
Chesterfield and District Radio 
Society at an open air show in 
Derbyshire, and a Russian amateur 
station in Vladivostock. 

The Russians asked "How many 
tanks and rockets are you showing?" 
The amateurs, a bit taken aback we 
guess, then had to explain, to the 
apparently somewhat incredulous 
Russians, that the show included, 
floral displays, a dog competition, a 
rabbit show, amusements for' the 
kiddies and athletics, but no tanks 
or rockets. 

Noise has been defined as 
"unwanted sound." When one 
considers pop music, it is 
obvious straightaway that one 
man's meat is another's poison. 
Rut whatever the personal 
taste, excess noise is harmful. 

\ 

>) 

■ 
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A ZTEKEO BALANC 

L. E. Hyman 
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This neat little unit enables accurate balance to be obtained in any stereo installation, and has 
the advantage of compensating for the acoustic characteristics of the listening room. 

The idea of stereo balancing has been the 
subject of considerable discussion, especially 
with regard to the many methods which 

are available and which may be purely electronic 
or may work from simple theoretical principles. 
The balancing unit described in this article offers 
a solution which has been evolved by the winter, 
and it will provide a balance regardless of possible 
differences in either amplifier or speaker character- 
istics on each channel. More important still, it 
gives an audio balance, and consequently compen- 
sates for acoustical peculiarities in the listening 
room. 

The Circuit 
The circuit, which appears in the accompanying 

diagram, is not original, and is in fact a "marriage" 
of two multivibrator circuits which appeared in 
previous issues of The Radio Constructor.1 The two 

1 H. T. Slingo, "Simple Transistor Square Wave Oscillator", The 
Radio Constructor, October 1961. M. Farnsworth, "A 'Flashing' 
Man", The Radio Constructor, January 1965. 

multivibrators are given by TRi and TR2, and by 
TR3 and TR4. TRi and TR2 run at around 1 kc/s, 
whilst TR3 and TR4 have a complete cycle of about 
0.5 sec. The TRi, TR2 multivibrator receives a 
supply only when TR3 is bottomed, thus an audio 
output is provided for 0.25 sec periods with intervajs 
of the same time. 

The two lamps, Li and L2, function as collector 
loads for TR3 and TR4 and also give a useful 
indication that the unit is operating. It will be 
noted that one of the output terminals is common 
with the negative supply rail. This should be 
connected to the "earthy" (i.e. chassis) input 
terminal of the amplifier being balanced. 

Operation 
To use the balancer, the two inputs of the stereo 

amplifier should be commoned and the output 
of the unit applied. A steady "peep-peep" will 
then be heard to the left or right of the centre 
position between the speakers. Operation of the 
amplifier balance control will centre these pulses 
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COMPONENTS 

Resistors 
(All i watt 10% unless otherwise stated) 

Ri 15ka 
R2 270k ft 
R3 47k fl 
R4 270kn 
Rs 47ka 
R6 15kfl 
R7 47k O (see text) 
R8 470ka 
R9 2kQ 
Rjo 2ka 
Rn 30t2 1 watt (see text) 

Capacitors 
Q ■ 0.005(xF 
C2 0.005(j.F 
C3 ().02;;F 
C4 200|iF electrolytic, 12V wkg. 
C5 200aF electrolytic, 12V wkg. 

Transistors 
TRj M ATI 01 
TR2 MAT101 
TR3 ACY18 
TR4 ACY18 

Miscellaneous 
Li, L2 6.5V, 150mA, m.e.s., with holders 
Si on/off switch 
9-volt battery 

If it is found that the output amplitude of the 
unit is too great for the particular amplifier input 
with which it is intended to be used, a reduction 
may be made by fitting a lower value in the R7 
position. 

oa 

■ 

The neot and compact version of the balance unit 
constructed by the author. The components are fitted 
to an insulated board measuring 3 x 1J ins. The on/off 

switch is not mounted on the board 

exactly, and the amplifier channels will then be 
acoustically balanced. 

The unit should flash steadily as soon as it has 
been assembled and a 9-volt supply applied. Also, 
a clear "peep-peep" should be heard when it is 
connected to the amplifier. If the audio tone is 
uneven, or rises sharply at the end of the pulse, 
adjust Rn slightly, either way.2 

As may be seen from the illustration, which 
shows the author's version, the whole unit may be 
made up in neat and compact form. As assembled 
by the author, the components were fitted to an 
insulated board measuring 3 x l|in, the two lamps 
being mounted in suitable holders on an aluminium 
bracket bolted to the board. This particular 
unit used two pairs of 100(j.F electrolytic capacitors 
in parallel for C4 and C5, as 200(j.F components 
were not to hand. Also, the on/off switch was 
fitted externally. 

2 This will, of course, affect the brightness of the lamps. A high 
level of brightness will be given if Rn is 20Q.—Editor. 

CAK ANYONE HELP! 

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

a reasonable period of time 

Tape Recorder.—A. Roberts, 1 Blackburn Row, Mirfield, 
Yorks.—made by "Granvox School Equipment", 
maker's address or circuit diagram. * ♦ * * 
1154 Transmitter and Power Unit.—P. Madden, 75 
Franks Avenue, New Maiden, Surrey—loan or purchase 
handbook, circuit, etc. * * * * 
R107 Receiver.—H. Stokes, 37 Baldock Road, Royston, 
Herts.—purchase (preferably) circuit or manual. * * * ♦ 
Transistor Radio.—C. Tomlinson, 73 Wellington Street, 
Matlock, Derbyshire—loan or purchase circuit of model 

GEC9812 (McMichael M112/SobeIl S312BT). * * * * 
Service C.R.T.—T. J. Kill, 81 Ashby Avenue, Chessing- 
ton, Surrey—information (connections and supplies) 
for this tube—No. CV2292/KB/K. + + * * 
Minimitter Top Band Receiver.—A. Corker, 5 West 
Crescent, Sunnyside, Nr. Rotherham, Yorks.—loan or 
purchase of circuit diagram for transistor receiver TR7. * + + * 
Valve Equivalents.—A. L. Dodd, c/o Mrs. Firth, 5 
Langshot Street, Glasgow, S.W.I—borrow or purchase 
commercial equivalent tables for CV and VT numbers. 
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Electronics and the 

Electric Guitar 

by Raymond Liffen 

Modifications to a simple electric guitar can result in a considerable 
increase in the range of sound it produces 

The guitar must surely be 
rated as one of the most adapt- 
able of musical instruments. 

From the same six strings that pro- 
duce the quiet beauty of Early 
English music or the wild excitement 
of Flamenco comes today's sound— 
amplified, strongly rhythmic and 
with a vast range of tone colours. 
It is with these tone colours that this 
article deals. 

There are two main types of 
electric guitar: solids and semi-acous- 
tics. The semi-acoustic retains at 
least some of the sound box that was 
the "amplifier" for the early guitars. 
Both types are usually fitted with two 
or more electro-magnetic pick-ups, 
since combination tones (resulting 
from mixing pick-up outputs to- 
gether) are usually more harmonically 
interesting than the tone from a 
single pick-up. A 2-pick-up model 
has one pick-up mounted near the 
bridge, giving a sound rich in har- 
monics. Rather more of the fun- 
damental comes from the other pick- 
up, which is mounted near the 
fingerboard. A third pick-up may be 
mounted between these two. 

Normal Circuitry 
The usual circuitry fitted by guitar 

manufacturers is fairly elementary 
with perhaps just a volume control, 
tone control, and a pick-up change- 
over switch. The electronics enthus- 
iast can easily improve such a guitar 
by juggling a little with the circuitry. 

A warning must be given, though. 
Only solid guitars can be modified in 

this manner. The semi-acoustic has its 
potentiometers and switches built-in 
when the instrument is made and 
they cannot, normally, be worked on 
without taking it to pieces. With 
most solid guitars one has the elec- 
tronics mounted on a "chassis" 
which forms part of the top of the 
guitar and is usually made of plastic 
or Perspex. By slackening the 
strings and lifting out the bridge 
the "chassis" can be unscrewed and 
removed. 

The next step is to work out the 
circuit diagram. The author's guitar 
is an early 3-pick-up solid, but the 
internal circuitry of current guitars 
is very similar. Fig. 1 shows the 

circuit of the author's instrument 
before modification. Si was the 
pick-up selector. In position 1 
it selected the bridge pick-up, 
in position 2 it selected all three 
pick-ups, and in position 3 it 
selected the fingerboard pick-up. 
Each pick-up had its own volume 
and top cut control and S2 cut 
down the output for rhythm, i.e. 
chord, playing. 

Fig. 2 is the circuit as modified 
by the writer. The place of Si 
has been taken by three separate 
d.p.d.t. toggle switches (though 
rotary Yaxleys could be fitted, if 
preferred). These give the facility 
that makes all the difference—phase 
reversal. Normally, two pick-ups 
are connected in phase so that 
their fundamentals add together; 
this gives good bass but there is 
often a slightly "woolly" effect. 
A lead guitarist does not want a 
lot of bass, which is supplied by 
the bass guitar. The lead instrument 
should "stand out". By paralleling 
two pick-ups out of phase the 
fundamentals cancel out completely, 
leaving a tone lacking in bass 
but having an undeniable crispness. 
When the third pick-up is added, 
in or out of phase, the effect is 
even more marked and the number 
of possible pick-up selections rises 
very considerably. If toggle switches 
with a centre-off position are ob- 
tained and fitted, so much the 
better; easier selection is achieved. 

In the modified circuit the volume 
control is retained for each pick-up, 
but most of the tone controls have 
changed. Top cut is left on the 
fingerboard pick-up but the bridge 
pick-up has variable bass cut in- 
stead, these controls emphasising 
the important elements in the 
respective pick-ups. (Paradoxically, 

Fingerboard pick-up. \ 
A-   

Centre pick-up 
A 

'oai 

Bridge pick-up 

00X 
pF 0-5 UF OS O-S 

:Mn Mn IOO Mn IOO 

X 

I 
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zsokn S| - 3-poie,3-way 
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w'j   Output 

Fig. 1. The circuit originally employed in the author's guitar 
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Fig. 2. The circuit after modification 

the bass cut control will increase 
bass with phase reversal!) 

Quick changes in output level 
can be made by S7, which is one 
section of the old Si. The resistor 
chain gives three useful volume 
levels which could be categorised 
as soft rhythm, pounding rhythm 
and lead. 

The tone control has been removed 
from the centre pick-up, and a 
6-position 2-pole Yaxley switch 
now controls the output. This 
provides three degrees of bass 
cut and two degrees of treble cut, 
and is especially useful for correcting 
undesirable amplifier characteristics. 

A further possible modification 
(not shown in Fig. 2) consists of 
fitting a switch which causes all 
three pick-ups to be applied direct 
to the output socket. The idea 
behind having "all pick-ups full" 
is the production of distortion. If 
the guitar output is fed to a small 
transistor pre-amplifier before the 
main guitar amplifier, overloading 
of the first, high-sensitivity, stage 
of the main amplifier takes place 
with the full pick-up output, and 
the clean sound of the pick-ups 
with phase reversal and bass cut 
can be changed to a deep muddy 
roar as a special effect in some 
tunes. Owing to differences in 
amplifier and pick-up performance, 
this represents a change in the 
experimental category. 

Practical Points 
Making the holes for the new 

switches can be somewhat trouble- 
some because the plastic panel 
to which they will be mounted 
may be brittle. With Perspex 
and similar materials an ordinary 
drill, which has a positive rake on 

its cutting edge, will tend to dig 
in and cause fracture. The plan 
employed by the author is, whilst 
using a drop of oil as lubricant, 
to drill a small hole (which will 
not fracture a large area of the 
material) then enlarge this with a 
tapered tool of square cross-section 
or by twisting a pair of tapered 
scissors. 

The writer's guitar was fairly 
lavishly supplied with controls before 
modification, and space was no 
problem. But, on some guitars, 
little space may be available. In 

such a case it might be worth 
scrapping all the tone controls and 
replacing them with the phase 
reversal switches. Treble boost 
and bass cut control circuits may 
then be added to the guitar amplifier 
itself to achieve that crisp twangy 
sound so much sought after by 
lead guitarists. 

Pick-ups differ, and it may be 
found that the best sound comes 
from a different set of component 
values. Remember, however, that 
a guitar sounds only as good as 
the amplifier it feeds. 

dca ELECTRONICS LTD 

CATALOGUE 

dca Electronics Ltd. have pleasure in announcing their 
1967 Electronics Catalogue, which is now available. 
This catalogue will comprise a wide range of component 
parts, kits, hi-fi equipment, valves, transistors and special 
services, etc., and is aimed at providing a time saving 
shopping medium, at highly competitive and in some 
cases much reduced prices. The catalogue will be available 
price 1s. from dca Electronics Ltd., 28 Uxbridge Road, 
Ealing, W.5. 

cartoonsmile 
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'Is he supposed to hum on that record, or is it the mains?" 
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UNDERSTANDING 

>imfle Stag * 

Kadio Keceiver 

ZtiVlC 

by IV. Morley 

IN LAST MONTH'S ARTICLE WE COMPLETED OUR 
description of the first constructional project 
which is intended to illustrate, in practice, the 

theoretical points which have been discussed 
previously in this series. This project was a general 
purpose power supply unit with a heater output at 
6.3 volts and an h.t. output with a niminal voltage 
of 250. 

In this month's issue we introduce a simple three- 
stage receiver which may be powered by the supply 
unit and which offers loudspeaker reception of 
signals on long waves, medium waves and on a 
short wave band ranging from some 5 to 15 Mc/s 
(60 to 20 metres). The description of the receiver's 
construction will be completed next month, after 
which the "Understanding Radio" articles will 
revert to technical matters for several issues in 
order to deal with r.f. (radio frequency) amplification. 
We will then recommence the constructional 
projects, the first of these being the addition of an 
r.f. amplifying stage to the receiver which is now to 
be described. 

The Receiver—General Points 
Before commencing a detailed examination of 

the circuit of the receiver, a number of general 
points need to be raised. 

As with the power supply unit which formed the 
previous constructional project, this receiver is 
constructed on a chassis made up from prefabricated 
Lektrokit chassis construction parts. This approach 
means that the metal-working required in construc- 
tion is negligible, and that the major part of the 
work is dovoted to wiring and soldering only. There 
is no necessity to bend panels, cut out valveholder 
holes or carry out any other of the somewhat 
tedious tasks which are involved in the preparation 
of a normal chassis. The use of Lektrokit chassis 
parts will be of particular advantage also to those 
who have limited metal-working facilities. With 
the present design a price has to be paid for this 
convenience, and the completed receiver is some- 
what larger in size than would be given if it were 

assembled on a chassis specifically designed for it. 
The only basic tools that are required are screw- 
driver, pliers, side-cutters, soldering iron and a 
small hacksaw to cut the potentiometer spindles 
to correct length. With the prototype, the author 
ran into a slight difficulty which involved the use 
of another tool. It was found that the tapped 
grub screw holes in the knobs specified had proud 
edges on the internal surface of the knob bush, 
whereupon these proud edges had to be taken off 
with a file before the knobs could be fitted on the 
control spindles. If the reader encounters the 
same difficulty he will also require a small round 
file capable of entering the knob bushes. 

Other points applicable to Lektrokit chassis 
parts, and to general construction and wiring 
practice, were given in the preceding two articles, 
and need not be repeated here. 

The receiver which forms the present construc- 
tional project is capable of providing good quality 
loudspeaker reproduction of local medium and 
long wave transmitters, together with entertainment 
value reproduction of the more powerful short 
wave transmitters. But it must be emphasised 
that station selection is achieved with the aid of 
a single tuned circuit only, and that, even though 
reaction is employed, the selectivity offered cannot 
possibly be as good as is given by the conventional 
superhet circuit employed in commercially made 
domestic receivers (and which, typically, has some 
five tuned circuits—some with critical coupling— 
to select the signal required). So far as the question 
of selectivity is concerned, it must be remembered 
that one reason for setting up the f.m. chain of 
stations in the U.K. was the difficulty of obtaining 
complete medium wave coverage over the country 
(with superhet receivers) due to interference from 
Continental transmitters. The sensitivity given 
with the present receiver depends mainly upon the 
aerial employed. In most localities acceptable 
results with local stations should be given with 
about eight yards of lighting flex "strung around 
the room" to act as an aerial, whilst longer and 
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more favourably-placed aerials will in some cases 
give improved results. With the prototype, the 
local medium wave and 1500 metre Light programme 
transmissions were received well and gave adequate 
volume at a pleasant quality level. 

The Circuit 
The circuit of the receiver appears in Fig. 1, 

and it will be helpful to examine this by proceeding 
from right to left in the diagram. 

The power supply connections are obtained by 
way of the octal plug. In the practical version this 
is fitted at the end of a 4-core flexible lead, and 
it plugs into the output octal socket in the power 
supply unit which formed the preceding construc- 
tional project. All the remaining components 
in Fig. 1 are mounted on the receiver chassis. 
The 6.3 volt heater consumption in the receiver 
is 0.75 amps (0.3 amps for V! and 0.45 amps for 
V2) and the heater supply may be obtained from 
single pins in the octal plug. It will be recalled 
that the octal plug pins are rated at 1 amp maximum 
and that it is necessary to use two or more in parallel 
for currents above this figure. The actual octal 
plug pins employed here are 1 and 8. 

In the power supply unit, pin 5 corresponds to 
h.t. negative and chassis, and it will be seen that, 
in Fig. 1, pin 5 connects to the chassis of the receiver. 
Thus, inserting the plug into the power supply 
socket enables an h.t. negative connection to be 
obtained and ensures that both chassis are con- 
nected together. Pin 4 connects to the h.t. positive 
output of the power supply unit. There is no 
smoothing capacitor in the power unit, and this 

function is carried out by Cu in the receiver. Since 
Cn is also required to offer a low source impedance 
to the receiver circuits, it is fitted on the receiver 
chassis to enable short wiring to be provided to 
these circuits. 

The a.f. output valve is V2 and this feeds into the 
loudspeaker via output transformer Tj. V2 is a 
beam tetrode and is a valve type which we have 
not yet considered in this series. For the present, 
we may say that it is a valve specifically designed 
to operate a loudspeaker when an a.f. signal from 
a voltage amplifier is applied to its grid. It was 
considered worthwhile incorporating this type of 
valve in the design, despite the fact that its operation 
has not yet been explained, because it enables good 
loudspeaker reproduction to be obtained despite 
the relative simplicity of the remainder of the 
circuit. We shall discuss the output transformer 
when we come to consider the components employed. 
The valve employed for V2 introduces some distor- 
tion, which results in the appearance in its anode 
circuit of spurious harmonics of the signal applied 
to its grid. These harmonics are largely second 
harmonic with an appreciable amount of third 
harmonic and, unless suitable precautions are taken, 
will result in an apparent "shrillness" of the re- 
produced sound. Reduction of this "shrillness 
is achieved by connecting C9 and R9 in series 
across the primary of Ti. The reactance offered 
by C9, and hence the impedance offered by C9 
and R9 in series, reduces as frequency increases, 
with the result that the higher audio frequency 
currents tend to be partly bypassed by these two 
components. In consequence, the higher a.f. 
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Fig. 1. The circuit diagram of the receiver. The three stages are given by a grid leak detector, an a.f. voltage amplifier 
and an a.f. output valve 
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COMPONENTS 

Resistors 
(All fixed values i watt 10% unless otherwise stated) 

Ri 25k£1 potentiometer, carbon track, linear 
R2 IMa 
R3 75kfl 1 watt 
R4 180kn 
Rs lOkH 
R6 lOOkfl 
RT 3ka 
Rs 250kfl potentiometer, carbon track, log 
R9 lOkfl 
Rio 470kn 
Ru 240£1 1 watt 

Capacitors 
(All fixed values 350V wkg. unless otherwise stated) 

Ci 310pF, single or two-gang (see text) 
E. Gang variable capacitor, Cat. No. 4507 
(Jackson Bros. Ltd.) 

C2 lOOpF silver mica 
C3 50pF silver mica 
C4 2ixF electrolytic, 150V wkg. 
C5 200pF silver mica or ceramic 
Cg 0.01 (xF paper or plastic foil, 150V wkg. 
C7 12(xF, 6V wkg. 
c8 0.01 (J.F paper or plastic foil 
C9 0.005(j.F paper or plastic foil 
C10 25jj,F electrolytic, 25V wkg. 
Cji 32(xF electrolytic, wire-ended 

Inductors 
Li Miniature Dual Purpose Coil, Green, 

Ranges 1, 2 and 4, as required (Denco) 
Tj Output transformer to match 5,0000 to 

speaker. Cat. No. T05 (Home Radio 
(Mitcham) Ltd.) 

Valves 
V] 12AU7 or ECC82 
V2 6BW6 

Sockets 
3 B9A valveholders with centre spigots 

Screws, Nuts 
42 6BA cheese- or binder-head screws, iin. 

3 6BA cheese- or binder-head screws, Jin. 
3 6BA cheese- or binder-head screws, 1 Jin. 

48 6BA nuts 
6 6BA washers 

Miscellaneous 
1 Knob type K403, black (Bulgin). Cat. No. KN71 

(Home Radio (Mitcham) Ltd.) 
2 Knobs type K402, black (Bulgin). Cat. No. 

KN77 (Home Radio (Mitcham) Ltd.) 
I Tuning drive and scale. Tuning drive type 2154 

fitted with "C" scale, Cat. No. 2154/C (Jackson 
Bros. Ltd.) 

1 Barrier (Terminal) strip, 12-way 5 amp 
(Radiospares) 

4 6BA solder tags 
1 Jin. grommet 
2ft. thin flexible screened lead 
4-core flexible power cable 
Connecting wire, solder, etc. 

Lektrokit Chassis Parts 
All Lektrokit parts are available from Home Radio 
(Mitcham) Ltd. Those marked with an asterisk (*) 
are available in quantities of 10 or 12. 

2 Side Plates No. 1. Part No. LK-301 
2 Chassis Plates No. 1. Part No. LK-111 
2 Chassis Plates No. 2 Part No. LK-121 
2 Chassis Rails. Part No. LK-201 

*4 Tagstrips 5-way. Part No. LK-2231 
*6 Spacers No. 2. fin. Part No. LK-2521 
*1 Plastic Clip No. 3. Part No. LK-2831 (or 

suitable alternative for securing power lead) 
*5 Insulators, Lead-Through, No. 1. Part 

No. LK-2021 

Note Radiospares components may be obtained 
through retailers only. 

harmonics become attenuated and the subjective 
impression to the listener is that the "shrillness" 
is cleared and the overall response made more 
pleasing. Despite the somewhat rough-and-ready 
approach involved in the use of a filter of this 
nature, this circuit approach is very common in 
domestic reproducing equipment employing a single 
a.f. output valve, and it provides quite acceptable 
results for this class of service. R9 and C9 may 
be described as forming a top-cut filter, the term 
"top-cut" inferring that the higher (top) audio 
frequencies are attenuated. Top-cut filters working 
on a similar principle may be fitted at other points 
in an a.f. amplifier or in the a.f. amplifying stages 
of a receiver, if so desired. 

The signal applied to the control grid (pin 2) 
of V2 is obtained, via Cg, from the anode of voltage 
amplifier Viq,). Standard resistance-capacitance 
coupling is used here, as was described in "Under- 
standing Radio" in the August 1965 issue. It will 
be noted that the anode load of Viq,), Rg, is con- 
nected to the same h.t. positive point as the primary 
of the speaker transformer. This method of con- 
nection is quite satisfactory in equipment of this 
nature. Smoothing capacitor Cn presents a low 
impedance to audio frequencies across the h.t. 
supply connection common to both the valves, 
and reduces to a negligible level any unwanted 
coupling via this common connection. In domestic 
equipment which employs a single output valve 
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preceded by a triode voltage amplifier, it is very 
common practice to return both anode loads to 
the h.t. positive supply which is given immediately 
after the smoothing capacitor. 

It may be added that if a further voltage amplifier 
were added, before Vi(b), it would become desirable 
to incorporate an h.t. decoupling circuit as shown, 
in generalised form, in Fig. 2. In this diagram 
the output valve and the voltage amplifier which 
immediately precedes it are run from the same 
h.t. supply connection as before, whilst the added 
voltage amplifier has an h.t. supply which is de- 
coupled from the smoothed h.t. supply by the 
decoupling components shown, these consisting 
of a resistor and capacitor. The capacitor has a 
relatively large value (of the order, usually, of 
2 to 12(jlF) and offers a low impedance at a.f. The 
result is that any small changes at a.f. which may 
appear on the smoothed h.t. positive line, and which 
will be due to the output valve, are dropped across 
the resistor in the decoupling circuit and are not 
passed to the anode circuit of the added voltage 
amplifier. 

Vi(b), in Fig. 1, is one half of a double-triode 
type 12AU7. This valve is also manufactured 
under the European coding ECC82, and either 
type may be employed in the receiver. A 12AU7 
is chosen because it provides a triode, for the 
Vi(a) position, which functions satisfactorily in a 
grid leak detector circuit employing reaction. 
Vifb) then become conveniently available as a 
voltage amplifier. 

The signal to Vm,) grid is taken from volume 
control Rs, which regulates the level of the a.f. 
signal provided by Vi(a). Rg is a component 
having a log track1. It is necessary to employ a 

1 That is, the resistance between the slider and the starting end of 
the track varies, approximately, as the logarithm of rotation as the 
shaft is turned clockwise. 

potentiometer having a log track for the volume 
control because human perception of sound in- 
tensity judges changes in intensity along a geometric 
progression as being changes along an arithmetic 
progression. Thus, relative sound intensities in 
the progression 1:2:4:8 are perceived, in terms of 
aural sensation, as changes in the progression 
1: 2; 3; 4: The use of a volume control with a log 
track gives the subjective impression of smooth and 
gradual change in sound intensity as it is rotated, 
and it is standard practice to use volume controls 
of this type in a.f. amplifier circuits. 

Fig. 1 shows that the wiring to the upper end of 
the track of Rg, and to its slider, is screened. The 
reason for this is that, in the practical version of 
the receiver, layout considerations require that 
fairly long leads are run to Rg. There is sufficient 
a.f. amplification after the grid of Vi(b) for any 
50 c/s hum picked up by these leads (due to such 
possibilities as stray capacitive coupling to the 
heater wiring) to be reproduced at audible level 
by the loudspeaker. This capacitive coupling is 
prevented by the screening. Had the volume control 
been positioned close to the components to which 
it connects, and well away from heater wiring, 
the leads to its terminals need not have been screened. 

The Detector 
Vi(a) functions as a leaky-grid detector with 

reaction. The detected signal, in company with 
an amplified version of the r.f. signal applied to its 
grid, appears at Vi(a) anode, whereupon the filter 
given by Cg, Rg and Cg ensures that negligible r.f. 
voltage appears at the junction of C5 and R5. The 
a.f. signal appears across R5 and R4 in series, the 
component values being such that a high proportion 
of the a.f. appears across R4. This a.f. signal is then 
applied, via Q, to the volume control, Rg, and 
thence to the grid of V(b). 

HT + 

Anode 
load 

Anode 
load 

Speaker 
transformer 

Decoupling 
components 

ij Smoothing 
■ capacitor 

Voltage 
amplifier 

Voltage 
amplifier 

Output 
va ve 

Fig. 2. In a simple a.f. amplifier it is possible for the speaker transformer primary and the anode load of the 
voltage amplifier which immediately precedes the output valve to be returned to the same section of the h.t. line. 
If a further voltage amplifier precedes the two valves just mentioned, decoupling components should be interposed in the 
h.t. supply to its anode load. In this simplified diagram, only anodes and control grids are shown in the valve envelopes 
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Side plate No.l 
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Chassis rail 
LK-20I 
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Chassis plate No. 2 
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Chassis plate Nal' 
LK-MI 

Chassis rail 
LK-20I 

REAR 
Fig. 3. The first step in construction. The chassis is assembled, using prefabricated Lektrokit components, in the manner 

shown in this view of the top 

A control of reaction is provided by means of Ri, 
to whose slider the upper end of R4 is connected. If 
the circuit is examined it will be seen that the winding 
of Lj between terminals 2 and 5, together with Q 
forms the tuned circuit, whilst the winding between 
terminals 3 and 4 provides a feedback winding 
which couples to the anode of Vi(-a) via C3. We 
thus have the circuit for a tuned grid oscillator. Ri 
may then be adjusted to provide the anode of Vi(a) 
with a voltage which is just below that needed to 
cause oscillation to occur, and Ri thereby functions 
as a reaction control.2 

It will be noted that the reaction control circuit 
also provides decoupling for the anode load of V^a) 
along the lines illustrated in Fig. 2. Rj and the 
section of R] track above the slider provides the 
series resistance, whilst C4 provides the bypass 
capacitance to chassis. 

The reaction circuit of Fig. 1 was chosen, in 
preference to a circuit employing a variable reactance 
capacitor, because it offered the most consistent 
control over the fairly wide range of frequencies at 
which the receiver works and the various aerials 
with which it will be used. It suffers from the slight 
disadvantage that, at frequencies where only a low 
setting in Ri is required, Vi(a) offers a reduced level 
of a.f. amplification. However, it was felt that the 
provision of reliable reaction outweighed this 
disadvantage. 

The aerial coupling coil is provided by the winding 
of Li between terminals 8 and 9. An earth connec- 
tion, to the receiver chassis, is also shown. However 
an earth connection is by no means essential in 

2 See "Understanding Radio" in the August 1966 issue. 

practice, and the receiver may be operated with an 
aerial only. 

Components 
We have just referred to the various windings 

in coil Li. Lj is a Denco Miniature Dual Purpose 
Coil, of the type which may either be wired per- 
manently into a circuit or plugged into a B9A 
valyeholder. In the present receiver the plug-in 
facility is employed, and the number references 
in Fig. 1 then apply to the valveholder pins into 
which the coil is inserted. Three coils may be used, 
the appropriate coil being plugged in for the tuning 
range required. The coils are intended for use with 
a tuning capacitor having a nominal value of 300pF3, 
whereupon a Range 1 coil is designed to cover the 
range of 150 to 500 kc/s (2,000 to 750 metres), a 
Range 2 coil to cover 515 to 1,545 kc/s (580 to 194 
metres) and a Range 4 coil to cover 5 to 12 Mc/s 
(60 to 20 metres). It will be found, with the present 
receiver, that the high frequency end of each range 
extends slightly higher than the figures just quoted; 
this is due to the fact that these figures assume the 
presence of a trimming capacitor across the tuning 
capacitor, and a trimming capacitor isjiot included 
in the present design. Such a capacitor will, however 
be added when the r.f. stage, to be described in a 
later article in this series, is fitted. 

Tuning capacitor Cj may be either a single-gang 
component or one section of a two-gang capacitor, 
as specified in the Components List. Readers who 

3 The actual tuning capacitance specified by Denco (including stray 
wiring capacitances, self-capacitance in the coil, and trimming capaci- 
tance) should vary from 39 to 352pF to provide the ranges quoted 
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do not intend adding the r.f. stage may fit the single 
gang capacitor. If the two-gang component is 
fitted, its unused section will be brought into circuit 
when the r.f. stage is added. 

As may be seen from the accompanying photo- 
graph, a fairly large dial and drive assembly is used, 
the scale being calibrated from zero to 100, with 
space for further calibration by the constructor. 
Any other suitable slow motion drive and scale may 
be employed if the constructor so desires, but the 
one specified is particularly useful for tuning on the 
short wave band. It should be mentioned that it is 
supplied with a glass window and escutcheon which 
may not be employed in the present instance unless 
the constructor intends to house the receiver in a 
cabinet. It is also possible, of course, to use alter- 
native knobs to those specified. 

Output transformer Ti is a robust high-grade 
component which provides outputs at impedances 
of 2.5, 8 and ISO. A 3ft speaker may be connected 
to the 2.5ft output. If it is desired to use an alter- 
native speaker transformer, this should have a primary 
capable of passing 50mA and a turns ratio which 
allows a primary impedance of 5kft to be stepped 
down to the impedance of the speaker employed. 
The most usual speaker impedance likely to be 
employed is 3 ft, whereupon the required turns ratio 
is equal to the square root of the impedance ratio, 

viz. = 40 approx. A 40 :1 transformer will 

therefore be adequate with a 3ft speaker4. The 
4 Impedance transformation and the required turns ratio was 

discussed in "Understanding Radio" in the July 1963 issue. 

6BW6 employed in the Vj position is a B9A equiva- 
lent to the octal-based 6V6, and a transformer 
described as being suitable for use with a single 6V65 
will also be suitable with the 6BW6. 

Any speaker of the requisite impedance may be 
employed, but best results will be given by a fairly 
large speaker, say 6in. cone diameter or more, 
fitted in a cabinet of reasonable size to give good 
reproduction of bass frequencies. 

All the fixed resistors are i watt, with the exception 
of Rn and R3. Ru has a value of 240 ft and passes 
about 50mA with the consequence that, from 
P=I2R, the power it dissipates is 0.6 .watts. The 
1 watt resistor specified gives a reasonable safety 
margin. The 75kft resistor, R3, appears in series 
with the 25kft potentiometer, R], across the h.t. 
supply, which has a nominal value of 250. A 
current of 2.5mA flows through the total lOOkft 
provided by those two resistors in series, whereupon 
dissipation in R3 becomes approximately 0.5 watt 
and dissipation in Ri becomes approximately 0.15 
watt. In practice, dissipation in Ri will be a little 
higher than 0.5 watts due to the small anode current 
flowing in Vi(a) (which is limited by the high value 
of R4) and a 1 watt resistor is specified here. The 
dissipation in Ri is sufficiently low to enable a 
carbon track potentiometer of standard dimensions 
to be employed. A carbon track potentiometer will 
also give smoother control of voltage, and hence 
reaction, than some wirewound types. 

5 As opposed to two 6V6,s in a push-pull circuit. 

(continued on page 232) 

A front view of the completed receiver. The section to the left of the tuning capacitor will, later, be used for an r.f. 
amplifying stage. 
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The "conway" superhet receiver is presented 
here for those readers who are emerging, as 
it were, from the t.r.f. stage of receiver 

construction and who wish to undertake a more 
advanced design. The ability to read, and correctly 
interpret, a circuit diagram is assumed, no point-to- 
point diagrams being given. 

The design incorporates 5 valves of the B9A based 
type and a diode detector. The 100 kc/s crystal 
oscillator is, of course, optional but the writer 
considered its inclusion a worthwhile addition to 
the circuit, in that its use allows accurate alignment 
of the various band edges, etc. 

The double-tuned i.f. stage (in V2 anode circuit) 
provides additional selectivity over that obtained 
from a single i.f. transformer. Nevertheless, IFT3 
could be dispensed with by those who do not 
consider the extra expense involved worthwhile, 
even though this is small. The complete design can 
therefore incorporate several alternatives according 
to the available cash or requirements of the intending 
constructor. 

The "Conway" design is for a semi-communica- 
cations type receiver covering the long, medium and 
two short wave bands. The specified wavelength 
coverage, when tuned by a variable capacitor 
having a 500pF "swing", is from 16 to 2,000 metres, 
but this coverage is altered slightly by the inclusion 
of bandspread capacitors. The individual ranges 
are: long wave, 800 to 2,000 metres (375 to 150 kc/s); 
medium wave, 194 to 550 metres (1.546 to 545 kc/s); 
short wave 1, 50 to 160 metres (6 to 1.85 Mc/s); and 
short wave 2, 16 to 50 metres (18.75 to 6 Mc/s). In 
practice, the actual frequency ranges obtained will 
be, as just mentioned, slightly lower in frequency 
than those quoted, this being due to the additional 
bandspead capacitors and the stray capacitances 

introduced by their inclusion in the circuit. The loss 
of frequency coverage mainly occurs at the 18.75 
Mc/s end of the highest frequency range and is not, 
in itself, of any great consequence. With a receiver 
of this type, and even if an extended range is provided, 
the use of a converter is generally preferable for 
best results at frequencies above 18 Mc/s or so. 

All the components used in this receiver are 
modern types of the best quality and are currently 
obtainable on the market. It is not advisable to 
incorporate surplus items into a design of this 
nature. 

On the rear chassis apron, a power outlet supply 
socket has been included in order to provide supplies 
for a converter, where required, or for other ancil- 
lary equipment such as a pre-selector, etc. With 
the h.t. tap between R21 and R22 connected to pin 4 
of the power outlet socket, as shown in the circuit 
diagram, a current of approximately 25mA at a 
voltage of 250 is available with the crystal oscillator 
switched out of circuit. The total power consump- 
tion of the receiver, under no-signal conditions 
(with the aerial disconnected and the function 
switch at a.m.) is 48mA at approximately 200V, the 
latter being the main h.t. line voltage. For those 
therefore who require a lower h.t. tap at the power 
outlet socket, this merely entails removing the 
outlet socket tap to the junction of R2X and C22. 
The total rated output of the power supply is 75mA. 

Circuit 
From the circuit diagram shown in Fig. 1, it will 

be seen that the receiver comprises an ECH81 
frequency changer, EF183 i.f. amphfier, OA79 
detector, ECL83 audio amphfier and power output 
EZ81 full-wave rectifier and an EF80 crystal 
oscillator. 
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The colours of the various leads shown around 
Vi are those of the coilpack connections, yellow 
representing the coilpack chassis connection (see 
Fig. 5). Switch Si(a), p,), (c), (d) is fitted integrally 
with the coilpack, and only one coil is shown in 
the aerial and oscillator positions for reasons 
of clarity. There are, in fact, four coils in each 
position, these being selected by Si. 

The signal from the aerial input socket is fed, 
via Si(a), to the selected primary winding of Li 
and is then coupled to its secondary winding. 
This latter winding is tuned by the parallel band- 
set and bandspread capacitors (€2(3) and €3(3)) 
the selected signal being passed to the control 
grid of Vj via the a.g.c. blocking capacitor Q. 
Automatic gain control voltage is fed to this stage 
via the resistor Rg from the a.g.c. line. Grids 
2 and 4 (pin 1) receive a positive potential via the 
resistor Rj, these grids being bypassed to chassis 
via the capacitor Q. The anode of the heptode 
(pin 6) receives h.t. via the decoupling resistor 
R2 and the primary winding of IFTj, C7 being 
the bypass component to chassis. Grid 3 (pin 7) 
of the heptode is connected externally direct to 
the triode grid .(pin 9). 

The triode anode (pin 8) is connected to the 
h.t. line via the resistor R3, and to the oscillator 
feedback coil via Cg, R4 and switch Si(d). The 
triode grid obtains leaky-grid bias via the resistor 
Rs, this component being connected between the 
grid and the cathode (pin 3). Cathode bias for 
the heptode section is supplied by C4 and R7. 
The triode grid tuned circuit is tuned by the band- 
set and bandspread variable capacitors C2(b) and 
Cgfb) respectively, and the padder capacitor P 
(this latter component being an integral part of 
the coilpack), the grid being coupled to the tuned 

circuit via the capacitor C9. The resistor R4, in 
the triode anode feedback circuit, ensures that 
optimum conversion conductance takes place over 
the entire frequency coverage without "squegging". 
The resultant i.f. signal is now passed, via IFTi, 
to grid 1 (pin 2) of V2. An a.g.c. voltage is supplied 
to V2 via the secondary winding of IFTi. 

The circuit of V2 incorporates an EF183 frame- 
grid variable-mu r.f. pentode, the high gain of 
which is taken advantage of to offset the slight 
insertion loss caused by the inclusion of IFT3. 
This latter component is wired "back-to-back" 
with the more normally connected i.f. transformer 
IFT2, top coupling being effected by the low-value 
capacitor C12. With the method adopted here, 
a considerable degree of improvement with regard 
to selectivity is achieved at the least possible cost. 
Bias is provided via the components R23, R12 
and C25, this being made variable by the inclusion 
of the variable resistor R12. With the circuit 
values shown, R12 effectively controls the gain 
of this stage. 

An h.t. potential is applied to grid 2 of V2 (pin 
8) by way of Rio, this being bypassed to chassis 
via the capacitor Qo- The anode supply is via 
the decoupling resistor Rn and the primary winding 
of IFT2, their junction being bypassed to chassis 
via C11. The internal screen of the EF],83 (pin 
6) is connected to chassis. The secondary of IFT2 
is coupled into the primary of IFT3 via the top- 
coupling capacitor C12. The amplified i.f. signal 
is next fed, via the secondary winding of IFT3, 
to the diode detector and the r.f. filter comprised 
of the components R13, C13 and C14, any residual 
r.f. present being bypassed to chassis. Resistor 
R14 is the diode load, the a.g.c. line being decoupled 
by Rs, R9, C5 and Cig. The detected a.f. signal 
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Ippi-Siit 
•1 

SI 

The above-chassis view of the "Conway" receiver. 
At bottom, from left to right, are Vj, handset capacitor, 
IFT2, IFT3, bandspread capacitor, V3 and pilot light 
assembly. Left to right, above, /FTi, Vj, main smoothing 
capacitors C23, C24, Vs and mains transformer Tj. 
At the top left-hand corner are the vacuum mounted 

100 kc/s crystal and V4 

is now passed to the volume control R15, via the 
d.c. blocking capacitor C15. 

The following stage, V3, is constructed around 
the ECL83 triode pentode which functions firstly 
as an audio amplifier, given by the triode section, 
and secondly as a power amplifier, given by the 
pentode section. Cathode bias for the first section 
is supplied by way of the components Rie and 
C17 and for the pentode section by R19 and Qg. 

Capacitor C21 connects the output of the triode 
anode to the headphone jack, this method being 
preferable to taking the headphone output direct 
from the anode of the pentode section. With the 
latter method, heavy bursts of audio may become 
painfully loud when operating the receiver at 
high gain across some of the broadcast bands. 
Capacitor Qi must be rated at 350V at least, 
in order to allow a margin of safety when the 
phones are in circuit. The insertion of the head- 
phone plug into the jack automatically mutes 
the loudspeaker. 

The amplified audio signal from the triode 
section is taken, via capacitor C19, to the grid 
(pin 9) of the pentode section of the valve, R20 
being the grid leak. Tone correction is obtained 
by including the capacitor C20 between the pentode 
anode and chassis. The resistor R24, connected 
across the speaker transformer secondary winding, 
has been included in order to prevent high a.f. 
voltages appearing across the primary winding 
when the speaker is disconnected by inserting 
the phones into their socket. 

The power supply stage, (V5), is built around 
an EZ81 full-wave rectifier having a double re- 
sistance/capacitance filter, R22, C23, C24 and R21, 
C22. A pilot on/off indicator light, PLi, is inserted 
between the 6.3V 3A line and chassis, the pilot 
lamp assembly being mounted on the front panel. 
The a.c. mains on/off switch is an integral part 
of the volume control R15. 

The 100 kc/s crystal filter stage, V4, includes 
an EF80 in a Colpitts oscillator circuit and provision 

is made for slight adjustment of the operating 
frequency by means of the pre-set capacitor C28. 
The output from the oscillator stage is fed direct 
to the aerial input socket via the coupling capacitor 
Qe- 

The function switch S2(a), (b) operates in the fol- 
lowing manner. At position 1, (standby), no h.t. 
is applied either to the crystal oscillator or to the 
frequency changer Vj. At position 2, (a.m.), 
the crystal oscillator is inoperative whilst Vi is 
connected to the h.t. line. On position 3, (calibrate), 
the crystal oscillator is also switched on by con- 
necting the h.t. potential to the anode circuit of 
V4 via S2(b). 

The coilpack and i.f. transformers specified for 
this circuit are supplied pre-aligned and only 
small adjustments, to allow for the various stray 
capacitances, are required. 

The front cover illustration shows the panel 
layout of the "Conway" receiver. The controls 
bottom left to right, are bandswitch, i.f. gain, 
function switch, audio gain and on/off, and phones. 
The left hand dial is that of the handset and the 
right hand dial that of the bandspread capacitors. 
Top right is the pilot light on/off indicator assembly 
whilst to the top left is the "Conway" motif, the 
latter being obtainable at any Woolworth store 
button counter! 

Construction 
The front panel measurements are shown in 

Fig. 2 (a), the panel having an overall measure- 
ment of 14 x Sin. The holes marked A, B, C, D 
and E are all -fein diameter. The first hole, A, 
is for the bandswitch, B is for the i.f. gain control, 
C is for the function switch, D is for the audio 
gain control and on/off switch, and E is for the 
phone jack. Holes F and G are for the handset 
and bandspread spindles respectively and these 
should also be of fe in diameter. Reference should 
be made to Fig. 2 (d) for the remainder of the 
drilling details required for these last two holes, 
so that the two dials may be fitted correctly at a 
later stage. 

The pilot lamp assembly and the "Conway" 
motif drilling measurements are not given here, 
such details depending upon the actual types of 
fitment obtained. In the prototype, the pilot light 
assembly hole is positioned lin from the right 
hand edge of the panel and Ijln down from the 
top of the panel, the hole being of a size to fit the 
assembly. The motif can, of course, be secured 
to the panel after it has been painted (or cellulosed) 
by means of one of the contact adhesives. 

Having proceeded this far, the next step is to 
place the front panel against the chassis and clamp 
these two together in exactly their final positions. 
The two edges" and bottom of both panel and chassis 
must be square and level. A centre-punch should 
now be used and a mark made in the centre of 
holes A to E. Remove the panel from the chassis 
and drill holes of the same diameter. The holes 
in the chassis should now coincide with those on 
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CO 
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Hole 4BA clearance . 1 
No. 26 drill   >— 

- 0 630* 

7 TOP VIEW 

REAR VIEW 

- Centre of spindle of coaiponen: 

Fig. 1 (o). Pone/ drilling details. (See text) 
(b). Chassis drilling details. (See text) 

(c) Hole positions on the rear apron 
(d). Drilling details for fitting the handset and bandspread dials, together with their associated slow motion drives 
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Fig. 3. Side and plan views of the aluminium platforms required for the 
(a) handset two-gang capacitor and (b) bandspread two-gang capacitor 

the panel, although a small amount of filing may 
probably be necessary in order to finally line up 
the chassis holes with those of the front panel. 

The main drilling details for the chassis deck 
are shown in Fig. 2(h). Holes H. K, M, O and Q 
are for V|, V3, V2, V5 and V4 respectively. The 

3/|4:ti: /I6dia 

/I5 dia 
17/32 

78 dia 

Fixing 
(a) 

G O O 

O2 
0 

SO 

i 0 * (H) 

Underside view 
Cb) 

Fig. 4 (a). The i.f. transformer drilling details 
(b). Underside view of the i.f. transformers 

holes for these valveholders have a diameter of 
|in. Hole N is for the smoothing dual-capacitor, 
C23> C24, and should have a diameter of 1 iin. 
Holes I, J and L should next be marked, these 
being the centre holes for the i.f. transformers 
IFT2, IFT3 and IFTi respectively. Drilling details 
for the i.f. transformers are shown in Fig. 4 and 
care should be taken by the constructor to ensure 
that the orientation of these transformers is correct 
with respect to pin numbers, bearing in mind 
the shortest possible routing of the connecting 
wires to anode and grid circuits. Hole P is for the 
crystal socket and should have a diameter of 
fin. 

Fig. 2(c) shows the details for the chassis rear 
apron, holes R, S and T being for the a.c. mains 
inlet grommet (iin diameter), power outlet socket 
(Ifin diameter) and aerial input socket (^in dia- 
meter) respectively. 

The mains transformer T2 should next be placed 
on top of the chassis deck at rear right, and the 
required holes marked using the component itself 
as a template. Rubber grommets Qin diameter) 
will be required for the leads to be fed below the 
chassis deck. Similarly, the output transformer 
Ti should be used as a template on the chassis 
side apron. See illustrations for the positions of 
these latter two components. The speaker output 
Paxohn socket strip is also positioned on the chassis 
side apron, alongside the output transformer. 

In order that both the handset and bandspread 
capacitor spindles line up with the appropriate 
holes drilled in the front panel, these two com- 
ponents must be mounted on small platforms, 
details of which are given in Fig. 3 (a) and (b). 
The components themselves should be used as 
templates for marking the fixing holes, 4BA nuts, 
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Fig. 5. Coilpack rear view showing the various connection points. Yellow is the coil pack earth, (connect to chassis); 
blue is the oscillator coil tuned circuit lead, via Sj(c), (connect to CjOj). C3(b), and Cg); red is the oscillator coil feedback 
lead, via Skj), (connect to R4); green is the lead from Si(b), (connect to C1, €2(3) and C3(a)), and black is the lead from 

Si(a). (connect to aerial input socket and Cjff) 
bolts and shakeproof washers being used for fixing 
purposes. Fig. 3 (a) shows that two small rubber 
grommets are required in the platform deck for 
Ci(a) (b) to take the two leads through to the under- 
side of the chassis. Similarly positioned holes, 
with grommets, are needed in the main chassis 
also. On the right hand side of the metalwork 
shown in Fig. 3(a) there is a small cut-out section 
to allow for the mounting of the IFT2 transformer 
and this cut-out should be (in deep. Once the 
drilling of these platforms has been completed, 
bend along the lines as shown so that the final 
form is as in the side elevation shown below each 
plan view. 

With the drilling details now completed, it only 
remains for the main components to be mounted 
in position, the panel being secured to the chassis 
by means of the control bushes and nuts common 
to both items of metalwork. It should be noted 
that the valveholders for Vj and V4 are fitted with 
skirts and screening cans. 

Wiring-up 
The usual precautions with respect to wiring-up 

a design of this nature should be taken, and all 
wiring should be as short and direct as possible. 
Each valveholder centre spigot should be con- 
nected to an adjacent earthed solder tag and the 
valveholder for V2 should have a small metal 

screen soldered across the holder in such a manner 
that the grid is effectively isolated from the anode, 
the screen itself being earthed to chassis. The 
screen may be cut from thin tinplate, being soldered 
to the centre spigot. 

In the prototype, as may be seen from the illustra- 
tion of the underside of the chassis, various sized 
tagstrips were used to accomodate most of the 
resistors and capacitors. The fixed vanes of the 
two variable capacitors are wired in parallel, with 
the wires passing direct from one to the other 
above the chassis deck. 

Conclusion 
Once the wiring, testing and alignment has been 

completed, the latter following standard procedure, 
the only remaining rask is to finish the front panel 
by (a) cleaning with petrol, (b) applying two coats 
of quick drying enamel or cellulose in the preferred 
colour (c) fitting the dials and knobs and (d) apply- 
ing the appropriate Panel Sign transfers—see 
front cover illustration. 

The receiver will be found to perform very well 
over the entire frequency coverage and the later 
addition of a pre-selector as an external unit, 
together with the possibility of a b.f.o. stage in- 
cluded as a modification to the existing design, 
will provide the enthusiast with a basis for a listening 
station capable of giving endless hours of enjoy- 
ment and pleasure. □ 

DECODER UNIT FOR STEREOPHONIC BROADCASTS 
Following the extension of stereophonic radio broadcasting by the B.B.C., Mullard is making available to set 

manufacturers a compact stereophonic decoder unit for incorporation in transistor receiver designs. 
The unit, LP1167, the latest in the range of Mullard circuit modules, is fully-screened and requires only to be fed 

by a 14V power supply to give the necessary separation of the left and right channel information contained in the stereo- 
phonic signal. It is suitable for use with most types of ratio detector or similar circuits. The module has negligible insertion 
loss, very low noise and distortion, and may be left in circuit during normal monophonic reception. 
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untuned r.t. pre-nmplifier 

by N. Fox 

Our contributor, who lives in South Africa, gives 
details of an r.f. pre-amplifier which provides 
enhanced reception conditions on the short wave 

and broadcast bands 

The untuned r.f. pre-amplifier described 
here, and whose circuit is given in the accom- 
panying diagram, took exactly fifteen minutes 

to assemble and about the same time to insert in 
the radio, which is a mains operated valve model 
with medium and short wave bands. The com- 
ponents are mounted on a 5-way tagboard which 
is bolted to the tuning capacitor near the frequency- 
changer. 

The input lead connects to the aerial socket, 
whilst the output lead connects to the aerial lug 
on the wavechange switch. 

The writer has an indoor aerial slung across a 
room and, where he lives, is lucky if he can receive 
the three local stations with, possibly, a fourth 
at night. When the pre-amplifier was added, 
however, the entire 200 to 550 metre band came 
alive as, also, did the 40 to 120 metre band. 

As will be seen, there are no tuning components 
in the circuit at all, and the transistor obtains 
its power from the h.t. supply in the receiver. 
None of the leads are screened. 

Editor's Note 
When checked by ourselves on a receiver operating 

from a short aerial, the circuit caused a significant and 
useful increase in signal strength to be achieved. How- 
ever, the amount of signal strength increase is liable to 
vary according to receiver aerial input coupling arrange- 
ments. If the receiver has a "bottom-end" aerial input 

UNDERSTANDING RADIO (continued from page 223) 
The octal plug shown in Fig. 1 is, of course, part 

of the power supply unit with which the receiver is 
to be used. 

It will be noted that six Lektrokit Spacers No. 2 
are specified in the Components List, and these 
may be spacers left over from the package required 
for the power supply unit. The same applies to the 
four tagstrips. 

A final point concerning components has to do 
with the barrier (terminal) strip specified in the 
Components List. This is a moulded flexible 
polythene terminal block which may be cut into 
sections, as required, with a knife or small hacksaw. 
In the present design, 2-way and 4-way sections are 
employed for aerial and earth, and for speaker 
connections respectively, these being cut from the 

17 
X 

KJOkn lOOkn TD Receiver 
' chassis 

OCI70 
c> 

v: Input 
OOluF 

Output SOOpF Shield 470kn 
4-7kn 

330kn HT+ VvW 

OCI70 
Lead-outs 

( 200-250V') 

The circuit of the untuned r.f. pre-amplifier. This is 
inserted between the aerial and the receiver aerial 

input terminal 

coupling circuit, it may prove helpful to increase C2 
to around 5,000pF. 

The voltage across the transistor is kept at a low level 
by the emitter current flowing through R5 and, in our 
circuit, with 225 volts applied, the voltage at the junction 
of R4 and Rj was 4 volts positive of chassis. To obviate 
the risk of accidentally damaging the transistor, due to 
incorrect wiring, etc., it is advisable to initially couple 
R5 to a positive voltage considerably lower than that 
of the receiver h.t. supply and check the voltage at the 
junction of R4 and R5. This voltage should be read with 
a meter having a resistance of IMD or more. 

A practical difficulty which may not, at first sight, 
be apparent, is that if mains a.c. voltages of sufficient 
amplitude appear at the base of the transistor, these 
could cause emitter current to reduce on positive half- 
cycles and an excessive voltage to appear across the 
transistor. Such an eventuality could occur (in the 
worst case) if, with an a.c./d.c. receiver, the receiver 
chassis was at live mains potential and the aerial had a 
low leakage resistance to earth. This risk could be 
obviated by replacing Rj with an r.f. choke. The risk 
will not occur if the receiver chassis is reliably earthed. 
With long aerials, Ci should be reduced to around 1,000 
or SOOpF. q 

12-way section. The 5 amp strip has fixing centres 
at 0.37in., which enable the 4-way section to be 
secured at two points to a Lektrokit Chassis Plate. 
Incidentally, terminal strips of the same general type 
are readily available at quite low cost on the electrical 
counters of the popular stores. 

Chassis Assembly 
The first step in assembling the receiver is to make 

the chassis. Fig. 3 gives a top view of the 
assembled chassis, and it will be seen that this 
consists of standard Lektrokit parts. All fixing is by 
means of 6BA ^in. screws and bolts. It should be 
mentioned that the Chassis Plate No. 2 at the right 
hand side in the diagram does not, with the present 
design, take any valveholders or major components. 
These will be fitted later when the r.f. stage is added. 

Next Month 
In next month's issue, we shall give full details of 

construction and wiring for the receiver. Q 
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An interesting new series of fully transistorised 
amateur radio transmitting and receiving 

equipment. 
Much interest has been aroused amongst 

radio amateurs by the appearance on the 
market of a solid state transmitter suitable 

for mobile or fixed station use and the announce- 
ment of a matching receiver, both designed for use 
from a 12 volt source of direct current, and for 
operation in the "Top Band" channel of amateur 
radio transmission frequencies. 

Produced by Contactor Switchgear (Electronics) 
Ltd; the C.S.E. 2A10 as it is designated, has a whole 
list- of interesting features. As is natural with 
transistorised equipment, diminutive size is the first 
feature to catch the eye and as can be seen from our 
illustration, this is a really small, but well constructed 
unit, making it ideal for mobile and portable use. 
Despite its small size, it will easily produce the 10 
watts input permitted on Top Band. The total 
drain of the C.S.E. 2A10 at 11 to 14 volts d.c. is 
just over 1 amp on a.m. and just under 1 amp on 
c.w. This is in very pleasing contrast to the many 
amps usually taken by similarly powered equipment 

■ - 

using valves, the low current consumption opening 
up a wide field of possibilities of new locations to be 
explored for portable use, which have hitherto been 
inaccessable because of heavy battery loads. Two 
very useful accessories are available; one being the 
MM2 microphone, specially designed to exclude 
extraneous noise and leave the hands free; the other 
being an integrally tuned, instant mounting mobile 
aerial, which provides an extremely efficient, r.f. 
radiator for the transmitter. There is to be a 
companion receiver released in the near future, the 
C.S.E. 2AR, and the two units will then complete a 
truly ideal installation for use in home, car, caravan, 
boat or rucksack—in the latter case operation being 
possible from two 6 volt lantern type batteries or the 
new Ever-Ready TV1 12 volt pack. 

On test, the transmitter has proved to be suffi- 
ciently stable to work other stations using s.s.b. 
gear. C.W. contacts have been made from the centre 
of England with Scotland and the Channel Islands 
from a stationary car using the aerial mentioned, 
and a.m. contacts have been made from the same 
location with stations on the South Coast regularly. 
An interesting feature is that the design is such 
that overmodulation is impossible and when dis- 
played on a c.r.t., the r.f., a.f. and modulation 
envelopes are seen to be strictly sinusoidal. 

Contactor Switchgear Electronics are to be 
congratulated on having persevered in developing 
this equipment, which sets a new fashion in amateur 
radio transmitting gear and puts at a reasonable 
price, the latest techniques in transmitting within 
the reach of any amateur radio operator. Our 
regular readers will know that we have been to the 
fore in this magazine in describing transistorised 
gear both for the home constructor and of a com- 
mercial nature, and also we are keen advocates of 
the full use of the Top Band amateur frequencies. 
We are therefore very pleased to have the oppor- 
tunity of describing this equipment to our readers, 
which we can thoroughly recommend to any who 
wish to equip themselves, either for home use or 
for portable or mobile operation, with the most 
modern equipment in the field of amateur radio 
transmitting. Further details and prices can be 
obtained from Contactor Switchgear (Electronics) 
Ltd., Moorfield Road, Wolverhampton, Staffs, 
mentioning this magazine. P* 
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As we are reminded from time 
to time there is, despite the 
present preoccupation with 
transistor receivers, a lively 
interest in bringing the earlier 
a.m. valve mains radios up to 
full working order. These 
receivers are capable of very 
good results and, this month, 
Smithy discusses some simple 
modifications which can often 
result in an even better 

performance 

" I "\lD YOU HEAR," ASKED DICK, 
I J about the chap who couldn't 

tell putty from margarine?" 
"No I didn't," answered Smithy. 

"What happened to him?" 
"His windows fell out!" 
"I do not," commented Smithy, 

"wish to know that. Kindly leave 
the Workshop." 

A contemplative silence fell on the 
pair. 

"I only wish I could," said Dick 
after some moments. 

"Could what?" 
"Leave the Workshop," replied 

Dick irritably. "Dash it all, Smithy, 
we've been sitting here twiddling our 
thumbs and doing nothing for over 
quarter of an hour now." 

"That's the way it goes in this 
game, my boy," said Smithy. 
"Sometimes it's all rush and some- 
times it's dead quiet. Before you 
know what's happening, the van 
will be round with another load of 
sets and you'll then be grumbling 
because you've got too much to do." 

Valve Radios 
"Perhaps you're right," conceded 

Dick. "Anyway, it looks as though 
I'll be doing more work at home this 
evening than I've been doing here 
during the day." 

"How come?" 
"One of my aunts has presented 

me with an old long, medium and 
short wave mains radio," replied 
Dick, "and I'm going to do it up 
a bit. She says it's worn-out, but I 
should think there'll be plenty of 
life left in it if I give it a good old 
going-over." 

"Very probably," agreed Smithy. 
"Incidentally, it's funny that you 
should raise the subject because I 
get quite a lot of queries on these 

older valve a.m. radios. The non- 
technical types seem to think that, 
because they use valves instead of 
transistors, they can't give as good 
a performance. In practice, a well- 
designed four-plus-one superhet can 
give a performance which is better 
than quite a few of the transistor 
a.m. radios that are knocking about 
these days." 

"Four-plus-one?" 
^ "Four-plus-one," repeated Smithy. 

"The design of valve a.m. radios 
stabilised after the war into a line-up 
which consisted of four valves plus 
the rectifier, and the sets acquired 
the name 'four-plus-one' as a result. 
The general line-up in these receivers 
is frequency changer, i.f. amplifier, 
double-diode-triode and output pen- 
tode. Plus the rectifier. (Fig. 1 
(а)). The frequency-changer is 
usually a triode-heptode of the 
ECH81 type, whilst the i.f. amplifier 
is a straightorward variably-mu r.f. 
pentode. The diodes of the double- 
diode-triode give signal and a.g.c. 
detection whilst the triode section 
acts as a.f. voltage amplifier feeding 
the output pentode. A dead simple 
line-up, and one that works jolly 
well, too." 

"Didn't some of the later sets," 
queried Dick, "have a triode-pentode 
for a.f. amplification?" 

"That's right," agreed Smithy. 
"When triode-pentodes like the 
ECL82 appeared on the scene, 
largely as a result of their introduc- 
tion for TV sets, they were also 
employed in a.m. radios. The 
usual line-up then has three valves 
plus the rectifier, instead of the earlier 
four valves. There's a frequency- 
changer, as before, this being 
followed by a double-diode-pentode 
of the EBF89 class. A variable-mu 
r.f. pentode provides the pentode 
section, and the two diodes give, 
signal and a.g.c. detection. The 
third valve is the triode-pentode, 
the triode of which acts as a.f. 
voltage amplifier, whilst the pentode 
functions as output valve." (Fig 1 
(б)). 

"Whenever I think of these triode- 
pentodes," said Dick, "I always 
seem to identify them with the 
vertical timebase and output circuits 
of TV sets." 

"That's because those are the 
circuits," replied Smithy, "in which 
they require most frequent replace- 
ment. The pentode section loses 
emission and you get insufficient 
vertical scan. A triode-pentode 
which doesn't give sufficient vertical 
scan will still give quite good results 
in an a.f. amplifier circuit, though, 
because the operating conditions are 
not so stringent." 

"Fair enough," commented Dick. 
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AC/DC mains - 

H.T rectifier 

H.T 

Aerial 
input _ 

Frequency - changer I.F amplifier 
Signal detector 

A.GC. detector 
A.F amplifier 

A.F output 

-<1 
Loudspeaker 

AGO. 
(a) 

AC/IX mains - 

H.T rectifier 

Aerial 
input 

Frequency-changer 

H.T 

I.F amplifier 
Signal detector 

A.G.C. detector 
A.F amplifier 

A.F output 

Loudspeaker 

A.G.C. 
(b) 

F'S- 1 (o). The general line-up of a conventional tlfour-plus-one,, radio receiver (b). The use of a triode-pentode in the a.f. stages allows a line-up of the type shown here to be employed. The a.g.c. 
voltage developed at the a.g.c. detector is applied to the i.f. pentode in the same "block" 

"Well, it looks as though I'll have a 
pretty easy job getting this old 
set of my aunt's working properly." 

"You shouldn't have too much 
trouble," agreed Smithy. "Nearly 
all the post-war a.m. mains radios 
had quite simple circuits whereupon, 
if you're going to give them an 
overhaul, the obvious things to 
look for are dried-out electrolytics, 
leaky grid coupling capacitors in 
the a.f. section, scratchy volume 
controls, and things like that. 

What will probably be of more 
interest to you is that you can quite 
often improve their performance 
by carrying out a few mods here and 
there. Such mods are mainly 
applicable to sets made before 
printed circuits were introduced 
because wiring changes are involved, 
and I must hasten to add that you 
want to get the set in full working 
order before you start carrying them 
out. There's no point in making 
changes to a set which isn't working 

properly." 

Modifications 
"I see your point," commented 

Dick. "What sort of mods do 
you have in mind?" 

"To start off with," said Smithy, 
"one of the weaknesses of these 
sets is that the anode circuits of the 
frequency-changer heptode, i.f. amp- 
lifier and triode voltage amplifier 
are all bypassed to chassis by a 
single electrolytic capacitor, which 
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also functions as smoothing capaci- 
tor. The output valve screen-grid 
will also be returned to this capacitor 
and, sometimes, the output valve 
anode as well. (Fig. 2 (a)). More 
frequently, the output anode will be 
returned to a point in the smoothing 
circuit which is closer to the rectifier 
cathode, whereupon an output trans- 
former with a tapped primary is 
often used. (Fig. 2 (b)). This 
tapped primary ensures that any 
ripple current present flows to the 
output anode in one direction and 

to the remainder of the receiver 
in the other direction, whereupon 
two opposing fields are set up in 
the output transformer and largely 
cancel out the ripple applied to the 
speaker. However, I don't want 
to deal with the a.f. side for the 
moment, as the first modification 
I want to talk about is in the i.f. 
section." 

Smithy settled himself more com- 
fortably on his stool. 

"To get really good results from 
an a.m. radio," he continued, "you 

want an i.f. response that is nice 
and symmetrical on either side of 
the centre frequency. Now, the 
single bypass capacitor across the 
h.t. lines is bound to offer some 
impedance at i.f., especially when 
you remember that it's an electrolytic 
capacitor. There will also be some 
impedance offered by the wiring in 
the h.t. circuit between the i.f. 
transformers and this capacitor. 
All this means is that there's a 
common impedance in both i.f. 
transformer primary circuits, where- 

Smoothing resistors 
\ 
AA/W- 

H.T rectifier 

1st I.F 
transformer 

2nd I.F 
transformer 

i=] 

£ 

a) 

Smoothing resistors 

WvV 
ww 

H.T rectifier 

To remaining 
anode loads 

(b) 

Fig. 2 (a). In a valve a.m. superhet it is conventional practice to return the first and second i.f. transformer primaries, the 
a.f. voltage amplifier anode load resistor, the output valve screen-grid and the speaker transformer primary to a common 
bypass capacitor. This is the left-hand smoothing capacitor shown here. A single resistor and two electrolytic capacitors 

may also be encountered 
(b). Very frequently, the anode of the output valve is coupled to a point in the h.t. filter closer to the rectifier 
than the remaining anode loads. If a single smoothing resistor is used, as in Fig. 7 (o), the output anode may connect directly 

to the rectifier cathode 
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Additional components 
4-7kn 

H First IF transformer 

HT+ 

Fig. 3. In some receivers an improved i.f. response may be obtained by 
inserting additional decoupling components in the anode circuit of the 

frequency-changer heptode 

upon some feedback must occur. 
If the common impedance is suffici- 
ently high, this feedback could 
affect the overall i.f. response and 
make it difficult to get a really 
symmetrical curve. The first mod 
obviates the common impedance, 
and it consists of putting a simple 
decoupling circuit in series with the 
h.t. feed to the heptode section of the 
frequency-changer. A resistor of 
around 4.7kO and a capacitor of 
O.lfiF will do the trick." (Fig. 3.) 

"In other words," said Dick, 
"you're adding just the sort of de- 
coupling that you'd get, say, in the 
i.f. stages of a communications 
receiver." 

"That's the idea," confirmed 
Smithy. "I can't guarantee any 
significant improvement in i.f. res- 
ponse by the addition of this 
decoupling circuit, because the orig- 
inal performance depends on the 
value of the common impedance 
presented by the electrolytic smooth- 
ing capacitor and the h.t. wiring. 
Nevertheless, the mod can do no 
harm and, in some sets, it may 
result in a noticeable improvement." 

"Won't the added decoupling 
resistor," objected Dick, "cause a 
reduction in anode voltage to the 
heptode?" 

"It's bound to," said Smithy. 
"But the heptode anode only passes 
about 3mA under no-signal condi- 
tions when minimum a.g.c. voltage 
is present. So you'll only lose 
some 15 volts from an h.t. line which 
will normally be of the order of 200 
to 250 volts. There's another 
dodge of the same type, too, which 
you can try out in sets where the 
screen-grids of the i.f. pentode and 
the frequency-changer are connected 
together." (Fig. 4 (a)). 

"Hey?" interposed Dick. "This 
is a new one on me!" 

"It shouldn't be," chuckled 
Smithy. "It's a very common circuit 

technique. The screen-grids share a 
single dropping resistor from h.t. 
positive and a single bypass capaci- 
tor. It's worth trying the effect of 
inserting a second decoupling circuit 
between these two screen-grids, 
using another 4.7kn resistor and 
0.1 (xF capacitor. (Fig. 4 (h)). The 
common dropping resistor still goes 
direct to the heptode screen-grid, 
and the 4.7kfi resistor is then 
inserted between this screen-grid 
and that of the i.f. pentode. There 
are now two bypass capacitors and 

these should connect to their respect- 
ive screen-grids and to chassis by 
short wiring. Incidentally, the addi- 
tional 4.7kn is inserted in series 
with the screen-grid of the i.f. valve 
because that is the screen-grid 
which draws less current." 

"I'll definitely have to try out 
these mods," said Dick. "It looks 
as though I'm going to have quite 
a busy evening." 

"I think," warned Smithy, "that 
I'd better repeat what I said earlier 
on. Don't try any mods before 
you've got the set in normal working 
order. And don't forget that the 
two decoupling mods I've just 
mentioned aren't guaranteed to 
effect an improvement in i.f. re- 
sponse. Nevertheless, they do make 
the i.f. decoupling a little more 
respectable, whereupon there is a 
better chance of getting a good 
response." 

"Can I," asked Dick, "borrow the 
signal genny tonight ?" 

"What for?" 
"To line up the i.f. transformers 

in this set I'm going to fix." 
"You can take it if you like," 

replied Smithy carelessly. "But it's 
pretty easy to do the i.f. alignment, 
after the mods have been carried 
out, with received signals. This 
assumes that the i.f. transformers 

HT+ 

Feed resistor 
Frequency- 
changer r-J I.F amplifier 

Bypass 
capacitor 

X 

HT+ 

4-7kn 
vw 

O-luF Additional components 

Fig. 4 (a). A common technique consists of supplying the screen-grids of 
the frequency-changer heptode and i.f. pentode by way of a single feed 
resistor and bypass capacitor. A typical value for the common feed resistor 

is 22kCl, and 0.1 piF for the bypass capacitor 
(b). Adding a decoupling circuit between the two screen-grids 
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are already on, or very near to, 
their correct frequency. What you 
do initially is to turn the volume up 
to full, find a station on medium 
or long waves that's just barely 
audible and tune it in accurately. 
You should then be putting a signal 
into the i.f. transformers which is 
either on, or close to, their correct 
frequency. All that remains is to 
give a final little trim-up by adjusting 
the transformers for maximum level 
of the weak signal. You can get an 
idea of the response curve which 
results from this process by next 
tuning in the Light Programme on 
1500 metres and rocking the tuning 
capacitor on either side of the signal. 
Any serious asymmetry in the i.f. 
response will stick out a mile." 

Reduced Warm-Up Time 
"I can't help but get the impres- 

sion," offered Dick artlessly," that 
you must have had some slight 
experience of lining up a.m. radios 
m the past. And particularly 
without a signal genny." 

"Slight .experience?" snorted 
Smithy, outraged. "Slight experi- 
ence? Blimey, Dick, I've lined up 
more a.m. radios without benefit 
of a signal generator than you've 
had hot dinners!" 

A sudden thought diverted 
Smithy's mind from the affront. 

"Talking of hot dinners," he 
continued; "has just reminded me 
of something. How is it that you're 
staying in this evening working 
on that old radio, instead of going 
down to Joe's Caff with your mates, 
as you usually do?" 

Dick's face took on an expression 
of disgust. 

"Joe's Caff?" he replied, "Oh, 
we've given that place up for good 
now." 

"Why, what's happened?" 
"Well," said Dick, "you know 

he's always changing it round, 
don't you?" 

"Is he still doing that?" queried 
Smithy. "The last I heard was that 
he'd converted it to a Chinese 
Restaurant and was calling it 
'The Mandarin's Nosher'." 

"That was ages ago. It's gone 
through three more changes since 
then." 

"This," remarked Smithy, "is 
quite fascinating. "What was the 
first change ?" 

"Well, that," admitted Dick grudg- 
ingly, "wasn't too bad. He dreamed 
up the idea of making it into a 
discotheque and so he got in an 
old wind-up gramophone and a 
pile of records of Carol Gibbons 
and the Savoy Orpheans, and he 
called it 'The Swinging Stylus'." 

To power supply 
circuits 

On-Off switch 

"N1 

BYIOO A.C mains 

—X  1 

Fig. 5. Reduced warm-up time may be achieved by connecting a 8/100, or 
similar silicon diode, across the on-off switch contacts in series with the 
receiver rectifier, as shown here. If the receiver has a double-pole on-off 
switch, the contacts in series with the chassis connection have to be short- 

circuited 

'To my mind," commented 
Smithy, "that seems to be quite 
a good idea." 

"It had its lighter moments," 
agreed Dick. "But I'm afraid that 
some of the rougher element ob- 
jected. Things came to a head one 
night when someone emptied a 
saucepan of hot baked beans over 
the turntable." 

Dick paused for a moment as he 
savoured the recollection. 

"Do you know, Smithy," he said, 
"before that evening I'd simply 
had no idea of the immense velocity 
that can be acquired by a baked 
bean merely by causing it to rotate 
at 78 revolutions a minute." 

"It must," said Smithy, impressed, 
"have been a stirring spectacle." 

"It was, indeed," confirmed Dick. 
"Anyway, the next evening somebody 
sabotaged his sound-box, and so he 
decided to make another change." 

"What happened then?" 
"He persuaded the cleaning wo- 

man to come in in the evenings 
wearing a fluffy tail and a bow-tie 
and two long ears, and he called 
it 'The Bunny Warren'. Dead 
repulsive it was, too. You couldn't 
fancy a meat pie with your chips 
because of the thought that there 
might be myxamatosis in it. In 
any case, the rougher element 
stopped that, too." 

"This rougher element," remarked 
Smithy, "seems to be causing him 
a lot of trouble." 

"It's because he's trying to get 
rid of them," said Dick, "that he's 
carried out his latest change. He's 
made it all posh, like those shops 
the debs and models are opening 
out in Chelsea, and he's got wrought 
ironwork all round the steam genera- 
tor with nobody serving you when 
you walk in. He calls it 'The 
Adelphi Boutique And Salt-Beef 
Counter'." 

"Dear me," remarked Smithy, 
"that's very swish." 

"Too swish for us," replied Dick 
morosely. "The result is that none 

of the gang goes there at all, now." 
"Oh well," said Smithy sym- 

pathetically, "seeing that the delights 
of the town have lost their relish 
for you, I'd better get down to 
talking about some further modifica- 
tions on these a.m. sound radios. 
There's a very simple mod which 
can be fitted to a.c./d.c. radios having 
a series heater chain, and it causes 
the warm-up time to be considerably 
reduced. As a matter of fact, the 
basic idea appeared in a recent 
article in the 'Suggested Cicruit' 
series." 

"G. A. French rides again," 
commented Dick approvingly. 
"Now, there's someone who's reallv 
on the ball!" 

"I do wish," reproved Smithy, 
"that you'd use a little more decorum 
in your reference to your betters. 
At any event, the idea can be easily 
incorporated into an a.m. sound 
radio. What you do is to solder 
a silicon diode such as the BY100 
across the on-off tags of the switch in 
the radio. (Fig. 5). The BY100 is 
connected with opposite polarity to 
the h.t. rectifier in the set so that, 
when the switch is open, no h.t. 
is provided. At the same time the 
heaters run at half-power by way 
of the BY100. The result is that, 
when you close the switch, the 
warm-up time for the heaters is 
much shorter than if they were 
switched on from cold." 

"Blow me," commented Dick 
enthusiastically. "That A neat. What 
do you do if you want to switch 
the set off altogether?" 

"You turn it off at the socket 
into which it's plugged," replied 
Smithy. 

"Isn't there something," asked 
Dick, "about running valves for 
long periods without h.t.?" 

"If," replied Smithy, "you run 
a valve for a very long period with 
its heater alight but with no h.t. 
there is a risk of cathode poisoning. 
With the present idea, however, 
the risk should be pretty slight if, 
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Internal 
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To external 
loudspeaker 

Output pentode 

HT + 

To external 
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Isolating 
Transtormer 

Output pentode 

Fig. 6 (o). A simple switching circuit which enables a larger external speaker 
to be employed with a receiver of the semi-midget class. With a.c./d.c. 
receivers, the leads to the external loud-speaker will be at mains potential 
and full precautions against shock must be observed. The leads should 

not be run to an external loudspeaker in another room 
(b). Full isolation can be given by employing an isolation transformer, 
which should be fitted in the receiver cabinet. Suitable transformers are 
available from Radiospares Ltd. It should be noted that these may only 

be obtained through retailers 

say, you switch the receiver on in 
the half-power position at the start 
of an evening and turn it off at the 
socket switch before you go to bed. 
Another approach consists of con- 
necting a resistor across the BY100 
which allows a low h.t. voltage to 
appear in the set, but since this 
was all dealt with fully in the 
'Suggested Circuit' article, there's 
no point in my repeating it now." 

External Speaker 
"Okey-doke," said Dick. "Any 

other mods ?" 
"If the set is one of the smaller 

semi-midget types," replied Smithy, 
"you can obtain better reproduction 
by hooking, its output to a larger 
external speaker fitted in a decent 
size cabinet. The bigger cabinet 

acts as a baffle so that there's less 
cancellation of the bass notes." 

"I know what you mean," said 
Dick. "With a small cabinet, 
most of the lower frequency notes 
from the back of the speaker cone 
come round to the front where- 
upon, since they're out of phase 
with those given by the front of 
the cone, they tend to cancel them 
out." 

"That's the idea," confirmed 
Smithy. "All that the baffle does 
is to provide physical separation 
between the back and the front of 
the speaker cone. Also, the bigger 
the baffle the lower the frequency 
at which the cancellation effect 
begins to become noticeable. I 
must emphasise that running the 
set in this manner doesn't, of course, 

represent true high fidelity practice. 
Nevertheless, it's worth remember- 
ing that these small mains radio 
sets have quite powerful output 
bottles in them and, whilst coupling 
them to a larger speaker in a larger 
cabinet cannot give proper hi-fi 
reproduction, it can still give you 
quite a pleasant sound at very low 
cost." 

"How," asked Dick, "would you 
couple up the external speaker?" 

"I would add a little change-over 
switch to the set," replied Smithy 
"This could switch from one speaker 
to the other. (Fig. 6 (a)). A very 
stem word of warning is needed 
here, though, because the leads to 
the external speaker will be at 
chassis potential. Should, as is 
most likely, the receiver be an a.c./ 
d.c. type type, the leads will be at 
mains potential as well. Ideally, 
you should fit an isolating trans- 
former between the set and the 
speaker (Fig. 6 (b)), and there's a 
special 1:1 transformer in the Radio- 
spares range which is especially 
designed for this job. This is the 
Radiospares 'Midget' speaker isolat- 
ing transformer, and it matches a 
30 output to a 30 speaker. It 
works at power up to 2 watts and 
has full mains insulation between 
primary and secondary. There's 
also a larger job, the Radiospares 
'Universal' speaker isolating trans- 
former, which will go up to 5 watts 
and which has SH, 70 and ISO 
taps on both primary and secondary. 
If you don't use an isolating trans- 
former, make absolutely certain that 
all wiring and connections are 
completely covered up so that no-one 
can touch them. Also, the wiring 
to the external speaker must not 
go into another room. If there are 
any plugs and sockets, these could 
be of the type normally used for 
mains connections." 

"If the external speaker offers 
improved reproduction of the lower 
frequencies," asked Dick, "won't it 
cause the hum level to become 
louder as well ?" 

"That is possible," replied Smithy. 
"And the amount of hum you 
get will depend on the set itself, 
of course. Some of these small 
radios may have quite a high hum 
level on the signal which is passed 
to the internal speaker but, since 
this is a small unit in a small cabinet, 
the audible level of the hum is quite 
low. But it will become much more 
noticeable if you hitch the set up 
to a larger speaker in a larger 
cabinet. If you do get trouble 
with hum, the obvious thing to do 
first is to check the h.t. electrolytics 
and replace them if they've lost 
part of their capacitance. Should 
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Fig. 7 (o). Many of the smaller receivers have a single smoothing resistor, 
as illustrated here 

(b). Hum level may be reduced by inserting an additional filter. This 
brings the smoothing circuit to the same form as was shown in Figs. 2 (a) 

and (fa) 
(c). A considerably greater reduction in hum level may be provided by 
fitting a small l.f. choke in place of the added 330n resistor of (fa). The 
primary of a small speaker transformer will frequently be an economic 

proposition here 

this not clear the hum, another 
mod may be required. Most of 
these small receivers have simple 
resistance-capacitance h.t. smoothing 
with just one smoothing resistor. 
(Fig. 7 (a)). You can often knock 
the hum level down quite a bit 
by popping in an extra resistance- 
capacitor section immediately after 
the reservoir capacitor. Fig. 7 (fa)). 
A 3300 series resistor and a 40aF 
350V wkg. electrolytic would give 
quite a useful bit of extra smooth- 
ing." 

"But," protested Dick, "won't 
this cause you to lose a lot of h.t. 
voltage in the extra resistor?" 

"Not really," replied Smithy. 
"The h.t. current drawn in these 
sets is usually of the order of 60mA, 
so a 3300 resistor will only drop 
about 20 volts. By the way, 20 
volts time 60mA comes to—let 
me see, now—1.2 watts, so the 
3300 resistor should preferably be 
rated at 2 watts." 

"I do wish," objected Dick, 
"you wouldn't keep doing these 
lightning calculations of yours. 
They're a bit too speedy for my 
untutored brain!" 

"Nonsense," said Smithy. "If 
you remember that 1mA through 
IkO is 1 volt, these little Ohm's 
Law sums are dead easy to work 
out. In the present case the current 
is 60mA, whereupon 60mA through 
IkO is 60 volts. But the actual 
resistance is 3300, which is a third 
of IkO and so the answer must be 
20 volts!" 

"I'll take your word for it!" 
However, Smithy now had the 

bit firmly between his teeth, and he 
ignored his assistant's comment. 

"Another useful little numerical 
fact to keep in the old memory 
store," he went on, "is that 10gF 
at 100 c/s represents a reactance 
of approximately 160O. This is 
a useful thing to remember if you're 
making quick assessments of smooth- 
ing circuit operation. The 40g.F 
capacitor I suggested just now for 
the additional smoothing filter will, 
therefore, have a reactance of 400 
at 100 c/s and 800 at 50 c/s, where- 
upon it will take a really fair- 
sized bite out of the 50 c/s ripple 
coming from a half-wave rectifier, 
and will take twice as big a bite 
out of the 100 c/s harmonic on 
that ripple which will actually be 
the more audible!" 

"W. G. Merely," murmured Dick, 
"could not have been more explicit." 

"And," continued Smithy, "if 
you want to get the h.t. ripple down 
to really small proportions, you 
could even pop in a little choke 
instead of the 3300 resistor. (Fig. 
7 (c)). The primary of a small 

speaker transformer would be an 
economic proposition here provided 
it could pass the current required. 

As a point of interest, the primaries 
of the speaker transformers which 
appear in small mains radios nor- 

NOVEMBER 1966 241 

www.americanradiohistory.com



mally have a resistance of around 
300 to 400n in any case." 

Final Points 
"Are there any other places in 

the set," asked Dick, "where hum 
may be caused?" 

"The only other place where a 
high level of hum could be picked 
up," said Smithy, "is in the grid 
circuit of the triode voltage amplifier. 
This will include the volume control 
and its wiring and it may be neces- 
sary to add a little judicious screening 
and adjust lead dressing in this 
circuit if hum becomes trouble- 
some when you couple the set to a 
larger loudspeaker. It is, of course. 

very easy to tell if you're picking 
up hum in that part of the set." 

"How's that?" 
"You simply," replied Smithy, 

"short the triode grid down to 
chassis. If the hum stops, then 
it's obvious that the hum is being 
picked up in that grid circuit." 

As Smithy concluded, there was a 
loud squeal of brakes from outside 
the Workshop, followed by a 
sonorous clatter. 

"Darn it all," snorted Smithy, 
"there goes the dust-bin again. 
Do you know, Dick, I'm certain 
that van-driver does it on purpose." 

But Dick, having now extracted 
from Smithy all the information 

on mains a.m. radio sets that he 
required for his immediate purpose, 
was already preparing his bench 
for the first faulty receiver from the 
van. 

Indeed, the Workshop was now 
returning to its normal state after 
having passed through one of its 
standard work-discussion-work cycles 

A cycle, it might be added, to 
which even the good Dr. Heinrich 
Hertz himself would have hesitated 
to append his name. 

Editor's Note. Th.e "Suggested 
Circuit" referred to by Smithy 
appeared in the July 1966 issue. 

□ 

relay to operate, and that the 
minimum resistance in the coil 
energising circuit is not so low that an 
excessively high current flows or an 
excessively high voltage appears 
across the relay coil. The electrolytic 
capacitator may have a value around 
1,000 to 2,000ij.F and a working vol- 
tage equal to the highest voltage 
which can appear across the coil. The 
relay contacts should be capable of 
switching mains voltages. 

Mains Operation 
A final point, which applies to the 

circuit of Fig. 2 with or without a 
time delay circuit as in Fig. 5, is that 
the components in the reaction timer 
connect directly to the mains supply 
without an isolating transformer. In 
consequence the unit should be 
housed in an insulated case which 
ensures that no components or 
wiring may be touched. All other 
normal precautions with respect to 
accidental shock must also be 
observed. 

□ 

SUGGESTED CIRCUIT No. 192 (continued from p. 211) 

The performance given with the 
prototype was quite impressive. As 
soon as the neon lamp lit up the 
meter needle started travelling across 
its scale, being "frozen" in position 
whenever Si was pressed. It was 
found that it wasn't too easy to press 
Si before the needle had advanced 
half-way across the scale! 

Relay Operation 
Some readers may prefer to use a 

delayed switching system to initiate 
the reaction timing period, as this 
would obviate direct manipulation 
of S2. 

Any time delay circuit could be 
adapted for this function and a 
simple suggested approach which has 
been used by the writer in the past for 
other applications is illustrated in 
Fig. 5 and will now be briefly 
discussed. 

The relay shown in Fig. 5 should 
be capable of energising at some 5 
to 10 mA. When the double-pole 

switch is operated the rise in voltage 
across the relay coil is delayed by the 
electrolytic capacitor connected ac- 
ross it. When, eventually, the relay 
does energise, its contacts carry out 
the same functions as do 82(3) and 
82(6) of Fig. 2. After the reaction 
timing period is over, the double-pole 
switch of Fig. 5 is returned to its 
original position, whereupon the 
electrolytic capacitor across the 
relay coil is rapidly discharged via 
the 1000 resistor and the relay de- 
energises again. A random factor is 
introduced by the variable resistor 
in the relay energising circuit. If this 
is provided with a plain knob it may 
be set up to provide a delay period 
which is unknown to the subject. 

The basic requirements of the 
circuit of Fig. 5 are that, without the 
electrolytic capacitor connected in 
circuit, the maximum resistance in 
the coil energising circuit (i.e. 
between the BY100 and the relay 
coil) is still sufficient to enable the 
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"1 understand its some stereo TV experiment" 
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First TV Service in 

the Holy Land 

An order for television equipment for two transmitting 
stations and a production studio has been placed with 
The Marconi Company by the Ministry of Information 
of the Hashemite Kingdom of Jordan. The stations will 
be on the air next year, and will provide the first television 
service in the Holy Land. 

One transmitting station, broadcasting in Band III, 
will be located in Jerusalem, to give coverage of the 
Holy City and the surrounding area. The other will be 
on the outskirts of Amman, and will broadcast in Band I. 
The Jordan Television Corporation studios will be in 
the city of Amman itself, and programmes will be fed 
to Jerusalem by a microwave link. 
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Many constructors repair sets for friends 
in their spare time, and for many others 
there is often a "moment of truth" when, 

having built a piece of equipment, the components 
from the spares box decide to be unco-operative. 
In both these cases, a signal injector can be of great 
value in localising or pinpointing a fault. 

The signal injector about to be described was 
made as two distinct sections. The first, called for 
the sake of simplicity the r.f. section, generates a- 
fundamental and harmonics in the range 3 kc/s to 
some 2 Mc/s, although a little more expense will 
raise this upper limit to some 12 Mc/s. The output 
is approximately a square wave. 

★ 

AF/RF Signal Injector 

by J. Anderson 

A neat little unit which offers both r.f. and a.f. 
outputs 

COMPONENTS 

Resistors 
(All fixed values i watt 10%) 

Ri 1.8kn 
Rz 47kn 
R3 470 
R4 47ka 
R5 1.8kf2 
Ra 47 a 
R7 100k 11 potentiometer, linear track 
Rg 200ka 
R9 l.Skfl 
Rio 2kfl (see text) 

Capacitors 
Ci 0,005|j.F paper 
C2 O.OOSixF paper 
C3 l,000pF ceramic, 350V wkg. 
C4 0.25(j.F paper 
C5 0.02(j.F paper, 350V wkg. 

Transformer 
T1 See text 

Transistors 
TRj.z OC70, OC71, OC45 or Red Spot 
TR3 OC70, OC71 or Red Spot 

Switches 
51 Press switch, on-off 
52 Slide switch, on-off" 
53 Slide switch, s.p.d.t. 

Battery 
9-volt battery 

Meter 
Moving-coil, 0-10mA 

Miscellaneous 
2 coaxial sockets 
Screened test lead with coaxial plug, prod and clip 
Case, tagboard, etc. 

RiO 
vwv -TL 

WW 
-II s2 

C4 
0-10 (m 

mA V_/ 

TR, TR2 TR3 — C3 C5 Int. battery 
9V 

R7 + 

Earth 
AE output clip 

CD---"- - - ¥ 

RE output 

Fig. 1. The circuit of the a.f./r.f. signal injector 
Coaxial 
plug 

Probe lead Prod 
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R.F A.F 
OUT OUT 

O-IO 
mA 

A.F OFF 

F E 
osc BATT 
R.F ON 

r7 

Fig. 2. Front panel layout adopted in the author's 
version 

The second section is an a.f. oscillator, providing 
a reasonably pure note in the range 800 c/s to 
1,200 c/s; this note is continuously variable in 
frequency, to discriminate between the injected 
signal and internal oscillations in faulty a.f. equip- 
ment. 

The R.F. Section 
The r.f. section, as will be seen from Fig. 1, 

consists of TRj and TR2 in a multivibrator circuit. 
The frequency of oscillation is dependent on the 
values of Ci, C2, R4 and R2. When Ci- is equal 
to C2 and R4 is equal to R2, the fundamental 
frequency may be found from the formula 

1 
f =- 

1.4 R4 Q 
where f is in c/s, R4 is in Ma and Q is in [rF. 

The resistors R3 and Rg, which would not appear 
in the normal multivibrator circuit, were found by 
the author to increase the r.f. output. Taking the 
emitters of TRi and TR2 direct to chassis resulted 
in a reduction in r.f. output. 

Since the output from the multivibrator is of 
square wave form, it has a strong harmonic content. 
With Red Spot transistors or OC70's, the maximum 
frequency provided is about 2 Mc/s. This may be 
considerably extended, however, by the use of r.f. 
transistors such as the OC44. 

The A.F. Section 
The a.f. section is given by the components around 

TR3. In the oscillator circuit, R7 provides a panel 
control of oscillator frequency. 

Changes in the oscillator frequency range may, 
if desired, be effected by altering the values of R9 
and C4, but it should be remembered that too low 
a value in R9 may result in excessive battery drain. 

The oscillator transformer, Ti, is a transistor 
push-pull output component, and the writer 
employed a Repanco type TT5 here. Types QX02 
(Osmor) and D.3035 (Ardente) will also function 
reliably. Since the transformer is employed in a 
circuit for which it was not originally intended, it 
is possible that some specimens may result in an 
output frequency range differing from that obtained 
by the author. In this case the required range may 
be obtained by adjusting the value of C4. 

Other Points 
Resistor Rjq is included to keep the r.f. output 

at a fairly low level consistent with good operation, 
as the writer feels that the output of some square 
wave injectors tends to be excessive and may even 
cause interference with neighbouring receivers. The 
value employed in the prototype for R^ was 2k Q, 
If a higher r.f. output is required, this resistor may 
be reduced in value. 

A press-button switch was incorporated in 
parallel with the on-off switch S2, so that the 
injected signal may either be "pulsed" in order to 
distinguish it from other oscillations or received 
signals or alternatively, by closing S2, it may be left 
on continuously whilst servicing is in progress, the 
application being made simply with the test probe. 

The meter was included in the circuit largely as 
a means of indicating efficient operation and the 
state of the battery. 

Construction 
The components were arranged on a small 

tagboard, measuring 4 x lin, the a.f. section being 
at one end, and the multivibrator at the other. 
Connections to the panel components and battery 
were by flying leads. 

An aluminium case measuring 6 x 2j x 4in was 
employed to house the injector, this being connected 
to the positive supply rail and, hence, providing the 
chassis. The front panel layout is shown in Fig. 2. 
Three Ever Ready 1322 batteries were used for the 
supply in the prototype, but it would probably be 
more convenient to use a single 9 volt battery. The 
dimensions of the case and tagboard are not, 
however, of importance, and alternative dimensions 
may be employed instead. 

Fig. 1 shows a screened probe lead terminated in 
a prod and an earthing crocodile clip, which is 
connected to the braiding of the screened lead. The 
earthing clip may be secured to the chassis of the 
equipment being checked. It should be remembered 
that, if the equipment under test has a power supply 
circuit which causes its chassis to be connected to 
one side of the mains, the metal case of the injector 
will be similarly connected, and the appropriate 
precautions against shock must be observed in 
consequence. q 
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Basic Q Multiplier 

by Wallace studtey 

COMPONENTS 

(Fig. 1) 
Resistors 
(All fixed values ■ I watt 10%) 

R1 IMtl 
R2 47kn 
R3 15kn 
VRi 50kO potentiometer, linear 

track 

Capacitors 
Q l,000pF ceramic 
C2 lOOpF silver mica (see text) 
C3 l,000pF ceramic 
C4 lOOpF silver mica 
C5 5,000pF ceramic 
€(, 10,000pF ceramic 
C7 10,000pF ceramic 
VCj lOOpF variable, type C804 

(Jackson Bros.) 

Inductors 
Lj See text 
L2 I.F. transformer type IFT16 

(Denco) 

Valve 
V! EF92 

Switch 
Si(a)(b; d.p.d.t., toggle 

Plugs, Sockets 
2 B7G sockets 
1 B7G plug 
I coaxial socket (plus 1 at receiver) 
1 coaxial plug (plus 1 at receiver) 
1 pilot lamp holder and lens 

Miscellaneous 
1 pilot lamp, m.e.s., 6.3V 0.15A 
2 knobs 
Material for housing 
Panel-Sign transfers 
Coaxial cable, connecting wire, 

etc. 

This Q Multiplier circuit is intended for use at an i.f. of 1620 kc/s, 
as is encountered in many short wave communications receivers. 
The basic circuit may also be adapted, by the constructor who 
understands the simple principles involved, to work with other 

intermediate frequencies as well. 

duces no insertion loss. The test 
model made by the writer causes 
no signal loss and may therefore 
be left permanently connected to 
the receiver; when its use is not 
required its function switch is set to 
"Out". There seems no reason 
why similar results should not be 
obtained in other installations. 

The receiver referred to employs 
an intermediate frequency of 1620 
kc/s. The Q multiplier unit could 
doubtless be used with other re- 
ceivers, but if these employ a 
different intermediate frequency, such 
as 470 kc/s, an alternative feedback 
transformer will be required to 
that specified here. Other changes 
may also be needed. When correctly 
adjusted, the Q multiplier functions 
immediately it is switched to "In", 

This easily duplicated device 
has been used by the writer 
for some time in combination 

with the Heathkit RA-1 Amateur 
bands communications receiver to 
provide a very high degree of 
selectivity and sensitivity. The writer 
spends a good deal of time in 
reading c.w. transmissions, where- 
upon any device capable of effectively 
reducing bandwidth is worth con; 
sideration and especially if it intro- 

(Hi 

"3 
WW- 

c7 
EF 92 

out Sib cl out 
VT'a ii Sensitivity mm 5KT 

^Ct 
250V -6 D.C 

IWT Li!!£ 2 
skt2 :o.0 

6-3V A.C. 
VC, C3 

Cpeak) Lamp 

Chassis line 

sl(Hb" ganged 

L2 ~ underside 
Fig. 1. The circuit of the Q multiplier 
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To Cj etc 
via S,a 

l2 1 
—II— 

SOOpF 
J!'r/ 

w TCt 

 1 v. 
C4J 

c6 | 

To S,, 

Fig. 2. An alternative method of connecting the components around Vj, 
No connections are made to tags 4 and 5 of Li 

whereupon sensitivity is dramatically 
improved and the receiver tuning 
increases significantly in sharpness. 
The noise level also tends to in- 
crease, as might be expected. It is 
interesting to note here that many 
phone transmissions that were com- 
pletely inaudible otherwise have 
been read successfully on the -21 
Mc/s (15 metres) Amateur band 
with the unit in circuit. 

The Circuit 
The simple circuit of the Q 

multiplier is shown in Fig. I, in 
which Vi, L2 and the associated 
components form a regenerative 
configuration capable of being ad- 
justed to the very verge of oscilla- 
tion. Variable capacitor VCj per- 
mits the device to be tuned manually 
across the receiver i.f. passband 
—in this case on either side of 
1620 kc/s—and if a screened lead 
from socket SKTi is connected 
to the primary of the first inter- 
mediate frequency transformer and 
the correct operating conditions 
exist, the effective Q is increased 
enormously, with an improvement 
in gain as well as in selectivity. 
Constructors who have experimented 
with simple t.r.f. receivers employing 
a regeneration (reaction) circuit 
know well how dramatically both 
gain and sensitivity increase due to 
judicious use of the feedback con- 
trol; similar results are obtainable 
here. 

It is desirable for operating 
convenience to make both VQ 
and VRj panel controls, so that 
the unit may be kept "on the nose" 
at all times. Switch Si is also fitted 
to the panel, together with a red 
warning light which gives visual 

indication that power is applied. 
In the test model, coil L2 consists 

of a sub-miniature transistor i.f. 
transformer by Denco, designated 
IFT16. The can is removed from 
the transformer and the windings 
are connected to enable Vi to 
fnnction in the Hartley as en- 
countered in electron coupled oscil- 
lators. The value of capacitor Ct 
is not specified since it is integral 
with the transformer when pur- 
chased.. This transformer plays an 
important part in the circuit; it 
should have a good Q factor and 
it should be capable of being tuned 
across the associated receiver's i.f. 
passband. In the case of 470 kc/s 
intermediate frequency amplifiers, 
the use of a Denco transformer type 

IFT14 might be feasible and con- 
nections thereto would be identical 
to those shown in Fig. 1; but it 
must be emphasised that no tests 
have been made using this particular 
item or with any 470 kc/s i.f. strip 
and that the suggestion is meant for 
the experimenter only, who is 
prepared to alter other parts of the 
circuit should this be necessary. 

Positive feedback results due to 
the cathode of Vi being tapped 
into the tuned winding, but an 
actual oscillating condition is not 
required here. By adjusting VRi 
the valve may be brought gently 
and smoothly to the verge of oscilla- 
tion—its most sensitive operating 
point—where it is there normally 
left. It will be seen from Fig. 1 
that one winding of coil La must 
carry the cathode current of the 
valve. If this is objected to on the 
grounds of safety for the winding, 
the alternative circuit shown in 
Fig. 2 may be used instead. In 
Fig. 2 La carries no direct current 
whatever. Component designations 
and values are exactly as specified 
for Fig. 1, but an additional 500pF 
silver mica capacitor is required 
as, also, is an r.f. choke of 2.5mH; 
resistors R2 and R3 could, in 
practice, be a single component of 
75kn. It should be added that the 
risk of damage to Lz due to cathode 
current is extremely slight, and that 
no trouble whatsoever has been 
experienced with the prototype, 
which uses the circuit of Fig. 1, 
on this score. The circuit of Fig. 2 
has the secondary advantage that 
only two connections are made to 
the coil in the regenerative circuit, 
and this may assist in obtaining a 

Lens ^ 

=4 Lamp 

V| 

CX VRi 

Aluminium shelf 3\ l" 

Fig. 3. The components are fitted to the rear of the front panel, and have 
the layout shown here 
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suitable coil for intermediate frequen- 
cies other than 1620 kc/s. 

A short length of coaxial cable 
is necessary to interconnect the 
receiver and Q multiplier, and this 
will cause serious detuning of the 
receiver i.f. transformer if pre- 
cautions are not taken. Referring 
again to Fig. 1, the detuning effect 
is counteracted by Li, C2 and C3. 
When these items have been suitably 
set up no further adjustments to 
them need normally be made. For 
Li, a conventional dust-cored coil 
of about 60 to 90u.H has been 
found ideal in the case of 1620 
kc/s, and a medium wave oscillator 
coil should be quite suitable. Capaci- 
tor C2 may require adjustment in 
value, although it is only necessary 
to find a value that will enable 
coil Li to be peaked by means of 
core adjustment. This is done at 
the setting up stage. For inter- 
mediate frequencies other than 1620 
kc/s it will be necessary to find an 
alternative inductor for the Li 
position. 

The power required by the Q 
multiplier is some 250 volts h.t. 
at 10mA, together with 6.3 volts 
a.c. at 0.35A. This will usually be 
available from the receiver, but a 
separate power supply unit can 
be made up if necessary. The power 
supply is applied to the pins of 
SKT2 in the following manner: 
pin 1, 6.3 volts; pin 5, h.t. positive; 
pin 7, h.t. negative and 6.3 volts. 
It is assumed that one side of the 
available 6.3 volt supply is at 
chassis potential, and this point 
should be checked before making 
the connection. 

Construction and Testing 
A simple fabricated casing of 

paxolin and hardboard houses the 
unit, the components being mounted 
directly on the inside of the panel. 
Dimensions and layout of casing 
and components may be seen in 
Figs. 3 and 4 respectively. As may 
be observed, the valveholder and 
L2 are mounted on a small shelf of 
aluminium. L2 is held with adequate 
firmness merely by drilling a small 
hole barely large enough to take 
the stem of its former, further 
rigidity being imparted by the 
wiring. 

The panel face is surrounded by 
a frame of fin mitred quadrant, the 
whole casing being lacquered. Leg- 
ends and suitable scales are applied 
by using standard panel-sign trans- 
fers available from Data Publications 
Sets No. 4 (Wording—Black) and 
No. 6 (Dials) being chosen. These 
legends, etc., are "fixed" when dry 
with clear nail varnish purloined 
from either the YL or XYL as 

2V2* 

Fig. 4. The dimensions of the cabinet for the unit 
applicable! Sockets SKTi and SKT2 
are most conveniently fitted to the 
rear of the casing. 

Before affixing any back or base 
to the case, however, tests should 
be made, firstly without power 
applied to ensure that no h.t. 
short-circuits exists, and later with 
power to check that the device can 
be made to oscillate correctly. The 
first tests consist of the normal 
practice of checking for h.t. short- 
circuits with an ohmmeter. To 
check the oscillating condition a 
multimeter set to read 0-50mA is 

inserted in the lead from Rj to 
Si(b). VRj is then rotated to the 
"Min" position, Si closed and the 
current reading noted. This will 
probably be of the order of 4 to 
6mA. VRi is then slowly advanced, 
and the steady upward excursion of 
the meter pointer carefully observed 
until, at a certain point, a slight 
unsteadiness or downward kick will 
be seen. VRi is now left alone 
and either pin 1, pin 3 or pin 4 of 
L2 is momentarily short-circuited to 
the chassis line, whereupon a 
sudden current swine should be 

£ 5f. sjpr. ; 
Hi 

6 

Panel view of the completed unit—note the use of Panel-Signs Transfers 
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X 
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Tf 
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Coaxial 
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To Q multiplier 
input circuit 

r 
Q multiplier 

chassis 

Fig. 5. Due to the presence of decoupling capacitor Co which will already 
be fitted in the receiver, the Q multiplier is effectively applied across the 

primary of the first i.f. transformer 

seen on the meter. This indicates 
that the circuit is functioning 
correctly, but it must be noted that 
the experimental short-circuit must 
not be maintained longer than is 
necessary to make the check, other- 
wise damage to components might 
result. The unit may now be switch- 
ed off and the back and base of 
the cabinet secured, after drilling a 
hole in each through which a trim- 
ming tool may be passed to engage 
with the cores of Li and Lj. 

Setting up 
On the receiver a coaxial socket 

is affixed to the rear chassis apron 
to accept a coaxial lead from 
socket SKTj on the Q multiplier.* 
The central terminal of the receiver 
socket is wired directly to the anode 
pin of the frequency changer valve. 
This anode pin is already connected 
to one side of the first i.f. transformer 

* The coaxial socket on the receiver 
should be coupled to the frequency changer 
anode inside the receiver via coaxial cable, 
the braiding of which is earthed both at 
the socket end and (at any convenient 
chassis point) at the i.f. transformer end. 
According to its length, the cable in the 
receiver will cause some detuning of the 
i.f. transformer primary when no plug is 
inserted, and the constructor may prefer 
to retrim the primary to take this up. If 
the Q multiplier is connected permanently, 
detuning due to the cable in the receiver 
is of no consequence because it will be 
corrected by Li and C2.—Editor. 

primary winding, the other side of 
which is at h.t. potential. Referring 
to Fig.- 5 it is clear that, although 
the Q multiplier input is taken from 
the frequency changer anode and 
chassis, it is effectively across the 
primary of the i.f. transformer 
because of the decoupling capacitor 
Cd, which has a low reactance at 
intermediate frequency. The d.c. 
potential present at the anode of 
the frequency changer is not short- 
circuited to chassis in the Q multip- 
lier, since it is blocked by capacitor 
Q. 

Prior to connecting SKTi to the 
receiver a moderately strong signal 
should be tuned in. Also the Q 
multiplier sensitivity control, VRj, 
should be set to "Min", VQ 
adjusted to mid-travel (i.e. vanes 
about 50% enmeshed) and Si set to 
"Out". The coaxial cable is now 
connected to the receiver to bring 
the two units together, whereupon 
a sudden serious fall in received 
signal strength will probably be 
noted. Leaving the receiver tuning 
as set, the core of Li on the multiplier 
unit is carefully adjusted in an 
attempt to return the level of the 
signal to its former value. It may 
be found that it is not possible to 
peak the coil correctly, and should 
signal strength still be on the increase 
when the core commences to come 
out of the former completely it is 
apparent that the value of C2 is 

too great. If, on the other hand, 
signal strength seems to be on the 
increase even when the core of 
Li is fully engaging the winding 
then either a larger value of capaci- 
tance must be assigned to C2 or a 
coil of greater inductance is needed. 
It will soon be evident what exactly 
is required in this connection and 
when, after making any necessary 
component changes, peaking is in 
fact possible, a more definite final 
indication can be visually obtained 
by utilising the receiver "S" meter. 
When no improvement in received 
signal strength can be obtained, Si 
may be closed and attention devoted 
to L2 core, leaving VCi as already 
set. 

If at this stage VRi is carefully 
advanced as the core of L2 is adjusted, 
a point will be found where received 
signal strength tends to increase. 
The core of L2 will possibly be seen 
to be slightly disengaged from its 
former, and will now require only 
a little final adjustment. Keeping 
L2 peaked and advancing VRi 
slowly, a point will be reached where 
the Q multiplier bursts into oscil- 
lation. The trimming tool is now 
removed and VRi backed off a 
shade to reinstate stability. Receiver 
sensitivity should now be very high 
and its tuning much sharpened, 
whilst slight adjustment to VQ 
will enable optimum results to be 
maintained on the various bands. 
The effectiveness of the unit may 
then be assessed by opening and 
closing S1. 

The Q multiplier may now be 
considered complete, and its use- 
fulness will depend on various factors 
not the least of which is that of 
noise normally inherent in the 
associated receiver. As was mention- 
ed earlier it offers particular benefit 
in c.w. reception, and it has now 
become a very welcome accessory 
in the writer's shack. 

□ 

ELECTRICITY 
EARTHING 

The Minister of Power has approved the 
new 14th Edition of the Regulations for the 
Electrical Equipment of Buildings drawn up 
by the Institution of Electrical Engineers. 

One of the main changes is that ordinary 
domestic water systems can no longer be 
recognised as a means of earthing new 
electrical installations. This is because the 
use of plastic water piping is becoming more 
common and it does not provide an earth. 

If electrical installations are not properly 
earthed accidents can happen and though 
the new regulations do not affect existing 
buildings unless new electrical work is done, 
it is just as important that the earthing 
arrangements in existing buildings should be 
effective. 
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RADIO TOPICS . . . 

^ Recorder 

DO YOU EVER KNOCK UP EXPERI- 
mental circuits to prove a little 
point of theory? Or get to 

the "awkward" bits of a circuit 
sorted out before making it up in 
final form ? 

I should imagine that we all do 
this from time to time, if only to 
check component values and things 
of that order. Naturally, one 
doesn't want to take too much 
time with the experimental circuit 
set-up, and so any scheme which 
enables quick connections to be 
made and altered is the one which is 
likely to save most time and to offer 
the maximum convenience. 

Tagstrips Are Easiest 
My own approach to this problem 

is to use tagstrips and a set of 
special chassis. I have half a dozen 
small chassis in the spares box which 
I keep entirely for experimental 
work, these having holes for B7G, 
B9A and octal valveholders already 
cut out in them. It is then a simple 
matter to quickly knock up a 1 to 
3 valve circuit on them, provided 
that the experimental circuit doesn't 
operate at frequencies which require 
extra-careful layout and positioning 
of the valves. There are also a 
number of 4BA clear holes which 
take the tagstrips I mentioned just 
now. The chassis are, in fact, 
salvaged from old radios. Band III 
converters (do you remember those 
days?), and the like, with a few 
added extra holes for the experi- 
mental rigs. Lektrokit components 
weren't available in the days when 
I acquired these chassis, and the 
Lektrokit System represents a more 
polished approach (much more pol- 
ished!) to the knock-about chassis 
idea that I've been using over the 
years. 

The tagstrips themselves are simply 
5-way types with the centre tag 
earthed, and they represent the 
most convenient method I have 
found of providing anchor points for 
experimental rigs. They can be 

bolted to the chassis at any desired 
point and offer what seems, on 
average, to be the best compromise 
between anchor points at chassis 
potential and anchor points which 
have supply or signal voltages on 
them. Some twelve years or so 
ago I had quite a few experimental 
projects to work out, and so I 
went mad and bought several 
hundred of these tagstrips. These 
are also used on permanent con- 
struction jobs, and I'm just getting 
down to the bottom of the box 
now! 

More recently, the valveholder 
holes in the experimental chassis 
have tended to be vacant, and the 
chassis have just become mounting 
plates for semiconductor circuits 
which I've been playing around with. 
But these chassis have still served 
their purpose well, even if they 
nowadays get coupled up only to a 
PP9 battery instead of to the bench 
6.3 volt heater and h.t. supply. 

An important requirement of the 
5-way tagstrips is that they should 
be fairly large in size with single 
tags projecting vertically, and the 
ones I use have a Paxolin strip which 
is l|in long. This allows plenty 
of room for the soldering iron 
when connections are changed from 
one tag to the other. It's surprising 
how much time and trouble this 
single factor saves. 

Most experimental circuits are 
concerned with, firstly, finding the 
exact circuit connections which pro- 
vide best results and, secondly, 
finding the best component values. 
So far as the latter is concerned, 
resistor values are those which 
appear, in practice, to be most 
frequently in question. In con- 
sequence, I usually fit a variable 
resistor of appropriate value at any 
point where, it is possible that 
resistance values may need checking. 
Small skeleton potentiometers are 
particularly useful here, provided 
that only a small dissipation is 
required. After a potentiometer 

has been set up for best results, 
the value it inserts into the experi- 
mental circuit is measured. In 
the permanent circuit, a fixed 
resistor of that value is then fitted. 

When an experimental project is 
complete, its circuit and component 
values are noted and the whole 
lot is stripped down. The circuit is 
then set up in final form on the 
permanent chassis, or Veroboard, 
etc., on which it is intended to 
be employed. And all the component 
go back into their own boxes ready 
for the next time. 

The doyen of workers on experi- 
mental circuits is of course my 
colleague G. A. French, who has 
been contributing his "Suggested 
Circuits" for 16 years ("Suggested 
Circuit" No. 192 appears in this 
issue) and who must hold the world 
record for technical journalism in 
this class. I am happy to state that 
G. A. French is, in general, a 
5-way tagstrip man, too! 

A Silly Change 
It would appear that the use of 

the Continental term Hertz, for 
cycle per second, is going to become 
accepted practice in this country. 
It has been adopted officially in the 
United States and has already be- 
come common usage in American 
journals which are now reaching 
me. I should add that the term 
has been employed in Europe for 
many years, and that adoption by 
Britain and the U.S. does, admittedly, 
represent the recognition and use 
of a common technical term. The 
abbreviation for Hertz is Hz, where- 
upon kc/s becomes kHz, Mc/s 
becomes MHz, and so on. 

I honestly don't think I'm being 
too reactionary when I say that 
I consider that the change has gone 
in the wrong direction. The term 
cycle per second, with its obvious 
abbreviation, c/s, states exactly what 
the quantity is in the clearest possible 
manner. The term Hertz is one 
step removed from this transparently 
clear expression, and represents an 
artificially introduced complication 
for the student, the beginner and the 
layman. I appreciate that all honour 
is due to Hertz, but I still feel that 
it would have been far better if, 
instead, the countries concerned 
had agreed to drop the term Hertz 
and had adopted cycles per second 
as the universal expression. 

So far as The Radio Constructor 
is concerned, I should imagine that 
we shall continue to refer to cycles 
per second for quite a little while 
yet in our articles. Fortunately, the 
matter is not one of earth-shattering 
importance and so there is no 
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hurry to make the changeover to 
the new term. 

But it does seem a pity that the 
change should have to be made at 
all. 

Electronic Shooting Range 
Whilst talking of overseas journals, 

a recent issue of the Soviet technical 
publication Radio is to hand, and 
I'm interested to note that it carries, 
with full acknowledgements to our- 
selves, a potted version of one of 
our articles. 

The article in question is "Elec- 
tronic Shooting Range" by J. Daich, 
which appeared in our last December 
issue. In the shooting range describ- 
ed in the article a toy "space pistol" 
shines a narrow beam of light at a 
target. Behind the target bull's 
eye is an ORP12 photconductive cell 
which triggers a monostable circuit 
when illuminated, thereby causing a 
relay to flash a lamp or ring a bell. 

It's nice to know that our party 
gadgets have an appreciative aud- 
ience in Russia! 

The Critesistor 
Most readers will be familiar 

with the thermistor, a device which 
has different values of resistance at 

different temperatures, but the crite- 
sistor is not nearly so well known. 
This latter device has a resistance 
which changes very rapidly at a 
temperature of 68±10C to one half 
or one quarter of its previous value. 
It is used in fire detectors and 
certain temperature control circuits 
where a much sharper change in 
resistance with temperature is re- 
quired than can be obtained with a 
normal thermistor. 

Three types of critesistor are 
being made at the present time 
Type CB46 has a resistance within 
the range 9.7 to SlkO at 250C, 
type CB56 within the range 29 to 
103kn at 250C and type CB66 
within the range 97 to 310kfl at 
25°C. 

Further details of these devices 
can be obtained from the manu- 
facturers, Hitachi Ltd., 4, 1-chome, 
Marunouchi, Chiyoda-ku, Tokyo, 
Japan. 

Symmetrical Transistors 
In the last April issue I discussed 

the inherent symmetry of a transistor 
and pointed out that, when con- 
nected in the earthed emitter mode, 
it will still amplify if the emitter and 
collector leads are transposed. I 

also described some simple tests I 
had carried out on six common 
transistors. Of these, two OC44's 
gave gains of 15 and 8.5 with their 
emitters and collectors changed over, 
causing me to comment that "these 
OC44's are jolly good for amplifying 
wrong way round". 

Several letters subsequently reach- 
ed me on the reverse gain character- 
istics of transistors, one (which I 
referred to in the July issue) pointing 
out that the OC139, OC140 and 
OC141 have been specifically intro- 
duced with symmetrical working in 
view. Another letter on the subject, 
from Mr. J. R. Davies of Rayleigh, 
Essex, has now arrived. Mr. Davies 
says: 

"Whilst servicing a kit-built tran- 
sistor radio for a friend I was 
applying voltage checks to the 
transistors. Imagine my surprise at 
finding TRj, an OC44, had its emitter 
several volts negative of base. The 
set had been working perfectly for 
over a year with emitter/collector 
connections reversed! When con- 
nected correctly little difference in 
performance was noted. The OC44 
is certainly a 'jolly good transistor'!" 

□ 

 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 IKE 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 
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"EXPERIMENTAL" 
PRINTED CIRCUIT KIT 

HAN 
WOMAN -'Vy// 

TX- 
^ (?p JUans S?1vEr 

35« 

PERPTTWUM MOBILE 

(1) 2 Copper Laminate Boards 4J" x 2|". (2) 1 Board for 
Matchbox Radio. (3) 1 Board for Wrist Watch Radio. 
(3) Resist. (4) Etchant. (5) Resist Solvent. (6) Cleanser/ 
Degreaser. (7) 16 page booklet. "PRINTED CIR- 
CUITS FOR AMATEURS" containing full etching 
instructions. Also free with every kit (8) 30 SUGGES- 
TED PROJECTS which you can build on a P.C. 
chassis. Triplex-reflex with self-adjusting regeneration. 
2 Intercoms. Wrist-Watch Radio 1.15' x .80°. Ampli- 
fiers. Photoelectric Alarms. Light Controlled Robot. 
Human Body Radiation Detector. "Perpetual Motion" 
Machine. Transistor Tester and many more. Price 8/6 
Post and pac. 1/6. YORK ELECTRICS, 181a, York 
Rd., London S.W.I t. Send S.A.E. for details. 

BENTLEY ACOUSTIC COBPOBATION LTD. 
38 Chalcot Road, Chalk Farm, 47 Norfolk Road, LONDON. N.W.I. LITTLEHAMPTON, Sussex. 
PRImrose 9090 Littlehampton 2043 

Please forward all mail orders to Littlehampton 
IRS 4/- 9D7 7/6 AZ3I 7/9 EF36 3/6 GZ34 10/- 
IS5 3/3 I0CI 12/6 DAF96 6/6 EF37A 7/- GZ37 14/6 
IT4 2/6 I0C2 12/- DF96 6/6 EF39 5/- HABC80 9/3 3Q4 5/3 I0FI 9/9 DK92 8/- EF4I 9/- KT66 12/3 
3S4 4/3 I0FI8 7/9 DK96 7/6 EF80 4/3 PABC80 I/6 
3V4 5/- I0LDI1 9/6 DL96 6/9 EF85 4/6 PC86 8/6 
5Y3GT 4/9 10P13 12/- DM70 5/- EF86 6/6 PC88 8/6 
5Z4 7/6 10PI4 13/- DY87 6/9 EF89 4/6 PC95 6/9 
6AQ5 4/9 I2AT6 4/6 E88CC 12/- EF9I 3/- PC97 5/9 
6AT6 4/- I2AU6 5/9 EABC80 5/9 EF92 2/6 PC900 9/6 6AU6 5/9 I2AV6 5/9 EAF42 7/6 EF97 10/- PCC84 5/6 
6AV6 5/6 I2BA6 5/3 EB9I 2/3 EF98 9/9 PCC85 6/9 6BA6 4/6 I2BE6 4/9 EBC4I 6/6 EFI83 6/9 PCC88 10/6 6BE6 4/3 I2BH7 6/- EBC8I 6/3 EFI84 6/6 PCC89 11/6 
6BH6 5/3 19AQ5 7/3 EBF80 5/9 EH90 9/6 PCCI89 8/9 6BJ6 5/6 20D1 10/- EBF83 7/3 EL33 6/6 PCF80 6/6 6BQ7A 7/6 20F2 11/6 EBF89 5/9 EL36 8/9 PCF82 6/- 6BR7 8/3 20LI 14/- EBL2I 10/3 EL4I 7/6 PCF84 8/6 6BW6 7/6 20P3 16/- EC92 . 6/6 EL42 7/9 PCF86 6/- 6CD6G 22/- 20P4 16/- ECC40 10/- EL84 4/6 PCF80I 9/- 6CH6 6/- 20P5 16/- ECC8I 3/6 EL85 7/6 PCF802 10/- 6FI 9/6 30CI5 10/6 ECC82 4/6 EL86 7/3 PCL82 6/6 6F23 9/- 30CI7 11/6 ECC83 4/6 EL95 5/- PCL83 9/9 
6F24 10/- 30CI8 7/6 ECC84 5/6 ELL80 14/- PCL84 7/6 
6F25 10/- 30F5 12/- ECC85 5/3 EM7I 14/- PCL85 8/6 
6F28 9/6 30FLI 13/- ECC88 8/9 EM80 6/- PCL86 8/6 6J5G 3/9 30FLI2 13/- ECCI89 9/- EM8I 7/- PFL200 14/6 
6J7G 4/6 30FLI4 10/9 ECF80 7/3 EM84 5/9 PL36 9/- 6K7G 1/3 30LI5 12/6 ECF82 6/3 EM85 12/- PL8I 7/9 6K8G 3/3 30LI7 11/6 ECF86 10/- EM87 6/6 PL82 5/3 6L6GT 7/9 30PI2 10/- ECH2I 10/- EY5I 5/6 PL83 6/- 6LI8 10/- 30PI9 10/- ECH35 6/- EY8I 7/3 PL84 6/3 
6LD20 6/6 30PLI 13/6 ECH42 8/- EY83 9/3 PL500 14/- 6Q7G 5/6 30PLI3 13/6 ECH8I 5/6 EY84 9/6 PY33 8/9 
6SL7 4/9 30PLI4 13/6 ECH83 7/6 EY86 5/9 PY80 4/9 
6SN7 4/6 30PLI5 13/6 ECH84 9/- EY88 8/9 PY8I 5/- 6V6G 3/6 35W4 4/6 ECL80 6/- EZ40 5/6 PY82 4/9 
6X4 3/9 85A2 6/6 ECL82 6/6 EZ4I 6/3 PY83 5/6 
6X5 5/3 807 i 1/9 ECL83 10/- EZ80 3/9 PY88 7/3 
6/30L2 8/9 5763 7/6 ECL86 8/- EZ8I 4/3 PY800 5/9 

PY80I U25 U26 UI9I U30I U329 U404 U80I 

6/3 
M/- 8/6 10/6 12/6 9/- 61- 18/- UABC80 51- UAF42 7/9 UBC4I 6/6 UBC8I 6/6 UBF80 5/6 UBF89 5/9 UBL2I 10/9 UC92 6/3 UCC84 «/- UCC85 6/6 UCF80 8/3 UCH2I 81- UCH42 81- UCH8I 61- UCL82 7/3 UCL83 9/- UF4I UF42 UF80 UF85 UF86 UF89 UL4I UL84 UM80 UY2I UY4I UY85 VP4B X4I X78 X79 

7/9 4/9 6/3 6/9 91- 5/6 8/9 5/6 8/3 91- 5/9 4/9 12/- 10/- 26/2 40/9 
Terms of business: Cash with order only. No C.O.D. Post/packing 6d. per item. Orders over £5 post free. All orders despatched same day as received Complete catalogue including transistor section and components with terms of business 6d. Any parcel insured against damage in transit for 6d. extra. We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-l p.m. 

—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. 

Short Wave Listening. By J. Vastenhoud. 12s. 6d. 
Postage 1s. 

Having Fun with Transistors. By L. Buckwalter. 
21s. Postage 1s. 

Outline of Radio and Television. By J. P. 
Hawker. 30s. Postage 2s. 

Solving TV Tough-Dogs. By R. G. Middleton. 
24s. Postage 1s. 

Basic Electronics. By Grob. 36s. Postage 1s 6d. 

Basic Oscillator Handbook. By N. H. Crow- 
hurst. 21s. Postage 1s. 

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 

Loudspeakers In Your Home. By R. West. 
10s. 6d. Postage 8d. 
Radio & Audio Servicing Handbook. By 
G. J. King. 30s. Postage 1s. 6d. 
Television Servicing Handbook. By G. J. 
King. 35s. Postage 1s. 6d. 
Radio Circuits. By W. E. Miller & W. A. W. 
Spreadbury. 25s. Postage Is. 
Basic Theory & Application of Transistors. 
By U.S. Army. 10s. Postage 1s. 
1966 World Radio TV Handbook. 28s. Postage 
Is. 
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* AMATEUR PREFIXES 

* AMATEUR CODES 

* LOCAL TIME CONVERSIONS 

* OPERATING TECHNIQUE 

* FREQUENCY/WAVELENGTH 

CONVERSION TABLES 

* POST OFFICE REGULATIONS 

k MANY OTHER ESSENTIAL ITEMS 

64 PAGES ONLY 5/- 

mz 

OfVOOR 

copy A/OH// 

Post this coupon, together with P.O. for 5/5d. (to include postage) to DATA PUBLICATIONS, 57 NAIDA VALE, LONDON, W.9 

s 1 
Please send me the Tenth Edition of "THE RADIO AMATEUR OPERATOR'S HANDBOOK" DATA 

I 
BOOK No. 6. I enclose cheque/crossed postal order for. 

NAME. 

ADDRESS.. 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/-. 

Box No. 2/- extra. 

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

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

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

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

FOR SALE. Oscilloscopes—Galvanometers—Evershed 
& Vignolles Meggers—Relays—Uniselector Switches 
—Solenoids. Also other items and components. 
Free list. Stamp please.—R. & E. Mart, Box 9 
G.P.O., Tunbridge Wells, Kent. 

A BARGAIN bumper parcel of components, resistors, 
condensers, smoothing-condensers, connecting and 
screened wire, sleeving, etc. Send 10s. P.O. to—WAVE- 
MECHS, 771a High Road, London N.17. 

TRANSISTORS. AUYlO's 25s. OC26's 5s. BYlOO's 
4s. 1.5 watt Zener diodes, all voltages up to 47V, 
4s. 807 valve bases Is. 3d. All plus postage. S.A.E. 
for full lists.—2 Fitzgerald Avenue, Seaford, Sussex. 

PERFECT FINISH FOR YOUR EQUIPMENT? 
Use our paint spraygun. Works off car footpump. 
12s. 6d. complete.—8 Laurel Close, Colnbrook, 
Bucks. 

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, 10s. 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. 

SEMICONDUCTORS—Close equivs., OC35, 4s. 9d., 
OC72, 2s., OC71, Is. 9d., OC44, 2s. 6d., OC45, 2s., 
OC170, 2s. 6d., 30 Mc/s Surface-barrier, only 2s., 
BY100, 4s. 3d., OA70, 8d. P. & P. 9d.—A. P. Wise, 
19 Harbeck R,oad, Bournemouth, Hants. 

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

continued on page 254 

ELECTRONIC TECHNICIAN 
Do you enjoy playing around \yith electronic gadgets? 
Here's a chance to make a career of your hobby. We 
offer you interesting and varied work in the field of 
electronic instrumentation. This small but expanding 
department is concerned with the design and applic- 
ation of electronic circuits required for testing of 
diesel engines and their fuel injection systems. 

Staff conditions are good and include sickness and 
contributory pension and life assurance schemes, 
restaurant facilities, etc. 

In the first instance, applicants should write in confi- 
dence, giving only brief personal details to:- 

Personnel Manager, 

SIMMS MOTOR UNITS LIMITED 
Oak Lane, 

East Finchley, 
London, N.2. 

FINchley 2692 Extension 304. 

just published—A new book planned as 
the standard reference 

OUTLINE OF 

RADIO and 

TELEVISION 

by J. P. Hawker 

V 

30s. 

This comprehensive manual gives 
clear explanations of electric cur- 
rents, radio and audio waves and 
electronic components and con- 
tinuing through the 
most advanced items 
of equipment such as 
u.h.f. television tuners, 
multiplex stereo systems and 
colour television receiver tech- 
niques. The past decade has seen 
many changes in radio and tele- vision equipment, hence the need 
for this new reference book. 

408 pages, 
over 300 diagrams 

From all booksellers or in case of difficulty 32s. 6d. by post from Newnes, Tower House Southampton Street, NcVtNcS London, W.C.2. 
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SMALL ADVERTISEMENTS 

continued from page 253 

TO CLEAR BOOKSHELVES. "'Radio Construction 
& Repairs" (Oliver), 5s. "Best SF Two" (Crispin), 
3s. 6d. "Again Switzerland" (Smythe), 7s. 6d. "Mathe- 
matics for the Million" (Hogben), 20s. "Jane's Fighting 
Ships 1958", £3.—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. 

LOCAL HISTORY. "A Hundred Years In A Country 
Chapel". An aspect of life in an Essex village. 64 
pages. 7s. post free from:—J. K. Sigournay, B.Sc., 
51 Hanging Hill Lane, Brentwood, Essex. 

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

FOR SALE. Grey hammer metal cabinet, 12 x 7 x 7in, 
panel, lift up lid, 30s. Black ditto, 16| x 7) x 7iin, 
panel & chassis, 10s. Small 4 watt amplifier, 250V a.c., 
mic/gram input in cabinet 6 x 6 x SJin, £2. Type 

IF YOU'RE BUYINCt A MO TTB K 197 coax relay, 7s. 6d. Valves, all at 3s. each: VT62, C JXJ5, Jj U 111\ Lr Ji. flUUblf 801A> CV1075> VT136, U14, 6B4G, 12AT7, 6AT6, 
"|% /r I 955 with base, 6AG5, DL92, 3ML, EL91, ECC82, 
\/l rY/^V EF40, EB91, DK81, T20. 0.5[xF 3,000V d.c. capacitors, 

IV I 1 I f | . J-f 2s. 6d. Large box paper capacitors u.F range, 250- T 500Y d-c-> wkg-. 10s.—Box No. F270. 
■ v | , • WANTED. Rupert Annuals—any past issues.—Box 

No. F271. 
I I I I ■ t~T I | . I I 11 I WANTED. Bound volumes of The Radio Constructor 

•*" wJ -A- J- -1- Nos. 1 to 16. BM/WAW, 167 Woodhouse Lane, 
, ■■ i t-» i • o Bishop Auckland, Co. Durham. Telephone: Bishop 

is the best rolicy tor you Auckland2993. 
K" ,, , , c WANTED. Accessories, lenses, etc. for the Zeiss Ikon you re buying your house with the help of a "rnntaflev" —Rnv nA F779 
Building Society or a private loan, a "Yorkshire" " 1„, c.. ' • r ^ ^ .„ ' „ WANTED. Cossor 1324 FM receiver alignment genera- Mortgage Protection Policy will take care of your tor in good condition.—K. Rathbone, 2 Raeburn 
outstanding payment in the event of your premature Close, Cheriton, Nr. Alresford, Hampshire, 
death. And, if you wish, you can arrange a Protection "RADIO CONSTRUCTOR". 68 back numbers 1955- 
"Plus" Policy, which gives you a substantial cash 1965- 0ther radio/TV magazines. Details:—77 
return at the end of the mortgage term. It costs so Merrion Avenue' Stanmore' Middlesex. 

, , , , T TRANSISTOR INFORMATION. Anything you want to little yet means so much to your dependants. Leave know Equivaients, ratings, circuits, suppliers, etc. 
them a home not a mortgage! Send 2s. 6d. with query.—Box No. F274. 

Please send for further details, without any WANTED. Back numbers of The Radio Constructor 
obligation, of course. magazine required up till and including December 1954. 

Also February 1955 and 1963 required. Reasonable 
the YORKSHIRE insurance company l to price paid -box no. F275. 

^ FOR SALE. Top quality 1155 receiver mounted on 
ah Cmef Offices: Rougier Street, ^ ^ ^ matching metered power unit containing speaker. ^ and Becket House, 36-37 Old Jewry, LONDON E.C.2 Supplied with manual. Price £12, carriage extra. 

~ m . . - , — ~ Box No. F276. Please send me further particulars of the 2N410 LIKE OC45 2s. each. 5 for 9s. 10 for 16s. 8d. 
Yorkshire Mortgage Protection Policy 25 for 37s. 6d. Also NKT274 3s. 6d. each. NKT675 

4s. 8d. NKT773 5s. C.W.O. P.P. 6d.—Box No. 
Name   F277. 
... WANTED. Back issues of "The Radio Constructor" ss November 1963 to July 1964 inclusive, to complete 

volume. Reasonable price paid and postage. Details 
to:—Box No. F278. 

  r j/g 
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SMALL ADVERTISEMENTS 

continued from page 254 
RECITALS OF RECORDED MUSIC. The second 

Saturday evening of each winter month. Next recital: 
12th November, 1966, 8 p.m. Woodford Green 
United Free Church, Woodford Green, Essex. Bus 
routes 20, 20A, 38A and 179—alight at "The Castle" 
stop. Works by Vivaldi, Handel, Vaughan Williams, 
Mendelssohn. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciahty. 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.I. Telephone: TERminus 0588. 

"MEDIUM WAVE NEWS" Monthly during E)X 
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 I I 
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. in 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 e JUST BRUSH ON # WITHSTANDS IS0oC, OIL, WATER ETC. COLOURS: blue, silver, black, or bronze. l^-oz tins, 3/6. i pint, 7/6. I pint, 15/-. -i* gallon, 35/-* I gallon 58/-.* Carr. up to 5/-, 9d., up to 10/-, 1/9, over 10/-, 3/-. *Sent by road. 
From component shops or direct from the manufacturer: FIN NIGAN SPECIALITY PAINTS (RC) Mickley Square. Stocks- field, Northumberland. Telephone: Stocksfield 2280 

TREMENDOUS VALUE—Bulk Component Offers 
* ASSORTED RESISTORS—Hi-Stab. 300 off (5% Vio to V2 Watt) ISs. 

ASSORTED CAPACITORS—New Miniature Electrolytic, Polyester, 
Paper etc. 100 off  9s. 6d. 

★ TRANSISTORS—OC44. 45. 70, 72, 81 & 81D Equivalents 3$. 
CP & P 1s. 6d. per order, C.W.O.J 

Elmbridge Instruments Ltd. wrty 

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 15f- Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 
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CHASSIS 
and 

CASES by 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type 
Type W 

Type Size 
U 4x4x4"* 
U 5*x4ix4±' 
U 8x6x6" 
U 15x9x9" 
W 8 x 6 x 6" 
W Mx7x7" 
W 15x9x8" 

Price 
10/- 
15/6 
21/- 
44/6 
21/- 
34/- 
44/- 

Size 
8x6x6" 
12x7x7" 
13x7x9" 
15x9x7" 
17x10x9" 
19 x 10 x 85" 71/- 

* Height 
Type Z has removable back and front panels. 
Type Y all-screwed construction. 

TypeY 
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 16s.w.g. aluminium. 
48sq. in. 4/6 176 sq. in. 9/10 304 sq. in. 15/2 
80 sq. in. 5/10 208 sq. in. 11/2 

112sq.in. 7/2 240 sq. in. 12/6 
144sq. in. 8/6 272 sq. in. 13/10 

P. & P. 3/- P. & P. 3/6 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (i" 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 

336 sq. in. 16/6 
368 sq. in. 17/10 
and pro rata 

P. & P. 41- 

NYLON P.T.F.E. 
ROD BAR SHEET TUBE STRIP WIRE 

No quantity too small List on application 
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS 

STAINLESS STEEL 
H. ROLLET & CO LTD 

HOWIE STREET, LONDON, S.W.11 BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN 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. 

Hundreds of transistors, diodes, UJT's, FET's, SCR's and other semi- conductor devices, are available from: 
M. R. CLIFFORD & COMPANY (CSC) 

209A, MONUMENT ROAD, EDGBASTON, BIRMINGHAM. 16. 
Send 6d. stamps for competitive quotations, or send I/3d. P.O. for current price list of over 1,000 transistors, OR send 2/- P.O. and receive in addition semiconductor data summaries covering approx. 200 common transistor types. TYPICAL PRICES: 2N 697, 12/3; 2N 706, 6/-; 2G 302, 5/8; NKT 271, 3/8; BC 108, 7/6; 2N 2926 (orange), 4/3. Etc. FIELD-EFFECT TRANSISTORS. C 86 37/6; C 94 & C 95, 75/- ea. EX-STOCK. TANTALUM CAPACITORS. A range of 40 values including the following: 0. luF/35v: 0.5i'P/35v; luF/35v; 4uF/35v; 2uF/25v; 20uF/6v; 30uF/3v; 50uF/3v: IOuF/3v; I5uF/I0v; 5uF/20v: 5uF/25v; 5uF/3v: etc. Average size: 0.34in. x 0.24in. dia. All types at 6/- each CARBON FILM RESISTORS. ± Watt. 5% Tolerance. Size: 10mm x 4mm dia. Values from 10 ohms to 10 Megohms, at 5d. each: ELECTROLYTIC CAPACITORS. Comprehensive range available. Miniature size—Priced from 1/6 to 2/- each. TEST EQUIPMENT. Specific items quoted for on request. e.g. NOMBREX Model 27 Signal Generator £10. 16. 9. MAIL ORDER ONLY PLEASE TERMS: C.W.O. Please add I /-. P. & P. on all orders of £2 or less. 

YUKPsTK SO f'f?OF£SStOHAL TH£ Yi/A'A/V 
_<yyf-cpukv Ae&osoL. yyay— 
Get these AIR DRYING GREY HAMMER 
or BLACK WRINKLE (CRACKLE),, 
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) ail 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. 

Other Yukan Aerosols include: Clear car lacquer, Hammer, . Wrinkle ' (crackle), antl- tarnish gold. Black matt finish SPECIAL pFFER: I can plus optional transferable  
snap-on trigger handle (value 5/-) for 18/11, carriage =£=-» 
paid-Choice of 13 selftpray plain colours and primer 
(Motor car quality) also available. 
Please endpse cheque or P.O. for total amount to : 
YUKAN, Dept. RC11 307a Edgware Rd.. London W.2. 

. Closed December 1st—December 31st for Annual Holidays. 

NEW ELECTRONICS CATALOGUE 

The convenient way to shop for all your 
electronic needs. Everything from single 
components to complete Hi-fi outfits, all at 
highly competitive prices. 

Send P.O. for 1/6 to: 
Dept. RC/1 

dca ELECTRONICS LIMITED 
28 UXBRIDGE ROAD, EALING W.5 

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 £1. Postage 3s. 6d. 

We regret earlier volumes now sold out. 

DATA PUBLICATIONS LTD 57 HAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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Increase your earning power 

with this 496-page TV and Radio Repair Aid 

Latest 1966 edition in this famous series 
is yours without charge for 7 days 

BASS " TREBLE VOLUME TUNING 

g g g g 
mi 

ban 

RV5 

DRUM 

III 

^ rolntetS 
PULLEY 

^ i "4)-" 
Plus section of latest developments in 
Radio and Television 

ONE REPAIR JOB 
WILL EASILY REPAY ITS COST \ fTTLtPl 

It's yours without obligation 

m ij TIB'S 

f] 
I I I 

FILL UP SECTION OVERLEAF AND POST TODAY 

Here inonestrongly-boundvolume 
is the vital repair data you need for 
nearly 390 popular 1965-66 Models. 
Packed with circuits, layout diagrams, 
specifications and hints it's a guaranteed 
time-saver and money-maker! Almost 
50 leading makes are included - Tele- 
vision, Radio, Tape Recorders and 
Record players — essential information 
always at hand. Seize this opportun- 
ity to examine it for 7 days free 
of charge. Complete form over- 
leaf, fold leaflet and post today. 

• TELEVISION 
• RADIO • RADIOGRAMS 
• CAR RADIOS 
• RECORD REPRODUCERS 
• TAPE RECORDERS 

ALL THESE LEADING MAKES 
Alba, Baird, Bush, Carousel, Cossor, Dansette, 
Decca, Defiant, Dynaport, Ekco, Elizabethan' 
Ever Ready, Ferguson, Ferranti, Fidelity, G.E.C., 
H.M.V., Hitachi, Invicta, Kolster-Brandes, 
McMichael, Marconiphone, Masteradio, 
Motorola, Murphy, National, Newmatic, Pam,' 
Perdio, Peto-Scott, Philips, Portadyne, Pye' 
R.G.D., Radiomobile, Regentone, Roberts' 
Radio, S.T.C., Sanyo, Sharp, Smith's Radio- 
mobile, Sobell, Standard, Stella, Stereosound, 
Teletron, Thorn, Trans Arena, Ultra. 
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Radio & TV Servicing 

i 

o 

OVER 

496 

PAGES 

Strongly-bound 
for years of 
hard-wear in 
Rich Red with 
Gold lettering 

1965-66 MODELS 

There is no other publication like RADIO & 
TELEVISION SERVICING, essential on every 
repairman's bookshelf. Every year a new Volume 
is published in this famous series in a matching 
binding. A continuing library service that 
keeps you up-to-date . . . helps you 
make money year after year. To see this 1966 
Volume by post at home Free for a week, 
complete the section on right, fold leaflet and 
post today-no stamp required. 

o 

# 278 pages of 
servicing data on 

radios, radiograms, 
record reproducers, 

tape recorders, 
car radios 

and transistor sets 

• 171 pages of 
repair data on 

television receivers 

• Over 600 
Circuits, 

component layout 
diagrams, drawings 

and tables 

Plus section of latest developments 

in 

Modules " Servicing Transistor Equipment 
Chemical Aids to Servicing ' Tape Recorder 
Developments ' Batteries and Rechargeable 
Cells ' U.H.F. television reception problems 
Sound-on-Sync. ' Hybrid television receivers 
Integrated Tuners " Fenbridge and Cornehl 
Guards " Double Line Sync. " Silicon 
Transistors ' Solid-state Timebases " Wideband 
Aerials " Colour Television 

up section on right and post leaflet today 

Postage 
will be 
paid by 

Buckingham Press 
Limited 

No postage 
stamp 

necessary if 
posted in 

Gt. Britain or 
Northern 
Ireland 

BUSINESS REPLY SERVICE 
Licence No. OF. 381 

BUCKINGHAM PRESS LTD., 
HEADINGTON HILL HALL, 

OXFORD. 
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HOW TO FOLD 
THIS LEAFLET 

Fold 
from (A) to 
(A) turning 
this strip 
back out 
of sight. 

Then fold 
across at 
(B) and 
at (C) and 
tuck flap 
(B) into 
(C) so that 
Buckingham 
address 
is shown. 

0 
1 

Finally post 
today — no 
stamp required. 
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BOOK LIST 

DATA BOOKS SERIES 
DBS TV Fault Finding—New, revised and enlarged edition available late November. 

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. 
Now includes B.B.C.II as well as B.B.C.I 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 
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 3/- 
By J. R. Davies. This book, which deals with the principles of 625 fine 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 amphfiers; vertical and horizontal timebases; deflector coil 
assemblies; synchronising; automatic gain and contrast control; power supplies and receiver aerials. 
Also includes a comprehensive introduction to colour television. 

". . . one of the best books that aims to explain television in simple language. . . ." R.S.G.B. Bulletin. 

I enclose Postal Order/Cheque for in payment for 

Name   

Address   

{Please use Block Capitals for both name and address) 
Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order 
All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 
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MAYFAIR PORTABLE ELECTRONIC ORGAN 
Build the World's first All-Transistor 
Portable Electronic Organ Kit 

* 9 Plug-in printed circuits • 170 transistors and devices • 10 selected sg 
Stone colours ® Fully sprung keyboard 9 Vibrato @ 6 Octaves of !| 
, generators 9 Simple locked-in tuning • 110/250 volt mains unit 
S 9 Cabinet size 30i" x 15J" x 9" 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 99 GNS. 
CALL IN FOR 

DEMONSTRATION 

1 

Cabinet and Handbook 
(Carriage 

and Packing 
30/- extra) 

Detailed leaflet 
on request 

(9) 

10 & 20 W Mono & Stereo Transistor Amplifiers 

TPAIO/3 3-5n spkr. 

(9) POWER AMPLIFIERS. 10 
watts RMS output. /OOmV input. 30 c/s to 20kc/s ± IdB. 6-Tran- sistor Push-pull. Panel size4"x2i" x I". H/S 4" x 4". 

£4.10.0, 
P.P. 2/6 

TPAI0/I5 12-I6n spkr., £5.5.0, P.P. 2/6 
(Mains unit for I or 2 amplifiers, 59/6, p.p. 2/6) 

The finest High Fidelity at 
Unbeatable Prices 

(10) PREAMPLIFIERS. 8 input selector. Treble, bass, volume, filter controls. l^mV to 300mV inputs. Battery operated or from Mains Unit. Output up to ISOmV RMS. 
MP2 9i" x 2i" x 2". £5.10.0,p.p. 2/6 (grey and gold front panel 8/6) 
SP4 Mono/Stereo, 9" x 3^" x If", £10.19.6, p.p. 3/6 (front panel plate 12/6). 
ALL UNITS BUILT AND TESTED 

Garrard 
Battery 
2-Speed 
Tape Deck 

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 

1 

r 

(5) 

(4) 

(D 

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 

(I) REGENT-6 MW/LW POCKET RADIO TO BUILD 
6-Transistor superhet. Geared tuning. Push-pull speaker out- put. Moulded cabinet 5" x 3" x li". Phone socket. 
TOTAL COST TO BUILD 69/6 

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. 

(3) DEAC CELLS 
RECHARGEABLE BATTERIES 

e 3.6 volt 500 mA/H. Size: 1-t" x If" dia. . . . 12/6, 
P.P- 1/6 • 9.6 volt 225 mA/H. Size: 
2-iV' x 1" dia. . . . 20/-, p.p. 1/6. BRAND NEW—Offered at a fraction of normal retail price. 

BUILD A QUALITY 2 OR 4 { J TRACK tape recorder 
NEW 3 SPEED VERSION. Using New "363" Decks. -Ar 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. onc P.P. *■' Buo' 10/- 
ir 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. p.p. 10/- 

DEAC CHARGER 
To charge 3.6 volt and 9.6 volt packs. 
Fully mains isolated 45/- in moulded case. 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 Si" x 2i . Complete with dial plate. (Decoder available shortly.) 
TOTAL COST £6.19.6 !?£• TO BUILD 2/6. 

(Cabinet Assembly 20/— extra) 

(6) 
1000 mono 
1000 stereo 
2000 mono 
2000 stereo 
30001m stereo 
SP25 less cart. 
SP25 mono 

GARRARD DECKS—BRAND NEW, FULLY GUARANTEED 
£5 19 6 
£6 6 0 
£6 6 0 
£6 6 0 
£7 19 6 
£9 19 6 

£10 10 0 

SP25 stereo 
SP25 Deram 
AT60 less cart 
AT60 mono 
AT60 stereo 
AT60 Deram 

£10 19 6 
£13 10 0 

£9 19 6 
£10 10 0 
£10 19 6 
£13 10 0 

LAB80I less cart £27 0 0 

401 less cart/arm£27 10 0 
AT6 mono £8 19 6 
AT6 stereo £9 10 0 
AT6 Deram £11 19 6 
Deccadec Mk. II £17 17 0 
A70 less cart £19 19 0 

(P. & P. 5/- any type) 
All other makes of decks and cartridges in stock. 

<7tLOBEMASTER MW/LW/SW PORTABLE RADIO TO BUILD 
Special purchase reduces price 

Full 3-waveband tuning. Pushbutton wavechange. Superhet printed cir- cuit. Black-chromed cabinet I I" x/? 
x 3i". (SW 17-50 metres). Ear/ Record sockets. 
TOTAL COST r- 4n , ?£ 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 3/6 

(7) 

y... 

(3) 

LATEST 1966, 
CATALOGUE ramnB 

H HAVE YOU A COPY! 
Fully detailed and I 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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